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In mixtures of nematic liquid crystals with opposite signs of dielectric anisotropy (4-n-pen-
tyl-4’-cyanobiphenyl (5CB), Ae > 0, and azoxy nematic ZhK440, Ae < 0), anomalous behavior
of optical transmission and electrophysical properties was observed at concentrations close to
the compensation point. The observed features, which could be ascribed to enhancement of the
director fluctuations, were suppressed by addition of small amounts (~0.04 %) of dispersed
carbon nanotubes. In such systems, it is possible to realize the Freedericks transition at
relatively small (~15 %) concentration of 5CB, preserving the possibility of UV-induced
effects due to trans-cis isomerization of azoxy nematics.

Keywords: nematic liquid crystals, dielectric anisotropy, electrophysical properties.

B cMecAX HeMaTHUeCKHX MUAKNX KPHCTAIIOB C IMPOTUBOMNOJIOMKHLIMY 3HAKAMU AUJIEKTPIYec-
Kot armsorporuu (4-H-amui-4’-nmanobudernun (5CB), Ae > 0, u azokcu-uemartur JKK440, Ae < 0),
OTMEUEHO AHOMAJBHOE IIOBEIEHNE OITHUUYECKOrO IPOIYCKAHUA U SJIEKTPOPUBUIECKUX XapaKTePHC-
THUK IIPH KOHIIEHTPAIMAX, OJM3KHX K TOUKe KommeHcanuu. HaGiromaemble 0COOEHHOCTH, KOTOPBIE
MOTyT ObITh BBI3BAHBI yCrieHHeM (QIYKTyamuil QUPEKTOPA, WCUE3aJN IIPM BBEJEHUM HEeOOJIBIIX
roamuecTs (~0,04 %) aucreprupoBaHHBIX YIVIEPOAHBIX HAHOTPYOOK. B Takmx cmcreMax BO3MOMKHA
peanusanus mepexona Ppegepurca mpyu OTHOCUTENLHO Madbix (~15 %) rommenrpamuax 5CB, ¢
COXPaHEHHEM BO3MOMKHOCTU peasmsanuu ¥ P-mHLyIMPOBaHHBIX 5PEKTOB BCIEACTBHE MPAHC-UUC-
MBOMEPHUBAINY A30KCH-HEMATIKOB.

Cymimi 4-mentun-4’-mianoGideniny (5CB) ta (OTOYYyTIMBUX A30KCH-HEMATHKIB #AK
MATPUIIi AJA PpigKoKpucTaTiduHUX mucHepciii Byraemesux HAHOTPYOOK. O.M.Camoiinos,
C.C.Minenwo, O.I1. @edopaxo, JI.M.JTuceyvruii, T.B.Bidna.

Y cymimax HeMaTUYHUX PIAKUX KPHUCTAJIIB 3 MPOTWIEKHUMU 3HAKAMM [TieJIeKTPUUHOI aHiso-
Tporii (4-H-erTmi-4’-mianoGidenin (5CB), Ae > 0, ta asoxcu-uemarur JKK440, Ae < 0), Bigsuaueno
AHOMAJIBHY ITOBEIIHKY OIITMYHOIO IIPOIIYCKAHHSA Ta eJIEKTPO(QISHYHNX BIACTUBOCTEH IIPU KOHIIEHTPA-
mifax, 6Ju3bKMUX 0 TOUKM KomieHcarii. CrocTepeskyBaHi 0COOIMBOCTI, AKi MOMKYTh OyTH CIIpUYMEHE-
HUMHK HOiICHIEHHIO QUIYKTyalliii AupeKTopa, SHUKAAN IIPU MLOJABAHHI HEBEJIHMKHUX KiJIbKOCTEl
(~0,04 %) mucreproBaHMX BYIVIEIEBUX HAHOTPYOOK. ¥ TAKMX CHCTEMAX MOKJIMBA peasrisailis mepe-
xomy Ppenepirca mpu BigHocHo Mamx (~15 %) rommenrpamisx 5CB, si sGepeKeHHAM MOMKJIU-
BocTi Y@-iHgyKoBaHux edeKTiB BHACIILOK mpanc-yuc-isomepusaliii a30KCU-HEMaTUKIB.
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1. Introduction

Liquid ecrystal (LC) dispersions of carbon
nanotubes (CNT) are known as a promising
material for electrooptics and optoelectron-
ics [1-3]. In most works, standard nematic
like 5CB were used as LC hosts [8—5]. The
use of other types of nematics was also re-
ported (e.g., [6—8]), but no specific proper-
ties or effects related to different chemical
structure of the LC host were noted. How-
ever, in a recent paper [9] it was shown that
the use of LC mixtures based on azoxy ne-
matics could lead to some peculiar features
related to the possibility of UV-induced
trans-cis isomerization of the host mole-
cules. In particular, when chiral compo-
nents were added to induce helical twisting,
the dependence of optical transmission on
the CNT concentration became essentially
non-linear due to formation of stacking type
aggregates. Also, in induced cholesteric sys-
tems containing photosensitive components,
various light-induced effects of texture
transformations have been reported [10-
12]. One may assume that upon introduc-
tion of CNT to such systems other effects
could be expected under application of elec-
tric field. However, to achieve high sensi-
tivity to both UV irradiation and electric
field, the nematic host should exhibit suffi-
ciently large positive dielectric anisotropy
Ag, retaining the possibility of well-control-
led ¢rans-cis-trans isomerization of the pho-
tosensitive component. To avoid tedious
synthetic work, at the first step it was
natural to use, as a model system, a mix-
ture of azoxy nematics with a standard ne-
matic 5CB.

In fact, mixtures of cyancbiphenyls and
azoxy nematics have been long known as
systems where induced smectic phase could
be observed, probably due to formation of
charge transfer complexes between cyano-
biphenyls and azoxy molecules [13, 14].
Since the stoichiometry of these complexes
was established as 1:1, manifestations of in-
duced smectic ordering would be the most
strongly expressed at concentrations close
to 50:50 % . However, practically no stud-
ies of such mixtures were carried out in the
region of low 5CB concentrations, where
small negative Ae of azoxy nematics would
be already compensated for, but eventual
effects of intermolecular complexing would
be still negligible. Only some isolated data
could be noted on mixtures of azoxy nemat-
ics with alkoxycyanobiphenyls [15, 16],
where effects of induced smectic formation
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were much stronger, and only a very narrow
nematic region was observed. No attention
was paid to possible effects of dielectric
compensation. This lack of interest for such
systems is rather natural, because most
electrooptical applications require nematics
with high dielectric anisotropy (positive or
negative). However, dielectrically compen-
sated nematics with Ae close to zero could
be interesting because of their potential
flexoelectric properties [17-19].

According to various experimental data,
for 5CB at room temperature Ae = +11, and
for ZhK440 Ac=-0.4, so, the relevant
range of 5CB concentration ¢ range would
be around = 5-10 % (taking into account
possible deviations of Ae vs. concentration
plots from linearity due to the charge trans-
fer complex formation). In our work, we
used a mixture of 5CB with a well-known
azoxy nematic ZhK440, measuring optical
transmittance, dielectric permittivity, elec-
tric conductivity in a broad concentration
range, determining the response of these
characteristics to UV irradiation, and
studying the effects of carbon nanotubes on
these properties and on the electric field-in-
duced Freedericks-type transition.

2. Materials and methods

The photoactive nematic ZhK440 (a mix-
ture of 4-n-butyl-4’-methoxyazoxybenzene + 4-n-
butyl-4’-heptanoylazoxybenzene in 2:1 ratio)
was obtained from NIOPIK, Russia, and ad-
ditionally purified by column chromatogra-
phy on silica gel using a mixture of petro-
leum ether and benzene as the eluent. After
evaporation of the solvent, the material was
recrystallized from hexane at —20°C. Ne-
matic 5CB (4-n-pentyl-4’-cyanobiphenyl) of
99.5 % purity was obtained from Chemical
Reagents Plant, Ukraine. The single-walled
carbon nanotubes (SWCNT) of d ~ 1.5 nm
and I ~ 5-10 um were obtained from Arry,
Germany. The LC + CNT dispersions within
0.01-0.15 % CNT concentration range were
obtained by adding the appropriate weights
of the nanotubes to the LC solvent in the
isotropic state with subsequent 2—-3 min
sonication of the mixture using a UZD-
22/44 ultrasonic disperser (Ukrrospribor,
Sumy, Ukraine).

UV irradiation was carried out using a
DRT-240 Hg lamp emitter in geometry with
known spectral distribution of illuminance
[20]. A typical UV radiation dose was
1.9 J/cm2, which, according to [21], re-
sulted in a photostationary state with about
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Fig. 1. UV absorption spectra in the nematic system ZhK440 + 5CB (room temperature, cell thick-
ness — 50 um): (a) actually measured spectra: I — ZhK440, 2 — 10 % 5CB + 90 % ZhK440, 3 —
50 % 5CB + 50 % ZhK440, 4 — 5CB; (b) difference between the actually measured spectrum for
50 % ZhK440 + 50 % 5CB mixture and the calculated additive spectrum.

50 % of azoxy molecules in the cis form.
The reverse cis-trans transition was realized
by irradiation under the same conditions
using a ZhS-10 filter cutting off the wave-
lengths below ~400 nm, in the same way as
in our previous works [22, 23]. Optical
transmission was measured using a Shi-
madzu UV-2450 (Japan) spectrophotometer
within 190-1100 nm spectral range. Sand-
wich-type LC cells (50 um thickness) were
used. The sample was introduced between the
cell walls using the capillary forces at tem-
peratures above the transition to the isotropic
phase. The measurements were carried out at
20°C, with temperature stabilization by a
flowing-water thermostat (£0.1 K). The val-
ues of optical transmission were determined
at 800 nm, considered to be sufficiently far
from any bands of selective reflection or ab-
sorption of the liquid crystalline host. The
optical transmission data were re-calculated
to optical density values in the same way as
in our previous paper [24].

Phase transition temperatures were deter-
mined using differential scanning calorimetry
(Mettler DSC 1, Switzerland) from position of
the maximums of the DSC peaks. The meas-
urements were done at the heating rate of
2 K/min with the sample mass of 20 mg.

For measurement of electrophysical char-
acteristics we used a home-made cell, which
included a grounded guard ring to reduce
the edge effects. The cell was a capacitor
with metal plates, covered by a polyvinyl
alcohol film rubbed in one direction for en-
suring the planar texture. The cell thick-
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ness (b0 um) was set by a Teflon spacer.
Before the measurements, the cell parts
were washed in hexane and dried at 390 K.
After assembling, the cell was connected to
E7-12 L,C,R-meter (KALIBR, Belarus),
making sure that tangent of dielectric loss
angle tand of the empty cell did not exceed
0.0001. The procedure was essentially simi-
lar to that described in [7, 25]. The real ¢
and imaginary €’ components of dielectric
permittivity in the region below 30 MHz
were measured by the oscillographic
method. By measuring the voltage and cur-
rent through the sample studied, the cell
capacitance C, and tangent of dielectric loss
angle tand were determined. The values of
¢ and ¢’ were evaluated as ¢ = C,/C, and
¢” = etand, where C, = C,./(1 + tan8)?-5 and
Co are the sample and empty cell capaci-
tance, respectively.

For electrical conductivity o measure-
ments, the ac voltage of 0.25 V and 1 MHz
was used, which should not affect the LC
director field.

The experimental set-up provided appli-
cation of de bias voltage up to 40 V to the
cell. The external DC voltage could align
the molecules, thus leading to re-orientation
of the nematic director and corresponding
changes in electrical conductivity.

3. Resulits and discussion
The first step in our studies was meas-

urement of transmission spectra of ZhK440
+ 5CB mixtures with the aim of tracing the
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Fig. 2. (a) DSC thermograms for ZhK440, 5CB and their mixtures: 5CB (1), 10 % 5CB + 90 %
ZhK440 (2), 50 % 5CB + 50 % ZhK440 (3), ZhK440 (4); (b) nematic-isotropic transition tempera-
ture T; vs. concentration of 5CB in ZhK440 + 5CB mixtures.

signs of the eventual charge transfer (CT)
complex formation. We tested two concen-
trations — 50:50 (wt. %), where the com-
plex formation effects would be the strong-
est, and 90 % ZhK440 + 10 % 5CB, i.e.,
the concentration where we planned to
study the effects of dielectric anisotropy
compensation. The results are shown in Fig. 1.
For better illustration, we also present, for
the 50:50 concentration, the -calculated
would-be additive spectrum and the actually
measured one. The noted slight differences
confirm the possibility of weak CT com-
plexes; however, no such differences have
been found for the 90:10 concentration.
For the same mixtures, phase transition
temperatures from the nematic liquid crys-
tal to isotropic liquid (T,;) were determined
by differential scanning calorimetry. The
measured DSC peaks are shown in Fig. 2a,
and Fig. 2b shows T,; as function of 5CB
concentration in the ZhK440 + 5CB mix-
ture. Clear deviations from linearity are
noted for concentrations close to 50:50,
while for small concentrations of 5CB the
dependence is practically linear. This also
confirms the assumption that formation of
CT complexes does not affect properties of
these mixtures at low 5CB concentrations
where dielectric compensation is expected.
Fig. 3 shows optical transmission of
ZhK440 + 5CB mixtures as function of 5CB
concentration. An unexpected feature was
the presence of a well-defined minimum at
~10 % B5CB. This could be related to
stronger fluctuations of the nematic direc-
tor in the compensated mixture (Ae = 0),
with correspondingly stronger light scatter-
ing. The effect weakened under UV irradia-
tion (due to formation of cis-isomers, the
influence of factors originating from nega-
tive dielectric anisotropy of ZhK440 natu-
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Fig. 3. Optical transmission in the nematic
phase of ZhK-440 + 5CB mixture (room
temperature, 800 nm) as function of 5CB
concentration: 1 — before irradiation, 2 —
after 15 min UV irradiation and 3 — after
subsequent “reverse” irradiation through
ZhS-10 filter .

rally diminished). The reverse irradiation
(through a filter cutting off wavelengths
below 400 nm) partially restored the situ-
ation with t¢rans-isomers becoming again
predominant.

After introduction of carbon nanotubes
in rather small quantities (~0.04 %), the
general level of optical transmission natu-
rally lowered, and the anomalous minimum
practically disappeared (Fig. 4). One can as-
sume, as a tentative explanation, that carb-
on nanotubes suppress the director fluctua-
tions, thus stabilizing the system.

The introduction of carbon nanotubes
also stabilized the electric conductivity,
with the involved mechanism generally
similar to that governing the optical trans-
mission (Fig. 5). Measurements of the per-
pendicular component of dielectric permit-
tivity showed a rather unstable situation at
concentrations around the compensation
point, with the obtained wvalues becoming

Functional materials, 24, 2, 2017
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Fig. 4. Optical transmission in the nematic
phase of ZhK440 + 5CB mixture (room tem-
perature, 800 nm) as function of 5CB concen-
tration in the presence of dispersed SWCNT:
1 — ZhK440 + 5CB, 2 — ZhK440 + 5CB +
0.04 % SWCNT.

very sensitive to uncontrolled factors of
each measurement (Fig. 6), which also sup-
ports the proposed picture of enhanced di-
rector fluctuations.

To support our idea of enhanced director
fluctuations in the vicinity of the compensa-
tion point of dielectric anisotropy, several
arguments can be thought of. A marked de-
crease in optical transmission in a narrow
temperature range just below the nematic-
isotropic phase transition was noted in [26],
where it could be naturally ascribed to a
decrease in short-range orientational order
parameter. The compensation of Ae can lead
to weaker short-range orienting forces be-
tween molecules of different components,
with subsequent weakening of the local ori-
entational order and enhancement of direc-
tor fluctuations (see, e.g., [27]), resulting
in stronger light scattering and lower meas-
ured transmission values. Incorporation of
highly anisometric CNTs increases the ten-
dency towards orientational ordering, and
the concentration anomaly disappears.

An important practical implication of the
results obtained can be envisaged. There is
a well-known fact that nematics with nega-
tive dielectric anisotropy can hardly be ori-
ented in a homeotropic (vertical) alignment.
Really, homeotropic orientation of azoxy ne-
matics like ZhK440 is difficult to imagine
on the molecular level, taking into account
the dipole moment directed nearly perpen-
dicular to the long molecular axis. This
problem was considered in [28, 29], where
vertical alignment of a nematic with large
negative Ae on a silicon oxide-based aligning
material was achieved by addition of 5CB.
One should also recall an interesting result
of [30], where the inverse problem was
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Fig. 5. Electrical conductivity in the nematic
phase of ZhK440 + 5CB mixture as function
of 5CB concentration in the presence of dis-
persed SWCNT: I — ZhK440 + 5CB, 2 —
ZhK440 + 5CB + 0.01 % SWCNT, 3 —
ZhK440 + 5CB + 0.04 % SWCNT.
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Fig. 6. Perpendicular component of dielectric
permittivity in the nematic phase of ZhK440 +
5CB mixture as function of 5CB concentration.

solved — large positive Ae of 5CB was fully
compensated by addition of just 1 % (mass)
of a dye SG3 with complex molecular struc-
ture (SG3). In our case, we could expect
obtaining positive Ae values by adding
rather small (~10 %) quantities of 5CB to
ZhK440. This would combine the possibility
of Freedericks transition under standard con-
ditions with photosensitive properties of
azoxy nematics. Further studies of possible
effects in such systems in the presence of
dispersed nanotubes are currently under way.
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