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STUDIES OF HYDROUS ZIRCONIUM OXIDE. 1. 

METAL IONS ON HYDROUS ZIRCONIUM 
OXIDE: QUANTITATIVE SEPARATION OF 

Bi(lll) FROM SEVERAL OTHER METAL IONS 

THIN-LAYER CHROMATOGRAPHY OF SOME 
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West Bengal, India 
2Department of Chemistry 

Durgapur Government College 
1 Durgapur, West Bengal, India 

Visva-Bharati, Santiniketan 731 235 

AUS TRAC T 

The a n d y t i c i l  p o t e n t i a l i t y  o f  h y 8 r o u s  a i r -  
co i ium o x i d e  a5 an i o n e x c h i n g e r  has b e e n  i n v e s t i -  
k e t e d  by t h i n - l a y e r  c h r o m a t a g r a p h i c  ( T L C )  t e c h a i -  
que.  d i n e e r - f r e e  t h i n - l a y e r s  o f  h y d r o u s  z i r c o n i u m  
o x i d e  a r e  u - , e f u l  f o r  2 5  t e r n a r y  and 12 q u a t e r n p r y  
s e p z r n t i o n s .  Q u s n t i t a t i v e  s e p a r a t i o n  of a i  ( 111) 
from some t e r n - r y  and  q u a t e r n a r y  m i x t u r e s  o f  m e t a l  
i o n s  h-.s been  achieved .  
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IlVTXODUC T I O N  

SEN, DAS, AND GHOSH 

I n  c o n t i n u a t i o n  of  o u r  work o n  I I Z C  s t u d i e s  

on h y d r o u s  s t a n n i c  o x i d e  ( I ) ,  i n  t h i s  communica- 

t i o n  we r e p o r t  t h e  s y s t e m a t i c  i n v e s t i g a t i o n  o n  

t h i n  l a y c r  chromatography o f  m e t a l  i o n s  u s i n g  b in-  

d e r  f r e e  l a y e r s  o f  h y d r o u s  a i rconium o x i d e .  Sim- 

p l e  aqueous h y d r o c h l o r i c  2c i d  n.nd mixed aqueous  

o rg a n i c  s o l v  e n t s y s t em 3 c o n t  CL i ni ng hy  (' --o c 111 o r i c 

RC i d / n i t r i c  9c i d  p l u s  T L ~  e t o n e /  d ioxanc/d  ime t h y 1  s u l -  

phoxida  have  beon us+. ;Some i m p o r t a n t  and u s e f u l  

s e p a r a t i o n s  c o n t a i n i n g  t e - r n - r y  p.nd q u a t e r n a r y  m i x -  

t u r e  o f  rnet-1 i o n s  have  been  a c h i s v e d .  A q u x n t i t a -  

t i v e  s e p z r a t i o n  scheme f o r  s e p a r a t i o n  of  n i c r o g r a m  

amount o f  B i  (111) f r o m  the  m i x t u r e  o f  severa l  met5.l 

i o n s  hE.s b e e n  developed.  

~ZPEIIIAQ,AAJ .I!,!& 

l p p  a ra t  us --- 
Thin l a y e r :  o f  h y d r o u s  z i rconium o x i d e  were 

p r e p a r e d  o n  glzss p l a t e s  (2Ox3cm) which s u b s e q u e n t -  

l y  developed i n  s e v e r a l  s o l v e n t  system:; i n  glass 

jars (25x7 cm). 

Reagents  --- 
Chemicals  nnd s o l v e n t s  used i n  t h i s  work were 

o f  a n z l y t i c d  g r a d e  ( 3 .  D. X. / 9. l"Iei.ck/S. Merck) .  
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HYDROUS ZIRCONIUM OXIDE. I 3001 

P r e p - r a t i o n  o f  Ion-exchsnge  m a t e r i , - l s  o n  t h i n  l a y e r  
p l a t e s  
--- 

_I riydrous z i r c o n i u n  oxide was prep7.red by ac'din: 

1 .OM h?r s o l u t i o n  t o  6. IEI Z r O C l  s o l u t i o n  i n  O. l r* l  3 2 

L C 1  ( 2 :  1 )  w i t h  c o n s t a n t  stirriLx ( 2 ) .  The p r e c i p i -  

t a t e d  o i rconium o x i d e  vms k e p t  w i f ' h  t h e  m o t h e r  l i n u -  

or a t  room txnpere . ture  f o r  f i v e  days  for ageiwy.  

P h e n  it w a ;  P i l t e r e d ,  wsshed - 7 i t ' C i  d e i o f i i s e d  w a t e r  

?overs1  times u a t i l  f r e e  from c h l o r i ? n ,  F i r  d r i e ? ,  

: ~ L i i c i  i ;iiited. a t  ~ O O O C  i n t o  2 rnuffl.3 f u r n s . c e  f o r  a n  

h o u r .  ,The m a t e r i . - : l  Ira3 the21 powdered ,.!nr s l u r r i e d  

-7 i th  a. l i t t l e  6 e i o n i s e d  w a t e r  i n  a m o r t a r .  I t  l i ps  

thc.11 s p r e a d  o v e r  t h e  slass p l a t e  w i t h  t h e  hell2 of 

an s p L > l i c a t o r  (1) .  ; i lnos t  uniformly t h i n  l a y e r s  (0 .1  

;am t h i c k n e s s )  v=re o b t - i n e d ,  which were r e z d y  for 

u s e  a f t e r  d r y i n g  in air. These p l a t e s  gave reprodu-  

c i b l e  RF v a l u e s .  

T e s t  s o l u t i o n s  --- 
The t e s t  s o l u t i o n s  i n  g e n e r - 1  had 3 met-1 co-1- 

c e n t r ,  t i o n  o f  4 m g / m l  ( n i t r ? t e / c h l o r i d e ) .  

D e t e c t i o n  r e a g e n t s  

(a) Yellow an;ionium sulpkiicle s o l u t i o n  : P b ( I I ) ,  Az( I j ,  

Y ~ ~ ( I I  1, ~ l ( l ) ,  a i ( I I1 ) .  

( b j  0.05/1 b e n z i d i n e  i n  l o p  a c e t i c  a c i d  : I l n ( i I ) ,  

A u ( I I 1 ) .  
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3002 SEN, DAS, AND GHOSH 

( c )  d i t h i s o n e  (1-2 mg) i n  100 ml CC1 Cd(II), 4 :  

I$ e t h a n o l i c  dimethylglyoxiome : l I i ( I 1 ) .  

5;6 KI s o l u t i o n  : Y t ( I V ) .  

6.2p rubeanic  a c i d  : Co(II), Cu(I1). 

7 o l v  e n t  systems ---- 
The fo l lowing  s o l v e n t  system:; were uscd i n  t h e s e  

s t u d i e s .  

1 .  0.114 X C l  e e j u s t e d  to pII 1 ,  2 and 3. 

2. Slioxane : 0.111 321 = ( l : l ) ,  ( 1 : 2 ) ,  (2 : s )  ( v / v )  

3. Acetone : 0.1M i i C l  = ( l : l ) ,  (1 :2 ) ,  ( 2 : 5 )  ( v / v )  

1. Acetone : 0.114 Hh03= ( l : l ) ,  ( 1 : 2 ) ,  (2:s) (v/v). 

I t  was foul12 'ihTt, i n  presence of .nixed ENSO- 

XCl, t h e  t h i n  1 : ryers  tqnded to s p l i t  o f f  t h e  plates. 

!!ence t h i s  s o l v e n t  w3~3 avoided i n  o u r  work. 

P licl J 2 uu ;? 1 -- 
One or tvo d r o p s  0-F t h e  t e s t  s o l u t i o n s  xiere 
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HYDROUS ZIRCONIUM OXIDE. I 3003 

disodium sa l t  o f  5DTL ( 3 )  s o l u t i o n .  The kno:.rn a i o u n t  

of s y n t h e t i c  m i x t u r e  c o n t a i n i n g  3i(  111) w a s  a 7 p l i e d  

- : i t h  t h e  h e l p  o f  a m i c v o p i g e t t c  o n  t h e  l i n e  of  a p p l i -  

3 c z t i o r i .  Phe p l a t e s  were Leveloped i n  acetone-XN0 

qystem. A p i l o t  a l e t e  was r u n  s i m u l t a n e o u s l y  t o  l o c c -  

t e  t h e  p o ~ i t i o n  o f  a i ( I I 1 )  by detecting with ye l low 

-.,,imonium s u l p h i d e .  The areii con-r.sponZin; t o  3 i (  111) 

 as s c r a t c h e d  o u t  ( 4 )  from t h e  working p l a t e  rnc! 

J i ( I I 1 )  wss dete;xnined s p n c t r o p h o t o m e t r i c a l l y  by 

i o d i d e  method ( 5 ) .  

- HJdUL r T  a1 iD  T I  ; G U b i ~ l d A i  

The r e e u l t s  of our L'LC s t u d i e s  r e v e a l  t h z t  mos t  

o f  t h e  m e t a l  i o n s  h:.ve a p p r e c i a b l e  ;iF v a l u e s  b o t h  i n  

d i l u t e  HCL an6 i-i mixe6 s o l v e n t  s , r s t e r n  c o n t z i n i n g  

u i o x z n e / a c y t o n e  ~31.u- ifcl/LiL:u -TIIS Zener31 trend i n  

LIF v ~ l u e s  i, t h a t  somc a f  ?he r n e t n l  i o n s  h7ve 1 o ~ z ~  

Ll v a l u e s  i n  r i C l  system t h 3 ~ 1  A?03 systct.1. T h i s  i:; 

c o n s i s t e a t  v i t h  t h e  e x p e c t a t i o n .  LLydrous z i r c o a i u r i  

oxidr= a c t s  ai; a c o t i o n  e x c h a a z c r  T S  w e l l  n s  n,n ai i ion 

exch-nizer. I t  a c t s  IS zn n L o n  exch3itl .er  i n  e c i d  

ri,edium. Ync. p r o b a b l e  e q u i l i l - i -  a y e  

3' 

P 

,The b a r s  r e f e r  i n  excha.rq.;er. 
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3004 SEN, DAS, AND GHOSH 

,The a n i o n i c  chlorocoir:plexes of some m e t a l s  are s t r o n z -  

ly adsorbe?  by t h e  exchanger i n  i i C l  lnedium and hence 

2 ,  v a l u e s  of  t h e s e  n?eta,l i ons  a r e  sma l l .  
* 

The X v d u c s  o f  n e t d .  i ons  which. d-o not forni P 

chlorocomplexes decrea.=e wi th  i n c r e a s e  o f  p 9  o f  t h e  

so lven t  system. Then hydrous zirconium ox ide  a c t s  as 

a c a t i o n  errckio.nEer, i t s  c a t i o n  ex::h,-..Lide p r o p e r t y  

increnec  x i t h  i n c r e a s e  o f  p;l o f  t h e  s o l v e n t  sy:siern 

and. t hus  the  decreac:n o f  9 v a l u e s  i s  eviz-snt .  F 

05- 
Z r 0 2 .  xE20 --- - Z r 0 2  (x-  1 ) H ~ o .  OH- +I :~o  

Z r O 2  (x-1)  ~ ~ 0 . 0 ~ -  ... H+ + o f  
The b a r s  refer i n  exchanger.  

I n  mixed s o l v e n t  systems a l l  t h e  me ta l  i o n s  

except  d i ( L I I ) ,  A ~ ( I )  and P t ( I V )  a r e  moved up f r o m  

the  ba3e l i n e  (Tab le  1 nnd 2). On t h e  b a s i s  o f  t h i n  

q u a n t i t a t i v e  s e p a r a t i o n  o f  Ji(III j from s e v e r a l  

o t h e r  meta l  i o n s  i n  t h e  t:*ixture has  been  made (Tab le  

3 ) .  All t h e  results g iven  i n  Table 1 , 2  and 3 a r e  t h -  

avere.ge o f  t r i p l i c a t s  runs .  Noreover,  t h e  sepclra- 

t i o n s  i n  acetone-Hd0 system ( e ? t e r  development) a 

much b e t t e r  de f ined  and s h a r p e r  thcm tho-e obta ined  

3 
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HYDROUS ZIRCONIUM OXIDE. I 3005 

d i ( I11 ) ( 0-0 ) - Au( I11 ) ( 0.20-0.23 - id n( I I ) ( 0.88-0.9 5 ) - Z o ( I 1 )  0.8-0. SO) 

(0 .1-0 .15)  - Zn(L1 
(0.1-0.16) - Cd(I1  

11) 0.3-0.5) - Mn(I1) 
(0.3-0.5) - i’o(L1) 
( 0 . 2 - 0 . 7 )  - Z n ( I I ) ( O .  8-0.9 
( 0 . 2 - 0 . 6 )  - C d ( I I ) ( O .  6 5 - 0 . 7 )  

- A ~ i ( 1 1 ) [ 0 . 8 5 - 0 , 9 2 )  

t d i ( I I I ) ( O - O ) - A ~ ( I 1 I )  0.1-0.16) - T l ( I ) ( O . 6 - 0 . 7 )  

~ i ( I I I ) ( O - O ) - c u ( I I >  ( 0 . 2 - 0 . 6 )  - J!l(I)(O. 6-0.7)  
. c ( I )  0-0) - A u ( I I I )  (0.1-0.15) - Mn 
I,( I ) (  0 - 0 )  - ~ u ( 1 1 1 )  (0 .20-0.27)  - 
A ~ ( I ) ( O - O )  - h u ( I I I )  (0 .1-0.15)  - 
Ag(I)(O-O) - : lu(III)  0.1-0- 15)  - 
$.g(I) t 0 - 0 )  - A u ( I I I )  (0 .22-0.23)  - CO 

-As( I ) ( 0-0 ) -CU(  I I ) t 0.2-0.6 5 ) - M n( I I ) ( 0.85-0.9 4 1 
11) (0.3-0.5)  - C o ( I I ) ( 0 . 7 8 - 0 . 9 2 )  
11) (0 .2-0 .7)  - lYi(11)(0.?35-0.93) 

.I?( I ) ( O - 0  1 -Cu(I I ) (O.  2-0.7)  

P t ( I V ) ( C - 0 )  - A u ( I I I ) ( O .  1-0.12) - C o ( I 1 ) ( 0 . 7 - 0 . 9 )  
2 t( I V  ) ( 0-0 ) -Ru( I11 ) ( 0.1 2- 0.1 4) 

Pt IV) 0 - 0 )  - A u  0,13-0.18) - N i ( I 1 )  

2 t ( IV)(O-O)  -Au(I I I ) (O,12-0 .15)  - C d ( I 1 )  
kt t t  IV) 0 - 0 )  -bu 0.1-0.16)  - ; n ( I I )  
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HYDROUS ZIRCONIUM OXIDE. I 3007 

P .  
d v !  
c j  F: 

1: 

0 L n  Ln LI: 
a) In io a) a3 M . . . . . .  
o c u o o o o o n  
+ I  I + I t  

0 

I 

Ln 
CO 03 

0 

+ 

‘a 

0 
N 

F 

Ln 
M 

9 

I 

M 
M 

m 
v 

Ln 
a) 

0 

I 

v\ a 
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3008 SEN, DAS, AND GHOSH 

i n  sceIone-11Cl system. J u a a t i t e t i v e  a e p ' 3 r a t i o n s  o f  

s,(Ij from t e r n a r y  an6 q u a t e r n a r y  mixturc , s  2nd P t  

( I V )  fro:;] b i n a r y  and t e r n a r y  m i x t u r e s  can also b e  

donc. The n o t e v o r t h y  sep- - ro t iona  i r e  B i (  1 1 1 ) - C u ( I 1 ) -  

AC i i i"  0:JL 4GG 11.1 LlJT ----- 
T h e  a u t h o r s  :-ye g r n t l z f u l  t o  Pro-? .  8.1<. Ds, 

l i89C.x J"C.dS 

1 .  tjen, A . X .  and ,bosh, U . C . ,  J.  Liquid! i=iirurn-,to,. 

--.___- 

2, 7 1  ( 1 9 8 0 ) .  

2.  SPA,  A.L.. and Gh0321, U. 2 .  , J.  Indi,- t  C h e r t .  Z o c .  
2, 136 ( 1 9 8 1 ) .  

3 .  Welcher ,  E. J . ,  The -kn!%lyt ical  U s e s  o f  Ethylene-  
d i a n i u e t c t r e a c e t i c  a c i d .  Van idoctrnnd,  
P r i n c e t o n ,  l\lew J C ~ S ~ Y  ( I  9 5 7 ) .  

4. S h e l l n r S ,  C. 5.  , (od). ; u x i t i t n t i v e  p z p e r  anc' 
t h i n - l n y c r  chroms t o g r a o h y ,  , \ c 2 d m i c ,  iu Z:.J York 
( 1 9 6 8 ) .  

5. S a n d e l l ,  E . A . ,  C o l o r i m e t ~ i c  d e t - m i n a t i o n  o f  
Traces  o f  m e t i l a ,  jrcl e d n . ,  I n t e r z c i e n c e ,  

X e w  York ( 1 9 6 5 ) .  
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