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A. Nuclear C h e m is t ry  

G. T. Seaborg a n d l .  P e r lm an  

R ad ioac tive  Decay of At* At' .»t»d p«>*

R W. Hoff, F . A sa ro .  P , W. M agu ire  and $ G. Thom pson

The nuclide* At*’*** and At“** have b een  produced in bom bardm ent*  
of b ism u th  with he lium  ion* in the 6 0 - inch cyc lo tron . A pure  s a m p le  of At*** 
« 1 0 * 4 At4*10) m ay  be v o la t i l ised  from  a b ism u th  ta rg e t  bom barded  with 28 Mev 
he lium  ion*. E x is ting  d a ta  indicate A t^ ^ .d e c a y s  by both alpha and e lec tro n  
cap tu re  decay  in the following manner:

~50 y rs .  
EC

an. ‘ « - 9*_____ ai

P b ^ ® ^ « ——g - Po*“
T j /^  * 0 . 5  aec .

T \ / i  » 7. 5 h o u rs  
EC • 59.1 %

We have s e a rc h e d  fo r  y r a y s  p re se n t  in the  d ecay  of At hsing  a Na l s c in t i l ­
la t ion  s p e c t ro m e te r  and  have o b served  no y r a y s  in ap p re c ia b le  abundance 
{ > \ % )  be s id e s  the K and L  X -ray s  of Po . T h e re fo re ,  it is  r e a s o n a b le  to think 
tha t the e lec tro n  c a p tu re  decay  of At^ll is  d i r e c t ly  to the ground s ta t e  of P o ^ l .  
T h e re  was an ind ica tion  of v e ry  low abundance g a m m a 's  in the 540-580 kev 
reg io n  which p ro b ab ly  o r ig in a te  f ro m  the d e c a y  of excited  le v e l s  of P b ^ 7 r e ­
su lting  from  the a lpha  d e c a y  of P o ^ l .  A fte r  the At^M activ ity  had decayed  to 
v ir tu a l ly  nothing, g a m m a  ra y s  of 540 kev and 880 kev en e rg y  w e re  seen  from  
the decay  of 50-y e a r  Bi^O?. Although th e re  a r e  num erous g a m m a  ra y s  in the 
B i207 decay , th e se  w e re  the  only two o b s e r v e d  due to the sm a l l  am ount of 
a c t iv i ty  p re se n t .  P re v io u s ly ,  the 880 kev lev e l of P b ^ 7 has  not been  de tec ted  
th rough  convers ion  e le c t r o n s  of Bi^07; h o w e v er ,  the level was f i r s t  seen  in the 
alpha decay of P o ^ .

A b ism u th  b o m b ard m en t using 36 M ev helium  ions p ro d u c e s  a m ix ­
tu re  of At^ll and At^lO. In the cec a y  £ C  » P o ^ ® , we have  o bse rved
g am m a  ray s  of 0. 250, 1.15, and 1.4p Mev e n e rg y .  T hese  m ake  the  following

i
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r w r f i f  le v e l 4 t» |r* m  for look « H i i t l t v t ;

o 250 m #v :

" " 7 ...... “ .........  / I, 40 t f r v

/  I ,  11 Mev S

o . ........ ... X...... ............
T h i t  decay  a c h e m r  i« c o n s i s te n t  with the absence  of | « m i m  rays  in the  beta  
decay  of which Hat only I 17 Mev decay e n e r g y .  Coincidence t n t u u r t *
menta  a re  being planned to t e a t  the c o r r e c t n e s s  of the  above decay  a c h e m e  
and a iao the observa t ion  of c o n v e r s io n  e l e c t r o n s  us ing  a b e t a - r a y  s p e c t r o ­
m e te r  which will yield, to ge the r  with •c tn t t IU t ion  s p e c t r o m e t e r  d a ta ,  the 
amount of decay  to each of the exc i ted  levels .

A sam ple  containing ap p rox im a te ly  5 * 10 ' d / m  of At**11 haa been 
used to o b a e r v e  the alpha p a r t i c l e  e n e r g ie s  of Po^N in the alpha r a y  s p e c t r a -  
graph.  T h r e e  low abundance a lpha  groups of P o i11 w e re  f i r s t  r e p o r t e d  by 
Neumann and P e r lm a n ,  P hya .  Rev. JH, 95$ (1951). The f i r a t  two of th e se  
groups  have  been m e a s u re d  with e n e r g i e s  6. 681 a 0. 01 Mev and 6. 55b a 0. 01 
Mcv and abundancea 0. 50 p e r c e n t  and 0. 5) p e rc e n t  with r e a p e d  to the h ighes t  
group. Work ia in p r o g r e s s  to find the lowest  e n e r g y  alpha of P o " *  r e p o r t e d  
to be 0.1 p e r c e n t  abundant and to have 6. 34 Mev e n e r g y .  P a r t i a l  scann ing  
of the p la te  indica tes  no a lpha  g roup  between 6.  32 a n a  b. 40 Mev which is  m ore  
than 0 . 0 2  p e rc e n t  abundant.  F u r t h e r  scanning should decide the ac tua l  ex* 
' s t e n c e  of th is  th i rd  low - in ten s i ty  group.

The energy  of the  a lpha  p a r t i c l e s  f r o m  the decay  of At^^ haa  been 
d e te r m in e d  with the s p e c t r o g r a p h  using aa an en e rg y  s tanda rd .  The
re s u l t  for At*“  ia 5. 862 a 0. 008 Mev. ✓

A la rge  eamplc of A t^ *  containing ap p ro x im a te ly  4 x 10H a lpha  
d i s . / m i n .  and approx im a te ly  an equal amount of At^** e lec t ro n  cap tu re  
activ ity  h a s  yielded in te r e s t in g  r e s u l t s  in the a lpha  r a y  sp ec t ro g rap h .  T h r e e  
new a lpha  g roups  have been a ee n  in the energy  r e g io n  ju s t  above P o ^ ®  with 
e n e r g i e s  5. 355, 5. 437, 5. 519 * 0. 005 Mev and of app ro x im a te ly  equal a b u n ­
dance.  A probab le  fourth g roup  haa been seen  with e n e r g y  5.464 a 0.01 Mev 
and in m uch  lower abundance.  The orig in  of th e s e  a lp h as  is probably  f r o m  
a very  s m a l l  amount of a lp h a -b ra n ch in g  in the decay  of At^®, although it ia 
possib le  tha t  these  g roups  m a y  be of complex s t r u c t u r e  in the alpha d e ca y  
of At^ll .  Th is  question will be r e s o lv e d  f rom  a s a m p l e  of pure  A t ^ l  which 
has been r u n  on the s p e c t r o g r a p h .  A ss ignm ent  of one o r  m o r e  of th e se  a lpha 
e n e rg ie s  to At^lO is co n s i s ten t  with alpha decay  s y s t e m a l i c e  in that  the  
nuclide with 125 neu trons  haa a low er  alpha e n e r g y  than  c i the r  of i ta n e i g h ­
bor n g  isotopes .  S im ila r  r e s u l t s  have  been found for the  125 neu tron  i so to p e s  
of P o  and C m .  Assuming th e s e  a lohas  o r ig ina te  f r o m  the decay  of A t^® ,
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one can  c a lc u la te  (Imp «lNiit4ii)(« of ♦■•til group f r o m  * c o n i id ir i l io t i  of 
alpha d e r a f  th e o ry , it is  p o ss ib le  to  ca lcu la te  * h in d ran ce  fac to r lo r th r  
decay A t*”  i» shown ta  T ab le  l fo r c am p o n  too:

TABLE I

Isotope

Alpha
P a r t i c l e
E n e rg y

Alpha 
Dkainte - 
g ra tlon  
Energy

O b se rv e d  
T ( h r . )

Alpha
B ranch ing
r .« i«

Atphs
T t / i
i x n . »

H indrance
F a c to r

A.i l0 % $19 S. 626 8 1 0 .054 1.7$ • 800

o9<

5. 417 $. $41 8. 1 0 .0 $  1 1.8$ 300

A l " ° 5. m $.459 8 1 0 .062 t . $ l 100

A «i l > 5. 862 $.97$ 7. $ 40 9 19.00 60

N uclea r P r o p e r t i e s  of B erk e liu m  and C a l ifo rn iu m  Iso topes

E, K. Mulct. A. G h to rso  and S. G. Thom pson

In the continuation of the w ork on the t ra n sp lu to m u m  iso to p es  one 
new iso tope  of ca li fo rn iu m  h a s  been  found and new in fo rm atio n  concern ing  
b r rk e l iu m  and ca li fo rn iu m  is o to p e s  has  been gained . The re s u l t s  have been  
obta ined  f ro m  a single b o m b a rd m e n t  with 35 Mev h e l iu m  ions upon c u r iu m  
and a m e r ic iu m .

The ta rg e t  c o n ta in e d -800  m ic ro g ra m s  ^40 m ic ro g ra m s
C m ^ J ,  ~40 m ic to g ra m v  C m ^ V O .  3 m ic r o g r s m s  mg. A » ^ ,
and**200 m ic r o g r a m s  The b e rk e l iu m  and ca l i fo rn iu m  frac t io n s
w ere ind iv idua lly  sp ea ra te d  f ro m  a ll  o th e r  r a d io a c t iv e  e lem en ts  by the use  
of ion -exchange  m ethods.

H a lf-L ife  far Spontaneous F is a io n  of Cf'

When the lo g a r i th m  of the known sp o n tan eo u s  f is s io n  h a l f - l iv e s  
of e v e n -e v e n  nuc lides  a r e  p lo tted  a s  a function of Z ^ /A , a s t ra ig h t  l in e  is 
o b t a i n e d , a n d  an e x trap o la t io n  of th is  line would p re d ic t  ap p rox im a te ly

1. G. T . S e a b o rg ,  P hys . R ev . 85, 157 (1952). \
2. W. J . W hitehouse and W. G alB raith , Mature 169, 494 (1952) .̂
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l ,  000 Y««r« fo r  tKr spontaneous f i i i t u n  h a l l - l i f e  of By < owif i n |  f i t*
•  ion rv rn t*  f ro m  a  known Amount of e s s e n t i a l ly  p u r r  p roduced  in tb i t
bom b*rdm rn i.  in t  p a ra l le l  pint# io n isa t io n  ( h a m b r r ,  ihr v i lu «  found for the 
spontaneous f i t t i o n  ha lf- l i fe  of €(**** » » •  2100 t  100 f t t r i .  T b i t  la in e x c e l ­
lent t f t r r r m r n t  with the p r r d u  trd  v«)u«. Thr f iss ion  r t t r  d e c r e a s e d  with th r  
l i m r  15 hour h a l f - l i fe  a t  that o b t r r v r d  l o r  th r  alpha d e ca y  of C f * ^ ,  th u t  
proving that th r  o b t r r v r d  ( lo t ion  o r ig in a te d  from  thia iso tope

A New I to lo p r  of C a l i fo rn ium

A fter th r  n e a r ly  com ple te  rad io ac tiv e  decay  of C f^*® alpha pulse 
a n a ly t i t  showed to m e  alpha ra d io a c t iv i ty ,  with the e n e rg y  of 6. 24 ft 0 .0 *
M*v, rem ain ing  in the  ca li fo rn iu m  f r a c t io n .  It i t  v e ry  l ik e ly  tha t theae 
alpha p a r t ic le s  o r ig in a te  from  Cf^48 by r e a s o n s  of yield and s lpha  system * 
a t lc s  c o n s id e ra t io n s .  It is  v e ry  un lik e ly  that Cf* 4̂ *  could have  been p r o ­
duced in an o b s e rv a b le  amount, and C f^ * 7 would be e x p ec te d  to decay  
ch iefly  by an o r b i t d  e lec tron  c ap tu re  with a half-1 fe of a few h o u rs .  No 
ha lf- l i fe  has been  d e te rm in e d  for the r e a s o n s  ths t the a m o u n t of s lpha  a c ­
tivity  is v e ry  s m a l l ,  and the p e r io d  of d e ca y  has been s h o r t  co m p ared  with 

the  expected h a l f - l i f e .

Nu c lea r  P r o p e r t i e s  of

, P r e v io u s  work a t thia l a b o r a to r y  yielded an iso to p e  of b e rk e liu m  
believed to have the  m a s s  num ber 245. * Radiations f ro m  th e  dau g h te r ,  
C m ^45f re su l t in g  f ro m  the n e a r ly  p u r e  e le c t ro n  cap tu re  of Bk^45 have not 
been p rev ious ly  o b se rv e d ,  although i t s  Iden tif ica tion  in m ix tu r e s  of c u r iu m  
-so topes by the  u se  of the s p e c t ro g r a p h  h a s  been m ade. In th ia  b o m b a rd ­
m ent it was o b s e rv e d  th s t  s e v e ra l  a lp h a  counts p e r  m inu te  w ith s pa r t ic le  
en e rg y  of 5. 52 ft 0. 05 Mev grew  f ro m  the  b e rk e liu m  p a re n t .  Alpha p a r ­
t ic le s  with the  above  e n e rg y  w e re  found in a c u r iu m  f r a c t io n  ch em ica lly  
s e p a ra te d  f ro m  p u re  b e rk e liu m  a f te r  a llow ing the Bk^45 to d ecay  for a 
p e r io d  of t im e ,  and they  w ere a lso  found on a sam ple  p la te  a f te r  n e a r ly  
com plete  decay  of Bk^45 o r ig in a lly  on the  p la te .  The r a t i o  of the abundance 
of the new a lpha  ra d io ac tiv i ty  to the a m o u n t of Bk^45 th a t  had  decayed r e ­
m ained  the s a m e  in both in s tan ces .

The e n e r g ie s  of the g a m m a  r a y s  o rig inating  f r o m  Bk^4 5 were 
m e a su re d  by  a  so d iu m  iodide sc in t i l la t io n  counter connec ted  to a pulse 
a n a ly se r .  In o r d e r  of abundances th e s e  e n e rg ie s  a re :  115 k ev , 75 kev. 
and 240 kev. The 115 kev g a m m a - ra y  c o r re sp o n d s  to the K X - r a y s  of 
c u r iu m  which o c c u r  a f te r  the K o rb i t a l  e le c t ro n  cap tu re  by b e rk e l iu m .
The abundance of the  K X - ra y  was m e a s u r e d ,  and the s a m e  c r y s ta l  was 
c s l ib r s te d  a t the  s a m e  geo m etry  w ith the  K X -ray a  f ro m  the K e lec tro n  
cap tu re  of At^H, for which the K e le c t r o n  cap tu re  d is in te g ra t io n  ra te  has  
been e x p e r im e n ta l ly  re la te d  to the a lp h a  p a r t ic le  counting r a t e .  * F ro m  the 
da ta  obtained i t  h a s  been  p o ss ib le  to  c a lc u la te  a m in im um  h a lf - l i fe  for Cm ^45 
of 1, 500 y e a r s .  Any L  o rb ita l  e le c t ro n  cap tu re  by B k2*5 would in c re a s e  the 
ha lf-life  of and a like ly  upper l im i t  would be 2 ,8 0 0  y e a r s .

5. Hulet, T hom p so n , G hiorso  and S t r e e t ,  Phys . Rev. 84, 366 (1951).
4. R. W. Hoff, p r iv a te  co m m u n ics t io n  (O ctober 1952).
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C h em is try  of the L an than ide  Clements

D C. F ray  and B. B. Cunningham

B f f i u i f  of th r  s im i la r i t ie s  be tw een  the actinide and lanthanide 
e le m e n ts ,  th e re  has  been a continued in te r e s t  in the lan than ide  e le m e n ts ,  
e sp e c ia l ly  in th e i r  no n tr ip o s it iv e  s t a t e s ,  at th is  lab o ra to ry .

C h e m is t ry  of C e r iu m

C er iu m  te t r a f lu o r td e  was p r e p a r e d  by the action ol e lem en ta l  
f luo rine  on c e r iu m  t r i f lu o r id e  as p re v io u s ly  reported .*

In o rd e r  to d e te rm in e  the c o m p o s i t io n  of th is  com pound  m ore  ac> 
c u ra te ly  than is  p o s s ib le  by X -ra y  d if f ra c t io n  techn iques , the  lo s s  of weight 
du ring  the co n v ers io n  of the  te t r a f lu o n d e  to the dioxide w as d e te rm in e d .  A 
weighed sam ple  (about bOO m ic ro g ra m s )  of C eF ^  was heated in  a t a r r e d  p la t i ­
num  cruc ib le  a t 600°  C in a i r  (in a m uffle  fu rnace)  until the  s am p le  a ttained 
co n stan t  weight. The p ro d u c t  was iden tif ied  by X - r s y  a n a ly s i s .  Then the 
ac tua l and th e o re t ic a l  p e rcen tag e  w eight l o s s e s  were  c o m p a re d ,  and from 
th is  the com position  of the s ta r t in g  m a te r i a l  was ca lcu la ted . It was assum ed  
th a t  CeO^ was the  on ly  final p roduct. H o w ev e r ,  M rs . C a ro l  D auben of the 
X - r a y  group r e p o r te d  th a t  the la tt ice  c o n s ta n ts  of the CeO^ w e re  slightly  
l a r g e r  than the l i t e r a t u r e  values. T h is  cou ld  indicate  the  p r e s e n c e  of oxy- 
f lu o r id e s  and would a l s o  indicate tha t the  o r ig in a l  m a te r ia l  i s  p u r e r  than 
ca lcu la ted  from  the d a ta  in Table l .  N eg lec ting  th is  fa c to r  th e  av e rag e  c o m ­
position  of the te t r a f lu o r id e  is  C eF ^  q ft.

A ttem pts  w e re  m ade to d e te r m in e  the th e rm a l s ta b i l i ty  of CeF^ 
by heating i t  in a n ickel effusion v e s se l  fo r  10 m inutes  at v a r io u s  te m p e r a ­
tu r e s  in high vacu u m . H owever, d e sp i te  p re t r e a tm e n t  of th e  v e s s e l  with 
f luo rine  from  the deco m p o s it io n  of C « F 3, so m e  of the f lu o r in e  r e le a s e d  
f ro m  the te t r a f lu o r id e  re a c te d  with the  v e s s e l .  Since the  a m o u n t of fluorine 
lo s t  by the sam p le  w as to be d e te rm in e d  by  weighing the s a m p le  be fo re  and 
a f te r  heating, th is  m ad e  our re su l ts  u n re l ia b le  for quan tita tive  m e a su re m e n t .  
T h is  e r r o r  was d e te c te d  when the c o m p o s i t io n  of the final p ro d u c t  a s  d e t e r ­
m ined  by X - ra y  a n a ly s i s  and the weight lo s s  method did not a g re e  within any 
rea so n ab le  l im i t  of e r r o r .  The X - ra y  a n a ly s is  ind ica ted  th a t  m o re  C eF 4 had 
been converted  to the  tr i f lu o r id e  than by the weight lo ss  m ethod . However, 
o u r  re su l ts  do show th a t  c e r iu m  te t r a f lu o r id e  is  s tab le  in v a cu u m  a t 150° C 
and is decom posed  q u an tita tiv e ly  to the t r i f lu o r id e  at 230° C.

A s p c c t ro g ra p h ic  an a ly s is  of the  m a te r ia l  used fo r  th e se  m e a s u r e ­
m en ts  showed the p r e s e n c e  of le s s  than  0.1 p e rcen t  im p u r i t ie s  m  the t e t r a ­
fluo ride .

1

1. Cunningham, B. B. , D. C. F eay , and  14. A. R o ilie r ,  UCRJL-1632, 
pp 5-8 ( J a n u a ry  28, 1952).
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TABLE 2

Composi t ion of O F 4

S am ple
Final
P roduc t

P e r c e n t a g e  Weight L o s s  
E x p e r im en ta l  Theore t ica l

Molecular 
Weight of 
Sample

Com posi t ion  
of S a m p le

84 Dioxide 19. 90 10.  36 214.90

86 11 20. 1 1 20. 36 215.46 C e F 3.96

87 »» 10.  65 20. 36 216.93 C e F 4.CM

A v e rag e 11 20. 22 20. 3b 215.76 C e F 3. 98

C h e m i s t r y  of T e rb iu m

The T b F 4 was p r e p a r e d  by the ac t ion  of e lementa l  f luor ine  on the 
t r i f l u o r i d e  as r e p o r te d  p r e v i o u s l y . ’ The co m p o s i t io n  of.the t e t r a f lu o r i d e  
was d e t e r m in e d  in the s a m e  m anner  as was c e r i u m  te t r a f lu o r id e .  The 
oxide p roduc ts  were  id en t i f i ed  by compar ing  the  la t t ice  cons tan ts  of the  
oxide p roduced  with the  c u r v e  of the v a r ia t ion  of la t t ice  constant with o x y ­
gen con ten t  of the t e rb iu m  oxides .  The c om pos i t ion  se lec ted  for the  oxide 
is  s u b je c t  to our e x p e r i m e n t a l  e r r o r  as  well a s  any  e r r o r s  in he ren t  in the 
pub l i shed  c u r v e . L

Also,  it  was noted tha t  if the sam ple  w as  heated at  about 300° C, 
T b F ^  is  fo rm ed .  Continued heat ing at 400°»C p roduces  TbOF. A t e r b i u m  
oxide is  produced when the  heating is  done at  about 600° C. The l a t t i c e  
c o n s ta n t s  of TbOF as d e t e r m i n e d  by X - ra y  pow der  dif f raction m e th o d s  for 
the rhom bohedra l  unit ce l l  a r e  as follows:

a = 6 .689  ± 0 .007A ,

a 5 33.40 ± 0.10°.

Since the re  is  no r e a s o n  to expect the  c onve rs ion  of the t e t r a ­
f luo r ide  to stop exac t ly  a t  the  t r i -  or o x y f lu o n d e ,  the com pos i t ion  of the 
t e t r a f lu o r i d e  was c a lcu la ted  only f ro m  the d a ta  on the oxides  (Tab le  3). 
Th is  gives  an average  co m p o s i t io n  of TbF^

Sper t rog raph ic  a n a ly s i s  of the s a m p le  u sed  in these  d e t e r m i n a ­
t ions  showed l e f "  than 0.1 p e r c e n t  of im p u r i t i e s .

. 2 . G ru e n .  D. M . ,  W. C. Koehler ,  ana J. J. Katz,  J. Am. C h em .  Soc. 
73 .1475-9(1951) .
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TABLE 3

Com position of T b F 4

Sam ple  T e m p e ra tu re  P r o d u c t  Weight L o t i  (P e rc e n ta g e )  C om position
E xperim en ta l  T h eo re tica l

88 400° C T bO F 16.94 17.43 ..
88 600 Tb° l . b 7 5 20. 75 20.91 T b F 3 .97

a9 320 T b F 3 8. 89 8.08 - -

89 4 30 TbO F 16. 04 17.43

90 215 T b F  j 7. 37 8.08 - -

90 4 30 T bO F 17.26 17.43 - -

90

A verage

600 Tb° 1 .6 4 5 20. 31 21. 13 T b F 3. 87 

T b F 1 .9 i

C h e m is t ry  of S am ariu m

The p re p a ra t io n  of S m F 4  was a t tem p ted  by the action of e le m e n ta l  
f luo r ine  on Sm F* at about 350° C for one hour. No te t r a f lu o n d e  was obtained.

The X -ra y  w ork  on the fluorides  was done by M rs. C aro l  Dauben 
and M rs .  H elena  Ruben of D r. D. H. T e m p le to n 's  X -ra y  D iffrac tion  G roup.

Iso tope Shift in the S p ec tru m  of P lu ton ium  

John G. Conway

isotope sh if ts  have been m easu red  in th e  sp ec tru m  of p lu ton ium . 
Two iso to p tc a l ly  e n r ich ed  s a m p le s  were used , one a m ix ture  of 238-242 . 
the o th e r  of 239-240. The sam p les  were lo an ed  fo r  the e x p e r im e n t  by 
Dr. S. G Thom pson. The s p e c t r a  were  pho tographed  on the 35 foot P aachen  
m ounting a t the Argonne N ational L a b o ra to ry .  D r .  MarV F red  of A rgonne is 
the c o -a u th o r  of a m o re  d e ta i le d  paper which will appear sho rtly . A to ta l  of 
27 h n e a  showed sn iso tope  sh ift .  The four l in e s  exhibiting t .e g r e a t e s t  shifts 
a re  l i s t e d  in Table 4,
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TA BLE 4

Min A) a V

242-238 2 4 0 -2 3 *
3958, 79 ♦0.204 ♦0.072

3972.06 ♦ 0. 142 ♦ 0. 045

3985. 37 ♦ 0 . 160 ♦ 0 053

4021. 41 HU. Hi,___ 4. 9 , 9 ? J

Nuclear E m u l n o n  Studies  of Alpha Convrr r•  ion 

E lec t ron  Co inc idence*  in Ct’4 ^  and P u /* *
i ..... .... ...................------------------------—  ■■■..............—  - ...... ..... .....................................

Dean C. Dunlavey

C om plex  s t ru c tu re  in  the  a lpha  decay  of a s a m p l e  of C***** p r o ­
vided by S. Thom pson  and K. Hule t  and of in a s a m p l e  provided by
R. Hoff h a t  been observed ,  us ing the  method of counting a lp h a -co n v e rs io n  
e lec t ron  co inc idences  in n u c lea r  e m u ls io n s .  ‘

O b se rv a t io n  of 5100 alpha events showed 12 percent * 3
percen t  to have  L or  M c o n v er s io n  e l e c t r o n s  of 20-25 kev  o r  35-40 kev. j % 
t-nergiea, indicating an exc i ted  le v e l  of approx im a te ly  43 a 5 kev in C m "  . 
F o r  Pu£34, only 400 alpha even ts  w e re  counted and 15 p e r c e n t  a f p e rc en t  
of the even ts  w e re  found to have L o r  ,M convers ion  e l e c t r o n s  of 25-30 kev 
or 40-45 kev  e n e r g ie s ,  indicat ing an  excited level of a p p ro x im a te ly  47 kev 
in U2*0. The r e s u l t s  a re  shown in Table  5.

P e r c e n t a g e s  of decay lead ing  to the e x c i t ed ' l ev e l  s re  le s s  than 
expected fo r  each  isotope. Explana t ion ,  if any is  needed ,  can be that:  for 

a few p e rc en t  of the L  c o n v e r s io n  e l ec t ro n s  m igh t  have b - rn  m i s s e d  
because  of a s h o r t e r - t h a n - a v e r a g e  t r a c k  length com pl ica t ing  diff icul t ies  of 
de tection a l r e a d y  p re sen t  f ro m  the low energy  involved; for P u * ^ ,  a s  s  
r e su l t  of t h e ' a m a l l  number  of e v e n t s  counted, the l a r g e r  l im i t  of e i r o r  is. 
enough to inc lude  the expected value  of n e a r e r  20 p e r c e n t .  .

TABLE 5
G round

Exp
alpha
* 1 /2

Alpha
decay
Efctev

Alpha
*1/2

P r e s t o n
ra d i i lUV>

E x c i te d  level 
h in d ran ce
* 1 / 2e *l» /* l /2

s ta t e  h i n ­
d r a n c e  re

C 14*42

Cfi4fc 35 ?h 6.90 
6. 86

49. 5h 
298 .Oh

9. 35 
8 .9 7

1. 500
4 .7 6  ‘

1.08

P u 2 34 4. 38d 6. 34 
6. 29

11. Od 
62. 5d

9. 34 
. 9 05

1.516
3. 34

0 .6 0

r
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The H alf-L ife  and A lp h a -P a r t ic le  E nergy  of 

Floyd Mom ye r

A ttem pts  w ere  made to find a c t iv i t ie s  belopj»ing to n e u tro n -d e ­
ficient iso topes  of ra d iu m  by bom bard ing  lead  with C*4* ions and isolating 
radium sam p les  f ro m  the ta rg e t  for a lpha  pulse ana lys is .

The lead  to be bom barded  was affixed to s ta in le s s  s tee l  p la tes  
by cleaning the s u r fa c e  of the p la tes  with a spec ia l flux-and then  m elting 
the lead onto the s ta in le s s  s tee l .  Such ta rg e ts  w ere  m ounted  on a probe 
designed so that the  back of the s ta in le s s  s tee l plate could  be cooled by 
a continuous flow of w ater to p rev en t  m elting  of the lead .

A fter a 5-10 minute b o m b ard m en t,  the lead was d is so lv ed  in 
a minim um  am ount of hot 2-3N HNO3 and the solution cooled  in ice and 
sa tu ra ted  with HC1 g a s .  B ar iu m  c a r r i e r  was then added to p re c ip i ta te  
BaCl y and c a r r y  ra d iu m , the lead  rem a in in g  in solution as a ch loride  
complex. The B aC l^  p rec ip i ta te  was w ashed  with cold s a tu r a te d  HC1, 
d isso lved  in w a te r  and ev ap o ra ted  down on p latinum  p la te s  for alpha pulse 
analysis .

In s e v e ra l  runs sm all  am ounts  of a  sh o r t- l iv ed  alpha  ac tiv ity  
with a 6 . 9 Mev a lpha  p a r t ic le  w ere  o b se rv e d .  In one run  s e v e ra l  hun ­
dred counts p e r  m inu te  of th is  a c t iv i ty  w e re  o b se rv ed  on the pulse a n a ­
lyzer and the h a lf - l i fe  and a lp h a -p a r t ic le  energy  d e te rm in e d  a s  2. 7 ±
0. 3 m inutes and 6 . 90 ±  0. 04 Mev, re sp e c t iv e ly .  A fte r  d ecay  of th is  
activ ity  s e v e ra l  coun ts  pe r  m inute of E m ^ 9  w ere o b se rv ed  on the p la te , 
free  of s ign if ican t am ounts  of any o th e r  a c t iv i t ie s .  Em ^09 was id e n t i ­
fied by its  m e a s u re d  ha lf- l i fe  of about 30 m inutes and a lp h a -p a r t ic le  
energy  of 6 . 02 Mev.

F r o m  the chem ica l p r o p e r t ie s  of the new a c tiv i ty  and the o b ­
servance  of Em 209 in sam ples  of it, it  i s  assigned to R a^ lJ .  A s the 
half-width of the Ra^l3 peak was a lm o s t  300 kev in the b e s t  run  (due to 
th ickness  of the sam p le ) ,  the p re s e n c e  of F r^ l3  f ro m  the e le c t ro n  c a p ­
tu re  decay of Ra*-13 j8 not at p re s e n t  ru le d  out. The a lp h a -p a r t ic le  
energ ies  of R a ^ 3  and F r ^ 3  a re  p robab ly  sep a ra te d  by le s s  than  100 kev.

The A lpha-B ranch ing  of AcK and the  P r e s e n c e  of A s ta t in e  in N ature

E. K. Hyde and  A. G h io rso

S ta r t in g  with a 20 me so u rce  of A c4* ^  the 21 m inute  isotope 
AcK (Fr^23) has been iso la ted  and su b jec ted  to study to iden tify  its  alpha 
b ranch  p ro d u c ts .  It has  been found th a t  the alpha b ranch ing  ra t io  is  a p ­
p rox im ate ly  4 x  10*5 and tha t the p ro d u c t  isotope, At 2-19, h a s  a 0. 9 
minute ha lf - l i fe  fo r  the e m is s io n  of 6 . 27 Mev alpha p a r t i c le s  to  produce 
the p rev ious ly  u n re p o r te d  ac tiv ity  Bi215. Bi^lS i8 an 8 m inu te  beta 
e m it te r .  Since Ac ̂ 27 o c cu rs  in na tu re  a s  p a r t  of the U^35 decay  chain 
th is  e s ta b l ish e s  the p re se n c e  of an a s ta t in e  isotope in a n a tu ra l  so u rce .
A com plete  r e p o r t  of this work is  g iven in  UCRL-2019.
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B eta  S p ec tru m  of F r 223

T hom as O. P a s s e l l

P r e l im in a r y  r u n s  have been m ade  w ith the double fo cu ss in g  
Siegbahn type beta s p e c t r o m e te r  to d e te rm in e  the  b e ta  s p e c tru m  of F r ^ ^ .  
This  iso tope  is a m e m b e r  of the ac tin ium  (4n ♦ 3) n a tu ra l  ra d io a c t iv e  decay  
chain. The 21 m inute  F r2 2 3  was m ilked  f ro m  a 20 me sou rce  of ,

and in a m a t te r  of 4 0 -5 5  m in u te s  f r o m  the in i t ia l  s ep a ra t io n  the  f r a n c iu m  
was in s e r te d  in the s p e c t ro m e te r .

F ro m  the K urie  A na lys is  of the  s p e c t r u m ,  th e re  ap p ea r  tsv be 
two conponents  above 450 kev  with m ax im u m  e n e rg ie s  of -^1.0 Mev and 
'4. 5 M ev, the low er e n e rg y  com ponent being by fa r  the m o s t  abundant. The 
l i t e r a tu r e  value of 1. 2 M ev r e p r e s e n ts  a cloud c h a m b e r  d e te rm in a t io n .

Some da ta  have  been  a cq u ired  on the  e n e rg ie s  of c o n v e rs io n  e l e c ­
t ro n  l in e s  su p e r im p o se d  upon the b e ta  s p e c t r u m  and l ines  r e s u l t in g  f ro m  
c o n v e rs io n  of the th re e  p re v io u s ly  r e p o r te d  g a m m a  ra y s  (4 8 .6 ,  9 0 .0 ,  and 
330 kev) have been a t l e a s t  q ua li ta t ive ly  c o n f i rm e d .  This  s tudy  w ill be 
continued .

N ucleon  M om entum  D is tr ib u t io n s  from  

High E n e rg y  (d ,p )  E x c i ta t io n  Functions

J .  O. R a s m u s se n ,  J r .

I t  is  the p u rp o se  of th is  note to s u g g e s t  that with c e r ta in  r e a s o n ­
able a ssu m p tio n s ,  s e m i-q u a n t i ta t iv e  in fo rm a t io n  concern ing  nu c leo n  m o ­
m en tu m  d is tr ib u tio n s  in n u c le i  m ay  be ga ined  f ro m  the r a te  of d e c r e a s e  of 
the (d ,p )  re ac tio n  yield  w ith in c reas in g  d e u te ro n  energy .

The n e c e s s a r y  a ssu m p tio n s  a r e  the following:

1. O b se rv ed  (d ,p )  re a c t io n  y ie lds  in  th e ’high en erg y  
reg ion  50 Mev) a re  due m a in ly  to the
O p p e n h e im e r-P h i l l ip s  m e c h a n is m  with the co n ­
tr ib u tio n  f r o m  compound n uc leus  fo rm a tio n  fo l­
lowed by ev ap o ra t io n  of a s in g le  p ro to n  neglig ib le .
That i s ,  the  o b se rv ed  yield  c o m e s  f ro m  i n t e r ­
ac tions  w ith only  the neu tron  of the deu teron .
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2. Coulomb rep u ls io n  ef fects,  which l a r g e ly  d e te rm ine  
the (d,p) exc i ta t ion  function for low e n e r g i e s ,  have 
negligible  effec t  on the high e n e rg y  s lopes  of the
{d, p) yield c u rv e s .

3. The d i s t r ibu t ion  of excitation e n e r g i e s  of the r e s i d ­
ual nucleus (following capture  of the neutron  f rom 
the deuteron)  which contr ibute  to the observed  (d,p) 
yield r e m a in s  t ss< ntia lly  the sam e  for all high b o m ­
ba rd m en t  e n e rg i i  s ,  and this d i s t r ib u t io n  is quite 
n a r ro w ,  peaking n e a r  the neu t ron  binding energy .
The con t r ibu t ion  to the (d, p) yield by s ta tes  of much 
lower exc i ta t ion  is  expected to be much  s m a l l e r  -since 
the nuc lea r  leve l  densi ty  falls  off rap id ly  with d e ­
c re a s in g  exc i ta t ion .  The con tr ibu t ion  by s ta tes  of 
much higher excita tion energy  than the neutron-b inding 
en e rg y  is expec ted  to be smal l  on account of the e f fe c ­
t ive compet i t ion  of neutron e v ap o ra t io n  (and in some 
c a s e s  fisc ion) p r o c e s s e s  with the rad ia t ion  p ro c e ss .

T h e r e  a r e  two th e o r e t i c a l  t r e a tm e n t s  f r o m  which we shal l  make 
quanti ta t ive  e s t i m a te s  of the bo m b ard m en t  e n e r g y  dependence  of the (d, p) 
total  c r o s s  sec tion.  A d i f fe ren t ia l  (d. p) c r o s s  sec t ion  ex p re s s io n  mdy be 
obta ined f r o m  the th e o re t i c a l  work  of Chew and Go.dberger^  or  the i n v e r s e  
p r o c e s s ,  the deu teron  p ic k -u p  p r o c e s s ,  if we use  the princip le  of de ta i l ed  
ba lance .  ^ Secondly,  Daitch and F ren ch ^  give a B o rn  approx imat ion  d e r i v a -  
t:on of the  differentiad (d ,p )  c r o s s  sect ion and d e m o n s t r a t e  the equ ivalence  
of the i r  B o r n  approx im at ion  fo rmula t ion  with that  of Butler.

. F r o m  the Chew Goldberger* t r e a t m e n t  we get the r e la t iv e  d i f ­
fe ren t ia l  c r o s s  section in t h e i r  notation as  fo llows,  where  only f a c to r s  
dependent on  inc.dent d e u te r o n  and outgoing pro ton  m om entum  v e c to r s  
a r e  re ta ined :

d j dp  r k  N(l? - k)

dA K [pi ♦s ."fy M )

1. Chew and G o ld b c rg e r ,  P h y s i c a l  Review'72, 470 (1950).

2. Cf. E. F e r m i ,  N uc lea r  P h y s i c s ,  Univers i ty  of Chicago P r e s s ,  p. 146, 
Eq. VIII.18, 195TT

3. Dai tch and F rench ,  P h y s i c a l  Review 87, 900 (1952).

4. B u L e r ,  S. T.  , P r o c .  Roy. Soc. (London) 208, 559 (1951).

■ ■ • ‘ • ;■ „ . .  . n
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where
— ♦

K  and 1; are the wave n u m b e r v e c to rs  o f the  in c o m in g  
d e u te ro n  and outgoing p ro to n , re s p e c tiv e ly ,

K  and k  are th e ir  abso lu te  va lues ,

p is  a constant n u m e r ic a lly  equal to the wave num be r 
o f a 00 M ev nucleon,

N(Kf-lc) is  the m om en tum  p ro b a b il ity  d is t r ib u t io n  o f 
the cap tu red  neu tron  in  the  f in a l nucleus ha v in g  m o ­
m en tum  co rre sp o n d in g  to  the v e c to r d iffe re n c e

d ft is  the e lem ent o f s o lid  ang le .

T o  ob ta in  the to ta l (d ,p )  c ro s s  sec tion  we need to  in te g ra te  o v e r  
a ll angles be tw een K and k  and eum  o v e r a ll f in a l s ta te s , w e igh ted  a cc o rd in g  
to th e ir  re la t iv e  c o n tr ib u tio n s  to  the observed  (d. p) re a c t io n  y ie ld . In  th is  
app ro x im a te  treatnrxent we s h a ll no t e x p l ic i t ly  p e r fo rm  the  sum m ation  bu t 
w i l l  in te rp re t  N (K -k ) as a m om en tum  d is tr ib u t io n  ave raged  o v e r the v a r io u s  
c o n tr ib u tin g  f in a l nuc lea r s ta te s . We s h a ll c a r r y  out the ang u la r in te g ra tio n  
fo r  a s ing le  average energy o f th e o u tg o iig  p ro to n , fo r  s im p l ic i ty  choosing  the 
p ro ton  e n e rg y  equal to  the d e u te ro n  e n e rg y , the p ro ce ss  be ing cap tu re  o f the 
neu tron  in  a n u c le a r state bound by 2. 23 M ev.

I f  Ep = E jj, then k  = and i f  0 is  the ang le  betw een lc and K?,

(K?- $ 2 = K 2 (3 /2  -  /T c o .  0)

and (2)

( ? -  j £ ) 2 = i £  (3/2 - /T c o .O ) .

'  <
F i r s t ,  the in te g ra tio n  w i l l  be c a r r ie d  out u s in g  a gaussian m o m e n ­

tum d is tr ib u t io n  fo r  N (K  • k ), s in ce  i t  is  a n a ly t ic a lly  con ve n ie n t and has been 
s u c c e s s fu lly  app lied  by C la d is ^  in  c o r re la t in g  q u a s i-e la s t ic  p ro ton  s c a tte r in g  
data. The fa c to r

1

[ p2 + < i? .  J ^ )2 ] 2

w i l l  be a p p ro x im a te d  by the gau ss ian

5. C lad is  
issued

. J- B . , P b .D . T h e s is  (P h y s ic s ) , U n iv e rs ity  o f  C a lifo rn ia  (1952), 
as U .C . R ad ia tion  L a b o ra to ry  R e p o rt N o . 1621 (unpub lished).
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and the choice of 8 2 corresponding to a  nucleon energy of 36 Mev gives a 
good fit over the momentum range of im portance.

rd p < X  2'  6 [p2 * ( ? .  1 ^ 2 ) ]  2
sin  0 d Q

~  2»k r*
<£ -JJ- y e*P (L I

—
sin 0 d 0

and with

EP = Ed ’

k /K is  independent of E^, and we can w rite

"dp * £ erp • K2 £  co s  0) ( - i j -  f
(  2

sin  0 d 0

Let

then

Now S was chosen to co rrespond  to a nucleon energy- of 36 Kiev, 
and for the num erical calculation h ere  e 2 will be taken as corresponding to 
16 Mev from the experim ental resu lts  of C ladis. 5 Then by Eq. 4 c o rre s ­
ponds to 13.1 Mev. That is , E^= 13.1 Mev, where E ^  is  defined by the equa­
tion

. 2  2
F  -  *En -

where M is the m ass of a nucleon.

The corresponding relation between the energy and wave number 
of the deuteron is  as follows:

hence
K

h 2 K2 
d *

2
2 Ed 
E f\

s
>
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and (4) becom es

°-dP< T ^ -  e»P [' 3 V ® * ]  8,nh z f l  (5*>

F o r  E^ > E ^  the following app ro x im a tio n  is  valid:

»>nh 2 {i  -EsL 5 : ^  exp (2 -ffsE d/ E „ )
E n

and

° d p <  T V  exP [- ( 3 - 2 / 2 )  E d / E n]=  exp [ -  0.172 E j / E ^ .  (5b)

N um erica l  c a lc u la t io n s  using Eq. 5b w ith E .  = 13.1 M ev a r e  given 
in T ab le  6 and plotted on F ig .  1.

Secondly, the  an g u la r  in teg ra tion  of E q . 3 has been  c a r r i e d  out 
w ithout approx im ation  us ing  the  n u c lea r  m o m en tu m  d is tr ib u tio n  o r ig in a l ly  
ch o sen  by Chew and G o ld b e r g e r ,1 nam ely ,

NU? - k} = [v2 + <£ -l^)2 ] "2.
with co rre sp o n d in g  to a  nuc leon  en e rg y  of 18 M ev. The fo rm u la  r e s u l t in g  
f ro m  the in teg ra t io n  a f te r  s e p a ra t io n  of the in te g ra n d  into p a r t ia l  f r a c t io n s  is 
qu ite  leng thy  and hence will not be given h e re .  N u m e r ic a l  r e s u l t s  u s in g  this 
fo irm ular a r e  given in T able  b and plotted on F ig .  1. chosen  to c o r r e s p o n d  
to  50 M e v . )

T h ird ly ,  f ro m  the  D aitch and French '*  t r e a tm e n t  we have the d i f ­
f e r e n t ia l  c r o s s  sec tion  e x p re s s io n  for fo rm a tio n  of a single final s ta te

[t2 + 0 ? - ' ^ ) 2 ] 2 [ X°°R. ( 0  j ,  (Ik *. T ? |r )  r 2 d r  Y  f t ,
dn x  ------------------------- ,— *---------------- ;— —

[a2 ♦ (k*-1^2)2 ] 2 [p2 + (k*- 1̂ 2)2 ]

w h e re  t^  co rre sp o n d s  to the  e n e rg y  by which the  c a p tu red  neu tron  i s  bound in 
the  f ina l n uc leus  and o^ c o r r e s p o n d s  to the b ind ing  e n e rg y  of the d e u te ro n ,
2. 23 M ev. ^ is  the o rb ita l  a n g u la r  m om en tum  q u an tu m  num ber of the  c a p tu red  
n e u tro n ,  r  is  the  rad ia l  d is ta n c e  from  the c e n te r  of the nuc leus . R ^ ( r )  i s  the 
r a d i a l  p a r t  of the c a p tu red  n e u tro n  wave function , and j^ ( f n  - x | r )  is  the  
s p h e r i c a l  B e s s e l  function of JUh o rd e r .

The in teg ra l  in  E q . 6 is  ju s t  the  F o u r i e r  t ra n s fo rm ^  (not n o rm a lis e d )  
of the  wave function

Y  = R* (r) PK (cos 0).

Since the sq u a re  of the F o u r i e r  t r a n s f o r m  is  ju s t  the  m om entum  p ro b a b i l i ty  
d is t r ib u t io n ,  we choose to  r e p la c e  the sq u a re  of the  in te g ra l  in Eq. 6 by 
N(R - K ) ,  the  averag e  m o m e n tu m  d is t r ib u t io n  o v e r  m any final s ta t e s .

6. Schiff , L . I . ,  Q uantum  M ec h a n ics ,  M cG raw -H ill  Company, p. 105, 
Eq. 19. 9. 1949:



-19-

TABLE 6

U C RL-2069

T h e o re t ic a l  R elative  (d, p; C r o s s  Sections 

(N o rm alized  to Unity a t  50 Mev)

D eu teron  E n e rg y

Chew -G o ldbe r  g e r  
m a t r ix  e le m e n t  
with g a u ss ia n  
m om en tum  d i s ­
tr ibu tion

C hew -G o ld b erg e r  
m a tr ix  e le m e n t  
with in v e r s e  
square  m o m en tu m  
d is t r ib u t io n

D a itch -F ren ch  
m a tr ix  e le m e n t  
with g au ss ian  
m om entum  d i s ­
tr ibu tion

Ed (Mev)

SO 1.0 1.0 1.0 I
75 0 .4 7 0.416

100 0. 256 0. 212 0 .279
125 0. 147 - -

150 0 .0 8 8 0.068 0. 100

175 0. 056 V - -

200 0 .0 3 5 0.0326 0.041

l i P " ’

'tjfcjfc

*
....

. I
I'W

 
H.

 (
.
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A lto , s in c e  we have ch o sen  to evalua te  the in te g ra l  with E = E j ,  
then  t2 a c 2. We have the in teg ra l

<rdp«  2.* - V ? c o . O ) ] 2 . w [ » f i L . , ^ c « _ » ] _
P * 4  [a2 t K L ( i  - /T c o . 0)] 1 [p* +1 £  ( J .  f t c a .  0)

sin  0 d 0 (7)

The in te g ra l i t  the sam e  as  th a t in Eq. 3 w ith  th e  addition  of the 
new fac to r in n u m e ra to r  and d e n o m in a to r of the in te g ra n d . The new fa c to rs  
n e a r ly  c o m p en sa te  one an o th er, th e i r  q u o tien t being u n ity  fo r  K = 0 and a p ­
p roach ing  4 fo r  la rg e  K. F o r E^ > 50 M ev th e  new fa c to r s  c an  be w ell a p ­
p ro x im a ted  by

A gain m aking  th e  sam e  g au ss ian  ap p ro x im a tio n  fo r th e  f a c to r  involving p 
and c a r ry in g  o u t th e  angu lar in te g ra tio n  the final e x p re s s io n  i s  ob ta ined  a s  
follows:

2 t  v Z

ai.p*%rexf( )  sinh  V T  - 0 . 6  exp ( -  ^  ^ “

w here

1
?  7 a 2

E ^ i s  d e fined , analogous to  E ^  , as

, 2 . 2
E - *V  *

T hen  m ak ing  the su b s titu tio n s  fo r  K^, and  ^  a s  in  Eq. 5a and  
the ap p ro x im a tio n  of the hy p erb o lic  s in e  as  in  Eq. 5b, one ob ta in s

° d , p < T E 7  « P [ - 017 2  e* P [ - ° - 172V ® ;sl- <8*>
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Taking E^ , a s  before , equal to 13.1 Mev and taking Eft = 2.23 Mev, 
the binding e n e rg y  of the deu teron , one ob ta ins  the value

E,> = - f \ 2 Mev.

The n u m e r ic a l  re s u l ts  f ro m  th is  th ird  fo rm u la t io n  a r e  given in 
T able  6 and F ig . 1.

F o r  c o m p a r iso n  with the th e o r y  a r e  plotted in F ig .  1 the e x p e r i ­
m ental va lues  fo r  th e  absolute id .p )  r e a c t io n  c ro s s  sec tions  at high e n e rg ie s  
for ta rg e t  n u c l id e s ,  B i^**, and i j 238 The Bi c r o s s  s ec t io n s  a re
f ro m  the work of Fung , ? and the Th and U from  work of S la te r .  ®

In F ig .  1 i t  is  seen  tha t th e re  i s  l i t t le  d ifference  be tw een  the th ree  
th e o re t ic a l  fo rm u la t io n s .  The a g re e m e n t  of the th e o re t ic a l  s lopes  with the 
Bi^09 re s u l t s  is  fo r tu i to u s ly  good, bu t the  U and Th c u rv e s  a re  much fla tte r  
than  th e o re t ic a l .  The  genera l  a g re e m e n t  is  encourag ing , but the approxim ate  
na tu re  of the fo rm u la t io n s  m u s t  be b o rn e  in mind. In the f i r s t  p lace  the 
n u c lea r  m o m en tum  d is t r ib u t io n s  used  a r e  f ro m  work on v e r y  l ig h t  e lem ents  
and from  p ick -u p  p r o c e s s  and q u a s i - e l a s t i c  s ca t te r in g  e x p e r im e n t s ,  where 
the m om entum  d is t r ib u t io n  app lie s  t s  g ro u n d  s ta te s  of n u c le i .  The i n t e r p r e ­
ta tion  of the d is t r ib u t io n  N(K-k) used  h e r e  m ust be as  the a v e ra g e  m om entum  
d is tr ib u tio n  for the  c a p tu red  neu tron , an  excited  nuc lear  s ta te .  The fo rm er  
and the la t te r  d is t r ib u t io n s  should not be expec ted  to be c o m p a ra b le  in a 
quantita tive  s e n se .

The s ig n if ic a n t  point s e t  fo r th  by th is  co m p ar iso n  is  tha t the slope 
of the high e n e rg y  (d ,p )  c ro s s  sec t io n  p ro b ab ly  gives a s e m i-q u an t i ta t iv e  
m e a s u re  of the m o m en tu m  d is t r ib u t io n  of the  cap tu red  n eu tro n  in the excited  
n u c lea r  s ta te  fo llow ing cap tu re .  In th i s  language one would in te r p r e t  the 
s t r ik in g  d iffe ren ce  betw een the slope of th e  B i ^ ^  curVe, on  the  one hand,.and 
of the Th232 and U238 c u rv e s ,  on the o th e r ,  as indicating a m o re  rap id  fa l l-  
off of high m o m en tu m  com ponents in the  n eu tron  c ap tu red  by  B i than in neu trons  
c a p tu red  by Th and  0 .  One m ight sp ec u la te  that the d if f e re n t  Bi behavior is  ' 
r e la te d  to the fa c t  th a t  the  neu tron  is  the  127th, ju s t  following a c losed  she ll .  
W hether th is  b e h av io r  i s  a s im ple  co n seq u en ce  of the d e c r e a s e d  neutron  binding 
e n e rg y  o f of a  m o re  subtle  dependence on the fo rm  of the  n u c le a r  wave function 
will re q u ire  d a ta  on o th e r  nuclides in o r d e r  to be re so lv ed .

7. Fung, S. C. , P h .  D. T h es is  (C h e m is t ry ) ,  U n ivers ity  of C a l ifo rn ia  (1951), 
is su ed  as  U .C .  R ad ia tion  L a b o ra to ry  R eport  No. 1465 (unpublished), p. 22.

8. S la te r ,  L . M. , U npublished R esu lts .
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* A R ep o rt on the R ad iocaem ical S e p t r tn o n  of

B ism u th  f ro m  Lead, P o lo n iu m  agd  Radium

B A. Rabv and £  K Hyde

^  i JDuring the c o u r » « o ^ < xu&f* of the a lp h a  b ranch ing  of the  fra n c iu m  
iso to p e , AcK, a need a ro s e  fo r a  rap id  c h em ica l m ethod ior the is o la tio n  of

fro m  a so lu tion  co n ta in in g  am ounts of f ra n c iu m , lead , and rayitum  radjfeh* 
a c t r n ty  m any-fo ld  g r e a te r .  S ince  has the sh o r t haif-ixfe of e ig h t m inu tes
and th e  a lp h a  b ranch ing  of AcK which give* r is e  to  B s^ *  \via the in te rm e d ia te  
a c tiv ity , A t^^}  is v e ry  s lig h t (1 0 *^ to  th e  chem ic-tl se p a ra tio n  o f Bi£15
fro m  i ts  con tam inan ts  m u s t be rap id  ar.d th o ro u g h . T V  b o th e rso m e  c o n ta m i­
nan ts w hich occur in th is  p a r t ic u la r  decay  sch em e  a re  R a ^ 3 # B i2 il(
and P b 2 il ,  The following r e p o r t  su m m a riz e s  th e  w ork  done during  the  la s t  
q u a r te r  on rap id  ra d io c h em ica l p ro c e d u res  fo r p u rif ic a tio n  of b ism u th  in the 
c a r r i e r - f r e e  s ta te . The m e th o d s  studied should p ro v e  to be of g e n e ra l  a p p li­
c a b il i ty  and a re  d e sc r ib e d  in  som e detail. No c la im  to  o r ig in a l.ty  of th e se  
m ethods is  m ade, bu t p u b lish ed  in fo rm ation  is  sca n ty , p a r tic u la r ly  on anion 
ex ch an g e , and our r e s u l ts  m ay  be useful to o th e r s .

ftlUlW I l f h —I*

T he f i r s t  of the th re e  m e th o d s 'd isc u sse d  h e re in  is  the u se  of Dowex- 
A-l an io n  exchange re s in ;  th is  technique d ep en d s on the fo rm ation  of p o ly -ch lo ro  
ions of the  e lem en ts  in q u e s tio n  in h y d ro ch lo ric  acid  so lu tion .

A colum n 7 m m . long by Z  m m . in  d ia m e te r  was packed w ith  c o a rse  
g ra in s  of Dowex A -l. With the a id  of su c tio n , so lu tio n s  w ere flow ed th rough  
th is  co lum n  at the ra te  of abou t 1 m l. p e r m in u te . Using Bi&O a s  a  t r a c e r ,  
v a r io u s  co nd itions of a d so rp tio n  and d eso rp tio n  w ere  tr ie d . In o r d e r  *o observe  
th e ir  b eh av io r, Ra^2h, P o ^ O , and P b ^  t r a c e r  so lu tio n s  w ere a lso  ru n  through 
the co lu m n  under c o m p arab le  conditions. (

In the e x tra c tio n  of F r ^ “ * fro m  A c ^ ^ ,  s ilico tu n g stic  ac id  is  used . *
It w as found tha t u n le ss  the s ilico tu n g stic  ac id  i s  rem oved  before  the b ism u th - 
co n ta in in g  solution is  p a s s e d  th rough the co lum n , a 70 to 75 p e rc e n t lo s s  of 
b ism u th  o c c u rs  a t the a d so rp tio n  stag e . T h is in d ic a te s  som e co m plex ing  of 
b ism u th  by the s ilic o tu n g s ta te  ion. H ence the an ion  exchange m ethod  w as in ­
a p p lic ab le  to  the p ro b lem  w ithout a p re lim in a ry  s tep , such as th o se  d is c u s se d  
la t e r .

Behavior of B ism u th . The. behav io r of b ism u th  on the r e s in  is 
su m m a riz e d  in Table 7. tn  a ll  c a s e s , 5pl of t r a c e r  contain ing R aD , E , F , was 
added  to  1 .0  m l. of h y d ro c h lo ric  acid  so lu tion  b e fo re  ad so rp tion  on th e  re s in . 
The l*eta ac tiv ity  was co u n ted  jt» shelf two of a  s ta n d a rd  G e ig e r -M u lle r  coun ter

1. E . K. Hyde and A. G h io rso , UCRL-2019.

+ V * . :
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/with an 11.6 mg. a lum inum  a b s o r b e r  on sh.cHf one t#  ut out 
pa r t ic le s  and the  sof t  beta p a r t i c l e s  of RaD. The o b s e r v ed  
t r a c e r  was l. 5-4 x 10^ c / m .  ' The a lpha  counting ra te  was 8.

the R aF  alpha 
count in 5 pi of 
0 x 104 c / m .

D eso rp t io n  was made by e lu tion with < ml.  of the  reagen t .

. . T A B L E  7

Anion Exchange Behavior of B ism u th

Composit ion of In it ia l  
T r a c e r  Solution P a s s e d  
Through A- l  Column

P e r c e n t
Bismuth
Adsorbed

Dcsorbt ion
Reagents

P e r c e n t  Bismuth  
D e so rb e d  by 
2 m l .  of reagent

0 . 1 M  - H C L 99 H z ° 0

3 M - H C L 9 6 - 9 9 0.1 N - HCL 0
6 M - H C L 95 - 99 4 N - H C L O . — 4 0

8 M  - H C L 33 cone. HCL 63'

10 M - H C L 19 sa t .  HCL* 7 2 - 9 3

cone. HNO^ 94 - 99

* Made by pass ing d r y  hyd rogen  chloride gas  th rough  concen-
t ra te d  h y d ro c h lo r i c  acid at 0° C.

T ab le  7 indicates that  a d so r p t io n  of b ismuth  is  com ple te  f rom 
0.1 M HCL to 6 M_ HCL and that  s a t u r a t e d  HCL or c o n c e n t r a t e d  HNO^ a re  
goodTBesorption agen ts .

B eh a v io r  of Lead.  A p r iv a t e  con>munication f r o m  H. E. Hicks 
and P .  C. S tevenson  revea led  to us  tha t  Pb(II) in h y d ro c h lo r i c  acid s o l u ­
tions a d so r b s  s t ro n g ly  on anion exchange  r e s in s  f ro m  H C L solutions of a 
c e r ta in  c o n c e n t r a t io n  range but d e s o r b s  readily  if the  H C L  concentra t ion  
is lower o r  h ig h e r  than this r an g e .  T h i s  behavior was s tud ied  for Dowcx 
A-l  in the e x p e r i m e n t s  below.

T h i r t y - s i x  minute P b ^  was  used as a t r a c e r  and was p re p a re d  
in the following m a n n e r :  F i r s t  11. 2 day  R a ^ T * wa8 i so la ted  f rom a sam ple  
of Ac^27# A m m o n ia  gas was p ?3 sed  in to  a  dilute HCL solu tion of the Ac^27 
to which 2 m g .  F e ( m )  had been added.  The Fc(OH)3 p r e c ip i t a t e  c a r ry in g  • 
R&223 was d i s s o lv e d  and r e p r e c i p i t a t e d  with NH3. It was  then d isso lved  
in a sm a l l  am o u n t  of HNO3, a few m iK *gram r of Ba(Il) c a r r i e r  was added, 
and Ba(N03)£. w as  p rec ip i ta ted  by the addition of 10 m l .  of co ld  fuming 
n i t r ic  acid.  T h i s  p rec ip i ta t ion  was  re p e a te d .  The final  Ba(N03)2  (with 
which the Ra^23 had  c o -p r e c i p i t a t e d  was  d isso lved  in w a t e r .  One mg. of 
Bi(IIl) c h lo r id e  was  added and p r e c ip i t a t e d  as Bi(OH)3 by the addition of
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N H 3. This p rec ip i ta te  c a r r i e d  t r a c e r  P b ^  and s e p a ra te d  it f r o m  the R a ^ ^ .  
The supernatant  solu tion containing R a ^ ^  was acidified (to p re v e n t  adsorption 
of CO2) and se t  as ide  for l a t e r  reu se  aB a source  of P b ^ L  The B i (OH)3 was 
d is so lved ,  r e p r e c i p i t a t e d  with N H 3 and f ina lly  d is solved in HCL.

An aliquot of the P b ^  t r a c e r  so lu tion  was diluted to fo r m  0. 5 mi.  
of solution of the composi t ion  shown in the f i r s t  column of Tab le  8 below.
Th is  solution was p a s s e d  through a 7 mm . long x 2 m m .  in d i a m e t e r  column 
of Dowex A-l r e s in  at a flow ra te  of about 1 m l .  per  minute .  The percen tage  
of the lead pass ing  th rough  the column was d e te rm ined  by a lpha counting (of 
BiZll which came to equ i l ib r ium  with the P b ^  within a few m in u te s ) .  This 
p e rcen tag e  is shown in column two. The column was then r i n s e d  with one 
ml .  of hydrochlor ic  acid of the same com posi t ion ,  amount of Pb^H deBorbed 
is  shown in column th re e .  Then two m o re  m l .  of solution w ere  p a s s e d  through 
the column; column four shows the amount of P b  desorbed .

T A B L E  8

Anion Exchange B ehav io r  of P b  T r a c e r

Concentra t ion  of
P e r c e n t  Pb not 
Adsoi bed f rom

HCL solutions Init ial  Solution

3.0 3.0
4 .0 0 .4
4. 5 0 .4
5.0 0. 5
5. 5 0 .6
6 .0 0 . 8
6 . 5 0 .9
7.6 0 . 6
7 .5 0 .6
8 . 5 65. 0

P e r c e n t  P b P e r c e n t  P b
D eso rbed  by D eso rb ed  by 2nd
f i r s t  (1 m l . ) wash (2 m l . ) wash

89 .0 11
0 .6 - 0
0 .6 - 0
0. 9 ~0
0. 03 - 0
0. 5 ~0
0 .6 ~0
0. 3 - 0
0 .02 ~0

23. 0 - 0

An inspection of Table  8 shows tha t  P b  t r a c e r  i s  a d so r b e d  and he d 
s t rong ly  by Dowex A-l  r e s i n  f rom  hy d ro ch lo r ic  acid solu tions  in the c o n ce n t r a ­
t ion range 4 M to 7. 5 M_. Below and above th is  concen t ra t ion  range  it can be 
washed  comple te ly  f r o m  the  re s in .  C o m p a r i so n  with Table 7 ind ica te s  that  a 
c lean  separa t ion  of lead  and b ismuth  t r a c e r s  is  read i ly  made by pa ssa g e  of a 
1-2 HCL solution th rough  a shor t  co lumn of Dowex A-l .

Behavior of Polonium. T o m p k in s ‘S has  published an ion-exchange 
s tudy of polonium in which negative c h lo ro -c o m p le x e s  a r e  d i s c u s s e d .  Orth^ 
ha s  made p r e l im in a ry  s tudies  of adsorp t ion  of polonium on Dowex A-l .  In 
the p re sen t  work,  a s e r i e s  of ex p e r im en t s  w e re  c a r r i e d  out in HtLC- and H¥J0 3  
s y s te m s  using R aF  t r a c e r  and Dowex A-l r e a m .

2. E.  R. Tompkins .  UCRL-1294.
3. D. Orth ,  p r iva te  communicat ion .
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In one ex p e r im en t  R aD E F  t r a c e r  in 2 M HCL was p a sse d  th rough  
a 7 x 2 m m .  column. The co lum n  was r in s e d  in t u r n  with 3 ml .  c o n ce n t r a t e d  
HCL,  and th r e e  1 ml.  p o r t io n s  of concen t ra ted  n i t r i c  acid.  A ssay  of the s o l u ­
tions  fo r  R a F  alpha activi ty  and  RaE beta ac t iv i ty  gave  the r e s u l t  shown in 
Table  9.

TABLE 9

P e r c e n t  T r a c e r  inSo lu t ion  P a s s e d  Thro u g h  7 x 2  m m .  Column

Init ia l  1 ml.  . 
2 M. HCL

3 ml.
cone.  HCL 
Rinse

F i r s t  1 ml.
cone.
HNO 3

Second 1 m l .  Th i rd  1 ml.  
cone.  cone.
HNO3  HNO3

Total
R eco v e ry

Po 5 .0 1. 3 32.0 41.0 1.4 81 ±  5

Bi 0. 5 '9 2 . 6 3. 3 0 . 1 0 . 1 97 ±  5

The polonium m a t e r i a l  balance in the above ex p e r im en t  i s  only  
80 ±  5 p e r c e n t  and the m is s i n g  20 p e rcen t  is a s c r i b e d  to hydro lyzed a n d / o r
p o ly m e r iz e d  Bpecies p r e s e n t  in the RaDEF solu t ion  which w ere  a d so r b e d  on 
the r e s i n  and not read i ly  d e s o r b e d .  This d if f icul ty  was  taken c a r e  of in s u c ­
ceeding  e x p e r im e n t s  by u t i l iz ing  the r e s u l t s  of T ab le  9 to p r e p a re  polonium 
t r a c e r ,  i . e . ,  the or ig inal  R a D E F  m ix tu re  ad jus ted  to 2 M HCL was p a s s e d  
through the r e s in  column, the r e s i n  was r in sed  with 2 mTT co n ce n t ra te d  HCL,  
and the unhydrolyzed  polonium was then d e so r b e d  with n i t r ic  acid.  This 
polonium solution was e v a p o r a te d  to d ry n es s  and taken  up in co n cen t ra ted  
h y d ro c h lo r ic  acid .

Using some of the f r e s h l y  p r e p a r e d  po lon ium  t r a c e r ,  the e x p e r i ­
ment,  whose  r e s u l t s  were  given in Table 9, was r e p e a t e d  using a c lean  r e s i n  
co lumn. The l e s u l t s  a r e  given in  Table 10,

TABLE 10

P e r c e n t  Po  T r a c e r  in Solutions  
P a s s e d  T h ro u g h  7 x 2  m m .  Dowex A-l  Column

1 m l . 2  ml.
F i r s t  
1 m l .

Second 
1 ml.

Th i rd  
1 ml.

initial cone. cone. cone. cone. Total
Z  KL HCL HCL H N O 3 HNO 3 HNO3 R e c o v e ry

7 .8 2 . 8 18.6 6 6 . 6 4 .6 IOO ±  5

(
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Recom m ended  L e a d - B i s m u th - P o lo n i u m  S epa ra t ion  Method. The 
r e s u l t s  of the ex p e r im en t s  d e s c r i b e d  above, as well  a s  o the rs  not m ent ioned ,  
can be used  to fo rmula te  an exce l len t  rad iochem ica l  s epa ra t ion  method for 
these  e l e m e n t s .  In outl ine,  a su itab le  p ro c e d u re  might be:

3 ml.  1-2 J d H C L  
RinBe ——

T r a c e r  P b - B i - P o  
in 1-2 M HCL

I20 m m .  x 3 mm . column 
Do-wex A -1 Res in

r
i - 3 m .  h c l  
98-100 % Pb  
0 . 5 - 2 *  Bi 
2 - 8 *  Po

Resin

i
Cone. HCL
0 -  1 f* P b  
95 *  Bi
1 -  3 *  P o

92-98%Po
98 -lOOVBi ---------
1-2 *  Pb

I______
i

R esin

Cone. HNO, 
90-97 P o 3

Bi
0 *  P b

4 ml.  cone.  
HCL

4 mi.  
HNOj

Resin

cone.

The advantage of th is  method over those  publi shed  p rev io u s ly  (as 
for e x a m p le ,  for the purpose  of p re p a r in g  RaE and P a F  sources)  is  i t s  s i m ­
plic ity  and the fact  that  all t h r e e  e lem en ts  a re  obtained in a c a r r i e r - f r e e  s ta t e .  
The s e p a r a t i o n  fac tors  shown in the scheme a re  c o n se rv a t iv e  and a c lo s e r  
study of condi t ions ,  p a r t i c u l a r ly  of flow cate and co lum n  length, should make 
it p oss ib le  to r a i s e  them to co n s id e ra b ly  h igher va lues .

C o - P r e c ip i t a t i o n  of Bi and P b  on MnO^

It was decided that  the c o -p re c ip i ta t io n  of t r a c e r  b ism uth  on MnO^ 
might be a useful method of s e p a ra t in g  Bi*l5 f ro m  a solution contain ing Ack, 
Ra«-23, P b ^ l l ,  and inert  s i l ico tungs t ic  acid.  The following te s t  Tuns were  
run,  us ing R aD E F  t r a c e r :  KMn0 4  was added to a 1 m l .  solution of R aD E F  
t r a c e r  to which Ra226 t r a c e r ,  tv/o d rops  of 0 .4  M. s i l ico tungst ic  ac id ,  and 2 
mg. Mn(ll) s a l t  had been added. After the p re c ip i t a t io n  of MnOz had o c c u r r e d ,  
the s u p e rn a te  was drawn off and a ssayed .  C a r ry in g  of Bi was 90-99 p e rc e n t ,  
of R*, 2-f> p e r c e n t .  It was concluded that the MnO^ method would be a good 
m eans  to s e p a r a t e  b ismuth  f r o m  a s i l icotungstic  acid solution.
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Some e x p e r im e n t s  on the c o -p re c ip i t a t io n  of l e ad  a s  a function of 
H + concen t ra t ion  w e r e  run,  using P b ^ l l  t r a c e r .  One to two m g .  of Mn++ in 
1 ml .  of n i t r i c  ac id  solut ions of Pb211 was  p rec ip i ta ted  as MnOj> by the a d ­
di t ion of KMn0 4 , and the activi ty  p r e c ip i t a t e  was d e t e r m in e d .  R esu l ts  a re  
shown in Table  11.

T A B L E  11

C o -p rec ip i ta t io n  of Lead  with MnO;>

P e r c e n t  
Co -p r e c ip i t a t e d

47 

10 

7

Adsorption  of Radiocoilo idal  B ism u th  on F i l t e r  P a p e r

G i le ,  G a r r i s o n  and H am il ton^  have r e p o r t e d  an exce l len t  method 
for the s e p a r a t io n  of Bi^04-206 ln a c a r r i e r - f r e e  state  f r o m  bom barded  lead 
t a rg e t s .  The lead  t a r g e t  is d i s so lv e d  in  n i t r i c  acid,  e v a p o r a t e d  to d ry n es s  
and taken up in 10 p e r c e n t  sodium hydrox ide .  The lead  i s  conver ted  to 
soluble P b O ^ ,  and the b ismuth  b e c o m e s  rad iocoilo ida l  and is  quanti ta t ive ly  
adsorbed  by  p a s s a g e  of the solution th rough  f i l te r  paper .  The  b ism uth  is 
then eluted with d i lu te  acid.

An a t t e m p t  was made to a d ap t  th is  method to  ou r  B i ^  isola tion 
p rob lem with p a r t i c u l a r  em p h as i s  on shor ten ing  the t im e .  V ar ious  p r e ­
l im in a ry  e x p e r i m e n t s  were run to d e t e r m i n e  the a d so rp t io n  behav ior  of 
b ismuth  t r a c e r  f r o m  alkaline so lu t ions  on f i l te r  p a p e r ,  g l a s s  wool, and 
o ther  m a t e r i a l s  in the absence of m a c r o q u a n t i t i e s  of P b 0 2 = ion.  These  
r e su l t s  w e re  e r r a t i c  and u n sa t i s f a c to ry .

A s a t i s f a c t o r y  method w as  developed when A lO ^ 1 ion was added 
to the so lu t ions .  F iv e  pi R aD E F t r a c e r  was added to 300 pi  1 M A1(NQ3)3, 
and 1 ml 10 p e r c e n t  NaOH was a d d e d  to fo r m  rad ioco i lo ida l  b ism uth  in the 
p re s e n c e  of A10£r ion.  The solution was  sucked th rough a one m i l l i m e t e r  - 
thick bed of Whatm an  No. 50 f i l t e r  p a p e r  pulp supported  on a 10 m m .  c o a r s e  
s in te red  d i sc .  The a d so r b ed  Bi210 t r a c e r  was washed with 2 ml .  10 p e rcen t  
sodium hydrox ide  and with 2 ml .  d i s t i l l e d  wa ter  (to r e m o v e  NaOH). The 
bismuth was then  d e s o r b e d  with 300 concen t ra ted  h y d ro c h lo r i c  acid to 
fo rm  a c a r r i e r - f r e e  solution.  T h i s  p r o c e d u r e  took only  8 - 1 0  minutes  and 
r e c o v e r y  was about 90 p e rcen t .  R a F  contaminat ion  was about 5 pe rcen t .
In check ru n s  w i th  Ra226 t r a c e r ,  about  1 p e rcen t  of the  r a d i u m  was found 
in the final  b i sm u th  f rac t ion .  S i m i l a r  check  runs  with P b ^ l  t r a c e r  showed 
1 pe rcen t  con tam ina t ion  of the b i sm u th  f rac t ion  with lead .

h n o 3
C oncen t ra t ion

M3 M _ H N 0 3 

1 M_ HNO3 
4 M _ H N 0 3

4. Gile ,  G a r r i s o n  and Hamilton,  UCRL-1017.
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Applicat ion of above Methods to a B ra n ch in g  of AcK

S ev e ra l  combina tions  of the^e  t h r e e  methods ,  i . e .  , MnO2 p r e ­
c ip ita tion ,  Dowex A - l  anion exchange m e th o d ,  and tho rad ioco l lo ida l  a d ­
so rp t io n  on f i l t e r  p a p e r ,  were used  in a t t e m p ts  to i so la te  8 minu te  Bi^lS 
f r o m  AcK (F r223) ,  which in tu rn  was s e p a r a t e d  f rom  a 20 m e .  so u rc e  of 
Ac 227, In e v e r y  c a s e  the r e su l t s  w e re  negative ,  hut n e v e r t h e l e s s  they 
w e r e  useful in se t t ing  an upper l im i t  of 10 to the a b ranch ing  of Fr223,

E x t r a c t io n  Behavior of T r i v a l e n t  Lanthanides  and Actin ides  

E lem ents  into  Tr ibuty l Phospha te  f r o m  Hydroch lo r ic  and Nit ric  Acids

P .  R. G ra y  and S.  G. Thompson

Recent ly ,  D. F.  P e p p a rd  P .  R. G ray ,  and G. W. Mason '  at the 
Argonne National L a b o r a t o r y  studied the  e x t ra c t io n  c h a r a c t e r i s t i c s  of La,
C e ,  P m ,  Eu, Ac, P u ,  Am, and Cm in to  t r ibuty l  phosphate f r o m  concen tra ted  
hydroch lo r ic  and n i t r i c  ac ids ,  12.0 N and 15.6 N r e s p ec t iv e ly .  T h e i r  data,  
when plotted as  the  lo g a r i th m  of the ’His t r ibu t ion  ra tio  (the r a t i o  of the con­
cen t r a t io n  of the  e l e m e n t  in the t r ibu ty l  phosphate  phase  to the concentra tion 
m  the acid phase) ag a ip s t  the ctomic n u m b e r  of the e lem en t ,  g ives  a s t ra igh t  
l ine  in all i n s t a n ce s .

As a con t r ibu t ion  to the c h e m i s t r y  of b e rk e l iu m  and ca l i fo rn ium,  
i t  s eem ed  of i n t e r e s t  to study the i r  e x t r a c t i o n  behavio r  unde r  the  conditions 
u s e d  by P e p p a rd  e t  al.  , to d e te rm in e  if the s t r a ig h t  l ine functions  st il l 
ex i s t ed .  Bk and Cf t r a c e r s  were obta ined  f r o m  K. Hulet of th is  labora to ry .

The r e s u l t s  a re  i l lu s t r a ted  by  the  lower  cu rves  of F i g s .  2 and 3; 
the  da ta  for Ac, P u ,  Am,  and Cm  being tha t  of P eppa rd  e t  al.  , with the 
excep t ion  that  Ac in the HNO3 was r e d e t e r m i n e d ,  the d i s t r ib u t io n  ra tio  
a g re e in g  quite favo rab ly  with the p rev io u s  re s u l t .  It is s een  tha t  in KNO3,
Bk and Cf show no m a r k e d  deviation f r o m  the continuation of the  s t ra igh t  
l ine  p rev ious ly  found. However,  in H C l ,  both Bk and Cf have  r a t io s  which 
a r e  fac tors  of at l e a s t  five g re a te r  than would be p red ic ted  f r o m  the p r e v i ­
ous  data.

It s e e m e d  expedient to s tudy f u r th e r  the lanthanide  e l em en t s  for 
a  s im i l a r  effect ,  s ince  P e p p a rd ' s  da ta  is  only for La (57), Ce (58), Pm (61), 
and Eu (63), while T b  (65) would be the analogue to Bk (9 7). E r  (69>, Tm (70), 
and Yb (71) t r a c e r s  were  obtaneed.f rom the  Argonne National  L a b o ra to ry  
through the c o u r t e s y  of L. Glendennin  and E. S te inbe rg .  T b  (65) t r a c e r  
and inactive Ho (66) w e re  avai lable  in th is  l abo ra to ry .

1. Work to be pub l ished  in a coming i s s u e  of the J. P h y s .  C hem .



-30- U C RL-2069

The re s u l t s  fo r  th e se  e lem en ts  a r e  i l lu s t r a t e d  by the u p p e r  cu rv es  
of F ig s .  2 and 3 as a con tinua tion  of P e p p a r d 's  da ta .

It can be seen  th a t  a s t ra ig h t  line  r e s u l t s  from  the HNO3 da ta  while 
a  m a r k e d  deviation  o c c u r s  again  in HC1, o c c u r r in g  not a t Tb (65) but a t E r  
(68). I t  is  to be noted th a t  th e  actin ide  d a ta  in  HC1 has been sh if ted  f r o m  its  
u su a l  pos it ion  with Ac and L a a s  analogues i n o r d e r t o  show the s i m i l a r i t y  of 
th e i r  b ehav io r  in HC1.

At the p r e s e n t  t im e ,  the na tu re  of th is  deviation  in b e h av io r  in 
HC1 is  being in vest iga ted .

* t iy & a te sA .
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Satura t ion  B a c k s c a t t e r m g  C orrec t ion  for 

Windowleas P ropo r t iona l  Counter  with 2ir G e o m e t r y

Dwight Conway and John R asm u sse n

In o r d e r  to use  the Mark 12 N u c leo m e te r  chamber^  (windowless 
p ropo r t iona l  counter )  for absolute be ta  counting,  the s a tu ra t io n  b ack sca t -  
t e n n g  c o r r e c t io n  is  needed. This was s tud ied  using m ethane  at a t m o s ­
p h e r i c  p r e s s u r e  a s  the  counting gas.  The backing m a t e r i a l s  used  were 
l e ad ,  b r a s s ,  a lu m in u m ,  berylliun% and p o lys ty rene .  A h a r d  and a soft 
b e ta  e m i t te r  (with no g a m m a  radia tion) w e r e  used: (1) a m ix tu r e  of S r90 .  
Y^O in equ i l ib r ium  (E m a x  = 0. 61 and 2. 2 Mev, re spec t ive ly )  and (2)
(Em a x  = 0. 223 Mev). The samples  w e re  mounted  on thin tygon f i lms made 
conducting with thin  f i lm s  of s i lver  and counted in 4* p ro p o r t io n a l  counter 
of the type developed  by Borkowski^  to d e t e r m i n e  the abso lu te  d i s in t e g r a ­
t ion ra te  and then in the  2w counter  to o b ta in  the backBcatter ing  co r rec t ion .

The method  of calculating the  b a ck s c a t t e rm g  coef f ic ien t  is as 
follows: let  y equal the counting ra te  in the I v  counter ,  x equal  that  in the 
4ir counter ,  and z equal that  on the s am p le  side  of the fi lm  (i. e . , counts 
r e c o r d e d  in only o n e -h a l f  of 4x counter  ch am b er )  in the 4tr c o u n te r  for a 
p a r t i c u l a r  s am p le .  The calcula tion of the b a ck sca t te rm g  coef f ic ien t ,  B, 
the  frac tion of b e ta  p a r t i c l e s  s ta r t ing  into  the backing m a t e r i a l  which are  
s c a t t e r e d  out into the counting volume, i s  s t r a ig h t fo rw ard ,  if sca t te r in g  
end  absorpt ion  by the tygon and s i lv e r  f i lm s  for sample  mount ing  a re  neg l i ­
g ib le .  That  is ,

B = (y - 0. 5 x ) / 0 . 5  x

The a s s u m p t io n  of negligible s c a t t e r in g  and a b so rp t io n  by the 
mount ing was v e r i f i e d  in the case  of the  h a rd .b e t a  sample  (Sr^O-Y^O) by a 
second  method, n a m e ly ,  the b a c k s c a t t e r in g  co r rec t ion  was d e t e r m in e d  for 
S r 9 0 . y 9 0  a lso  by depos i t ing  d i rec t ly  on p o lys ty rene ,  cov e red  with a c o n ­
ducting layer  of c a r b o n ,  and on lead  and a lum inum  50 ft a l iquo ts  f rom  a 
so lu tion  whose sp ec i f ic  activi ty  was d e t e r m i n e d  in the 4n c o u n te r .  The 
th ick n ess  of each  of th e se  sam ples  was about  0. 25 m g / c m ^ ,  w h e re a s  that 
of the co r re sp o n d in g  f i l m  sample  was about 0. 5 m g /c m ^ .  The co r rec t ions  
as  d e te rm ined  by the  m ethods  using tygon fi lm and by depos i t ing  d i rec t ly  
on the backing a r e  e s s e n t i a l ly  the s am e  (Cf Fig.  4).

In the c a s e  of the  soft P m 147 rad ia t ion ,  the s c a t t e r in g  and 
absorp t ion  by the mount ing  fi lm is not neg l ig ib le ,  as evidenced by the 
fac t  that  the counting r a t e  of the s a m p le  fi lm  with activity up was higher 
than  when the fi lm was  act iv ity  side down.

1. Radiation Counter  L a b o r a to r i e s ,  Skokie ,  I l l inois .
2. "Repor t  of C onfe rence  on Absolute Beta  Counting, " National  

R ese a rch  Council  ( F e b r u a ry  28, 1949).

■ ■ ' • - . '  ■ U '■ f
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An a ttempt was m ad e  to c o r r e c t  the da ta  lor the effect  of the 
m ount ing  fi lm in o r d e r  to  ca lcu la te  a b a c k s c a t t e r in g  factor to c o m p a r e  with 
S r 9 0 _ y 9 0  r e s u l t s .  That  i s ,  for the Pm^47 r e s u l t s  it was a s s u m e d  tha t

B = (y -z ) /

The P m * ^ r e s u l t s  should  be checked as w e re  the  o th e r s  by mounting the 
s a m p le  d i r e c t ly  on the backing .

The b a c k s c a t t e r in g  fac to rs  d e t e r m i n e d  in thi« inves t iga t ion  are  
p lo t ted  agains t  the dom ic  n um ber  of the b a c k s c a t t e r in g  m a te r i a l  in  F ig .  4. 
A lso  plotted for c o m p a r i s o n  a r c  the data  of Zum w al t*  for the s a tu r a t i o n  
b a c k s c a t t e r in g  of Co°0 ( E m a x  s 0~31 Mev) at 2tt geometry .  T h e re  is a 
c o n s id e r a b l e  d i s c r ep a n c y  between his and ou r  r e s u l t s  for the l ig h te r  e l e ­
m e n t s .  These  d i f fe ren ces  might  be due to such  cause s  as d i f f e r e n c e s  in 
the th re sh o ld  e lec t ron  e n e r g y  n e c e s s a r y  to p ro d u c e  a count.

Noteworthy is the  fact  that for l a r g e  Z, the 2u g e o m e t ry  b a c k -  
s c a t t e r in g  factor is n o t ic e ab ly  lower than for a 3 p e rcen t  of 4ir g e o m e t ry ,  
thus  indicating the a n i s o t r o p y  of b a c k s c a t t e r e d  rad ia t ion  with p r e f e r e n t i a l  
s c a t t e r in g  in a d i rec t ion  p e rp e n d icu la r  to the  backing plate.  Th is  a n i s o ­
t r o p y  h as  been pointed out  p rev ious ly  by Y affe .*  It is to be expec ted  that 
the s e i f - s c a t t e r in g ,  s e l f - a b so rp t io n  c o r r e c t i o n  will a lso be d i f fe ren t  for . 
I v  than  for lower g e o m e t r i e s .

\

3. L .  R. Zumwalt  f r o m  "R ep o r t  of C onfe rence  on Absolute B e t a  Counting,  
National R e s e a r c h  C ounci l  ( F e b r u a ry  28,  1949), page 23.

4. L.  Yaffe from " R e p o r t  of Conference  on Absolu te  Beta C o u n t in g , "  
National  R e s e a r c h  Counci l  ( F eb r u a ry  28,  1949), page 27.
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B. B io -O rg a n ic  C hem is t ry  

M. Calvin  and A. A Benson

Syn thes is  of High Specific  Activity D, L - L e u c i n e -3

R. Ostwald

The s y n th es i s  ot high spec i f ic  act iv ity  D. L-*.eucine - 3-C*^ has been 
c a r r i e d  out us ing a p ro c e d u re  d e s c r ib e d  in some detail  lo r  o th e r  .compounds in 
our  Q u a r te r ly  R e p o r t  for Sep tember ,  O c to b e r  and N o v e m b er ,  1951. The p r o ­
ced u re  c o n s i s t s  of the  following s teps :  (1) The p o ta ss iu m  s a l t  of a ce tam id o m a-  
lonate is condensed  with isobutyl i o d i d e - 1 - C ^  by refluxing fo r  six hours  in an 
evacuated bomb tube  in the p re sen c e  of t e r t i a r y  butanol and p o ta s s iu m  t e r t i a r y  
butoxide,  followed by removal of the solid  potass ium iodide and evapora tion  of 
the solution to d r y n e s s .  (2) The condensa t ion  product is  hyd ro lyzed  by r e ­
fluxing with c o n c e n t r a t e d  hydroch lo r ic  ac id  for 76 ho u rs ,  (3) The amino ac id  
m ix tu re  is s e p a r a t e d  and purif ied on a Dowex 50 ion exchange  column.

By m e a n s  of this p r o c e d u re ,  t h r e e  s ep a ra te  am ino  acid p r e p a r a ­
t ions  w ere  c a r r i e d  ou t  using 11.2, 12. ’ and 5. 0 me. of isobuty l iodide-1-Cl*
The crude  am ino  ac id  mixtures conta ined  6 . 7 ,  6. 6 and 2.1 m |  respec t ive ly ,  
r e p re sen t in g  60 p e r c e n t ,  54 p e rc e n t  and 42 percen t  of the s t a r t in g  activity.
The sepa ra t ion  on ion exchange c o lu m n s ,  as  d e sc r ib e d  below, nhowed that 
the amino acid m ix tu r e  consis ted  of l e u c in e ,  glycine, a - a i m n o b u t y n c  acid,  
alanine ( a p p ro x im a te ly  0. 2 p e rcen t  of the  crude, amino acid a c t iv i ty ) , and a 
rad ioactive  m n h y d r i n ' i e g a t i v e  compound appear ing  n e a r  leu c in e  (Rp values  
s l ightly  g r e a t e r  than  v hose for leucine) in a two-d im ens iona l  descending  paper  
c h ro m a to g ra m  developed *with p h e n o l -w a te r  and bu tano l -p rop ion ic  ac id -w a te r .  
Th is  compound con ta ined  about 8 p e r c e n t  ol the rad ioac t iv i ty  of the c rude  amino 
acid product.

The pur i f ica t ion  of the  c r u d e  amino acid m ix tu r e  was  p e r fo rm ed  
on 590 cc .  Dowex 50 cation  exchange r e s i n  (250-500 mesh)  in a g lass  co lumn 
2. 5 cm. in d i a m e t e r  and 120 cih. long. The capacity  of the  column was 1770 
m e q . , the a m in o  a c id  load wajn 56 m e q .  (17. 6 m e . ) r e p r e s e n t i n g  3. 2 p e rcen t  
of the r e s in  c ap ac i ty .  After f i e  s a m p l e  had been applied the column was 
washed with of w a ter ;  thin eff luent  contained 2. 2pc. The  amino acids  
w e re  then e lu ted  with 1.03 N HC1 at a f lo w - ra te  of 15 c c . / h o u r  o r  0. 05 c m . /  
m in .  E v e ry  fif th f r ac t io n  (app rox im a te ly  i5 cc .  per  f rac t ion)  was analyzed 
by applying an a l iquo t  por tion  to p a p e r ,  counting the spot and then c h r o m a ­
tographing  with bu tano l-prop ion ic  a c id - w a te r  solvent.

(a) F r o m  0-l600 cc.  acid (0. 93 t im es  column c a p a c i ty  e x p re s s e d  
in meq. acid) c a m e  0 .6 5  pc. cons is t ing  of only t race  a m o u n ts  of glycine and 
o ther  amino a c id s .
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(bl f r o m  1*00-4410 t c ,  a n d  (0 " H i ,  ?0 % m r*  u i m o n  t »p*< ttyi 
t M M  4 pc . ( o n i u t i n g  of in a c t iv e  g lyc ine  and r adioa* t lv#  a l an in e  and leuCfca-e 
con ta in ing  ?5 p e r c e n t  and 17 p e r c e n t  r M p n  l iv#Iy a t  the r a d io a c t i v i t y  l*  th i s  
f rac t ion .

( “1 fr o m  ( t  t n d  It TO -1 9A t o l u m n  i rapaci ty ) t  am*
0, fe pc.  c o n s i s t i n g  of r a d io a c t i v e  a - a tm n o b u ty r  U Acid, l e u c in e ,  and an u n ­
known, niodhydrio -negat ive  r o m p o a n d  t o o t a i m n g  ”0 p c f  re s t ! . 45 p e r c e n t  and  
S p e r c e n t  r e s p e c t i v e l y  of  the r i f i M c t t v t l y  »n th i s  t r a c t i o n

(dl f r o m  H 5 5 - 4 f t b 5 i c  acid  (l *14-4. ft5 t i m o  < o U m n  t  spac ity) 
com e  1. i  m e ,  c o n m t m g  of r a d i o a c t i v e  leuc ine  and an unknown con ta in ing  
4 f  p e r c e n t  and 4 p e r c e n t  r e a p e r  l iv e ly  of the r a d i o a c t i v i t y  m  thi» t r a c t i o n ,  
to g e th e r  with  " race*  of r a d i o a c t i v e  va l ine .

(*) F r o m  4ftbS-ft5?5 c C. ac id  (4, ft5»5 0 )  t i m e *  c o lu m n  t apac ity}  
c a m e  15 4 m e .  cona ta t ing  of r a d i o a c t i v e  le u c in e  and  an unknown co n ta in in g  
47 p e r c e n t  and 1 p e r c e n t  r e s p e c t i v e l y  at the r a d i o a c t i v i t y  in thia t r a c t i o n .

P u r i f i c a t i o n  of the leuc ine  by r ec r y s t a l h x a t i o n  f r o m  w a t e r ,  a l t e r  boil ing  with 
c h a r c o a l ,  r e m o v e d  the unknown com pound .

The  to ta l  yield of D, L - l e u c in e  h y d r o c h l o r i d e  w as  4 . 95ft g. (bb p e r  - 
cen t  of t h e o r e t i c a l )  with a s p e c i f i c  a c t iv i t y  of V 6 pc.  . m g .  ( t h e o r e t i c a l  ■* b. 7 
p c . / m g ) .  The yield on a r a d i o a c t i v i t y  baa ia i t  16. b m e .  (59 p e r c e n t  of 
t h e o r e t i c a l ) .  The  r e c o v e r y  ot r a d i o a c t i v i t y  f r o m  the  ion  evchunge  < o lu m n  w as  
q u a n t i t a t i v e .

S y n l h c t i i  of G1 y c i n c - 2-G** and A a p a r t i c  A c i d - ) - C ^

R Noller

G lyc ine  -4 - C ^

G l y c i n e - 2 - C ^  h y d r o c h l o r i d e  (b. 62 p c . / m g ) ,  con ta in ing  no r a d i o ­
ac t ive  i m p u r i t i e s ,  haa b e e n  p r e p a r e d  f r o m  s o d iu m  a c e t a t e  - 2-0** by r e a c t i n g  
a m m o n i a  wi th  c h l o r o a c e t i c  ac id .  The  yie ld was  67 p e r c e n t  baaed  on the 
s t a r t i n g  s o d i u m  ace ta t e .

A s m a l l  quan t i ty  of i m p u r i t y  was  i s o l a t e d  f r o m  the c r u d e  g ly c in e  
hav ing  a s p e c i f i c  ac t iv i ty  c o r r e s p o n d i n g  to the c o m p o u n d ,  i n u n o - d t a c e l . c - 2 -
C ^ - a o d - H C l .

HOOC -Q*H , C*H> -COOH 

\  W 
H HC1
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4 m r t n

A sp artu  4  C14 i d l  H O  (5. 7 * c . / m g. )  has b*«n prepared from 
• o d iu m  i c r U l t -  2 ' C ^  th e  5d M tn » iU * jp . d  f t h i U M * r o M t l « t «  u t k

f « t t  Q u i r l t f l ^  K f p o H  t©» A p* il  M i f ,  June 144t>.

i t  t i t s  b e e n  to«nd t h a t  m o s t  « m l* o  *« id* px* p a r# « t  Oy <u n d e n t ing 
o r g a n u '  h a l id e *  w ith  d i e t h v U c r U m i e t o m a U m s t r  follow©* b y  h y d r o l y s i s  of th e  
p r o d u c t  <*r« r o u t  a m  m a t e d  w ith  o f t t r  r a d i o a c t i v t  c o m p o u n d s .  The  b e a t  w ay 
to  o b ta in  s p u r e  p r o d u c t  i t  to  f r a c t i o n a l *  th e  m i x t u r e  by  m e a n s  a t  *n ion e x ­
c h a n g e  co lum n. In t r e k i n g  to  -»v*nd th «  d i f f i c u l t i e s  jnv*)%»4 to  tb s  u s e  of *n 
ion  e x c h a n g e  c o l u m n ,  it w as  found  t h a t  th e  s s p s r t u  S*’d  p r o d u c t  c o u ld  a l t o  
bo p u r i f i e d  t h r o u g h  the  p r e p a r a t i o n  of i t s  r a p p e r  s u i t .

T o  t h i s  ©fid, tb© c r u d e  h y d r o ! y a a t e  w a s  d i s s o l v e d  in  s  s m a l l  
q u a n t i ty  of w a t e r  an d  t r a n s f e r r e d  to  s  b e a k e r ,  C o p p e r  c h i o n d r  ( 7 r fe7 g.
C uC I > iH ^ O ,  i / l  m o i s r  e x c e s s  o v e r  t h e o r e t i c s !  to ts !  artv.no a c id  y ie ld )  * « i  
th e n  a d d ed  to  th e  h y d r o l y s s t e  s o lu t io n  an d  th e  t o ta l  v o lu m e  b r o u g h t  to  ISO m i.
T h i s  s o lu t io n  w a s  t h e n  t i t r a t e d  (w ith  s t i r  r in g )  to  pH 5, u s in g  a b o u t  97 m l .  of 
1 N s o d iu m  h y d r o x i d e .  The s o lu t io n  w a s  th e n  p la c e d  in  th e  r e f r i g e r a t o r  for 
a t~7east tw o d a y s .

A p p r o x i m a t e l y  4 m i .  of " C e l i t e  A n a ly t i c a l  F i l t e r  Aid** ( J o h n s  
M a n v i l le )  w a s  t h e n  a d d e d  to  th e  c o ld  s o lu t io n .  The  s o l u t i o n  w as  f i l t e r e d  
t h r o u g h  a 0 . £5 c m .  b e d  of * C e l i t tM a n d  the  p r e c i p i t a t e  w a s h e d  w ith  ice 
w a t e r  u n t i l  th e  f i l t r a t e  w a s  c h lo r i d e  f r e t .  T he  p r e c i p i t a t e  w a s  then  re  - 
d i a p e r  s a d  In a b o u t  150 m l .  w a t a r ,  a b o u t  0. 5 m l .  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c id  a d d e d ,  a n d  h y d r o g e n  s u l f id e  g a s  b u b b le d  th r o u g h  th e  s o l u t i o n  w ith  s t i r ­
r i n g  fo r  £ - 1 /2  h o u r s .  T h e  s o lu t io n  w a a  h e a l e d  on a s t e a m  b a th  fo r  15 m i n u t e s  
a n d  th e n  a l l o w e d  to  c o o l  to  r o o m  t e m p e r a t u r e  w ith  c o n t in u o u s  s t i r r i n g .  It 
w a s  f i l t e r e d  t h r o u g h  a  0. 5 c m .  b e d  o f  " C e l i t e "  w h ic h  w a s  t h e n  r i n s e d  w ith  
s l i g h t l y  a c id  w a t e r  (l m l .  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  in  £00 m l .  w a t e r )  
u n t i l  m o s t  of th e  a c t i v i t y  w aa  r e m o v e d .

C o n c e n t r a t e d  h y d r o c h l o r i c  a c id  (£5  m l . )  w a s  a d d e d  to  the  f i l t r a t e  
w h ic h  w aa  t h e n  e v a p o r a t e d  to  d r y n e s s  o n  a  s t e a m  b a th .  T h e  a s p a r t i c  a c id  
h y d r o c h l o r i d e  w a a  d i s s o l v e d  in  a  m i x t u r e  of £5 m l .  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d  an d  25 rn l .  w a t e r  a n d  a g a in  d r i e d .  I t  w a s  th en  r e d i s s o l v e d  m  a s m s l l  
q u a n t i t y  o f  w a t e r ,  t r e a t e d  w i th  a c t i v a t e d  c h a r c o a l ,  a n d  f i l t e r e d  in to  a t a r e d  
s a m p l e  c o n t a i n e r ,  a n d  th e  s o lu t io n  e v a p o r a t e d  to d r y n e s s .

T w o  d i m e n s i o n a l  p a p e r  c h r o m a t o g r a p h y  s h o w e d  t h a t  t h e r e  w e r e  
n o  a m in o  a c id a  o t h e r  th a n  a s p a r t i c  a c i d ,  a n d  th a t  t h e r e  w a s  l e a s  th a n  1 p e r ­
c e n t  of a  r a d i o a c t i v e  i m p u r i t y  w h ic h  m a y  h a v e  b e e n  a c h r o m a t o g r a p h i c  a n o m a l y .

T h e  y i e ld  of a a p a r t i c - J - C ^  a c id  HC1 w a s  £190 g . , 5. 7 p c . / m g . ,
6 b  p e r c e n t  b a a e d  o n  s t a r t i n g  a c t i v i t y .  T h e  t h e o r e t i c a l  s p e c i f i c  a c t i v i t y  w a s  
5. 6 p c .  / m g .

A s p a r t i c - 4 - C * *  a c id  HC1 h a s  b e e n  p r e p a r e d  in  s i m i l a r  y ie ld s  by 
s t a r t i n g  w ith  c a r b o x y l  l a b e l e d  s o d i u m  a c e t a t e .
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g l P ? y :>U l *n* Long~ Evan# ItB M lf f i t *  w eighing
I BO ^ ' tfg  ̂ e tgjsMci»d tMr*p#r|<awi>»»||y writh l® m g . 0 0 0  pc )

C*^M jCOOH*, E ith er w i# i r  tw i  ( m r *  i i t t r  the  ra ts  i f f *  l i r n ^ H  by 
e th e r  a n a e s th e s ia  m i  b lood obtained by b e a r t  p u n c tu re , u*mg a ay rtn g e  and 
w # 4 t«  jifv v iiv iiiy  w ith I p # r f i» t  lo d u tm  a t n t *  so lu tio n . In g e n e ra l,
a b o u t S c e , of blood w ere  obtained  fro m  e a c h  rat*  The blood * m  a llow ed to 
c lo t i t  room  te m p e ra tu re  for about to o  b o o n  »n4 then the * e ru m  »nd rod 
c e l l*  w r r*  i* fo r« t* 4  by cen tr ifu g a tio n  Tb# ac tiv ity  of each  f ra c t io n  w *i 
d e te rm in e d  by 4 u » r«  p la t in g , ,  the rod d i l l  hav ing  O ra l bc*n i t t ip r t id r d  to 
s a l in e ,  A windowtea* ftaw  G n g e r  co u n te r and p latinum  p la te*  w e re  used  
fo r *U activ ity  d e te rm in a tio n *  The p la te*  w ore counted, a c id if ie d  with 
a c e tic  a n d ,  d ried  and reco u n ted  A c tiv ity to a a  era* assu m ed  to be due to 
v o la tile  a ce ta te  m et a b o h  te a  in the blood, S e ru m  te m p le s  lo a t an  a v e ra g e  
of I !  p e rc e n t of th e ir  a c tiv ity  *• vo la tile  ac id *  L o a t from  re d  b lood c e lls  
area neg lig ib le . H o n -v o la tile  a c tiv ity  p e r  m l. o f tbe t r r u m  am o u n ted  to 
& i t  -Q IS p e r re n t of th e  in je c ted  d o te . R ed  blood cell*  co n ta in ed  an  aver*  
ag e  of 0 OH p e rcen t of tbe  in jec ted  a c tiv ity  p e r  m l. of c e ll* . T b i t  wee tru e  
w h e th e r  an im als  w e re  s a c r if ic e d  one o r tw o b o u ra  a fte r in jec tio n

Aliquot p o rtio n *  of te ru m  sam p le  a w ere sep a ra te d  in to  p ro te in , 
p h o ap h o h p id , fa tty  a c id , n o n 'Saponifiable and  g ly cero l f r a c t io n a . The 
a c t iv i ty  of each  f ra c tio n  w ee d e te rm in ed  by d i r e c t  p la ting . S e p a ra tio n  of 
v a r io u s  frac tio n s  w as eiCected by tbe follow ing schem e (T ab le  IS) w hich is 
e s s e n t ia l ly  tbe sam e  m e th o d  as tha t re p o r te d  by K rttchevshy  and K irk .
(D. K n tch ev sk y  and b f, K irk , ’’R adioactive E g g s . II. Ih s tr lb u t to n  of 
R ad io ac tiv ity  m  tbe T o lk a w, P ro c , Soc. ExpU. B io l. M ed ., 19HI, 7®, £00* 
20£. \ Tbe re s u l ts  o b ta in ed  on tbe a c tiv ity  in tbe various s e ru m  fra c tio n s  
*♦ shown in T able  14.

C o n c lu s io n s . The level of a c tiv ity  in  the blood a f te r  in jec tio n  
o f so d iu m  i C f U i i - I K ? 1* re m a in s  fa ir ly  c o n s ta n t a t le a s t  for tbe  f i r s t  two 
h o u r s ,  in sp ite  of tbe fa c t th a t ap p ro x im a te ly  b H - T O  p e rc e n t of th e  ac tiv ity  
h a s  been exhaled aa  C l4 o ^ .

Although no ex p lana tion  of tbe d if fe re n c e s  betw een blood from  
he p a r  m ixed and n o n -h e p a rim a e d  an im a ls  is  im m ed ia te ly  a p p a re n t, these  
d if fe re n c e s  a re  g re a t enough to w a rra n t fu r th e r  investiga tion .
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TABLE i%

S f h f m f  lor Sr-p a ra t in g  Blood S e r a m  in to  Various  F r i c b w n

S f r u m Dig*at with 
ethanol - e t h e r  1:1

Pf>L
p r o t e i n
D i tao lv*  in H>0 
( • l ig h t ly  acid), 
Count

Acetone
Evap. to d ryneaa .  
Saponify with a lcohol ic  
KOH, acidify,  e x t r a c t  
with e ther .

E «0H -E l»0
Evap. i l m o i !  to 

! d r y n e a a ,  e x t r a c t  
with pe t .  e t h e r ,  
ppt. phoapholipid  
with a ce to n e  and

; Mgc i 2

ppt.
Phoaphol ip id  
Dta«olve  in EtOH, 
Count.

Et^O
F a t t y  acid and 
non -saponif iable .  
P a s §  over  A m b er l i t e  
IRA 400.
E lu te  fa tty  acida 
with E t jO -E tO H -H C l

Acid ague ou t
{(probably  glycerol)  
I Count

Fa t ty  a c id a .  
Count

Non-sapon i f iab le  
o r

N eu tra l  f r ac t ion ,  
Count

TABLE 14

A v e r a g e * o f  the A c t iv i ty  of the S ta r t in g  S e r u m Found in E a c h  F r a c t io n

F r a c t io n Acetate onlv
P r o t e i n 9 3 . 0 * 9 3 . 9 *
P hoapho l ip id 1. 10 0. 73

F a t ty  Acid 1. 15 2 .0 7

Non - saponif iable  
( s te ro l s )

1.41 3 .92

Acid  aaueoua
(probably  g lyce ro l )  .

£ .23 0. 59
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A QgeMfcfri spt Serurr. C ho»«• s te rol

R M Lemww&e *Mi M a r g a r e t  Afufte rsoe

M©fF th a n  100  g. of  A * *« f ^ i a t h o s t e r a t,J!'l hay* i»e**i
» vn th e t ?  t e d  f r o m  c h o l e s t e r o l  b y  m r i n *  of the a y r t h e t u  p r o c e d u r e  o u t l i n e d  sR 
o u r  p n * v i a u i  r e p o r t .  The  p r o d u c t  n** b e e n  b% *!• m r t n n (  pot* f
u l t r a - v i o l e t  s p e c t r u m ,  i n f r a - r e d  s p e c t r u m .  a n d  c a r b o n  a n d  h y d r o g e n  a n a l y s * * ,  
T k » i e  * a m r  d a t a  have  a i i o  b e e n  ob**.ut*4 f o r  the At r u t f  a n d  ber,»o«f* e a t a r i  
of U t h o s t r r o l  th e y  Ary All in  g o o d  a g r e e m e n t  v i t b  thy va lu e *  i m p o r t e d  in 
the  l i t e r a t u r e  I n i t i a l l y  w*  h a d  c o n s i d e r a b l e  d i f f i c u l t y  us ob ta in in g  »* t i» f*c  t o r  > 
c a r b o n  A f ta t j r iM  for  th* p r o d u c t  a n d  t o r  t t i  e s t e r  f t  h r  b e n t a a t r  r  s t e r
a l w a y s  | i v r  g o o d  c a r b o n  a n a l y t e s )  H o w e v e r  a l t e r  t f v t r t l  r e c  r y s t a l l * r a t i o n s ,  
both f r o m  m e t h a n o l  and f r o m  a c e t o n e ,  are w e r e  a b l e  t o  o b t a i n  p r o d u c t #  w h i c h  
gave  v e r y  s a t i s f a c t o r y  c a r b o n  a n d  h y d r o g e n  a n a l y t e *

Wt* a r e  now r e a d y  to  b e g i n  an a n i m a l  f e e d i n g  p r o g r a m  with t h e  
l a t h o t t e r o i .  T h i t  w o r k  wil l  he  c a r r i e d  on in  c o l l a b o r a t i o n  wi th  the  M e d i c a l  
P h y s i c s  G r o u p .  The  p r i n c i p a l  a i m *  oI the f e e d i n g  p r o g r a m  wil l  he to  d e t e r -  
m i n e  if the p r e t e n c e  of the  l a t h o t t e r o l  irt t h e  d ie t  w i l l  h a v e  any  e f f e c t  in r e  - 
l a r d i n g  the a p p e a r a n c e  of a t h e r o s c l e r o s i s  o r  in p r o m o t i n g  i t s  d i s a p p e a r a n c e . 
P a r t i c u l a r  a t t e n t i o n  will  be  m a d e  t o  a n y  e f fec t  of  l a t h o a t e r o l  on the  t e r u m  
l i p o p r o t e i n s  in  the  S y  10-10 m o l e c u l a r  w e igh t  g r o u p

A P o s s i b l e  P r i m a r y  Q u a n t u m  C o n v e r s i o n  A c t  of P h o t o t y n t h e s t a  

M* C a l v i n  a n d  J .  A, B a r l t r o p

J o  a c c o u n t  for  the  o b s e r v a t io n * *  * t h a t  i l l u m i n a t i o n  p r e v e n t s  
the  a p p e a r a n c e  of  new ly  a s s i m i l a t e d  c a r b o n  in  t h e  c o m p o u n d s  of the t r i c a r ­
boxy l ic  a c i d  c y c l e ,  it w a s  s u g g e s t e d ^  th a t  the  l ig h t  s h i f t s  the s t e a d y - s t a t e  
c o n d i t i o n  of  t h e  t h io c t i c  a c i d - c o n t a i n i n g  c o e n t y m e * *  5 ( p r o t o g e n .  l ip o i c  a c i d ,  
t h i o c t i c  a c i d ,  P . O .  F . ) t o w a r d  t h e  r e d u c e d  (d i th io l )  f o r m ,  in which c o n d i t i o n  
i t  i s  I n c a p a b l e  o f  o x i d a t i v e l y  d e c a r b o x y l a t i n g  p v r u v i c  a c i d , ^ »  * n e w ly  f o r m e d  
f r o m  C 0 2 , t o  g i v e  r i s e  to  the a c e t y l - C o A ® * " * * 0  r e q u i r e d  to  b r i n g  t h i s  c a r b o n  
into the  c o m p o u n d s  of the  K r e b s  c y c l e .  We a r e  h e r e  r e p o r t i n g  s o m e  o b s e r v a ­
t i o n s  l e a d i n g  to  the f u r t h e r  s u g g e s t i o n  th a t  t h i s  s h i f t  t o w a r d  the  d i th io l  f o r m  
i s  the  d i r e c t  r e s u l t  of the  l i g h t  a c t i o n  and th a t  a  b i - r a d i c a l  i o r m e d  by d i s ­
s o c i a t i o n  o f  t h e  d i s u l f i d e  bond  i n  a  s t r a i n e d  f i v e - m e m b e r e d  d i s u l f i d e  c o n t a i n i n g  
r i n g  ( a s  m  b . S - t h i o c t i c  a c i d  a n d  t n m e t h y l e n c d i i u l f i d e )  i s  the  s p e c i e s  in  w h i c h  
the  q u a n t u m  a b s o r b e d  by the  p l a n t  p i g m e n t s  and  s t o r e d  a s  e l e c t r o n i c  e x c i t a t i o n  
in c h l o r o p h y l l ^  a p p e a r s  f i r s t  a s  c h e m i c a l  bond p o t e n t i a l  e n e r g y ,  i . e .  . t h a t  a  
p o s s i b l e  p r i m a r y  q u a n tu m  c o n v e r s i o n  a r t  of p h o t o s y n t h e s i s  u  r e p r e s e n t e d  by  
the  e q u a t i o n

f
Chi* -A Chi ( g r o u n d )

i

♦ S
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on  the  p re a e n c e  of th e  «n«ulfidt> h«* t> ran i l tm o m tt* t* «  !%#•»# «e*uM*
be ta k en  to  in d ic a te  th a t the «Ji »4uh laiioe- t n*#gy >i>t th# d m iilf i# #  W*m4 i » th  
fac t in the  r a n i#  <2^*5^ jKcaia and  th a t  th t«  i u *0* sa tion  m ay  It# h*«r«*j[iM *W-a* 
by e n e rg y  t r a n a i e r  t ro m  #om e o th e r  r»toiei »*t# in a au ttaW y  r  i t U M h t t t

T h a t «u< h e n e rg y  t r a n s f e r  • m a y  u i #  p la c e :. and  #*j»**.iaity affi 
cu m tiy  in < o n d e n a e d  a y a te m a . ha* b e a n  am p ly  dem on*!***#9 , &U- it. 1%, <14
S ta te  the ^ ra n a ^ h a v e  the o p tic a l p ro p #  r t ie  a of * KONhde.eaed «44**f «*pa*U 
p h a a e , a q u a n tu m a b a o rb e d  a a y a t ie re  *i*fcu#, th a t  phaa*  »♦ v e ry
rap id ly  t r a n s f e r r e d  am ong the  id e n t ic a l  m o la ru U a  ot th a t |*h«a* at th* 
o r th* t r ip le t  le v e l* .  Com  o m it am  * d k t h i ^  ih*re. t>< 1 a t a  a d a t f» * a *  *n the 
p ro b a b ility  of e m i i f i o o  *a f l v a o e e t c e n a * ^1*22, an d  b a t t l e  an t#w re a a *  la  
the a v a ila b ility  of the- quan tum  for « h en v u  *1 u  a n ito rn ta tx o n  td»* f ta a to a f
In auch a  a y a te m , th e  high e f f ic ie n c y  of e n e rg y  laatvafbMM* m a y  be r e ta i le d  
ev en 'th o u g h  the r a t i o  ol th io ro p h y il  tod i*uM td«  m bit-cad** *** barge l t d -̂-*10 )̂
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S h o r t -T im e  P ho to sy n th es is  E x p e r im en ts :  Sugar D eg rad a tio n !

L. Da us and A. H a r r i s

S hort T im e Soy B ean  Leaf P h o to sy n th e s is  S e r ie s  and S edohep tu lose  D egrada tions

A s e r i e s  of photoaynthetic  e x p e r im e n ts  was p e r fo rm e d  on soy 
bean  leaves  with s a m p le s  taken  at 0. 7 5, 1. 5, 3. 5 and 5 s e c o n d s .  Another 
e x p e r im en t  was done with s e m i-a u to m a t ic  in troduction  of CO^ and s u b s e ­
quent alcohol k il l ing  which was t im ed  a t  0 .4  seconds. The g e n e ra l  d i s t r i b u ­
tio n  of ra d io a c t iv i ty  am ong re su l t in g  com pounds was d e te r m in e d  by counting 
the  c h ro m a to g rap h ed  e x t r a c t  d i r e c t ly  on the  p a p e r .  The d is t r ib u t io n  of r a d io ­
ac tiv ity  in sed o h ep tu lo se  was in v e s t ig a te d  with pe rio d a te  d e g ra d a t io n s  of sed o -  
hep tu losan  and of sed ohep tu losazone , g iv ing , re sp e c t iv e ly ,  p e rc e n ta g e s  of the 
to ta l  ac tiv ity  in c a rb o n  4, and in c a rb o n s  7, 14243, and 44546. The d a ta  o b ­
ta ined  c o rre sp o n d e d  quite  well with th a t  f r o m  p rev ious  e x p e r im e n t s  with soy 
bean  leaves  and a ll  of th ese  availab le  d a ta  a r e  tabu la ted  in T ab le  15. D e g ra d a ­
tions on the 0 .4  seco n d  e x p e r im en t  a r e  s t i l l  in p r o g r e s s .  In ev a lu a tin g  the 
d a ta ,  it m u s t  be r e m e m b e r e d  tha t at su ch  sh o r t  t im es  the  e r r o r  in tim ing is  
l a rg e ,  and tha t any  d e lay s  in in ac tiva tion  of the ensym e s y s te m s  by the boiling 
alcohol becom e in c re a s in g ly  im p o r tan t .

The m o s t  notew orthy  in fo rm a t io n  obtained f r o m  the g en e ra l  d i s t r i ­
bution of ra d io a c t iv i ty  in th ese  s h o r t  t im e  e x p er im en ts  s e e m s  to be in the i n ­
c re a s in g  p re d o m in a n ce  of ph o sp h o g ly ce ric  acid as  t im e  a p p ro a c h e s  z e ro ,  and 
the d e c re a s in g  o f the  "hexose  m onophosphate  a r e a "  (m o s tly  f ru c to se  and s e d o ­
hep tu lose  ph o sp h a tes )  f ro m  61 p e rc e n t  of fixed activ ity  in 20 seconds  to only
3 p e rc en t  in 0 .4  seco n d s .  In add ition , in  t im es  up to 5 s e c o n d s ,  the ac tiv ity  
not in the g ly c e r ic  ac id  o r  hexose  m onophosphate  a r e a  a p p e a re d  m ainly  in the 
p en tose  phosphate , t r i o s e  phosphate  and phosphopyruvate  a r e a s ;  in the 0 .4  
second e x p e r im e n t ,  th is  ac tiv ity  about equaled  the a c t iv i ty  in the hexose m o n o ­
phosphate  a r e a  and a t  longmr t im e s  i t  w as much le s s  than  the  hexose m ono­
phosphate  ac tiv ity . Of fu r th e r  in t e r e s t  i s  the fac t  th a t  in  th e  s h o r te s t  e x p e r i ­
m en ts  (0 .4  s ec o n d s ,  0 .7 5  seconds) the am ounts  of f r e e  f r u c to s e  and sed o h ep ­
tu lose  w ere a lm o s t  equa l;  in  5 m inu tes  th e re  is a lm os t tw ice  a s  much label
in sedoheptu lose  as  in  f ru c to se .

D e g rad a t io n  d a ta  ind ica te  th a t  the p e rc en ta g e  of ac tiv ity  in c a rb o n
4 of sedoheptu lose  r i s e s  f ro m  a low  va lue  a t z e ro  tim e  to a  m ax im u m  of about 
30 p e rc en t  and then  d ro p s  to 14 p e r c e n t  (the value for u n i fo rm  labeling). D e g r a ­
dation of sed o h ep tu lo san  f ro m  the 0 .4  seco n d  e x p e r im en t  w ill  be a check  on th is  
a p p a ren t  t re n d .  T he in fo rm ation  f r o m  deg rad a tio n  of 0. 75 second  sed o h e p tu lo sa -  
zone ind ica tes  th a t  e v en  a t th is  s h o r t  a  t im e  th e re  a r e  a t  l e a s t  th ree  highly 
lab e led  a tom s: 4; 5 a n d /o r  6; and 1 a n d /o r  2 a n d /o r  3. C a rb o n  7 has  v e ry  l i t t le  
ac tiv ity  in th is  s h o r t  t im e . T h e re  is  a good p ro bab ili ty  th a t  c a rb o n  6 is a lso  
low, which would m e a n  5 in c r e a s e s  a t  s h o r t e r  t im e s .  The f ru c to se  from  the
0. 75 second e x p e r im e n t  was d eg ra d ed  w ith  the following r e s u l t s :  14243 »
47. 8 p e rc en t ;  445 - 50. 5 p e rc en t ;  6 = too  low to count.
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TABLE IS

General 0 .4 0. 75 1.5 3. 5 5 h-8 h 10 15 20 5
d istribu tion Sec. Sec. • Sec. • Sec. • Sec,* S e c .• • Sec. Sec. Sec. M e Sec. Min.

4of total in PGA 
♦ free glyceric  
acid 93.0 85.0 58 h i 51 37 22.0 19.0 2. 1

#of total in HU P 3. 1 14.0 41 31 41 53 51.0 61 .0 12.0

Relative am ts, of 
following epos. - 
determ ined a fte r 
hydrolysis

Glyceric acid 95.0 85 .0 58 h5 5h 40

Fructose 1.4 7 .0 18 13 lh 17 1.0 1.0 1.0

Sedoheptulose 1.7 7 .5 23 18 2h 33 1.9

Glucose 0 0 0 2 2 10 0 .9 1.3 2.0

Distribution in the
Carbon Chain of 5edo«

ifsd istrlb .heptulose Carbon No.

4 18.0 24 2h 29 24 24.0 28 24 21.0 14 14

U l+ l 43.0 3h 41 44.0 43.0

4+5+6 40.0 64 53 •  m 43.0

7 2.0 2 5 5.0 14.0

* Experim ents perform ed s t  one tim e
** P e r t  of leaf killed at 6 seconds, the re s t  not until about 8 seconds
*+* Data from  B. W. Racusen and S. Aronoff, A rchives of B iochem istry and Biophysics, in p re s s .

iv*
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In hopes  of obtaining va lues  for the ac t iv i ty  in ca rbon  i, the r e a c t io n  
of lead t e t r a a c e t a t e  on ketoeee ie being invest igated .  Thie  react ion  should give 
the two t e r m i n a l  a tome a t  fo rm a ld e h y d e  and the c e n t e r  c a rbons  ae COj.  Con 
dit ions have been  found using c a r r i e r  glucose and un i fo rm ly  labeled f r u c to s e  to 
give in two e x p e r i m e n t s ,  SO p e r c e n t  and 12 p e rcen t  for fo imaldehyde  and 75, 5 
p e rc en t  and 70. 5 pe rcen t  for CO^ ( theo re t ic a l  would be IS percen t  and 67 p e r ­
cent r e s p ec t iv e ly ) .  The r e a c t io n  will now be tes ted  on un ifo rmly  labeled s ed o -  
hcptulose  and then, if it p roves  p r a c t i c a l ,  used  on sed o h ep tu lo te  f rom the s e r i e s  
of soy bean e x p e r im e n t s .

The sedoheptu losan  f r o m  5 seconds pho tosyn thes i s  Sccnedeam ue  
(see  below fo r  n b u l o s e  d e g rada t ions )  was degraded  to give 17. percent  of the  
ac t iv i ty  in c a r b o n  4.

Degrada t ion  of Ribulosc

The  degradat ion  of r ib u io se  by per ioda te  oxida t ion  of the o saso n e  
(using a r a b in o s e  c a r r i e r )  has  been  continued. A d e g ra d a t io n  of r ibu iose  f rom  
a 5 second  photosynthetic  S c e n e d e s m u s  exper im en t  gave the  r e su l t s  shown in 
Table 16.

TA BLE 16

C arbon  Atoms Compound Isola ted lAct iv i ty

1.2.  > 1,2 b i sp h cn y l -h y d ra to n e 95 .0  ± 9

4 B a r i u m  fo rm ate 2 .5  a 3

5 F or  m a ld im edon 1.8 a 3

Direc t  p e r io d a te  oxidation of r i b u i o s e  a s  p rev ious ly  r e p o r t e d  (Q uar te r ly  R epor t  
for July,  A ugust ,  Sep tem ber ,  1951) g ives  a fa i r ly  good indication of the d i s t r i ­
bution of a c t i v i ty  in carbons  3 and 4 toge ther ,  provid ing the ribuiose  s a m p le  is  
not co n tam in a te d  with n b o s e .  The  l a t t e r  degrada t ion  was p e r fo rm ed  on r i b u ­
iose f rom  the  p re v io u s ly  msti t jqaedSsecond S ce n ed e sm u s  ex p e r im en t ,  in th is  
degrada t ion ,  71 p e rcen t  of the ac t iv i ty  was found in c a r b o n s  3 and 4. Since 
ca rbons  4 and 5 appear  to be equa l ly  labeled ,  as ev idenced  by s ev e ra l  osaxone 
d e g ra d a t io n s ,  c a rb o n  3 can be ca lc u la t e d  by s u b t rac t in g  the valu* for c a rb o n  
5 (* ca rbon  4) f ro m  that of the to ta l  of 3 ♦ 4. Table 17 s u m m a r i s e s  the r e s u l t s .

TABLE 17

Dis t r ibu t ion  of Radioactiv ity  in  Ribuiose

C a r b o n  Atom 5 sec .
T im e  of P ho tosyn thes i s  

30 sec .  60 s ec . 2. 5 min.

3 4 4 71 52 44 37

5 2 6 11 18

3 (if  4 = 5) 68 46 33 •19

•Jut*

l
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F u r t h e r  a t t em p ts  to d e g ra d e  the  1,2 b iap h en y l -h y d ra to n e  of 
m esoxaidehyde  have  been  continued. An a t t e m p ted  p r e p a r a t io n  of the  o sa -  
t r i a s o U  f rom  the a ldehyde  by refluxing with CuSOj* SHjO r e s u l t e d  in the 
fo rm at ion  of 4 - b e n s a lo x o - l -p h e n y lp y ra a o le .

A cyclic  th ioaceta l  of the a ldehyde  ( m .p .  l95-fe°) ha s  been p r e ­
p a r e d  f rom  1 , 2 -e thaned i th io l .  It is hoped tha t  th is  compound wil l  prove  to 
be a useful i n t e r m e d i a t e  in proposed d e g ra d a t io n s  of the a ldehyde ,  for 
exam ple :  (1) ox ida t ion  to a disulfone by  m onoperph tha l ic  ac id  and subsequent 
h y d ro ly s i s ,  o r  (2) h y d ro ly s i s  of the  h y d ra z o n e  groups and p e r i o d a t e  oxidation 
of the  resu l t ing  d ic a rb o n y l  compound.

M athemat ica l  Models  of Biological  S y s t e m s  

D. B ra d ley

E x p e r im e n t s  on the path  of c a r b o n  in pho tosyn thes is  have led us 
to postu la te  a s eq u e n c e  of reac t ions  by which carbon dioxide  is  t r a n s f o r m e d  
into  i n t e rm e d ia ry  m e ta b o l i t e s  with c o m p le x  carbon  sk e le to n s .  The  chain of 
reason ing  f r o m  e x p e r im e n t a l  o b s e r v a t io n s  to postula ted s eq u e n c e ,  however,  
h a s  been ne i the r  lo g ica l ly  cons is ten t  n o r  quant i ta t ive  b e c a u s e  of the complexity  
of the sy s te m  under  observa t ion .  B e c a u s e  of th is  lack of lo g ica l  cons is tency  
it  i s  possible  that  s o m e  of the avai lab le  ex p e r im en ta l  d e ta i l s  m a y  contradic t  
e i th e r  qua l i ta t ive ly  o r  quanti ta t ive ly  p r e d i c t i o n s  based on the  p ro p o se d  s ch e m e .  
However,  the co m p le x i ty  of the s c h e m e  h a s  in the  pas t  p r e c l u d e d  the deduct ion 
of such quanti ta t ive  p red ic t ions .  R ecen t ly  we have se t  up a  m a th e m a t i c a l  m o d e l  
of a biological s y s t e m  which when coup led  with a p roposed  s c h e m e  p e r m i t s  c a l ­
cu la t ion  of o b s e r v a b le  p a r a m e t e r s .  T h e s e  a r e  com pared  with  exper im en ta l  
r e s u l t s  ard  the v a l id i ty  of the s ch em e  is  eva lua ted  on the b a s i s  of ag reem en t  
o r  lack  of it.

We a s s u m e  that  the re  e x i s t  with in  the plant m e ta b o l i c  pools o r  r e s e r ­
v o i r s ,  meaning m e r e l y  that  any newly fo r m e d  m e m b e r  u f a p a r t i c u l a r  m o le c u la r  
s p e c ie s  mixes  c o m p le te ly  with a  de f in i te  am ount  of the s p e c i e s  before  reac t ing  
f u r th e r .  This "d ef in i te  amount"  is  c a l l ed  the r e s e r v o i r  s i z e ,  R, of that s p e ­
c i e s .  In p r a c t i c e ,  though no in p r in c ip le ,  we m u s t  a lso  a s s u m e  tha t  isotope 
e f fec ts  on the r e a c t i o n s  a r e  t r iv ia l .  With th e se  a s su m p t io n s  we m ay  set up a 
d i f ferentia l  equa t ion  fo r  the appea rance  of rad ioac t iv i ty  in any in te rm e d ia te ,  A.  
C ons ide r  the m ode l  s e t  of reac t ions ,  F i g .  6, (under " s t e a d y  s t a t e "  conditions),

F ig .  6
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w h e re  A, B, C, D a r e  in te rm ed ia te*  in C O i fixation, F is the f ixa tion  ra te  
o f  C 0 2 of specific  a c t iv i ty  one. The ra te  of change of ac tiv ity , a ,  in A i*

d -A = r a t e  of in co rp o ra t io n  of ra d io ac tiv i ty  - r a te  of 
lo s s  through reac tio n  to  B

’  F  -  F  • X A

w here X ^  is the specific  a c t iv i ty  of A. Substitu ting  a ^  = R ^  •

dXA
“ 3 ! “

(1 - xA)

th i s  d iffe ren tia l  eq ua tion  m ay be solved fo r  handily if

w hich  co rre sp o n d s  to s tead y  state e x p e r im e n ta l  conditions (M. C alv in  and P . 
M a s sm i ,  E x p e r ie n t ia ,  in p re s s ) .  In a s im i l a r  fashion an equation  m ay be 
s e t  up for any in te rm e d ia te ,  for exam ple , B,

(XD + XA - 2XB)

In p ra c t ic e  one equation  m ust be s e t  up fo r  e a c h  carbon a tom  of e ac h  compound 
in the sequence into w hich  rad io ac tiv i ty  i s  in c o rp o ra te d .  Using the single e x ­
p e r im e n ta l  p a r a m e te r  (F /R )  for each  a to m  a s  de te rm in ed  f r o m  v e ry  long e x ­
p e r im e n ts  (Calvin and M assm i) ,  in con junction  with our p ro p o se d  "photosynthetic  
c y c le "  we m ay s e t  up the d iffe ren tia l  eq u a tio n s  for the r a te  of ap p ea ran ce  of 
rad io a c t iv i ty  in e v e r y  a to m  of e v e ry  com pound in the cy c le .  We can  com pare  
th e se  p red ic tions  with ex p e r im en ta l  toted a c t iv i ty  appea rance  c u rv e s  for c o m ­
pounds and in tr a -c o m p o u n d  d is tr ib u tio n  of rad io ac tiv i ty  f ro m  d e g rad a tio n  
s tu d ie s .

The c h ie f  p ra c t ic a l  l im ita t io n  on th is  technique is  in  the in teg ra tion  
of the d iffe ren tia l  e q u a t io n s .  A typica l cy c le  of in te re s t  is  shew n in Fig. 7, in 
w hich a tw o -ca rb o n  com pound is c a rb o x y la te d  to fo rm  PGA (phosphoglyceric  
acid) which is  re d u c e d  to phosphodihydroxyacetone , which fo r m s  both hexose 
and , by a  su b seq u en t carboxy la tion  and condensation , a sedohep tu lose  phosphate
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which sp l i t#  to a tw o -ca rb o n  acc e p to r  compound and a r tbu lo te  phospha te  which 
sp l i t s  to  ano ther  tw o -ca rb o n  acc e p to r  compound p lus  t n o s e .  In the c y c le ,  only 
ca rbon  ske le ton  change# a r e  co n s id e red ,  and l in e s  between a tom s  r e p r e s e n t  the 
fate of an a tom during a r e a c t io n .  F ,  2F,  e tc .  (o v e r  the l ines) r e p r e s e n t  the 
r e la t ive  r eac t io n  r a t e s .  T h e r e  a re  e ighteen d i f f e r en t ia l  equations for th is  simple 
cycle ,  m any  of them s im u l t a n e o u s .  The diff icult  in teg ra t ion  was p e r f o r m e d  by 
the UCRL dif ferentia l  a n a l y s e r .  In Fig. 8 a r e  c a lc u la te d  deg rad a t io n  c u r v e s  for 
phosphog lyce r ic  acid in th is  cycle  (white c i r c l e s ) .  The t im e  sca le  i s  in v e r s e ly  
p ro p o r t io n a l  to the fixation r a t e  which was t ak en  f r o m  the paper  by C a lv in  and 
M ass in i .  The black points  r e p r e s e n t  the d e g ra d a t io n  data  of F a g e r ,  R o se n b e rg  
and G a f f ro n  (Federa t ion  P r o c .  , 9, 535 (1950)) who ased the s am e  o r g a n i s m ,  
S c e n e d e s m u s ,  and using the addit iona l r e l a t io n s h ip  that  a - c a r b o n  a c t i v i t y  = 13- 
ea r  bon ac t iv i ty  (this equa l i ty  i s  indicated by d e g ra d a t io n  data  ob ta ined  m  this 
l a b o r a to r y ) .  As these  a u th o r*  published no to ta l  f ixat ion r a t e  da ta  on the  s e r i e s ,  
we a d ju s ted  the t ime sca le  by making the i r  6 0 -s e c o n d  point fit the c u r v e  at 
20 .6  seco n d s  and mult ip ly ing  a ll  the i r  other four t i m e s  by 20.&/4O'. T h e # g r e e -  
ment  i s  s a t i s f a c to ry  but u n fo r tuna te ly  s ev e ra l  o t h e r  proposed  s c h e m e s  a l so  
exhib it  the  s i m e  degree  of a g r e e m e n t  and at  p r e s e n t  we a re  unable  to pick a 
unique s ch em e  from the d a t a  avai lab le .  We a r e  now awaiting d e g ra d a t io n  data  
in th is  l a b o r a to r y  on sedohep tu lo se  and n b u l o s e  a s  functions of t im e  to  co m p are  
with the va r io u s  p roposed  s c h e m e s .

The in teg ra t ions  a r e  tedious ,  r e q u i r in g  a lm o s t  a full day*s u se  of 
the d i f f e r en t i a l  ana lyzer  for a single cycle with one set  of (F /R )  p a r a m e t e r s .  
Th is  obv ious ly  s e r io u s ly  l i m i t s  our abil i ty to d e t e r m i n e  the e f fec ts  of sm a l l  
changes  in schem es  on the p re d ic t e d  r e s u l t s .  Work is  in p r o g r e s s  to d e t e r ­
mine  the  feas ib i l i ty  of c o n s t r u c t in g  an RC in teg ra t in g  c i rcu i t  which cou ld  c o m ­
ple te  an  in teg ra t ion  in a m a t t e r  of a few m in u te s .  Such an in s t r u m e n t  would 
g r e a t ly  fac i l i ta te  the e x ten s io n  of th is  work,  not only  in the path of c a r b o n  in 
pho tosyn thes is  but phosphate ,  su lfa te  and o ther  a s s im i la t io n  p r o c e s s e s  in 
biology.
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II. QUARTERLY PROGRESS REPORT. P r o j e c t  48B

W. M. L a t im e r ,  D irec to r

A .  M etals and High T e m p e ra tu re  T h erm odynam ic  a

Leo B re w e r ,  L eR oy  B ro m ley , A lbert  Rothman,
R ich a rd  P o r t e r ,  O s c a r  K rik o r ian  and J a m e s  Kane

R efra c to ry  S il ic ides

The s tudy  of the r e a c t io n  of r e f r a c to r y  s i l ic id e s  with carbon  and 
n itrogen  has b een  com ple ted . The r e s u l t s  have allowed the fixing of the r e l a ­
tive  s tab i l i t ie s  of the  s i l ic id es .  L im its  have been se t to the heats  of fo rm ation  
of the s ilic ide  p h a se s .

Molybdenum C h lo r id e s

An ap p a ra tu s  has been c o n s t ru c te d  to re s tu d y  the  molybdenum 
ch loride  gaseous  m o lecu les .  P re v io u s  s tud ies  had ind ica ted  M0 CI4 to be an 
im portan t m olecu le  at high te m p e r a tu r e s .  However the dcita gave an en tropy  
value that was quite  un reasonab le . P r e l im in a r y  work w ith  th e  new appara tus  
ind ica tes  that the p rev ious  w ork was in e r r o r  due to the  p re s e n c e  of sm all 
am ounts of w a te r  which fo rm  a v e ry  s tab le  o x y -c h lo n d e  m olecu le .

A lkaline E a r th  Oxide G ases

The s p e c tru m  of MgO h as  been observed  in e m is s io n  using MgO 
in the King . 'u rnace . It is  planned to o b s e rv e  th is  e m is s io n  a s  a function of 
te m p e ra tu re  to d e te rm in e  the heat of fo rm atio n  of the MgO gaseo u s  m olecu le . 
YO, VO, MgH, and TiO have also  been  o b se iv e d  in the King fu rnace .

C arbon F lu o r id e s

A new m olecule  be lieved  to be C2F 2 was re p o r te d  prev ious ly . 
F u r th e r  s tu d ie s  show th a t  this m o lecu le  cannot be p re p a re d  below 1600° C, 
but the action of g raph ite  upon C F 4 a t h igher t e m p e ra tu re s  does  fo rm  this 
new m olecule which can then be cooled to lower t e m p e ra tu re s  w here its 
r a te  of decom posit ion  is low.

Review of T h erm odynam ic  D ata for Oxide S ystem s

A co m p reh en s iv e  rev iew  of the phase re la t io n s  of oxide sy s te m s ,  
the the rm o d y n am ic  da ta  of the v a r io u s  p h a se s ,  and the s ta b i l i t ie s  of the 
gaseous  m o lecu les  h a s  been com ple ted  and is scheduled to be published in the 
F e b ru a ry  i s su e  of C hem ical R eview s.
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T h e rm a l  Conductivity  o f  G a se s  at High T e m p e r a tu r e s

S evera l  c o n s tru c t io n a l  d iff icu lt ies  have delayed  the co m p le tio n  of 
the th e r m a l  conductiv ity  c e l l .  The fu rn ace  w as  com ple ted , but a s h o r t  c i rc u i t  
du rin g  a  t r i a l  w a rm -u p  n e c e s s i ta te d  reb u ild in g  the  furnace c o re  and winding. 
Both of these  i tem s  should be r e p a ire d  sh o r t ly .  R ep o r t  UCRL-1852 has  been 
i s s u e d .  The re g u la to rs  and power supply have  b een  c o n s tru c ted  and aw ait 
te s t in g .

The ch ief w ork  rem a in ing  now c o n s i s t s  of se tt ing  up the  g a s -  
f i l l in g 'a n d  vacuum  supply , se tt ing  up the m e a s u r in g  equ ipm ent, c a l ib ra t in g  
the  th e rm o c o u p le s ,  and p rov id ing  constan t h ea tin g  so u rces .

B. B a s ic  C h em is try ,  Inc lud ing  Metal C h e la te s

R. E . C onnick, W illiam  Jo lly , A lb in  Z ielen , F r a n k  O w ings, 
. H ow ard  Mel, L o r in  H e p le r  and John K ury

Stu d ie s  Involving L iqu id  A m m onia  as a  Solvent

A B eckm an  g la s s  e lec tro d e  and a B eckm an  ca lo m el e le c t ro d e  w ere  
m odif ied  for use  in l iqu id  am m onia  at -33°  C. The aqueous ce l l  so lu tions  w ere 
r e p la c e d  with e thanolic  so lu tio n s .  H ow ever, the  potentia l a c r o s s  th e se  two e l e c ­
t r o d e s  in liquid  am m o n ia  did  not appear to be  a ffected  by t r e m e n d o u s  changes 
in the  hydrogen  ion c o n ce n tra t io n  in the am m o n ia ,  even though the  e le c t ro d e s  
functioned  n ice ly  in aqueous  so lu tions . The hope of using a g la s s  e le c t ro d e  in 
a m m o n ia  has  been te m p o r a r i ly  abandoned.

An a t te m p t  i s  being m ade  to m e a s u r e  the  vapor p r e s s u r e  low ering  
of d ilu te  s a l t  so lu tions  in  l iqu id  am m onia  a t  25°  C. A d if fe re n t ia l  m e thod  is  
be ing  em ployed , us ing  l iqu id  am m onia  as  the  m a n o m e tr ic  fluid . B y  th is  m eans  
it would be p o ss ib le  (w ith  adequate  t e m p e ra tu re  contro l) to m e a s u r e  e a s i ly  
v ap o r  p r e s s u r e  lo w erin g s  of the o rd e r  of s e v e r a l  p a r t s  in a m il l io n .  But 
adequa te  th e rm o s ta t in g .  of the  s im ple  g la s s  a p p a ra tu s  is  a p p a re n t ly  v e r y  d i f ­
f ic u lt ,  and re s u l t s  so  f a r  have been e r r a t i c  and  only good to ± 0.01 p e rc e n t  
in  P /p o .

In a  p re v io u s  tabu la tion  of h e a t s ,  f r e e  e n e rg ie s  and e n tro p ie s  in 
liqu id  am m onia  (cf. UCRL-1402), m any  f r e e  e n e rg ie s  b ased  cn  so lu b i l i t ie s  
a r e  undoubtedly in e r r o r  b e c a u se  of the a s s u m p tio n  tha t the  so lid  p h a se s  in 
c o n ta c t  with the s a tu r a te d  so lu tions  a r e  unso lva ted .

Even though a n a ly t ica l  d a ta  on so lid  ph ases  in l iqu id  am m onia  
so lu b il i ty  s tud ies  a r e  la ck in g ,  it  is  p o s s ib le ,  by  sea rch in g  the  l i t e r a t u r e  for 
v ap o r  p r e s s u r e  d a ta  on so lid  am m o n a te s ,  to  a s c e r ta in  the n a tu re  of the solid 
p h a se s .  The re c a lc u la t io n  of the f ree  e n e rg ie s  i s  in p r o g r e s s .
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T h e rm o d y n a m ic s  of Indium

The work on the complc xing of ind ium  by fluoride  has been  c o m ­
p le ted  a t 15°, 25°, and 35°. T herm odynam ic  co n s ta n ts  for the following equ i­
l ib r i a  have  been d e te rm in e d  at a l l  th ree  t e m p e r a tu r e s .

In * 3 + HF = In F 44 + H 4

I n F 44 + HF = In F 2 4* H 4

The r e s u l t s  of th is  work w ill be published sh o r t ly .

In connection w ith  th is  work on in d iu m -f lu o r id e  co m p lex  ionB the 
f e r r i c - f l u o r id e  couples ions w e re  a lso  in v es t ig a ted .

E x p erim en ts  d e s ig n ed  to in v es t ig a te  the eq u il ib r ia  be tw een  In/ j, 
In4 , In 4 i , and In4  ̂ by the m ethod  p rev io u s ly  r e p o r te d  a r e  in p r o g r e s s .  D e f i­
nite  in d ica tio n  of the e x is ten c e  of at le a s t  one o f  the  low er oxidation s ta te  
s p e c ie s  h a s  been o bserved . It  is  hoped that the  e q u il ib r ia  between the v a rious  
ox ida tion  s ta te s  can be m e a s u re d .  E x p e r im en ts  to  th is  end a re  being c a r r i e d  
out.

F e r r i c  F lu o r id e  Com plex Ions

The extent of com plexing  of f e r r i c  ion by fluoride ion w as m e a s ­
u red . The method used  h a s  b e en  d e sc r ib e d  p re v io u s ly .

E x p e r im en ts  w e r e  c a r r i e d  out at an  ionic s tren g th  of 0. 5. The 
e q u i l ib r ia  in  question  a r e :

F e +++ + HF = F * F + 2 + H+ Kj

F c F +2 + HF = F e F 2+ + H+ K2

F e F 2+ + HF = F e F j  + H+ KJ

The values  ob ta ined  at 25° C fo r the  eq u i l ib r iu m  quo tien ts  a re :

Kj = 184 

K2 = 10. 3 

k 3 s 1.0

The H ydroly t o ly m e f ix a t io n  of Z ircon ium

Work is  p ro c e ed in g  on the d e te rm in a t io n  of the m o la r  ex tinc tion  
c o e ff ic ien t  at the 3660 A peak  of the f i r s t  Z r  -  TT A  (thenoy ltr if luo race tone) 
c o m p le x  in 2M HCIO^ so lu tio n s .  The co n ce n tra t io n  of the Z r  co m p lex  sp ec ie s  
i s  ob ta ined  by m eans of the  known m o la r  e x tin c tio n  coeffic ien ts  of TTA plus
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the d e c re a se  in  th e  so lu tio n 's^o p tica l d en sity , due to  added  z irco n iu m  at the  
TTA peaks of 2920 and 2665 A.

S im u ltan eo u sly  d a ta  a r e  ob ta ined  tha t w ill a llo w  a second  c a lc u la ­
tion  of the m o la r  ex tin c tio n  c o e ff ic ie n t by the  m ethod  em p lo y ed  by M cVey 
(HW-21487) in  h is  w ork in 4 M HC104 .

T h e rm o d y n am ics  of Sulfide Ion

P r o p e r  evalua tion  of th e rm a l  d a ta  fo r S = r e q u i r e s  a know ledge of 
the second a c id  d is so c ia tio n  c o n s ta n t of H2S. R ecen t in v e s tig a tio n s  by Kubli* 
and Konopik and L e b e r l1 2 in d ica te  th a t th is  co n stan t is  now known w ith r e a s o n ­
able a cc u ra cy .

H ence a s e r ie s  of c a lo r im e te r  e x p e r im e n ts  on  the  h ea t of n e u t r a l i ­
zation of H2S so lu tio n s  by NaOH a t 25° C is  now being c a r r i e d  out. The r e l a ­
tive  c o n c e n tra tio n s  of HS* and S = a r e  co n tro lled  by  the  am ount of NaOH ad d ed .

T h is  th e rm a l d a ta  in  con junction  with the  fo rem en tio n ed  e q u ilib r iu m  
co n stan t w ill be used  to  c a lcu la te  h e a ts  of fo rm atio n  and p a r t ia l  m olal e n tro p ie s  
of S= and HS".

P o te n tia l of th e  R u p 4 ~ - RuQ^ C ouple

E x p e r im e n ts  on the re a c t io n  of C1P2 9 w ith RuO^i' and R u P 4 ~ in 
a lk alin e  so lu tio n , have Bhown th a t a s tead y  s ta te  in  ru th e n iu m  is e s ta b lish e d , 
which can  be ex p la in ed  in  te rm s  o f th e  following m e c h a n ism s :

Khl
I . (1) C102 ~ 4- H 20  * H C102 + OH"

(2) Ru0 4 = 4 H C 102

(3) CIO ’ * H 20

(4) Ru0 4= ♦ HCIO -

(5) 2 [Ru0 4 + Ru0 4

r. ’ d | > RuO. 4 CIO* 4 OH* 
*1 4

* HCIO 4 OH*

m U ,r u o 4 4 cr 4 o h *

* rapid^ Ruo4*]

(6) 4R u04= 4 C 102 * + 2HzO ------4 4Ru0 4 * 4 Cl* 4 40H*

-d (R u04= )/d t = 4 kj(R u0 4*)(HCIO 2) = 4kIKh l(R u 0 4=)(C 102 - ) /  

(OH*)

1. H. K ubli, H elv . C hem . A c ta . ,  29, 1962 (1946).

2. N, Konopik and O. L e b e r l ,  Mh. C h em ., 80, 781 (1949).



-6 4 - UCRL-2069

II. (1) 2 R u0 4 - RuO^ I RuO^

(2) Ru0 4  + C I O /  -r̂ -> R u O /  + C I O /

( 3 )  C I O /  ♦ OH" - .raE jd.»  H C lO j

( 4 ) H C lO j + OH" r »Pl d ,  C lO j"  + HzO

(5) 2Ru0 4 " + C102 " + 2 0 H " ------ >2R u04 = + C lO j"  + HzO

♦ d(RuO4 =)/dt = 2ku (RuO4 )(C102") = ( C I O /)

T he  constan t kjK hl v a t  obtained  fro m  ra te  d a ta , and Kjj c a lc u la te d  from  s tead y  
s ta te  da ta  and a va lu e  io r  K b a te d  on an  ap p ro x im a te  p o te n tia l of -0 . 97 volta fo r 
the  Ru0 4 ~ • RUO4  coup le .

T h e se  r e s u l ts  have been  u sed  to explain  a s im ila r  s tead y  s ta te  in 
ru th en iu m  o c c u r r in g  in  the oxidation of p e rru th e n a te  by h y p o c h lo rite , by m eans 
of the following m e ch a n ism s : «.

HI. (1) 2 Ru0 4 " ----- -4 r -_  Ru0 4 + R u O /

(2) CIO" + HzO KhHI HCIO + O H '

(3) R u O /  + HCIO RuO. + C l" + O H '
4 kr a  4

(4) 2RuQ 4 " ♦ CIO" + H 20 --------- ► 2R u04 + C l* ♦ 20H

+ d (R u 0 4) /d t  = 2 km  ( R u O /)  (H O O ) =

( R u O / ) 2 (CIO")
(Ru0 4) (0H -)

■i'.- a
2kIUKhIIlK

i
i

s
a
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IV. (1) R uO , + C IO ' 4 O H '-----R u O /  + HCIO
kxv 4

(2) H C 102 + O H - r>Pid ) C 102 '  4 H zO

(3) Ru0 4 + C 102 '  r »P>d ) R u0 4 = 4 C102+

(4) C 102+ + 0 H *  r » p id ) H C IO j

(5) H C 103 4 O H ' r »P>d ) C IO ,*  4 H^O

(6) 2[r u 0 4 = 4 RuQ 4 ■ ™J?»d-) 2Ru0 4 ‘ ]

(7) 4R u0 4 4 CIO* 4 4 0 H --------- M R u 0 4 '  4 C lO j"  4 2HzO

-d (R u 0 4) /d t  = 4kIV (Ru0 4) *C 10-)(0H ')

A value fo r  k*y w as ca lcu la ted  f ro m  th e  eq u ilib riu m  c o n s ta n t fo r 
re a c t io n  IV (1) (based  on - 0 .9 7  vo lts  fo r th e  R.UO4 " - RuO* p o ten tia l)  and the 
sp e c if ic  ra te  co n stan t fo r  the r e v e r s e  re a c tio n  (kf of re a c tio n  1 (2)). is 
known fro m  d ire c t  r a te  m e a s u re m e n ts .

The c a lc u la te d  v a lu e s  of the s te a d y  s ta te  ra tio  (R u O ^ /fR u O ^ )  
a g re e  w ith  ex p e rim en t w ith in  the lim its  of e r r o r  of the m e a s u re m e n ts .

It is  n o tew o rth y  th a t p e rru th e n a te  a p p e a rs  to  be r e la t iv e ly  un- 
r e a c t iv e ,  oxidation o r re d u c tio n  o c c u rr in g  th ro u g h  the agency of the  te tro x id e  
o r  ru th e n a te  re s p e c tiv e ly .

The (OH”) dependence  in som e of th e  above re a c tio n s  is  n o t well 
e s ta b lis h e d , and e x p e r im e n ts  to  d e te rm in e  th is  dependence m o re  re l ia b ly  a re  
in  p r o g r e s s .

S tudy o f H yd ra tes

Work co n tin u es  on vacuum  lin e  p re p a ra t io n  of C aC l£ h y d ra te s  
(S ep tem b er Q u a rte rly ); the h ea t of so lu tion  o f a second  sam p le  o f C a C l^ ’ ZH2O 
h a s  b e e n  m e asu re d  a s  10 .69  k c a l/m o le  ( c .f .  10. 83 K cal/m o le  on f i r s t  d e t e r ­
m in a tio n ). M ore c o n s is te n t  r e s u lts  a re  now being  sought.



- 66 - UCRL-2069

T h e r m o d y n a m ic 8 of Thiosulfa te

The value of the e q u i l ib r iu m  constant  for the  reaction:

S Z0 3T (aq. ) 4 2Ag(S) = S O ^  ( a q . ) ♦ A g ^ S )

has  been d e t e r m in e d  as Kc (123°0) .a 16. 50 ±  0. 42,  us ing solutions  of 0. 2M 
c oncen t ra t ion .  The p re sen t  w ork  i s  on solutions  a t  d i f f e r en t  co n cen t ra t ions  
at 123°C to  d e te r m in e  K(123°C) at infinite dilution.

A new p ropor t iona l  t e m p e r a t u r e  c o n t r o l l e r  for the oil bath  has  
been c o n s t r u c t e d  and in s ta l led .  The contro l  e l e m e n t  is  a specially m a d e  55 
ohm p la t inum  re s i s t a n c e  t h e r m o m e t e r  opera ting in conjunct ion with an A. C. 
b r idge ,  p rov id ing  a potential  t e m p e r a t u r e  range  of about  0-300° C. Any u n ­
balance b e tw een  the t h e r m o m e t e r  and bridge is  fed in to  the  gr id  of a 6AK5, 
subsequen t ly  ampli f ied  and c o m b in e d  with a phase  change ,  thus o p e ra t ing  a 
2D21 t h y r a t r o n  for a longer o r  s h o r t e r  priod of t im e .  The 2D21 feeds  into  
the p r i m a r y  of a 500 watt s a t u r a b l e  r e a c to r ,  the s e c o n d a r y  of which o p e r a t e s  
a 250 watt  contro l  C al rod  h e a t e r  in the bath.

B ro m a te  T h e rm o d y n a m ic s

A s t a r t  has  been  m ad e  on de te rm in ing  the h e a t  of fo rm a t ion  of 
B r O j  ( a q . ) .  At p re sen t ,  the  c a l o r i m e t r i c  heat  is  in cons i s ten t  with the  f r ee  
energy  and  e n t ro p y  data.  Good a g re e m e n t  with the N . B . S .  value has  been  
obtained on two runs  m e a s u r in g  the heat of so lu tion of K B rO j .  An e f fo r t  to 
obtain the hea t  of reduction of BrO}" to B ^  by Br*  ha s  proved c a l o r i m e t r i -  
cally u n su cc e ss fu l .  The r e a c t io n  is  too slow excep t  a t  excess ive ly  high ionic 
s t r e n g th s .  The reduc t ion  of B r 0 3 ~ is now being in v es t ig a ted  using I~ on F e f+ .

C. Chem ica l  Eng ineer ing  ( P r o c e s s  C h em is t r y )  Section 

D. N. Hanson, D i r e c to r

P r e p a r a t i o n  of T i tan ium Meta l .  LeRoy B ro m le y  and  A lf red  P e t e r s e n

The highest  p u r i t y  t i t an ium  meta l  i s  at  p r e s e n t  p r e p a r e d  by the 
Van A r k e l - d e  Boer  p r o c e s s  in which a hot t i t an ium  f i l am en t  is p laced  in an 
e v acu a ted  c h a m b e r  conta ining c ru d e  t i tanium m e ta l  and a email  am oun t  of 
iodine Iodine re a c t s  with the c ru d e  t i tanium fo rm ing  a volatile iodide which 
su bsequen t ly  d eco m p o ses  on the hot f i lament depos i t ing  pure  ir etal .

A possib le  im p r o v e m e n t  in the method  would b* to i m m e r s e  the 
hot f i l am e n t  in the l iquid iodide .  The fi lament t e m p e r a t u r e  would be such 
that  f i lm  boil ing would r e s u l t .  By suitable  cho ice  of t e m p e r a t u r e s ,  p r e s s u r e s ,  
r e a c t in g  s p e c i e s ,  e t c . ,  it should  be possib le  to i m p r o v e  th e rm a l  e f f ic ien cy  and 
a l so  to ta l  co s t .
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T i l 4 was  found to be a v a i l ab le  c o m m e r i c a l l y  at  a prohibi t ive c o s t  
( f 2 0 0 / l b . ) .  T he  p rocedu re  out l ined by J. D. F a s t  (Rec.  T r a v .  Chun. 58, 174 
(1939) in which iodine is d is t i l led  and  p a s s e d  over the c ru d e  meta l  was t r i e d  
but found to be not too effective.

A cco rd ing ly ,  excess  T i  sponge and 12 w e re  m ix e d  in a bulb f lu shed  
with argon and hea ted  to mel t  the  iod ine .  The bulb was equ ipped  with a long 
open tube to a l low  p r e s s u r e  eq u i l iza t ion  and yet p r e v e n t  1^ f r o m  e scap in g .  The 
exo therm ic  r e a c t i o n  was at a m o d e r a t e  r a t e .  The r e s u l t i n g  product had the  
physical  p r o p e r t i e s  of T i l4 and a n a ly zed  96 p e rcen t  T U 4 .

F i lm  Boiling f r o m  Sub-Cooled L iqu id .  LeRoy B r o m le y  and  Eugene Motte

The a p p a ra tu s  to be u s e d  is  that  used for the  f o r c e d  convection fi lm 
boiling s tud ie s  r e p o r t e d  in UCRL-1894 except for a few m odif ica t ions .

A m e a n s  of pass ing  w a t e r  and s team  th rough  the  co il s  of the s t o r a g e  
tank has been  in s t a l l e d  so that  the l iquid  in the tank can  be  m ain ta ined  at t e m ­
p e r a tu re s  r ang ing  f ro m  a p p ro x im a te ly  25° C to the boil ing point of the l iquid  
used. A new m a n o m e te r  has a l so  b een  ins ta l led  on the  o r i f i c e  below the s t o r a g e  
tank. The a p p a r a tu s  has been c l e a n e d  and r e p a i r e d  a s  was  deemed n e c e s s a r y  
for future o p e ra t io n .

It is  p roposed  to m e a s u r e  the heat  t r a n s f e r  to four liquids: e thyl 
alcohol,  c a r b o n  te t r a c h lo r id e ,  b e n ze n e ,  and hexane,  and  to  c o r r e l a t e  th is  da ta  
by the p r o p e r t i e s  of the l iquids ,  the  ve loc i ty  of the flu id ,  and the amount by 
which the l iqu ids  a r e  sub-cooled  be low  the boiling point.

G a s - P h a s e  M a s s  T r a n s fe r  R a tes .  C h a r l e s  Wilke and E d w a r d  Lynch

W ork  has been c o m p le ted  on the f i r s t  phase  of th is  s tudy and will  
be submit ted  in  a  final rep o r t  in  the  n e a r  fu ture.

R a t e s  of m a s s  t r a n s f e r  fo r  the  v apo r iza t ion  of w a te r  into a i r ,  h e l iu m ,  
and Freon-12  w e r e  m e asu re d  in a to w e r  packed with o n e - in c h  Raschig  r i n g s .
The ‘‘he ight of a t r a n s f e r  un i t"  was  found to  be a function of the ine r t ia  of the  gas 
s t r e a m  and the  Schm id t  num ber  to  the  0 .47  power.  M e a s u r e m e n t  of s im u l t a n eo u s  
heat  and m a s s  t r a n s f e r  with the w e t -b u lb  t h e r m o m e t e r  suppor ted  the co n c lu s io n  
drawn above on the effect  of S chm id t  number .

The  next phase  of the  p r o b l e m  will cover  m a s s  t r a n s f e r  in packed  
beds without l iqu id  flowing.

T h e rm a l  D iffus ion  in the Liquid P h a s e .  C har les  Wilke and John Pow ers

T h i s  invest iga tion  had  b een  under way s ince  F e b r u a r y ,  1951, and 
was t r a n s f e r r e d  to Radiation L a b o r a t o r y  in S ep tem ber ,  1952, as a r e s u l t  of 
favorable  p r o g r e s s .
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The p r o j e c t  has  the pu rp o se  of invest igat ing the ope ra t iona l  v a r i ­
ables  involved in  s ep a ra t io n  of l iquids  by the rm a l  diffusion.  Em phas is  is being 
placed on continuous  flow methods.

D es ign  and cons t ruct ion  of e x p e r im en ta l  equ ip m en t  have been e s ­
sentia lly  com ple ted  It is planned to s tudy firBt the ethyl adcohol-wate r  m i x ­
t u r e s ,  because  fundamenta l  th e rm o d y n a m ic  data for the e n t i r e  range of c o m ­
posi t ions  a r e  ava i l ab le  in the l i t e r a t u r e .  A p r e l im in a ry  ru n  has  been made 
and m o d e ra te  r e v i s io n s  in the a p p a r a tu s  a r e  being made to o v e rc o m e  the e x p e r i ­
mental  d if f icu l t ies  tha t  were  en co u n te re d .

Multicomponent P h a s e - E q u i l i b r iu m  M ea s u rem en t s .  Donald Hanson and 
A r tu r o  S a l m o n !

The ob jec t  of this inves t iga t ion  is the d e t e r m in a t io n  of l iqu id -vapor  
equ i l ib r ia  over  a wide range  of t e m p e r a t u r e s  and p r e s s u r e s ,  0-193 to 250° C 
and 0 to 2000 psig.

The following equipment  is  being assem bled :  a heavy  s ta in less  s tee l  
bomb containing  the l iquid phase  is  lo c a t ed  inside of a t h e r m o s t a t .  The vapor  
phase  bubbles th ro u g h  the l iquid and is r e c i r c u l a t e d  until eq u i l ib r iu m  is obta ined.  
At th is  point l iqu id  and vapor s a m p l e s  a r e  obtained for subsequen t  analysis .

The  p r e s e n t  em phas is  of the  work is  in deve lopm en t  of a suitable  
sound i n t e r f e r o m e t e r  to be used for com pos i t ion  an a ly s i s .

Capacity  of P e r f o r a t e d  P la te  L iq u id -V ap o r  Contacting C o lu m n s .  Donald Hanson 
ami C h ar le s  Hunt

The g e n e r a l  p r o g r a m  of th i s  invest igat ion c o v e r s  the quest ions  of 
vapor phase p r e s s u r e  drop, l iquid e n t r a in m e n t ,  and pla te  in s tab i l i ty  with r e s ­
pect  to dumping of liquid through p e r f o r a t i o n s ,  but does not include any s tudy 
of m ass  t r a n s f e r  r a t e s  or  l iquid flow p r o b le m s .  To da te ,  w ork  on p r e s s u r e  
d rop  has inc luded s tudy of the following sy s te m  v a r i a b le s :  l iquid height on 
p la te ,  plate p e r f o r a t i o n  d ia m e te r ,  p e r fo ra t io n  spacing, to ta l  a r e a  of p e r f o r a ­
t ions ,  gas d e n s i ty ,  gas viscosity ,  g a s  velocity.

The  next phase  of r e s e a r c h  will be conce rned  with the effect  of 
l iquid s u r fa ce  te n s io n ,  liquid v i s c o s i ty ,  and l iquid den s i ty  upon the p r e s s u r e  
drop.

M a s s - T r a n s f e r  in Agi ta ted  Liquid  S y s t e m s .  Theodore  V e r m e u le n  and H o m e r  Rea

M a s s - t r a n s f e r  s tudies  in ag i ta ted  two-phase  l iqu id  sy s te m s  r e l a t e d  
to solvent e x t r a c t i o n  and he te ro g en eo u s  chem ica l  r e a c t io n ,  have been r e t a r d e d  
by an inabil i ty  to spec i fy  the in t e r f a c i a l  a r e a  available  fo r  m a s s  t r a n s fe r  be tw een  
the phases .  Th is  invest iga tion  was unde r taken  to study the  effect  o* the phys ica l  
p ro p e r t i e s  of s u c h  a sy s tem  on the fo rm a t io n  of in te r fac ia l  a r e a ,  and on the 
re su l tan t  m a s s - t r a n s f e r  r a t e s .  A fully baffled tank was u sed  under  tu rbu len t  
flow condit ions .

f
3



In te rfac ia l  a r e a s  have been d e t e r m i n e d  by l ight t r a n s m i s s i o n  m e a s ­
u r e m e n t s  through the u n s tab le  em uls ion  f o r m e d  during agita tion.

The e f fec t s  of physica l  p r o p e r t i e s  of the. f luids, 9 t i r r i n g  speed, 
i m p e l l e r  geom etry ,  and r e l a t iv e  p ro p o r t io n s  of the two p h ase s  on in te r fac ia l  
a r e a  have been studied.  No gene ra l iz ed  c o r r e l a t i o n  for all of th e s e  va r iab le s  
has  yet  been obta ined.  However  it wa3 found tha t  for each  s y s t e m  inves t iga ted

A = (const . ) 6 $ e ‘ 2 ^  N L 3/ 2

w h e re  A = in te r fac ia l  a r e a ,  c m ^ /c m ^ ,  <J> = volume frac tion of d i s p e r s e  phase ,
N = s t i r r i n g  speed,  L.= im p e l l e r  d i a m e t e r ,  with a different va lue  of the co n ­
s t a n t  for each s y s t e m .  The power r e q u i r e m e n t s  for the ag i ta t ion  of two-phase  
s y s t e m s  were  a l so  inves t iga ted  and w e re  found to be identical  with those for a 
homogeneous  l iquid of equal  mean densi ty .  The study is  be ing ex tended  to 
m e a s u r e m e n t  of m a s s - t r a n s f e r  r a te s  in typ ica l  agita ted s y s t e m s .

i Non-Aqueous  Ion Exchange .  E.  Huffman and Theodore  V e rm e u le n

The ex is t ing  th e o r ie s  of co lum n  p e r fo r m a n c e  w e re  u s e d  to in t e rp re t  
t the  b reak th rough  h i s t o r i e s  on solut ions of a m in e s  in organ ic  s o lv e n t s ,  exchanging

with  Dowex 50 in the hydrogen  form.

Slow r a t e s  of exchange were  g e n e r a l ly  o b se rv ed ,  and p a r t i c l e  d i f ­
fus ion  was found to be the controll ing  m e c h a n i s m .  The ac id  s t r e n g t h  of the 
so lv en t s ,  coupled with the low bas ic i ty  of the  a m in e s ,  is p r o p o s e d  as the d e t e r ­
min ing  factor.  If th is  in t e rp r e t a t i o n  is  c o r r e c t ,  the r a t e s  m e a s u r e d  will apply 
only  to the hydrogen c y c le ,  and not to e x ch a n g e s  between r e a d i l y  d is soc iab le  
ions .  The ra t e s  tha t  w e r e  m e a s u re d  c o r r e s p o n d e d  to " th in  b ed "  opera t ion ,  and 
r e q u i r e d  a new ex tens ion  of the ca lcu la t ion  m e thods .  It follows tha t ,  for non- 
aqueous  hyd rogen -cyc le  ope ra t ions ,  the r e s i n  should be m a in ta in ed  in hydra ted  
fo r m  w hereve r  the o rg a n ic  solvent and p r o c e s s  conditions will p e r m i t .  These  
r e s u l t s  were  given fully  in Report  UCRL-1989.


