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Abstract The binary system of 4-octyl-4'-cyanobiphenyl
(8CB) and 4-octyloxy-4'-cyanobiphenyl (80OCB) has been
studied by means of differential scanning calorimetry
(DSC) and ultraviolet absorption spectrophotometry (UV).
The phase-transition temperatures, enthalpies, and entropies
have been determined by using calorimetric methods on
DSC. The results indicate clearly the existence of three-
phase regions across the crystalline-to-smectic A, smectic
A-to-nematic, and nematic-to-isotropic transitions in the
8CB/8OCB mixtures. The obtained phase-transition tem-
peratures of the SCB/8OCB mixtures are between the data
for 8CB and 80CB. A few of the phase transitions cannot
be observed at high heating rates. The phase-transition
temperatures of the 8CB/8OCB mixtures rise with the
heating rate between 2°C/min and 15°C/min. The activation
energies were calculated by the Ozawa method for the
phase transitions of 25% 8CB and 75% 8OCB liquid crystal
mixtures. UV experiments were carried out to characterize
the absorptivity constants of liquid crystal and their
mixtures. The molar absorptivity and maximum absorption
wavelengths were measured in chloroform solution by UV
spectrophotometry. The maximum absorption wavelength
of the 8CB/8OCB mixtures increases with decreasing
percent weight of 8CB in 80OCB, a result associated with
the different lengths of the alkyl chain.
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1 Introduction

Liquid crystals, a phase of matter with properties between
those of conventional liquids and of crystalline solids [1, 2],
have been known for more than a century. In recent years,
their electro-optic and thermal properties, which resulted in
a variety of potential applications ranging from flat panel
displays to laser beam steering and optical switching for
telecommunications [3—6], have been studied in certain
nematic liquid crystal mixtures. The thermotropic liquid
crystals, well known and widely studied, are of interest
from the standpoint of basic research and also from the
perspective of applications in electro-optic displays and
temperature and pressure sensors [7]. Most applications rely
on the specific nature of the electro-optical response
functions combined with the controllable thermophysical
properties.

The present work is part of a research project aimed at
developing liquid crystal mixtures. The design of prototyp-
ical devices and, even more important, the up-scaling from
laboratory experiments to industrial processes call for
detailed knowledge of the properties of the mixtures. This
paper focuses on the mixtures of the nematogenic homol-
ogous p-(n-alkyl)-p’-cyanobiphenyl (nCB) and p-(n-alk-
oxy)-p'-cyanobiphenyl (nOCB), where n is the number of
carbons in the n-alkyl or n-alkyloxy tails. In particular, 4-
octyl-4'-cyanobiphenyl (8CB) and 4-octyloxy-4'-cyanobi-
phenyl (80OCB) are two of the best-known liquid crystalline
substances. 8CB and 8OCB, as well as other members of
the nCB and nOCB homologous series, are important for
the technological applications due to the convenient
temperature range of the nematic phase and good chemical
stability [8]. Important characteristics, such as the melting
and clearing temperatures and their enthalpies [9], can be
computed from a single data run. Measurements for 8CB
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and 80OCB and other members of the homologous series
were carried out by Oweimreen et al. [10] using an
adiabatic scanning calorimeter, and the electro-optical
properties of these liquid crystals were reported by BDH
Chemicals [11]. Information on the phase-transition tem-
perature and transition enthalpy of a pure liquid crystal
allows one to estimate the effect of the mixture ratio (in wt.
%) on the emergence of a region in which the nematic and
isotropic phases coexist [12]. Structural investigations and
the identification of phase transitions in liquid crystals are
essentially based on thermal analysis, optical microscopy,
and X-ray measurements. In the present work, we have
investigated the structure and phase transition of nematic
liquid crystals 8CB and 80CB and their mixtures by
differential scanning calorimetry (DSC).

The UV traces guided the choice of adequate wavelengths
and the corresponding molar absorptivities (¢) for the liquid
crystal (LC) blend assays. In order to investigate the effect of
alkyl chain length on the LC blends in chloroform solution,
the spectral behaviors of 8CB and 8OCB and their blends
were independently measured by UV spectrometry.
Although the spectra of the blends and of the pure LCs
were similar, several distinctive spectral characteristics were
found in the former To compare the spectra, we found it
convenient to determine the chain length for the pure LCs
beforehand since the wavelength of maximum absorption
(Amax) depends on the chain lengths. In particular, a
maximum at the smallest wavelengths denotes the presence
of short alkyl chains with aggregated hydrogen.

2 Experimental
2.1 Materials

The LC materials 8CB and 80CB were purchased from
Sigma-Aldrich Corporation and were used without further
purification; their phase-transition temperatures were in
substantial agreement with the data given in the catalogue.
The structural formulas of the 8CB and 8OCB nematic LCs
in this study are shown in Fig. 1.

2.2 Thermal Analysis

The thermal properties of the LCs and their mixtures were
measured in a Perkin-Elmer DSC-7, equipped with a data
acquisition and analysis station. The samples were continu-
ously heated in pure argon atmosphere. Indium (99.999 wt.%
pure In) was used to calibrate the DSC unit for both
temperature and enthalpy of transition. The experiments were
carried out in the 15-90°C range with scanning rates of 2°C,
5°C, 10°C, and 15°C/min.

The LC-mixture samples were stirred with an injector
needle at temperatures below Ty (smectic A to nematic)
and Ty (nematic to isotropic) and above T by heating on
a hot stage for about 30 min. The process was repeated,
again for 30 min. After that, DSC samples were prepared in
a thin aluminum pan, which was then placed on the stage of
a piston-like sample crimper. The DSC was initially cooled
to 20°C, and each sample was left in the sample pan for
2 min to ensure that thermal equilibrium was reached. The
temperature was then ramped from 20°C to 90°C—the
reported clearing point [11]—and held at 90° for about 2—
3 min to ensure complete transformation to the isotropic
phase.

2.3 UV Spectroscopy

While the 8CB liquid crystal is a somewhat viscous liquid,
80OCB is solid at room temperature. Solutions of mixtures
within the concentration range 1.7x10 > and 4.1x107° M
were prepared by weighting and dissolving in chloroform.
The following compositions (w/w) were prepared: 25%
8CB and 75% 8OCB, 50% 8CB and 50% 80CB, and 75%
8CB and 25% 80OCB. In order to ensure the good solubility
of the LCs in chloroform at the studied concentrations, we
made it possible to prepare uniform samples just by
magnetic mixing at a temperature slightly above Tca.
Absorption measurements were carried out in real time, in
the wavelength interval between 200 and 400 nm, using a
Perkin-Elmer Lambda 45 UV/vis spectrophotometer. The
spectra were recorded at room temperature in a 1-cm quartz
cuvette. The samples were separately placed in the

LC Linear Formula Chemical Structure Molecular Weight (g)
CH3(CH2)sCH HCN

SCB CH3(CHa)7CeH4CeH4CN s(CHaeCHz Q O 291.43

80CB CH;3(CH2);0CsHCeHLCN aata 307.43

Fig. 1 Chemical structures of 4-octyl-4'-cyanobiphenyl and 4-octyloxy-4'-cyanobiphenyl
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spectrometer, with another quartz cuvette as reference for
transmission measurements. Before starting the transmis-
sion measurements, auto-zero count was taken using two
cuvettes.

3 Results and Discussion

Liquid crystal mixtures are used to modify the viscosity and
electro-optical properties of the material in LCDs. Accurate
measurements of transition temperatures and enthalpies of
liquid crystal mixtures are needed to assess the effectiveness
of blends for LCD technology. With this in mind, we applied
DSC heating cycles to the 8CB and 80CB LCs and to
different mixtures. Oweimreen and Morsy report the follow-
ing transition temperatures for pure LC 8CB: crystalline—
smectic A transition temperature, 7c,4=19.74°C; smectic A—
nematic transition temperature, 7xn=29.07°C; and nematic—
isotropic transition temperature, 7xn;=39.07°C. For pure LC
80CB, the same authors have measured the following
transition temperatures: crystalline—smectic A transition
temperature, Tc;4=52.86°C; smectic A—nematic transition
temperature, Tyn=66.65°C; and nematic—isotropic transition
temperature, 7x;=79.10°C [10]. The good agreement
between the values in the literature [10-13] and the sharp
transition temperatures in our measurements attests to the
high purity of our LCs. As Fig. 2 indicates, the DSC was
unsuitable to measure temperatures below 20°C. For this
reason, we were unable to measure the Tc,o for the 8CB
liquid crystal. For the 8OCB liquid crystal, the DSC traces
show the spectrum from temperatures below the
crystalline-to-smectic A transition to temperatures above
the nematic-to-isotropic transition. The DSC spectra for
three 8CB/8OCB mixtures obtained upon heating from the
smectic A-to-nematic transition temperature to the
nematic-to-isotropic transition temperature are shown in
Fig. 2.

The DSC traces of the LC mixtures exhibit three
endothermic peaks, indicating that the structural transfor-
mation to the isotropic phase takes places in three steps. It
is evident that the phase-transition temperatures, Tpn and
Tni, depend on the ratio of mixtures (in wt.%). The
transition temperatures increase from 40.91°C to 56.58°C

100 % 80CB

100 % 8CB

endo

75 % 8CB + 25 % 80OCB

50 % 8CB + 50 % 80CB
25 % 8CB + 75 % 80CB

€xo

20 30 40 50 60 70 80
Temperature ("C)

Fig. 2 DSC traces obtained during continuous heating of liquid
crystals and their mixtures at rate of 5°C/min

and from 50.37°C to 68.50°C, respectively, as the wt.% of
80CB grows from 25% to 75%. As Fig. 2 suggests, the
phase transitions of the LC mixtures are similar to those of
pure 8CB and 8OCB. As functions of the mixture ratio, the
phase-transition temperatures of the 8CB/8OCB mixtures
interpolate linearly between the transition temperatures of
pure liquid crystal 8CB and 8OCB. And the spectra at the
transition temperatures in Fig. 2 display two-phase regions
consistent with a first- and a second-order transition at Txn
and Ty, respectively.

The phase-transition temperatures (7c.a, Tan, and Tyy)
are listed in Table 1. The peak temperatures extracted from
the DSC spectra are in good agreement with those reported
in the literature for similar experiments [10, 14]. Since the
entropy jump is related to the latent heat, i.e., AH=T AS,
where 7'is the transition temperature and AS is the entropic
change, the calorimetric measurements determine the order
of each phase transition. Table 1 lists the AH and AS
calculated from the experimental data. The tabulated values
show that the phase transition from crystalline solid to
smectic A and from nematic to isotropic liquid is of first
order, while the phase transition from smectic A to nematic
is of second order, in good agreement with the findings by
Sied et al. [14]. The AH and AS in our experiment are
similar to the values in literatures [10, 14—16].

Table 1 The phase-transition peak temperatures (7), enthalpies (AH), and entropies (AS) of the pure liquid crystals and their mixtures

LC and mixture Teen (0C)  AHeon 0lg)  ASea  Taw (0C)  AHan (/g)  ASan T (0C)  AHw (/g)  ASw
8CB - - - 32.29 1.96 0.006 39.70 16.45 0.05
75% 8CB+25% SOCB  — - - 40.91 1.40 0.005 5037 14.22 0.04
50% 8CB+50% 8OCB  27.27 28.45 0.09 48.05 0.97 0.003 58.62 12.82 0.04
25% 8CB+75% S8OCB  42.01 138.31 0.44 56.58 0.87 0.002 68.50 12.48 0.04
8OCB 53.54 140.32 0.43 65.25 0.62 0.002 78.53 7.76 0.02
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Fig. 3 DSC traces obtained during continuous heating of 25% 8CB
and 75% 8OCB liquid crystal mixture at different heating rates

Figure 3 shows the dependence of phase-transition
temperature on the heating rate for the 25% 8CB and
75% 80OCB LC mixtures. We can apply the Ozawa
procedure [17] to the data, to estimate the phase-transition
activation energies. The Ozawa method describes the
evolution of the order parameter from one phase to another,
the configurations in the two phases being separated by an
activation energy. If the barrier is sufficiently high, the
evolution of the order parameter is temperature dependent,
i.e., the molecules rotate faster at higher temperatures.
Accordingly, the transition is expected to become sharper as
the heating rate is reduced and the molecules have time to
respond to the gradual changes in temperature, a trend that
is evident in Fig. 3. Giving mathematical substance to this
notion, Ozawa’s procedure extracts the activation energy
from the dependence of the peak temperature on the heating
rate.

From the plots in Fig. 3, Ozawa’s procedure yields the
following activation energies: 1,302.17, 217.69, and
261.50 kJ/mol for the phase-transition peak temperatures
T, Tan, and Ty, respectively, of the 25% 8CB and 75%
80CB LC mixtures. The peak phase-transition temperatures
in Fig. 3 and Table 2 grow as the heating rate rise from 2°C/
min to 15°C/min. While the peak heights decrease at the

Table 2 The phase-transition peak temperatures 7c.a, Tan, and Ty of
25% 8CB and 75% 8OCB liquid crystal mixture as a function of
heating rates

Heating rate (°C/min) Tcea (°C) Tan (°C) Tn1 (°O)
41.62 55.66 67.97
5 42.09 56.58 68.55
10 - 58.65 70.86
15 - 60.14 72.47

crystalline-to-smectic A and the smectic A-to-nematic
transitions, the peak heights increase at the nematic-to-
isotropic transition as the heating rate rises. The crystalline-
to-smectic A and the smectic A-to-nematic transitions are
much smaller than the nematic-to-isotropic transitions. In
fact, the smectic A-to-nematic transitions are sometimes hard
to detect, because at high heating rates they may overlap the
crystalline-to-smectic A and the nematic-to-isotropic transi-
tions. Likewise, we were unable to observe the T¢.o phase
transition at 10°C/min and 15°C/min heating rates.

The heating-rate dependences for the crystalline-to
smectic A and the smectic A-to-nematic transition are in
good agreement, but the nematic-to-isotropic transitions are
not in good agreement with the data reported by Neuenfeld
and Schick [18]. Lower heating rates may be required to
make the dependence linear. The heating-rate dependence
of the peak shape of the liquid crystal mixture transitions is
very complex and not well understood. A more complex
model is necessary to describe the shape of maxima such as
the ones displayed in Fig. 3. More detailed investigations of
phase-transition curves recorded by highly sensitive calo-
rimeters are called for.

The UV absorption spectra of 8CB and 80OCB and their
mixtures in chloroform solutions were measured between
200 and 400 nm. Figure 4 presents the resulting molar &
spectra in the 225 to 400-nm range. The 8CB and 8OCB
spectra display A,,.x wavelengths at 276 and 297 nm,
respectively, in agreement with the wavelength of A, in
the literature [19], as well as with the E7 liquid crystal. The
spectra of LC mixtures also exhibit strong absorption bands
between 276 and 297 nm, much like pure 8CB and 8OCB.
The Anax increases from 281 to 291 nm. The resulting ¢,
calculated according to Beer’s law [20], decreased from
40.1x10° M 'em ! to 27.1x10° M 'em ™!, respectively, as
the wt.% of 80CB increased from 25% to 75%, due to the
oxygen atom and phenyl ring. The measured € and A, are
listed in Table 3.

50000
100 % 8CB

40000+ 75 % 8CB + 25 % SOCB

30000 50 % SCB + 50 % 8OCB
) 25 % 8CB+75 % SOCB

(3]

S 20000
Y 100 % 80CB

10000 -

04
250 300 350 400
A\ (nanometer)

Fig. 4 The UV spectra of the pure liquid crystal 8CB and 8OCB and
their mixtures in chloroform
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Table 3 Molar absorptivity (¢) and wavelength of maximum
absorption (Amax) of the pure liquid crystal 8CB and 8OCB and their
mixtures

LC and mixture Amax (nm) eM'em™h
100% 8CB 276 44.0x10°
75% SCB+25% SOCB 281 40.1x10°
50% SCB+50% SOCB 283 32.3x10°
25% 8CB+75% 8OCB 291 27.1x10°
100% 8OCB 297 20.1x10°

The UV spectra in Fig. 4 show negligible absorptivity at
wavelengths above 340 nm, the wavelength of either the
pulsed laser beam used in the liquid crystal deposition or
the UV light used for curing sealants in liquid crystal
devices [21]. Irradiation at 340 nm causes a decrease of the
7—7 band intensity, an indication that the isomerization is
taking place. We decided to consider the process complete
when we could not observe any further change in the
intensities of consecutive UV-visible spectra. All these
features of 8CB/8OCB mixtures are characteristic of LC
molecules, due to T—7T transition as found in single liquid
crystals. Thus, these results in chloroform media seem to
confirm the reported stability of mixtures to photodegrada-
tion [22]. One can choose the adequate wavelength and the
corresponding molar ¢ for the LC mixture assays.

4 Conclusions

DSC curves recorded to determine the transition temper-
atures, enthalpies, and entropies of the phase transitions
showed different transition peaks in liquid crystal 8CB/
80CB mixtures, the shape of the maxima depending on the
heating rate. We employed Ozawa’s procedure to determine
the activation energies. The heating-rate dependence of the
peak shape still defies our understanding and calls for
additional investigations with more sensitive calorimetry of
the phase transitions.

Parts of this study overlapped earlier work on pure LC
8CB or 80CB. In such instances, the 8CB/80OCB mixtures
were assessed to be very similar to the pure liquid crystals,
simply because the measured DSC curves of the 8CB/

@ Springer

80CB mixtures lay between the data for 8CB and 8OCB.
The UV measurements showed that the properties of the
8CB/8OCB mixtures to be characteristic of LC molecules
in chloroform. In particular, the wavelength of A, for the
8CB/8OCB mixtures increase with decreasing wt.% of 8CB
in 8OCB due to the alkyl chain length with H-aggregation
and oxygen atom subsistence.
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