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Pedepar/anoTamis:

1. Inceprauifina po60Ta IPUCBIYEHA OAEP>KAHHIO YYTJIMBUX LIapiB HA OCHOBI MHK (II) okcumy, a TaKOXK KOMIIO3UTY
Ha ocHOBIi IuHK (II) okcuny Ta cranymy (IV) okeuny, nuHK (II) okenny moandikoBaHOro naaTUHOK Ta UUHK (II)
OKCHUJy JOTIOBAHOTO ajlloMiHieM, JOCTiIKEeHHIO ixX Pi3UKO-XiMIYHUX, €JIeKTPUYHUX BJIACTUBOCTE i YyTAMBOCTI 10
razis NO2, H2, CO, SO2 nig gieio ynbTpadioseToBOro BUNPOMIHIOBaHHS 3a KiMHATHOI TeMIiepaTypu. [y CUHTe3y
yCiX NOPOIIKIB Ta YyTJIMBUX LIaPiB BUKOPHUCTOBYBABCSI METOZ, [IOJIIMEPHUX [TPEKYyPCOpiB. PO3I/IsIHYTO Mponec
TEPMIYHOTO pO3KJaLy MOJiMEPHUX IPEKYPCOPIB 32 OMOMOTOI0 TEPMOTPaBiMETPii, @ TAKOXX BIJIMB BUKOPUCTAHHS
HITpaTHOI Ta XJIOPUAHOI KUCJIOT B CKJIaLi IIOJIIMEPHUX IIPEKYPCOPIB HA MIPOLIEC TEPMIYHOTO IX PO3KJIaIaHHS,
BCTaHOBJIEHO (a30BUI CKJIaJ, Ta ONTUYHI BJIACTUBOCTI CUHTE30BAaHMX TaKUM YMHOM IIOPOIIKIB i TPOaHali30BaHO
MOPQOJIOTilo OBEPXHi UyTIMBUX 1apiB. [[poBeAeHO AOCiIKEHHS 00 iX eJIeKTPUYHUX XapaKTePUCTUK IIPU

IIOCTiMHIN Ta 3MiHHIN Hanpysi, pOTOUyTAMBOCTI Ta razoBoi uyTauBocTi 7o NO2, H2, CO, SO2. Byio BCTaHOBJIEHO, 110



TeMIlepaTypa MOBHOTO PO3KJIaJaHHSs MOJIIMEPHUX MTPEKYPCOPiB cTaHOBUTb 520°C 114 3pa3kiB Ha OCHOBI LUHK (II)
okcupy, a TakoxX IuHK (II) okenpy monudikoBaHOro muaTuHOO Ta UUHK (II) okcumy nonoBaHoro ajaoMiHieM, Ta
650°C pis komIio3uty Ha ocHOBi IMHK (II) okeupy Ta cranymy (IV) okeupy. O6paHa TemnepaTrypa CUHTE3y
craHoBusa 400°C 3 NOJOBXEHMM 4aCOM HarpiBaHHs 111 36€peKeHHs (PyHKLIOHAIbHOCTI METaliYHUX €JIEKTPOZIB.
PenreHoda3oBuil i peHTT€HOCTPYKTYPHUI aHAaJi3 1oKa3aB GOpMyBaHHS KPUCTAJIYHOI a3y rekcaroHaJabHOro
BIOPLUTY (LJUHKITY) y BCix 3pa3kax. Kommosur 3i cranym (IV) okcumoM npoieMOHCTPYBaB 3HAYHO OOMEXKEeHUH picT
KPHUCTaJIiB 3 HAalMeHIIMMHU po3mMipamu KpuctaiTis (10,9 HM ZnO Ta 5,7 HM SnO2) B IOPiBHSIHHI 3 PELITOIO 3pa3KiB,
17151 SIKUX PO3Mip KPUCTAJIiTiB 3HaX0AUBCH B HianasoHi 35,3-45,3 HM. BumMipioBaHHS criekTpiB Bigoutts B YO- Ta
BUAMMOMY CIIEKTPi JO3BOJINJIO PO3PaxyBaTU ONTUYHY MIMPUHY 32a00POHEHOIO 30HH, SIKa 17151 3pa3KiB Ha OCHOBI
HemopudikoBaHoro uuHK (II) okcuay, a TakoxX 3pa3ky MoauQiKoBaHOMY IJIATUHOIO 3HAXOAWJIKCD B Aiana3oHi 3,26-
3,28 eB, a monysanHs uuHK (II) okcuay anoMiHieM MPU3BEJIO N0 3MEHUIEHHS MIMPUHY 3a00pOHEHOI 30HU 10 3,24 eB.
Komnosut Ha ocHoBi 1MHK (II) okcuay Ta cranym (IV) okcuay NpoieMOHCTPYBAB 3HaYHE PO3MIKUPEHHS 3a00POHEHO]
30HU 110 3,97 €B, 110 NMoB’s13aHO 3 6iIbIIOI0 MUPUHOIO 3a60pOHEHOi 30HU cTaHyM (IV) okcuay Ta HallMeHIIUM
PO3MipOM MOT0 KPUCTAJIITIB. 3a OIIOMOTOI0 CKaHYI04Oi €JIEKTPOHHOI MiKPOCKOIIii BU3HAYEHO, 110 CUHTE30BaHi
METOJIOM IOJIIMEPHUX IIPEKYPCOPiB uyTivBi mapu manu ToBuHy 800-900 uM. [TopiBHSHHS 3pa3KiB, CUHTE30BaHUX
3 BUKOPUCTAHHSIM HITPATHOI Ta XJIOPULHOI KUCJIOT IT0KA3aJjo0, 10 BUKOPUCTAHHS HITPATHOI KUCJIOTU IPU3BOJIUTH [0
3HAYHOTO PO3TPiCKyBaHHs WapiB UUHK (II) okcray, a BUKOPUCTaHHS XJIOPUAHOI KUCJIOTY IIPU3BOIUTD 10
(opMyBaHHS 6ibIll ONHOPIIHUX IIJIIBOK Ta YTBOPEHHS YaCTMHOK LMHK (II) okcupy 3 po3mipamu go 100 HM Ha
[IOBEPXHI CUHTE30BaHMX YyTJIMBUX 1IaPiB BHACIIIZOK YACTKOBOI'O MTOPYLIEHH MEXaHI3My XeJlaTyBaHHS i0HIB LIMHKY.
XpoHoamnepomeTpis npu YP-onpomMiHeHH] 3 JOBXUHOW XBujli 270 HM noKazasa, 1o komosut uuHK (II) okenny ta
cranyM (IV) okcupy Ta nuHK (II) okcnp fOoBaHM amoMiHiEM JEMOHCTPYIOTh 3HAYHO BUILY POTOUYYTIUBICTD
NOPIiBHSIHO 3 HeMoaudikoBaHUM LUHK (II) okcupoM. CrieKTpasibHa YyTIUBiCTh cTaHOBUIA 42,699 MA /BT Ta 50,053
MA /BT 11 3paskiB 3 ctanymoM (IV) okcuzom Ta anominiem BinnosigHo, npotu 0,576 MA /BT nst
HemopudikoBaHoro uuHK (II) okcuay. BuMipioBaHHS 3a JONIOMOTOI0 €J1eKTPOXiMiYHOI iMII€JaHCHOI CIIEKTPOCKOIIii B
TeMpsiBi Ta 32 yMOB YD-0oIpoMiHeHHS NigTBEPAUIM 3alIPOIIOHOBaHI Y poOOTi MeXaHi3Mu (GOTOYYTIMBOCTI.
BusnaueHo, mo Bci MoaMGIKOBaHi YyTJIMBI apy NPOLEMOHCTPYBAJIN IIEPEBAKHY CEJIEKTUBHICTb 10 NOZ NOpiBHSHO
3 inmumu razamu (H2, CO ta SO2), 3 koedilieHTaMu cesleKTUBHOCTI 1462,7 1151 3paska, MoAu(piKOBaHOT0 IJIATUHOIO
ta 1647,5 07141 3paska, JOMOBaHOro amoMiniem. [171s Bcix 3paskiB, KpiM HemonudikoBaHoro ZnO, criocrepiranacs
aHoMasibHA peakuisg Ha CO, 1o noJssrana y najiHHi CTpyMy 3aMiCTh O4iKyBaHOTO 3pOCTaHHS. 3Pa3ok,
MonrdikoBaHMI IIIATUHOIO BUSBUBCS HaNO1/IbII YyTIMBUM 3arajloM /10 BCiX YOTHUPBOX rasiB (30Kpema, YyTIUBICTh
2,94-10-2 ppm-1 g1 NO2 Ta 2,01-10-5 go H2) 3a paxyHOK MexaHi3MiB eJIeKTPOHHOI Ta xiMiuyHOi ceHcubimnizarii.
Komnosut uuHK (II) okcupy ta cranym (IV) okenay nokasas MigBUILEHY YyTAUBICTE 10 NOZ y OpiBHAHHI 3
HemoaudikoBaHUM ZnO, ajie MaB BUCOKI PiBHi €JIeEKTPOHHOTO LIyMYy, 1[0 TPU3BEJIO O HANTipuMx 3HaueHb LOD
cepen MoaudikoBaHUX 3pa3kiB. 3pa3ok, JOIOBAHUH allOMiHiEM, IIPOJIEMOHCTPYBaB BUCOKi 3HaU€HHSI YyTJIUBOCTI Ta
CEeJIEKTUBHOCTI [10 BCix rasiB, 6JIM3bKi 10 3pa3Ka 3 [IJIATMHOIO, JOCSITHYBIIM HAaHMKYMX MEX BUSBJIEHHS: 1,6 ppm a4
NO2, 83,4 ppm png CO Ta 28,7 ppm a1 SO2, 110 3 EKOHOMIYHOI TOYKM 30py POOUTD MOT0 HalKpaluM KaHIUAaTOM

IlJIS1 CTBOPEHHSI Fa30BUX CEHCOPIB Ha IOT0 OCHOBI.

2. The dissertation work is devoted to the preparation of sensitive layers based on zinc (II) oxide, as well as a
composite based on zinc (II) oxide and tin (IV) oxide, zinc (II) oxide modified with platinum and zinc (II) oxide
doped with aluminum, the study of their physicochemical, electrical properties and sensitivity to NO2, H2, CO, SO2
gases under the influence of ultraviolet radiation at room temperature. The polymer precursor method was used
to synthesize all powders and sensitive layers. The process of thermal decomposition of polymer precursors using
thermogravimetry was considered, as well as the effect of the use of nitric and hydrochloric acids in the
composition of polymer precursors on the process of their thermal decomposition; the phase composition and
optical properties of the powders synthesized in this way were established, and the surface morphology of the
sensitive layers was analyzed. Their electrical characteristics under constant and alternating voltage,
photosensitivity, and gas sensitivity to NO2, H2, CO, and SO2 were studied. It was found that the temperature of
complete decomposition of polymer precursors is 520°C for samples based on zinc (II) oxide, as well as zinc (II)



oxide modified with platinum and zinc (II) oxide doped with aluminum, and 650°C for a composite based on zinc
(I1) oxide and tin (IV) oxide. The chosen synthesis temperature was 400°C with an extended heating time to
preserve the functionality of the metal electrodes. X-ray phase and X-ray structural analysis showed the formation
of a crystalline phase of hexagonal wurtzite (zincite) in all samples. The composite with stannous (IV) oxide
demonstrated significantly limited crystal growth with the smallest crystallite sizes (10.9 nm ZnO and 5.7 nm SnO2)
compared to the rest of the samples, for which the crystallite size was in the range of 35.3-45.3 nm. Measurement
of the reflection spectra in the UV and visible spectrum allowed us to calculate the optical band gap, which for
samples based on unmodified zinc (II) oxide, as well as the sample modified with platinum, was in the range of
3.26-3.28 eV, and doping zinc (II) oxide with aluminum led to a decrease in the band gap to 3.24 eV. The composite
based on zinc (II) oxide and tin (IV) oxide demonstrated a significant broadening of the band gap to 3.97 eV, which
is associated with the larger band gap width of tin (IV) oxide and the smallest size of its crystallites. Using scanning
electron microscopy, it was determined that the sensitive layers synthesized by the polymer precursor method
had a thickness of 800-900 nm. A comparison of samples synthesized using nitric and hydrochloric acids showed
that the use of nitric acid leads to significant cracking of zinc (II) oxide layers, and the use of hydrochloric acid
leads to the formation of more homogeneous films and the formation of zinc (II) oxide particles with sizes up to
100 nm on the surface of the synthesized sensitive layers due to partial disruption of the zinc ion chelation
mechanism. Chronoamperometry under UV irradiation at a wavelength of 270 nm showed that the composite of
zinc (II) oxide and tin (IV) oxide and zinc (II) oxide doped with aluminum exhibit significantly higher
photosensitivity compared to unmodified zinc (II) oxide. The spectral sensitivity was 42.699 mA /W and 50.053

mA /W for the samples with tin (IV) oxide and aluminum, respectively, versus 0.576 mA /W for unmodified zinc (II)
oxide. Measurements using electrochemical impedance spectroscopy in the dark and under UV irradiation
conditions confirmed the proposed mechanisms of photosensitivity. It was determined that all modified sensing
layers demonstrated superior selectivity to NO2 over other gases (H2, CO, and SO2), with selectivity coefficients of
1462.7 for the platinum-modified sample and 1647.5 for the aluminum-doped sample. For all samples except
unmodified ZnO, an anomalous response to CO was observed, consisting of a current drop instead of the expected
increase. The platinum-modified sample was the most sensitive overall to all four gases (in particular, a sensitivity
of 2.94-10-2 ppm-1 for NO2 and 2.01-10-5 to H2) due to electronic and chemical sensitization mechanisms. The
composite of zinc(Il) oxide and tin(IV) oxide showed increased sensitivity to NO2 compared to unmodified ZnO,
but had high levels of electronic noise, which resulted in the worst LOD values obmbamong the modified samples. The
aluminum-doped sample demonstrated high sensitivity and selectivity values oofor all gases, close to the platinum
sample, reaching the lowest detection limits: 1.6 ppm for NO2, 83.4 ppm for CO, and 28.7 ppm for SO2, which, from
an economic point of view, makes it the best candidate for creating gas sensors based on it.

Jep>kaBHHHM peecTpaniliHuii Homep JiP:
IIpiopuTeTHHH HANIPpSIM PO3BHTKY HayKH i TEXHIKHU: HoBi peuoByHY | MaTepiany

CrpareriyHuii npiopUTETHUHA HANIPSIM iHHOBALiHHOI Ais1JIbHOCTI: OCBOCHHS HOBMX TEXHOJIOTIA

BUPOOHUIITBA MaTepiasiB, ix 06po6eHHs i 3'eIHaHHS, CTBOPEHHS iHIyCTpii HAHOMaTepiaiB Ta HAHOTEXHOJIOTIi
ITiZCcyMKH BOCIiI>KeHHS: HoBe BUpIlIEHHS aKTyaIbHOTO HAYKOBOTO 3aBIAHHS

Iy6sikaii:

¢ Nahirniak, S., Dontsova, T., Lapinsky, V., Tereshkov, M., Singh, R. Soil and soil breathing remote monitoring: A
short review. Biosystems Diversity, 2020, 28 (4), pp. 350-356. doi.org /10.15421 /012044.

e Dontsova, T., Nahirniak, S., Linyucheva, O., Tereshkov, M., Mahajan, A., Singh, R. Physicochemical properties
of Tin (IV) oxide synthesized by different methods and from different precursors. Appl Nanosci, 2022, 12,
1155-1168. doi.org /10.1007 /s13204-021-01775-x

o Tereshkov, M., Dontsova, T., Yanushevska, O. et al. Solution composition and temperature impact on
physicochemical properties of synthesized zinc oxide. Appl Nanosci, 2022, 12, 2523-2532.



doi.org/10.1007/s13204-022-02558-8.

¢ Tereshkov, M., Dontsova, T., Saruhan, B., Kriiger, S. Metal Oxide-Based Sensors for Ecological Monitoring:
Progress and Perspectives. Chemosensors, 2024, 12, p. 42. doi.org/10.3390 /chemosensors12030042

e Tepemkos, M.B., lonnosa, T.A., Haripu4k, C.B. EKOJIOriYHMI MOHITOPUHT 3€MEJIb Ta IPYHTIB. 3ejleHe
oyniBHMLTBO: Marepianu I MixkHapogHOi HayKOBO-IIPaKTU4YHOI KOHQepeHLii. — Mukonais: Bugaseup Topy6apa
B.B., 2019. - 228 c.
https:/ /www.researchgate.net/publication /374413155_Zelene_budivnictvo_Materiali_I_Miznarodnoi_naukovo-
prakticnoi_konferencii

e Tepemkos, M.B., JlonnioBa, T.A., lnymescobka, O.1. BospT-aMnepHi XxapaKTE€pPUCTUKY IAPiB OKCUAY LIUHKY,
ofiepKaHi METOZIOM MOJIiIMEPHOro npekypcopy. X IOBineiiHa MibkHapoiHa HAYKOBO-TIPAKTUYHA IHTEPHET-
KOH(QepeHLlisg 3100yBadiB BUIIOI OCBITH Ta MOJIOAUX YUEHUX «XiMisl Ta CydacHi TEXHOJIOTI» / Te3n OOoNOoBifen,
23-24 muctonaga. - Y 6-u tomax. — T. I. - Jninpo: IBH3 VIXTY. - 2021. - 138 c. https:/ /udhtu.edu.ua/wp-
content/uploads /2021/12 /tom-1-maket.pdf

¢ Tereshkov, M., Dontsova, T. Synthesis of Au-doped ZnO via polymer precursor method. 11th International
Conference “Nanotechnology and nanomaterials” (NANO-2023). https:/ /nano-conference.iop.kiev.ua/en/

¢ Tereshkov, M., Dontsova, T. Room-temperature ZnO gas sensor via polymeric precursor method. 12th
International Conference “Nanotechnology and nanomaterials” (NANO-2024). https://nano-
conference.iop.kiev.ua/en/

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILiS: npucTpoi; MaTepiany; METOAH, TEOPIi, rinoresu

Coria;ibHO-€KOHOMIYHA CIIPSIMOBAHICTb: CTBOPEHHS PUHLMIIOBO HOBOI NPO/AYKIi (MaTepiais,
TEXHOJIOTI! TOIIO) AJ1s1 3a0€3MeYeHHs €KCIIOPTHOTO MOTEHIialy Ta 3aMillleHHIO iMIIOPTY; NOJIIIIEHHS CTaHy

HABKOJIMIIHbOTO CEPENOBUIIA

OxopoHHi goKymeHTH Ha OIIIB:

BrnpoBaz>keHHS pe3yJIbTaTiB AHCEPTaLii: [liaHyeTbes 10 BIPOBaIKEHHS

3B's130K 3 HAYKOBUMH T€MaMH:

VI. BizoMocCTi Ipo HAayKOBOr0 K€PiBHUKa /KEePiBHHUKIB (KOHCYJIbTAaHTA)
Baacwue IlpizBuuie Im's I1o-6aTbKOBI:

1. Ionuosa TerssHa AHaToOJiiBHA

2. Tetiana A. Dontsova

KBasigikamis: x. 1. 1., npodecop, 05.17.01

Inentudikarop ORCID ID: 0000-0001-8189-8665

HoparkoBa iHpopMamisi: Scopus Autor ID: 55275917100;Google Shcolar:
https://scholar.google.com.ua/citations?hl=uk&user=rebKXsYAAAAJ

IloBHE HaliIMEHYBaHHS IOPUAMYHOI 0COOHU: HauioHnanbHuii TexHi4HMIA yHiBepcuTeT YKpainu "KuiBchkuit

NOJIiTeXHIYHMM iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiichkuii, Kuig, 03056, Ykpaina
dopma ByracHoOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu



InenTudikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Kykna Osnexcanpup JleoHinoBru4

2. Oleksandr L. Kukla

KBasigikamis: 1. d.-m. n., 01.04.01
InenTudikarop ORCID ID: 0000-0003-0261-982X
JoparkoBa iHdpopmamist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT BisuKu HAMIBIPOBiHVKIB imMeHi B. €. JlamkapboBa

HanjonasnbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05416952

Micuesnaxo,szeunﬂ: npocrekt Hayku, Kuis, 03028, Ykpaina
dopma By1acHoOCTI:

Cdepa ynpaBiiHHSA: HaujoHasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR: He zacrocosyerbcs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Xomenko Bonopumup I'puroposuy

2. Volodymyr G. Khomenko
KBasigikamnis: 1. 1. n., npodecop, 05.17.06
Imentudikarop ORCID ID: 0000-0003-0013-8010

JoparkoBa iHdpopmamuist:
;https:/ /www.scopus.com /authid /detail.uri?authorld=7004402598;https: / /orcid.org /0000-0003-0013-
8010;https: / /scholar.google.com.ua/citations?user=vBRqePMAAAAJ&hl=ru

IloBHe HaﬁMeHyBaHHﬂ IOpI/I,I;I/I‘-IHOi 0COOM: KuiBChKUil HALLIOHAIBHUIA YHIBEPCUTET TEXHOJIOTIN Ta JU3aNHY
Kopg 3a €IPIIOY: 02070890

Micqesnaxo,rpxeﬂna: ByJ1. Masna IllusgHoBceKa, Kuis, 01011, Ykpaina

dopma BaacHoOCTI:

Cdepa ynpaBitiHHS: MiHictepcTBo oCBiTH i HayKu YKpainu

InenTudikarop ROR: He zacrocosyerscs

PeuenzeHTn

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:

1. MupoHiok OJiekciii Borogumuposuy



2. Oleksii V. Myroniuk

KBasidikanis: 1. 1. u., nou., 05.17.11
ImenTudikarop ORCID ID: 0000-0003-0499-9491
HoparkoBa iHpopMamist: https://scholar.google.com/citations?user=HUmYB3kAAAAJ&hl=ru

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN IHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoO KeHHS: npocnekT Bepecreiicbkuii, Kuis, 03056, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Kocorin Onekciit Bosogumuposuy

2. Oleksii V. Kosohin

KBasmigikanis: k1.1, gou,, 05.17.03
ImenTudikarop ORCID ID: 0000-0001-8379-9580
JoparkoBa indopmamnist:

IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoO KeHHS: npocnekT Bepecreiicbkuii, Kuis, 03056, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs
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Bisacue I'Ipi3Bnme IM'ss [To-6aTBKOBI Coxkoubcbkuii 'eopriit Bonogumuposuy
roJIOBH pagu
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