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BBIX IIVIEHOK ®TAJIOIIMAHNHA KOBAJIBTA

Moasikos M.C.
[Tonaxo Makcum CepreeBuy
OI'bOY BO «Cankr-IleTepOyprekuii rocyaapcTBEHHbBIN apXUTEKTypHO-CTPOUTEIBHBIN YHUBEPCUTET
(CIIoT'ACY),
r. Caakt-IlerepOypr, Poccus. 190005, r. Canxt-IleTepOypr, yi. 2-as Kpacroapmerickas, a. 4.
E-mail: mpolyakov@Isn.spbgasu.ru

B cmamuve npeocmaenenvt pezynomamovl UCCIE006AHUA CEHCOPHBIX XAPAKMEPUCHUK
HCUOKOKPUCMANTUYECKUX €066 hmanoyuanuna Kobanvma CoPc-py é wiupoxom unmepeane
Konyenmpayuii aumuaka. Ilokazana évlcoxas 4yecmeumenbHOCmy HAEHOK K AMMUAKY 610D
00 konuenmpavuii ¢ 50 paz nuoce I/[K, xopowasa eocnpouszeooumocms ceHCOPHO20 OMKAUKA,
HU3KAA UHEPUUOHHOCMb OMKIUKA, JTUHEHHbII OUANA30H 3A8UCUMOCHU AHATUMUYECKUIl CUl-
Han/Konyenmpayuu ammuaxa cocmaennem 0,1-20 ppm. Bnepevie uzyuena ceneKmugHocms Oe-
MeKyuu aMMUAKA 6 NPUCYMCIMEUN Y2TIeKUCT020 2a3d U 6000P00d. YCmaHnosnieno, ymo npu Hop-
mamueHvlx koHyenmpayusax CO2 ¢ nomewenuu (00 2000 ppm) u npu 10000 ppm eodopooa cen-
COPHBLIL OMKIUK HA AMMUAK U3MEHAICA 6 npedenax cmamucmuyeckou nozpeuwinocmu. Cmamaosn
nyOIUKyemcs no pe3yabmamam npoeedeHus HayyHo-ucci1e008amenbCeKoll padomst, npoeoOUMOil
6 paMKax KOHKypca ZpaHmo6 Ha 6bINOJHEHUE HAYUHO-UCC1e008AMENbCKUX PAdOm HAYYUHO-
neoazozuueckumu pavomuuxamu CII6I'ACY ¢ 2022 200y.

KiroueBble c10Ba: CEHCOpPHBIE CBOWCTBA, (TAIONMAHNH, CEIIEKTUBHOCTb, TIOIYPOBOIHUKOBBIE IIJIEH-
KU, MaKpOI€TePOLIUKIIbI

SENSOR CHARACTERISTICS OF LIQUID-CRYSTAL SEMICONDUCTOR
PHTHHALOCYANINE FILMS
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The article presents the results of a study of the characteristics of liquid crystal layers of
cobalt phthalocyanine CoPc-py in the range of ammonia concentrations. High sensitivity of the
films to ammonia is shown with an accuracy of concentrations 50 times lower than the MPc¢ dif-
ference, good reproducibility of the sensor response, low response inertia, the linear range of the
dependence of the signal sensitivity/ammonia concentration is 0.1-20 ppm. An increased selectivi-
ty of ammonia detection in the release of carbon dioxide and microorganisms was revealed. It
was found that at standard concentrations of CO2 (up to 2000 ppm) and at 10000 ppm, the sensor
response to ammonia changed within the statistical error. The article is published based on the
results of the research work carried out as part of the competition for grants for the implementa-
tion of research work by the scientific and pedagogical workers of SPbGASU in 2022.
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AKTYAJIbHOCTD ITPOBJIEMBI BermectBaMm [1, 2]. K HacrosimieMy BpeMeHH TIOKa3aHoO,
Kak u3BecTHO ¢ cepenuubl XX Beka, (Talo-  9TO CEHCOPHBINA OTKIMK IUIEHOK (DTaJOIMaHHHOB MO-
[MaHWH ¥ ero mpousBoansie (MPc) 007aqaoT CeH-  KeT OBITh 3apEerHCTPUPOBAH HECKOJIBKMMH CIOCO0a-
COPHBIMH CBOMCTBAMH I10 OTHOIICHUIO K Pa3IMYHBIM  MH: aJCOPOIIMOHHO-PE3UCTUBHBINA, WM XEMOPE3H-
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cTuBHBI [3], perucrpamueii TOBEpXHOCTHBIX aKyCTH-
YeCKMX BOJIH INIEHOK MPc [6], MUKpOB3BeIIBaHIEM
[4], cnexTpockonmueckumu meromamu [5] u np. [7].
AncCOpOIIMOHHO-PE3UCTUBHBI METO/a, OCHOBAHHBIN
Ha PETrUCTpallii 3JIEKTPHUYECKOrO COINPOTHUBIICHHUS
CJIOS TIpY afCOPOITMU Pa3IMYHBIX BEIIECTB (Kak Ipa-
BUJIO, Ta30B) Ha MOBepXHOCTH MEHOK MPc, sBnsetcs
OIHMM M3 Hauboyiee paclpocTpaHeHHbIX. l3BecTHO
[8-12], uro kpucTamMyeckue mIEHKH MPc¢ mposiBis-
IOT BBICOKHI CEHCOPHBIM OTKJIMK Ha OOJBIIOE KOJH-
4yecTBO TazoB-BocctaHoButenedt (NH3, H2, H2S) u
razoB-okuciutenei (NO2, CI2). B to xxe Bpems, mo-
MHUMO KPUCTAJUIMYECKUX TIEHOK, KOMIUIEKCH (hTajo-
UaHWHOB CIOCOOHBI K OOpa3oBaHUIO >KUAKOKPH-
cramaeckoit ¢a3er (JKK), mpu 3TOM UX CeHCOpHBIE
CBOWCTBA N3y4yaroTCs HE TaK JaBHO.

Hauwunas ¢ 2010-x rT. U3BECTHBI CEpUU PadbOT
[13-15], B KOTOpBIX HCCIIEIOBAHBI aICOPOIHOHHO-
PE3UCTHUBHBIC CBOMCTBAa IUIEHOK OKTa3aMEIIEHHOTO
KK-dranonmannHa U €ro KOMIUIEKCOB C HHKEJEM,
MebI0 U IUHKOM 110 oTHoIeHuto k NO2. B pabote
Jpyroit Hay4HoU rpymmsl [16] mokasaHo, 94TO MIEHKH
KK ¢ramonmannHa IHHKA TPOSBISIOT CEHCOPHBIN
orkiuk Ha 0,1 ppm NO2. Takum oOpa3om, HEOOXO-
JUMBI JONOJTHUTENIbHBIE HCCIIEA0BAaHNUS B JAHHOW 00-
Jmactu ans Oosiee IIMPOKOTO M3YYEHHS CEHCOPHBIX
coiictB XKK-¢pranonuanuHoB.

B pa6orax [17, 18] Hamu OBLIM MOJTyYEHEI,
XapaKTepU30BaHbl U HCCIEJOBAaHbl CEHCOPHBIE CBOM-
ctBa JXXK- ¢ranounannHoB Ha napel ammuaka. [Toka-
3aHO, YTO HaUOOJIBIINM aJICOPOIIMOHHO-PE3UCTUBHBIM
CCHCOPHBIM OTKJIMKOM Ha aMMHAaK 00JaJaroT IUIEHKU
HECHMMETPHYHO 3aMEUIEHHOrO (TajoluaHuHa KO-
0anmbTa, coJlepXKallero TMHPCHOBBIA  3aMECTHUTEIh
CoPc-py, kak cpenu uccienoBaHHbIX Hamu [17], Tak
U IpyrumMu uccaenosaressmu [19, 20].

B cBsi3u ¢ 9THM JUTs1 TaNBHEHIITNX HCCIeIoBa-
HUI CEHCOPHBIX CBOWCTB OBLI MCIIOJIb30BaH yKa3aH-
HBIH KOMIUIEKC.

B nHacrosiei pabote 0oJjiee JAeTaabHO HCCe-
JIOBaHbl CEHCOpHBIE XapakTepucTHKH IUIEHOK JKK-
¢ranmounannHo CoPc-py B IIMPOKOM HHTEpBae
KOHILIEHTpalMii aMMHaKa, BIIEPBbIE H3y4YEHA CeleK-
TUBHOCTH JICTEKIIMM aMMHaKa B MPHCYTCTBUH YTJie-
KHCJIOTO Ta3a U BOJOPO/Ia.

METOAUKA DKCIIEPUMEHTA

Cunre3 u wuneHrudukanus 2,3,9,10,16,17-
rekcakuc(4,7,10-rpuokcaynekan-1-cyabpannn)-
23(24)-(1-nupennnmeTokcH )pTajgolHaHrHa KoOaIbTa
(1) (CoPc-py) ObLT OCYIIECTBIEH paHee MO0 METOH-
ke, omucanHoii B [18, 21]. CrpykrypHas dopmyna
komiutekca CoPc-py mpencrasieHa Ha puc. 1.
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Puc. 1. CtpykrypHas ¢popmyna 2,3,9,10,16,17-rekcakxuc(4,7,10-
TpHOKcayHeKaH-1-cynbhanin)-23(24)-(1-
nupeHmIMeTokcH)pranonnanusa kobansra (1) (CoPc-py)
Fig.1. Structural formula of the studied compound 2,3,9,10,16,17-
hexakis(4,7,10-trioxaundecane-1-sulfanyl)-23(24)-(1-
pyrenylmethoxy)phthalocyanine cobalt (11) (CoPc -py)

[Inéaxn CoPc-py momydanu meHTpuQyrupo-
BaHHWEM pacTBopa (5 MKI/MiI B IUXJIOpPMETaHE) Ha
CTEKJISIHHBIE TOMJIOKKU (pHC. 2a) C HaHECEHHBIMH
IUITATHHOBBIMH BCTPEYHO-IITHIPEBBIMU  JIEKTPOAAMHU
(DropSens, G-IDEPT10, MeX3JIeKTPOIHOE pPaccTosi-
aue 10 mxm). CpenHsisi TONIMHA CIOEB TIO JaHHBIM
ammancoMmeTpun coctasisuia 100120 HM.

CeHcopHBIEe cBOMcTBa TOHKMX MIEHOK CoPc-
py OBUIM M3yYeHBI C TIOMOIIBbIO yCTaHOBKH (puc. 2 0).
Uzmepenue ancopOIMOHHO-PE3UCTUBHOTO CEHCOPHO-
IO OTKJIMKA OCHOBBIBAJIOCH HA H3MEPEHUH DJICKTpHUe-
ckoro conpotusieHus mWiEHOK CoPc-py ¢ moMomisio
anektpomerpa Keithley 236 npu mnomaye ra3oBoi
CMECH C M3BECTHOM KOHLIEHTpALMEX KOMIIOHEHTOB C
LIaroM KakKJple 3 CeKyHIbI.

l'az-ananut (amMmmmak) mogaBajics u3 Oamio-
Ha | COBMECTHO C ra3oM-HOCHUTEeIeM (BO3IyX) W3
OayuioHa 2, KOHUEHTpaUus ra3oB 3ajaBajlach C IO-
MOIIIbIO pacxoioMepoB 3, apoccens 4 u go3aropa 5,
BKJIFOUEHHBIX B aBTOMATU3HPOBAHHYIO CHCTEMY IIO-
Jagu ra3oB. ['azoBag cmeck noctynaia B suelky 6 ¢
BHYTPEHHUM CBOOOJHBIM 00BEMOM 5 cM3, B KOTO-
pylo nomemanachk NoJIokKKa 7 ¢ HaHECEHHBIM Ha €€
MMOBEPXHOCTH ceHcopHBIM cioeM CoPc-py. Ilepen
HCCIIEIOBAaHUEM CEHCOPHBIX CBOMCTB IPOBOJIMIIACD
npeaBapuTeNbHas  OPOAYBKA  SYCHKH  Ta3oM-
HocuTeNneM npu noToke 300 MiI/MHH.
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Puc. 2. (a) Cxema moanoxku: 1 - CTEKISTHHAS OCHOBA, 2 — HAHECEHHBIN YyBCTBUTEBHBIN CIIOH, 3 — IITATHHOBBIE BCTPEYHO-IITHIPEBEIC
35meKTpoabL. (0) CxeMa yCTaHOBKH ISl U3MEPEHHSI CEHCOPHOTO OTKIIHMKA: 1 — OaJUIOH ¢ ra30M-aHAIUTOM (aMMHAKOM), 2 — OaJUIOH C Tra-
30M-pa3baBuTeneM (Bo3ayxoM), 3 — pacxomomep, 4 — qpoccenb, 5 — 1o3aTop, 6 — sueiika, 7 — MOUI0KKA ¢ CEHCOPHOM TUIEHKOH
(puc. 2a), 8 — anexTpomerp, 9 — KOMIBIOTED
Fig. 2. (a) Scheme of the installation for measuring the adsorption-resistive sensory response: 1 - glass base,

2 - deposited sensitive layer, 3 - platinum interdigital electrodes.

(b) Substrate scheme: 1 — cylinder with analyte gas (ammonia), 2 — cylinder with diluent gas (air), 3 — flow meter, 4 — throttle, 5 — dis-
penser, 6 — cell, 7 — substrate with touch film (Fig. 2b), 8 — electrometer, 9 — computer

Jia peructpanu CEHCOPHOTO OTKJIMKA aM-
MHAaK M3BECTHON KOHLEHTPALUU COBMECTHO C Ira3oM-
npomyckaincs B TedeHue 30 cexyHn. CKopocTs o0ie-
ro razoBoro noroka coctapisuia 300 mu/mun. [locne
Yero S4YeKy NMpOJyBajM TOJIBKO BO3AYXOM JIS TOJI-
HOTr'O ynajeHus: amMuaka. [lanee momaBanack HoBas
MOpIUS aMMHUaKa M MPOUCXOAMIIA PETUCTpaLUs Clie-
JIYIOIIEr0 CEHCOPHOTO OTKINKA. BEeTHUMHBI OTHOCH-
TEJIBHBIX CEHCOPHBIX OTKJIIMKOB Sresp ObUIM paccuu-
taHbl o popmyse: Sresp = Ri - RO / RO, rae Ri — Te-
KyIllee CONPOTUBIIEHHE CEHCOPHOTO cios, a RO — nc-
XOJHOE 3HaYCHUE CONMPOTHBIICHHUS.

PE3VIJIBTATBI 1 UX OBCYXJIEHUE

Huanazon konnentpamnuii NH3 BapsupoBaics
B uHTepBajie ot 10 10 50 ppm, 4yTO 0OYCIIOBIMBAIIOCH
MPaKTHYECKUMHU cooOpaxkeHusmy, T.K. [IJIK ammuaka
paboueil 30HBI cocTaBisieT 26 ppm, HCCIETyEMBIH
JMana30H BKIIIOYAN 3TO 3HaYeHHe u Hxke. Kak BugHO
U3 puc. 3, BBOJ aMMHaKa B MIPOTOYHYIO SUYEHKY MpH-
BOJWUT K YBEIMUYEHHUIO COIPOTHBIICHUS CEHCOPHOIO
CJI0SL.

W3BecTHO, WTO W3MEHEHHWE COMPOTUBICHUS
MOJTYTIPOBOJAHHUKOBBIX Ta30BBIX CEHCOPOB B 3HAUU-
TETHHON CTEMEHU OMNpPENeNsIeTCsl 3JIeKTPOHOIO0HOP-
HBIMH aKIEITOPHBIMH CBOWCTBAMH MOJIEKYJIbI aHAJH-
ta [17, 22]. [logoOHoe moBeneHHe OOBSCHSIETCS P-
TUIIOM 3JIEKTPUUECKONH MPOBOAUMOCTH (PTanolHaHu-
HOB U 3JIEKTPOHOJIOHOPHBIMH CBOMCTBAMH aMMHAaKa:
npu aacopbunn NH3 mnpomcxoaut pekomMOWHanus
JNIEKTPOHOB C HOCHUTENISIMH 3apsafa (IpIpKkamMu) B
mnéuke MPc matepuare, B pe3yibTaTe KOHIEHTpaLUs
HOCHUTEJIeH 3apsfa YMEHbBILIAETCS, a COIPOTHBICHHE

cios ysenunuuBaercs. IIpu yBenmudeHUMM KOHLIEHTpa-
MW aMMHaKa HaOI0aeTCs MPOTIOPIIHOHAIIEHOE BO3-
pacTaHue BEIMYWHBI CEHCOPHOTO OTKJIMKA IS BCEX
IIOJIY4EHHBIX CJIOEB.

Kpome Ttoro, ciou CoPc-py AeMOHCTpUPYIOT
ITOJTHOCTBIO OOPAaTUMBINA OTKJIMK HA aMMHaK — ITOCIe
OKOHYaHUS MOJIa4d aMMHaKa, COMPOTHBIICHHE CIIOS
BO3BpAIIAETCS K UCXOTHOMY 3HAUCHHIO.
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Puc. 3. 3aBucumocts conportusieHus mieHoK CoPc-py oT Bpeme-
Hu nipu BBeAeHuu 10-50 ppm amMmmuaxa
Fig. 3. Time dependence of the resistance of CoPc-py films with
10-50 ppm ammonia injection

JIasi CEHCOPHBIX CIIOSB, TMOMHMO BEIHYHHBI
WX OTKIIMKa Sresp, BAXXHBIMU XapaKTEPUCTUKAMU SIB-
JSIOTCS. BOCITPOU3BOJAMMOCTD, TIPEJeNl OOHApYyKECHUS
AHAJIUTAa, WHEPLUOHHOCTh JETEKTHUPOBAHUS, CEJICK-
THUBHOCTb.
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0 250 500 750 1000

Bpems, ¢

Puc. 4. 3aBucuMocTh ceHCOpHOTO OTKIINKA IEHOK CoPc-py ot
BPEMCHH IPH HUKIHpoBaHUHFI].
4. Time dependence of the sensor response of CoPc-py films
upon repeated injection

Bonpon3BoarMocTs CEHCOPHOTO OTKITHKA.

Ha puc. 4 npeacraBieHbl KpUBbIE U3MEHEHHUS
OTHOCHUTEIIFHOTO CEHCOPHOTO OTKJIMKa Sresp, co Bpe-
MEHEM TpU MHOTOKpaTHOM mobaBneHwn 20 ppm am-
muaka. [lokazaHo, yTo mpu 9-kpaTHOH monmaye onau-
HAKOBOM KOHLIEHTpAIlMM aMMHaKa BEJIMYMHA CEHCOop-
HOTO OTKJIMKa CYIIECTBEHHO HE M3MEHSETCS: CTaTH-
CTHYECKas MOTPEIIHOCTD He MpeBbIIaeT 5%.

[Ipenen obHapyxeHusl.

Jnst ompeneneHust HIKHEro mpexaena oOHa-
PYKEHUS aMMHaka B Ta30BYI0 SYEHKYy MOAaBajiCh
HU3KHE KOHIeHTpanuu Traza-aHamurta (0,1-10 ppm
aMMHaKa).
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Ha puc. 5a mpexncraBieHsl BHUAHO, YTO
mnénku CoPc-py naxe npu 0,1 ppm amMmMmuaka ciou
0071a1a10T BRICOKMM 3HAYEHHEM CEHCOPHOTO OTKIIU-
Ka: CONpPOTHUBIICHUE CJIOS yBenuuuBaeTrcss Ha 25%
(Sresp = 0,25), npu 3TOM OTHOIICHHE CUTHAI/IIYM
coctaBisgeT He MeHee 10. B o06acT KOHIEHTparuit
ot 0,1 mo 20 ppm (cM. BKIagKy Ha puc. 50) HaOIIO-
JlaeTcsl JHMHEHas 3aBUCUMOCTb «CEHCOpPHBIH OT-
KJIMK/KOHLIGHTPALUsl aMMHaKa», 4TO MOXET OBITh
WCIIONIB30BAHO, HAIMpuMep, IS JIeTEKTHPOBAHUS
konmdecTB ammuaka Huxe [1JIK.

Jns onpeneneHus BepXHEro mpezesia oOHa-
PYKEHHSI B Ta30BYIO SUEHWKY ITOJaBaJIMCh BBICOKHE
KOHIIeHTpanuu raza-aHanmuta (100-104 ppm ammua-
ka). [Jns xouuentpamuii Beime 2000 ppm OTKIUK
yBEJIUYMBAETCS HEJIMHEWHO C BBIXOJOM Ha CTalUO-
HapHOE 3HAa4YeHHWE, YTO O3Ha4yaeT, YTO CEHCOPHBIU
CIIOH  JIOCTHTaeT COCTOSIHHSI  aJCOPOILIMOHHOIO
HachineHus (B quamnasone 5000-10000 ppm).

U3 puc. 5 6 BUAHO, YTO BEIWYMHA CEHCOP-
HOTO OTKJIMKa WMEET BHUJ KJIACCHYECKOW HU30TEPMBI
aacopbuuu JIeHrMiopa, XapakTepHO# 1T MHUKPOTIO-
PHUCTHIX TBEPHABIX TN, YTO OOBICHAETCS HACHIIICHH-
€M ITOBEPXHOCTHOTO CJIOS MOJIEKyJaMH asicopOeHTa.
CrnenoBaTenbHO, NajdbHellIee yBEINUCHHE KOHIEH-
Tpaly aMMHaKa HE NMPUBOJAUT K YBEIHMUYEHHIO CO-
npotuBieHus. Takum oOpa3oM, BEepXHHUU Mpeaeln
00HapyKEeHHsI aMMHUaKa MOXET OBITh ONPEICIIEH KaK
BeJIMYMHA TpEJeNbHON aacopOIuu, KOTOPBIH co-
craBisieT nopsiaka 104 ppm.

)

0 2000 4000 6000 8000 10000
NH,, ppm

Puc. 5. 3aBUcUMOCTH CEHCOPHOTO OTKIMKA INIEHOK CoPc-py 0T BpeMeHu npu J00aBIeHUH
0,1-10 ppm ammuaxa (a) u npu gobasienuu 0,1-10000 ppm ammuaka
Fig. 5. Time dependence of the sensor response of CoPc-py films with the injection of 0.1-10 ppm ammonia (a)
and with the injection of 0.1-10000 ppm ammonia
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MHepuroHHOCTh OTKITHKA

WNuepunonnocts otkiuka mwiéHok CoPc-py u
BpeMs pereHepanuu (T.e. BpeMs HEOOXOAMMOE IS
BOCCTAHOBJICHUSI MCXOJHBIX 3HAYCHUU COMPOTHBIIC-
HUS (Tper)) MPOBOAMIIOCH CIEMYIOINUM 00pa3oM: Io-
cie 30 cexyna mobasienns NH3 mpu oOmiei ckopo-
cty motoka 300 MJI/MHH s4elika OcTaBajach HaIoJ-
HEHHOW Ta30M 10 TeX IOp, MOKa COMpPOTHBICHHUE
TUIEHKW HE JOCTUTAJO0 CTAllMOHAPHOTO 3HAYEHUS. 3a-
TEM suciika MpojyBajach TOJIBKO BO3JYXOM JO IOJI-
HOTO YyJAJCHUsS aMMHaka. MHEpIMOHHOCTh OTKJIMKA
OTIpezIeTsIach Kak BpeMsi, He0OXOquMOoe ISl BBIXOa
Ha CTAIlMOHAPHOE 3HAYEHHUE TOCJIEC OKOHYAHUS I0JIa-
gy ammuaka («NH3 on» u «NH3 off», puc. 6), a Bpe-

Ms1 pereHepaluy ONpeaessuioch Kak pa3HOCTh BPEMEH
Mexay Toukamu A u B (puc. 6).

B 3aBHCHMOCTH OT KOHLIEHTpallMd aMMHaKa
OBUIO TIOJyYeHO, YTO HHEPUUOHHOCTh OTKJIHMKA CO-
craBsieT 30£10 ¢, a Bpemsl pereHepanuyd COCTaBISIET
160£15 ¢, 9TO COMOCTAaBUMO C XapaKTePHUCTUKAMH
OPYTUX  aJCOpOLIMOHHO-PE3UCTHBHBIX  CEHCOPHBIX
cioés [19, 23] . CenekTHBHOCTE OIPEAEIEHUS AMMH-
aKa B MPUCYTCTBUH BOJIOPOJIA U YIIICKUCIIOTO Ta3a

st monmyuyennbix 1iéHok CoPc-py Oblia
H3yueHa BO3MOXKHOCTH CEJIEKTHBHOTO OIpEAeTICHUs
20 ppm ammuaka (uto Hmke 11JIK) ¢ ucrmonp3oBanu-
eM ero cmeceid ¢ yriekuciasiM razom (2000-5000
ppm) u Bogopoaom (1000 ppm).
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Puc. 6. 3aBucHUMOCTD CEHCOPHOTO OTKIINKA IUIEHOK CoPc-py oT BpemeHH
TIPU HAIIOJTHCHUU STYEHKH aMMHAKOM
Fig. 6. Time dependence of the sensor response of CoPc-py films, measured in steady state regime with the injection of ammonia
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Puc. 7. 3aBucuMocTs ceHcopHOTo oTKIMKa IEHOK CoPc-py oT Bpemenu npu BBeeHHH 20 ppm aMMHakKa
u 2000-5000 ppm yriiekucioro rasa

Fig. 7. Time dependence of the sensor response of CoPc-py films upon the injection of 20 ppm ammonia
and 2000-5000 ppm carbon dioxide
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[Tokazano (puc. 7), YTO OJHOBPEMEHHOE
BBegeHrne 20 ppm NH3 u BBICOKO# KOHIICHTpAITHH
CO2 (mo 5000 ppm) yBeIMYHMBAET CEHCOPHBIN OT-
kK Ha 10—40% B 3aBUCHUMOCTH OT KOHIECHTPAIINHU
CO2. Takum o0pa3oM, OITHOBPEMEHHOE OIpeieye-
HUE aMMHaKa TP BBICOKUX KOHIICHTPALHSX yTIie-
KHCIIOTO Ta3a SBIISCTCS 3aTpyIHUTEIbHBIM. Ha oT-
KPBITOM BO3/IyXe KOHIIEHTPAIHsI YTJIEKHUCIIOTO ra3a B

MAaIIMHOCTPOCHUE U TEXHOJIOTUH

atMocdepe coctaBisier okono 400 ppm [24], a B
momemernsx 800-1400 ppm [25].

Takum oOpa3oM, U3 JaHHBIX PUC. 6 CIIEIYyET,
yto 11 TEHOK CoPc-py yriekucislii ra3 B KOM-
HAaTHBIX U YJIMYHBIX YCJIOBHUAX HE SIBISAETCS MeEIla-
FOIIMM Ta30M ISl CEJIEKTUBHOIO OINPENEICHUS aM-
MHaKa.
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Puc. 8. 3aBucumMocts ceHcopHOTO OTKIMKA IIEHOK CoPc-py OT BpeMeHH Ipu 0JHOBpeMeHHOM BBeneHnn NH3 u Bogopona
Fig. 8. Time dependence of the sensor response of CoPc-py films upon the simultaneous injection of ammonia and hydrogen

Ha puc. 8 mnokazano, uro cion CoPc-py
yBEINUYUBAIOT cBOE comportuBieHue Ha 50% mnpu
n00aBJIIEHHH BBICOKUX KOHIEHTpAIMii BOJOpOJIA
(104 ppm). OgHako, BOOOPOa HE SIBISCTCS MeIla-
IOIUM Ta30M I CEJIEKTHBHOTO JETEKTHPOBAHUSA
aMMmuaka npu korneHnTpanuax amke [11K (10 u 20
ppm), MOCKOJIBKY OTKJIUK Ha aMMHaK 3HAYUTEIHHO
(B 6 u 14 pa3 COOTBETCTBEHHO) MPEBOCXOJUT CEH-
COPHBIH OTKJIMK Ha BOJOPOJ.

Takum oOpas3om, BHEpBbIE TMOKa3aHO, YTO
mnéaku CoPc-py Hapsiay ¢ BEICOKUMH 3HAYCHUSIMH
ceHcopHoro otkiauka Ha NH3 mposBiadrmoT BbICcO-
KYIO BOCIPOHM3BOJMMOCTh OTKJIMKA, UMEIOT HU3KUH
npeaea oOHapyKeHHus 10 KoHueHTpamuil B 50 pa3
Hwxke [TAK (1o 0,1 ppm), ”HEPUMOHHOCTH OTKIUKA

52

cocraBinger 30+10c wu
160+15c.

BnepBrie m3ydeHa CEIEKTUBHOCTH JETEK-
MM aMMHaKa B TMPUCYTCTBHHM YTJIEKUCIIOTO ra3a u
BOJIOpPOJa: YCTaHOBJEHO, YTO NpPU HOPMATUBHBIX
kouImeHTpanuax CO2 B nomemenuu (10 2000 ppm)
u pu 10000 ppm BoOpOIa CEHCOPHBIN OTKIMK Ha
aMMHUaK HM3MEHSUICS B MpelesiaX CTaTUCTHYECKOM
MOTPELIHOCTH.

Aemopwl 3as61510m 06 OMCYMCmMEulU KOoH-
@ruxma unmepecos, mpebdyioujeco packpvlmus 8
O0aHHOU cmamoe.

The authors declare the absence a conflict
of interest warranting disclosure in this article.

BpeMsi  pereHepanuu

CoBpeMeHHbIE HAYKOEMKHE TEXHOJIOTHH. Perrnonanpaoe npuioxenue. Ned(72) 2022



10.

11.

12.

HH)KeHepHO' TEXHUYCCKUEC HAYKH — MAIIMHOCTPOCHUE U TEXHOJIOTHH

JUTEPATVYPA

Schollhom B., Germain J.P., Pauly A., Maleysson C.,
Blanc J.P. Influence of peripheral electron-withdrawing
substituents on the conductivity of zinc phthalocyanine in
the presence of gases. Part 1: reducing gases. Thin Solid
Films. 1998. V. 326, P. 245-250.
https://doi.org/10.1016/S0040-6090(98)00553-7.
Germaina J.P., Paulya A., Maleyssona C., Blanc J.P.,
Schéllhorn B. Influence of peripheral electron-
withdrawing substituents on the conductivity of zinc
phthalocyanine in the presence of gases. Part 2 : oxidizing
gases. Thin Solid Films. 1998, V. 333. P. 235-239.
Dong Z., Kong X., Wu Y., Zhang J., Chen Y. High-
sensitive room-temperature NO2 sensor based on a soluble
n-type phthalocyanine semiconductor. Inorg. Chem.
Commun. 2017. V. 7. P. 18-22.
https://doi.org/10.1016/j.inoche.2017.01.023.
Erbahar D.D., Harbeck M., Giimiis G., Giirol I., Ahsen
V. Self-assembly of phthalocyanines on quartz crystal
microbalances for QCM liquid sensing applications.
Sensors Actuators B Chem. 2014. V. 190. P. 651-656.
https://doi.org/10.1016/j.snb.2013.09.034.
Hassan A., Basova T., Yuksel F., Giimiis G., Giirek
A.G., Ahsen V. Study of the interaction between simazine
and metal-substituted phthalocyanines using spectral
methods. Sensors Actuators, B Chem. 2012. V. 175. P. 73—
77. https://doi.org/10.1016/j.snb.2011.12.029.
Wohltjen H. Mechanism of operation and design
considerations for surface acoustic wave device vapour
sensors. Sensors and Actuators. 1984. V. 5, P. 307-325.
https://doi.org/10.1016/0250-6874(84)85014-3.

Brunet J., Pauly A., Mazet L., Germain J.P., Bouvet
M., Malezieux B. Improvement in real time detection and
selectivity of phthalocyanine gas sensors dedicated to
oxidizing pollutants evaluation. Thin Solid Films. 2005. V.
490. P. 28-35. https://doi.org/10.1016/j.tsf.2005.04.015.
Wang B., Wu Y., Wang X., Chen Z., He C. Copper
phthalocyanine noncovalent functionalized single-walled
carbon nanotube with enhanced NHs sensing performance.
Sensors Actuators B Chem. 2014. V. 190. P. 157-164.
https://doi.org/10.1016/j.snb.2013.08.066.

Zhao L., Zhu S., Zhou J. A novel amperometric nitric
oxide sensor based on imprinted microenvironments for
controlling metal coordination. Sensors Actuators B Chem.
2012. V. 171-172. P. 563-571.
https://doi.org/10.1016/j.snb.2012.05.035.

Viricelle J.P., Pauly A., Mazet L., Brunet J., Bouvet M.,
Varenne C., Pijolat C. Selectivity improvement of semi-
conducting gas sensors by selective filter for atmospheric

pollutants detection. Mater. Sci. Eng. C. 2006. V. 26. P.
186-195. https://doi.org/10.1016/j.msec.2005.10.062.

Jakubik W., Urbanczyk M., Maciak E. Metal-free
phthalocyanine and palladium sensor structure with a
polyethylene membrane for hydrogen detection in SAW
systems. Sensors Actuators B Chem. 2007. V. 127. P. 295—
303. https://doi.org/10.1016/j.snb.2007.07.026.

Rangel Argote M., Sanchez Guillén E., Gutiérrez
Porras A.G., Serrano Torres O., Richard C., Zagal
J.H., Bedioui F., Gutierrez Granados S., Griveau S.
Preparation and Characterization of Electrodes Modified
with Pyrrole Surfactant, Multiwalled Carbon Nanotubes
and Metallophthalocyanines for the Electrochemical
Detection of Thiols. Electroanalysis. 2014. V. 26. P. 507—
512. https://doi.org/10.1002/elan.201300578.

CoBpeMeHHbIE HAYKOEMKHE TEXHOJIOTHH. Perrnonanpaoe npuioxenue. Ned(72) 2022

10.

11.

12.

REFERENECES

Schéllhorn B., Germain J.P., Pauly A., Maleysson C.,
Blanc J.P. Influence of peripheral electron-withdrawing
substituents on the conductivity of zinc phthalocyanine in
the presence of gases. Part 1: reducing gases. Thin Solid
Films. 1998. V. 326, P. 245-250.
https://doi.org/10.1016/S0040-6090(98)00553-7.
Germaina J.P., Paulya A., Maleyssona C., Blanc J.P.,
Schéllhorn B. Influence of peripheral electron-withdrawing
substituents on the conductivity of zinc phthalocyanine in
the presence of gases. Part 2 : oxidizing gases. Thin Solid
Films. 1998, V. 333. P. 235-239.

Dong Z., Kong X., Wu Y., Zhang J., Chen Y. High-
sensitive room-temperature NO2 sensor based on a soluble
n-type phthalocyanine semiconductor. Inorg. Chem.
Commun. 2017. V. 77. P. 18-22.
https://doi.org/10.1016/j.inoche.2017.01.023.

Erbahar D.D., Harbeck M., Giimiis G., Giirol 1., Ahsen
V. Self-assembly of phthalocyanines on quartz crystal
microbalances for QCM liquid sensing applications.
Sensors Actuators B Chem. 2014. V. 190. P. 651-656.
https://doi.org/10.1016/j.snb.2013.09.034.

Hassan A., Basova T., Yuksel F., Giimiis G., Giirek
A.G., Ahsen V. Study of the interaction between simazine
and metal-substituted phthalocyanines using spectral
methods. Sensors Actuators, B Chem. 2012. V. 175. P. 73—
77. https://doi.org/10.1016/j.snb.2011.12.029.

Wohltjen H. Mechanism of operation and design
considerations for surface acoustic wave device vapour
sensors. Sensors and Actuators. 1984. V. 5, P. 307-325.
https://doi.org/10.1016/0250-6874(84)85014-3.

Brunet J., Pauly A., Mazet L., Germain J.P., Bouvet M.,
Malezieux B. Improvement in real time detection and
selectivity of phthalocyanine gas sensors dedicated to
oxidizing pollutants evaluation. Thin Solid Films. 2005. V.
490. P. 28-35. https://doi.org/10.1016/j.tsf.2005.04.015.
Wang B., Wu Y., Wang X., Chen Z., He C. Copper
phthalocyanine noncovalent functionalized single-walled
carbon nanotube with enhanced NHs sensing performance.
Sensors Actuators B Chem. 2014. V. 190. P. 157-164.
https://doi.org/10.1016/j.snb.2013.08.066.

Zhao L., Zhu S., Zhou J. A novel amperometric nitric
oxide sensor based on imprinted microenvironments for
controlling metal coordination. Sensors Actuators B Chem.
2012. V. 171-172. P. 563-571.
https://doi.org/10.1016/j.snb.2012.05.035.

Viricelle J.P., Pauly A., Mazet L., Brunet J., Bouvet M.,
Varenne C., Pijolat C. Selectivity improvement of semi-
conducting gas sensors by selective filter for atmospheric
pollutants detection. Mater. Sci. Eng. C. 2006. V. 26. P.
186-195. https://doi.org/10.1016/j.msec.2005.10.062.
Jakubik W., Urbanczyk M., Maciak E. Metal-free
phthalocyanine and palladium sensor structure with a
polyethylene membrane for hydrogen detection in SAW
systems. Sensors Actuators B Chem. 2007. V. 127. P. 295—
303. https://doi.org/10.1016/j.snb.2007.07.026.

Rangel Argote M., Sanchez Guillén E., Gutiérrez Porras
A.G., Serrano Torres O., Richard C., Zagal J.H.,
Bedioui F., Gutierrez Granados S., Griveau S.
Preparation and Characterization of Electrodes Modified
with Pyrrole Surfactant, Multiwalled Carbon Nanotubes and
Metallophthalocyanines for the Electrochemical Detection
of Thiols. Electroanalysis. 2014. V. 26. P. 507-512.
https://doi.org/10.1002/elan.201300578.

53



54

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

HH)KeHepHO' TEXHUYCCKUEC HAYKH — MAIIMHOCTPOCHUE U TEXHOJIOTUH

Kiling N., Atilla D., Oztiirk S., Giirek A.G., Oztiirk
Z.Z., Ahsen V. Oxidizing gas sensing properties of
mesogenic copper octakisalkylthiophthalocyanine
chemoresistive sensors. Thin Solid Films. 2009. V. 517. P.
6206-6210. https://doi.org/10.1016/j.tsf.2009.04.005.
Kiling N., Atilla D., Giirek A.G., Oztiirk Z.Z., Ahsen V.
Volatile organic compounds sensing properties of
tetrakis(alkylthio)-substituted  lutetium(l1l)  bisphthalo-
cyanines thin films. Talanta. 2009. V. 80, P. 263-268.
https://doi.org/10.1016/j.talanta.2009.06.064.

Sisman O., Kilinc N., Akkus U.O., Sama J., Romano-
Rodriguez A., Atilla D., Giirek A.G., Ahsen V., Berber
S., Ozturk Z.Z. Hybrid liquid crystalline zinc
phthalocyanine@Cu20 nanowires for NO2 sensor
application. Sensors Actuators B Chem. 2021. V. 345. P.
130431. https://doi.org/10.1016/j.snb.2021.130431.

Shi J,, Luan L., Fang W., Zhao T., Liu W., Cui D.
High-sensitive low-temperature NO2 sensor based on Zn
(I1) phthalocyanine with liquid crystalline properties.
Sensors Actuators, B Chem. 2014. V. 204. P. 218-223.
https://doi.org/10.1016/j.snb.2014.07.070.

Kaya E.N., Polyakov M.S., Basova T.V., Durmus M.,
Hassan A. Pyrene containing liquid crystalline
asymmetric phthalocyanines and their composite materials
with single-walled carbon nanotubes. J. Porphyr.
Phthalocyanines.  2018. V. 22. P. 56-63.
https://doi.org/10.1142/S1088424618500025.

Giilmez A.D., Polyakov M.S., Volchek V.V,
Kostakoglu S.T., Esenpinar A.A., Basova T.V.,,
Durmus M., Giirek A.G., Ahsen V., Banimuslem H.A.,
Hassan A.K. Tetrasubstituted copper phthalocyanines:
Correlation between liquid crystalline properties, films
alignment and sensing properties. Sensors Actuators, B
Chem. 2017. V. 241. P. 364-375.
https://doi.org/10.1016/j.snb.2016.10.073.

Klyamer D., Sukhikh A., Gromilov S., Krasnov P.,
Basova T. Fluorinated Metal Phthalocyanines: Interplay
between Fluorination Degree, Films Orientation, and
Ammonia Sensing Properties. Sensors. 2018. V. 18. P.
2141. https://doi.org/10.3390/s18072141.

Kaya E.N., Senocak A., Klyamer D.D., Demirbas E.,
Basova T.V., Durmus M. Ammonia sensing performance
of thin films of cobalt(ll) phthalocyanine bearing
fluorinated substituents. J. Mater. Sci. Mater. Electron.
2019. V. 30. P.7543-7551. https://doi.org/10.1007/s10854-
019-01068-8.

Kaya E.N., Tuncel S., Basova T.V., Banimuslem H.,
Hassan A., Giirek A.G., Ahsen V., Durmus M. Effect of
pyrene substitution on the formation and sensor properties
of phthalocyanine-single walled carbon nanotube hybrids.
Sensors Actuators, B Chem. 2014. V. 199. P. 277-283.
https://doi.org/10.1016/j.snb.2014.03.101.

Sukhikh A.S., Polyakov M.S., Klyamer D.D., Gromilov
S.A,, Basova T.V. A study of the structural features and
sensor  properties of zinc  2,9,16,23-tetra-tert-
butylphthalocyanine films. J. Struct. Chem. 2017. V. 58. P.
1039-1047. https://doi.org/10.1134/

S0022476617050262.

Wang B., Zhou X, Wu Y., Chen Z, He C. Lead
phthalocyanine modified carbon nanotubes with enhanced
NHs sensing performance. Sensors Actuators B Chem.
2012.V. 171-172. P. 398-404. https://doi.org.

Robertson D. S. Health effects of increase in concentra-
tion of carbon dioxide in the atmosphere. Current Science.
2006. Vol. 90. Is. 12. P. 1607-1609.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Kiling N., Atilla D., Oztiirk S., Giirek A.G., Oztiirk
Z.Z., Ahsen V. Oxidizing gas sensing properties of
mesogenic copper octakisalkylthiophthalocyanine
chemoresistive sensors. Thin Solid Films. 2009. V. 517. P.
6206-6210. https://doi.org/10.1016/j.tsf.2009.04.005.
Kilin¢ N., Atilla D., Giirek A.G., Oztiirk Z.Z., Ahsen V.
Volatile organic compounds sensing  properties  of
tetrakis(alkylthio)-substituted lutetium(l11) bisphthalocyanines
thin  films. Talanta. 2009. V. 80, P. 263-268.
https://doi.org/10.1016/j.talanta.2009.06.064.

Sisman O., Kilinc N., Akkus U.O., Sama J., Romano-
Rodriguez A., Atilla D., Giirek A.G., Ahsen V., Berber
S., Ozturk 2Z.Z. Hybrid liquid crystalline zinc
phthalocyanine@Cu20 nanowires for NO2 sensor
application. Sensors Actuators B Chem. 2021. V. 345. P.
130431. https://doi.org/10.1016/j.snb.2021.130431.

Shi J., Luan L., Fang W., Zhao T., Liu W., Cui D. High-
sensitive low-temperature NO2 sensor based on Zn (II)
phthalocyanine with liquid crystalline properties. Sensors
Actuators, B Chem. 2014. V. 204. P. 218-223.
https://doi.org/10.1016/j.snb.2014.07.070.

Kaya E.N., Polyakov M.S., Basova T.V., Durmus M.,
Hassan A. Pyrene containing liquid crystalline asymmetric
phthalocyanines and their composite materials with single-
walled carbon nanotubes. J. Porphyr. Phthalocyanines. 2018. V.
22.P. 56-63. https://doi.org/10.1142/S1088424618500025.
Giilmez A.D., Polyakov M.S., Volchek V.V., Kostakoglu
S.T., Esenpinar A.A., Basova T.V., Durmus M., Giirek
A.G., Ahsen V., Banimuslem H.A., Hassan A.K.
Tetrasubstituted copper phthalocyanines:  Correlation
between liquid crystalline properties, films alignment and
sensing properties. Sensors Actuators, B Chem. 2017. V.
241. P. 364-375. https://doi.org/10.1016/j.snb.2016.10.073.
Klyamer D., Sukhikh A., Gromilov S., Krasnov P.,
Basova T. Fluorinated Metal Phthalocyanines: Interplay
between Fluorination Degree, Films Orientation, and
Ammonia Sensing Properties. Sensors. 2018. V. 18. P.
2141. https://doi.org/10.3390/s18072141.

Kaya E.N., Senocak A., Klyamer D.D., Demirbas E.,
Basova T.V., Durmus M. Ammonia sensing performance
of thin films of cobalt(ll) phthalocyanine bearing
fluorinated substituents. J. Mater. Sci. Mater. Electron.
2019. V. 30. P.7543-7551. https://doi.org/10.1007/s10854-
019-01068-8.

Kaya E.N., Tuncel S., Basova T.V., Banimuslem H.,
Hassan A., Giirek A.G., Ahsen V., Durmus M. Effect of
pyrene substitution on the formation and sensor properties
of phthalocyanine-single walled carbon nanotube hybrids.
Sensors Actuators, B Chem. 2014. V. 199. P. 277-283.
https://doi.org/10.1016/j.snb.2014.03.101.

Sukhikh A.S., Polyakov M.S., Klyamer D.D., Gromilov S.A,,
Basova T.V. A study of the structural features and sensor
properties of zinc 2,9,16,23-tetra-tert-butylphthalocyanine films.
J.  Struct. Chem. 2017. V. 58. P. 1039-1047.
https://doi.org/10.1134/S0022476617050262.

Wang B., Zhou X., Wu Y., Chen Z., He C. Lead
phthalocyanine modified carbon nanotubes with enhanced
NHs sensing performance. Sensors Actuators B Chem.
2012. V. 171-172. P. 398-404. https://doi.org.

Robertson D. S. Health effects of increase in concentration
of carbon dioxide in the atmosphere. Current Science. 2006.
Vol. 90. Is. 12. P. 1607-1609.

CoBpeMeHHbIE HAYKOEMKHE TEXHOJIOTHH. Perrnonanpaoe npuioxenue. Ned(72) 2022



