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Abstract. X-ray diffraction study of two liquid crystalline 2,5-disubstituted 1,3,4-oxadiazole and
1,3,4-thiadiazole derivatives reveals the existence of a partially bilayered smectic Ad phase in the ter-
minally bromo substituted derivatives, with the lower level of molecular overlapping in the formation
of the dimer and more pronounced smectic fluctuations on the dimeric density wave observed for the
former compound.
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1. INTRODUCTION

It has been shown that the mesomorphic and physical properties of liquid crystals
strongly depend on their molecular core structures.'™!! As the mesophase stability
is influenced by molecular packinglz, the investigation of intermolecular interac-
tions, association phenomena, dipole-dipole correlations affecting the molecular
packing could lead to a better understanding of liquid crystal properties.

* Author for correspondence.
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It has been demonstrated that X-ray diffraction of the mesophases is one of the
useful methods to study the association phenomena in the liquid crystals.z’ 3.8,
10,11, 13-19 14 is well-known that the polar liquid crystals may exhibit a number
of lamellar packings.w‘ 14-22 Apart from the ordinary smectic A phase with a
period, d, approximaiely equal to the molecular length, L, there are bilayered
smectics A, with the period d = 2L and intermediate (partially bilayered) smec-
tics A4 having the period d which is L < d < 2L. These phenomena are due to the
specific nature of intermolecular interactions in polar liquid crystals, resulting in
various effects of molecular association. Anti-parallel correlations between per-
manent and induced molecular dipoles influence the subtle balance between the
attractive dispersion forces and the repulsive steric ones, and give rise to the
structural packing of the S5, Spp or Sy types.? Here we present the results of
X-ray diffraction study of two terminally bromo substituted liquid crystalline
1,3,4-oxadiazole-2,5-diyl (OXA) and 1,3,4-thiadiazole-2,5-diyl (THIA) deriva-
tives. The experimental results will be discussed in terms of influence of molecu-
lar core structure of liquid crystals on the structure of their smectic phases. The
mesomorphic properties of these compounds have been reported earlier.24

2. EXPERIMENTAL TECHNIQUE

X-ray diffraction experiments were performed with a Rigaku-Denki RINT 2200
diffractometer, fitted with a Rigaku PTC-20A thermal controller, where CuKa
(A =1.540 A) was used as the X-ray source. The reflection angle was calibrated
by the examination of both left and right angles. Samples filled in the quartz cap-
illaries (d = 1 mm) were oriented by a constant magnetic field (480 G). The sam-
ples were placed along the goniometer axis so that the counter movement in the
recording plane allowed us to scan the nematic and smectic A reciprocal lattice
mode along q (q =2mn / d is the reciprocal space vector), i.e. in the direction par-
allel to the director n.

3. EXPERIMENTAL RESULTS AND INTERPRETATION

The phase transition temperatures and enthalpies of compounds 1-2%4; their

molecular lengths L calculated by MOPAC AMI method?3; the layer spacing of
the smectic A phase and a period of the fluctuation density wave d in the nematic
phase obtained from X-ray diffraction profiles; the intensity of X-ray scattering I
and corresponding correlation length { {calculated from the angular width of the
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intensity profile at half-height A(20)'%}; and the ratios d / L are presented in
table I. The values of ratios d / L >1 indicate the formation of a partially bilay-
ered smectic A phase — Ay in compounds 1, 2. Based on these results, the
antiparallel molecular arrangements supported by the theoretical models'? can be
proposed for these liquid crystals.

The data collated in table I reveal that 1,3,4-oxadiazole-2,5-diyl derivative 1
exhibits the smectic Ad phase with higher ratio d / L (lower level of molecular
overlapping in the formation of the dimer) and shows the higher intensity of
X-ray scattering and correlation length in comparison with those of the corre-
sponding 1,3,4-thiadiazole-2,5-diyl derivative 2.

The temperature dependences of the layer spacing d in the smectic A phases of
compounds 1, 2 are shown in Figure 1. For the 1,3,4-oxadiazole-2,5-diyl deriva-
tive 1 d shows the decreasing behavior with saturation close to the melting point,
while for the 1,3,4-thiadiazole-2,5-diyl derivative 2 d is almost independent of
the temperature. This difference in the temperature behaviour of the layer spac-
ing of compounds 1 and 2 is probably due to the different role of molecular dim-

ers in the formation of layers. 10
d, A
®
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FIGURE 1 Temperature dependences of the layer spacing d for OXA (O ) and THIA ( O ). The lines
are guides for the eye
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The temperature dependences of the correlation length for compounds 1, 2 pre-
sented in Figure 2 show the usual increasing behaviour with decreasing the temper-
ature, with the highest rate and lower value recorded for compound 2 (compare the
data for these compounds at the same relative temperature Ty 1 — T).

g, A
2000
0 7
70 80 90 100

Tni-T,°C

FIGURE 2 Temperature dependences of the correlation length { for OXA (O ) and THIA (O ). The
lines are guides for the eye

The presented results of X-ray diffraction study of two liquid crystalline
2,5-disubstituted 1,3,4-oxadiazole and 1,3,4-thiadiazole derivatives show the dif-
ferent influence of the structures of the 1,3,4-oxadiazole-2,5-diyl and 1,3,4-thia-
diazole-2,5-diyl fragments26’ 27 on the intra- and intermolecular interactions 27
leading to the observed molecular arrangements. Similar results have been found
for other liquid crystalline derivatives, 2 3 10. 11, 17-19
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4. CONCLUSION

The results of X-ray diffraction study of two liquid crystalline 2,5-disubstituted
1,3,4-oxadiazole and 1,3,4-thiadiazole derivatives reveal the strong influence of
their molecular core structures on the structure of their smectic phases resulting
in the formation of a partially bilayered smectic Ad phase, with the lower level of
molecular overlapping in the formation of the dimer and more pronounced smec-
tic fluctuations on the dimeric density wave recorded for the former compound.
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