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A COMPARATIVE STUDY ON 'PIIS S P P I ~ S I S  AND ION EXCHANGE PROPERTIES 
OF IODOPHOSPHATS OF TIN( IV) , ZIRCONIUM( IV) AND IRON( 111) t 

SEPARATIONS OF METAL IONS ON TIN(IV)-IODOPHOSPHATE COLUMNS. 

Syed Ashiaq Nabi, Riiaqat A l l  Khan Eao, Weqar Ahmad Siddiq i  
Dspartment of Chemistry, 
Aligarh BfusliBI University, 
Aligarh-202001 (India). 

ABSTRACT 

Iodates and iodophosphates o r  t in(fV),  zirconium(N) 
and i ron(II1)  have been synthesized under varying conditions 
and studied t h e i r  ion exchange behaviour. Among the various 
ion exchangers synthesized, tin(1V)-iodophosphate is  chosen 
r o r  de ta i led  study owing to  its highest  i o n  exchange capacity 
and highest chemical s t a b i l i t y .  The most s tab le  sample is 
prepared by nlxing O . i H  stannic  chloride,  0 . i M  potaasium iodate 
and 0 . i M  potassium dihydrogen orthophosphate so lu t ions  in t h e  
volume r a t i o  i t i i 2  respect ively a t  pH 0-1. It is a ponofenc- 
t i o n a l  weak cat ion exchanger. Its Ion exchange oapacity for 
K* is  1.6 meq/dry g. The thermal and chemical s t a b i l l t i e $  of 
t h i s  mater ia l  have been determined and compared w i t h  Zr(1V)- 
phosphoiodate. I i r e o t  of heating on the proper t ies  of tin(1V)- 

odophosphate has  been determined. To explore the separation 
po ten t i a l  of tin(1V)-iodophosphate fcff values or  d i r r e ren t  metal  
ions have been determined in organic Solvents. A number of 
important separat ions of metal ions of i ndus t r i a l  u t i l i t y  have 
been successfully achieved on the  columns of tin(1V)-iodophos- 
phate. 

INTRODUCTION 

Various synthet ic  inorganic ion exchangers which have 
been developed so f a r  a m  mostly based on arsenate ,  phosphate, 
tungstate,  molybdate and se l en i t e  of metals (1-6). As f a r  as 
we are  aware iodates of metals have not been s tudied a s  ion 
exchange materials.  However, zirconlum(1V)-phospholodate has 
been recent ly  reported t o  show amphoteric behaviour (7). But 
thirr mater ia l  has been mainly studied a s  an electron exohanger. 
No aystematic s tud ies  have been reported on its oation o r  
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anion exchange properties.  The present work was, therefore,  
undertaken t o  synthesize iodates  and iodophosphates of di f fe ren t  
metals and t o  compare t h e i r  ion exchange proper t ies  in a 
systematic manner. Nong the various ion exchangers which have 
been synthesized, tin(1V)-lodophosphate was found t o  possess 
highest  ion exchange capaci ty  and chemical Stabl l i tJr  and therefore 
was choaen f o r  de t a i l ed  studies.  The following pages summarize 
our findings in t h i s  direction. 

Reagentsr Tin( I V )  chloride pentahydrate (Reachin U.S.S.R. ), 
potassium iodate (E.Merlc), potassium dihydrogen-orthophosphate 
(B.D.H.), zirconium oxychloride (B.D.H.), f e r r i c  n i t r a t e  (B.D.H.) 
were used. Other chemicals were of ana ly t i ca l  reagent grade. 

Apparatus: me spectrophotometry and pH-measurements were 
performed by using Bausch and U m b  spectronic-20 colorimeter, 
Elico LI-i0 pH meter respectively.  A temperature control led 
shaker wSICOw was used for shaking. 

Synthesis : Samples of i ron(  111)-iodophosphate, iron (1111, 
iodate , z ire on ium ( IV) - lodophosphate, z ircon ium( IV) - ioda t e  , t in (1V)- 

lodophosphate and tin(1V)-iodate w e r e  prepared by mixing aqueous 
rolut ions of appropriate reagents under t h e  conditions indicated 
in  Tables I, I1 and 111. 

The desired pH was adjusted by adding e i t h e r  concentrated 
n i t r i c  acid solut ion o r  d i l a t e  sodium hydroxide solat ion.  The 
prec ip i ta te  so formed was allowed t o  s e t t l e  down f o r  24 hrs,  
washed several  times w i t h  demineralized water (DMW) and f i l t e r e d  
under auction. It was then dried a t  40 C in an oven. The dried 
mater ia l  was then t rea ted  w i t h  DMW r e su l t i ng  cracking of the 
substance in to  smaller p a r t i c l e s  w i t h  s l i g h t  evolution of heat. 
To convert the sample in to  hydrogen form, the materiel  was kept 
f o r  48 hrs  in O . l H  n i t r i c  acitl solbtion. 
n i t h  DXW t o  remove exeess acid. "Pln(1V)-lodophosphate (sample 
TIP ) has been chosen f o r  de ta i led  study owing t o  its higher  ion 
exchange aapacity and higher chemiaal s t a b i l i t y  a s  compared t o  
other  materials.  

f t  was then washe8 
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TABU! IV. Ion exchange capacity (meq/drg g)  of iodophosphate of 
d i f fe ren t  metals fo r  various cations. 

1 I 1 f 1 

Cations Sa l t s  used p€I PIP; ZIP5 TIPg 

Li+ 
No + 

K+ 
Rb+ 
%2+ 
Ba2+ 
sr3+ 
ca2+ 

6.8 
6.8 
6.8 
6.2 
6.2 
6.2 
6.2 
6.2 

0.98 
1.01 
1.03 
0.89 
1.98 
2.01 
1.82 
2.04 

0.91 
1.14 
i .14 
1.37 
2.06 
2 .oo 
2 .I7 
2.71 

1 e35 
1.21 
1 .60 
1.41 
2.17 
2.60 
2.43 
2.71 

FIPi I Iron(II1)-iodophosphate; ZIPg -.Ilirconium(IV)-iodophosphate$ 
TIP5 = Tin( 1V)-lodophosphate. 

Ion Exchange Capacltyr The Ion exchange capacity of d i f fe ren t  
sampler (iro-mo 10.h) of the ion exchange material in hydrogen 
form was determined by oolumu method a s  reported e a r l i e r  ( I ) .  
The ion exchange capacity of the samples ageinst dlffsren4 laetal 
ion8 I s  reported in Table IV.  

Thelma1 t reatsent :  To examine the e f f e c t  of heating on the  
properties of tin(1V)-lodophosphate, the  material was heated a t  
d i f fe ren t  temperature in muffle furnace f o r  i hr. The remilts 
a re  summarized in  Table V. 
based ion elchangers a re  given In Table V I .  

The resu l t  compared with other  tin(1V) 

pH-titration; pIf-titrations fo r  sample (TIP ) were perforred by 
the e a r l i e r  method (8) using NaCl-IPaOH, KCl-KOH, LiCI-LIOH an& 
BaC12-Ba(OH)2 systems. 

5 

The pH t i t r a t i o n  curves are  shown in 
figure 1. 

Chemical r t ab i l i t y :  
TIP ) was equi l ibrated with 50 m l  of the solvent of ana ly t ica l  
i n t e r e ~ t  a t  room temperature (25 t 2.C) and kept for 24 hrs  with 
ocaasional 8heking. Tin and phosphate released In the solut ion 

A 0.5 g of the ion exchange material (saaple 
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I I I I I 

0 1 2 3 4 5 
O u  A D D E D  I rn  e q . 1 0 . 5 g ) O F  EXCHANGER 

FIG. 1 pH Titration Curves of Tin(1V)-Iodophosphate 

we re de term In  ed spec t ropho t ome t r lca 11 y us lng hema toxyl In and 
ammonium molybdate a s  colouring reagents respect ively ( 9 , l O ) .  
amount of iodate released In the solvent was determined idometrl- 
c a l l y  w i t h  standard sodium thlosulphate rolut ion (11). Tbe 
r e s u l t s  a re  summarized In Table V I I .  

The 

Chemical Compos=ltlon: 
s i t i o n  of sample TIPg, 0.2 g of exchanger was dissolved in hot 
concentrated hydrochloric acid. Then the  solut ion was d i lu ted  
t o  100 a1 w i t h  water (DW). Iodate and t i n  oontents were deter- 
mined t l t r l m e t r l o a l l y  by u6ing rodiua thiosulphate and pofarsltm 

For the determination of chemical compo- 
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786 NABI, RAO, AND SIDDIQI 

TABIE V I I .  Chemical s t a b i l i t y  of tln(1V)-iodophosphate sample 
(TIP ) in d i f f e ren t  solvents,  5 

I t 1 

Solvent  in ( IV) TO5 Po:- 
re leesed re leased released 
mq/50 ml m d 5 0  m l  m d 5 0  m l  

4M ACI 
0. IM HN03 

4M HN03 
4W HZS04 
2M HgS04 
O.IM NaOH 
*.OM NaOH 

0.5M EN03 

I.OM NH4OH 
4M Acetic ac id  
1M Acetic acid 
I M  NH4NOs 
IMFonnIc ac id  
I M  Oxalic acid 
2 1  Oxalic acid 
IM Tartar ic  acid 
IM Sodium ace ta te  
I M  C i t r i c  ac id  
IM NaNOg 
DMW 
0.94 DMSO 
2N DMSO 
4M DMSO 

3.50 
0.00 
0.00 

0.40 
3.90 
0.50 

10.00 

0.00 

0.00 

0.00 

0.00 
0.00 
i .20 
1.20 
0.00 
0.00 
0.00 

0.00 
0.00 

0.00 

3.21 
0.00 
0.00 
4.28 
6.06 
5.321 
7.34 

7.80 
0.55 
0.42 
0.43 
4.60 
0.00 
0.00 
0.00 
0.67 
0.46 
0.49 

0.49 
0.00 

dissolved completely 

5.20 
0.00 
0.00 
1.60 
1.20 
0.13 
7.59 

1.12 
0.17 
0.10 
0.20 
1.60 
0.00 
0.80 
0.00 
0.51 
0.00 
0.26 
0.00 
0.00 

0.07 0.33 0.10 
0.12 0.43 0.16 

diahromate respect ively,  as t i t r a n t s  ( I l , i 2 ) .  Phosphate was 
determined t l t r i m e t r i c a l l y  a f t e r  prec ip i ta t ion  a s  phoephomoly- 
bdate (13).  

Equil ibrat ion study: 
b iva len t ,  t r i v a l e n t  and te t rava len t  metal ions were determined 

Equilibrium times f o r  the adsorption of 
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787 IODOPHOSPHATES OF TIN, ZIRCONIUM, AND IRON 

TABU VIII. Effect of t i m e  on the adsorption o f  metal Ions on 
tln(1V)-lodophosphate (150-200 mesh) a t  25 2 2.C 
(PH 5-5-6.5). 

Metal hount of Amount of metal ions absorbed (1 r o l e s )  
Ions metal Ion 

added After 2 hrs 'kf ter  4 hrs'llter 6 hrs 'Mter  8 hrs  
l Bole0 

by t rea t ing  0.5 g of exchanger In 8' form (150-200 mesh) w i t h  
metal lone solutions In separate f lasks .  'Phe mfxtures were 
shaken In a shaker incubator f o r  d i f f e ren t  t l w a .  The results 
a re  reported In Table V I I I .  

b i s t r lbu t lan  Coefficient: 0.5 g of exohanger In hydrogen form 
(150-200 mesh) was t rea ted  w i t h  50 m 1  of eatlon solutions In 250 r1 
Earlenmeyer flask. The mixture was then shaken f o r  6 hrs  a t  
25 2 2.C In a shaker Incubator. 
wa8 so adjasted a8 not t o  exaeed 3$ of the t o t a l  ion exohange 
cepeoity of the exohanger (23). 
solution was then detemlned by t i t r a t i n g  against  the standard 
solution of EDTA (O.OO2M). 
e a r l i e r  method (14). 
Table 1% 

m e  amount of oatlon in rolnt lon 

The amount of oation lef t  In the 

The Kd values were oaloalated by the 
The r e su l t s  of Ed values are  mmmarised in 

Quantltatlve Separations of metal lmst 2.0 g of exahange In 
hydrogen form (i5O-2OO mesh) was taken in to  the glass  eoltllm ef 
Internal  diameter 5 n. 
through the oolum and then the a l x t u r e  of metal Ion8 was poured 
and allowed t o  be adsorbed. 'Phe metal Ions were then e lu ted  with 
sal table  e lu t ing  reagent. 
during e lu t ion  process. 
Qeterrlned by EWfA t i t r a t ion .  

The appropriate solvent warn f irst  run 

The flow ra t e  was maintained 1 rl/mlnute 
The metal Ions a f t e r  e lut lam were 
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788 NABI, RAO, AND SIDDIQI 

TABU - I X .  Kd values (a1 6' ) of metal ions (ionic strength 0.02- 
0.056) on tin(IV)-lodophoepbate (safple TIP5) in 
dirrerent solvent  systems a t  25 2 2 C. 

I I I 

m2* Nitrate 
52+ Chloride 
Pb2+ Chloride 
13g2+ Chloride 
Cd2+ Chloride 
Ba2+ Chloride 
me+ Nitrate 
co2+ witrate 
Tb '+ Chloride 
Qd3+ Chloride 
Pr3+ Chloride 
a2+ Nitrate 
~i'+ Nitrate 
Fe3+ Chloride 
Ce 3* Sulpha t e  
A+ Chloride 

VOzp' Salphafe 

sr2+ Nitrate 
Ca2* Chloride 
m4* Nitrate 
0 m l o r i d e  

2221 
3821 

2 59OOfi3000 
I021 
16523 
24 725 
4021 
4721 

2 70022 500 
3 SO02600 
1540027750 

5221 
3 521 
9722 
12222 
1521 
2421 

6821 
3221 

1559 
2 540021 2 750 

2221 
5921 

29900~13000 
8622 
16523 
19724 

4921 
4051 

270022 500 
35002600 
*5400$77M 

1621 
11 222 

11822 
34327 
3 1 8 ~ 7  
420i10 

9012 
9022 
15523 

2 5400212 750 
sr 4* Ory-ohloride 1600253 580211 66621 3 716213 
ce4+ Am.onlrm 

sulph6 t e  555210 21124 26925 25425 
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IODOPHOSPHATES OF TIN, ZIRCONIUM, AND IRON 789 

TABU - X. QIlantltatlve Separations of metal Ions on tln(1V)- 
ioaophosphate (Sample  TIP^) columns. 

I I I I 1 I 

81. Separations Amount konnt  Percent Total Eluent used 
NO found to  ionna of aeta l  elution 

the a f t e r  fons volume 
column elution eluted ( r l )  
Gur, ) hi3 1 

1. me+ 
co2+ 

2. 162+ 

&I2+ 

3. me+ 
CU2+ 

4 .  co2+ 
CU2+ 

m2+ 
6. HI2+ 

7. a2+ 

8. m2+ 
M2+ 

9. m2+ 
Cue+ 

10. CO2+ 
PS3+ 

5. N 12* 

Fa 3+ 

Fe 3+ 

1440 -00 

377.60 
129.60 
327.60 
253.00 
397.60 
377 60 
327.60 
340.46 
327.60 
340.46 
358.40 

1440 .OO 

358.40 
1440.00 
353.00 

1440.00 
327.60 
377.60 
358.50 

1364.00 
360.00 
124.80 
315.00 
242.00 
322.60 
368.00 
312.00 
317.00 
315.00 
30S.00 
342.00 

1364.00 
345.00 

1404.00 
231 .OO 

1377.00 
318.00 
464.00 
335.00 

94.7 
95.3 
95.3 
96.2 
95.7 
98.3 
97.5 
95.2 
93.2 
96.2 
90.0 
95.4 
94.7 
96.3 
97.5 
91.3 
95.6 
97.6 
96.4 
93.5 

80 
50 
50 
60 
60 
60 
60 
60 
60 
60 
60 
80 
80 
80 
80 
60 
80 
60 
50 
80 

0.5M DWO 
0.05M WO, 
0 .OIM RN03 
0 . 1 M  RHO3 
0.01M HN03 

0.05M HN03 

0.01M HN03 
0.IM RNOy 
O.OiM RHO3 
0.IM IM03 

0.1M RHO3 

0 . O I M  RN03 
0.5M DE80 
0.IM RN03 
0.05M RHO3 
0.IM HN03 

0 - I M  HNO3 

0.IM BNO3 

0 SM DBSO 

0.5M DMSO 
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790 NABI, RAO, AND SIDDIQI 

It is apparent from Tables I1 and I f 1  t h a t  the ion exchange 
capacity of double s a l t s  i.e., f o r  iodophosphate a re  in  general  
higher than t h a t  of single  s a l t s  1.e. iodates of metals. 

It has been observed t h a t  the  ion exchange capacity f o r  
Fe(If1)-lodophosphate samples (Table I )  do not change by changing 
the mixing r a t i o  of the reagents,  except in case of sample FIP,,. 
Ire (1x1)-iodate (sample (PI5)  when prepared under ident ica l  condi- 
t i ons  show highest  ion-exchange capaci ty  (1.17 meq/dry g)  but  of 
l i t t l e  p rac t i ca l  importance a s  it is not appreciably s tab le  in  
various solvents.  

Zirconium(1V)-iodophosphate samples were prepared under 
Sample ZIP which i s  prepared in ident ica l  conditions a t  pH I .  

the presence of excess of phosphate shows highest  ion exchange 
capaci ty  (1.14 meq/dry g). However, zirconlurs(fV)-iodate when 
prepared under s imi la r  conditions shows small exchange capacity 
(0 .55  meq/drJr I). 

5 

Similar is the case w i t h  t i n (  IV)-lodophosphate which showw 
much higher ion exchange capacity (1.6 meq/dry g )  a s  compared t o  
tin(IV)-iodate (0.57 meq/dry g )  prepared under the same conditions. 
The prec ip i ta t ion  of the mater ia l  was done a t  low pH values so 
as  t o  avoid the poss ib i l i t y  of formation of metal hydroxide. 
chemical coapoeition (Table V), I.R. Spectrum atad ion exchange 
oapacity data of sample TIP5 (Table 111) a l so  indicate  tha t  the 
mater ia l  formed is not  t he  m l x e d  s a l t s  of t in(IV)-iodate (0.57 
meq/drg g) and tin(1V)-phosphate (1.31 meq/dry g) but  a s ingle  
compound tin(1V)-lodophosphate (1.6 aeq/dry g). 

The 

It I s  c l e a r  from t ab le  111 t ha t  by Increasing the phosphate 
contents of the reac tan ts  in the  mixture the ion exchange capaci ty  
of the material  is increased. Tin(1V)-lodophosphate (sample TIP5) 
has been ahosen f o r  fur ther  s tud ies  owing t o  i t 8  highest  ion 
exchange capaci ty  and highest cbemlcal s t a b i l i t y  a s  compared t o  
Zr(IV)-iodophosphate and Fe(II1)-iodophosphate. 

It can be inferred from table  I V  t ha t  the ion exchange 
capacity of most of the IOU exchange mater ia ls  increases w i t h  
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IODOPHOSPHATES OF TIN, ZIRCONIUM, AND IRON 791 

the decrease in hydrated r a d i i  of the ion. Rowever, f o r  
a lkal ine ear ths  t h e  exchange capacity remains almost the same 
a s  the hydrated r a d i i  do not  vary appreciably. 

It is In te res t ing  t o  note from f igure 1 t h a t  the uptake 
of a e t a l  ions is affected by pH of the e l ec t ro ly t e  solution. 
pH t i t r a t i o n  curves show the following uptake order f o r  a l k a l i  
metals a t  d i f f e ren t  pH values: 

( I)  3.5 t o  4.5 Na+) LI+> K+ 
( 11) 5.2 LI+ I Na+> K+ 
( i l l )  5.3 t o  11.0 LI+ > Na*> K+ 

pH t i t r a t i o n  curves show tha t  tin(1V)-lodophosphate 
appears t o  behave a s  a weak cation exchanger. 

It  is apparent from tab le  V t h a t  the  composition and IOU 
exchange oapacity of t i n  (1V)-lodophosphate var ies  a s  the heating 
temperature is Increased. The Ion  exchange capacity f a l l s  sharply 
from 1.6 t o  0.99 (meq/dry g)  when the Sample is subjected t o  
heating a t  200 C. This decrease in capaci ty  may be re fer red  t o  
the loss  of iodate and phosphate contents of the sample, which 
is a l so  evident from the  chemical composition of the sample. 
A fu r the r  loss in phosphate content of the Sample together  w i t h  
the elimination of water molecules by oondensation, decreases the 
capaci ty  a s  the heating temperature is increased. 
however, becomes unaffected (0.24 meq/dry g)  when the temperature 
is ra ised above 8OO*C. The ion exchange oapaclty data  ( table  VI) 
shows t h a t  almost a l l  the exchangers are  affected by heating. 
comparison of t he  ion exchange capac i t ies  of various ion exchangers 
a t  600 c heating temperature shows the  sequence: 

The capacity,  

A 

t i n  (TV)-arsenate ) t i n  (IV)-lodophosphate I t i n  (IV)-selenophos- 
phate > (tin(IV)-molfidoarsenate > t in(IV)-seleni te  > t i n ( Iv ) -  
arsenophosphate I tin(IV)-tungstate. 
heating temperature, tin(IV)-lodophosphate appears t o  be most 
t hema l ly  s tab le  w i t h  respect  t o  ion exchange oapacity a s  It 
re ta ins  considerable ion exchange capacity i.e., 0.24 meq/dry g. 

However, a t  8OO*C2 and higher 

The mater ia l  is fonna t o  be f a i r l y  s t a b l e  in  lower concen- 
!l%e sample t r a t ions  of mineral acids  such a8 BCl, B SO and €MOT. 2 4  
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792 NABI, RAO, AND SIDDIQI 

is q u i t e  s tab le  in organic aclds  l i k e  formic acid,  ace t i c  acid,  
t a r t e r i c  acid and c i t r ic  acid of a l l  concentrations. 

The 1.8. spectrum of tin(IV)-lodophosphate (sample TIP5) 
in  hydrogen fonu shows f i v e  absorption peaks. The broad peak In 
the region 3600-3000 om" may be due t o  i n t e r s t i t i a l  water mole- 
cules and -OH groups ( 2 0 ) .  A sharp peak in the region 2450-2300 
01 probably indicates  the  presence of P-H linkage (21). Another 
sharp peak a t  1650 cm-I may be due t o  the i n t e r s t i t l a l  water 

1 molecules (20 ) .  Another broad peak in the region 1300-900 oa- 
may be a t t r i bu ted  t o  PO:- and 105 (20) .  A small and sharp peak 
a t  500 cm" is a l s o  seen in the spectrum th t i t  may be due t o  the  
presence of HP04 

-1 

2- grerp in  the sample (20). 

The equilibrium s tudies  f o r  btmalent, t r i va l en t  and 
ta t ravalent  metal ions (Table V I I I )  show t h a t  t he  equilibrium I s  

at ta ined in six hourm. 

To explore the separation poten t ia l  of tin(IV)-iodophoe- 
phate, d i s t r ibu t ion  coe i f i c i en t s  of several  metal ions have been 
determined i n  important solvents.  It is c l e a r  from the Table I X  
t ha t  the d i s t r ibu t ion  coef f ic ien ts  v w  w i t h  the  composition and 
nature  of the solvent systems. It has been observed t h a t  in 
most of the caaes the Kd values a re  higher In aqueous DbSO aodium 
than in aqueous formic acid.  This behaviour of tin(1V)-iodophos- 
phate is d i f f e ren t  from t h a t  of bowex-SO r e s in  which shows the 
reverse t rend (22). K& values of metal ions a re  increasing in 
general  w i t h  the increase in d iae thyl  snlphoxide (DMSO) oontent 
of the solvent system. It is found tha t  the adsorption of 
W3+ and Sm" is very high in a l l  solvents whereas Mg2+, Eg2+, 
Mb2+ and A13* a re  l e a s t  adsorbed. 

It appears from the data on KU values (Table IX) a number 
of important separations a re  possible. Some of the more important 
separations of induqtr ia l  and ana ly t ica l  t l t l l i t y  which have been 
successful ly  achieved on t h e  column8 of tin(IV)-iodophosphate a re  
l i s t e d  in Table X. 

The reparations of copper-uiokel and oopper-cobalt aan be 
u t l l i eed  in  t h e  determination of oobalt  in s t e e l s  and copper- 
nickel  base Slloya where copper uSUallf in te r fe res .  Therefore, 
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copper can be removed conveniently p r io r  t o  the determination of 
these metals. In nickel  p la t ing  solut ion,  copper is an objectionable 
Impurity and should be removed a s  it may darken the  p la te .  
Separation of Fe3+-Ni2+ can be u t i l i zed  in the  d e t e n i n a t i o n  of Fe3* 
and other  metal ions in na tu ra l  a l loys  e.g. awaruite, josephinl te  
and minerals of n i c k e l  namely, pentalandite,  polydynite and ol ivine.  
It has been found tha t  Pb2+ is st rongly adsorbed on the  oolurm of 
tin(IV)-iodophoaphate and could not  be eluted by the comon solvents  
(d i f fe ren t  concentrations of DMSO, formic acid,  fomic acid + DHSO 
ana d i lu t e  n i t r i c  acid).  pb2+ has been successfully removed 
quant i ta t ive ly  from a synthet ic  riture of Hg2', Co2*, e2*, Cu2+, 
Ni2+, Bh2+ and Fe3*. Pherefore, t h i s  separation Is of p rac t i ca l  
importance where Pb2+ is present a s  impurity and necessary t o  be 
eliminated e.g. in the  analysis  of brass  and bronze. 

The 

&know ledgemen t 

The authors thank Prof. W.Rahrran, Head, Deparhent of 
m a i s t r y  f o r  providing research f a o l l l t i e s .  C.S.I.R. (New Delhi) 
is a l s o  gra te fu l ly  acknowledged %or providing f i sanoia l  ass is tance 
t o  W.A.S. and R.A.X.R. 

I .  

2. 

3. M.Qureehi and S.A.Nab1, J.Chea.Soc., (A), 139 (1971). 

4. M.Qunshi,  K.Husain and J.P.Gupta, J.Chen.Soc., (A), 29 (1971). 

5. 

6. 

7. 

8. N.E.Topp and K.W.Pepper, J.Chem.Soc., 323 (1949). 

9. F.D.Snel1 and C.T.Sne11, Colorimetric methods of analysis  
Vol. (Xu), p. 135 (Igfg), D.Van Nostrand Company Inc. 
Princeton, New Jersey. 

M.Qumshi and S.A.Nab1, J.Inoly;.Nucl.Chea., z, 2059 (1969). 

A.Wer and J.S.0111, J,Inorg.Nncl.Chem., 40, 97 (1978). 

M.Qureshi and J.P.Rawat, J.Inorg.Nucl.Chem., x, 305 (1968). 

bI.Quresh1 and S.A.Nabi, Talanta, 2, lo33 (1972). 

J.P.Rawat and M.Iqba1, Annalldichimica, s, 241 (1979). 

10. N.H.Fnraan, Standard methods of chemical analysis  6th Edn. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
4
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



794 N A B I ,  RAO, AND S I D D I Q I  

12. 

13. 

14. 

20. 

21. 

22. 

23. 

Vol. I, p. 819 (1962), D.Van Nostrand Inc. Princeton, 
New Jersey. 

I. M.Kolthof f , R.Be lcher ,  Volume t r l c  h a l y s i  8, In tersclence , 
New Yo*, (1957), Vol. 3, p. 235. 

Ref. 11, p. 320-322. 

Ref. 10, p. 014. 

S.A.Nab1, A.R.Slddiqn1, R.A.g.Rao, J.Liq.Chromatogr., - 4(7), i22S (1981). 

Y.Inoue, Ball.Cher.Soc., Japan, s, 1318 (1963). 
M.Qrrreeh1, J.P.Gapta and V.Sharma, hal.Chem., 9, 1903 (1973). 
M.Qllnshi, K.G.Varshney, J.Inorg.Nucl.Chem., 30, 3081 (1968). 

M.Quresh1, S.A.Nab1, #.Zebra, Can.J.Chem., 55, 1667 (1977). 

M.Quresh1, R.Kumar and H.S.Rathore, J.Chea.Soc. (A), 
272 (1970). 

Mansel Davles, Inf ra red  spectroscopy and molecular s t ruc ture ,  
p. 318 (1963), Elsev le r  Publishing Company, Amsterdam. 

L.J.Bellalny, The Infrared spectra  of complex molecules, 
p. 311 (ig50), John Viley and Sons, ~ n e .  mew YO*. 

M.Quresh1 and K.HuSSln, Apal.Chem,Aata, x, 387 (1971). 
H.Haslaguoh1, R.Xuroda, K.Aoki, R.Sugis1ta and N.Onuma, 
Talanta, 2, 153 (1963). D

o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
4
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


