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IMnartunoBi enekTpond, MoAM]IKOBaHI TOHKOK MOJIAHUIIHOBOIO IUTIBKOKO, IEKOPOBAaHOO
HaHOYACTHHKaMU nanafito (~30 HM), IPOTECTOBAHO SIK IUTATQOPMH aMIIEPOMETPHIHOIO CEHCopa JUIs
BH3HA4YCHH TifpasuHy. [loka3zaHo, mo onTuMaiabHUM i QyHKIioHyBaHHS ceHcopa € pH 8,2, 3a
TaKMX yMOB 4ac BIAT'YKY JaTduKa 3a pobodoro moreHuiany +0,6 B 3menmryerses 3 1 xB 10 3-10 ¢
TIOPiBHSHO 3 CEHCOPOM Ha CYTO ITONiaHiTiHOBIH mardopmi. JIiHiiHICT cTpyMy BIATYKY AaTuHMKa 10
KOHIICHTpalil Tiipa3suHy NPOCTEXYEThCs Uil IBOX iHTepBaiiB, a came 0,01-8 Ta 8-25 MM, 3a
gyTiuBocTi gatunka 40,8 Ta 6,07 MxA-cM M, BigmosiaHo. KpiM Toro, 3’sCOBaHO, IO NaTYHMK
TakoXX MO)ke e()eKTHBHO MPALIOBATH ISl MOTCHIiaNiB, sIKi BIAMOBIIAIOTh MEPIIii XBUIII OKHCHEHHS
rigpasuny. 3okpema, JiHIHHICTh 3aJeKHOCTI cTpyMmy Binkimuky npu E = +0,2 B mpocrexyerscs B
niana3oHi koHuenTpamii 15-350 MkM 3a uyTiuBocTi 35,76 MKkA-cM ML,

Kniouosi cnoséa: HaHOUACTMHKM Tayajilo, MONIAHITIH, aMIIEPOMETPUYHHN XEMOCEHCOp,
rifipa3uH.
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1. Betyn

TNppasun NoH, € BaxkimuBuM peareHToM 1Sl XIMIYHOT MpoMHCIIoBocTi. BogHowac, 11e
HaJI3BUYaliHO TOKCHYHA PEYOBMHA, Ky BIIHOCATH A0 HEpIIOro kiacy HeOesneku. Tomy
pO3po0Ka eKcIpec-MeTO/IB JeTEKTyBaHHS Ta BU3HAUEHHS BMICTY I[i€i pEUOBUHH € aKTy-
QJIbHAM 3aBJaHHAM, HaJ PO3B’SA3KOM SKOT'O MPALIOIOTh YNCIECHHI HAYKOBI TPYIH 110 BCHOMY
cBiTy. PO3pi3HAIOTE TpU KOHIEHTpamiiiHi miamazonn BuzHaueHHS N2Hi, a came BuOyxo-
HeOe3MeyHnid, TOKCHYHUI Ta TpaHMYHUHM piBHI. Ba)IMBUM € BU3HAU€HHS KOHIICHTpAIii
Tifpa3uHy y BCiX Jiama3oHax, MpoTe OUTBIIICTh AOCHTIKEHb OCTaHHIX POKIB 30CepemKeHa
Ha nerekryBanHi NoHs came Ha rpanmuyHOMY piBHI. HalmepcneKTHBHININM y IIbOMY BH-
MAJKy € 3aCTOCYBAaHHS EJIEKTPOXIMIYHMX CEHCOpPiB, e()eKTUBHICTh SKMX BHU3HAYAIOTH, I'0-
JIOBHO, 3aCTOCYBAaHHSIM BHCOKOAKTHBHOTO eleKTpokartamizaropa okucHeHHS NaoHi. IIporte
XapaKTEPUCTUKH HABIThH JyXKe YyTIHBOIO CEHCOPAa MOKHA CYTTEBO MOKPAIIUTH, BUKO PHC-
TaBIIM KaTaji3aTOp HAHOPO3MIPHOTO CTYIIEHS AWUCIEPCHOCTI, KU Oyae piBHOMIpHO po3-
TOAUIeHUH 1Mo 1o0pe PO3BUHYTIH MOBEpXHi. TaKWMH MTOBEPXHSAMH, 30KpEMa, BOJOMIIOTH
BYTJICIIEBI MaTepiani, a00 K BUCOKOMOJIEKYIISAPHI PEYOBHHH, TOHKAMHU IIapaMH SKUX MOKHA
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JIOCHTH MPOCTO MOAM(DIKYBAaTH MTOBEPXHIO ENEKTPOAA-TIiAKIaIKi. ToMy ChOroHI aKTUBHO
BEAYThCS TIOIIYKM HOBHX €JIEKTPOKAaTal i3aTOpPiB OKWUCHEHHS TiJpa3WHy Ha OCHOBI
HAHOYACTHHOK 30j0Ta [1-3], iatunu [2], cpibna [4] uu nmanaxgiro [5—7]. 3’scoBaHo, 110
CYTTEBY POJIb Biflirpae He TibKH GopMma, a i posmip Hanodacturok (HY) merany [4, 5].

IopiBHSAHHS €IEKTPOKATAIITHYHOI aKTUBHOCTI Oaropomuux metanis (Au, Pt, Pd),
npoBejieHe aBTopaMu Tpaii [8] 11010 peakiii OKUCHEHHS TifpasuHy, MOKas3aio, IO Haii-
edexruBHinmMM € Bukopuctanus Pd—HY. IIpore kaTtamiTHYHOK aKTHBHICTIO MIOMO II€l pe-
aKWil TaKOXX BOJIOZi€ HAHOLIBII TOCHIPKEHUH NPEACTABHUK KJIACy €JIeKTPOAKTHBHUX IMTOi-
MepiB, a came nomianinid (ITAH) [9]. Tomy mis komnosutis [TAH/Pd—HY MoxHa ouikyBaTH
BUHUKHEHHSI CHHEPI€TUYHOT0 €EeKTy, 1[0 MOXKE CYTTEBO MiJBHIIUTH YyTIUBICTh Tipa3u-
HOBHX ceHCOpiB Ha Takiil mardopmi. [IAH/Pd koMIO3UTHUIA eneKkTpoKaTaizaTop, ofepikKa-
HUI ro1apoBoo ajacopouieto komoHeHTiB (ITAH Ta monepennbo cunrezoBanux Pd—HY),
ycmimHo anpo6oBano aBtopamu npaui [3]. IIpore HaiiBuina e(eKTHBHICTH METaneBOro
KOMITOHEHTA JIOCSTaTUMETBCSI TOJIl, KOJIH HOro HaHOYACTUHKH 3HAXOJUTUMYThCs Oe3rnoce-
penHbO Ha MOBEPXHI MOJIIMEPHOI TUTIBKH, TOOTO MaKCHMAallbHO KOHTaKTYBaTUMYTh 3 PO3-
YHHOM JIOCIIJPKYBAHOTO aHaliTy. Mu po3poOMiIM MEeTOAMKY MOJIOHOI JeKopallii TOHKUX
wiiBok [TAH HaHOYaCTHHKAMU mamiajiro (cepemtii po3mip ~30 uM) 3 yrBopentsm [TAH/Pd
Hanokommosuta [10]. Tomy mera i€l npamni — anpo6artisi MOAU(IKOBAHUX TAKUM KOMIIO-
3utoM Pt-enexTposiB sk aTdopM aMnepMeTpUYHUX CEHCOPIB Ha TiIpa3HH.

2. Marepiaju Ta MeTOAMKA eKCIIePUMEHTY

Juist oca/pKeHHsI MONIMEPHOI IUTIBKM BUKOPUCTOBYBanu aHuliH mapku “SIGMA-
ALDRICH” (uucrota >95 %). Inmmi peaxtusu Mapku Oynu kpamidikamii “x.u.” Ta “u.m.a.”,
TOXX BUKOPHCTOBYBAIHCS 0€3 MOIEPEeIHbOro OYHMIICHHS. Yci poOoyi po3dMHHM TOTYBaJH,
BUKOPHCTOBYIOYH [BiUi IIeperHaHy BOJY, 3 OOOB’SI3KOBMM I’ SITHAALSTH-XBWIMHHUM Oap-
0OTYBaHHSIM MPUTOTOBAHUX PO3YMHIB aproHOM Oe3MocepeHbO Mepes] iXHIM BUKOPUCTAH-
HSM I BUJAJIEHHS PO3YMHEHOTO KHCHIO.

OcapKeHHsl TTOIaHIIIHOBOI TUTIBKH MPOBOJMIIM B TMOTEHIIIOAMHAMIYHOMY PEXHUMI 3
0,5 M Bozanoro po3uuny asiminy B 0,5 M cynbdaTHIl KUCIIOTI, IECATHPA30BO CKAHYIOUU
HOTEHIIia] poboYoro IIATMHOBOrO ejlekTpona (auck miometo 0,25 cm?) B Mexax Big —0,1
10 +0,9 B (10 uukiiB ckaHyBaHHS 32 MIBHIKOCTI PO3ropTku moteHiiany se=50 mMB/c; ms
IHIIIFOBaHHS MPOLIECy MoJIiMepH3allii po3ropTKy MepLIoro HUKIy npoBoawin a0 +1,2 B),
BuKopucToByroun Gimorenriiocrar Model AFCBP1 (Pine Instrument Company), criomyue-
HHH 32 JOMOMOTOI0 aHAJIOro-IH(pPOBOro MEPETBOPIOBaYa 3 MEPCOHATIBHIM KOMIT FOTEPOM.
Posroprky 3ynunsiiu 3a notenmiany —0,2 B (Ha cragnii cuHTe3y JieiikoeMepanbIuHy) Ta
MOJISIPU3YBAIN €IIEKTPOJ 32 IHOT0 3HaYEHHA moTeHiany npotsaroM 30 c. HanogucnepcHuit
manaaiii ocamKyBall XiMiYHO, IUITXOM €KCHO3HUII] MOAM(IKOBAHOTO TOHKUM ITOJIIMEPHUM
mapoM ejektposaa B 110~ M BogHOMY po3uuHi Kaniii Terpaxnoponanaznary (pH 3,0) npo-
TaroMm 120 c. Ilicis excrmo3urii moBepXHIO MOIU(IKOBAHOTO €NEKTPOIa TPOMHUBAIN AUCTH-
JIbOBAHOIO BOJIOIO Ta METAHOJIOM.

EnexTpokaTaniTHYHI BIACTUBOCTI MOMU(IKOBAHNX KOMITO3UTOM EJIEKTPOIIB Ta Xa-
PAKTEpUCTUKHA CKOHCTPYHOBAaHMX MAaKETIB CEHCOPIB AOCIHIDKYBAA METONAMHU IIHKIIIYHOL
BonbTammepomMerpil (Mexi ckanyBauus morermiany (—0,4)—(+0,9) B; se=50 mB/c) Ta xpo-
HoaMIiepoMeTpii mist cepii pocaraux Oydepurx posumuie 3 pH Bix 6,7 mo 9,3 [11] y
MIPUCYTHOCTI BU3HAYYBAHOTO aHANITY — TiIpa3HHY.

VYci enekTpoxiMiuHi JOCTIIKEHHS MPOBOAMIN y CTAaHAAPTHIA TPHUEICKTPOIHIA da-
pyHUi 3 pobounM 06’emom 25 cm®. EnekTpoaHi MoTeHLiaiu y mpari HAaBEAEHO CTOCOBHO
HacuueHoro Ag/AgCl enekTpona, SKHid BHKOPUCTOBYBAIH SIK €JIEKTPO OPIBHSHHS.
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3. PesynbTaTH gocaigKeHb TA iX 00rOBOpPEHHS

EnexTpoxiMiuyHe OKMCHEHHS Ti/ipa3uHy Ha MOAN(IKOBAHUX TOHKMMH IIapaMy HaHO-
kommo3uta ITAH/Pd BUBYaIM METOAOM ITUKJIIYHOI BOJBTAMIIEPOMETpIi s cepii pocdat-
Hux OydepHux pozunHiB 3 pH Bix 6,7 mo 9,3, ocKkijbKH, 3TiHO 3 AaHUMHU aBTOPIB Mpari
[12], naitonTumanbHiuM pH JU1sl OKUCHEHHS Tiipa3uHy Ha MEeBHHUX Kartamizaropax € ~7,0.
OKHCHEHHS TiIpa3uHy

NoHs — N + 4H* + de- 1)

€ OaraTtocTagiifHUM MPOLECOM, LIO MiATBEPKYIOTh PE3YNIbTaTH EIEKTPOXIMIYHUX TOCIi-
xeHb (puc. 1). 3okpema, Ha IMKITIYHUX BonbTammeporpamax (LIBA), orpumanux y Kucio-
my (pH 6,7, puc. 1, a) ta nyxuomy (pH 8,2, puc. 1. ¢ Ta pH 9,3, puc. 1, 0) cepenosumiax
YITKO MPOCTSKYIOThCS JB1 XBHWJII OKUCHEHHs. [yt pH 6,7 criBBiAHOIIEHHS ILIONI, SKi Bij-
MOBIIaI0Th MOCHIJOBHUM XBHJISIM OKHCHEHHSI, IAlOTh MiJICTABH CTBEP/PKYBATH, IO IEpIia
crazis (B iHTepBaiti noreHuianis +(0-0,3 B), makcumym cTpymiB okucHenHs npu +0,15 B)
€ OJIHOCNIEKTPOHHOI0, Tomi K B apyriit (E>+0,3 B, MakcumyMm CTpyMiB OKHCHEHHS TPH
+(0,55-0,70) B), sika MPU3BOJAMUTH 0 YTBOPEHHS KiHIIEBOTO MPOAYKTY — MOJCKYJSIPHOTO
a30Ty, BiNOYBA€ThCS TIEPEHECEHHS TPHOX EJIEKTPOHIB, IO Y3TOPKYETHCS 3 PE3YJbTaTaMH
npani [12]. YpaxoBytoun OCHOBHI BIACTHBOCTI Tifpa3uHy, BiAMOBiMHI cTamil OKHUCHEHHS B
KUCJIOMY CEPEJIOBUILII MOXXHA 300pa3UTH TAKMMU PIBHSIHHIMHU:

N2Hs* + 2H,0 — *NoHz + 2H30* + e (2)
*N2Hz + 3H,0 — N + 3H30* + 3¢, (3)

VY cnabkonyxHoMy cepenoBuili (pH 7,5) KMCIOTHO-OCHOBHA piBHOBara
N2Hs + H20 <> NzHs™ + HO, Kp(N2H4)=8,5-10"7 (4)

3MIIIYETHCS B CTOPOHY TiZpa3uHy, a OTxe azcopOuis karioHiB riapasunito NHs" Ha mosu-
THUBHO 3aps/DKEHIN MOBEPXHI €JEeKTPOAa BXKE HE JIMITYE MIBUAKICTh EJIEKTPOXiMIYHOTO
npouecy. Sk Hacninok, Ha 1IBA (puc. 1, 6) mpocTexyeTbcs JHIlIe OJHA YITKO BHpaKEHa
XBWJISL OKMCHEHHs B iHTepBai norenitianis +(0,1-0,7) B. BomHouac yHacmiIoK AempOTOHY-
BaHHS (JIelOMyBaHHsI) MOJIMEpHOI IUTIBKH 3a Mepexoy B 00JacTh “TyXHHUX 3HadeHb pH
(27,5) cyrTeBO 3MEHIIYEThCS 11 TPOBIMHICTD, HACTIIKOM YOTO € 3MEHIIECHHS CTPYMIB SIK
OKHCHEHHS, TaK 1 BiiHOBJIeHHS (puc. 1).

[amoro ocobmuBicTio okucHeHHs NoHs B myxHOMY cepenmosumii (pH > 8) € 3cyB
TePIIOl XBHJII OKUCHEHHS B OUIbIT HeratuBHY 00aacTh ((—0,2)—(+0,1) B), 1m0 € cBiqueHHSM
JIETIIOTO BiIPHBY HEPIIOTO €JIEKTPOHA, Ta, BOXHOYAC, 3MEHIIEHHS CTPYMIiB OKHCHECHHS.
Takuit pe3ynpTaT MOB’SI3aHUN 3 €MEKTPOKATATITHYHIMHE BIIACTUBOCTSAMHU MOIHM(iKyIHOUOTro
ITA#H/Pd miapy Ta 3MeHIIIEHHS TIPOBITHOCTI MOTiMepPy BHACIIIOK [IEI0ITyBaHHs, BiIITOBIIHO.

[puckimnuinmii aHamiz [IBA, orpumanux 3a pH > 8, nokasye, mo ixHiii Xxapakrep
€ 3HAYHO CKJIATHIIINHN HIX 34a€ThCA 3 IepIIoro moriay. 3okpema, 3a pH 9,3 (puc. 1, 0) Ta,
ocoommBo, pH 8,8 (puc. 1,2) ma IIBA MoOXHAa BHIIINTH TPETIO XBHJIIO OKHCHEHHS B
inreprani +(0,3-0,4) B ta xBuito BigHoBieHHS B okoii —(0-0,2) B. 3rizHo 3 maHuMu mparti
[13], y mux iHTepBamax Moe BiZOyBaTHCS 0OOPOTHE OKHCHEHHS/BiIHOBJICHHS HaHOYAC-
TrHOK manaxgiro a0 naramii(Il) okcumy. Toxk MOKHA IPUITYCTHUTH, IO B JIY’)KHOMY CEpeIo-
Buii Ha [TAH/Pd-MomndikoBaHUX eNIeKTpoaax JIMIIE BiJPUB TEPIIOrO €NEKTPOHA € CYTO
EIIEKTPOXIMIYHIM IIPOIECOM, TOJI SK TOAAJBINI ITEPETBOPEHHS IHTEPMENiaTiB OKUCHEHHS
TiApa3uHy MOXXYTh BiIOYBaTHCS SIK €MEKTPOXIMIYHUM IUIIXOM, TaK i BHACIHIOK B3a€MOJIT 3
OKCHJIOM ITaJIaJio.
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Puc. 1. [IBA miaTuHOBHX eleKTpoiB, MoaudikoBanux kommosutom ITAH/Pd, y docdaTaux
Oydepuux posumnax 3 pH 6,7 (a); 7,5 (6); 8,2 (s); 8,8 (2); 9,2 (0) y mpucyrHoCTI TifpasuHy
(xonuenrpauii N2Hs4 HaBeieHO 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 (2); 9.2 (o) in the presence of hydrazine (N2H4
concentrations are presented on the figure)

OckinpKu 1718 BCOTo nociimkeHoro intepeany pH Ha [IBA mpocrexxyBaimcs Mak-
CIMYMH OKHCHEHHS Tipa3uHy, BUCOTA SKUX 3pOcTalia 31 30UIbIICHHAM HOTro KOHIIEHTpAIlii,
TO MOIM(iKOBaHI €IEKTPOIN MU IPOTECTYBANHU K TIATPOPMH aMIIEPMETPUIHAX CEHCOPIB
HA TiJ[pa3yH, BUKOPHCTOBYIOUYH METOJ XpOHOaMIiepoMeTpii. Pobounii moTeHmian enexrpona
BUOMpany, KEepYyIUHCh IIOJOKEHHSIM MAKCHUMyM CTPyMYy JpYyroi XBHJII OKHCHEHHS
rigpasuny, a came +(0,5-0,6) B. Otprmani pe3ynbTaTy JOCTIIKEHb HAaBEICHO Ha puc. 2-8.
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3’sicoBano, mo B kuciaomy (pH 6,7; puc. 2) ta npaktuuHo HelrpansHomy (pH 7,5;
puc. 3) cepeoBHUIIax Yac BiAKIUKY CKOHCTPYHOBAHUX CEHCOPIB HA JIONAHI KUTBKOCTI BU3-
HaYyBaHOTO aHAJIITy CTaHOBHMB Onm3bKo 1 XB. BojHOUAaC Taki ceHCOpH MOIJIH IMPaIlOBaTH
JIMIIE TiCHsE MEBHOTO “XO0JI0CTOr0” IMepioy, MPOTSToM SIKOTO BiIOYBajIoCs OKMCHEHHS MOJi-
AHUITHOBOI CKJIa/10BOT MOJIM(iKYIOUOro NOBEPXHIO poO0Yoro eiekrpona mapy. Bognouac y
myxHoMy cepenoBuii (pH > 8; puc. 4-6) okncHo-BiqHOBHI nporieck [IAH npurHidyBau-
Csl, a Yac BIJKIIMKY 3MeHIIyBaBcs 10 3—10 ¢, 1m0 ayke BayKJIMBO /It QYHKIIOHYBaHHS caMe
ceHcopHux npuctpoiB. Ille onHi€l0 O0COONMBICTIO BUKOPUCTAHHS JY)KHOT'O CEPEIOBUINA €
HAsBHICTH JBOX IHTEPBAJIB JIHIHHOCTI BIJKJIMKY BiJi KOHIICHTPAIll BU3HAYYBAHOI pedo-
BuHHN — <10 Ta >10 MM (puc. 4, 6). [Ipu bOMY YYTIUBICTE CeHCOpa (KYT HAXWITY TPaIyro-
BAJILHOTO rpadika) 3i 301IbIIEHHSIM KOHIIEHTpAIT I Jpa3uHy JIeno 3MEeHIIIyBaIacs.

50+
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30 35
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= - 30
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251
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201"
T T T T T 1 T T T T T T
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Puc. 2. Amnepomerpuuni Biakinuku (3a E=+0,55 B ta pH 6,7) makera rinpa3siHOBOro ceHcopa Ha
ITAH/Pd-maropmi Ha 10aBaHHS PO3YKHIB BU3HAYYBAHOTO CYOCTpary (@) Ta rpaayroBaibHHUi
rpadik (6) HOCIiKYBAHOTO CeHCOpa
Fig. 2. Amperometric responses (under the E = +0.55 V and pH 6.7) 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
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Puc. 3. Amnepomerpuuni Biaknuku (3a E=+0,5 B ta pH 7,5) Makera ripa3uHOBOro CeHcopa Ha
ITAn/Pd-miaropMi Ha 101aBaHHs PO3UYKHIB BU3HAYYBAHOTO CyOCTpary (@) Ta rpayroBaibHuUi
rpadik (6) DOCIiKYBAHOTO 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. AmnepomerpuuHi Biakiauku (3a E=+0,6 B ta pH 8,2) makera rigpa3uHOBOro ceHcopa Ha
ITAn/Pd-matopmi Ha 101aBaHHs PO3YKHIB BU3HAYYBAHOTO CYOCTpaTty (&) Ta rpayroBaibHUi
rpadik (6) ZOCNiPKYBAaHOTO CEHCOpA JUTSl MiJTIMOJISIPHOTO KOHIIEHTPALIHOTO JTiana3oHy
Fig. 4. 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 millimolar concentration range
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Puc. 5. AmnepomerpuuHni Biakiauku (3a E=+0,55 B Ta pH 8,8) makera rixpazunoBoro ceHcopa
Ha [TAn/Pd-rutatgopmi Ha JogaBaHHs pO3UMHIB BU3HAUYBAHOTO cyOcTparty () Ta
rpaaytoBanbHuil rpadik (6) HOCITiKYBaHOTO CeHCOPa
Fig. 5. Amperometric responses (under the E = +0.55 V and pH 8.8) 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

AHaJi3 y3araJbHEHHX Pe3y/bTaTiB AOCITIIKEHb CKOHCTPYHOBaHHUX MakeTiB (Tabil.)
MI0Ka3aB, [0 ONTUMAJIBHUM JJIs1 (QYHKI[IOHYBaHHS aMIIEPMETPHUYHMX TiJPa3HHOBHX CEHCO-
piB Ha TwIaThopMi enexTpomaa, MoaudikoBanoro Hanokommosutom ITAH/Pd, € pH 8,2. 3a
TaKUX yMOB JIIHIHHICT BiIKIIMIKY CEHCOpa MPOCTEKYETHCS SIK B Mini- (puc. 4), Tak i Mikpo-
MolspHOMY (pHc. 7) Aiama3oHax KOHIEHTpamii 3a gyramBocTi 10 Ta 40 MrA-MM™!-cm?,
BiJIMIOBiTHO (IMB. TAOIHIIIO).

Burmioi cenexTHBHOCTI ceHCOpa MOYKHA JTOCSTHYTH, BUKOPHCTOBYIOUH HIDKIUH Po0O-
YMiA TOTEHIaN enekTponaa. Bussieno (puc. 8), mo 3a morenmiany +0,2 B (pH 8,2), axuit
BIJMOBiIa€ TIEPIIil XBIIII OKHUCHEHHS Tiqpa3uHy, cyTTeBO (10 ~100 c) 3pocTae TpuBaIicTh
BIIKJIMKY CEHCOpa, TOMI SIK Jiama30H JIHIHHOCTI BiIKIMKY Ta MeXa BHSABJIICHHS TiIpa3uHy
(~15 MKM) IPaKTUYHO HE 3MIHIOIOTHCS.
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Puc. 6. AmnepomerpuuHi Biakiauku (3a E=+0,55 B Ta pH 9,3) Makera rigpa3suHOBOro ceHcopa Ha
ITAn/Pd-matopmi Ha 101aBaHHs PO3UYKHIB BU3HAYYBAHOTO CyOCTpary (&) Ta rpayroBaibHUi
rpadik (6) HOCITiKYBaHOTO 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
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Puc. 7. AmnepomerpuuHi Biakiauku (3a E=+0,6 B ta pH 8,2) makera rigpa3uHOBOro ceHcopa Ha
ITAH/Pd-maropmi Ha 101aBaHHs PO3YKHIB BU3HAYYBAHOTO CyOCTpary (&) Ta rpaiyroBaibHuUi
rpadix (6) KOCITIIKYBAHOTO CEHCOpa ISl MiKPOMOJISIPHOTO KOHIICHTPALIHOTO [iara3oHy
Fig. 7. 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
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calibration graph (6) of studied sensor for the micromolar concentration range
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Puc. 8. Amnepomerpuuni Biakauku (3a E=+0,2 B ta pH 8,2) makera rigpa3uHOBOro ceHcopa Ha
ITAn/Pd-miaropmi Ha 101aBaHHs PO3YKHIB BU3HATYBAHOTO CyOCTpary (@) Ta rpaiyroBaibHuUi
rpadik (6) HOCIiPKYBAHOTO CEHCOpA TSl MiKPOMOJISIPHOTO KOHIIEHTPALIHHOTO Tiana3ony
Fig. 8. Amperometric responses (under the E = +0.2 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
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Brumis KI/IC.HOTHOCTi CepeaoBHIIIa Ha XapaKTEPUCTUKU MaKeTiB AMIIEPOMETPUYHUX l“il[pa?)I/IHOBI/IX
ceHcopiB Ha ocHOBi [TAH/Pd HaHOKOMITO3HTA
The influence of medium acidity on the characteristics of the amperometric hydrazine sensor on the
base of PAn/Pd nanocomposite

H Pobouwmii Jliana3oH JiHIHHOCTI R2 UyTimBicTs ceHcopa,
p noTeHIian, B BiIKIIHKY MKA-MM !-cm 2
6,7 +0,55 2-7 MM 0,9941 17,99
75 +0,50 30-655 MxM 0,9925 6,817

10-1 000 MmxM 0,9984 40,76

8.2 +0,60 0,5-8,5 MM 0,9964 10,06
! 10,045 MM 0,9943 6,068
+0,20 15-350 MM 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

9.3 +0,55 10,5-24,0 MM 0,9982 7,224

4. BucHoBKM

OTmxe, enexkrpoan, MoauikoBaHi TOHKUMU IwTiBKaMu [TAH Ta AeKopoBaHi mayasie-
BUMH HaHouacTUHKaMu (cepeaHiii miamerp ~30 HM), MOXyTh CIyryBatu Iuatdopmamu
aMIIEpOMETPUYHHX CEHCOPIB JIJIsi BU3HAUCHHS Tifipa3uny y nyxHomy (pH 8,2) cepenosuii.
UyTiMBICTh TAKMX CEHCOPIB Y MIKPOMOIISIPHOMY KOHIECHTPAI[IIHOMY 1HTEpBaJi CTAHOBUTH
~40 MkA-MM ! cM 2, TIpoTe aHai3 JIiTepaTypHHUX JAaHUX CBiAYUTh, LIO L0 XAPAKTEPUCTUKY
MO)KHA CYTTEBO ITOKPALIWMTH, 3MEHIIMBIIY Ha MOPSIOK PO3MIp OCa[PKyBaHUX HA MOBEPXHI
€JIEKTPOIPOBITHOTO MOTIMEPY HAHOYACTHHOK MeTaly (Iaaiito).

[IpexacraBneHi B qaHiii CTATTi pe3yabTaTH JOCIIIKEHb OTpUMaHi 3a GpiHaHCOBOT Iij-
TpUMKH MiHICTEpCTBa OCBITH 1 Haykd YKpaiHH B paMKax BUKOHAHHS HAYKOBO-IOCIIIHOT
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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
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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
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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(ll) 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 N2H4 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-cm2.mM1,
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~2-mM,

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