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THIN-LAYER CHROMATOGRAPHY METHOD
FOR THE INVESTIGATIONS OF Re(VIl), Mo(VI)
AND V(V) IONS MIXTURES

Daniel S. Gaibakianl, Jan K. Rozylo2, and
Malgorzata Janicka2
1Department of Analytical Chemistry
Faculty of Chemistry
State University of Yerevan
Mravian 1, 375049 Yerevan, Armenian S. S. R.
2Institute of Chemistry
Marie Curie-Sktodowska University
Pl. M. Curie-Skiodowskiej 3
20-031 Lublin Poland

wne benaviour of he(ViI) , w#io(VI) and V(V) ions was studied
chromatographically in aliphatic alcohol -iHCl systems on A1203
as an adasorbent. Changes in the chromatographic piocess with
the changes of tne kind and composition of mobile phase were
analysed.

it was also attempted to describe theoretically the results
o1 chromatograpnic separation by using the thermodynamic theory
01 adsorption from multicoimponent solutions,

INTRODUCTION

The possibility of the use thin-layer chromatography method

in analysis ol inorganic lon mixtures has been studied in this
2969
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paper, studies were carried out on the behaviour and separation
possibilities of renium(VI1) , Molibdenum(VI) and vanadium(V)

ions in solvent systems of the type aliphatic alcohol - concentra-
ted HCl by using aluminium oxide as adsorbent.

An atteupt was also made at theoretical description of the re-
sults of chromatographic separation of the above ion mixtures
using the thermodynamic theory of adsorption from multicomponent
solutions (2,5) .

A5 shown by the results obtained, thin-layer chromatcgraphy
method is exceptionally usetul in studies of inorganic ion mixtu-

res because of a number of advantages, i.e., simplicity of experi-
ment, a short time of anaylsis, its low cost and because of
possivle continuous rollow up of chromatographic process. lhe
obtained data are interesting not only from analytica} reasons
but tney may also be the basis in optimization of chromatogra-
phic separation conditions both for tinin-layer and column chroe
matography, and they are also helpiul in studies on the mechanism

oi the chromatugraphic process.

METHUUS

''he experimental data presented in this paper were obtained
by thin-layer chromatography method. Aluminium oxide Sklarny
Kovalier Votice, Czechoslovakia with layer thickness of 0.5 mm
was used as an adsorbent. As mobile phases were used pure ali-
phatic alconols : methanol, ethanol, propancl, butanol, iso-bu-
tanol, pentanol and iso-pentanal and concentrated HCl, as well
as wixtures alconol - 1HCl with different volume ratios.

Solutions of Ke(viI) , Mo(Vl) and V(V) ions at concentrations
of 1-2 mgl-1 ot each of them were preparated from appropriate

crystallized ammonia or sodiuwm salts.
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~ detailed aescription of the measurements was given else-
wnere(1).

Chromnatograms were visualizea by spraying the plates initia-
in 6 N rCl and with 50 % NH SCN

2 4
water solution. This procedure resulted in tformation of rhodanate

1ly with 10 % solution of SnCl

cowplexes of rhenium, molibdenuw and vanadium ions of orange,

pink and yellow colours, respectivelly.

kxperimentaily obtained hM values of the ions studied in all
mobile phase systems given above are presented in Tables I - VII,

lheoretical hM values of the ions were calculated from the
equation based on the thermodynawic theory of adsorption from

multicomponent solutions (Z,3)
s . ) .
1,2 =Y, A*‘m,z +(L(?1 -(f,') (Af‘m,z * Az) * Ryp (1)

where RM1,2’ HM1 and HM2 are RM values of a given ion in mixed
mobile phase 1 + 2 and in solvents 1 and 2, respectivelly;

= - K i ¥ i . > v .
43 ﬁ41'2 hM1 hMZ is the difference of RM alues of the ion

in solvents 1 and 2 ;kf is a volume fraction of a stronger 1

1
component of mobile pnase ;LFf - W1 is the excess adsorption of

component 1 of the mobile phase and can be aetermined from the

Palsg - 1) (1 - \y)
1+ ¢, (x1 - 1)

where K1 is the adsorption equilibrium comstant of component 1

equation:

LP: "Y1 =

(2)

of the mobile phase, and can be assumed that - 1ogk1 = Zﬁﬁm1 2
1]
(D) » the value Az represents molecular interactions between

chromatosraphed ions and components of mobile phase.
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The theoretically calculated RM values of the ions studied
for all mobile phases used are summarized in Tables I - V11,

Un the basis of these data diagrams of the relationship
between BM values of the ions studied and mobile phase compo=-
sition were umade (Figs 1-7) . inall cases a great agreement
between the experimental and theoretical RM values of the ions
studied was obtained in the whole range of mobile phase compo-
sition. Divergences between tnese values are observed sporadi=-
cally in tne range of low concentration of a more strong com-
ponent of the mobile phase.

uvifferences between theoretical and experimental RM values
can also be found in the case of Mo(VI) and V(V) ions in

butanol = HCl system (Eig.h B,C) . They should be interpreted
by changes in tne chromatographic process, these phenomena will
be analysed later,

Similar relationships between RM values and mobile phase
compositions are observed for all ions studied (Figs 1-7) .

High RM values for the ions in pure alcohols result from
a strong adsorption of the ions by aluminium oxide. The increa-
se of HCl concentration in mobile phase (k€1 increases) causes
a reducted adsorption of the ions by A1203 , which can be seen
from the decrease of their corresponding RM values.
Particularly aistinct changes occur in the range Lf1 = 0,0 -~ 0.3
in which the most signiticant changes in the composition of
the surface layer take place.

ke VII ions occur in anion form Reoh_ , which is strongly
adsorped by positive Al_U

23
and their corresponding HM values are very high (6-8) .

adsorption centers in pure alcohols,

A decrease in o values of he(VII) ions is observed along

the change in the composition of mobile phase, i.e., with in-
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A B - 2,0R M

1.0 1.0

0.0

- 10

0.1 025 075 09 01 025 075 09

*
Fi~.% Tependences tetween theoretical (lines) and experimentel
(¢ircles) R, viluves of 4 = Re(VII) 3 B = To(VI} znd
(i

propenol - 111 mobile phase composition.

creasing HCl content, Hydrogen ions present in the dolution
change the solvatation step of Re(VII) ions, increasing their
adsorption by A1203 (6,7) , and this phenomenon has a decisive
effect on the chromatographic process,

At tne same time it is very likely that in the chromatogra-
phic systems studied, ReOh- ions may form complex compounds
Re02Clh3- (9) wnich are very weakly adsorbed by Al,0, but are
very well dissolved in alcohols. YThis phenomenon seems to be
very probable in the case of using nigher alcohols, i.e.,
pentanol and iso-pentanol (Figs 6,7 A) .

in these systems hM values of Re(VII) ions change with the

change of ((1 in tne whole concentration range of mobile phase.

For other mobile phases (Figs 1-5 A) Ry values for Re(VII)
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reuain practically constant starting from (f1 = 0,5 . However,
in the systems pentanol - HCl and iso-pentanol - HC1, hM va-
lues of the ions cnange continuously in the wnole concentra-
1ion range of mobile phase.

'ihe chromatographic data of the other ions studied, i.e.,
HO(VL) and v(v) suggest tnhat the retention mechanism is the
same as in the case of ke(VII) ions.,

In stuvied systems these ions are also anionic form in , i.e.
as Houhz- and v03- . Thus in pure alcohols a strong adsorption
of these lions i1s coserved on A12U3 , which corresponds to
nigh ﬁq values (bigs 1-7 B,C) . The increase of nCl amount
in mobile phase,j.e., tne presence of H+ ions changes the sol-
vatation step of these ions, which is reflected by the decrease
of their corresponding HM values (10,11) .

rurtheriore, it seews tnat in tne case of Mo(VI) and V(V)
ions a great intluence on retention nave possible complex for-
mation reactions. kFrom the data presented in the literature
(12, 13) it appears that MoOu- ions may form complex compounds
moOZUlz- , which are very well uissolved in alcohols. V(V)

34

. .+
ions, however, 1orm v02 or VO

tographic systews. which are also weakly adsorbed by alumi-

cations in the given chroma-

nium oxide. At the sane time thece cations 1orm in the presence
of C1” ions oxo-nalide VOCl3 complexes very well dissolved in
alconols (1) .

an analysis of the available data from the literature (10-13)
and the retemtion data obtaineu in this work accounts for the
fact tnat retention of Mo (VI) and v(V) ions is considerably
aftfected by cowplex formation which are possible in the given

chrowatograpnic systews. This is seen in the constant relation-

sulp veilween hM values 01 thege ions and the couposition of
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wobile phase (Eigs 1=7 B,C) + This phenomenon is opserved in'
all mobile pnhase systems.

Attention should be also drawn to the difierences between
hM values of the lons studied in the systems buthanol - HCl
and pentanol - fCl (Figs 4,6) and the corresponding RM values
ot these ions in the systems iso-pentanol - HCl and iso-butanol=
- HCl in ithe range of low LF1 values. Smaller RM values in
the systews with isoalcohels (rigs 5,7) should be interpreted
by steric reasons. alconols with a branching structure of
the carbon chain make adsorption of he(viI) , Mo(VI) and v(V)
ions more difticult than alcohols with a linear structure.

Summing up tne results of tne studies carried out, it can
be concluued that the metuod of thnin-layer chromatography used
for analysis or inorganic ions presents a number of interest~-
ing data concerning the possibility of separation and optimiza-
iion of separation conditions of these ions mixtures,
it pas been also iound that the thermodynamic theory of adsorp=-
tion from multicomponent solutions makes it possible to foresee
satisfactory the results oif chromatographic separation of mixe
tures of inorganic ions. which might considerably simplify the
selection of optimal conditions of ilons separation by thin-layer
chromatography. Moreover, it has been found that the retention
data may be the starting point in studies on the mechanism of
chromatographic process.

1he results presented above suggest that in the case of in=-
organic ions in systems oif the type aliphatic alcohol - HCl on
Al U, as an adsorbent this process is considerably affected by

23

complex formation.
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