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BIIJINB KUCJIOTHOCTI CEPEJOBHUIIIA
HA EOEKTUBHICTH ®YHKIIOHYBAHHS AMIIEPOMETPUYHOI'O
CEHCOPA HA OCHOBI HAJIA TIA-TIOJIAHIITHOBOT'O HAHOKOMIIO3UTY
JJISI BUBHAYEHHSA I'TIPASUHY
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IInatuHOBI enexTpoan, MOAW(IKOBaHI TOHKOI IOJIaHUIIHOBOIO IUTIBKOIO, JEKOPOBAHOIO
HaHOYACTHHKAaMHU nanaiito (~30 HM), IPOTECTOBAHO SIK IIaTGOPMH aMIIEpOMETPHUYHOTO CEHCopa IS
BU3HAUCHHS rifipasuHy. [lokasaHo, 110 ONTUMAaIbHUM s (QYHKIIOHYyBaHHs ceHcopa € pH 8,2. 3a
TaKWX YMOB 4ac BIATYKY JaTduKa 3a poOodoro moreHmiary +0,6 B 3smenmyerses 3 1 xB 1o 3-10¢
MOPIBHSHO 3 CEHCOPOM Ha CYTO MOJiaH1TiHOBIN maTtdopmi. JIiHIHHICTE cTpyMy BIATYKY AaT4HKa 10
KOHILIEHTpamii Tigpa3uHy MPOCTEXYETbCS IUIA ABOX iHTepBamiB, a came 0,01-8 ta 8§25 MM, 3a
gyTiuBocTi natyuka 40,8 ta 6,07 MKA-CM’Z-M’l, BianoBigHO. KpiM TOTro, 3’sACOBaHO, IO JATYMK
TaKOK MOXKE €EKTHBHO MPAIFOBATH JUIA MOTEHIIANIB, SKi BIAMOBIAAIOTH MEPIIi XBUII OKHCHEHHS
rizpasuHy. 30KpeMa, JiHIIHICTh 3aJIeKHOCTI CTpyMy Bigkimuky mnpu E = +0,2 B mpocrexyerscs B
niama3oHi koHneHtpaii 15-350 MxM 3a uytiuBocti 35,76 MKA-cM >M L,

Kniouoei cnosa: HaHOYACTHMHKM TMAalafiifo, TONIAHUIH, aMICPOMETPHYHHNA XEMOCEHCOD,
TixpasuH.
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1. Beryn

TNnppasua N,H, € BaxxmuBuM peareHTOM I XIMIYHOT MPOMUCIIOBOCTI. BogHOUac, e
HaJ3BHYAilHO TOKCHYHA PEYOBHHA, SKY BiJHOCATH JO HepuIoro kiacy HeOesneku. Tomy
pO3po0Ka EKCIpec-METOMIB ACTEKTYBAHHS Ta BH3HAYCHHS BMICTY Ii€i PEUOBHHU € aKTY-
IBHUM 3aBJIaHHSM, HaJl PO3B’SI3KOM SIKOTO ITPAIIOIOTh YHUCJICHHI HAYKOBI IPYIH MO BCHOMY
cBiTy. PO3pi3HAIOTE TpM KOHLEHTpaliiiHi aiana3oHu Bu3HauyeHHs NpH,;, a came BuOyxo-
HeOe3MeYHni, TOKCUYHUIA Ta T'pPaHWYHUH piBHI. BakiMBUM € BU3HA4YECHHsI KOHIIEHTpaLii
ripa3uHy y BCIiX Jiana3oHax, NpoTe OUIbLIICTh TOCHTIPKEHb OCTaHHIX POKIB 30CepeKeHa
Ha nerekryBanHI N;H, came Ha rpanmyHOMY piBHI. HalimepCHeKTHBHIIIM y I[bOMY BH-
NaJKy € 3aCTOCYBAaHHS €JEKTPOXIMIYHHX CEHCOPiB, e(EKTUBHICTh SKUX BH3HAYAIOTb, TO-
JIOBHO, 3aCTOCYBaHHSM BHCOKOAaKTHBHOTO elleKTpokaraiizartopa okucHeHHs N,H;. Ipore
XapaKTePUCTUKH HABITH Jy)Ke UyTIMBOTO CEHCOPAa MOXKHA CYTTEBO ITOKPALIUTH, BUKO PHC-
TaBIIM KaTalli3aTop HAHOPO3MIPHOTO CTYIIEHS JUCIEPCHOCTI, KU OyJe piBHOMIPHO poO3-
MOJUIEHUH 1Mo 100pe pO3BHHYTIH MOBEpXHi. TakMMU MOBEPXHSIMH, 30KpeMa, BOJIOIIIOTH
ByTJICLIEBI MaTepiaiu, abo K BUCOKOMOJIEKYJISIPHI PEYOBHHH, TOHKUMH IIAPAMH SIKMX MOXKHA
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JIOCUTB TIPOCTO MOJM(]IKyBaTH MOBEPXHIO €JIEKTPOIa-MiAKIaIKH. ToMy CbOro/HI aKTHBHO
BEIYThCSl TIOIIYKM HOBHX €JEKTPOKATali3aTOpiB OKHUCHEHHs TiJpa3uHy Ha OCHOBI
HAaHOYACTHHOK 30J0Ta [1-3], mratuau [2], cpibna [4] un mamagiro [5—7]. 3’sacoBano, 1m0
CYTTEBY POJIb Biirpae He TiIbku Gopma, a it po3mip Hanogacturok (HY) merany [4, 5].

[opiBHSHHS €NEKTPOKATATITHYHOT aKTHBHOCTI Oaropomuux Meranmis (Au, Pt, Pd),
npoBeieHe aBTopamu Tiparli [8] oo peakiiii OKMCHEHHS Tifpa3uHy, MOKa3ajo, M0 Haii-
edextuBHIIMM € BukopucTanus Pd—HY. TIpoTe KaTamiTHIHOO aKTHBHICTIO MO0 i€l pe-
aKIIil TaKOX BOJIOMi€ HAHOIIBI TOCTIHKEHUN IPEICTABHAUK KJIACy eIeKTPOAKTUBHIX ITOJTi-
MepiB, a came nomianinid (ITAH) [9]. Tomy mis kommosutie [TAH/Pd—HY mosxHa odikyBaTH
BUHHMKHEHHSI CHHEPTEeTUYHOTO e(EeKTY, [0 MOKE CYTTEBO MiJBHIINTH Yy TIMBICTH TiApa3u-
HOBUX CEHCOPiB Ha Takiil mardopmi. [IAn/Pd xoMno3uTHuit enekrpokaranizaTop, ojaepxa-
HUI momapoBoto ancopoOuiero kommnoneHTiB (ITAH Ta monepenuso cunTe3oBanux Pd—HY),
ycmimHo anpo6oBaHo aBtopamu mpaui [3]. IIpore HaliBuina e(eKTHBHICTb METaJEBOTO
KOMITOHEHTA JIOCSTaTUMETHCS TOJI, KOJM HOro HaHOYAaCTHHKH 3HAXOIUTUMYThCs Oesroce-
PEIHBO Ha MOBEpPXHi IOJIMEpPHOI IUIiBKH, TOOTO MaKCHMAaJbHO KOHTAKTYBaTUMYTh 3 PO3-
YHUHOM [OCTIKYBAaHOTO aHANITYy. MU po3poOmin MEeTOAWKY MOAIOHOI JeKoparlii TOHKHIX
wiiBok [TAH HaHOYaCTHHKAaMU ajiajito (cepeaniit po3mip ~30 um) 3 yrBopennsm [TAn/Pd
Hanokommo3uta [10]. Tomy mera mi€el mpami — anpo6aiiss MOAN(DIKOBAHMX TAKUM KOMIIO-
3uTOM Pt-eneKkTponiB sk miaThopM aMIepMeTpHYHUX CCHCOPIB Ha TiIpa3uH.

2. Marepiaju Ta METOIHKA eKCIIEPHMEHTY

Jnst ocamKeHHS MOJIMEPHOi IUTIBKM BUKOPHUCTOBYBanu aHuliH Mapku “SIGMA-
ALDRICH” (uuctota >95 %). Inmi peaktuBu Mapku Oynu kBamidikamii “x.4.” ta “u.jm.a.”,
TOX BHUKOPHCTOBYBAJIHCSI 0€3 IMONEpPEJHBOr0 OYMILIEHHS. YCi pobodi pO3UYMHM T'OTYBaIH,
BUKOPHCTOBYIOUH [IBidi NEpeTHaHy BOAY, 3 OOOB’SI3KOBUM I’ SITHAIUATH-XBHJIMHHUM Oap-
00TyBaHHSIM NPUTOTOBAHMX PO3YMHIB aproHOM Oe3MOocepenHbO Mepe] IXHIM BHKOPHCTaH-
HSIM 7151 BUAAJICHHS PO3YNHEHOTO KHCHIO.

OcaKeHHS TOMiaHUTIHOBOI TUTIBKH MIPOBOJWIIN B IMOTEHIIIOUHAMIYHOMY PEXHMI 3
0,5 M BogHOTO po3unHy aHiTiHY B 0,5 M cymbdaTHIA KHCIOTI, TECITUPA30BO CKAHYIOUH
MOTEHIIa]l pOOOYOro IIATHHOBOTO elekTpoa (muck rrometo 0,25 CMZ) B Mexax Big —0,1
o +0,9 B (10 mukiiB ckaHyBaHHS 3a IIBUIKOCTI PO3ropTKH moTeHMiany sg=50 MB/c; s
iHILIOBaHHA NpOLIeCy MoyiMepu3alii po3ropTKy HepIIoro MUKy NpoBoauiu 1o +1,2 B),
BuKopHcTOBYytouH Oimoreniioctar Model AFCBP1 (Pine Instrument Company), criomyue-
HHI 32 JJOTIOMOTOI0 aHAJIOrO-IU(POBOTo MEpeTBOPIOBaYa 3 MEPCOHAIBLHUM KOMIT IOTEPOM.
Posroptky 3ynuusuin 3a notenmiany —0,2 B (Ha crazgii cMHTE3y JeiikoeMepanbIuHy) Ta
MOJISIPU3YBAJIM €JIEKTPOJL 32 1IbOTO 3HAUEHHs NMOoTeHliany npotsirom 30 ¢. HanoaucnepcHuii
nananiit oca/uKyBail XiMIUHO, IUIIXOM €KCIO3HLii MOJ1(iKOBAHOTO TOHKUM HOJIMEPHUM
mapoM enektpoaa B 1:10° M BogsoMy po3uni Kaniii rerpaxnoponanazary (pH 3,0) mpo-
siroMm 120 c. TTicist eKCrmo3uIlii HOBEpXHI0 MOIH(IKOBAHOTO €ICKTPO1a IPOMHUBAIIH TUCTH-
JIOBAHOIO BOJIOIO T2 METAHOJIOM.

EmexTpokaTamiTHYHI BIaCTUBOCTI MOTU(IKOBAHUX KOMITO3UTOM EIIEKTPOJIB Ta Xa-
PaKTEPUCTUKN CKOHCTPYHOBAHMX MAKETIB CEHCOPIB JOCIIUKYBaJIM METOJAMH IUKJIIYHOI
BOJIbTaMIIepoMeTpii (Mexi ckanyBanHs noreHmiany (—0,4)—(+0,9) B; sg=50 mB/c) Ta xpo-
HoammepoMeTpii i cepii ¢ocharnux Oydepuux poszumnis 3 pH Big 6,7 1o 9,3 [11] y
MPHUCYTHOCTI BU3HAYYBAHOTO aHAIITY — TipazuHy.

VYci enekTpoxiMiuHi JOCHIPKEHHS MPOBOIIIN y CTaHIAPTHIH TPHENEKTPOIHIN da-
pyHIi 3 poGounM 06’°emom 25 cm’. EneKTpo/Hi MOTeHIamy y mparli HaBeIeHO CTOCOBHO
HacudeHoro Ag/AgCl enexktpona, SKUii BAKOPHCTOBYBANH SIK €JIEKTPOJI MOPIBHIHHS.
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3. PesyabTaTn J0C/IiAKeHb Ta iX 00r0BOpEeHHSA

EnexTpoxiMiuHe OKUCHEHHS TiIpa3uHy Ha MOAN(IKOBaHMX TOHKMMH IIapaMy HaHO-
komno3uTa [TAH/Pd BHBUaNM MeTOIOM IUMKIIIYHOI BOJIBTaMIIepoMeTpii ams cepii ¢ocdar-
HUX Oy¢epHux po3umHiB 3 pH Bix 6,7 1o 9,3, OCKUIBKH, 3TiAHO 3 JAHWMH aBTOPIB IIparli
[12], mattonrrmanbHiuM pH 11t OKUCHEHHS TipasuHy Ha MEBHHUX Kartaiizatopax € ~7,0.
OKHCHEHHS TiIpa3uHy

NoH; — Ny + 4H' + 4e (1)

€ OaraTtocTalifHUM IPOIIECOM, IO MiATBEPDKYIOTh PE3yIbTATH €NEKTPOXIMIYHUAX JOCIHII-
xeHb (puc. 1). 30kpema, Ha HMKITIYHKUX BosbTamiieporpamax (LIBA), oTpuManux y xucio-
my (pH 6,7, puc. 1, a) ta ayxxaomy (pH 8,2, puc. 1. ¢ Ta pH 9,3, puc. 1, 0) cepenosuiiax
YITKO MPOCTSKYIOTHCA NBI XBWI OkucHEHHs. Iyt pH 6,7 chiBBigHOIICHHS IUIONI, SKi Bij-
MOBIJAIOTh MOCTIJOBHUM XBHWJISAM OKHCHEHHS, JAIOTh IiJICTABH CTBEPDKYBATH, IO TEpLia
crazis (B inTepBaii notennianis +(0-0,3 B), makcumym cTpymiB okucHenHs npu +0,15 B)
€ OJIHOCJICKTPOHHOI, ToAi K B Apyriii (E>+0,3 B, MakcuMyMm CTpyMiB OKHCHEHHS MPHU
+(0,55-0,70) B), sika mpU3BOAUTH [0 YTBOPEHHS KiHIEBOTO MPOIYKTY — MOJEKYISPHOIO
a30Ty, BiIOYyBa€ThCSl MEPEHECEHHS TPHOX ENEKTPOHIB, IO Y3TOKYETHCS 3 PE3yJIbTaTaMU
nparii [12]. YpaxoByto4ur OCHOBHI BIIACTHBOCTI Tiipa3uHy, BiAMOBIAHI CTa il OKHCHEHHS B
KHCJIOMY CEpEIOBHILI MOXKHA 300pa3uTH TAKMUMH PIBHAHHIMU:

NyHs" + 2H,0 — *NyHs + 2H;0" + ¢ 2)
*NH3 + 3H,0 — N, + 3H;0" + e (3)

VY crnabkonyxHOMY cepenosuii (pH 7,5) KHCIOTHO-OCHOBHA piBHOBAra
NoH, + Hy0 <> NoHs" + HO™, Ky(N2H,)=8,5-10"" 4)

3Millly€ThCSL B CTOPOHY Tifipa3suHy, a 0TXke aacopOuis kationis rigpasunio NoHs' Ha mosu-
TUBHO 3apsDKCHIN IMMOBEpXHI €JIEKTPoAa BXKE HE JIIMITYe IMIBHAKICTH EIEKTPOXiMITHOTO
npouecy. Sk Hachigok, Ha [IBA (puc. 1, 6) NIpoCTeKYETHCS JIMILE OJJHA YITKO BHpa)KeHa
XBUJISL OKUCHEHHS B iHTepBani norexnmianis +(0,1-0,7) B. BomHouac yHACTiIOK AEPOTOHY-
BaHHs (JeI0NyBaHHs) MOJIMEPHOI IUTIBKM 3a Mepexoay B o0nacte “nyxHuX’ 3HaueHb pH
(27,5) cyrTeBO 3MEHIIYETHCS 11 MPOBIAHICTH, HACIIIKOM YOrO € 3MEHIIEHHS CTPYMIB SIK
OKHCHEHHSI, TaK 1 BiqHOBICHHS (puc. 1).

Iamoro ocobmuBictio okucuenus NyH; B nyxunomy cepemosumii (pH > 8) € 3cyB
nepiroi XBrili OKACHEHHsI B OiJbIin HeratuBHy 067acTh ((—0,2)—(+0,1) B), 1m0 € cBiqueHHIM
JIETIIOTO BiIPUBY TEPIIOTO ENEeKTPOHA, Ta, BOJHOYAC, 3MEHIICHHS CTPYMIB OKHCHEHHS.
Taxuii pe3ynabTaT IMOB’I3aHUH 3 €IEKTPOKATATITHYHUMH BJIACTUBOCTSIMU MOAM(IKYIOUOTO
ITA#/Pd mrapy Ta 3MeHILIEHHS IPOBIAHOCTI MOJTiMEPY BHACIIIOK JIe/IOMyBaHHS, Bi/IIOBIIHO.

[puckimnusimmuit aHaniz [IBA, orpumanux 3a pH > 8, mokasye, mo ixHill xapaktep
€ 3HaYHO CKJIAHIIIUHI HiX 3a€ThCA 3 TIEPIIOTo morisay. 3okpema, 3a pH 9,3 (puc. 1, 0) Ta,
ocobmBo, pH 8,8 (puc. 1,2) ma IIBA MoXHa BHOUINTH TPETIO XBIIIO OKHCHCHHS B
inrepBani +(0,3-0,4) B Ta xBuito BigHoBieHHs B okoi —(0-0,2) B. 3rigno 3 ganumu npaiti
[13], y uux inTepBamax Moxke BimOyBaTHCss 0OOPOTHE OKHCHCHHSI/BiJHOBJICHHS HAHOYAC-
THHOK manaito a0 nanamii(Il) okcumy. Tok MOXKHA MPHUITYCTUTH, IO B JIY)KHOMY CEpPEI0-
Buii Ha [TAH/Pd-MomudikoBaHHX €IeKTPOAaxX JIMIIE BiJPHUB MEPIIOTO €JIEKTPOHA € CYTO
@JIEeKTPOXIMIYHIM TIPOIECOM, TOAI SIK MOJABINI IEePETBOPEHHS iHTEpPMEiaTiB OKHCHEHHS
Tipa3suHy MOXYTh BiIOYBaTHCA K €IEKTPOXIMIYHIM MUISXOM, TaK i BHACIIZOK B3a€MOJII 3
OKCHIOM ITaJIafiko.
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Puc. 1. [IBA rmiaTHHOBHX €JIE€KTPO/iB, MoaubikoBaHux kommnosutom [1AH/Pd, y pocdaTaux
Oydepuux posunnax 3 pH 6,7 (a); 7,5 (6); 8,2 (6); 8,8 (2); 9,2 (0) y mpucyTHOCTI Tifpasudy

(KoHIEHTpAITiT

N,H, HaBeeHO Ha PUCYHKY)

Fig. 1. CVA of Pt electrodes, which were modified by P An/Pd nanocomposite, in the phosphate

buffer solution with pH 8.2 (a); 7.5 (6); 8.

2 (8); 8.8 (2); 9.2 (0) in the presence of hydrazine (N,H,

concentrations are presented on the figure)

OCKUTBKH AJIst BCHOTO JAoCIHipkeHoro inTepBany pH Ha [IBA mpocrexyBammcs: Mak-

CUMYMH OKHCHEHHS T'iJJpa3uHy, BUCOTA

SIKHX 3pOcTaiia 31 301IbIICHHSIM HOro KOHIIEHTpaIlil,

TO MOJIU(]IKOBaHI €JIEKTPOIU MH IIPOTECTYBAJIH SIK MIATHOPMH aMIIEPMETPUUHHUX CEHCOPIB
Ha Tiipa3uH, BUKOPHUCTOBYIOUH METOJ XpoHOaMIiepomeTpii. PoGoumii moTeHmian exexrpoaa

BHUOMpany,

KEPYIOUMCh IIOJIOKEHHSM MAaKCHUMyM CTPyMy Jpyroi

XBUII

rigpasuny, a came +(0,5-0,6) B. OtpumaHni pe3ysibTaTu I0CIIIKEHb HABEICHO Ha pHC. 2—8.

OKHMCHCHHA
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3’sicoBaHo, 1m0 B kuciaomy (pH 6,7; puc. 2) ta npaktuuHo HeiirpansHoMy (pH 7,5;
puc. 3) cepeoBHUIIaX Yac BiIKIUKY CKOHCTPYHOBaHUX CEHCOPIB HAa OJaHI KUTBKOCTI BH3-
HAYyBaHOTO aHANITY CTaHOBUB Oym3bko 1 XxB. BogHOUac Taki ceHCOpH MOTIIM TpaIfoBaTH
JIMIIE TTiCTSI IEBHOTO “XOJIOCTOT0” Mepio Ty, MPOTATOM SIKOTO BifOyBanocs OKHCHEHHS IO -
aHUIIHOBOI CKIIaJ0BOT MOAM(DiKyIOYOT0 IOBEPXHIO poO0UOTro enekTpoaa mapy. Bogrodac y
nyxHOMY cepenosumii (pH > 8; puc. 4-6) oxucHO-BiqHOBHI nporecu [IAH mpurHidyBam-
cs, a 9ac BIAKINKY 3MeHIIyBaBcs 10 3—10 ¢, mo Qyxe BasInBO A QyHKIIOHYBaHHS caMe
ceHcopHuX npuctpoiB. llle omHiEr0 0COOIMBICTIO BHKOPHCTAaHHS JIy>KHOTO CEPEIOBHINA €
HasBHICTH JBOX IHTEPBAJIB JIHIKWHOCTI BIAKJIMKY BiJi KOHIEHTpalii BU3HaYyBaHOI pedo-
BuHM — <10 Ta >10 MM (puc. 4, 6). [Ipu upoMy 4yTIHBICTH CEHCOpPa (KYT HAXHIY Ipaaylo-
BAJILHOTO rpadika) 31 30LIbIIEHHSIM KOHIIEHTpaMii Tipa3uHy Jeno 3MEeHIIyBatacs.

507 6% .
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304 35
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Puc. 2. Amnepomerpuuni Biknuku (3a E=+0,55 B ta pH 6,7) Makera riipa3uHOBOTO ceHCOpa Ha
ITAH/Pd-mnardopmi Ha 1ofaBaHHs pO3YKHIB BU3HAYYBAHOTO CyOCTpaty (&) Ta rpajyroBaibHUi
rpadix (6) HOCITIKYBAaHOTO CEHCOpa
Fig. 2. Amperometric responses (under the E = +0.55 V and pH 6.7) of the model of hydrazine sensor
on the PAN/Pd platform to the introduction of the solutions of determined substrate (a) and the
calibration graph (6) of studied sensor
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Puc. 3. Amnepomerpuuni Bigkmuku (3a E=+0,5 B Ta pH 7,5) MakeTa rimpa3nHOBOrO CEHCOpa Ha
IMAHn/Pd-mnatdopmi Ha HoxaBaHHS PO3YHMHIB BU3HATYBAHOTO CyOCTpaty (&) Ta rpaayroBaabHUi
rpadik (6) mociiKyBaHOTO ceHCopa
Fig. 3. Amperometric responses (under the E = +0.5 V and pH 7.5) of the model of hydrazine sensor
on the PAN/Pd platform to the introduction of the solutions of determined substrate (a) and the
calibration graph (6) of studied sensor
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Puc. 4. AvniepomerpuuHi Binkiauku (3a E=+0,6 B Ta pH 8,2) makera rigpa3suHOBOTroO ceHCOpa Ha
ITAH/Pd-mnardopmi Ha 1oaBaHHs PO3YKHIB BU3HAYYBAHOTO CyOCTpary (&) Ta rpajyroBaibHUi
rpadik (6) JOCTiIKYBAaHOTO CEHCOPa IS MUTIMOJISIPHOTO KOHIIGHTPAIIMHOTO Jiana3oHy
Fig. 4. Amperometric responses (under the E = +0.6 V and pH 8.2) of the model of hydrazine sensor
on the PANn/Pd platform to the introduction of the solutions of determined substrate (a) and the
calibration graph (6) of studied sensor for the millimolar concentration range
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Puc. 5. Amnepomerpuuni Bigkmuku (3a E=+0,55 B ta pH 8,8) makera rizpasnHoBOTO ceHCcopa
Ha [TAn/Pd-matdopmi Ha 101aBaHHS PO3YMHIB BU3HAYYBAHOTO cybcTpaty (2) Ta
rpaayroBaibHuil rpadik (6) JOCTiHKyBaHOTO CEHCopa
Fig. 5. Amperometric responses (under the E = +0.55 V and pH 8.8) of the model of hydrazine sensor
on the PANn/Pd platform to the introduction of the solutions of determined substrate (a) and
the calibration graph (6) of studied sensor

AHani3 y3araJbHEHHX Pe3yJbTaTiB JOCHIPKeHb CKOHCTPYHOBaHUX MakeTiB (Tabdi.)
MOKa3aB, 10 ONTHUMAIBHUM JJIsl (QYHKIIOHYBAHHS aMIIEPMETPHYHMX Tipa3HHOBHX CEHCO-
piB Ha miatdopmi enekTpojaa, MoaudikoBaHoro Hanokommosurom [TAH/Pd, € pH 8,2. 3a
TaKHAX YMOB JIHIHHICT BIJKIHKY CEHCOpPa MPOCTEKYETHCA SIK B Mii- (puc. 4), Tak i MiKpo-
MoJsIpHOMY (pHcC. 7) Jiama3oHax KOHIEHTpaLiif 3a dyTimBocti 10 Ta 40 MKA-MM '-cM 2,
BiJIMTOBIAHO (JIUB. TAOJUITIO).

Buioi celeKTHBHOCTI CEHCOpa MOXKHA TOCATHYTH, BUKOPUCTOBYIOUH HUXYUI poOO-
4yl MOTEHINAN efiekTpoaa. Busieieno (puc. 8), mo 3a norenmiany +0,2 B (pH 8,2), sikuit
BiJIMOBiIa€ MepIIiii XBUJI OKUCHEHHS Tiapa3uHy, cyTTeBo (10 ~100 c) 3pocTae TpuBajicTh
BIJIKIIMKY CEHCOpa, TOJI SIK Aiana3oH JIHIHHOCTI BIAKIMKY Ta Me)Ka BUSBICHHS TiApa3suHy
(~15 MKkM) pakTHYHO HE 3MiHIOIOTHCS.
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a o
Puc. 6. Amnepomerpuuni Biakmuku (3a E=+0,55 B ta pH 9,3) makeTa rinpa3snHOBOTo ceHcopa Ha
ITAH/Pd-maropmi Ha ToaBaHHS PO3YKHIB BU3HAYYBAHOTO CyOCTpary (&) Ta rpajiyroBaibHui
rpadik (6) KOCIiKYBaHOTO CeHCOpa
Fig. 6. Amperometric responses (E = +0.55 V and pH 9.3) of the hydrazine sensor model on the PAn/Pd
platform to the addition of the solutions of determined substrate (a) and the calibration graph (6) of studied

CNH ), Mk

T T T
0 200 400 600 300 t,c 0 200 400 €00 C(N_H ), mxM

a o
Puc. 7. Amnepomerpuuni Biakmuku (3a E=+0,6 B Ta pH 8,2) MakeTa rinpa3nHOBOro ceHCOpa Ha
IMA#n/Pd-mnatdopmi Ha go1aBaHHS PO3YKHIB BU3HAYYBAHOTO CyOCTpaTy (&) Ta rpaayroBaabHUA
rpadik (6) KoCiKyBaHOTO CEHCOPa Il MIKPOMOJISIPHOTO KOHIIEHTPAI[IMHOTO Jiana3oHy
Fig. 7. Amperometric responses (under the E = +0.6 V and pH 8.2) of the model of hydrazine sensor
on the PAN/Pd platform to the introduction of the solutions of determined substrate (a) and the
calibration graph (6) of studied sensor for the micromolar concentration range

C(N_H,), mM

I, MKA
™

T T
0 200 400 soo t, C 0 100 200 C(N_H ), mxM

Puc. 8. AMnepomerpuuHi Binkmuku (3a E=+0,2 B ta pH 8,2) MakeTa rizpa3nHoBoro cencopa Ha
[TAH/Pd-mutatdopmi Ha o1aBaHHs PO3YHHIB BU3HAUYBAHOTO CyOCTparty (&) Ta rpaayroBalbHHI
rpadik (6) 1OCHiIKyBaHOTO CEHCOPA ISl MIKPOMOJISIPHOTO KOHIIEHTPAL[IHHOTO Aiana3oHy
Fig. 8. Amperometric responses (under the E = +0.2 V and pH 8.2) of the model of hydrazine sensor
on the PANn/Pd platform to the introduction of the solutions of determined substrate (a) and the
calibration graph (6) of studied sensor for the micromolar concentration range
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BrimB KucIIOTHOCTI cepeoBHIa HAa XapaKTEPUCTHKH MAKeTiB aMIIEPOMETPUYHUX TiJpa3suHOBUX
ceHcopiB Ha ocHOBI [IAH/Pd HaHOKOMIIO3UTA
The influence of medium acidity on the characteristics of the amperometric hydrazine sensor on the
base of PAn/Pd nanocomposite

H PobGounit Jliana3oH JTiHIHHOCTI R? UytnuBicTh ceHcozpa,
p noTeHiyian, B BIJIKJIUKY MKA MM -cm™
6,7 +0,55 2-7 MM 0,9941 17,99
7,5 +0,50 30-655 MmxM 0,9925 6,817

10-1 000 MmxM 0,9984 40,76

82 +0,60 0,5-8,5 MM 0,9964 10,06
' 10,045 MM 0,9943 6,068
+0,20 15-350 MmxM 0,9918 35,76

25-300 MmxM 0,9945 50,10

88 *0.55 0,5-1,35 MM - 35,32
1,0-9,5 MM 0,9927 9,269

93 *055 10.5-24,0 wM 0.9982 7.224

4. BUCHOBKH

OTxe, enekTpoan, Moau(ikoBaHi TOHKHMU TTiBKaMu [TAH Ta gexopoBaHi manamie-
BUMH HAaHOYACTHHKaMHU (cepemHiid miamerp ~30 HM), MOXYTh CIyTyBaTH IDIaTdopMamMu
aMIepOMETPUIHUX CEHCOPIB Iy BU3HAYCHHS TiipasuHy y myxHomy (pH 8,2) cepemoBui.
UyTIUBICTh TAaKUX CCHCOPIB y MIKPOMOJISIPHOMY KOHIICHTPALiHHOMY iHTEpBali CTaHOBHTH
~40 MKA-MM -cM 2, IpoTe aHaTi3 JTiTepaTypHIX JAHAX CBIXYHTS, IO IO XapaKTEePHCTHKY
MO)KHa CYTTE€BO HMOKpALIUTH, 3MECHIIHMBIIN Ha MOPSAIOK PO3MIp OCaPKyBaHUX Ha MOBEPXHi
€JIEKTPOIPOBIIHOTO MOJIMEPy HAHOYACTHHOK MeTaly (Maiaio).

[IpencraBneni B gaHiil CTaTTi pe3yibTaTH IOCTiKEHh OTpUMaHi 3a (iHAHCOBOI Iif-
TpuMKH MiHICTepCTBa OCBITH 1 HayKH YKpaiHH B paMKax BUKOHAHHS HAYKOBO-IOCIHIiTHOI
poboti  “HaHOKOMIIO3WTHI Ta HAHOCTPYKTYPOBaHi CHCTEMH 3  KaTaJiTHYHUMH
Bnactuoctsimu” (JIP Ne 0117U001235).
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THE INFLUENCE OF MEDIUM ACIDITY ON THE EFFICIENCY OF THE
AMPEROMETRIC SENSOR ON THE BASE OF PALLADIUM-POLYANILINE
NANOCOMPOSITE FOR THE HYDRAZINE DETERMINATION

I. Cherniukh, O. Reshetnyak*, Yu. Semenyuk, O. Pereviznyk, I. Saldan

Ivan Franko National University of Lviv,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine
e-mail: oleksandr.reshetnyak@Inu.edu.ua

The electrocatalytic properties of a platinum electrode, modified by a thin polyaniline (PAn)
film, decorated with palladium nanoparticles (Pd-NPs) in diameter of ~30 nm, was tested by cyclic
voltammetry method in the hydrazine oxidation reaction for series of phosphate buffer solutions with
a pH of 6.7 to 9.3. It was determined that hydrazine oxidation is multistep process and two waves of
oxidation are observes on the cyclic voltammograms (CVA). Analysis of the results suggests that the


mailto:oleksandr.reshetnyak@lnu.edu.ua

I. YepHtox, O. PewweTHsik, KO. CemeHIok Ta iH.
ISSN 2078-5615. BicHuk JIbBiBCbKOro yHiBepcuteTy. Cepis ximiyHa. 2019. Bunyck 60. Y. 2 345

first stage (with maximum of oxidation currents at +0.15 V) is one-electron, while the next (with
maximum of oxidation currents at +(0.55-0.70) V) is the three-electron process and leads to the
formation of the final product - molecular nitrogen. More meticulous analysis indicated that at pH>
8.8 on the CVA one more third reversible wave (in the +(0.3-0.4) V and —(0-0,2) V intervals,
respectively) can be identified, which corresponds to the oxidation/reduction of Pd-NPs to
palladium(Il) oxide. It has been proposed that in the basic media on the PAn/Pd-NPs modified
electrode the transfer of only first electrone is exclusively electrochemical process, while a further
transformation of produced intermediates can proceeds both electrochemically and in the result of
their chemical interaction with the palladium(ll) oxide.

The PAn/Pd-NPs modified electrode was tested as an platform of the amperometric sensor for
the hydrazine determination. It is shown that the optimal pH for the sensor is 8.2. Under these
conditions, the response times of the sensor for the working potential +0.6 V (which corresponds to
the maximum current of the second wave of N,H, oxidation) are 3-10 s. The linearity of the response
current of sensor to the hydrazine concentration is observed for two intervals, namely for the 0.01—
8 mM and 8-25 mM. The sensitivity of the sensor for these intervals is 40.8 and 6.07 pA-cm>mM™,
respectively. Moreover, it has been found that the sensor can also work efficiently for potentials that
correspond to the first wave of hydrazine oxidation. In particular, the linear response at E = +0.2 V
observes in the 15-350 uM concentration range at a sensitivity of 35.76 pA-cm 2mM ™,

Keywords: palladium nanoparticles, polyaniline, amperometric chemosensor, hydrazine.
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