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AHHOTAIMSA

[IpoBonsme OpraHUYECKUE IMOIMMEPHI C COINPSIKEHHBIMU CBSA3SIMA 3TO CPAaBHUTEIBHO HEJAABHO OTKPBITBIE MaTepHalbl,
oOJasaronme psijioM YHUKAIbHBIX CBOMCTB, CPEAM KOTOPHIX BBICOKASI 3JIEKTPOHHO-UOHHAS MPOBOAMMOCTh, IPOSBICHUE TEPMO- U
ANEKTPO- XPOMH3MA, BJIEKTPOJIOMUHECLEHTHBIE CBOMCTBA M KATAJUTUYECKas AaKTUBHOCTb B OTHOIUEHHHM psa Ba)XKHBIX
IEKTPOXUMHUYECKUX peakiuil. OCOOEHHOCTBIO ATOr0 Kilacca MEKTPOAHBIX MAaTEPUAJIOB SBIISETCSA UX CIOCOOHOCTh K OOpaTUMBIM
OKHUCJIUTEIbHO-BOCCTAHOBUTEIBHBIM MEPEX0JIaM, B KOTOPHIX MPUHUMAIOT y4aCTHE TaK HA3bIBAEMbIE IONMUPYIOIINE YACTHULIBI - 3apsi/i-
KOMITEHCHUPYIOIINE UOHBI. Takue nepexo/ibl MHAYUUPYIOT pe3Kre U3MEHEHUS MPOBOAMMOCTH MOJUMEpPA 10 3HAUCHUM, XapaKTEPHBIX
JUTSL TIOJYTIPOBOJAHUKOB U BBICOKOMPOBOISIINX KBA3UMETAJIUIMYECKUX COCTOSHUM (32 YTO OHM MOJYyYUIIM HA3BaHUE CUHTETUYECKUE
metasuibl, Synthetic metals). [IpakTuueckas 3HAYMMOCTD MPOBOISIIUX ITOJMMEPOB ISl pa3pabOTKH Pa3IMUHBIX YHEPTO3anacaronux
U CEHCOPHBIX YCTPOWCTB, a TaKKe HEOOXOJIMMOCTb pPa3BUTHS (YHAAMEHTAIbHBIX HCCIEIOBAHUN JUIsl OMHMCAHMS MPOLECCOB
IIepeHoca 3apsia B 3THUX Marepuanax MPUBEIM K BO3HUKHOBEHHIO HOBOI'O HANPABJICHUS HAYKU - JIEKTPOXMMHUHU IPOBOISALINX
nosimMepoB. CyIEeCTBEHHBIN MPOPHIB B NOHMMAaHUM MEXaHU3Ma MPOBOAUMOCTH M IPOLIECCOB IEPEHOCA 3apsAla B IPOBOISALINX
nojauMepax ObUI clieliaH PSAAOM HcciienoBaresie B KoHie 1990-x Ha OCHOBE KOHIICTIIIUU TOJISIPOH-OUITOISPOHHOM IMPOBOIUMOCTH.
OpHako BIUIOTH 10 Hayaja MyOJMKalMM LMKJIA MPEACTAaBICHHBIX Ha COMCKAHHWE MPEMHHU padbOT ObLIO M3BECTHO OTPaHHMUYEHHOE
YUCIIO0 PYyHIAMEHTAIBHBIX, TEOPETUUECKUX U IKCIEPUMEHTAIBHBIX, UCCIIETOBAaHUM 3aKOHOMEPHOCTEH KUHETUKU TPaHCIIOpTa 3apsiia
B 3TUX CHCTEMax, KOTOpbIE OMNPENENSIIOT MHOTHE OCOOCHHOCTH TOBEIACHHS W BO3MOXKHOCTH MPAKTUYECKOTO MPUMEHEHUS
IIPOBOJIAIIMX ITOJUMEPOB.

JInst AMKBUIALMK CYIIECTBYIOLMX Mpo0enoB Ha kadenape anekrpoxumun Mucturyta xumuu CIIOI'Y ¢ Hayana 2000—x roaoB
MPOBOJATCA COOTBETCTBYIOLIME pPAOOThl MOJ PYKOBOJICTBOM aBTOPOB JAHHOW 3asiBKM B paMKax HAyYHbIX MPOEKTOB,
¢unancupyembix POOU u PH®, a takxke AuCCEpTALMOHHBIX HCCIEAOBaHUN oOydaromuxcs acnupaHToB. OCOOEHHO 3aMETHbIE
yCHEXW B M3YYEHHHM U MOJECIMPOBAHWM KHMHETHUKHM MEpPeHOoca 3apsia B MPOBOAIIMX MOJMMEpax ObLIM JIOCTUTHYTHI B TEUEHHUE
MOCJIETHUX TPEX-YETHIPEX JIeT. B 4acTHOCTH, pe3ynbTaThl HAIIErO UCCIEAOBAHUS MOKa3ajid, YTO KOJUYECTBEHHOE COTJIACOBAHUE
CYILLECTBYIOIIUX TEOPETUUYECKUX MPEICTABICHUNA 00 3IEKTPOAKTHUBHBIX IMOJMMEPHBIX IJIEHKAX W 3KCHEPUMEHTATIbHBIX JAHHBIX



IIPOUCXOJHUT TOJBKO B CIydyae OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX IOJIUMEPOB, T.€. CUCTEM C JIOKAJIM30BAaHHBIMHU 3apsIaMu
HOCHUTEJICH TOKa (HampuMmep, Ha aToMax MePeXOHbIX MeTaioB). HampoTus, /it MPOBOASAIINX MOJUMEPHBIX TUIEHOK C HOCHUTEIISIMHU
3apsifa, JENOKAIW30BAHHBIMU Ha TPYIIE W3 TPEX-IIECTH MOBTOPSIOUIMXCA 3BEHBEB MOJUMEPHBIX Ienel, HaOIoAaeTcs TOJIbKO
KaueCTBEHHOE COTJIACUE IKCIIEPUMEHTAIBHBIX JAHHBIX U TEOPETUUYECKUX MPEACTABICHUN. DTO MPUHIHUIIUAIBLHOE PA3INYUe MEXKITY
CpPaBHUBAEMbIMU CUCTEMAMHU MPUBEJIO K BO3HUKHOBEHHIO Psiia BOIIPOCOB, CBSI3aHHBIX KaK C KCIEPUMEHTAIbHBIM UCCIEIOBAHUEM
CTPYKTYPHBIX OCOOEHHOCTEH 3TUX OOBEKTOB, TAK U C TEOPETUUYECKUM OMUCAHUEM UX (QYHKIMOHUPOBAHMUS.

B xone npoBeAeHHBIX CUCTEMATUYECKUX MCCIICOBAHUMN MPOBOASIIMX MOJIMMEPOB HA OCHOBE COECIMHEHUN MOJUTHOPEHOBOTO
psiaa, NoJIMaHWIMHA , TOJIMaMUHO(EHOIa, TOJMMEPHBIX KOMIUIEKCOB C pa3iudHbiMU ocHOBaHUsAIMHU [1Iudda, a Takxke KOMIIO3UTHBIX
MaTepuaioB Ha UX OCHOBE, COAEPKAIIUX HAHOYACTHUIBI METAJUIOB U OKCUOB MEPEXOJIHBIX METAJUIOB, aBTOPAaMH ObLIM MOJYyYEHbI
JaHHbIE TI0 CTPYKTYpE€ U JJIEKTPOXMMHYECKHM CBOMCTBaAM H3ydaeMblX OOBEKTOB. KOMOWHHPOBAHHBIMH METOIAMH
CHEKTPOIEKTPOXUMUU U DIEKTPOXMMHUUYECKON KBaplLEBOMl MHKPOrpaBUMETPUHM OBbUIM TOJYy4YeHBl JaHHBIE O CTEXHOMETPHUH
MPOLIECCOB 3apsna/paspsa B 3TuX 00bekTrax. C HCIONb30BAHUEM Psiia CTPYKTYPHO-(PU3UUYECKHX METOJOB IOJIYYEHbI JAaHHBIE O
CTPYKTYPHBIX OCOOEHHOCTSIX H3yYaeMbIX IOJMMEPOB U OINpPEAeNieHbl pa3Mepbl HAHOAMUCIEPCHBIX KOMIIOHEHTOB KOMIIO3UTHBIX
MaTepUajoB. DTU JlaHHbIE ObUIM HCIHOJB30BaHbl MPHU MOJEIUPOBAHUU IPOILIECCOB IMEpPEHOCca 3apsijia B M3y4aeMbIX OOBEKTaX B
KauyeCTBE XapaKTEPUCTUUYHBIX TAPAMETPOB.

B nononHeHny K TpaAMIMOHHO UCIIOJIB3yEMOW MOJEIN OJHOPOJHOM INIEHKU PEIOKC-ITOJIMMEPOB € IBYMsI THUIIAMH HOCHUTEIEN
3apsiia aBTOpamMu Obuia pa3paboTaHa Oojiee o0IIas MOJEib, BKJIIOYAIONIAs TEPBYIO MOJENIb B KAue€CTBE YaCTHOIO Cliydasl.
OCHOBHBIM OTIMYMEM pPa3pabOTaHHONM MOJENM CTajJ0 HOBOE ONpEIEJICHUE BOCCTAHOBJIEHHBIX KBA3WYACTUI[ KAaK Y4YacCTKOB
MOJIMMEPHOM LEMNU, COJIEPKAIIHUX TOJBKO OJUH CIOCOOHBIN K peloKC-TIepexoly GparMeHT, a He CEpUI0 TaKUX PparMeHTOB (OOBIYHO
oT 3 10 6), BKJIIOUCHHBIX B COCTaB JIEJIOKAIM30BaHHOTO KaTHOH-pajiukaia (MoJsipoHa) U JukaTuoHa (ounosspoHa). Takol moaxon
MO3BOJIMJI IPUITH K 3aKIIOUYEHUIO O TOM, 4TO (pOpMa BOJIbAMIEPHBIX KPUBBIX MPOBOSAIIMX MOJIUMEPOB (2 UMEHHO IIUPUHA MHKOB
Ha 3TUX KPUBBIX) OYJET 3aBUCETh OT YKCJIa BXOAUIMX B MOJISIPOH (PparMEHTOB MOJIMMEPHOM LIETTH. JTa 0COOEHHOCTh HaOII0JaeTCs
B OKCIEPUMEHTAJbHBIX JIAaHHBIX, OJAHAKO HE MOIJa ObITh OOBSCHEHAa Ha OCHOBE MpeAllecTBYrOIMX Mojaeneid. Ha ocHose
pa3pabOTaHHBIX HOBBIX TEOPETUYECKUX IMOAXOAOB K OMMCAHUIO MPOILIECCOB MEPEHOCca 3apsia B MPOBOIAIIMX HOJUMEpPAX OBLIM
MOJIy4Y€Hbl MAaTEMaTUUYECKHE COOTHOIICHUS I aHAIM3a JAHHBIX CHEKTPOCKOMMH 3JIEKTPOXMMHUECKOrO UMIIEIaHCa, [IMKINYECKOM
BOJIbTAMIIEPOMETPUM U HU3KOAMIUIUTYIHOM XpPOHOAMIIEPOMETPUHM. DTHU COOTHOLIEHMs OBLIM Jlajiee pacIIMpeHbl C yuyeToM OoJee
CJIOXHBIX OOBEKTOB — HEOIHOPOJHBIX METALI-TIOJIMMEPHBIX CUCTEM, TAKUX KaK KOMITO3UTHBIE MAaTepUasbl HA OCHOBE MPOBOISIINX
MOJIMMEPOB C BKIIIOUEHHUSIMU HAHOYACTHUIl METANIOB-KaTaJIU3aTOPOB.



Hapsiny ¢ ¢dynmnameHTanbHONW 3HAYMMOCTBIO HM3YyUEHHUs ONMCAHHBIX BBIIIE CHCTEM KakK MaTepHUajoB CO CMELIaHHOM,
AJIEKTPOHHO-MOHHOM MPOBOJMMOCTBIO, Ba)KHOM COCTaBJISIOUICH HMCCIENOBaHMN CTalla peanu3anus pa3paboTOK, CBSI3aHHBIX C
MOJIyYEHUEM HOBBIX 3JIEKTPOJHBIX MAaTEPHAIOB JUIsI MCTOYHUKOB TOKA (JINTUHA-WOHHBIE aKKyMYJISITOPBI, CYNEPKOHIEHCATOPHI),
Pa3IMYHBIX AJIEKTPOONTHYECKHUX, KATAIUTUYECKUX M CEHCOPHBIX yCTpOMCTB. OCHOBOW [UIi HaydyHO OOOCHOBAHHBIX IIyTEH
ONTUMU3ALMUA pa3padaThIBa€MbIX IMPAKTHUYECKUX YCTPOWCTB SBWJIMCH IIOJyYEHHBIE paHEe pe3yiabTaTbl IO HM3YyYEHUIO
3aKOHOMEPHOCTEN MPOLIECCOB MEPEHOCA 3apsia B U3yUaeMbIX CIIOKHBIX CUCTEMAX.

[To maTepuanam SKCIEPUMEHTAIBHBIX U TEOPETHUUYECKUX HCClIeNoBaHUM, npoBeneHHbIX 3a 2013-2017 rr., onybaukoBanbsl 1
riaBa B MoHorpaduu u3iaresberBa u3 cnmcka Web Of Science, 2 0030opHbIie ctaThi B xypHanax "Ycnexu Xumun" (IF=3.991) u
"Electrochimica Acta" (IF=5.116), u kpome Toro 35 craTeil B PElEH3UPYEMBIX BBICOKO PEHTHHIOBBIX XypHajax (W3 HuUX 23 B
U3JJAaHHUSX TIEPBOTO KBAPTWIISA MO MUTHPYEMOCTH, COTJIACHO 0a3e NaHHBIX SCOPUS). 3a mocieanue S5 JeT moyydeHsl 4 nateHra PO,
3aIMIIEHO 5 AUCCEPTAMOHHBIX pabOT HA COMCKAHWE YYEHOM CTENEeHU KaHAWAaTa XUMHUYECKUX HayK U 1 TOKTOpcKasi [uccepTaius
(JIesun O.B.).

Charge Transfer Processes within Conducting Polymers
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Conducting organic polymers with conjugated chemical bonds are recently discovered materials possessing a series of such
unique properties, as their high electron-ion conductance, thermal and electrochromic ability, electroluminescence, and
electrocatalytic activity in respect to important electrochemical reactions. The main specific feature of these electrode materials is in
their capability to repeatedly suffer reversible redox transitions, in which the so-called “doping” particles (or charge-compensating
ions) participate. These transitions induce sharp changes in the polymer conductance up to its values characteristic for highly
conducting metals and semiconductors. This was the reason to call such materials as “synthetic metals”. The evident practical
significance of using the materials in question for developments of different energy storage and sensor devices, as well as the
scientific importance of understanding the charge transfer processes responsible for the above properties of synthetic metals led to
formation of a new scientific direction, electrochemistry of conducting polymers.

The essential break in this direction has been achieved in the end of the last century due to using the polaron/bipolaron
concept of the polymer conductance. However, a large amount of questions different in their nature has remained unclear up to the
beginning of the represented cycle of scientific studies. The existence of such questions obviously impeded development of practical



applications of the materials in question and was, first of all, stipulated by some incompleteness of the previously performed
experimental and theoretical studies of charge transfer kinetics in conducting polymer films.

To eliminate such incompleteness, a series of research and dissertation studies guided by the authors of the given application
have been carried out during seven last years (2012-2018-th) at the chair of electrochemistry (Institute of Chemistry, St. Petersburg
State University) in scope of scientific projects supported by RFBR and RSF. Especially noticeable progress in studying and
modeling the charge transfer kinetics in conducting polymers has been achieved during the last period of three-four years. In
particular, results of our initial research have manifested that a quantitative concordance between the existing theoretical
representations and experimental data on electroactive polymer films takes place in case of redox polymer ones, i.e. the systems
with charges of current carriers localized mainly on transition metal atoms. As concerns the conducting polymer films, only a
qualitative agreement is observed for such systems with current carrier charges delocalized on a group of three-six repeat units of
polymer chains. This principal difference between the compared systems posed the questions related with both experimental
research of structural features of these objects and theoretical description of their functioning.

In the course of subsequent systematic research of conducting polymers based on polythiophene compounds, poly-aniline and
poly-aminophenol, polymer metal complexes with different Schiff bases, and composites of such compounds with deposited
inclusions of metal nano-particles and those containing rechargeable transition metal oxides, the authors have obtained extensive
results on the structural and electrochemical properties of the studied polymer films. Using combined methods of spectral
electrochemistry and quartz crystal microgravimetry, the chair members have elucidated stoichiometric mechanisms of
charging/discharging processes in such objects. At the same time, a series of the applied physical methods permitted us to establish
the main structural features of studied films and determine sizes of the nano-particles included. These data as characteristic
parameters of the corresponding description have been used later at modeling the charge transfer processes in the studied systems.

Apart from the traditionally using homogeneous model of electroactive polymer films with two kinds of charge carriers, the
authors have developed a new and more general one that contains as a partial case the existing model of redox polymer films. The
main difference of the developed model as compared with the existing one results from a new definition of reduced quasi-particles
as species that contain only one repeat units of polymer chains, but not the same number of such units (usually from 3 to 6) included
into cation-radicals (polarons) according to the previously accepted description of polaron-containing polymer films. This
redetermination led to the conclusion that, in cyclic voltammetric curves of conducting polymer films, there must appear a distinct
dependence of their semi-widths on the number of repeat units included into polarons, in particular the consecutive rise of the
widths with increasing such number. This important theoretical inference was absent in scope of the traditional approach, but
observed repeatedly in reality. Basing on the developed representations, quantitative relationships have been derived and used to
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analyze the experimental results obtained in measurements of the studied polymer films by methods of impedance spectroscopy,
cyclic voltammetry, and low amplitude chronoamperometry. Additional and new relationships accounting for porosity of the
pristine and composite films, as well as the existence of metal nano-particle catalysts in their volume have been derived also.

Beside the fundamental significance of studying the above films as the systems with the mixed electron-ion conductance, the
Important constituents of the performed research were practical developments of new electrode materials for power sources
(lithium-ion accumulators, super condensers), different electro-optical, catalytic, and sensor devices. The experimental and
theoretical results obtained in result of performed research studies became some basement for such developments and searches of
the means of scientifically justified optimization of the practical devices.

The published results of the represented experimental and theoretical research amount 35 research papers in different peer-
reviewed journals (among them, 23 papers were published in the journals of the first quartile of their citation according to the
Scopus database), and one chapter in the monograph from the list of Web of Science, and two review papers in journals “Russian
Chemical Reviews” (IF=3,991) and “Electrochimica Acta” (IF=5,116). During the last 5 years four patents of the Russian
Federation have been obtained. One doctor dissertation in electrochemistry has been performed and successfully defended by O.V.
Levin in the same period, as well as five dissertation works by the chair post-graduate students.



