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Hydrogen-bonded polar nematic liquid crystal series with the general formula nOBAF (n = 7–12) is studied. The
mesomorphic characterization is demonstrated through differential scanning calorimetry (DSC) and polarized optical mi-
croscopy (POM). The complexes with short alkyl chains (n = 7, 8) present a wide nematic range and monotropic smectic F
mesophase, whereas the longer alkyl chain (n = 10–12) analogues show high melting and low clearing mesomorphic liquid
crystals. The thermal range of the mesophase and the birefringence increase with chain length decreasing. Furthermore, the
effect of the nanoparticles (LiNbO3) on the thermal and the electrical behavior of 8OBAF are investigated. The presence
of LiNbO3 nanoparticles increases the conductivity and reduces the resistivity of the complex.

Keywords: fluorine liquid crystal, polar nematic, ferroelectric nanoparticles, thermal stability, dielectric be-
havior

PACS: 42.70.Df, 61.30.Eb, 61.30.–v DOI: 10.1088/1674-1056/ac7293

1. Introduction
The originality of liquid crystals lies in the fact that it

is very easy to act on their structure by external physical
agents. Liquid crystals were present more than a century
ago out of purely academic interest, owing to long efforts,
new effects of considerable technological importance have
been observed. The study of these materials has experienced
rapid development since the 1970s. In the majority of ther-
motropic liquid crystals generally made up of organic com-
pounds, the cohesion is ensured by Van der Waals, dipolar
or hydrophilic/hydrophobic interactions. Relatively lower in
energy, these interactions have little or no specificity, no stoi-
chiometry, and no directivity, in contrast to quantum forces, a
large part of energy exists in covalent bonds.

With an intermediate value of energy and a specific and
reversible character, other intermolecular interactions such
as hydrogen bonds allow self-assembly of complementary
molecules, and thus leading the supramolecular liquid crys-
tal to be obtained.[1–12] Aromatic carboxylic acids were often
utilized in the preparation of hydrogen bonding liquid crys-
tals (HBLC’s). Nowadays, H-bonded liquid crystal is be-
ing widely explored especially for their easy synthetic pro-
cess and wide potential applications. Indeed, it can be used
in various optical and electro-optical devices such as liquid
crystal capacitors, optical storage of data, optical filters in
the visible and infra-red region.[13] Most of HBLC meso-
gens are made from symmetric and non-symmetric dimers of
molecules showing nematic and smectic phases.[14–20] Sev-
eral complexes have been obtained through intermolecular hy-
drogen bonding including systems consisting of derivatives
of benzoic acid as hydrogen bond donors and pyridine moi-

eties as hydrogen bond acceptors.[21–23] In addition, hydrogen-
bonded LC polymers with interesting behaviors have also been
obtained.[24–27] Several reports have discussed the influence of
the structure on the thermal stability and mesomorphic phase
sequence of the material of this type. It has been found that
lateral substituent with different sizes and polarities widely
improves many properties of liquid crystalline materials.[14]

Another element that can affect the mesophase range of the
liquid crystals is the chain of the compounds. Hagar et al.[28]

have demonstrated that the isotropic–nematic phase transition
temperature and the entropy ∆SIN increase with chain length
increasing. Another way to create nanomaterials with de-
sired behaviors is to prepare the nanocomposite based on liq-
uid crystal matrix doped with numerous types of nanoparti-
cles including semiconductor,[29–31] ferromagnetic,[32,33] and
ferroelectric.[34–36] By doping antiferroelectric liquid crystal
with BaTiO3 nanoparticles, Lalik et al. have obtained ions cap-
turing, low viscosity, a drop in threshold voltage and sponta-
neous polarization, due to faster molecular switching.[36] Ayeb
et al. have also used semiconductor nanoparticles to modify
liquid crystal properties and have shown that after doping with
5CB with Cu–TiO2 nanoparticles, the isotropic–nematic phase
transition temperature increases by almost 2 ◦C, and the opti-
cal and dielectric anisotropy is also observed.[31]

Our efforts devote to the understanding of the relation-
ship between the chemical structure and physical properties
of the fluorinated liquid crystalline materials.[17,37] This work
represents the continuation of the studies of HBLCs with alky-
loxy benzoic group, with an aim to obtain the cybotactic ne-
matic phase that can be applied to electro-optical devices and
photonics. Synthesis of compounds under the study has been
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presented earlier.[37] The objective of the present work is to
study the effect of the chain length on mesomorphic, dielec-
tric, and structural properties. In addition, we present the in-
fluence of LiNbO3 nanoparticles with diameter about 150 nm
on the physical properties of the 8OBAF (n = 8) liquid crys-
talline matrix.

2. Materials and methods
The liquid crystal materials used in the present study were

4-(n alkyloxy)-3-fluoro benzoic acid (nOBAF) with n = 7–12
(as shown in Fig. 1).

H
2n+1
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n
O

F

O O

O O

F

O C
n
H
2n+1

Fig. 1. General chemical formula of the compounds under study (n = 7–12).

The general phase sequences of 8OBAF, 10OBAF, and
12OBAF were described in Refs. [17,37]. The complexes
were characterized by differential scanning calorimetry (DSC)
and POM. The measured DSC thermograms were obtained
in heating and cooling cycle with a scan rate of 5 ◦C/min.
The mesophases were identified by the POM. The compounds
were loaded into ITO electro-optical cells with 8 µm in thick-
ness by capillary action at the isotropic temperature of the LC.
The filled cell was cooled slowly and the alignment of the
sample was checked under crossed polarizes. Optical textural
observations were made with a polarizing optical microscope
(POM) (Olympus BX51) equipped with a digital charge cou-
pled device (CCD) camera (Sony). The temperature was con-
trolled within ±1 ◦C/min. The LC textures were processed,

analyzed and stored with aid of imaging software (Archimed).
General chemical formula of the compounds under study is
shown in Fig. 1.

The ferroelectric nanoparticles LiNbO3, which purchased
from Merck were used in this study as dopant. The LiNbO3

has a spherical shape and average size about 150 nm. The
mixture of 8OBAF and the NPs with 1 wt% was prepared.

3. Results and discussion
3.1. Host liquid crystalline material
3.1.1. Thermal stability

The thermal behaviors and the phase transition tempera-
tures are investigated by using the DSC thermograms as shown
in Fig. 2. The hydrogen-bonded complex DSC thermograms
are obtained during heating and cooling cycles with the same
scan rate 10 ◦C/min. For 7OBAF and 8OBAF, the cooling scan
of the DSC thermogram reveals four transitions: isotropic (I)–
nematic (N), nematic (N)–smectic C (Sm C), smectic C (Sm
C)–smectic F (Sm F), and Smectic F (Sm F)–crystal (Cr), with
transition temperatures at 118 ◦C, 93 ◦C, 53 ◦C, and 45 ◦C for
7OBAF and 115.8 ◦C, 96.5 ◦C, 75.3 ◦C, and 56 ◦C for 8OBAF,
respectively. Besides, the heating cycle shows for 7OBAF
three distinct transitions from Cr → SmC→ N→ I at 86 ◦C,
101.6 ◦C, 121.8 ◦C, and two transitions for 8OBAF from Cr
→ N→ I at 92 ◦C, respectively. These transition temperatures
are in consistence with the POM observations. Figures 3(a)–
3(c) show the textures of the nematic phase, the SmC phase,
and the SmF phase, respectively. It should be mentioned that
the SmF phase is observed only on the cooling scan which is
a monotropic mesophase.
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Fig. 2. DSC curves during heating and cooling scan for nOBAF.
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(a) (b) (c)

40 µm 

Fig. 3. Polarized optical microscopy textures of the phases obtained in complexes: (a) nematic phase, (b) SmC phase, and (c) SmF phase.

The other complexes nOBAF (n = 9, 10, 11, and 12) re-
veal only the nematic and the SmC phases during the heating
and the cooling scan.

Figure 4 shows the phase transition temperatures with
respect to chain length. The highest clearing temperature
(119.5 ◦C) is obtained for 7OBAF. Moreover, 12OBAF pos-
sesses the highest melting temperature at 87 ◦C and the low-
est clearing point temperature of 109 ◦C, respectively. Such
characteristics show that a shorter carbon chain length gives
appealing mesomorphic quality through a lower melting point
temperature and, in particular, a wide temperature range of
the nematic phase. Remarkably, the melting point temperature
does not decrease as the carbon chain length increases. As is
common with all compounds, SmC phase is observed. The
number of carbon atoms has no discernible effect on the in-
hibition of SmC. However, the compounds n = 7 and n = 8
are most favorable to have the SmF mesophase. Increasing the
length of the carbon chain reduces the clearing temperature
substantially. As a result, the length of the flexible alkyl chain
plays a role in suppressing the SmF phase and lowering the
clearing point.

7 8 9 10 11 12
n

40

60

80

100

120

T
em

p
er

at
u
re

 (
  

C
)

°

Cr

SmF

SmC SmC

N

I

Fig. 4. Plot of transition temperatures against alkyl chain lengths (n).

Obviously, the primary consequence in these series is a
significant push towards a less ordered system as the length
grows. Thus, as n steadily increases, we expect to observe
a steady decrease in the value of clearing temperature. This
is exactly what is discovered; however, the value of the melt-
ing temperature increases proportionally with chain length in-
creasing, which is in good agreement with the experimental

result. This is an important finding since the decrease in the
clearing temperature must be directly correlated with a sig-
nificant decline in the order parameter S. Contrariwise, the
increase of the melting temperature may be due to the increase
of the cohesion molecule caused by the increase of the C–
C bond. It is worthwhile to mention that increasing carbon
number chain may break the molecular symmetry, so that the
formation of the SmF phase is inhibited. Thus, a close inspec-
tion of the clearing temperature values for a homologous series
may provide an indirect method of evaluating mesophase type
in side chain LC.

It should be noted that in complexes with n = 7 and 8, the
nematic and SmC phases are more stable. The decrease of the
SmC range with n increasing can be explained by the fact that
when the chain length increases, the strength of the terminal
aggregation increases, resulting in the decrease of the smectic
range.

3.1.2. Order parameters and birefringence

At the isotropic to nematic transition, the molecules of
LCs are statistically oriented along the average direction,
which called director, and thereby the molecules have the ten-
dency to rotate about the director, which is called the order
parameter (S). We estimate orientational order parameter S
from the birefringence data described later and find that all
parameters change with chain length increasing. In fact, the
order parameter and the birefringence are proportional to the
TNI according to the following expressions:[38,39]

∆n = ∆n0

(
1− T

TNI

)β

, (1)

S =

(
1− T

TNI

)β

, (2)

where β is an exponent characteristic of the material, ∆n0

is the birefringence at T = 0 K and TNI is the nematic-to-
isotropic phase transition temperature (the clearing point). ∆n0

and β are obtained from a fit of Eq. (1) to experimental data
(Fig. 5) and regrouped into the four homologues in Table 1.

The experimental data for birefringence of the four com-
pounds are shown in Fig. 5. Increasing the carbon number
causes the birefringence to drop slightly from 0.18 to 0.11 at
100 ◦C.
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Table 1. Optical parameters of complexes under study.

Sample ∆n β

7OBAF 0.23 0.14
8OBAF 0.21 0.11
10OBAF 0.17 0.12
12OBAF 0.16 0.15
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Fig. 5. Temperature-dependent birefringence of complexes under study.
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Fig. 6. Temperature-dependent order parameter of complexes under study.

The lower birefringence of the systems is primarily due to
the lower clearing points of the systems. High birefringence
(∆n) values are expected for the compounds with long chain,
as the increasing of chain length may increase the π-electron
conjugation through the entire molecule. However, this low-
ers the birefringence of the compounds, which may be due
to the increase of carbon number in flexible chain that traps
π-electrons and pull them away from the conjugation along
the main molecular axis. Specially, we find that the sponta-
neous polarization is gradually weakened by increasing the
flexible chain length.[17] Here we guess that the bent shape
molecule may be deformed by increasing molecule length and
the molecule tends to have linear form. Figure 6 shows the

curves of order parameter S versus temperature for the four
compounds. Since TNI decreases with chain length decreasing
and S is proportional to this parameter according to Eq. (2),
we can confirm that the decrease of TNI with the chain length
increasing is due to the decrease of S. Moreover, the order pa-
rameter S decreases as temperature increases which is in good
agreement with Eq. (2). This reflects the steep temperature
variations of various properties exhibited by these compounds,
and the fact that the small number of carbon atoms in the chain
leads to a relatively high value of the anisotropy of molecu-
lar polarizability, which is particularly desirable for elongating
the π-electron conjugation through the molecule by increasing
the polarizability along the principal molecular axis.

3.2. Nanocomposites LiNbO3/8OBAF
3.2.1. Thermal analysis

Figure 7 presents the DSC thermograms corresponding to
pure sample and doped sample. As can be seen, the isotropic–
nematic temperature phase transition (TN−I) for the doped
sample is lower than for the pure 8OBAF. The TN−I decreases
from 116 ◦C for 8OBAF to 113.2 ◦C for doped sample. This
decrease may be explained by the decrease of the order, which
is caused by inserting the NPs in the pure LCs. Owing to the
dipole moment, ferroelectric nanoparticles of LiNbO3 gener-
ate strong electric fields and interactions around them. There-
fore the weak planar anchoring can be induced leading to an
easy adaptation of the LCs molecules anchored on the NPs
to the surrounding, which in turn reduces the nematic order
parameter, and thus reducing the transition temperature. This
behavior is consistent with that obtained by our group in the
nematic 5CB doped with magnetic NPs.[33] In addition, the
decrease of phase transition temperature has been observed
in the nematic doped by the gold nanoparticles.[40] Mishra
et al.[40] have attributed this decrease to the dilution phe-
nomenon. It should be mentioned that the chain length depen-
dence of melting temperature shows a non-universal depen-
dence. Generally, the melting temperature decreases with the
increase of the alkyl chain length of liquid crystalline which, in
the present case, is consistent with the results in Refs. [28,41],
but the melting temperature increases with the number of car-
bon atoms. Moreover, there appears an odd–even effect of
the alkyl chain which has already been observed in several
instances.[42,43]

The isotropic–nematic phase transition is also followed
by the optical microscopy observations. Figure 8 illustrates
the evolution of this transition when the doped sample cooled
from the isotropic to nematic phase. At first the small spher-
ical droplets suspended in the isotropic phase and a biphasic
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state is observed as shown in Fig. 8(a). After that the droplets

grow into different size droplets and the NPs concentrate at the

droplet interface. In the case of further cooling, the nematic

domain grows to form the point and line defects, where the ag-

gregations are concentrated as shown in Fig. 8(c). This result

demonstrates the stable state with the spherical droplets and

separate phases without adding any substrate, while some re-

searches have shown that the achievement of this phenomenon

implies the presence of surfactant. In addition, the TI−N de-

creases from 116 ◦C for pure compound to 113.2 ◦C for the

doped one. The reduction of TI−N may be due to the decrease

of the order parameter (S) caused by adding the NPs.
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Fig. 7. DSC traces of 8OBAF (blue color) and NPs/8OBABF (red color).
Heating and cooling at a rate of 10 ◦C/min.

(a) (b) (c)

Fig. 8. Optical images of texture of LiNbO3/8OBAF at isotropic–nematic transition.

3.2.2. Dielectric and electrical properties

In order to understand the effect NPs on the electri-
cal and dielectric behaviors, the real part (ε ′) and imaginary
part (ε ′′) of dielectric permittivity are measured by using the
impedance/gain phase analyzer (Solartron SI1260) in a fre-
quency range from 20 Hz to 10 MHz.
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"
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Fig. 9. Frequency-dependent ε ′( f ) and ε ′′( f ) for 8OBAF and NPs/8OBAF.

Figure 9 shows these frequency-dependent parameters in
nematic phase at 108 ◦C. The increase of dielectric permittiv-
ity (ε ′ and ε ′′) due to the dispersion of the NPs is clearly ob-
served. This result indicates that the presence of the LiNbO3

enhances the conductivity of the nanocomposites. It should

be mentioned that this behavior have already been observed in
Ref. [36].

In addition, both the real (Z′) element and imaginary (Z′′)
element of the complex electrical impedance (Z∗) are mea-
sured in a frequency range of 1 Hz–10 MHz. Therefore, an
equivalent electric circuit (EEC) model is proposed in order to
analyze the impedance spectrum (Fig. 10). The EEC model
can be simplified as follows: the resistor for the resistivity
of the cell’s electrodes and connectors (RCR, in series with a
parallel set of CLC capacitors and RLC resistor, approximating
the active and reactive behavior of the LCs, Sprokel[44] have
added capacitance element CDL in series to CLC and RLC to
model low frequency behavior in a region of 1 Hz–100 Hz,
and Zafra et al.[45] have included a finite diffusion Warburg
element, W , connected in parallel to CDL to represent the drift
of charged species near the electrode. The impedance of the
Warburg element can be written as[46]

ZW =
Wsr√

ω
(1− j) tanh(Wsc

√
jω). (3)

The coefficients Wsr and Wsc can be expressed as

Wsr =
RT NA

F2Ans
√

2D
, (4)

Wsc =
δN√

D
, (5)
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where T is the temperature expressed in Kelvin, R is the gas
constant, NA is the Avogadro’s number, F is the Faraday con-
stant, A is the surface area, ns is the surface concentration of
the ions, and δN is the thickness of the Nernst diffusion layer.
The fitting parameters are listed in Table 2.
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Fig. 10. Nyquist plots of 8OBAF and LiNbO3/8OBAF nanocomposites.

As seen in Table 1, the presence of LiNbO3 NPs in
8OBAF increases the capacitive effects of the CDL and reduces
the bulk resistance RLC. The value of the double layer capaci-
tance CDL is very higher than that of the bulk capacitance CLC,

which is in good agreement with that obtained for 5CB doped
by gold nanoparticles.[47] On the other hand, the increment
in CDL by LiNbO3 NPs in our case can be attributed to the en-
hancement of the space charge motion, therefore the ion moves
easily toward the electrode. This is consistent with the decre-
ment in Wsr due to the increase of the diffusion coefficient ac-
cording to Eq. (4). It should be mentioned that this behavior is
quite useful because the presence of LiNbO3 NPs increases the
conductivity and reduces the resistivity of the system. Indded,
the bulk resistance decreases from 2.83 MΩ for the 8OBAF to
1.92 MΩ for the doped sample as shown in Table 2, while, the
conductivity increases from 0.75× 10−6 m·s−1 for the pure
sample to 1.3× 10−6 m·s−1 for the doped one at 1 kHz and
105 ◦C. This behavior can be explained by the decrease in the
rotaional viscosity and response time when 8ONAF is doped
by LiNbO3 NPs. We have reported in our previous work on
the influence of LiNbO3 on the electro–optic behavior of the
8OBAF and found that the rotational viscosity decreases from
50 mPa·s for undoped 8OBAF to 7 mPa·s for 8OBAF + 1%
NPs and the response time decreases from 16 ms for undoped
8OBAF to 8 ms for 8OBAF + 1% NPs.[35] As consequence the
space charge motion is enhanced leading to the bulk resistance
to decrease and the conductivity to increase.

Table 2. Impedance spectroscopy parameters of elementsin EEC model obtained from measured impedance spectra.

Samples RCR (kΩ) RLC (MΩ) CLC (pF) CDL (pF) Wsr (MΩ · s−1/2) Wsc (Ω · s−1/2)

8OBAF 5.9 2.83 1.75 5.01 8.03 0.60
NPs/8OBAF 4.7 1.92 1.09 9.4 4.61 0.480

4. Conclusions
A new series of fluorinated hydrogen bonded liquid crys-

tals from 4-n-alkoxybenzoic acid (nOBAF) is studied by using
the POM, DSC, and dielectric technique. The DSC and POM
show that the enantiotropic SmF, which is depressed in the
compound with a long chain length. It is found that the clear-
ing temperature decreases with chain length increasing. More-
over, all the compound contains the nematic and SmC phase.
On the other hand the influence of LiNbO3 on the isotropic–
nematic phase transition for the 8OBAF is investigated. This
transition reveals the formation of the spherical droplets and
the decrease of the temperature transition. In addition the
presence of the nanoparticles increases the conductivity and
reduces the resistivity of the doped sample.
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