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ADITYA K. MISRA' AND RAM P.S. RAJPUT 
Chemistry Department 

Bareilly College 
Bareilly - 243 005 India 

ABSTRACT 

The ion exchange potential of antimonic 
acid and silica gel '0 '  has been explored i n  thin 
lager chromatographic 8tudies for the separation of 
anion.. Several important and difficult binary 
separations of anions have been achieved a8 a rO*Ult 
of these studies. XOZ - 105, 
10: - Poi--, Br- - BrO;, AsOG--- CrO&-,  S 0," - 
PO&: CNS- - S O--, 10; - CrO&-, BrO; - C r 0 4  , 10; - 

10; - BrO;. I- - 10- 3' 
2-2 

2 3  

+Addrea8 for correspondence : 2 0 ,  Saudagaran, 
Bareilly (UP) 243 003, India. 
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3146 MISRA AND RAJPUT 

Cr O-- and S203 - CrOi- etc .  are s e p a r a t i o n 6  of 
analy t ica l  i n t e r e s t .  Be6ide8, a r a p i d  microgram 

(2-10 f ig )  ion. have been made. 

2 7  

d e t e r m i n a t i o n  of P ~ ( c N ) ~ J ~ -  (1-10 U g )  land Cr20, 2- 

INTRODUCTION 

Chromatographic behaviour  of metal  i o n s  

has  been e x t e n s i v e l y  s t u d i e d  on s e v e r a l  i o n  exchange 

m a t e r i a l s  b y  d i f f e r e n t  chromatographic techniques .  

Numerous s e p a r a t i o n s  of metal  i o n s  have been achieved 

a s  a r e s u l t  of such s t u d i e s .  Procedure of determin- 

i n g  t h e  c a t i o n s  has  a l s o  rece ived  g r e a t  a t t e n t i o n  i n  

a n a l y t i c a l  chemistryf r e p o r t e d  methods i n c l u d e  atomic 

a d s o r p t i o n  o r  emission spec t roscopy,  polarography,  

spectrophotometery and o t h e r s .  

On t h e  o t h e r  hand t h e  s i t u a t i o n  i s  d i f f e -  

r e n t  where t h e  s e p a r a t i o n  and d e t e r m i n a t i o n  of smal l  

amount of anions  i s  concerned. There e x i s t  v a r i o u s  

methods i n c l u d i n g  i o n  s e l e c t i v e  e l e c t r o d e  or polaro-  

graphic  method b u t  t h e s e  f a i l  when an ions  a r e  t o  be 

determined i n  mixture  w i t h  v a r i o u s  organic  compounds. 

I n  such a c a s e  only s e p a r a t i o n  method based on chro- 

matographic p r i n c i p l e 8  may help .  Only a s c a r c e  

a t t e n t i o n  has  been m a d e  i n  t h i s  d i r e c t i o n  as eviden- 

ced b y  t h e  reviews of Brinkman et gl-. and Sherrna 

-- e t  a l ? ’ 3  which cover  t h e  papers  u p t o  1985. 
problems were so lved  by column chromatography , 
e l e c t r o p h o r e ~ i s ~ ’ ~ ,  i s o t a c h o p h ~ r e s i s ~  and even by 

g e l  chromatography on sephadex . M o s t  of t h e  work 

d e s c r i b e s  only t h e  s e p a r a t i o n  and i d e n t i f i c a t i o n  of 

a n i o n s  and n o t  t h e i r  de te rmina t ion .  Very f e w  

s t u d i e s  deal w i t h  t h e  de te rmina t ion  of 
n i t r a t e  and n i t r i t e l 2 V 1 3 .  
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EFFECT O F  SILICA GEL 'G' 3147 

S y n t h e t i c  i n o r g a n i c  i o n  exchangers have 

Zirconium molybdate14 and Zirconium t e l l u -  
been widely used f o r  t h e  chromatographic s t u d i e s  of 

c a t i o n s .  
r i t e 4  were a l s o  used a s  an ion  exchanger.  

- a d 5 ,  Amphelett16 and C l e a r f i e l d "  have shown t h a t  

t h e  hydrous oxides  of polyvalen t  meta ls  behave b o t h  

a s  c a t i o n  as w e l l  a s  an ion  exchangers.  Hyderated 

zirconium oxide and hydrous s t a n n i c  oxide have a l s o  

been used b o t h  as c a t i o n  18?19  and a s  an ion  

exchanger.  

Krause et 

20-22 

I n  the  p r e s e n t  work we have s e l e c t e d  hydrous 

antimony (V) oxide (an t imonic  a c i d )  as an ion  exchanger 

f o r  t h i n - l a y e r  chromatographic s t u d i e s .  Antimonic 

a c i d  was a l s o  mixed w i t h  s i l i c a  g e l  ' G '  i n  1 : l  r a t i o  

and used for prepar ing  t h i n  l a y e r s .  Detec t ion  l i m i t s  

f o r  some anions  were achieved.  Numerous s e p a r a t i o n  

of an ions  from one a n o t h e r  have been achieved both  on 

ant imonic a c i d  t h i n  l a y e r s  and on mixtures  of ant imonic 

a c i d  and s i l i c a  g e l  ' G '  t h i n - l a y e r s  i n  aqueous o r g a n i c  
a c i d s .  A comparison of r e s u l t s  was done on t h e  two 

types  of t h i n  l a y e r s .  Bes ides ,  microgram determina- 

t i o n  of f e r r i c y a n i d e  and dichromate has  a l s o  been 

achieved  by dens i tometery .  The method has  proved t o  

be u s e f u l  f o r  t h e  s e p a r a t i o n  o f  some anions  from 

s u g a r  i n d u s t r y ,  f e r t i l i z e r  and chemical i n d u s t r y  waste 
wa te r .  

M a t e r i a l s  and Nethods 

A l l  t h e  chemicals and s o l v e n t s  used i n  

t h e  work were of G . H .  grade.  Thin- layers  of a n t i -  
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3150 MISRA AND RAJPUT 

monic a c i d  and a n t i m o n i c  a c i d  d s i l i c a  g e l  ' G I  

( 1 : l )  w e r e  p r e p a r e d  on g l a s s  p l a t e s  of 1.5 cm X 2 . 9  

c m  s i z e  and s u b s e q u e n t l y  deve loped  i n  s e v e r a l  s o l -  

v e n t  sys t ems  i n  20  crn x 5 c m  g l a s s  jars. For quan- 

t i t a t i v e  work Siochem E i - 7 1  d e n s i t o m e t e r  (Biochem, 

I n d i a )  h a s  been  used .  

P r e p a r a t i o n  o f  Antimonic Acid and T h i n - l a y e r  p la tes  

Antimonic a c i d  was p r e p a r e d  as p e r  l i t e r a -  

t u r e  method . For p r e p a r i n g  t h i n - l a y e r s ,  a n t i m o n i c  

a c i d  and a n t i m o n i c  a c i d  + s i l i c a  g e l  ' G '  ( 1 : l )  mix- 

23 

t u r e  w a s  s l u r r i e d  s e p a r a t e l y  w i t h  a l i t t l e  d e i o n i s e d  

w a t e r  i n  a g l a s s  m o r t a r  and t h e n  s p r e a d  o v e r  t h e  

g l a s s  p l a t e s  w i t h  t h e  h e l p  of  a n  a p p l i c a t o r .  Almost 

u n i f o r n  t h i n  l a y e r s  ( 0 . 1  m m  t h i c k n e s s )  w e r e  o b t a i n e d  

which w e r e  r e a d y  for u s e  a f t e r  d r y i n g  i n  a i r .  The 

p l a t e s  gave  r e p r o d u c i b l e  Rf values. 

T e s t  S o l u t i o n s  and D e t e c t i o n  Reagen t s  

T e s t  s o l u t i o n s  were O.1M sodium and p o t a -  

ss ium s a l t s .  The a n i o n s  were d e t e c t e d  u s i n g  s e v e r a l  

a g e n t s  : ( a )  l<g K I  s o l u t i o n  i n  1 Ir! N C 1 ,  ( b )  2 M 

f r e s h  ammonical s i l v e r  n i t r a t e  s o l u t i o n ,  ( c )  sodium 

n i t r o p r o s i d e ,  ( d )  s i l v e r  n i t r a t e ,  ( e )  1 %  aqueous  

f e r r i c  c n l o r i  cie, ( f )  f r e s h l y  p r e p a r e d  1'; aqueous  

f e r r o u s  s u l p h a t e ,  (g) Aqueous ammonium molybdate  

f o l l o w e d  by s t a n n i c  c h l o r i t i e ,  ( t i )  aqueous  s o l u t i o n  

o f  2,6-dichlorophenol indophenol  ( a  f r e s h l y  prepaxed  

s a t u r a t e d  s o l u t i o n ) ,  ( i) d ipheny lamine  (0.2$ s o l u t i o n  

i n  c o n c e n t r a t e  s u l f u r i c  a c i d  ). The s t a i n  c o l o u r  i n t e n -  

s i t i e s  of a n i o n s  h a s  been  shown i n  the Tab le  1 .  
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EFFECT OF SILICA GEL 'G' 3151 

Procedure 

For  t h e  q u a n l i t a t i v e  work, one or two s p o t s  

of  t h e  t e s t  s o l u t i o n s  were s p o t t e d  w i t h  t h e  f i n e  

g l a s s  c a p i l l a r i e s  and t h e  p l a t e s  were dipped i n  s u i t -  

a b l e  s o l v e n t  s y s t e m s  a f t e r  d r y i n g  i n  a i r  f o r  15 min. 

t h e  s o l v e n t  a s c e n t  w a s  always 1 1  ern. 

For  q u a n t i t a t i v e  work, a known amount of pota-  

ssium f e r r i c y a n i d e  and potassiiirn dicrornate ( 1  f ig t o  

10 p g )  w a s  a p p l i e d  on the p l a t e s .  A f t e r  deve lop ing  

i n  t h e  a p p r o p r i a t e  s o l v e n t  s y s t e m s ,  t h e  s p o t s  were 

d e t e c t e d  by 0.2% diphenylamine i n  c o n c e n t r a t e  s u l -  

p h u r i c  a c i d  and t h e  absorbance was taken w i t h i n  2-4 
minutes  by Biochem M-71 d e n s i t o m e t e r  u s i n g  green f i l -  
t e r  ( 5 2 0  nm) a g a i n s t  b l a n k  s p o t  (same amount of t es t  

s o l u t i o n  wi thou t  development).  Because t h e  c o l o u r  

i n t e n s i t y  v a r i e s  w i t h  t i m e ,  i t  w a s  necessa ry  t o  

c a r r y  o u t  d e n s i t o r n e t r i c  measurements w i t h i n  2-4 
minutes  a f t e r  s p r i n k l i n g  w i t h  diphenylamine. 

I n  many c a s e s  i t  was p o s s i b l e  t o  s e p a r a t e  

one an ion  for nemerous i o n s .  The q u a l i t a t i v e  sepa ra -  

t i o n s  g iven  i n  t h e  Tab les  2 and 3 and q u a n t i t a t i v e  

s e p a r a t i o n s  of be(CX)6-73- and C r  0 

ach ieved  as a r e s u l t  of t h e s e  s t u L i e s  a r e  g iven  i n  

Tables  4, 5 ,  6 and 7. 

2- a c t n a l l y  2 7  

Antimonic a c i d  h a s  s o  f a r  been used exc lu -  

. S i l i c a  g e l  * G 1  can 2 3 - 2 6  s i v e l y  as c a t i o n  exchanger  

a l s o  a c t  b o t h  a s  a c a t i o n  exchanger and a n i o n  exchan- 
g e r  14727-29. 

t o  e x p l o r e  t h e  i o n  exchange p o t e n t i a l  of ant imonic 

The p r e s e n t  study has been unde r t aken  
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TABLE 4 

Q u a n t i t a t i v e  s e p a r a t i o n  o f  f e r r i c y a n i d e  ion from hinary  m i x -  
t i ires  on antimnnic a c i d  and silica g e l  I G f  ( 1 : l )  t h i n  l a y e r s .  
(Amount o f  h e ( C X ) 6 - 7 3 -  applied = 5 Ug) 

Xrnoiint of  
Anions mixture LFe (CT; ) 6-73- $ Error 

found+ 
- 

1 .  10; - LFe(CN)6-77- 4.8 - 4 . 0  

2 .  CNS- - pe(cN)6-73- 4.7 - 6 . 0  

3 .  s 2 3  0*--fle:cx)6-7~- 4.9 - 2 . 0  

4 .  NO; - B c ? ( C K ) ~ - ~ ~ -  4 . 9  -2 .0 

5. Br- - L F ~ ( c N ) ~ - ~ ~ -  4 . 9  - 2.0 

6. 4sO4 3- - f l e ( c N ) 6  T3- 4.6 - 8 . 0  - 

*,ivoraee value  of  three  sets 

TABLE 5 

Quantitatlve aeparation of ferricyanide ion from 8ynthe- 
tic mixture on antiaonic acid and oilica gel ' G I  ( 1 : l )  
thin l a y e r 8  

Amount of Amount of 
ferricyanide ferricyanide $ 

found Error Anion mixture applied 

( U R )  we 1 
10 wg of each of 1 

2 the following 
anions alongwith 
10 pg ferricyanide 4 

5 anion 

IO;, 10;) CNS-, 6 
S20- NO;, NO;, 8 

As04 31 1 0  

0. 95 - 5.00 
1.98 -1.00 

3.95 - 1.25 

4.95 - 1.00 

5.94 - 1.00 

7 - 9 0  -1.25 

9.70 -3.00 
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TABLE 6 

Q u a n t i t a t i v e  separ:c t i v n  of '  dichroniate frorn binary m i x t u r e  on 
ant i rnoni t  a c i d  and s i l i c a  g e l  'G' ( 1  : 1 )  thin layers. 
(Amount o f  d i c h r o m a t e  a p p l i e d  = 5 p g )  

N i x t u r e  a p p l i e d  Arnoun t found  (p, Error 

2- 
I .  I- - Cr o 

2. 10- - Cr 02-  

3 .  10; - Cr o 
4. CNS-- Cr 02- 

j. s 0-- C r  02- 

6 .  NO; - Cr D2- 
2- 7. NO; - C r  0 

8 .  Br- - Cr 02- 

2 7  

3 2 7  

2 7  

2 7  

2 3  2 7  

2 7  

2 7  

2 7  

2- 

9 .  nso;--cr 2 7  02- 

11-90 

4 . 8 0  

4 .90  

4 . 9 0  

4.70 

4.94 

4.90 

4 .95  

4.80 

-2.0 

-4.0 

- 2 . 0  

-2 .0  

- 6 . 0  

- 1 . 2  

- 0 . 2  

- 1  .o 

A . 0  

c a u a n t i t a t i v e  s e p a r a t i o n  o f  d ichromate  froin s y n t h e t i c  ni ixt i ire  
o n a n t i m o n i c  a c i d  and s i l i c a  i;el  'c,* ( 1 : ~ )  t h i n  layers 

-- 
Amount of  Amount o f  
d i  c hr orna t e  d i  chroma t e  $ 
a p p l i e d  found  it Xrror Anion m i x t u r e  

~ - 

10 pg of each o f  the 

f o l l o w i n g  a n i o n s  

2 

4 
a l o n g  with 10 G g  of 6 
dichroma te a n i o n  8 

1.90 -5 .00  

3 - 9 0  - 2 . 5 0  

5.80 -3 .33  
7.85 -1.87 

10 3.90 -1 .00 

*Average v a l u e  o f  three s e t s  
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3158 MISRA AND RAJPUT 

a c i d  and s i l i c a  g e l  'GI a s  a n i o n  exchange r s .  A 

c a r e f u l  examina t ion  o f  r e s u l t s  of  these s t u d i e s  

i n d i c a t e s  t h a t  CrOi- i s  t r a n s f o r m e d  i n t o  Cr 0-- i n  

t h e  a c i d  s o l v e n t  s y s t e m s  and so the  two a n i o n s  

c o r r e s p o n d  a p p r o x i m a t e l y  t o  t h e  same K v a l u e s  on 

a n t i m o n i c  a c i d  and 1 : l  m i x t u r e s  of  a n t i m o n i c  a c i d  

and s i l i c a  g e l  * G I  t h i n  l a y e r s .  CO-- i s  p robab ly  

decomposed i n  t h e  s o l v e n t  s y s t e m s  s t u d i e d  and s o  i t  
e s c a p e s  d e t e c t i o n .  I t  i s  obv ious  from t h e  r e s u l t s  

( T a b l e  2 and 3) t h a t  d i f f e r c ' n t  p a i r s  of a n i o n s  can 

he s e p a r a t e d  from one a n o t h e r  b y  t h i n  l a y e r  chro-  

matography on a n t i m o n i c  a c i d  and 1 : l  m i x t u r e  of  

s i l i c a  g e l  ' G I  and a n t i m o n i c  a c i d .  Some of t h e  

i m p o r t a n t  and  d i f f i c u l t  s e p a r a t i o n s  o f  t h e  a n i o n s  

2 7  

f 

3 

S O-- - C r O - - ,  CNS- - S 0-- which a r e  a l s o  t h e  
2 3  7 2 3  

s e p a r a t i o n  of p r a c t i c a l  i n t e r e s t .  

On coiyparing t h e  r e s u l t s  of t h i n  l a y e r  

ch romatograph ic  s t u d i e s  o f  a n i o n s  on an t i t non ic  a c i d  

and 1 : l  m i x t u r e  of  a n t i m o n i c  a c i d  and s i l i c a  g e l  ' G I ,  

i t  i s  obvious  t h a t  most of t h e  a n i o n s  do  n o t  move on 

a n t i m o n i c  a c i d  t h i n  l a y e r s  i n  any of the s o l v e n t  sys- 

t e m s  used  in t h e s e  s t u d i e s .  Only a f e w  a n i o n s  namely 

f r  0--, Fe(CN);-- and ErO- s h o h  a l i t t l e  tendency  

o f  moving up i n  same s v l v e n t  sys tem.  l Iokever ,  on 

mixing  a n t i m o n i c  a c i d  w i t h  s i l i c a  eel * G I ,  t h e  Hf 
v a l u e s  of  a n i o n s  a r e  fc)und t o  i n c r e a s e  t o  a c o n s i -  

d e r a b l e  e x t e n t  i n  a l l  the  s o l v e n t  s y s t e m s  which 

c l e a r l y  i n d i c a t e  t h a t  an t i rnonic  ac id  i s  a s t r o n g  

a n i o n  exchanG:er t han  s i l i c a  g e l  I G I .  The s a ~ e  f a c t  

i s  r e v e a l e d  on comparing t h e  r e s u l t s  of t h e s e  stu- 

2 7  3 
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EFFECT OF SILICA GEL 'G' 3159 

d i e s  w i t h  o u r  e a r l i e r  s t u d i e s  o f  TLC of  a n i o n s  on 

p u r e  s i l i c a  g e l  ' G '  t h i n  l a y e r s  . T h i s  h a s  enab-  

l e d  US t o  e f f e c t  numerous b i n a r y  s e p a r a t i o n s  of 

a n i o n s  from one anot t ' ier  which have  been  summarised 

h e r e i n .  The d e t e c t i o n  l i m i t  f o r  C r  02.and 

,@e(CN)6-73- is f u g  on a n t i m o n i c  a c i d  t h i n  l a y e r s .  

14 

2 7  

The un ique  f e a t u r e  of t h e s e  s t u d i e s  has 

been  t h e  q u a n t i t a t i v e  s e p a r a t i o n  of  f e r r i c y a n i d e  

( 5  ug) and d ich romate  ( 2 - 1 0  Ug) on t h e  t h i n  l a y e r  

o f  mix tu re  of' a n t i m o n i c  ac id  and s i l i c a  g e l  ' G '  

i n  0.1M a c e t i c  a c i d  s o l v e n t  s y s t e m .  I t  has been  

obse rved  t h a t  i n  0.111 a c e t i c  a c i d  s y s t e m  on ly  

fie(CN)6-73- anti C r  0 

v a l u e s  w h i l e  most o f  t h e  a n i o n s  a re  r e t a i n e d  on 

t h e  p o i n t  of  a p p l i c a t i o n .  The method can be  

used  f o r  d e t e r m i n i n g  t h e  a n i o n s  l i s t e d  when 

p r e s e n t  i n  t h e  c o n c e n t r a t i o n s  down to h u n d r e d t h s  

o f  one p e r c e n t  i n  v a r i o u s  o r g a n i c  m i x t u r e s .  The 

d e t e r m i n a t i o n  method i s  a p p l i c a b l e  t o  a l l  a n i o n s  

t h a t  g i v e  b l u e  c o l o u r  w i t h  d iphenylamine .  The 
method h a s  proved t o  be  a p p l i c a b l e  in d e t e r m i n i n g  

t h e  c o n c e n t r a t i o n  o f  a n i o n s  from f e r t i l i z e r  w a s t e  

p a s s i n g  i n t o  t h e  s o i l  and p l a n t s  from t h e s e  i n t o  

f u r t h e r  p r o d u c t s  and from s u g a r  i n d u s t r i e s ,  chemica l  

i n d u s t r y  w a s t e  w a t e r .  U n f o r t u n a t e l y  t h e  s e p a r a t i o n  

results a r e  p o o r e r  t h a n  o t h e r  chromato t ; raphic  

methods . 

2- 
f have  a p p r e c i a b l e  R 2 7  

Thanks a r e  due t o  t h e  Counc i l  of S c i e n c e  

and Technology ( U P ) ,  I n d i a  for f i n a n c i a l  s u p p o r t .  
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