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ABSTRACT

Hexa-O-octanoyl-scyllo-inositol, a scyllitol-derived disc-shaped liquid crystal, was tested as a stationary phase in gas chromatogra-
phy. The retention indices of series of isomers selected as test substances differing in chemical structure, molecular geometry and
physico-chemical properties were measured, and conclusions about the mechanism of interaction between the stationary phase and the
test molecules are discussed. The polarity of the phase was measured according to Rohrschneider. The determination of the phase
transition temperatures using the capacity factor in the heating and cooling cycles showed that the liquid crystal can be supercooled.

INTRODUCTION

Rod-shaped and polymeric liquid crystals of vari-
ous structures are being widely investigated and
used as stationary phases in gas chromatography
(GC). Little information is available on the proper-
ties and separation mechanisms of discotic liquid
crystalline stationary phases. In 1984 Witkiewicz et
al. [1] investigated discotic nematic triphenylene de-
rivatives and in 1988 Zhang and Wang [2] used rufi-
gallol hexaalkanoates.

We became interested in filling this gap by study-
ing the discogen 1, a hexaester [3—35] of the naturally
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Hexa-O-octanoyl-scyllo-inositol (1).

occurring scyllo-inositol (scyllitol)™ with an ex-
tremely wide discotic mesophase (AT =~ 120 K), as
a stationary phase in capillary GC to broaden our
knowledge about the mechanisms of interaction be-
tween such a phase and various test molecules and
about structure selectivities [7,8]. 1 has the follow-
ing melting and clearing temperatures

** scyllo-Inositol is one of the possible eight stereoisomers of

inositol [6] having all hydroxyl groups in equatorial posi-
tions with the result of a totally flat structure.
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K — Dy 79.6°C
Dyo—1Is 119.3°C

where K indicates crystalline, Dy, indicates discotic
hexagonal orthorhombic, and Is indicates isotropic
state. Between these temperatures the compound is
a discotic hexagonal orthorombic liquid crystal.
Between these temperatures the compound is a dis-
cotic hexagonal orthorombic liquid crystal.

EXPERIMENTAL

The measurements were carried out using a mod-
ified gas chromatograph, GCHF 18.3 (ZWG/Chro-
matron), equipped with a flame ionization detector
and split injector. Nitrogen was used as the carrier
gas. The glass capillary column was made of soft
glass (25 m x 0.25 mm L.D.). After etching with
gaseous HCl and deactivating with Carbowax 20M,
the capillary was coated dynamically with a solu-
tion of 10% of the liquid crystal I in dichlorometh-
ane. The effictency of the column was 66 500 theo-
retical plates for o-methylanisole with capacity fac-
tor k' = 2.89.

RESULTS AND DISCUSSION

Transition temperatures

The GC determination of the transition temper-
atures using the &k’ values of methylanisoles in the
heating and cooling cycles shows that the phase can
be supercooled to 61.5°C (Fig. 1) and that a change
of phase in the wide discotic range of temperature
can be excluded, as no jumps can be observed.
Comparing the transition temperatures determined
by GC with the values obtained with a polarization
microscope we conclude that there are higher devia-
tions for disc- than for rod-shaped liquid crystals
[7.8].

The ratio of the capacity factors at the melting
point (4k" high) and at the clearing temperature
(4k’ relatively small) correlates with the ratio of the
transition enthalpies of the phase at these temper-
atures, as determined by differential scanning calo-
rimetry [3]:

K - Dho
Dho s IS

AH = 43.30 kJ/mol
AH = 9.47 kJ/mol
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Fig. 1. Dependence of capacity factors, k', on temperature (on
heating and cooling) for isomeric methylanisoles. ® = p-; O =
m-; A = o-methylanisole.

Structure selectivity and retention behaviour
Generally, stationary phases consisting of rod-
shaped liquid crystals are (more or less) suitable for
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Fig. 2. Structure of a discotic columnar D, phase.

separating close-boiling geometrical isomers ac-
cording to their length-to-breadth ratio, taking ad-
vantage of the ordered structure in the liquid crys-
talline state [7,8]. This so-called structure selectivity
(2) leads to, for instance, o, > 1 for disubstituted
benzenes.

To elucidate possible separation effects caused by
the liquid crystal structure of the used discotic
phase (Fig. 2), several types of substances with dif-
ferent molecular structures and space requirements
were used. Taking into account the rule “like dis-
solves like”, we assumed, for example, stronger in-
teractions of the cyclohexane structures with the
stationary phase than of the other substances used.

The Kovats retention indices, determined in the
mesophase range, in the isotropic liquid phase and
in the supercooled state, show that the elution order
mainly follows the order of the boiling temper-
atures of the test substances (Figs. 3-8). As expect-
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Fig. 3. Dependence of retention indices (/) of isomeric benzene
derivatives on temperature. Me = Methyl.
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Fig. 4. Dependence of retention indices of naphthalene, tetralin
and decalines on temperature.

ed, no structure selectivity concerning the length-to-
breadth ratio is observed for the isomeric disubsti-
tuted benzenes (a,m < 1) and cis- and trans-deca-
lines (Figs. 3 and 4). Deviations from the elution or-
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Fig. 5. Dependence of retention indices of cyclic hydrocarbons
on temperature.



280

I bp.[°C]
- 266-
V50! o L - Oé- 267
B S —
640 ————— '

%20 7

- . o .
%0 km— 261-
) Dro Is
e T T T
150 170 190 210 T(°C]

Fig. 6. Dependence of retention indices of isomeric dimethyl-
naphthalenes on temperature.

der according to boiling points can be observed for
the elution of cyclohexane, -hexene and -hexadiene
and benzene and for the pair cyclooctane (b.p.
151.1°C)/and  cis,cis-cycloocta-1,5-diene  (b.p.
148°C) (Fig. 5).

In addition to the supporting effect of the polar-
ity of the stationary phase, the probable reason
seems to be that interactions of the substrate mole-
cules take place only within the gaps (e.g., the emp-
ty spaces between the columns) of the hexagonal
columnar discotic phase (Fig. 2) with parts of the
radical-symmetrical arranged lateral functions of
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Fig. 7. Dependence of retention indices of terpenes on temper-
ature. a-Ph = a-phellandrene.
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Fig. 8. Dependence of retention indices of 1,8-cineole, carane,
pinane and santene on temperature.

the disc, but not with or between the centres of the
discotic molecules of columnar structure. There-
fore, the results confirm the structural attributes of
this discotic phase, discussed by Kohne and
Praefcke [4,5]. These are perfect space filling (mini-
mum dead space in the centre of the discotic mole-
cule) and an optimum coverage of the area in the
periphery of the “‘core”, which can become slightly
puckered by the radical-symmetrical arranged lat-
eral functions.

This interaction characteristic would explain the
retention of the six-membered hydrocarbons, where
the flatter cyclohexadiene (b.p. 80.5°C) is eluted af-
ter cyclohexane (b.p. 80.7°C) and nearly co-eluted
with the higher boiling cyclohexene (b.p. 83.0°C).
The lowest boiling benzene with the flattest struc-
ture is eluted last. This can also explain the lack of
selectivity of the discotic phase concerning the
length-to-breath ratio (e.g., xylenes). The dimethyl-
naphthalenes (Fig. 6) are eluted as on normal low-
polarity stationary phases [9,10].

Unexpectedly, the o-halotoluenes with the lowest
boiling temperatures are eluted after or together
with the corresponding meta isomers (Fig. 3). Com-
paring our results with the measurements of Wit-
kiewicz et al. [1], we find a corresponding elution
order of the test substances used in both instances.
The elution of n-nonane before cyclooctane, consid-
ered by Witkiewicz et al. to characterize their dis-
cotic phases and for comparison also tested in our
measurements, seems to be normal. It follows the
boiling points and the rules of GC polariiy estab-
lished by Schomburg [11].

In general, the explanation of the retention mech-
anism given by Witkiewicz er al. does not contradict
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our suggestions, because the structures of the in-
vestigated discotic stationary phase differ consid-
erably.

Polarity

The polarity values of I were determined accord-
ing to Rohrschneider: benzene, x = 0.85; ethanol,
y = 1.53; 2-butanone, z = 1.23; nitromethane, u =
1.64; pyridine, s = 1.30. In the discotic hexagonal
columnar state, the phase is of low polarity like a
methylsilicone substituted by a small proportion of
phenyl groups.

CONCLUSIONS

Taking into consideration the structure of the in-
vestigated scyllo-inositol derivative [4,5], which
shows perfect space filling in the centre of the mole-
cule and an optimum coverage of the area in the
periphery of the “core” which can become slightly
puckered by radical-symmetrical arranged lateral
functions (yielding a ““flexible super disc”), we can
conclude that the interactions of the test com-
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pounds take place favourably within the empty
spaces between the columns of the columnar struc-
ture with random parts of the lateral substituents
but not between the centres of the discotic mole-
cules.
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