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A COMPARATIVE STUDY ON THE SYNTHESIS AND ION EXCHANGE PROPERTIES
OF JODOPHOSPHATES OF TIN(IV), ZIRCONIUM(IV) AND IRON(III):
SEPARATIONS OF METAL IONS ON TIN(IV).IODOPHOSPHATE COLUMNS.

Syed Ashfaq Nabi, Rifagat Alil Khan Rao, Wegar Ahmad Siddigi

Department of Chemistry,
Aligarh Muslim University,
Aligarh.202001 (India),

ABSTRACT

Iodates and iodophosphates of tin(IV), zirconium(IV)
and iron(III) have been synthesized under varying eonditions
and studied their ion exchange behaviour, Among the various
ion exchangers synthesized, tin(IV)-iodophosphate is chosen
for detailed study owing to its highest ion exchange capacity
and highest chemical stability. The most stable sample is
prepared by mixing 0.1iM stanmnic chloride, 0.1M potassium lodate
and 0.1M potassium dihydrogen orthophosphate solutions in the
volume ratio 1:1:;2 respectively at pH 0-1, It is a monofunc-
tional wesk cation exchanger. Its ion exchange capacity for

K* 15 1.6 meq/dry g. The thermal and chemical stabilities of
this material have been determined and compared with Zr(IV)-
ghosphoiodate. Effect of heating on the properties of tin(IV)-

odophosphate has been determined. To explore the separation
potential of tin(IV)-iodophosphate K& values of different metal
ions have heen determined in organic solvents. A number of
important separations. of metal ions of industrial utility have
been successfully achieved on the colummns of tin(IV)-iodophos-
phate.

INTRODUCTION

Various synthetie inorgenic ion exchangers which have
been developed so far are mostly based on arsenate, phosphate,
tungstate, molybdate and selenite of metals (1-6). As far as
we are aware lodates of metals have not been studied as ion
exchange materials, However, zirconium(IV)-phosphoiodate has
been recently reported to show amphoteric behaviour (7). But
this material has been mainly studied as an electron exchanger,
No systematic studies have been reported om its cation or
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anion exchange properties, The present work was, therefore,
undertaken to synthesize iodates and iodophosphates of different
metals and to compare their ion exchange properties in a
systematic manner, Among the various ion exchangers which have
been synthesized, tin(IV)-iodophosphate was found to possess
highest ion exchange capacity and chemical stability and therefore
was chosen for detailed studies. The following pages summarize
our findings in this direction.

EXPERIMENTAL

Reagentss Tin(IV) chloride pentahydrate (Reachim U.S.S8.R.),
potassium iodate (E.Merk), potassium dihydrogen-orthophosphate
(B.D.H.), zirconium oxychloride (B.D.H.), ferric nitrate (B.D.H.)
were used, Other chemicals were of analytical reagent grade.

Apparatuss The spectrophotometry and pH-measurements were
performed by using Bausch and Lomd spectronic-20 colorimeter,
Elico LI-10 pH meter respectively. A temperature controlled
shaker "SICO" was used for shaking.

Synthesis: Samples of iron(III)-iodophosphate, iron(III),

iodate, zirconium(IV)-iodophosphate, zirconium(IV)-iodate, tin(IV)-
iodophosphate and tin(IV)-iodate were prepared by mixing aqueous
solutions of appropriate reagents under the conditioms indicated

in Tables I, II and III,

The desireda pH was adjusted by adding either concentrated
nitric acid solution or dilute sodium hydroxide solution. The
precipitate so formed was allowed to settle down for 24 hrs,
washed several times with demineralized water (DMW) and filtered
under suction, It was then daried at 40 C in en oven. The dried
material was then treated with DMV resulting eracking of the
substance into smaller particles with slight evolution of heat.
To convert the sample into bydrogen form, the material was kept
for 48 hrs in 0.1M nitric acid solution, It was then washed
with DMW to remove excess acid. 7Tin(IV)-iodophosphate (sample
!IPS) has been chosen for detailled study owing to its higher ion
exchange oepacity and higher chemical stability es compared to
other materials,
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TABIE IV, 1Ion exchange capacity (meq/dry g) of iodophosphate of
different metals for various cations,

L 1§ | § 1 .
Cations Salts usead pH FIP, ZIP, TIPg
Li* Licl 6.8 0.98 0.91 1.3%
Ne* NaNo, 6.8 1.01 1.1% 1.21
x* KC1 6.8 1.03 1.14 1.60
m* EbCl 6.2 0.89 1.37 1.4
Mgt Mg (NO,), 6.2 1.98 2.06 2.17
Ba®*  Bac, 6.2 2.0 2.00 2.60
sro* sr(No,), 6.2 1.82 2.17 2.43
ca®*  cawoj), 6.2 2.04 2.7 2.7

FIP, = Iron(1I1)-iodophosphate; ZIP5 = Zirconium(IV)-iodophosphate;
TIP5 = Pin(IV)-iodophosphate,

Ion Exchange Cepacity: The ion exchange capacity of different
samples (150-200 wesh) of the ion exchange wmaterial in hydrogen
torm was determined by columm method as reported earlier (i),
The ion exchange capacity of the samples against different metal
ions is reported in Table IV,

Thermal treatments To examine the effect of heating on the
properties of tin(IV)-iodophosphate, the material was heated at
different temperature in muffle furnace for 1 hr., The results
are summarized in Table V. The result compared with other tin(IV)
hased ion elchangers are given in Table VI,

pH-titration: pH-titratione for sample (TIPS) were performed by
the earlier method (8) using NaCl-NaOH, KC1-KOH, LiCl-LiOH and
BaClz-Ba(onj2 systems, The pH titration curves are shown in
figure 1,

Chemicel stability: A 0.5 g of the ion exchange material (sample
TIP ) was equilibrated with 50 ml of the solvent of analytical
1nterest at room temperature (25 r2 c) and kept for 24 hrs with
occasional shaking. Tin and phosphate released in the solution
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FIG., 1 pH Titration Cuxves of Tin(IV)-Iodophosphate

were determined spectrophotometrically using hematoxylin and
ammonium molybdate as colouring reagents respectively (9,10). The
amount of iodate released in the solvent was determined idometri-
cally with standard sodium thiosulphate solution (11), The
results are summarized in Table VII.

Chemical Compos=ition: For the determination of chemical compo-
sition of sample TIPS, 0.2 g of exchanger was dissolved in hot
concentrated hydrochloric acid., Then the solution was diluted
to 100 m1 with water (DMW), JIodate and tin contents were deter-
mined titrimetrically by using sodium thiosulphate and potassium
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TABIE VII, Chemicel stability of tin(IV)-iodophosphate sample
(TIPs) in different solvents,

L] t L]

Solvent Tin(1IV) ‘Io; ro,"'
releesed released released
mg/50 ml mq/50 ml mg/50 ml
4M BC1 3.50 3.21 5.10
0.1M HNO3 0.00 0.00 0,00
0.5M HNO3 0.00 0,00 0.00
4M HNO3 0.40 4,28 1.60
&M sto& 3.90 6.06 1.20
2M H,S0, 0.50 5.38 0.13
0.1M NaOH 10,00 7.34 7.50
1.0M NaOH dissolved completely
1.0M quon 0,00 7.80 1,12
&M Acetic acia 0,00 0.55 0.17
iM Acetic acia 0.00 0. 42 0.10
i NHANOB 0.00 0.43 0.20
IM Formic acid 0.00 4,60 1.60
iM Oxalic acid 1.20 0.00 0,00
2M Oxalic acid 1.20 0.00 0.60
1M Tartaric acid 0.00 0.00 0.00
1M Sodium acetate 0.00 0.67 0.51
1M Citric acia 0.00 0.46 0.00
1M NaN03 0.00 0.49 0.26
DMW 0.00 0.49 0.00
0.5M DMSO 0,00 0.00 0,00
2M DMSO 0,07 0.33 0.10
4M DMSO 0.12 0.43 0.16

dichromate respectively, ag titrants (11,12), Phosphate was
determined titrimetrically after precipitation as phosphomoly-
baate (13).

Equilibration study: Equilibrium times for the adsorption of
bivalent, trivalent and tetravalent metal ioms were determined
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TABIE VIII., Effect of time on the adsorption of metal ions on

tin(IV)-1odophosphate (150-200 mesh) at 2% + 2%
(pH 5-5-6.5). =

[ §

Metal Amount of Asmount of metal ions absorbed (m moles)

ions wetal ion T Y ¥
added After 2 hrs After 4 hrs After 6 hrs After 8 hrs
m» moles

M2t 11x10”>  10.72x10™7 10.75x10°> 10.77x10°3 10.77x10"3

A 92710 9.00x103  9,05x10"3 o.10x107> 9.10x10°3
Ir 13.6x10™>  13.33x10"° 13.34x10™> 13.34x10"> 13.34x10">

by treating 0.5 g of exchanger in B forn (150-200 mesh) with
metal ions solutions in separate flasks, The mixtures were
shaken in a shaker incubator for different times., The results
are reported in Table VIIY,

Distribution Coefficiemts 0.5 g of exchanger in hydrogen form
(150-200 mesh) was treated with 50 ml of cation solutions in 250 ml
Earlenmeyer flask. The mixture was then shaken for 6 hrs at

25 &+ 2°C in a shaker incubator. The amount of cation im solution
was 80 adjusted as not to exceed 3% of the total ion exchange
capacity of the exchanger (23). The amount of cation left in the
solution was then determined by titrating against the standara
solution of EDTA (0.002M). The Kd values were calenlated by the
earlier method (14). The results of Kd values are summarized in
Table IX.

Quantitative Separations of metal ionss 2.0 g of exchange in
hydrogen form (150-200 mesh) was taken into the glass colusm of
intermal diameter 5 mm. The appropriate solvent was first run
through the colusm and them the mixture of metal ions was poured
and allowed to be adsorbed. The metal ions were then eluted with
suitable eluting reagent. The flow rate was maintained 1 wl/minute
during elution process, The metal ions after elutiom were
determined by EDTA titration.
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TABIE - 1 . Ka values (ml ¢ ) of metal ions (ionic stremgth 0.02-
0.056) on tin(IV)-iodophosphate (saeple TIPS) in
different solvent systems at 25 + 2 C,

T L 8 1 ]
Metal Salts used 2M DMSO 2M Formie 2M DMSO+ _2M DMSO+
ions (pH=6.5%) acia 2M Formic 2M Formie
(pE=1.7) acia (131) acia (231)
(pH=1,87) (pH=1.97)
¥e®*  Nitrate 2941 1041 2241 2241
m®*  chloride 17543 Bh+1 3841 5241
2%  chloride 25900413000 25900413000 25900413000 25900413000
Rg?*  chloride 1341 2841 1041 8642
ca®*  cnloride 16543 5241 16543 16543
pa*  chloride 940440 16043 24745 19744
m®*  Nitrate 4941 241 5041 4041
co®*  Nitrate 5241 3841 4741 4941
m™>*  chloride 270042500 270042500 270042500 270042500
6a>*  chloride 35004600 35004600 35004600 35004600
Pr3*  Chloride 1540047750 1540047750 1540047750 1540047750
cu®*  Nitrate 16674110 3341 5241 11242
N4Z*  witrate 10042 ket 3541 1641
Fe>*  cnloride 1160449 1941 9742 11842
ce3*  sulphate 10742 13942 12242 34347
Aa1>*  cnloriae 2841 1341 1541 31847
v02*  Sulphate 24745 1341 2441 420410
sr’*  Nitrate 30347 5841 6241 90)2
ce?*  conloride 37247 K741 3241 9042
™" Nitrate 18444 14842 155+3 15543
Se>*  chlortde 25400412750 25400412750 25400412750 25400412750
sr'*  Oxy-chloride 1600453 580411 666413 71613
ce®  Ammonium
sulphate 555410 21144 26945 25445
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TABIE - X, Quantitative separations of metal ions on tin(IV)-
iodophosphate (Sample TIPS) columms,
i } v L ¥
81, Separations Amount Amount Percent Total Eluent used
No. found to found of metal elution
the after ions volume
columm elution eluted (m1)
(ne) (ug)
1. He2t 14540,00 136k.00  94.7 80 0.5M DMSO
co?* 377.60  360.00  95.3 50 0.05M FNo,
2, >t 129,60  124.80  95.3 50 0.01M HNO;
cu* 327.60  315.00  96.2 60 0.1M HNO,
3. 3+ 253,00 242,00  95.7 60 0.01M HNO,
cu?* 327.60  322.60  98.3 60 0.1M HNO,
&, co>* 377.60  368.00  97.5 60 0.05M HNO;
cuZ* 327.60  312.00  95.2 60 0.1M HNO,
5, N2+ 340.46  317.00  93.2 60 0.01M ENO,
cu>* 327,60  315.00 96.2 60 0.1M HNO,
6. N2+ 340.46. 305.00  90.0 60 0.01M HNO,
Fet 358.40  342.00  95.4 80 0.1M ENO,
7. Ag>* 1440,.00 1364.00 94,7 80 0.5M DMSO
re* 558.40  345.00  96.3 80 0.1M HNOy
8. mg2* 1440,00 1404,00  97.5 80 0.5M DMSO
m>* 353.00 231,00 91,3 60 0.01M HNO,
9. He2* 1440.00 1377.00  95.6 80 0.5M DMSO
cu’t 327.60  318.00  97.6 60 0.1M ENOg
10. co2* 377.60  464.00  96.% 50 0.05M HNO5
Fe’* 358.50  335.00  93.5 80 0.1M HNO,
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RESULTS AND DISCUSSION

It is apparent from Tables II and IIXI that the ion exchange
capacity of double salts i.,e,, for iodophosphate are in gemeral
higher than that of single salts i.e. lodates of metals,

It has been observed that the ion exchange capacity for
Fe(II1)-iodophosphate samples (Table I) do not change by changing
the mixing ratio of the reagents, except in case of sample FIP,.
Fe(IIX)-iodate (sample (FIS) when prepared under identicel condi-
tions show highest ion-exchange capacity (1.17 meg/dry g) but of
little practical importance as it 1s not appreciably stable in
various solvents.,

Zirconium(IV)-iodophosphate samples were prepared under
identical conditions at pH 1, Sample ZIP5 which is prepared in
the presence of excess of phosphate shows highest ion exchange
capacity {1.14 meg/dry g). However, zirconium{IV)-iodate when
prepared under similar conditions shows small exchange capacity
(0.55 meq/dry g).

Similar is the case with tin(IV)-iodophosphate which showw
much higher ion exchange capacity (1.6 meq/dry g) as compared to
tin(IV)-iodate (0.57 meg/dry g) prepared under the same conditions,
The precipitation of the material was done at low pH values so
as to avoid the possibility of formation of metal hydroxide. The
chemical composition (Table V), I.R, Spectrum and iom exchange
capacity data of sample TIP5 (Pable I1I) also indicate that the
material formed is not the mixed salts of tin(IV)-iodate (0.57
meq/dry g) eand tin(IV)-phosphate (1.31 meq/dry g) but a single
compound tin{IV)-iodophosphate (1.6 meg/dry g).

It is clear from table IIX that by increasing the phosphate
contents of the reactants in the mixture the ion exchange capacity
of the material is increased. Tin(IV)-iodophosphate (sample TIP5)
has been chosen for further studies owing to its highest ion
exchange capacity and highest chemical stability as compared to
Zr(IV)-1iodophosphate and Fe (IIY)-iodophosphate.

It can be inferred from table IV that the ion exchange
capacity of most of the ion exchange materials increases with
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the decrease in hydrated radil of the ion. However, for
alkaline earths the exchange capacity remains almost the same
as the hydrated radii do not vary appreciably,

It is interesting to note from figure 1 that the uptake
of metal ions is affected by pH of the electrolyte solntion.
pH titration curves show the following uptake order for alkali
metals at 4ifferent pH valuess

( 1) 3.5 to 4.5 Na*) 1.1*) x*

( 11) 5.2 1t = Na*) x*
(111) 5.3 to 11.0 m") Na"> x*

pH titration curves show that tin(IV)-iodophosphate
appears to behave as a weak cation exchanger.

It is apparent from table V that the composition and ion
exchange capacity of tin(IV)-iodophosphate varies as the heating
temperature is increased. The ion exchange capacity falls sharply
from 1.6 to 0.99 (meq/dry g) when the sample is subjected to
heating at 200.0. Thie decrease in capacity may be referred to
the loss of iodate and phosphate contents of the sample, whiech
is also evident from the chemical composition of the sample,

A further loss in phosphate content of the sample together with

the elimination of water molecules by condensation, decreases the
capacity as the heating temperature is increased. The capacity,
however, becomes unaffected (0.24 meq/dry g) when the temperature
is raised above 800 C. The ionm exchange capacity data (table VI)
shows that almost all the exchangers are affected by heating. A
comparison of the ion exchange capacities of various ion exchangers
at 6oo°c heating temperature shows the sequence:

tin(Iv)-araenate). tin (IV)-1iodophosphate = tin(IV)-selenophos-
phate') (tin (IV)-molybdoarsenate ) tin(IV)-selenite >.t1n(IV)-
arsenophosphate = tin(IV)-tungstate. However, at 800 C and higher
heating temperature, tin(IV)-iodophosphate appears to be most
thermally stable with respect to ion exchenge capacity as it
retains considerable ion exchange capacity 1.e., 0.24 meq/dary g,

The material is found to be fairly stable in lower concen-~
trations of wineral acids such as HCl, 82804 apd HNOS. The sample
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is quite stable in organic acids like formic acid, acetic acid,
tartaric acid and citric acid of all concentrations,

The I.R. spectrum of tin(IV)-iodophosphate (sample TIPS)
in hydrogen form shows five absorption peaks, The broad peak in
the region 3600-3000 cm'1 may be due to interstitial water mole-
cules and -OH groups (20). A sharp peak in the region 2450-2300
cn'1 probably indicates the presence of P-H linkage (21). Another
sharp peak at 1650 cn'i may be due to the interstitial water
molecules (20). Another broad peak in the regtion 1300-900 em!
may be attridbuted to roz‘ enad Io; {(20). A small ana sharp peak
at 500 cm~) is also seen in the spectrum that may be due to the
presence of HPO%' group in the sample (20).

The equilibrium studies for biwalent, trivalent and
tetravalent wetal ions (Table VIII) show that the equilibrium is
attained in six hours.

To explore the separation potential of tin(IV)-iodophos-
phate, distribution coefficients of several metal ions have been
determined in important solvents, It is clear from the Table IX
that the distribution coefficients vayy with the composition end
nature of the solvent systems., It has been observed that in
most of the cases the Kd values are higher in aqueous DMSO medium
than in aqueous formic acid. This behaviour of tin(IV)-iodophos-
phate is different from that of Dowex-50 resin which shows the
reverse trend (22). Kd& values of metal ions are increasing in
general with the increase in dimethyl sulphoxide (DMSO) content
of the solvent system, It 18 found that the adsorption of Pbg*,
Gd” and Sn’* is very high in all solvents whereas ng*, ﬂgz*,
a2t ana A17* are least adsorbed.

It appears from the dats on Kd values (Table IX) a number
of important separations are possible, Some of the more important
separations of industrial and analytical utility which have been
successfully achieved on the columms of tin(IV)-iodophosphate are
listed in Table X.

The separations of copper-nickel and eopper-cobalt cam be
utilized in the determination of cobalt in steels and copper-
nickel base alloys where copper usually interferes. Therefore,
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copper can be removed conveniently prior to the determination of
these metals, In nickel plating solution, copper is an objectiomable
impurity and should be removed as it may darken the plate, The
separation of Per’*-Niz"' can be utilized in the determination of Fes*
and other metal ions in natural alloys e.g. awaruite, josephinite
and minerals of nickel namely, pentalandite, polydynite and olivine.
It has been found that Pb2" is strongly adsorbed on the columm of
tin(IV)~-1odophosphate and could not be eluted by the common solvents
(ditferent concentrations of DMSO, formic acid, formic acid + DMSO
and dilute nitric aciad). ”24- has been successfully removed
gquantitatively from a synthetic miture of ng’, 002’, !32’, cu2",
Niz*, mz* and Fe’*. Therefore, this separation is of practical
importance where “24 is present as impurity and necessary to be
eliminated e.g. in the analysis of drass and bronze,
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