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SILICA BASED DOUBIZ SALTS AS CATION-EXCHANGERS- 11. SYNTHESIS 
AND ANALYTICAL APPLICATIONS OF Sn(1V) PHOSPIIOSILICATE 

K.G. VARSHh'EY AND A .  PREMADAS 
Chemi s t r y  S e c t i o n ,  

2.B.College of Engineer ing  & Technology, 
Al lgarh  Muslim U n i v e r s i t y ,  

Allgarh-202001 ( I n d i a ) .  

A b s t r a c t :  T h i s  paper  d e a l s  w i t h  t h e  s y n t h e s i s  of Sn(1V) p h o s p h o s i l i c a t e  
a s  a new, r e p r o d u c i b l e  and s t a b l e  i n o r g a n i c  ion-exchanger .  The 
composi t ion ,  Ion-exchange c a p a c i t y  f o r  d i f f e r e n t  m e t a l s ,  pH t i t r a t i o n s ,  
chemica l  s t a b i l i t y ,  d i s t r i b u t i o n  and I R  s t u d i e s  have a l s o  been 
performed on a sample of t h i s  m a t e r i a l .  On t h e  b a s i s  o f  d i s t r i b u t i o n  
s t u d i e s ,  a number of b i n a r y  s e p a r a t i o n s  of a n a l y t i c a l  importance have 
heen achieved .  The limits of  s e p a r a t i o n s  have a l s o  been determined 
by  t a k i n g  v a r i o u s  r a t i o s  o f  t h e  two components. 

INTRODUCTIUN 

Inorganic  i o n  exchangers  based on s i l i c a  a r e  o f  p a r t i c u l a r  
i n t e r e s t  because  of t h e i r  e x t r a  s t a b i l i t y  and r e p r o d u c i b l e  behaviour .  
S i l i c a t e s  of  Z r ( I V ) ,  Ti(1V) and Sn(1V) a r e  r e p ~ r t e d l - ~  i n  t h e  
l i t e r a t u r e  which show good i o n  exchange c a p a c i t y  and a r e  u s e f u l  f o r  
m e t a l  s e p a r a t i o n s .  Double s a l t s  based on s i l i c a  have a l s o  r e c e i v e d  
a t t e n t i o n  because of  t h e i r  enhanced i o n  exchange p r o p e r t i e s .  
P h o s p h o s l l i c a t e s  of zirconium4 and t i t a n i u m 5  have e s t a b l i s h e d  w e l l  
t h e i r  s u p e r i o r i t y  o v e r  o t h e r  m a t e r i a l s  of  t h i s  type .  I n  these 
l a b o r a t o r i e s  we have s y n t h e s i z e d  e a r l i e r  Sn( IV) a r s e n o s i  l i c a t e 6  and 
cer ium( I V )  phosphosi  l i c a t e 7  b o t h  o f  which have shown r e p r o d u c i b l e  
b e h a v l o u r  and a p p r e c i a b l e  chemical  and thermal  s t a b i l i t y .  I n  o r d e r  
t o  widen t h e  scope of  t h e s e  m a t e r i a l s  t h e  s y n t h e s i s  of new such s a l t s  
i s  of  i n t e r e s t .  The p r e s e n t  s t u d y ,  t h e r e f o r e ,  summarizes o u r  e f f o r t s  
t o  s y n t h e s i z e  a new ion  exchange m a t e r i a l  which shows good ion exchange 
p r o p e r t i e s  and is u s e f u l  f o r  some impor tan t  meta l  s e p a r a t i o n s .  

EXP E I11 MEN T A L 

Reagents: S t a n n i c  c h l o r i d e  used in t h e s e  s t u d i e s  was a P o l i s h  product  
( P . P . H .  P o l s k i e  Odcznniki Chemiezne Gl iwice)  whi le  sodium s i l i c a t e  
powder was a Reide l  (Germany) product .  A l l  o t h e r  r e a g e n t s  and 
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c h e m i c a l s  were of  AnalaR g r a d e  p rocured  from e i t h e r  BDH ( P o o l e )  o r  
E.Merck ( D a r m s t a d t ) .  

Appara tus :  An E l l C O  model L I - I 0  pH-meter. w a s  used f o r  pH-niensiiremrnts. 

I R  s t u d i e s  were m:tde on n Perk in -E lmer  621 Gra t i r ig  I n f r a r e d  S p r c t r o -  

pho tomete r ,  w h i l e  the mechanicr i l  s h a k e r  W R S  a t e m p e r a t u r e  c o i l t r o l  led 

s I C O  ( I n d i n )  u n i t .  

p r e p a r a t i o n  of ion-exchange m a t e r i a l :  A s t o c k  s o l u t i o n  o f  sodium 

s i l i c a t e  (0.75 M) was p r e p a r e d  i n  d e m i n e r a l i  sed w a t e r  (DMW). A f i x e d  

volume of t h i s  s o l u t i o n  (50-150 m l )  was d i l u t e d  t o  500 m l  w i t h  DEW 

fo l lowed  by  t h e  50 m l  of HC1 arid 500 m l  of 0.1M s t a n i i i c  c l i l o r i d e  

s o l u t i o n  s t i r r i n g  c o n t i n u o i i s l y .  I t  was made b a s i c  ( p l l ~ 8 )  by  a d d i n g  

ammonia d ropwise  and  t h e  g e !  o l i t a l n e d  was left for 6 tirs. to  s e t t l e  
down. I t  w a s  f i l t e r e d ,  washeil wit!)  DFW and d i s l i e r se i l  i n  a 1000 m l  

m i x t u r e  of p h o s p h o r i c  and n i t r i c  a c i d s  c o n t a i n i i i e  0 .5  m o l e s  e a c h  of  
t h e s e  a c i d s  m a i n t a i n i n g  t h e  t emper i r tu re  a t l u 7 O  C .  T h e  r e s u l t a n t  <el 
wits s t i r r e d  v i g o r o u s l y  f o r  2 hours, f i l t e r e d ,  waslierl and d r i e d  ;it 
t h i s  t e m p r r a t u r e  i n  nil a i r  o v r n .  l'hr d r i e d  m a t e r i a l  was c r a c k e d  i n t o  

s m d l l  ant1 w h i t e  sh in i r lg  ~ r ; i i i u l e s  by i m e r s i r i g  i n  cold DE1:i. l'lroy iwrr 

c o n v e r t e d  i n t o  t h e  H' form a s  u s u a l  w i t f l  1 M  IIN03. 

o f  t h e  same m a t r r t a l  were p r e p a r e d  t o  check  i t s  r c n r o t l u c i b i l i t y  t h e  

d e t a i l s  of  w l i i c h  are shovn i n  t a b l r  - 1. Simple  S-4 was s e l e c t e d  f o r  

f u r t h e r  s t u d i e s  on t h e  h a s i  s o f  i t s  ion  cxchange  c a p a c i t y .  

0 

S e v e r d l  h a t c h e s  

Composi t ion:  500 niq of t h e  e x c h a n g e r  were h o i l e d  w i t h  20 m l  o f  Fjbl l l C l  

arid t h e  un r l i s so lv rd  S i 0 2  w a y  Ii I t p r e d  o u t  which wiis  est ini . l ted 

r ; r i i v i m r t r l c n l l y .  The f i l t r i l t e  was t r e a t e d  w i t l i  11,,5 t o  p r r c i T i i t a t e  

Sn(1V) ruhich w 3 s  d i s s o l v c d  i n  IIC1 ant1 c s t i m n t e d  v ~ l ~ r n e t r i c a l l y ~  w i t h  

8 

TMLE - 1: P r e p a r a t i o n  or Sn( IV) p h o s p h o s i l i c a t e  by mixiiic d i f f e r e n t  
ainoiriits of  SiiC14 aiid sodium si  l i c i l t e .  

-- 
Sample No. Voliime o f  Voliimr o f  sociium Ion-rxclinnjie c a p a c i t y  

0.1M SnC1,+ s i l i c a t e  s o l u t i o n  merl/dry g .  
(0.75M) ---- 
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%Cr20 ,  a f t e r  r e d t i c t i o n  r t i t h  l e a d  powder.  

was a n a l y s e d  f o r  t h e  p h o s p h a t r  c o n t e n t  by t h e  atnmoni utu t i i o l y l ~ ~ ~ p l ~ o s p t ~ a t ~  

method" and t h e  compos i t io i i  was found t o  be 2 : P : J  €or Si:Sn:P.  

T1.e f i l t r d t e  tltus o l i t n ined  

Ion exchange  c a p a c i t y  ( i . e . c ) :  S i n c e  t h e  i o n - e x c h m y e r  i s  B c a t i o n  

e x c h a n g e r  i t s  i . e .c .  was d e t e r m i n e d  by  t a k i n g  d i f f e r e n t  m r t n l  s o l u t i o n s  

as  e l u a n t  f o r  a column c o n t a i n i n g  500 mg of ttle m a t e r i a l  i n  H+ form. 
The f low r a t e  was m a i n t a i n e d  a t N 0 . 5  in1 minute- '  arid t h e  e l u t e d  

!I+ ions were t i t r a t e d  a g a i n s t  a s t a n d a r d  a l k a l i  s o l u t i o n .  N a ( I ) ,  K ( 1 )  
and B a ( I 1 )  gave  t h e  mnxiuiiim i . e . c .  (1.60 meq/dry g.) w h i l e  o t h e r  m e t a l  

i o n s  showed a x l i c y h t  v a r i a t i o n  (3s r e p o r t e d  helow: L i (1 ) -1 .21 ,  

Rb(1)-1.27, Plg( I I ) - l .O3 ,  C a ( I I ) - 1 . 3 2 ,  Sr(I I ) - l . ' i 6 .  

Chemical  an(l t h e r m a l  s t a b i l i t y :  F o r  c h e m i c a l  s t a b i l i t y  t h e  m a t e r i a l  

was t r e a t e d  w i t h  d i f f e r e n t  a c i d s  and b a s e s  hy p l a c i n :  250 mg o f  i t  i n  
25 m l  of t h e  r e s p e c t i v e  s o l u t i o n  f o r  24 h o u r s  w i t h  i n t e r m i t t e n t  s h a k i n g .  

S u p e r n a t a n t  l i q u i d  liils a n a l y s e d  s p e c t r o p h o t o m e t r i c a l l y  f o r  t h e  t i n  , 
s i l i c o n "  and phosphorusi3 c o n t e n t .  

i s  p a r t i a l l y  u n s t a h l e  i n  4H tic1 w h i l e  i t  i s  f a i r l y  s t a b l e  i n  41\1 HhT03. 

In a l k a l i e s  i t  i s  I iydrolysed t o  form s t a n i i i c  h y d r o x i d e  and s o l u b l e  

phospha te  and s i l i c a t e .  

11 

T h i s  s t u d y  shows t l l a t  t h e  m a t e r i a l  

F o r  t l i e rma l  s t a b i l i t y  t h e  l o s s  i n  i . e . c .  Of t h e  m a t e r i a l  was 

obse rved  a f t e r  h e a t i n q  i t  a t  d i f f e r e n t  t e i t i pe rd tu res  for 1 hour e a c h .  

The K+ i . e . c .  a f t e r  t h i s  t r e a t m t ~ n t  a r e  summarized below: 

1.60 (lOO°C), 1.20 ( 2 0 0 ° C ) ,  1.00 (700°C) ,  0.65 (500°C), 0 . 4 5  ( 7 O O 0 C ) ,  
0 .20  ( 8 O O O C ) .  

An e x p e r i m c n t  was a l s o  s e t  t o  o b t d i n  t h e  i . e . c .  a t  t h e  100 C working 

t e m p e r a t u r e .  The column c o n t a i n i n g  t h e  ion -exc t l ange r  was s u r r o u n d e d  

b y  a s t eam . j acke t  and t h e  H+ i o n s  were e l u t e d  w i t h  a h o t  s o l u t i o n  o f  
i M  KN03. 

p H - t i t r a t i o n s :  They were pe r fo rmed  by t h e  b a t c h  method of  Topp and 

P e p p e r i 4 .  500 mg of t l ie m a t e r i a l  were t a k e n  i n  e a c h  o f  t l ie  s e v e r a l  
c o n i c a l  f l a s k s  fo l lowed  b y  a NaOH-KaC1 m i x t u r e  (50 ml) tiavine, a known 
OH i o n  c o r i c e n t r a t i o n .  The pH was r e c o r d e d  a f t e r  t h e  e i l u i l i b r i u m  was 

a t t a i n e d  and was p l o t t e d  a g a i n s t  t h e  m i l l i e q u i v a l e n t  of 6H i o n  added.  

The same p r o c e d u r e  was a d o p t e d  f o r  t h e  L i O H - L i C 1  and KOII-KC1 s y s t e m s ,  

t h e  r e s u l t s  b e i n c  shown i n  f i g u r e  I. 

0 

I t  s a v e  tile same i .e.c.  a s  o b t a i n e d  n t  room t e m p e r a t u r e .  

- 

D i s t r i b u t i o n  s t u d i e s :  M e t a l  i o n  s o l u t i o n s  f o r  t h e  d i s t r i h u t l o n  s t u d i e s  

were p r e p a r e d  i n  DMW e x c e p t  t r i  and t e t r a  v a l e n t  m e t a l s ,  for which 

minimum amount of co r re spond in ({  m i n e r a l  a c i d s  were added t o  p r e v e n t  
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0 L i O H  - L i C l  

o N a  O H  - N a C l  

A K O H -  K C I  

t 
0 'I 

0 0.4 0.8 1.2 1. 6 2 . 0  

M l L L l E Q U l V A L E N  T S  O F  O K A  D D E O  

F1tiU11E: j : pH-titrntioii  curves  f o r  Sn( I V )  phospl ios i l icate .  
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5 M H N 0 3 +  I M N H 4 N O 3  

5 

n 
W 

= 3  
N 
0 
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0 
W 

u 2  

0 
> 

0 10 2 0  3 0  4 0  5 0  6 0  7 0  8 0  90 100 

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

FIGCW, 2 :  S e p a r a t i o n  o f  I Ig ( I1 )  f rom Cu(I1) on  S n ( 1 V )  

pho s p  ti o s i 1 i cii t e . 

h y d r o l y s i s .  

i o n s  w c r r  d i t t e r rn i i l c t l  i i i  t l i f  t'ercnt a c i d s  ant1 s r , l t s  iiiedi:i I)?. s l lak i i iz  

f o r  4 h o u r s ,  "0 in,:' o f  t h e  cxcliniiser with 2 5  m l  o f  t l i i :  m e t a l  s o l u t i o n s  

contn in i r iy .  t l i v  met.11 ion n o t  more tlrm j t l  of  t h e  tot.:il  i . e . c .  DDTA 

t i t r a t i o n s  werc  pe r fo rmrd  foi, a l l  met'ils, e x c e p t  r \ g ( I )  . ind W,,(II), 

t o  c s t i m n t e  tlir amounts o f  t l ! e  ineta I i o n s  i n i t i , l l  ly m t l  after a d s o r p t i o i  

on t h e  1011 e s c l i ; : n r e r ,  A E (  I ) I 5  anti UO<,( 11) '' were dctern i i r ied  s p e c t r o -  

p h o t o m c . t r i c ; l l l y .  Tahle  2 shows t h e  ICd v a l u e s .  

Elolar ( ! i s t r i l i u t i o r i  c o c f f i c i r n t s  (kd  i i i  m l  g - ' )  f o r  PO metn 

L 

- 

S e p a r a t i o n  s t u d i e s :  A g l a s s  column of i . d .  0.6 cin m d  c 0 i t t a i n i n . c  1 n 
of  t h e  e x c h < i i i r t * r  was i i se@l  f o r  s e p a r a t i n g  t h e  m e t a l  i n t i s .  The t i i i x tu r r  

w a s  loaded  on t l i p  co~imsi bed w i t t r  v e r y  slow rot,o ( 2 - 3  tlropr; i n i n i ~ t p - ' )  

a n d  tlie e l i i t i o n  1 q . i ~ :  IIPrforiuetl w i t h  a s u i t a b l e  s o l v e r i t  i t t .  a f l o w  r a t e  

0.5 m l  m inu te -  . U i f f r r e t i t .  amoiintn o f  t h c  m e t a l  i o n s  were  loatled t o  

dc t e r in i i i r  t h ( .  separ : i t ion  l i m i t s .  'Qn1)le 7 slimiliarises t h e  d e t a i l s  o f  tllc 

~ r ~ i a r a t i o r i s  a c l i i r v e d ,  w h i l c  Fig.:! s h o v s  t l i c  t y p i c . l l  e l u t i o n  c u r v e s .  
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CATIOS-EXCHANGERS. I1 

DISCUSS I O N  

92 1 

S y n t h e s i s  of a new, r e p r o d u c i b l e  and s t n b l e  i n o r g a n i c  ion- 
e x c h a n g e r  i s  t h e  e s s e n t i a l  f e a t u r e  o f  t h i s  s t u d y .  A method o f  
homogeneo~rs p h o s p h a t i s a t i o n  h a s  been  d e v i s e d  r e s u l t i n g  i n t o  a m a t e r i a l  

hav ing  r e p r o d u c i b l e  c h a r a c t e r i s t i c s .  A d d i t i o n  of  an acid l i k e  H C 1  t o  o 

c l e a r  s o l u t i o n  of sotlium s i l i c a t e  s l o w l y  f o r m  s i l i c i c  a c i d ,  which when 
t r e a t e d  w i t h  SnC14 a t  p I I r r 8  fo rms  a g e l  whicli p r o b a b l y  c o n s i s t s  o f  
f l a k e s  o f  SiO c o a t e d  w i t h  t h e  t i n ( 1 V )  h y d r o x i d e  a s  p roposed  b y  

Naumann f o r  zirconiiirn p h o s p h o s i l i c a t e  . When t h i s  g e l  i s  h e a t e d  a t  
70 C w i t h  H PO -IN0 m i x t u r e  f o r  2 h o u r s  w i t h  a c o n t i n u o u s  s t i r r i n g  
t h e  p r e c i p i t a t e  o f  Sn( IV) p h o s p h o s i  l i c a t e  i s  formed showing good 

r c p r o d o c i h i  l i t y  arid i o n  exchange  p r o p e r t i e s .  Cerium(1V) p h o s p h o s i l i c a t e ,  
p r e p a r e d  e a r l i e r  b y  ttie siiinc method, a l s o  showed r e p r o d u c i b l e  i o n  
exchange b e h a v i o u r ,  s i iggest in(r  t h e r e f o r e  t h a t  a homogeneous p h o s p h a t i s n -  
t i o n  occ i i r s  due  t o  c o n t i n u o u s  stirrill:; a t  a r e l a t i v e l y  h i g h e r  

t e m p e r a t u r e  (-70 C).  A couipar ison w i t h  t h e  s ing le  s a l t s  s u c h  a s  
Sn(1V) p h ~ s r t i a t e ~ ~  and Sn(1V) s i l i c a t e 3  shows t h a t  t h e  sample  o f  Sn(1V) 
p h o s p h o s i l i c a t e  h a s  a h i g h e r  Na ion-exchange c a p t l c i t y  p r o b a b l y  d u e  t o  
a b e t t e r  p h o s p h a t i s a t i o n  o f  t h e  Sn(1V) s i l i c a t e  g e l .  A l s o ,  i t  shows 

a b e t t e r  t h e r m a l  s t a b i l i t y  t h a n  Sn(1V) p h o s p h a t e  r e p o r t e d  e a r l i e r .  On 

h e n t i i g  u p t o  400 C Sn(1V) phospho te  l o s e s  i t s  i.e.c. a l m o s t  c o m p l e t e l y  
w h i l e  Sn( IV) p h o s p h o s i l i c a t e  r e t a i n s  i t  a p p r e c i a b l y .  F i g u r e  3 shows 
t h e  p e r c e n t a g e  r e t e n t i o n  o f  t h e  i . e . c .  o f  t h i s  m a t e r i a l  and o t h e r  Sn(Iv) 

vanadophosphate20 and vanadoa r sena te"  a l o n g  w i t h  t h a t  of Sn( IV) 

p h o s p l ~ a t e ~ ~  a t  d i f f e r e n t  e l e v a t e d  t e m p e r a t u r e s .  The Sn( IV)  phospho-  
s i l i c a t e  h e a t e d  a t  200 C ,  300 C o r  500 C f o r  1 h o u r  do n o t  show nriy 

chanqe  i n  i t s  e l l i t i o n  l ie t iaviour  f o r  Ct i ( I1)  I o n .  flowever t h e  e l u t i o n  
becomes vealcer on a colunnl of' t'ie sample h e a t e d  a t  a h i S h e r  
t e m p e r a t u r e .  I t ,  t h e r e f o r e ,  i n d i c a t e s  t h a t  ttie p r e s p n t  m n t e r i a l  i s  

4 2 

0 

7 4  7 

0 

0 

based  doi ible  s a l t s  such n s  n r s e n o p h o s p h a t e i 8 ,  t u n g s t o n r s e n n t e  19 , 

0 0 0 

i n  i t s  t h e r m a l  s t a b i l i t y .  s u p e r i o r  t o  o t l i r r  s i m i l a r  salts 

p H - t i t r a t i o n s  (F i - l i re -1  

be l i av iou r  o f  t h e  m a t e r i a l .  N O  

i n  t h e  a c i d i c  o r  h a s i c  p I I  r a i i ce  
Of pKa v:1lues. 

i n d i c a t e  a weak c a t i o n  cxciiitnKe 

h a r p  l i r f  l e c t i o i i  i s  o h s e r v e d  e i t h e r  
p r o b a b l y  bec;mse of a wide s p r e a d  

Tho I R  spectrti!o t a k e n  by t.ic KUr d i s k  t ec l i i i i f !ne  shuyis t i le Iinnd 

;it f r e q i i r n c i e s &  j 4 O 0 , ~  1600, N 1050 and i n  t h e  ran:e 
400-600 a n - ' .  The f i r s t  one is due t o  t h e  s t r e t c l i i t l q  v i b r a t i o l l s  of 
i n t e r s t i t i a l  w a t e r  aiid t t ie  more s t r o r i z l y  a t t a c h e d  O t l  groirps p r e s e n t  
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922 VARSHNEY AND PREMADAS 

FIGURE 3:  

40 

2 0  

0 

0 STANNIC ARSENOPHOSPHATE 
STANNIC TUNGSTOARSENATE 

0 2 0 0  400 600 800 
TEMP.  OC 

A comparison of  thermal  s t a b i l i t y  O f  d i f f e r e n t  Sn( IV) 

based double sa l ts  and Sn(1V) phosphate .  

i n  t h e  m a t e r i a l ,  whi le  t h e  second peak i n d i c a t e s  t h e  M-OH deformat ion  
v i b r a t i o n s .  The broad and s t r o n g  peak observed a t -  1050 cm-I i s  due 

t o  t h e  preserice o f  I12POi, I J P O i - ,  PO;-- groups which a l s o  cor responds  
t o  t h e  "0;- qroup.  A weak peak ranging  between 400 and GOO cm-I is 
t h e  c h a r a c t e r i s t i c  of  t h e  H-0 s t r e t c h i n g  v i b r a t i o n s .  

D i s t r i b u t i o n  s t u d i e s  show t h t i t  i n  water  a lmost  a l l  meta l  i o n s  

a r e  adsorbed completely.  5 
sequence observed i s  a s  B a )  S r )  Ca> Mg. 
hrmd, adsorbs  Ca i n  p r e f e r e n c e  of Sr .  For  b i v a l e n t  t r a n s i t i o n  meta ls  
a l s o  a r e v e r s a l  In the  b e h a v i o u r  is observed when compared w i t h  Sn(1V) 
phosphate .  T h e i r  a d s o r p t i o n  sequcnce on Sn( IV) p h o s p h o s i l i c a t e  i s  

as Co)Cii> 7,n)Ni whi le  on Sn(1V) phosphate  i t  is C u )  Z n > N i >  Co. 
T e t r a v a l c n t  meta ls  l i k e  Th(IV) ,  Zr(IV),  Ce(1V) and Ti(1V) a r e  comple te ly  
e l u t e d  through t h e  column of  Sn(1V) p h o s p h o s i l i c a t e  using s imply  
0.01M HNO a behaviour  which i s  s u r p r i s i n g l y  d i f f e r e n t  t o  t h e  o t h e r  

I n  O . 0 i M  HNO o r  liC104 medium t h e  s e l e c t i v i t y  
Sn(1V) phosphate  on t h e  o t h e r  

3' 
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q i m i l a r  s:jLt.s w h i c h  a r e  .qerier. i l ly kiio\m t o  a d s o r b  t h e s e  m e t a l s  s t r o n 4 l y .  

The r e a s o n  may be t h r  f o r m a t i o n  of an e x t r a  s t a b l e  Sn(1V) pliosp'ilate 

m a t r i x  i n  p r e s r n c e  of  SiO,. O n  t h e  b a s i s  o f  Kd v; i Iues  some a n a l y t i c a l l y  

import .mt  s e p a r n t i o i i s  have  b c r n  aci l icvr i l  a s  siimmarized i n  t a h l e - 3 ,  on 
t h o  coliimn of Sn(1V) phoslniiosi l i c n t c .  I l g ( I1 )  i s  s e p a r a t e d  e a s i l y  from 

C U ( I I ) ,  % n ( I I ) ,  C d ( I I ) ,  F b ( I 1 )  arid A p ( 1 ) .  S i m i l a r l y  Z r ( 1 V )  and Th(1V) 

a r *  s e p a r a t e t ~  f rom Ul19(II) and Y ( l I 1 ) .  The l i i i i i t s  of' t h e s e  se1,: iratioiis  

a r e  wide enow',h f o r  sonir II  scf i i l  a p p l i c a t i o n s .  A typplc.11 p l i i t i o n  C I I X ~ V O  

showing a s l i a rp  aniI qii ick s e p n r n t i u : i  o f  Hg(II) and C u ( 1 I )  i s  sliown 

i n  f i c u r e  2 .  The p r e c i s i o i i  atitl acci i racy o f  t h e s e  s e p a r a t i o n s  h;ive been 

t e s t e d  h y  a c h i e v i n r  them s e v e r a l  t i m e s .  

- 
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