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THIN-LAYER CHROMATOGRAPHY OF SOME
METAL IONS ON HYDROUS ZIRCONIUM
OXIDE: QUANTITATIVE SEPARATION OF
Bi(lll) FROM SEVERAL OTHER METAL IONS

Asit K. Senl, Sudhangsu B. Dasl, and
Uday C. Ghosh2

1Department of Chemistry
Visva-Bharati, Santiniketan 731 235
West Bengal, India
2Department of Chemistry
Durgapur Government College
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ABSTRACT

The anaslytical potentiality of hydrous zir-
conium oxide as an ionexchnonger has been investi-
zated by thin-layer chromatographic (Tn¢) techni-
que. Binder-free thin-layers of hydrous zirconium
oxide are useful for 25 ternary snd 12 quaternary
separations. Quentitative sevaration of Bi (I11)
from some ternsry and quaternary mixtures of metal
ions has been achieved.
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INTRODUC TION

In continuation of our work on TLC sgtudies
on hydrous stannic oxide (1), in this communica-
tion we report the systematic investigation on
thin layer chrometography of metsl ions using bin-
der free layers of hydrous zirconium oxide. Sim-
Ple aqueous hydrochloric acid and mixed aqueous
organic solvent systems containing hydrochloric
acid/nitric acid plus acetone/dioxane/dimethyl sul-
rhoxids have been used., 3Some important and useful
gseparations containing tern=2ry end gquaternary mix-
ture of metnl ions have been achiesved. A quantita-
tive sepzration scheme for separation of microgram
amount of Bi (III) from the mixture of several met-1l

ions has been developed.

BXPBERIMENTAL

Apparatus

Thin layers of hydrous zirconium oxide were
prepsred on glass plates (20x3cm) which subsequent-
ly developed in several solvent systems in glass
jars (25x7 cm).

Chemicals and solvents used in this work were

of analytical grsde (3.D.H./3. Merck/S. Merck).
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Prep=ration of Ion-exchange materi~ls on thin layer
plates

Hydrous zirconium oxide was prepared by addings
1. Ok NH3 solution to 6.1H ZrOCl2 solution in O. 1M
01 (2:1) with constant stirring (2). The precipi-
tated zirconium oxide wes kept with the mother linu-
or at room temperature for five days for ageing.
Phen it was filtered, washed with deionised water
seversl +*times until free from chloride, =ir dried,
~nd iznited at 30000 into & muffls furnace for an
nour. The materisl was then powdered nad slurried
with a little deionised water in a mortar. It was
then spread over the glass plate with the help of
an epplicator (1). ilmost uniformly thin layers (0.1
mm thickness) were obtained, which were resdy for
use after drying in air. These plates gave reprodu-

cible RF values.

Test solutions

The test solutions in generz1l had a met=l con-
centr-tion of 4mg/ml (nitrate/chloride).

Detection reagents

(a) Yellow ammonium sulphide solution : Pb(II), Ag(I),
qg(1I), T1(1), Bi(III).
(b) 0.05% benzidine in 104 acetic acid : Mn(II),

AwlIII).
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{c¢) dithizone (1-2 mg) in 100 ml cc14 s ca(I1I),

zn(II1).
(d) 1% ethanolic dimethylglyoxiome : Wi(II).
(e) 5% XI solution : P+(IV).

(£) 6.2% rubeanic acid : Col(II), Cu(II).

.

Jolvent systems

The following solvent systems were uscd in these
studies.
1. 0.14 HCl acjusted to pH 1, 2 and 3.

2, Dioxane : 0,1 HCL

(1:1), (1:2), (2:5) (v/v)

3. Acetone : 0.1M HCL = (1:1), (1:2), (2:5) (v/v)

4. Acetone : 0.1M HNWOg= (1:1), (1:2), (2:5) (v/v).
It was found that, in preseance of mixed IM3IO-
HCl, the thin layers tended to split off the plates.

Tence this solvent wos avoided in our work.

FPROCILURD

One or two drops of the test solutions were
Placed on the plotes with thin glass casillaries.
Das zpots ware ~llowed to dry and Ceveloped ia diffe-
rant sclvent systems. Zolvent front wan nllowed +to
vise 11em in e«ch case. RT and RL valuzg wers meagu-
reé az ususl ~fer detection.

For guantitative work, a stock solution of

bismuth nitreote Z_Bi(III) - 5000 pg/ml_7 vas pre-

pared and standardized comvnlexometrizcally with the
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disodium salt of #DTA (3) solution. The known amount
0f synthetic mixture containing Bi(III) wes applied
rith the help of a micropipette on the line of appli-
cation. The plates were ceveloped in acetone-HNO3
system. A pilct plete was run simul taneously to loca-
te the position of Bi(III) by detecting with yellow
samonium sulphide. The area covrresponding to 3i(III)
was scratched out (4) from the working plate end
3i(III) wos detecrmined spocctrophotometrically by

iodide method (5).

RESUL LS AND DISCUZZION

The results of our (LC studies revezl that most
of the metal ions hove appreciable RF values both in
dilute HCL and in mixed solvent system containing
dioxane/acctone nlus HCl/ﬁNOB- The general trend in
RF vzlues is that some of *the metal ions have lowexr

R, values in HCL system thaa HNO3 system. This is

@

2

consistent with the expectation. Iydrous zirconium
oxide acts an a cation exchanger =zs well as ah aaion
exchznger. It acts ns an anion exchzinger in ecid

wedium. The probable egquilibria are

5r0 _.x IO -— - : Ax=1)E 0.HY 2

r02 b4 5 p— ZrO2 (x 1)12 +120
H,0 om—== d" 0"

7 ~1)3 gt -t ———t

zr0, (x 1)H,0.87  +0H™ +H

Zr02(X-1)H20.H+ ... 0™ +ut

the bars refer in exchanser.
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The arionic chlorocouplexes of some metals are strong-
ly ad@sorbed by the exchanger ia HCl medium and hence
RF values of these metsl ions are small.

The RF values of metel ionz which do not form
chlorocomplexes decrea=e with increase of pH of the
solvent system. When hydrous zirconium oxide acts as
a cation eixchanger, itez cation ex—-h-ia.e vroperty

increase with increase of piII of the solvent systemn

and thus the decreases of Rq values is evicdent.
F

Zr0,.xE,O S Zr0

o X, 5 (x—1)H20.Od +I1,.0

2

- + ™
z2r0, (x=1) H,0.0H  + HY +0H >

T oou”

zr0, (x-1) H,0.0H ... H
The bars refer in exchanger.

In mixed solvent systems all the metal ions
except Bi(III), Az{I) and Pt(IV) are moved up from
the base line (Table 1 and 2). On the basis of this
quantitative separation of 3i(III, from seversl
other metal ions in the mixture has been made (Table
3). All the resul+ts given in Table 1,2 and 3 are tha
averege of *triplicate runs. Moreover, the separa-

tions in acetone-HNO3 system (a2fter development) a:~

much better defined and sharper thon thorne obtained
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parztions

Achievecd

TASLE 1

3005

on Hydrous Zirco :ium

Oxid=z Mhin-layer.

GJolvent gystem-Ac~tone 3 0.1 HNO3 = 152 (V/V)

Pime - 2 hours

Separations achieved
(RT-RL)
ﬁl(Ill)(O 0)- Au(IlI) (0.20-0.233 - Hn(II)(0.88-0.95)
IIIg(o -0)~Au 111; {(0.20-0.22) - 00(11)50.8—0.88)

Dl(III (o ; -au(1I1I) (0.20-0.22) - WNi(I1)(0.85-0,92)
Jl%l;l)éo au(1rzr) (0.1-0.15) - Zn(IIg(O.65—0.85)
3i(111)(0-0)-2au(11I) (0.1-0.16) - cd(zx1)(0.6-0.72)
8i(111)(0-0)-4u(11I) éo 1-0.16) - T(1)(0.6-0.7)
al(Iilg(o -0 -cuEII) 0 3_0.5) - Mn(II)£0.85—0.9)
3i(111)(0-0)-cu(1I) (0.3-0.5) - Co(r1)(0.8-0.9
3i(111)(0-0)-CulII) (0.2-0.7) - zn(11)(0.8-0.9
83i(111)(0-0)~cu(1I) (0.2-0.6) - cda(11)(0.65-0.7)
Bi(111)(0-0)-Ccu(1I) (0.2-0.6) - 1m(1)(0.6-0.7)
U(I)EO -0) -au(1Ir) (0.1-0.15) - Mnglz)(o.82-0.9)
12(13(0-0) =au(rIiz) (0.22-0.23) - co II;(O.79—O.88}
2¢(1)(0-0) -auw(1IT) (0.20-0.23) - wi(11)(0.86-0.95)
4:(1)(0-0) -au(IIr) (0.1-0.15) - ZnEII)éO.S—O.SS)
ag(1)(0-0) -auw(III) 20 1-0,15) - (1) (0.55-0.7,
az(1)(0-0) -cu(zr) (0.2-0.65) - Mna(II)(0.85-0.94)
Ag(I)(O-Oi -CuéII) (0.3-0.5) - Co(II)(0.78-0.92)
sz{1)(0-0) -cul(1r) (O0.2- 0.7) - Ni(11)(0.85-0.93)
Aaz(1)(0-0) =-cu(11)(0.2-0.7) - Zn(II)§O.74—O.85)
2t(1v)(0-0) -2u(ITII) (0.12-0.14) - ¥n(I1)(0.83-0.9)
?+(1v)(0-0) -au{111)(0.1-0.12) - co(11)(0.7-0.9)
ftéIV)éO—O) -AgéIII)EO.13 -0.18) - Ni(I1)(0.75-0.95)
+(1v)(0-0) -au(111)(0.1-0.16) - zn(I1)(0.65~0.8)
2+(1v)(0-0) -au(111)(0.12-0.15) - ca(11)(0.56-0.7)
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in acetone-ICl system. Quantitative separations of
Ag(I) from ternary ané quaternary mixtures and Pt
(IV) from binary and ternary mixtures can also be
done. The noteworthy separations sre Bi(III)-Cu(II)—
zn(II), Bi(III)-Cu(II)-Mn(II), 4g(I)-su(ITI)-1i(1I;,
Ae(I)-cu(Ii1)-2n(I1), ag(I)-Cu(II)-wi(II), £t(IV)-

Au(IIT)-N3(IT), P+(IV)-au(ITII)-Cu(II), 4ell)-

Hg(II)-Pb(II)j-2Zn(XL), Bi(IIT;-H~(II)-Pb(IIj-™(I),

D)= do(LI)~Pb(IT)=T1(1 ).

ACKIWOWL ILG M ull

The authors are grateful to Prof, A.K. De,
dead, Lepartment of Chenistiry, Visva-Bharati, for
civing focilities to carry out the work. Ona of the
~uthors (S.B.D.) is thenkful to U.u.C. for sward of

2 Junior itesearch Fellowship.

REFBR ikl 3

Sen, A.X. and Ghosh, U.C., J. Liguid Chrom=stog.
3, 71 (1980).

2. Sen, A.k. z2ad dhosh, U.C., J. India Chem. Zoc.

58, 136 (1981).

3. Welcher, F.J., The Analytical Uses of Kthylene-
diaminetetraacetic acid. Van dNostrand,
Princeton, Hew Jersey (1957).

4. Shellaréd, 4.3., (ed). Juantitative paper and
thin-layer chromatography, Academic, Waw York

(1968).

5. Sandell, B.3., Colorimetric detarmination of
Traces of metsls, 3rd edn., Interscience,
New York (1965).



