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Ferroelectric Low-Voltage ON/OFF Switching of Chiral Benzene-
1,3,5-tricarboxamide Derivative
Jianyun Wu,a Takashi Takeda,a, b* Norihisa Hoshino,a, b and Tomoyuki Akutagawaa, b*

The phase transition behaviour, molecular assemblies, and dielectric responses of an N,N',N''-trialkylbenzene-1,3,5-
tricarboxamide derivative bearing chiral (S)-3,7-dimethyloctyl chains (S-3BC) were compared with those of an N,N',N''-
trioctadecylbenzene-1,3,5-tricarboxamide derivative (3BC) bearing achiral –CONHC14H29 chains. Chiral S-3BC showed a 
similar phase transition behaviour to that of achiral 3BC, and ferroelectric polarization–electric field (P–E) hysteresis curves 
were observed in the discotic hexagonal columnar (Colh) liquid crystal phase. Interestingly, the magnitude of Pr and Et values 
of S-3BC were 5.5-times larger and 13-times smaller than those of 3BC because of the introduction of the chiral alkyl chains, 
indicating a useful method to obtain low voltage ON/OFF ratios for the switching device. Much stronger N−H•••O= 
hydrogen-bonding interactions were observed in S-3BC than in 3BC because of much shorter -stacking distance and blue-
shift of the intermolecular asymmetrical N−H vibrational band in the former, which effectively decreased the potential 
energy barrier for the dipole inversion between N−H•••O= and =O•••H−N orientations and the Et value.

Introduction
Non-volatile ferroelectric memories are used in information-
based technology such as contactless smart cards.1 Two kinds 
of ferroelectric mechanisms of the order–disorder and atomic-
displacement-types have been recognized in new ferroelectric 
materials, and the latter has a much faster switching speed than 
the former.2 Among the various inorganic ferroelectrics, lead 
zirconate titanate (PZT) and barium titanate (BaTiO3) are widely 
used as the atomic-displacement-type ferroelectric memory 
devices.1, 3 However, the toxicity, scarce resources, and high 
costs of the components prevent the development of 
environmentally friendly memory devices. Thus, chemically 
modifiable organic ferroelectrics have attracted much attention 
as a means to control the ferroelectric properties and to 
fabricate new kinds of low-cost flexible memory devices.4,5 
Dipole inversion and ferroelectricity can be achieved by a range 
of mechanisms via the design of organic materials; for example, 
proton transfer in hydrogen bonds, molecular rotation in single 
crystals or plastic crystals, and atomic displacements in three-
dimensional (3D) organic–inorganic hybrid perovskite have 
recently been exploited.6–13 In addition, lower-order molecular 
assemblies such as liquid crystalline phases have been utilized 
for the formation of ferroelectric materials.14–16 The chiral 
smectic C (SmC*) phase of rod-like chiral molecules and banana-
shaped molecules show ferroelectric responses on dipole 

inversion by the application of an external electric field.17–20 
Furthermore, only layer periodicity is observed in the SmC 
phase, where the molecular long-axis is tilted with respect to 
the layer, and the crystallinity is much lower than that of the 
plastic crystals. Therefore, thermally activated molecular 
motion in liquid crystals is easily activated and designable, 
unlike those in single crystals and plastic crystals.21–23

In addition to liquid crystalline chiral SmC* compounds, 
other interesting liquid crystalline ferroelectrics have been 
reported in simple benzene derivatives of an N,N',N''-
trialkylbenzene-1,3,5-tricarboxamide derivative (3BC), which 
forms one-dimensional (1D) N−H•••O= hydrogen-bonding 
molecular assemblies and a discotic hexagonal columnar (Colh) 
liquid crystal phase.24–26 The application of alternating current 
(AC) voltages in the Colh phase changes the direction of the 
dipole moment in the amide-type infinite (N−H•••O=)∞ 
hydrogen-bonded chains, resulting in a hysteresis loop in the 
polarization−electric field (P−E) curve.27–31 In liquid crystalline 
3BC, the thermally activated rotations of hydrogen bonds and 
the melting of the alkyl chains play an essential role in achieving 
dipole inversion in the 1D column. To obtain the multi-
functional ferroelectrics, we also designed a pyrene derivative 
bearing four tetradecylamide (−CONHC14H29) chains, which 
showed the Colh liquid crystal phase, organogel and nanowire 
formation, concentration-dependent excimer emission, 
current-switching, and ferroelectricity.32–34 In particular, the 
molecular design of the -molecular core enables thermal-
tolerant ferroelectrics based on tetrabenzo-porphyrin 
derivative bearing four –CONHC14H29 chains, which showed a 
ferroelectric P−E hysteresis curve at 503 K.35 Therefore, the 
design of -electronic systems is a useful approach to design 
multi-functional molecular materials with specific optical, 
electrical, and magnetic properties. Furthermore, the non--
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planar electronic system of 1,12-
dimethylbenzo[c]phenanthrene (dimethylhelicene) derivatives 
bearing two –CONHC14H29 chains has been shown to form a 
ferroelectric two-dimensional (2D) lamella-type mesophase, in 
which the ferroelectric parameters of remanent polarization 
(Pr) and coercive electric field (Et) were much larger than those 
of the 1D columnar Colh phase.36 However, the large Et-value of 
22 V m−1 in the 2D hydrogen-bonding layer increases the 
switching voltage for dipole inversion and is unfavorable for 
memory device applications. To decrease the Et-value and 
increase the Pr-value, further chemical design is needed to 
achieve high-performance switching memory device under a 
low-voltage supply. 

The introduction of chiral alkyl chains into a rod-like 
molecule can yield a ferroelectric chiral SmC* phase. Chiral S- or 
R-molecules form the polar molecular assembly structures, and 
an equimolar mixture becomes a non-polar molecular 
assembly. We have already reported the structure of the 
molecular assemblies and physical properties of a 
dimethylhelicene derivative bearing two –CONHC14H29 chains, 
for which ferroelectricity is only observed in the racemic 
derivative.35 Liquid crystal formation and the ferroelectric 
response were not observed in chiral S- and R-helicene 
derivatives. The polar chiral structural unit contributes to the 
macroscopic dipole moment together with the polarization of 
N−H•••O= amide unit. However, the ferroelectricity of the 
racemic dimethylhelicene derivative is controlled by the 
presence of the polar amide unit alone.

Scheme 1.  Molecular structures of chiral S-3BC and achiral 3BC.

To control the Pr- and Et-values in Colh liquid crystal phase, 
we focused on chiral 3BC derivative (S-3BC), which bears three 
chiral (S)-3,7-dimethyloctyl ((S)-C2H2C*H(CH3)(CH2)3CH(CH3)2) 
chains,37,38 and the phase transition behaviour, liquid crystal 
formation, molecular assemblies, and ferroelectric response 
were compared with those of achiral 3BC, which bears three –
CONHC14H29 chains (Scheme 1). The mixing states and majority 
rule between 3BC and S-3BC at the molecular level in the 
solution phase have been extensively discussed.37–40 However, 
the dielectric response and ferroelectric behaviour of S-3BC 
have not been examined. In this study, we identified the low-
switching voltage ferroelectric response of S-3BC, which can be 
explained by the formation of much stronger hydrogen-bonding 
interaction in the 1D -stacking column than that of 3BC.

Results and discussion
Chiral S-3BC was synthesized from the corresponding 
homochiral (S)-3,7-dimethyloctylamine and benzene 
tricarbonylchloride,37,38 yielding a white powder. The TG curves 
of S-3BC and 3BC reveal almost the same thermal 
decomposition behaviours at 520 K after the phase transition to 

an isotropic liquid (IL) (Fig. S1). The DSC curves of S-3BC and 3BC 
indicate similar two-steps solid–mesophase (S−M) and M–IL 
phase transitions (Fig. 1a). The reversible S−M and M−IL phase 
transition temperatures of chiral S-3BC were observed at 392 
and 505 K, respectively, which are 54 and 22 K higher than those 
of 3BC at 338 and 483 K. The transition enthalpy change (H, 
kJ mol−1) of the S−M and M−IL phase transitions of S-3BC were 
19.4 and 29.6 kJ mol−1, respectively. Although the H value of 
the S–M phase transitions for S-3BC and 3BC were almost the 
same as each other, the H value of the M–IL phase transition 
for S-3BC was 24.2 kJ mol−1 larger than that of 3BC. The 
N−H•••O= hydrogen-bonding interaction of S-3BC is larger than 
that of 3BC. Figs. 1b and 1c show the polarizing optical 
microscopy (POM) images of S-3BC under a crossed-Nicol 
optical arrangement at 375 K (S phase) and 425 K (M phase), 
respectively. There was no fluidic behaviour in the S phase at 
375 K, whereas both fluidic and birefringence behaviours with a 
characteristic texture of the liquid crystalline phase were 
observed at 425 K. The M phase of 3BC has been characterized 
as a discotic hexagonal columnar (Colh) liquid crystal phase, and 
a similar Colh phase has been observed in M phase of S-3BC. 
Although the numbers of carbon atoms in the lateral alkyl 
chains for S-3BC and 3BC differ, the magnitude of the 
intermolecular interactions in the Colh phase of S-3BC was 
larger than that of the Colh phase of 3BC because of the much 
higher M−IL phase transition temperature. 

Fig. 1.  Phase transition behaviours of chiral S-3BC and achiral 3BC. a) DSC 
diagrams of S-3BC (black) and 3BC (red). The S, M, and IL correspond to the solid, 
Colh liquid crystal, and isotropic liquid phases, respectively. POM images of S-3BC 
under a crossed-Nicole optical arrangement of b) S phase at 375 K and c) Colh 
liquid crystal phase at 425 K.

The difference in the thermal properties for S-3BC and 3BC 
is mainly dominated by the amide-type intermolecular N–
H•••O= hydrogen-bonding interaction in the Colh liquid crystal 
phase. In the solid-state IR spectra, a free N–H asymmetrical 
stretching vibrational band (N-H) at 3400−3500 cm−1 was 
observed at a much larger energy than that of the 
intermolecular hydrogen-bonding N-H band at 3060−3330 
cm−1.41,42 Typical N-H bands of S-3BC were observed at 3230 and 
3074 cm−1, whereas those of 3BC were observed at 3238 and 
3080 cm−1 (Fig. S2). The intermolecular hydrogen-bonding N-H 
band was about 150 cm-1 red-shifted from that of the free N-H 
band, suggesting the effective formation of intermolecular 
amide-type N−H•••O= hydrogen-bonding interactions both in 

CONHR
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S-3BC and 3BC. Interestingly, the N-H bands of S-3BC were slight 
blue-shifted (6−8 cm−1) in contrast with those of 3BC, suggesting 
stronger hydrogen-bonding interactions in S-3BC than in 3BC in 
the solid state.

The formation of a hydrogen-bonded 1D molecular 
assembly of S-3BC was confirmed by the formation of 
organogels, nanofibers, and lyotropic liquid crystalline phases. 
Figs. 2 show the photographs of organogels and scanning 
electron microscopy (SEM) images of nanofibers on the highly 
oriented pyrolytic graphite (HOPG) substrate surface. 
Transparent organogels of S-3BC were observed in 
dimethylsulfoxide (DMSO) and CH3CN with a fixed 
concentration of 20 mM, whereas a white opaque organogel 
was observed in acetone (Table S1). Highly viscous transparent 
liquids of S-3BC were observed in cyclohexane, benzene, 
toluene, and CHCl3, and the solvent-dependent gelling 
behaviours were associated with the solubility of S-3BC in these 
solvents. The formation of organogels of S-3BC is consistent 
with the existence of 1D hydrogen-bonded molecular 
assemblies. Fig. 2b show the 3D network of 1D fibrous 
molecular assemblies in the xerogel state of S-3BC on a HOPG 
substrate (Fig. S4). Each nanofiber was entangled with each 
other, forming 3D nanopores to capture the solvent molecules 
in an organogel state. The expanded SEM images of one 
nanofiber are suggestive of a high-order helical molecular 
assembly (Figs. 2c and 2d). The clockwise helical 1D assemblies 
with diameters ranging from 100 to 1000 nm are consistent 
with the formation of the long-range 1D chiral N−H•••O= 
hydrogen-bonding molecular assemblies of S-3BC.

Fig. 2.  Molecular assemblies of S-3BC. a) Organogels in DMSO (top) and CH3CN 
(bottom) with a concentration of 5 mM. SEM images of b) xerogels and nanofiber 
network on HOPG. The scale bar indicates 10 m. c, d) SEM images of one helical 
nanofiber with clockwise helicity on HOPG with a scale-bar of 5 m.

Fig. 3 summarizes the structures of the molecular 
assemblies of S-3BC based on the X-ray diffraction experiments. 
The high crystallinity of S-3BC at 290 K was confirmed by the 
sharp Bragg reflections at all measured 2 angles. The 
diffraction pattern of S-3BC at 410 K became quite simple and 
is characteristic of the formation of Colh liquid crystal phase42, 43 
and is similar to that of 3BC at 400 K. The diffraction peaks at 2 
= 5.10°, 8.90°, and 10.28° of S-3BC at 410 K correspond to d-
spacings of 1.73, 0.995, and 0.861 nm, respectively, which were 

indexed to the 100, 110, and 200 diffraction peaks of the 
hexagonal lattice of Colh phase. The maximum length of 2.8 nm 
of the S-3BC molecule assuming the all-trans conformation for 
the three alkyl chains was about 1 nm longer than d100 = 1.73 
nm (Fig. 2b), suggesting an interdigitated structure of the three 
chiral alkyl chains. In contrast, the broad diffuse peaks around 
2 = 18° and 25.5° are assigned to the melting state of alkyl 
chains and an average -stacking distance of d001 = 0.349 nm. In 
contrast, the diffraction peaks corresponding to d100, d110, and 
d001 for 3BC were observed at 2 = 3.94°, 7.32°, and 22.7 °, 
indicating periodicities of 2.240, 1.208, and 1.045 nm, 
respectively, and the melting state of alkyl chains and an 
average -stacking distance were observed at 2 = 19.0° and 
22.7° with d001 = 0.392 nm. Interestingly, the average columnar 
distance (d001 = 0.349 nm) in the hexagonal arrangement in the 
Colh liquid crystal phase of S-3BC was 0.043 nm shorter than 
that of 3BC with d001 = 0.392 nm, which effectively decreased 
the -stacking distance in the columnar assembly and increased 
the strength of N−H•••O= hydrogen-bonding interaction along 
the -stacking column. This result is consistent with the 
formation of densely packed molecular assemblies in the 
branched-alkyl-chain compounds unlike those of the elongated 
normal chain analogs.44 The much smaller molecular size and 
stronger hydrogen-bonding interaction of S-3BC affect the 
potential energy curve for the dipole inversion of the N−H•••O= 
unit and the ferroelectric parameters Pr- and Et-values.

Fig. 3.  Molecular assemblies of S-3BC. a) Temperature-dependent XRD patterns 
of S-3BC at 290 K (S phase) and 410 K (M phase) together with Colh liquid crystal 
phase of 3BC at 290 K (S phase) and400 K (M phase). b) Schematic model of the 
Colh phase showing the intercolumn and intracolumn d-spacings (d100 and d001, 
respectively). The ideal maximum length (lcalc) of S-3BC is about 2.8 nm, assuming 
the all-trans conformation of three chiral alkyl-chains.

The temperature (T) and frequency (f) dependent dielectric 
constants are responsible for the motion freedom of the polar 
structural unit in the molecular assembly.45 For instance, the 
inversion of the polar hydrogen-bonding N−H•••O= amide unit 
and the thermally activated motional freedom of the chiral alkyl 
chains in Colh liquid crystal phase can be detected by dielectric 
measurements. When the motional frequency of the polar 
structural unit is consistent with the measured f-values, large 
dielectric responses are observed in the both the real (1) and 
imaginary (2) parts depending on the magnitude of the f-values 
(Fig. S8). Figs. 4a and 4b show the T- and f-dependent 1-
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responses of S-3BC. The overall 1-response including both 
S−Colh and Colh−IL phase transitions showed huge 1 
enhancements on increasing in both the T and f, and the 
maximum 1-value at 524 K with f = 100 Hz reached 1 = 3000 
for the Colh–IL phase transition temperature (Fig. 4a). The 1-
peaks were observed at the Col–IL phase transition 
temperature at f = 1–10 kHz, which corresponds to the 
ferroelectric–paraelectric phase transition (see the section 
concerning P–E hysteresis). The chiral alkyl chains in Colh liquid 
crystal phase were thermally melted with the dipole fluctuation, 
which drastically enhanced the 1 values at low f.

Fig. 4.  T- and f-dependent real part (1) of the dielectric constants of chiral S-3BC. 
a) Overall 1-response around the Colh−IL phase transition and b) Debye-type 1-
anomaly around S−Colh phase transition at 392 K together with the DSC curves of 
the heating process.

The thermally activated motional freedom of chiral alkyl 
chains was confirmed by the T- and f- dependent 1-responses 
around S−Colh phase transition temperature (Fig. 4b). The 
dielectric 1-peak (Tp1) at f = 100 Hz and T = 361 K was shifted to 
the much higher Tp1-values on increasing the measurement f-
values. This f−Tp1 response has been observed in a Debye-type 
relaxation process of the polar structural unit at S−Colh phase 
transition. The thermally activated melting state of chiral alkyl 
chains was observed in the dielectric relaxation process. The ln 
()–Tp1

−1 plots of S-3BC clearly indicate a linear correlation (Fig. 
S9), where the -value is the relaxation time of the inverse of 
the measured f-values of the  = 1/(2f), indicating an activation 
energy of Ea =1.567 eV for the thermally activated motional 
freedom of the chiral alkyl chains. The melted chiral alkyl chains 

in Colh liquid crystal phase drastically enhanced the total 1-
values because of the large amplitude of motional freedom for 
dipole structural unit.

To confirm the ferroelectric response of S-3BC, the T- and f-
dependent P−E hysteresis curves were measured and compared 
with those of the ferroelectric 3BC (Fig. S11). Fig. 5a shows the 
typical ferroelectric P−E hysteresis curves of the Colh phase of 
3BC at T = 348 K with f = 0.2 Hz (black curve) and f = 0.5 Hz (red 
curve). Large Pr-values were observed at low f, which is 
consistent with the existence of slow and collective dipole 
inversion process in the polar N−H•••O= hydrogen-bonding 
chains on the application of an external electric field along the 
-stacking axis. Typical Pr- and Ec-values of the Colh phase of 3BC 
at 348 K were observed at 0.8 C cm−2 and 22 Vcm−1, 
respectively. The same ferroelectric P − E hysteresis behaviour 
in Colh liquid crystal phase at T = 393 K was observed in S-3BC at 
f = 0.5 Hz (Fig. 5b). In contrast, the linear P − E behaviours were 
observed in the S phase at T = 273 and 353 K. Therefore, a 
ferroelectric phase existed in Colh liquid crystal phase of S-3BC, 
similar to that of 3BC. The chiral alkyl chains of S-3BC did not 
disturb the collective inversion of the intermolecular N−H•••O= 
hydrogen-bonding interactions along the -stacked columns.

a)

b)

±1.5

±3.0

3BC

S-3BC

Pr-range 
of 3BC

Et-range 
of S-3BC

Fig. 5.  Ferroelectric P−E hysteresis curves of the Colh liquid crystal for 3BC and S-
3BC. a) The f-dependent P−E curves of 3BC at f = 0.2 Hz (i. black) and f = 0.5 Hz (ii. 
red) and T = 348 K (Colh liquid crystal phase). b) T-dependent P−E curves of S-3BC 
at f = 0.5 Hz and T = 393 K (i. Colh liquid crystal phase), T = 373 K (ii. S phase), and 
T = 353 K (iii. S phase). The vertical and horizontal light-blue areas correspond to 
the Et-range of S-3BC and Pr-range of 3BC, respectively.

Interestingly, the ferroelectric parameters of Pr- and Vt-
values for S-3BC were drastically different to those of 3BC. Figs. 
5a and 5b show the P–E hysteresis of 3BC and S-3BC, 
respectively, where the vertical and horizontal light-blue areas 
correspond to the Et−range of S-3BC and Pr−range of 3BC. The 
Pr- and Et-values of the Colh liquid crystal phase for S-3BC at 393 
K with f = 0.5 Hz were observed at 4.5 C cm−2 and 1.7 V m−1, 

b)

a)
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respectively. The former Pr-value for S-3BC is 5.5-times larger 
than that of 3BC, whereas the latter Et-value is 13-times smaller 
than that of 3BC. Large Pr- and small Et-values are useful for 
achieving high-performance ferroelectric memory devices 
because this increases the ON/OFF ratio and lowers the 
switching voltage. Thus, the introduction of chiral alkylamide 
chains into 3BC is one of the useful approaches to control the 
ferroelectric Pr- and Et-values simultaneously. Recently, chiral 
organic ferroelectrics such as (R)- and (S)-quinuclidinol and (R)- 
and (S)-(N,N-dimethyl-3-fluoropyrrolidinium) iodide have been 
reported.46, 47 The Pr value of the latter crystal was 10 times 
lower than that of S-3BC, whereas the Pr value of the former 
crystal was comparable to that of S-3BC. On the contrary, the Et 
value of the former one was much large than that of S-3BC. The 
ferroelectric response of chiral S-3BC was quite excellent for the 
memory application due to large Pr and small Et values. 

N-H•••O= =O•••H-N

E

N-H•••O= =O•••H-N

Shorten in -stack and hydrogen-bond

d001d001

3BC S-3BC

E

a)

b)

Fig. 6.  Role of the intermolecular amide-type N−H•••O= hydrogen-bonding 
interaction in the Colh liquid crystal phase on the ferroelectric parameters Pr and 
Et. a) T-dependent IR spectra of S-3BC at S and Colh phases. b) Schematic of the -
stacking column and the double-minimum potential energy curve for the dipole 
inversion between N−H•••O= and =O•••H−N orientations on the application of 
Et. The average -stacking distance and the N−H•••O= hydrogen-bonding 
distance of S-3BC were smaller than those of 3BC, which reduced the potential 
energy barrier (E) and resulted in the easy reorientation of hydrogen-bonding 
amide unit.

The Pr and Et ferroelectric parameters of chiral S-3BC and 
achiral 3BC were significantly different. Fig. 6 summarizes the T-
dependent vibrational IR spectra and a schematic model to 
decrease the Et-value (Fig. S12). From a structural point of view, 
the average -stacking distance of d001 = 0.349 nm in the 1D 
hydrogen-bonding column of S-3BC was 0.043 nm shorter than 
that of achiral 3BC with d001 = 0.392 nm, which drastically 
decreased the N−H•••O= hydrogen-bonding distance in the -
stacking column. The intermolecular hydrogen-bonded N-H 
band of S-3BC in the S phase was observed at 3234 cm−1, 
whereas that in the Colh liquid crystal phase indicated a 

discontinuous shift to 3259 cm−1 at S−Colh phase transition (Fig. 
6a). Thermally melted alkylamide chains in the Colh liquid crystal 
phase increased the -stacking and hydrogen-bonding 
distances simultaneously, which decreased the force constant 
of N−H•••O= hydrogen-bond resulting in a blue-shift of the N-

H band on increasing the temperature. In contrast, the N-H 
bands of the S phase at 330 K and the Colh liquid crystal phase 
at 410 K of 3BC were observed at 3241 and 3252 cm−1, 
respectively (Fig. S13); the latter N-H band of the Colh liquid 
crystal phase for S-3BC was observed at 3240 cm−1. Thus, the N-

H band of the Colh liquid crystal phase of S-3BC was 12 cm−1 
lower energy than that of 3BC, suggesting a stronger N−H•••O= 
hydrogen-bonding interaction in S-3BC in the tight 1D -
stacking columns than that of 3BC.

The dipole inversion between the N−H•••O= and 
=O•••H−N orientations in the 1D -stacking column is 
represented by a symmetrical double-minimum-type potential 
energy curve (Fig. 6b), where the switching of the two kinds of 
dipole orientations through the potential energy barrier (E) is 
activated by the thermal energy or the application of an electric 
field (kBT + Et). When the external Et voltage has a sufficient 
magnitude to satisfy the condition of E < kBT + Et, a collective 
dipole inversion occurs in the 1D hydrogen-bonding column. 
The formation of much stronger hydrogen-bonding interactions 
decreases the magnitude of E, and much smaller magnitudes 
of Et are sufficient to induce dipole inversion. In contrast, the Pr-
value is associated with the total dipole moment of chiral S-3BC, 
and the theoretical dipole moment of S-3BC dodecamer has 
been reported to be  = 111.0 Debye.48 We also estimated the 
theoretical polarization of 4.26 μC cm−2, which is nearly 
consistent with that of the experimental value of Pr  4.42 μC 
cm−2 (Fig. S11). The Pr-value of 3BC derivative depends on the 
carbon number of the lateral –CONHCnH2n+1 chains; for 
instance, the Pr-values of 3BC with n = 6 and 18 had Pr-values of 
2 and 7μC cm−2, respectively.30 The experimental Pr-value of S-
3BC is roughly consistent with that of 3BC derivatives according 
to the linear n-dependence.30-32 The chiral hydrogen-bonded (S-
3BC)∞ columns can easily orient on the ITO electrode with 
respect to the normal direction of 1D column to the substrate 
surface. In contrast, the helical 1D columnar assembly of S-3BC 
resulted in a drastically decreased inversion energy of the 
intermolecular hydrogen bonding interaction allowing the 
appearance of ferroelectricity.

Conclusions
A chiral N,N',N''-trialkylbenzene-1,3,5-tricarboxamide 
derivative bearing (S)-3,7-dimethyloctyl chains (S-3BC) was 
evaluated in terms of its phase transition, molecular assembly 
structure, and ferroelectricity. The phase transition behaviour 
of S–Colh and Colh–IL states for S-3BC was almost the same as 
that of 3BC bearing three –CONHC14H29 chains, although the 
thermal phase transition temperature of S-3BC was higher than 
that of 3BC. Chiral S-3BC formed organogels and helical 
nanofibers via the formation of densely packed 1D hydrogen-
bonding molecular assemblies. The introduction of chiral 
alkylamide chains into 3BC did not affect the formation of the 
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1D hydrogen-bonding columnar Colh liquid crystal phase, where 
the strength of N−H•••O= hydrogen-bonding and -stacking 
interactions in S-3BC was larger than those of 3BC. The Pr-value 
of S-3BC was 5.5-times larger than that of 3BC at T = 348 K, 
whereas the Et-value of S-3BC was 13-times smaller than that of 
achiral 3BC. The much larger Pr-value and smaller Et-value are 
useful for the design of high-performance non-volatile memory 
devices based on large ON/OFF ratios and low switching 
voltages. The formation of strong N−H•••O= hydrogen-bonding 
interactions decreased the potential energy barrier for the 
dipole inversion of the hydrogen-bonding units, which 
effectively suppressed the Et-value. Chiral hydrogen-bonding 
organic ferroelectrics are candidate materials for use in 
excellent non-volatile flexible memory devices.49
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Chiral liquid crystalline benzene trialkylamide derivative showed much lower coercive 
electric field for ferroelectric switching. 
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