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structure. In the following text a folded structure of
TCDDs is defined as a structure with a distortion
angle p > 10°; Pis given by the angle between the
planes defined by the two benzene rings.

2378-TCDD has a near-planar structure in the
crystal lattice [18]. Graininger et al. [19] calculated
the ether linkage (COC) bond angles for the 22
TCDD isomers from infrared data (studies in the gas
phase). The average bond angles range from near
planar (115.1°) for 2378-TCDD to approximately
tetrahedral for isomers with aromatic rings of low
electron-withdrawing capacity. However, it must be
stated that dibenzo-p-dioxin, with aromatic rings of
low electron-withdrawing capacity, also exhibits a
near-planar structure in the crystal lattice [20].

We found by quantum mechanical calculation
that the energetic difference between a folded and a
near-planar structure (closed-shell molecules) for
TCDDs is extremely small. The heat of formation
(Hr) calculated by AMPAC was -14.20 kcal/mol
for 1238-TCDD with a distortion angle p of 14S
and - 14.13 kcal/mol for a planar structure
(1 kcal = 4.184 kJ). With 1247-TCDD we obtained
H, = -15.45 kcal/mol for the planar and H, =
-15.52 kcal/mol for the folded (P = 14.2°)structure.
With 1478-TCDD the energetic difference was even
less: H r = -15.88 kcal/mol (P = 14.9°), H, =
-15.83 kcal/mol (P = 0.0°).

Therefore, we assumed that a near-planar struc
ture can be readily achieved by all the TCDD
isomers and might be the preferred structure when
the analyte is sorbed on ODS-silica gel. The near
planar structures were employed for the calculation
of the optimized L/B values.

The calculated ratios and the data obtained for H,
(near-planar structures) are listed in Table 1. The
thermodynamic stability follows the general trend
that isomers with substituents in lateral positions are
more stable than isomers with substituents in an
a-position to one of the oxygen atoms. 2378-TCDD
with substituents only in lateral positions is thermo
dynamically the most stable TCDD isomer (H, =
-19.54 kcal/mol), and 1469-TCDD with substi
tuents only in a-positions is the least stable isomer
(H, = -12.01 kcal/mol). The differences in the H,
values are significant, in order to reflect the stability
of these isomers in the environment, and might be
useful to explain substitution patterns of TCDD
isomers in natural samples.

U. Pyell et at. / J. Chromatogr. 628 (1993) 3-10

The values for L/B range from 1.17 to 1.84. The
TCDDs clearly differ in their geometric parameters.
It can be deduced that 2378-TCDD can be easily
separated from the other isomers if the retention
mechanism is purely shape controlled.

Correlation ofcapacityfactors with length-to-breadth
ratios

A direct correlation of L/ B with the retention
indices (log I R ) of the TCDD isomers on the
polymeric phase (ODS3), in analogy with the work
of Wise et al. [10], gave only unsatisfactory results
(R = 0.60). This means that L/B is a parameter that
does not independently predict the retention index
ofTCDDs on polymeric ODS phases. In contrast to
the PAHs, the TCDDs have large dipole moments
(J.l = 0.02-2.80 D), owing to the presence of chlorine
atoms [21],whereas the dipole moments ofPAHs are
of the order of J.l = 0.01 D, and there is little
variation among the values [22]. However, the
overall dipole moment is not a parameter that can
be used to describe all polar features of a molecule
in quantitative structure-retention relationship
(QSRR) studies of separations by RP-HPLC [23]. In
spite of the limited validity of the overall dipole
moment as a descriptor of the polarity of a molecule,
it can be deduced that differences in polarity are
much smaller with PAHs than with TCDDs.

For a classical RP-HPLC system a submolecular
polarity parameter (maximum excess charge differ
ence) was used together with other parameters as a
significant descriptor of retention data [24]. Sarna et
al. [25] pointed out that elution from an RP column
with an aqueous mobile phase reflects the hydro
phobicity of a compound, in addition to its organic
phase-water partition coefficient. They determined
octanol-water partition coefficients for a series of
PCDDs and PCDFs experimentally by RP-HPLC.

We assume that for the separation of TCDDs by
RP-HPLC, differences in the polarity of the solutes
cannot be neglected in QSRR studies. The influence
of polarity can be superimposed by steric effects
(quantitatively expressed by the shape parameter
L/B), and this shape parameter gains more influence
with increasing surface coverage with ODS groups
making the organic layer thicker and denser. Obvi
ously, the mobile phase also influences to a great
extent the shape selectivity of the stationary phase.

In order to verify our assumptions, we correlated
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CHROM. 24726

Short Communication

Two-solute method for indicating polarity changes of
conventional and novel gas chromatographic stationary
phases with temperature increase

T. J. Betts
School 0/ Pharmacy, Curtin University 0/ Technology, GPO Box U 1987, Perth, W. Australia (Australia)

(First received August 19th, 1992; revised manuscript received October 22nd, 1992)

ABSTRACT

This author's previous work suggested that a ratio of corrected retention times for cuminal (cu) against caryophyllene (cy) prag
matically indicated the polarity of a gas chromatographic stationary phase. A c ratio of 3cu/4cy below 0.8 corresponded to low-polarity
phases, and above 1.2 to high-polarity ones. Changes in the c ratio for liquid crystal, toroid molecular and conventional phases were
observed with increases in temperature, particularly for Carbowax 20M, which appeared to decline considerably in polarity. Some
high-polarity liquid crystals were reduced to intermediate polarity c ratios (0.8-1.2). Previous anomalous observations by this author
can now be explained.

INTRODUCTION

Since 1981 [1,2] this author has been interested in
finding a simple method for determining the polar
ity of stationary phases used for gas chromatogra
phy. It became more urgent during recent studies of
novel phases [3,4]. KolIie and Poole [5]'recently re
marked that "the general concept of polarity is a
measure of the capacity of a stationary phase to
enter into all intermolecular interactions. No exact
method has emerged for calculating or determining
this term". The general concept has been reviewed
since 1989 [6,7].

McReynolds values [8] are often used as indica
tors of phase polarity -usually by placing them in

Correspondence to: T. J. Betts, School of Pharmacy, Curtin Uni
versity of Technology, GPO Box U 1987, Perth, W. Australia,
Australia.

sequence of the sum of the values for say five (of the
full ten) solute probes. However, all McReynolds
values have a non-polar bias, as they are the reten
tion index of each probe rated against non-polar
normal alkanes on the phase, minus the index of the
same probe on non-polar squalane phase. Logical
ly, a "polar" phase should retain the polar solute
n-butanol much more than low-polarity benzene.
However, various phases all have McReynolds val
ues for benzene which form a consistent about 40%
of the sum of their butanol and benzene values. The
respective values, for example are 158 and 119
(43%) on the phenyl,methylpolysiloxane OV-17;
536 and 322 (38%) on polyethyleneglycol 20M; and
751 and 499 (40%) on diethyleneglycol succinate
(DEGS). These diverse phases, and others, appear
to show hardly any difference in their relative affin
ity for these two distinct solutes. A further limita
tion of the McReynolds system is that determina-

0021-9673/93/$06.00 © 1993 Elsevier Science Publishers B.V. All rights reserved
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CHROM. 24677

Short Communication

Thin-layer chromatography on silica gel of a homologous
series of bis(alkylxanthato)nickel(II) complexes

Z. Lj. Tdic, T. J. Janjic and M. B. Celap
Faculty of Chemistry, University 0/ Belgrade, P.O. Box 550,11001 Belgrade (Yugoslavia)

(First received July 16th, 1992; revised manuscript received September 30th, 1992)

ABSTRACT

The direct synthesis of bis(alkylxanthato)nickel(II) complexes is described, consisting in the addition of nickel(II) chloride to a
previously heated solution of sodium hydroxide and carbon disulphide in the corresponding alcohol. It was established that the RF

values of complexes obtained with non-aqueous solvent systems increased with increasing number of carbon atoms in the xanthato
ligands used, but the opposite order was found using an aqueous solvent system. There is a linear dependence between the R M values of
complexes and the number of carbon atoms in the hydrophobic part of the ligands. In the former instance the proposed separation
mechanism involves the formation of hydrogen bonds between strongly electronegative atoms of the ligands (0 and S) and silanol
groups of silica gel and in the latter a hydrophobic interaction mechanism was assumed. In this manner it was established that the
previously found regularities for octahedral alkylxanthatocobalt(III) complexes can be applied also to the investigated square-planar
alkylxanthatonickel(II) complexes.

INTRODUCTION

In previous papers, the chromatographic beha
viour of octahedral tris(alkylxanthato)cobalt(III)
complexes was investigated [1,2]. It was established
that under conditions of normal-phase chromatog
raphy, the RF values of these complexes obtained
on thin layers of silica gel [1] and polyacrylonitrile
(PANS) [2] increase with increasing number of car
bon atoms in the alkyl substituents, and that there
is a negative linear dependence between the number
of carbon atoms and their R M values. However, un
der the conditions of reversed-phase chromatogra
phy on thin layers of PANS [2], a reversed order of
the complexes and a positive linear dependence be-

Correspondence to: Z.Lj. Tesic, Faculty of Chemistry, Universi
ty of Belgrade, P.O. Box 550, 11001 Belgrade, Yugoslavia.

tween their RM values and the number of carbon
atoms in the alkyl substituents were obtained.

Continuing these investigations on thin layers of
silica gel, in this work we wanted to establish wheth
er the aforementioned regularities are applicable al
so to square-planar nickel(II) complexes.

EXPERIMENTAL

Syntheses
In a 250-cm3 erlenmeyer flask, equipped with a

stirrer, 100 cm' of the corresponding alcohol and
2.0 g (0.05 mol) of ground sodium hydroxide was
heated to 50°C, then 2.0 cm' of carbon disulphide
were added, whereby a yellow solution was ob
tained. To this solution, a solution of 6.1 g (0.025
mol) of nicke1(II) chloride hexahydrate in 10 crrr' of
water was added in small portions with constant

0021-9673/93/$06.00 © 1993 Elsevier Science Publishers B.V. All rights reserved
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nique requires gradient elution which tends to be
inconvenient, time consuming and laborious. Pietta
et al. [I] have applied micellar electrokinetic capil
lary chromatography (MECC) to the determination
of several flavonoid drugs (quercetin-, kaempferol
and isorhamnetin-3-0-glycosides). Seitz et al. [6]
used capillary isotachophoresis for the rapid deter
minations of flavonoids and phenoIcarboxylic
acids. Optimum separations were achieved at pH
9.5 with a leading electrolyte containing 0.015 M
hydrochloric acid, 30% methanol and 0.2% hy
droxypropylmethylcellulose. In a recent study [7],
the separation of several flavonoid-7-0-glycosides,
differing in their flavonoid aglycone, was achieved
by CE. However, a mixture of both flavonoid-7-0
glycosides and their flavonoid aglycones was better
resolved in MECC using sodium dodecyl sulphate
as anionic surfactant.

In this work, a mixture of quercetin-3-0-glyco
sides, differing in their sugar moiety, was resolved
by CE using a borate complexing running buffer.
The migration order in CE and the borate complex
ation mechanism of these solutes were elucidated.

EXPERIMENTAL

Instrumental
Free solution capillary electrophoretic (FSCE)

separations were mainly performed on a Europhor
(Toulouse, France) Prime Vision instrument using a
silica capillary column. A small section (I em
length) of the polyimide coating of the capillary col
umn was removed prior to filling to give an optical
window for UV detection. Analyses were carried
out at ambient temperature (Europhor). All electro
pherograms were recorded on a Shimadzu (Kyoto,
Japan) C-R 5A integrator. A 65 em x 50 f-lm I.D.
silica capillary column filled with phosphate-borate
buffer or boric acid-sodium hydroxide buffer
served as the separation column operated at high
voltages. On-column detection was effected at 270
nm at 2.0 AUFS with a rise time of Is.

Some of the separations were performed on a
Spectra-Physics (San Jose, CA, USA) Spectrapho
resis 1000 instrument using a 70 em x 375 f-lm O.D.
x 50 f-lm I.D. silica capillary column. Separations
were performed at 40°C at a voltage of 24.4 kV
(electrical field strength 385 V/cm) and a run aver
age current of 80 f-lA. For this instrument, analytes

Ph. Morin el al. / J. Chromatogr. 628 (1993) 161-169

for each run were injected in the hydrodynamic
mode for 1.0-3.0 s. Data were processed on an IBM
PS/2 Model 70 386 computer. Software operating
under IBM OS/2 was supplied by Spectra-Physics.'
The instrument contains a programmable, high
speed scanning, multiple-wavelength UV detector.
Working in the fast scanning mode, we were able to
record on-column spectra of the flavanoid-3-0-gly
cosides. The scanning mode was from 200 to 360
nm with a 5-nm wavelength increment.

The capillaries were conditioned daily by wash
ing first with I M sodium hydroxide solution (10
min) at 60°C (at ambient temperature for the Eu
rophor instrument), then with 0.1 M sodium hy
droxide solution (10 min) at 40°C, with water at
60°C (10 min) and with finally the electrophoretic
buffer (15 min) at 40°C. Between consecutive analy
ses, the capillaries were flushed with water (2 min),
0.1 M sodium hydroxide solution (2 min), water (3
min) and finally with the electrophoretic buffer (10
min) in order to improve the migration times and
peak-shape reproducibility.

Reagents
All chemicals were of analytical-reagent grade.

Boric acid, sodium dihydrogenphosphate and O. I
M sodium hydroxide solution (all from Fluka,
Buchs, Switzerland) were used as received. Water
used for dilutions and in buffer solutions was of
HPLC grade (Carlo Erba, Milan, Italy).

For free solution CE under alkaline conditions,
the running buffer composition was either 0.006 M
Na2B407-0.01O M NaH2P04 (pH adjusted with 1
M NaOH) or 0.2 M H 3B03 (pH adjusted to 6, 7.8
or 10.5 with 1 M NaOH).

Authentic samples of'quercitrin (quercetin-3-0
rhamnoside), peltatoside (quercetin-3-0-arabino
glucoside), isoquercitrin (quercetin-3-0-glucoside),
hyperoside (quercetin-3-0-galactoside) and avicu
larin (quercetin-3-0-arabinoside) (Fig. 1) were ob
tained from Extrasynthese (Genay, France). A
standard solution of ca. 100 ppm of each flavo
noid-3-0-glycoside was prepared in dimethyl sulph
oxide-methanol (80:20, v/v).

Each analyte and each solution (water, sodium
hydroxide and electrophoretic buffer) were filtered
prior to injection through a polypropylene filter (0.2
f-lm pore size, 25 mm diameter) from Whatman
(Maidstone, UK).
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