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F o r m a t io n  C o n s ta n ts  o l th e  C o m p le x  S p e c ie * F o rm e d  b y in te r a c t io n  of R a r e -  

E a r th  Nit* i lo t r is .c e ta te  C o m p ie x e e  w ith  an E q u iv a le n t A m ount nf B ase*

«

ASIM K . G U P T A  and  JA C K  E . P O W E L L

In s t i tu te  fo r  A tom ic  R e s e a r c h  an d  D e p a r tm e n t of C h e m is t ry  

Iow a S ta te  U n iv e rs i ty ,  A m e s , Iow a

A b s t r a c t - - T h e  fo rm a tio n  c o n s ta n ts  of th e  RChOH s p e c ie s ,  

fo rm e d  by in te r a c t io n  of in d iv id u a l r a r e - e a r t h  n i t r i l o t r i -  

a c e ta te  s p e c ie s  and KOH a t 2 5 *C and  an  io n ic  s t r e n g th  of

0. i ,  h a v e  b een  d e te im in e d  by th e  p o te n t io m e tr ic  m e th o d .

1 .  e . ,  c o m p u te d  f ro m  the pH v a lu e s  of e q u il ib r iu m  m ix tu r e s  

c o n ta in in g  v a ry in g  p ro p o r t io n s  o f r a r e - e a r t h  c o m p le x  and 

b a s s .  T he r e la t io n s h ip  of th e s e  c o n s ta n ts  to  the  io n -e x c h a n g e  

s e p a r a t io n  of h a re  e a r th s  a t  h igh  pH h a s  been  d is c u s s e d .

In tro d u c tio n

F r o m  th e  pH b u ffe r in g  p r o p e r t i e s  end  th e  s o lu b ili ty  of r a r e - e a r t h  

n i t r i l o t r i a c e t a t e  (NTA) c o m p le x e s  in  b a s e ,  aa  w e ll a s  f ro m  th e  r e s u l t s  

o f s  p re v io u s  in v e s tig a t io n  of th e  r e a c t io n  of r a r e - e a r t h  H ED TA  c o m p le x e s  

w ith  b a s e ,^  i t  h a s  b e e n  a s s u m e d  te n ta t iv e ly  th a t  v e ry  s p a r in g ly  so lu b le  

n e u tr a l  RCh s p e c ie s  c o m b in e  w ith  an e q u iv a le n t  am o u n t of b a s e  to  fo rm
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c o m p le x  s p e c ie s  of the  type RChOH *. T h a i  i s .

RCh ♦ O H ’ =  RChOH" j K RChOH*
RChOH * R C h * O H -

w h e r e  R** and  Ch * deno te  the  r a r e - e a r t h  c a t io n  and  the  n i l r i l o t r i -  

a c e t a t e  (NTA) a n io n ,  r e s p e c t iv e ly .  A v a i la b le  d a ta  a r e  in  good a g r e e ­

m e n t  w ith  th i s  a s s o c i a t io n  m e c h a n i s m .

At a  f ix ed  ion ic  s t r e n g th  an  a p p a r e n t  f o r m a t io n  c o n s ta n t ,  b a s e d  

on c o n c e n t r a t i o n s ,  c a n  be d e f in e d  a s  fo l lo w s:

(RChOH “ ) VRCh * VOH*
K RChOH x (R C h )  |O H ” J * YRChOH" K RChOH *

Such c o n s ta n t s  a r e  v a lu a b le  in p r e d ic t in g  w ha t s e p a r a t io n s  m a y  be  a c h ie v e d  

w hen  U n a r y  r a r e - e a r t h  m ix t u r e s  a r e  e lu te d  dow n c a t io n - e x c h a n g e  s y s t e m s  

w ith  N TA u n d e r  a lk a l in e  c o n d i t io n s .  C o n s e q u e n t ly ,  i t  w a s  d e c id e d  to  

s tu d y  th e s e  a p p a r e n t  f o r m a t io n  c o n s ta n t s  a s  a  fu n c t io n  of the  a to m ic  n u m ­

b e r  of the c e n t r a l  r a r e - e a r t h  ion .

E x p e r im e n ta l

P r e p a r a t i o n  of the  R e a g e n ts . - All the  r a r e - e a r t h  n i t r i l o t r i a c e t a t e s ,  

e x c e p t  the y t t r iu m  c o m p o u n d , w e r e  su p p l ie d  by D r .  S. C . L ev y , f o r m e r l y  

of th i s  l a b o r a to r y .  3 T he c o m p le x e s  w e re  r e c r y s t a l l i s e d  by the fo llo w in g  

m e th o d .  The c o m p le x  c o m p o u n d  w as  c o m b in e d  w ith  d i s t i l l e d  w a te r  and  

h e a te d  a s  a m in im u m  a m o u n t  of a lk a l i  w a s  a d d e d ,  d r  >p by d r o p ,  u n t i l  

d i s s o lu t io n  w as  c o m p le te .  T he  so lu t io n  w a s  then  f i l t e r e d ,  a c id i f ie d  to  a 

pH  b e tv a e n  5 and  6 by a d d it io n  of HC1, and  h e a te d .  T he  n e u t r a l  1:1
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r a r e - e a r t h  N TA  c o m p le x  im m e d ia te ly  r e p r e c ip i ta te d  and  v a i  f i l t e r e d  

o ff an d  d r i e d  in  th e  a i r .  A f te r  a e v e ra l  d a y s  w e ig h ed  s p e c im e n s  w e re  

a s s a y e d  fo r  r a r e - e a r t h  c o n te n t by  a sh in g  to  * t 9 0 0 *C and  w e ig h in g .

T he y t tr iu m  c o m p le x  s p e c ie s  w a s  p r e p a r e d  by th e  d i r e c t  r e a c t io n  

o f y t t r iu m  c h lo r id e  w ith  an  e q u iv a le n t  a m o u n t o f t r is o d iu m  n i t r t l o t r i -  

a c e ta te .  T h e  p r e c ip i t a te  of y t t r iu m  n i t r i l o t r i a c e t a t e  w a s  th e n  p u r i f ie d  

by s e v e r a l  r e c r y s t a l l i s a t i o n s  of th e  ty p e  d e s c r ib e d  ab o v e  and  a s s a y e d  

fo r  r a r e - e a r t h  c o n te n t.

A 0. 002M s to c k  so lu tio n  of e a c h  r a r e - e a r t h  c h e la te  (e x c e p t L a ,

C e , 9 m , a n d  E u c h e la te s )  w as p r e p a r e d  by d is s o lv in g  th e  r e q u i r e d  a m o u n t 

o f so lid  c h e la te  in  b o ilin g  c o n d u c tiv ity  w a te r .  In the  c a s e s  o f th e  L a , C e ,

S m , and E u c h e la te s ,  0 . 0002M s o lu t io n s  w e re  p r e p a r e d ,  due to  th e  low  

so lu b ili ty  and slow  r a te  of d is s o lu t io n  of th e s e  c o m p o u n d s . E a c h  so lu tio n  

w a s  s ta n d a r d is e d  by d e te rm in in g  th e  e q u iv a le n t r a r e - e a r t h  o x id e  c o n te n t 

by  th e  u s u a l  g r a v im e t r ic  p r o c e d u r e ,  i . e . ,  p r e c ip i ta t io n  a s  th e  o x a la te  

fo llo w ed  by th e r m a l  d e c o m p o s itio n  to  the  o x id e  a t  900*C .

A 0 . 01M so lu tio n  of c a r b o n a te - f r e e  KOH w as p r e p a r e d  by the  

m e th o d  of P o w e ll  and  H ille r*  and  w a s  s ta n d a r d is e d  a g a in s t  HCd (H ED TA ) 

by  th e  m e th o d  of P o w e ll ,  F r i t s ,  and  Jaxm  s .*

A ljM so lu tio n  of KNO^ w a s  p r e p a r e d  by d is s o lv in g  a  m o le  of KNO^ 

in  c o n d u c tiv ity  w a te r  in  a  1-l i t e r  v o lu m e tr ic  f la s k .

E x p e r im e n ta l  P r o c e d u r e . - F i f ty  m l of RCh s to c k  so lu tio n  and  te n  

m l o f 1M K N O } so lu tio n  w e re  in tro d u c e d  in to  e a c h  of te n  c a l ib r a t e d  150-m l volu­

m e t r ic  f l a s k s .  V a ry in g  a m o u n ts  (one to  te n  m l g e n e ra l ly  and  one te n th  

to  one m l in  th e  c a s e s  of L a , C e , 5 m , an d  Eu) o f 0 . 01M KOH w e re  added
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to  e a c h  f la s k . T he so lu tio n *  w e re  n ex t d i lu te d  so  th a t  th e y  w e re  0 . 1M 

w ith  r e s p e c t  to  KNO^ and  0. 001M  w ith  r e s p e c t  to  to ta l  r a r e - e a r t h  

s p e c ie *  (0 .0 0 0 1 M  in  the  c a s e  of L a , Co ,  Sm , and £ u ) and w e re  a llo w e d  

to  e q u il ib ra te  in  a  25* w a te r  b a th  fo r  100 h r .  T h en  th e  pH  of e a c h  s o lu ­

tio n  w as r e a d  by m e a n s  of a  B e ck m an  Z e ro m a tic  pH m e te r  s ta n d a r d is e d  

a g a in s t  p H -7 b u f fe r .  F ro m  th e  pH v a lu e s  of th e  v a r io u s  so lu tio n s  and  

th e  m e a n  a c t iv i ty  c o e f f ic ie n t  of th e  h y d ro x y l ion  a t  25* and  io n ic  s t r e n g th  

0 . 1, th e  c o n c e n tr a t io n  of th e  h y d ro x y l ion w a s  c o m p u te d  an d  u s e d  a s  the  

b a s i s  fo r  c a lc u la t io n  K’RChOH f ro m  m a te r i a l  b a la n c e s  and e q u a tio n  2. 

T h a t i s ,  K'RChOH w a s  re d e f in e d  a s

w h e re  (OH^) r e p r e s e n t s  th e  c o n c e n tr a t io n  of h y d ro x y l ion  th a t  w ou ld  hav e  

r e s u l te d  f ro m  the a m o u n t of h * te  a d d e d , had  no a s s o c ia t io n  o c c u r r e d .

a r e  a v e r a g e  v a lu e s ,  e a c h  c o m p u te d  f ro m  se v e n  ra n d o m  p o in ts  ta k e n  f ro m  

th e  p lo t of pH v s . m i l l i l i t e r s  of b a se  ad d ed  b e tw ee n  th e  l im i ts  a * 0 . 25 

a n d  a  * 0 , 05 (a i s  th e  r a t io  of m o le s  of b a s e  ad d ed  to  m o le s  of RCh o r i g ­

in a l ly  p r d s e n t ) .  T he  d a ta  w e re  t r e a te d  s t a t i s t i c a l l y  so  th a t th e  l im i t s  

g iv e n  in  T a b le  1 d e fin e  the  in te r v a l  of 90% c o n fid e n c e .

KLRChOH { l . O O x l O " 3 - <OHt) V  lO H "] }  ( O H l

*  3*
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T a b le  !

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

r a r e - e a r t h  c h e l a t e s

t  » 25* , p  * 0 . 1 (K N 0 3)

r a r e  e a r th •!!
log ICRCbOH

L a 57 5 .0 9  * .1 1

C e* S i m m

P r 59 1 .7 2  * .0 5

Nd 60 5 .0 6  * 0 5

P m 61 « *  —

9m 62 6 .5 9  * 0 5

9m 63 6 .0 4  * 0 8

Gd 64 6 .5 4  * 0 5

T b 65 6 .6 7  * 0 5

f>y 66 6 .0 4  * .1 0

Ho 67 6 .6 6  * 0 9

E r 60 6 .5 6  * 0 5

T m
i

69 6 .2 4  * 1 1

Yb 70 6 .2 9  * 1 2
L u 7 i 6 .3 0  * 1 0

Y 39 6 .3 9  * 0 4

a Th« K ^C hO H  da** fo r  c e r iu m  d r i f te d  u p w a rd  one  log  u n it b e tw een  

a * 0 . 2S an d  a  * 0 . 85 . A p p a re n tly  c e r iu m  (III) tend*  to  be o x id is e d  to  

cerium  (IV) a e  b a s e  ia  ad d ed  to  c b e la te  so lu tio n * .
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Th« value of log ^ ^ c h O H  i# r#1*t i^ y  c«

k neodym ium  but r is e s  s tead ily  th e r s a l ts r  to a m axim um  of 4. S4 

turn. A sh a rp  drop  o ccu rs  at gadolinium  and is  follow ed by a 

r is e  in s tab ility  through dysp ro siu m . A fter d y sp ro siu m  tbs s tab ility  

d ec lin es  g rad u ally  to a re la tiv e ly  co n stan t level again  fo r the la s t  th ree  

e lem en ts , thu lium , y tte rb ium , and lu te tiu m .

A co m p ariso n  of the behavior of R(NTA) ch e la te s  with tha t of 

R(HEDTA) ch e la te s  in the p re sen ce  of bnee (F ig u re  1) re v e a ls  tha t the 

affin ity  of the R(NTA) sp ec ies  for the hydroxyl ion is  g re a te r  than the 

affin ity  of the co rrespond ing  R(HEDTA) com pound fo r OH~ in ev e ry  ca se .

Although the ra tio  of * A<NTAK>H KR(HEDTA)OH im about 270 ** th# 

c a se  of R equal to lan thanum , i t  is  only 15 when R equals  lu te tiu m .

The behav io r of r a r e  e a r th s  in ion-exchange sy s tem s in the 

p re se n ce  of NT A is  com plica ted  by the tendency of R(NTA) sp ec ie s  to 

a s so c ia te  with additional NTA anion to fo rm  R(NTA)2 sp e c ie s , the 

co n s tan ts  of w hich can be e x p re s se d  a s  follow s: 

iR C kj3- |
Ki * iie*k j fcii ■ i *

It can  be a s c e r ta ' *ed by m eans of F ig u re  2 tha t i i  of the o rd e r  of 

102 tim es  the m agnitude of C onsequently , in s itu a tio n s w here

ex c ess  NTA anion is  av a ilab le , R C h^3’ sp e c ie s  fo rm  in p re fe re n c e  to 

RChOH" sp e c ie s . That is  why, when r a r e  e a r th s  a re  e lu ted  with 0. 026M 

NTA eluan t, even a t pH 9, the ra tio  of to ta l NTA to R in the e luate  never
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(HEDTA)

Lo Ce Pr Nd Pm Sm Eu
57 58 59 60 61 62 63

ELEMENT
ATOMIC NUMBER

f  » !. A  c u m p 4 M o n  ot the s ' a b . h *  v c o n n i n ' - -i t m  i o m p l e t e i  f j r m f d  ■
t a r e  e a r t h  N T A  and r a r e  r»h i . E D I A  *nd *•*» hvdr<»Ky! . o r .
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i f .  1. A c o m p a r . i o n  of the  v e n o u s  p r i m a r y  s t a b i l i t y
c o n s t a n t s  o b s e r v e d  in the  r a r e - e a r t h  NT A s y s t e m  
a s  wel l  a s  l o g ic a l  c o m b i n a t i o n s  at t h e s e  c o n s t a n t s .

T*?**®*''*** * *  xr tm tt  T  i tfd j ll l tr 'ilfiweo i i  I Will .mu .: I .111
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F ig . t .  A co m p ariso n  of th s s tab ility  co n s tan ts  of tha com plexes 

fo rm ed  betw een r a r e - e a r th  NTA and r a r e - e a r th  HEDTA 

and the hydroxyl ion.
*

F ig . 2. A co m p ariso n  of the v ario u s p r im a ry  s tab ility  co n stan ts

o b se rv ed  in the r a r e - e a r th  NTA sy s tem , a s  well a s  log ical 

com binations of th ese  co n s tan ts .
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