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Formation of zinc selenite nanostructures in SiO,/Si track
templates with the use of two kinds of electrolytes

A.D. Akylbekova, G.G. Sarsekhan, Z.K. Baimukhanoy,
A.K. Dauletbekova, G.M. Aralbayeva

L.N.Gumilyov Eurasian National University, Astana, Kazakhstan
E-mail: (aiman88_88@mail.ru)

Abstract. This paper presents studies of zinc selenite nanocrystals obtained by chemical
and electrochemical deposition of zinc in a silicon dioxide track template. With the use of
two kinds of electrolytes, zinc selenite nanocrystals were prepared by template synthesis
and their morphological, structural and photoluminescent properties were investigated. The
electrochemical deposition method was shown to be more optimal to create this crystal in
comparison to the chemical deposition method. The cell parameters created by us match up with
the results of other authors. Photoluminescence spectra were recorded in the spectrum interval
from 2 to 4 eV at room temperature at an excitation wavelength of ~ 4 eV.

Keywords: silicon dioxide, chemical and electrochemical deposition, photoluminescence, zinc
selenite nanocrystals.

DOIL: https://doi.org/10.32523/2616-6836-2023-145-4-6-16

1. Introduction

Zinc oxide-based materials can be commonly used in the development of luminescent and
laser screens, as well as in infra-red technology. In different fields of engineering and science,
scintillation sensors are required for the detection and recording of radiation. Creation of
nanostructured material such zinc selenite - ZnSeQO, is a smart way to explore and improve the
properties of ZnO and ZnSe together instead of using them individually.

One of the prospective and intensively developing directions in modern science and
technology is the establishing of technologies for the creation of nanostructured materials with
specified properties, their exhaustive characterization and practical use [1]. There are many
methods for obtaining nanoparticles, ranging from lithographic methods to chemical methods.
Among them is the template synthesis method, which was used by us in obtaining nanocrystals
is another commonly used method.

In this paper, the fast heavy ion track technology is used, which is related to the development
of narrow and extended regions of radiation damage (“latent ion tracks”) in different materials
(especially in a silicon oxide layer) as a result of exposure to high-energy ions. [2-5]. SiO,,
widely used in semiconductor technology, was used as templates for the synthesis of nanowires
and nanotubes. The etched-out pores can be infilled with different materials by chemical or
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Formation of zinc selenite nanostructures in S5iO,/Si track templates with the use of two kinds of electrolytes

electrochemical deposition techniques. Different complexes of nanocrystals of CdTe, CdO and
other wide -gap semiconductor oxides such as ZnO were safely generated by this technology in
SiO,/Si ion track templates. Such structures built on silicon substrates can be easily integrated
into silicon technology. The aim of this work is to obtain ZnSeO, nanostructures by chemical and
electrochemical deposition in a-5iO,/Si-n track templates.

As new perspective materials for opto-electronics, nano-electronics and sensors are being
developed, zinc selenite received in SiO,/Si templates are of unquestioned interest. The synthesis
of zinc- and selenium-based oxide semiconductor nanocrystals in SiO,/Si track templates is
undoubtedly novel. This paper is one of the first practice to demonstrate the possibility of their
synthesis in SiO,/Si matrices by chemical (CD) and electrochemical deposition (ECD) methods
using two different types of electrolyte.

2. Materials and methods

The SiO,/Si structures we used for the experiment have been described in [6-8]. The matrix
synthesis was performed according to the method of templating synthesis with the use of two
kinds of electrolytes. Synthesis methods are described in [9-11], where synthesis modes are
described in detail. In our case, new complex crystals based on zinc selenide (ternary compounds)
on zinc electrodes at voltages from 1 to 2 V were produced by template-based synthesis.

The morphology of the structures was determined by JSM7500F scanning electron
microscopy (SEM). SEM analysis after etching and deposition of the obtained structures helps to
control the magnitude (size), shape of nanopores and the degree of nanopore filling.

The crystallographic parameters was investigated by X-ray diffraction (XRD). XRD patterns
were obtained using the X-ray diffractometer D8 ADVANCE ECO with Cu-anode comprised
between angles of 20 30".

Photoluminescence spectra were recorded at room temperature using an Agilent
Technologies spectrofluorimeter (Cary Eclipse Fluorescence Spectrophotometer) in the spectrum
interval of 300 to 800 nm at room temperature at an excitation wavelength of 300 nm.

Non-empirical calculations of the ZnSeO, crystal in the approximation of linear combinations
of atomic orbitals (LCAO) were performed using the exchange-correlation functional within
general gradient approximation (GGA). The calculations were performed in the CRYSTAL
program.

3. Results and discussion

SEM image analyses demonstrated that major part of the nanopores of the template were
filled out after CD for 30 minutes (the filling degree was 89.5%), and after CD for 15 minutes the
filling level of nanopores was 39.2%, respectively. As the deposition time increases, the precipitate
bulging from the nanopores on the surface was vividly presented (Fig. 1).

BECTHWK EHY umenu A.H. I'ymunresa. Cepus Dusura. Acmpornomus Ne 4(145)/2023
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Figure 1. SEM images of nanopore filling after 15 min CD (a) and 30 min CD (b).
D =435 to 535 nm

The X-ray diffraction diagrams of the samples after chemical deposition are illustrated
in  fig. 2. The relevant crystallographic parameters of nanoprecipitates in ion track templates
calculated from the XRD diffraction analysis data are given in Table 2. The JCPDS-78-0446
template was taken to identify the X-ray peak of orthorhombic ZnSeO,.
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Figure 2. X-ray images of templates with nanocrystals formed by chemical precipitation: the
deposition time was 15 min () and 30 min (b).

Table 1. Crystallographic data of ZnSeO, nanocrystals in 5iO,/Si matrices calculated from XRD
data.

After CD t =15 min

Typeof Space hkl  20° Interp-  Crystallite FWHM Cell Phase Vv, A3

structure group lanar size, nm parameter, content,
distance, A %
A

Orthor- Pnma 121 33.831 2.72577 142 .46 0.065  a=5.96223, 100 231.38
hombic (62) 040 47.717 1.90441 102.31 0.094  b=7.62036,

321 54535 1.68133 91.91 0.108  ¢=5.09252

103 56.301 1.63271 138.59 0.072

123  61.713  1.50188 102.01 0.101
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Formation of zinc selenite nanostructures in S5iO,/Si track templates with the use of two kinds of electrolytes

After CD t =30 min

Orthor- Pnma 200 28.330 3.14770 62.05 0.147  a=5.94116, 100 230.28
hombic (62) 121 32945 2.71660 90.40 0.102  b=7.61138,

040 47.756  1.90295 94.51 0.102  ¢=5.09249

321 54.535 1.68133 135.67 0.073

103  56.358 1.63120 148.88 0.067

123 61.656 1.50313 96.47 0.107

XRD data analysis for samples produced by the CD method showed the formation of ZnSeO,
nanocrystals with orthorhombic crystal structure and Prnma space group.

Figure 3 shows SEM images of the surface after ECD. It can be seen that the degree of pore
filling was significantly better compared to the samples obtained by chemical deposition. Thus,
the degree of pore filling was just 88% when precipitation of precipitate was carried out at 1V, at
1.5 V the nanopore filling degree was 90%, at 1.75 V it was 96%, and at 2 V it was 98%. It follows
that, with increasing voltage, sufficient filling of nanopores is observed.

Figure 3. SEM images of nanopores after ECD at different voltages:
a))U=1V,b)U=15V,c)U=1.75V and d) U=2 V. D=300 nm.

Figure 4 demonstrates the diffractograms after ECD and the results of XRD analysis are
summarised in Table 2.
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Figure 4. X-ray diffractograms of the studied samples

Figure 4 shows the diffractograms after ECD of 1V (a), 1.5V (b), 1.75V (c¢) and 2V (d). Thus, the
generated ZnSeO, nanocrystals within the nanopores are related to the orthorhombic structure
with Pnma space group. The cell parameters created by us match up with the results of other
authors [12].

Table 2. Crystallographic data of ZnSeO, nanostructures in SiO,/Si templates calculated from X-ray
diffraction analysis data at different voltages on the electrodes.

After ECDU=1V

Typeof Space hkl 20° Interp- Crystallite FWHM Cell Phase Vv, A3
structure group lanar size, nm parameter, content,
distance, A %
A
Orthor-  Pnma 121 33.092 2.70487 57.85 0.159 a=5.87290 100 230.06

hombic (62) 112 40.275 2.23744 28.77 0.327  b=7.71015
123 61.747 1.50114 87.86 0.117  c=5.08066

After ECDU=15V

Typeof Space hkl  20° Interp-  Crystallite FWHM Cell Phase V, A
structure group lanar size, nm parameter, content,
distance, A %
A

Orthor- Pnma 121 32933 2.71754 119.81 0.077  a=5.80623, 100 228.61
hombic  (62) 112 40.155 2.24380 20.53 0.458 b=7.73432,

202 47737  1.90368 150.16 0.064  c=5.09062

013 54.603 1.67941 84.24 0.118

103 56.389  1.63038 96.23 0.104

123 61.707  1.50201 140.29 0.073
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Formation of zinc selenite nanostructures in S5iO,/Si track templates with the use of two kinds of electrolytes

After ECD U=175V

Typeof Space hkl 20° Interp-  Crystallite FWHM Cell Phase V, A3
structure group lanar size, nm parameter, content,
distance, A %
A

Orthor- Pmma 121 33.131 2.70172 60.25 0.153  a=5.75728, 100 226.86
hombic  (62) 112 40,355 2.23322 23.73 0.396  b=7.74494,
123  61.787  1.50027 89.53 0.115 c=5.08763

After ECD U=2V

Typeof Space hkl  20° Interp-  Crystallite FWHM Cell Phase Vv, A3
structure group lanar size, nm parameter, content, %
distance, A
A
Orthor- Pnma 121 33131 2.70172 76.41 0.121  a=5.78776 100 229.49
hombic  (62) 112 40.156 2.24380 18.82 0.499  b=7.76468
c=5.10659

3.1 Photoluminescence

At room temperature, the luminescence spectra of ZnSeOB/SiOZ/Si presents a broad
band between 2 eV - 3.1 eV, like in the instance of ZnSeZOS/Sioz/Si after deposition [13]. The
photoluminescence of zinc selenite, as well as zinc diselenide, can be expected as a combination
of zinc oxide and zinc selenide luminescence.

Similar to ZnO [14], the luminescence spectrum contains luminescence subbands of zinc

vacancies (V, ) and oxygen vacancies (VO )- The observed bands in the photoluminescence
spectrum in the 2.72 eV region are similar to the luminescence band observed in ZnSe. The bulk
emission of ZnSe at the near band edge corresponds to the strong emission band at 2.84 eV. This
band is according to the authors of [15] to a complex centre consisting of a zinc vacancy and

an impurity small donor: Vzn + D. As follows from figure 5, the luminescence spectrum is quite
multifaceted and includes several components. Likewise, though not so complex spectra are
similarly monitored in ZnO [14,16] and ZnSe [15,17]. The absence of FL with a maximum at 3.52
eV in ZnO WS is explained by exciton luminescence (3.22 eV) [18].
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Figure 5 — Decomposition of FL spectra of zinc selenite after deposition with Gaussian curves

4. Computer modelling of ZnSeO,

To confirm the obtained experimental properties of ZnSeO, nanostructures, we performed
non-empirical calculations in the approximation of linear combinations of atomic orbitals
(LCAO) using the LDA-PZ exchange-correlation functional of density functional theory [19, 20].
The calculations were performed in the CRYSTAL programme [21]. This programme performs
calculations of the electronic structure of crystalline systems using the Hartree-Fock method,
density functional theory (DFT) methods and various hybrid approximations combined with
a basis (set) of local Gaussian functions for periodic (3D, 2D, 1D) systems. The programme has
proved to be a reliable tool for describing different properties of a wide range of semiconductor
and dielectric materials. To describe the atomic orbitals of different atoms included in the ZnSeO,
crystal, the following basis sets of Gaussian-type functions were chosen: for the zinc (Zn) and
oxygen (O) atom, the Jaffe basis was used [22], and for the selenium (Se) atom, the Towler basis
was used [23]. To better describe both structural and electronic properties, the last sp-orbital of
the original Se was removed. The effective atomic charges and bond occupancies were calculated
using the Malliken analysis [24].
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Figure 6 - Atomic structure of the unit cell of ZnSeO, (28 atoms).

The periodic model of a primitive ZnSeO, cell consisting of 28 atoms was used (Figure 6).
The calculated lattice parameters (a, b, ¢), crystal density (o,) and effective charges of atoms (q,,,)
are presented in Table 3 together with experimental results.

Table 3 — Calculated parameters of ZnSeQO, crystal.

Parameter Calculation Experiment Experiment [25]
a, A 5.85 5.90 5.92
b, A 7.69 7.64 7.66
¢ A 5.19 5.03 5.04
p, (g/cm?®) 5.44 5.58
q.,(Zn/Se/O) +1.16/+1.36/-0.84 -
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Figure 7 - Density of states and band structure of pure ZnSeO, crystal

Figure 7 shows the band structure at the highly symmetric Brillouin w points and along
the directions between them, together with the density of electronic states. The valence band
maximum appears near the Y-point, while the conduction band minimum occurs at the T-point,
indicating the indirect band structure. The calculated width of the band gap is 3.8 eV. The
density of electronic states shows that the top of the valence band is represented mainly by O 2p
states, while the conduction band is mainly represented by Se 3d, 4s orbitals. The higher energy
states are mainly represented by Zn 3d, 4s. As a result, it can be concluded that ZnSeO, has a
typical ionic compound, although the charge distribution analysis showed a significant covalent
contribution to the chemical bonds of the crystal.

5. Conclusions

ZnSeQ, nanocrystals were synthesised, and their optical properties were investigated. The
nanostructures were prepared by chemical deposition and electrochemical deposition into a
track templated matrix. The crystal structure and phase composition were studied by XRD. The
crystal phase of all samples was the same: orthorhombic structure, with almost identical unit cell
parameters. The electrochemical deposition method was shown to be more optimal to create this
crystal in comparison to the chemical deposition method. The use of electrochemical deposition
method gives an opportunity to fill almost all the nanopores and hence it is more convenient
and affordable method. The PL spectrum demonstrated a broad emission band in the spectrum
interval of 2.2-3.3 eV. Non-empirical calculations of the ZnSeO, crystal were carried out, and the
calculated band gap was 3.8 eV.
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®opMupoBaHIe HAaHOKPHUCTaA10B ceaeHnTa IMHKa B TPeKOBBIX mabaonax Si0,/Si ¢
IpuMeHeHNeM Pa3AnYHbIX COCTaBOB 1eKTPOANUTOB

A.A. Axbia6exosa, I'.I'. Capcexan, 3.K. baiimyxanos, A.K. JayaeTr0ekosa,
I'M. ApaabGaesa
Espasuticxuii nayuonaronvii ynusepcumem um. /.H. I'ymuresa, Acmana, Kasaxcman

AnHoTtanusa. B pabGore mpejcTaBAeHBI 1CCAeAOBaHISI HAaHOKPMUCTAAAOB CeJAeHNUTa IIMHKA,
IIOAY4eHHBIX XMMUYECKMM U DAEKTPOXMMUYECKUM OCa’kJeHMeM I[MHKa B TPEKOBOM Ila0J0He AMOKCUZ
KpemMHIs Ha KpeMHmii. C MCIIOAb30BaHMEM ABYX TUIIOB DAEKTPOAUTOB OBIAM IIOAYYeHBI MeTOAOM
TEMIIADITHOTO CUHTE3a HAHOKPUCTAAABl CeJ€HMTa IIMHKAa M UCCAEAOBAaHBI MX MOpP(O0rnyecKue,
CTpyKTypHBIe U (POTOAIOMIHECIIEHTHEIE CBONICTBA. MeToZ »AeKTPOXMMIMYIECKOTO OCa’KASHMS OKa3aaAcs
6o0aee DPQPEeKTUBHBIM A TIOAy4eHUs JaHHOTO KpUCTadda IO CPaBHEHMIO C MeTOAOM XMMMYECKOIro
ocaxxaeHns. IloayueHHble HaMM HapaMeTphl sYEVKM COBIAAAIOT C AUTEPAaTyPHBIMU AaHHBIMIU APYIUX
padot. CriekTpsl (OTOAIOMUHECIIEHIINI PETUCTPUPOBAANCH B CIIEKTPAABHOM AMalia3oHe oT 2 40 4 5B nipu
KOMHATHOJI TeMIlepaType IIpM AAVHe BOAHBI BO30Y>KAeHus: ~ 4 oB.

KaioueBble caoBa: AUOKCHJ KpeMHUs, XUMUYECKOe U DAEKTPOXUMIUYECKOe OCaKAEeHIIe,
¢oToArOMUHECIIEHIINIST, HAHOKPUCTAAABI Ce/€HUTa IIHKA.

§i0O,/Si Tpex TeMnA9¥TiHAE 9AeKTPOAUTTEPAiH eKi TypiH IaligasaHy HerisiHje MbIPBIII
CeleHNTi HaHOKPYICTaaJapbIHbIH TY3iayi

A.A. Axbia6exosa, I'.T. Capcexan, 3.K. barimyxanos, A.K. JayaeTr0ekosa,
I'M. ApaabGaesa
A.H. Tymunes amuviridazor Eypasus yammorx ynusepcumemi, Acmana, Kasaxcman

AHgatmma. Makaaaaa a—SiOZ/Si-n TpeK TeMIADUTIHAETI  MBIPBIIITHIH  XUMMSABIK — SKoHe
DAEKTPOXUMMAABIK TYHABIPYBIHAH aAbIHFaH MBIPBII CEACHNUTI HaHOKPUCTaAAApbIHBIH 3epTreyaepi
YCBIHBIAABL. DAEKTPOAUTTEPAIH eKi TypiH KOAJaHa OTBIPBLII, MBIPBIII CeA€HUTIHIH HaHOKpUCTalAapbl
mabAOHABIK ~ CHHTE3  apKbIABl  aablHABL — OaapablH  MOpPQOAOTMAABIK,  KYPBIABIMABIK — SKoHE
JoroaroMuHecHIeHTTIK KacueTTepi seprreasi. bya Kpucraaabl aay KesiHge XMMUAABIK TYHABIPY d4iciHe
KaparaHJa 9AeKTPOXUMMUAABIK TYHABIPY d94ici TMiMAipek O0ABII IIBIKTEL. bi3 aaran ysambik mapamerpaepi
Oacka eHOeKkTepJeri a4eduer aepeKkrepiMeH calikec Kedeai. POTOAIOMUHECIIEHIINS ClIeKTpAepi ~ 4 3B
KO3y TOJAKBIH Y3bIHABIFBIHAAFEI O©AMe TeMmIlepaTypachiHia 2-AeH 4 5B-re geifiHri crieKTpaik gmanazoHaa
JKa3bLAABI.

Tyitin ce3aep: KpeMHMII AVOKCHMAI, XUMMAABIK OKdHE  9DAEKTPOXUMILIABIK — TYHABIPY,
(OTOAIOMUHECIIEHIINSI, MBIPBIII CeA€HUTIHIH HAHOKPUCTAAAaPBhl.
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CeHCOpHaH YYBCTBUTEAbHOCTDP HAHOKOMITIO3MTHBIX U
IIOAVMIMEPHBIX TOHKUX IIA€HOK Ha ITIapbl aMMINadKa B BO3ayXe

P. Caauxos, A. OcTaapIiioBa

Yopumckuil ynusepcumem nayxu u mexrorozuts, Yea, Poccus
*[lepenucxa: salikhovrb@yandex.ru

AnnoTarms. Cmamos nocesujena UccAed08anut0 HAHOKOMNOSUMHBIX MOHKUX HAEHOK
HA 0CHOGE NOAUIAEKHIPOAUMHO20 KOMMAeKca Xumosana u cykuyunamudaxumosana (PEC),
6 Kauecmee HANOAHUMEALH ObIAU UCHOALI06AHDL 00HOCTEHHbIE Y2AepooHble HAHOMPYOKU
(SWCNT) u npoussodnvie noruaruruna. C HOMOULbI0 CKAHUPYIOULE20 IAEKMPOHHO20
MUKPOCKONA UCCACD06AHA MOPPOAOZUS 1OSEPXHOCIIU TMOHKUX NAEHOK, MOAYUEHHVIX U3
pacmeopa CUHMESUPOSAHHLIX NOAUMEPOS MenOo00M UeHMpuPyzuposanus Ha CUmArA06bie
nodroxKku. Msyuenue xapaxmepa MOPPHOAOZUU  SAEAACHICS UPE3CLIUAUHO 6AKHVIM HpU
cosdanuu cencopHolx ycmpoiicms. Ha ocrose danmovix noAumepos OviAu NpuUz0mosAeHbl
00pasibl  pesucmueHvIX MOHKONAEHOUHVIX —CHPYKMYp, UsMepena 3a6UCUMOCID  UX
2AEKMIPONpPOS0OHOCHIU 011 POX00S14e20 MOKA Uepes 00pasel; npu usMeHeHuy KOHLyeHmpa,uu
napos ammuaxa. Vccaedosanue nosepxrocmu Harnoxomnosumuoi cmpyxkmypor PEC ¢
SWCNT ¢ nomouyvto CIOM noxasaro, umo Ha Heil npucymcmeytom o0pazoeanus 6 eude
Humetl, cHopmMuposaritvie YyeArepooHbIMU HAHOMPYOKAMU.

KarogeBble caoBa: noiumepvl, MOAUAHUAUH, MOHKONAEHOUHbVIE CHPYKMYpbl, O0AMUUK
AMMUAKA, NOAUIACKTHPOAUMHDBILL  KOMHACKC XUMO3AHA U  CYKUUHAMUOA XUTMOSAHA,
odHocmerHble YyeAepooHvle HAHOMPYOKU.

DOIL: https://doi.org/10.32523/2616-6836-2023-145-4-17-25

1. BBegeunmue

B coBpemenHOM Mupe cHUHTeTMYeCKMe MaTepuaAdbl IIMPOKO MCHOAB3YIOTCS BMECTO
IPUPOAHBIX OAarogapsi MX HMU3KOM CTOMMOCTM U pasHOOoOpasmio csoiicts. CuHTeTHyeckue
MaTtepuaAbl Tak>XKe IMO3BOASIOT CO34aBaTh HOBbIe MaTepuaAbl I TEXHOAOTUM UX IToaydenns [1]. B
HacTosiIIee BpeM:l Bee ellle CyleCTByeT MHOXKeCTBO ITp0o0.AeM, CBA3aHHbBIX C MU3TOTOBAEHIeM IMOKIX
AATYMKOB BAA’KHOCTU C HEOOXOAVMBIMM CBOJCTBAaMU TP KPYITHOCEPUITHOM IIPOU3BOACTBe [2].
[Toayuenne HOBBIX MaTepuaaoB, 001asalOIIMX CEHCOPHBIMU CBOMCTBaMU, M CO3JaHNe Ha MX
OCHOBe JaT4MKOB KOHTPOASI TOKCMYHBIX ¥ DKOAOTMYECKM BPeAHBIX Ia30B SBASETCS aKTyaAbHOI
3aJadell aHaAMTUIECKOTO ITpubdopocTpoenns [3].

B o6.4acTi HaHOTeXHOA0T M1 OAHO 3 CAMBIX IIOITY AT PHBIX 00.1aCTell TeKy X M CCAe J0BaHMI
1 paspabOTOK SABASIOTCS ITOAMMEpPHBIe HAHOKOMIIO3UTHI ¥ 004acTh McCAeAOBaHNUII OXBaThIBAeT
IIMPOKUIT KPYI TeM: HaHODAEKTPOHMKY M IIOAMMepHble OmoHaHoMaTepuaabl. IToanmepnnie
HaHOKOMIIO3UTBI SBASIOTCS Ba’KHON KaTeropueil MaTepuaaloB, AeMOHCTPUPYIOMINX OTANYHBIE
$usMKO-XMMMUIecKne CBOVICTBA, HEAOCTYIHBIE OTAEeAbHBIM KOMIIOHEHTaM, AeVICTBYIOIINM B
OAMHOUKY [4-5].

[Tpu cozganmm 91eKTPOHHBIX CEHCOPHBIX CMCTEM IIMPOKO MCIOAb3YIOTCSI HOBbIe MaTepuaAbl
Ha OocHOBe noauMepos. OHU IIpuUBAeKaTeAbHBl 04arogapsi CBOel HU3KOM CTOMMOCTH, IIPOCTOTe
U3rOTOBAEHMS M OTHOCUTEABHO IIPOCTON MOoAuQUKanuu cBOMCTB [6]. Pasanmynbie MaTepuaasl,
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TaKye, KaK OpraHi4ecKye oAuMepbl, HeOpraHuJecKye KOMIIO3UTHbIE MaTepuaAbl U KepaMIKa,
IIMPOKO MCHOAB3YIOTCS AAs CeHCOPHBIX AAaTYMKOB, HaIllpuMep, 445 AAaTYMKOB BAAXKHOCTU
BO3AyXa M pasHbIX rasoB [7-9]. JdaTumK BAaXKHOCTU SBASETCHA Ba’XHBIM KAaCCOM XMMMUYECKMUX
AATYMKOB ¥ IIMPOKO UCIIOAb3YeTCsI B MOHUTOPMHIE OKPY>KalOIIeil Cpeabl, YIIaKOBKe INIeBBIX
IIPOAYKTOB, AeKTPOHUKE, 4451 CO34aHNs YeaoBedeckoro komgopta u Ap. [10].

Ha cerogusammmit gen» Hanboaee BOCTpeOOBAaHHBIMM SABASIOTCS DAKTPOHHBIE CEHCOPEI,
KOTOpBIe AOAXKHBI 004asaTh BBICOKOI ®HeprosddekrusHocTio. CyllecTsyomue CceHCophl,
KaK IIpaBM1A0, BBIIIOAHEHBI Ha OKCUAHBIX MaTepuasdax 1 TpeOylOT Harpesa npu pabore. Kpome
TOTO, OHU BecbMa MHePIMOHHbIe, UMeIOT DOAbIINe BpeMeHa cpadaThIBaHMs 1 BOCCTAaHOBAEHISI.
Aannas paboTa IIOCBAIEHa ITOMCKY HOBBIX KOMIIO3UTHBIX MaTepualoB AAS DTUX CEHCOPOB,
004a4a10IIMX BBICOKMM OBICTPOJENICTBMEM, MaAbIM DHEPronorpedAeHneM, He3HauUTeAbHBIM
THICTePe3MCOM U DKOHOMMYHOCTLIO [11].

B macrosimmee BpeMs Ha pBIHKE KOHTPOABHO-U3MEPUTEABHBIX YCTPOVICTB IIPeACTaBAEHBI
pasHOOOpa3Hble 4aTYMKU BAAXKHOCTU 3apyOeKHBIX U OTe4eCTBeHHBIX IIPOM3BoguTeaeit. DTO 1
OBICTPO A€NCTBYIOIIME JAeTeKTOPhl, ODecrieunBaollye BICOKYIO AMHeNHOCTD IIpeodpa3oBaHms
OTHOCHUTEABHOI BAAXKHOCTU B YHMQUIIMPOBAHHLIN BBIXOAHOW DAEKTPUYECKUII CUTHAA, U
HeJOporue rpeodpaszoBaTean ¢ DOABIION ITOrPenHOCTEIO [12].

K unmcay BocTpeDOBaHHBIX XMMMYECKMX CEHCOPOB cAeayeT TakKKe OTHeCTU JaTduKH,
criocoOHbple OOHapy>K1MBaTh Iapbl aMMmuaka B Bodayxe [13]. Ilapsr ammuaka (NH,) saBasmorcs
TOKCUYHBIMMU A5 CeAbCKOXO3AMCTBEeHHBIX SKMBOTHBIX 1 A10el1 [14]. daske HM3Kas1 KOHIIeHTpars
NH, MoxxeT nMeTh Takne cepbe3Hble IMOCAACTBUS 445 3A0POBbsI U€A0BEKa, KaK padgpakeHue
r1a3, AbIXaTE@ABHBIX ITyTell M KOKM, BBI3BIBAas IOAOBOKPY>KEHMe, TOIIHOTY U yCTaaocTh [15].
HeobOxoaumocts B paspaboTke 4aTYMKOB IIapOB aMMlaka B BO3ayxe, paOoTaoIlero mpu
KOMHAaTHOI TeMIlepaType, OCTaeTCsl aKTyaAbHOM U Ha CeTOAHSINHNUIT A€Hb.

[ToAM®AeKTpOAUTHBIE KOMILAEKCHI MMEIOT YHMKaAbHble BO3MOXKHOCTU A4 COOpKMU
HaHOCTPYKTYpP CO CBOVICTBAaMM pacIlO3HaBaHMsI, KOTOPble HaXOAAT Bce DOAblllee MpUMeHeHNe B
Pa3AMYHBIX DAEKTPOXMMMYECKIX ceHcopax [16].

Ileap gaHHOTO MCCAE€JOBAaHM: 3aKAIOYAeTCsl B yCTaHOBAEHWMN BAMSAHUA MOP(OAOTUM Ha
CEHCOPHYIO 4YyBCTBUTEALHOCTh TOHKMX ILA€HOK IIPOM3BOAHBIX ITIOAMAaHMAMHA K BAAXKHOCTU
BO34yXxa U IlapaM amMMmaka B Bodgyxe. CaMoe CAOXKHOe — HalTU Hy>KHble MaTepuaabl AAs
DTOI LIeAM, B YaCTHOCTH, Ha DTy POAb IIOAXOAAT IIPOBOAAIINE ITOAMMEPHI. JaTuuKy Ha OCHOBe
IIPOBOASIINX ITOANMEPOB 004a4al0T HEKOTOPBIMU IIPeuMYyIecTBaMy, TaKMMM, KaK KOPOTKOe
BpeMsl OTKAMKa U BoccraHoBaeHMs. Cpeau moammepos noauanmavd (ITAHM) mmpoko
11CCAeA0BAACS B KayecTBe YyBCTBUTEABHOIO K razaM IloAuMepa, 0aarojaps ero IpOBOASIIUM
cBoiicTBaM U xummueckoit crabuasHoctu [17]. Iloamanmamn (ITAHWN), obGiensBecTHbIN
IIPOBOASAIINI IIOAMMEp, CTal MNOTeHIMAAbHBIM IPETeHACHTOM AAs Pa3AMYHBIX DA€KTPOHHBIX
YCTPOJICTB U3-3a CBOe IIPOBOAMMOCTH, CTabMABHOCTY, OTAMYHON yCTOMYMUBOCTY K BO3AEIICTBIIO
OKpy>KalolIllel cpeAbl, IPOCTOTe IIepepabOTKI ¥ HU3KON CTOMMOCTU ChIpbsA U cuHTe3a. CBoiicTBa
IIoAMaHNAMHA BO MHOIOM oOycaaBausaioTca ero crpykrypoit. ITAHV o6pruno moaydaior
OKMCAUTEABHOM XMMMYECKON IOAMMepHu3alyell MOHOMepa I104 AeCTBUeM pa3HOOOpa3HBIX
OKMCAUTEeAEN Y HEOPTaHUYeCKON AV OPTaHMYeCKO KMCAOTHI B Ka4eCTBe AeIrMpPYIOIIero areHra
[18-20].

2. MeToabl

CoszaHpl pe3NCTUBHBIE AATYMKM TpeX BUAOB: C IIPOM3BOAHBIMMN ItoamaHuAmHa2-[(2E)-
1-metna-2-6yren-1-nalannanna (1) n 2-(umkaorek-2-eH-1-ma)anmanHa (2), ¢ HAHOKOMIIO3UT
OMIIOANDAEKTPOANTHOTO KOMILAeKca XMUTo3aHa u cyknuHammdaxurosana (PEC), B xadectse
HaIloAHUTeAel OBLAY MCII0AB30BaHbl O4HOCTEeHHBIe yraepoaHble HaHOTPYyOKu (SWCNT) (3).

Ha ocHOBe TOHKMX I11€HOK 1,2 11 3 Op1AM IT0Ay4eHbI MHOTOCAOIIHbIE CTPYKTYPBI Pe3JICTUBHBIX
ceHcopos (puc.1l). B pe3ucTuBHBIX JaT4MKax B KauecTBe 0/A0KK/ MCI101b30Balach CUTaAA0Bas
UAV CTeKASHHAs 0AA0>Ka. Ha cuTaa10By10/ CTEKASHHYIO ITIOAAO0XKKY CBePXY OBLAV HaHECEHEI
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aAIOMJHIEBbIe DAEKTPOAbI METOAOM TePMMYECKOTO paclblieHNs B BaKyyMHOI KaMmepe Ha
ycraHoske YBII-250 Toammuon okoao 400-500 HM, 3a30p co3gaBaacs C IOMOIIBIO TeHEBOM
Mackn. Jas ogHMX oOpaslloB B 004acTh 3a3opa MeXay 94ekTpodamu B 50 MKM HaHOCKAACh
naenka noammepa PEC ¢ SWCNT. Ommuecknii xapakTep KOHTaKTOB ObIA JOKa3aH IIyTeM
M3MepeHIsI X BOAbTaMIIepHBIX XapakTep. O4HOPOAHOCTD ITOBEPXHOCTH ITOAMMEPOB B paboueit
30He pe3MCTUBHBIX AaT4MKOB ItogTBepskdaerci COM mccaegosanusamn. [loaydennsiii caoit
roABsepraAics TepMUYECKOMY OTKUTY A4S YAaA€HNsI OCTaTKOB pacTBOpUTeAs IlyTeM Harpesa 40
150°C B Teuenmne 20-25 MI1H.

O6paseun, 1/2/3

ANOMUHWIA ANOMUHUA

CutannoBas UM CTEKNAHHaRA noanoXKa

Pucynok 1. CTpyKTypa TOHKOILA€HOYHOIO Pe3UCTUBHOIO AaTYMKa.

B okcnepumenTax A4s M3MepeHMil UCIIOAb30BAAMChH CAeAYIOLINe MCTOYHUKM MUTaHU:
MASTESN, DS ROWER SUPPLY HYZ005D-2, ynusepcaabHblit BoabTMeTp V7-21 B KadyecTse
aMIlepMeTpa, TepMeTUIHBII KOAavoK, npposoii TepmomeTp-rurpomerp RSTQ317, ToammHa
TOHKMX ITOAMMEpPHBIX IIA€HOK KOHTpOAMpOBadach Ha OcHOBe aHaamsa COM-uszoOpakeHUIt.
Obpaser gaTumka BAa>KHOCTH OblA IIOMeIIIeH 1104 KOATaK, CoAep>Kaliuii KOHTPOABHBIN 4aTUMK
BA>KHOCTU U pe3epByap AAs BOABI (PUCYHOK 2). 3HaueHus BXOAHOTO CUTHaAa ObLAM B3STHI IIPU
OIlpeAeAeHHBbIX 3Ha4eHUAX BAaXKHOCTU. BaakHOCTh KOHTpOAMpOBasach C IIOMOLIBIO JaTylMKa
DHT11. 3HayeHus Baa’KHOCTM BbIBoAUAUCh ¢ momompio Arduino UNO m USB nHa skpan
HOyTOyKa. VI3amepeHus mpoBOAMANCH IPU KOMHATHOM TemImeparype 25C, HampsDKeHUM Ha
obpasnax 30B. VMccaeaosanuss MUKPOCTPYKTYpPbl IOAUMEPOB IIPOBOAMANCDH C MCIIOAb30BaHUEM
cKaHupyiomeit 1eKTpoHHon mukpockonun (COM) TESCAN MIRA LMS.
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bnok nutaHua

obpasey, aaTumKa
KOHTPO/IbHbIN AAaTUMK

EMKOCTb 419 aMMMaKa
HOYTOYK

Arduino

Uno ’

Pucynok 2. CTpyKTypa TOHKOILA€HOYHBIX pe3MCTUBHBIX 4AaTIMKOB.

3.Pe3yabTaThl 1 0OOCyXAeHue

C noMompio ckaHupyIoIero 31eKrpoHHoro mukpockona (COM) TESCAN MIRA LMS u
nporpammuoro obecrieuennst TESCAN Essence 6b1a1 1oaydeHsl 1300paskeHNs TOBEPXHOCTH
uccaeAyeMbIx toanmepos 1 1 2, Takke HaHOKoMIIo3uTa 3 (pUCyHOK 3).

A) obpaserr 1 6) obpasen 2 B)oOpaszerr 3

Pucynok 3. COM nsobpakeHns: MUKPOCTPYKTYp 0OpasIioB I1L1€HOK.

Mop@doaorusa mosepXHOCTM 2 pBaHas, HEOAHOPOAHAs, C OOABIIMMH IIpOBaJaMy IIO
rayOMHe, 4TO yMeHbIIIaeT I1101jaab IOBEPXHOCTH, AOCTYIIHOM A4Sl MOAEKYA aHaAU3UpPyeMOTO
rasa. Ilosepxnocts 1 mmeer 04HOPOAHYIO cpepUIECKYIO TA00YAAPHYIO CTPYKTYypy, 4YTO
CIIOCOOCTBYeT AOCTYIy OOABIIEro KOAMJecTBa MOAEKYA Ta3a, 110 cpaBHeHuIoO ¢ 2. [TopepxHOCTH
HaHokoMnosuTtHo cTpykTypsl PEC ¢ SWCNT (3) mokpsiTa 0OpasoBaHUAMU B BUAe HUTEIL.
MoO>XHO IIpeAIioA0XKUTb, 4TO DTU HUTU IIPeACTaBAsAIOT COOOM KOMIIAeKCHBle OOpa3oBaHIL,
cpopMuUpOBaHHBIE YTA€POAHBIMI HAHOTPYOKaMI.
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3HayeHNs1 IePOXOBAaTOCTH ObLAM IIOAY4YeHbI C IPUMeHeHneM IporpaMmMbl o0padotku ACM
nszodpaxennit Gwyddion. CpeaneksagpaTiaHas I1€pOX0OBaTOCTD IO I1A0ITa AN S, TTOAYIeHHBIX
IAeHoK omnmcanbl B TaOaune 1. IllepoXoBaTOCTh IMOBEPXHOCTM HAaHOKOMIIO3UTHBIX CTPYKTYP
HIKe IIepOXOBAaTOCTH IIPOU3BOAHBIX IToAMaHnAnHa. CKopee BCero, 9To OObsACHAETCS HaAd/eM
HUTEBUAHBIX 00pa3oBaHnii, 00pa3oBaHHBIX YTA€POAHBIMYM HAHOTPYOKaMM, 4TO IMOATBEPIKAaeTCst
COM n3obpakeHnsIMU.

Tabamnria 1. 3HaueHNs IIepOXOBATOCTU OOPA3IIOB.

Obpaszen 1 2 3
IIlepoxosaTocTh 0,288 0,349 0,11
HOBerHOCTI/I

(pasmep yyacTka
ckanuposanus 100x100
MKM?)

Peaknust gatyukos Ha NH, orenmBasach MO M3MEHEHUIO IMPOXOASINETO TOKa Ipu
M3MeHeHIM KOHIIeHTpalluu IapoB aMMUaKa.

6000 _
400
5000 -
4000 2
n < 250
< 3000 S 200
2000 150
100
1000 50
0 0
0 1000 2000 3000 4000 5000 0 100 200 300 400 500
CI(MH3), mg/m3 CINH3), mg/m3
a) obpasen 1 0) obOpaser 2
280
3
240
2
200
160
. "
C, mg/m3
120 L ) il | i )
0 100 200 300 400 500 600 700 800 900 1000

Pucynok 4. 3aBucuMocTH IIpOTeKaloIero Toka yepes naeHku 1, 2 1 3 ot KOHIJeHTpaluy napos
— oy (o]
ammuaxa rmpu U =30B u komuaTHOIT Temmepatype 25°C.
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[TaeHky TPOM3BOAHBIX ITOAMAaHKAMHA 1 U 2 pearMpyioT Ha IIPUCYTCTBUE IIapOB aMMMaKa
B OKpyXalolleil cpeje yMeHbIIeHueM MpoTeKalomero Toka (pucyHok 4). Iloaydyennsie
pe3yabpTaThl  OOBACHAIOTCA ITPOTOHMPOBAHMEM/AEIIPOTOHMPOBAHUEM ITOAMMEPHON  IIeTl.
YBeanueHne KOHIIeHTpalMM aMMIaKa B cpeje IPUBOAUT K CHUDKEHUIO CTeIIeH! ATV POBaHMAL.
IIpearioaaraercs, uTo nipu B3anmoaencrsum rnoanmepa ¢ NH3 Mmoaexy b aMMuaka IoraomaoT
nporons! u3 [TAHVI, oOpasys snepreTudeckn Beirognsii ammonuii (NH4+), B pesyabTare yero
npoucxoAut genporonnposannue ITAHI u nposogumocts cHmkaercs [21].

[Taenkn 3 pearnpyIioT Ha IpUCYTCTBUE IaPOB aMMIaKa B OKpY>KaloIleli cpeae yMeHbIIIeHIeM
IpoTeKaloniero Toka. Tok ymensIaercst ot 3HadeHns 260 MKA npakrnyecku 40 140 MKA nipu
M3MEeHeH!N KOHLeHTpanuu rmapos ammuaka ot 0 20 1000 mr/m3. ITAK (IIpegeasHo gomycTumast
KOHIIeHTpalys) amMMmaka pasHa 20 Mr/m3. XapakTepuCTUKa SBASETCS HEAMHENHO: 40
KoHIeHTpanuit 200 MT/M3 TOK CHI>KAeTCsI A0BOABHO OBICTPO, Aalee CKOPOCTh YMEHBIIIeHIISI TOKa
pe3Ko criagaer.

[TornpoOyeM OOBACHUTL HaIIM BDKCIIEPUMMEHTaAbHBIE pe3yAbTaTbl, KOTOpbIE CBSI3aHBI
C yMeHbIIEHMEM TOKa, IIPOXOAAIEro uepe3 Pe3UCTUBHBIN oOpasel, C yBeAudeHueM
KOHIleHTpauuy ammmaka. CyInecTsyeT aBa BO3MOXKHBIX MeXaHM3Ma: IIepBBINI CBs3aH C
IIepeHOCOM 3apsja MeXJAy MOJAeKyJaMi aMMMaka U yraepoAHON HaHOTPyOKOii, BTOpPOi —
¢ m3MmeHeHnem Oapbepa IIMoTTKM MeXAy HAHOKOMIIO3UTHON IIA€HKONM C HaHOTPyOKamMmu I
9AEKTPOAOM M3 aAIOMMHMSA. B 000oux MexaHmsMax noAynpoBoAHUKOBas IPUpPo4a HaHOTPYOOK
UMeeT BakHOe 3HaueHMe. BaanmogericTeue ¢ MoaeKyaamMu K1CA0pOga OKpYy>KaloIero Bo3ayxa
ABASIETCSI TIPUYMHON ABIPOYHON MPOBOAMMOCTM HaHOTPyOOkK. Aacopbums NH, aedpexramu
SWCNT Mo>keT HEeUTpaAM30BaTh MOAOXKUTEABHBIN 3apsA/ 3a cdeT 9PpeKTa BOCCTAaHOBACHNS U
IIPUBOAUT K YBeAMYEHUIO YAeAbHOTO COIIPOTUBAEeHMS HaHOTPYOOK. Takum ob6pasom, agcopOius
mozexya NH, HempepbhlBHO yBeAUUYMBAeT HAEKTPOHHYIO IAOTHOCTh B 30HE IMPOBOAMMOCTH,
KOMIIEHCUPYIOIIas MHAYIMPOBAHHYIO KUCAOPOAOM ILAOTHOCTh ABIpOK. Kpome ToOro, ecrts ere
OAVH aCIIeKT IOHVKeHMS TOKa, CBA3aHHOIO C ITOBBIIIeHNeM COIIPOTUBACHNS 13-3a yBeANYeHIS
H6aprepa IlorTkn. Aacopbums moaekya NH, na rpanune nanorpyoOxa/Al caukaer paboty
BBIXOAA aAIOMMHIEBOIO DAeKTPOAa, YTO IPUBOAUT K yBeaudeHnio dapbepa IloTTkn, KOTopsiin
IIPUBOAUT K YMEHBIIIEHUIO YPOBHS MHKeKIIMM ABIPOK B HAHOTPYOKY.

4. BeiBOABI

Mcnoabpzosanne HOBBIX Ipom3Boanbix ITAHI B KxadecTse AeTeKTHpPYIOIIEro dAeMeHTa
CeHCOpa II03BOAseT CO34aBaTh TOHKME IIAEHKM C Pa3BUTON IOBEPXHOCTBIO U XOPOIIO
IIpOHUIIaeMble A4 aHaauTa. ViccaegoBanHble pe3UCTUBHbBIE AATYMKU A€MOHCTPUPYIOT OYEeHb
HU3KYIO MHEPLMIO M XOpollee BpeMs OTKAMKa. PesyabTaTel Iokasaam, 4to oOpasunl 2 u 1
004a4a10T BBICOKOM YYBCTBUTEABHOCTBIO, OBICTPBHIM BpeMeHeM OTKAMKAa UM BOCCTAHOBAEHMS.
Taxum o6pazom, oHI UMeIOT 00ABIIIOe ITPpaKTUYeCcKoe 3HadeHNe B CeHCcoOpax OOHapy>KeHI s IIapOB
aMMMaka B Bosayxe. Ha ocHose mnccaeaosanmii MOppoA0rum ImoBepXHOCTY HAHOKOMIIO3UTHO
cTpyKTypsI 3 ¢ momorpio COM 1mokaszaHO, 4TO OHa ITOKpLITa POPMIUPOBAHUAMU B BIAe HUTE],
00pa3oBaHHBIMU YIA€POAHBIMM HaHOTpyOKamm. OOHapy>KeHa CeHCOpHas YyBCTBUTEABHOCTh
Pe3UCTUBHBIX TOHKOIIA€HOUYHBIX HAHOKOMIIO3UTHBIX CTPYKTYP K IIapaM aMMUakKa ¥ M3MepeHbl
3aBMCHMOCTI IIPOTEKAIOIIEr0 TOKA Yepe3 STU CTPYKTYPbI OT OTHOCUTEABHON BAaXKHOCTU BO34yXa
U KOHIIeHTpaluu IapoB aMMUaKa.

IToaTBepxAeHIA

VccaepoBaHne BHIIIOAHEHO B paMKaX IoCyJapCTBeHHOro 3asaHms (mpmkas MN-8/1356 ot
09/20/2021).
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HaHOKOMIIO3UTTI )KoHe MOAMMeEp KYKa KaObIKIIalapbIHBIH ayaJjaFbl aMMIaK
OyaapbIHa CEHCOPABIK Ce3iMTaAAbIFbI

P. Caaunxos, A. OcTaapiioBa
Ya evoirvim xare mexrorozusrap ynusepcumemi, Yga, Peceil
*Xam armacy: salikhovrb@yandex.ru

Anpatna. Makada XWMTO3aH IOAMDAEKTPOAMUT KelleHi MeH xurtosaH cykiuHamugine (PEC)
Heri3geAreH HaHOKOMIIO3UTTIK >KyKa KaObIKIazapAbl 3epTTeyre apHaAraH. 3epTTey HbICaHbIHA Oip
KaObIpFaAbl KOMIPTEKTi HaHOTYTiKIIelep (swcnt) >KeHe NMOAMAHUAWH TYBIHABIAAPBI TaliAaAaHbLAADL.
Ckanepaeynii 94eKTPOHALI MMKPOCKOIITBIH KOMeTriMeH CHUHTe3JeATeH IloAuMepaep epiTiHgicinen
aAbIHFaH JKyKa KaObIKIIasap OeTiHiH MOpQOAOTHMACH edeKcyOcTpaTTapblHa ILeHTpudyrasay sgicimen
sepTTeaai. MopQOAOTMAHBIH TaOUFATHIH 3epPTTEy CEeHCOPABIK KYPBIAFBLAApPABI JKacayja ©Te MaHBI3ADL.
bya mnoaumepaep HerisiH Aepe3mcTMBTI >KyKa KaOBIKIIAALl KYPBIABIMAAPABIH YATidepi KypaiAbl.
AMMMax OyBIHBIH KOHIIEHTPaLsACH ©3TepTeH Ke3AeTi 04apAblH 9AeKTPOTKI3IiIITiri apKblAbl ©TETiH TOKKa
Toyeaaiairi eamenai. Swent kemerimen PEC HaHOKOMITO3UTTIK KYpPBIABIMBIHBIH OeTiH seprrey COM-ge
KOMIpTeKTiH aHOTYyTiKIleAepAeH TysiareH xin Topizai TysiaiMmaepi Oap ekeHin kepcerTi.

Tyiiin cesaep: moamuMep, NMOAMAHUAMH, KYKa IIA€HKa KYPBLIABIMBI, aMMMaK CEHCOPHI, XUTO3aH
IOAUDAEKTPOAUT KellleHi JKoHe XUTO3aH CyKIMHaMua4i, 6ip KaOblpraapl KOMipTeKTi HAHO TyTiKIIeaep.

Sensor sensitivity of nanocomposite and polymer thin films to ammonia vapors in air

R. Salikhov, A. Ostaltsova
Ufa University of Science and Technology, Ufa, Russia
*Correspondence: salikhovrb@yandex.ru

Abstract. The article is devoted to the study of nanocomposite thin films based on a polyelectrolyte
complex of chitosan and chitosan succinamide (PEC), single-walled carbon nanotubes (SWCNT) and
polyaniline derivatives were used as fillers. Using a scanning electron microscope, the morphology of the
surface of thin films obtained from a solution of synthesized polymers by centrifugation on citall substrates
was studied. Studying the nature of morphology is extremely important when creating sensory devices.
Based on these polymers, samples of resistive thin-film structures were prepared, and the dependence
of their electrical conductivity on the current passing through the sample was measured when the
concentration of ammonia vapors changed. A study of the surface of the nanocomposite structure of PEC
with SWCNT using SEM showed that there are filamentous formations formed by carbon nanotubes on it.

Keywords: polymers, polyaniline, thin-film structures, ammonia sensor, polyelectrolyte complex of
chitosan and chitosan succinamide, single-walled carbon nanotubes.
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