This article was downloaded by:

On: 31 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals

Publication details, including instructions for authors and subscription information:

e http://www.informaworld.com/smpp/title~content=t713644168
ANTY

LIQUID CRYSTALS

Design, Synthesis and Characterization of Hydrogen-Bonded Ferroelectric
Liquid Crystals

. T V. N. Vijayakumar® M. L. N. Madhu Mohan®
2 Liquid Crystal Research Laboratory, Bannari Amman Institute of Technology, Sathyamangalam,
India

First published on: 08 July 2010

To cite this Article Vijayakumar, V. N. and Mohan, M. L. N. Madhu(2010) 'Design, Synthesis and Characterization of
Hydrogen-Bonded Ferroelectric Liquid Crystals', Molecular Crystals and Liquid Crystals, 524: 1, 54 — 67

To link to this Article: DOI: 10.1080/15421406.2010.484610
URL: http://dx.doi.org/10.1080/15421406.2010.484610

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713644168
http://dx.doi.org/10.1080/15421406.2010.484610
http://www.informaworld.com/terms-and-conditions-of-access.pdf

17:45 31 January 2011

Downl oaded At:

Copyright © Taylor & Francis Group, LLC Taylor & Francis Group
ISSN: 1542-1406 print/1563-5287 online
DOI: 10.1080/15421406.2010.484610

Mol. Cryst. Liq. Cryst., Vol. 524: pp. 54-67, 2010 Taylor & Francis

Design, Synthesis and Characterization of
Hydrogen-Bonded Ferroelectric Liquid Crystals

V. N. VDAYAKUMAR AND
M. L. N. MADHU MOHAN

Liquid Crystal Research Laboratory, Bannari Amman Institute of
Technology, Sathyamangalam, India

A novel series of hydrogen-bonded ferroelectric liquid crystals has been isolated. A
hydrogen bond was formed between chiral ingredient (S )-(+ )-6-methoxy-oa-methyl-
2-naphthaleneacetic acid ( Nap) and mesogenic p-n alkyloxy benzoic acids. A phase
diagram was constructed from the transition temperatures obtained by differential
scanning calorimetry (DSC) and polarizing optical microscopic (POM) studies.
Thermal and dielectric properties exhibited by these complexes, namely, Nap +nBA
(wheren==6 to 11), are discussed. A phase diagram of the present hydrogen-bonded
series was compared with that of the free alkyloxy benzoic acids (nBA). Nap +nBA
series exhibits cholesteric, smectic C*, smectic G*, and smectic F* phases. Dielectric
relaxations were studied in selected members of the homologous series that exhibits
cholesteric and smectic GF* phases. Dielectric studies indicate multiple relaxation
processes in the cholesteric phase and a single relaxation process in smectic G,
smectic F* phase. Activation energies calculated from the respective Cole—Cole plots
are discussed.

Keywords Chemical synthesis; dielectric response; liquid crystals; optical
properties; phase transitions

Introduction

Liquid crystals, discovered by Meyer et al [1], are important ingredients of many
display devices. Among various classes of liquid crystals, supramolecular arrange-
ment or the self-assembly capability category is referred to as hydrogen-bonded liquid
crystals (HBLCs). In recent years much work has been reported [2-14] in the
literature on these materials relating to design, synthesis, and characterization
aspects. Many research groups [15-18] are working on various synthesis routes
and characterization techniques for making hydrogen-bonded ferroelectric liquid
crystals (HBFLCs) suitable substitutes for existing systems.

HBLC materials have been known since the early 1960s [3,4]; however, in recent
times [5-13,18-21] much work has been done on these complexes. A hydrogen bond
enables various mesogenic and nonmesogenic compounds to form complexes that
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exhibit rich phase polymorphism. HBFLCs usually are composed of a proton donor
and acceptor molecules. The reported data [5-12,18-22] indicate that if an HBLC
material is mesogenic it is either one of proton donor or an acceptor molecules exhi-
bits mesogenic property. The chemical molecular structure [10,18-22] of HBFLC is
co-related to the physical properties exhibited by it. The reported literature suggests
the formation of HBFLC through carboxylic acids as well as from mixtures of unlike
molecules capable of interacting through H-bonding [13-21]. Usually in all these
HBLC:s the rigid core is made up of covalent and noncovalent hydrogen bonds.

With our previous experience [23-30] in designing, synthesizing, and character-
izing various types of liquid crystals, a successful attempt has been made in charac-
terizing a novel series of inter-hydrogen-bonded ferroelectric liquid crystals.

In the present communication a homologous series of HBFLC is designed in such
a way that the molecule possesses a chiral center and the hydrogen bonding is formed
between the ferroelectric ingredient (.S)-(4-)-6-methoxy-o-methyl-2-naphthaleneacetic
acid with mesogenic p-n alkyloxy benzoic acid. Thermal and electrical characteriza-
tion of these HFBLC complexes of the present series are discussed in detail.

Experimental

Optical textural observations are made with a Nikon polarizing microscope
equipped with a Nikon digital CCD camera system (Tokyo, Japan) with 5 mega pix-
els and 2560 x 1920 pixel resolutions. The liquid crystalline textures are processed,
analyzed, and stored with the aid of an ACT-2U imaging software system. The
temperature of the liquid-crystal cell is controlled by an Instec HCS402-STC 200
temperature controller Instec (Boulder, CO, USA) to a temperature resolution of
40.1°C. This unit is interfaced to a computer by IEEE-STC 200 to control and
monitor the temperature by the software program Wintemp. The liquid-crystal sam-
ple is filled by capillary action in its isotropic state into a commercially available
(Instec) polyamide buffed cell with 4 um spacer. Silver wires are drawn as leads from
the cell. An HP 4192A LF impedance analyzer is used for dielectric studies. The tran-
sition temperatures and corresponding enthalpy values are obtained by differential
scanning calorimetry (DSC), (Shimadzu DSC-60). Fourier transform infrared
(FTIR) spectra are recorded (ABB FTIR MB3000) and analyzed with the
MB3000 software. The p-n-alkyloxybenzoic acids (nBA) and (S)-(+)-6-methoxy-a-
methyl-2-naphthaleneacetic acid are supplied by Sigma Aldrich (Seelze, Germany)
and all the solvents used were E. Merck grade.

Synthesis of HBFLC

Intermolecular hydrogen-bonded ferroelectric mesogens are synthesized by the
addition of one mole of p-n-alkyloxybenzoic acids (nBA, where n=6 to 11) with
one mole of (S)-(4)-6-methoxy-o-methyl-2-naphthaleneacetic acid (Nap) in N,N-
dimethyl formamide (DMF). Further, they are subject to constant stirring for 12h
at ambient temperature of 30°C until a white precipitate in a dense solution is
formed. The white crystalline crude complexes so obtained by removing excess
DMF are then recrystallized with dimethyl sulfoxide (DMSO) and the yield varied
from 85 to 95%. The molecular structure of the present homologous series of p-n-
alkyloxybenzoic acids with (S)-(4)-6-methoxy-o-methyl-2-naphthaleneacetic acid is
depicted in Fig. 1, where n represents the alkyloxy carbon number.
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Figure 1. Molecular structure of Nap +nBA homologous series.

Results and Discussion

All the mesogens isolated under the present investigation are white crystalline solids
and are stable at room temperature (30°C). They are insoluble in water and sparingly
soluble in common organic solvents such as methanol, ethanol, benzene, and
dichloro methane. However, they show a high degree of solubility in coordinating
solvents like DMSO, DMF and pyridine. All these mesogens under present investi-
gation melt at specific temperatures below 134°C (Table 1). They show high thermal
and chemical stability when subjected to repeated thermal scans performed during
polarizing optical microscopic (POM) and DSC studies.

Infrared Spectroscopy (FTIR)

IR spectra of free p-n-alkyloxybenzoic acid, Nap, and their intermolecular
H-bonded ferroelectric complexes (Nap +nBA) are recorded in the solid state
(KBr) at room temperature. Figure 2 illustrates the FTIR spectra of the hydrogen-
bonded complex of Nap + 10BA in solid state at room temperature as a representa-
tive case. The solid-state spectra of free alkyloxybenzoic acid is reported [21] to have
two sharp bands at 1685 and 1695cm ™' due to the frequency »(C=0) mode. The
doubling feature of this stretching mode confirms the dimeric nature of alkyloxyben-
zoic acid at room temperature [21].

Further, in the present Nap + 10BA hydrogen-bonded complex, a band appear-
ing at 2924 cm ™" is assigned to #(O-H) mode of the carboxylic acid group. Further-
more, a band appearing at 1072cm ™' is assigned to fundamental skeletal mode of
carboxylic acid. Bands observed at 900 and 1260 cm ™' are assigned to »(O-H) out-
of-plane bending mode and in-plane bending of carboxylic acid, respectively. The
1(C-0) stretching in carboxylic acid is observed at 1174cm™'. A band appearing
at 2550cm ™! is assigned to (C=0) relating to the conjugate chelation mode of
the intramolecular hydrogen bond.

The doubling nature of »(C=0) mode may be attributed to the dimeric nature of the
acid group at room temperature [21]. Corresponding spectrum of solution state (chloro-
form) shows a strong intense band, suggesting the existence of monomeric form of ben-
zoic acid. A noteworthy feature in the spectra of Nap + 10BA complex is the appearance
of a broad band at 1682cm ™" and nonappearance of the doubling nature of (C=0)
mode of benzoic acid moiety. This clearly suggests that the dimeric nature of the benzoic
acid dissociates and prefers to exist in a monomeric form upon complexation.

Phase Identification

The observed phase variants, transition temperatures, and corresponding enthalpy
values obtained by DSC in cooling and heating cycles for the various members of
the homologous series are presented in Table 1.



‘unI 3urjoo)) (9) ‘unr Sunedy (y) ‘wonisuen doidonouop #

S'sy €TL 678 796 8501 (D) WOod
(v80) Tsy  (secD 61L  (CTsDv¥8 (€69 656 0L1'S6 €501 (®) Osa
# # # (99°0L) 9°L6 (W) Osa D d DU I
6CL Y16 ¥'501 6111 (D) Wod
60z 9L @8I 116 (81°0) 0°S01 (LoD ¥111 (@) osa
(STsV TL6 - (98D 6111 (69°0€) T°L8 (W) osa D0 U 01
799 €68 796 0201 (D) Wod
(€6'9¢) 099  (I€°LT) 0°68 (LE0) 8756 (L) 9'101 (@) Osa
# # (8050 T601  (YTHS) +'S6 (W) Osa D DU 6
8°0S 7’56 oIl (D) WOod
(€09¢) 505 (S9°¥¢E) 1°S6 (FL'8) T°€01 (@) Osa
(€9°0¢) 1°101 (€TL1) 8601  (ITSP) T'SL (W) Osa H U 8
6CL §'98 8701 (D) Wod
(0L82) 9TL  (9L717) 198 (¥€°6) €201 (® psa
# (STYD LsoT  (06'8S) L't6 (W) bsa R L
6'C6 1'86 THEl (D) WOod
(T98)9c6e  (LTL) L'L6 (LS'T) 8°¢€l (@) Osa
# # (sL€9) s'so01 (W) Osa DU 9
Kyrur([eIs£1o
x9[dwoo oruagosawr UON pmbi| oN S
[BISAID D W O 'j@) J[ow 0} [e1sA1)  onbruyoo] — ooueLIeA 3SBYJ  UOQIR))

8/r ur uoAI3 sonfea Adjeyiuo aanoadsar yym Suofe sanbiuyos) snourea Aq paure}qo apeisnueo ur sarnjeroduwd) uonisuel] ‘| dqEL

1102 Alenuer 1€ S¥ /LT

v pspeo jumog

57



17: 45 31 January 2011

Downl oaded At:

58 V. N. Vijayakumar and M. L. N. Madhu Mohan

= f
R / |
“] f
20 ‘
o 4 1
(ARSI RA RN AR RN RN LA L L N I B N B L B B AL B L
3500 3250 30C0 2750 2500 2250 2000 1750 1500 1250 1000 750 500

Figure 2. FTIR of Nap + 10BA complex.

Nap + nBA Homologous Series

The mesogens of the Nap and alkyloxy benzoic acid homologous series are found
to exhibit characteristic textures [31-34], viz. cholesteric (droplets), smectic C*
(schlieren texture), smectic F* (broken focal conic), and smectic G* (multi colored
mosaic texture) respectively. The general phase sequence of the Nap with hexyloxy
benzoic acid (Nap + 6BA), heptyloxy benzoic acid (Nap + 7BA), octyloxy benzoic
acid (Nap + 8BA), nonyloxy benzoic acid (Nap-+9BA), decyloxy benzoic acid
(Nap + 10BA), and undecyloxy benzoic acid (Nap+ 11BA), respectively, in the
cooling run can be shown as:

Isotropic — Ch — Sm G* — Crystal (Nap + 6BA, Nap + 7BA, Nap + 8BA)
Isotropic — Ch — Sm C* — Sm G* — Crystal (Nap + 9BA), (Nap + 10BA)
Isotropic — Sm C* — Sm F* — Sm G* — Crystal (Nap + 11BA)

It is noteworthy to mention that pentyloxy benzoic acid complex (Nap + SBA) does
not exhibit any liquid-crystalline property.

Paramorphic Textural Changes

As discussed above, all the complexes of Nap + nBA exhibit various phases charac-
terized by textural observations. It is worth mentioning the paramorphic textural
changes observed in smectic G*. As a representative case, smectic G* texture of
Nap + 6BA is discussed. As the liquid crystal complex Nap + 6BA is cooled from
cholesteric phase (133.8°C) to smectic G* phase (97.7°C) the multicolored mosaic
texture is observed (Plate la) with bright blue stripes. As the temperature is
decreased to 95.1°C, the color of the texture changes from bright blue to light green
(Plate 1b). A further decrease of the temperature to 92.8°C results in the reddish
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(a) (b)

(©

Plate 1. (a) Multicolored mosaic texture of smectic G* phase in Nap + 6BA with blue tinge
observed at 97.7°C. (b) Paramorphic changes in the texture of smectic G* phase in Nap + 6BA
6BA with blue tinge observed at 95.1°C. (c¢) Paramorphic changes in the texture of smectic G*
phase in Nap + 6BA with blue tinge observed at 92.8°C.

color of the texture (Plate 1c). It is important to note that the texture of the smectic
G* phase is unaltered but the color of the texture is changed. These paramorphic
changes in the texture of smectic G* are attributed to the change in the birefringence
of the material with the temperature.

DSC Studies

DSC thermograms are obtained in heating and cooling cycles. The sample is heated
with a scan rate of 10°C/min and held at its isotropic temperature for one minute to
attain thermal stability. The cooling run is also performed with a scan rate of 10°C/
min. The respective equilibrium transition temperatures and corresponding enthalpy
values of the mesogens of the homologous series are listed separately in Table 1. In
the DSC heating run, smectic G* phase of Nap 4+ 6BA, Nap + 7BA, Nap + 9BA, and
Nap + 11BA are observed to be monotropic transitions, whereas smectic C* is observed
to be monotropic transition in Nap + 9BA, Nap + 10BA, and Nap + 11BA and choles-
teric phase is observed to be monotropic in Nap + 6BA and Nap + 11BA complexes,
respectively. All other transitions are classified as enantiotropic transitions. Polarizing
optical microscopic studies are concurrent with the DSC results.
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DSC Studies of Nap + 10BA

As a representative case, the phase transition temperatures and enthalpy values of
Nap+ 10BA complex are discussed. Figure 3 illustrates the thermogram of
Nap + 10BA hydrogen-bonded complex recorded at a scan rate of 10°C/min for
the heating and cooling runs, respectively. In the cooling run of the DSC thermo-
gram the above compound possesses four distinct transitions, namely, isotropic to
cholesteric, cholesteric to Sm C*, Sm C* to Sm G*, and Sm G* to crystal with tran-
sition temperatures of 111.4°C, 105.0°C, 91.1°C, 72.6°C, and with corresponding
enthalpy values of 1.67, 0.18, 11.82, 22.09J /g, respectively. In the heating cycle three
distinct transitions namely, crystal to melt, melt to cholesteric, and cholesteric to Sm
G*, are obtained at 87.1°C, 111.9°C, 97.2°C, with corresponding enthalpy values of
30.69, 18.65, 15.25] /g, respectively. All these transition temperatures of the present
homologous series concur with POM studies.

Phase Diagram of Pure p-n-Alkyloxybenzoic Acids

The phase diagrams of pure p-n-alkyloxybenzoic acids (Fig. 4) were reported by us
[24] and the Nap + nBA homologous series is constructed through optical polarizing
microscopic studies and by the phase transition temperatures observed in the cooling
run of the DSC thermogram. The phase diagram of pure p-n-alkyloxybenzoic acid is
composed of three phases, namely, nematic, smectic C, and smectic G.

Phase Diagram of Nap + nBA Homologous Series

The phase diagram of Nap+nBA complexes is depicted in Fig. 5. A careful
observation of Fig. 4 reveals the following points:

a. Four phases, namely, cholesteric, and smectic C*, G*, and F*, have been observed
in the phase diagram.

b. Two phases, namely, cholesteric and smectic G*, are observed in all the members
of the homologous series; further, it can be noticed that the former phase

L Cryst. | ‘6" | ¢* [cn]iso.
L Nap+10BA Cooling i
T
o 2L 4
S
~
z
5 of -
G
5 -2 .
T
-4} -
Heating
-6} -
| | | | |
40 60 80 100 120 140
Temperature/°C

Figure 3. DSC thermogram of Nap + 10BA complex.
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(cholesteric) is the initial phase, whereas the latter phase (smectic G*) appeared as
the last phase in the entire series.

. At every increment of the odd alkoxy carbon number a new phase has been

induced. As an example, smectic C* phase has been observed from nonyloxy com-
plex (Nap+9BA) and smectic F* has been induced at undecyloxy complex
(Nap + 11BA).

the increment in the alkyloxy carbon number.

. The thermal range of smectic G* phase is observed to be twofold that of the
thermal range of cholesteric phase in the Nap + nBA phase diagram.
. The mesogenic thermal range of the homologous series gradually increased with

. In the present HBFLC series, odd—even effect has a pronounced influence on the

cholesteric to smectic G* transition temperatures; in other words, all the even
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Figure 5. Phase diagram of Nap +nBA homologous series.
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complexes follow one pattern and the odd complexes follow yet another pattern.
This odd-even effect is in concurrence with the reported [35-39] literature on
thermotropic liquid crystals. The odd—even effect observed at the cholesteric to
smectic G* transition is pronounced compared to the smectic G* to crystal
transition temperatures.

Comparision of Phase Diagrams

a. Compared to the pure alkyloxy benzoic acid phase diagram (Fig. 4), in the present
hydrogen-bonded ferroelectric homologous series (Fig. 5), the thermal range of
smectic G* phase has been drastically increased and it has quenched the nematic
phase in the lower homologous members, and a new higher ordered smectic F*
phase has been induced in the Nap + 11BA complex. The chain length and the
molecular width of the HBFLC favored induction of new smectic orderings.

b. Compared to the pure benzoic acid phase diagram in the present HBFLC series
the isotropic temperatures have considerably reduced, whereas the crystallization
temperatures are unaltered. This may be attributed to the increased chain length
and enhanced conjugation in the present HBFLC series.

Dielectric Relaxations in Smectic G* and Cholesteric Phases

Dielectric dispersion, ie., frequency variation of dielectric loss exhibited by various
HBFLC compounds studied at different temperatures in cholesteric and smectic G*
phases in the frequency range of 5 Hz to 13 MHz, is discussed below. An impedance
analyzer (HP4192A) is operated with 1 Vp_p oscillating signal with zero bias fields.
Relative permittivity ¢.(w) and dielectric loss ¢” (w) are calculated by the following
equations;

(o) = &) - i (o)
8/r(w) = [CLC - Cleads}/[cempty - Cleads]

el (w) = Tan 6(w) & ()
To detect the possible relaxation in the HBFLC complexes, the mesogens are
scanned in the frequency range of 5Hz to 13 MHz at different temperatures corre-
sponding to various phases. Two types of relaxation mechanisms, namely, multiple
relaxation process and Type I relaxation are observed in the cholesteric and smectic
G* phases of Nap +nBA (=38, 9, 10) mesogens respectively.

Type I Relaxation

Two types of relaxation mechanisms are observed in the present HBFLC homolo-
gous series. Type I relaxation is observed in the mesogens at higher frequencies of
several megahertz. In this type of relaxation mechanism, relaxation is not suppressed
by the applied bias voltage. The type I relaxations are related to the reorientation
mechanism of longitudinal dipole moment to the applied field. Further, the reorien-
tation of the longitudinal dipole moment pertaining to the flexible end chain bridged
by an electronegative oxygen atom is observed to respond rather slowly to the exter-
nal field in type I relaxation.
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Figure 6. Cole—Cole plots in smectic G* of Nap + 9BA.

As a representative case, the Cole—Cole plots for Nap + 8BA in smectic G* phase
at 73.9°C, 76.9°C, 79.9°C, 82.7°C, and 85.7°C are illustrated in Fig. 6. With
increment in the temperature, the shift in the relaxation frequency is depicted as vari-
ation in the maximum value of the dielectric loss. It can seen that the relaxation exhi-
bits a Cole—Cole type variation. It can be observed from Fig. 7 that the relaxation
frequency (f,) is inversely proportional to the temperature (smectic G* to crystal).
The high activation energy possessed by these systems is in agreement with that
reported in the literature [40-46].

Figure 7 illustrates the Arrhenius plots for Nap+ 8BA, Nap+9BA, and
Nap + 10BA complexes in the smectic G* phase. One can notice that the slope of
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Figure 7. Arrhenius plots for various relaxation processes in Nap + nBA series.
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Table 2. Relaxation frequencies and corresponding activation energies

Relaxation frequency Activation

HBFLC complex Phase Type (f,) (MHz) energy (eV)
Nap + 8§BA G* Type 1 3.80 0.097
Ch. Type 11 3.70 0.038
Ch. 4.50 0.346
Nap +9BA G* Type 1 2.75 0.023
Nap + 10BA G* Type 1 1.75 0.020

these curves gradually increases with the increment in the alkyloxy carbon
number. Thus, the chain length has a pivotal influence on the activation energies
possessed by the individual HBFLC. These values of the activation energies are listed
in Table 2.

Type II Relaxation

In addition to the above relaxation mode another type of relaxation, called type 11
relaxation (multiple relaxations), has been investigated.

As a representative case the Cole—Cole plots for Nap + 8BA complex in choles-
teric phase at 93.1°C, 94.2°C, 96.2°C, 98.1°C, and 100.1°C are shown in Fig. 8. The
relevant activation energies for both the relaxation processes are given Table 2. It
can be observed from Fig. 8 that the relaxation frequency (f,) is inversely pro-
portional to the temperature (cholesteric to smectic G*). Transverse dipoles originate
this type of relaxation. The contribution of these dipoles is comparatively low to
the longitudinal counterparts. The hydrogen bonding and its flexible moiety also
contribute to this type of relaxation. The low activation energies of this type of
relaxation are expected and are in concurrence with reported [40-46] literature
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Figure 8. Cole—Cole plots in cholesteric phase of Nap + 9BA.
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values. The multiple relaxation phenomena indicate that the bridging group in the
central core part of liquid-crystal moiety is more rigidly fixed in the molecular struc-
ture than the end chains, which are relatively free to rotate.

Molecular Modeling

The distinct response of the dipolar orientations evinced experimentally in the
present hydrogen-bonded ferroelectric Nap +nBA series as type I and type II
(multiple relaxations in cholesteric phase) are attributed to the molecular modeling
illustrated in Fig. 9. The assignment of type I and type Il relaxations is argued in
the proposed model (Fig. 9) as follows:

a. The molecular structure is made up of rigid core composed of biphenyl rings.

b. The flexible moiety includes the hydrogen bonding and the alkyloxy benzoic acid
chain length.

c. Furthermore, one can notice a good number of longitudinal dipoles (1) aligning
parallel to the molecular structure.

d. Transverse dipoles (ut) align perpendicular to the molecular structure.

The type I relaxation mechanism is attributed to the longitudinal dipole moment
() situated at the corner of the rigid part of the molecule. In the present series this
longitudinal dipole moment (uy) is observed as the oxygen molecule attached to the
side of the benzene core structure of HBFLC. These longitudinal dipoles enhance the
conjugation and in turn the strong dipolar correlation is achieved, which is thus
responsible for the type I relaxation with high activation energy. In addition to these
longitudinal dipoles, type I relaxation is attributed to the rigid core comprising the
biphenyl rings.

The multiple relaxation mechanism is attributed to the transverse dipole
moment (u) situated at the flexible part of the molecular structure at the chiral car-
bon of HBFLC mesogen. The contribution of the laterally substituted dipoles is
rather small, which can be evinced through the magnitude of the corresponding acti-
vation energy. The flexible moieties of the mesogen also contribute to the multiple
relaxations phenomenon.

Rigid Core Flexible Moiety

A AN

----0
CH; oH .
H;CO ; : :
, P P M ML
v v v Y

Mt it e T

Figure 9. Molecular modeling for various relaxation processes.
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Conclusions

An inter-hydrogen-bonded liquid-crystalline complex between alkoxy benzoic acid
(nBA) and methoxy-a-methyl-2-naphthaleneacetic acid (Nap) has been successfully
isolated and characterized. Smectic G* phase is observed to be induced in the lower
homologous series of the complex and smectic F* are observed in the higher homolo-
gous series. DSC, dielectric, and textural studies confirm the above observations.
Single and multiple relaxations are detected in smectic G* and cholesteric phases,
respectively.
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