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SmA–SmC–B2 polymorphism in an achiral cyano substituted
banana-shaped mesogen
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Institut für Physikalische Chemie, Martin-Luther-Universit ät Halle-Wittenberg,
Mühlpforte 1, 06108 Halle/S., Germany

(Received 12 November 1999; accepted 26 January 2000)

A new achiral � ve-ring banana-shaped mesogen is presented which has a cyano substituent
in the 4-position of the central core. Microscopical, X-ray, dielectric and electro-optical
investigations give evidence for the unusual phase sequence B2 , SmC, SmA. The B2 phase
shows an antiferroelectric switching behaviour; the spontaneous polarization was found to be
330 nCcm Õ 2.

In 1996 Niori et al. [1] reported a new ferroelectric crystalline properties could not be detected. In this paper
phase formed by achiral banana-shaped mesogens. In we present a banana-shaped mesogen where a cyano
the intervening period, a number of new banana-shaped group is substituted in the 4-position of the central core.
mesogens have been synthesized [2–14]. Up to now � ve The synthetic route is shown in the following reaction
smectic-like mesophases without in-plane order have scheme:
been clearly distinguished by X-ray diŒraction measure-
ments [2, 15] and three of them show antiferroelectric
switching behaviour. The phase behaviour of banana-
shaped mesogens is determined by diŒerent structural
elements—by the size of the molecule, the position
as well as the magnitude of the bend, the number and
position of substituents, the linkage groups and the
length and structure of the terminal chains. Generally it
is found that minor changes in these structural elements
can lead to drastic changes in the phase behaviour. For
example, the liquid crystalline properties can be strongly
in� uenced by the nature and position of substituents at
the central core.

Starting from the basic molecule of the parent series
reported by Niori et al. [1] a CH3-substituent in the
2-position gives rise to the formation of the switchable
B

2
and B

5
phases [5]. By introduction of a nitro group

in the 2-position, a B7 and a higher ordered, low temper-
ature phase arise [6]. The introduction of chlorine in The elimination of water from 2,4-dihydroxybenz -
the 4-position gives a B2 phase as in the unsubstituted aldoxime prepared from 2,4-dihydroxybenzaldehyd e was
compounds [7, 8]. Even small substituents in the brought about according to a slightly modi� ed procedure
5-position (that means at the top of the bent molecule) of Serrano et al. [16, 17] with acetic anhydride, and
are disadvantageous for the formation of mesophases. following deprotection of the acetate gave 2,4-dihydroxy-
Therefore, for the 5-cyano substituted compounds, liquid benzonitrile. The esteri� cation of 4-(4-tetradecylphenyl -

iminomethyl)benzoic acid [18] was successful using DCC/

DMAP. Experimental details will be given elsewhere.*Author for correspondence.
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An initial identi� cation of the liquid crystalline phases phase. The switching behaviour is completely changed at
the transition into the low temperature phase. Applyingwas carried out using polarizing optical microscopy

(Leitz Orthoplan equipped with a Linkam THM 600/S hot an electric � eld in the fan-shaped texture, irregular stripes
parallel to the smectic layers arise which is charac-stage). The phase transition temperatures were detected

by diŒerential scanning calorimetry (DSC7, Perkin Elmer). teristic for a B2 phase. It is seen from � gure 2 that the
texture of the switched state is diŒerent for an oppositeThe phase structures were determined using X-ray

diŒraction on powder-like samples. X-ray scattering sign of the applied � eld. Applying a triangular voltage,
two current peaks appear indicating an antiferro-experiments on powder-like samples were carried out

using the Guinier method (Huber DiŒraktionstechnik electric switching behaviour (� gure 3). From the current
response, a spontaneous polarization of 330 nC cm Õ 2GmbH) and small angle equipment. In all X-ray experi-

ments, the temperature was controlled to better than could be determined, which increases slightly with falling
temperature.Ô 1 K. Electro-optical investigations were made using

the usual experimental set-up described in an earlier Dielectric measurements were made during cooling
to reduce the time for temperature stabilization of thepaper [7]. Dielectric measurements were carried out on

non-oriented samples in a brass capacitor (spacing sample. Nevertheless, decomposition of the sample was
observed, resulting in a shift of the phase transition0.01 cm) coated with gold. The cell was calibrated with

cyclohexane. Capacity and resistance were measured in temperatures. The samples could not be oriented. The
dielectric loss e ² and dielectric constant e ¾ were calculatedthe frequency range between 0.1 Hz and 10 MHz using

a Solartron-Schlumberge r impedance analyser in com- at diŒerent frequencies. Figure 4 shows dielectric dispersion
curves for the three mesophases over a limited frequencybination with a Chelsea interface. The temperature was

controlled by a Eurotherm control unit. range. The high e ¾ values at low frequencies result from
the formation of a double layer at the interface betweenThree mesophases could be clearly distinguished by

their characteristic textures. The high temperature phase the gold and the liquid crystal. In the isotropic (I) and
smectic A (SmA) phases, the expected dielectric constantsexhibits a fan-shaped texture, � gure 1 (a), or a homeo-

tropic texture indicating a SmA phase. On cooling, the of 5 and 8, respectively, at 10 kHz were obtained. The
decrease of the dielectric constants at higher frequenciesfan-shaped texture is transformed into a broken fan-

shaped texture, � gure 1 (b), whereas the homeotropic results from dielectric dispersion connected with the
reorientation of the molecules about their long axes [7].texture forms a schlieren texture. In consequence this

phase is assigned as a SmC phase. The transition into The e ¾ values in the SmC phase of about 16 are unusually
high. In the B2 phase an additional low frequencythe low temperature phase is accompanied by a clear

change of the broken fan-shaped texture, � gure 1 (c), relaxation process at about 100 Hz is detected.
For a detailed analysis, both the (imaginary) dispersionand by a discontinuous change of the birefringence in

the SmC schlieren texture. Taking into consideration the and (real ) absorption curves at a given temperature were
� tted together to one or two (B2 ) Cole–Cole mechanismsresults of the calorimetric measurements, the follow-

ing transition scheme results where the assignment of taking into consideration the (imaginary) conductivity
and the real double layer [7]. The limits of the dielectricthe low temperature phase is based on the results of

electro-optical and dielectric measurements. constants so obtained are presented in � gure 5. Stepwise
changes of the dielectric constants indicating a phase

Cr 88
[20.4]

B2 126
[1.5]

SmC 140
[-]

SmA 164.5
[6.6]

I ( ß C)
(kJ molÕ 1)

transition are marked by arrows and vertical lines for the
temperature shifts of the phase transitions. The respective
relaxation times are given in � gure 6. By comparisonNote that at the transition SmA–SmC there is no

calorimetric peak, indicating a phase transition of second with analogous substances it is evident that the observed
relaxation is related to the reorientation of the moleculesorder, while for the transition of the SmC phase into

the low temperature phase a transition enthalpy of about their long axes.
In � gure 5 the clear decrease of all phase transition1.5 kJ mol Õ 1 was measured. In comparison with the

analogous chloro substituted compound (Cr 68 B2 127 I temperatures (marked by vertical arrows) is caused by
partial decomposition of the substance at the high[7]) a much higher clearing temperature occurs.

In electro-optical measurements the SmC phase shows temperatures. The static dieletric constant e0 in the
isotropic state behaves as normal, and that in the SmAa weak � eld-induced switching whereby the textures in

the switched state are independent of the sign of the phase can be explained by a more planar orientation of
the molecules with a high perpendicular dipole moment.applied � eld. Since the same switching behaviour was

also observed with an a.c. � eld up to 10 kHz, we explain The relaxation time for the reorientation of the molecules
about the molecular long axes does not change at thethis by a dielectric reorientation caused by the coupling

of the � eld with the dielectric anisotropy of the SmC phase transition as usually observed in calamitic liquid
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Figure 2. Texture of the B2 phase: (a) 0 V; (b) +42 V;
(c) Õ 42 V. Sample thickness = 10 mm; temperature = 110 ß C.

Figure 1. (a) Fan-shaped texture of the SmA phase (142 ß C);
(b) broken fan-shaped texture of the SmC phase (128 ß C);

with increasing positive dipole correlation. In this way(c) broken fan-shaped texture of the B2 phase (125 ß C).
the observed SmC phase may be a transition state
into the B2 phase where such eŒects are observed in all
substances investigated [7, 19, 20]. Such a behaviour is
also seen in the relaxation times. Instead of the expectedcrystals [18]. Quite unexpected results are obtained in

the SmC state: dielectric constants and relaxation fre- step of the relaxation times, a continuous increase of t
2

is observed. The B2 phase shows the typical two absorp-quencies increase with decreasing temperature. In this
way e0 increases to the exotic value of about 30 which tion ranges (see also � gure 4). By cooling below 97 ß C

further anomalies are seen in � gure 4 which may resultcan never result from any independent dynamic eŒect
of the dipolar molecules. So, we have to assume in the from an additional phase transition. The dynamic and

calorimetric investigations do not re� ect this anomaly.SmC phase a gradual change of the structure to one
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Figure 3. Switching current response in the B2 phase obtained
by applying a triangular voltage (50 Vpp; 10 Hz; 90 ß C;

Figure 6. Fitted dielectric relaxation times according to thesample thickness 6 mm).
Cole–Cole equation.

X-ray Measurements for non-oriented samples indicate
a layer structure without in-plane order for the three meso-
phases described above. Figure 7 displays the scattering
diagram of the B

2
phase in the small and wide angle

regions. It is identical to that of the SmC phase, as
expected for these phases, but it clearly rules out the
existence of other smectic phases like higher ordered
phases or SmC̃ phases. In connection with the switching
behaviour and the dielectric processes, the results strongly
support the existence of the B

2
phase. The layer period

(d-value) however displays a quite unusual behaviour.
Instead of an expected decrease with decreasing tem-
perature, the layer spacing increases slightly and con-
tinuously at the transitions SmA � SmC and SmC � B2
(see � gure 8). The d-value in the B

2
phase was found to

Figure 4. Dielectric dispersion curves of diŒerent phases be 5.1 nm (in comparison the length of the bent molecule
(I, SmA, SmC, B2 ).

is about 6 nm).

Figure 5. Fitted dielectric constants according to the Cole– Figure 7. Scattering diagrams of the B2 phase (T = 100 ß C).
The small angle region has been measured with the smallCole equation. The horizontal arrows indicate the shift

of phase transition temperatures which is due to partial angle equipment. The scattering in the wide angle region
has been recorded with a Guinier goniometer.decomposition of the substance at high temperatures.
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