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Distortions in structures of the twist bend nematic phase
of a bent-core liquid crystal by the electric field
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The dielectric spectra of the twist bend nematic phase (Nrg) of an achiral asymmetric bent-core liquid crystalline
compound are studied for determining the various relaxation modes. Dielectric measurements are also carried
out under the bias field E up to 8 V/um. Two molecular and two collective relaxation processes are observed.
The orientational order parameters with respect to the local and the main directors determined using molecular
modes are used to find the heliconical angle. The results also show that the order parameter with reference to
the main director reverses its trend from increasing to decreasing at temperatures of a few degrees above the
Ntp to N transition. The collective relaxation modes are assigned to (a) distortions of the local director by the
electric field at a frequency of ~100 kHz while the periodic helical structure remains unaltered (mode attributed to
flexoelectricity); (b) changes in the periodic structure arising from a coupling of the dielectric anisotropy with the
electric field at the lowest frequency in the range of 100 Hz—10 kHz. Frequency of the higher frequency collective
mode (~100kHz) depends primarily on the heliconical angle and has anomalous softeninglike behavior at the
N-Nrg transition. The lowest frequency mode is studied under the bias field E; the modulus of the wave vector
gradually vanishes on increasing E (except for an initial behavior, E2 < 0.1 V2/um?, which is just the opposite).
The transition from the twist bend to splay bend structure is observed by a sudden drop in the frequency of this
mode, followed by a linear decrease in frequency by increasing E. The results agree with the predictions made

from the currently proposed models for a periodically distorted Ntg phase.
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I. INTRODUCTION

Two remarkable physical phenomena for the bent-core
liquid crystals were recently revealed. These arise from the
polar order and bending of the director. In addition to the four
known nematic phases, (i) conventional, (ii) biaxial, (iii) blue,
and (iv) cholesteric (chiral nematic), the twist bend nematic
(Ntp) as the fifth in the sequence of nematic phases has recently
been described [1-4]. In this phase the director has uniform
bend and twist; the optical axis coincides with the helical
one in the absence of external field. The heliconical angle is
found to be lower than 77 /2 rad. This phase is triggered by the
display of anomalously low bent and twist elastic constants
of strongly bent shaped molecules. If the polar order exists
along the direction orthogonal to the long molecular axis
of the bent-core molecules, net polarization emerges which
interacts with the electric field. Meyer and Dozov [5] recently
showed that the polar order in the transverse direction couples
to the bend variations of the main director. The results from an
investigation of the response of Ntp to the external stimuli such
as E or chiral doping [6,7] could lead to a determination of the
structure of this phase. An understanding of the phenomenon
of the formation of Nyp has the potential for practical appli-
cations. Nevertheless the structure of this phase and reasons
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for its formation are not yet fully understood. Physics for the
formation of the Ny phase and the effect of external stimuli
is a prerequisite for the design of new materials for tailoring to
the specific requirements for a given application. The electric
field, as the external stimulus, has important advantages, since
E is coupled directly to the dielectric anisotropy but is also
coupled independently to the polar order. Furthermore, electric
field can be conveniently applied across a liquid crystal cell.
The phenomenon of flexoelectricity deals with the distortions
of the polar order induced by the electric field, whereas
ferroelectricity comes into play with the field interacting with
the spontaneous polarization. The question as to whether the
conventional nematic phase displayed by achiral bent-core
systems has ferroelectric properties is being debated [8,9] but
this discussion is yet to be extended to the Ntg phase.

The physical properties of the material in this phase can
be observed through strong dielectric and weak flexoelectric
couplings with E [6,7]. The optical axis is rotated by the elec-
tric field E, applied in a plane perpendicular to the helical axis
[10]. Such a characteristic effect resembles the electroclinic
response in SmA* [11] and the flexoelectric response of a
cholesteric nematic (chiral nematic, N*) [12]. For the case
of negative dielectric anisotropy, i.e., when Ag < 0, in the
E 1 g geometry of the electroclinic experiment carried out on
a planar-aligned cell, the average dielectric torque acting on
the helical axis is zero; ¢ is the wave vector. The flexoelectric
effect though independent of the dielectric one is operative
here. When the high frequency ac probe field is applied, we
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FIG. 1. (a) The chemical structure of an asymmetric bent-core
molecule and the phase transition temperatures listed as determined
by differential scanning calorimetry (DSC) and polarizing microscopy
under cooling from the isotropic state [17]. The schematics of the
geometry of sandwich cells for the two alignments are shown as (b)
planar, and (c) homeotropic.

can neglect a variation in the wave vector g (=2 /p), induced
by the probe field, on the assumption that the pitch p of the
helical structure is dynamically frozen at its field-off value
[13]. At lower frequencies, however, we need to examine the
macroscopic effects arising from the bias field. These effects
are related to reorganization of the pseudolayers in the Ntp
phase and with nucleation and propagation of defects in the
medium. Our results of dielectric spectroscopy and texture
studies under external field are analyzed in terms of models
given recently by Matsuyama [14] and Pajak et al. [15,16].

II. EXPERIMENT

The chemical structure of an asymmetric bent-core liquid
crystal (LC) molecule [17] is given in Fig. 1(a). Wide band

dielectric spectroscopic experiments in the frequency range
1 Hz-100 MHz are carried out on a planar-aligned cell with
and without the bias field. The cell spacing is varied from 1.6
to 10 um. Schematics of the geometry of the sandwich cell for
both planar and homeotropic alignments are given in Figs. 1(b)
and 1(c). The data of dielectric loss &” for a planar-aligned LC
cell are shown in Figs. 2(a) and 3(a). For the higher frequency
dielectric measurements, gold plated cells filled with the
material in the isotropic state are used. The alignment layers on
the electrodes of the cell are created by coating and annealing
the surfactants on the electrodes, prior to the cell’s assembly.
The amplitude of the probe field lies in the range 0.01-1 V /um,
whereas the dc bias field up to 8 V/um is applied for studying in
detail the lowest frequency mode. Textures of the cell as a func-
tion of the external field are recorded and investigated. Textures
in the absence of the external field indicate that the planar
alignment is successfully obtained. The real (¢’) and imaginary
(¢”) parts of the complex permittivity are measured for both
planar- and homeotropic-aligned cells under slow cooling from
the isotropic state. Since the probe field is weak enough, ¢" and
&” correspond to a linear change in the induced polarization
brought about by the probe field. In order to determine the
dielectric amplitude, ¢, and the relaxation times, ;, of each
relaxation mode, the dielectric spectra are analyzed using the
Cole-Cole equation (1) that expresses the complex permittivity
in terms of the various relaxation processes:
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Here 8¢, 7, @, £ are the fitting parameters of the equation
to the experimental data of ¢”. We analyzed up to four
relaxation peaks (n < 4); however, the low frequency peak is
analyzed separately as it does not overlap with other peaks.
The corresponding relaxation frequencies, f; =1/2n7;,
are calculated from 7;. A Cole-Cole plot depicts a slightly
suppressed arc. The suppression of an arc (the central line of
half circle below the &¢” zero value line) is a measure of the
nonzero value of the parameter «;, calculated from the fittings
of the experimental data to Eq. (1). From these, «; is found to
be in the range 0.05-0.1. For obtaining a better deconvolution
of the relaxation peaks, it is preferable to analyze the derivative
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FIG. 2. (a) Dielectric loss ¢” spectra recorded for a planar-aligned cell (thickness = 5 ym) are plotted vs log,,( f/Hz). (b) The derivative,
dg'/dlog,,(f), is plotted vs log,,( f) from its value of 4 - 7. The measuring (probe) field = 0.1 V/um.
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FIG. 3. (a) The ¢” spectra recorded for a planar-aligned cell at low frequencies are plotted at a temperature step of 2 K showing a large polar
order. (b) The four relaxation frequencies are plotted vs T'. The precessional rotation, fio, ((J), and the spinning motion, fi;, (O), are assigned
to the two molecular modes. The tilt deformation, f;, (A), and fs, the structural (V') modes assigned to the collective ones, are plotted as a
function of T'. The cell spacing = 5 um and the probe field = 0.1 V/um.

of ¢ with respect to log,,(f) [18]; see Fig. 2(b). Relaxation
frequencies of the various modes are calculated by fitting
the experimental data depicted in Figs. 2(a) 2(b), and 3(a) to
Eq. (1). A set of four relaxation frequencies so obtained is
plotted vs temperature in Fig. 3(b). The dielectric amplitudes
for the two higher frequency modes are plotted in Fig. 4(a).

III. RESULTS AND DISCUSSION

The &” spectra reveal two relaxation peaks in the higher
frequency range of Fig. 2(a). These are assigned to the molec-
ular relaxation modes. However, the two peaks observed at low
frequencies in Figs. 2(b) and 3(a) are assigned to the collective
relaxation modes. Different components of the dipole moment
contribute to the dielectric permittivity differently and these
relax at different frequencies of the probe field. The complex
permittivity expressed in terms of the Maier and Meier (M-M)

(a) |
o€

0000000y 11
6- \S.i o, 10.6
L ] 3
[ ] A
A

...Il.....-- 10

0.0

430

model as given by Toriyama et al. [19] is used here. The
phenomenon of dielectric relaxation in the nematic phase is
usually interpreted in terms of the rotational diffusion model
for the reorientation of molecules in the nematic field [20].
The perpendicular component of the dielectric permittivity
measured normal to the nematic director in a planar-aligned
cell includes contributions for both parallel and perpendicular
components of the molecular dipole moment with respect to
the long molecular axis.

The perpendicular component of the complex permittivity,
&’ (w), can be written as [19]
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A = N'hF?/3eokp is the scaling factor for the two relax-
ation mechanisms that contribute to the complex permittivity.
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FIG. 4. (a) Plots of the dielectric amplitudes of molecular modes vs temperature: the precessional mode, 5¢;o, (), and the spinning mode,
8¢e11, (.). The orientational order parameter, S, calculated from 7,0/7y is marked as a blue continuous line. The parameter S’ is calculated
from §¢9 and is plotted as, (A). The inset in Fig. 4(a) shows relaxation mechanisms of 7,9 and ;. (b) The two relaxation times, 7,9, (H), and
Ti1, (.), are plotted as a function of temperature. Like the dielectric amplitudes 8¢ and ég1;, 719 and 7y relate to the precessional and the
spinning modes, respectively. 1y is the relaxation time in the isotropic phase and is extrapolated to lower temperatures shown by a dashed line
in (b). The anisotropy in the rotational diffusion coefficients, A, is calculated and plotted as a red continuous line, marked as A.
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In Eq. (2), N' (=M /d) is the number density of molecules,
d is the mass density and M is the molecular weight, gy is
the permittivity of vacuum, 7 is the absolute temperature, and
kg is the Boltzmann constant. F and / are the internal field
factors for the reaction and cavity fields, respectively. u; and
u, are the longitudinal and the transverse projections of the
molecular dipole moment, (o, directed along and normal to
the long molecular axis, respectively. Thus depending on the
nature of the relaxation mode, the two terms on the right-hand
side of Eq. (2) relax at different frequencies, f; = 1/2nt;.
In the rotational diffusion model [20], 119 and t;; are the
relaxation times for the precessional and spinning rotations,
respectively, and are so assigned. Expressions for 79 and
711 are related with the relaxation time in the isotropic state,
79 by Egs. (3a) and (3b). The orientational order parameter
S and the anisotropy in the rotational diffusion coefficients
A= %[DH/DL — 1] are also expressed by Eqgs. 3(a) and 3(b).
D) and D, are the rotational diffusion coefficients for parallel
and normal diffusions to the nematic director, respectively.

T10 1-S5
0 +5S
24 S
o + . (3b)

T 2+AQ2+S)-3S

In Egs. (3a) and 3(b), 19 is the relaxation time of the LC ma-
terial in its isotropic phase. T = 3y V /kgT, y is the rotational
viscosity, and V(=d/M = 1/N) is the volume per molecule,
calculated from the d and M values. Figure 4 (a) shows the tem-
perature dependencies of the dielectric amplitudes deyg, 8¢
and the orientational order parameter S. 719 and 7, vs T for the
precessional and spinning modes plotted in Fig. 4(b) imply that
the rates of relaxation processes in the nematic phase are faster
than in the isotropic state, i.e., the relaxation times are lower in
the nematic than in the isotropic phase due to the nematic field.
The relaxation frequencies, 1/2wtj9 and 1/2m 7y, lying in
the frequency range 10°—108 Hz correspond to the molecular
modes. The scaling factors for 719 and 71, with respect to 7o
are given in terms of S, and A by Egs. (3a) and (3b). For a
conventional nematic phase, however, the results are normally
well reproduced by the rotational diffusion model of Coffey
and Kalmykov [20]. The order parameter, S, can be calculated
either from 7,/ 7y using Eq. (3a) or from &1, using the first
term in Eq. (2). In order to calculate S from 79/ 79, we assume
that 7y in the isotropic state is described by a thermal activated
process (Arrhenius law). S measured with respect to the local
director is described by the power law, (1 — TL,)ﬂ; the critical
exponent factor 8(=0.28) is found from the ﬁvtting of StoT.
Interestingly, no change in S is observed at the N to Ntp transi-
tion. In order to calculate the order parameter S’, with reference
to the main director, the first term of Eq. (2) is written as &9 =
B(1—S")/T. In the isotropic state S’ =0; then B = Aulz,
which fixes B. The temperature dependence of S’ is plotted in
Fig. 4(a), and this coincides with the plot of S in a temperature
range of 450-460 K. The temperature dependence of S’ dis-
tinctly reverses its monotonic trend from increase to decrease
with areduction in temperature, at the transition temperature of
438 K, but this curve also departs from the Maier-Meier model
at atemperature of a few degrees above the Nyg to N transition
temperature [Fig. 4(a)]. As stated before, S’ is defined in the

sample system of reference (with respect to the main director
or ¢ symmetry axis), and is related to S by the equation
S’ = P>(cos0)S. The experimental value of S’ in the Nrp
phase is reduced from § by the factor P>(cos8) arising from
the tilt of the local director from the helical axis by an angle 6.
This calculation is reminiscent of finding the order parameters
of SmA to SmC phases with respect to the layer normal. Thus
the Legendre polynomial P,(cos ) is calculated from the ratio
S’/S and the cone angle 6 is obtained; this approaches 30° for
T = 425K. It is clear that 6 does not extrapolate to zero at the
Nrp to N transition but remains finite to a few degrees above the
Nrtg-N transition. The rotational viscosity, y, for the rotations
of the local nematic director is calculated from .

A is calculated from S and /7 using Eq. (3b), and is
plotted in Fig. 4(b). We next consider the two low frequency
relaxation modes that have been plotted in Figs. 2(b) and 3(a).

For sufficiently large E, the dielectric coupling dominates
the free energy density of a twist bend nematic phase. For the
high frequency ac signal, the dielectric effect is dominant even
for weak fields due to a finite time average of the torque acting
on q in contrast to the polar effect for which the time average is
zero. In most cases, however, the dielectric interaction reorients
the macroscopic symmetry axis, /N, as a result of the sum
of the torques that act locally on the director n, Fig. 5. A
reorganization of the pseudolayered structures of Np is slow
and in order to avoid complications, we assume that E varies
rapidly. In such a case, we neglect the variations of ¢ with
time by assuming that the helical pitch is dynamically frozen
at its field-off value. We consider a specific case when the field
stabilizes the macroscopic heliconical structure [13].

Figure 6(a) shows a magnified plot of frequency of the
tilt deformation mode, f; [already shown in Fig. 3(b)] vs
temperature. This plot is similar to that of the fluctuations
of the director determined from results of the dynamic light
scattering experiment [21] carried out on a thermotropic
liquid crystalline mixture of a monomer with dimer. The
corresponding relaxation time, 7, = 1/27 f;, in the Ntg phase
varies from 2 to 0.7 us for temperatures of 438 to 425 K. This
is obtained from a fitting of the dielectric spectra, shown in
Fig. 2(b), to the relaxation processes. The relaxation time so
calculated is found to be much lower than those calculated
from an optical switching experiment (15-11 us) [17]. The
latter results, however, are found for a much higher amplitude
of E; such a large field probably reduces the g wave vector.
On the contrary, the magnitude of t; is found to be rather
similar to the optical switching time, ~0.7 us for the two
dimer systems CB7CB and C11CB [4,10,13]. We reproduce
the temperature dependence of the high frequency tilt mode
centered at ~10° Hz, of the relaxation rate [21] or the response
time [13] for the tilt of director n:

2¢*K,sin%0

thl/ftzznft:7a “)
where K; = (K| + K»)/2 is the effective elastic constant
for the tilt in the coarse grained director N away from the
pseudolayer normal. y is expected to be continuous at
the N-Nrp transition temperature. Qualitatively, ¥ and ¢>
have similar temperature dependencies and hence y /¢>, for
simplicity, is assumed to be a constant in Eq. (4); p = po for
E = 0 in the Nt phase and py &~ 14 nm [22]. y is calculated
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FIG. 5. (a) A demonstration of the electroclinic effect in the Ntg phase in the absence of the external field; the local director n (blue arrow)
follows the heliconical orientation. (b) For the field E applied in a plane normal to the helical axis, the macroscopic optical axis N shifts from q
by an angle «, its magnitude and sign depends on the sign of £ and handedness of the twist-bend domain. (P) is the net flexoelectric polarization

component directed along E.

from 779 and is found to be 0.9 Pas at 438 K. The conical
angle 6 is found to be much greater than ~10°, calculated from
the birefringence measurements [17] but the magnitude of this
angle is in agreement with that for CB7CB determined from the
x-ray scattering experiments [23]. Due to many complexities
in the structure of the Nt phase reflected in its texture, the
birefringence measurements may be underestimated. Figure
6(a) shows that in Ntg, the product, K,sin%0, obtained from
the fitting of Eq. (4) to 7, is reproduced by sin’# alone. This
implies that K, is approximately a constant in the Ntg phase.
Both curves show similar temperature dependencies; never-
theless a departure observed above the Ntg-N temperature is
explained by an unusual temperature dependence of K, as was
observed for some of the elastic constants for CB7CB [24]. It
is interesting to note from Fig. 6(a) that 0 is already finite for
temperatures of a few degrees above the Ntg-N transition. The
temperature range for which 0 is finite coincides with that for
the high temperature Ntg phase [17], shown in Fig. 6(b).

(a) f12
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The lowest frequency (or the longest time) relaxation
process is observed in the frequency range 10>—10* Hz. This
is identified with the z-dependent rotation of the heliconical
director n(r), which does not change the coarse grained
director N [21]. Equivalently, this mode can be regarded as the
z-dependent displacement, ¢ /g, of the pseudolayers, leading
to alternating compression and dilation of the pseudolayer
structure. In the limit of the long wavelength (small g), the
relaxation rate is

q° Beiy

FSZZTL'fS: 2)/ . (5)

B is the effective elasticity (associated with K, and K3)
[21] which plays the role of the elastic moduli for compression
of the pseudolayer structure in the Ntg phase. Here y is the
relevant viscosity coefficient. I'g is the angular frequency. The
relaxation peak of &” for the lowest frequency mode plotted in
Fig. 3(a) leads to a large dielectric amplitude of §& = 800. This

(b) N Lower Temperature
S &ripped N,
High ~
40.2
temperature N,
D
N
£
n
410.1

FIG. 6. (a) Relaxation frequency of the helix tilt deformation mode, f;, (A). The continuous blue line is a plot of K, multiplied by sin6.
Here K,sin?0 is an unknown parameter obtained from fitting of Eq. (4) to f;. sin® is determined from 8e,o, (W). 6 ~ 6° at the N-Nrg transition
temperature and rises to 30° at 425 K. (b) Optical polarizing microscopic textures recorded for the N and Ntg phases are shown.
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FIG. 7. (a) q° plotted as a function of E; this is calculated from the free energy minimization [15] for the ODMNS, shown as a blue dashed
line. (For this the X axis is at the bottom and the Y axis is on the left-hand side of the plot.) Peak frequencies and the wave vector for the low
frequency mode for T = 425K are plotted. fs is drawn from the dielectric data (OJ) and g2, (O), is drawn from texture as a function of the
bias field E. (For this the X axis is at the top and the Y axis for fy is on the right-hand side of the plot.) (b) The textures obtained by application
of the dc electric field (4.2 V/um), and (c) by the sine wave ac electric field (60 kHz, 6 V/um), are shown.

is obtained from a fitting of the ¢” data to Eq. (1), indicative
of a large polar order. The frequency fy is influenced by the
applied electric field E; the field increases the time period and
reduces the frequency. It is possible to predict the wave vector,
q,of the transverse pattern using Eq. (5) for fs by assuming that
the effective elastic constant B and the viscosity coefficient y
are field independent. The predicted domain periodicity, found
for the elastic constant (Beg =~ 10pN) lies in the submicron
scale (200-900 nm). Such a submicrometer pattern has already
been observed using the three-photon excitation fluorescence
polarizing microscopy of CB11CB [25,26] and is supported
by the observations of templating the polymerization of a
mixture of CB7CB with 5 CB in the Nyg phase [27]. A
theoretical approach for describing the dependence of ¢ on
E was given recently by Pajak et al. [15], where they calculate
the response of the bulk Ntg phase to E within the framework
of Landau—de Gennes free energy formalism [28]. For a liquid
crystalline material with a large negative dielectric anisotropy,
Acg, atransformation of the initial phase to the one-dimensional
modulated nematic structure (ODMNS) occurs over a wide
range of fields. We surmise that E distorts the Ntg structure
and changes the g value; fs is found to be proportional to
g2, by Eq. (5). We compare the experimental dependence of
q from the dielectric and texture studies with those predicted
by the model [15]; comparison is made in Fig. 7(a). Clearly ¢
vanishes on increasing E, whereas the frequency of this mode
decreases almost linearly with E. The effect of E is to unwind
the structure and to reduce the mode’s frequency, except for an
initial behavior (E% < 0.1 VZ/um?). Such a behavior for low
electric field, E, is reminiscent of the Goldstone mode observed
in SmC* phase of ferroelectric liquid crystals (FLCs). The
model predicts that the modulation of the main director brought
about by negative Ae¢ interacting with the field undergoes a
precession on an elliptic cone around ¢ . This leads to an elliptic
twist bend phase, Nrg.. The stronger fields in the (E_Lq)

geometry make the base of the elliptic cone narrower and
finally the splay bend (Nsg) phase is stabilized. The cone is
degenerated to a line with the splay bend modulations of n.
Larger E diminishes the in-plane modulations and the electric
polarization P acquires the off-plane uniform component
along E. This alternative chiral structure is denoted by N;Bp.
For even larger E this phase transforms to polar nematic, N,
where the polarization is directed parallel to E.

In Fig. 7(a), the experimental data for the Ntg. and Nsp
phases agree qualitatively with the model. The transition from
Ntge to Ngg is indicated by a sudden drop in the mode’s
frequency. For Nsg, the dependence of ¢? on E falls off more
steeply than predicted by the model. It should be noted that
the model is valid for the bulk, whereas the real experiments
are carried out on a sample confined to a liquid crystal cell.
A continuous red line in Fig. 7 guides the experimental data
(). A further increase in E shifts the relaxation peak to
frequencies of the ionic processes in the medium. Here g2,
determined from the optical textures (O) is plotted vs E. These
lie on an extension of the red line for Ngg, where the helical
structure is gradually unwound by E. This curve represents
a linear decrease in the frequency with an increase in the
electric field. The texture in Fig. 7(b) shows a transition from
the periodic Nsg phase to a uniform (unwound) N,. Also the
texture under the ac field of 6 V/um for a frequency of 60
kHz is given in Fig. 7(c). The sharp striped domains indicate
that the uniform Ngp structure is split into domains that
depict left- and right-hand orientations of the director. The
birefringence within each domain increases as a function of
E, indicative of the Ngp, structure. The stripe periodicity is
found to increase linearly with increase in the time period of
the field, similar to that found for achiral dimers with negative
dielectric anisotropy [29]. It has, though, not been possible to
obtain an unambiguous identification of Ngg, and N}, phases
experimentally as predicted by the model.
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IV. CONCLUSIONS

An asymmetrical achiral bent-core molecule exhibits both
high temperature N and Ntg phases over broad ranges of
temperature. These observations support the findings that the
molecular shape including the angle of bend is the important
driving force for the exhibition of Ntg phase [30]. The
dielectric spectra of the twist bend nematic phase (Ntg) of an
achiral bent-core liquid crystalline compound are investigated
in the frequency range 1 Hz—100 MHz in order to determine
its response to the probe field. We observe four modes in the
dielectric spectra; the two higher frequency ones are assigned
to the molecular modes. These are used to determine the order
parameters with respect to the local director as well as with the
main director. The two parameters depart from each other at a
temperature of a few degrees above the Nt to N transition
temperature, indicative of the emergence of a heliconical
angle in the high temperature nematic phase followed by
an increase of its value with a reduction in temperature in
the Ntg phase. The two low frequency collective modes are
assigned to (a) local distortions of the heliconical angle at a
frequency of ~100kHz while the periodic helical structure
remains unaltered. This mode is attributed to the flexoelectric
phenomenon, and (b) changes in the periodic structure arising
from a coupling of the dielectric anisotropy to the electric
field in the frequency range 100 Hz—10 kHz. The frequency of
the higher frequency collective mode given above is shown to
depend primarily on the heliconical angle and has anomalous,
softeninglike behavior at the N-Ntp transition. The lower
frequency collective mode is particularly interesting and this

corresponds to an alternating compression and dilation of the
pseudolayer structure. A large polar order is observed in the
Nrtp phase for the first time. Recent theoretical developments
show that the liquid crystalline material with negative dielectric
anisotropy when subjected to increasing bias field undergoes
a series of transitions from the twist bend to the elliptic twist
bend and finally it transits to the splay bend phase. This is
corroborated by the experimental results given here by a sudden
drop in the frequency of the mode related to the square of
the modulus of the wave vector occurring at the Ntg. to Ngsp
transition; a further increase in the bias field leads to the polar
splay bend phase where the frequency of the mode decreases
linearly, whereas the helical pitch increases with an increase in
the field. For a large amplitude of the external field, a transition
to the polar splay bend phase is observed and finally the helical
structure is fully unwound by the field.
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