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[Toxa3aHa MOMIHBICTH CTBOPEHHS ITOBEPXHEBO-aKTHBHUX PEUOBHH — 10HOCENICKTHBHHUX EJEKTPOIIB 3 BHYTPIIIHIM
pO3YMHOM — IDTIBKOBHX 3 MEMOpPaHHUM TOKPHUTTSAM. Po3po0OneHi 10HOCENEKTHBHI ENeKTpOaH, OOepHEeHi 0
ANKUTIIMETIIIOCH3WIIAMOHIHM XJIOpUAY Ta MOJCIMIIAWNPOIIICH TpruaMiHy. BUBUEHI eNeKTpOXiMidHI XapaKTEPUCTHKHI
PO3pOGIICHUX 10HOCETIEKTUBHHUX €JIeKTPOIIB ITOKAa3ald Kpallli pe3ysIbTaTH Ul eIeKTPOJAOAKTHBHUX PEYOBHH Ha OCHOBI
aHioHy MoIiOomoochaTHOT KHCTIOTH.

Kouosi cnosa: enekmpoximiuni xapaxmepucmuru, i0OHOCeIeKMUBHI eeKmpoou, anKiIOUMemui0eH3UIaMOHIl X10puo,
0odeyun  Ounponinen  mpuamin, — eneKMpoOOAKMUeHa  peuosuna,  moniboogocpamna  Kucioma,  Hampii
mempacgeninbopam.

OJIEKTPOXUMHUYECKUE XAPAKTEPUCTUKM MOHOCEJIEKTUBHBIX 2JIEKTPO/I0OB, OBPAIIIEHHBIX K
AJIKMJITAUMETWIIBEH3MJTAMMOHNU XJIOPUAY U JOJAELIJI JUITPOITWIIEH TPUAMUHY

Hukonaesa T.I'., Jlyranckas O.B.
3anopooicckuil nayuonanbHulld yHugepcumem, Ykpauna, 69600, 2. 3anopooicwe, yi. Kykoscvrkozo, 66

Iloxa3aHa BO3MOXKHOCTH CO3JaHUs MOBEPXHOCTHO-AKTUBHBIX BCIIECCTB — HOHOCCJICKTUBHBIX 3JICKTPOJOB C BHYTPCHHUM
PACTBOPOM — IJICHOYHBIX C MCM6paHHHM TOKPBITUECM. Pa3pa6OTaHBI HNOHOCCJIICKTUBHBIC DJICKTPOAbI, 06paH.[eHHLIC K
aJ'IKI/IJ'I,I[I/IMCTI/I.]'I6CHSI/IJ'IaMMOHI/Iﬁ XJOopuay U oA JUIIPONWICH TPUAMUHY . HSy‘IGHHHC DJICKTPOXUMHYICCKUEC
XapaKTCPUCTHUKHU pa3pa6OTaHHBIX HMOHOCCJICKTUBHBIX JJICKTPOAOB IMOKA3aJIU JIYUIIHUC PpE3yJIbTaThl JJId
CJICKTPOJOAKTUBHHUX BCHICCTB HA OCHOBC aHHMOHA MOJ'II/I6Z[O(1)OC(1)OPHOI>1 KHUCJIOTBI.

Kniouegvie cnosa: INEKMPOXUMULECKUE Xapaxmepucmuxu, UOHOCENIeKMUBHbIE NEKMpOoobl,
ANKUIOUMEMUNOEHIUNAMMOHULL  XIOpUO,  000eyun  OUNPONUNeH  MPUAMUH,  eAeKMPOOOaKMUBHOE  BeuecmBo,
MOAUbOoPochamuas KUcIoma, Hampui mempagpenuioopam.

ELECTROCHEMICAL CHARACTERISTICS OF ION-SELECTIVE ELECTRODES TURNED TO
ALKYLDIMETHYLBENZYLAMMONIUM CHLORIDE AND DODECYL DIPROPYLENE TRIAMINE

Nicolaeva N.G., Luganska O.V.
Zaporizhzhya national university, Ukraine, 69600, Zaporizhzhya, Zhukovskogo Street 66.

INTRODUCTION

Surface-active substances (surfactants) are the main components that pollute the hydrosphere. Available standardized
methods for determining surfactant due to the low sensitivity and high complexity practically acceptable to objects such
as natural and waste water [1].

Surfactants are widely used in consumer products like, e.g., laundry detergents, cleaning, and dishwashing agents, and
personal care products [2,3].

Because of their widespread use and their properties that allow facile transport between on-miscible phases (oil/water
and water/biological membranes) these surfactants may be found anywhere in the environment. Although they are not
classified as highly toxic substances, some of their metabolites are more toxic than the parent compounds.

Therefore, there is an increasing need for a fast and accurate analytical method to determine their presence.
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Application of ion-selective electrodes (ISE) is one of the modern trends of analytical chemistry. Selectivity, detection
speed allow their use in chemical technology, medicine, biology, the study of the environment and other areas. The
main advantage of the ISE is suitable for continuous automatic control.

Nowadays ISE with liquid membranes plasticized found great use in potentiometric titration and ionometry in general
to determine the various anions and cations.

ISE membranes based on plasticized polyvinyl chloride and charged with neutral ionophores are widely used as tools
for chemical analysis. [4]

Lately, especially rapidly developing research on the use of ion-selective electrodes for the determination of various
organic compounds [5].

Express control requirements, sufficient sensitivity currently meets potentiometric method using ion-selective
electrodes [6,7].

Topical research is the effect of the nature of the electroactive substance (EAS) on the electrode properties which will
improve the characteristics of the electrodes and to predict their importance in the development of new substances.

MATERIALS AND METHODS

The object research involved the surfactant (Fig. 1.2) which are designed for the analysis of ion-selective electrodes
with polyvinylchloride membranes (PVC), plasticized dibutyl phthalate (DBP) and turned to the cation
alkyldimethylbenzylammonium chloride (CS) and nonionic surfactant (NS) dodecyl dipropylene triamine.

As electroactive substance for CS-ISE have been used sparingly soluble in water, but well soluble in a solvent the
membrane — dibutyl phthalate synthesized cation ion associates with alkyldimethylbenzylammonium chloride anions
molybdatophosphoric acid (MPA) and sodium tetraphenylborate (TPB).

For CS ion associates were obtained by adding dropwise 30 cm® TFB 0.1M solution in 20 cm® of 0,1 M CS slowly
while stirring with a glass rod , the resulting precipitates were filtered and dried and then used as EAS .

For NS-ISE electroactive substances — barium cation ion associates with dodecy! dipropylene triamine and TFB anions
and MPA synthesized in example procedure [13].

The resulting ion associates were selected to determine the best electrochemical characteristics of electrodes and apply
this ion associate in the development of ISE for analytical control.

Plasticized polyvinylchloride membrane was synthesized by standard methods [14]. To the beaker were added 1,38 cm?®
of a plasticizer dibutyl phthalate, 0,48 g of PVC powder and stirred them for 3-5 minutes, magnetic stirrer was then
added 4,5 cm® cyclohexanone; dissolving under heating was performed to 60 °C. After cooling, the resulting solution
was weighed portion 0,12 g of EAP, dissolving it under stirring to a homogeneous state and absence of air bubbles. The
resulting solution was poured into a Petri dish 50 mm in diameter.

Optimum composition of the membrane composition for the determination of CS and NS: EAS — 6%, DBP — 70%,
PVC — 24%.

Dependence of the electrode potential on the concentration of CS, NS was investigated in solutions with concentrations
of 10 — 10 M. The inner solution film electrode - 1 « 10 M solution of CS or NS. All solutions were prepared using
distilled water.

RESULTS AND DISCUSSION

Basic electrode characteristics defining the detection limit of the ion range linearity of the response, the drift potential,
while reliable operation of ISE. These factors affect the nature of the plasticizer; nature EAS; pH of the sample solution
[15].

In order to create the best electrode electrochemical characteristics are required to study the influence of the nature of
the EAP on the electrode function. For this purpose membranes were synthesized, where the EAS used
alkyldimethylbenzylammonium chloride ion associates and MPA, alkyldimethylbenzylammonium chloride, and TPB
and barium ion associates with dodecyl dipropylene triamine MPA barium dodecy! dipropylene triamine and TPB.
Constructed calibration curves are investigated membranes (Fig. 6-9).

ISE developed electrochemical characteristics are shown in Tab. 1, 2.

The data show that the best electrochemical performance set for electrodes with ionic associates based on MPA: ISE
have a greater range of linearity of the response of the electrode function, below the limit of detection and a greater
angle. Therefore, the development of solid-state electrodes used ionic associates based anion MPA.
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CONCLUSIONS

1. ISE have been developed turned to cation alkyldimethylbenzylammonium chloride, by utilizing as electroactive ionic
association substance alkyldimethylbenzylammonium chloride — MPA and alkyldimethylbenzylammonium chloride —
TPB.

2. ISE have been developed turned to NS dodecyl dipropylene triamine, using as a substance electroactive barium ion
associates with dodecyl dipropylene triamine — MPA and barium dodecyl dipropylene triamine — TPB.

3. The electrochemical characteristics of the developed ISE showed the best results for the EAS — based anion
molybdatophosphoric acid.

BCTYII

IToBepxueBo-akTuBHI pedyoBUHU (ITAP) BiTHOCATBHCS 10 OCHOBHUX KOMITOHEHTIB, SIKi 3a0pyIHIOIOTh
rizpocdepy. HasBui yHidikoBani meronu BuzHaueHHs [IAP dyepe3 many 4yTiMBICTH 1 BENUKY
TPYIOMICTKICTh IIPAKTHYHO HE MPUIHATHI 0 TaKUX 00'€KTIB, K MPUPO/HI Ta cTiuHi Boau [1].

[ToBepXHEBO-aKTHBHI pPEUOBHHHM LIMPOKO BUKOPUCTOBYIOTHCS B CIOXKHMBYMX TOBapax: MHIOYHX
3aco0ax Juis OYMIICHHS Ta MUTTS TIOCY/Ly, areHTax i 3aco0ax ocoducroi ririenu [2,3].

Yepes ix mMUpOKEe BUKOPUCTAHHS Ta iX BIACTHUBOCTI, SKi JO3BOJIAIOTH MOCHIIIHUN TPAHCHOPT MiX
¢azamu, 1m0 He 3MIMTYIOThCS (Macao/Bosa i Boga/0100oriyHl MeMOpaHH), JAI0Ur iM HIMPOKY 1 JyxKe
BXJIMBY POJIb B pi3HUX OioTexHosoriunux mnpouecax. L{i ITAP moxyts Oytu 3HaiifeHi B Oy/b-
SKOMY MICIIi HaBKOJIMIITHBOTO CEpeJOBUINA. X04Ya BOHH HE KIACH(]IKYIOTHCS SIK BUCOKOTOKCHYHI
PEYOBUHHU, JIesKi 3 IX METa0OMITIB OUTBII TOKCUYHI, HIXK BUX1/IHI CIIOTYKH.

Takum unHOM, iCHYE 3pOcTaroua norpeda y mBUAKOMY Ta TOYHOMY aHAJITUIHOMY KOHTPOJI, 1100
BU3HAYMUTH IX IPUCYTHICTb.

3actocyBaHHs ioHOceneKTUBHUX eneKTpoAiB (ICE) € oqHuM 13 cydacHMX HampsIMKIB aHaJITUYHOI
ximii. BuOipKkoBicTh, MIBUAKICTh BH3HAYEHHS [JO3BOJSIOTH iX BHUKOPUCTOBYBATH B XIMIiuHIH
TEXHOJIOT11, MEAUIMHI, 610JI0Tii, MPYU BUBYEHHI O0'€KTIB HABKOJHUIIHHOTO CEPENOBUINA Ta 1HIIHMX
obnactsix. ['onoBHoro mepeBaroro ICE € mpupatHicTe [uis Oe3nepepBHOIO aBTOMATHYHOIO
KOHTPOJIIO.

B nam yac ICE 3 pinuaHuME miacTU(IKOBaHUMU MeMOpaHaMH 3HAWIILTN BEIHMKE 3aCTOCYBaHHS B
MOTEHI[IOMETPUYHOMY THTPYBAaHHI Ta 10HOMETpIii, 3arajioM isi BU3HAYEHHS PI3HUX aHIOHIB Ta
KaTiOHiB.

ICE 3 MeMOpaHamMy Ha OCHOBI IIaCTU(IKOBAHOTO TMOJIBIHUIXJIOPUAY 3 HEHUTpaJbHUMHU 1
3apsHKEHUMHU 10HO(OpaMH MHPOKO BUKOPUCTOBYIOTHCS SIK IHCTPYMEHTH XiMiYHOTO aHaui3y [4].

OcTtanHIM YacoM OCOOJHMBO 1HTEHCHBHO PO3BUBAIOTHCSA JOCHIKEHHS TI0 3aCTOCYBAaHHIO
10HOCEJIEKTUBHUX €JIEKTPO/IIB Il BA3HAUCHHS PI3HOMAHITHUX OpPraHiyHHUX CHOIYK [5].

Bumoram  ekcmpec-KOHTpOJdIO,  JOCTaTHHOI ~ YYTAMBOCTI B JIaHUM  4ac  BIJNOBiAae
MOTEHI[IOMETPUYHUN METO]I i3 3aCTOCYBaHHSM 10HOCEJICKTHBHUX €JICKTpoIiB [6,7].

AKTyaJIbHUM € JIOCHIJKEHHS BIUIMBY IPUPOJIU eJIeKTpo10akTuBHOI pedoBuHU (EAP) Ha enexTpoaHi
BJIACTUBOCTI, YpaxyBaHHS SKHX JO3BOJIUTh MOKPALIUTH XapaKTEPUCTUKU EJNEKTPOMdiB 1
MIPOrHO3YBATH 1X 3HAUEHHS MPH PO3poO1Il ISl HOBUX PEUOBHH.

MATEPIAJIM TA METOJU JOCJII’KEHDb

[lepeBaskHa OUIBLIICT, METOMAIB BH3HAYEHHSI T'ETEPOLMKIIYHUX CIIOJYK B HAll Yac € BEJIbMHU
JOPOTUM 1 HE 3aBXKJU JOCTYNHUM. ICHye moTpeba B po3poOili MPOCTIMHUX 1 JTOCTYMHIIINX METOJIIB
BH3HAYCHHS T€TEPOLMKIIYHHUX CIIOIYK, HATPUKJIIA, SICKTPOXIMIYHUX — I0HOMeTpuuHuX. [IpocToTa
1 JOCTYHIHICTh amapaTypH, EKCIPECHICTh aHalli3y CHPHUSIIOTh BIPOBA/PKCHHIO LIUX METOJNIB B
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pi3HOMaHITHIN oOxjacTi Ximii, MexunuaM, Olosorii. KpiMm Toro, mpeacraBisie iHTEpeC BUBUYCHHS
MIPOLIECIB, M0 MPOTIKAIOTh Ha KOPJIOHI PO3MOALTY piinHA / pimuHA. 3 OJHOTO OOKY, I1€ MOXIIUBICTh
MOJICIIFOBaHHS TpolieciB, mo mportikaioTh B ICE 3 pimuHHUMEH MemMOpaHamu. 3 1HIIOTO OOKY,
iH(popMallig mpo Il IPOLECH J03BOJISIE KOHCTPYIOBATH HOBE MOKOJIIHHS €JIEKTPOXIMIYHMX CEHCOPIB

[8].

Po3pobka Oyb-sKOi 10HOMETPUYHOT METOJTUKN TOYMHAETHCS 3 BU3HAYCHHS MOTEHIIHHOTO CKIaTy
aHaiizoBaHoi mpoOu. Ilepmr 3a Bce, cimig BoOJOAITH 1HGOPMAIEI MPO MOXJIMBHHN Jl1ara3oH
KOHIICHTPALlii BU3HAYYBaHO! pPEYOBUHH,HASBHICTh CYNYTHIX JOMIIIOK, KHCIOTHY PEaKIIio
cepeoBHUIIa MTPOOH.

Jpyruii etan po3poOKH METOAMKH MOJSTrae y BUOOPI €NEKTPOAIY, KU JO3BOJIMB OM HPOBOJUTU
10HOMETPUYHI BUMIpH y BUOpAHOMY Jiama3oHi KOHIICHTPAIIH Yy MPUCYTHOCTI THX, IO 3aBaXKaIOTh
aHaJTi3y JOMIIIOK.

Tperiii etan po3poOKHU 10HOMETPUUHOT METOAMKH TOJsrae y Buobopi meroxy ananizy. [Ipu Bubopi
METOJIy aHaji3y Tpeba Maru Ha yBa3i, IO MpsMa IMOTSHI[IOMETPis MPUBA0IMBA, TOJOBHAUM YHHOM,
HECKJIA/IHOIO MPOLIEypOI0 aHali3y, METOA J00aBOK — HAAIMHICTIO Pe3yIbTaTiB, a TATPUMETPIS — iX
TOYHICTIO.

Ha ueTtBepToMy eTari po3paxoBYEThCs CKJIA[l PO3YMHY, PETYJIIOKOUYOr0 i0HHY CHJIY 1 KHCJIOTHICTh
CepeIOBHINA, MACKYIOYOT0 BILTUBY KOMITOHCHTIB, 1110 3aBa)karoTh [9].

Meton rpaayioBaibHOrO rpadika € HaWOpOCTIIMM 10HOMETPUYHHUM METOJOM  aHami3y.
I'panyroBanbuuil Tpadix — rpadiuyne 300paxenns 3anexxnocti notenuiany ICE Bix koHUeHTparii.
Tak sgK BIATYK eNeKTpoaa sBisge€ co0or0 jorapudmiuHy (QYHKIIIO KOHIEHTpalli, 3aJeKHICTh
NOTeHIIay Bifl Jorapudma KoHIeHTparii iiniiiHa [10].

[Tponiennypa aHani3y ckialaeTbes 3 2-X eTamiB 1 BKIto4ae rpaaytoBaHHs ICE BiTHOCHO enekTpoay
MOPIBHSIHHS 1 TPOBEJIEHHS BUMIPIB B IP0Oax.

I'panyroBanns nossrae y BuMipi norenuiany ICE B cTraHgapTHHX po3unMHax 3 BiJOMUM BMICTOM
BHU3HAUyBaHOro 10HA. 3a pe3yJbTaTaMH BUMIPIB OyayeTbes rpadik. Y 10HOMETpii HPUNHHATO
BHUpaXaTH KOHIIEHTPALIIO 10HIB Yepe3 BEIUUUHY pX, sIKa JOPIBHIOE:

pX = —lga (1)

Tomy 3 piBHsHHA HepHcTa BHXOIUTH, 110 3aKOHOMIPHICTh 3MIHM HOTEHIIaly Ma€ HACTYMHUN
BUTJISI:

E=B-SpX )

ne E — pizaung norennianiB Mix ICE 1 enekTpoaoM NOpiBHSHHS;
S — HaxXuJ1 eNeKTPOHOIT (PYHKILIT;
B — xoHCTaHTA.

Ls1 3aKOHOMIPHICTh HA3UBAETHCSI €NEKTPOIHOIO (DyHKITIE. Y kKoopauHarax E Bin pX rpaayroBaHHS
€IEeKTPOJIIB Mac BHIJSAJ MPsAMOi, HAaXWI SKOi HAOMMXKAEeThCs a0 BenuuuHu 59,2 MB (s
temneparypu 25 °C) 1t ogHO3apaIHUX 10HIB. [l TBOX3apsIHUX 10HIB HAXMII JOpiBHIOE 29,6 MB.
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SIkIio oTprMaHa 3 TpaJyrOBaHHs BEIWYMHA HAXHJIY iICTOTHO BiJpI3HSETHCS B OYiKYBaHOI, TO e
TOBOPHTH IPO HEOJIATOMONyYHUH Xia BUMipiB [11].

AHaniz momsirae 'y BuMipi moreHmiany ICE B mpo6i ¥ OOYMCIEHHS BMICTY BH3HA4yBaHOTO
KOMIIOHEHTa 3a TpaayloBalbHUM TpadikoM. OCKUIBKM TpaayloBalbHUN Tpadik € MpsMOIo, TO
3pO0OUTH PO3paxyHKH 3a HaiIEHUM ITOTEHIIAIOM HeckIaaHo [12].

O06'extom nocmimxenns Oymu ITAP (puc. 1,2) ansg anamizy sikux po3poOseHi 10HOCEIEeKTHUBHI
eNEeKTpo M 3 modiBiHUIXIopuaHUMU MeMOpanamu (I1BX), minactudikoBanuMu auOyTuiadTaIaToM
(Ab®) Ta obepHeHNMH /10 KaTioHY ankinauMeTmioensmiamonii xiaopuny (KITAP) ta neionoreHnoi
ITAP (HITAP) nonenun nunpornijieH TpUuamiHy.

Puc.l AnkinauMeTunOeH3IaMOHIN XITOpHT

(CH;);NH2
|
R-N
|
(CH2);:NH2

Puc.2 Nonenun aunpomniieH Tpuamid, 1€ R - ankinpHuii naHior, B ocHoBHOMY Ci)

B skocti enexkTtpomoakTuBHOI peuoBMHM Uit KartioHHoro IIAP-ICE ©Oynmu Bukopucrasi
MaJIOPO34YMHHI y BOJi, aje 100pe pO3uMHHI B MEMOpPaHHOMY PO3UYMHHHMKY — JUOyTHUidTanari,
CHUHTE30BaHl 10HHI acollaTd KaTIOHYy aJKUIAMMETUIOCH3WIAMOHIN XJIOpUAYy 3 aHiOHaMHu
monionodocdarnoi kucnoru (MPK) ta Harpiii rerpadenindéopary (TDB).

Jiia KITAP ionHi acomiaTi Oy OTpUMaH1 IpH J10/1aBaHHI 1o Kparuiax 30 cm® 0,1 M TOB y 20 oM’
po3uuny 0,1 M KIIAP mnoBinbHO NOMINIYIOUM CKJISHOIO TMajJM4YKOIO, OTpUMaHi ocagu Oynu
BiI(b1IBTPOBaAH1 Ta BUCYIIEHI, a OTIM BUKOPHUCTaHi B sikocTi EAP.

Hns HITAP-ICE enexkTpoJHOAKTHBHI pPEYOBUHM — 10HHI acoIliaTH KaTioHy Oapiio 3 JOJeIuI
JMITIPOTIICH TpuaMinoM Ta anioHaMu TOB ta MOK cunTe3yBanu 3a npukiagaoMm Metoauku [13].

Opneprkani 10HHI acouiatu Oyau BUOpaHi, 1100 BU3HAUUTH Kpallli eNeKTPOXIMIYHI XapaKTePUCTHKH
€JIEKTPO/IIB Ta 3aCTOCOBYBAaTH JaHUN 10HHMM acomiat npu po3podbui ICE g anamitTuuHOrO
KOHTPOITIO.

[TnactudikoBaHi MoMIBIHUIXJIOPHUIHI MEMOpPaHU CUHTE3YBaJIU 3a CTaHAApTHOIO MeToaukolo [14]. VY
crakan BHocwmH 1,38 oM wiactudikatropy aulyrundranary, 0,48 1 mopomky IIBX i
MepeMilTyBaIM  iX YOPOJOBXK 3—5 XB. MAar”iTHOI MIIIAJIKOIO, MOTIM momaBamu 4,5 oM’
[IUKJIOTeKCAHOHY; PO3YMHEHHsS MpoBoAWiM mpu HarpiBanHi go 60°C. Ilicns oXxonmoIKeHHS B
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onepxkaHui po3unH BHOCWIM HaBaxKy 0,12 r EAP, po3umnsroum ii mpu mnepeminryBaHHI 10
TOMOTEHHOTO CTaHy Ta BIJICYTHOCTI OynbOamok noitps. OnepkaHuil po3urH BUIIMBAIH Y YallIKy
[Terpi niameTpom 50 Mm.

OntumanbHuit ckinag MmemOpannoi kommosuii st BusHaueHHst KITAP ta HITAP: EAP — 6%, Ib®
—70%, IIBX — 24%.

KoncrpyroBanns ICE Ta ix miaroroBka mo po6ortu. [IniBkoBwmii enekTpoa (puc. 3a) BUTOTOBJICHO Y
Burisiai Tpyoku (1) y [IBX (miamerp 10 MMm), 10 Topus skoi mpukieeHo MeMOpany (2). B skocti
KJICI0 BUKOPHCTaHa HEBEJIMKA KUIbKICTh MeMOpaHHOI MacH, 3aJIMIICHa 3a 4ac CHHTEe3y. Beepenuny
TpyOKu 3aymBanu 1 * 10° M KIIAP, HIIAP (3) i 3aHyproBaIM XJOPOCPIOHUI HamiBeaeMeHT (4) sK
BHYTPIIIHIH €JIeKTPOI HOPIBHIHHS.

Jlis BUTOTOBJICHHS TBEPIAOKOHTAKTHOTO €NEKTPOAy 3 MEMOpaHHMM MOKpHUTTSIM (puc. 30) a0
cTaseBoro ctpymoBinBoay (1) mpuBaproBanu cpiOHUE apiT (2) miamerpom 0,6 MM 1 3aBIOBXKKH
15 — 20 mMm. Cmaif 3axuinaiy BiJi KOHTAKTy 3 BU3HAYyBaHUM PO3YMHOM CKIISIHOIO TpyOKoio (3) Ta
130JIF0BAJIM €TIOKCUIHOIO cMOJIo0 (4). Ilicis BuCynTyBaHHSI €MOKCHAHOI CMOJIM Ha JAPIT HAHOCHIIH
MeMOpaHHe TOKpUTTA (5), 5-6 pa3iB, 3aHypIOOYH ii B CBI’ke BUTOTOBJICHY MEMOpaHHY KOMITO3UIIIIO.
Koxxnuit map memOpanu npocyuryBanu npotsrom 30 xBuiauH. Lo onepariito moBTOprOBaIN, MTOKU
Ha JIPOTiI HE YTBOPHWJIOCS PIBHOMIpHE MeMOpaHHE MOKPUTTS 3aBTOBIIKH | MM. IlotiM mMemOpanu
BUCYIITYBaJIH HA MOBITPI IPOTITOM JOOH.

p /N

s #—ib
+—1
1
4 3
3 4 f]
7777777777777, 9. 5 _O 2
hd
a 4}

Puc. 3 Cxemu enekTpoiiB a — cxema IJIIBKOBOT'O €JIEKTPoay; O — cxeMa TBEpJOKOHTAKTHOTO
€IIEKTPOAY

Ilepen 3acrocyBanusm ICE BumouyBanmu B poszumHax KITAP, HIIAP 3 koHueHTpaui€ro, 110
BIJIMOBIJA€ CEpeIH1 Alana3oHy BU3HaYyBaHUX BMICTIB (1 * 10 M).

Jlns npssMUX MOTEHIIOMETPUYHMX JIOCHI/PKEHb BUKOpUCTOBYBaiu ioHoMmep pH-150 M (moxumbka
BuMipioBaHHs = 1 MB) 1 ranpBaniuny cucremy. CxeMy eneKTpOXiMIYHOTO KoJja Ul BUMIPIOBAHHS
EPC 1mu1iBKOBOT0 €1eKTpo/ia MOKa3aHo Ha pUC. 4, TBEPJOKOHTAKTHOTO — Ha pHcC.S.
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Ag AgCl | Mocmimkysammii | MemGpana | 1.104nm | AeCL Ag
KClge PO34IH PO3UHH KCli
TperiapaTy
A\ =4
NC Y
SOBHINIHII €71eKTPO BHYIpIIHI e1eKTpo]
TOPIBHAHHA TOPIBHAHHA
N 4
v
ITmBxormii ICE

Puc. 4 Cxema enektpoxiMigyHoro kojia st BumiptoBands EPC miiBkoBoro einexkTpoay

Ag AgCl, | JocmmKyBaHuii MemOpana Ag
KC ](mc) PO3HH
~ N e _
30BHIIIHIM E/IEKTPO/L Teeprnokonraktmii ICE
TIOPIBHSHHS

Puc. 5 Cxema enekTpoxiMiqHOTO Koja /i BuMiptoBanHss EPC TBepIOKOHTaKTHOTO €1EeKTPOy

3anexxHicTh noTeHIiany enekTpona Bix koHueHtpauii KITAP, HITAP nocnimxyBanu y po3unHax i3
KOHLEHTpaLIIMH 10° - 107 M. BuyTpimHiil po3uuH miiBkoBoro eiaektpoay — 1 ¢ 10 M po3uun
KITAP a6o HITAP. Bci po3unHy rotyBaiy 3 BAKOPUCTAHHSAM JTMCTUILOBAHOI BOJIH.

PE3YJBTATH TA IX OBTOBOPEHHSI

OCHOBHI €JeKTPOJIHI XapaKTEepUCTUKH: MeKa BUSBJICHHS BU3HAYAIOYOro 10HA, Jiana3oH JiHIHHOCTI
BIJIKIIUKY, Opeld nmoTteHuiany, yac HaaiiHoi podoru ICE. Ha 1i uMHHUMKM BIIMBAaIOThH: MpHUpPOAA
iactugikatopy; npupoaa EAP; pH po3uuny, sikuit ananizyersces [15].

g Toro mo0 CTBOPUTH €JIEKTPOA 3 HaWKpallUMU €JIeKTPOXIMIYHMMH XapaKTepUCTUKaMU
noTpiOHO BUBYMTU BIUIMB mnpupoau EAP Ha enextpoany ¢yskumito. Jns 1poro cuUHTE30BaHi
MeMOpaHu, Ae B ikocTi EAP BUKOpHUCTaHI 10HHI acoliaTi aJKUIIUMETHIOCH3NIaMOHIN XJIOpUIy Ta
Momi6orodochaTHOT KUCIOTH, aNKUAMMETHIOCH3UIAMOHIM xnopuay Ta TeTpadeHinbopary, a
TaKOXX 10HHI acomiatd Oapit0 3 JOJCHWJ JWMPOIIJIEH TpUaMiHOM Ta MoJiogodochaTHOO
KHUCJIOTOI0, Oapilo 3 JOJelMSl TUIpOMNiJIeH TpuaMmiHy Ta TeTpadeninooparom. IloOymoBaHo
KamiOpyBaJbHI KPHUBI JOCTIKYBAILHIX MeMOpaH (puc. 6-9).
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Puc. 6 Enexrponna pynxuis ICE, o6epHeHOro 10 KaTioHy aaKUIIMMETUIOEH3UIaMOHIN XJI0puay
(EAP ioHHwmi1 acomiaT aNKiIAMMETHIOCH3UIAMOHIH XJIOpUAy Ta MoibgodocdaTHOT KUCTIOTH)
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Puc. 7 Enextponna ¢yskiis ICE, o6epHeHOr0 10 KaTioHY aJKiIANMETUIOCH3UIAMOHIHN XJI0pHIY
(EAP ioHHU acomiaT alKUIIMMETHIOSH3MIIAMOHIN XJIOpUAY Ta TeTpadeHindopary)
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20

10

E,mB

Puc. 8 Enextpoana dynxuis ICE, o6epuenoro no neionorennoro [TAP nonenun qunponiiexn
tpuaminy (EAP ionHuit acomiar 6apito 3 JoAeUMI AUMPOIIUICH TpUaMiHOM Ta MoJibaodocdaTHoO

KHCJIOTOIO)

20

10

E,mB

Puc. 9 Enextponna dyskiis ICE, o6epuenoro no neionorennoro [TAP monmernun qunporniiexn
tpuaminy (EAP ioHHMIT acomiaT Oapito 3 TOJASIWII TUTIPOIIUICH TpUaMiHy Ta TeTpadeniidooparom)

EnextpoximiuHi xapakrepuctuku po3podnenux ICE naBeneno B tabu. 1, 2.
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Ta6n. 1 BruuB npupoau EAP nHa enexktpoximiuni xapakrepuctuku ICE, oGepHeHNX 10 KaTiOHY
ANKITAMMETHIOCH3UITAMOHIN XJIOPUITY

EAP S, MB/pC JIiHIAHICTH €NeKTPOIHOT Mexa BUSBIICHHSI,
¢byHK1ii, MOJIB/1I MOJIB/TT
KITAP-M®K 44 50+10°-5,0+10" 4,0+10°
KITAP-T®b 41 2,0.10°-1,0-10° 1,0+ 107

Ta6n. 1 BmnuB mnpupomu EAP na enekrpoximiuni xapakrepuctuku ICE, oGepnenux 1o
HeioHoreHHoro [TAP gonenun qunponiieH TpuaMiny

EAP S, MmB/pC JliHiiHICTh eNneKTPoIHOT Mexa BUSBIICHHSI,
¢byHK1{, MOJIB/IT MOJTB/TT
HIIAP-M®K 33 8,0°10° 1,0+ 107 6,3+10°
HIIAP-T®b 29 1,0+10°-8,0+ 10" 8,0+10°

3 HaBeJGHUX MJAHMX BUIHO, IO Kpalll eJIeKTPOXIMIUHI XapaKTepUCTUKW BCTAHOBIICHI IS
eJIEKTPOJIiB 3 10HHMMHU acomiaramMu Ha ocHOBI M®K: ICE marore OUTBIIUE diarma3oH JIHIHHOCTI
BIITYKY ENEeKTPOAHOI (DYHKIIIi, HUXKYY MEXY BUABIEHHS Ta OUIbIIMI KyT Haxwity. Tomy mpu
PO3poO0IIi TBEPAOKOHTAKTHUX EJICKTPOIIB BUKOPHUCTaHI 10HHI acoIiaTi Ha OCHOBI aHioHY M®K.

BUCHOBKUA

1. Po3po6uieni ICE, oOepHeHi 10 KaTiOHY aJIKUIAMMETHIOCH3MIIAMOHIN XJIOPULY, 3 BAKOPUCTAHHSAM
B SIKOCTI €JIEKTPOJJOAKTUBHOI pEYOBUHU 10HHUX aCOLIATIB aKUIIUMETUIOCH3UIAMOHIN XJIOpUIy Ta
MomnionodochaTHol  KHCIOTH, a  TaKoX  AIKUIIUMETWIOCH3WIAMOHIH  xyopuay  Ta
TeTpadeniidopary.

2. Pozpobneni ICE, oGepneni no HeioHorenHoro IIAP pomenun mgunpomineH TpuamiHy, 3
BUKOPUCTAHHSM B SIKOCTI €JIEKTPOJIOAKTUBHOI PEUOBMHHU 10HHUX acoliaTiB Oapito 3 J0ACLHI
JUIPOIIJIeH TpUaMiHOM Ta MojdibgodocdarHoro KUCIOTOI, Oapito 3 JOJASHMI JAUIPOMNiIEH
TpUaMiHy Ta TeTpadeHi00paTom.

3. BuBueHi enekTpoxiMiuHi XapakTepucTuku po3pobienux ICE mokazanu kpaiii pe3yibTaTH I
EAP nHa ocHOBI aHioHy MomiOodochaTHOT KUCIOTH.
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