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SEPARATION OF ANIONS AND CATIONS ON THORIUM "ELLURIm - 
A NEW AMPHOWRIC I O N  EXCHANGER 

J.P.Rawat, M.Iqba1 and H.M.A.Abdu1 Aziz, 
Analytical  Laboratories, 
De artment of Chemist 
Alfgarh Muslim n i v e r y i y ,  
u m m - 2 0 2 0 0 1  YINDuP. 

ABSTUCT 

A new amphoteric ion exchanger, thorium t e l l u r i t e  has been 
synthesized. Its chemical s t a b i l i t y ,  Composition determination and 
potentiometric t i t r a t i o n  have been performed. 
anions and ca t ions  have been determined. The mater ia l  was found 
useful f o r  separation of NO; from NO;;  MOO^ from PO:-, PO; from MeoE-, 

SO:- from S 0 and BrO? from Br-  and a l s o  of Cu(I1) from Hg(II) ,  
Cu(I1) from Ni ( I I ) ,  Pb(I1) from Cd(I1) and U 0 2 ( I )  from Hg(I1). 

Kd values f o r  various 

2- 

2 
2 3  

INTBODUCTION 

Separation of anions have been of much in t e re s t  t o  various 

workers (i-2).  B u t  t h a t  have la rge ly  been accomplished on organic 

anion exchangers. Some of t he  synthetic inorganic ion exchangers 

a re  a l so  known t o  behave both a s  ca t ion  a s  well  a s  anion exchangers. 

Such an amphoteric behaviour has  been found t o  be l imi ted  mainly 

t o  the hydroxides of Sn(IV) ( J ) ,  Zr(1V) (4), Al(I I1)  ( 5 )  and few 

o thers  (6-7). Their behaviour is usually a function of pH. 

In  our present s tud ies  we have prepared a new inorganic 

ion exchanger, thorium t e l l u r i t e ,  which works a s  a ca t ion  exchanger 

in the a lka l ine  medium and a s  an anion exchanger i n  the  ac id i c  
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1692 RAWAT, IQBAL, A N D  ABDUL AZIZ 

medium. I t s  a p p l i c a t i o n s  towards s e p a r a t i o n  of BrO; from Br-, 

NO; from NO5 from t h e  r e a c t i o n  products  mark t h e i r  a n a l y t i c a l  u t i l i t y .  

Such exchangers should be  of much use where a s i n g l e  mixed beds of 

c a t i o n  and an ions  exchangers are used. 

MATERIALS AND METHODS 

Reagents: Thorium n i t r a t e  (B.D.H.) and sodium t e l l u r i t e  (B.D.H.) were 

used f o r  p r e c i p i t a t i o n  of t h e  exchanger. The o t h e r  chemicals  employed 

f o r  separa t ion  s t u d i e s  were of a n a l a r  grade. 

Apparatus; A Metzer s p e c t r a  75 and an E l i c o  pH meter L i - 1 0  sere  

employed f o r  spectrophotometr ic  and pH measurements. The shaking of 

t h e  samples were done on a S I C 0  shaking machine. 

+thesis: 

of t h o r i m  n i t r a t e  and a O.1M s o l u t i o n  of sodium t e l l u r i t e  were mixed 

i n  the volume shown i n  Table  I. The white  p r e c i p i t a t e  so obtained 

was kept  a t  room temperature  f o r  48 h t o  ensure complete p r e c i p i t a t i o n .  

The p r e c i p i t a t e  w a s  then f i l t e r e d ,  washed and d r i e d  i n  an oven a t  4oac. 

It took near ly  a week f o r  t h e  product  t o  dry  completely. 

wi th  deionized water ,  t h e  d r i e d  sample broke i n t o  smal l  p ieces .  

w a s  again d r i e d  a t  40 C. The exchanger was then  converted i n t o  d e s i r e d  

f o m .  For conversion i n t o  a p a r t i c u l a r  an ionic  form an a c i d i c  s o l u t i o n  

of t h e  anion should be taken. Uhen desired t o  be  taken  i n  a c a t i o n i c  

fonm, a b a s i c  c a t i o n  so lu t ion ,  e.g. Ca(OH)* f o r  Ca2+ form should b e  

employed. 

For p r e c i p i t a t i o n  of  thorium t e l l u r i t e ,  a O . I M  s o l u t i o n  

On t rea tment  

It 
0 

Anion exchange capaci ty:  

by column operat ion.  

form was taken on a g l a s s  wool support of a column and 1 M  s o l u t i o n  of 

v a r i o u s  an ions  were passed through it a t  a f l o w  rate of  0.5 m l  ain- . 
The e l u t e d  an ions  were then  determined i n  t h e  e f f l u e n t s .  To determine 

t h e  anion exchange c a p a c i t y  f o r  su lpha te ,  t h e  exchanger was taken  

i n  t h e  su lpha te  form. 

The anion exchange c a p a c i t y  was d e t e w i n e d  

One gram thorium t e l l u r i t e  i n  d e s i r e d  an ionic  

1 

The e l u t e d  s u l p h a t e  i o n s  were determined by 
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ANIONS AND CATIONS ON THORIUM TELLURITE 1693 

TABLE - I 
Conditions of preparation and proper t ies  of t h o r i m  t e l l u r i t e  

1 ? I 
Sample Conditions o f  synthesis Prope rt ie s 

? I 1 
Molarity of Mixing pEl Ion- Nature of 
p volume exchange p rec ip i t a t ion  
Thorium Sodium r a t i o  capac i ty  
n i t r a t e  t e l l u r i t e  (m.eq. 

8 1 

S I  0.1 0.1 i t 1  0 0.82 Thick 
s I1 0.1 0.1 112 I 1.40 Thick 
s 111 0.1 0.1 1:3 2 0.44 Mild 
s IV 0.1 0.1 311 3 0.26 No p rec ip i t a t ion  
s v  0.1 0.1 2rI 1 0.60 Thick 

p rec ip i t a t ion  with barium chlor ide  and back t i t r a t i n g  t h e  excess of 

barium ions  w i t h  0.1 EIEA. 

In t h e  ch lor ide  form and the  e lu ted  ch lor ide  ions  were de temined  

by Mohr's method ( 8 ) .  

For o ther  anions the  exchanger was taken 

Cation sorp t ion  capacity: One gram of thorium t e l l u r i t e  was taken 

i n  a g l a s s  column and 10 m l  f rac t ions  of ca t ion ic  so lu t ion  containing 

predetermined amount of the  ca t ions ,  Cu(II) ,  Fe ( I I I ) ,  N i ( I I ) ,  Co(II) ,  

C d h )  and Mg(I1) were passed through the  column a t  a flow r a t e  

0.5 m l  min- . 
determined f o r  each f rac t ion .  The process was kept continued till 

t h e  amount of ca t ion  i n  the  in f luen t  and the  e f f luen t  remained t h e  

same. The amount sorbed was then ca lcu la ted  by subs t rac t ing  t h e  

amount of ca t ion  found i n  the  e f f luen t  from t he  amount i n i t i a l l y  

taken in  each f r ac t ion .  

I The amount of ca t ion  I n  the  co l lec ted  e f f l u e n t  was 

Effec t  of drying temperature on anion exchanne CaDacity: Thorium 

t e l l u r i t e  sample was heated a t  d i f f e ren t  temperatures in  a muffle 

furnace f o r  2 hrs. The anion exchange capac i ty  of each of t he  d r i ed  

sample was then determined by column operation. 
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RAWAT, IQBAL,  AND ABDUL A Z I Z  1694 

Chemical ComDositiont 200 a g  p o r t i o n  of  the i o n  exchanger was 

d isso lved  i n  30 la1 o f  ho t  concent ra ted  hydrochlor ic  ac id .  The s o l u t i o n  

was then cooled t o  room temperature  and d i l u t e d  t o  250 a1 wi th  

deionized water .  100 m l  of t h i s  s o l u t i o n  was taken and Te was 

p r e c i p i t a t e d  w i t h  hydrazine hydrochlor ide-sulphur  dioxide mixture  (9). 

I n  another  100 m l  p o r t i o n  Th(1V) was determined volumetr ica l ly  wi th  EmA 

e o l u t  ion. 

Chemical s t a b i l i t y :  A 0.58 of  t h e  exchanger w a s  shaken i n  a c o n i c a l  

f l a s k  f o r  four  hours  i n  t h e  s o l u t i o n  i n  which i t s  d i s s o l u t i o n  was 

t o  be checked. 

was determined t i t r f m e t r i c a l l y  w i t h  EDTA. Te l lur ium was determined 

spec t rophotometr ica l ly  with t h i o u r e a  (10). 

The supernate  was decanted and i t s  thorium(1V) c o n t e n t  

Ion exchange poten t iomet r ic  t i t r a t i o n :  Thorium t e l l u r i t e  be ing  

amphoteric i n  n a t u r e ,  the pH t i t r a t i o n s  w e r e  performed i n  both  a l k a l i  

and a c i d  s o l u t i o n s  with t h e i r  r e s p e c t i v e  s a l t s  fol lowing Topp and 

Pepper method (11). To study t h e  c a t i o n  exchange behaviour ,  0.lM 

s o l u t i o n  of a l k a l i  (NaOH, KOH and LiOH) and 0.iM s o l u t i o n  of t h e i r  

respec t ive  s a l t s  w e r e  shaken w i t h  0.5 g of  t h e  exchanger. The mixing 

r a t i o  of  t h e  two s o l u t i o n s  were taken  i n  such a way t h a t  t o t a l  volume 

remained 50 m 1  i n  a l l  t he  cases .  A f t e r  be ing  shaken f o r  f o u r  hours  

t h e  pH of the r e a c t i o n  mixture  was measured. S i m i l a r  experiments  

were performed tak ing  HC1, H2SO4 and EN0 

f o r  determining the  anion exchange behaviour  on thorium t e l l u r i t e .  

w i t h  the i r  r e s p e c t i v e  s a l t s  3 

K, values:  D i s t r i b u t i o n  c o e f f i c i e n t  v a l u e s  f o r  var ious  an ions  and 

c a t i o n s  were determined by ba tch  process .  A known amount of c a t i o n  

o r  anion s o l u t i o n  w a s  shaken f o r  six hours  a t  room temperature  w i t h  

0.5 g of t h e  exchanger i n  a c o n i c a l  f l a s k  conta in ing  t h e  s o l u t i o n s  i n  

which i t s  d i s t r i b u t i o n  S t u d i e s  were deslred t o  be made. The t o t a l  

volume of t h e  e q u i l i b r a t i n g  mixture was maintained a t  50 m l .  The 

l i q u i d  was dra ined  o f f  and i t s  ca t ion /an ione  Content wa6 determined. 

The Ed values  were then  determined by t h e  formula 
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ANIONS AND CATIONS ON THROIUM TELLURITE 

Amount of ca t ion  anion i n  the  so lu t ion  hase 
Kd .t Amount of cation//anion in t he  exchanger’phase 

1695 

Separation: 

differences i n  t h e i r  Kd values were t r i ed . .  2 g of thorium t e l l u r i t e  

was taken i n  the  g l a s s  wool support of t he  columns having a height 

30 cm and diameter 0.69 c m  . The Column was washed thoroughly with 

deionized water and a mixture containing known amounts of anions or  

ca t ions  t o  be separated was passed through the  exchanger bed a t  a verg 

slow ra te .  Repeated recyc l iza t ion  of the mixture was done t o  allow 

adequate adsorption of the  anions/cations. 

by t he  so lu t ions  in  which the  Xd values were lowest. 

f r ac t ion  the  qua l i t a t ive  t e s t s  f o r  both the  components were performed. 

The separation of anions/cations w i t h  appreciable 

The e lu t ion  was then done 

I n  the e lu te& 

RESULTS AND DISCUSSION 

The exchanger, thorium t e l l u r i t e  is bes t  prepared when i t s  

acid conoentration was maintained a t  pH I a s  shown i n  Table. The 

exchanger s o  prepared not only gave a good y i e l d  but a l s o  b e t t e r  

chemical s t a b i l i t y  and, therefore ,  sample I1 was taken f o r  t h e  

de ta i led  s tudies .  

The r e s u l t s  of the  ion exchange capac i ty  of thorium t e l l u r i t e  

a r e  shown i n  Tables 2-3. The anion exchange capacity v a r i e s  from 

0.8 8.eq.g t o  1.4 8.eg.g . The mater ia l  possesses a high a f f i n i t y  

f o r  OH- a s  is evident from the  f a c t  t h a t  releasing capac i ty  f o r  08- 

is only 0.60 m.eq.g 

T h i s  shows t h a t  thorium t e l l n r i t e  a c t s  a s  a weak base i n  08- form. 

-i -1 

-1 while tha t  f o r  i t s  uptake is 1.4 m.eq.g-’. 

Although the  exchanger, thorium t e l l u r i t e  lacked a H+ 

l i b e r a t i o n  capacity it shows strong uptake f o r  c e r t a i n  metal ions. 

Table 2 a l s o  shows the  r e s u l t s  of t h e  sorption capac i ty  f o r  some of 

the  b i  and t r i v a l e n t  metal ions. The sorption capac i ty  va r i e s  from 

0.68 t o  0.84 m.moles g- . Strong adherence of some of the metal ions  

t o  t h e  exchanger frame work makes it an extremely use fu l  mater ia l  f o r  

I 
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1696 RAWAT, IQBAL, AND ABDUL A Z I Z  

TAABLB - 2 

Anion exchange and cat ion sorption capacity for various anions 

1 I I 1 
~ 

S1. Anions Exchange capacity, Cations Sorption 
capacity 
rn.moles g- I 

N O .  -1 m.eq.g 

I. c1- 

4. Po:- 

5 .  Br- 

6 .  OH- 

1.40 CU2+ 

1.00 N i 2 +  

0.80 C02+ 

I .22 Mg2+ 

1.24 Fe3+ 

1.40 (OH - uptake) 

0.60 (OH - l iberat ion)  

0.84 

0.80 

0.68 

0.74 

0.80 

Dissolution of thorium t e l l u r i t e  

1 ~ 

Solvent Amount, mg 
I 

Ph Te 

Deionized water 

HN03 (iM) 

mo3 fzH) 

~ I O H  (m) 
NH40H (4M) 

HC1 ( I M )  

HC1 (2M) 

cR3m 
NaOH (IM) 

NaOH (2M) 

Acetone 

0 .o 

0 .o 
14.2 

0 .o 
1.21 

0.03 

12.80 

0 -0 

8 .O 

24 .O 

0 .o 

0 .00 

0.05 

22.62 

0.0 

1.82 

0.06 

21.20 

0.0 

10.1 

22.2 

0.0 
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U 

I697 

1.5 

c- 
a U 
U 
u I \ 

I x 
w 
z 
2 0.3 
z I \ 

_- 

P ( b l  O . l N H C L +  
8 I\ 0.1NNaCL 

6 

I 
n 

4 

2 

0 4 8 12 16 2 0  

VOLUME O F  EQUILIBRATING SOLUTION 
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RAWAT, IQBAL, AND ABDUL AZIZ 1698 

TABLE - 4 

Dls t r lbu t lon  coe f f i c i en t  values o f  s m e  anions 

Anions Method of m 1  g-l 
de terminat i on 

Deioniaed'O .OOlM ' 0 .OIM ' 0.IM ' O.IM 
water NH40H M40H NE40H HC1 

90; 

Fe (CN)i- Spectr .  
PO:- Spec t r . 

Spec tr . 
Spec tr. 

T i t r .  

T i t r .  

T l t r .  

T i t r .  

T i t r .  

1od.Tit.r. 

Spectr. 

Iod.Tit r. 

1od.Titr. 

Iod . T i t  r . 
Spectr. 

T i t r .  

Spectr. 

Spec tr. 

Spectr .  

T.A. 

400 

2400 

2800 

3100 

1680 

1440 

20k9 

22% 

i ioo 
156 

85 

720 

T.A. 

585 

T.A. 

442 

714 
340 

2000 

165 

1992 

2120 

2052 

436 

1020 

1150 

1164 

842 

26 

10 

529 

2811 

446 

3242 

82 

5 12 
116 

940 

38 

728 

948 

1012 

230 

I56 

609 

522 

491 

06 

00 

321 

852 

319 

1086 

15 

328 
42 

28 

06 

102 

86 

495 

112 

60 

349 

310 

226 

00 

00 

206 

224 

2 16 

156 

00 

164 
00 

T.A. 

380 

2400 

2394 

2843 

1290 

1320 

1922 

I984 

988 

180 

78 

688 

T.A. 

476 

T .A. 

591 

740 
290 

t h e  l igand  exchange s tud ie s  In ammonium hydroxide medium - one of 

the most widely used e luent  f o r U C  studies.  

The r e s u l t s  of the e f f e c t  of drying temperature on the  

ion exchange capacity of thorium t e l l u r i t e  is shown i n  Fig. 1. 

It revea ls  t h a t  the exchanger shows no de ter iora t ion  in Its exchange 
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ANIONS AND CATIONS ON THORIUM TELLURITE 1699 

TABLE - 5 
D i s t r i b u t i o n  c o e f f i c i e n t  va lues  of some c a t i o n s  

I 
Metal Kd 11 g- 
i o n s  

Deionized' 0.OOIM 0 . O i M  * 0.IM 0.01M 0.IM ' 0.OIM 
water  HNOJ HNo3 HN03 NH40H NH40H NaN03 

__--____ 

800 

T.A. 

21 

435 

863 

319 

165 

76 1 

250 

648 

260 

110 

342 

468 

340 

18 

3 13 

30 

22 

105 

252 

92 

342 

I50 

103 

220 

335 

78 

13 

268 

28 

6 

63 

182 

64 

22 I 

00 

40 

119 

93 

4 

2 

I03 

20 

00 

45 

74 

38 

89 

00 

2 

82 

90000 

T.A. 

59 

4800 

8421 

27 

I 8  5 
1292 

I43 

7952 

280 

400 

480 

T.A. 

T.A. 

637 

5688 

9200 

419 

1440 

2281 

290 

8836 

300 

630 

596 

600 

T . A .  

782 

532 

8000 

302 

196 

820 

211 

630 

460 

108 

390 

b 
behaviour  upto 150 C, b u t  t h e  anion exchange c a p a c i t y  decreased 

apprec iab ly  when the drying w a s  done above t h i s  temperature .  

The r e s u l t s  of d i s s o l u t i o n  of thorium t e l l u r i t e  i n  

d i f f e r e n t  c o n c e n t r a t i o n s  of a c i d s ,  base  and n e u t r a l  s o l u t i o n s  are 

shown i n  Table 111. It can be seen t h a t  t h e  m a t e r i a l  is s t a b l e  i n  

aqueous ammonia upto  4M, HC1 and HN03 upto i M .  Concentrat ion of 

n e u t r a l  s o l u t i o n s  and non-aqueous s o l v e n t s  have no e f f e c t  on t h e  

s t a b i l i t y  of t h e  exchanger. 

and s t r o n g  bases ,  however, cause apprec iab le  d i s s o l u t i o n  of its 

c o n s t i t u e n t s  . 

Higher  concent ra t ions  of s t rong  a c i d s  
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A - 
E 
v 

a 
L 

0.01M H 2 0  O . l M H N 0 3  N H40 H -*  s 
1.6 - ( a )  

I I 

0 40 80 120 160 200 

b 
I 
cy 
0 
0 1.6 
0 

w 

1.2 

0. a 

0.4 

0.0 

0.01M N H h O H  

0 40 80 

0.1M HNO3 
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The r e s u l t s  of the chemical Composition of the exchanger 

showed tha t  thorium and tellurium a r e  present i n  the  r a t i o  Th.Te a s  1:2. 

Sham in Fig. 2 a r e  the  pH t i t r a t i o n  curves f o r  anion a s  well  a s  ca t ion  

exchange behaviour on thorium t e l l u r i t e .  A c l e a r  b i func t iona l  ca t ion  

exchange behaviour i s  obsemed i n  NaOH medium while i t s  behaviour 

a s  an anion exchanger i s  not c l e a r  i n  t h e  ac id ic  medium. 

The r e s u l t s  of the  d i s t r ibu t ion  s tudies  f o r  various anions 

and ca t ions  are presented i n  Tables 4 and 5 .  It can be seen from 

these  t ab le s  t h a t  Ed values f o r  both anions a s  well  as ca t ions  decrease 

w i t h  increase in  the concentration of the equ i l ib ra t ing  solution. 

Kd values were the highest  i n  water medium. 

almost a l l  the anions exhib i t  g rea t e r  adsorption i n  0.iN HC1. T h i s  

shows t h a t  unlike most of the o ther  known inorganic ion exchangers, 

thorium t e l l u r i t e ,  shows anion exchange behaviour i n  ac id ic  mediua. 

It can a l s o  be seen t h a t  
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The lower K~ va lues  of  var ious  an ions  i n  aqueous ammonia I s  due probably 

t o  t h e  g r e a t e r  preference  of t h e  exchanger f o r  OH- i o n s  than  f o r  a l l  

o t h e r  anions.  Thorium t e l l u r i t e  s e r v e s  as a c a t i o n  exchanger I n  t h e  

b a s i c  medium and hence t h e  C a t i f m i C  uptake i n  0.OiN NaOH w a s  h i g h e r  

than  t h a t  i n  water  medium. With i n c r e a s i n g  concent ra t ion  of a c i d  t h e  

desorp t ion  of metal  Ions  increased.  

on t h e  b a s i s  of l a r g e  d i f f e r e n c e s  i n  Ka va lues  v a r i o u s  

s e p a r a t i o n s  of anions and c a t i o n s  have been t r i e d .  

from Hg(II) ,  Cn(1I) from N I ( I I ) ,  Pb(I1) from Cd(I1) and U02(I) from 

Hg(I1) have been s u c c e s s f u l l y  achieved and the o r d e r  of e l u t i o n  and 

e l u e n t s  used a r e  shown i n  Figs .  3a-d. The successfu l  Separa t ions  of  

Separa t ion  of  Cu(1J) 

an ions  a r e  NO; from NO;; MoOE-from PO:'; VO; from MOO;-, SO4- 2 f r o a  th-0;- 

and BrO- from Br-. The o r d e r  of s e p a r a t i o n s  a r e  presented  In  Figs .  4a-e. 3 
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