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SYNTHESIS, I O N  EXCHANGE PROPERTIES AND APPLICATIONS OF THERMALLY 
STABLE STANNIC SELENOPHOSPHATE : COMPARISON 'HIITH OTHER TIN( I V )  
BASED I O N  EXCHANGERS. 

Syed Ashfaq Nab i  , Ahsan Rasheed  S i d d i q i  and R i f a q a t  A l i  Khan Rao 
Depar tmen t  of Chemis t ry  A l i  a r h  Muslim U n i v e r s i t y ,  A l i g a r h  202001 

[U.P.f I N D I A .  

ABSTRACT 

Samples  o f  s t a n n i c  s e l e n o p h o s p h a t e  h a v e  been s y n t h e s i z e d  

by m i x i n g  0 . 0 5 ~  aquous s o l u t i o n s  of s t a n n i c  c h l o r i d e ,  sod ium 

s e l e n i t e  and sodium d i h y d r o g e n  p h o s p h a t e  i n  d i f f e r e n t  vanlume 

r a t i o s  a t  pH = 1. The c h e m i c a l  c o m p o s i t i o n s  have  been d e t e r m i n e d .  

The T i n ,  S e l e n i u m  and P h o s p h o r o u s  c o n t e n t s  of a l l  t h e s e  s a m p l e s  

have  been found t o  be i n  t h e  r a t i o  of 1:l:l.  Sample w i t h  a h i g h  

i o n  exchange  c a p a c i t y  (1.63 m e q /  d r y  gm) h a s  been s t u d i e d  i n  

d e t a i l .  pH t i t r a t i o n s ,  I R  a n d  X-ray a n a l y s i s ,  d i s t r i b u t i o n  co- 

e f f i c i e n t s  o f  ruetal i o n s  i n  d i f f e r e n t  s y s t e m s  were performed.  The 

d i f f e r e n t i a l  s e l e c t i v i t y  of  m e t a l  i o n s  on s t a n n i c  s e l e n o p h o s p h a t e  

h a s  been u t i l i z e d  f o r  t h e  i m p o r t a n t  s e p a r a t i o n s .  F o u r t e e n  q u a n t i -  

t a t i v e  s e p a r a t i o n s  of i n d u s t r i a l  and a n a l y t i c a l  i m p o r t a n c e  h a v e  been 

a c h i e v e d  on i t s  column. A compar i son  o f  t h e  i m p o r t a n t  p r o p e r t i e s  

of s t a n n i c  s e l e n o p h o s p h a t e  h a v e  been made w i t h  s t a n n i c  t u n g s t o -  

a r s e n a t e ,  s t a n n i c  m o l y b d o a r s e n a t e ,  s t a n n i c  a r s e n o p h o s p h a t e ,  s t a n n i c  

vanadophospha te ,  s t a n n i c  p h o s p h a t e  and s t a n n i c  s e l e n i t e .  It  
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1226 ASHFAQ NABI, RASHEED SIDDIQUI, AND ALI KHAN RAO 

was found  t h a t  s t a n n i c  s e l e n o p h o s p h a t e  i s  more c h e m i c a l l y  and 

t h e r m a l l y  s t a b l e  t h a n  o t h e r  T i n (  IV) based  i o n  exchange  materials. 

INTRODUCTION 

The i m p o r t a n c e  o f  s y n t h e t i c  i n o r g a n i c  i o n  e x c h a n g e r s  h a s  

now been  wel l  e s t a b l i s h e d  ( 1 ) .  B e s i d e s  t h e i r  numerou8 a n a l y t i c a l  

a p p l i c a t i o n s ,  t hey  have  been  found  u s e f u l  in t h e  f i e l d s  of i n d u s t r y ,  

m e d i c i n e  and b io logy .  S imple  salts of t h e  metals which e x h i b i t  

i o n  exchange  p r o p e r t i e s  have  been  w c h  s t u d i e d  as compared t o  

d o u b l e  salts. It h a s  been found t h a t  h e t e r o p o l y a c i d  salts o f  some 

metals p o s s e s s  i o n  exchange p r o p e r t i e s  d i f f e r e n t  t o  t h e  s i m p l e  

s a l t s  ( 2 , 3 ) 4 ) .  

exchange  c a 2 a c i t i e s  and are  more t h e r m a l l y  and c h e m i c a l l y  s t a b l e  t h a n  

s i m p l e  salts. S t a n n i c  P h o s p h a t e  ( 5 )  and S t a n n i c  S e l e n i t e  ( 6 )  have  

been found t o  e x h i b i t  e x c e l l e n t  i o n  exchange  p r o p e r t i e s .  We h a v e  

t h e r e f o r e  chosen t o  s y n t h e s i z e  and i n v e s t i e a t e  t h e  p r o p e r t i e s  of 

s t ann ic  s e l e n o p h o s p h a t e  as a new i o n  exchange  materials. The r e s u l t s  

h a v e  been  compared w i t h  s t a n n i c  s e l e n i t e ,  s t a n n i c  p h o s p h a t e  and 

a l so  w i t h  t h o s e  of s t a n n i c  t u n g s t o a r s e n a t e  (7), s t a n n i c  molybdo- 

a r s e n a t e  ( 8 )  and s t a n n i c  a r s e n o p h o s p h a t e  (9).  

The h e t e r o p o l y a c i d  salts  u s u a l l y  show h i g h e r  ion 

EXPERIMENTAL 

Reagents: S t v l n i c  c h l o r i d e  p e n t a h y d r a t e  sodium s e l e n i t e  

(B.D.H.) and sodium d i h y d r o g e n  p h o s p h a t e  (E. Pierk) were u s e d ;  

o t h e r  chemica l  were o f  r e a g e n t  g rade .  

- Appara tus :  The s p e c t r o p h o t o u e t r y ,  I R  s t u d i e s ,  pH measuremen t s  

and t h e  X-ray a n a l y s i s  were performed u s i n g  Bausch and Lomb 
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THERMALLY STABLE STANNIC SELENOPHOSPHATE 1227 

Spec t r o n i c - 2 0  s p e c t r o p h o t o m e t e r ,  Pe rk in -E lmer  model 137 s p e c t r o -  

p h o t o m e t e r ,  E l i c o  pH meter model L I -  10 and P h i l i p s  X-ray d i f f r a c t o -  

meter r e s p e c t i v e l y .  A t e m p e r a t y r e  - c o n t r o l l e d  s h a k e r  (SICO) was 

u s e d  f o r  shaking.  

S y n t h e s i s :  S t a n n i c  s e l e n o p h o s p h a t e  s a a p l e s  were p r e p a r e d  by 

a d d i n g  a m i x t u r e  of a q u o u s  sodium d i h y d r o g e n  p h o s p h a t e  and sodium 

s e l e n i t e  of O.95M s o l u t i o n s  each  t o  0.05M a q u o u s  s o l u t i o n  of 

s t a n n i c  c h l o r i d e  i n  d i f f e r e n t  volume r a t i o  as i n d i c a t e d  i n  T a b l e  10. 

The pH was a d j u s t e d  by a d d i n g  d i l u t e  ( 5 % )  h y d r o c h l o r i c  a c i d  

T a b l a - I a  s y n t h e s i s  i o n  e>.chnr?ge c a p a c i t y  o f  
s t a w .  i c  s e l  e n o p h o s p k t e  s n p l e s .  

- 
i o n  exc:?ant-e S - a p l e  C o n $ i t i o n s  o f  s y n t - l e s i s  

snC1 4.5i1,C 1.a SeG.. liar1,W mixing  c a p w i  t y  ' 4 r n t i o n  m e q j 6 r y . g  i 2 >  
v /v - 

;-I, 0.05 0.15 9.35 1 : l : l  1.0 1.26 

0.05 0.05 3.35 1:1:2 1.0 1.63 

;"I 2 3.05 0.05 9.95 1:2:1 1.0 1.23 

3.05 3.05 0.05 Z : l : l  1.0 1.04 

f '  I -"A ,, 

. .  LLE4 

? ' ab le - Ib  Che.-ica$ c o m p o s i t i o n  o r  s t a n n i c  s e l e n o -  
2 ho spha t e s m p l  e s . 

d o n p o s i t i o n  
~~ ~~~ ~ ~~ ~~~~~~~ 

Linr?.ples 1:illi- ::illi- i . ill i- ; . o l e  
moles moles moles r a t i o  of' 
o f  Cn of Se o f  F Sn : Se  : p 

"; 1 1. >58 1.9600 1 .3330 1.01: 1.07: 1.0 

XI2 1.937 : .oi33 1. qpoi) 1.0:1.35:1.33 

1.8733 1.01: 1.07: 1 .r) ZUF3 1.396 2.3000 

L:T4 - - - - 
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1228 ASHFAQ N A B I ,  RASHEED SIDDIQUI, AND ALI KHAN RAO 

s o l u t i o n  o r  d i l u t e  sodium hydroxide. The g e l a t i n o u s  p r e c i p i t a t e  

so formed, was al lowed t o  s e t t l e  down f o r  24 h r s ,  washed s e v e r a l  

t i m e s  w i t h  deminera l ized  water and f i l t e r e d  under  s u c t i o n .  It was 

then d r i e d  a t  4OoC. 

water, broke down i n t o  smaller p a r t i c l e s  w i t h  s l i g h t  e v o l u t i o n  of 

hea t .  To conver t  i t  i n t o  hydrogen form t h e  m a t e r i a l  was k e p t  f o r  

:? d r y s  in one  molar. r i i t r i c  a c i d  s c l b t i o n .  l t  w a s  t h e n  washed 

with Zemineral incd water t o  remove e x c e s s  of  a c i d .  The c o r e i t i o n s  

c r  p r e p a r a t i o n ,  i o n  exc:??r:pe ca:.acity an? c o m p o s i t i o n  o f  va r ious  

:?a.ples i s  r e  0rtc.d i n  Table  Ia snc' I b .  

T h i s  whi te  hard s u b s t a n c e  when imuersed In  

Ion exchanp;e Capacity: The Ion exchange c a p a c i t y  of  sample 

(ssP2) w i t h  d i f f e r e n t  metal  i o n s  was de termined  by column opera- 

t i o n .  The sample i n  hydrogen form was p l a c e d  i n  t h e  column with 

g l a s s  wool support .  The hydrogen i o n s  were e lu ted  w i t h  one molar 

c a t i o n  s o l u t i o n .  The i o n s  r e l e a s e d  from t h e  exchanger were then 

determined by t i t r a t i n g  t h e  e f f l u e n t  w i t h  t h e  s tandard  s o l u t i o n  

of sodium hydroxide. The i o n  exchange c a p a c i t i e s  w i t h  d i f f e r e n t  

mono and b i v a l e n t  i o n s  a r e  shown in Table 11. 

- Chemica l  S t a b i l i t x :  

was e q u i l i b r a t e d  with t h e  50 m l  of t h e  s o l v e n t  concerned at room 

teff iperature  (25  2 2OC) and k e p t  f o r  24 h r s  wi th  o c c a s i o n a l  shaking.  

Tin,  selenium and phosphate  r e l e a s e d  i n  t h e  s o l v e n t  were de termined  

spec  t roph o t ome t r i c a l l  y u s i n g  h aema t oxy 1 i n ,  diamino ben z i d  i n e  and 

ammonium molybdate r e s p e c t i v e l y  as a c o l o u r i n g  r e a g e n t s  (10,111. 

T h e  r e s u l t s  a r e  compared w i t h  t h o s e  of s t a n n i c  t u n g s t o a r s e n a t e  and 

s t a n n i c  molybdoarsenate  (7,8) i n  T a b l e  111. 

A 0.5 g of  t h e  m a t e r i a l  (sample SSP2) 

- C O P i O S I T I O N :  

c o n c e n t r a t e d  h y d r o c h l o r i c  acid. The s o l u t i o n  was cooled  and 

A 0.2 g of  t h e  sample was d i s s o l v e d  i n  h o t  
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THERMALLY STABLE STANNIC SELENOPHOSPHATE 1229 

Table- I1  Ion exchange c a p a c i t y  ( p H s 6 )  of s t a n n i c  
se lenophosphate  (sample SSP2) at 25 ?; 1OC. 

Ion Capac i ty ,  to eq /g 

Li+ 

N a+ 

K+ 

Rb+ 

Mg+2 
+2 

Ca 

Sr+2 

Ba+2 

0.86 

1.34 

1.63 

0.86 

0.70 

0.87 

1.10 

0.92 

se len ium was e s t i m a t e d  as se len ium metal ( 1  1) a f t e r  p r e c i p i -  

t a t i o n  wi th  s u l p h u r d i o x i d e  s o l u t i o n .  From t h e  f i l t r a t e ,  t h e  

t i n  was p r e c i p i t a t e d  u s i n g  cupfer ron  ( 1  1 ) as p r e c i p i t a t i n g  r e a g e n t  

and f i l t e r e d .  The p r e c i p i t a t e  was then i g n i t e d  and t i n  was 

de termined  as t i n  oxide.  L a s t l y  t h e  phosphate  c o n t e n t  In t h e  

f i l t r a t e  was determined t i t r i m e t r i c a l l y  ( 1  1) .  

p H - t i t r a t i o n s :  pH t i t r a t i o n s  f o r  L i C 1 -  LiOH, N a C l -  NaOH and 

K C 1 -  KOH sys tems f o r  sample ssP2 were performed using Topp and 

Pepper ' s  method ( 1 2 ) .  F o r  each s y s t e m ,  0.5 g of t h e  exchanger  

i n  H form was e q u i l i b r a t e d  with 50 m l  o f  t h e  s o l u t i o n  a t  room 

tempera ture .  pH t i t r a t i o n  c u r v e s  f o r  t h e s e  systems are shown i n  

Fig. 1. 
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1230 ASHFAQ NABI, RASHEED SIDDIQUI, AND ALI KHAN RAO 

T a b l e - I 1 1  Chemical s t a b i l i t y  of some T i n (  I V )  ba sed  
i o n  exchange r s .  

S t a n n i c  s e l e n o -  S t a n n i c  t u n g s t o -  S t a n n i c  molybdo- 
p h o s p h a t e  arsenate ar s e n a  t e 

S o l v e n t  ( % / 5 0  ml) ( q / 5 0  ml ( m g / 5 0  d l  
Sn Se P Sn W As Sn Mo A s  

Water 0.00 
0.lM Ni t r i c  0.00 
Acid 
1.OM Ni t r i c  0.22 
Acid 
2.OM Nitr ic  2.20 
Acid 
4.OM N i t r i c  - 
Acid 
0.1M Hydro- 0.00 
c h l o r i c  Acid 
1.GM Hydro- 2.42 
c h l o r i c  Acid 
2.OM Hydro- 8.20 
c l a l o r i c  Acid 
4.OM Hydro- - 
c h l o r i c  Acid 

0.00 
0.co 

0.00 

1.02 

- 
0.00 

1.24 

6.20 

- 

0.00 
0.00 

0.00 

0.00 

- 
0.00 

0.80 

5.10 

- 

0.65 - 
- 
- 

8.00 

- 
- 
- 

145.00 

1,ON Sul- 0.00 0.00 0.10 - - - - - - 
p h u r i c  Acid 

p h u r i c  Acid 

4 . O M  Sul-  - - - 29.CO 0.40 20.00 22.50 62.50 30.00 
p h u r i c  Acid 

1.OM A c e t i c  - - - 0.38 0.16 14.0 0.03 10.00 7.50 
Acid 

2.OM S u l -  O.CO 0.22 0.10 - - - - - - 

Thermal  t r e a t m e n t :  To exaffi ine t h e  e f f e c t  of  d r y i n g  t e m p e r a t u r e  

on t h e  i o n  exchange c a p a c i t y ,  t h e  material  was h e a t e d  at d i f f e r e n t  

t e m p e r a t u r e s  i n  a m u f f l e  f u r n a c e  f o r  one h r .  The i o n  exchange  

c a p a c i t i e s  f o r  K i  i o n  a t  d i f f e r e n t  t e m p e r a t u r e s  are r e p o r t e d  i n  

T a b l e  I V .  
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THERMALLY STABLE STANNIC SELENOPHOSPHATE 1231 

T a b l e - I 1 1  (Contd. 1 

-~ 

S t a n n i c  seleno-  S t a n n i c  tungs to-  S t a n n i c  molybdo- 
phosphate  a r  Pena te  ar sena  t e 

Sn Se P Sn W As Sn Mo A s  

S o l v e n t  ( mg/50 ml) ( m g /  50 d) (mt: / 50 ml) - 
4.OM 0.00 0.20 0.00 - - - 
A c e t i c  
Acid 

1 .OM - - - 0.38 0.60 5.40 
Formic 
Acid 

Formic 
Acid 
1.OM Tar- - - - 47.50 0.20 0.20 
t a r i c  Acid 
2.OM Tar- 1.20 0.90 0.81 - - - 
t a r i c  Acid 

1.OM C i t -  - - - 32.50 0.60 0.40 
r i c  Acid 

2.OM C i t -  0.94 0.57 0.46 - - - 
r i c  Acid 

O.1M 0.20 6.60 5.10 Dissolved comple te ly  
Sodium 
hydroxide  

4.OM 0.92 0.10 0.00 - - - 

8.75 30.00 15.00 

- - - 
2.88 30.00 8.75 

- - - 

- - - 4.OM Per- 2.44 2.70 3.26 - - - 
c h l o r i c  
Acid 

- IA-Spectrophotometry: 

d i f f e r e n t  te f f ipera tures  were o b t a i n e d  by potass ium bromide d i s c  

method Pig.  2. 

I R  s p e c t r a  of  sample SsP2 d r i e d  at 

- X-ray d i f f r a c t i o n  a n a l y s i s :  Nickel-f il t e r e d  Cu-KW r a d i a t i o n  

was used f o r  X-ray d i f f r a c t i o n  a n a l y s i s  o f  t h e  sample d r i e d  a t  

4Ooc. 
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1232 ASHFAQ N A B I ,  RASHEED SIDDIQUI, AND ALI KHAN RAO 

I4 .O 

10.0 

I 
o. 6 . 0  

2 .O 

L i +  

0 Na+ 

A K *  

0 0 . 5  1.0 I. 5 2 . 0  a .  5 3.0 

O H  A D D E D , m  e q  /0.59 

F i q .  1 F'H t i t r a t i o n  c u r v e s  of S t a n n i c s e l e n o p h o s p h a t e  

D i s t r i b u t i o n  C o e f f i c i e n t s :  D i s t r i b u t i o n  c o e f f i c i e n t s  f o r  

d i f f e r e n t  uietal i o n s  were determined by a publ i shed  method ( 1 3 ) .  

The r e s u l t s  are given i n  T a b l e  V. 

w i t h  soffie o t h e r  I'in(IV) based ion  exchangers  (Table  V1,VII). 

Kd v a l u e s  were a l s o  compared 

Q u a n t i t a t i v e  S e p a r a t i o n s :  Important  s e p a r a t i o n s  of u e t a l  i o n s  

were achieved on t h e  columns of t h e  exchanger. The  column was 

prepared u s i n g  2.0 g of exchanger  (150-200 mesh) i n  H+ form i n  a 

glass tube  of i n t e r n a l  d i a m e t e r  of 0.6 cm i n  each case. 

of  t h e  m e t d  i o n s  s o l u t i o n  was poured I n t o  t h e  c o l u m .  The 

A mixture  
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THERMALLY STABLE STANNIC SELENOPHOSPHATE 1233 

Table-IV E r f e c t  o f  d r y i n g  t e m p e r a t u r e s  on 
exchange c a p a c i t y  of v a r i o u s  T i n (  IV) 
based ion e x c h a n g e r s .  

~ 

Dryinp 
t enlp era  t u r  e 

Ion exchange  c a p a c i t y  (m e q / d r y  grm) 

OC SP ss SSP S1' A SYA SAP SVP 

40 

100 

200 

3 00 

4 00 

500 

6 00 

700 

900 

1.35 

1.62 

0.92 

C.23 

0.32 

- 
- 
- 

0.75 

0.75 

0.75 

0.75 

0.75 

0.70 

0.20 

- 
- 

1.63 

1.63 

1.3 

0.88 

0.70 

0.64 

0.3d 

- 
0.2 

7.2 

0.3 

0.6 

51 

.35 
- 

0.28 

0.04 

- 

1.75 

1.65 

0.90 

- 
.20 

- 
0.10 

- 
0.00 

1.70 

1.30 

1.10 

0.50 

- 
- 
- 
- 
- 

sp = S t a n n i c  p h o s p h a t e ;  SS = S t a n n i c  s e l e n i t e ;  
SSP = S t a n n i c  s e l e n o p h o s p h a t e ;  STA = S t a n n i c  t u n g s t o a r s e n a t e ;  
SKA = S t a n n i c  m o l y b d o a r s e n a t e ;  SAP = S t a n n i c  a r s e n o p h o s p h a t e ;  
SVP = S t a n n i c  vanadophospha te .  

- 
I- 
z 
Y 

U U W 

0 - 
Y 
U 
z 
4 
I- 
I- - x 
n 
z 
4 
s. 
I- 

WAV f L E  N GTH (MICRONS ) 

2 5  3 4 5 b 7 8 0 1 0  I2 I5 2 0  

4 0 0 0  3 5 0 0  3 0 0 0  2 5 0 0  2 0 0 0  I 5 0 0  1000 5 0 0  

F R f  Q U E N C Y  ( C Y - ' )  

F i g . 2  l n f r a r e d s p e c t r r  o f  S t a n n i c  s e l e n o p h o s p h s t t d r i e d  a t  
d i f f e r e n t  t e m p e r a t u r e s  
1, 4O.C T 2 4 0 ° C  ( K ' T O R M ) , T S  SOO°C, 14 5OO0C, 

T 5  8 0 0 Q C  
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Table-V D i s t r i b u t i o n  c o e f f i c i e n t s  f o r  some c a t i o n s  
on s t a n n i c  selenophosphate (SSP2) i n  d i f f e r e n t  
me d i u  m. 

Metal ion 
Water 0.01M HN03 0.1M HN03 

- (PH = 5.8) 

C"+2 
N i + 2  
Hg+2 
co+2 
~ l + 3  
Fe+3 

zn+2 
Pb+2 

Cd+2 
Mei 
Ba+2 
Ct3+2 
MrI+2 
VO+2 
Th'4 
uo;= 
~ e + ~  

940.00 
1020.00 

60.00 
2900.00 
2400.00 

goo.00 
8 500.00 
3360.00 
9900.00 

920.00 

1700.00 
920.00 
70.00 

3900.00 
4900.00 
9980.00 

4900.00 
9900.00 

12500.00 
3328.00 
2150.00 
1983.00 
6400.00 
6420.00 

197.00 
7.66 

60.00 
103.00 

1566.00 
150.00 

1128.00 
73.30 

138.00 
2.00 

125.00 
21.50 
50.00 

47 50.00 

300.00 

9905.00 

1 328.00 
4070.00 

12500.00 
800,OO 

2150.00 
goo. 00 

3150.00 
1525.00 

4 .OO 
0.97 

28.00 
37 50 

280.00 
100.00 
105.00 

1.20 
94.60 

0.99 
1.10 
1 .oo 
1 .oo 

14.300 
4400.00 
9900.00 

400.00 
1900.00 
3050.00 

63-60 
1.1 

66.60 
170.80 
158.00 

so lu t ion  was allowed to  flow down through t h e  co luw.  The c o l u w  

was r in sed  w i t h  a l i t t l e  demineralized water. The metal ions 

adsorbed i n  the  exchanger were then e lu t ed  wi th  appropr i a t e  e l u t i n g  

reagent.  The flow r a t e  of t h e  e f f l u e n t  was maintained one ml/min. 

throughout the e lu t ion  process. The metal ions  i n  10 m l  f r a c t i o n s  
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THERMALLY STABLE STANNIC SELENOPHOSPHATE 1235 

Table-VI COD arison of Kd values of metal i ons  on 
TinfIY) based Ion exchangers in water ( p H c 6 ) .  

Kd ( m l / g  
Metal ion 

SP ss SSP SMA SVP 

cu+2 
N l + 2  

~ 1 + 3  

Pb+2 

Mg+2 

+2 
;:+2 

Fe+3 

+2 Zn 
Cd+2 

+2 

B8 
+2 Ca 

Mn+2 
vo+2 
Th+4 

+4 
uo;" 
Ce 
zr+4 
La+3 
Nd+3 
pr+3 
H O + ~  

sm+3 
Dy+3 

51870 C . A .  
1900 
2260 

96.70 610 
2 20 

4207 110 
640 

315 1070 
- 3870 
- 300 
- C.A.  

2247 3600 
2090 

- 570 
- 2400 
- C . A .  

- 
- C . A .  
- C.A.  
- C.A.  
- C . A .  - 
- 
- C . A .  

940 
1020 

60 
2900 
2400 
9 00 

B 500 
3 360 
9900 

9 20 
1700 
920 

70 
3900 
4900 
9980 

4900 
9900 

12500 
3 328 
21 50 
1983 
6400 
6420 

7 500 
1050 - 
- 
740 
150 

10650 
21 50 

900 
2300 
1030 

10900 - - - 
- 
- 

11400 

25100 
26400 

1660 
5000 

SP = Stannic phosphate; SSP = Stannic selenophosphate; 

SS = Stannic s e l e n i t e ;  C . A .  = COQplete adsorption. 
SMA = Stannic molybdoarsenate; SVP = Stannlc vanadophosphate; 
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1236 ASHFAQ NABI, RASHEED SIDDIQUI, AND ALI KHAN RAO 

Table-VII Comparison of Kd values of metal Ions on T i n ( 1 V )  
based exchangers in O.ClM HN03 medium. 

Kd values (ml/g) 
Metal i o n  

ss SSP STA SMA SVP 

cu +2 
Ni+2 
Hg+2 
co+2 
~ l + 3  
Fe+3 
Pb+2 
Zn+2 
Cd+2 

+2 
B a  Y 2  

"0;a 

Ca+2 
Mn+2 
vo+2 
Th+4 

~ e + 4  
z ~ + ~  
La+3 

Pr+3 
H O + ~  

sm+3 

Nd+3 

Dy+3 

9 50 
540 
560 
160 
440 

60 
2 20 
510 
680 
110 
600 
5 20 

210 
960 

3020 

C.A. 

C . A .  

2250 

3500 

3840 

197 
7.7 

60 
107 

1566 
1 50 

1128 
73  

138 
2.c 
125 

27.5 
50 

300 
47 50 
9905 

1328 
4070 

12500 

21 50 

800 

900 
3150 

1525 

40 1 
68 

9.0 
2.0 

0 
262 
9 .o 
251 
60 

116 

8 50 
225 

408 
5200 

507 

948 

510 
80 

240 
70 

140 
140 
110 

4 40 
110 
340 

160 
800 

1160 

780 
1170 

780 

500 
60 

0 
0 

160 
70 
10 
20 
30 
30 
0 

of the e f f luent  were co l lected  and determined t l tr imetr ica l ly  using 

0.002M EDTA solution a s  a t l trant.  Fourteen separations of metal 

i o n s  achieved, have been reported i n  Table IX. A model elution curve 

i s  also shown i n  F i g .  3 .  
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THERMALLY STABLE STANNIC SELENOPHOSPHATE 1237 

3 ' 0  P+ c- 
2 . O  - - 

E 
Y - 

1.0 
n 
u 
L 
' u o  
0 
0 
0 3 . 0  

0 

2. 2 . 0  

L 

w 

3 

0 > 
-I 

I .o 

0 

-- * I c  

IJ i C 2  L 
C 

0 5 0  I 0 0  0 5 0  100 

V O L U M E  O F  L F F L U E N T , ( m l )  

F i g .  3 S e p a r a t i o n  o f  ( a  1 Z n + 2 - P b * 2 ,  ( b ) M n + g P b + 2  

( c  ) C U + * - F C + ~  a n d  ( d  1 N i + 2 - F c t 3  O n  S t a n n i c  
s e  I c n o p h o s p h a t e  c o l u m n s  
S o l v e n t  used ', A = 0 . 0 5 M H N 0 3  B =  O. lMHN03 
C = O . B M  ~ ~ 0 3  

D IS CUSS I O N  

It i s  a p p a r e n t  f r o m  T a b l e s  Ia and  I b  t h a t  t h e  c h e m i c a l  

c o ~ p o s i t i o n  o f  d i f f e r e n t  s a m p l e s  of  s t a n n i c  s e l e n o p h o s p h a t e  p r e p a r e d  

at pH = 1 is  n o t  a l t e r e d  by v a r y i n g  t h e  mixing volume r a t i o  of s t a n n i c  

c h l o r i d e ,  sodium s e l e n i t e  and sodium d i h y d r o g e n p h o s p h a t e  s o l u t i o n s .  

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

t h a t  when a m i x t u r e  o f  a n i o n s  s o l u t i o n  i s  added t o  t h e  s t a n n i c  

c h l o r i d e  s o l u t i o n  c o n t a i n i n g  s u f f i c i e n t  h y d r o c h l o r i c  acid t o  maintain 
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1238 ASHFAQ NABI. RASHEED SIDDIQUI, AND &I KHAN RAO 

pH around 1 ,  p r e c i p i t a t e  a p p e a r s  immediately which s e t t l e s  down 

and easily f i l t e r a b l e .  On t h e  o t h e r  hand when t h e  s t a n n i c  

c h l o r i d e  is added t o  t h e  a n i o n s  s o l u t i o n ,  t h e  p r e c i p i t a t i o n  

o c c u r s  af ter  sometime and d o  n o t  s e t t l e  even after keeping  i t  

f o r  more than 24 h r s  w d  i s  d i f f i c u l t  t o  f i l t e r .  It is found 

t h a t  t h e  ion  exchange c a p a c i t y  of  t h e  s tannlc  se lenophosphate  

(1.63 r n e d g )  i s  m c h  h i g h e r  as compared t o  s t a n n i c  s e l e n i t e  

(0 ,75meq/g)  and s t a n n i c  phosphate  (1.26meq/g) as shown in 

Table  VIII. It I s  interest ing t o  n o t e  t h a t  t h e  exchange c a p a c i t y  

f o r  a l k a l i  m e t a l s  is g r e a t e r  t h a n  a l k a l i n e  earths. The i o n  

exchange c a p a c i t y  f o r  a l k a l i  m e t a l s  and a l s o  f o r  a l k a l i n e  e a r t h s  

i n c r e a s e s  i n  g e n e r a l  w i t h  t h e  d e c r e a s e  i n  h y d r a t e d  i o n i c  r a d i i  as 

expected . 

Table-VIII  Comparison of p r e p a r a t i o n  and p r o p e r t i e s  
of s t a n n i c  se lenophosphate  w i t h  o t h e r  
T i n (  IV) based i o n  exchangers .  

Ion exchange H eagen t s mixing pH Ion exchange 
- 

m a t e r i a l  r a t i o  

Sn - Se - P 0.05~ ~ n c i ~ . 5 ~ ~ 0  + 13112 1 .o 1.63 

0.05M Na2Se03 + 

0.05M NaH2P04 

Sn - Se 0.1M SnC$.5H20 + I t 1  1 .o 0.75 

3 0.1M Na2Se0 

Sn - P 210 gms of SnC14.5H20 - - 1.26 
+ 187 gms Na2H2P04 + 
96 gms NaOH 

Sn - W - AS 0.25M SnC14. 5H20 + 2r I :  1 1 .O 1.06 

Na2W04 + 0.25M Na2AS03 

Sn-Se-P = S t a n n i c  se lenophosphate ;  Sn-Se = S t a n n i c  s e l e n i t e  
Sn-P = S t a n n i c  phosphate;  Sn-W-AS = S t a n n i c  t u n g s t o a r s e n a t e .  
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THERMALLY STABLE STANNIC SELENOPHOSPHATE 1239 

A comparison of t h e  i o n  exchange c a p a c i t i e s  at d i f f e r e n t  

d r y i n g  tempera ture  of v a r i o u s  T i n (  IV) based exchangers  r e v e a l s  

many i n t e r e s t i n g  f e a t u r e s  ( T a b l e  IV). 

s t a n n i c  se lenophosphate ,  s t a n n i c  a rsenophosphate  and s t a n n i c  

vanadophosphate ( 1 4 )  are m c h  h i g h e r  a d  the  v a l u e s  l i e  very  c l o s e  
w i t h  each o t h e r  when the  d r y i n g  tempera ture  is 4OoC. 

i n c r e a s e  i n  t h e  c a p a c i t y  was observed by Inoue (5 )  i n  t h e  case of 

s t a n n i c  phosphate  when the d r y i n g  tempera ture  i s  r a i s e d  t o  100°C. 

While f o r  o t h e r  exchangers  t h e  c a p a c i t y  e i t h e r  remains  t h e  same or 

s l i g h t l y  d e c r e a s e s  a t  t h i s  tempera ture .  It is i n t e r e s t i n g  t o  n o t e  

t h a t  on i n c r e a s i n g  t h e  d r y i n g  tempera ture  s u c c e s s i v e l y  a s i g n i f i -  

c a n t  loss i n  i o n  exchange c a p a c i t y  is observed in most o f  t h e  cases. 

However, when t h e  d r y i n g  tempera ture  i s  r a i s e d  t o  500 C, a remark- 

able l o s s  in ion exchange c a p a c i t y  i s  n o t i c e d  f o r  a l l  t h e  materials 

e x c e p t  i n  t h e  c a s e  of s t a n n i c  s e l e n i t e  and s t a n n i c  se lenophosphate .  

Therefore ,  s t a n n i c  s e l e n i t e  and s t a n n i c  se lenophosphate  a p p e a r s  t o  

be more thermal ly  s t a b l e  i o n  exchange m a t e r i a l s .  It is a l s o  c l e a r  

f rom t h e  d a t a  t h a t  s t a n n i c  se lenopbosphate  p o s s e s s e s  c o n s i d e r a b l e  

exchange c a p a c i t y  even when d r y i n g  teruperature  g o e s  beyond 6OO0C. 

The c a p a c i t y  f u r t h e r  d r o p s  t o  a n e g l i g i b l e  v a l u e  (0.2 meq/g) when 

t h e  d r y i n g  tempera ture  is i n c r e a s e d  t o  0OO0C, due  t o  t h e  f o r m a t i o n  

at  r e s p e c t i v e  oxides .  

The exchange c a p a c i t i e s  o f  

A marked 

0 

The pH t i t r a t i o n  c u r v e s  i n d i c a t e  t h a t  a d s o r p t i o n  sequence 

f o r  alkali metals i n  t h e  a c i d i c  range  (below pH 6) is Ki)Nai>Ll+ 

and i s  i n  accordance  w i t h  t h e  s i z e  of  hydra ted  i o n i c  r a d i i .  The 

same t rend  i s  a l s o  confirmed by i o n  exchange c a p a c i t y  d a t a  

( T a b l e  11). 

than Na . 
sequence becomes L i + >  K+ >Na+. 

of a l k a l i  metale on s t a n n i c  se lenophosphate  resembles  w i t h  t h a t  of 

Thorium t u n g a t a t e  and Can be  e x p l a i n e d  i n  t h e  same manner (15) .  

I n  t h e  pH r e g i o n  6-7.5 L i +  i s  more s t r o n g l y  adsorbed 
i 

I f  t h e  pH is i n c r e a s e d  above 7.5, t h e  a d s o r p t i o n  

T h i s  r e v e r s a l  of a d s o r p t i o n  sequence  
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S t a n n i c  se lenophosphate  i s  h ighly  s t a b l e  i n  water and a c i d i c  

s o l u t i o n s .  It i s  c l e a r  from t h e  Table  I11 t h a t  moderately concen- 

t r a t e d  n i t r i c  a c i d ,  s u l p h u r i c  a c i d  and a c e t i c  a c i d  do n o t  have 

c o n s i d e r a b l e  e f f e c t  on t h e  chemical  s t a b i l i t y  of t h e  w t e r i a l .  

However i n  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  and sodium hydroxide t h e  

exchanger d i s s o l v e s  s i g n i f i c a n t l y  and t h e  exchanger  i s  comple te ly  

s o l u b l e  i n  h igher  c o n c e n t r a t i o n  of HC1 on prolonged h e a t i n g .  It 

is  impor tzn t  t o  compare t h e  chemical  s t a b i l i t y  of s t a n n i c  se leno-  

phosphate  with o t h e r  ion  exchange m a t e r i a l s  i n  v a r i o u s  s o l v e n t s  

(Table  111). 

is s t a n n i c  se lenophosphate)  s t a n n i c  t u n g s t o a r s e n a t e  ) s t a n n i c  

molybdoarsenate. I t  h a s  a l s o  been i n f e r r e d  t h a t  s t a n n i c  seleno-  

phosphate  i s  more s t a b l e  than s imple  salts ,  s t a n n i c  s e l e n i t e  and 

s t a n n i c  phosphate. 

The o r d e r  of chemical  s t a b i l i t y  i n  most of t h e  s o l v e n t  

S t a n n i c  se lenophosphate  h a s  very high a f f i n i t y  f o r  a number 

of metal  ions e g  VO;', Thf4 and r a r e  e a r t h s  i n  water  and a c i d  

media. The same t r e n d  is observed i n  the case of s t a n n i c  s e l e n i t e .  

A d e c r e a s e  i n  Kd v a l u e s  with t h e  d e c r e a s e  i n  pH i s  n o t i c e d  i n  

a lmost  a l l  t h e  c a s e s  a s  expected.  The i n c r e a s e d  a c i d  c o n c e n t r a t i o n  

however h a s  pronounced e f f e c t  on t h e  Kd v a l u e s  f o r  cer ta in  metal 

i o n s  e g  N i + 2 ,  Mg+' and Zn" whereas  in t h e  c a s e  of U G a ,  Th+4, 

Pb+2 and La43, t h e  i n c r e a s e d  a c i d  c o n c e n t r a t i o n  do n o t  have signi- 

f i c a n t  e f f e c t  on Kd v a l u e s  s i n c e  t h e  uptake  of t h e s e  metal  i o n s  

i s  v e r y  high even i n  0.1M n i t r i c  a c i d .  The s e l e c t i v i t y  o r d e r  of 

met a1 

t o  be 

i )  

i o n s  f o r  v a r i o u s  Tin(1V) based i o n  exchangers  i n  water a p p e a r s  

as fo l lows:  

S t a n n i c  se lenophosphate  
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ii) S t a n n i c  molybdoarsenate  

Nn+2> Zn+2 > Cu." > Cd+2> N i + 2 >  Fe+3 > A l + 3 ;  

Ba+2 > Ca" > Mg+2; 

HO+3> Pr+3> La+3>Dy+3>Sm+3>Nd+3; 

cu+2 > ~ n + ~  > Coi2) N i + 2 ;  

iii) S t a n n i c  s e l e n i t e  

i v )  S t a n n i c  phosphate  

C U ' ~ )  Fe+3 > Ca+2 > kt2 > Zn+2 > CO+2. 

The d i f f e r e n t i a l  s e l e c t i v i t y  of  metal  i o n s  i n  a c i d  so lu-  

t i o n s  h a s  made s t a n n i c  se lenophosphate  a u s e f u l  i o n  exchange 

m a t e r i a l  f o r  many impor tan t  s e p a r a t i o n s .  The p r a c t i c a l  u t i l i t y  

of t h i s  m a t e r i a l  h a s  been demonst ra ted  by a c h i e v i n g  a number of 

i m p o r t a n t  b i n a r y  s e p a r a t i o n s  of t h e  metal i o n s  on t h e  coluums 

of s t a n n i c  se lenophosphate  ( T a b l e  1x1. 

S e p a r a t i o n s  of Zn from Pb may be  u t i l i z e d  f o r  t h e  

recovery  of Zn from g a l v a n i z i n g  wastes. S e p a r a t i o n  of CO from 

Fe and N i  from Fe can be used f o r  t h e  d e t e r m i n a t i o n  of N i  and 

CO i n  fe r romagnet ic  a l l o y s  (CO-Fe and Ni-Fe). S i m i l a r l y  separa-  

t i o n  o f  Cu from F e  may a l s o  be u s e f u l  f o r  t h e  e s t i m a t i o n  of Cu 

i n  copper  o r  l i k e  c h a l c o p y r i t e  (CuFeS2). 

t i o n  a n a l y s i s  however shows t h a t  m a t e r i a l  is  amorphous. 

The X-ray d i f f r a c -  

T h e  i n f r a r e d  s p e c t r a  of  s t a n n i c  se lenophosphate  

(Fig. 2 )  d r i e d  at v a r i o u s  tempera tures  show t h r e e  a b s o r p t i o n  

peaks. A s t r o n g  and broad peak in t h e  r e g i o n  3600-3200cm-I 

p r e s e n t s  t h e  i n t e r  s t i t i a l  water, f r e e  water and OH groups.  

Another sharp  p e a k  i n  the  t e g i o n  1700-1500cm-1 w i t h  a rnaxirpum 

a t  160Gcm-' i s  c h a r a c t e r i s t i c  of i n t e r  s t i t i a l  water. 

t h i r d  peak i n  t h e  r e g i o n  1100-900cm-I may be due t o  HP0i2 group 

(16). 

d i f f e r e n c e  at 4OoC. 

T h e  

+ Ik s p e c t r a  of t h e  samples  i n  H and K+ forms show no 

It i s  impor tan t  t o  n o t e  t h a t  t h e  a b s o r p t i o n  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
3
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1 2 4 2  ASHFAQ NABI, RASHEED SIDDIQUI,  AND A L L  KHAN RAO 

Table-IX Q u a n t i t a t i v e  s e p a r a t i o n s  of metal ions 
on columns of s tannic  selenophosphate.  

- 
S.No. Separation Amount taken Amount found Eluent Total  

e l u t i o n  
(d) 

achieved ( r s )  ( P e  1 
- 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Zn+2 

Mn+2 

cu+2 

C"+2 
~ e + 3  

N i + 2  
Fe+3 

h + 2  
Ee+3 

co+2 

Pb+2 

Pb+2 

Pb+2 

Fei3 
+2 Zn 

Fe+3 

co+2 
vo+2 
Mg+2 
vo+2 

VO+ 

Znf2 
vo+2 

vo+2 

Mg+2 

+2 N i  

+2 E'n 

+2 

cu 

326.5 
2072.0 

264 .O 
1243.0 

330.0 
1243.0 

330.0 
246.0 

270 .O 
246.0 

264 .a 
246.0 

590.0 
246.0 

326.5 
246.0 

590.0 
265.2 

119.0 
265.2 

293.5 
265.2 

326.5 
265.2 

264 .O 
265.2 

119.0 
330.0 

339.5 
2113.4 

269 .O 
1160.0 

342.0 
1181 .O 

317.5 
268.0 

258.2 
252.0 

242.0 
240.8 

536.9 
224.0 

319.9 
213.4 

602.0 
270.3 

116.6 
275.4 

305.24 
275.4 

313.4 
273.3 

258.5 
275.3 

114.2 
343.0 

0.05M HN03 40 
0.80M HN03 50 

0.05M HN03 30 
0.80M HN03 30 

0.10M HN03 40 
0.00M H N 0 3  30 

0.lK HN03 40 
0.80M HN03 4 0  

0 . 0 5 ~  nNo3 30 
0.80~ n m j  50 

0 . 0 5 ~  nN03 30 
0.80M HNO, 50 

0 . 0 5 ~  nNo3 40 

0 . 0 5 ~  H N O ~  40 
0.0014 nNo3 40 

0 . 0 5 ~  H N O ~  40 

0 . 0 5 ~  H N O ~  30 

0.80M H N 0 3  40 

0.50M HN03 40 

0.50M HN03 40 

0.05M HN03 40 
0.5M HN0-J 40 

O.05M HN03 40 
0.5M HN03 40 

0 . 0 5 ~  H N O ~  30 
0.5M H N 0 3  40 

.O5M HN0, 30 
0.1M HN03 40 
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0 
peak d u e  t o  i n t e r  s t i t i a l  water (1600cm-') p e r s i s t s  u p t o  500 C. 

However, t h e  peak v a n i s h e s  completely when t h e  d r y i n g  tempera ture  

i s  i n c r e a s e d  t o  800°C. 
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