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Achiral bent-core azo compounds: observation of photoinduced
effects in an antiferroelectric tilted smectic mesophase
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and ANTAL JAKLI
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(Received 26 September 2003, accepted 4 December 2003 )

We report the synthesis and physical properties of four novel bent-core compounds,
containing an azo linkage and alkyl terminal chains. It is found that, except for the lowest
homologue, all the materials are liquid crystalline, exhibiting columnar or tilted polar smectic
phases. In one of the compounds a reversible photoinduced variation of the spontaneous
polarization of the antiferroelectric state was observed.

1. Introduction

A new surge of activity in the field of ferro-/antiferro-
electric liquid crystals has been prompted by the
observation of ferroelectric switching in achiral bent-
core (‘banana-shape’) molecules [1]. Following this
discovery, a large number of banana-shaped com-
pounds has been synthesized, and at least seven
different phases (chronologically assigned as By, -, B)
have been described [2-6]. Among them electro-optical
switching has been observed only in the smectic B,, Bs
and B, phases. The most widely studied B, phase is
identified as tilted antiferroelectric polar smectic
(SmCP,) phase with either synclinic (SmCyP4) or
anticlinic (SmC,P,) structures [2]. The B; phase is
unique and interesting due to its beautiful and
extraordinary textures [4], and may have a double
tilted director structure with C; symmetry [7]. The B,
phase has been designated as a columnar phase with a
rectangular lattice [5]. The B; and By phases are
considered to be crystalline phases [6].

A literature survey reveals that, bent-core molecules
containing an azo linkage have not been well studied
[8]. The introduction of the —-N=N- linkage in such
molecules brings a new dimension to this field, namely,
photochromism. The first liquid crystalline bent-core
azo compounds consisting of six aromatic rings and
exhibiting ‘banana-smectics’ were reported recently [9].
Later several more structural variants of these com-
pounds exhibiting a variety of smectic phases [10] were
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prepared, but no detailed physical characterization of
the materials was carried out, mainly because of their
high transition temperatures. In an attempt to reduce
the phase transition temperatures we designed and
synthesized several new bent-core azo materials con-
sisting of five aromatic rings with three different types
of linking groups connecting the aromatic rings to each
other to form the bent cores. These compounds
exhibited B; and B, mesophases at fairly low tempera-
tures [11]. It was also noticed that the compounds
with alkoxy-alkyl substitution, have lower transition
temperatures than the alkoxy-alkoxy substituted
compounds.

Based on these observations we have synthesized a
new series of bent-core azo compounds with alkyl
terminal chains. We find that, although the mesophase
ranges are reduced in these new materials, the transition
temperatures are even lower than those of the previous
materials [11]. In addition, in one of the new
compounds we show the first reversible photoinduced
variation of the spontaneous polarization.

2. Synthesis

AR quality chemicals and solvents were obtained
locally and used without further purification. However,
the solvents were dried for use as required. The purity
and chemical structures of all the intermediates and the
final compounds were confirmed by spectral data. IR
spectra were recorded using a Perkin-Elmer 1000
spectrometer. 'H NMR spectra were recorded in CDCl,
on a 200 MHz Bruker Aveance Series DPX-200 NMR
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spectrometer, using MeySi as an internal standard.
Microanalyses were performed using a Eurovector
Elemental Analyzer, Model Euro EA 3000.

During the synthesis we followed the route reported
previously [11] except that we have alkyl substitution at
both ends of the molecule (see the scheme). Accord-
ingly, 4-hydroxybenzaldehyde was esterified with 4-n-
octylbenzoic acid to obtain aldehyde 1. This was reacted
with 3-aminobenzoic acid in ethyl alcohol under reflux,
to obtain acid 2. Finally, acid 2 was esterified with the
required 4-n-alkyl-4'-hydroxyazobenzenes [12], in the
presence of 1,3-dicyclohexylcarbodiimide and DMAP
as a catalyst, using dry dichloromethane as solvent. The
alkyl chain R at one end was fixed as CgH;7. The chain
length at the other end R’ was systematically varied
from CgHis to Ci,H>5 (AB6—AB12). The final materials
were purified by several recrystallizations using butan-
2-one as solvent. The spectral data and microanalyses
obtained for all the compounds were satisfactory. The
analytical data obtained for AB12 are: IR vy, cm !

CHO COozH
DCC, DhidP
+ ——————————————————
dry CHaClz, 24h, B0%
aH R

HOLC

(KBr pellet): 2927, 2849, 1731, 1626, 1596, 1576, 1499,
1262, 1229, 1200, 1162, 1179, 1078, 923, 866. "H NMR
(CDCl) 6: 8.55 (s, 1H, -CH-N-), 7.31-8.14 (m, 20H,
ArH), 2.65-2.74 (m, 4H, Ar-CH,), 1.26-1.75 (m, 32H,
—CH»-), 0.88 (m, 6H, -CH3). Elemental anal: calcd for
Cs53Hg3N30,4, C 78.97, H 7.88, N 5.21; found, C 78.99,
H 7.82, N 5.29 %.

3. Physical properties

The transition temperatures and associated enthalpies
were determined by differential scanning calorimetry
(DSC7, Perkin-Elmer) at heating and cooling rates of
5°Cmin~'. All the compounds were found to be
thermally stable. The transition temperatures and
associated enthalpy changes are given in the table. As
expected, the transition temperatures and the thermal
stability of the mesophases are lower than those of the
alkoxy-alkoxy and alkoxy-alkyl substituted com-
pounds [11]. In addition we find that the melting
points as well as the clearing temperatures decrease
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Scheme. Synthetic scheme used to obtain the AB6-AB12 series.
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Table 1. Transition temperatures and associated enthalpy changes for the series AB6-AB12.

Phase sequence in °C (enthalpies in kJ mol™!)

Compound R R
131.5(26.7)
ABG6 C8H17 C6H13 (—__) T
138.9(23.1)
132,9(17.2)C01120.3(18 8)
ABS CgHy5 CgHyy 134.6(38.1)
I131.0(17.7)S C.P 1279(0‘22)S C.p 110,0(16A7)C
—— Sm(; A ——=>m(, A ——=Cr
AB10 CsHy7 CioHz; 132.3(17.3) 128.4(0.2) 126.9(19.8)
1129.6(18.5)S C.P |10.9(19.4)C
— SmC, ——Cr
—= al A ——=
AB12 CsHy7 CioHos 131.1(18.6) 120.5(35.1)

with increasing chain length. The compound AB6
(R'=CeH3) is not mesomorphic; AB8 (R =CgH;,)
shows only a monotropic mesophase; ABI10
(R'=CjoH»5) exhibits two enantiotropic mesophases
separated by a weak first-order transition, while AB12
(R'=C|,H»5) has an single enantiotropic mesophase.

The microscopic structures of the enantiotropic
mesophases (for AB10 and AB12) were determined by
X-ray measurements carried out in the Midwest
Universities Collaborative Access Team (MUCAT)
Powder Diffraction station of the Advanced Photon
Source of the Argonne National Laboratory
(E=9.684 keV, J=1.2803A, 3450 x 3450 resolution,
detector at 378.499mm from the sample). The mea-
surements reveal a single small angle diffraction peak at
20=1.9 (2.0) degrees corresponding to a ~38.6A
(37.2 A) layer spacing for AB10 (AB12). These distances
are clearly smaller than the end-to-end distances
(~50A) of the bent-core molecules indicating tilted
smectic phases with about a 35°-40° tilt angle. At wide
angles only a single diffuse peak is seen, implying fluid
in-plane structures. The small angle peaks are shown in
figures 1 (¢) and 1(b) for materials AB10 and ABI12,
respectively.

Polarizing microscopy and polarization current
measurements were carried out in 4pm films after
filling the materials into cells obtained from Display-
tech. The liquid crystal cells were placed in a computer-
controlled heating stage (STC2000F from Instec Inc.)
and the textures were studied using a polarizing
microscope (BX 60 from Olympus). For electric current
measurements and electro-optical studies a digital
oscilloscope (HP 54600B), a digital multimeter (HP
34401A) and an arbitrary waveform generator (HP
33120A) were used. The time dependences of the
electric current flowing through the samples were
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Figure l. Small-angle X-ray diffraction results on 16um
thick films of (a¢) AB10 and (b) AB12 at the high
and low temperature ranges of the enantiotropic
mesophases.
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measured both wunder triangular and rectangular
voltage excitations. The time dependence of the
polarization current under triangular waveforms gives
the nature of the polar phase (antiferroelectric or
ferroelectric), and the magnitude of the polarization
involved in the switching; whereas from the peak
position of the polarization current under rectangular
waveforms we can deduce the switching time.

The monotropic mesophase of material AB8 grows in
the form of dendritic domains on cooling from the
isotropic phase indicating a columnar (B;) mesophase.
The structure could not be switched using fields up to
40Vpm~! Typical textures during and below the
clearing point are shown in the top row of figure 2.

For AB10 the weak first order transition at 128°C

seen by DSC is not clearly visible in the polarization
current measurements. The polarization switching is
antiferroelectric in both ranges; furthermore the
magnitude of the polarization and the switching times
increase monotonously with no noticeable change at
128°C (see figure 3). The only difference to be seen is
that the switching angle drops to zero at 128°C, then
remains at zero up to the clearing point. Combining
this observation with the X-ray results (that show only
minor temperature dependence of the layer spacing), we
conclude that both are antiferroelectric tilted smectic
phases, with the higher temperature range being
racemic (SmC,P,), whereas the lower temperature
range is chiral (SmC,P,). The textures in the chiral
antiferroelectric SmC,P, phase are shown in the middle

Figure2. Polarizing microscopic textures of the compounds AB8-AB12. Top row: ABS8 (left and middle) at 129°C under cooling;
(right) at 125°C. Pictures represent about 130 x 100 um?> areas. Middle row: AB10 (left) E=—15Vum™'; (middle) E=0;
(right) at E=+15V um ! fields. In the left and right pictures a A/4 plate is inserted to emphasize the differences in opposite
fields. Pictures represent 133 x 100 um® areas; temperature 125°C. Bottom row: AB12 (left) E=—12.5V um '; (middle) at
E=0Vpum™'; (right) E= +12.5V um™'. Pictures represent 133 x 100 um? areas; temperature 125°C.
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Figure3. Temperature dependences of the ferroelectric polari-
zation and switching time measured under 13V pm™!
fields for ABI10.

row of figure2 both in the antiferroelectric and in the
field-induced ferroelectric states. We observed that the
clearing point of AB10 is suppressed by about 1°C
when illuminated by the light of a 100 W halogen lamp
in the polarizing microscope. Apart from this, no
observable change in the magnitude of the polarization
or in the switching processes was detected.

For ABI12 there is only one switchable polar smectic
phase, in agreement with DSC observations. As with
AB10, the polarization reversal current shows two
peaks in each half period of the triangular waveform of
the applied electric field, indicating that the phase is
antiferroelectric. Depending on the polarity of the
electric field the optic axis rotates back and forth
indicating a chiral (SmC,P,) structure. In this material
we could not detect the racemic texture independent of
the history of the sample. Typical textures in the
antiferroelectric state and in the field-induced ferro-
electric states are shown in the bottom row of figure 2.

It was observed that the value of the polarization, the
switching threshold, the switching times and the electric
conductivity values depend on the light illumination
during measurements. The material was illuminated by
a 100 W halogen photo optic lamp (Xenophot, HLX
64623). Its normalized spectrum together with the
transmittance of the AB10 and AB12 samples are
shown in figure4. It can be seen that both AB10 and
ABI12 absorb light strongly in the blue region, with the
difference that the absorption of AB12 is somewhat
stronger, especially in the low wavelength region. In
spite of this relatively small difference, the electric
polarization reduction was observed only for ABI2.
Specifically, for AB12 at 0.15 W cm ™ light intensity the
electric polarization values decrease by about 20%, the
threshold field for switching from the antiferroelectric

100
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/ — — light source \\
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20 ’_.l" \
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0
500 600 700
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Figure4. Normalized light intensity spectrum of the halogen
microscope lamp (HLX 64623 from Osram) and the
transmittance of AB10 and AB12 at 7=125°C.

to the ferroelectric states decrease by 0.35Vpum™', and

the switching times increase by about 0.3us in the
whole SmC,P, range. The intensity dependence of the
variation of the spontaneous polarization is illustrated
in figure 5 (a). The data were fitted using the equation:

I 2
AP=AP / 1+(7°>

with parameters AP =—31.5nCcm 2 and
I,=0.14Wcm 2. The variations of the physical para-
meters are reversible with relaxation and onset times in
the range 5-10s. The time dependence of the electric
polarization under illuminated and dark conditions are
shown in figure 5 (b). The temperature dependences of
the amplitude of the ferroelectric polarization values
and the switching times, measured both in the dark and
during illumination by microscope light, are shown in
figures 6 (a) and 6(b), respectively. The clearing point
under illumination (130.1°C) is 0.9°C lower than in the
dark; however this difference cannot account for the
noted differences in the physical parameters.

4. Discussion

The decrease of the ferroelectric polarization is most
likely due to a photochemical isomerization processes.
In the molecules studied there are two connecting
groups that are sensitive to light: the azo group and the
azomethine unit. However, we rule out the possibility
of photoisomerisation of the azomethine unit under the
experimental conditions used in the present studies.
Therefore we propose that only the azo linkage
undergoes trans—cis isomerization. Since the azo unit
is incorporated only on one side of the molecules, this
isomerization leads to a zigzag shape. We note that,
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Figure5. (@) Variation of the spontaneous polarization as a
function of the effective light intensity for ABI2 at
T=125°C. (b) Time dependence of the electric polariza-
tion under the application of the 0.14 W cm ™2 light and
on turning it off.

even without taking into account a possible photo-
induced decrease of the polar order, photoisomerisation
leads to a decrease of the ferroeclectric polarization,
since in the zigzag shape the contributions of molecular
dipoles in the arm containing the azo linkage partially
cancel each other. We note that the absorption induced
heating effect is less than 0.5°C from the measurement
of the steady values of the resistance in the dark and
bright states. This and the light-induced disordering
together cause the observed 0.9°C suppression of the
clearing point, which results in only a small contribu-
tion to the observed change of the polarization. We
note that a light-induced polarization decrease is
known for azo dye-doped ferroelectric SmC* liquid
crystals [13-16], but there the effect is mainly due to
light-induced disordering leading to more than a 10°C
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Figure 6. Temperature dependences of («) the polarization
and (b) the switching time as measured under a
13Vum ™' field in dark and illuminated environments
for AB12. The illumination is provided by a 100 W
halogen photo-optic lamp (Xenophot, HLX 64623) of the
polarizing microscope Olympus BX60.

suppression of the clearing point. The physical
mechanism of the reversible light-induced changes
observed here is different therefore from that seen in
these previous studies. More detailed optical and
electrical studies are in progress [17] to verify this
model and to clarify why we could not see similar
effects for AB10, which has a very similar phase
sequence and molecular structure.

The Midwest Universities Collaborative Access Team
(MUCAT) sector at the APS is supported by the U.S.
Department of Energy, Office of Science, Office of
Basic Energy Sciences, through the Ames Laboratory
under Contract No. W-7405-Eng-82. We are grateful to
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