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JOURNAL OF L I Q U I D  CHROMATOGRAPHY, 2(7), 935-941 (1979) 

SYNTHETIC INOR@ NIC ION-EXCHANGERS PV, THIN-LAYER 
CHROMATOGRAPHY OF METAL IONS ON THORIUM TUNGSTATE: 
QUANTINTIVE SEPARATION OF Hg( 11) FROM SEVERAL 
OTHER METAL IONS. 

A n i l  K. De and Bata K. P a l  
Department of Chemistry, Visva-Bharati,  
San t in ike t an  731235, W. Bengal, India .  

ABSTRACT 

The a n a l y t i c a l  a p p l i c a t i o n  of Thorium tungstate  a s  
an i o n  exchanger h a s  been explored by t h i n - l a y e r  
chromatographic (TLC) technique.  Binder-free t h i n  
l a y e r s  of thorium t u n g s t a t e  have been employed f o r  
some important binary and t e r n a r  s epa ra t ions .  
Q u a n t i t a t i v e  s e p a r a t i o n  of Hg(I I r  &om t h e  mixture 
of s e v e r a l  o t h e r  metal i o n s  has  been achieved. 

JNTROD LCTION 

I n  r e c e n t  years t h i n - l a y e r  chromatography h a s  
become popular as an a n a l y t i c a l  technique f o r  i no r -  
ganic  ana lys i s .  The bulk of t h e  r e p o r t e d  work i s  
based on s i l i c a  g e l  o n l y  (1). In  con t inua t ion  of ou r  
previous work on thorium phosphate and antimonate 
( 2 , 3 )  we r e p o r t  i n  t h i s  paper t h e  w e p a r a t i o n  of 
binder-free t h i n  l aye r s  of thorium t u n g s t a t e  and 
i t s  a n a l y t i c a l  app l i ca t ions .  The TLC behaviour i n  
s e v e r a l  s o l v e n t s  - n i t r i c  a c i d  ( a t  d i f f e r e n t  conc- 
e n t r a t i o n s ) ,  1.4 - dioxane, butanol ,  i a o b u t y l  
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936 DE AND PAL 

me thy1  ketone- t e  t rahydrof  m a n - n i t r i c  a c i d  have 
been used and seve ra l  important s e p a r a t i o n s  worked 
out. A q u a n t i t a t i v e  s e p a r a t i o n  scheme o f  micro- 
gramme amounts Hg(I1) from t h e  mixture of s e v e r a l  
o t h e r  metal  i o n s  has  been devised. 

EXffiRIMEN!J& 

T h i n  l a y e r s  o f  thorium t u n g s t a t e  were prepared 
A P Par a t  us: 

on glass p l a t e s  f 20 x 3 cm. 1 which were subsequently 
developed i n  s e v e r a l  solvent  systems i n  g l a s s  j a r s  
( 2 5  x 7 cm.). Spectrophotometric s t u d i e s  were pr-  
formed using E l e c t r o n i c  Corporation of I n d i a  Mode1 
GS866B Spe c t r o  pho tome t er. 
Re agents:  

of a n a l y t i c a l  grade (BDH/Pfizer/E,Merck) . 
Prepa ra t ion  of Ion-exchanfie m a t e r i a l s  on t h i n - l a  yey 
&J&e s : 

Thorium t u n g s t a t e  (Th:W L 1:6.2) i n  t h e  H+ form, 
prepared according to  t h e  procedure desc r ibed  e a r l i e r  
(41, was powdered and s l u r r i e d  with a l i t t l e  deminera- 

l i z e d  water i n  a mortar. The t h i n  l a y e r s  were pre- 
pared over t h e  glass p l a t e s  as descr ibed i n  t h e  e a r l i e r  
paper ( 2 ) .  
Te 3t so1 uu '-and d e t e c t i o n  r e a p e m :  

The t e s t  s o l u t i o n s  in .  general had metal  i o n  
concen t r a t ions  of 4mg/ml ( C h l o r i d e / N i t r a t e / S u l p h a t e )  , 
Standard swt  t e s t  r e a g e n t s  were used f o r  d e t e c t i o n  
(5). 
Solvent Svstem : 

Chemicals and solvent.. used i n  th is  work were 

1, 
2, 
3. Butanol 

H N 0 3  s o l u t i o n  : (pH 1,2,3).  
1,b-Dioxane: 0.1M H N 0 3  (lCO:O, 80:20, 2 0 : 8 0 )  
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SYNTHETIC INORGANIC ION-EXCHANGERS. XV 9 37 

4. I s o b u t y l  methyl ketone : Tetrahydrofuran 
: 1M HNO (1:g:l). 3 

DMSO and mixed Butanol-6M HNO were avoided as the  
t h i n  l a y e r s  s p l i t  o f f  t he  p la tes  i n  these s o l v e n t s .  

3 

One o r  two drop: o f  t h e  t e s t  s o l u t i o n s  were 
plqced on t h e  p l a t e s  with t h i n  g l a s s  c a p i l l a r i e s .  
Af t e r  drying the s p o t s  developnent wa: made i n  d i f -  
f e r e n t  s o l v e n t s  and t h e  a-cent was f i x e d  as 11 cm. 
f o r  HNO and 8 cm. i n  case of s o l v e n t  mixtures.  RT 
and RL values were measured as usual a f t e r  d e t e c t i o n .  
For q u a n t i t a t i v e  work, a s tock  s o l u t i o n  of  Hg(I1) 
f-4800 / U g / m l  of Hg( II)-7 was prepared by d i s s o l v i n g  
HgC12 i n  0 . 0 9  HC1. Syn the t i c  mixtures  c o n t a i n i n g  
known amount of Hg(I1)  was appl ied wi th  t h e  h e l p  of 
a mic rop ipe t t e  on t h e  l i n e  of  a p p l i c a t i o n .  p i l o t  
p l a t e  was run  s imultaneously t o  l o c a t e  t h e  p o s i t i o n  
of Hg(I1) by d e t e c t i n g  it with the h e l p  of d i th i zone .  
The area corresponding t o  Hg was than sc ra t ched  o f f  
from t h e  working p l a t e  and the mass was e l u t e d  with 
lM E2S0,+. The suspended p a r t i c l e s  of  t h e  exchanger 
were then  f i l t e r e d  o f f .  The f i l t r a t e  was d i l u t e d  
with 0.0w H SO and Hg(I1) e s t ima ted  spectrophoto- 
m e t r i c a l l y  by di thizone method ( 6 ) .  

3 

2 4  

RESULTS A N D  DISCUSSION 

The r e s u l t s  of our  TLC s t u d i e s  r e v e a l  t h a t  
whereas s e v e r a l  metal i o n s  move on t h o r i m  t u n g s t a t e  
t h i n  l a y e r  i n  HNO system o n l y  a few move i n  organic  
solvents.  
t he  v a l u e s  decrease w i t h  inc rease  i n  pH i n  HNO system 
which i n d i c a t e s  ion exchange process. Hg(I1) and A u ( I I 1 )  
show high R F  v a l u e s  i n  a l l  t h e  s o l v e n t s  s t u d i e d ,  P resm-  
ab ly  due t o  t h e i r  an ion ic  nature .  I n  pure butanol  and 

3 
The gene ra l  t r e n d  i n  RF v a l u e s  is t h a t  

3 
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938 DE AND PAL 

B i n a r y  and Ternary S e p a r a t i o n s  Achieved on 
T h o r w  T -€&Lbi- 

So lven t I S e p a r a t i o n  achieved I Time 
system P (RT - RL) P (hours )  

1. PH 1 1. Pb2+(o,o-o.o)-Cu2+(0.50-0. 55) 2.5 h r s .  

2, Pb2+(0.0-0 .O) -Cd2+(0.65-0.73) 

3. P b2+( 0. C-0. C) -Zn2+( 0.65-0.80 

4. Fe 3+(  0.0-0.20 1 - A  u3+ ( 0.70-0 ..80 1 

5, Fe 3+( 0.0-0.25) -Co2+( 0.6 5-0.72) 

6. Pb2+( 0 .C-0.0) -C u2+( 0.45-0.55) 

-Hg2+(0.8C-0.85) 

7. Pb2+(0.0-0.C)-Cu2*(0. 50-0.55) 

-Cd2+( 0.6 5-0.75 

8. Ag+( 0.0-0.0) -Cu2+( 0.50-0.6~) 

-Au3+(0.70-0.8C) 

2. PH 2 1. Ag+(0.0-0.0)-Pt4+(0.60-0.70) 2 hrs .  

2, Pb2+( 0.0-0.0 1 -pd2+( 0.6 5-0.75 

3. b2+(O.O-0.20)-Bi3+(0. 5G-0.70) 

(continued) 
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SYNTHETIC INORGANIC ION-EXCHANGWS. XV 939 

- TABLU(Contd. . )  

- - - 
Time Solvent  Separation achieved 

system P (% - RL) 1 (hours) - - 
4. Butanol 1. Cu2+(0.0-o.0)-Hg2+(0.80-0.90) 6 hrs. 

2. Pb2+( 0.0-0.0) -Hg2+( 0.70-0.90 1 

3. Cd2+( 0 .O-0 .O) -Hg2+( 0.70-0.90 1 

4. zn 2+( 0.0-0.0 ) -Hg2+ ( 0.70-0.90 1 

5. A g+( 0.0-0.0) -Hg2+( 0.70-0.90 1 
6. B i  3+( 0.0-0.20) -Hg2+( 0.65-0.95) 

7. T1+(0.0-0.0)-Hg2*(0.70-0.85) 

8. V O z + (  0.0-0.0) o h 3 + (  0. &-0.90 

9. Ag+(o.0-0.O)-Au3+(0.8-O.90) 

10. Pt4+( 0.0-0.0) -Au3+( 0.75-0.85) 

11. C ~ 2 ~ ( 0 . ~ - 0 , 0 ) - A u 3 ~ ( ~ . 8 0 - 0 . 8 5 )  

12. Zn2+( 0.0-0.0) -Au3+( 0.75-0.85) 

13. Bi3+(o.o-o.15)-Au3+(0.70-0.85) 

5. 1?4- 1. Pb2+( 0.0-0.0) -Hg2*( 0.95-1.00) 1, hrs. 
Dlo xane 

2. Bi3+( 0.0-0.0 1 -Hg2+( 0.9 5-1 .OO) 
3. Ag+( 0.0-0.0 1 -Hg2*( 0.90-0.96 
4, Co2+( 0.0-0.0 ) -Hg2+( 0 .go-1.00 1 
5. T1+( 0.0-0.0) -Hg2+( 0.9 5-1.00) 

6. Cu2+( 0.0-0.0) -fig2+( 0.92-0.96 1 
7. Ni2+( 0; 0-0.0) -Hg2+( 0.90-0.9 5) 
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9 40 DE AND PAL 

TABLEA 

Q u a n t i t a t i v e  S e p a r a t i o n  of  HE(  11) fio m Several, 
Mix tu res  Solvent : l , l +  Dioxane; 

Time : 4 h r s .  

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

- 
- 

2+ Cd2+- Hg 

Cd2+- Hg2+ 
2+ 2+ Cu - Hg 

Co2+- Hg2+ 
2+ 2+ Co - Hg 

Bi3+,  Hg2+ 

N i 2 + -  Hg2+ 

m2+- Hg2' 
2+ Zn - ~ g +  

Zn2+- Cd2+ 
-Hg2+ 

- 
- 

C d 2 + (  13.25) 

Cd (7.95) 

Cu2+( 1-4. e5)  

Co2+( 12.75) 

Co2+( 7.6 5) 

B i 3 + (  5.08) 

K i 2 + (  12.40) 

Zn2+( 13.12) 

Zn2+( 6.56) 

zn2+(6.  56) 
-Cd2+( 5.28) 

13.75 

8.25 

13.75 

8.25 

13.75 

13.75 

8.25 

5.5 

11.0 

11.c 
5.5 

11.0 

13.25 -396% 

8.37 +l.@ 

13.67 -0.62 

8.12 -1.3% 

13.67 -0.6% 

13.0 -5.4% 

13.12 -1.5% 

5.5 - 
11.25 +2.% 

11.25 +2.3$ 

5.75 +l+.5% 

10.67 -6.1% 

1,4 Dioxane a l l  t h e  me ta l  i a n s  e x c e p t  Hg(I1) and Au(II1)  
are r e t a i n e d  i n  the base l i n e .  T h i s  prmits q u a n t i t a -  
t i v e  s e p a r a t i o n  of  Hg(I1) from o t h e r  metal ions .  

Tables 1 and 2 show some b i n a r y  and t e r n a r y  
s e p a r a t i o n s  o f  metal i o n s  achieved  i n  d i f f e r e n t  s o l v e n t s .  
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SYNTHETIC INORGANIC ION-EXCHANGERS. XV 941 

Some i m p o r t a n t  s e p a r a t i o n s  are Pb-Cu, Pb-Cd, Pb-Zn, 
Ag-Cu-Au, Pb-Cu-Hg, Ag-Pt, u02du .  
found t o  improve i n  HNO system. 

The s e p a r a t i o n s  were 

3 
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