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d6ve loppan te  (N), la  d 6 t e r m i n a t i o n  de la  d 6 v e l o p p a n t e  
(P) se r a m ~ n e  ~ l ' 6 t u d e  de l ' 6 q u a t i o n  de  RlCCATI(1). On  
n 'a  done  pas  une  seule c o u r b e  (P) ma i s  r o u t e  une  fami l le  
de courbes  p r o j e c t i v e m e n t  6gales p a r c e  que  d ~ p e n d a n t  
h o m o g r a p h i q u e m e n t  d ' u n e  m S m e  c o n s t a n t e  d ' i n t ~ g r a -  
tion. 

Si m a i n t e n a n t  n o u s  e n v i s a g e o n s  le cas  p a r t i c u l i e r  
Z(/) = - - a l ( t ) ,  c ' e s t -~-d i re  celui  off ta d ~ v e l o p p a n t e  
g6u6ralis6e (P )  se r 6 d u i t  £ u n e  d 6 v e l o p p a n t e  e tass ique  de  
la courbe  (N ) ,  l ' 6 q u a t i o n  (1) se r a m } n e  g la  f o r i n t  

dquat ion d i f f6 ren t ie l l e  du  second  o rd re  en  z(t) qu i  
Iourni t  la  d 6 v e l o p p a n t e  (N) associ~e g la  c o u r b e - b a s e  
(M). C o m m e  a u t r e  cas  pa r t i cu l i e r ,  s igna lons  celui  p o u r  
lequet la  n o r m a l e  en  N ~ Ia c o u r b e  (N) passe  p a r  le 
point  L. R e p r e n a n t  les r e l a t ions  (2), la  c o n d i t i o n  B = 0 
s '6crit  

(4) z '  + a '  e)~ ~' z 
0 2 --  0" T 

Nous  u t i l i sons  la  n o t a t i o n  

(5) ~ ' :  ,o~x + ( a , = -  &z)  '2 soft . ~ a =  ( ~ ) :  

La d 6 v e l o p p a n t e  (P)  es t  a lo rs  df i te rmin~e  p a r  l ' ~ q u a t i o n  
de RmCATI rddu i t e  

A Two-Liquid  Phase Distribution Method for 
the Separation of Metallic Elements  ~ 

I n  v iew of  r e c e n t  p u b l i c a t i o n s  -° desc r ib ing  t h e  s epa r -  
a t ion  of c e r t a i n  e l e m e n t s  b y  s o l v e n t  d i s t r i b u t i o n  
m e t h o d s  i n v o l v i n g  c h e l a t i o n  i t  seems  des i rab le  to  r e c o r d  
the  g en e ra l  p r inc ip l e s  of  s u c h  a m e t h o d  which  were evo lv -  
ed  some  yea r s  ago. T h e  met t}od  d e p e n d s  upon  t h e  f o r m a -  
t ion  of  u n i o n i z e d  c h e l a t e  c o m p o u n d s  b y  t h e  e l e m e n t s  
w i t h  c e r t a i n  o rg an i c  r e a g e n t s  a n d  t h e  sma l l  so lub i l i ty  of 
t he se  c o m p o u n d s  in  w a t e r  c o m p a r e d  to  t h e i r  so lub i l i t y  
in w a t e r - i m m i s c i b l e  o rg an i c  s o l v e n t s  a. T h e  overa l l  equ i -  
l i b r i u m  i n v o l v e d  in t h e  t r a n s f e r  of t h e  e l e m e n t  b e t w e e n  
the  a q u e o u s  p h a s e  a n d  t h e  o rgan ic  p h a s e  m a y  b e  re- 
p r e s e n t e d  b y  t h e  fo l lowing  e q u a t i o n 4 :  

Me+n(w) + nKeH(o) MeKen(o) + nH4(w) (t) 

whe re  Me +n r e p r e s e n t s  t h e  m e t a l  ion of o x i d a t i o n  n u m -  
ber  n ;  K e H  r e p r e s e n t s  t h e  o rgan ic  c h e l a t i n g  g roup ;  
MeKn r e p r e s e n t s  t h e  m e t a l  c h e l a t e ;  (w) r e p r e s e n t s  t h e  
w a t e r  p h a s e ;  a n d  (o) r e p r e s e n t s  t h e  o rg an i c  phase .  

O n e  m a y  def ine  a n  e q u i l i b r i u m  c o n s t a n t ,  K~t,,  for  a 
g iven  e l emen t ,  Me, w i t h  a p a r t i c u l a r  o rgan ic  s y s t e m  as 
follows : 

[MeI(n(o)] [H+(w)] I H+(w)] n 
K = [Mg~-n(k;7} ] -  [i~:H(o)] = DM,. (~v) [KeH(o)] 'i 

(2) 

/•t t (6) Z ' -  ):- Z': + at = o, 

6quat ion  que  n o u s  a v o n s  d6j~ r e n c o n t r 6 e  d a n s  une  pr6c6- 
dente  6 tude .  

I1 es t  i n t 6 r e s s a n t  de  la  r a p p r o c h e r  de  la  fo rme  r 6 d u i t e  
de M. ELI~ CARTAN 

(7) Z ' +  P7,  ~ +  1 = 0 .  

N o u s  a v o n s  

lff* 1 ¢1~ . 

Ainsi p o u r  d e u x  d 6 v e l o p p a n t e s  (N) g p a r a m ~ t r i s a t i o n  
isom6tr ique,  n o u s . o b t e n o n s ,  e n t r e  les d i s t a n c e s  N L  e t  

c o r r e s p o n d a n t e s  la r e l a t i o n  

N--~ {*1" a'* 
(9) N*L~-  = ~1 a ' '  (a~ = a~* = 1). 

G A B R I E L  V l G U I E R  

I n s t i t u t  H.  Po inca r6 ,  Par i s ,  le 30 s e p t e m b r e  1949. 

S u m m a r y  

F r o m  a n  a b s o l u t e l y  a r b i t r a r y  p l a n e  cu rve ,  p a r t i c u l a r  
involutes  a re  d r a w n  t h e  s t u d y  of w h i c h  is r e d u c e d  to  
t h a t  of a d i f f e r en t i a l  e q u a t i o n  of t h e  s e c o n d  order .  As  a 
pa r t i cu la r  case,  ABEL'S e q u a t i o n  is d e r i v e d  aga in ,  a lso 
RlCCATI'S e q u a t i o n  w i t h  t h e  r e d u c e d  f o r m  of E .  CARMAN. 

1 E.CARTAN, Thdorie des espaces a comwxion projective (Gauthier 
Villars, Paris 1937). 

whe re  D.~I(.(~.) r e p r e s e n t s  t h e  d i s t r i b u t i o n  r a t i o n  for  t i le 

e l e m e n t  e x p r e s s e d  as t h e  t o t a l  c o n c e n t r a t i o n  of t h e  
e l e m e n t  in  t h e  o rgan ic  p h a s e  d i v i d e d  b y  t h e  t o t a l  co n cen -  
t r a t i o n  of  t h e  e l e m e n t  in  t h e  w a t e r  phase .  

T h u s ,  for  a n y  g iven  e l e m e n t ,  Me, w i t h  a p a r t i c u l a r  
o rgan ic  s y s t e m ,  t h e  d i s t r i b u t i o n  coef f ic ien t  is g iven  b y  
e q u a t i o n  3 : 

,, ~KeH(o)p (3) 
DM, (~) = K.,,, ilH-%~/i ~ 

Since t i le  va lue  of KM. is d i f f e r en t  for each  e l e m e n t  5 i t  is 
c lear  h o w  such  a s y s t e m  m a y  be used for t h e  s e p a r a t i o n  
of t h e  e l emen t s .  

I t  s h o u l d  be  p o i n t e d  o u t  t h a t  e q u a t i o n  1 is on ly  a n  
a p p r o x i m a t i o n  mid  r e p r e s e n t s  t h e  r e s u l t a n t  of seve ra l  
i n d e p e n d e n t  equ i l ib r i a .  An  e x a m i n a t i o n  of these  equ i -  
l ib r ia  will  r evea l  t h e  v a r i o u s  fac to rs  w h i c h  d e t e r m i n e  
the  des ign  a n d  choice  of t h e  c h e l a t i n g  agen t ,  r e p r e s e n t e d  
by  K e H .  T h e  e q u i l i b r i u m  1 t h u s  cons i s t s  of t h e  s u m  of  
tile four  fo l lowing equ i l i b r i a :  

i Manhattan Project Report CN-2186, December llJ, 19.I.l. 
2 E.ABRAIfAMCZlK, AIlgow. Chel~lie 61, 98 (1u.19). - H. GOrTE, 

Z. Naturforsch. 1, 377 (1946). - B. G. HARVEY, G. HF.AL, A. (~. 
MADDOCK, and iE.I. ROWLI.:Y, J. Chem. See. 1947, 10tu (London). 

a Soivent extraction methods with or without eomplexing agents 
have been in use in an empirical way in analytical chemistry for some 
time. Set WIClt,'~AN, Ind. Eng. Chem. Anal. Ed. I1, 66 (1939) and 
T.I~IOELLER, Ind. Eng. Chem. Anal, Ed. 16, 270, 246 (1943). 

* The following formutatiou appears to be a generalization of the 
specific quantitative formulation for the solvent extraction of ziue 
using dithizone given by ]{OLTIIOFF aml SANDELL (J.Amer.Chem,Soc. 
63, 1906 (1941). 

5 Ill. CALVIN and K.~ILSON, J. Amcr. Chem. Sot. 67, 2003 
(1945).- M.CALvm and R.H.BArLES, J. Amer. Chem. Soc. 68, 949 
(1946). - R.B. DuFvIELn and M.CM.vI~., J. Amer. Chem. Soc. 68, 
557 (1946).- M.CALVI~ and N.C. MELcmOR, J. Amer. Chem. Soc. 
70, 3270 (1948); J. Amer, Chem. Soc. 70, 3273 (1948). 
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nKeH(o) nKeH(w) (4) 

nKeH(w) -, _ _  n K e - ( w ) +  nH+(w) (5) 

Me+~(w) + ~Ke-(w) M~Ke,,(w) (6) 

MeKen(W) ~ MeKcn(O) (7) 

I t  is c lea r  t h a t  some of t he  des i r ab le  p r o p e r t i e s  in  
K e H ,  t h a t  is, p r o p e r t i e s  w h i c h  wou ld  lead  to  a h i g h  
d i s t r i b u t i o n  c o n s t a n t  in  f a v o r  of t h e  o rgan ic ,  p h a s e  t e n d  
to  be m u t u a l l y  exc lus ive .  F o r  example ,  t h e  r e l a t i ve  
s o l u b i l i t y  of t h e  m e t a l  che l a t e  in  t h e  o rgan i c  p h a s e  s h o u l d  
be  h igh ,  w h e r e a s  t h e  r e l a t i v e  s o l u b i l i t y  of t h e  c h e l a t i n g  
a g e n t  in  t h e  o rgan ic  p h a s e  w o u l d  b e t t e r  be  lower  so as t o  
i nc r ea se  t h e  a m o u n t  of c h e l a t i n g  ion  in  t h e  w a t e r  phase .  
I t  is to  be e x p e c t e d  t h a t  t h e s e  t w o  d e s i d e r a t a  will be 
a f f ec t ed  in oppos i t e  d i r e c t i o n s  b y  s t r u c t u r a l  c h a n g e s  in  
K e H .  

P e r h a p s  one  of t h e  m o s t  i m p o r t a n t  c h a r a c t e r i s t i c s  of 
t h e  c h e l a t i n g  a g e n t  is i t s  ac id  d i s soc ia t ion  c o n s t a n t .  
W h i l e  i t  is' t r u e  t h a t ,  in genera l ,  t h e  c h e l a t i o n  c o n s t a n t  
r e p r e s e n t i n g  t h e  s t a b i l i t y  of t he  m e t a l  che l a t e  c o m p o u n d  
( e q u a t i o n  6) va r i e s  i n v e r s e l y  w i t h  t h e  ac id  s t r e n g t h ,  
t h e r e  are  f ac to r s  d e t e r m i n i n g  t h e  c h e l a t e  s t a b i l i t y  
i n d e p e n d e n t  of  t hose  f ac to r s  d e t e r m i n i n g  ac id  s t r e n g t h h  
I t  is t h u s  poss ib le  to  se lec t  a c h e l a t i n g  a g e n t  h a v i n g  a 
fa i r ly  h i g h  ac id  d i s soc i a t i on  c o n s t a n t  so as  t o  p r o d u c e  
fa i r ly  h i g h  c o n c e n t r a t i o n s  of  t h e  c h e l a t i n g  ion in t h e  
w a t e r  phase ,  Ke- (w) ,  w i t h o u t  los ing  t h e  i n t r i n s i c  
a b i l i t y  of t h e  a g e n t  to  form a c h e l a t e  c o m p o m i d .  

T h e  p a r t i c u l a r  g r o u p  of c o m p o u n d s  w h i c h  h a v e  b e e n  
m o s t  success fu l  are  r e p r e s e n t e d  b y  t h e  b e t a - d i k e t o n e s  

O O 
il I 

of t h e  s t r u c t u r e  2 X - - C - - C H 2 - - C - - C F  8, t h e  CF~ g r o u p  
b e i n g  i n t r o d u c e d  t o  i nc rease  t h e  a c i d i t y  of t h e  enol  f o rm 
w i t h o u t  d e s t r o y i n g  t h e  r e s o n a n c e  in  t h e  m e t a l  c h e l a t e  
c o m p o u n d .  A v e r y  use fu l  o rgan ic  s o l v e n t  is b e n z e n e .  

T h e  m e t h o d  of o p e r a t i o n  is r e l a t i v e l y  s imple .  T h e  
e l e m e n t s  m a y  be  a r r a n g e d  in t h e  o r d e r  of t h e  v a l u e  of 
t h e i r  e q u i l i b r i u m  c o n s t a n t s ,  K ( e q u a t i o n s  2 a n d  3). I n  
o rde r  to  i so la te  a n y  p a r t i c u l a r  e l e m e n t  f rom such  a 
m i x t u r e  i t  is n e c e s s a r y  o n l y  to  a d j u s t  t h e  h y d r o g e n  ion 
c o n c e n t r a t i o n  a n d  t h e  c h e l a t i n g  g r o u p  c o n c e n t r a t i o n  
s u c h  t h a t  all  t h e  e l e m e n t s  h a v i n g  va lues  of t h e  c o n s t a n t  
l a rge r  t h a n  t h e  des i red  e l e m e n t  p lus  t he  des i r ed  e l e m e n t  
a re  r e m o v e d  f r o m  t h e  w a t e r  p h a s e  i n t o  t h e  o rgan ic  phase .  
Th i s  is t h e n  fo l lowed b y  a r e - e x t r a c t i o n  of t h e  o rgan ic  
p h a s e  b y  a w a t e r  p h a s e  h a v i n g  a s o m e w h a t  h i g h e r  ac id  
c o n c e n t r a t i o n  s u c h  t h a t  t h e  des i r ed  e l e m e n t  is t h e  o n l y  
one  r e - e x t r a c t e d  i n t o  t h e  w a t e r  p h a s e  s ince  i t  mus t ,  of 
necess i ty ,  h a v e  t h e  lowes t  v a l u e  of K of al l  t h e  e l e m e n t s  
in  t h e  o rgan ic  phase .  

I f  t h e  K v a l u e s  are  su f f i c i en t ly  w ide ly  s e p a r a t e d  in  
a n y  p a r t i c u l a r  m i x t u r e ,  s u b s t a n t i a l  p u r i t y  of t h e  e l e m e n t  
c an  be o b t a i n e d  in a s ingle  cycle,  t h a t  is, once  i n to  t h e  
o rgan ic  p h a s e  a n d  once  r e t u r n e d  to  t h e  a q u e o u s  phase .  
H o w e v e r ,  if t h e  va lues  of K are  t oo  close t o g e t h e r  t o  
a l low s u c h  a s e p a r a t i o n  in  a s ingle  cycle,  i t  is qu i t e  c l ea r  
h o w  a m u l t i p l e  cycle  a r r a n g e m e n t  m a y  b e  a c h i e v e d  a n d  
a t r a c t i o n a t i o n  of t h e  e l e m e n t s  a c c o m p l i s h e d  in  m u c h  t h e  

s a m e  w a y  as  a f r a c t i o n a l  d i s t i l l a t i o n  is accompl i shed  
e x c e p t  t h a t  in  t h i s  case  t h e  t w o  p h a s e s  a re  b o t h  liquid. 

~1. CALVIN 

D e p a r t m e n t  of  C h e m i s t r y  a n d  R a d i a t i o n  Labora to ry ,  
U n i v e r s i t y  of Cal i forn ia ,  Be rke ley ,  C a l i f o r n i a £  Feb rua ry  
1, 1950. 

Z u s a m m e n [ a s s u n g  

E i n e  a l lgeme ine  M e t h o d e  fiir  die T r e n n u n g  y o n  Me- 
t a l l e n  d u r c h  V e r t e i l u n g  zwi schen  zwei L 6 s u n g s m i t t e l n  
w i rd  b e s c h r i e b e n .  Die  M e t h o d e  b e s t e h t  in  d e r  Bildung 
y o n  n i c h t i o n i s i e r e n d e n ,  u n d  d a h e r  in  o rgan isehen  
L 6 s u n g s m i t t e l n  16sl ichen C h e l a t  - V e r b i n d u n g e n  der 
Meta l l e  m i t  b e s t i m m t e n  f l -D ike tonen .  Die  T r e n n u n g  
h / i n g t ' v o n  d e r  V e r s c h i e d e n h e i t  m e h r e r e r  E igenscha f t en  
d e r  e inze lnen  m e t a l l i s c h e n  Ch e l a t e  ab.  Die  Grund lagen  
ftir die A u s w a h l  de r  f l -Dike tone  ffir b e s t i m m t e  Metalle 
w e r d e n  a n g e g e b e n .  

1 The work described in this paper was sponsored by the Atomic 
Energy Commission. 

Polarographische Bestimmung der Komplex- 
bildungskonstanten der Schwermetallkomplexe 

der NitrilotriessigsiiurO 

D a  eine d i r ek t e  B e s t i n u n u n g  v o n  K o m p l e x b i l d u n g s -  
k o n s t a n t e n  de r  Ni t r i lo t r i e s s igs / iu re  y o n  gr6Beren  Wer ten  
als 10 s aus  d e n  P H - T i t r a t i o n s k u r v e n  a n f ~ n g l i c h  au f  ge- 
wisse Sch w i e r i g k e i t en  stiel32, v e r s u c h t e  I. K(SSSLER, diese 
K o n s t a n t e n  p o l a r o g r a p h i s c h  zu b e s t i m m e n .  Es  h a t  sich 
gezeigt ,  d a b  die p o l a r o g r a p h i s c h e  S t r o m s p a n n u n g s k u r v e  
d e r  L 6 s u n g e n  yon  Me t a l t s a l zen  bei  de r  A u w e s e n h e i t  yon 
Ni t r i lo t r i e ss igs / iu re  zwei S t u f e n  zeigt ,  y o n  d e n e n  die 
pos i t i ve re  de r  R e d u k t i o n  d e r  f re ien  Meta l l i onen ,  die 
zwei te  d e r  d i r e k t e n  R e d u k t i o n  des  K o m p l e x e s  zuzu- 
s c h r e i b e n  ist.  U n t e r  d e r  V o r a u s s e t z u n g ,  daB die Zerfall- 
u n d  B i l d u n g s g e s c h w i n d i g k e i t e n  des  K o m p l e x e s  n i ch t  zu 
grog s ind,  e n t s p r i c h t  die H 6 h e  d e r  e r s t e n  Reduk t ions -  
s tu fe  d e r  K o n z e n t r a t i o n  d e r  f re ien  M e t a l l i o n e n  in der 
L6sung .  I n  d i e sem Fal le  w/ire es m6gl ich ,  die Komplex-  
b i l d u n g s k o n s t a n t e n  in e ine r  g e p u f f e r t e n  L 6 s u n g  zu be- 
s t i m m e n ,  d a  

[MX'] [3//X'] - [H +] 
A'MX 

[M++]. [X-'] = [M~ +]- [IiX"]. 1~x 

(in - # ) .  [H+] 

we Cs die G e s a m t k o n z e n t r a t i o n  de r  Nitr i lotr iessigst iure,  
Cm die G e s a m t k o n z e n t r a t i o n  des Meta l l ions ,  K x  die 
d r i t t e  D i s s o z i a t i o n s k o n s t a n t e  d e r  Nitri lotricssigs~iure,  
i l die S t u f e n h 6 h e  de r  f re ien  M e t a l l i o n e n  bei  de r  Anwesen- 
h e i t  y o n  Ni t r i lo t r iess igs / iu re ,  i~ die S t u f e n h 6 h e  bei  der 
A b w e s e n h e i t  y o n  Ni t r i lo t r i e s s igs / iu re  b eze i ch n e t .  

Be i  d e n  V e r s u c h e n  w u r d e  die Wasse r s to f f ionen-  
k o n z e n t r a t i o n  d u r c h  P u f f e r l 6 s n n g e n  y o n  ve r sch iedenem 

1 hi. CALVIN and K.Wn.soN, J. Amer. Chem. Soc. 67,200:¢ (194.%). 
- M.CALvlN and R.H. BAILES, J. Amer. Cheul. Soc. 68, 949 (1946J. - 
R.B. DuvVIELD and M.CALvlN, J. Amer. Chem. See. 68, 557 (1946). - 
:~I. CALvIN and N.C.MELcHIoIL J. Amer. Chenl. Soc. 70, 3'270 (1948); 
J. Amer. Chem. See. 70, 8273 (1948), 
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