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CHROMATOGRAPHIC SEPARATION OF 
ANIONS ON PAPERS IMPREGNATED WITH 

HYDROUS TITANIUM OXIDE 

K. V. Surendra Nath and S. N. Tandon* 
Chemistry Department 
University of Roorkee 

Roorkee-24 7 667, India 

ABSTRACT 

C h r o m a t o g r a p h i c  b e h a v i o u r  of l i f f e r e n t  a n i o n s  o n  h y d r o u s  

t i u n i u r n  o x i d e  p a p e r s  h a s  beer,  i n v e s t i g a t e d  i n  a v a r i e t y  of  

aqueou: and non-aqueous S O I V F ' I T  F y s t e m s .  Some a n i o n s  l i k e  F - ,  

PO;-, SO,;-, V q 3 - ,  Mn04, As0;- and WOz- a r e  s t r o n g l y  r e t a i n e d  or: 

these p a p e r s .  Based on t h e  R v a l u e s  d a t a  i t  was p o s s i b l e  to  

a t t a i n  some d i f f i c u l t  s e p a r a t i o n s .  
f 

INTRODUCTION 

A l b e r t i  ( 1 )  and Q u r e s h i  ( 2 )  i n  t h e i r  r e v i e w  a r t i c l e s  

h a v e  h i g h l i g h t e d  the a d v a n t a g e s  of p a p e r s  i m p r e g n a t e d  w i t h  

i n o r g a n i c  i o n  e x c h a n g e r s .  Hydrous  o x i d e s  of p o l y v a l e n t  metal 

i o n s  a r e  c a p a b l e  of b e h a v i n g  b o t h  a s  c a t i o n  a n d  a n i o n  e x c h a n g e r s  

b u t  t h e  p a p e r s  i m p r e g n a t e d  w i t h  these materials h a v e  b e e n  m o s t l y  

.used f o r  t n e  s e p a r a t i o n  u i  c a t i o n s .  R e l a t i v e l y  l e s s  i n f o r m a t i o n  
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1434 NATH AND TANDON 

e x i s t s  o n  t h e i r  u s e  f o r  t h e  s e p a r a t i o n  o f  a n i o n s .  S a k o d i n s k y  and  

L e d e r e r  ( 3 )  r e p o r t e d  a c o m p a r a t i v e  s t u d y  o f  t h e  c h r o m a t o g r a p h i c  

b e h a v i o u r  of a few a n i o n s  o n  h y d r a t e d  i r o n  (III), t i t a n i u m  

(IV) and z i r c o n i u m  (IV) o x i d e  p a p e r s .  S i n g h  and Tandon ( 4 )  

s t u d i e d  t h e  b e h a v i o u r  of v a r i o u s  a n i o n s  o n  h y d r a t e d  z i r c o n i u m  

o x i d e  ( H Z O )  p a p e r s  i n  a q u e o u s  s o l v e n t  s y s t e m s  and a c h i e v e d  

some s e p a r a t i o n s .  C h a t u a r y  and S e n  (5) employed h y d r a t e d  t i n  

o x i d e  (HSnO) p a p e r  for the s e p a r a t i o n  of some p o l y v a l e n t  a n i o n s .  

P a p e r s  impregnated  w i t h  h y d r a t e d  t i t a n i u m  o x i d e  (3,6) h a v e  

been  used for t h e  removal  of uranium f rm sea water and for 
the s e p a r a t i o n  of some c a t i o n s  i n c l u d i n g  uranium and c a t i o n i c  

complexes.  I n  the a b s e n c e  of a n y  d e t a i l e d  s t u d y  on tbe use of 
h y d r a t e d  t i t a n i u m  o x i d e  p a p e r s  for tbe s e p a r a t i o n  of a n i o n s  

t h e  a u t h o r s  to& up a s y s t e m a t i c  i n v e s t i g a t i o n  of the b e h a v i o u r  

of a number of a n i o n s  b o t h  i n  a q u e o u s  and mixed s o l v e n t  systems. 

The r e s u l t s  were i n t e r e s t i n g  a n d  i t  was p o s s i b l e  to a c h i e v e  

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

EXPERIMENTAL 

P r e p a r a t i o n  of' Hydrous T i t a n i u m  O x i d e  P a p e r s :  

Whatmann No. 1 c h r o m a t o g r a p h i c  p a p e r  s t r i p s  ( 2 8  cm x 2 cm) 

were d ipped  i n  0. 10M s o l u t i o n  o f  T i C 1 4  (E .Merck)  in 4 N H C l  for 

30 sec. T h e s e  were b l o t t e d  w i t h  f i l t e r  p a p e r  to  remove e x c e s s  

of  l i q u i d  and a i r  d r i e d .  The p a p e r s  were t h e n  d i p p e d  i n t o  10% 

ammonia f o r  45 sec ,  a g i t a t i n g  c a r e f u l l y  t o  a v o i d  a n y  uneven 

p r e c i p i t a t i o n .  The d r i e d  p a p e r s  were t h e n  washed s e v e r a l  times 

w i t h  d i s t i l l e d  water and a i r  d r i e d  o v e r n i g h t .  The u n i f o r m i t y  of 

i m p r e g n a t i o n  o f  h y d r o u s  t i t a n i u m  o x i d e  i n  t h e  p a p e r  was checked  

by d e t e r m i n i n g  t i t a n i u m  (IV) i n  o n e  s q . c m .  p i e c e s  of t h e  s t r i p s  

of t h e  same p a p e r  and o f  d i f f e r e n t  l o t s .  T i t a n i u m  i m p r e g n a t i o n  

w s - f w n d  t o  b e  f a i r l y  u n i f o r m  1 . 7  k 0.1 mg/sq.cm. and t h e  

p a p e r s  g i v e  r e p r o d u c i b l e  R f  v a l u e s .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
3
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ANIONS ON HYDROUS TITANIUM OXIDE PAPERS 

S o l v e n t  Sys t em/Cmposi  t i o n :  

1435 

3 0. 10M NaNO 

0. 10M NaCl 

0. 10M NaAc 

0. 10M Na2SOII 

1 .  OM Na2S04 
0. 10M Na2C03 

1.OM Na CO- 

C). 10M NaECO? 

Acetorie-3M NH40H ( 1 :  1 )  V/V 

Acetone-3M N H 4 0 H  ( 7 : 3 )  V/V 
Acetone-n-butanol  - 3M NH40H (4: 3: 3 )  V/V/V 
Acetone-methanol-3M H C 1  ( 4 : 3 : 3 )  V/V/V 
Acetone-n-butanol-  3M H C 1  ( 4 : 3 : 3 )  V/V/V 
Acetone-ethyleneglycol-3M H C 1  ( 4 : 3 :  3 )  V/V/V 
Acetone-e thanol -20% ace t i c  a c i d  ( 4 :  3: 3 )  V/V/V 
Acetone-n-butanol-20% a c e t i c  a c i d  ( 4 : 3 :  3 )  V/V/V 

2 3  

~ 

C o r r e s p o n d i n g  s e r i a l  numbers f o r  s o l v e n t  s y s t e m s  a r e  

used i n  t h e  T a b l e s  -1  and 2. 

Procedure: 

The d e v e l o p m e n t  of a n i o n s  was c a r r i e d  o u t  i n  glass jars 

by t h e  method of ascending chromatography k e e p i n g  t h e  d i a m e t e r  

o f  t h e  s p o t s  w i t h i n  5 m m .  The a n i o n s  were i d e n t i f i e d  by s p r a y i n g  

a p p r o p r i a t e  r e a g e n t s  ( 7 ) .  

RESULTS AND DISCUSSION 

The hRf v a l u e s  of t h e  a n i o n s  i n  d i f f e r e n t  a q u e o u s  and 

mixed s o l v e n t  s y s t e m s  are  g i v e n  i n  T a b l e  - 1 .  The v a r i o u s  s e p a r a -  

t i o n s  a c h i e v e d  a re  l i s t e d  i n  T a b l e  - 2. I n  t h e  case of c h l o r i d e  

i t  was checked t h a t  t h e  a s s o c i a t e d  c a t i o n  d o e s  n o t  have  a n y  

s i g n i f i c a n t  e f f ec t  on t h e  R f  v a l u e .  
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ANIONS ON HYDROUS TITANIUM OXIDE PAPERS 1437 

TAIjI3 2.  Various Separations on Hydrous Titanium Oxide  Paper 
~~ 

A n i  c .iepara ted S o l v e n t  Sys tem Used 

I- - 10- 3 
c10- - 10- 

3 3 
BrO- - 10, 3 

4- 

3- 

2- 

vo;-- wo4 2- - PO4 3- 

F- - C 1 -  - Br- - I- - CNS- 

C r 0 3  from a m i x t u r e  of 

As0 W04 , PO4 , Mn04 and V 0 4  

Moo4 
WO,, , PO4 , MnO; and V0:- - 

10,11,15,16 
2- 

6,8,9,12,13 - 2- 3- 3- 

from a m i x t u r e  of As04 , $1 3- 

6,8,9,12 2- 2- 
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1438 NATH AND TANDON 

Amongst the h a l i d e s  F- is s t r o n g l y  r e t a i n e d  on  t h e s e  

p a p e r s  b o t h  i n  a q u e o u s  and  mixed s o l v e n t s .  T h i s  may b e  a t t r i b u t e d  

t o  t h e  s t r o n g  c o m p l e x a t i o n  of F- w i t h  t i t a n i u m  ( I V ) .  I n  a q u e o u s  

s o l v e n t s  t h e r e  is n o  d e f i n i t e  trend i n  t h e  R v a l u e s  of h a l i d e s ,  

h o w e v e r ,  i n  t h e  mixed s o l v e n t s  i t  fol lows t h e  o r d e r  F-< C l - < B r -  

( I - < S C N - .  Good r e s o l u t i o n s  of h a l i d e s  were a c h i e v e d  w i t h  s o l v e n t  

s y s t e m s  5 ,  10 ,  1 1 ,  15, 16. I r r e s p e c t i v e  of t h e  n a t u r e  of t h e  

s o l v e n t  s y s t e m  the Hi. v a l u e s  of t h e  o x y n a l  i d e  i o n s  r ' n ? ' ! ~ ~ h .  ' , t ( ,  

o r d e r  10- ( R r O -  ( ClO- The s e p a r a t i o n  o f  C l ( l - -  B r O -  ,and ! C i i  A ~ I : -  

a c h i e v e d  e f f e c t i v e l y  w i t h  mixed s o l v e n t .  s y s t e m s  9 ,  10, ' :  and 

and  t h a t  o f  10- f rom C 1 0  o r  B r O -  e v e n  w i t h  t h e  d i f f e r e n t  aquecjuF 

s a l t  s o l u t i o n s .  S i n c e  10- i s  r e t a i n e d  s t r o n g l y  i t  c a n  b e  s e p a -  

r a t e d  from I- a lso .  

f 

3 3 3' 3 3  3 

3 3 3 

3 

PO;-, VO:-, CrCil,  2- , G e n e r a l l y  t h e  o x y a n i o n s  like 
2- 2- MnOi, AsO:-, Moo4 a n d  W04 d o  n o t  move much from t h e  p o i n t  of 

a p p l i c a t i o n  o n  HTiO p a p e r s .  T h i s  is i n  c o n f o r m a t i o n  t c  !he 

o b s e r v a t i o n  of K r a u s  ( 8 )  who h a s  r e m a r k e d  t h a t  t h e s e  o x y a n i o n s  

are  s t r o n g l y  a d s o r b e d  by v a r i o u s  h y d r o u s  o x i d e  e x c h a n g e r s .  S i  iigi. 

a n d  Tandon  ( 4 )  a n d  G h a t u a r y  a n d  S e n  (5) o b s e r v e d  s i m i l a r  beha-  

v i o u r  of some of t h e s e  a n i o n s  o n  HZO and  HSnO p a p e r s .  However ,  

i t  is i n t e r e s t i n g  t o  n o t e  t h a t  Cr04 a n d  MOO:- show a s i g n i f i c a n t  

movement i n  a q u e o u s  s o l u t i o n s  of c a r b o n a t e ,  b i c a r b o n a t e  or 

c h l o r i d e  a n d  i n  mixed s o l v e n t s  h a v i n g  e i t h e r  ammonia or H C 1  a s  

o n e  of i t s  componen t .  Thus  some i n t e r e s t i n g  s e p a r a t i o n s  i n v o l v i n g  

Cr04 and  MOO,, a n i o n s  c a n  b e  a c h i e v e d  w i t h  t h e  s o l v e n t  s y s t e m s  

6 ,  7 ,  8 ,  9 ,  1 2 ,  1 3  a n d  14.  The  R v a l u e s  of d i f f e r e n t  a n i o n s  

of s u l p h u r  eg. SO$-, S 02- a n d  S O8 i n  mixed s o l v e n t  s y s t e m s  

show t h e  t r e n d  S O 4  < S 0 < S208 , b u t  i n  a q u e o u s  m e d i a  a l l  

t h e s e  a n i o n s  move to  t h e  s o l v e n t  f r o n t .  

2- 

2- 2- 

f2- 

2- 2 3 2 -  5- 
2 3  

4- Amongst Fe(CN)?- a n d  Fe (CN)6  t h e  l a t t e r  a t t a i n s  a brown 

c o l o u r  on HTiO p a F e F s  a n d  is p r e f e r e n t i a l l y  r e t a i n e d .  The  d e v e l o -  

pmen t  of brown co lou r  is  a t t r i b u t e d  to  s u r f a c e  ' p r e c i p i t a t i o n  ( 3 ) .  
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ANIONS ON HYDROUS TITANIUM OXIDE PAPERS 1439 

T h e s e  two a n i o n s  c a n  b e  c o n v e n i e n t l y  s e p a r a t e d  i n  v a r i o u s  a q u e o u s  

and mixed s o l v e n t s .  

Strong r e t e n t i o n  of F- ,  P O 4  3- , N4 2- , V04 3- , Mn04, As0:- 

2- and W04 c o u l d  b e  e i t h e r  d u e  t o  a d s o r p t i o n ,  c o m p l e x a t i o n  or  

p r e c i p i t a t i o n .  I t  h a s  been  o b s e r v e d  t h a t  t h e  R v a l u e s  o f  d i f f e -  

r e n t  a n i o n s  i n v a r i a b l y  i n c r e a s e  w i t h  i n c r e a s e  i n  c o n c e n t r a t i o n  of 

Na CO s o l u t i o n  and t h i s  may b e  d u e  t o  a p p a r e n t  l o s s  o f  a n i o n  

e x c h a n g e  c a p a c i t y .  F o r  s e p a r a t i o n s  which can be achieved both 

i n  a q u e o u s  and mixed s o l v e n t s  the former s h o u l d  be p r e f e r r e d  

b e c a u s e  i t  takes much s h o r t e r  time (15-20 min.) t o  a c c m p l i s h  

them. 

f 
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