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A Study of Reentrant Smectic Ordering in
Hydrogen Bonded Ferroelectric Dodecyloxy
Benzoic Acid and Tartaric Acid Liquid Crystal

V. N. VIJAYAKUMAR,! K. MURUGADASS,> AND
M. L. N. MADHU MOHAN!

"Liquid Crystal Research Laboratory (LCRL), Bannari Amman Institute
of Technology, Sathyamangalam, India
’Bannari Amman Vidhya Niketan, Sathyamangalam, India

A linear hydrogen bonded homologous liquid crystal series has been isolated with
chiral ingredient as levo tartaric acid possessing two chiral carbons and non chiral
mesogen as p-n-alkoxy benzoic acids. In the synthesized hydrogen bonded complexes
the p-n-alkoxy benzoic acid moiety varied from pentyloxy to dodecyloxy with an
exception of butyloxy and hexyloxy benzoic acids. Textural studies have been
carried out by polarizing microscopic studies, (POM). Interestingly the phase
sequences exhibited by odd and even complexes are strikingly different. In other
words phase sequence of Nematic, smectic C*, F*, and G* is observed in the odd
hydrogen bonded complexes while in addition to these phases the even counter parts
exhibit a new type of phase sequence with smectic C* followed by pseudo smectic C*
and reentrant smectic C* phases which are designated as Sm C*, Sm C,,, and Sm C;
phases respectively. A detailed DSC and dielectric studies confirmed the existence of
the reentrant phase. We report a new phase which looks like a long worms and desig-
nated it as the pseudo smectic C;. Theoretical arguments are presented towards the
existence of reentrant phenomenon. The magnitude and order of the optical pitch in
this phase is almost identical to that of traditional smectic C* phase. Phase diagram
is constructed for the homologous series. Results of tilt angle, dielectric relaxations
and dielectric permittivity variations are discussed.

Keywords Levo tartaric acid; p-n-alkoxy benzoic acid; pseudo smectic C;;
re-entrant smectic ordering

1. Introduction

The discovery of first ferroelectric liquid crystal by Meyer [1] generated much interest
on these soft materials. Recently, hydrogen bonded liquid crystals (HBLC) [2-13],
have been designed and synthesized from materials selected on the basis of their
molecular reorganization and self-assembly capability. The applicational aspects
[14-18] and commercial viabilities made many research groups to work on these soft
materials. Hydrogen-bonded liquid crystalline materials are known since early 1960
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[3,4]; however, recently, [5-13,19-22] much work has been done on these complexes.
Hydrogen bond, which is a fifth type of fundamental force, enables various
mesogenic and non-mesogenic compounds to form complexes which exhibit rich
phase polymorphism. HBLC usually are composed of a proton donor and acceptor
molecules. The reported data [5-12,19-22] indicates the fact that if HBLC materials
are mesogenic, it is enough either one of proton donor or an acceptor molecule
exhibits mesogenic property. The chemical molecular structure [19-22] of HBLC is
corelated to the physical properties exhibited by it.

The reported literature suggests the formation of HBLC through carboxylic
acids as well as from mixtures of unlike molecules capable of interacting through
H-bonding [2,7,10,13-21]. Usually, in all these HBLCs the rigid core is made up
of covalent and non-covalent hydrogen bonding. Discovery of HBLC by Kato
and Frechet [14] opened a new chapter in synthesis, design, and characterization
of these mesogens which facilitated many research groups [26-32] to work in this
field.

Cladis [33] reported the first ever reentrant nematic phase sequence in a binary
liquid crystal mixture. The reemergence of higher symmetry nematic phase at lower
temperatures is considered to be unusual though reentrant phases are reported [34] in
ferroelectric systems. In the literature most of the reentrant phase sequence observed
in monocomponent systems is with cyno groups [35,36]. Many compounds are
reported [36,37] to exhibit double reentrant phase sequence where nematic and
smectic A phases are observed to be reentrant. Triple reentrant phenomenon is also
reported [38] in a few liquid crystalline systems. The reported literature [39—44] on
reentrant phenomenon observed in carboxylic acids as proton donor in the inter
hydrogen bonded complexes paved way for various theoretical modeling of liquid
crystals.

With our previous experience [24,25,45,46] in designing, synthesizing liquid
crystals and in continuation of our efforts to understand hydrogen bonded mesogens
in the present work a successful attempt has been made to design and isolate a
homologous series of hydrogen bonded ferroelectric liquid crystals (HBFLC) with
an aim to study the reentrant smectic ordering. The mesogenic p-n-alkoxybenzoic
acids (where n represents the alkoxy carbon number from 5 to 12 except 4 and 6)
formed a hydrogen bond with liquid crystal levo tartaric acid respectively. Phase
diagrams, mesogenic phase and thermal range are discussed for the decyloxy and
dodecyloxy hydrogen bonded benzoic acid complexes which are referred as LTA +
11BA and LTA + 12BA respectively.

2. Experimental

Optical textural observations were made with a Nikon polarizing microscope
equipped with Nikon digital CCD camera system with 5 mega pixels and
2560 1920 pixel resolutions. The liquid crystalline textures were processed, analyzed
and stored with the aid of ACT-2U imaging software system. The temperature control
of the liquid crystal cell was equipped by Instec HCS402-STC 200 temperature con-
troller (Instec, USA) to a temperature resolution of £0.1°C. This unit is interfaced
to computer by IEEE-STC 200 to control and monitored the temperature. The liquid
crystal sample is filled by capillary action in its isotropic state into a commercially
available (Instec, USA) polyamide buffed cell with 4 micron spacer. Silver wires
were drawn as leads from the cell. HP 4192A LF impedance analyzer was used for
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dielectric studies. Optical extinction technique was used for determination of tilt
angle. The transition temperatures and corresponding enthalpy values were obtained
by differential scanning calorimetry (DSC) (Shimadzu DSC-60). Infrared spec-
troscopy (FTIR) spectra was recorded (ABB FTIR MB3000) and analyzed with the
MB3000 software. The 4-undecyloxy benzoic acid and 4-dodecyloxy benzoic acid
each with purity of 98% and levo tartaric acid with purity of 99% were supplied by
Sigma Aldrich, Germany, and all the solvents used were E.Merk grade.

3. Synthesis of HBFLC

Intermolecular hydrogen bonded ferroelectric mesogens are synthesized by the
addition of two moles of p-n-alkoxybenzoic acids (nBA) with one mole of levo
tartaric acid in N,N-dimethyl formamide (DMF), respectively. Further, they are
subject to constant stirring for 12 hours at ambient temperature of 30°C till 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%. Yield of higher homologues com-
plexes are observed to be more compared to its lower counterparts. The molecular
structure of the present homologous series of p-n-alkoxy benzoic acids with levo
tartaric acid is depicted in the Fig. 1, where n represents the alkoxy carbon number.
From the Fig. 1, the alternate hydrogen bonded sites along with two chiral carbons
can be identified.

4. Results and Discussion

All the mesogens isolated under the present investigation are white crystalline solids
and are stable at room temperature. They are insoluble in water and sparingly
soluble in common organic solvents such as methanol, ethanol, and benzene and
dicholoro methane. However they show a high degree of solubility in coordinating
solvents like dimethyl sulfoxide (DMSO) and pyridine. All these mesogens melt at
specific temperatures below 150°C (Table 1). They show high thermal and chemical
stability when subjected to repeated thermal scans performed during POM and DSC
studies.

4.1. Infrared Spectroscopy (FTIR)

IR spectra of free p-n-alkoxy benzoic acid, levo tartaric acid and their intermolecular
H-bonded ferroelectric complexes were recorded in the solid state (KBr) at room
temperature. Figure 2 illustrates the FTIR spectra of the hydrogen bonded complex
of LTA + 12BA in solid state at room temperature as a representative case. The solid
state spectra of free alkoxybenzoic acid is reported [48] to have two sharp bands at

o H OH
__.O .
/ N ey
HyoC, 0 C\\ /c— ct-d-c N (44@ 0 CaHy
om0 || Ngg
0O H

Figure 1. Molecular structure of LTA 4+ nBA inter hydrogen bonded complex.
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Figure 2. FTIR spectra of LTA + 12BA inter hydrogen bonded complex.

1685cm ™" and 1695 cm ™" due to the frequency #(C=0) mode. The doubling feature
of this stretching mode confirms the dimeric nature of alkoxybenzoic acid at room
temperature [20,22]. Further a strong intense band appearing at 2924cm™' in
Fig. 2 is assigned to v»(O-H) mode of the carboxylic acid group.

The doubling nature of v(C=0) mode may be attributed to the dimeric nature of
acid group at room temperature [48]. Corresponding spectrum of solution state
(chloroform) show a strong intense band suggesting the existence of monomeric
form of benzoic acid. A noteworthy feature in the spectra of LTA 4+ 12BA complex
is the appearance of the sharp band at 1682cm ™' and non-appearance of the doub-
ling 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.

4.2. Phase Identification

The observed phase variants, transition temperatures, and corresponding enthalpy
values obtained by DSC in cooling and heating cycles for the LTA + 11BA and
LTA + 12BA complexes are presented in Table 1.

4.3. LTA + nBA Homologous Series

A glass slide is rubbed in uni direction for the formation of grooves, and a thin film
of sample is sand witched between a cover slip and the glass substrate. Also the liquid
crystalline sample is filled in a commercially available (Instec) polyamide buffered
cell of 4 micron thickness. Thus textures are recorded for the liquid crystal sample
prepared by above two techniques. This will enable to get a uniformly aligned, well-
ordered, and properly oriented sample. The variations in the textures are because of
the anchoring energy possessed by the molecules with the glass substrate and differ-
ent orientations of the molecules. Nematic is the simplest liquid crystalline phase,
and it has long range orientational order but lacks positional and bond orientational
order. In other words, nematic is imposing the simplest orientational order on a
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collective molecules. The anchoring energy for this phase is relatively less compared
to any of the smectic phases. Any of the chiral smectic phase has at least two unique
directions viz. the director and layer normal. The director maintains the constant
angle with respect to the layer normal while describing the helical path as the sample
is traversed along the direction normal to the smectic planes. The anchoring energy
of the molecules to the substrate in any of the smectic orderings is considerable
compared to the Nematic phase. Temperature dependent molecular tilt is the
primary order parameter in the smectic phases. In addition to these the sample align-
ment is dependent on the coating of the substrate, temperature of the sample and the
applied filed.

The mesogens of the levo tartaric acid and alkoxy benzoic acid ferroelectric
homologous series are found to exhibit characteristic textures [47], viz., Nematic
(droplets), Smectic C* (schlieren texture), pseudo Smectic C; (worm like texture),
re-entrant Smectic C; (schlieren texture), Smectic F* (chequered board texture)
and Smectic G* (multi colored mosaic texture) respectively. The surface anchoring
The general phase sequence of the levo tartaric acid and 4-dodecyloxy benzoic acid
and 4-undecyloxy benzoic acid in the cooling run can be shown as:

Isotropic — N* — Sm C*— Sm C; — Sm C; — Sm G* — Crystal (LTA + 12BA)
Isotropic — N* — Sm C* — Sm G* — Crystal (LTA 4 11BA)

44. DSC

DSC thermograms are obtained in heating and cooling cycle. The sample is heated
with a scan rate of 10°C/min and held at its isotropic temperature for two minutes
so as to attain thermal stability. The cooling run is 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. Smectic G* phase of both the hydrogen bonded complexes (LTA + 11BA
and LTA + 12BA) is observed to be monotropic transition. Polarizing optical micro-
scopic studies also confirm these DSC results along with the results of monotropic
transition.

T T T T T 2.2

T T T T T
LTA+12BA Fl C l G l Cl N l‘so-
5| 4
_ Cooling 21k LTA+12BA
! T
o>
3 3
o 8 20} g
= =
- -
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T 5} 4 T .
1.9 Cooling
—-10 | | L L L 1.8 L L 1 1 Il
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Figure 3. (a) DSC thermo gram of LTA + 12BA inter hydrogen bonded complex; (b) DSC
thermo gram of LTA + 12BA inter hydrogen bonded complex in the cooling run depicting
smectic C*, C;, C; orderings.
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4.5. DSC of LTA + 12BA

The phase transition temperatures and enthalpy values of dodecyloxy benzoic acid
and levo tartaric acid mesogen (LTA + 12BA) are discussed. From Fig. 3a, b and
Table 1, it can be inferred that in the DSC heating run of LTA 4 12BA complex, four
endothermic peaks are observed at 97.42°C, 139.11°C, 133.51°C, and 125.51°C with
enthalpy values of 101.12m/J, 1.6 m/J, 2.12m/J, and 0.29 m/J, respectively. These
four peaks correspond to crystal-to-melt transition, melt-to-nematic, nematic-to-
smectic C*, and smectic C*-to-smectic F*, respectively. It is observed that smectic
F*-to-smectic G* is monotropic transition in heating. In the cooling run of this sam-
ple, seven peaks are observed at 63.51°C, 84.16°C, 118.83°C, 127.93°C, 129.46°C,
130.78°C, and 141.83°C, with enthalpy values of 19.7m/J, 38.06 m/J, 0.38 m/J,
0.26m/J, 0.31m/J, 0.99m/J, and 1.64m/J, respectively. These exothermic peaks
corresponds to crystal-to-smectic G*, smectic G*-to-smectic F*, smectic F*-to-
smectic C;, smectic C;-to-smectic C;, smectic Cl*o—to-smectic C*, smectic C*-to-
Nematic and Nematic to isotropic respectively.

4.6. Phase Diagram of Pure p-n-Alkoxybenzoic Acids

The phase diagrams of pure p-n-alkoxybenzoic acids is reported [23] while the
LTA 4 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-alkoxybenzoic acid is reported
[23] to composed of three phases namely, Nematic, smectic C* and smectic G*.

4.7. Phase Diagram of LTA + nBA Homologous Series

The phase diagrams of levo tartaric acid with odd and even p-n-alkoxybenzoic acid
complexes are depicted in Figs. 4a and 4b respectively. A careful observation of the
Figs. 4a and 4b reveals the following points:

a. The mesogenic range has drastically increased from 2°C in LTA + 3BA to 78°C in
the last member LTA + 12BA of the homologous series.

1s0fF T T L T T T T T

T T
LTA+nogqBA Isotropic

A= —— LTA+NgyenBA Isotropic
o \ 150 - _
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- === T T e
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o et =T c*
2 2 =" r F
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Figure 4. (a) Phase diagram of homologous series of LTA + nyqq BA series; (b) Phase diagram
of homologous series of LTA + neyen, BA series.
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b. In addition to the traditional phases like Nematic, smectic C*, smectic F* and
smectic G* new phases namely pseudo smectic Cl’; and re-entrant smectic C;
are observed in the homologous series.

c¢. Phase abundance in the odd members of the series with alkoxy carbon numbers 3,
5,7,9, and 11 is found to be low compared to its even counter parts.

d. All the even members of the series with alkoxy carbon numbers 8, 10 and 12
exhibited re-entrant smectic C* ordering along with pseudo smectic C; phase.

e. Among all the members of the homologous series LTA 4+ 10BA complex has the
wide thermal span (~26°C) of reentrant smectic C* phase.

f. Interestingly, the phase sequence of all the members of the homologous series
ended with smectic G* phase.

5. Reentrant Smectic Ordering Phenomenon

LTA + 12BA complex exhibited a reentrant smectic C; ordering which is evinced
through POM, DSC, optical tilt, helical pitch, and dielectric studies which are
discussed in the following sections.

5.1. POM Studies

As the LTA + 12BA complex is cooled from isotropic, a rich phase abundance is
observed as discussed in the previous sections. The phases and corresponding
textures observed are the schlieren texture of smectic C*, worm-like texture of
pseudo-smectic Cp, and schlieren texture of reentrant smectic C;. These textures
are shown in Plates 1 to 4, respectively. Plate 1 depicts the co-existence of schlieren
texture of smectic C* with worm-like texture of pseudo-smectic C]’;. On decreasing
the temperature, the fully grown worm-like texture of pseudo-smectic C; is observed

(Plate 2). The transition from pseudo-smectic C; to reentrant smectic C, is shown as

Plate 1. Transition from schlieren texture of smectic C* to worm-like texture of pseudo
smectic C,,.
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Plate 2. Fully grown worm-like texture of pseudo-smectic C*.

Plate 3. On further decrease of temperature, stabilization of the reentrant smectic C;
is observed as shown in Plate 4. This optical observation gives the vital textural evi-
dence for pseudo-smectic and reentrant smectic phases designated as C; and C7,
respectively.

5.2. DSC Studies

From the DSC thermogram (Figs. 3a and 3b) of LTA + 12BA the phase transition
temperatures of all the phases with particular reference to pseudo smectic C, and

Plate 3. Co-existence of pseudo-smectic C, and reentrant smectic Cy.
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Plate 4. Texture of reentrant smectic Cy.

reentrant smectic C; are detected. This serves as yet another evidence to identify the
reentrant phenomenon.

5.3. Optical Tilt Angle Studies

Optical tilt angle has been experimentally measured by optical extinction method [49]
in the smectic C* of LTA+ 11BA and LTA + 12BA hydrogen bonded complexes
which are depicted in Figs. 5, 6 respectively, while reentrant smectic C; phase of
LTA + 12BA in Fig. 7 respectively. Optical tilt angle in the pseudo smectic C;; phase

T T T
40 | Ltar+11Ba Sm. C* .
o -7
o 30 ///
2 T % o o
2 -~
% 20 O/;)//
N o _
g 7/
+ °
= /
T ¥ :
/
i
0 | | |
0 10 20 30 40
(Tne-T)/°C

Figure 5. Temperature variation of tilt angle in smectic C* phase of LTA + 11BA. Solid line
denotes the fit.
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Figure 6. Temperature variation of tilt angle in smectic C* phase of LTA + 12BA. Solid line
denotes the fit.

of LTA + 12BA is illustrated in Fig. 8. In all the above figures the theoretical fit
obtained from the mean field theory is denoted by a solid line. From the Figs. 5
and 6, it is observed that the tilt angle increases with decreasing temperature and attains
a saturation value. It is interesting to note that the magnitude of tilt angle in re-entrant
smectic C phase is high compared to its value in smectic C*. These large magnitudes of
the tilt angle are attributed [31] to the direction of the soft covalent hydrogen bond
interaction which spreads along molecular long axis with finite inclination.

Figure 5 illustrates the temperature variation of tilt angle pertaining to smectic
C* phase of LTA + 11BA complex. It can be noted that tilt angle increases with

1 1 1 1 I
40 |- —
Ltar+12BA Sm ¢!
© 30 - //// -
o -5 o o o
g e
© //O
2 20 |- ) /O//»cs .
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Figure 7. Temperature variation of tilt angle in reentrant smectic C; phase of LTA + 12BA.
Solid line denotes the fit.
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Figure 8. Temperature variation of tilt angle in pseudo smectic C;‘) phase of LTA + 12BA.
Solid line denotes the fit.

decreasing temperature and attains a saturated value of 28° at the culmination of the
smectic C* phase.

Tilt angle is a primary order parameter [18] in ferroelectric phases, viz. smectic
C* and smectic C;. The temperature variation is estimated by fitting the observed
data of 6(T) to the relation

O(T)e Ty — Ter)P. (1)

The critical exponent f value estimated by fitting the data of 0(T) to the above Eq. (1)
is found to be 0.50 to agree with the Mean Field [50] prediction. The dotted line in
Figs. 5-7 depicts the fitted data. Further, the agreement of § with Mean Field value
infers the long-range interaction of transverse dipole moment for the stabilization of
tilted smectic C* and reentrant smectic C; phases.

5.4. Dielectric Studies

The compound is filled in a commercially available polyamide buffed cell (Instec) of
4 micron spacer with an active area of 1 mm? under capillary action. Silver wires are
drawn from the cell as leads. Empty cell is calibrated with temperature and with a
known substance (benzene) to calculate the leads capacitance. The cell with the
sample is placed in an Instec hot stage (HCS 402) whose temperature is monitored
by an Instec stand alone temperature controller (STC 200), interfaced with a
computer, to an accuracy of +0.1°C. The sample is taken to its isotropic state and
held for two minutes so as to attain thermal stability. Simultaneous textural observa-
tions are made to ascertain the phase of the mesogen. The readings are noted in the
cooling run with a scan rate of 0.1°C/min. The LTA + 12BA compound in the cell is
provided with a sinusoidal stimulus of 1.1 volts obtained from HP 4192A impedance
analyzer. The variation of the capacitance at a frequency of 10 KHz is plotted in
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Fig. 9 in which all the phases transition temperatures are observed. Further,
reentrant phenomenon is also established by detailed dielectric studies.

From Fig. 9, it is noted that at around 142°C a peak is observed which is attrib-
uted to the isotropic to nematic transition. In the entire thermal span of nematic
phase the unaltered linear variation of capacitance is observed relating to the stabi-
lization of the phase. A kink is recorded at around 132°C indicating the phase tran-
sition from nematic to smectic C* phase. The magnitude of the capacitance suddenly
decreased at 129.5°C indicating transition from smectic C* phase to smectic CI*)
phase. A small distinguishable peak at 127.5°C in the dielectric spectrum relates to
the onset of pseudo smectic C; phase transition. The temperature variation of the
magnitude of the capacitance in this phase is almost invariant. A small dip at
119°C indicates the onset of smectic F* phase. The stabilization of smectic F* phase
in its entire thermal span is seen in the form of unaltered magnitude of the capaci-
tance A sudden drastic decrement in the magnitude of the capacitance at 84.2°C indi-
cates the onset of smectic G*. The crystallization is observed at 64.1°C. Similar
variations are observed in the dielectric loss spectrum of this complex. Figure 10
illustrates the dielectric spectrum of LTA + 11BA mesogen at 10KHz and
100 KHz respectively. All the phase transitions namely, isotropic to nematic,
nematic to smectic C*, smectic C* phase to smectic G* phase and smectic G* to crys-
tal are observed. Similar anomalies are observed in dielectric loss spectrum of the
corresponding compound.

5.5. Origin of Reentrant Phenomenon

The reentrant phenomenon, experimentally discovered [33,37], is attributed to ordering
and disordering phase sequence. Further macroscopic theories [39,51] are developed
for reproducing reentrant phenomenon. Dipolar frustrations of the molecules play a
vital role in inducing the reentrant phenomenon. These dipolar interactions, under
the molecular closed packing conditions of these liquid crystals, are responsible for
the reentrant phases [44]. Further the interaction between the coupled degrees of
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Figure 9. Temperature variation of capacitance for LTA 4+ 12BA complex.
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Figure 10. Temperature variation of capacitance for LTA + 11BA complex.

freedom of dipolar orientation and molecular positions favor an order—disorder phase
sequence. Smectic phases are realized when in the plane normal to the average
molecular axis, frustration is lifted by positional fluctuations normal to the plane.
Theses molecular positional fluctuations are referred as permeation fluctuations [52].

Reentrant phase sequence in carboxylic acid are reported [13] in literature. In all
these cases, a close observation reveals that the monomirization of the dimmers play
a vital role in the occurrence of this unusual phase sequence. Cladis [33,34] propose
two factors, namely, the layer spacing and packing density, create favorable
conditions for the occurrence of reentrant phase sequence. In particular, to liquid
crystal mesogens possessing carboxylic acid, in addition to the above two factors,
monomirization of the dimmers also pave way for reentrant phenomenon.

The rod-like molecules are arranged in smectic layers, and this layer spacing is
close to the molecular length. If the length of the molecule is less than the layer spa-
cing the reentrant phenomenon is prevalent. The packing of the monomers is
efficient at low temperature. But as the temperature is increased, the density of he
medium increases, thereby packing is no longer efficient. The molecules slip of the
layers leading to reentrant phases.

6. Dielectric Relaxations in Smectic C* C; and G* Phases

Dielectric dispersion i.e., frequency variation of dielectric loss exhibited by
LTA 4+ 11BA and LTA + 12BA is studied at different temperatures in smectic C*
and C; phases in the frequency range of 5Hz to 13 MHz. An impedance analyzer
(HP4192A) is operated with 1Vp_p oscillating signal with zero bias fields. Relative
permittivity er(w) and dielectric loss &”(w) are calculated by the following equations;

“ei(w) =er(w) —j&" (w)er(w) = [CLC — Cieads) / [Cempty — Cleads) €(®w) =Tand(w)" e, (w)

To detect the possible relaxation in both the HBFLC complexes, the mesogens are
scanned in the frequency range of SHz to 13MHz at different temperatures
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corresponding to various smectic phases. Two types of relaxation mechanisms
namely Goldstone Mode (GM) and Type I relaxation are observed in the phases
of LTA 4+ 11BA and LTA + 12BA mesogens.

6.1. Goldstone Mode

Helix is formed in the smectic layers of the ferroelectric phase. This helix can be
unwound by applying suitable filed. In the present study, the HBFLC is filled in a
4 1 conducting cell, and suitable voltage is drawn from Impedance analyzer 4192A
to study the Goldstone mode.

Goldstone mode is detected in smectic C* phase of LTA + 11BA and in smectic C;
phase of LTA 4 12BA mesogens, respectively. As reported in other HBFLC [19], Gold-
stone mode is observed at lower frequencies (~5 KHz) in smectic C* and smectic C;
phases of the hydrogen bonded compounds of the present homologous series. The relax-
ation frequency at ~5KHz in smectic C* and smectic C; phases of LTA + 11BA and
LTA + 12BA hydrogen bonded complexes, respectively, are interpreted as due to collec-
tive response originated due to the excitation of the coupled transverse dipole moment
situated around the chiral centers over the layers in the form of polarization helix. The
influence of applied bias on the Goldstone mode relaxation in smectic Cof
LTA +11BA and in smectic C; phases of LTA + 12BA are studied. Further, it is
observed that these relaxation are suppressed under different applied fields. This experi-
mental evidence conforms that Goldstone mode is originated from the helix spread over
the smectic layers of respective phases. The Arrhenius plots corresponding to the Gold-
stone mode in smectic C; phase of LTA + 12BA is depicted in Fig. 11.

6.2. Type I Relaxation

In addition to the above discussed Goldstone mode, another type of relaxation,
named type I relaxation, is observed in both the mesogens at higher frequencies at
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Figure 11. Arrhenius plots of LTA + 12BA complex in smectic C; phase pertaining Goldstone
modes.



Downloaded by [University of Haifa Library] at 14:23 08 August 2012

58 V. N. Vijayakumar et al.

0.34 T T T T 1 0.34 T T T T T
© 130.0°C Ltar+12BA  Sm.C; O 130.8°C Ltar+12BA  Sm.C}
: 15 " i “
X 130.4°
0.33| - 0.33F % 1395 :
° o
032} 4 32k OyBy s O |
g g O SRR
3 o ¥y, o CEIN . +e
o + 0b 4 o
S o3} ° ¢+ 4 2 031 x *Qo i
0% " _‘A‘:
o 4, x ;po
0.30 |- o & E 0.30 |- x 4 ° .
o & *
O 4+ +
Ooa+
0.29 L 1 ! L 2l 0.29 ] ] ] I )
138 140 142 144 146 148 150 7138 140 142 144 146 148 150
Capacitance/pF Capacitance/pF
(a) (b)

Figure 12. (a, b) Cole-Cole plots indicating type I relaxation in pseudo smectic CI’; phase of
LTA + 12BA.

several mega hertz. In this type of relaxation mechanism, relaxation is not
suppressed by the applied field. 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 electronegative oxygen atom is observed to respond rather slowly to the external
field in type I relaxation.

In LTA + 12BA complex type I relaxation is detected in smectic C; phase, smec-
tic C; phase and smectic G* phase at 4.6 MHz, 4.55 MHz, and 4.5 MHz respectively.
The Arrhenius shift with respect to temperature is calculated for each individual
phase. Figures 12a and 12b depicts the Cole-Cole plots of smectic C;; phase pertaining
to LTA+12BA mesogens at various temperatures. Figure 13 illustrates the
Cole-Cole plot in smectic G* phase of LTA + 11BA hydrogen bonded complex.

The activation energies of type I for all the phases of both the hydrogen bonded
complexes discussed above, are tabulated in Table 2.
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Figure 13. Cole-Cole plots indicating type I relaxation in smectic G* phase of LTA + 11BA.
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Table 2. Activation energies and relaxation frequency obtained in various phases of
HBFLC complexes

Relaxation

HBFLC Phase Type Frequency Activation energy(eV)
LTA + 12BA C;; Type 1 4.60 MHz 0.38

C* 4.55MHz 0.39

G* 4.50 MHz 0.41
LTA+11BA N Type 1 8.40 MHz 0.32

c 3.57 MHz 0.39

G* 3.30 MHz 0.52

7. Helical Pitch

The pitch of FLC materials is typically in the order of 1-100 um [55], whereas the
thickness of one layer is of the order 20-30 A. In order to have bistable switching,
the helicoidal structure has to be unwound. The most common way of doing this
is to sandwich the FLC material between two conducting glass plates in such a
way that layer are perpendicular to these structures. The helical pitch is measured
by diffraction of He-Ne red laser light on sample, filled in a commercial cell. This
method can be used for measurement of the helical pitch of limited length. For pitch
shorter than 0.8 um the diffraction ring is diffused or completely disappears.

Plate 5 illustrates the first and second order diffraction pattern of the helical pitch
at 125°C corresponding to smectic C phase of LTA + 12BA complex. The magnitude

Plate 5. Diffraction pattern of helical pitch at 125°C corresponding to smectic C; phase of
LTA + 12BA complex.
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of the helical pitch in smectic C; phase is found to be 45 pm. In the smectic C* phase of
LTA + 11BA and LTA + 12BA complexes, the magnitude of the pitch is found to be
39 um at 120°C and 40 um at 130°C, respectively. Thus from these studies it can be
concluded that in LTA 4 12BA complex the reentrant phase is smectic ordering.

Conclusions

An alternate linear hydrogen bonded ferroelectric liquid crystal homologous series
has been synthesized. From the transitions temperatures phase diagram is con-
structed. Reentrant smectic ordering is observed in dodecyloxy benzoic acid and
tartaric acid hydrogen bonded complex of the homologous and is characterized by
POM, DSC, dielectric, and pitch measurements. Goldstone mode in reentrant
smectic C; phase also indicates that the reentrant phase is smectic ordering.
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