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AHoTalisA

AKTyaJbHOIO MPOOJIEMOI0 € CTBOPEHHSI BHUCOKOUYTJIMBUX ONTUYHUX JaTUYHUKIB
CO 2 B OBITPI, 5IK1 AO3BOJIAIOTH KOHTPOIt0BAaTH BMICT CO 2 4K y IPUMIIIECHH], TaK
1 B HaBKOJIMILIHbOMY MOBITP1, J€ Horo piBeHb 3a3Bu4ail craHoBuTh 600...1000
ppm. fAx gyrnuBuil enemeHT ceHcopa CO 2 IPONOHYETHCA BHKOPHUCTOBYBATH
PIAKOKPHUCTANIIYHY PEUOBUHY (XOJECTEPUYHO-HEMATUUHY CyMilll Ha ocHOBI SIIb 3
XOJIECTEPUYHUMH JIOMILIKaMHU), JONOBHEHY 0araromiapoBUMHU BYTJIELEBUMU
HaHOTpYOKamu. JoCHiIKEHO CHEeKTpaibHI XapaKTEPUCTHKHU PiIKOKPUCTATIYHOT
cymimi B mianazoni 400...600 am. BMicT ByrieneBux HaHOTPYOOK CTAHOBUB BiJl
0,1 no 0,5 mac.%. BcranoBneHo, 1m0 31 301IbIIEHHSIM KOHIIEHTpAIIll B Jlana3oHi
10...100 mr/m 3 MiHiMyM HpONMYCKaHHS 3MIILyeThCS B JIOBIOXBHJILOBY OOIACTB
cnekTpa. MakcumalibHa ClIeKTpaJibHa Yy TJIMBICTh Y IbOMY Jiana30Hi CTAHOBUTH 6
HM / Mr/ M3. [locnimkyBanuii MaTepiall Moxe OyTH BUKOPUCTAHUH K YyTIUBUN
enemeHT ontudHoro narunka CO 2 . [lomanpin JOCHIKEHHS CITiJI MPOBOIUTH B
HATIPSIMKY JTOCITIJIKEHHS B3a€EMO/Ii1 TAKOTO KOMITO3UTY 3 1HIIMMH ra3aMiu, a TaKOXK
MOIIYKY MOKJIMBOCTEN JUIS MOKPAILIECHHS BJIACTUBOCTENM KOMIIO3UTY. MOXKIMBO
BUKOPUCTaHHs 0araTomapoBUX BYTJICIIEBUX HAHOTPYOOK.

Karouogi ciioBa:
e bBJIO-61

e BYVIJIELIEBI HAHOTPYOKH

« 5CB
« CO

e JATYHK Ia3dy


https://www.tandfonline.com/author/Vistak%2C+M+V
https://www.tandfonline.com/author/Diskovkyi%2C+I+S
https://www.tandfonline.com/author/Petryshak%2C+V+S
https://www.tandfonline.com/author/Kuchmiy%2C+G+L
https://www.tandfonline.com/author/Horina%2C+O+M
https://doi.org/10.1080/15421406.2023.2236374
https://www.tandfonline.com/keyword/BLO-61
https://www.tandfonline.com/keyword/carbon+nanotubes
https://www.tandfonline.com/keyword/5CB
https://www.tandfonline.com/keyword/CO
https://www.tandfonline.com/keyword/gas+sensor

e OITHUYHHUU JATYHUK

Liquid crystalline substances doped with carbon nanotubes as a

sensitive medium of the CO2 sensor

Vistak M.V.%, Diskovkyi 1.S.%, Petryshak V. S. 2, Kuchmiy G.L.? , Horina
O.M. 2

1 Danylo Halytsky Lviv National Medical University. Pekarska street, 69, Lviv - 79010.

2. Lviv Polytechnic National University. Stepana Bandery Street, 12, Lviv-79000,

Ukraine.

Corresponding author: vistak_maria@ukr.net

Liquid crystalline substances doped with carbon nanotubes as a

sensitive medium of the CO2 sensor

The creation of highly sensitive optical CO2 sensors in air is an urgent problem, as
it allows monitoring the content of CO2 both indoors and in ambient air, where its

level is usually 600...1000 ppm.

As a sensitive element of the CO2 sensor, it is proposed to use a liquid crystal
substance (cholesteric-nematic mixture based on 5CB with cholesteric impurities),
supplemented with multi-layered carbon nanotubes. The spectral characteristics of
the liquid crystal mixture in the range of 400...600 nm were studied. The content
of carbon nanotubes ranged from 0.1 to 0.5 wt.%. It was established that with an
increase in concentration in the range of 10..100 mg/m3, the transmission
minimum shifts to the long-wave region of the spectrum. The maximum spectral
sensitivity in this range is 6 nmving/m3. The researched material can be used as a

sensitive element of an optical CO2 sensor.

Further research should be conducted in the direction of investigating the

interaction of such a composite with other gases, as well as finding opportunities


https://www.tandfonline.com/keyword/optical+sensor

to improve the properties of the composite. Perhaps the use of multi-walled carbon

nanotubes.
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1. Introduction

To determine the concentration levels of various gases in biotechnology,
medicine, ecology, pharmacology, food production, and other industries, the
development, development, and wide implementation of modern portable sensors are
necessary, as well as the creation and selection of highly sensitive materials for them.

Among such materials, the class of liquid crystals and liquid crystal mixtures can
be singled out. Along with their classic use as an active medium in information display
devices, more and more research is focused on the possibility of their use as sensitive gas
sensors [1-4].

Liquid crystalline mixtures are promising materials for the detection of harmful
gases due to the sensitive reaction of the light flux to the change in their molecular order
under external influence. Such changes can be easily detected optically since liquid
crystals have high optical anisotropy [5]. In recent years, special attention has been paid
to composite systems based on liquid crystal mixtures. Such systems have unique
electrical and magneto-optical properties. The introduction of nano-sized particles with
high gas adsorption into an anisotropic medium is promising. Due to the interaction with
gases, nanoparticles change their physical properties, which leads to a change in the
optical properties of the liquid crystal substance [6, 7].

Recently, carbon nanotubes have been widely studied as adsorbents of various
gases, in particular H2, N2, CO2, SO2, NO2, NH3, and alkanes [8-10]. Significant
interest in the use of nanotubes as gas adsorbents is due to their properties, in particular,
extremely small size, high specific surface area, hollow structure, and high structural and
chemical stability. Numerous studies have shown higher adsorption of gases in carbon
nanotubes compared to other sorbents [10]. Therefore, the study of the influence of gases
on the change in the optical properties of liquid crystal mixtures doped with carbon
nanotubes is a good opportunity to improve the sensitivity of liquid crystal optical gas
sensors to inorganic gases, in particular CO2.

Optical sensors are based on optoelectronic devices consisting of a light source, a

photoreceptor, and an optically active medium [11, 12]. A change in the optical properties



of the medium in the presence of a certain gas in it affects the output signal of the
photodetector, which is used to detect gas in the medium. The creation of such devices is
relevant because it makes it possible to solve the complex problem of monitoring the
atmosphere, control of technological environments, and safety of industrial production
using electronic devices.

The concentration of carbon dioxide in the premises can significantly exceed the
norms due to insufficient ventilation and the presence of a large number of people. In
particular, a constant elevated level of CO2 in the air can cause an increase in blood
acidity - acidosis [13]. It arises due to the interaction of carbon dioxide and water with
the formation of carboxylic acid. The first signs of acidosis are strong excitement, rapid
heart rate, and a moderate increase in blood pressure.

However, today, in addition to the negative factors of influence that have appeared
as a result of human progress, we have also received means to temporarily solve such
problems. Among them, is the development of accurate and easy-to-use infrared gas
sensors, absorbents for carbon dioxide, and other resources, which, if desired, will allow

the authorities to make control systems for the level of CO2 in the premises.

2. The structure of a liquid crystal sensor based on a liquid crystal mixture
and a CO2 mixture doped with nanotubes

The general concept of the sensor corresponds to other developed optical liquid
crystal gas sensors with measurement of the spectral characteristics of the light passing
through the sensitive liquid crystal element. Similar sensors are presented in works [14-
18]. The main feature of the developed sensor is the sensitive element created on the basis
of a liquid crystal mixture and a mixture doped with carbon nanotubes. Liquid crystals
are promising materials for detecting dangerous gases due to their high sensitivity to
changes in molecular order under external influence.

As the basis of the sensitive element, a mixture of cholesteric liquid crystals of
the MERK® company - BLO-61 was chosen, which is characterized by a minimum of
selective transmission at a wavelength of 420 nm (Fig. 1) [19]. The choice is due to the
main advantage of this liquid crystal mixture, namely, chemical inertness and stability of
mesophase existence in the temperature range of 10-70 °C. The chemical composition of

this mixture combines nematic liquid crystals with cholesteric liquid crystals.



10

08

08

074

06

05+

044

034

Transmission intensity

024

014

00

T T T T T
300 400 500 600 700 800
Wavelength, nm

Figure 1 Spectral characteristics of BLO-61 cholesteric liquid crystal

Another component of the mixture is nematic 5CB, which is 4-n-pentyl-4-
cyanobiphenyl [20].

Carbon nanotubes (CNTSs) have the ability to adsorb and desorb materials of a
certain chemical composition, which makes them promising for the development of
sensors based on them [21, 22]. The use of carbon nanotubes as an impurity in the mixture
of a sensitive liquid crystal element can significantly increase the sensitivity of the sensor
due to the adsorption of gases. Due to the large specific surface, carbon nanotubes have
unique advantages in terms of detecting environmental pollutants and are widely used in
gas chemical sensors, NH3, NO2, SO2, and CO2 [23]. Compared to other sensors, gas
sensors based on carbon nanotubes are characterized by fast response, high sensitivity,
small size and low operating temperature [24]. That is why a nanocomposite based on
CNM doped with single-walled carbon nanotubes was created to study the effect of CO2

on the optical properties of nanocomposites.

3. Nanocomposite for a sensitive sensor element

The creation of a liquid crystal nanocomposite began with the creation of the
actual cholesteric-nematic mixture. The concentration of the nematic liquid crystal was
selected to obtain the maximum selective reflection in the visible region and varied from
25 to 35%. Experimental mixtures were obtained by heating the components in a
thermostat to a temperature that is 5-7 degrees higher than the temperature of the phase
transition to the isotropic state. This temperature was maintained for 1 hour with periodic
mixing of the samples. Experimental cholesteric-nematic mixtures were obtained in this

way.



The obtained mixture was doped with single-walled carbon nanotubes with
concentrations of 0.15%, 0.3, and 0.5 wt. %. The maximum concentration of nanotubes
is limited by the optical transparency of the studied samples. To obtain a homogeneous
suspension, the nanotubes were introduced into a cholesteric-nematic mixture (CNM) in
the isotropic phase with subsequent mixing in an ultrasonic bath for 1 hour. Effective
mixing of nanotubes in the liquid crystal mixture layer was observed precisely in the
isotropic phase of the liquid crystal.

In fig. 2 shows the spectral characteristics of the cholesteric-nematic mixture and
nanocomposites based on CNM with a 5CB concentration of 25 wt. % and an admixture
of carbon nanotubes 0.15; 0.3 and 0.5 wt.%.
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Figure 2 Spectral characteristics of cholesteric-nematic mixture and

nanocomposite based on it

4. Experimental part

To study the effect of gases on the nanocomposite, a device for measuring the
spectral characteristics of nanocomposites under the action of gases was used, the
functional diagram of which is shown in Figure 3. This device makes it possible to obtain
spectra in real time in an atmosphere of harmful gases, and also ensures the temperature

stability of measurements.
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Figure 3 Functional scheme of the experimental setup for studying the influence
of harmful gases on the LC-nanoparticle system: 1- reactor; 2- laboratory gas holder; 3-

experimental box; 4- spectrum analyzer; 5- spectrometer; 6- optical fiber; 7- light source

The prepared nanocomposites were applied in a thin layer on a transparent cover
glass and placed in the experimental setup. Gas is supplied to the installation and artificial
circulation of the mixture of gas and air in given concentrations takes place. Carbon
dioxide is produced based on the reaction of CaCO3 calcium salt with hydrochloric acid
HCI. The measured parameter was the position of the absorption minimum of the samples
at room temperature, which changed depending on the gas concentration in the air
atmosphere of the chamber.

Adsorption of CO2 by liquid crystal nanotubes is much smaller than, for example,
NO2 and SO2. The nature of the change in the wavelength of the absorption minimum
under the influence of CO2 for the cholesteric-nematic mixture with single-walled

nanotubes is shown in Figure 4.
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Figure 4 Dependence of the change in the wavelength of the light transmission

minimum on the concentration of CO2 for single-walled nanotubes (SWNT)

The coefficient of spectral sensitivity in this range is 1.2 nm/mg/m3. In the range
of 60-150 mg/m3 for this nanocomposite, a decrease in sensitivity is observed (the
coefficient of spectral sensitivity is 0.152 nm/mg/m3), after which saturation is observed.
The graph of the spectral dependence under the influence of CO2 for the nanocomposite
based on CHN doped with single-walled nanotubes with different concentrations is

shown in Fig. 5.
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Figure 5 The transmission spectrum of a nanocomposite with a concentration of
5CB of 35% and an admixture of single-walled nanotubes of 0.5% (b) under the influence
of CO2

In order for a sensor based on HNS doped with carbon nanotubes to be
commercially attractive and competitive, it is necessary that the active medium be
characterized by a short relaxation time and the possibility of repeated use without
replacing the active medium. That is why the research was conducted on the relaxation
properties of the studied nanocomposites.

After the gas was removed from the experimental setup, a change in the spectral
characteristics was recorded for 1-2 minutes depending on the time the nanocomposites
were left without gas.

For the investigated nanocomposites, after interaction with CO2, a rapid return of

the spectral characteristics to the initial position is observed (Fig. 6).

380

370

360

350

340 A

330 4

Wavelength, nm

320

310 A

300 . - - . T T
0 5 10 15 20
Time, sec




Figure 6 Relaxation characteristics for a nanocomposite based on CNM with a
concentration of 5CB of 25% and an admixture of 0.5 % of SWNT after interaction with

CO2 for the short-wave minimum

As can be seen from the figures, the recovery time of spectral characteristics after
interaction with CO2 is 20 s. This speed of recovery of the nanocomposite is due to the
fact that the main role in the change of characteristics under the influence of gases is
played by the interaction of gases with carbon nanotubes. As is known, such an interaction
is physical absorption, which enables gases to easily bind to nanotubes and quickly detach

from them.

5. Conclusions

In the paper, we studied the developed nanocomposites based on HNS with
different concentrations of nanotubes under the action of CO2. Based on the research, the
optimal composition of the sensitive nanocomposite was determined. Thus, the maximum
sensitivity to CO2 in the range of 0-60 mg/m3 is observed for the nanocomposite based
on HNS doped with nanotubes with a concentration of 0.5 wt.%. Due to the use of carbon
nanotubes for doping the liquid crystal mixture, it was possible to significantly increase
the interaction of such a sensor with CO2. This happens due to the interaction of
nanotubes with CO2 and its direct absorption.

The recovery time of nanocomposites after interaction with gases was established,
which is 20 s for SO2 and CO2 and 40 s for NO2. Given the short response time and
recovery time of nanocomposites, they can be used as an active element of an optical gas
sensor. Therefore, by optimizing the signal processing system, it is possible to obtain a
highly sensitive optical gas sensor for multiple use.

Further research should be conducted in the direction of investigating the
interaction of such a composite with other gases, as well as finding opportunities to
improve the properties of the composite. Perhaps the use of multi-walled carbon

nanotubes.
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