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ABSTRACT

The chromatographic behaviour of six tris(alkylxanthato)cobalt(Ill) complexes on polyacrylonitrile sorbent thin layers was in-
vestigated using four non-aqueous and two aqueous solvent systems. It was assumed that their separation under normal-phase condi-
tions was achieved by the mechanism of hydrogen-bond formation between highly electronegative sorbate oxygen and/or sulphur
atoms and sorbent methyne group hydrogens. In contrast, it was assumed that under reversed-phase conditions the separation was
based on non-specific hydrophobic interactions. Finally, the linear dependence between the number of carbon atoms in the ligands and
the corresponding R, values of the investigated complexes of a homologous series was confirmed.

INTRODUCTION

A polyacrylonitrile sorbent (PANS), the prepara-
tion and characteristics of which were described in
the first paper of this series [1], was subsequently
applied to the separation of cis—trans isomeric co-
balt(III) complexes [1], foodstuff dyes [2] and tris(S-
diketonato) complexes of cobalt(1ll), chromium
(I11) and ruthenium(I1I) [3]. The separation mecha-
nisms for these compounds were considered, and it
was also shown that PANS, owing to its moderate
polarity [2], can be applied to the separation of dif-
ferent classes of compounds by both normal- and
reversed-phase chromatography.

Continuing these investigations, in this work we
investigated the chromatographic behaviour of six
tris(alkylxanthato)cobalt(IIT) complexes on thin
layers of PANS with non-aqueous and aqueous sol-
vent systems. Among other things, we wanted to
check whether the earlier established rule of a linear
dependence between the number of carbon atoms in
the ligands and the corresponding R,s values of a
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homologous series of metal complexes, obtained on
thin layers of silica gel [4-6], as well as in the paper
chromatography [7,8], is valid for the separations
on PANS. In addition, we considered the separa-
tion mechanisms for the investigated complexes.

EXPERIMENTAL

The complexes were synthesized by the procedure
described previously [6]. The preparation of PANS,
its application to microscope slides and the devel-
opment of chromatograms by the ascending meth-
od were performed as described in Part I [1].

The chromatographic plates were spotted with
0.2-ul aliquots of freshly prepared solutions (2 mg
cm~3) of the complexes in acetone. Before devel-
opment, the spotted plates were equilibrated for 30
min in a chromatographic chamber saturated with
vapour of the solvent system being used. All sol-
vents used were of amalytical-reagent grade; the
compositions of the solvent systems and develop-
ment times are listed in Table I. After development,
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TABLE 1

COMPOSITION OF THE CHROMATQGRAPHIC SOL-
VENT SYSTEMS USED AND THE CORRESPONDING
DEVELOPMENT TIMES

No. Solvent system (v/v) Development
time (min)
1 n-Hexane 25
2 n-Nonane 25
3 n-Hexane—carbon tetrachloride (90:10) 25
4 n-Hexane-benzene (90:10) 25
5 Acetone-water (80:20) 60
6 Tetrahydrofuran-water (70:30) 100

the coloured spots of the complexes were readily
visible.

RESULTS AND DISCUSSION

The results of chromatographic separations are
given in Table II. As can be seen frpm the applica-
tion of two one-component and twjfo poly-compo-
nent ron-aqueous solvent systems, the retention of
the chelates decreased with increa"ing size of the
n-alkyl chain of the ligands. Howevei'r, with aqueous
solvent systems the sequence of Rj values was re-
versed. In all instances a linear dependence of the
corréspongling Ry, values on the number of carbon
atoms in the n-alkyl chain of the ligands was ob-
served (Fig. 1). As the absolute valyes of the slopes
of these straight lines correspond tp the logarithm
of the separation factor [10) of twio neighbouring

TABLE II

hR, VALUES IN SOLVENTS 1-6° OF THE INVESTIGAT-
ED TRIS(ALKYLXANTHATO)COBALT{III) COMPLEXES
AND THE CORRESPONDING TAFT’S INDUCTIVE CON-
STANTS (6*) FOR ALKYL SUBSTITUENTS [9]

No. Alkyl hR, a*
group
1 2 3 4 < 6
1 Methyl 21 18 27 47 71 60 0.000
2 Ethyl 36 27 42 67 62 51 —0.100
3 n-Propyl 48 41 63 84 48 42 ~0.115
4  n-Butyl 60 57 73 93 319 34 —0.130
5  Isobutyl 62 60 78 95 37 32 —0.125
6  sec.-Butyl 59 55 69 93 43 43 -0.210

@ See Table 1.
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Fig. 1. Dependence of R,, values of the investigated tris(r-alkyl-
xanthato)cobalt(III) complexes on the number of carbon atoms
in the ligand. The numbers on the lines refer to the solvent sys-
tem in Table 1.

members of a series, it may be concluded that this
factor was higher under normal-phase conditions
when two-component solvent systems were used in
comparison with the values obtained with one-com-
ponent ones. Under reversed-phase conditions, this
factor was the smallest. Hence it was established
that the highest separation factor was obtained with
solvent 4 (&« = 2.5). In this connection, it is interest-
ing that the highest « value for the same homolo-
gous series obtained on silica gel [6] was 1.6.

The Ry values of the isomeric tris(butylxan-
thato)cobalt(IIT) complexes, obtained under the
conditions of normal-phase chromatography (by
application of non-aqueous solvent systems) (Table
II, solvents 1-4) were found to increase in the order
of the corresponding Co(III) complexes: sec-butyl-
xanthate < n-butylxanthate < isobutylxanthate,
although the differences in Ry values are relatively
small. When the chromatographic separations of
these complexes were performed by application of
aqueous solvent systems (reversed-phase chroma-
tography), a reversed sequence for these complexes
was obtained (Table II).

As reported previously [11], under conditions of
normal-phase chromatography, the saturated che-
lates are most often adsorbed by the mechanism of
hydrogen-bond formation between the solute and a
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sorbent. The sorption of the investigated tris(alkyl-
xanthato)cobalt(III) complexes under the condi-
tions of normal-phase chromatography on thin lay-
ers of PANS may also be explained by the mech-
anism of hydrogen-bond formation, i.e., between
oxygen and/or sulphur chelate atoms [12] and
methyne hydrogen atoms of the sorbent [13]. As is
known, the strength of hydrogen bonds formed de-
pends on the electron density on the corresponding
electronegative atoms; in our case a positive induc-
tive effect of alkyl groups in alkylxanthato ligands
would cause a decrease in the Ry values of complex-
es with increasing size of the n-alkyl side-chain.
However, the oppositie results were obtained (Ta-
ble II, solvent systems 1-4), which means that in the
process of chromatographic separation the mobility
of the chelate depends mainly on other factors. This
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Fig. 2. Dependence of R,, values of the investigated tris(alkyl-
xanthato)cobalt(III) complexes on the corresponding side-chain
steric constants (Eg). The numbers in parentheses refer to the
solvent systems in Table . M = Methyl; E = ethyl; n-P =
n-propyl; n-B = n-butyl; i-B = isobutyl; s-B = sec.-butyl.
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might be steric hindrance, as stated by Snyder [14],
analogous to the results obtained in chromato-
graphic separations of some structurally similar
metal dialkyldithiophosphates on silica gel {15}, or
the solubilities of the investigated complexes in the
corresponding solvents. In order to check which of
the two mentioned effects is predominant, we plot-
ted the Ry, values obtained versus the steric con-
stants of the corresponding side-chains [15,16] (Fig.
2), and also versus the logarithm of the complex
solubilities in CCl, [6,17], which is the more polar
component of one of the solvents used (Fig. 3).
These data show in both instances a good correla-
tion for n-alkylsubstituted complexes, i.e., both ef-
fects probably play important roles in their separa-
tion processes.

The results obtained for the investigated n-alkyl-
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Fig. 3. Dependence of R, values of the investigated tris(alkyl-
xanthato)cobalt(III) complexes on the complex solubility loga-
rithm (log 5) in CC1,. Numbers in parentheses and abbreviations
as in Fig. 2.
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xanthato chelates under conditions of reversed-
phase chromatography (Table I1, solvent systems 5
and 6) are in accordance with those expected, viz.,
with an increase in the n-alkyl chain in the ligands,
the hydrophobic moiety of a chelate acquires a
greater surface area of contact with non-polar
—CH,—CH segments of polyacrylonitrile, resulting
in an increased retention of complexes. In addition,
the order of the investigated alkylxanthato com-
plexes under conditions of reversed4phase chroma-
tography on PANS is analogous to that obtained by
reversed-phase chromatography of j]a homologous
series of these chelates on thin layers of some alkyl-
modified silica gels [18].

As already mentioned, the isomeri tris(butylxan-
thato)cobalt(III) complexes, regardliss of the small
differences obtained in Ry values, exhibit the same
sequence in normal-phase chromatg¢graphy by ap-
plication of all non-aqueous solvent systems used
(Table II, solvent systems. 1-4). This sequence is
analogous to the earlier established order of the
same complexes on thin layers of dilica gel [6], in
accord with the hydrogen bond fonﬂ ation hypothe-
sis [11]. Such behaviour of the isodleric butylxan-
thato complexes is not in accord with steric effects
of the corresponding ligand side-cilains. In addi-
tion, as seen from Fig. 2, regardless| of large differ-
ences in steric effects of the isomerfc butyl substi-
tuents, the differences in complex Ry values ob-
tained are very small. On the other hand, Fig. 3
shows that the order of Ry, values iof the isomeric
butylxanthato complexes is also not in accord with
their solubilities. Therefore, we assyme that in this
instance the inductive effects of the| corresponding
ligand side-chains, which influence tl{\e electron den-
sity on ligand electro-negative atoms, play a deci-
sive role, in accordance with the corresponding in-
ductive constants of the isomeric butyl substitutens
(Table II).

The reversed order of Ry values fpr isomeric bu-
tylxanthato complexes obtained under reversed-
phase conditions (Table II, solvent systems 5 and
6), is in accordance with that expected, because in
this instance specific interactions of ithe sorbate are
acting towards polar molecules of the mobile phase.

On the basis of the above, it may be concluded
that it has been established that lin¢ar dependence
between the number of carbon atoms in ligands and
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the corresponding Ry, values of a homologous se-
ries of metal complexes is also valid on PANS, in
both normal- and reversed-phase chromatography.
In addition, it is obvious that the dominant sep-
aration mechanism for the investigated chelates on
PANS is hydrogen bond formation between the
sorbates and the sorbent under normal-phase con-
ditions and non-specific hydrophobic interactions
in reversed-phase chromatography.
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