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ABSTRACT

Structure measurements were carried out by neutron
diffraction on the glassy nematic liquid crystal-
line and crystalline phases of MBBA. The change

of optical spectra of intermolecular vibrations
was also followed by Raman scattering around the
phase transition from the fast-cooled state to

the crystalline one. Parallel investigations of
solid state polymorphism were also carried out
using both methods.

INTRODUCTION

In the last few years very much interest has
centered on the fast-cooled state of liquid crys-
tals (LC) when the nematic phase can be quenched
and a glassy solid is formed. Several methods
have been used to investigate this glassy state
of liquid crystalline materials (GLC).

This interest is based partly on the possi-
bility to be able to perform a continuous trans-
formation from the disordered glassy state having
no long range order, to the completely ordered
crystalline one. This transformation may be stop-
ped and studied at any intermediate, partly or-
dered state. On the other hand GLC systems are
more suitable subjects for dynamical studies than
liquid crystal - since such systems can be cooled
to low temperatures where the effect of anhar-
monicity on "phonon" spectra can be excluded.
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The nematic LC compound n-p-methoxy-benzyli-
dene-p-butylaniline (MBBA) has been expecially
widely studied. X-ray diffraction, adiabatic cal-
orimetry, vibrational spectroscopy [1-3] were
used to demonstrate the existence of the GLC
phase and to determine its properties. The tem-
perature dependence of the order parameter was
also determined [4-5] by optical methods.

In this paper the results of neutron dif-
fraction and Raman scattering measurements are
presented for GLC, LC as well as the crystalline
phases of MBBA giving some insight into the dis-
order + order phase transition process and solid
state polymorphism of this material.

EXPERIMENTAL

The GLC phase was produced by fast cooling
from the nematic liquid crystalline phase in a
liquid nitrogen cryostat. The cooling rate was
measured to be about 50 K/min.

Neutron diffraction patterns were recorded
at the 5 MW research reactor in Budapest on the
triple axis spectrometer used in elastic scat-
tering geometry. Measurements were obtained at a
wavelength A = 1,32 2. A wide momentum transfer
range, 0.4 81 < 0 < 5 871, was investigated;
however, only a smallier but the most character-
istic Q-range is presented here. There was no
need for very good resolution to identify struc-
tures corresponding to the different phases of
MBBA. Rather, since a nondeuterated sample was
used giving a high incoherent background the ex-
perimental parameters were chosen to get high
intensity. The presented diffraction patterns
are corrected for background. Gaussian curves
were fitted to the observed maxima and are given
in the figures.

Vibration spectra of MBBA were measured on
a DFS-24 Raman spectrometer equipped with a
50 mW He~Ne laser in the Institute for Solid
State Physics, Chernogolovka, USSR.
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RESULTS AND DISCUSSION

In FIG. 1 a set of neutron diffraction pat-
terns is given in the most important and charac-
teristic part of the
momentum transfer
region measured.
Curves 1 and 2 cor-
respond to the
structures of a non-
aligned sample in
the nematic liquid
crystalline and the
glassy phases, re-
spectively. The dif-
ference between the
two curves is the
shift in the peak
position namely in
the case of GLC to-
wards larger momen-
tum transfers. This

NEUTRON INTENSITY [ARBITARY UNITS]

125, 5

otk corresponds to the
decrease of the

average molecular
FIGURE 1 distance and the
narrowing of the
Neutron diffraction pattern peak in GLC. (This
means that the cor-
relation between
(0 - scattering angle) for molecules has in-

as a fumction of § = %?sin@

different phases of MBBA. creased in GLC com-
1. = Nematics (300 K); pared with the LC
2. - Glassy liquid crystal phase.) At the same
(77 K); 3., 4., 5. = dif- time one can state
ferent crystal modifica- that the general
titons (77 K). form of the curves

for the GLC and LC
phases is the same, meaning that their structure
should also be very similar. This statement is
valid for all the measured Q-regions, not only
the given one. The translationally disordered GLC
state can be well stabilized below 200 K. If,
however, it is warmed up to higher temperatures,
transition to the crystalline state occurs. The
degree of transition depends on the temperature
of the sample (at T > 200 K) and the time spent
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at the particular temperature. This transition is

irreversible.
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FIGURE 2

Raman spectra of dif-
ferent solid struc-

tures of MBBA at 10 K.

1. - Glassy liquid
erystal; 2. - partly
transformed GLC into
erystal; 3., 4., and
5. - different crys-
tal phases.

Curve 3 in FIG. 1 corresponds to a

crystalline structure
after a complete tran-
sition produced by
heating up to 270 K.
On the other hand the
transition process
can be stabilized at
a certain stage by
rapidly cooling down
the sample. In this
way samples can be
produced which are
partly transformed
from the state of
translational disor-
der and orientational
order of GLC to the
state of complete or-
der of the crystal-
line phase.

MBBA is known to
have different poly-
morphic crystalline
modifications. These
structures can be ob-
tained by different
heat treatment and
distinguished e.g. by
thelr Raman spectra
as discussed below or
by their neutron dif-
fraction patterns (3,
4 and 5 in FIG. 1).
To our knowledge the
space groups of these
crystalline modifica-
tions are not known
and no effort was
made in the present
work either to deter-
mine them.

Stokes lines as
observed by Raman
scattering are pre-
sented in FIG. 2 as
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measured at 10 K. Curve 1 shows the smooth spec-
trum of the GLC phase. After warming it up the
GLC phase transforms to a crystalline one charac-
terized by curve 3. (After transition the sample
was cooled down.) Curve 2 was measured when the
GLC - crystal transition process was stopped in
an intermediate state. The partial translational
ordering gives rise to a broad line in the 25-50
cm~l frequency range. Its short wavelength edge
fits the most characteristic phonon peak of the
crystalline phase.

The existence and shape of this peak can be
interpreted by the scattering of phonons on crys-
tal defects. It is obvious that the existence of
a broad spectral peak in partly disordered
samples is connected with the finite, i.e. de-
creased coherence length of phonon states when
the optical transitions into states with & # O
of the Brillouin zone of the crystal can be re-
solved [6].

To compare the crystal phase formed from
GLC with the other modifications we produced
crystalline phases by different heat treatments
and measured by Raman scattering; this allows
the distinction or identification of phases. The
phase represented by curve 4. Phase 3 can be ob-
tained only from the GLC state. Physe 4 forms
from 3 but can be produced by other methods too
'7]. The stable phase 5 forms from supercolled
melt by slow cooling. Raman spectra of phases 4
and 5 are also given in [7] at 80 °K.

Thermal pre-history of our samples for
Raman studies was the same as for those used in
neutron diffraction. Therefore the 3, 4 and 5
labels both in FIG. 1 and FIG. 2 represent the
same phases.

CONCLUSIONS

Experiments on many molecular crystals
based no neutron inelastic scattering, light
spectroscopy etc. have enabled to see intermol-
ecular vibrational modes (phonons) of molecular
crystals quite widely studied and understood
theoretically as well as experimentally. The
microdynamics of liquid crystals is, however,
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known at a much lower level. From this point of
view the investigations of GLC represent promis-
ing way to learn more about the structure and
collective excitations of partly disordered sys-
tems in general and liquid crystals in particu-
lar.

The phase transition GLC - crystal can be
interpreted as a decelerated in time transforma-
tion from the LC to the crystalline state. There-
fore, the GLC - crystal phase transition, which
can be investigated at different stages, may
serve to a certain extent as a model of the
LC » crystal transition (meaning only the change
of the structure and not the translational mo-
tions of molecules) which is not yet very well
understood theoretically although a great deal
of effort has been made experimentally.
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