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O NIOAI'OTOBKE MAT'UCTPOB HA ®AKYJIBTETE
HAYK O MATEPHAJIAX MI'Y

@dakynbTeT HAyK O MaTepHaiax — 3TO MEKIUCIHUIUIMHAPHOE YydeOHOe
3aBeJieHNe, 3a/ladeii KOTOPOTO SIBISIETCS MOATOTOBKA BBICOKOKBATH(DHIIMPOBAHHBIX
CTICIIMAIUCTOB, CIIOCOOHBIX MPOBOJANTH UCCIICTOBAHMS B CMEXKHBIX OOJIACTIX XMMHH,
¢bu3uku M MexaHuku. 3a Bpems oOydyeHuss Ha DPHM cTyneHTsl mnpuoOpeTaroT
YCUJICHHYIO OOIIEHAYyYHYIO IMOATOTOBKY M XOPOIIWE HABBIKA IKCIEPUMEHTATHHON
paboTHI.

@dakynbTeT HayK O Marepuajgax IMPOBOJAUT OOy4YEeHUE CTYJEHTOB IIO
IByXCTyneH4yaTol (OakajnaBp-MarucTp) CHUCTEME MOATOTOBKM CHEIUAIMCTOB. B
2009 romy mporren BBITYyCK MepBbIX MarucTpoB mo HampasiaeHuo 020100 — «Xumusy»
(marucrepckas mporpamma «Xumusa TtBepaoro tena»). C 2013 roga BBITYCKAIHCH
MarucTphl, MPOMIEAIINE MOJTOTOBKY IO YKa3aHHOW MpoTrpaMMe, peaqu3yeMou B
paMKax coOcTBeHHOTro oOpa3zoBarenpbHoro cranjgapra MIY (OC MIY) mno
HanpaBieHuto «Xumus». C 2015 roga noAroToBka MarucTpoB BEOETCS IO
HarpaBJeHUI0 «XuMus, GU3NKa U MEXaHHKa MaTepuaioB», U B 2017 roay BnepBbie
BBIMTYIIEHBI CTYICHTBI, TOATOTOBJICHHBIE 110 ATOM Mporpamme.

[Iporpamma TOATOTOBKM MAarucTpoB BKJIIOYaeT B ceOs 0a30BYyl0 4YacTh,
COCTOSIIIYI0 M3 IHKJIAa OOMIEKYJIbTYpPHOM MNOATOTOBKH («DPUIOCOPCKHE BOMPOCHI
€CTECTBO3HAHUSY, «AHIIIMUCKUN S3bIK B cdepe mpodecCuoHaTbLHOTO OOIICHUS,
«KomnploTepHble  TEXHOJOTMM B  Hayke M 00pa3oBaHUM»), a  TaKke
npodeccuonanpbHoro nukna («llepcrnekTuBHbIE HEOPraHUYECKHWE MaTepuaibl Co
crieUaIbHBIMU ~ PyHKIUSIMUY», «COBpEMEHHBIE MPOOJIEMbl MATEPUATIOBEICHUS,
«HcToprsi ¥ METOAONOTHS HAayKM O Marepuaiax», «Meroauka MpernogaBaHus
€CTECTBEHHOHAYYHbIX JHUCIUIUIMH», CHEHNPAKTUKYM «MeToasl JUarHOCTUKH
MarepuanioB», 4 3ad.en./80 yacoB J1a0OpAaTOPHBIX 3aHATHM, B paMKaX KOTOPOTO
3HAKOMSITCS C OCHOBHBIMU TPUHIMIAMH PAOOThI COBPEMEHHBIX MPHUOOPOB,
MPUMEHSIEMBIX TIPU UCCIEAOBAHUU (PU3UKO-XUMHUYECKUX U MEXAHUYECKUX CBOMCTB
MarepuasioB). BapuartuBHas 4YacTh MOJATOTOBKH COACPKHUT JICKIIMOHHBIE KYPChI
JTUCHUIUIMH MarucTepcKkoi mporpamMmsbl (Takue kak, «CympaMoyieKysipHas XUMUS,
«buoneoprannueckas xumus», «KoopauHanmonHass xumus. CoOBpEMEHHBIC
acriekTel», «Hanoxumusy», «MeTtamnoopranuyeckass XuMus», 6 3ad.el.), CIEIKYPCHI
Mo BBIOOPY cTyneHTa (5 3ay.eil.), a TakKe MPAKTUYCCKUE 3aHSATHS, MO3BOJISIONINC
CTyJICHTaM OCBOUTH Pa3HOOOpa3HbIE METOJbl CHHTE3a BEIIECTB UM MAaTEpUAJIOB B
pamkax «Kadenpanpuoro crnermpaktukyma» (5 3ad.em., 108 gacoB mabopaTopHBIX
3aHATUN). MarucTpaHTbl BTOPOTO ToJia OOyYEHHS MPOXOIAT 3aKIIOUUTEIIbHYIO,
pPacCIIMPEHHYI0 YacTh CHEHIIPAaKTUKyMa [0 COBPEMEHHBIM mpubopaMm s
JTUAarHOCTUKM  MaTepuasioB  (Tak  Ha3biBaeMmbli  «[IpuOOpHBIA  MPaKTHUKyM,
18 3au.en./180 wyacoB abOpaTOpPHBIX 3aHATHI), OCHOBHOW 3aJauell KOTOPOTO
SBJISIETCSI TIOJTOTOBKA BBICOKOKBATM(UITMPOBAHHBIX IOJh30BaTENEH (OMepaTopoB)
Ui CaMOCTOSATENbHOM pabOThl Ha CIOXKHOM HaydyHOM oOopynoBanuu. Cremyer
OTMETHTh, YTO OOBEKTAMU AHAJIMTHYECKOTO HCCICJOBAHUS B XOJ€ BBITIOJHEHUS
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3a7]a4 CIEUIPAKTUKYMOB SIBJSIFOTCS, B 3HAYUTEIHHON Mepe, BEIeCTBA U MaTepuabl,
CO3/1aBaeMble B paMKaxX MPUOPUTETHBIX sl (paKylbTeTa HAyYHBIX HAlpaBICHHM,
pa3BUBaeMbIX Ha (aKyJIbTETCKUX Kadeapax HaHOMaTepuaioB (3aB. Kadeapoi — 4i.-
kopp. PAH, mpod., nxuH EA. TymunmuH) ©  MEKIUCHUIUIMHAPHOTO
MarepuanoBeneHus (3aB. kabeapoi — akaa. PAH, mpod., 1.¢.-m.H. B.M. Hesnes), a
TaKkKe B JIAOOPaTOpUU HOBBIX MAaTEpHATIOB JJIsl COJHEYHON DHEPreTHKH (3aB.
nabopartopueli — K.X.H. A.b. Tapacos).

Crynentsl ®HM MMEIOT YHUKAJIBHYIO BO3MOXHOCTh OCYIIECTBIISATh HAYYHYIO
JESTEIbHOCTh W BBINOJHATH  KBaIU(UKAIMOHHBIE pabOThl HE TOJNBKO B
nojapaszeneHussX MOCKOBCKOIO YHHBEPCUTETAa, HO M B KPYNHEWIINX Hay4dHBIX
neHTpax Poccun, B 3apyOeXHBIX HAy4YHBIX LIEHTpax. Hamanuth HaydyHblE KOHTaKThI
MO3BOJISIIOT CTAXKUPOBKH, KOTOPHIE B paMKaX Hay4YHO-TIPOW3BOJICTBEHHOW MPAKTUKH
MPOXOJST BCE MAarkCTPAHThI MEPBOrO roja 00yueHus. Takue CTaKUPOBKH MMO3BOJIIOT
CTYJIEHTaM 3HAaKOMUTBHCA C pabOTOM BEOyIIMX HAYYHBIX KOJJIEKTHMBOB, Pa3BUBATH
CBOM HaBBIKM MaTEpHAIOBEIOB-UCCIIEI0BATEIEH B PAMKAX Pa3HbIX HAYYHBIX IIKOJI, a
BO BpEMs 3apyO€KHBIX CTaKMPOBOK — €II€ M MPAKTUKOBATHCA B OOILIEHUH HA
MHOCTpPaHHBIX f3bIKax. Bo Bpems MpakTHUKU CTyAEHThl OOOTramaroTcsi HayYHbIMU
UAEsIMH, 3aKJIaAbIBalOT (PYHJAMEHT CBOEM HAyyHOW pemyTaluu IS CIeAYHOIINX
ypOBHE# 00pa3oBaHus (acIMpaHTypa, TOKTOPAHTYpa).

Maructpantbel-BeityckHUKA 2023 TOJga TPOXOAUIIM TPAKTUKY B TaKUX
KPYIHBIX Y4eOHO-HAayYHbIX M Hay4dHbIX LieHTpax Poccum kak WHctutyT 001IEH H
Heoprannyeckor xumuu uM. H.C. Kypnakosa PAH, UHctutyT hrusmueckoit Xumuu u
anektpoxumun uM. A.H. ®@pymkuna PAH, Muactutyr (usmyeckux mpoOiem um.
ILJI. Kanuuet PAH, ®usuko-texunueckuii nHctutyT umenun A.D. Modpde PAH,
Poccuiicknii YHUBEPCHUTET TPYXKOBI HapoJIOB, Cankr-IleTepOyprekmii
rOCYyapCTBEHHBI  YHHUBEPCUTET, TyJIbCKAW TOCYIAPCTBEHHBIM YHUBEPCUTET,
000 «K-umtoc», OO0  «Hanozum», OOO  «CoBpeMEHHOE  BaKyyMHOE
o0opynoBaHue» U Jip. 3apyO0eKHYI0 CTaXKUPOBKY CTYIEHThI-BBITYCKHUKHU MTPOXOIUIN
B ApudnsckoMm yHuBepcutere (M3pawmnb), YHusepcutere Kopé (FOxnas Kopes),
OKHMHABCKOM MHCTUTYTE HAYKH U TeXHOJIOTHH (AmoHwus).

BaxxupiM (pakTOpoM, CIOCOOCTBYIOIIUM DPA3BUTHIO TBOPUYECKOW AKTHBHOCTH
CTYICHTOB, SIBJSIETCSI TO, YTO Hay4dHass paboTa BXOAWT B y4eOHbIN miuaH. Popma
OTYETHOCTH — 00s3aTeIbHbIC CTYJACHUECKHE KOH(PEPEHIINN, KOTOPHIE MPOBOSATCS 110
OKOHYaHUM Kaxzaoro cemectpa. O BBICOKOW HayYHOW AaKTUBHOCTU CTYACHTOB
CBUETEIBCTBYET OOJIBIIIOE KOJIUYECTBO IMyOJMKALMNA B HAYYHBIX KypHalax, a TakxKe
y4acTUE CTYJIEHTOB B POCCHUHCKHX U MEXIYHAPOJHBIX HAYYHBIX KOH(EPEHIUSX.
OOmiee uyMcno mnyOMUMKaUMKA BBIMYCKHMKOB Maructpatypbl 3a 2013-2022 roasr
MPEJICTABIICHO B TaOJUIIEC HIDKE.

B 2023 romy marucrepckue KBanH(pUKAIMOHHBIE Pa0dOTHI OyAyT 3allUIIATh
35 BeimyckHUKOB Maructpatypel ®HM MI'Y, B T.u. 10 ctynentroB CoBMECTHOIrO
POCCHICKO-KHUTANCKOTO YHUBEPCUTETA MockoBCKOTO roCyaapCTBEHHOTO
yHuBepcurera uMeHun M.B.JlomoHocoBa u II€KMHCKOro MOJIMTEXHUYECKOTO
uacrturyta (MI'Y-IIIIN) B IIsHpWwKIHE, MPOXOIAIIUX BKIOUEHHOE OOyUYEeHHE Ha
®HM. OOmiee unciao myOauKanmii BRITYCKHUKOB COCTaBisieT 246, u3 HUX 53 cTaThu
U 2 TIaTeHTa.

4



2013 | 2014 | 2015| 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
Ywuco CTyICHTOB, 23 18 19 12 22 22 23 22 21 22
3aIUIIABIINX JUILIOM
Yucio pabor, 1 0 3 0 1 2 1 1 4 1
BBITIOJTHEHHBIX B
uHctutytax PAH
Ywuco CTyICHTOB, 21 16 19 11 21 20 23 20 18 18
UMEIONTUX MyOJUKAIUN
O6miee uncno myonukanmii, | 247 | 132 | 196 | 85 | 236 | 270 | 151 | 223 | 182 | 145
U3 HUX CTaTeH, 54 29 | 32 | 16 40 60 18 50 45 26
3asgBOK Ha mareHT | 0 1 7 3 7 1 2 0 0 0
MATCHTOB 0 0 3 0 0 2 0 4 2 0
Yucio OLEHOK «OTIUYHOY 20 14 17 11 19 15 22 22 17 18
«XOPOIIIOY 1 3 2 1 3 6 1 0 3 4
«YAOBILY 2 1 0 0 0 1 0 0 1 0
«ueygoBy | 0 0 0 0 0 0 0 0 0 0
Ywucno paboT, OTMEYEHHBIX | 5 5 5 4 5 8 7 5 9 9
I'OK
Ywucno AUImIoMoB 15 7 7 5 10 15 15 17 12 10
C OTVINYHEM
YucIio BBITYCKHUKOB, 10 11 | 12 10 10 12 9 14 7 6
MOCTYIUBIINX B
acniupantypy ®PHM

Maructepckue paboThl BBINOJHSIMCH Ha Kadeapax HEOPraHUYeCKOW XUMUM,

JIEKTPOXUMHUHN, XUMHUYECKOW TEXHOJOTMM M HOBBIX MAaTEpUAIIOB, XUMHUYECKOU
HH3UMOJIOTUH, aHAJUTHUYECKOWM XUMHUM Xumuueckoro dakynpreta MIY, B
7abopaTopur HOBBIX MaTepUasoB JJisi COJMHEYHOM 3HEPreTMKHM M Ha Kadeapax
HAaHOMATEpPHAJIOB M MEXAMCLUUIIIMHAPHOTO MaTepHalloBeeHUs (DaKyJabTeTa HayK O
Marepuanax MI'Y, Ha kadenpe HU3MKHA HUZKUX TEMIEPATyp U CBEPXIPOBOAUMOCTH
¢usnueckoro daxynprera MI'Y, B HayuHo-uccienoBaTeIbCKOM HHCTUTYTE (PU3HKO-
xumudeckoil omosornn umenu A.H. benozépckoro MI'Y, B MHcTuTyTe 00MIEH U
Heoprannyeckod xumun uM. H.C. Kypnakosa PAH, UuctutyTe Quanyeckoit Xumuu
n oanekrpoxumun uM. A.H. @PpymxnHa, CKOJKOBCKOM HWHCTUTYTE€ HAayKH H
TEXHOJIOTHUH.

OnenuBaTth paboThl OyAyT JBE BBICOKOKBATU(UIIMPOBAHHBIE U OOBEKTHBHBIC
KOMHCCHUH, BO3IJIABISIEMbIe JOKTOPOM TEXHUYECKHX HaykK, akagemukom PAH
MemankuapiM  Banepuem  IlaBnoBuueM © = JOKTOPOM  XMMHYECKMX  Hayk,
npodeccopom PAH Kuckuasim Muxauiaom AnekcanapoBudeM. B cocraB Kommuccuid,
Hapsany ¢ npenogaBarensiMu @HM  u  xumuueckoro (QakymnbTeTa, BXOAST
NPEACTABUTEIN YHUBEPCUTETOB W POCCHMCKOM akaJeMuu HayK, BEAYIIUE
cennaictel THCTUTYTOB PAH. Cekperapu ['DOK — kaHammaT XMMHYECKHX HayK,
accucteHT kKadenapsl HaHomaTepuaioB @HM CemenoBa AHHa AJieKCaHJIpPOBHA U
KaHAUAAT XUMHUYECKUX HayK, crtapmuii npenoaaBatens @HM JlynéB Anekceit
MuxaiiioBuy.

Hacrosmuii cOOpHUK BKIIIOYAET JBE YaCTH, KaXAas U3 KOTOPHIX OOBEIUHSET
MaTepuaibl K 3aIlUTaM BBITYCKHBIX KBAIH(DHUKAIMOHHBIX PabOT MarucCTpaHTAMH
®DHM BHa ogHOM U3 KOMUCCHUM.



COCTAB I'OCYJIAPCTBEHHOMH DK3AMEHAIIMOHHOM

KOMUCCHHU Ne 2

no HanpapJeHu1o 04.04.02 «Xumus, pusnka 1 MeXaHUKA MATEPHATIOB)»

1 | Mewmankun akagemuk PAH, n.1.1H., mpodeccop, 3aBeayromnuii kadeapoun
Banepui JIOTUCTUKU U SKOHOMHUYECKO nHopmaTuku, Poccuiickuii XumMuko-
[TaBoBU4 TEXHOJIOrnyeckur ynusepcuretr umenu .M. Menneneesa
(npencenarenp)

2 | AHTUIIOB yieH-koppecnonsienT PAH, wien EBponeiickoit AkagemMuun Hayk,
EBrenui 1.X.H., mpodeccop, 3aBeayromuid Kageapoit 3IeKTPOXUMHUH,
Bukroposnu 3aBeayIonuii Jaboparopreit HEOPraHU4eCKONH KPUCTAJTUIOXUMHUU U

3aBelyrolIuii 1abopaTopueii PyHIaMEeHTaIbHBIX UCCIIEeI0OBAHUIMA
npo0JIeM MOoJyUYeHUs aTIOMUHUSA, XUMU4ecKkuil dakynprer MI'Y

3 | By3nuk akagemuk PAH, n.x.H., ri.H.c. UHCTUTYTa OOIIIE# 1 HEOPTaHUYECKOU
Bsiuecnas xumun uMm. H.C. KyprnakoBa PAH
MuxaiinoBuy

4 | BacunbeB Poman | 1.x.H., mpodeccop, GpakynpTeT HayK o MaTepuaiax MI'Y; noueHr,
bopucosnuu 3aBelyIOIINI JTabopaTOpueil XUMUH U (PU3HUKH MOITYITPOBOIHUKOBBIX U

CEHCOPHBIX MaTepPUANIOB, Kadeapa HEOPraHMIECKON XUMUH,
xumudeckuil pakynprer MI'Y

S5 | l'yaunun yieH-koppecnonsienT PAH, a.x.H., mpodeccop, 3aBeayromui
EBrennii naboparopueit HEOPraHU4IEeCKOro MaTepraIoBeIeHHsI Kadeaphl
AJlekceeBu4 HEOPTraHWYECKON XUMUU XUMUYEeCKOTo pakyiabTeTta MI'Y,

3aBeNlyrolni Kadeapoit HaHOMaTepraaoB U 3aMECTUTENh JIeKaHa
dakynbpTeTa HayK 0 MaTepuanax MI'Y o HHHOBalIMOHHOM
JIEATEIIbHOCTH

6 | Epemun n.¢.-M.H., podeccop, kadeapa Gpuzndeckoil XUMUH, XUMUIECKUI
Banum dakymnberer MI'Y
Bragumuposuu

7 | Konmakos yieH-koppecnonsienT PAH, 1.1.H., 3aBeayroniuii saboparopueit
Aunekcent MPOYHOCTH U IJTACTUYHOCTU METAIIMYECKUX U KOMIO3UIIMOHHBIX
['eoprueBnu MaTepuagoB W HaHOMAaTepuanoB, IHCTUTYT METAJLUTypruu U

MarepuanoBeneHus um. A.A. baiikoBa PAH

8 | PymsHieBa I.X.H., mpodeccop, 1adopaTopust XUMUHU U PUIUKU
Mapuna MOJIYIIPOBOJHUKOBBIX U CEHCOPHBIX MAaTepUaioB, kageapa
HuxonaesHa HEOPTraHWYECKON XUMUHU, XuMudeckuil pakynbter MI'Y

9 | TananaeB MBan | uneH-koppecnonaeHT PAH, 3amecturesns reHepaibHOro JUPEKTOpa Mo
I'yamaposuu Hay4yHOU 1 MHHOBalmoHHoM pabote OUIL[ Konbckuit HaydHbIN LIEHTp

PAH

10| Xeiiden 1.¢.-M.H., mpodeccop, B.H.C., Kadeapa XUMHUUECKONH TEXHOJIOTUU U
JIronBur HOBBIX MaTepHalIOB, XUMHUUYECKUM Qakynbrer MI'Y
NuneBnu
CemeHoBa AHHa | K.X.H., aCCUCTEHT Ka(eapbl HAHOMAaTEPHUAJIOB, (DaKyJIbTET HAYK O
AunekcanapoBHa | Matepuasiax MI'Y
(cexperapn)




PACIIMCAHUE 3AIIIUT MATUCTEPCKUX KBAJIMOUKAIIMOHHBIX PABOT

30 masi (BTOPHHUK)

Bpemst | MarucrpaHr Ha3zBanue pa6oTnbl MecTo BbINOJIHEHHS PA0OTHI PykoBoauTesb/-u Penensent
11:00 — . .
11:05 Bcerynurensnoe cnoBo IIpeaceaarens ['ocyqapcTBEHHOM 3K3aMEHALIMOHHON KOMUCCHHT
11:05 — | sI6naHoBUY Karonnble matepuansl i HaTpuii- | Jlaboparopus maTepuanos i | K.X.H., B.H.C., 3aB. J1a0. K.X.H., H.Cc. 3axapueHko TarbsHa
11:50 | Anacracus MOHHBIX aKKYMYJIITOPOB Ha OCHOBE | 3JIEKTpOXHUMHUYECKuX rpouec- | Apoxokun Oner Auapee- | KoncrantunoBHa, 1abopaTopust
cMemaHHbIX (hochaToB HATPHS U COB, Kaenpa JICKTPOXMMHHM, | BUY; H.C. 3aXapKuH XUMHUUYECKUX UCTOUYHUKOB Toka, OUI]
NIEPEXOAHBIX METAJIIIOB xumuueckuii ¢pakynprer MI'Y | Makcum BanepbeBuy X® PAH
11:50 — | JlakueHko ['maporepmanbHas KapOOHU3AIHS JlaGopartopust MaTepuayoB sl | K.X.H., H.c. boObuteBa 30 | K.X.H., H.C. 3axap4eHko TarbsHa
12:35 | I'puropuit KakK croco0 nosryueHust Herpagu- ANEKTPOXUMUYECKHUX Iporiec- | BnaaumupoBHa; K.X.H., KoncranTnHOBHA, 1a00paTOpHs
[TaBnoBHY TU3UPYEMOTO yIJIepoJa st COB, Kadepa IMEeKTPOXUMHUH, | B.H.C., 3aB. J1a0. [IpOXKHH | XMMUYECKUX UCTOYHUKOB ToKa, DUL]
HAaTPU-HOHHBIX aKKYMYJISITOPOB xumudeckuid ¢pakyinprer MI'Y | Oner AnnpeeBud X® PAH
12:35 — | CynranoBa Bnusinue npenBapurensHoii o0pa- | JlabopaTtopust marepuaioB s | K.X.H., B.H.C., 3aB. J1a0. K.X.H., H.c. @areeB Cepreit
13:20 | Slna Bnanu- 60TKM OMOMAcChI Ha JIEKTPOXUMH- | IEKTPOXUMHUUECKUX mpouec- | Apoxoxun Oner Anznpee- | AHaTONbEBUY, 1a00pPaTOPUS HOBBIX
MHUPOBHA YyecKHe CBOMCTBA HerpaduTusu- COB, Kadesipa MEeKTPOXUMHUH, | BUY; K.X.H., H.C. boObIIeBa | MaTepHasoB 1JIsi COJHEYHOU
pyeMoro yriiepoja Jjisi HaTpui- xumuueckuit ¢pakynprer MI'Y | 301 Bnagumuposna sHepretuku, ®HM MI'Y
MOHHBIX aKKYMYJISITOPOB
13:20 —
13'50 IIepepsiB
13:50 — | BanyeBa KaranuzaTops! BblieneHMs JlaGopatopusi HEOPraHU4ecKon | K.X.H., gou. Mcromun K.X.H., B.H.C., 3aB. J1a0. [{poxoKkuH
14:35 | Anekcanjapa KHCJIOPOJa B IIEJIOYHOM Cpesie Ha KPUCTAJTIOXUMUH, Kaderpa Cepreii SIxoBrneBuY Oner AnnpeeBud, 1abopaTopust
JlenucoBHa OCHOBE COeMHEHUI 3d-MeTaioB | HEOPraHMUYECKOW XUMUH, MaTEpUAJIOB JUIsl AIEKTPOXUMUYECKUX
xuMudeckuii paxynprer MI'Y MpOIIECCOB, Kadeapa IIMeKTPOXUMUH,
xuMuueckuil gpaxkynprer MI'Y
14:35 — | ParoBckuit OnurakcuaibHbIC JICHKU Ha JlaGopartopust XuMuu I.X.H., mpo¢. Kaynp n.¢.-M.H., nou. Myp3una Tatesna
15:20 | Bagum OCHOBE I'€KCArOHAJILHOTO (eppHuTa | KOOPAMHAIIMOHHBIX Amnppeit Pagannosuy; BnanumuposHa, nabopatopus
IOpbreBnu JIOTELUs: CUHTE3 U3 ra3oBoil (asbl, | coenuHeHui, kadeapa K.X.H., "HK. Huraapn Poil | HeIMHEMHON ONTUKY HAHOCTPYKTYP U
CTPYKTYpa, HETUHEHHO- HEOPraHUYECKON XUMUH, PoeBuu (OTOHHBIX KPUCTAILIOB, Kadeapa
ONTUYECKUE M MATHUTOONITHUECKUE | XUMUYECKH pakyiapreT MI'Y KBAaHTOBOH 2JIEKTPOHUKH, (PU3NIECKHUIA
CBONCTBa ¢dakynprer MI'Y
15:20 — | dyanb [Tonydenue sncuaoH-0KCHIA JlaGopartopus K.X.H., MHX. ['opbaueB K.X.H., c.H.c. Coxomno Iletp Cepreesuu,
16:05 | L3unTyH xene3a(Ill) myrém KoHBEepcun HEOPraHUYECKOTO EBrennii AnapeeBnd nabopaTopusi HEOPraHUIECKUX

HaHOYaCTHII Tekcadepputa M-Tumna

MaTepuagoBeeHus, kadeapa
HEOPraHWYECKON XMUMUH,
xuMudeckuit paxyiaprer MI'Y

TeXHOJI0rui, OTAeT HEOPraHNYECKUX
TexHosorui, KypuaToBckuii KOMIIIEKC
xummdeckux uccnenoBanuii (MPEA)
HUIT «KypuaTOBCKUI HHCTUTYT»




31 mas (cpena)

Bpemsi | Maructpanrt Hassanne padoTsl MecTo BbINOJTHEHUS PA0OTHI PykoBoauTeinn/-u Penenzent
11:00 —- . .
11:05 Berynurensnoe cnoBo [pencenarens ['ocymapcTBeHHOM 3K3aMEHAITMOHHON KOMUCCUU
11:05 — | I'ycapoBa HekoBanentHas camocOopka Jlabopartopus I.X.H., B.H.C., ipod. PAH | 1.x.H., 3aB. 1a0. HekpacoB Anekcanap
11:50 | EnmzaBeta YIBTPATOHKHUX THOPUTHBIX OMODJIEKTPOXUMUH, Kanmuanaa Mapus AnexkcaHapoBud, 1a00paTopus
Anekcanj- MaTepuaioB Ha OCHOBE NDdX5 PAH AnekcaHapoBHa; AJIEKTPOHHBIX U (POTOHHBIX MPOIIECCOB
poBHa xpomMo(dopoB 1 okcuma rpadeHa st I.X.H., B.H.C., ipo. PAH | B mojmMepHBIX HAaHOMaTepUaiax,
OpPraHUYEeCKOH IIEKTPOHUKH [Iupsie Anapeit NDdXD PAH
Anp0epToBUY
11:50 — | MocbkuH Uccnenoanue ocobeHHoCTEH Kadenpa pusnku HU3KHX K.(.-M.H., H.C. Ko3nsikoBa | k.¢.-m.H. (PhD), non. Kapues Anekceit
12:35 | Aptem MAarHMTHOT'O YNOPSAOYEHUS B TEeMIIepaTyp 1 Ekarepuna CepreeBHa WBanosuy, xadenpa puzuxu, MI'TY
Bstuecna- HOBBIX CEJICHUTAX IEPEXOIHBIX CBEPXIIPOBOAUMOCTH, uM. H.O. baymana
BOBHY MmeTauioB: SroNi(Se03),Cly, ¢usnueckuii paxkynprer MI'Y
CSQCU3(8603)4'2HQO,
BazMng(SeC)g)e
12:35 - | Xyan Nzydenne dazoobpa3zoBaHus B JlabopaTopuu TEPMUIECKOTO K.X.H., C.H.C. ProMuH K.X.H., H.C. ['aiiTko Onbra
13:20 | Tunxyoii cucreme Y,03-SnO, n aHaJIN3a U KaJOPUMETPHH, Muxann AnekcaHapoBud; | MakCMMOBHA, JJabopaTOpHs CHHTE3a
HCCIIEA0BAHNE JIFOMUHECLCHIIUN NOHX PAH J.X.H., B.H.C. YTOUHHUKOBa | (DyHKIIMOHAJIBHBIX MaTEPHAJIOB U
TBEPJIBIX paCTBOPOB Ha OCHOBE Banenruna Bnangumu- nepepaboTKU MUHEPATBHOTO CHIPhS,
Ln,Y,,Sn,07 (Lh=Th, Er, Tm, Yb) pOBHA HUOHX PAH
13:20 -
13'50 [TepepsiB
13:50 — | JIu Oiimao Cynb(datel anKuIaMMOHUS KaKk JIaGopatopusi HOBBIX K.X.H., M.H.C. Y 1aJI0OBa I.X.H., npo¢. BacunseB Poman
14:35 MOJU(PHUKATOPHI THOPUIHBIX MaTepHasoB Ul COTHEYHON Hatanbs Hukonaesna BopucoBuy, kadenpa HaHoMaTepHaoB,
HOOOIUTFOMOATOB 11 TOBBIIIICHUS sHepretuku, ®HM MI'Y OHM MT'Y
CTaOMIIBHOCTH MEPOBCKUTHBIX
COJIHEYHBIX AJIEMEHTOB
14:35 — | ®enoposckmii | Pazpaborka cnenmanu3zupoBaHHbix | OTaen B3aMMOAECHCTBHS K.0.H., 3aB. OT/I. K.X.H., C.H.C. 3a6opoBa Osbra
15:20 | Aprem CUCTEM JJOCTaBKH TEPANEBTUYECKUX | BUPYCOB C KIETKOH, Jmutpues Cepreit Bnanumuposna, HNJI ¢puzuko-
I'puropseBuu | MPHK B kileTkn Miekonurarommx HNN ©Xb numenu EBrenbeBuu XUMHUYECKON MEXaHUKU TBEPABIX TEJ,
A .H.benosepckoro MI'Y kadeapa KOTOUTHON XUMMUH,
xuMHuuyeckuil pakynprer MI'Y
15:20 — | NBaHoB Hosslie anektponnbie MaTepuansl Ha | LIeHTp sHepreTnyeckux HayK U | K.X.H., cT. npern. denoroB | 1A.X.H., B.H.C. llnsaxtun Oner
16:05 | Anekceii ocHOBe poc]aToB BaHAAUA IS texHonoruii (CEST), Cranucnas CepreeBuu AnexcanapoBuy, J1abopaTOpHs
BUKTOpOBHY | IUTUH-MOHHBIX aKKYMYJISTOPOB CKOJKOBCKUN MHCTUTYT HAYKH HEOPraHUYECKOr0 MaTepHaoBeIeHus,

U TEXHOJIOTUH

Kadenpa HeOpraHMIECKON XUMUH,
xuMuueckuil paxynprer MI'Y
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01 mronst (weTBepr)

Marmuct-

Bpems pamT Ha3zBanue pa6oTsbl MecTo BbINOJIHEHUS PA0OTHI PykoBoauTesnb/-u Peuenzent
11:00 — . .
11:05 Bcerynurensnoe cnoBo IIpeaceaarens I'ocygapcTBEHHOW 3K3aMEHAIIMOHHOW KOMUCCHH
11:05 — | SIxumoBa [Tomyyenne OMOIOCTYIHBIX POpPM Jlaboparopust «XUMHUYECKUI K.X.H., M.H.c. BacoBa K.0.H., acc. CeMKkuHa AJIeBTHHA
11:50 | Tamapa KOOPJMHAIIMOHHBIX COSTMHEHUI MeI M | Au3aitH OmonanomarepuainoBy, | Kcenus FOpbeBHa, CepreesHa, kadeapa MeTuImHCKUX
Muxaii- M3y4YEHHE UX NPOTUBOPAKOBBIX U Kadenpa XuMHUIECKOH I.X.H., mpo¢. Kisiuko HaHoOuorexHojoruit, PHUMY
JIOBHA aHTHOAKTePHATLHBIX CBOWCTB SH3UMOJIOTHH, XUMHYECKAN Haranss JIbBOBHA nM. H.W. ITuporosa
dakynprer MI'Y
11:50 — | LI3s Martepuanbl Ha OCHOBE Teneit makratoB | JlabopaTopus cuHTE3a K.X.H., C.H.C. SIIpBIHIICB K.X.H., go11. [IlaranoBa TaTpsHa
12:35 | WkyHblOW | UTTPUS: JIETUPOBAHUE U (byHKIMOHANBHBIX MaTepuanoB | Anekceld IMUTpueBUY; BopucoBna, naboparopus XuMuu U
JIOMUHECLICHTHBIE CBOICTBA U nepepaboTKi MUHEPAIBHOTO | K.X.H., acc. Pocisakos (U3UKY TOTYIPOBOTHUKOBBIX U
ceipbsi, MIOHX PAH Unbsa Brnagumuposuu CEHCOPHBIX MaTepuasoB, kadenpa
HEOPraHWYECKOM XMMHH, XUMUYECKUI
¢dakynasrer MI'Y
12:35- | Ban [Ipumecu npexypcopoB B IIEHKaxX rud- | JlabopaTtopusi HOBBIX K.X.H., M.H.C. beanu K.X.H., H.C. JIuxanoB Makcum
13:20 | UsHbroaHb | pUIHBIX epOoBCKUTOB MALFA 1 Pbls 1 | MaTepuasoB [uisi COMHEUHOM Hukomnait Aunpeesny; CepreeBuu, 1abopaTtopus
CsyFALPbl3 (MA = CH3NH3", FA = snepretukn, ®DHM MI'Y K.X.H., 3aB. J1a0. Tapacos HaIPaBJIEHHOTO HEOPTaHUYECKOTO
(NH,),CH"): onrosnekTpoHHbIe Anexkceit boprucoBuu CUHTE3a, Kadenpa HeOpraHUIECKOM
CBOWMCTBA U CTAOMIBHOCTh XUMHH, XUMHYECKUH pakyabTeT MI'Y
MIEPOBCKUTHBIX COJTHEYHBIX HJIEMEHTOB
13:20 —
1350 [TepepsiB
13:50 — | PeBenko CuHTe3 1 cBOWCTBa KOMIIO3UTOB Ha oc- | Kadenpa Hanomarepuanos, K.X.H., gou. ['apmes K.X.H., M.H.c. Kanuranosa Onecs
14:35 AneKkcaH/lp | HOBE HAHOJMCTOB AMOKCH/IA TUTAHA U OHM MI'Y Anekceil Bukroposuu; Onerosna, HUJI xuneTnueckux
OneroBuy | METANIMYECKUX HAHOYACTULL AJISl IPU- M.H.c. Ko3nos Jlanumn METOZOB aHajm3a, kadeapa
MEHEHHUSI B CIIEKTPOCKOIINU TUTAHTCKOTO AnpapeeBud AQHAIMTUIECKON XUMHUHU, XUMUIECKUI
KOMOWHAIIMOHHOTO PaCCesTHUS dakynaprer MI'Y
14:35 — | Ysnp CuHTE3 U oNTHYECKHe CBOMCTBAa TOHKUX | JlaGopaTopust xumun I.X.H, T.H.C., Tpod. K.X.H., C.H.C. SInpeIHIIeB Anekcein
15:20 | L3stHuH IUIEHOK HAa OCHOBE NMEPOBCKUTHBIX KOOPJMHALIMOHHBIX Kosroxun Cepreit JmutpueBny, 1abopaTtopusi CHHTE3a
HAHOYACTHII CO CMEITAHHBIM MOJIUSIICPHBIX COSTUHEHHMIA, AJeKcaHApOBUY; (GyHKIIMOHATBHBIX MAaTEPHUAJIOB U
KaTUOHHBIM U aHHOHHBIM COCTaBOM NOHX PAH K.X.H., 3aB. 1a0. TapacoB nepepadoTKU MUHEPATbHOIO ChIPbS,
Anekceil boprucoBruu NOHX PAH
15:20 — | o LI3bn CTabuIbHOCTD MEPOBCKUTHBIX JlaGoparopusi HOBBIX K.X.H., H.c. MapueHKo JI.X.H., mpo. KHOTbKO Anexcanap
16:05 COJIHEUHBIX 3JIEMEHTOB C Pa3TUYHBIMU MaTepHUaoB JIJIsl COTHEYHOU Exarepuna Uropesna BanepseBuu, kadenpa
JIBIPOYHO-TIPOBOASAIIMMH CIIOSIMU B sHepreruku, ®HM MI'Y MEKIUCIUIIIINHAPHOTO
YCIIOBUAX CBETOBOI'0 IMKJIMPOBAHUS marepuanoseaenuss, ®PHM MI'Y
16:05 —
16:30 [TonBenenne UTOroB
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AHHOTAIUU MATUCTEPCKHUX
KBAJIMOUKAIIMOHHBIX PABOT

Katoanbie MmaTepuaJibl 11 HATPUH-UOHHBIX AKKYMYJISITOPOB
HA OCHOBE CMEHIAHHBIX (pochaToB HATPHUSA U NMEPEXOAHBIX METAJJIOB

Aonanosuu A.

PykoBoauTenu: K.X.H., B.H.C. Jpoxckun O.A.; H.c. 3axapkuH M.B.

VYBenuueHue KOJIMYECTBA HCIOJB3YEMOW D3JIEKTPOIHEPTUHU, a TaKXKe YyBEIUYCHHE J10JIU
SHEpPruM, BbBIPAOATHIBAEMOW MpPU IMOMOLIM BO30OHOBIISIEMBIX HCTOYHMKOB, BIJIEYET 3a COOOM
MOBBILIEHUE CIpOca Ha MPOU3BOJACTBO d(PPEKTUBHBIX cUCTEM ee XpaHeHus. OgHON U3 MOI0OHBIX
CUCTEM  SIBJISIOTCS  HaTpuil-uoHHble  akkymyistopel (HWA), mnpeacraBnstommue  coboi
MEePCIIEKTUBHYIO aJIbTEPHATUBY HIMPOKO HCIOIB3YEMbIM Cero/iHs ycTpoiicTBam. KitoueBoii 3agaueit
npu komMmeprmanm3ammu HUA sBnsercs pa3paboTka MaTepuanoB, B YacTHOCTH KaTOAHBIX,
MO3BOJISIIOIIMX ~ TPOU3BOAMTH  AKKyMYJISTOPBl € 3aJlaHHBIMH  3JIEKTPOXHUMHUYECKHUMHU
XapaKTePUCTHKAMH.

OcoOblif UHTEpeC cpeu U3BECTHBIX HA CETONHAIIHUN JIEHb KJIACCOB KaTOJHBIX MaTepUalIOB
MIPUBIICKAIOT TOJIMAHHOHHBIE COCIMHEHMs, B YAaCTHOCTH, CMemaHHble (ocdaTbl — COeAMHEHUS,
coZiep>Kallre B CBOEH CTpykType u QocdarHbie (PO43'), 1 mupodocdaraeie (P,07") TPYIIIIBIL.
WHTepec K JaHHBIM COEJAMHEHHSIM BBI3BAaH OTHOCHTEIBHO BBICOKMMH 3HAUYECHUSMH HX pabouero
MOTEHIMAaa, a TaKKe BO3MOXKHOCTBIO JOCTHIKEHHs OOJBIIUX 3HAUYEHUH YAEIbHBIX €MKOCTEH 1o
cpaBHeHMIO ¢ ¢ochatamu u nupopocdaramu. OIHUM M3 BO3MOXKHBIX IyTeH ONTHUMHU3ALUH
AIIEKTPOXMMUYECKHX XapaKTEPUCTHK KaTOAHBIX MaTepuanoB s HMA Ha ocHOBE CMeIIaHHBIX
¢dochaToB sBIseTCs MONydYeHUE TBEPIABIX PAaCTBOPOB HAa OCHOBE IAHHBIX COEIMHEHMH IyTeM
3aMeIIeHUs KaTHOHA MEPEXOJHOT0 METaIJIa B CTPYKTYDE.

Ilenpto naHHOM pPabOTHI SIBISETCS HM3YyYEHHE BO3MOXKHOCTH MOJYYEHHs] OJHO(pA3HBIX
TBEP/IBIX PACTBOPOB cMemaHHbIX (pocdaroB coctaBa NasM3(PO,4),P207 (e M = Fe, Mn), a takxe
M3yueHHE BIIMSHUS COCTaBa IMOJYYEHHBIX COEJAMHEHHH Ha 3JIEKTPOXMMHUYECKHE XapaKTEePUCTHUKU
KaToaHbIX Marepuanos a1 HUA Ha nx ocHoBe.

CuHTe3 HcchelyeMbIX COEIMHEHUN MPOBOJWIM JABYMS METOJAMHU: METOAOM 30Jb-Te€jb, a
TaKXKe myTeM TBepAo(ha3HoOro cuHTe3a. B pe3ynbraTe OBUT MOMyUYeH psiji 3aMEIICHHBIX COeIMHEHUN
cocraBa  NagFe3xMny(PO,4),P,07;.  OOpasiel, mosnydaembie  TBEpAO(GAa3HBIM  CHHTE30M,
XapaKTepU30BAIUCh OoJiee BBICOKMM cojepkanueM 1enaeBoii (aser NagFesxMny(PO4),P207; 1o
CPAaBHEHHMIO C 30JIb-T€Ib METOJOM. B psaay mnomydeHHBIX TBEPABIX PpacTBOPOB HAOIIOIAIN
W3MEHEHHS T1apaMeTPOB JIIEMEHTAPHON SYEWKH, COOTBETCTBYIOIIME 3akoHy Berapma. beuto
MOKa3aHO BIMSHHUE JUIMTEIBHOCTH, TEMIepaTypbl M aTMocdepbl OTKura Ha (a3oBBI COCTaB
noJiydaeMbIX coequHeHnil. Ha ocHOBe cMHTE3MpOBaHHBIX COEAMHEHUN ObUIM MOJIyYEHBI KaTOAHbIE
MaTepuaibl AN HATPUNW-UOHHBIX aKKyMYJSITOpoB. [Ipu ucciaenoBaHuu TMOTYYEHHBIX MaTepHAlIOB
METOJIOM TaJIbBAHOCTATHYECKOTO 3apsiia-pas3psaa s psifa 3aMelIEHHBIX COSTUHEHUI HaOIro1amm
HAJINYKE JOMOJHUTEIBHOM 3JEKTPOXMMHUYECKONW aKTUBHOCTH B 00jacTu moteHuuanos 3,6 — 4,1 B
ota. Na'/Na.

Takum ob6pa3zom, B pabore ObUIa MPOAEMOHCTPHPOBAHA BO3MOXHOCTH IOJIYUEHHS psla
TBEPIBIX pacTBOPOB NagFe;xMny(PO,)2P,07 (X = 0.15 — 2.75) u moka3aHO BIUSHHE COACPIKAHHS
Maprasua B TBEPJOM pacTBOPE Ha FIEKTPOXUMHUYECKYIO aKTUBHOCTh JAHHOTO COCIUHEHHS.
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IMyoauxamun crynentku (https://istina.msu.ru/profile/Anastasiiad8/):

1. Jablanovic Anastasija D., Bekanova Marianna Z., Litmanovich Ekaterina A., Karpov Oleg N.,
Bugakov Miron A., Shandryuk George A., Ezhov Alexander A., Talroze Raisa V., Chernikova
Elena V., Monochelic Versus Telechelic Poly(Methyl Methacrylate) as a Matrix for
Photoluminescent Nanocomposites with Quantum Dots // Molecules, 2021, 24 (14), c. 4131, doi:
http://dx.doi.org/10.3390/molecules26144131.

2. Derikov Y.l., Yablanovich A.D., Litmanovich E.A., Amarantov S.V., Chernikova E.V.,
Kudryavtsev Y.V., Stabilization of Gold Nanoparticles with Block Copolymers of Styrene and 4-
Vinylpyridine Synthesized by Reversible Chain Transfer Polymerization // Polymer Science,
Series B, 2021, 63 (6) c. 882-893, doi: http://dx.doi.org/10.1134/s1560090421060087.

3. Bekanova M. Z., Neumolotov N. K., Jablanovi¢ A. D., Plutalova A. V., Chernikova E. V.,
Kudryavtsev Y. V., Thermal stability of RAFT-based poly (methyl methacrylate): A Kinetic
study of the dithiobenzoate and trithiocarbonate end-group effect// Polymer Degradation and
Stability, 2019, 164, p. 18-27. doi: https://doi.org/10.1016/j.polymdegradstab.2019.03.017.

4. Sonanosuy A., 3axapkun M.B., Cuewannvie chocchamor nampusi u nepexoonvix memanios Kax
KamooHvle Mmamepuanvl 01 HAMpul-uoHHulx axkkymynamopos// XXX MexayHapoaHasi
HAy4YHasi KOH(pepeHUHs CTYAeHTOB, ACHHPAHTOB W MOJIOALIX ydeHbIX JlomoHocoB-2023,
cOoopHuK Te3ucoB. MockBa, Poccust, 10-21 anpernst 2023.

5. S6nanoBuu A., 3axapkud M.B., Mopososa I1.A., ®enoroB C.C., Kamoousie mamepuanvt 0ns
HAMPUT-UOHHBIX — AKKYMYISAMOPO8 Ha  ochHose  anano2os  epaunckou  aazypull  XVII
Me:xxaynapoanasi koH(epeHIUs] «AKTyaJbHble NMP00JieMbl NpeoOpPa3oBaHHUsA JHEPIrUH B
JINTHEBBIX JIEKTPOXHMHUYECKHX CHCTeMax», COOpHHMK Te3ucoB. MockBa, Poccus, 14-18
Hos10ps1 2022, ¢. 206-207.

6. Jablanovic A., Zakharkin M. V., Cathode materials for sodium-ion batteries based on sodium
and transitional metal mixed phosphates // V11 International Conference of Young Scientists
(2022), coopuuk Te3ucoB. MockBa, Poccus, 18-22 nostops 2022 roaa, €. 56-57.

7. S6nanoBuu A., 3axapkun M.B., Kamoonvle mamepuansl 015 HamMpuii-uOHHbIX AKKYMYTISIMOPO8
HAQ OCHOBE CMEUWaHHbIX (ochamos Hampusi u nepexooHvix Mmemannosl/! IIeKTPOAKTHBHBIE
MaTepualJibl 1 XHMHYECKHEC MCTOYHUMKH TOKaA, MaTcpualibl WU AOKJIAABbI. MOCKBa, POCCI/IS[,
30 mas — 5 urons 2022, c. 81.

Sodium and transition metal-based mixed phosphates
as cathode materials for sodium-ion batteries

Jablanovic A.

Supervisors: PhD, Principal Research Scientist Drozhzhin O.A.; PhD, Research
Scientist Zakharkin M.V,

An increasing demand for electricity, as well as an increase of the amount of energy
generated by renewable sources, leads to necessity of the efficient energy storage systems
production. Sodium-ion batteries (SIBs) present a promising candidate for this purpose. The key
task in the commercialization of SIBs is the development of materials, in particular cathode
materials, for production of batteries with desired electrochemical characteristics.

Polyanionic compounds present one of the most promising classes of cathode materials for
SIBs. Among such systems, mixed phosphates are of particular interest. Mixed phosphates present a
class of compounds with a framework composed of phosphate (PO,>) and pyrophosphate (P,0;*)
groups linking cations of transition metals. The interest in these compounds is caused by relatively
high values of their operating potential, as well as the possibility of achieving larger values of
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specific capacity compared to phosphates and pyrophosphates. One possible way to optimize the
electrochemical characteristics of mixed phosphate cathode materials for SIBs is through the
creation of solid solutions based on these compounds, achieved by substituting transition metals.

The aim of this work is obtaining single-phase solid solutions of mixed phosphates with
composition NagM3(PO,),P,07 (where M = Fe, Mn), as well as study of the effect of composition
on the electrochemical characteristics of cathode materials for SIBs.

Synthesis was carried out by two methods: the sol-gel method and solid-state method. As a
result, a range of substituted compounds NasFes «Mny(PO,),P,0; was obtained. The samples
obtained by solid-state synthesis were characterized by a higher content of the target phase NasFes.
xMny(PO,4),P,0; compared to the sol-gel method. In a range of obtained solid solutions, changes in
the unit cell parameters corresponding to Vegard's law were observed. The effect of the duration,
temperature and atmosphere of annealing on the phase composition of the resulting compounds was
shown. Cathode materials for sodium-ion batteries were obtained on the basis of the synthesized
compounds. The presence of additional electrochemical activity in the potential range of 3.6 - 4.1V
(vs Na*/Na) was shown by the use of galvanostatic cycling for a number of substituted compounds.

Thus, the possibility of obtaining a range of solid solutions NajFesxMny(PO,).P,07 (X =
0.15 — 2.75) has been demonstrated in the work and the effect of the manganese content in the solid
solution on the electrochemical activity of this compound has been shown.

I'maporepmasibHasi KapOOHU3ALMS KAK CIIOCO0 MOJIyYeHH I
HerpaguTHU3UPYEMOT0 YIiiepoaa AJisi HATPUi-HOHHBIX
AKKyMYJISTOPOB

Jlaxkuenxo I'.11.

PykoBoauTenu: K.x.H., B.H.c. J{poxckun O.A.; K.X.H., H.c. bBoObuieBa 3.B.

[ToTpeOGHOCTH B CHUCTEMaxX HAKOILJICHUS SHEPrUM PacTeT C KaXJIbIM T'OJIOM, B POJU TaKUX
CHCTEM MOTYT HCHOJb30BaThCS HATpUl-HOHHBIE akkymynsTopsl (HWA), koTopble sBIsOTCS
MEPCIIEKTUBHON albTePHATUBON JTUTHI-UOHHBIM akkymyssaTopam (JIMA). KinroueBas nmpobiiema npu
KOMMEPLHMAIU3ALUN  TEXHOJIOTMM  COCTOMT B  IIOMCKE  JJEKTPOJHBIX  MAaTepHalloB  C
YIOBJIETBOPUTEIbHBIMH JIEKTPOXUMUYECKUMU XapaKTepucTHKaMu. ['padut, mpUMEHSIOMHUNCS KaK
aHOJHBIM MaTepuan B JIMTUH-MOHHBIX aKKyMylsiTopax, He moaxoaut ansi HUA. Honsl Hatpus
MPAaKTUYECKH HE HMHTEPKAIMPYIOTCS B MEXKCIOEBOE MpocTpaHcTBO Tpaduta. [ns anomor HUA
UCMOJB3YIOT MaTepualibl Ha OCHOBE Herpadurusupyemoro “rBepaoro” yriepona (hard carbon), B
CTPYKTYpe KOTOPOI0 MPUCYTCTBYIOT Pa3ynopsii04eHHbIE Tpa@eHONn0100HbIE CIIOU.

OxHuM  u3  cmocoboB  MONy4YeHHs  HerpapUTH3MpPYyeMOro  yriepojaa  sBIseTcs
ruaporepmalibHas KapOOHM3alMsl C MOCIEAYIOUUM BBICOKOTEMIEPAaTypHbIM OTKUroM. OHa
MI03BOJISIET IOJIy4aTh YacTHUIBl pa3Mepa ~ | MKM, a MOJIy4E€HHBIM MaTepual OTIMYaeTCs HU3KON
VIENBHON IUIOMANbI0 MOBEpPXHOCTH (~ 1 M%), 9TO JOIDKHO IONOKHTEIBHO CKa3aThes Ha
AJIEKTPOXMMUYECKUX XapaKTepPUCTUKaX MarepHuaia. Takke OJHOW M3 OCOOCHHOCTEH SBISETCS
BO3MOXXHOCTh BaApbUPOBAHUS IMapaMeTPOB CUHTE3a B IIMPOKOM jauarnazoHe. Ho kak 3Tu mapameTpbl
TUIPOTEPMAIIBHOTO  CHUHTE3a MOTYT IMOBJIMATH HAa AJIEKTPOXMMUYECKHE XapaKTEPUCTHKHU
HerpaUTU3UPYEMOTO YIIepojia OCTaeTCsl OTKPHITHIM BompocoM. Llenbio qaHHON paboThl sSBIsSETCS
pa3paboTKa CHHTETHYECKHUX TOAXOJOB HAa OCHOBE THUIAPOTEPMalbHONW KapOOHHM3alMU IS
MOJIy4eHUs1  HerpauTH3upyeMoro  yriaepoia ¢  yIYUHIEHHBIMH  3JEKTPOXMMHYECKUMU
XapaKTepUCTUKAMHU.

B kauecTBe ucTouyHMKa yriepoja Oblaa BbIOpaHa IItOKo3a. J[Is TOCTHKEHUS MOCTaBIEHHON
IEJIN MCCIIeIOBAIU KaK MapaMeTpbl THAPOTepMalbHONM KapOOHHU3alMK MOTYT IOBJIMATH Ha CBOMCTBA
HerpaduTuzupyemMoro yriaepoja. Jlias 3TOro BapbUpOBaIM KOHLEHTPALMIO PAacTBOpa TIJIHOKO3BI,
TEeMIIepaTypy U MPOAOIDKUTEILHOCTh THAPOTEPMAIbHON KapOoHu3anuu. Bropoil craaueit cunTesa
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ObUT BBICOKOTEMIIEpaTypHbIii oTxUT B armocepe aprona mpu 1300°C. ITomydennbie oOpa3ibl
QHATM3UPOBAIM C MOMOIIBIO pazimnuHbiXx MeTonoB: MK cnexrtpockonuu, snementHoro CHNOS-
aHaJIM3a, HU3KOTEMIIEPATypHOH aacopOIMM a30Ta, PAacTPOBOW 3JIEKTPOHHOH CHEKTPOCKOIUH H
rajibBAHOCTATUYECKOTO [IUKIUPOBAHHUSL.

[TokaszaHo, 4TO HAMITYYIIETO PE3yJIbTaTa, a UMEHHO KYJIOHOBCKOHM 3()()eKTUBHOCTH HA MIEPBOM
nukie 6ombine 90% u paspsaHol eMKocTH B auana3zoHe 280-320 MA4Y/T ynanoch JOOUTHCS TPH
temneparype > 200°C, npomoJKUTENbHOCTH > 3 4acoB M BBICOKOM KOHLEHTPALMU TIJIFOKO3bI
(2,6 M) BO Bpems rHIpoTepManbHOW KapOouusamuu. IIporotmmer HUMA Ha ocHOBe
HerpadutusupyemMoro yriepona u katoaHbix MarepuaioB NazVy(PO4),0.F u NazVa(POy)s
JEMOHCTPUPYIOT XOPOIIHE AIEKTPOXUMUYECKUE XAPAKTEPUCTUKU: KYJIOHOBCKYIO 3(P(EKTUBHOCTh
Ha TepBOM LuKie okosno 80% | paspsaaHyo eMKocTh okosio 100 MAY/T, a Takke CTaOUIBHYIO
HUKIUpyeMocTh (coxpanenue emxoctu 90% 3a 100 ukioB).

Takum oOpa3zom, HauOOIbIIEe BIUSHUE HA JJICKTPOXMMHUYECKHUE CBONCTBA M MOP(OJIOTHIO
HerpaUTU3UPYEMOTO yIiiepo/ia OKa3bIBaeT MCXO/AHAs KOHILIEHTpAlMs pacTBopa TioKo3bl. boiee
BBICOKAsI KOHIICHTPAIMS TMO3BOJISICT YMEHBIIUTH IUIOMIAAh IMOBEPXHOCTH MaTepuaia, YBEIUYUTH
HACBIITHYIO IJIOTHOCTh U KYJIOHOBCKYIO 3((ekTUBHOCTh Ha mepBOoM Lukie. ONTUMaIbHBIMU
YCIIOBUSIMU JUISI CUHTE3a HETpadUTU3UPYEMOTO YIIIepoJa SIBISICTCS TOJJICPKAHUE TEeMIIepPaTyphl
200°C B Teuenue 3 uyacoB. [lomydeHHble 00pa3ibl HerpadUTU3MPYEMOroO yriepoaa 00JagaroT
MOAXOMANIMMHM  XapaKTePUCTUKAMU  JUIS  YCIICITHOTO  TNPUMEHEHWS B  HATPUH-MOHHBIX
AKKyMYJIATOpPaX.
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The synthesis of hard carbon anode material for sodium-ion batteries
via hydrothermal carbonization

Lakienko G.P.

Supervisors: PhD, Principal Research Scientist Drozhzhin O.A.; PhD, Research
Scientist Bobyleva Z.V.

The need for energy storage systems is growing every year, sodium-ion batteries (SIBs) can
be used as such sources, which are a promising alternative to lithium-ion batteries (LIBs). The key
problem in the commercialization of the technology is the search for electrode materials with
satisfactory electrochemical characteristics. Graphite, an anode material in lithium-ion batteries, is
not suitable for SIBs, since sodium ions do not intercalate into the interlayer space of graphite. For
SIBs anodes, non-graphitizable hard carbon materials are used, the structure of which contains
disordered graphene-like layers.

Hydrothermal carbonization followed by high-temperature annealing can be used for the
synthesis of hard carbon anode materials. It allows to obtain hard carbon with small particle size
(~1um) and low specific surface area (~1 m?), which should have a positive effect on the
electrochemical characteristics of the material. Also, one of the features is the possibility of varying
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the synthesis parameters over a wide range. But the influence of the parameters of hydrothermal
synthesis on the electrochemical characteristics of hard carbon remains an open question. The aim
of this work is to develop synthetic approaches based on hydrothermal carbonization to obtain hard
carbon with improved electrochemical characteristics.

Glucose was chosen as the carbon source. To achieve this goal, we investigated how the
parameters of hydrothermal carbonization can affect the properties of hard carbon. For this, the
concentration of glucose solution, temperature, and duration of hydrothermal carbonization were
varied. The second stage of synthesis was high-temperature annealing in an inert atmosphere at
1300°C. The obtained samples were analyzed using various methods: FTIR spectroscopy, elemental
CHNOS analysis, low temperature nitrogen adsorption, scanning electron spectroscopy, and
galvanostatic cycling.

It was shown that the best result: the initial coulombic efficiency (ICE) is more than 90%
and the discharge capacity in the range of 280—-320 mAh/g was achieved at a temperature > 200 °C,
duration > 3 hours and high glucose concentration of 2.6 M during hydrothermal carbonization.
SIB’s prototypes based on hard carbon and NazV,(PO,),0.F and NazV,(PO,4); cathode materials
demonstrate good electrochemical characteristics: an ICE of about 80% and a discharge capacity of
about 100 mAh/g, as well as good cycling stability (capacity retention of 90% for 100 cycles).
Based on the data obtained, it can be concluded that the initial concentration of the glucose solution
has the largest effect on the electrochemical properties and morphology of hard carbon. A higher
concentration allows to reduce the surface area of the material, increase the tapped density and ICE.
A temperature of 200°C and a duration of 3 hours is sufficient for hydrothermal carbonization to
occur, and a further increase in these values does not lead to an improvement in the properties of the
material. The obtained samples of hard carbon have suitable characteristics for successful
application in sodium-ion batteries.

BiusiHue npeaBapuTebHON 00pad0TKH OMOMAaCCHI
HA JJIEKTPOXMMHUYECKHe CBOMCTBA HErpapuTU3UPYEMOTo yrjiepoaa
JJIS1 HATPUH-HOHHBIX AKKYMYJISITOPOB

Cynmanosa A1.B.

PykoBoauTenu: K.X.H., B.H.C., 3aB.Ja0. Jpoxxun O.A.; K.X.H., H.c. boObu1EBa 3.B.

Herpadurtusupyemslil yriaepoa siBiasieTcsi Hanbosee NepCcneKTUBHBIM aHOIHBIM MaTepuaioM
JUI HATPUK-MOHHBIX aKKyMYIATOPOB. Marepuall OTIUYaeTCsi BBICOKOM €MKOCTHIO U CTaOWIBHON
HUKIUPYEMOCTbIO, TPOCTOTOW CHHTE3a M IIMPOKUM BBIOOpPOM MpeKypcopoB. HcTouHuKOM
HEerpagpUTU3UPYEMOTO YIIIepoAa MOXET CIY)KUTh IMepBHYHAs Ouomacca (pacTeHHs) M BTOPUYHAsS
O6nomacca (moOOYHBIE TIPOIYKTHI M OTXOJBI MPOU3BOJICTB). B HacTosimee Bpemsi MCIOJIb30BaHUE
OMOOTXOM0B B DHEPreTMYECKHX IENAX JOCTAaTOYHO IEPCIEeKTUBHO, TaK KaK OHO CIOCOOCTBYET
Pa3BUTHIO SKOHOMHUKHU 3aMKHYTOTO ITUKJIA U SIBIISIETCSI OJHUM W3 PEIICHHH YCTOWYMBOTO Pa3BHTHUS
TUTAHETHI.

Opnako, yriaepoiHbleé MaTepuajbl Ha OCHOBE OMOMAcChl JIEMOHCTPUPYIOT IOJ4ac He
YIOBJIETBOPUTENIbHbBIE 3JIEKTPOXUMHUYECKHE XapaKTEePUCTHKH I10 CPABHEHUIO C MaTepuaiaMu,
MOJTyYCHHBIMH W3 YUCTHIX yTIIEBOJIOB U TIOJIMMEPOB. J{JIs YITyqIIeHHs SIIeKTPOXUMHYECKIX CBOMCTB
paccMaTpUBAIOT  Pa3NUYHblE CHHTETUYECKHE TOJAXOAbl, B TOM YHCIE OCYLIECTBISIOT
npenoopabotky Oumomaccel. llenpto maHHOW pabOTHI  SBISETCA HCCIEAOBAaHUE  BIUSHUS
npeaBapuTeIbHOW 00pabOTKM MEpPBUYHOM M BTOPUYHOM OHMOMAacchl Ha JIIEKTPOXUMUYECKHE
CBOICTBa HerpaUTU3UPYEMOTO yIiIepoa.

B kauectBe mcTOouHMKa yriepoja ObulM BbIOpaHbl OoprieBUK COCHOBCKOTO, OHOOTXObI
MacJIOKHPOBOM MPOMBIIIIEHHOCTH M MHUKPOKPHUCTAJUITMUECKas LEJUTI0N03a B KAUeCTBE «UUCTOrO»
UCTOYHMKA JJIi COINOCTAaBJICHUS XapaKTepUCTUK. B paboTe OBUIM PacCMOTPEHBI METOIbI
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MIpeIBapUTENbHON 00pabOTKH MCXOMHOTO CHIPbS Ha BO3JyXE B Pa3HOM TeMIIEpaTypHOM JHAIa30He
C TOCTEAYIOIIMM OTXKUTOM B MHEpTHOH aTMocdepe npu Temneparype 1300°C. Kpome Toro, yacts
00pa3IoB ObLIA MPOMBITA PACTBOPOM COJITHOM KUCIIOTHI JIIsl YAIICHUSI HEOPTaHMYECKUX MTPUMECEH.
[TonydeHnHble 00pa3iibl ObLTH MPOAHATU3UPOBAHBI C TOMOIIBIO0 PA3TMYHBIX METO/IOB UCCIIEIOBAHMUS:
peHTreH0(a30BOT0 aHaIHM3a, PACTPOBOM AJICKTPOHHOW MHUKPOCKOIWH, HHU3KOTEMIIEpaTypHOU
copOIuu-aecopOIuy a3oTa.

Matepuansl Ha OCHOBE IEJUTIONO3bI MOKA3alU YIOBJICTBOPUTEIHHBIC AJICKTPOXUMUUYECKUE
xapakTepucTuku (paspsanas éMkocts 305 MAY/T U KynoHoBcKas 3ddextuBHOCTh BhIE 90%).
OOpasupl  HerpaguTH3UPyeMOro yriepoaa, CHHTE3UpOBaHHbIE U3 OopiieBuka COCHOBCKOTO,
JEMOHCTPUPOBATIM 3HAYCHHUS pa3psaHOM EMKOCTH B Juama3oHe oT 164 mo 262 MAU/T.
HauGonpiryro €MKOCTh  MPOJEMOHCTPUPOBAN oOpas3er, TONyYeHHBIH ©3 OOpIIeBHKA C
MpeIBapUTENIbHOI 00pabOTKOM Ha BO3AYXE U MOCIEAYIOMUM OT)KUroM. Cpen 00pa3iioB Ha OCHOBE
MOJICOJTHEYHOTO KMbIXa HAHWOOIBIIYI0 pPa3psAHYyI0 EMKOCTh MPOJEMOHCTPUPOBAT 0Opasell,
MOJIYYEHHBIM MyTEM ABYXCTaJAMMHOTO CHHTE3a C TEMIEpaTypoil mpeaBapuTelbHON KapOoHU3auu
150°C u ¢ mocnenyromum omxkurom mpu 1300° (222 mAu/r). IIpy MOBBIIEHUH TeMIEpaTypbl
npenBapuTenbHoil 06pabotku 10 250°C y 00pas3ioB HerpadUuTU3UPYEMOTO YIiepoa 3HAYUTEIbHO
CHIDKAJIACh €MKOCTh, BIUIOTH O 9 MAY/T, 4TO MOXHO OOBSICHHTH IMOBBIIICHHBIM COJEPKaHUEM
HEOPraHMYECKUX IMPUMECe B HCXOJHOM ChIphe. MarTepuanbl Ha OCHOBE IPYroro OMOOTXO01a
MacCJIOKHPOBOW IMMPOMBIIIUNIEHHOCTH, JIY3TH, TAKXE IPOJIEMOHCTPUPOBAIH YIAOBICTBOPUTEITHHBIC
ANEKTPOXUMUYECKUE XapaKTEPUCTUKH (248 MAY/T U KYTOHOBCKYIO 3P PeKTUBHOCTH 85%).

bbulo ycraHoBi€HO, 4YTO NpenoOpadoTKa ChIpbs SBIAETCS HEOOXOAMMBIM IIaroM st
MOJIy4eHUsT  HerpauTU3UPYyEeMOro  yriiepoja € XOPOUIMMH  3JIEKTPOXMMHYECKUMU
XapaKTepUCTHKaMU. B cirydae ucnoiab30BaHus OMOMACCHI, TaKast MPeIo0padoTKa TOJDKHA BKITIOYATh
MIPOMBIBKY pPacTBOPOM KHUCJIOTHI. bBbUIO BBISBICHO, YTO HEOPraHUYECKHE MPUMECH BHOCAT
CYIISCTBCHHBIA BKJIQJ B AJICKTPOXMMHUYECKHUE CBOWMCTBA MATEPUAIIOB. DTH BBIBOABI BAXKHBI JIJIS
JaNbHENIIIET0 pa3BUTHS MOAXO0JI0B MCIOIb30BaHHU OMOMAcChl B Ka4eCTBE MCTOUYHHKA YTIEPOJHBIX
MaTEpPUAJIOB JIIsl HATPUI-HOHHBIX aKKYMYJISTOPOB.
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Biomass pretreatment on the electrochemical properties of
non-graphitizable carbon for sodium-ion batteries

Sultanova Y.V.

Supervisors: PhD, Principal Research Scientist Drozhzhin O.A.; PhD, Research
Scientist Bobyleva Z.V.

Hard carbon (HC) is the most promising anode material for sodium-ion batteries. The
material features high capacity and stable cycling, ease of synthesis, and a wide range of precursors.
Primary biomass (plants) and secondary biomass (by-products and waste) can serve as a source of
HC. The use of bio-waste for energy purposes is currently quite promising as it contributes to the
development of a closed-cycle economy and is one of the solutions for sustainable development of
our planet.

However, biomass-based carbon materials demonstrate unsatisfactory electrochemical
characteristics in comparison with materials obtained from pure carbohydrates and polymers. To
improve electrochemical properties, various synthetic approaches are being considered, including
biomass pretreatment. The aim of this study is to investigate the influence of pretreatment of
primary and secondary biomass on the electrochemical properties of HC.

The sources of carbon were Sosnowskyi hogweed, bio-waste from the oil and fat industry,
and microcrystalline cellulose as a "pure” source for comparison of characteristics. The study
considered pre-treatment methods of the raw material in air at different temperature ranges,
followed by annealing in an inert atmosphere at a temperature of 1300°C. In addition, some samples
were washed with hydrochloric acid solution to remove inorganic impurities. The resulting samples
were analyzed using various research methods, including X-ray diffraction analysis, scanning
electron microscopy, and low-temperature nitrogen sorption-desorption.

Cellulose-based materials have satisfactory electrochemical characteristics (discharge
capacity 305 mAh/g and coulombic efficiency over 90%). Hard carbon samples synthesized from
Sosnowskyi hogweed demonstrated discharge capacity values ranging from 164 to 262 mAh/g. The
sample with the highest capacity was obtained from common reed pretreated in air and subsequent
annealing. Among the samples based on sunflower cake, the sample obtained by two-stage
synthesis with a pre-carbonization temperature of 150°C and subsequent annealing at 1300°C
demonstrated the highest discharge capacity (222 mAh/g). As the pre-treatment temperature
increased to 250°C, the capacity of non-graphitizable carbon samples significantly decreased, down
to 9 mAh/g, which can be explained by the increased content of inorganic impurities in the raw
material. Materials based on another bio-waste from the oil and fat industry, husk, also
demonstrated satisfactory electrochemical characteristics (248 mAh/g and coulombic efficiency
85%).

It was found that pre-treatment of the raw material is a necessary step for obtaining non-
graphitizable carbon with good electrochemical characteristics. In the case of biomass, pre-
treatment step should include a washing step with an acid solution. It was also found that inorganic
impurities significantly affect the electrochemical properties of the materials. These findings are
important for further development of approaches to using biomass as a source of carbon materials
for sodium-ion batteries.
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Karanu3zaTopsl BbiejeHHs1 KHCJI0POAA B IIEJIOYHOM cpejie
HA OCHOBe coenHeHuii 3d-MeTaNI0B

Banyesa A./].

PykoBoauTens: K.X.H., 1or. Uctomun C.41.

Hcnonb30BaHue MIETOYHBIX JJIEKTPOJIUTOB B PEreHEPATHBHBIX TOIUIMBHBIX 3JEMEHTaX
MO3BOJISIET UCTIOIB30BATh OKCHUJIBI MIEPEXOIHBIX METANIOB B KQUE€CTBE KATAIU3aTOPOB AJIEKTPOIHBIX
peakiuii BMECTO JIOPOTOCTOSAIIMX TPAIUIUOHHBIX KaTanu3aTopoB. HemaBHO ObLIO MOKa3aHO, YTO
COCJIMHEHUS, COJEepXKAIIUe KAaTHOHBI 3d-METaioB, MPOSBISIIOT KATATHTUYECKYH) aKTUBHOCTH B
peaknusax BocctanoBieHus kucinopoaa (ORR) u Beinenenus (OER) B menouHbIx cpenax.

N3BecTHO, uYTO B TMpolleCCe BBIJIEICHUS KHUCIOPOJAa AKTHUBHBI OKCHABI CO CTPYKTYpOM
MIEPOBCKUTA, COJIEprKalle KaTHOHbI koHla 3-ro psaa (takue kak Fe, Co, Ni) B B-moapemierke.
enpto Hamiel paboThI OBLIO HCCIEAOBAaHUE HOBBIX KaTAJIM3aTOPOB PEAKIIMU BBICICHUS KUCIOPOIa
Ha OCHOBE KOMIUTIEKCHBIX OKCHJIOB u OKCO(PTOPHIOB 3d-meTtanios.
Sr0.75Y0.25C01xFexO2625.5 co crpykrypoit 314-da3er u Srp75Y0.25C01.xFexO3.5Fs co crpykrypoit
MEepoBCKUTa ObUIM BBIOpaHBI B KaueCcTBE OOBEKTOB HCCIEAOBAaHUS JUISI U3YYEHHUS HX
KaTAJIMTUYECKOW aKTUBHOCTH B PEAKIIUHU BBIJCIICHUS KUCIOPO/IA B IIEJIOYHBIX Cpefiax.

Oxkcuapl co CcTpykTypoit 314-daser coctaBa Srg75Y025C01.xF€x026255 (X = 0-0,5) Obutn
MOJIyY€HbI METOJIOM COOCAXKICHMSI OKCanaTroB. 3aTeM ObUIM CHHTE3UPOBAHBI OKCOPTOPHUIBI
Sr0.75Y0.25C01.xF€x03.5F5 (X = 0-0,5), ¢ momoripio GTOPpUPOBAHUS UCXOAHBIX OKCHIOB B 3aassHHBIX
MEIHBIX aMIlylax, ¢ ucnoib3oBaHueM XeF, B kadecTBe (Topupylollero areHta. Pe3ynbraTsl
MOPOIIKOBOM  PEHTTCHOBCKOW  JU(PpaKIUU  TOKa3ajid,  YTO  IOJYyYEHHBIE  OKCHJBI
Sr0_75Yo_25C01-XFeX02_625-5 (X = 0-0,5) u OKCO(i)TOpI/II[LI SI’o_75Y0.25C01-xFeX03.5F5 (X = 0-0,5)
SABIAIOTCS OAHO(MA3HBIMU. BBIIO yCTaHOBJIEHO, YTO ONTUMANIbHBIE YCIOBUS Uil OKOHYATEIHHOTO
omxkura B ciydae X = 0-0.4 cocrasmsiror 900°C u 24 gaca, a B cimydae oopasmna X = 0.5 ato 1100°C n
6 vacoB. OnHoda3Hble oKcOPTOPUIBI OBLTH MOJTYy4YeHbI MmyTeM oTxura npu 250°C B TeueHue 12
yacoB. [lo JaHHBIM PEHTre€HOBCKON mudpakiuu mpu (GTOPUPOBAHUM TAPAMETPHI AIEMEHTAPHOU
SYEHKU YBEIMYUBAETCS, UTO KOCBEHHO YKa3bIBa€T Ha BCTpaMBaHKHE aHUOHOB F B KpHCTaITHYECKYIO
CTPYKTYPY, B KHCIOPOA-Ie(DUIIUTHBIC CIIOHU.

Metogamu JIPCA ¥ MarHUTOMETpHUM YAAIOCh MOATBEPIUTH BCTpaWBaHHE aHUOHOB F B
AHUOHHYIO TIOJPENIECTKY Ha TMO3UIMU KUCJIOPOJHBIX BaKaHCHI BO Bcell cepun okcodropumos. Ilo
pedynbrataMm COM yacTuIbl Kak OKCHIOB, TaK MU OKCO(PTOPHAOB CIEUYEeHbl MeXAy coboil. Mx
pasmep Bapeupyertcs B mpeaenax 500 am — 1 MkM.

N3yueHne »>IEKTPOKATAIMTUYECKOW AaKTUBHOCTM II0Ka3ajo, 4YTO KaK OKCHUIbl, TaK H
OKCOPTOPHUIIBI JEMOHCTPUPYIOT HHU3KYI0 CTaOMIBHOCTHh B jAeadpupoBanHoM IM NaOH mnpu
[UKIUPOBAHUM TOTEHIMaNa B JAuama3zoHe mnoreHiuanoB 0,9-1,7B. Opnako, okcodTopuisl
oOnagaroT OoJjiee BBICOKOW AaKTHBHOCTBIO IO CPaBHEHUIO C OKCHIAMHU TPH PaBHBIX 3HAUYCHUSIX
notennuanoB. [[o6aBnenne 1 ppm Fe B 3MeKTpOIUT MpUBENO K MOBBIIIEHUIO aKTUBHOCTH BCEX
HCCIIEIOBAHHBIX 00Pa3IIoB.
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Catalysts for the oxygen evolution reaction in alkaline media
based on 3d-metal compounds

Valueva A.D.
Supervisor: PhD in Chemistry, Associate Professor Istomin S.Ya.

The use of alkaline electrolytes in regenerative fuel cells makes it possible to use transition
metal oxides as catalysts for electrode reactions, instead of expensive traditional catalysts. It has
recently been shown that compounds containing 3d metal cations exhibit catalytic activity in
oxygen reduction (ORR) and evolution (OER) reactions in alkaline media.

In the process of the oxygen evolution, the oxides with a perovskite structure containing
cations of the 3d series ending (such as Fe, Co, Ni) in the B-sublattice are known to be active. The
aim of our work was to research the new catalysts for the oxygen evolution reaction based on
complex oxides and oxofluorides of 3d-metals. Sry75Y0.25C01xFex02625.5 With 314-phase structure
and Sro.75Y0.25C01.xFexO265.5F, were selected as objects of this study to research their catalytic
activity in the oxygen evolution reaction in alkaline media.

The oxides with 314-phase structure of the composition Srg75Y025C01-xF€x02.625-5
(x = 0, 0.5) were obtained by co-deposition of oxalates. Then we were able to synthesize
Sro.75Y0.25C01.xFex07 65.5F, 0xofluorides (x = 0, 0.5) by performing fluorination in copper sealed
ampoules using XeF, as fluorinating agent. Results of Powder X-ray diffraction showed that the
resulting oxides Sro75Y025C01.xFex0Oz625.5 (X = 0, 0.5) and oxofluorides Sro75Y0.25C01.xFex0Oz.5F,
(x =0, 0.5) are single-phased. The optimal conditions for final annealing in the case of the cobalt-
containing sample were found to be 900°C and 24 hours. In case of the iron/cobalt-containing
sample they were 1100°C and 6 hours. The single-phased oxofluorides were obtained by annealing
at 250°C for 12 hours.

By the methods of EDX and magnetometry, it was possible to confirm the embedding of
F anions into the anionic sublattice at the positions of oxygen vacancies in the entire series of
oxofluorides. According to the SEM results, the particles of both oxides and oxofluorides are
sintered together. Their size varies within 500 nm — 1 microns.

The study of electrocatalytic activity showed that both oxides and oxofluorides demonstrate
low stability in deaerated 1M NaOH during cycling potential in the potential range of 0.9-1.7V
(vs RHE). However, oxofluorides have higher activity compared to oxides at equal potentials. The
addition of 1 ppm Fe to the electrolyte led to an increase in the activity of all the samples studied.

INMUTAKCHAJIbHBIC IVIEHKH HA 0CHOBE IeKCArOHAJIbLHOIO0 (peppuTa
JIIOTeUMs: CHHTE3 U3 ra3oBoil ¢a3bl, CTPYKTYpPa, HEJIUHENHO-
ONTHYECKHE U MATHUTOONITHYECKUE CBOICTBA

Pamosckuii B.FO.

PykoBogutenu: n.x.H., mpod. Kayns A.P.; k.x.H., urx. Huraapn P.P.

I'ekcaronaneueiii pepput morerus (h-LuFeO3) — TepMmoavHaMUYecKd HEyCTOWYHMBAs B
aBTOHOMHOM BHzAe (a3a, goctymHas B (QopMe TOHKUX IUICHOK Onarojapsi SIBICHHIO
AMUTAKCHATBHON CTAOMIIN3AIMU Ha CTPYKTYPHO KOTEPEHTHBIX MOHOKPHCTAJUIMYECKUX IMOJIOKKaX.
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OTO COeAMHEHUE BBI3BIBACT OOJBIION MHTEpEC 3a CYET CBOMX MYJIbTH()EPPOUAHBIX CBOWUCTB —
OJTHOBPEMEHHOTO HAJIMYMS aHTU()EPPOMATHUTHOTO M CErHETOAICKTPHUECKOTO YIOPSI0YCHUH.
[TpoGnema 3akiroyaeTcss B TOM, 4TO MarHUTHbIe cBOMCTBa h-LUFeO3 mposBIsitoTCS JUIIB TpH
HU3KOH TeMmmepaType, OJIHAKO YK€ B HECKOJBKHUX pabdoTax IO JaHHOMY COCIAMHEHHWIO ObLia
MPOJAEMOHCTPUPOBAHA  €r0  CIOCOOHOCTh  OOpPa30BBIBATH  CJIOUCTBIE  JMUTAKCHAIBLHBIC
TeTEePOCTPYKTYPHI ¢ (peppOMarHUTHBIMH (ha3aMH, YTO MOXKET TOCIY)KUTh OCHOBOW ISl CO3IaHUs
KOMIIO3UTHBIX MYJIbTH(EPPOUKOB C BEICOKUM KOI(PPHUIIMEHTOM MarHUTOAIEKTPUYECKON CBSI3H.

Takum oOpazom, Ienb JMaHHOW paboThl ObUTa copMyIHpoBaHa CIEAYIONIUM O0O0pa3oM:
UCCJICIOBaHHE OCOOCHHOCTEH pOCTa SMUTAKCHANbHBIX IUIeHOK (a3sl h-LuFeO; u cioucThix
MyJIbTH()EPPOUIHBIX KOMIIO3UTOB HAa €€ OCHOBE, H3yYCHHE WX HEJIWHEHHO-ONTUYECKUX U
MarHUTOONTUYECKUX CBOMCTB.

Ocaxnenne ToHKUX IuieHok h-LuFeO3 mposoauau mpu 900°C meromom MOCVD Huskoro
JaBJICHHS B YCTAHOBKE C BEPTUKAIBHBIM TOPSYECTEHOYHBIM PEAKTOPOM U C IPUHIMITAAIBHO HOBBIM
MUTAIIUM yCTpoiicTBoM. [lociieiHee OCHOBAaHO Ha MPOTSDKKE XJIOMUATOOYMa)KHOW HHUTH 4depe3
pacTBOp MPEKYpPCOpOB M JalbHEHIIEM HCIIAPEHWH BIIMTAHHOTO HHUTHIO PAcTBOpa B JIBYX 30HAX:
XOJIOJHOM 30HE UCTIAPEHHSI PACTBOPUTEIIS U HATPETOM 30HE UCIIAPEHHSI IIPEKYPCOPOB, OTKY/Ia Mapbl
MEPEHOCWIINCh TTOTOKOM Al B 30HY OcCaxJeHHsA. B kadecTBe mpeKypcopoB OBUTH HCIIOJIB30BaHBI
XeJIaTHbIe KOMIUIEKCHI LU u Fe ¢ AunuBaioniMeTaHoM, paCTBOPHUTEIEM CITY)KHJI TOIYOJI, KHCIOPOT
MOJIABAJICS. B PEAKTOP OTAEIbHO. B KauecTBe MOUIOKEK HCHOJIB30BATM MOHOKPHUCTATUIECKUE
YSZ(111), YSZ(100) u Al,O3(001).

Tonkwue ruienku daser h-LUFeO3 pa3Hoi ToNMIMHBI ObLITH UCCIICOBAHBI METOJIOM IeHEPALIUH
Bropoii rapmonuku (I'BI'). Ha d¢urypax BpamiarensHoii aHu3oTponuu 1wieHok h-LuFeOs;
HaOJII0AaeTCs HAJTMYUE XapaKTEePHOH I FeKCaroHalbHbBIX ()EPPUTOB JABYXJIETIECTKOBON CTPYKTYPHI
IpU HEHYJICBOM YIJie TaJCHUM CBeTa. [Ipu HOpPMalbHOM TaJCHHHM HW3Iy4CHHs HaOI0IaeTCs
[IECTWJICNIECTKOBBIM ~ BWJ ~ BPalIaTeIbHOH  aHU3OTPOIUH, YTO MNPOTHBOPEYHUT  TOJSIPHOU
HOpoCTpaHCTBeHHOW rpymmbl P63cm ¢daser h-LuFeOs;. Takoii curHan mpu HOPMalbHOM MaJCHUU
M3JIY4eHHUS MOXKET ObITh OOBSCHEH O0pa3oBaHWEM Ha T'pAHHIIE TUICHKA/TIO/IOKKA HaIPSIKEHHBIX
crnoeB ¢asbl h-LuFeOs, npuHamiexamux K HEMOISIPHOW MPOCTpaHCTBEHHOH rpymne P6s/mmc. B
paMkax pabOThl Takke OBLIO TMOKa3aHO, YTO TAaKOW MEXaHWU3M BO3HMKHOBeHHWs curHaia ['BIT
3aBUCHUT OT MTPUPO/IbI BEIOPAHHON MOUIOKKH.

JUist osy4eHHust TETePOCTPYKTYP C MYJIbTH(EPPOUTHBIMU CBOWCTBAMH Ha IEPBOM JTarle
ObUIO MPOBEAECHO OCaXJEHUE TeTepOCTPYKTYp ¢ uepenyroummucsa ciosmu h-LUFeOs; u okcunaa
B-Fe,03. Ilomyuennsie rerepocTpykTypsl P-Fe,0Oz/h-LuFeOz 3atem omkuramu mpu 900°C wu
pO,=10" Gap, xotopoe obecreunBanocs rerrepoM Fe/FeO, HaxomsmeMcs MpH TeMIEpaType
1000°C. Ilpu 5TOM OJHOBpPEMEHHO C OOpPa30BaHMEM BIOCTUTA MPOUCXOIWIO €ro TBepaodasHoe
B3anmozeiicteue ¢ h-LuFeOs: womsr Fe?* muppysaupyror B Tommy ItuieHku h-LuFeOs; ¢
obpazoBanueM (azel LuFe;O4 u ctpyktyp (h-LUuFeOs)m\(LuFe;04),. C ncnonp3oBaHreM METOIO0B
I'BI" u marauroonTrueckoro ¢ ¢exra Keppa Ob110 Ipo1€MOHCTPUPOBAHO, YTO MOJIY4YEHHBIE TAKUM
o0pa3oM 00pa3lbl OJHOBPEMEHHO OO0Nalal0T CErHETORJIEKTPUYECKUM M (eppOMarHUTHBIM
YIIOPSAJOYSHUSAMH yXKe ITPH KOMHATHOM TemIeparype.
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Epitaxial films based on hexagonal lutetium ferrite: gasphase
synthesis, structure, nonlinear optical and magnetooptical properties

Ratovskii V.Yu.
Supervisors: Dr. habil., prof. Kaul A.R.; PhD, eng. Nygaard R.R.

Hexagonal lutetium ferrite (h-LuFeOs3) is a thermodynamically unstable phase, that can be
deposited in the thin film form due to the epitaxial stabilization on structurally coherent single-
crystal substrate phenomenon. This compound is of great interest due to its multiferroic properties -
simultaneous presence of antiferromagnetic and ferroelectric orders. The problem is quite low
transition temperature of h-LuFeOs; magnetic properties. Several studies on this compound,
however, have already demonstrated its ability to form layered epitaxial heterostructures with
ferromagnetic phases, which can serve as the basis for creating composite multiferroics with a high
magnetoelectric coupling coefficient.

Thus, the purpose of this work was formulated as follows: to study the features of epitaxial
h-LuFeO; films growth and based on it multiferroic layered composites, investigation of their
nonlinear optical and magneto-optical properties.

Low-pressure MOCVD setup with a vertical hot-wall reactor and a fundamentally new
feeder system was used to deposition h-LuFeOj3 thin films at 900°C temperature. The new feeder
system is based on pulling a cotton thread through a solution of precursors with further evaporation
of the solution absorbed by the thread in two zones: a cold solvent evaporation zone and a heated
precursor evaporation zone, from where the vapors were transferred in an Ar flow to the reactor
zone. Chelate complexes of Lu and Fe with dipivaloylmethane were used as precursors, toluene
served as a solvent, and oxygen was supplied to the reactor separately. Single-crystal YSZ(111),
YSZ(100), and Al,03(001) were used as substrates.

h-LuFeOj3 thin films of different thicknesses were deposited and studied by the method of
second harmonic generation (SHG). The figures of rotational anisotropy of h-LuFeOj3 films show
the presence of a two-fold pattern, that is characteristic of hexagonal ferrites at a nonzero angle of
incidence of light. At normal incidence of radiation, a six-fold pattern of rotational anisotropy is
observed, which contradicts the polar h-LuFeO3 space group P6scm. Such a signal at normal
incidence of radiation can be explained by the formation of strained layers of the h-LuFeO3 phase at
the film/substrate interface, which belong to the nonpolar space group P6s/mmc. As part of the
work, it was also shown that this SHG signal depends on the nature of the chosen substrate.

In order to obtain heterostructures with multiferroic properties the deposition of
heterostructures with alternating layers of h-LuFeOz; and B-Fe,Os; oxide was carried out. The
resulting B-Fe,Os/h-LuFeO; heterostructures were then annealed at 900°C in the reductive
atmosphere pO, = 10" bar, which was provided by a Fe/FeO getter heated to the temperature of
1000°C. Simultaneously with the formation of wuestite, its solid-phase interaction with h-LuFeOs;
took place: Fe?* ions diffuse into the bulk of the h-LuFeOs film with the formation of the LuFe,O,
and (h-LuFeOg3)n\(LuFe,O4), superlattices. Using the SHG and the magneto-optical Kerr effect
methods, it was demonstrated that the obtained samples simultaneously possess ferroelectric and
ferromagnetic orders at room temperature.
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IHoaydyenue ancujioH-okcuaa xeae3a(lll) nyrém konBepcuun
HaHo4acTul rexcageppura M-Ttuna

Hyano 1.

PykoBoauTens: k.X.H., uHX. ['opbaueB E.A.

B Hacrosiiee BpeMsi HaHOYACTHUIIBI TekcapeppuToB M-THNA SBISIOTCS HAauOOJEe IIUPOKO
UCIOJIb3YEMBbIMU MaTe€pUallaMy JUJIsi MarHUTHOM 3amucu uHpopmauuu. Ha ceronusmHuili aeHb
MPOJIOJDKAIOTCS  MICCIICAOBAHUs, HANpaBlICHHbIC HA YMEHBIICHHE O0bEMa 4YacTHIl C IEJIbI0
MOBBILICHUS TUIOTHOCTH 3anucH. [Ipu 3TOoM rekcadeppuThl, 0 Bcel BUIMMOCTH, YK€ JOCTUTIIU
CBOETO Tpejiesia, MOCKOJIbKY M3BECTHBIE METOJbl CHIKEHHS MX CyIepliapaMarHUTHOTO JHaMeTpa
(Den) wcuepnanbl. [losromMy B OyayiieM BO3MOXKEH TMepexoi K 0ojee MarHMUTOTBEP.IbIM
MaTepuaiam. TakuM MaTepuaioM MOXET cTaTh 3rcuinoH-okeu xenesa (1) (e-Fe,03), y kotoporo
Do MOXeT ObITh CHHXKEH B HECKOJIBKO a3 H3-3a CYIIECTBEHHO O0oJiee BBICOKOW MarHUTHOM
aHU30TPONHMH, 4YeM Yy rekcadeppuToB M-tuma. DTO JODKHO MPUBECTH K 3HAYUTEIHLHOMY
YBEJIMYEHUIO TUIOTHOCTH 3aIUCH.

[Tomyyenue sncunon-okcuna xenesa (lll) 3arpyaneHo u3-3a ero TepMoOaUHAMUYECKOU
METacTaOMIBHOCTH, a CYIIECTBYIOLIME METOAbl CHHTE3a HSKOHOMUYECKH HEIPPEKTUBHBI s
MPOMBIIIJICHHOTO TOJydeHusi JaHHOW (a3pl. Takum oOpazoM, eI JaHHON paOOThI SABIISIETCS
pa3paboTaTh METOJIUKY MOJYy4eHHs SNCUIOH-okcuaa sxene3a (llI) myrem koHBepcun HaHOYACTHIL
rekcaepputa M-tumna. J{ist 1oCTH)KEHUSI TaHHOW IeNd ObUTM TOCTaBIICHBI CIICAYIOIINE 3aauu:
MOJIyYeHHUE HAHOYACTUIl TekcadeppuTa CTPOHIHS ¢ TPeOyeMbIMH pa3MepaMd M MarHUTHBIMU
CBOMCTBAMH ITyTEM KPHUCTAIUIM3AIMU OOPATHOTO CTEKJA;, JMArHOCTUKA HAHOYACTHUI[ rekcadeppuTa
CTPOHIIS; pa3paboTKa METOAMKU MOKPHITHUS HAHOYACTUIl rekcadeppura CTPOHIUS IUOKCHIIOM
KpeMHusi myTteM rujaponnsa terpastokcucmiana (TOOC); m3zyueHue (a30BBIX INpeBpallleHud B
JAaHHOW CHCTeME NyTeM IUKIUYECKOW TEepMOTPaBUMETPUU B TPAJAMEHTHOM MArHUTHOM TIOJE;
ONITUMHU3AINS YCJIOBHA OTKWTA;, MOATBEpKIeHUE oOpazoBanus ¢as3el &-Fe,0O3; ¢ momormibio
CUHXPOTPOHHOH peHTreHoBckoil nudpakuuu, CKBU]/[-MarauTOMeTpUn U TEpMOTPaBUMETPUU B
IpaJlMeHTHOM MarHUTHOM IIOJI€.

B nanno#i paboTe HaHOYACTHIIBI TeKcaeppruTa MOKPHIBATUCH TUOKCUAOM KPEMHHSI, YTOOBI
MPEAOTBPATUTH arperayio HaHOYACTHI] U 00pa30BaHME YACTHI] C OOJBIITUM pa3MEPOM B Ipoliecce
OTXKUTa. 3aTeM MPOBOJIUIN TEPMUYECKYIO 00pabOTKY, BO BpeMs KOTOPOH CTPOHIIMI MepexoauT B
0oJiee KUCITYI0 CpeLy — MaTPHILy TUOKCHIa KPEMHHUsI, IPH ATOM OKCHUJI JKeJie3a PEeKPUCTAIITU3YETCS

B 8'(1)33}7. YPaBHCHI/Ie JIaHHOM PCaKu MOXKET OBITh 3aIMCAHO KaK:
1100 °

StFe;,0,0 + Si0, = 68-Fe,05 + SrSiO;

OTXUTH KOMIIO3UTOB TeKcadeppuTa ¢ MOKpPBITHEM Tuokcuaa kpemuus mpu 910 — 1000 °C
NPHUBOAST K 00pa3oBaHWIO cMecH MarHuTHBIX (a3 e-Fe;O; u rekcadeppura M-tuma. OTxur
JnaHHOTrO Kommosuta-npekypcopa npu 1100 °C B TeyeHue moiydaca NPUBOIAUT K (POPMUPOBAHUIO
grcrtoro &-Fe,03. TlomydeHHbIN 00pasen XapakTepHu3yeTcsl METJeH MarHMUTHOTO THCTEpEe3nca Co
BTOPBIM TI€PETHOOM MpPU HYJIEBOM BHEIIHEM MAarHWTHOM IoJie. 3HaY€HHE KOIPLUUTHUBHOU CHIIBI
cocraBisieT 7.4 kKD, KOTOPOE MEHBIIE TUITMYHOTO 3HAYCHHUS KOAPIUTUBHOM cHitbl £-Fe;03. /IBa aTHx
(akTopa roBopAT 0 MPUCYTCTBUH B 00pasiie 1oiu g-Fe,O3 B cynepnapaMarHUTHOM COCTOSIHUU.

Takum 00pa3om, B JaHHOU pabOTe BHEpBBIC OBLT pa3padOTaH MOAXOJ MOTYIEHUS ITICHIOH-
okcuma okenesa (III) myrem koHBepcum HaHowacTil Tekcadeppura M-tumna. IlomydyeHHBIC
pe3yNbTaThl IEMOHCTPUPYIOT BBICOKYIO MEPCIEKTUBHOCTh MCIOJB30BaHUS JAHHOTO Ipoliecca JUis
nepepadoTKU yXKe UCIOIb30BaHHBIX HAHOYACTHII TekcadeppuToB M-Tura.
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Synthesis of epsilon iron oxide (I11) via the conversion
of M-type hexaferrite nanoparticles

Duan J.
Supervisor: Ph.D. in Chemistry, engineer Gorbachev E.A.

Nowadays, M-type hexaferrite nanoparticles are the most widely used materials for
magnetic recording. Currently, the research is ongoing to reduce the particle volume in order to
increase the recording density. However, hexaferrites is likely to have already reached their limit, as
known methods of reducing their superparamagnetic diameter (Ds,) have been exhausted. For this
reason, a transition to more magnetically hard materials is possible in the future. This material can
be epsilon iron oxide (III) (e-Fe,03), whose Ds, can be reduced several times due to a much higher
magnetic anisotropy constant than that of M-type hexaferrites. This feature should lead to a
significant increase in the recording density.

The synthesis of epsilon iron oxide (Ill) is difficult because of its thermodynamic
metastability, and existing methods of synthesis are economically inefficient for the industrial
production of this phase. Thus, the aim of this work was to develop a methodology for the obtaining
epsilon iron oxide (I11) by the conversion of M-type hexaferrite nanoparticles. In order to achieve
this aim the following tasks were set: obtaining strontium hexaferrite nanoparticles with required
size and magnetic properties by crystallization of borate glass; diagnosis of strontium hexaferrite
nanoparticles; developing a methodology for a coating strontium hexaferrite nanoparticles with
silicon dioxide by hydrolysis of tetraethoxysilane (TEOS); investigation of phase transformations in
this system by cyclic thermogravimetry in a gradient magnetic field; optimization of annealing
conditions; confirmation of &-Fe,O3 phase formation by synchrotron X-ray diffraction, SQUID-
magnetometry and thermogravimetry in gradient magnetic field.

In this work hexaferrite nanoparticles were coated with silicon dioxide to prevent
nanoparticle aggregation and the formation of larger particle sizes during annealing. A heat
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treatment was then carried out during which the strontium goes to a more acidic medium, the silica
matrix, while the iron oxide recrystallized into the g-phase. The chemical equation for this reaction
can be written as:

SrFe;,05 + SiOs = 6&-Fe,05 + SrSiO;

Annealing of the SiO,-coated hexaferrite composites at 910 — 1000 °C results in a mixture of

e-Fe,03 and M-type hexaferrite magnetic phases. Annealing of this precursor composite at 1100 °C
for half an hour leads to the formation of pure &-Fe,O3. The resulting sample is characterized by a
magnetic hysteresis loop with a second inflection at zero external magnetic field. The value of the
coercivity is 7.4 kOe, which is less than the typical value of e-Fe;O3. These two factors indicate the
presence of a superparamagnetic fraction of e-Fe,O3 in the sample.

As a result, in this work an approach to synthesis of epsilon iron (I11) oxide by a conversion
of M-type hexaferrite nanoparticles has been established for the first time. The results demonstrate a
high potential of this approach for the recycling of already used M-type hexaferrite nanoparticles.

HexoBajieHTHasi caM0OCOOPKA yJIbTPATOHKUX TMOPUIHBIX MATEPUAIOB
HA OCHOBe XpOoMO(OpPOB M OKcHAA rpadeHa
JNJISl OPraHUYeCKOM FJIeKTPOHUKH

I'ycaposa E.A.

PykoBomurenu: n.x.H., npod. PAH Kammnamna M.A.; n.x.H., npod. PAH
[MupsieB A.A.

B cBere coBpeMEHHBIX TEHJEHIMHA pa3BUTUS OPraHUYECKOM 3JIEKTPOHUKU OOJIbIIOe
KOJIMYECTBO HCCIICIOBAaHUI TOCBAIICHO IOJYYEHHIO YIBTPATOHKHX THOPHIHBIX MaTepHAIOB Ha
ocHoBe rpagena (OI') u opraHuYecKHX COEJMHEHUH, a TakKe pa3paboTKe 3JEKTPOHHBIX YCTPOHCTB
Ha UX OcHOBe. OCOOCHHOCTBIO TAaKMX THOPHIHBIX CHCTEM SBISIETCS MOSIBICEHHE B MaTepHuale
cuHepreTuueckoro 3¢¢ekra, TO ecTb HEaJJUTHUBHOTO YCHJIeHHs cBOMCTB. [Ipu sToM 1O
SKOHOMHMYECKUM M DKOJIOTHUYECKUM COOOPaKEHUSM IIeJ1eco00pa3Ho coOupaTh TUOpUIHBIE
MaTepHalbl ¢ pa3InYHbBIMU (PYHKIIMOHAIBHBIMHM CBOMCTBAMU Ha OCHOBE OJIHOTO CTapTOBOIO Habopa
KOMITOHEHTOB.

B 510l cBsI3M naHHas AumIoMHas paboTa HampaBiieHa Ha pPa3paboTKy KOMOWHATOPHOM
CTpaTerHy TOJYYEHHUS! YIBTPATOHKMX THOPUIHBIX MaTepuasioB Ha ocHoBe OI' M OpraHm4ecKkux
COEIMHEHUI C IOMOIIBI0 MOJXO0JI0B HEKOBAJIEHTHOM caMocOOopku. OCHOBHOH 1enpi0 padoThI
ABISIACh pa3paboTKa METOJUK TOJYYEHHUS YIbTPATOHKUX THOPUIHBIX MOKPBITUH  IyTeM
ATMUTAKCUATBHOW COOPKH M COOpPKM Ha MeX(a3HBIX TPaHUIAX, a TAK)KE HCCICTOBAHUE BIHSHUS
CTPYKTYpPbl OpPraHMYECKUX MOJIEKYJ, CIoco0a MX OpraHu3allid M XUMHUYECKOTO OKPYKEHHUs Ha
(U3NKO-XMMHYECKUE CBOWCTBA KOHEYHOTO THOPHIA TIPU MHTETPAIMN B YCTPOHUCTBA OPraHUIECKOM
AJIEKTPOHUKH.

B xoxe BemmosHeHus paboThl ObUTa pa3paboTaHa M ONTHMHU3MPOBAHA METOJIMKA TTOTYUSHHSI
(GYHKIIMOHATIBHO Pa3IMYHbIX IBYMEPHBIX THOPUIOB C MCIIONb30BAaHUEM OJJHOTO MCXOAHOro Habopa
KOMITOHEeHTOB, Bkitovatomero OI, mepuneHoBbiii xpomodop (COOH-IT[N), nuaneruneHoBoe
noBepxHocTHO-akTuBHOE BemiectBo (ITJIK) u comu ayxBanentHbix MmetayuioB (Ni(ll), Co(ll),
Zn(1l)). KommoHeHTbl ObLIM COOpaHbl C TMOMOIIBI BOJOPOAHBIX WM KOOPAWHAIMOHHBIX
B3aMMOJICHCTBUI B CIOUCTBIC MOKPBHITHUSA TOMIMHON §-20 HM MyTeM COYeTaHHs AMUTAKCUAIbHON
MOIIaroBO¥ COOPKH M caMOCOOPKH KOMIIOHEHTOB Ha MEK(a3HbBIX TpaHHUIlaX.

[Tony4yenHnble THOpPUIHBIE HaHOMATEpUaANbl OBIIM WHTETPUPOBAHBI B  DIIECKTPOHHBIE
ycTporicTBa ¢ oomei apxutekrypoi ITO/rubpunnsiii matepuan/2-TNATA/AL. beuto moka3aHo, 9To
B 3aBHCHMOCTM OT COCTaBa, THOpPHUAbI TNPHUAAIOT TOJYYCHHBIM YCTPOWCTBAM pa3IHyYHBIC
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JKCIUTyaTallMOHHbIE XapakTepucTuku. Coderanue okcuaa rpadeHa ¢ GOTOAKTUBHBIM MOIUMEPOM
[TJJK npuBeno K CHUKEHUIO KOHTAKTHOI'O CONpOTHUBIIeHHUS B MoHOcsoe Ol 3a cuer "3anmeunBanus"
ne(QeKTOB-IyCTOT MEXAYy HAHOJIMCTAaMH OKcuaa rpadeHa. Bbpuio mpoaeMOHCTpUPOBAaHO, YTO
couetanne okcujga rpadena c moiumepom IIJIK B s31meKkTpoHHOM ycTpolcTBe obOecredrBacT
nosiBIICHHE (POTOAIEKTPUUYECKUX CBOWCTB, B TO BPeMs Kak /J100aBJIeHNE HOHOB METalljIa MPEBpaIiaeT
ruOpua B 3¢ (EKTUBHBIE ABIPOYHO-TPAHCIOPTHBIE ciou. C Apyroil CTOPOHBI, COYETaHUE IBYX
xpomopopo  (IIJIK u COOH-IIJIU) B oaHOM MaTepuasie MNPUBOJUT K TOJTYYECHHUIO
MHOT0(YHKIIMOHAJIHLHOTO HAHORJIEMEHTA, KOTOPBIN paboTaeT KaK HeJIMHEHHBIN pe3UCTOp, TUOJT WIH
(oToMOo1 B 3aBUCIMOCTHU OT apXUTEKTYPhl yCTPOICTBA.

B 3akmouenue, pazpaboTaHHbI KOMOMHATOPHBIN MOAXO/] K MOJYYSHHIO HAHOSJIEMEHTOB Ha
OCHOBE THOPUIHBIX MAaTEPHUAIOB MOXKET ObITh MPUMEHEH K pa3IMYHbIM OPraHUYECKHM MOJIEKYJIaMm
HIMPOKOTO KJacca, YTO OTKPHIBAET MEPCIEKTHBHI TOHKOTO HACTPAUBAHUSI CBOMICTB 3JIEKTPOHHBIX
YCTPOMCTB.
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Noncovalent self-assembly of ultrathin hybrid materials based on
chromophores and grapheme oxide for organic electronics

Gusarova E.A.

Supervisors: Ph.D. in Chemistry, Prof. RAS Kalinina M.A.; Ph.D. in Chemistry, Prof.
RAS Shiryaev A A.

In light of modern trends in the development of organic electronics, a large number of
studies are dedicated to obtaining ultrathin hybrid materials based on graphene (GO) and organic
compounds, as well as developing electronic devices based on them. The peculiarity of such hybrid
systems is the appearance of a synergistic effect in the material, that is, non-additive enhancement
of properties. At the same time, for economic and environmental reasons, it is expedient to
assemble hybrid materials with different functional properties based on one starting set of
components.

In this regard, this thesis is aimed at developing a combinatorial strategy for obtaining
ultrathin hybrid materials based on GO and organic compounds using non-covalent self-assembly
approaches. The main goal of the work was to develop techniques for obtaining ultrathin hybrid
coatings by epitaxial assembly and interfacial interface assembly, as well as to study the influence
of the structure of organic molecules, the way they are organized and the chemical environment on
the physical and chemical properties of the final hybrid when integrated into organic electronics
devices.

During the work, a methodology was developed and optimized to obtain functionally
different two-dimensional hybrids using a single initial set of components including GO, perylene
chromophore (PDI-PA), diacetylene surfactant (PDA) and salts of divalent metals (Ni(ll), Co(ll),
Zn(I1)). The components were assembled by hydrogen or coordination interactions into 8-20 nm
thick layered coatings by a combination of epitaxial step-by-step assembly and self-assembly of
components at interfacial interfaces.

The resulting hybrid nanomaterials were integrated into electronic devices with a common
ITO/hybrid material/2-TNATAJ/AI architecture. The hybrids were shown to impart different
performance characteristics to the resulting devices depending on their composition. The
combination of graphene oxide with the photoactive PDA polymer resulted in the reduction of the
contact resistance in the GO monolayer due to the "healing” of the defects voids between the
graphene oxide nanosheets. It was demonstrated that the combination of graphene oxide with the
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PDA polymer in the electronic device provides the appearance of photovoltaic properties, while the
addition of metal ions transforms the hybrid into effective hole-transport layers. On the other hand,
the combination of two chromophores (PDA and PDI-PA) in one material leads to a multifunctional
nanocell, which works as a nonlinear resistor, diode or photodiode, depending on the device
architecture.

In conclusion, the developed combinatorial approach to obtaining nano-elements based on
hybrid materials can be applied to various organic molecules of a wide class, which opens up
prospects for fine-tuning the properties of electronic devices.

HUccnenoBanue 0cO0€HHOCTE MATHUTHOTO YIIOPSA04Y€HUSA B HOBBIX

CeJIEHUTAX nepexoaHbIx MeTasioB: SroNi(SeOs3),Cl,,
CSZCU3(8603)4°2H20, BagMng(SeOQ,)G

Mocovxun A.B.

PykoBoguTens: K.¢.-M.H., H.c. Ko3msikoBa E.C.

Huskopa3smepHble MarHUTHBIC MaTEpUaNIbl IPUBJICKAIOT BHUMAHME M TCOPETUKOB, M
skcnepumenTatopoB. Teopus ['yaenada-Kanamopu-AHmaepcoHa XOpoIo OMKMCHIBAET CYIIEpOOMEH B
MPOCTBIX CUCTEMaxX, B KOTOPBIX MarHUTHBIC KATHOHBI CBSI3aHbI MEXK/y COOOH uepe3 OJJMH aToM, IPU
ATOM B3aUMOJICHCTBUSIMHU uepe3 2 WIM 3 TPOMEKYTOYHBIX aToMa OOBIYHO MpEHEeOperarT Ipu
pPacCMOTPEHHH TOIOJOIMM MArHUTHBIX B3auMMOJCHCTBHHA. OJHAKO CYIIECTBYIOT PUMEPHI
3HAYUTEIBHOTO JAIIBHEr0 cyrnepoOMeHa depe3 (ocdarHbie WM CEJICHUTHBIC TPYIITUPOBKHU, I10
3HAYEHHIO CPABHUMBIC C CYyIIepOOMEHOM Yepe3 KHCIOPO/I.

Takum o0Opa3oM 1ejdb Hamied paboThl — YCTaHOBIICHHE OCOOCHHOCTEH MAarHUTHOTO
YIOOPSIOYCHHUST  JJISI  HOBBIX  CEJICHHTOB  MEPEXOIHBIX  METAJUIOB: Sr,Ni(Se03),Cl,,
Cs,Cu3(Se03)42H,0 u BapMn3(SeOs)s. it 3TOro OBUIM I[MOCTABJACHBI 3a7ayd: TOJy4YEeHHE
obpasioB Cs;Cuz(Se03)42H,0, Ba;Mn3(SeOs)s u SroNi(SeO3),Cly; m3Mepenne MarHWTHBIX U
TEPMOJIMHAMHYECKUX CBOMCTB; 00paOOTKa pe3yJibTaTOB M CpPaBHEHHE C TEOPETHYECCKU
paccYMTaHHBIMU ITApaMeTpaMu OOMEHHOTO B3aHMO/ICHCTBHSI.

SroNi(Se03),Cl, 6511 monyueH npu Harpese B 3anasaaoi ammyiae SrSeOz u NiCl, 1o 750 °C
B TeueHue 10 mHeir. OcTtampHbie 00pa3ipl ObUTH MOYYEHBI THAPOTEPMATBHBIM METOJIOM CHHTE3a
npu temmeparypax 200-220 °C B TedyeHue 7 JIHEH, HCIONB3ys B KadecTBe mpekypcopoB AxCO;3
(A = Cs, Ba), H,SeO3, a takxe mamaxur mis Cs;Cuz(Se03)4-2H,0 u MnCl,-4H,0 (+HNO3, pH = 1)
s Ba;Mng(SeO3)s. O6pasiisl ObLIM OXapakTepu30BaHbI Ha mopoinkoBoM audpakromerpe STOE
STADI P u monokpucrannuueckom audpakromerpe Xcalibur-S. [l usmepeHuii TemnepaTrypHbIxX
U TOJICBBIX 3aBHCUMOCTEH MATrHUTHOW BOCHPHUMMYHMBOCTH W TEIUIOEMKOCTH HCIOJIb30BAUChH
PPMS-9T u MPMS-7T.

SraNi(Se03),Cl; ucnbiThiBaeT aHTU(GEppOMAarHuTHOE yropsigodeHue mpu Ty = 6 K, mpu
T > Tn ¢(T) onuceiBaeTcss MOJEIBIO aHTH()EPPOMATHUTHBIX IEMOYEK CO CIIMHOM | ¢ mapameTpom
o6Mennoro Biammoneiicteus J/kg = -9.97 K. U3 moneBoil 3aBUCUMOCTH OBUIM BBIYMCIICHBI
napametp B3aumojeiictBus J/Kg = 9.02 K u mapamerpsr anmzorponuu D/kg = 4.86 K, E/kg =
0.60 K. Pacuerst meromom DFT omnpemenwnm mapamerp B3aMMOACHUCTBUS MEXAY IIETTOYKAMHU
J’/kg = 0.8 K, uro mnosonmino moctaButh SroNi(Se0s3),Cl, B emé e 3amsaryro obmacts XY-
aHTH(eppoMarHeTHKoB nuarpamMmel Cakau-Takaxamy.

Cs2Cu3(Se03)4-2H,0 wucnbiThiBaeT (eppuMarHuTHoe ymopsimouenue npu Ty = 21 K. Ha
I0JIEBOM 3aBUCUMOCTU HamMarHu4eHHocTH mpH 2 K HaGmonaercs minato Ha 1/3 HaMarHMYEHHOCTH,
KOTOpO€ TMpOSBIISICTCS W3-32 3HAYMTEILHOTO OOMEHHOTO B3aUMOJCHCTBUS MEXAY JBYMs
no3unussmMu meau J/Kg = -91.5 K, mpuBozsiiee k 00pa3oBaHUIO CTPYKTYPhI CETKH M3 TPUMEPOB
Cu2-Cul-Cu2 c antudeppoMarHuTHEIM yropsiiodeHuem 1 1.
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Ba;Mn3(SeO3)s mposiBisier KoppensaiuonHbiii MakcumyM Tipu 10 K, HaOnmromaemMblii Kak Ha

BOCIPUMMYHUBOCTH, TaK M Ha TEIUIOEMKOCTH, YTO COOTBETCTBYET aHTH(EeppOMarHUTHON
Hu3KopasMepHoi noacucteme. [Ipu Ty = 5.6 K mpoucxoaut anTruhEppOMarHuTHOE YIOPSA0UCHHE,
a Ha MOJIeBOM 3aBUCUMOCTH HaMarHM4eHHOCTH npu | < Ty HaOI0aeTcs MeTaMarHUTHBIN EPEeX 0T
npu nose B 3.6 Ti. B xone pacueros metogom DFT 6bu10 ycTanoBieHo, 4To KoMOMHALINS Qeppo U
aHTH(EPPOMATHUTHBIX OOMEHHBIX B3aHMOICIHCTBHIT IPHBOUT K LEMOYCYHBIM CTPyKTypaM Mn?* u
Mn®" B naumoii crcreme.

IMyoauxamum cryaenra (https://istina.msu.ru/profile/ArtemMoskin/):

1.

10.

Moskin Artem, Kozlyakova Ekaterina, Chung Seung Hwan, Koo Hyun-Joo, Whangbo
Myung-Hwan, Vasiliev Alexander / Successive Short- and Long-Range Magnetic Ordering
in Ba;Mn3(SeOs)s with Honeycomb Layers of Mn®* lons Alternating with Triangular Layers
of Mn?* lons, Materials, 2023, 16(7), 2685, https:/doi.org/10.3390/mal16072685.

Moskin A.V., Kozlyakova E.S., Shvanskaya L.V., Chareev D.A., Koo Hyun-Joo, Whangbo
Myung-Hwan, Vasiliev A.N. / Highly anisotropic 1/3-magnetization plateau in a
ferrimagnet Cs,Cu3(SeO3)4*2H,0: topology of magnetic bonding necessary for
magnetization plateau, Dalton Trans., 2023, 52, 118-127,
https://doi.org/10.1039/D2DT03517K.

Kozlyakova E.S., Moskin A.V., Berdonosov P.S., Gapontsev V.V., Streltsov S.V.,
Uhlarz M., Spachmann S., ElGhandour A., Klingeler R., Vasiliev A.N. / Quasi-1D XY
antiferromagnet Sr,Ni(SeO3),Cl, at Sakai-Takahashi phase diagram, Scientific Report,
2021, 11(1), 1-8, https://doi.org/10.1038/s41598-021-94390-3.

Kozlyakova E.S., Denisova K.N., Eliseev A.A., Moskin A.V., Akhrorov A.Y., Berdonosov
P.S., Dolgikh V.A., Rahaman B., Das S., Saha-Dasgupta T., Lemmens P., Vasiliev A.N.,
Volkova O.S. / Short-range and long-range magnetic order in Fe(Te;sSeqs5)OsCl, Phys.
Rew. B, 2020, 102, 214405, https://doi.org/10.1103/PhysRevB.102.214405.

Markina M.M., Berdonosov P.S., Vasilchikova T.M., Zakharov K.V., Murtazoev A.F.,
Dolgikh V.A., Moskin A.V., Glazkov V.N., Smirnov A.l.,, Vasiliev A.N. / Static and
resonant properties of decorated square kagome lattice compound KCu7(TeO4)(SO4)sCl,
ArXiv e-prints, https://doi.org/10.48550/arXiv.2212.11623.

Mocekun A.B., Kosnskosa E.C., llIBanckas JI.B., BacunseB A.H. / Cunmes u usyuenue
maenumnou noocucmemvt Cs,Cuz(Se€03)4-2H,0, coopuuk TesucoB XIX Kondepenumnn
«CuniabHO KOppPE/JIMPOBAHHBIC JJICKTPOHHBLIC CUCTEMbBI M KBAHTOBLIC KPUTHYECCKHE
siBJIeHUs», cTpanuiibl 204-206, 2022.

. Mocekua A.B., KozaakoBa E.C., / Cummes u uccineoosanue MacHUmHOU HOOCUCTEMbL

cnoxcnoeo  cenenuma BayMn3(SeOs)s, Martepuajibl MeKIYHAPOIHOTO MOJIOIEKHOTO
Hay4Horo ¢popyma «Jlomonocon-2022», c. 35.17.24, 2022.

Mocekun A.B., Kosmsxosa E.C., IIBanckas JI.B., Uapees [I.A., Ky -/l Baur6o X.M.-X,
Bacunbes A.H. / Cummes u uccnedosanue meonoco peppumacnemuxka c¢ niamo 1/3
Cs,Cu3(Se03)4*2H,0, Tesucnr qokaagos XXI| Beepoccniickoii KoH(pepeHIIUH MOJIOIBIX
YYEHBIX «AKTyajJbHble NP00/JEeMbl HEOPraHMYECKON XHMHH: CHHXPOTPOHHbIEC H
HeHTPOHHBbIE METO/Ibl B XHMHMH COBPEMEHHBIX MaTepuaJioB», c. 222-223, 2022.

Mocekua  A.B., KosmixkoBa E.C. / CunTe3 u wuccienoBaHue MyJIbTH(PEPPOUKA
Ba;Mn3(SeOs)s, Te3mebr moxiaagoB XX| Bceepoccuiickoii koH(epeHIHH MOJIOABIX
YYEHBIX «AKTyajJbHble NP00/JEeMbl HEOPraHMYECKON XHMHH: CHHXPOTPOHHbIEC H
HeHTPOHHBbIE METO/Ibl B XHMHMH COBPEeMEHHBIX MaTepuaJioB», c. 220-221, 2022.
Kozlyakova E., Moskin A., Berdonosov P., Gapontsev V., Streltsov S., Skourski Y.,
Spachmann S., Elghandour A., Klingeler R., Vasiliev A.N. / Magnetic properties of S =1
spin chain in SroNi(Se0s3).Cly: XY-antiferromagnet at Sakai-Takahashi phase diagram, 1V
International Baltic Conference on Magnetism 2021 (IBCM-2021) Book of Abstracts,
p. 145, 2021.

34


https://istina.msu.ru/profile/ArtemMoskin/
https://doi.org/10.3390/ma16072685
https://doi.org/10.1039/D2DT03517K
https://doi.org/10.1038/s41598-021-94390-3
https://doi.org/10.1103/PhysRevB.102.214405
https://doi.org/10.48550/arXiv.2212.11623

11.

12.

13.

14.

15.

16.

17.

Kosmsakosa E.C., Mocekun A.B., bepgonocoB II.C., Myprazoe A.®., Knunrenep P.,
BacunbeB A.H. / Pexoponas eeiizenbepeosckas cnunosas yenouxka ¢ PbsCu(SeOs)4Cly,
ananoee muuepana cappadycuma, COOPHMK Te3HCOB MeKIYHAPOIHOH KoOH(epeHIHun
MOJIOABIX YueHbIX «KpucTa/ioxuMuyecKkue acneKkThl CO3JaHusl HOBBIX MaTepHAJIOB:
Teopusl M MPaKTHKa», c. 58-59, 2021.

VYceBamueB A Jl., MocekuH A., Jlaraes H. /., ['pubGanosckuii C.JI., XKuraue A.O., ['onoBuH
J.YO., Jleroukuii C.A., BecenoB M.M., Bnacosa K.1O., JlananskoBa A.B., MupomnukoB
K.A., benoryposa H.I'., 3aiineBa E.A., Ka6anoB A.B., Maxyra A.I'., ['omoBun 10.H.,
Knssuko HJL / Veeanuuenue nponuyaemocmu euewneii membpanvt kiemox E.coli ¢
NOMOWbIO MACHUMHBIX HAHOYACMUY 6 NPUCYMCIMEUU HUSKOUACMOMHO20 NEPEeMEeHHO20
MachumHnoz2o  nons, Marepuajabl MekayHapoaHoro ¢opyma «buorexHosiorus:
COCTOsIHHME U NMepPCNeKTUBBI pa3BuTus», €. 90-91, 2020.

Mocekun A.B., KozmsaxoBa E.C., enucoa K.H., Axpopo A.IO., bepmonocos II.C.,
BacunbeB A.H., Mazcnumnvie ceoticmeéa noso2o ¢heppumaznemurxa Fe[(Te155€05)O0s]Cl /]
MexayHapoaHasi HayuHasi KOH(epeHUHs CTYIeHTOB, ACMPAHTOB U MOJIOABIX Y4EHbIX
«JlomonocoB-2020», coopHuk Te3ucoB, Mocksa, Poccust, 10-27 Hos6ps 2020, c. 42 6.
Mocekun A.B., KoznsikoBa E.C., bepmonocos II.C., Myprazoe A.®., Bacunser A.H.,
Tetizenbepeosckas yenouxa co cnunom 1/2 6 cappabycume PbsCu(SeOs3)sCly /I XIX
Bcepoccniickasi kKoH(epeHIHA MOJIOABIX Y4YeHbIX «AKTyajbHble NPOOJIeMbl
HEOPraHu4vecKol XMMHM: MaTepuajbl JJIA reHepauuu, Npeodpa3oBaHusl U XpaHeHUs!
IHEeprum», cOOpHUK Te3ucoB, online, Mocksa, Poccus, 13-15 Hos6ps 2020, c. 200 7.
Kozlyakova E.S., Eliseev A.A., Moskin A.V., Akhrorov A.Y., Berdonosov P.S., Dolgikh
V.A., Denisova K.N., Lemmens P., Rahaman B., Das S., Saha-Dasgupta T., Vasiliev A.N.,
Volkova O.S., Short-Range and Long-Range Ferrimagnetic Order in Fe(Te;.5Se,.5)05Cl //
ICPMMP 2020 : International Conference on Electronic and Magnetic Materials, Book
of Abstracts, Jerusalem, Israel, 26-27 November 2020, Vol. 14, No. 11.

Kozliakova E.S., Denisova K.N., Moskin A.V., Akhrorov A.Yu, Berdonosov P.S., Vasiliev
A.N. / Magnetic properties of novel ferrimagnetic alternating spin chain compound
Fe[(Te15Se05)0s]Cl, Abstracts of VII Euro-Asian Symposium “Trends in Magnetism”
(EASTMAG-2019), p. 316, 2019.

Yapee JI.A., KoszmsaxoBa E.C., Mocekun A.B., Cnoco6 cummesa anvgpa- u bema-
KPUCTNAIUYECKUX MOOUPUKAYULI MOHOKPUCMANIUYECKO20 OKcocenenuda dicenesa, IlaTeHt

Ne 2784150, 2022.

Magnetic ordering features in new transition metal selenites:
szNi(SEOg)zCIg, CSZCU3(8903)4'2H20, BagMng(SeC)g)G

Moskin A.V.

Supervisor: PhD, Researcher Kozlyakova E.S.

Low-dimensional magnetic materials attract the attention of both theorists and

experimenters. The Goodenough-Kanamori-Anderson theory describes superexchange well in
simple systems in which magnetic cations are interconnected through one atom, while interactions
through 2 or 3 intermediate atoms are usually neglected when considering the topology of magnetic
interactions. However, there are examples of significant long-range super-exchange through
phosphate or selenite groupings, comparable in value to super-exchange through oxygen.

Thus, the purpose of our work is to study of magnetic ordering features for new transition

metal selenites: Sr,Ni(Se03),Cl,, Cs,Cu3(Se03),2H,0 and Ba,Mn3(SeO3)s. For this purpose, the
following tasks were set: synthesis of the samples Cs,Cu3(SeOs)s2H,0, Ba,Mn3(SeOs)s and
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SryNi(Se03),Cl,; measurement of magnetic and thermodynamic properties; processing of results
and comparison with theoretically calculated parameters of exchange interaction.

SroNi(Se03),Cl, was obtained by heating in a sealed ampoule of SrSeO3; and NiCl, to
750 °C for 10 days. The remaining samples were obtained by hydrothermal synthesis at
temperatures of 200-220 °C for 7 days, using as precursors AxCO3; (A = Cs, Ba), H,SeOs, and
malachite for Cs,Cus(Se0s)4*2H,0 and MnCl,-4H,O(+HNO3, pH = 1) for Ba,Mn3(SeO3)s. The
samples were characterized on a powder diffractometer STOE STADI P and a single crystal
diffractometer Xcalibur-S. PPMS-9T and MPMS-7T were used to measure temperature and field
dependences of magnetic susceptibility and heat capacity.

SraNi(SeO3),Cl, experiences antiferromagnetic ordering at Ty = 6 K, at T > Ty x(T) is
described by the model of antiferromagnetic chains with spin 1 with the exchange interaction
parameter J/kg = -9.97 K. The interaction parameter J/kg = 9.02 K and the anisotropy parameters
D/kg = 4.86 K, E/kg = 0.60 K were calculated from the field dependence. DFT calculations
determined the interaction parameter between the chains J’/kg = 0.8 K, which made it possible to
put SroNi(Se03),Cl, in the not yet occupied region of XY antiferromagnets of the Sakai-Takahashi
diagram.

Cs,Cu3(Se03)4-2H,0O experiences ferrimagnetic ordering at Ty = 21 K. On the field
dependence of the magnetization at 2 K, a plateau of 1/3 of the magnetization is observed, which
manifests itself due to a significant exchange interaction between two copper positions
[J/ks =91.5 K, leading to the formation of a grid structure of Cu2-Cul-Cu2 trimers with
antiferromagnetic ordering 1]71.

Ba,Mn3(SeO3)s exhibits a correlation maximum at 10 K, observed on both susceptibility and
heat capacity, which corresponds to an antiferromagnetic low-dimensional subsystem.
At Ty = 5.6 K, antiferromagnetic ordering occurs, and on the field dependence of magnetization at
T < Tn, @ metamagnetic transition is observed at a field of 3.6 T. In the course of calculations by the
DFT method, it was found that the combination of ferro and antiferromagnetic exchange
interactions leads to Mn?* and Mn** chain structures in this system.

N3yuenue ¢ga3oodpaszoBanus B cucreme Y,03-SNO, u ucciaenoBanme

JIIOMHHeCHEHIIMH TBEPABIX PAaCTBOPOB Ha ocHoBe LN,Y,,SN,0O;
(Ln=Tb, Er, Tm, Yb)

Xyan T.

PykoBoauTenu: K.X.H., ¢.H.c. Promun M.A.; 1.X.H., B.H.c. YTouHHnKOoBa B.B.

CraHHATBl PEeNKO3eMENbHBIX 3JEMEHTOB CO CTPYKTYpOHW MHUpOXJopa 00JagaroT BBICOKOM
TEPMUYECKOH M XUMHYECKOH CTaOMJIBHOCTBIO, HOHHOW MPOBOJMMOCTBIO, MArHUTHBIMH U
KaTaJUTHYECKUMHU cBoicTBaMH. [109TOMYy OHUM MOTYT HalTHU MPUMEHEHHE B 00JIACTH TEPMOCTONKUX
MOKPBITUH, MOHHBIX NPOBOJHUKOB, KaTalM3aToOpoB, (hIYOPECIIEHTHBIX MaTepHajiOB U JIUTHEBBIX
Oarapeit u T. 1. CTaHHAT UTTPUS, KaK OJUH MPEICTABUTENb U3 TPYIIIBI CTAHHATOB PEIKO3EMEITbHBIX
3JIEMEHTOB, HEJOCTATOUYHO HM3Yy4eH,; 0COOEHHO €ro TepMUYECKHE U TePMOJANHAMHYECKUE CBOICTBA.
o cux mop daszoBas amarpamma B cucteme Y03 - SnO, He mccienoBaHa. JIFOMHHECIICHTHBIC
MaTepHalibl Ha OCHOBE CTaHHATa UTTPHS TaKXKEe Majlo U3yUYEHBI.

[lenpl0 HAMX WCCIEIOBAHWHN SBISIETCS M3ydeHHE (a3zooOpasoBaHus B cucteme Y03 -
SnO,, ompeneneHue TOMOT€HHOCTH CTaHHATa HUTTPHUs, a TaKXKE H3YYEHUE JIIOMHUHECIIEHTHBIX
CBOWCTB CTaHHATa UTTPHSI, JISTHPOBAHHOTO pa3iudHbIMU JaHTaHumamu (Ln=Tb, Er, Tm, YD).

B nmanHoif pabore craHHAT WUTTpUs OBUT IMOJIyueH METOJaMH TBEepAO(ha3HOTO CHHTE3A,
OCaKIACHUEM H3 BOJHOTO PAacTBOPA, T'MAPOTEPMAIBHOTO M 30Jb-Tellb CHHTE3a. A COCAMHCHHS
coctaBa LnkY>,Sn,0; (Ln=Tb, Er, Tm, Yb) Obuin cuHTe3upoBaHbl METOJAOM ocaxiacHus. C

36



MOMOIIBI0  (POTOIFOMUHECIIEHTHOTO CIIEKTPOMETPA HCCICNOBAHBI JIFOMHHECIIEHTHBIE CBOWCTBA
CTaHHATa WTTPHs, JISTUPOBAHHOTO JIaHTaHWIaMu. Kpucramimdeckas CTpykTypa, mMopdosorus u
pasMep dYacTuil OBUIM  OXapakTEpU30BaHBI C TOMOINBID PEHTreHO(Aa30BOrO  aHAIW3A,
TEPMOTPAaBUMETPUUYECKOTO  aHajgu3a,  CKAaHUPYIOMIETO  JJIGKTPOHHOTO  MHUKpPOCKONa |
JHEPTOIMCIIEPCUOHHON CIIEKTPOCKONUU. CTPYKTYypHOE MpEBpaIeHue MPOAYKTa U3YIalld METOJOM
MH(]paKpaCHOU CIIEKTPOCKOIUHU ¢ TIpeoOpazoBanneM Dypbe.

CraHHAT UTTPHUS CO CTPYKTYPOH MUPOXJIOpa B BUAE OJHO(PAZHOTO MPOIYKTA ObUT YCIIEITHO
MOJTY4eH METOJIaMU TBepJ0(a3sHONW peakluH, THAPOTEPMAIBHOTO U OCAXJICHHS, HO OJHO(MDA3HBIN
CTAaHHAT WTTPHsI TIOKa HE OBUI CHHTE3MPOBAH 30Jb-Telib MeTonoM. CraHHAT WTTpUs oOJamaer
BBICOKOH TEPMHUYECKON CTaOMIBLHOCTBIO 1O JAaHHBIM TEPMHUUYECKOTO aHAIM3a, HO MPU HArpeBaHUU
Boiuie 1000 °C mnpoucxoauT HEW3BECTHAs JHAOTepMuUYeckas peakuus. CTaHHATBl UTTPUA,
CHUHTE3MPOBAHHBIE METOJIOM OCaXACHUS | TBepAo(a3HOW peakiuu, O00JIalaloT XOpOIIeH
KPUCTANIMYHOCTBIO, @ pa3Mep YacTHUI[ CTaHHATa UTTPHUS, CUHTE3UPOBAHHOTO THUAPOTEPMATHHBIM
MetosioM, coctaBisieT oT 40 um 10 100 HM. Bee monmyuyeHHbIe CTaHHATBI UTTPUS, JIETUPOBAHHbBIE
WOHAMH JIAHTAHUJIOB, 00JIa/Ial0T JTFIOMUHECIICHTHBIMU CBOKCTBaMU. [0 CrieKTpaM JTFOMHUHECIICHIIUN
Y 2x(YDo.75Er0.25)x SN2O7 , ipu yBeIHUCHUH KOHIICHTPAIMH JIETHPOBAHHBIX Er¥* u Yb*° U3JTy9CHHE
oOpa3ia MEHSETCS ¢ NPEHMYIICCTBEHHO 3€JICHOTO Ha MPEHMYIICCTBEHHO KpacHbId. Korma
KOJINYECTBO JICTMPOBAHUS Yb3* npeBbimacT 6 Moil. % , KBaHTOBBIHM BBIXOA Y 2.x(Y Do 75Er025)x SN207
YMEHBIIIACTCS.

[Tpu uzyuenun ¢azoobpazoBanus B cucteme Y203 - SnO, ompeneneno, uro mpu 1400°C
00JIaCTh TOMOTEHHOCTH CTaHHAaTa UTTPHs cocTaBisier 64-66.7 mMon1.% SnO,, obmacTs TBEpABIX
pacTBOopoB Ha ocHOBe okcuaa uttpus - 0-3 mon. % SnO,, a TBepABIX PAacTBOPOB Ha OCHOBE
IMOKCHAAa OJoBa He oOHapyxkeHo. HaOnromaemo, YTO BeNMYMHA TEIUIOEMKOCTH Y 2SN07
YBEJIIMYUBACTCSI C YBEJIMYEHHUEM TeMIepaTyphl, a BeJIWYHHA TEIJIONPOBOIHOCTH Y 2SN207
YMEHBIIIACTCS TIPH YBEIMYCHUN TeMIieparypbl. OOHAPYKEHO, YTO MHTEHCUBHOCTD JTFOMUHECIICHITHH
YoxTMSN,07  m Yo TheSN,07,  CHHTE3UPOBAHHOTO  METOAOM  OCAXKICHUS, CBsA3aHA C
KOHIEHTpalHen Tm> /T MIpU JJTMHE BOJHBI BO30YK1aro1miero ceera 265 HM. KBaHTOBBIN BRIXO/
Y 2x(YDo 75Er0.25)x SN2O7 B KauecTBe an-KOHBEPCHOHHOTO MaTepuaia, He 6osbiie 0,2%.

Phase formation in the system Y,03-SnO, and luminescence of solid
solutions based on Ln,Y,.,Sn,O; (Ln=Tb, Er, Tm, YD)

Huang T.

Supervisors: Ph.D. of Chemical Sciences, Researcher Ryumin M.A.; Doctor of
Chemical Sciences, Leader of Researcher Utochnikova V.V.

Rare earth stannates with pyrochlore structure have high thermal and chemical stability,
ionic conductivity, magnetic and catalytic properties. Therefore, they can find applications in the
field of thermal-barrier coatings, ionic conductors, catalysts, fluorescent materials and lithium
batteries, etc. Yttrium stannate, as one member of the group of rare earth stannates, has not been
sufficiently studied; especially its thermal and thermodynamic properties. So far, there is no phase
diagram in the Y,03 - SnO, system. Luminescent materials based on yttrium stannate are also
poorly studied.

The aim of our research is to study phase formation in the Y,03 - SnO, system, determine
the homogeneity of yttrium stannate, and study the luminescent properties of yttrium stannate doped
with lanthanides (Ln=Tb, Er, Tm, Ybh).

In this work, yttrium stannate was obtained by solid-phase synthesis, precipitation from an
aqueous solution, hydrothermal and sol-gel synthesis. Compounds of composition LnyY24Sn,07
(Ln=Th, Er, Tm, Yb) were synthesized by precipitation. The luminescent properties of yttrium
stannate doped with lanthanides were studied using a photoluminescent spectrometer. The crystal
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structure, morphology and particle size were characterized by X-ray phase analysis,
thermogravimetric analysis, scanning electron microscope and energy dispersive spectroscopy. The
structural transformation of the product was studied by Fourier transform infrared spectroscopy.

Yttrium stannate with the pyrochlore structure as a single-phase product has been
successfully obtained by solid-phase reaction, hydrothermal and precipitation methods, but single-
phase yttrium stannate has not yet been synthesized by the sol-gel method. Yttrium stannate has
high thermal stability according to thermal analysis, but when heated above 1000 °C, an unknown
endothermic reaction occurs. Yttrium stannate synthesized by precipitation and solid phase reaction
has good crystallinity, and the particle size of yttrium stannate synthesized by hydrothermal method
is 40 nm to 100 nm. All obtained yttrium stannates doped with lanthanide ions have luminescent
properties. According to the luminescence spectra of Y,«(YDo 75Er0.25)xSn207 , as the concentration
of doped Er®* and Yb*" is increased, the emission of the sample changes from predominantly green
to predominantly red. When the amount of Yb*" doping exceeds 6 mol. % , the quantum yield of
Y 2x(Ybo 75Er0.25)xSn207 decreases.

When studying phase formation in the Y,03 - SnO, system, it was determined that at 1400°C
the homogeneity region of yttrium stannate is 64-66.7 mol.% SnO,, the region of solid solutions
based on yttrium oxide is 0-3 mol. % SnO,, and no solid solutions based on tin dioxide were found.
It is observed that the heat capacity of Y,Sn,O; increases with increasing temperature, while the
thermal conductivity of Y,Sn,O; decreases with increasing temperature. It has been found that the
luminescence intensity of Y,.,Tm,Sn,0; and Y,.4Th,Sn,0O; synthesized by the deposition method is
related to the Tm**/Tb*" concentration at an exciting light wavelength of 265 nm. The quantum
yield of Y,4(Ybo.75Ero.25)x SN0z as an up-conversion material is not more than 0.2%.

Cyab(aTsl aIKHIAMMOHHUSA KaK MOAU(PUKATOPbI THOPUAHBIX
HOAOILTIOMOATOB /151 MOBBIMICHUA CTA0MIBHOCTH NEPOBCKUTHBIX
COJIHEYHBIX 3JICMEHTOB

JIu IO.

PykoBoauTens: K.X.H., M.H.c. ¥ gamoa H.H.

Pa3zpaboTku B 00;1aCTH NEPOBCKUTHBIX COMHEUHBIX 3eMeHTOB (IICD) Ha ocHOBE TMOPHIHBIX
raJIOTeHOIUTIOMOATOB B KAueCTBE CBETOIOTJIONIAIONIETO MaTephalia SIBISIOTCS Ha CETOMHSITHUN
JeHb OJHMM M3 TEepCHEeKTHBHBIX HaNpaBlIeHUH B MarepuaioBefeHUd. OpHako THOpHUIHBIE
MIEPOBCKUTHI M COJTHEYHBIE AIIEMEHTHI Ha UX OCHOBE 00JIaaf0T HU3KOW CTaOMIIBHOCTBIO K (pakTopam
SKCIUTyaTalu (CBET, TEeMIIepaTypa, BIAKHOCTb U KHUCIOPOA), UYTO MPEMATCTBYET HEMEAJICHHOMY
BbIBOAY [ICD Ha pBIHOK.

JlaHHOE HccieZloBaHUE IMOCBSIIEHO PEIICHUIO MPOOIeMbl HU3KOW CTaOMIIBHOCTH THOPUAHBIX
raJIOTeHOILUTIOMOATOB, KOTOpasi 00YCJIOBJICHA B TOM YHWCIIE HaJIHMYUeM Ae()EeKTHOW MOBEPXHOCTH U
noTepen JErKoJeTYYUX KOMIIOHEHTOB M3 CBETONOIJIOMIAIOIIETO MEPOBCKUTHOIO CIIOSI, HHUIIMUPYS
HeoOpaTtumyro nerpananuio nepoBckuToB U [ICO Ha ux ocHoBe. Jyis pemieHus: 3Toi mMpoOIeMbl
npejuiaraeTcsi MOAM(GpUIMPOBaTh Ae(HEKTHYIO MOBEPXHOCTh U MEX3EpEHHbIE TPaHMIIbI IEPOBCKUTA
cynb(araMu alTKUIAMMOHHS, KOTOPBIE CIIOCOOHBI OTHOBPEMEHHO NTAaCCHBUPOBAThH PA3ITUYHBIC THUIIHI
nedexkToB M (HOpMHPOBATH Ha MOBEPXHOCTH IEPOBCKHTA TOHKUH OapbepHblii cioii PbSOg,
MPETSATCTBYIOMIMNA TTOTEPE M MUTPAIIH KOMITOHEHTOB.

B xozne paboTbl 00HapYkKEHO, YTO AJTUHA YIIIEPOJHOMN IeNH KaTHOHA alIKUIAMMOHUS OKa3bIBaeT
KJIIOYEBOE BIIMSHUE HA ONTO3JIEKTPOHHBIE CBOWCTBA M MOP(HOJIOTHMI0 MOJU(PHUIMPOBAHHBIX MIEHOK
MEPOBCKUTA, a Takxke Ha (ortoTrepmuueckyo cradmapHocTh IICD. C yBenndyeHHeM JITUHBI
yrneponHoii nerm katnona R-NH3" B paxy CHsNH3™ (MA), C4HgNH3" (BA) n CigHasNH3™ (OLA)

3aMETHO CHI)KAaeTcsi 10Nl Oe3bI3lydaTeNbHOW peKoMOMHAlMu B IUIEHKaX IEPOBCKUTA, a
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MOp(}OTOTHS TaCCHBUPYIOIIETO CIIOS CTAHOBUTCSL OoJiee CIUIONIHON 6e3 00pa3oBaHMs MPUMECHBIX
yactull. [loBepxHocTHas mMomudukanus nepoBckuta cyiabparom OLASO4 Tarxke crocoOCTBYET
POCTY CpelHero BPEMEHH >KM3HU HOCHUTENEH 3apsia B IUIEHKAX U YBETUYECHHUIO (POTOCTAOMIBHOCTH
[1CO no cpaBHEHUIO C KOHTPOJIBHBIMH 00pa3liaMu U ¢ 00pa3liaMy, TaCCUBUPOBAHHBIMHU CYJb(aTom
BA,SO,. Ilpu »stoM cynbhaTHBI CIOH HEMHOrO CHH)KAaeT MPOBOJMMOCTh HHTepdeiica
MIEPOBCKUT/IBIPOUHO-TIpoBOIsALMil cnoii, ymenbwas KIIJ ycrpoiictB Ha 2-4% OTHOCUTEIHHO
KOHTPOJIBHBIX 00pa3ioB. B cBoto ouepens, oo0bémuas naccuBanus 0.5% OLA2SO4 u BASO4 He
MPUBOJIUT K cuiibHOMY u3MeHnenuto KITJI [1CD.

Ananus gororepmudeckoii crabmibHocTy [ICD B ycnoBusX HENPEPHIBHOTO 00JIyueHHs O€IbIM
CBETOM M Harpea npu 65-85°C mokasai, uro nmoBepxHocTtHas Moaudukamus OLA»SO,4 mo3Bossier
YBEIIMYUTh CTAOMIIBHOCTH YCTPOMCTB, B TO Bpems kak BA,SO, mpuBogutr kK 3ameTHOMY €€
CHIDKEHUIO OTHOCUTEIBHO KOHTPOJIBbHBIX 00pa3uoB. B cioyyae 00bEMHON Moaudukaimu, Ha060poT,
uMeHHO BA»SO,; mo3BoisieT MOBBICHTH (POTOTEpMUYECKYI0 cTadmibHOCTh IICD, a cymbdar
OJICWJIAMMOHUS HE OKa3bIBA€T 3aMETHOTO BO3JICHCTBUSI.

Takum oOpa3zom, B pabore ObLIO OOHAPYXKEHO, YTO OOoJee IMHHOLEIOYEUHBIE KaTHOHBI
QIKWJIaMMOHHUS (HAMp. OJCHJIAMMOHHMI) TO3BOJISIIOT C(OPMUPOBATH CILIONIHON 3aIUTHBIN CJION Ha
MOBEPXHOCTH TIEPOBCKHUTA W TOBBICHTH MTOTOBYIO CTaOmibHOCTH [ICD B ciydae mMOBEpXHOCTHOM
MacCUBAIUH IJIEHOK MEepoBCKHTa. B cimyuae ke o0beMHON Moaudukanuu 6osee nepcrneKTHBHBIMU
SIBIISTIOTCSI KATUOHBI AJIKMUJIAMMOHHMS C MEHbBIIECH JTUHOW menu (Hamp. OyTHIaMMOHHMIA), TTOBBIIIAS
dbotoTepmuueckyo crabuibHoCTh [1CD.

IMy6amkanun cryaenta (https://istina.msu.ru/profile/YumaoL.i/):

1. Petrov Andrey A., Marchenko Ekaterina I., Fateev Sergey A., Li Yumao, Goodilin Eugene A.,
Tarasov Alexey B. Solvate phases crystallizing from hybrid halide perovskite solutions: chemical
classification and structural relations // Mendeleev Communications, Elsevier BV
(Netherlands), Tom 32, Ne 3, ¢. 311-314.

2. Marchenko Ekaterina I., Fateev Sergey A., Li Yumao, Eremin Nikolay N., Goodilin Eugene A.,
Tarasov Alexey B. Theoretical assessment of metal ions doping of hybrid lead bromide
perovskites // Mendeleev Communications, Elsevier BV, Tom 32, Ne 4, ¢. 514-516.

3. Petrov Andrey A., Fateev Sergey A., Khrustalev Victor N., Yumao Li, Dorovatovskii Pavel V.,
Zubavichus Yan V., Goodilin Eugene A., Tarasov Alexey B. Formamidinium Haloplumbate
Intermediates: The Missing Link in a Chain of Hybrid Perovskites Crystallization // Chemistry
of Materials, American Chemical Society, Tom 32, Ne 18, ¢. 7739-7745.

4. Jlu IOitmao, IlerpoB A.A., Mapuenko E.M., TapacoB A.b. Hccrnedosanue xpucmaniuzayuu
euépudﬁbzx nepoecKkumoes pa3iudHoco cocmaea u Kpucmaﬂﬂoxwwuqemuﬁ dHaiusz
npomesicymoynvlx  ¢gaz  // MekayHapoaHas  KOH(EpPEHUHH  MOJOAbIX  YyYeHbIX
«Kpl/lCTaJIJIOXI/IMI/[‘{eCKI/le ACIMEKTBI CO3JaHUs HOBBIX MaAaTCPHUHAIOB: TCOPUS U INMPAKTHKA»:
cOopHHMK Te3ucOB, MOCKBa, TE3UCHI, C. 62-62.

Alkylammonium sulfates as modifiers of hybrid iodoplumbates
for the stability enhancement of perovskite solar cells

Li.
Supervisor: Ph.D., Junior researcher Udalova N.N.

Developments in the field of perovskite solar cells (PSCs) based on hybrid haloplumbates as a
light-absorbing material are currently one of the promising directions in materials science.
However, hybrid perovskites and solar cells based on them have low stability to operational factors
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(light, temperature, humidity, and oxygen), preventing the immediate introduction of PSCs to the
market.

This study is devoted to solving the problem of low stability of hybrid haloplumbates, which
originates, among other things, from the presence of defective surface and the loss of volatile
components from the light-absorbing perovskite layer, initiating irreversible degradation of
perovskites and PSCs based on them. To solve this problem, it is proposed to modify the defective
surface and grain boundaries of perovskites with alkylammonium sulfates, which are capable to
simultaneously passivate various types of defects and form a thin barrier layer of PbSO,4 on the
perovskite surface, preventing the loss and migration of components.

In this work, we found that the carbon chain length of the alkylammonium cation provides a
key impact on the optoelectronic properties and morphology of modified perovskite films, as well
as on the photothermal stability of PSCs. With an increase of the R-NHs" cation carbon chain
length in the series CHsNH3" (MA), CsHoNH3" (BA), and CigHasNH3™ (OLA), the proportion of
nonradiative recombination in perovskite films decreases markedly, and the morphology of the
passivating layer becomes more continuous without the formation of impurity particles. Surface
modification of perovskite with OLA,SO, also provides the increase of the average charge carrier
lifetimes in perovskite films and the photostability improvement of the PSCs compared to control
samples and samples passivated with BA,SQO,. At the same time, the sulfate layer slightly reduces
the conductivity of the perovskite/hole-transporting layer interface, reducing the efficiency of
devices by 2-4% compared to control samples. In its turn, the bulk passivation of 0.5% OLA,SO,
and BA,SO, doesn’t lead to a noticeable efficiency change of PSCs.

Analysis of the photothermal stability of PSCs under continuous white light irradiation and

heating at 65-85°C showed that the surface modification of OLA,SO4 makes it possible to increase
the stability of the devices, while BA,SO, leads to a noticeable decrease comparing to the control
samples. In the case of bulk modification, specifically BA,SO, allows to increase the photothermal
stability of the PSCs, while oleylammonium sulfate doesn’t provide any effect.
Summing up, it was found that longer-chain alkylammonium cations (e.g. oleylammonium) allow
to form a compact protective layer on the perovskite surface and to increase the stability of PSCs in
the case of surface passivation. In the case of bulk modification, alkylammonium cations with
shorter chain length are more promising (e.g. butylammonium) for the improvement of the
photothermal stability of PSCs.

Pa3paborka cneuuaan3supoBaHHbIX cucteM JocTaBku MPHK
B KJIETKH MJICKOITUTAIOIINX

®Dedoposckuti A.T.

PykoBoautens: k.0.H., 3aB.0oTa. JImutpues C.E.

[IIupokoe npUMEHEHHE TEpareBTUUYECKUX OCNKOB B KIMHHKE OTPAHUYEHO BBICOKOI
CTOMMOCTBK0 MX CHHTE€3a M OYHCTKH, 4 TaKXE CJIOKHOCTBIO JIOCTaBKM B KIIETKM OpraHU3Ma.
AJBTEpHATUBOM MOXKET OBITh UCTOJIb30BaHUE HYKJIenHOBBIX KucioT, JIHK unn PHK, kogupyromux
ot Oenku. [lpumenenne JIHK compspkeHo ¢ psoM NpUHIMIHAIBHBIX MPoOJeM, TaKUX Kak
HE00XOAUMOCTh JIOCTaBUTh €€ B AApO (U, KaK CIEJCTBHE, HEBO3MOXKHOCTh IMOJIYYUTHh MPOAYKT B
HeJENAUINXCS KJIETKaX), BHICOKasi BEPOSTHOCTD MOSIBICHUSI a0E€ppaHTHBIX MPOJYKTOB U OMAaCHOCTh
CIIy4yaifHOro BCTpauMBaHUs B MPOU3BOJILHOE MECTO I'€HOMAa. DTHX HEIOCTATKOB YAaeTcsl M30ekaTb
npu ucnonb3doBanuu MarpuuHbix PHK (MPHK), mpumenenne koTopbIx B Tepalvu B HACTOSIIEE
BpeMs pa3BUBAETCs OYpPHBIMU TEMITAMHU.

HaunbGonee wacto wucnonszyembiM crnocooom MPHK-tpanchexknuu (BBemenus MPHK B
9YKapUOTHYECKHUE KIIETKH) SBJISETCS MCIONb30BAHME JIMIIOCOMHBIX HAHOYACTHUIl HAa OCHOBE
MOJIOKUTEIBHO 3aPSKEHHBIX KATHOHHBIX JIMITU0B, 3JIEKTPOCTATHUECKHU CBSI3bIBAIOIINX (hOoC(ATHBIN
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ocroB MPHK. B coueraHun ¢ HeWTpalbHO 3apsDKEHHBIMM BCIIOMOTATENbHBIMU JIMIIHJAMU
00pa3yroTcsl YCTOMYMBBIE HAHOYACTHIIBI, criocoOHbIe nocTtaBuTh MPHK B kitetku. D dexTnBHOCT
TpaHc(heKIuy, onpeaensieMas KOJIMYECTBOM CHHTE3UPYEMOIO KJIETKOW IeNIeBOro Oesika W Jojen
TpaHCQUIMPOBAHHBIX KJIETOK, B MEPBYIO OYepeab 3aBUCUT OT XUMUYECKOW MPUPObl KATHOHHOTO
JUMHAJA ¥ COCTaBa MCIIOJIB3YEMBIX JJISl TpaHCHEKIUH cMmecedl munuaoB. s TepaneBTHYECKOTO
IIPUMEHEHHUs HA JKUBOTHBIX M YEJIOBEKE BAKHBI TAK)KE MEXaHU3M U cKopocTh aocrtaBku MPHK B
KJIETKU: MPEANOYTEHUE UMEET SHAOLMTO3-0IIOCPEIOBAHHAsA JOCTaBKa, B TO BPeMs Kak, HalpuMmep,
oueHb 3 (HeKTUBHBIE, HO OBICTPO CIMBAIOIIKUECS ¢ MEMOPaHOH “DbIOKH-TUIUABL TJI0X0 MOAXOAST
st in vivo, T.k. MPHK ocTtaérest B 04eHb OrpaHUYEHHOM KOJIMYECTBE KJIETOK B MECTE BBEICHHSI.

B macrosimieir paboTe wuccienoBaHa cepus paspaboTaHHBIX rpymnmnod  M.A.MacioBa
(MUTXT) xaruonsabix JunuaoB 2X3, 2X7 u 2S3 OIU3KOr0 XUMUYECKOTO CTPOCHHUS, a TAKKE UX
cMeceil CO BCIIOMOTATEIbHBIM JJIEKTpoHeUTpanbHbIM JiumuaoM DOPE. DddextuBHOCTH
TpaHC(EKIMH OLEHUBAIM IO AaKTUBHOCTH (epMmeHTa Jrouuepasbl, 3aKOAMPOBAHHOW B
nocraBisiembix MPHK, a Taxke mo KoJIMuecTBY KJIETOK, oOnamaromux (iayopecueHueil npu
tparcdekimu MPHK, komupyromieit 3eneHblii piayopecieHTHbI OelloKk. B kadecTBe KICTOYHOU
MOJIETIM UCHOJb30BaNHM KynbTuBUpYyeMble kieTku juHuid HEK293T (smOpuonanbHas modka
yenoBeka), HelLa (pak meliku matku yenoBeka) u DC2.4 (AeHApUTHBIE KJIECTKUA MBIIIIH).

B pesynbrare sKCIEpUMEHTOB MO TpaHCGHEKIUU HaWICHbI ONTHUMAaJbHBIE MapaMeTphl
noiydeHuss JunuaHeXx HaHowactui: N/P=10, mumum:DOPE=1:3, wunkybaums B Opti-MEM.
OOnapykeHa CylIeCTBEHHas 3aJepKa BbIXOJa MPOAYKTa TPAHCISIIUKA TPaHCHUIIMPOBAHHBIX
MPHK (ot 1.5 1o 10 49), xoTOpasi CBUAETEILCTBYET 00 IHAOLUTO3-OIOCPEIOBAHHOM MEXaHU3ME
nocraBku MPHK wu3ywaempiMu nunupamu. Ha TpEX KIETOYHBIX JUHHUSAX HAMOONBIIUN BBIXOJ
npoAaykra mnokasanu Junuasl 2X3 u 2X7 (mpu atom 2X7 oOecrneyuBaeT MaKCUMAJIbHYIO
3¢ deKkTUBHOCTh MpU Oojiee MeAJIeHHOW AuHamuke), a 2S3 mokazan HU3KYI 3((EKTHBHOCTS.
Pa3paboran ynoOHBII IPOTOKOJ C MCIOJB30BAaHUEM IYPOMMIIMHA JUISI KOJIMYECTBEHHOM OLICHKHU
JIOTTU TPaHCUIIMPOBAHHBIX KIETOK METOJIOM MPOTOUHOU (hiyopumMeTpun. V3 u3ydaeMbIX JUMUIOB
2X3 obecrieunBaeT HamOOMNBIIYIO 1M0M0 (65%) TpaHc)HUITMPOBAHHBIX KIIETOK uepe3 12 4 mocie
TpaHCc(hEeKIMH, 4TO OIU3KO K 3HAYCHUIO 17st dddexTrBHOrO “dbrokH-munuaa” GenJect-U (75%).
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Specialized systems for the delivery of therapeutic mRNASs
to mammalian cells

Fedorovskiy A.G.
Supervisor: PhD, Head of Department Dmitriev S.E.

Broad application of therapeutic proteins is limited by the high cost of their synthesis and
purification as well as (complications) in delivery. A viable alternative is using nucleic acids, RNA
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or DNA, that encode the protein of interest. Using DNA is associated with a number of fundamental
flaws, such as the necessity to deliver it to the nucleus (making it impossible to use in cells that
don’t divide), a high probability of getting aberrant products and risk of the DNA integrating into
the genome. These flaws can be mitigated by using matrix RNAs (mRNAs), which currently
undergo rapid development as therapeutic agents.

The most common way to transfect cells with mRNA is using lipid nanoparticles based on
cationic lipids which electrostatically bind the phosphate backbone of the mRNA. Combining with
neutrally charged helper lipids yields stable nanoparticles able to deliver mRNA to the cells. The
efficiency of transfection, defined as the amount of the target protein synthesized by the cells and
the percentage of transfected cells, primarily depends on the chemical nature of the cationic lipids
and the composition of lipoplexes used for transfection. The mechanism and rate of delivery of
MRNA into cells should be taken into consideration when using LNPs on animals and humans:
endocytosis-mediated delivery is preferred compared to very effective fusogenic lipids which
however aren’t suitable for in vivo applications due to the mRNA staying in a limited area
surrounding the place of administration.

In the current work a series of lipids of similar chemical structure developed by M.A.Maslov
et al. (Lomonosov Institute of Fine Chemical Technologies) named 2X3, 2X7 and 2S3, are studied,
along with their mixtures with the helper lipid DOPE in different formulations. The efficiency of
transfection was evaluated using the luciferase assay, using beetle luciferase-coding mRNA and
measuring the activity of luciferase chemiluminescence, along with transfecting the cells with green
fluorescent protein-coding mRNA and measuring the percentage of luminescent cells. Cultures of
cell lines HEK293T (human embryonic kidney), HeLa (human cervical cancer) and DC2.4 (mouse
dendritic cells) were used as models for studying transfection.

Using the data from the luciferase assays the optimal parameters for producing lipid
nanoparticles for mRNA transfection using the studied lipids were found: N/P=10, lipid:DOPE=1:3,
incubation in Opti-MEM. A significant delay (1.5 to 10 h) in the synthesis of the product of the
delivered mRNA was found, allowing us to assume the endocytosis-mediated mechanism of mMRNA
delivery using the studied lipid nanoparticles. Among the lipids studied on three different cell lines,
the highest yield of the product was obtained while transfecting with 2X3 and 2X7 (2X7 showing
the greatest efficiency while having slower dynamics), whereas 2S3 showed low efficiency. A
convenient protocol that uses puromycin was developed for quantitative evaluation of the
percentage of transfected cells using flow cytometry. Among the studied lipids 2X3 leads to the
greatest percentage of transfected cells (65%) at 12 h post transfection, being close to the value
shown by the fusogenic lipid GenJect-U (75%).

HoBble 3/1eKTPpOAHBbIC MAaTEepHAJbl HA 0CHOBE GocdhaToB BaHAAUSA
JJIS1 TUTHH-UOHHBIX AKKYMYJIAATOPOB

Heanos A.B.

PykoBoautens: K.X.H., cT. npen. @enoros C.C.

JIutnit-uonusle akkymysstopsl (JIMA) sBHASIOTCS HEOTHEMJIEMOW YAaCThIO TMOPTATHBHOM
AJIEKTPOHUKH OJaroiapsi BEICOKOW IUIOTHOCTH SHEPTUHU U JUIUTEIILHOMY CPOKY CIy>KObI. Pa3paboTka
0oJiee COBEPIICHHBIX JJIEKTPOAHBIX MarepuanoB mius JIMA MoOXeT TO3BONMUTH 3HAYUTEIHHO
YAYYIIUTh XapaKTePUCTUKH MOIIHOCTH, CTaOMJIBHOCTH U OE30MacHOCTH  CYLIECTBYIOIIUX
YCTPOMCTB.

[Tocne ycnemHo# wucropun kKommepuuanm3anuu LiFePO, okxcoaHWoOHHBIE COEAMHEHUS
CTali KpalHe NpPUBJIEKATEIbHBIM KJIACCOM JJIsi TMOMCKAa HOBBIX JHEPrOEMKHUX U CTaOMIIBHBIX
marepuanoB ansi JIMA. HenaBHo ObUIO MPEUIOKEHO CEMEHCTBO COEAMHEHHH CO CTPYKTYpPHBIM
tunoM Kaiwii tutanui-pocdara (KTP), omuceiBaembix obmiei popmymoit AMPO4X (A = Na, K;
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M=V, Ti; X=0, F), ommuuHo mposiBuBIee ceOf B KA4YECTBE MOIIHBIX M BBICOKOBOJITHBIX
KaTo/JOB JJIsl METaJUI-MOHHBIX aKKyMyJsTOpoB. B yacTHOCTH, ObUIO MOKa3aHO, YTO HM3BJICUYEHUE
nonoB kamuss u3 KTP-KVPO4,F mnpuBogur k  oOpazoBaHuio CTaOMIBLHOTO — Kapkaca
KxVPO4F (X ~ 0,15), ciocobHOr0 K 006paruMoii (ae)uHrepkansiuud HoHoB Li, Na u K npu BBICOKHX
noteHuanax. Jlanuelii (akT co3maeT BecoMble MPEANOChUIKM cTabmim3anun coctaBa LiVPOLF B
ctpykrype KTP. Llenbto nanHoil paboThl SBISETCS CUHTE3 U UCCIIEOBAHUE HOBOTO AJIEKTPOJIHOIO
matepuana LiVPO4F co ctpykTypoii TuTanmi-docdara kamus.

B nannoit pabore ObuTO mpemnoxkeHo aBa cmocoba cuHTe3a KTP-LiVPO4F Ha ocHoBe
peaKiuii XMMHUYECKOTO U JIJIEKTPOXUMHUYECKOTO MOHHOTO oOMeHa. [IByxcraawifHas XUMHUYECKas
METOJIMKa BKJIIOYaeT mnoAarotoBky mnpekypcopa NH4VPO4F B ruzporepmanbHbIX YCIOBUAX U
MOCTIEYIONIYI0 TBEpIO(a3HYI0 PEaKIHI0 C JETKOIUIAaBKOM cosbio nutusa. s wccienoBaHus
AIIEKTPOXMMUYECKHX CBOMCTB Marepuana Obutd monmydeHbl kommo3uthl KTP-LIVPO4F/C myrem
OT)KUTa C TMOJHAKPWIOHUTPUIOM. B OCHOBE anbTEepHATHUBHOM MeETOAMKU Jiexkutr cuHTe3 KTP-
NaVPO,F/C ¢ nansHeiimeit [eMHTEpKANIAIIUCH KATHOHOB Na* u MOCIEAYIOIUM JINTUPOBAHUEM.

B pesymbrare onTUMHU3AaNMM TAPAMETPOB XUMHYECKOTO CHHTE3a YIAIOCh JIOOMTHCS
nojiydeHuss oxHo(asHeix 00pasioB HoBoro coeaumHenus KTP-LiIVPO4F. Ero kpucramindeckas
CTpYKTypa OBUIa BIIEpBbIC YTOYHEHAa METOAOM PuUTBeNbJa C WCIOIH30BAHUEM JIAHHBIX
CUHXPOTPOHHOM pEeHTreHOBCKOM Audpakiuu. [1oJHOTY peakiiy HOHHOTO OOMEHa MOATBEPKAAIH C
nomombo MK cnekrpockonuu. B TO ke Bpems, dJIEKTPOXMMHYECKAs METOJHMKA HE I103BOJIAET
OCYILIECTBUTh MOHHBIN OOMEH KOJIMYECTBEHHO U MPUBOIUT K 00pa3oBanuio coctaBa LijyNaxVPO4F
(X ~0.15). DneKTpOXMMHUYECKYI) aKTUBHOCTh MOJYYEHHBIX MAaTCpUAJIOB TECTHPOBAIM B
rajlbBAaHOCTATUYECKOM PEXHUME C HCIOIb30BAaHHEM METAITIMYECKOrO JIMTHUS B KayecTBe aHonaa. B
o0JacTh  BBICOKMX IOTCHIMAJIOB o00a Marepuasa IPOJEMOHCTPUPOBATU  OOpPATHMYIO
(1e)MHTEPKAISIMIO HOHOB JIUTHS IIPH CPEIHEM HampspkeHuH okono 4.0 B (otn. Li'/Li), oxHako,
HECKOJbKO yauBuTenbHO, uT0 KTP-Li;xNayVPO,F/C obmaman ropa3no OoJibliel yaeabHON
emxoctsio (115 MAuT ' B cpaBuenmu ¢ 70 MAuT ' s KTP-LiVPOF/C mipu ckopoctn 3apsiza-
paspsga C/10). [lpuuuHbl, OOBSICHSIONINE JaHHBIN (aKT, OBLIM MPEIIOKEHBI HA OCHOBE JAHHBIX
KOMIIBIOTEPHOTO  MojenupoBanusi ¢  ucnons3oBanueM  TOIL.  KTP-LIVPOsF  tarke
MIPOJIEMOHCTPHPOBANT IEKTPOXUMUYCCKYIO aKTHBHOCTh B HU3KOBOJIBTHOH 0O0JIACTH TIPU CPETHEM
Hanpsokernn ~1.8 B n emkocTsio ~130 MAu-T ' (C/10).

Takum oOpa3zom, Obul BrepBbie moiydeH HOBbIH KTP-LIVPOsF u uccnemoBanbl ero
ANEKTPOXUMUYECKHE XapakTepucTuku. JlanHas paboTa BHOCHUT CYIIECTBEHHBIH BKIAJ B
paciMpeHue MpeCTaBICHN 0 BO3MOKHOCTSIX HAIIPABJIEHHOTO JM3aifHa 3JICKTPOIHBIX MaTEePHAJIOB
C 3a/laHHBIMH KPUCTAIJTUYECKOH CTPYKTYpOM M XHMMHUYECKUM COCTaBOM, YTO, B CBOIO OYepeb,
MO3BOJISICT TIPOBOJUTH IICJIEBYI0 MOTU(MUKAIMIO MOIIHOCTHBIX M EMKOCTHBIX XapaKTePUCTHK
coeanHeHuil co ctpykrypoit KTP.
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New vanadium phosphates-based electrode materials
for lithium-ion batteries

Ivanov A.V.

Supervisor: Assistant Professor, Dr. Fedotov S.S.

Lithium-ion batteries (LIBs) are an essential part of portable electronics due to their high
energy density and long-term cycling life. The development of advanced LIBs electrode materials
can significantly improve their power, stability, and safety characteristics.

After the successful commercialization of LiFePO,, polyanionic compounds have become
an extremely attractive class for the search for new high-energy density and stable materials for
LIBs. Recently, a family of compounds with the potassium titanyl phosphate (KTP) structure type
described by the general formula AMPO,X (A = Na, K; M =V, Ti; X = O, F) has been proposed,
which has proved to be excellent as powerful and high-voltage cathodes for metal-ion batteries. In
particular, it was shown that the extraction of potassium ions from KTP-KVPO4F leads to the
formation of a stable framework KyVPO4F (x ~ 0.15) capable of reversible (de)intercalation of Li,
Na, and K ions at high potentials. This fact creates significant prerequisites for the stabilization of
the LiVPO4F composition in the KTP structure. The aim of this work is the synthesis and study a
new electrode material LiVPO4F with the potassium titanyl phosphate structure.

In this work, we proposed two methods for the synthesis of KTP-LiVPO4F based on
chemical and electrochemical ion exchange reactions. The two-stage chemical procedure includes
preparation of the NH,VVPO4F precursor under hydrothermal conditions and subsequent solid-phase
reaction with a low-melting lithium salt. To study the electrochemical properties of the material,
KTP-LiVPO4F/C composites were obtained by annealing with polyacrylonitrile. The alternative
technique is based on the synthesis of KTP-NaVPO,4F/C with further deintercalation of Na* cations
and subsequent lithiation.

As a result of optimizing the parameters of chemical synthesis, it was possible to obtain
single-phase samples of the new compound KTP-LiVPO4F. Its crystal structure was refined by the
Rietveld method using synchrotron X-ray diffraction data. The completeness of the ion exchange
reaction was confirmed by FTIR-spectroscopy. At the same time, the electrochemical technique
does not allow quantitative ion exchange and leads to the formation of the composition
Li;xNaxVPO4F (x ~ 0.15). The electrochemical activity of the obtained materials was tested in the
galvanostatic mode using metallic lithium as anode. At high potentials, both materials showed
reversible (de)intercalation of Li* at an average voltage of about 4.0 V (vs. Li*/Li), however, it is
somewhat surprising that KTP-Li;«\NaxVPO,F/C had a much higher specific capacity
(115 mAh-g ' compared to 70 mAh-g ' for KTP-LiVPO,F/C at C/10 charge-discharge rate). The
reasons explaining this fact were proposed on the basis of computer simulation data using DFT.
KTP-LiVPO,F also demonstrated electrochemical activity in the low-voltage region at an average
voltage of ~1.8 V and a capacity of ~130 mAh-g ' (C/10).
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Thus, a new electrode material KTP-LiVPO4F was obtained for the first time and its
electrochemical characteristics were studied. This work makes a significant contribution to the
expansion of knowledge about the possibilities of the directed design of electrode materials with the
desired crystal structure and composition, which makes it possible to carry out targeted
modification of the power and capacitance characteristics of the KTP-structured compounds.

IHHosryyeHue 0MOJOCTYHBIX (POPM KOOPAMHALMOHHBIX COeTUHECHHUH
MeId U M3yYeHHe UX MPOTUBOPAKOBBIX U AHTHOAKTEPHUAJIbHBIX
CBOIICTB

AHrxumoesa T.M.

PykoBoautenu: k.x.H., M.H.c. Bracosa K.1O.; n.x.H., npod. Kisrako H.JI.

Kommiekcsl OpraHMYecKuX JIMTaHAOB C METaulaMH MpPEJCTaBISAT CcoO0OW OUH U3
HanOoylee TEPCHEKTHBHBIX KJIACCOB COCAMHEHUH B OHKOTepamuu. VccrmemoBaHHs TOCIETHUX
HECKOJIbKUX JIET ITOKA3bIBAIOT, YTO KOOPAWHAIIMOHHBIE COEAUHEHHS] MEIU OCOOEHHO MEPCHEKTUBHbI
B KauecTBE IPOTUBOOIYXOJEBBIX TEPAEBTUUECKUX CPEJICTB B CHIIy COYETAaHUS BBICOKOU
3(G(GEKTUBHOCTH W CPaBHUTEIbHO HHU3KHX MOO0YHBIX 3(dekToB. MHOrMe KOMIUIEKChl MeIu
XapaKTepu3ylTcs TUAPOPOOHOCTHIO M, KaK CIEJCTBHE, HHU3KOH OHOJOCTYIMHOCTBIO, YTO
3HAYUTENNBHO YCIOXKHSET UX IpakTudyeckoe npuMeHenue. K rakum komiuiekcam otHocutes Cuolm,
IIPOTUBOOITYXOJIEBBIN ITpenapaT, IPeACTaBISIOMNNA cOO0H KOOPIMHALMOHHOE COEJUHEHNE MEIU Ha
OCHOBE 2-aJIKWJITHOMMU/Ia30JI0Ha, 001ajatolee TakKe aHTHOAKTepralbHbIM JieicTBreM. OJTHUM U3
CIOCOOOB YJyUIlIEHUs TapaMeTPOB PACTBOPUMOCTU M OMOJOCTYMHOCTH TUAPO(POOHBIX aKTHBHBIX
MOJIEKYJ SIBJISIETCS MX MHKAICYJISIIMS B HAHOKOHTEHHEpH Ui JOCTaBKU JiekapcTB. Haumboinee
W3Y4YEHHOH M MCMOJIb3YEMON CHCTEMOW JOCTaBKM OHMOJIOTMYECKH AKTUBHBIX BEILECTB SIBISIFOTCS
JIUTIIOCOMBI.

[lenb naHHOM pabOTHI — MoJydeHUuEe OMOAOCTYIHOM (POPMbI KOOPAUHALMOHHBIX COEAMHEHNN
Me[IH, a Takxke iN Vitro n3ydeHune ux aHTHOAKTEPHABbHBIX U IPOTHBOPAKOBBIX CBOWCTB.

JUis WHKancynslMM MEIHBIX KOMIUIEKCOB B JIMIIOCOMBI ObUl pa3paboTaH MOJXO7,
peaIN3yIOLUICS MIyTEM BBEJEHHS CMECH OPraHMYECKHX PAacTBOPHUTENIEH B PacTBOP COJIM MEAM.
Jlunocomel monywanu w3 aunansMutounpocaruaunxonmuna (DPPC), xonecrepuna (Chol) u
[19T-nucreapoundochosranonamuna (DSPE-PEG(2000)) B cootnHomenun DPPC:Chol:DSPE-
PEG(2000) 55:40:5. PazpaboTaHHasi METOAMKA MO3BOJISIET MOJYYUTh CYCIIEH3MIO, YCTOMYHMBYIO K
arperallii M ceiuMeHTauuu, 3¢p¢eKkTUBHOCTh 3arpy3ku Cuxlm cocraBuna 1.22+0.02% mo
MOJILHOMY OTHOUIEHHIO KOMIUIEKca K JunuiaMm. B mpoiecce onTUMHM3anUMu METOAUKU ObLIO
[IOKA3aHO BIIMSHUE HOHHOM CHJIBI pacTBOpa MENM U COJEP)KaHUs XOJEeCTepUHAa B JIMIUIAHON
MeMOpaHe Ha d()PeKTUBHOCTH 3arpy3ku. CXOoxue Mo CTPYKType MeaHbie KomIuiekchl 61k u 72k
ObUIM YCIIEUIHO 3arpy>KE€Hbl B JIMIIOCOMBI MO JAHHOH METOAMKE CO CPaBHUMOM 3 (PEKTUBHOCTHIO
3arpy3ku. MccnenoBanne HIUTOTOKCUYHOCTH TOKA3aJ0, YTO MHKAICYIALNS MEAHBIX COEIUHEHUN B
JIMIIOCOMBI TOBBIIIAET UX OMOJOCTYMHOCTh, YTO JIOKA3bIBAET LIE€JIECOO00PAa3HOCTH MPENI0KEHHOTO
MOJIX0/1a.

s aunocomansHol opMel coenuHenns 72k, nmoka3aBiiero HauboIbIIyo 3¢ (HEeKTUBHOCTh
3arpy3ku 1.75+0.03 %, Obut0 MOoIpoOHEE M3YYEHO HAKOIUICHHWE B KIIETKAX W OMPECICH MEXaHU3M
IUTOTOKCUYHOCTH — amnonTo3. TectupoBanue Ha KieTouHblx chepounax MCF7 u npuBHTHIX
MbIIIaM onyxoisix B16 mokazano, 4to nunocoManbHas Gopma 3GGHEeKTUBHO JTOCTABISET IMpenapar
BHYTPb KJIETOYHBIX 00pa3oBaHuil Ha riryOuHy 10 100 puM, a HaKoImJIeHHE B OMYXOJU HaOJt0JaeTcs
10 1000 pm.

Brino mokaszano, yto MenHbii komruieke Cuylm oGmamaer aHTHOAKTEpUATBHBIM JIEHCTBUEM,
YCUJIMBAIOIUMCS B 7 pa3 MpU MHKAICYJIALUU IIpenaparta B JIUIOCOMBI. Takoe CBONCTBO OTKPBIBAET
NEPCIIEKTUBBI JIJIsI OCYILECTBICHUSI COBMECTHOM Tepanuu — TeCTHPOBaHME Ha 3apaxkeHHbIX E. coli
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kinerkax MCF7 mnokaszano mnojaBieHHWEe pocTa Kak OakTepuid, Tak M JKUBOTHBIX KJIETOK;
aHaJoruuHeli 3¢¢dext Habmogaercs Ha JUHMKM MenaHombl B16. MHkamcynsanus mnpenapara B
IIOJINMEPHbIE MAaTpPUKChl Obula omnpoOoBaHa Uil JAEMOHCTPAallMd BO3MOXHOW Tepamuu ¢
UCII0JIb30BAHNUEM TBEPIOTO HOCUTEIIS JIEKAPCTBEHHOI'O BEIIECTBA.
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Bioavailable forms of copper coordination compounds
and their anticancer and antibacterial activity

lakimova T.M.
Supervisors: Dr. Vlasova K.Yu.; Prof. Dr. Klyachko N.L.

Organometallic complexes are one of the most promising types of anticancer drugs. Studies
of the last few years show that copper coordination compounds are particularly promising as
antitumor therapeutic agents due to the combination of high effectivity and comparatively low side
effects. Many copper complexes are characterized by hydrophobicity and a low level of
bioavailability, which significantly complicates their practical use. Such complexes include a
coordination compound of copper based on 2-alkylthioimidazolone — Cu,Im, a promising antitumor
drug, additionally possessing antibacterial properties. One of the ways to improve the parameters of
solubility and bioavailability of hydrophobic active molecules is their encapsulation into
nanocontainers for drug delivery. One of the most studied and widely used system for the delivery
of biologically active substances are liposomes.

The purpose of this work is to obtain a bioavailable form of copper coordination
compounds, as well as conduct in vitro study of their antibacterial and anticancer properties.

We have developed an approach for copper complex encapsulation into liposomes, which is
performed via injection of organic solvents mixture into copper salt solution. Liposomes were
prepared from dipalmitoyl phosphatidylcholine (DPPC), cholesterol (Chol) and PEG-distearoyl
phosphoethanolamine (DSPE-PEG(2000)) in the ratio DPPC:Chol:DSPE-PEG(2000) 55:40:5. This
new approach allowed us to obtain a suspension resistant to aggregation and sedimentation for up to
two weeks, the loading efficiency was 1.22% (molar ratio of the complex to lipids). lonic strength
of copper solution and cholesterol content in lipid membrane affected the loading capacity. The
developed technique has been successfully applied to obtain liposomal forms of similar copper
coordination compounds based on 2-thioxoimidazolone — 61k and 72k — with comparable numbers
of loading efficiency. The cytotoxicity investigation showed that liposomal formulation possess
greater cytotoxicity due to increased bioavailability, which proves the expediency of the proposed
approach.

For the liposomal form of compound 72k, which showed the highest loading efficiency of
1.75+0.03 %, we studied accumulation in cells and the mechanism of cytotoxicity, which appeared
to be apoptosis. Experiments on MCF7 cell spheroids and B16 tumors inoculated to mice showed
that the liposomal form effectively delivers the drug inside cell formations to a depth of up to 100
um, and accumulation in the tumor is observed up to 1000 pm.

It has been shown that Cu,Im possess an antibacterial effect, which is increased by 7 times when the
drug is encapsulated in liposomes. This property opens up prospects for the implementation of joint
therapy — investigation of toxicity effect on E. coli-infected MCF7 cells showed suppression of the
growth of both bacteria and animal cells; a similar effect is observed on B16 melanoma line.
Encapsulation of the drug in polymer matrixes was performed to demonstrate possible therapy with
a solid carrier of drug substances.
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MarepuaJjbl HA OCHOBE reJiell JIAKTATOB UTTPHUA:
JIerHPOBaHMeE U JIOMUHECHEHTHbIE CBOMCTBA

I]3a Y.

PykoBoaurenu: K.X.H., ¢.H.c. Snpsinines A.Jl.; k.X.H., acc. PocisikoB U.B.

['enn, oOpa3zoBaHHbIE CETKOM HAHOBOJIOKH, OYE€Hb PEIKU Ul HEOPIraHUYECKUX COEIUHEHUM.
K HacTrosdmemMy BpeMEHM B JIUTEpaType M3BECTHBI TOJBKO T€IM HAa OCHOBE BOJIOKOH
OKcoruapokcuaa BaHaaus, Qocdara wuepus (IV) u ruzpokconmakrata HTTpus. MexaHu3M
0o0pa3oBaHMsl TAaKUX Teled MaJOM3y4yeH, MPEAIojaraercs, 4To BaXKHYIO pOJb B HEM WIpPaeT
[OJUMEpHU3alisl  COOTBETCTBYIOIIMX  KOMIUIEKCOB — MeTauioB. [losiydaemble  BOJIOKHMCThIE
CTPYKTYpPbl TEpPCHEKTHBHBI [UIS CO3JaHHMs COPOLMOHHBIX, KaTAIUTHYECKUX, MEMOpaHHBIX W
CEHCOpPHBIX MarepuaioB. M3 reiell, oOpa30oBaHHBIX CETKOW BOJIOKOH, IOJIy4alOT KCEpOreinu U
a’poresii C PEeKOPAHO HU3KUMHU 3HAYCHHSIMHU IUIOTHOCTH (10 1 MF/CM3) U PEKOPAHO BBICOKMMH
3HaYEHUSIMU MOPUCTOCTH (>99 %) MaTepuana.

['unpokcocoeMHEHUsI UTTpUS HMHTEPECHBI BO3MOXHOCTBIO  JIETUPOBAHUS  JAPYTUMU
JAHTAaHUIaMU JUISl IOJy4eHUsl CEHCOPHBIX MaTepuasioB. Tak, JerupoBaHUE CIIOMCTOrO IT'MIPOKCUAA
UTTpUSL KaTHOHAMH TepOusi MPHUBOAWUT K JIIOMHHECHUEHIIMM COCIUHEHHS B BHIUMOW 0O0IacTu
CIIEKTpA, YTO HCIOJIB3YIOT KaK aHAIUTUYECKHN curHai s onpeaeneHus coemunenuit Cr(l1V) B
BOJIHBIX PACTBOpPAX C TpeaenoM oGHapyxkenus g0 10° M. JlernpoBaHue CIOHCTOrO THAPOKCHIA
uTTpus KathoHamu Ce”’  MO3BOJMJIO CO3MaTh HA OCHOBE MOJYYEHHOTO —COEIMHEHHMS
MEPEKIII0YaEMBbIi JaTYNK OKUCIUTEIbHO-BOCCTAHOBUTEIBLHOTO MTOTEHIIHANIA.

Ilenpto naHHOM paboThl cTaja pa3pabOTKa METOAMK CHHTE3a U HCCIIEJOBaHUE
JIIOMHHECIICHTHEIX CBOWCTB THPOKCOJIAKTATA HTTPHS, JernpoBannoro karnonamu Eu®’, Th**, Dy**
u Ce®*. Jlns MOCTHKGHWS Iend OBUTH  BBITONHEHBI crenyromue 3agaun: 1. IIpoBenenue
TOMOT€HHOTO THUIPOJM3a KATHOHOB Y¥ Eu*, Tb*, Dy3+ u Ce* B NpUCYTCTBUHU L-MosouHoOi
kucioTel. 2. Cylika OpoAyKTOB THApOJiM3a Ha BO3AyXe U B cBepxkpuruyeckom CO,. 3.
[IpoBeneHUss B3aMMOAEHUCTBUS TOJYYEHHBIX KCEPOTeIe M a’dporenaei ¢ BOJAHBIMH PacCTBOPAMH H
napamMu KapOOHOBBIX KHMCJOT. 4. AHAJIU3 COCTaBa, CTPYKTYpPbl M CBOMCTB MOJIyYE€HHBIX MAaTE€pHUajIoOB
metogamu POA, PCMA, POM, TA, auskoremnepaTypHoii ancopounn azora, CHN-anammza, UK n
JIIOMUHECHEHTHON CIIEKTPOCKOIHH.

[lokazaHo, 4TO WHAMBUAYyaJdbHbIC THApoKconakraTel Y, Dy wu Tb obnamator
HaHOBOJIOKHUCTOM Mopdosiorueit U cxoxeil cTpykTypoil. B ciydae cuHTe3a B MpHCYTCTBUU Eu’*
ObUIM TIOJydyeHBbl Haubosiee KpYNHble HUTEBUAHbIE YacTHIbI ruapokconakratoB P3D. Cunte3 B
IIPUCYTCTBUH TOJIBKO ce** npuBoaAniI K oOpa3oBanuto yactul CeO,. ['maponus xmopuna UTTpus B
MPUCYTCTBUU L-MOJIOYHOM KHUCIIOTBI M KaTHOHOB ce*, Dy3+, Eu®* wm Tb* (mo 15 at. %) ne
IPUBOANUT K 3HAYUTEIBHBIM HM3MEHEHUSIM COCTaBa, CTPYKTYpbl U MOP(}OJIOTUH THUIPOKCOIAKTATA
UTTPUS, YTO yKa3bIBaeT Ha 0Opa30BaHKE TBEPAbIX PacTBOPOB. [IJIsl IErMpOBaHHBIX JTAKTATOB UTTPUS
peaqbHOE COOTHOLIEHHE KAaTHOHOB OJIM3KO K HOMHHAJIBHOMY, TIIOKa3aHO paBHOMEpPHOE
pacrpesielieHie  JernpoBaHHbIX KaTHoHOB Eu®® m Tb® Mo WMHIMBHIYyanibHBIM BOJNOKHAM
T'MIPOKCOJIAKTaTa UTTPHUSL.

VYcTaHOBIIEHO, YTO BOJHBIE PACTBOPHI cojeil KapOOHOBBIX KUCIOT (OeH30MHOM, (Tanedol,
nzodTaneBod U TepedTaneBoil) CEHCHOMIM3UPYIOT JTIOMHHECICHIINIO KaTHOHOB Eu® u Tb* B
cocTaBe KCeporeseil JernpoBaHHOTO THAPOKCOIAKTaTOB UTTPUs. IHTEHCUBHOCTD JIIOMUHECLIEHIIUU
karionoB Eu®* m Tb® Bospacraer ¢ KoHueHTpammeil BOZHOTO pacTBOpa ONPEIENSEMOil COJH,
MOKa3bIBasi MAaKCUMAJIbHYIO UYYBCTBUTEIBHOCTH [0 OTHOIIEHUIO K W3MEHEHUIO COJep>KaHus
TepedTanaT-aHnoHa B pactBope. s Kceporenedl THAPOKCOJAKTaTa UTTPHs, COJETHMPOBAHHOIO
katoHamu Eu®* u Tb®*, mokasaHo M3MeHeHHME LBETOBBIX KOODIMHAT JIOMHHECHCHIHH KAk
(GyHKIMHM KaTHOHHOTO COCTaBa THAPOKCOJIAKTATOB, a TakKXe KOHIEHTPAllMd U TPUPOJIBI
JIETEKTUPYEMOT 0 OeH3onkapboKkcuara. ITokazana  BO3MOXHOCTb JFOMHHECLEHTHOTO
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ACTCKTUPOBAHUA IapOB yKCyCHOfI KHCJIOTBI C TIOMOINBIKO adporejsdi TUuAPOKCOJIaKTaTa HUTTPUA,
+
JICTUPOBAHHOT'O Eu3 .
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Materials based on yttrium lactate gels:
doping and luminescent properties

Jia Zh.

Supervisors: Ph.D., senior research scientist Yapryntsev A.D.; Ph.D., assistant
Roslyakov I.V.

Gels formed by a network of nanofibers are very rare for inorganic compounds. To date,
only gels based on fibers of vanadium oxohydroxide, cerium(IV) phosphate, and yttrium
hydroxolactate are known in the literature. The mechanism of formation of such gels is poorly
understood; it is assumed that an important role is played polymerization of the corresponding metal
complexes. The resulting fibrous structures are promising for the creation of sorption, catalytic,
membrane, and sensor materials. From gels formed by a network of inorganic fibers, xerogels and
aerogels are obtained with record low density values (up to 1 mg/cm®) and record high porosity
values (>99%) of the material.

Yttrium hydroxycompounds are of interest because of the possibility of doping with other
lanthanides to obtain sensor materials. Thus, doping of layered yttrium hydroxide with Th** leads to
the appearance of intense luminescence in the compound, which is used as an analytical signal for
the determination of Cr(IV) compounds in aqueous solutions with a detection limit up to 10° M.
Doping of layered yttrium hydroxide with Ce®* cations is used to create a solid state “on/off”
luminescence reduction-oxidation sensor.

The aim of this work was to develop synthetic method and to study of the luminescent
properties of yttrium hydroxylactate doped with Eu®*, Tb*", Dy**, and Ce** cations. To achieve the
goal, the following tasks were performed: 1. Carrying out homogeneous hydrolysis of Y**, Eu**,
Tb*, Dy**, and Ce®" cations in the presence of L-lactic acid. 2. Drying of hydrolysis products in air
and in supercritical CO,. 3. Carrying out the interaction of the obtained xerogels and aerogels with
aqueous solutions and vapors of carboxylic acid. 4. Analysis of the composition, structure, and
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properties of the obtained materials by XRD, EDX, SEM, TA, low-temperature nitrogen adsorption,
CHN-analysis, IR and luminescence spectroscopy.

The individual Y, Dy, and Tb hydroxylactates were shown to possess nanofiber morphology
and similar structure. In the case of synthesis in the presence of Eu®*, the largest fibrous particles of
hydryxolactates were obtained. The synthesis in the presence of only Ce®" resulted in the formation
of CeO, particles. Yttrium chloride hydrolysis of in the presence of L-lactic acid and Ce**, Dy**,
Eu** or Tb*" cations (up to 15 at. %) does not lead to significant changes in the composition,
structure and morphology of yttrium hydroxolactate, which indicates the formation of
hydryxolactate solid solutions. For doped yttrium lactate, the real cation ratio is close to the nominal
ratio; uniform distribution of doped Eu®* and Tb*" cations over individual codoped yttrium
hydroxolactate fibers has been shown.

It was found that aqueous solutions of carboxylic acids salt (benzoic, phthalic, isophthalic
and terephthalic acid salts) sensitize the Eu®" and Tbh** luminescence o in the doped yttrium
hydroxolactate xerogels. The Eu®* and Tb*" luminescence intensity increases with the salt
concentration, showing maximum sensitivity with respect to changes in the terephthalate anion
content in solution. For xerogels of Eu** and Th**-codoped yttrium hydroxylactate, the change in
luminescence color coordinates as a function of hydroxolactate cation composition as well as the
concentration and nature of detected benzene carboxylate have been shown. The possibility of
luminescence detection of acetic acid vapor using Eu**-doped yttrium hydroxylactate aerogel was
demonstrated.

IIpumecu npeKypcopoB B IVIEHKAX THOPUIHBIX NIEPOBCKUTOB
MA,FAPbl; u Cs,FA;Pbl; (MA = CH3NH;", FA = (NH,),CH"):
ONTOYJIEKTPOHHbIE CBOMCTBA U CTA0MJIBHOCTD
MEPOBCKUTHBIX COJTHEYHBIX 3JICMEHTOB

Ban Y.

PykoBoauTenu: k.x.H., M.H.c. beaud H.A.; k.X.H., 3aB. 1a0. Tapacos A.b.

Opmnoit U3 Hanbosiee TUHAMUYHO Pa3BHBAIOIIMXCS BETBEH (DOTOBOJIBTAUKK B HACTOSAIIEE
BpeMs SBISIOTCSl COJIHEYHbBIE 3JEMEHThl Ha OCHOBE IUIEHOK T'MOPUIHBIX MEPOBCKUTOB COCTaBa
ABXj, (A = MA", FA", Cs"; B = sSn?*, Pb**; X = CI, Br, I) — "mepOBCKUTHBIC COJTHEYHBIC
anemenThl" (IICD). B 3aBucMMOCTH OT 0COOEHHOCTEH Mpoleayphl CHHTE3a IJIEHKU NTEPOBCKUTA, B
MaTepuase, Kak MpaBHJIO, MPUCYTCTBYIOT NpUMecH Hpekypcopos, Hanpumep Pbl, u MAIL Ilpu
9TOM, JIUTEPATYpPHBIE JTAHHBIE, ITOCBALIEHHBIE BIUSHUIO OTKIOHEHHUS COCTaBa IUIEHKU NEPOBCKUTA
OT CTEXMOMETPUYHOIO, MPOTUBOPEUUBBI: B paznuuyHbix pabdotax KIIJ u crabuiabHOCTH
MEPOBCKUTHBIX COJHEYHBIX 3JEMEHTOB MOTYT OBITh YJIYUIIEHbl KaKk C IOMOIIbIO BHEIPEHUS
npumecu Pbl, B mi€HKy, Tak U ¢ MOMOIIBIO yIaJd€HUs TaHHOM MIPUMECH.

Llenp manHo# paboThl — onpenenenue Biuusaus npumeceit nogunos (MAIL FAIL Csl) u Pbl;
B IUIEHKAX THOpPUAHBIX TNEPOBCKUTOB Ha HMX ONTO3JEKTPOHHBIE CBOWCTBA M CTAOMIBHOCTH
COJTHEYHBIX JJIEMEHTOB Ha UX OCHOBE. B uwacTHocTH, ObUIM MOCTaBIIEHBI ClENyIOIIME 3anadu: 1)
[Monmyunts TEHKH MAg25FA 75Pbls 11 Csg 15FAg 8sPbl3 ¢ 3a1aHHBIM H30BITKOM OPraHUYECKUX WIIN
HeOpraHuyecknx wuoauaoB B nuamazoHe 0.5-10 mom. %; 2) YcraHoBuTh BiMsIHHE HW30BITKA
Henoctatka Pbl; B cMecu mpekypcopoB Ha cocTaB, MOP(OJIOTHIO M JTIOMHUHECLEHTHBIE CBOWMCTBA
wi€Hok; 3) Msrorours 06pasis! [ICD ¢ ucnonab3oBaHUEM TaKUX IUIEHOK, ONPEAEIUTh MPUOOPHBIE
XapaKTepUCTHKH YCTpoicTB; 4) IIporecTrpoBarh omepanvoHHYO cTaOuWiIbHOCTH oOpasios I[ICD
IpU JUINTEIIBHOM OOJyYEeHMHM W HarpeBaHWMHM, BBIABUTH JHMAaNa3oH COCTABOB, A KOTOPOIO
nocturaercs Haunmyymas crabmisHocTs KITJ[ yeTpoiicTs.
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Mopdonorus, (a3oBblii coctaB 00pa3noB IIEHOK OBUTM HMCCIEIOBAHBI C IOMOIIBIO
pacTpoBOi  DJIEKTPOHHOM  MHMKPOCKONHMH,  CKaHUPYIOLIEH  30HIOBOM  MHKPOCKONUU U
peHtreHoga3zoBoro asnanusza. Jns XapakTepu3aludd JIFOMUHECHEHTHBIX CBOWCTB M OLICHKHU
OUHAMHUKU (oToJerpafaluy MIEHOK HCIOJb30Bajach (OTONIOMUHECIIEHTHAs crekTpockonus. C
MOMOIIBI0 PACTBOPHBIX IMOAXOJ0B M BAaKYyMHOT'O TEPMHUYECKOTO HAMBUICHUS OBUIM TOTyYCHBI
MIPOTOTHIIBI TIEPOBCKUTHBIX COJIHEYHBIX 3JIEMEHTOB ¢ "n-i-p" u "p-i-n" apxurekrypoii: "FTO / TiO, /
SnO; / Ileposckut / Spiro-OMeTAD / Au" u "ITO / PTAA / AUDAI / Tleposckut / Cgo / BCP /
Cu". IlpubopHbie XapaKTEPUCTUKN YCTPOUCTB OBLIU OIPEAEICHBI C TOMOIIBIO BOJIbTAMIIEPOMETPUU
npu  OOJYYEeHHWH CHMYJSATOPOM  COJHEYHOTO OOJy4YeHHs, OINEpaluOHHAs CTaOMIbHOCTh
onpejensiigach MPU TOMOIIM OTCIEKUBAHUA TOYKHM MAaKCHUMAaJlbHOM MOIIHOCTH YCTPOWCTB IpHU
MIOCTOSTHHOM OOJTy4EHUH.

Hus TICD ¢ "n-i-p" apxutekTypoit ycranosiieHo, uto 2.5-10 mMon.% u30biTok comu AX
(MAI, FAI) npuBogut k ymenbiueHuto KIIJ[ no 3HaueHuii <5% B cpaBHEHUHU C KOHTPOJIbHBIMHU
obpazuamu (KILJ oxono 15%), mpeanonoxxurenbHo, 3a CUET B3aUMOACUCTBUS CJI0s MEPOBCKHUTA C
MPOIYKTAMH XUMHUYECKOW peakiuu MeKIy AX M KOMIIOHCHTAMHU JIBIPOYHO-TPAHCIIOPTHOTO CIIOSL.
Jnst  mepoBckuta coctaBa CsoisFAgsPbl;  Hammydmieidrn  GpoTOCTaOMIBHOCTBIO KAk [UIs
WHJUBUIYAIbHBIX TIEHOK, Tak W g npototunoB [ICD ob6namaioT cTeXHOMETpUYHBIE OOpa3Ilbl
MPEIONIOKUTEIFHO, M3-32 MEHBIIeH KOHIEHTpalMu JePeKTOB B IUIEHKE MEPOBCKHUTA, YTO
MOATBEPIKIACTCS JAHHBIMU (OTOTFOMUHECIICHTHOM CrieKTpocKomnuu. [Ipu 3TOM, IJIsi TEpOBCKHTA
cocraBa MAg 25FAg75Pbls u306eiTrok Pbl; okono 2.5%, crmocoOCTBYET MOBBIMICHHIO HAYAILHOTO
KIIJI 31eMeHTOB M YJIy4YLICHUIO ONEPAlMOHHON CTaOMiIbHOCTH 00pasnoB ¢ "n-i-p" u "p-i-n"
ApXUTEKTYpOU: 00pasiibl ¢ ONTUMAIbHBIM KoJaudecTBOM mpumec Pbl, mist Hanbosee crabuIbHOM
p-i-n apxurekTypbl coxpanstorT HavanbHbli KIIJ| oxomo 15% B Tteuenue Oosiee yem 500 u
HEMPEPBIBHOTO 00TyYSHUSI.
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Precursor additives in hybrid perovskite films MA,FA,.Pbl; and
CsFA...Pbl; (MA = CH3NH;", FA = (NH,),CH™): optoelectronic
properties and stability of perovskite solar cells

Wang Ch.
Supervisors: Ph.D., Jr. Researcher Belich N.A.; Ph.D., Head of lab. Tarasov A.B.

One of the most dynamically developing branches of photovoltaics at present are solar cells
based on thin-films of hybrid perovskites of composition ABXs, (A = MA*, FA*, Cs*; B = Sn*,
Pb**; X = CI', Br', I) — "perovskite solar cells" (PSC). Depending on the specifics of the perovskite
film synthesis procedure, the material usually contains precursor impurities, such as Pbl, and MAI.
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At the same time, the literature data on the influence of the deviation of the perovskite film
composition from the stoichiometric one is contradictory: in various studies, the efficiency and
stability of perovskite solar cells can be improved both by introducing a Pbl, impurity into the film,
and by removing this impurity.

The purpose of this work is to determine the effect of iodide impurities (MAI, FAI, Csl) and
Pbl, in hybrid perovskite films on their optoelectronic properties and stability of solar cells based
on them. In particular, the following tasks were set: 1) Obtain MAg2s5FAq75Pbl; and
Csp.15FA0g5Pbls films with a given excess of organic or inorganic iodides in the range of 0.5-10
mol.%; 2) Determine the effect of excess and deficiency of Pbl, in the mixture of precursors on the
composition, morphology and luminescent properties of the films; 3) To make PSC samples using
such films, to determine the instrumental characteristics of the devices; 4) Test the operational
stability of PSC samples under prolonged illumination and heating, to identify the range of
compositions for which the best stability of device efficiency is achieved.

The morphology and phase composition of the film samples were studied using scanning
electron microscopy, scanning probe microscopy, and X-ray phase analysis. To characterize the
luminescent properties and evaluate the dynamics of photodegradation of the films,
photoluminescent spectroscopy was used. Using solution approaches and vacuum thermal
evaporation, samples of PSCs with "n-i-p™ and "p-i-n" architectures were obtained: "FTO / TiO, /
SnO; / Perovskite / Spiro-OMeTAD / Au" and "ITO / PTAA / AUDAI / Perovskite / Cgo / BCP /
Cu". The instrumental performance of the devices was determined using voltammetry under
exposure to a solar simulator, and operational stability was determined by maximum power point
tracking under constant illumination.

For PSC with "n-i-p" architecture, it was found that 2.5-10 mol.% excess salt AX (MAI,
FAI) leads to a decrease in efficiency to <5% compared to control samples (efficiency about 15%),
presumably due to the interaction of perovskite layer with the products of the chemical reaction
between the AX and the components of the hole-transport layer. For perovskite composition
Csp.15FA0 g5Pbl3, stoichiometric samples have the best photostability both for individual films and
for PSC samples, presumably due to the lower concentration of defects in the perovskite film,
which is confirmed by photoluminescence spectroscopy data. At the same time, for perovskite
composition MAg25FAq75Pbls, an excess of Pbl, of about 2.5% contributes to an increase in the
initial efficiency of elements and an improvement in the operational stability of both samples with
"n-i-p" and "p-i-n" architecture: samples with the optimal amount of Pbl, impurity for the most
stable "p-i-n" architecture retain the initial efficiency about 15% for more than 500 hours of
continuous exposure.

CuHTe3 M CBOMCTBA KOMIIO3MTOB HA OCHOBE HAHOJIMCTOB AUOKCHIA
THTAaHA U MECTAJVIMYCCKUX HAHOYACTHI AJIS1 IPUMCHCHUA
B CIICKTPOCKOIIMHA THTAHTCKOI'0 KOMﬁI/IHalII/IOHHOl"O pPacCesasHUus

Pesenxo A.O.

PykoBoaurenu: k.X.H., fou. ['apmes A.B.; m.H.c. Koznos /[.A.

CrekTpockonusi THTaHTCKOro koMOuHarmonHoro paccesaust (I'KP-cmextpockomus)
WCIIOJIB3YETCS B PEATU3allii SKCIPECCHOTO0 METOJa JETCKTUPOBAHUS OPraHWYECKUX MOJIEKYN B
HU3KUX KOHIIEHTpalusx. YcloBusi Bo3HHKHOBeHUs1 ['KP BbIMOMHEHBI B cHCTeMax, A KOTOPBIX
HaOmrogaeTcst 9PpPeKT MOBEPXHOCTHOTO MIA3MOHHOTO PE30HAHCA B METAINTHYECKUX HAHOYACTHUIIAX,
TaKMX Kak cepeOpo M 30JI0TO, HAXOMSIIUXCS HAa PACCTOSIHUH J0 HECKOJBKUX HAaHOMETpoB. Jlis
BOCIIPOU3BOMMOTO KOJIMYECTBEHHOTO aHaim3a MoJieKyn MeTogoM ['KP-ciiekrpockoniu Tpedyercst
MOJIY4YCHHUEC TIOMJIOKCK C pPaBHOMCPHO paCHpeI[eJIéHHBIMI/I MO0 TMOBCPXHOCTHU MCTANNIMYCCKUMHU
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HaHoyactuiiamMu. OJHUM U3  TEPCIEKTUBHBIX  CIOCOO00B  (hOpMUPOBaHHUS ~ PaBHOMEPHO
pacnpenenéHHOro aHcamOsi HAaHOYACTHI] SIBJISIETCS MOAXOMA, NMPU KOTOPOM JIBYMEpPHBIE YaCTHUIIBI
MOJTYIIPOBOJTHUKA HCIIOJB3YIOTCS B KauyeCTBE MOACIOS NpU (OPMHUPOBAHUM HAHOCTPYKTYp Ha
MOJJTOXKKaX. B KauecTBe TakuX IJIaHAPHBIX CTPYKTYP BO3MOXKHO MCIIOJIb30BaHHE HAaHOIUCTOB T10,
KOTOPBIE XapaKTEPU3YyIOTCS HE TOJBKO OOJBIIMMH JIATEPAIbHBIMU pa3MepaMH, HO M BBICOKOU
KPUCTATIMYHOCTBIO, OONBIIMMH 3HAYCHUSMHU YACIbHOM IUIOUIAAM TOBEPXHOCTH U MPOSBISIOT
¢dorokaramutudyeckyro aktuBHOCTh (DPKA). 3a cuer Beicokoit DKA wHanomucter TiO,
MEePCIIEKTUBHBI ISl CO3JIaHUS MHOTOpa3oBbIX nojanoxkek s ['KP-cmekTpockonmum, Tak Kak IO
nercrteueM Y @-n3iydeHus: BO3MOKHA IOJIHAST MUHEpAIM3aLUs OPraHUYECKUX aHAJIUTOB. B TO ke
BpeMs MEPEHOC 3apsja Ha KOHTAaKT€ HAaHOYACTHUI] METAJUIOB M YAaCTHI[ MOJYINPOBOJHUKA MOXKET
CIOCOOCTBOBaTh ~ pEaIM3allMid  YCIOBHH  KOJUIGKTUBHOTO  BO30YXJEHHS  IMOBEPXHOCTHOTO
IJ1a3MEHHOTO Pe30HaHca B OoJiee IUPOKOM MHTEpPBaIe PACCTOSHUN MEX]ly HAHOYACTHUI] METAJLIOB.

Takum o0pa3om, IeNbI0 AaHHOW palbOTHI SBISIETCS pa3padOTKa METOAMKH IOTYy4eHHS
MOJJIOKEK HAa OCHOBE HAHOJKMCTOB JAMOKCHJA THTaHAa UM HAHOYACTHUIl 30JI0Ta M cepedpa, a Takxke
UCCIIEIOBAaHUE BO3MOXKHOCTEH HCIIOJIb30BAHUS IOJYYEHHBIX TMOJIOKEK B CHEKTPOCKOIUU
TUTaHTCKOTO KOMOWHAIIMOHHOTO PACCesHUS.

Hanomucrer TiO, Obutd MmoJydeHBI B XOJI¢ PAcCAOCHHUS THUTAHATa Ie3us, 00pabOTKOW B
pactBope HCI mpu pH=1, a 3arem B pactBope ruapokcuaa terpabyruiaMMonusi. C MOMOIIBIO
TEOPETUYECKOTO MOJIEIIMPOBAHUS METOIOM (PYHKIIMOHAIA TUIOTHOCTH, OBUT MPEIIOKEH MEXaHU3M
paccioeHHs] TUTaHaTa IIe3usl, Pealu3yeMblii B HCIOJIb3yeMbIX YCIOBHSIX. C MOMOIIBIO METOIOB
peHTreHo(a30BOro aHaIN3a U PEHTTEHOBCKON (POTOIIEKTPOHHONW CHEKTPOCKONUHU OBLIO MOKa3aHO
BIIUSIHUE TEMIIEpaTyphl OT)KUTA HAHOJIMCTOB JIHMOKCHAA THTaHa Ha (a3oBBIH COCTaB U CBOMCTBA
IJTAaHAPHOM MOBEPXHOCTU ABYMEPHBIX YaCTHII.

B xone paboTel ObUIM MPENIOKEHBl U ONTUMU3MPOBAHBI METO/bI HAHECEHUS HAHOYACTHUIL
30J10Ta U cepedpa Ha MOBEPXHOCTh HAHOJIUCTOB AUOKCH A TuTaHa. [loka3zaHo, YTO BOCCTaHOBJIEHUE
pactBopa AgNO3 ¢ nomouipto NaBH4 mpuBoaut k popMupoBanuio HaHOYACTHIL cepedpa pasMepoM
7-11 HM, paBHOMEPHO TOKPHIBAMOIIMX MOBEPXHOCTh HaHomucToB T10,. HaHeceHue 30J0THIX
HAQHOYACTHI] MPOBOJMUJIOCH METOJOM MarHeTpOHHOIO HAaNbUIEHHs C IMOCIEAYIOIIUM OTKUIOM B
armocepe Hp mpu 550 °C B teuenme 5-15 munyT. [lpm 3TOM Ha MOBEPXHOCTH TOIJIOKEK
bopmupyroTcs HaHoYacTUIbl 305i0Ta pasmepamu 10-40 HM. IlomydyeHHblE MOATOKKU ObUIM
WCIOJIb30BaHbl JUIsl perucTpaluy MoJyieKyl ¢ ucnojs3oBaHueM ['KP-cnextpockomnuu, Ob110
T0KA3aHO JOCTIDKeHHE Kod(huimenta yernenus 1,9-10° 10 mI0MAaIM TOBEPXHOCTH MONOKKH UTO
MO3BOJIMJIO JIETEKTHPOBATh AHAJIUT C KOHIIEHTpaIuen 10" M. 3a cuer (G OTOKATATUTHYECKOTO
BOCCTAHOBJICHMSI ~KUCJIOpPOJa JI0 MEpOKCHAA BOJAOpPOJAa Ha TOMIOKKAX (HAHOYACTHUIIBI
AU;AQ)/(nanomuctel TiO,) moka3zaHa BO3MOXHOCTh J€TEKTUPOBATh aHAIWTHI, Takue Kak 3,3°,5,5’-
TeTpaMEeTUIOEH3U/IUH, UCTIONb3yeMbIi B MMMYHO(EPMEHTHOM aHajin3e, — HE aKTHUBHBIM B ciiydae
rcnoJib3oBanus B ' KP-ciekTpockonuu moBEpXHOCTEN HE COAEPkKAIUX MOACIOS JUOKCUAA TUTAHA.
B xone pa®oTbl HaMu MOKa3aHa BO3MOXKHOCTh MHOTOKPATHOTO MCIIOJIB30BaHMS IMOJTYyYEHHBIX
KOMIIO3UTHBIX CTPYKTYp (HaHowactuibl AuU;AQ)/(wanomuctel TiOZ)/CTEKI0 3a CYET OYHCTKH
MOBEPXHOCTU CTPYKTYp OT aHanuTa BozzaencTBUeM Y P-oOiyuenus. Takas ounMcTKa MOBEPXHOCTH
peain3yeTcsi ¢ BOCCTAHOBJIIEHHEM 3HAYEHHH KO3()PPUIMEHTOB YCHUJIEHHS M BOCIPOU3BOJIUMOCTU
I'KP-curnana no noBepXxHOCTH CTPYKTYP.
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Synthesis and properties of composites based on titanium dioxide
nanosheets and metal nanoparticles for application
in surface-enhanced Raman spectroscopy

Revenko A.O.
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Surface enhanced Raman spectroscopy (SERS) is used in realization of an express method

for detecting organic molecules in low concentrations. The SERS are arisen in systems for which
the effect of surface plasmon resonance is observed in metal nanoparticles, such as silver and gold,
located at a distance of up to several nanometers. Reproducible quantitative analysis of molecules
by SERS requires obtaining substrates with metal nanoparticles uniformly distributed over the
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surface. One of the promising ways to form a uniformly distributed ensemble of nanoparticles is an
approach in which two-dimensional semiconductor particles are used as a sublayer in the formation
of nanostructures on substrates. As such planar structures, it is possible to use titania nanosheets,
which are characterized by not only large lateral dimensions, but also high crystallinity, large values
of specific surface area, and exhibit photocatalytic activity. Due to the high photocatalytic activity,
TiO, nanosheets are promising for creating reusable substrates for SERS analysis, since complete
mineralization of organic analytes is possible under UV irradiation. At the same time, charge
transfer at the contact of metal nanoparticles and semiconductor particles can contribute to
collective excitation of surface plasmon resonance in a wider range of distances between metal
nanoparticles.

Thus, the goal of this work is to develop a technique for obtaining substrates based on titania
nanosheets and either gold or silver nanoparticles, as well as to study the possibilities of the
obtained substrates application in SERS.

Titania nanosheets were obtained during the delamination of cesium titanate first by
treatment in HCI solution at pH = 1, and then in tetrabutylammonium hydroxide solution. With the
help of theoretical modeling by the density functional theory, a mechanism of cesium titanate
delamination was proposed. Using the methods of X-ray phase analysis and X-ray photoelectron
spectroscopy, the effect of the annealing temperature of titania nanoparticles on the phase
composition and properties of the planar surface of two-dimensional particles was shown.

In the course of the work, methods for gold and silver nanoparticles deposition to the surface
of titania nanosheets were proposed and optimized. It is shown that the reduction of AgNOj3
solution using NaBH, leads to the formation of silver nanoparticles with a size of 7-11 nm,
uniformly covering the surface of TiO, nanosheets. Gold nanoparticles were deposited by
magnetron sputtering followed by annealing in H, atmosphere at 550 °C for 5-15 minutes. During
the process, gold nanoparticles with sizes of 10-40 nm are formed on the surface of the substrates.
The obtained substrates were used to register molecules using SERS, it was shown that an
enhancement factor of 1.9-10° was achieved over the surface area of the substrate, which made it
possible to detect an analyte with a concentration of 107 M. By photocatalytic reduction of oxygen
to hydrogen peroxide on the (Au;Ag nanoparticles)/(TiO, nanosheets) substrates it is shown that it
is possible to detect analytes such as 3,3°,5,5’-tetramethylbenzidine, which is used in enzyme
immunoassay and is not active when detected by SERS substrates that do not contain a sublayer of
titania. We have shown the possibility of repeated use of the obtained composite structures (Au;Ag
nanoparticles)/(TiO, nanosheets)/glass by cleaning the surface of the structures from the analyte by
UV irradiation. Such surface cleaning is realized with the restoration of the values of the
enhancement factor and reproducibility of the SERS signal over the surface of the structures.

CuHTe3 M OnTHYECKHE CBOMCTBA TOHKHUX IIJIEHOK HA OCHOBE
MNEPOBCKUTHBIX HAHOYACTHUI( CO CMCITAHHBIM KATHOHHBIM
U AaHUOHHBIM COCTaBOM

Yonuw 1].

PykoBomgurenu: n.x.H., mpod. Koztoxun C.A.; K.X.H., 3aB.71a0. Tapacos A.b.

B mnocnegnue ronpl nepoBckuTHele Matepuaibl CsPbXsz (X=Cl, Br, I) BbI3bIBaior
3HAYUTENbHBIM HHTEpec HccienoBareneil Onarojapss HMX YHUKIBHBIM —(DU3MKO-XMMUYECKUM
CBOMCTBaM, TaKMM Kak BBICOKAas IMOTJOLIAONIasi CHOCOOHOCTh (3HAUeHHs KOdIPPUIeHTa
nornouterust ~ 10° Mons™), u pEeKOp/HbIE 3HAUEHUSI KBAHTOBOW »(dexTuBHOCTH (~ 90%).Takue
MaTepuajibl MOTYT OBITh MCIIOJIb30BaHbl B KayeCTBE CBETONOIVIONIAIOLIMX CIIOEB B COJIHEYHBIX
Oarapesix, CBeTOAMOAAX U APYTHX ONTOIIEKTPOHHBIX YCTPOUCTBAX.
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[lenpio 1aHHOM paOOTHI SIBIAETCS MOJIYYEHHE TOHKHX IUIEHOK CO CTPYKTYPOH MEpPOBCKUTA
cocraBa CsPbBr;, mermpoBannbix Hanodactumamu (HY) co cTpyKTypoil IEpOBCKHTa COCTAaBOB
CsPb: MnX; (X = Cl, Br), a Taxxe ucciaeIoBaHUE UX ONTHYCCKHX CBOKMCTB. [Ipearmonaraercs, 4ro
MacCUBAIUsl TIOBEPXHOCTH IMEPOBCKUTA HAHOYACTULIAMHU IO3BOJUT MOBBICUTH 3()(PEKTUBHOCTH U
OITO3JIEKTPOHHBIX YCTPOUCTB, a TAKXKE 3aMEJTUT MPOLECC ACTPaJallii MaTepHuaa.

JInst TOCTIOKEHUsT TIOCTABJICHHBIX 3a/1a4 ObUIH MOJIyYeHbI TOHKHE MJICHKH coctaBa CSPbBr3
METOJIOM CIHH-KoaTuHra. PactBop PbBr, HaHocwiM Ha BpamamoNIylOCs IOJIOKKY JUIS
oOecrniedueHrs paBHOMEPHOT'O cJios IpeKypcopa, 3ateM obpasubl oTkuranu npu 100°C B TeueHue
yaca. [locie Ha Bpamaronryrocs moioxkky ¢ PbBr, manocuim pactBop CSBr, u nanee oOpasib
omxkurainy npu 250°C B Teuenue nsatu MuHyT. Coit mpexkypcopa CSBr HaHOCHIIN HECKOJIBKO pa3 110
MOJIHOTO MPOTEKaHHs peakiuu Mexay cinoem PbBr; u pactBopom CsSBr. 3arem Ha momyueHHBbIC
TOHKHE IUIEHKH HaHOCHIIN KoJutouaHbie pactBopsl HU coctaBoB CsPb:MnX; (X = Cl, Br), o6pasisr
OT)KUTAJIM B TeueHHe jiecatu MuHyT mipu 100°C.

B nannoit pabote ObUH 110100paHbl ONITUMANIbHBIE KOHIIEHTpaluu pactBopos PbBr, u CsBr,
KOTOpPBIE COCTaBWIM 12 MONB/T 1 2,8 MOJB/TT COOTBETCTBEHHO. MOp(hOIOTHS MOBEPXHOCTH TOHKHX
IUICHOK, a TaKXe WX TOJIIMHA ObUIM OLIEHEHbl C MOMOUIbI CKAaHHPYIOIIETO 3JIEKTPOHHOTO
mukpockorma (COM). [ToBepxHOCTE 0Opa3IOB COCTOMT W3 3€PEH, XapakTep OOpa3oBaHHs 3epeH
MEHSIETCS, B 3aBUCHUMOCTH OT KOHIIEHTPAIlMU HCXOJHBIX BEIIECTB, & TAK)KE JICTUPOBAHUS TOHKUX
wieHok HY, 3Hauenue tonmuHel 00pasuos onenusaerca B 500-800 um. [lo pe3ynbTaram peHTreHo-
¢dazoBoro anamuza (PDA) ObuM yCTaHOBJEHBI CTPYKTYpPhl CHHTE3UPOBAHHBIX IUICHOK,
HaOII0AaNCh U3MEHEeHHs pedexcoB Ha nudpakTorpaMMmax mnpH jJerupoBanuu oOpasno HY, uro
CBUJCTEIHCTBYET O HAJUYUU KaTUOHHO-aHHMOHHOTO oOMeHa Mexay HY u moBepXHOCThIO TOHKOMN
IJICHKHU, U TIOJTBEPIKAACTCSI U3MEHEHHUEM ONTHYECKUX CBOMCTB 00pa3noB. ONTHYECKUE CBONCTBA
00pa31oB ObUIM M3Yy4eHbl METOJAAMH JJIEKTPOHHON CHEKTPOMETPHH M (IyOPECHEHTHOIO aHaIu3a.
Ha cmekrpax 5SIeKTpOHHOTO TIOTJIOMICHHMsS] TOHKHX IUleHOK coctaBa CSPbBr3 momoca,
COOTBETCTBYIOIIAsl Kpar TMOTJOLIeHUs, HaxoauTcs Ha 510 HM, mpH JIETUPOBAaHUU O0O0pa3loOB
HAaHOYACTUIIAMHA HAOIIOAAETCS CIBUT KpPAaeBOW IIOJIOCHI TIOTJIONMICHMS, 3aBUCSAIIMKA OT COCTaBa
aerupyroumx oopasios. Toukue mieHkn CSPHBI3 mposBIsIOT TFOMHHECIICHTHBIE CBOICTBA, CIIEKTP
JIOMUHECUEHIIMHN JaHHBIX 00pa3lloB COCTOUT W3 Tpex MakcumymoB Ha 480, 510, 550 um. Ilpu
nerupoBaHuu 00pa3noB HY, MHTEHCHBHOCTbH JIIOMUHECIIEHIIMU OOpa3loB Pe3KO BO3pacTaeT, Mpu
ATOM TIOJIOKEHHE M KOJIMYECTBO MOJIOC SMUCCHU MEHSIETCSI B 3aBUCIMOCTH OT COCTaBa JIETHPYIOIIHX
HAHOYACTHII.

Ha ocHOBaHMM TONy4eHHBIX pE3yJbTaTOB MOXKHO CJEJaTh BBIBOJ O B3aMMOJCHCTBHUH
MOBEPXHOCTU TOHKMX IUIEHOK M HAaHOYACTUL[ MEXIy c000#, KOTOpO€ HOCUT KaTHOHHO-aHUOHHBIN
xapakTep. JlernpoBanue TOHKMX IUICHOK HAaHOYACTHIIAMH OKa3bIBaeT 3HAUMTENILHOE BIHMSHHE Ha
ONTUYECKHE CBOMcTBa 00pasloB, B YAaCTHOCTH MPHUBOJUT K 3HAYUTEIBHOMY YCHIICHUIO
(G OTOMIOMUHECIIEHIIMY MOAU(DHUIIMPOBAHHBIX 00Pa3IIoB.

Synthesis and optical properties of thin films based on perovskite
nanoparticles with a mixed cationic and anionic composition

Chen J.

Supervisors: Dr.Sci. (Phys.Chemistry) Kozyukhin S.A.; Ph.D., Head of laboratory
Tarasov A.B.

In recent years, perovskite materials, such as CsPbX3; (X = CI, Br, 1), have garnered
significant research interest due to their unique physical and chemical properties. These include
high absorption capacity (absorption coefficient values ~105 mol-1), record quantum efficiency
values (~90%) and so on. Such materials can be employed as light-absorbing layers in solar cells,
LEDs, and other optoelectronic devices.
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The objective of this study is to produce thin films of CsPbBr; perovskite structure doped
with nanoparticles (NPs) of CsPb: MnX3 (X = CI, Br) perovskite structure and investigate their
optical properties. It is hypothesized that nanoparticle passivation of the perovskite surface will
enhance optoelectronic device efficiency and slow down material degradation.

To accomplish these goals, CsPbBr; thin films were fabricated using the spin-coating
method. A PbBr;, solution was applied to a spinning substrate to create a uniform precursor layer,
followed by annealing at 100°C for one hour. Subsequently, a CsBr solution was applied to the
rotating substrate with PbBr,, and the samples were annealed at 250°C for five minutes. The CsBr
precursor layer was applied multiple times until the reaction between the PbBr, layer and CsBr
solution was complete. Then, colloidal solutions of CsPb: MnX3; (X = CI, Br) nanoparticle
compositions were applied to the thin films, and the samples were annealed for ten minutes at
100°C.

In this study, optimal concentrations of PbBr, and CsBr solutions were determined to be 12
mol/L and 2.8 mol/L, respectively. The thin films' surface morphology and thickness were assessed
using a scanning electron microscope (SEM). The sample surfaces comprise grains, with grain
formation characteristics varying based on initial substance concentration and thin film doping with
nanoparticles. The samples’ thickness is estimated to be 500-800 nm. X-ray phase analysis (XRF)
revealed the structures of the synthesized films, with changes in diffractogram reflexes observed
when samples were doped with nanoparticles. This suggests cation-anion exchange between the
nanoparticles and the thin film surface, corroborated by alterations in the samples' optical
properties.

The optical properties of the samples were examined using electron spectrometry and
fluorescence analysis. In the electronic absorption spectra of CsPbBr3 thin films, the absorption
edge band is situated at 510 nm. When doped with nanoparticles, the absorption edge band shifts
depending on the doping sample composition. CsPbBr; thin films exhibit luminescent properties,
with the luminescence spectrum consisting of three maxima at 480, 510, and 550 nm. Upon doping
with nanoparticles, the luminescence intensity increases significantly, with the position and number
of emission bands varying based on the doping nanoparticle composition.

The findings indicate that the thin film surfaces and nanoparticles interact via cationic-
anionic mechanisms. Doping thin films with nanoparticles greatly impacts their optical properties,
specifically causing a substantial increase in photoluminescence for the modified samples.

CTaOnjiabHOCTD IIEPOBCKUTHLIX COJTHCYHBIX 3JIEMECHTOB C Pa3JIUHYHBIMHA
ABIPOYHO-TPOBOAAIIIMMHU CJTO0AMHU B YCJIOBUAX
CBE€TOBOI'0 HUKJIMPOBAHUSA

Toll

PykoBoautens: K.X.H., H.c. Mapuenko E.I.

['uOpuHble rajoreHuibl CBUHIIA CO CTPYKTYpOil mepoBckuta ¢ obmiei hopmynoit ABX3
(A=CHsNHs", CH(NH,),", X=CI', Br, I 3apeKOMEeHI0Bau ce0si B KaueCTBE MEPCHEKTHUBHBIX
MaTepHaioB JUIS COJHEUYHBIX OaTapeil HOBOIO MOKOJEHHs Ojaromaps TaKdM CBOHCTBaM, Kak
WHTCHCHUBHOE TOTJIONICHUE CBETa, OOJbIIas JUIMHA MPoOera JIEKTPOHOB U JIBIPOK, a TAKKE HHU3Kas
CTOMMOCTh W BO3MOYXHOCTH TOJYYEHHS PACTBOPHBIMH MeTojgamu. HecMOoTps Ha OCTHUTHYTBIC
Bbicokue mokazarenn KIIJ[ ycTpoWCTB MEpOBCKUTHBIX COJHEYHBIX 3jemeHToB (I[ICD) Ha
CETOIHSIIHUIN JICHb BCE €Ié OCTAIOTCSA HEPEHICHHBIC BOMPOCHI KacaTeabHO UX (POTOCTAOMIILHOCTH.
[poreccrr merpanamuu ycrpoiictB [ICD cBsi3aHbI ¢ pa3IMYHBIMH OOPATUMBIMH M HEOOPATUMBIMU
MpoleccaMy, MPOXOMANIMMH B pPa3HBIX CIIOSAX YCTPOWCTBA. B YacTHOCTH, MHTrpamus HOHOB
METaJUIOB-/IOTIAHTOB, COACPIKAIIMXCS B JBIPOYHO-TIPOBOISIIUX CIIOSIX, B APYrue (HYHKIIMOHAIbHBIC
CJIOM YCTPOMCTBA MPUBOIMT K JISTPATAIMH COTHEYHBIX YJICMECHTOB.
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B cBs3u ¢ 3TUM, OCHOBHOH I1IeNbIO0 NaHHOW pPa0OTHI SBISETCS MOAOOpP TMOIXOASIINUX
IBIPOYHO-TIPOBOASAIIUX MaTepranioB aist [ICD, kortopeie OyayT cTaOUIBHBI B YCIOBUSX CBETOBOTO
[UKIIUPOBAHUS YCTPOUCTB. J[isl JOCTHMXKCHHsSI OCHOBHOHM 1M B paMKax HacCTOsAIEH paboThI
HEeo0X0UMO OBLJIO PEUINTh CIEAYIOIIME 3aJadyd, COCTABUBIIME OCHOBHYIO HAyYHYI0 HOBHU3HY
paboThI: TMPOBECTH CPABHUTENBHYIO XapaKTEPU3AIUI0 CBOWCTB IMPOBOJUMOCTH MATEPHAJIOB,
MOTEHUMAIBHO NPUMEHUMBIX B KAaueCTBE JBIPOYHO-TIPOBOJSALIMX CJIOEB B IMEPOBCKUTHBIX
COJTHEYHBIX 3JIEMEHTAX; MPOBECTH COOPKY M CPAaBHHUTEIBHYIO XapaKTEePHU3AIUIO IMEPOBCKUTHBIX
COJIHEYHBIX 3JIEMEHTOB C pa3JIMYHBIMU IEPCIEKTUBHBIMU JIBIPOYHO-NPOBOAAIIMMHU CIOSIMU H
ApPXUTEKTypaMHU yCTPOWCTB; UCCIEIOBATh (POTOCTAOUIBLHOCTD MOJIYYEHHBIX YCTPOMCTB COJTHEYHBIX
3JIEMEHTOB MPU PA3JINYHBIX YCIOBUSIX IKCILUTyaTallUU.

Jnst xapakTepuzaluy yCTPONUCTB COJIHEYHBIX 3JIEMEHTOB B padOTEe U3MEPSUIMCh UX BOJIBT-
aMIIEpHbIE XapaKTEPUCTUKHU U ONTUYECKHUE METO/Ibl XapaKTEPU3aLUN CBETONOTIIOIIAOIIMNX CIOEB.

B pesynbraTe mpopaenaHHoW paOOThl UCCIENOBAHBI CBOMCTBA MPOBOAMMOCTH Pa3IUYHBIX
MaTepuajoB B KadecTBe P-mpoBoaHukoB s [ICD, mpoBeneHo cpaBHeHue (HOTOCTAOUIBHOCTH
YCTPOMCTB COJIHEUHBIX JJIEMEHTOB C Pa3JUYHBIMH P-MPOBOJHHKAMH B YCJIOBUAX CBETOBOIO
LUKJIUPOBAHUS.

B pabote mokazaHo, 4TO B YCIOBHSX CBETOBOTO ITUKIUPOBAHUS DJIEMEHTHI C P-IIPOBOTHIUKOM
Spiro-OMeTAD  (nerupoBannbiM  Li*) necraGunbnbl, omHaxko, KIIJI Takux 3JIEMEHTOB
BOCCTAHABJIMBAETCA 10 UCXOJIHBIX 3HAUEHUI MPU BBIACP>KMBAHUHU YCTPOMCTB HA PA30MKHYTOM LEMH
B TeMHoTe. Takoii mpouecc oOpatum, 3HaueHus: KI1/] ycTpoiicTB HE KOppEenUpyroT C MOJI0KEHUEM U
MHTEHCUBHOCTBIO MHKA NepoBckuTa mo cnekrpam DJI, ciaenoBarenbHO, AErpananus yCTPOWCTB B
nporecce 00Iy4eHUs] COIHEYHBIM CBETOM HE CBsI3aHa CO CJIOEM MEePOBCKHUTA M, BO3MOKHO, CBSI3aHA
C JerpajauMer ciosg pP-npoBOAHUKA. /[l COJHEYHBIX 3JIEMEHTOB C HEJIETMPOBAHHBIMHU -
MIPOBOJIHUKAMU B YCIIOBUAX CBETOBOTO LUKIMpOBaHMs 3aBucuMocTd n3meHeHus: KIIJ{ ot Bpemenu

JpyTuUe.

IMyoauxamuu cryaenra (https://istina.msu.ru/workers/395420700/):

1. To I3bu, @areeB C.A., TapacoB A.b., Cunmes opeano-neopeanuueckux 2anoceHniombamos ¢
nepoB8CKUMOno00OHOU CMPYKMYPOU CObBOMEPMANLHLIM U PACMEOP-PACNIA8HBIM Memooom ]
Me:xaynapoaHass KoHgepeHIUsi MOJIOABIX Yy4deHbIX ''Kpucra/uioxmmMmuyeckue acleKTbl
CO3IaHMS HOBBIX MaTepHAJIOB: Teopusl M MpakTuka', cOopHuK Te3ucoB. MockBa, Poccus,
2021, c. 46-47.

Stability of perovskite solar cells with various hole-transport layers
under light cycling conditions

Guo Z.
Supervisor: Ph.D. in chemistry, researcher Marchenko E.I.

The general formula ABX3 (A=CHsNH**, CH(NH2)**, X=CI", Br’, I) for hybrid lead halide
perovskites have been reminded as next generation of new materials for solar cells due to their
unique properties such as intensive light absorption, long lifetime of charge carriers, solvent method
preparation and low cost. Despite the achieved high Power Conversion Efficiency (PCE) of
perovskite solar cells (PSC), their photoinstability is one of the most important unresolved
problems. The degradation of PSCs is associated with various reversible and irreversible physical
process in different layers of the device. In particular, the migration of dopant metal ions contained
in the hole-conducting layers to other functional layers leads to degradation of PSCs.

Therefore, the main goal of this work is to search suitable hole-transporting materials
(HTM) for PSC which will be stable under the light cycling conditions. In order to achieve the
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main goal, which constituted the main scientific novelty, certain tasks are as follows: comparative
analysis of the electrical conductivity of materials that may be used as hole-conducting layers in
PSCs, the assembly and comparative characterisation of PSCs with different HTM or architectures,
the study of the photostability of the PSCs under different operating conditions.

In order to characterise PSCs, the work measured their volt-ampere characteristics and
optical methods to test the light-absorbing layers.

As a result of this work the conductivity properties of various p-type semiconductor
materials for PSCs were investigated, the photostability of PSCs with different p-conductors under
light cycles was compared.

The results shows that cells with p-conductor Spiro-OMeTAD (Li*-doped) are unstable in
light soaking conditions, but the efficiency of such devices is restored to the original values during
keeping the devices open circuit in the dark conditions. The reversibility comes in a similar cycle
over the whole process in light-cycling conditions. However, the values of PCE don’t correlate with
changing of the position and intensity of the PL peak of perovskite of the devices. Hence, the
degradation of the devices under sunlight irradiation is not related to the perovskite layer but
probably to the degradation of the p-type semiconductor materials. For PSCs with p-conductors
undoped by metal ions under light cycles the dependence of efficiency with periodic time is
different.
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DneKTpoHHAasi BEpCHUsi OPOIIIOPHI

Ha o6nosxcke npeocmasnenvt POM-uzobpasicenus xpucmannog gmopudogocgama eanaousi-
ammonusi (NHNPO4F) — npexypcopa ons cunmesa snekmpoonoco mamepuanra KTP-LIVPO,4F.
Asmop — evinycknux macucmpamypovt @PHM MI'Y 2023 200a Heanos Anexceti Bukmoposuu.
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