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ABSTRACT KEYWORDS
Low-frequency (20 Hz-10 MHz) dielectric response in liquid crystalline Hydrogen Bonding; InfraRed
(LC) phases of hydrogen-bonded (HB) complex, SA:110BA, is studied. Spectra; Differential
Synthesis of SA:110BA with non-mesogenic succinic acid (SA) and meso- Scanning Calorimetry;
genic p-n-undecyloxy benzoic acid (110BA) and its spectroscopic con- E?;”jrﬁg;’?x%gg:f:tnc
firmation are detailed. Phase transition temperatures (T.) involving EnelTrgy~ Relaxation Behavior
nematic, smectic-C (SmC), and smectic-G (SmG) phases by capacitance '

C(T) and loss tanA(T) anomaly agree with the microscopy (polarizing

optical microscope) and calorimetry (differential scanning calorimetry)

results. Low-frequency dispersion infers two types of reorientation pro-

cesses, viz. higher frequency (~MHz) and lower frequency (kHz) pro-

cesses. Distinct time scale mechanism are presented. Arrhenius behavior

infers influence of HB on activation energy (E,). Off-centered dispersion,

viz. ¢'(w) with ¢”(w), analyzed through the Cole-Cole plots in N, SmC,

and SmG phases infers a strong temperature trend for dielectric strength

(A€) and distribution (o) parameters. Temperature dependence of «-

parameter reveals on LC phases increasing fixture of molecular dipole

in LC phase structure. Results are discussed in the wake of the body of

data reported in LC phases exhibited by other LC compounds.

1. Introduction

Liquid crystal (LC) materials belong to an interesting family of soft matter due to their
excelling [1-3] electro-optic (EO) performance. The fundamental aspect [4, 5] of exotic sym-
metries that tune thermodynamic parameters across LC phase transitions is interesting. Nev-
ertheless, the information of integrated response of LC phase structure to the applied field
provides an equivalently interesting data base for their utility in devices. Response [2, 5] of an
LC phase structure is mapped to external stimulus through the details of underlying micro-
scopic interactions. Thus, the utility of an LC phase in an EO device owes to the optimization
of their dielectric response and relaxation behavior. Each of the LC phase structure is charac-
teristically constituted by a stable assembly of molecular dipoles. The data [6-10] regarding
the field and temperature dependence of anisotropic dipolar response, collective excitations,
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relaxation mechanism (fz), dielectric strength (A¢), distribution parameter («), and molecu-
lar dynamics at LC interfaces have represented a powerful tool in harnessing LC systems.

The LC phase structure represents the fourth state of matter. Its growth with temperature is
tuned by diversified interactions among molecular dipoles. Thus, growth of LC phase finally
manifests as the observed anisotropic response. Although Debye’s theory [11] of dielectric
relaxation relies on point dipole concept, the evolutionary [6] changes that are witnessed in
the area of real molecular LC systems adopted the resolved anisotropic dipole concept. In this
direction, the Cole-Davidson theory [10] as adopted by Kresse and Moscicki [12] addressed
the topic of off-centered dielectric dispersion exhibited by LC phase structures with a possible
utility of corresponding dielectric modes in EO displays.

Nematic phases that are widely used in LC displays [13] are initially identified to operate at
a millisecond speed. Subsequently, research reported [14] in LCs in their chiral tilted phases
(or smectic-Cx (SmCx)) has witnessed a rather fast switching response in sub-microsecond
range in their surface stabilized geometry (SSFELC). Further, during their effort to realize
the tilted LC SmC phase structures at operationally viable ambient temperatures, researchers
opted to follow the route of supra molecular (SM) design [15-22] of LCs. However, the field
area of SMLCs seems to be dominated [23, 24] by the majority of LC reports involving
hydrogen-bonded (soft covalent or HB) interaction. Hence, the research in the Hydrogen-
Bonded Liquid Crystals (HBLCs) heralded a new era. The advantage [25-37] with the HBLCs
of calamitic-type vouched for the extended LC phase stability, and enhanced the diversity of
tilted phases, induction tilted phases, and shifted thermal stability toward room temperature
(RT).

Low frequency (LF) dielectric response in nematic (N) phase structure is extensively
reported [38-42] in literature along with its relaxation behavior. LF dielectric investigations
are also reported [7, 12, 43] in calamitic LCs regarding their collective response and the influ-
ence of field in different modes in SmCx phases with chiral center. However, LF dielectric
response is scantily reported [43] in calamitic LCs that possess HB interaction. The higher
homologues of calamitic LC series possessing HB interaction are reported [25-37, 44] to
exhibit enhanced device savvy tilted polymorphism. In the wake of importance of tilted LC
phases, authors presented the investigations of the LF dielectric (20 Hz to 10 MHz) response
in an HBLC complex, viz., SA:110BA [45] nematic, SmC and SmG phases.

The paper is organized in three sections. Introduction to LF dielectric relaxation studies in
LC phases and device savvy nature of HBLCs are presented in Section 1. Details of synthesis,
confirmation of the product, and methods experimental of characterization are described in
Section 2. The experimental results are presented and discussed along with relevant interpre-
tation in Section 3.

2. Experimental

2.1. Synthesis of SA:110BA Hydrogen-Bonded LC complex

The HBLC complex, SA:110BA, is synthesized by following the procedure reported ear-
lier for lower homologues [46]. HBLC complex is synthesized by adding two moles of p-n-
undecyloxy benzoic acid, i.e., 110BA with one mole of succinic acid (SA) in N,N-dimethyl
formamide (DMF). Further, it is subjected to constant stirring for 10 hrs at ambient tem-
perature (30°C) till a white precipitate is formed. The white crystalline crude complex is
obtained by removing excess DMF. The product is then re-crystallized with dimethyl sulphox-
ide (DMSO). The yield of the reaction for SA:110BA is observed to be ~70%. The synthetic
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Scheme 1. Scheme of synthesis for preparation of SA:T10OBA.

route and the proposed molecular structure for the present HBLC complex, viz. SA:110BA
is presented as end product in Scheme 1. The compound SA:110BA so isolated is visually
observed as a white crystalline solid. It is found to be stable at room temperature. The HBLC
complex is found to melt around a temperature of ~72°C. It is found to exhibit high thermal
and chemical stability.

2.2. Methods and materials

Chemical ingredients, viz. nOBAs (for n = 11) succinic acid(SA), and solvents, viz. tetrahy-
drofuran (THF), DMSO, dueterated chloroform (CDCl;), and tetramethyl silane, Si(CH3),,
are procured from Sigma Aldrich USA. The confirmation of molecular formula (i.e. abun-
dance of H-atoms), formation of HB, and purity of LC complexes are confirmed [47, 48] by
'H Nuclear Magnetic Resonance (NMR) (Avance, 300 MHz) and infrared (IR) (Schimadzu-
8701 FTIR) spectroscopy. An SD-Tech. polarizing optical microscope (POM) equipped with
a u-master digital CCD camera in conjunction with Photo-Manager (OEM) software is used.
An Instec HCS-402 heating stage and STC-200 temperature controller (with a resolution of
40.1°C) are used to determine the LC phase transition temperatures (T¢). Microscopic slides
for POM textural studies are carried out with the help of glass plate-cum-cover-slip com-
bination. Unidirectional rubbing (with filter paper) is carried out on glass plate to promote
homogenous alignment of samples. Homogeneously aligned LC samples (for POM) are pre-
pared by introducing samples in 5-pum spaced (Device Tech. USA) pre-treated cells by capil-
lary action (in isotropic liquid state). LC phases, transition temperatures (T¢), and enthalpy
(AH) values are determined (a resolution of +0.1°C) with the help of a Schimadzu DSC-60
system, operated at a heating/cooling rate of 10°C/min.
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Figure 1. "TH NMR spectra of SA:110BA complex.

3. Results and discussion

3.1. "H NMR study for SA:110BA HBLC complex

The 'H NMR spectra corresponding to SA:110BA complex is given in Fig. 1. The salient
features of the spectra are as follows:

1.

A triplet at 6 0.88 ppm (J = 6.632 Hz) confirms the presence of methyl groups at both
ends of the complex.

. A set of multiplets in the range of § 1.27-1.48 ppm infers the presence of methylene

groups.

. Multiplet at the vicinity of § 1.76-1.83 ppm corresponds to CH,CO groups of succinic

acid.

. Existence of a triplet at § 1.76 ppm (] = 6.55 Hz) indicates the presence of ArOCH,

group of n-alkoxy benzoic acid.

. Doubletsat § 6.93 ppm (J =8.9139 Hz) and 6 8.04 ppm (J = 8.88 Hz) show the presence

of aromatic proton.

. A singlet peak at § 7.26 ppm is due to residual protons of CDCL;, which is used as a

solvent.

Details of the spectra. § 0.88 ppm (t, ] = 6.63 Hz, 6H, 2X CH;_), § 1.27-1.48 ppm (m,
~CH,-), § 1.76-1.83 ppm (m, 4 H, -CH,CO-),8 4.022 ppm (t, ] = 6.55 Hz, 4 H, ArOCH,.),
8 6.93 ppm (d, ] = 8.91 Hz, 4H, Ar-H), § 8.04 ppm (d, ] = 8.88 Hz, 4H, Ar-H).

Since the observed '"H NMR spectra agree with the expected protonic abundance of tar-
geted complex [46] (Scheme 1), the synthesis is confirmed successful. The product SA:110BA
is confirmed for its purity at spectroscopic level.

3.2. IR study of SA:110BA HBLC complex

The room temperature solid state (KBr) IR spectrum of SA:110BA is presented in Fig. 2 along
with that of pure 110BA in Fig. 3. The important features of the spectrum are as follows:
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Figure 2. IR spectra of SA:11OBA complex.

1. The disappearance of double peak at ~1700 cm™ pertaining to carbonyl group of
nOBAs and appearance of single peak at 1690 cm™ imply a bathochromic shift by
10 cm™. This observation proves a clinching evidence for the participation of acid

TR

moiety (-COOH) of nOBA in the formation of HB complex.

750 1fem

The existence of a strong absorption band at 2924 cm™ indicates the shift of hydroxyl
(-OH) stretching frequency of acid (-COOH) group of nOBA by 84 cm™. This shift

confirms the participation of ~-OH group of nOBA in HB formation with SA.

formation with nOBAs.

-

— 11BAO-pure

. The stretching absorption for carbonyl group of succinic acid (aliphatic acid) is noted
to be shifted to 1728 cm™ instead of its expected appearance at ~1700 cm™". This shift
also provides substantial evidence for the participation of -OH group of SA in HB
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Figure 3. IR spectra of 110BA complex.
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4. The IR absorption pertaining to ~-OH group of SA, which is expected at >3600 cm™,
is found to be shifted to 3448 cm™. Such a bathochromic shift confirms the involve-
ment of ~-OH group of ~-COOH moiety in SA in forming of hydrogen bond during
complexation.

In view of the cited features [46] and the observations in Figs. 2 and 3 of IR spectra, the
formation of HB between the SA and 110BA moieties is confirmed. As such, the case of HB in
SA:110BA is confirmed as inter-molecular, linear, and complementary-type of bond formed
between non-mesogenic (SA) and mesogenic (nOBA) moieties as proposed in Scheme 1.

3.3. Polarized optical microscopy (POM)

Textures exhibited by SA:110BA at different temperatures during heating and cooling scans
are recorded. Any observed change in texture at a temperature is identified as phase transi-
tion temperature T¢. The characteristic textures [49] are found to be exhibited by SA:110BA.
Nematic phase exhibits (Plate 1) the Schleiren-threaded texture, SmC phase exhibits (Plate 2)

Plate-1
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Plate 2. Broken focal conic fan texture of SmC phase for SA:110BA at 103°C.
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Plate 3. Colored mosaic texture of SmG phase exhibited by SA:110BA at 85°C.

Table 1. Data of LC phases and transition temperatures.

HBLC Method Phase variance
110BA ™ Heating Sld— (105.2)— SmC— (135.5)— N— (142.3)—Iso.
Cooling Iso— (135.1)— N— (124.5)— SmC—(83.5)— Sld.
DSC Heating Sld— (105.24)— SmC— (135.51)— N— (142.36)— Iso.
[117.05] [6.79] [8.1]
Cooling Iso— (135.16)— N— (124.48) — SmC—>(83.4)— Sld.
[8.32] [5.72] [31.36]
SA:110BA ™ Heating Sld— (72.8)— SmG— (85.2)— SmC— (125.9) — N— (127.2) — Iso.
Cooling Iso— (127.2)— N — (125.9)— SmC— (85.2)— SmG—> (72.8)— Sld.
DSC Heating Sld— (97.6)— SmG— (128.2) - SmC— (129.6)— Iso.
[97.4] [0.16] [0.97]
Cooling Iso—(127.2)—N —(125.9)— SmC— (85.2)— SmG— (72.8)— Sld.
[0.67] [0.12] [26.03] [17.19]
LF Dielectrics Cooling Iso—(127.1)—N—(126.0)— SmC— (85.0)— SmG— (72.7)—Sld.

Values in square brackets indicate enthalpy values (AH) in J.gm™.

the broken focal conic fan texture, and SmG phase exhibits (Plate 3) the mosaic texture. The
data of transition temperatures (T¢) determined by POM are presented in Table 1. All LC
phases exhibited by SA:110BA are found to be enantiotropic.

3.4. Differential scanning calorimetry (DSC)

Differential scanning calorimetry thermograms recorded for SA:110BA (at a rate of 10°C
min~') are presented in Fig. 4, and the data of transition temperatures (T¢) and enthalpy (AH)
are presented in Table 1. DSC data are found to agree with POM. Owing to the involvement
of finite AH, the I-N, N-SmC, SmC-SmG, and SmG-solid transitions are found to be of the
first order nature.

3.5. Dielectric study of SA:110BA complex

SA:110BA is filled in 5-pum spaced Device Tech (USA made polymer buffed, conductive
coated) transparent glass cells when SA:110BA is in its high temperature isotropic liquid state.
Capacitance (~48.87 pF) exhibited by empty cell is found to be invariant (Fig. 5) with temper-
ature (30-100°C) and frequency (Fig. 6) in the range of RT (20 Hz-10 MHz) of interest. The
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Figure 5. Temperature variation of capacitance C(T) exhibited by an empty cell.

temperature of the LC-filled cell is controlled by an Instec HCS-402 heating stage in conjunc-
tion with an STC-200 temperature controller. The leads connected to the cells are conveyed
to the impedance analyzer. A Wayne Kerr 6500B (USA) Impedance analyzer is used to record
dielectric dispersion in the low frequency (LF) range of 20 Hz to 10 MHz. Since LC-filled cell
is placed on the microscope (POM) heating stage (set in crossed polar configuration), the data
of capacitance C and loss factor tanA acquired can be simultaneously checked. The observa-
tions of optical textures (Plates 1-3) are used to confirm whether the dielectric data acquired
at different temperatures pertain to the targeted LC phase of interest.

The observed temperature (Fig. 5) and frequency (Fig. 6) invariance of capacitance and
loss factor, viz. C(T) and tanA(T) and C(w) and tanA(w), by the empty cell reflect upon the
absence of response from conductive coating (of the cells) or/and impurities (in the sample)
in the temperature range of 25-155°C and the frequency range of 20 Hz to 10 MHz interest.
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Figure 6. Frequency variation of capacitance C(w) and loss factor tan A (w) exhibited by an empty cell.

3.6. Phase transitions by LF dielectric measurements

Empty cell is heated in the vicinity of 5°C above the clearing temperature (~145°C) of
SA:110BA isotropic temperature. A small speck of HBLC is introduced in the cell so that
a thin sheet of LC spreads in the cell by capillary action. Since the temperature is far above
the isotropic temperature of SA:110BA, the LC in isotropic liquid phase comfortably enters
the dielectric cell as a thin layer due to capillary action. Care is administered as to eliminate
any small bubbles in the dielectric cell filled with the sample. The dielectric cell filled with
LC sample is slowly cooled to room temperature and placed inside the Instec heating micro-
scopic stage. SA:110BA-filled dielectric cell is connected to impedance analyzer. Impedance
analyzer is operated at 100 kHz (corresponding to 1 V., ac signal under bias-off configura-
tion). Capacitance C and loss factor tanA are read from panels 1 and 2 of impedance analyzer.
The temperature controller is programmed to reach 5°C above the reported [45] clearing
temperature (~45°C) of SA:110BA. It is held there for 10 min and programmed to cool at a
low rate of 0.05°C per minute down to the isotropic to nematic phase transition temperature.
Impedance analyzer is operated at 1 V,_, oscillating signal under bias-off condition. The read-
ings of capacitance C and loss factor tanA are noted in the LCR-meter mode. The readings
of capacitance C(T) and loss factor tanA at different temperatures of interest are recorded in
all LC phases exhibited by SA:110BA with the decreasing temperature at 100-kHz frequency.
Simultaneous microscopic textural observations are held to ensure that the data acquired for
C(T) and tanA(T) pertain to the LC phases of interest exhibited by SA:110BA. Variations in
capacitance C(T) and loss factor tanA(T) exhibited by SA:110BA cell with decreasing tem-
perature C(T) are recorded in cooling scans. The observed variations in capacitance C(T) and
loss factor tanA(T) exhibited by SA:110BA cell are presented in Fig. 7. Peaks of tempera-
ture (T) that are observed in capacitance C(T), and dips observed in tanA are identified as
phase transition temperatures. The phase transition temperatures, viz. [-N, N-SmC, SmC-
SmG, and SmG-solid determined from LF dielectric studies are found to agree (Table 1) with
the earlier observations [45] of POM and DSC. An overall decreasing trend of capacitance
reflects upon the HBLC compounds entering a relatively condensed phase with lesser surface
area. Increase of capacitance (in the vicinity of LC phase transition when it is entering into
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Figure 7. Temperature variation of capacitance C(T) and loss factor tan A(T) exhibited by SA:110BA cell.

a relatively ordered phase) with decreasing temperatures infers the increasing dipolar corre-
lation across the LC phase transition. However, the capacitance C and the loss factor tanA
are observed to remain almost invariant (or observed with a constant fall) with decreasing
temperature in the equilibrium state of all LC phases exhibited by SA:110BA. The transition
temperatures as recorded by LF dielectric studies (Table 1) are found to agree with the data
determined by POM and DSC.

3.7. LFrelaxation behavior

The variations of capacitance C(w) and loss factor tan A (w) are recorded at different specified
temperatures in N, SmC, and SmG LC phases exhibited by SA:110BA.
The relative permittivity, €, (or &’) is estimated from

&' (@) = &,(w) = [Cops(w)]/48.87. (1)
The dielectric loss & is estimated by
¢’ (w) =tanA x ¢, (2)

where ¢, is the relative permittivity of SA:110BA, i.e. the capacitance normalized over the
capacitance exhibited (48.87 pF) by the empty cell.

The observed variation of loss & () in nematic phase with frequency recorded at different
temperatures is found to exhibit two peaks in the LC phases of interest. The observed loss
¢ with frequency w in nematic phase (as representative) is presented in Figs. 8 and 9 for LF
(kHz) and HF (MHz) regions, respectively. Hence, the observed dispersion in SA:110BA is
identified to exhibit two relaxation modes. The data of temperature variation of frequency
fr> € max> in LC phases are presented in Table 2. The frequency at which & exhibits a peak
(& may) is identified as relaxation frequency fr in both lower frequency (LF~kHz) and higher
frequency (HF~MHz) relaxations. Both LF and HF relevant fz values are observed to shift
with temperature in all LC phases. A meticulous observation of &"(w) about its peak value,
i.e. & may in all LC phases, reveals that the dielectric loss (¢") spreads about its maximum value
(€ max) rather non-symmetrically. Hence, the observed dispersion in N, SmC, and SmG LC
phases [10-12] is considered to be oft-centered. This off-centered [10-12] nature of dispersion
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infers a non-Debye-type of reorientation mechanism in LC phases exhibited by SA:110BA.
Hence, the LF dielectric dispersion, viz. ¢'(w) and ¢,(w), observed at different temperatures in
N, SmC, and SmG phases exhibited by SA:110BA is addressed [6, 10-12] through the relation

" (@) = €00 — (80— £00) /[1 + j(@T) ]}, 3)

where, ex(w) is the complex permittivity, €. is the extrapolated high-frequency relative per-
mittivity on &, axis in the Cole-Cole plots, &, is the extrapolated low-frequency relative per-
mittivity on &, axis in the Cole-Cole plots, « is the distribution parameter, j = /-1, and T'is
relaxation time given by [1/fz].

The off-centered dielectric dispersion, i.e. ¢ (w) and &,(w), recorded in N, SmC, and SmG
phases is represented through the corresponding Cole-Cole plots in Fig. 10.

Owing to the fact that the present case of SA:110BA HBLC complex belongs to calamitic-
type, the observed dispersion is expected to be off-centered non-Debye-type. Further, the
dispersion is viewed as a response of a molecule of cylindrical shape [46] possessing finite
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Figure 10. Cole-Cole plots in N, SmC, and SmG phases exhibited by SA:110BA.

length to breadth ratio. The dielectric permittivity (¢’ or €,) loss exhibited by SA:110BA in
any LC phase at a finite temperature is found to decrease with increasing frequency, although
it exhibits two non-symmetrical loss (¢") peaks, viz. one in LF (kHz) region and the other in
HF (MHz) region. The two peaks infer two types of reorientation mechanisms of molecular
dipoles to the field. Further, the investigations are carried out to understand these LF and
HEF relaxation processes by drawing the Cole-Cole plots (Fig. 9) in N, SmC, and SmG phases
exhibited by SA:110BA.

The frequency at which loss (¢") exhibits a peak is considered as the relaxation frequency
fr (Whose reciprocal stands for the relaxation time tz). The observed loss spectrum (Figs. 8
and 9) viewed against that exhibited by the empty cell (Figs. 5 and 6) confirms that peaks in
¢" are the contribution of LC materials. The " ,.x values in any phase are found to shift with
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Figure 11. Arrhenius plots in N, SmC, and SmG phases of SA:110BA.

decreasing temperatures to reveal the underlying Arrhenius shift. The observed temperature
shift in fz, loss maximum €’ max, dielectric strength Ae (g, - £) (estimated from the Cole-
Cole plots), and the distribution parameter («) for both relaxation modes in N, SmC, and
SmG phases are presented in Table 2. The observed (Arrhenius shift) of fz studied in all the
LC phases exhibited by SA:110BA are presented in Fig. 11. Activation energies (E,) estimated
from the Arrhenius plots in N, SmC, and SmG phases are presented in Table 2. These are
found to agree with the range of activation energies reported [50-52] in other calamitic LCs
in their N, SmC, and SmG phases. The activation energy observed in SA:110BA for both
lower and higher frequency relaxation mechanisms are also found to be slightly less than the
values reported [50-52] in smectic phases exhibited by other calamitic LCs without hydrogen
bonding interaction on their molecular body. HB interaction is argued to lessen the activation
energy in smectic phases during their reorientation process to the applied field.

3.8. Reorientation mechanism

An overview of molecular structure (Scheme 1) suggests that in the case of SA:110BA, the
rigid core is made of two aromatic cores of nOBA moieties. The rigid core also contains
the HB interaction region. The rigid core is attached laterally to long flexible end chains
(-CnHju41) through an electro negative oxygen atom on both sides. Hence, the longitudi-
nal dipole moment u; is expected to extend through the rigid core part and on the oxygen
atom. However, 1 entails over the flexible end chains also. Since u; centered at O-atom con-
figures in relatively rigid part of molecular frame, it is expected to respond faster than that
of p spread over flexible end chains. Therefore, the HF relaxation process is related to the
reorientation of u; located at the bridging of O-atom, while LF process is attributed to the
reorientation of y, situated on the flexible part of the molecule. The present case of var-
ied time scale relaxation behavior is found [49] to be analogous to that observed in multi-
ple relaxations in other calamitic LCs that do not possess HB interaction on their molecular
frame.

It is noted that the relaxation frequency fz, the dielectric strength Ag, and the distribu-
tion parameter « (reflecting the degrees of freedom experienced by molecular dipole dur-
ing its reorientation of applied field) are found (Table 2) to follow characteristic trends with
decreasing temperature in all LC phases. Shift in dielectric parameters, viz. fg, & max, A&, and
o, is found to be relatively large in case of LF relaxations. The LF activation energy (E,) is
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found to decrease as one goes from nematic phase to SmG phase. However, in the case of HF
relaxations, reverse trend in E, is observed as one goes from SmC to SmG phase. It is also
noted that the loss maximum & . is accompanied with a decrease in almost all LC phases
(except for HF relaxation in SmG). The magnitude of dielectric strength Ae exhibited for
LF mode seems to be higher than that exhibited for HF relaxation. Higher Ae suggests a
relatively large range of LF operation for the mode of vibration with a sluggish response of
~1 ms.

4. Conclusions

e LF dielectric investigations in HBLCs are useful to determine phase transition tempera-
tures T¢ and thermal stability AT.

¢ Any small structural change due to change in dipolar correlation can be effectively stud-
ied by LF dielectric method than that with DSC.

e HBLC complexes of SA:110BA-type comprising rigid core and flexible parts of molec-
ular body exhibit two distinct modes of relaxation behavior.

e LF (kHz) mode of relaxation exhibits long range of operation and large absorption in
HBLCs.

e Activation energies estimated in N, SmC, and SmG phases exhibited by HBLCs of
SA:110BA-type agree with that of other non-HB calamitic LCs.
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