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HNOTEHIIOMETPUYHUIN CEHCOP JJIsI BUSBHAUEHHSA HA®A3OJIHY

Po3zsumor npuxiaonoi ionomempii Ha OGHOMY emani UMAAE SIK MeOPEeMUUHUX 00CTIOdHCeHD, BKIAOCHUX ) 3'ACYBAHHS
npUpPoOOU CeLeKMUSHOCTE eNeKMPOOHUX MeMOPAH, [ NOULYKY HOBUX CHOCOOI6 CUuHmesy MeMOpan ma 1020 Moougikayii
3 MEMor OMPUMAHHA OOCKOHATIUUX CIMPYKMYPHUX OOUHUYDL 13 WUPWUM OIana3oHOM. (YHKYIOHATbHI 61ACMUBOCT YUX
mamepianie. J{na supiuienns yiei npooiemu 8axciusy pois 8idiepac 6CMaHOBIEHH sl 36 513Ky MidiC CIMPYKMYPHUMU XApaKme-
PUCTUKAMU MeMOPAH A X 6NIUEOM HA eNeKMPOAHATIMUYHI enacmueocmi. Bzaemoodia opeaniunozo kamioHy Hagazoniny
(HAD") 3 memunosum opardxcesum (MO) 6yno docrioiceno. Memooom mamemamuiHo2o MOOEN08AHHA OOLPYHIMOBAHO
eHepeoeexmugHicms opmyeanta IA. Monexyrsapne mooentosanus cucmem MO~ + HAD" ma nos’si3ami 3 HuM po3paxyHKiL
npogoounu 3 sukopucmannsim naxema «HyperChem 8.0» 01 pisHOMAHIMHUX NOYAMKOBUX BAPIAHMIE PO3MAULYBAHHSL NPO-
MUIOHI6 8IOHOCHO 00UH 00H020 (npoyedypa «single pointy). I eomempuury onmumizayiio ioHi6 nPo8OOUU MemMOOOM MoJle-
kysproi mexanixu MM+. Po3pobneno naghazonin-cenexmusnuti cencop i3 niacmughixosanolo noigiHiIxiIopuoHo0 memopa-
Hoto. Enexmpo0 micmums ionHuil acoyiam Hagazoniy 3 Memuniogum opanicesum. [is Mooemnosanst ckiady MmemMmopanu sax
mampuyio euxopucmogyeanu I1BX; docniooceno membpanu, niacmugikosani oudymingpmanamom ([b®), diemungpmana-
mom ([{E®), oiokmungpmanamom ([JOD), dinoningpmanamom (JJH®D), oubymuncebayurnamom ([{bC), mpuxpesunrpocgham
(TK®). Bcmanoeneno, wo npupoda niacmughikamopa 0ewo eniueac Ha Kpymusny i 00 NeHoi Mipu Ha Medlcy GUAGIeH-
Hs1 cercopie. Bioeyk ninitinutl y mescax sminu konyenmpayii HA®-ionie 1-10°—1-10"" monv/n i3 kpymusHoto enekmpoonor
@yuxyii 53,1 £ 1,0 mB/pC. Cerncop mae weuokuii uac 6ioeyky 10 ¢ i modice GUKOPUCTNOBYBAMUCA He MeHule 8 MUNCHIE De3
0y 0b-AKUX BIOXULEHb ) 00820CMPOKO8itl hepcnekmugi. Cencopu 3 OLtbUUM BMICIOM naacmugixamopa npayooms 0osule,
HidiC 3 MeHwum emicmom. Enexkmpoo mooicna euxopucmosgyeamu y dianazori pH 4,0-10,0. Bynu docriosceni koeghiyienmu
cenexmusHoCmi 0151 Haghasoniny no GiOHOUIEHHIO 00 I0HIB, WO NOMEHYIIHO MOXCYIb 3a8axcamu. [ oyiHKu po3pooieHux
cencopis 0y110 nposedero ix anpobayilo wodo HaAMA30NiHYy 6 MOOETbHUX PO3YUHAX I JIKAPCbKUX opmax. [anui cencop
BUKOPUCIOBYBAIU SIK THOUKAMOPHULL eeKMPO0 PU NOMEHYIOMEMPUYHOMY GU3HAYEHHT HAQA30NINY Y TIKAPCLKUX (popmax.

Knrouogi cnosa: nagpasonin-cenexmuenuii cencop, nomenyiomempis, GUHA4eHHs HAPA30NIHY.

Zholt KORMOSH

PhD in Chemistry, Professor
ORCID: 0000-0001-6018-8787
Scopus Author ID: 35580134800

Mykola SHEVCHUK
PhD in Chemistry, Associate Professor, Associate Professor of the Department of Materials Science,

Lutsk National Technical University, str. Lvivska, 75, Lutsk, Volyn region, Ukraine
ORCID: 000-0002-6602-2929

Natalia KORMOSH

Lecturer, Volyn Medical Institute, str. Lesi Ukrainky, 2, Lutsk, Volyn region, Ukraine, 43000
ORCID: 0000-0002-4272-888X

Scopus Author ID: 23018964400

Kateryna LYUSHUK

Candidate of Pedagogical Sciences, Lecturer,

Volyn Medical Institute, str. Lesi Ukrainky, 2, Lutsk, Volyn region, Ukraine, 43000
ORCID: 0000-0003-2189-0332

Svitlana KOROLCHUK

PhD in Chemistry, Associate Professor, Associate Professor of the Department of Inorganic and Physical
Chemistry of Lesia Ukrainka Volyn National University, 13 Voli Ave., Lutsk, Ukraine, 43025

ORCID: 0000-0002-5830-3966

21



[Ipobnemu ximii Ta cranoro po3Butky, Bum. 3, 2023

Tatiana SAVCHUK

PhD in Chemistry, Associate Professor, Associate Professor of the Department of Inorganic
and Physical Chemistry of Lesia Ukrainka Volyn National University, 13 Voli Ave., Lutsk, Ukraine, 43025
ORCID: 0000-0001-9416-0643

Oksana YURCHENKO

Candidate of Physical and Mathematical Sciences, Associate Professor, Associate Professor of the Department of
Inorganic and Physical Chemistry of Lesia Ukrainka Volyn National University, 13 Voli Ave., Lutsk, Ukraine, 43025
ORCID: 0000-0002-6602-2929

Lyudmyla PISKACH

PhD in Chemistry, Professor at the Department of Inorganic and Physical Chemistry, Lesya Ukrainka
Volyn National University, 13 Voli ave., Lutsk, Volyn region, Ukraine, 43025

ORCID: 0000-0003-3117-4006

Svitlana BORKOVA
teacher, Kivertsi Vocational Medical College of the Volyn Regional Council, str. Kyivska, 4, Kivertsy,
Volyn region, Ukraine, 45200

To cite this article: Kormosh, Zh., Shevchuk, M., Kormosh, N., Lyushuk, K., Korolchuk, S., Savchuk,
T., Yurchenko, O., Piskach, L., Borkova S. (2023). Potentsiometrychnyi sensor dlia vyznachennia
nafazolinu [Potentiometric sensor for determination of nafalosine]. Problems of Chemistry and Sustainable
Development, 3, 20-25, doi: https://doi.org/10.32782/pcsd-2023-3-3

POTENTIOMETRIC SENSOR FOR THE DETERMINATION OF NAPHAZOLIN

The development of applied ionometry at this stage requires both theoretical research, invested in elucidating the nature
of the selectivity of electrode membranes, and the search for new methods of membrane synthesis and its modification in
order to obtain more perfect structural units with a wider range. functional properties of these materials. To solve this
problem, an important role is played by establishing a connection between the structural characteristics of the membranes
and their influence on the electroanalytical properties. The interaction of the organic cation naphazoline (NAF*) with
methyl orange (MO) was studied. Using the method of mathematical modeling, the energy efficiency of the formation of
the I4 is substantiated. Molecular modeling of MO~ + NAF" systems and related calculations were carried out using the
HyperChem 8.0 package for various initial options for the arrangement of counterions relative to each other (“single point”
procedure). Geometrical optimization of ions was carried out using the MM+ molecular mechanics method. A naphazoline-
selective sensor with a plasticized polyvinyl chloride membrane was developed. The electrode contains an ionic associate
of naphazolium with methyl orange. To model the composition of the membrane, PVC was used as a matrix, investigated
membranes plasticized with dibutyl phthalate (DBF), diethyl phthalate (DEF), dioctyl phthalate (DOF), dinonyl phthalate
(DNF), dibutyl sebacenate (DBS), tricresyl phosphate (TCF). It was established that the nature of the plasticizer somewhat
affects the steepness and to some extent the detection limit of the sensors. The response is linear within the range of changes
in the NAF ion concentration of 1-10°—1-10"" mol/l with a slope of the electrode function of 53.1 + 1.0 mV/pC. The sensor
has a fast response time of 10 s and can be used for at least 8§ weeks without any deviations in the long term. Sensors with a
higher content of plasticizer work longer than with a lower content. The electrode can be used in the pH range of 4.0—10.0.
Selectivity coefficients for naphazoline with respect to potentially interfering ions were investigated. To evaluate the developed
sensors, they were tested against naphazoline in model solutions and dosage forms. This sensor was used as an indicator
electrode in the potentiometric determination of naphazoline in medicinal forms.

Key words: naphazoline-selective sensor, potentiometry, determination of naphazoline.

Hadazonin (Had) — ne mikapcbkwii 3aci0, skMid ~ 0J1aX KOH FOHKTHUBHU, BHKJIMKAIOUU 3BYXXEHHS, IO
BUKOPHCTOBY€ETHCSI SIK IPOTMHAOPSKOBUHM 3acid  NPHU3BOAMUTH 0 3MEHIICHHS 3acTiHUX sBUIL. BiH
1 CyIMHO3BYXYBaJIbHUI 3aci0, 1m0 JofaeTbes no0 Oy 3amareHToBaHui y 1934 pori, a B METUYHOMY
OYHUX Kparenib JJIs 3HATTS 4epBoHUX ouel. Bin  3acrocyBanni yBidmoB y 1942 poui (Fischer,
HIBUJIKO 3HIMae HaOpsK mpu HaHeceHHi Ha ciu-  Ganellin, 20006).
30Bi obOonoHku. lle cummaromimeTnmuHuii 3aciod OuHi Kparut, sKi 3BYXYIOTh HAOpSKII Kpo-
i3 BHPaXEHOI anb(a-aJIpeHEePriYHOI aKTHB-  BOHOCHI cynuHH (o(TanbMosoriuni aprepii Ta
HICTIO, SIKMH Ji€ Ha anbda-penentopu B apTepi-  oQTaJbMOJIOTiYHI BEHH), 00 3MEHIIMTH 4Yep-
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BoHi oui. Hadasonin € 3MillaHuM aroHicToM .-
Ta  O,-aapeHepridnux  penenrtopis.  (Hosten,
Snyder, 2020).

VY 3B’s3Ky 3 MUPOKHM 3acTocyBaHHsIM Had
€ HeOOX1THICTh IOTO aHATITHYHOTO KOHTPOJTIO.

VY niteparypi BiloMi CITIOCOOH OT0 BU3HAUEHHS;
cnekrpodoromerpuunnii  (Souri et al., 2006)
ta ixmi (Kelani, 2021).

MeTor aaHoi pod6oTH OyJ0 BUBUCHHS MOXK-
JIMBOCTI 3aCTOCYBAHHsI BM/IIEHOTO 10HHOTO aco-
uiaty (IA) Hada3zoniHy 3 METHIOBUM OPaH)KEBUM,
SK EJEKTPOJOAKTUBHOI PEYOBHHH TUIACTH(IKO-
Banux ICE Ta cTBOpeHHS Ha Iii OCHOBI HOBOTO
MOTEHIIIOMETPUYHOTO CEHCOpa JUIsl BHU3HAUCHHSI

Ha(azoIiny.
Marepianiu Ta MeTOAHM AOCHITKEHHS.
lonHi acomiaTu OTpUMyBalu MUIAXOM Oca-

JOKEHHSI TIpU 3MINIyBaHHI PO3UMHY HadazoliHy
(1*102 monp/) 3 MO y cniBBigHomieHui 1:1.
Cymim nepeMinryBaid Ta 3ajldllalid MpU KiM-
HaTHIM TemmepaTypi Ha 2 CyTKH. Bumnapmmit
ocaj, Bin(diIbTpOBYBaiu, KiJibka pa3iB MpPOMHU-
BaJIM XOJIOAHOO BOJIOKO 1 CYIIMJIN MPH KIMHATHIH
temrieparypi nporsarom 2-3 ni6. Ilnactudikopani
MemOpanu [IBX roryBaim HacTyHUM YUHOM:
0,7 v moniBiainxnopuny (IIBX) i meBHy Kiib-
kictb A (1-15% Bin 3aranbHOi Macu MeMOpaHN)
nepemimyBanu. Bomunu 0,12 mu minactudika-
topa miokTwidramar (JJO®D), mubyrundranart
(Ab®), mubyTtuncedaunenar (AbC), nunonindra-
nat (JJH®), nierundranar (JED), Tpukpesmi-
¢docdar (TKD) Tta mepeminryBaiu 10 Ofep>KaHHS
oaHOpiAHOT Macu. OTpUMaHy CyMilll IEPEHOCUITH
y dopmy (ximeue aiamerpom 1,5 cm), momepe-
JTHHO BiANUTI(OBAHY Ta NPHUKPIIUICHY IO CKIIS-
HOT MIAKIAJKH, Ta CYIINUIN HA TOBITPI MPOTATOM
5-7 ni6. 3 oTpuMaHUX IUTIBOK BHpi3aid MeMO-
pany aiametrpom 0,7 cM i IPUKIICIOBAIH IO TOPIIS
MOJTiBiHIIXJIOpUIHOT TpyOKH. [ToTeHIioMeTpruYHe
BUMIpIOBaHHs IpoBoauiu ioHomipoM Al-123 mpu
KIMHATHIH TeMIieparypi, K €JIeKTPOJI IIOPiBHIHHS
BUKOPHUCTOBYBAJIM CTaHAAPTHUN XIJIOPUIACPIOHMI
enektpon DOBJI-1M3. Pesynbsratu Ta ix o0roso-
pennsi. Ha ocHOBi koHCTaHT npoToHyBanHs Had
ta nucomianii MO po3paxoBaHi giarpaMu po3Iio-
niny pizaux ¢popm Bix pH. Sk Bunno 3 puc. 1 Had
icHye B omHO3apsaHiN KarioHHIH Gopmi mpu pH
Mmenie 10, a MO icHye mepeBakHO B OJTHO3apsII-
Hil aHioHHIHA dopmu nipu pH Oinbme 3,7. OTxe,
HaWHOUIBII 1IMOBIPHI YMOBHU YTBOPEHHS 10HHOTO
acormiary npu pH 4-10.
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Puc. 1. Po3noain ¢opm nada3zoniny
Bia pH cepenoBuma (1-kationna gopma;
2-moJiekyasipHa popma)

MaremaTu4yHe MOJe/JIIOBAHHS YTBOpeHHsA TA.
MetoaoM MareMaTu4HOro MOJIENIFOBAaHHS OOIpyH-
TOBaHO eHeproe(ekTHBHICTh (opmyBaHHS [A.
Monexkynsipue monentoBans cuctem «MO+Had™
Ta MOB’s3aH1 3 HUM PO3paxyHKH IPOBOJIUIIH 3 BUKO-
pucrannsam nakera «HyperChem 8.0» st pizHOMa-
HITHUX [TOYAaTKOBUX BapiaHTIB PO3TallyBaHHS IPO-
THUIOHIB BIJIHOCHO OJTUH OJHOTO (TIpolieaypa «single
point»). I'eomerpuyHy omnTHMIi3alil0 10HIB MpoO-
BOJAWJIM METOIOM MOJIEKYIISIpHOI MexaHiku MM+.
Crannapray entanbmito (AH)) yTBOpeHHsS i0HIB
Ta acomiary “MO~ + Had™ Bu3Hauanm HamiBemiti-
puunnM MmetonoM PM3. TMapamerpu mux merofiB
mii0paHi TAKUM YHMHOM, III00 BOHU JIO3BOJISUTH Hal-
Kpall¥M YMHOM BIITBOPIOBATH €KCIIEPUMEHTAIIbHI
3Hauenns AH opramiunux cnomyk. Sk npukian
y Tabn. 1 Ta puc. 2 HaBe/leH1 EHepreTUyHi XapakTe-
puctuku B3aemonuii «Hadp*™ + MO».

Tabmums 1
Enepreruyni xapakTepuCTHKH B3a€MOJil
MO+ HA®*
YacTunka E, x/l:x/mMoan
HA®D" 13338,7
MO~ 15814,4
T (MO~ + HAD") 29581,8
MO HAD" 29581,8
¥ (MO~ + HA®") —
MO HA®D" 4287

Puc. 2. PiBHi eneprii ioniB MO, HA®* Ta ix IA;
(1) cyma enepriiit MO~ + HA®" i (2) enepris IA

Sk BUAHO, PI3HUII B €HEprii yTBOPEHHs 10H-
HOTO acoIliaTy i CyMH €HEeprii YyTBOPEHHS HOTo
KOMIIOHEHTIB JtopiBHIOE 428,7 kJ[x/Monb. OTxe,
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nporec yTBopeHHs A € TepMOTUHAMIYHO BUTi[I-
HUM. JloCHiPKEHHST eJIEKTPOXIMIYHUX BJIACTHBOC-
teit orpumanux ICE 3 pi3HUM BMICTOM 10HHOTO
acoliaTy CBIAYMTh, IIO0 BCl BOHM JAIOTh BIATYK
3anexHo Bix morteHmiany ICE Bin koHmeHTpariii
Hada3zomniny B mmpokomy intepsaii: 1-10°—1-10"
MOJIb/J1. JIOCTIIPKEHO BIUIMB BMICTY €JICKTPOIOAK-
TUBHOI PEYOBHHU Ha EJIEKTPOXIMIYHI XapaKTepuc-
Tuku ceHcopiB. Ckian 3minoBaym Bix 1 10 15%
EAP. Pesynbratu nokasanu, 110 y BCiX BHIIaJIKax
eJIEKTpoIHA (PYHKIIIS CIIOCTEPITaeThCs B IHTEpBATI
3minu kouueHrtpamnii Hadazominy 1:-10°-1-10"
MOJTB/JI, KPYTiCTh €IEKTPOAHOT (DYHKIIIT TSI MeMO-
pan 3 pisHuME ckinagamu EAB (1 — 5%) Himkye
3a TeopeTHyHe 3Ha4eHHS HepHcTiBehbkoi (yHKITIT
a YyTJIMBICTh CTAHOBHUTH N 10—5 Momb/n. BuBuanu
BIUTUB Pi3HUX (DaKTOpIiB HA EICKTPOXIMidHI BIIac-
tuBocTi onepkanux ICE — pH, gac Biaryky, npeiid
MOTEHIIIaJTy, BIUTUB BHYTPIIIHBOTO po3uuHy. [loka-
3aHO, MO0 poOOYMI IHTEpBal CEHCOpa CTAHOBHTH
pH4,0-10,0. [Ipeiid morenmiany ckiaanae 1-3 MB/rog.
CraOutpHI  3HAUEHHS EJIEKTPOJAHUX TMOTEHINAIB
BCTaHOBIIOKOThCS TipoTsiroM 3—10 c¢. CuHTe30BaHi
MeMOpaHH 30epiraroTh MoKa3HUKW Bif 1 1o 3 wic.
BuByeHO BIUIMB BHYTPINIHBOTO PO3YMHY Ha E€JIEK-
TpoximiuHi BractuBocti ICE. [yt mboro BHKOpHC-
TOBYBaJIM po3unHM HadazomiH 3 KOHIIEHTpaIliero
1-102, 1-103, 1-10* monb/n1. BeraHoBIeHO, 10 KOH-
LEeHTpalis BHYTPIIIHEOTO PO3YMHY HE BIUIMBAE Ha
notenmian ICE. KoedimienTn moreHioMmeTpuanoi
cenektuBHOCTI (Hada3omnmiH-CeeKTHBHUX CEHCO-
piB BHU3HAYalNu IS Psily BUIIB 10HIB 32 JOMOMO-
rol0 OKpEeMHX pO3uuHIB. BB neskux Heopra-
HIYHUX KaTiOHIB JI0CJII/PKYBaJIU, BUKOPHUCTOBYIOUH
piBHsHHS Hikonbcbkoro-Eiizenmana. Koedimientn
CEJIEKTUBHOCTI, 3HAN/IEH] IIMM METOOM ISl OJTHO-
3apsAJHUX 1OHIB, ONMCYETHCA DiBHAHHAM: 1€ k.
i kj — iHAMBIIyalIbHI KOS(IIIEHTH PO3MOILITY TOJIO-
BHUX Ta CTOPOHHIX 10HIB, 5IKi 3aJI€KaTh TUIbKHU Bij
CTaH/JApPTHUX BUIBHUX €HEPTii rijparaiii Ta coib-
BaTallii, Ta SBJISIOTH COOOI0 KOHIICHTpAIIil BUIBHUX
(He MmoB'sA3aHUX B 10HHI MapH 3 I0HOOOMIHHUKOM)
ioHIB 1 Ta j y (a3i memOpaHu, 3a yMOBH, IO BCi

OOMIHHI IICHTPH 3aiHATI JUIIC 1 ioHaMu abo JuIIIe
J 10HaMU BiANIOB1IHO. BUBYEHO CeNEeKTUBHICTD CEH-
copis mono ionis NH,*, Cu*, K*, Na*, Co*", Ba*',
Ca?, Mg*, 2,3,5-rpudeniarerpasomniii XJIOpH,
N-neTwImipuanHid, TeTpaMeTUIAMOHINH Opomil,
TeTpalyTHIIAMOHIH XJI0pH I, OEH3aTKOHINA XJIOPHUI.

Meroaguka BH3HAYeHHsA. J[l0  aliKBOTHOI
YacTUHY IMpernapary JoaaBajii (OHOBUI PO3YMH
3 pH 4. IlpoBomwiu 5 mapayiellbHUX BUMIpPIOBaHb
MetonoM npsimoi roreniiomerpii (P=0,95) (Tadm. 2).

Tabnuua 2
Pe3ysabTaTu BU3HaYeHHS HAQTU3NHY B
Jikapebknx ¢popmax (n =5; P=0,95)

PernnamenToBanuii 3naiineHo,
BMICT, MT Mr

0,50 0,50+0,01

IIpenapar

Hadruszun, AT
«Dapmaxy, Yrpaina
Hadruzun, AT
«®Dapmakx», YkpaiHa
Canopum, Tesa

UYex [npactpis

c. p. o., Caneka
dapmachroTiKan3
AT, Yemicbka
pecryOiika
Canopun, Tepa

Yex Inmactpis

c. p. 0., Canexa
DapMmachIOTiKaI3
AT, Yemicbka
pecnyOiika

1,00 0,99+0,02

1,00 0,99+0,01

0,50 0,50+0,02

BucnoBok. IlokazaHo, ©I0 CHHTE30BaHHH
ioHHUH acoriaT HadazolliHy 3 METUJIOBUM OpaH-
J)KEBUM MOKe OyTu Bukopuctanumii sk EAP nmns
BU3HAYCHHs Ha(a3oyiHy y JIKapChbKUX (opmax.
JlochikeHo yMOBH pOOOTH 3alpOIIOHOBAHOTO
ceHcopa (BB pH po3unHy, BHYTPIIIHBOTO PO3-
YUHY, TPUPOAM IuTacTU(iKaTopa, KOHIICHTpAIlil
Ha(a30/IiH-10HIB, Yacy BIATYKY, 4ac JKUTTS €JeK-
Tpozja Ta iH.) BUBYEHO NHUTAHHS CEJIEKTHBHOCTI
ICE. Ha ocHOBI OTpUMaHUX pe3yJbTaTiB po3po-
0JIeHO HOBY HAiiHYy METOIUKY MOTEHIIIOMETPHY-
HOTO BU3HaueHHS HadaszomiHy, ska ampoOoBaHa
pH HOTO BU3HAYCHHI y JIIKAPChKUX (hopMax.
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