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CHROMATOGRAPHY OF ALKALINE EARTHS 
AND TRANSITION METALS ON TIN(IV) 

ARSENOSI LlCATE AND ARSENOPHOSPHATE 
THIN LAYERS IN BUFFERED 

EDTA SOLUTIONS 

K. G. Varshney, Asif A. Khan, and S .  Anwar 
Analytical Laboratories 

Chemistry Section 
Faculty of Engineering and Technology 

Aligarh Muslim University 
Aligarh 202001, India 

ABSTRACT 

The complex forming a b i l i t y  of e thylene  
diamine t e t r a a c e t i c  acid a t  var ious  pH va lues  and 
the  ion  exchange behavior of t in(1V) a r s e n o s l l i c a t e  
and arsenophosphate c a t  ion exchangers have been 
combined i n  a chromatographic study of some metal 
ions.  As a r e s u l t  some i n t e r e s t i n g  obse rva t ions  
have been made, which have led t o  c e r t a i n  a n a l y t i -  
c a l l y  d i f f i c u l t  s epa ra t ions  such a s  Ca2*-Sr2+, 
Ca2+-Ba2* and Hg2* from Cu2*, Ni2* ,  en2+, Co2+ and 
Mn . 2+ 

Copyright @ 1985 by Marcel Dekker, Inc. 
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INTRODUCTION 

VARSHNEY, KHAN, AND ANWAR 

Zabin and R o l l i n s  (1) were probably t h e  first 
t o  use inorganic  ion exchangers such as zirconium 
phosphate and zirconium oxide f o r  t h e  separa t ion  of 
N i 2 + ,  Cop+, Pb*+, Fe3+, Ag+, Hg2+, Cd2+ and Cu 2+ . 
O t h e r  workers (2-5) have a l s o  used such m a t e r i a l s ,  
b u t  gene ra l ly  w i t h  a b inder ,  which makes t h e  
I n t e r p r e t a t i o n  somewhat d i f f i c u l t  . Qureshi and 
coworkers (6 -8)  u t i l i z e d  some b i n d e r  f r e e  t h i n  
l a y e r s  of inorganic  ion  exchangers and achieved a 
few a n a l y t i c a l l y  important metal  separa t ions .  
Ethylene diamine t e t r a - a c e t i c  ac id  (EDTA) i s  an 
exce l l en t  complex forming agent,  I ts  complex forming 
a b i l i t y  being dependant on pH. 
of EDTA has  not  been explored we l l  i n  t h i n  l a y e r  
chromatography of metal Ions.  I n  t h e  present  s t u d y  
we have used EDTA a s  a developer a t  va r ious  pH 
va lues  t o  achieve d i f f e r e n t i a l  movements of c e r t a i n  
metal  ions on t in(1V) a r e e n o s i l i c a t e  and arseno- 
phosphate t h i n  l a y e r s .  

However t h i s  p rope r ty  

EIPERIMENTAL 

Appara tus  

TLC a p p l i c a t o r  of M/S Toshniwal ( Ind ia )  was 
used t o  prepare t h i n  l a y e r s  of 0.1 mm th ickness .  
The p l a t e s  were developed i n  g l a s s  j a r s  (20 x 5 cms). 

Reagents and Chemicals 

A l l  reagents  and chemicals used were of 
Analar  grade. 
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ALKALINE EARTHS AND TRANSITION METALS 1349 

Prepa ra t ion  of t h e  ion  exchange m a t e r i a l s  and t h i n  
l a v e r s  
S t a n n i c  a r s e n o s i l i c a t e  (US1 

Decimolar s o l u t i o n s  o f  s t a n n i c  c h l o r i d e  
hydra ted  (SnC14. w2O), disodium hydrogen a r s e n a t e  
(Na2HAtal4.;MzO) and sodium m e t a s i l i c a t e  (Na2SI0 
5H20) w e r e  mixed i n  a volume r a t i o  (1:l:l) w i t h  
s t i r r i n g  and t h e  pH was a d j u s t e d  t o  rvi by adding 
n i t r i c  ac id .  The s l u r r y  was al lowed t o  s t and  
ove rn igh t ,  f i l t e r e d  and washed t o  remove t h e  e x c e s s  
o f  ma te r i a l s .  It was d r i e d  a t  40 C and conver ted  

3. 

a 

+ i n t o  t h e  H form by keeping i n  IM HN03 f o r  24 hours .  
F i n a l l y ,  i t  was washed s e v e r a l  times wi th  deminera- 
l i z e d  water  t i l l  t h e  e f f l u e n t  became n e u t r a l .  

S t ann ic  arsenophosphate (SAP) 

It was prepared a s  above by t a k i n g  disodium 
hydrogen or thophosphate  (Na9P04)  i n s t e a d  of t h e  meta 
s i l i c a t e .  

The ino rgan ic  ion  exchanger  was powdkred and 
s l u r r i e d  w i t h  a l i t t l e  demineral ized water. The 
s l u r r y  was then spread ove r  t h e  g l a s s  p l a t e s  u s ing  
an a p p l i c a t o r  t o  prepare  t h i n  l a y e r s  of 0.1 mm 

t h i c k n e s s  and t h e  p l a t e s  were d r i e d  a t  room tempera- 
t u r e  before  use.  The t e s t  s o l u t i o n s  were p l aced  w i t h  
t h e  h e l p  of c a p i l l a r i e s  on t h e  s t a r t i n g  l i n e  and 
d r i e d .  Development was then  made in o r d i n a r y  g l a s s  
j a r s  using t h e  ascending t echn ique .  

Test s o l u t i o n s  and d e t e c t i o n  r e a g e n t s  

Decimolar so lu t ions -were  prepared of the  
fol lowing meta l  i o n s  by d i s s o l v i n g  t h e i r  n i t r a t e s  
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1350 VARSHNEY, KHAN, AND ANWAR 

or c h l o r i d e s  i n  w a t e r  w i t h  cor responding  mine ra l  
a c i d  t o  
N i  9 

2+ Be . Detec t ion  was made by t h e  fo l lowing  r e a g e n t s .  
A l i z a r i n  red S : Ca 

Diphenpl carbaz ide  : C r  , Mn , Zn 
Yellow ammonium sulphide: 
Sodium rhod i zona te  : Sr , Ba 
Potassium fer rocyanidc  t Cu , Fe 

So 1 ve n t s y s t e m e 

revent  hydro lys is :  C r  '+ Mn2+ Fe3* Co2+, 
2+ C!+, Zn2+, Cd2+, Pb 2+ , Hg H +  , Ca H+ , Sr h+ , 

2+ 

Dimethyl glyoxime Ni2+, Co2+ 
3+ 2+ 2+ 

Cd2+, Pb2+, Hg2+ 
2+ 2+ 

2+ 3+ 

Buffered EDTA s o l u t i o n s  were prepared by 
mixing 10 m l  of 0.IM EDTA w i t h  5 m l  each of t h e  
va r ious  buffers .  To o b t a i n  the b u f f e r  s o l u t i o n s  
( 9 )  of  r e q u i r e d  pH v a l u e s  f o l l o n l n g  amounts of 0 . 2 N  

NaOH were poured i n t o  100 m l  mixture of t he  phos- 
phor i c ,  a c s t i c  and b o r i c  acids  (0.04M r e s p e c t i v e l y ) .  

NaOH, 0 . 2 N  (ml) 0.0 25.0 42.5 60.0 77.0 100,O 

PH 1.81 4.10 6.09 7.96 9.91 11.98 

RESULTS AND DISCUSSION 

A t  d i f f e r e n t  pH values EDTA form8 (10) d i f f e r e n t  
2- i o n i c  spec ie s  (H Y-, H2Y , HY3- and Y4') and t h e  

metal-EDTA complexes formed have vary ing  apparent  
s t a b i l i t y  c o n s t a n t s  (5). Movement of meta l  i o n s  
should,  t h e r e f o r e ,  be governed, t o  a l a r g e  e x t e n t ,  
by t h e  pH of t h e  EDTA eo lu t ion  when used a s  a deve- 
lope r .  Figure-1 shows a v a r i a t i o n  of  Rf value  w i t h  
pH on SAP and SAS l a y e r s .  
g e n e r a l l y  dec reases  w i t h  an i n c r e a s e  i n  pH upto 
6 . 0 ,  beyond which it i n c r e a s e s  in some cases .  

3 

It is observed t h a t  Rf 

It 
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FIG. 1 Plot of Rf versus pH for Different Metal Ions on Stannic 

Arsenophosphate and Stannic Arsenosilicate Thin Layers 

Using EDTA Solutions as Solvents. 

may be due t o  the fac t  t h a t  a t  lower pH, due t o  the  
predominance of the  H Y- form of EDTA the complexes 
a re  generally +vely charged. They may, t h u s ,  get  
exchanged w i t h  H* on the SAP and SAS cation exchange 
layers .  A t  h igher  pH values EDTA may remain i n  t he  

now fonned may be e i t h e r  neu t r a l  o r  -vely charged. 
Thus ,  they can move e a s i l y  on a ca t ion  exchanger 
layer .  A comparison of R values on these two t h i n  
layers  shows t h a t  while Fe is completely adsorbed 
on SAS a t  a l l  pH values, i t s  movement increaree with 

3 

4- '-, HY3- and Y forms and t h e  metal complexets H2Y 

*3+ 
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1352 VARSHNEY, KHAN, AND ANWAR 

a pH rise on SAP.Cr3*, on t h e  o t h e r  hand, moves 
apprec iab ly  ( R f N 0 . 4 )  upto pH 4 on MS. 
due t o  a d i f f e r e n c e  i n  t h e  ion exchange behaviour  of 
SAS and SAP f o r  t h e s e  metal  i o n s ,  
move ( R f  = 0 )  on e i t h e r  of t h e  two layers a t  a l l  pH 
va lues .  It may be accounted t o  t h e  excessive 
hydro lys i s  a s  w e l l  a s  a s t r o n g  adso rp t ion  of t h i s  
ion  on these l a y e r s .  Alka l ine  e a r t h s  (Ca,Ba,Sr) 
behave d i f f e r e n t l y .  
h e l d  up by t h e s e  m a t e r i s l s  t h a t  i t s  Rf value  remains 
z e r o  a t  a l l  pH va lues .  , however, move 
apprec iab ly  on SAS l a y e r s .  T h e i r  movement decreases 
wi th  pH on SAP l a y e r s .  

It may be 

Ti4' does  no t  

Ca2+ appea r s  t o  be so s t r o n g l y  

2+ Sr2* and Ba 

On the  b a s i s  of t h e  d i f f e r e n t i a l  movement of 
t he  metal  i o n s  on SAS and SAP t h i n  l a y e r s  i n  EDTA 
s o l u t i o n s  of d i f f e r e n t  pH, c e r t a i n  important ana ly-  
t i c a l  s e p a r a t i o n s  have been made poss ib l e .  Fo r  
example Ca2+-Ba2*, Ca2+-Sr2*, Zn2*-Cd2+, Pb2+-Hg2*, 
Ni2+-Mn2+, Co2+-Mn2+, Ni2+-Cr3+ ,  Co2*-Cr3+ and 
Fe3*-Cr3+ s e p a r a t i o n s  can be achieved on a s u i t a b l e  
ion  exchange l a y e r  i f  t he  pH of t h e  EDTA s o l u t i o n  
is proper ly  ad jus t ed .  
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