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- QUAKTITATIVE SEPARATION OF Zr 4+ from La3+ and Ce3+: w6' FROM + &, Mob and vo2+ BY T M N , L A Y E F t  CWRCMATOGRAPHY. 
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ABSTRACT 

Wethods have been developed f o r  the  quan t i t a t ive  separa t ion  
of Zr4+ from La3+ and Ce3+ using 0.1M ammonium oxalate so lu t ion  
as eluant.  tp+ can a l s o  be separated quan t i t a t ive ly  from C2+, 
Mo6+ and V02+ using DMSO-1MHC1 (1 :9), Both the  methods a re  f a s t  
and quan t i t a t iveo  The separa t ion  takes  about 40-50 Din. The  average 
e r r o r  is about 3%. 

INTRODUCTION 

The t h i n  l aye r  chromatography of metal i ons  on s i l i c a  g e l  
l a y e r s  has been studied dur ing  the l a s t  t e n  years  (1-11). Very 
few references  a re  ava i l ab le  for t h e  quan t i t a t ive  separa t ion  of 
metel i o n s  using TLC ( 4 , 5 )  which o f f e r s  a simple, rap id  and 
v e r s a t i l e  method f o r  the separa t ion  of metal ions.  However, it 
has been used more i n  organic ana lys i s  than i n  inorganic one. 

Zr4* from La3+ and Ce3+. This separation has been achieved using 
a simple so lvent  i . e . ,  0.1M ammonium oxala te  solution. w6' has  
been separated from Cr3+, Mo6+ and V02+ using DMSO-IM H C 1  (IS91 
as the  developing system. 

I n  t h i s  a r t i c l e ,  we p resen t  a method f o r  the  separa t ion  of 

MATERIALS AND METHODS 

Apparatus 

f o r  t h e  prepara t ion  of si l ica gel-G l a y e r s  on 20x3 cm. !&ass 
Thin l a y e r  chromatography apparatus (Toahniwal, Ind ia )  
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p l a t e s  was used. These p l a t e s  were developed i n  glass jars 
(2Ox5cm), Spectrophotometric s tud ies  w e r e  performed on a Spekol 
color imeter  (made i n  Germany). 

Re agents 

and zirconium oxychloride were a l l  from B.D.H., England. Other 
chemicals were  o f  AnalaR grade. 

T e s t  so lu t ions  and Detectors 

S i l i c a  gel-G, di3nethyl sulphoxide (DMSO), sodium tungs ta te  

The t e s t  so lu t ions  w e r e  genera l ly  0.1M i n  metal ch lor ide ,  
n i t r a t e  o r  sulphate. 0.1M solu t ionsof  s o d i m  tungs ta te  and 
zirconium oxychloride w e r e  used. All the ca t ion  so lu t ions  were 
made i n  5% c i t r i c  a c i d  solution. Conventional spot  t e s t  reagents 
were used f o r  de t ec t ion  purposes (12). 

Prepara t ion  of S i l i c a  gel-G l a y e r s  
Tne s lu r ry  used was prepared by mixing s i l i c a  gel-G with 

demineralised w a t e r  i n  the  r a t i o  of 1:3 with cons tan t  shaking 
f o r  5 min. 1he s l u r r y  was coated on c l ean  g l a s s  p l a t e s  with the 
he lp  of an app l i ca to r  t o  give a l a y e r  of- 0.15 mm t h i c w e s s  
f o r  q u a l i t a t i v e  s tud ie s  and w 0.50 mm thickness f o r  quan t i t a t ive  
s tud ies .  The p l z t e s  were f i r s t  d r ied  a t  room temperature and then 
i n  an e l e c t r i c  oven a t  100 2 5OC f o r  about 2 hr. These p l a t e s  
were then s tored  i n  an oven a t  room temperature u n t i l  used. 

Procedure 

p i p e t t e  i n  the forn  o f  a s t reak .  The development was performed 
i n  the chosen so lvent  systems. The so lvent  was allowed t o  ascend 
13  cm from the s t a r t i n g  l i n e  on the p l a t e s  i n  a l l  cases. A p i l o t  
p l a t e  was run simultaneously i n  order t o  l oca t e  the  exact pos i t i on  
of t h e  spot on the p l a t e .  The a rea  o f  zr4+ and W6' was scratched 
and was e lu ted  with 1:I HC1 and 0.5M NaOH so lu t ions  r e spec t ive ly  
The f i n a l  volume of t h e  f i l t r a t e  i n  case of 2r4+ was ieduced t o  
about 1 ml. by evaporation and then was determined spectrophoto- 
me t r i ca l ly  using a l i z a r i n  a t  560 my (13). I n  case of &+ the 
f i n a l  volume of the f i l t r a t e  was reduced t o  about 10 m l  and was 
determined spectrophotometrically b y  thiocyanate method (1 4). 

The m e t a l  i on  so lu t ion  was spot ted  with the he lp  of a lambda 

RESULTS - 
 he quan t i t a t ive  separa t ion  of zr4+ from ~ a 3 +  and ~ e 3 +  i n  

0.1M ammonium oxalate i s  summarized i n  tab le  I .  Table 2 shorn 
the  quan t i t a t ive  separa t ion  of W6' from Cr3+, Ho6+ and YO2+ i n  
MSO-1M HC1 (1 $9) 
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TABLE 1 
Quantitative Separation O f  &* From La3+ and Ce3+ 

+ taken (Pg) ion  nterfering added Z r k  found (Yg) Error (%) 
- m) 

20 La3+ (52.91 19.25 -3.75 

20 Ce3+ (52.5) 20.00 - 
20 (~a’**~e’+) 19.25 -3.75 

80 (L~’*+Q’+) 76.00 -5.00 

80 La3+ (26.4) 7’8 e 75 -7 a56 

80 Ce’* (26.2) 77.50 -3.12 

(26.4+26.2) 

(26.4+26.2) 

DISCUSSION 
0.1M ammonium oxala te  so lu t ion  is an i n t e r e s t i n g  solvent. 

It separa tes  b4* (Rf - 0.10) from La3+ (Rf = 0.83) and Ce3+ 
(Rf = 0.84). Zr4+ is probably p rec ip i t a t ed  as zirconium oxala te  
while La3* moves almost t o  the  solv n t  f ront .  When 0.1M ammonim 
oxa la t e  so lu t ion  i s  added t o  the  Laf* so lu t ion  i n  t e s t  tube,  
a white p rec ip i t a t e  is obtained. ‘his po in t s  to the f a c t  th& ?& 
reac t ion  i n  t h e  t e s t  tube may be qui te  d i f f e r e n t  from the 
r eac t ion  on the  p la te .  The r e s u l t s  i n  t a b l e  1 show t h a t  Zr4* 
can be separated quan t i t a t ive ly  from La3+ i n  the r a t i o  of 1:2.5 
end 2.5:1 and from Ce3+ i n  varying r a t io s .  Zr4* can also be 
separated from a mixture of La3+ and Ce3+ by using this solvent. 

using DMSG-1M HC1 (1 :9). I n  excess HC1, w6’ i s  probably p rec ip i t a t ed  
W6+ i s  quant i ta t ive ly  separated from No6+, cr3+ and V02+ 

found (pg) Error (%I + n e r f e r ing  up+ ’ taken (@ io:s added 
~- 

480 cr3+ (80) 460 -4.1 6 
200 cr3+ (80) I90 -5.00 
480 Mo6+ (123) 468 -2.56 
200 ~ 0 6 ’  (1 23) 1 82 -4.03 
480 V02* (175) 471 -1.87 
200 V02+ (1751 1 82 4-03 
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as t u n g s t i c  ac id  while Mo6+, C?+ and V02+ move almost t o  t he  
solvent f ront .  The results a re  given i n  t a b l e  2. me methods a r e  
p rec i se  and accurate and it i s  possible t o  separate small amounts 
of Cr3+, Mo6+ and V02+ from a very l a r g e  amount of W 6+ . 
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