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SUMMARY

Seven samples of antimonates of tin(IV), iron(I1I) and thorium(IV) have been
synthesized under various conditions. The chemical stabilities of these antimonates
were determined in dilute solutions of mineral acids. The distribution coefficients of
metal ions were determined at different pH wvalues on tin(IV) antimonate. The
analytical importance of this exchanger was demonstrated by achieving the separa-
tions of some 1mportant pairs of metal ions. :

INTRODUCTION

During the last five years {ve have synthesized new inorganic ion exchangers
and studied their ion-exchange potentialities. Titanium antimonate! was found to
be unique regarding selectivity towards inorganic ions. Prellrnmary studies regarding
the synthesis and adsorption of alkali metals on tin(IV) antimonate have also been
reported by ABE ¢f al.2. This paper summarizes the results obtained on the chemical
stabilities of the antimonates of thorium{(IV), tin(IV) and iron(III)in dilute mineral
acids and the selectivity of tin(IV) antimonate for a number of metal ions other
‘than alkali metal ions. Some 1mportant palrs of ions have been separated on columns
of tm(IV) antlmonate :

EXPERIMENTAL ‘

'Reagents : ‘ : ST ‘ '
' Antlmony pentachlorlde of densny 2. 3 g/ml fernc chlorxde and thormm

‘nitrate (B.D.H. ) and stanmc chlonde ( & A) were used. All other reagents were of

AnalaR grade I T S O R PER T o

‘Ap;bamtus ~ Co C L | R
o Spectrophotometnc, PH X-ray, shakmg and’ IR studles were performed by
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SYNTHESIS OF TIN(1V) ANTIMONATE 353

using a Bausch & Lomb Spectronic-20 colorimeter, an Elico pH meter, Model LI-10,

a Philips X-ray unit with a camera, a ‘Sico’ shaker and a Perkin-Elmer spectrophoto-
meter, Model-137 , respectively. : '

Prey‘)amtzon

Conditions of preparation for different antimonates are summarized in Table 1.
The reagents of different concentrations were mixed in different volume ratios and
concentrated ammonia solution was added to the clear reaction mixture so obtained

until the required pH was attained. Further treatments of the precipitates obtalned
were similar to those reported earlier?,

Ton-exchange properiics

‘ The saturation cation-exchange capacity for Na+ and Ba2+, pH titration curves
and distribution coefficients were determined in the same manner as earlier!. 1 g of
tin(IV) antimonate was loaded into a glass column containing a glass-wool support
for chromatographic studies. :

Physical measurements
X-ray photographs of tin(IV) antimonate dried at 40° were taken by the
powder method. IR spectra (Fi ig. 1) for tin(IV) antimonate dried at 40°, 200° and

500° in the H+, K+ and Ba?* forms were obtained by the potassium bromlde dlsk
method.
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I‘xg I, Infrared absorptxon spcctra of tm(IV) 'mtlmonate at dxffcrerxt temperatures by the po-
tassium bromide disk method. Drying temperature (°C): 4O —— —, 200; — ==t ,
500, S

Analytwul procedure

"To determine the chemical composmon of tin(1V) antimonate, 200-mg of the(
sample were djssolved in concentrated hydrochlorlc acid. Antimony was precrprtated
as sulphlde in the presence of oxalic acid and determined titrimetrically?, Tin in the
filtrate was also determined titrimetrically?. For ‘chemical stability, 0.50 g8 of the
exchanger was shaken in 50 m] of solvent for 6~7h in a temperature-controlled
shaker. The undissolved portlon of the ion exchanger was: -removed by filtration and
the antimony in thorium(IV) and tin(IV) antxmonates was : determined dn‘ectly by
the. spectrophotometrlc method?.. To determme ‘the tin’ content 'of tin(IV) "anti!
'monate, antlmony was ﬁrst removed as sulphlde and the phenylﬂuorone method“

T Chromatogr., 67 (1972). 351~361



354 M. QURESHI, V. KUMAR, N. ZEHRA.

TABLE 11

DISTRIBUTION COEFFICIENTS (J{4) OF METAL IONS AT DIFFERENT pH VALUES oON TIN(IV) ANTI.:
MONATE

Cation pPH

o I 2 3

Mg2+ o 1.81 243 204
Cal+ : o o 476 600
Sri+ 8.8 95 580 1391
Ba?+ 60 660 1420 1600
Zn+ o 29.58 1126 1740
Cas 457 1542 3244 4080
Hg?+ 14.3 30.9 30.9 3090
Cul+ o o 7500 15100
Nis+ o 4 1460 15500
Co?+ ) I4.4 . 2865 - 14700
Fett o 8.8 444 580
Ald+ o o 700 7900
Mn2+ 7 10.85 502.8 1452
VO+ o o 1246 16060

was used Thorlum and iron in thonum(IV) and n'on(III) antlmonates were deter-
mined: spectrophotometrlcally by the thoron? and I,10-phenanthroline® methods,
respectively. :
RESULTS

Some of the properties of the ion exchangers under study are summarized in

Table I. The ion-exchange capac1t1es, distribution coefficients of inorganic ions and

chemlca,l stability data are recorded in Tables I, 11 and III, respectively.

Sorption studies : -

- Distribution coeﬂ1c1ents (Ka) for 24 metal ions were determined on tm(IV)
antimonate (sample 6) at different pH values. The cations Zrt+, Hf4+, Thi+, Lad+,
Ce3+, Y3+, Sc3+, Sm3+, Nd®+ and Pr3+ are adsorbed totally in the pH range 0-6. The
Kd values for the remammg I4 ions are given in Table II. To illustrate the 1on-

TA.BLE III

CHEM!CAL STABILITY SEQUENCES FOR DIFFERENT ION EXCHANGERS IN DILUTE MINERAL ACIDS AND
WATER .

A.bbrevxa.tions :Sn:8b = tin(IV) antimonate; Sn:As = tin(IV), a.rsena.te Sn Mo = tm(IV) mo- .-

lybdate; , Ti:Sb = tltumum(IV) antimonate; Ti:Mo = txtamum(IV) molvbdate Ti:W = tx‘ta,-_

mum(IV) tungstate Th Mo = thonum(IV) molybdatc Th:W = thonum(IV) tungstate

-Solvenl

: ‘.,:_SnSb >'].‘iW >anb >SnMo>ThW>SnAs>
'j -ThMo>T1M0“'

i1 SniSb. > TiiSb.: T e
4 M hydrochlonc acid gq vAs;'> Ti:Sb. > Sn Sb — —
' , n

M
s

‘ J-‘ffc,hrémd,tégﬂifféfi(‘:ééfz‘);%-ésr‘-;-‘sﬁr, -

Ipl-_':;;slabzhty sequcnaa L e e | [

Sb,: > Ti:Sh > Sn:As > Sn: Mo> Ti: Mo > Th Mo e
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TABLE 1V

SEPARATION FACTORS OF SOME IMPORTANT PAIRS OF JONS ON SOME SYNTHETIC INORGANIC ION
EXCHANGERS

- Separation . Tin(IV) Titanium (IV) Tin(IV) Tin(lVv) Tin(lV)
Sactors anlimonale antimonale avsenale molybdate tungstate
Kin v l 1600 6 158

; cry large = 6. —_— = 3. — —

e y . B 248 5 10 3.95
" 1301 900 393 25.7 114
Ksr —— = g, — = 3.6 = == 0.70 = 3.1 = 1.2

‘Me ‘ 204 b7 248 3 40 97 8.1 317 94.4
n =goo - 212 47.80. 8.1 ’
CICAL 79 = 26,8 —= = 10.3 4770 - 1.17 = 1,00 —-
. Mg ‘204 248 40 8.1
: 15100 oo 652 . 21.8 116

' JXCu - 1519 = §I.3 3409 = 0.80 252 ‘== 16.3 = 2.% = 1,2

- M 294 248 40 . , 8.1 - 94.4
L 15100 . oo 652 21.8 116
JCu 15100 3.7 3420 1.05 252 == 1.02 = 1.93 : = IL.5

Cd : 4080 2266 633 11.3 . 77.8

: IcLn v 1 1600 158 »

. Very large = 0.32 —_— = 0.54 — —
- Ca . yare ‘5000 3 o247 ot . :

exchange potentlahtles of tm(IV) antlmonate in chemlcal analysxs, separatlon factors
for some metal ions were calculated and are compared for the exchangers based on
elther antlmony(V) or tln(IV) Results are given in, Table v,

: X-my and IR studws .
' X-ray. analysis shows that all the samples of tm(IV) antlmonate m the I-I+
; form are amorphous. IR spectra (Fig. 1) are similar to those reported for thorlum(IV)
tungstate“ and tm(IV) arsenate!®, However, the peak with. a maximum at 1390 cm™!
correspondmg to the deformation vibration of OH groups obtained in the. case of
- antimonic acidit and tltamum(IV) antlmona‘ce12 is absent.

DrsCUSSION -
Tin(IV) antimonate shows some unusual features as an ion exchanger. It has

- high chemical and thermal stabilities (Tables I1I and V, respectively). It shows a

TABLE V

PEﬁCENTAGE LOSS IN ION-EXCHANGE CAPACITY ON HEATING

Exchangey Temperatuve. (°C) - ‘ L » ‘t-:'
40 roo 200 500 v ;fl;f_
" Tin(IV) phosphate 0.00 20 40 100
Tin(IV) tungstate _ 0.00 27 Ba.5 100
- Tin(IV) molybdate ,0,00 go 93.0 . . 99.00
. Titanium(IV) tungstate .  oc.00. .. . 4.70 18 © 99.3 ,
- Tin(IV) antimonate 0.00 21.60 44 50

R O R TR AR
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356 M. QURESHI, V., KUMAR, N. ZEHRA

TABLE VI

chIJARISON"'OI' Kg VALUES AT pH =

Metal ion Titanium(IV) Tin(IV) Metal ion  Tilanium(IV) Tin(IV)

tmumonale antimonale aniimonale aniimonate

Zn2+ 105 1126 Gad+ 210 —_—
Cd2+ 51.1 3244 Ind+ 506" —
Hgs+ 1.42 30.9 VOt 350 - ‘592 '
Mg2+ 2.5 243 Sca+ 86.66 Complete a.clsorptlon
Cat+ 22.85 476 Y 40 - Complete adsorption
Sri+ 46.1 580 Ce?t . 180 . Complete adsorption
Ba?+ 108,61 1420 Lab+ 140 Complete adsorption
Pb2+ 700 — ‘ Prai+ 68 Complete adsorption -
Fei+ 5700 444 Nas+ 86 Complete adsorption

. Co'+ 37.77 2865 Smd+ 108 Complete adsorption
Ni+ 21.33 1460 Hf 7000 Complete adsorption -
Cu?+ 453 7500 Zri+. 6200 Complete adsorption” -
Mn2+ 8 592 Thi+ 5800 Complete adsorption .

Als+ o 6 . 700 Mo?+ 85 Complete adsorption

very high uptake of cations. The Kgq values on tln(IV) antlmonate are much lugher
than on'titanium(IV) antimonate (Table VI). The ion-exchange capacity increases
w1th the ratio of the anion (I‘1g 2), as noticed by SzIRTES ¢! al.'®, We also synthesized
the antlmonates of i 1ron “thorium, aluminium and’ lead under similar conditions, but;
none ‘6f them' ‘showed any lon-exchange capac1ty It is'obvious from Table I that the
“antimonates are very sensitive to the mlxmg ratios of the startmg materials and’ to
“the acid concentration at which they are synthesized. Sample I, syntheswed at low'
pr-I contains more antimony, while sample 4, synthesized at a pH greater than 8,
contams ‘more tin.’ Samples 5 and’6, syntheswed at constant pH' but with the parent -
' reagents rmxed in the reverse ‘volume' ratio, have ‘different chermcal composition.’

Thus sample 5 contalns more antlmony while ‘sample 6’ contains more tin. Hence'it' -

seems that antimonates are formed as a result of condensation between the two hy-" -
droxides. X-ray analysis shows that tin(IV) antimonate samples do not contain free
antimonic acid or tin(IV) oxide, but these are new amorphous products. On the basis

of the above conclusions and chemical composition, a tentative siructure for tin(IV),

P VR

‘J Chromatog i 67 1972) 351-361
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antimonate (sample 6) similar to that of titanium(IV) antimonate, can be postulated
as follows

o c|D | i
1/ "
' —O—5n Sb— OH « NHaO

A
‘The hydrogen marked with an asterlsk is responsible for the cation-exchange capacity.

In order to compare the ion- exchange properties of tin(IV) antimonate with
‘those reported for titanium(1V) antimonate, fairly stable tin(IV) antimonate (sample
6) was chosen for detailed studies. pH titrations (Fig. 3) show monofunctional
behaviour 51m11ar ‘to that ‘reported for tltamum(IV) antimonate. Samples 1 and 5,
containing more antlmony, have greater ion-exchange capacities than samples 4 and
6, which contain more tin. Hence it appears that OH groups linked to'antimony are
more acidic in nature and are responsible for the catlon-exchange capacity at neutral
pH The saturation cation-exchange capacity for. divalent ions is double that for mono-
valent ions, as expected IR spectra confirm the presence of water and OH groups
and also show that the 1nten51ty of the peak decreases as the heatmg temperature
increases. 'I‘m(IV) antimonate can be: used up to 500° without an appreciable
change in the 1on-exchange capac:ty (Table V). Table VII shows that tin(IV) anti-
monate is more stable than the correspondmg antimonates of thorlum(IV) and
,II'OI'I(III) in dilute mmeral ac1ds Thonum(IV) and 1ron(III) ‘antimonates’ show
negllglble ion-exchange capacities. This, may be due to ‘the formation of simple salts
such as FeSb0,-3/4H,0O (ref. 14), contrary to the antimonaies of tin(IV) and tita-
nium(IV). They do not have 1omsable OH groups, wluch are responsible for cation-
exchange capacity.

Chemical stability sequences are. shown in Table III It is clear that tin(IV)
‘antimonate is more stable in dilute nitric and sulphuncv am_ds than in dilute hydro-
chloric acid. Tin(IV) antimonate is highly selective because it absorbs Zr4+, The+,

”»
pH

\'.ow] nddod (-m lquw Ig o' ev.ehongw)
I‘ig. 3. pH txtmtlon curve: for tm(IV) anttmona.te

J Chkqmgz‘togr.‘.:« 67 (1972): :3_51: --36:
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Fig. 4 Sep'u'a.txon of Ca?t from La’. A, o.40 M ammonium nitrate + o.10 M mtrlc acid; B,
) 50 M nitric acid.

Hf4+, La3+, Ced+, Y3+, Sc3+, Sm3+, Nd3+ and Pr3+ ions completely even at zero pH.
There are apprec1ably low. Kq values for other cations (Table II); and therefore ‘a
number of separations can be achieved. It is also 6bvious from Table IV that: tm(IV) ,
antimonate has greater separatlon factors than other. excha"lgers The plot of log Ky
against pH for the cations listed in Table IT have been drawn and the slopes were
found to be much less than expected. Hence it appears that hydrolyms occurs in
addition to the exchange reaction. Hydrolytlc and ion- exchange reactlons may be

(i)

written as:
. ' 3 I-I O '
' Hydrolytw SnOI—ISbO4 2 Sn(OH)d + I-I%,SbO4
reaction -
' 3H38b04 -+ 2La3+ = Lag(I-ISbO,,)3 + 6 H+ o
- Exchange 3SnOHSbO, + Lalt < (SnOSbOd)3 La +4- 3H+ (ii)

 veaclion

" The more hydrolysing nature and the lngher uptake of i 1norgamc ions bv amor-
phous substances, compared to these properties for the correspondmg crystalllne
materlals"’ also support the above conclusion. :

.3.00

=
;,‘2.'50‘
T 200
g100
080

)

pusamsy A, ——05

no" 0 - 40 - 50 ‘GO ’10
VOLUME OF zFr-\.uw'f (w\)

B0 790 /100410 L

. I‘ig 5 Seporatlon of Mg'*’ from: Lad+.-:A; 0. 4o M ammomum nitrate B > 8 50 M mtﬂc acnd’ :

j. Chyomatogr 67 (1:972) 351—361
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Fig. 6. Separation of Mg?+ from Al3+, A, o4 M ammomum mtrate B, o. 4 M ammonium nitrate
+ o.2 M nitric acid. .
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Tig. 7. Separation of Cd?*+ from Cu?*, A, o.10 M nitric acxd B, 1.00 M nitric acid.
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Fig. 8. Scpara.tmn of MQ'* from CrI’*' A, 0. 40 M ammonium nitrate; B,'o.10 M- nitric acid,
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—v —y B
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0002 M EOTR {mi )

10 20 30 40 %0 €0 70 90 B0 400 110 190
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Fig. 9. Sep'u'atton of Mg?*+ from Sr?+, A, 0.40% ammonium nitrate; B, 3% ammonium chloride
4 o.10 M nitric 'tucl :

On the basis of chemical stabilities and selectivities for the cations studied, it
can be concluded that tin(IV) antimonate is a better cation exchanger than other
exchangers based on antimony, titanium and thorium. Its analytical utility has been
illustrated by achieving six binary separations on its columus (Figs. 4-9).
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