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SUMMARY

It has been found that the chromatographic properties of the Chromosorb P
NAW-—p-butyl-p’-hexanoylazobenzene sysiem depend largely on the thickness of the
liquid crystal §lm. Modification of the liguid crystal properties by the support surface
takes place to a distance of about 2 nm from the surface. The modified liquid crystal
layer reveals a selectivity with respect to n-octane and tolucne different from that of
the liquid crystal in the bulk phase.

INTRODUCTION

Liquid crystalline stationary phases are widely used in gas chromatography'—3.
They feature universal stationary phase properties and can be used for separating
complex mixtures of polar and non-polar compounds and also isomers. The possibility
of using high-temperature liquid crystalline stationary phases in the chromatographic
analysis of aromatic polynuclear hydrocarbons deserves special emphasis®S.

The exceptional physico-chemical properties of liquid crystals are manifested
in the propertics of the liquid crystalline stationary phase-support system. These
properties depend not only oa the structure of the mesophase and the liguid crystal
molecule but also on the amount of the liquid crystal on the support and on the type
of the latter. The properties of the system produce, depending on the column temper-
ature, two kinds of changes in the retention values, viz., revealing or not revealing
phase transitions’.
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Vetrova and co-workers®? showed that a thin film of liguid crystat deposited
on the surface of an active adsorbent is significantly affected by the surface. This
influence ic revealed by the extension of the range in wkich the liquid crystaliine phase
exists and, in practice, when the liquid crystal is used as the stationary phase in
partition gas chromatography, by the extension of the temperature selectivity range
of that phase with respect to some pairs of isomers.

These remarks concern, of course, systems in which the liquid crystal layer is
deposited on the surface of an active adsorbent. Chow and Martire’® and Schaur
and Martire™ investigated systems in which the films of liquid crystals were deposited
on the surface of non-active supports (DMCS treated) and found that the thermo-
dynamic properties of these compounds are independent of the film thickness and that
the influence of the silanized solid surface is negligible.

On the other hand, it is known that the liquid crystal molecules are arranged
on the active adsorbent surface in the domains parallel to each other (along the long
axes) and are at the same time oriented with respect to the adsorbent surface. Their
loag axes can make angles with the surface ranging from 0 to 90°. The type of orien-
tation and the size of the angle depend on the mesophase structure and the chemical
structure of the liguid ciystal molecule and also on the adsorbent surface activity.
The interaction of the liquid crystal molecules with the adsorbent surface is greatest
in the layer directly adjacent to the surface. It is not known, however, how far (over
how many successive liquid crystat molecular layers) the influence of the adsorbent
surface extends, and what the properties are of the liquid crystal whose structure is
vader the strong influence of the surface.

The work described here was aimed at the at least partial elucidation of this

problem.

EXPERIMENTAL

The properties of liguid crystal films on the solid surface were analysed on the
basis of the retention volums, ¥y, of n-octane and toluene, defined as
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whezz
M = weight of adsorbent (support) in the column;
J = James-Martin coefficient;

D, == carrier gas flow-rate at the flow meter temperature;
d, = displacement of the maximum peak of the tested substance from the
starting point as measured on the chromatogram:

d, = displacement of the maximum peak of air;

u = chart recorder paper speed;

T = temperature of carrier gas in bubble fiow meter;

D. = atmospheric pressure; and

F = saturated water vapour pressure at temperature 75,;.

The retention volume V; was selected in view of the fact that very small
amounts of the stationary phase were used in the measorements considered!2.

Johas-Manville Chromosorb P NAW with a specific surface area of 3.9 m¥/fg,
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as measured by the method described by Serpinet'?, and particle size 60-80 mesh
was used as the stationary phase support.

The stationary phase was p-butyl-p’-hexanoylazobenzene. It was found by the
thermo-optical method that the transition of this compound to the pematic phase
takes place at 331.7°K and the isotropic liquid region begins at 338.2°K._ Further, an
additional solid-phase transition is observed in the temperature range 328.2-331.7°K.

The test substances used as a “molecular probe™? in chromatographic mea-
surements were analytical-reagent grade n-octane and toluene produced by Reakhim,
USS.R.

The retention volume measurements were made on a Chromatron chromato-
graph using glass columns 1 m long and 4 mm L.D. The accuracy of the temperature
control with this instrument was 0.1°K in the temperature range used. Hydrogen was
used as the carrier gas at a flow-rate of 40 cm3/min.

RESULTS AND DISCUSSION

Figs. 1 and 2 show Vg = £(z) plots, where ¢ is the mass ratio of stationary
phase to support, for n-octane and toluene, respectively. These relationships have
been plotted for three temperatures at which the liquid crystal is in the solid (318.5°K),
meso- (336.2°K) and isotropic lignid (359.7°K) phascs. From the plots it follows that
the first portion of liquid crystal (up to about 0.3-0.5%) blocks the active centres of
the Chromosorb surface, which leads to a decrease in the V; value. From a certain
value of = an increase in the retention volume is observed for both test substances,
which can be explained as regards the two higher temperatures by the dissolution of
these substances in the liquid stationary phase. This explanation cannot be related
to the situation when the stationary phase is in the solid state, because then for n-
octane Vs is in principle independent of t, whereas for toluene the considerable
increase in Vs with increasing = is probably due to the interactions between its aro-
matic ring and the liquid crystal molecules lying on the surface of the adsorbent.
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Fig. 1. ¥5 = f{z) plot for r-octane at: Q, 318,5 °K; (D, 336.2 °K; and @, 359.7 °K.
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Fig. 2. Vs = f{7) plot for toiuene at: O, 3185 °K; (P, 336.2 °K; and @, 359.7 °K.

These plots allow us to conclude that the retention mechanism of the chro-
matographed sub. ‘snces changes with the value of z. This phenomenon is directly
related to the effect . € the support surface on the liquid crystal layer covering it. The
range of these influences were found from the Vsft = £ (1/%) plots'®. Such plots, con-
sisting of two intersecting straight lines, are shown in Fig. 3. The value . at the
intersection corresponds to the amount of the stationary phase above which no
influence of the support surface is observed.

Assuming that the diameter of the p-butyl-p’-hexanoylazobenzene molecule is
0.315 nm (this value was calculated from the density and molar volume of azobenzene
in the solid phase under the assumption that the density is equal to that of the liquid
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Fig 3. Vsfr = {(1/7) pleot for toluene at: O, 318.2 °K; (P, 3362 °K; @, 349.2 °K; @, 359.7 °K.
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crystal and does not vary with temperature®), the number of mbiecular layers. of the
liquid crystal which correspond to the ¢, values at the particular temperatures were
calculated from the V/t = £ (1/7) plots for n-octane and toluene.

The data in Table I indicate that the number of lavers adsorhed abaove which
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the influence of the support is no longer observed depends on the temperature (or
state of the lguid crystal). This can be explained by the destruction of the ordered
structure of the liguid crystal molecules on the adsorbent surface with increasing
temperature. The considerable differences in the numbers of layers determined for
n-octane and toluene at 318.5°K are probably due to the low accuracy of determi-
nation of . at that temperature caused by the short retention times.

TABLEX

VALUES OF r. AND THE CORRESPONDING NUMBERS OF ADSORBED LIQUID
CRYSTAL MOLECULAR LAYERS

Liguid exystal state  Temperature (°K) = Number of layers
n-Octane Toluene n-Octane Toluene
Solid 318.5 0.0058 0.0038 3.92 257
Mesophase 336.2 0.0032 0.0031 22 20
Isotropic liquid 340.2 0.0029 0.0029 196 196
Isotropic liquid 359.7 0.0025 0.0025 1.69 1.639

A further question is how the Iayers of the liguid crystals which are under the
influence of the adsorbent surface are affected in comparison with the same properties
in the bulk phase. For this purpose the sorption enthalpies, AH, of n-octane and
toluene on column packings containing varying amounts of the liguid crystal at two
temperatures, corresponding to the solid state (318.5°K) and isotropic liquid (359.7°K),
were determined. These relationships are shown in Fig. 4. The AH = f (¥) plots at
318.5°K show a distinct maximum at T = 0.39, which correspoads to about two
molecular layers of the liquid crystal on the surface. Another much weaker maximum
occurs at T = 0.8-19%,. The AH = f (z) plots at 359.7°K have a similar shape, but the
extremes of this function have lower relative values. It should be noted that a small
maximopm at the same coverage also occurs on the V5 = f(z) curves at 359.7°K
(Figs. 1 and 2).

The difference between the shapes of the AH = f(z) curves determined at
dificrent temperatures can perhaps be explained by the differences in the kinetic
energy of the molecules in the adsorbed layer.

The above data do not allow a full interpretation of the structure of the liquid
crystal layer on the adsorbent surface. Nevertheless, they support the concept that
the adsorption forces on that susface “organize” the surface film in such 2 way that
it has different properties to the liguid crystal beyond the range of these forces. This
conclusion is confirmed by the shape of plots of relative retention volume (Pgta=</
Y iolueac) against ¢ plot (Fig. 5). If can be seen that at all three temperatures a selectivity
maximum occurs at T = 0.3 and, only at temperatures corresponding to the liguid
crystal solid state and mesophase, also at * = 0.8 Y. The lack of 2 maximum for the
isotropic liguid at this coverage means that the inieraction of the ligquid crystal with
r-octane and toluene molecules does not change in this state. The different selectivities
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Fig. 4. Variation of (@) n-octane and (b) toluene AH sorption with T at :Q, 3185 °K; and @, 359.7
K.

of the column packings. on which the phenomenon of dissolution of the chromato-
grapiied substances cccurs only to a small extent, are probably due to the different
suiface structures of these packings, i.e., to the different structure of the liquid crystal
layer. These differences are so large that they lead to a change in the elution order of
n-octane and tolzene.
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Fig. 5. Variation of the refative retention volunes (FE™=</¥T=>) with T at: O, 5185°K; (@,
33562 °K; and @, 359.7 °K_

CONCLUSICNS

The effect of adsorption forces on the suzface of Chromosorb P NAW on the
steucture of the liquid crystal film has a range of about 2 nm and corresponds to
5-6 layers of horizontally lymg hqmd crystal molecules. Within this range we can
distinguish the following regions in which the liquid crystal has different properties:
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@ 0% < T < 0.3%: structure characterized (at = 0.3%) by a sorption £H
maxima and selectivity maxima for n-octane and toluene;

(iD) 0.3% < t << 0.8-1 % sorption 4 H minima and selectivity mianima;
and

@iii) T > 1 %: no “organizing” effect of the adsorbent surface on the adjacent

liguid crystal film.
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