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In this paper we present the characterization of a new chiral mesogen with a lateral bromo
substituent The identification of the various smectic phases is achieved by texture observation,
miscibility studies and DSC. The optic and electro-optic properties are also investigated. The
real part of the complex dielectric permittivity as a function of the temperature was also
measured in the planar geometry for thin samples. The dielectric behaviour will be qualitatively
discussed on the simple assumption of different anchorings. These results point out the
importance of anchoring conditions in relation to the macroscopic properties observed in

very thin cells of antiferroelectric liquid crystals.

1. Introduction

Since the discovery of the ferroelectric phase (SmC*),
several smectic variants distinguished by their behaviour
under electric fields have been identified. Some of them
are of technological interest [1,2], for example, the
antiferroelectric (SmC}) phase. The others are of rather
intellectual interest, like the ferrielectric (SmC¥,;) phases.
In any case, since the identification of the smectic C*
variants of MHPOBC, some properties of these phases
remain subject to controversy, as for instance the exact
structure of the SmC¥; phases. The successful application
of the resonant scattering technique at the sulphur K
edge has clarified the situation and shown the existence
of two-, three- and four-layer periodicities, respectively, in
the SmC} SmCFy;, and SmCyy, phases [ 3, 4]. Nevertheless,
some discrepancies remain between the resonant X-ray

* Author for correspondence
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scattering results and optical measurements [4]; that is
the reason why new scattering experiments on materials
containing other resonant atoms are expected.

In this paper we present the characterization of a
new chiral molecule with a lateral bromo substituent,
specially designed for resonant X-ray diffraction. The
results of the resonant X-ray diffraction obtained on this
compound have already been reported in a separate
publication [ 5]. Here, the various phases are studied by
texture observation, miscibility experiments and DSC.
The optic and electro-optic properties are also investi-
gated, as well as the dielectric behaviour of the different
smectic phases measured in the planar geometry for thin
samples.

2. Material and mesomorphic properties
The compound studied in this paper is prepared
following the scheme:
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The final compound is obtained by an esterification
reaction between the (R)-phenol (5 in the above scheme)
[6] and 3-bromo-4-dodecyloxybiphenyl- 4'-carboxylic
acid (9 in the above scheme) in dichloromethane in the
presence of DCC and DMAP. It was purified by chroma-
tography over silica gel with dichloromethane as eluent.
The pure product was crystallized from absolute ethanol.
Its mesomorphic sequence is:

Cr 75.1 SmC% 109.5 SmC}, 110 SmC* 175
SmA 195 I (°C).

Temperatures were recorded in DSC scans on heating
at 3K min~'. On cooling from the isotropic liquid,
the SmA phase is obtained with the focal-conic optical
texture and (or) the homeotropic texture. On further
cooling, the SmC* phase appears with striated focal-

conics and the homeotropic domains become coloured.
Cooling the SmC* phase to the SmCf, and then the
SmC} phase induces a rapid motion in the homeotropic
domains characteristic of the ferrielectric phase. The
temperature range of this single SmCf; phase is very
narrow. Miscibility of the new compound with the n=10
homologue of the well known thiobenzoate ntOTBBB1M7
series was investigated in order to identify the observed
mesophases. The bulk C,, thiobenzoate shows the
following phase sequence:

Cr 106 SmC} 112 SmCfy; 114 SmCiy, 119.2 SmC* 120
SmC?# 122 SmA 150 I (°C)
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This material exhibits two ferrielectric phases [ 7], but
the SmCF;;—SmC{,, transition could not be traced for
all compositions of the binary mixtures. Consequently,
the nature of the ferrielectric phase of the brominated
compound could not be inferred from this miscibility
study. On the other hand, the SmC%, SmC* and SmA
phases are individually continuously connected and
therefore unambiguously identified.

3. Optic and electro-optic experiments

Helical pitch measurements were performed both by
the Grandjean—Cano (GC) method and by analysing
the selectively reflected light. The samples were heated
using a Mettler FP5 hot stage (accuracy 0.1°C). The
appropriate alignment for the SmC* (or SmC}) phase
in the prismatic sample is pseudo-homeotropic [8]. In
such an orientation the smectics layers are roughly
parallel to the substrate and the angular position of the
molecules on the smectic cone is set by the rubbing
on the glass plates. Moreover the analysis of the light
selectively reflected by flat pseudo-homeotropic drops
laid on a glass slide coated with silane provides accurate
pitch values, especially for the SmCX phase where a
small number of GC steps are obtained. The spectral
analysis was performed using a 270M-Jobin—Yvon
spectrometer [97].

In order to study the electro-optic properties, the
material was confined between two ITO coated glass
slides separated by 7.5 um thick spacers, with an active
electrode surface of 25mm?. The homogeneous planar
geometry was obtained by using a rubbed polyimide
alignment layer. It was improved both by using slow
cooling (0.1°C min™ 1) through the isotropic to SmA
phase transition, and also by applying an a.c. electric
field of 0.2 V um™ ' at a frequency of 20 Hz in the vicinity
of the SmC-SmC* phase transition on cooling. The
quality of the alignment was checked by polarizing
optical microscopy. The variation of the spontaneous
polarization with temperature was examined under the
same electric field conditions, namely saturated con-
ditions [ 107], by detecting the switching current under a
triangular wave electric field. The apparent tilt angle
was measured as a function of temperature, using the
well known ‘switching’” method [ 117]. This method con-
sists in unwinding the helicoidal structures by applying
a sufficiently strong square wave electric field of low
frequency (10 Vum™' at a frequency of 0.2Hz) to the
complex, dipolar, ordered smectic phases, and measuring
the angular difference between two extinction positions
through crossed polarizers.

The conventional dielectric measurements [12, 13] in
the frequency range from 10Hz to 1 MHz were made
using an impedance analyser (Schlumberger 1260).

4. Results and discussion

Let us first analyse the helical pitch behaviour through
the different smectic phases (figure 1). The pitch in the
SmC} phase is almost constant: it varies on heating
from —0.32 um at lower temperatures to —0.43 pm just
below the ferrielectric phase transition. This is also the
case in the SmC* phase within which the helix pitch is
about + 0.65 um. The minus and plus signs for the pitch
values, respectively, in the SmC} and SmC* phases only
indicate that the sense of rotation of the twist is inverted.
It can often be associated with a reversal of the sense of
the helix [14] which occurs in the ferrielectric phase.
In the SmC} phase the selective reflection of the light
always corresponds to 4 =mnp (where 1 is the reflected
wavelength, n the average refractive index (n = 1.5) and
p the pitch value); as for the SmC* phase the selective
reflection corresponds to A =np or to A =2np for pitch
values smaller than 0.3 um (this limit of 0.3 um is fixed by
the sensitivity of the spectrometer). The pitch measure-
ment on cooling is given only to show the existence of the
hysteresis on crossing through the SmC3—SmCf—SmC*
phases transitions. This hysteresis is large considering that
in the homeotropic geometry the molecular anchoring
energy is weak.

Figure 2 shows the variation of the spontaneous polar-
ization versus temperature, P (7). The frequency of the
triangular wave is 54 Hz, and the maximum field value
is 10 Vum™"'. This field is high enough to switch the
ferrielectric and antiferroelectric phases into the homo-
geneous ferroelectric phase. Under these conditions, no
anomaly could be detected on the P,(T) curve at the
phase transitions. The value of the saturated polarization
close to the ferroelectric—antiferroelectric phase transition
is around 90 nCcm ™.

The variation in the tilt angle as a function of temper-
ature shows no anomaly at the smectic phase transitions
except to T, where a tail due to the classical electroclinic
effect is always observed. The saturated value of the
apparent tilt angle is around 32° within an accuracy of
1°, which seems to be consistent with the value of the
steric angle obtained from X-ray measurements [15].

We have also measured the complex dielectric constant
as a function of temperature for various frequencies.
Note that for each temperature, the value of the real
¢'(w) and imaginary &"(w) parts of the dielectric constant
¢¥(w) were corrected taking into account the resistivity
of the ITO plates and the conductivity of the material
extrapolated to zero frequency.

In figure 4, we present the variation of the real part
of the permittivity for several frequencies as a function
of temperature as recorded during: (a) the cooling and
(b) the heating process. The cooling (heating) rate is
now 0.1°C min™'. This dielectric measurement does not
allow us to distinguish easily the different smectic phases
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Figure 1. Helical pitch versus temperature on heating and on cooling (respectively, star and open triangle).
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Figure 2. Temperature dependence of the spontaneous polarization under a triangular wave electric field and saturated conditions,
in a 7.5 pm planar cell.
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Figure 3. Temperature dependence of the apparent tilt angle under a square wave electric field of low frequency in saturated
conditions, in a 7.5 um planar cell.

and the transition temperatures between them, except
for the SmA-SmC* transition. However, we note that
the real part of the complex permittivity for 1kHz in
the SmA phase is small and quite constant. It exhibits a
drastic increase in the vicinity of the transition (close
to T =176.8°C) from the SmA to the SmC* phase due
to the appearance of the ferroelectric helical structure.
This transition temperature between the paraelectric and
the ferroelectric phase can be reported as the maxi-
mum in the real part of the complex permittivity at low
frequency and the minimum for high frequency accord-
ing to [ 16]. The associated Goldstone mode relaxation
gives the most important contribution in & at this
frequency. The relaxation frequency of this mode was
measured as nearly 3 kHz, almost temperature independent
in the ferroelectric phase as already published [17].
Obviously during the cooling process, we can observe
a smooth increase in the value of the real part of
the complex permittivity for low frequencies, inside the
ferroelectric phase close to 120°C.

The last remark we make on comparing figures 4 (a)
and 4 (b), concerns the important spread in the transition
temperature in the vicinity of the SmCj} phase, 4(a),
compared with the DSC results (109.5°C). In fact, the
SmC} phase is well characterized in dielectrics by a
very weak value in ¢’ independent of the frequency, as

observed below 75°C, in our cell of 7.5 um thickness,
during the cooling process. Let us focus on this last
point in relation to figure 5. The behaviour of the real
part of the complex permittivity for 1kHz is reported
on heating as well as on cooling, at a rate of 0.1°C min™'
in the SmC;-SmC;—SmC* temperature range. We can
note that during the heating process the amplitude of
the real part of the permittivity remains weak close to
T =115°C which suggests that the antiferroelectric char-
acter remains in this temperature range. Such thermal
hysteresis seen in ¢’ has already been mentioned in the
range of the antiferroelectric phase for other compounds
[18]. The same important conclusion can be reached in
our case, in relation to the decreasing amplitude of this
thermal hysteresis for thicker cells.

We can qualitatively explain the behaviour of ¢’ in the
antiferroelectric phase, taking into account the surface
anchoring energy already described in [19]. In a first
approximation (when the surface anchoring state is
assumed independent of the bulk), this anchoring energy
can be written in a general form as a function of two
polarization (P) and antipolarization (A) vectors. P,
is the magnitude of the spontaneous polarization and
Y1, Y2, V3 are the anchoring constants.

W=—v(n P/Po)z_Vz(n P)—7yi(n A)2
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Figure 4. (a) Real part of the complex dielectric permittivity versus temperature, during a cooling process (rate 0.1°C min™ '), for
the following frequencies: 1, 5, 10, 20, 100kHz. (b) Real part of the complex dielectric permittivity versus temperature, during
a heating process (rate 0.1°C min~ '), for the following frequencies: 1, 2, 5, 10kHz
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Figure 5. Real part of the complex dielectric permittivity versus temperature during both cooling and heating processes for 1 kHz.

which can be rewritten as
W(p, ) = —cos® ¢ cos® Y — y cos ¢ cos
— par Sin* ¢ sin®

with ¢ =+ ¢ 1)/2 and ¥ = (@, — §,, ,)/2, where ), is
the azimuthal angle in the ith layer and g, yar are the
recalculated anchoring coefficients. One can also expect
three possible anchorings exhibiting three local or
absolute minima, when the influence of the bulk is not
yet considered. Two of them are ferroelectric (y =0, ¢ =0
or m) and the third is antiferroelectric (y = /2, ¢ = n/2).
Only the ferroelectric anchoring (FE, yy =0, ¢ =0) of
the molecules on the surfaces can exist in the ferroelectric
phase, but in the antiferroelectric phase the FE and
the antiferroelectric (AF) anchoring can exist with the
possibility of a transition between them induced by
temperature variation.

The thermal hysteresis depicted in figure 5 can be so
interpreted as follows: in the cooling curve, below 110°C
(the temperature of the SmC*-SmCY; phase transition
in the bulk), the amplitude of the real part of the complex
permittivity remains significant and continuously decreases
up to 75°C. This can be due to the surface anchoring
which can remain ferroelectric far below the antiferro-
electric phase transition in the bulk. When the temper-
ature decreases, the ratio between the antiferroelectric
structure in the bulk and the FE state due to the surface

anchoring increases; this leads to a continuous decrease
in the real part of the complex permittivity. Close to
75°C, the surface anchoring energy can be changed from
the FE to the AF state and the whole cell becomes
antiferroelectric. During the heating process, upto 110°C,
the bulk and the surfaces maintain the antiferroelectric
structure and the AF anchoring, respectively. This state
still remains several degrees above 110°C, as shown by
the very weak value of the real part of the complex
permittivity. In the vicinity of 117°C, the drastic increase
in the real part of the complex permittivity can be
associated with the antiferroelectric to ferroelectric phase
transition in the bulk, and simultaneously the change
from the AF to FE anchoring at the surfaces (because
the AF anchoring cannot exist in the ferroelectric phase).
Then, the whole cell becomes ferroelectric, inducing the
drastic increase in ¢" at this frequency.

5. Conclusions

A new chiral compound, with a lateral bromo sub-
stituent and exhibiting the complex dipolar, ordered
smectic phases of the ferroelectric, ferrielectric and anti-
ferroelectric kinds, has been synthesized. This material
displays only one ferrielectric phase in a very narrow
temperature range and the nature of this phase could
not be inferred either from resonant X-ray scattering
experiments [ 5] or from our miscibility study. Therefore
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only the SmC3 and SmC* phases are unambiguously
identified as having helix structures. The helix shows a
strong twist with a change of sense between these two
phases (inside the ferrielectric phase). The saturated
value of the spontaneous polarization and the tilt angle
in the SmC} phase are about 90nCcm™> and 32°
respectively. The large thermal hysteresis, observed in
the antiferroelectric phase by the dielectric measure-
ments, has been discussed by considering two different
types of anchoring (FE or AF) for the molecules on
the surfaces in the antiferroelectric phase, and only one
anchoring (FE) in the ferroelectric phase. The transition
between the different anchoring types is induced by tem-
perature variation. In a similar way, our study emphasizes
the importance of the boundary conditions in relation
to macroscopic properties measured in thin cells of anti-
ferroelectric liquid crystals. Consequently, the assignment
of the transition temperatures for the phase sequence
SmC%-SmC§-SmC*, based on the measurement of the
real part of the complex permittivity, requires particular
attention to thin cells.

Theoretical and experimental results concerning
the importance of anchoring in relation to dielectric
and electro-optic properties for thin cells containing
antiferroelectric liquid crystals will be published soon.
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