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Liquid crystals can exhibit structural orientational order. The creation of a mixture with the addition of chiral
molecules to the nematic liquid crystal induces helical twisting, the axis of which is directed perpendicular to the
cell surfaces. When some cholesteric mixtures with a sufficiently short spiral pitch (up to 400-500 nm) are heated
to a temperature close to, but still lower than, the temperature of the main transition to the isotropic state, in some

cases the so-called blue phases can be formed.

We carried out a study on the detection of structural manifestations of the blue phase under the action of vapors
of chemical substances, in particular acetone. The main dependences of effect of acetone on the liquid crystal
mixture depending on the concentration were also revealed. The two-stage phase transformation from cholesteric
liquid crystal to the isotropic liquid via the intermediary blue phase could be clearly recorded by changes in optical

transmission. Possible applications are discussed.
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Introduction

Liquid crystals are characterized by birefringence
(birefringence), as they have optical anisotropy. However,
some liquid crystal mixtures, particularly in the cubic and
blue phases, exhibit optical isotropy. In general, blue
phases are characterized by the presence of twisting in two
mutually orthogonal directions, which ultimately leads to
the formation of doubly twisted cylinders [1]. The blue
phases were shown to be promising for detection of
organic vapors, showing some advantages as compared
with conventional cholesterics, in particular, for detection
of toluene, phenol and 1, 2 dichloropropane. [2, 3]

Cubic liquid crystal phases with representative three-
dimensional ordered supramolecular structures, such as
interpenetrating networks and spheroids, are common in
lyotropic liquid crystals and exist in some thermotropic
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liquid crystals with amphiphilicity [4].

Among others, cholesteric and smectic blue phases
are also presented. Cholesteric blue phases are of
particular interest because they have a lattice whose
structure is stabilized by lattice distortions and defects.
Typically, blue phases exist in a narrow temperature range
(less than 2 K) between the isotropic liquid and the chiral
nematic phase. Blue phases consist of double twisted
cylinders and are divided into three categories depending
on the spatial structure of the cylinders: blue phase | (BPI),
blue phase 11 (BPII), and blue phase 111 (BPIII).

The first and second types of blue phase have a highly
ordered cubic structure. Cubic blue phases were actively
studied until 1989 and were well studied [5, 6].

At the same time, today the structure of the blue phase
of the third type has not been fully revealed. It is known
that it has a very similar symmetry to the isotropic liquid
crystal phase. Among the detailed reviews of blue phases,
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Fig. 1. a) cholesteric liquid crystal, with a characteristic spiral twist in the direction perpendicular to the axis of the
predominant molecular orientation (director) b) schematic illustration of spiral twisting in two mutually
perpendicular directions - a double-twisted cylinder is formed, shown in c). d) Structure of Blue phase I.

e) Structure of Blue phase 1. Based on blue phases structure images from [9].

it is worth highlighting the following [7-8].

Blue phases are potentially useful for applications in
display devices, but the main difficulty for their
implementation is very low temperature ranges. However,
today, in work [9], polymer-stabilized blue phases were
demonstrated, in which the temperature range was
extended to more than 60 K. They demonstrate fast
electro-optical switching with a response time of 10 s
with a stabilized blue phase.

Stabilized blue phases of liquid crystal mixtures can
also be used to detect substances. [2,10-15]

Thus, studies demonstrate the use of the blue phase of
a liquid crystal mixture for the detection of xylene,
heptane, cyclohexane, dichloromethane, and ethyl alcohol
[10]. Another study demonstrates sensitivity for the
detection of toxic organics, including toluene, phenol, and
1,2 dichloropropane.

Another study demonstrates the use of blue phase
manifestations of a liquid crystal mixture of E7 nematic
and S811 impurity to detect biopolymers [15]. The scheme
of the experiment is similar to our previous works,
however, the degrees of the reverse transition of the
mixture after heating, with manifestations of the blue
phase, and a more complex approach to the construction
of a liquid crystal cell were used.

Based on these data, which indicate the possibility of
using blue phases for the detection of vapors of organic
substances, the purpose of this work was to use liquid
crystal compositions in which the formation of blue
phases (BP) is possible in a certain temperature range. In
our previous work [16] it was noted the presence of certain
anomalies in the change in the transmission intensity of
individual color lines at temperatures when the cholesteric
phase of certain mixtures transitioned into the blue phase
(BP). A detailed analysis of the physicochemical
mechanisms of such behavior was provided by us in [17],
where, based on a number of comparative experiments, it
was clearly shown the equivalence of the action of volatile
organic substances absorbed by the liquid crystal (LC)
phase and the same substances introduced into the LC
composition as a common impurity component. The
development of these works with the use, along with
model ethanol, of other typical volatile organic
compounds seemed very natural.
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I. Methodology of the experiment

A cholesteric-nematic mixture of nematic E7 and
cholesteric impurity CB15 was used in the study to detect
acetone vapors. The concentration of cholesteric impurity
in the mixture was 38%. The temperature characteristics
of this mixture show a transition to an isotropic state at a
temperature of about 34-36 degrees Celsius, therefore, at
room temperature, about 20 degrees, the transition does
not occur.

In the process of research, the prepared mixture was
applied in a thin layer on spectrally transparent glass,
which was placed in a closed container with a
photoemitter and photoreceiver, as well as a container
with acetone.

As a result of the evaporation of acetone, its
concentration in the closed volume increased over time,
which contributed to the transition of the liquid crystal cell
to an isotropic state. The preliminary goal of the study was
to determine the time dependencies for testing the
possibilities of creating an acetone sensor based on a
liquid crystal cell.

The measuring stand consists of a photoemitter and a
photoreceiver. The photoemitter is represented by an
LED, and the photoreceiver is an array of photodiodes,
with photodiodes sensitive to three spectral components.
The gradual phase transition of the liquid crystal mixture
causes a corresponding change in the intensity of light
transmission, which, accordingly, causes a change in the
intensity on the photodiode, which is reflected in the
graphs.

Il. The results of the experiment and
their discussion

As a result of the experiment, we revealed the
manifestation of a blue phase for this liquid crystal
mixture, when it transitions into an isotropic state under
the action of acetone. It can be clearly seen that for all
three cases of acetone introduction (Fig.3, ab,c) the
process is realized in two stages. At first, with small
quantities of absorbed acetone, the transmission intensity
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Fig. 3. Graphs of the dependence of the half-width of the existence of the blue phase, with an increase in the
concentration of acetone in the measuring container, 240 ppm (a), 120 ppm (b), 60 ppm (c).

decreases due to the formation of the blue phase. Under
further action of absorbed acetone, the transformation to
the isotropic phase occurs, evidenced by the renewed
increase in optical transmission. In addition, we carried
out similar measurements of the optical transmission vs.

111

temperature, which also demonstrated a two-stage
transformation (cholesteric — blue phase — isotropic), in
the same way as it was described in [17] for ethanol.

To register and process the results of measuring the
concentration of acetone vapors, it seems promising to
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adapt also a hybrid microsystem for biomedical
applications [18] using an integral primary signal
converter from a photodetector based on a highly sensitive
CMOS operational amplifier and its elements [19, 20].

In order to identify the dependencies between the
concentration of acetone vapors in the capacity of the test
device and the time of manifestation of the blue phase of
the liquid crystal cell, additional graphs were constructed.
These graphs reflect the dependence of the half-width of
the temporal manifestation of the blue phase, for the
measured blue component of the spectrum, on the
concentration of acetone. Among the measured
concentrations are 0.4 ml (240 ppm), 0.2 ml (120 ppm), 0.
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Fig. 4. Summary graph of the dependence of the duration
of the half-width of the blue phase on the acetone
concentration.

The process of detecting the phase transition of the
blue phase takes place at a constant temperature of
20 degrees Celsius. Acetone introduced into a container
with a liquid crystal cell is gradually evaporated, which
increases the concentration of acetone vapors in the closed
volume. The transition of the cell occurs gradually, and
according to the results of the experiment, the transition
time depends on the concentration of acetone. In
particular, we can state that when the concentration of

acetone increases from 60 ppm to 120, and then to
240 ppm, the interval of existence of the blue phase is 32,
16, and 8 seconds, respectively.

Since a similar phase transition occurs when the
temperature changes, the use of such a system in
environments with a change in temperature may give false
indicators. In particular, when the ambient temperature
increases, the rate of transition to the isotropic state will
be higher than at the same concentration of acetone and a
stable temperature.

Conclusions

The liquid crystalline blue phase, which arises as a
result of the action on a mixture of liquid crystals of
acetone, shows a direct dependence of duration on the
concentration of acetone. The phase transition itself in this
case is similar to the temperature transition. The direct
relationship between the concentration of acetone vapors
and the duration of the phase transition of the used cell
allows for the possibility of using such a system as a
sensor. The two-step character of the observed changes in
optical transmission allows the designing of a vapor
sensor tuned for a certain threshold value of the effective
amount of vapor. However, based on previous works, it
can be asserted about the existing cross-sensitivity of such
a system to other substances, in particular alcohols, and
some other organic substances. The disadvantage of using
such a cell as a sensor or detector is also a serious
temperature dependence. If the liquid crystal mixture is
doped with gold nanoparticles or carbon nanotubes, it is
also possible to detect some inorganic substances,
preliminary studies indicate sensitivity to CO,, NO.
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Slucmumym cyunmunayiiinux mamepianis, Hayionansna Axademis Hayx Vipainu, Xapkie, Ykpaina

Pinki kpucTaqMm MOXYTh JEMOHCTPYBAaTH CTPYKTYpHHI opieHTaumiiiHMi nopsmok. CTBOpeHHS cywimi 3
JOJaBaHHIM XipaJbHHX MOJICKYJ A0 HEMaTHYHOTO PiIKOrO KPHCTaly BUKIMKA€E CIipalbHE 3aKpydyBaHHS, BiCh
SIKOTO CIIPSIMOBaHA IEPIEHAUKYJSIPHO 1O IOBEpXHI piIKOKpuCTamigHoi koMipku. IIpm HarpiBaHHI AESKHX
XOJIECTEpUYHUX CyMillel 3 JOCUTh KOPOTKHM KpokoM cripaii (400-500 Hm) mo Temmeparypu, GIU3bKOI, ane Bce
K HI)KYOI BiJl TeMIepaTypH OCHOBHOTO IIEPEXOJY B i30TPOINHMII CTaH, y HEAKMX BHIIAJKAaX BUHHMKA€E TaK 3BaHA
OmakuTHA (aza. B po6oTi mpoBeneHo KOCTIHKEHHS MO0 BUSBICHHS CTPYKTYPHHUX IPOSBIB OIAKUTHOI (has3y mif
Ji€ro mapiB XIMiYHHX PEUOBHH, 30KpeMa, alleTOHy. BHUSBICHO Tak0)X OCHOBHI 3aJI€)KHOCTI BIUIUBY alleTOHY Ha
PIOKOKpHCTANIYHY CyMIll 3aJIeKHO BiJ KOHIEHTpallii. [BocTyniH4acTe Ga3oBe MepeTBOPEHHS Bil XOJIECTEPUIHOTO
piIKOro KpHCTaly MO 130TPOIHOI PIJHHU 4epe3 NMPOMDKHY ONakuTHY a3y MokHa Oyno 4iTko 3agikcyBaTé
3MiHaMH B ONTHYHOMY NPOMYCKaHHI. MOKIINBI 10aTKH OOTOBOPIOIOTHCSL.

Karo4doBi coBa: pinxuit kpuctan; E7; razoBuii cencop; 6akutHa ¢aza; ONTHIHHI CEHCOP.
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