


ORNL 795 
Progress Report  

T h i s  dvcement consists of 156 
page a. 
Copy GV of 108 copies. 
Series' A. 

Contract No, W-?4Q50 sng. 26  

CHEMZSTRY m w m B  

A .  Swartout,  Director 
G -  E. Boyd, E, H. T a y l o r ,  Associate Direc tors  

QUARTERLY PROGRESS REPORT 
for Period Ending June 30, 1950 

. .  
.. .. , , .. I 

,_ I. ,.., ._ . ... ... ,- 

OAi( EXIUE NATIONAL LABOfUPORY 
operated bg 

CARBXDEANEOCARBON CBEBIICALS DIVISION 
Union Carbide and Garbon Corpora%ion 

Past Bffiee Box P 
Oak Ridge,  Tennessee 

3 4456 0 3 6 0 8 0 7  7 



AfrSrnACT 

TABLE OF CQNTEIL’TS 

CHEMISTRY OF SOURCE, FISSIONABLE AND STRUCTURAL ELEMENTS 

SuSuit ion C h e m i s t r y  
Anion exchange  s t u d i e s  of  uranium ( V I )  i n  HCl-HF m i x t u r e s ,  

H y d r o l y t i c  b e h a v i o r  o f  t h o r i u m  (I’d) 
I s o l a t i o n  o f  Th”‘ (UX, ) a c t i v i t y  from uranium h e x a f l u o r i d e  

S t u d i e s  o f  c h l o r i d e  and t h i o c y a n a t e  complex ing  o f  aqueous 

S e p a r a t i o n  o f  Pa(V) and U(VX)  

f e e d - t ani< con c e n ‘t r a t e s 

t h o r i u m  by se lven t -TTA e x t r a c t i o n  method 

Phase Rule  S t u d i e s  

The u r a n y l  f l u o r i d e - w a t e r  s y s t e m  
The mean a c t i v i t y  c o e f f i c i e n t s  of  u r a n y l  f l u o r i d e  i n  w a t e r  

The measurement o f  t h e  s o l u b i l i t y  of f i s s i o n  p r o d u c t  s a l t s  
s o l u k i o n s  a t  25’ 

a t  h i g h  t e m p e r a t u r e s  and p r e s s u r e s  

NtlCLEAH CHEMISTRY 

E l e m e n t s  in t h e  F i s s i o n  P r o d u c t  Reg ion  
B a d i s n u c l i d e s  of  t i n  
C h a r a c t e r i z a t i o n  o f  CbY6 
F u r t h e r  investigations on t h e  r a d i a t i o n s  from Tcg8 
M i s c e l l a n e o u s  r a d i o a c t i v i t y  s t u d i e s  
R a d i a t i o n s  o f  l o n g - l i v e d  KraS and A39 
Recore ry  o f  f i s s i o n  p r o d u c t s  and neptunium f rom OWL Redox 

P i l o t  P l a n t  CR wastes 

Other Eleinnemcs 

The SzilardAChelmess p r o c e s s  i n  KBr03 i n  t h e  0m-L p i l e  

RADIO -0RGARTEC CH2.i. T5TFY 

Summary 
The S y n t h e s i s  o f  L o w  M o l e c u l a r  Weight  I n t e r m e d i a t e s  C o n t a i n i n g  C n 4  

9 

15 

16 

16 
17 

1 8  

20 

2 2  

22 

28 

34 

3 7  

51 

6 3  

6 3  

68 

69 
7 1  



A c e t i c  a c i d  - 2  -C" 
P o t a s s i u m  cyanide-C"  

71 
71 

The S y n t h e s i s  o f  High  Molecular Weight  Compounds C o n t a i n i n g   carbon^ 1 4  72 

of ben zan t h r a c e n e  - 5 , 6  -C I 72 

'95 

The mechanism of t h e  Wagner r e a r r a n g e m e n t .  I .  The s y n t h e s i s  

The mechanism of  t h e  Wagner r e a r r a n g e m e n t .  11. The s y n t h e s i s  
of c h r y s e n e  - 5  6 -C 

C o u n t i n g  Methods and S t a n d a r d s  80 

P o l y s t y r e n e  c o u n t i n g  s t a n d a r d s  80 
C o n s t r u c t i o n  o f  an a p p a r a t u s  f o r  a l i q u o t i n g  minu te  q u a n t i t i e s  

o f  r a d i o a c t i v e  gases 81 
The use of t h e  L a u r i t s e n  electroscope 82 
S t a n d a r d i z s t i o n  and e v a l u a t i o n  of t h e  v i b r a t i n g - r e e d  e l e c t r o m e t e r  84 

I n v e s t i g a t i o n  of I s o t o p e  E f f e c t s  i n  P h y s i c a l  P r o c e s s e s  88 

F r a c t i o n a l  d i s t i l  l a t i o n  88 
P r e c i s e  C E 4  a n a l y s i s :  T h e  i s o t o p e  e f f e c t  d u r i n g  a d s o r p t i o n  88 

CHEMISTRY OF SEPARATIONS PROCESSES 94 

V o l a t i l i t y  S t u d i e s  95 

S o l v e n t  E x t r a c t i o n  P r i n c i p l e s  and A p p l i c a t i o n s  96 

I n o r g a n i c  s p e c i e s  e x t r a c t e d  i n  s o l v e n t  e x t r a c t i o n  
E x t r a c t i o n  of z i r c o n i u m  and  ha fn ium i n t o  TTA-benzene 

95 
98 

E l e c t  r o c h e m i s t r y  h 00 

E l e c t  r o d e p o s i z i s n  o f  r u t h e n i u m  I IO0 

Ion - Exc hange 106 

L i t h i u m  i s o t o p e  s e p a r a t i o n  IL 06 

exchange  po 1 yme rs 109 

t h r o u g h  o r g a n i c  i o n - e x c h a n g e  polymers  109 
I o n - e x c h a n g e  i n  non-aqueous  media  115 

I o n  exchange  e q u i l i b r i a :  D is t r i b u t i o n  o f  i n d i f f e r e n t  
e l e c t r o l y t e  be tween  a q u e o u s  s o l u t i o n s  and o r g a n i c  ion 

Ion exchange  k i n e t i c s :  T h e  s e l f - d i f f u s i o n  o f  i o n s  i n  and 

F i s s i o n  Product S e p a r a t i o n s  1 2  4 
I 

S e p a r a t i o h  o f  k i s s i o n  p r o d u c t  a n i o n s  b y  i o n - e x c h a n g e  
c h r  o m  a t  ogr a phy 

4 
P24 



CHEM E A  L PHYS I C s  

Neutron C ) i f  f pact ion 

Calor imetry  of R a d i o a c t i v i t y  

Microwave S p e c t r o s c o p y  

Experiments in Chemical K i n e t i c s  with Molecular Beams 

RADIATION CNEMISlXY 

Gene T a I 

Decomposit ion of Aqeuous Solutions of F i s s i o n a b l e  M a t e r i a l s  

The R a d i a t i o n  Decomposition o f  Water and Aqueous Solutions 

Fluorescence and Phosphorescenee S p e c t r a  of  Same Materials 
S u b j e c t e d  t o  Co60 Gamma Irradiat ion 

E f f e c t  o f  R a d i a t i o n  on Heterogeneous  Catalysis 

INSTRUIMENTATIW 

D i s c r i m i n a t i o n  A g a i n s t  Background for C I 4  Counting 

Alpha Energy Analyzer  

Moving F i l m  Pulse A n a l y s i s  

Constant  Q P u l s e r  

125 

12 6 

127 

12 B 

12 9 

13 0 

13 1 

133 

134 

136 

142 

143 

144 

145 

148 

s 5s 

5 



4 

ti 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1 6  

1 7  

18 

19 

20 

21  

22 

23 

L I S T  OF FIGURES 

The D e n s i t y  of  Aqueous Uranyl  F l u o r i d e  a t  25fi 

The D e m i % y  o f  Aqueous Uranyl F l u o r i d e  at 25* 

The System, Uranyl  F luor ide  - Water 
Mean Acti.trity C o e f f i c i e n t s  of Uranyl F l u o r i d e  

High Pressure  Bomb 

Long Lr-ved Sn"' Momentum P l o t  

Kulrie Plop; Long L i v e d  Sn"' 

Decay scheme of ~n"'" A c t i v i t i e s  

Efficiency Curve 

A l P ~ ~ e i 3  KUI'it? P l o t  o f  K B s  

K" Beta Spectrum P l o t t e d  8 s  a F i r s t  Forbidden Transition 

Allowed Kurie P l o t  o f  As' B e t a  Spectrum 

A s 9  Beta  Spectrum Platted a s  a F i r s t  Forbidden T r a n s i t i o n  

w i t h  A J 2 

w i t h  A 9 2 

Schema&c Cell Diagram-RC S e p a r a t i o n s  706-C 

Reduct ion o f  C r ( V I )  by R a d i a t i o n  

Apparaltus f o r  R a d i o a c t i v e  Vapors 

L a u r i t s e n  EPec t roseope  - Ion Chamber Diagram 

D r y  Combustion Apparatus for C t 4  Samples 

Decompos i t ion  Apparatus 

Dependence o f  Moisture  Content on Cross-Linking and External  
E Pe c t; r o I yse Con cen  t T' a t i on 

V a r i a ~ i o n a  of S p e e a f i e  Volume o f  Cation Exchange Polymer w i t h  
Degree o f  Gross F,inking 

anions 
EiEect o f  Polymer Csos5 . .Linking E x c l u s i o n  of Diffusible 

Dependence of Gibbs-Dsnnan Effec t  on Nature o f  Diffusible 
Anion 

2 5  

25  

26 

33  

35 

39 

41 

42 

44 

49 

SO 

52 

53 

5 5  

5 9  

8 9 

85 

90 

92 

110 

112 

113 

6 



24 

25 

26 

27 

28 

29 

30  

33. 

32 

3 3  

34 

35 

3 6  

37 

3 a  

Nomina 1% C S O S S -  

114 

186 

1 E7 

XI8 

119 

220 

12 I 

z 2 2  

13 8 

140 

146 

15 0 

1.52 

H 54 

156 



L%ST OF TA5LES 

The D e n s i t y  and  pH o f  Aqueous Uranyl. F l u o r i d e  Solutions at 25°C 

The Solubility o f  Uranyl F l u o r i d e  in Water 

Freezing P~Xmnt; Depression in Uranyl F l u o r i d e  S ~ L u t i o n s  

The Mean Activity C ~ e f f i c i e u ~ s  of Urany l  Fluoride  at 25" 

8 



C%EWPSTPX OF SOURCE, FISSIONABLE AND SPBUCTCUZAL ELEMENTS 

6ulution Chemis&ry. A much improved  a n i o n  exchange  column s e p a r a t i o n  o f  
]Pa(V) and  U ( V I )  h a s  b e e n  d e v i s e d  u s i n g  a m i x t u r e  of HF and HC1 a s  en e l u e n t .  
A s e p a r a t i o n  of  t e t r a v a l e n t  u r a n i u m  a n d  P a ( V ) ,  however ,  was n o t  e f f e ~ t e d  i n  
t h i s  i n s t a n c e  I 

A s t u d y  of t h e  h y d r o l y t i c  b e h a v i o r  o f  Th(1V)  has b e e n  c o m p l e t e d  and  w i l l  
a p p e a r  i n  r e p o r t  OHNt-765. The i n i t i a l  stages  of  t h e  h y d r o l y s i s  of  t h o r i u m  
t e b r a c h l o r i d e  HClQ, -NaCIO, s o l u t i o n s  cuirld be d e s c r i b e d  q u a n t i t a t i v e l y ,  

A method f o r  t h e  i s o l a t i o n  of m i l l i c u r i e  q u a n t i t i e s  of UX, from u r a n i u m  
h e x a f l u o r i d e  f e e d - t a n k  c o a c e n t  s a t e s  h a s  b e e n  d e v e l o p e d  and i s  d e s c r i b e d .  
Further s t u d i e s  of  t h e  c h l o r i d e  complex ing  of thorium u p  t o  an i o n i c  s t r e n g t h  
o f  four h a v e  d e m o n s t r a t e d  t.he a p p l i c a b i l i t y  of t h e  same two p a r a m e t e r  e q u a t i o n  
p r e v i o u s l y  shown v a l i d ’  t o  ,u I n i t i a l  s t u d i e s  o f  t h i o c y a n a t e  c o m p l e x i n g  
of t h o r i u m  i n  a q u e o u s  s o l u t i o n s  have y i e l d e d  d a t a  w h i c h  f i t  an e q u a t i o n  of t h e  
same f o r m  a s  f o r  c h l o r i d e  s y s t e m s .  F o r m a t i o n  c o n s t a n t s  f o r  the mono and 
t r i  t h i o c  y a n a t  o t h o r i u m  i o n s  were o b  t a i n a  d 

._ . 
2:Ou 

Phase Rule Studies--Fuel  Media for  Homogeneous Reactors. A p h a s e  s t u d y  
of  t h e  u r a n y l  f l u o r i d e - w a t e r  s y s t e m  f r o m  t h e  i c e  e u t e c t i c  ( 1 3 ° C )  u p  t o  t h e  
critical p o i n t  for water ( - 3 7 7 * )  h a s  b e e n  c o m p l e t e d  e x c e p t i n g  f o r  a f e w  d e -  
tails upon which work w i l l  c o n t i n u e  B e c a u s e  a two l i q u i d  phase r e g i o n  forms 

above  313” it a p p e a r s  t h a t  this s y s t e m  may n o t  be  of  p r a c t i c a l  ~ a ? t i e  above  
r o u g h l y  300” 

The aqueous  UO,F, s o l u t i o n s  also were f o u n d  t o  m a n i f e s t  a b n o r m a l l y  small 
f r e e z i n g  point d e p r e s s i o n s .  A c c o r d i n g l y ,  a s p e c i a l  s t u d y  o f  t h e s e  w a s  made 

and mean t he rmodynamic  a c t i v i t y  c o e f f i c i e n t s  were computed ,  The l o w  v a l u e s  
found s u g g e s t  e i t h e r  an i n c o m p l e t e  d i s s o c i a t i o n  of t h e  s a l t  or p o l y m e r i z a t i o n .  

A program h a s  b e e n  i n i t i a t e d  f o r  t h e  measu remen t  o f  t h e  s o l u b i l i t i e s  of 
f i s s i o n  p r o d u c t  element salts i n  t h e  sulfate s y s t e m s  a t  e l e v a t e d  t e m p e r a t u r e s  
an3 p r e s s u r e s -  Such  i n f o r m a t i o n  s h o u l d  be o f  v a l u e  i n  a n t i c i p a t i n g  c h a n g e s  i n  

t h e  c h a r a c t e r  of homogeneous r e a c t o r  s o l u t i o n s  w i t h  o p e r a t i o n  and  i n  d e t e s m i n -  
i n g  t h e  f e a s i b i l i t y  of various d e c o n t a m i n a t i o n  and  r e c o v e r y  pracesses  The 
s o l u b i i i t y  o f  l a n t h a n u m  s u l f a t e  w i l l  b e  rueasnred first. 

9 



NUJCEEAB CIJEIUXSTRY 

$Pemen$s f n  the F'fss%on prodaat ~eg i tan ,  I n v e s t i g a t i o n s  on t h e  t i n  r a d i o -  
n u c l i d e s  have c o n t i n u e d .  The a s s i g n m e n t  o f  t h e  9 7 day p e r i o d  t o  mass 925 h a s  
b e e n  made more d e f i n i t e .  The r a d i a t i o n s  'from a l o n g - l i v e d  a c t i v i t y  i n  S n P 2 '  
have  been  measured  on t h e  m a g n e t i c  l e n s  s p e c t r o m e t e r  and a maximum b e t a  e n e r g y  
of  0 42  2 - 0 2  Met. was f o u n d ,  A preliminary h a l f - l i f e  f o r  S n f I g m  o f  V O  20  d 
h a s  been  d e t e r m i n e d ,  T h i s ,  and  t h e  measured K/L r a t i o  o f  0 . 3 5  a r e  c o n s i s t e n t  
w i t h  %he  s h e l l  t h e o r y  p r e d i c t i o n  o f  a h " L 1 , 2  s t a t e .  The a b n o r m a l  f i s s i o n  
y i e l d s  o f  136 d S n 1 2 3  and g b 7  d S n 1 2 s  c a n  be e x p l a i n e d  by b r a n c h i n g  i n  t h e i r  
I n ' 2 3  and  In"as p a r e n t s . .  

Lens  and 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  measu remen t s  on 2 2  h Cb96 h a v e  g i v e n  
a maximum b e t a  e n e r g y  o f  0 , 7 5  1: 0 0 1  end a gamma s a y  of  0 85 4 0 19 Mev,  
C o i n c i d e n c e  a b s o r p t i o n  s t u d i e s  i n d i c a t e  a s i m p l e  s p e c t r u m  w i t h  t h e  gamma r a y  
following t h e  b e t a  t r a n s i t i o n *  

F u r t h e r  q u a n t i t a t i v e  measu remen t s  on t h e  p r e v i o u s l y  ltnown 9 4 y KrS5 have  
r e v e a l e d  a b e t a  b r a n c h i n g  o f  0 65 f 0,15% i n  t h e  d e c a y  o f  t h i s  i s o t o p e .  The 
b r a n c h i n g  was shown t o  c o n s i s t  o f  a O"15 Mev maximum e n e r g y  b e t a  p a r t i c l e  
fcPLlowed by 0 5 4  Mev gamma, T h i s  discavery w a s  made p o s s i b l e  b e c a u s e  of t h e  
e x t r e m e l y  h i g h  p u r i t y  o f  Kr o b t a i n e d  i n  t h e  r a r e  gas c h r o m a ~ o g r a p h i c  s t u d i e s  
d e s c r i b e d  p r e v i o u s l y .  

A new r a d i o a c t i v e  i s o t o p e  of a r g o n ,  presumably  A S ' ,  h a s  h e n  found .  T h i s  
n u c l i d e  a p p e a r s  t o  d e c a y  w i t h  a h a l f - l i f e  g r e a t e r  t h a n  15 y e a r s  a n d  w i t h  a 

maximum b e t a  e n e r g y  o f  0 , 5 5 5  bdqev and  n o  gamma. P o t h  t h e  KrpS and A S 9  E e t a  

s p e c t r a  i n d i c a t e  a f o r b i d d e n  t r a n s i t i o n .  

High Level Fissioa Product Separations. T e s t i n g  o p e r a t i o n s  u s i n g  t h e  flow 
s h e e t  p r e v i o u s l y  d e s c r i b e d  f o r  t h e  r e c o v e r y  o f  Np,  Tc, Pm a n d  o t h e r  fission 
p r o d u c t  r a r e  e a r t h s  f rom ClB.:lAW r a f f i n a t e s  h a v e  b e e n  c o n t i n u e d .  A number csf 
m e c h a n i c a l  d i f f i c u l t i e s  w e r e  d i s c o v e r e d  arid m i n o r  a l t e r a t i o n s  i n  t h e  p r o c e s s  
have  been made. S t u d i e s  o f  t h e  r a d i a t i o n  r e d u c t i o n o f C r ( V 1 )  and of t h e  c a r r y -  
i n g  o f  N p ( I Y )  b y  c e r o u s  h y d r o x i d e  were made. 

Szilard-CkaBncsw Reactdens  in t h e  chain Beacfiag Pile A d e t a i l e d  i n -  
v e s t i g a t i o n  o f  t h e  o r i g i n s  of  t h e  r a d i a t i o n  d e c o m p o s i t i o n  o f  KRrO, i n  t h e  C%$N1, 
pile h a s  i n d i c a t e d  t h a t  r o u g h l y  o n e - h a l f  o f  t h i s  i s  c a u s e d  by gamma r a y s .  

1 0  



S h i d t l i n g  w i t h  l e a d  t h e r e f o r e  g i v e s  a two f o l d  i n c r e a s e  i n  s p e c i f i c  a c t i v i t y  
of 3 5  9 h B r B 2  o v e r  t h a t  for 8 x 1  u n s h i e l d e d  r e c o i l  r e a c t i v n  w i c h  KBrO, 
i n g  w i t . 1 1  Cd i n  an a t t e m p t  t o  r e d u c e  che decomposition c a u s e d  by s l o w  n e u t r o n s  
a c t u a l l y  gave a f o u r  f o l d  i n c r e a s e ,  p r e s u m a b l y  swxng to t h e  a b u n d a n t  c a p t u r e  
gamma r a d i a t i o n  from t h e  cadmium, E x a c t  q u a n t i t a t i v e  d a t a  on t h e  e n r i c h m e n t  
do  not conform t o  e x p e c L a t i o n s  h a s e d  on a s i m p l e  producLion decomposition r a t e  
t h e o r y  I 

S h i e l d  

RADIO-OBGAM 36: &"861ISTR% 

preparation o f  c-14  Labeled ~crmpounds. O r g a n i c  compounds y r e p a r e d  during 
 he p a s t  q u a r t e r  i n c l u d e  ( a )  36 mc o f  p o t a s s i u m  acetate-2+CI4? ( 2 )  4 66 lfic 

o f  a c e t i c  a c i d - 2 - C ' 4 n  ( 3 )  2 54 mc of  s u b l i m e d  malorsic a ~ i d - 2 . C ~ ~  f rom a c e t i c  
a c i d - 2  C d 4  i n  55% y i e l d "  and  ( 4 )  56 mc o f  potassium q a n i d e . C x 4  by the m o d i f i e d  
L o f c f i c l d  p r o c e d u r e .  An a t t e m p t  t o  prepare methy lene  l a b e l e d  maleic a n h y d r i d e  
from dibronoacetic a c i d  a n h y d r i d e  by reaction w i t h  z i n c  f a i l e d  b e c a u s e  o f  
p o l y m e r i z a t i o n  

B ~ Q c & ~ Q ~  S t u d i e s ,  The r e a r r a n g e m e n t  of I l - b e n s ( b )  f l u o r e n e  1 1 - m e t h a n o l  12.4 
C1' by t h e  a c t i o n  of  p h o s p h o r u s  p e n t o x i d e  i n  b o i l i n g  x y l e n e  gave  b e n z a n t h r a e e n e -  
5 6-C,14 i n  9 3 X y i e l d .  The r e l a t i v e  p r o p o r t i o n s  of  C X 4  i n  the  5 a n d  ti p o s i t i o n s  
were shown to h e  $5 5 5 .  T h e  d i s t r i b u t i o n  of GI4 i n  t h e  5 and 6 p o ~ i t i o n s  of  
chryserae 5 6 C , " ,  s y n t h e s i z e d  from 1,2-benznfluorene-9-methanol- IO-&" t h rough  
t h e  #tagtier r e a r r a n g e m e n t ,  w a s  f o u n d  to be 60 40. 

B e c a u s e  a €  t h e  i m p o r t a n c e  and  w i d e s p r e a d  u s e  of d e c o l o r i z i n g  c a r b o n  
ckromat-ographrc adsorption and  f r a c t i o n a l  d i s t i l l a c i o n  f o r  t h e  p u r i f i c a t i o n  o f  

o r g a n i c  c o ~ i p o u n d s  o b t a i n e d  b y  z h e  t e c h n i q u e  o f  i ~ o t o p i c  d i l u t i o n  i ' ~  'was found 

n e c e s s a r y  t u  determint3  w h e t h e r  isotope e f f e c t s  o c c u r r e d  d u r i n g  t h e  u s e  o f  t h e s e  
p r o c e d u r e s  i n  o r d e r  t o  v a l i d a t e  t h e  t e c h n i q u e  D u r i n g  the  w e  of d e c o l o r i z i n g  
c a r l u n ,  110 i s o t o p e  e f f e c t  wa.s ofrserved w i t h i n  t h e  l i m i t s  O S  e r r o r  o f  the  
p r o c e d u r e .  

Radiation E f f e c t s ,  A program was initiated un t h e  e f f e c t s  of r a d i a t i o n  
on o r g a n i c  compounds 

Ins truments  and ~&.&tadlarrfs. In  a s s u d y  o f  m a t e r i a l s  f o r  s c i n t i l l a t i o n  
c o u n t e r s ,  three l i t l t i u m  b o r a l k o x i d e s  were  p r e p a r e d  and s u i t a b l e  s o l v e n t s  from 
which  to grow l a r g e  c r y s t a l s  were i n v e s t i g a t e d ,  A g a s  sampling a p p a r a t u s  w a s  





B a s i c  s t u d i e s  o n  t h e  e q u i l i b r i u m  and. r a t e  p r o c e s s e s  g o v e r n i n g  t h e  p e r ,  
forniance of i o n  e x c h a n g e r s  h a v e  c o n t i n u e d ,  F u r t h e r  e v i d e n c e  t h a t  a n  ~ s r n t a t i c  

membrane t y p e  e q u i l i b r i u m  must; hoit l  was found  R a t e  s t u d i e s  h a ~ e  sh~~s7i-1 t h e  
g r e a t  i m p o r t a n c e  of  idpa c h a r g e  and e x c h a n g e r  c r o s s - l i n k i n g  i n  d e t e r m i n i n g  a;he 
v e l o c i t y  of  a p p r o a c h  t o  e q u i l i b r i u m ,  The o c c u r r e n c e  o f  a p r i i c t i c a l  degree of 
c a t i o n ,  exchange  from a v a r i e b y  of  o rganxc  solvents was d e m o n s t r a t e d .  ~ a r i e t y  
o f  i n o r g a n i c  i o n  s e p a r a t i o n s  u s i n g  a n i o n  e x c h a n g e r s  h a s  been effecteiS 

~ ~ E H X ~ A ~  ~~~~~~~ 

The g r o u p  w o r k i n g  o n  c a l o r i m e t r y  of r a d i o a c s i v i t y  h a s  iueasu red  c a l n s j  .I 

m e t r i r a l f y  the e n e r g y  a b s o r b e d  in g r a p h i t e  i n  H o l e  12 o f  t h e  CMNL B e a c t o r  and  
compared i t  w i t h  che v a l u e  computed  from i o n  chambey measu remen t s  a t  t h e  same 
p o s i t i o n  I The v a l u e s  a g r e e d  c l o s e l y ,  a n d  constib;mt.e  he d e s i r e d  a b s o l u t e  
c a l i b r a t i o n  o f  t h e  i o n  chamber f o r  u s e  i n  t h e  MTB, 

...I 

ifie new n e u t r o n  s p e c t r o m e t e r  h a s  been  c o m p l e t e d ,  and  i s  b e i n g  t e s t e d  and  
c a l i b r a r e d  

RAD zATIaM C H E H P S T ~ ~ Y  

The work f o r  t h e  Homogeneous H e a c t o r  E x p e r i m e n t  h a s  h e e n  s u m m a r i z e d  in 
t h e  f e a s i b i l i t y  r e p o r t  f o r  t h a t  prctj e c t .  The p r i n c i p a l  r a d i a t i o n  c'cternical 

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

The d e c o m p o s i L i o n  o f  wah;er and a q u e o u s  s o l u ~ i o n s  i s  b e i n g  s t~ i r i ied  w i t h  
t h e  r a d i a t i o n  f rom t h e  t i e w  c o b a l t  gamma r a y  s o u r c e  A good dea4  0 5  r a ~ a x i l i ~ i r y  
e q u i p m e n t  h a s  Leen d e v e l o p e d  t o  maice  p o s s i b l e  h i g h l y  p r e c i s e  m e a s u r e m e n t s  

A spectroradiomecer h a s  been b u i l t .  f o r  s t u d y i n g  t h e  s p e c t r a l  d i s t r i b u t i o n  
of t h e  l i g h t  emitted from i r r a d i a t e d  a l k a l i  h a l i d e  c r y s t a l s  la. c n n s i  

Beckmann spec:trophoa;ornc?t.es as' a rnonocfixornan;ar and a p h o t o m u l t i p l i e r  and c o u n ~ -  
s a t e  meter  a s  d e t e c t o r  a n d  i s  s e n s i t i v e  e n o u g h  t o  m e a s u r e  t h e  f l u o r e s c e n c e  
s p e c t r a  of s u c h  c r y s t a l s  under  gamma i r r a d i a t i o n  

1 3 



HMSTRVIENTATHON 

Some faults which  h a v e  a p p e a r e d  i n  t h e  a l p h a  energy i i n a l y z e r  a f t e r  a 
year's u s e  h a v e  b e e n  c o r r e c t e d .  

P r e l i m i n a r y  work h a s  b e e n  done on a method of e n e r g y  analysis i n  w h i c h  
e l e c t r o n i c  pulses from a c o u n t e r  a r e  d i s p l a y e d  on an oscilloscope, photographed, 
and a n a l y z e d  for  e n e r g y  d i s t r i b u t i o n  b y  s u b s e q u e n t  e x a m i n a t i o n  o f  c h e  p h o t o -  
graph .  

A h i g h l y  p r e c i s e  and s t a b l e  p u l s e  g e n e r a t o r  h a s  been  b u i l t  f o r  testing 
high-gain wide-band  a m p l i f i e r s  and differential discriminators I 
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fSOLATfON BF lux,) ACTXYITY FltOeA URANXWM 

BEXABLUOBIDE FEED-TANK CONCENT&ATES 

W .  C. Wagganer R ,  W ,  S t o u g h t o n  

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

t r a c e r  is ThZJ4 ( V X , ) .  T h i s  i s o t o p e  is a weak b e t a  emi t t e r  ( 0 - 2 0  Me 1 o f  2 4 . 1  
d a y  h a l f - l i f e ,  b u t  i t s  1.14 m i n u t e  d a u g h t e r ,  P a a a 4  (UX,), p r o v i d e s  a 2 , 3 2  klkv 
b e t a  with low y - b a c k g r o u n d  ( 5 %  0.8 Mev y )  By u s i n g  a n  aluminum a b s o r b e r  of 
c a ,  25 mg/cm2 e s s e n t i a l l y  o n l y  t h e  Ux,  beta ir; c o u n t e d ,  

T h e  s t e a d y  s t a t e  c o n c e n t r a t i o n  o f  Th2j4 a c t i v i t y  i n  n a t u r a l  u r a n i u m  is 
ea, 0 , 3 3  mc/kg, T h i s  a c t i v i t y  i s  n o n - v o l a t i l e  (ThF,),  and a c c u m u l a t e s  i n  the 
u r a n i u m  h e x a f l u o r i d e  f e e d  t a n k s ,  T h e s e  empty  f e e d  t a n k s  t h e r e f o r e  a r e  a con-  
v e n i e n t  s o u r c e  of q u a n t i t i e s  o f  Th234 a c t i v i t y .  

The  f o l l o w i n g  p r o c e d u r e  h a s w o r k e d  s a t i s f a c t o r i l y  f o r  p r o c e s s i n g  m i l l i c u r i e  
q u a n t i t i e s  o f  from UF, t a n k  w a s h i n g s ,  

S t e p  1. A c t i v i t y  i s  removed f r o m  e m p t y  f e e d  t a n k s  b y  s l u r r i n g  w i t h  
t w o - t h r e e  l i t e r s  o f  d i s t i l l e d  w a t e r .  The  g r e e n  c o l o r e d  s o l u t i o n  s o  o b t a i n e d  
( p r o b a b l y  UO,F, and UF, w i t h  TAa3'F,) is a l l o w e d  t o  s e t t l e  a t  Peest 48 hours  
i n  a w e l l  p a r a f f i n e d ( 4 1  glass b o t t l e ,  

S t e p  2,  The clear s u p e r n a t a n t  s o l u t i o n  w h i c h  is  v i r t u a l l y  i n a c t i v e  is 
d e c a n t e d  and d i s c a r d e d ,  and t h e  g r e e n  p r e c i p i t a t e  is  washed as a f i n e  s l u r r y  
i n t o  a 1000 m l  p l a t i n u m  d i s h ,  

S t e p  3 ,  The s l u r r y  i s  d i s s o l v e d  by f i r s t  r e d u c i n g  i t s  volume to c a ,  208 
m l ,  a d d i n g  a n  e q u a l  volume of  n i t r i c  a c i d ,  t h e n  a d d i n g  s o l i d  sodiun bromate 
in small porcionb w i ~ h  f r e q u e n t  s t i r r i n g  w h i l e  h o t  u n t i l  a c l e a r  s o P u t i a n  i s  
o b t a i n e d ,  the 

r e s u l t i n g  s o l u t i o n  i s  dark orange w i t h  a s m a l l  amoun t  o f  a g g r e g a t e d  b l a e k  
s o l i d  p r e s e n t  

T h i s  g e n e r a l l y  r e q u i r e s  t h e  o r d e r  o f  two hours a n d  25 g NaRrc, 

S t e p  4 .  T h e  s o l u t i o n  volurne i s  r e d u c e d  t o  200 m l  u n d e r  a heab l a m p ,  

cooled, a n d  t h e n  c e n t r i f u g e d  i n  100 ml L u s t e r o i d  t u b e s ,  T h e  s u p e r n a t a n t  

(4) Intermixture  o f  c a , l l o : d a l  s i l i c a  w i t h  LsF3 gives an  i n s o l u b l e  r e s i d u e  whxch is 

p e a t e d  e v a p o r a t i o n s  t n t h  HF nnd XYO,  
p r i o r  t o  elsminstion of f l u o r i d e  

impervious t o  re 

Sources of  s i l i c s  t h e r e f o r e  m u s t  be scrupuYousdy ~ v d i d e d  



s o l u t i o n  1s t r a n s f e r r e d  t o  c l e a n  L u s t e r o i d  t u b e s  w i t h a  p i p e t t e  i m p r o v i s e d  from 
l a r g e  d i a m e t e r  p o l y e t h y l e n e  t u b i n g ,  The b l a c k  i n s o l u b l e s  removed c o n t a i n  a 

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

Step 5 .  F l u o r i d e  c o p r e c i p i t a t i o a  of Th234 w i t h  La u s e d  as  c a r r i e r  i s  
pe r fo rmed  i n  t h e  100 m l  L u s t e r o i d  t u b e s .  The s o l u t i o n  from S t e p  4 is a d j u s c e d  
t o  3 M HF' w i t h  48% HF, tnfter wh ich  La(NU3)a is added  ( 0 , l  mgLa/ml o f  s o l u t i o n ) ,  
T h e  s o l u t i o n  i s  s t i r r e d  and  a l l o w e d  t o  s t a n d  10-15 m i n u t e s ,  c e n t r i f u z e d ,  and  
t h e  UO,F, s o P u e i o n  d e c a n t e d  and d i s c a r d e d ,  T h e  p r e c i p i t a t e  t h e n  is washed 
t h r e e  t i m e s  w i t h  a s o l u t i o n  I M i n  b o t h  WNO, and  HF, 

Step The. Ea c a r r i e r  and  Th a c t i v i t y  a r e  d i s s o l v e d  by  c o n v e r s i o n  o f  
f l u o r i d e  to p e r c h l o r a t e ,  The f l u o r i d e  p r e c i p i t a t e  i s  washed i n t o  a p l a t i n n r n  
d i s h  w i t h  4 M HNO, and t h e  l i q u i d  e v a p o r a t e d  w i t h  HClO, added ,  Comple te  e l i m -  
i n a t i o n  o f  f l u o r i d e  i s  a s s u r e d  by s e v e r a l  e v a p o r a t i o n s  w i t h  3 - 4  m l  o f  HCIO, 
u s i n g  c a r e  t o  w a s h  down t h e  u p p e r  s u r f a c e s  o f  t h e  d i s h ,  A t  t h i s  p o i n t  t h e  
p r e c i p i t a t e  is  brown i n  c o l o r  due t o  i r o n  c o n t a m i n a t i o n ,  

Step ' B o  The i r o n  c o n t a m i n a n t  i s  c o n v e n i e n t l y  removed by t r a n s f e r r i n g  
t h e  r e s i d u e  from t h e  p r e c e d i n g  s t e p  t o  a 100 m l  g l a s s  s t o p p e r e d  c y l i n d e r  using 
h o t  8 . 0  M NCP ( e a ,  40 rnl). A f t e r  c o o l i n g ,  t h i s  s o l u t i o n  is e x t r a c t e d  t h r e e  
times w i t h  3 0 - 4 0  m I  vo lumes  o f  d i i s o p r o p y l  e t h e r .  The a q u e o u s  l a y e r  s h o u l d  
be  c o l o r l e s s  a f t e r  t h i s  e x t r a c t i o n .  

Step g o  Benzene-TTA e x t r a c t i o n  i s  u s e d  t o  s e p a r a t e  T h 2 3 4  a c t i v i t y  from 
t h e  La c a r r i e r  The  a q u e o u s  e x t r a c t  f rom S t e p  7 i s  t r a n s f e r r e d  t o  a q u a r t z  
d i s h  a n d  e v a p o r a t e d  t o  d r y n e s s  w i t h  5 m l  of  HC10, u n d e r  a h e a t  l amp .  T h i s  
r e s i d u e  is t a k e n  u p  in ea.  40 ml o f  0.10 M HCl0, and  e q u i l i b r a t e d  1 5  minutes 
w i t h  a n  e q u a l  volume o f  0,257 M benzerie-TFfA s o l u t i o n  i n  a 100  m l  glass c y l i n d e r ,  
The r e l a t i v e l y  I n a c t i v e  a q u e o u s  p h a s e  i s  r e m o v e d ,  and  t h e  thorium aetivlty 
s ~ r i p p e d  i n t o  a n  e q u a i  volume o f  1 . 7 9  81 HC10, by e q u i l i b r a t i n g  1 0  .IS minu tes  

( s t r i p - r a t i o  180 I ) .  

Step  9 "  The aqueous  l a y e r  c o n t a i n i n g  a c t i v i t y  is  t r a n s f e r r e d  t o  R quartz 

d i s h  and  t a k e n  t o  d r y n e s s  t w o  times w i t h  HC10, to remove t r a c e s  o f  o r g a n i c  
m a t t e s ,  A f t e r  a s e c o n d  e v a p o r a t i o n  w i t h  IIC10, t h e r e  s h o u l d  be  no c o l o r  or 
v i s i b l e  m a t e r i a l  i n  t h e  d i s h ,  and  the r a d i a t i o n  l e v e l  d i r e c t l y  above  t h e  d i s h  
s h o u l d  be t h e  o r d e r  of 3100-200 R h r ,  

Step, 18. The c a r r i e r - f r e e  Th234 a c t i v i t y  may be t a k e n  u p  w a t h  s e v e r a l  
d r o p s  o f  h o t  2 M HClQ, o r  HC1 a n d  washed  i n t o  a s m a l l  g l a s s  s t o p p e r e d  flask 
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wi h h o t  0 , O P  x.i a c i d  to a c o n v e n i e n t  d i i l u  i o n  S e . g .  0,H iy la  Samples gi ing 

an e s t i m a t e d  100-200 R/hr i n  S t e p  9 yield 10 20 m c  o f  '€h334, P e r c h l o p a t e  
sslu",ons c o n t a i n i n g  Th'34 at t h e  mc l e v e l  show some decomposition, d e v e l o p i n g  
a s l i g h t  yellow c o l o r  over  a p e r i o d  oE several  weeks, 

Acknowledgement i s  due $3* E .  Rlacktlin and h q  S. G o l d i n  f o r  %he i r  
thorough cooperat ion  and a i d  i n  o b t a i n i n g  the feed tank concen t r a ' e s  
o f  for t h i s  Bark, 

STUDIES QP CBLQRIIBE AND THIOCYANATE ~ ~ ~ ~ ~ ~ X r N ~  OF AQtJEBC'S 

T~~~~~~ BY BDLPENT - TTA ~ X T ~ ~ ~ ~ ~ ~ ~  R?&TEOD 

w *  c. Waggener w w  Stoughsom 

sucaa~ry  The c h l o r i d e  complesing studies w i t h  aqneoua  thorium r e p o r t e d  
c h l o r i d e  and an ionic s t r e n g t h  o f  l a s t  q u u a r r ; e r ~ g  1 h a v e  b e e n  e x t e n d e d  to 4 

e--. x T L  i k l c  d a t a  at p -: 4*.0 c a n  be f i t t e d  s a t i s f a c t o r i l y  t u  E). t w o - p a r a m e ~ e r  
- equation s i m i l a r  i n  form t o  t h a t  a p p l i e d  t ; ~  d a t a  a t  p - 2 .0-  Assuming t w o  

s p e c i e s ,  mono. and t h r i c h l a r o -  thorium i o n s  the formatisn c o n s t a n t s  Qconcen- 
t r a t i o n b  are  P,85 and 0+.16, r e s p e c t i v e l y *  These v a l u e s  are  compared with l+20 
and 0 . 2 5  o b t a i n e d  a t  ,i~ z 2 , 0 7  

I n i t i a l  s t u d i e s  o f  t h i o c y a n a t e  complexang o f  aqueous thorsum have  been 
made i n  the concentration range  0 - 0,s I\! NCS" and at ,u '2 l . * O n  From a s i n g l e  
s e r i e s  of axper iments  completed a t  this t i m e  i t  appears t h a t  tihe d a t a  f i ~  an 
e q u a t i o n  o f  t h e  saBe  farm as the c h l o r i d e  d a t a ,  Assuming t h e  t w o  species 

mono 1 and t s i t h i o c y a n a t e  tborcilrm ions the  formation c o n s t a n t s  { c o n c e r i t r a t < w )  
obgained a r e  1 2 - 1  and 6 0 ,  r e s p e c L i v e l y ,  

Future  work,  It. i s  p l a n n e d  t o  c o n f i r m  the minimum f o u n d  f01" k a  (for 

T h " K 1 '  :z ThC.l'3) ve r sus  p whicR a p p a r e n t l y  occurs h e t w e e n p '  1.0 and p .z 4.0 
b y  a iiiare c r i t i c a l  s e r i e s  of e x i . e r i m e n t s  i n  t h e  l o w  c h l o r i d e - h i g h  i o n i c  
s t renggth  r e g i o n .  

( 5 )  W e g l & @ ~ l e ~ f  W, C, n%d S t B l i g h k o R  R, W, " Stad ies  af C h l o n l d e  C ~ m p l e x i n g  of Aqlleulra Tb~r lu111 by TTA- 
Benzene f f s r~rae t ton  Methead ' ' Ckecarzstry D i v i s i o n  @ a a f t c r l g  Rep5rt f o r  P e r E d  Endxng 8fnrc.h Si 19.50.. 
ORNL.685 24.30 ( J u ~ c  4.6 ISaSO), 



S t u d y  of t b n r i u m  conplexing by thiscyanate Br ;  c o n t i n u i n g ,  a n d  an aqueous 
s o l u t i o n  w f  h y d r a z o i c  a c i d  h a s  b e e n  prepared  f o r  a n  e x p l o r a t o r y  experiment  
with t h i s  weak acid and i t s  a n i o n ,  NBN". 

The t h i o c y a n a t e  r a d i c a l  is t;he a n i o n  of a s t r o n g  acid, and i n t x r a c t s  w i k h  

t h o r i u m  <an more s t r o n g l y  t h a n  c R l a r i A a ,  FOP t h i s  reason  t h e  thi 
thoriuleo s y s t e m  s h o u l d  he more eonvenienc ehan t h e  chloride-khsrium system for 
c o n t i n u i n g  inveszigation of the irnfEuerir~- o f  temperature as well as i o n i c  
s t r e n g t h  upon b o t h  a q a e o u s  Chosfum c a m p l c x i @ g  and solvent- TTA e x t r a c t i o n  
equilibriao 



2 %  



SiF,  gas and s u b s e q u e n t  ~ a ~ n a t i o r i  w i t h  s t a n d a r d  ThjXO,), to gave 11,8% fkuopide 
C t h e n r e ~ i e a l  =- P2.0'9b w h i c h  I S  in t h e  range of experimental accuracy f a r  :,has 
meshad.  D i r e c t  m e a s u r e m e n t  o f  pH and t i t r a t z o r a  c u r v e  d e t e r r n i n a t i u n s  5 E n .  

- E - *  dicatcd no detectable amount o f  excess uranium k r i o x i d e  ( i s e >  a s  W2 i~ 
s r a b u ~ i o n l "  t h e r e f o r e ,  the l o w  d e t e r m i n a t i o n  b y  eonwersion 20 U,O, m i g h t  be 
dtne to e slight amounr. of moisture, 

Solubility d a t a  f o r  t h e  ghase s t u d y  were obtained by f o u r  d i f f e r e n t  
methrsdx depending can t h e  particular r e g i o n  cf %be s y s t e m ,  

A l l  s : o l u b i P i % y  p o s n t s  belaw 0" were o b t a x n e ~ i  by standard methods o f  c o o l -  
irig and warming c u r v e  d e t e r m i n a t i o n s ,  A copper-constantin thermocouple was 
used f a r  t e m p e r a t u r e  measurements. AnaPyki.ea1 soEwbHBrty d e t e r m i n a t i o n s  ware 

made $ram (3" t o  90" .  The  &so lut ions  were stirred i n  a thermascat from f o u r  
t o  t w e n t y -  f o u r  hours  Samples  taken a f t e r  f o u r  h o u r s  stirring time a g r e e d  
in mast c a s e s  with l a t e r  semples .  These samples wexe analyzed bQ ignition ai; 

?!XD *,a 23,0,, +Yhe p r e c i s i o n  of d u p l i c a t e s  b e i n g  w i t h i n  f 0 ,IO%. 

A l l  work above 100"  was d o n e i n s e a l e d  q u a r t z  c a p i l l a r y  t u b e s  t i s  doscribed 

b y  Secoy ,  ( l a )  A a  aluminum c y l i n d e r  containing a therocouple well and ntsser -  

v a t i o n  s l i t  was s u b s z i t n c e d  for  t h e  s t a i n l e s s  steel cylinder used p ~ s v > ~ n ~ l y ,  
Four and f i v e  millimeter a n a i d e  diameter quartz t u b i n g  was u s e d  from 1.00" t o  

25O"* Inoweves above 250" t w o  m i l h i m e t e a  capillary tubing was required Vb'ith 
the e x c e p t i o n  o f  $ a k a  b e t w e e n  % s o J  and 240" p o i n t s  were o b t a i n e d  b y  s - o w ' l y  

h e a t i n g  t h e  cyi;ndsieaB block (wrapped w a t h  miehtcaine resistance cape and rocked  
i n  a S P P - C B R ~  m e c h a n i s m )  c o n t a i n i n g  a known s o l u t i o n  I n  . the q u a r t z  L L J ~ P  sild 
o b s e r v i n g  throtagh a s l i t  a n y  phenomena occurring, T h e s e  solubil 
were cheeked  t o  rt l a  or h e t t e r  by r a m s i n g  and  lowesing the t u b e  

Owing t o  t h e  r a t h e r  ve~tacal p o r t i o n  o f  a;he c u r v e  i n  the range 
t h i s  l a t t e r  s y r a t h e 2 ; r c  m e t h o d  w a s  n e t  e f f e c t i v e  Therefore, an anel y c i a c a d  

a p p r a n e h  was u s e d  PII w h i c h  a saturated s f i B u r t i ~ n  and  e x c e s s  s o l i d  welrt:: ~ r r c k e d  
in the a luminum cylinder for 2 4  to $8 hours at a constant temperature, t h e  

v a r i a t i o n  i n  t e m p e r a ~ n s e  b e i n g  o f  the o s d e r  o f  i I * , ;  T h e  rocker  WA:~ then  

s t o p p e d  and k h e  t r ibe  ailowed to c o o l  about an hour h e f o r e  analysis Above 



150" t h e  s a t u r a t e d  s o l u t i o n  i s  very viscous b u t  w i l l  s t i l l  flow i n  f i v e  m i l l i -  
m e t e r  (ISDO) t u b i n g ;  w h e r e a s ,  be low t h i s  t e m p e r a t u r e ,  i f  i t  is n o t  s h a k e n  
(411 cooling, t h e  s o l u t i o n  forms a t r a n s l u c e n t  g e l ,  It  a p p e a r s  u n l i k e l y  t h a t  
t h e  s a l t t b i l i t y  e q u i l i b r i u m  i s  c h a n g e d  t o  a n y  e x t e n t .  A f t e r  c o o l i n g ,  t h e  
cube was broken  and t h e  g e l - s o l i d  and c r y s t a l l i n e - s q l i d  s e p a r a t e l y  a n a l y z e d  
f o r  uraniunt, 

The pH measurements  were made on p r e p a r e d  s o l u t i o n s  u s i n g  a Beckman pM 
meter- N o  e f f e c t  on t h e  g l a s s  e l e c t r o d e  w a s  noted. 

The Data and Di%@ussfon. The d a t a  are g i v e n  in Tables I and IT and are  
shown g r a p h i c a l l y  i n  Figs. 1, 2 ,  and 3 .  

T a b l e  X end Figs, 1 and 2 show t h e  v a r i a t i o n  of d e n s i t y  and pH w i t h  eon- 
c e n t r a t i a n  a t  roam t e m p e r a t u r e .  The condensed phase diagram for the s y s t e m  i s  
shown i n  Figa 3, t h e  d a t a  b e i n g  g i v e n  i n  T a b l e  1 3 .  

Region 3 o f  Fig. 3 r e p r e s e n t s  u n s a t u r a t e d  s o l u t i o n  for t h e  sys t em u r a n y l  
f l u o r i d e - w a t e r ,  The ice  curve is r e p r e s e n t e d  by line AB down t o  t h e  c u c e e t i c  
p o i n t  B ,  Any m i x t u r e  o f  the! t w o  components i n  r e g i o n  ABK w i l l  c o n s i s t  of i c e  
and s a t u r a t e d  s o l u t i o n  r e p r e s e n t e d  on t h e  i c e  c u r v e .  Below l i n e  K 3 L ,  t h e r e  
w i l l  be two solid p h a s e s ,  i c e  and  U0,F,*XH20, L i n e  BC c o r r e s p o n d s  t o  t h e  
UU,F,:XH,O s o l u h i l l i t y  c o n c e n t r a t i o n  i n  c o n t a c t  with solid UOr 
h y d r a t e  i s  p r o b a b l y  UO,FI "2M,O b a s e d  on a n a l y t i c a l  d e t e r m i n a t i b n s  o f  the 

s o l i d  phase ,  however, more work must be done t o  f i x  p r e c i s e l y  t h e  h y d r a t e  corn- 

p o s i t ;  on * 

P o i n t  C c o r r e s p o n d s  t o  e i t h e r  a h y d r a t e  o r  a l l o t r o p i c  t r a n s i t i o n  to 
U0,F2 YH,O i n  which l! may n o t  e q u a l  X b  A p r e l i m i n a r y  a n a l y s i s  Q f  che soI.id 
p h a s e  a t  195' gaye 9 8 , 5 %  UOP,F2-2H2O, u r a n y l  f l u o r i d e  d i h y d r a t e ,  ( T h e o r e t i c a l  
100% i f  c o r r e c t  h y d r a t e , )  The s o l i d  phase  below 150" a p p e a r s  as  v e r y  fine. 
s i l k y  n e e d l e s  which mix t h r o u g h o u t  t h e  s o l u t i o n ,  whereas  i n  t h e  region 150 , 

240G t h e  s o l i d  phase is more E l e a r l y  d e f i n e d  and  of a d e f i n i t e  cryscal  structare. ,  
An a t t e m p t  w a s  made t0 d e t e r m i n e  t h e  s t r u c t u r a l  s y s t e m  of the c r y s t a l s  formed 
i n  t h e  150 - 240b t e m p e r a t u r e  range. ,  No success  was a t t a i n e d  using a p o l a r ,  
i z i n g  m i c r o s c o p e ,  It  a p p e a r e d  t h a t  t h e  i n d i v i d u a l  c r y s t a l  u n i t s  ( m e t a s c a b l e  
a t  room temperatures) had r e a r r a n g e d  within t h e  m a c r o - c r y s t a l  s y s t e m  t o  produce 
a pseudomorphic form, By v i s u a l  o b s e r v a t i o n  t h e  c r y s t a l  s t r u c t u r e  is prababfy 
e i t h e r  i n  t h e  hexagonal  or cubic. system, 
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A t  260' a n o t h e r  t r a n s i t i o n  occurs to g i v e  UB,F,'ZH,O (where Z may o r  may 
n o &  e q u a l  Y> and a l s o  t o  g i v e  a n e g a t i v e  s o l u b i l i t y - , ~ e m p e r a t u r e  r e l a t i o n s h i p .  
Points a l o n g  l ine DE were r a t h e r  difficult t o  o b t a i n  b e e a u s e o f  tube eapiosicms 
upon r e a c h i n g  t h e  s o l i d  phase t e m p e r a t u r e ,  In t h e  few runb t h a t  were s u c c e s s -  
f u l ,  t h e  s o l i d  phase a p p e a r e d t o  liberate bubbles , ,  possibly dame t o t h e  l i b e r a t i o n  
o f  water  v a p o r ,  P o i n t  E r e p r e s e n t s  an  i n v a r i a n t  p o i n t  ab; w h i c h  t e m p e r a t u r e  
and c o m p o s i t i o n ,  a s o l i d  (UO,F, "ZH,O) and ktpo l i q u i d  p h a s e s  are  i n  p q t i i l i b r i u m  
in t h e  condensed system. Seven a t t e m p t s  t o  g e t  a p o i n t  near the apex m e t  with 
f a i l u r e  d u e  t o  t u b e  e x p l o s i o n  j u s t  b e f o r e  the apex t e m p e r a t u r e  ( 3 4 1 ' )  was 
reached ,  

The i n v a r i a n t  p o i n t  t e m p e r a t a r e  was fixed by t h e  s o l i d i f i e a t i a n  paints 
for t h e  u r a n y l  f l u o r i d e  r i c h  l i q u i d  phase, a t  which t e m p e r a t u r e  this l i q u i d  
loses wat.er t o  t h e  water-rich l i q u i d  phase and s o l i d  U02F;ZH,0 i s  d e p o s i t e d ,  

Area GFB r e p r e s e n t s  a t w o s l i q u i d  p h a s e  r e g i u n ,  The minimum c r i t i c a l  
point lies between 4 9 - 2 4  and, 55.13 p e r c e n t  uranyl .  f l u o r i d e  and a t  313', In 
the regios! s b n ~ s  GE and below HI,  t h e r e  a r e  two phrases in t h e  condensed s y s t e m p  
w a i t e r - r i c h  Piquid and solid UO,F,~ZH,U. The critical temperature o f  t h e  
s a t u r a t e d  schlution is  r e p r e s e n t e d  a l o n g  l i n e  HIv Above t h i s  line.. these is a 
gaaeous p h a s a  and t h e  UO,F,*'ZH,D solid, The c r i t i c a l  point for pure w a t e r  
43'74.4") does not appea r  to have been e l e v a t e d  mare t h a n  t h r e e o r  f o u r  degrees,  
t h u s  i n d i c a t i n g  t h a t  %he s o l u b i l i t y  of t h e  Z s o l i d  h a s  r eached  a low valxfe., 

A l o n g  F M  a ~ r y s t a l  f o r m a t i o n  a p p e a r e d  t o  some e x t e n t ,  These c r y s t a l s ;  

had a l i g h t  y e l l o w  eo white appearance i n  t h o  yellow u r a n y l  fluoride solution. 
The crystals o r i g i n a t e d  a t  two QT t h r e e  positions a l o n g  t h e  t u b e  waL1.Epyad grew 
out f r o m  the center as e l o n g a t e d  n e e d l e s Q  Upon l o w e r i n g  t h e  t emperacure  t h e  
c r y s t a l s  wou ld  redissolve; however ,  a f t e r  r e m a i n i n g  in she 2 0 0 , 3 0 0 : ~  r a n g e  
f o r  f i v e  to twenty hours, i r r e v e r s i b l e  decompos i t ion  o c c u r r e d ,  These  c r y s t a l  
f o r m a t i o n s  a r e  u n e x p l a i n a b l e  OIL t h e  basis of  a two component s y s t e m )  T h e r e  
m i g h ~  be some r e a c t i o n  w i t h  q u a r t z  t u b i n g  i n  t h e  Pow c o n c e n t r a t i o n  r e g i a n  and 
a t  a p p r o p r i a t e  t e m p e r a t u r e s .  Because o f  t h e  c r y s t a l  f o r m a t i o n s ,  attempts to 
Lomplete the two liquid p h a s e  c u r y e  i n  t h i s  c o n c e n t r a t i o n  r e g i o a  were not 

s ucces 8 f u  P 0 

,I l h e  s y s t e m  a p p e a r s  t h e r m a l l y  u n s t a b l e  a t  a l l  concentrations above 30Oo. 
Though e q u i l i b r i u m  p i n k s  were o b t a i n e d  above t h i s  t e m p e r a t u r e ,  there was some 

i r r e v e r s i b l e  decompos i t ion  t o  a ye l low g e l  t y p e  precipitate and also to black  
s o l i d  p a r t i c l e s  presumably U,O,,  T h i s  decompos i t ion  d i d  n o t  appear  t o  i n c r e a s e  
w i t h  t i m e  b u t  rather occurred i n  the first f e w  bourse 
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F u t ~ r e  ~ o r k ,  Fur the r  a t c e m p t s  t o  e l e a r  up r.he crystaiPization phenomena 
along FA? and to determine the i d e n t i t y  o f  a l l  s o l i d  p h a s e s  will be c o n t i n u e d  

Summary, The uranyl  f l u a r i d e - w a t e r  sys tem h a s  been s t u d i e d  from t h e  i ce  
eutectic t o  t h e  cr i t i ca l .  I ) O Z P ~ ~ S  sf wate r ,  Density rand pH d a t a  are g i v e n  a t  
room temperature ( T a b l e s  f and PI). 

Further work i s  necessary to e lea .  u p  questionable f e a t u r e s ,  

TABLA3 x 

 he ~liens?alty pad p a  a% bquepas uranyl $I\aatida ~ o f u t i o ~ t e u  ad; 2 % " ~  

c.  I i ,  Seeoy 

In t h e  d e t e r m i n a t i o n  of t h e  i c e - c u r v e  f o r  the s y s t e m  u r a n y l  i l u o r i d e -  
w a t e r  a s  d e s c r i b e d  i c i  t h e  p r e c e d i n g  s e c t i o n  o f  t h i s  r e p o r t ,  it w a e n c l t e d t h a t  

t h e  d e p r e s s i o n  o f  .,he freezing p o i n t  o f  w a t e r  was niiucki less tlran o n e  w o u l d  
e x p e c t  from a s a l t  c a p a b l e  of forming three i o n s  p e r  mole ,  T h i s  i n d i c a t e s  a 
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high d e g r e e  o f  complexing  and p e r h a p s  polymerization, I t  seemed worthwhi le  

t a  extend t h e  f r e e z i n g  p o i n t  d a t a  t o  very d i l u t e  soluziona so t h a c a c a l c u l i a t i o n  
could  be made of the mean a c t i v i t y  coe f f i c i ent s  of the solute, 

I t  h a s  beexi shown(11) t h a t ,  i f  one n e g l e c t s  the e f f e c t  o f  the h e a t  o f  
d i l u t i o n  and I C S  t e m p e r a t u r e  c o e f f i c i e n t ,  the logarithm o f  t h e  mean a c t i v i t y  
c o e f f i c i e n t  is given by 

T m  t*his  equat ion  @ is the observed freezing point l o w e r i n g  i n  a solution con- 
r,armirng UL moles of s o l u t e  per 1000 6 of water and y Sss t h e  number o f  i o n s  into 
which one molecule of s a l k  would be expected to dissociate, The q u a n t i t y ,  
j ,  is defined by 

where )k is the mola l  l ower ing  of t h e  freezing p o i n t  a t  i n f i n i t e  dilution. 

Experimental Da&a, En a d d i t i o n  to the data from t h e  p r e c e d i n g  section, 
s e v e r a l  p a i n t s  w e r e  o b t a i n e d  i n  v e r y  d i l u t e  s o l u t ; i o n s  u s i n g  a d i f f e r e n t i a l  
thermometer  t.0 obtain t h e  f r e e z i n g  t emperatures  The s ~ l u t i o n s  were made by  

a d d i n g  a w e i g h e d  nmouZnt, o f  d r y  oU,F, to a known w e i g h t  o f  water  ( 4 Q , O O O  g )  

i n  a double walled v e s s e l  e q u i p p e d  w i t h  t h e  thermometer and a ring s t i r r e r .  
The ~ e s s e l l  w a s  immersed  i n  a s a l t ~ i c e  ~ ~ o l i r i g  b a t h  which was maintained ax. o 

t e m p e r a t u r e  of a p p r o x i m a t e l y  -4'C. I n  a91 c a s e s  the soXut io i a s  s u p e r c o o l e d  
about  one  degree. The d a t a  S O  o b t a i n e d ,  a l o n g  with v a l u e s  from t h e  p r e c e d i n g  
section o f  t h i s  r epor t , ,  are g i v e n  in T a b l e  111. 

~~~~M~~~~~~~ and ' @ ~ S C & S S % C V ~ ,  The v a l u e s  o f  &he quantities under  t h e  
integral sxgns i n  equation (1) were  o b t a i n e d  by g r a p h i c a l  i n e e g r a t i o n ,  P R  
o r d e r  EC- e v a l u a t e  t h e  first o f  these i t  was n e c e s s a r y  to employ t h e  Lawis - 
L i n h a r t  e q u a t i o n  f o r  t h e  c o n c e n t r a t i o n s  below 0,Ol 01 ,  

( 2 . 2 )  

._.I.- 

LCW:S. R a n d a l l ,  T h e r a a d p m E e s 7  pa 347,McGrsw-fIiPI Book C0mp-y < 1 9 2 3 1 -  
( l a )  66id 
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1 8 ,  fie 

T a b l e  P V  g i v e s  r,he c a l c ~ l a t ~ e d  v a l u e s  f a r  y a s  a f u n c t i o n  o f  ,x a n d  the 
d a t a  are shown  graphically in Fsg ,  4 >  Far cornpairson curves arc? a i s o  shown 





s i s t e n c e  o f  this s t a b i l i t y  i n t o  v e r y  d i l u t e  s o l u t i o n s ,  Of courseL i~ is 

p o s s E b $ e  that, a t  l e a s t  in p a r t ,  t h e  low a c t i v i t y  of UO,F, is due  to some 

o t h e r  phenomena such a s  p o l y m e r l a a t i o n .  

During the o p e r a t i o n  o f  a homogeneous s o l u t i o n  r e a c t o r  t h e  f i s s i o n  p r o -  
d u c t s  will p’grow i n t o ”  the r e a c t o r  s o l u t i o n ,  E v e n t u a l l y  t h e  s o l u b i l i t y  p r o d u c t s  
o f  some o f  t h e  fission p r o d u c t  s a l t s  may be e x c e e d e d  r e s u l t i n g .  i n  t h e  pre .  
c i p i t e t i o n  of  s o l i d  m a t e r i a l  i n  t h e  s o l u t i o n ,  The amount of  p r e c i p i t a t e  may 
b e  q u i t e  s i g n i f i c a n t ,  e s p e c i a l l y  i n  t h e  o p e r a t i o n  o f  homogeneous r e a c t o r s  o f  
h igh  power r a c i n g s ”  end may have t o  be c o n s i d e r e d  both d u r i n g  t h e  operation o f  
t h e  r e a c t o r  and i n  t h e  s o l u t i o n  d e c o n t a m i n a t i o n  p r o c e s s .  Hence i t  i s  o f  
i n t e r e s t  t o  d e t e r m i n e  rhe s o l u b i l i t i e s  o f  t h e  various f i s s i o n  p r o d u c t  salts 
under t h e  c o n d i t i o n s  e x i s t i n g  in t h e  r e a c t o r ,  S i n c e  con templa t ed  homogeneous 
r e a c t o r s  w i l l  o p e r a t e  a t  h i g h  t e m p e r a t u r e s  and p r e s s u r e s ,  i t  is n e c e s s a r y  t o  
de t e rmine  t h e  s o l u b i l i t i e a  of t h e  f i s s i o n  p r o d u c t  s a l t s  a t  e l e v a t e d  tempeyacures 
and  p r e s s u r e s .  I n  t h e  e x p e r i m e n t s  p l a n n e d ,  t h e  s o l u b i l i t i e s  o f  t h e  fission 
p r o d u e t  s u l f a t e s  w i P 4  be  measu red  s i n c e  a s u l f a t e  s o l u t i o n  w i l l  be used in t h e  
X-10 homogeneous r e a c t o r ,  NO a t t e m p t  w i l l  be made t o  r e g u l a t e  t h e  p r e s s u r e  on 

t h e  s o l u t i o n .  It w i l l  be assumed t h a t  t h e  p r e s s u r e  c o e f f i c i e n t  o f  ~ o i a b i i i k y  
o f  the f i s s i o n  product. sulfates w i l l  be small, 

The bomb shown i n  F i g .  5 h a s  been c o n s t r u c t e d .  With a bomb o f  t h n s  t y ~ e  

i t  i s  p o s s i b l e  to t a k e  s e v e r a l  small samples  from t h e  same i n i t i a l  solution. 
I t  is a l s o  u n n e c e s s a r y  t o  c o o l  t h e  bomb t o  room t e m p e r a t u r e  f o r  each  s a m p l e ,  
The e x p e r n m e n t a l  method w i l l  be t o  e q u i l i b r a t e  an e x c e s s  o f  s a l e  w i t h  w a t e r  

( c a n  150-200 ml) a t  a g i v e n  t e m p e r a t u r e  and then  t o  t a k e  s e v e r a l  samples  ( e a e  

10 ml each) o f  the s o l u t i o n ,  The samples  w i l l  be c o o l e d  t o  room t e m p e r a t u r e  

and analyzed q u a n t i t a t i v e l y  f o r  t h e  s a l t  i n  q u e s t i o n .  During t h e  e q u i l i b r a e i o n  
process t h e  bomb w i L i  be  rocked t h r o u g h  a n  a n g l e  o f  1 2 0 ”  from t h ~  t e r t i c a i  
t o  e n s u r e  complete  mixing of t h e  s a l t ;  and water, 

3 4  
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S i n c e  the  temperatures oI i n t e r e s t  (200'C t o  37OoC) result i n  pressures 
o f  20OQ t o  3000 p s i ,  the  bomb was c o n s t r u c t e d  t o  handle t h e s e  p r e s s u r e s  with 
a 1OX safety f a c t o r ,  The s y s t e m  o f  valves used i n  the  i n i t i a l  assembly leaked 
a t  these pressures  and was rep laced  w i t h t h e  single American Instrument Company 
valve shown i n  the  f i g u r e .  T h i s  bomb i s  now undergoing f i n a l  p r e s s u r e  and 
temperature  tests, 

As a check and also a s  an e x p l o r a t o r y  guide t h e  quartz  cube method('6) 
w i l l  also be used to  determine h i g h  temperature solubilities. The n e c e s s a r y  
equipment has  been borrowed from C. €3. Secoy and W. L. Marshall. T h i s  equip-  
ment h a s  brse:a c a l i b r a t e d  and p r a l i m i n a r y  runs are  b e i n g  made u s i n g  freshly 
prepared isnd p u r i f i e d  La, (SO,), 

( 2 6 )  Benrath,  A. e t  a [ , ,  ' "  So%ubilities of  S a l t s  and Salt Idizturer in Water a t  Temperatures above 
iQQ'C,'' Z aroorg, a, oL%gear, Cheaie 23f0  185 (1937). 
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The r e s u l t s  o f  p re sen t ;  and p a s t  work on t h e  t i n  a c t i v i t i e s  w i l l .  be g i v e n  
i n  a r e p o r t  t o  be i s s u e d  soon. Most of t h i s  q u a r t e r  has b e a n  s p e n t  c h e c k i n g  
on some p o i n t s  and o r g a n i z i n g  t h e  work to be g i v e n  i n  t h e  r e p o r t .  

t?*7 d Sab2', It seems d e f i n i t e  now t h a t  t h e  9.7 d S n  a c t i v i t y  must, be -  
l o n g  t o  mass 125. Newton and McDone l l c3 )  have  a s s i g n e d  t h i s  a c t i v i t y  t o  mass 
123 f rom t h e i r  d e u t e r o n  bombardbents  of .Snf2 '  by  a ( d ,  t )  r e a c t i o n .  They b a s e  
t h e i r  masis assignment to a large e x t e n t  on their f a i l u r e  t o  f i n d  t h e  2 . 7  y 
Snln5 d a u g h t e r .  On t h e  o the r  hand i n  t h e  p r e s e n t  e k p e r i r n e n t s ,  t h e  2.1 y Sbl2' 
was o b s e r v e d  to grow f rom t h e  9 .7  d Sn  a c t i v i t y .  t h e  58 d Te125  
a l s o  was s e e n  t o  grow i n t o  t h e  Sb f r a c t i o n  a f t e r  i t s  s e p a r a t i o n  from t h e  Sn. 
Aluminum a b s o r p t i o n  curves i n d i c a t e  the i d e n t i t y o f t h e  S b  a c t i v i t y .  The 9.7 d 
Sn a c t i v i t y  was n o t  o b s e r v e d  i n  t h e  Sn'22 sample  a f t e r  bombardment w i t h  t h e r m a l  
n e u t r o n s  w h i t e  i t  was found  i n  v e r y  good y i e l d  i n  the SnXz4 sample .  I n  o r d e r  
f o r  i t k  t o  be a t  t h e  mass 123 p o s i t i o n ,  t h e  n u c l e a r  r e a c L i o n  would have  to be 
( n ,  2 n )  wh ich  is n o t  v e r y  p r o b a b l e  for .slow n e u t r o n s  and c e r t a i n l y  o f  l ower  
c r w s  s e c t i o n  t h a n  a ( n ,  Y) r e a c t i o n .  Lee  a n d  Pool(2) h a v e  a s s i g n e d  this 
a c c i v i t y  to t h e  mass 125 p o s i t i o n ,  also, on t h e  b a s i s  of t h e  y i e l d  f r o m  den-  
t e r o n  bombardments on e n r i c h e d  t i n  i s o t o p e s .  

I n  a d d i t i o n ,  

e 

Lsng-lttred S t t ' 2 * o  T h e r e  seems t o  be good evidence f o r  a l o n g - l i v e d  b e t a  
e m i t t e r  Sn"'., In t h e  s p e c t r o m e t e r  s ample  of t h e  Sn'" p r e p a r a t i o n  (95% S n ' 2 0 1 ,  
a b e t a  d i s t r i b u t i o n  was found be tween  t h e  c o n v e r s i o n  lines due  t o  t h e  S n l f r m  
and 3 n l i P 3 m .  After a b o u t  f i v e  months d e c a y  ( s o  ' t h a t  t h e  14 d Sntl'"' c o u l d  d i s -  
a p p e a r )  t h e  resu l t s  shown i n  Fig. 6 were o b t a i n e d .  T h i s  b e t a  d i s t r i b u t i o n  h a s  
n o t  decayed  a p p r e c i a b l y  whereas t h e  c o n v e r s i o n  l i n e  due  t o  Sn' 1 7 m  d i s a p p e a r e d  
w i t h  i t s  c o r r e s p o n d i n g  h a l f - l i f e .  U n f o r t u n a t e l y  t h e  i s  a 105 m d a u g h t e r  
of  t h e  112 d S n Y ' 3 p  s o  c h a t  t h i s  c o n v e r s i o n  peak  w i l l  r ema in  i n  o u r  source f o r  

( 1 )  N e w t o n ,  A. S. and MeDonelf, W + R  n e t a  Emitting Isotopes of Tin,  X K L  395 ( J u l y  11, 1949)  - 
( 2 )  Lee, J. C. and Paol, Y, ''Radioactive Tin 121, 225 ,  125. " P h y s .  Rev.  76,  6 0 6  (1949) .  
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some t i m e .  The amount  of a c t i v i t y  i n  t h i s  r e g i o n  was l a r g e r  t h a n  could be 
accoun ted  for from t h e  b r e a d t h  of t h e  conversion l i n e s  of this h e i g h t .  F u r t h e r -  
more, s i n c e  no h c t a  a c t i v i t y  a t  g r e a t e r  e n e r g i e s  t h a n  t h e  fn1 '3m p e a k  was 
s e e n ,  i t  was c o n c l u d e d  t h a t  t h e  a c t i v i t y  i n  t h e  r e g i o n  be low t h e  Inii3," peak  
c o u l d  n o t  arise from t h e  p re sence :  of any S n i a 3  o r  $ n f z s .  T t  seams p r o b a b l e  
t h a n  t h a t  a l o n g - l i v e d  b e t a  emit ter  can be a s s i g n e d  t o  t h e  121 mass p o s i t i o n .  
Upon p l o t t i n g  t h e  d a t a  as f o r  a n  a l l o w e d  t r a n s i t i o n :  t h e  K u r i e  p l o t  { F i g .  1 )  

g i v e s  a maximum b e t a  e n e r g y  o f  a b o u t  0.42  f 0.02  M e V .  An a t t e m p t  is b e i n g  
made t u  o b t a i n  a n  a p p r o x i m a t e  v a l u e  of t h e  h a l f - l i f e  from t h e  s a m p l e  i n  
s p e c t r o m e t , e r .  A decay scheme f o r  t h e  mass 121 isomers is g i v e n  i n  F i g .  8. 

270 d Sn'"", The K and L c o n v e r s i o n  l i n e s  fram t h e  gamma r a y  a s s o c i a t e d  
w i t h  t h i s  a c t i v i t y  were measured  on t h e  l e n s  s p e c t r o m e t e r  u s i n g  a flow t y p e  
G-# c o u n t e r  w i t h  a s u p p o r t e d  window ( 6  pg/cm2). F s s e n t i a r l y  t h e  same e n e r g y ,  
64 K e y ,  a s  was g i v e n  in t he  p r e v i o u s  q u a r t e r l y  was found  f o r  t h e  
gamma ray.. However t h i s  v a l u e  may be s l i g h t l y  low d u e  t o  e l e c t r o n  p e a k  shift 
caused by s o u r c e  t h i c k n e s s .  T h i s  isomeric gamma t r a n s i t i o n  has been  r e p o r t e d  
by Mihelioh and Hill(') 8 s  h a v i n g  a n  e n e r g y  of 69 Kev. The v a l u e  fo r  t h e  #/L 
r a t i o  as d e t e r m i n e d  fram t h e  a v e r a g e  of t h e  p e a k  h e i g h t s  and t h e  a r e a s  u n d e r  
t h e  peaks  is0.35. '€tiis is s u b j e c t  t o  c o n s i d e r a b l e  e r r o r  because  of t h e  suuree 
t h i c k n e s s  which was a b o u t  1 mg/cm2, S i n c e  a c c u r a t e  values of t h e  L c o n v e r s i o n  
c o e f f i c i e n t s  ere n o t  y e t  computed,  i t  is not  p o s s i b l e  t o  d e t e r m i n e  the angular 
momentum c h a n g e  fram t h e  K / L  r a t i o . '  The  h a l f  l i f e  v a l u e  of 270 k 20 d w a g  

o b c a i n e d  from t h e  d e c a y  of t h e  L c o n v e r s i o n  l i n e  over a p e r i o d  of 1 0  d a y s .  
An at.tempd 6 0  s e e  t h e  u n c o n v e r t e d  gamma r a y  u s i n g  a p t a 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 a i l e d  a l t h o u g h t b e s o u s c e  wh ichwas  used  had R h i g h  d i s i n t e g r a t i o n  
rate, 

According t o  t h e  Mayer s h e l l  t h e o r y  t h e  e x c i t e d  s t a t e  of: SnXx9 should be 
h' I r , , a  and t h e  ground s t a t e  is known t o  be an s ' ~ , ~  s t a t e .  Thus t h e  p r e d i c t i o n  
would he  t h a t  she t r a n s i t i o n  i n v o l v e s  a s p i n  change  of f i v e  u n i t s  and a change  
of p a r i t y  ' t r u e  t h e n  t h e  r a d i a t i o n  would be 25  p o l e  electric and 
t h e  c o n v e r s i o n  c o e f f i c i e n t  o b t a i n e d  from t h e  e x t r a p o l a t e d  a5 c u r v e  computed by  
M. E. Rose e $  al.,would be  2000. T h e r e f o r e  i t  is n o t  s u r p r i s i n g  t h a t  t h e  un-  
c o n v e r t e d  gamma r a y  was n o t  d e t e c t e d  s i n c e  i t  would be p r e s e n t  i n  only 0.09% 
o f  t h e  d i s i n t e g r a t i o n s .  T h e  h a l f - l i f e  f o r  t h i s  t r a n s i t i o n  a s  o b t a i n e d  f rom 

I f  this is 







k h e  plot of half-life vs gamma e n e r g y  pubinshed by Axe l  and D a n e o f f i S i  is 

a b o u t  400 days Since t h i s  is i n  good agreemen t  w i t h  t h e  o b s e r v e d  h a l f - l i f e ,  
one is i~clined t o  believe t ha t ;  t h e  shell t h e o r y  p r e d i c t i o n  is c o r r e c t .  

fjn E I! 5 . Whereas no definite e v i d e n c e  has b e e n  found  f o r  an  activity r a t  

t h e  mass 115 position, t h e  existence Q E  i somer ism i n  e a c h  of the.other i s o t o p e s  
o f  odd m a t s  and t h e  p r e d i c t i o n  by f;he s h s $ P  t h e o r y  of Close ly  s p a c e d  Leaers i n  
each e w e  leads one t o  e x p e c t  isomerism f:. t h i s  p o s i t i o n  a l s o .  C C I ' ' ~  is e x -  

pecrted CZ, be s i m i l a r  t o  SnZ1$ s i n c e  they each have 6 5  neutrons. I t  i s  known 
t h a t  Cd-*5 has i s o m e r s  which decay  by i n d e p e n d e n t  b e t a  decay .  The f a c t  t h a t  a 
gamma transition between the? 43 day Cd and the 2 , 3  d a y  Cd does n o t  occur in an 

apppeeiable f r rpct ion o f t h e  disintegrations in spite of t h e  c o n s i d e r a b l e  e n e r g y  
differernce between t h e  l eve ls  u i d  i n d i c a t e  t h a t  t h e r e  is a l a r g e  s p i n  d i f -  
ference between t h e  levels s o  

i f  t h e  excited level were t h e  h , , / ,  l e v e l  as i n  &he  heavies t i n  i s o t o p e s  o f  
odd maas number t h e n  che h i g h  s p i n  change invo lved  i n  a t r a n s i t i o n  would make 
t h e  h a l f - l i f e  long 8 5  i n  t h e  c a s e s  of Snanr end Sn"'. However, i f  t h e  e x c i t e d  
l e v e l  were %he l e ~ e l  t h e n  t h e  s p i n  c h a n g e  would be u n i e y  and t h e  half- 
life would be exceedingly s h o r t ; ,  F u r t h e r  efforts are b e i n g  made to d e t e r m i n e  
i f  isamsrism occurs i n  t h i s  i s ~ t o p e .  

% .  

I n  Sn"' t h e  ground l e v e l  i s  known t o  be 

.Brancitfnp: Itatfise %e the Bemy iif Innos sad In"'. The r e s u l t s  o f  t h e  
maas a s s i g n m e n t s  of the:  9 , 7  d Sn"' and t h e  136 d Sn"' c a n  be  used  to ccnl- 
e n l a t e  t h e  branahinxg raeio f a r  t h e  f o r m a t i o n  o f  t h e  isomers a t  123 and 125 in 
t h e  fiision c h a i n s  from ehe i r  In parents Thus, i f  the f i s s i o n  y i e l d s  for t h e  
9 7 d a n d  136 d Sn  activities are s u b t r a c t e d  from the c o r r e s p o n d i n g  kotaP 

fission y i e l d s  for these mass positions t a k e n  fxaea the ernoath f i s s i o n  y 5 e i d  
curve*64 in order to , o b c a i n  t h e  a p p a r e n t  fission yields of t h e  9.5 m and 40 m 

Sn a c t i v i t i e s ,  t h e  brenching ratios are e a s i l y  c a l c u l a t e d ,  For mass 125 u s i n g  
0.043% for %he t o t a l  fission y i e l d  and 0,0044% fo r  t h e  9 .1  d Sn activity, t h e  
b r a n c h i n g  ratio is about 10% by t h i s  pakh and 90% by t h e  9 . 5  m S n a 2 5  a c t i v i t y  
p a t h .  S i m i l a r l y ,  €or mas5 923 using 0 . 0 1 5 %  for  t h e  t o t a l  fission y i e l d  and 
0 0012% f o r  the 136 d Sn a c t i v i t y ,  the branching ratio is about 10% b y  t h i s  
p a t h  and BOX by t h e  40 m Sn'" activity p a t h  from khe , I n a z 3  p a r e n t  

P snd r)&ne-oif, S N "CeProl;lfPcatian of HucPeacr K s m w r s ~ '  Phys  Rev 94. 893 (1949) 

e l  Feemed la F i s p L a a  Deday Charucte*isCIca F l ~ s i o n  Yie lds ,  and ChuaPn Retetianshipa. '' 
P L ~ k v m i t a a t  Pf fa$seS;  Aa Ghen &e J 68, 24:l (1946)e: 



G E Boyd 

For some t i m e  *vh~re has been r e a s a n  t.o doubt our earlier f i n d i n g s  Qn the 
Tc'@ ac&isrn:y lp~odmcad by Mo" ( d ,  2nB wieh 1 5  Rev deuterons, Thus whereas a 
2 . 7  d p e r i o d  W R ~ B  s e e n  in t h e  Tc f r a c t i o n s  separated from Mops i r r a d i a t e d  at 
the DTM 60 i n c h  C Y C ~ O Q T Q ~ ~  no s u c h  period was seen in t h e  f r a c t i o n  from the  
same hfo isotope bombarded ar. tihe;l UCRL 60 i n c h  c y c l o t r o n .  Further ,  the radia- 

t i o n s  f r o m  the 2,' l d a ? s t i . r i t , p  resembled c h o s e  of the known 67 h Ma9' sug- 

g e s t i n g  that in aetualisy, owing E O  a h i g h  Mo9' j d ,  p l  yield, t h a t  che s u p -  
posed Tc a c t i r i t y  was M5 c o n t a r n i n a c i o n  A c c o r d i n g l y  d u r i n g  the e l a p s e d  
quarter a new s e a r c h  was made A3though a s  y e t  these s t u d i e s  a r e  n o t  com- 

p l e t e d ,  i e  can  $e a a i d  t h ~ &  she P ' Q r ?  diY Tcga is almost c e r t a i n l y  incsrrecc ,  
F u r t h e r  i f  the t r u e  p e r i o d  of T C ' ~  is s h o r c  i t ,  muse be lees than one m i n u t e  
in h a l f  life There i s ,  hiawtever, considerable e v i d e n c e  khat its h a l f - p e r i o d  

i s  v e ~ y  long.. This  w i t ;  be presented in khe fo r thcoming  quarkerly repsrgs 

b 
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3 .  w Cobble  

ealdbratdoa of a Q w ~ i g h  pressrare fsnfxatfmn Chamber A 4 77 geometry 
i o n  chamber f i l l e d  wikh asgran at 40 a t m o s p h e r e s  h a s  been  calibrated for t h e  



r a p i d  determination of absoPuP;e d i a i n g e g r a e i o n  razes of gamma e m i t t e r s .  The 
method of c a l i b r a k i o n  l f c ~ l l ~ w e d  that a f  Jones and O v e r m a n , . ' )  & l t h Q U g h  t h e  
a b s o l ~ ~ e  c a l i b r a t i o n  is somewhat more c e r t a i n  i n  t h e  low energy region because 
o f  the availability CSZ more r e c e n t  n u c l e a r  data, The e f f i c i e n c y  curve f o r  
v a r i o u s  i s o t a p e s  r e l a t i v e  to Cog'  is g i v e n  in Fig 9 -  T h i s  curve bas been 
a d j u s t e d  € o r  t w o  gammas e m i t t e d  per d @ i n t e g p a k b o n .  

The Precfsfm Beteariaatism cof ItoEf~Eliras The stability and wide. range 
of the high pressure i o n  chamber h a s  p r o ~ i d e d  an exce l lent;  methad $0:: d e t e r -  
mining p r e c i s i o n  h a l f -  Bives of gamma emlzting i s o t o p e s  The a u t p n ~  of t h e  
ins2 ; rumenG w a s  f a d  5 x 1 ~ ~ 0  a continu0usPy re d i n g  Brown p o k e n t i a m e t e r  thus 
g i v i n g  an  instantaneous record of the a c t i v i t y  o f  :he i so tope  as B function of 

~irne .  The f o l l o w i n g  h a ? f - B b e s  have been determined for isotopes p u r i f i e d  by  
ion-exchange kechniqknas a f ~ e ~  bombacdment 
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m o l ~ a t s s i n g j ;  ij ‘7 x 1 0 1 1  n/em2--sec; h a l f - l i f e  of co601 5 . 3  y r s ;  cross  s e c e i o n  
f o r  C c i g 9 2  22 b a r n s ’  The c r o s s - s e c t i o n  v a l u e s  o b t a i n e d  were: 

W t ? R l i C  P, 4 barns 
I d O t O p  ie: 2 8 barns 

T h e s e  vaLues  a r e  somewhat  h i g h e r  t h a n ’ t h o s e  reported b y  S a e , .  . w :  

A t o m i c  :- 1.1 barns 1 

The Decay scheme of C15* Prel iminary measurements by c o i n c i d e n c e  tech- 
n i q u e s  and a b s o l u e e  gamma c o u n t i n g  i n  t h e  4 7~ geometry  p r e s s u r e  i o n  chamber 
C R I - ~ O C  be r e c o n c i P e d  w i t h  the branch ing  r a t i o s  g r a e n  in the  decay  scheme for 
3’;’ .rr  C93*8 by Hole and S i e g b a h n , ( ” >  The h i g h  pressure  ion chamber i s  partic- 
u l a r l y  well  s u i t e d  to the d c t e r ~ G n e t i o n  o f  t h e  b r a n c h i n g  r a t i o  in t h e  case  of 
CP”, and does not involve any u n c e r t a i n t y  a s  does  t h e  Fermi p l o t  a n a l y s i s  f o r  
t h r e e  components performed by Hole and S iegbahn ,  U s i n g  the  we l l  e s t a b l i s h e d  
r a l i o  o f  43/57  for  low energy b e t a s ,  the f o l l o w i n g  p r e l i m i n a r y  v a l u e s  for  the 
branching ra t , ios  were obtained: 

TABLE IT 

ENERGY (Mew) 

This i s o t o p e  is b e i n g  s t u d i e d  furchep: and w i l l  b e  r e p o r t e d  on 1x5-e corn- 

p l e ~ e l y  i n  a f u t u r e  1-egan.2 

.._-_ .-I- 

( 1 ; )  S E ~ ~ S I ,  E. e t  aE I “ T T h e ~ m a s  Neutron h c t l v a t i o n  Cross Sections,’ P h y s  fiav 72 ,  8813 (18471.  















Redox w a s t e s ,  a n  9nd;ensive C e s t i n g  p r o c e d u r e  
o f  mechan ica l  d i f f i c u l t i e s  t h e  n e c e s s i t y  for  a 
t i a n  o f  the process  arid i n  some i n s t a n c e s  a 

number of c o l d  runs, equiprnsnt performance and 
d e t e r m i n e d ,  

has i n d i c a t e d  t h e  ustnal nmwbcz 
moderate amount of r e c o n s i d e r a -  
f e w  r e v i s i o n s  While making a 
yield characteristies have been 

Whiieiit was o r i g i n a l l y  planned to make h o t  r u n s  concurrently w i k h  those 

i n  t h e  P i l o t  Plant i n  o r d e r  t o  preserve  $he i d e n t i t y  of t h e  b a t c h e s  f\-ont & i f -  
f e r e n t  s e c t i o n s  of t h e  reds, this was finally c o n c e d e d  as imposs 
a f  many c o m p ~ i c a t k o n s  w h i e h  d e l a y e d  the c o m p l e t i o n  of t h e  necessary t r a c e r  
runs. 

At. the p r e s e n t  t i m e  a l l  of the CR JAW r a f f i n a t e s  from the P i l o t  P l a n t ;  
have  been satnpled,  a n a l y z e d  and scored i n  three hold ing  t a n k s ,  These: c o n t a i n  
t h e  b a t c h e s  No B and 2 (low-level CR), No 3, 4D 5 and 6 ( h i g h e s t  MW C R ) ,  

I and b a t c h  No '7 (Hanfordb., respectively,. I 

A number a f  u n a n t i c i p a t e d  variations in the r a t i o s  of Cri(1Tf) and Cr(Vlf) ,  
t .he r i r a n i c l m  coneant. ,  a B w e l l  8s Che expeceed  rige i n  a c t i v i t y  l e v e l  (Table ll.1) 
a s  t h e  batches  approached t h e  c e n t e r  sections of t h e  r o d s 9  have been  observed# 

An azternpk h a s  beem made t o  o b t a i n  a tentative material balance af  the 

a l p h a  emitking c r m s n r a n i c s  i n o r d e r  t o  establish the  presence and c o n c e n t r a t i o n  
of N P " ~  %he resu .Ezs  i l c ~  tentative but, as such,, c h e c k  the calcuEated qtuanei- 
t i e s .  

Ssud i l e s  0x1 che: r aze  wf r e d u c t i o n  of chromium ( V I )  by radiation s h o w  a 

l i n e a r i t y  w i z h  she a p e c i f i r  a c t i v i t y  and an average r e d u c t i o n  f o r  t h i s  Pe.;eP 
of ahon:: 2% p a r  d s y  T h e r e  seems to be l i t t l e  effect due t o  t h e  h e x a n e ,  
norm;xl_ly p s e s e n t  c.0 the e x t e n t  of abuuk 2% by volume, 

AddicisnaS v o t k  on Ithe identification of  s t a t e s  a s s o c i a t e d  with Cke chern- 
iead r e d u c t i o n  0f Np(V3 %a Np(I'Vlb and i t s  c a r r y i n g  on &(OM), h a s  been con- 
tinued A eumnaslry of the d a ~ a  is t a b u l a t e d  

C e l l  4 ,  Bank i The 4 series of reactors, f i l ~ e r s ,  and s e t t l i n g  C B P ~ ~ S ,  

eQc shrawn @n Fig:. 14 compri§e  t h e  complete series af s t e p s  f o r  !,he p ~ i m r  

chsomium removal. and the p r e c i p i t a t i o n  o f  a n i o n s  from t h e  Redox saffina::es 

Tank A - i  is A p a f r ~ l y  double w a l l e d  vessel c o n t a i n i n g  a heating c o i i  and 
sparger  and a 40 gallon hold-up p r e - f i l t e r  for t h e  f a u g h  filtrations erf large 
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quantities of l e a d  ch romate .  The p r e - f i l t e r  c o n s i s t s  of a l t e r n a t e  Payers of  
s t a i n l e a s  screen f i l t e r  c l o t h ,  g l a s s  c30t;h and Welsbach  f i l t e r  plate which 
form t h e  c y l i n d r i c a l  walls of an  i n s i d e  vessel c o n c e n t r i c  w i t h  the lower haif 
b E  A . 1  

1x1 aperation, 200 l i t e r s  (- 3000 c u r i e s )  of r a f f i n ’ a t e  are drawn into t h i s  
tank; t h e  carrier rhenium is added with about f5 Ibs o f  Ha,S208 for the ~ x i d a -  
t , ion 0.E Cr(fTJ), The m i x t u r e  is then Leaked to b o i l i n g  and h e l d  at t h i s  tern- 

p e r a t u r e  for 1-2 hours. D u r i n g  t h i s  o p e r a t i o n  a s t r o n g  n e g a t i v e  p . - e s s u r e  
(10 -20  inches of H,O) is prov ided  by meens of t b  o f f - g a s  V P I C U U ~  t h r o u g h  t h e  
r e f l u x  condenser‘and t h e  A - 1  scrubber. %The s e r q b b e r  is des igned  t o  t r a p  l a r g e  
q u a n t i t i e s  0f RuO, which vaporize from t h e  strong;y o x i d i z i n g  s o l u t i o n ,  

Beeause of the h o l d - u p  volume o u t s i d e  of  t h e  p r e - f i l t e r ,  a c i r c u l a t i n g  
pump, 8 5 p e c i a l l y  a d a p k e d  Alsop c e n t r i f u g a l ,  is used to b r i n g  a l l  of  t h i s  
p o r t i o n  of the s o l u t i o n  back i n t o  the heated  s e c t i o n  of t h e  tank.  

A f t e r  cooling, s u f f i c i e n t  l e a d  a c e t a t e  (40 l b s )  i a  added t o  the t a n k  f o r  
complete CrOsz removal ,  Again the l i q u i d  is c ircu la ted  by means o f  t h e  pump 
t h r o u g h  a s i g h t  glass u n t i l  the p r e - f i l ~ e r  is s u f f i c i e n t l y  cloggsd t o  g i v e  B 

c l e a r  f i l t r a t e  This f i l t r r rce  is then drawn by vacuum th rough  a fine s t a i n l a s s  
star-type filter f A . 6 )  enclosed i n  @lags p i p e  into Taak h - 2 .  

Tank A-2 is a l s o  equipped f o r  heacing a s  well 8s r e f r i g e r a t e d  wa te r  c o o l -  
ing. The Power section is c o n i c a l  leading i n t o  a g l a s s  pipe s e c t i o n  ( f o r  
v i s u a l  operation) c o n n e c t e d  t o  a bottom s u p p o r t e d  s t a i n l a s s  f i l t e r  p l a t e  o f  
CarpenkfZr #20 a l l o y  

I f  &he f i l t r a t e  from A - l  is clear and f r e e  of chromium t h e  soaukion  i s  
h e a t e d  to abou t  9O”C, a f t e r  .adding: a r e d u c i n g  a g e n t  f o r  t h e  Np(V)---+ PJpR;ZV~ 
r e a c t i o n  and before adding  a b o u t  200 $tams of tetraphenyl  arsonium chloride 
The solution 8 0  gipPlonsj is n e x t  c o o l e d  to room t e m p e r a t u r e  and t h e n  coaled 
* i t h  r e f r i g e r a t e d  water t o  2-10-C During o v e r n i g h t  c o o l i n g ,  large n e e d l e a  o f  

Ph,AsReO, and PhlAsTcO, ape formed and settle Q U ~  E x t r a  c ~ ~ l i n g  is required 
because of the smaif q u a n t i t y  of p r e c i p i t a t e  formed i n  t h e  80 g a l l o n s  Q €  solu- 

tion. Even a t  room temperature t h e  s o l u b i l i t i e s  o f  t h e  t e t r a p h e n y l  compounds 
are h i g h  enough t o  m a t e r i a l l y  lessan t h e  y i e l d .  F i l t r a t i o n  is  accomplished by 
yacuum on A - J  
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The v e s s e l  A-4. i s  n e a r l y  a l l  glass and i s  d e s i g n e d  f o r  t r a n s f e r  of the 

o r g a n i c  p r o d u c t  s l u r r y  from t h e  f l i t e r  p l a t e  i n  A - 2  o n t o  a 6 i n .  pyrex f i l t e r  
fo r  washing and d i s s o l u t i o n  i n  c o n c e n t r a t e d  H2S04‘ 

i 

S i n c e  r e l a t i v e l y  l i t t l e  h a r d  r a d i a t i o n  i s  p r e s e n t 1  t h i s  i n i t i a l  product 
i n  s u l f u r i c  a c i d  i s  withdrawn from t h e  c e l l  f o r  f r a c t i o n a t i o n  and p u r i f i c a t i o n  
e l sewhere  An a l t e r n a t e  f i l t e r  ( A - 7 )  may be used i f  n e c e s s a r y .  

Cell 4 ,  Bank 11: The 8 series i n c l u d e s  t h e  p r i n c i p a l  sodium h y d r o x i d e  

digester, ( B - I f ,  c a p a c i t y  a b o u t  200 g a l l o n s ;  and  a 1 2  i n .  b o w l - t y p e  B i r d  
centrifuge ( B - 3 )  and moni to r ing  ion-chamber (B-2) 

I n  o r d e r  t o  a v o i d  a c c u m u l a t i o n  of aluminum h y d r o x i d e  upon a d d i t i o n  of 
c a u s t i c  which is a g i t a t e d  i n  €3-1, the 80 gallons of n e a r l y  1 M A1(NO,), s o l u -  
tion i s  slowly added t o  a b o u t  60 g a l l o n s  of c a u s C i c  i n  t h i t  order t o  fprm 
sodium aluminate and p r e c i p i t a t e  t h e  r a r e  e a r t h  end a s s o c i a t e d  h y d r o x i d e s  on 
Ce(OE31, c a r r i e r  

T h i s  m i x t u r e  may be h e a t e d  and cooled for d i g e s t i o n  o r  may be c e n t r i f u g e d  
d i r e c t l y  a t  a b o u t  0 , 2  I 0,4 g a l l o n s  p e r  m i n u t e .  The bowl s o l i d s  a r e  t h e n  
plowed out i n t o  t h e  “Hydrox ide  S l u r r y  Washe r , “ (  mixed w i t h  more c a u s t i c  t o  

d i l u t e  out  the alarninum and recentrifuged or sucked d r y  on the s t a r  f i l t e r  
( B - 5 ) .  Afeer BeveraP water washes,  t h e  Ca(O€l)3 and Ce(OH), ( o x i d a t i o n  i n  a i r )  ~ 

i s  dissolved instron’g.f.INOA which is r e c e i v e d  i n  R-4. From t h i s  p o i n t ,  through 
t h e  p i p e  manifold, i s  may be sampled ,  o r  p l a c e d  i n  s t o r a g e  i n  t h e  p i t  tanka; 
( P  1-81. 

CEIZ 2, B a n k  HI: D u r i n g  the c e n t r i f u g a t i o n  of t h e  m i x  i n  B - 1 ,  t h e  
e e n t r i f u g a t e  is  c o l l e c t e d  i n  one of t h e  C. t a n k s  C - 1  or C - 2  which are a l t e r n a t e l y  
used under yaeunm f o r  c o l l e c t i o n  or under  pressure t o  blow the was te  s o P u t i o n  
i n t o  t h e  Tank Farm (W-14) h o l d i n g  t ank .  

An a l t e r n a t e  c e n t r i f u g e  c-4 and a n  a s s o c i a t e d  ion-chamber have been p r o -  

v ided  i n  case o f  necessity, 

Hot S t o r a g e  Pit. A new h o t  s t o r a g e  f a c i l i t y  connec ted  t o  the t a n k  farm 
afid to t h e  hoe cells provides a v a r i e t y  of s t o r a g e  s p a c e  f o r  h o t  s o l u t i o n s  i n  
n i t r i c  a c i d ,  h y d r o c h l o r i c  a c i d  o r  a l k a l i n e  media Each o f  t h e  t a n k s  may be  
sampled t h r m g h  s m a l l  p l a s t i c  l i n e s  connec ted  t o  a common ‘%amp~errP~ on top of 
CePL 2. 
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The large t a n k a  (100 g a l l o n s )  P-9, P-10 and P-13 ( n o t  shown) are t o  be  
a s e d  first t o  s t o r e  t h e  240 g a l l o n s  o f  r a f f i n a t e  f rom r u n  7 which was made 
from r a t h e r  g r e e n  Hanfo rd  metal .  T h i s  w i l l  be h e l d  u n t i l  a l l  of  the o l d e r  
mater ia l .  from t h e  f u e l  r o d s  h a s  been c o n c e n t r a t e d  b e f o r e  p r o c e s s i n g  

Rate of Reduetion sf C r ( V 1 )  t o  C r ( l [ l X )  by fisdtatiaa. S i n c e  t h e  comple t e  
a b s e n c e  of Cr(II1) i n  e v e n  v e r y  smal l  c o n c e n t r a t i o n s  is s o  importan”, i n  the 
h y d r o x i d e  c a r r y i n g  o f  r a r e  e a r t h s  and n e p t u n i u m ,  i t  h a s  been n e c e s s a r y  t o  
follow c a r e f u l l y  t h e  growth of Cr(IIT) i n  t h e  Redor r a f f i n a t e s  i n  o rde r  t o  be 
able to perform an e f f i c i e n t  o x i d a t i o n  and removal a s  PbCrO,. 

I t  was a ~ ;  f i r s t  thought: p o s s i b l e  t o  obeain the r a f f i n a t e s  f o r  p r o c e s s i n g  
e a r l y  enough t h a t  %he r e d u c t i o n  migh t  be n e g l i g i b l e ,  This a p p e a r e d  to be 
n e a r l y  t r u e  w i t h  t h e  Pow-level  r u n s  CR-1 and CR-2; however,  a f t e r  some d e l a y  
i n   he P i l o t  P l a n t ,  Run 3 showed a much g r e a t e r  amount o f  r e d u c t i o n  (- 30%) 

when it was first available f o r  sampling, S u b s e q u e n t  r u n s  (23-3,  4 ,  5 and 6 
also were propartionately reduced ~ f s  t h e  a c t i v i t y  l e v e l  i n c r e a s e d ,  

R i c h  t h e  c o o p e r a t i o n  o f  t h e  A n a l y t i c a l  D i v i s i o n ,  a great: many a n a l y s e s  
of e a e h  batch were  made from a 5-10 m l  sample t a k e n  in g l a s s .  Due t o  t h e  s i z e  
of sample p o s s i b l e  to h a n d l e  s a f e l y ,  the p o i n t s  a r e  s c a t t e r e d ;  however, t h e  
g e n e r a l  c n r f e s  show a g r a d u a l  t a p e r i n g  off of  t h e  r e d u c t i o n  ra te  and a sough 
c o r r e l a t i o p  w i t h  t h e  a e c i v i t y  l e v e l  and t o t a l  chromium c o n t e n t  F i g u r e  15 
i l l u s t r a t e s  t h e  p r o g r e s s  of t h e  r e d u c t i o n  i n  t h e  40 t o  60 d a y s  e l a p s e d  X t  

may he of interest to c o n t i n u e  t o  follow t h e  r e d u c t i o n  and t o  r e -examine  the 
d a t a  a f t e r  a longer p e r i o d o f  time. I t  is a l so  of i n t e r e s t  t o  s p e c u l a t e  whether 
che s t a r t i n g  rcdruction r a t e  is s u f f i c i e n t l y  h i g h e r  than t h a t  obse rved  to make 
i t  difficult t o  o b t a i n  complete  s e p a r a t i o n  o f  the chromium. 

Ce pre@&pi&atisa of Atepfnnfua Hydroxide with C e i O H ~ , .  The e s s e n k i a l  con 
e l u s i o n s  t h a ~  have bean drawn from t h e  e r r a t i c  recovery of  neptunium t r a c e r  
from var ious  t e s t - t u b e  and p i l o t - p l a n t  s c a l e  c o l d  runs are:  

(11 Cerinm h y d r o x i d e  is a s a t i s f a c t . o r y  c a r r i e r  p r e c i p i t a n t  i n  
e o n e e n L r a t i o n s  g ; p o ~ ~ i d  or above .,OQ1 molar (135) m g / l i t e s )  I t  d i f  
ferentiates very l i t t l e  between Np(IV) and Np(V) at t h i s  caneantrm- 
t i o n ,  a l t h o u g h  the s o l u b i l i t y  of t h e  hydrox ides  s r e  h i g h  and differ 
by a factor of 200. 

( 2 )  As w i t h  t h e  other  c a r r i e r s  p r o p o s e d  ( L a  and U 3 ,  Ce(OId>, i s  
s e n s ? e i w  20 concentrations of CrCXIf) above about 0,0002 molar At 
about 0, ashas, t h e  c a r r y i n g  i s  reduced by a f a c t o r  of two. 





( 3 )  Uranium, which  has been f o m d  
p a r t  of the CR wastes (1 0 g/Z) is 
o n l y  and only i n  t h e  absence o f  
c s u s e i c  used to q i s a a l v e  A1(OH)3e 

t o  b e  abnormally h i g h  i n  the beat  
a sac i s fac tory  c a r r i e r  for Wp(IVj 
CTZ(IfI) and C5,’ i n  t h e  e x c e s s  

A summazy o f  a;he collected d a t a  obta ined  Erom v a r i o u s  t y p e s  of runs is 

g i v e n  i n  Table f f I >  Since i t  has been shown t h a t  with a moderate increase i n  
Ce c a r r i e r ,  t h e  same y i e l d  t a n  be expected,  it i s  not likely t h a t  a redaction 

attention w i l l  be d i r e c c e d  toward cueaplete r e -  w i l l  be used I n s t e a d ,  more 
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TABLE KII 

Gross Beta Activity in CR-IAW Raffkeates 

3 

4 
Tank 

160 

14% 

197 

150 

167 

180 

240 

I I 

I 
IQ I 80 

16 1 98 

19 6 115 

28.> 1 

** 1s p 760 

A t  mica-end window absorber, corrected for decay t o  6/30/50 .  



TABLE f Y  

20 0 

100 

1000 

600 

100 500 

200 

TABLE V 

Co-precipitation o f  Neptunium Hrdroxidt Tracer 
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* S ~ b ~ c i ~ n  h e a t e d  to 9O’C for five minntes ,  cooled for 36 hours 
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OTHER ELEMENTS 

9 W, Cobble and C E Boyd 

The S z i S a r d . C h a B r n e r s  method f o r  n b t a i a i n g  h i g h  s p e c i f i c  a e ~ i :  -les of 
35.9 h Bra2 i n  Lhe pile h a s  been  studied under a v a r i e t y  of c o n d i t i o n s  Pre- 

liminary specific a c t i v i t y  v a l u e s  computed 6:om data of Sol WexLer have  a l r e a d y  
b e e n  r e p o r t e d  in 8 p r e v i o u s  T e p O r t , k " ' E  ][)raring t h i s  q u a r t e r ,  among o t h e r  
t h i n g s ,  an a t t e m p t  was made t o  a s s i g n  t h e  total decomposition o f  the: salt d;o 

t h e  . farioas r a d i a t i v e  causes, It is l a r g e l y  the r a d i a t i o n  d e c o m p o s i t i o n  which 
lowers the specific act. iwicies w i s h  bombardment time I f  one assumes thar ;  the 
decomposition c a n  be related by a simple f i r s t  order equation to the  power of 
$he  p i l e ,  t h e n  

Decomposition in ppm = Power Xs Time X k,, I( e ;  

where  k, is the g r o s s  d e c o m p o s i t i o n  rate c o n s t a n t ,  A p l o t  of  t h e  d e c o m p o s i -  
t i o n  i n  ppm o f  Br,  and B r -  formed i n  KBrO, v s .  t i m e  s h o u l d  give a s t r a i g h t  
l i n e  a t  constant p o w i e ~  of s l o p e  k,. This is found t o  be t h e  cases and t h e  
value o f  k, for a t h e r m a l  n e u t r o n  f l u x  o f  6 . 7  x 10" n e u t r o n s / c m 2  s e e  was 

0.96 X <  IO2 ppm h r  ' *  

The r a d i a t i o n  p r i m a r i l y  r e s p o n s i b l e  for t h e  d e c o m p o s i t i o n  of the salt is 

b e l i e v e d  to be made up mainly of neutrons and gamma rays. There may be 8 

s l i g h t  effect of beka r a y s ,  b u t  this must be comparatively s m a l l ,  ar i s img  p e r -  
haps only as s e c o n d a r y  r a d i a t i o n  from the  o the r  t w o  sources.  One can chen,  in 

principle, define the t o t ~ P  decornpositian r a t e  c o n s t a n t  a s  t h e  sum of  t h e  nea- 
t r o n  and gamma s a y  ~ ~ n i t g l n t s ,  

k, ,- -- k, f k,,, .= 0 97 X IO' 

The problem r e s o l v e s  i t a e l f ,  therefore, to a d e t e r m i n a t i o n  of k n  and k,y ~ 
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Deterafnatfon sf k, A h i g h  gamma f l u x  c o b a l t  s o u r c e  of a b o u t  500 c u r i e s  

has  been c a l i b r a t e d  r e c e n e l y  by C. Hochanadel i n  terms of t h e  amount o f  o x i d a -  

tion o f  f e r r o u s  iroa t o  f e r r i c  i n  s u l p h u r i c  a c i d  s o l u t i o n ,  I f  one u s e s  the 
value of  1 9 . 1  micromoles of f e r r o u s  i r o n  o x i d i z e d  p e r  S i g e r  p e s  k i l o - r o e n e g e n ,  ",' 

t h e n  a f i gu re :  of 3930 r o e n t g e n  per minute  a t  tlie maximum exposure  p o s i t i o n  i n  

k h i s  Hgawma-pilewl may be d e r i v e d .  

The gamma h e a t  o f  t h e  ORNL p i l e  h a s  b e e n  d e t e r m i n e d  f o r  h o l e  12 by 
Hichardson'"'  f o r  various s u b s t a n c e s .  The gamma h e a t  f o r  most l i g h t  ciements 

i s  0.000370 cal/grn-sec. T h i s  f i g u r e  g i v e s  a value of 1 1 , 1 5 0  r o e n t g e n l m i n u t e  
at 3500 kw a t  t h e  m a x i m u m  p o s i t i o n  i n  hole 12., This can be a d j u s t e d  and cor- 
r e l a t e d  toanyyother  p o s i t i o n  i n  t h e  p i l e  i f  t h e  r e l a t i v e  f l u x  v a l u e s  a r e  known 
Using t h e  v a l u e  of 6 . 7  X 10" n e u t r o n s / c m 2 - s e c  at 3500 kw f o r  t h e  pneumat i c  
t u b e  ( h o l e  2 2 )  t e r m i n a l ,  one can  compute t h a t  t h e  r o e n t g e n  v a l u e  of t h e  h i g h  
i n ~ e n s i t y  c o b a f t  B O M ~ C ~  i s  $496 t h a t  o f  h o l e  22 .  One eshot ld  t h e n  be . ab le  t o  
d e t e r m i n e  kr f o r  t h e  ORML p i l e  by d i v i d i n g ' t h e  d e c b m p o s i t i o n  c o n s t a n t  i n  the 
gamma-pi le  ( c o b a l t  s o u r c e )  by 0.44.. T h i s  was done f o r  po ta s s ium bromate,  and 
the v a l u e  o f  kr of 0.46 X 10' ppm hr" 

.1 

was o b t a i n e d .  

The refore 

k n  k, - k, - 0 .51  X 10' ppm hr-'. 

E v i d e n t l y  t h e  n e u t r o n s  a r e  r e s p o n s i b l e  f o r  a b o a t  one-half of  t h e  totcal  KBr0, 
r a d i a t i o n  in t h e  ORNL p i l e  

It  is possible t o  d e v i s e  an e x p e r i m e n t  t o  d e t e r m i n e  t h e  v a l u e  o f  kY2 in 
i ndependen t  manner According t o  t h e  d a t a  and method p r e s e n t e d  i n  the report 
by Richardson, ("l one c a n  c a l c u l a t e  the a v e r a g e  ORNL p i l e  gamma e n e r g y  t i5 

0,8 Mev By s u r r o u n d i n g  a sample of p0l;asaium bromate w i t h  Q known amount; o f  
lead, end then bombarding this s a m p l e  i n  t h e  p i l e  a t  a p o s i t i o n  o f  known flux, 
one s h o u l d  be  a b l e  ' to  c a l c u l a t e  the effect on t h e  observed decompos i t ion  r a t e  
constant, and c a l c u l a t e  k8 as above:: 

k R  -= k, ( i n  Pb)  - ak, 0 48 X 102 ppm hr'. I. 

-"...*.-,*-.-----.-.... _.._._ --~..-- .-_ 
--.-.._r__-- 

(1%) t c r i * ,  1. B., Progress Report for Deceuber 1949 and January 1850; Cheaistry and EagineertPrg Sub- 
Division ( A t a e i c  Enesgy project (Canada);., PR-CR-S j ~ d +  ). 

19, Rlchesdron, D. )i~. Galaraet~ie RdeaSEPeQent o i  Ridicrf ion ,hargy Dissrpa ted  by Varions  d i a * ~ i Q I l f  
$)Laceif in the Oak Ridge Pire, DBNI, X Z ~  ( o c ~ .  1, 1 9 ~ 8 ) .  
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In this e q u a t i o n ,  u r e p r e s e n t s  t h e  f r a c t i o n a l  d e c r e a s e  i n  t h e  gamma i n t e n s i t y  
d u e  LQ t h e  l e a d ,  i n  t h e  e x p e r i m e n t s  p e r f o r m e d ,  t h i s  c o n s t a n t  h a d  a v a l u e  s f  
0 31.  The v a l u e  of k n  c a l c u l a t e d  f rom t h i s  e x p e r i m e n t  a g r e e s  very well w i t h  
t h e  one g i v e n  above ,  0 48 X lo2 pprn h r -  

While s u c h  good a g r e e m e n t  is p r o b a b l y  f o r t u i t o u s ,  b e c a u s e  of t h e  e r r o r s  
i n  e s t i m a t i n g  t h e  fluxes at v a r i o u s  p o s i t i o n s  i n  t h e  p i l e ,  i t  d o e s  s u g g e s t  
t h a t  t h e  t o t a l  d e c o m p o s i t i o n  o b s e r v e d  can b e  e x p l a i n e d  a s  t h e  sum of %he com- 
ponent  r a d i a t i v e  d e c o m p o s i t i o n  p r o c e s s e s  o c c u r r i n g , ,  

One would  like t o  b e  a b l e  t o  r e s o l v e  t h e  n e u t r o n  e f f e c t s  into the s l o w  
and fast components -  P resumab ly  t h i s  c a n  b e  done  by s u r r o u n d i n g  a sample  w i t h  
a "black"( slow n e u t r o n  a b s o r b e r  ( s u c h  ES Cd) and d e t e r m i n i n g  t h e  e f f e c t  on t h e  
decomposition E x p e r i m e n t s  p e r f o r m e d  w i t h  cadmium, h o w e v e r ,  increased t h e  
decomposition o y e r  t h a t  o f  ta +orma1 bombardmen t  r a t e  by a b o u t  f o u r - f o l d  
Q u a l i t a t i v e l y  t h i s  can be e x p l a i n e d  by t h e  i n c r e a s e  i n  t h e  gamma f l u x  d u e  to 
t h e  c a p t u r e  gammas i n  cadmium (a  max of  8 . 7  M e v ) ,  b u t  a t t e m p t s  t o  r e s o l v e  t h e  
a f f e c t s  on more q u a n t i t a t i v - e  terms have  so f a r  p r o v e d  u n s u c c e s s f u l  T h i s  i s  
d u e  to t h e  f a c t  t h a t  t h e  s p e c t r u m  of t h e  c a p t u r e  gammas f rom the cadmium is 
n o t  known w i t h  s u f f i c i e n t  a c c u r a c y  t o  a l l o w  a n y t h i n g  b u t  o r d e r  o f  m a g n i t u d e  
c a l c u l a t i o n s .  F u t u r e  e x p e r i m e n t s  are p l a n n e d  u s i n g  bo ron  f i l t e r x ;  t h e  c a p t u r e  
gamma s p e c t r u m  f rom boron is s i m p l e  and w e l l  known. 

The a b s o l u t e  s p e c i f i c  a c t i v i t i e s  of  %r8' f rom i r r a d i a t e d  p o t a s s i u m  b romate  
samples  h a r e  been  d e t e r m i n e d  unde r  E v a r i e t y  of c o n d i t i o n s  S i m p l e  t h e o r y f Z Q i  
p r e d i c t s  t h a t  t h e  s p e c i f i c  a c t i v i t y  of the s e p a r a b l e  BrS2 c a n  b e  e x p r e s s e d  a5 

i&b ( 1 - c " X t )  s :  - 
k A t  

where  i is c h e  isotopic abundance  of B r e i ,  m t h e ,  a b s o r p t i o n  cross s e c t i o n  f o r  
Elt8'> the! s e p a r a t i o n  f a c t o r  ( 0 . 7 0 1 ,  k t h e  d e c o m p o s i t i o n  r a t e  c o n s c a n t , )  and 
t t h e  t o t a l  bombardment t i m e .  As t a p p r o a c h e s  z e r o ,  t h e  s p e c i f i c  a c t i v i t y ,  S ,  
a p p r o a c h e s  the l i m i t i n g  v a l u e  of i&Jk which  h e s  t h e  v a l u e  o f  1190 Rd/mg 
t i m e s  o t h e r  t h a n  t 0 ,  S c a n  be  e x p r e s s e d  a s  

where S o  is t h e  l i m i t i n g  s p e c i f i c  a c t i v i t y  a t  zero t i m e .  

(io) WiPIhtma, R, R., Phys Co:OZI. Chsa, J .  5 2 $  603 (194Sj.  
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The s a e i o  of  t h e  s p e c i f i c  a c t i v i t y  a t  a t ime  o t h e r  t h a n  a e r o  t o  t h a t  a t  
z e r o  t i m e  is g i v e n  by 

SJSQ = ( l - c - % / X t  ” ’  

The o b s e r v e d  s p e c i f i c  a c t i r i t i e s  a r e  given i n  Table V I  f o r a  flux o f  
6 . 7  X n/cm”-sec. 

TABLE VI 

Vrrriatlnn of Relative BPecitle Activtty wfth frrodiatfan T i m e  

59 900 Bd/mg (Experimental) 

BQtiBMIsNEbtr SlP r m  (Bourn) (Expt 1. ) 

0.0 (1.001 
0 * 5  0 . 9 5  

2 0  0 . 8 5  
6.0 0.67  

10 0 i 0 .55  
12,o 0 52 
2 2 , p  0.40 
46.2 0 . 3 5  

8.. 0 0” $0 

S p e c i f i c  a c t i v i t i e s  i n  T a b l e  V of ORNL 685 ~ ~ ‘ 7 5  computed from t h e  d a t a  of  
Sol Wexler are t o o  low by a f a c t o r  of  20.58 d u e  t o  an u n c e r t a i n t y  i n  t h e  re;. 

s i s t a n c e  s c a l e  r a t i o  o f  t h e  ion-chamber a t  the t ime of h i s  measurements  and 
subsequen t  c a l i b r a t i o n  

The s p e c i f i c  a c t i v i t i e s  drop  much f a s t e r  t han  the s i m p l e  t h e o r y  p r e s e n t e d  
would p r e d i c t  P r e l i m i n a r y  r e s u l t s  seem t o  i n d i c a t e  t h i s  r a p i d  d e c r e a s e  may 
be due t o  a recombination (back  r e a c t i o n )  of  t h e  “hot”‘ r e c o i l  Bra? atoms which 
i s  ntot undergone by t h e  bromine atoms formed by r a d i a t i o n  decompos i t ion .  The 

.* 
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o b s e r v e d  " d e v e 1 i n g  off" (  of t h e  s p e c i f i c  a c t i v i t y  m e r e l y  i n d i c a t e s  t h a t  a 
"psuedoPP( e q u i l i b r i u m  has b e e n  r e a c h e d  bekwaen the  processes c o m p e t i n g  f o r  t h e  
~ r ~ '  atoms 

The effect of  the l e a d  s h i e l d i n g  on t h e  s p e c i f i c  a c t i v i t i e s  o f  the B r S 2  
i s  t o  increase them by a factor of about  two T h i s  f a c t o r D  when added t o  t h e  
h i g h  spec i fac  a c t i v i t i e s  o b t a i n a b l e  by t h e  u n s h i e l d e d  S z i l a x d - C h a l m e r s  prOcess,  
will give s p e c i f i c  a c t i v i t i e s  many thousands  of t i m e s  h igher  than those obtain- 
a b l e  by ehe bombardment of p o t a s s i u m  bromide,  6 n a n - e n r i c h i n g  procedure 
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SUMMARY 

The p r e p a r a t i o n  o f  p o t a s s i u m  a c e t a t e - 2 - C 1 4  and a c e t i c  a ~ i d - 2 - C ' ~  h a s  been  
T h i r t y - s i x  m i l l i c u r i e s  o f  t h e  f o r m e r  and a c c o m p l i s h e d  on a p r o d u c t i o n  b a s i s .  

4 , 6 6  mc o f  t h e  l a t t e r  h a v e  been  p r e p a r e d .  

Two h u n d r e d  s i x t y - s e v e n  m i l l i g r a m s  o f  s u b l i m e d  m a l o n i c  a ~ i d - 2 - C ~ ~  ( 2 . 5 4  
m c )  h a v e b e e n  p r e p a r e d  i n  55% r a d i o c h e m i c a l  y i e l d  from a c e t i c  a ~ i d - 2 - C ~ ~ .  

F i f t y - s i x  m i l l i c u r i e s  o f  p o t a s s i u m  c y a n i d e - C I 4  ( 4  mc/mmole)were 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  p r o c e d u r e .  

A t t e m p t e d  p r e p a r a t i o n  of  m e t h y l e n e  l a b e l e d  m a l e i c  a n h y d r i d e  frem dibromo-  
a c e t i c  a c i d  a n h y d r i d e  b y  r e a c t i o n  w i t h  z i n c  f a i l e d  b e c a u s e  o f  e x t e n s i v e  polym- 
e r i z a t i o n . .  

The r e a r r a n g e m e n t  o f  I. 1 - benz  ( b )  f l u o r e n e  -1 1-me t h a n o  1-12 -CX by t h e  a c  t i a n  
o f  p h o s p h o r u s  p e n t o x i d e  i n  b o i l i n g  x y l e n e  has b e e n  found t o  g i v e  b e n z - a n t h r a -  
cene-5,6-CI14 i n  93% y i e l d .  D e g r a d a t i o n  o f  t h e  b e n z a n t h r a c e n e  h a s  shown t h a t  
t h e  r e l a t i v e  p r o p o r t i o n s  of  C i 4  i n  t h e  5 and 6 p o s i t i o n s  a r e  4 5 / 5 5 .  

Chvysene-5,6-CIi4 h a s  been s y n t h e s i z e d  t h r o u g h  t h e  Wagner r e a r r a n g e m e n t  
o f  1 , 2 - b e n z o f l u o r e n e - 9 - m e t h a n o l ~ l o . . ~ 1 4  The! d i s t r i b u t i o n  of t h e  i s o t o p e  h a s  
been  shown t o  b e  60% and 40% i n  t h e  5 .  and 6-  p o s i t i o n s ,  r e s p e c t i v e l y ,  

The r a d i o a c t i v e  p o l y s t y r e n e ,  8 mc, h a s  been  d i l u t e d  a p d  p u r i f i e d ,  and a 
p o r t i o n  h a s  been l a i d  down as f i l m  and  d i v i d e d  i n t o  s t a n d a r d  o n e  a n d  one. 
q u a r t e r  i n c h  s q u a r e s . .  

Three l i t h i u m  b o r a l k o x i d e s  were p r e p a r e d  f o r  t e s t i n g  a s  p o s s i b l e  s c i n t i l -  
l a t i o n  c o u n t e r s .  They were o b t a i n e d  a s  m i c r o c r y s t a l l i n e  powders, S e a r c h  f o r  
s u i t a b l e  s o l v e n t s  f rom which  t o  g row l a r g e  c r y s t a l s  i s  b e i n g  c o n d u c t e d .  

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

A s i m p l e  i n e x p e n s i v e  i n s t r u m e n t  for t h e  d e t e r m i n a t i o n  of  t h e  i o n  c u r r e n t  
p r o d u c e d  by C a r b o n - 1 4  b e t a  d i s i n t e g r a t i o n  h a s  b e e n  d e v e l o p e d  b y  c o m b i n i n g  a 

Borkowsk i  i o n i z a t i o n  chamber  w i t h  a L a u r i t s o n  e l e c t r o s c o p e .  
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A b s o l u t e  c a l i b r a t i o n  o f  c o u n t i n g  m e t h o d s  e m p l o y e d  a t  t h i s  l a b o r a t o r y  
n s t  s t a n d a r d i z e d  sodium ~ a r b 0 n a t e - C ' ~  from t h e  N a t i o n a l  Bureau  of S t a n d a r d s  
l e d  t o  t h e  a c c u m u l a t i o n  o f  c o n s i d e r a b l e  d a t a  r e l a t i n g  t h e  f a c t o r s  f o r  c o n -  
i n g  r e a d i n g s  o b t a i n e d  w i t h  t h e  v i b r a t i n g  r e e d  e l e c t r o m e t e r  G O  m i c r o c u r i e s  

oE c a r b o n - 3 4  a c t i v i t y .  #Vork h a s  b e e n  and  is i n  p rogqess .on  t h e  i n t e r c a l i b r a t i o n  
o f  t h e  t h r e e  r e s i s t a n c e s  and  two c o n d e n s e r s  of t h e  e l e c t r o m e t e r  t h r o u g h  a l l  
f o u r  v o l t a g e  r a n g e s ,  Some c o n c l u s i o n s  h a v e  b e e n - d r a w n  r e g a r d i n g  the s t a b i l i t y  
o f  t h e  r e e d ,  t h e  v a r i a b i l i t i e s  o f  t h e  chambers  and  t h e  p r e c i s i o n  which c a n  be  
e x p e c t e d  d u r i n g  o r d i n a r y  u s e  o f  t h e  a n a l y t i c a l  p r o c e d u r e ,  

Because o f  t h e  i m p o r t a n c e  a n d  w i d e s p r e a d  u s e  o f  d e c o l o r i z i n g  c a r b o n ,  
c h r o m a t o g r a p h i c  a d s o r p t i o n  and f r a c t i o n a l  d i s k  i l l a t i o n  for t h e  p u r i f i c a t i o n  o f  
o r g a n i c  compounds o b t a i n e d  by t h e  t e c h n i q u e  of i s o t o p i c  d i l u t i o n ,  i t  was found 
n e c e s s a r y  t o  d e t e r m i n e  w h e t h e r  i s o t o p e  e f f e c t s  o c c u r r e d  d u r i n g  t h e  u s e  o f  
t h e s e  p r o c e d u r e s  i n  order t o  v a l i d a t e  t h e  t e c h n i q u e .  D u r i n g  t h e  u s e  o f  d e -  
c o l o r i z i n g  c a r b o n ,  n o  i s o t o p e  e f f e c t  was o b s e r v e d  w i t h i n  t h e  l imits  of error 

o f  t h e  p r o c e d u r e  ( 0 . 2 % ) .  

A etrrdy of t h e  r a d i a t i o n  c h e m i s t r y  o f  o r g a n i c  compounds has been i n i t i a t e d .  
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o h l o r i d e  and  1 0 0  ml o f  3% p o t a s s i u m i h y d r e x i d e  s o l u t i o n  c o n t a i n i n g  1 0  g of 
m a n n i t o l  were added  and t h e  .bottle was m e c h a n i c a l l y  shaken for f i v e  hourss  "he 

h e a v y  o ~ g a n i c  l a y e r  was t h e n  s e p a r a t e d ,  ,and e v a p o r a t e d  t o  d r y n e s s  in a n  a i r  
b l a s t ,  a t  room temperature The r e s i d u e  w a s  t a k e n  u p  i n  benzene  c h i a r a f o ~ i u ,  
f i l t e r e d ,  and t h e  f i l t r a t e  evaporated kodrynesa The rresidue was a E y s t a l l i z e d  
from a h l o r o f o r m i t o  g i v e  773 mg (74%) of t h e  d i o l  as  a c o t t o n - l i k e  whit4e solid, 
m e l t i n g  a t  205 2 0 6 ? )  and 310 m g  of % r e s i d u a l  m a t e r i a l  ( a  d e e p  o r a n g e  s o l i d ) . .  

a ~5,6-Bea22Ca)unttaraq~in0~~."5,8,@ j4 (11)" The  d i o l  (H, 7 , 3  mg) was i 
d i s s o l s r e d  i n  2 5  m i  of  a c e t i c  a c i d ,  and s h i s  s o l u t i o n  mixed w i t h  a soPation of 
0 4 8  Q of chromium t r i o x i d e  i n  a mixture o f  l.:5 m l  of w a t e r  and  1 3 . 5  n i l  o f  

. a c e t i c  a r i d  A heary ,red p r e c i p i t a t e  formed i m m e d i a t e l y ,  aA'ter s i t and ing  f o r  
f i f t e e n  m i n u t e s ,  &e ,mixpture was chilled i n  a r e f r i g e r a t o r ,  and f i l t e r e d ,  The 
p r o d u o t  r m a ~  132 m g  of oDange-re i l  q u i n o n e  (111 ,  ,melting a t  263  2 6 5 * .  The 
filtrate was added t o  the $ r e s i d u a l  m a t e r i d  from tihe diol prepa,asation A n ~ t h e r  
O V t 5  g of chromium t r i o x i d e  w a s  a d d e d ,  and t h e  s o l u t i o n J a f t e r  r e a e t i o n  . w a s  

e s r a p o r a t e d  i n  a s t r e a m  o f  a i r ,  The  ) r e s i d u e  was diluted w i t h  w a t e 9 ;  t h e  
precipitate was f i l t e r e d  and washed with a l c d h ~ l  t o  g i v e  Ian a d d i t i o n a l  255 <rn& 
of the q u i n o n e .  The o v e r e l l  y i e l d  of  q u i n o n e  wes 66% from*tha ihydsoaavbon,  

$ 3 0  2 -  ( a - C o k b o r y p h e n y l ) - 3 - ~ ~ ~ h % ~ ~ ~ ~  Acid (111) # A  s o l u t i o n  o f  &he quinone  
(1% 688 mg) i n  70 m l  of  a c e t i c  a c i d  was h e a t e d  on t h e  steam b a t h ,  and 0 45tml  
o f  SO%,Aydrogen p e r m a d e  was $ a d d e d .  A d t e r  a n  h o w ,  a s e c o n d  and  s i m i l a r  ad. 
d i t i s n  of peroxide wa.; made, . and  , h e a t i n g  was o o n t i n u e d  fordanother  lroua:. ,Af;ter 

s t a n d i n g  o v e r n i g h t  a t h i r d  a d d i t i o n  of p e r o x i d e  was (made land t h e  s o l u t i o n  
e ~ a p ~ ~ a t ; e d  on  the steam b a t h  i n  an air s t r e a m .  The r e s i d u e  was $ w a s h e d  with 
water by d e c a n t a t i o n  and warmed with aqueous s o d i u m  b i c a r b o n a t e  s o l u t i  on Ihe 

m a t e r i a l  i n s e l l a b l e  i n  bicarbonate .amounted to 221 rng o f  an m a n g e  powder  The 
c o l d  b i ~ a r b ~ n a t e  s s l u t , i n n  was s l o w l y  c a c i d i f i e d s w i t h  c o n c e n t r a t e d  , b y d r o c h I a r i  s 

< a c i d  The p r e c i p i t a t e d  a c i d ,  a f t e r  f i l t e r i n g  and  sir d r y i n g ,  weighed 445 I ~ Q  

and m e l t e d  a t  a b o u t  130" .  A sample was d i s s o l v e d  i n  hot d i l u t e  .methanol  The 
solution was c o o l e d ,  decanted f rom p r e c i p i t a t e d  t a r ,  and o h i l l e d  The l i g h t  
p u r p l e  micro n e e d l e s  w h i c h  d e p o s i t e d  melted a t  243 -246" ( L i t .  i s )  246') 

I 

I 
I 4 C h r y s o k e f ~ n c  f l  C j 4  and Chrysoketone 6 oorboxy1ic A c i d  1 6 , 1 2  C 1 f 6  

The c r u d e  d i c a r b o x y h x c  a c i d  ( I I f ) ,  weighing a b o u t  400  mg, was d i s t i l l e d  w i k h  

t -_- 
(9) F i e @ * . %  L .  F, end D i i c t l :  E. ffl - *  o p  c i t  



a f r e e  f l ame  a t  a t m o s p h e r i c  p r e s s u r e ,  f i n i s h i n g  a t  22 m m  p r e s s u r e .  The orange 
y e l l o w  s u b l i m a t e  weighed  310 mg. I t  was c r y s t a l l i z e d  f rom benzene  The p a l e  
y e l l o w  micro n e e d l e s  which d e p o s r e d  weighed  46 7 mg, and m e l t e d  a t  261-262"  
(Lit. l o  f o r  c h r y s o k e t o n e - 6 - c a r ~ o x y l i c  a c i d  is 262") ,  

The f i l t r a t e  f rom t h i s  s o l i d  w a s  p a s s e d  t h r o u g h  a n  a l u m i n a  co lumn and  
e l u t e d  w i t h  b e n z e n e ,  The s u b s t a n c e  r e c o v e r e d  f rom t h e  e l u a t e  was 3 n  orange 

solid, weighing  3 3 . 7  mg, A f t e r  c r y s t a l ~ i z a t i o n  from hexane t h e  ye l low n e e d l e s  
m e l t e d  a t  125-130" . ,  The m e l t i n g  goink was not d e p r e s s e d  by admkxtu ie  w i t h  e 
sample  ~f a u t h e n t i c  c h r y s o k e t o n e  Assay  of t h i s  k e t o n e  r e v e a l e d  t h e  p r e s e n c e  
o f  0 , 7 7 0  pcuries o f  CI4/mrnole k e t o n e ,  This r e p r e s e n t s  45% o f  the a c t i v i t y  
p r e s e n t  i n  t h e  i n i t i a l  h y d r o c a r b o n  s a m p l e ,  

THE MECBANLSIIS. O F  THE SAGNEB REARII,kP16;@3BENTT. 11. 

TBE SYNTEESIES QF CHBYSENE- gi 6 - C  Ii * 
ca J., C o l l i n s  A .  R ,  Jones 

G. M. T o f f e l e ' i '  

~ i 8 c l i S S i Q n .  The s y n t h e s i s  of p h e n a n t h r e n e - 9 - C I 4  in t h i s  l a b o r a t o r y  w a s  

r e p o r t e d  p r e v i o u s l y .  l a )  I n  an  a t t e m p t  to d e m o n s t r a t e  t h e  g e n e r a l i t y  of t h i s  
s y n t h e t i c  method:  and t o  g a i n  i n f o r m a t i o n  on t h e  mechanism of t h e  Wagner r e -  
a r r a n g e m e n t  g t h i s  r e a c t i o n  has b e e n  .extended t o  the p p e p a r a t i o n  of @carbon--14 
l a b e l e d  c h r y s e n e  (V), 1 , 2 - B e a z o 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  
O r c h i n  and  R e g g e l .  F o l l o w i n g  t h e  same p r o c e d u r e (  IL4) u t i l i z e d  i n  the 
s y n t h e s i s  of  p h e n a n t h r e n e L ! l - C x 4 J  t h i s h y d r o c a r b o n  (I) was c o n v e r t e d  t o  c h r y s e n e  

L 

( I O )  F i s e - ,  L. P .  a n d  L l l e t r ,  El, Id." o p  c % t  

611) P t e s e n t  a d d r e s s  School o f  Chemistry, U n i v e r s i t y  o f  Alabama, Tuacaloosa APabsma. 

( n n ;  cFJ1;in*a, c. J * ,  "'The S y n t h e s i s  of  Phsnanthncne-9.Cd4,), An, Chem.. Soc.  J .  7Q 2 4 1 8  o . i g 4 8 ) -  

< I 3 1  Dlr. b $ t l t c ~  O r c h i n  k i b d 1 y  miapplied us w i t h  him c x p e a i a e n t a l  procedure for the  p r e p ~ : a ~ i o n  
a €  t h i s  h y d i n a n r l a n  p r j o r  be, publication. 

( 1 4 )  Collins, C ,  J .  ""The Synthesis of p h e n a n t h r e n e - g - C P 4 , "  A m  Chem Soc * J "  7 0 ,  241-8 ( 3 9 4 8 ) &  
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IV V 

5,,6-C,14 ( V ) .  During t h e  r e a r r a n g e m e n t  of 1,2-benzofluorene-9-methanol-lO-C" 
( IV) ,  two possible courses are o p e n ,  These may b e  illustrated by t h e  follows- 
ing two mechani sms:  

Mechanism 1 

Mechanism 2 
8 



Mechanism ;l l e a d s  t o  chrysene-5.C" while mechanism 2 l e a d s  t o  ch rysene  6-CZ4  I 
I n  o r d e r  t o  d e m o n s t r a t e  the extent  of  t h e  c o n t r i b u t i o n  o f  e a c h  o f  t h e s e  two 

p o s s i b l e  c o u r s e s  to t h e  
graded a c c o r d i n g  t o  t h e  

r ea r r angemen t ,  t h e  ca rbon-18  l a b e l e d  c h r y s e n e  was d e -  
f o l l o w i n g  scheme: 

SnC1, - 
V VI" 

-----+ 

VI I 

If c h r y s e n e - 5 - € ' 4  (Mechanism 1 )  were t h e  p r o d u c t ,  t hen  t h e  molar  a c t i v i t y  of 

V I 1 1  w i t h  r e s p e c t  t o  c a r b o n - 1 4  should be i d e n t i c a l  t o  t h e  molar activity of 
t h e  chrysene (VI I f ,  however, chrysene-6-C14 (Mechanism 2 )  had been formed, 
t h e n  t h e  molar a c t i v i t y  o f  VI11 s h o u l d  be e q u a l  t o  t h a t  of t h e  carbon d i o x i d e  
evo lved  (IX), and e q u a l  t o  o n e - h a l f  o f  t h e  molar a c t i v i t y  o f  t h e  c h r y s e n e  ( V ) . .  
S i n c e  i n  fact t h e  1 8 2 - b e n z o f l u o r e n e  ( V I I I )  was found t o  have l o s t  one f i f t h  of 
t he  o r i g i n a l  r a d i o a c t i v i t y  of  t h e  c h r y s e n e  ( V I ,  w e  have concluded t h a t  carbon-  
14 is p r e s e n t  i n  b o t h  t h e  5 -  and 6 -  p o s i t i o n s  i n  t h e  c h r y s e n e  o b t a i n e d  by t h e  
d e h y d r a t i o n  o f  I ,  and  t h a t  t h e  d i s t r i b u t i o n  o f  t h e  i s o t o p e  between t h e s e  two 
p o s i t i o n s  is a p p r o x i m a t e l y  60% and 40%, r e s p e c t i v e l y ,  

77 



O u r  c a l c u l a t i o n s  h a v e  assumed no i s o t o p e  e f f e c t  i n  t h e  o x i d a t i o n  a f  
V --+ VI.  T h i s  q u e s t i o n  i s  now b e i n g  i n v e s t i g a t e d  and w i l l  be t h e  subject 
o f  a l a t e r  report, 

Experimental, 1. 4,2-Benzaf Euorenone, T h i s  material  was p repa red  u s i n g  
t h e  method of  Orch in  and Regge1.iba) 

8 .  i,2-Benzof I-uosene (I). A normal p r e s s u r e  hydrogena t ion  u s i n g  3 , 0 2 3  Q 
1 J - b e n z o f l u o r e n o n e ,  3 . 1 2 7  g p a l l a d i u m - o n - c a r b o n  c a t a l y s t  and 1 5  cc a l c o h o l  
was a l l o w e d  to p r o c e e d  w i t h  m a g n e t i c  s t i r r i r t g  overnight The c c ~ a l y s t  was 
f i l t e r e d ,  y i e l d i n g  0 , 7 1 3  g o f  t h e  h y d r o c a r b o n  (SI, m e l t i n g  1 8 1 - 1 8 3  S o +  By 
s u s p e n d i n g  t h e  c a t a l y s t  r e p e a t e d l y  in b o i l i n g  alcohol and filtering and eo&- 

c e n t r a t i n g ;  an a d d i t i o n a l  1,043 g hydrocarbon was o b t a i n e d ,  The p u r i f i e d  
m a t e r i a l  t w i c e  c r y s t a l l i z e d  from 95% e t -hano l  m e l t e d  185,4-186 Oo. 

3. P , 2 - B e ~ ~ o ~ l ~ o r e n e - g - c a s b o x y l t c  n c i c ! - l O - C i C  (111). U t i l i z i n g  t h e  
p r o c e d u r e  d e s c r i b e d  p r e v i o u s l y , ( ' 6 )  the a c i d  was p r e p a r e d  from 651 m g  h y d r o -  
c a r b o n  ( I ) ,  14 m l  o f  t r i p h e n y l m e t h y l ~ o d i u m  s o l u t i o n ,  a a d  633  m g  BaC"03.  
( S p e c i f i c  a c t i v i t y  25  " 5  m i c r o c u r i e s  carbon- 14 p e r  m i l l i m o l e )  Y ie ld  of a c i d ,  
G G O  iiignis, 83,2% on b a s i s  of unrecove red  carbon dioxide-C". 

Anal, 26.5  m i c r o c u r i e s  c a r b o n , 1 4  pe r  m i l l i m o l e  compound. 

4.. C h ~ y s e n e - 5 , 6 - C , ~ ~  ( U )  S e v e r a l  a t t e m p t s  t o  e s t e r i f y  111 f a i l e d ,  SO 

558 tng oE the  a c i d  w a s  t r e a t e d  d i r e c t l y  w i t h  2 5  m l  e t h e r  c o n t a i n i n g  a p p r o x i -  
m a t e l y  1 g L i A l H , .  The  s o l u t i o n  i m m e d i a t e l y  became a y e l l o w - g r e e n  c o l o r "  
A f t e r  h o i l i n g  f o r  2 0  minu tes ,  d i l u t e  HC1 was added .  Allowing s u f f i c i e n t  time 
f o r  bot+h l a y e r s  to become c l e a r , ,  the produc t  t h e n w a s  removed from t h e  s o l u t i o n  
by means o f  a c o n t i n u o u s  e t h e r  e x t r a c t i o n .  On c o n c e n t r a t i o n ,  t h e  product  
weighed 523 m g  Hemoral o f  any unchanged a c i d  was e f f e c t e d  by t reazrnent  w i th  
b i c a r b o n a t e ,  fo l lowed  by a c i d i f i c a t i o n  and e x t r a c t i o n  wi th  ether Pn t h i s  way 
222 m g  u n r e a c t e d  acid was r e c o v e r e d ,  Y ie ld  of ca rb in ; l ,  31% mg, lOO%oftheory 
on b a s i s  of  o i l y ,  c r u d e  p r o d u c t .  A t t empt s  a t  c r y s t a l l i z a t i o n  o f  t h i s  c a r b i n o l  
were u n s u c c e s s f u l ,  s o  90 .0  mg of  t h e  o i l  w a s  d i s s o l v e d  i n  20 m l  d r y  x y l e n e ,  
and 300 mg F,O, w a s  a d d e d .  A f t e r  h e a t i n g  u n d e r  r e f l u x  f o r  30 m i n u t e s  t h e  
x y l e n e  was removed i n  a n  a i r - s t r e a m ,  To t h e  dark oil was added a s a t u r a e e d  
aqueous s o l u t i o n  of b i c a r b o n a t e ,  arid t h e  m i x t u r e  w a s  v i g o r o u s l y  stirred for 15  



m i n u t e s .  A f t e r  e x t r a c t i o n  w i t h  e t h e r  and  d e s i c c a t . i a n ,  1 9  mg brown c r y s t a l s  
were obtained, Passage  of a benzene s o l u t i o n  o f  t h i s  m a t e r i a l  through a sma l l  
a l u m i n a  column p r o d u c e d  4 4  mg p u r e  c h r y s e n e - 5  6-C, A E t e r  b e n z e n e  t h e n  

a c e t i c  a c i d  c r y s t a l l i z a t i o n s ,  a w h i t e ,  c r y s t a l l i n e  solid was o b t a i n e d  m e l t i n g  
a t  252-255" ~ Amixed m e l t i n g  p o i n t  w i t h  an a u k h e n t i c  ch rysene  sample showed no 
d e p r e s s i o n  

Anal ,  26,s m i c r o c u r i e s  carbon-14 per m i l l i m o l e  compound, 

so Q x i d a t d ~ n  af c h r y s e n e - 5 , f 2 - C  ( V )  t o  2-phenyhnaphtha l e n e - l , 2 2  -di- a 
c a r b o x y l i c  a ~ i d - 3 , 4 , 9 , 7 ' - C ~ ~ ~  ( V I ) *  0,s g C h r y s e n e - 5 , 6 - C X a b  ( a n a l -  1.14 
microcuries carl>on-k4 per m i l l i m o l e )  i n  100 ral g l a c i a l  a ce t i c  a c i d  w a s  t r e a t e d  
u n d e r  reflux w i t h  1 5  m l  30% p e r o x i d e  f o r  e i g h t  hours ,  I n  one h o u r  t h e  c o l o r  
lturned deep r e d ,  t h e n  g r a d u a l l y  became a l i g h t  yei low.  The s o l u t i o n  was t aken  
t o  d r y n e s s  and t h e  xe5 idue  was t r e a t e d  wi th  a s a t u r a t e d  b i c a r b o n a t e  s o l u t i o n ;  
t h e  s o l u t i o n  was washed w i t h  e t h e r ,  a c i d i f i e d ,  and s u b j e c t e d  t o  a c o n t i n u o u s  
e t h e r  e x t r a c t i o n ,  On c o n c e n t r a t i o n  and d e s i c c a t i o n ,  Q,3 g of a d a x k  s e m i - s o l i d  
m a t e r i a l  was o b t a i n e d ,  This s o l i d  w a s  d i s s o l v e d  i n  t h e  l e a s t  amount of a c e t i c  
a c i d  a n d  t r e a t e d  w i t h  a n  e x c e s s  of w a t e r  i n  a c e n t r i f u g e  tube-  After c e n t r i -  
f u g i n g ,  p a l s  y e l l o w  c r y s t a l s  a p p e a r e d  over a d a r k  o i l e  T h e s e  c r y s t a l s  on 
s o l u t i o n  in b i c a r b o n a t e  and p r e c i p i t a t i o n  w i t h  a c i d  m e l t e d  a t  20O-20loa A 
mixed m e l t i n g  point w i t h  an a u t h e n t i c  s a m p l e  gave  n o  d e p r e s s i o a , ~ g r )  

6 .  Conversion o d 2 - p h e n y I n a g h t ) ( a 1 e n e - i ,  2'-dicarboxyZic a c i d - 3 , 4 , 9 , 7 ' -  

C I I 4  t o  i , Z - b e n r 3 f l u ~ r e n k - 3 , 4 , 9 - C 1 1 ~  ( V I I I ) .  0 , l  g V I  i n  a t e s t  t u b e  i n  a 

n i t r o g e n  a tmosphe re  w a s  h e a t e d  d i r e c t l y  w i t h  a f r e e  f l a m e  above i t s  m e l t i n g  
p o i n t  for a few minu tes . .  The c o o l e d  m e l t  was t h e n  dissolved in benzene and 
p a s s e d  t h r o u g h  a s m a l l  a l u m i n a  co lumn;  yielding a p p r o x i m a t e l y  35 m g  p u r a  
ketone QVITI) One c r y s t a l l i z a t i o n  from benzene y i e l d e d  y e l l o w  crystals melt-  
ing 1 2 2 , 5 ~ . ( 1 ~ 5  

A n a l ,  0 . 9 1 5  m i c r o c u r i e s  p e r  m i l l i m o l e  compound, 

7 9  



CO1LlNTXNG METEODS AND STANDARDS 

POLYSTPPEIH C0UWT INYB ST AH BAWDS 

"E. E. Hel ler  

D i s c u s s i a n ,  The e n t i r e  q a a n t i t y  of r a d i o a c t i v e  p o l y s t y r e n e ,  8 mc, h a s  
been l a i d  down once a s  t h i n  s h e e t s  i n  o r d e r  t o  a l low r e l e a s e  o f  solarent  r ema in -  
i n g  from t h e  p r e c i p i t a t i o n  stap,li8) A, sal% far  the a c t i v i t y  40% a s  g r e a t  as 

t h a t  of' t h e  rchottt p o l y s t y r e n e  was chosen The polymer was mixed w i t h  one -and-  
o n e - h a l f  times its weight  of  DOW ?3tyron,P' and d i s s o l v e d  i n  methylene c h l o r i d y ,  
The s o l u t i o n  s o  p r e p a r e d  c o n t a i n e d  a c a n s i d e r a b l e  amount o f  d u s t  accumula t ed  
dkring p r e v i o u s  o p e r a t i o n s .  S i n c e  t h i s  would r e s u l t  i n  uneven s u r f a c e s  on t h e  
s h e e t s  to b e  p r e p a r e d ,  t h e  p o l y s t y r e n e  d i s s o l v e d  i n  s u f f i c i e n t  m e t h y l e n e  
c h l o r i d e  t o  make a f a i r l y  n o n - v i s c o u s  solation, was f i l t e r e d  t h r o u g h  g l a s s  
wool, The r emova l  of  d u s t  a p p e a r e d  s u b s t a n t i a l l y  c o m p l e t e  

psepaaat%on of Compotlds for  p o s s i b l e  use i n  S e i n f i  llfa t b m  Counaers. 
V a r i o u s  o r g a n i c  compounds of bo ron  and l i t h i u m  migh t  b e  e x p e c t e d  to perform 
well  a s  luminescen t  elements of s c i n t i l l a t i o n  c o u n t e s s  The r e a c t i o n  between 
l i t h i u m  b o r o h y d r i d e  and a c t i v e  h y d r o g e n - c o n t a i n i n g  compounds or c a r b o n y l  corn I 

pounds s u p p l i e s  a pazh t o  a large number of l i t h i u m - b o r o n  o r g a n i c s ,  
I 

LiBH, * 4 R-OH 

IABH, f 4 R X H O  

LiB(O-R), f 4 H, 

LiB(O-CH, - H I 4  

The p r o d u c t s  of' r e a c t i o n  be tween  l i t h i u m  b o r o h y d r i d e  and s a l i c - y l i c  a c i d  
s a l i c y l a l d e h y d e ,  and a l p h a - n a p t h o l  have been p r e p a r e d  i n  o r d e r  t o  s t u d y  t h e i r  
p r o p e r t i e s ,  

T h e r e  a p p e a r s  to b e  two major d i f f i c u l t i e s  b a r r i n g  t h e  way to u s e  o f  
t h e s e  compounds, F i r s t ,  t h e  compounds a r e  not very s t a b l e  i n  a i r ,  unde rgo ing  
o x i d a t i o n  and h y d r o l y s i s .  They must be handled i n  an i n e r t  a tmosphere,  and as  

a r e s u l t ,  t h e i r  u s e f u l n e s s  i s  c o n s i d e r a b l y  r educed*  Second, che compounds a r e  

n o t  s o l u b l e  i n ,  o r  r e a o t  w i t h ,  mos t  o f  the common s o l v e n t s  f rom which t h e y  

( I S )  B e i l a r ,  R. E .  a n d  Wslnberger,  A. I.. ' *P~o lprhyrene  Count ing  S t a n d a r d s  , " O  Chehssisfi-y D i v r a z ~ n  
Quurterly Progress Repor8 f o r  P e r i o d  E n d i n g  March 31,  f 9 5 0 p  O R N t - 6 8 5 ,  8 8  (June 1 6 ,  I S S O ) .  
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m i g h t  be c r y s t a l l i z e d ,  A s  o r i g i n a l l y  p r e p a r e d , ,  t h e y  are '  m i c r o - c r y s t a l l i n e  
whiite powders" u n s u i t a b l e  as s t i l ' f a t o r s  They do  n o t  m e l t  a t  any s e a s o n a b l e  

~ bus; d a r k e n  and undergo e x t e n s i v e  d e c o m p o s i t i o n ,  The attempt t o  
grow large c r y s t a l s  from t h e s e  s a b s t a n c e s  seems to h inge  on f i n d i n g  s u i t a b l e  
solvents. and a search €or such  s o l v e n t s  i~ b e i n g  condurked ,  

8 

E ~ p t ~ s % r e ~ t s l ,  Lithium borohydr ide  was d i s s o l v e d  i n  d i e t h y l  e t h e r  t o  g i w  

a solution c o n t a i n i n g  0.27 moles of r e a g e n t  p e r  l i t e r  of s o i u t i o n . .  'Fb 100 m I  
o f  t h i s  s o l u t i o n  was added 100 m l  of e t h e r  c o n t a i p i n g  the cossespond:ng amount 
o'f t h e  a c t i v e  h y d r o g e n -  o r  c a r b o n y l - c o n t a i n i n g  r e a g e a c e  The m i x t u r e s  w e r e  
s t i r r e d  f o r  s e v e r a l  hours, and a l l o w e d  t o  stand u n t i l  used .  The p r o c e d u r e s  
were t h e  u s u a l  ones for h a n d l i n g  of h y d r i d e  r e a g e n t s  2 o  

8 

The l i t h i u m - b o r o n  d e r i v a t i v e s  o f  s a l i c y l . i e  a c i d ,  s a l i c y l a l d e h y d e ,  and 
a l p h a - n a p h t h o l  have been p r e p a r e d  in t h i s  manner Although large c r y s c a l s  of 
these compounds have n o t  y e t  been p r e p a r e d ,  s amples  of  t h e  f i n e  powders have 
been s u b m i t t e d  to Pu t3, B e l l  of t h e  P h y s i c s  Qivimion fo r  p r e l i m i n a r y  t e s t i n g  

' 

COPlSFWCTllON W AN dPP&BATOS PQR AL1IQUOT'XNG 

aXWE@ QUAlYeETXES OF RADk&lQ%IIVE GASEB 

W, .Jb Sksaba and A. J a  Hleinbeager 

To f a c i l i t a t e  t h e  a c t i v i t y  d e t e r m i n a t i o n s  o f  h i g h l y  r a d i o a c t i v e  v a p o r s  
an a p p a r a t u s  was c o n s t r u c t e d  and used  w i t h  c a r b o n  d i o x i d e  CI4 a n d  and gases,,  

methanol  C d 4  
. 

F o r  t h e  p r o d u c t i o n  o f  r a d i o a c t i v e  o r g a n i c  compounds of h i g h  s p e c i f i c  
a c c i o i t y ,  c a r b o n  d i c + x i d e , C a 4  i s  u s u a l l y  t h e  s t a r t i n g  m a t e r i a l ,  H e r e t o f o r e  
t h e  a n a l y t i c a l  p r o c e d u r e  c o n s i s t e d  of t h e  a c i d  d e c o m p o s i t i o n  cf a weighed 
minute  a l i q u o t  of barium ca rbona te>C14  i n  a s p e c i a l  a p p a r a t u s  and g a s  c o u n t i n g  
t h e  e v o l v e d  c a r b o n  d i o x i d e - C ' 4  wikh a v i b r a t i n g  r eed  elec4;rometer The main 
p o r t i o n  of t h e  barium c a r b o n a t e  was t h e n  decomposed and the carbon d i o x i d e  was 
stored i n  a b u l b  on t h e  p r o d u c t i o n  m a n i f o l d  t o  be a l i q u o t e d  a s  needed  on the 
b a s i s  of t h e  a c t i v i t y  d e t e r m i n e d  for the v e r y  t i n y  b a r i u m  c a r b o n a t e  s a m p l e  
i n i t i a l l y  Laken, 

. 

I 

: a # )  N y s t r o m .  R. F- and, B r o w n ,  1. C,,  "Reduetion of O r g a n i c  Ceampauads b y  f . , l thbum A l u m i n u m  
Hyd:fdt .  f +  A l d e h y d e s  Ketones E s t e r s ,  A c i d  C h l o r i d e s  end A c i d  Anhydrides, Aa- Chcar. 
SOC. 3- 692 6197 < 1 9 4 Y ) -  
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W i t h  the device d e s c r i b e d  below t h e  s p e c i f i c  acb; iv i t ,y  n o t  o n I u  o f  t h e  
s t a r t i n g  r n ? t s r i a l ,  c a r b o n  d i o x i d e ,  in t h e  p r o d n c t i o n  rnanii'olzii CPPP b e  d e ,  
t e r m i n e d ,  but o f t e n  t h a t  of t;he i n t e r m e d i a t e  or f i n a l  pnsdracica ips well 

D e s c t i p t i t m  0 %  &be Aggerasttns, The appawacus  c o n s i s t s  of ri short. s e c t i o n  
o f  c a l i b r a t e d  1 mm c a p i l l a r y  cubing  l o c a t e d  baitween a t w o  way and a three-way 

s t ~ p c o c k  ( F i g  1 6 ) .  One s i d e  arm of the three, way stopcock ser~efs  as an i n l e t  

for i n e r t  carbon d i o x i d e  used as ~ h d  f i l l  gas of the k o n i z a + ~ i s m  chamber, A t  
the  end 015' each stopcock is a 1 2 / 3 0  dcnra1-e joint. 

Q#M?lra&%tJXl Q f  t h e  App~rt%%BS, The d a 7 i c e  is a k d a c h e d  . r e f . t i @ a ~ ~ . ) r  t o  t h e  
vacuum manifo ld  w-an t-he 12/30 female .joixa: a d j a c e n t  to the t h r e e ,  way s tupcock 
and to %he ocher joint i s  aktaehed  an i o n i z a t i o n  chamber. G high  vacuum i s  

p s o & w e d  i n  &he Etpparatoe and %he i oa i sa l c ion  chamber i5 i s a l a c e d  Srom t h e  
syscem by closing $he  t w o - w a y  s t o p c o c k  R a d i o a c t i v e  g a s  i s  Shea introduced 
i n t ~  &he manifold i n c l u d i n g :  the capillary cube and t h e  bore of three-way sp;op- 
crock ( t h i s  space c o n s t i t u t i n g  t h e  calibrated por t i aan  of  %he a p p a r a t u s )  I T h e  

pressure and temperature is recorded and khe quant.ia;y of gas c s l c a l a t e d ,  The 
vapor i n  the ca l ib ra t ed  yortron is t h e n  in t sodoced  into the i o n i z a t i o n  chamber 
and swept in wish inert carbon rfitixi.de LO afrnospheric pressure. The a c t i v i t y  
i s  d a t e r m i n e d  i n  t h e  u s u a l  manner, D i s o c t  w e i g h i n g  of the ~ p p a r c s t " a a .  both 
evacuarsd and f i l l e d  wioh merciisy, was t h e  method employed for calibration, 

order to m a i n t a i n  maximum s i m p l i c i t y  
---- 

*Instsument Department 7- .2 a r e a  B b d g -  9207, 









carbonate CE' solu~ic~rr is now c m p l e t e  A s  a part o f  t h i s  program, an e ~ a l u .  
en made o f  >:he k l ~ d e l  30  A p p l i e d  P h y s i c s  Cosporat ion electrometer 
h t he  Borkowskic a s  9 ionization chamber for t h e  determination o f  

c a r b o n  1 4  beta-disintegration. I d e n t i i f i c a t i o a  a€ same o f  t h e  d e h e r m i n a e e  
error3 and an estimation of the probable  magnitude of the  t o t a l  e r r o r  ireherant 
i n  this counting rnsthod: w i t h  v a r i o u s  o p e r a t i n g  pracedures has  been aecompkished, 

In  o r d e r  t o  i n s u r e  permanent s t m d a r d i a a ~ i o n ,  i o n  chambers c o n t a i n i n g  
known carbori 4 d i o x i d e  samples  have been prepared  and an apparatus h s  been 
constructed with which working chamber..; :an be filled with known ~olumes o f  
s c a n d a s d i z e d  carbon d i e x i d e  f o r  c r o s s  c a l i b r a t i o n  

This latter operation has  Bean found t o  be. necessary due to s l i g h t ,  but 
significant d i f f e r e n c e s  in the performance  o f  v a r i o u s  chambers of n e a r l y  
i d e n k i c a l  volume, These  d i f f e r e n c e s  which are ~6 &e order o f  two percent be. 
tween chambers of one ~ y p e ,  s , g u ,  s t a i n l e s s  steel with a tef l lon i n s u l a t o r ?  
have  been shown to be as l a r g e  as six percent  between chambers of d i f f e r e n t  
m a t e r i a l s ,  e > g ,  g o l d  p l a t e d  brass v e r s u s  st.ainrdess s t e e l  or between chambers 
haying d i f f e r e n t  i n s u h a t o r  rnaCeraals, t . g  I t e f l o n  v e r s q s  f l u o r o t h e n e  

The f a c t o r  ~ i n i c r o r u r i a s  per ampere, d e t e r m i n e d  with standard carbon-  14 
dioxide c5n b e  g i v e n  w i t h  h i g h  p r e c i s i o n  o n l y  for a g i v e n  chamber A mean 
value of 2 . 1  x 10" h a s  b e e n  determined f o r  s t a i n l e s s  steel chambers of 250 m l  
volume hav ing  a f ~ a s r o t h e n e  i n s n l a ~ o s .  

Two g o l d  p l a c e d  b r a s s  chambers Q S  i d e n t i c a l  volume, h a v i n g  f l u o r o t h e n e  
insulators were found t u  g i ~ e  a 4 to 6% h i g h e r  amperage for a g i v e n  Stmutint of 
activity than d i d  t h e  s r a i r i l e s s  steel. chambers  a l t h o u g h  t h e  i n t e r n a l  con 

s s s t e n c y  was good 

The i n t e r c a l i b k n 2 i  0x1 f a c t o r s  between i rar ious pairs of t h e  t h r e e  r e s i s t o r  

s e t t i n g s  a n d  t h e  : a u  capacitances were a l s o  found  t o  b e  dependent on t h e  
chamber b e i n g  u s e d  

The d a i l y  f ~ u C t U B t i n K t  o f  t h e  a p p a r e n t  amperage of a s t a n d a r d  chamber  as  

measured by t h e  electrometer * a s  less t h a n  one p e r c e n t +  A sudden three p e r .  

cent d e c r e a s e  i n  a p p a r m t  a c t i v i t v  o c c u r r e d  once during the three  month p e r i o d  
o f  easeful obseraa+ion  D a i  i y  f l u c t u a t i o n s  at t h e  lower reading haye  remained 
approximately t h e  same s i n c e  t h a t  t ime  



The maximum deviation from t h e  arithmetic mean of a ser ies  of identical 
determinations over a long period of time has been s h a m  t o  b e  less than 0 .5% 
when a linear correction from a standard chamber measurement was a p p l i e d .  

87 



ZRYESTIGATIUN OF ISOTOPE 'EFFECTS IN PHYSICAL PROCESSES 

PRACTXONAL DfSTIZEATIQN 

Ha E .  €feller and A. f i ,  Jones"  

With t h e  c o n s i d e r a b l e  amount of o r g a n i c  c h e m i s t r y  now b e i n g  r e p o r t e d  in- 
v o l v i n g  t h e  USE o f  v a r i o u s  i s o t o p e s  i t  seemed d e s i r a b l e  t o  i n y e s b i g a t e  t h e  
e x t e n t  t o  which t h e s e  i s o t o p e s  a f f e c t  the o r d i n a r y  l a b o r a t o r y  o p e r a t i o n s ,  i J e e  

i s  a f r a c t i o n  i o n  of the i s o t o p i c  molecnle l i k e l y  t o  occur which would madify 
o r  i n v a l i d a t e  t h e  r e s u l t s  Qf tracer s t u d i e s ?  To answer t h i s  question w i t h  ,re-. 
gard to f r a c t i o n a l  d i s t i l l a t i o n ,  a sample o f  tracer l e v e l  me thano l  CI4 was 

subjected zso f r a c t i o n a t i o n  through  a P o d b i e l n i a k  co lumn.  The sample  was 

allowelf t o  stand a 6  s u b s t a n t i a l l y  e o t a l  r e f l u x  for 24 h o u r s ,  and samples  were 
t h e n  t a k e n  from the overhead and from t h e  p o t .  Ana lyses  of  these samples  a r e  
in p r o g r e s s .  

PRECISE C E 4  ANALYSICG: THE ]ISOTOPE EFFECT DuRlENQ AOSOBPTIQN 

C+ J. C o l l i n s ,  A.. R ,  Jonoe and W ,  J. Skraba 

C o n s i d e r a b l e  i s o t o p e  effects have been r e p o r t e d  d u r i n g  chemical  r e a c t i a n s  
i n v a l v i n g  m o l e c u l e s  i n  which some of t h e  c a r b o n  atoms are C" o r  C i 3  l a b e l e d .  
For example, d u r i n g  t h e  s a p o n i f i c a t i o n  of e t h y l  b e n z o a t e ( 2 6 )  c o n t a i n i n g  C1' 
i n  t h e  c a r b o n y l  group, t h e  b e n z o i c  acid f i r s t  formed was of lower  s p e c i f i c  
activity (counts/minute/millJgram coun ted  as sodium b e n z o a t e )  than t h e  benzoic 
a c i d  produced by comple t e  s a p o n i f i c a t i o n ,  

f t  seemed sf i n t e r e s t  t o  d e t e r m i n e  whether  s u c h  e f f e c t s  a6CUrred d u r i n g  
t r e a t m e n t  of  r-hese m o l e c u l e s  by common l a b o r a t o r y  p r o c e d u r e s  Treatment  w i t h  
d e c o l o r i z i n g  ca rbon  appea red  t o  be t h e  s i m p l e s t  c h o i c e ,  

Because ~f t h e  importiance and w i d e s p r e a d  use o f  d e c o l o r i z i n g  c a r b o n  for 
t h e  p u r i f i c a t i o n  of o r g a n i c  compounds,, and f u r t h e r ,  b e c a u s e  of i t s  relatican t o  
t h e  p r o c e d u r e  of chromatograph ic  a d s o r p t i o n ,  i t  can be s e e n  t h a t  t h e  presence 

_I_ 

( 2 6 )  Stevens, W +  Boltn: Attepe. 8 ,  W - ,  *'The E f f e c t  en Reaction Rates Caused b y  t h e  Sub- 
r t t t u t t o n  ob C off (3 * 1. t h e  d l k a l i t w  tXydrcPyrBs of Caaboxyl  Isbsls4 E t h y l  
B e n x e a t k , ' '  Can, J ,  A d s s a P c h  l % B ,  807  (X949) .  
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OF l a c k  o f  an  isotope eiffeus~. i n  e h i s  c a s e  had to be  prec3i~el .y  d e t e r m i n e d  i f  
the d i l u e i m  t e c h n i q u e ,  in.srolvint.g a s  i t  d o e s  t h e  c a r e f u l  p u r i f i c a c i a n  01 a 
r a d i o a c ~ i s e  d e r i v a ~ . i v e  was t o  be Yal idarted,  

W i t h i n  t h e  l i m i t s  of e r r o r  of $ h i s  p r o c e d u r e  (5 I) 2 % )  no iaot.ope effect:  
was o h s e r v e d  

~rocedure, A d i l u t e  w a t e r  s a l n t i a n  o f  p u r e  a c e t n c  a c i d  con 'ca in ing  a 

t r a c e r  q u a n t i t y  of  acet . ic  a c i d .  I =C" was prepared and the molal concentration 
was de termined  P a d i o a c c i v e  a s s a y s ,  e:ur,ressed a s  microcuries p e r  m-i l l i tnole  
(pcjmrnoi) sere per.fosmed by % h e  d r y  com.i~anst ian s f  w e i g h e d  a l i q u o t s  o f  the 
s o l u t i o n  tcaken wizh  a s p e c i a l  w e i g h i n g  p i p s t . t e  

 he remainder o f  the s o l u t i o n  was ~ i e a t e d  $0 g e n t l e  reftiux w i t t i  an amount 
o f  d e c o l o r i z i n g  c a r b o n  s u f f i c i e n t  (as d e t e r m i n e d  by prel iminary experiments 1 
ta  adsorb & O M L  10% of t,he a c e t i c  a c i d  The s u s p e n s i o n  was a l l o w e d  to cool to 
room t e m p e z a t ~ r c  and was then  f i l g e r e d  through a fine-fritted f u n n e l .  The 
m o l a l i t y  atid r a d i o a c t i v i t y  of the f i  B.~rate  were d e t e r m i a e d  as before 

Appasakus and pxacsutians,  The eambusr.i*n apparatus ( F i g -  18) c o n s i s t e d  
af a 12 i n  x 1% i n .  copper ox ide  packed  q u a r t z  tube lsirh a f o r e - s e e t i a n  aE 12 
mm tubing %a decrease the dead space The sample h o l d e r  and a 6 i n ,  r o l l  of 
w e l l  o x i d i z e d  copper 5ereen were i n s e r t e d  i n  c h i s  space and the tube was swept  
w i t h  taxygen- 

Interesting fea tures  are t h e  presstire regu lacor  arid t h e  spiral a b s o r p t i o n  
t r a p .  The e f f i c i e n c y  ~f t h i s  t r a p ,  w h i c h  i s  a s e l f - a c t i n g  pump, is S Q  great 

t h a t  t 0 t . d  abs5rpti .on o f  c.nrbon d i o x i d e  from m i x t u r e s  of that gas and oxygen 
occur-s oyer wide  l i m i t L &  of  caarsentsafuion and sweep rate. The absorherre; is 
about I , 3  m i  o f  1 N sodium hydroxide  s o h u t i o n  at room tcmpesat.ure.  AaounQs of 
carbon d i o x i d e  r a n g i n g  f r u n  0 05 to S mrnoEes h a v e  been y y a n t i t e c i v e l y  a b s o r b e d  
by t h i s  L 3 mnroles o f  d i l u t e  b a s e  

It h a s  heen  f o u n d  ptassibde t u  b u r n  k i p i d  aliqnots o f  any d e s i r e d  size by 
t h e  u s e  of  a w e i g h i n g  p i p e t t e  c o n s t r u c t e d  O S  quartz  a s  shown i n  the i n s e t  o f  
F i g  18 A m i c r o p i p e t t e  a ~ l c l n g e  r o u g h l y  c a l i b r a t e d  b y  scrat . . ches  on the 
cyLinder a ~ i d  p i s ~ . r s n  i s  u s e d  t u  s u c k  t h e  d e s i r e d  amount of  l i q u i d  i n t o  the 
p i p e t t e ,  The c a p i l l a r y  i s  e m p t i e d  by continued withdrawal of t h e  p i s t o n  The 

w e t  end i s  Chen wiped and b r i e f l y  f l a m e d ,  Oscillation of t;he p i s t o n  q a i i c k i y  
c l e a r s  the c a p i l l a r y  Wit11 Jarges  samples   ha l i q u i d  a s s u m e s  positions shown 
by t h e  d o t t e d  l i nes  o f  t h e  f iguse  and i s  d i f f i c u l t  t o  d i s l o d g e .  
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565 x f a r a d s  x 7'0 X l o m 3  v o l t s  -- pLc/tneq - 
1 , 4 2  x 10"  I Q  amps/dis/sec x 3 - 7  x 10" dis/aec/,uc x meq burned x f sei 

i t  was determined and c a l c u l a t e d  t h a t  f o r  a ~ ~ q u c s t b s  of 

94.59 mg, t 49 '0  sec and pc/meg = 1,0205 

1 2 4 . 3 5  mgp 40,6 sec and pc/meq = 1,0166 

The r e m a i n d e r  o f  t h e  s o l u t i o n  was h e a t e d  j u s t  to reflux w i t h  3 , l O  g o f  

Darco (3-60 d e c o l o r i z i n g  carbon and  allowed G O  stand for f i v e  minutes, I t w a s  
then c o o l e d  t o  room t e m p e r a t u r e  and f i l t e r e d  through a fine glass f r i t t e d  
f unne  1, 

A l i q u o t s  were  a g a i n  removed and t i t r a t e d  w i t h  s t a n d a r d  base: 

2 , 1 2 4 8  g r e q u i r e d  31-29 m l  base;  t h u s  EU48T4 meq/g 

2.0699 g r e q u i r e d  3 0 . 4 5  m l  b a s e ;  thus 1 . 4 8 5 %  rneq/g 

The average,  1.4$66 meq/g of s o l u t i o n ,  was used f o r  further calculations, 

Three a l i q n o t s  were burned and t h e  a c t i v i t i e s  c a l c u l a t e d .  Fer 

93-10 mg, t 5 3 , 6  sec end pc/rneq = 1.015 

98 68 mg, 0 = 4 9 , 9  sec and pc/nteq = 1 , 0 2 8  

9 2 , 0 2  mg, t = 5 4 . 0  sec  and ,uc/meq 1.019.  

The a v e r a g e  a c t i y i t y  b e f o r e  t r e a t m e n t  w i t h  d e c o l o r i z i n g  c a r b o n  w a s  2 . 0 1 9  
pc/meq, The a v e r a g e  activity of the a c e t i c  a c i d  a f t e r  p a r t i a l  adsorpt5on was 

1 , 0 2 1  pLc/meq- The average of a i l  five a n a l y s e s  was 1 , 0 2 0  w i t , b  n s t a n d a r d  
d e v i a t i o n  of 0 , 0 0 2 2 .  Thus,  we may c o n c l u d e  t h a t  w i t h i n  t h e  e f r ~ t  c r i  t h e  d e  
t e r m i n a t i o n s  made a b o v e  these w a s  n o  isotope e f f e c t  
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VUbATELITY STUDIES 

P. A ,  Agron E. G. BohPmann 

Thk s t u d i e s  on t h e  i n t e r a c t i o n  of t h o r i u m  f l u o r i d e  and t h e  p h o s p h o r u s  
f l u o r i d e s  h a v e  been con t inued .  While some e v i d e n c e o f i n t e r a c t i q n  is i n d i c a t e d  
b y  e x p e r i m e n t s  i n v o l v i n g  c o n t a c t  be tween  t h e  liqu!id or gaseous p h o s p h o r u s  
f l u o r i d e s  a n d . t h o r i u m  f l u o r i d e ,  no d a t a  s u g g e s t i n g  t h e  f o r m a t i o n  o f  a complex 
compound stable above room t e m p e r a t u r e  have been o b t a i n e d .  However, p h y s i c a l  
e x a m i n a t i o n s  o f  t h o r i u m  f l u o r i d e  which tias been e x p o s e d  t o  phosphorus t r i -  
fluoride or p h o s p h o r u s  p e n t a f l n o r i d e  i n d i c a t e  a s u b s t a n t i a l  r e d u c t i o n  i n  
u l t i m a t e  p a r t i c l e  s i z e  a s  a r e s u l t  of s u c h  c o n t a c t .  S i n c e  such  d i s r u p t i o n  of 
c h o r i u m  f l u o r i d e  l a t t i c e  migh; be of i n t e r e s t  i n  o v e r c o m i n g  t h e  s i n t e r i n g  
p r o b l e m s  e n c o u n t e r e d  b y  F .  T. M i l e s . a n d  c o - w o r k e r s  i n  t h e i r  , s t u d i e s  of a 
t h o r i u m  f l u o r i d e - f l u o r i n e  b l a n k e t ,  t h i s  development  is b e i n g  examined care-  
f u l l y o  The d a t a  a v a i l a b l e  a t  the present t i m e  do not comple t e ly  e s t a b l i s h  the 
e x t e n t  o f  t h e  p a r t i c l e  b r e a k - u p  phenomena, t h e y  w i l l  be r e s e r v e d  until a 
l a t e r  r e p o r t ,  

* 



SCBLYENT &XTRACTION PRINCIPLES AND APPCICATXQNS 

I#OBGA#IC SPECZES EXTBACTED IN SBEVENT EXTMCTIBN 

0. E ,  Myers  R. W ,  Stough ton  

A t h o r o u g h  s t u d y  of t h e  d i s t r i b u t i o n  of n i t r i c  a c i d  between i ts  aqueous 
s o l u t i o n s  and "BP s o l u t i o n s  h a s  been under t aken  i n  t h e  hope t h a t  t h e  resultant 
i n f o r m a t i o n  m i g h t  p r o v i d e  a b e t t e r  u n d e r s t a n d i n g  of the mechanism o f  TBP 
e x t r a c t i o n ,  A number of  c o r r e l a t i o n s  have been made which seem t o  be wor th  
r e p o r t i n g  h e r e ,  a l t h o u g h  a d e t a i l e d  m a t h e m a t i c a l  a n a l y s i s  h a s  n o t  y e c  been 
obtained,  

l e  T h e r e  e x i s t s  a complex o f  t h e  form NN0,:TBP. T h i s  i s  b a s e d  on t h e  

e v i d e n c e  c h a t  a g r a p h  of t h e  loga r ikhm o f  t h e  e q u i l i b r i u m  f o r m a l  n i t r i c  a c i d  
c o n c e n t r a t i o n  i n  t h e  o r g a n i c  phase, deno ted  as  l o g  CHNO,) ~~g~ p l o t t e d  against 
log (HNO,) i: .shaws?an i n f l e c t i o n  p o j n t  a t  v e r y  n e a r l y  a L z l  mole r a t i o  of 
HNO,:TBP, i r r e s p e c t i v e  o f  d i l u e n t .  T h e r e  a p p e a r s  t o  be no oiher  s i m p l e  ex- 
p l a n a t i o n  f o r  an i n f l e c t i o n  p o i n t  i n  t h i s  r e g i o n  of the c u r v e  than t h e  e x i s t e n c e  

o f  t h e  1:1 c o m p l e x ,  (Diluents which h a v e  b e e n  t e s t e d  a r e  b e n z e n e ,  c a r b o n  
t e t r a c h l o r i d e ,  and chloroform.) > 

2. E q u i l i b r i u m  i s  e t t a i n e d  r a p i d l y .  The re  is no e v i d a n t e  for i ncomple t e  

d i s t r i b u t i o n  i n  expa r imen t s  w i t h  a shak ing  t i m e  o f  o n l y  t h i r t y  minu tes ,  

T h e r e  i s  a d e c r e a s e  i n  the d i s t r i b u t i o n  c o e f f i c i e n t ,  

with i n c r e a s i n g  temperature (25 t a  50°C) in t h e  r e g i o n  0.005 f 4 (HNO,) :: < S f ,  
a t  least when no d i l u e n t ,  i s 9 p r e s e n t .  T h i s  is t h e  r e g i o n  i n  wh ich  the e f f e c t s  
o f  t h e  WEJO,.TBP complex are most pronounced. 

4.  The amount o f  HXO, e x t r a c t e d  i n  t h e  r e g i o n  where t h e  P : l  complex 
predominates  ( 0 , 0 0 5  to 5 f) is markedly a f f e c t e d  by t h e  nature  of t h e  d i l u e n t .  
For otherwise i d e n t i c a l  conditions benzene p e r m i t s  t h e  g r e a t e s t  e x t r a c t i o n ,  
ca rbon  t e t r a c h l o r i d e  is s e c o n d ,  and c h l o r o f o r m  p e r m i t s  much less  e x t r a c t i o n .  

3. Above t h e  i n f l e c t i o n  poinr ,  a t  a 1.1 mole r a t i o  (which occurs at c a .  

9 f {HNO,) " p  f o r  p u r e  TBP and a t  a lower a q u e o u s  c o n c e n t r a t i o n  f o r  d i l u t e  "Q 
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o f  t h e  three d i l u e n t s  s e e m s  t o  be r e v e r s e d ,  and a c o n c e n t r a t i o n  of  more than 
t h r e e  n i t r i c  a c i d  molecu les  per mP molecule  h a s  been obtained by e q u i l i b r a t -  
i n g  t e n  volume p e r c e n t  TBP i n  chloroform w i t h  strong nitric a c i d o  From 25" 
t o  50" there  i s  no temperature e f fec t  in t h i s  r e g i o n e  The sys tem i s  f u r t h e r  
~ o m p l i c a t e d  b y  n i t r a t i o n  o f  t h e  benzene  d i l u e n k ,  and a large p a r t  of t h e s e  
d a t a  must  b e  d i s r e g a r d e d *  A l s o ,  discoloration has  been observed  i n  chlorn- 
form s o l u t i o n s .  

6 .  Below t h e  range of  the  HNO, TBP complex the data  may be a c c o u n t e d  for  
on the  b a s i s  o f a  compEex with  d i f f e r e n t  c h a r a c t e r i s t i c s ,  The TBP dependence 
i s  no longer  s i m p l e  f i r s t  order, and the e f f e e c i v e n e s s  o f  t i i luent  i s  a l t e r e d .  

The accompanying t a b l e  records the  ma& tudes o f  the  e f f e c t s  c i t e d  above 

T A B U  X 

100% TBP, 25" 

100% TBP, SO* 

50% TRP, C,H, 

50% TBP, CC4, 

50% T W ,  CHCl, 

2 5 %  TBP, C,H, 
25% TBP, CCP, 

25% mp, CHCl, 

10% TBP, C,H, 

10% TBP, CC1, 

10% TBP, CHC1, 

0129 

0 0122 

0078 

I 0075 

,0072 

L 00305 

00245 

,00280 

.00015 

-00055 

100102 

0 0475 

0326 

0162 

0 Old0 

0080 

0053 

I a0450 

._ 00355 

e 0023 

IOU09 

0014 

0 . 9 0  

0.7'7 

0.40 

0.30 

0 072 

0.135 

0 092 

0*021 

0 040 

0 027 

0 008 

It is f e l t  that d a t a  on water s o l u b i l i t i e s  i n  t h e s e  s o l u t i o n s  will h e l p  
t o  r e s o l v e  t h i s  problem and t h i s  work is i n  progress, A t t e m p t s  to o b t a i n  a 
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c o m p l e t e  m a t h e m a t i c a l  equation h a v e  s o  €ar f a i l e d  hecause  o f  i r n a b r i i t y  t o  

s e p a r a t e   he e f f e c t s  o f  the  2~N1110, TBP complex atsd the more complicated species 
a t  highex coneentrat,nonts I 1.Jp 
25°C i t  is p o s s i b l e  to express  

INNOJ ;;&# 

where x represents  the a c t i v i t y  

t o  0 2 f {HNO,) :: in the p u r e  T3P s y s t e m  a t  

8;he d a t a  b y  tihe following e q u a t i o n  

d i s s o l v e d  o r g a n i c  r n a e e r i a l  Activity t s t f f i c i e n t  d a r a  were d e r i v e d  from t h e  
L a n d o P k - B o r n s t e i n  T a b l e s  ( 1 1 1 ,  p 1285) i c ~ r  y ,  and. d e n s i t y  d a t a  from Eange's  , 
Handbook ( p .  112'91, 

LXTRACPXBBi OP ZIBCO#IeI l  AM0 ~~~~~~~ INTO T'TA-BENZENE 

J P McBri.de R IRi, S t o u g h t u n  

Oumglsay, Investigation o f  t h e  p a r t . i t i o n  of Zr9' t r e c e r  be tweenTTA( thenoy1  
t r i f l u u r o a c e t o n e )  b e n z e n e  h a s  conzincled E x t r a c t i o n  data o b t a i n e d  for HCI-NaCl 
solutions at c o n s t a n t  /L e q u a l  to t;h:ee and o f  v a r i o u s  HC1 concentra t ions  show 
a n  inverse d e p e n d e n c e  o f  a t  l e a s t  3 . 6  power on a c i d  above 0 , 7  b! indicating 

t h a t  more than half t h e  xircenium is i n  % h e  form o f  Zrc4 and/or  rariaus corn- 
p i e x e s  o f  ZrCd with C3. Beipsw 0 3 7  M h y d r o l y t i c  species o f  lower charge 

become incxeasxngly p r o m i n e n t .  D i s t r i b u t i o n  d a t a  fo r  l M HC1. (9  1) and 3 M 
HCl ( p  3 )  as a E u n c ~ i o n  of T T A  concentration show a d i r e c t  d e p e n d e n c e  0 %  

n e a r l y  f o u r t h  power om TTA e o n c e n t r a t i o n ,  E q u i l i b r i u m  was a p p r o a c h e d  from 
both s i d e s  in a l l  the above exper iments  and consistent r e s u l t s  were obtained, 
Fur the r  studies on t h e  extraction of b a t h  Zr and H f  from c h l o r i d e  sy5 , t ems  a r e  
p l a n n e d ,  

son,(') 

A t t e n t i o n  was also d i r e c t e d  B r a r i n g  t h e  q u a r t e r  to experiments s e t u p  t o  
d e t e r m i n e  .the e f f i c a e n c y  of Nb stripping €ram TTA-benzene solutions in which 

i t  had b e e n  s i l lowed t o  g r o w  b y  t h e  decay  csf Zr9' ( ' )  A d i s c r e p a n c y  h a s  been 
n o t e d  b e t w e e n  t h e  r a d i o c h e m i c a l  a s s a y  o f  the o r g i ~ ~ i l ~  s o l u t i o n s  i n v o l v e d  and 



r e s u l t s  p r e d i c t e d  by t h e  b e t a  c o u n t i n g  t e c h n i q u e  u s e d  t o  d e t e r m i n e  t h e  f r a c -  
t i o n a l  s t r i p p i n g  ( s e e  below),  The incomple t e  s t r i p p i n g  r e p o r t e d l a s t  q u a r t e r  (3) 
may or may no% be c o r r e c t .  The use of a s c i n t i l l a t i o n  t y p e  gamma c o u n t e r  i n  
this s t u d y  is  p r o j e c t e d ,  

The 8ksipping of  Nb €PO& TPA-EeazeneD The f o u r  equ ivo lume  m i x t u r e s  o f  
0,OCi M P A - b e n z e n e  and 1 M HC1, c o n t a i n i n g  p u r e  Z r g S  t r a c e r  i n i t i a l l y ,  which 
were s e t u p  l a s t  q u a r t e r  t o  t e s t  t h e  e f f i c i e n c y  o €  Nb s t r i p p i n g  upon con t inuous  
mix ing  were a l l o w e d  t o  e q u i l i b r a t e  f o r  a t o t a l  o f  7 0  d a y s .  Aliquor ,s  of e a c h  
phase were t aken  a t  i n t e r v a l s ,  e v a p o r a t e d  on watch g l a s s e s ,  and counted on t h e  
second s h e l f  o f  a s t a n d a r d  b e t a  chamber, S i n c e  t h e  c o n d i t i o n s  were such  t h a t  
a l l  Z r  a c t i v i t y  would remain i n  t h e  o r g a n i c  phase, i t  was a n t i c i p a t e d  t h a t  t h e  
f r a c t i o n  o f  W b  s t r i p p i n g  c o u l d  be d e t e r m i n e d  b y  compar ing  t h e  b e t a  a c t i v i t y  
a p p e a r i n g  in t h e  a q u e o u s  p h a s e  w i t h  t h e  estimated t o t a l  Nb a c t i v i t y  i n  t h e  
s y s % e m u  o r g a n i c  p l u s  aqueous,  The t o t a l  Nb a c t i v i t y  was c a l c u l a t e d  by d e t e r -  
m i n i n g  t h e  d i f f e r e n c e  between t h e  c o u n t  (Zr + Nb) a t  t i m e ,  t ,  o f  a n  a l i q u o t  
o f  t h e  p u r e  stock mounted a t  t = 0 and t h e  e s t i m a t e d  a c t i v i t y  due t o  Z r  a t  
time t ( i . e  , e q u a l  t o  t h e  c o u n t  of  t h e  aliquot a t  t = 0 m u l t i p l i e d  by  t h e  
decay faitrr o f  Z r ) ,  Samples  taken ~t 1 9 ,  4 0  and 70 d a y s  i n d i c a t e d  t h e  Nb 
s t r i p p i n g  t o  be o n l y  50% c o m p l e t e ,  However,  r a d i o c h e m i c a l  a n a l y s i s  by t h e  
a n a l y t i c a l  s e c t i o n  of s a m p l e s  o f  the o r g a n i c  p h a s e s  t a k e n  a t  t h e  end of t h e  
e q u i l i b r a t i o n  showed them t o  c o n t a i n  o n l y  an amount o f  Nb which s h o u l d  have 
grown i n  between t h e  t i m e  o f  s a m p l i n g  and t h e  t ime o f  a n a l y s i s ,  The r e a s o n  
f o r  the d i s c r e p a n c y  is unknown b u t  may l i e  i n  t h e  low b e t a  c o u n t i n g  e f f i c i e n c y  
o f  Nb which i s  o n e - t w e n t i e t h  t h a t  o f  t h e  Z r ,  I n  a d d i t i o n ,  t h e  l o w  e n e r g y  Nb 
b e t a  may have l e d  t o  g r e a t e r  c o u n t i n g  e r r o r s  b e c a u s e  o f  s e l f  a b s o r p t i o n  and 
s p r e a d  of t h e  s a m p l e s  on t h e  counting p l a c e s  t h a n  was a t  f i r s t  a n t i c i p a t e d ,  
I t  is p l a n n e d  t o  continue t h e  i n v e s t i g a t i o n  when a s c i n t i l l a t i o n  t y p e  gamma 
counter becomes a v a i l a b l e .  On s u c h  a n  i n s t r u m e n t  t h e  r e l a t i v e  c o u n t i n g  
e f f i c i e n c y  o f  Nb t o  Z r  w i l l  be e s s e n t i a l l y  1 to L a n d  t h e  preparation of  
c o u n t i n g  Samples less  c r i t i c a l .  

(3) U c f l a i d e ,  J P. nnd Stoughton, 8 .  W, O p  c t t .  O W L  68.5 



J .  C* Griess J r .  

Introduction, P r e v i o u s  s t u d i e s  c o n c e r n i n g  t h e  e l e c t r o d e p o s i t i o n  o f  
t r a c e s  o f  r u t h e n i u m  have  shown t h a t  c o m p l e t e  e l e c t r o d e p o s i t i o n  c o u l d  n o t  b e  
o b t a i n e d  at p o t e n t i a l s  wh ich  had g i v e n  c o m p l e t e  d e p o s i t i o n  a t  h i g h e r  c o n c e n -  
t r a t i o n s ,  E x p e r i m e n t s  on t h e  S Q  c a l l e d  " p l a t a b l e "  p o r t i o n  o f  t h e  r u t h e n i u m  

Rave b e e n  r e p o r t e d o 1 4 )  T h e  p r e s e n t  r e p o r t  - c o v e r s  t h e  work t h a t  h a s  b e e n  
comple t ed  t o  d a t e  c o n c e r n i n g  t h e  p r o p e r t i e s  o f  t h e  " u n p l a t a b l e "  f r a c t i o n  of  t h e  
r u t h e n i u m ,  Mercury  and  p l a t i n u m  black c a t h o d e s  have been  used t o  d e p o s i t  t h e  

u np 1 a t a h 1 et' r u t h e n  i um 

l e  Depasition of Ruthenium O n  B Ilie~cury Caehode. I n  a n  a c i d  s o l u t i o n  
i t  is i m p o s s i b l e  t o  i n c r e a s e  t h e  p o t e n t i a l  of a p la t inu rn  c a t h o d e  t o  h i g h  v a l u e s  
b e c a u s e  hydrogen  e v o l u t i o n  becomes e x c e s s i v e .  S i n c e  mercury  h a s  a h i g h  hydro -  
gen  o v e r v o l t a g e ,  i t  i s  p o s s i h f e  t o  increase t h e  p o t e n t i a l  o f  a mercnry c a t h o d e  
to q u i t e  h i g h  v a l u e s  b e f o r e  h y d r o g e n  e v o l u t i o n  becomes  a p p r e c i a b l e .  Thus  
a n  e l e c t r o d e p o s i t i o n  w i t h  mercury c a t h o d e  was c a r r i e d  o u t  in o r d e r  t o  s t u d y  
t h e  d e p o s i t i o n  o f  t h e  " u n p l a t a b l e "  ru then ium a s  a f u n c t i o n  o f  c a t h o d e  p o t e n t i a l .  

The " p l a t a b l e "  p o r t i o n  o f  t h e  r u t h e n i u m  i s  r e d u c e d  by meta l l i c  mercury  i n  
a n  a c i d  s 0 3 u t i o n  t h e r e f o r e ,  b e f o r e  e l e c t r o l y z i n g  w i t h  a mercu ry  c a t h o d e  t h e  
r u t h e n i u m  t h a t  was e a s i l y  r e d u c e d  was removed by e l e c t r o l y z i n g  t h e  s o l u t i o n  
w i t h s  b r i g h t  p l a t i n u m  c a t h o d e .  The ru then ium t h a t  r ema ined  a f t e r  e l e c t r o l y s i s  
was n o t  r e d u c e d  by mercu ry ,  

The  s o l u t i o n  t h a t  w a s  u s e d  f o r  t h i s  s t u d y  was 5 x l o - '  U i n  r u t h e n i u m  
n i t r o s o  c h l o r i d e  and  0 , 1  it4 i n  h y d r o c h l o r i c  a c i d ,  A f t e r  a n  e l e c t r o l y s i s  w i t h  
a b r i g h t  p l a t inu rn  c a t h o d e  96% o f  t h e  r u t h e n i u m  rema ined  i n  s o l u t i o n ,  A 10 rol 
a l i q u o t  o f  t h i s  solution was p l a c e d  i n  a c e l l  c o n t a i n i n g  a m e r c u r y  c a t h o d e  
a n d a m i c r o  p l a t i n u m  anode .  The c a t h o d e  p o t e n t i a l  w i t h  r e f e r e n c e  t o  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  (SCE) wa5 m a i n t a i n e d  f o r  one  h o u r  a t  a g i v e n  p o t e n t i a l  and  
t h e n  changed  t o  a more n e g a t i v e  p o t e n t i a l  f o r  a s i m i f a r  p e r i o d  of t ime. 

( 4 )  L i e t z k c ,  H and Griers, J. C.. J r . ,  "Electrodeposition of Rutbenium," Chemis try  L>ivisron 
Q n a r d e r l y  Report f o r  Period Ending March 31, 1950, 0Rnt-685 104 (June 16* 1 9 S Q ) b  
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The r e s u l t s  of t h i s  expe r imen t  are g iven  i n  T a b l e  T I .  

TABLE XI 

The Amount of Batbemiurn Deposfted on a Heraery 
C:at;bode at Barfous Potentials 

I 1 

The d a t a  a r e  such t h a t  i t  is  i m p o s s i b l e  t o  de t e rmine  e i t h e r  t h e  p o t e n t i a l  
a t  which d e p o s i t i o n  began o r  t h e  minimum p o t e n t i a l  a t  w h i c h L i t  was e s s e n t i a l l y  
completed A l l  that can be s a i d  at present is t h a t  somewhere tietween -1.30 and 
-2.00 v vs. SCE complete d e p o s i t i o n  can be obtained. 

A t  t h e  c o m p l e t i o n  of t h e  e l e c t r o l y s i s  t h e  mercury was s e p a r a t e d  Erom t h e  
s o l u t i o n  and a c o u n t  o f  t h e  m e r c u r y  i n d i c a t e d  t h a t  e s s e n t i a l l y  a l l  o f  t h e  
ru then ium was p r e s e n t  on t h e  mercury s u r f a c e ,  Samples  of  mercury from below 
t h e  s u r f a c e  showed l i t t l e  o r  no a c t i v i t y .  Hence i t  w a s  c o n c l u d e d  t h a t  even  
very small amounts of "ruthenium" are i n s o l u b l e  i n  mercury,  

2 ,  Deposition of Butheafuw aa P f r t i n u r . B l a e k  E l e @ t r o d e s .  E x p e r i m e n t s  
r e p o r t e d  i n  t h e  l a s t  q u a r t e r l y  r e p o r t ( 5 )  i n d i c a t e d  t h a t  t h e r e  w a s  r e l a t i a n  
between t h e  p e r c e n t  r u t h e n i u m  d e p o s i t e d  and the hydrogen o v e r v o l t a g e  of  the 

rnetal OR which i t  was d e p o s i t e d ,  t h e  Power t h e  o v e r v o l t a g e  t h e  g r e a t e r  t h e  
percenr, d e p o s i t e d .  The r e s u l t s  of t h i s  expe r imen t  sugges t ed  t h e  d e p o s i t i o n  of  
ruthenium on a platinum b l a c k  e l e c t r o d e ,  

Two d i f f e r e n t  P O  m l  a l i q u o t s  were e l e c t r o l y z e d  w i t h  p l a t i n u m  b l a c k  
c a t h o d e s ,  One w a s  5 x 10"' AI r u t h e n i u m  n i t r o s o  c h l o r i d e  s o l u t i o n  i n  0.1 lil 

( 5 )  Lieteke M. fI end Grness J.  C - ,  Jr. ,  op, c i f . ,  ORNL 685 



h y d r o c h l o r i c  a c i d  and the s e c o n d  was a 5 x M r u t h e n i u m  o i t r o s o  p e r c h l o r a t e  
s o l u t i o n  in 0.1 A! p e r c h l o r i c  a c i d .  E a c h  s o l u t i o n  was e l e c t r o l y z e d  f o r  t h r e e  
h o u r s  a t  caLhode PQteP l t i a lS  o f  -0 .40  v va.  SCE. 

From t h e  h y d r o c h l o r i c  a c i d  solution 9 5 9 6 o f t h e  r u t h e n i u m  was d e p o s i t e d  and 
from t h e  p e r c h l o r i c  a c i d  s o l u t i o n  90% was d e p o s i t e d ,  I n  e a c h  case o n l y  36-40% 
o f  t h e  r u t h e n i u m  c o u l d  be d e p o s i t e d  u n d e r  t h e  same c o n d i t i o n s  a n  b r i g h t  p l a t i -  
num e l e c t r o d e s ,  

I n  order t o  d e t e r m i n e  t h e  b e h a v i o r  of t h e  n o n - p l a t a b l e  f r a c t i o n  i n  t h e  
a b s e n c e  o f  t h e  p l a t a b l e  p o r t i o n ,  a l i q u o t s  of e a c h  of  t h e  above  s o l u t i o n s  were 

e l e c t r o l y z e d  on  s m o o t h  p l a t i n u m  e l e c t r o d e s  a n d  t h e  r u t h e n i u m  w h i c h  d i d  n o t  
d e p o s i t  was s u b j e c t e d  t o a  s e c o n d  e l e c t r o l y s i s  u s i n g  p l a t i n u m  b l a c k  e l e c t r o d e s ,  
In e a c h  c a s e  t h e  c a t h o d e  p o t e n t i a l  was -0.40 v vs .SCE and d u r i n g  t h e  c o u r s e  of 
the e l e c t r o l y s i s  samples were t a k e n  t o  o b t a i n  t h e  r a t e  of  p l a t i n g .  

The r e s u l t s  a r e  g i v e n  i n  T a b l e  111. 

The Bate of Pfak ing  of Buthelafun from Buthanfam Nitroso Chloride and 

Butheniuls Nitsoso Psrchlorate on Platiaur Bhmk Eleckaodces 

The  r a t e  o f  p l a t i n g  a p p e a r e d  t o  be f a s t e r  f rom t h e  p e r c h l o r a t e  s o l u t i o n  
t h a n  from the c h l o r i d e  s o l u t i o n ,  b u t  the t o t a l  amount of r u t h e n i u m  p l a t e d  from 
e a c h  s o l u t i o n  was n e a r l y  t h e  same, S i n c e  h y d r o c h l o r i c  a c i d  i n  t h e  p r e s e n c e  of 
oxygen i s  c a p a b l e  o €  dissolving p l a t i n u m  b l a c k ,  t h e  s l o w n e s s  o f  t h e  rate of 
d e p o s i t i o n  f rom t h e  h y d r o c h l o r i c  a c i d  s a l u t i a n  may h a v e  b e e n  d u e  t o  a s low 
d i s s o l u t i o n  o f  t h e  p l a t i n u m  b l a c k .  For t h i s  r e a s o n  a l l  o t h e r  e x p e r i m e n t s  
were c a r r i e d  o u t  i n  p e r c h l o r i c  a c i d  media .  
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Since 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  ruthenium was n o t  a c t u a l l y  e l e c t r o -  

d e p o s i t e d  bu t  r a t h e r  adso rbed  on the v e r y  l a r g e  s u r f a c e  o f  t h e  plat inurn b l a c k  
c a t h o d e ,  t w o  e l e c t r o l y s e s  were pe r fo rmed  t o  d e t e r m i n e  t h e  amount o f  ru then ium 
t h a c w a s  a p p a r e n t l y  adso rbed  and t h e  emaunt t h a t  was a c t u a l l y  e l e c t r o d e p o s i t e d .  
e he p r o c e d u r e  was a s  f o l l o w s :  20 r n l  of a s x IO-' 1~ r u t h e n i u m  n i t r o s o  p e r -  
c h l o r a t e  s o l u t i o n  i n  0 .1  Ad p e r c h l o r i c  a c i d  were e l e c t r o l y z e d  a t  - 0 + 6 0  v v s  %E 
using a b r i g h t  p l a t i n u m  e l e c t r o d e .  A f t e r  e q u i l i b r i u m  was r e a c h e d  68% of t h e  
ru then ium remained i n  s a l u t i a n .  T h i s  s o l u t i o n  was t h e n  d i v i d e d  i n t o  two e q u a l  
porc-ions and 10 m l  were p l a c e d  i n  e a c h  ob t w o  ce l l s  c o n t a i n i n g  platinum b l a c k  
c a t h o d e s .  One c e l l .  was m e r e l y  s t i r r e d  f o r  t h r e e  hours and  t h e  o t h e r  ea5  
e l e c t r o l y z e d  a t  -0,4 v vs.SCE for t h e  same l e n g t h  o f  t i m e .  A t  t h e  comple t ion  
o f  t h i s  t i m e  t h e  cells were r e v e r s e d ,  i . e . ,  t h e  e e l 1  t h a t  had bean e l e c t r o l y z e d  
was d i s c o n n e c t e d  and s t i r r e d ,  and t h e  c e l l  t h a t  had been s t i r r e d  w a s  connec ted  
an$ e l e c t r o l y z e d .  D a r i n g  t h e  s t i r r i n g  and t h e  e l e c t r o l y s i s  samples  were taken. 

TRe r e s u l t s  a r e  shown i n  T a b l e  IV, 

TABLE I V  

The Pareesd; Infheniur Remaining in Solution After Eleetrolyziag and 
~ t i r a ~ e g e r 5  x lou8 ~f RutheniunNdtrosoPerchPorate Solution ita 0.1 M 

Parehfori@ Acid Ustng Platinum Black Cathddes 

TI= (Minutes) 

15  
30 

45 
60 

9 0  

1 2 0  
150 

I80 

15 
30 
45 
60 
90 

120 
135 
I50 

PEBCBrn 1n SOtUrIOM 
S T  EBB ENG ONLY 

8 8  

a 4  

85 
70 
69 
69 
68 
6 %  

E L E C T P Q L Y Z E D  
A T  T H f S  POINT 

3 3  
19 
1 3  

8 . 8  
5.7 
4 .  P 
4 * 7  
4.7 
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PERCENT IFQ SOLUTION 
ELECTROLPS fS - 

49 
26 
16 
10 
7,a 
5.7 
5.7 
5 . 7  

S T I R R E D  A T  
T H I S  POINT 

3.5 
3 . 2  
3 + 8  

4 . 0  
I 

- 



A t  t h i s  p o i n t  i t  s h o u l d  be m e n t i o n e d  t h a t  t h e  p o t e n t i a l  o f  t h e  p l a t i n u m  
b i a c k  w i t h  r e s p e c t  t o  t h e  SCE was a p p r o x i m a t e l y  -0.24, v b e f o r e  s t i r r i n g  t h e  
s o l u t i o n  b u t  r a p i d l y  changed  a p p r o x i m a t e l y  .b 0.70  v as soon as s t i r r i n g  began .  
Ddring t h e  e l e c t r o l y s i s  t h e  c a t h o d e  p o t e n t i a l  was h e l d  c o n s t a n t  a t  0.40 v ,  

I t  s h o u l d  be  n o t e d  t h a t  t h e r e  was a c e r t a i n  amount of r u t h e n i u m  removed 
f rom s o l u t i o n  a p p a r e n t l y b y a d s o r p t i o n o n  p l a t i n u m  black even after t h e  s o l u t i o n  
had  been  electrolyzed t o  c o m p l e t i o n ,  F u r t h e r m o r e ,  i f  the log o f  t h e  p e r c e n t  
r e m a i n i n g  i n  s o l u t i o n  i s  p l o t t e d  a g a i n s t  t i m e ,  t h e  h e i g h t s  of t h e  adsorp t i ; ;  
c u r v e s  a re  n e a r l y  e q u a l  and t h e  h e i g h t s  o f  t h e  e l e c t r o l y s i s  c u r v e s  a r e  n e a r l y .  
e q u a l  I 

I t  t h u s  a p p e a r s  t h a t  in t h e  so c a l l e d  " u n p l a * t a b l e "  f r a c t i o n  o f  t h e  
r u t h e n i u m  t h e r e  a r e  a t  l e a s t ;  two  s p e c i e s  p r e s e n t , ?  one t h a t ;  a p p e a r s  to p l a t e  
on  a p l a t i n u m  b l a c k  e l e c t r o d e  which is n e g a t i v e l y  c h a r g e d  w i t h  r e s p e c t  t o  t h e  
SCE and  one  t h a t  is e i t h e r  p l a t e d  o r  a d s o r b e d  on a p l a t i n u m  b l a c k  e l e c t r o d e  
which is positive w i t h  r e f e r e n c e  t o  t h e  SCE. 

Discusisrim and Fatsrre l a r k .  The r e s u l t s  o f  t h e  p l a t i n g  e x p e r i m e n t s  on a 

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

The e l e c t r o d e p o s i t i o n  o f  ru then ium on p l a t i n u m  b l a c k  c a t h o d e s  h a s  y i e l d e d  
results w h i c h  a r e  i n t e r e s t i n g ,  b u t  a t  p r e s e n t  i n s u f f i c i e n t  d a t a  h a v e  b e e n  
c o l l e c t e d  t o  be c e r t a i n  of any i n t e r p r e t a t i o n ,  I t  h a s  d e f i n i t e l y  been  shown, 
h o w e v e r ,  t h a t  e s s e n t i a l l y  c o m p l e t e  d e p o s i t i o n  from v e r y  d i l u t e  r u t h e n i u m  
s o l u t i o n s  c a n  be  o b t a i n e d  on a p l a t i n u m  b l a c E  e l e c t r o d e  a t  c a t h o d e  p o e e n t i a l s  
a s  Tow as -0*.40 Y vs. SCE, and p e r h a p s  even  a t  lower p a t e n t i a l s o  

S i n c e  t b e  h y d r o g e n  o v e r v o l t a g e  o f  p l a t i n u m  b l a c k  is v e r y  low a t  low 
c u r r e n t  d e n s i t i e s  and s i n c e  previous work h a s  shown tfiat t h e  lower  t h e  hydrogen  
o v e r v o l t a g e  o f  t h e  m e t a l  on wh ich  r u t h e n i u m  i s : d e p o s i t e d  t h e  g r e a t e r  i s  t h e  
amount  d e p o s i t e d  it is s u g g e s t e d  t h a t  t h e  deposition of  t h e  " u n p l a t a b 1 e "  
f r a c t i o n  o f  r u t h e n i u m  is p e r h a p s  a h y d r o g e n  r e d u c t i o n  which  is c a t a l y z e d  by 
t h e  m e t a l  s u r f a c e ,  I f  t h i s  i s  true, t h e  a n s w e r  to t h e  q u e s t i o n  of why t h e  
d e p o s i t i o n  o f  r u t h e n i u m  on  smooth  p l a t i n u r n  e l e c t r o d e s  i s  c o m p l e t e  above t h e  
monoatomic  l a y e r  reg ion  a n d  i n c o m p l e t e  b e l o w  i t  c o u l d  b e  g i v e n .  One would  
h a v e  to assume that i f  more  t h a n  a m o n o l a y e r  of r u t h e n i u m  atoms were l a i d  



down on an e l e c t r o d e  t h e  c a t a l y t i c  p r o p e r t i e s  of t h e  r u t h e n i u m  d u r i n g  %;he 

d e p o s i t i o n  p r o c e s s  would b e  s imi la r  t o  t h o s e  o f  p l a t i n u m  black. Hence t h e  
hydrogen p r e s e n t  on t h e  ruthenium ca thode  would b e c a p a b l e  of reducing t h e  %on- 
p l a t a b l e "  fraction and e s s e n t i a l l y  comple t e  d e p o s i t i o n  would be a c h i e v e d *  On 
the o t h e r  hand i f  t h e  ru then ium c o n c e n t r a t i o n  is s u c h  t h a t  less then a mono- 
l aye r  o f  ru then ium atoms is depos i t ;edp t h e  ru then ium atoms a r e  p l a t e d  on t h e  
smooth p l a t i n u m  s u r f a c e  and n o t  on a n  a G t i v e  r u t h e n i u m  s u r f a c k ,  Thus  the 
c a t a l y s t  b e h a v i o r  o f  the r u t h e n i u m  i s  n o t  e x h i b i t e d  and  d e p o s i t i o n  i s  i n -  

complete  * 

, 

The abave s t a t e m e n t s  are l a r g e l y  s p e c u l a t i o n  and  f u t u r e  work will be 
d i r e c t e d  a t  e i t h e r  e s t a b l i s h i n g  o r  d i s p r o v i n g  them. 



ION EXCBARGE 

J -  H. Gross R .  E .  Wacker 
G .  E. Boyd f. F .  N e e l y ,  J r ,  

E. G o  Bohlmann 

Ia&reduction, The p r o p o s a l  t o  u s e  m e t a l l i c  l i t h i u m  a s  a power r e a c t o r  
c o o l a n t  r e q u i r e s  t h e  development o f  a low c o s t  p r o c e s s  f o r  e n r i c h i n g  ti' from 
i t s  n a t u r a l  abundance of 9 2 , 5  atom p e r c e n t  t o  a n  abundance of a t  l e a s t  99.93 
atom p e r c e n t ,  i n  o r d e r  to r educe  the t h e r m a l  n e u t r o n  c a p t u r e  cross s e c t i o n  t o  
a v a l u e  a c c e p t a b l e  f o r  r e a c t o r  d e s i g n ,  The c a p t u r e  cross s e c t i o n  of L i '  is 

r e p o r t e d ( 6 ) a s  0 , 0 3 3  b, w h i l e  t h a t  o f  L i 6 ,  t h e  i s o t o p e  t o  be removed, is(7) 

870 b, 

1 I n v e s t i g a t i o n  of the use of  i o n  exchanger s  to e f fec t  t h e  required e n r i c h -  
ment h a s  c o n t i n u e d  d u r i n g  the q u a r t e r ,  I n i t i a l  p h a s e s  of the work have been 
r e p o r t e d  p r e v i o u s l y ,  ( 8 )  

Experimenfal. Two e x p e r i m e n t s  u s i n g  d i f f e r e n t  i o n  exchange r s  have been 
c o m p l e t e d ,  O p e r a t i o n a l  conditions f o r  b o t h  were s u b s t a n t i a l l y  t h e  same t o  
p e r m i t  some c b m p a r i s o n  o f  t h e  e x c h a n g e r s ,  In e a c h  c a s e  a r e s i n  bed 20 cui' 

in cross  s e c t i o n  was o p e r a t e d  a t  a t e m p e r a t u r e  of 3O0C and a f l aw  r a t e  of 0.18 
m L J c m 2 / r n i B ,  u s i n g  0 . 1  w.l HCl t o  d e v e l o p  a band o f  240 m i l l i e q u i v a l e n t s  of L i '  
t h r o u g h  t h e  hydrogen- fo rm r e s i n  bed .  Tn t h e  f i r s t  e x p e r i m e n t ,  t h e  exchange 
resin was N a L c i t e  BCR, B s u l f o n a t e d  polystyrene e x c h a n g e r  of n o m i n a l  1 0 %  
c r o s s - l i n k a g e  m a n u f a c t u r e d  as standard Dowex 50 a n d  marketed by t h e  National 
Alnminake Company u n d e r  t h e  Welcite name, The bed d e p t h  i n  t h i s  column was 

145 em9 and t h e  r e s i n  p a r t i c l e  s i z e  was a p p r o x i m a t e l y  -200 f 70 m i c r o n s ,  we& 
hydrogen form. In t h e  second  e x p e r i m e n t  t h e  exchange  r e s i n  was a s p e c i a l l y  
p r e p a r e d  Dowex 50 of 16% c r o s s - l i n k a g e .  The bed d e p t h  w a s  128 cm, and t h e  
p a r t i c l e  s i ze  range  was t h e  same as i n  t h e  f i r s t  column, The r e s u l t s  of t h e s e  
expe r imen t s  are summarized i n  T a b l e  V and d i s c u s s e d  t h e r e a f t e r ,  

( 6 )  Way, K and Haines ,  G.,, TherRnaZ Neutron Capiure Cross Sections for  Elements and I so topes ,  AECD 2138 

( 7 )  $hid.  

( 8 )  Gross* J .  3 , "  N e e l g ,  J F , J r .  atrd Boyd,  C .  E 

f O c t .  11, 1 9 4 8 ) .  

"Lithium Isotope S e ~ a r 8 t i a n . ~  Chemistry Divis ion 
QucrrferIY Progress Repart far  the  Period Ending blareh 31,, 1950, b a a  685, 113 (June 16, $ 9 5 0 )  



TABLE V 

Bass Analyses, coluatns If and 111 

Column I I  

N a l c i t e  HCR 

Column I I I  

16% c r o s s - l i n k e d  

Dowex 50 

Feed  L i C 1  

TOTAL DEVELOPED Li 
( Pe r cent  ) 

0.0 - 0.05 

0.49 0 , 5 5  

3 . 7 5  - 3.85  

11.3 - 1 2 . 7  

2 6 . 7  *; 2 6 . 9  

Li7 
( a t o m  p e r c e n t )  

__t 

94.397 f 0 . 0 2 1  

93 ,779  f 0*012 

93 .323  f 0.012 

92 .893  f 0,023 

92.796 4 0 . 0 1 0  

92.840 f 0.016 

92%455  f 0.042 

92 .476  f 0 , 0 4 2  

A s i m p l e  me thod  f o r  c o n t i n u o u s l y  r e g i s t e r i n g  LY' c o n c e n t r a t i o n  i n  t h e  
column e f f l u e n t  was u s e d  in t h e  e x p e r i m e n t s  d e s c r i b e d  above.  The c o n d u c t i v i t y  
o f  t h e  e f f l u e n t  w a s  c o n t i n u o u s l y  r e c o r d e d  on a s t r i p - c h a r t  r e c o r d e r  as t h e  
e f f l u e n t  p a s s e d  t h r o u g h  a s m a l l  j a c k e t e d  c o n d u c t i v i t y  c e l l  a t t a c h e d  t;o t h e  
bot tom o f  t h e  column,  With c o n s t a n t  t o t a l  i o n i c  c o n c e n t r a t i o n  i n  t h e  e f f l u e n t ,  
t h e  c h a n g e  i n  Li' c o n c a n t r e t i b n  is i n v e r s e l y  p r o p o r t i o n a l  to t h e  c h a n g e  i n  
c o n d u c t i v i t y  i n  p a s s i n g  from p u r e  NCl t o  p u r e  L i C l  i n  s o l u t i o n ,  The condut: 
t i v i t y r e c o r d i n g  e q u i p m e n t  used c o n s e q u e n t l y  g a v e  a n e a r l y  l i n e a r  t r a c e  of Li 
c o n c e n t r a t i o n  i n  the e l u t e d  band. The t race was c a l i b r a t e d  by  g r a v i m e t r i c  
a n a l y s i s  o f  a n u m b e r  o f  t h e  snraPl s a m p l e s  i n t o  w h i c h  t h e  e f f l u e n t s  were 
d i v i d e d .  C o n d u c t i v i t y  m e a s u r e m e n t  i s  n o t  s u f f i c i e n t l y  s e n s i t i v e  t o  d e t e c t  
t h e  f i r s t  a p p e a r a n c e  o f  E i  a t  v e r y  Pow c o n c e n t r a t i o n s ;  f o r  t h i s  p u r p o s e  i t  was 

n e c e s s a r y  i n  t h e s e  e x p e r i m e n t s  to  u s e  f r e q u e n t  f l ame  t e s t s .  

DirwuseSma, The r a t e - d e t e r m i n i n g  p r o c e s s  i n  t h e  t y p e  of column o p e r a t i o n  
u s e d  i n  t h e s e  e x p e r i m e n t s  i s  d i f f u s i o n  of ions t h r o u g h  t h e  r e s i n .  f t  is 
known t h a t  i n c r e a s i n g  t h e  c r o s s - l i n k a g e  in the r e s i n  from 10% to 16% d e c r e a s e s  
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t h e  d i f f u s i o n  c o e f f i c i e n t  
Nakcite HCR, &he e f f l u e n t  

o n e  t o  two o r d e r s  o f  magn i tude .  ( 9 )  ~n column I T ,  
v o l u m e - c o n c e n t r a t i o n  p l o t  had t h e  general shape t o  

b e  e x p e c t e d  f o r  o p e r a t i o n  ;lose t o e q u i l i b r i u m ,  since t h e  d i f f u s i o n  c o e f f i c i e n t  
f o r  this r e s i n  was s u f f i c i e n t l y  l a r g e  to p e r m i t  n e a r l y  complete  e q u i l i b r a t i o n  
a t  t h e  f l o w - r a t e  used.  However, w i t h  16% cross-linked Dowex 50  t h e  d i f f u i i o n  
c o e f f i c i e n t  was much J.oyer9 with t h e  r e s u l t  t h a t  Column I T T  o p e r a t e d  f a r  from 
em14 1 i hPi tam nnA t h e  P I  i x t d  hand w a c  f f u P P .  -3----7--...-. I_.- ---_ ---"-- ---- ..-- 

In riew o f  t h e  poor  e n r i c h m e n t  of i s o t o p e s  o b t a i n e d  w i t h  column 111, a s  
compared  w i t h  t h e  r e s u l t s  in column 11, i t  a p p e a r s  t h a t  t h e  i o n - e x c h a n g e  
s e p a r a t i o n  o f  i s o t o p e s  may n o t  be dependent  upon a d i f f u a i o n  r a t e  p r o c e s s ,  b u t  
r a t h e r  upon a d i f f e r e n c e  i n  i s o t o p i c  chemical e q u i l i b r i u m  c o n s t a n t s .  

The f i v e  mass a n a l y s e s  f o r  column TI show enr i chmen t  of Liy i n  a n  a p p r e -  
c i a b l y  wide port ion of t h e  e l a t e d  band. From t h e s e  d a t a ,  a n e c e s s a r i l y  rough 
e s t i m a t e  o f  t h e  a v e r a g e  c o m p o s i t i o n  of t h e  f i r s t  30% o f  t h e  e l u t e d  band is 
9 3 , 0 %  Lipa T h i s  f i g u r e  is n o t  c o n s i d e r e d  h i g h l y  s i g n i f i c a n t  at t h i s  time, 
s i n c e  two few mass a n a l y s e s  h a v e  b e e n  o b t a i n e d  f o r  good a c c u r a c y  i n  the 
e s t i m a t e ,  

N e a r l y  a l l  m a s s  s p e c t r o m e t e r  t i m e  a v a i l a b l e  t o  u s  is now b e i n g a w e d  for 
A n a l y s i s  

and a n a l y s e s  i n  t h e  L i 6  en- 
f u r t h e r  a n a l y s e s  i n  t h e  L i 7 - e n r i c h e d  region o f  t h e  column T I  e f f l u e n t ,  
o f  t h e  C Q l n t m l I  I f1  e f f l u e n t  h a s  been  abandoned ,  
r i c h e d  r e g i o n  i n  column PI have been minimized, 

Future Ppork, A t h i r d  e x p e r i m e n t  s i m i l a r  t o  t h e  two d e s c r i b e d  above h a s  
been s t a r t e d  The exchanger hein&: u s e d  i s  from special b a t h ,  XE-97 and is a 
c a r b o x y l i c  exchange r e s i n  manufac tu red  by Rohm and Hass Company o f  t h e  TRC-SO 
t y p e ,  T h i s  e x p e r i m e n t  w i l l  b e  c o n t i n u e d ,  and a t  least one column e x p e r i m e n t  
with NaPcite HCR a t  h i g h e r  t e m p e r a t u r e  w i l l  be conducted,  

One member sf the group w i l l  spend some time a s s i s t i n g  i n  t h e  development 
b y  t h e  A n a l y t i c a l  Chemistry Division 0f a mass a n a l y s i s  p rocedure  based  on t h e  
c o u n t i n g  of t r i t i u m  f rom n e u t r o n - i r r a d i a t e d  samples  o f  l i t h i u m  s a l t s ,  



G .  E ,  Boyd Q. V, Lasson 

The  p r e s e n c e  of  d i f f u s i b l e  a n i o n s  (el- and Br'.) in c a t i o n  e x c h a n g e r s  
and d i f f u s i b l e  c a t i o n s  ( N a t )  i n  a n i o n  e x c h a n g e r s  h a s  been  d e m o n s t r a c e d  u s i n g  
activation analysis t e c h n i q u e s .  In g e n e r a l p  t h e  c o n c e n t r a t i o n  of d - - f f u s i b l s  
a n i o n s  (or c a t i o n s )  is l e s s  i n  ' t h e  wzc.er  o f  g e l a t i n  o f  t h e  e x c h a n g e r  t h a n  
i n  the e x t e r n a l  s o l u t i o n ,  a s  r e q u i r e d  b y  she Gibbs-Donnan e q u a t i o n s  a s s u m i n g  
B membrane equnlibrium. The r e l a t i v e  exclusion was found  to be g r e a t e r  t h e  
greater t h e  cross- l i n k i n g  of t h e  e x c h a n g e r .  At,  c o n s t a n t  cross- l i n k i n g  t h e  
Br" i o n  c o n c e n t r a t i o n  i n s i d e  was a l w a y s  less t h a n  Cl" ion when t h e  e x t e r n a l  
m o l a f i t i s s  o f  HCl and  H13r were the samee A ~ s Q ,  the a x c l t r s i o n  o f  d i f f u s i b l e  
C l "  ion was g r e a t e r  w i t h  t h e  ti fo rm t h a n  with the:  H+sform o f  t h e  cation ex- 
c h a n g e r  when t h e  a x z e r n a l l  s o l u t i o n s  were L i C l  and HC.1 r e s p e c t i v e l y ,  The 
s i m p l e  Donnan e q u a t i o n s d i d n o t  d e s c r i b e  t h e q u a n t i t a t i v e  d a t a  even  when changes  
I r z  vo~i lmi t  diic to s w e l l i n g  were t a k e n  i n e o  a c c o u n t .  In c o n n e c t i o n  with t h e s e  
s t u d i e s  m o i s t u r e  c o n t e n t s  o f  t h e  v a r i o u s l y  c r o s s - l i n k e d  p r e p a r a t i o n s  of c a t i a n  
e x c h a n g e r  w e r e  measu red  as a f u n c t i o n  o f  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 ,  
A s i m p l e  r e l a t i o n s h i p  between t h e  moisture c o n t e n t  o f t h e  H-form i n  e q u i l i b r i u m  
w i t h  p u r e  water and the d e g r e e  of e r o s s - l i n k i n g  was found,  T h i s  was: 

gc'H,o 2 , 3 8 0  .., Y 

g"dr$ l  HI? dx 

where X is t h e  nomenal  percent di-y inyl  benzene (KWE3) c o n t e n t  An i n t e r e s t i n g  
a d d i t i v i t y  r e l a t i o n  connecting t h e  s p e c i f i c  v o l u m e  and t h e  m o i s t u r e  c o n t e n t  
was a l s o  observed-  The d a t a  whi@h chesa  conclusions are b a s e d  a r e  g i v e n  
in Fig, 20 through 24., 

I O N  ~ X ~ ~ A N ~ ~  KENETl[CS: TBE BELF*DfPPUSEON OF IONS 
IN AND THROUGH ~~~~~~~ ION-EXCHANGE POLYMERS 

E .  

Apparent self d a f f u s i o n  c o e f f i c i e n t s  f o r  8 v a r i e t y  o f  c a t i o n s  and anions 

i n  p o l y s t r e n e - d i v i n y l  benzene base c a t i o n  and a n i o n  e x c h a n g e r s  r e s p e c t i v e l y  













have been measured using r a d i o a c t i v e  i s o t o p e  t r a c e r  t e c h n i q u e s .  The r e s u l t s  
tire g i v e n i n F i g .  25 through 31.  f n c r e a s i n g  i o n i c  c h a r g e  was found to decrease 
the d i f f u s i o n  rate markedly, whereas the a c t i v a t i o n  ene rgy  i n c r e a s e d  only from 
5000 to approximately 10 ,000  c a l / m o 2 e h  Diffusion r a t e s  f o r  a g i v e n  i o n i c  
s p e c i e s  decreased w i t h  i n c r e a s e d  c r o s s - l i n k a g e  from a n o m i n a l  1% d i v i n y l  
b e n z e n e  c o n t e n t  up t o  16X, w h i l e  t h e  a c t i v a t i o n  e n e r g i e s  rose o n l y  s l i g h t ; l y *  
The  i n f l u e n c e  of the chemica l  n a t u r e  o f  the s t r u c t u r a l l y  bound exchange group 
on the diffusion rate was also de te rmined ,  

1 

R a d i o a c t i v i t y  measu remen t s  were r f o r m e d  with h i g h  a c c u r a c y  using a 

45 geomet ry  s c i n t i  1 L a t i o n  couinter 

ION EXCBANQB ZN NOH*AQUEOUG W B f A  

F. S o  Change, JF.' (wi th  G. E.  Boyd) 

The f e a s i b i l i t y  oE i o n  exchange from non-aqueous media has been J n v e s t i -  

g a t e d  u s i n g  Amberlike XRC-50 or Dower 5Q t o  remove sodium ions from 0.4. molar 
s o l u t i o n s i n  (1) methanol ,  ( 2 )  equa l  volumes methanol and benzene,  ( 3 )  ethylene 
g l y c o l ,  ( 4 )  m i x t u r e s  of  ethylene glycol and me thano l ,  ( 5 )  one volume methanol  
mixed wich t h r e e  volumes acetoneD and ( 6 )  ethylene glycol a n d a c e t o n e  m i x t u r e s .  

The sodium was p u t  i n t o  srrlution a s  sodium hydroxide o r  sodium i o d i d e  
and Na24 w a s  used as a t . racer ,  The r e s i n  bed was approx ima te ly  10 cm deep and 
1 s q  cm ia cross section, Aqeuous a c i d  was used f o r  r e g e n e r a t i o n .  The r e s i n  
W A S  equilibraked with t h e  s o l v e n t  t o  b e  used b e f o r e  s t a r t i n g  t h e  e x h a u s t i o n ,  
b u t  no effort was made t o  make the resin m o i s t u r e - f r e e .  

The following results h a v e  been o b t a i n e d :  

(1) Ton exchange  takes p l a c e  r e a d i l y  from non-aqueous  media u n d e r  the 

c o n d i t i o n s  i n v e s t i g a t e d .  

( 2 )  The rate o f  exchange with Arnbelr l i te  IRC-50  (weak acid exchanger )  i s  
g r e a t l y  a f f e c t e d  by t h e  viscosity oE t h e  non-aqueous s o l u t i o n -  

( 3 )  Dowex 50 (strong a c i d  e x c h a n g e r )  shows l i t t l e  c h a n g e  i n  r a t e  of 
exchange a s  t h e  s o l u t i o n  p r o p e r t i e s  v a r y ,  

( $ 1  A r n b e s l i t e  IRC.5U increased i n  s i z e  when t h e  o r g a n i c  solvent was 
p a s s e d  t h r o u g h  t h e  waeer.swet bed ,  b u t  Bowex 50 showed n e g l i g i b l e  change ,  

* ltsrnber D s p t .  of Chemica l  Engineer ing .  Universdty of Tennessee and A,&,C. S'redoctorsl Fellow, q r N S ,  
Oak Ridge Tennes sees  

E15 

















These f i n d i n g s  i n d i c a t e  t h a t  t h e  organic solvents employed do n o t  remove 
qhe water  o f  g e l a t i n  from t h e  r e s i n ,  and t h e r e f o r e  t h a t  w e t  r e s i n s  can be 
u s e d  for  c a t i o n  exchange i n  various non-aqueous  s o l v e n t s .  When t h e  r e s i n  
undergoes fur ther  swelling b y  the  s o l v e n t ,  some s o l v e n t  i s  incorporated  i n t o  
t h e  r e s i n  and may m a t e r i a l l y  a f f e c t  t h e  r a t e  of  exchange, 

S imi lar  type i n v e s t i g a t i o n s  will be made for  anion exchangers.  

12 3 



FZSSIQN PR@DhJCT SEPARATIONS 

A number o f  e f f i c i e n t  

PBOCfUCP A#IO#dj BY TON *EXCHARGE CBBOIATOGBAPIY 

V. Larson G e  E. Boyd 
R. W. A t t e b e r r y  

s e p a r a t i o n s  o f  a n i o n i c  f i s s i o n  p r o d u c t  e l e m e n t s  
a s  w e l l  a s  t h e  f r a c t i o n a t i o n  of t h e  t r a p s i t i o n  elements kin, Fe, Co,  N i  Cu and 
Z n  have  been  a c c o m p l i s h e d  d u r i n g  t h e  p a s t  q u a r t e r .  Both s a l i d  and  l i q u i d  
chromatograms were measured i n  t h e  m o n i t o r i n g  o f  t h e s e  s e p a r a t i o n s <  fn t h e  

former c a s e  c h a n g e s  i n  t h e  d i s t r i b u t i o n  of gamma e m i t t i n g  r a d i o a c t i v i t y  i n  
t h e  bed were mapped o u t  b y  s o a n n i n g  w i t h  e s c i n t i l l a t i o n  c o u n t e r  c o n t r a i n e d  
to more p a r a l l e l  t o  the a x i s  of t h e  bed. The c o n c e n t r a t i o n  h i s t o r y  of  r a d i o -  
a c t i v i t y  i n  e f f l u e n t  s o l u t i o n s  from the column was d e t e r m i n e d  u s i n g  e i t h e r  
b e t a  p r o p o r t i o n a l  c o u n t i n g  t u b e s  o r  flow t y p e  i o n i z a t i o n  chambers c o n n e c t e d  
t h r o u g h  a dynamic c o n d e n s e r  e l e c t r o m e t e r  50 a p o t e n t i o m e t r i c  r e c o r d e r .  The 
strong base a n i o n  exchangers Dawex-1 and Dowex-2 were u s e d  i n  khe s e p a r a t i o n s .  
Also, a campliete s e p a r a t i o n  
Rr', I-* TcO,' and Reo,- was 

o f  a mixture 

demonstrated 

of t h e  se 

u s i n g  NO, I 
v e n t h  group anions, C l " ,  
ion a s  an eluting a g e n t ,  
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N E U T R O N  DIFFRACTION 

ti. A .  Levy and S .  W .  Petersan 

The i n s t a l l a t i o n  of t h e  new n e u t r o n  d i f f r a c e i o n  s p e c t r o m e t e r  has been  
c o m p l e t e d  d u r i n g  t h e  p r e s e n t  q u a r t e r  I The HaCi monochromat iz ing  c r y s t a l  
selects a wave l e n g t h  o f  1,19 and provides  a beam of about 106 neutrons  per 
minute acrGss  the spectrometer table, Measurements o f  the  e n e r g y  s p r e a d  and 
other c a l i b r a t i o n s  are In  p r o g r e s s .  

U i f f r a c t i o n  s t u d i e s  i n  progress i n c l u d e  a v a r i e t y  of amorphous hydrated 
ox14:es ( s i l i c a  g e l ,  chromic  o x i d e )  brought b y  Prof. W, 0. M i l l i g a n ,  f u s e d  
s i l i c a ,  a-quartz, and c r y s t a l l i n e  Cr ,O, .  



CALORIMETRY OF RADIOACTIVITY 

G ,  H. J e n k s  and J .  J .  Hairsto; 

As d i s c u s s e d  p r e v i o u s l y , ( ' )  t h e  c a l o r i m e t r y  group h a s  been c o o p e r a t i n g  
w i t h  t h e  It'lTR g r o u p  i n  a d e t e r m i n a t i o n  of  t h e  e f f i c i e n c y  o f  t h e  i o n i z a t i o n  
chambers  used i n  m o n i t o r i n g  che gamma f l u x  i n  %he  WITR Mock-up. This deter -  
m i n a t i o n  h a s  been comple t ed  and a reporr, of the work is  i n  p r e p a r a t i o n ,  

The method of c a r r y i n g  ou t  t h e  d e t e r m i n a t i o n  was o u t l i n e d  i n  s a  d e t a i l  
in the previous reportaC2 1 B r i e f l y ,  it c o n s i s t e d  o f  measuring,  calorimetrical- 
l y  t h e  heat; generated i n  a smal l  s e c t i o n  of g r a p h i t e  placed in Hole 12 of the 
X - p i l e  and comparing t h i s  q u a n t i t y  w i t h  t h a t  cornpuced from read ings  o b t a i n e d  
w i t h  an i a n  chamber i n  t h e  same p o s i t i o n ,  The r a t e s  o f  h e a t  g e n e r a t i o n  i n  
g r a p h i t e  a s  de te rmined  b y  the two methods were found t o  a g r e e  closely. D e t a i l e d  
results w i l l  be i n c l u d e d  i n  the report of t h e  work. 

( 1 )  J e n k a ,  C .  tI. and Sweeton ,  F II " ' C a l o r l a e t r y  of R a d i o a c t i v i t y s "  Chemistry D i v i s i o n  
Quarterly P r o g r e s s  Report f o r  Period Ending March 31, 1950, OPML 68fig l a 9  (June 16, 1 9 5 0 )  

( 2 )  I b t d .  
* 

Assignad f r o m  t h e  MTX Development Group. 
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M I C R O W A V E  SPECTROSCOPY 

Ralph  Ei v i n g s  t o n  

The equ ipmen t  f o r  d e t e r m i n i n g  t h e  n u c l e a r  s p i n  o f  113' is now e s s e n t i a l l y  
c o m p l e t e m  Two t e s t  r u n s  have  been  a t t e m p t e d ,  The f i r s t  e x p e r i m e n t  w 8 s  t r i e d  
a s  a p r e l i m i n a r y  test o f  t h e  r emote  c , o n t r o l  e q u i p m e n t .  A sample o f  kd2' w i t h  
n o  a d d e d  t r a c e r  a c t i v i t y  was used A few m i n o r  d i f f i c u l t i e s  i n  t h e  r e d o t e  
c o n t r o l  s y s t e m  were f o u n d  and c o r r e c t e d  A l t h o u g h  t h e  mlE;chanical e q u i p m e n t  
worked w e l l ,  t h e  s y n t h e s i s  o f  me thy l  i o d i d e  was no& s u c c e s s f a l ,  This may have 
been  due  eo t h e  u s e  o f  a n  o l d  ampoule o f  r e a g e n t s  l e f t  f rom t h e  work of l a s t  
y e a r  

I n  t h e  second  t e s t  run, s e v e r a l  m i c r o g r a m s o f  plus 50 m c  o f  were 

u s e d .  The s o l u c i o n  t r a n s f e r  and e v a p o r a t i o n  s t e p s  of t h e  c h e m i c a l  s y n t h e s i s  
were successful, but t h e  run was t e r m i n a t e d  b e c a u s e  o f  a l e a k y  bell j o i n t *  
A c t u a l l y  t w o  b a l l  joints d e v e l o p e d  high vacuum leaks. b u t .  only one o f  t h e a e  
_. llpu . - ic 8 aelrious enough place t o  w a r r a n t  t e r m i n a t i o n  o f  t h e  C e s t .  This b e l l  

j o i n t  i s  b e i n g  r e p l a c e d  with ti s t a n d a r d  C a p e r  joint;, and B few m e c h a n i c a l  
changes  a r e  b e i n g  made. The f i n a l  eqq ipmen t  w i l l  be described i n  d e t a i l  after 
t e s t  r u n s  a r e  c o m p l e t e d ,  

D r ,  0. h .  G i l l i a r n  of Duke U n i v e r s i t y  i s  s p e n d i n g  most o f  t h e  summer a t  
t h e  L a b o r a t o r y  w o r k i n g  on t h e  i o d i n e  n u c ' l e a r  moment p r o b l e m  H e  r e c e n t l y  
c o n s t r u c t e d ,  a t  Duke U n i v e r s i t y ,  a s t a b i l i z e d  mic rowave  o s c i l l a t o r  a t  9088 

megacycles and a h a r m o n i c  m u l t i p l i e r ,  T h i s  e q u i p m e n t  h a s  b e e n  i n c o r p o r a t e d  
w i t h  t h e  methyl i o d i d e  microwave s p e c t r o m e t e r  to g i v e  r e f e r e n c e  s i g n a l s  s o  that 

p r e c i s e  h y p e r f i n e  l i n e  s e p a r a t i o n s  can  be made> 

Drs. .  J K i l p a t r i c k  and J .  G o l d s t e i n  have  j o i n e d  t h e  microwave g r o u p  f o r  
the summer I)r K i l p a t r i c k  has s t a r t e d  t h e o r e t i c a l  work c o n c e r n i n g  t h e  z e r o  
p o i n t  v i b r a t i o n a l  e n e r g y  problem i n  t h e  s y m m e t r i c  t o p  m c l e c u l e .  @r, G o l d s t e i n  
is c o n c e r n e d  with some a s p e c t s  of paramagnetic r e s o n a n c e  phenomena .  S i m p l e  
pa ramagne t i c  r e s o n a n c e  equipment  i s  n e a r  c o m p l e t i o n .  The equipment  i n c l u d e s  a 

new k l y s t r o n  power  s u p p l y  d e v e l o p e d  b y  E o  F a i r s t e i n  w h i c h  i s  proving h i g h l y  
s u c c e s s f u P  ~ 

* 
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EXPERIMENTS IN 

Pb 

The f i r s t  o b j e c t  o f  t h e s e  experiments c o n t i n u e s  t o  be  a s t u d y  o f  t h e  
r e a c t i o n s  of potassiuir i  w i t h  B r a  f i R s  and organic bromidese Malesu lar  beam 
t e c h n i q u e s  a p p l i e d  to $uch r e a c t i o n s  o f f e r  the possibility taf a more p e n e t r a t -  
i n g  study of t h e  fuedmenta. ls  of chemical. r e a c t i o n s  than can be made by eon-. 

vent ionaj .  means* Neutron acoivat ican i s  EO he used ta I I I B ~ S U S ~  t h e  minute amounts 
of bromine i n v a l v e d  i n  the experiments, 

The m o d i f i e d  apparatus was a s s e m b l e d  and t e s t e d  a t  t h e  beginning of t h i s  
q u a r t e r *  IC was s a t i s f a c t o r y  except for t h e  e x t e r n a l l y - o p e r a t e d  movement o f  
she surface ionization gage which showed considerable i r r e p r o d n c i b i l i t y .  ?"his 
has been avoided b y  b u i l d i n g  a window i n  the vacuum t a n k  through which che 
position of  t h e  gage can hie measured with  a microscope of long f o c a l  l e n g t h *  

Some i r r a d i a t i o n s  o f  KBr on plat inum f o i l s  were made t o  t e s t  further f he 
separat ion  zinc3 csunking p r o c e d u r e s .  The separation o f  radio bromine is carr ied  
Q U ~  by exchange with an e x c e s s  of ord inary  gaseous Br,  which i s  then  r e a c t e d  
completely w i t h  a t h i n  d e p o s i t  of calcium A b l a n k  irradiation of a c l e a n e d  
platinum f o i l  gave B s a t i s f a c t o r i l y  low count ing  rate, less  than one c o u n t  per  
minute i n  t h e  s tandard b e t a  p r o p o r t i o n a l  counter., A s m a l l  amounk of KBr was 

sintiEasLy i r r a d i a t e d  to g i v e  a sample f o r  d e c a y  st.;udy, AS p r e v i o u s l y  o b s e r v e d  
w i t h  smaller q u m t i t i e s ,  t;he c h l o r i n e  presenit  as impurity i s  measurable  a f t e r  

long d e c a y  b u t  a p p e a r s  to contrabimte o n l y  a h o u t  IO'% of t h e  counting r a t e  
olbservsed initial By. 

Diffieultaes h a v e  been observed  i n  nteasurements at l o w  coi int i r ig  rates b e  
c a u s e  ~f non-scat istical v a r i a t i o n s  in the b a c k g r o u n d  over p e r i o d s  of time 

comparable to t h e  fames n e c e s s a n  for counting %he s a m p l e s  IC i s  planned t o  

eliminate s u c h  u n c e r t a i n t i e s  by <fie u s e  of t w i n  prop~rtiona I c~untet-s u s i n g  
one for foilowing t h e  background 
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Cabaft OOSSW Bay kbuteeu The eabalt g;a~ama.raysrource mentioned pseviomsly  
has been in almost constant use dursirng the quarcer and has proved t o  be h i g h l y  
s a t i s f a c t o r y .  It will be d e s c r i b e d  in detail in a s e p a r a t e  r e p o r t .  The besl; 
present value f o r  t h e  dose rate at t h e  c e n t e r  is 3880 r / m i n  measured with %he 
a c i d  FeSO, e ~ t i n ~ m e t e r ,  assuming a y i e l d !  of 20,6 e q u i v  oxidized/lO@ ev 

~eeemposPtiea of P n s d  8 5 d i m  f fy&rt~~iMe by 1.33 #Iev Efsetroneo There is 
some i n t e r a s k  in she use of Na0T-I in h i g h  L e m p e r a t a ~ e  nuclear  reactor^, and its 
s t a b i l i k y  under i r r a d i a t i o n  is the2:efar.e ' P I S I ~ Q P ~ G I ~ ~  A p r e l i m i n a r y  experiment 
was done to look for any deeomposi&ian 

Reagent grade NaOH (Baker's C P S J  9 8 + , 9 %  NaOH3 was melted under vaetttlm 
in a n i c k e l  c r u a i b l e .  After cooling, the crucible was transferred EO a Pyrex 

i r r a d i a t i o n  ce l l .  which was e v a c u a t e d  and  hen i r r i a d i a z e d  f o r  40 minutes  w i t h  
1.33 lyfv e l e c t r o n s  a$ 20 microamperes, The energy from the e l e c t r o n  heam was 

s u f f i c i e n t ,  co keep the MaON at &,ut 400°C iiw. Pt  318°C)  upan analysis, 
about 0 05 mP H, ( 3  T . . P < )  wag found i n  t h e  gas phase ,  and no none was obtained 
on d i s a o l v i l n g  c;he s o l i d . .  The resulting soPtitiatn had no o x i d i z i n g  power. A 
similar small a m ~ u n t  a€ H, was frpund over NaON which had been merely fvsed in 
a n i c k e l  ctt~ciblp? There was little e ~ r r o ~ i o n  of the c r u c i b l e  in either c a s e ,  

These resulos c o n f i r m  e x p w t s t l o n s  c h a t  NaOH would be r a t h e r  s t a b l e  
under r a d i a t i o n .  



from maintenance 
descr ibed  b r i e f l y  below" 

A number of s u c h  i r r a d i a t i o n s  made during t h i s  p e r i o d  ape 

Suerose: earned p i n k  within one w e e k . .  A sample of 1-5 g y i e l d e d  
about 0-3. a18 of gas (evolved on solution in water)  composed of 24% 
CQ2$ 5% CO and 41% E,. The solu%.ion was s t r o n g l y  reducing 

Solid phosphabes are being i r r a d i a t e d  to see whether oxidation QP 
r educ t ioq  by r a d i a t i o n  are responsible €02 d i f f i c u l t i e s  experienced 
in t racer  s t u d i e s  u s i n g  pile-irradlaced phosphate rock in f e r t i l i z e r  
experiments . 

Aquq~)tis aallutirams aP v ~ r i o u s  srnlfar c o n t a i n i n g  salts wrz? i r r a -  
d i a k e d  t o  h e l p  clarify che p o s s i b i l i t y  o f  sulfate reduction in the 
proposed homogeneous reactor . No on of axidation state as high 
or higher zhan s;aPfite appeared by litative t e s t s  to be reduced 
T'hw Fl&,S,O, gave an odor ~f H,S end a precipiYage of S, but Na,SQ,, 
K,SO+ and Nat§,O, gave noodsr  orprec ip i ta te  Sodium m e t l a  bisulfite, 
Na,S,O,, gave  a strong odor of SO, 

E l e c t r i c a l  conduc tance  measurements on H,O and CD aqueous UO,SO, 
were not  rntsssurably af fected by the. gamma say f i e l d  This waa co be 
expected, b u t  I test was desired in view of the possibility of u s i n g  
c~nductanee messnrcments as a concentration c o n t r o l  in the! proposed 
homogeneous seaea;m. 



Mosc of t h e  recent work in t h i s  prohlem Ah8 been summarized in t h e  Homo-. 
geneous Heasctor Experimenk Feasibility R a p o r t  (ORNL 7 3 0 )  w h i c h  has j u s %  been 
i s s u e d ,  As  i n d i c a t e d  these ,  t h c . p r i n c i p a E  problem seems now t o  be t h e  e f fect  
o f  radiation on c o r r o s i o n ,  and emphasis is ~ h e s e f o r e  being p l a c e d  on t h i s  
a s p e c t  of the work+ 

One i n s p i l e  e x p e r i m e n t  has Bean completed s i n c e  t h e  i s s u a n c e  of t h e  
feasibility separt T h i s  axgerimene R ~ S  done w i t h  an initial c h a r g e  of  0, i n  
t h e  bomb t 5  d e t e r m i n e  t h e  e f f e c t  o f  t h i s  on t h e  c a s r o s i o n  of  the s t a i n l e s s  
s e e e l  The r e s u l t s  ~f the experiment were too e o m g f i c a t e d  for interpretation 
withoua; f u r t h e r  work. There a p p e a s e d  to Be either no gas producst i ion or  a 
long d e l a y  ( severa l  daysb i n  i t s  inception, bus this s u p e r f i c i a l l y  p r o m i s i n g  
r e s a l t  i s  offset by the fact t h a t  most. or a l l  of the uranium p r e c i p i t a t e d  from 
the s o l u t i o n  A detailed examination of t h e  corras ion b a i y v i o r  a w a i t s  rad io -  
active cooling o f  the m e t a l  s a m p l e l  C o r r o s i o n  d i d  n o t  appear t o  be s e n i o u s .  

Further  experiments aye i n  progress to e l u c i d a t e  t h e s e  results and to  ex-. 

p l o r e  t h e  p o s s i b l e  aaesbu8nssjs of lower coneen~rations o f  o x y g e n  ( t h e  i n i ~ i a P  
p a r t i a l  pressure  of 8, in this e x p r i m e n %  w a s  258 P b / i n 2 ) ,  



The a v a i l a b i l i t y  0 %  the  c o b a l t  gamma ray s o u r c e  makes precise y i e l d  meas- 
urements p o s i i b l e ,  and t h e s e  have been s c a t t e d  f o r  v a r i o u s  r e a c t i o n s  o f  in -  
terest;.  Considerable e f f o r t  has been s p e n t  i n  devising and building i r r a d i a -  
t i511 c e l l s  end holders. to ~ S G U I C B  r e p k ~ d  ibHe positioning of t h e  s a m p l e s  i n  
t h e  source, The measurements a l r e a d y  made w i l l .  be r e p o r t e d  briefly, d e f e r r i n g  
nn extenclad diec iaas ion until more data  have been aecumulatedv 

r 

Th'e y i e l d  o f t h e  forward r e a c t i o n ,  c h a t  is the f r a c t i o n  o f  water decomposed 
g o i n g  d i r e c e l y  toll., and H202 and n o t  t h e  n e t y i e l d  i n c l u d i n g  the back r e a c t i o n ,  
was meiaslnred by the e x p s d i e n k  of  adding a s g l u t e  wrhie? would react w i t h  the 
radicals and hence eliminate the back relaction: Ferrous  i o n  was used to re- 
R C E  with OH r a d i c a l s  i n a n  O,-satuseced so lue ion for whiqh the y i e l d  of ferrous 
i o n  owidaziion is well known and reproducible, and can  therefare  s e r v e  as an 

act inometer  The e x t e n t  o f  the  forward r e a c t i o n  was deeermined by rneakuring 
t h e  amount o f  B, formed. The c o n c e n t r a t i o n s  of .the r e a c t a n t s  and the  y i e l d  
calculated from t he  r e s u l t s  are  given belows 

Initial H'* O L 4  A4 H,SO, 

Initial FC?*#+ 

Initial 0, approx. 1255 micromoies/liter 

Fe' -,' erxidi zed 3820 mieromoles/liter 

5, prodaced 8 4 .m ic r omo 1 e s / 1 i t e t 

5'fdO rni>romakes/ l i t e  r 

G -. iatcoleculea H , / m  e /  .~ 0 * 4 5  

T h i s  i s  i n  f a i r  a g r e e m e n t  with Fricke's value of  0.57C'j o b t a i n e d  w i t h  
110 #y X - r a y s  using other reduc ing  a g e n t s -  That value becomes 0 55 if c a l -  
c u l a c e d  on the b a s i s  5% c $ 20+6 f o r  Fe'" o x i d a s i o n ,  t h e  v a l u e  u s e d  i n  the 
present  work 

(1) Frieke, 8. mnd N s r ~ ~  E., " 3 % ~  OrnidslrSon of tbs H L t 8 t e  to the  Ndttate Ion CY the Irrndiatdon of 
I?:S Aqueous 8a iuu . iom w ~ t h  X Bag.@, ,fu Cplsae, P A j a ,  3, 369 : e s ~ j .  
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The yiel .$ of the back reaction, 

was likewise s t u d i e d  w i t h  t h e  cobalt gamana s ~ ) u r c c ,  giving t;he r e s u l t s  in 
Table I Values  p r e v i o u s l y  obta ined  w i t h  e lectrons  are quoted for c ~ m p a r i s ~ n .  

TABLE: Bi 

Beceap€mit$sn oP Water by Qamna Rays &rad by Ellactrose 

R M T  AT XOH 

* Gamma dase measaped by a c i d  FeSO, artiriornetes assuming G 20-6 for 
oxidarisrn of fersous i o n  









a 35, 





The band r i c h  peak a$ 3100 1 is seen t~ approach a limiting d e n s i t y  while t h e  
2500 1 band c o n t i n u e s  to build up almost linearly w i t h  dwe. 

we hope that c o r k @ ~ a r i m n o f g l a w  Fames and corresponding emissiunr spe@&ra 
w i t h  formation and disappearance of coPr>r c e n t e r s  will be more enlightening 

fog t h e  alkali halides whose a b s ~ r p t . i o t ~  bands have been i d e n t i f i e d  with s p e c i f i c  
configurations, 



I?XT'lXT OF W ~ f A F X O N  ON H m € i G m t §  CATALYSTS 

J A Wethington 

It was mentioned in the previous report; that the exchange between €I2 and 
D, was 4;o be used t o  asseas p a s s a i b l e  e f f e c t s  o f  r a d i a t i o n  upon c a t a l y t i c  
a c k i v i t y ,  It was hoped t ; ~  o b t a i n  maasoremant of  t h e  extent  of exchaage by 
mass spectroscopic d e t e r m i n a t i o n  of €El9 h u ~  this p r o v e d  t o  be i m p o s s i b l e  with 
the equipment a v a i l a b l e  

I t  is t h e r e f o r e  i n t e n d e d  t o  ahaEyae f o r  HD by t h e r m a l  c o n d u c t i v i t y * a  

less s e n s i t i v e  b u t  more r e l i a b l e  method than masts spectroscopy, A thermal  
c o n d u c t i v i t y  gage has  been d e s i g n e d  far  this purpose  and should b e  in use 
s h o r t l y  I t  incorporates f e a t u r e s  which s h m b d  make it s i m p l e r  and more  re-- 
l i a b l e  ehan previous  thermal c o n d u c t i v i t y  gages 
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DXSCRIMXNATION A G A I N S T  BACKGROUND FOR C14 C O U N T I N G  

C1 f. Borkawski and E b  Fairstein 

Work has hegun 'on the counting of Cp4 when t h e  C Z 4  r a t e ' i a  close to the 
normal backgsonnd ra te  of the p r o p o r t i o h a i  counl;er. The f e a s i b i l i t y  of dis- 
criminating betlean t h e  CI4 I;;o; b&#&attnd4 c&ta b3 means of  energy 
rneasnrtgmen ts is b e i n g  exaaiaed. daze, Q O  i e i m i f i c a n t  data have been ob- 
tained- The major d i f f i c u l t +  at preseqt is r;he d r i f t  in counting y i e i d  i n  the 
chanher for  a givtSn pulse-height selector s a o t i n g ,  Since it is  necessary t o  
take  daca over a per iod  of  48 hours f p r  each set of conditions, the  d r i f t  b e -  
comes important, 

The d a t a  which hase been taken  seems t o  i n d i c a t e  t h a t  i n  this p a r t i c u l e r  
chamber, the p u l s e - h e i g h t  d i s t r i b u t i o n  of the 'background  i s  close to t h a t  o f  
the C X 4 *  However, most  o f  the background is due t ; ~  local gamma radi -at ion and 
n o t  t o  m e i o t ~ s ,  r f  the lac ter  were t h e  source, b e c t e r  discrimination a g a i n s t  
the background c o u l d  be obta ined  

The present; chamber i s  a hemisphere, f i l l e d  with. 90% argon  and 10% 
methane. The c e n t r a k w i r e  configuration is s u c h  that a good peak i s  obtained 
for a 7 Ke.v X-ray  emitter,  

Ultimately, CX4 w i l l  b e  measured by count ing  i t  i n  the gas phase, although 
the data s o  f a r  obta ined  are for a s o l i d  source. 
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A L P H A  ENERGY ANALYZER 

E .  F a i r s t e i n  

The a l p h a  energy a n a l y z e r  shawed t h e  f o l l o w i n g  faults a f t e r  abou t  a year's 
s e r v i c e :  

1. The 6AG7 a m p l i f i e r  t u b e s  and .&he h i g h  v o l t a g e  r e g u l a t o r  
sed  r e p l a c e m e n t  about t w i c e  a s  o f t e n  a s  any o f  t h e  o t h e r  

t u b e s .  

The a m p l i f i e r  s t a b i l i t y  was not as good a s  d e s i r e d  w i t h  r e s p e c t  
t o  voltage d i s t u r b a n c e s  at t h e  input  c i r c u i t .  

2. 

A t  p r e s e n t ,  t h e r e  is n o  s a t i s f a c t o r y  substitute f o r  t h e  6BG6G. 

Both t h e  main amp, l i f ier  and t h e  p r e a m p l i f i e r  were r e d e s i g n e d  in an a t t e m p t  
t o  remove the o'ther shor t comings  mentioned.  The c i r c u i t  o f  the new a m p l i f i e r  
a p p e a r s  i n  F i g *  3 4 *  The p r e a m p l i f i e r  has been s i m p l i f i e d , b y  using t r i o d e s  
where  p o s ; s i t l + ,  and  by using p o s i t i v e  feedback between t h e  second  and t h i r d  
s t a g e s .  The i n c r e a s e  i n  g a i n  e h i c h  r e s u l t s  from t h i s  a p p l i c a t i w  of feedback 
does away w i t h  t h e  n e c e s s i t y  for by-pass  c a p a c i t o r s  in t;hese two s t a g e s .  T h i s  
r e p r e s e n t s ' a n  iBprovement  in the r e l i a b i l i t y  of o p e r a t i o n  s i n c e  t h e  l i m i t e d  
s p a c e  i n  a;he p r e a m p l i f i e r  box r e q u i r e d  t h e  use of m i n i a t u r e  ( and  i n  t h i s  case 
poor  q u a l i t y )  capacitors. 

The u s e  of p o s i t i v e  feedback i s  e s p e c i a l l y  easy t o  app ly  i n  a t h r e e  t u b e  
feedback loopu. The b a s i c  r equ i r emen t s  which m n s t  b e  met f o r  s t a b i l i t y  a r e :  

2 -  

2 .  

The  p o s i t i v e  f e e d b a c k  l o o p  must be  s m a l l e r  t h a n  and be w i t h i n  
t h e  n e g a t i v e  f e e d b a c k  l o o p ,  

The s t a g e s  w i t h i n  t h e  p o s i t i v e  f e e d b a c k  loop must have a wider  
pass band bhan the stages e x t e r n a l  to the l o o p ,  The l o w  f r equency  
r e sponse  is especially i m p o r t a n t  ( t o  p r e v e n t  m a t o r b o a t i n g ) ,  When 
t h e s e  c o n d i t i o n s  a r e  m e t ,  t h e  n e g a t i v e  f e e d b a c k  c o n t r o l s  %he  
a m p l i f i e r  g a i n  arid f r e q u e n c y  r e s p q n s e ,  which is t h e  d e s i r a b l e  
s i t u a t i o n  

Where bandwid th  r e q u i r e m e n t s  p e r m i t  t h e s e  c o n d i t i o n s  to fie m e t ; ,  it a p p e a r s  
t h a t .  the use of  p o s i t i v e  f e e d b a c k  c a n  be used t o  a d v a p t a g e  i n  many i n s t r u -  
m e n t a t i o n  p r o b l e m s ,  
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The method of  i n c r e a s i n g  t h e  i n p u t  s i g n a l  size by f e e d b a c k  to a g u a r d  
e l e c t r o d e  was d i s c o n t i n u e d ,  s i n c e  t h i s  c a n  b e  shown t o  be an u n d e s i r a b l e  
a p p l i c a t i o n  af p s s i s i v e  feedback. The p o s i t i v e  feedback loop  h e r e  i s  as  l a r g e  
as t h e  n e g a t i v e  feedback loop ,  and t h e  two feedback f a c t o r s  add a l g e b r a i c a l l y ,  
The effeco is todecrease  the net n e g a t i v e  feedback and t h e r e f o r e  Che s t a b i l i t y  
o f  t h e  s y s t e m ,  I t  i s  e q u i v a l e n t  t o  b r e a k i n g  t h e  p o s i t i v e  f e e d b a c k  Paop and 
d e c r e a s i n g  t h e  amount of negative feedback t o  r e s t o r e  the  Pass i n  s i g n a l  h e i g h t .  

I n s t e a d  of using f e e d b a c k  t o  t h e  guard ring, t h e  main a m p l i f i e r  was re- 

d e s i g n e d  to g i v e  g r e a t e r  g a i n  without a l o s s  i n  stability. The 6AC7 t u b a s  
were also r e p l a c e d  by  6V6 t u b e s  b e c a u s e  u f  t h e i r  l o n g e r  l i f e .  

The bandwidth of the system i s  c o n t r o l i a d  e x t e r n a i  t o  t h e  f eedback  loops, 
i n  t h e  i n t e r e s t  of s t a b i l i t y .  The r i s e - t ime  o f  t h e  s y s t e m  is  about  e i g h t  
microseconds,  while the f a l l  time i s  about 25. These a re  not the rsgtfmnm far  
best; The s i g n a l -  

t o - n o i s e  ratio far a f i v e  Mev alpha p u l s e  i s  s t i l l  L O O 0  t o  one, and r e p r e s e n t s  
only one-chird of khe t o t a l  peak  s p r e a d ,  

+s igna l - to -no i se  rac io ,  but are n e w s s a r y  for  good r e s o l u t i o n ,  

The p z e m p i i f i s r  g a i n  i s  1000, The feedback f a c t o r  is 300 (SO d b ) ,  The 
main amplifier gaia is 500. The feedback factor is 50 (34 d b ) ,  %e "eathode- 
followervr c o u p l i n g  s t a g e  between t h e  u n i t s  has a f e e d b a c k  f a c t o r  of a t  l e e a t  
30 d b .  

W comparison between a pentode  and triode connec ted  i n p u t  s t a g e  was made 

t o  d e t e r m i n e  which gave t h e  h i g h e r  s i g n a l - t o - n o i s e  r a t i o ,  It was found  that 
t h e  t r i o d e  s t age  was poorer b y  a t  least  50 percen  This i s  contrary to w h a t  
a p p e a r s  in the l i t exa tare ,  b u t  the ev idence  is i n d i s p u t a b l e ,  Extreme c a r e  was 
t a h n  to- make t h e  cube operacing conditions idea t i ca l  i n  t h e  t w o  cases 

Feedback h a d  no effect on t h e  r a t i o ,  a s  is t~ be e x p e c t e d ,  

Some m i n o r  changes  were made i n  t h e  d i s c r i m i n a t o r  c i r c u i t ;  t h e  p l a t e  
c u r r e n t  o f  the p u l s e  h e i g h t  s e l e c t o r s  was d e c r e a s e d  t o  i n c r e a s e  t h e i r  l i f e ,  
and RC d i f f e r e n c i a t i o n  was used i n  a n o t h e r  p a r t  of tGhe d i s c r i m i n a t o r  to e l i m i n -  
a t e  a costly d e l a y  l i n e .  

khe power s u p p l y  r e q u i r e s  redesign t o  take a d v a n t a g e  of h i g h e r  q u a l i t y  
components now s t o c k e d  a t  the l a b o r a t o r y .  T h i s  i s  of  i m p o r t a n c e ,  'since one 
t r a n s f o r m e r  h a s  already Burned o u t  and a t  l e a s t  one more is ready t o  b u r n  out, 
b t h  a r e  b e i n g  operated a t  w e l l  within,  ths msavfae me's r a t i n g s  but neither 

i s  hermetical 1.6 seeled> 
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MOVING FILM PULSE ANALYSIS 

R ,  S, S t o n e  and @. J. ,  Borkowski 

In taking e n e r g y  d i s t r i b u t i o n s  w i t h  c o n v e n t i o n a l  electronic p u l s e  h e i g h t  
a n a l y z e r s  one has the choice between a m u l t i c h e n n e l  d e v i c e  which s i m u l t  sneously 
c o u n t s  t h e  number of p u b e s  in each af a finite number o f  ene rgy  r a n g e s 8  and a 
s i n g l e  channe l  instrument which sweeps through t h e  energy d i s t r i b u t i o n  c o u n t .  
ing o n l y  ane s i z e  pulse a t  a time, A t  present, t h e  first type ha5 &he! d i s -  
advan tage  of e x c e s s i v e  c i r c u i t r y ,  and its r e s o l u t i o n  i a  l i t a i k e d  a t  the o u t s e t  

by the number of  channel5 a v a i l a b l e . .  The second type i s  o b v i o u s l y  much s l o w e r ,  
s i n c e  a K e p a r a h  c o u n t  pust b e  t a k e n  f o r  each  energy ihcremcnt i t  i s  d e s i r e d  
t o  r e s o l v e ,  and i n  t h e  c a s e  o f  low councing rates c h i s  may be a serious draw- 
back.. For short l i v e d  s a m p l e s  t h i s  type of measurement may be  out of the 

q u e s t i o n ,  Moreover, r e a d i n g  only one p u l s e  h e i g h t  at a t i m e  gives more chance 
f o r  d r i f t s  t a  introduce errors i n  the f i n a l  r e s n l t s o  

One s o l a t i o n  t o  chis p r o b l e m  i s  to r eco rd  an f i l m  e v e s y  pulse w h i c h  
OCCOTS, thus gaining t h e  s p e e d  and accuracy  o f  the mult i channe l  analyzer, and 
t h a n  t o  e x ~ r a c t  t,he information from the  film a t  l e i s u r e ,  giving a s  good 
resolution a5 i a ,  abtslinable by sweeping the distribucion w i t h  a s i n g l e  channel 
ana lyzes  

I n  our c a s e , ,  t h i s  film r e c o r d i n g  has  been accompl i shed  b y  feeding t h e  
pulses i n t o  an oscilloscope (Dumont 248) v i a  an A - 1  a m p l i f i e r ,  and photograph-  
i n g  the s c o p e  s ~ r e e ~  w i t h  a moving  f i l m  c a m e r a  ( F a i r c h i l d  O s c i l l o - R e c o r d  
Camera) .  The f l 0 5  l e n s  is used wide o p e n ,  w i t h  Eastman Linagraph Ortho o r  
L i n a g r a p h  Pan ,recording f i l m ,  The  5r=czpe tube is a SJPll, c h o s e n  f o r  i t s  
h i g h l y  p h o t o a c t i n i c  phosphor  and relatively short p e r s i s t e n c e  The film is 
sdn  at such a s p e e d  as t o  give a b o u t  10 counts per i n c h ,  s o  t h a t  a c o u n t i n g  
rate of 3000 c / m  r e q u i t c s u  film speed of  abou t  5 i n , / s e c .  (The s p e e d  r ange  o f  
t h i s  camera is 1 i n u / m i n  ~0 5 f t / s e c ,  t h e  G e n e r a l  Rad io  O s c i l l o g r a p h  Recorder 
r u n s  from 5 ft/sec & o  35 f t / s e c . )  The scope  is u s e d  on d r i v e n  sweep with  t h e  
Z amplifier curried to f a 1 1  g a i n  and i t s  i n p u t  p a r a l l e l e d  with  t h a t  of  t h e  Y 
a m p l i f i e r ,  T h i s  p e r m i t s  b l a n k i n g  the spot on the t ube  face e x c e p t  when a p u l s e  
i s  b e i n g  recorded In the p a r t i c u l a r  work done a p u l s e  i o n  chamber s u p p l i e d  
t h e  p u l s e s ,  buz t h e  meidihod i s  e q u a l l y  a d a p t a b l e  c o  other counting t e c h n i q u e s .  
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Two v a r i a t i o n s  of t h i s  .method were t r i e d . .  I n  one the X gain o f  the scope 
is cut LO zero, so as to g i v e  a series of v e r t i c a l  l i n e s  w i t h  h e i g h t s  p r o  
portional CQ p u l s e  energy, 
gel ahaped p u l s e  t r a c e s 9  a g a i n  w i t h  heights p r o p b r t i o n a l  t o e n e r g y .  
t y p e  o f  r e c o r d  wornfd d o u b t l e s s  be much easier t o  d e s i g n  an automatic photo  
e l e c t r i c  s c a n n e r  around, b u t  the l a t t e r  lends itself more easily to v i s u a l  
counting Moreover, t h e  f fbl ip?tl  at che b a s e  and t o p  o f  t h e  o n e - d i m e n s i o n a l  
p u l s e s  tends t o  i n t r o d u c e  some u n c e r t a i n t y  as to t h e  exact  end p o i n t s ,  Both 
types of records were made, however, and- both gave good r e s u l t s  when measured 
v i s u a l l y .  

I n  t h e  o t h e r  method t h e  X gain is left  on so as to 
The former 

*i 

Reading was done on an Eastman Recordak m i c r o f i l m  readero  w i t h  a magni-. 
f i c a t i o n  of about 13 ,1/2 X. +Since? the image on t h e  +ope face is reduced on 
t h e  f i l m  b y  B factor  of 6, this sets  the! o v a s a l l  rnagnificetion betwee6 tube 
f a c e  and  reqdes s c r e e n ' a t  a round 2 - 1 / 4  X .  The seadings were made t h r o u g h  a 

p i e c e  o f  waxed graph  paper to t h e  netsrest 1/20 inch, 

The method was first t e s t e d  b y  f e e d i n g  a c o n s t a n t  Q P u l s e r  ( a  mercu ry  
relay type s i g n a l  g e n e r a t q r )  i n t o  the scopeB vary ing  t h e  i n p u t  v a l d a g e  from 0 
t o  20 v o l t s .  The film, when d i z y e l o p e d ,  i n d i c a t e d  t h a t  t h e  lower bound of 
d e t e c t a b l e  v o l t a g e  changes lay i n  the! region of 1%-2%. Graphed, t h e  d e f l e c t i o n  
V S .  i n p u t  v o l t a g e  curlire gave e x c e l l e n t  liqearity up t o  4 i n .  deflection on the! 
m i c r o f i l m  reader, and good l i n e a r i t y  t o  5 i n .  D e f l e c t i o n 8  u p  t o  5 i n ,  p robab ly  
n e e d  n p t  b e  c o r r e c t e d  f o r  scope n o n l i n e a r i t y ,  a s  a t  5 i n ,  d e f l e c t i o n  t h e  
d e p a r t u r e  i s  b u t  2% T h i s  d e f l e c t i o n  corresponds  t o  about; a 2 - 1 / 4  i n  t r a c e  
on the  5 i n  scope face, 

Following t h i s  p r d l i m i n a r y  i n v e s t i g a t i o n ,  several a c t u a l  energy measure 
rnents were made The €ifst  w a s  an attempd; to s e p a r a t e  the energy peaks of 
p a 3  P U ~ ~ ~ ~  FU'" ~ f u ~ ~ ~  from a c o m p o s i t e  sample i n  the a l p h a  a n a l y z e r  
These  peaks lie a t  4 82, 5,15, 5.50 and 5 .75  M e v ,  r e s p e c t i v e l y ,  o r  aboua; 7% 
apart and should f u r n i s h  a measure o f  ~hhe res v i n g  power of t h i s  method 

i 

Figare 35 shows a p l o t  of number of p u l s e s  vs ,  p q l s e  h e i g h t  for a distri 
b u t i o n  of 3 4 9  points. It i s  s e e n  that the f o u r  e n e r g y  peaks are r e a d i l y  
separated Superimposed i s  t h e  c u r v e  o b t a i n e d  from t h e  electronic d i f f e r e n t i a l  
d i s c r i m i n a t o r  (a s i n g l e  c h a n n e l  sweep type a n i l y z e r ) ,  Energy c a l i b r a t i o n  o f  
the f i l m  c a r v e  was cabaixied by assuming t h e  Puns9 p e a k  to be a t  the c o r r e c t  
position, 5 - 1 5  Me*$. W i t h  t h i s  asstamption the o t h e r  peaks are f o u n d  t o  b e  
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Il ia33 IT. 4.84, m 2 @ a  = a 3 . 4 7 ,  and P u a a s  = 5 * 7 8  M e P r ,  These  are  i n e x c e l l e n a ;  agree 
nient w i t h  t h e  c o r r e c t  values. The l a r g e s t  e r r o r  ( i n  Puns') is o n l y  0.590, 
g i v i n g  c o n s i d p r a b l y  better accuracy t h a n  h a d  been hoped for, Of c o u r s e  t h i s  

i s  a%$ r e l a t i v e  to Pu3398 a v e r y  c l o s e  c a l i b r a t i o n  p o i n t ,  and f a i l u r e s  i n  
Linearity be more serious over a g r e a t e r  r a n g e  between c a l i b r a t i o n  end 
me asur erne n t 

Points on t h e  discriminator c B r v e  were  t a k e n  from a Brown r e c o r d u  and 
p l o t t e d  DO a scale which makes %he two l?u239 p e a k s  equal i n  h e i g h t *  Comparisons 

o f  the  r e s o l u t i o n  g i v e n  by t h e  two methods s h o u l d  p r o b a b l y  not be made because  
o f  the v a s t l y  greator  number O& pulses e v a l u a t e d  by t h e  d i s c r i m i n a t o r .  One 
e r i d e n r t  difference b e l t w w  the t w o  C U ~ Y ~ S  of Fig-, 35 is Chat; t h e  d i f f e r e n t i a l  
d i s c r i m i n a t o r  g i v e s  U a a s  and uZs9 peaks of p r a c t i c a l l y  idantical h e i g h t ,  while 

t h e  film curve shows the 233 peak lower than the 239. ,However, i n t e g r a l  areas 
under t h e s e  two peakscan t h e  f i l m  a r e  p r a c t i c a l l y  i d e n t i c a l ,  and 'hence $he t o t a l  
number of Counks i n  e a c h  peak  i s  about  t h e  same. 

Another  f i l m  was run on an S n f X 2  24 Kr X r a y  Source and t h e  d i s t r i b u t i o n  
o f  244. p u l s e s  is p l a r t e d  i n  F i g . ,  3 6 .  This s o u r c e  is seen to g i v e  a very 

pronounced p e a k ,  and would make a good c a l i b r a t i o n  point f o r  measurements i n  

this region, These seems to  be a s e c o n d a r y  peak n t  a b o u t  25.8 Kv,  which i s  
about the r i g h t  e n e r g y  f o r  t h e  K p l i n e ,  bus  t h e r e  @ r e  r e a l l y  n o t  e n o u g h  
pulses t o  be  sure. ( T h i s  s e c o n d a r y  peak  is o n l y  10 p u l s e s  h i g h ,  1 

.. 

These  d a t a  i n d i c a t e  t h a t  t h e  f i l m  ntethod g i v e s  good r e s o l u t ; i o n  and shou ld  
be  a u s e f u l  t ~ ~ o l  in s i t u b t i o n s  where either a q u i c k  count  m u s t  b e  made or 
where an i n o r d i n a 5 e l y  l o w  c o u n t i n g  rate p r e c l u d e s  the u s e  o f  a count  r a t e  meter 

The p r i n c i p a l  objection t o  the method is the long and t e d i o u s  process  o f  read 
i n g  t h e  f i l m  A p s ~ j e ~ t i o n  system w i t h  a p h o t o e l e c t r i c  scanner c o u l d  be b u i l t  
to take care o f  t . h i s ,  tAr, main obstacle b e i n g  b a s e  line i n s t a b i l i c v  L a t e r a l  
s h i f t  in t h e  f i l m  i s  p r o b a b l y  n e g l i g i b l e . - -  sound recording p r a c t i c e  h o l d s  th is  
t o  0 - 1  m u ,  or a b o u t  0 2% e r r o r  € o r  4 in. on  t h e  microfilm r e a d e r  - b u t  d c 
f l u c t u a t i o n s  i n  t h e  stop c a u s e  t h e  base l i n e  t o  change enough t o  vary r e s u l t s  

by s e v e r a l  p e r c e n t  Mereover, t h e  i n t e n s i t y  control must be s e t  very  c a r e f u l l y  
to y i e l d  a b a s e  l i n e  which is present but n o t  fieapriiy overexposed,  p a r t i c u l a r l y  
at, the s lower  film speeds. 

. 
F i l m  r e a d i n g  could be speeded up b y  u s i n g  t h e  t i m e  exposure ~ y p e  of p u l s e  

p h o t o g r a p h y ,  w h e r e i n  the f i l m  does not; move and s u c c e s s i v e  pulses pile up to 

be read with a d e n s i t u m e t e s ,  Bare one pass across t h e  f i l m  with t h e  d e n s i  
tometer would g i ~ e  the d e s i r e d  d i s t r i b u t i o n >  Moreover, one does away w i t h  
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p r o c e s s i n g  l o n g  l e n g t h s  of f i l m ,  D i s a d v a n t a g e s  a r e  q e s  s i n e s s  i n  a b s o l u t e  
c a l i b r s t i o n  of densi ty-due t o  variables and n o a - l i a e a r i t i e s  i n  f i l m  c h a r a c  . 
t e r i s t i c s - -  and d i f f i c t d t y  i n  r e s o l v i n g  closely a d j a c e n t  peaks because  of f i l m  
and tube phosphor h a l a t i o n ,  The f i r s t  may be d i s r e g a r d e d  i n  a great number of  
cases,  since i n  g e n e r a l  w e  o n l y  wish c o  know t h e  l o c a t i o n  of a given peak and 
G O  have a q u a l i t a t i v e  p i c t u r e  o f  i t s  h e i g h t  r e l a t i v e  to o t h e r  p o r t i o n s  o f  t h e  
energy s p e c t r u m ,  The second d i s a d v a n t a g e  may be e l i m i n a t e d  b y  .some sort o f  

s c a l e  e x p a n s i o n ,  b u t  i n  g e n e r a l  would t e n d  t o  l i m i t  t h e  method to c a s e s  where 

e n e r g y  peaks  a r e  n o t  immedia t e ly  a d j a c e n t .  In o t h e r  r e s p e c t s  (speed of d a t a  
gather ing ,  l a r g e  number o f  c h a n n e l s ,  e ~ c .  ) it h a s  the a d v a n t a g e s  of the moving 
film 

Both t e c h n i q u e s  n o  d o u b t  have' t h e i r  p l a c e ,  the moving film method b e i n g  
the more a b s o l u t e  and p o t e n t i a l l y  more r e l i a b l e ,  aqd t h e  t i m e  exposure method 
f a s t e r  and more convenient" 

\ 
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CONSTAM Q PULSER 

R .  A. Dandl 

The p d s e  generator shown,in the accompanying diagram was built to test 
high:gain wide-band amplifiers and differential discriminators. The generator 
is especially useful for t e s t i n g  amplifiers because its pulse (+  or - )  c lose ly  
simulates a chamber pulse and it can be fed directly into a preamplifier. Its 

extremely high precision end stability make i't a very useful instrument; f o r  
the  testing o f  amplifiers and differential discriminators either separately or 
in conjunction, The useful pulse output ranges from 50 pv t o  10 v o l t s  at 60 
cps, The r i se  time is approximately loe8 seconds and fall time approxiwitely 

seconds, The stability is of t h e  order of O+l%. 
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