This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

URNAL OF Journal of Liquid Chromatography & Related Technologies
Ll OU_ 1D Publication details, including instructions for authors and subscription information:
CHROMAT http://www.informaworld.com/smpp/title~content=t713597273

Sorption Studies in DMSO-NITRIC Acid and DMSO-Acetic Acid Systems
and Separation of Metal Ions on TIN(IV)-Iodophosphate
Syed Ashfaq Nabi%; Weqar Ahmad Siddiqui®

* Chemistry Department, Faculty of Education, University of Sebha, Sebha, Libya ® Department of
Chemistry, Aligarh Muslim University, Aligarh, India

Proparaisg & Anakytical Sapg

Exfitess by
dack Cazes, Ph.D.

I l(::_;r_hl.!lf.rl:... s ‘

To cite this Article Nabi, Syed Ashfaq and Siddiqui, Weqar Ahmad(1985) 'Sorption Studies in DMSO-NITRIC Acid and
DMSO-Acetic Acid Systems and Separation of Metal Ions on TIN(IV)-lodophosphate’, Journal of Liquid
Chromatography & Related Technologies, 8: 6, 1159 — 1172

To link to this Article: DOI: 10.1080/01483918508067134
URL: http://dx.doi.org/10.1080/01483918508067134

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918508067134
http://www.informaworld.com/terms-and-conditions-of-access.pdf

16: 39 24 January 2011

Downl oaded At:

JOURNAL OF LIQUID CHROMATOGRAPHY, 8(6), 1159-1172 (1985)

SORPTION STUDIES IN DMSO-NITRIC ACID
AND DMSO-ACETIC ACID SYSTEMS AND
SEPARATION OF METAL IONS ON
TIN(IV)-IODOPHOSPHATE

Syed Ashfaq Nabil and Weqar Ahmad Siddiqui2

1 Chemistry Department
Faculty of Education
P. 0. Box 18758
University of Sebha
Sebha, Libya
2Department of Chemistry
Aligarh Muslim University
Aligarh 202001, India

ABSTRACT

Some new samples of tin(IV)-iodophosphate have heen
synthesized and their ion exchange properties have been studied,
Adsorption behaviour of different metal ions on tin(IV)-iodophosphate
(TIP5), in BY form, in different solvent systems have been examined,
KA values of few metal ions, in 4M DMSO medium, have also been
determined on the same ion-exchanger in NHZ form, Effect of particle
size of tin(IV)-iodophosphate (TIP5), in #* form, on the Xd values
of metal ions has heen studied, Separations of a number of metal ions

have been achieved on tin(IV)-iodophosphate (TIPS) columns,
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INTRODUCTION

Studies on synthetic inorganic ion exchangers have attracted
much attention in recent years owing to their high thermal stability
and selectivity towards metal ions, In our earlier paper (1) we have
reported the synthesis and ion exchange properties of iodates and
iodophosphates of tin(IV), Zr(IV) and iron(IT1). Tin(TV)-iodophoephate
has been found to show better properties than otber iodophosphates
and trerefore has heen chosen for further studies, The adsorption of
metal 1ons on ion exchange materials has been found to depend leargely
on the nature of solvents used, The ion exchange behaviour of metal
ions in aqueous minereal acids of different concentrations has been
studied extensively (2). Solvents other than mineral acids have also
been found useful as eluents, NWMSO as a solvent offers excellent
separation possibilities for the separation of metal i1ons in thin layer
and column chromatography (3). The present paper deals with the
adsorption behaviour of metal ions in DMSO-acetic acid and DVSO-nitric

acid mixtures in a systematic manner.
EXFERIMENTAL

Reagents: Tin(IV) chloride penterhydrate (Reaction U,S.S.R.),
potassium iodate (E.Merk), potassium dihydrogen-ortho phosphate
(B.D.H,), were used, Other chemicals were of analyticel reagent

grade.,

Apparatuss The spectrophotometry and pH measurements were performed
by using Bauch and Lomb spectronic 20 spectrophotometer Elico 1L.I1-10
pH meter respectively. Perkin Glmer 137 spectrophotometer was used
for I.R.study, An electric temperature controlled shaker (SICO)

was used for shaking.

Synthesis: Tin(IV)-1odophosphate was synthesized by mixing

0.1M solution of tin(TIV) chloride to a solution which is 0.1V in
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potassium iodate and 0,.1M in potassium dihydrogen phosphate in a
mixing ratio of 13231 at pH = 1. The precipitate was then allowed
to settle down for 24 hours with mother liquor., It was then
filtered off, washed several times with distilled water and dried

at hooc. The Adried material was immersed in water which broke down
into fine particles with cracking. The material was then converted
into H* form as usual (4). Synthesis of tin(IV)-iodophosphate was
also done in highly acidic medium and the effect of refluxion on the
ion exchange capacity of the product was studied. The results are

shown in table 1,

IR spectra: IR spectra, of tin{(TV)-iodophosphate dried at various

temperatures, were recorded using XBr disc method (Figs. 1 and 2),

Thermogrevimetric analysis: The thermogravimetric analysis of

tin(TV)-iodophosphate was pertformed using 5.0 mg of the sample in

o
H* form with a heating rate of 10 C, min~! (Fig., 3).

TABLE - 1

SYNTHESIS AND PROFERTIES OF SOME NEW SAMPLES TIN(IV)-IODUFIUSP ATE

]
Sample Conditions of synthesis Appearance Apneaﬁ«of T.E.C,
number ; T 0 T of preci- beads for K+
- pitate after
SnClq. KI():5 m.zPOk Mixing pH drying at meq/
o
5 Hy0 4'c ry g

moles/ moles/ moles/ V/V/V
liter 1liter 1liter

TIP5R 0.1 0.1 0.1 1:1:2 0-1 White White 1.60
gelatinous opaque
TIPg 0.4 0.1 0.1 1:1:2 0-{0  -do- White 1,80
shining
TIPGR 0.1 0.1 0.1 1:1:2 0—<() -do- Dirty 1,84
white

shining
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FIGURE 1. IR Spectra of Tin(IV)-Iodophosphate (Sample Tip5) Dried at Various

Temperatures,

1 1 i 1 1 I i A 1 [l 1 1

4000 3500 3000 2500 2000 1500 1200 1100 900 800 700 600 500 400
WAVENUMBER

FIGURE 2.

IR Spectra of Tin(IV)-Iodophosphate Sample (Tips) Dried at Various
Temperature.
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FIGURE 3. Thermogram of Tin (IV)-lodophosphate in H" Form (Sample Tipf:)'

TABLE - 2
Kd VALUES (ml g~!) OF DIFFERENT METAL IONS (TONIC
STRENGTY 0.02-0.06) ON TIN(IV)-10DOPHOSPHATE (MESH

°
SIZE 50-100) AT 25 + 2 C

Metal ions 4M DMSO "pMW (pH  6.5)
t
NH, form of the  H' form of the NH, form of the
exchanger exchanger exchanger
m2* 13950 + 7000 13950 + 7000 13950 + 7000
Ba®* 210 + 12 470 + 47 570 + 47
cu?* 197 + 11 240 + 14 337 + 24
caZ* 18 + 1 86 + 5 63 + 3
ce>* 630 + 117 630 + 117 1310 + 389
a3 203 + 8 330 + 18 330 + 18
Fe* ¥17 + 29 650 + 64 650 + 64
Th* 359 + 29 1030 + 180 490 1 21
et 921 + 52 1650 + 155 1650 + 155
ce* 417 + 29 540 + 23 343 4+ 25
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FIGURE 4.

Distribution coefficientss

Plot of Log K

g Vs Solvent Composition.

NDistribution coefficients of several metal

ions in various organic and mixed solvents were determined using

earlier method (5).

The effect of particle size on the Kd value of

metal ions was also studied. The results are shown in figures 4, §

and 6, The adsorption of metal ions in Nﬂz form of the exchanger is

reported in table 2,

Quantitative separations:

Quantitative separations of metal ions on

tin(T¥) fodophosphate were achieved using 2.0 g of the exchancer in

B form (50-100 mesh) in a glass column of 0.6 cm id. The ion exchange

column was run with 4M DMSQO or 1M acetic acid before the application
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FIGURE 6. Effect of Particle Size of Tin(IV)-Iodophosphate (H Form) on the Kd-
Values of Metal Ions in 4M DMSO.
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of the metal solutions, The mixture of metal ions was then poured
into the column and allowed to be adsorbed. The metal ions adsorbed
were then eluted with an appropriate eluting agent. The rate of
elution was maintained 1 ml min-1 throughout the elution process, The
metal ions were collected in 20 ml fraction and then determined
titrimetrically using 0.002M EDTA solution. The results are reported
in table 3, Elution curves for few binary separations are shown

in figure 7,

RESULTS AND DISCUSSION

It has been observed that the ion exchange capacity of
tin(IvV)-1iodophosphate 1s increased when the precipitation of the
material is carried out in highly acidic medium, However, the ion
exchanpge cepacity is not significantly altered when the product is

subjected to refluxion for 6 hours.

TABLE - 3
QUANTITATIVE SEPARATIONS OF METAL IONS ACHIEVED ON THE COLUMNS

OF TIN(IV)-IODOPHUSPIATE

t L
S1, Separations Columm developed in 4M DMSO
No.
Amount ' Amount 'Percent ' Total 'Eluent used
fed to found of metal elution
the after ions volume
colum elution eluted
(ug) {ng) (m1)
3+
1. Gd 1130 1005 88.9 70 E1
m** 2506 2320 92.6 80 E,
2, B>t 2045 2005 98.0 70 4M TMSO
2t 1822 1780 97.7 10 E,
3. caZ* 928 880 94.8 40 E,
24+
Pb 1822 1739 95.4 70 E
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(Table 3 continued)

1 1

s1, Separations Column developed in 4M DMSO
No. — —T— T T
Amount Amount Percent Total Eluent used
fed to found of metal elution
the after ions volume
colum elution eluted
we) (g) (m1)
2+
4, Mg 264 259 98.1 60 E,
2t 1822 1780 97.7 70 Es
5. n®* 550 524 95.2 80 E,
et 1822 1780 97.7 60 Es
6. ¥nZ* 572 550 96.2 80 E,
L 1822 1780 97.7 60 B,
7. Ba’* 1430 1375 96.2 100 E,
P2t 1822 1739 95.4 70 Es
8. srot 963 928 96.4% 80 E,
m* 1822 1739 95.4 70 E,
9. ca’* 1130 1068 94,5 70 E,
zrtt 1056 1019 96.5 9% 1M HNO;
0.  swt 1535 1475 96.1 80 E,
ce®* 1652 1596 96.6 % E,
1. et 987 931 94,3 60 E,
™ 2506 2413 96.2 60 E,
12, po?t 987 902 01.4 60 E,
zri? 1056 1001 94.8 80 1M FNO,
13, Pro* 987 931 94.3 60 E,
ce't* 1652 1568 9% .9 70 E,
th,  ca>* 1130 1036 91.7 70 E,
ce* 1652 1624 98.3 80 E,

E, = 2:8 solution of 0.5M I-!N03+lm DMS0; E, = 436 solution of 0.5M HN03+
4M DMSO; E3 = 6:4 solution of 0.5M HN03+AM NMSO; E“ = 8:2 solution of

0.5M m03+4M DMSO
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The thermogram of tin(TV)~iodophosphate (Fig. 3) shows
continuous loss in weight upto 500°C. The weight loss upto 150°C
may be fue to the remov:l of external water molecules along with some
loss of iodate as lodine. A continuous loss in weight in the region
150-‘100.0 may be attributed to the loss of water molecules cudmz to
the condensation of =QI! groups along with the loss of phosphorous and
iodine from the sample, The iuon exchange capacity in this temperature
range decreases sharply from 1,30 to 0,66 meq/dry g (1), The {on
exchange capacity of stannic phosphate (6) almost vanishes completely
when the materiel is heate” at hOO°C. This 1is probably due to the
conversion of phosphate into pyvrophosphate, It can, therefore, be
inferred that the retention of ion exchange capacity in the cnse of
tin(IV)~iodophosphate even after drying at AOOOC is hecause of the
presence of iodate group only. However the materirl experiences a
drastic loss in weight in the region between 500-500°C which 1is
indicated by the steep portion of the thermogrem. The formation of
some stahle specles possihly accounts for the conctont weirht of the
sample beyond 600°C. The dark hrown colour of the material is also
unaffected and the capacity becomes almost constant (1). Tin(TV)-
iodophosphate is more thermally resistant than stannic phosphate as

o
the latter loses ion exchanse cepacity almost completely at 400 C,

The IR spectra of tin(IV) iodophosphate (in E' form) dried
at various temwperatures are shown in figures 1 and 2, The IR spectrum

L]
of the sample at 40 C shows fine peaks in the regions 2600-3600 cm'lo

H
1 1 ! and 470-660 em™t, The
broad peat in the region 2600-3600 cm_1 may Dbe due to the presence of
~OH groups and water molecules (7). The secund sharp peak in the
region 1600-1700 cm™! with a maximum at 1650 en™! shows the presence

of intenstial water (7). Anot'er hroad peak in the region 900-1300 cm™
may be attributed to H!0;2 group (7). A small peak in the regionm
730-780 em™! 1 observea which may be attributed to iodate group (8),

Another sharp peak at 500 t':m-1 may he due to HPOE- group (7). The
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IR spectra show no change upto 600°C. However above this temperature
the peak due to -OH group in the region 3600-2600 cm-1 disappears,
The other peaks due to phosphate and iodate groups still persist upto
950.0 which is also confirme?' from the chemical composition of the

samples dried at various temperatures (1).

The distribution studies (Figs. 4 and 5) show that K1 values
of Pb2+ and rare earth metals are exceptionally very high in 4M DMSQ
medium while Mg2+, Hg2+, Cd2+, Mn2+ and Co2+ are found to be adsorbed
to a very little extent in this medium, It is interesting to note
that the Kd values of metal ions in general decrease with the increase

in nitric acid concentration in DMSQO nitric acid mixture,

Interesting results have been obtained when adsorption
behaviour of these metal ions 1s ohserved in DMSO-acetic acid
mixtures, The adsorption behaviour of tin(IV)-iodophosphate
for metal ions in 1M acetic acid is almost similar to that
4M DMSO medium, KA values of Pb2+ and rare earth metals in the
two solvents are very high as compared to other metal ions, When
the concentration of acitic acid 1is increased in the mixture, the
adsorption of almost all the metal ions decreases to a certain
extént (6s4 and 436 3 "MSQsacetic acid mixture) and after wi-ich
the adsorption again increases (Fig, 5). However Cd2+, Prz*, A13+

2

and Sr-* behave in a different manner as their uptake is not affected

by chénge in the composition of DMSQ-acetic acid mixture,

A comparison of adsorption behaviour of metal ioms (Tadle 2)
on NH; torm and E¥ form of the exchenger shows that Kd values are

significantly higher in the later case., This may be due to the fact

+
4

ions, It can also be inferred from table 2 that Kd values of metal

that H' fons are easily exchanged by a metal ion as compared to NH

ions are usually higher in water than in dimethyl sulphoxide medium,
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It is interesting to note from figure 6 that the adsorption
of metal ions in general is affected by particle size of the exchanger,
The KA values are found to increase linearly with the decrease in the
particle size of the exchanger except in the case of Pb2+ which

shows exceptionally high K4 value.

The differential selectivity of some metal ions on
tin(IV)-iodophosphate has been utilized for the separations of
a number of metal ions, Figures 7-a,h,c,d and e,f,g,h demonstrate
the enhanced efficiency of separation by the use of DMSO-nitric

i and Cek*

acid as eluent, The elution curves for Th show that
their elution with nitric acid ~ ammonium nitrate is difficult

and more time consuming as compared to elution by DMSO - nitric

acid mixture, Figures 7-a,b,c,d and e,f,g,h compare the efficiency
of separation, of the exchanger columns, when these were conAitioned
in solutions of 4M DMSO and 1M acetic acid respectively., It shows
that the columns developed with DMSO were more useful as compared

to the column developed with acetic acid.

Separation of Th‘N from rare earths can be utilized for

the separation and determination of Th“+ content in minerals 1like
Thucholite, Monazite and Fergusonite (9). Tin(IV)-iodophosphate
can also he utilized for the separastion and determination of Zr“*
in zirconium containing ores like polymignite, zirkelite and
minerals like Cerite, Auerlite, Chalcolamprite and Loranskite (10),
The possible separation of Pb2+ from a number of metal ions makes
the exchanger a potentially useful adsorbent for affective separation
of analyticsl importance. Composition of lead containing alloys,
such as Steam Boiler Plug, Wood's alloys, Statuary Bronze, British
Navy Bronze and Japanese Bronze (8), can be determined conveniently
utilizing columns of this ilon exchange material, Similarly Pb2* and

Cd2+ can be determined in the lead containing cadmium alloys. These
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separations on tin(IV)-iodophosphate also suggest that water

24 2+

pollutant metals such as Pb2+, Ca ', Hg  can be conveniently

removed from water and can be recovered separately,
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