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JO- OF LIQULD CERaMATOGRhPEY, 3(11), 1657-1668 (1980) 

METAL I O N  (3IEIATION CHFiOMATQGRAPHY ON 

CQMPLXON SORBED STANNIC SILICATE 

J.P. mwat 
M. Iqba l  

Department of Qlemistry, 
Aligarh Muslim University,  
Aligarh-202001 ( Ind ia ) .  

Stannic s i l i c a t e  has  been sorbed w i t h  complexones l i k e  xy leno l  

orange, eriochrome b lack  T and 1,10-phenanthroline f o r  use a s  a c h e l a t e  

ion  exchanger. m e  so rp t ion  capac i ty  f o r  d i f f e r e n t  metals has been 

worked out.  Kd values  have been determined. Xytyleno1 orange was use& 

f o r  t h e  separn t ion  of ?h(IV) from Cd(I1) and m ( 1 I )  and Cu(X1) from 

cd ( I1 )  and !&(XI), i , l O  phenanthroline f o r  the  sepa ra t ion  of Fe ( I1 )  

from Fe ( I I1 ) .  lhese  sepa ra t ions  a r e  based on the  s t a b i l i t i e s  of t he  

va r ious  complexes formed by t h e  i n t e r a c t i o n  of meta l  i n n s  w i t h  

complexones. By e l u t i o n  of metal  i ons  which forms less s t a b l e  complexes 

w i t h  t he  complexones no evidence of compluing  agent i n  the  e l u a t e  

was found. 

INTRODUCTION 

Use has been made of complexones f o r  t h e  p repa ra t ion  of new 

che la t ing  r e s i n s  f o r  separa t ing  metal  i o n s  on the  b a s i s  of complex 

formation (1-6). 

f o r  separa t ion  purposes where t h e o r e t i c a l  p r inc ip l e s  can be  appl ied  

A s  a r e s u l t  they can b e  used as an  a n a l y t i c a l  tool  

1657 
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RAWAT AND IQsAt 1658 

and se l ec t ive  separations oan be  achieved. Inorganic ion exchangers 

can be used likewise. Zinc s i l i c a t e  sorbed w i t h  PAN, (1-(2-pyrIdyazo)- 

2-naphthol), has  been used t o  separate  Fe( 111)-Pt(IV), Fe( I I I ) -Au(III) ,  

Cu(II)-Ag( I )  and CU( 11) and Au( 111) (7). 

on P o r a s i l  separates  ions suoh a s  Co-NI, Cd-Pb-= a t  t r a c e  l e v e l s  ( 8 ) .  

The present work sumuerlzes the  preparat ion of complexone sorbed s t a a n i c  

s i l i c a t e  and the separat ion of a n w b e r  of metal Ions on columns of 

this mater ia l .  2he aomplaing agents used a re ;  xylbnol orange, 

erlochrome black P and 1, 10-phenanthroline. 

Sorption of 8-hydroxyqulnoline 

UTERIALS AND METHODS 

Rcaqents: Staaaic  chlor ide (Poland) and sodium s i l i c a t e  (Merck) were 

used. A 1 1  o the r  chemicals were of AnalaR grade. 

AppaIatUs: A temperature control led S I C 0  shaker and an El ico pH meter 

model W-I0  were employed f o r  shaking and pH measurements. 

Synthesis: Stannlc s i l i o a t e  was prepared by mixing 0.1M so lu t ion  of 

s tannic  chlor ide and a sa tu ra t ed  so lu t ion  of sodium s i l i c a t e  ( 9 ) .  The 

f i l t r a t e  was f i l t e r e d  and d r i ed  a t  40'. Ihe d r i ed  product was k e p t  

immerged i n  solut ions of the desired complexone f o r  48 h r s .  It was 

then washed first w i t h  demineralized water and then wi th  ethanol. 

Washing was continued t o  remove axcess complexone. 'Ihe washed product 

was then dr ied a t  40 . 0 

BESULTS AND DISCUSSION 

Stannio s i l i o a t e  which o r i g i n a l l y  had the hydroger ion-exchange 

capaci ty  Of 0.5 m.8q.g-' l o a t  i ts hydrogen Ion-erahange capacity a f t e r  

treatment w i t h  the  oomplexones bu t  gained the sorpt ion capacity.  

%is sorpt ive a b i l i t y  of the t r ea t ed  stannia s i l i o a t e  shows t h a t  

adherence of t h e  compllering agents  t o  the exchanger o f f e r s  s i t e s  f o r  

the che la t ion  of metal ions.  Sorption of complesing agents  l i k e  
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COMPLEXON SORBED STBNNfC SILICATE 1659 

rylenol  orange, eriochrom black T and i,i0-phenanthroline were 

successfully achieved. Stannic s i l i c a t e  which i r  colourlesr or ig ina l ly  

acquired the  colour of the  rorbed cauplexone or complex fomed by the 

action of metal ions w i t h  t he  complexone alone. 

complex t h u s  formed can be observed r i r u a l l y  i n  the  collrpm. 

The movement of the 

Sorption c a p a c i t p  

detexmined by batch proceee. 

solution of 0.02n of the d e d r e d  metal ion in a conical  f l a sk  containing 

25 a1 of a solut ion of pH 6. After being shaken f o r  6 hra. a t  room 

temperature the mixture was decanted and the amount of metal ion 

remaining In t he  f i l t r a t e  war detennlned by chelometric t i t r a t i o n s .  

The sorption capacity f o r  some metal ions a r e  reported i n  tab le  i .  

The sorption capacity ranges between 0.50 t o  0.60 m.mol.g'i f o r  these 

ions.  In these s tudies  i t  has  been observed that  xylenol orange d i d  

not take up a lka l ine  earth metal ions whereas s tannic  s i l i c a t e  sorbed 

w i t h  eriochrome black T exclmively retained a lka l iue  earths.  

t ion  of 1.10-phenanthroline t o  s tannic  s i l i c a t e  made I t  se lec t ive  t o  

'Ibe rorpt ion oapacity of the exohanger was 

0.5 g exchanger was shaken w i t h  a 

Applica- 

TABLE 1 

Sorption capacity of complexones sorbed 

stannic s i l i c a t e  fo r  various metal ionr 

- 

I I 

Name of Colour of Sorption capacity i n  m.mo1 per g 
complexing the I I I f I 

agent exchanger Fe(I1) Fe(II1) Cu(1I) Zn(1I) Ih(N) &(I)  

Xy leno 1 
orange 

Erlochrome 
black T Violet  0 .00 - - 0.56 0.00 0.58 

i , i 0-ph enan- 
White 0.60 0.00 - - - - th ro  l i n e  
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1660 RAWAT AND IQBAL 

Pe(I1) ions and immune t o  Pe(IX1) ions.  mese r e s u l t s  inferred t h a t  

the metal ions forming s t a b l e  complexes with complexones a r e  preferred 

by t h e  s o l i d  phase and t h i s  forms the b a s i s  of s e l e c t i v i t y .  

Rate of sorption: 

detenained by a batch prooess. A f ixed  concentrat ion (0 .6  m.mole) 

of metal  ions i n  a solut ion of pH 6 was shaken w i t h  xylenol  orange 

sorbed stannic  s i l icate  a t  d i f f e r e n t  i n t e r v a l s  of t i m e  and amount of 

uusorbed ion was detenained i n  the supemate.  It can be seen from 

f1g.i  t ha t  maximum sorption of both Th(1V). and Cu(I1) is a t t a i n e d  i n  

5 min. 'Ihis f a s t  equ i l ib ra t ion  r a t e  is one of the des i r ab le  p rope r t i e s  

of ohelating sxahangers (10). Other des i r ab le  p rope r t i e s  such a s  high 

capaci ty  f o r  metals of i n t e r e s t ,  high s e l e o t i v i t y  and high mechanica 1 

strength o r  toughness of the exchanger, a r e  adequate w i t h  complexones 

sorbed on s t ann ic  s i l i c a t e .  The so rp t ion  capacity f o r  metal ions i s  

due t o  the presence of complexing agents whereas high s e l e c t i v i t y  

depends upon t he  s t a b i l i t y  constant  of the metal  chelat ing group. l%e 

presence of a l l  four  q u a l i t i e s  needed I n  a chelat ing ion-exchanger i n  

The rate of sorpt ion of '%(I") and Cu(I1) was 

0.0 s 10 IS 20 2s 
Time (n in)  

F IC . l  RATE O F  SORPTION OF C u z * b T h ( l V )  
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COMPLEXON SOREED STANNIC SILICATE 1661 

t h i s  case, c o n s t i t u t e s  i t s  advantage over the organic  chelat ing 

exchangers wherein high capac i ty  and toughness a r e  the  two competit ive 

f n c t o r s  . 
Comparison with s i l i c a  gel :  Under similar condi t ion,  sorpt ion of a l l  

the  th ree  complexing agents on s i l i c a  g e l  was studied. It was observed 

t h a t  extremely poor adsorption of cmplexing agent Occurs on s i l i c a  g e l .  

nis observation i s  po in te r  t o  t h e  reason why s tnnn ic  s i l i c a t e  

funct ions much b e t t e r  than s i l i c a  ge l .  

pH range: 

was determined by shaking with so lu t ions  of d i f f e r e n t  pIf f o r  6 h r s .  

Results show t h a t  bleeding of complexones occurred i n  so lu t ions  where 

pH was l e s s  than i and more than 8 .  

m e  pH range within which the  exchanger cm be s a f e l v  used 

D i s t r ibu t ion  c o e f f i c i e n t s  of metal  ions a t  d i f f e r e n t  nH: 

(i) Wlenol  orange sorbed s t ann ic  silicate: TO a stoppered con ica l  

f l a s k  containing 24 m l  so lu t ions  of d i f f e r e n t  pH (1 t o  6 )  and 1 ml of 

0.0iM metal ion solut ion was added. The mixture was e q u i l i b r a t e d  w i t h  

200 mg exchanger f o r  4 h r s .  Ihe amount of unsorbed metal i on  was then 

detenained i n  t h e  solut ion mixture. 

-1 

Amount of metal  ion in so lu t ion  phase m l -  
gd I Amount of metal  ion i n  exchange phase 

1 

?he r e s u l t s  of v a r i a t i o n  of Kd with pH f o r  d i f f e r e n t  metal 

i o n s  a r e  p l o t t e d  in fig.2 from which it I s  observed t h a t  d i f f e r e n t  

ions behave in a d i f f e r e n t  manner a t  d i f f e r e n t  pH. Cu( I I ) ,  m(IV),  

Cd(I1) and Y ( I I 1 )  a r e  taken up by t h e  exchanger w h i l e  Zn(1I) and Mg(1I) 

a r e  l e f t  unsorbed. Among those t h a t  a r e  appreciably sorbed, t h e  values 

a t  pH 3.0 g ives  t h e  m a x i m u m  d i f f e rence  in bcd values  and made 

separat ions possible .  
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1662 RAWAT AND IQBAL 

1600 - 
1400 - 
1200 - 

1000- 

y' 8 0 0  - 

600 - 

4 0 0  - 
200 - 

~~ ~ 

0.0 1.0 2.0- 3.0 ~ 4.0 S.0 6.0 
PH 

F I G .  2 Kd VALUES OF SOME METAL IONS AT 
DIFFERENT pH 

(li) miochrome b lack  T adsorbed on s t ann ic  s i l i c a t e :  

determined in t h e  same way a s  t h a t  f o r  the x y l a r o l  orange. R e s u l t s  

a r e  given i n  t a b l e  2. These r e s u l t s  show a s i m i l a r  behavlour f o r  a l l  

a l k a l i n e  e a r t h  group. Therefore,  separation. of a l k a l i n e  e a r t h s  I s  

no t  pors lb le .  However, s epa ra t ions  of a l k a l i n e  earths.  from metal ions  

which do not fom complexes wi th  e r iochroee  b l ack  T might be  t r i e d .  

fcd va lues  were 

Separations: On the b a a i r  of d i f f e rence  In Kd values  sepa ra t ions  

were t r i e d  on a 30 x 0.39 om glass column. 2.0 g exchanger was 2 

taken on a g l a r e  wool support  of the column s o l u t i o n s  of meta l  ioaa 

t o  be separated were then passed through the  column a t  a flow r a t e  

of 0.5 nl/min. 
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COMPLEXON SORBED STANNZC SILICATE 

TABLE 2 

1663 

values of metal ions on s tannlc  s i l i c a t e  

sorbed w i t h  eriochrome black T 

Ca2+ 0.00 52.50 300.00 43.50 1168.2 T.A. T.A. T.A. T.A. T.A. 

Mg2+ 0.00 50.00 65.00 200.00 375.0 1075.0 T.A. T.A. T.A. T.A. 

2n2+ 2.50 16.25 42.16 375.00 1150.0 T.A. T.A. T.A. T.A. T.A. 

Ba2* 8.03  275.00 375.00 510.60 125.0 T.A. T.A. T.A. T.A. T.A. 

Sr2+ 0.00 24.75 31.25 37.50 210.0 300.0 T.A. T.A. T.A. T.A. 

T.A. = Total adsorpt ion 

(i) Separations on xylenol ormqe sorbed s tannic  s i l i c a t e :  Successful 

separat ions of f o u r  s e t s  of metal ions,  Cu-Zn, Cu-Cd, m-Zn and Th-Cd 

have been achieved on a column containing s tannic  s i l i c a t e  sorbed w i t h  

xylenol orange. Zn(I1) was eluted w i t h  0.w N a C l  and a mixture of 

(CR3COONa + Ca3COOH) adjusted t o  pH 3 was used f o r  the e lu t ion  o f  c d ( I 1 ) .  

Elution of Th(IV) and Cu(I1) was made by a mixture of 0.lM NaCl and 

O.1M HC1 adjusted t o  p A  1. Tae r e s u l t s  a r e  presented i n  f ig .3  (a-d) 

and i n  tab le  3a. Ihe separat ion of PI(I1) from Cu(I1) and Th(N) is 

based on the formation of s tab le  oomplexeu of Cu(1I) and 'm(Iv) w i t h  

xylenol  orange a l d  not with m ( I 1 ) .  Ihe separation of Cd(I1) from 

Cu(I1) and m(IV) is probably due t o  t h e  differenaa I n  s t a b i l i t i e s  of 

t h e  complexes fomed. 
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F I G .  3 a SEPARATION O F  C d ( l l ) -  C u  ( I 1  ) 
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N 
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F I G . 3 b  SEPARATION O F  Cd ( 1 1 ) - T h  ( I V )  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



COPIPLEI(0N SORBED S"IC SILICATE 1665 
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FIG. 3 e  SEPARATION OF Z n (11 ) - T h  ( I V )  
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FIG.  3 d SEPARATION OF Z n  ( I 1  ) - C U ( l l )  
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1666 RAWAT AND IQBAL. 

TABU 3a 

Separations on s tannic  s i l i c a t e  xylenol orange column 

S1. Mixture Eluent Eluate Amount Amount 4'. Error 
NO. loaded found 

l a  

b 

C 

d 

Cu(I1) (HC1 + NaC1) pH 1 80 

Zn(I1) NaC1, 0.s 50 

Cu(I1) (HC1 + NaCl) pH 1 80 

Cd(I1) (CH3COOH + CH3COONa) pH 3 70 

m(IV) (HC1 + NaC1) pH 1 90 

Cd(I1) (m3COOH + CH3COONa) p€I 3 70 

Ih((V) ( H C l  + NaC1) pH 1 90 

Zn( 11) 0.5M NaCl 70 

485 

510 

485 

500 

568 

SO0 

568 

510 

480.00 1.03 

503.00 1.37 

485.00 0.62 

490.33 1.92 

569.00 0.20 

492.50 1.50 

570.00 0 . 3 5  

508.20 0.35 

( i i )  Separations on l . lO-~henanthrol ine sorbed s t ann ic  s i l i c a t e :  

Remarkable separat ions of  i ron (  11) from i ron (  111) have been achieved 

oa stannio s i l i c a t e  sorbed w i t h  1,lO-pbenanthroline. Fe( 111) was 

found t o  b e  unretalned whereas Fe(I1) was s e l e c t i v e l y  retained by t he  

exchanger. .me r e s u l t s  a r e  srplrmarized in t a b l e  3. Fe(I1)  forms 

a s t a b l e  complex w i t h  1,lO-phenanthrollne and, therefore ,  is s t r i c t l y  

adhered t o  s t ann ic  s i l i c a t e  and i t s  e l u t i o n  a s  such was no t  possible .  

Its conversion t o  Fe(II1) w i t h  EN03, however, oauses the detachment 
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COKPLEXON SORBED STANNIC SILICATE 1667 

Separations on stannic  s i l i c a t e  1,lO-phenanthrollne O O l l r r m s  

I I I I I I 

S1. Mixture Eluent Eluate Amount Amount % Error 
loaded found 

NO. (om3) 

i a  Fe(II1)  Demineralized water  20 500 495.0 ~g 1.00 

Fe(I1) EN03, 0.5M 90 525 Ug 521.3 ~ l g  0.70 

b Ee(II1)  Demineralized water 20 1 998.4 0.16 

Fe(I1) RN03, 0.W 90 525 4 522.0 0.60 

of i r o n  from the  complesone. This separat ion g ives  an important 

app l i ca t ion  a s  t h e  same metal  in d i f f e r e n t  valenae s t a t e s  behaves in 

a d i f f e r e n t  minner. 

b e t ri e.d . 
Other separat ions based on t h i s  p r inc fp le  may a l s o  

Ihe authors  a r e  g r a t e f u l  t o  Prof .W.Rahman f o r  providing 

research f a c i l i t i e s .  

India,  f o r  f i n a n c i a l  ass is tance.  

One of us (M.I.) i s  a l s o  thankful t o  C.S.I.R., 
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