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ABSTRACT 

CHEMISTRY O F  SOUUCE, FISSIONABLEs, AND STRUCTURAL ELEMENTS 

S o l u t i o n  Chemis try ,  A d e t e r m i n a t i o n  o f  t h e  s t a b i l i t y  c o n s t a n t  f o r  t h e  
tho r ium-TTA c o m p l e x  w h i c h  e x i s t s  i n  a q u e o u s  s o l u t i o n s  i s  i n  p r o g r e s ' s .  TTA 
l a b e l e d  w i t h  C I 4  w i l l  b e  u s e d  i n  some o f  t h e  m e a s u r e m e n t s  r e q u i r e d  t o  s o l v e  
t h i s  problem.  

I '  

F u r t h e r  m o l e c u l a r  y e i g h t  d e t e r m i n a t i o n s  o f  t , he  h y d r o l y s i s  p r o d u c t s  o f  
Z r ( I V )  and  H f ( I V )  p r e s e n t  i n  c h l q r i d e  s o l u t i o n s  h a v e  b e e n  b e r f o r m e d .  ' I n  a 
1 M HC1 -t 1 M NaCl m i x t u r e  t h e  f o r m a t i o n ' o f  monod i spe r sed  t'rimers o f  m o l e q u l a r  
w e i g h t s  600 and 830, r e s p e c t i v e l y ,  was d e m o n s t r a t e d .  

E l e c t r o m i g r a t i o n  s t u d i ' e s  o f  the  complex c h l o r i d e  i o n s  o f  F e ( I I I ) ,  C o ( I I ) ,  

c u ( I I ) ,  Z n ( I I ) ,  C d ( I , I ) ,  H g ( I I ) ,  P b ( I I ) ,  T h ( I V ) ,  and U ( V I )  were made u s i n g  f i l t e r  
p a p e r  a s  an  immobi l e ,  p h a s e .  O f  t h e s e ,  o n l y  Th(1V) d i d  n o t  show any  m i g r a t i o n  

toward  t h e  a n o d e ,  k u g g e s t i n g  t h a t  i t  may n o t  form a n e g a t i v e l y  c h a r g e d  complex  

c h l o r i d e  i o n .  

M e a s u r e m e n t s  o n  t h e  a n i o n  e x c h a n g e  e q u i l i b r i u m , b e t w e e n  Dowex-1  a n 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 s  c o n t a i n i n g  F 'e(II3)  i n d i c a t e d  t h a t  t h e  h y p o t h e s i s  
t h a t  t h e  r e s i n  p h a s e  i s  a s p e c i a l  c o n c e n t r a t e d  e l e c t r o l y t e  s o l u t i o n  may b e  

v a l i d  o v e r  f a i r l y  wide  r e s i n  c o m p o s i t i p n  r a n g e s .  

I 

E q u ' i l i b r i u m  e k i h a n g e  measu remen t s  on T i ( I V ) ,  Z r (1V)  , H f ( I V ) ,  and T h ( I V )  
i n  c h l o r i d e  s o l u t i o n s  u s i n g  Dowex- 1 showed t h a t  a r e a d y  s e p a r a t i o n ' o f  t h e s e  
e l e m e n t s  f r o m  ea,ch o t h e r  s h o u l d  b e  p o s s i b l e .  S i m i l a r  s t u d i e s  i n d i c a t e  t h a t  

V(IV) i s  s e p a r a b l e  f rom b o t h  Ti(IV) and U ( V 1 ) .  

Phase S t u d i e s .  P r e l i m i n a r y  r e s u l t s  f rom i n v e s t i g a t i o n s  on t h e  UO,(NO,),- 
H,O and on t h e  UO,(NO,),-HN0,-H,O s y s t e m s  above  100°C have  become a v a i l a b l e . .  

Measu remen t s  on t h e  f o r m e r  s y s t e m  have  now been  e x t e n d e d  o v e r  an a p p r e c i a b l e  
c o n c e n t r a t i o n  r a n g e  and  up  t o  t e m p e r a t u r e s  of  t h e r m a l  i n s t a b i l i t y .  Funda-  
m e n t a l  i n v e s t i g a t i o n s  o n  t h e  U 0 2 S 0 4 - U 0 3 - H z 0  s y s t e m  a t  25 and 100°C have  b e e n  
c o n t i n u e d .  

A r e s e a r c h  p ro jec , t  h a s  been  i n i t i a t e d  t o  d e t e r m i n e  t h e  vapor '  p r e s s u r e s  o f  
a l l  v o l a t i l e  s p e c i e s  abqve  a q u e o u s  s o l u t i o n s  o f  UO,F,, U02S0,, and U0,(N0,)2 
o v e r  a wide r a n g e  i n  ' c o n c e n t r a t i o n  and i n  t e m p e r a t u r e .  

I 
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The s o l u b i l i t i e s  o f  a number  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  UO,SO, 
s o l u t i o n s  a t  25OoC were d e t e r m i n e d  u s i n g  r a d i o a c t i v e  t r a c e r s .  The s o l a b i l i t i e s  

o f  SrSO, and  Y,(SO,), i n  a U02S04 s o l u t i o n  c o n t a i n i n g  30 g o f  u r a n i u m  p e r  
l i t e r  were 0 .45  and 50,mg p e r  100 g o f  s o l u t i o n ,  r e s p e c t i v e l y .  

Corrosion S t u d i e s .  A s y s t e m a t i c  s t u d y  h a s  b e e n  u n d e r t a k e n  o f  f a c t o r s  
s u c h  a s  pH, s t a i n l e s s  s t e e l  c o r r o s i o n  p r o d u c t s ,  U i I V )  c o n c e n t r a t i o n s ,  and k i n d  
o f  g r a p h i t e ,  which  a f f e c t  t h e  s t a b i l i t y  o f  aqueous  UO,SO, s o l u t i o n s  (HRE s o l u -  
t i o n  t y p e s )  The  e f f e c t i v e n e s s  o f  s e v e r a l  c o r r o s i o n  i n h i b i t o r s  w i l l  b e  
d e t e r m i n e d ,  A l t h o u g h  f o r  cogen t '  r e a s o n s  t h e s e  e x p e r i m e n t s  w i l l  be c o n d u c t e d  
i n  q u a r t z  t u b e s ,  i t  i s  b e l i e v e d  t h a t  t h e  r e s u l t s  t o  be  found  w i l l  s t i l l  b e  o f  

v a l u e  i n  p r a c t i c a l  HRE s i t u a t i o n s .  

. 

I 

L 

An e l e c t r o c h e m i c a l  i n v e s t i g a t i o n  of  t h e  c o r r o s i o n  o f  t y p e  347 s t a i n l e s s  

s t e e l  in UO,SO, s o l u t i o n s  has '  a l s o  been  i n i t i a t e d .  A "matched" e l e c t r o c h e m i c a l  
c e l l  u s i n g  two t e s t  s a m p l e s  o f  p a s s i v a t e d  s t a i n l e s s  s t e e l  a s  e l e c t r o d e s  h a s  
b e e n  d e v i s e d  and f o u n d  a p p l i c a b l e  t d  t h e  d e t e c t i o n  o f  c o r r o s i o n  p r o c e s s e s  a t  
250°C i n  UO,SO, s o l u t i o n s .  *Th i s  t e c h n i q u e  s h o u l d  be  o f  c o n s i d e r a b l e  u s e  i n  
t h e  e v a l u a t i o n  o f  c o r r o s i o n  i n h i b i t o r s .  The p r o m i s i n g  p r e l i m i n a r y  o b s e r v a t i o n  

h a s  b e e n  made t h a t  t h e  a d d i t i o n  o f  a few hundred  p a r t s  p e r  m i l l i o n  o f  s i l i c a  

t o  t h e  U0,S04 s o l u t i o n  w i l l  g r e a t l y  i n c r e a s e  t h e  c o r r o s i o n  r e s i s t a n c e  o f  
p a s s i v a t e d  t y p e  347 s t a i n l e s s  s t e e l  t o  c h l o r i d e  i o n s ,  

NUCLEAR CHEMISTRY 

Use of t h e  t e c h n i q u e  o f  beta-gamma c o i n c i d e n c e  s p e c t r o m e t r y  was i n i t i a t e d  
by  c o n n e c t i n g  a s c i n t i l l a t i o n - c o u n t e r  s p e c t r o m e t e r  t o  a t h i n - m a g n e t i c - l e n s  
b e t a  s p e c t r o m e t e r  t h r o u g h  a f a s t  c o i n c i d e n c e  c i r c u i t .  C u r r e n t l y ,  measu remen t s  
o f  t h e  e n e r g y  d i s t r i b u t i o n s  o f  b e t a  r a y s  c o i n c i d e n t  w i t h  gamma r a y s  o f  known 
e n e r g y  c a n  b e  made. An i n c r e a s e d  t r a n s m i s s i o n  i n  t h e  t h i n - l e n s  s p e c t r o m e t e r ,  
an improved e n e r g y  r e s o l u t i o n  i n  t h e  s c i n t i l l a t i o n  s p e c t r o m e t e r .  and a s h o r t e r  
r e s o l u t i o n  t i m e - c o i n c i d e n c e  c i r c u i t  were a l s o  a c h i e v e d .  P r e l i m i n a r y  measu re -  
m e n t s  on  t h e  d e c a y  w i t h  t h e  c o i n c i d e n c e  s p e c t r o m e t e r  have  i n d i c a t e d  t h e  
e x i s t e n c e  o f  t w o  l o w - e n e r g y  b e t a  g r o u p s  o f  250 and  330 Kev maximum e n e r g y  
which a r e  i n  c o i n c i d e n c e  w i t h  720- and 640 Kev gamma r a y s .  r e s p e c t i v e l y .  

F u r t h e r  s t u d i e s  on t h e  t w o . s t e p  d e c a y  p o s t u l a t e d  f o r  t h e  i s o m e r i c  245 day  
Sn"'" and 15 -day  Sn"'" c o n f i r m e d  t h e  e x i s t e n c e  o f  t h i s  p r o c e s s  i n  t h e  l a t t e r  
b u t  n o t  i n  t h e  fo rmer  r a d i o n u c l i d e .  
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Measuremen t s  o f  b e t a  and c o n v e r s i o n  e l e c t r o n  d i s t r i b u t i o n ,  o f  gamma-ray 
s p e c t r a ,  and o f  beta-gamma. c o i n c i d e n c e  r a t e s  were c o n d u c t e d  on s e v e r a l  o f  t h e  
t e c h n e t i u m  r a d i o n u c l i d e s ,  i n c l u d i n g  t h e  2 - 7 5 - h r  T c " ~ ,  6 0 . 0 - d a y  Tc-'~", 2 0 - h r  
T c Q 5 ,  4 , 2 0 - d a y  T c g 6 ,  and t h e  13 5-min TclO1,  a s  a p a r t  of a g e n e r a l  p rogram Lo 
d e t e r m i n e  t h e  c h a r a c t e r  o f  t h e  n u c l e a r  e n e r g y  s u r f a c e  i n  t h e  t e c h n e t i u m  
r e g i o n ,  As a p a r t  o f  t h i s  s t u d y  measurements  were a l s o  made on 1 5 - h r  NbgO and 
1 0 - d a y  NbQ2.. 

The p r e s e n c e  of gamma r a y s  of  e n e r g i e s  e x c e e d i n g  t h e  p h o t o n e u t r o n  t h r e s h -  
o l d s  i n  b o t h  b e r y l l i u m  and  d e u t e r i u m i n  t h e  d e c a y  o f  t h e  2 . 4 - h r  I'32 Cas 
c o n f i r m e d .  E v i d e n c e  f o r  t h e  p o s s i b l e  o c c u r r e n c e  o f  h i g h - e n e r g y  q u a n t a  i n  v e r y  
low abundance  i n  Che d e c a y  of t h e  3 0 - h r  TeI3'" f 25-min TeI3 '  i s o m e r s  was a l s o  
found . 

E x p e r i m e n t a l  i n v e s t i g a Q o n s  of methods  f o r  t h e  r e c o v e r y  of  9 . 4 - y e a r  Kr8' 
fo rmed  i n  f i s s i o n  have  l e d  t o  a new p ' r o c e d u r e  f o r  t h e  t r e a t m e n t  o f  u r a n i u m  

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

I n v e s t i g a t i o n s  o f  t h e  f a t e  o f  t.he r a d i o a c t i v e  r e c o i l  Br82 a toms p r o d u c e d  
i n  c r y s t a l l i n e  KBrO, by n e u t r o n  c a p t u r e  have  i n d i c a t e d  t h a t  a v a r i e t y  o f  back-  
r e a c t i o n s  ~ t h e r m a l  and r a d i a t i o n -  i n d u c e d ,  may c a u s e  t h e s e  p r o d u c t s  t o  re tu*rn  
t o  t h e  p a r e n t  compound. A h o v e l  i n t e r p r e t a t i o n  f o r  t h e  o b s e r v a t i o n  t h a t  e v e n  
a t  z e r o  t ime some r a d i o b r o m i n e . r e m a i n s  combined a s  b romate  i s  p r o p o s e d ,  b a s e d  
upon a s s u m p t i o n s  a b o u t  t h e  c a p t u r e  gamma-ray s p e c t r u m  and upon a s t o c h a i t i c  
c a l c u l a t i o n  o f  t h e  p r o b a b i l i t y  t h a t  t h e  r e s u l t a n t  momentum i m p a r t e d  t o  t h e  
B r S 2  w i l l  n o t  e x c e e d  t h e  bond e n e r g i e s  o f  t h e  b romate  r a d i c a l .  

The a v a i l a b i l i t y  o f  gram amounts  o f  t e c h n e t i u m  now r e c o v e r e d  from C h a l k  
R i v e r  w a s t e s  h a s  g i v e n  i m p e t u s  t o  s t u d i e s  on t h e  c h e m i s t r y  o f  t h i s  e l e m e n t .  
M a g n e t i c  s u s c e p t i b i l i t y  measu remen t s  a r e  p l a n n e d ,  and a p p a r a t u s  f o r  t h e s e  h a s  
been  c o n s  t r u c  t e d  . 

'RADIO-ORGANIC CHEMISTRY 

Radiation, Analytical, and Preparative Chemistry. T h r e e  s e p a r a t e  i 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  been  p e r f o r m e d  u s i n g  C,H,C'400H i n  a q u e o u s  s01u.- . 
t i o n  a s  a t a r g e t  m a t e r i a l  and  Co6 '  ( 3 0 0  c u r i e s )  as t h e  r a d i a t i o n  s ' ou rce .  
C e r t a i n  r e a c t i o n  p r o d u c t s  h a v e  b e e n  i d e n t i f i e d .  T h e  u t i l i t y  o f  CI4 a s  an  
a n a l y t i c a l  t o o l  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  has  been  d e m o n s t r a t e d .  
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A p o l a r o g r a p h i c  m e t h o d  h a s  b e e n  d e v e l o p e d  f o r  t h e  d e t e r m i n a t i o n  o f  
hydrogen  p e r o x i d e  c o n c e n t r a t i o n s  i n  an e x t r e m e l y  d i l u t e  s u l f u r i c  a c i d  s o l u t i o n  
c o n t a i n i n g  a c o n s t a n t  c o n c e n t r a t i o n  o f  u r a n y l  s u l f a t e .  

The  f o l l o w i n g  m i l l i c u r i e  a m o u n t s  o f  l ow-  and i n t e r m e d i a t e - m o l e c u l a r -  

w e i g h t  l a b e l e d  compounds have been  p r e p a r e d :  m e t h a n ~ l - C ' ~ ,  6 9 0 . 4  mc, p o t a s s i u m  
~ y a n i d e - C ' ~ ,  70 mc; I n  

a d d i t i o n ,  s y n t h e s e s  h a v e  b e e n  s t u d i e d  o r  worked o u t  f o r  t h e  f o l l o w i n g  l a b e l e d  
compounds: g l y c i n e - 2 - C I 4 ;  ma lon ic -2 -C14  a c i d ;  g l y c e r o l l -  1 - C i 4 ;  and g l y c e r o l - 2 -  
C',. 

a c e t i c - 2 - C 1 4  a c i d ,  20 mc; b e n z o i c - 7 - C 1 4  a c i d ,  65  mc. 

Synthesis of Righ-Molecular-Weight Compounds Containing C 1 4 .  The  f o l -  

l o w i n g  m i l l i c u r i e  a m o u n t s  o f  a r o m a t i c  p o l y n u c l e a r  h y d r o c a r b o n s  h a v e  b e e n  
p r e p a r e d :  p h e n a n t h r e n e - 9 - C l 4 ,  10 .6  mc; l-methylphenanthrene-9(10)-C'4, 10 mc; 
benz  ( a ) a n t h r a c e n e - 5 - 6 - C 1  1 4 ,  6 mc- 

The compound 2-(thenoyl-~-C'~)-~trifluoroaceton~ ( ' I T A ) ,  1 7 . 3  mc, h a s  been  
p r e p a r e d  f rom a ~ e t i c - 1 - C ' ~  a c i d  i n  o v e r a l l  y i e l d  o f  65%. 

Isotope Effec't Studies. The b r o m i n a t i o n  o f  s t y r e n e - a - C 1 4  and o f  s t y r e n e -  

p-C14 h a s  been  shown t o  p r o c e e d  w i t h  no i s o t o p e  e f f e c t .  
> 

C e r t a i n  s u p p l e m e n t a r y  e x p e r i m e n t s  i n  t h e  d e h y d r a t i o n  ' o f  f ~ r r n i c - C ' ~  a c i d  
have  r u l e d  o u t  t h e  p o s s i b i l i t y  o f  an e r r o n e o u s  i s o t o p e  e f f e c t .  I n  a d d i t i o n ,  

mean v a l u e s  o f  t h e  i s o t o p e  e f f e c t s  and t h e i r  95% c o n f i d e n c e  i n t e r v a l s  a t  f o u r  
t e m p e r a t u r e s  were o b t a i n e d  € o r  t h e  d e h y d r a t i o n  o f  f ~ r m i c - C ' ~  a c i d .  

I t  h a s  b e e n  shown t h a t  u n d e r  c e r t a i n  e x p e r i m e n t a l  c o n d . i t i o n s  n o  i s o t o p e  
e f f e c t  c a n  b e  d e m o n s t r a t e d  i n  t h e  a b s o r p t i o n  o f  Ci40, by a l k a l i n e  media .  

Mechanism Studies of Organic Reactions. The r e a r r a n g k m e n t  of p-methoxy-  
b e n z y l i d e n e ( . a c e t o - l - C ' 4  1 - p h e n o n e  o x i d e  h a s  b e e n  shown t o  p r o c e e d  w i t h o u t  
p h e n y l  group m i g r a t i o n .  

S e v e r a l  s u b s t i t u t e d  a c e t o p h e n o n e s  have been  shown t o  e x h i b i t  no exchange  
w i t h  C l 4 - 1 a b e l e d  a c y l  h a l i d e s  i n  t h e  p r e s e n c e  o f  L,ewis  a c i d s . .  1 - M e t h y l -  

p h e n a n t h r e n e , l a b e l e d  w i t h  CI4 h a s  been  p r e p a r e d  p r i o r  to d e t e r m i n a t i o n  of t h e  
p o s i t i o n  of i t s  l a b e l i n g .  

CHEMISTRY O F  SEPARATIONS PROCESSES 

The r e m o v a l  o f  P a 2 3 3  f rom n e u t r o n - i r r a d i a t e d  ThF, (a = 0.077 m2/g) by 
g a s e o u s  e x t r a c t i o n  h a s  b e e n  i n v e s t i g a t e d . *  The  g a s e s  F,, PF,, and PF, a.nd 
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m i x t u r e s  o f  these  g a s e s  were u s e d  a s  e x t r a c t a n t s  a t  t e m p e r a t u r e s  f r o m  375 t o  
6 5 O O C  f o r  1 t o  4 hr .  The f r a c t i o n s  o f  a c t i v i t y  removed v a r i e d  f rom 0.0002 t o  
0 ,058 ;  h o l d u p  t imes  v a r i e d  f r o m  1 .8  X lo4 t o  2 . 4  X l o 5  d a y s .  N i c k e l  c o n -  
t a i n e r s  were more r e s i s t a n t  t h a n  p l a t i n u m .  

Among t h e  o r g a n i c  o r t h o p h o s p h a t e s  t e s t e d f o r  e x t r a c t i n g  u ran ium f rom s o l u -  

t i o n ,  t r i - n - b u t y l  p h o s p h a t e  was f o u n d  t o  compare  q u i t e  f a v o r a b l y  w i t h  t h e  

o t h e r s  when c o n s i d e r i n g  t h e  f a c t o r s  uran ium d i s t r i b u t i o n  r a t i o ,  s e p a r a t i o n  o f  
u ran ium f r o m  f i s s i o n  p r o d u c t s ,  and s o l v e n t  s t a b i l i t y .  T r i - s e c - p r o p y l  p h o s -  
p h a t e ,  t r i - s e c - b u t y l  p h o s p h a t e ,  and  d i b u t y l p h e n y l  p h o s p h a t e  were f o u n d ,  
however ,  t o  e x t r a c t  somewhat more uranium t h a n  TBP f rom a n  aqueous  p h a s e  u n d e r  
a s t a n d a r d i z e d  s e t  o f  c o n d i t i o n s .  The u s e  of  TBP l a b e l e d  w i t h  PS2 h a s  m a t e r i -  

a l l y  f a c i l i t a t e d  t h e  a n a l y t i c a l  d e t e r m i n a t i o n  o f  t h i s  compound and i t s  d e -  
c o m p o s i t i o n  p r o d u c t s .  C o m m e r c i a l l y  a v a i l a b l e  TBP was shown t o  possess a t  

l e a s t  a 98% n - b u t y l  r a d i c a l  c o n t e n t ,  

t 

F u n d a m e n t a l  s t u d i e s  o n  t h e  k i n e t i c s  o f  i o n -  e x c h a n g e  r e a c t i o n s  h a v e  
c o n t i n u e d .  An 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  i o n - e x c h a n g e  c a p a c i t y  on t h e  
s e l f - d i f f u s i o n  r a t e  o f  i o n s  t h r o u g h  an i o n  e x c h a n g e r  w h i l e  t h e  po lymer  s t r u c -  
t u r e  was m a i n t a i n e d  c o n s t a n t  s h o w e d  t h i s  v a r i a b l e  t o  b e  o f  an i m p o r t a n c e  

comparab le  t o  i o n i c  c h a r g e  and polymer  c r o s s - l i n k i n g .  Lower ing  o f  t h e  exchange  
c a p a c i t y  a t  f i r s t  s e r v e d  t o  i n c r e a s e  t h e  r a t e  u n t i l  a c r i t i c a l  c a p a c i t y  was 
r e a c h e d ,  a f t e r  which  a d r a m a t i c  s l o w i n g  down o c c u r r e d .  

A number o f  new i o n - e x c h a n g e  co lumn s e p a r a t i o n s  o f  t h e  f i s s i o n  p r o d u c t  
r a d i o i s o t o p e s  and o t h e r  r a d i o n u c l i d e s  o f  i m p o r t a n c e  t o  n u c l e a r  
s e a r c h  were a c c o m p l i s h e d  u s i n g  s t r o n g - b a s e  a n i o n  e x c h a n g e r s  
e l u t r i a n t s ,  i n c l u d i n g  n i t r a t e ,  p e r c h l o r a t e ,  t h i o c y a n a t e ,  and  
a c i d .  Group  s e p a r a t i o n s  i n c l u d e d  f l u o r i n e ,  c h l o r i n e ,  b r o m i n e ,  
m a n g a n e s e ,  t e c h n e t i u m ,  and  r h e n i u m ;  s e l e n i u m  and  t e l l u r i u m ,  

c h e m i c a l  re- 
a n d  v a r i o u s  

h y d r o c h l o r i c  
and i o d i n e ;  
a r s e n i c  a n d  

a n t i m o n y ;  manganese ,  i r o n ,  c o b a l t ,  n i c k e l ,  c o p p e r ,  and z i n c .  S e p a r a t i o n s  o f  
t i n  and ind ium and o f  cadmium and ind ium were d e v i s e d  to a s s i s t  i n  o t h e r  work 
on  , the  r a d i o c h e m i s t r y  o f  t i n .  

I n v e s t i g a t i o n s  on the .  e l e c t r o c h e m i c a 4  p r o p e r t i e s  o f  g r a n u l a r  i on -exchange  
b e d s  were c o n t i n u e d .  Measurements  o f  t h e  c o n d u c t a n c e s  o f  t h e  , l i t h i u m ,  sodium,  
and hydrogen  fo rms  o f  Dowex-50 i n d i c a t e d  t h a t  e i t h e r  t h e  c a t i o n  m o b i l i t i e s  i n  
t h e  r e s i n  a r e  r e s t r i c t e d  or t h e  d i s s o c i a t i o n  of  t h e  r e s i n  s a l t  or a c i d  i s  i n -  
c o m p l e t e ,  
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CHEMICAL PHYSICS 

a 

A n e u t r o n  d i f f r a c t i o n  s t u d y  o f  t h e  c r y s t a l  s t r u c t u r e  o f  ND4Br a t  7195 and 
23OC h a s  been  c o m p l e t e d ,  D e c i s i v e  c o n f i r m a t i o n  was o b t a i n e d  ‘ f o r  t h e  c o n c l u -  
s i o n ,  p r e v i o u s l y  b a s e d  on  i n d i r e c t  e v i d e n c e ,  t h a t ’  a t  low t e m p e r a t u r e s  t h e  
s t r u c t u r e  is  o r d e r e d ,  whereas  a t  room t e m p e r a ’ t u r e s  t h e r e  i s  an  o r i e n t a t i o n a l  
d i s o r d e r  o f  t h e  ammonium i o n s .  The  s t r u c t u r e ’ s ,  wh ich  a r e  b a s e d  on  t h e  C s C l  
l a t t i c e ,  i n d i c a t e  t h a t  an a t t r a c t i o n  be tween hydrogen  and b romine  i s  e f f e c t i v e  

i n  d e t e r m i n i n g  t h e  a t o m i c  a r r angemen t , ,  The o r d e r e d  p h a s e  i s  p r o b a b l y  s t a b i -  
l i z e d  b y  weak r e p u l s i v e  f o r c e s  b e t w e e n  h y d r o g e n  a t o m s  o f  n e i g h b o r i n g  i o n s .  
T h i s  s t a b i l i z a t i o n  i s  overcome a t  h i g h e r  t e m p e r a t u r e s  by  t h e  i n c r e a s e d  e n t r o p y  
o f  t h e  d i s o r d e r e d  s t r u c t u r e d  

A p r e c i s e  v a l u e ,  1.26878 f 0.00015,  f o r  t h e  c h l o r i n e  i s o t o p e  q u a d r u p o l e  

moment r a t i o ,  Q(C13’)/Q(C13’) , was d e t e r m i n e d ;  i t  was found  t o  be  i n d e p e n d e n t  
o f  t h e  t y p e  o f  c h l o r i n e - c o n t a i n i n g  compound i n  f i v e  i n s t a n c e s .  

N e w  and i n t e r e s t i n g  i n f o r m a t i o n  on c a r b o n - c h l o T i n e  bond c h a r a c t e r s  was 
d e r i v e d  f rom q u a d r u p o l e  s p e c t r u m  measuremen t s  on a v a r i e t y  of compounds u s i n g  
m i c r o w a v e  t e c h n i q u e s .  I t  was  c o n c l u d e d  f r o m  t h e  q b s e r y e d  v a l u e  f o r  t h e  
q u a d r u p o l e  c o u p l i n g  i n  C1, t h a t  t h e  b o n d i n g  i n  t h i s  m o l e c u l e  i s  p r e d o m i n a n t l y  
P t y p e  w i t h  l i t t l e  or no  S c h a r a c t e r .  I n t e r e s t i n g  i n d u c t i v e  e f f e c t s  on  t h e  
c a r b o n - c h l o r i n e  bond c a u s e d  b y  t h e  s u b s t i t u t i o n  o f  a toms o’f v a r y i n g  e l e c t r o -  

n e g a t i v i t y  i n  o t h e r  p a r t s  of t h e  m o l e c u l e s  examined were found .  

A c a l o r i m e t r i c  measurement  a t  l i q u i d - h e l i u m  t e m p e r a t u r e s  o f  t h e  amount o f  
b e t a - r a y  ’enepg)t  s t o r e d  i n  c h a r c o a l  e x p o s e d  t o  a Au”’ s o u r c e  i n d i c a t e d  t h e  

a b s e n c e  of  any s u c h  p r o c e s s  t o  w i t h i n  1.3%. A c c o r d i n g l y ,  t h i s  p o s s i b l e  s o u r c e  
o f  e r r o r  i n  t h e  p r e v i o u s l y  r e p o r t e d  C I 4  d e c a y  e n e r g y  measu remen t  i s  b e l i e v e d  
t o  be  a b s e n t  

A program f o r  t h e  s t u d y  of  t h e  h i g h - t e m p e r a t u r e  c h e m i s t r y  o f  s o l i d s  h a s  
b e e n  i n i t i a t e d ,  and s e v e r a 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 s  of  s p e c i a l  d e s i g n  
a r e  b e i n g  assembled .  R e s u l t s  o f  i n t e r e s t  were o b t a i n e d  on t h e  e f f d c t s  o f  f a s t  
n e u t r o n s  on t h e  c r y s t a l  s t r u c t u r e  o f  o r g a n i c  a c i d  s a l t s .  

RADIATION CHEMISTRY 

The a l k a l i  h a l i d e s  (KC1, NaC1, L i F )  have  been  i r r a d i a t e d  a t  low t e m p e r a -  
t u r e s  b y  a n  i n t e n s e  ( 3 O O O C )  Co60  gamma- ray  s o u r c e .  I n f r a r e d  e m i s s i o n  was 
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o b s e r v e d  a t  c h a r a c t e r i s t i c  t e m p e r a t u r e s  and w a v e l e n g t h s  d u r i n g  s l o w  warming 
f rom low t o  room t e m p e r a t u r e .  

Work was c o n t i n u e d  on t h e  c a t a l y t i c  a c t i v i t y  o f  ZnO o b s e r v e d  a f t e r  i r -  
r a d i a t i o n  w i t h  gamma r a y s "  The h y d r o g e n a t i o n  o f  e t h y l e n e  a t  0°C was a g a i n  
u s e d  t o  t e s t  t h e  d e c r e a s e  i n  a c t i v i t y  a f t e r  i r r a d i a t i o n  w i t h  Co60 gamma r a y s  
a t  1 5 , 0 0 0  r / m i n .  P o s i t i v e  r e s u l t s  were  o b t a i n e d ,  wh ich  r e m a i n  t o  b e  i n t e r -  
p r e t e d .  

The k i n e t i c s  of  t h e  d e c o m p o s i t i o n  of  l i q u i d  w a t e r  by i n t e n s e  gamma r a d i a -  
t i o n  h a s  b e e n  i n v e s t i g a t e d  i n  p u r e  w a t e r  a n d  i n  t h e  p r e s e n c e  o f  d i s s o l v e d  

H,O,, 0,, and H, and m i x t u r e s  o f  t h e  t h r e e "  Ac id  FeSO, s o l u t i o n  was u s e d  a s  
an a c t i n o m e t e r .  The minimum y i e l d  i s  e s t i m a t e d  t o  b e  3 . 6 6  m o l e s  o f  H,O p e r  
100 ev .  

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

The f o r m a t i o n  o f  p h e n o l  upon i r r a d i a t i o n  o f  an aqueous  i n  b i o l o g i c a l  s y s t e m s .  
benzene  s o l u t i o n  i s  now b e i n g  s t u d i e d .  

E x p e r i m e n t s  have  c o n t i n u e d  a n  t h e  s t a b i l 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  a t  

t e m p e r a t u r e s  up t o  250OC i n  a t y p e  347 s t a i n l e s s  s t e e l  c o n t a i n e r  w i t h  or  w i t h -  
o u t  r a d i a t i o n .  From a n a l y t i c a l  r e s u l t s  and e x a m i n a t i o n  o f  c o r r o s i o n  spec imens  

t h e  r e s u l t s  o f  2 2  e x p e r i m e n t s  may b e  c l a s s i f i e d  a s  "good , "  " i n d i f f e r e n t , "  o r  
"bad," R a d i a t i o n  a p p e a r s  t o  b e  b e n e f i c i a l .  F a i l u r e s  due t o  r e a c t o r  shutdown 

may be  a t t r i b u t e d  t o  r e d u c t i o n  and p r e c i p i t a t i o n  of  uranium i n c i d e n t  to c e s s a -  
t i o n  o f  o x i d i z i n g  c o n d i t i o n s .  "Good" e x p e r i m e n t s  c o r r e l a t e  w i t h  low c o n -  

c e n t r a t i o n  o f  c h l o r i d e  i o n ,  I n  n o n r a d i o a c t i v e  e x p e r i m e n t s  bomb p e r f o r m a n c e  
was improved by  e l i m i n a t i n g  s i l v e r  s o l d e r  and by e n s u r i n g  p e r f e c t  p a s s i v a t i o n  
o f  t h e  s t a i n l e s s  s t e e l  w a l l s  above  a s  well  a s  below t h e  w a t e r l i n e .  

INSTRUMENTATION 

14 p r e v i o u s l y  d e s c r i b e d   IT p r o p o r t i o n a l  c o u n t e r  method d e v i s e d  f o r  t h e  
d e t e r m i n a t i o n  o f ' a b s o l u t e  d i s i n t e g r a t i o n  r a t e s  of b e t a - e m i t t i n g  r a d i o n u c l i d e s  
h a s  been  t e s t e d  and shown t o  g i v e  r a t e s  a g r e e i n g  t o  w i t h i n  2% w i t h  t h o s e  found 
by  b e t  a -  gamma c o i n c i d e n c e  - r a t  e m e  a s  u r  ement s - 

A m o d i f i e d  and improved  c i r c u i t  d e s i g n  was d e v i s e d  f o r  a p r e c i s i o n  p u l s e  
g e n e r a t o r  t o  b e  used  i n  t h e  c a l i b r a t i o n  o f  b e t a - p r o p o r t i o n a l  and s c i n t i l l a t i o n -  
c o u n t e r  s p e c t r o m e t e r s ,  a s  w e l l  a s  f o r  t h e  c h e c k i n g  o f  p u l s e  a m p l i f i e r s  i n  
g e n e r a l -  T h i s  l a t e s t  model  h a s  g i v e n  q u i t e  s a t i s f a c t o r y  p e r f o r m a n c e  d u r i n g  
t h e  p a s t  s i x  months ,  
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SOLUTION CHEMISTRY 

Aqueous-Benzene-TTA Extraction Method (W. C. Waggener and €3. W. Stoughton) .  
S t u d y  h a s  c o n t i n u e d  o n  t h e  d e t e r m i n a t i o n  o f  t h e  s t a b i l i t y  c o n s t a n t  f o r  t h e  
aqueous- thor ium-TTA complex.  O f  p r e s e n t  c o n c e r n  a r e :  (1) t h e  r a t e  o f  t r a n s f e r  
o f  TTA from b e n z e n e  p h a s e  t o  a q u e o u s  p h a s e  and ( 2 )  t h e  s t a b i l i t y  o f  a q u e o u s  

monothenoyltrifluoroacetonethorium i o n ,  b o t h  a s  a f u n c t i o n  of i o n i c  s t r e n g t h .  
! 

The complex n a t u r e o f  t h e  aqueous-benzene-TTA s y s t e m  makes t h e  r e l i a b i l i t y  

o f  s p e c t r o p h o t o m e t r i c  measu remen t s  o f  T T A  c o n c e n t r a t i o n  q u e s t i o n a b l e .  It i s  
p l a n n e d  t o  c h e c k  t h e s e  r e s u l t s  by  an  i n d e p e n d e n t  m e t h o d ,  u s i n g  C I 4 - l a b e l e d  
TTA r e c e n t l y  p r e p a r e d  by V .  F. Raaen u n d e r  t h e  d i r e c t i o n  o f  C. J .  C o l l i n s  and 

0 .  K. N e v i l l e .  

Ultracentrifuge Studies of Inorganic Systems ( J .  S. J o h n s o n  and  K O  A. 
K r a u s ) .  D u r i n g  t h e  p a s t  q u a r t e r  f u r t h e r  m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n s  on 
z i r con ium(1V)  and hafn ium(IV1 h y d r o l y s i s '  p r o d u c t s  have  been  c a r r i e d  o u t .  T h i s  

work h a s  now been  d i s c o n t i n u e d  and a f i n a l  r e p o r t  w i l l  b e  i s s u e d  s o o n .  The 
r e s u l t s  t o  d a t e  a r e  summarized below.  

Bo th  z i r c o n i u m .  and -ha fn ium a r e  t r i m e r i c  and monod i spe r sed  i n  1 M HCl- 1 M 
NaCl w i t h  o b s e r v e d  m o l e c u l a r  w e i g h t s  o f  600 and  830 f o r  t h e  t w o  t r i m e r s ,  
r e s p e c t i v e l y .  A s s u m i n g  a c o m p o s i t i o n  M(OH)2e , ,C1, .  6 ,  , t h e  c o r r e s p o n d i n g  
t h e o r e t i c a l  m o l e c u l a r  w e i g h t s  a r e  570 and 830. 

A t  h i g h e r  a c i d i t y  ( 3  M )  t h e  m o l e c u l a r  w e i g h t s  o f  t h e  z i r c o n i u m  compounds 

a r e  l o w e r  and t h e  s y s t e m s  a r e  n o  l o n g e r  m o n o d i s p e r s e d  i n  b o t h  c h l o r i d e  and 
p e r c h l o i a t e  s o l u t i o n s .  However, ' t h e  m o l e c u l a r  w e i g h t s  a r e  s t i l l  h i g h e r  t h a n  
t h o s e  of  monomeric z i r c o n i u m .  

A t  c o n s i d e r a b l y  l o w e r  a c i d i t y  ( 0 . 1  M )  f u r t h e r  p o l y m e r i z a t i o n  o c c u r s .  

Thus t h e  z i r c o n i u m  p o l y m e r  i n  p e r c h l o r a t e  s o l u t i o n s  a t  p = 1 h a s  a m o l e c u l a r  
w e i g h t  of  a b o u t  1400 ( p o s s i b l y  a hexamer or h e p t a m e r ) .  The m o l e c u l a r  w e i g h t  
o f  t h e  hafn ium polymer  i n  c h l o r i d e  s o l u t i o n s  i s  somewhat l o w e r  (910 t o  1040), 
i n d i c a t i n g  a lower  d e g r e e  of  p o l y m e r i z a t i o n .  

S e v e r a l  e x p e r i m e n t s  were a l s o  c a r r i e d  o u t  w i t h  z i r c o n i u m i n l  M HC1O4-1 M 
NaC10, which  i n d i c a t e  t h a t  a t r i m e r i c  h y d r o l y s i s  p r o d u c t  i s  p r e s e n t  a t  t h i s  

a* a c i d i t y  . 
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c c  

Electromigration on Filter Paper (Go W ,  S m i t h  a n d  K ,  A.  K r a u s ) .  The 
complex ing  o f  a number o f  m e t a l  i o n s  by  c h l o r i d e  i o n s  has  been  i n v e s t i g a t e d  by 
e l e c t r o m i g r a t i o n  o n * > f i l t e r  p a p e r  T h i s  work has  been  t e m p o r a r i l y  d i s c o n t i n u e d ,  
and t h e  r e s u l t s  t o  d a t e  a r e  b e i n g  a s sembled  f o r  a f i n a l  r e p o r t .  

The  f o l l o w i n g  e l e m e n t s  h a v e  b e e n  s t u d i e d "  F e ( I I 1 )  C o ( I I ) ,  C u ( I ' I ) ,  
Z n ( I I ) ,  C d ( I I ) ,  H g ( I I ) 8 P b ( I I ) 2  T h ( I V ) ,  and  U ( V 1 ) .  T h e  r a n g e  o f  c h l o r i d e  
c o n c e n t r a t i o n  was a p p r o x i m a t e l y  0 . 0 1  t o  8 M. Thor ium(1V)  shows no  m i g r a t i o n  
t o w a r d  t h e  a n o d e ,  s u g g e s t i n g  k h a t  i t ,  d o e s  n o t  f o r m  a n e g a t i v e l y  c h a r ~ e r l  
c o m p l e x t  M e r c u r y ( I 1 )  shows no  m i g r a t i o n  t o w a r d  t h e  c a t h o d e ,  wh ich  i n d i c a t e s  

t h a t  i t  i s  a n e u t r a l  or  n e g a t i v e l y  c h a r g e d  complex.  A l l  o t h e r  e l e m e n t s  showed 
m i g r a t i o n  t o w a r d  b o t h  t h e  c a t h o d e  and  a n o d e .  I n  t h e  f o l l o w i n g  t a b u l a t i o n  
t h e y  a r e  g i v e n  i n  o r d e r  a c c o r d i n g  t o  t h e  c h l o r i d e  c o n c e n t r a t i o n  a t  which  t h e y  
showed no  m i g r a t i o n ,  i . e . ,  where t h e  m o b i l i t y  changed  from c a t h o d i c  t o  a n o d i c :  

ELEMENT [Cl"  1 

<O. 005 
0.75 
0.9 
2 
5 . 2  
5 . 6  
8 
8 

Anion-Exchange Studies of M e t a l  Complexes ( K .  A. K r a u s ,  G. E .  Moore,  and 
F,  N e l s o n ) .  A c t i v i t y  Coeffbceent Ratios rn the Resin Phase. The i o n - e x c h a n g e  
e q u i l i b r i u m  f o r  a n e g a t i v e l y  c h a r g e d  complex  M u  and c h l o r i d e  i o n s  c a n  be r e -  

p r e s e n t e d  by t h e  e q u a t i o n  

where 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 ;  y q  a c t i v i t y  c o e f f i c i e n t s ;  and s u b -  
and s u p e r s c r i p t  r ,  t h e  r e s i n  p h a s e .  When Y c n / y M  i s  known, o r  c a n  be  c o n s i d e r e d  
c o n s t a n t ,  v a r i a t i o n s  o f ' K a r m p  f o r  e x a m p l e ,  a s  a r e s u l t  o f  l o a d i n g ,  c a n  be 
a s c r i b e d  t o  changes  i n  t h e  a c t i v i t y  c o e f f i c i e n t  r a t i o  t h e s p e c i e s  i n  
t h e  r e s i n  p h a s e ,  
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N e g l e c t i n g  c h a n g e s  i n  t h e  h y d r a t i o n  o f  t h e  r e s i n  i n  g o i n g  f rom R-C1 t o  
R-M we c o u l d  c o n s i d e r  a s e r i e s  o f  d i s t r i b u t i o n  c o e f f i c i e n t  measu remen t s  a s  a 
f u n c t i o n  of l o a d i n g  t o  b e  c a r r i e d  o u t  a t  c o n s t a n t  t o t a l  m o l a l i t y  i n  t h e  r e s i n .  
C o n s i d e r i n g ,  i n  a d d i t i o n ,  t h e  r e s i n  t o  behave  l i k e  a c o n c e n t r a t e d  e l e c t r o l y t e  
s o l u t i o n  w e  would e x p e c t  t h e  f o l l o w i n g  e q u a t i o n s  t o  be  a p p l i c a b l e :  

l o g  y M r  = aM - b,L ( 2 b )  

where  a c l  and a y  a r e  t h e  v a l u e s  o f  l o g  y f o r  t h e  p u r e  f o r m s  o f  R-C1 and € 3 - M ,  
b , ,  and b M  a r e  c o n s t a n t s ,  and L = (M) , /C i s  t h e  l o a d i n g  ( f r a c t i o n  o f  c a p a c i t y  
C of  r e s i n  o c c u p i e d  by M-). Combina t ion  of Eqs. ( 1 )  and ( 2 )  y i e l d s  

when 'yy/ycl i s  c o n s t a n t .  
y i e l d  a s t r a i g h t  l i n e  w i t h  s l o p e  ( b ,  -t b , , ) .  

Thus a p l o t  o f  l o g  K a r m  or KarmYC,/~Y v s .  L s h o u l d  

U s i n g  t h e  e x c h a n g e  of FeC1,- v s .  C l u 8  E q .  ( 3 b )  was t e s t e d  f o r  4 ,  6 ,  8 ,  
and 1 2  M HC1 a s s u m i n g  y,/ycl = c o n s t a n t  f o r  e a c h  m o l a r i t y  o f  HC1. I t  was 
found t h a t  l o g  K,,"' v a r i e s  l i n e a r l y  w i t h  l o a d i n g  i n  t h e  r a n g e  L = 0 , 2  t o  0 . 8  
i n  a c c o r d a n c e  w i t h  Eq.  ( 3 b ) .  F u r t h e r m o r e ,  ( b M  -t bel) was p r a c t i c a l l y  i n d e -  
p e n d e n t  o f  t h e  m o l a r i t y  o f  HC1 o f  t h e  aqueous  s o l u t i o n .  For v a l u e s  o f  L l e s s  
t h a n  0 2 c o n s i d e r a b l e  d e v i a t i o n s  f r o m  t h e  l i n e a r i t y  p r i n c i p l e  ( E q .  3 a ) w e r e  
found .  S i n c e  t h e s e  d e v i a t i o n s  c o u l d  e a s i l y  b e  d u e  t o  n o n h o m o g e n e i t y  o f  t h e  
r e s i n ,  i t  a p p e a r s  t h a t  c o n s i d e r i n g  t h e  r e s i n  a s  a s p e c i a l  c o n c e n t r a t e d  e l e c -  
t r o l y t e  s o l u t i o n  h a s  c o n s i d e r a b l e  m e r i t .  

Ti(IV), Zr(IV), Hf(IV), and Th(IV) in Chloride Solutions. The a d s o r b -  t 

a b i l i t y  o f  t h e s e  e l e m e n t s  by  Dowex-1  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  was  
s t u d i e d  from 1 t o  1 2  M. T h e i r  b e h a v i o r s  a r e  s u f f i c i e n t l y  d i f f e r e n t  t o  p e r m i t  
t h e i r  r e a d y  s e p a r a t i o n .  Thus  Th(1V)  was n o t  a p p r e c i a b l y  a d s o r b e d  e v e n  i n  
1 2  M HCl-  T i t a n i u r n ( I V 1  showed no  a p p r e c i a b l e  a d s o r p t i o n  b e l o w  9 M HC1, b u t  
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s t r o n g  a d s o r p t i o n  i n  1 2  M HC1. The  a d s o r p t i o n  o f  Z r ( I V )  a n d  H f ( I V )  was 
n e g l i g i b l e  be low 6 M HC1, b u t  v e r y  s t r o n g  i n  9 and 1 2  M HC1, 

Separation of Titanium and Vanadium b y  Anion Exchange inchloride Solu- 

tions. A s  men t ioned  i n  t h e  p r e v i o u s  s e c t i o n ,  t i t a n i u m ( 1 V )  can  be a d s o r b e d  by 
Dowex-1 f rom 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  more c o n c e n t r a t e d  t h a n  9 M.. I n  a 
s i m i l a r  s e r i e s  o f  measurements  on  vanadium, vanadium(1V) c o u l d  n o t  be adso rbed  

e v e n  f r o m  1 2  M HC1, Yhus t h e  s e p a r a t i o n  o f  t h e s e  e l e m e n t s  c a n  r e a d i l y  be  

a c c o m p l i s h e d  by  a d s o r p t i o n  f rom 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  more c o n c e n t r a t e d  

t h a n  9 M. 

Vanadium(V) i s  a d s o r b e d  a t  v e r y  h i g h  HC1 c o n c e n t r a t i o n s  on Dowex-1. For- 

t u n a t e l y  r e d u c t i o n  o f  t h e  gdso rbed  vanadium t o  vanadium(1V) o c c u r s  r e a d i l y  o n  
t h e  r e s i n ,  The a d s o r p t i o n  o f  t h e  e l e m e n t  i n  t h e  h i g h e r  o x i d a t i o n  s t a t e  t h u s  
i n t r o d u c e s  l i t t l e  d i f f i c u l t y ,  and  i,t i s  b e l i e v e d  t h a t  r e d u c t i o n  o f  a l l  
vanadium(V) t o  vanadium(1V) b e f o r e  a d s o r p t i o n  i s  n o t  n e c e s s a r y .  

7 

Separation of Vanadium hnd Uranium. S i n c e  vanadium(1V)  i s  n o t  a d s o r b e d  

by  Dowex-1, i t  c a n  r e a d i l y  be s e p a r a t e d  by a n i o n  e x c h a n g e . f r o m  t h o s e  e l e m e n t s  
wh ich  show some a d s o r p t i o n ,  e . g .  mos t  t r a n s i t i o n  e l e m e n t s ,  z i r c o n i u m ,  and  
t h e  e l e m e n t s  found  i n  g r o u p  V-A ( n i o b i u m ,  e t c . ) .  Of p a r t i c u l a r  i n t e r e s t  i n  

t h i s  c o n n e c t i o n  i s  i t s  s e p a r a t i o n .  f rom uranium.  S i n c e  t h i s  e l e m e n t  had e a r l i e r  
been  f o u n d ( ’  2 ,  t o i  b e  s t r o n g l y  a d s o r b e d  f rom HC1 s o l u t i o n s  more c o n c e n t r a t e d  

t h a n  a p p r o x i m a t e l y  4 M ,  t h e  s e p a r a t i o n  o f  t h e s e  two e l e m e n t s  i s  v e r y  s i m p l e  
and e f f e c t i v e .  

PHASE STUDIES 

Vapor P r e s s u r e - T e m p e r a t u r e  R e l a t i o n s  o f  Aqueous S o l u t i o n s  6 f  Uranyl  
S a l t s  (H. 0. Day and C. H. S e c o y ) .  The p rob lem a s  i t  s t a n d s  a t  p r e s e n t  i s  t h e  
d e t e r m i n a t i o n  o f  t h e  v a p o r  p r e s s u r e s  o f  s o i l u t i o n s  o f . u r a n y 1  f l u o r i d e ,  s u l f a t e ,  
and n i t r a t e  o v e r  a wide r a n g e  o f  c o n c e n t r a t i o n s  and t e m p e r a t u r e s .  The p rob lem 
i s  b e i n g  approached  f rom two d i r e c t i o n s :  (1) i n v e s t i g a t i o n  o f  t h e  r e l a t i v e l y  

l o w - p r e s s u r e  r e g i o n  from room t e m p e r a t u r e  t o  175. or 2OO0C, and (12) i n v e s t i g a -  
t i o n  from 175 or 2OO0C t o  t h e  c r i t i c a l  p o i n t  o f  h,O. The e q u i l i b r i u m  p r e s s u r e s  

i 

4 
’ A  

i ‘  4 

(1) K .  A. Kraus and G. E.  Moore., Chemistry of Protactinium. V. ‘Se aration o Thorium, Protactinium 
and Uranium with Anion ,Exchange Columns i n  HCL Solutions,  ORNL-35b (April l 7 ,  1949). 

(2)  K :  A ,  Kraus and G, E. Moore, “Anion Exchange Studies of Uranium(VI) i n  HC1-HF Mixtures. Separa- 
t ion  of Pa(V) and U(VI) ,”  Chemistry Divis ion @arterZy Progress Report for  Period Ending June’ 30, 

I 

1950, OWL-795 (Oct. 3 ,  1950). 
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o f  any  s u b s t a n c e s  p r o d u c e d  by s o l u t i o n  d e c o m p o s i t i o n  w i l l  a l s o  be measu red  i n  
t h e s e  s t u d i e s .  

A f t e r  an  e x t e n s i v e  l i t e r a t u r e  s u r v e y  i t  was d .ec ided  t o  m e a s u r e  t h e  
p r e s s u r e s  i n  t h e  l o w - p r e s s u r e  r e g i o n  by an  a b s o l u t e  method i n v o l v i n g  a com- 
pound manometer  s y s t e m .  S u i t a b l e  a p p a r a t u s  h a s  b e e n  d e s i g n e d  and i s  b e i n g  
c o n s t r u c t e d "  

I 

A p r e l i m i n a r y  s t u d y  has  been  made o f  t h e  s e c o n d  p h a s e  o f  t h e s e  i n v e s t i -  

g a t i o n s ,  The l i t e r a t u r e  has  b e e n  r e v i e w e d ,  and a few e x p e r i m e n t a l  t es t s  have 
been  made i n  a s e a r c h  f o r  a c o n f i n i n g  m e t a l  c o n t a i n e r  i f  c o m b r e s s i b i l i t y , d a t a  

s h o u l d  be  d e s i r e d  i n  a d d i t i o n  t o  vapor  p r e s s u r e  d a t a b  

The Uranyl Ni trate-Water  System Above 180°C ( W  L. M a r s h a l l ,  J. S. G i l l ,  
and  C ,  H. S e c o y )  R e s u l t s  f r o m  p r e l i m i n a r y  i n v e s t i g a t i o n s  o f  t h e  u r a n y l  
n i t r a t e - w a t e r  and o f  t h e  u r a n y l  n i t r a t e - - n i t r i c  a c i d - w a t e r  s y s t e m s  a b o v e  
100°C a r e  g i v e n  e l s e w h e r e . ( 3 )  The s t u d y  o f  t h e  u r a n y l  n i t r a t e - w a t e r  s y s t e m  

h a s  now b e e n  e x t e n d e d  f r o m  d i l u t e  t o  c o n c e n t r a t e d  s o l u t i o n s ,  and u p  t o  tem- 
p e r a t u r e s  o f  t he rma l . .  i n s t a b i l i t y -  

E x p e r i m e n t a l ,  M a l l i n c k r o d t ,  c . p .  , u r a n y l  n i t r a t e  h e x a h y d r a t e  was used  i n  

t h e  e x p e r i m e n t s .  The p r o c e d u r e  d e s c r i b e d  e a r l i e r ( 4 )  was u s e d .  I n  summary,  
s o l u t i o n s  o f  known c o n c e n t r a t i o n s  o f  u r a n y l  n i t r a t e  were d e g a s s e d  and s e a r e d  
i n  4 - m m - 1 . D "  s i l i c a  t u b i n g  o f  10 cm l e n g t h .  A t  room t e m p e r a t u r e  t h e  l i q u i d -  
t o - v a p o r  volume r a t i o  was a p p r o x i m a t e l y  u n i t y ,  The s o l u t i o n s  were rocked  i n  a 
c y l i n d r i c a l  h e a t i n g  d e v i c e .  I n  t h i s  p a r t i c u l a r  i n v e s t i g a t i o n  t h e  t e m p e r a t u r e  
was h e l d  c o n s t a n t  f o r  g i v e n  l e n g t h s  o f  t ime b e f o r e  p r o c e e d i n g  t'o a h i g h e r  t e m -  
p e r a t u r e  i n  o r d e r  t o  f i x  w i t h i n  l i m i t s  p r e c i p i t a t i o n  and v a p o r  p h a s e  c o l o r a -  

t i o n  phenomena. The t e m p e r a t u r e  was measured  w i t h  an  i r o n - c o n s t a n t a n  the rmo-  
c o u p l e .  

R e s u l t s  and D i s c u s s i o n .  The e x p e r i m e n t a l  d a t a  a r e  g i v e n  i n  T a b l e  1.1. 
I n  F i g . ,  1.1 d a t a  a r e  shown g r a p h i c a l l y  t o g e t h e r  w i t h  p r e v i o u s  s o l u b i l i t y  

i n  o r d e r  t o  i n d i c a t e  t h e  c o m p l e t e  c o n d e n s e d  s y s t e m .  R e g i o n  A r e -  

p r e s e n t s  t h e  a q u e o u s  s o l u t i o n  i n  w h i c h  s o l u b i l i t y  c u r v e s  BC, CD, DE, and EF 
and t h e  p r e c i p i t a t i o n  c u r v e  FGH a r e  t h e  boundary  l i m i t s .  

( 3 )  I. L. Marshall and J. S.  G i l l ,  "Aqueous Uranyl Ni trate  and Uranyl Ni trate-Nitr ic  Acid-Water 
Solutions Above 100°C, " Hmogeneous Reactor  Experiment @ a r t e r l y  Progress  Repor t  for  P e r i o d  Ending 
February 28, 1951, ORNL-990, p .  136 (May 18, 1951). 

W .  Le. Marshall ,  J .  S. G i l l  and C .  H. Secoy,  "The Uranyl Fluoride-Water System, " Cheni s  f r y  
Diurs ion  Q u a r t e r l y  Progress  Repor t  for P e r i o d  Ending June 30, 1949, (YINL-795, p .  22 (Oct. 3,1950).  

( 4 )  

/ 1 
(5)  0. Olempel, "6quil ibres  he'tdro&nes au s e i n  des mdlanges d'eau, d'ether et  d'un sel metallique, " 

Bul E .  S O C .  c h i r .  Be lg .  38, 443 (1929). 

(6 )  W .  L. Marshall, J .  S. Gill and C .  €I. Secoy, The Uranyl N i t r a t e - k t e r  S y s t e r  Above S@C, OWL-797 
(Aug. 15, 1950) .  
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(NO3 1 ,' 6H.J) 
( a t .  X) 

3.24 

12.52 

30.53 

54.48 

72.48 

85.83 

91-62,> 

RUY NO. 

TABLE 1.1 

Thermal Decomposition of  Aqueous Uranyl N i t r a t e  Solutions 

2 50 
260 
270 

280 

29 5 

28 5 
300 
314 

2 50 
260 

- 270 
320 
3 38 
3 50 

2 40 "i- 

288- 295 

27 5- 300 
312 
328 
3 30 

208 
21 5 
222 
280 

184 

-- 

MIXING TIME 
( h r )  

18 
4 
4 

18 
2 
2 

3 
4 

18 

18 
2 

18 
64 
4 
2 

3 
42 
1 8  

6 
1 8  

2 
5 
8 
4 

SOLUTION 

C l e a r  
C l e a r  
Yellow s d l i d  a p p e a r e d  

C l e a r  
C l e a r  
Yel low s o l i d  a p p e a r e d  

C l e a r  
C l e a r  
Yel low s o l i d  a p p e a r e d  

C1 e a r  
C l e a r  
C l e a r  
C l e a r  
C l e a r  
Yel low s o l i d  p r e c i p i t a t e d  

C l e a r  
C1 e a r  
C l e a r  
Yel low s o l i d  a p p e a r e d  
Yel low s o l i d  a p p e a r e d  

Ci'e a r  
C1 e a i  
Yel low s o l i d  a p p e a r e d  
No i n c r e a s e  i n  p r e c i p i t a -  

t i o n  (? )  

M e l t i n g  o i n t  of 
UO, (NO3! oZH,O 

OBSERVATIONS 

VAPOR 

Col or 1 ess 
C o l o r l e s s  
Col or 1 es s 

C o l o r l e s s  
S l i g h t  yel low-brown 
Yellow- brown 

S l i g h t  yellow-brown 

Red- b s  o wn 
. Yellow- brown 

C o l o r l e s s  
S l i g h t  ye l low-  brown 
Yellow- brown 
Red- brown 
I n t e n s e  red-brown ( 
I n t e n s e  r e d -  brown 

ilbe e x p l o s i o n )  

S l i g h t  ye1 low- brown 
Red- brown 
I n t e n s e  red-  brown 
I n  t e n s e  r e d -  brown 
I k e n s e  r e d -  brown 

S l i g h t  yel low-brown 
Red- brown 
Red- brown 

Red- brown above  184OC 



The p r e c i p i t a t i o n s  a l o n g  c u r v e  FGH were r a t h e r  s l o w  t o  a p p e a r  and  were 

i r r e v e r s i b l e  unde r  t h e  c o n d i t i o n s  of , t h i s  i n v e s t i g a t i g n ,  T h e r e f o r e  i t  was n o t  
p o s s i b l e  t o  f i x  t h e  p r e c i p i t a t i o n  t e m p e r a t u r e s  b y  s l o w l y  r a i s i n g  t h e  t u b e  
t e m p e r a t u r e  o v e r  a s h o r t  p e r i o d  o f  t i m e  and s t i l l  m a i n t a i n  e q u i l i b r i u m ,  a l t h o u g h  
t h i s  p r o c e d u r e  had  b e e n  f e a s i b l e  i n  p r e v i o u s  s t u d i e s  o f  q u i c k l y  r e v e r s i b l e  
s o l u b i l i t y  phenomena, The p r e c i p i t a t i o n  i s  e x p l a i n e d  i n  terms of  a h y d r o l y s i s  
p r o c e s s , ( 3 )  

The o b s e r v e d  r e v e r s i b l e  v a p o r  p h a s e  c o l o r a t i o n  due  t o  n i t r o g e n  o x i d e s  i s  

i n d i c a t e d  by  c u r v e  FI o f  F i g  1.1, The v a p o r  p h a s e  c b n t a i n i n g  n i t r o g e n  o x i d e s  
was ,  i n  a l l  p r o b a b i l i t y ,  p r e s e n t  be low c u r v e  FI, b u t  was n o t  v i s i b l e  a s  s u c h  
i n  t h e  s i l i c a  t u b e s ,  

The  e x p e r i m e n t a l  d a t a  t a k e n  i n  t h e s e  s t u d i e s  were  f o u n d  t o  b e  s t r o n g l y  
d e p e n d e n t  upon c o m p l e t e  m i x i n g  o f  s o l u t i o n  a t  a l l  t imes and upon t h e  l i q u i d -  
t o - v a p o r  vo lume  r a t i o .  Fdr e x a m p l e ,  i n  t h e  p r e l i m i n a r y  w o r k c 3 )  c a p i l l a r y  
t u b i n g  was u s e d  i n  wh ich  m i x i n g  c o u l d  n o t  be a c h i e v e d  be low a b o u t  3OS0C, and 
a s l i g h t  amount  o f  s o l i d  s e p a r a t e d  f rom t h e  s a t u r a t e d  s o l u t i o n s  a t  a b o u t  290 
t o  3 O O O C  i n  t h e  d r y  end  o f  t h e  c a p i l l a r y .  I n  t h i s  i n v e s t i g a t i o n  good m i x i n g  
o f  t h e  s o l u t i o n  was r e a l i z e d  a t  a l l  t i m e s ,  and s o l i d  a p p e a r e d  o n l y  a s  i n d i c a t e d  
i n  F i g .  1,.1. 

The UO,SO,-U0,-H,O System ( W ,  L. M a r s h a l l ,  J .  S. G i l l ,  and C, H. S e c o y ) .  
A fundamen ta l  i n v e s t i g a t i o n  of  t h e  UO,SO,~UO,-~H,O s y s t e m  a t  25  and 10o°C i s  i n  
p r o g r e s s .  T h i s  work i s  r e p o r t e d  i n  d e t a i l  e l s e w h e r e . ( ’ )  

S o l u b i l i t y  o f  F i s s i o n  Produat S u l f a t e s  (B.  Zemel) a The d e t e r m i n a t i o n  o f  

t h e  h i g h - t e m p e r a t u r e  s o l u b i l i t i e s  of  t h e  more i n s o l u b l e  f i s s i o n  p r o d u c t  s u l -  
f a t e s ,  by means of  r a d i o a c t i . v e  t r a c e r s ,  h a s  b e e n  c o n t i n u e d  u s i n g  s t a i n l e s s  
s t e e l  bombs and  f i l t e r  d i s k s ;  t h i s  h a s  p e r m i t t e d  t h e  s e p a r a t i o n  o f  s o l u t i o n  
and p r e c i p i t a t e  a t  an e l e v a t e d  t e m p e r a t u r e .  To a v o i d  c o r r o s i o n ,  e s p e c i a l l y  i n  
d e t e r m i n i n g  s o l u b i l i t i e s  i n  t h e  p r e s e n c e  o f  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  
bombs were p r o v i d e d  w i t h  p l a t i n u m  l i n e r s ,  and t h e  s t a i n l e s s  s t e e l  f i l t e r  d i s k s  
were r e p l a c e d  by alundurn d i s k s ,  

S o l u b i l i t y  s t u d i e s  w e r e  made on  SrSO,, Y,(SO,),, and BaSO, i n  UO,SO, 
s o l u t i o n s ,  and on  Ag,SO, and L a 2 ( S 0 4 ) ,  i n  w a t e r .  The measu remen t s  on  SrS0, 
a n d  Y,(SO,), i n  U0,S04 a n d  o f  Ag,SO, i n  w a t e r  w e r e  c o m p l e t e d  u p  t o  a b o u t  
35OOC; t h e  o t h e r s  a r e  n o t  y e t  c o m p l e t e ,  The v a l u e s  f o r  Ag,SO, were checked  by 

p o t e n t i o m e t r i c  t i t r a t i o n .  

(7) W 
o p .  c r t . ,  p .  134. 

Lo .Marshall and J .  S. G i l l ,  “‘be Uranyl Sulfate--Uranium Trioxide-Water System, ’’ OfNL.990, 
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A t  250°C t h e  s o l u b i l i t y  f S  SO, i n  UO,SO, ( 3 0  g of  u r a  ium p e r  l i t e r )  
was found t o  be  0 . 4 5  mg p e r  100 g o f  s o l u t i o n ;  

~~ 0,05 
g p e r  100  g o f  s o l u t i o n ;  A s  a 
f u r t h e r  c h e c k  an  a t t e m p t  w a s  made t o  d e t e r m i n e  a t  l e a s t  p a r t  o f  t h e  Ag,SO, 
s o l u b i l i t y  c u r v e  by  t h e  q u a r t z - t u b e  method,  b u t  t h i s  compound p roved  t o  be  t o o  
p h o t o s e n s i t i v e  and t h e  r e s u l t s  were c o n s i d e r e d  u n r e l i a b l e '  

f o r  Y,(SO,),, i n  UO,SO, 
and f o r  Ag,SO,, 0 ' 2  g p e r  100  g o f  s o l u t i o n ,  

A d e t a i l e d  a c c o u n t  o f  t h i s  work w i l l  be p r e s e n t e d  i n  t h e  HRE q u a r t e r l y  
r e p o r t  (ORNL-1057). 

C O R R O S I O N  STUDIES 

Corrosion Studies with Synthetic HRE Solutions ( M  H.  L i e t z k e ) ,  A s e r i e s  
o f  e x p e r i m e n t s  has  been  s t a r t e d  i n  an e f f o r t  t o  d e t e r m i n e  what  f a c t o r s  i n f l u -  
e n c e  t h e  HRE s o l u t i o n  s t a b i l i t y  i n  s t a i n l e s s  s t e e l  v e s s e l s .  The e f f e c t s  o f  
pH,  c o r r o s i o n  p r o d u c t s  o f  t h e  s t a i n l e s s  s t e e l ,  u r a n i u m ( 1 V )  c o n c e n t r a t i o n ,  
g r a p h i t e ,  e t c .  on t h e  s t a b i l i t y  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  a r e  b e i n g  i n -  
v e s t i g a t e d .  , C o r r o s i o n  i n h i b i t o r s  s u c h a s  n i t r i c  a c i d ,  t u n g s t a t e s ,  and molybda te s  
a r e  b e i n g  added t o  u r a n y l  s u l f a t e  s o l u t i o n s  t o  d e t e r m i n e  t h e i r  e f f e c t s .  

A c o m p a r i s o n  o f  t h e  s t a b i l i t y  o f  u r a n y l  p h o s p h a t e  s o l u t i o n  i n  1 . 5  M 

H,PO, and of  t h e  u r a n y l  s u l f a t e  s o l u t i o n  i s  a l s o  b e i n g  u n d e r t a k e n .  

T h e s e  s o l u t i o n s ,  w i t h  and w i t h o u t  p i e c e s  o f  p a s s i v a t e d  o r  u n p a s s i v a t e d  
s t e e l ,  w i l l  be s e a l e d  i n  q u a r t z  t u b e s  which  w i l l  be  h e a t e d  t o  25OOC and rocked  
d u r i n g  t h e  h e a t i n g  p r o c e s s .  V i s u a l  o b s e r v a t i o n s  on t h e  t u b e s  w i l l  be  made 
p e r i o d i c a l l y .  A f t e r  a s u i t a b l e  l e n g t h  o f  t i m e  ( u s u a l l y  100 h r )  t h e  t u b e s  a r e  
t o  be  removed from t h e  f u r n a c e ,  t h e  s o l u t i o n s  and any p r e c i p i t a t e s  formed w i l l  
b e  a n a l y z e d ,  and t h e  e f f e c t s  upon t h e  s t e e l  w i l l  be  n o t e d .  

I t  i s  r e a l i z e d  t h a t  b e c a u s e  t h e  e x p e r i 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  
q u a r t z  t u b e s  t h e  r e s u l t s  may n o t  be s t r i c t l y  c o m p a r a b l e  t o  t h o s e  o b t a i n e d  i n  
t h e  s t a i n l e s s  s t e e l  t e s t  l o o p s ,  D i s s o l v e d  s i l i c a  p r e s e n t  i n  t h e  f o r m e r  s o l u -  
t i o n  may a c t  a s  a c o r r o s i o n  i n h i b i t o r ,  and hence  a s o l u t i o n  s t a b i l i z e r  I t  i s  

b e l i e v e d ,  h o w e v e r ,  t h a t  t h e  b e n e f i c i a l  o r  h a r m f u l  e f f e c t s  o f  t h e  v a r i a b l e s  
l i s t e d  above  c a n  s t i l l  b e  o b s e r v e d  e v e n  t h o u g h  q u a n t i t a t i v e  l i m i t s  may be  
d i f f e r e n t  . 

E x p e r i m e n t a l  r e s u l t s  w i l l  be  r e p o r t e d  i n  d e t a i l  i n  t h e  n e x t  HRE q u a r t e r l y  
r e p o r t .  
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Electrochemical Corrosion Studies ( J  C, Griess and M ,  H. L i e t z k e ) ,  An 
e l e c t r o c h e m i c a l  i n v e s t i g a t i o n  o f  t h e  c o r r o s i o n  o f  347 s t a i n l e s s  s t e e l  i n  
u r a n y l  s u l f a t e  s o l u t i o n s  h a s  been  i n i t i a t e d  The s t u d y  was l i m i t e d  t o  s t e e l  

which had been  r e n d e r e d  p a s s i v e  by p r e t r e a t m e n t  i n  n i t r i c  o r  c h r o m i c  a c i d  and 
t o  d a t e  has  been  c o n f i n e d  t o  emf measurements  on s t e e l  spec imens  p a s s i v a t e d  by 
J, E n g l i s h  i n  a manner  p r e v i o u s l y  d e s c r i b e d , ( * )  B r i e f l y ,  t h e  s t e p s  i n  t h i s  
p r e t r e a t m e n t  and p a s s i v a t i o n  were (1) d e g r e a s i n g  i n  an  o r g a n i c  s o l v e n t ,  
( 2 )  e t c h i n g  i n  e i t h e r  a m i x t u r e  o f  h y d r o f l u o r i c  and n i t r i c  a c i d s ,  o r  a s a t -  
u r a t e d  s o l u t i o n  o f  f e r r i c  c h l o r i d e  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 ,  and  
( 3 )  h e a t i n g  a t  250°C f o r  24  h r  i n  e i t h e r  1% n i t r i c  or 2% chromic  a c i d .  

A number  o f  s p e c i m e n s  h a v e  b e e n  e x a m i n e d  u s i n g  t h e  c e l l  " 1 p a s s i v a t e d  

s t a i n l e s s  s t e e l  I UO,SO, s o 1 u t i o n l S . C . E .  ~ '' where t h e  UQ, SO, s o l u t i o n  c o n t a i n e d  
30 g o f  u r a n i u m  p e r  l i t e r .  S i n c e  c e l l s  o f  t h i s  t y p e  a r e  e a s i l y  p o l a r i z e d  i t  
was n e c e s s a r y  t o  u s e  a vacuum- t u b e  p o t e n t i o m e t e r  f o r  t h e  m e a s u r e m e n t s ,  wh ich  
were made a t  e i t h e r  room t e m p e r a t u r e  o r  100°C. The r e s u l t s  from t h e s e  e x p e r i -  
ments  can  b e  summar ized  a s  f o l l o w s :  P o t e n t i o m e t r i c a l l y  t h e r e  i s  e s s e n t i a l l y  
n o  d i f f e r e n c e  b e t w e e n  a s t e e l  s p e c i m e n  w h i c h  h a s  b e e n  p a s s i v a t e d  i n  n i t r i c  
a c i d  and one  p a s s i v a t e d  i n  ch romic  a c i d ,  The p o t e n t i a l  o f  t h e  c e l l  " p a s s i v e  
s t a i n l e s s  s t e e l  1 UO,SO, s o l u t i o n l S , C , E ,  i s  a b o u t  0 , 4  t o  0 . 5  v o l t  w i t h  t h e  
s t e e l  t h e  p o s i t i v e  e l e c t r o d e .  Any one  spec imen  g i v e s  a c o n s t a n t  v-alue b u t  no  
two spec imens  g i v e  i d e n t i c a l  v a l u e s .  Changes i n  t e m p e r a t u r e  c a u s e  o n l y  s l i g h t  
c h a n g e s  i n  p o t e n t i a l .  I f  u n t r e a t e d  s t e e l  i s  s u b s t i t u t e d  f o r  t h e  p a s s i v a t e d  
s t e e 1 , t h e  p o t e n t i a l  o f  t h e  c e l l  i s  a p p r o x i m a t e l y  e q u a l  t o  z e r o .  

When a p a s s i v a t e d  s t e e l  s u r f a c e  i s  s c r a t c h e d  be low t h e  l i q u i d  l e v e l ,  t h e  
p o t e n t i a l  o f  t h e  c e l l  c h a n g e s  i n s t a n t l y  t o  a p p r o x i m a t e l y  z e r o .  However,  t h e r e  
i s  a t e n d e n c y  toward  s e l f - h e a l i n g ,  e v e n  i n  a u r a n y l  s u l f a t e  s o l u t i o n ,  and t h e  
p o t e n t i a l  o f  t h e  c e l l  a p p r o a c h e s  i t s  o r i g i n a l  v a l u e  a f t e r  a s h o r t  p e r i o d  o f  
t ime.  The p r e s e n c e  o f  a s m a l l  amount  of  n i t r i c  a c i d  i n c r e a s e s  t h e  r a t e  o f  
s e l f - h e a l c n g ;  a v e r y  s m a l l  amount o f  d i c h r o m a t e  b r i n g s  a b o u t  e x t r e m e l y  r a p i d  
s e l f - h e a l i n g .  An i n c r e a s e  i n  t e m p e r a t u r e  f rom 2 5  t o  100°C h a s  n o  n o t i c e a b l e  
e f f e c t  on t h e  r a t e  o f  s e l f - h e a l i n g .  

I n  g e n e r a l  a p a s s i v a t e d  s t e e l  s u r f a c e  b e h a v e s  much l i k e  an oxygen e l e c -  
t r o d e ,  i . e . ,  i t  i s  s e n s i t i v e  t o  t h e  pH o f  t h e  s o l u t i o n  a s  w e l l  a s  t o  oxygen  
p r e s s u r e .  A few o f  t h e  s u r f a c e s  were p h o t o s e n s i t i v e  b u t  t h i s  was n o t  g e n e r a l l y  
t r u e .  

(8) Summary of section on corrosion Homo eneous Reac tor  Exper iment  @ a r t e r l y  Progress  R e p o r t  for  
P e r i o d  Ending August 31, 1950 ,  ORNL-8%6, p .  107 ( O c t ,  24, 1950). 
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A t  room t e m p e r a t u r e  t h e  p a s s i v a t e d  s t e e l  r ' e t a i n s  i t s  p a s s i v i t y  ( p o t e n t i a l  
a b o u t  t O . 5  v o l t  v s .  S . C . E , )  f o r  a t  l e a s t  f i v e  d a y s  i n  a u r a n y l  s u l f a t e  s o l u -  
t i o n  c o n t a i n i n g  a s  much a s  O " 1  M p o t a s s i u m  c h l o r i d e c  A t  1 0 0 ° C  u n d e r  t h e  same 
c o n d i t i o n s  t h e  p a s s i v i t y  o f  t h e  s t e e l  i s  d e s t r o y e d  ( p o t e n t i a l  a b o u t  0 v s  
S o C o E )  w i t h i n  a few m i n u t e s .  

A l l  t h e  above  e x p e r i m e n t s  were c a r r i e d  o u t  a t  100°C o r  l e s s ,  a.t wh ich  

t e m p e r a t u r e  n o  d i f f i c u l t y  was e n c o u n t e r e d  i n  u s i n g  a r e f e r e n c e  e l e c t r o d e .  
S i n c e  i t  was d e s i r a b l e  t o  m e a s u r e  c h a n g e s  i n  p o t e n t i a l s  a t  25OOC and s i n c e  

t h e r e  were no s u i t a b l e  r e f e r e n c e  e l e c t r o d e s  a v a i l a b l e ,  a new s y s t e m  o f  d e t e c t -  
i n g  c h a n g e s  i n  p o t g n t i a l  was n e c e s s a r y ,  I t  was d e c i d e d  t o  u t i l i z e  t h e  c e l l  
'' p a s s i v e  s t a i n l e s s  s t e e l  I U O , s O , /  p a s s i v e  s t a i n l e s s  s t e e l . "  I f  t h e  two 
e l e c t r o d e s  were i d e n t i c a l ,  t h e  p o t e n t i a l  o f  t h e  c e l l  would  b e  z e r o ;  i f  o n e  
e l e c t r o d e  l o s t  i t s  p a s s i v i t y  t h e r e  would be a change  i n  p o t e n t i a l .  Py d e t e r -  
m i n i n g  t h e  p o l a r i t y  of t h e  c e l l  i t  would b e  p o s s i b l e  t o  d e t e r m i n e  which  e l e c -  
t r o d e  had become a c t i v e '  I f  b o t h  e l e c t r o d e s  s h o u l d  become a c t i v e  a t  t h e  same 
t ime ,  t h e r e  would b e  n o  d e t e c t a b l e  d i f f e r e n c e  i n  c e l l  p o t e n t i a l  and t h e  c e l l  
would be  u s e l e s s .  However,  p r e v i o u s  e x p e r i m e n t s  i n d i c a t e d , t h a t  i t  was h i g h l y  
u n l i k e l y  t h a t  two s e p a r a t e  p i e c e s  o f  s t e e l  wou ld  l o s e  t h e i r  p a s s i v i t y  a t  
e x a c t l y  t h e  same t ime.  

U s i n g  t h e  a b o v e  s y s t e m ,  t h e  p o t e n t i a l  o f  a c e l l  a t  100°C was f o l l o w e d  
o v e r n i g h t  b y  means  o f  a , v i b r a t i n g - r e e d  e l e c t r o m e t e r  c o m b i n e d  w i t h  a Brown 
r e c o r d e r .  The  p o t e n t i a l  r e m a i n e d  e s s e n t i a l l y  a t  z e r o  b u t  f l u c t u a t e d  * 5  mv. 
I n  t h e  morn ing  enough s o l i d  p o t a s s i u m  c h l o r i d e  was added t o  make t h e  c h l o r i d e  
i o n  c o n c e n t r a t i o n  0 . 0 5  M. About 15  min a f t e r  a d d i n g  p o t a s s i u m  c h l o r i d e  t h e r e  
was a sudden  change  i n  p o t e n t i a l  amount ing  t o  a b o u t  450 mv. The F e l l  r ema ined  
i n  t h i s  s t a t e  f o r  a 1 0 - m i n  p e r i o d :  t h e n  t h e  p o t e n t i a l  a g a i n  c h a n g e d  t o  a p -  
p r o x i m a t e l y  z e r o ,  By means o f  a s a t u r a t e d  c a l o m e l  e l e c t r o d e  i t  was shown t h a t  
e a c h  e l e c t r o d e  had ,  l o s t  i t s  p a s s i v i t y .  H e n c e  crur i n t e r p r e t . a t i o n  o f  t h e  
p o t e n t i a l  c h a n g e s  was a s  f o l l o w s :  A t  t h e  end  o f  t h e  f i r s t  15-min  p e r i o d  one  
e l e c t r o d e  became a c t i v e  and the  o t h e r  r e t a i n e d  i t  p a s s i v i t y ,  t h e r e b y  c h a n g i n g  
t h e  c e l l  t o  " a c t i v e  s t a i n l e s s  s t e e l  I UO,SO, I s t a i n l e s s  s t e e l " ;  

10 min l a t e r  t h e  breakdown of  t h e  p a s s i v i t y  of  t h e  s e c o n d  e l e c t r o d e  o c c u r r e d ,  
a f t e r  which t h e  two e l e c t r o d e s  were a g a i n  e q u i v a l e n t  and hence  t h e  c e l l  p o t e n -  
t i a l  was z e r o .  S e v e r a l  i d e n t ' i c a l  e x p e r i m e n t s  have  g i v e n  s i m i l a r  r e s u l t s  and 
have  c o n f i r m e d  t h e  b e l i e f  t h a t  a c e l l  of  t h i s  t y p e  would b e  u s e f u l  t o  d e t e c t  
changes  i n  p a s s i v i t y .  

I 

p a s s i v e  
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When t h e  e l e c t r o d e s  were removed f rom t h e  c e l l  a f t e r  a p o t e n t i a l  measure-  
ment had shown them t o  be  n o  l o n g e r  p a s s i v e ,  i t  was p o s s i b l e  t o  o b s e r v e  a c t i v e  
c o r r o s i o n  a t  a f ew l o c a l i z e d  a r e a s .  I f  t h e  e l e c t r o d e s  were removed s h o r t l y  
a f t e r  t h e y  had l o s t  t h e i r  p a s s i v i t y ,  i t  was n e c e s s a r y  t o  u s e  h i g h  m a g n i f i c a -  
t i o n  t o  o b s e r v e  t h e  c o r r o s i o n .  I f  t h e  e l e c t r o d e s  were  a l l o w e d  t o  r e m a i n  i n  
t h e  s o l u t i o n  f o r  s e v e r a l  h o u r s ,  t h e  c o r r o d e d  a r e a s  were v i s i b l e  w i t h o u t  
m a g n i f i c a t i o n .  

To t e s t  t h e  d e s c r i b e d  e l e c t r o d e  s y s t e m  a t  250°C an Amer ican  I n s t r u m e n t  
Company bomb was used .  I n  t h e  head of  t h e  bomb was i n c o r p o r a t e d  an e l e c t r i c a l  
c o n n e c t o r  (Amer ican  I n s t r u m e n t  C a t a l o g  No. 406- 101) t o  a l l o w  t h e  i n t r o d u c t i o n  
o f  an e l e c t r i c a l l y  i n s u l a t e d  l e a d .  For t h e  f i r s t  r u n  a g l a s s  l i n e r  was used  
t o  p r o t e c t  t h e  i n t e r i o r  o f  t h e  bomb. E a c h  e l e c t r o d e  c o n s i s t e d  o f  1 . 5 - m m -  
d i a m e t e r  p a s s i v a t e d  s t a i n l e s s  s t e e l  ( 3 4 7 )  r o d .  One e l e c t r o d e  was i n t r o d u c e d  
t h r o u g h  t h e  head  o f  t h e  bomb; t h e  s e c o n d  was i n s i d e  t h e  g l a s s  l i n e r ,  w i t h  t h e  
t o p  o f  t h e  wire p r e s s e d  f i r m l y  a g a i n s t  t h e  i n s i d e  w a l l  o f  t h e  bomb. The w a l l s  
o f  t h e  bomb t h u s  s e r v e d  a s  one  t e r m i n a l  o f  t h e  c e l l  a n d  t h e  e l e c t r i c a l l y  
i n s u l a t e d  l e a d  s e r v e d  a s  t h e  o t h e r .  I n s i d e  t h e  g l a s s  l i n e r  was p l a c e d  60 m l  
o f  UO,SO, s o l u t i o n  (30 g o f  u r a n i u m  p e r  l i t e r ) .  A f t e r  t h e  e l e c t r o d e s  were 
a d j u s t e d ,  t h e  bomb was s e a l e d  and h e a t e d  t o  250°C f o r  12 h r  and t h e  p o t e n t i a l  
was r ec ,o rded .  The p o t e n t i a l  r e m a i n e d  e s s e n t i a l l y  a t  z e r o ,  w i t h  a f ew m i n o r  . 
f l u c t u a t i o n s ,  d u r i n g  t h e  e n t i r e  r u n .  A t  t h e  end  o f  t h i s  t ime  t h e  bomb was 
c o o l e d  and o p e n e d ,  and enough  s o l i d  p o t a s s i u m  c h l o r i d e  was added  t o  make t h e  
c h l o r i d e  i o n  c o n c e n t r a t i o n  300 ppm. The bomb was a g a i n  s e a l e d  and h e a t e d  t o  
25OoC and t h e  p o t e n t i a l  was r e c o r d e d .  A f t e r  90 min t h e r e  was a sudden  c h a n g e  
i n  p o t e n t i a l ,  i n d i c a t i n g  t h a t  one  e l e c t r o d e  was u n d e r g o i n g  c o r r o s i o n .  About  
15 min l a t e r  t h e r e  was a n o t h e r  c h a n g e  i n  p o t e n t i a l  o f  a p p r o x i m a t e l y  e q u a l  
m a g n i t u d e  b u t  i n  t h e  o p p o s i t e  d i r e c t i o n ,  and t h e  c e l l  p o t e n t i a l  was a g a i n  
n e a r l y  z e r o .  F o l l o w i n g  t h i s  t h e r e  was a p e r i o d  o f  a b o u t  1 h r  d u r i n g  w h i c h  t h e  
p o t e n t i a l  f l u c t u a t e d  e r r a t i c a l 1 . y  ( & l o 0  mv),  and a t  t h e  end o f  t h i s  time t h e  

p o t a n t i a l  r e m a i n e d  z e r o  u n t i l  t h e  bomb was c o o l e d  and  o p e n e d  12 h r  l a t e r .  
V i s u a l  o b s e r v a t i o n  showed  t h a t  e a c h  e l e c t r o d e  had u n d e r g o n e  c o r r o s i o n  a t  
l o c a l i z e d  a r e a s .  

The r e s u l t s  o f  t h i s  e x p e r i m e n t  i n d i c a t e d  t h a t  t h e  c e l l  " p a s s i v a t e d  s t a i n -  
l e s s  s t e e l  I UO,SO, [ p a s s i v a t e d  s t a i n l e s s  s t e e l "  c o u l d  be  u s e d  a t  250'C. No 

o t h e r  e x p e r i m e n t s  a t  2 5 O O C  have  been  c a r r i e d  o u t ,  b u t  f u t u r e  e x p e r i m e n t s  have 

been  p l a n n e d .  
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Work h a s  j u s t  b e g u n  on a d e t e r m i n a t i o n  o f  t h e  e f f e c t  o f  v a r i o u s  i n -  
h i b i t o r s  on t h e  c o r r o s i o n  r e s i s t a n c e  o f  p a s s i v a t e d  s t e e l .  To d a t e  t h e  e f f e c t  
of s o l u b l e  s i l i c a  i n  t h e  e l e c t r o l y t e  h a s  b e e n  p a r t i a l l y  i n v e s t i g a t e d .  P r e -  
l i m i n a r y  d a t a  i n d i c a t e  t h a t  t h e  p r e s e n c e  of  a few hundred  p a r t s  p e r  m i l l i o n  o f  
s i l i c a  g r e a t l y  i n c r e a s e s  t h e  c o r r o s i o n  r e s i s t a n c e  o f  p a s s i v a t e d  347 s t a i n l e s s  
s t e e l  t o  c h l o r i d e  i o n s  

1 

t 

. 

30 



2 ”  NUCLEAR CHEMISTRY 

Radionuclides of T i n  (G, E ,  B o y d ) ,  F u r t h e r  i n v e s t i g a t i o n s  u s i n g  a 

s c i n t i l l a t i o n  . c o u n t e r  s p e c t r o m e t e r  and a b s o r p t i o n  measurements  h a v e  t s t a b l  ishecl  
t h e  e x i s t e n c e  i n  low abundance  o f  a 1 - 9 0  k 0 - 0 5  Mev gamma r a y  i n  t h e  d e c a y  o f  
t h e  9 4 d a y  Sn12’  p r e v i o u s l y  s u g g e s t e d  by  t h e  work of  Hayward( l ‘ )  and  by o u r  
own work ,  ( 2 )  

S i n c e  o u r  f i r s t  r e p o r t  on t h e  245  d a y  S n 1 1 9 m s  H i l l  and  M i h e l i c h c 3 )  have  
p u b l i s h e d  t h e i r  r e s u l t s  on t h i s  same r a d i o n u c l i d e  They  p r o p o s e d  t h a t  t h i s  
i s o m e r i c  a c t i v i t y  may d e c a y  by a two s t e p  p r o c e s s ,  p re sumab ly  by  a n a l o g y  w i L h  

t h e  i s o m e r i c  t e l l u r i u m  p e r i o d s  h o w e v e r ,  no  e x p e r i m e n t a l  d a t a  were  g i v e n  t o  

s u p p o r t  t h i s  c o n t e n t i o n  A c c o r d i n g l y ,  i n  c o l l a b o r a t i o n  w i t h  C J Borkowsk i  
. f u r t h e r  s e a r c h  was made f o r  a low e n e r g y  r e l a t i v e l y  u n c o n v e r t e d  gamma r a y  i n  
t h e  d e c a y  o f  a n  i n t e n s e  2 4 5  d a y  Snl”Or s o u r c e  u s i n g  a b e t a - p r o p o r t i o n a l -  
c o u n t e r  s p e c t r o m e t e r  f i l l e d  w i t h  2 a tm o f  k r y p t o n ,  The  s o u r c e  was p l a c e d  
o u t s i d e  a b e r y l l i u m  window i n  t h e  w a l l  o f  t h e  c o u n t e r  and  4 m i l s  o f  p a l l a d i u m  
w a s  u s e d  t o  c r i t i c a l l y  a b s o r b  a n d  t h e r e b y  r e d u c e  t h e  s t r o n g  S n  K X r a y s  

e m i t t e d ,  R e s u l t s  from s u c h  an  i n v e s t i g a t i o n  a r e  shown i n  F i g  2 - 1 -  P o s s i b l y  
t h e r e  i s  a v e r y - l o w  i n t e n s i t y  gamma r a y  a t  42 Kev C o i n c i d e n c e  r a t e  measu re  
ments  were made on t h i s  same s o u r c e  u s i n g t h e m i c a  end window b e t a - p r o p o r t i o n a l -  
c o u n t e r  a r r a n g e m e n t  d e s c r i b e d  below i n  t h e  s t u d i e s  on t h e  1 5 - d a y  S n 1 1 7 m ,  No 

n e t  e ’  gamma o r  X gamma c o i n c i d e n c e s  were o b s e r v e d ”  A c c o r d i n g l y  i t  was c o n -  
c l u d e d  t h a t  i f  t h e  2 4 5  d a y  S n l ” ”  d e c a y s  by  a c a s c a d e  p r o c e s s ,  t h i s  p r o c e s s  
must  o c c u r  i n  s u c h  a way t h a t  t h e  r a d i a t i o n s  e m i t t e d  i n  t h e  s e c o n d  s t e p  were 

n o t  d e t e c t e d  i n  o u r  e x p e r i m e n t s .  

# 

* 

H i l l  and M i h e l i c h  a l s o  p r o p o s e d  a t w o  s t e p  d e c a y  f o r  t h e  1 5  d a y  S n 1 1 7 ” ,  
and ,  a l t h o u g h  a g a i n n o  s u p p o r t i n g  d a t a  were p r e s e n t e d ,  p r e l i m i n a r y  c o i n c i d e n c e  
r a t e  m e a s u r e m e n t s  were c i t e d  a s  s u p p o r t i n g  t h i s  h y p o t h e s i s ,  I n  v i e w  o f  o u r  
i n a b i l i t y  t o  d e t e c t  c o i n c i d e n c e s  i n  t h e  d e c a y  o f  t h e  2 4 5 - d a y  S n 1 1 9 n ,  i t  was 
c o n s i d e r e d  d e s i r a b l e  t o  see i f  c o i n c i d e n c e s  c o u l d  b e  o b s e r v e d  w i t h  a 15 d a y  
s n 1 1 7 m  s o u r c e  A c c o r d i n g l y ,  c o i n c i d e n c e  r a t e  measu reme’n t s  were c o n d u c t e d  .* 

(1) 
(2) C. M. Nelson, B. H .  K e t e l l e ,  and G, E Boyd, Studies on the N u c l e a r  Chemistry of Tin, OIWL-828 

( 3 )  J. W. Mihelich and R. D. Hill “Radioactive Isomers of  Sn117 and 

R. W .  Hayward, “The Beta Spectrum of Sn125,” Phys. Rev.  79, 409 (1950). 

(Nov. 10, 1950). 

P h y s .  Reu 79, 781 (1950). 
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u s i n g  two mica-end-window b e t a  p r o p o r t i o n a l  c o u n t e r s ,  one  o f  which  had a g o l d  
c a t h o d e  t o  g i v e  improved  gamma r a y  d e t e c t i o n  The r e s u l t s  g i v e n  i n  F i g  2 , 2  
c o n f i r m  t h e  t w o - s t e p  p r o c e s s  i n  S n 1 1 7 n  and show t h a t  t h e  c o n v e r s i o n  e l e c t r o n s  

a r e  i n  c o i n c i d e n c e  w i t h  a O., lS-Mev gamma r a y ,  C o i n c i d e n c e  a b s o r p t i o n  m e a s u r e .  
m e n t s  u s i n g  aluminum t o  remove t h e  c o n v e r s i o n  e l e c t r o n s  i n  c o i n c i d e n c e  w i t h  
t h e  gamma r a y  showed t h a t  t h e i r  e n e r g y  was a l s o  a b o u t  150 Kev,  a s w a s  e x p e c t e d ,  
We a r e  i n d e b t e d  t o  A .  R .  B r o s i  f o r  t h e  u s e  o f  h i s  c o i n c i d e n c e  t u b e s  i n  t h e s e  
measu remen t s  

Radionuclides of Technetium (G E, Boyd pnd  B ,  H K e t e l l e ) .  N e w  o b  
s e r v a t i o n s  on t h e  r a d i a t i o n s  e m i t t e d  by T c g 3 ,  T c g 5 ,  T c f 6 ,  and Tc’O’ have  been  

made u s i n g  a m a g n e t i c - l e n s  b e t a  s p e c t r o m e t e r  a n d  a s c i ~ t i l l a t i o n - c o u n t e r  
s p e c t r o m e t e r ,  I n  a number o f  c a s e s  c o i n c i d e n c e  r a t e  d e t e r m i n a t i o n s  were a l s o  
made ,  M e a s u r e m e n t s  on t h e  p o s i t r o n  a n d  c o n v e r s i o n - e l e c t r o n  s p e c t r a  o f  a 
2 7 5 - h r  Tcg3 s o u r c e  p r e p a r e d  by t h e  i r r a d i a t i o n  o f  e n r i c h e d  Mog2 ( 9 2 , 0 7 %  mass 
9 2 )  w i t h  14-Mev d e u t e r o n s  a r e  shown i n  F i g s  2 , 3  and 2 , 4 .  I t  may be s e e n  i n  
F i g ,  2 , s  t h a t ’  t h e  K u r i e  p l o t ,  a s s u m i n g  an a l l o w e d  t r a n s i t i o n  f o r  t h e  p o s i t r o n  
s p e c t r u m , i s  a s t r a i g h t  l i n e  and  t h a t  t h e  maximum e n e r g y  i s  0 , 8 0 0  f 0 . 0 0 5  M e V ,  

T h e  gamma- ray  s p e c t r u m  f o r  t h e  2 . 7 5 - h r  T c g 3  i s  shown i n  F i g .  2 . 6 .  M e a s u r e -  
m e n t s  o f  t h e  K c a p t u r e - - p o s i t r o n  b r a n c h i n g  r a t i o  i n d i c a t e d  t h a t  93% o f  t h e  
d i s i n t e g r a t i o n s  o c c u r  by t h e  f o r m e r  and 7% by t h e  l a t t e r  r o u t e ,  C o i n c i d e n c e  
a b s o r p t i o n  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  p o s i t r o n  s p e c t r u m  was s i m p l e  a n d  
t h a t  t h e  p o s i t r o n s  a r e  f o l l o w e d  by  a 1 3 4  Mev gamma t r a n s i t i o n .  

Measurements  o f  t h e  gamma-ray s p e c t r u m  o f  t h e  6 0 . 0  day  Tcg5’” a r e  g i v e n  i n  
F i g .  2 .7 . .  T h e s e  d a t a  a r e  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  r e c e n t  o b s e r v a t i o n  
o f  M e d i c u s ,  P F e i s w e r k , a n d  S c h e r r e r  ( 4 )  However ,  t h e  s p e c t r u m  f o r  t h e  2 0 - h r  
T c g 5  shown i n  F i g  2 . 8  d o e s  n o t  a g r e e  e n t i r e l y  w i t h  t h e  f i n d i n g s  o f  Medicus  
e t  a l .  Our r e s u l t s  d i f f e r  i n  t h a t  o n l y  0 7 6 -  and  l ,O7aMev gamma r a y s  were 

s e e n ,  a 0 . 9 3  Mev t r a n s i t i o n ,  r e p o r t e d  t o  be o f  e q u a l  i n t e n s i t y  t o  t h e  1 . 0 7  Mev 
t r a n s i t i o n ,  was n o t  found.  

The  c o n v e r s i o n  e l e c t r o n  a n d  g a m m a - r a y  s p e c t r a  f o r  t h e  4 2 0 - d a y  T c g 6  
a c t i v i t y  a r e  g i v e n  i n  F i g s ,  2 9 and  2 10  These  r e s u l t s  a r e  i n  good a g r e e m e n t  
w i t h  t h o s e  o f  Medicus  e t  a l .  e x c e p t  t h a t  a d d i t i o n a l  c r o s s o v e r  t r a n s i t i o n s  o f  
1 . 6 5 ,  1 . 8 9 ,  and  p o s s i b l y  2 - 3 9  Mev e n e r g y  were found A d e t e r m i n a t i o n  o f  t h e  

(4) H. Medicus, P. Preiswerk, :and P.  Scherrer 
Isotopen des Technetiuma,” H e l u . .  P h y s .  A c t a  23, 299 (19fO) 

“Untersuchun en hber den radioaktiven Z e r f a l l  bei  
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gamma e n e r g y  e m i t t e d  p e r  d i s i n t e g r a t i o n  i n  t h e  4 - 2 O - d a y  T c ~ ~ ~  u s i n g  a c a l i -  
b r a t e d  c o i n c i d e n c e  c o u n t i n g  a r r a n g e m e n t ,  was f o u n d  t o  be i n  good a g r e e m e n t  
w i t h  t h e  d e c a y  scheme p r o p o s e d  by  M e d i c u s  e t  a1.  

Aluminum a b s o r p t i o n  measu remen t s  on t h e  b e t a  r a d i a t i o n s  ( s e e  F ig ,  2 . 1 1 )  
e m i t t e d  by t h e  1 3 . 5 - m i n  Tc"' gave  a maximum e n e r g y  o f  l a 2 0  * 0 , 0 5 - M e v d  The 
gamma- ray  s p e c t r u m  i s  shown i n  F i g .  2 . 1 2 .  C o i n c i d e n c e - r a t e  m e a s u r e m e n t s  
showed  t h a t  o v e r  95% o f  t h e  d i s i n t e g r a t i o n s  o f  Tc"' p r o c e e d  t h r o u g h  t h e  
1 . 2 0 - M e v  b e t a  f o l l o w e d  b y  a 0 - 3 0 - M e v  gamma. 

Radionuclides of Niobium (G. E, B o y d ) ,  I n c i d e n t a l  t o  o u r  c y c l o t r o n  

i r r a d i a t i o n s  o f  e n r i c h e d  molybdenum i s o t o p e s  w i t h  d e u b e r o h s  t o  p r o d u c e  t e c h -  
n e t i u m  a c t i v i t i e s  by a ( d , Z n )  r e a c t i o n ,  s e S e r a l  o f  t h e  n i o b i u m  p e r i o d s  a l s o  
formed i n  t h e  c o m p e t i n g  ( d , a )  r e a c t i o n  were examined ,  I n  p a r t i c u l a r , '  measu re -  
ments  were c o n d u c t e d  on t h e  r a d i a t i o n s  from 1 5 - h r  Nb9' and 1 0 - d a y  Nbg2.  

An i n v e s t i g a t i o n ,  u s i n g  a s c i n t i l l a t i o n - c o u n t e r  s p e c t r o m e t e r ,  o f  t h e  
gamma-ray s p e c t r u m  o f  t h e  p o s i t r o n  e m i t t i n g  1 5 - h r  NbgO r e v e a l e d  t h e  p r e s e n c e  
o f  2 . 2 3 - ,  l s 1 4 - p  a n d  0 .14-Mev t r a n s i t i o n s .  C o i n c i d e n c e - r a t e  m e a s u r e m e n t s ,  
however ,  s u g g e s t  t h a t  t h e  p o s i t r o n  s p e c t r u m  i s  s i m p l k  and f o l l o w e d  by a p p r o x i -  
m a t e l y  2 , 2  Mev o f  gamma-ray e n e r g y ,  

O b s e r v a t i o n s  on  t h e  gamma s p e c t r u m  o f  t h e  1 0 - d a y  Nbga i n d i c a t e d  a p romi -  
n e n t  0 .91-Mev t r a n s i t i o n  t o g e t h e r  w i t h  a much weake r  0.20-Mev l i n e .  C o i n c i -  
d e n c e - r a t e  m e a s u r e m e n t s  showed t h a t  t h e  0 .91-Mev t r a n s i t i o n  o c c u r s  i n  Zr9r2 
f o l l o w i n g  K c a p t u r e  i n  t h e  lO--day:  Nbg2 I 

Fission Product Decay Schemes (B,  H.. K e t e l l e ,  H. Z e l d e s ,  andA.  R. B r o s i ) .  

Work h a s  been  c o n c e p t r a t e d  on equ ipmeh t  t o  d e t e r m i n e  t h e  e n e r g y  d i s t r i b u t i o n s  
o f  b e t a  r a y s  c o i n c i d e n t  w i t h  gamma r a y s  o f  a g i v e n  e n e r g y ,  B e t a - e n e r g y  
d i s t r i b u t i o n s  a r e  m e a s u r e d  w i t h  a t h i n - m a g n e t i c -  l e n s  s p e c t r o m e t e r ,  w h i l e  
g a m m a - r a y  e n e r g i e s  a r e  s e l e c t e d  w i t h  a 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 ,  

Some p r e l i m i n a r y  m e a s u r e m e n t s  h a v e  i n d i c a t e d  t h a t  i n  I'31 d e c a y  t h e r e  
a r e  two s o f t - b e t a  g roups  w i t h  maximum e n e r g i e s  o f  250 and  330 Kev i n  c o i n c i -  
d e n c e  w i t h  7 2 0 -  a n d  6 4 0 - K e v  gamma r a y s ;  r e s p e c t i v e l y .  To c o n f i r m  t h e s e  
p r e l i m i n a r y  m e a s u r e m e n t s  f u r t h e r  i m p r o v e m e n t s  i n  i n s t r u m e n t a t i o n  h a v e  been  
made. Among t h e s e  i m p r o v e m e n t s  a r e  i n c r e a s e d  t r a n s m i s s i o n  i n  t h e  t h i n -  l e n s  
s p e c  t rome t e  r improved  s e s o l u  t i o n  i n  t h e  s c  in t i 11 a t  i o n  ~~ coun t e r s p e c  t rome t e  r , 
and s h o r t e r  r e s o l u t i o n  t i m e s  i n  t h e  c o i n c i d e n c e  c i r c u i t .  
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Photoneutrons from Energetic Gamma Rays Emitted by F i s s i o n  Product 
Radionuclides (Go W ,  P a r k e r ) ,  S u m m a r y .  U s i n g  a t e c h n i q u e  and  a p p a r a t u s  
d e s c r i b e d  i n  d e t a i l  by Levy and F e l d m a n , ( ' )  e n e r g e t i c  gamma r a y s  i n  2 . 4 - h r  

whose decay i s  c o n t r o l l e d  by t h e  77 -h r  t e l l u r i u m ,  have been found t o  a c -  
coun t  a t  l e a s t  i n  p a r t  f o r  t h e  l o n g  pho toneu t ron  p e r i o d  p r e v i o u s l y  r e p o r t e d  by 
Berns t e i n  e t a 1 ( 

The i n i t i a l  r e s u l t  o f  a r e c e n t  i n v e s t i g a t i o n  by E r g e n ( ' )  was t h e  d e t e c -  
t i o n  o f  a 2.03-Mev gamma r a y  by s c i n t i l l a t i o n  s p e c t r o m e t r y  i n  samples  o f  t h e  
2 . 4 - h r  i o d i n e .  I n  an i n d e p e n d e n t  e f f o r t ,  w h i l e  p r e p a r i n g  s o u r c e s  f o r  E r g e n ,  
e v i d e n c e  was o b t a i n e d  f o r  a l ess  a b u n d a n t  gamma o f  g r e a t e r  e n e r g y  than  2 . 1 7  
MeV, which i s  c o n s i s t e n t  w i t h  the d a t a  o b t a i n e d  by B e r n s t e i n  e t  al. S u p p o r t i n g  
o b s e r v a t i o n s  have a l s o  been made by Brosi and K e t e l l e ( 8 )  w i t h  b o t h  b e t a -  and 
gamma-ray s p e c t r o m e t e r s ,  

Isolatian of 7 7 - h r  T e 1 3 2 a  While r e f e r e n c e s  t o  t h e  fo rma t ion  o f  hydrogen 
. t e l l u r i d e  were s u b s e q u e n t l y  found  i n  p u b l i s h e d  l i t e r a t u r e ,  i t  was n o t  e x -  
p e c t e d  i n  t h e  h y d r o c h l o r i c  a c i d  d i s s o l u t i o n  o f  u ran ium m e t a l ,  l iowever,  i n  
t r a c e r  e x p e r i m e n t s  c o n d u c t e d  prior t o  h i g h - l e v e l  r u n s ,  e l e m e n t a l  c a r r i e r  
t e l l u r i u m  was obse rved  t o  d e p o s i t  i n  a g l a s s  r e f l u x  condense r  connected t o  t h e  
d i s s o l v e r .  The mechanism r e s p o n s i b l e  may p o s s i b l y  be d e s c r i b e d  by t h e  f o l -  
l owing  a p p r o x i m a t e  r e a c t i o n s :  

T h i s  u n u s u a l  c h e m i s t r y  p r e s e n t e d  t h e  o p p o r t u n i t y  t o  o b t a i n  f a i r l y  p u r e  
t e l l u r i u m  i n  on,e s t e p ,  And i t  was a r r a n g e d  t o  h a v e  t h e  u r a n i u m  d i s s o l v e r  
o f f - g a s e s  s c r u b b e d  i n  an ammoniaca l  p a c k e d  Column f o r  c o l l e c t i o n  o f  t h e  
t e l l u r i u m  p r e c i p i t a t e .  Uranium s l u g s  i r r a d i a t e d  f o r  t h r e e  d a y s ,  c o o l e d  f o r  
one  week, and t r e a t e d  i n  t h i s  manner gave  f a i r l y  good y i e l d s  o f  v e r y  p u r e  
7 7 - h r  T e ' 3 2 .  

(5) 

(6) 

( 7 )  
(8) 

H. A. Levy and M, H. Feldman, "Hard Gamma Measurements," Repor t  o f  the  Chemis try  D i v i s i o n  f o r  the 
Months September,  October  and November, 1947, Mod-432, p .  100 (Dec. 15, 1947).  
S. Bernstein Yde ldofPho toneu t rons  fron U235 F i s s i o n  
Products  i n  heavy Water (Appendix by E Greuling), Mod'-172 (Sept 24, 1946) 
W. K. Ergen, ORNL Physics Divis ion,  private communicatioq March, 1951. 
A. R. Brosi and B. H. Ketel le ,  private communication, March. 1951. 

W. M. Preston, G. Wolfe, and R. E.  S lat tery  
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Separation of 2.4-hr If.'' f v o m  7 7 - h r  T e r 3 ' *  A f t e r ,  c a r r i e r  p l u s  a c t i v e  
t e l l u r i u m  had  been  c o l l e c t e d ,  t h e  s c r u b b e r  s o l u t i o n  was t r a n s f e r r e d  r e m o t e l y  
t o  a g l a s s  r e a c t o r ,  c a r e f u l l y  a c i d i f i e d  t o  3 M HCL, a n d  t r e a t e d  w i t h  SO, t o  
p r e c i p i t a t e  t e l l u r i u q  m e t a l  The b l a c k  c o a g u l a t e d  p r o d u c t  was washed and  then  
d i s s o l v e d  i n  a minimum volume o f  warm 8 Y HNO, T h i s  s o l u t i o n  was t r a n s f e r r e d  
t o  a s t i l l  a n d  d i l u t e d  w i t h  s u b s e q . u e n t  w a s h i n g s ,  I n  o r d e r  t o  " m i l k "  t h e  
c a r r i e r - f r e e  2 . 4 - h r  i o d i n e  d a u g h t e r  f rom i t s  7 7 - h r  t e l l u r i u m  p a r e n t  i t  was 
n e c e s s a r y  o n l y  t o  kdd 15% H,O, a n d  t o  d i s t i l l  i n t o  a n  a l k a l i n e  t r a p .  The  
a l k a l i n e  c o n d e n s a t e  was t h e n  c o n c e n t r a t F d  or d i l u t e d  a's r e q u i r e d  f o r  s o u r c e  
p r e p a r a t i o n ,  

Calibration of t h e  Photbneutson Apparatus. U s i n g  b o t h  a b e r y l l i u m  
s p h e r e  (10 i n ,  i n  d i a m e t e r )  o b t a i n e d  from B e r n s t e i n ,  and a D,O t a n k  (150 l b  o f  

D,O) and a UZ3' f i s s i o n  c o u n t e r  o b t a i n e d  from Levy approx ima te  c o u n t i n g  r a t e s  
o f  r e f e r e n c e  s a m p l e s  were made a s  a s q l a t i v e  s t a n d a r d  f o r  i n s t r u m e n t  s e n s i -  
t i v i t y ,  B e s i d e s  v a r i o u s  r a d i u m  s o u r c e s  C o 6 ' ,  Na24 .  an$ f i s s i o n  p t o d u c t s  
Csi3? and  were e x a m i n e d  f o r  e n e r g e t i c  gammas, S o u r c e  s t r e n g t h s  a n d  
o b s e r v e d  c o u n t i n g  r a t e s  a r e  g ivef i  i n  T a b l e  2 1 The s e n s i t i v i t y  f o u n d  w i t h ,  
r ad ium,  a s  w e l l  a s  t h e  N a 2 4  e f f i c i e n c y  was a b o u t  t h e  same a s  r e p o r t e d  by 
Levy., (' ) W h i l e  some r a t h e r  i m p o r t a n t  d , i s a d v a n t a g e s  a r e  r e c o g n i z e d  a s  i n -  
h e r e n t  i n  t h i s  method o f  c h a r a > t e r i z i n g  gamma r a y s  t h e  i n c r e a s i n g  number of  
a v a i l a b l e  s o u r c e s ,  t h e  v e r y  low i n s t r u m e n t  background  ( 0 . 2  c /m>,  and t h e  f a i r  
r e p r o d u c i b i l i t y  o f  t h e  method h a s  seemed t o  a s s u r e  a p l a c e  for measuremen t s  

o f  t h i s  t y p e .  

TABLE 2.1 

Reference Sources 

SOURCE 

(RaC) 

~ a ' 4  

Ba- La140 

1131 

Co6 O 

&I37  

I00 (2 .78 MeV) 

Y O  (1.65 M e V )  

"3 (2  5 MeV) 
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Energetic Gamma R a y s  in I f 3 2  a n d  T e j 3 j ”  I’32 s o u r c e s  o f  n e a r l y  200  m c  

s t r e n g t h  were m e a s u r e d  and o b s e r v e d  f o r  d e c a y  t o  i d e n t i f y  t h e  o r i g i n  o f  t h e  
p h o t o n e u t r o n s .  An a p p r e c i a b l e  c o u n t i n g  s a t e  w a s  o b t a i n e d  w i t h  b o t h  t h e  
b e r y l l i u m  and  D,O a b s o r b e r s ,  i n d i c a t i n g  t h e  p r e s e n c e  o f  p h o t o n s  o f  e n e r g i e s  
g r e a t e r  t h a n  t h e  r e s p e c t i v e  t h r e s h o l d s  f o r  e a c h  o f  t h e s e ,  An a t t e m p t  was 
made t o  e s t i m a t e  t h e  p e r c e n t  abundance  o f  t h e s e  r a y s ,  however ,  p r e c i s e  a n s w e r s  
w h i c h  a r e  d e p e n d e n t  on s u c h  v a r i a b l e s  a s  t h e  c h a n g e  o f  ( y , n )  c r o s s - s e c t i o n  
w i t h  e n e r g y  c a n n o t  be  g i v e n  w i t h o u t  f u r t h e r  c a l i b r a t i o n s .  T h e  e s t i m a t e s  
g i v e n  i n  T a b l e  2 ‘ 2  were made c h i e f l y  on t h e  b a s i s  o f  a v e r y  c r u d e  u n d e r -  
s t a n d i n g  o f  t h e  o r i g i n  o f  p h o t o n e u t r o n s  from RaCu 

SOURCE 

2.4-hr I’32 

2.4-hr I’32 

30-hr (25- 
min) Tel3I 

TABLE 2 . 2  

Uncharacterized Fiss ion Product Sources 
~~ 

AMOUNT 
b C )  

160 

100 

”5 

56 

35 

2 

I 

~- 

1 2 (>1.67 MeV) 
‘0.5 (>2.17 MeV) 

Same 

Unre l iab le  

ESTIMATED W A  
ABUNDANCE COUNTS WITH 1 COUNTS WITHI I D 2 0  (e/m) (% of d i s i n t e g r a t i o n s )  I Be (c/m) 

3 12 

200 

6 

‘I 

2 2 . 3  

9 0  

B e c a u s e  o f  t h e  v e r y  l o w , ( n , y )  c r o s s - s e c t i o n  o f  t e l l u r i u m  f o r  t h e  p r o -  

d u c t i o n  o f  3 0 . h r  Tel3I o n l y  a r e l a t i v e l y  weak s o u r c e  was  o b t a i n e d .  T h e r e  
w a s ,  however ,  a n  i n d i c a t i o n  t h a t  e n e r g e t i c  gamma r a y s  a r e  a l s o  p r e s e n t  h e r e  
( p o s s i b l y  i n  t h e  25-min  i s o m e r ) ,  A t  a l a t e r  d a t e  t e l l u r i u m  s a m p l e s  w i l l  be 
i r r a d i a t e d  a t  h i g h e r  f l u x  i n  t h e  L I T R ,  o r  p o s s i b l y  T e l 3 I  w i l l  b e  s e p a r a t e d  
f r o m  t h e  f i s s i o n  p r o d u c t s .  

I n v e s t i g a t i o n  w i t h  o t h e r  f i s s i o n  s o u r c e s  a r e  b e i n g  c o n s i d e r e d ”  

Use of Hydrogen Peroxide i n  a Method for  Treating U,ranium Metal Disso lver  
Off-Gases (G, W, P a r k e r  and G, E ,  C r e e k ) ,  Summary. I n  a p r e v i o u s  q u a r t e r l y  
r e p o r t C 9 )  a p r o p o s e d  method o f  t r e a t i n g  t h e  c u r r e n t  l a r g e - s c a l e  d i s s o l v e r -  

(9) G. W. Parker ,  G. E.  Creek, G. M. Hebert ,  P.  M .  Lantz, and W. J. Martin, “ F e a s i b i l i t y  Tes t  of  the  
Large S c a l e  C o l l e c t i o n  of F i s s i o n  Rare Gases,,’ Chemis t ry  D i v t s i o n  Q u a r t e r l y  P r o g r e s s  R e p o r t  f o r  
P e r i o d  Ending September  30, 1949, CRNL-499 (Dec. 6,  1949). 
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o p e r a t i o n s  o f f - g a s e s  i n  o r d e r  t o  p e r m i t  a n  e f f i c i e n t  r e c o v e r y  o f  b o t h  t h e  
f i s s i o n  i o d i n e  ( p r i n c i p a l l y  I’29) and  t h e  f i s s i o n  g a s e s  c o n t a i n i n g  10-year KrS5 
was d e s c r i b e d ,  

R e c e n t l y  i n t e r e s t  i n  f u m e l e s s  c h e m i c a l  o p e r a t i o n s  f o r  new p r o c e s s i n g  
p l a n t s  h a s  l e d  t o  a number  o f  g a s  t r e a t m e n t  d e s i g n s ( “ )  f o r  s p e c i f i c  g a s  
m i x t u r e s ,  i n c l u d i n g  t h e  u s e  o f  s c r u b b i n g  s y s t e m s  o f  oxygen  and  w a t e r  f o r  NO 
a n d  NO,, and  gas c o m p r e s s i o n  and  s t o r a g e  f o r  m i x t u r e s  c o n t a i n i n g  N, and N,O. 
I n  o u r  work ,  a p r o c e s s  b a s e d  on t h e  we l l -known a b s o r p t i o n  q u a l i t y  o f  h y d r o g e n  
p e r o x i d e  f o r  t h e  a c i d i c  g a s e s  NO a n d  NO, was  d e m o n s t r a t e d  s u c c e s s f u l l y  i n  
l a b o r a t o r y  b e n c h - s c a l e  g l a s s  equ ipmen t  u s i n g  t r a c e r  l e v e l s  o f  KrE5 A l t h o u g h  
e f f i c i e n t  i o d i n e  r e c o v e r y  was n o t  p r o v e d ,  t h e r e  i s  n o  s e r i o u s  d o u b t  t h a t  i t  

c o u l d  be .  I n  a d d i t i o n ,  t h e  method was f o u n d  c a p a b l e  o f  p e r f o r m i n g  w e l l  f o r  
“ a c i d  r e c o v e r y ”  and  may g i v e  q u i t e  h i g h  HNO, c o n c e n t r a t i o n s .  

A p p a r a t u s  and Scrubber S o l u t i o n s .  I n  t h e  accompanying  d i a g r a m  ( F i g .  2 .13)  
a s i n g l e - s l u g  d i s s o l v e r  ( 5  moles  o f  u ran ium)  i s  shown c o n n e c t e d  w i t h  a r e f l u x  
c o n d e n s e r ,  a g a s  r o t a m e t e r  f o r  m e a s u r i n g  t h e  s a t e  o f  p r o d u c t i o n  o f  NO, a n d  a 
m i x i n g  chamber  t o  w h i c h  t a n k  oxygen may be  added  a t  a p r o p o r t i o n a l  r a t e  for 
t h e  o x i d a t i o n  o f  NO t o  NO,, t h e  r e a c t i o n  b e i n g  

2NO f 0,- 2N0, 

The o x i d i z e d  m i x t u r e ,  c o n t a i n i n g  e i t h e r  a s l i g h t  e x c e s s  or d e f i c i e n c y  o f  
o x y g e n ,  i s  t h e n  drawn t h r o u g h  a s i n t e r e d  g l a s s  g a s  w a s h e r  c o n t a i n i n g  a c a t a -  
l y z e d  scrubbing solut ion of  5 t o  10% H,O, i n  0 . 5  t o  5 dl HNO,. I n  s e r i e s  w i t h  t h i s  
i s  a s e c o n d  H,O, s c r u b b e r  a n d  a t h i r d  s c r u b b e r  c o n t a i n i n g  e i t h e r  w a t e r  o r  
d i l u t e  alkali. Measurement  o f  t h e  c o n s u m p t i o n  o f  H 2 0 2  e s t a b l i s h e d  t h a t  n e a r  
s t o i c h i o m e t r i c  q u a n t i t i e s  a r e  i n v o l v e d  i n  t h e  r e a c t i o n  

o r  
2N0, + H,O,+ 2HN0, 

2N0 f 3H,O,- 2HN0, f 2H,O 

A f a i r l y  s t r i k i n g  i l l u s t r a t i o n  o f  wha t  i s  p resumed  t o  be a u t o c a t a l y s i s  
D u r i n g  t h e  s t a r t - u p  h a s  been  e n c o u n t e r e d  w i t h  t h e  a b s o r p t i o n  o f  NO, i n  H,O,: 

(10) A. T. Gresky, private communication. 
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o f  t h e  g a s  t r e a t m e n t  when F u r ?  m a t e r i a l s  were p l a c e d  i n  t h e  s c r u b b e r  ( u s u a l l y  
1 0 %  H,O, a n d  0 5 M HNO,)  a p e r i o d  o f  p o o p  a b s o r p t i o n  was o b s e r v e d  Brown 
fumes  ( N O , )  a p p a r e n t l y  e s c a p e d  b o t h  t r a p s  and a c c u m u l a t e d  i n  t h e  f r e e  s p a c e  
above t h e  s o l u t i o n .  Then ,  a f t e r  a few m i n u t e s ,  a l a r g e  p r e s s u r e  d r o p  o c c u r r e d  
i n  t h e  s y s t e m  w h i c h  w a s  i n t e r p r e t e d  a s  r e s u l t i n g  f rom a r a p i d  a b s o r p t i o n  o f  
t h i s  g a s  From t h i s  s t a g e  t o  t h e  c o m p l e t i o n  o f  t h e  d i s s o l v i n g  no  brown g a s e s  

e s c a p e d  t h e  f i r s t  s c r u b b e r  however  an  a p p r e c i a b l e  amount  o f  e f f e r v e s c e n c e  
w a s  s o o n  o b s e r v e d  i n  t h e  p e r o x i d e  s o l u t i o n  a s  a r e s u l t  o f  a p p a r e n t  decom 
p o s i t i o n .  

The r a t e  o f  p r o d u c t i o n  o f  oxygen  was f a i r l y  c o n s t a n t  a t  a b o u t  200 cc /min  
w h i l e  a b o u t  1000 cc/mian o f  NO, w a s  b e i n g  a b s o r b e d  T h e r e f o r e ,  p e r h a p s  20% o f  

t h e  H 2 0 2  was b e i n g  decomposed A sample  removed from t h i s  c a t a l y z e d  s c r u b b e r  
c o n t i n u e s  t o  e f f e r v e s c e  f o r  some t i m e  a l t h o u g h  o r d i n a r y  m i x t u r e s  o f  H,O, a n d  
HNO, o f  t h e  same s t r e n g t h  do n o t  e f f e r v e s c e  I n  o r d e r  t o  c i r c u m v e n t  t h i s  l o s s  
o f  oxygen  m o s t . o f  i t  was r e c i r c u l a t e d  t? t h e  NO 0, g a s  r e a c t o r ,  I n  o r d e r  t o  

a v o i d  t h e  s l u g g i s h  p e r i o d  i n  t h e  s c r u b b e r  i t  may be n e c e s s a r y  t o  u s e  a “ s e e d e d ”  
s c r u b  s o l u t i o n  o r  t o  e n c o u r a g e  c a t a l y t i c  d e c o m p o s i t i o n  w i t h  a d d i t i v e s  O F  w i t h  
p l a t i n u m  b l a c k  ‘ 3  

Controlled D r s s o k v r n g  R a t e ,  Mo;t o f  t h e  c u r r e n t  d i s s o l v e r  o p e r a t i o n s  a r e  
pe r fo rmed  on a maximum s a t e  b a s i s  i e a l l  t h e  m e t a l  i n c l u d i n g  ‘‘heel:,”’ i s  
e x p o s e d  a t  o n e  t i m e  t o  a l l  t h e  a c i d , a n d  t h e  d i s s o l v i n g  i s  c o n t i n u e d  t o  a 
p r e d e t e r m i n e d  s o l u t i o n  s p e c i f i c  g r a v i t y  O F  t o  a minimbm r e s i d u a l  f r e e  a c i d  
c o n  t e n t  

I n  o r d e r  t o  s c r u b  t h e  evoY red  g a s e s  e f f e c t i v e l y  l a r g e  e x t r e m e s  i n  t h e  
r a t e  o f  d i s s o l u t i o n  had t o  be a v o i d e d  T h i s  was done by s t a r t i n g  w i t h  d i l u t e  

a c i d  ( a c t u a l l y ,  4 5 moles o f  n i t r i c  a c i d  p e r  mole of uran ium)  

U + 4HN0, __* UO,QNO,), + 2N0 ’- 2H,O 

NO f 2HN0,- 3N0, H,O 

(11) H H W i l l a r d  p r i v a t e  communication 
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The p r o c e d u r e  was t o  add  500 m l  o f  w a t e r  t o  t h e  d i s s o l v e r  and  t h e n  h e a t  t o  
b o i l i n g .  T h i s  d i s p l a c e d . m u c h  o f  t h e  a i r  w i t h  H,O v a p o r  b e f o r e  t h e  a d d i t i o n  
o f  a b o u t  150O.ml o f  70% HNO,, The a c i d  was added  s l o w l y  and c o n t i n u o u s l y  
ove r  a p e r i o d  o f  a t  l e a s t 2 h r  w h i l e  the s o l u t i o n  was ma in ta ined  a t  t h e  S o i l i n g  
p o i n t  ( 1 1 0  t o  114°C) .  D i s s o l u t i o n  i n  t h e  p r e s e n c e  o f  a 100% h e e l  was a c -  
c o m p l i s h e d  i n  a b o u t  1 2  h r ,  

A n e g a t i v e  p r e s s u r e  o f  a b o u t  3,cm Hg on t h e  d i s s o l v e r  was m a i n t a i n e d  by 
means o f  a c o n t r o l l e d  vacuum pump which s e r v e d  t o  draw t h e  r e s i d u a l  g a s e s  
t h r o u g h  a s i l i c a  d r i e r ,  a r o t a m e t e r ,  and .two 2 5 0 - g  d r y - i c e  - c o o l e d  c h a r c o a l  
t r a p s  f o r  a d s o r b i n g  xenon and r a d i o k r y p t o n  from t h e  0, and N, ( a b o u t  1 .5% o f  
t h e  t o t a l  The t o t a l  p r e s s u r e  d r o p  was a b o u t  10 cm Hg. 

Adsorption of K r a 5  on Activated C h a r c o a l .  While u s i n g  s l u g s  e s t i m a t e d  t o  
c o n t a i n  approx ima te ly  1 mc of  KrS5 i t  was found t h a t  abou t  200 cc/min o f  mixed 
0, and N, was a d e q u a t e l y  d e p l e t e d  o f  k r y p t o n  a c t i v i t y  by p a s s a g e  th rough  one 
250 . -g  c h a r c o a l  t r a p  k e p t  a t  d r y - i c e  t e m p e r a t u r e .  When d r y  i c e  was u s e d  

i n s t e a d  o f  l i q u i d  N, a p o s s i b l e  c o n d e n s a t i o n  o f  0, on t h e  c h a r c o a l  t o g e t h e r  
w i t h  i t s  a t t e n d a n t  h a z a r d s  was a v o i d e d .  

A t  t h e  c o m p l e t i o n  o f  t h e  e x t r a c t i o n  t h e  rare  g a s e s  were d i s p l a c e d  s u c -  

c e s s i v e l y  i n t o  two s m a l l e r  c h a r c o a l  t r a p s ,  each d e c r e a s i n g  t h e  a d s o r b e n t  by a 
f a c t o r  of 5 -  F i n a l l y ,  t h e  20-1111 c h a r c o a l  t r a p  was c o n n e c t e d  t o  a 200-ml 
e v a c u a t e d  b u l b  and a l l o w e d  t o  d e g a s  i n t o  i t ,  

U s i n g  an i o n  chamber c a l i b r a t i o n  f u r n i s h e d  by Z e l d e s  and coworkers,(")a 
0 .6-mc y i e l d  of K r 8 s  was d e t e r m i n e d ,  A f t e r  c o r r e c t i o n s  f o r  d e c a y  had been 
made, t h i s  y i e l d  appea red  t o  be q u a n t i t a t i v e ,  T h i s  was confirmed by c h e c k i n g  
a l l  l o s s e s  th rough  a back up c h a r c o a l  t r a p ,  No l o s s e s  ,were found'within the l i m i t  
o f  d e t e . c t i o n  of t h e  k r y p t o n  a c t i v i t y  ( a p p r o x i m a t e l y  5%) .  

Hot-Atom Chemistry i n  the Solid S t a t e  (G. E .  Boyd and J .  W, C o b b l e ) ,  
The f a t e  of  t h e  r a d i o a c t i v e  r e c o i l  B r E 2  atoms produced i n  c r y s t a l l i n e  KBrO, by 
n e u t r o n  c a p t u r e  was s t u d i e d  w i t h  t h e  v i e w  t o  f u r t h e r i n g  an u n d e r s t a n d i n g  o f  
s o l i d - s t a t e  p r o c e s s e s  i n  i o n i c  c r y s t a l s ,  Measurements o f  t h e  v a r i a t i o n  w i t h  
t ime  o f  t h e  r e t e n t i o n  o f  r a d i o b r o m i n e  . a s  bromate showed a l i m i t i n g  r e t e n t i o n  
a t  z e r o  t i m e  o f  9 i 1% which  i n c r e a s e d  t o  and r e m a i n e d  a l m o s t  c o n s t a n t  a t  

(12) H, Zeldes, B. H Ketelle, and A. R. Brosi, "Radiations of Long-Lived Kr8' and A3';' C h e m i s t r y  
Division Quarterly Progress Report for Period Ending June 30, 1950, OENL-795, p .  48 (Oct.  . 3 ,  1950). 
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3 2  f 1% a f t e r  a b o u t  16  h r  o f  n e u t r o n  i r r a d i a t i o n ,  H e a t i n g  t h e  i r r a d i a t e d  
p o t a s s i u m  bromate  a f t e r  removal  from t h e  p i l e  i n d u c e d  a t h e r m a l  r e a c t i o n  whxch 
i n c r e a s e d  t h e  r e t e n t i o n  o f  B r B 2  A r a d i a t i o n -  i n d u c e d  r e c o m b i n a t i o n  of  Br82 t o  

b r o m a t e  was a l s o  o b s e r v e d  when t h e s e  c r y s t a l s  were e x p o s e d  t o  t h e  gamma r a y s  
f r o m  a n  a p p r o x i ' m a t e l y  1 5 0 0 - c u r i e  eo6' s o u r c e ,  No s i m p l e  r a t e  law was f o u n d  
c a p a b l e  o f  d e s c r i b i n g  t h e  t h e r m a l  b a c k - r e a c t l o n ,  w h i c h  showed a p o s i t i v e  

t e m p e r a t u r e  c o e f f i c i e n t  The r a d i a t i o n - i n d u c e d  back  r e a c t i o n  obeyed  a S i r s t  
o r d e r  v e l o c i t y  e q u a t i o n  a n d  was found  p r o p o r t i o n a l  t o  t h e  s o u r c e  i n t e n s i t y .  
F u r t h e r m o r e ,  t h e  r e > a c t i o n  c o u l d  be s t o p p e d  c o m p l e t e l y  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 s  An a c t i v a t i o n  e n e r g y  of  8 5 k c a l / m o l e  be tween 10 and  150°C was 
found ,  

I 

An i n t e r p r e t a t i o n  o f  t h e  f i n i t e  r e t e n t i o n  o b s e r v e d  a t  z e r o  t i m e  was  

a t t e m p t e d ,  b a s e d  upon a s s u m p t i o n s  c o n c e r n i n g  c a p t u r e  gamma r a y  s p e c t r a  C a l -  
c u l a t i o n s  were made, u s i n g  a s t o c h a s t i c  p r o c e d u r e ,  o f  t h e  p r o b a b i l i t y  t h a t  t h e  

r e s u l t a n t  momentum p o s s e s s e d  by  a r a d i o b r o m i n e  a t o m  a f t e r  t h e  e m i s s i o n  o f  

t h r e e ,  f o u r ,  o r  s i x  c a p t u r e  gamma r a y s  i n  c a s c a d e  w o u l d  e x c e e d  t h e  bond 
e n e r g i e s  o f  t h e  b r o m a t e  r a d i c a l  E s t i m a t e s  o f  t h e  "cage"  e f f e c t  were made 
u s i n g  t h e  l a t t i c e  d i m e n s i o n s  f o r  KBrO, T h o s e  r e c o i l e d  r a d i o b r o m n n e s  w h i c h  
e s c a p e  t h e  b romate  r a d i c a l  and  d o  n o t  i m m e d i a t e l y  r ecombine  by c o l l i s i o n  w i t h  
n e i g h b o r i n g  b r o m a t e  g r o u p s  a r e  s u b s e q u e n t l y  t r a p p e d  i n  t h e  c r y s t a l  i n  an  
e n e r g y - r i c h  s t a t e  F u r t h e r  r e a c t i o n  of  t h e s e  "ho t "  a toms may i n v o l v e  t r a p p e d  
e l e c t r o n s  ( i  e q u e n c h i n g ) ,  oxygen atoms p roduced  by r a d i a t i o n  d e c o m p o s i t i o n ,  
i m p u r i t i e e s  s u c h  a s  water a n d  i t s  d e c o m p o s i t i o n  p r o d u c t s ,  or an e x c h a n g e  w i t h  
t h e  b r o m a t e t r a d i c a l s  i n  t h e  c r y s t a l  

Chemistry o f  T e c h n e t i u m "  Measurement o f  IMagnetic Susceptibilities 
( C o  M u  N e l s o n ,  G E L  Boyd,  and W "  T S m i t h * )  R e s e a r c h  w o r k  d u r r n g  shea DA-:T,  

six m o n t h s  h a s  been  aimed a t  d e t e r m i n i n g  t h e  bond c h a r a s t e r  o f  s e v e r a l  3nmplr 
s o l i d  compounds o f  t e c h n e t i u m  by means o f m a g n e t i c  s u s c e p t i b i l i t y  m e a s u r e m e n t s  

P i e p a r a t i o n  o f  t h e  h a l i d e s  a n d  o x i d e s  o f  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  of  
t e c h n e t i u m  wi 11 be a t t e m p t e d  and  t % e i r  s t r u c t u r e s  i d e n t i f i e d  when p o s s i b l e  by 
X - r a y - d i f f r a c t i o n  methods  Ana logous  manganese  and rhen ium compounds w i  11 be 
e x a m i n e d  a l s o  t o  compare  t h e  t e c h n e t i u m  r e s u l t s  w i t h  a t o m i c  a n d  e l e c t r o n z c  
s t r u c t u r a l  c h a n g e s  

A l t h o u g h  o t h e r  compounds o f  t e c h n e t i u m  ( e  g t h e  s t i l f ; r t e s )  niaghx ~ I % F  

more i n f o r m a t i o n  r e g a r d i n g  i n t e r a t o m i c  f o r c e s  and  o t h e s  * i n r e s a c  L B O R S ,  i t  w d s  

f e l t  t h a t  t h e  s i m p l e  compounds s h o u l d  be i n v e s t i g a t e d  f i r s t  i n  r h e  hope  r h a t  

*Professor of Inorganic Chemistry, University of Tennessee Iinoxvslle 
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t h e  m a g n e t i c  p r o p e r t i e s  m i g h t  .be o f  h e l p  i n  e l u c i d a t i n g  t h e  o x i d a t i o n  s t a t e s  

o f  t h i s  new e l e m e n t  I n  i t s  compounds manganese f o l l o w s  t h e  C u r i e  l a w  r a t h e r  
w e l l  s o  t h a t  t h e  ” s p i n  o n l y ”  e q u a t i o n  f o r  t h e  m a g n e t i c  s u s c e p t i b i l i t y  g i v e s  
a good a p p r o x i m a t i o n  to .  e x p e r i m e n t a l l y  d e t e r m i n e d  v a l u e s ,  A l t h o u g h  n o t  many 

rhen ium compounds h a v e  been  i n v e s t i g a t e d ,  i t  h a s  been  r e p o r t e d  t h a t  i n  some 
compounds ( e - g . ,  Re20,  R e o 3 ,  and  Reo2) a s m a l l  t e m p e r a t u r e - i n d e p e n d e n t  p a r a -  
magnet i sm may I n  o t h e r  compounds rhen ium a p p e a r s  t o  have  n o r m a l  
m a g n e t i c  p r o p e r t i e s ,  S i n c e  rhen ium : fo l lows  t h e  r a r e  e a r t h  s e r i e s ,  and  h e n c e  

t h e  “ l a n t h a n i d e  c o n t r a c t i o n ”  i n  a t q m i c  r a d i i ,  i t  m i g h t  be e x p e c t e d  t o  h a v e  
a b n o r m a l  m a g n e t i c  p r o p e r t i e s ,  I t  w i l l  be o f  i n t e r e s t  t o  see  how x c h a n g e s  
f rom manganese  t o  t e c h n e t i u m  t o  r h e n i u m  i n  a n a l o g o u s  compounds ,  

An a t t e m p t  w i l l  be made t o  p r e p a r e  ?cO and  Re0 and  t o  measu re  x down t o  

v e r y  low t e m p e r a t u r e s  i n  an e f f o r t  t o  see  i f  a n y  “ a n t i f e r r o m a g n e t i s m “  e x i s t s  
i n  t h e s e  compounds a n a l o g o u s  t o  t h a t  o f  Mn02 , ( 1 4 )  T h i s  l a t t e r  compound, a s  w e l l  
a s  o t h e r  compounds o f  Mn( I1 )  w i t h  t h e  Group V I - A  e l e m e n t s , s h o w s a  “hump” i n  t h e  

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

A m a g n e t i c - s u s c e p t i b i l i t y - m e a s u r e m e n t  a p p a r a t u s  h a s  been d e s i g n e d  and  i t s  

a s s e m b l y  h a s  b e e n  c o m p l e t e d  S i n c e  o n l y  s m a l l  s a m p l e s  o f  t e c h n e t i u m  w i l l  be 
a v a i l a b l e ,  t h e  method used  t o  measu re  x had t o  be a d a p t a b l e  t o  m i l l i g r a m - s i z e  
s a m p l e s ,  C o n s e q u e n t l y  a nonhomogeneous m a g n e t i c  f i e l d  w i l l  be  u s e d  i n  wh ich  
a s m a l l  s a m p l e  w i l l  b e  a c t e d  upon  by a f o r c e ,  F ,  d e f i n e d  by  t h e  e q u a t i o n  

where  m i s  t h e  mass o f  s a m p l e ,  H i s  t h e  m a g n e t i c - f i e l d  s t r e n g t h ,  and dH/dx  is 

t h e  g r a d i e n t  o f  t h e  f i e l d . .  T h i s  f o r c e  w i l l  be  measu red  by t h e  extension o f  a 

q u a r t z  s p r i n g . .  S y l p h o n  b e l l o w s  w i l l  be used  t o  p r o v i d e  a vacuum t i g h t  s y s t e m  
and  y e t  a l l o w  t h e  q u a r t z  s p r i n g  t o  be moved u p  and down, 

The  l o n g - l i v e d  b e t a  e m i t t i n g  T c g 9  LS c u ~ r e n t l . y  b e i n g  s e p a r a t e d  by t h e  
Ho t  L a b o r a t o r y  O p e r a t i o n s  Group from Redox p r o c e s s  waste  s o l u t i o n s ,  and i s  now 
a v a i l a b l e  f o r  t h i s  r e s e a r c h  T h i s  isdtope emi t s  a 0 3 M e v  b e t a  r a y  o n l y  i n  

(13)  W Sch6t.h and W Klemm, “Magnetoch~imisehe Untersuchungen XI .  1. Uber das Magnetisrhe Verhalten 
e in iger  Rheniumverbindungen,” 2, anosg u allgem Chem 220, 193 (1934) 

L 

(14) R. W. Tyler,  :‘The Magnetic S u s c e p t i b i l i t y  .of MnO as a Function of the Temperature,”‘ P h y s .  Rev .  
44, 776 (1933) 
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i t s  r a d i o a c t i v e  d e c a y ,  and h a s  a h a l f - l i f e  of  a t  l e a s t  2 x 10' y e a r s ,  These  
p r o p e r t i e s  make i t  f e a s i b l e  f o r  u s e  i n  macroehernical r e s e a r c h  A s  mentioned 
e a r l i e r ,  a s  many d i f f e r e n t  o x i d e s  a s  c a n  be p r e p a r e d  i n  a s i n g l e  o x i d a t i o n  
s t a t e  w i l l  be made, and  t h e i r  m a g n e t i c  p r o p e r t i e s  w i l l  b e  i n v e s t i g a t e d ,  
S e v e r a l  h a l i d e s  w i l l  a l s o  be s y n t h e s i z e d .  X - r a y - d i f f r a c t i o n  measurements w i l l  
be made to  s u b s t a n t i a t e  o t h e r  ev idence  for t h e  d i f f e r e n t  s t r u c t u r e s .  Coun t ing  
t e c h n i q u e s  may be o f  a i d  i n  t h e  a n a l y s i s  of  t h e  .chemical compos i t ion .  Brems- 
s t r a h l u n g  from t h e  b e t a  r a y s  can be coun ted  i n  an i o n i z a t i o n  chamber. 

. 
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30 RADIO-ORGANIC CHEMISTRY 

RADIATION, ANALYTICAL, AND PREPARATIVE CHEHISTBY 

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

Radiation Chemistry. P r e l i m i n a r y  e x p e r i m e n t s  on t h e  e f f e c t s  o f  gamma 
r a d i a t i o n  on a q u e o u s  s o l u t i o n s  o f  o r g a n i c  compounds  h a v e  b e e n  c a r r i e d  o u t  

u s i n g  C 1 4 - c a r b o x y l - l a b e l e d  b e n z o i c  a c i d .  From, t h e  i n c o m p l s t e  d a t a  t h e  f o l l o w -  
i n g  c o n c l u s i o n s  may be  drawn:  

1. The u s e  o f  C 1 4 - l a b e l e d  o r g a n i c  m a t e r i a l s  i n  r a d i a t i o n  s t u d i e s  
c o n s i d e r a b l y  s i m p l i f i e s  t h e  a n a l y t i c a l  d i f f i c u l t i e s  e n c o u n t e r e d  
i n  d e t e r m i n i n g  t h e  p r o d u c t s  formed i n  low c o n c e n t r a t i o n .  By t h e  
a d d i t i o n  o f  c a r r i e r  amoun t s  o f  t h e  s u s p e c t e d  p r o d u c t s ,  p u r i f i -  
c a t i o n ,  and  s u b s e q u e n t  r a d i o a c t i v e  a s s a y  t h e  i d e n t i t y  and  t h e  
q u a n t i t y  o f  t h e  v a r i o u s  p r o d u c t s  may b e  d e t e r m i n e d ,  A t  t h e  low 
c o n c e n t r a t i o n s  employed s u c h  a n a l y s e s  would be a l m o s t  i m p o s s i b l e  
i n  a n y  o t h e r  way. I n  a d d i t i o n ,  f rom p a r a l l e l  e x p e r i m e n t s  p e r -  
formed w i t h  t h e  same o r g a n i c  compound l a b e l e d  w i t h  C I 4  i n  d i f -  
f e r e n t  p o s i t i o n s ,  t h e  f a t e  o f  e a c h  f r a g m e n t ,  o r  c a r b o n  p o s i t i o n ,  
i n  t h e  m o l e c u l e  may be d e t e r m i n e d ,  

2 .  N i n e t y  p e r c e n t  o f  t h e  b e n z o i c  a c i d  i n  2 5  m l  o f  0 .0082  M aqueous  
s o l u t i o n  w a s  l o s t  a f t e r  2 2  h r  r a d i a t i o n  i n  t h e  3 0 0 - c u r i e  Co60 
gamma s o u r c e .  A f t e r  3 h r  o f  r a d i a t i o n  t h e  d e c o m p o s i t i o n  was 16Xc 

3. A p p r o x i m a t e l y  25% o f  t h e  l o s s  o f  b e n z o i c  a c i d  may be  a c c o u n t e d  
f o r  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 ,  Ca rbon  d i o x i d e  i s  formed 
i n  c o n s i d e r a b l e  p r e f e r e n c e  t o  c a r b o n  monoxide .  

4. O r g a n i c  a c i d s  o t h e r  t h a n  b e n z o i c  a c i d  a r e  p r o d u c e d ,  

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

The r a d i a t i o n  d e c o m p o s i  t i o n  o f  o r g a n i c  compounds by gamma r a d i a t i o n  o f  
d i l u t e  w a t e r  s o l u t i o n s  i n v o l v e s  t h e  f o l l o w i n g  c o n s i d e r a t i o n s :  

1. S p a t i a l l y  and  e n e r g e t i c a l l y  u n i f o r m  r a d i a t i o n  i s  o b t a i n e d  w i t h  
gamma r a d i a t i o n  f rom a Co60 s o u r c e ,  

2 .  The r a t e  o f  e n e r g y  i n p u t  i s  low enough t o  e x c l u d e  t e m p e r a t u r e  
e f f e c t s  

3. No s t i r r i n g  i s  n e c e s s a r y ,  

56 



# 

4-  The l a r g e  mass o f  w a t e r  i n  c o m p a r i s o n  t o  t h e  amount  o f  o r g a n i c  
m a t e r i a l  s h o u l d  c a u s e  t h e  d e c o m p o s i t i o n  t o  b e  l a r g e l y  o f  a 
s e c o n d a r y  and  more homogeneous n a t u r e ,  i , e a 8  m o s t  o f  t h e  e n e r g y  
o f  t h e  gamma r a y s  wou ld  b e  u s e d  t o  i o n i z e  a n d  a c t i v a t e  w a t e r  
m o l e c u l e s  

5.  The summation o f  s u c h  r e a c t i o n s  would be t h e  f o r m a t i o n  o f  hydro -  
g e n ,  o x y g e n ,  h y d r o g e n  p e r o x i d e ,  h y d r o g e n  i o n s ,  h y d r o x y l  i o n s ,  
hydrogen  a t o m s ,  and  h y d r o x y l  r a d i c a l s b ( l l * )  S i n c e  t h e  a c t i o n s  
o f  w a t e r  s o l u t i o n s  o f  H , ,  O,, H , O , ,  H * ,  a n d  OH- on  o r g a n i c  
m a t e r i a l s  a r e  f a i r l y  w e l l  u n d e r s t o o d  and  a r e  f o u n d  t o  b e  i n  
g e n e r a l  o f  a low r a t e ,  w e  m i g h t  e x p e c t  t o  o b t a i n  a s  p r o d u c t s  o f  
t h e  gamma r a d i a t i o n  o f  d i l u t e  w a t e r  s o l u t i o n  t h o s e  s u b s t a n c e s  
o b t a i n e d  by  r e a c t i o n  b e t w e e n  t h e  o r g a n i c  m o l e c u l e s  a n d  t h e  
h y d r o g e n  a n d  h y d r o x y l  r a d i c a l s , ( 3 $ 4 )  

Irradiation Experiment No. 1. A 100. rn l  volume o f  w a t e r  s o l u t i o n  c o n t a i n -  

i n g  9 9 . 3  mg o f  b e n z o i c - 7 - . C l 4  a c i d  ( 0 , 8 9  pc/rng) was p r e p a r e d ,  

A 3 0 . 1 0 7 - g  a l i q u o t  o f  t h i s  s o l u t i o n ,  c o n t a i n i n g  2 9 * 9  mg ( 0 . 2 4 5  mmoles ,  
2 6 . 7  p c )  o f  b e n z o i c - 7 - C ' 4  a c i d ,  was i r r a d i a t e d  f o r  3 h r  i n  a v e n t e d  b o t t l e  
w i t h  gamma r a y s  f r o m  t h e  3 0 0 , 0 0 0 - r / h r  Co60 s o u r c e  a t  ORNL. T h e  s l i g h t l y  
c l o u d y  s o l u t i o n  was t i t r a t e d  t o  a pH o f  8 . 0  w i t h  sodium h y d r o x i d e ,  and a c l e a r  
s o l u t i o n  was o b t a i n e d .  The t i t r a t i o n  showed 0 021 mmole ( 8 . 6 % )  o f t h e c a r b o x y l  
g r o u p  t o  h a v e  d i s a p p e a r e d ,  p r e s u m a b l y  i n  t h e  form o f  c a r b o n  monoxide  a n d / o r  
d i o x i d e ,  To t h e  s o l u t i o n  was t h e n  a d d e d  1 . 9 8 9  g o f  n o n r a d i o a c t i v e  p u r e  
b e n z o i c  a c i d  d i s s o l v e d  i n  sodium h y d r o x i d e ,  and  t h e  homogeneous s o l u t i o n  was 
t r e a t e d  w i t h  s u f f i c i e n t  h y d r o c h l o r i c  a c i d  t o  p r e c i p i t a t e  a p p r o x i m a t e l y  o n e -  
t h i r d  o f  t h e  b e n z o i c  a c i d ,  wh ich  was removed by f i l t r a t i o n ,  A n o t h e r  t h i r d  o f  

t h e  b e n z o i c  a c i d  was p r e c i p i t a t e d ,  d r i e d ,  a n d  w e i g h e d ,  a n d  a l i q u o t s  were 

b u r n e d .  The r a d i o c h e m i c a l  a n a l y s e s  i n d i c a t e d  t h a t  2 2 . 5  p c  o f  b e n z o i c - 7  C14 
a c i d  r e m a i n e d  i n  t h e  s o l u t i o n  a f t e r  i r r a d i a t i o n  ( 8 4 . 2 % ) .  

A t  t h e  end o f  a 3 - h r  gamma i r r a d i a t i o n ,  t h e r e f o r e ,  8 4 " 2 %  o f  t h e  s t a r t i n g  
m a t e r i a l  r e m a i n e d ;  d u r i n g  t h e  r a d i a t i o n  t h e r e  w a s  8 - 6 %  d e c a r b o x y l a t i o n  and  
15 .8% l o s s  o f  b e n z o i c  a c i d  

( 1 )  A.  0. A l l e n ,  T. W. D a v i s ,  G. V, Elmore J. A .  Ghormley, E, M Haines,  and C. J. Hochanadel, 
Decomposit ion of Water and Aqueous Solitions Undsrr P t l e  Radrotion, ORNL- 130 (Oct. 11,  ' 1 9 4 9 ) .  

( 2 )  A .  0. A l l e n ,  R a d i a t i o n  Chemistry of Aqueous Solations, MDDC-1056 ( d e c l ,  June 23 ,  1 9 4 7 ) .  
(3)  E. J. Hart, Mechanism of the y-Ray Induced Oxidation of Formic Acid i n  Aqueous S o l u t i o n ,  mL-4434 

(Apr. 4, 1950).  
(4) F. To Farmer, G.  S t e i n ,  and J .  Weiss, "Chemical Actionsof  Ionis ing Radiations on A eous Solutions.  

Part  I .  Intrpductory Remarks and Descri t l o n  o f  Irradiation Arrangements," J ,  8 e m n  SOC. London 
1949, p .  3241 (1949);  G .  S t e i n  and J .  &eiss ,  ' 'Part 11.  The Formation of Free Radicals .  The 
Action o f  X-Rays on Benzene and Bknzpi@ Acndz' The Action of Neutrons.and 
o f  a-Part ic les  on Benzene," p. 3254; "Part IV. $e Action of  X,-Rays on %me Amino-acids," p .  32%. 

3242; "Part 111. 
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Irradiation Experiment No. 2 .  A second  a l i q u o t  o f  t h e  o r i g i n a l  s o l u t i o n  
w e i g h i n g  2 7 , 2 3 5  g and c o n t a i n i n g  2 7 - 1 2  mg ( 0  222 mmole, 2 4 , 2  p c )  o f  b e n ~ o i c - 7 -  
CI4 a c i d  was i r r a d i a t e d  i n  t h e  same manner  f o r  22 h r .  The same p r o c e d u r e  was 
f o l l o w e d  a s  i n  E x p t .  1, and t h e  w h i t e  e m u l s i o n  c l a r i f i e d  c o m p l e t e l y  on t i t r a -  
t i o n  w i t h  sodium h y d r o x i d e ,  Because  more e x t e n s i v e  d e c o m p o s i t i o n  was e x p e c t e d ,  
t h e  i s o l a t e d  d i l u t e d  b e n z o i c  a c i d  was  s u b l i m e d  a t  1 0 0 ° C  b e f o r e  a n a l y s i s ,  

A t  t h e  end  o f  t h e  2 2 - h r  gamma i r r a d i a t i o n  1 0 ‘ 9 %  o f  t h e  s t a r t i n g  m a t e r i a l  
r e m a i n e d  u n c h a n g e d ;  t h e r e  was 2 6 . 0 %  d e c a r b o x y l a t i o n  and  89% l o s s  o f  b e n z o i c  

a c i d ,  

Irradiation Experiment No. 3 .  H a v i n g  now some i d e a  o f  t h e  e x t e n t  o f  
d e c o m p o s i t i o n  t o  be n o t e d  w i t h  t i m e ,  200 m l  o f  a s o l u t i o n  c o n t a i n i n g  176 mg o f  
b e n z o i c - 7 - C 1 4  a c i d  ( 1 9 7  p c / m g )  was  p r e p a r e d  w i t h  d o u b l e  d i s t i l l e d  w a t e r .  

A 2 5 - g  a l i q u o t  o f  t h i s  s o l u t i o n ”  c o n t a i n i n g  2 2 , l  mg ( 0  181 mmoles,  434 p c )  
o f  b e n z o i c - 7 - C 1 4  a c i d  was p l a c e d  i n  a s p e c i a l l y  c o n s t r u c t e d  c e l l  and  p u r g e d  
w i t h  o x y g e n - f r e e  hydrogen  f o r  1 5  min The c e l l  w a s  t h e n  i r r a d i a t e d  w i t h  gamma 

r a y s  f rom t h e  3 0 0 , 0 0 0 - r / h r  Co60 s o u r c e  a t  OWL f o r  2 1 .  3 h r ,  The  i r r a d i a t e d  
s o l u t i o n  was pu rged  w i t h  oxygen ,  d u r i n g  which p r o c e s s  much foaming was n o t e d ,  
The e x i t  g a s  was p a s s e d  t h r o u g h  a s p i r a l  b u b b l e r  c o n t a i n i n g  sodium h y d r o x i d e ,  
t h e n  t h r o u g h  a c o p p e r  o x i d e  f u r n a c e  and  f i n a l l y  t h r o u g h  a s e c o n d  s o d i u m  
h y d r o x i d e  s p i r a l  b u b b l e r .  I t  seems f a i r l y  c e r t a i n  t h a t  t h e  o r g a n i c  g a s e s  
p r o d u c e d  would  be o n l y  c a r b o n  d i o x i d e  a n d / o r  c a r b o n  monox ide  b e c a u s e  d e e p -  
s e a t e d  d i s r u p t i o n  o f  t h e  m o l e c u l e  would b e  n e c e s s a r y  to p r o d u c e  a n y  o t h e r s ,  
Of c o u r s e ,  t h e  o n l y  r a d i o a c t i v e  g a s e s  l i k e l y  t o  be p r o d u c e d  would be t h e  same. 

A c i d i f i c a t i o n  o f  a l i q u o t s  o f  t h e  c o n t e n t s  o f  t h e  f i r s t  b u b b l e r  gave  by 
r a d i o c h e m i c a l  a n a l y s i s  7 3  p c  of.. t o t a l  a c t i v i t y ,  c o r r e s p o n d i n g  t o  1 6 . 8 %  o f  t h e  
o r i g i n a l  a c t i v i t y  o f  t h e  b e n z o i c  a c i d  

A c i d i f i c a t i o n  o f  a l i q u o t s  o f  t h e  c o n t e n t s  o f  t h e  s e c o n d  b u b b l e r  gave  by 
r a d i o c h e m i c a l  a n a l y s i s  0 - 8  pc o f  t o t a l  a c t i v i t y ,  c o r r e s p o n d i n g  t o  0 - 2 %  o f  t h e  
o r i g i n a l  a c t i v i t y  o f  b e n z o i c  a c i d >  

The c e l l  was washed t h o r o u g h l y  and  t h e  s o l u t i o n  was t i t r a t e d  w i t h  s t a n d a r d  
sod ium h y d r o x i d e .  A l o s s  o f  0 , 0 8 1  mmole o f  c a r b o x y l i c  m a t e r i a l  o u t  o f  0 , 1 8 1  
mmole b e f o r e  i r r a d i a t i o n  showed t h a t  44 7% o f  t h e  b e n z o i c  a c i d  was  d e e a r b o x y l -  
a t e d ,  
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To summar ize ,  a t  t h e  end  o f  t h e  2 1  3 h r  gamma i r r a d i a t i o n  t h e r e  had  been  
4 4 . 7 %  l o s s  o f  c a r b o x y l  c a r b o n ,  1 6  8% c o n v e r s i o n  o f  c a r b o x y l  t o  c a r b o n  d i o x i d e ,  
a n d  0.2% c o n v e r s i o n  o f  c a r b o x y l  t o  c a r b o n  monoxide I t  i s  s u p p o s e d  t h a t  t h e  
c a r b o x y l  c a r b o n  l o s t  b u t  n o t  f o u n d  a s  c a r b o n  monoxide  o r  c a r b o n  d i o x i d e  h a s  
been  i n c o r p o r a t e d  in.to p r o d u c t  m a t e r i a l  a s  n o n a c i d i c  c a r b o n  s u c h  a s  c a r b o n y l  
o r  c a r b i n o l  c a r b o n .  

A n a l y t i c a l  Chemistry. The d e t e r m i n a t i o n  o f  t h e  c o n c e n t r a t i o n  o f  hydrogen  

p e r o x i d e  i n  e x t r e m e l y  d i l u t e  s u l f u r i c  a c i d  s o l u t i o n s  c o n t a i n i n g  a c o n s t a n t  
c o n c e n t r a t i o n  o f  u r a n y l  s u l f a t e  was found t o  be f e a s i b l e  p o l a r o g r a p h i c a l l y ,  A 
s t r a i g h t  l i n e  was o b t a i n e d  for s u c h  s o l u t i o n s  f o r  h y d r o g e n  p e r o x i d e  c o n c e n -  
t r a t i o n s  o f  50 t o  500 p m o l e s l l i t e r  when d e t e r m i n e d  i n  0 . 1  N p o t a s s i u m  c h l o r i d e  
s o l u t i o n  I 

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

s t a b l e  i n  o r d i n a r y  d i s t i l l e d  w a t e r  t o  a l l o w  t i m e  f o r  s t a n d a r d i z a t i o n  a n d  
d i l u t i o n ,  b u t  t h a t  i n  r e p u r i f i e d  w a t e r  ( d i s t i l l e d  f i r s t  from a c i d i c  and  t h e n  
f rom b a s i c  p e r m a n g a n a t e )  t h e  s o l u t i o n s  were s t a b l e  f o r  s e v e r a l  d a y s .  

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

s t a n d a r d i z e d  w i t h  a r s e n i o u s  o x i d e  A hydrogen  p e r o x i d e  s o l u t i o n  was s t a n d a r d -  
i z e d  w i t h  c e r i c  s u l f a t e  s o l u t i o n  and  t h e n  a l i q u o t e d  and d i l u t e d  a l o n g  w i t h  an  
a c i d  u r a n y l  s u l f a t e  s o l u t i o n  and  1 N p o t a s s i u m  c h l o r i d e  s o l u t i o n  t o  f o r m  a 
s e r i e s  o f  d i l u t i o n s  - 1 0 ,  50 100,  300,  500 p m o l e s / l i t e r  - a l l  c o n t a i n i n g t h e  
same c o n c e n t r a t i o n  o f  u r a n y l  s u l f a t e  (1000  p m o l e s / l r t e r ) ,  s u l f u r i c  a c i d  ( 2 0 0  
p m o l e s / l i  t e r ) ,  and  p o t a s s i u m  c h l o r i d e  ( 1 0 0  m m o l e s / l i t e r )  The c u r r e n t  f l o w  f o r  a 
s e n s i t i v i t y  o f  O o 0 3 0  pa/mm a t  1 20 v o l t s  v s  a s a t u r a t e d  c a l o m e l  e l e c t r o d e  
w i t h  a p a r t i c u l a r  d r o p p i n g  mercury  e l e c t r o d e  and mercu ry  h e i g h t  was d e t e r m i n e d  
a f t e r  p u r g i n g  t h e  s o l u t i o n s  w i t h  oxygen f r e e  hydrogen  f o r  10  min The c a l o m e l  
e l e c t r o d e  and  t e s t  m i x t u r e  were  t h e r m o a t a t e d  a h  2 5 ° C  A model  ?XI S a r g e n t  
p o l a r o g r a p h  was u s e d ,  a n d  t h e  wave h e i g h t  fol- t h e  u r a n y l  s u l f a t e  was removed 
by down s c a l e  c o m p e n s a t i o n ,  A c a l i b r a t a o n  c u r r e  w a s  o b t a i n e d  by p l o t t i n g  t h e  
c o n c e n t r a t i o n  o f  hydrogen  p e r o x i d e  a g a i n s t  t h e  c u r r e n t  ( T a b l e  3 " 1 ) ,  

A d e v i c e  for m a i n t e n a n c e  o f  t h e  mercu ry  h e i g h t  ( F i g  3 1 )  f o r  a d r o p p i n g  
m e r c u r y  e l e c t r o d e  was  c o n s t r u c t e d "  A m i l d  s o u r c e  o f  vacuum,  e g h o u s e  
vacuum, i s  a l l  t h e  power r e q u i r e d ,  T h i s  d e v i c e  which  was mounted on t h e  same 
r a c k  a s  t h e  d r o p p i n g  m e r c u r y  e l e c t r o d e  b u t  on a n  a d j a c e n t  r o d ,  h a s  been  i n  

? 
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Y 

c o n s t a n t  u s e  f o r  a p p r o x i m a t e l y  two months  and  h a s  f u n c t i o n e d  s a t i s f a c t o r i l y .  
O c c a s i o n a l l y ,  f o r  v e r y  p r e c i s e  d e t e r m i n a t i o n s  o f  c u r r e n t  maxima a t  a f i x e d  
p o t e n t i a l ,  i t  h a s  been  a d v i s a b l e  t o  c l o s e  t h e  s t o p c o c k  f o r  momentary  o b s e r -  
v a t i o n .  The  o p e r a t i o n  o f  t h i s  a p p a r a t u s  i s  o b v i o u s  f rom F i g .  3 . 1 .  

TABLE 3.1 

H , O ,  Concentration v s ,  Current 

CONC@URATION OF H,O, CURRENT 
( p n o  1 e s /  1 i t e r ) ( p a  1 

500 

300 

100 

50 

10 

7 . 0 5 0  

5 . 1 0 0  

3 .180  

2 . 7 3 0  

2 . 5 2 0  

Preparative Chemistry. M e t h a n o l - C f  4 0  A t o t a l  o f  6 9 0 . 4  mc o f  methanol -C14 
h a s  been  p r e p a r e d  by t h e  h i g h - p r e s s u r e  h y d r o g e n a t i o n  o f  ~ a r b 0 n - C ’ ~  d i o x i d e .  
T h i s  m a t e r i a l  i s  o f  c o n s i d e r a b l y  h i g h e r  s p e c i f i c  a c t i v i t y  t h a n  a n y  p r e p a r e d  
p r e v i o u s l y .  The s y n t h e s i s  i s  a b a t c h  p r o c e s s ,  u s u a l l y  run  on a 10-mmole s c a l e ,  
The y i e l d  was n o t  g r e a t l y  a f f e c t e d  by i n c r e a s i n g  t h e  amount o f  c a r b o n  d i o x i d e  
p e r  r u n  t o  18 mmoles ,  b u t  i t  d i d  s u f f e r  when t h e  amount  was i n c r e a s e d . t o  2 4  
mmoles .  

A h igh -vacuum l i n e  was c a l i b r a t e d ,  and  a b o u t  60 m c  o f  m e t h a n o l - C 1 4  was 
a l i q u o t e d ,  i n  q u a n t i t i e s  r a n g i n g  f rom 0 - 5  t o  1 0  m c .  

P o , t a s s i u m  C y a n i d e - C 1  A p p r o x i m a t e l y  70 m c  o f  p o t a s s i u m  cyan ide -C14  h a s  
been  p r e p a r e d  by t h e  m o d i f i e d  L o f t f i e l d i  ’: p r o c e d u r e  

A c e t i c - 2 - C f  A c i d .  A p p r o x i m a t e l y  20  m c  o f  a c e t i e 2  , C I 4  a c i d  was p r e p a r e d  
by t h e  H e s s ( 6 )  p r o c e d u r e .  I t  w a s  c o n f i r m e d  t h a t  p u r e  a c e t i c  a c i d  c o u l d  n o t  be  
i s o l a t e d  by h y d r o l y s i s  o f  t h e  c r u d e  a c e t o n i t r i l e  c o n t a i n e d  i n  t h e  r e a c t i o n  

(5)  R. B. Loft f ie ld ,  “Preparation of C14-labeled Hydrogen Cyanide, Alanine, and Glycine,” Nucleonics 1, 
No. 3, 54 (1947).  

(6) D. N .  Hess, “Preparation of Acetic-2-C14 Acid,” J .  Am. Chem. S O C . ,  i n ’ p r e s s .  
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m i x t u r e  f rom m e t h ~ 1 - C ~ ~  h y d r o g e n  s u l f a t e  and  p o t a s s i u m  c y a n i d e ,  b u t  t h a t  i t  
was a b s o l u t e l y  n e c e s s a r y  t h a t  t h e  a c e t o n i t r i l e b e  d i s t i l l e d  o u t  o f  t h e  r e a c t i o n  
m i x t u r e  and s e p a r a t e l y  h y d r o l y z e d ,  

G l y c i n e - 2 - C i 4 ,  Two a t t e m p t s  were made t o  s y n t h e s i z e  g l y c i n e - 2 - C 1 4  by t h e  

p r o c e d u r e  o f  E h r e n s v a r d , ( ’ )  Y i e l d s  o f  2 0  a n d  29% o f  i m p u r e  m a t e r i a l  were 
o b t a i n e d  a 

S i n c e  i t  was found t h a t  c h l o r o a c e t i c  a c i d  c o u l d  be p r e p a r e d  i n  v e r y  good 
y i e l d  by s i m p l y  h e a t i n g  a c e t i c  a c i d  c o n t a i n i n g  some a c e t y l  c h l o r i d e  w i t h  a 

. s l i g h t  i n s u f f i c i e n c y  o f  c h l o r i n e  i n  a s e a l e d  t u b e  t o  135 t o  140°C f o r  2 h r  on 
a 15-mmole s c a l e ,  i t  was d e c i d e d  t o  u s e  a m o d i f i e d  O s t w a l d ( 8 )  and  S a k a m i ( g )  
p r o c e d u r e  f o r  t h e  s y n t h e s i s  o f  l a b e l e d  g l y c i n e  s i n c e  i t  wou ld  be  a p p l i c a b l e  
f o r  b o t h  t y p e s  o f  C 1 4 - l a b e l e d  g l y c i n e . .  

S e v e r a l  me thods  f o r  t h e  p u r i f i c a t i o n  o f  t h e  c r u d e  g l y c i n e  were t r i e d ,  
e , g .  those ,  o f  T o l b e r t ( ’ O )  and o f  S i e g f r i e d - ( ” )  P u r i f i c a t i o n  was a c c o m p l i s h e d  
by  t r e a t i n g  t h e  w a t e r  S o l u t i o n  o f  c r u d e  g l y c i n e  w i t h  f r e s h l y  p r e p a r e d  s i l v e r  
o x i d e .  Hydrogen  s u l f i d e  was p a s s e d  i n t o  t h e  f i l t r a t e  f rom t h i s  t r e a t m e n t .  
N o r i t  was added  t o  t h e  m i x t u r e  and  i t  w a s  c o n c e n t r a t e d  s l i g h t l y  by e v a p o r a t i o n  
o n  a s t e a m  b a t h  a n d  c l a r i f i e d  by f i l t r a t i o n  The  pH o f  t h e  f i l t r a t e  was  
a d j u s t e d  t o  6 . 0  w i t h  d i l u t e  s u l f u r i c  a c i d ,  and  t h e  r e s i d u e  o b t a i n e d  by ev‘apora-  
t i o n  was s u b l i m e d  a t  160°C and  l o u 4  mm Hg C o n s i s t e n t  o v e r a l l  y i e l d s  o f  55% 
o f  p u r e  m a t e r i a l ,  m o p ,  236 t o  237”C, were o b t a i n e d  from e x p e r i m e n t s  u s i n g  non-  
l a b e l e d  g l y c i n e .  

B e n z o i c - 7 - C i 4  A c i d .  A p p r o x i m a t e l y  6 5  mc o f  b e n z o i c - 7 - C 1 4  a c i d  was p r e -  
p a r e d  by t h e  c a r b o n a t i o n  o f  phenylmagnes ium b romide .  

1 
M a l o n i c - 2 - . C i 4  A c i d .  Q u a n t i t a t i v e  y i e l d s  were o b t a i n e d  d u r i n g  t h e  p r e -  

l i m i n a r y  n o n r a d i o a c t i v e  e x p e r i m e n t s  f o r  t h e  c o n v e r s i o n  o f  c h l o r o a c e t i c  a c i d  t o  
m a l o n i c  a c i d  v i a  c y a n o a c e t i c  a c i d  by a m o d i f i c a t i o n  o f  t h e  method o f  Gal  and  
Shu1g in . c ’ ’ )  

(7)  G. Fhrensvgrd and R. Stjernholm, An Easy Route to  Methylene-labelled Glycine,’’ A c t a  Cher .  Scand.  
3,  971 (1949).  

( 8 )  R. O s t w a l d ,  “Synthes is  of  Chloroacetic  Acid and Glyclne Labeled with Radioactive Carbon i n  the 
Carboxyl Group,” J .  B i o l ,  Chem. 173 207 (1948) .  

( 9 )  W .  Sakami, W. E. Evans, and S. Qrin ,  “The Synthesis  of Organic Compounds Labelled with Isotopic  
Carbon,” J .  Am. Cher ,  Soc. 69, 1110 (1947) .  

(10)  B. M Tolbert and D. M. Hugheg An Improved S n t h e s t s  o f  G l y ~ z n e - 1 - C ‘ ~  and G l y ~ i n e - 2 - C ‘ ~  from Ci45 
L a b e l e d  A c e t r c  A c i d ,  UCRL-705 (May 16,  19503. 

(11) M. Siegfr ied ,  6dUber d i e  Abscheidung von Amidosguren ’’ R e t ,  39, 397 (1906) .  
(12) E. M. Gal and A. T. Shul i n  “Improved Syntheses of  CI4-Labeled Malonic Acid and Malonitri le ,”  J .  

A I .  Cheat, Soc, 73, 2938 f i951) .  
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A 25-ml b u l b  w a s  blown o n t o  one arm o f  a n  8 m m  s t r a i g h t - b o r e  h o l l o w - p l u g  
s t o p c o c k  h a v i n g  on t h e  o t h e r  arm a 1 9 / 3 8  s t a n d a r d  t a p e r  m a l e  j o i n t .  T h i s  
c o n s t i t u t e d  t h e  r e a c t i o n  v e s s e l .  

Through a long-stemmed f u n n e l  1 090 g ( 1 1 - 5 4  mmoles) o f  m o n o c h l o r o a c e t i c  

a c i d ,  2 . 1  ml of  w a t e r ,  and 0 - 6 4  g o f  sodium c a r b o n a t e  were added .  W h i l e  t h e  
t e m p e r a t u r e  was m a i n t a i n e d  be low 90°C, 1.1 g o f  p o t a s s i u m  c y a n i d e  was added  

p o r t i o n w i s e  t o  t h e  s o l u t i o n ,  A c o l d  f i n g e r  was a t ' t a c h e d ,  and  t h e  m i x t u r e  was 
h e a t e d  f o r  1 h r  on a s t e a m  b a t h ,  d u r i n g  which  t ime  t h e  c o l o r  changed  f rom a 
c l e a r  p a l e  y e l l o w  t o  a d a r k  c loudy  brown.. The c o n t e n t s  o f  t h e  r e a c t i o n  v e s s e l  
were e v a p o r a t e d  t o  d r y n e s s  d t  0 . 0 1  mm Hg and  50"C., To t h e  r e s i d u e  was added  
1-1 m l  o f  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 ,  and  t h e  s o l u t i o n  s o  o b t a i n e d  was 
e v a p o r a t e d  i n  t h e  same way t o  d r y n e s s . .  C o n c e n t h a t e d  h y d r o c h l o r i c  a c i d ,  3 " 9  ml ,  
was a d d e d , a n d  t h e  b u l b  w a s  immersed  i n  l i q u i d  n i t r o g e n ,  A f t e r  i t  h a d  been  
e v a c u a t e d  f o r  1 0  min a t  0 0 1  h m  Hg, t h e  s t o p c o c k  w a s  c l o s e d  and s e c u r e d  w i t h  
w i r e ,  

I 

The r e a c t i o n  v e s s e l  was immersed i n  b o i l i n g  w a t e r , f o r  2 h r ,  c o o l e d ,  and  
o p e n e d ,  and  t h e  c o n t e n t s  were e v a p o r a t e d  t o  d r y n e s s  a t  0 . 0 1  m m  Hg and  50°C,  
The  s t o p c o c k  w a s  d e g r e a s e d  a n d  s e l u b r i c a t e d  w i t h  100% p h o s p h o r i c  a c i d ,  A 
g l a s s  wool p l u g  was p l a c e d  i n  t h e  bo re  o f  t h e  j o i n t  s u r r o u n d i n g  t h e  f i n e  g l a s s  
t u b e  of  a c o n t i n u o u s  e x t r a c t o r  c o n s t r u c t e d  s o  t h a t  t h e  t u b e  e x t e n d e d  a l m o s t  t o  
t h e  bo t tom o f  t h e  r e a c t i o n  b u l b  C o n t i n u o u s  e x t r a c t i o n  w i t h  a n h y d r o u s  e t h e r  
was c a r r i e d  o u t  f o r  1 6  h r  ( i t  was found t h a t  o n l y  65% o f  t h e  m a l o n i c  a c i d  was 
e x t r a c t e d  i n  6 h r ) ,  The  e x t r a c t e d  m a t e r i a l  o b t a i n e d  by e v a p o r a t i o n  o f  t h e  
e t h e r  we ighed  1 * 1 4 9  g m , p ,  1 3 1  t o  134°C (96%)  

G l y c e r o 1 - i - C i 4  ( a n d  2 - C i 4 ) ,  S e v e r a l  a t t e m p t s  w e r e  made t o  p r e p a r e  
g l y c e r o l  by t h e  r e a c t i o n  o f  phosgene  w i t h  d i azomethane  fo l lowed  by r e a c t i o n  o f  
t h e  b i s - d i a z o k e t o n e  w i t h  a c e t i c  a c i d  s e d u c t i o n  o f  t h e  k e t o  d i e s t e r ,  and  
h y d r o l y s i s .  A l t h o u g h  d iazorne thane  d i d  r e a c t  w i t h  p u r i f i e d  phosgene  i n  e t h e r  
s o l u t i o n  e v e n  a t  -80°C  l i t t l e  e v o l u t i o n  o f  n i t r o g e n  g a s  was n o t e d  when a n  
e t h e r  s u s p e n s i o n  o f  t h e  w h i t e  s o l i d  formed i n  t h e  r e a c t i o n  w a s  t r e a t e d  w i t h  
a c e t i c  a c i d ,  E i t h e r  t h e  p r o d u c t  w a s  n o t  t h e  b i s  d i a z o k e t o n e ,  or t h e  l a t t e r  
d o e s  n o t  r e a c t  w i t h  a c e t i c  a c i d ,  

6 3  



S Y N T H E S I S  OF HIGH-MOLECULAR-WEIGHT COMPOUNDS C O N T A I N I N G  C’ 

i 

4 

Aromatic Polynuclear Compounds (D, N. Hess and B. M. Benjamin). The 

general synthesis( 13) of C14-labeled aromatic polynuclear hydrocarbons of high 
levels of radioactivity has been extended to phenanthrene-9-C14, l-methyl- 

phenanthrene-9(10)-C14 and benz(a)anthracene-5;6-C11.4- 

Using methods previously described,(13014) 10.6 mc of phenanthrene-9-C14 

(4.11 mmoles, 90% overall yield) approximately 10 mc of l-methyl-phenanthrene- 
9(10)-C’4, and 5.88 mc of benz(a)anthracene-5,6-C1l4 (2.0 mmoles, 70% overall 

.yield) have been prepared in pure form. 

2-  (Thenoyl-~-C’~)-trifluoroacetone (TTA)  (V, F. Raaen) TTA (0.0217 mmole, 
17.3 mc) has been prepared from sodium acetate-l-C14 in 655 yield by the fol- 
lowing reactions: 

3cH,-C’400Na f POC1,- 3CH,-C’40C1 f Na,W4 

SnC1, benzene 
CH,.-C~~OC~ + 0 . > CH, - C l 4 O V  f HC1 

S S 

C,H,OH f CF3-CO-CH$-C’40,1 n I NaOC,H, e t h e r  
+ CF,COOC,H, 

S 

The product, m.p. 40 to 4loC, had a specific activity of 3.6 pc per milligtam. 
It was found by dilution technique to be chemically 98% pure. 

P r e p a r a t i o n  o f  A c e t y l - i - C i 4  C h l o r i d e .  Sodium acetate-1-Cl4 (2.7 g, 3 3  
mmoles, 1 mc/mmole) which had been dried in a vacuum desiccator over P,O, was 

treated with a fourfold excess (10.2 g) of freshly distilled POCl,, 30 ml of 
dry benzene was added, and the mixture was stirred vigorously. The acetyl-l- 

C14 chloride was distilled through a short Vigreux column and collected in the 
100-ml three-necked flask used in the acylation procedure which followed, 

(13) 

(14) 

C. J.  Coll ins ,  “The Synt%eeis of P&~&thren&9-C~~,”  

C. J .  h l l i n s b a n d  J .  G. Burr, “bBenzo(a)-Anthracene-5,6i?)-CL4,” Chemistry Division Quarterly 
Progress R e p o r t  for  P e r i o d  Ending March 31, 1950. P a r t  I. Chemical Research, O M - 6 8 5 ,  p. 82 
(June 16,  1950) .  

J .  Ai. C h e ~ .  Sac. 70, 2418 (1948)- 
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P r e p a r a t i o n  of 2 - ( A c e t o - l - € 1 4 ) - t h i o p h e n e .  T h e  m e t h o d  u s e d  was  t h a t  
d e s c r i b e d  by J o h n s o n  a n d  M a y . ( ’ 5 ) ’  

* 
Preparation of 2- (Thenoyl-a-C14)- t r i f  luoroacetone. A d r y  s o l u t i o n  o f  

2-(a~eto-l-C’~)-thiophene i n  e t h e r  was a d d e d  t o  a c o l d ,  s t i r r e d  s o l u t i o n  o f  
e t h y l  t r i f l u o r o a c e t a t e  ( 4 . 7 5 g ,  33 mmoles) ,  sod iummethox ide  ( 1 . 8 8  g ,  3 5  mmoles), 
and 5 m l  o f  anhydrous  e t h e r .  The m i x t u r e  was k e p t  a t  room t e m p e r a t u r e  f o r  two 
d a y s  w i t h  s t i r r i n g  i n  a n i t r o g e n  a t m o s p h e r e .  E t h e r  and  a l c o h o l  were removed 

a t  r e d u c e d  p r e s s u r e ,  and t h e  r e s i d u e  was decomposed w i t h a  s l i g h t  e x c e s s  o f  10% 
s u l f u r i c  a c i d .  The r e s u l t i n g  o i l  was e x t r a c t e d  w i t h  e t h e r ,  and  t h e  e t h e r e a l  
e x t r a c t  was t r e a t e d  w i t h  3 5  m l  o f  1 M magnes ium a c e t a t e .  The  s o l u t i o n  was 

a d j u s t e d  t o  a pH o f  a b o u t  6 . 5  by t h e  a d d i t i o n  o f  ammonia, The p a s t y  mass was 
s t i r r e d  v i g o r o u s l y  f o r  1 h r , a n d  t h e  e x c e s s  w a t e r  and  e t h e r  were removed by  
m e a n s o f a f i l t e r  s t i c k .  The s o l i d  magnesium c h e l a t e  was washed twice w i t h  20-ml 
p o r t i o n s  o f  w a t e r ,  and  t h e  m i x t u r e  was s t e a m  d i s t i l l e d  u s i n g  a n  a z e o t r o p i c  
s e p a r a t o r  u n d e r  a F r i e d e r i c h  c o n d e n s e r ,  A s o l i d  p r o d u c t  was o b t a i n e d  w h i c h  
m e l t e d  i n  t h e  r a n g e  7 5  t o  8 0 ° C .  T h i s  m a t e r i a l  was  c o n v e r t e d  t o  a l o w e r  
m e l t i n g  form on h e a t i n g  above  80°C a n d  c o o l i n g ,  The. p r o d u c t  was o b t a i n e d  i n  
65% o v e r a l l  y i e l d  ( 4 . 8 2  g ,  m.p.  40 t o  4 l o c ,  s p e c i f i c  a c t i v i t y  0 . 8 0  mc/mmole). 
T h e  d i o x i m e : ’ 6 )  was p r e p a r e d  a n d  a s s a y e d ,  g i v i n g  a n  a v e r a g e  v a l u e  o f  0 , 7 8  
mc/mmole 

ISOTOPE EFFECT STUDIES 

Bromination of Styrene-a-C’4 and S t ~ r e n e - P - C ’ ~  (V. F. Raaen  and  G. A .  
Ropp).  I n  t h e  c o u r s e  o f  a s e a r c h  f o r  i s o t o p e  e f f e c t s  i n  a d d i t i o n  r e a c t i o n s  o f  
C I 4 - l a b e l e d  o r g a n i c  c o m p o u n d s ,  b r o m i n e  h a s  b e e n  a d d e d  t o  t r a c e r - l a b e l e d  
s t y r e n e - a - C 1 4  and t o  t r a c e r - l a b e l e d  s t y r e n e - P - C 1 4  a t  -70°C: 

C6 Hs -C’ 4H=CH2 i- Br, C6 Hs -C’ 4HBr -CH, Br 

C6Hs -CH=C’4H2 i- Br,- C6Hs -CHBr-C14H2Br 

(15) 

(16) 

J .  R .  Johnson and G. E .  May, “2-Acetothienone,” Organic Syntheses, C o l l e c t i v e  Vol.  11, ed.  by 

J .  C. Reid and M. Calvin, “Some New /3-Diketones Containing the Trifluoromethyl Group,” J .  Am. 
Chem. SOC. 72, 2948 (1950). 

. A .  H .  B l a t t ,  p .  8 ,  Wiley, New York, 1943. 

? 
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I n  t h e  c a s e  o f  e a c h  s t y r e n e ,  t h e  r e a c t i o n  was s t u d i e d  i n  a manner a n a l o g o u s  t o  
t h a t  u s e d  by S t e v e n s  and  A t t r e e ( ” )  who m e a s u r e d  t h e  i s o t o p e  e f f e c t  i n  t h e  
a l k a l i n e  s a p o n i f i c a t i o n  o f  e t h y l  b e n z o a t e - ?  C14 For e a c h  l a b e l e d  s t y r e n e  t h e  

b r o m i n a t i o n  a t  -70°C  was c a r r i e d  f i r s t  t o  10% c o m p l e t i o n ,  t h e n  t o  c o m p l e t e  
a d d i t i o n ;  t h e  s t y r e n e  d i b r o m i d e  was i s o l a t e d  € o r  t h e  10% r e a c t i o n  and  €or t h e  
c o m p l e t e  a d d i t i o n ,  The s p e c i f i c  a c t i v i t y  o f  t h e  s t y r e n e  d i b r o m i d e  o b t a i n e d  
f rom 10% r e a c t i o n  was c o m p a r e d  w i t h  t h e  d i b r o m i d e  i s o l a t e d  a f t e r  c o m p l e t e  
b r o m i n e  a d d i t i o n ,  No i s o t o p e  e f f e c t  c o u l d  be  d e t e c t e d  i d  t h e  b r o m i n a t i o n  o f  
s t y r e n e - a - C I 4  or s t y r e n e - P - C 1 4 ;  f o r  e a c h  l a b e l e d  s t y r e n e  t h e  p r o d u c t  . i s o l a t e d  
a f t e r  10% b r o m i n a t i o n  h a d ,  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 e  same  s p e c i f i c  
a c t i v i t y  a s  t h e  p r o d u c t  i s o l a t e d  a f t e r  c o m p l e t e  b r o m i n a t i o n .  

The C14 - , l a b e l e d  s t y r e n e s  were p r e p a r e d  f rom’  t h e .  c o r r e s p o n d i n g l y  l a b e l e d  

sod ium a c e t a t e s  by t h e  f o l l o w i n g  s e r i e s  o f  r e a c t i o n s :  

3CH3COONa + H,PO, - SCH,COOH + Na,PO, 

CH,COOH t SOC1, CH,COCl + SO, -t HC1 

A l C l . )  
CH, COCl -k C6H6 CH,COC,H, + HCI 

P r e p a r a t i o n  of S t y r e n e ,  The p r e p a r a t i o n  o f  s t y r e n e  h a s  been  p r e v i o u s l y  
d e s c r i b e d ,  

B r o m i n a t i o n  o f  S t y r e n e .  A t h r e e  n e c k e d  2 0 0 , m l  f l a s k  e q u i p p e d  w i t h  a 
s t i r r e r ,  d r o p p i n g  f u n n e l ,  and  d r y i n g  t u b e  was p l a c e d  i n  a f r e e z i n g  m i x t u r e  o f  
c h l o r o f o r m ,  c a r b o n  t e t r a c h l o r i d e ,  a n d  d r y  i c e  A s o l u t i o n  o f  50 m l  o f  d r y  
c h l o r o f o r m ,  50 m l  o f  d r y  m e t h y l e n e  c h l o r i d e #  and  3 0 g ( 2 9  m m o l e s ,  2 t o  3 
pc /mmole )  was a d d e d  ‘ T h e  d r y i n g  t u b e  was r e p l a c e d  w i t h  a t h e r m o m e t e r , a n d  

(17)  W. H.lgtevens and R. W. Attree,  ‘“Ibe E f f e c t  on Reaction Rates Caused by :he Substitution o f  C I 4  
for C I ,  ‘Ihe Alkal ine Hydrolysis of Carboxyl-Labeled Ethyl Benzoate, Can, J .  R e s .  27B, 807 
(1949). 

(18) L. A. Brooks, ‘{Preparation of  Substituted Styrenes,” J ,  Am, Chem, SOC. 66, 1295 (1944). 
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a f t e r  t h e  t e m p e r a t u r e  had  r e a c h e d  70'C a s o l u t i o n  o f  0 . 4 6  g ( 2 . 9  mmoles) o f  
bromine  i n  1 0  m l  o f  c h l o r o f o r m  w a s  added  i n  t h e  d a r k  o v e r  a p e r i o d  o f  1 0  min ,  
The r e a c t i o n  was t h e n  r e p e a t e d  u s i n g  1 00 g ( 0  00943 mmole 2 t o  3 pc/mmole)  
a n d  1 . 5 1  g ( 0 , 0 0 9 4 3  mmole) o f  b r o m i n e ,  

E x c e s s  s o l v e n t  a n d  s t y r e n e  were removed a t  r e d u c e d  p r e s s u r e ,  n e v e r  p e r -  
m i t t i n g  t h e  t e m p e r a t u r e  t o  r i s e  above  30°C.. Two 3 - m l  p o r t i o n s  o f  95% e t h a n o l  
were added  and t h e n  removed a t  r e d u c e d  p r e s s u r e  t o  e n s u r e  c o m p l e t e  removal  of  
s t y r e n e ,  The w h i t e  c ~ y s t a l l i n e  d i b r o m i d e  was r e c r y s t a l l i z e d  t w i c e  f rom 95% 
e t h a n o l ,  To a v o i d  v o l a t i l i z a t i o n  t h e  p r o d u c t  W , B S  d r i e d  a t  25°C and 2 mm Hg i n  
a vacuum d e s i c c a t o r  o v e r  P,O,, 

T e s t  f o r  E x c h a n g e  o f  B r o m t n e  B e t w e e n  L a b e l e d  and U n l a b e l e d  S t y r e n e ,  I n  
o r d e r  t o  p r o v e  t h a t  t h e  f a i l u r e  t o  d e t e c t  an i s o t o p e  e f f e c t  was n o t  c a u s e d  by 
a r a p i d  exchange  o f  b romine  be tween  t h e  s t y r e n e  d i b s s m i d e  formed and  t h e  un -  
r e a c t e d  s t y r e n e ,  t h e  f o l l o w i n g  e x p e r i m e n t  was c a r r i e d  ou t0  A s a m p l e  o f  u n -  
l a b e l e d  s t y r e n e  d i b r o m i d e  (1 00 g 3 8 rnmoles) was d i s s o l v e d  i n  a s o l u t i o n  o f  
l a b e l e d  s t y r e n e  (500  mg, 4 8 mmoles, 5 pc/mmole) i n  50 m l o f m e t h y l e n e  c h l o r i d e  
a n d  50 m l  of d r y  c h l o r o f o r m u  T h e  s o l u t i o n  was  c a r r i e d  t h r o u g h  t h e  same 

o p e r a t i o n s  a s  t h o s e  u s e d  i n  t h e  r e c o v e r y  o f  s t y r e n e  d i b r o m i d e  f r o m  e x c e s s  
s t y r e n e  and  s o l v e n t  i n  t h e  e a r l i e r  e x p e r i m e n t s  i e t h e  e x c e s s  s t y r e n e  and  
s o l v e n t  were removed u n d e r  wacuum a t  y o o m  t e m p e r a t u r e  d u r i n g  a p e r i o d  o f  50 
m i n ,  S i n c e  t h e  s t y r e n e  d i b r o m a d e  r e c o r e r e d  was  c o m p l e t e l y  i n a c t i v e ,  t h e  
p o s s i b i l i t y  was r u l e d  o u t  t h a t  an  i s o t o p e  e f f e c t  m i g h t  be p r e s e n t  b u t  masked 
by a bromine  exchange  

TABLE 3.2 

Spec i f i c  A c t i v i t i e s  a f  Styrene Dibromides 

REACTION 

10% bromination 

Complete bromination 

iPECIFIC ACTIVITY (pc/mmole) 

CL .'LABELED 

2 "  415 
2 , 4 2 8  
2 , 4 2 0  
2 , 3 6  

2 406 (awe 

2 . 4 5  
2 . 4 3  
2 -  40 

2 4 2 6 ( a v  

6 %  

B-LABELED 

3 . 2 7  
3 . 2 8  

3 . 2 7 5  (avg.1  

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

4 273 ( a v g ,  ) 



. .  

8.69 
9 70 
8 33 
7.70 
9 53 

8 59 t 0 15 

The Dehydration of  Formic C ' Acid ( G  A Ropp A J W e i n b e r g e r  and  
0 ,  K .  N e v l l l e ) ,  By r e f i n e m e n t ,  o f  m e t h o d s  p s e v i o ~ ~ l y  d e s c r i b e d ' ' ' )  mean 
v a l u e s  o f  t h e  i s o t o p e  e f f e c t  B O O ( k , ,  k l J / k 1 2 ,  a n d  t h e i r  95% c o n f i d e n c e  
i n t e r v a l s  a t  f o u r  t e m p e r a t u r e s  were o b t a i n e d  f o r  t h e  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  a c i d  t o  c a r b o n  m o n o x i d e  i n  s u l f u r i c  a c i d  s o l u t i o n ,  
T h e s e  v a l u e s  a r e  r e p o r t e d  i n  T a b l e  3 3 T a b l e  3 4 g i v e s  e s t i m a t e s  o f  t h e  
s l o p e s  and  o f  
l e a s t  s q u a r e s ,  From t h e  v a l u e s  o f  1 0 0 ( k , ,  k 1 4 ) / k 1 2  a t  0 a n d  2 4  75°C w a s  

c a l c u l a t e d  a v a l u e  o f  t h e  d i f f e r e n c e  1p1 t h e  A r r h e n i u s  a c t i v a t i o n  e n e r g i e s  
f o r  C12 and  C I 4  f o r m i c  a c r d :  

t h e i r  v a r i a n c e s  o b t a i n e d  from t h e  2 6  p l o t s  b y  t h e  m e t h o d 9 2 0 )  

91.31 
31 30 
91.67 
92.30 
90 49 

91 41 * 0 15 

183  .t 1 8  c a l o r i e s  p e r  mole 
298 0 X 2 4 3  2 0 9141 

DE = 2 . 3 0  X 1 987 l o g  ~- I 
2 4 . 9 5  o 8889 

F i g u r e  3 2 shows two sample  p l o t s ,  o f  l o g a r i t h m  o f  s p e c i f i c  a c t i v i t y  v s  t ime 

and  l o g a r i t h m  o f  number o f  m i l l i m o l e s  o f  u n r e a c t e d  f o r m i c  a c i d  K S  t ime  

TABLE 3 . 3  

Va lueso f the  Rate Constant and the Isotope E f f e c t a t  Different  Temperatures 

RUN NO. 

1 
2 
3 
4 
5 
6 
7 

Mean 

9 
10 

Me an 

11 
12 

Me an 

13 
14 
1 5  
16 
17 

Me an 

a 

TEMPERATURE 
('"), 

0.00 f 0.05 

14.75 f 0.05 

18.75 f 0.05 

24.15 :k 0,05 

34 45 
34,29 
34. so 
33.58 
33 ,93  
34.. 98 
33.99 
3 4  59 

34" 30 I 0"  1; 

216 
22 Y 
219 

380 
359 
37 0 

' 1 5 5  6 
733.0 
730 3 
764. P 
7 6 3  9 

'149 3 * 4 9 

19.2 
21.1 

34*6 
3 1  4 

65.68 
63J9 
40 85 
58 82 
72.47  

I 

12.. 32 
10.34 
11.76 
10.59 
10" 30 
11" 19 
10.86 
PI. 55 

B L  11 k 0.20 

8.88 
9.54 
5 21 

87,68 
89.66 
88.24 

89.70 

89.14 

88.89 .k 0.20 

91.12 
90.46 
9 0 . 7 9  

$9.41 

88.81 

88.45 

(20) The c u r v e - f i t t i n  
Dr .  A. W, Kimbalf of  the Oink Rzdge Nationel I,abo-a:ra;y Mathematics Panel 

opesatnons and the ? t a t i s t i c a l  e v d a a t i o n  of the  experiments were performed by 

L O  



c 
* 

NOT CLASSIFIED 
DWG. 10355 

FIG. 3.2 
ISOTOPE EFFECT IN THE DEHYDRATION OF HCI400H 
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TABLE 3.4 

Estimates of Slopes and Their Variances in the Calculation of 
Values of k , ,  and of 1 o o ( k , ,  - k t ; ) / k 1 2  

2 RUN NO. 

1 

2 

13 

14 

15 

16 

17 

TEMPERATURE 
(OC) 

0.00 f 0.05 

24.75 f 0.05 

~~~ ~ ~ 

KINETIC PLOT OF l o g  C12 vs. 1 

SLOPE 

-0.001496 

-0.001489 

-0.001498 

-0.001458 

-0.001476 

-0.001519 

-0.001476 

-0.001502 

.~ 0 0 32 8 1 

-0.03183 

-0.03171 

-0.03318 

-0.03317 

SLOPE VAFtIANCX 
x lo'* 

0 4089 

0 1947 

1 2934 

0.0638 

0.2684 

0.1081 

0.9477 

0.. 1114 

404.7 

310.1 

920.6 

816.7 

331-8 

DETEWINATI(3N OF 
k , ,  - k , , ,  l o g  S VS. t 

SLOPE 

0.001844 

0 I 001539 

0.0017 62 

0.001544 

0.001520 

0.001700 

0 - 001603 

0 001735 

0.002852 

0.002770 

0 I 002642 

0.002554 

0.003160 

SLOPE VARIANCE 
x 1 o ' O  

0 1452 

' 0.3492 

0 i392 

0.3158 

0.1025 

0 0984 

0.1405 

0.0252 

46.21 

11.59 

32.17 

20.74 

39.51 
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S u p p l e m e n t a r y  E x p e r i m e n t s .  F o r  t h e  r e a s o n s  i n d i c a t e d  i n  t h e  f o l l o w i n g  
d i s c u s s i o n ,  c e r t a i n  s u p p l e m e n t a r y  e x p e r i m e n t s  were n e c e s s a r y .  

1. A t  t h e  b e g i n n i n g  o f  e a c h  run t h e  f l o w  s y s t e m  c o n t a i n e d  a i r  i n  
i t s  60  m l  d e a d  vo lume .  D u r i n g  e a c h  r u n  t h i s  a i r  was s l o w l y  - 
s w e p t  f rom t h e  s y s t e m  by t h e  c a r b o n  monox ide  p r o d u c e d  from 
f o r m i c  a c i d .  P r o o f  t h a t  a l l  t h e  a i r  was s w e p t  o u t  w i t h  t h e  
f i r s t  30% of  t h e  ca rbon  monoxide produced i n  t h e  d e h y d r a t i o n  was 
n e c e s s a r y  i n  o r d e r  t h a t  t h e  t r u e  s p e c i f i c  a c t i v i t y  of  t h e  carbon 
monoxide s u b s e q u e n t l y  pr.oduced c o u l d  be measu red .  T h i s  p r o o f  
was o b t a i n e d  by s e t t i n g  up t h e  flow system i n  t h e  u s u a l  way. No 
f o r m i c  a c i d  was u s e d ;  i n s t e a d ,  l a b e l e d  c a r b o n  monox ide  was 
bubb led  th,rough t h e  s u l f u r i c  a c i d  and o u t  t h r o u g h  t h e  chamber 
w h i l e  t h e  a c t i v i t y  l e v e l  i n  t h e  chambe'r was r e c o r d e d .  A s  t h e  
e l u t i o n  c u r v e  i n  F i g .  3 . 3  shows, t h e  a i r  was c o m p l e t e l y  removed 
when 300 m l  o f  carbon monoxide ( e q u i v a l e n t  t o  30% o f  t h e  volume 
o f  ca rbon  monoxide p roduced  i n  a r u n )  had been bubb led  t h r o u g h  
t h e  s u l f u r i c  ac ' id.  

I n  each run t h e  p e r c e n t  o x y g e n i n t h e  gas l e a v i n g  t h e  i o n  chamber 
was measu red  by t h e  P a u l i n g  oxygen me'ter and p l o t t e d  a g a i n ' s t  
t ime.  The r e s u l t i n g  a i r - e l u t i o n  cur'ves confirmed t h e  c o n c l u s i o n  

' t h a t  t he  carbon monoxide was e s s e n t i a l l y  f r e e  o f  a i r  a t  t h e  t ime 
when 30% o f  t h e  t o t a l - c a r b o n  monoxide had been c o l l e c t e d .  

The p o s s i b i l i t y  was c o n s i d e r e d  t h a t  t h e  o b s e r v e d  t e m p e r a t u r e  
c o e f f i c i e n t  01 t h e  i s o t o p e  e f f e c t  might be due t o  t h e  d i f f e r e n t  
d e g r e e s  o f  i n t e r n a l  mixing a s  a r e s u l t  o f  the d i f f e r e n t  r e a c t i o n  
f a t e s  and c . o n s e q u e n t l y  d i f f e r e n t  g a s  f l o w  r a t e s  a t  t h e  f o u r  
t e m p e r a t u r e s .  It  was t h o u g h t  t h a t  d i f f e r e n t  d e g r e e s  o f  m i i i n g  
o f  t h e  c a r b o n  moqoxid.9 i n c r e m e n t s  w i t h  p r e v i o u s l y  formed i n -  
c r e m e n t s  m i g h t  al'3;er. t h e  s l o p e ,  and  
hence t h e  a p p a r e n t  i s o t o p e  e f f e c t .  To r u l e  o u t  t h i s  p o s s i b i l i t y  
two experimen-ts were run under c o n d i t i o n s  which wouId a l t e r  t h e  
i n t e r n a l  mix ing  o r  r e d u c e  i t s  i n f l u e n c e  on t h e  i s o t o p e  e f f e c t .  
The f i r s t  expe r imen t  c o ~ s i s t e d  i n  r e d u c i n g  t h e  dead space  i n  the 
f l o w  s y s t e m  by 9 0 %  ( T a b l e  3 . 3 ,  Run No. 7 ;  F i g .  3 . 2 ) .  T h i s  
r e d u c t i o n  of  volume i n  0-rder t o  r e d u c e  t h e  e x t e n t  o f  i n t e r n a l  
mixing, ,  was e f f e c t e d  by c h a n g i n g  t h k  s h g p e  o f  t h e -  r e a c t i o n  
v e s s e l  and by removing t h e  D r i e r i t e - A s c a r i t e  t r a p ,  t he  h e a t  e x -  
c h a n g e r ,  and t h e  manometer. The seconp  expe r imen t  was d e s i g n e d  
t o  r e d u c e  t h e  e f f e c t  o f  i n t e r n a l  m i x i n g  on t h e  i s o t o p e  e f f e c t .  
I t  c o n s i s t e d  o f  a r u n  ( T a b l e  3 .3 ,  Run No, 8 ;  F i g .  3 . 2 )  made i n  
t h e  same manner a s  Run No, 7. e x c e p t  t h a t ,  : b e f o r e  t h e .  r.un, t h e  
a i r  i n  t h e  d e a d  s p a c e  wass r e p l a c e d  by c.a'rbon m o n o f i d e  o f  a 
h i g h e r  s p e . c i f i c  a c t i v i t y  than t h a t  of  t h e ' f o r m i c  a c i d  Csed. A s  
shown i n  T a b l e  3 . 3 ,  t h e  v a l u e s  o f  t h e  i s o t o p e  e f f e c t  were n o t  
s i g n i f i c a n t l y  d i f f e r e n t  from t h o s e  c a l c u l a t e d  f o r  o t h e r  runs  a t  
.the same t e m p e r a t u r e .  I t  was t h e r e f o r e  c o n c l u d e d  t h a t  t h e  
\ a - r i a t i o n  osf t h e  d e g r e e  o f  i n t e r n a l  m i x i n g  w i t h  t h e  r e a c t i o n  
t empera tu re  i n  the  f low system d i d  n o t  c a u s e  t h e a p p a r e n t  temper- 
a t u r e  c o e f f i c i e n t  of  t h e  i s o t o p e  e f f e c t .  

t h e  v a l u e  a f  k,, - K I P ,  
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4. A f i n a l  e x p e r i m e n t  w a s  run t o  prove t h a t  t h e  o b s e r v e d  t empera -  
t u r e  c o e f f i c i e n t  o f  t h e  i s o t o p e  e f f e c t  cou ld  n o t ‘ r e s u l t  from t h e  
d i f f e r e n c e  i n  a c t i v i t y  v a l u e s  r eco rded  by the  i n s t r u m e n t s  caused 
s o l e l y  by t h e  d i f f e r e n c e  i n  v e l o c i t y  of  t h e  gas th rough  t h e  flow 
c h a m b e r  a t  th.e f o u r  t e m p e r a t u r e s ,  A s a m p l e  o f  c a r b o n - C 1 4  
monoxide was p a s s e d  t h r o u g h  t h e  chamber a t  s e v e r a l  w i d e l y  d i f -  
f e r e n t  r a t e s .  The  r e c o r d e d  a c t i v i t y  ( m i l l i v o l t s )  was  n o t  
a p p r e c i a b l y  a f f e c t e d  by t h e  v e l o c i t y  o f  flow through the  chamber 
when t h e  p r e s s u r e  and t empera tu re  of  t h e  gas  were h e l d  c o n s t a n t .  

The A b s o r p t i o n  of C X 4 O 2  i n  A l k a l i n e  Media ( A ,  J, W e i n b e r g e r  and G. A .  
Ropp). A t t empt s  t o  f i n d  i s o t o p e  e f f e c t s  i n  t h e  a b s o r p t i o n  of  t r a c e r - l a b e l e d  
~ a r b 0 n - C ’ ~  d i o x i d e  i n  v a r i o u s  s o l u t i o n s  have been  made by p a s s i n g  t h e  g a s  
t h r o u g h  a s o l u t i o n  o f  d i l u t e  sodium h y d r o x i d e  i n  one  e x p e r i m e n t  and t h r o u g h  
b e n z y l a m i n e ( a l )  i n  d i b e n z y l  e t h e r  i n  a second c a s e  i n  such  a manner’as  t o  g ive  
p a r t i a l  a b s o r p t i o n  o f  t h e  g a s ,  I n  t h e  c a s e  o f  e a c h  s o l u t i o n  t h e  s p e c i f i c  
a c t i v i t y  of  t h e  g a s  was determined b e f o r e  a b s o r p t i o n  by measurement i n  a 10-ml 
i o n  chamber a t  a known t e m p e r a t u r e  and p r e s s u r e ,  The g a s  was t h e n  bubb led  
t h r o u g h  t h e  a b s o r b e r  u n t i l  10 t o  20% a b s o r p t i o n  had o c c u r r e d ;  t h e  s p e c i f i c  
a c t i v i t y  o f  t h e  unabsorbed gas  was then  de te rmined  i n  t h e  f low chamber a t  t h e  
o r i g i n a l  t e m p e r a t u r e  and p r e s s u r e ,  No i s o t o p e  e f f e c t  was n o t e d  i n  t h e  a b -  
s o r p t i o n  o f  C1402 i n  benzylamine s o l u t i o n  o r  i n  sodium hydrox ide  s o l u t i o n ;  i n  
e a c h  c a s e  t h e  Brown r e c o r d e r  r e a d i n g  for a c h a m b e r f u l  o f  c a r b o n  d i o x i d e  was 
t h e  same b e f o r e  and a f t e r  p a r t i a l  a b s o r p t i o n  when t h e  volume o f  t h e  system was 
a d j u s t e d  t o  keep  t h e  t e m p e r a t u r e  and p r e s s u r e  of  t h e  g a s  i n  t h e  chamber t h e  
same e 

MECHANISM STUDIES OF O R G A N I C  REACTIONS 

C 1 4 - T r a c e r  S t u d i e s  i n  t h e  Rearrangement o f  Unsymmetr ica l  a - 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 ,  and C L  J.. C o l l i n s ) ,  The compound p - m e t h -  
oxybenzylideneacetophenone o x i d e ,  l a b e l e d  w i t h  C14 i n  t h e  c a r b o x y l  g roup ,  h a s  
been shown t o  r e a r r a n g e  i n  a l k a l i n e  s o l u t i o n  t o  phenyl  p me thoxybenzy lg lyco l i c  
a c i d .  T h i s  a c i d  c o n t a i n s  no r a d i o a c t i v i t y  i n  the c a r b o x y l  g roups  showing t h a t  

(21) H.  B. Wri t and M. B. Moore, “ReactionsofAralkyl  Amines with Carbon Dioxide,” J .  An, Chen. SOC. 
70,  3865 $948). 

State  ColPege. 
‘Research articipant i n  the program sponsored j o i n t l y  by OFWL and (3RINS; home address, Mississ ippi  
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n o  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  o c c u r r e d .  The r e a r r a n g e m e n t  o f  t h i s  compound 
i s  t h u s  d e m o n s t r a t e d  t o  be a n a l o g o u s  t o  t h a t  o f  t h e  u n s u b s t i t u t e d  b e n z y l i d e n e -  
a c e t o p h e n o n e  o x i d e  p r e v i o u s l y  s t u d i e d , ( 2 2 )  

T h e  r e a c t i o n s  a n d  t h e  r a d i o a c t i v i t i e s  p e r  m i l l i m o l e  o f  t h e  a p p r o p r i a t e  

compounds a r e  shown i n  t h e  r e a c t i o n  scheme be low,  The l a b o r a t o r y  m e t h o d s  h a v e  
b e e n  d e s c r i b e d  i n  d e t a i l  p r e v i o u s l y , ( 2 3 )  

N aOH H202 
C,H,C*OCH, + p-CH,OC,H,CHO + C,H,CWH=CHC,H, -p-OCH, --, 

CH2C,H, -p-OCH3 
I \  N aOH I CrO, 
0 

\ 

(3I,COOH 
C,H5C*OCH- CHC,H, -p-OCH, -I C,H5-C-OH 

I C2H,0H 

I 0 
I \  N aOH 

C,H5C*OCH-CHC,H, -p-OCH, -I C,H5-C-0H 

I C2H,0H 

CrO, 
\ 

(3I,COOH 

C,H5COCH2C,H4-p-OCH, -t 

COW 
( 0 . 6 8 1  mc/mmole) 

(0 .678 pc/mmole)  (O,,  000276 pc /mmole)  

I s o t o p e  Exchange R e a c t i o n s  I n v o l v i n g t h e  Carbon-Carbon Bond ( C a r l  D o u g l a s s  
a n d  0. K ,  N e v i l l e ) .  A s  t h e  i n i t i a l  p a r t  o f  a p r o g r a m  oq t h e  u s e  o f  C 1 4  i n  
t h e  s t u d y  o f  o r g a n i c  e x c h a n g e  r e a c t i o n s  i n v o l v i n g  c a r b o a - c a r b o n  b o n d s ,  t h e  
r e v e r s i b i l i t y  o f  t h e  F r i e d e l - C r a f t s  a c y l a t i o n  r e a c t i o n  i s  b e i n g  s t u d i e d .  

T h e  r e v e r s i b i l i t y  o f  t h e  F r i e d e l - C r a f t s  a l k y l a t i o n  r e a c t i o n  i s  w e l l  
k n o w n . ( 2 4 - 2 6 )  I n  t h e  p r e s e n c e  o f  a l u m i n u m  c h l o r i d e  a n d  o t h e r  s i m i l a r  a c i d  
c a t a l y s t s ,  a l k y l a t e d  a r o m a t i c  d e r i v a t i v e s  u n d e r g o  r e a c t i o n s  i n v o l v i n g t h e  l o s s ,  
m i g r a t i o n ,  o r  t r a n s f e r  o f  t h e i r  a l k y l  g r o u p s ,  S i m i l a r  t r a n s f o r m a t i o n s  i n v o l v -  
i n g  a c y l a t e d  a r o m a t i c  compounds a r e  r a r e .  I n  t h e  p r e s e n t  work a n  a t t e m p t  h a s  
b e e n  made t o  p r o m o t e  a n ’  e x c h a n g e  be tween a c e t y l - 1 - C “  c h l o r i d e  a n d  a c e t o p h e n o n e  
i n  t h e  p r e s e n c e  o f  F r i e d e l - C r a f t s  c a t a l y s t s :  

(22) 

(23) 

C. J .  C o l l i n s  and  0. K.  N e v i l l e ,  “C14 T r a c e r  S t u d i e s  i n  t h e  Rea r rangemen t  o f  Unsymmet r i ca l  
a - D i k e t o n e s .  11. B e n z y l i d e n e a c e t o p h e n o n e  Ox ide , ”  J .  A m ,  C h e m .  SOC.  # ,  i n  p r e s s .  
Co. J .  . C o l l i n s  e t  al., “The  S t u d y  o f  R e a c t i o n  Mechanisms w i t h  C14 ’’ ‘Report  of the Chemis try  
D i v i s i o n  f o r  the  Months March, A ~ T E I ,  May, 1948,  ORNL-65, p .  8s’ ( J u l y  9, 1948). 

(24) E. Boedtker ,  6‘Sur  q u e l q u e s  d d r i v d s  du bu ty lbens$ne  t e r t i a i r e , ”  Bulk. S O C .  chim, France (3) 35, 
p .  825, esp .  p a  834 (19061, 

(25) Halse ,  “Quelques o b s e r v a t i o n s  sur l a  r k a c t i o n  F r i e d e l - C r a f t s , ”  Bull. SOC. 

(26) C. F. Woodward, G. T. B o r c h e r d t ,  and R C Fuson ,  “The R e v e r s i b i l i t y  o f  t h e  F r i e d e l - C r a f t s  

E. ,Boedtker  and 0. M 
chim. France (4) 19, p .  444, e s p  p.  447 (1916). 

C o n d e n s a t i o n ,  The B e n z a l  and  D i b e n z a l - a c e t o n e s , ”  J .  A m ,  Chem. SOC.  56, 2103 (1934). 
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C6HsCOCH, + CH,C*OCl C6HsC*OCH3 + CH,C*OCl 

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

Synthesis and Structure Determination of Ct4-Labeled 1-Methylphenanthrene 
(B. M. B e n j a m i n  a n d  C, J. C o l J i n s ) .  T h e  s y n t h e s e s  o f  p h e n a n t h r e n e - 9 - C 1 4 , ( 1 3 )  
b e n z ( a )  a n t - h r a ~ e n e - 5 , 6 - C ~ ~ ? - , - ( ~ ~ ) a n d  ~ h r y s e n e - 5 , f j - C ~  l 4  ( 2 7 )  h a v e  b e e n  d e s c r i b e d  
p r e v i o u s l y .  The method u s e d  i n  t h e s e  p r e p a r a t i o n s  h a s  now been  a p p l i e d  t o  t h e  
s y n t h e s i s  p f  C 1 4 - l a b e l e d  1 - m e t h y l p h e n a n t h r e n e .  A p p r o x i m a t e l y  1 0  mc o f  t h i s  
h y d r o c a r b o n  h a s  b e e n  p r o d u c e d .  

1 - M e t h y l f l u o r e n e  ( I )  was p r e p a r e d  by t h e  method o f  D e n o , ( 2 8 )  and c o n v e r t e d  
t o  1 - m e t h y l p h e n a n t h r e n e  ( V )  l a b e l e d  i n  t h e  9 or 10 p o s i t i o n  by t h e  p r o c e d u r e  
o u t l i n e d  i n  t h e  f o l l o w i n g  f l o w s h e e t .  

. 

(27) 

(28) 

\\ 
r e f l u x  

I 
COOH I 

I1 I11 

C*H2 OH 

LiAlH,, 

H,O, HCl r e f l u x  

I V  

P 

V 

C. J. Collins and G. M. Toffel, “Chrysene-5,6-( ?)-C14,” Chemastry D i v i s i o n  Quarterly Progress 
Report for Period Ending March 31, 1950. Part  I. CheFicaZ Research, ORNL-685, p .  85 (June 16, 
1950). 
N. C. Deno, “The Diels-Alder Reaction with a,/3ry,S-Unsaturated Acids,” J. An. Chen. SOC. 72, 4057 

7 <  (1950). 
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Model Runs with Nonradioactive Materials. 1-Methyl-9-fluosenecarboxylic 

Acid (II). By t h e  p rocedure  p r e v i o u s l y  o u t l i n e d (  1 3 )  1.10 g of  1 - m e t h y l f l u o r e n e  
( I )  was ca rbona ted  w i t h  28 m l  o f  0 .20  N e t h e r  s o l u t i o n  of t r i pheny lme thy l sod ium 
and 0, from 1 ,2238  g o f  r e a g e n t - g r a d e  BaC03, A y i e l d  o f  1 . 1 6 1  g o f  l - m e t h y l -  
9 - f l u o r e n e c a r b o x y l i c  a c i d  (93.396) was o b t a i n e d ,  m.p .  221 t o  225°C. R e c r y s t a l -  
l i z a t i o n  from benzene gave wh i t e  n e e d l e s ,  m.p. 222 t o  225"C, 

Methyl I-Methyl-9-fluorenecarboxylate ( I I I ) .  To 1 . 0 8  g o f  l - m e t h y l - 9 -  
f l u o r e n e c a r b o x y l i c  a c i d  i n  25  m l  o f  e t h e r  a t  5 t o  10°C was added  an e t h e r  
s o l u t i o n  o f  diazomethane u n t i l  t h e  y e l l o w  c o l o r  p e r s i s t e d .  The s o l u t i o n  was 
warmed t o  room tempera tu re .  When t h e  e t h e r  was removed and t h e  compound d r i e d ,  
1 . 1 4  g o f  s o l i d  r e m a i n e d  i n  t h e  f l a s k ,  R e c r y s t a l l i z a t i o n  from b e n z e n e -  
p e t r o l e u m  gave c r y s t a l s  m e l t i n g  a t  9 5 . 5  t o  97°C. A s econd  r e c r y s t a l l i z a t i o n  
d i d  n o t  change t h e  m e l t i n g  p o i n t ,  

The a c i d  was n o t  conve r t ed  t o t h e  e s t e r  by methanol and a c a t a l y t i c  amount 
o f  a c e t y l  c h l o r i d e .  

I-Methyl-9-fluorenemethanol (IV). The e s t e r ,  0.967 g,  was reduced i n  d r y  
e t h e r  by add ing  an e x c e s s  of  0 . 1 5  N e t h e r  s o l u t i o n  o f  l i t h i u m  aluminum hydr,ide. 
The y i e l d  o f  u n p u r i f i e d  1 - m e t h y l - 9 - f l u o r e n e m e t h a n o l  was 0 .865  g ,  m.p. 77 t o  
8OoC, The m e l t i n g  p o i n t  was n o t  r a i s e d  by a d s o r p t i o n  of  t h e  a l c o h o l  from 
a n h y d r o u s  b e n z e n e  on a l u m i n a  and r e c o v e r i n g  w i t h  a b s o l u t e  m e t h a n o l .  One 
r e c r y s t a l l i z a t i o n  from benzene -pe t ro l eum e t h e r  r a i s e d  t h e  m e l t i n g  p o i n t  t o  8 3  
t o  87"C, and t h i s  was n o t  improved by a second r e c r y s t a l l i z a t i o n .  

I-Methylphenanthsene (V). A s o l u t i o n  of  0 .567  g of  1 - m e t h y l - 9 - f l u o r e n e -  
methanol i n  20 m l  o f  d r y  xy lene  was t r e a t e d  w i t h  4 .0  g of  phosphorus p e n t o x i d e  
and r e f l u x e d  f o r  30 min. A ye l low s o l i d  we igh ing  0.530 g w a s  r e c o v e r e d  which 
d i d  n o t  l o s e  c o l o r  upon r e c r y s t a l l i z a t i o n  from methanol.  Whenabenzene s o l u t i o n  
o f  t he  s o l i d  was pas sed  through an alumina column a g r e e n i s h  c o l o r  remained a t  
t h e  t o p  o f  t h e  column b u t  t h e  e f f l u e n t  l i q u i d  was  y e l l o w .  A f r e s h  column 
removed no more c o l o r .  An e t h a n o l  s o l u t i o n  o f  t h e  compound was d e c o l o r i z e d  
w i t h  N o r i t .  A d d i t i o n  o f  w a t e r  t o  t h e  h o t  a l c o h o l i c  s o l u t i o n  p r e c i p i t a t e d  
0 . 2 8 8  g of  c o l o r l e s s  p l a t e s ,  m.p,  1 1 9 . 5  t o  120°C, An a d d i t i o n a l  0 . 0 4  g was 
r e c o v e r e d  from t h e  s o l v e n t .  The y i e l d  o f  p u r e  1 - m e t h y l p h e n a n t h r e n e  f rom 
1 - m e t h y l - 9 - f l u o r e n e m e t h a n o l  was 64%. 
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During the past quarter the Radio-organic Group has published the fol- 

lowing papers in the open literature: 

1. J .  G .  Burr, J r . ,  "The Reaction of 9-Formylfluorene with Form- 
aldehyde," J. Am. Chem. SOC. 73, 823 (1951). 

2. R. H, Mayor and C& J .  Collins, "The Use of Double Dilution for 
the Simultaneous Determination of Yield and Activity of Radio- 

active Compounds," J. A m .  Chem. S O C .  73, 471 (1951). 

3 .  C. J ,  Collins, "Carbon-14 Synthetic Studies. 2-Methyl-1,4- 

naphthoquinone-8-C14," J. Am. Chem. SOC.  73 ,  1038 (1951) 

Y 
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40 CHEMISTRY OF SEPARATIONS PROCESSES 

VOLATILITY STUDIES 

B e a o v a l  of P a a a 3  from N e u t r o n - I r r a d f a t e d  ThP, (P. A. A g r o n ) .  F l u o r i n e  
e x t r a c t i o n  e x p e r i m e n t s  a t  B r o o k h a v e n ( ’ )  i n d i c a t e  t h a t  t h e  r a t e  o f  r emova l  o f  
P a 2 3 3  f rom a p o r o u s  t h o r i u m  f l u o r i d e  l a t t i c e  f a l l s  o f f  marked ly  i n  a r e l a t i v e l y  
s h o r t  t ime.  The c o n t r o l l i n g  s t e p  h e r e  a p p e a r s  t o  be t h e  r a t e  o f  movement o f  
P a 2 3 3  w i t h i n  t h e  c r y s t a l l i t e s  t o  t h e  s u r f a c e  o f  t h e  p a r t i c l e s .  To o b t a i n  
r e a s o n a b l e  v a l u e s  f o r  t h e  p r o t a c t i n i u m  d i f f u s i o n  r a t e  h i g h  t e m p e r a t u r e s  a r e  
r e q u i r e d  which  l e a d  t o  s i n t e r i n g  w i t h  a r e s u l t i n g  i n c r e a s e  i n  h o l d u p  t ime, ( ’ )  
A s i m p l e  c h e m i c a l  r e g e n e r a t i o n  t r e a t m e n t  wh ich  b r i n g s  a b o u t  a breakdown i n t o  
s m a l l e r  p a r t i c l e s  wou ld  b e  d e s i r a b l e ,  s i n c e  t h e  s h o r t e r  mean d i s t a n c e  o f  
d i f f u s ’ i o n  i n v o l v e d  s h o u l d  l e a d  t o  a f a s t e r  r a t e  qf  r emova l .  F o r  example ,  i t  
was hoped t h a t  compounds m i g h t b e  formed be tween ThF, and one  o f  t h e  phosphorus  
f l u o r i d e s  wh ich  c o u l d  b e  c o n v e r t e d  b a c k  t o  ThF, by l o w e r i n g  t h e  p r e s s u r e  o f  
t h e  g a s  phase  

In a t t e m p t s  t o  f o r m  c o m p l e x e s  o f  t h e  p h o s p h o r u s  f l u o r i d e  g a s e s  w i t h  
ThF, (2  v 3 )  s e v e r a l  i n d i c a t i o n s  o f  r e a c t i o n  were o b s e r v e d .  Color c h a n g e s  were 

m o s t  marked  w h i l e  t h e  s a m p l e s  were u n d e r  h i g h  p r e s s u r e s  o f  t h e s e  g a s e s .  
E l e c t r o n  m i c r o g r a p h s  o f  t h e  t r e a t e d  s a m p l e s  i n d i c a t e d  a b  i n c r e a s e  i n  f i n e  
p a r t i c l e s  r a n g i n g  f rom 0 02 t o  0.05 pu,* The e x t e n t  o f  t h i s  breakdown a p p e a r s  
t o  b e  m o s t  marked  f o r  t h e  PF,(g) t r e a t m e n t s ,  The  mechan i sm by  w h i c h  t h i s  
e f f e c t  i s  b r o u g h t  a b o u t  i s  n o t  known a t  p r e s e n t .  However,  i t  a p p e a r e d  l i k e l y  
t h a t  t h e  e x t e n t  and e f f e c t i v e n e s s  of t h e s e  t r e a t m e n t s  c o u l d  be t e s t e d  d i r e c t l y  
on i r r a d i a t e d  t h o r i u m  f l u o r i d e .  . 

G r a n u l a r  p i e c e s  o f  s i n t e r e d  ThF, o b t a i n e d  f rom F, T, M i l e s  were  e x p o s e d  
i n . t h e  ORNL r e a c t o r  a t  a f l u x  o f  5 x 10’’ f o r  16  h r ,  T h i s  m a t e r i a l  had been  
p r e v i o u s l y . h e a t e d  a t  750°C f o r  1000 hr i n  d i l u t e  F, ,  r e s u l t i n g  i n  a m a t e r i a l  
w h i c h  had a s u r f a c e  a r e a  o f  0 , 0 7 7  s q u a r e  meters  p e s  g r a m ,  The  i r r a d i a t e d  
m a t e r i a l  was d i v i d e d  i n t o  two p o r t i o n s  f o r  t h e  s u b s e q u e n t  t r e a t m e n t s  l i s t e d  
i n  T a b l e s  4 . 1  and 4 .2 ,  

(1) “Continuous Processing Breeder Blanket Studies ,”  C r o e s t f z e d  Pro P ~ S S  Re o r t  of the  Reactor Sc ience  
and Engineering Department, January 1 - March 31, 1950, DNL-52 ?no date? 

P. A. A ron and E. G. Bohlmann, “ V o l a t i l i t y , ”  C h e m r s t r y  Dtursron Q u a r t e r l y  Progress R e p o r t  f o r  
P e r i o d  lndrng Deceaber 3 1 ,  1 9 5 0 ,  ORNL-1036, p 

R e p o r t y o r  P e r i o d  Ending September 30, 1950, ORNL-870, p .  ’73 (Mar. 1, 1951). 

( 2 )  
55 ( t o  be issued) 

( 3 )  P. A. ron and E. G. Bohlmann, “Breeder Blanket  Studies,” C h e m z s t o y  Drvzszon Q u a r t e r l y  Progress  

*Micro-scale surface-area measurements were not e f f e c t i v e  for t h l s  determination becauseof the con- 
tinual evolution of  traces of gas.  
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TABLE 4 . 1  

P r e l i m i n a r y  Run on Sample A 

FURNACE TEMPERATURE 
"C) 

MAXIMUM PRESSURE I I ( p s i  a b s o l u t e )  
TI ME 
(hr)  

350- 400 

3 
* P a r t i a l  p r e s s u r e  of F 2 ( g )  was about 5 p s i  

2- 1/ 4 

PF3 

PF, + F2 
0 

100 

10 2 

10 8 

10 0 

40 0 

400- 450 

absolute. 

2 

31 4 

Apparatus. The e x p e r i m e n t s  were c a r r i e d  o u t  i n  a 1 - i n . - d i a m e t e r  monel  

t u b e ,  A 1 2 - i n "  s l e e v e  o f  5-mil  n i c k e l  f a i l  was i n s e r t e d ,  and a b o a t  c o n t a i n i n g  
t h e  i r r a d i a t e d  s a m p l e  was moved t o  t h e  c e n t e r  o f  t h e  t u b e b  A 4 - i n  f u r n a c e  
was u s e d  t o  h e a t  t h e  c e n t r a l  s e c t i o n  o f  t h e  r e a c t i o n  t u b e ,  A t  a f u r n a c e  
t e m p e r a t u r e  o f  6OO0C, t h e  t e m p e r a t u r e  o f  t h e  p o r t i o n s  o f  t h e  r e a c t i o n  t u b e  
j u s t  beyond  t h e  f u r n a c e  was 3 5 0 ° C *  a t  t h e  p o s i t i o n s  c o r r e s p o n d i n g  t o  t h e  
e n d s  o f  t h e  n i c k e l  f o i l ,  t e m p e r a t u r e s  o f  t h e  o r d e r  o f  100°C were o b t a i n e d .  
Gauges and U t r a p s  were c o n n e c t e d  to e a c h  end  o f  t h e  r e a c t o r ,  and  t h e  g a s e s  
employed were moved back  and f o r t h  a c r o s s  t h e  h e a t e d  s a m p l e -  

A t  t h e  end o f  a r u n  t h e  f o i l  was removed f rom t h e  f u r n a c e  and u n f o l d e d ,  
and t h e  b o a t  c o n t a i n i n g  t h e  a c t i v e  sample  w a s  removed. The f o i l  was t h e n  c u t  
i n t o  1 - i n .  s t r i p s  and t h e  a c t i v i t y  was c o u n t e d  i n  a c r y s t a l  c o u n t e r .  S t a n d a r d  
s a m p l e s  were used  f o r  c a l i b r a t i n g  t h e  c r y s t a l  c o u n t e r  a g a i n s t  a 4 7 ~  i o n i z a t i o n  
c o u n t e r  f o r  t h i s  a c t i v i t y ,  The  a c t i v i t y  of  t h e  m a t e r i a l  i n  t h e  b o a t  was 
checked  p e r i o d i c a l l y  on  t h e  4 7 ~  geometry  c o u n t e r  

No a c t i v i t y  was o b s e r v e d  on t h e  f o i l  s t r i p s  w i t h i n  t h e  f u r n a c e  r e g i o n ,  
The  a c t i v i t y  a l s o  f e l l  o f f  r a p i d l y  i n  t h e  r e g i o n  o f  100°C,  Thus  t h e  m a j o r  
p o r t i o n  o f  t h e  p r o t a c t i n i u m  was d e p o s i t e d  on t h e  f o i l  i n  t h e  r e g i o n  b e t w e e n  

350 and 100°C, The a c t i v i t y  found i n  one  of  t h e  t r a p s  was a n e g l i g i b l e  f r a c -  
t i o n ,  0,004%, o f  t h e  a c t i v i t y  i n  t h e  s a m p l e .  The a c t i v i t y  m a t e r i a l  b a l a n c e  
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SAMPLE 

TABLE 4 . 2  

Removal of  P a 2 3 3  from ThF, w i t h  P h o s p h o r u s  F l u o r i d e  R e g e n e r a t i o n  T r e a t m e n t s  

RUN NO- 

A - l *  

A- 2* 

A- 3 

A- 4 

B- 1 

B- 2 

B- 3 

B- 4 

B- 5 

B- 6 

B- 7 

-___--- 

GAS 

*In these runs a platinum boat was used. 
n icke l  boat was used 

MAXIMUM PRESSURE 
( p s i  a b s o l u t e )  

106 - 113 

15  

15 

a7 

87 

P O 9  

25 

30 

100 

60 

30 

40 

325 

4a 

40 

FUANACE TEMPERATURE 
( "C) 

60 0 

600 

600 

40 0 

37 5 

600 

600 

600 

400 

600 

400 

600 

600 

350 

600 

6 50 

TI ME 
( h r )  

4 

3% 

3% 

3 

4 

4 

4 

4 

4 

2 

4 

4 

4 

4 

4 

Ihe boat w a s  almost completely burned up i n  the  A-2 run 

~. ~ 

FRQCTION OF ACTIVITY 
REMOVED, f 

- .  

0.009 

0 .058  

0 011 

0 0017 

0 0024 

0 0 0002 

0.0009 

0 .0011  

0 0001 

0.0004 

0.00075 

I n  the  following treatments a 

**Par t i a l  pressure of Fz was approximately 10 p s i  absolute ,  



C 

f o r  t h e s e  r u n s  i n d i c a t e d  that HBB a p ~ r e c i a b l e  amount of  p r o t a c t i n i u m  was pumped 
o u t  of t h e  s y s t e m  

E x p e r i m e n t s ,  The f i r s t  i r r a d i a t e d  s a m p l e d  d e s i g n a t e d  a 3  p'AA,q' was g i y e n  a 

s e r i e s  o f  p r e l i m i n a r y  t r e a t m e n t s  w i t h  PF,, PF,, and F, g a s e g ~ , u n d e r  a r a n g e  of 
p r e s s u r e s  and t e m p e r a t u r e s . .  U n s u c c e s s f u l  a t ' t empts  were made w i t h  an  e x t e r n a l  
G e i g e r  c o u n t i n g  p r o b e  t o  f o l l o w  t h e  movement of  a c t i v i t y  o u t  o f  t h e i f u r n a c e .  
Thd c o n d i t i o n s  u s e d  f o r  t h e s e  t r e a t m e n t s  a r e  g i v e n  i n  T a b l e  4 1. 

F o l l o w i n g  t h e  t r e a t m e n t s  g i v e n  i n  T a b l e  4 . 1 ,  sample  A was s u b j e c t e d  t o  a 
s e q u e n c e  of  r u n s ,  a s  i n d i c a t e d  i n  T a b l e  4 . 2 .  I t  was assumed t h a t  t h e  p r e v i o u s  
t r e a t m e n t s  ( T a b l e  4 . 1 )  a t  t h e  l o w e r  t e m p e r a t u r e s  would n o t  h a v e  removed any 

a p p r e c i a b l e  q u a n t i t y  o f  a c t i v i t y  from the ;  s ample  b u t  migh t  have  c a u s e d  r e a c t i o n s  
wh ich  i t  was hoped would s u b s e q u e n t l y  i n c r e a s e  t h e  r emova l  of protactinium. The  
i n t e r p r e t a t i o n  o f  t h e  a c t i v i t y  f r a c t i o n s  removed i n  r u n s  A - 1  and  A-2 i s  a t  
p r e s e n t  u n c e r t a i n . .  I n  r u n  A - 2  t h e  p l a t i n u m  boaa; was a l m o s t  c o m p l e t e l y  con-  
v e r t e d  t o  PtF,.  The r e l a t i v e  i m p o r t a n c e  of t h e  h e a t  o f  r e a c t i o n  d e v e l o p e d  by 

t h e  c o n v e r s i o n  o f  p l a t i n u m  to PtF , ,  t h e  c a r r y i n g  power o f  t h e  PtF, v a p o r ,  and 
t h e  p r e t r e a t m e n t s g i v e n  i n  T a b l e  4,E i s  n o t  known, Some o f  t h e s e  v a r i a b l e .  

were r emoved  i n  r u n s  A - 3 ' a n d  A - 4  i n  w h i c h  t h e  p l a t i n u m  was r e p l a c e d  b y  a 
n i c k e l  b o a t  Run A - 4  i n d i c a t e s  t h a t  t h e  PF, p r e t r e a t m e n t  i s  n o t  e f f e c t i v e  a t  
t h a t  s t a g e  i n  r e g e n e r a t i n g  t h e  r a t e  o f  p r o t a e t i n i u r n  removal . ,  

I n  t h e  sample  B se r ies  p r e l i m i n a r y  e x t r a c t i o n s  w i t h  F, were used  i n  r u n s  
€3-1 and B-2. I t  is o b s e r v e d  t h a t  t h e  f r a c t i o n s  of  a c t i v ' i t y  removed h e r e  a r e  
a p p a r e n t l y  s m a l l e r  t h a n  t h o s e  removed i n  t r e a t m e n t s  A - 3  a n d  A-4 o f  t h e  A 
s e r i e s  The s h a r p  decpea,:  in i ra te  of  removal  i n  Fun B.2  i n d i c a t e s  t h a t  trrost 

o f  t h e  easily r emovab le  9 ' s u ~  fa~e'? p r o t a c t i n i u m  had been  p r e v i o u s l y  v o l a t i l i z e d .  
Run E - 3  a g a i n  i n d i c a t e s  t h e  i n e f f e c t i v e n e s s  of  t h e  PF, t r e a t m e n t  i n  a c c e l e r a t i n g  

t h e  r e m o v a l  of protactinium, The  r e g e n e r a t i o n  i n d i c a t e d  b y  t h e  PF, t r e a t m e n t  
i n  r u n  E - 4  shows a s u b s t a n t i a l  i n c r e a s e .  H o w e v e r ,  t h i s  r e g e n e r a t i o n  i s ,  o f  
s h o r t  d u r a t i o n ,  a s  i n d i c a t e d  b y  t h e  r e t u r n  t o  t h e  lower r a t e  i n  t h e  n e x t  
e x f i r a c t i o n .  I t  a l s o  a p p e a r s  t h a t  t h e  s e c o n d  e x p o s u r e t o P F ,  i s  n o t  s o  e f f e c t i v e  

a s  t h e  f i r s t ,  A f i n a l  e i i t r d c t i o n  dt 650°C i s  i n d i c a t e d  i n  r u n  B-7 

* 

Discussion, The r a t e s  of r emova l  o f  protactinium were a l s o  f o l l o w e d  on two 
p e l l e t e d  s a m p l e s  o f  s i m i l a r  m a t e r i a l  Q , O ' l ? . s q u a r e  meters pes gram)  a t  
B r o o k h a v e n .  c 4 0 5  1 One s a m p l e  was f i r s t  i r r a d i a t e d  and  the :n  t r e a t e d  w i t h  

( 4 )  "Reactor Chemistry; Thorium FSlaaride Breeder Blanket  '' C l a s a i f i e d  F*o* -ISS Repor t  of the Reactor  
Sc ience  and Eng ineer ing  Depar tment ,  July  i - September  30, 1950 EN. g8 (no d a t e ) .  

(5) P r i v a t e  communication April 13, B51. 
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P F , ( g ) ;  t h e  s e c o n d  s a m p l e  was g i v e n  s i m i l a r  t r e a t m e n t s  b u t  i n  t h e  r e v e r s e  
o r d e r  The  f i r s t  e x p e r i m e n t  showed  an  a c c e l e r a t e d  r e m o v a l  o f  5% o f  t h e  
protactinium a c t i v i t y  f o r  a s h o r t  i n i t i a l  p e r i o d  whereas  t h e  r a t e  i n  t h e  s e c o n d ,  

i e . ,  much s m a l l e r  r e m o v a l ,  c o r r e s p o n d e d  t o  t h a t  w h i c h  w o u l d  n o r m a l l y  b e  
e x p e c t e d  f o r  p a r t i c l e s  of  t h i s  s i z e  

A s  i n d i c a t e d  i n  BNL-52, t h e  mean h o l d u p  t i m e ,  r, may b e  c a l c u l a t e d  f rom 
t h e  e q u a t i o n  

where t = time 
p = d e n s i t y  o f  p a r t i c l e s  

CT = t o t a l  s u r f a c e  a r e a  

D d i f f u s i o n  c o n s t a n t  

For  s m a l l  f r a c t i o n s  of  a c t i v i t y  removed, i t  c a n  b e  shown t h a t ,  where f 
o f  p r o t a c t i n i u m  removed, 

y = 0.785 f 2  ( 2 )  

T h e  7 v a l u e s  f o r  t h e  r u n s  on  s a m p l e  B ,  c a l c u l a t e d  f r o m  E q s .  (1) a n d  ( 2 1 ,  
a r e  l i s t e d  i n  T a b l e  4 . 3 .  A p p r o x i m a t e  v a l u e s  were  o b t a i n e d  u s i n g  A y l A t  i n  
E q .  (1) On s u b s t i t u t i n g  t h e  c o r r e c t  v a l u e s  f o r  p and CT i n  Eq. (11, assuming  
t h a t  D600gc c m 2 / s e c ,  a t h e o r e t i c a l  v a l u e  o f  4 X lo4 d a y s  i s  o b t a i n e d  
f o r  7 t  which i s  i n  f a i r  ag reemen t  w i t h  t h e  v a l u e s  i n  T a b l e  4 . 3 .  

! 
RUN NO 

B 1  

B- 2 

B- 3 

B- 4 

B- 5 

136 

f 

0 0024 

0,0026 

0 0027 

0 0038 

0 . 0 0 3 9  

0 . 0 0 4 3  

TABLE 4. 3 

Mean Holdup Times f o r  Sample B 
I 

Y I 

4 52 x loL6 

5. 30 

5 72 
P 13 1 0 - ~  I 

1 19 

1 45 
1 

82 

. ._ 

AY/A t 

1.1 x lou6 

1.85 10.’ 

1 O S  

1 4 x l o m 6  

P 5 X 1 O 7  

6 5 x l a b 7  
- 



F u t u r e  Work. A p e l l e t  of  ThF, on which e x t e n s i v e  d a t q h a v e b e e n  c o l l e c t e d  
was  o b t a i n e d  from t h e  Brookhaven  g r o u p  (u = 0 - 4 8  s q u a r e  meters p e r  g r a m ) ”  
T h i s  s a m p l e  s h o u l d  s e r v e  a s  a b e t t e r  means f o r  e v a l u a t i n g  t h e  e f f e c t i v e n e s s  
o f  any r e g e n e r a t i o n  t r e a t m e n t s  s t u d i e d  h e r e -  A s t u d y  o f  t h e  r e l a t i v e  e f f e c -  
t i v e n e s s  of PF, (g) and PF,( I )  t r e a t m e n t s  on t h i s  m a t e r i a l  w i l l  b e  undertaken.  

An a t t e m p t  t o  g q t  e q u i l i b r i u m  d i s s o c i a t i o n  p r e s s u c e s  of P F , ( g )  over“ 
I t  i s  a l s o  p l anned  t o  i n v e s t i g a t e  h i g h - s u r f a c e - a r e a  ThF, samples  i s  p lanned .  

whether PtF, i s  a c a r r i e r  for t h e  p r o t a c t i n i u m  a c t i v i t y .  

SOLVENT EXTRACTION 

Organic Chemistry  of  Solvents ( W .  H. Baldwin and Co E. Higgins!. Among 
t h e  o r g a n i c  o r t h o p h o s p h a t e s  t h a t  have been t e s t g d  f o r  e x t r a c t i n g  uranium from 
aqueous s o l u t i o n s ,  t r i - n - b u t y l  p h o s p h a t e  was found t o  compare f a v o r a b l y  w i t h  
t h e  o t h e r s  when c o n s i d e r i n g  t h e  f a c t o r s  d i s t r i b u t i o n  r a t i o  o f  u r a n i u d ,  s e p a r a -  
t i o n  o f  u r a n i h  from f i s s i o n  p r o d u c t s ,  and s o l v e n t  s t a b i l i t y .  T r i - s e c - p r o p y l  
p h o s p h a t e ,  t r i - s e c - b u t y l  p h o s p h a t e ,  and d i b u t y l p h e n y l  p h o s p h d n a t e  d i d ,  how- 
e v e r ,  e x t r a c t  somewhat more u ran ium t h a n  d i d  t r i - n - b u t ‘ j . 1  p h o s p h a t e  u n d e r  a 
s t a n d a r d  s e t “ o f  c o n d i t i o n g .  

The use  o f  t r i - n - b u t y l  phospha te  c o n c a i n i n g  r a d i o a c t i v e  P3’ has  m a t e r i a l l y  
f a c i l i t a t e d  t h e  a n a l y t i c a l  p r o b l e m s  a s s o c i a t e d  w i t h  t h e  d e t e r m i n a t i o n  and 
e s t i m a t i o n  o f  TBP*and t h e  p r o d u c t s  ffom i t s  d e c o m p o s i t i o n o  F u r t h e r  r e f i n e -  
ments  i n  r a d i o c h e m i c a l  a n a l y s e s  s h o u l d  i n c r e a s e  t h e  s p e e d ,  s e n s i t i v i t y , .  and 
p r e c i s i o n  of t h e s e  d e t e r m i n a t i o n s  

The commerical TBP b e i n g  t e s t e d  was found t o  c o n t a i n  a t  l e a s t  98% normal 
b u t y l  r a d i c a l s ,  

S t r u c t u r a l  E f f e c t s  in E x t r a c t i o n s  by Organic P h o s p h a t e s .  I n  p r e v i o u s ( 6 )  
work r e l a t i v e l y  l i t t l e  d i f f e r e n c e  was n o t e d  i n  t h e ‘ e x t e n t  o f  e x t r a c t i o n  o f  
uranium from 3 1 HNO, by v a r i o u s  t r i a l k y l  p h o s p h a t e s  The r e s u l t s  o b t a i n e d  
u s i n g  t h e s e  s o l v e n t s  f o r  e x t r a c t i n g  uraniumand p lu ton ium from aqueous m i x t u r e s  
o f  uranium(V1) , p l u t o n i u m ( 1 h  and f i s s i o n  p roduc t ;  a r e  summarized i n  T a b l e  
4 . 4  The t r i a l k y l  p h o s p h a t e s  o f  s econdary ,  p r o p y l  and b u t y l  a l c o h o l s  a r e  
o u t s t a n d i n g ,  t h e  e x t r a c t i o n  c o e f f i c i e n t s  f .or uranium and p l u t o n i u m  f o r  t h e s e  

. 

( 6 ) .  C. E. ,Higgins, J. M. Ruth, and W. €I. Baldwin, “The Organic Chemistry of Solvents,” OWL-870, 
op.  c r t . ,  p.  76, esp. pp. 86-87. 
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TABLE 4 -  4 

V e c o n t a m i n a t i o n  Tests w i t h  T r i a l k y l  P h o s p h a t e s  
~~ ~ 

Pu(1V) ( c )  U ( V 1 )  

5.1 

4.8 

7.5 

7.4 

P2.3 

12.6 

8.2 

8.0 

8.5 

a. 5 

8.12 

8.12 

12.6 

12.6 

9.2 

9.2 

1.2 

1.1 

1.7 

2.0 

4.3 

3. 5 

2.2 

2.2 

1.8 

2.1 

2.1 

2.0 

3.2 

4.3 

1.3 

1 . 4  

DE(XINTAMINA1 

 BETA(^) 

1500 

1600 

1400 

1400 

2900 * 

2800 

1300 

1300 

1700 

1600 

2300 

2400 

9 300 

9 300 

1300 

1200 

1800 

1500 

1300 

1800 

2100 

2600 

1300 

2 100 

2 100 

1500 

3500 

1500 

2 100 

600 

500 

The d i s t r i b u t i o n  r a t i o i s  the  r a t i o  of the concentrat ion i n  the  organic phase t o  t h a t  i n  the  
aqueous phase. 'be aqueous phase i s  uranyl n i t r a t e ,  0.2 M ;  HNO,, 3 I; plutonium, 1.3 x 10' 
alpha c/min/ml; mixed f i s s i o n  products ,  5 x lo6 beta  c/min/ml prepared from x-12 f e e d  sup- 
p l i e d  by W. B. Lanham, Chemical Technology Division The organic phase was 0.75 M trialkyl phos- 
phate i n  CC1, Q u a l  volumes of t h e  two  phases were tumbled end-aver-end a t  25OC f o r 3 0  min 
and separa ted  a f t e r  cen t r i fuging .  

' h e  decontamination f a c t o r  i s  t h e  r a t i o  of counts p e r  minute p e r  m i l l i l i t e r  i n  aqueous feed 
t o  t h a t  i n  the  organic  e x t r a c t .  

Courted a t  52% geometry. 

Counted a t 3 %  geometry. 

Measured i n  the  high-pressure-argon ioniza t ion  chamber. 
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s o l v e n t s  b e i n g  h i g h e r  t h a n  f o r  o t h e r  a l k y l  p h o s p h a t e s  w h i l e  t h e  d e c o n t a m i n a -  
t i o n  f a c t o r s  f o r  b e t a  and gamma a c t i v i t i e s  a r e  a s  h i g h  a s  or h i g h e r  t h a n  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  a l k y l  p h o s p h a t e s <  

The  t r i a l k y l  p h o s p h a t e s  t e s t e d  p r e v i o u s l y (  6 ,  were c o m p a r e d  a t  l o w e r  
a c i d i t y  ( 0 . 6  M HNO,) and lower  u r a n y l  n i t r a t e  c o n c e n t r a t i o n  (0.1 M I L  A t  0 6 M 
HNO, a d i s t r i b u t i o n  r a t i o  o f  a b o u t  1 was o b t a i n e d  w i t h  0 . 7 5  M t r i - n - b u t y l  
p h o s p h a t e  i n  c a r l j o n  t e t r a c h l o r i d e .  T h e s e  c o n d i t i o n s  g r e a t l y  m a g n i f i e d  t h e  
d i f f e r e n c e s  found e a r l i e r  ( s e e  T a b l e  4 . 5 ) .  The t r i a l k y l  p h o s p h a t e s  o f  s econd-  

a r y  p r o p y l  and b u t y l  a l c o h o l s  e x t r a c t e d  more uranium t h a n  d i d  t h e  o t h e r s .  The 
p r e s e n c e  o f  e t h e r  l i n k a g e s  i n  t h e  c h a i n  r e d u c e d  t h e  amount  o f  u r a n i u m  e x -  
t r a c t e d .  H o w e v e r ,  w i t h  t h e  compound:kn w h i c h  a s i n g l e  p h e n y l  g r o u p  was 
a t t a c h e d  d i r e c t l y  f rom c a r b o n  t o  phosphorus  and two b u t y l  g r o u p s  were a t t a c h e d  
f rom c a r b o n  t o  oxygen  t o  p h o s p h o r u s  ( i . e . ,  d i b u t y l p h e n y l  p h o s p h o n a t e ) ,  ‘more 
uran ium was e x t r a c t e d  t h a n  w i t h  t r i - n - b u t y l  p h o s p h a t e  (70% compared w i t h  5 5 % ) .  

Very  p o o r  e x t r a c t i o n  was o b t a i n e d  w i t h  t r i c h l o r o e t h y l  p h o s p h a t e ,  w h i c h  
removed o n l y  5% o f  t h e  u r a n i u m ;  t r i e t h y l  p h o s p h a t e  e x t r a c t e d  38%, D i b u t y l  
p h o s p h o r i c  a c i d  e x t r a c t e d  98%; however ,  t h i s  s o l v e n t  i s  n o t  v e r y  u s e f u l .  i n  
uran ium p r o c e s s i n g  when o t h e r  f a c t o r s  a r e  c o n s i d e r e d .  

.a 

U t i l i z a t i o n  of L a b e l e d  TBP. T h e  p r e p a r a t i o n  o f  l a b e l e d  t r i - n - b u t y l .  
p h o s p h a t e ( ’ )  ( s p e c i f i c  a c t i v i t y  a b o u t  1 mc p e r  m i l l i m o l e )  o f f e r s  a means o f  
a n a l y s i s  f o r  TBP and f o r  t h e  f r a g m e n t s  f rom i t s  d e c o m p o s i t i o n  which  i s  l i m i t e d  
by t h e  s p e c i f i c  a c t i v i t y  and t h e  methods  a v a i l a b l e  for c o u n t i n g  t h e  Two 
me thods  o f  c o u n t i n g  were t r i e d ,  o n e  i n c l u d i n g  h y d r o l y s i s  t o  o r t h o p h o s p h o r i c  
a c i d  and c a r r y i n g  by magnesium ammonium p h o s p h a t e  or ammonium phosphomolybdate  
and  c o u n t i n g  t h e  p r e c i p i t a t e ,  and t h e  o t h e r  i n v o l v i n g  d i r e c t  c o u n t i n g  o f  
l i q u i d  s a m p l e s .  

1, H y d r o l y s i s  by  H I  and P r e c i p i t a t i o n .  L i q u i d  s a m p l e s  up t o  1 m l  
i n  volume c a n  b e  s u c c e s s f u l l y  h y d r o l y z e d  by 1 m l  o f  55% H I  a f t e r  
t h e  a d d i t i o n  o f  u n l a b e l e d  TBP t o  s u p p l y  c a r r i e r  p h o s p h o r u s .  
B o i l i n g  u n d e r  r e f l u x  f o r  1 h r  c a u s e d  c o m p l e t e  h y d r o l y s i s  ( a t -  
t e m p t s  t o  c o n c e n t r a t e  t h e  TBP, i n  t h e  o r i g i n a l  s ample  by e v a p o r a -  
t i o n  o f  t h e  w a t e r  r e s u l t e d  i n  s i g n i f i c a n t  l o s s  o f  TBP; h e n c e  
s u c h  a c o n c e n t r a t i o n  s t e p  b e f o r e  h y d r o l y s , i s  d o e s  n o t  a p p e a r  t o  
be f e a s i b l e .  

K e r o s e n e  s o l u t i o n s  up t o  0 . 1  m l  c a n  be s u c c e s s f u l l y  h y d r o l y z e d  
i n  t h i s  manner a l s o .  

(7) W. H. h l d w i n  and C. E. Higgins, The P r e p a r a t i o n  of Tri-n-butyl Phosphate  P32, ORNL-887 (Feb. 5, 
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TABLE 4 . 5  

. 

E x t r a c t i o n  of Uranium w i t h  Phosphorus  Compounds 

.- 

% URANIUM EXTRACTED (%. I 
I 
L 

n 

C2H50 

n - C3 H , 0  

1 s e c - G H p  

n-C4Hg 0 

L S O  - C4Hg 0 

s e c - C 4 H g 0  

i 

i n-C,H,,O 
i 
1 n- C4HgOC2H40 
! 
. 2-C,H, -n-C4H80C2H40 
I 

55,  5 3  

55  

7 2  

56 

23 

33 

I R ' R' 

n-C4Hg0 

n - C4 H,O 

c6H50 

n-C4H90 

'sHl 7' 

C8H1 7' 

c 1  CH, cH,o 

n-C4'Hg0 

n-C4Hg0 

n-C4Hg0 

C6HS0 

C6H50 

7' 

9' 

C6H.50 

ClcH2cH2O 

n-C4Hg0 

n-C4H,0 

R" 

n - C,HgO 

C6H50 

C6H50 

c6H.50 

C6H50 

C6H50 

c1(3H2CH,o 

C6H5 

HO 

57 

4 

0 . 0 0 4  

11 , 

11 

0 . 3  

5 

70 

-98 

The aqueous phase was 0.1 M uranyl n i t r a t e  p lus  0 . 6  M v3. The organic 
phase was 0 .75  M phosphorus compound i n  El,. Equal volumes of  the t w o  phases 
were tumbled end-over-end a t  25OC f o r  30 min and separated after centrifuging. 
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I t  h a s  b e e n t t h e  p r a c t i c e ,  b e f o r e  p r e c i p i t a t i o n ,  t o  d i s t i l l  o f f  
t h e  o r g a n i c  s o l i e n t s  and t h e  b u t y l  i o d i d e  f o r m e d  d u r i n g  t h e  
r e a c t i o n  

A f t e r  t h e  h y d r o l y s i s  c a r r i e r  p h o s p h o r u s  e q u i v a l e n t  t o  20 t o  
30 mg o f  MgNH4FQ4c6H,0 p e r  s q u a r e , c e n t i m e t e r  was added  t o  c a r r y  
t h e  P J 2 ,  and magnesium ammonium p h o s p h a t e  was p r e c i p i t a t e d  from 
a l k a l i n e  s o l u t i o n  and c o u n t e d .  T h i s  method c a n n o t  b e  u s e d  w i t h  
s o l u t i o n s  c o n t a i n i n g  u r a n y l  n i t r a t e  s i n c e  a d d i t i o n a l  a b s o r b i n g  
m a t e r i a l  would accompany t h e  p h o s p h a t e  p r e c i p i t a t e .  When u r a n y l  
n i t r a t e  was p r e s e n t ,  ammonium p h o s p h o m o l y b d a t e  was p r e c i p i t a t e d  
from a c i d '  s o l u t i o n  and c o u n t e d ,  

2. D i r e c t  C o u n t i n g  of  S o l u t i o n s .  S o l u t i o n s  u p  t o  1 m l  i n  vo lume 
c a n  b e  c o u n t e d  d i r e c t l y  i n  t h e  s t a n d a r d  G e i g e r - M u e l l e r  c o u n t e r  
f i t t e d  w i t h  a mica-end-window t u b e .  However,  c o n t i n u e d  u s e  w i t h  
a q u e o u s  s o l u t i o n s  m a t e r i a l l y  s h o r t e n e d  t h e  l i f e  o f  t h e  t u b e  
P r e l i m i n a r y  t e s t s ,  w i t h  g l a s s - w a l l e d  G e i g e r - M u e l l e r  t u b e s  d i p p i n g  
i n t o  t h e  s o l u t i o n s ,  have been  e n c o u r a g i n g .  

' D i s t r i b u t i o n  of P h o s p h a t e - L a b e l e d  TBP Between Kerosene  and Water ,  Kero -  

s e n e  c o n t a i n i n g  1 . 1 3  moles  o f  p h o s p h a t e - l a b e l e d  TBP p e r  l i t e r  was e q u i l i b r a t e d  
w i t h  an  e q u a l  vo lume o f  d i s t i l l e d  w a t e r .  The  r e s u l t i n g  a q u e o u s  p h a s e  c o n -  

t a i n e #  a b o u t  mole o f  l a b e l e d  'TBP p e r  l i t e r  ( o b s e r v e d  d i s t r i b u t i o n  c o e f -  
f i c i e n t s  were 1100 t o  1300 i n  f a v o r  of  t h e  o r g a n i c  p h a s e ) .  The c o n c e n t r a t i o n  

i n  t h e  aqueous p h a s e  approached  t h e  s o l u b i l i t y  o f  TBP i n  w a t e r .  

The aqueous  p h a s e ,  c o n t a i n i n g  mole p e r  l i t e r ,  was e q u i l i b r a t e d  w i t h  
a f r e s h  p o r t i o n  o f  k d r o s e n e .  D i s t r i b u t i o n  c o e f f i c i e n t s  o f  50 t o  68 i n  f a v o r  

o f  t h e  k e r o s e n e  p h a s e  were o b s e r v e d .  T h i s  i n d i c a t e s  t h a t  TW c a n  be  removed 
from aqueous p r o c e s s  s o l u t i o n s  by e x t r a c t i o n  w i t h  kerosene . ,  

Labe led  TBP i s  now b e i n g  u s e d  t o  s t u d y  t h e  d e c o m p o s i t i o n  o f  t h i s  s o l v e n t  
b y  HNO, and  by  s o l u t i o n s  c o n t a i n i n g  HNO, and  u r a n y l  n i t r a t e  h e x a h y d r a t e ,  
S a m p l e s o f  l a b e l e d  TBP have  been  f u r n i s h e d t o m e m b e r s  of t h e  Chemica l  Techno logy  
D i v i s i o n  f o r  s t u d y i n g  p r o c e s s i n g  p r o b l e m s ,  i n c l u d i n g  t h e  e s t i m a t i o n  o f  t h e  
amount  o f  TBP l o s t  i n  a q u e o u s  s o l u t i o n s ,  t h e ,  f a t e  of  TBP when t h e s e  a q u e o u s  
s o l u t i o n s  a r e  d i s t i l l e d ,  and t h e  d e c o m p o s i t i o n  o f  TBP by v a r i o u s  p r o c e s s  s o l u -  
t i o n s .  

Q u a l i t a t i v e  I d e n t i f i c a t i o n  of t h e  B u t y l  Groups  t n  TBP. T r i - n - b u t y l  

p h o s p h a t e  i s  c u r r e n t l y , b e i n g  o b t a i n e d  from t h e  Commercial  S o l v e n t s  C o r p o r a t i o n  
by t h e  Chemica l  Techno logy  D i v i s i o n  f o r  t e s t i n g .  I t  was c o n s i d e r e d  d e s i r a b l e  
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t o  s e e  w h a t  f r a c t i o n  o f  t h e  R r a d i c a l s  i n  t h e  compound R,PO, were n o t  n- 
b u t y l ,  s i n c e  o t h e r  s p e c i e s  might  be e x p e c t e d  t o  be  l e s s  s t a b l e  w i t h  r e s p e c t  t o  
r e a c t i o n  w i t h  n i t r a t e  i o n  and  HNO, and  m i g h t  g i v e  u n d e s i r a b l e  p r o d u c t s % .  
C o n s e q u e n t l y ,  a s ample  o f  TBP was h y d r o l y z e d  t o  ROH and H,PO,, and t h e  l i b e r a e e d  
a l c o h o l  was i d e n t i f i e d  I t  was found t o  be a t  l e a s t  98% normal  b u t y l .  

Z i r c o n i u m  i n  Aqueous H C 1 - H C 1 0 ,  ( J  P .  M c B r i d e  and R .  W, S t o u g h t o n ) .  
S t u d i e s  on z i r c o n i u m  c o m p l e x i n g  b y  c h l o r i d e  h a v e  b e e n  c o n t i n u e d  u s i n g  t h e  

TTA-benzene s o l v e n t  e x t r a c t i o n  method.  The e x p e r i m e n t s  have  been  c o m p l i c a t e d  
b y  t h e  f a c t  t h a t  e q u i l i b r i u m  h a s  n o t  b e e n  r e a c h e d  e v e n  a f t e r  n i n e  d a y s  o f  
s h a k i n g  f o r  c h l o r i d e  c o n c e n t r a t i o n s  o f  0 , 1  t o  1 . 0  M at an i o n i c  s t r e n g t h  
( M  HC10, + M NaC10, + M NaC1) o f  3 . 0  and  a h y d r o g e n  i o n  c o n c e n t r a t i o n  o f  
1 . 0  k. A t  z e r o  c h l o r i d e  and  a t  2 11 c h l o r i d e .  h o w e v e r ,  a t  t h e  same  i o n i c  
s t r e n g t h  and a c i d i t y a s  a b o v e , t h e  z i r c o n i u m  p a r t i t i o n  d i d n o t  change  a p p r e c i a b l y  

a f t e r  t h e  f i r s t  d a y  No g r e a s e  was used  on t h e  g l a s s  s t o p p e r s  o f  t h e  e x t r a c -  
t i o n  t u b e s .  

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

b u t i o n  a f t e r  two d a y s  o f  e q u i l i b r a t i o n .  i d e s )  F f f o r t s  t o  e x p l a i n  t h e s e  d i s -  

c r e p a n c i e s  a r e  c o n t i n u i n g ,  

I O N  EXCHANGE 

Ion-Exchange  K i n e t i c s  ( B ,  A ,  S o l d a n o  and G. E .  Boyd) .  D u r i n g  t h e  p a s t  
s i x  months b a s i c  i n v e s t i g a t i o n s  have  c o n t i n u e d  on  t h e  v a r i o u s  p r o c e s s e s  which  
d e t e r m i n e  t h e  r a t e  o f  t h e  a c h i e v e m e n t  o f  e q u i l i b r i u m  i n  i o n - e x c h a n g e  r e s i n s .  

T h e s e  s t u d i e s  w i l l  b e  d e s c r i b e d  i n  r e p o r t  ORNL-908 .  t o  b e  i s s u e d  s h o r t l y ,  
The f o l l o w i n g  a b s t r a c t  may s e r v e  t o  i n d i c a t e  t h e  s c o p e  and some o f  t h e  s a l i e n t  
f i n d i n g s  o f  t h i s  work:  

The s u c c e s s  w i t h  wh ich  measurements  of s e l f - d i f f u s i o n  have  been  employed 
i n  s o l i d  s t a t e  p h y s i c s  h a s  s u g g e j ~ e d  t h d t  a n a l o g o u s  m e a s u r e m e n t s  o n  i o n  
e x c h a n g e r s  migh t  s e r v e  t o  e l u c i d a t e  t h e  mechanism o f  i o n i c  p e r m e a t i o n  i n  t h e s e  
m a t e r i a l s .  R a d i o a c t i v e  i s o t o p e s  of  sodium,  p o t a s s i u m ,  r u b i d i u m ,  c e s i u m ,  z i n c ,  

s t r o n t i u m ,  y t t r i u m ,  t h o r i u m ,  c h l o r i n e ,  h r o m i n e ,  i o d i n e ,  s u l f u r ,  t u n g s t e n ,  and 

p h o s p h o r u s  were e m p l o y e d  t o  f o l l o w  i o n i c  s e l f - d i f f u s i o n  r a t e s  i n  s e ~ e s a l  
c a t i o n  and a n i o n  e x c h a n g e r s  b a s e d  on a p o l y s t y r e l ~ e - - t - i i v i n y l  benzene  copo lymer  

(8 )  

(9) 

J. P. McBride and R. W. Stoughton, “Zirconium in Aqueous HCl-!fC104,v9 ORNL-870, op. 

J. P. McBride and R. W. Stoughton, “Zirconium in A ueous HC1-HClO,!” Chesestry Division Q u a r t e r l y  
Progress  Repor t  for P e r i o a  Ending December 31, 1958, ORNL-1036, p .  21 (to be issued). 

c i t . ,  p.  88. 
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n e t w o r k  T h e  i n f l u e n c e  o f  p o l y m e r  c r o s s - l i n k i n g  a t  c o n s t a n t  i o n - e x c h a n g e  
c a p a c i t y  a n d  o f  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  were d e t e r m i n e d .  T h e  
e f f e c t  o f  v a r y i n g  . i o n i c  s i z e ,  
The a p p a r e n t  d i f f u s i o n  c o e f f i c i e n t s  o b s e r v e d  were i n v a r i a b l y  f o u n d  c o n s i d e r a b l y  
s m a l l e r  t h a n  f o r  t h e  same i o n s  i n  water. 

h o l d i n g '  c h a r g e  c o n s t a n t ,  was a l s o  e x a m i n e d  

A p r o n o u n c e d  d e p e n d e n c e  o f  d i f f u s i o n  r a t e  on  i o n i c  c h a r g e  was r e v e a l e d .  

C o e f f i c i e n t s  d e c r e a s i n g  f r o m  l o s 7  f o r  s i n g l y  c h a r g e d  down t o  10'" cm2/sec 
f o r  q u a d r u p l y  c h a r g e d  i o n s  were o b s e r v e d .  S e l f - d i f f u s i o n  r a t e s  a l s o  d i m i n i s h e d  
100- t o  1 0 0 U - f o l d  w i t h  i n c r e a s i n g  p o l y m e r  c r o s s - l i n k i n g  f r o m  a n o m i n a l  1 t o  
24% d i v i n y l  b e n z e n e  c o n t e n t .  L o w e r i n g  o f  t h e  e x c h a n g e  c a p a c i t y ,  k e e p i n g  t h e  
c r o s s - l i n k i n g  c o n s t a n t ,  a t  f i r s t  s e r v e d  t o  i n c r e a s e  t h e  s e l f - d i f f u s i o n  u n t i l  
a c r i t i c a l  c a p a c i t y  was r e a c h e d ,  a f t e r  w h i c h  a d r a m a t i c  s l o w i n g  down o c c u r r e d  

M e a s u r e m e n t s  o f  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  s e l f - d i f f u s i o n  i n  t h e  i n t e r v a l  
0 t o  60°C were p e r f o r m e d .  A c t i v a t i o n  e n e r g i e s  v a r y i n g  f rom 4 t o  11 k c a l / m o l e  
were f o u n d  w h i c h  i n c r e a s e d  w i t h  i n c r e a - s e  i n  c r o s s - l i n k i n g  and i o n i c  c h a r g e  

? 

t 

An i n t e r p r e t a t i o n  b a s e d  o n  t h e  i d e a  t h a t  t h e  e x c h a n g e r  i s  a r e l a t i v e l y  
c o n c e n t r a t e d  homogeneous ,  s o l u t i o n  i n  which.  t h e  d i f f u s i o n  r a t e  i s  g o v e r n e d  by  
t h e  work t o  form a " h o l e "  p l u s  t h e ,  work t o  s e p a r a t e  " i o n  p a i r s "  w i l l  b e  g i v e n .  

I n  a d d i t i o n ,  e v i d e n c e  f o r  t h e  p r e s e n c e  o f  s t e r i c  or e n t r o p y  o f  a c t i v a t i o n  

e f f e c t s  w i l l  b e  i n d i c a t e d  

Ion-Exchange Separations (R. .W. A t t e b e r r y  a n d  G. E B o y d ) .  A number o f  
new s e p a r a t i o n s  o f  e l e m e n t s  e i t h e r  among t h e  u r a n i u m  f i s s i o n  p r o d u c t s  o r  of 
e l e m e n t s  o u t s i d e  o f  t h e  h e a v y  e l e m e n t  r a n g e  w h i c h  w e r e  o f  r a d i o c h e m i c a l  

Some o f  t h e s e ,  i n -  

c l u d i n g  h a l i d e  s e p a r a t i o n s  b.y b o t h  f r o n t a l  9nd e l u t i o n  a n a l y s i s ,  s e p a r a t i o n  
o f  m a n g a n e s e ,  t e c h n e t i u m ,  and  r h e n i u m  by e l u t i o n  w i t h  n i t r a t e  i o n ,  s e p a r a t i o n  
of molybdenum and t e c h n e t i u m ,  o f  a r s e n i c  a n d  a p t i m o n y ,  o f  s e l e n i u m  a n d  t e l -  
l u r i u m ,  o f  m a n g a n e s e ,  i r o n ,  c o b a l t ,  n i c k e l ,  c o g p e r ,  and z i n c ,  and o f  z i n c  and  
cadmium were r e p o r t e d  a t  t h e  118 th  M e e t i n g  o f  t h e  Amer ican  C h e m i c a l  S o c i e t y  i n  
C h i c a g o ,  S e p t e m b e r  4-8 ,  1950. S i n c e  t h a t  t i m e  a i e r y  much i m p r o v e d  s e p a r a t i o n  
o f  T c ( V I 1 )  and Re(VI1)  by  e l u t i o n  w i t h  a l k a l i n e  p e r c h l o r a t e  s o l u t i o n s  h a s  b e e n  
d e v i s e d ,  and r a p i d  and e f f i c i e n t  s e p a r a t i o n s  o f  t i n  and  i n d i u m  and o f  cadmium 

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

* 

- i n t e r e s t  h a v e  b e e n  a c h i e v e d  s i n c e  o u r  l a s t  r e p o r t ,  ( l o )  

(10) Q. V. Larson, G. E. Boy,$, and, R. W. Atteberry 
Exchan e Chromatogra hy, 
1950, &NL-795, p. 154 (Oct. 3. 1950). 

"Separation of Fission Product Anians by Ion- 
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rhod ium i s o t o p e s  o c c u r  i n  f i s s i o n  s o  t h a t  i t  h a s  b e e n  n e c e s s a r y  t o  o b t a i n  a 
p u r e  c y c l o t r o n - p r o d u c e d  r a d i o n u c l i d e  of  t h i s  e l e m e n t ,  

Electrochemical Ion-Exchange Separations ( J .  H, Gross and R. E. Wacker)  ~ 

I n v e s t i g a t i o n  o f  t h e  e l e c t r o c h e m i c a l  p r o p e r t i e s  of b e d s  o f  Dowex-50 p a s  b e e n  
c o n t i n u e d  i n  an e f f o r t  t o  o b t a i n  d a t a  f rom which  t o  d e s i g n  a s e r i e s  o f  s e p a -  
r a t i o n  e x p e r i m e n t s  u s i n g  c o u n t e r c u r r e n t  e l e c t r o m i g r a t i o n  i n  a f i x e d  bed  o f  an 
i o n  e x c h a n g e r ,  The  p a i r  o f  i o n s  c h o s e n  f o r  t h e  s e p a r a t i o n  work i s  l i t h i u m  

and sodium,  

The c o n d u c t a n c e  o f  . a  bed  of an  i o n  e x c h a n g e r  c o n t a i n i n g  an e l e c t r o l y t e  
s o l u t i o n  i s  a n o n l i n e a r  f u n c t i o n  o f  t h e  e l e c t r o l y t e  c o n c e n t r a t i o n  C o n d u c t i o n  
may b e  r e g a r d e d  a s  t a k i n g  p l a c e  i n  t h r e e  p a r a l l e l  b r a n c h e s :  (1) e n t i r e l y  
t h r o u g h  t h e  r e s i n ,  ( 2 )  e n t i r e l y  t h r o u g h  t h e  s o l u t i o n ,  and ( 3 )  t h r o u g h  i n t e r -  
s t i t i a l  s o l u t i o n  e l e m e n t s  and r e s i n  p a r t i c l e s  i n  s e r i e s  The f i r s t  q u a n t i t y  
may b e  m e a s u r e d  a l o n e  by  s u b s t i t u t i n g  d i s t i l l e d  w a t e r  f o r  t h e  e l e c t r o l y t e  
s o l u t i o n  T h i s  h a s  been  done  f o r  v a r i o u s  fo rms  o f  A m b e r l i t e  IR-100 by Heymann 
and O’Donne l l  ( I 1 )  The s e c o n d  b r a n c h  o f  t h e  ne twork  i s  t h e  sum of t h e  c h a n n e l s  

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

c o n c e n t r a t i o n  a t  r e a s o n a b l y  low c o n c e n t r a t i o n s  For t h e  u s u a l  r a t h e r  t i g h t l y  
p a c k e d  bed  t h e  c o n t r i b u t i o n  of t h i s  b r a n c h  t o  t h e  o v e r a l l  c o n d u c t a n c e  s h o u l d  
b e  q u i t e  s m a l l ,  The  t h i r d  b r a n c h  o f  t h e  n e t w o r k  i s  o f  p r i n c i p a l  i m p o r t a n c e  
i n  d e t e r m i n i n g  t h e  o v e r a l l  c o n d u c t a n c e .  The v a r i a t i o n  o f  t h e  c o n d u c t a n c e  i n  
t h i s  b r a n c h  w i t h  e l e c t r o l y t e  c o n c e n t r a t i o n  i s  s t r o n g l y  d e p e n d e n t  upon t h e  mode 
o f  p a c k i n g  i n  t h e  b e d ,  d i s t r i b u t i o n  o f  p a r t i d l e  s i z e ,  and p o s s i b l e  v a r ’ i a t i o n  

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

* 

B e c a u s e  o f  t h e  s e r i o u s  u n c e r t a i n t y  i n  t h e  g e o m e t r i c a l  a r r a n g e m e n t  o f  a 
b e d  and  b e c a u s e  o f  t h e  l a r g e  number  o f  v a r i a b l e s  p r e s e n t  i n  t h e  c o m p l e t e  
e l e c t r i c a l  ne twork  which r e p r e s e n t s  t h e  bed,  w e  a r e  u n a b l e t o  d e r i v e  e x p r e s s i o n s  

f o r  t h e  o v e r a l l  b e d  c o n d u c t a n c e  a s  a f u n c t i o n  o f  e l e c t r o l y t e  c o n c e n t r a t i o n  
w i t h o u t  o v e r s  imp 1 i f  i c a t i  on However ,  an e x p e r i m e n t  a 1  d e t e r m i n a t i o n  p r e s e n t s  

no  g r e a t  d i f f i c u l t y .  

C o h d u c t a n c e s  o f  b e d s  o f  Dowex-50 i n  t h e  l i t h i u m ,  s o d i u m ,  and  h y d r o g e n  

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

(11) E. Heymann and I. J ,  O’Donnell, “Physicoc$mical Investigations of a Cation Exchange Resin 
(Amberlite IR100). 2. Resin Conductance, J .  C o l l o i d  S C L .  4, 405 (1949). 
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r e s p e c t i v e  c a t i o n s  have  been  d e t e r m i n e d  Conduc tances  o f  t h e  s o l u t i o n s  w i t h o u t  
t h e  r e s i n  bed have  a l s o  b e e n  measu red .  The e l e c t r o l y t e  c o n c e n t r a t i o n s  v a r i e d  
f rom z e r o  t o  0 . 5  M for L i C l  and NaC1, and t o  0 . 6  M f o r  HC1.  A l l  measu remen t s  
were  a t  25°C w i t h  60 c y c l e s / s e c  c u r r e n t  b e t w e e n  p l a t i n i z e d  e l e c t r o d e s .  The  
r e s i n  bed c o v e r e d  t h e  e l e c t r o d e s .  

A t  z e r o  e l e c t r o l y t e  c o n c e n t r a t i o n  ( d i s t i l l e d  w a t e r )  t h e  b e d s  e x h i b i t e d  a 
s p e c i f i c  c o n d u c t a n c e  o f  a p p r o x i m a t e l y  l o e 3  ohm" c m - l P  w i t h  t h e  hydrogen  form 

s i g n i f i c a n t l y  h i g h e r .  The  v a l u e s  m e a s u r e d  were f o u n d  t o  be  v e r y  s e n s i t i v e  
t o  any p r e s s u r e ' o n ,  or o t h e r  d i s t u r b a n c e  o f ,  t h e  b e d ,  and hence  a r e  o b v i o u s l y  

d e p e n d e n t  upon t h e  c o n t a c t i n g  a r e a s  o f  t h e  p a r t i c l e s .  The  s e n s i t i v i t y  t o  
p a c k i n g  d i s t u r b a n c e  l e s s e n s  r a p i d l y  a s  t h e  c o n c e n t r a t i o n  o f  e x t e r n a l  L i C l ,  
NaCl,  or HC1 i n c r e a s e s .  

T h e r e  e x i s t s  a p a r t i c u l a r  c o n c e n t r a t i o n  o f  e l e c t r o l y t e  a t  w h i c h  t h e  
s p e c i f i c  c o n d u c t a n c e  o f  t h e  s o l u t i o n  i s  e q u a l  t o  t h e  s p e c i f i c  c o n d u c t a n c e  o f  
t h e  r e s i n  p a r t i c l e  e q u i l i b r a t e d  w i t h  t h e  s o l u t i o n .  We s h a l l  c a l l  t h i s  t h e  
" i s o c o n d u c t i v e "  c o n c e n t r a t i q n  A t  t h i s  c o n c e n t r a t i o n  t h e  c o n d u c t a h c e  o f  t h e  
s y s t e m  i s  i n d e p e n d e n t  o f  mode o f ' p a c k i n g ,  p a r t i c l e  s i z e ,  and  e v e n  o f  t h e  
p r e s e n c e  of  r e s i n  i n  t h e  a p p a r a t u s .  From a d e t e r m i n a t i o n  o f  t h e  i s o c o n d u c t i v e  
c o n c e n t r a t i o n ,  and f rom pub l i she 'd  or  measured  v a l u e s  of  t h e  s p e c i f i c  conductance 
o f  t h e  s o l u t i o n  a t  t h i s  c o n c e n t r a t i o n ,  t h e  s p e c i f i c  c o n d u c t a n c e  o f  t h e  r e s i n  
may b e  o b t a i n e d ,  

Below a r e '  l i s t e d  t h e  i s o c o n d t c  t i v e  c o n c e n t r a t i o n s  f o r  t h e  t h r e e  e l e c t r o -  
l y t e s  s t u d i e d ;  t h e  v a l u e s  were o b t a i n e d  by  p l o t t i n g  c e l l  c o n d u c t a n c e  a g a i n s t  
e l e c t r o l y t e  c o n c e n t r a t i o n ,  w i t h  and w i t h o u t  a r e s i n  b e d  i n  t h e  c e l l ,  and  
t a k i n g  t h e  i n t e r s e c t i o n  of t h e  two c u r v e s  i n  e a c h  c a s e "  

CATION ON DOWEX-50 I SOCONDUCTIVE CONCENTRATION 

0 14 M N a C l  

0 . 1 0  M LiC1.  

H +  0 . 4 1  M HC1 

T h e s e  d a t a  show t h a t  t h e  c a t i o n  m o b i l i t i e s  o r  d i s s o c i a t i o n s  i n  t h e  r e s i n  a r e  

r e s t r i c t e d "  F o r  e x a m p l e ,  i n  t h e  c a s e  o f  sod ium t h e  s p e c i f i c  c o n d u c t a n c e  o f  
t he '  r e s i n  i s  e q u a l  t o  t h a t  o f  0 14 M NaC1. A t  0,14 A4 t h e r e  i s  a n e g l i g i b l e  

9 1  



amount o f  (Donnan)  'Cl' w i t h i n  t h e  r e s i n ,  and i t  i s  j u s t i f i a b l e  t o  assume t h e  
sodium t r a n s p o r t ,  number i n  t h e  r e s i n  t o  b e  1.0.  Then , , t he '  s p e c i f i c  c o n d u c t a n c e  
o f  t h e  r e s i n  i s  h ~ ~ ~ C ~ ~ ~ / 1 0 0 0 ,  where  A::! i s  t h e  a p p a r e n t  e q u i v a l e n t  i o n i c  

' , , conductance  o f  sod ium i n  t h e  r e s i n  and C i z ~  i s  t h e  a p p a r e n t  s o d i u m  c o n c e n -  
t r a t i o n  i n  t h e  r e s i n .  The  sod ium r e s i n  v a l u e  o f  kc::C::t i s  a p p r o x i m a t e l y  
1 4 . 5 i ~ . , t h e  volume c o n c e n t r a t i o n  o f  ' sodium i n  t h e  r e s i n  i s  a p p r o x i m a t e l y  3 . 5  M. 
The v a l u e  1 4 . 5  may a l s o  b e  c a l c u l a t e d  f o r  an a q u e o u s  NaCl s o l u t i o n  i n  wh ich  
t h e  Na' c o n c e n t r a t i o n  i s  0 , 3 7  M ,  or f o r  a n  a q u e o u s  N$,Sb, s o l u t i o n  0 4 3  M 
i n  Na', I t  i s  s e e n  t h a t ,  i f  t h e  s o d i u m . r e s i n  i s  comp,letely d i s s o c i a t e d ,  t h e  
i o n i c  conductance3  and t h e r e f o r e  t h e  m o b i l i t y ,  o f  Na' i n  t h e  r e s i n  i s  d e p r e s s e d  
f rom t h e  s o l u t i o n  ;'alue by a b o u t  one  o r d e r  o f  m a g n i t u d e ,  On t h e  o t h e r  hand ,  

i n  t h e  u n l i k e l y  c a s e  t h a t  t h e  i o n i c  c o n d u c t a n c e  i n  t h e  r e s i n  i s  n o t  a t  a l l  
d e p r e s s e d ,  t h e  d e g r e e  of d i s s o c i a t i o n  of t h e  r e s i n  w i l l  be 0 1 o r  h i g h e r  

Dur ing  t h i s  q u a r t e r  measu remen t s  have  a l s o  been made o f  t h e  d i s t r i b u t i o n  
c o n s t a n t  K ,  f o r  L i '  and Nat on Dowex-50,  and o f  t h e  v a l u e  o f  t h e  s e p a r a t i o n  
f a c t o r  a i n  e l e c t r o m i g r a t i o n  o f  m i x e d  Na' a n d  L i t  t h r o u g h  a s h o r t  b e d  o f  
Dowex-50. I n  d e t e r m i n i n g  t h e  v a l u e  o f  a i t  i s  a l s o  p o s s i b l e  t o  o b t a i n  t h e  
o v e r a l l  c a t i o n  t r a n s p o r t  number a t  v a r i o u s  e x t e r n a l  e l e c t r o l y t e .  c o n c e n t r a t i o n s ,  
and  i t  i s  t h u s  p o s s i b l e  t o  e s t i m a t e  c u r r e n t  e f f i c i e n c i e s  f o r  a s e p a r a t i o n  
p r o c e s s  based  on  e l e c t r o r n i g r a t i o n  i n  a ' f i x e d  bed .  

For t h e  e q u i l i b r i u m  Nat -t L i R t d  NaR + L i t ,  

The v a l u e s  f o r  a and t h e  t r a n s p o r t  numbers a r e  n o t  y e t  f i r m .  

D u r i n g  t h e  n e x t  q u a r t e r  a t t e m p t s  w i l l  be made t o  p e r f e c t  t h e  d a t a  on  a 

and t h e  c a t i o n  t r a n s p o r t  number f o r  t h e  Li'-Na'-Dowex-50 sys t em.  A p r a c t i c a l  
s e p a r a t i o n  o f  t h e  c a t i o n s  on  a s m a l l  s c a l e  w i l l  t h e n  b e  u n d e r t a k e n  Time and 
e q u i p m e n t  l i m i t a t i o n s  p e r m i t t i n g ,  t h e  c o n d u c t a n c e  o f  s i n g l e  e l e c t r o l y t e  b e d s  
a s  a f u n c t i o n  of .  f r e q u e n c y  w i l l  b e  i n v e s t i g a t e d .  By t h i s  means  i t  may b e  
p o s s i b l e  t o  e s t i m a t e  t h e  r e l a t i v e  i n f l u e n c e s  of p a r t i a l  r e s i n  d i s s o c i a t i o n  and 
r e s t r i c t e d  c a t i o n  m o b i l i t y  i n  t h e  r e s i n  p h a s e .  
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5 .  CHEMICAL PHYSICS 

NEUTBON DIFFRACTION STUDIES 

Neutron D i f f r a c t i o n  Study of t h e  C r y s t a l  S t r u c t u r e  o f  Ammonium Bromide* 
( H e n r i  A. Levy and S. W .  P e t e r s o n ) .  The c r y s t a l  s t r u c t u r e  o f  t h e  ammonium 
h a l i d e s  has  been a p o p u l a r  f i e l d  o f  i n v e s t i g a t i o n ,  e s p e c i a l l y ,  s i n c e  t h e  time 
i t  was shown t h a t  s e c o n d - o r d e r  phase  t r a n s i t i o n s ( I )  o c c u r r e d  i n  t h i s  group of  
compounds a t  t e m p e r a t u r e s  somewhat below room t e m p e r a t u r e .  T h r o u g h - t h e  com- 
b i n e d  e f f o r t s  o f  a number o f  w o r k e r s ( 2 - 5 )  i t  h a s  been e s t a b l i s h e d  t h a t  t h e  
f o l l o w i n g  s e r i e s  o f  t r a n s f o r m a t i o n s  o c c u r  i n  t h e  s t r u c t u r e s  o f  t h e  ammonium 

h a l i d e s  a s  t h e  t empera tu re  i s  lowered: 

184.3OC -30.5OC 
NH, C1: cub id  (NaCl) - -3 cub ic  ( C s c l )  cub ic  (CsC1) 

(2nd order )  

137 -8OC -38.l”C 
NH, Br i c u b i c  (NaCl) c u b i c  (CsC1) t e t r a g o n a l  

(2nd order j  

-17.6OC -41.6OC 
NH, I:  c u b i c  (NaC1) c u b i c  (CsC1) - t e t r a g o n a l  

(2nd order)  

The d e u t e r i u m - s u b s t i t u t e d  ammonium h a l i d e s ( 6 )  have a l s o  been i n v e s t i g a t e d .  
T h e s e ,  w i t h  t h e  e x c e p t i o n  of deutero-ammonium b r o m i d e ,  have shown t h e  same 
t r a n s f o r m a t i o n s  a s  t h e  hydrogen compound b u t  a t  somewhat d i f f e r e n t  t e m p e r a t u r e s .  
Deutero-ammonium bromidec6)  h a s  been shown t o  undergo t h e  f o l l o w i n g  changes :  

- 104OC 
c u b i c  (CsCl )  

- 58.4OC + cwbrc (CSC1) 9 t e t r a g o n a l  Y 2  5 “C 
Cubic (NaC1) 

(2nd order)  

(1) 

(2)  

(3) 

(4) 

(5) 

F. Simon and C. L. von Simson, “Ein Uqnvandlungspunkt der  Ammoniumsalze zwischenc40und -40 Grad,” 
Naturrrsschenscha~ten 14, 880 (1926). 
F. Simon and R. Bergmann, “Thermisch erreete QuantensprGnge i n  f e s t e n  Korpern. I V .  Messnng d e s  
thermischen Ausdehnung i m  Gebiet  d e r  Anomlie,’: 2. p h y s i k .  Cben. 8&, 255 (1930). 
J. A.  A. K e t e l a a r ,  “ C r y s t a l  S t ruc tures  of t h e  Low Temperature kodi f ica tnon  of  Ammonium Bromide, ” 
Nature 134, 250 (1934). 
A. Stnits, J .  A, A. K e t e l a a r ,  and G. J .  Muller ,  ”The Transformation of Ammonium Bromide a t  About 
-39O, 2. p h y s a k .  Cher.  A175, 359 (1936). 
J.  Weigle and H. S a i n i ,  “La s t r u c t u r e  du bromure d’ammonium 5 basses  tempGratures,” R e I u .  P h y s .  
Acta 9 ,  515 (1936). 

(6) 

*This  work was performed f o r  the  United S t a t e s  At‘omic Eneygy Commission. 

A. Smits and D. Tol lenaar ,  “Die A r t  der  Tieftemperaturumwandlung 
222 (1942). 

von ND4J,”Zr p h y s i k .  Chen. B52, 
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Whi le  X - r a y - d i f f r a c t i o n  m e t h o d s  h a v e  e s t a b l i s h e d  t h e  e x i s t e n c e  o f  t h e  above  
c r y s t a l l o g r a p h i c  p h a s e s  and s t r u c t u r e  t y p e s ,  e v i d e n c e  o f  t h e i r  p r e c i s e  n a t u r e  
i s  n o t  o b t a i n a b l e  by t h i s  means.  E v i d e n c e  o b t a i n e d  by means o f  t h e  many o t h e r  
p h y s i c a l  m e t h o d s  a p p l i e d  t o  t h i s  i n t e r e s t i n g  p r o b l e m  i s ,  on  t h e  w h o l e ,  i n -  
c a p a b l e  o f  p r o v i d i n g  a c o m p r e h e n s i v e  and p r e c i s e  p i c t u r e  o f  t h e  s u b t l e  s t r u c -  
t u r a l  d i f f e r e n c e s  be tween  t h e  s e v e r a l  p h a s e s ,  a l t h o u g h  t h e  i n f r a r e d  and Raman 
s p e c t r a l  s t u d i e s  o f  Wagner and  Horn ig" ' )  and  o t h e r s  p r o v i d e  s t r o n g  e v i d e n c e  
for c e r t a i n  c h a r a c t e r i s t i c s  o f  t h e s e  s t r u c t u r e s  w h i c h  a r e  i n  t h e  ma in  c o n -  
f i r m e d  by t h e  p r e s e n t  s t u d y .  The newly  d e v e l o p e d  n e u t r o n - d i f f r a c t i o n  method 
p r o v i d e s  a most  s u i t a b l e  t o o l  f o r  t h i s  t y p e  o f  i n v e s t i g a t i o n ,  p r i m a r i l y  b e c a u s e  

hydrogen  atoms c a n  be l o c a t e d  by t h i s  means.  

Deutero-ammonium b r o m i d e  was s e l e c t e d  f o r  i n v e s t i g a t i o n  b e c a u s e  o f  i t s  

s p e c i a l  i n t e r e s t  a n d  b e c a u s e  d e u t e r i u m  l e n d s  i t s e l f  b e t t e r  t o  n e u t r o n  d i f -  
f r a c t i o n  s t u d i e s  t h a n  d o e s  h y d r o g e n .  R e a g e n t  g r a d e  ammonium b r o m i d e  was  
d e u t e r a t e d  e s s e n t i a l l y  t o  c o m p l e t i o n  by means o f  r e p e a t e d  s o l u t i o n  i n  99.8% 
heavy  w a t e r  f o l l o w e d  by e v a p o r a t i o n  o f  t h e  s o l v e n t .  T h e  c h e m i c a l  p u r i t y  $ o f  
t h e  vacuum-dr i ed  s a m p l e  was e s t a b l i s h e d  by c h e m i c a l  a n a l y s i s  and t h e  i s o t o p i c  
p u r i t y  by n e u t r o n  t r a n s m i s s i o n  measu remen t s .  

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 t h e  f i n e l y  powdered sample  by means 
o f  an a u t o m a t i c a l l y  r e c o r d i n g  n e u t r o n  s p e c t r o m e t e r  s i m i l a r  t o  t h e  one d e s c r i b e d  

by W o l l a n  a n d  S h u 1 1 , ( 8 >  b u t  d i f f e r i n g  f r o m  i t  i n  t h a t  s c a t t e r e d  n e u t r o n  
i n t e n s i t i e s  were m e a s u r e d  w i t h  a c o u n t - r a t e  meter and r e c o r d e d  on  a s t r i p  
c h a r t .  A s e r v o  m e c h a n i s m  h e l d  t h e  i n c i d e n t  n e u t r o n  i n t e n s i t y  c o n s t a n t .  
D i f f r a c t i o n  d a t a  were o b t a i n e d  a t  t e m p e r a t u r e s  b o t h  a b o v e  a n d  b e l o w  room 
t e m p e r a t u r e ,  u s i n g  an  a l u m i n u m  c r y o s t a t  w i t h i n  w h i c h  t h e  s a m p l e  c o u l d  b e  
c o o l e d  o r  h e a t e d  w h i l e  i n  vacuum. D i f f r a c t i o n  d a t a  on powdered  n i c k e l .  were 

a l s o  o b t a i n e d  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  adjusting t h e  
i n t e n s i t i e s  o f  t h e  ammonium bromide  r e f l e c t i o n s  t o  an  a b s o i 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  r e f l e c t i o n s  were d e t e r m i n e d  d i r e c t l y  f rom 
t h e  c h a r t  r e c o r d  u s i n g  t h e  t r a p e z o i d  r u l e  c h e c k e d  o c c a s i o n a l l y  by a t r i a n g l e  
a p p r o x i m a t i o n ,  A r a t h e r  l a r g e  u n c e r t a i n t y  i s  a t t a c h e d  to many o f  t h e  i n t e n s i t y  
v a l u e s .  T h i s  i s  due  t o  t h e  l a r g e  s t a t i s t i c a l  e r r o r  i n h e r e n t  i n  low c o u n t i n g  

( 7 )  

(8) 

E. L., Wagner and D. F. Hornig, "The Vibrational Spectra of Molecules and Complex Ions i n  Crystals. 
111. Ammonium Chloride and Deutero-honium Chloride: J .  Cher. Phys .  18, 296 (1350) 
E. 0. Wollan and C. Go Shull ,  "The Diffraction of Neutrons by Crystall ine Powders," P h y s .  Rev.  
73,  830 (1948). 
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r a t e s  t o  i n c o m p l e t e  r e s o l u t i o n  o f  peaks  ~ and t o  u n c e r t a i n t y  i n  t h e  background 

l e v e l .  The background  u n c e r t a i n t y  i s  a c c e n t u a t e d  by t h e  o f t e n  u n s a t i s f a c t o r y  
p e a k  h e i g h t - t o - b a c k g r o u n d  r a t i o  a n d  by  t h e  r a t h e r  c o n s i d e r a b l e  s t r u c t u r e  
a p p a r e n t  i n  t h e  d i f f u s e  background ,  

Obse rved  i n t e g r a t e d  r e f l e c t i o n s  P h k  I f rom s e v e r a l  p a t t e r n s  were a v e r a g e d  
and  v a l u e s  o f  j F z  were computed f rom , t h e  f o l l o w i n g  f o r m u l a  a p p r o p r i a t e  t o  t h e  
c a s e  o f  a c y l i n d r i c a l  sample  b a t h e d  i n  r a d i a t i o n :  

T h e  q u a n t i t y  i n  p a r e n t h e s e s  w a s  
i n t e g r a t e d  r e f l e c t i o n s  o f  n i c k e l  

2 1 1  

' . B m b ~  j F h k l  s i n  0 s i n  2 8  

e v a l u a t e d  n u m e r i c a l l y  f r o m  t h e  m e a s u r e d  
p o w d e r .  T h e  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  f o r  X - r a y  s c a t t e r i n g ,  5 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 b r  was 
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  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  o f  w a v e l e n g t h  1 .15  A ,  t h e  w a v e l e n g t h  u s e d  t h r o u g h o u t  t h i s  i n v e s t i -  
ga t i o n .  

C a l c u l a t e d  v a l u e s  o f  jF' were o b t a i n e d  b y  a d a p t a t i o n s  o f  t h e  u s u a l  
f o r m u l a , C g )  

where i n  t h e  n e u t r o n  c a s e  f, i s  g i v e n  by The c o h e r e n t  c r o s s - s e c t i o n  
(T h a s  b e e n  e x p e r i m e n t a l l y  d e t e r m i n e d  f o r  many s u b s t a n c e s  by S h u l l  a n d  
Wol I a n  e ( O ) 

L o w - T e p p e r a t u r e  Cubi .c  P h a s e .  P r e v i o u s  X- ray  s t u d i e s  o f  deutero-ammonium 

b r o m i d e  a t  -140°C h a v e  s h o w n ( 6 )  t h a t  t h e  n i t r o g e n  a n d  b r o m i n e  a t o m s  a r e  
a r r a n g e d  a c c o r d i n g  t o  a C s C l  t y p e  s t r u c t u r e  c o n s i s t e n t  w i t h  s p a c e  g r o u p  

( 9 )  Internationale Tabellen t a r  B e s t t u u n g  UOR Kristallstruktu-en, rev e d . ,  Edwards Brothers, Ann 

(10) C. G. Shull  and E. 0. Wollan, <'Coherent Scat te r ing  Amplrtudes as Determined by Neutron D i f f r a c t i o n , "  

Arbor ,  Michigan, 1944. 

P h y s .  R e v .  81, 527 (1951). 
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s y m m e t r y  O h 1 *  t h e  u n i t  c e l l  l e n g t h  b e i n g  3 . 9 8  A .  T h e  p l a c e m e n t .  o f  f o u r  
hydrogen  atoms t e t r a h e d r a l l y  a round  n i t r o g e n ,  however ,  r e q u i r e s  a s p a c e  g r o u p  
o f  symmetry no h i g h e r  t h a n  T d ' .  

The  n e u t r o n - d i f f r a c t i o n  powder  p a t t e r n  o f  ND,Br o b t a i n e d  a t  -195°C i s  
i l l u s t r a t e d  i n  F i g .  5.1.  The p a t t e r n  was i n d e x e d  on t h e  b a s i s  o f  a c u b i c  u n i t  

w i t h  a. = 3 .96  A ,  c o n s i s t e n t  w i t h  t h e  X- ray  v a l u e  above  i n  v iew o f  t h e  Power 
t e m p e r a t u r e .  The  i m p o r t a n c e  o f  d e u t e r i u m  s c a t t e r i n g  i s  i l l u s t r a t e d  by t h e  
(100)  p e a k ,  which would be h a r d l y  o b s e r v a b l e  by n e u t r o n  d i f f r a c t i o n  i f  i t  were 

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

S t r u c t u r e  f a c t o r s  were c a l c u l a t e d  f o r  a Tdl model  w i t h  N and  Br p l a c e d  
i n  a and b , r e s p e c t i v e l y , a n d  f o u r  d e u t e r i u m  a t o m s  i n  p o s i t i o n s  

e i n v o l v i n g  o n e  p a r a m e t e r  x a  A more s e v e r e  D e b y g - W a l l e r  t e m p e r a t u r e  f a c t o r  
f o r  D t h a n  f o r  N and Br was found  n e c e s s a r y  t o  g i v e  ag reemen t  w i t h . t h e  o b s e r v e d  

d a t a .  S a t i s f a c t o r y  a g r e e m e n t ,  shown i n  T a b l e  5 . 1 ,  was a c h i e v e d  w i t h  t h e  

f o l l o w i n g  p a r a m e t e r  and 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  v a l u e s :  

x = 0.144 f 0 . 0 0 3 ,  B ( D )  = 1.4, B ( N )  B ( B s )  = 0.17' 

The c o r r e s p o n d i n g  N-D bond d i s t a n c e  1 s  0 , 9 8 8  t 0 , 0 2 0  A .  The r a t h e r  s e ~ e r e  
t e m p e r a t u r e  f a c t o r  for  D c o r r e s p o n d s  t o  a s p h e r i c a l l y  s y m m e t r i c a l  a m p l i t u d e  
w i t h  a r o o t  mean s q u a r e  o f  0 . 1 4  A:The e f f e c t  o f  g r e a t e r  a m p l i t u d e  p e r p e n d i c -  
u l a r  t o  t h a n  a l o n g  t h e  N-D l i n k  was a l so '  i n v e s t i g a t e d ,  u s i n g  a m e t h e d  s f n i l a r  
t o  t h a t  d e s c r i b e d  i n  t h e  n e x t  s e c t i o n ;  a g r e e m e n t  e s s e n t l a l l y  a s  good a s  t h a t  
p r e s e n t e d  i n  T a b l e  5 .1 ,  b u t  no b e t t e r ,  was o b t a i n e d  f o r  a c h a r a c t e r i s t i c  a n g l e  
o f  d e v i a t i o n  a up to 5", B $ D )  = 1 . 2 ,  B(N) = B(Br) = 0 ,  and x -- 0.145. 

- 

R o o m - T e m p e r a t u r e  G u b r c  Phase. The n e u t r o n - d i f f r a c t i o n  p a t s e r n  o f  ND,Br 
o b t a i n e d  a t  23'C is shown s c h e m a ~ i c a l l y  i n  F i g .  5 . 2 c  T h i s  p a t t e e n w a s i n d e x e d  
o n  t h e  b a s i s  o f  a c u b i c  u n i t  w i t h  a L 4 . 0 4 7  A ,  i n  a g r e e m e n t  w i t h  X-say 
d e t e r m i n a t i o n s . (  5 T h a t  t h e r e  a r e  marked  d i f f e r e n ~ e ;  b e t w e e n  t h i s  p a t t e r n  
and t h e  low- t e m p e r a t u r e  p a t  t e r n  i s  immediaze ly  a p p a r e n t ,  The marked d e c r e a s e  
i n  p e a k  i n t e n s i t y  a t  l a r g e  a n g l e 5  i s  d u e  i n  p a r t  te s t r u c t u r a l  d i f f e r e n c e s  
and i n  p a r t  t o  i n c r e a s e d  t e m p e r a t u r e  rnoeiorn, 

(11) R. W. G Wyckoff, Crys ta l  Struc tures ,  p .  7, In tesscwneo,  New Yaprk, 1948 
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NEUTRON DIFFRACTION PATTERN 

OF N D 4  B r  (23 "C ) 
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1 

hk 1 

100 
110 
111 
200 
2 10 
2 11 
220 

300 
310 
3 11 
222 
320 
32 1 
400 

331 
42 0 
42 1 
3 32 
422 

- 

333 

521 

TABLE 5 . 1  

ND,Br  Data a t  - 1 9 5 O C  

j P  QESERYED 

17 09 
72.3 
16.1 
5.0 
1.7 

87.1 
30.8 

76.0 

4 1  
13.3 
41.5 

5.8 
163 2 

0 

2 7.4 

117.5 

33.4 
93 2 
40.. 9 
25.0 

92.4*** 

252,5 

43.7 

143 I 5*** 

P 0.4 
1 .4  
0.8 
0.6 
1.0 
2.4  
2.0 

3 . 5  

2 . 1  
3 .5  
8 
4 
8 
1 

3 

15 

15 
15 
15 
10 

10 

25 

20 

14 

*Parameter: x = 0.144. 
**Peaks beyond t h i s  one are incompletely resolved. 

***Unresolved peaks. 

9 9  

j F 2 *  CALCULATED 
- 

17.9 
72.0 
15.4 
5.1 
0.6 

84.5 
31.1 

18.3 
2.4 

13.1 
43.3 
8 .4  

159.5 
0.2 

11.8 

27.5 
77.7 
23 4 
32.0 

18.5 
6"9} 

150.3 



No ag reemen t  was found p o s s i b l e  w i t h  a model i n  which t h e  d e u t e r i u m  a toms 
were p l a c e d  i n  p o s i t i o n s  e o f ‘ s p a c e  g r o u p  T d l ,  e v e n  w i t h  s e v e r e  t e m p e r a t u r e  
m o t i o n  i n c l u d e d ,  S i n c e  t h e  t r a n s i t i o n  a t  58°C h a s  a l t e r n a t i v e l y  been  c o n -  
s i d e r e d  a s  t h e  a d v e n t  o f  f r e e  r o t a t i o n ( ” )  O F  a s  an o r d e r - d i s o r d e r  t r a n s i -  
t i o n , ( 1 3 )  m o d e l s  i n v o l v i n g  f r e e l y  r o t a t i n g  ammonium i o n s  a n d  d i s o r d e r e d  
ammonium i o n s  were among t h o s e  t e s 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  f r e e ,  r o t a t i o n  
model were computed w i t h  a d e u t e r i u m  c o n t r i b u t i o n  o f  

where  a i s  t h e  r a d i u s  o f  t h e  s p h e r i c a l  s h e l l  c o n t a i n i n g  t h e  d e u t e r i u m  a toms  
e x p r e s s e d  a s  a f r a c t i o n  o f  t h e  u n i t  c e l l  l e n g t h  a,)  and h o , i s  J P - T k 2  + 1 2  

Models i n v o l v i n g  o r i e n t a t i o n a l  d i s o r d e r  a r e  d e s c r i b e d b y p l a c i n g  f o u r  d e u t e r i u m  
atoms a t  random i n  t h e  e i g h t f o l d  p o s i t i o n s  g o f  s p a c e  g roup  O h ’ ,  

T a b l e  5 , 2  c o m p a r e s  t h e  e x p e r i m e ‘ n t a l  j F 2  v a l u e s  f o r  a n u m b e r  o‘f k e y  
r e f l e c t i o n s  w i t h  t h o s e  c a l c u l a t e d  f o r  a s i m p l e  o r d e r e d  T,’ model ,  a n O h 1  mod41 
i n v o l v i n g  d i s o r d e r ,  and  an  0,’ model i n v o l v i n g  f r e e  r o t a t i o n  o f  t h e  ammonium 
i o n .  I t  i s  a p p a r e n t  t h a t  t h e  d i s o r d e r e d  mode l  shows  t h e  b e s t  a p p r o a c h  t o  
ag reemen t  w i t h  e x p e r i m e n t ,  w h i l e  th.e f r e e - r o t a t i o n  model h a s  some p o i n t s  i n  i t s  

f a v o r .  The  a p p l i c a t i o n  o f  D e b y e - W a l l e r  t e m p e r a t u r e  f a c t o r s ,  e s p e c i a l l y  t o  
d e u t e r i u m ,  b r o u g h t  improvemen t  b u t  was n o t  s u f f i c i e n t  t o  g i v e  s a t i s f a c t o r y  

a g r e e m e n t .  

The compar i son  i n  Table ,  5 * 2  s u g g e s t s  t h a t  a more s a t i s f a c t o r y  model might. 
b e  a c h i e v e d  by s u p e r p o s i n g  on t h e  o r i e n t a t i o n a l  d i s o r d e r  a s e v e r e  t e m p e r a t u r e  
m o t i o n  c o r r e s p o n d i n g  t o  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  ammonium i o n ”  T h i s  
s o r t  o f  model was approxi’mated by c o n s i d e r i n g  t h a t  e a c h  hydrogen  is  d i s t r i b u t e d  
n o t  o n l y  i n  a s p h e r i c a l  c l o u d  c o r r e s p o n d i n g  t o  t h e  u s u a l  t e m p e r a t u r e  f a c e o r ,  

b u t  a l s o  a r o u n d  a c i r c l e  c e n t e r e d  a t  one  o f  t h e  p o s i t i o n s  g o f  O h a d  I f  a 1 3  

t h e  c e n t r a l  h a l f - a n g l e  o f  t h e  c o n e  d e f i n e d  by t h e  n i t r o g e n  p o s i t i o n  and  t h i s  
c i r c l e ,  t h e  c o r r e s p o n d i n g  c o n t r i b u t i o n  o f  d e u t e r i u m  t o  t h e  s t r u c t u r e  f a c t o r  i s  

exp Wi cos a (hx ,  -t ky, + Jo (2rrG s i n  a )  c 
(12) L. Pauling, “lhe Rotational Motion of Molecules i n  Crystals,’  P h y s .  Rev., 36, 430 (1930)” 

I 

(13) J, Frenkel, “Uber die Drehung von Dipolrnolekklen i n  fes ten  Kdrpemr” A c t a  Physrcochim 
23 (1935). 
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where  x o ,  y o >  a n d  z o  d e s c r i b e  i n  t u r n  t h e  e i g h t  p o s i t i o n s  c o r r e s p o n d i n g  t o  
a - 0 ,  t h e  summation i s  o v e r  t h e s e  p o s i t i o n s ,  S = ( h y ,  - k,xo )' + ( 2 x o  - h z O ) '  
+ ( k z o  ky,)', and J ,  i s  t h e  B e s s e l  f u n c t i o n  o f . s e r o  o r d e r ,  T h i s  e x p r e s s i o n  
i s  a d a p t e d  f rom a more g e n e r a l  one  g i v e n  by Lipscomb. : '49  W h i l e  t h e  u s e  o f  
a s i n g l e  v a l u e  o f  a i s  a r t i f i c i a l  and  a w e i g h t e d  a v e r a g e  o v e r  a d i s t r i b u t i o n  
i n  a i s  d o u b t l e s s  t o  be p r e f e r r e d ,  t h e  s e n s i t i v i t y  o f  t h e  n e u t r o n  i n t e n s i t i e s  
t o  t h i s  p a r a m e t e r  d i d  n o t  j u s t i f y  t h e  more e l a b o r a t e  p r o c e d u r e ,  

- 

- 

W i t h  a p p r o p F i a t e  c h o i c e s  o f  t h e  p a r a m e t e r s  n o  a n d  a , a n d  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  f o r  D, N , a n d  B r ,  a s a t i s f a c t o r y  f i t  was  o b t a i n e d ,  

TABLE '5.2 

Selected ND4Br  Data at 23'C 

100 
110 
111 
200 
211 
220 

311 
222 
32 1 
400 

CALCULATED * j  ~2 

19.7 
18.7 
17.7 
6.5 

96.0 
31.0 
88.2 

25.6 
25.7 
65.2 
195.3 
4.5 

DISOWERED Oh 

19.7 

5.6 
6. 5 

42.2 
31.0 
1.3 

25.6 
12.9 
18.1 
153.6 
4.5 

7 8 . 7  

*No t e m p e r a t u r e  factors were applied. 

FREE ROTATION 

20.1 
73.2 
2.9 
14.5 
26.4 
lL1. 3 
3.3 

0.8 
1.8 

10.5 
83.6 
13.3 

The f i n a l  v a l u e s  o f  t h e  p a r a m e t e r s  and t e m p e r a t u r e  

EXPERIMENTAL jF' 

17.9 
67 - 3 
3.6 
6.8 

32.1 
19.5 

4.8 

3.0 
11.3 

0 
77.8  

c o e f f i c i e n t s  a r e :  

x o  0.142 t- 0*002, a - l o t -  3 " ,  B(D1 3 05 B(NE B(Br) = 1.44 

(14) M. V King and W N Lipscomb, "Formulas f o r  X Ray S c a t t e r i n g  from Atoms i n  Various S p a t i a l  
Probabi l i ty  Dis tr ibut ions ,"  A c t a  C r y s t o  3, 318 (1950) 

1 0 1  



c 

T a b l e  5 . 3  p r e s e n t s a  c o m p a r i s o n o f  e x p e r i m e n t a l  j F 2  v a l u e s  w i t h  t h o s e  c a l c u l a t e d  
f o r  t h e  f i n a l  model  f o r  a l l  r e f l e c t i o n s  i n  the a v a i l a b l e  a n g u l a r  r a n g e .  The 
N-D d i s t a n c e  i s  0 . 9 9 5  k 0 . 0 1 5  A ,  

D i s c u s s i o n ,  T h i s  i n v e s t i g a t i o n  c o n f i r m s  d e c i s i v e l y  t h e  c o n c l u s i o n ,  
p r e v i o u s l y  b a s e d  on i n d i r e c t  e v i d e n c e ,  t h a t  a t  low t e m p e r a t u r e s  t h e  s t r u c t u r e  
o f  ND4Br i s  o r d e r e d  and a t  room t e m p e r a t u r e  i n v o l v e s  o r i e n t a t i o n a l  d i s o r d e r  o f  
t h e  ammonium i o n s ,  The l o w - t e m p e r a t u r e  s t r u c t u r e  i s  e n t i r e l y  s i m i l a r  t o  t h a t  
r e c e n t l y  r e p o r t e d  f o r  l o w - t e m p e r a t u r e  ND4C1 f rom a n e u t r o n  d i f f r a c t i o n  s t u d y ;  
however ,  o u r  s t r u c t u r e  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  c o n t r a s t s  j r i t h  t h a t  f o r  

room t e m p e r a t u r e  ND4C1 i n  w h i c h ,  a c c o r d i n g  t o  t h e  same i n v e s t i g a t o r s ,  n o  
d i s o r d e r  was  f o u n d ,  

The  s t r u c t u r e  o f  b o t h  p h a s e s  o f  ammonium b romide  i s  b a s e d  on t h e  CsCl  
t y p e  l a t t i c e  Thus  e a c h  n i t r o g e n  i s  s u r r o u n d e d  by e i g h t  b romide  i o n s  a t  t h e  
c o r n e r s  o f  a c u b e ,  Ir, t h e  o r d e r e d ” p h a s e ,  t h e  h y d r o g e n  a t o m s  s u r r o u n d  t h e  
n i t r o g e n  t e t r a h e d r a l l y ,  t h e  R--0 l i n k s  a r e  d i r e c t e d  toward  f o u r  o f  t h e  e i g h t  
s u r r o u n d i n g  b romide  i o n s ,  and a l l  ammonium i o n s  a r e  i n  p a r a l l e l  o r i e n t a t i o n ,  

T h i s  s t r u c t u r e  i s  shown i n  F i g ,  5 . 3 ,  I n  t h e  d i s o r d e r e d  p h a s e  t h e  N-D l i n k s  
a r e  a g a i n  d i r e c t e d  toward  t h e  s u r r o u n d i n g  b romide  i o n s  b u t  o v e r  any  e x t e n d e d  
r e g i o n  o f  t h e  c r y s t a l  a l l  e i g h t  o f  t h e s e  p o s i t i o n s  a r e  o c c u p i e d  w i t h  e q u a l  
p r o b a b i l i t y ,  T h i s  i s  a c h i e v e d  i f  t h e  ammonium i o n s  a r e  a r r a n g e d  a t  random i n  

t h e  two p o s s i b l e  o r i e n t a t i o n s  i n  which  t h e  h y d r o g e n s  a p p r o a c h  most  c l o s e l y  t o  
t h e  bromide  i o n s ,  

The s t r u c t u r e s  i n d i c a t e  t h a t  an  a t t r a c t i o n  bet,ween hydrogen  and b romine  
i s  e f f e c t i v e  i n  d e t e r m i n i n g  t h e  a r r a n g e m e n t  o f  a t o m s  i n  t h i s  c r y s t a l .  The  
o r d e r e d  p h a s e  i s  p r o b a b l y  s t a b i l i z e d  by weak r e p u l s i v e  f o r c e s  between hydrogen  
a toms o f  n e i g h b o r i n g  i o n s  T h i s  s t a b i l i z a t i o n  i s  overcome a t  h i g h e r  t e m p e r a -  
t u r e s  by t h e  i n c r e a s e d  e n t r o p y  o f  t h e  d i s o r d e r e d  s t r u c t u r e ,  

T a b l e  5 .4  p r e s e n t s  v a l u e s  o f  t h e  N---H o r  N-D d i s t a n c e  found  i n  ammonia,  
ammonium c h l o r i d e ,  and ammonium bromide  by v a r i o u s  me thods .  The d i f f e r e n c e s  
be tween  t h e s e  v a l u e s  a r e  s m a l l  b u t  may be s i g n i f i c a n t .  

The r a t h e r  l a r g e  v a l u e  o f t h e  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  B f o r  bromine  
i n  t h e  room- tempera tu re  phase  s u g g e s t s  t h a t  t h e r e  may a c t u a l l y  be some random- 
n e s s  i n  t h e  b romine  p o s i t i o n ,  i n  a c c o r d  w i t h  a s u g g e s t i o n  made by Wagner and  
H o r n i g ( ’  ) a t h a t  a p a r t i c u l a r  b romine  p o s i t i o n  would  b e  e x p e c t e d  t o  d e p e n d  on  

102 



. 
5 

. 



. 
2 

hk 1 

100 
110 
111 
200 
2 10 
211 
220 
22 n 
300). 

3 10 
311 
222 
320 
821 
400 

J 

33 1 
420 
421 
3 32 
422 

52 1 
440 

TABLE 5.3 

ND,Br Data at 23'C' 

j F 2  OBSERVED 

17.7 

3.6 
67.3 

6.8 
0' 

32.1 
19.5 

7.8 

3 , 7  
3.0 

11*3 
3. I 

77.8 
0 

6.1 

48.0 

9.6 

5.2 
18.1 
17 8' 

3609 

93 " 144 ** 

4.1 

25.5 
10.4 

- 
ESTIMATED UNCERTAINTY 

IN j F 2  

f 0.35 
1.3 
0.4 
0.7 
1.0 
1.6 
1 4  

0.8 

1.8 
1.5 
1 -7  
lL 8 
5-8 
1.0 

3.0 

4.8 

4.8 
5.5 
2-6 
2*7  
2.- 6 

13.0 

2.0 

9.7 
5.2 

I 

*PclsatPeters: z,, --- 0.142, a = 10: 
**Peaks beyond t h i s  one are incompletely resolved 

***Unresolved peaks. 

17.8 
64.5 
3.9 
6.2 
0.2 

32.0 
1an9 z) 
3.9 
3.0 

1103 
2PO 

72.8 
0.1 

. 0 .6  4- ") 
:::q 
6*8 

31.3 
2.5 

18.8 
19.3 
0 
9.9 

14.4 
63.6 

0.4 
0.3 

0.8 
1.3) 

32.8 
13.6 

88-6 
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t h e  number  a n d  d i s t r i b u t i o n  o f  h y d r o g e n  a t o m s  c l o s e  t o  i t .  E x p l i c i t  i n -  
c o r p o r a t i o n  o f  randomness  i n t o  t h e  mode l ,  however ,  d i d  n o t  improve  a g r e e m e n t  
be tween c a l c u l a t e d  and  o b s e r v e d  i n t e n s i t i e s .  The v a l u e  o f  B c o r r e s p o n d s  t o  a 

r o o t  mean s q u a r e  d e v i a t i o n  o f  0 . 1 3  A, a v a l u e  n u m e r i c a l l y  c l o s e  t o t h e  o b s e r v e d  
s h i f t  o f  bromine  i n  t h e  t e t r a g o n a l  p h a s e  s t r u c t u r e  f rom t h e  i d e a l  p o s i t i o n . ( 3 )  

ND, Br 

NH,, ND3 

TABLE ‘ 5 . 4  

N-,H o r  N 4  Distances 

0.995 Neutran d i f f r a c t i o n  

1 . 0 1  Spectroscopy 

N-H or N-D 
SUBSTANCE I DISTANCE,( A I  ME MOD 

N H p  

NH, c1 
NH,Br 

ND4C1 

1 . 0 1  

1.025 

1.039 

1 .03  

Nuclear magnetic 

Nuclear magrletic 

Nuclear magnetic 

Neutron d i f f r a c t i o n  

resonance 

resonance 

resonance 

REFERENCE 

(16) 

(17) 

(17) 

(15) 

This  research 

EXPERIMENTS I N  CHEMICAL KENETICS WITH MOLECULAR BEAMS 

S o  Datz  and E” H. T a y l o r  

T h i s  r e s e a r c h  h a s  b e e n  r e s t a r t e d  a f t e r  a l a p s e  o f  a b o u t  s i x  m o n t h s ,  
R e c e n t  i m p r o v e m t n t s  i n  c o u n t i n g  t e c h n i q u e s  have  s u g g e s t e d  some c h a n g e s  i i  t h e  
s e p a r a t i o n  a n d  c o u n t i n g  o f  r a d i o b r o m i n e ,  a n d  some p r e l i m i n a r y  e x p e r i m e n t s  
were done  t o  a s s e s s  t h e  p o s s i b i l i t i e s .  A t  p r e s e n t ,  t h e  beam a p p a r a t u s  i s  
b e i n g  s t a r t e d  up  f o r  t h e  p u r p o s e o f  c a l i b r a t i n g  t h e  n e u t r o n  a c t i v a t i o n  a n a l y s i s  
o f  b romine  a g a i n s t  t h e  s u r f a c e  i o n i z a t i o n  gauge  f o r  p o t a s s i u m ,  u s i n g  a beam 

o f  KBr.  

(15) 

(16) 

(17) 

G .  H. Goldschmidt and D. G,  Hurst, *‘%e S t r u c t u r e  of Ammonium Chloride by Neutron D i f f r a c t i o n , ”  
B u l l .  An. P h y s .  SOC. 26 (No. l ) ,  28 (1951).  
H S. @towsky and G. E. Pake, “Nuclear  Magnetism i n  S t u d i e s  of  Molecular S t r u c t u r e  and Rota t ion  
i n  Sol ids :  Ammonlum Salts,” J .  Chern. P h y s .  16,  1164 (1948).  
H. S B. Kistiakowsky, G .  E. Pake, and E. M. P u r c e l l ,  “ S t r u c t u r a l  I n v e s t i g a t i o n s  by 
Means of Nuclear Magnetism. I Rigid Crys ta l  La t t ices ,”  J .  Chee .  P h y s .  17, 972 (1949). 

Gutbwsky, G 
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RADIOFREQUENCY SPECTROSCOPY 

R, L i v i n g s t o n  

& 

Magnetic Moment of The magne t i c  moment s t u d y ,  a c o o p e r a t i v e  
p rogram w i t h  H. E o  W a l c h l i  o f  t h e  S t a b l e  I s o t o p e s  R e s e a r c h  and P r o d u c t i o n  
D i v i s i o n  (Y-12) and G. M. H e b e r t  o f  t h e  C h e m i s t r y  D i v i s i o n . ( X - l o ) ,  has  been 
comple t ed .  The f i n a l  r e s u l t s ,  e s s e n t i a l l y  t h e  same a s  t h o s e  , r e p o r t e d  p r e v i -  
o u s l y  (OWL-1036, p.  58 ) ,  a p p e a r e d  i n  Physical R e v i e w . ( ’ * )  

Spin of I 1 3 ’ .  The c o o p e r a t i v e  s t u d i e s  w i t h  Duke U n i v e r s i t y  on t h e  
s p i n  p rob lem have  n o t  been a c t i v e  f o r  s e v e r a l  weeks.  I t  is  e x p e c t e d  t h a t  
a c t i v e  work w i l l  be resumed d u r i n g  t h e  coming q u a r t e r .  The O p e r a t i o n s  D i v i s i o n  
h a s  a g r e e d  t o  p u r i f y ,  by s o l v e n t  e x t r a c t i o n ,  i , od ine  s o l u t i o n s  used i n  f u t u r e  
e x p e r i m e n t s ,  

Quadrupole Moment Ratio of C13’ and C13’. Resonance a b s o r p t i o n  l i n e s  due 

t o  n u c l e a r ’ q u a d r u p o l e  s p l i t t i n g s  were f i r s t  obse rved  by Dehmelt and KrL.ger( ‘’1 
f o r  c h l o r i n e  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 t  90°K. The s p l i t t i n g , i s  caused  
by the  i n t e i a c t i o n  of  t h e  c h l o r i n e  n u c l e a r  e l e c t r i c  quadrupo le  moment w i t h  t h e  
g r a d i e n t  o f  t h e  e l e c t r i c  f i e l d  a t  t h e  n u c l e u s ,  The e l e c t r i c  f i e l d  g r a d i e n t  
can  be c o n s i d e r e d  t o  a r i s e  from c h a r g e  d i s t r i b u t i o n  w i t h i n  t h e  m o l e c u l e  and 
from o t h e r  c h a r g e  d i s t r i b u t i o n s  i n  t h e  c r y s t a l  l a t t i c e .  

Equ ipmen t  f o r  o b s e r v i n g  t h i s  phenomenon h a s  been a s s e m b l e d  by making 
m i n o r  c i r c u i t  c h a n g e s  i n  a v a i l a b l e  p r o t o n  m a g n e t i c  r e s o n a n c e  e q u i p m e n t .  
Resonances f o r  C P S  and C137 were i n i t i a l l y  found and measured i n  f i v e  compounds 
a t  77°K. These a r e  l i s t e d  i n  T a b l e  5 & 5 .  I n  some c a s e s  two a b s o r p t i o n  l i n e s  
were p r e s e n t  f o r  each i s o t o p e ,  which e f f e c t  i s  presumed t o  be due t o  c r y s t a l -  
1 o g r a p h i c a l l y . d i f f e r e n t  s e t s  of c h l o r i n e  atoms i n  t h e  c r y s t a l  l a t t i c e .  Hence, 
e a c h  c h l o r i n e  s e t  e x p e r i e n c e s  i t s  own p a r t i c u l a r  e l e c t r i c  f i e l d  g r a d i e n t .  
The f r e q u e n c y  r a t i o s  i n  T a b l e  5 - 5  s h o u l d  be t h e  r a t i o  o f  t h e  q u a d r u p o l e  
moments o f  t h e  two c h l o r i n e  i s o t o p e s .  The a v e r a g e  g i v e s  Q ( C 1 3 5 ) / Q ( C 1 3 7 )  = 
1.26878 * O . O O O . I 5 .  The agreement  o f  t h e  e i g h t  r a t i o s ,  t o  w i t h i n  +-0.00015, i s  

. I  

(18)  H .  Walchli, R .  Livingston,  and G., Hebert, “Nuclear Magnetic Moment of. I’29,” P h y s .  Rev .  82, 97 
(1951) .  

H. G .  Dehmelt and H. Kri e r ,  “Nuclear  Quadrupole Frequencies  i n  S o l i d  Dichloroethylene ,”  
N a t u r m r s s .  3 7 ,  111 (1950f .  

( 1 9 )  
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q u i t e  s i g n i f i c a n t  R e c e n t  by microwave s p e c t r o s c o p y  g a v e  v a l u e s  
f o r  t h e  r a t i o  t h a t  v a r i e d  s l i g h t l y  f rbm m o l e c u l e  t o  m o l e c u l e ”  The e f f e c t  was 
e x p l a i n e d  by a s s u m i n g  a n u c l e a r  p o l a r i z a t i o n  by t h e  e x t e r n a l  e l e c t r i c  f i e l d  
g r a d i e n t ,  Such  an  e f f e c t  i s  a b s e n t  i n  t h e  measurements  r e p o r t e d  h e r e ,  D e t a i l s  
o f  t h i s  work w i l l  a p p e a r  i n  Phystcal 

TABLE 5. 5 

Measured Frequenc ies  and R a t i o s  f o r  S o l i d C h l o r i n e  Compounds 

COMPOUND 

soc1, 

Pocl, 

cH2c12 

CHCl , 
C,H,C1 

V(Cl35  1 
( m e g a c y c l e s  j 

32 0908 
31.8874 

28.9835 
28.9378 

35.9912 

38.3081 
38.2537 

34.6216 

25.2935 
25.1331 

22,8432 
22 8067 

28.3673 

30.1921 
30. I500 

27 LI 2872 

1.26874 
1.26874 

1,26880 
1.26883 

1.26876 

1.26881 
1.26878 

1.26879 

E l e c t r o n i c  Nature  o f  C h l o r i n e  Bonds i n  C o v a l e n t l y  Bonded C h l o r i n e  Com- 
pounds. Q u a d r u p o l e  c o u p l i n g  d a t a , ,  u s u a l l y  o b t a i n e d  by microwave s p e c t r o s c o p y  
on g a s e o u s  m o l e c u l e s ,  h a v e  r e c e n t l y  become o f  g r e a t  i n t e r e s t  i n  th,e a t t e m p t s  
t o  u n d e r s t a n d  t h e  e l e c t r o n i c  n a t u r e  o f  c h e m i c a l  bonds However,  t h e  t e c h n i q u e  
h a s  b e e n  l i m i t e d  t o  a s m a l l  number  o f  m o l e c u l e s  w h e r e  o b s e r v e d  h y p e r f i n e  
s t r u c t u r e  c o u l d  be a n a l y z e d  O b s e r v a t i o n s  o f  p u r e  q u a d r u p o l e  s p e c t r a  c a n  be 
made on a l a r g e  v a r i e t y  o f  compounds I n  many c a s e s  s i m p l i f y i n g  a s s u m p t i o n s  
c a n  b e  made t h a t  w i l l  a l l o w  t h e  c a l c u l a t i o n  o f  an  a p p r o x i m a t e  q u a d r u p o l e  
c o u p l i n g  w h i c h  may b e  c o m p a r e d  w i t h  m i c r o w a v e  d a t a ,  I n  t h e  p r e s e n t - s t u d y  

(20) S. Geschwind, R.  Gunther  Mohr, and C H 
C137,” Phys.  Rev.  81, 288 (1951) 

T o m e s ,  “ R a t i o  o f  t h e  Quadrupole  Moments of  C13’ and 

(21) G: R. Gunther  Mohr, S. Geschwind and C. H, Townes, “ P o l a r i z a t i o n  of t h e  N u c l e u s  by E l e c t r i c  
F i e l d s , ”  Phys. R e v .  81, 289 (1951). 

(22) R. L i v i n g s t o n ,  “‘Quadrupole Moment R a t i o  of C13’ and C137 from Pure Quadrupole  S p e c t r a , ”  Phys.  
Rev .  82, 289 (1951). 
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r e s o n a n c e s  h a v e  b e e n  m e a s u r e d  i n  a v a r i e t y  o f  c o v a l e n t  c h l o r i n e  compo;nds, 
I n  m o s t ,  i f  n o t  a l l ,  o f  t h e  s o l i d s  s t u d i e d ,  i t  may be assumed t h a t  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  by i g n o r i n g  t h e  c r y s t a l  l a t t i c e  c o n t r i b u t i o n  t o  t h e  
e l e c t r i c  f i e l d  g r a d i e n t  a t  t h e  c h l o r i n e  n u c l e u s ,  T h i s  i s  s t r o n g l y  s u g g e s t e d  
by t h e  n a t u r e  o f  an  e l e c t r i c  f i e l d  g r a d i e n t  wh ich  i s  a l / s 3  f u n c t i o n .  Townes 
and  D a i l e ~ ( ~ ~ )  have  made a t h e o r e t i c a l  e v a l u a t i o n  o f  c o n t r i b u t i o n s  t o  e l e c t r i c  
f i e l d  g r a d i e n t s  a t  n u c l e i ,  a n d ,  f o r  t y p i c a l  microwave  c a s e s ,  t h e y  c o n c l u d e d  
t h a t  one  e l e c t r o n i c  c h a r g e  a d i s t a n c e  o f  1 A f rom a n  a tom o f  i n t e r e s t  gave  a 
n e g l i g i b l e  e f f e c t  when compared w i t h  t h e  e f f e c t  o f  a P b o n d i n g  o r b i t a l ,  T h e i r  
o r i g i n a l  t r e a t m e n t  was t o  d e m o n s t r a t e  t h a t  i n  t y p i c a l  g a s e o u s  m o l e c u l e s  s t u d i e d  
by microwave  s p e c t r o s c o p y  t h e  e l e c t r i c  f i e l d  g r a d i e n t  a t  a n u c l e u s  c o u l d  be 
c o n s i d e r e d  t o  a r i s e  a l m o s t  e x c l u s i v e l y  from p r o p e r t i e s o f  t h e  c o t a l e n t  c h e m i c a l  
boxid, The  e x p e r i m e n t a l  d a t a  a l s o  s t r o n g l y  s u g g e s t  t h a t  t h e  c r y s t a l  f i e l d  
g r a d i e n t s  a r e  s m a l l ,  I n  m o s t  c a s e s  s p l i t t i n g s  a r e  s e e n  w h i c h  a r e  u s u a l l y  
s m a l l ,  I t  i s  q u i t e  r e a s o n a b l e  t h a t  t h e  c r y s t . a l  l a t t i c e  e f f e c t s  w i l l  become 
more i m p o r t a n t  when compounds a r e  s t u d i e d  w h i c h  h a v e  a h i g h  d e g r e e  o f  i o n i c  
c h a r a c t e r ,  I n  s u c h  c a s e s  t h e s e  would  be l i t t l e  c o n t r i b u t i o n  f rom c h e m i c a l  
b o n d i n g ,  a n d ,  c o r r e s p o n d i n g l y ,  t h e  r e s o n a n c e  f r e q u e n c i e s  o b s e r v e d  s h o u l d  be 
much l o w e r  t h a d  t h o s e  f o u n d  i n  t h e  c$mpounds r e p o r t e d  h e r e .  

I 

The e n e r g y  l e v e l s  f o r  p u r e  q u a d r u p o l e  s p e c t r a  

. c 

a r e  g i v e n  by 

The  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 i e s  f o r  t h e  two c h  o r i n e  i s o t o p e s  w i t h  s p i n  
I = 3 / 2  s h o u l d  b e  o n e  h a l f  t h e  q u a d r u p o l e  , c o u p l i n g ,  e q Q .  T h i s  e q u a t i o n  
i s  v a l i d  f o r  t h e  c a s e  o f  a x i a l  s y m m e t r y  f o r  t h e  e l e c t r i c  f i e l d  g r a d i e n t ,  
q *= a z V / a Z z  and  a 2 V / a X 2  a Z V / a Y 2  T h e r e  i s  n o  i n f o r m a t i o n  on t h e  symmetry  
p r o p e r t i e s  o f  t h e  f i e l d  g r a d i e n t  i n  t h e  compounds s t u d i e d  h e r e ,  S i d e  g r a d i e n t s  
w i t h i n  t h e  m o l e c u l e  would be  e x p e c t e d  i n  c a s e s  i n  which  t h e  c h l o r i n e  bond h a d  
some d o u b l e - b o n d  c h a r a c t e r ,  I t  i s  f e l t  t h a t  s i d e  g r a d i e n t  e f f e c t s  f rom t h e  
c r y s t a l  l a t t i c e  a r e  s m a l l ,  

Table ,  5 . 6  c o n t a i n s  t h e  r e s u l t s  o f  a l l  measu remen t s ,  The t h i r d  column i s  

t h e  a v e r a g e  o f  t h e  c o r r e s p o n d i n g  f r e q u e n c i e s  a p p e a r i n g  i n  t h e  s e c o n d  co lumn,  
and  t h e  f o u r t h  column i s  t h e  c o u p l i n g  o b t a i n e d  by d o u b l i n g  t h e  v a l u e s  o f  t h e  

(23)  C H Townes and B P. Dailey,  “Determination of  Electronic Structure o f  Molecules from Nuclear 
hardupole Effects.’’  J ,  Cher .  P h i s .  17, 782 (1949) 
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TABLE 5 . 6  

Pure Quadrupole Transitions for Solid Chlorine Compounds at 77'K 

~ ~~ 

COMPOUND 
MEASURED FREQUENCY 

(megacycles) 

54.248 

35.991 

36 479 
36 - 508 

38 450 

38"254 
38 308 

40 463 
40 520 
40 I 542 
40 609 
40 640 
40 653 
40 &720 

34 622 

33 I 627 

31 887 
32 091 

28 938 
28 984 

26 107 
26.202 

24.960 
25.058 

23.719 
24.. 140 
24 226 
24.294 

25 451 
25.714 
25.736 
25.746 

21.580 
21 I 585 

20 273 
20 408 

20 464 

19 304 
20.912 

20 0 415 

AVERAGE FREQUENCY 
(megacycles ) 

- -  

54.248 

35.991 

36 493 

38 I 450 

38.281 

39 I 460 

40.592 

34 e 622 

33 I 627 

31.989 

28.961 

26 154 

25.009 

24.095 

25 662 

21 I 583 

20 390 

20 e 108 

eqQ 
(megacycles) 

108 50 

71.98 

72 99 

76.90 

76.56 

78 92 

81.18 

69 24 

67.25 

63 e 98 

57 92 

52.31 

50 02 

48.19 

51.32 

43 17 

40.78 

40.22 

0"0 

0.5 

0.5 

0.5 

0.5 

O G  5 

0.5 

0 5  

0 0 5  

0 5  

0 7  

0.7 

1.0 

1 . 3  

1 . 3  

1.0 

1 .2  

1 .2  



. 

t h i r d  c o l u m n .  T h e  l a s t  c o l u m n  l i s t s  t h e  e l e c t r o n e g a t i v i t y  d i f f e r e n c e  o f  
c h l o r i n e  a n d  t h e  a tom t o  w h i c h  i t  i s  b o n d e d ,  ( ‘ 2 4 )  A l l  measu remen t s .  were 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  and  o n l y  C135 v a l u e s  a r e  g i v e n ,  The  Cl:7 v a l u e s  
may be  o b t a i n e d  by d i v i d i n g  by 1 . 2 6 8 7 8 .  The  m e a s u r e m e n t s  o n  CC1, a r e  p r e -  
l i m i n a r y ,  F o u r t e e n  v e r y  weak  l i n e s  were s e e n ,  and  p r e l i m i n a r y  v a l u e s  f o r  
s e v e n  a r e  g i v e n ,  The  c h l o r i n e  c o u p l i n g s  a r e  n e g a t i v e ,  b u t  s i n c e  t h e  s i g n  i s  
n o t  d e t e r m i n e d  by t h i s  method,  i.t w i l l  be u n d e r s t o o d  t h a t  a l l  c o u p l i n g  v a l u e s  
r e p o r t e d  s h o u l d  have  a n e g a t i v e  s i g n .  

,. 

P e r h a p s  t h e  mos t  s i g n i f i c a n t  s i n g l e  measu remen t  i s  t h e  1 0 8 . 5 0 - m e g a c y c l e  
c o u p l i n g  v a l u e  f o r  C l , .  A tomic  beam m e a s b r e m e n t s  on C 1 ,  w h i c h  l a c k s  o n e  P 
e l e c t r o n  f rom h a v i n g  a c l o s e d  s h e l l ,  gave  a c o u p l i n g  o f  1 1 0 . 4  m e g a c y c l e s .  ( 2 5 )  
I f  c h l o r i n e  was bonded i n  a m o l e c u l e  w i t h  a P b o n d i n g  o r b i t a l  and  t h e r e  was 
n o  i o n i c  c h a r a c t e r ,  t h e  q u a d r u p o l e  c o u p l i n g  s h o u l d  be  e s s e n t i a l l y  t h e  same a s  

t h a t  o f  a t o m i c  c h l o r i n e .  ( 2 3 )  The  m e a s u r e m e n t  r e p o r t e d  h e r e  i n d i c a t e s  t h a t  
b o n d i n g  i n  m o l e c u l a r  c h l o r i n e  i s  p r e d o m i n a n t l y  P t y p e  w i t h  l i t t l e  or n o  S 
c h a r a c t e r .  T h i s  i s  i n  c o n t r a s t  t o  Townes’  and  D a i l e y ’ s  e a r l i e r  w o r k ( 2 3 )  on 
o t h e r  c h l o r i n e  compounds  w h i c h  t h e y  i n t e r p r e t e d  a s  h a v i n g  a t  l e a s t  15% S 
c h a r a c t e r ,  M o l e c u l a r  c h l o r i n e  i s  a p a , r t i c u l a r l y  good c a s e  because  t h e  p rob lem 
o f  a s s e s s i n g  t h e  amount  o f  i o n i c  c h a r a c t e r  i n  t h e  bond i s  a t  a minimum. The 
i o n i c  c h a r a c t e r  problem i s  one  o f  t h e  m a j o r  d i f f i c u l t i e s  i n  a c o m p l e t e  a p p r a i s a l  
o f  d a t a  o f  t h i s  t y p e .  

1 

The o n e - c a r b o n - c h l o r i n e  compounds f o r m  a n  i n t e r e s t i n g  s e q u e n c e .  T h e  
CH,Cl, c o u p l i n g  o f  7 1 . 9 8  m e g a c y c l e s  i n c r e a s e s  t o  7 2 . 9 9  m e g a c y c l e s  i n  CHFC1, 
w h e r e  o n e  h y d r o g e n  i s  r e p l a c e d  by a f l u o r i n e  a t o m ,  T h e  c h a n g e  i s  i n  t h e ’  
e x p e c t e d  d i r e c t i o n  s i n c e  f l u o r i n e  i s  much more e l e c t r o n i g a t i v e  t h a n  h y d r o g e n ,  
The f l u o r i n e  w i l l  h ave  a t endency  t o  assume a n e g a t i v e  c h a r g e ,  which w i l l  make 
t h e  c a r b o n  a p p e a r  a l i t t l e  more e l e c t r o n e g a t i v e  t o  t h e  c h l o r i n e  a toms .  Hence 
t h e  bond w i l l  b e  a l i t t l e  l e s s  i o n i c  o r  more c o v a l e n t  i n  c h a r a c t e r  a n d  t h e  
c o u p l i n g  s h o u l d  i n c r e a s e .  I n  o t h e r  w o r d s ,  t h e  CHF g r o u p  i s  more  e l e c t r o -  
n e g a t i v e  t h a n  t h e  CH, g r o u p .  S i m i l a r l y  t h e  c o u p l i n g  f o r  CF2C1,, 7 6 . 9 0  mega- 
c y c l e s ,  i s  s t i l l  h i g h e r ,  a n d  t h e  c o u p l i n g  f o r  CFCl , ,  7 8 . 9 2  m e g a c y c l e s ,  i s  
h i g h e r  t h a n  t h a t  f o r  CHCl, ,  7 6 . 5 6  m e g a c y c l e s ,  I n  compar ing  t h e  c o u p l i n g s  f o r  

. I  

(24) L. Pauling,  N a t u r e  of t h e  Chemical Bond and the  S t r u c t u r e  of Molecu les  and C r y s t a l s .  Cornel1 
Univers i ty  P r e s s ,  Ithaca,  N. Y., 1939. 

(25) L. Davies, J r , ,  B. T. Feld, C, W. Zabel, andJ.  R, Zacharias, “The Hyperfine Structure and Nuclear 
Moments of Chlorine,” Phys .  Rev .  73, 525 (1948). 
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CH2C1,,  7 1 . 9 8  m e g a c y c l e s ,  f o r  CHCl,,  7 6 . 5 6  m e g a c y c l e s ,  and f o r  C C l , ,  8 1 . 1 8  
m e g a c y c l e s ,  t h e  f r e q u e n c i e s  i n c r e a s e  when hydrogen i s  r e p l a c e d  by c h l o r i n e ,  
b u t t h e e f f e c t  is  n o t i c e a b l y  g r e a t e r  t han  when hydrogen is  r e p l a c e d  by f l u o r i n e .  
T h i s  t r e n d  is  unexpected s i n c e  f l u o r i n e  i s  more e l e c t r o n e g a t i v e  than c h l o r i n e  
a n d  s h o u l d  g i v e  a l a r g e r  e f f e c t  i n  a p u r e l y  i n d u c t i v e  phenomenon.  T h i s  
s u g g e s t s  t h a t  i n  a d d i t i o n  t o  t h e  i n d u c t i v e  phenomenon some o t h e r  e f f e c t  i s  

superimposed. It  i s  hoped t h a t  by s t u d y i n g  o t h e r  mixed halogen compounds, such  
a s  CHBrC12 and CBr,C12, a d d i t i o n a l  i n f o r m a t i o n  w i l l  be o b t a i n e d .  The c o u p l i n g  
f o r  CH,C1 from microwave d a t a ( 2 6 )  i s  7 5 . 1 5  m e g a c y c l e s .  The r e a s o n  f o r  i t s  

coming between CH,Cl, and CHCl, i s  u n e x p l a i n e d .  I t  s h o u l d  be n o t e d ,  howeve‘r, 
t h a t  i t  i s  below C C l , ,  w h i l e  t h e  microwave v a l u e  o f  38 m e g a c y c l e s ( 2 . 7 )  f o r  
S iH ,Cl  i s  below t h a t  o f  S i C l , ,  40 .78  m e g a c y c l e s ,  and t h e  microwave v a l u e  ,of 
46 megacycles  f o r  GeH3C1 i s  a p p r o p r i a t e l y  below GeC14, 51.32 megacyc le s .  
The s i l i c o n  and germanium a n a l o g s  t o  t h e  carbon molecu le s  shou ld  be i n t e r e s t i n g  
c a s e s  f o r  f u r t h e r  s t u d y .  

T h e r e  a l s o  a p p e a r s  t o  be a n  i n d u c t i v e  e f f e c t  i n  t h e  e x p e c t e d  d i r e c t i o n  
when PC1, is  compared w i t h  POC1,. PSC1, s h o u l d  be an i n t e r e s t i n g  c a s e  s i n c e  
s u l f u r  i s  l e s s  e l e c t r o n e g a t i v e  than oxygen and t h e  c o u p l i n g  s h o u l d  f a l l  between 
t h o s e  of  PC1, and POC1,. U n f o r t u n a t e l y ,  r e s o n a n c e s  have n o t  been s e e n  i n  a l l  
compounds t r i e d .  The ve ry  i m p o r t a n t  c a s e s  of CH,Cl, CH2BrC1, and CHF,Cl gave 
n e g a t i v e  r e s u l t s ,  I t a i s  f e l t  t h a t  i n  some c a s e s  t h e  r e s o n a n c e  i s  n o t  s e e n  
because  of  a n  u n s a t i s f a c t o r y  c r y s t a l  s t r u c t u r e .  T h i s  i s  q u i t e  r e a s o n a b l y  t h e  
c a s e  f o r  t e r t - b u t y l  c h l o r i d e  and  t e r t - a m y l  c h l o r i d e ,  wh ich  g a v e  n e g a t i v e  
r e s u l t s .  T h e s e  m o l e c u l e s  were o f  i n t e r e s t  s i n c e  t h e y  a r e  c a s e s  i n  wh ich  
c h l o r i n e  i s  bonded t o  one carbon which i n  t u r n  i s ” b o n d e d  on ly  t o  carbon atoms. 

t 

I t  may be p o s s i b l e  t o  c o r r e l a t e  obse rved  s p l i t t i n g s  w i t h  c r y s t a l l o g r a p h i c  
d a t a .  For e x a m p l e ,  t h e r e  i s  a s t r i k i n g  s i m i l a r i t y  between t h e  s p l i t t i n g s  
f o r  SnCl, ,  GeCl,, and SiC1,. Each c o n s i s t s  o f ‘ f o u r  l i n e s ,  t h r e e  o f  wh ich  
a r e  c l o s e  t o g e t h e r  w i t h  t h e  f o u r t h  n o t i c e a b l y , o f f  a t  a lower f r e q u e n c y .  I t  
would i n d e e d  be i n t e r e s t i n g  i f  t h e s e  c r y s t a l s  were found t o  be i somorphous .  
Some‘ c o n s i d e r a t i o n  h a s  be& g iven  t o  o b t a i n i n g  X-ray d i f f r a c t i o n  p a t t e r n s  o f  
t h e s e  t h r e e  c r y s t a l s .  

(26) W. Gord , J .  W .  Simmons, and A. G. Smith, “Microwavq Determination of  the Molecular Structures 
and Nuclear Couplings of the Methyl‘Halides,” Phys. R e v .  14, 243 (1948).  

(27)  A. H. Sharbau h, “Microwave Determination of the Molecular Structure of Chlorosilane,” Phys. Rev. 
74, 1870 (1948). 

(28 )  J .  M. Mays and C. H.  Townes, “ I h e  Nuclear Spins  and Quadrupole Moments of S t a b l e  Germanium 
Isotopes ,”  Phys. R e v .  8 1 ,  940 (1951) .  
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CALORIMETRY OF BADIOACTIVIFY 

G. H. J e n k s  and F ,  H a  Sweeton  

. 

'Pest for Storage o f  Absorbed Beta-BaY Energy i n  Charcoal. AS d e s c r i b e d  
t h e  t o t a l  power g e n e r a t e d  by two d i f f e r e n t  s a m p l e s  o f  CI4O,  

a d s o r b e d  o n  c h a r c o a l  h a v e  b e e n  m e a s u r e d  w i t h  t h e  l i q u i d - h e l i u m  c a l o r i m e t e r .  
However ,  t h e  p o s s i b i l i t y  e x i s t e d  t h a t  t h e  m e a s u r e d  power d i d  n o t  r e p r e s e n t  
t h e  t r u e  d e c a y  e n e r g y  b e c a u s e  o f  a s t o r a g e  o f  p a r t  o f  t h e  e n e r g y  i n  t h e  
c h a r c o a l  a t  t h e  Pow t e m p e r a t u r e .  M e a s u r e m e n t s  were, t h e r e f o r e ,  u n d e r t a k e n  
w h i c h  were d e s i g n e d  t o  e s t a b l i s h  w h e t h e r  s u c h  a s t o r a g e  o c c u r r e d .  T h e s e  
measurements  have  been c o m p l e t e d ,  W i t h i n  t h e  s e n s i t i v i t y  of  t h e  measurements  
no  s t o r a g e  o f  e n e r g y  was  d e t e c t e d ,  

P r o c e d u r e  and R e s u l t s .  The  s e a r c h  f o r  t h e  e x i s t e n c e  o f  s t o r a g e  o f  
a b s o r b e d  b e t a - r a y  e n e r g y  i n  c h a r c o a l  was c a r r i e d  o u t  a s  f o l l o w s :  A s o u r c e  of  
r a d i o a c t i v e  AuIQ8  was p l a c e d  i n  t h e  l i q u i d - h e l i u m  c a l o r i m e t e r  i n  s u c h  a manner 
t h a t  p a r t  o f  t h e  b e t a  r a d i a t i o n s  were a b s o r b e d  i n  aluminum and t h e  r e m a i n i n g  
p a r t  i n  o t h e r  m e t a l l i c  s e c t i o n s  o f  t h e  c a l o r i m e t e r .  The  h e a t  g e n e r a t e d  i n  
t h e  c a l o r i m e t e r  by t h e  s o u r c e  was t h e n  m e a s u r e d $  S u b s e q u e n t l y ,  t h e  aluminum 
a b s o r b e r  was r e p l a c e d  by  a c h a r c o a l  a b s o r b e r  o f  t h e  same mass  and g e o m e t r y ,  
and  t h e  h e a t  g e n e r a t e d  by a g o l d  s o u r c e  was a g a i n  m e a s u r e d .  The  r e s u l t i n g  
v a l u e s  f o r  t h e  h e a t  g e n e r a t e d  p e r  u n i t  s o u r c e  s t r e n g t h  i n  e a c h  m e a s u r e m e n t  
were t h e n  compared.  The s t o r a g e  o f  e n e r g y  i n ' t h e  c h a r c o a l  s h o u l d  have p roduced  
a d a c r e a s e  i n  t h e  measu red  power i n  g o i n g  f rom t h e  aluminum t o  t h e  c h a r c o a l  
a b s o r b e r .  

The c ' h a r c o a l  a b s o r b e r  was made t o  r e p r o d u c e  a s  c l o s e l y  a s  p o s s i b l e  the 
a d s o r b e r  u sed  i n  the  CnrO, measuremen t s ,  It  was s e a l e d  from t h e  l i q u i d  h e l i u m  
i n  t h e  c a l o r i m e t e r ,  and CO, and h e l i u m  g a s e s  i n  amoun t s  e q u i v a l e n t  t o  t h o s e  
used  i n  t h e  p r e v i o u s  measurements  were a d s o r b e d  on  i t .  

The g o l d  s o u r c e s  used  were a c t i v a t e d  j u s t  p r i o r  t o  e a c h  measurement ,  and  
t h e  r e l a t i v e  a c t i v i t i e s  o f  t h e  s o u r c e s  were d e t e r m i n e d  by means o f  t h e  4~ 
i o n i z a t i o n  chamber wh ich  h a s  been c a l i b r a t e d  and d e s c r i b e d  by Cobble .  ( 3 0  1 

( 2 9 )  

(30) 

G. H. Jenks end F, H. Sweeton, 'Calorimetry of Radioactivity8" C h e a i s t r y  Division Q u a r t e r l y  
Progress  Report for perxod Endang Decenbe:- 31# 1950, ORNL-11036, p. 60 ( t o  be issued).  

J .  W e  Cobble,  C a l i b r a t i o n  of the &rr High Pressure Ion Chhaaber, ORNL Memorandum CF-50-6-114 
(June 1950) 

'112 



. 

4 

The r e s u l t s  o f  t h e  m e a s u r e m e n t s  w i t h  t h e  d i f f e r e n t  a b s o r b e r s  a r e  shown 
below: 

ABSORBER 
POWER GENERATED PER UNIT OF ACTIVITY 

( w a t t s  x 10'1 

Aluminum 4.96,  

Charcoal No. 1 

Charcoal No. 2 

4.94, 

5.00, 

The a v e r a g e  v a l u e  f o r  t h e  two measu remen t s  w i t h  c h a r c o a l  i s  0 . 2 %  h i g h e r  t h a n  
t h a t  o b t a i n e d  w i t h  t h e  aluminum a b s o r b e r ,  and t h e  d e v i a t i o n  o f  t h e  v a l u e s  f o r  
c h a r c o a l  f r o m  t h e  a v e r a g e  i s  f0,6%.. T h u s ,  n o  s i g n i f i c a n t  d i f f e r e n c e  was 
o b s e r v e d  be tween t h e  power g e n e r a t e d  p e r  u n i t  s o u r c e  a c t i v i t y  i n  t h e  d i f f e r e n t  
a b s o r b e r s >  

I n  u s i n g  t h e  d a t a  t o  d e c i d e  w i t h i n  wha t  l i m i t s  t h e  a b s e n c e  of  e n e r g y  
s t o r a g e  was d e m o n s t r a t e d ,  t h e  f r a c t i o n  o f  t h e  measu red  power w h i c h  o r i g i n a t e d  
i n  t h e  c h a r c o a l  must  be  e s t i m a t e d .  T h a t  p a r t  o f  t h e  power which  r e s u l t e d  f rom 
a b s o r p t i o n  o f  gamma-ray e n e r g y  and t h a t  f r o m  a b s o r p t i o n  o f  b e t a - r a y  e n e r g y  
be tween t h e  s o u r c e  and t h e  c h a r c o a l  w i l l  d e c r e a s e  t h e  s e n s i t i v i t y ,  

The g e o m e t r y  and mass o f  t h e  c a l o r i m e t e r  were s u c h  t h a t  3 t o  4% o f  t h e  
gamma-ray  e n e r g y  e m i t t e d  by t h e  g o l d  was a b s o r b e d  T h i s  i s  e q u i v a l e n t  t o  
4 t o  5% o f  t h e  t o t a l  power  m e a s u r e d o  V a r i a t i o n  i n  t h e  gamma-ray a b s o r p t i o n  
be tween d i f f e r e n t  measu remen t s  was made n e g l i g i b l e  by  c a r e f u l  r e p r o d u c t i o n  o f  
t h e  geometry  and mass of t h e  c a l o r i m e t e r  i n  e a c h  c a s e .  

The  mass  o f  m e t a l  a b s o r b e r  b e t w e e n  t h e  go*ld s o u r c e  and  t h e  c h a r c o a l  
amounted t o  7 , 4  X g/cm2,  i n c l u d i n g  t h e  mass of t h e  s o u r c e .  'The f r a c t i o n a l  
loss of  b e t a - r a y  e n e r g y  i n  t h i s  a b s o r b e r  was e s t i m a t e d  b y  comput ing  t h e  e n e r g y  
l o s s  f o r  h o m o g e n e o u s  e l e c t r o n s  i n  d i f f e r e n t  r e g i o n s  o f  t h e  s p e c t r u m  a n d  
i n t e g r a t i n g  t o  f i n d  t h e  t o t a l  e n e r g y  n o t  a b s o r b e d ,  The e s t i m a t e  i n d i c a t e d  a 
v a l u e  of  a b o u t  54% f o r  t h e  f r a c t i o n  a b s o r b e d ,  

O n , t h e  b a s i s  o f  t h e  e s t i m a t e d  v a l u e  f o r  t h e  f r a c t i o n  ' o f  t h e  t o t a l  powe t  
n o t  abso rbed  i n  t h e  c h a r c o a l ,  t h e  s e n s i t i v i t y  w i t h  wh i sh  t h e  absence  o f  s t o r a g e  
o f  e n e r g y  was d e m o n s t r a t e d  was  1.0%. A l l o w a n c e  f o r  p o s s i b l e  e r r o r  i n  t h e  
e s t i m a t i o n  of t h e  f r a c t i o n  n o t  a b s o r b e d  would r a i s e  t h e  u n c e r t a i n t y  t o  1a3%u 

11 3 



P r e s e n t  P r o g r a a .  A d e t e r m i n a t i o n  o f  t h e  abundance.of CI4 i n  t h e  C"02 -C"O, 
mix tu re  from which the c a l o r i m e t r i c  samples  were p r e p a r e d  has been unde r t aken .  
I t  i s  p l a n n e d  t o  c a r r y  o u t  t h e  d e t e r m i n a t i o n  by a method s i m i l a r  t o  t h a t  

u s e d  p r e v i o u s l y ( 3 1 )  l o r  ,the. d e t e r m i n a t i o n  o f  t h e  abundance  o f  t r i t i u m  i n  
a t r i t i u m - h y d r o g e n  m i x t u r e ,  i . e . ,  by m e a s u r i n g  t h e  d e n s i t y  of  t h e  p u r i f i e d  
gas  by means o f  a s m a l l  g a s - d e n s i t y  balance. .  * Mass s p e c t r o g r a p h i c  a n a l y s e s  
of  two d i f f e r e n t  s a m p l e s  o f  t h e  m i x t u r e  h a v e  been  made a t  Y-12, b u t  t h e  
r e s u l t s  o f  t h e  measurements i n d i c a t e d  c o n c e n t r a t i o n s  o f  C14 which d i f f e r e d  by 
2.5%. B e c a u s e  of t h i s  r a t h e r  l a r g e  v a r i a t i o n  i n  t h e  mass s p e c t r o g r a p h i c  
r e s u l t s  and because  t h e r e  i s  a p o s s i b i l i t y  t h a t  t h e  i o n i z a t i o n  e f f i c i e n c y  o f  
C i 4 0 2  and C ' * 0 2  may d i f f e r  s i g n i f i c a n t l y  and thus  be a s o u r c e  of e r r o r  i n  any 
mass s p e c t r o g r a p h i c  a n a l y s i s ,  i t  was d e c i d e d  t o  make u s e  o f  t h e  d e n s i t y  
t e c h n i q u e  i n  a n a l y z i n g  t h e  mix tu re .  Appara tus  f o r  u se  i n  the  measurements i s  

b e i n g  assembled and p e r f e c t e d .  

SOLIDS .AND EIQA-TEMPERATURE CHEMISTRY 

M. A .  B r e d i g  

t 
f 

. 

A r e s e a r c h  program d e a l i n g  w i t h  chemica l  and c e r t a i n  p h y s i c a l  p r o p e r t i e s  . 
of  s o l i d s ,  l a r g e l y  c h e m i c a l  compounds, and e s p e c i a l l y  a t  h i g h  t e m p e r a t u r e s ,  
i s  b e i n g  i n i t i a t e d .  I n  some r e s p e c t s  t h i s  is a c o n t i n u a t i o n  of work s t a r t e d  
p r e v i o u 6 l y  ( s e e ,  f o r  example ,  t h e  p r e l i m i n a r y  s t u d y  of t h e  b e r y l l i u m  o x i d e -  
n i t r i d e  s y s t e m ,  ORNL-336, and p r e v i o u s  ORNL C h e m i s t r y  D i i i s i o n  r e p o r t s ) .  I t  
i s  p lanned  t o  expand i t  t o  c o v e r  i n v e s t i g a t i o n  o f  p h y s i c a l  p r o p e r t i e s  o t h e r  
t han  c r y s t a l  s t r u c t u r e ,  s u c h  a s  e l e c t r i c a l  and thermal  c o n d u c t i v i t y ,  r e a c t i o n s  
i n  molten s a l t  s y s t e m s ,  unusua l  vh lence  s t a t e s  s t a b l e  a t  e l e v a t e d  t e m p e r a t u r e s ,  
and c r y s t a l  s t r u c t u r e  a t  e l e v a t e d ,  i n c l u d i n g  h i g h e s t  p o s s i b l e ,  and subnormal  
t e m p e r a t u r e s ,  A$ a c o n t i n u a t i o n  o f  work p r e v i o u s l y  performed under t h e  P h y s i c s  
D i v i s i o n  program (ORNL-865, p .  7 7 1 ,  some i r r a d i a t i o n  e x p e r i m e n t s  on c h e m i c a l  
compounds a r e  a l s o  i n c l u d e d .  

X-Bay-Dif fract ion Apparatus. The g r e a t l y  e x p a n d i n g  n e e d s  for X-ray-  
d i f f r a c t i o n  work a t  ORNL, bo th  of  a r e s e a r c h  and o f  a more r o u t i n e  n a t u r e ,  l e d  
t o  t h e  e s t a b l i s h m e n t  o f  a n  a d d i t i o n a l  f a c i l i t y  i n  t h e  c h e m i s t r y  b u i l d i n g ,  

(31) G. H. Jenka, F. H. Sweeton, and J. A, Ghormle , " A  Preciae Determination of the Half-Life and 
Average Energy of Tritium Decay,"Phyt, R e v ,  88, 990 (1950). 
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T h e  new,  c o n s o l e  t y p e P  G e n e r a l  E l e c e r i c  X - r a y - g e n e r a t i n g  e q u i p m e n t  h a s  b e e n  
s e t  up and  o p e r a t e d  i n  c o n j u n c t i o n  w i t h  a n  Ohio X - r a y  s p e c t r o m e t e r .  Modi -  
f i c a t i o n s  i n  b o t h  were n e c e s s a r y  i n  o r d e r  t o  a l l o w  t h i s  c o m b i n a t i o n .  The  

l a t t e r  i n s t r u m e n t ,  b e s i d e s  b e i n g  f u r n i s h e d  w i t h  an u n s a t i s f a c t o r y  c o l l i m a t i n g -  
s l i t  s y s t e m  w h i c h  h a s  now b e e n  a l t e s e d , - h a s  a v e r t i c a l  g o n i o m e t e r  c i r c l e ,  

w h e r e a s  t h e  G e n e r a l  E l e c t r i c  X- ray  t u b e  m o u n t i n g  was o r i g i n a l l y  d e s i g n e d  for 
t h e  h o r i z o n t a l  G e n e r a l  E l e c t r i c  g o n i o m e t e r ,  The v e r t i c a l  c i r c l e  i s  . d e s i r a b l e  
f o r  t h e  work w i t h  t h e  h i g h - t e m p e r a t u r e  f u r n a c e  m e n t i o n e d  be low.  Cameras  f o r  
r e c o r d i n g  X - r a y  d i f f r a c t i o n  on p h o t o g r a p h i c  f i l m  w i l l  a l s o  b e  o p e r a t e d  w i t h  
t h i s  u n i t .  

Vacuum Chamber for ESgh (and Subnormal) Temperature X-Bay Diffraction, 
The c o n s t r u c t i o n  o f  a v a c u u m ,  or c o n t r o l l e d - a t m o s p h e r e  c h a m b e r  h a s  b e e n  
s t a r t e d  and  i s  n e a r i n g  c o m p l e t i o n .  I t  i s  e x p e c t e d  t o  p e r m i t  t a k i n g  X - r a y -  
d i f f r a c t i o n  p a t t e r n s  i n  c o n j u n c t i o n  w i t h  t h e  G e i g e r  c o u n t e r  s p e c t r o m e t e r  a t  
t e m p e r a t u r e s  i n  e x c e s s  o f  2000°C, a s  w e l l  a s  a t  t h e  t e m p e r a t u r e  o f  l i q u i d  a i r .  
I t  c o n s i s t s  o f  a h o r i z o n t a l  w a t e r - c o o l e d  b r a s s  t u b e ,  8 i n .  i n  d i a m e t e r  and 
15 i n .  l o n g ,  i n  wh ich  b e r y l l i u m  windows a p p r o x i m a t e l y  % i n .  wide  and  17  m i l s  
t h i c k  w i l l  p e r m i t  t h e  r a d i a l  e n t r a n c e  o f  t h e  p r i m a r y  X - r a y  beam a n d  t h e  
o b s e r v a t i o n ,  by means o f  a G e i g e r  c o u n t e r  s c a n n i n g  a r o u n d  t h e  c y c l i n d e r ,  o f  
t h e  d i f f r a c t e d  beams. P r e l i m i n a r y  e x p e r i m e n t s  l e d  t o  a d e s i g n  o f  a U-shaped  
g r a p h i t e  h e a t i n g  e l e m e n t  s p e c i f i c a l l y  s u i t e d  f o r  t h e  h e a t i n g  o f  a f l a t  spec imen 
w h i l e  p e r m i t t i n g  o b s e r v a t i o n  o f  t h e  d i f f r a c t e d  X - r a y  beams o v e r  a n  a r c  o f  
180'. P o s s i b l e  d i f f i c u l t i e s  w i t h  a h i g h  r a t e  o f  e v a p o r a t i o n  o f  c a r b o n  i n  t h e  
vacuum a t  t e m p e r a t u r e s  above 1600°C may be overcome b y  c h a n g i n g  t o  an a tmosphe re  
o f  an i n e r t  g a s ,  or t o  wo l f r am m e t a l  f o r  t h e  h e a t i n g  e l e m e n t .  Power w i l l  be  
s u p p l i e d  by a h i g h - c u r r e n t ,  maximum 300 ampv Pow-vo l t age  w e l d i n g  t r a n s f o r m e r  
o f  8 k i l o w a t t s  maximum o u t p u t ,  

Remote-Control X-Bay-Diffraction SPecSroaeter for  High-level Radioaotive 
speciaens ( w i t h  B. S .  B o r i e ,  M e t a l l u r g y  D i v i s i o n ) .  The d e s i g n  o f  t h i s  i n s t r u -  
ment was c o m p l e t e d  d u r i n g  t h i s  q u a r t e r ,  and work on t h e  c o n s t r u c t i o n  h a s  been  
s t a r t e d  i n  t h e  R e s e a r c h  S h o p s .  F o r  a g e n e r a l  d e s c r i p t i o n  o f  t h e  p r i n c i p l e s  
employed s e e  t h e  P h y s i c s  D i v i s i o n  q u a r t e r l y  r e p o r t  ORNL-782, p.  89. A d e t a i l e d  
d e s c r i p t i o n  w i l l  be g i v e n  when t h e  i n s t r u m e n t  h a s  been  i n s t a l l e d  and  t e s t e d  
i n  one o f  t h e  " 'hot" c e l l s  o f  t h e  new p h y s i c s  o f  S o l i d s  I n s t i t u t e  B u i l d i n g .  
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The  new model  o f  t h e  H i l g e r  X - r a y - d i f f r a c t i o n  e q u i p m e n t  w h i c h  w i l l  b e  u s e d  
i n  t h i s  c o n n e c t i o n  i s  a l s o  b e i n g  a s s e m b l e d .  I t  h a s  been  s e l e c t e d  b e c a u s e  o f  
i t s  u n u s u a l l y  h i g h  maximum o u t p u t  o f  160 mamp, w h i c h  w i l l  be u s e f u l  i n  c a s e  

t h e  o p e r a t i o n  o f  a h i g h - p o w e r  r o t a t i n g - a n o d e  X - r a y  t u b e  becomes n e c e s s a r y  or 
d e s i r a b l e  f o r  t h e  s t u d y  o f  h i g h - l e v e l  r a d i o a c t i v e  s p e c i m e n s ,  

Speci f ic  Grav i ty  o f  Hafnium and Zirconium. I n  R e p o r t  Y-696 ( F .  P. Boody) 
t h e  c o n c l u s i o n  w a s  r e a c h e d  t h a t  a v a l u e  f o r  t h e  s p e c i f i c  g r a v i t y  o f  h a f n i u m  
m e t a l ,  1 2 . 6 2  g / cc  as  measu red  d i r e c t l y ,  was i n  b e t t e r  a g r e e m e n t  w i t h  a v a l u e  
computed a c c o r d i n g  t o  t h e  f o r m u l a  

A t .  W t .  o f  Hf 
A t ,  W t .  o f  Zr 

X d e n s i t y  of  Z r  = d e n s i t y  o f  Hf 

namely ,  ( 1 7 8 . 6 / 9 1 . 2 2 )  X 6 . 5  = 1 2 . 7 3  g / c c ,  t h a n  w i t h  t h e  f i g u r e  1 3 . 3  g / c c  
p r e v i o u s l y  r e p o r t e d  i n  t h e  l i t e r a t u r e .  The w r i t e r ,  n o t i c i n g  t h a t  t h e  v a l u e  
1 3 . 3  was b a s e d  o n  v e r y  a c c u r a t e  X - r a y  d a t a  (Van A r k e l ,  19 .39 ) ,  was e n a b l e d  
t h r o u g h  t h e  c o u r t e s y  o f  P. J.  H a g e l s t o n  t o  r e p e a t  t h e  d i r e c t  s p e c i f i c  g r a v i t y  
m e a s u r e m e n t s  o n  t h e  s p e c i m e n s  employed  by Boody and a l s o  t o  p e r f o r m  X - r a y -  
d i f f r a c t i o n  measu remen t s  on  t h e s e  f o r  compar i son  w i t h  b o t h  t h e  d i r e c t  d e n s i t y  
d e t e r m i n a t i o n  and w i t h  t h e  X-ray  d a t a  o f  t h e  l i t e r a t u r e .  The r e s u l t  was t h a t  
b o t h  v a l u e s  were r e p r o d u c e d ,  i. e o ,  12.62 f o r  d i r e c t  p h y s i c a l  measu remen t  and 
13 .3  f rom t h e  X- ray  d a t a  on t h e  same spec imen .  The  c o n c l u s i o n  was i n e v i t a b l e  
t h a t  t h e  d i r e c t l y  m e a s u r e d  p h y s i c a l  d e n s i t y  was i n  e r r o r  o w i n g  t o  o n e  o f  
s e v e r a l  p o s s i b l e  c a u s e s :  (1) t h e  p r e s e n c e  o f  i m p u r i t i e s ,  s u c h  a s  magnesium 
or ca lc ium,  which s u b s t i t u t e d  f o r  hafn ium i n  t h e  c r y s t a l  l a t t i c e ,  or ( 2 )  e x i s t -  
e n c e  o f  v o i d s  i n  t h e  m e t a l l i c  m a t r i x .  The f i r s t  o f  t h e s e  two p o s s i b i l i t i e s  
was q u i c k l y  e x c l u d e d  when a n a l y t i c a l  d a t a  p r o c u r e d  b y  P. H a g e l s t o n  showed t h e  
a b s e n c e  o f  s u c h  i m p u r i t i e s  i n  any  s i g n i f i c a n t  amounts .  The p r e s e n c e -  o f  s m a l l  
a m o u n t s  o f  n i t r i d e  or c a r b i d e ,  d i s c o v e r e d  i n  t h e  X - r a y  p a t t e r n ,  was n o t  
s u f f i c i e n t  t o  e x p l a i n  t h e  d e n s i t y  d i s c r e p a n c y .  The  s e c o n d  p o s s i b l e  c a u s e  , 
however ,  t u r n e d  o u t  t o  be  t h e  a c t u a l  o n e ,  when p h o t o m i c r o g r a p h s  o) ta ined  f rom 
T. E, Wi lmar th  ( F i g .  5 . 4 )  c l e a r l y  showed t h e  e x i s t e n c e  of  f i s s u r e s ,  or v o i d s ,  
be tween m e t a l l i c  g r ' a i n s ,  t o  an e s t i m a t e d  e x t e n t  o f  3 t o  5 vol ,  %. Such  v o i d s  
were a b s e n t  i n  t h e  z i r c o n i u m  s p e c i m e n s  w h i c h  were e x a m i n e d  s i m u l t a n e o u s l y  
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w i t h  t h e  h a f n i u m  s p e c i m e n s  i n  b o t h  Boody ' s  and  t h i s  i n v e s t i g a t i o n  and w h i c h  
d i d  n o t  show t h e  d i s c r e p a n c y  b e t w e e n  d e n s i t y  m e a s u r e d  d i r e c t l y  a n d  X - r a y -  
d i f f r a c t i o n  d a t a .  I t  i s  c l e a r ,  t h e n ,  t h a t  t h e  t r u e  s p e c i f i c  g r a v i t y  o f  ha fn ium 
i s  1 3 . 3  g / c c  a s  d e r i v e d  f r o m  X - r a y  m e a s u r e m e n t s ,  and  t h a t  t h e  m a t h e m a t i c a l  
f o r m u l a  above  is  n o t  a p p l i c a b l e  b e c a u s e  o f  t h e  a c t u a l  d i f f e r e n c e  o f  more t h a n  
1% i n  t h e  a t o m i c  d i m e n s i o n s  o f  h a f n i u m  a n d  z i r c o n i u m  ( h e x a g o n a l  l a t t i c e  
c o n s t a n t s  for H f :  c ,  = 5 . 0 5 0 8 ,  a, = 3 . 1 9 4 5  A ;  f o r  Zr: c ,  = 5 . 1 4 8 6 ,  a, = 

3 . 2 3 1 2 . ( 3 2 )  I t  i s  w o r t h  n o t i n g  t h a t  t h e r e  i s  a marked  a symmet ry  i n  t h e s e  
s t r u c t u r e s ,  w i t h  two s h o r t  d i s t a n c e s  between a t o m s ,  namely ,  3 .1945 a n d 3 . 1 2 8 0  A 
f o r  ha fn ium and 3 .2313 and 3 .1790  A f o r  z i r c o n i u m .  

I t  would be o f  i n t e r e s t  t o  d e t e r m i n e  t h e  c a u s e ,  and a l s o  t h e  e f f e c t  upon 
m e c h a n i c a l  p r o p e r t i e s ,  o f  t h e  i n t e r g r a n u l a r  v o i d s .  The fo rmer  most  l i k e l y  i s  

connec ted  w i t h  t h e  h i g h  m e l t i n g  p o i n t  ( a p p r o x i m a t e l y  222OOC) o f  h a f n i u m ,  wh ich  
is  c o n s i d e r a b l y  h i g h e r  t h a n  t h a t  o f  z i r c o n i u m  (1880OC). 

E f f e c t s  o f  Badiation on Crystal Structure. Lead Oxide. A s  d e s c r i b e d  i n  
ORNL-865, p .  7 7 ,  t h e  i r r a d i a t i o n  o f  t h e  t w o  a l l o t r o p i c  m o d i f i c a t i o n s  o f  l e a d  
o x i d e ,  PbO, i s  e x p e c t e d  t o  s h e d  some l i g h t  o n  t h e  mechanism o f  t h e  e f f e c t  
o f  r a d i a t i o n ,  e s p e c i a l l y  p a r t i c u l a t e  r a d i a t i o n ,  on  c r y s t a l s  e A f t e r  a p r e -  
l i m i n a r y  s h o r t  t e s t  i n  t h e  ORNL r e a c t o r ,  w h i c h  g a v e  a n e g a t i v e  r e s u l t ,  two 
g roups  o f  s p e c i m e n s  were s h i p p e d  t o  Cha lk  R i v e r  f o r  i r r a d i a t i o n  i n  t h e  w a t e r -  
c o o l e d  f a s t - n e u t r o n  f a c i l i t y  t h e r e  f o r  p e r i o d s  o f  28 and  120  d a y s .  Each  g roup  
c o n s i s t e d  o f  one  s a m p l e  o f  t h e  r e d  t e t r a g o n a l  l o w - t e m p e r a t u r e  fo rm and  one  
o f  t h e  y e l l o w  o r t h o r h o m b i c  h i g h - t e m p e r a t u r e  m o d i f i c a t i o n ,  m e t a s t a b l e  a t  room 
t e m p e r a t u r e .  

T r a n s f o r m a t i o n ,  p a r t i a l  or t o t a l ,  o f  t h e  r e d  form i n t o  t h e  y e l l o w  form 
m i g h t  s u p p o r t  t h e  t h e o r y  o f  t h e  s o - c a l l e d  "8hkat s p i k e s , " ~  T h e  r e v e r s e  c o n -  
v e r s i o n ,  y e l l o w  t o  r e d ,  m i g h t  a l s o  be p r o d u c e d  b y  l o c a l i z e d  t e m p e r a t u r e  
i n c r e a s e s  t h a t  wou ld  n o t  go a b o v e  t h e  t r a n s i t i o n  p o i n t  o f  489°C ( t h i s  i s  a 
c o r r e c t i o n  o f  t h e  f i g u r e  587"C, e r r o n e o u s l y  g i v e n  i n  O W L - 8 6 5 ) .  Howeve'r, i t  

(32) R .  B. R u s s e l  i n  M . I . T .  Afe ta l lurg ' i ca l  P r o j e c t  T e c h n i c a l  P r o g r e s s  Repor t  f o r  t h e  P e r i o d  A p r i l  
Through June,  1950, MIT-1052 (Sept .  8 ,  1950). 
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i s  d o u b t f u l  t h a t  t h e  t i m e  o f  s u c h  a h e a t  s p i k e  f o r  a t h e r m a l  c o n v e r s i o n  o f  
t h i s  t y p e  would b e d o n g  enough  s i n c e  s e v e r a l  weeks were f o u n d  n e c e s s a r y  f o r  
c o n v e r s i o n  o f  t h e  y e l l o w  i n t o  t h e  r e d  f o r m  a t  4 2 0 ° C . ( 3 3 )  T h i s  p a r t i c u l a r  
p o i n t  w i l l  a l s o  b e  t e s t e d  b y  i r r a d i a t i n g  m e t a s t a b l e  c r y s t a l s  t h a t  c a n n o t  b e  
c o n v e r t e d  m e c h a n i c a l l y  b u t  o n l y  by h e a t i n g  i n t o  s t a b l e  s t r u c t u r e s o  I n  s u c h  
c a s e s  c o n v e r s i o n  would  s u p p o r t  t h e  t h e o r y  o f  a mechanism s i m i l a r  t o  t h e r m a l  
a n n e a l i n g  ( h e a t  s p i k e s ) ,  w h e r e a s  f a i l u r e  t o  t r a n s f o r m  would be  i n d i c a t i v e  o f  
a mechanism more r e l a t e d  t o  c o l d  work. 

S a l t s  of Organic Acids ( w i t h  J ,  H, C r a w f o r d , P h y s i c s  o f  S o l i d s  I n s t i t u t e ) .  
K .  L a r k - H o r o v i t z  r e p o r t e d  l a s t  y e a r  t h a t ,  a c c o r d i n g  t o  a p e r s o n a l  communi- 
c a t i o n ,  W, B o t h e  o f  t h e  U n i v e r s i t y  o f  H e i d e l b e r g ,  had  o b s e r v e d  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  o f  sodium o x a l a t e  u n d e r  bombardment by a l p h a  p a r t i c l e s  
f rom r a d o n  ("amorphous"I X-ray  p a t t e r n ) ,  and i t s  r e c o v e r y  on  h e a t i n g  a t  100°C, 
He s u g g e s t e d  r e p e t i t i o n  o f  t h i s  e x p e r i m e n t  w i t h  p i l e  r a d i a t i o n .  E x p o s u r e  f o r  
t h r e e  weeks i n  t h e  w a t e r - c o o l e d  h o l e  5 1  o f  t h e  ORNL r e a c t o r  o f  a n h y d r o u s  
sod ium o x a l a t e ,  N a 2 C 2 0 4 ,  and  o f  t h r e e  o t h e r  s a l t s ,  p o t a s s i u m  o x a l a t e  mono- 
h y d r a t e ,  K,C,O,*H,O; sodium b i t a r t r a t e  monohydra t e ,  NaHC,H,O;H,O; and sod ium 
p o t a s s i u m  t a r t r a t e  t e t r a h y d r a t e ,  NaKC4H40;4H,0, r e s u l t e d  i n  t h e  d e s t r u c t i o n  
o f  t h e  c r y s t a l  l a t t i c e  o f  o n l y  t h e  b i t a r t r a t e  ( F i g s .  5 . 5  and 5 . 6 ) .  The t e s t  

w i l l  be  r e p e a t e d  w i t h  t h e  b i o x a l a t e  o f  sodium,  w i t h  t h e  hope of  r e m o v i n g  t h e  
d i s c r e p a n c y  w i t h  B o t h e ' s  r e s u l t ,  who may have  u s e d  t h e  a c i d  s a l t  i n s t e a d  o f  
t h e  n e u t r a l  o n e ,  a s  w e l l  a s  w i t h  r e s u l t s  o n ' o t h e r  s a l t s ,  e s p e c i a l l y  t h e  a c i d  
s a l t s  o f  d i c a r b o x y l i c  a c i d s .  P e r h a p s  s i g n i f i c a n t l y ,  i t  was 
among t h e  f o u r  i r r a d i a t e d  a t  ORNL which showed t h e  e f f e c t .  
be due t o  a p a r t i a l  d e c o m p o s i t i o n  of  t h e  b i t a r t r a t e ,  p o s s i b l y  
d i o x i d e  e v o l u t i o n ,  w h i c h  d i s r u p t s  t h e  c r y s t a l  l a t t i c e  o f  
t a r t r a t e .  Q u a n t i t a t i v e  a n a l y s i s  w i l l  be u n d e r t a k e n  a f t e r  

t h e  one  a c i d  s a l t  
I t  i s  b e l i e v e d  t o  

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

A l s o ,  t h e  e f f e c t  o f  gamma r a d i a t i o n  w i l l  b e  s t u d i e d  i n  s a l t s  t h a t  show t h e  
e f f e c t  i n  p i l e  e x p o s u r e s .  

CaFbonate and Potassium Apat i tes .  The p r o b l e m  o f  " c a r b o n a t e  a p a t i t e "  
h a s  b e e n  t h e  s u b j e c t  o f  s c i e n t i f i c  i n q u i r y  and c o n t r o v e r s y  f o r  many y e a r s .  
C a r b o n a t e  a p a t i t e  i s  r e l a t e d  i n  c o m p o s i t i o n  and c r y s t a l  s t r u c t u r e  t o  a r a t h e r  
l a r g e  f a m i l y  o f  s u b s t a n c e s ,  o f  w h i c h  f l u o r i n e  a p a t i t e  [ C a 5 ( P 0 , ) , F ,  o f t e n  

(33) M. Peteraen, "Studies of the Preparation and Allotropic Transformation of Lead Monoxide," J .  An. 
Chqm. Soc. 63, 2617 (1941). . 
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w r i t t e n  C a l o ( P 0 4 ) 6 F 2 ,  or 3 C a 3 ( P 0 4 ) 2 L C a F 2 ,  p r i n c i p a l  c o n s t i t u e n t  o f  mos t  p h o s -  
p h a t e  m i n e r a l  d e p o s i t s ]  and h y d r o x y a p a t i t e  [Ca, (PO,) ,OH, main  m i n e r a l  c o n -  
s t i t u e n t  of a n i m a l  and human b o n e s  and t e e t h ]  may be  c o n s i d e r e d  p r o t o t y p e s ,  
b u t  which i n c l u d e s  a s  i somorphous  s u b s t a n c e s  p h o s p h a t e s ,  a r s e n a t e s ,  v a n a d a t e s ,  
e t c .  o f  c a l c i u m  and o f  o t h e r  m e t a l s  s u c h  a s  l e a d .  W h i l e  most  w o r k e r s  a g r e e  
now o n  t h e  e x i s t e n c e  o f  c a r b o n a t e  a p a t i t e s ,  i u e , ,  o f  s u b s t a n c e s  o f  h e x a g o n a l  
a p a t i t e  s t r u c t u r e  c o n t a i n i n g  c a r b o n a t e  i o n s  i n  s o l i d  s o l u t i o n  ( m o l e c u l a r l y  
d i s p e r s e d ) ,  t h e r e  a r e  n o t a b l e  e x c e p t i o n s G  S' B-  H e n d r i c k s ,  o f  t h e  U. S, Bureau  
o f  P l a n t  I n d u s t r y ,  b e l i e v e s  t h a t  c h e m i c a l  and  o p t i c a l  p r o p e r t i e s  r e p o r t e d  
f o r  c a r b o n a t e  a p a t i t e s  c a n  we l l  be  e x p l a i n e d  by  i n t i m a t e  m e c h a n i c a l  m i x t u r e s ,  
or s u r f a c e  c o m b i n a t i o n s ,  o f  f l u o r i n e  a p a t i t e ,  o r  h y d r o x y a p a t i t e ,  w i t h  m i c r o -  
c r y s t a l l i n e  c a l c i u m  c a r b o n a t e .  A s i m i l a r  p o i n t  o f  v i e w  h a s  b e e n  t a k e n  by  
J ,  T h e w l i s  a n d  C o w o r k e r s ' . ( 3 4 )  I n  t h e  c o u r s e  o f  a r e c e n t  d i s c u s s i o n  a t  a 
s p e c i a l  symposium o f  t h e  Amer ican  C r y s t a l l o g r a p h i c  A s s o c i a t i o n  ( W a s h i n g t o n ,  
D. C , March ' ,  1 9 5 1 )  t h e  w r i t e r  was  a s k e d  by members  o f  t h e  s t a f f  o f  t h e  
U,S ,  G e o l o g i c a l  S u r v e y  l a b o r a t o r i e s ,  who a r e  w o r k i n g  o n  t h i s  p r o b l e m  i n  
c o n n e c t i o n  w i t h  t h e  i n t e r e s t  on t h e  Atomic E n e r g y  P r o j e c t  i n  t h e  r e c o v e r y  o f  
u r a n i u m  f r o m  l o w - g r a d e  s o u r c e s  s u c h  a s  r o c k  p h o s p h a t e s ,  w h e t h e r  he  c o u l d  
s u p p l y  s a m p l e s  o f  s y n t h e t i c  p r e p a r a t i o n s  o f  c a r b o n a t e  a p a t i t e s  d e s c r i b e d  i n  
h i s  e a r l i e r  p u b l i c a t i o n s  ( 1 9 3 6 - 1 9 3 8 )  1 ( 3 5  A d d i t i o n a l  i n t e r e s t  i n  c h e m i c a l  
c o m b i n a t i o n s  o f  p h o s p h a t e s  and c a r b o n a t e s  may a r i s e  i n  c o n n e c t i o n  w i t h  t h e  
s p e c i a l  b e h a v i o r  o f  u r a n i u m  t o w a r d  c a r b o n a t e ,  w h i c h  may b e  o f  s i g n i f i c a n c e  
i n  a s  w i d e l y  s e p a r a t e d  f i e l d s  a s  t h e  d e p o s i t i o n  o f  t o x i c  heavy and r a d i o a c t i v e  
e l e m e n t s  i n  p a r t s  o f  t h e  human b o d y ,  t h e  r e c o v e r y  of  u r a n i u m  f rom r o c k  phos -  
p h a t e s ,  and t h e  p r e p a r a t i o n  o f  s t a b l e  s o l u t i o n s  o r  s l u r r i e s  f o r  homogeneous 
r e a c t o r s  

A r e v i e w  o f  t h e  l i t e r a t u r e  o f  t h e  p a s t  1 2  y e a r s  y i e l d s  t h e  f o l l o w i n g  
r a t h e r  c o n f u s e d  p i c t u r e  o f  t h e  p r e s e n t  s t a t u s  o f  t h i s  problem:  

The o l d  f o r m u l a  f o r  c a r b o n a t e  a p a t i t e ,  CaI,(PO,),CO,, b a s e d  on  a p u r e l y  
f o r m a l  a n a l o g y  w i t h  f l u o r i n e  a p a t i t e ,  Ca,,(P0,)  ,F2 , h a s  been  a l m o s t  u n i v e r s a l l y  
abandoned,  Some B e l g i a n  s t i l l  u s e  i t .  however .  w i t h o u t  any v a l i d  
e v i d e n c e .  I n  a c l o s e l y  r e l a t e d  p r o b l e m ,  t h e y  assume t h e  e x i s t e n c e  o f  "oxy- 
a p a t i t e s "  [CaIo (PO, )  60, or, w i t h  p a r t i a l  s u b s t i t u t i o n  o f  s u c h  e l e m e n t s  a s  

J .  Thewlis '  G. E. q!ock, and M. M. Murra 
Synthetic k a t i t e s ,  

H. H. Franc!, M. A. Bredig,  and E, Kanert, "Calcium A l k a l i  Phos h a t e s ,  11. Calcium Potassium 
Phosphates, 2. anorg. us. a1 l g t r .  Chem. ,237, 49 (1938); and prcca&ng papera referred t o  in t h i s  
ar t i c l o  

"Chemical and X-Ray Analysis of Dental, Mineral, and 
Trans. Faraday Soc. 3 3 ,  358 (1939).  

H. A. L o  Brasseur and M ,  J .  Dallemagne, "L0 s n t h i s e  des  a p a t i t e s , "  Bull. $06 .  chdr.  France, 
March- r i l  1949, D serpes ,  135; M, J .  Dalrerna e ,  H. Brassemr,,,and.J. Melaon, "La Consti-  
t u t i o n 3 e  l a  substance mnnkwfe"de 1 '0s  et  l a  s y n t h g e  des apat i tes ,  ibird., p. 138; mdprogfions 
papers referred to in these artnclas .  
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N i  or Mn f o r  Ca ,  e s g . ,  N i C a g ( P 0 4 ) , 0 ,  w i t h  no  p r o o f  a t  a l l  f o r  t h e  a b s e n c e  o f  
H,O, a s  2 ( O H ) J ,  t h u s  d i s r e g a r d i n g  t h e  c o n c l u s i v e  work o f  T r & ~ e l ( ~ ~ )  and o f  
B r e d i g  and  c o w o r k e r s , ( 3 8 )  w h i c h  showed o x y a p a t i t e s  n o t  t o  e x i s t  e x c e p t  i n  
d i l u t e  s o l i d  s o l u t i o n  w i t h  hydroxy and f l u o r i n e  a p a t i t e .  I n  most p u b l i c a t i o n s  
t h e  c u r i o u s  b u t  e x p e r i m e n t a l l y  w e l l - s u p p o r t e d  f a c t , ( j 7  r 3 * )  n a m e l y ,  t h a t  i n  
b a s i c  c a l c i u m  p h o s p h a t e s  w a t e r  i s  t a k e n  u p  t o  fo rm h y d r o x y a p a t i t e  e v e n  f rom 
an a tmosphe re  o f  no rma l  d e g r e e  o f  h u m i d i t y  a t  t e m p e r a t u r e s  a s  h i g h  a s  12OO6C, 
h a s  b e e n  n e g l e c t e d  by m o s t  a u t h o r s ,  n o t a b l y  a l s o  i n  t h e  i n t e r p r e t a t i o n  o f  
a n a l y t i c a l  d a t a  ( M c C o n n e l l ( 3 9 )  and B r a s s e u r  e t  a l .  c3,)) G r u n e r ,  McConnel l ,  
and A r m ~ t r o n g ( ~ ’ )  seem t o  be thk  o n l y  a u t h o r s  who assume c a r b o n a t e  a p a t i t e  w i t h  

e x t e n s i v e  s u b s t i t u t i o n  o f  CO, f o r  PO, i o n s  t o  be p r e s e n t  i n  a n i m a l  and human 
bones  and t e e t h .  Most o t h e r s  [ e . g .  , Hirschman and c o w o r k e r s c q n S  and Branden-  
b e ~ - g e r ( ~ ~ ) ]  h a v e  c o n f i r m e d  t h e  w r i t e r ’ s  f i r s t  X - r a y  d a t a  ( 1 9 3 3 ) , 6 ‘ 3 1  w h i c h  
s u b s t a n t i a t e d  t h e  e a r l i e r ,  p u r e l y  c h e m i c a l  r e s u l t ,  t h a t  t h e  c a r b o n a t e  i n  
t h e s e  m a t e r i a l s  i s n o t  m o l e c u l a r l y  d i s p e r s e d  t h r o u g h  t h e  a p a t i t e  b u t  i s  p r e s e n t  
a s  a s e p a r a t e  p h a s e  (or s u r f a c e  c o m b i n a t i o n ( 4 4 ) )  a n d  t h a t  t h i s  a p a t i t e  i s  
e i t h e r  h y d r o x y a p a t i t e ,  C a , , ( P 0 , ) , ( O H ) 2  w i t h  some e x c e s s  H,PO, a d s o r b e d  
( T r g m e 1 ( 3 7 > )  .or a t r i c a l c i u m  o r t h o p h o s p h a t e  h y d r a t e , ’  Ca , (P04  ) 6 ( H 2 0 ) 2  ( B r a s -  
s e u r  e t  and H e n d r i c k p  e t  

On t h e  b a s i s  o f  X- ray  d a t a  f o r  s y n t h e t i c  a p a t i t e s  which s e r v e  a s  s t a n d a r d s ,  
and w h i c h  a r e  d i s c u s s e d  f u r t h e r  b e l o w ,  i t  i s  p o s s i b l e  t o  s t a t e  r a t h e r  d e f i - ,  
n i t e l y  t h a t  McConnell  i s  c o r r e c t  i n  a s suming  t h e  o c c u r r e n c e  o f  c a r b o n a t e  a p a t i t e  
i n  some m i n e r a l s ,  s u c h  a s  f r a n c o l i t e ,  c o n t a i n i n g  v a r y i n g  amounts  o f  c a r b o n a t e ,  
b u t  e r r s  wiCh r e s p e c t  t o  o t h e r s ,  e , g .  d a h l i t e ,  a s  h e  d o e s  w i t h r e s p e c t  t o  
bone and t e e t h  p h o s p h a t e s .  

S y n t h e t i c  c a r b o n a t e  a p a t i t e s  were f i r s t  e x a m i n e d  by X - r a y  d i f f r a c t i o n  
when t h e i r  o c q u r r e n c e  was o b s e r v e d  i n  p r e p a r a t i o n s  o f  mixed  c a l c i u m  a l k a l i  

G Tr6me1 
phosphaten,” Z. p h y s i k .  Cheat. A158, 422 (1932)* 
M. A. Bredig, H.. H Franck, and H Fuldner c 6  Beitdge zusKenntnis der  Kalk-phosphoss~;re-verbin- 
dungen, 11,’” Z .  Elektrochem.  39, 959 (1933j. 
D. McConnell, “+The Problem af  the Casbonate-Apatites A Casb0nat.e Oxy-Apatite ( D a h l l i t e )  P Y ’ A i .  J. 
Sci. 36, 296 (1938); and previous papers r e f e r r e d  t o  i n  t h i s  ar t ic le  
J W. Gruner, D McConnel1,and W D Amstrong,  “The R e l a t i o n s h i p  Between C r y s t a l  S t r u c t u r e a n d  
Chemical Composition of Enamel and Dentin,” J .  B i o l .  Chen. 121, 771 (1937). 
A. Hirschman, A.  E Sobel ,  B Kramer, and I.. Fankuchen, ’’An X-Ray D i f f r a c t i o n  S tudy  o f  High 
Phosphate BonespUy J .  Bioi. Chen. 171, 285 (1947) 

Untersuchufi-gen ubes d i e  Bi ldung e i n e s  ha logenfre in  A p a t i t s  aus  basischen Calcium- 

E. Brandenberger and H 
4,  59 (1948). 

R .  Schinz,  eThe Nature  of the  Inorganic  Mater ia l ,  of Bone,’“ E x p e r i e n t i a  

M. A ,  Bredig,  “The A p a t i t e  S t r u c t u r e  of t h e  Inorganic  Substance of Bone and Z. p h y s i o l .  
Chen. 216, 239 (1933)* 
S. B Hendricks,  W. L H i l l ,  K. D .  Jacob ,  and M.. E J e f f e r s o n ,  ‘ S t r u c t u r a l  C h a r a c t e r i s t i c s  of  
Apatite-Like Substances and Composition of  Phosphate Rock and Bone asDetermined from Microscopical 
and X-Ray D i f f r a c t i o n  Examinations,” Ind. Eng. Chen. 23, 1413 (1931). 
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m e t a l  p h o s p h a t e s .  Whi l e  X - r a y  p a t t e r n s  on f i l m  showed d i s t i n c t  d i f f e r e n c e s  
o f  s t r u c t u r e  f o r  c a r b o n a t e - c o n t a i n i n g  a p a t i t e s ,  no  d e f i n i t e  i n t e r p r e t a t i o n  was 
g i v e n  t o  t h i s  q u a l i t a t i v e  f i n d i n g .  Wi th  t h e  deve lopmen t  o f  t h e - G e i g e r  c o u n t e r  
X - r a y  s p e c t r o m e t e r  t e c h n i q u e s ,  a more c o n v e n i e n t  and a c c u r a t e  t o o l  h a s  become 
a v a i l a b l e .  R e s u l t s  t h u s  o b t a i n e d  o n  spec imens  o f  s y n t h e t i c  c a r b o n a t e  a p a t i t e s  

w h i c h  were p r e p a r e d  i n  a c c o r d a n c e  w i t h  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 ( 3 ”  
a r e  d i s c u s s e d  below.  

I n t i m a t e  m i x t u r e s  ( p e l l e t s )  o f  1 mole o f  t r i b a s i c  c a l c i u m  o r t h o p h o s p h a t e  

w i t h  1 mole o f  Na2C03 (or K 2 C 0 3 )  were h e a t e d  i n  a c a r b o n  d i o x i d e  a t m o s p h e r e  
f o r  s e v e r a l  h o u r s  a t  1200°C and t h e n  c o o l e d  s l o w l y  i n  t h e  f u r n a c e ,  A l a r g e  
p o r t i o n  o f  t h e  r e a c t i o n  p r o d u c t  c o n s i s t e d  o f  a s o l i d  s o l u t i o n  o f  Na,C03 

( o r  K,CO,) i n  CaNaPO, (or CaKPO,) and had t o  b e  removed f rom t h e  a p a t i t e  which  
was f o u n d ( 3 5 )  t o  b e  composed o f  t h e  i o n s  C a ,  Na, PO,, and  CO, i n  t h e  r a t i o  
1 0 : 2 : 6 : 2  f o r  t h e  s o - c a l l e d  “sodium c a r b o n a t e  a p a t i t e , ”  or, i n  t h e  c a s e  o f  t h e  
p o t a s s i u m  c a r b o n a t e  r e a c t i o n ,  Ca:P04:  CO, = 11:  6:  2 ,  w i t h  n o  p o t a s s i u m  e n t e r i n g  
t h i s  s o - c a l l e d ( 3 5 )  “ d i c a l c i u m  c a r b o n a t e  a p a t i t e .  l1 T h i s  s e p a r a t i o n  i s  accom- 

p l i s h e d  by l e a c h i n g  t h e  f i n e l y  p u l v e r i z e d  m a t e r i a l  ( 2 0 0  mesh) w i t h  100 p a r t s  
o f  an aqueous  s o l u t i o n  o f  2% c i t r i c  a c i d  p e r  p a r t  o f  s o l i d .  P o t a s s i u m ,  p r e s e n t  
a s  CaKP04, wh ich  i s  i n t i m a t e l y  mixed w i t h  t h e  a p a t i t e  and which  d i s s o l v e s  a t  
a r a t e  s i m i l a r  t o  t h a t  o f  c a l c i u m  c a r b o n a t e  when s i m i l a r l y  d i s p e r s e d a s  a s e p a r a t e  
p h a s e  i n  t h e  r e a c t i o n  p r o d u c t ,  was a l m o s t  c o m p l e t e l y  removed by t h e  l e a c h i n g  
o p e r a t i o n  ( t o  l e s s  t h a n  0,5% a c c o r d i n g  t o  a s p e c t r o g r a p h i c  a n a l y s i s  by  C. 
Fe ldman) ,  T h i s  p u r i f i c a t i o n  o f  t h e  s y n t h e t i c  a p a t i t e  f rom p o t a s s i u m  i s  one  o f  
t h e  s t r o n g  a rgumen t s  a g a i n s t  t h o s e  d o u b t s  r e g a r d i n g  t h e  e x i s t e n c e  of c a r b o n a t e  

a p a t i t e  w h i c h  were b a s e d  o n  t h e  e r r o n e o u s  a s s u m p t i o n  o f  t h e  p r e s e n c e  o f  a 
f i n e l y  d i s p e r s e d ,  i n s e p a r a b l e  c a l c i u m  c a r b o n a t e  p h a s e .  The X-ray  s p e c t r o m e t e r  
r e c o r d  o f  t h e - i n s o l u b l e  r e s i d u e  shows o n l y  r e f l e c t i o n s  w h i c h  c a n  b e  i n d e x e d  
o n  t h e  b a s i s  o f  an a p a t i t e  s t r u c t u r e .  I n  T a b l e  5.7 a r e  l i s t e d  e x p e r i m e n t a l  
v a l u e s  f o r  l / d 2  f o r  t h e  sodium c a r b o n a t e  a p a t i t e  a s  compared w i t h  t h e  v a l u e s  
c a l c u l a t e d  f o r  hexagona l  l a t t i c e  c o n s t a n t s ,  c = 6 . 9 1 ,  a = 9 , 3 3 ,  and C / U  = 0 . 7 4 0 ,  

i u e c p  s i m i l a r ,  b u t  n o t  e q u a l  t o  t h o s e  o f  h y d r o x y a p a t i t e  ( C  = 6 8 7 ,  a = 9 - 4 1 ,  
and c / a  = m 3 0 ) .  F i g u r e  5 . 7  shows t h a t  p o r t i o n  o f  t h e  r e c o r d e d  d i f f r a c t i o n  

p a t t e r n s  i n  wh ich  t h e  s t r u c t u r a l  d i f f e r e n c e s  b e t w e e n  c a r b o n a t e  a p a t i t e s  and 
h y d r o x y a p a t i t e s  c a n  b e  d e m o n s t r a t e d  m o s t  c l e a r l y ,  namely ,  an i n t e r m e d i a t e  
r e g i o n  o f  B r a g g  a n g l e s ,  w h e r e  s p a c i n g s  a r e  h i g h  e n o u g h  and  w i d e l y  e n o u g h  

s e p a r a t e d  f o r  unambiguous a s s i g n m e n t  of i n d i c e s  b u t  low enough f o r  a c c u r a c y  i n  

# 
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c 

FIG. 5.7 X-RAY- DIFFRACTION PATTERNS OF CARBONATE 
APATITE AND HYDROXYL APATITE 
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TABLE 5 .7  

Observed and Calculated spacings from Powder X-Ray-Diffraction 
Spectrometer Data for Sodium Carbonate Apatite 

a = 9.33 f 0 . 0 1  A ;  c 3- 6.90 f 0101 A ;  c / a  = 0.740 k 0.01 

HEXAGONAL 
INDICES, 

hk .  I 

20.0 

11.1 

00.2 

10.2 

12.0 

12.1 

11.2 

30.0 

20.2 

30.1 

12 *2 

13.0 

13.1 

11.3 

40 "0 

20.3 

22.2 

13.2 

23.0 

12.3 

INTENSITY 

28 

25 

80 

14 

12 5 

42 0 

300 

370 

80 

30 

28 
148 

30 

18 

13 

20 

110 

60 

20 

115 

l / d 2  

EXPERIMENTAL 

0 0614 

0.0672 

0 0843 

0.1001 

0 e 1081 

0 1280 

0.1295 

0 1375 

0.1449 

0 1587 

0 .I 1913 
0" 2000 

0 "2200 

0.2342 

0.2450 

0.2491 

0.2672 

0.2830 

0.2920 

0 2960 

SLCULA'IED -_ 

0.061Q 

0 0670 

0 a 0839 

0 0992 

0 1073 

0.1282 

0.1299 

0.1380 

0 1452 

0 1590 

0 a 1913 
0 1995 

0.2205 

0 2348 

0.2452 

0.2500 

0.2679 
0 2832 

0.2913 

0.2963 

IEXAGONAL 
INDICES, 

hk. 1 -- 

23.1 

14.0 

40.2 

00.4 

41.1 

10.4 

23.2 

11.4 

50.0 

13.3 

20.4 

33.0 

42.0 

33.1 

12.4 

42 1 

50.2 

30.4 

-- 

[NTENSITY 

78 

70 

50 

32 

6 

7 

13 

13 

15 

7 

20 

9 

14 

20 

22 

25 

__- 

1/d2 
EXPERIMENTAL 

0.3120 

0.3220 

0 I 3290 

0 e 3360 

0.3430 

0.3510 

0 3735 

0.3865 

0.404 

0 414 

0.428 

0 433 

0 - 441 

0.449 

0 465 

0.4715 

XLCULATED * - 
0.3125 

(0.3220) 

0 - 3295 

(0 3360) 

0.3430 

0 3513 

o 6382 

0 383 

0 3890 

0 3870 

$::E 
0 414 

0.429 

0 434 { 0.435 

0 I 443 

0 450 

0.4674 

0 0 4737 

*The values i n  parentheses were not  ca lcu la ted  but were taken from experiments t o  evaluate  constants  
f o r  other  ca lcu la ted  values. 
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measurement  o f  B r a g g  a n g l e s .  The c a l c u l a t i o n  o f  t h e  l a t t i c e  c o n s t a n t s  i n  t h e  
t a b l e  a s  w e l l  a s  a c o m p a r i s o n ,  f o r  e x a m p l e ,  o f  t h e  d i s t a n c e  o f  t h e  ( 0 0 . 4 )  
and (14.0) p e a k s  f r o m \ e a c h  o t h e r  i n  e a c h  p a t t e r n  o f  F i g d  5 , 7 ,  which  d e p e n d s  
d i r e c t l y  o n  t h e  r e l a t i v e  l e n g t h  o f  t h e  c a n d  a a x e s ,  s h o w s  t h a t  i n  t h i s  
s y n t h e t i c  c a r b o n a t e  a p a t i t e ,  " sod ium c a r b o n a t e  a p a t i t e ,  '' t h e  c / a  r a t i o  i s  

l a r g e r  by more t h a n  1% t h a n  i n  h y d r o x y a p a t i t e ,  

T h e s e  same l i n e  s h i f t s  were i n  t h e  o r i g i n a l  f i l m s  b u t  t h e r e  
was n o  d i s c u s s i o n ,  i n  t h e  r e f e r e n c e ,  o f  t h e i r  mean ing  f o r  t h e  d i m e n s i o n s  o f  
t h e  c r y s t a l  l a t t i c e .  They  a r e  a l s o  accompan ied  by  c o n s i d e r a b l e  d i f f e r e n c e s  
i n  i n t e n s i t y  r a t i o s  ( F i g .  5 . 7 ) .  M ~ C o n n e l l ( ~ ~ )  h a s  c o r r e c t l y  p q i n t e d  o u t  t h a t  
a s i m p l e  r e p l a c e m e n t  on  t h e  h e x a g o n a l  a x e s  o f  2(OH)(2F') i o n &  b y  2 (NaC03)  
g r o u p s ,  or by 1C0, i o n ,  ( 4 4 )  w i t h o u t  s u b s t a n t i a l  i n c r e a s e s  i n  t h e  d e n s i t y  
a n d  t h e  l a t t i c e  d i m e n s i o n s  ( a  a x i s ) ,  w h i c h  a r e  n o t  o b s e r v e d ,  i s  n o t  p o s -  
s i b l e ,  On t h e  c o n t r a r y ,  c o n t r a c t i o n  i n  t h e  d i r e c t i o n  o f  t h e  a a x i s  i s  found .  
M c C o n n e l l ' s  a l t e r n a t e  s u g g e s t i o n  ;as the , ran!dom s u b s t i t u t i o n  o f  4C0, i o n s  
f o r  3P0, i o n s .  Whi l e  s u c h  s u b s t i t u t i o n  may n o t  be r u l e d  o u t  a t  t h i s  s t a g e  o f  
t h e  i n v e s t i g a t i o n ,  i t  seems t h a t  s u b s t i t u t i o n s  o f  t h e  t y p e  1C0, f o r  1P0,  
m u s t  a l s o  b e  c o n s i d e r e d  S i n c e  t h e y  a r e  v e r y  'common, f o r  e x a m p l e ,  i n  s o l i d  
s o l u t i o n s  o f  CaKP0, or CaNaPO, w i t h  K,CO, o r  Na2C0, ,  r e s p e c t i v e l y ,  o r  o f  
Na2S04 w i t h  Na2CO3. ( 4 5 ' )  V a c a n c i e s  i n  c a t i o n  l a t t i c e  p o s i r t i o n s ,  or s i m u l t a n e o u s  
s u b s t i t u t i o n  o f  Na f o r  Ca would r e s t o r e  t h e  i o n i c  c h a r g e  b a l a n c e  On t h e  
b a s i s  of a p r e l i m i n a r y  d e n s i t y  d e t e r m i n a t i o n ,  % t  seems l j k e l y  t h a t  t h e  c o n t e n t  
o f  t h e  u n i t  c e l l  i s  1es.s t h a n  C a l o N a 2 ( P 0 4 ) , ( C 0 3 ) , ,  o r ,  i n  t h e  c a s e  o f  t h e  
K 2 C 0 3  r e a c t i o n ,  less  t h a n  C a l  l (PO, )  , ( C 0 3 )  , t h e  f o r m u l a s  p r e v i o u s l y  sug- 

g e s t e d .  ( 3 5 )  

W h i l e  i t  i s  a l , s b  a s sumed  o n  t h e  b a s i s  o f  t h e  o l d e r  d a t a  t h a t  h y d r o x y l  
g r o u p s  a r e  a b s e n t ,  t h i s  i n t e r e s t i n g  p o i n t ,  t o o ,  would a p p e a r  t o  need  f u r t h e r  
c h e c k i n g ,  t h e  
p r e s e n c e  o f  hydroxy l  i o n s ,  o r  p o s s i b l y  0, i o n s  and H,O s u b s t i t u t i n g  f o r  them,  
would  be  r e q u i r e d .  However ,  a t  l e a s t  one  c a s e  h a s  b e e n  o b s e r v e d  w i t h  c e r -  

t a i n t y ( 3 5 )  i n  w h i c h  t h e  p o s i t i o n s  on t h e  h e x a g o n a l  a x e s  a c t u a l l y  were n o t  
o c c u p i e d  b y  s i n g l y  c h a r g e d  n e g a t i v e  i o n s  s u c h  ati.OH, F ,  o r  C1,  n a m e l y ,  a 
s u b s t a n c e  o f  t h e  n o m i n a l  c o m p o s i t i o n  C a B k 2  (PO,) a l s o  p o s s e s s i n g  a p a t i t e  
s t r u c t u r e u  T h i s  f a c t  wis a l s o  r e f l e c t e d  i n  t h e  s o l u b i l i t y  o f  t h i s  p a r t i c u l a r  

On t h e  b a s i s  o f  T r o m e l ' s  t h e o r y  o f  t h e  a p a t i t e  l a t t i c e , ( , ' )  

(45) A(. A. Bredig, "Isomorphism and Allotropy i n  Compounds of  the Type $X04,'9 J .  P h y s .  Chea. 46, 747 
( 1942) . 
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compound,  whose .  s y n t h e s i s  h a s  a l s o  j u s t  been  r e p e a t e d ,  i n  ammonium n i t r a t e  

s o l u t i o n  i n  w h i c h  a l l  t h e  o t h e r  a p a t i t e s ,  i n c l u d i n g  t h e  s y n t h e t i c  c a r b o n a t e  
a p a t i t e s ,  were found t o  be i n s o l u b l e .  A f u r t h e r  p e r t i n e n t  p o i n t  i s  t h e  r e s u l t  
o f  Zambon in i  and  F e r r a r i ,  l a t e r  c o n f i r m e d  by  F e r r a r i c " )  a g a i n s t  c r i t i c i s m  
by K l e m e n t , ( 4 7 )  t h a t  t r i b a s i c  l e a d  o r t h o p h o s p h a t e ,  Pb, (PO,), , w h i c h  may be 

w r i t t e n  Pb,(PO, l6 h a s  a p a t i t e  s t r u c t u r e  l i k e  i t s  complex  compound w i t h  l e a d  
c h l o r i d e ,  Pb , ,  (PO, ) 6 C l ,  ( p y r o m o r p h i t e )  i n  s p i t e  o f  t h e  a b s e n c e  o f  s i n g l y  
c h a r g e d  a n i o n s  s u c h  a s  C1 ,  F ,  o r  OH a t  t h e  h e x a g o n a l  a x e s .  I t  i s  s u g g e s t e d  
h e r e  t h a t  i n  t.he a b s e n c e  o f  s u c h  a n i o n s  t h e  p r e s e n c e , o f  c a t i o n s  more e a s i l y  
p o l a r i z a b l e  ( d e f o r m a b l e )  t h a n  Ca"* o r  Na", s u c h  a s  Pb" o r  K', c a n  l e a d  t o  

a p a t i t e  s t r u c t u r e .  I n  r e c e n t  a t t e m p t s  i n  t h i s  l a b o r a t o r y  a "sodium a p a t i t e "  
a n a l o g o u s  t o  t h e  " p o t a s s i u m  a p a t i t e , "  CasKa (PO, I 6  h a s  n o t  b e e n  o b t a i n e d  

unde r  c o n d i t i o n s  u n d e r  which  t h e  p o t a s s i u m  compound forms 

P o t a s s i u m  i o n s  e n t e r i n g  t h e  a p a t i t e  s t r u c t u r e  p r o d u c e  an  i n c r e a s e  n o t  

o n l y  i n  t h e  c / a  r a t i o  somewhat  s i m i l a r  t o  t h a t  p r o d u c e d  by c a r b o n a t e  i o n s ,  
b u t ,  i n  a d d i t i o n ,  a n  i n c r e a s e  i n  t h e  a b s o l u t e  m a g n i t u d e s  o f  t h e  l a t t i c e  
c o n s t a n t s .  T h i s  i n c r e a s e  mus t  be  l a r g e l y  due  t o  a s u b s t i t u t i o n  o f  o n e - f i f t h  
o f  t h e  c a l c i u m  i o n s  by p o t a s s i u m  i o n s ,  I o n i c  r a d i i  a r e  0 , 9 8  A f o r  Cat' and 
1 . 3 3  A f o r  K ' ,  I n  t h e  c a s e  o f  t h e  c a r b o n a t e  a p a t i t e s  some r a t h e r  s t r i k i n g  
i n t e n s i t y  e f f e c t s  a r e  e v i d e n t ,  f o r  e x a m p l e ,  F i g ,  5.4 w i l l  be  v e r y  d i f f i c u l t  
t o  i n t e r p r e t  i n  t e r m s  o f  a t o m i c  p o s i t i o n s  i n  t h i s  c o m p l i c a t e d  t y p e  o f  s o l i d  
s o l u t i o n  s t r u c t u r e ,  w i t h  random d i s t r i b u t i o n  o f  s u b s t i t u e n t s .  

C o n c l u s i o n s  based  on t h e  l i t e r a t u r e  s u r v e y  and t h e  r e c e n t  X- ray  i n v e s t i -  
g a t i o n  may t h e n  be summarized a s  f o l l o w s :  

1. Very d i s t i n c t  c h a n g e s  i n  b o t h  t h e  l a t t i c e  c o n s t a n t s  ( e . g a s  i n -  
c r e a s e  o f  t h e  c i a  r a t i o  from 0 . 7 3 0  i n  hydroxy ,apa t i t e  t o  0 . 7 3 7  i n  
" , d i c a l c i u m  c a r b o n a t e  apatiteq'h t o  0.7.40 i n  sodium c a r b o n a t e  a p a -  
t i t e ,  a l l  .tO.OOl) and i n i n t e n s i t y  r a t i o s i n  p o w d e r x - r a y  p a t t e r n s  
a r e  f i n a l  p roo f  o f  t h e  e x i s t e n c e  o f  c a r b o n a t e  a p a t i t e ,  o f  v a r y i n g  
c a r b o n a t e  i o n  c o n t e n t ,  i n  s y n t h e t i c  p r e p a r a t i o n s  of s i m p l e  com- 
p o s i t i o n s ,  

(46)  A t  Ferrnri, "Lead Orrrz, chin, ital. 'PO, 457 (1940) ;  Chsm, Absi, 3'1, 322 (1943). 
(47) R Klemenb;, "Baric horphates of Bivalent Matah If Lead Hydroxyl Apat i tn ,"Z.  anerg.  u.-al  lgsm, 

Chsm, 2 3 4 ,  161 ( l9387 
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2 .  A l t h o u g h  m a j o r  amounts  o f  p o t a s s i u m  p r o d u c e  a s i m i l a r  i n c r e a s e  
i n  t h e  c / a  r a t i o  ( i n  p o t a s s i u m  a p a t i t e ,  Ca,K,(PO,), , c / a  = 0.1421, 
t h e  c h a r a c t e r i s t i c  a x i s  r a t i o  o f  c a r b o n a t e  a p a t i t e  c a n  be u s e d  
i n  c o n j u n c t i o n  w i t h  a n a l y t i c a l  d a t a  w h i c h  may show t h e  a b s e n c e  
o f  p o t a s s i u m ,  t o  d e t e r m i n e  t h e  p r e s e n c e  o r  a b s e n c e  o f  a t r u e  
c a r b o n a t e  a p a t i t e  i n  a g i v e n  m a t e r i a l .  I n  t h i s  way, t h e  o c c u r -  
r e n c e  i n  n a t u r a l  m i n e r a l s  s u c h  a s  f r a n c o l i t e ,  o r  N o r t h  A f r i c a n  
and N o r t h  Amer ican  r o c k  p h o s p h a t e s ,  o f  t r u e  c a r b o n a t e  a p a t i t e ,  
u s u a l l y  i n  s o l i d  s o l u t i o n  w i t h  f l u o r i n e  o r  h y d r o x y a p a t i t e s  , @ h a s  
been  f i r m l y  e s t a b l i s h e d .  F r e q u e n t l y  s u c h  m i n e r a l s  c o n t a i n  
" f r e e "  c a r b o n a t e  i n  a d d i t i o n  t o  t h e  CO, i o n s  o f  t h e  a p a t i t e  
c r y s t a l  p h a s e .  The  c o n c e n t r a t i o n  o f  t h e  CO, i o n s  i n  s o l i d  
s o l u t i o n  a l s o  v a r i e s  i n  d i f f e r e n t  m i n e r a l s .  I 

3 .  Sodium and p o t a s s i u m  behave  d i f f e r e n t l y  w i t h  r e s p e c t  t o  a p a t i t e  
f o r m a t i o n ,  Whereas  sod ium c a n  e n t e r  t h e  c a r b o n a t e  a p a t i t e  po -  
t a s s i u m  h a s  n o t  been  o b s e r v e d  t o  do  s o  u n d e r  s i m i l a r  c o n d i t i o n s .  
On t h e  o t h e r  h a n d ,  a s o d i u m  a p a t i t e ,  Ca,Na,(PO,) , ,  a n a l o g o u s  
t o  t h e  p o t a s s i u m  a p a t i t e  d i s c u s s e d  above ,  has  n o t  been o b t a i n e d .  

4 .  The u n u s u a l l y  h i g h  s o l u b i l i t y  o f  p o t a s s i u m  a p a t i t e ,  CasK2 (PO, , 
i n  ammonium c i t r a t e  s o l u t i o n  i s  e x p l a i n e d  by t h e  a b s e n c e  o f  t h e  
two c r i t i c a l l y  i m p o r t a n t  Z i o n s  i n  t h e  g e n e r a l  a p a t i t e  f o r m u l a  
Mel,(XO, )Z,  I A p o s s i b l e  s i m i l a r  s i t u a t i o n  i n  t r i b a s i c  l e a d  
p h o s p h a t e ,  Pb, (P04)6 n e e d s  c l a r i f i c a t i o n .  

5. On t h e  b a s i s  o f  t h e  d e f i n i t e  k n o w l e d g e  o f  t h e  e f f e c t  o f  CO, 
i o n s  upon  t h e  a p a t i t e  X - r a y  p a t t e r n ,  some  m i n e r a l s  ( e . g . ,  
d a h l i t e ) ,  a s  w e l l  a s  t h e  i n o r g a n i c  s u b s t a n c e  o f  a n i m a l  a n d  
human b o n e s  and t e e t h  ( e n a m e l  and  d e n t i n e )  were e s t a b l i s h e d  a s  
c o n s i s t i n g  o f  a m e c h a n i c a l  m i x t u r e  o f  h y d r o x y a p a t i t e  , o f  v a r i a b l e  
b a s i c i t y ,  w i t h  ! ' f ree"?  c a l c i u m  c a r b o n a t e ,  r a t h e r  t h a n  o f  o n e  
homogeneous phase  w i t h  m o l e c u l a r  d i s p e r s i o n  o f  CQ, i o n s  t h r o u g h -  
o u t  t h e  a p a t i t e  l a t t i c e  ( T a b l e  5 . 8 ) *  

6 .  A d e c i s i o n  be tween two a l t e r n a t e  c o n c e p t s  o f  t h e  a p a t i t e  m i c r o -  
s t r u c t u r e  o f  c o m p o s i t i o n s  s u c h  as  e n a m e l  o r  d e n t i n e ,  s l i g h t l y  
less b a s i c  t h a n  Ca,,(PO,),(OH),,  e . g . ,  Ca,(PO,) (OH,), ,  i s  n o t  
y e t  p o s s i b l e ,  We may be d e a l i n g  h e r e  e i t h e r  w i t 1  a t r u e  h y d r a t e  
o f  t r i b a s i c  c a l c i u m  ( o r  l e a d )  p h o s p h a t e  p o s s e s s i n g  a p a t i t e  
s t r u c t u r e ,  which  m i g h t  a l s o  be r e p r e s e n t e d  by a f o r m u l a  s u c h  a s  
Ca, (PO, 1, (PO,H), (OH), , c o r r e s p o n d i n g  t o  u n i f o r m  d i s t r i b u t i o n  o f  
t h e  component i o n s  i n  t h e  s t r u c t u r e ,  or w i t h  a t r u e  hydroxyapa -  
t i t e ,  Ca,, (PO, ) a  (OH), p l u s  a d s o r b e d  p h o s p h o r i c  a c i d  (Tr 'dmel)  
c o r r e s p o n d i n g  t o  a nonun i fo rm d i s p e r s i o n  o f  t h e  component  i o n s ,  
F u r t h e r  s tud,y m i g h t  i n v o l v e  t h e  a i d  o f  r a d i o a c t i v e  t r a c e r  methods  
i n  t h e  s o l u t i o n  o f  t h i s  p rob lem.  
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COMPOUND 

H y d r o x y a p a t i t e ,  Calo (PO, l a  (OH) s y n t h e t i c  

Human t o o t h  ename 1 

D a h l i  t e  (McConnel l (38 1) 

F l u o r i n e  a p a t i t e  

S t a f f e l i t e  I (low coj) 

F r a n c o l  i te (McConnell( 3 8  ) ) 

TABLE 5 . 8  

a (A)  c ( A )  c /a  

9.41 6.87 0.730 

’ 9.41 6.87 0.730 

9.41 6.88 0.731 

9.36 6.87 0.734 

9.33 6.87 0.736 

9.31 1 6.87 0 738 

Crystal Lattice Constants of  Apatites 

6.92 0.737 
‘ c p i c a l c i u m  c a r b o n a t e  a p a t i t e , ” s y n t h e t i c  

(Ca: PO, : C03 =11: 6 : 2 1 

*‘.Sodium c a r b o n a t e  a p a t i t e , ”  s y n t h e t i c  
(Ca*Na:P0,.CO3 = 10:2:6:2) 

“Potassium a p a t i t e  s y n t h e t i c ,  
CasKz (PO, ) 

9.40 
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L u m i n e s c e n c e  o f  A l k a l i  H a l i d e s  S u b j e c t e d  t o  I o n i z i n g  R a d i a t i o n  ( J .  A. 
Ghormley  w i t h  H. A. L e v y ) .  A p a p e r  d i s c u s s i n g  work t o  d a t e  on  t h i s  p r o b l e m  
h a s  b e e n  w r i t t e n  and w i l l  b e  s u b m i t t e d  f o r  p u b l i c a t i o n  i n  t h e  Journal of 

P h y s i c a l  & C o l l o i d  C h e m i s t r y  t o g e t h e r  w i t h  o t h e r  p a p e r s  p r e s e n t e d  a t  t h e  

R a d i a t i o n  C h e m i s t r y  Symposium o f  t h e  A p r i l  ACS m e e t i n g ,  The p a p e r  i s  summa- 

r i z e d  a s  f o l l o w s :  

1. I n f r a r e d  e m i s s i o n  has  b e e n  o b s e r v e d  i n  i r r a d i a t e d  or a d d i t i v e l y  
c o l o r e d  KC1 d u r i n g  e x p o s u r e  t o  F-band l i g h t .  T h i s  i s  t h o u g h t  t o  
b e  a s s o c i a t e d  w i t h  t h e  t r a n s i t i o n  f rom t h e  e x c i t e d  F c e n t +  t o  
t h e  grbund s t a t e  o f  t h e  F c e n t e r .  

2.  Glow c u r v e s  f o r  i n f r a r e d  e m i s s i o n  d u r i n g  h e a t i n g  o f  a d d i t i v e l y  
c o l o r e d  KC1 f o l l o w i n g  e x p o s u r e  t o  F-band l i g h t  a t  low t e m p e r a -  
t u r e  e x h i b i t  f i v e  p e a k s  be tween  -196 and +25"C, i n d i c a t i n g  f i v e  
t y p e s  o f  e l e c t r o n  t r a p s .  

, 
3. Glowscurves  o b t a i n e d  s i m u l t a n e o u s l y  f o r  d i f f e r e n t  e m i s s i o n  bands  

i n d i c a t e  t h a t  a t  l e a s t  two t y p e s  o f  p r o c e s s e s  r e q u i r i n g  a c t i v a -  
t i o n  e n e r g y  may P c c u r ,  and a s i n g l e  t y p e  o f  a c t i v a t i o n  s t e p  c a n  
l e a d  t o  more t h a n  one s p e c t r a l  e m i s s i o n  band.  

4.  NaCl and L i F  i r r a d i a t e d  a t  4 O K  and a l l o w e d  t o  warm g i v e  maximum 
e m i s s i o n  a t  66 and 135"K, r e s p e c t i v e l y ,  w i t h  l i t t l e  p h o s p h o r e s -  
c e n c e  be low t h e s e  t e m p e r a t u r e s .  The e m i s s i o n  p e a k s  a r e  t h o u g h t  
t o  a r i s e  f rom r e l e a s e  o f  s e l f - t r a p p e d  e l e c t r o n s ,  

5 .  A t e m p e r a t u r e - i n d e p e n d e n t  a f t e r g l o w  o b s e r v e d  i n  a l k a l i  h a l i d e s  
i s  a t t r i b u t e d  to t u n n e l i n g o f  t r a p p e d  e l e c t r o n s  t o  t r a p p e d  h o l e s ,  

E f f e c t  o f  B 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  and 
E .  H. T a y l o r ) .  Work h a s  c o n t i n u e d  o n  t h e  d e c r e a s e  i n  c a t a l y t i c  a c t i v i t y  o f  
ZnO o b s e r v e d  a f t e r  i r r a d i a t i o n  w i t h  gamma r a y s .  As b e f o r e ,  t h e  c a t a l y t i c  
a c t i v i t y  i s  d e t e r m i n e d  by  f o l l o w i n g  t h e  r a t e  o f  h y d r o g e n a t i o n  o f  e t h y l e n e  
a t  O O C .  

The  c a t a l y t i c  a c t i v i t y  o f  a s a m p l e  o f  ZnO, wh ich  hqd b e e n  a c t i v a t e d  b y  
e v a c u a t i o n  f o r  16  h r  a t  a b o u t  360°C,  was measu red  a f t e r  e a c h  o f  a s e r i e s  o f  

t r e a t m e n t s ,  i n c l u d i n g  e v a c u a t i o n  a t  O°C, e v a c u a t i o n  a t  100°C,  and i r r a d i a t i o n  
w i t h  Co60 gamma r a y s  a t  a n ' i n t e n s i t y  of  a b o u t  1 5 , 0 0 0  r / m i n .  T h e  r e s u l t s  

a r e  g i v e n  i n  t h e  f o l l o w i n g  t a b u l a t i o n :  

t 
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" A c t i v a t e d  by 16-hr  e v a c u a t i o n  a t  360°C. 

ZnO 
'IREATMENT 

Prel iminary" 

Evacuated 2 hr a t  O*C 

Evacuated 2 h r  a t  O°C, i r r a d i a t e d  10 days 

Evacuated 2 hr a t  0°C 

Evacuated 2 hr a t  100°C 

Evacuated 2 hr a t  100°C 

Evacuated 2 h s  a t  O°C 

Evacuated 2 hr a t  P00"C 

Evacuated 2 hr a t  100°C 

Evacuated 4 hr a t  l00"C 

Evacuated 2 h r , a t  lOO"C, reirradiated 10 days 

Evacuated 2 hr a t  0°C 

CATALY TI C ACTI VI TI 
( h a l f - t i m e  for  2H2 + C2H, a t  O*C) 

( h r )  

2 6 . 9  

27 6 

41.0 

40 9 

36.  5 

41-7 

42,7 

47 I '7 

48.3 

48. 6 

52. 5 

54" 3 

T h e r e  i s  a m a r k e d  d e c r e a s e  i n  c a t a l y t i c  a c t i v i t y  upon  i r r a d i a t i o n ,  

# f o l l o w e d  by  what  a p p e a r s  t o  b e  a c o m p l i c a t e d  a n n e a l i n g  p r o c e s s  o c c u r r i n g  a t  
100cC b u t  n o t  a t  O'C. 

The e f f e c t  o f  s i m p l y  s t a n d i n g  a t  room t e m p e r a t u r e  i n  vacuo  was measu red  
o n  a n o t h e r  s a m p l e  o f  t h e  same ZnO and warns f o u n d  t o  b e  a b o u t  o n e - f o u r t h  a s  

l a r g e  a s  t h e  above  i r r a d i a t i o n  e f f e c t ,  name ly ,  an i n c r e a s e  i n  h a l f - t i m e  f rom 
35-4 t o  3 8 . 2  h r  a f t e r  11 d a y s .  Ano the r  s a m p l e ,  e v a c u a t e d  a t  0 ° C  be tween r u n s .  
showed v i r t u a l l y  no c h a n g e  a f t e r  s t a n d i n g  11 d a y s ,  t h e  h a l f  t i m e s  b e i n g  25  2 
a n d  2 7 , 3  h r  b e f o r e  s t a n d i n g  and 25 .3  a f t e r  s t a n d i n g ,  

T h e r e  is s t i l l  no  e v i d e n c e  t h a t  t h e  o b s e r v e d  e f f e c t s ,  which  a r e  e e T t a a n l y  
r e a l  a r e  t h e  r e s u l t  o f  c h a n g e s  i n  t h e  c a t a l y s t  i t s e l f  The c h i e f  a l t e r n a t i v e  
p o s s i b i l i t i e s  a r e  ( 1 )  r a d i a t i o n  d e c o m p o s i t i o n  o f  a d s o r b e d  e t h y l e n e  ( t h a t  

e t h y l e n e  n o t  remo7ed by t h e  s t a n d a r d  e v a c u a t i o n  t e c h n i q u e )  t o  e i t h e r  c a r b o n  o r  
polymer b o t h  o f  which  would p o i s o n  t h e  c a t a l y s t ,  and ( 2 )  r a d i a t i o n  r e l e a s e  o f  
a d s o r b e d  w a t e r  f r o m  t h e  g l a s s  f o l l o w e d  by  p o i s o n i n g  by  r e a d s o r p t i o n  i n  t h e  

ZRO Some e v i d e n c e  a g a i n s t  t h e  l a t t e r  was o b t a i n e d  i n  an e x p e r i m e n t  i n  wh ich  
t h e  u s u a l  1 g o f  ZnO was  m i x e d  w i t h  6 67 g o f  p y r e x  h e l i c e s  t o  a f f o r d  a 

132 



h i g h l y  i n c r e a s e d  g l a s s  s u r f a c e .  The  i n c r e a s e  i n  h a l f - l i f e  a f t e r  a 1 0 - d a y  
i r r a d i a t i o n  was 8 .3  h r ,  c l e a r l y  n o  l a r g e r  t h a n  t h e  e f f e c t  o b s e r v e d  w i t h o u t  
t h e  added  g l a s s  

E x p e r i m e n t s  a r e  u n d e r w a y  w h i c h  a r e  d e s i g n e h  t o  p r o v e  w h i c h  p o s s i b l e  
e x p l a n a t i o n  i s  c o r r e c t ,  A c o n s i d e r a b l e  d i f f i c u l t y  i s  t h e  common o n e  i n  

c a t a l y s i s  o f  u n r e p r o d u c i b i l i t y  o f  s e p a r a t e  s amples  o f  t h e  same m a t e r i a l .  

Radiation Decomposi t ionof  Water and Aqueous S o l u t i o n s  (C. J .  Hochanade l ) .  
R e c e n t  work on t h i s  p rob lem was p r e s e n t e d  a t  t h e  R a d i a t i o n  C h e m i s t r y  Symposium 
a t  t h e  s p r i n g  m e e t i n g  o f  t h e  Amer ican  Chemica l  S o c i e t y  i n  C l e v e l a n d ,  and w i l l  
be  p u b l i s h e d  s u b s e q u e n t l y .  A summary o f  t h e  p a p e r  f o l l o w s :  

The 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  and t h e  r a d i a t i o n - i n d u c e d  b a c k  r'e- 
a c t i o n  o f  t h e  p r o d u c t s  H, and H,O, have  been  s t u d i e d  u s i n g  a c o b a l t  gamma-ray 
s o u r c e .  A b s o l u t e  y i e l d s  were d e t e r m i n e d  by c o m p a r i s o n  w i t h  an  a c i d  f e r r o u s  
s u l f a t e  a c t i n o m e t e r  wh ich  had b e e n  c a l i b r a t e d  c a l o r i m e t r i c a l l y .  , The measured  
yield f o r  o x i d a t i o n  of  Fegf  i m  a i r - s a t u r a t e d  0 . 4  M FeS04 was 15.5 * 0 . 3  Fe" 
o x i d i z e d  p e r  100 e v  a b s o r b e d .  

The  d e c o m p o s i t i o n  o f  w a t e r  by  a n y  i o n i z i n g  r a d i a t i o n  i s  t r e a t e d  a s  
o c c u r r i n g  i n  two s e p a r a t e  r e a c t i o n s  

Y 

2 H 2 0 4  H 2 0 2  + H, 

H,O ---+ OH + H ' (€3) 

The v a l u e  o f  0 .46  H,O, ( a n d  p r e s u m a b l y  H,)  p,er 100 e v  f o r  k, was d e t e r -  
mined f rom t h e  H,O, y i e l d  i n  o x y g e n - f r e y  a c i d  bromide  s o l u t i o n s .  

The v a l u e  o f  2 .74  H and OH p e r  100 e v  f o r  k, was d e t e r m i n e d  from t h e  H,O, 
The minimum y i e l d  f o r  d e c o m p o s i t i o n  y i e l d  i n  s o l u t i o n s  c o n t a i n i n g  H, and 0,. 

o f  w a t e r  by gamma r a d i a t i o n  i s  t h e n  3 .66  H,O p e r  100 ,ev or 1 H,O p e r  27 ev 

The  r a d i a t i o n - i n d u c e d  r e a c t i o n  b e t w e e n  d i s s o l v e d  p r o d u c t  m o l e c u l e s  H, 
The  k i n e t i c s  a r e  d i s -  arid H,02 was s t u d i e d  u n d e r  a v a r i e t y  o f  c o n d i t i o n s .  

c u s s e d  i n  terms o f  r e a c t i o n s  w i t h  f r e e  r a d i c a l s  H ,  OH, and HO, 
L 

R a d i a t i o n  Chemistry  of Aqueous Organic  S o l u t i o n s  ( T  J ,  S w o r s k i ) ,  I n  

o r d e r  t o  o b t a i n  a n  u n d e r s t a n d i n g  o f  t h e  mechan i sm o f  p r o t e c t i v e  a c t i o n  o f  
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many o r g a n i c  s o l u t e s  i n  b i o l o g i c a l  s y s t e m s ,  an  i n v e s t i g a t i o n  o f  t h e  mechanism 
o f  r a d i a t i o n  c h e m i c a l  e f f e c t s  i n  aqueous  o r g a n i c  s o l u t i o n s  h a s  been  i n i t i a t e d .  
The immedia te  o b j e c t i v e  01 t h i s  i d v e s t i g a t i o n  i s  t o  examine  p r o t e c t i v e  a c t i o n  
i n  s i m p l e  aqueous  s o l u t i o n s ,  

An a q u e o u s  b e n z e n e  s g l u t i o n ,  w i t h  i t s  r e s u l t a n t  p h e n o l  f o r m a t i o n  upon 
i r r a d i a t i o n ,  i s  now u n d e r  i n v e s t i g a t i o n .  

R q d i a t i o n  S t a b i l i t y  of HRE Components ( J .  W. B o y l e ,  F. J.  F i t c h ,  J,. F. 
Manneschmidt ,  H. F. McDuf f i e ,  D M R i c h a r d s o n ,  M. D. S i l v e r m a n ,  C. H. S e c o y ,  
A .  W ,  S m i t h ,  and  F. H.  S w e e t o n ) .  D u r i n g  t h e  p a s t  q u a r t e r  w o r k  h a s  b e e n  
c o n t i n u e d  on 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 t a c t  w i t h  t y p e  347 s t a i n l e s s  s t e e l  
which  had been  p r e t r e a t e d  w i t h  n i t r i c  or c h r o m i c  a c i d  t o  p r o d u c e  a p a s s i v a t e d  
s u r f a c e .  S i n c e  a l l  t h i s  work  i s  c o n n e c t e d  w i t h  t h e  h o m o g e n e o u s  r e a c t o r  
p r o g r a m ,  d e t a i l e d  r e p o r t ' s  w i t h  f u l l  d i s c u s s i o n  and  t a b u l a t i o n  o f  d a t a  h a v e  
been  i n c l u d e d  i n  t h e  HRE 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  F e b r u a r y  28 ,  
1951 (ORNL-990). M a j o r  f i n d i n g s  o f  i n t e r e s t  d u r i n g  t h e  q u a r t e r  were a s  

f o l l o w s .  

1. A n a l y t i c a l  r e s u l t s  o n  h o t  s o l u t i o n s  f r o m  p r e v i o u s l y  r e p o r t e d  
i n - p i l e  e x p e r i m e n t s  and e x a m i n a t i o n s  o f  c o r r o s i o n  spec imens  from 
t h e s e  e x p e r i m e n t s  s u p p o r t  t h e  c l a s s i f i c a t i o n s  o f  e x p e r i m e n t s  a s  
"good"* or  bad"^ b a s e d  on p r e s s u r e - t e m p e r a t u r e  d a t a  o b t a i n e d  i n  
t h e  c o u r s e  o f  t h e  i r r a d i a t i o n s .  

2. A d d i t i o n a l  s u p p o r t  was found  f o r  t h e  a s s o c i a t i o n  o f  f a i l u r e s  i n  
t h e  i n - p i l e  e x p e r i m e n t s  w i t h  c o n d i t i o n s  d u r i n g  p i l e  s h u t d o w n s  
( i . e . ,   he a b s e n c e  of a n e u t r o n  f l u x ) .  

3 S e v e r a l  n o n r a d i a t i o n  f a c , t o r s  were d i s c o v e r e d  w h i c h ,  i n  t h e  
a b s e n c e  o f  r a d i a t i o n ,  c o n s i s t e n t l y  c a u s e d  r e d u c t i o n  o f  u r a n i u m  
t o  ' i n s o l u b l e  o x i d e s .  T h e s e  f a c t o r s  c o u l d  have  b e e n  r e s p o n s i b l e  
€or t h e  f a i l u r e s  o b s e r v e d  i n  e x p e r i m e n t s  i n  w h i c h  t h e r e  were 
p i l e  shutdowns .  

4 .  I n c r e a s i n g  s u p p o r t  f o r  t h e  i d e a  t h a t  r a d i a t i o n  i s  b e n e f i c i a l  
r a t h e r  t h a n  h a r m f u l  w i t h  r e s p e c t  t o  c o r r o s i o n  a n d  s o l u t i o n  
s t a b i l i t y  was o b t a i n e d .  A low b u t  e f f e c t i v e  l e v e l  o f  hydrogen  
peroxide ( o r  o x i d i z i n g  r a d i c a l s  a s s o c i a t e d  w i t h  p e r b x i d e  fo rma-  
t i o n  and d e c o m p o s i t i o n )  a p p e a r s  t o  be  m a i n t a i n e d  d u r i n g  n e u t r o n  
i r r a d i a t i o n  e v e n  a t  t e m p e r a t u r e s  of  250 t o  300°C. 

5. A t  t e m p e r a t u r e s  a b o v e  1 0 0 ° C  and  f l u x e s  up  t o  5 X 10" t h e r e  
a p p e a r s  t o  b e  l i t t l e  r i s k  o f  p r e c i p i t a t i o n  o f  uran ium p e r o x i d e .  

G. Stein and J. Weiss, "Chemical Actions of Ionising Radiations on A ueous Solutims. 
The Formation of Free Radicals. 
London 1949, p. 3245 ( 1949). 

Part 11. 
J. Chen. Soc. The Action o f  X-Rays on Benzene and &zoic Acid, 
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D u r i n g  t h e  n e x t  q u a r t e r  i t  i s  p l a n n e d  t o  e x t e n d  i r r a d i a t i o n  e x p e r i m e n t s  
u s i n g  u r a n y l  s u l f a t e  t o  t h e  h i g h e r  f l u x e s  o b t a i n a b l e  i n  t h e  LITR. Ampoule and 
metal-bomb e x p e r i m e n t s  w i t h  u r a n y l  n i t r a t e  w i l l  b e  c o n t i n u e d  i n  t h e  g r a p h i t e  
p i l e .  Work w i t h  o t h e r  u r a n i u m  c o m p o u n d s ,  s o l u b l e  and  i n s o l u b l e ,  i s  a l s o  
u n d e r w a y .  P r e l i m i n a r y  i r r a d i a t i o n s  o f  s l u r r y  s y s t e m s  a r e  i n  p r o g r e s s  i n  
c o o p e r a t i o n  w i t h  members  o f  t h e  C h e m i c a l  T e c h n o l o g y  D i v i s i o n .  L o n g - t e r m  
r a d i a t i o n - c o r r o s i o n  t e s t s  on u r a n y l  s u l f a t e  and p a s s i v a t e d  347 s t a i n l e s s  s t e e l  
w i l l  be c o n t i n u e d .  

O u t - A f - p i l e  t e s t s  o f  bomb- f i t t i n g - t u b i n g  a s s e m b l i e s  w i l l  be c o n t i n u e d  i n  
o r d e r  t o  e s t a b l i s h  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  p a s s i v a t i o n  t e c h n i q u e s  i n  t h e  
a b s e n c e  o f  r a d i a t i o n .  .Ampoule e x p e r i m e n t s  c o m p l e m e n t i n g  t h e s e  o u t - o f - p i l e  
e x p e r i m e n t s  and  e x t e n d i n g  t o w a r d  f u n d a m e n t a l  s t u d i e s  o f  p r o t e c t i v e  f i l m  
f o r m a t i o n  and breakdown i n  t h e  a b s e n c e  o f  r a d i a t i o n  a r e  b e i n g  c a r r i e d  o u t  i n  
c o o p e r a t i o n  w i t h  o t h e r  g r o u p s  s t u d y i n g  t h e  mechanism o f  c o r r o s i o n  a s  a p p l i e d  
t o  u r a n y l  s u l f a t e - s t a i n l e s s  s t e e l  s y s t e m s .  

Analytical Results for Irradiated Solutions.. I n  an e a r l i e r  HRE q u a r t e r l y  
r e p o r t  (OWL-990, T a b l e s  1 2 ,  13,  a n d  14)  i t  was s t a t e d  t h a t  t h e  r e s u l t s  o f  22. 
i n - , p i l e  i r r a d i a t i o n  e x p e r i m e n t s  were c l a s s i f i e d  a s  "good," " i n d e t e r m i n a t e ,  or 

"bad" on t h e  b a s i s  o f  p r e s s u r e - t e m p e r a t u r e  d a t a  o b t a i n e d  d u r i n g  t h e  c o u r s e  o f  
t h e  e x p e r i m e n t ;  f o r  e x a m p l e ,  an e x p e r i m e n t  i n  wh ich  t h e  t o t a l  p r e s s u r e  (H,  + 
0,  -t H,O) was m a i n t a i n e d  s u b s t a n t i a l l y  i n  e x c e s s  o f  steam p r e s s u r e  was c l a s s i -  
f i e d  a s  "good."(I 
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D u r i n g  t h e  p a s t  q u a r t e r  a n a l y t i c a l  r e s u l t s  o n  t h e  r a d i o a c t i v e  s o l u t i o n s  
from t h e s e  e x p e r i m e n t s  have  become a v a i l a b l e  and have  been.  s e t  f o r t h - i n  h e t a i l  
i n  t h e  HRE 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  F e b r u a r y  28 ,1951  (ORNL-990). 
A summary of  t h e s e  r e s u l t ' s  may b e  o f  i n t e r e s t :  

1. S o l u t i o n s  f rom "good" e x p e r i m e n t s  were found t o  have  c o n s i s k e n t l y  
low c h l o r i d e  i o n  c o n t e n t s .  ( C h l o r i d e  i o n  i s  known t o  be  v e r y  
damag ing  t o  p r o t e c t i v e  f i l m s  on s t a i n l e s s  s t e e l . )  T h e s e  s o l u -  
t i o n s  c o n t a i n e d  s u b s t a n t i a l l y  a l l  t h e i r  o r i g i n a l  uranium c o n t e n t  
i n  a s o l u b l e  form.  

2 .  S o l u t i o n s  f rom " i n d e t e r m i n a t e "  e x p e r i m e n t s  c o n t a i n e d  v e r y  l i t t l e  
uranium i n  s o l u t i o n  and had h i g h  c h l o r i d e  i o n  c o n c e n t r a t i o n s .  

3. One o f  t h e  two s o l u t i o n s  f r o m  "lbad" e x p e r i m e n t s  was f o u n d  t o  
c o n t a i n  s u b s t a n t i a l l y  a l l  i t s  u r a n i u m  i n  s o l u b l e  f o r m .  T h i s  
was,  however ,  e x p e c t e d ,  s i n c e  t h e  s o l u t i o n  had been  " v e a c t i v a t e d "  
w h i l e  s t i l l  i n  t h e  p i l e  by  t h e  c o m b i n e d - e f f e c t  o f  a h i g h  f l u x  
and a low t e m p e r a t u r e ,  which  p roduced  a h i g h  p e r o x i d e  c o n c e n t r a -  
t i o n  apd r e o x i d i z e d  t h e  r educed  uranium t o  t h e  u r a n y l  s t a t e -  
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4 -  Examina t ion  o f  c o r r o s i o n  spec imens  f o r  s u r f a c e  c o n d i t i o n  and f o r  
w e i g h t  c h a n g e s  showed marked c o r r e l a t i o n  be tween  ngood”* e x p e r i -  
ments  and l a c k  o f  change  i n  t h e  spec imen.  

5. R e - e x a m i n a t i o n  o f  p r e s s u r e -  t e m p e r a t u r e  d a t a  f o r  e x p e r i m e n t s  
showing  l o s s  o f  p r e s s u r e  l e d  t o  s u p p o r t  f o r  t h e  i d e a  t h a t  f a i l -  
u r e s  c a n  b e  a s s o c i a t e d  w i t h  p i l e  s h u t d o w n s .  I t  seems p r o b a b l e  
t h a t  t h e  c o n c e n t r a t i o n  o f  h y d r o g e n  p e r o x i d e  or o f  o x i d i z i n g  
r a d i c a l s  i s  m a i n t a i n e d ,  d u r + n g  n e u t r o n  i r r a d i a t i o n ,  a t  a l e v e l  
wh ich  p r e v e n t s  c o r r o s i o n  and r e d u c t i o n  o f  t h e  u ran ium.  I f  t h e  
n e u t r o n  f l u x  i s  removed and h i g h  t e m p e r a t u r e s  a r e  r e t a i n e d ,  t h e  
p e k o x i d e  q u i c k l y  decomposes ,  p e r m i t t i n g  c o r r o s i o n  of  t h e  p a s s i v e  
f i l m  o n  t h e  s t a i n l e s s  s t e e l  and d e s t a b i l i z i n g  t h e  u r a n i u m  i n  
s o l u t i o n .  

Nonradiation Factors Affecting Stability. R e s u l t s  f r o m  t h e  i r r a d i a t i o n  

e x p e r i m e n t s  s u g g e s t e d  t h a t  some o f  t h e  f a i l u r e s  were n o t  d u e  t o  r a d i a t i o n  b u t  
p o s s i b l y  t o  o t h e r ,  n o n r a d i a t i o n ,  f a c t o r s .  T h i s  was c o n f i r m e d  b y  s u b s e q u e n t  
o u t - o f - p i l e  c o n t r o l  t e s t s  i n  which  b o m b - f i t t i n g - t u b i n g  a s s e m b l i e s  l o a d e d  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  were h e a t e d .  E v e r y  s u c h  t e s t  r e s u l t e d  i n  c o m p l e t e  
r e d u c t i o n  o f  t h e  u ran ium t o  an o x i d e  c o a t i n g  on  t h e  s t a i n l e s s  s t e e l  w i t h i n  a: 
p e r i o d  o f  a few d a y s .  T h e s e  r e s u l t s ,  i n  s h a r p  c o n t r a s t  t o  t h e  f i n d i n g s  o f  
t h e  E n g i n e e r i n g  C o r r o s i o n  G r o u p  o f  t h e  R e a c t o r  T e c h n o l o g y  D i v i s i o n  t h a t  
p a s s i v a t e d  347 s t a i n l e s s  s t e e l  was i n e r t  toward  u r a n y l  s u l f a t e  s o l u t i o n s ,  l e d  
t o  an  i n t e n s i v e  s t u d y  o f  n o n r a d i a t i o n  f a c t o r s  w h i c h  d e v e l o p e d  t h e  f o l l o w i n g  
r e s u l t s :  

1. Supposed ly  p a s s i v a t e d  s t a i n l e s s  s t e e l  bombs w i t h  which  o u r  g r o u p  
had  b e e n  f u r n i s h e d  were f o u n d  t o  b e  h e a v i l y  c o n t a m i n a t e d  w i t h  
c h l o r i d e  i o n s ,  T h e s e  p r e s u m a b l y  were  n o t  r i n s e d  o u t  a f t e r  an 
e t c h i n g  t r e a t m e n t ,  and ,  moreove r ,  r ema ined  t h r o u g h  t h e  p a s s i v a -  
t i o n  t r e a t m e n t  and s u b s e q u e n t  r i n s i n g .  Some o f  t h e  f a i l u r e s  
o b s e r v e d  by u s  u n d e r  i r r a d i a t i o n  were u n d o u b t e d l y  c a u s e d  by t h e  
p r e s e n c e  o f  t h e s e  c h l o r i d e  i o n s .  T h i s  w a s  c o n f i r m e d  b y  s u b -  
s e q u e n t  a n a l y s i s  o f  t h e  r a d i o a c t i v e  s o l u t i o n s  f r o m  t h e  bombs. 
To e l i m i n a t e  c h l o r i d e  i o n s  t h e  g r o u p  h a s  t a k e n  o v e r  r e s p o n s i -  
b i l i t y  f o r  p a s s i v a t i n g  i t s  own bombs,  h a s  r e d e s i g n e d  t h e  bomb 
t o  a l l o w  a more e f i i c i e n t  r i n s i n g ,  and h a s  a d o p t e d  t h e  p r a c t i c e  
o f  a n a l y z i n g  t h e  r i n s e s  f rom e a c h  bomb f o r  c h l ’ o r i d e  i o n  p r i o r  t o  
f i l l i n g  w i t h  a p a s s i v a t i n g  s o l u t i o n .  

2 .  D e f e c t s  i n  t h e  p r e v i o u s l y  u s e d  p r e s s u r e  f i t t i n g  were overcome by 
a r e d e s i g n  o f  t h e  f i t t i n g  s o  a s  t o  e l i m i n a t e  t h e  u s e  o f  s i l v e r  
s o l d e r  and o f  u n p a s s i v a t e d  s t a i n l e s s  s t e e l  even  i n  p o s i t i o n s  n o t  
i n  c o n t a c t  w i t h  t h e  s o l u t i o n .  and n o t  n o r m a l l y  h e a t e d  t o  tempera-  
t u r e s  above 200°C. The new f i t t i n g s  a r e  p a s s i v a t e d  a f t e r  assem- 
b l y ,  t h u s  p r o v i d i n g  a u n i f o r m  t r e a t m e n t  f o r  a l l  s u r f a c e s  even- .  
t u a l l y  i n  c o n t a c t  w i t h  u r a n f l  s u l f a t e  s o l u t i o n s  or i t s  v a p o r s  
and g a s e s  Bomb p e r f o r m a n c e s  w i t h  , these new f i t t i n g s  have  been  
v e r y  s a t i s f a c t o r y  b o t h  i n  and o u t  O F  r a d i a t i o n .  
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3 I t  c 
f u l  
t h e  

a n n o t  be  emphas ized  t o o  s t r o n g l y  t h a t  t h e  numerous s u c c e s s -  
e x p e r i m e n t s  i n  t h e  p r e s e n c e  o f  r a d i a t i o n  o b s e r v e d  p r i o r  t o  
a b o v e  f i n d i n g s  become h i g h l y  s i g n i f i c a n t  i n  v i e w  o f  t h e  

ove rwhe lming  p r o b a b i l i t y  t h a t  t h e y  a l l  would have  been  f a i l u r e s  
i f  t h e y  had been  conduc ted  i n  t h e  a b s e n c e  o f  r a d i a t i o n .  D e s p i t e  
t h e  c o m b i n a t i o n  o f  o l d - s t y l e  f i t t i n g s  c o n t a i n i n g  s i l v e r  s o l d e r ,  
o f  u n p a s s i v a t e d . ' s t a i n l e s s  s t e e l ,  and o f  i n a d e q u a t e  r i n s i n g  o f  
bombs f o l l o w i n g  t h e  e t c h i n g  t r e a t m e n t ,  mos t  o f  t h e  bombs main-  
t a i n e d  t h e i r  c o n t e n t  o f  s o l u b l e  uran ium and d i d  n o t  show e x c e s -  
s i v e  c o r r o s i o n  when i n  t h e  p r e s e n c e  of  r a d i a t i o n .  Such  e v i d e n c e  
s u g g e s t s  t h a t  r a d i a t i o n  w i l l  p r e v e n t  c o r r o s i o n  r a t h e r  t h a n  c a u s e  
c o r r o s i o n  o r  s o l u t i o n  i n s t a b i l i t y .  

Peroxide Precipitation Studies. The s t a r t - u p  p r o c e d u r e  f o r  t h e  HRE would 
be  g r e a t l y  a f f e c t e d  i f  uran ium p e r o x i d e ' w e r e  t o  p r e c i p i t a t e  b e f o r e  e q u i l i b r i u m  
c o n d i t i o n s  c o u l d  be a t t a i n e d  i n  t h e  r e a c t o r .  For t h i s  r e a s o n  e x p e r i m e n t s  were 

c o n d u c t e d  t o  d e t e r m i n e  t h e  e f f e c t  o f  t e m p e r a t u r e ,  u ran ium c o n c e n t r a t i o n ,  f l u x ,  
and a c i d i t y  upon t h e  p r e c i p i t a t i o n  o f  uran ium p e r o x i d e  i n  X-10 p i l e - i r r a d i a t e d  
s o l u t i o n s  u s i n g  q u a r t z  ampou les  t h r o u g h o u t .  The  r e s u l t s  f rom t h e s e  e x p e r i -  
ments  may be summarized a s  f o l l o w s :  

1. A t  t e m p e r a t u r e s  o f  100  t o  250°C e n r i c h e d  (93% U23s) u r a n y l  s u l -  
f a t e  s o l u t i o n s  i n  t h e  c o n c e n t r a t i o n  r a n g e  f r o m  10 t o  40 g o f  
u r a n i u m  p e r  l i t e r  and f rom z e r o  t o  2 N i n  exces 's  s u l f u r i c  a c i d  
c a n  b e  e x p o s e d  t o  a f l u x  o f  5 X 10" n / c m 2 / s e c  f o r  a t  l e a s t  30 
min w i t h o u t  u ran ium p e r o x i d e  p r e c i p i t a t i o n .  The c o m b i n a t i o n  o f  
e x c e s s  a c i d i t y  and h i g h  t e m p e r a t u r e  c a u s q d  some p r e c i p i t a t i o n  
o f  SiO,. 

2 .  E n r i c h e d  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  30  t o  120  g o f  
u ran ium p e r  l i t e r  and no  e x c e s s  a c i d  have  shown some ( l e s s  t h a n  
20% i n  any c a s e )  p r e c i p i t a t i o n  o f  u r a n y l  p e r o x i d e  when e x p o s e d  
f o r  1 h r  t o  a f l u x ' o f  5 X 10" n / c m 2 / s e c ,  d u r i n g  which  t ime &he 
t e m p e r a t u r e  rose  from 25 t o  90°C. 

3. N a t u r a l  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  1 2 0  t o  200  g o f  
u ran ium p e r  l i t e r  showed no  e v i d e n c e  of uran ium p e r o x i d e  p r e c i p -  
i t a t i o n  when e x p o s e d  f o r  30 min t o  t h e  same  f l u x  a s  i n  ( 2 )  a t  
100 aqd a t  150"C, 

4 U r a n y l  s u l f a t e  s o l u t i o n s  o f  d i f f e r i n g  e n r i c h m e n t s  ( 1 7  and  93% 
UZ3', r e s p e c t i v e l y )  a t  a c o n c e n t r a t i o n  o f  120  g o f  u ran ium p e r  
l i t e r ,  when e x p o s e d  t o  t h e  same f l u x  a s  i n  (2) f o r  30 min a t  
t e m p e r a t u r e s  o f  1 7 5 ,  200, and 250'C p r e c i p i t a t e d  s m a l l  amounts  
o f  s i l i c a ,  The  more  h i g h l y  e n r i c h e d  m a t e r i a l  p r e c i p i t a t e d  
t r a c e s  o f  uran ium p e r o x i d e  a t  175 and 200°C b u t  n o t  a t  25OOC.. 
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Thus, f o r  t h e  HRE, i t  appears  t h a t  p r e c i p i t a t i o n  of  uranium perox ide  w i l l  
n o t  be a problem i f  s t a r t - u p  i s  conducted 4 t  t emperatures  of  100°C or h i g h e r .  
A d e t a i l e d  d i s c u s s i o n  o f  t h e  f o r e g o i n g  r e s u l t s  may be found i n  t h e  HRE quar- 
t e r l y  r e p o r t  for t h e  p e r i o d  end ing  February 2 8 ,  1951 (ORNL-990). 
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7 .  INSTRUMENTATION 

. 

477 Proportional Beta Counter forAbsolute Dieintegration-Bate measurements 
( C .  J .  B o r k a w s k i  and  T. H ,  H a n d l e y ) .  C o i n c i d e n c e  m e t h o d s  c a n  be  u s e d  f o r  
d e t e r m i n i n g  a b s o l u t e  d i s i n t e g r a t i o n  r a t e s  o f  b e t a - e m i t t i n g  n u c l i d e s  o n l y  i f  

gamma r a y s  a r e  p r e s e n t  and  t h e  d e c a y  sohdme i s  knpwn. P u r e  b e t a  e m i t t e r s  or 
n u c l i d e s  w i t h  complex  and  unknown d e c a y  schemes 'pos ;  a d i f f i c u l t  p rob lem f o r  
d e t e r m i n i n g  a b h o l u t e  d i s i n t e g r a t i o n  r a t e s ,  Mica-end-window c o u n t e r s  c a n  be 

c a l i b r a t e d  i f  a soukce  o f  known d i s i n t e g r a t i o n  r a t e  i s  a v a i l a b l e .  C a l i b r a t i o n  
must  be made o v e r  t h e  r a n g e  o f  e n e r g i e s  f o r  w h i c h  t h e  c o u n t e r  w i l l  be. u s e d .  

F a c t o r s  s u c h  a s  s h a p e  o f  t h e  b e t a  s p e c t r u m ;  a b s o r p t i o n  o f  b e t a  p a r t i c l e s  i n  
t h e  a i r  and  window o f  t h e  c o u n t e r s ;  and  a i r ,  s ample  s u p p o r t ,  and s e l f - s c a t t e r i n g  
a r e  i m p o r t a n t  and v a r y  w i t h  e n e r g y .  

The 477 p r o p o r t i o n a l - c o u n t e r  method f o r  o b t a i n i n g  a b s o l u t e  d i s i n t e g r a t i o n  
r a t e s  d e s c r i b e d  h k r e l l )  r e q u i r e s  a minimum amount  o f  i n f o r m a t i o n  a b o u t  t h e  
decay  scheme and  d o e s  n o t  h a v e  t h e  d i s a d v a n t a g e  o f  t h e  c o i n c i d e n c e  method i n  
t h a t  i t  c a n  b e  a p p l i e d  t o  p u r e  b e t a  e m i t t e r s .  Use o f  t h e  c o u n t e r  i n  a 4n 
geometry  i s  b a s e d  on t h e  t h e o r y  t h a t  r e g a r d l e s s  o f  t h e  c o m p l e x i t y  of  t h e  decay  
scheme o n l y  one  p u l s e  w i l l  b e o b t a i n e d  f o r  e a c h  atom d e c a y i n g  by b e t a  e m i s s i o n .  
S i n c e  a g a s  a m p l i f i c a t i o n  o f  IO4 t o  Id5 c a n  be  u s e d ,  a l l  i o n i z i n g  e v e n t s  
p r o d u c i n g  a t  l e a s t  one  or two i o n  p a i r s  i n  t h e  s e n s i t i v e  volume o f  t h e  c o u n t e r  
w i l l  b e  d e t e c t e d ,  T h e  m e t h o d  d o e s ,  h o w e v e r ,  r e q u i r e  t h e  p r e p a r a t i o n  o f  
s o u r c e s  o f  e i t h e r  n e g l i g i b l e  or known s e l f - a b s o r p t i o n  on t h i n  p l a s t i c  f i l m s  e 

For h i g h  s p e c i f i c  a c t i v i t i e s  and f o r  maximum b e t a  e n e r g i e s  g r e a t e r  t h a n  a b o u t  
0 . 3  M e V ,  a b s o r p t i o n  l o s s e s  i n  t h e  f i l m  c a n  b e  made n e g l i g i b l e . .  A b s o l u t e  
d i s i n t e g r a t i o n  r a t e s  o b t a i n e d  w i t h  t h e  417 c o u n t e r  and by c o i n c i d e n c e  methods  
were found t o  a g r e e  t o  w i t h i n  2%; 

Phenomena a s s o c i a t e d  w i t h  t h e  s c a t t e r i q g  o f  e l e c t r o n s  p l a y  an u n i m p o r t a n t  
r o l e  i n  t h e  477 g e o m e t r y ,  s i n c e  e l e c t r o n s  s c a t ' t e r e d  from o n e  c o u n t e r  i n t o  t h e ,  

o t h e r  a r e  r e c o r d e d  a s  a s i n g l e  e v e n t  when t h e  two c o u n t e r s  a r e  c o n n e c t e d  i n  
p a r a l l e l  t o  t h e  i n p u t  o f  an a m p l i f i e r .  

ti) Previously reported by C. J .  Borkowski a t  the Conference on Absolute Beta Counting a t  the National 
Bureau of  Standards, 1949. 
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Description of the Counter. F i g u r e s  7 .1  and 7 .2  show t h e  t y p e  o f  c o u n t e r  
u sed  i n  t h i s  s t u d y .  The c e n t e r  wire, which  i s  made o f  l - m i l  s t a i n l e s s  s t e e l ,  
i s  s t r e t c h e d  a c r o s s  a d i a m e t e r  o f  a p i l l b o x  c o n f i g u r a t i o n  a s  shown .  An 
a l u m i n u m  d i s k ,  0.010 i n .  t h i c k  w i t h  a W - i n , - d i a m e t e r  h o l e  i n  t h e  c e n t e r  
cove red  w i t h  a t h i n  f i l m  o f  formvar  upon which t h e  s o u r c e  i s  mounted,  s e p a r a t e s  

two i d e n t i c a l  h a l v e s  o f  t h e  c o u n t e r .  An O - r i n g  r u b b e r  g a s k e t  p r o v i d e s  a 
vacuum- t i g h t  s e a  1. 

Two o t h e r  c o u n t e r  c o n f i g u r a t i o n s  g i v i n g  a 4n g e o m e t r y  were t r i e d .  The 

f i r s t  was s i m i l a r  t o  t h e  one  shown i n  F i g s .  7 . 1  and 7 .2  e x c e p t  t h a t  e a c h  h a l f  
o f  t h e  c o u n t e r  was h e m i s p h e r i c a l  and  a l - m i l  w i r e  l o o p  i n  e a c h  h a l f  s e r v e d  
a s  t h e  c e n t e r  w i re ,  The s e c o n d  was a c y l i n d r i c a l  geometry  s i m i l a r  t o  t h e  one 
d e s c r i b e d  by R o s s i  and S t a u b . ( 2 )  

A l l  t h r e e  c o u n t e r s  gave  e s s e n t i a l l y  t h e  same d i s i n t e g r a t i o n  r a t e  on  t h e  
same s o u r c e  o f  P j 2  and C o 6 0 .  

With  methane a t  a p r e s s u r e  o f  1 atm a s  t h e  c o u n t e r  g a s ,  a v 0 1 t a g e . p l a t e a u  
o f  200  v o l t s  or more w i t h  a s l o p e  o f  1% p e r  100 v o l t s  w a s  o b t a i n e d  a t  a b o u t  
2600 v o l t & ,  W i t h  90% a r g o n  and 10% m e t h a n e  a t  1 a t m ,  t h e  p l a t e a u  o c c u r s  a t  
1700 v o l t s .  I n  g e n e r a l ,  s l i g h t l y  f l a t t e r  p l a t e a u s  a r e  o b t a i n e d  w i t h  me thane  
a s  t h e  c o u n t e r  g a s .  

To o b t a i n  f l a t  p l a t e a u s  i n  t h e  p r o p o r t i o n a l  and  s e m i p r o p o r t i o n a l  r e g i o n s  
i t  i s  i m p o r t a n t  t h a t  t h e  a m p l i f i e r  b e  a b l e  t o  h a n d l e  p u l s e s  f r o m  1 mv t o  
1 v o l t  w i t h o u t  o v e r l o a d i n g  and  p r o d u c i n g  s p u r i o u s  p u l s e s .  T h e  I n s t r u m e n t  

D e v e l o p m e n t  L a b o r a t o r y  m o d e l  1 6 2  p r o p o r t i o n a l  a m p l i f i e r  w i t h  1 mv i n p u t  
s e n s i t i v i t y  i s  s a t i s f a c t o r y  i n  . t h i s  a p p l i c a t i o n  i f s a  germanium d i o d e  i s  u s e d  
a s  t h e  c o u n t e r  l o a d  impedance I 

No c o n d u c t i n g  c o a t i n g  i s  n e c e s s a r y  on t h e  fo rmvar  f i l m  i f  t h e  d i a m e t e r  
o f  t h e  o p e n i n g  i n  t h e  a luminum s e p a r a t o r  i s  k e p t  be low 3 i n .  W i t h  a l - i n .  
o p e n i n g  t h e  c o l l e c t i o n  o f  p o s i t i v e  i o n s  on  t h e  f o r m v a r  r e d u c e s  t h e  e l e c t r i c  

f i e l d  be tween  t h e  s o u r c e  and t h e  w i r e  s u f f i c i e n t l y  t o  r e s u l t  i n  t h e  l o w e r i n g  
o f  t h e  c o u n t i n g  r a t e  w i t h  t ime. 

12) €3. B, Rossi and 8.  H. Staub, I o n i z a t i o n  Chambers and Counters, p .  182,  NNES, Dive V, Vol.  2 ,  
McGraw-Hill, New York, 1949. 
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S o u r c e  P r e p a r a t i o n .  S i n c e  t h e  f o r m v a r  f i l m  i s  n o t  r e s i s t a n t  t o  a c i d s  
i t  i s  n e c e s s a r y  t o  n e u t r a l i z e  or make s l i g h t l y  ammoniaca l  t h e  s o l u t i o n  t o  be 
e v a p o r a t e d  on t h e  f i l m .  For b e t a  e n e r g i e s  ab'ove 1 MeV, 100-pg/cm2 f i l m s  can  be 
used  w i t h  n e g l i g i b l e  a b s o r p t i o n .  Co60 w i t h  a maximum b e t a  e n e r g y  o f  0 . 3 1  Mev 
r e q u i r e s  a f i l m  o f  20 pg/cma t o  show less  t h a n  2% a b s o r p t i o n .  Uneven e v a p o -  
r a t i o n  o f  t h e  s a m p l e  c a n  r e s u l t  i n  s e r i o u s  s e l f - a b s o r p t i o n  e r r o r s  f o r  s o f t  

b e t a  r a y s  even  i f  t h e  t o t a l  s o l i d s  i s  less t h a n  20 pg. 

A f t e r  t h e  s o u r c e  h a s  b e e n  p l a c e d  i n  t h e  c o u n t e r  i t  i s  e v a c u a t e d  f o r  
a b o u t  5 min and t h e n  f i l l e d  w i t h  methane t o  a p r e s s u r e  o f  1 atm. 

Measurement  P r o c e d u r e  and R e s u l t s .  The two h a l v e s  o f  t h e  c o u n t e r  a r e  
c o n n e c t e d  i n  p a r a l l e l  t o  t h e  i n p u t  o f  t h e  a m p l i f i e r ,  and  t h e  sample  i s  c o u n t e d  
a t  a v o l t a g e  midway on  t h e  p l a t e a u .  Each  h a l f  o f  t h e  c o u n t e r  c a n  be c o u n t e d  
s e p a r a t e l y  t o  d e t e r m i n e  t h e  e x t e n t  o f  a b s o r p t i o n  by t h e  fo rmvar  f i l m .  Back-  
ground o f  t h e  c o u n t e r  s h i e l d e d  w i t h  2 i n .  o f  l e a d  i s  100 c / m .  T y p i c a l  c o u n t i n g  
d a t a  f o r  t h e  417 c o u n t e r  u s i n g  a Co60 s o u r c e  m o u n t e d  on  10-pg/cmq f o r m v a r  
f o  1 lows : 

Top ha 1 f 

Bot tom ha I f  

Top and bottom counted t o g e t h e r  ( d i s i n t e g r a t i o n  r a t e )  

Sum of top and bottom 

Co i n c  i de nce c oun t i n  g d i s i n  te gr a t i on r a t,e 

COUNTING DATA 
( c / m )  

38  600 

3 8 , 5 0 0  

711200 

77  I 100 

72,600 

S i n c e  t h e  c o u n t i n g  r a t e  o f  t h e  two h a l v e s  o f  t h e  c o u n t e r  were t h e  same 
t h e r e  was n e g l i g i b l e  a b s o r p t i o n  i n  t h e  f i l m .  The  sum o f  t h e  c o u n t i n g  r a t e s  o f  
t o p  and  b o t t o m  i s  a l w a y s  g r e a t e r  t h a n  t h e  c o u n t i n g  r a t e  o f  t h e  two c o u p t e d  
s i m u l t a n e o u s l y  b e c a u s e  b e t a  p a r t i c l e s  a r e  s c a t t e r e d  f rom one  c o u n t e r  t h r o u g h  
t h e  f i l m  i n t o  t h e  o t h e r .  When t h e  c o u n t e r s  a r e  c o u n t e d  s e p a r a t e l y  s u c h  a 

s c a t t e r e d  b e t a  p a r t i c l e  w i l l  be  r e c o r d e d  t w i c e ,  whereas  when t h e  c o u n t e r s  a r e  
connec ted  i n  p a r a l l e l  o n l y  a s i n g l e  c o u n t  i s  o b t a i n e d  f o r  e a c h  d i s i n t e g r a t i o q :  

P u r e  methane  h a s  g i v e n  d i s i n t e g r a t i o n  r a t e s  which  a r e  3% h i g h e r  f o r  Co60 

For h a r d  b e t a  r a y s  t h e  and 7% h i g h e r  f o r  Nbg5 t h a n  t h e  a rgon-me thane  m i x t u r e .  
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d i f f e r e n c e  b e t w e e n  t h e  two g a s e s  i s  l e s s  t h a n  1%. T h e r e  i s  n o ' e f f e c t  o f  
c o u n t e r - g a s  f i l l i n g  p r e s s u r e  on  t h e  d i s i n t e g r a t i o n  r a t e ,  as  c a n  be s e e n  f rom 
T a b l e  7 . 1 .  

TABLE 7 . 1  

Effect of  Methane 8as  Pressure on Disintegration Bate 

10 2.21 x lo5 

20 2.21 x lo5 

40 2.22 x lo5 
76 2.21 x lo5 

The v o l t a g e  p l a t e a u  s h i f t s  w i t h  p r e s s u r e ,  b u t  t h e  c o u n t i n g  r a t e  on t h e  
p l a t e a u  i s  unchanged.  

S a t u r a t i o n  b a c k s c a t t e r i n g  was d e t e r m i n e d  ( T a b l e  7.2) f o r  s e v e r a l  e l e m e n t s  

u s i n g  a Co60  s o u r c e  mounted  on t h i n  f o r m v a r  w i t h  t h e  i n f i n i t e l y  t h i c k  b a c k -  
s c a t t e r e r  i n  c o n t a c t  w i t h  t h e  f i l m .  The uppe r  h a l f  o f  t h e  477 c o u n t e r  was u s e d  

TABLE 7 . 2  

Saturation Backscattering Us ing  a C o 6 0  Source 

10% CtEOMETRY END- 
MA'ERIAL 277 GEOMETRY WINDOW G-h4 

Be 

A 1  

Brass 

P t  

2 1% 

3 5% 

44% 

56% 

7% 

2 3% 

52% 

8 0% 

w i t h  e s s e n t i a l l y  271 geometry .  For c o m p a r i s o n o  t y p i c a l  v a l u e s  f o r  10% geometry  
u s i n g  an end-window G e i g e r - M u e l l e r  t u b e  a r e  g i y e n  i n  T a b l e  7 .3 .  

T h e  l a r g e  d i s c r e p a n c y  f o u n d  w i t h  t h e  Nbg5 s o u r c e  was p r o b a b l y  d u e  t o  

s e l f - a b s o r p t i o n  i n  t h e  s o u r c e  s i n c e  t h e  s p e c i f i c  a c t i v i t y  w a s  n o t  v e r y  h i g h  
and a v i s i b l e  amount o f  s o l i d  was p r e s e n t .  
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TABLE 7 . 3  

Comparison of  417 Dis integrat ion Rates w i t h  Those Determined by Various Methods 

ACTIVITY 

I I Na24 

1131(a) I c060 

1 NaZZ 

Nb9 

.-1__1--- 

MAXIMUM BETA 
ENERGY 

(MeV) 

1 . 7  

1 .4  

0.31 

0.6 and 0.3 

0.57 f l+ 

0 15 
- - . - . - . - - 

End-window Geiger-Mueller counter(3)  

Coincidence count ing 

Coincidence count ing 

Coincidence count i n  g 

4~ geometry ion chamber(495) 

Coincidence count ing 
~ _. _. --_. -------- 

- . - 

1.0% low 

1.0% low 

2 .O% low 

5% low 

1.3% low 

16% low 

DIFFERENCE 

1.0% low 

1.0% low 

2 .O% low 

5% low 

1.3% low 

16% low 

( a )  I n  the  case of I'31 the coincidence count ing r a t e  was obtained by us ing  t h e  4~ counter  
a s  the beta  counter .  

A u s e f u l  a p p l i c a t i o n  o f  t h e  417 c o u n t e r  i s  i t s  u s e  a s  a b e t a  d e t e c t o r  i n  
c o i n c i d e n c e  c o u n t i n g .  I t  e l i m i n a t e s  t h e  n e c e s s i t y  o f  an a b s o r p t i o n  c u r v e  when 
more t h a n  o n e  b e t a  i s  e m i t t e d  by t h e  n u c l i d e  a n d  t h e  r e s u l t i n g  u n c e r t a i n  
e x t r a p o l a t i o n  t o  z e r o  a b s o r b e r  w h i c h  i s  d i f f i c u l t  t o  r e p r o d u c e  a n d ,  i n  t h e  
c a s e  o f  v e r y  complex d e c a y  s c h e m e s ,  d o u b t f u l .  A l p h a  d i s i n t e g r a t i o n  m e a s u r e -  
m e n t s  c a n  a l s o  be made w i t h  t h e  471 c o u n t e r .  An a l p h a  s o u r c e ' w a s  e v a p o r a t e d  
on a 20-pg/cm2 f o r m v a r  f i l m  and  c o u n t e d  i n  t h e  417 c o u n t e r ,  f i l l e d  w i t h  a r g o n -  
me thane  a t  1 a tm and  o p e r a t i n g  a t  1000  v o l t s .  A l p h a  a b s o r p t i o n  i n  t h e  f i l m  
was l e s s  t h a n  1%. The f o l l o w i n g  r e s u l t s  were o b t a i n e d :  

TOP 25,400 
Bottom 25,100 
Top and bottom counted together  50 , 300 

F i g u r e s  7 . 3  and 7 . 4  show t h e  c o n s t r u c t i o n  o f  t h e  chamber .  

(3)  Lo R. Zumwal'c Absolute Beta Counting Usin End-Window Gei e-Nuelle- Counters and Experimental 
Data o n  Beta-bartrcle Scattering Effects, &XU-567 (Sept .  f4; 1949) ~ 

(4)  J ,  W e  Jones,and R. T. Overman, The Use and Calibration. of a 100% Geoaetry Ion Chamber, MonC-399 
(March 20, 1948): 

(5) J. W, Cobble, p r i v a t e  communication. 
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Prec i s ion  Pulser c i r c u i t  ( R .  A .  D a n d l ) ,  The p u l s e  g e n e r a t o r  shown i n  
F i g .  7.5 i s  a m o d i f i e d  v e r s i o n  o f  t h e  o n e  d e s c r i b e d  i n  t h e  p r o g r e s s  r e p 0 r . t  
ORNL-788. 

T h e  a d v a n t a g e s  o f  t h e  m o d i f i e d  c i r c u i t  a r e  i m p r o v e d  r e l i a b i l i t y ,  i n -  
c o r p o r a t i o n  o f  a s y s t e m  t o  s t a n d a r d i z e  t h e  p u l s e  v o l t a g e ,  i n c o r p o r a t i o n  o f  
a s y s t e m  t o  n o r m a l i z e  t h e  p u l s e  v o l t a g e  when c a l i b r a t i o n  o f  t h e  e n e r g y  a x i s  
o f  a s p e c t r o m e t e r  i s  d e s i r e d ,  f i n e r  c o n t r o l  o f  t h e  p u l s e  v o l t a g e ,  and f r eedom 
from s p u r i o u s  p u l s e s ,  wh ich  makes t h e  g e n e r a t o r  u s e f u l  f o r  checkinrg t h e  o v e r -  
l o a d  c h a r a c t e r i s t i c s  o f  p u l s e  a m p l i f i e r s .  

S e v e r a l  mode l s  o f  t h i s  g e n e r a t o r  have  b e e n  i n  u s e  ‘for a l m o s t  s i x  months  
and have p roved  most  r e l i a b l e .  

e 
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