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ABSTRACT

c r a n n y  i r  sbubcb, f iu im u b l i . anb snucrvBAL blbibntb

Under t k *  b e n d in g  o f  phase s t u d i e s ,  work bss  been c e a p l e t e d  on tb s  s o l u 
b i l i t i e s  o f  •  n u n b e r  b f  f i s s i o n  p r o d n e t  a n l f s t s a  nnd  on t b s  l i q u i d - s o l i d  
e q u i l i b r i a  f o r  t b s  t b o r i n n  n i t r s t o  — v s t s r  s y s t s n .  T bs  s o l u b i l i t i e s  in  v n t o r  
o f  t b s  s n l f n t o s  o f  Y, Cs ,  L a ,  C d , and Zn and t b s  s o l u b i l i t i e s  in  a q n a o n s  
U0,SO4 s o l n t i o a  o f  tb s  s s l f a t s s  o f  Y, Ls ,  sad  Cd b a r s  been  d e t e r m in e d  up t o  
sbon t  250°C.

Three  a o t b o d s  fo r  e b s r a e t s r i s i n g  s p a e i s s  in  aqueous  s o l u t i o n  c o n t i n u e  t o  
r e c e i v e  a t t e n t i o n  s o l v e n t  e x t r a c t i o n ,  an ion  e x c h a n g e ,  and u l t r n c e n t r i f u g a -  
t i o a .  Work o n  t h o r i a m — thenoy 1 t r i  f  l u o r o a c e t p a e  c o n p l o x e a  i s  s k i n t  c o n p l e t o ,

i 4
b a t  none e x p e r i m e n t a l  anom al ie s  h ave  d e l a y e d  the work v i t b  t i r c o n i u n .  U l t r a -  
c e n t r i f u g e  s t a d i a s  i n d i c a t e  t h a t  a d i a e r B s e d  u n d i s s o c i a t e d  u r a n y l  f l u o r i d e  
n o l e c n l e  i s  a  m a jo r  s p e c i e s  in  e o l a t i o n s  o f  u r a n y l  f l u o r i d e .

NUCLSAB CKBIBTBY

Tbs c u r r e n t  i n v e s t i g a t i o n s  o f  decay  s e k e a e s  o f  t h e  f i s s i o n  c b n i a a  g o i n g  
t b r o n g b  r a r e  g a s e s  have u n c o v e r e d  a  n e e  b e t s  g ro u p  i n  I * * * ,  a n e e  7 2 0 -R ev  
ganna r a y  i n  I * * 1, end a n e e . 8 1 0 - R e v  b e t a  gfoup in  t h e  same i s o t o p e .  I t  h a s  
e l s e  been f o u n d  t h a t  a v e ry  s m a l l  f r a c t i o n  o f  t k e  d i s i n t e g r a t i o n s  o f  5 - d a y
Xu1** goes by a s o f t  b e t a  t e  a 380-Rev  l e v e l  in  C s 1**.

#

l a  t h e  s e p a r a t i o n  o f  Np**T f ro m  tke e a a t e s  from t h e  Redox t r e a t m e n t  o f  
t k e  Cba lk  R i v e r  m a t e r i a l ,  t b s  n e p t u n i u m  i s  . c o n c e n t r a t e d  e i t k  the  r a r e  e a r t h  
f i s s i o n  p r o d u c t s  and added c e r i u m .  I t  i s  p l a n n e d  t o  a s p e r a t e  t k e  ce r ium  by 
p r e c i p i t a t i o n  ns  c e r iu m  i o d e t e ,  a n d  c o n d i t i o n s  have  b e e n  worked o u t  u n d e r  
which t b s  l o a n  o f  nep tun ium i s  o n l y  1 to  2V

BAB! • - M B A  NIC C K B IST B Y

One h u n d r e d  end f i f t y - t w o  m i l l i c u r i e s  o f  
by c a t a l y t i c  r e d u c t i o n  o f  ca rbon  d i o x i d e .

m e t h a n o l - C 14 has  been p r e p a r e d

♦ « «  c s. i :
c a

I M  •  •

9



T h i r t y - o n e  and o n e - h a l f  a i l l i e o l e a  o f  f o r m e  a c i d - C 14 haa been p r e p a r e d  
by th e  c a t a l y t i c  r e d u c t i o n  o f  p o t a a a i u n  b i c a r b o n a t e - C 14 •

a

T h e  a y a t h e a e a  o f  g l y c i n e - l - C 14 , g l y e i a a - 2 - C 14, and a a l o n i c  a c i d - 2 - C 14
a r e  i a  p r o g r e a a .

A t o t a l  o f  1 a i l l i c u r i e  o f  2 - h e p t a d e c y l g l y o x a l i d i * a * 2 - C 14 haa  keen  p r e 
p a r e d  i a  U S  y i e l d  on a 1 - a a o l e  a c a l e  f r o a  a t e a r i c  a c i d - l - C : 4 .

T e a  a i l l i c u r i e a  o f  c h r y a e n a - S , 6 - C 14 haa b e e n  p r e p a r e d ,  and p r o g r e a a  haa 
been  a a d e  i a  th e  h i g h - l e v e l  p r e p a r a t i o n  o f  a a v a r a l  o t h e r  p o l y n u c l e a r  h yd ro -  
c a r b o a a  l a b e l e d  w i th  C 14.

T h e  r e a c t i o n e  o f  f o r a a l d e h y d a  w i t h  d i p h e n y l a c e t a l d e h y d e  a n d  f o r a y l -  
d e a o x y b e n t o i a  harp been a t u d i e d .

An i a o t o p e  e f f e c t  o f  t h e  o r d e r  o f  I S  a t  2S*C and o f  about  10% a t  0*C h*a 
b e e n  d e a o n a t r a t e d  f o r  t h e  d e c o a p o a i t i o n  i n  c o n c e n t r a t e d  a u l f u r i c  a c i d  o f  
f o r a i c  a c i d - C 14. A p r e l i a i n a r y  v a lu e  o f  a b o u t  140 c a l o r i a a  per  a o l e  haa been 
c a l c u l a t e d  f o r  the  d i f f e r e n c e  in a c t i v a t i o n  e n e r g y  o f  the  r e a c t i o n a  o f  C,a  and 
C14 f o r a i c  h e i d .

A new a e t h o d  f o r  t h e  p r e p a r a t i o n  o f  c a r b o n y l - l a b * l e d  u n a y a a e t r i c a l
*

b e n a i l a  i a  b e in g  a t u d i e d .

C1KIISTIY or UPAIATIONS PftOCtMU

E x p e r i a e n t a  on t h e  a e p a r a t i o a  o f  l i t h i u a  i a o t o p e a  by c o n v e n t i o n a l  io n  
e x c h a n g e  have been f i a i a b e d  and have ahoen t h a t  the  a e th o d  i a  n o t  a t t r a c t i v e  
f o r  l a r g e - a c a l e  uae .

The o r g a n i c  c h e a i c a l  a t u d i e a  i a  a o l v e a t  e x t r a c t i o n  have b e e n  d i r e c t e d  
to w a rd  th e  o r g a n i c  p h o a p h a t e a  which have a a a u a e d  ao i a p o r t a n t  a r o l e  in  r e c e n t  
p r o c e a a  d e v e l o p a e n t .  T r i - a - b u t y l  phospha te  l a b e l e d  w i th  P4 1 haa been  p repa red  
and i a  b e in g  used  i a  d i a t r i b u t i o n  a t u d i e a .  Saa iplea have a l a o  been a u p p l i e d  to  
HEW and  KAPL.

S t u d i e a  o f  p h o a p h o t a a  f l u o r i d e a  aa p o a a i b l e  a g e n t a  f o r  f a c i l i t a t i n g  
r e a e v a l  of  p r o t a c t i n i u a  a n d  w ran iua  f r o a  i r r a d i a t e d  ThF4 have bean e x t e n d e d  to

•  a e e  a a a «
t e e  0 0 4  t v
•  a o o  •  a • •
•  a o a  a  ♦ • *
e a  a  a  a a  t  *
a a  a a a  a  • • »  t  «

• •
•  •
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higher p r e s s u r e s  end temperatures .  F u r t h e r  i n d i c a t i o n  o f  p a r t i c l e  s i t e  reduc 
tion wee o b ta in e d ,  bu t  there  waa no e v id e n c e  as to the mechanism o f  the a t t a c k  
or i t a  e f f e c t  on subsequent  v o l a t i l i s a t i o n  o f  u ra n iu a  o r  p r o t a c t i a i u a .

f o r k  on e l e c t r o d e p o a i t i o n  o f  t r a c e s  o f  r a d i o a i l v a r  h a s  been c o a p l e t e d .  
When less  than a monolayer i s  p r e s e n t  on the e l e c t r o d e ,  the  d e p o s i t i o n  behavio r  
does not obey t h e  N e rn s t  equa t ioy ,  v a r i e s  with  d i f f e r e n t  e l e c t r o d e  a a t e r i a l s ,  
and ia a p p a r e n t ly  in f lu e n c e d  by the h e t e r o g e n e i t y  o f  the s u r f a c e  o f  any given 
e l e c t ro d e .

CUBICAL PITS ICS

f o r k  on n u c l e a r  sp ina  and e a g n e t i c  so n a n t s  has p r o g r e s s e d  in  tvo d i 
r e c t io n s .  On the  c h e e i c a l  s id e ,  an improvement ia the  f o r e i g n  s a l t  c o a t a a t  o f  
I 1* 1 p r e p a r a t i o n s  has  been made by s u b s t i t u t i n g  k y d r a s i n e  f o r  a u l fu ro u s  a c id  
in  the a b s o r p t i o n  o f  the  e l e m e n ta l  i o d i n e  aad by i n s t i t u t i n g  a s o l v e n t  e x 
t r a c t i o n  s t e p .  On the  s id e  o f  m easu rem en ts ,  n u c l e a r  i n d u c t i o n  has bean used 
to  give a more p r e c i s e  va lue  o f  t h e  n u c l e a r  m agne t ic  moment o f  I 11*. The
value ia  2.617 n u c l e a r  magnetons, t o  be compared w i th  t h e  microwave s p e c t r o -

»

scopic  value o f  2 . 7 4  ± 5%.

The c a l o r i m e t r i c  d e t e r u i n a t i o n  o f  th e  r a t e  o f  h ea t  l i b e r a t i o n  by weighed 
oamples o f  C,40 ,  has  been c o a p le te d .  b u t  the  a c tu a l  r a t e  o f  energy p roduc t ion  
by the  decay i s  s t i l l  u n c e r t a i n  b e c a u s e  o f  the  p o s s i b i l i t y  t h a t  some o f  the  
energy i s  s t o r e d  in  the charcoa l  used  t o  adsorb the samples* This  p o s s i b i l i t y  
w i l l  be exp lo red  in  a s ep a ra te  e x p e r im e n t .

BABIATIM CBEIISTBY

The r e c e n t  work on the  decom poa i ton  o f  water by gamma r a d i a t i o n  and on 
th e  n a t u r e  o f  v a r i o u s  c e n t e r s  p r o d u c e d  i a  a l k a l i  k a l i d a  c r y s t a l s  by .<«uch 
r a d i a t i o n  haa been s u u n a r i t ed  fo r  th e  R a d ia t io n  Chemis try  Symposium being ha ld  
in Cleveland in  A p r i l .  The a c t i v i t y  o f  a ZnO c a t a l y s t  f o r  e t h y l a a e  hydrogena
t i o n  haa been found  to be lowered by p r e v i o u s  gamma-ray i r r a d i a t i o n  o f  tho  
c a t a l v a t .  I n - p i l e  r a d i a t i o n  s t u d i e s  o f  u raay l  s u l f a t e  s o l u t i o n s ,  now l a r g e l y  
r a d i a t i o n - c o r r o s i o n  t e s t s  of s t a i n l e s s  s t e a l ,  have given e n co u rag in g  r e s u l t s ;  
13 runs showed normal behavior,  seven were in c o n c lu s iv e ,  and two wars f a i l u r e s  
(appa ren t  p r e c i p i t a t i o n  o f  the u ranium as  evidenced by a b s e n c e  o f  a p p re c i a b l e  
V O ,  p r e s s u r e ) .

« a 
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Most of tke work of tho quarter kaa keen devoted to several aspects of 
tke problem of ■essnrisf tke energy distribution of ionising radiations. To
assist generally in suck work n differential and integral pulse-height selector
kaa beau designed to replace tke present integral selector of tke A-1 linear 
anplifier.

A problen in energy aeaaureaents eitk proportional counters is to ensure 
constant gas nultiplicstion regardless of tke location is tke counter of tke 
ionising event. One solution is to simulate an infinitely long counter by. 
nakiag tke end vails of concentric insulated ringa, sack held at tke apprepri* 
ate potential to approack tke field distribution in an infinitsly long tube. 
This expedient kaa been studied in an alectrolytic batk analog and found to 
give proaisiag results in ter as of uaiforaity of field. A proportional counter 
vitk auck end valla is to be built.

#* * <*'

»•« • # • see a *
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Til* T h a r i n  N i t r a t i - n t a r  l y i t u  (V . L. M a rs h a ll and J . S. G i l l ) .  Tha 
l iq u id -s o l id  phasa e q a il ib r ia  fo r  tha th o riaa  n i t r a t e - —w ater ayataa have baas 
stadiad fro a  rooa taapara tara  to decoaposition ta a p a ra ta ra s  o f tha a a l t .  Tha 
d an a itiaa  o f  tha saturated s o la t io a a  hare bean aaaaarad, and aoaa observations  
concerning tha va p o r-liq u id  e q u i l ib r ia  hava bean aada. A d e ta ile d  d iscussion  
o f th is  work, topether w ith the d a ta , has bean pub lished  in  the HBE q u a r te r ly  
report O fffL -925 , and only, tha s ig n if ic a n t  re s u lts  w i l l  be aantioned .hara .

A s a lu t io n  o f th o riaa  n i t r a t e  would show proaiae o f  u t i l i t y  for a breeder
reactor i f  the fo llow ing co n d itio n s  ware nett* *

1* The n i t r a t e  woald hava to be enriched in  JV1' .

2 . A concentration  o f about 1 g o f  thoriun par a i l l i l i t e r  would have 
to  be a tta in e d .

3 . The so 1 a t i < 
a t a b i l i t y .

ild  have to  d isp lay  raasoaabla the re a l and phase

4. A co n ta in e r n o ta r ia l w ith  high corrosion re s is ta n c e  and s u ita b le  
in  o th e r  respects would have to ha found.

Tha purpoae o f  th is  study was to  d e te ra ia e  tha f e a s i b i l i t y  of i  tans 2 and 
3. Tha a x p a r ia a n ta l  data show t h a t  a s a lu t io n  c o n ta in in g  1 g o f  th o r iu n  
par ni H i  l i t e r  can be a tta ia a d  a t  and above 118*C. In  a closed systoa such a 
so lu tion  does not deposit a s o l id  phasa u n t i l  a te n p e ra tu re  o f about 22S°C ia  
reached. T h e ra  is  thus a ta a p a r a ta r a  range a f  wore than 100°C th ro u g h o u t 
which a brooder so lu tio n  could be a a in ta in e d  th e r a a l ly  s ta b le . Tha a f f a c t a  
o f ra d ia tio n  on tha syatea hava no t bean studied.

The M aM 4 By a tan in  g e la tio n  ia  the lenegeaneoe Boaster g a p e r i*
i t  (V . L . M a rs h a ll sad J . S. G a l l ) .  A previous a t u d y (1,a> has bean node

u f M M u  le e c te r  fa p e ria e a t
21. 19S*>.

r t  /o r  t ie  Q uarter lad ing  M n t r j f  it, 1950,(1) "Phase (M e  g a ik ."
O M L-iM . p. 09 (Apr.

( I )  V. L. Ha re h a l l ,  J .  t .  0411. a i t  I .  Sewer. "The Srstee U O ^ -U D j-g jO  is  g t la t ie e  to  the Hewer 
eaeeee h i  a c to r ,"  Cke e ie try  O iv ie ie e  Q u a rte r ly  Pregrete le p e r*  / o r  P e riod  fe d ie g  la rc h  11, 1950, 

1. p . S t (Jane 1«. 19S0).
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o f  t h e  a r u y l  s u l f a t e  — a r u i t a  t r i o r i d e - v a t e r  s y s t e a  from 25 to  300°C in  which

.
p r e c i p i t a t i o n  phenomena w ere  de te rm ined  a s m  f u n c t i o n  o f  t a n p a r n  t u r n . f r o n  
s o l u t i o n s  t h a t  vara  0 .1 6 8  If i a  u ra n in o  t r i o x i d e  (40 f  o f  u r a a i a a  p a r  l i t a r )  
and c o n t a i n e d  v a r i a b l e  a a o u n t a  o f  a a l f a t a  i o a  ap  to  a a ax ia u a  c o n c e n t r a t i o n  
o f  0 . 1 6 8  If. Theae r o a a l t a  i n d i c a t e d  t h a t ,  w i t h  t e a p e r a t a r e  i a c r e a a e ,  an
i a c r e a a e  o f  a a l f a t a  ioa  c o a c e a t r a t i o a  was n o c e a a a r y  to  p re v e n t  p r e c i p i t a t i o n  
o f  an a a i d e n t i f i e d  y e l low  a o l i d .

In  t h i s  i n v e s t i g a t i o n  wo have ex tended  t h e  e x p l o r a t o r y  a t a d y  to  i a c l a d e
and 20 f  o f  

’A c id i ty  d a t a  a r e  given
a i a i l a r  s o l u t i o n s  c o n t a i n i n g  0 .126 and 0.0840 a e l e s  par  l i t e r  (30
u r a n i u a  pari l i t e r ,  r e s p e c t i v e l y )  e f  u ra n iu a  t r i o x i d e .

»
a t  25*C fo r  the va r ioaa  s o l a t i o a a .  Those a t a d i e a  were i n i t i a t e d  t o  d e t e r a i a e  
th e  f e a s i b i l i t y  o f  d e c r e a s i n g  the a a l f a t a  c o n c e n t r a t i o n  i a  o rde r  b o t h  to  reduce 
th e  a c i d i t y  and to low er  t h e  n e u t r o n • a b s o r p t i o n  e f f e c t  o f  th e  a a l f u r  i n  a 
h o ao g en e o u s  r e a c t o r  a o l a t i e a .  I a  p a s s i n g  i t  a b o a l d  be a e a t i o a e d  t h a t  aay 
i n c r e a s e  in  a l h a l i a i t y  e f  t h e  s o l u t i o n  due t o  t h e  d e f i c i e n c y  o f  s u l f a t e  ions  
would be expected to o f f e r  c o n d i t i o n s  aore  f a v o r a b l e  fo r  the r a d i a t i o n - i n d u c e d  
p r e c i p i t a t i o n  of  u ran iua  p e r o x i d e .  This would aeo n  t h a t  the  a i a i a u a  t e a p e r a t u r e  
f o r  o p e r a t i o n  v i t h o a t  t h e  r i s h  of  p e r o x id e  p r e c i p i t a t i o n  n i g h t  be soaew hat  
h i g h e r  f o r  the  ao re  a l k a l i n e ,  a u l f a t e - d e f i c ^ e a t  s o l u t i o n .  A s t u d y  o f  t h i s  
f a c t o r  i s  planned by th e  R a d i a t i o n  Group o f  th e  C h e a i s t r y  D iv is io n .

Mxpar imantml .  The e x p e r i a e a t a l  p r o c e d u r e  has  bean d e s c r i b e d  p r a v i -  
t s a l y ( , , , )  although a few a o d i f i c a t i o n s  were u s ed  in  t h i s  worh. The s o l u t i o n s  
were s t u d i e d  i a  3- and 6 - a a - I . D .  s ea le d  q u a r t s  t u b i n g  r a t h e r  than  t h e  c a p i l l a r y  
tu b es  used ia  the  e a r l i e r  worh.  These l a r g e r  tu b e s  a f fo rded  s t i r r i n g  w i th o u t  
e x p l o a i o a  d a a g e r  up to  a b o u t  270°C. The g e n e r a l  p ro ced u re  was t o  p l a c e  a 
s e a l e d  t u b e  c o n t a i n i n g  a s o l u t i o n  o f  known e o a p o a i t i o n  in  a c y l i n d r i c a l  
a l u a i n u a  h e a t i n g  b lock ,  i a c r e a a e  the  t e a p e r a t u r e  s lo w ly ,  and o b s e r v e  th rough  
a s l i t  aay  phenoaeaa o c c u r r i n g  i a  the s o l u t i o n .  Owing to aoae a c a t t e r i a g  in  
the  e x p e r i a w a ta l  da ta  an a l t e r n a t e  procedure was used  i a  which v a r i o u s  a o l u t i o a a  
were  h e l d  a t  2S0*C f o r  16 t o  24 hr to  f i x ,  w i t h i n  l i a i t a ,  the  a i a i a a a  con 
c e n t r a t i o n  o f  a u l f a t e  i o n  n e c e s s a r y  to p r e v e n t  p r e c i p i t a t i o n  o f  t b o  s o l i d  
phaae a t  t h i s  t e a p e r a tu r e .

A c i d i t y  d a ta  a t  2S*C were ob ta ined  w i th  a Beckaaa pH a s t e r .

D a te  and Di a cuaa i o n . The t e u p e r a t u r e s  a t  which aqueous s o l u t i o n s  con
t a i n i n g  c o n s t a n t  a a o u n t a  o f  u r a n i u a  t r i a x i d e  and v a r y i n g  c o n c e n t r a t i o n s  o f
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• a l f a t o  ion  d e p o s i t  a y a l l o v  s o l i d  phase a r e  g iven  in  Tables  1 .1  aad  1 .2  aad 
a r e  shown in  P ig .  1 . 1 .  P r e v i o u s  p r e c i p i t a t i o n ,  a c i d i t y ,  aad t w o - l i q u i d  phase
d a t a  a r a  i a c l a d e d  i n  F i g a .  1 .1  and 1 .2  f o r  c o s ip a r i s o n .  The d e t a  i n  F i g .  1.1 
a r e  a c t u a l l y  shown as a p r o j e c t i o n  fron a t h r e e - d i n e n s i o n a l  noda l  on which the
a r n n i n n  t r i o x i d e  c o n c e n t r a t i o n  can be r e p r e s e n t e d  a t  r i g h t  a n g l e s  t o  t anppra -  
t a r o  and s n l f a t a  ion c o n c e n t r a t i o n .  Carves  I ,  I I ,  aad I I I  r e p r e s e n t ,  r e s p e c 
t i v e l y ,  c o n s t a n t  n r a a i n n  t r i o x i d e  c o n c e n t r a t i o n s  o f  0 .084 ,  0 . 1 2 6 ,  and 0.168 
no l e a  pe r  l i t e r .  These  c a r v e s  approach a 1 :1  smIs r a t i o  o f  n r a a i n n  t r i o x i d e  
t o  a a l f a t e  a t  l i n e s  A, B, aad C.

The s c a t t e r i n g  o f  t h e  p r e c i p i t a t i o n  d a t a  shown by th e  open  c i r c l e s  in
9

F i g .  1 .1  in  dee p a r t l y  t o  th e  slow p r e c i p i t a t i o n  r a t e  upon r a i s i n g  the  so la*  
t i o n  t a a p e r a t a r a  aad t o  t h e  a p p a r e n t ly  i r r e v e r s i b l e  c h a r a c t e r  o f  t h e  p ro c e ss .  
B oaad a ry  d a t a  o b t a i a a d  I r o n  d i f f e r e n t  s o l n t i o n s  h e ld  a t  250°C f o r  ex tended  
p e r i o d s  a r e  g ivaa  by t h e  shaded  c i r c l e s .  We n e s t  then r e l y  on t h e s e  l a t e r  
d a t a  t o  a g r e a t e r  e x t e n t  than  on the e a r l i e r  v a l u e s .  An a l l o w a n c e  f o r  t h i s  
f a c t o r  i s  inc luded  i s  d a shed  carves  I ,  I I ,  and I I I  of  Fig .  1*1.

The a c i d i t y  d a t a  f o r  t i p  s o l n t i o n s  a r e  g iven  in  Table  1 .1  a a d  shewn i s  
F i g .  1 . 2 .  As i n  F ig .  1 . 1 ,  t h e  d i a g r a n  i s  a c t u a l l y  a p r o j a c t i o a ,  t h e  e r a a iu n  
t r i o x i d e  c o n c e n t r a t i o n  b e i n g  the t h i r d  v a r i a b l e .  Curves I ,  I I ,  and I I I  a re  
th e n  c a rv es  of  c o n s t a n t  u r a a i u a  t r i o x i d s  c o a c o n t r a t i o a  aad app roach  a 1:1 nola  
r a t i o  o f  UO, /S04 * * a t  p o i n t s  B, C, and D. L ino  AO r e p r e s e n t s  a 1 :1  ■w'ln r a t i o  
o f  U0f /S 0 4 *" a t  a l l  c o n c e n t r a t i o n s  o f  s u l f a t e ,  ion  aad,  c o n s e q u e n t l y ,  i s  the  
pH cu rve  f o r  s t o i c h i o n e t r i c  U0,S04 s o l u t i o n s .  Line  EF o f  F ig .  1 . 2  r a p r a s e a t s  
s a t u r a t i o n  valuas  o f  u r a n i u n  t r i o x i d e  and s n l f a t a  a t  25°C and i n d i c a t a s  t h a t  
a a a x i s u n  pH o f  a p p r o x i m a t e l y  S.92 nay bo r e a c h e d  a t  t h i s  t e a p e r a t u r a .  At 
2S0*C the naxinun a t t a i n a b l e  pH (neaaored  a t  2 5 * 0  ba fo re  p r e c i p i t a t i o n  w i l l  
o c c u r  i s  a p p ro x ia o t a l y  3 . 0 0 .

T h i s  work i s  an e x p l o r a t o r y  s tudy r a t h a r  than  a coopia te  i n v e s t i g a t i o n  o f  
t h e  a y s t a a  in  th a t  the  s o l i d  phase is* no t  i d e n t i f i e d ,  the i r r e v e r s i b l e  aspec ts  
o f  t h e  p r e c i p i t a t i o n  a r e  n o t  unders tood,  the  e x p e r i a e a t a l  d a ta  a r e  i a c o n p l e t e ,  
and th e  t i n e a  o f  e q u i l i b r i a  a t t a i n a e n t  a re  unknown.

X-Bay-Biftractiea Bata far the conpeaad Uraayl t r th e s il ie a te  frlhydrate  
(W. L. M arsha l l  aad J .  S .  G i l l ) .  In  an a a r l i o r  i n v e s t i g a t i o n *  * > a s y n t h e s i s

(1) 1. L. Harebell end J .  g. Will. **lhe Cnoevnd Uvenyl Ckwu^il^ot^JIVihyaroan.- CAg-iotry D ic tion
Quarterly Pregreee I q e r t  /or  Period fading gepteeber 39. 1950, OWL-870, p. SS (Her. 1. 1951).
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TABLE 1 ,8

M e e a p o s it lo a -P re c tp lta t lo a  Characteristics a f  UBaM 4-U O ,- 1 ,0  

M is t ie s *  B tlrra B  a t  IBB*C

«>»
( a l o / U t w )

■ V *
(m I m /  l i t « r )

STIRRING T I ME
(k r )

OBSERVATIONS

•  0040 0 075* 14 T«11m , e t y i u l l i M  p r e c ip ita te

0 . 00*0 •.•T M 90 V ery a l ig k t  y e lle e  c r y e ta l l ie e  p re c ip ita te

0 00*0 0.0419 2v No p re c ip ita te

O . U * 0.113 14 Y e lle e , c ry e ta ll ie e  p r e c ip ite te

•  124 0.110 » V e ry  e l i c i t  y e lle e  c r y e ta l l ie e  p re c ip ita te

•  124 • .  122 90 Ne p re c ip ite te

•  1*4 0.1S1 5 Y e lle e . c ry e ta ll ie e  p r e c ip i te te

0 1 4 4 0.155 14 V e ry  e l i c i t  y e lle e  e rye  t e l  l im e  p re c ip ita te

•  1*4 •  1*0 >0 No p io c io i to to
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K - l a y - B i f f r a c t i o n  N t a  — P r i a c i p a l  U m i  fo r  u r r i v l  • r t h a a l l l e a t a
Tri hydro to  (Co la  B odU tloo)

*«
« * ♦  
i  * * «

. i« i t. . •0 § #

♦ »•( 
• M

O*
0 o

1

NELAT1VE RELATIVE RELATIVE
V PEAK 4 PEAK 4 PEAK 4

HEIGHT WIGHT WIGHT

44 4 .1 0 0 14 l .H t S 1.342

14 4 .7 1 4 14 1.093 4 1.327

SO 4.S71 * 1.071 4 1.292

•  1 4 .447 17 1.042 1.279

14 S.7S0 IS 1.7S7 4 1.240

64 1 .274 3 1.723 3 1.230

as 3.207 7 1.493 0 1.210

s 1 .11S 0 1.444 3 1.190

is 2 .9 4 0 11 1.4SS S 1.143

7 2 .74S 9 (7 ) 1.411 s 1.140

4S 2 .4 4 0 10 1.434 s 1.1SS

S 2 .4 2 0 14 1 4 3 1 7 1.140

S 2 .S44 9 k.soo 7 1.14S

1 2 .520 0 1.572 4 1.134

S t 2 .4S 9 s 1.SS7

IS 2 .4 0 4 4 1-544

1 2.S71 7 1.S05

10 2.307 4 1.400

11 2.23S 4 1.443

0 a . lo t 4 1.440

4 2.1S7 0 1.439

s 2 .1 3 9 12 1.400

S 2 .097 0 1.394

17 2 .0 7 4 2 (7 ) 1 370

4 2 .OSS S l.* 4 4

• 2 .02S 4 1.340



and i o m  g e n e r a l  p r o p e r t i e s  o f  srsay,!  o r t h o s i l i c a t e  t r i h y d r a t e  e re  g i r o * .  In 
t h i s  r e p o r t  X - r a y - d i f f r a c t i o n  dot*  ere  g i ro*  i s  Toblo  1 .9  opd F ig .  1 . 1 .  They 
wore o b t a i n e d  f r o a  the e r y a t a l l i a e  powdered co ap o sad  a a ia g  a r e c o r d i n g  X-ray 
s p e c t r o a e t e r  aad Ca Ka (X • 1 . 5 4  A) r a d i a t i o n .  The worh waa dona by B. S.  
Ber io  o f  the  M e t a l l a r g i c a l  D i v i s i o n ,  Oak Ridge N a t i o n a l  Labora tory .

No a t t o o p t  war wade t o  a n a l y t e  the  a t r e e  t a r o .

■ n a s a r e s e a t  of g o l a b i l t t p  o f  P t s a l s a  P r o d a o t  s a l t o  aft Blgb T e a p e r a t e r e s
(M. H. L i a t a h e ) .  The h i g h - t o a p e r a t e r s  s a l a b i l i t y  c a r v e s  f o r  the 

and Za in  w ater  aad f o r  those  o f  T, La,  s ad  Cd ia  
g of a r a a i a a  per l i t e r  have hew a de to r a i n e d  over

aad P
s a l f a t e s  o f  T, Ca , La, Cd, 
U0f S04 s e l s t i o a  c o n t a i n i n g  30
as wide a range o f  t e a p o r a t a r o s  as i s  p o s s i b l e  w i t h  the  qua r ts  t a b s  s y a t h o t i c  

The d a t a  w i l l  be  d e s c r i b e d  i a  d e t a i l  i a  a f o r t h c o a i a g  c e a p l e t i o na e t h e d .
r e p o r t .

HivnM cannin

TTA Ceap lea  lag  o f  Aqaeoas  Thor l a s  ( « .  C. Waggoner aad i .  » .  S t e a g h t o a ) .  
Aqueous T T A - th o r ia a  a p a c i e s  e r e  be in g  s t u d i e d  by  a e a s i r i a g  the  p a r t i t i o n  of  
TTA, a a d e r  w a i t ab l e  c o n d i t i o n s ,  between a bananas  phase and aa aqueous phase ,  
h  |  f a n c t i o a  both  o f  t b o r i a a  c o n c e n t r a t i o n  aad  o f  c h l o r i d e  c o a c s a t r a t i o a .  
A s i n g l e  c e a p l a s ,  aoao(  t b a a o y l t r i  f  l a o r o a e e t o n e )  t h e r i a a  ( i . s . ,  ThT- 4 ) ,  has 
beea  f o a a d ,  and a t e n t a t i v e  v a ln e  f o r  h f  (Th4 * ♦ HT,4 '.~g ThT* * ♦ N*)
H * 2 . 0 0  i a  i . f  i  5*.  T h e r e  i a  no a v i d e a c e  o f  a d o u b le  c e a p l a s  i n v o l v i n g  
b o th  TTA aad  c h l o r i d e ,  v i a . ,  ThClT4 *,  the  q u e s t i o n  o f  which r e c e n t l y  a r o s e  
i a  t h i s  l a b o r a to r y .

I t  i s  planned to i a s a e  a c o e p l a t i o a  r e p o r t  c o v e r in g  t h i s  work w i t h i n  the 

s e a t  q a a r t e r .

I t r c e a t a a  l a  Aqaoeaa  ■ C I - iC 1 0 4 ( J .  P .  M cBride  aad  B. f .  S t e s g h t e n ) .  
The s t a d i a s  o f  the aq ae o a s  c o a p l e s e s  o f  Zr4 ’ and Cl ions  a t  i o n i c  s t r o a g t h  
M<NC104 + NaC104 ♦ NaCl) -  3 . 0 0  aad (« f )  * 10*§ IT, r e p o r t e d  ia  d e t a i l  l a s t  
q u a r t e r , * 4 * were e a t e a d e d  t h i s  q a a r t e r  to  a c i d i t i e s  bslow 1 If. Z i r c o a i s a

1 ? . * ! * • !  A* » #
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FIG. 1.3
X-RAY DIFFRACTION PATTERN FOR 

URANYL ORTHO SILICATE TRI HYDRATE
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c o n c e n t r a t i o n s  l o v e r  than 10"* M wore used  in o rde r  t o  r e d u c e  the l i k e l i h o o d  
o f  s i r c o a i n a  p o l y m e r i s a t i o n  a t  the  l o w e r ; a c i d i t i e s .  C o n s i d e r a b l e  d i f f i c u l t y  
was eacoua tefod  i a  o b ta in in g  r o p r o d v c i b l a  and c o n a i s t o a t  r e s a l t s ,  and c h lo r id e  
c o a p l o x i a g  was r e v e a l e d  o a l y  in  a  q u a l i t a t i v e  a a n n e r .  The d i s t r i b u t i o n  
r a t i o s ,  Zr aq u eo u s /Z r  benseae,  were a l a o s t  uniformly h i g h e r  than were expected 
f r o a  p r e v i o u s  d a t a .  * The p r o h l e a  was f a r t h e r  c o m p l i c a t e d  by the  f a c t  t h a t  
d u p l i c a t e  a e r i e s  o f  e x t r a c t i o n s  ( a t  p  -  3 .0 0 )  made a t  d i f f e r e n t  s i r c o a i n a  
c o n c e n t r a t i o n s  and w i th  e x t r a c t i o n  t a b e s  c leaned  by d i f f e r e n t  aethoda showed 
r a d i c a l l y  d i f f e r e n t  b e h av io r s ,  as p o i n t e d  o a t  kotow. A d d i t i o n a l  e x p e r i a e n t s  
were ran to d e t e r a i a e  the reasons f o r  the  d i s c o r d a n t  r e s u l t s .

•

The e x t r a c t i o n s  ware c a r r i e d  o a t  in  pyrex tabes  w i th  i n d i v i d u a l l y  ground 
g la s s  s to p p e r s  i a  a water ba th  a t  2S°C. A s a a l l  amount o f  s i l i c o n e  grease wee 
ased  on th e  s t o p p e r s  o f  the e x t r a c t i o n  t a b e s  in  S e r i e s  I  ( common p r a c t i c e  i n  
p rev ieaa  w o rk ) .  For S e r i e s  I I ,  how ever ,  and for a l l  s u b s e q u e n t  e x t r a c t i o n s ,  
the s t e p p e r s  were  reground and used  w i t h o u t  g r e a s e .  In  e l l  c a se s  s t o p p e r i n g  
eaa s a t i s f a c t o r y .

Stock a o l a t i o a a  o f  TTAbeaaeae c o n t a i n i n g  dead Zr*at p ro p e r  c o n c e n t r a t io n a  
and Zr*1 t r a c e r  were f r e a h l y  p r e p a r e d  f o r  each  a e t  o f  r u n s  by e q u i l i b r a t i n g  
TTA-bensene w i t h  a d i l a t e  HNO, s o l u t i o n  c o n t a i n i n g  Zr  and p u r i f i ed ^  t r a c e r .  
Th is  aqueous HNO, s o l u t i o n  was p r e p a r e d  as fo l lows:  A Zr-Nb t r a c e r  a i x t u r e
was added to  •  IT HN0( a lo n g  w i th  l e a d  Zr i a  a 0 .1  If o x a l i c  a c i d  s o l u t i o n .  
A fte r  the  s o l u t i o n  had been hea ted  to  tS  to 100*C, KMa04 was added to d e s t r o y  
the  o x a l a t e  aad  to  p r e c i p i t a t e  MaO, , which c a r r i e s  th e  Nb.  The a i x t u r e  was 
c e n t r i f u g e d ,  t h e  s u p e r n a t a n t  was d i l u t e d ,  aad the  l a b e l e d  Zr was ready f o r  
e x t r a c t i o n .

The b e n s e a e  phases  fo r  tha s u b s e q u e n t  p a r t i t i o n  e x p e r i a e n t s  were th e n  
prepared by d i l u t i n g  the a toch TTA-benseae s o l u t i o n s  w i t h  benxene.

C oun t ing  p l a t e s  f o r  the  o r g a n i c  phases  aad for aqueous  phases c o n t a i n i n g  
no n o n v o l a t i l e  s o l u t e  were p r e p a r e d  hy d i r e c t  e v a p o r a t i o n  e f  an a p p r o p r i a t e  
a l i q u o t .  Aqueous phases  c o n t a i n i n g  n o n v o l a t i l e  s o l u t e s  were e x t r a c t e d  w i t h  
benseae phaaea  c o n t a i n i n g  an e x c e a a  e f  TTA, aad the  r e s u l t i n g  o rg an ic  p h a se s  
were noun ted f o r  counting.* A l l  p l a t e a  were counted  oa t h e  t h i r d  s h e l f  e f  a 
s t a n d a r d  G e i g e r - M u e l l e r  b e ta  c o u n t e r  w i th o u t  u s in g  an a b s o r b e r .  A check e f  
t h e  change w i t h  t i a e  o f  t h e  a c t i v i t y  oa the  p l a t e a  c e u a t e d  in  t h i a  a a n n e r

« «
•  e e
t  l *  a

* a • o e 
a a a

•  e  os  «» 
0 #  0 1

d o  o •  »** •  o f t
0 0  O O O  9 0  0  0 0 0

o o e ft •
0 0 • *

• « o  a o oe
S O  «  I  
0  O O O  0 0



. •▼ •■ le d  th a t  tha Nb produced fro a  the Zr decay gave, in two eeeka t i a a ,  a 
p o s i t iv e  e r ro r  o f oa ly  4%. That i a ,  the observed coaat eaa 41 h ig h e r  than 
t h a t  expected f ro a  Z r * *  a c t i v i t y  a loaa  (6 5 - d a y  h a l f - l i f e ) .  D i a t r i b a t i o a  
r a t io a  vara obtained fro a  the ra tion  o f  the aqaeea* to benseae a c t i v i t i e s .

Jlesults . Fo llow ing ara the raau lta  th a t  were obtained froa  the varioaa  
•x p e r ia e a ta :

P a r t i t io n  o f  Z r  aa a function of c h lo r id e  con centra tion . The 
c o n d it io a a  and r e a u l t a  f a r  the e x t r a c t i o a a  ua ing  C104 " -C 1 "  
a ix turea  ara aaaaariaed  in Table 1 .4 .

4

E ffec ts  o f t i a e , a i r c o a ia a  c o a c a a t r a t io a , aad tuba t r e a ta o a t  oa 
p a r t i t io n  o f  a i r c o a i a a .  The a f f a c t a  o f  t ia a  o f  equi l i b ’r a t i o a  
( a t  2S*C). Zr c o a c a a t r a t io a , aad tube aurface t ra a ta a a t  oa tha 
p a r t i t io n  o f Z r  betvaea .0.5 H HC1 aad 0 .005  If TTA-baasene were 
ia v e a t ig a te d .  The tabea used ia  these e x t r a c t io n  e x p a r ia e a ta  
•a re  treated w ith  hot a lcoholic  KOH, boi led ia  concentrated HN0a , 
rinaed w ith  d i s t i l l e d  e a te r ,  aad d r ie d  at 110°C. O ther t r e a t *  
aea t o f  the tabea  ia  given ia  Table 1 .5 ,  which su aear isaa  tha 
ra a a lta .

S . E f fe c ts  o f t i a e ,  a i rc o a ia a  c o n c a n tra t io a , aad tabs t r a a t a a a t  oa 
the s p e c if ic  a c t i v i t y  o f  a 0 .005  If TTA — bentene e o la t io n .  Ia  
order to te s t  w hether or not the a i r c o a ia a  c o a c a a tra t io a  o f  a 
0 .0 0 5 If 1TA— beaxeae a a la t io a  c o a ta in ia g  dead Zr and tra c e r  woald 
change on standing (not ia  contact w i th  aa aqaaoaa phase), three  
stock s o la t io a a  were prepared c o n ta ia ia g  10"‘ If, 10"* I f ,  end 
tracer  Z r .  A l iq a o ta  of the stock e o la t io n  conta ia iag  each con
centration o f  Z r  warn placed ia  tabea re c e iv in g  tha three aarface  
tra a ta e a ts  d escrib ed  ia Table 1 .5  ( a ia e  tabes ia  a l l ) ,  aad the 
a irco a iaa  con cen tra tion  eaa d e te ra iaed  aa a function o f  t i a a  of  
ataad iag  at 2S*C by counting a l iq a o t a .  No s ig n i f ic a n t  change 
ia  c o a c a a tra t io a  w ith  t ia a  waa noted ia  aay o f  tha s o lu t io n s  
•  var a period o f  two weeks.

.
Discussion and Conclusions. Tha Boat s ig n i f i c a n t  fea tu re  o f  the p a r t i *  

t io n a ,  aqueous over benseae, observed in  the "104 * -C 1 ‘ a ix tu re a  i a  th a t  they 
ara a la o s t  a n i f o r a ly  h ig h e r  than expected. „'he p a r t i t io n s  show a lack o f  
consistency and, ia  the case o f S e r ie s  I I ,  in c re a s e  w ith  t i n e .  S ince  tha 
C104 " so latioaa free o f  C l"  aad the pare HC1 so la tiona show no iacreaae  ia tha 
d i a t r i b a t i o a  r a t io a  w i t h  t i a a ,  i t  is  u n l i k e l y  th a t  a i r c o a i a a  h y d r o ly s is  
produced the pheaoawna observed. The leaching o f  a coaplexing i a p a r i t y  ( i . a . ,  
a ia n te  p a r t ic le s  in d u c in g  r a d io c o l lo id  fo r a a t io n  or a c h a a ic a l  co a p le x in g  
ag a a t)  froa the vessel w a l la  n ight be tha caaaa o f  the observed r o a e l t s .  Tha

24
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TABLE 1 . 5

I f  f a c t  a f  Tiaa a f  E«al 1 lb ra t ioa  aad a f  Z lr c o a iu n  Concentrat ion  oa D i s t r i b u t i o n  R a t io n
TAqueonn o » a r  Baaaaaa)

Zirconium P a r t i t i o n  Between 0 .5  M HC1 and 0 .005  M TTA-Benzene at  2S°C

DISTRIBUTION RATIOS

TOATICNT o r  EXTRACTION Zr  •  10** 1r 1!r •  10‘ * H Zr •  t r a c e r
TUBES n* « 5 n -  7 n •  15 ■ •  5 » •  7 * -  IS n •  5 •  •  7 n ■ 15

None 0.241 0.247 0.247 0.394 0.394 0 .348 0.372 0.386 0.321

B ailed  in  10"* M ZNJC1/ ♦
0 .5  5  NCI; le t  stand osar 
n i f b t ;  rin sed  e i tb  11,0; t r ie d  
a t  110°C

0-194 0.206 (0 .185)** 0 2 1 0 0.232 (0 .1 8 6 ) “ 0.273 0.330 0 282

R insed w ith U  D r i- f i la  
( C l  997$) in aethy l alcohol; 
d r ie d  3 hr a t  110°C

0 2$3 0 272 0 261 0.346 0.370 0 348 0 348 0.403 0 379

•n  * t i a e  in days

• •A n a ly tic a l  data fa r tha trainee in  ps ran the sea f i r ,  m a te r ia l  balances «f 105 and 106* p a r t i t io n s  are  probably le e .
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h o t  a l c o h o l i c  KOH used in c l o a n i n f  t h e  e x t r a c t i o n  t u b e a  o f  S e r i e s  I I  v o u l d  
produce new g l a s s  s u r f a c e s  which wou ld  be wore s u s c e p t i b l e  to a t t a c k .  The low
value*  for  t h e  d i s t r i b u t i o n  r a t i o s ,  aqueous  o ve r  benswne ,  found i n i t i a l l y  i n  
S e r i e s  I I  ( s f t e r  two days o f  e q u i l i b r a t i o n )  and a t  low Cl  c o n c e n t r a t i o n s  way 
be due t o  t h e  r emo v a l  o f  t he  i m p u r i t i e s  from the w a l l s  by t he  wore t h o r o u g h  
c l a s s i n g  p r o c e d u r e .  The d i s t r i b u t i o n  r a t i o s ,  h owe ve r ,  i n e r e a s e  wi t h  t i n e .  
The r a t e  o f  c h a n g e  wi t h  t i n e  i n c r e a s e s  w i t h  i n c r e a s i n g  C l "  c o n c e n t r a t i o n .

No change  w i t h  t ime i s  no t e d  f o r  the d i s t r i b u t i o n s  o f  S e r i e s  I ,  bu t  t h e
*

high  va l ues  and l a c k  o f  o r d e r  p o i n t  t o  the p r es ence  o f  i m p u r i t i e s .  S i nc e  t h e  
s i r c o n i u a  c o n c e n t r a t i o n s  were h i g h e r ,  the c o n c e n t r a t i o n  o f  i n p u r i t y  p r o d u c i n g  
the l a r g e s t  c h a n g e  w i t h  t i n e  i n  S e r i e s  I I  would change t h e  v a l u e s  o f  S e r i e s  I 
by nore t han  25%. I t  aeens  u n l i k e l y ,  t h e r e f o r e ,  t h a t  a s i g n i f i c a n t  amount o f  
i n p u r i t y  i s  p r o d u c e d  he re  wi th  t i me .

The d e c r e a s e s  i n  t h e  r a t i o s  w i t h  i n c r e a s i n g  t i r c o n i u n  c o n c e n t r a t i o n  
shown i n  the  e x t r a c t i o n  f r on  0 . 5  If HC1 p o i n t  to  the  p r e s e n c e  o f  a low c o n 
c e n t r a t i o n  o f  i c p u r i t y  evan in  t h e s e  s o l u t i o n s .  S i m i l a r  c h a n ge s  in d i s t r i 
b u t i o n  r a t i o s  w i t h  change  in  s i r c o n i u a  c o n c e n t r a t i o n  h a v e  been o b s e r v e d  by 
Connick s t  • ! , * • • • !  i n  HC10. s o l u t i o n s .  They a t t r i b u t e d  t he  changes  t o  low 
c o n c e n t r a t i o n s  o f  i m p u r i t i e s  and s u g g e s t e d  t h a t  t h e y  w e r e  l e a c h e d  f r o n  t he  
w a l l s  o f  t he  f l a s k s  by the  p e r c h l o r i c  a c i d .

A f u r t h e r  s i g n i f i c a n t  f a c t  i n  t h e s e  r u n s  i s  s e e n  i n  t he  d e c r e a s e  i n  
p a r t i t i o n  c a r r i e d  o u t  i a  t ube s  wh i ch  had been t r e a t e d  w i t h  Zr OCl , .  I t  would 
seen  t h a t  t h i s  t r e a t m e n t  e i t h e r  removed nore  o f  the i n p u r i t y  o r  c o n d i t i o n e d  the  
w a l l s  a g a i n s t  a t t a c k .  That  some i m p u r i t y  i s  p r e s e n t  even  i n  t h e s e  s o l u t i o n s ,  
however ,  i s  d e m o n s t r a t e d  by a d e c r e a s e  in d i s t r i b u t i o n  r a t i o  w i t h  d e c r e a s i n g  
s i r c o n i u n  c o n c e n t r a t i o n  s i a i l a r  to t h a t  p o i n t e d  ou t  above .  The  change in r a t i o  
w i t h  change  i n  t i r c o n i u n  c o n c e n t r a t i o n  a l s o  i n d i c a t e s  t h a t  no s i g n i f i c a n t  
amount  o f  d e a d  Z r  i a  i n t r o d u c e d  i n t o  t he  e x t r a c t i o n  s y s t e m ’ by t he  ZrOCl ,  
t r e a t m e n t .  I t  s h o u l d  bs ment ioned h e r e  t h a t  the  e x t r a c t i o n  s t u d i e s  nade l a a t  
q u a r t e r  t e r a  c a r r i e d  o u t  in tubes  w h i c h  had been t r e a t e d  w i t h  ZrOCl ,  and a t

(S) B E. Connick and H. McVey, fk« 4«s«e«* C keaistry  o f gircoaioa, UCHL101, p. 24 (Mar. 1, 1948).

B E. Connick ond V. I 
UCBL-261, pp. 11. 19 (

(4) B E. Connick sad V. H. Uses, Tht H y d r o l y t i c  Bckooior o f  gircomima im P e r c h lo r ic  Acid S c i a t i c a ,
r, 1948)
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•  Zr  c o n c e n t r a t i o n  o f  10 * Jf. Ttu* «»y account  i n  p o r t  for t»>* f a r t  t h a t  lower 
d i s t r i b u t i o n  r a t i o n ,  a q u eo u s  o v e r  hemene  a o r s

'

An ion-Exchange  S t u d i o s  ( C . ‘ t -  Moon* F.  In sit and K. A h>a ua »  Work
n t h e  an ion  exchange behav i o r  o f  r h l o n d e  and s u l f a t e  c o s p l s x e a  has  c o n t i n u ed

The m a j o r  e m p h a s i s ,  hours e a r ,  van s h i f t e d  f r om s t u d i e s  o f  s e p a r a t i o n  e f f i  
c i e n c i e s  t o  d e t e r s i n a t i o n  o f  t he  c h a r g e  o f  t h e  a d s o r b e d  i o n s .  At  t h e  n e e  
t i n s  e x p e r i m e n t s  a r e  b e i n g  c a r r i e d  o u t  t o  d e t e r m i n e  c h a n g e s  i n  a c t i v i t y -
c o e f f i c i e n t  r a t i o s  o f  a d s o r b e d  ions  in the r e s i n  phase  a s  s f u n c t i o n  o f  l oa d i n g .

P r o p e r t i e s  s f  V r s i y l  ¥ l u o r l d s  S o l u t i o n s  ( J .  8 .  Johnson and K. A. Kraus ) .  
As m e n t i o n e d  in t h e  p r e v i o u s  q u a r t e r l y  r e p o r t  (ORNl 870)  u I t r e c e n t r i f u g e  
s t u d i e s  of  u r any l  f l u o r i d e  s o l u t i o n s  t o g e t h e r  w i t h  the  a c t i v i t y  c o e f f i c i e n t s  
c a l c u l a t e d  from f r e e z i n g  p o i n t  d e p r e s s i o n s * 1 ' we r e  found t o  be i n  ng r ee me n t  
w i t h  t h e  h y p o t h e s i s  t h a t  t h e  s o l u t i o n ^  c o n t a i n  p r i m a r i l y  t h e  u n d i s s o c i a t e d  
monomer U0] F| . These a c t i v i t y  c o e f f i c i e n t s ,  y j ,  were s u r p r i s i n g l y  low for  an 
u n d i s s o c i a t e d  s o l u t e  i * m  a t  m o d e r a t a  c o n c e n t r a t i o n s  where  t h e y  m i g h t  be 
e x p e c t e d  to  fol low the e q u a t i o n * * *

log  T/  • *■ (1)

where k  i s  a p r o p o r t i o n a l i t y  c o n s t a n t  and a i n  t h e  m o l a l i t y .

I t  a p p e a r e d  r e a s o n a b l e  t o  assume t h a t  t h e  o b s e r v e d  low v a l u e s  o f  y ^  a r e  
due t o  p a r t i a l  e e e o c i e t i o n  ( e . g . ,  d i m e r i z a t i o n )  o f  the s o l u t e  accoi  l i n g  bo the
e q u a t i o n

2UO,F, «--------? (110, F , ) ,  (2)

w i t h  t h e  e q u i l i b r i u m  c o n s t a n t

K -  a , / a , *  (3 )

where  e t ■ n e n d  a ,  * m ,‘y , , t he  a c t i v i t i e s  o f  t he  monomer and dzmrnr, r e  
s p e c t i v e l y .

(7) C. H. Sscoy, '“Iks Mass A ctivity Ceefficiaats of Uraayl Fluoride is  Water Solutions a t 2$° . ‘Ckos- 
is tr jr  Division Q u rlir ly  Pro$r»$t Rtport f*r Ptrioti gnding Jmmt JO, t$50. ORH-795, P■ 28 (Oet. I,

( ! )  H. $ . H oned  and B. B Oven, P h y s ic a l Chtmittry  # /  f U r t r e i y f i c  S» (a lien s , 2 s d . ,  p. 209. Rsinhold, 
New York, 1950.
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A s s w a i a g  for  c o n v e n ie n c e  t h a t  the aonoaer  i s  t h e  s p e c i e s  a t  i n f i n i t e  
d i l u t i o n , *  i t s  a c t i v i t y  can be e v a l u a t e d  froa the e q u a t io n * *

• /  * *7 /  * «, ( 4 )

Aasuaing a l s o  [according to Eq. ( 1 ) ]  that

log  y,  - A,a and log  y # -  * , «  ( 5 )
a

and, fo r  f u r t h e r  s i a p l i f i e a t i o a , a s s u a i n g  th a t  A, •  A. ■ A and r e a e a b e r i n g  
th at  a • a ,  ♦ 2 a , , both X aad A can be eva lu a ted  by t r i a l  and error  f r o a  th e  
observed a c t i v i t i e s  e^.

As shown in Table  1 . 6 ,  a s a t i s f a c t o r y  d i a e r i s a t i o n  c o n s t a n t  X can be 
o b te in ed  u s i a g  A • 0 , 1 7 .  The low er  value o f  X a t  a -  0 . 1  i s  probably due to  
d i s s o c i a t i o n  i n t o  io n s  which was n o t  p rop er ly  e l i a i n a t e d  in the c a l c u l a t i o n

of  7 f .

TABLE l . g

B la t r ia a t io a  Conatant o f  Uraajrl f lu o r id e  froa fr o o u lo g  Point Bate
/

(A h 0 .17 )

a • / ■l ■t X

0 1 0 0094 9  004 0.007 0.91
o.s 0.203 b 233 0 133 2 0 2
1.0 0 « 1 0 325 0 338 2.16
U 0 MB 0 302 0.559 2 13
s o 0 092 0 400 0 794 2 19
s o 1.374 0 425 i m 2 21
4 0 1972 0412 1 794 2.21
s o 1 0 4 0,401 2.300 2 02

*The sene ■ i i f  t i w  wes weds is  the eva lua tion  e f  the ac tiv ity  c o e ff ic ie n ts  y .  item 
dots. This aaauaptiaa , though Barely not tru e  a t h i^ i d ilu tion , where d iaaoerstiaa  
wid f  nest occur, i s  accessary te  honed the prohlca.

*'Equation 4 can be derived as fellows:

I f  -  yft

the fron ting  p o in t 
into 10,1*7 UU* ,

where f f ,  f j ,  aad f ,  are the p a r tia l  n o la l free  anergiea e f the s o lu te ,  non owe r, and dinar, respec
tively , and r  i s  the frac tiaa  a* nan ana r .  At aq u ilih rian  &  ■ 0 -  f % .  2 Haaca Ff •  or Ff°  ♦ 
IT  la  %f •  / , *  ♦ IT  la  st . Since a t  i a f i a i t a  d ila tio n  a, ■ *f,  / , *  m-Ff° neat he traa  a t a l l  con-
con tro t  ions and a , •  %f a t  a l l  concentrations.
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When t he  r e s u l t *  o f  t he  u l ^ r « c e n l n  fu | to e x p e r i m e n t s  w e r e  i n t e r p r e t e d  on 

t h e  b a s i s  o f  t he  a c t i v i t y  cop f f i a i o . t t s  e x l c u ' e t e d  from f r e e z i n g  p o i n t  d e p r e s 
s i o n s ,  good a g r e e m e n t  b e t w e e n  the  t h e o r e t i c  a l  (30R) and c a l c u l a t e d  v a l u e s  was 
f o u n d  f o r  t h e  l e e s  c o n c e n t r a t e d  s o l u t i o n s  ( s e e  Tab' le 1 , 7 ) .  A t  h i g h e r  con 
c e n t r a t i o n s  t h e  c a l c u l a t e d  m o l e c u l a r  w e i g h t s  t e n d e d  t o  become i n c r e a s i n g l y  

h i g h e r .  I t  aeemed p r o b a b l e  t h a t  t h i s  t r e n d  i n  m o l e c u l a r  w a i g h t a  r e s u l t e d  from 
t h e  u s e  o f  a c t i v i t y  c o e f f i c i e n t s  wh i c h  a r e  a p p l i c a b l e  a t  t h e  f r e e t i n g  p o i n t  
r a t h e r  t h a n  a t  t h e  e x p e r i m e n t a l  t e m p e r a t u r e  ( s h o u t  3 0 ° C ) . R e v e r s i n g  t h e  
p r o c e d u r e  a c t i  vi  t y - c o e  f f i c i e n t  r a t i o *  c i  3 he c a l c u l a t e d  f rom t h e  c e h t n f u g e  

d a t a ,  a s s u mi n g  t h a t  t h e  m o l e c u l a r  w e i g h t  i s  308 .  For  e v a l u a t i o n  o f  a c t i v i t y  

c o e f f i c i e n t s  f rom t h e s e  r a t i o s ,  i t  e a s  a s s u m e d  t h a t  t h e  a c t i v i t y  c o e f f i c i e n t s  

f o r  0 . 1  If UOj Kj s o l u t i o n s  were t he  same a t  0 and 30°C.  T h i s  p r o c e d u r e  i a  q u i t e  
a r b i t r a r y  and i m p l i e s  t h a t  K c h a n g e s  o n l y  l i t t l e  w i t h  t e m p e r a t u r e .  I t  was 
a d o p t e d  f o r  c o n v e n i e n c e  a n d  s h o u l d  be r e v i s e d  a f t e r  t h e  r. « r t i n e n t  d a t a  a r e  

a v a i l a b l a .

TABLE 1 .7

• b M r n d  M o lecu la r  Weights o f  1 0 , 1 , ,  Uslag  A c t iv i t y  CoeT f t  c l e a t s ,

f r e a  Preemlag P o i n t  Loeer lag

EXPERIMENT
INITIAL

UD,r3
<»)

MEDIUM
OBSERVED

MOLECULAR
WEIGHT

1 0 153 1 M NaCIO, 213
2 0 239 Water 292

3 0 755 V eter 352

4 156 Water 366

5 5 17 Water 369 • 402

The r e s u l t s  o f  t h e  c a l c u l a t i o n  f o r  0 - 2  t o  2 if UOa F,  s o l u t i o n s  a r e  shown 
i n  T a b l a  1 . 8 .  I t  i a  i n t e r e s t i n g  t h a t  t h e  new ( 30*C)  a c t i v i t y  c o e f f i c i e n t s  
a r e  a l s o  i n  f a i r  a g r e e m e n t  w i t h  a d i m e r i z a t i o n  h y p o t h e s i s .  As a l a o  shown in  

t h e  t a b l e ,  r e a s o n a b l y  c o n s t a n t  v a l u e s  o f  f  % 1 . 8  a r e  o b t a i n e d  u s i n g  k - 0 .1)8 , 
w h i c h  i s  c o n s i d e r a b l y  s m a l l e r  t ha n  i t a  v a l u e  a t  t h e  f r e e a i n g  p o i n t  ( k  » 0 . 1 7 ) .  
U s i n g  t h e s e  c o n s t a n t s  f o r  e v a l u a t i o n  o f  a c t i v i t y  c o e f f i c i e n t s  a t  h i g h e r  
c o n c e n t r a t i o n ,  t h e  " o b s e r v e d "  m o l e c u l a r  w e i g h t  o f  u r a n y l  f l u o r i d e  i a  t h e

30
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.

" t a t u r i U d "  s o l u t i o n  was c a l c u l a t e d  to be be tw een  286 and 228« A l t h o u g h  these  
v a l u e s  a r e  too  low, a r e - e v a l u a t i o n  o f  K  and k  a t  30°C does n o t  a p p e a r  n e c e s 
s a r y  s i n c e  w i th  t h i s  vdry  d e n s e  s o l u t i o n  s u f f i c i a n t  d i s t o r t i o n  o f  t h e  q u a r t s  
p l a t e s  o f  the c e l l  nay o c c u r  to  lead  to e r r o r s  o f  t h i s  o rd e r  o f  a a g n i t u d e .

TAILS 1 .8

A c t i v i t y  C o e f f i c i e n t s  of- U t , ! ,  a t  l l ' C  f r o n  111traceatr iface  l a t a  

(Assuming M o l e c u l a r  Weight ■ 308 and y j  ■ 0 .750  i t  a  ■ 0 . 2 )

a
y f

K f i m r  k -  0 0 8 )
a

MOLECULAR W E IG H T

O.S ( 0 .7 5 0 ) * 1 20 (300)

O S 0 570 1-62 (308)

1.0 0-454 1 8 1 (308)

1-S 0-410 1 00 (308)

t o 0-302 1 12 (308)

1 .0 (0 .3 5 7 )* * 204 (4 • 5 m)

4 0 (0 .3 4 7 )* * 203 (I * S 3 . )
SO (0 .3 4 0 )* * 228 (S-S - 6 a )

6-0

_____________________________

(0 -3S 2)**
a

•Assumed f j  a t  30°C e q u a ls  y j  a t  ( re s tin g  p o in t. 

••C a lcu la ted  aaawsiag JT ■ 1.8 aad A ■ 0 08
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2. NUCLEAR CHEMISTRY

DECAY SCHEMES DP SOME ON PBMUCT8

H. ZeIdes B. H. K e t e ' i e
A. R. B r o a i

Work has c o n t i n u e d  on the decay schemes  o f  the a a s s  133 f i s s i o n  p r o d u c t s .  
A nee b e t s  g ro u p  h a s  been found in  I 1* 1' which i s  e n i t t e d  i n  s' t r a n s i t i o n  to 
the  2-day  s i e t s s t a b l e  l e v e l  in  Xc1' * .  , I n  a very s n a i l  f r a c t i o n  o f  5*day Xe, J * 
d i s i n t e g r a t i o n s  a s o f t  b e t a  g roup  i s  e n i t t e d  in  a t r a n s i t i o n  to  a 380 Kev 
l e v e l  in Ca .

P a r t  o f  the work on I 1** has been done w i th  s o u rc e s  c o n t a i n i n g  a p p r e c i a b l e  
amounts o f  I * 1 1 . T h i s  has led  to a s t u d y  o f  the  I 1* 1 decay  acheaM in  which a 
new 720-Kev ganna r a y  and a new 810-Kev b e t a  group hawe been found .

A c o n s i d e r a b l e -  anoun t  o f  t i n e  h a s  been  s p e n t  on i n s  t r u a i e n t a t i o n  fo r  t h e  
new s h o r t - l i v e d  i a o t o p e s  l a b o r a t o r y .  E q u i p n e n t  has  b een  d e s i g n e d  fo r  t h e  
r a p i d  s e p a r a t i o n  o f  f i s s i o n  gaaes  in  o r d e r  to s tu d y  th e  r a d i a t i o n s  o f  s h o r t 
l i v e d  gaseous i s o t o p e s  and t h e i r  d e s c e n d a n t s .

I t  i s  p la nned  t o  r e i n v e s t i g a t e  t h e  a a a *  135 chain b e c a u s e  aiany in p ro v e n e n t s  
have been nade in  i n a t r u a e n l a  and t e c h n i q u e s  s i n e s  i t  waa s t u d i e d  t h r e e  y e a r s  
ago.  In a d d i t i o n  t o  decay  schene  w o rk ,  i t  i s  hoped t h a t  i n d e p e n d e n t  f i a e i o n  
y i e l d s  o f  soae  o f  t h e  cha in  uenbera  can  be de te rm ined  in  t h e  new l a b o r a t o r y .

D u r i n g  t h e  p r o c e s s  o f  d e v e l o p i n g  a r o u t i n e  p u r i f i c a t i o n  method  f o r  
t e c h n a t i u a  by s u b l i m i n g  TeO, from p r o c e s s  c r u d e s ,  a w h i t e  t o  p a l e  y e l l o w  
p ro d u c t  was o b s e r v e d  to d e p o s i t  n e a r  t h e  h e a t e d  p o r t i o n  o f  t h e  quar-.s assembly .  
T h i s  m a t e r i a l ,  w h ic h  can be m e l ted  and w h ich  w i l l  f o r a  y e l l o w  or  g reen  s o l u 
t i o n s ,  w i l l  a l s o ,  upon s t a n d i n g ,  be c o e e  d a r k  r ed  end r e s e m b l e  TcO( . A s h a r p  
d e t o n a t i o n  tw ice  r o s a l t e d  when q u a r t s  t u b e s  c o n t a i n i n g  t h e  s u b l im e d  o x id e s  o f  
t e chne t ium  wore h e a t e d  w i th  a t o r c h  t o  a t t a c h  a c o l l e c t i n g  t u b e .  The e x p l o s i o n  
blew o u t  the  ground s t o p p e r  connec tod  to  t h e  t r a i n ,  but, f o r t u n a t e l y ,  d e t e c t a b l e  
amounts o f  t e c h n e t i u m  a p p a r e n t l y  were n o t  r e l e e s e d  o u t a i d e  t h e  f u r n a c e .

EVIDENCE FDD HE PMMCTIDN DP T«,Dr

G. W. P a rk e r  and V. J .  Mar t in
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In t he  f u t u r e  i t  i n  p l a n n e d  t o  c o l l e c t  t on e  o f  t h e  11 g h t - c o l o r e d  o x i d e  
f o r  X r ay  e x a m i n a t i o n  a n d  f o r  oxygen a n a l y a i a .

[ON o r  CBBIUN r to o  neptunium  and babe BABINS 
BY IOOATB PNECIPIT4 TI0 N

P.  M. l e n t *  and G. V. P a r k e r

In p r e c e d i n g  r e p o r t a  (OKNl. 685 p.  62.  °HN1 695,  p. 51) t h e  i n i t i a l  a t e p a  
i n  t h e  l a r g e  a c a l e  s e p a r a t i o n  o f  Np, , T  f rom t h e  ORNL p i l o t  p . l an t  Hedox m i t e s  
• e r e  d e s c r i b e d .  A summary o f  s t e p s  f o l l n e i n g  t h e  c o n c e n t r a t i o n  o f  t h e  f i s s i o n  
r a r e  e a r t h s  and n e p t u n i u m  by c o p r e c i p i t a t i o n  w i t h  added C e (OH) }  i a

1. Removal  o f  c h e m i c a l  and r a d i o c h e m i c a l  c e r i u m  by i o d a t e  p r e c i p i  
t a t i o n .

2 .  M e t a t h e s i s  o f * t h e  n e p t u n i u m  and t h e  f i s s i o n  p r o d u c t  r a r e  e a r t h  
n i t r a i n s  t o  t h e  c h l o r i d e s  by h y d r o x i d e  p r e c i p i t a t i o n  and d i s s o l u 
t i o n  i a  HC1.

3 .  Removal  o f  n e p t u n i u m b y  r e d u c t i o n  to N p ( I V )  and e x t r a c t i o n  i n t o  
TTA x y l e n e .

4 .  F r a c t i o n a t i o n  o f  g a 4 p l i n i u a ,  e u r o p i u m  s a ma r i um p r ome t h i um e t c .  
by t he  u s u a l  i o n  exc hange  e l u t i o n  w i t h  c i t r a t e  b u f f e r s .

Reswval  of  b u l k  c e r i u m  by swan* o f  t he  c e r i c  i o d a t e  p r e c i p i t a t i o n  o u t l i n e d  
by B o l d r i d g e  and Hume ' 1 * h a s  be e n  a d a p t e d  t o  t h e  f i r s t  s t e p .  I n  t h e  work 
d e s c r i b e d  be low,  some o f  t h e  v a r i a b l e s  a f f e c t i n g  t h e  q u a n t i t a t i v e  r emo v a l  o f  
c e r i u m ,  and t he  b e h a v i o r  o f  n e p t u n i um  a r e  d e s c r i b e d .

S o l u b i l i t y  o f  C e r i c  I o d a t e  In t h e  i n i t i a l  s e p a r a t i o n  a f t e r  t h o r o u g h  
w a s h i n g ,  t h e  n e p t u n i u m ,  r a r e  e a r t h y  and c e r i u m  h y d r o x i d e s  a r e  t o  be  d i s s o l v e d  
o u t  o f  t h e  c e n t r i f u g e  t u b e  w i t h  s t r o n g  n i t r i c  a c i d  and s t o r e d  f o r  l a t e r  
s e p a r a t i o n  and p u r i f i c a t i o n .

I n  o r d e r  t o  d e t e r m i n e  t he  e f f e c t  o f  a c i d  s t r e n g t h  on t h e  s o l u b i l i t y  o f  

C e ( I O s ) 4 , p r e c i p i t a t i o n s  wer e  made a t  f i v e  HNPj n o r m a l i t i e s  ( 2 .  4 ,  8 10,  and 
12 )  u s i n g ,  per  l i t e r ,  200  mg o f  C e ( I I I )  c a r r i e r  200 mg o f  La h o l d b a c k  c a r r i e r ,  
s a d  C a ,<4 t r a c e r .  To o x i d n e  t h e  c e r i u m  t o  C e l l V l  t he  s o l u t i o n s  w e r e  made

f

(1 )  V. F. Bo 1 dr i d p  sad D N. Hume, A .Study of  III  S ep a ra tio n  • /  Carton ky l o d u t t  P n c i p i  ta f ten* and 
l i t  /aproved l a d i i i l i i i r a t  P atern  m ettoo  a /  Cartaa and Bara fariA  A ctivities, C lin to n  Laboratories 
Report OC R-2845 (Jana 30. 1945)
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0*1 M w i t h  1 K  NwBrOj ( a b o u t  60 t i i a e s  s t o i c h i o m e t r i c ) . A f t e r  b e i n g  d i g e s t e d  
s e v e r a l  w i n u t e a  on a h o t  p l a t e ,  t h e  s o l u t i o n s  were  c o o l e d  i n  an i c e  b a t h  and 
then c e n t r i f u g e d .  The p r e c i p i t a t e  wa s  washed  once  w i t h  a volume o f  H}0  e q u i v a 
l e n t  t o  50% o f  t h e  o r i g i n a l ,  and t h e  two s u p e r n a t a n t s  we r e  c o a b i n e d .  P o r t i o n s  
o f  t h e  c o m b i n e d  s u p e r n a t a n t s  a nd  t h e  d i s s o l v e d  C e ( I O ,  ) 4 w e r e  c o u n t e d .  T h e  
r e s u l t s  ( T a b l e  2 . 1 )  i n d i c a t e  t h a t  f o r  a l l  p r a c t i c a l  p u r p o s e s  '  <e s o l u b i l i t y  o f  
Ce ( 10 ( )4 i s  u n c h a n g e d  o v e r  t h e  r a n g e  o f  2 t o  12 N  ttfO , .

TABLE 2 1

S o l u b i l i t y  o f  C e ( 1 0 j ) 4 Ibaa  P r e c i p i t a t e d  Out o f  f .  4 .  S. 14. wad
IB N  UNOj

RNOj
(#>

C e ( I I I )  CARRIER 
( p ' l i t e r )

La HOLDBACK
( • f i t t e r )

% C e 144 ACT!VITT 
IN PRECIPITATE

2 0 .2 0 .2 100

4 0 .2 0 .2 M l

• 0 .2 0 .2 9 * .4

10 0 .2 0 .1 9 9 .2
12 0 .2 0 2 94 . S

l e p a M t l a a  o f  Bara Barth* f r o a  C ar le  la d a ta .  S i n c e  e u r o p i u s i  i s  one o f  
t h e  t r i v a l e n t  r a r e  e a r t h s  whose r e c o v e r y  from t he  f i s s i o n  p r o d u c t s  i s  s o u g h t ,  
d e t e r a i n a t i o n s  o f  ' h e  e x t e n t  o f  i t s  r e c o v e r y  f r o a  t he  i o d a t e  p r e c i p i t a t i o n  a t  
v a r i o u s  ' -  t d  n o r m a l i t i e s  were c o n d a c t e d . The c o n d i t i o n s  w e r e  i d e n t i c a l  t o  
t h o s e  m a i n t a i n e d  f o r  t h e  p r e v i o u s  C * ( I O ( ) 4 s o l u b i l i t y  a x p e r i a e n t  e x c e p t  t h a t  
E u 11'  t r a c e r  was  u s e d .

I t  c a n  be o b s e r v e d  f r o a  T a b l e  2 . 2  t h a t  as  t he  a c i d  n o r m a l i t y  i n c r e a s e d  
t h e  r e c o v e r y  o f  e u r o p i u m  impr oved .

s o l u b i l i t y  o f  Np( I f )  l * 4 a t e  Compared w i th  Np(t)  I o d a t e .  I t  was e x p e c t e d  
t h a t  t he  d i f f e r e n t  s t a t e s  o f  n e p t u n i u m  s h o u l d  e x h i b i t  d i f f e r e n t  s o l u b i l i t i e s  
i n  a HKO, s o l u t i o n ,  and he n c e  t h e  b e h a v i o r  o f  n e p t u n i u m  u n d e r  t he  c o n d i t i o n s  
o f  t he  c e r i c  i o d a t e  s e p a r a t i o n  was i n v e s t i g a t e d .
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TABLE t . S

«

■ •cover?  o f  l a r o p i u  ( r u  C«(IOJ ) 4 P r e c i p i t a t e d  B a t
•r a. «. a. it. s a t  ta n bnb,

(8 )
0 ( 1 1 1 )  CARRIER 

( g / l i t e r )
La HOLDBACK

( g / l i t e r )
% g ,* * *  ACTIVITY 

IN PRECIPITATE

3 0 .3 0 .3 0 1 .0

4 0 .3 0 .3 9 3 .4

1 0 .3 0 . 1 9 1 .0

10 0 .3 0 .3 9 T .0

13
1 * ---- — — .................

0 3 0 .3 9 S S

T h i s  >ii a c c o a p l i s h e d  by p r e p a r i n g  two n e t s  o f  d u p l i c a t e  s a w p l e a  o f  
4 M HNOj s o l u t i o n .  To one s e t  waa added,  p e r  l i t o r ,  200 ag o f  C o ( I I I )  c a r r i e r ,  
200 a g  o f  La h o ld b a c k  c a r r i e r ,  Np(IV) t r a c e r ,  and NaBrOa ; j t o  t h e  o t h e r , , t h e  
e a s e  e x c e p t  f o r  NaBrO, . B o th  a e t a  were w a r a e d  f o r  20 a i n  on a a t e a a  b a t h  
p r i o r  to  the a d d i t i o n  o f  HIOa and then  a l l o w e d  to  coo l  b e fo re  c e a t r i  f u g a t i o a .  
The  i o d a t a  p r e c i p i t a t e  waa d i s s o l v e d  in  HC1 i n  p r e p a r a t i o n  f o r  c o u n t i n g .  To 
•  l i a i n a t e  the a b a o r b i n g  e f f e c t  o f  the i o d a t e  i n  c o u n t i n g  the n e p t u n i u a  a c t i v i t y  
i n  t h e  f i l t r a t e ,  35% NaOH waa added to  t h i a  a c i d i c  e o l a t i o n  t o  p r e c i p i t a t e  ou t  
t h e  r a r e  e a r t h  h y d r o x i d e s .  These were s e p a r a t e d  by c e n t r i f u g a t i o n ' ,  washed 
w i t h  H]0 ,  and d i s s o l v e d  i n  HC1 to  p r e p a r e  a r e l a t i v e l y  s o l i d - f r e e  e a n p l e  f o r  
c o u n t i n g .  The r e s u l t s  ( T a b l e  2 . 3 )  i n d i c a t e  l i t t l e  o r  no d i f f e r e n c e  i a  s o l u 
b i l i t y  in  a 4 N HN0( s o l u t i o n  between th e  Np( IV) and Np(V),  a l t h o u g h  i o d a t e  
o x i d a t i o n  o f  Np(IV) nay  have  o cc u r r e d .

TABLE 8 . 1

Becoverr  o f  Npa , # <If )  and Np(V) f r a n  the  P r e c i p i t a t i o n  
o f  C e r i a a  a s  C e r i c  I o d a t e

SAMPLE

CARRIER (a g ) U  HOLDBACK 

( • 0 )

i  M NaBrOj 
ADDED 
( a l )

YIELD OP Np1** 
IN  FILTRATE

(*)C e ( I I I ) Co(IV )

N p (IV ), Ne. 1 ; 30 N aas 30 Naas 9 3 .3
• Ns. 3 3 0 Float 30 Nose 9 3 .0

U p(V ), Ne. i N ous 30 30 S 0 4 .  S
• No. 4 N one 30 3 0 S 0 0 .3
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Nut P r e c ip i t a t io n  of C e ( I § , ) 4 . I t  lias beea d e m o n s t ra t ed  by Willard*** 
t h a t  when c e r i c  i o d a te  i a  p r e c i p i t a t e d  slowly by gradua l  o x i d a t i o n  i s  a s t r o n g  
HNO, e o l a t i o n  a C e ( I O , ) 4 c r y s t a l  i s  formed which has a d i a m e t e r  maay t im e s  
g r e a t e r  than  t h a t  formed by r a p i d  p r e c i p i t a t i o n .  The w et  volume o f  t h e  
p r e c i p i t a t e  i s  t h e r e f o r e  s ev e ra l  t im e s  s m a l l e r .  This method o f  dease p r e c i p i 
t a t i o n  appeared  to  o f f e r  good p o s s i b i l i t i e s  as a means o f  removing the cer ium 
q u a n t i t a t i v e l y  w i t h o u t  l o s in g  the nep tun ium  on an o t h e r w i s e  f l o c c u l e a t  p r e c i 
p i t a t e .

While a much more a t t r a c t i v e  c r y s t a l l i n e  Ce( IO ,)4 was o b t a i n e d  by th e  
reconaeitded p r o c e d u r e ,  i t  i s  b e l i e v e d  t h a t  the poor s e p a r a t i o n  o b ta in e d  i a  
in h e re n t  in  th e  v e r y  high cer ium c o n c e n t r a t i o n  (1 to 2 g / l i t e r ) ,  under which 
cond i t ions  the  s o l u b i l i t y  o f  C e ( I I I )  i o d a t e  i s  exceeded. The . r e s u l t s  of t h i s  
i n v e s t i g a t i o n  can  be seen in Table 2 . 4 .

Becevery o f  Bp*** by "tease P r p c ip l t a t lo a ” o f  Ce(IW ,)4 compared till 

•  t r e a t  P r e c lp lta t tea  e f  c a r te  Cerlaa free  4 H  MB4,

SAMPLE C e ( I l I )  CARRIER 
( g / l i t e r )

La HOLDBACX
( g / l i t e r )

8 , 0 ,
ADDED

( e l )

TIEU ) O f Bp*** 
IB  FILTRATE

<%)

D i r e c t ,  B e . 1 I 4 .1 4 0 1 1 1
• • B e . 1 X 0 .1 4 4 •  1-4

ID e e e e " ,  B e . S s 0 .1 4 X »M
B e. 4 2 4 .1 4 2 3 2 .T

f i e l d  I n p r o v e n e a t  by g e p r e c l p l t a t l o a  e f  C e ( I t , ) 4. . I n  o r d e r  to  d e n o as t ra t e  
t h a t  i t  i s  p o s s i b l e  t o  recove r  a t  l e a s t  99% o f  the a e p tu n iu m  a s  a r e s u l t  o f  
the  c e r i c  i o d a t e  p r e c i p i t a t i o n  f o r  t h e  removal o f  c e r i u m ,  t h r e e  s y n t h e t i c  
p ro d u c t  s o l u t i o n s  c o n t a i n i n g  0 . 5 ,  1 . 0 ,  and 2 .0  g o f  c e r i u m  pmr l i t e r  were 
prepared  in  4 N HNO, s o l u t i o n .  These samples  were t r e a t e d  w i th  1 If Ni^rO, to 
a ssu re  complete o x i d a t i o n  of the cer ium and a 2 0 0 - fo ld  e x c e s s  o f  HIO, r eagen t  
to  p r e c i p i t a t e  t h e  cer ium. As i n d i c a t e d  i a  Table 2 . 5 ,  th e  y i e l d  o f  Np, , #  i a  
the  f i l t r a t e  v a r i e d  from 84.2  to  91.7% w i t h  the  f i r s t  i o d a t e  p r a c i p i t a t i o a .  
S ince  a s i n g l e  i o d a t e  p r e c i p i t a t i o n  e n t a i l e d  too g r e a t  a  l o s s  o f  neptunium,

(S) B. B. W fllsrd, p r iv a te  eeananieetien.
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the  p r e c i p i t a t e s  were  d i s s o l v e d  in  d i l a t e  HC1 for  a r e p r e c i p i t a t i o n .  As aa 
in te rm ed ia te  s t e p  t h e  r a r e  e a r t h s  were p r e c i p i t a t e d  with  3S% NaOM to e l i a i a a t e  
t h e  i o d a t e .  The h y d r o x i d e s ,  a f t e r  t h o r o u g h  washing w i t h  H , 0 ,  were a g a in  
d i s s o l v e d  in a volume o f  4 N HNO, e q u i v e l e n t  to  t h a t  aaed in  the  b eg in n in g .  
The r e s a l t i a g  s o l a t i o a s  were t r e a t e d  i a  a Banner  i d e n t i c a l  t o  t h a t  nsed 

• p r e v i o u s l y  to  p r e c i p i t a t e  the i o d a e e s  the  f i r s t  t i n e ;  a f t e r  c o u n t i n g  the  
p r e c i p i t a t e  aad f i l t r a t e  f r a c t i o n s  i t  was foand th a t  74 to 100% o f  the nepta* 
a i a a  a c t i v i t y  r e a l i s i n g  f r o a  the  f i r s t  p r e c i p i t a t i o n  was r e c o v e r e d  in the 
second ioda te  f i l t r a t e .  This gave a g r o s s  y i e l d  with two i o d a t e  p r e c i p i t a t i o n s  
o f  94 to 100% o f  t h e  t o t a l  Np” *.

TABLE S . l

f e t a l  Bees very e f  Bp*** froa P r e c ip i t a t io n  e f  l .B  te  t .B  g e f  Carina 
par L lta r  aa carta  Iodate f r e a  a p a th et ic  predact g a l a t l a a

Ce
( g / l i t e r )

a y  aio,
(al)

YIELD OP B p * * *  
IN let IODATE

<*>

YIELD O r Np*i)* 
IN Bed IODATE

(B )

Ngr YIELD or N p1** 
V IT E  TWO I  GOATY 

PRECIPITATIONS (* )

1 .0 B M 44 4 ~ 1 4 0 * '100

M B I 4 B 74 9 4

1 . 4 IBS • t . l » s . i 9 B . I

IBS 1 1 1 ~ i a o lie

Baaaary .  T h i s  i n v e s t i g a t i o n  has  shown t h a t  the  r e m o v a l  o f  c e r i u a  in  
c o a c e n t r a t i o a s  o f  0 . S  to  2 .0  g / l i t e r  c a a  be s a t i s f a c t o r i l y  accom pl ished  f r o a  
a  mixture o f  f i a a i o a  r a r e  e a r t h s  by p r e c i p i t a t i o n  of C e ( I 0 ,> 4 o u t  of a s t ro n g  
HNO, s o l u t i o n .  When two p r a c i p i t a t i o n s  a r e  Bade the l o s s  o f  t r i v a l e a t  r a r e  
e a r t h s  and Np to  t h e  Ce(IO# ) a p r e c i p i t a t e  can be expec ted  t o  be o f  the o rder  
o f  1 to 2%.
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3 .  RADIO-ORGANIC CHEMISTRY

a V N T M Il W  LOE-MMLECULAB-WEIflWT I N T I lK t lA T I I  CONTAIN INS C14

E. J .  Dowling 
A. R. J o n e s

V. J .  S k rab a  
T. C. Weeks

He thane1-C14

One hundred  end f i f t y  e i l l i c n r i c j  o f  a e t h a n o l - C 14 has  been p r e p a r e d  hy 
the c a t a l y t i c  r e d a c t i o n  o f  c a r b o a  d io x i d e - C 14. M e th a n o l  i s  f o r a e d  i a  t h i s  
p rocess  i n  a y i e l d  o f  90% sa d  i s  o b t a in e d  as s c o l o r l e s s  l i q u i d  e i t h  t h e  re> 
t r a c t i v e  in d e x  and vapor p r e s s u r e  o f  pure a a t h a n o l .  However, a c o a p a r i s o n  o f  
the s p e c i f i c  a c t i v i t y  o f  th e  ca rb o n  d io x id e  w i th  t h a t  o f  the Methanol i n d i 
c a t e s  t h a t  a d i l a t i o n  o f  a b o u t  15% occurs  in the  p r o c e s s .  P h y s i c a l  a e t h o d a ,  
a p p l i c a b l e  f o r  the d e t e r a u a a t i o n  o f  i a p u r i t i e s  i s  th e  a e t h a n o l ,  have i n d i c a t e d  
high p a r i t y .  C oapar ison  o f  t h e  i n f r a r e d  s p e c t r u a  o f  t h i s  p roduc t  w i th  t h a t  
of  pore a e t h a n o l  has shown th e  a a t e r i a l s  to be q u a l i t a t i v e l y  i d e n t i c a l .  Mass 
s p e c t r o g r a a a  (by Roger Hibbs o f  th e  C h en i s t ry  D i v i s i o n ,  Y-12) have a l s o  shewn 
t h a t ,  f r o a  a a s s  auaber  12 t o  a a s s  auaber  104, t h e  two s u b s t a a c e s  a r e  q u a l i 
t a t i v e l y  i d e n t i c a l .

By t h e  T o l b e r t  i t  a !.<*> a o d i f i c a t i o n  o f  the M e l v i l l e  e t  a l . < ,)  p ro c e d u re  
fo r  the  c a t a l y t i c  r e d u c t i o n  o f  p o t a s s i u a  b i c a r b o n a t e , . 3 1 . S a a o l e s  o f  30% 
fo ra ic  ae id -C**  has been p r e p a r e d  in  good y i e l d .

S e v e r a l  a t t e m p t s  t o  p r e p a r e  g l y c i n e - l - C * 4 by the  a e t h o d  o f  S a k a a i ( J )  
r e s u l t e d  i a  an iapu re  p roduc t .

(1) B. N. Talbert, P. A. Dm , and R. E. S e l i f f ,  aepeblieked report.

(2) D. B. M e lv ille , J . P. Raclwle, and E. B. Keller, “Svetheei* e f  Methieeiae Caataiaiaq Radi oca rhea 
ia  the Methyl GreuP." J  *<•<• Cfcca. 1«9, 419 (194?).
W. Sekani, V. I .  Evaaa, aad 8- Q aria, "Syatheaia e f Orpeaic Geapjusds
Car bee,** J.  4a. CAea. Sec. 49, 1110 (194?).

Poraie  A e ld -C 11

i l y e i a e - l - C 14, • l p e l a e - S - C 14, Malania A e id - I - C 14

(1)

/

Labelled with I s e te p ie



Progress  i s  being nude in tin. preparation of  gl yc ine  - 1-C14 , glyc:ine-2-C14 , 
end a n io n ic  n c i d ~ 2 ’C14 through t h e  intermediate  c h l o r o s c s t i c  a c i d . * 4,4> In 
th is  aethod equiao lar  saosnts  o f  c h l o r i n e  and anhydroas a c e t i c  acid are al lowed  
to react  a t  140°C for 2 hr in  the  presence o f  c a t a l y t i c  q u a n t i t i e s  o f  p h o s 
phorus p e n t a c h l o r i d e , iod ine ,  phosphorus,  and a c e t y l  c h l o r i d e .  The products  
o f  c h l o r i n a t i o n  are treated with a a ix tu re  of  aaaoaiua hydroxide and aaaoaiua  
carbonate a t  60°C for 12 hr.  The r e s u l t i n g  g lyc ine  i s  separated  by c r y s t a l 
l i s a t io n  froa  BMthanol.

SYNTMKSIS §F I1 M  ■OLICULAft-VKieiT COMPOUNDS CONTAIN INS C14

Preparation o f  g -g e p t a d e c y lg ly o x a l id ln e - s -C 14

V. F. Baaen and G. A. Ropp

O l s c a s s l o a .  Labeled > h e p ta d e c y lg ly o x a l id in e  has been prepared on a I -  
anole s c a l e  by a a o d i f i c a t i o n  o f  a process  deve loped  by Carbide and Carbon 
Chtaicala D i v i s i o n .  The rea c t io n s  involved are the fo l low in g:

C| r H „6xW  ♦ CHjN, ------ ► Ct 7HS | GOOCH, ♦ N,

C, yHJ i COOCHJ ♦ NHjCHjCHjNHj --------► C, ; H4 l OONHC!fs CHj NH, ♦ CH,OH

250&C ♦✓ N-CH1
Cl t H„CON»CH1CH1NH1--------► C „ H „ C  | ♦ H,0

IT®*
B x p e r l a e a t a l . S t e a r i c  a c i d  1 C,4(4> (0 .2 9 4  * or  1 na o le ,  a s sa y in g  91 f 

a icro cu r ie s  per a i l l i e o l e )  was a e t h y la t e d  with diaroaethane.  To the r e s u l t i n g  
a e t h y l  s t e a r a t e  was added 0 . 6 7  a l  (1 0  a a o l e s )  o f  e t h y l e n e  d i a a i n e .  The  
aix ture  was perait te«l to stand for  IS hr at T O ' C .  Excess  d iaaiae  and a lc o h o l  
were reaoved  a t  reduced p r e s s u r e ,  and the r e s id u e  was d i s t i l l e d  a t  a p o t

(4) B. N. T o lb ert-  aid  0. M Hugh**, 4* Improved S j n t k t t i t  o f  C ly e ie c - |- C 14 «•4 C ly d e * -J-C14 from  
C*4-Lmkolo4 A o r t ic  A cid, UCIL TH (Bay i s .  I t* * ) .

(*) G. A. Raw. P r e p a r e u a  of Etbyl Acetate-2 C14 tad a-Betyl Acetete-2-C14 Using Alkyl Pbeapkates," 
J. Am. Worn. So t .  7 f . *459 (19S0).

(4) Prepared by U. S ' Testing Co., Hoboken . N. J .



t e m p e r a t u r e  o f  250”C i t  3 u  Hg, g i v i n g  0 .2 4 8  g o r  80 .5*  o f  tb a  t h e o r e t i c a l  
amount, m.p. 77 to 79°C. R ad io ac t iv e  assay: 985 n i c r o c n r i e s  p e r  m i l l i m o l a .

■igk*Level s y n t h e s is  o f  Cl4 *Lakeled P e ly a a e lea r  lydrocarhem e

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

-»

Am s p p s r a t a s  kss  been  c o a s t r a c t a d  f o r  t h e  high* l e v e l  p r o d a c t i o a  o f  the  
hydrocmrboas p h e n a a th r e a e , b e a s s a t h r s c e a e , c h r y s e n e ,  and 3 f 4<beaxpbeaea th reae ,  
l a b e l e d  e i t h  Cw . Chrysene  was prepared s u c c e s e f a l l y  from 1 ,2 * b e n s f l u o r e n e ( 1) 
w i t h o u t  i a o l a t i a g  the  i n t e r m e d i a t e  e s t e r  o r  c a r b i a o l .  A p p r o x i m a t e l y  10 
m i l l i c u r i e a  of  c h r y s e a e - 5 , 6 - C , 14 has beam p r e p a r e d  i a  an o v e r a l l  y i e l d  o f  94ft 
based  on uarecovered ca rbon  d io x id e .

n c u t f i a  W  0B8AHIC B A C IIM i

M m ctiea o f Perualdefcpde w ith Aldehydes C s s t t i a i i i  One Alpha Kydregea

J .  G. B ar r ,  J r .

*
As s r e s a l t  o f  the  d i s c o v e r y  t k s t  9 - f o r m y I f lu o r e a e - 1 0 -C 14 r e m c te d  w i th  

f o r m a ld e h y d e  to  g ive  i n a c t i v e  9 - f l u o r e n e n e t h a n o l  ( w i th  d i s p l a c e m e n t  o f  the  
a ld eh y d e  group as formic a c i d ) , * * ’ o th e r  s i m i l a r l y  c o a s t i t a t o d  a l d e h y d e s  have 
been s t u d i e d  in  aa a t t e m p t  t o  c l a r i f y  t h i s  r e a c t i o n .

In  t h e  normal r e a c t i o n  o f  fo rm aldehyde  w i t h  a ld eh y d e s  c o n t a i n i n g  one 
a lp h a  hydrogen  atom, t h e  f i r s t  s t e p  p ro b a b ly  i n v o l v e s  the a l d o l  a d d i t i o n  o f  
fo rmaldehyde to  the a ldehyde  to form sa i n t e r m e d i a t e  ( I I ) . * * ’

(7) C  J .  C o llin s, A. H. Joses, end C- M. Toffol, ia  Cheatetijr P io io is s  Qearterly p rogress deport /o r 
P e rio d  fading Jans SO . iO SO . CWL-TfS, p. Ti (Oct. S, 1950).

(!) J .  G Burr, J r . ,  -The As action e f  P -ro rsy lfl'erose with poena MahyAs,” J. As. Ghee. Pec. 71, «2S 
(1951)-

(9) R- Memo. Organic Asset ions, v s l .  I I ,  p. 100, V iler, Roe York, 1M9-

I I I
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♦ BOOOH

However,  i n  the  r e a c t i o n  o f  9 - f o r n y l f l u o r e n e  w i t h  fo rm a l d e h y d e ,  t h e  i n t e r *  
■ e d i a t e  I I ,  i f  i t  f o r n a ,  l o a e a  the  aldehyde  ( r o u p  a a  f o r n a t e  to  f o r a  e c a r b i a o l  
as  r e p r e s e n t e d  by IV,<*)

I n  t h e  schene  below e r e  shown the r e s u l t s  o f  t h e  s tu d y  o f  two s d d i t i o e a l  
a l d e h y d e s ,  d i p h e n y l a c e t a l d e h y d e  and f o r a y l d e s o x y b e n s o i n , t o g e t h e r  w i t h  two 
p r e v i o u s l y  r e p o r t e d  r e a c t i o n s .  The a l d e h y d e s  a r e  a r r a n g e d  in  th e  o r d e r  o f

1
ascending b a s ic i ty  of the ^CH n o ie ty ,  as reported by Conant and the len d . <*• >

C#H

CH
^>C H C H O  ♦ CH,

_ OH _0 -------- -
C.H ^ C H ,0 H

jC
\ C H .

(19) <*• *• Ohelaed, “ The Study ef Eatranely Veek Acids," J .  4s. Cfcea. Sec. 54. U U ,

I 1 ,3-D ibydroxyparaffiaa," B hsefaeh. 94,(ID  A. Pranks, “ Abnormal Behavior e f  Several 1,1-Ptheaoa 
1999, eep. 1904 (1919).

: : :
a a s e a
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"

B.

C.<»>

■ .. a  * V ■ * .  j ? * ,  ■> , S 4

^  . W

-

C.H,.

C*Hg
^CHCHO + CHjO

C . « . \  / < * , < *
’

C.
\CH.CW

'

C9HdV OH“ C*H* \
1 X C»Cl4 H0 ♦ CHjO------- ►I
c , h4

CHCHj OH ♦ HC1400H

C . H4 X
■

\

CfHgOO
CHC,4 H0 ♦ CH,0

lC,H,00
CHCHj OH ♦ HC,4 OOH

I t  u  e v i d e n t  t h a t  t h e  chaa ga  in  t h e  c o a r a a  o f  t h e  r e a c t i o n  f r o a  p a t h  1 to  
p a t h  2 p a r a l l e l a  t h e  i a c r e a a e d  b a s i c i t y  o f  t h i s  e o i e t y .

An e x p l a n a t i o n  o f  t h i s  any be a d d u c e d  f r o a  a s t a d y  o f  t h e  s e v e r a l  re*  
a c t i o n  p a t h s  w h ich  have  bees  p o s t u l a t e d  f o r  th e  C a n n i s s a r o a r o s e t i o n . < 11 * 11 *

a

The c a r b i a o l ,  V,  i s  i n d i c a t e d  i n  b r a c j t e t s -  b e c a u s e  * i t  y i e l d s  VI apoa*
ta n e o u a ly :

C.H,
^CHCHjOH

C.H, o o /

C . " ,  ^

C ,H ,00
c- ch, D i n e r

C . H . .
^CHCH, 

C ,H ,— CHC1
^ f C H ,  

C .H ,---- CHOH

VI I I

(12) B. R. A lm a h r ,  Primcipl••  # / I f i t  Organic p IM , R iley,
(13) R. Adana, ap. f i t . ,  p . 96.
(14) B- R. Alexaadar, ap. t i t . ,  p. 307
(15) R- Adaaa, ap. c i f . ,  p .  99.

Terk, 19S0.
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The d e h y d r a t i o n  p r o d u c t ,  V I ,  was i d e n t i f i e d  by  d e t e r m i n a t i o n s  o f  a o l a c u l a r  
w e i g h t ,  a o l a c u l a r  r e f r a c t i o n ,  c a r b o n y l  c o n t e n t ,  u p t a k e  o f  h y d r o g e n ,  and ,  
f i n a l l y ,  by r e d u c t i o n  t o  t h e  c a r b i n o l ,  V I I I ,  w h ich  gave a known c h l o r i d e ,  JX* 
f t  wa» found t h a t  p r o d u c t  VI (on o i l )  upon s t a n d i n g  was s low ly  b u t  c o a p l e t e l y  
c o n v e r t e d  to a w h i t e  c r y s t a l l i n e  s o l i d ,  a e l t i n g  a t  108 to 110°C. T h i s  s o l i d  
was shown to  have the  e a p i r i c a l  c o a p o a i t i o n  CJ 0 H34O| , a d i a e r  o f  V I .  However, 
i t  g a v e  no r e a c t i o n  o f  t h e  c a r b o n y l  g roup ,  o r  o f  the  hydroxy l  g r o u p ,  and d id  
n o t  show any u n s a t u r a t i o n .  The s t r u c t u r e ,  X,

C,H,C0

M,C
\ c  -

C#Hf \ r  HS n i

t e n t a t i v e l y  p ro p o s e d  t o  e x p l a i n  t h e s e  o b s e r v a t i o n s ,  r e p r e s e n t s  t h e  p r o d u c t  
o f  n D i e l s - A l d e r  r e a c t i o n ,  and would have b o t h  a h i g h l v  h i n d e r e d  d o u b l e  bond 
and  a l s o  a h i g h l y  h i n d e r e d  c a r b o n y l  g r o u p .  F u r t h e r  i n v e s t i g a t i o n  o f  t h i a  
s n b a t a n c a  i s  in  p r o g r e s s .

In  the  e f f o r t  to  p r e p a r e  d i p h e n y l a c e t a l d e h y d e  f r o a  d i p h e n y l a c e t y l  c h l o r i d e  
by a Roaennund type  r e d u c t i o n ,  an u n u s u a l  p r o d u c t  was o b t a i n e d ,  i . e . ,  t e t r a -  
p h o n y l e t h a n e :

P d b a S O ,
(C#H, ) , CHOCK: 1 ♦ H , ----------------► ( C , H , ) | CH-CH{C.H# )|  ♦ ( C , H , ) J CH,

45 g IS g 5 g

An e x p l a n a t i o n  o f  t h i s  aaoaM loas  r e a c t i o n  i s  b e i n g  s o u g h t .

S x p e r i a e a t a l  . • 0 , 0  D . p h m y l t n m t  t h y l e n *  o l y e o l .  D iphenyl  a c e t a l d e h y d e
(9  g)  , p r e p a r e d  by the  r e a r  ran  g e n e a t  o f  e i t h e r  h y d r o b e n s o in  or  a , a - d i p h e n y l *  
e t h y l e n e  g l y c o l ,  was d i s s o l v e d  m  50 a l  o f  10% s o d i u a  h y d r o x i d e  a n d  t r e a t e d

•A ll a e l ta a g  p o in ts  ver* taboo so  e F ish er-Jo h n s block sod are  so co rre c ted  CM assays woes accooplisbod 
by a wot coaibestiae of caepaosdo. sad  ia n -c baoba r e je c t in g  o f  tb s  earboa d io s id e  »aa does s o a v i>  
b ra t ta g -  rood e le c tro n s  ta r  M acroseaaya for car boo sod bydr  egos  so re  by I  V G a lb ra ith , Kosov i l l s ,

43
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w i t h  10 w l  o f  37% f o r m a l i n  s o l u t i o n  o - e r n i g h t .  The o i l ,  w h ich  s e p a ra te d  and 

waa removed w i t h  e t h e r ,  weighed 9 f .  - The p r o d u c t ,  d i s t i l l e d  a t  4 ww'Kg p r e s *  

aure ,  p a r t l y  c r y s t a l l i s e d .  R e c r y s t s l l i s a t i o n  f rom bewsene pentane gave 1 .1  g 

o f  c o l o r l e s s  a i c r o p l a t e a  wh ich  w e l t e d  a t  102 to  103°C.

A n a l . C a l c ,  f o r  C| # « |# 0 , :  C, 7 8 . 8 ,  H, 7 .0 7 ;  OH, 1 4 . 9 * .  Found C, 7 8 . 6 ,  
H, 6 .6 1 ;  OH, 1 4 . 0 * .

The coapownd formed a d i b e n s o a t e  w e l t i n g  a t  107 t o  1 0 8 ° C ‘ (d e p r e s s e d  by 

adm ix tu re  w i t h  t h e  d i o l ) .

A n a l .  C a l c ,  f o r  CJ#HJ40 4 C, 7 9 . 8 ;  H, 5 .5 9 .  Found :  C. 7 9 .3 ;  H, 5 . 5 2 .

R e a c t i o n  o f  f l - h y d ro x y -a - p h e m y  l - o c r y l o p h t n o m  (F» rm y I d o x o x y b t n t  o i n )  w i t h  

F o r m o ld t h y d t . Desoxybenzo in  (103 ( )  was conver ted  to  f o r a y  l d e a o x y b e a to ia  w i t h  
a a o l u t i o a  o f  33 g o f  c o a a e r c i a l  s o d iu m  a e th o x id e  and -62  a l  o f  e t h y l • f o rm a te

o
i n  200 a l  o f  a l c o h o l .  The u n r e a c t e d  k a te n e  weighed 3 0 . 5  g .  The a o i a t  e n o l  

(91 g) suspended i n  200 a l  o f  37% f o r a a l i n  waa t r e a t e d  w i t h  a s o l u t i o n  o f  23 g 

o f  p o t a s a i u a  h y d r o x i d e  i s  a a i x t u r e  o f  150 a l  o f . a l c o h o l  sad 30 a l  o f  w a t e r .  

A f t e r  the  a o l u t i o a  was s t i r r e d  o v e r n i g h t  aad poured i n t o  w a t e r ,  the  i n s o l u b l e  

o i l  waa e x t r a c t e d  w i t h  e t h e r  and d i s t i l l e d  a t  l e a s  t h a n  1 aa  Hg p r e s s u r e .  

The d i s t i l l a t e ,  c o l l e c t e d  in  f o u r  f r a c t i o n s ,  we ighed 6 0 * 7  g.  The a n a l y t i c a l  
da ta  o b ta in e d  f o r  the p u r e s t  f r a c t i o n  a re  shown i n  T a b le  3 . 1 .

TABLE g . l

A n a ly tic a l l a t a  fa r  Ceapeaad VI

DCTEHMINATICK T fB B B HOUND
c a l c , far 

( I D

M olecu lar w e i ^ t B p e le v a tis a  in  boa seas t i l tot

Carbonyl Hydroxy lo a ino b yd re e h le r id s * **> 11 • « 11 M

M olecu lar r e f r a c t io n d i  o* d l I

B yd ro g ine tio a ** Adoao PtOj i t  a 1 cabal t  O aelea t  0 no loo

•This is  aa e x a lta t io n  e f I  t  un its , whteli la  ae t surprising fa r a carhaayl 
w ith a phenyl fre e s  sad e double hoed

••Horeel pressure *

conjugated

( Id )  S S i ag io , Q e o a f ita t to o  Organic d n e ly s ir  v ie  re a c t io n e l Creep*, p 17. t i  ey, Nee Verb, l td #

npa •
* *



1
Ten g r an t  o f  coapoa nd  V was h y d r o g e n a t e d .  The p r o j e c t ,  d i s t i l l e d  a t  

130*C a t  1 a n  Hg p r e s s u r e ,  was c o n v e r t e d  t o  the c h l o r i d e ,  IX , a . p .  139 to  
140°C, by the  p r o c e d u r e  o f  K a y a e r . < > r >

The l i q u i d  p r o d u c t  VI,  a f t e r  s t a n d i n g  f o r  a week s a d  h a l f ,  d e p o s i t e d  
c r y s t a l s ,  a . p .  107 t o  108°C,  f r o a  a l c o h o l  s o l u t i o n  and i n  a f e e  weeks vaa  
a l s w s t  c o m p l e t e l y  s o l i d .

4 n e l .  C a l c ,  f o r  CJ # HJ40 J : a o l .  a t .  416;  C, 86 . 3 ;  H, 5 . 8 2 .  Found: a o l .  
wt .  420; C, 8S . 7 ,  H, 6 . 04 .

This  d i a e r  d i d  n o t  r e a c t  wi th  hyd r oxy  l a a i n e  in the p r o c e d u r e  o f  S i g g i a ,  < 1 * ) 
i t  d i d  n o t  a b s o r b  hyd r og e n  a t  n o r a a l  p r e s s u r e  i n  t he  p r e s e n c e  o f  p l a t i n u a ,  
and i t  did no t  r e a c t  wi t h  p h t h a l i c  a n h y d r i d e  in  the  p r e s e n c e  o f  p y r i d i ne *  
( showi ng  t h e  a b s e n c e  o f  hydroxy l  f u n c t i o n ) .  The u l t r a v i o l e t  s p e c t r u a  had a 
s i n g l e  a a x i a u n  a t  241 ( l o g  i g  4 * 2 2 ) ,  .which i s  c h a r a c t e r i s t i c  o f  a c o n 
j u g a t e d  c a r b o n y l  f u n c t i o n .  The i n f r a r e d  s p e c t r u a  ( p a s t e  i n  N u j o l )  showed

e 9

a b s o r p t i o n  p e a k s  c h a r a c t e r i s t i c  o f  c a r b o n y l  f u n c t i o n ,  b u t '  none  where  t h e  
hydroxyl  bonds a i g h t  br expec t ed .

P r apar a t i o  a o f  f i -HydroKyl -a-phony  l -  ( m c r y \ o - f l - C t4 f phenono and I t a  Re a c t i o n  
w i t h  F o r ma l d eh y d e . To a s o l u t i o n  o f  2 . 4 3  g o f  s o d i u a  a e t h o x i d e  in  25 a l  o f
a l c o h o l  waa added 3 . 1 1  g o f  e t h y l  f o r a a t e  c o n t a i n i n g  100 a i c r o c u r i e s  o f  C1 4 .

•  •

To t h i s  waa added a s o l u t i o n  o f  7 . 8 5  g o f  de s oxybens o i n  . in 20 a l  o f  a l c o h o l .  
A f t e r  t h i s  s o l u t i o n  waa s t i r r e d  f o r  36  h r ,  i t  was p o u r e d  i n t o  w a t e r .  The 
r ecove re d  k e t on e  w e i g h e d  4 . 38  g (56%),  a n d  was i s d i o c h e a i c a l  l y  i n a c t i v e .  The 
a q u e o u s  l a y e r ,  u p on  a c i d i f i c a t i o n ,  d e p o s i t e d  2 . 7 0  g (31%)  o f  t h e  l a b e l e d  
f o r a y l d e s o x y b e n a o i a , a . p .  lOf to  110"C.  The b ens oa t e  was p r e p a r e d ,  a . p .  *106 
t o  107*C ( f u t u r e  w i t h  t he  ea o l  w e l l e d  a t  90 t o  100°C) .  T h i s  s u b s t a n c e  c o n 
t a i n e d  2 . 04  a i c r o c a r i a a  o f  C:4 per  a i l l i a o l e .

A a u a p t k a i e a  o f  2 . 43  g o f  t h e  l a b e l e d  f o r a y  l d e a o x y b e a t o i n  in  5 a l  o f  
f o r a a l i n  so u t i o n  was  t r e a t  >d wi th  10 a l  e f  10% a l c o h o l i c  pot  a s s i u a  hydrox ide .  
\ f t e r  the  s o l u t i o n  was s t i r r e d  f o r  18 h r  and poured  i n t o  w o t o r ,  t he  p r o d u c t  
was e x t r a c t e d  i n t o  e t h e r  and waa d i s t i l l e d  a t  h i gh  v a c u u a  i a  a s h o r t - p a t h  
s t i l l  t o  g ive  1 . 7 4  |  e f  a y e l l ow o i l ,  a 0 *4 1 . 5780 .  Th i s  s u b a t a a c e  took up 11

(17) M- T layaer, "Cm. trike  ties 1 l'fteda 4m rfeetteea b u y a f t r ip u , ' '  4ai. e k t» . 4, 145. asp 171
(1454)

(II)  g H a t * ,  ap. « i t . ,  p. 7 
(19) fM i., p 17

i
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a a o l e s  (68% o f  t h e o r y )  o f  h y d r o g e n  in  the  p r e n o a c e  o f  p l a t i n u a .  The  h y d r o 
g e n a t i o n  p r o d u c t  when d i s t i l l e d  in  h igh  r a c n u i  y i e l d e d  1-54 g o f  a c o l o r l e a a  
o i l ,  n D3* 1 .5 5 7 1 .  T h i s  a s b s t a e c e  ( e ro d e  V I I I )  upon a s s a y  shoved l e s s  t h a n  5% 
o f  t h e  s t a r t i n g  e a t e r i a l  s o l a r  C14 a c t i v i t y .  T h i s  s a a l l  r e s i d u a l  a c t i v i t y  i s  
p r o b a b ly  n o t  s i g n i f i c a n t  b e c a u s e  6n such s n a i l - s c a l e  runs  i t  e s s  n o t  p o s s i b l e  
to  p u r i f y  th e  p r o d u c t s  t h o r o u g h l y .

The aqueous  f r a c t i o n  o f  t h e  r e a c t i o n  p r o d u c t  e a s  d i l u t e d  w i th  980 a g  o f  
u o n r a d i o a c t i v s  s o d i u a  f o r a a t e .  The s o l u t i o n  e s s  t r e p t e d  w i t h  10 n l  o f  20% 
b s n i y l t h i n r o a i u e  c h l o r i d e  s o l u t i o n .  The p r e c i p i t a t e d  s a l t ,  n . p .  146 t o  141°C, 
war d r i e d  and a s s a y e d .  I t .  c o n t a i n e d  0 .456  t i i l l i c u r i e  o f  C14 p e r  a i l l i a o l a ,
57% o f  t h e  t h e o r e t i c a l  0 .8 0 3  a i l l i c u r i e  p e r  s o l e .  T h i s  d e n o n a t r a t e d  t h a t  the
C14 a c t i v i t y  had boon c o n v e r t e d  p r e d o a i n a a t l y  to  f o r a a t e .

\

A t t e m p t e d  Rotenmund Redu : t  ion  o f  Dipheny  l a c e  t y  l C h l o r i d e .  A s n s p e n a i o n  
o f  4 g o f  5% pa 11a d i u e  — b a r i u e  s u l f a t e  c a t a l y s t  p o a s o n e d  w i t h  0 . 6  a l  o f  
q u i n o l i n e - S  s o l u t i o n  in  200 a l  o f  t o l u e n e  was p r e p a r e d .  To t h i s  s o l u t i o n  vaa 
added 4 4 . 6  g o f  d i p h e a y l a c e t y 1 c h l o r i d e ,  and a s t r e a a  o f  hydrogen was p a s s e d  
th ro u g h  t h e  s o l u t i o n  as i t  was r e f l u x e d  and s t i r r e d .  The a f f l u e n t  h y d r o g e n  
c h l o r i d e  e a s  t i t r a t e d  e i t h  5 N s o d i u a  h y d r o x i d e .  A f t e r  o v e r s i g h t  r e a c t i o n ,
28 n l  o f  NaOH had been c o u s u a e d  (7$% o f  t h e o r y ) .  The  c o o l e d  s o l u t i o n  was 
f i l t e r e d  f r o a  th e  c a t a l y s t  and  e v a p o r a t e d  under  v a c u u n .  The r e a i d u a l  s o l i d  
was h e a t e d  e i t h  aq u e o u s  s o d i u a  b i c a r b o n a t e ;  t h e  e a d i s s o l v e d  a a t e r i a l  was 
f i l t e r e d  o f f ;  and th e  f i l t r a t e ,  a f t e r  e x t r a c t i o n  e i t h  e t h e r ,  was a c i d i f i e d  to  
g iv e  5 . 5  g (13 .5%)  o f  u n r e a c t e d  d i p b e a y l a c e t i c  a c i d .  The n e u t r a l  o r g a n i c  
a a t e r i a l s  were  coab ined  and s t i r r e d  w i th  e t h e r .  The  e t h e r  e x t r a c t  was evepo* 
r a t e d  a n d  t h e  r e s i d u e  e«s  d i s t i l l e d .  The d i s t i l l a t e ,  4 . 4  g ( 1 3 . 5 % ) ,  b . p .  I 
87 t o  89®C, n0 2> 1.5788,  «aa d i  pheny lee  th a n e .

The e t h e r - i n s o l u b l e  a a t e r i a l  weighed 15 g (47% y i e l d )  and a e l t e d  a t  209
a

to  210*C a f t e r  s e v e r a l  c r y s t a l l i s a t i o n s  f r o a  b e n x en e .  Th is  a a t e r i a l  c o n f o r a a  
in  a n a l y s i s  and p r o p e r t i e s  t o  t e t r a p h e n y l e t h a n e .

Anml.  C a l c ,  for  C]CH,a : C,  9 3 .3 ;  H, 6 . 6 4 ,  s o l .  v t .  334.  Found: C,  9 2 . 6 ;
H, 6 .2 9 ;  am 1. wt.  320.

A a i x t u r e  a e l t i a g  p o i n t  e i t h  a u t h e n t i c  t e t r a p h e n y l e t h a n e  ( a . p .  211 to  
212*C, f r o a  d i p h e n y l c h l o r o a e t h a n e  and s i n e )  shoved no d e p r e a a i o n .
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I S t r o p  K EFFECT KM M C C W PM IT IM  9 F  F 9 U I C  A CIB-C14

G. A. Ropp A. J .  Weinberger
0.  K. N ev i l l e

Exper im en ts  p r e v i o u a l y  r e p o r t e d * 14* have  ehova t h a t  the  d e c o m p o s i t i o n  
o f  fo rm ic  ac id -C14 in  c o n c e n t r a t e d  a n l f e r i c  a c i d  to  f o r a  carbon monoxide and 
e a t e r  invo lves  a measurable  i i r f tope  e f f e c t .  S e c ce a a iv e  s t a p l e s  o f  evo lved  gaa 
were found to  c o n t a i n  i n c r e a s i n g  ano u n ts  o f  C14 r a d i o a c t i v i t y .  S i n c e  the 
h i n e t i c a  o f  the  d e c o m p o s i t i o n  are  o f  the  f i r s t  o r d e r ,  an e a p r e s a i o n  o f  the  
fo l l o w i n g  fo re  has been w r i t t e n :

In S • K ♦ <*| t  - k l 4 ) t  (1)

where

S  * the s p e c i f i c  a c t i v i t y  o f  the e v o lv ed  gas  sample a t  t i n e  t 

K -  a con s tan t '
1 ,1  -  r a t e  c o n s t a n t  f o r  formation of  carbon  monoxide-C11 
k | 4 * r a t e  c o n s t a n t  f o r  fo rn a t id n  o f  c a rb o n  monnxide*C14

I t  i s  aeon t h a t  s u b s t i t u t i o n  o f  v a lu e s  f o r  In  S and fo r  t sh o u ld  p e r m i t  the  
p l o t  o f  a s t r a i g h t  l i n e  o f  s l o p e  - k t 4 .

T h i s  e q u a t io n  d i f f e r s  f r o n  those  p r e v i o u a l y  d e r i  ved* * 1 * ** * i n  t h a t  the 
s p e c i f i c  a c t i v i t y  f i g u r e  u sed  ia  n o t  aa i n t e g r a l  o f  a l l  i n c r e a e n t a  o f  radio* 
a c t i v i t y  up to  t i n e  t  b u t  r a t h e r  i t  the  s p e c i f i c  a c t i v i t y  o f  one  s m a l l  in* 
c r e a o n t  o f  gaa a t  some t i n e  t .  Hence the s m e l l e r  the  aanple  o f  gaa measured 
ea a p e rc e n ta g e  o f  the  t o t a l  volune o f  p r o d a c t ,  the  ao re  n e a r l y  w i l l  Eq. (1) 
be e x p e c t e d  to be a p p l i c a b l e  ia  c o r r e l a t i n g  t h e  e x p e r i a e n t a l  r e s n l t s .  The 
p r e a e a t  a e th o d ,  i n v o l v i n g  meaaureaen t  o f  the  s p e c i f i c  a c t i v i t y  o f  s u c c e s s i v e  
i n e r p a e a t s  o f  p r o d u c t ,  i s  s u p e r i o r  t o  t h a t  o f  a e a s u r i n g  th e  i a c r e a s e  in

(20) G. A. Rapp «ad A. J .  Vein be r e a r ,  "The Iaatapa E ffec t i a  the  Decomposition e f  Formic Acid-C14,** 
C h t m i t t r j  D i i i i im  Q a e rte rfy  P r o g r t u  gapart /o r  P e r io d  f a d ie f  Sepfoabe* JO, 1050.  OHIL-iTO 
(Mftr. 1, 1951).

(21) P. E. Yea Inrich, “ Isotopic E ffe c ts  ia  Soma Simple Chemical Camp m i l ," Isotopic fschem es geectieeo 
ead Cheated f l a t t i e . ,  p. 44. (WIL-C-8) Broohh.Tea Ceaferemce Report, Deceaher 1 -  S. 1944

(22) J. B taele iem , ib id .,  p. 53.
(25) V- H. Stevens ead R. « . A ttree , “ E ffect ea Reaction RatesCaaadd by the S eb e tite tiea  e f  C14 forC1*. 

I .  A lkalies Hydrolysis of Carbonyl-Lakeled Ethyl Beaeeete “  Cm. J. geo. 2TB. §07 (1949).
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■ p a c i f i c  a c t i v i t y  o f  the  t o t a l  p r o d n c t  ap to  t i a o  t i a  t h a t  a g r e a t e r  d i f -  
foroaco ia  r a d i o a c t i v i t y  w i l l  bo obaorvod  batoaaa aaap laa  c o l l a c t o d  a t  aay too 
t i a a a ,  aad hence th e  advarao a f f a c t  o f  c o a a t i a g  a r r o r  i a  a a a l l a r .

Ia o r d a r  t o  a p p r o a c h  no re c l o a a l y  t b a  i d e a l  a y a t a a  o f  a e a a a r i a g  t b a  
a c t i v i t y  o f  p o i n t  a a a p l a a ,  a flow a y a t a a  c o a t a i a i a g  a 1 0 - a l  i o a  ebaaber  baa 
baa a daa ig aad  and  a  aad i a  r e c e a t  e x p e r i n e a t e .  Tba r a d i o a e t i  vi  t i a a  o f  aac -  
caaaivo 10-n l i n c r a a a a t a  o f  a t o t a l  o f  1000 a l  of  gaa aay  tbna  be aaaaarad  by 
aaaaa  o f  a v i b r a t i n g - r e e d  a l a c t r o a a t a r  aad recorded  c o a t i a a o a a l y  oa a Brown 
r e c o r d e r .  Tba k i a e t i c a  o f  tba  r a a c t i o a  caa  ba a t a d i a d  a i a u  1 t a a e o u a l y  by 
a a a a a r o a a a t  o f  t b a  v o la aa  a f  the  gaa e v o lv e d  aa a f a a c t i o a  o f  t i a a .  F iga ro  
3 .1  abowa tba  a p p a r a t a a  which haa boon n aad .  Ia  t h i s  f i g a r a ,  A i a  tba ro a c t io a  
voaaal daaigaod t o  a l lo w  tbe  n ax in u a  a n r f a c o  fo r  a v o l a t i o n  o f  tbo gaa with  a 
a i a i a a n  vo laaa  f o r  t b a  gaa above t h a t  a a r f a c e ;  0 i a  a c o p p e r  b e a t  aacbaaga r  
wboaa f u n c t io n  i a  t o  b r i a g  tbo gaa t o  r o o a  t a a p a r a t a r a ,  r a g a r d l a a a  o f  tba 
t a n p o r a t a r o  o f  t b a  r e a c t i o n  v e a a e l ;  C i a  aa a a c a r i t a  t a b a  t o  reneve f e r n i c  
a c i d  a p ra y  which  a i g h t  c o a t a n i a a t e  t b a  i a a  c h a n b e r ,  0 ;  f  i a  a g a a - v o lu a e  
a e a a a r i a g  d e v i c e  which  p a r n i t a  t b e  c a l l a c t i o a  oS gaa w i t b o a t  chang ing  tba 
p r a a a a r a  in t b a  i o a  eban b o r ;  aad F i a  a a e r c » r y  n o a o a a t a r .  The r o a c t i o a  
voaaal  c o n ta i aa  a a a g a a t i c  a t i r r i a g  b a r  and i a  aac loaad  i a  a c o a a t e a t - t o a p e r e 
t a r o  b a th ,  wboaa n a a i a a n  v a r i a t i o n  i a  0 .0S*C.  Tba a a t i r a  a p p a r a t a a  i a  con
t a i n e d  ia  a hood whore a f a i r l y  c o a a t a a t  t a a p a r a t a r a  caa  ba a a i a t a i a o d .  Tba 
v i b r a t i a g - r e e d  a l a c t r o a a t a r  i a  ao a d j a a t e d  t h a t  tba io a  e n r r e a t  i a c r a a a a  daa 
t o  i a o t o p i c  a f f a c t  d a r i n g  an e x p e r i m e n t  p ro d a c a a  o n e - h a l f  t o  f a l l  a c a l a  
d e f l e c t i o n  oa a Brown r e c o r d e r .  A p l o t  o f  tbo  l o g a r i t b a  o f  tbo ro c o rd a d  
■ p a c i f i c  a c t i v i t y  a g a i a a t  tba  t i a a  baa  boon foaad to  g i v e  a f a i r l y  a t r a i g b t  
l i a a .  Tba a l a p a  o f  t b i a  l i n e  n a l t i p l i o d  by 2 .303  i a  e q a a l  t o  l | t  -  k l 4 . 
Tb ia  d iv id e d  by i ( |  f r o a  tbe k i n e t i c  o b a a r v a t i o a a  i a  o a a  f o r a  f a r  tbo ea -  
p r e a a i o a  o f  tbe  i a o t e p o  a f f e c t .  I a  T a b l e  3 .2  a r e  tba  d a t a  a b t a i a a d  i a  a ix  
a x p e r i a a a t a  a t  0*C aad f ive  e x p e r in e a t a  a t  24.7*C.
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TAILS I . I

M itt f*r H U r i l a i t t M  aX Iso top* I f  f o o t  i s  locosp os  111 * s  o f  F ora ic  Acid

la lalfarlc A d d  Sslatlss

TEWERAIURE
(*C)

* »
(•* ■ '*  x 1C4 )

*U * *14 
( a ia * 1 X 104 )

*»a * *|4 ISOTOPE EFFECT (S 
d e v i a t i o n  f r o a .

• * « )S i
( »

0 1.4* 4 23 U 2 ♦10-9
1 4 1 3 3 5 9.3 - u s
1 1 1 4 01 11 2 ♦1.1

s i r 3 St 11.7 ♦ 4 4

3 5 0 3. SI 10.0 - 9 1

1ST 4.10 U S ♦ 4 5
Av*. 1 5 1 3 3 0 110 9 4

14. T 74 5 45.4 1 55 -0-1

! ’ t * .o 67 1 1 95 ♦ 4 4

74. S 43 0 1 4 4 -1 .2

•1 -4 42.3 7 44 -10 5

H I 73.7 9 2 0 ♦7.3

Av*. 77.5 44.3 •  54 4 «

The d i f f e r e n c e  i n  a c t i v a t i o n  e n e r g y  f o r  f o r a i c  a c i d - C 1* and f o r n i c  
a c i d - C 14 can be c a l c u l a t e d  as f o l l o w s :  F r o a  the  A r r h e n i u s  e q u a t i o n s  f o r  the  
a c t i v a t i o n  e n e r g i e s  o f  a c t i v e  and i n a c t i v e  f o r a i c  ac id  a t  t e a p e r a t u r s  T, ,

where

• x p  ( * I I 4 //IT, ) 

®*p ( - * n / J i r , )
( 2 )

k u  and k l4 a r e  the  r a t e  c o n s t a n t *  f o r  th e  C‘ * end the C14  coapound, 
r e s p e c t i v e l y .

At t  and A| 4  a r e  the  r e s p e c t i v e  c o l l i s i o n  n uabers  ( i n c l u d i n g  s t e r i c  
f a c t o r s ) .

f i a  and B . .  a r e  the  r e s p e c t i v e  a c t i v a t i o n  e n e r g i e s .
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An e x p r e s s i o n  s i a i l a r  to Eq. ( 2 )  can be derived n t  tesperature  T, . D iv id i n g  
the equat ion  for Tt by the equat ion  for T , ,

>r.
A *  f r .  -  r . )

-------------------  «»p [ ------------
< * „ / * „ > .  *  I ' T . r , )  J

s in ce  AE » Et4 - A lthough 4 I4 aay be soarawhat d i f f e r e n t  froa 4 , a , the
ra t io  o f  the  two shoald be p r a c t i c a l l y  teaperatura-iadepoadent.

P u t t i n g  Eq. (3) in t o  l o g a r i t h a  fora, i t  becoaes

AE - 2.303R
[ Tt Ta

I7 « *• v < * . « / * * , >r,

* 1 4
--------W T - * 1 . [ * . ,  -  * . « i ‘

k ka ■ i i  J

Thar, for  f ,  - 2 9 8 .0°K and T, -  2 7 3 .2 °K.

*i a  * * 1 4
■ 0 , 0 8

* i a  ‘ *»4

*»• : h .* ° i fc*«

0.10

In 90 .5*  Hf S04 ,

A£ % 180 c a l / a o l e

Avg. k l t  a t  2 9 8 .0°K ■ 77.5 * lO‘ * /a in

Avg. k . _ a t  2 7 3 .2°K ■ 3.52 x 1 0 ' V a i n
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I s  a d d i t i o n t o  the asp.* r i s e  a t  a l i a t e d  i a  T a b le  3 . 2 ,  oaa s p e c i a l  run  waa 
eada u s i n g  th e  app a ra tu a  d a a c r i b a d  p re v io u s ly  e x c e p t  t h a t  the  a a c a r i t e  t r a p ,  
tha  h e a t  e x c h a n g e r ,  and t h e  a a a o a e t e r  were r e a o v e d  f r o a  t h e  flow a y a t e a .  
Reaoval o f  th eae  p a r t a  a ad t h e  r e d e a i g a i a g  o f  the  r e a c t i o n  veaaa l  e l i a i n a t e d  
about 95% o f  the  f ree  voluae e f  t h e  aya tea  between t h e  au rface  e f  the  a u l f u r i c  
a c id  and t h e  ion chaabe r .  A t  0°C, ua ing  th i a  a o d i f i e d  a p p a r a tu a ,  a v a l u e  o f  
10.0% was o b t a i n e d  for  the  i a e t e p e  e f f e c t .  S in c e  t h i a  va lue  ia  n o t  a i g n i f i -  
c a a t l y  d i f f e r e n t  froa  the  a v e r a g e  valua o f  11.0  f o r  th a  previoua  a x p e r i a e n t a ,  
i t  waa conc lu d ed  th a t  a o r a a e a t  e f .  the  carbon a o n o x id o  through the  a y a t e a  waa 
e a a e a t i a l l y  "’p lu g  flow” aad t h a t  t h e  t e a p e r a t a r e  c o e f f i c i e n t  o f  th e  i a o t e p e  
e f f e c t  waa p robab ly  n o t  due t o  d i f f e r a n c e  ia  t h e  d e g r a e  o f  a i x i a g  w i t h i n  t h e  
f ree  v o l a a e  o f  tha  a y a t e a ,  i . e . ,  t o  d i f f e r e n c e  be tw een  the  r a t e a  o f  e l u t i o n .

c14 men m i l l  in  t b  u a b k a n o c iin ts  g p  a - p n iT M ts :
OMYHBTBICAL BKNIILS

E. C. Headley* 0 .  K. N e v i l l e  
C. J .  C o l l in e

An i n v e a t i g a t i o n  o f  a new a e th o d  fo r  the  p r e p a r a t i o n  o f  c a r b o n y l - l a b e l e d  
u a s y a a e t r i c a l  b e n s i l a  has bean  u n d e r tak en .  The a e t h e d  invo lvea  the  r e a c t i o n a  
i n d i c a t e d  i n  tha aquat iona below:

I n k t r  o f  tW  Research P a r tic ip a tio n  Program  sponsored jo in t ly  by tb a  Oak Ridgs I n s t i tu te  o f  N nclesr 
S tud ies and Oak Ridge National L abora to ry ; pernaneat address, M is s is s ip p i S ta te  Col lags. S ta te  C S l ie p ,  
M is s is s ip p i.
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In til* p r e s e n t  e a s e ,  the  u n s y a u e t r i c a l  1 y s u b s t i t u t e d  g r o u p ,  X, i s  the  
p - n e t h o x y  g roup .  l a  the  f o l l e v i a g  s e c t i o a  the  p r e p s r e t i o a e  i n v o l v i n g  the  
f i r s t  four o f  the r e e c t i o a s  i n  the sch e a e  a r e  d e sc r ib ed .

B x p e r i a e a t a l .  ( 1 )  Phenyl  p - M c t k o x y e t y r y l  Ketone.  To a s t i r r e d  a i x t u r e  
o f  2 S . I  g o f  a ce to p h e n o n e ,  11 g o f  s o d i a a  hydrox ide ,  62 a l  o f  a l c o h o l ,  end 98 
a l  o f  m a t e r ,  a t  r o o a  t e a p e r a t u r e ,  e a a  added  2 9 .2  f  o f  a a i s a l d e h y d e . The 
a i x t u r e  was th ea  h e a t e d  a t  30°C f o r  3 h r ,  a l i e n e d  to  s t a n d  o v e r n i g h t  in a 
r e f r i g e r a t o r ,  sad  f i l t e r e d  whi le  c o l d .  The ye l low s o l i d  r e a i d a e  was washed 
f r e e  o f  a l k a l i  w i th  w a te r  sad f i n a l l y  w i t h  co ld  a lco h o l .  A f t e r  c r y a t a l l i a a t i e a  
f r o a  four t i a e a  i t a  w e ig h t  in  a l c o h o l ,  t h e  p ro d u c t  a e l t e d  a t  73 to  75*C and 
weighed 42.84 g (84% o f  the t h e o r e t i c a l  y i e l d ) .

(2) Pheny l  p - Ke  t h o x y  t y ry  l K e t o n e  Ox id e .  The phenyl p ~ a e t h o x y s t y r y l  
ke tone  was c o n v e r ted  to  pheayl p - a e t h o x y a t y r y 1 ke toae  oxide  hy add ing  3 a l  o f  
3 OX hydrogen p e r o x i d e  t o  a a i x t u r e  o f  1 g o f  the  ke tone ,  2 . 5  a l  o f  2 K aodiua  
h y d rox ide ,  sad  30 a l  o f  a lco h o l  and a t i r r i a g  for  20 a i a  a t  r o o a  t r a p e r a t u r s .  
The p r e c i p i t a t e  which  r e s u l t e d  f ro a  a d d i n g  IS a l  o f  water  end c o o l in g  weighed 
730 ag .  A f te r  t h e  p r o d u c t  had been d r i e d  o v e r  phosphorus p e a t o x i d e  in  a vacuua 
d e s i c c a t o r ,  the y i e l d  was 69.4% o t  the  t h e o r e t i c a l  aaoaa t ,  a . p .  81 to 83*C.

(3 )  Phenyl  p -M e t ho x yh en xy l  G l y c o l i c  A c i d .  A a i x t u r e  o f  730 ag  o t  the  
epoxy coapound f o r a e d  i n  (2 )  above, 2 . 2  a l  o f  2 N aodiua  h y d r o x i d e ,  and 8 a l  
o f  a lcoho l  was r e f l u x e d  fo r  l . S  h r .  A f t e r  28 a l o f w a t e r  had been  added and the 
a i x t u r e  s a t u r a t e d  w i t h  careen d ioxide  ( d r y  i c e ) ,  the  i a p u r i t i e s  were e x t r a c t e d  
w i t h  e t h e r .  A c i d i f i c a t i o n  o f  the  w a t e r  l a y e r  produced 660 a g  o f  the  a c i d .  
The y i e ld  was 84.5% o f  the  t h e o r e t i c a l  aaw uat ,  a . p .  18S to 187°C.

(4 )  Pheny l  p - M e t h o x y h e n t y l  K e t o n e .  A a i x t u r e  o f  S20 a g  o f  t h e  a c id  
f r o a  ( 3 ) ,  46 a l  o f  g l a c i a l  a c e t i c  a c id ,  and* 125 ag o f  ch roa ic  a c i d  was s t i r r e d  
o v e r n i g h t ,  a f t e r  w h ich  118 a l  o f  water was added. The p r o d u c t  was e x t r a c t e d  
c o n t i n u o u s l y  i n t o  e t h e r ,  and th e  e t h e r  e x t r a c t  was waahed w i t h  a o d iu a  hi* 
c a r b o n a t e  s o l u t i o n .  C r y a t a l l i s a t i o a  f r o a  a l c o h o l  y i e l d e d  170 ag  o f  t h e  
s u b s t i t u t e d  d e ao x y b e a so ia  a e l t i a g  a t  9S to  97*C.<>4* The y i e l d  was 39.3% of  
t h e  t h e o r e t i c a l  a a o u n t .

(14) Cf. 8. 8. Jeakias, "Baaseia Itoductisa. I .  Ihs Mechaaisa ef Kataae Peraatiaa. Tha Gaea af Baaaaai.
•o in ,” J. 4a. Ch*m. S ec ., S4, 1155. sap. p. 118T (1931).
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T l «  • r e s a l e  C h e a t s  t r y  a f  S o l v e n t s  (V. H. B a ld w in  and C. K. H i f ( i a s ) .  
S m l f o n t a .  Work oa the aa  coapounda  baa bean t a a p o r a r i l y  d i a c o n t i n n e d  t o  a l low  
f a l l  e f f o r t  t o  be d ev o ted  t o  the  a tady  o f  p h o s p h a t e s i
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i a t a r a  • /  Pkoapkor i e  Acid.  S e v e r a l  p re p a ra t io n *  o f  t r i - n - i i t y l  phosphate 
(P * a ) ha re  boon wade by Jth* r e a c t i o n  bntvoon A*,P04 and  n - b a t y .  b r o m d e .  
S a n p l a s  o f  t b i o  r a d i o a c t i v e  n a t e r i a l  b a t e  baoa a a p p b i n d  to  r o a o a r e b  aad 
d a r o l o p n o n t  g r o u p s  a t  REV and KAPL. The l a b e l e d  TBP i n  b e in g  need in  o a r  
l a b o r a t o r y  f o r  t b e  a tad y  o f  tbe  d i a t r i b n t i o a  o f  TBP b e tw ee n  aqaeoas  n i t r i c  
ac id  a o l a t i o n a  nnd nonpolar s o lv e n t * .

* «

BLCCTBOtEFtSITItN MVAVIM VP SILVKB

J .  C. G r ie s s ,  J r .  ( i n  c o n j n n c t i o a  with L. B. Rogers 
aad J .  T. Byrne  o f  M.I .T . )

S tu d ie s  d a r i n g  the p a s t  q a a r t n r  b a r e  enbraced a v id e  v a r i e t y  o f  t o p i c s ,  
a l l  o f  which baVe bean c o n s id e red  t o  be v a r i a b l e s  a f f e c t i n g  tbe e l e c t r o d e p o -  
a i t i o n  behav io r  e f  f r a c t i o n a l  a o a o l a y e r a  o f  s i l v e r  on i n e r t  s a r f a c e s .  I t  Laa

a
been kaowa fo r  ao ae  t i n *  t h a t  tbe p a n t  h i s t o r y ,  as wel l  an tbe  type o f  e lec*  
t io d *  n a t e r i a l ,  i n  an i h p o r t a a t  v a r i a b l e ,  b a t  i t  has j n a t  bean d e a o n a t r a t e d  
t h a t  a l tb o ag b  t b e  b e h av io r  can be changed  by i g n i t i n g  an e l e c t r o d e ,  the pro* 
i g n i t i o n  b e h a v i o r  w i l l  be r e g a in e d  by r e p e a t e d  aao d ic  p o l a r i s a t i o n s  o f  tbe 
e l e c t r o d e .  T h a n , i f  tbe t r e a t n e a t  o f  a s e t  o f  e l e c t r o d e *  i a  c o n s i s t e n t ,  the 
d a t a  w i l l  be i n t e r n a l l y  c o n s i s t e n t .  W ith  on* or  two n i a o r  e x c e p t i o n s ,  a 
person  in  ano the r  l a b o r a t o r y  r e p r o d n e e d  the  behavio r  a a i n g  ano ther  o le c t ro d *  
o f  the  sane n a t e r i a l ,  p rov ided  the  t r e a t n e a t  o f  the e l e c t r o d e ,  p a r t i c u l a r l y  
the  c lea n in g  p r o c e d a r * ,  i a  the sane.

H e re to fo re  i t  has  been a q a a s t i o n  w he ther  or  no t  o t h e r  e lew ea t*  such aa 
p l a t i n a n ,  p a l l a d i u n ,  o r  copper ,  which n i g h t  be p r e s e n t  i n  e o l a t i o n s  o f  the 
r a d i o a c t i v e  t r a c e r ,  i n f l n e a c *  the  b e h a v i o r  o f  the s i l v e r .  D a r in g  the  p a s t  
q u a r t e r ,  the  b e h a v i o r  o f  t r a c e s  o f  s i l v e r  waa found to  r e n a i n  u n a f f e c t e d  in 
the  presence  o f  a ao u n ta  o f  these e l e n e n t a  a s  g re a t  aa 1 0 ' a If.

E a r l i e r  s t n d i e s  have shown t h a t  t h e  d e p o s i t i o n  b e h a v i o r  o f  t r a c e s  i s  
o f t e n  c o n s i d e r a b l y  d i f f e r e n t  f r o n  t h a t  p r e d i c t e d  f ro n  t b e  N e r a a t  a q u a t i o n  
whenever f r a c t i o n a l  n o a o l a y a r s  a r e  d e p o s i t e d .  However ,  d a r i n g  tb* p a s t  
q u a r t e r  a s u c c e s s f u l  a t t e n p t  has been « a d *  to  a tady changes t e a t  occur in the  
t r a n s i t i o n  re g io n  o f  c o n c e n t r a t i o n s  between pur* "-trace"'  b e h a v i o r  aad " a a c re "  
b e h a v i o r .  A c o n p a r i e o n  o f  the  t r a n s i t i o n  b ehav io r  on g e l d ,  p l a t i n a n ,  and 
p a l l a d i a a  e l e c t r o d e s  i n d i c a t e d  t h a t  d i s t i n c t  d i f f e r e n c e s  e x i s t  which a r*
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c h c r a c t e r i s t i c  f o r  e l l  e le c t r o d e s  o f  th e  aaae M a t e r i a l .  A l t h o u g h  i m I I  d i f 

fe re n c e s  were o b s e rv e d  b e tv e e r  d i f f e r e n t  e le c t r e d a a  o f  the  ansM a a t e r i s i ,  the  

b e h a v io r  f e r  n p a r t i c u l a r  e le c t r o d e  a pp e a red  to  be c e a p le te l y  r e p r o d u c ib le .

Thefce s t e d ie e  w i t h  s i l v e r  have aade i t  p o s s ib le  t o  M o d i f y  end to  e x te a d  

c u r r e n t  bypo tbeaea c o n c e r n in g  the e l e c t r o d e p o s i t i o n  b e h a v io r  o f  t r a c e  q u a n t i 

t i e s  e f  e t h e r  e l e n e a t a  on i n e r t  e l e c t r o d e s .  I n  g e n e r a l ,  t h e  shapes o f  the  

d e p o s i t i e s  c u rv e s  c o a f i r a  the  s e g g e s t i o n  by H a is s ia s k y  t h a t  th e  d e p o s i t i o n  

b e h a v io r  e f  f r a c t i o n a l  a o a o la y e rs  i s  s t r o n g l y  in f lu e n c e d  by t h e  h e te r o g e n e i t y  

o f  th e  s u r f a c e .  H o e e v e r ,  u s in g  a r i g o r o u s  tb e ra o d y n e a ic  t r e e t a e n t ,  i t  has 

been  p o s s ib le  t o  g i v e  a a c re  c o a p re h e a a i  ve d e s c r i p t i o n  o f  t h e  e x p e r i a e n t e l  

phenoaena t h e n  has h e r e t o f o r e  been a v a i l a b l e .

The e x p e r ia e n t n l  work a t  t h i s  l a b o r a t o r y  has bean c o a p le te d  and the  work 

a t  M . I . T .  e i l l  be c o a p le t e d  v i r h i n  a f e e  w eeks . A c o a p la t e  r e p o r t  w i l l  be 
*. is s u e d  in  the  n e a r  f u t u r e ,  as a paper i n  th e  J o u r n a l  o f  th *  E l e c t r e c A e a tc s  1 

•S o c ie ty .

VOLATILITY

P. A. Agron and E. G. Bohlaaaa

l a t r e d u c t l e a .  The  s t u d y  o f  t h e  e f f e c t s  o f  the  p h o s p h o r u s  f l u o r i d e  

gases  on t h o r i u a  f l u o r i d e  was e x te n d e d  t o  h ig h e r  p re s s u ra a  i a  s e a le d  q u a r t s  

ta b e s .  E v idence  f e r  a p o a s ib le  c o u p le *  v * « c k  i s  u n s ta b le  a t  r o o a  te a p e r e tu re  

and  a t  re d u c e d  p r e a a o r e a  had beea o b t a i n e d  in  p r e v io u s  w o r k ;  t h e r e f o r e  i t  
seeoed d e s i r a b le  to  aake  v i s u a l  o b s e r v a t io n s  on theae g a s - s o l i d  a ys ta a a  under 

v a r y in g  p re s s u re  and te a p e r e tu re  c o a d i t i o o s .

B ip e r la u a ta l  B e a a lta .  T h o r tu a  f l u o r i d e  s a l *  was s u b j e c t e d  t o  PFa ( g ) ,  

PF# ( g ) ,  sad P O F j(g )  a t  v a r io u s  p re s s u r e s  i a  s e a le d  4 -u a  q u a r t s  tu b e s .  These 
tub e s  were then  h e a te d  ia  a t u b u la r  q u a r t s  fu rn a c e  under th e  c o n d i t i o n s  g iv e n  

i a  T a b le  4 .1  to  a a e r i e s  o f  te a p e r e tu re s  r e a g in g  f r o a  300 to  4S0°C . A t  300*C 

t h e  gas p r e s s u r e s  a r e  r o u g h ly  t w i c e  t h e  i a i t i a l  p r e s s u r e s ;  h o w e v e r ,  th e  

d i s s o c ia t i o n  p re s s u r e s  o f  tbs  h y p o t h e t i c a l  c o o p le x  say be* g r e e t e r  than the gas 

p re s s u r e s  a t t a in e d  a t  th e  e le v a te d  t e a p e r a t a r e s  ia  these e x p e r i a e a t s .  T h e re 

f o r e  the  TbF4 ( * )  i a  tehee  t ( 3 .  end S wee a ls o  exea iaed  e t  t e a p e r e tu r e s  below 

th e  te a p e re tu re  o f  t h e  gee ( a n jo r  p e r t i o a )  by lo w e r in g  the  p o r t i o n  o f  the  tube 

e o a t a ia ia g  the s o l i d  be low  the fu rnace  w in d in g s .
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TAILS , 1

C o a t f l t l N i  far M a t i n  Thor lea  P la a rIM  at  Ah Ptioaaloraa  
f lu o r id e  I u m  la  Quarts Takaa

TUB NO.
VOLUME Of TUBE 

( e l) GAS

CALCULATED PRESSURE 
AT ROOM TEMPERATURE

fa ta l
MOLES OP GAS PER 

MOLE Of SOLID

1 1.4 11.1 1.4
1 1.4 14. T X.l
s S.S 34.4 9 .6  •
4 1.4 IS .4 1.9
S S.S 11.6 S.6

6 1.4 POT, 16.6 l.S

l a  a o a a  o f  tka  a b o v e  e x p e r i m e n t s  waa aay  l i q u i d  p k a s o  o b s e r v e d .  Tba  
a o l i d  i a  t a k a  3 showed a t e n d e n c y  t o  caka  when i t  v a a  k o p t  a t  a t o a p a r a t a r o  
lower t b a a  t b o t  o f  the  (aa  aa d e s c r i b e d  above .  Tba wbi t a  t h o r i u a  f l a o r i d o  
becane ( r a y  i a  a l l  tubea e x c e p t  t u b e  6.  i a  tube  6 i t  waa unchanged.  Tba c o l o r  
ckaage  waa o b a e r v t d  when th e  t u b e s  wore h e a t e d  above 300*C.  A f t e r  a a u a b o r  
o f  c y c l i c  h e a t i n g i .  tube S e x p l o d e d  when the upper  p o r t i o n  waa h e a t e d  to  4 9 0 aC 
i a  the f a r a a c o .

Aa i a  p r e v i o u s  s t a d i a s ,  e l e c t r o n  a i c r o f r a p h n  o f  t h e  t r e a t e d  a a t e r i a l s  in  
t a b e s  1,  2 .  4 .  and 6 show an a p p a r e n t  p a r t i c l e  b r e a k d o w n .  The a f f e c t  a e o n s  
to  bo a o r a  p r e v a l e n t  i a  s t a p l e s  1 and 2 .  The  p r o d u c t  f r o n  tu b a  3 h a s  f o t  
boon a x a a i a a d  t o  d a t a .  I t  i a  h o p ed  t h a t  e l o c t r o a  d i f f r a c t i o n  p a t t o r a a  o f  t b a  
t r a a t a d  a a a p l e s  nay  soon  ba o b t a i n e d  to  e s t a b l i s h  t h e  i d e n t i t y  o f  th e  v a r y  
f i n e  p a r t i c l o a  t h a t  appea r  i a  th e  e l e c t r o n  u i c ro s c o p e  p l a t e s .

l a t e r e  S o r b .  A n a t a l  s y a t e n  h a s  been s e t  up fo r  p a s s i n g  tha p h o a p h o ra a  
f l u o r i d e  gaaoa  o v e r  i r r a d i a t e d  ThF# ( » )  a t  e l e v a t e d  t a n p a r a t a r a a  sad p r e s s u r e s .  
Aa a t t a n p t  w i l l  ba nada t o  aoa w h o t b a r  t h e s e  t r e a t m e n t s  w i l l  f a c i l i t a t e  t h a  

renewal o f  p r o t a c t i a i a n  sad  u ran ium  f r o n  t h e i r  l a t t i c e  s i t a e  i a  tha i r r a d i a t o d  
s a i i d .  At p r e s e n t ,  r a a s  u s i n g  UF4 (« )  as  a s t a n d - m  a r e  b e i a g  c a r r i e d  o n t .
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s. CHEMICAL PH Y SIC S

■ I  CKO I  ATX SPKCTSOSCOPY

R. J.i r i n g s  to n

I 1* '  I t i i l H .  The amount o f  f o r e ig n  s a l t  p r a a o a t  in tba  r a d i o a c t i v e  
sodium i o d i d e  e o l a t i o n ,  th e  s t a r t i n g  s o l a t i o a  a s a d  in tbs  p rev io aa  r u n s ,  oaa 
found to bo too l a rgo .  T h i s  caasod a low c b e a i c a l  y i e l d  o f  a e t h y l  i o d i d e  aad 
the f o r a a t i o n  o f  c o n s id e r a b l e  a ao a n ts  o f  fo re ig n  gaa, which prevented  s a e c e s s f a l
a i e r o w a v o  o b s a r v a t i o a s . S t a d i a s  have been a a d e  on th e  a se  o f  h y d r a s i a e  
s o l a t i o n  aa a t s k e - u p  l i q u i d  i n  the  d i s t i l l a t i o n  o f  i o d i n e .  A t a a b e r  o f
e x p e r i a e n t s  have been done on a s e a i a i c r o  s c a l e  w i t h  n a t u r a l  I ' f T , and t r a c e r  
e x p e r i a e n t s  have been done w i t h  I 1* 1. I f  i o d i n e  i s  d i s so lv ed  ia  a h y d r a s i a e  
s o l u t i o n  and the e o l a t i o n  i a  e v ap o r a te d  to d ryaess  by evacua t ing  ( n o t  h e a t i n g ) ,  
a d ry  r e s i d u e  i s  ob ta ined  which  lo se s  no io d in e  oa pro longed paaping.  C b e a ic a l  
a s say  i n d i c a t e s  the r e s i d u e  t o  be a h y d r a s i a e  a a l t ,  Nf H4 *HI or  p e r h a p s  wore 
c o r r e c t l y  Nf H| I .  The s a l t  w i l l  uedergo v i o l e n t  t h e r a a l  d a co a p o s i t io a  soaewhat  
below 200*C ba t  i s  safe  ap t o  a t  l e a s t  100°C.

A t o s t  s x p e r i a a n t  w i th  t h e  aicrowave equ ipm en t  showed t h i s  a a l t  t o  be a 
s u i t a b l e  s t a r t i a g  a a t a r i a l  f o r  p r e p a r i n g  a a t b y l  i o d i d e .  However,  s l i g h t l y  
a o r e  f o r e i g n  gas a r e a s  t o  f o r a  than  whan p a r e  a o d i a a  i o d i d e  i s  a a o d .  I f  
s o d i a a  hyd rox ide  i s  added t o  th o  s o l a t i o a  o f  i o d i n e  in excaas  h y d r a s i a e  aad 
th e  s o l a t i o n  i s  t aken  t o  d r y n e s s ,  the  dry r o a i d a o  c o n t a i n s  a o r a  h y d r a s i a e  
than a s i a i l a r  s o l a t i o n  d r i e d  w i thou t  the s o d ia a  h yd rox ide .  I t  was hoped th a t  
th e  d r y  r o s i d a e  in t h i s  c a s e  woald c o n ta in  no h y d r a s i a e  aad would bo e s s e n 
t i a l l y  a o d i a a  io d id e .  The aao  o f  hyd ra s iae  aa a t a k e - u p  l i q u i d  fo r  o l e s M a ta l  
i o d i n e  h a s  s e v e r a l  a d v a n t a g e s  over  the  use o f  s a l  f a r o a s  a c id .  A ver*y l a r g e  
e x e s a s  o f  h y d r a s i a e  can be u s e d .  This  wi 11 a l l o w  o a f f i c i a n t  r e s e r v e  o f  r e 
ducing  a g en t  to be p r e s e n t  so  t h a t  the iodine  w i l l  always be p r e s e n t  aa io d id e  
even th o u g h  the  s o l a t i o n  i s  s t o r e d  fo r  a few days  and e o a s i d a r a b l o  hydrogen  
p e ro x id e  fo ra s  by r a d i a t i o n  d e c o a p o j i t i o n  o f  t h e  s o l a t i o a .  Vken tb a  s o l a t i o n  
ia  pumped to dryness  the  e x c e s s  hydras ine  v o l a t i l i s o a  away. Ia  the  can* o f  a 
s a l f u r o u a  a c id  t a k e - a p  l i q u i d ,  the p r a c t i c e  h a s  boen to  n e u t r a l i s e  t h e  s o 
l u t i o n  w i t h  s o d ia a  h y d ro x id e  a f t e r  the  i o d i a e  baa  bean absorbed .  T h i s  p r e 
vents  l o s s  o f  io d in e  aa HI when the s o l a t i o a  i s  t a k e n  Vo dryness .  Any e x c e s s
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a u l f u r o u a  a c i d  t h a n  c o n t r i b u t a a  to t h e  t o t a l  a a l t  r a a i d a e .  However,  aooa 
exceaa  a u l fu ro u a  a c i d  moat be p r e v e n t  t o  a aaa ra  an a f f e c t i v e  t a k a - u p  l i q a i d  
and aa a reaerva  a g a i a a t  fu tu re  p a ro a id o  formation by r a d i a t i o n .

Ona hot e x p e r i m e n t  haa been c a r r i e d  o a t  a a i a g  the k y d r a a i a a  nethod. I t  
v«a n o t  a u c c e a a f u l  bocaaaa  o f  too ouch a a l t  be ing  p r a a a a t ,  b u t  i n  t b i a  caaa

a

t h e  aoarca  o f  tba  a a l t  could  only  bare  boon apray-formed in  t b a  f i n a l  iod ine  
d i a t i l l a t i o n  p r o c a a a .  Aa *a r o a u l t  o f  t h i a  a x p a r i a a c a  i t  boa boon decided to 
p u r i f y  the  n o rm a l  I ' * 1 p r o d u c t  p r o d u c e d  by tb a  O p a r a t i o n a  D i v i a i o n  by a 
a o l v e n t  e x t r a c t i o n  a t o p .  A a a t l l  e x t r a c t i o n  a p p a r a t u a ' t h a t  can a n a i l y  bo 
oporo tod by remote c o n t r o l  baa boon b u i l t ,  and never a 1 t r a c e r  a x p e r i n e a t a  ha .a  
boon c a r r i e d  o u t .  Tba e x t r a c t i o n  o f  1 - c u r i o  amouatrf o f  e a r r i e r - f r o e  I , s l  
appaara  p r a c t i c a l ,  b u t  tba  chemical  y i e l d  m i l l  n o t  bo vary good.  Tba method 
baa  been to  c o n v o r t  t b a  a v e r t i n g  m a t e r i a l  to  e l e m e n t a l  i o d i n e ,  e x t r a c t  i t  
i n t o  carbon t o t r a c b l o r i d a ,  and then b a c k - e x t r a c t  i t  i n t o  n d i l u t e  hydras ine  
a o l u t i o n .  Mora c o m p le t e  d e t a i l a  o f  t h e  method w i l l  be p r e a a n t o d  in a l a t e r  
r e p o r t .

■agnatic  lo n e  a t  o f  I 1' * .  The m agne t ic  aoaan t  of I 11* i a  be ing  determined 
by the n u c lea r  i n d u c t i o n  atetbod in a c o o p o r a t i v o  program w i t h  Haro ld  Walckli  
o f  the  I a o te p e  P b y a i c a  D iv i a io n  a* Y-12 and  Gordon H eber t  o f  tbo C b a n i a t r y  
D i v i a i o n  a t  t b i a  L a b o r a t o r y .  Tbs d i m p l e  van 33 mg o f  i o d i n e  iA b y d ra a in c  
a o l u t i o n  with  aono heavy mate r  add*4~ Both  tbo I , ,T and I l a * raaonancaa ,  aa 
m a l l  aa deuter ium, have  been aeon in r t m  aamplo.  The I , , a  r aaonanco  waa vary 
weak. Meaauremonta more t h e r e f o r e  made on a a a p a r a t o  a o l u t i o n  o f > a i n i l a r  
c h em ica l  c o m p o a i t i o n .  In  a d d i t i o n ,  I 1>r waa noaaurod in  aod iom  io d id e  a a -  
l o t i o n  to chock on p o a a ib l . e  c h em ica l  a h i f t  a f f o c t a .  T b i a  maa e e a a id o r o d  
d e a i r a b l e  a inca  p u b l i a b o d  maaauromanta on I ' * ’ more c a r r i e d  o u t  in  aodinn and 
^ o t a a e i u o  io d id e  a o l m t i o n a .  Tbo m eaaurem eata  are  n e a r ly  c o m p l e t e .  Tbo re - 
a u l t a  proaoa ted below a re  p re l im in a ry .

I t  i a  a a t i m a t o d  
remainder  being I i a v .

t h a t  our 33-mg aam plo  c e e t a i a e d  a b o u t  75% I 11* , . t h e

Frequency m onaurom enta  o f  i o d i n e  
f i x e d - r e f e r e n c e  magmatic f i e l d e ,  g iv ing

r e l a t i v e  to d e u t e r i u m  more made a t

• 0.16744 i  0.0001



0.20007
.

U ain* •  spin 6 f  5 /2  i» r  I »*» and o f  7 / 2  for  I * * * . < *  > •  d i4 « *« n e t ic  
correction  of 0.545% f o r  i o d i n e , a n d  •  v a l u e  of 2.79268 n u c l a a r  aagnetona  

fo r  the  p r o t o a  a o a e n t , < 4 > the f in a l  M a g n e t i c  a o a e n t  v a l u e s  in  nuclear na|-  
melons are:

• 2.6173 i  0.0003

M l t , -  2.8089 i  0.0004

• 1.0732

(1 )  I .  C. Lev ia tka l, "R e la t iv e  Nuclear Haase ta  e f H* and I * , "  Rfcya. Rea. 78, t0< (1950).
( I )  R^ L iv iu fe te a , 0. R. G i l l ia a ,  aad V. Gordy, "TVa N uclear Spin and O a d ru p o le t  ef  l ‘ * V
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The e s t i m a t e d  a c c u ra c i e s  do n o t  in c lad a  u a c a r t a i n t i a a  in  the d i a n a g n e t i c  
c o r r e c t i o n .  The on ly  p rev ious  a e a s n r e a e n t  on I 1*9 was done by Microwave 
s p ec t ro s c o p y  and r e s u l t e d  i n  a v a lu e  o f  2 .74  1 5% n u c l e a r  n e g ae to a s .  Our nee  
value i s  w i t h i n  the  e a t i a a tw d  e r r o r  o f  the  o l d e r  v a l u e .  The I * * 7 v a lu e  can 
bes t  be coaipared w i th  p u b l i sh e d  v a l u e s  as the f r e q u e n c y  r a t i o  to  the p r o t o n .  
Pound*1*) found  0.7S664 i  0.0002 r e l a t i v e  to  Na1*, which i s  l i s t e d  below a f t e r  
conversion w i t h  B i t t e r ’ s * 7) Na** to  p ro ton  r a t i o  o f  0 .26450  i  0.01%. Zimoernan 
sad Wil l iam***)  n easu renen t  and o u r s  a re  a l so  l i s t e d .

0.20013 i  0 .00005  (Pound)
H

.  I  T

.

0.20003 i  0 .00007  (Zianernan and Wi I l i a n s )

• 0.20007 t 0 .00003  (oura)

CALOBINETBY H  RABIOACTIVITY

G. H. J e n k s  and F. H. S w e e t on

C a l o r i a e t r i c  d e t e r n i n a t i o n a  o f  the  h e a t  l i b e r a t e d  by the weighed samples  
o f  C** d e s c r ib e d ,  in a p rev ious  q u a r t e r l y  r e p o r t  (0fVfL-68Si p. 129) heve keen 
c o ap le te d .  However, the power g e n e r a t e d  by decay o f  t h e  samples i s  s t i l l  un
c e r t a i n  because  o f  the p o s s i b i l i t y  t h a t  an a p p r e c i a b l e  f r a c t i o n  o f  the  decay
energy nay have been s t o r e d  in  th e  c h a r c o a l  on which t h e  C**04 ask ing  up th e

0 "  •

saap lea  was a d so rb ed  and in which t h e  b e ta  p a r t i c l e s  were absorbed .  Measure* 
n ea t s  de s ig n ed  to  e s t a b l i s h  w he ther  such  a s to rag e  o f  en e rg y  occurrod a re  now

( i )  W^JJordy,^ R . ^ i l l i a n ,  sad R L i n a | t t m ,  “ N uclear Magnetic Mowaata from Microwave S p e c tre :

(6) R. V. Pound. “ On the Nuclear Maaaeta e f  I* * * , da*9 , Qa71, and P91.* PAya. few. 79, 1113 ( 1 9 a ) .
(7) f .  B i t te r ,  “ M ap ie tic  Resonance Frequencies fe r  Several N uclei,” Pkjrs. Be*. 75. 1925 (1949).
(9) J . R. Ziew eruae and D. W illiams, “ D eterm ination  e f  Nuclaar Oyromsgnetic R atiae  I ,” Phjt .  D o . 74 , 

150 (1949T
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• underway .  I n  c a s e  a s t o r a g e  i s  d e t e c t e d ,  the f r a c t i o n  s t o r e d  can a l s o  be
found f ron  t h e  a e a s u r e a e n t s .

The c a l o r i a i e t r i c  d a t e r a i n a t i o n s  w h ich  have been c o m p l e t e d  c o n s i s t e d  o f
*

two s e p a r a t e  n a a s u r e n e n t s  on one j a a p l e  and o f  a s i n g l e  a e a s u r e a e n t  on t h e  
o t h e r .  A c a l i b r a t i o n  a e a s u r e a e n t  was a l s o  a a d e .  T h e  r e s a l t s  o f  t h e  two 
m easurements  on the  one s a a p l e  d i f f e r e d  by l e s s  th a n  0 .5 % .  The r e s u l t s  f o r  
t h e  two d i f f e r e n t  s a a p l e s  ( i n  t e r a s  o f  h e a t  p e r  u n i t  a s o u n t  o f  the o r i g i n a l  
b a t c h  f r o a  w h i c h  t h e  s a a p l e s  w e re  a l i q o o t e d )  d i f f e r e d  by 1.3%. The c a l i 
b r a t i o n  a e a s u r e a e n t  d e a o r . s t r a t e d  t h a t  t h e  c a l o r i a e t e r  was o p e r a t i n g  as e x 
p e c t e d  and showed  t h a t  the h e a t  l e a k a g e  d u r i n g  the  a e a s u r e a e n t s  was 4 x 10"* 
w a t t s  or  a b o u t  0.5% o '  the power g e n e r a t e d  by the s a a p l e s .

D ur ing  th e  t i a e  the  above a e a s u r e a e n t s  were b e i n g  a a d e  th e  p e r f o r a s n e e  o f  
the  c a l o r i a e t e r  was e x c e l l e n t .  B e f o r e  t h a t  t i a e ,  however ,  a n  umber o f  a e a s u r e  • 
a a n t s  on one o f  the  s a a p l e s  had b e e n  a t t e a p t e d  b u t ,  i n  e a c h  c a s e ,  had f a i l e d  
because o f  a p o o r  vacuua in the  c a l o r i a e t e r  j a c k e t .  The p oo r  vacuum r e s u l t e d  
f r o a  l e a k s  w h i c h  a p p a r e n t l y  d e v e l o p e d  when the c a l o r i a e t e r  was c o o l e d ,  s i n c e  
th a  j a c k e t  a p p e a r e d  t i g h t  when t a s t e d  a t  rooa  t e m p e r a t u r e .  The ticurce o f  t h e  
l e a k s  was found to  be in  the  C e r r o l o w  s o l d e r ,  a l o w - n e l t i n g  a l l o y  o f  i n d i n a  
used i n s t e a d  o f  n o r a a l  s o f t  s o l d e r  t o  s e a l  the j a c k e t  b e c a u s e  tho c a l o r i m e t r i c  
s a a p l e s  c o u l d  n o t  s a f e l y  be h e a t e d  much above room t e m p e r a t u r e . .  O t h e r  means 
were t h e r e f o r e  t a k e n  t o  p r e v e n t  h e a t i n g  o f  the  a a a p l e  a n d  th e  C e r ro lo w  was  
r e p la c e d  w i t h  l e a d - t i n  a o l d e r .  T h e r e  was no f u r t h e r  t r o u b l e  w i th  l e a k s .

$ a i * a a a a a a a e  a s  a s
a s #  a a e  a a • a a a  a s  a s
a s  a a a  a a a a  a a a s  a a  a a a a a a  aa



R e c e n t  vork u s i n g  Co*°  g a s t  . r a d i a t i o n  i s  b e i n g  w r i t t e n  up f o r  p r e s e n t s - *  
t i o n  a t  th e  A p r i l  M e e t in g  o f  th e  A ne r ic sn  C h e m ic a l  S o c i e t y .  A s u n n a r y  o f  the  
p s p e r  w i l l  s p p e s r  in  t h e  n e x t  q u s r t e r l y  r e p o r t .

T h i s  work w i l l  be p r e s e n t e d  s t  the A p r i l  M ee t ing ,  o f  the AMericsn Chemical  
S o c i e t y ,  snd s  summery o f  t h e  p s p e r  w i l l  be i n  t h e  n e x t  q u s r t e r l y  r e p o r t .

KFPBCTS OF I0NI2KN6 BAD I AT I ON UPON imBOOBNBOUS CATALYSTS

J .  A. Wethington  snd E. H. T s y l o r

A d e c r e a s e  in  the  a c t i v i t y  o f  a ZnO c a t a l y s t  f o r  e t h y l e n e  h y d r o g e n a t i o n
i

has  b e e n  o b s e rv e d  s s  s  r e s u l t  o f  i r r a d i a t i o n  w i t h  Co*° gamma r a y s .  A sample 
o f  r e a g e n t - g r a d e  ZnO was a c t i v a t e d  by e v a c u a t i n g  f o r  16 h r  a t  a b o u t  3 6 0 uii. 
The h a l f - t i n e  o f  the h y d r o g e n a t i o n  o f  e t h y l e n e  a t  0°C <H#/C aH# * 2 / 1 )  was then 
21 h r .  S u c c e s s i v e  2 * h r  e v a c u a t i o n s  a t  100°C i n c r e a s e d  t h e  h a l f - t i n e  t o  a 
c o a s t a n t  29 h r .  T h i r t e e n  d a y s  o f  exposare  t o  g an n a  r a y s  a t  abou t  I S , 0 00  r / n i n  
i n c r e a s e d  the  h a l f - t i a e  t o  36 h r .

I t  i s  hoped t h a t  t h i s  r e f l e c t s  a d i r e c t  e f f e c t  upon the c a t a l y s t  i t s e l f ,  
b u t  o t h e r  p o s s i b i l i t i e s  e x i s t .  The p r i n c i p a l  a l t e r n a t i v e  h y p o t h e s e s  i n v o l v e
e i t h e r  r a d i a t i o n  d e c o m p o s i t i o n  o f  adsorbed r e a c t a n t s  o r  p ro d u c t s  w i th  r e s u l t i n g

%

p o i s o n i n g ,  o r  r a d i a t i o n  r e l e a s e  o f  a d s o r b e d  w a t e r  o r  oxygen  f r o n  t h e  g l a s s  
w i t h  s t r o n g e r  a d s o r p t i o n  upon the  ZnO. These p o s s i b i l i t i e s  a r e  b e i n g  i n v e s t i 
g a t e d .
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J .  V. Boyle 
F. J .  F i t c h  
J .  F. Manneschmidt  
H F. McDuffie 
A. B. Olsen*

D. M. R i c h a r d s o n  
C. H. S eco y  
M. D. S i lv e r m a n  
A. « .  S m ith  
F. H. Sweeton

T w en ty - tw o  i n - p i l e  c o r r o s i o n » i r r a d i a t i o n  t e s t e  o f  aqueous u r s n y l  s u l f a t e  
s o l u t i o n s  i n  c o n t a c t  w i th  o n l y  tVpe 347 s t a i n l e s s  s t e e l  s u r f a c e s  were c a r r i e d  
o u t  in  t h e  X -10  g r a p h i t e  r e a c t o r  d u r i n g  t h e  p a s t  q u a r t e r .  T h i s  w o rk  i s  
d e s c r i b e d  i n  d e t a i l  in the-  Homogeneous Reac t or  E x p er i m e n t  Q u a r t e r l y  P r o g r e a t
Repor t  f o r  P e r i o d  Ending November  30 ,  1950  (0RNL-92S) and v i l l  be o n l y  aum-

.
n s r i s e d  h e r e .  The s t a i n l e s s  s t e e l  s u r f a c e s  had b e e n  e i t h e r  p r e t r e a t e d  w i t h  
IS HNOj o r  2% C rO j , or  had been a i a p l y  c l eaned  and e t c h e d  p r i e r  to  the e x p e r i 
ments.  T h i r t e e n  o f  the  t e s t s  were  c l a s s e d  as g i v i n g  e n c o u r a g i n g  o r  s u c c e s s f u l  
r e s u l t s ,  s e v e n  as g i v i n g  i n c o n c l u s i v e  r e s u l t s  b e c a u s e  o f  sone  s b n o r a a l i t y  
d u r i n g  t h e  r u n ,  and two as f a i l u r e s .  C l a s s i f i c a t i o n  a s  b e in g  s u c c e s s f u l  o r  
h a v i n g  f a i l e d  was on the  b a s i s  o f  p r e s s u r e - t e m p e r a t u r e - f l u x  d a t a  r e c o r d e d  
t h r o u g h o u t  t h e  ru n ;  a s u c c e s s f u l  r u n  showed n o rm a l  r e s p o n s e s  to  t e m p e r a t u r e  
and f l u x  c h a n g e s  and n a i n t a i n e d  a p p r e c i a b l e  p r e s s u r e s  o f  hydrogen and o x y g e n  
in  e x c e s s  o f  s t e a n  p r e s s u r e  t h r o u g h o u t  the  run;  an u n s e c c e s s f l - ’ r u r  f a i l e d  t o  
o a i n t a i n  p r e s s u r e  in  e x ce ss  o f  s t e a n  p r e s s u r e ,  s u g g e s t i n g  t h a t  the u ran ium  had 
been r e m o v e d  f r o n  s o l u t i o n .  T h e r e  i s  sone  e v i d e n c e  s u g g e s t i n g  t h a t  t h e  
f a i l u r e s  w e re  a s s o c i a t e d  w i t h  r e a c t o r  s h u t -d o w n s .  A v a i l a b l e  a n a l y t i c a l  d a t a  
i n d i c a t a  t h a t  o n l y  v e r y  s n a i l  a m o u n t s  o f  t e t r a v a l e n t  u r a n i u n  and r e d u c e d  
s u l f u r  a r e  p r e a e n t  a t  the end o f  a run .

I m p r o v e m e n t s  in  a p p a r a t u s  and t e c h n i q u e '  d u r i n g  t h e  p a s t  q u a r t e r  now 
p e r n i t  e x p e r i n e n t a  t o  be c a r r i e d  o u t  w i t h  g r e a t e r  s a f e t y  and l e s s  l o s s  o f  
e x p e r i m e n t a l  d a t a  than p r e v i o u s l y .  A d d i t i o n a l  f a c i l i t i e s  f o r  r a d i a t i o n  s t u d i e s  
have been made a v a i l a b l e  a t  h o l e  60 o f  the X-10 r e a c t o r  and p la ced  in  s e r v i c e .

In  a n t i c i p a t i o n  o f  the  p l a n s  to  c a r r y  o u t  e x p e r i m e n t s  a t  h ig h e r  n e u t r o n  
f l u x  in  t h e  MTR mock-up,  a h i g h - p r e s s u r e  t e s t i n g  a r e a  has  been c o n s t r u c t e d .  
A l l  e x p e r i m e n t s  so  f a r  have b e e n  c a r r i e d  o u t  a t  f l u x e s  w h ich ,  w h i l e  n o t  «o 
h ig h  a s  t h o s e  f o r  which  t h e  HRE i s  d e s i g n e d ,  a r e  c o n s i d e r a b l y  h i g h e r  t h a n  
t h o s e  a t  w h i c h  t h e  HRE w i l l  o p e r a t e  u n t i l  t h e  s y s t e m  has  been t h o r o u g h l y

*1Uactar Technology Division.

63

a s  m « • 
a a • ♦
i  * m  a 
s a t  • 
a a o a

« • 
a • a
o a

. * : .  a a
a |  
• a



t e s t e d .  I t  i s  t h e r e f o r e  u n l i k e l y  t h s t  d e l e t e r i o u s  r s d i s t i o n  e f f e c t s ,  the 
s b s e a c e  o f  which asy  be d e n o a s t r a t e d  in  t h e  p r e s e n t  s t u d y ,  « i 11 be a s n i f e s t e d  
a t  t h e  low power l e v e l s  which  w i l l  c h a r s c t e r i s e  e a r l y  o p e r a t i o n s  o f  the HRE.

Aapoule e x p e r i n e n t s  a r e  underway in w h ich  the  a f f e c t s  o f  d i f f e r e n t  l e v e l s  
o f  n r a n i u a  c o n c e n t r a t i o n ,  pH, t a a p e r a t u r a ,  and n e u t r o n  f lu x  upon t h e  p r o c i p i -  
t a t i o n  o f  u r a a i u n  p e r o x i d e  a r e  b e in g  s t u d i e d .  T h i s  work i s  c o n s i d e r e d  t o  he 
o f  i n t e r e s t  in  c o n n e c t i o n  w i th  problea is  o f  s t a r t - u p  and sh u t -d o w n  a s  w e l l  as 
t h e  p r e v e n t i o n  o f  p r e c i p i t a t i o n  d u r in g  o p e r a t i o n  a t  a s t e a d y  l e v e l .

■KTKBIINATIPN OP I T I U U N  PBBOXIBK IN TOO PBK8KNCK OP UMNIUO IONS

E. J .  Dowling 
A. R. J o s e s

V. J .  Skrabe  
T. C .  Weeks

As an i n p o r t a n t  p a r t  o f  the s tu d y  o f  r a d i a t i o n  e f f e c t s  on a q u e o u s  u r a n y l  
s u l f a t e  s o l u t i o n s ,  s e v e r a l  n e th o d s  f o r  th e  d e t e r n i n a t i o n  o f  h y d r o g e . i  p e r o x id e  
a t  c o n c e n t r a t i o n s  o f  10~4 M hav • been i n v e s t i g a t e d .  The p h o t o e e t r i c  a e t h o d  
r e p o r t e d  by A l le n  « t  s l . (1> f a i l e d  to  g ive  s u f f i c i e n t  accuracy  o w ing  t o  i n t e r -  
f e r e n c e  in  the  l i g h t  a b s o r p t i o n  by u r s n y l  i o n .  P o t e n t i o n e t r i c  t i t r a t i o n  with  
c e r i c  io n  and f e r r o u s  o - p h e n a a t h r o l i n e  i n d i c a t o r  f a i l e d  a t  h ig h  d i l u t i o n .  At 
p r e s e n t ,  a p o l a r o g r e p h i c  m e t h o d ' f o r  th e  d e t e r m i n a t i o n  o f  hydrogen  p e r o x i d e  i s  
b e i n g  i n v e s t i g a t e d .

(1 ) A. 0 . A lisa , T. V. D aria, G V. E lnara. J .  A. O o rn la y , B M Baiaca, as6 C. J .  
p e t i t i o n  t f  ia*«r and Aqmeomt Solution* Under P i l e  P n d i t t i o n ,  QPWL-130 (Oct. 11, 19490
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? I  I INSTRUMENTATION

A DIFFERENTIAL AND INTE6RAL PULSE DEI CRT SELECTOR P M  T IE  A - l  ADPLIFIER

E. F a i r a t e i n

I a t r o d a c t I o a . The i n c r e a s e d  u s e  o f  s c i n t i l l a t i o n  c o u n t e r s  f o r  t h a  
n ea i u r e n e n  t  o f  b e t a -  and gassas-ray e n e r g y  s p e c t r a  has e a p h a a i s a d  tha  need fo r  
an i nexpens i ve  d i f f e r e n t i a l  p u l s e  h e i g h t  s e l e c t o r .  Because  o f  the  v ide  uaa of  
t h e  A - l  a m p l i f i e r  a t  t h i s  L a b o r a t o r y ,  a u n i t  s n a i l  e n o u g h  t o  r e p l a c e  t h a  
i n t e g r a l  p u l s e - h e i g h t  s e l e c t o r  no* i n c o r p o r a t e d  i n  i t  i a  m o s t  d e s i r a b l e .  
S u c h  a u n i t  s h o u l d  r e q u i r e  a minimum o f  a m p l i f i e r  c i r c u i t  c h a n g e  w i t h o u t  
a p p r e c i a b l y  s a c r i f i c i n g  s p e e d  o f  o p e r a t i o n  or  r e l i a b i l i t y .

A c i r c u i t  w h i c h  me e t s  t h e s e  r e q u i r e m e n t s  has been d e s i g n e d  and b u i l t .  
T h e r e  has been i n s u f f i c i e n t  t i n e  f o r  e x t e n s i v e  r e l i a b i l i t y  t e a t s ,  but  t h e r e  
a p p e a r s  to  be no r e a s o n  f o r  e a r l y  f a i l u r e  i a  t he  p r e s e n t  u n i t .

D e s c r i p t i o n  o f  C i r e n l t .  The b a s i c  d i f f e r e n t i a l  p u l s e - h e i g h t  s e l e c t o r  
c o n s i s t s  o f  a p a i r  o f  g a t e  c i r c u i t s  f o l l o w e d  by an a n t i c o i n c i d e n c e  c i r c u i t  
( F i g .  7 . 1 ) .  The d i f f e r e n c e  in  t r i g g e r i n g  l e v e l  o f  t h e  two  g a t e  c i r c u i t s  
c o n s t i t u t e s  t h e  s l i t  w i d t h .  The s e n s i t i v i t y  o f  bo th  g a t e  c i r c u i t s  i s  v a r i e d  
s i m u l t a n e o u s l y  by t h e  p u l s e > h e i g h t  s e l e c t o r  c o n t r o l .  The  a n t i c o i n c i d e n c e  
c i r c u i t  a c c e p t s  o n l y  t h o s e  s n p l i f i a r  p u l s e s  whose posh a m p l i t u d e s  f a l l  w i t h i n  
t h e  s l i t .  L a r g e r  p u l s e s  a r e  p r e v e n t e d  f rom p a s s i n g  t h r o u g h .

Because  o f  t h e  f i n i t e  r i s e  and f a l l  t i me  o f  t he  s i g n a l  p u l s e  from the  
a m p l i f i e r ,  t he  l o w e r  g a t e  i s  t r i g g e r e d  b e f o r e  t he  u p p e r ,  a n d  t h e  upper  g a t e  
r e c o v e r s  b e f o r e  t h e  l ower .  I t  becomes n e c e s s a r y  f o r  p r o p e r  o p e r a t i o n  o f  tha 
a n t i c o i n c i d e n c e  c i r c u i t  t o  d e l a y  t he  s i g n a l  from the lower g a te  u n t i l  the upper has 
t r i g g e r e d ,  and t o  s t o r e  t h e  s i g n a l  f rom t he  upper  g a t e  u n t i l  t h e  lower  ha s  
r e c o v e r e d .  The d e l a y  i s  a c c o m p l i s h e d  by u s i n g  t he  d i f f e r e n t i a t e d  t r a i l i n g  
e d g e  o f  the l ower  g a t e  s i g n a l .  S t o r a g e  i s  a c c o m p l i sh e d  by c h a r g i n g  a s ma l l  
c o n d e n s e r  t h r o u g h  a d i o d e

T( t h r ou g h  T4 a r e  t h e  g f t e  c i r c u i t s .  We s t e r n  E l e c t r i c  404A t u b e s  a r e  
u s e d  b e c s us e  o f  t h e i r  h i g h  f i g u r e  o f  m e r i t  and r e p o r t e d  l o n g  l i f e .  To g e t  
p o s i t i v e  t r i g g e r i n g  on the  f a s t  p u l s e s  f rom the  A - l ,  i t  i s  n e c e s s a r y  t o  p r ov ide  
i n d u c t i v e  c o m p e n s a t i o n  in the p l a t e  c i r c u i t s  o f  T( snd Ts . Ove r co mp e n sa t i o n
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ia uied for two reasons: (1) Ar increase in speed of triggering of nearly a 
factor of 2 results, and (2) the niniaun recovery tine is fixed at approxi
mately 0.3 t̂sec. Binging is prevented by the diode claapa.

The gate circuits are followed by two halvas of a 12AT7 tuba, each half 
being used as an iapedsfece transformer and phase inverter. This tube is 
represented by T|a and on the diagraa. Both halvas are biased to coaiplete 
cutoff to conserve tube life and power drain.

The storage circuit ia driven by one-half of a 6AL5 twin diode. The 
reaaining half is uaed as a claap to discharge the storage circuit at the end 
of a signal pulse. The claap is driven by the plate circuit of T , w h o s e  
plate load ia an open-and delay line. The claap ia opened by the leading edge 
of the signal froa the lower gate circuit. It ia not closed until after the 
lower gate has recovered and the differentiating circuit has been discharged.

T1 is a combined anticoincidence circuit and pulse shaper. The pulse
shaping ia accoapliahad by connecting the tube as a univibrator. Ita output 
pulaa has an aaplitude of about 30 volts and a duration of 0.6 It ia 
triggered (in the absence of an inhibiting aignal) by the trailing edge of the 
differentiated signal froa the lover gate circuit. It ia prevented froa 
triggering by the inhibiting signal froa the storage circuit.

T. is an inpedance transformer used as the output stage 'for the circuit.
It will feed a 13-volt 0.5-fieec pulse of either poeitive or negative polarity 
to an astarnal circuit. Ita source iapedance is 680 ohaa.

The grid-te-cathoda capacity of the 404A tube results in a saall aignal 
being tranaaitted through tha gate circuits even without triggering action 
taking place. Tha aaplitude of the signal ia dependent upon the rise tiaM and 
aaplitude of the output pulaa froa the A-l. This spurious aignal is easily 
neutralised by feeding a negative aignal equal ia autgnitude and shape to that 
of the norauil output aignal froa tha A-l into the cathode circuits of the 404A. 
A coupling capacity equal to the grid to-cathode capacity of tha 404A oust be 
uaed.

This negative aignal can be obtained froa the plate circuit of the output• atube of the last feedback loop ia the aaplifiar (sea Fig. 7.1). This change 
and tha replaceaent of the power transferaer with one of higher power-handling 
capacity are the only chsngea needed in the wiring of the reaainder of the A-l.

as sea a e4 4 *  a a #• • *s • 'a• • e • •s * s 4 e e
• s  e  4 «

• a *  a # a  a a  s e  a a «  a ♦ a* a a# a a
4  e # 4  4 4 4  4 4  4 4
4 4  e  4 4 4  4 4  4  4

gria t;;Ss " •  I * *  + «a a ae ae a a



I l i c t l U i t t a i  I a f o r a i t l u .  A f t e r  t h e  i n i t i a l  a d j u s t a e n t a  o f  tlio aero  
p o s i t i o n s  o f  the  s l i t  v i d t h  and p u l s e - h e i g h t - s e l e c t o r  c o n t ro l s ,  no a d d i t i o n a l  
a d j u a t n e n t s  a re  n e c e s s a r y  vhen i t  i s  u sed  on the  th r e e  a v a i l a b l e  bandwidth*. 
The a ax in u n  s e t t i n g  o f  th e  p u l s e - h e i g h t - s e l e c t o r  d i a l  r e p r e s e n t s  an a c tu a l  
p u l s e  a n p l i tu d e  o f  a b o u t  85 v o l t s .  The a e x i a u  s e t t i n g  o f  th e  s l i t - u i d t h  d ia l  
r e p r e s e n t s  10% o f  t h i s  v a lu e .  The o u t p u t  o f  the  p u l s e - h e i g h t  s e l e c t o r  w i l l  
d r i v e  an e x t e r n a l  s c a l e r  o r  c o u a t - r a t e  e a t e r .  The a i n i n u n  d e ad  t i a e  of the  
c i r c u i t  i a  about  1 / i s e c .  Under no c o n d i t i o n  o f  o p e r a t i o n  w i l l  i t  l i a i t  the 
a a x ' i a u a  c o u n t i n g  r a t e  which the  A - l  c a n  now t o l e r a t e .  The a i n i a u a  a c t u a l

e
p u l s e  a n p l i tu d e  i t  w i l l  a ccep t  i s  2 . 4  v o l t s .  The l i n e a r i t y  o f  the  c i r c u i t  i s  
a s  good as  t h a t  o f  t h e  b e s t  o b t a i n a b l e  h o l i p o t .  U n f o r t u n a t e l y ,  when the A-l 
i s  s e t  fo r  the 2 - n e g a c y c l e  bandwidth,  t h e  a a p l i f i e r  i t s e l f  b e g i n s  to  s a t u r a t e  
a t  about 60 v o l t s .  A t  f u l l  s c a l e  on the  p u l s e - h e i g h t - s e l e c t o r  d i a l  t h e ’e r r o r  
i s  12%. The a a x ia u a  e r r o r s  for  the 0 .5  sad  0 . 1-aegacycle  s e t t i n g s  a re  0 .5  and 

.0.1%, r e s p e c t i v e l y .  The l i n e a r i t y  i s  d e g ra d ed  with  aging o f  tho  6AG7 tubes  ia  
t h e  a a p l i f i e r .

PIELR-PORRINR ELECTRODES in cylindrical proportional counters

R. S. Stone and C. J .  Borkowski

In energy n e a s u r e a e n t s  w i th  p r o p o r t i o n a l  c o u n te r s  i t  i s  e s s e n t i a l  t h a t  
i o n i s i n g  e v e n t s  w i t h  e q u a l  e n e r g i e s  s h o u l d  g iv e  r i s e  t o  i d e n t i c a l  v o l t a g e  
p u l s e s ,  r e g a r d l e s s  o f  l o c a t i o n  of the  i o a i s i n g  even t  w i th in  t h e  a c t i v e  voluae 
o f  the  cheaber .  T h i s  a ea n s  t h a t  the gee a u l  t i p l i c e t i o n ,  end hence  the  e l e c t r i c  
f i e l d ,  aun t  be c o n s t a n t  fo r  the  e n t i r e  l e n g t h  o f  the  c o l l e c t i o n  w i re .  I t  i s  
p ro p o s e d  to i n v e s t i g a t e  a e th o d s  of  a c h i e v i n g  t h i s  ia  the  c a s e  o f  the  u sua l  
c y l i n d r i c a l  c o u n t e r .

An i n f i n i t e l y  l o n g  c y l i n d e r  with e u n i f o r a  coax ia l  e p a t e r  w i r e  would have 
c o n s t a n t  f i e l d  o f  t h e  type  sough t ,  b u t  when end w a l l s ,  s e a p l e  h o l d e r s ,  or 

o t h e r  d i s c o n t i n u i t i e s  a r e  i n s e r t e d ,  the  f i e l d  i s  found to  be d i s t o r t e d .  For 
e x a a p l e ,  an end w a l l  which i s  a t  the  a a a e  p o t e n t i a l  as  the  s i d e  w e l l s  w i l l  
reduce  the f i e l d  in i t s  v i c i n i t y  hy an e a o u n t  p r o p e r t i o n e l  to  exp  - h s /h ,  where 
s i s  the  d i s t a n c e  f r o a  the  end well  end b i s  the  rad iu s  of  the  c h e a b e r . ( 1 *

The usual aeans  o f  d o a l in g  with t h i s  p r o b l o a  i s  to  r e c o rd  o n ly  the events  
o c c u r r i n g  in the  un i  f o r a - f i e l d  p o r t i o n  o f  t h e  c o u n te r  (one c h e a b e r  r a d i u s  or 
a o r e  f r o a  the e n d s ) .  T h i s  i s  a c c o a ^ l i s h o d  i a  v a r io u s  ways,  one o f  th e  a o s t

<1) N  ̂ *  B l.cheaj, ‘ The Cowntiag Voluaa ef a C y lin d ric a l Icausative »,* Rev. 3ci. l a i r a a l t
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common of which ia to increaae the wire diameter, near tha enda ao aa to make 
the fiald there too low for gaa multiplication to take place. This changa in 
wire diameter will, of courae, itrelf create a diatortion ia the field, but of 
a leaaer degree and in a direction oppoaite to that introduced by the end vail. 
For the meaaurement of energiea of gaaeoua radioactive nuclidea much as Hs, 
C u , I11*, and S** it ia important to maintain a uniform field throughout the 
chamber volume if poaaible.

An approach to thia ideal could be obtained by making the end,wall in the 
fora of a number qf concentric inaulated ringa, each held at tha potential 
which won. d aaiat at that radiua if the cylinder were infinite in length. 
Thia potential ia

•‘•'I

,

.

V - Vr
In r/« 
la 6/a

where Vr ia the total potential acroaa tha chamber and 6, a, and r are the 
radii of the chamber, center wire, and point in queation, reapactively. With 
an infinitely large number of ringa thia device could duplicate perfectly the 
field of a chamber vith no end valla, a finite number of ringa giving a field 
only approximately uniform.

Another aource of fiald diatortion ia a aanple holder which projeete into 
the chamber. Such a holder ia uaeful in energy meaaurementa of aoft electrona, 
in which caaaa we wiah the electrona from the aanple to give up all thair 
energy in the counter gaa. To make thia poaaible the aource nuat be held a 
aufficient diatance from tha walla to enaura that no particlea reach than. 
The a a me type of conatruction nay be employed here aa ia the caae of the and 
walla. Tha holder can be made ia iaanlated aactione and mack bald at roughly 
the correct potential for ita poaition ia the chamber.

In order to invaatigate the behavior of theae devicea, an alactrolytic 
bath aaalogy wee aet up; the reaulta are plotted in Figa. 7.2 through 7.6. 
Figure 7.2 ahowa the affect On tha field of tha conventional type of guard 
aleeve. It ia aeon that thia type of correction atraighteae out the field 
conaiderably; moreover, pulaea collected within thia region have auch lew gaa 
multiplication that they are not uaually counted. To hold field diatortion to 
a minimum, tha wire enlargement ehould be ae more than ia aaceaaary to cut the
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FIG . 7 .2

FIELD PATTERNS FOR END WALL CORRECTING SLEEVES IN CYLINDRICAL 
COUNTER; AS DEDUCED FROM MEASUREMENTS IN ELECTROLYTIC TANK
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FIG . 7 .3
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FIELD PATTERNS FOR END WALL EFFECTS IN CYLINDRICAL 
COUNTER WITH AND WITHOUT RING-TYPE CORRECTION; 

AS READ FROM ELECTROLYTIC BATH MEASUREMENTS
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F it. 7.4
F IE LD  PATTERN FOR DISTORTION DUE TO INTERNAL SAMPLE 

HOLDER AT SAME POTENTIAL AS W ALL-AS READ IN ELECTROLYTIC BATH
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F it . 7.8

FIELD PATTERN FOR DISTORTION DUE TO INTERNAL SAMPLE
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FIG. 7 . •

FIELD PATTERN FOR DISTORTION DUE TO INTERNAL SAMPLE HOLDER 
WITH FOUR VOLTAGE ST E P S -A S  RE AO IN ELECTROLYTIC BATH
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- * 0 0 0
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g a s  a a p l i f i c a t i o n  t o  a n e g l i g i b l e  v a l u e  F i g u r e  7 3  i n d i c a t e s  t h a t  th e  
p o s t u l a t e d  r i n g  t y p e  o f  end c o n s t r u c t i o n  i s  c a p a b l e  o f  much b e t t e r  f i e l d  
c o r r e c t i o n  than  g u a r d  s l e e v e s ,  p e r m i t t i n g  u s e  o f  t h e  e n t i r e  c o u n t e r  volume. 
I t  i s  seen  t h a t  a o r e  r i n g s  «are needed  n e a r  t k e  c e n t e r  w i r e  t k e n  f u r t k e r  o u t ,  
s i n c e  t h e  p o t e n t i a l  g r a d i e n t  in  a u c h  g r e a t e r  n e a r  t k e  c e n t e r  t h a n  in  the  
v i c i n i t y  o f  th e  s i d e  w a l l s .  T h i s  i s  a s  e x p e c t e d .

F ig u r e s  T . 4  t h r o u g h  show the e f f e c t  o f  s s n p l e  h o l d e r s  h e l d  a t  .var ious  
p o t e n t i a l s .  I t  i s  s e e n  t h a t  an i n t e r n a l  s n a p l e  h o l d e r  h e l d  a t  w a l l  p o t e n t i a l  
i n t r o d u c e s  bad f i e l d  d i s t o r t i o n  (F ig .  T - 4 ) ,  b u t  t h a t  by i n s u l a t i n g  the  h o ld e r  
a n d  a p p l y i n g  p r o p e r  v o l t a g e s  to  i t ,  e i t h e r  a s  a whole o r  i n  p a r t  ( F i g s .  7 . 5  
a n d  T . 6 ) ,  i t s  d i s t u r b i n g  i n f l u e n c e  n a y  be a i n i n i s e d .  W h i l e  s e g a e n t  t y p e  
c o n s t r u c t i o n  g i v e s  t h e  b a s t  f i e l d  s m o o t h i n g  ( F i g .  1. 6 ) ,  i t  i s  s e e n  t h a t  
s i m p l y  h o l d i n g  t h e  w h o le  s t r u c t u r e  a t  t k e  p o t e n t i a l  c o r r e c t  f o r  i t s  d e e p e s t  
p e n e t r a t i o n  i n t o  t h e  chamber  g iv e s  what  i s  p r o b a b l y  q u i t e  a d e q u a t e  c o r r e c t i o n
(r ig . 7 , V -

These i n v e s t i g a t i o n s  a r e  f e l t  t o  be e n c o u r a g i n g  enough  t a  j u s t i f y  c o n 
s t r u c t i n g  s chanber  w i t h  the above type  o f  c o r r e c t i o n  fo r  end e f f e c t s .  In one 
scheme the  end r i n g s  c o u l d  be mounted on an  i n s u l a t i n g  d i s k  a n d  c o n n e c t e d  by 
d r o p p i n g  r e s i s t o r s  o f  t h e  p r o p e r  v a l u e s ;  t h e  whole s s s e a b l y  c o u l d  t h e n  be 
mounted i n s i d e  an o v e r a l l  g a s t i g h t  c h a n b e r  e n v e l o p e .  I t  s h o u l d  be no ted  t h a t  
t o  avo id  i n t r o d u c i n g  r e s i s t o r  n o i s e  i n t o  t k e  o u t p u t  e f  t k e  c h a m b e r ,  s e p a r a t e  
h i g h - v o l t a g e  s u p p l i e s  s h o u l d  p ro b a b ly  be u s e d  f o r  t h i s  c o r r e c t i n g  sys tem  and 
f o r  the  chamber p o t e n t i a l  s o u rce  p r o p e r .


