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KOMIIO3UT HA OCHOBI ITOJIAHLIIHY, BYTJIEHEBUX HAHOTPYBOK TA
IJIATUHM SIK UYTJIUBUIA MATEPIAJI CEHCOPIB JIJISI BU3HAUEHHSI
®OPMAJIBAETILY
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XiMIYHAM METOZOM CHHTE30BAaHO KOMIIO3UTH MONIAHITIHY 1 MOAM(IKOBAaHUX BYIJICIEBUX
HaHOTPYOOK. CHHTE30BaHI KOMITO3UTH HAHECEHO Ha MMOBEPXHIO IpadiTOBUX EIEKTPOIIB Ta JOJATKOBO
MOJM(DIKOBAHO OCA/DKCHHAM JIPiOHOJUCIICPCHUX YACTUHOK IUIaTHHH. J{OCTIKEHO BIIACTUBOCTI
CKOHCTPYHOBaHUX €IEKTPOIIB SIK XeMOCEHCOPIB AJIsl BU3HAUEHHS (POPMAIBICTINY.
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VY IIMpOKOMY CEHCI CEHCOpPHKAa OXOIUIIOE CYKYIHICTh IiAXOAIB, CKEpOBaHHX Ha
po3Mi3HaBaHHS YaCTMHOK pi3HOI XiMi4HOI mpupoau B arMocdepi, BOII UM B KUBHX
opraHiaMax i KibKiCHOrO Bm3Ha4deHHsA. CEHCOpPH OAarTh 3MOry 30upaTH, (iKCyBaTH,
nepeaaBaTi, oOpoOIATH 1 po3nOAUIATH iH(QOpMaIifo mpo cTaHu cucteM. Lle Moxe OyTh
iHpopMamig mpo XiMIYHUH ckian, ¢opmy, OyIOOBY, MONOKEHHS Ta iX muHaMmiky [1, 2].
[omianinia (TAH) y CCHCOPHUX HMPUCTPOSIX MOXKE BHKOHYBAaTH POJb K aKTHBHOTO IIapy,
TaK i TpaHcarocepa. BimbIIiCTE ceHCOpiB HA MOMiaHITIHOBIH TIATGOPMI JIFOTh HA MPUHITHITL
000pOTHOTO TMEepexoy KHCa/OCHOBHA eMepaibAuHoBa (Gopmu. [HTEpec 10 3acTocyBaHHS
NAHY ceHcopax 3yMOBJIICHMII Hacammepel THM, LIO0 BiH € e(pEeKTHBHHM MeIiaTopoM
MePEHECEeHHSI eJIEKTPOHA B OKMCHO-BITHOBHHX peakiisx [3]. 3 uacy BIAKPHUTTS BYTJIEEBUX
HaHoTpyOok (BHT) BOHM cTamu 00’€KTOM IHTEHCHUBHOTO JIOCIIKCHHS 3aBISKU
VHIKQJIBHUM CTPYKTYPHUM, €JIEKTPOHHUM, MEXaHIYHUM, ONTHYHUM 1 TOTEHLiaIbHUM
NPUKJIAJIHUM MOXIIMBOCTSM Yy HaHOTEXHOJIOTisIX. BHCOKa MpOBiAHICTh, BEJIMKAa MHTOMA
MOBEPXHS, NPHUIATHICTH 10 Mojudikamii OIYHMX CTIHOK, OIOCYMICHICTH pPOOUTH IX
iIcaTbHIMU MaTepialaMd y KOHCTPYIOBaHHI eleKTpoXiMidHux ceHcopiB [4]. CyTreBo
MOKPAIIATH €JIEKTPOKAaTANITHYHY aKTHBHICTh YyTJIHBOTO INApy CEHCOpiB MOXHa 3a
JIOTIOMOTOI0 BHUCOKOJIMCIIEPCHUX YAaCTHHOK METalliB, HAINPUKIAA, MIKpodacTHHOK Pt, siki
KaTalli3yIOTh BIAMOBIAHUN XIMIYHAH 4YH eNEeKTPOXiMiuHWIA mpomec abo QopMyroTh
MOTEHIIHHY T1aTdhopMy At O10JIEKTPOXIMIYHAX J0OaBOK [5].

Mera mpauni — cuHTe3 KOMMO3UTIB NAH 3 MoaudikoBanumMu BHT Ta
JPiOHOAKMCIIEPCHUMHE YacTHHKaMK Pt Ta TOCHIIKEHHS 1X SIK TIATPOPM CEHCOPIB.
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Hus mocmimkens BukopuctoByBanmu aHuTiH (AH) C¢HsNH, (x.4.) BHpoOHHIITBa
“Aldrich”. Byrneuesi HaHOTpyOKH — OaraTocTiHHi, 30BHiIHIA miamerp 10—40 HM, muTOMa
nosepxus 200-400 m*/r BupobuuTa 000 “TM Crenmam™ M. Kuis. BHT cunTe3oBaHO
METOJIOM XIMIYHOTO OCa/PKEHHs i3 MapoBoi (a3u Ha MOBEpxHi KaramizaTopa B IHCTHTYTI
3arajbpHOI Ta HeopraniuHoi Ximii iM. B. I. Bepnancekoro HAH Ykpainu.

Buxigni BHT  mogudikyBamum  nusixom  oOpoOku  mapasiTpogeHinmi-
asHiliterpadTopbOpaToM y MPHUCYTHOCTI BIJHOBHMKA 1 HACTYyIHOMY BiJIHOBJICHHI
napasiTpoeHiIbHUX Tpyn a0 mnapaaMiHoQeHinbHuUX. Otpumani MoaudikoBani BHT
(MBHT) BuKOpHCTaHO /[ CHHTE3y KOMIIO3UTAa TIIONIAHUTIHY 3  BYTJICHEBUMH
HaHOTpyOKaMu, SKHA  BHKOHYBaNM  XiMiYHHUM  MertomoM. Kowmmosutu  mAH3
MomudikopannmMu BHT BONOAiIOTE KpamlMMH — €IEKTPOXIMIYHUMH — BIACTHBOCTSIMH
(eNMeKTPOXIMIYHOIO €MHICTIO, TPOBIAHICTIO) TOPIBHAHO 3 KOMITO3UTaMH, B SKHUX
BUKOPUCTOBYIOTH HemopupikoBani BHT[6]. [louatkoBo roryBamm cymim AH 3 MBHT
(mict BHT cranoBus 20 % Bin 3aranpHoi Macu BuxigHoi cymimi Ax 3 MBHT) y po3unni
HCI. Cunre3 mnpoBoawiu 3 po3uuHy, 1o MictuB 1,95 M animiny, 2,93 M xjopumgHoi
KUCIIOTH Ta BinnoBiaHy Kijbkicte MBHT. Buxigny cymim mignaBaiu yibTpa3BYKOBid
00po01i mpoTAroM 3 XBWIMH, Micis 4oro jgonaBainu 1,25-kpaTHuil (BIIHOCHO KiJBKOCTI
aHUIIHY)  HaJUIMIIOK  IIEPOKCOAMCYNb(daTry  Hatpiiw. OTtpumaHuit ~ KOMIIO3UT
BiA(iabTPOBYBAIIM, MPOMHUBAIY JUCTHIHOBAHOIO BOJIOIO T4 BUCYIIYBAJIH.

Ha rpadiroBuit enextpon Hanocunu 1 mr kommo3uta nAH-MBHT. Jlami nHa
MOBepXHIO HakamyBasnu 10 Mk anerony, 10 Mxir po3uuny 1 % HITpOILENION03M B alleTOHI
Ta 3HOBY JoAaBaiy 10 MK aleToHy, ITiCJIS YOTO CYIIMIIM Ha MOBITPI.

EmextpoxiMidyHe ocamkeHHS JpiOHOAMCIEPCHOI IUIATHHA  HIPOBOIIIH 34
JIBOCJICKTPOJHOIO CXEMOIO Ha EJICKTPOi, MokpuroMy miapom HAH-MBHT, nomomikuuM
esleKTpoZioM ciyryBana Pt mmactunka. Ha enekrtpox HakamyBamu 20 MK pO3YMHY, IO
MmictuB 2 mac. % H,PtClg ta 0,1 %Pb(NO;),. OcamKkeHHS BHKOHYBaIH 3a JOMOMOTOIO
METOAY IUKIIIYHOT BOJIBTaMIIEPOMETPii,CKaHYIOUH MOTEHIliany Mexax Bix —2,50 B mo +1,00
B. Ilepen BUKOPUCTAHHSAM €JIEKTPOA, MOKPUTHH Kommo3utoM NTAH-MBHT-Pt, npomuBamu
JHUCTUILOBAHOIO BOJOIO.

JlocmimKeHO BIAKIUK eNEeKTPoiB, MoaudikoBaHux koMo3utoM nTAH-MBHT-Pt Ha
JIOJIAaBAHHS PSIIy OPraHigHUX CrOdyK (puc. 1, 2): rioko3u, GopMabaeriay, aleTaibaeriay,
MPOTAHAJI0 Ta MypaIIMHO KUCIOTH y KHCIUX po3unHax (pH=3). 3a takux pH nomnianinin
nepeOyBae y MpoBigHIH HopMi coli eMepatbInHy.

BceraBku BcepequHiI PUCYHKIB BiTOOpa)arOTh 3alISKHICTh CTPYMOBOTO BIIKIIHKY
CeHCOopa BiJ KOHIGHTpAIil cyOCTpaTy, MPUYOMY TAaHTEHC KyTa HAXWIy MPSMONiHIHHUX
JUITHOK LMX 3aJeXHOCTEH BH3HAYa€ YYTIMBICTH CEHCOpa. AMIICPOMETPHYHHHN BIAKIUK
MPOCTEKYETHCS JIMIIE y BHUIAAKY (OpPMalIbAETify Ta HE3HAUYHHH BiJKIMK OYB y BHIIAAKY
BEJIMKUX KOHIIEHTPaNiii MypanmHOi KUCIIOTH.

Taxkuii GakT € HOBOII LIKaBUM, HOTO MOXKHA TIOSICHUTH CTEPUYHUMH YTPYAHEHHSAMH
NpOLIECY EJNEKTPOOKHCHEHHSI KapOOHUIBHMX TPyl Yy BHNQJAKYy OUIBIIMX MOJEKYJ
aleTabIeriay, MpornaHalio 1 MII0KO3M Ha YacTHUHKAaX IutaTHHU. Lle pobuth mocmimpkyBaHi
kommo3utH  NAH-MBHT-Pt  nepcrnekTMBHUM — MaTepialioM  Julsi  KOHCTPYIOBaHHS
CEJIEKTHBHOI'O XeMOCEHCopa JUlsl BU3HAYeHHs (opMmaiberiny. Y OiIbLIOCTi CEHCOPIB JUIst
BHU3HAUYEHHS (OpMaNBACTiNy BUKOPHUCTOBYIOTH (PEPMEHT, IO KaTali3ye OKHCHEHHS
(opmanpaeriny, abo 4yTIMBHUIL MIap CeHCOpa NOKPHUBAIOTH TUIIBKOO, IPOHUKHOIO JIUIIE /s
Mmozekyn (opmanbieriny [7]. IlpormoHOBaHWH HaMM YyTIMBHH IHap KOHCTPYKTHBHO
HabaraTo IpocTilunii i OTpUMaTH Horo Habararo Jiernre.
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Puc. 1. Bigknuk rpaditoBoro enexTpoa, HOKpUToro kommnosutoM mAH-MBHT-Pt,

Ha JI0JlaHi KiTbKoCTi opManbaeriay (a) Ta MOBTOPHI BiIKIMKK yepe3 3 nobu (6) Ta 5 1ib (6) y
kuciomy posunHi (pH=3). Lludpamu Hax crpiakamu nozHadeHo 06’eM B Mk noaaHoro 0,8 M
po3uuny PA. IMoteHnrian enekrpoaa +0,5 B BiTHOCHO HACHYESHOTO XJIOPCPiOHOTO.

Fig. 1. Response of the graphite electrode coated with pAN-mVNT-Pt composite
to the addition of formaldehyde (a) and repetitive reactions in 3 days (6) and 5 days (6) in acid
solution (pH = 3). The numbers above the arrows indicate volume of added 0.8 M solution of the FA
in pl. Electrode potential equals +0.5 Vv ssaturated chlorinesilver
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Puc. 2. Bigxiuk rpadiToBOro enekTpoa, Hokpuroro kommnosutoM nAH-MBHT-Pt Ha noaani
KUTBKOCTI arieTanpaeriny (a), mpomaHaito (6), MypamiHoi KHCIOTH (8) TariaioKo3H (2) y KHCIOMY
po3uusi (pH=3). Lludppamu Hag cTpinkaMu mo3HadyeHo 06’eM B MKJI JOJAHUX, BiANOBiAHO, 0,15 M

po3umHy areranpaeriny,0,85 M nponananto, 0,8 M myparmHoi kucnoth, 0,8 M riiroko3m.
[orenmian enexrpona +0,5 B BITHOCHO HACHYEHOTO XJIOPCPiOHOTO.

Fig. 2. The reaction of the graphite electrode coated with pAN-mVNT-Pt composite with addition of
acetaldehyde (a), propanal (6), formic acid () and glucose (e) in acid solution (pH = 3). Numbers
above the arrows indicate the volume (in pl) of added 0.15 M solution of acetaldehyde,

0.85 M of propanal, 0.8 M of formic acid, 0.8 M glucose.
Electrode potential equals +0.5 Vv ssaturated chlorinesilver
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Puc. 3. 3MiHa 4yTIHUBOCTI rpadiTOBOTO €IEKTPOAa, MOKPUTOro kommnosutoMm mnAH-MBHT-Pt Ha noxani
KimpKocTi popmansaeriny (0,8 M) y kuciomy posunHi (pH=3) y MOBTOPHHUX JOCITIIKEHHIX
Fig. 3. Sensitivitychangesofthegraphiteelectrodecoatedwiththecomposite pAN-mVNT-Pt
withaddedamountsofformaldehyde (0.8 M) inacidsolution (pH = 3) inrepeatedstudies
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Y NOBTOpHHMX JOCTIDKEHHAX UYYTJIMBICTH CEHCOPHOTO BIJKINKY 3MEHIIYETHCS.
3MEHIIeHHS] YyTJIMBOCTI CEHCOpa MiJi Yac IOBTOPHHUX JOCTI[DKEHHb MOYKHA IOSCHUTH
3a0pyAHEHHSIM MOBEPXHI INTATHHU IPOIYKTaMU OKHCHEHHS CyOCTpary.

Iomani y mi#t craTTi pe3ynbTaTH IOCTIIHKEHb OTPUMAHO 3a (PiHAHCOBOI MiATPUMKH
MinictepcTBa OCBiTH 1 Haykn YKpainu (nepxoOromkerHa Tema XD56-O “HaHOKOMIO3HUTHI

Ta HAHOCTPYKTYpPOBaHI CHCTEMH 3 KAaTATITHYHAMH BIACTHBOCTAMHU , No IepKpeecTparii:
01170001235).
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COMPOSITE BASED ON POLYANYLINE, CARBON NANOTUBES AND
PLATINUM AS A SENSITIVE MATERIAL FOR FORMALDEHIDE
IDENTIFICATION

Ya.Kovalyshyn*, M. Konovska, V. Kostiv

Ivan Franko National University of Lviv,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine
e-mail: kovalyshyn@yahoo.com

Sensors allow you to collect, fix, transmit, process and distribute information about system
states. Polyaniline (pAn) in sensory devices can act as an active layer, and a transducer. The interest
in the application of pAn in sensors is primarily due to the fact that it is an effective mediator of the
transfer of an electron in oxidation-reduction reactions. High conductivity of CNT, a large specific
surface, suitability for modification of lateral walls, biocompatibility makes them ideal materials in
the design of electrochemical sensors. Significantly improve electro-catalytic the activity of the
sensitive layer of sensors can be achieved using fine particles of metals, such as Ptmicroparticles,
which catalyze the corresponding chemical or electrochemical process or form a potential platform
for bio-electrochemical additives.


https://doi.org/10.1016/j.synthmet.2013.02.028

A. KoBanuwwuH, M. KoHoBcbka, B. KocTiB
ISSN 2078-5615. BicHuk JlbBiBCbKkOro yHiBepcuteTy. Cepis ximiyHa. 2018. Bunyck 59. Y. 2 511

In this work,CNT (mCNT) groups, modified by paraminophenylene, were used for synthesis
of polyaniline composite with carbon nanotubes, which was performed by a chemical
method.Electrodes modified by the pAn-mCNT-Pt composite with the addition of a number of
organic compounds, such as glucose, formaldehyde, acetaldehyde, propanal and formic acid in acid
solutions (pH = 3) were investigated. At such pH, polyaniline is in the conducting form of emeraldine
salt. An amperometric response was observed only in case of formaldehyde and a slight response was
observed in case of high concentrations of formic acid. This fact is quite interesting, it can be
explained by the steric difficulties of the process of electrooxidation of large molecules of
acetaldehyde, propanal and glucose on platinum particles. This makes the studied composites, pAn-
mCNT-Pt promising material in the design of an all-encompassing chemosensor to determine
formaldehyde.The suggested sensitive layer is constructively much simpler and much easier to get.

Also, the stability of the formaldehyde sensor, based on the synthesized composite, was
investigated, with repeat analysis of response after 3 and 5 days after manufacturing. Sensitivity of
the sensor response decreasesin repeated studies. Reducing sensitivity of a sensor in repeated studies
can be explained by the pollution of the platinum surface by the oxidation substrate.

Keywords: polyaniline, carbon nanotubes, composite, chemosensor, formaldehyde.
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