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Liquid crystal mixtures with non-mesogenic
dopants as optimized host matrices for
functional nanoparticles
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Liquid erystal suspensions of 4CHCA with carbon nanotubes and laponite modified by
introducing of lauric and decanoic acid as non-mesogenic dopants were considered. The
homogeneity of the resulting systems was investigated by the methods of DSC, spectro-
photometry, and polarizing optical microscopy. The possibility of varying the temperature
range of the nematic mesophase of 4CHCA by changing the dopant concentration and its
effect on the optical properties of the system is shown.
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Pinkokpucraniuai cymimi 3 HeMe30reHHHMH [JOIIAHTAMH ${K OIITHMi30BaHi MaTpuili-
rocrnozapi nasa ¢ynrunionansaux HanodacTuHOK. C.C.Minenrxo, HA.Kacan, O.M.Camoiinos,
JI.M.JTuceuvruil

Posraauyro pigxorpucraniuni cycmensii 4CHCA 3 ByrielleBIMU HAHOTPyOKaMU Ta Jia-
noHiToM MozudiKoBaHI MIIAXOM BHECEHHSA JAypPHMHOBOI Ta AeKAHOBOI KUCJOT AK HEeMe3OreH-
Hux gouauTtis. [ociaimseno romorenHicTs yrBoproBanux cucrem Merogamu CK, cmexrpodo-
ToMeTpil Ta momapmsariifinol omtmuHoi Mikpockomii. IlokaszaHo MOMKINBiCTHL BapiroBaHHSA
TeMneparypauMu MesxamMu Mezodasu 4CHCA sa paxyHoOK 3MiHH KoHIeHTpallii momaHTy Ta
HOTO BIJIMB Ha ONTHYHI BJIACTHUBOCTI CHCTEM.

© 2022 — STC "Institute for Single Crystals”

1. Introduction

One of the rapidly expanding fields in
nanophysics and nanomaterials science is
the development of composite systems in
which nanoparticles (NP) are dispersed on
the molecular level in a host matrix of soft
matter nature. Among such matrices, one
can note, e.g., polymers of different types,
as well as still not-so-common anisotropic
organic media, such as liquid crystals (LC).
Dispersions of various nanoparticles in lig-
uid crystals are at the cutting edge of re-
search, judging from numerous reviews
published quite recently [1-4] and break-
through publications opening quite new di-
rections of research in this field [5-9].

A multiplicity of possible practical appli-
cations of such composite nanomaterials re-
quires a high-quality selection of a LC ma-
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trix for each type of nanoparticles which
would ensure the best performance. As a
characteristic example, one can consider lu-
minescent nanoparticles (e.g., cerium, tita-
nium, or zinc oxides [10—-14]). In this case,
the LC matrix used should not display
bands of absorption or luminescence that
would overlap with the excitation and emis-
sion bands of the nanoparticles. Another
possible requirement is the possibility of
varying the phase transition temperatures
in a broad temperature range, since the
change in luminescence characteristics or
other important physical parameters at the
nematic to isotropic transition could be a
basis of various novel applications [8, 15].
Such requirements exclude most of the
known LC systems, e.g., nematic mixtures
conventionally used in electrooptics.
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To avoid these drawbacks, we considered
LC substances based on cyclohexanecar-
boxylic acids, such as 4-butylcyclohexane-
carboxylic acid (4CHCA) and its hexyl
homologue 6CHCA [16, 17]. Due to the ab-
sence of double bonds in their chemical
structure, these mesogens show high trans-
parency in the visible and near UV range.
However, their nematic phase expands up to
relatively high temperatures (38-91°C for
4CHCA), which makes it rather difficult to
stabilize the temperatures close to the ne-
matic to isotropic phase transition in condi-
tions of most practical applications. Lower-
ing the nematic range could be possible by
adding non-mesogenic dopants with suffi-
ciently high solubility that would not dete-
riorate the CHCA optical properties.

2. Experimental

Differential scanning calorimetry (DSC)
studies were performed using a microcal-
orimeter Mettler DSC 1 (Mettler Toledo,
Switzerland). The mixtures (~ 20 mg) were
placed into an aluminum crucible and
sealed, and thermograms were recorded in
consecutive scans on heating and cooling
(scanning rate 5°C/min). An experimental
error was 1£0.1°C for the isotropic transition
temperature.

Polarizing optical microscopy studies
were carried out using Micromed Polar 3
(Micromed).

Optical transmission spectra were meas-
ured in sandwich-type LC cells using a Shi-
madzu UV-2450 spectrophotometer (Shi-
madzu, Japan) within the spectral range of
300-900 nm. The measurements were car-
ried out within a temperature range of 20—
90°C both on heating and cooling, and the
temperature values were changed in 0.2—
0.5°C steps and stabilized using a flowing-
water thermostat (+0.1°C).

To modify the CHCA matrix, aliphatic car-
boxylic acids, namely, dodecanoic (lauric)
(LA) and decanoic (DA) were used. All car-
boxylic acids were re-crystallized from hexane
and further purified by chromatography.

Nanoparticles were dispersed in the LC
host by adding the appropriate weights of
the carbon nanotubes or laponite to the LC
solvent in the isotropic state with sub-
sequent 1-2 min sonication of the mixture
using a UZD-22/44 ultrasonic disperser
(Ukrrospribor, Sumy, Ukraine).
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Fig. 1. DSC thermograms of 4CHCA (1),
4CHCA + 5 % LA (2) and 4CHCA + 5 % DA
(3) on heating (endo) and cooling (exo). Cr, N
and | correspond to crystalline, nematic and
isotropic phases, respectively. Scanning rate
2 °C/min, sample mass 20 mg.

3. Results and discussion

The phase transition temperatures of
4CHCA (pristine and doped with 5 % LA or
DA) were determined by means of differen-
tial scanning calorimetry (DSC) in the heat-
ing and cooling modes. The corresponding
DSC thermograms are shown in Fig. 1.

The behavior of 4CHCA was typical for
nematic LC, with a slight temperature hys-
teresis on cooling for both phase transi-
tions. As could be expected, the introduc-
tion of LA or DA lowers the phase transi-
tion temperatures. At room temperature,
after some time small crystals precipitated
out from the nematic bulk. This was more
pronounced for LA (probably because of its
higher melting temperature), so, we carried
out further experiments with DA due to its
higher solubility.

DSC thermograms of the 4CHCA + DA
system for different concentrations of the
decanoic acid are shown in Fig. 2a, and the
peaks of their nematic-isotropic phase tran-
sitions in Fig. 2b. Higher DA content leads
to lower isotropic transition temperatures,
the peaks are broadened, and additional
peaks appear for the solid-nematic transi-
tions. However, at DA concentration of 25%,
the appearance of DSC thermograms is simi-
lar to those of pure compounds, suggesting
the formation of a eutectic-like state. The
DSC data are summarized in Fig. 3.

From the phase diagram (Fig. 3) it is clear
that the mixture of 75 % 4CHCA + 25 % de-
canoic acid is really close to the eutectic. A
theoretical estimate of the 4CHCA/DA eutec-
tic obtained wusing our DSC data using
Schroeder-van Laar equations [18, 19],
gives the DA concentration of ~ 21 % and
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Fig. 2. DSC thermograms of 4CHCA + DA system for different concentrations of DA (a) and peaks
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Fig. 3. Binary phase diagram of the system
4CHCA + decanoic acid

temperature ~ 4.3°C; thus, DA concentra-
tions of 20-25 % seem to be optimal for
the eventual use of CHCA + decanoic acid
systems as a host matrices for nanoparti-
cles.

To study the influence of nanoparticles
on the LC matrix described above, we took,
as an example, single-walled carbon nanotu-
bes (SWCNT), which were widely studied
earlier in different LC matrices [20]. By
means of polarizing optical microscopy
(POM), the textures of 4CHCA + 20 % DA
+ SWCNT were shown to demonstrate good
homogeneity and uniform distribution of al-
loying impurities inside the matrix in the
nematic phase and their aggregation in the
isotropic phase (Fig. 4). The observed pat-
tern is typical for nematic liquid crystals.
This agrees with our DSC data, so, such
systems could be used as hosts for nanopar-
ticles.

As another viability test of the given
paradigm, we used temperature variation of
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optical transmission measured according to
the procedures used for LC systems with
dispersed nanoparticles [21, 22]. The results
are shown in Fig. 5. The transmission was
measured at 800 nm in 20 um thick cells.
The investigated LC matrix shows the high-
est optical transparency. The introduction
of CNT noticeably lowers the transmission,
which undergoes a jump at the isotropic
transition, suggesting efficient integration
of the nanoparticles into the orientationally
ordered nematic structure, like in other LC
systems under similar conditions [21-24]. It
is interesting to note that the introduction of
laponite nanoparticles [28, 25] does not sub-
stantially lower the transmission, and the
jump is not so obvious, suggesting its less
efficient integration into the LC structure.

4. Conclusions

The results obtained can be generalized
as an approach for optimization of liquid
crystalline matrices as hosts of composite
materials with dispersed nanoparticles.
Mesomorphic characteristics of the matrix
selected for a specified type of functional
nanoparticles can be modified by introduc-
ing non-mesogenic dopants of similar chemi-
cal nature. Taking alkylcyclohexanecar-
boxylic acids as example, the homogeneity
of the obtained systems doped with dode-
canoic and lauric acid was studied by means
of DSC, spectrophotometry and optical po-
larizing microscopy. It has been shown that
matrices of this type could be applicable as
hosts for dispersions of carbon nanotubes
and other nanoparticles.
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Fig. 4. Microphotographs of nematic liquid crystal textures 4CHCA + DA systems. Composition:
a) 4CHCA + 20 % DA, b) 4CHCA + 20 % DA loaded with 0.05 % of SWNT in the nematic phase,
¢) 4CHCA + 20 % DA loaded with 0.05 % of SWNT in the isotropic phase. Cell thickness 20 um,

temperature 20°C, size of imaged area 500x500 um, crossed polarizers
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Fig. 5. Optical transmission at 4CHCA +

20 % DA doped with SWCNT and laponite
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