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The paper presents the results of the study of the parameters of the highly sensitive active medium of the
NO: sensor based on a cholesterol-nematic mixture with an admixture of carbon nanotubes. The dependences of
the change in the wavelength of the two transmission minima on the NO2 concentration for cholesterol-nematic
mixture with single-walled, double-walled and multi-walled nanotubes at different concentrations of nanotubes
and two concentrations of nematically liquid crystal 5CB were obtained. It is established that by changing the
ratio between the concentrations of nanotubes and nematic liquid crystals, it is possible to obtain mixtures that
have the maximum spectral sensitivity coefficient in a given range of gas concentration.
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Introduction

Nitrous oxide (NOXx) is one of the most harmful
gaseous environmental pollution. Nitrous monoxide
oxidizes in the atmosphere to nitrogen dioxide (NO»),
which is one of the main components of surrounding air
pollution that affects the human health. NO, engages
with the particles of soot and forms HNO; that cause the
global  environmental problems. For instance,
photochemical smog, ozone holes, acid rains and
corrosion of the metals [1]. It was also established that
the concentration of NO; rapidly increases during
combustion [2]. Therefore, NO- is an early indicator of
heat that is more efficient than current detectors of fire.

Let’s note, that recently, a demand on reliable as
well as rapid systems for detection of explosive
substances because of the increasing of the terroristic
threat. Their molecules are mainly organic compounds
that can be classified under pressure and concentration of
the steam. Carbon (C), hydrogen (H), oxygen (O) and
nitrogen (N) are the main elements in the chemical
structure of the explosive substances. However, most
explosive substances also contain a nitro groups (-NO2)
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[3, 4].

Sensors with resistive type and optical sensors are
used to detect NO,. Semiconductor thin films of organic
and inorganic materials [5-7] are used as gas sensitive
element of sensors with resistive type. The drawbacks of
most common resistive methods are the relatively low
sensitivity and selectivity, high energy consumption and
the need of heating the active environment. Optical
methods have several advantages, including high
sensitivity, low time of response resistance to the
environment [8-10].

The formation of informational signal in optical
sensors NO- are predetermined the selective reflection of
optical radiation from the active medium.

A great number of nanocomposites is formed from
liquid crystals doped with nanoimpurities to modify the
optical properties of the LCs [11.14].

As the carbon nanotubes are highly sensitive to NO;
and have the ability to change the properties from the
sorbed gas [15], so it serves for the investigation of the
impact of nitrous dioxide on the spectral properties of
nanocomposites based on cholesteric nematic mixture
(CNM) doped as single, double and multi-walled carbon
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nanotubes. Carbon nanotubes absorb NO, and as the
result the optical characteristics of CNM are changed.

I. Experimental Method

Cholesteric-nematic mixtures based on cholesteric
liquid crystal BLO-61 and nematic liquid crystal 5SV
(25% and 35%) are used in the work. The concentration
of NLC in the mixture is chosen in order to spectrum of
transmittance was in the visible region. NLC is
characterized by a minimum transmittance per a
wavelength of 350 nm and the HLC has a minimum
transmittance per a wavelength of 427 nm [16]. The
position of a minimum transmittance NLC in the mixture
is sheared to the short-wave region and is 322 nm and a
minimum of transmittance HLC in the mixture sheared to
the long-wavelength region.

Also, let’s note that, spectrum characteristics of gas
NO; was received in the works [17-19]. The
characteristic show that gas has its own minimum
transmittance wavelength of 400 nm.

The received mixtures doped as single-, double- and
multi-walled carbon nanotubes with concentrations
0,15% 0,3% and 0,5%. Maximum concentration of
nanotubes is restricted of optical transparency of
analyzed samples. Mixture is processed in hypersonic
bath of 50W capacity during 10 minutes for the progress
of homogeneous division of the nanotubes.

Nitrous dioxide was received according to the
reaction:

Cu +4HNO3; — CU(NO3)2+ 2NO; + 2H,0.

Measuring installation, which is described in work
[20], is used for metering spectrum characteristics and
their changes under the influence of nitrous dioxide.
Concentration dependence of position of the minimum
transmittance was received due to covering increase of
nitrous dioxide concentration from 0 to 100 mg/m?® with
the move of 20 mg/m3. After the gas is received to the
camera its sorption of liquid crystal substance occurs, as
a result the concentration of gas in the camera changed a
bit. Process of sorption takes 5-10 seconds, then the
interaction of the gas with LCD stops, the proof is a
region of saturation on the dependence of a minimum
transmission on the time.

The spectral characteristics are obtained from the
spectrophotometer USB-2000 in the range of 200-
1100 nm. The processing of experimental results was
carried out by means of the software OriginPro 8. The
received spectral dependencies were approximated by
Gaussian functions that makes it possible to determine
the wavelength by the position of the minimum
transmission of the light.

The position of minimum transmittance of samples
at room temperature was a measured parameter, which
was changing depending on the concentration of nitrous
dioxide in the air atmosphere camera. The sorption
properties of the films were assessed by means of
spectral sensitivity factor S, which is determined by the
ratio:

S =AMAC,

where AL — the interval of changing of the wavelength of
minimum transmission of LCD mixtures under the gas
effect, nm, AS - interval of changing of the gas
concentration,%.

Figure 1 shows the spectral characteristic of the

mixture HLC BLO-61 and NLC 5CB for two
concentrations 5CB-25 and 35 %.
1.0
0.9
1
0.8
:‘ 0.7 2
[
o 061
2
E 0.5
% 0.4
= 03
0.2
0.1
0.0 T T T T T ¥ T E T L
300 400 500 800 700 800

Wavelength, nm

Fig. 1. The spectrum of transmission CNM (with the
impurity of carbon nanotubes: 1 — concentration 5CB
25 %; 2 - concentration 5 CB 35 %).

The mechanism of sorption of nitrous dioxide on the
surface of carbon nanotubes was discussed in the works
[21- 23]. The absorption of molecules NO, by means of
nanotubes in different positions of molecule in relation to
the axis of nanotube was considered to find the most
stable configuration [9]. The abstinence of molecules
NO; on the surface of nanotubes is determined by Van
der Waals forces (physical adsorption).

I1. The results and discussion

The researches showed that the short-wave minimum
of transmission with increasing of concentration of NO;
is shifted to long-wave region for all samples, moreover
the maximum displacement is observed for multi-walled
nanotubes with their concentration 0.5 % (concentration
5CB is 35 %) (Fig.2).

1.0

0.9 4

08 4

o = 0 /s
——NO, =10 ur/s’
—NO_ =20 Mr/s’

——NO_ =50 mr/m

Transmission, r.u.
(=]
o
)

——NO_ = 70 sar/sd

——NQ, = 100 ur/n

T v T T T
300 400 500 600 700 800

Wavelength, nm

Fig. 2. The spectrum of transmission of cholesteric
nematic mixture with concentration 5CB 25 % and
impurity of multi-walled carbon nanotubes under effect of
NO..
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The position of the second minimum of transmission
with increasing of concentration of NO; is shifted to
short-wave region, moreover the maximum displacement
is achieved for the sample with impurity of multi-walled
nanotubes with concentration 0.5% and concentration
5CB 35 %.

Analyzing the spectrum of transmission, we can
make a conclusion that during the interaction with the
gas occurs a displacement of two minimums of passing
in the opposite direction, and finally, they form a
common  minimum of transmission at high
concentrations.

Fig. 3-5 show the dependence of changing the
wavelength of two minimums of transmission on the
concentration of NO, for CNM with single-walled,
double-walled and multi-walled nanotubes at different
concentrations of nanotubes and two concentrations NLC
5CB.

Thus, the maximum sensitivity is revealed by a
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sample with 5CB concentration of 35% and impurity
with multi-walled carbon nanotubes of 0.5%. The
coefficient of spectral sensitivity for short wavelength
level of 1.46 nm/mg/m? on the area of 0-60 mg/m3, and
for long-wave minimum level — 4.7 nm/mg/m® on the
area of 10-60 mg/m?. For this sample is constructed the
graduation graphs for sensor based on spectral
dependence (Figure 6).

A characteristic feature of the results is that the
coefficient of spectral sensitivity for mixtures of carbon
multi-wave nanotubes far exceeds the similar coefficient
for the mixture of single- and double walled nanotubes. It
would seem that as the specific single-walled carbon
nanotubes greater than multi-walled, then the density of
adsorbed gas molecules single-walled nanotubes should
be greater. However, the experiment gives the opposite
results. Therefore, the coefficient of spectral sensitivity is
determined not only by the specific surface of nanotubes,
but also by the curvature of this surface. In multi-walled
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Fig. 3. The dependence of change of short-wave minimum of transmission (a) and long-wave minimum of
transmission (b) of the light on the concentration of NO, for CNM with single-walled nanotubes: 1 - nanotubes
concentration of 0.15 % and the concentration SCB 25 %; 2 - 0.3 % and 25 %, 3 - 0.5 % and 25 %; 4 - 0.15 %
and 35 %; 5 - 0.3 % and 35 %; 6 - 0.5 % and 35 %.
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Fig. 4. The dependence of change of short wavelength level (a) and long-wave level (b) light transmittance on the
concentration of NO 2 CNM for nanotubes with double walled nanotubes: 1 - nanotube concentration of 0.15 %
and the 5CB concentration of 25 %; 2 - 0.3 % and 25 %, 3 - 0.5 % and 25 %; 4 - 0.15 % and 35 %; 5- 0.3 %
and 35 %; 6 - 0.5 % and 35 %.
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Fig. 5. The dependence of change of short wavelength level (a) and long-wave minimum level (b) depend of the
light transmittance of NO; concentration for CNM multi-wave of nanotubes 1 - nanotube concentration of 0.15 %
and the 5CB concentration of 25 %; 2 - 0.3% and 25 %, 3 - 0.5% and 25 %; 4 - 0.15 % and 35 %; 5- 0.3 %
and 35 %; 6 - 0.5 % and 35 %.
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Fig. 6. Graduation graph of gas sensitive element of optical sensor NO ». a - for short wavelength minimum,
b - for long-wavelength minimum.

nanotubes curvature of the cylinder is much smaller than
single-walled so that molecules more easily absorbed in
them, that causes increase of the spectral sensitivity.

The spectral characteristics and its changes under the
action of nanocomposites based on HLC doped with
carbon nanotubes tracked by the signal converter optical
sensor. The main problem of creating signal converter of
optical sensors discussed in work [24-29].

Conclusions

Short wavelength minimum of transmission with
increasing concentrations of NO; shifts in the long-
wavelength region for all samples, and long-wavelength
contrary — in the short-wave region, namely, a shift of
two minimum of transmission is occur in the opposite
direction.

The maximum shift of the minimum of transmission

observed concentration of CNM 5CB concentration of
35% and with MWCNT impurity of 0.5%. The
coefficient of spectral sensitivity makes 4.7 nm/mg/m? on
the area of 10-60 mg/m?,

By changing the ratio between the concentrations of
nanotubes and NLC, we can obtain mixtures which have
a maximum coefficient of spectral sensitivity in a given
range of gas concentration.
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Bucokouyrinse akTHBHe cepenoBuie cencopa NO2 Ha 0CHOBI X0J1eCTepPHKO-
HEMATHYHOI CyMillli 3 JOMIIIKOI0 ByIJlelleBUX HAHOTPYOOK
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B poGoTi HaBemeHO pe3yNbTATH IOCHIKEHHS IIapaMeTpiB BHCOKOUYTIMBOTO AKTHBHOTO CEpEeJOBHIIA
ceacopa NO2 Ha ocHOBI xonectepuko-HemarnuHol cymimi (XHC) 3 moMimIkoro ByTJIENEBHX HAaHOTPYOOK.
OTpuMaHO 3aJeKHOCTI 3MIHM JOBXHWHH XBUJII MiHIMyMY MpPOITyCKaHHs Bix KoHueHTpanii NO2 11 X0JIeCTepHKO-
HEMAaTHYHUX CyMilIeH 3 OHO-, ABO- Ta 0araTOCTIHKOBHMH HaHOTPYOKaMH 3a Pi3HUX KOHILEHTpaLiil HaHOTPpyOOK
JUIA  PI3HMX KOHIEHTpamid HemaTwyHoro piakoro kpucrama (HPK) S5CB. BcranoBmeHo, mo 3MiHa
CHIBBIIHOUICHHS MK KOHICHTpAISIMH HAaHOTPYOOK Ta HEMAaTHYHHX PiAKHX KPHUCTANiB, A€ 3MOTY OTPHUMATH
CYMIlIli 3 MAKCUMAJILHUM KOE(II[iEHTOM CIIEKTPAIBHOI UyTIMBOCTI JJIS TOCHI/PKYBaHOTO Ta3y.

KnrouoBi cioBa: cencop NO2, akTHBHE CcepelOBHIIE, XOJICCTEPHKO-HEMaTH4HA CyMill, BYIJIELEeBi
HaHOTPYOKH.
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