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

®dakynbTeT HAYK O MaTepuaigax — 3TO MEXIUCIHUIUIMHAPHOE YuyeOHOe 3aBefie-
HUE, 3a/1aueil KOTOPOTO SIBJISIETCS MOJATOTOBKA BHICOKOKBATH(UIIMPOBAHHBIX CIICIIMA-
JIUCTOB, CTIOCOOHBIX TIPOBOJUTH UCCIICIOBAHUS B CMEXHBIX 00JaCTIX XUMUH, (DU3UKH
1 MexaHHuKH. 3a BpeMst 00ydeHuss Ha ®HM cTyaeHTs TpHOOpETaroT YCUICHHYIO 00-
[IEHAYYHYIO TTOJITOTOBKY U XOPOIIIME HABBIKK IKCIIEPUMEHTATBHONU PabOTHI.

dakyapTET HAyK O MaTepualiax MPOBOJUT OOYYEHHUE CTYJICHTOB IO JBYXCTY-
neHyaroi (OakajgaBp-MarucTp) CHUCTEME MOATOTOBKM crenuanuctoB. B 2009 romy
MPOIIIEJT BBIMYCK MEPBBIX MaructpoB 1o HampaieHuto 020100 — «Xumus» (Maru-
cTepckas nporpamma «Xumus TBepaoro tena»). C 2013 roma BbITyCKaIUCh MarucT-
pBI, OPOILICAIINE MOATOTOBKY IO YKAa3aHHOM IporpamMMme, peaqn3yeMod B paMKax
coOcTBeHHOro oOpazoBarenbHOoro crangapra MI'Y (OC MI'Y) no HampaBiIeHHUIO
«Xumus». C 2015 roga noAroToBKa MaruCTpoOB BEAETCS MO HAMPABICHUIO «XUMHUS,
¢u3MKa 1 MexaHuKa maTepuasioB», U B 2017 roay BrHepBble BBITYIIECHBI CTYJICHTHI,
MMOJATOTOBJICHHBIE MO 3TOW MPOTrPaMME.

[Iporpamma TOJITOTOBKM MarucTpoB BKIIIOYaeT B ce0si 0a30ByIO 4acThb, CO-
CTOSIIIIYIO M3 IMKJIa OOIIEKYJIbTypHON MOATOTOBKU («Puiocodckue BOMPOCH ecTe-
CTBO3HaHUD», «OCHOBBI HAYYHOTO MEpeBOa», «KOMIBbIOTEpHBIE TEXHOJIOTUU B Hay-
Ke 1 00pa3oBaHUmN»), a Takxke npodeccunoHanbHoro mukia («IlepcnekTuBHbie HEOP-
TraHUYECKUE MAaTEPHAIIBI CO CTICIHMATbHBIMU (DYHKIUSAMIY, « COBpEMEHHbIE TTPOOIEMbI
MartepualioBeicHus», «MIcTopust 1 METOMO0JOTHS HAyKU O Martepuaiax», «Metoauka
MpernojaBaHusl €CTECTBEHHOHAYUHBIX NUCIUIUIMHY, CIICHIPAKTUKYM «MeTo bl 1uar-
HOCTUKHU MaTepuajoBy, 4 3ad.en./80 4yacoB 1abopaTOPHBIX 3aHATHH, B paMKaX KOTO-
pOTO 3HAKOMSATCS C OCHOBHBIMM MPUHIMIAMU PabOThl COBPEMEHHBIX MNPUOOPOB,
MPUMEHSIEMBIX TIPU UCCIEAOBAHUM (UBUKO-XMMHUYECKUX U MEXAHUYECKUX CBOMCTB
MarepuasioB). BapuaTtuBHas 4acTh MOATOTOBKU COJEPKUT JIEKITMOHHBIE KYPCHI JHC-
LIUIUIMH MarucTepcKord mnporpammbl (Takue Kak, «CynpaMmoneKyjsipHas XUMUS,
«buoneoprannueckass xumus», «Koopaunaunonnas xumusi. COBpeMEHHBIE acHek-
Tb», «Hanoxumus», «MeTamiooprannueckas XUMHs», 6 3a4.ell.), CIEIKYPChl MO
BBIOOPY CTyNeHTa (5 3a4.ell.), a TakKe MPAKTUUECKUE 3aHATHUSA, TIO3BOJISIONINE CTY-
JIEHTaM OCBOUTBH Pa3HOOOpa3HbIE METOJbI CHHTE3a BEIIECTB U MAaTEPUATIOB B paMKax
«KadenpanpHoro criennpaktukyma» (5 3ad.ef., 108 yacoB 1a00paTOpHBIX 3aHSATH).
MarucTtpanTsl BTOPOT0 rojia 00y4eHHUs MPOXOAT 3aKITIOYUTEIbHYIO, PACIIUPEHHYIO
4acTh CIEHIPAKTUKyMa MO COBPEMEHHBIM MpUOOpam sl AUArHOCTUKUA MaTepHUasioB
(Tak HasbiBaeMbIl «IIpubopHBI pakTUKyM», 18 3ad.en./180 yacoB mabopaTOpHBIX
3aHSTHI ), OCHOBHOM 3a/1au€il KOTOPOTO SIBJISICTCS MOJTOTOBKA BBICOKOKBATU(DUITUPO-
BAHHBIX IOJB30BaTEsCH (OMEpaTopoB) ISl CAMOCTOSITEILHON PabOThl Ha CIIOKHOM
Hay4yHOM oOopyaoBaHuH. CielyeT OTMETUTh, YTO OOBEKTaMU aHAJTUTHYECKOTO HC-
CJIEIOBaHUs B XOJI€ BBINOJHEHUS 3a7a4 CHEUNPAKTUKYMOB SIBIIIFOTCS, B 3HAUYUTENb-
HOM Mepe, BeIecTBa U MaTepHalibl, CO3/1aBaéMbIe B paMKaX MPUOPUTETHBIX i (a-
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KyJbTETa HayYHBIX HAMPABICHUH, pa3BUBAEMbIX Ha (aKyIbTETCKUX Kadeapax HaHO-
MarepualoB (3aB. kadenpoit — wi.-kopp. PAH, nipod., n.x.H. E.A. ['ynunun) u Mex-
JTUCHIUIUIMHAPHOTO MaTepuajoBefeHus (3aB. kadenport — akaa. PAH, npod., a.¢.-
M.H. B.M. HeBneB), a Takke B 1a0OpaTOpUM HOBBIX MAaTEPUAJIOB JJISI COJTHECYHOM
SHEPreTUKH (3aB. 1aboparopuei — k.x.H. A.b. Tapacos).

Crynentst @®HM HMEIOT YHUKAIBHYI0 BO3MOXHOCTh OCYIIECTBJISTh HAYYHYIO
JESTENBHOCTh U BBIMOJIHATH KBaJU(UKAIIMOHHBIE PA0OThI HE TOJBKO B MOJpa3jese-
HUAX MOCKOBCKOIO YHUBEPCUTETA, HO U B KPYITHEUIINX HAYYHBIX LeHTpax Poccun, B
3apyOeXHBIX HAyYHBIX IeHTpaX. Hamaauth HaydHbIE KOHTAKTHI MO3BOJISIIOT CTaXKH-
POBKH, KOTOPbIE B paMKaX Hay4YHO-ITPOU3BOACTBEHHOM MPAKTUKU MPOXOAAT BCE Ma-
THCTPaHTHI MEPBOTO rojia o0yueHus. Takue CTaXUPOBKH MO3BOJSIOT CTYy/I€HTaM 3Ha-
KOMHUTBHCS ¢ pabOTON BeAyIIMX HAyYHBIX KOJJIEKTHBOB, Pa3BHBATh CBOM HABBIKM Ma-
TE€pPHUAIOBEI0B-UCCIENOBATENEH B paMKaxX pa3HbIX HAyYHBIX LIKOJ, a BO BpeMs 3apy-
OEKHBIX CTAXKUPOBOK — €I1I€ U MPAKTUKOBATHCS B OOLIEHUN Ha UHOCTPAHHBIX S3bIKAX.
Bo Bpemsi mpakTHKK CTyIEHThl OOOTaIlaloTCsl HayYHBIMU HJCSIMH, 3aKJIaIbIBAIOT
(GyHIIaMEHT CBOEH Hay4YHOM pemyTaluu AJs CIEAYIOLUX ypoBHEH oOpa3oBaHus (ac-
NUPAHTYpPA, TOKTOPAHTYpPa).

MarucrtpanTtbl-BeilycKHUKH 2022 roja NMpoXoAWiM NMPAKTUKY B TAKUX KpyI-
HBIX y4eOHO-Hay4HbIX U HayudHbIX IIeHTpax Poccun kak MHCTUTYT 001Iel U Heopra-
Huueckoil xumun uM. H.C. KypnakoBa PAH, MHCTUTYT MeTaJUTypruvi U MaTepuao-
BeneHus uM. A.A. baitkoBa PAH, ®usnueckuit unctutyt um. [1.H. Jlebenera PAH,
WNucturyT xummnueckoil ¢pusuku um. H.H. CemenoBa PAH, Uuctutyt Hedrexumuye-
ckoro cuHre3a uMm. A.B. TomuueBa PAH, MHcturyT OMOXMMHYECKONH (DU3UKHU HM.
H.M. Dmanyasns PAH, UHcTUTYT TeopeTruyecKkor 1 IKCIIEpUMEHTaIbHON OMOpU3UKH
PAH, HUIl «KypuaroBckuii HHCTUTYT», HannoHanbHBIN HCCIEIOBATENIBCKANA TEX-
Honorndyeckuii yHupepcutetr «MHUCuCy», Poccuiickuii XHMHKO-TEXHOJIOTHYECKUN
yauBepcuteT uM. JI.JM. MenneneeBa, Pocculickuii yHUBEpCHTET APYKOBI HApOJIOB,
000 «MenunHckne HaHOTEXHOJIOTUN», OAO «CHeKTpOCKONMUYECKUE CUCTEMBD.

BaxxHpiM (pakTOpOM, CHOCOOCTBYIOIIUM DPA3BUTHIO TBOPUYECKOM AaKTHUBHOCTH
CTYZECHTOB, SIBJISIETCS TO, UTO HAay4Hasi paboTa BXOAUT B yueOHbIH miuaH. Popma oT-
YETHOCTH — O0s3aTeNIbHBIE CTYJEHYECKHE KOH(PEPEHIUH, KOTOpbIe MPOBOISATCS IO
OKOHYAaHHMH KaKJI0ro cemecTtpa. O BBICOKOW HAy4YHON aKTUBHOCTH CTYIEHTOB CBHJE-
TEIbCTBYET OOJIBIIIOE KOJMYECTBO MyOJMKAlM B HAyYHBIX JKypHajaX, a TakkKe yya-
CTHE CTYICHTOB B POCCUMCKHX M MEXKIYHAPOJHBIX Hay4HbIX KOHPepeHuusx. Ooiiee
YUCJIO MyOJIMKalMid BEITYCKHUKOB MaructpaTypsl 3a 2013-2021 roxpr npeacraBieHo
B TaOJIUILE.



2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
Ywucno cTyICHTOB, 3alllH- 23 18 19 12 22 22 23 22 21
I[ABIIMX JUATLIOM
Ywucno paboT, BBITOITHEH- 1 0 3 0 1 2 1 1 4
HbIX B uHCTHTYTax PAH
Yucno CTy1IeHTOB, UMEIO- 21 16 19 11 21 20 23 20 18
IIUX TyOJIMKAIAN
O6mmee uncno myonukamuii, | 247 | 132 | 196 85 236 | 270 | 151 | 223 | 182
W3 HUX CTaTEM, 54 29 32 16 40 60 18 50 45
3asBOK Ha IMaTEHT 0 1 7 3 7 1 2 0 0
IIATCHTOB 0 0 3 0 0 2 0 4 2
Yucio o1eHOK «OTIAUYHOY 20 14 17 11 19 15 22 22 17
«XOPOIIIOY 1 3 2 1 3 6 1 0 3
«YIOBIIETB.)» 2 1 0 0 0 1 0 0 1
«HEYOBILY 0 0 0 0 0 0 0 0 0
Yucno paboT, OTMEYCHHBIX 5 5 5 4 5 8 7 5 9
I'DK
Yuco JUIIoMOB € OTIH- 15 7 7 5 10 15 15 17 12
queM
YwucIio BBITYCKHUKOB, T10- 10 11 12 10 10 12 9 14 7
CTYIUBIIUX B aCHPAHTYPy
OHM

B 2022 romy marucrepckue KBanuUKAIMOHHBIE pabOThl OyAyT 3allUIIATh
22 BeimyckHuKka. O01ee yncino ux myonukamnuii coctaBiser 145, u3 Hux 26 crateil.
Maructepckue padoThl BBINOJHSINCH Ha Kapeapax HEOPraHWMYECKOW XMMHH, 3JIEK-
TPOXUMUH, (PU3NUECKON XUMUHU, OOIIEH XUMHUH, BHICOKOMOJIEKYJISPHBIX COCMHEHUH,
OpraHUYECKON XUMHUU, XUMUYECKON TEXHOJOTUM U HOBBIX MAaTEPUAJIOB XUMUYECKOTO
¢dakynpTeta MI'Y, Ha Kadenpax HaHOMATEPUATIOB U MEKIUCUUIUIMHAPHOIO MaTe-
puanoBeneHus gakynbTeTa Hayk o Martepuanax MI'Y, B MactutyTre obiieit u Heop-
rannuyeckoit xumuu uMm. H.C. Kypnakosa PAH, NHcTUTyTE METamIypruu u Matepua-
noBeaeHus uM. A.A. baiikoBa PAH, UHcTutyTe HeTEeXHMMHUECKOTO CHHTE3a WM.
A.B. TormuneBa PAH, ®enepansHoM HCCIEAOBATENIBCKOM IIEHTPE XUMUYECKON (Pu-
suku uM. H.H. CemenoBa PAH, MockoBckoMm (pu3nKO-TeXHUYECKOM UHCTUTYTE, Ka-
3aXCKOM HallMOHAJIBLHOM YHUBEpcUTETEe UMeHU AJb-Papadu.

OnenuBatrh paboThl OyneT BBHICOKOKBAIM(DHUIIMPOBaHHAS U OOBEKTHBHAS KO-
MUCCHs, BO3IJIABIIsIEMas 4WieHOM-KoppecnoHaeHToM PAH, HOKTOpOM TEeXHHUYECKHX
Hayk KommakoBeiM Anekceem ['eoprueBnuem. B cocraB Komuccnn, Hapsgy ¢ mpe-
noaasatessiMu @HM u xumuueckoro ¢akynbTeTa, BXOJAT MPEACTaBUTENN YHUBEP-
CUTETOB M PoccuiicKol akaeMuu HayK, BEAYyIIHE CIEHUaIuCThl HHCTUTYTOB PAH.
Cexkperapp ['OK — kananzaT XuMU4eCKUX HayK, aCCUCTEHT Kadeapbl HaHOMaTepHa-
noB ®HM CemenoBa AHHa AnekcaHIpoBHa.




COCTAB I'OCYJIAPCTBEHHOMH DK3AMEHAIIMOHHOM

KOMHUCCHUH

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

1 | Konmakos yiieH-koppecnoneHT PAH, a.1.H., 3aBenytomuii 1abopato-
Anexkceit puel IPOYHOCTH U IJIACTUYHOCTU METANINYECKUX U KOMITO-
I'eoprueBuu 3UIMOHHBIX MaTEPUAIIOB U HAaHOMAaTepHuanoB, MTHCTUTYT Me-
(npencenatenb) | TaJuyprud U MarepuanoneneHus uM. A.A. baitkoBa PAH

2 | by3nuk akanemuk PAH, n.x.H., ri.H.c. UHCTUTYTAa METAIIyprUu U
Bsuecnas MarepuanoBeneHus um. A.A. baiikosa PAH, nupexktop 1H-
MuxainoBu4 HOBallMOHHO-TeXHOJIornueckoro nenrtpa PAH «HepHorosos-

Ka», coBeTHUK [ 'eHepanbHOTO AupekTopa Beepoccuiickoro
HAy4YHO-UCCJIEI0BATEIbCKOIO NHCTUTYTA AaBUALITMOHHBIX MaTe-
pHUanoB

3 | Tlapmes K.X.H., JIOLICHT, ()aKyJabTeT HayK o Matepuasiax MI'Y, 3amec-
Anekcen TUTEJb JIeKaHa XUMHUYeckoro ¢gakynbretra MI'Y 1o nporpam-
Bukroposnu Me pazutust MI'Y 1 QyHKIMOHUPOBAHUIO HEHTPOB KOJIJIEK-

THUBHOT'O IT0JIb30BaHHUS

4 | T'opOyHoBa wieH-koppecnonieHT PAH, 1.x.H., npodeccop, MucTUTyT
HOnus oOmieit u Heopranuueckoit xumuu uM. H.C. Kypnakosa PAH,
I'epmanoBHA NHCTUTYT PU3NYECKON XUMUU U SJIEKTPOXUMUH HM.

A.H.®pymxuna PAH, 3amectutens nekana gakynbprera QyH-
JaMEHTaJIbHOU Pu3nKo-xumudeckoi nmxenepun MI'Y no
B3aUMOJECUCTBUIO ¢ nHCTUTYyTaMu PAH

5 | l'yaununa yieH-koppecnonaeHT PAH, 1.x.H., nmpodeccop, 3aBeayromnui
EBrennit Ka(eapoil HEOPraHMYECKOro MaTePUATIOBEACHUS XUMUYECKO-
AnekceeBu4 ro (pakynerera MI'Y, 3aBenyrommuii kadenpoit HaHoMaTepua-

JIOB M 3aMECTUTENb JIeKaHa (aKyIbTeTa HAyK O MaTepuaiax
MI'V 1o HHHOBAaIIMOHHOU JIESITEIbHOCTH

6 | HoOGpoBosbekuii | A.X.H., mpodeccop, pyKOBOAUTENb TPYIIIBI CIICIIUATBHBIX Ma-
Opuit tepuano, UHcTuTyT npobiiem xumudeckoit ¢puszuku PAH
AHaTOIBEBUY

7 | Epemun 1.¢.-M.H., ipodeccop, kKadenpa huU3HIecKo XUMUN, XUMHUYE-
Bagum ckuii pakynerer MI'Y
BrnangumupoBuy

8 | Kwxun yiieH-koppecnonaeHT PAH, 1.x.H., mpodeccop, 3amecTuTeNb
Koncrantun JUPEKTOpa Mo HayyHOU pabote MHcTuTyTa 001IEH U HEeopra-
IOpbeBuu Huyeckod xumun uMm. H.C. Kyprnakosa PAH

9 | lBanosB yieH-koppecnonaeHT PAH, n.x.H., nupektop UHCcTUTYTA 00-
Brnagumup nie u Heoprannueckor xumuu uMm. H.C. Kypuakoa PAH
Koncrantunosnu

10 | UeBnes akamemuk PAH, 1.¢.-M.H., mpodeccop, 3aBeayrommii kade-
Banentun POl MEXIUCIUILTMHAPHOTO MaTepuanoBeAeHUs, GaKkyIbTeT
MuxaisoBuu Hayk o Marepuasnax MI'Y
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11 | KHotbko 1.X.H., ipodeccop, kadeapa MK IUCIUILTHHAPHOTO MaTepua-
Anekcanap JoBeAeHus, pakyIbTeT HayK o0 MaTtepuanax MI'Y
BaneppeBuu

12 | Hudantren yineH-koppecnonaeHT PAH, 1.x.H., npodeccop, 3aBeayromniui
Huxonan nabopaTopuell XMMUH TJIMKOKOHBIOraToB MHCTUTYTa OpraHu-
DyapJIoBUY yeckor xumuu um. H.JI. 3enunckoro PAH

13 | IlytnseB K.X.H., TIOTICHT, Kadepa HEOPTaHUIECKOW XMMUU XUMHIECKO-
Banepui ro akynerera MI'Y, kadeapa MEKIUCIUTUTMHAPHOTO MaTe-
HBaHoBuY puanoBeneHus GaxynpreTa HayK 0 Mmatepranax MI'Y

14 | PymsHueBa I.X.H., Ipodeccop, TabopaToprs XUMUU U HU3UKH TTOTYIIPO-
Mapuna BOJHUKOBBIX U CEHCOPHBIX MaTepualoB, kadepa HeopraHu-
HuxonaeBHa 4eCKOM XUMHH, XUMudeckuid pakynprer MI'Y

15 | TananaeB MBan yieH-koppecnonaeHT PAH, 1.x.H., npodeccop, 3aMecTUTe b
['ynmapoBuu TE€HEPAIBHOTO JUPEKTOPA IO HAYYHOW W NHHOBALlMOHHOM pa-

6ote O®UL] Konbsckuit Hayunsiii nentp PAH; nauansauk Len-
Tpa Hanomarepuanoseaeaus GUL] KHI[ PAH; coBeTHuk re-
HEpaJIbHOTO JUPEKTOpA Mo MosioAexHo nonutuke 110 Masik;
3amecturenpb aupekropa mo Hayke OTH HUAY MUDU; nu-
PEKTODp JenapTaMeHTa IepHbIX TexHoyorui J[BOY; r.1.c.
NDdX3 PAH

16 | Tapacos K.X.H., 3aBEYIOIIHI TabopaTopueil HOBBIX MaTepUaJIOB s
Anekcen COJIHEYHOM dHEPreTHKH, PakyIbTeT HAyK 0 Martepuanax MI'Y
bopucosnu

17 | HuBanze akamemMuk PAH, 1.x.H., npodeccop, HayudHbIN pPyKOBOIUTENb
Acnan HNuctuTyTa PU3NUecKO XMMUU U 3JIEKTpoXuMuH um. A.H.
IOcynosuu O®pymkruna PAH

18 | [IIaTanoBa K.X.H., JIOIICHT, 3aMECTHUTEIh JIeKaHa (pakyabTeTa HayK O Ma-
TaTtesHa tepuanoB MI'Y no yueGHoit pabote
bopucosHa

19 | [lleBenpKkoB 1.X.H., podeccop, 3aBeayronuii kadeapoil HeopraHuuecKoi
AHnpen XUMUH 1 3aBEIYIONTNI J1abopaTopueii HampaBJICHHOTO HEOP-
Brnangumuposuu raHWYECKOr0 CUHTEe3a, XUMHYeCKUi pakyiaprer MI'Y

20 | Ammna J.X.H., B.H.C., KadeJpa HEOPTaHUUECKOW XUMHUHU, XUMHUUECKUI
Jlana daxynerer MI'Y
BanepbeBHa




PACIIMCAHUE 3AIIUT MATUCTEPCKUX KBAJIMOUKAIIMOHHBIX PABOT

24 masi (BTOPHHUK)

Bpemst | Marucrpanrt Ha3zBanue pa6oTnbl MecTo BbINOJIHEHUS PA0OTHI PykoBoauTesb/-u Penenzent
11:00 — . .
11:05 Bcerynurensnoe cnoBo IIpeaceaarens I'ocygapcTBEHHOM 3K3aMEHAIIMOHHOW KOMUCCHH
11:05 - | Kernun Koopaunammonnsie moaumepsl | JIabopaTopust XUMUU KOOP/IH- K.X.H., C.H.C. K.X.H., 1o11. JIlykonuna Haranes CepreeBna
11:50 | Muxaun Ha OCHOBE MPOIUOHATOB S-, 0- | HAI[MOHHBIX COCAMHEHHM, Ka- LprmOapenHko HWJI repmoxumum, kadenpa puzmaeckoit
[TaBnoBrY u f-371eMeHTOB: HaNpaBJICHHBIN | (heapa HeopraHWYecKol XuMun, | JMuTpwii XUMHH, XUMHYeCKUH pakynpreT MI'Y
CHHTE3, KpUCTAJIINYECKas xuMmuueckuit pakynprer MI'Y MuxainoBuu
CTPYKTYypa U (ha30BbIe IIepexo-
Tl
11:50 — | Baxpymes Cunre3 nopomkoBbsIx cucreM | Jlaboparopust pU3NKOXUMUHU K.X.H., B.H.C. K.X.H., M.H.Cc. Uyknuna Codbs ['apukoBHa
12:35 | Hukomaii Al,O3 u ZrO; ¢ pa3iu4Hoi 0apOTEepPMHUIECKHX TPOIIECCOB [Tom3opoBa Kadenpa ¢usndeckoli 1 KOJUIOUIHON XUMUH,
EBrenseBuu CTPYKTYpUpPOBaHHOCTHIO ¥ uic- | (Ne30), Uncturyt metannyprun | Jlrogmuna MiBaHoBHa; PYJIH
ClIeZIOBAaHKE UX a/ICOPOLINOH- U MaTepuasioBefieHus uM. A.A. | K.X.H., C.H.C.
HOM ¥ KaTanuThudeckoi aktuB- | baitkoBa PAH; HUJI katanuza u | ®uonoB Anekcanap
HOCTH ra3oBOM ANIEKTpOXUMuH, kKaden- | BukropoBud
pa pu3n4IecKol XUMHUU, XUMU-
yeckuil pakynaprer MI'Y
12:35 - | A6pamoBuy Penokc-aktuBHbIe KoopauHa- | JlaGopaTopust Onomoruuecku J.X.H., Ipo@. K.X.H., C.H.C. /lyoununna TaTbsHa
13:20 Maxkcum LIMOHHBIE COETUHEHUSI MEJIU C | AKTUBHBIX OPTaHUYECKUX CO- Benorma3skuna Banentunosna
CepreeBuu MIPOU3BOJHBIMU UPOKATEXUHA | €AMHEHUH, Kadeapa oprannde- | Enena KumosHa; HWJI buosneMeHTOOpraHN4YeCcKO XUMHH,
JU1s OMOMETUIIMHCKOTO MIPH- CKOM XMMUU, XUMUYECKHH (ha- M.H.c. bapckas Kadenpa MEIUIIMHCKONW XUMUU U TOHKOTO Op-
MEHEHUSA KynbTeT MI'Y Enena CepreeBna FaHUYECKOT'0 CUHTE3a, XMMUYECKUH (paKyib-
ter MI'Y
13:20 -
13'50 IlepepsiB
13:50 — | Knmumenko N3yuenue aHnoHHbIX 3amele- | JlabopaTtopus TeXHONIOTHU K.X.H., AoL. JleliHeko K.I.-M.H., 3aB. 1a0. AkceHoB Cepreii
14:35 | Mapus HUH B TIOMHHO(OpPAxX HAa OCHO- | (PYHKIMOHAJIBHBIX MaTepuaios, | Jluna BanepbeBHa; MuxaiinoBuy
MuxainoBHa | B€ BaHaJaTa KajablUs Kadeapa XUMHUYECKON TEXHOJIO- | K.X.H., TEXHUK 1 KaT. JlaGopatopusi apKTHUECKOW MUHEPAJIOTHH U

MM ¥ HOBBIX MaTepHAaJIOB, XU-
mudeckuit paxynsrer MI'Y

TutkoB Biagumup
BsgecnaBoBuu

MartepuanoseneHns, OenepanbHblil HCCIEN0-
BaTeNbCKUI LeHTp "Kosbckuii HayuHBIN
nentp PAH"




Bpemst | Marucrpanrt Ha3zBanue pa6oTsbl MecTo BbINOJIHEHUS PA0OTHI PykoBoauTesnb/-u Peuenzent
14:35 — | T'upuieBuu [lepBanopauus oprannueckux | JlabopaTtopusi HEOpraHu4eckoro | K.X.H., C.H.C. K.X.H., B.H.C. bpouiman Bukrop AnapeeBuu
15:20 Cepreit pacTBOpUTEIIEH YEPE3 MEM- MaTepuaioBeeHus, Kadenpa [Teryxos ImMutpuii HWJI repmoxumun, kadenpa pusnueckoit
MuxaiioBuy | OpaHbl HA OCHOBE OKCHJIA Tpa- | HEOPraHUYECKOW XuMuH, XuMu- | Mropesuu XUMHH, XUMHYECKUH pakynprer MI'Y
¢dena yeckuil pakynpter MI'Y
15:20 — | HukutnHa CwMmemannable MaTpudHbie MeM- | JlaGopaTopust Heopranudeckoro | aci. 2 r/o DHM n.X.H., mpod. Knsmkun Cemen Huconouu
16:05 | Exarepuna OpaHBI HA OCHOBE MOJIMTPHUIIA- | MaTepUaNoOBeACHHS, Kadempa CamunoB Unbst Kadenpa xumudeckoit TEXHOJIOTUH W HOBBIX
AnekceeBHa KJIOHOHEHOB C BHEJIPEHHBIMHA HEOpraHu4YecKou Xumuu, xumu- | CepreeBud; MaTepuaioB, XuMudeckuil paxyapter MI'Y
JBYMEPHBIMHU MaTepraIaMu yeckuit pakynpreT MI'Y; 1abo- | K.X.H., H.C.
patopus "Kpemuuiiopranuye- AnenteseB Jmutpuit
CKHX M YTJIEBOJIOPOIHBIX IIUK- AJleKcaHApOBUY

nudeckux coequuenuii” (Ne 10),
HuctutyT HepTexumMmuueckoro
cunre3a uM. A.B. Tormuuesa
PAH




25 mas (cpena)

Bpemsi | MaructpanTt HasBanue padoTsl MecTo0 BbINIOJIHEHHS PA0OTHI PykoBoauTeinn/-u Penensenrt
11:00 — . .
11:05 BerynurensHoe cnoBo [pencenarens ['ocymapcTBeHHOM 3K3aMEHAITMOHHON KOMUCCUU
11:05 - | Poguna JlerupoBanHble cioucTeie TuA- | JJabopaTopus cuHTe3a QyHK- K.X.H., H.C. K.X.H., B.H.C., 1.0. 3aB. J1a0. Ky3He1oB
11:50 | Audwuca POKCH/IBI TQJOIMHAS U UTTPHUS: | IMOHAIBHBIX MAaTePUAIIOB U 1Te- | SnphiHIIeB AJeKcei Cepreii BuktopoBuu
AnppeeBHa CHUHTE3 M BO3MOKHOCTH IpH- pepaboTKH MUHEPAIBHOTO ChI- Jmutpuesny; JlaGopaTopusi TEXHOJIOTUH HAHOMATEPHAIOB
MEHEHUS B OMOMeTUIInHE pbsi, MHCTHTYT 00IIICH M HEOp- K.X.H., acc. PocisikoB st porornku, MHCTHTYT 001mIel GU3NKH UM.
ranndeckon xumun um. H.C. Unesa Bnagumuposuu | A.M. IIpoxoposa PAH
Kypnakosa PAH
11:50 — | JIvii Lzsirons | KoMmo3uTHbIN oaumep- Jlaboparopust XUMHUYECKUX UC- | K.X.H., C.H.C. ITKHC K.X.H., 3aB. J1a0. Busranos Buktop
12:35 KepaMHUYECKUIl TBEpIbIi 35ieK- | TOUHUKOB Toka, UL XD nm. Hanunn Muxaiinosuy; | AHAaTOJIbEBUY
TPOJIAT JIsl JINTUM- H.H. Cemenoa PAH; nmabopa- acn. 4 r/o ®HM Pynes | JlaGopaTopus mOCT-TUTHII-HOHHBIX JIEKTPO-
METAUINYECKUX aKKyMYJISITO- | TOPUS HEOPTAHUYECKOTO MaTe- Anekceil AHTOHOBUY xumuyeckux cuctem, MOTU
poB puanoBeneHus, kageapa Heop-
TFaHUYECKON XUMHH, XUMHUYEe-
ckuii pakynprer MI'Y
12:35 — | 3oupoBa MarHuTHbIe KOMIIO3UTHI HA JlaGopaTopust HAHOOUOCTPYK- K.X.H., JI0LL. K.T.H., C.H.c. Domun Anekcanap CepreeBny
13:20 | 3yxpo OCHOBE THATYPOHOBOW KHUCTIO- | TYp, Kadeapa BHICOKOMOJIEKY- Crupunonos Bacunuit | UHCTUTYT MeTaiTypruu U MaTepuaioBeICHHS
OpunosHa Thl U HAHOYACTHIl MaITEMUTA, | JISIPHBIX COCIUHEHUM, XUMHUYE- Biagumuposuu uMm. A.A. baiikosa PAH
HaIOJIHEHHbIE IOKcopyOum- | ckuit gaxkynsrer MI'Y
HOM
13:20 -
13'50 [TepepsiB
13:50 — | ITakupoBa Cuctemsl Ha ocHOBe cynbho- | Jlabopatopust XUMHYECKOH Tep- | K.X.H., H.C. K.X.H., B.H.c. Cemenuxun Oner
14:35 HOnus HOB KaK IMOTEHIMAJbHbIC pac- | MOJMHAMUKH, Kadenpa ¢pusude- | benosa Exarepuna AnekcanapoBud
HNanudosHa TBOPUTENH B TUTUH-UOHHBIX CKOM XUMUH, XUMHYECKHUH (a- BacunbeBHa Kadenpa snexrpoxumun, Xumudeckuit da-
AKKYMYJISITOpax KynbTeT MI'Y KynbTeT MI'Y
14:35 — | TancTsn da3oBble paBHOBecHs B BOAHO- | JlabopaTtopust XuMH4YecKoi Tep- | K.X.H., 1o1. KoBaseHko | k.X.H., M.H.c. EBnokumoB IlaBen
15:20 | Apcen COJIEBBIX CHCTEMax Ha OCHOBE | MOJMHAaMUKH, kKadenpa ¢usnue- | Hukura Angpeesud; Bnaaumuposuu
ApmeHnoBHY ¢docdara kambIus CKOM XMMHUU, XUMUYECKHH (a- nmx. HoBukos Aprem | JlabopaTopust HEOpraHUUECKOro MaTepHao-
KynpTeT MI'Y AHnpapeeBnu Be/IeHUs, Kadeapa HeOpraHNIeCKON XHUMHUH,
xuMudeckuil paxkyiaprer MI'Y
15:20 — | Ky3nenos [Monyuenue muxpocTpyktyp ¢ | Jlabopatopus rexnonoruii 3D- | k.¢.-M.H., 1011, K.(b.-M.H., c.H.c. ExxoB Anexcanap
16:05 | Anekcanap CyOMHUKPOHHOM MEPUOANYHO- | TedaTu PyHKIHOHAIBHBIX MUK- | Knumonckuit Cepreit AHaTOJBEBUY
CepreeBuu CTBIO METOAOM ABYX(POTOHHOU | pocTpykTyp, MOTU; xadenpa Onerosuy; Kadenpa kBaHTOBOH 311€KTPOHUKH, PU3NYE-

3D-mnevaty ¢ MOCIeIyOIINUM
OT)KHUTOM

MEXIUCIHUIUIMHAPHOIO MaTe-
puanosenenus, GDHM MI'Y

I.¢0.-M.H., Ipod.
ButyxHOBCKMI
Anexcet ['puropseBnd

ckuit pakynprer MI'Y
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26 mas (4eTBepr)

Bpemsi | MaructpanTt Ha3panue padoTbl MecTo BbINOJTHEHUS PA0OTHI PykoBoaurenn/-u Penensenrt
11:00 — . .
11:05 BerynurensHoe cnoBo [pencenarens ['ocymapcTBeHHOM 3K3aMEHAITMOHHON KOMUCCUU
11:05 — | Ceiinues [Tonyuenue u crabunuzanus Jlabopatopusi KOJJIOUTHON XH- J.X.H., pod. K.X.H., o1l boitioBa Onbra BaagumuposHa
11:50 | AgwibxaH gactuil LiMnPO, ¢ momompio | MUM, XUMUYECKHH (DaKyiIbTeT, TaxubaeBa Carnmat Kadenpa Mexx iucIMIIMHAPHOTO MaTEPHAIIO-
KaiiparoBuu BBICOKO - M HU3KOMOJICKYJIsIp- | Kazaxckwii HarmoHabHBIN YHU- | MenepOeKoBHa; Benenuss, ODHM MI'Y
HBIX IOBEPXHOCTHO-aKTUBHBIX | BepcuTeT nMeHu Ainb-Dapadu; K.X.H., 1oL. [{poxokuH
BEIIIECTB naboparopus Heopranudeckoro | Oner AnapeeBUd
MaTepHaIoBeeHus, Kadenpa
HEOPraHUYECKOW XUMHH, XUMHU-
yeckuil paxynprer MI'Y
11:50 — | AnocronoBa | Bausnue tuna opranndyeckux | Jlaboparopust Matepuanon s K.X.H., B.H.C. K.X.H., M.H.c. KybapbpkoB Anexceit
12:35 | Mapus IIPEKYpCOPOB Ha OCHOBE caxa- | MEKTPOXMMHUYECKUX Iporeccos, | poxokun Oner Bnaaumuposuu
OnerosHa pOB Ha cBoiicTBa HerpaduTH- | Kadenpa MEKTPOXUMHUH, XUMHU- | AHIpEeBUY; Kadenpa xomrongHol XuMuH, XUMHUYECKUI
3UPYEeMOro yriepojaa Kak yeckuil pakynpreT MI'Y Bell. MHXK. boObuIEBa ¢dakymnperer MI'Y
aHOJHOT'O MaTepuasa Jyisl Ha- 305 BnagumuposHa
TPUI-HOHHBIX AKKYMYJIITOPOB
12:35 — | benokozenko | OnHoMmepHble (poTOHHBIE Kpu- | JIaGopaTopus IBOMHOrO €10 U | K.X.H., H.C. K.X.H., fo1. Konecuuk Mpuna BanepreBna
13:20 | Mapraputa CTaJIJIBl U ONITUYECKHE MUKPO- | DJIEKTpoXuMudeckoi kunetuky, | CamnoseroBa Huna Kadenpa nanomarepuanos, ©HM MI'Y
Anexcann- pE30HATOPHI HA OCHOBE aHOA- | Kadeapa 3JeKTPOXUMHM, XUMHU- | AJIEKCAHPOBHA;
pOBHa HOT'O OKCHJa TUTaHA yeckuit paxkynprer MI'Y K.X.H., H.c. Kymnup
Cepreit EBrenbeBuy
13:20 —
13'50 IlepepsiB
13:50 — | lamurymume | XuMH4YecKoe ocaxkaeHue ToH- | JIaboparopusi XuMUM KOOpIWHA- | K.X.H., C.H.C. K.X.H., TEXHUYECKHI JTUPEKTOP
14:35 | Pycnan KHX IUICHOK HUKEJaToOB U ep- | HUOHHBIX coequHeHuil, kadeapa | L{pimOapeHko AwmennueB Bagum AnaronbeBuy
AiipatoBuu PHUTOB PEIKO3EMEIBHBIX DJIe- HEOPraHW4YeCKON XUMHH, XUMHU- | JIMuTpHii 000 "C-NunoBanuu"
MEHTOB U3 paCTBOPOB JIAKTA- yeckuil paxynaprer MI'Y Muxainosuu
TOB METAJUIOB
14:35 — | [lleBueHko ITepdroprapbokcunatel Ha- JlaGopaTopusi XUMHM KOOpAWHA- | K.X.H., C.H.C. K.X.H., M.H.C. Y nanosa Haranes HukonaesHa
15:20 ApTém TPHS M PEIKO3EMEITbHBIX dJIe- | IMOHHBIX coenuHeHui, kapenpa | LlprmOapenko JlabopaTopust HOBBIX MaTEpUAIOB IS COJI-
Anekcanzapo- | menros (P3D): cunres, cBoii- HEOPraHWYECKON XUMHUH, XUMH- | JIMuTpuit HeyHo# sHepretuku, PHM MI'Y
BUY CTBa M MPUMEHEHHUE B KauecT- | yeckuil pakynbrer MI'Y Muxaitnosuu

B€ MIPEKYPCOPOB TOHKHUX TIE-
HOK CJIO’KHBIX () TOpUIOB
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27 mast (MATHALA)

Bpemsi | MaructpanTt HasBanue padoTsl MecTo BbINOJTHEHUS PA0OTHI PykoBoaurenn/-u Penensenrt
11:00 —- . .
11:05 BerynurensHoe cnoBo [pencenarens ['ocymapcTBeHHOM 3K3aMEHAITMOHHON KOMUCCUU
11:05 — | Cu3zos Kpurepuii me3ononHocTH U Jlaboparopusi OpraHUYECKOTO I.X.H., pod., B.H.C. K.X.H., c.H.C. JlaBpoB Mctucnas Uropesuu
11:50 | 'eopruit (du3HyecKkre CBOWCTBa ME30- cuHTe3a, Kadenpa opranudeckoii | babaes EBrennii HWJI menummHCKOM XuMuH, Kadenpa Meau-
HukomnaeBnu | HOHHBIX COEIMHEHUI XUMHH, XUMHYEeCKHH (akynpTeT | BennamuHoBu4 LUHCKOM XMMHH U TOHKOI'O OPraHUYECKOT0
MI'Y CUHTE3a, XuMudeckuii akynprer MI'Y
11:50 — | Oit XyHTao CuHTE3 U HcclieIoOBaHNE HO- JlaGoparopust XUMHH BEICOKHX I.X.H., pod., T.H.C. K.X.H., H.c. bornanoB BsiueciiaB CepreeBuy
12:35 BbIX KoMIUiekcoB TuTana (IV) | naBnenuit, kadenpa xumudeckoii | bynbraeB bopuc Jlaboparopusi METATIOKOMIUIEKCHON aKTHUBa-
¢ ¢TOpUpOBaHHBIMU M HE(PTO- | TEXHOJIOTUHU M HOBBIX MaTepua- | MuxaiioBuy; IIUM MaJIBIX MOJIEKYJ, UHCTUTYT 31ieMeHTO-
pUpOBaHHBIMU anudaruye- JIOB, XUMHYECKUHN (aKyJIbTeT K.X.H., B.H.C. OpPraHUYECKUX COCTUHEHUMN
CKUMU (heHOKCUMMHHOBBIMH MI'y l'aruesa Cernana uM. A.H. HecmesinoBa PAH
JUTaHJaMH B KauecTBe KaTa- YepmeHoBHa
JIM3aTOPOB MOJIMMEPU3ALUU
oJsie(huHOB
12:35 — | Paumos DKCnepuMeHTAIBHOE HCCIIe- HWJI xumum HEOpraHM4eCKUx K.X.H., JIOII. K.X.H., c.H.c. BockoB Anekceii JleonnmoBud
13:20 | KozumxoH JIOBAaHHE U TEPMOJMHAMUYE- KOMITO3UIIMOHHBIX MaTepuaioB, | KabanoBa EnmzaBera | JlaBopaTopus XMMHUYECKOH TEPMOIUHAMUKH,
yxpat Yrim | ckoe MoaenupoBaHue Ga3oBbIX | Kadeapa oOuie XMMuu, XUMU- I'enpuxoBHa; kageapa Gpu3nueckoit XUMHU, XUMHUYECKHUH
paBHOBECHIA B TPOHHOM cucTe- | yeckuit pakynprer MI'Y BEJl. dJIEKTPOHUK ¢dakynperer MI'Y
me In—Pd-Sn [MaByienko Ajiekcanap
Cepreesuu
13:20 -
13'50 [TepepsiB
13:50 — | FOnpomies CnoxxHble OpOMHIBI B TPOM- Kadenpa nHanomaTepuanos, K.X.H., I0Ll. K.X.H., c.H.c. KoBaneB VBan AnekcanpoBud
14:35 JxaxoHrup HbIX cucremax CsBr-AgBr- OHM MI'Y I'puropsesa Jlaboparopust Ne 4, UHCTUTYT METaJUTypruu 1
3aMOHOBHY InBr; u CsBr-CuBr-InBr; Amnacracus MatepuanoBeneHus uM. A.A. baiikora PAH
BannmoBHa
14:35— | Kyn JIromunecnienTHble MaTepuansl | Kadenpa Hanomarepuanos, K.X.H., JIOLL. K.X.H., C.H.C. SlnpbIHueB Anekcei
15:20 | Ilyaniton Ha OCHOBE CJIOXKHBIX Tajore- OHM MI'Y I'puropneBa JmutpueBny
HuoB meau(l) Amnacracus Jlabopartopust cuHTE3a PYHKIIMOHAIBHBIX Ma-
BamumoBHa TEPHUAJIOB U TIEPepabOTKN MIUHEPATBHOTO ChI-
pbsi, UHCTHUTYT 00IIE# 1 HEOpraHUYeCKO! Xu-
muu uM. H.C. Kypnakosa PAH
15:20 -
16:00 [TonBeneHnne UTOroB
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AHHOTAIUU MATUCTEPCKHUX
KBAJIMOUKAIIMOHHBIX PABOT

Koopannanuonublie moJiuMepbl HA OCHOBE NIPONUOHATOB
S-, d- u f-3JleMeHTOB: HaNpaBJIEeHHbII CHHTE3, KPUCTAJIJIHYECKAs
CTPYKTYpPa U (pa30Bble MepPexoabl

Kenoun M.I1.

PykoBoauTens: K.X.H., c.H.Cc. L{prmbapenko J[.M.

Juzaitn koopanHanuoHHbIX nonumepos (KII) — ctpemurensHO pas3BuBaroleecs Hampaniie-
HUE KOOpAMHAIMOHHOW Xxumuu. B mocnennue roast B auzaitne KII Gonbinoe pa3BuTHe mosryduiia
KOHIIETIL{MSI BTOPUYHBIX CTPOUTENBHBIX OJOKOB, MOApPa3yMeBaroliasi FeHepaliio OJIUTOsIEPHBIX Me-
TaJUICOIEPKALUX CTPYKTYPHBIX €IMHUL] U UX CBSI3bIBAHUE JINTAH/IAMU-TMHKEPAMHU B IPOTSIKEHHYIO
cTpykrypy. C Apyroii CTOpoHbI, HOHBI S- U f-351eMEHTOB, Xapakrepusyromuecs: Beicokumu KU, ca-
MOTIPOU3BOJIBHO 00Pa3yIOT MOJIMMEPHBIE CTPYKTYPHI C OOJIBIIMHCTBOM JIMTAHJOB, B TOM YHCIE C
HU3LMIMMHU anudaTunyeckuMu kapOokcunaramu. bosee Toro, kaTMOHBI s- U f-MeTaJllIOB MOT'YT Hachl-
IaTh KOOPAMHAIIMOHHYIO cepy 3a cdeT mpucoenuHeHus d-meramicoaepKamux OJIOKOB, YTO OT-
KpBIBAacT MEPCIEKTUBBI HAIIPAaBIEHHOrO cUHTe3a rerepoMeramdeckux KII, conepxamux xectkue
CTPYKTYpHBIEC OJIOKM B HEM3MEHHOM BHU€. XOTA NaHHBIN moaxoxa K au3aitny KII onucan B nurtepa-
Type, COOOLIEHNsI O HEM HEMHOrouuciieHHble. Takum o0pa3oM, 00beKTaMM UCCIeI0BaHUs HACTOS-
el paboThl ObIIM BHIOpAHBI COIbBATHI MponroHaToB P33 u rerepomerannnyeckue KII Ha ocHOBe
nponuoHara (Prop) Mmenn — MCTOYHMKA BTOPUYHBIX CTPOMTEIBHBIX OJIOKOB TUIA «KUTalckuil poHa-
PHUK», U IPOITMOHATOB S- U 4f-MeTanos.

Llenp HacTosimieil paboThl — pa3paboTaTh METOAMKH HAIMIPABICHHOTO CHHTE3a KOOPIUHAIIM-
OHHBIX IOJIUMEPOB IYTEM COYETAHMSI PACHPOCTPAHEHHBIX CTPYKTYpPHBIX ()parMEHTOB Ha OCHOBE
IIPONHOHATOB MEIH M METALIOB S- U 4f-0J0KOB, a TakXkKe BBIIBUTh CIOCOOHOCTH PE3yIbTHPYIOLINX
KOOPJMHAIIMOHHBIX MOJUMEPOB K CTPYKTYPHBIM (a30BbIM nepexoaam. [locraBieHHo 1emu oTse-
YarT B3aMMOCBSI3aHHBIEC 33Ja4d CUHTE3a M YCTAaHOBJIEHUS COCTaBa U CTPYKTYPHI BBIIEYKa3aHHBIX
COCUHCHHM.

ConbBatel mpornuoHatoB P33 oOmiero cocraBa LnProps-xH,O-yHProp (Ln=La, Ce—Nd,
Sm-Lu, Y; x=1-3; y=0-0,25) Obu1i NOITYYEHBI IIOCPEACTBOM PACTBOPEHUS KapOOHATOB COOTBETCT-
Bytoumx P33 B u3obiTke HProp. I'erepomerammyeckue nponuonatsr S-Cu u f-Cu Obl momy4eHsr
IIyTEM COKPUCTAJIM3ALMU U3 PACTBOPOB IMPONUOHATOB COOTBETCTBYIOIINX METaLIOB. CUHTE3UPO-
BaHHbIE COeAMHEHUs Obuln oxapakrepu3oBaHbl MeTogamu PDA, TT'A u UK-cnexkrpockonuu; s
psna coenuHeHui Takxke ObuT BeimoHeH PCA.

[To naHHBIM peHTreHOBCKOHM nudpakuuu B cucreme LnProps xH,O-yHProp ycranosneno
CYLIECTBOBAHME KPHUCTAJUIMUECKUX CTPYKTYp YETHIpEX THUIIOB, OOJAAAIOIIUX MOJIEKYISIPHBIM
(Ln=Sm-Ho), nenoueuynsm (Ln=Pr, Nd) u cioucteim (Ln=La, Ce, Ho—Lu, Y) ctpoeruem. MeTo-
nom PCA pemensl 17 CTpykTyp TreTepoOMETAUIMYECKUX MPOMHUOHATOB OOIIEr0 COcCTaBa
M,CuyProp,-nH,O-mHProp, cpenu xoropsix oOHapyxenbl KII nenodednoii, cinoucroit u xapkac-
HOHM TOTMOJIOTHH. MeTojaMi TOTUTEPMUUECKOW PEHTTeHOBCKOW NMU(paKIuu sl psiga CUHTE3UPO-
BaHHBIX COEIMHEHUN OBUIO BBISBICHO HAJIMYUE BBHIPAKEHHOM CTPYKTYPHOM MOABH)KHOCTH, IPOSIB-
nsromeiicss B ¢a3oBbIX nepexonax. IlocnenHue mposBISIOTCS KaK B PE3KOM M3MEHEHHMH MOTHBA
YIaKOBKU CTPYKTYPHBIX CJIOEB (B Cilydae ruApaToB nponuoHatoB P33 cioucroro crpoeHus), Tak u
B HEOOJIBIIMX M3MEHEHUSAX CO CBEPXCTPYKTYPHBIM YHOPSIOYEHUEM, KaK HaOJII0JaJIOCh, B YACTHO-
CTH, JUIsl IPONIMOHATA JUMEIN-KAJIHU.
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B paMKax paGOTBI MPOBCACHO CUCTCMATUYCCKOC UCCICIOBAHUC COCTaBa U KpHCTEUIJIPI‘-ICCKOfI

CTPYKTYpbI coeinHeHuil B cucteMax LnProps-xH>O-yHProp u MyCuyProp, nH,>O-mHProp. Pazpa-
00TaHa METOJMKA CHHTE3a, MO3BOJISIOIIAs BOCIIPOU3BOAMMO NOIy4aTh rerepomerauimyeckue KII
Ha OCHOBE IPOIMHUOHATOB METAJUIOB PA3IMYHON Pa3MEPHOCTH U TOMOJIOTUU. {71 psiga coennHeHui
BBISIBJICHO CYIIECTBOBAaHUE CTPYKTYPHBIX (Da30BBIX MEPEXOOB, YIPABISIEMBIX TECIIOBHIM U MeEXa-
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Coordination polymers based on s-, d- and f-metal propionates:
tailored synthesis, crystal structure and phase transitions

Kendin M.P.
Supervisor: Ph.D., Senior Researcher Tsymbarenko D.M.

The design of coordination polymers (CPs) is a rapidly developing area of coordination
chemistry. In recent years, the concept of secondary building units has been greatly developed in
the design of CPs, which implies the generation of oligonuclear metal-containing structural units
and their binding by linker ligands into an extended structure. On the other hand, cations of s- and f-
elements, characterized by high CNs, spontaneously form polymeric structures with most ligands,
including those with lower aliphatic carboxylates. Moreover, s- and f-metal cations can saturate
their coordination sphere through the addition of d-metal-containing blocks that opens up the path-
way for the directed synthesis of heterometallic CPs containing unchanged secondary building
units. Although this approach to the design of CPs has been described in the literature, there are few
reports of it. Thus, solvates of rare earth propionates and heterometallic CPs based on copper propi-
onate (Prop), a source of secondary building units of the “paddlewheel” type, and s- and 4f-metal
propionates were chosen as the objects of study in this work.

The purpose of this work is to develop methods for the targeted synthesis of coordination
polymers by combining common structural fragments based on copper propionates and metals of s-
and 4f-blocks, as well as to reveal the ability of the resulting coordination polymers to undergo
structural phase transitions. The purpose is met by the interrelated tasks of the synthesis and deter-
mination of the composition and structure of the aforementioned compounds.

Solvates of rare earth propionates of the general composition LnProps xH,O yHProp
(Ln=La, Ce-Nd, Sm-Lu, Y; x=1-3; y=0-0.25) were obtained via dissolution of the corresponding
rare earth carbonates in excess HProp. Heterometallic s-Cu and f-Cu propionates were obtained by
co-crystallization from solutions of the corresponding metal propionates. The synthesized com-
pounds were characterized by PXRD, TGA, and IR spectroscopy methods. Single-crystal XRD
analysis was also performed for a number of compounds.

According to XRD data for the LnProps xH,O yHProp system, the existence of four struc-
tural types has been established. Those exhibit molecular (Ln=Sm-Ho), chained (Ln=Pr, Nd) and
layered (Ln=La, Ce, Ho-Lu, Y) structural motifs. 17 structures of heterometallic propionates of the
general composition M,CuyProp,-nH,O-mHProp have been solved via single-crystal XRD analysis;
CPs of chained, layered, and framework topologies were found among those. For a number of syn-
thesized compounds, polythermal XRD experiments revealed the presence of pronounced structural
mobility, which manifests itself in phase transitions. The latter manifest themselves either in a sharp
change in the packing motif of structural layers (in the case of layered rare earth propionate hy-
drates) or in small changes with superstructural ordering, as was observed, in particular, for
dicopper potassium propionate.

In the present work, the composition and crystal structures in the LnPropz xH,O yHProp and
M,CuyProp, nH,O mHProp systems has been systematically studied. A synthetic technique has
been developed for reproducible preparation of heterometallic CPs based on metal propionates of
various dimensions and topologies. For a number of compounds, the existence of structural phase
transitions controlled by thermal and mechanochemical effects has been revealed.
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CunTte3 nopomkoBbix cucteM Al,Os; u ZrO, C pazanaHoi
CTPYKTYPUPOBAHHOCTHIO U HCCJIeIOBAHNE X aJCOPOIIMOHHON U
KaTaJIUTHYeCKOH AKTHBHOCTH

Baxpywes H.E.

PykoBoaurenu: K.X.H., B.H.C. [Togzoposa JI. 1.; k.X.H., c.H.C. DuoHOB A. B.

B coBpeMeHHOM MHUpE OCHOBHBIMH 3KOJOTHYECKHUMHU MPOOJIEMaMHt SBIISIOTCS OYMCTKA CTOY-
HBIX BOJ] M Y/IaJICHUE TAPHUKOBBIX ra30B. [IepCrieKTHBHBIMU JIJIsl pEIICHUS TaHHBIX 3a]1a4 OCTAIOTCS
a/IcOpOCHTHI U KaTaJIM3aTOPBl HA OCHOBE TMJIPOKCHIOB M OKCHJIOB LIMPKOHUS M aJIFOMUHHS BHICOKOM
JHMCIIEPCHOCTU. B HacTosIuii MOMEHT B OOJBIIMHCTBE pabOT HE yIensercss 0OJbIIoe BHUMAaHUE
BapbUPOBAHUIO YCIOBHI CHHTE3a COPOCHTOB, aBTOPHI JIHIIb KOHCTATUPYIOT IIATH, TIPH 3TOM 30Jb—
renb MeTof (31°C) pexxe BcTpedaeTcst B MyOIHKaIUIX.

Llens paGoOTHI - ONMpeneNuTh BIMSHUAE COCTaBa, TEMIIEPATYPHI 30JIb-TeJIb CHHTE3a U METOJa
00pabOTKU THIPOTeNs Ha CTPYKTYPUPOBAHHOCTD U aJICOPOIMOHHBIC XapaKTEePUCTUKH ITOPOIIKOBBIX
cuctem Al,O;3 — ZrO; (AZ), a Taxke onpenenuth BiusHue coctaBa AZ nomnoxek Ni karamuzaro-
POB Ha aKTHBHOCTb B PEaKIIMU YTJIICKUCIOTHOM KOHBepcur MeTana (YKM).

['MApOM3HBIM 30J1b-T€JIb METOOM ObLTH TOydeHbl mopomku: AlyOs; ZrOy; nAl,Oz — (1-
n)ZrO; (AZ); nAl,03 — (1-n)[ZrO, —Yb,03] (AZYb) rae n=0,35 u 0,65 1pu tzrc = 25°C ¢ BBICYIIH-
BaHueMm tuaporeneit npu T =180°C u mnocnenyromum npokanupanuem (500°C). Jlns cucrem
35AZYDb u 65AZYb Bapsuposanack Temneparypa cunresa (10, 25, 60 °C), a BbIcyIIMBaHKE THAPO-
rejieil mpoBoAMIIACh KaK B TemloBbX, Tak 1 B CBU ycnopusx. Ha AZ nopomku (500°C) Hanocu-
nach noHHas dopma Hukens (5%geNi) ¢ nocnenyromeii Tepmoo6pabdotkoii npu T = 750°C B cmecu
CHj + CO..

AncopOuusi aHHOHOB (METUIIEHOBOTO OPAHKEBOTO M JAUXpomaTa Kanusi) Ha AZ KCeporensx
MOBBIIIACTCS C YBEJIMUEHUEM coepkanus ZrOy, B TO BpeMs Kak 3HaueHue aJIcopOLMU Ha MOPOILKe
35AZ (500°C) npesbimaer 3nauenue a1 ZrO; (500°C) BeieacTBre MHIMOUPOBAHHS BTOPHIM KOM-
MIOHEHTOM Iepexojia OT aMOpPpHOro K KPUCTANIMYECKOMY cOCTosiHUIO. Benenne B AZ maTpuity
Yb*? i ncronssoarne CBY 06paGoTKH MOIOKHTENBHO BIMSIOT Ha a1copOumio. BapbupoBanue
TeMIIepaTyphl cuHTe3a B uHTepBaie 10-60°C u 3aMeHa TpaaMIMOHHON TeroBoii cymku Ha CBU
CYIIKY THJIpOTeNeld OKa3bIBAaeT CYNIECTBEHHOE BIIMSHWE Ha CTPYKTYpHBIE, MOp(doiiorHdYecKue |
pasmepHblie xapaktepuctuku AZYD kceporeneii u nopomkoB. s AZYb kceporeneii, momyueH-
HBIX TP PA3HBIX t3rc, amcopOuus 3aBUCHT OT MX THAPATHPOBAHHOCTH, XapaKTEPHO SIBIICHUE aBTO-
nedopmanum, a s AZYb (500°C) mopomkos HabGIIOAAIOTCS KOPPENSIUH C arlloMEPMPOBAHHO-
CThIO M TUMOM TOp. ITopomiku MoOHO-, Ou-, U TpOWHBIX cucteM AZYD ¢ HaHECEHHBIM HHKEIIEM
(5%Bec. Ni) ObuTH BrIepBBIE MTPOTECTHPOBAHBI KaK KaTtanu3aTtopbl peakiuu YKM. Ilpuuem, nocie
HAHECEHUS COJIM HUKENsT 00pa3ibl BBIACPKUBAINCH B PEaKIIMOHHON cMecH, (OpMUpYsI aKTHBHBIE
LEHTPHI B IPUCYTCTBUU NpoaykToB peakinu CO u Ho.

Takum 00pa3oM, ISl yIalIeHUs HOHOB — IMOJITFOTAHTOB I€JIeCO00pa3HO UCIIONB30BaTh CHC-
temy 35AZYb: kceporemu ¢ty = 60°C u nopomxu (T = 500°C) ¢ t,, = 10°C, a Taxxe CBY cymiky
rugporesst. O6paser; 5%NIi/65AZYD mokazan 6osiee BRICOKYIO aKTHBHOCTD B peakiun Y KM, Obut
aKTHBEH Ipu OoJiee HU3KOM TeMmIepaType, OTHOCUTEIbHO KaTaJu3aTOPOB C MOHO U OMKOMITOHEHT-
HBIMU TIO/ITOKKaMu. [{ernecoobpa3Ho mpoaomKeHre dTHX NCCIEI0OBaHHH.

IMy6amkamun cryaenta (https://istina.msu.ru/profile/vakhrushevn/):

1. Baxpymen H.E., Muxaneako 1.U., Unsnuéa A.A., KonoBanoB A.A. Bausuue CBY obpa-
bomku Ha a0copoOyUoHHYI0 cnocobrocmb nopowkos okcudos AIZr(Yb) /1 Kypuan ¢pusuxo-
XHUMHUS TOBEPXHOCTH U 3aII[UTA MATEPUAJIOB (B ITeYaTH).

2. Baxpymes H.E., Muxanenko U.W. Copbyus uornos nukens, kobarema, meou u3z 600HOU cpe-
obl  amomoyupkoruesoim Komnosumom [/ Marepuaasl VI Bceepoccuiickoii Hay4HO-
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The synthesis of the Al,O; and ZrO, powder systems with different
structuring and the study of their adsorption and catalytic activity

Vakhrushev N.E.

Supervisors: Ph.D., Principal Research Scientist Podzorova L.I.; Ph.D., Senior Re-
search Scientist Fionov A.V.

Wastewater treatment and the removal of greenhouse gases are major environmental issues
in today's world. Adsorbents and catalysts based on zirconium and aluminum hydroxides and ox-
ides of high dispersion remain promising for solving these problems. Now, most papers do not pay
much attention to varying the conditions of synthesis of sorbents, the authors only state the steps,
with the sol-gel method (SGC) being less common in publications.

The aim of this work was to determine the effect of sol-gel composition, sol-gel synthesis
temperature and hydrogel processing method on the structuring and adsorption characteristics of
Al,O3 - ZrO2 (AZ) powder systems, as well as to determine the effect of AZ substrate Ni catalyst
composition on the activity in the Dry Reforming of Methane (DRM) reaction.

Powders were obtained by hydrolysis sol-gel method: Al,O3; ZrO,; nAl,O3; - (1-n)ZrO,
(AZ); nAl,O3 - (1-n)[ZrO; -Yb,03] (AZYDb) where n=0.35 and 0.65 at tsgs = 25°C with drying of
hydrogels at T =180°C and the following calcination (500°C). For the 35AZYb and 65AZYb sys-
tems, the synthesis temperature was varied (10, 25, 60°C) and the hydrogels were dried under both
thermal and microwave conditions. An ionic form of nickel (5%,Ni) was applied to AZ powders
(500°C) followed by a heat treatment at T = 750°C in CH4 + CO, mixture.

The adsorption of anions (methylene orange and potassium dichromate) on AZ xerogels in-
creases with increasing ZrO, content, while the adsorption value on 35AZ powder (500°C) exceeds
that for ZrO, (500°C) due to inhibition of the transition from amorphous to crystalline state by the
second component. The introduction of Yb*? into the AZ matrix and the use of microwave treat-
ment have a positive effect on adsorption. Varying the synthesis temperature in the range of 10-
60°C and replacing conventional thermal drying with microwave drying of hydrogels has a signifi-
cant impact on the structural, morphological, and dimensional characteristics of AZYb xerogels and
powders. For AZYb xerogels obtained at different tCGS, adsorption depends on their hydration,
the phenomenon of auto-deformation is characteristic, and for AZYb (500°C) powders correlations
with agglomerability and pore type are observed. Powders of mono-, bi-, and ternary AZYb systems
with nickel (5%,,Ni) were first tested as catalysts for the reaction of DRM. After nickel salt applica-
tion the samples were kept in the reaction mixture forming active centres in the presence of reaction
products CO and H,.

Thus, to remove pollutant ions it is reasonable to use 35AZYb system: xerogels with tsgs =
60°C and powders (T = 500°C) with tsgs = 10°C as well as microwave dried hydrogels. The
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5%Ni/65AZYb sample showed higher activity in the DRM reaction, was active at lower tempera-
ture, relative to catalysts with mono and bicomponent substrates. It is reasonable to continue these
studies.

PCIIOKC-aKTI/IBHBIe KOOPANMHAIIMOHHBIC COCIMHCHUA MEAU C
IMPOU3BOAHBIMHU ITHPOKATCXUHA IJIsA 6]/IOMEIII/IIII/IHCKOFO INPUMCHCHUA

Abpamosuyu M.C.

PykoBomurenu: n.x.H., mpod. benormaskuna E.K.; m.H.c. bapckas E.C.

OxHO# U3 BenylMX MPUYUH CMEPTHOCTH B MHUPE SIBIISIOTCS OHKOJIOTMYECKHE 3a00IeBaHusl.
Hcnonb3yemble B HacTosIIee BpeMs XMMHOTEpaleBTUYECKUE MpenapaTbl Ha OCHOBE COEIMHEHUN
TUTATUHBI, TAaKWE KAaK IMUCIUIATHH W OKCAJHUIUIATHH, UMEIOT PSJI CEPhE3HBIX MOOOYHBIX APPEKTOB.
ITosToMy akTyanbHOMU 3a7aueil ABISETCS NOUCK HOBBIX IPOTHUBOPAKOBBIX MPENapaToB.

ANBTEpHATUBONW COCTUHEHUHN TUIATHHBI MOTYT OBITH KOMIUIEKCHI MEIH, BBUIY UX BBICOKOH
LUTOTOKCUYHOCTH, CONPSDKEHHOM C MX HAKOIJICHWEM B PAKOBBIX KiIeTKax. OCHOBHBIM MEXaHU3MOM
TOKCUYHOCTH MEIM SIBJISIETCSl TeHepanus akTuBHBIX ¢opm kuciopona (ADK). Koopaunauus pe-
JIOKC-aKTUBHBIX JIMTAHJI0B, HAIIpUMeEp, MPOU3BOJHBIX MUPOKATEXUHA, B TEOPUHU JOJKHO MOBBICUTH
redepanuio AOK.

Ilenpto naHHOM pabOTHI CTaJd CHUHTE3 KOOPAMHALMOHHBIX COEIMHEHUH MEIU, CIIOCOOHBIX K
TeHEpaluy aKTUBHBIX (OPM KHCIOPOAA, C JUTaHAaMU HAa OCHOBE NMHPOKATEXMHA, U W3YUYEHHUE HX
LIUTOTOKCUYHOCTH. B KadecTBe 0OBEKTOB HCCIIEJOBaHUS OBbLIM BBHIOpaHbI KOOPJMHALMOHHBIE CO-
eIMHEHHsI MU C JINTaHJaMH, COJICP)KAIIMMHU B CBOCH CTPYKTYpE PEIOKC-aKTUBHBIA (pparMeHT mu-
pokaTexuHa U (pparMeHT 2-IUpUANHUIOEH30THA30]1a, KOTOPBIH oOecneunBaeT cTabuIbHOCTh KOM-
IIeKca.

B kauecTBe IUraHA0OB JUIs1 KOMIUIEKCOB MEAM ObUIN MPENIOKEHbI COETUHEHUS 4 CTPYKTYp-
HBIX TUTOB. {71 CHHTE3a 1eIeBhIX COCIMHEHHI ObliIa ToJIydeHa OnOiIMoTeKka 3aMelIeHHbIX OCH30-
tHazonos, coaepxamux NHz-, N3-, COOH-rpynmnsl u TpoiiHy0 CBs3b, a TaKXKe psii KapOOHOBBIX
KHCIIOT U aJIKUHOB ¢ (hparMeHTOM nupokarexuHa. CIIMBKAa CTPYKTYpHBIX ()parMeHTOB IpPOBOAU-
Jach ¢ MOMOIIBIO KapOboauuMuaHoro cunte3a mwin click-peakin. OuncTka NONMYyYEHHBIX [EIEBBIX
JIMTaHJ0B MPOBOJAMJIACH C TIOMOIIbIO MPENapaTUBHOrO Xpomarorpada; cocTaB U CTPOCHHE COeIu-
HEHUH J0Ka3aHbl 10 COBOKYNHOCTH MeTon0B MCBP, '"H u BC aMp criekTpockonuu. Jlanee auras-
Il BBOAWJIMCH B PEAKIUI0 KoMILIekcooOpazoBanus ¢ xyuopuaoM menu(ll) B ocHoBHOM cpene. Ko-
Op/AMHAIM JIMTaHJa Oblla J0Ka3aHa ¢ MOMOIIBIO IEKTPOXUMHUECKUX HCCIIEOBAHUH, dIEKTPOH-
HbIX criekTpoB u Metona PDF. [lonydyeHHble KOOpIMHAIIMOHHBIE COEIMHEHUS MPOSBUIM CIOCOO-
HOCTh reHepupoBaTh ADK M IUTOTOKCHMYHOCTH MO OTHOIIEHUIO K PAKOBBIM KJIETKaM KJIETOYHOMN
muann MCF-7.

Taxum 06pa3zom, B pe3yabpTaTe MPOBEACHHONW pabOThl ObUT CHHTE3UPOBAH Psi/l HOBBIX JIMTAH-
JIOB TIPOM3BOJHBIX MUPOKATEXMHA M KOMIUIEKCOB Menu ¢ HUMH. CHHTE3MpOBAaHHbIE KOOpIMHAIIU-
OHHBIE€ COEMHEHHUs MOoKa3alu 3PPEeKTUBHOCTh NMPOTUB PAKOBBIX KJIETOK, B YACTHOCTU Ha KJIETOY-
Ho muann MCF-7.
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Redox-active copper coordination compounds with catechol
derivatives for biomedical applications

Abramovich M.S.
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Cancer is one of the leading causes of death in the world. Currently used platinum-based

chemotherapy drugs, such as cisplatin and oxaliplatin, have a number of serious side effects. There-
fore, the search for new anticancer drugs is an urgent task.

Copper complexes can be an alternative to platinum compounds due to their high cytotoxici-

ty associated with their accumulation in cancer cells. The main mechanism of copper toxicity is the
generation of reactive oxygen species (ROS). The coordination of redox-active ligands, for exam-
ple, catechol derivatives, in theory should increase the generation of ROS.

The aim of this work was the synthesis of copper coordination compounds capable of gener-

ating reactive oxygen species with catechol-based ligands and the study of their cytotoxicity. The
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objects of study were copper coordination compounds with ligands containing in their structure a
redox-active fragment of catechol and a fragment of 2-pyridinylbenzothiazole, which ensures the
stability of the complex.

Compounds of 4 structural types have been proposed as ligands for copper complexes. For
the synthesis of target compounds, a library of substituted benzothiasoles containing NH,-, Ns-,
COOH-groups and a triple bond, as well as a number of carboxylic acids and alkynes with a cate-
chol fragment, was obtained. Crosslinking of structural fragments was carried out using
carbodiimide synthesis or click-reaction. Purification of the resulting target ligands was carried out
using a preparative chromatograph; the composition and structure of the compounds were proved
by a combination of HRMS, *H and **C NMR spectroscopy. Next, the ligands were introduced into
the reaction of complex formation with copper(ll) chloride in the basic medium. Ligand coordina-
tion has been proven using electrochemical studies, electronic spectra and the PDF method. The re-
sulting coordination compounds showed the ability to generate ROS and cytotoxicity against cancer
cells of the MCF-7 cell line.

Thus, as a result of the work performed, a number of new ligands of catechol derivatives and
copper complexes with them were synthesized. Synthesized coordination compounds have shown
efficacy against cancer cells, in particular on the MCF-7 cell line.

N3yyeHne aHUOHHBIX 3aMelLlleHUN B JTIOMHUHOpoOpax
HA OCHOBE BAaHA/1AaTa KAJIbU M

Knumenxo M.M.

PykoBoautenu: k.X.H., gou. Jeineko /I.B., k.X.H., TexHuk 1 xat. TutkoB B.B.

CoenuHeHHsT Ha OCHOBE BaHaJaTa KajbIlMs CO CTPYKTYPOH BHUTJIOKHTA TMPEACTABIISIIOT
0OJBIION HMHTEpeC A UCCleoBaTesei, MOCKOJbKY OHH SIBISIFOTCS SIPKUMH TPEICTaBUTEISIMU
MyJIbTU(GYHKIIMOHATBHBIX BEIIECTB, COYETAIONIUX JIOMUHECIICHTHBIC, CETHETO- U AHTHCETHETO-
ANEKTPUYECKUE, HETMHEHHO-ONTUYECKUE W JpYyrue cBoiicTBa. MHOrooOpasue CBOWCTB JaHHOTO
KJIacca COETUHEHUN OOYCIIOBIEHO OCOOEHHOCTSIMU POMOO3IPUYECKON CTPYKTYPhI BUTIOKHUTA, CO-
JeprKaliel maTh KpUCTAIUIOrpadUuecKuX MO3ULUN Ca? (M1-MS5, no3umuss M6 Bceryia BakaHTHA),
KOTOpBIE JOMYCKAIOT KaK W30BAJEHTHBIC, TAK U T€TEPOBAJICHTHBIE KATUOHHBIE 3aMEIICHUS Ha pa3-
JIMYHBIE 3J€MEHTHI, BKJIIOYasi HOHBI Psi/ia JaHTAHUIOB, a TAK)KE€ aHUOHHBIE 3aMEIICHUsI TETPAIPU-
YECKUMH TPYIIIIaMH.

[lenbto naHHOM pabOTHI ABISIOCH M3YYEHHE aHMOHHBIX 3aMEIIeHHU B COeMHEHHUSAX Ha OC-
HOBE BaHajaTa Kaiublus. J[Js 3TOro ObUIM MOCTaBJICHBI CICAYIONINE 3a/1aUd: a) CHHTE3 CEpUi TBEp-
JIBIX PacTBOPOB BaHaAaTOB-GocdaroB kanbims U P33, 0) moaTBepkaeHNE COCTaBa U CTPOCHHS T10-
JYYEHHBIX COCIMHECHUM, B) YCTAHOBJICHUE B3aUMOCBSI3H XHMHYECKOTO COCTaBa M JTIOMUHECIICHTHBIX
CBOWCTB.

Cepur COCIMHEHHI COCTaBa CagLa(VO4)7_7X(PO4)7X:Eu3+, CagSM(VO4)7.7x(POs)7x m
CagEr(V04)7.7x(PO4)7x (x =0, 0.2, 0.4, 0.6, 0.8, 1) ObUTM TOTYYEHBI TOCIICIOBATEIBHBIM YEThIPEX-
CTaQJAVIHBIM TBEPAO(A3HBIM CHHTE30M. XapaKTepH3aIlMio OOpa3IOB OCYIIECTBISLIA C MOMOIIBIO
pentrenodazosoro ananuza, MK u KP cnekrpockomnuu, cnektpockonuu 1uddy3HOro oTpakeHus,
CKaHMPYIOLIEH JIEKTPOHHON MUKPOCKOITUU.

MeToioM pEeHTTeHOBCKOM mudpakiimu ObUla TOATBEpKAeHA OAHO(DA3ZHOCTH MOTYyYEHHBIX
COCIMHEHMM, pacCUMTaHbl MapaMeTpsl sueilku. [lokazaHa nuHeiHas 3aBUCHMOCTh NapaMeTpPOB
siuelKU OT cocTaBa 00pasnoB. [IpucyrcTBue BaHagaTta u ¢ocdaTa B CTPYKType TBEPABIX PaCTBOPOB
ObUIO JTOKAa3aHO METOJIaMH CIIEKTPOCKONHUU KOMOMHanuoHHOro paccesuus u MK cnekrpockonuu.
Mopdororust yacTull MOJYYEHHBIX COCAMHEHUH Obla HMCCIe0BaHa C MOMOIIBI0 CKaHUPYIOIIEH
ANEeKTpOHHOU MuKpockomnuu. [1o nanusIM ciekTpockonuu aud@y3Horo orpaxkenus Mmeronom Tayka
paccuuTaHbl MIMPUHBI 3aPEIICHHON 30HBI 00Pa3IIoB.
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HccnenoBanpl JTIOMUHECIIEHTHBIE CBOWMCTBA IOJYYEHHBIX COEAWHEHUN. BBeneHue 3ame-

LIAIOIIEr0 AHWOHA II03BOJIAET M3MEHUTH JIOKAJIBHYI0 CUMMETPHUIO LIEHTPA 3MHUCCUU U YIy4IIUTh
JIFOMMHECLIEHTHBIE CBOMCTBA COeMHEHUN. Hanmydmui pe3ysbTar B COOTBETCTBYIOIIMX CEPUAX I10-
Ka3aJd 00pasIbl CagLa(PO4)42(VO4)2,8:Eu3+ u CagSMm(PO4)s56(VOs)14. B cepun CagEr(POy);-
7x(VO4)7x 3aMelieHre aHMOHA B CTPYKTYpE MO3BOJISICT CO3JAaTh JIFOMUHO(MOPHI, YYBCTBUTEIBHBIE K
BO30YKJICHHIO KaK B BUIUMOM, Tak u B MIK-nnana3sone.

Myoaukamuu cryaentku (https://istina.msu.ru/profile/KlimenkoMMY/):

1.

10.

Karpushkin E., Kharochkina E., Klimenko M., Gallyamov M., Sergeyev V. Synthesis of carbon
qguantum dots in a Nafion matrix: precursor effect on the ion transport properties // Mendeleev
Communications, 2018, Vol. 28, Ne 3, p. 251-253,

DOI: http://dx.doi.org/10.1016/j.mencom.2018.05.007

Karpushkin E., Gvozdik N., Klimenko M., Filippov S.K., Angelov B., Bessonov I., and
Sergeyev V. Structure and flow behavior of dilute dispersions of carbon nanotubes in
polyacrylonitrile—dimethylsulfoxide solution // Colloid and Polymer Science, 2016, DOI:
10.1007/s00396-016-3878-7

Karpushkin E., Lapshina M., Sergeyev V. Shear-induced structure evolution of carbon nano-
tubes dispersions in polyacrylonitrile—dimethylsulfoxide solution // AIP Conference Proceed-
ings, 2015, Vol. 1662. P. 040004-1-040004-9, DOI: 10.1063/1.4918892

Knumenko M.M. Cmpykmypa u mexanuka oucnepcuil yeiepOOHbIX HAHOMPYOOK 8 pacmeope
nonuaxpunonumpuia [/ Matepuaibl MeKIyHAPOIHOT0 MOJIOAEKHOIO HAy4YHOro (popyma
«JIomoHoc0oB-2016», [Onextponnsii pecypc], M.: MAKC Ilpecc, 11-15 ampens 2016.
http://lomonosov-msu.ru/archive/Lomonosov_2016/data/section 11 8603.htm

Karpushkin E., Lapshina M., Sergeyev V. Dynamic rheological properties of carbon nanotubes
dispersed in polymer solution // A Special Rheology Symposium in honor of Prof. Roger. I.
Tanner, book of abstracts, Samos, Greece, June 29-July 2, 2015, P.16.
http://istina.msu.ru/media/conferences/conferencepresentation/69b/927/10343569/Sm.pdf
Jlanmuuaa M.M., Kapnymkun E.A., CepreeB B.I'. Ocobennocmu peonocuueckozo nosedenus
cucmem ITAH-YHT-/IMCO, ceszannvle co cmpykmypoobpazosanuem 6 cosucoéom noiae Il 1V
KOH(epeHIUsI MOJIOABIX Y4eHbIX '"Peostornst u Gpu3nKo-xuMHuUYecKas MEeXaHHKa rerepo-
(pa3ubix cucrem", Mockga, 22-24 utons 2015, C. 39-40.

http://www.ips.ac.ru/rheo/Archive/4 RHS2015(Moscow).pdf

Jammmuaa M.M. Ocobennocmu peonozuueckozo noseoenus cucmem IHAH-YHT-JIMCO I XXV
MeHnneneeBckasi KOH(pepeHIUsT MOJIOABIX YYeHbIX: cOOPHUK Te3ucoB (19-25 ampens 2015
r., Tomck) M.: U3a. «HanmonansHOe oO6pazoBanuey, 2015, C. 123.
http://www.chemeco.ru/netcat_files/File/TESIS-pdf.pdf

Karpushkin E., Lapshina M. Rheokinetics of gelation in the systems based on polyacrylonitrile
solution in dimethylsulfoxide // 10th Annual European Rheology Conference, Nantes,
France, April 14-17, 2015.

http://www.rheology.org/AERC2015/ViewPaper.aspx?1D=391

Lapshina M. Karpushkin E., Shear-induced peculiarities of rheological behavior of carbon
nanotubes dispersion in polyacrylonitrile — dimethylsulfoxide solutions // 10th Annual Euro-
pean Rheology Conference, Nantes, France, April 14-17, 2015.
http://www.rheology.org/AERC2015/ViewPaper.aspx?1D=392

Jlanmuaa M.M. Peonocusi pacmeopoé noauakpuioHumpuia, HAnoJHeHHbIX YeaepoOHbIMU HAa-
Hompybkamu [/ MaTepuaasl MeKIyHAPOAHOT0 MOJOAEKHOTO HAy4YHOro ¢opyma «Jlomo-
HocoB-2015», [Onektponnsiii pecypc], M.: MAKC Ilpecc, 13-17 ampens 2015 ropa.
http://lomonosov-msu.ru/archive/Lomonosov_2015/data/section32_7110.htm
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Study of anionic substitutions in calcium vanadate-based phosphors
Klimenko M.M.

Supervisors: Ph.D., Associate Professor Deyneko D.V.; Ph.D., 1st category techni-
cian Titkov V.V.

Compounds based on calcium vanadate with the whitlockite structure are of great interest,
since they are prominent representatives of multifunctional substances that combine luminescent,
ferroelectric and antiferroelectric, nonlinear optical, and other properties. The variety of properties
of this class of compounds is due to the peculiarities of the whitlockite rhombohedral structure,
which contains five Ca®" crystallographic positions (M1-M5, the M6 position is always vacant),
which allow both isovalent and heterovalent cationic substitutions by various metals, including ions
of the lanthanide series, as well as anionic substitutions by tetrahedral groups.

The aim of this work was to study anionic substitutions in calcium vanadate-based com-
pounds. To do this, it was necessary to perform the following tasks: a) synthesize a series of solid
solutions of calcium vanadate-phosphates and REE, b) confirm the composition and structure of the
obtained compounds, c¢) establish the relationship between the chemical composition and lumines-
cent properties.

Series of compounds with the composition Cagla(VOu)7.7x(POs)7:EU**, CagSm(VOy);.
7x(PO4)7x and CagEr(V0O,)7.7x(PO4)7x (x= 0, 0.2, 0.4, 0.6, 0.8, 1) were obtained by a consistent four-
stage solid-phase synthesis. Samples were characterized using X-ray phase analysis, IR and Raman
spectroscopy, diffuse reflectance spectroscopy, and scanning electron microscopy.

The method of X-ray difraction confirmed the single-phase nature of the obtained com-
pounds. A linear dependence of the cell parameters on the composition of the samples is shown.
The presence of vanadate and phosphate in the structure of solid solutions was proved by Raman
spectroscopy and IR spectroscopy. The particle morphology of the obtained compounds was studied
using scanning electron microscopy. From the data of diffuse reflectance spectroscopy by the Tauk
method, the band gaps of the samples were calculated.

The luminescent properties of the obtained compounds were studied. The substitution of an
anion makes it possible to change the local symmetry of the emission center and improve the lumi-
nescent properties of the compounds. The best results in the corresponding series were shown by
CagLa(PO4)s2(VOs)25:EU and CagSM(PO4)s56(VO4) 14 samples. In the
CagEr(PO4)7.7x(VO4)« series, anionic substitution in the structure makes it possible to create phos-
phors sensitive to excitation in both the visible and IR ranges.

IlepBamopanusi OpraHNYeCKUX pacTBOPUTEIEH Yepe3 MeMOpaHbl Ha
OCHOBe OKcu/a rpageHa

Tupwesuu C.M.

PykoBoaurens: K.X.H., ¢.H.C. [leryxos I.1.

HoGenesckas npemust o ¢usuke B 2010 rogy 3a oTkpeITHE rpadeHa U MOCIeIyIOIUe IKC-
MEPUMEHTHI ¢ ABYMEpHOU (hopMoit sp2 yriaepo/ia MOJIOKUIIN Hayallo pocTy (pyHJaMEHTaIbHbIX UC-
CJIEJOBAHM, a 3aTe€M U IPAKTHUUECKUX PUMEHEHUH IBYMEPHBIX MaTtepuaioB. Mcnonb3oBanue 2D -
MaTepHalioB JJIsl MPOBEIEHHsSI IPOLIECCOB pa3/ieieHHs OepeT CBOe Hayalo U3 HOBAaTOPCKOW pabOThI
Hawupa, B koTOpO#i OBLIO NMOKa3aHO, YTO MaTepuanbl Ha ocHoBe ['O MOTyT MPEBOCXOIHO MPOMYCKATh
BOJly, OyZlyuu IIPU 3TOM MOJHOCTHIO HENIPOHUIIAEMBIMHU JUIsl IPYTUX BELIECTB, B TOM YHCIIE JUIS Ta-
30B. IHTEpEeCHBIM NMPUIIOKEHNEM, B KOTOPOM MOTYT OBITh HCIIOJIb30BaHBI MEMOPAHbI HA OCHOBE OK-
cuzia rpageHa, MOKET CTaTh OCYLIEHHE OPIraHUYECKUX PACTBOpUTENEH (TaKUX Kak JUMETUI(popMa-
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MUJI, TUMETUICYNIb(OKCHA, TeTparuapodypan) MyTéM UX BaKyyMHOW IEpBaroOpaldy 4epe3 MeM-
Opanbl ['O. Eciau BapbUpOBaHUEM CTPYKTYpbl MEMOpaHbl U YCIOBHM SKCHEpUMEHTa YyAacTCs I0-
OUTBHCS JOCTATOYHO BBICOKOW KMHETUKU M CENIEKTUBHOCTH MOJOOHOTO METO/a, 3TO MOXKHO OyJeT B
JajbHEHIIEeM UCIIOIb30BATh JJIs JJaOOPATOPHON U J1aXe MPOMBIIUIEHHON OYMCTKU TMIPOCKOITMYHBIX
OpPraHUYECKUX PAaCTBOPUTENIEH OT IPUMECEH BOJIbI, UTO OYEHb BAXKHO B CAMBIX Pa3HOOOpA3HbIX pas-
JieJIax XUMUHU.

[TosTOMY 11eNBIO TaHHOM pabOoTHI SABJSETCS CUHTE3 MEOpaHHBIX MaTtepuaioB Ha ocHose 'O,
XapaKTepu3alus UX CTPYKTYpbl, BBIICHEHHEEE 3aBUCUMOCTEN OT TEMIIEpaTypbl U B3aUMOJEHCTBUI
C pa3JIM4YHBIMU OPTaHUYECKUMU PACTBOPUTEIISIMHU.

JUis ToCTHKEHUs STON LieN CUHTe3upoBasid MeMOpaHbl Ha ocHoBe ['O 1 aHOAHOIO OKCHAa
amomunus (AAQ). [Tonydyennbie MeMOpaHbl ObUTH XapaKTEPU30BaHbI MPH MOMOIIU MTPOCBEUNBAIO-
1IeW DJIEKTPOHHOM MHUKDPOCKOIMM M PAMAHOBCKOM CIEKTPOCKONHMHU. [IpoBenn sKCIepUMEHTHI 110
nepBanopalyy yepe3 3Tu MeMOpaHbl BOJHBIX pacTBopoB JIM®DA, aiist yero oTAeabHO pa3zpadoTaiu
METOAMKH aHalIM3a COAEp’KaHHs BOJbl B AM(a MeToJaMM ONTHYECKOW CHEKTPOCKOIUM U ra3o0BOM
xpomarorpaduu. Ha ECP® (EBporeiickoM CHHXpOTPOHE) METOAaMU PEHTTEHOBCKOHN TU(paKIuu
U3y4mi iN SitU mporecchl nepBanopaniy BOJHBIX PACTBOPOB OPraHUYECKHUX PacTBOpUTENEil uepes
CUHTE3UPOBAaHHBIE MEMOPAHBI.

PesynbTarsl pabotsl Ha ECP® nanu BO3MOXKHOCTH MOJYYUTh 3aBUCUMOCTH MEKIUIOCKOCT-
HOTO paccrosiHusl B MeMOpanax ['O mpu B3ammozeiicTBum ¢ Bojoid U IM®PA B 3aBUCUMOCTH OT
TEMIIEPATYPBI, a TAKKE B IPOLIECCE BAKYYMHOMN II€pBaIOpaLiH.

B pesynbrare 0611 yeneniHo npousBeeH cuute3 Mmeopan Ha ocHoBe ['O u AAO, ctpykTypa
MIOJTyYEHHBIX MeMOpaH, a Tak)Ke IPOLECChl epBaNopaluy Yepe3 HUX ObLIM YCHEIIHO MCCIIE0BaHa
B TOM 4HcJie iN SitU ¥ MO3BOJIMIIO YCTAHOBUTH TEMIIEPATypPHBIC 3aBUCHMOCTH CTPYKTYPbl MEMOpaH B
X0JI€ TepBaIlopaliy.

IMy6amkanun cryaenTa (https://istina.msu.ru/profile/s.m.gir@yandex.ru/):

1. Tupmeuu C.M. Kamanuzamopwi oxcunenus yenesooopooos PA/CeO,.x dns mepmaxama-
aumuyeckux cercopos |/ Marepuanbsl MeKIyHAPOIHOT0 MOJIOIEKHOTO HAYYHOTO (ho-
pyma «JIOMOHOCOB-2017» 10-14 ampens 2017 r. MockBa [DJeKTpOHHBINH pecypc]
https://lomonosov-msu.ru/archive/Lomonosov_2017/data/section_35_10317.htm

2. T'wmpmeuu C.M. Tepmorxamarumuueckue cucmemvt ¢ Pd u Pt na ocnose CeO,, C0304 u
Fe;O; //  Marepuanbl  MeKIyHAPOIHOTO  MOJIOJEKHOTO0 Hay4dyHoro ¢opyma
«JIOMOHOCOB-2018» 9-13 ampenss 2018 1. MockBa [DneKTpoHHBIH pecypc|
https://lomonosov-msu.ru/archive/Lomonosov_2018/data/section_38_13314.htm

3. TmpmeBny C.M., Komecauk W.B., Hanomsckuii K.C. Oxkcuovr memannos ¢ nepemennou
CMENEeHbI0 OKUCIeHUs. KaK HOCUMENU KAmanu3amopos Oisi MepMOKAMAIUMULECKUX CeHCO-
pos// Tezucswl nokiaanoB «VIII Kondepenuusa Mo10abIX y4eHbIX M0 001Ieil 1 Heopra-
HUYECKOH XUMHU I 10-13 anpens 2018
http://www.igic.ras.ru/docs/council_young_scientists/tezisi_viii_koferentcii_2018 g..pdf

4. TupmeBuy C.M. H3yuenue nponuyaemocmu memopan 8 pescume KaAnuLIAPHOU KOHOEHCa-
yuu 6 nopax memopan anoono2o oxcuoa anomunusll Matepuanabl MeKIyHAPOIHOTO MO-
JIoe;kHOro HayyHoro ¢opyma «JIOMOHOCOB-2019» 8 - 12 anmpens 2019 r.
https://lomonosov-msu.ru/archive/Lomonosov_2019/data/section_37_16386.htm
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Pervaporation of organic solvents through
graphene oxide-based membranes

Girshevich S.M.
Supervisor: Ph.D., Senior Research Scientist Petukhov D.I.

The Nobel Prize in Physics in 2010 for the discovery of graphene and subsequent experi-
ments with the two-dimensional sp2 form of carbon started the growth of basic research and later
practical applications of two-dimensional materials. The use of 2D materials for separation process-
es stems from Nair's pioneering work, which showed that GO-based materials can be excellently
permeable to water while being completely impervious to other substances, including gases. An in-
teresting application in which graphene oxide-based membranes can be used is the dehydration of
organic solvents (such as dimethylformamide, dimethyl sulfoxide, tetrahydrofuran) by their vacuum
pervaporation through GO membranes. If, by varying the membrane structure and experimental
conditions, it is possible to achieve a sufficiently high kinetics and selectivity of this method, this
can be further used for laboratory and even industrial purification of hygroscopic organic solvents
from water impurities, which is very important in a wide variety of branches of chemistry.

Therefore, the purpose of this work is the synthesis of membrane materials based on GO,
characterization of their structure, elucidation of its dependence on temperature and interactions
with various organic solvents.

To achieve this goal, membranes based on GO and anodic alumina (AAO) were synthesized.
The resulting membranes were characterized by transmission electron microscopy and Raman spec-
troscopy. We carried out experiments on the pervaporation of DMF aqueous solutions through these
membranes, for which we separately developed methods for analyzing the water content in DMF by
optical spectroscopy and gas chromatography. The processes of pervaporation of aqueous solutions
of organic solvents through synthesized membranes were studied in situ at the ESRF (The European
Synchrotron) using X-ray diffraction methods.

The results of the work at ESRF made it possible to obtain dependences of the interplanar
spacing in GO membranes upon interaction with water and DMF as a function of temperature, as
well as in the process of vacuum pervaporation.

As a result, the synthesis of membranes based on GO and AAO was successfully carried out,
the structure of the obtained membranes, as well as the processes of pervaporation through them,
were successfully studied, including in situ, and made it possible to establish the temperature de-
pendences of the membrane structure during pervaporation.

CMemaHHble MATPUYHbIE MEMOPAHBI HA OCHOBE
MOJIUTPUIUKJIOHOHEHOB C BHEJIPEHHBIMH IByMEPHBIMHU MATEPHAJIAMH

Huxumuna E.A.

PykoBogurenu: acm. 2 r/o ®HM Camunos U.C.; k.x.H., H.c. AnenTheB J[.A.

3a mocneaHNue HECKOIBKO JACCATIIICTHH HAOII0IaeTCsl BRICOKUNM MHTEPEC MEMOPAHHOU TeX-
HOJIOTUH B Tpolieccax razopaszzaeneHus. Mcnonp3oBaHne HEOPraHUYECKUX U MOJUMEPHBIX MeMOpaH
OFpaHquHO HGKOTOpBIMI/I HEAOCTaTKaMH, cpe)m KOTOpBIX MOX>XXHO BBIJICIUTH HJIaCTI/I(l)I/IKaI_[I/IIO 158
HU3KYIO TPOHUIIAEMOCTh AJIs MOJIMMEPHBIX MEMOpaH, a TaKKe BBICOKYIO CTOMMOCTh U TPYAHOCTh
MOJTyYeHUS HEOPTaHWUYECKUX MeMOpaH. J[s1 pereHus 3Tux npoojeM MOXXHO BHEIPHUTH HAIOIHU-
TCJIb B HOHI/IMepHYIO ManI/II_Iy, I{T06I:I HOJIy‘-II/ITB TaK HA3bIBACMBIC CMCIIAHHBIC ManI/I‘IHBIe MECM-
Opanbl. Takum 00pa30M MOXHO YBEIIMUUThH MPOHUIIAEMOCTh U CEIIEKTUBHOCTH TOJUTPHUITUKIOHOH -
HOB, KOTOpI:Ie 06HaﬂaIOT BI:ICOKOﬁ CCJIICKTUBHOCTBIO ITO OTHOIICHHUIO K TSXKCIJIBIM yFJIGBOI[OpOI[aM,
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IyTeM BHEJIPEHHUSI HATIOJIHUTEINIEH C BBICOKON COPOIIMOHHON €MKOCTBIO K TSKEIBIM YIIIEBOJA0POIAM.
JIByMepHbIE HAaHOJIHMCTHI TEIUTYPUIA KaMHUs C IPUBUTBHIM CIIOEM OJICMHOBOM KHCIIOTHI, KaK pa3 Mo-
I'yT ObITh HAllOJHHUTEIEM B MOJMMEPHOM MaTpHILE, YTO MO3BOJUT YBEIUYHUTH MMPOHUIIAEMOCTD ITYy-
TEM YMEHBIICHUs TUPPY3NOHHOHN JATMHBI MEMOPaHbl U COXPAHUTH BBICOKYIO CEIEKTUBHOCTD IOJIHU-
MEpPHOU MaTpHUIIBIL.

OCHOBHOI1 LIENBIO TAHHOW PaOOTHI SABJISETCS CO3/1aHUE CMELIAHHBIX MATPUYHBIX MEMOpaH Ha
OCHOBE MOJHUTPHUIMKIOHOHEHOB M HAHOJIMCTOB TEIUTYpUIa KaaMHUsI C TIPUBUTHIM CIOEM OJIEMHOBOM
KUACJIOTHL. J{1s1 mOCTIKEHUs 1enu ObUIM CHHTE3MpPOBAaHBI CMEIIAHHBIE MAaTPUYHbIE MEMOpaHbI Ha
ocHOBe 3-TpuGyrokcHcHIMITPHIMKIo[4.2.1.0>°HoH-7-ecua (APTCNSi(OBU)3), comepxkamme ot
0,5 o 5 macc.% nanonmucroB CdTe, a Tak jxe UCCIEOBAHbI X COPOIIMOHHBIC, TA30TPAHCIOPTHBIC U
ra30CeJIeKTUBHBIC XaPAKTEPUCTUKH.

CMmemanHble  MaTpUYHBIE MEMOpaHbl M3TOTABIMBAIM  METOJOM IIOJHMBAa PAcTBOPOB
APTCNSI(OBU); 1 HaHOJIUCTOB TEJUTYpUAa KaJMHS C IPUBUTHIM CJIOEM OJICMHOBOW KUCIIOTHI B a0-
COJIFOHOTOM TOJIyose. Bbuin mosydeHsl cMenaHHbIe MaTpU4HbIe MEMOpaHsbl ¢ coaepkanuem 0,5; 1;
2 u 5 macc.% HanOJHUTEIS.

Hccnenoanue copbruonnsix cBoiicts APTCNSi(OBU); moka3zano, 4To JaHHBINA MTOJUMED
o0azaeT BEICOKOM COPOIIMOHHON €MKOCTBIO M0 OTHOIICHHUIO K TSKEIBIM yriieBogopoaam. Kommde-
cTBO ajgcopobupoBannoro N-C4Hig B 36 pa3 6onbmie, uem CHy, mocturaer 24,29 eMOT. [Ipu uccne-
JOBaHUM Ta30TPAHCIOPTHHIX M Tra30CEIEKTHBHBIX CBOMCTB HAWIYUIIHE PE3YyJIbTaThl ObUTH MOIyde-
HBI JIJIsI CMELIIAHHOM MaTpH4YHO# MeMOpaHsbl, coaepxkamieit 0,5 macc.% nanonucroe CdTe. Bueape-
HUE HAIOJHUTENS YBEIMYUBACT IPOHUIIAEMOCTh, YTO CKOpPEE BCETO CBSI3aHO C YMEHBIIEHHEM U (-
¢dby3uonnoit nnuHbl B MemOpane. Kosdhduuuent muddysun n-C4Hio yBenuuuBaercs c 1,06-10%°
M°/C I TIOMMMEPHOW MeMOpaHbI 0 1,36-10'10 M2/c st MeMOpanbl, conepxkamen 0,5 macc.%
CdTe. IIpu 3ToM KO3 PHUIMEHT POHHUIIaeMOCTH H-OyTaHa coctaBisier 4600 Bappep, 4o mpeBbI-
IIaeT aHAJIOTUYHBIN MMOKa3aTeNb U MOTMMEpHOH MeMOpaHs! B 1,3 paza. J{ist 3TOM ke MeMOpaHbI
ObL1a n3MepeHa peanbHas ceneKTuBHOCTE CO,/CHa, koTopast paBHa 3,9 Ha cMecu coctaBa 90 00.%
CH4 + 10 00.% CO2, B TO BpeMs KakK CEJIEeKTUBHOCTb MOJIMMEPHON MEMOpaHBbI JIJ1s1 3TOM Maphl paBHA
3,5. CenexrtuBHocTh Tapbl N-C4H1o/CH, nipu u3Mepenun MetaH-O0yTaHOBO# CMECH OCTAaeTCsl HEU3-
MEHHOH C yBETTMUEHUEM COJICPYKAHHS HATIOJTHHUTEIIS.

B xo71e paboThI ObLTa yCTIEIHA OTIINTA TToMMepHas MeMOpaHa Ha ocHoBe APTCNSIi(OBuU)s,
a TaK K€ CMEIIAaHHBIE MaTPUYHBIE MEMOpPaHBI COAEP)KaHHEM HAHOJMCTOB TEJUTYypHIAa KaaMHS C
IPUBUTBIM CJIOEM 0JIEMHOBOHM KHUCHO0THI OT 0,5 10 2 Macc.%, U M3ydeHbl UX ra30TPaHCIOPTHBIE Xa-
paktepuctuku. COrllacCHO MOJYYEeHHBIM pe3yibratam, MemOpana Ha ocHoBe APTCNSIi(OBuU)3, co-
nepxkamiei 0,5 macc.% Tennypuia KaaMusi ¢ IPUBUTHIM CJIIOEM OJIEMHOBOM KHUCJIOTBI, MOXKET OBbITh
MEPCHEKTUBHBIM MAaTEPUAIOM B MPOIECCAX IMOATOTOBKHU MOMYTHOTO-HEPTSIHOTO ra3a.

https://istina.msu.ru/profile/Ekaterina Nikitina 98/

Mixed matrix membranes based on polytricyclononenes
with embedded two-dimensional materials

Nikitina E.A.
Supervisors: 2™ year Ph.D. Student Sadilov 1.S.; Ph.D., Researcher Alentiev D.A.

Over the past few decades, high interest has been in membrane technology in gas separation
processes. The use of inorganic and polymeric membranes is limited by several disadvantages,
among which are plasticization and low permeance for polymeric membranes, as well as high cost
and difficulty of obtaining inorganic membranes. To solve these problems, it is possible to intro-
duce a filler into the polymer matrix to obtain so-called mixed matrix membranes. In this way it is
possible to increase the permeance and selectivity of polytricyclonenes, which have high selectivity
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to heavy hydrocarbons, by introducing fillers with high sorption capacity to heavy hydrocarbons.
Two-dimensional cadmium telluride nanosheets with a grafted layer of oleic acid, may be as filler
in the polymeric matrix, which will increase the permeance by reducing the diffusion length of the
membrane and maintain high selectivity of the polymeric matrix.

The main aim of this work was creation mixed matrix membranes based on
polytricyclonenes and cadmium telluride nanosheets with a grafted layer of oleic acid. To achieve
the aim, mixed matrix membranes based on 3-tributoxysilyltricyclo[4.2.1.0%°Jnon-7-ene
(APTCNSI(OBuU)3) containing 0.5 to 5 wt.% CdTe nanosheets were synthesized and their sorption,
gas transport and gas-selective characteristics were studied.

Mixed matrix membranes were made by pouring solutions of APTCNSi(OBu)z; and cadmi-
um telluride nanosheets with grafted oleic acid layer in absolute toluene. Mixed matrix membranes
containing 0.5; 1; 2 and 5 wt.% filler were obtained.

The study of sorption properties of APTCNSIi(OBu)3 showed that this polymer has a high
sorption capacity towards to heavy hydrocarbons. The amount of adsorbed n-C;Ho is 36 times
more than CH,, reaching 24.29 cm®/g. When studying the gas transport and gas selective properties,
the best results were obtained for the mixed matrix membrane containing 0.5 wt.% CdTe
nanosheets. The introduction of the filler increases the permeance, which is most likely due to the
decreasing of the diffusion length in the membrane. The n-C4Hyo diffusion coefficient increases
from 1.06-10™° m%s for the polymeric membrane to 1.36-10™° m?/s for the membrane containing
0.5 wt.% CdTe. Wherein the n-butane permeability is 4600 Barrer, which is 1.3 times higher than
that for the polymeric membrane. For the same membrane the CO,/CH, selectivity was measured,
which is equal to 3.9 for a mixture of 90 vol.% CH,4 + 10 vol.% CO,, while the selectivity of a pol-
ymeric membrane for this pair is equal to 3.5. The selectivity of the n-C4H10/CH4 when measuring
the methane-butane mixture remains unchanged with increasing filler content.

In the course of this work, a polymeric membrane based on APTCNSIi(OBu); as well as
mixed matrix membranes containing cadmium telluride nanosheets with a grafted layer of oleic acid
from 0.5 to 2 wt.% were successfully cast and their gas-transport characteristics were studied. Ac-
cording to the results obtained, the membrane based on APTCNSIi(OBu);3 containing 0.5 wt.% cad-
mium telluride with a grafted layer of oleic acid can be a promising material in the processes of as-
sociated petroleum gas preparation.

JIel"I/Ip()BaHHBIe CJIOUCTBIC THAPOKCUABI TATOJIUHUA U UTTPUSA
CUHTE3 U BOSMOKHOCTH NIPUMECHCHUSA B 6I/IOMe}]HHI/IHe

Poouna A.A.

PykoBoauTenu: K.x.H., c.H.c. Anpsiaies A./l.; k.X.H., acc. Pocisikos 1.B.

Crnouctbie TUAPOKCUIBI peako3emenbHbiXx dneMeHToB (CIT P3D) — yHuKanbHBIA Ki1acce
CJIOMCTBIX MaJOTOKCHYHEIX coenuHeHui P33, o0magaronmx aHMOHOOOMEHHBIMH CBOMCTBAMU, YTO
MO3BOJISIET COYETaTh B TAKUX MaTepHallax BO3MOXKHOCTbH JIOCTaBKH JIEKAPCTBEHHBIX CPEICTB C J10-
MTOJTHUTENIbHON (DYHKITMOHAIM3AIMEN 32 CUET JTIOMHUHECIICHTHBIX U MAarHUTHBIX CBOMCTB KaTHOHOB
naHTaHU0B. CUCTEMBI JOCTaBKM MPOTHMBOOMYXOJIEBBIX aIIMAapaToB, TAKUX KaK METOTPEKCAT, OCO-
OCHHO BaXXHBI B JICUEHUHU pakKa, TaK Kak OHU 00JIaaroT Xopoield papMaKOKUHETUKOW, TOYHBIM Ha-
[[eTMBAaHUEM Ha OIMYyXOJIEBbIE KIIETKH, CHIDKEHHUEM MOOOYHBIX d(PPEKTOB U MOBHIIICHUEM yCTONYH-
BOCTH JieKapcTBa. [lepcekTMBHOM CUCTEMOM TOCTaBKHA MPOTHUBOOIYXOJIEBBIX AMIIapaTOB SIBISIOTCS
CJIOUCTBIE TUAPOKCHABI P33, MOCKOIBKY MO3BOJISIIOT JOMOJHUTEIBHO PEATN30BaTh MHOTOKAHAIb-
HyI0 OMOBHM3yalu3allMi0 TKaHed opraHuzMa. Hampumep, cioucTble TMIPOKCHIBI T'aJIOJIMHUS HC-
MOJIB3YIOTCS KaK KOHTPACTHPYIOIINE areHThl B MarHUTHO-PE30HAHCHOW Tomorpaduu, a Ggropupo-
BanreM CI' P30 MOXXHO MOJy4HTh ar-KOHBEPCHOHHBIE JTIOMUHOGOPHI. Cpeau JIFOMUHECIIEHTHBIX
TUNIOB OMOBM3YalIM3allMU al-KOHBEPCHOHHAS JIIOMUHECIICHIIUS sBIsieTcss Hanbonee 3pPpeKTHBHOM,
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MOCKOINIbKY BO30Yyxmatomee e€ nHppakpacHoe uznydenue (700—1200 M) cmabo moriomaercs u
ri1y0OKO MPOHUKAET B OMOJIOTUYECKUE TKAHH.

Llenpo AUMIOMHON paboOTHI CTaja pa3paboTKa METOAWK CHUHTE3a U (PTOPUPOBAHUS CIOH-
cTIX ruapokcnioB P30 cocraBa (LngyyErkYby)2(OH)sA nH,O (Ln = Gd, Y; A = xiopua, MeToT-
peKcar), a TaKkkKe OL[EHKA UX LUTOTOKCUYECKON aKTUBHOCTH.

Cunte3 cioucthix ruapokcoxyopuaos (CI'X) P35 npoBoawim MeTogoM roMOIr€HHOTO Oca-
KIEHUS B  YCIOBHSX  THIpoTepMaibHOW  oOpabotkm mpu  140°C.  dDropupoBanue
(Y1:xyErxYDby)2(OH)sCl mpoBoamii B3anMoaelCTBHEM ¢ BOJHBIM PAacTBOPOM (TOpHIA HATPUS IIPU
120 °C. AnunoHHBIM oOMeH npoBoawin aucneprupoanueM CI'X rajonnHus B BOAHOM pacTBOpeE
MeroTpekcata Hatpus npu 120°C. HcciemoBaHne KUHETHKH BBICBOOOXKJICHHSI METOTpEKcar-
aHMOHOB U3 MEXcII0eBoro npocrpancTBa CI' raonuHus MPOBOAMIN B pacTBOpe XeHKca, (hPU3H0II0-
ru4eckoM pactBope u ochatnom Oydepe. AHanu3 cocraBa, CTPYKTYpPbl U CBOMCTB OCYILIECTBIISIN
C UCITOJIb30BAHUEM METOAOB PEHTTEHO(A30BOr0 aHAIHM3a, PEHTIEHOCIIEKTPAIHbHOIO MUKPOAHAIIN3A,
TEPMHUYECKOT0 aHalu3a, pacTpoBOM nnekTpoHHON Mukpockonuu, CHNS-ananuza, momuHecteHT-
HoH, Y®-Buaumon n MK-cnekrpockonuu. McenenoBanue NUTOTOKCHYHOCTH IIPOBOJIMIM € IIOMO-
upto MTT-ananu3a, OIEHKH KU3HECIOCOOHOCTU MeToJIoM AuddepeHnnaibHo GIyopeciieHTHOTO
OKpAaILIMBaHUS U aHAJIN3a MUTOXOHPHUAJIBHOTO MTOTEHIINAIA.

B pesynbraTe paboThl yCTaHOBIEHBI OOJIACTH CYIIECTBOBAHHUS TBEPJABIX PAaCTBOPOB CIIOU-
CTBIX TUAPOKCOXJIOpUI0B UTTpUs-UTTepOus-3pous (Y2(OH)sCIl-YEr(OH)sCIl-YYb(OH)sCl) u ramo-
muaus-utTepous-spous (Gdy(OH)sCl-GdEr(OH)sCI-GdYb(OH)sCl). Paspaborana meromuka ¢GhTo-
pupoBanus CI'X P3D u moka3aHo, 9TO TOJMy4YeHHBIC MPOIYKTHl (TOPUPOBAaHUS OOJIANAIOT arl-
KOHBEPCHOHHOMN JTIOMUHECIICHITUCH.

Pa3paborana MeroaMka MHTEpKAIALMU JIEKAPCTBEHHOI'O Mpenapara METOTpeKcara B CIIOU-
CTBIA THJIPOKCH]I TaJOTMHUS M U3yYeHbl KHHETUYECKHEe OCOOEHHOCTH €ro BhICBOOOXaAeHUs. [Toka-
3aHO, 4TO Bpemsi BbICBOOOkAeHUST 40% METOTpeKcaT-aHMOHOB U3 CJIOMCTOTO THAPOKCHUJIA TaJ0u-
HUS B pacTBOpe XEHKca MPOMCXOJUT 3a 7 4acoB. AHaU3 KU3HECIIOCOOHOCTH CIOUCTOIO THIIPO-
KCHJIa TaJIoNIMHUSL, UHTEPKAIUPOBAHHOI'O METOTpEKcaT-aHnOHOM, MeTojioM MTT-tecta, Ha KynbTy-
pPE€ ME3eHXUMANIbHBIX CTBOJOBBIX KJIETOK YEIIOBEKA BBISBUI OTCYTCTBHE IUTOTOKCHYECKOTO 3 hek-
ta. [Ipu sTrom nannsie MTT-tecta Ha KynabType pakoBbix KieTok JuHun MNNG/HOS nokaszanu,
YTO TOKCHUYECKUU I(PPEKT YacTHUI[ CIOUCTOTO THAPOKCUIA TaJ0THHUS, HHTEPKATUPOBAHHOTO Me-
TOTPEKCAaT-aHUOHOM, IPEBBIIIAET ACHCTBUE METOTpeKcaTa HaTpUs AJI1 BCEX KOHIEHTpAIUSIX, YTO
roBOpUT 00 ero Oosee 3()(heKTUBHOM JeHCTBUU B KaUyeCTBE MPOTUBOOITYXOJIEBOTO areHTa.
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Layered rare-earth hydroxides (LREHS) are a unique class of layered, low-toxic rare-eath

compounds with anion-exchange properties combining the specific properties of REE cations
(magnetic and luminescent) and intercalated anions, seem to be convenient containers for anionic
forms of drugs. Delivery systems for antitumor agents such as methotrexate are particularly im-
portant in cancer treatment, as they have good pharmacokinetics, precise targeting of tumor cells,
reduction of side effects, and drug resistance. In addition, the use of layered REE hydroxides as
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drug delivery systems makes it possible to implement multichannel bioimaging of body tissues. For
instance, layered gadolinium hydroxides can be used as contrast agents in magnetic resonance im-
aging, and via fluorination of layered REE hydroxides up-conversion phosphors can be obtained.
Among the luminescent types of bioimaging, up-conversion luminescence is the most effective be-
cause the near infrared light (700-1200 nm) penetrates deeply and with minimum interference into
biological tissues.

The aim of this work is to development of a technique for the synthesis and fluorination of
layered rare-earth hydroxides (Lni.xyErxYby)2(OH)sA-nH,O (Ln = Gd, Y; A = chloride, methotrex-
ate), as well as evaluation of their cytotoxic activity.

Synthesis of layered rare-earth hydroxychlorides was carried out by the method of homoge-
neous  precipitation under  hydrothermal treatment at 140°C.  Fluoridation  of
(Y1xyErxYDby)2(OH)sCl was carried out by interaction with sodium fluoride aqueous solution at
120°C. Anion exchange was conducted by dispersing LREHSs in an aqueous solution of sodium
methotrexate at 120°C. The study of the kinetics of the release of methotrexate anions from the in-
terlayer space of layered gadolinium hydroxide was carried out in Hank's balanced salt solution,
physiological saline, and phosphate buffered saline. Composition, structure, and properties analyzes
were conducted using X-ray diffraction analysis, energy-dispersive X-ray spectroscopy, thermal
analysis, scanning electron microscopy, CHNS analysis, luminescent, UV-visible, and IR spectros-
copy. Cytotoxicity was studied using MTT assay, viability assessment by differential fluorescence
staining, and analysis of the mitochondrial membrane potential.

As a result of this work, the series of yttrium-ytterbium-erbium (Y2(OH)sCI-YEr(OH)sClI-
YYb(OH)sCl) and gadolinium-ytterbium-erbium  (Gd,(OH)sCIl-GdEr(OH)sCIl-GdYb(OH)sCI)
hydroxychlorides solid solutions were found. A fluorination technique of layered hydroxychlorides
has been developed, and applied to produce up-conversion phosphors.

A technique for the intercalation of the drug methotrexate into layered gadolinium hydrox-
ide has been developed, and the kinetic analysis of drug release has been studied. It is shown that
the time of release of 40% methotrexate anions from interlayer space of gadolinium hydroxide in
Hank's solution occurs in 7 hours. Analysis of the cytotoxicity of gadolinium hydroxide intercalated
with methotrexate anion, using the MTT assay, on a culture of human mesenchymal stem cells, re-
vealed the absence of a cytotoxic effect. However, the MTT assay on a culture of MNNG/HQOS can-
cer cells shows that the toxic effect of individual layered gadolinium hydroxide intercalated with
methotrexate anion is stronger than an effect of sodium methotrexate, which indicates its more ef-
fective action as an antitumor agent.

KoMno3utHbIi moJiMMep-KepaMuuecKuil TBepAbIil
JICKTPOJIMT JJIS JUTHIN-METAIHYECKUX AKKYMYJIATOPOB

JIu 1.

PykoBoautenu: k.x.H., ¢.H.c. Utkuc [I.M.; acm. 4 r/o ®HM Pynes A.A.

Bce kommepueckne akkyMyJIsTOpbl B HACTOSILEE BPEMS HCIIOJIB3YIOT KUAKHUE DJICKTPOJIUTHL.
N3-3a cepbe3HBIX MpoOsieM ¢ 0€30MacHOCThIO, pa3pad0TKa aKKyMYJISITOPOB CIEAYIOIIETO MOKOJIe-
HUS C BBICOKOH yJENbHON €MKOCTHhIO M BBICOKOI 0€30MacHOCThIO cTaja BaxHOU 3amadeid. [lomHo-
CTBIO TBEPAOTEJIbHBIM aKKyMYJISITOP PacCCMAaTPUBAETCA KaK OJWH M3 BO3MOXHBIX BapuaHTOB XUT
clenyromero nokojeHus. CaMbIM TJIABHBIM 3JIEMEHTOM JUISl peaiu3alii MOJHOCThIO TBEPAOTEb-
HOTO aKKyMYJISITOpa SIBJISIETCSl TBEPJIbIi dekTponuT. OH ropas3go Oonee OGe3omaceH, 4yeM >KHUIKHE
ANEKTPOJIUTHI, & TAKKE MOXKET OBITh HCIIONB30BAH JI PEIICHHUs] MPOOJIEMBbI pOCTa JACHIPUTOB M3
nutus. Pa3paboTka MpakTHUECKUX TBEPBIX JICKTPOIUTOB SBISETCS MPEAMETOM JIAaHHON PabOTHI.
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Ilens nanHOW pabOTHI COCTOUT B MOJTYYEHUU HOBBIX KOMIIO3UTHBIX TBEPJBIX 3JIEKTPOIUTOB
C BBICOKOM MOHHOM MPOBOJAMMOCTBIO M MCCIIEI0OBAaHUE BIUSHUS COCTaBa MOJIMMEpPa U KepaMUUeCcKo-
IO HaIlOJHUTEIIS HA XapaKTEPUCTUKH SJIEKTPOJIUTOB.

B nannoi pabote paccMOTPEHBI KOMIIO3UTHBIE 3JEKTPOIUTHI HA OCHOBE MOJIMMEPHON cMe-
cu, cocrosimen u3 I1D0-1IBJI® B xauecTBe MaTpulbl U npoBozsimeld kepamuku LATP B kauecTBe
KepaMHuuecKoro HamojHutens. s cunTe3a npoBonsmeld kepamuku LATP ucnonp3oBanuch 1Ba
METO/A: METOJ TBEpAO0(}a3HOTO CIEKaHWUS W THIPOTEPMATbHBIA MeToA. [lig monydeHHs IJICHOK
KOMITO3UTHBIX TBEPJIbIX 3JEKTPOIUTOB HCIOIb3YETCS METO/ JINThS U3 PACTBOpA B MPONUIEHKApOO-
HaTe.

Kepamuueckue nopomku LATP Obutr ycrienmHo CHHTE3UpPOBaHBI TBEPAO(a3HBIM U THIAPO-
TepMaibHbIM MeTogaMu. [1o maHHBIM peHTreH0(a30BOro aHaan3a ObUTO MOATBEPKACHO MOJIydeHa
guctot ¢azel LATP. Mopdonorus mopomika Obljia U3ydeHa € MOMOIIbIO CKAaHUPYIOMIETO 3JICK-
TPOHHOT'O MUKPOCKOTIA, U PE3YyJIbTATHI MOKA3aJIH, YTO MOPOIIOK, CHHTE3UPOBAHHBIN TBEPA0(a3HBIM
METOJIOM, COCTOMT W3 YacTUI[ MHKPOHHOTO pa3Mepa, a THAPOTEPMUYECKHMM METOJIOM — M3 HaHO-
pa3MepHbIX YacTull. [10THBIE KOMIIO3UIIMOHHBIE IJIEHKUA TBEPAOIO IEKTPOJIUTA MOJy4YaId METO-
JIOM JIUThSl U3 pacTBopa. bbuio mcciaenoBaHo, kak coaepxanue u pasmep yactun LATP, a takxke
conepxkanue [190 BIUSIIOT HA HOHHYIO TTPOBOIUMOCTh KOMITO3UIIMOHHOTO 3JIEKTposinTa. Pe3ynbra-
ThI MOKAa3bIBAIOT, YTO JJIEKTPOIPOBOJHOCTH AJIEKTPOJIUTA JOCTHTaeT MAaKCMMyMa IpHU MajoM CO-
nepxkanuu LATP (5, 10 %). Paznuuus B pazmepax yacturi LATP npuBoasT K pa3jin4HbIM Mexa-
HU3MaM mepeHoca noHoB. Korna dactuiel 0ombliie, TPOBOAMMOCTE B 3JEKTPOIHUTE O0yCIOBIECHA
IByMs (pazaMH: IOJIMMEPOM M KepamMHKOH. [Ipu MamibIx pazmepax 4acTUI] TPAHCIIOPT MOHOB B Ke-
pamuydeckoit (asze 3aTpyAHEH, U MPOBOAUMOCTh OCYIIECTBIISIETCS B OCHOBHOM B aMOp(HBIX obiac-
TAX nonuMmepa. M3yueno BnusHue cogepxanust yactuly LATP u cogepxanus [190 na uuncno nepe-
HOCA MOHOB JIUTUS B 3JIEKTPOIHTE. Pe3ynbTaThl MOKa3bIBAIOT, YTO MPHU OOJBIIEM pa3Mepe YacTHUIl
LATP u 6onee BoicokoMm coaepxkanuu (20, 30 %) yucno nmepeHoca MOHOB JIUTHUSI B AJIEKTPOIUTAX
ABJIAETCS caMbIM BBICOKMM. Korzma pazMep dacTui Man U CoAepKaHue HU3KOE, YUCIIO IIepeHoca Ho-
HOB JINTHS B KOMIIO3UTHBIX 3JIEKTPOJIUTAX HE CHJIBHO OTIMYAETCS APYT APYry, U coaepxkanue [150
MaJIO BJIMSET Ha YHUCIIO IEPEHOCA MOHOB JINTUS B MIEKTPOJINTAX.

B nanHoil pabore ObLIM ycnemHo cuHTe3upoBaHbl nopowku LATP u koMOo3uIMOHHBIE
TBEpJIbIEe AIEKTPONUTHI ¢ nopomkaMu LATP B kauecTBe HamosHuTeNel 1 ObUIM U3MEPEHBl Xapak-
TEPUCTUKH 3JIEKTPOIUTOB. Cpenn HUX, KOMIO3UTHBIN TBEpPIBIA AJIEKTPONUT, coaepxkamui 80 %
1190, 20 % IIBA® u menkue yactuupsl LATP, nokazan Hamydnryro npoBOAMMOCTb, U €r0 IMPOBO-
JMMocTh coctasmia 3,57-10% Cm/em npu 40 °C. KoMmo3uTHbIN TBEPABIN 3JIEKTPOJIUT, COIAEPKaA-
it 80 % 1190, 20 % IIB/I® u kpynHble yactuubl LATP nokaszan Hawitydiiee 4uciao nepeHoca
MOHOB JinTHsl, paBHOE 0,23 mpu KOMHATHOU TeMIIepaType.

Composite polymer-ceramic solid electrolyte for lithium
metal batteries

Lei J.
Supervisors: Ph.D., Senior Researcher Itkis D.M.; 4" year Ph.D. Student Rulev A.A.

All commercial batteries currently use liquid electrolytes. Due to the relatively serious safety
concerns, it has become important to develop a next-generation battery with high specific capacity
and high safety. An all-solid state battery is considered as the most potential option, and the most
important thing for realizing an all-solid battery is a solid electrolyte. It has a higher safety than lig-
uid electrolytes, and can also be used to solve the problem of lithium dendrite growth, so the devel-
opment of practical solid electrolytes is the subject of this work.
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As mentioned above, the purpose of this work is to obtain new composite solid electrolytes
with high ionic conductivity and to study how the composition of the polymer and ceramic filler
affects the characteristics of electrolytes.

The solid electrolyte system chosen in this work is a polymer blend consisting of PEO-
PVDF as the matrix and LATP conductive ceramic as the ceramic filler. For the synthesis of LATP
conductive ceramics, two methods were used, namely, the solid phase method and the hydrothermal
method. To obtain a film of composite solid electrolytes, the method of casting from a solution is
used, and propylene carbonate is used as a solvent.

Ceramic LATP powders have been successfully synthesized by solid phase and hydrother-
mal methods. Pure LATP phase was confirmed by X-ray diffraction analysis. The morphology of
the powder was observed using a scanning electron microscope, and the results showed that the size
of the powder synthesized by the solid phase method was micron, and the hydrothermal method was
nanosized. Dense composite films of a solid electrolyte were obtained by casting from a solution. It
was investigated how the content and particle size of LATP, as well as the content of PEO affect the
ionic conductivity of the composite electrolyte. The results show that the electrical conductivity of
the electrolyte reaches its maximum at a low LATP content (5, 10 %). Differences in LATP particle
sizes lead to different ion transport mechanisms. When the particles are larger, there are two con-
ductive phases in the electrolyte: polymer and ceramic. When the particle sizes were small, ion
transport in the ceramic phase is hindered, which occurs mainly in the amorphous regions of the
polymer. The influence of the content of LATP particles and the content of PEO on the transference
number of lithium ions in the electrolyte has been studied. The results show that with larger LATP
particle size and higher content (20, 30 %), the transference number of lithium ions in electrolytes is
the highest. When the particle size is small and the content is low, the transference number of lithi-
um ions in the composite electrolytes is not much different from each other, and the PEO content
has little effect on the transference number of lithium ions in the electrolytes.

In this work, LATP powders and composite solid electrolytes with LATP powders as fillers
were successfully synthesized and the characteristics of the electrolytes were measured. Among
them, the composite solid electrolyte containing 80 % PEO, 20 % PVDF and small particles LATP
showed the best conductivity, and its conductivity was 3.57-10™ S/cm at 40 °C. The composite sol-
id electrolyte containing 80 % PEO, 20 % PVDF and large particles LATP showed the best trans-
ference number of lithium ions, it was 0.23 at room temperature.

MarsuTHble KOMIIO3UMTHI HA OCHOBE THaJIypOHOBOﬁ KHCJIOTBI "
HAaHOYACTHII MAaITEMHUTAa, HAIIOJITHCHHBIC HOKCOpYﬁI/IHI/IHOM

3ouposa 3.0.

PykoBoaurens: K.X.H., 1ou. Criupuaonos B.B.

3a mocnenHee ecATUIeTHE Pa3paboTaHO MHOT'O CIIOCOOOB JIeUEHHE paKka - IMMYHOTEpaIuy,
KJIETOYHOM Tepanuu, NepernporpaMMUPOBAHNE KIETOK M PEIaKTHUPOBAaHHE N€HOMA, YTO MOMOXKET
HalTH Jyyiine pemeHus A 60pbObl ¢ paKoM M IPYTMMHU I€HEeTHUYECKMMHU paccTpoicTBa. MHoOrue
U3 MpelaraeMbIX pelieHui, BEpOsTHO, MOBJIEKYT 3a c000i Oe30macHy0 U 3(PPEeKTUBHYIO T0CTaBKY
(bapMarieBTUYECKUX MPEnapaToB B KICTKU-MUILICHU W/WIA TKaHU. XOTS OOJBIIMHCTBO COBPEMEH-
HBIX METOJIOB JIeUeHHUsI OOBIYHO OCHOBAHBI Ha CUCTEMHOM JIOCTaBKE JIEKAPCTBEHHBIX MpENnapaToB B
KPOBOTOK, TE€paNuy OyIyIIEro JOJKHBI MOBBICUTH 3()()EeKTUBHOCTh BBIITyCKa M KOHTPOJIb J103bl1. Ta-
KHM 00pa30M MOXHO CBECTH K MUHUMYMY WJIU JJa)Ke MOJHOCTBHIO U30€KaTh MHOTHE TOOOYHBIE 3(-
(EKTHI.

Ilenpto mpencTaBiaeHHON paOOTHI SBISETCS MOJYyYEeHHE HAaHOKOMIIO3UTOB Ha OCHOBE IPH-
POJHOTO MOJIMMEPa, THATYPOHOBOM KUCIIOTHI, (YHKIIMOHATM3UPOBAHHON MarHUTHBIMM HAHOYACTH-
1[aMH, UMMOOMIIN3aIUs IPOTUBOOITYX0JIEBOI0 Ipenapara, JOKCOpyOullnHa, a TakXKe U3y4eHHUEe KOH-
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TPOTUPYEMOTO BBHICBOOOXKICHUS JeKapcTBa. VCIoNb3ys OpUTHHAIIBHYIO METOJUKY, OBLIT MPOBEACH
CHUHTE3 psJla KOMIIO3UTOB C Pa3IMYHBIM COJEpPKaHHEeM MarHuTHOM (as3pl. MeTtogoMm crekTpodoTo-
METPHH OIPEJICIICHO COJICpIKAHUE JKeJle3a B KOMIIO3UTaxX: B HanOoJiee HAMIOJTHEHHOM OHO COCTABHIIO
27% 1o macce.

MeTo1IoM MPOCBEUMBAIOIIEH JJIEKTPOHHONH MHKPOCKONMUU OBUIO TOJTYYEHO H300paKCHHE
MarHUTHBIX HAHOYACTHUII, AUAMETP KOTOpbIX cocTaBuid §-20 HM. M3ydeHbl Takke MarHUTHBIE Xa-
PAKTEPUCTUKU MOJYYEHHBIX HAHOKOMIO3UTOB. METOJIOM CKaHHMPYIOIIEH 3JIEKTPOHHOU MHUKPOCKO-
Uu OBLIO MPOBEIEHO U3ydeHHe MOPGOIIOTUH HAHOKOMIIO3UTOB U UCXOJHON THalypOHOBOM KHUCIIO-
ThI. Takke monydeHa nHGOpPMALHS O paclpeeieHUd MAarHUTHON KOMIIOHEHTHI 110 TOJIMCaXapH -
HOW MaTpHIIe.

Jlist u3ydeHus: PU3NKO-XUMHUYECKUX XaPAKTEPUCTUK MOTYIEHHBIX MATHUTOYYBCTBUTEIHHBIX
HaHOKOMIIO3UTOB HMCIOJb30BAJIA METOJ AUHAMUYECKOTO U CTaTUYECKOI'0 paccesHHs cBeTa. bpuio
MMOKA3aHO, YTO MOJIYYCHHBIC KOMITIO3UTHI C PAa3JIMYHBIM COJCpKAaHMEM MarHUTHOU (has3bl, XapakTepu-
3yrTcs ruapoarnHamMudeckuMu paauycamu ot 110 no 150 um; paguycamu unepuuu ot 80 no 60
HM. OnpeneneHo TEPMOJAMHAMUYECKOE CPOJCTBO YACTHUI[ MAarHUTHBIX KOMIIO3UTOB K BOJHO-
COJIEBOM Cpejie, KOTOPOE 3aKOHOMEPHO MAaJaeT M0 MEpe YBEIUUYEHUS COAEPKAHMS HEOPraHUYECKOU
¢a3pl. biio MoKa3aHo, YTO MOJYYCHHBIC KOMITO3UTHI MOTYT CBSI3BIBATh JIGKAPCTBEHHBIN Iperapar
nokcopyourud. [lokazaHo, 4yTo BKIIIOUEHHE JIEKAaPCTBEHHOI'O Mperapara B COCTaB MOJYYEHHBIX
MAarHUTHBIX HOCHUTEJIEW HE MPHUBOAUT K M3MEHEHHUIO UX Pa3MepPOB. BbIIO MOKa3aHO, YTO JEKAPCTBO
HE TepsieT NPOTUBOOIYX0JIEBOM aKTUBHOCTH, @ CAM HAHOKOHTEUHEP HE SIBJISECTCA TOKCUYHBIM.

Taxke W3y4eHO NecTBHE THATypOHUAA3bl, (HEPMEHT CHEHU(PUUHBIA K MOJUCAXAPUIHON
marpuie Na/ruanypoHaToM, Ha MarHMUTHBIE MHKPOTEIH W MHKPOTEN HAIOJHEHHbIC TOKCOPYOH-
1uHOM. [Toka3aHo, 4TO 10 CpaBHEHHIO ¢ MCX0qHON Na/ruanypoHaToM, MarHUTHBIC MHUKPOTEIH pac-
nagaroTcs B TeueHUuu 45-60 MUHYT, 5TO TOBOPUT O TOM, YTO MAarHUTHBIE HAHOYACTHUIIBI CIIOCOOCT-
BYIOT (DepMEHTATHBHOMY pacmasny.
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Magnetic composites based on hyaluronic acid and maghemite
nanoparticles filled with doxorubicin

Zoirova Z.0.

Supervisor: Ph.D., Associate Professor Spiridonov V.V.

Over the past decade, many cancer treatments have been developed - immunotherapy, cell
therapy, cell reprogramming and genome editing, which will help find the best solutions to fight
cancer and other genetic disorders. Many of the proposed solutions are likely to entail the safe and
efficient delivery of pharmaceuticals to target cells and/or tissues. Although most modern therapies
are usually based on the systemic delivery of drugs into the bloodstream, therapies of the future
should increase the effectiveness of release and dose control. In this way, many side effects can be
minimized or even completely avoided.

The aim of the presented work is to obtain nanocomposites based on a natural polymer, hya-
luronic acid functionalized with magnetic nanoparticles, immobilization of an antitumor drug, dox-
orubicin, as well as the study of controlled drug release. Using an original technique, a number of
composites with different magnetic phase contents were synthesized. The iron content in the com-
posites was determined by spectrophotometry: in the most filled it was 27% by weight.

An image of magnetic nanoparticles with a diameter of 8-20 nm was obtained by transmis-
sion electron microscopy. The magnetic characteristics of the obtained nanocomposites have also
been studied. The morphology of nanocomposites and the initial hyaluronic acid was studied by
scanning electron microscopy. Information was also obtained on the distribution of the magnetic
component over the polysaccharide matrix.

To study the physicochemical characteristics of the obtained magnetically sensitive
nanocomposites, the method of dynamic and static light scattering was used. It was shown that the
obtained composites with different magnetic phase contents are characterized by hydrodynamic ra-
dii from 110 to 150 nm; inertia radii from 80 to 60 nm. The thermodynamic affinity of magnetic
composite particles to the water-salt medium has been determined, which naturally decreases as the
content of the inorganic phase increases. It has been shown that the resulting composites can bind
the drug doxorubicin. It is shown that the inclusion of the drug in the composition of the obtained
magnetic carriers does not lead to a change in their size. It has been shown that the drug does not
lose its antitumor activity, and the nanocontainer itself is not toxic.

The effect of hyaluronidase, an enzyme specific to the polysaccharide matrix Na/hyaluronic
acid, on magnetic microgels and microgels filled with doxorubicin was also studied. It is shown that
compared with the initial Na/hyaluronic acid, magnetic microgels disintegrate within 45-60
minutes, which indicates that magnetic nanoparticles contribute to enzymatic decomposition.
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CucremMbl HA OCHOBE CYJIb(OHOB KaK NOTEHIHAJIbHbIE PACTBOPUTEIHU
B JIMTHI-MOHHBIX AKKYMYJISITOPAaX

Llakuposa FO./].

PykoBoauTenb: K.X.H., H.c. benosa E.B.

3a nocienaue 30 eT TUTUH-UOHHBIE OaTaper CTall BaXKHON COCTABIISIFOIICH MOBCEAHEBHOU
KHU3HU MPAKTHUECKH KaKJIOro yernoBeka. YacTo HEoOXOAMMBI aKKyMYISTOPBI, BBIICP>KUBAIOIINE
BBICOKHE HANPSOKEHUS U BBICOKHE IJIOTHOCTH DHEPTHH, SKCTPEMalbHBIC TEMIIEPaTyphl, MIPU STOM
JOJKHBI UMETh JITMHHBIHN KU3HEHHBIN LIUKII U ObITh 0€30MacHbI IS [T0JIb30BaTENsl.

HeobxonuMoii cTabUIbHOCTRIO TPU MPOTEKAHWH TOKA MPU BBHICOKUX HAMPSHKCHHUSIX U TEP-
MHUYECKON CTaOMIBHOCTHIO BILIOTH 10 300-350°C obnanaroT anudarrudeckue cyab(OoHHI.

[ToaTomy 1iensiMu HacTosIel paboThl OBUTH MOI00P AIPOTOHHBIX PACTBOPHUTEIICH HA OCHOBE
anudaruyeckux cynb(poHOB U MpoBepka 3P(HEKTUBHOCTU PadOTHI ATEKTPOIUTOB, PACTBOPEHHBIX B
cynb(poHAX U UX cMecsX. st JOCTIKEeHUS YKa3aHHbBIX IIeJIeH MTPOBOIMIICS MOUCK JBYXKOMITOHCHT-
HBIX CHCTEM Ha OCHOBE M3YyYEHHBIX paHee COeIUHEHUN C MaKCHMaJlbHO HU3KOW TeMIlepaTypoi JB-
TEKTHKH M HUCCIICIOBAINACH AICKTPOXUMUYCECKUX XAPAKTEPUCTUK DICKTPOJIUTOB B CYJIB(POHOB U HX
CMECEH.

B pamkax manHO#W paOGOoThl MACHTU(DHUKAIHS UCCIICAYEMbIX CYIb(OHOB MPOBOIUIACH C HC-
M0JIb30BaHUEM IPOTOHHOTO MarHUTHOTro pe3oHaHca (SIMP), onpenenenue mapameTpoB IUIaBICHUS
HeHccaeI0BaHHbIX paHee cynbhoHoB ((i-C3H7)2SO,, (i-C3H;)(i-C4Hy)SO,) nmpoBoauaack MeToqoM
muddepeHInaTbHON CKaHUPYIOLIEH KalOpUMETPHH, /U N3y4eHus (ha30BbIX PaBHOBECUI B CHCTe-
Max cynb(hoH-cynbpoH Takxke ucnosib3oBaics meron JCK. OxucnurensHas cTaOMIBHOCTH JICK-
TPOJUTOB HAa OCHOBE CYJIh()OHOB U3y4allaCh METOJIOM LIUKINYECKOM BOIHTAMIIEPOMETPHH.

PesynbpTarom HacTosel paboThl CTaIM MapaMeTphl TUIaBIeHUS 2 UHAWBUTYyaJbHBIX anuda-
TUYECKUX CYTb(OHOB, BIIEPBbIE MPOBEAEHHBIE AIEKTPOXUMHUUYECKUE UCCIEIOBAHUS I DIEKTPOIIH-
TOB C pacTBOpHUTENIIMH W3 amudarudeckux cyiabpoHoB ((i-C3H7)2S0,, (i-C3H7)(i-C4Hg)SO,, (i-
C4Hg)2802, (i-C5H11)(i-C4Hg)SOz, (i-C5H11)2802, (i-C5H11)(n-C4H9)SOQ), I/I306apHLII>’I (l)paFMCHT
dazooii quarpammel B cucteme (i-CsH11)2S0; - (1-C4Hg)2SOx.

OCHOBHBIM BBIBOJIOM U3 MPOJEIAHHOW pabOTHI SBISETCS TO, UTO HAMOONbIIEH OKUCIUTETb-
HOW CTaOMIILHOCTBIO 00JIAJal0T 3JCKTPOJUTHI Ha ocHOBe pacTBopoB LiBF4 B (i-C4Hg)2SO,, (i-
CsH11)2SO;, u (i-C4Ho)(i-CsH11)SO,, yaenbHbIE TOKM OKHUCICHUS 3THX JJIEKTPOJIUTOB CPABHHMBI
MOKAa3aTeSIMH KOMMEPYECKH HCITOJIb3yeMOTO CYIb(oJiaHa.
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Systems based on sulfones as prospect solvents in Li-ion batteries
Shakirova I.D.
Supervisor: Ph.D., Research Fellow Belova E.V.

Li-ion batteries have already been current for the last 30 years. Batteries are often required
to be stable at high voltages and energy density and resistant to extreme temperatures. In addition to
this, all materials used in Li-ion batteries should afford a long lifecycle and be safe to users.

Aliphatic sulfones possess current stability at high voltages and thermal stability up to 300-
350°C required for Li-ion batteries.

Therefore, the goals of this work were to find aprotonic solvents based on aliphatic sulfones
and to check efficiency of sulfones based electrolyte.

To achieve these goals we searched two-component systems with low eutectic temperatures
based on researched compounds and investigated electrochemical characteristics of electrolytes
solved in sulfones and their mixtures.

Nuclear magnetic resonance was used to identify researched substances. The melting enthal-
py and temperature of sulfones, ((i-C3H7).SO, and (i-C3H5;)(i-C4Hg)SO,) exactly, non-investigated
before were measured by differential scanning calorimetry. Also phase equilibria was studied by
this method. The oxidative stability of electrolytes based on sulfones was defined by 3 cycles of cy-
clic voltammetry.

As a result of current work, melting parameters of 2 individual aliphatic sulfones were de-
fined, electrochemical investigations of electrolytes consisting of dissolved Li salts in aliphatic
sulfones, (i-C3H7)2802, (i-C3H7)(i-C4H9)SOz, (i-C4H9)2802, (i-CsHll)(i-C4Hg)SOZ, (i'CSHll)ZSOZ,
(i-CsHi11)(n-C4Hg)SO,) exactly, were conducted for the first time. Fragments of isobaric phase dia-
grams in reciprocal binary systems of (n-C4Hg)(i-CsH11)SO- - (i-C4Hg)>SO, and (i-CsH11)>SO; - (i-
C4Hy),SO, were obtained, using DSC.

The major conclusion of this work is that the best oxidative stability was shown by electro-
Iytes based on LiBF, solutions in the following sulfones such as (i-C4Hyg)2SO,, (i-CsH11)2SO- and (i-
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C4Ho)(i-CsH11)SO, and the specific current flow of this electrolytes is comparable to its value in
sulfolane currently used.

da30Bble PABHOBECHUS B BOJIHO-COJIEBBIX CHCTEMAX
Ha OCHOBe (pocdara KaJIbIUs

Tancman A.A.

PykoBoanTenu: k.X.H. no1. KoBanenko H.A.; urmx. HoBukoB A.A.

bruocoBmecTrMas HaHOKEpaMUKa aKTUBHO HCIIOJIb3YETCSl IPU MPOU3BOJICTBE MEIULIMHCKHUX
uznenuii. K npumepy, OMokepaMudeckre UMITIAHTHI TIOMOTAIOT BOCCTAHOBUTH YAIEHHBIEC UIIH T10-
BpEXJIEHHBIE 3yObl BCIEACTBHE KapHreca, KOTOPBIH SBISIETCS MPUUNHON IeMUHEpaIn3alluiu Heopra-
HUYECKOW YacCTH SMaJM 10 BO3ACHCTBUEM KHUCION cpeabl. OcoOblld MHTEpEC MPEACTABISIIOT OMO-
KepaMH4ecKHe MaTepHalibl Ha OCHOBE (hoc(haTOB KalblMsl, aKTUBHO UCHOJIB3YIOIIHECS B CTOMATO-
JIOTHH U TpaBMaToJoruu. [IpenMyIecTBOM MCIOIB30BaHUSI JAHHBIX MATEPHAIIOB SIBIISETCS BBICO-
Kasi CX0XKECTh C XMMHUYECKHM COCTaBOM 3y0OB U KocTel miekonurtaromux. OOmieit mpobiemoii B
obacTu co3maHusi OMOKepaMHUYECKUX MMIIAHTOB, KOCTHO-KEPAMUYECKHX MAaTPHUKCOB JIJISI BOCCTa-
HOBJICHUS J€(PEKTOB KOCTHBIX TKaHEH, SBISETCS 4pe3BblYaiiHas CIOKHOCTh JOCTHXKEHUS OITH-
MaJILHOTO Habopa AKCIUTyaTallMOHHBIX XapaKTEPUCTUK H3AETHs, TaKUX KaK TpeOyemblil cocTas,
CTPYKTYypa, YCTOMYMBOCTh U MeXaHWYecKas MPOYHOCTh. TPaJUIIMOHHO MapaMeTpbl CTAOUIBHOCTH
TaKUX COCJMHEHUH IMOy4aroT SMIIMPHYECKH, MMOTydasi OOJIbIIOEe KOJIUYECTBO IKCIIEPUMEHTAITBHBIX
JaHHBIX JJI1 KaXJIOTO THUMNAa ChIphsi. Pa3yMHOIl anbTepHATHBOMN, MO3BOJISIIOIICH CYIIECTBEHHO
YMEHBUINTH BPEMS U TPYA03aTPaThl, MPEJCTABISAETCS UCIOIb30BAHUE TEPMOJINHAMHYECKOTO MOJIe-
nupoBaHus. IIpeanoxkeHHble B JIUTEpaType TEPMOJWHAMHUYECKUE MOJENHU MOJOOHBIX CHUCTEM Kak
MPABUJIO OTPAHUYMBAIOTCSI HECKOJIBKUMH KOMITOHEHTaMH, €IMHON MOJIEIH ONMCAHUS HE CYIIECTBY-
erT.

[lens paGoOThl — MOCTPOUTH TEPMOJIUHAMUUECKYIO MOJIEIb JIJIsi OMMMCAHKS CBOMCTB (pa3 M ux
paBHOBECHIl B cucTeMax, oOpa3oBaHHBIX BOAOH, (ocdaramu kambius, GpochopHON KHUCIOTOH B
IIUPOKOM WHTEpBAJIE TEMIIEPATyp W KOHIEHTpauui. J{Jsl JOCTHKEHHS MMOCTAaBICHHOM 1eH ObUTH
c(OpMyYIHPOBaHBI CIAEAYIOIINE 3aJa4i: TPOBECTH KPUTUUECKUN aHAIN3 JIMTEPATYPHBIX JaHHBIX I10
TEPMOJMHAMHYECKUM CBOMCTBaM (ha3 M WX PaBHOBECHSM B CHCTEMax Ha OCHOBE BOJBI, ocaToB
KaJblMsl U pochOpHON KUCIIOTHI; BHIOpATh TEPMOJIMHAMUYECKYIO MOJENb (a3; MPOBECTH ONTHMHU-
3allMI0 MapaMeTpPOB MOJEIH JUIsl pacuéra CBOWCTB (a3 U UX paBHOBECHIl B Ipeenax dKCIepUMEH-
TaJIbHOM MOTPEUTHOCTH.

Jns onmcanus xuakoil ¢asel Oblaa BeIOpaHa monenb [Iutuepa-Cumoncona-Knerra. EE
MPEUMYIIECTBAMU SIBIISIOTCSI OTHOCUTENILHO BBICOKAsi THOKOCTh U BO3MOYKHOCTBH OTMMCAaHUSI CBOMCTB
PacTBOpPOB B IIMPOKOM KOHIIEHTPAIIMOHHOM MHTEpBajie — OT OECKOHEYHO pa30aBIE€HHOTO pacTBOpa
710 HACBIIIEHHOTO.

CoOpaHnsbl IuTepaTypHbIE TaHHBIE O TEPMOJAMHAMHYECKUX CBOMCTBAxX (a3 M X PABHOBECHSIX
pactBopoB (hochopHOil KHCIOTH U (ocdaToB Kaibius. Pacy€THyio yacTh paOOTHI BBHIOIHSIIN B
nporpamMMHoil cpere MATLAB. OntuMuzanuio napaMeTpoB Mojeseil MpOBOAUIN HAa OCHOBE JIH-
TEpaTypHBIX JTAHHBIX 10 aKTUBHOCTSM KOMITIOHEHTOB. OmpeseneHbl mapaMeTpbl B3auMoJIeHCTBUMA
BBINIIEYKA3aHHBIX CHCTEM IPH KOMHATHOM TeMIepaType.

[Toka3aHo, YTO Ha OCHOBE MOJYYEHHBIX PE3yJIbTATOB MOXKHO PACCUUTHIBATH TEPMOIMHAMHU-
YECKHUE CBOMCTBA PacTBOPOB (HochOpHOM KUCIOTHI U (ochaToOB KaIbIUs B Mpeeiax dKCIepPUMEH-
TaJbHOM MOTPEUTHOCTH.
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Phase equilibria in the water-salt systems based on calcium phosphate
Galstyan A.A.
Supervisors: Ph. D., Associate Professor Kovalenko N.A.; eng. Novikov A A.

Biocompatible nanoceramics are actively used in the manufacture of medical devices. For
example, bioceramic implants help restore extracted or damaged teeth due to caries, which causes
demineralization of the inorganic part of the enamel under the influence of an acidic environment.
Of particular interest are bioceramic materials based on calcium phosphates, which are actively
used in dentistry and traumatology. The advantage of using these materials is the high similarity
with the chemical composition of the teeth and bones of mammals. A common problem in the field
of creating bioceramic implants, bone-ceramic matrices for the restoration of bone tissue defects, is
the extreme difficulty in achieving the optimal set of product performance characteristics, such as
the required composition, structure, stability and mechanical strength. Traditionally, the stability
parameters of such compounds are obtained empirically, obtaining a large amount of experimental
data for each type of raw material. A reasonable alternative that can significantly reduce time and
labor costs is the use of thermodynamic modeling. The thermodynamic models of such systems
proposed in the literature are usually limited to several components; there is no single description
model.

The purpose of this work is to construct a thermodynamic model to describe the properties
of phases and their equilibria in systems formed by water, calcium phosphates, and phosphoric acid
in a wide range of temperatures and concentrations. To achieve this goal, the following tasks were
formulated: to carry out a critical analysis of literature data on the thermodynamic properties of
phases and their equilibria in systems based on water, calcium phosphates, and phosphoric acid;
choose a thermodynamic model of phases; to optimize the parameters of the model to calculate the
properties of the phases and their equilibria within the limits of the experimental error.

The Pitzer-Simonson-Clegg model was chosen to describe the liquid phase. Its advantages
are relatively high flexibility and the ability to describe the properties of solutions in a wide concen-
tration range, from an infinitely dilute solution to a saturated one.

Literature data on thermodynamic properties of phases and their equilibria of solutions of
phosphoric acid and calcium phosphates are collected. The calculation part of the work was per-
formed in the MATLAB software environment. Optimization of the model parameters was carried
out based on literature data on the activities of the components. The interaction parameters of the
above systems at room temperature are determined.

It is shown that using obtained results it is possible to calculate the thermodynamic proper-
ties of solutions of phosphoric acid and calcium phosphates within the experimental error.
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[HosryyeHrne MUKPOCTPYKTYP € CYOMHUKPOHHOM NMEPHOTUIHOCTHIO
MeTo0oM AByXGoTonHoi 3D-neyaTu ¢ mocjaeayOUUM OT:KUTOM

Kysneyos A.C.

PykoBomurenu: k.¢p.-m.H., gou. Kmumonckuiéi C.O.; n.¢.-m.H., mpod. Buryxnos-
ckuit A.T'.

DOTOHHO-KPUCTAUTMYECKHUE CTPYKTYPHI ¢ TIOJTHOW — HAOII0IaeMOM IS BCEX HAINPaBICHHIMA
— (hOTOHHOM 3anpeEHHON 30HON MPEACTABISAIOT OTPOMHBIN UHTEPEC M1JIs1 KBAHTOBOM ONTHUKHU U (o-
TOHHUKH — TaK, JJI TAKAX MAaTEPUATIOB ObUIM TEOPETHUECKHU MpPEICKa3aHbl U — IS CIydas OMKHeH
NK-06macTi — 3KCIepUMEHTAIBHO MOKa3aHbl YHUKAJIbHBIE BO3MOKHOCTH KOHTPOJIS 32 UCITyCKAHH-
€M U paclpocTpaHeHueM u3nydeHus. K coxxanenuto, 3agada ux MoJaydeHUs IJsl BUAMMOM o0nacTtu
B HacTosllee BpeMs He pelleHa B 1nonHoil mepe. [locnennss tpeGyeT moiaydeHus CTPYKTYp C Iie-
PHOJIOM IMOPAJIKA HECKOJIBKMX COTEH HAHOMETPOB M3 BBICOKOMPEIOMIISIOUINX — BEPOSITHO, HEOpra-
HUYECKUX WJIN THOPHIHBIX — MaTepUaJIOB — U, MOCKOJIBKY MX IpPsIMOE M3rOTOBJIEHHE KpaiHe 3a-
TPYAHUTEIBHO, TEPCIEKTUBHBIM  BBITJISAUT IYTh  IOJYYEHHS TOAXOAAIIET0  (OTOHHO-
KPUCTANINYECKOT0 TEMIUIATA C MMOCIEAYIOIIUM HHBEPTUPOBAaHUEM MAaTEpHaIOM C BBICOKUM IOKa3a-
TEJEM MPEIOMIICHUS.

B cBs3u ¢ aTuM npuoOperaeT akTyaabHOCTh L€JIb Halleld paboThl — OIpezesieHle napameT-
pOB BYX(OTOHHOW JUTOTpaduH, MOAXOSAIMINX ISl U3TOTOBICHHUS BBICOKOKAYECTBEHHBIX (DOTOH-
HO-KPUCTANIMYECKUX TEMIUIATOB CO CTPYKTYPOH «IOJEHHHULBI» HA OCHOBE THOPUAHOTO (HOTOpE3U-
cTa OrmoComp®, U peXrMa TEMIIEPATYPHOI 00paOdOTKH, TIO3BOJISIONIETO JIOCTHYh B TAKHX CTPYK-
Typax cyOMUKPOHHOM MEPHOAMYHOCTH 0€3 X paspylieHus. Hamumu oCHOBHBIMM 337a4aMH sIBJISI-
JIACH: TIOTydeHHe 00pasIoB «IONEHHHMI» Ha ocHoBe OrmoComp® meromom mByxdoronHoil 3D-
[I€YaTH, JIEKTPOHHO-MUKPOCKOIIMYECKOE UCCIIEJOBAHNE N3TOTOBIEHHBIX CTPYKTYP C LIEJIBIO OIpe-
JIeJIeHUs] TIOIXOSAIIMX MapaMeTpoB MeYaTH U MPOSIBKU, OJ00p peXuMa TemrepaTypHoi oOpaldoT-
KU U OT)KUT 00pa31i0B B UHEPTHOM aTMoc(depe ¢ 1eNbI0 yMEHbIIEHUS X NEPHOA.

B Hammx »skcnepuMeHTax Oblla HCIONb30BaHa ycTaHoBKa Nanoscribe Photonics
Professional GT ¢ peMTocekyHIHBIM TUTaH-CaN(PUPOBBIM J1a3epoM (IJIMHA BOJIHBI — 0K0JIO 780 HM,
uiiHa umnynbca — 150 ¢c, yactora noBropenus — 80 MI'11); ckopocTh ABMKEHUS MOJJIOKKU IIPU
nedaty coctaBisiia 10 170 mxm/c. st mposiBKM 00pa3IoB MCIOIB30BAJNICS «CTAHAAPTHBIN» JBY-
CTa/MIAHBIA POTOKOI, COCTOSMIHH 13 20-MUHYTHOH BBLICpKKH B nposiBuTene OrmoDev® — cmecn
iPrOH u MDOK — u 30-cexyHIHOM, I YMEHbIICHUs Ae(OpMALUil TIPH BBICBIXAHHH — B JKUJIKOCTH
Novec 6100 (cmecu meTokcunepdTopdyTaHosia U MeTokcunepdTopuzoOyTaHosia) — JIM00 €ro mMo-
nbHIEPOBAHHAs BEpCHs, B KOTOPOi moce 10 munyT mposisku B OrmoDev® o6pasen mepemeria-
Csl B COCYJ C YHCTBIM NIposiBUTENEM, a cienyromue 10 MUHYT BBIACPKKUA MPOXOIuiIu mnoja Y-
nammoii. [TonoOpaHHbI HaMU peXUM TepMUYeCKONH 00pabOTKH BKIIIOYAJI, IPU MOCTOSIHHOM ITOTOKE
Ar B 20 mur/muH, HarpeB 10 550 °C co ckopocthio 0.5 °C/MUH U BBICPKKY NP MaKCHMAaJTLHOM
Temneparype B Teuenue 30 MuH.

B cnydae «cTaHmapTHOro» MpoOTOKOJa MOJydyeHUE KaueCTBEHHBIX CTPYKTYp OKa3alloch 3a-
TPYAHUTEJIBHBIM BBUY JedopMmaiiu o0pas3lioB, HalleYaTaHHBIX IPU CPEIHEH MOIIHOCTHU Jia3epa B
14 MBT 1 MeHbIIe, U TEHACHIIMU K 00pa30BaHUIO BMECTO MEPHUOIUUECKON CTPYKTYPHI CILIOIIHOTO
6J0Ka MaTepuaia Mpu MOUTHOCTH B 16 MBT 1 BbIlIe; Mpu 3TOM MPOTOKOJ C JAOMOJTHUTENbHOH Y D-
3aCBETKOM MO3BOJIMII MOJIYYUTh KaYECTBEHHBIE CTPYKTYpPBI B Auanazone ot 12.5 no 15 mMBT. B pe-
3yJIbTaTe€ OTXKHIra «IOJEHHHUIBI» pa3MepoM 25 Ha 25 MKM U BBICOTOH 25 MKM CKMMalUCh 0e3 BbI-
pPaXEHHBIX AepopMaliiii, HO UX BBICOTHI ObIO HEAOCTATOYHO Ui JOCTUKEHUS MU30TPOIHOTO CXKa-
THUS; aHAJIOTMYHBIE 00pa3iibl BBICOTOM 50 MKM, HAlpOTHUB, JOCTUTAIA U30TPOITHOTO CXKaTHs Ha OI-
pEleNEHHOM PACCTOSHUM OT IMOJUIOXKKH, HO, BBUAY HEAOCTATOYHOM MPOYHOCTH, B OOJbILEH WM
MEHBILIEH CTeNeH! MOoABEepraluch AedopMaly B BUIE «3aBaJMBaHUA» HaOOK. JlaHHas mpoliema
ObLa perieHa yBeIUICHHEM JIaTepaIbHBIX pa3MepoB CTPYKTYp a0 30 Ha 30 MKM — B TaKOM cllydae
«TOJICHHUIIBI» U30TPOIHO CKUMaNUCh B 2.05 — 2.4 pa3a, He UCIBIThIBAs Ae(opMariuii.
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TakuM 06pa3soM, HaMH OBLTH H3rOTOBJICHBI 0OPA3IIB «IOIEHHHI Ha ocHoBe OrmoComp”,

oTpezieNieHbl MapaMeTphl eYaTH U MPOSBKU, MO3BOJISIONINE MOTYYUTh KAU€CTBEHHbIE CTPYKTYPbI, U
MoI00paH PEeKUM TEPMUUYECKOW OOpaOOTKH, MO3BOJISIFOIIMNA JOCTUYh PABHOMEPHOTO CXATHs 00-
Pas3IoB C LEBI0 ModydeHus cyoMukpoHHoM (600 — 640 HM) MEpUOAMIHOCTH.
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Preparation of microstructures with submicron periodicity
by two-photon 3D printing followed by thermal annealing

Kuznetsov A.S.

Supervisors: Ph.D., Associate Professor Klimonsky S.0.; Ph.D., Professor
Vitukhnovsky A.G.

Photonic crystal structures with a complete (observable for all directions) photonic band gap
are of great interest for quantum optics and photonics4 for example, unique possibilities for control-
ling the emission and propagation of radiation have been theoretically predicted and, for the case of
the near-infrared region, experimentally shown for such materials. Unfortunately, the task of obtain-
ing them for the visible light is currently not completely solved. The latter requires the production
of structures with a period of about several hundred nanometers from highly refractive (probably
inorganic or hybrid) materials. Since their direct manufacture is extremely difficult, the way to ob-
tain a suitable photonic crystal template with subsequent inverting by a material with a high refrac-
tive index looks promising.

In this regard, the purpose of our work becomes relevant: to determine the parameters of
two-photon lithography suitable for the manufacture of high-quality photonic crystal templates with
a woodpile structure based on a hybrid photoresist OrmoComp® and a temperature treatment regime
that allows to achieve submicron periodicity in such structures without their destruction. Our main
tasks were obtaining samples of "woodpiles” based on OrmoComp® by two-photon 3D printing,
electron microscopic examination of manufactured structures in order to determine suitable printing
and development parameters, selection of temperature treatment mode and annealing of samples in
an inert atmosphere in order to reduce their period.

In our experiments a Nanoscribe Photonics Professional GT setup with a femtosecond tita-
nium-sapphire laser was used (wavelength — about 780 nm, pulse length — 150 fs, repetition rate —
80 MHz). Ehe speed of the substrate during printing was up to 170 microns/s. For the development
of samples, a "standard" two-stage protocol was used, consisting of a 20—minute exposure in the
OrmoDev ® developer (a mixture of isopropanol and methyl ethyl ketone) and a 30—second expo-
sure in Novec 6100 liquid (a mixture of methoxyperfluorobutanol and methoxyperfluorizobutanol)
to reduce deformations during drying, or its modified version in which after 10 minutes of devel-
opment in The OrmoDev® sample was moved to a vessel with a pure developer and the next 10
minutes of exposure were held under a UV lamp. The heat treatment mode selected by us included
heating to 550 ° C at a rate of 0.5 © C/min and holding at a maximum temperature for 30 minutes at
a constant flow of Ar at 20 ml/min.

In the case of the standard protocol obtaining of high-quality structures was difficult due to
the deformation of samples printed at an average laser power of 14 mW or less and the tendency to
form a solid block of material instead of a periodic structure at a power of 16 mW or higher. At the
same time, the protocol with additional UV illumination allowed to obtain high-quality structures in
the range from 12.5 up to 15 mW. As a result of annealing, woodpiles with a size of 25 by 25 mi-
crons and a height of 25 microns were compressed without pronounced deformations, but their
height was not enough to achieve isotropic compression; similar samples with a height of 50 mi-
crons, on the contrary, achieved isotropic compression at a certain distance from the substrate, but,
due to insufficient strength, they were deformed. This problem was solved by increasing the lateral
dimensions of the structures to 30 by 30 microns — in this case, the woodpiles were isotropically
compressed by 2.05 — 2.4 times without deformations.

Thus, we made samples of woodpiles based on OrmoComp®, determined the parameters of
printing and development which allow to obtain high—quality structures, and selected a heat treat-
ment mode that allows to achieve uniform compression of samples in order to obtain submicron
(600 - 640 nm) periodicity.
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IMoayuyenue u craduauzanus yactug LiMnPO,4 ¢ moMomib10 BbICOKO- M
HU3KOMOJIEKYJISIPHBIX IOBEPXHOCTHO-AKTUBHBIX BelIECTB

Ceunues A.K.

PykoBoautenu: a.x.H., npod. Taxxubaera C.M.; k.x.H., noi. poxxkun O.A.

AKTyaJbHOCTb MCCIIEJOBAHUS CBSI3aHAa C TE€M, YTO COBPEMEHHbIE pa3pabOTKHU B 00JacTh ak-
KyMYJISITOPHBIX OaTapeid MMPOKO UCTIONB3YIOTCS JJIS IPUIIOKEHUH ¢ HU3KUM SHEPronoTpedieHueM
M B OCHOBHOM OTPAaHMYEHBI UX YJIEIbHOU IJIOTHOCTHIO TOKa 10 150-200 MAy4 rt [Tpobnemy orpa-
HUYEHHOH yJIeIbHOW €MKOCTH MO>KHO PEIIUTh 34 CUET BHEIPEHUSI HOBBIX MaT€pHAJIOB U KOHCTPYK-
LUI aKKyMYJISITOPOB C BBICOKOM €MKOCTBIO. B ymreparype ykasplBaeTcs Ha MPUMEHMMOCTD UL
storo LiMnPO, (JIMII), oqHaKo YacTUIBI 3TOTO BEIIECTBA CKJIOHHBI K CIHMITAHUIO. B 3TOW CBsI3u
OYEeHb BAXXHO COXpPaHEHUE IUCIIEPCHOCTH MostyyaeMbIX yactul LiMnPOy,

Llens uccnenoBanus - CHHTE3 JUCTepcHbIX YacTi LiMnPO,, cTabuan3npoBaHHBIX BBICOKO-
U HU3KoMouleKyJsipHbIMH [TAB. [t 3Toro He06XoMMO pelMTh 3afayi: cTaOUIN3alMU CUHTE3H-
pyembix gactuil LiMnPOy . momomipio [TAB pa3nuyHoil mpupobl; CpaBHUTEIBHOTO aHAIN3a CTa-
OUIIM3UPYIOILETo JIeHCTBHSI aHUOHHOTO, KATHOHHOTO ¥ HenoHHoro [TAB.

JUis OCTIKEHUS 3a7a4 TAHHOTO WCClieoBaHus HeoOxonauMma crabunmusarus JIMII ¢ momo-
uipto: kaTuoHHOro [TAB - nerunnupununus 6pomuaa (I1X), annonnoro [TAB - nonenuncynbda-
ta Hatpus ([AJIC) u momumeproro nHenonunoro I1AB - mnonmdtunenrnukons (I1210). dns Bei6opa
metoaa cuHreza LiMnPOy4 npoBeneH 0030p JiuTepaTypbl 10 CUHTE3Y 3TOM COJIM U B KauecTBE Hau-
0oJsiee ONTUMAIBHOTO BBIOPAH THIPOTEPMAIIbHBIA METOJ. B KauecTBe OCHOBHOTO METOAA OICHKH
crabuinsupytomero aeiicrsus [IAB BbiOpana ckanupyromias 31aekTpoHHas Mukpockonus (COM) u
onpeereHue pa3mepa yactuil (Z-caitzep).

Jns BeisscHenus BiusiHus [IAB Ha oOmiee cocTosiHME YacTHUI] TPOBEEHBl  SKCIIEPUMEHTHI 10
cuaresy  uactun LisPOs m LiMnPO, B npucyrcteun HIIX, J/JIC u IIOI' koHIEHTpanun 10"
MOIB/1T, TO ecTh Hike nx KKM, i 10™ ocroBo-Moms/m TTAT. DNEKTPOHHO-MUKPOCKOIIMYECKUE HC-
cienoBanue nmoiydeHHbIx yactull LiMnPO4 nokasano, uro Hanbosiee BhICOKUI A dekT crabunuza-
1un Habmoaaercs B cirydae LIIIX. Dto moxer ObITh pe3ynbTaToM ajacopbunu [TAB Ha nmoBepxHo-
CTH CUHTE3MPYEMBIX YaCTHI] U 00pa30BaHUS HAa HUX MOHOMOJIEKYJIIPHOrO 3amuTHOro cios I1AB,
MPEMSTCTBYIOUIETO UX ciMmaHuio. B cioyuyae anmonHoro H ITAB - JIJIC momydaroTcss 4acTHIIbI
UTOoJIb4aToON (POpPMBI U 3/1€Ch TPYAHO CYAUTHh O cTadmiIu3upyomeM aeiictsuu Monekyn [TAB n3-3a
Hanoxenus kiactepos JIMII npyr Ha apyra. [Ipu ucnons3oBanun B kadectse 1IAB nonumepHoro
areHTa mnoJiyyaeTcsi 6ojee paBHOMEpHOE pacmperenenre yactull. [lonyueHue aekpoaHol MaTpu-
IIbl HA OCHOBE CTAOMJIM3UPOBaHHBIX (hopM iMTHiIMapranerdochaTa mokaszaio, 4To Mocie 3ayrie-
POKMBAHUS UX TTOBEPXHOCTEH HanboJyiee paBHOMEPHOE HAaHECEHUE YTiepo1a Ha moBepxHOCTh JIMII
HabmroaeTcs B ciyvae yacTuil, oopadoranusix LITX.

Taxum o6pazom, ucnonp3oBanue LIIX, JI/IC u I191" obecieunBaeT cTabMIM3AINIO TUCTIEPC-
HbIX yacTull LiMnPO4. CpaBHuUTENbHBIN aHanu3 ctabunnsupytomiero aeictsus [IAB nokasai, uyto
HauOosee r3ppexTuBHBIM 1 cTabunuzanuu yactuil JIMIT okazanocek katrnonnoe [TAB - IITX. OTo
MOKHO OOBSCHUTH OPHEHTAIMEN HapyKy U BBICOKOM THAPO(POOHOCTHIO YIIIEBOIOPOTHOIO pajiuKa-
J1a, UMEIOIIETO B CBOEM COCTaBE MUPUIMHHUEBYIO TPYIITY, TO €CTh HEIMHEHHOCTHIO CTPOEHUS paJiu-
Kana.

Myoauxamuu cryaenra (http://istina.msu.ru/profile/Adilkhan/):
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Synthesis and stabilization of LiMnPO, particles using
high- and low-molecular-weight surfactants

Seipiyev A.K.

Supervisors: Doctor of Chemical Sciences, Professor Tazhibaeva S.M.; Ph.D., Asso-
ciate Professor Drozhzhin O.A.

The relevance of the study is due to the fact that modern developments in the field of batter-
ies are widely used for applications with low power consumption and are mainly limited by their
specific current density up to 150-200 mAh g. The problem of limited specific capacity can be
solved by introducing new materials and designs of batteries with high capacity. The literature indi-
cates the applicability of LiMnPO, (LMP) for this, but the particles of this substance are prone to
sticking together. In this regard, it is very important to preserve the dispersion of the obtained
LiMnPQO, particles.

The aim of the study is the synthesis of dispersed LiMnPQO, particles stabilized by high- and
low-molecular surfactants. To do this, it is necessary to solve the following tasks: stabilization of
synthesized LiMnPO, particles using surfactants of various nature; comparative analysis of the sta-
bilizing effect of anionic, cationic and nonionic surfactants.

To achieve the objectives of this study, it is necessary to stabilize the LMP using: cationic
surfactant - cetylpyridinium chloride (CPC), anionic surfactant - sodium dodecyl sulfate (DDS) and
polymer nonionic surfactant - polyethylene glycol (PEG). To select a method for the synthesis of
LiMnPQ,, a review of the literature on the synthesis of this salt was conducted and the hydrother-
mal method was chosen as the most optimal. Scanning electron microscopy (SEM) and particle size
determination (Z-sizer) were chosen as the main method for assessing the stabilizing effect of sur-
factants.

To clarify the effect of surfactants on the general state of particles, experiments were carried
out on the synthesis of LizPO4 and LIMnPO, particles in the presence of CPC, DDS and PEG con-
centrations of 10 mol/l, that is, below their CMC, and 10™ basic mol/l PEG. Electron microscopic
examination of the obtained LiMnPO, particles showed that the highest stabilization effect is ob-
served in the case of CPC. This may be the result of the adsorption of surfactants on the surface of
the synthesized particles and the formation of a monomolecular protective layer of surfactants on
them, preventing their adhesion. In the case of anionic h surfactant - DDS, needle-shaped particles
are obtained and it is difficult to judge the stabilizing effect of surfactant molecules here due to the
superposition of LMP clusters on each other. When using a polymer agent as a surfactant, a more
uniform particle distribution is obtained. Obtaining an electrode matrix based on stabilized forms of
lithium manganese phosphate showed that after carbonizing their surfaces, the most uniform depo-
sition of carbon on the surface of the LMP is observed in the case of particles treated with CPC.

Thus, the use of CPC, DDS and PEG provides stabilization of dispersed LiMnPO, particles.
A comparative analysis of the stabilizing effect of surfactants showed that the most effective for
stabilizing LMP particles was the cationic surfactant - CPC. This can be explained by the outward
orientation and high hydrophobicity of the hydrocarbon radical, which has a pyridinium group in its
composition, that is, the nonlinearity of the structure of the radical.
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Biusinue TMIIA OPraHUYeCKUX MPEKYPCOPOB HA OCHOBE CAXapoB HA
CBOIicTBA HerpaUTHU3NPYEMOIO0 YIiiepoaa Kak aHOAHOI0 MaTepuaJja
JJI51 HATPUH-HOHHBIX AKKYMYJISITOPOB

Anocmonosa M.O.

PykoBoguTenu: K.X.H., B.H.c. [Ipoxoxun O.A. ; Ben. unx. boosnéna 3.B.

B oGnactu aBTOMOOMIIECTPOEHUS U CTALIMOHAPHBIX HAKONUTENEH SHEpruy HaTpUil-MOHHbIE
AKKyMYJIATOPBI SIBJIIFOTCSI NE€PCIEKTUBHOM 3aMEHOM JUTHI-MOHHBIM AKKyMYJIATOpaM, IO3TOMY
CO3JlaHME aHOJHBIX MaTepHAJIOB SBJISIETCS BaXKHOM M aKkTyalbHOM 3ajaueil. B otinuuune ot rpadura,
IIPUMEHSIEMOI'0 B KaueCTBE aHOAHOI'O MaTepualia Jisl JUTUI-UOHHOTO aKKyMYJIsiTOpa, TBEPAbIN yI-
JIepoJl SIBJISIETCS. OCHOBHBIM KaHAMJAaTOM Ha HMCIOJIb30BAHUE B KAUECTBE aHOJA B aKTUBHO pa3pada-
THIBAEMOM TEXHOJIOTMHM HATPUK-MOHHBIX aKKyMYJIATOPOB. TBEpIBIA yriepoa OTINYAeTCs BBICOKON
€MKOCTBIO JUIs HaTpus - Bbile 250 MAY/T, IpOCTOTOM CHUHTE3a U 0OWiIMeM mpekypcopoB. Tum mpe-
Kypcopa, a TaKK€ METOJ CHHTE3a OKa3bIBalOT 3HAUYMTEIbHOE BIUSHUE HA AJIEKTPOXUMUYECKUE
CBOWCTBa TBEPJOro YIiepoja, MOITOMY MOUCK ONTHUMAJIbHONM METOJUKH CHUHTE3a SBISETCSA aKTy-
QIBHOM 3a7a4ueH, 4TO JTaeT BO3MOXKHOCTH 1o100pa Hanbosee 3¢ (HeKTUBHON TEXHOJIOTUH CUHTE3A.

Ilenbro paboOTHI ABISUIOCH UCCIIEAOBAHKUE BIMSHUS IPEKypcopa U TEMIIEPaTypHOro pexuma
KapaMmeJn3aly Ha JIEKTPOXUMUYECKUE CBOICTBA TBEPJIOTO YIJIEpoAa B KaueCTBE aHOAHOIO MaTe-
puana Juis HaTpUiH-HOHHBIX aKKYMYJISATOPOB.

[l aToro nosydanuch oOpasibl TBEPAOTO YIJIEpoJia U3 YEThIPEX IMPEKYpPCOPOB: IIIIOKO3a,
dpykTO3a, caxaposa, JaKkTo3a B pexume TemmeparypHoit oopadorku 200°C - 1300°C, 250°C -
1300°C, 300°C - 1300°C, 350°C - 1300°C, rne nepBoe TeMIepaTypHOE 3HAYEHHE - TEMIIEpaTypa
KapaMmeHu3aluy, BTOpoe 3HaYeHue - Temreparypa kapoonuzanuu. Jlagee oOpasiubl HCCIIeI0BAINCH
70 U Tociie KapOOHU3aIMK METO/JaMHU: TePMOTPaBUMETPUUYECKHM aHAIM30M, TU(epeHInanbHON
ckanupytoueil kanopumerpueit, UK-cnekrpockonueii ¢ npeoOpazoBanuem ®dypre, CHNO »ie-
MEHTHBIM aHAJIU30M, PaMaHOBCKOH CIEKTPOCKONMUEH, pacTpOBON 3JIEKTPOHHONM MUKPOCKOIHEH.
Omnpenenenre 3JIEKTPOXMMHUYECKMX CBOMCTB METOJIaMU  TajbBaHOCTATUYECKOIO  3apsiAHO-
pa3psIHOrO UKIMPOBAHUS B MOJIysUeiiKe ¢ METAIUIMYECKUM HaTpUEM.

TepmorpaBumerpuueckuii ananus, MK-crekTpockonus M 3J€MEHTHBIN aHajau3 MO3BOJISIOT
BBISIBUTH PA3HUILy B IIyOMHE NMPOTEKaHWs KapaMmenu3aluu. BeIsBIEHO, YTO TBEpIbId yriepoJ] Ha
OCHOBE Pa3HbIX YIJIEBOJIOB UMEET Pa3IU4HYI0 MOP(}OIOTHIO.

IToka3zaHo, 4TO Jy4lIre 3Ha4YeHUs eMKOCTH (J10 356 MAU/T) U KyJTOHOBCKOH 3(PPEKTUBHOCTH
(83%) mmeroT aHOAHBIE MaTepHalibl U3 (PYKTO3BI, MOJIYYCHHBIC TIPU TEMIIEpaType ee mpenoodpa-
6otku 300°C.
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Influence of the type of organic precursors based on sugars on the
properties of non-graphitizable carbon as an anode material
for sodium-ion batteries

Apostolova M.O.

Supervisors: Ph.D., Leading Researcher, Drozhzhin O.A.; Leading Engineer
Bobyleva Z.V.

In the automobile industry and stationary energy storage, sodium-ion batteries are a promis-
ing replacement for lithium-ion batteries, that’s why the creation of anode materials is an important
and urgent task. Unlike graphite, which is used as an anode material for lithium-ion batteries, hard
carbon is a prime candidate for use as an anode in the rapidly developing sodium-ion battery tech-
nology. Hard carbon has a high capacity for sodium - above 250 mAh/g, ease of synthesis, and an
abundance of precursors. The type of precursor, as well as the synthesis method, have a significant
effect on the electrochemical properties of hard carbon, so the search for the optimal synthesis tech-
nique is an urgent task, which makes it possible to select the most efficient synthesis technology.

The aim of the work was to study the effect of the precursor and the temperature regime of
caramelization on the electrochemical properties of hard carbon as an anode material for sodium-
ion batteries.

For this, hard carbon samples were obtained from four precursors: glucose, fructose, su-
crose, lactose in the temperature treatment mode 200°C - 1300°C, 250°C - 1300°C, 300°C -
1300°C, 350°C - 1300 °C, where the first temperature value is the caramelization temperature, the
second value is the carbonization temperature. Further, the samples were studied before and after
carbonization by methods: thermogravimetric analysis, differential scanning calorimetry, Fourier
transform IR spectroscopy, CHNO elemental analysis, Raman spectroscopy, scanning electron mi-
croscopy. Determination of electrochemical properties by methods of galvanostatic charge-
discharge cycling in a half-cell with metallic sodium.

Thermogravimetric analysis, IR spectroscopy and elemental analysis reveal differences in
the depth of caramelization. It was revealed that hard carbon based on different carbohydrates has
different morphology.

It is shown that the best values of capacity (up to 356 mAh/g) and Coulombic efficiency
(83%) are found in fructose anode materials obtained at its pretreatment temperature of 300°C.
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OnHoMepHbIe (POTOHHBIE KPUCTAJJIBI U ONITHYECKHUE
MHUKPOPE30HATOPbI HA OCHOBE AHOITHOT0 OKCH/IA TUTAHA

benoxozenxo M.A.

PykoBoauTenu: K.x.H., H.c. CanoneroBa H.A.; k.X.H., H.c. Kymaup C.E.

@doToKaTaIUTUYECKHE MPOLECCHl MPHUBIIEKAIOT OO0JIbIIOE BHUMaHHUE Ojarojgaps BO3MOXKHO-
CTH UX HCIIOJIb30BAHUS JJI1 OYMCTKU OKPY’KAIOLIEH Cpeibl OT OPraHUYECKUX 3arps3HSIOLINX Be-
mectB. OnHomepHsie poToHHbIe KpucTaLIbl (PK) Ha ocHOBe aHoHOTO OKCcHaa TuTaHa (AOT) Mo-
I'yT pacCMaTpUBAThHCS B KaueCTBE MEPCIEKTUBHBIX (pOTOKAaTann3aTopoB Oiarogaps HAIMYUIO B Ta-
KHX CTPYKTypax (poToHHBIX 3ampeméHHbIX 30H (P33), Ha Kpasx KOTOphIX HaOmomaercs dddexr
«MEIJICHHOTO CBETa». DTOT 3P deKT obecrneunBaeT 6onee 3(HEeKTUBHOE B3aMMOICHCTBHE CBETA C
BEIIECTBOM, YTO MOXKET OBITh MCIIOJB30BaHO Ul YBEIMYEHHUS (OTOKATAIUTUYECKONH aKTUBHOCTHU
marepuana. [lyrém BBenenus aedexra B crpykrypy @K Bo3MOXHO 00pa3oBaHHE ONTHYECKHX MHUK-
pope3oHaTopoB (OM) — CTpyKTyp, B KOTOPBIX CBET JIOKAJIM3YEeTCs BHYTPU MaTepHaia, 4To TaKxke
MOJKET CITIOCOOCTBOBATH YBEIWYCHHUIO 3()(HEKTUBHOCTH B3aUMOJICHCTBUS CBETA ¢ BemecTBoM. OHa-
KO B HaCTOslIee BpeMsl OTCYTCTBYET IIPOCTOM, MaciuTabupyemblii U TouHbIN MeToA nonydeHuss K
1 OM Ha ocHoBe nopucthIX WIEHOK AOT ¢ 3aJaHHBIMU ONTUYECKUMHU XapaKTEPUCTUKAMHU.

Llenbto pabothl sBisercs nonydenue @K u OM Ha ocHoBe AOT ¢ pazauyuHbBIM CIIEKTpalib-
HBIM TTOJIOKEHHEM XaPaKTEPUCTUUECKHUX ITMKOB U UCCIIEIOBaHUE (DOTOKATATNTHIECKON aKTUBHOCTH
MOJIyYEHHBIX MaTepuayioB. [ JOCTHIKEHUS] NOCTaBJIEHHON LENH HEOOXOAMMO OBLIO BBIOJHHUTH
cienyromue 3anadu: 1) uccneaoBaTh BIUSHUAE aHOAHOW mossipu3anuu Ha nonoxkeHue @33 OK Ha
ocHoe AOT; 2) nonyuuts OM Ha ocHoBe AOT nyrtém BBenenus nepekra B ctpykrypy @K; 3) mo-
ayuntb @K ¢ paznnyabv nonoxxenrneMm @33 u uccaenoBarh uX (HOTOKATATUTHYECKYIO aKTUBHOCTb.

s cunre3a ogHoMepHbIXx PK Mcnonb30Banyu METo aHOJHOTO OKUCIIEHUSI TUTaHA B DJIEK-
TPOJUTE HA OCHOBE ITWICHTIIMKOJS, conepxkamiem 0,09 M NH4F, 0,09 M CH3;COONH; u 1,2 M
H,0, npu temneparype 30 + 0,3 °C. [lng co3maHusi NEpUOJUYHOCTH CTPYKTYPBI HCIOJIb30BAIH
MPsIMOYTOJIbHBIN Tpoduiib 3aBucuMocTy HanpspkeHus (U) B auanazone 50 — 70 B ot 3apsna aHo-
aupoBaHus (Q). 3aTeM B AJIEKTPONUTE aHOJUPOBAHUS MPOBOAMIM AaHOAHYIO HOJSPU3ALUIO MOJTY-
yenHblx DK, nmpuknanpBas mocrostHHOe HampspkeHne B aumamnaszone 35 — 150 B. OM Ha ocHoBe
AOT OblIH NOTy4eHBI MyTEM BBEJCHUS cBUTA (hazbl MPSIMOYTOJILHONW BOJIHBI HAa T B IPOQHIIb aHO-
nupoBanuss @K. Ha nmocnennemM stane cuHTe3a, 00pasiibl OTXKUTAIM Ha BO3yXe NPH TEMIIEpaType
450 °C B Teuenue 2 yacoB. M3mepenue GpoTokataiuTHIecKoi akTUBHOCTH 00Pa310B MPOBOIMIN O
peakuuu (OoTOopas3NoKEeHUsT MOJEIBHOIO KPACUTENsT METHJIEHOBOTO CHUHETO IMOJ ACHCTBUEM BUAU-
Moro cetra U Y ®-uznyuenus (365 Hm).

beun nomydens! oOpasipl @K Ha ocHOBe mopucToro anarasa c nojoxeHuem nepsoit @33 B
uHTepBane oT 435 no 1283 HM npu 3anoaHEHUM NOp BOJOW. J[aHHBIE ONTUYECKON CIIEKTPOCKOIHMH
MOKA3bIBAIOT, YTO YEM BBIIIE TOCTOSTHHOE HANpsbKEHUE B Ipoliecce aHoAHOM nosspuzannu OK, tem
obicTpee casuraercs @33 B obnacte Gojee KOpOoTKHUX MH BoJH. Koadduuumentsr 1o6poTHOCTH
nonydeHHbIX OM Ha ocHoBe AOT HaxonsTcs B nuanazone 3HadeHud 10,6 — 18,7. Ilox aerictBuem
Y®-uznydyenuss ¢porokatamuTuyeckass akTuBHOcTh @K, nmerommx ®33 B nuana3zoHe AJIUH BOJH
407 — 463 HM, BBIIIC TIO CpaBHEHHMIO ¢ HaHOTpyOkamu AOT, He 00JIATAIONIMMK TTEPHOIMISCKON
CTPYKTYPOM.

YBenuueHre IIOTHOCTHU 3apsijia, IPOTEKAIOLIEro BO BpeMsl aHOJHOW MOJISIpU3alluy U Ha-
npsokeHusx 35 — 60 B, B mepBoM npubImkeHUH MPUBOAUT K TMHEHHOMY CABUTY mosioxkeHust @33 B
obmacTe 0oJiee KOPOTKUX JUTMH BOJIH. DTOT 3P (HEKT MOXKET OBITh MCIONB30BaH it cuHTe3a OK ¢
3agaHHbIM nonoxkeHneM @®33. Ilytém BBenenus nedexra B crpykrypy @K Bnepsbie B Mupe Obun
noydeHsl OM Ha ocHOoBe AOT. MakcumanpHyI0 (POTOKATAUTUTUUECKYIO aKTUBHOCTh MPU 00JTyde-
Hun Y @-uznydenuem nokaspiBatoT OK, ogna n3 @33 KOTOpBIX HaXOIUTCS BOJIM3U AIIEKTPOHHOH
3anpeniéHHON 30HbI aHaTa3a.
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One-dimensional photonic crystals and optical microcavities
based on anodic titanium oxide

Belokozenko M.A.
Supervisors: Ph.D., Researcher Sapoletova N.A.; Ph.D., Researcher Kushnir S.E.

Photocatalytic processes are attracting a lot of attention due to the possibility of using them
to clean the environment from organic pollutants. One-dimensional photonic crystals (PhCs) based
on anodic titanium oxide (ATO) can be considered as promising photocatalysts due to the presence
of photonic band gaps (PBGS) in such structures, at the edges of which the “slow light” effect is ob-
served. This effect provides a more efficient interaction of light with matter, which can be used to
increase the photocatalytic activity of the material. By introducing a defect into the structure of a
PhC, it is possible to obtain optical microcavities (OMs). OMs — the structures in which light is lo-
calized inside the material, which can also increase the efficiency of the interaction of light with
matter. However, at present, there is no simple, scalable, and precise method for obtaining PhCs and
OMs based on porous ATO films with desired optical characteristics.

The aim of this work is to obtain PhCs and OMs based on ATO with different spectral posi-
tions of the characteristic peaks and to study the photocatalytic activity of the obtained materials. To
achieve this goal, it was necessary to perform the following tasks: 1) to study the effect of anodic
polarization on the position of the PBG of PhC based on ATO; 2) to obtain OMs based on ATO by
introducing a defect into the PhC structure; 3) to obtain PhCs with different PBG positions and
study their photocatalytic activity.

One-dimensional PhCs were synthesized using the anodizing of titanium in an ethylene gly-
col-based electrolyte containing 0.09 M NH4F, 0.09 M CH3COONH4,, and 1.2 M H,0 at a tempera-
ture of 30 + 0.3 °C. To create a periodicity of the structure, a square wave profile of the dependence
of voltage (U) in the range of 50—70 V on the anodizing charge (Q) was used. Then, the anodic po-
larization of the obtained PhCs was carried out in an anodizing electrolyte by applying a constant
voltage in the range of 35-150 V. ATO-based OMs were obtained by introducing a phase shift of a
square wave by 7 into the PhC anodization profile. At the last stage of synthesis, the samples were
annealed in air at a temperature of 450 °C for 2 hours. The photocatalytic activity of the samples
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was measured by the photodegradation reaction of the model dye methylene blue under the visible
and UV illumination (365 nm).

PhC samples based on porous anatase were obtained with the position of the first PBG in the
range from 435 to 1283 nm when the pores were filled with water. Optical spectroscopy data show
that the higher the DC voltage during PhC anodic polarization, the faster the PBG shifts to shorter
wavelengths. The quality factors of the obtained OMs based on ATO are in the range of 10.6-18.7.
Under the action of UV radiation, the photocatalytic activity of PhCs with PBGs in the wavelength
range of 407-463 nm is higher compared to ATO nanotubes that have no periodic structure.

An increase in the charge density flowing during anodic polarization at voltages of 35-60 V
leads, in the first approximation, to a linear shift in the position of the PBG to shorter wavelengths.
This effect can be used to synthesize a PhCs with a given PBG position. By introducing a defect
into the PhC structure, ATO-based OMs were obtained for the first time in the world. The maxi-
mum of photocatalytic activity upon illumination with UV radiation is shown by PhCs, one of the
PBGs of which is located near the electronic band gap of anatase.

XuMu4eckoe 0CaKIeHue TOHKUX IVICHOK HUKEJIATOB U (peppuToB
peaKo3eMebHbIX 3JIEMEHTOB U3 PACTBOPOB JIAKTATOB METAJLJIOB

Tawwueynnun P.A.

PykoBoauTens: kK.X.H., ¢.H.c. LlpimO6apenko /.M.

B coBpemeHHOM MHpe KOJoccaibHOE€ BHHUMAHHUE YACNSETCS Pa3BUTHUIO HOBBIX TEXHOJIOTUN
MIPOU3BOJICTBA (PYHKIIMOHAIBHBIX MAaTEPUAIOB B BHJIC TOHKUX TUICHOK. METO XHMHYECKOTO OCaXk-
nenust u3 pactBopoB (MOCSD) xapakTepu3yercs BHICOKOH BOCIPOM3BOJAUMOCTHIO, TEXHHUECKON
MPOCTOTOH U AP(PEKTUBHBIM KOHTPOJIEM COCTaBa M TOJIIIMHBI TIOTy4aeMbIX TOKPBITHIH. OHAKO IS
MOCSD Ttpebyetcst pa3zpaboTka CTaOMIBHBIX PACTBOPOB-NIPEKYPCOPOB Ji KaXKIAOTO BEIIECTBA.
OCHOBHBIMU MPOOJIEMaMH Ha 3TOM IyTH CTAHOBSITCS HECMAaYMBAHUE PACTBOPOM IOJIONKKH, CITHIII-
KOM BBICOKasi TemIepaTypa TepMojun3a, 00pa3oBaHHe MOOOUYHBIX MPOAYKTOB, TAKHX KaK yIrJIepo.l
WU KapOOHATHl METAJUIOB, U OTpPaHUYEHHAs PACTBOPUMOCTb, MPUBOAIIAS K KPUCTALTUZAINHI HC-
XOJHBIX COSMHEHUI U HEOJHOPOTHOCTH MOTYYaeMBIX TUICHOK.

[lenpro maHHOW pabOTHI SABISAETCA pa3pabOTKa YHUBEPCATHHOW TEXHOJOTUH HAHECEHUS OK-
CUJIHBIX MIOKPBITUN OMPEEIEHHOTO COCTaBa, TOMIIMHBI U CTPYKTYPHI Ha PUMEPE SMUTAKCUATBHBIX
HukenatoB U gepputoB P33. i 3TOoro HE0OX0AUMO, BO-TIEPBHIX, BOCIIPOU3BOAMMO CHHTE3HPO-
BaTh U M3YyYUTh COBMECTUMOCTh Ha0Opa BECOBBIX KOMIIOHEHTOB JUIS JIOOBIX PACTBOPOB, BapbHPO-
BaHUEM ITapaMEeTPOB HAHECCHHS W OT)KHUTA JOOUTHCS HYKHOW CTPYKTYphl MaTepuaia M MPOBECTH
MU3MepeHUs] HEOOXOAMMBIX CBONCTB.

Jnst pemieHust 3TUX MpooIeM B COCTaB paCTBOPOB B M3OTPOITUIIOBOM CITUPTE BBOJST AUITH-
JEHTPUAMUH: OH HE TOJBKO CIIOCOOCTBYET CTaOMIN3aIllMU PACTBOPA M JOCTIIKEHUIO HEOOXOAMMBIX
KOHIICHTpAIlU KOMIIOHEHTOB, HO M TIOHIKAET TEMIEPATYPy OKOHUATEIHLHOTO PA3JIOKEHHS U TOMO-
TeHU3UPYET CUCTEMY Ha BCEX CTAJMSIX 32 CUET MPOUCXOJIAIIETO U3-32 B3aUMOACUCTBUS CO CIIEAaMU
BOJBI BO BpPEMs CYIIKH THAPOJIA3a, MPEIOTBPATHUTh KOTOPHIM 10 Hadaja MUPOJIH3a TO3BOJISIET
MPOYHOCTH 00pa3yeMbIX MOJIOYHOM KHUCIOTOM ¢ KAaTHOHAMH METAJUIOB XEIaTHBIX KOMILUIEKCOB. Mo-
JIOYHAsI KUCJIOTa MPEACTABISIET COOOM O-THAPOKCHUIIPOIIMOHOBYIO KHUCIOTY M CYIIECTBYET B BHJIC
JIBYX ONTHUYECKHX M30MEpOB: JNaHHas pabora mocssmieHa L(S)-MONIOYHON KUCIOTE U €€ CONsIM —
JIaKTaTaM, KOTOPhIE€ BMECTE C MOJISIPHBIM (PparMEHTOM conepikKaT Takxke anu(paTHIECKyI0 METHIIO-
ByIO Tpymimy. IMEHHO JaHHas 0COOCHHOCTH MO3BOJSIET MCIONIb30BaTh JAKTAThI (B CMECH C AMITH-
JICHTPUAMUHOM M MU30MPONHIOBBIM CIIUPTOM) B KaU€CTBE YHUBEPCAIBHBIX PACTBOPOB-TIPEKYPCOPOB
s MOCSD. Kpome toro, L-monounast kuciora obnagaeT HU3KOM ce0ECTOMMOCTBIO U OHOCO-
BmectuMa, ucnonbzyercs B TALSPEAK-npouiecce, B cocraBe koHTpacTHbIX areHTOB ais1 MPT, a
€e CoJM — Kak 0Mo100aBKH U KaTaanu3aTophl IIPH MPOU3BOICTBE MOIMITAKTH/IA.
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[Monydyennsie coeaunenusi M(L-Lact),(H20), Obutn oxapaktepusoBanbl TI'A, HK-
crnektpomerpueit, POA u PCA, u ycniemHo npuMeHeHbl 1Jis IPUTOTOBICHUS] paCTBOPOB, U3 KOTO-
peix mMerogoM MOCSD Ha monokpuctanbHbie momtoxku (STO(001), LAO(001), YSZ(111)) u
ruoKue JeHTHI ¢ reTepocTpykTypoit (LAO(001), LMO(001), MgO(001), xactemnoit C276) Obu1 Ha-
HECEH psijl MePOBCKUTONON00HBIX okcuaHbIX MarepuanoB (LaNiO3-SmNiO3, GdFeOs, LuFeO3 u
T.J.) B BUJ€ TOHKUX IJICHOK, JUUIsl YACTH KOTOPBIX MMOKa3aHa AMUTAKCHAIbHOCTD.

Takum oOpa3oM, Ha 6a3e JAKTATOB IS CIOKHBIX OKCHIOB PEIKO3EMENbHBIX U HEKOTOPBIX
MEPEXO/IHBIX METAJIJIOB B JIFOOOM COOTHOIIEHHUU MOKET OBITh JIOCTHUTHYTO MOJYyYE€HUE OPHUEHTUPO-
BaHHBIX TUJICHOK.
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Chemical solution deposition of thin films of rare-earth nikelates
and ferrites from metal lactates

Gashigullin R.A.
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In the modern world, tremendous attention is paid to the development of new technologies
for the functional materials production in the form of thin films. The method of chemical solution
deposition (MOCSD) is characterized by high reproducibility, technical simplicity and effective
control of composition and thickness of the resulting coatings. However, MOCSD requires the ob-
taining of stable precursor solutions for each compound. The main problems in this way are the
substrate non-wetting by the solution, too high thermolysis temperature, the formation of by-
products such as carbon or metal carbonates, and limited solubility, leading to crystallization of the
starting compounds and inhomogeneity of the resulting films.

The aim of this work is to develop a versatile technology for the oxide coatings deposition
of a certain composition, thickness and structure on the example of REE nickelates and ferrites. To
do this, it is necessary, firstly, to reproducibly synthesize and study the compatibility of a weight
components set for any solutions, to achieve the required structure of the material by varying the
deposition and annealing parameters, and to measure the required properties.

To solve these problems, diethylenetriamine is introduced into the medium of solutions in
isopropyl alcohol. It not only contributes to stabilization of the solution and achievement of the re-
quired concentrations of the components, but also lowers the temperature of final decomposition
and homogenizes the system at all stages due to hydrolysis taking place by interaction with traces of
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water while drying, which can be prevented before the start of pyrolysis by the strength of the che-
late complexes formed by lactic acid with metal cations. Lactic (a-hydroxypropionic) acid exists in
the form of two optical isomers: this work is devoted to L(S)-lactic acid and its salts - lactates,
which, together with a polar fragment, also contain an aliphatic methyl group. It is the feature that
allows using lactates (mixed with diethylenetriamine and isopropyl alcohol) as multipurpose pre-
cursor solutions for MOCSD. In addition, L-lactic acid has a low cost and is biocompatible; it is
utilized in the TALSPEAK process, as a part of contrast agents for MRI, and its salts are used as
dietary supplements and catalysts in the production of polylactide.

The obtained compounds were characterized by TGA, IR spectrometry, powder and single
crystal XRD analysis, and were successfully applied to prepare solutions, from which a number of
perovskite-like oxide materials (LaNiO3-SmNiO3, GdFeOs, LuFeO3, etc.) thin films were deposit-
ed by the MOCSD method onto single-crystal substrates (STO (001), LAO (001), YSZ(111)) and
flexible ribbons with a heterostructure (LAO (001), LMO (001), MgO (001), Hastelloy C276).
Some films exhibite epitaxy.

Thus, basing on lactates, complex oxides of rare-earth and some transition metals in any ra-
tio can be obtained as oriented films.

IlepdTopkapOoKcHIaATHI HATPUA U PeIKO3€MEJIbHbBIX 3JIEMEHTOB
(P33): cuHTe3, CBOIICTBA M IPUMEHEHHE B Ka4eCTBE MPEKYPCOPOB
TOHKHX IUIEHOK CJIOKHBIX PTOPHI0B

I[llesuenkxo A.A.

PykoBoauTenb: K.X.H., C.H.c. [IpimOapenko J[. M.

[TepdTopkapOoKkcuiIaTel METAIJIOB OTIMYAIOTCS OONBIIMM Pa3HOOOPA3HUEM CTPYKTYPHBIX
TUIIOB U 00pa3yroT KaK MOJIEKYJIIPHBIC, TaK M MOJMMEPHBIE 1IeTIOYE€UHbIE UM CIOUCThIE CTPYKTY-
pbl. KpoMe Toro, oHu crnocoOHbI 00pa30BbIBaTh reTEPOMETAINIMUECKHE KOMIUIEKCHI C Pa3IMYHbIMU
[0 MPHUPOJIE KaTHOHAMM, HAlpuMep, IIETOYHBIX U PEIKO3EMEIbHBIX 3JIEMEHTOB, YTO JIeNaeT MX
MEPCIEKTUBHBIMU MPEKYPCOPAMU ISl OTy4deHUsT (PTOPUAHBIX MaTePHAJIOB ITyTEM MHpou3a. B u-
TepaType B KaueCTBE BOCTPEOOBAHHBIX (TOPUIHBIX MAaTEPUAJIOB Yallle BCETO BBICTYNAET CIIOKHBIN
dropun coctaBa NaYF,, nonuposannbiii vonamu Yb u Er. OmHako ero monydeHue OCI0KHEHO Ha-
JUYUEeM JABYX ONMM3KHX 1O ycToiunmBocTH Moaupukanuit NaYFs4 u ero noaBep:keHHOCTbIO MUPO-
THJIPOJIN3ZY.

Ilenbto naHHOM pabOTHI ABJISIETCS CHHTE3, XapaKTepu3alus CTPYKTYpPbl, TEPMUYECKOTO TO-
BeJIeHUs 1epPTOpKapOOKCUIATOB, a TakKe pa3paboTKa METOIUKU MX MCIOIb30BaHUS JUIS MOJIyde-
HUS TOHKOIUJIEHOUHBIX CIIOXKHBIX (DTOPHIOB C an-KOHBEPCHOHHOM JIFOMUHECLEHIMEH, BBISIBICHHE
BJIMSTHHUSL YCITIOBHI CHHTE€3a W NPHPOJIBI HCXOJHBIX BEIIECTB HA COCTaB, CTPYKTYPY U ONTHYECKHE
CBOMCTBA MOJIyYE€HHBIX MaTepHAJIOB.

OObexTamu McciaeIoBanus ObLTH BBIOpaHbl cou TpudTopykcychoit (Htfa), mentadropmpo-
nuoHoBo (Hpfp) u renradropOyranosoii (Hhfb) kuciaoT, KOTOpHIE OBUIM CHHTE3MPOBAHBI MYTEM
B3aWMOJICHCTBHS KapOOHATOB MJIM OKCHIOB METAJUIOB C COOTBETCTBYIOIIMMH KHCIIOTaMH. XapaKTe-
pu3aIMs MOJyYEeHHBIX KOMIUIEKCOB IPOBOAMIACH METOAAMU MOJUTEPMHUYECKONW PEHTI€HOBCKON
mudpakun, TTA, ICK u UK-cnekrpockonuu. Ilo naHHBIM MOHOKPUCTAJIbHON PEHTI€HOBCKON
audpakuuu ObUTH YCTAHOBJIEHBI CTPYKTYPhI MHIUBHIyanbHbIX komuiekcoB Ln(hfb)s-3H,0 (Ln =
Y, YDb, Er, Tb, Eu) a Takke rerepoMeTauIn4ecKOro KOMILJIEKca ¢ HaTpueM. M3 MoponIKoBbIX -
(paKIMOHHBIX PKCIIEPHUMEHTOB MPEUIOKEHA MOJIENb M30CTPYKTYPHBIX O€3BOAHBIX rentadropOy-
tupatoB P30 konma psmga. OOHapyKeHO Haaudue CTPYKTYpHBIX (a3oBbix nepexonos (180, 230 u
400 K s 6e3Bognoro Ln(hfb)s), nccienoBano Tepmudeckoe MmoBeaeHHE COCTUHCHUN M YCTAaHOB-
JIEHBI IPOYKThI UX Pa3JI0KEHUS.
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ToHkHe NIEHKHA CIIOKHBIX (I)TOpI/II[OB OBUINM HaHECEHEI METOJOM XHUMHYCCKOT'O OCAXKIACHUA

U3 pacTBOPOB MepPTOPKapOOKCUIIATOB METAIIIOB B M30MPOIIAHOJIE C UX MOCICIYIONUM OTKUTOM B
arMocdepe cyxoro aprona c¢ ¢ropoBogopoaom. [lomydeHnble MaTepuaibl aHATU3UPOBAIN PEHTTE-
HOrpaUYecKH, a TaKKe METOJaMHU aTOMHO-CHIIOBOH MHKPOCKOIIMU M JITFOMHHECIICHTHOW CIIEKTPO-
ckonuu. {7151 HUX OBLIM YCTaHOBIIEHBI 3aBUCUMOCTH (pa30BOT0 COCTaBa M TOJIIHUHEI OT KATHOHHOTO,
a TaK)kKe aHWMOHHOTO COCTaBa MPEKYPCOPOB, 3apPETUCTPHUPOBAHBI CIEKTPHI al-KOHBEPCUOHHOM JIFO-
MuHecteHuu. [lokazaHo, 4TO KpHcTauM3anuu rekcaronaiabHoi ¢a3el NaYF, cocobcTByeT mo-
BBIIICHHOE COJIEPYKAHUE HATPHEBOTO MPEKYpPCOpa, a TAKKe JOMMPOBaHUE ragoauHueM. Ha tonmiu-
HY HaHECEHHBIX TUIEHOK B CBOIO OYepe/Ih HAIMPSAMYIO BIHUSCT aHUOHHBIN JIMTAH]] B COCTaBEe MPEKyp-
copa, YTO MOKET MCIIOJIL30BAThCS JJIsi TOHKOW MOJCTPOUKH TPEOYEMOH TOJIIUHBI.
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Sodium and rare-earth elements (REE) perfluorocarboxylates: syn-
thesis, properties and application as precursors
for complex fluorides thin films

Shevchenko A A.
Supervisor: Ph.D., Senior Researcher Tsymbarenko D. M.

Metal perfluorocarboxylates complexes possess a great variety of structural types and can
form both individual multinuclear and polymeric chains or layered structures. In addition, they can
form heterometallic complexes with various cations such as alkaline and rare-earth elements, which
makes them promising single-source precursors for the preparation of fluoride materials by pyroly-
sis. In the literature complex fluoride NaYF,, doped with Yb and Er ions, is the most popular fluo-
ride material, however, its production in the form of bulk material is complicated due to the pres-
ence of two closely related stability modifications of NaYF, and its tendency to pyrohydrolysis.

The aim of this work is to synthesize and characterize the structure and thermal behavior of
perfluorocarboxylates as well as to develop a technique for deposition of thin film complex fluo-
rides with up-conversion luminescence. It is also important to reveal the influence of synthesis con-
ditions and nature of the precursors on the composition, structure, and optical properties of the ob-
tained materials.

The salts of trifluoroacetic (Htfa), pentafluoropropionic (Hpfp) and heptafluorobutanoic
(Hhfb) acids synthesized by interaction of metal carbonates or oxides with the corresponding acids
were chosen as objects of this research. The obtained complexes were characterized by polythermal
X-ray diffraction, TGA, DSC and FTIR spectroscopy. According to single-crystal X-ray diffraction
experiments, the structures of some individual Ln(hfb);-:3H,O (Ln =Y, Yb, Er, Tb, Eu) as well as
heterometallic complexes were established. From powder diffraction experiments a model of
isostructural anhydrous heptafluorobutyrates of REE was proposed. Several phase transformations
of prefluorocarboxylates were found and described (180, 230 u 400 K for Ln(hfb)3), the thermal be-
havior of the compounds was investigated, and their decomposition products were established.

Thin films of complex fluorides were deposited using MOCSD method from isopropanol
solutions of metal perfluorocarboxylates with their subsequent annealing in dry argon atmosphere
with HF. The obtained materials were analyzed by X-ray diffraction, AFM and luminescence spec-
troscopy. It was shown that phase composition and thickness of fluoride thin films are strongly de-
pendent on both cationic and anionic composition respectively. Crystallization of the hexagonal
NaYF, could be induced via the increased content of the sodium precursor and by Gd-doping. Also,
the thickness of the resulting film is directly affected by the anionic ligand of the chosen precursor,
which can be used for precise control of the thickness of the film.
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Kpurepuit Me30MOHHOCTH M PU3HYECKHE CBOMCTBA
ME30MOHHbIX COCAMHECHUH

Cuzos I .H.

PykoBoauTens: A.X.H., B.H.C., mpod., babGaes E. B.

3HaYMMOE MECTO B OPraHMUYECKOM CHHTE3€ 3aHHMMAET KJIaCC COECAUHEHUM, Ha3bIBAEMbIX Me-
30MOHHBIMU. ME30HOHHBIE COEUHEHNS — FETEPOLMKINYECKUE TT-CONPSIKEHHBIE HENTPAJIbHBIE MO-
JIEKYJIbI C HE CKOMIIEHCUPOBAaHHBIMU MOJIOKUTENIBHBIM U OTPULATENBHBIM TT-3apsA1oM. B nociennee
BpEMs TAKUE COCIUHEHMS BCE Yalle YIOMHHAIOTCS, KaK IOTEHIUAIBHO IIEPCIIEKTUBHBIC MaTEpUaJIbl
— ME30HMOHHBIE )KUJKOCTH, MaTepUabl JIUIsl HETMHEMHON ONTHKY, U T. 1. OHAaKO, TaKue MpUIIoxKe-
HUS 3HAYUTEIIBHO OTPAHUYEHBI B BUJY HEIOCTATOYHOI'O TEOPETHYECKOIO MOHMMAHMS ME30MOHHO-
cti. Mbl BblIensieM JBe npoOiaembl. Bo-niepBbix, B HACTOALIEE BPEMS MOJTHOCTBIO OTCYTCTBYET HC-
YepIrbIBaIOIIas KJIACCU(PHUKAIMS ME30MOHHBIX CTPYKTYp, YTO, OYEBHJHO, MPEMSATCTBYET AU3aiHY
HOBBIX MOJIEKYJ. BO-BTOpBIX, U3-3a HEIOCTATOYHON M3YyYEHHOCTH MEKMOJIEKYIISIPHBIX B3aUMOJEH-
CTBMH B ME30MOHHBIX COEIMHEHMSIX HEBO3MOXKHO IMOAXOSAIUM 00pa30oB BbIOMpATh COCIMHEHUE C
JYYIIUMH CBOMCTBaMU JUIsI, HapuMep, ME30MOHHBIX XHIKOCTed. B manHo#l pabore m3ydenue
MEXMOJIEKYJIIPHBIX B3aUMOJCHCTBUN CBOJAMIIOCH K M3YyYEHUIO CTaOMJIBHOCTU JUMEPOB ME30MOH-
HBIX MOJIEKYIL.

Taxum o6pa3zom, 1iensiMU pabOTh! ObUIH, BO-NIEPBBIX, (POPMYIMPOBKA U JOKA3ATEIbCTBO KPU-
TEpHsI ME30MOHHOCTH, MO3BOJIAIOIIErO PACKIacCU(ULIUPOBATH U NEPEUNCIUTH BCE BO3MOYKHBIE Me-
30MOHHBIE CTPYKTYpPbI, BO-BTOPBIX, IIOUCK CTAOMJIBHBIX F€OMETPUN AMMEPOB ME30MOHHBIX COEIU-
HEHHIA C MOMOIIBI0O KBAaHTOBO-MEXAaHMUECKUX PACUETOB, a TaKke BepH(UKalMs MOTydeHHBIX pe-
3yJIBTAaTOB C IIOMOILBIO aHATIN3a U3BECTHBIX KPUCTAJUINYECKUX CTPYKTYP.

Jns pocTukeHusl epBOM MOCTaBICHHOM LIEIM MCIOJb30Bajach MaTeMaTHuecKas TeXHUKa
paloThI C COBEPIIEHHBIMU MAapOCOYETaHUSAMM Ha Tpadax, B ToM uucie Teopus Kacrensitna. [{ns
pean3aly MOJIy4SHHBIX TEOPEM HCIIOIbh30BaIOCh MPOrpaMMUpoBaHue Ha si3bike Python 3. Boi-
YUCIeHUs JUIsl BTOPOH 4acTH paboThl MPOBOAMIMCH B MporpaMMHoM komiuiekce GAMESS ¢ mno-
moripto merona DFT (dynkimonan CAM-B3LYP).

OCHOBHBIM pe3yJITATOM BBIIYCKHOW KBaJU(PHUKAIIMOHHON pabOThl SBISETCS HOBBIM alro-
PUTM, peaIn30BAHHBIN, KaK KOMIBIOTEPHAs MPOrpaMMa, M MO3BOJISIOLUINI epeunCInuTh BCE ME30-
MOHHBIE CTPYKTYpbl Ha 3aJJaHHOM MOJIEKYJIIpHOM rpade. B ocHOBY anroputma ObLIM MOJ0XKEH
chopMyTUPOBAHHBIN U JIOKa3aHHBIM KPUTEPUN ME30MOHHOCTHU. JIaHHBIN KPUTEPUIl BBISBISET CBS3b
MOHATHUS ME30MOHHOCTH C KEKYJIEBOCTBIO ONpPEIeNeHHbIX MOoArpadoB CTpyKTypsl. Bo BTOpOIt yacTu
paboThl sl BCEX M3YYEHHBIX CTPYKTYp ObUIO MOKAa3aHO, YTO ME30HMOHHBIE Mapbl yCTONYMBBI, B
CpPaBHEHHMHM C M30JIMPOBAHHBIMU MoJieKylaMu. OnpeseneHo, yTo Hanbosiee ycToOMYnBas reoMeTpust
ME30MOHHOM MIapbl — MapajluIeJIbHO-CMEIICHHAs C XapaKTepHOM dHEpPrueil B3anMoOJeHCTBUA, XapaK-
TEpHOH JUTA caboro T-CTIKMHT B3ammojeicTBus (MeHbIe 10 kkan/mMonb) MoJekynnbl B ME30HMOH-
HBIX IIapax OPUEHTUPYIOTCA, TaK, YTOObI CyMMAapHBII TUIOJIbHBIM MOMEHT cUcTeMbl OblT paBeH 0.
Cpenu nuTepaTypHBIX CTPYKTYp, B MOJABIIAIONIEM OOJIBIIMHCTBE CIIy4aeB ME30MOHHBIE Maphl Ha-
OmofaroTes.

Taxum, o6pa3om OblT cHOPMYTUPOBAH U MAaTEMaTHUECKH CTPOTO JI0Ka3aH KpUTepuil Me30-
noHHoctu. Ha ocHOBe kpuTepus Oblila HamMcaHa MPorpaMMa, O3BOJIAIONIAs PEIIUTh TPoOIeMy Me-
3onoHHOCTH. [locTpoeHa 6ubIHMOTEKa BCEX ME30OMOHHBIX CTPYKTYp, COAEpIKAIIMX He Oosee 7 HEBO-
nopoaHsix atoMoB. ChopmynupoBaHa, TEOPETHUYECKH OOOCHOBaHA W BEepUUIIMPOBAHA HA PeaThb-
HBIX KPUCTAJUIMYECKUX CTPYKTYpaxX KOHUEMINS ME30OMOHHON Maphl.
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Mesoionicity criterion and physical properties
of mesoionic compounds

Sizov G.N.

Supervisor. Doctor of Chemical Sciences, Leading Scientific Advisor, Professor
Babaev E.V.

A significant place in organic synthesis is occupied by a class of compounds called
mesoionic. Mesoionic compounds are heterocyclic m-conjugated neutral molecules with uncompen-
sated positive and negative n-charges. Recently, such compounds are increasingly mentioned as po-
tentially promising materials - mesoionic liquids, materials for nonlinear optics, etc. However, such
applications are significantly limited due to insufficient theoretical understanding of mesoionicity.
In this work, we highlight two problems. First, there is currently no comprehensive classification of
mesoionic structures, which obviously hinders the design of new molecules. Secondly, due to insuf-
ficient knowledge of intermolecular interactions in mesoionic compounds, it is impossible to choose
a compound with the best properties for, for example, mesoionic liquids. In this work, the study of
intermolecular interactions was reduced to the study of the stability of dimers of mesoionic mole-
cules.

Thus, the aims of the work were, firstly, to formulate and prove the criterion of
mesoionicity, which makes it possible to classify and enumerate all possible mesoionic structures,
and, secondly, to search for stable geometries of dimers of mesoionic compounds (mesoionic pairs)
using quantum mechanical calculations, as well as to verify the results obtained using analysis of
known crystal structures.
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To achieve the first goal, the mathematical technique of working with perfect matchings on
graphs was used, including the Castellain theory. To implement the obtained theorems, program-
ming in the Python 3 language was used. The calculations for the second part of the work were car-
ried out in the GAMESS software package using the DFT method (CAM-B3LYP functional).

The main result of the final qualification work is a new algorithm, implemented as a com-
puter program, that allows to enumerate all mesoionic structures on a given molecular graph. The
algorithm was based on the formulated and proved mesoionicity criterion. This criterion reveals the
connection between the concept of mesoionicity and the Kekule property of certain subgraphs of the
structure. In the second part of the work, for all the structures studied, it was shown that mesoionic
pairs are stable, in comparison with isolated molecules. It was determined that the most stable ge-
ometry of a mesoionic pair is parallel-shifted with a characteristic interaction energy characteristic
of a weak m-stacking interaction (less than 10 kcal/mol). Molecules in mesoionic pairs are oriented
so that the total dipole moment of the system is equal to 0. Among the literature structures, in the
vast majority of cases, mesoionic pairs are observed.

Thus, the mesoionicity criterion was formulated and mathematically rigorously proved.
Based on the criterion, a program was written to solve the problem of mesoionicity. A library of all
mesoionic structures containing no more than 7 non-hydrogen atoms has been built. The concept of
a mesonic pair is formulated, theoretically justified, and verified on real crystal structures.

CuHTe3 M HCC/IeI0BAHUE HOBBIX KOMILIeKCOB TUTaHA (IV)
¢ pTopuUpPOBAHHBIMHU U HEPTOPUPOBAHHBIMH AJTUPATHUYECKUMH
(peHOKCMMMHMHOBBLIMH JIMTAHIAMHU B KayeCcTBe KAaTAJIU3aTOPOB
MOJIMMepU3aluu 0J1e(pUHOB

Oon X.

PykoBoguTenu: 1.X.H., mpod., r.H.c. bynsrueB b.M.; k.x.H., B.H.c. ['arueBa C.Y.

C ObICTpBIM pa3BUTHEM 0J1€(PHHOBON MPOMBIIIIEHHOCTH, B KOHIIE 20 BeKa MOSBUIOCH MHOTO
paboT MO CHMHTE3y M CO3/IaHHI0 TOMOTE€HHBIX OJHOLEHTPOBBIX KaTaJIM3aTOPOB MOJIMMEpPU3ALNU
0JIe()IHOB HOBOT'O THUMA - MOCT-METAJUIOLIEHOBBIX. DTO OBLIO CBA3aHO C TEM, YTO U3BECTHBIEC HA TOT
MOMEHT BPEMEHHU METAJUIOLEHOBBIE CUCTEMbI IIOCTENIEHHO BBITECHSIOTCS OOJiee elIeBbIMU, HO HE
MeHee Y(PPEeKTUBHBIMH KaTaJIn3aTopaMH XeJaTHOro ctpoeHus. Cpeau pa3paboTaHHBIX MOCTMETal-
JIOLIEHOBBIX KaTaJan3aTopoB (PEHOKCMMMHUHOBBIE JIMTaHABI 00Ja/1al0T 0COOEHHO OOJBIIUM CTPYK-
TYpHBIM pa3HOOOpa3sueM Hu3-3a MX MpPSIMOIr0 CHUHTE3a M MOJYJbHBIX XapakTepUCTHUK. braronaps
3TUM Pa3HOOOpaA3HBIM CTPYKTypaM pa3paboTKa KaTaau3aTOpoB HA OCHOBE (PEHOKCH-MUMHHA TOCTUT-
J1a 3HAYUTEIBHOTO ITporpecca.

OCHOBHOH T1EJTBI0 MO€H PabOTHI SABJSETCS HOBBIX aKTHBATOPOB TSI KOOPAWHAIMOHHBIX CO-
enunenui Ti(+4) u Zr(+4) ¢ peHOKCU-UMHUHHBIMH JIMTaH/IaMH, CIOCOOHBIX (pOPMUPOBATH KaTaiu-
TUYECKUE CHUCTEMBI ISl MOJIMMEPHU3aMU ATHJIEHA U €ro COMOJIMMEepH3anuu ¢ o-onepunamu. s
JTOCTHMKEHUS TOM LENM MPENCTOSUI0 PelHTh cienayromue 3anaun: (1) cuHTe3upoBaTh (GeHOKCH-
MMUHHBIE JTUTaH/bl KJIACCHUECKOTO CTPOSHMS U MOATBEPAUTH UX CTPOEHHE (PU3UKO-XUMUYECKHUMHU
METOAAaMHU aHaJIN3a; (2) MOJyYUuTh HA OCHOBE CHHTE3UPOBAHHBIX JIUTAHI0B KOMIUIEKCHBIE COEHE-
Hust Ti(+4) u Zr(+4) 1 yCTaHOBHUTH UX CTPYKTYPY; (3) MPOBECTH peakiny MOJIMMEPH3AIINU THIICHA
U €ro CONOJMMEPHU3aLUU B IPUCYTCTBUU aKTHUBATOPOB PA3JIMYHON NPUPOJIBL; (4) U3YyUUTh BIUSHUE
MIPUPO/IBI AKTUBATOpPa HA AaKTUBHOCTh KATAIUTUYECKUX CHUCTEM M CBOWCTBA IMOJIyYEHHBIX MOJIHUMeE-
pOB.

Jnsa cunre3a 3,5-Au-TpeT-OyTHIICAIULIUIOBOIO AJIbJETHAA Mbl MPOBEIN T'MIPOKCUMETUIIM-
poBaHUE TU-TPET-OyTHII(hEeHOa C MOCIEAYIOINUM OKHCICHUEM. JIuTanapl MOTy4eHbl KOHACH caen
3TOTrO IBJETUAA C AHWINHOM M €ro TeTpa@Top-Npou3BOAHBIM. I CUHTE3a ITUXJIOPHIHBIX KOM-
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IUIEKCOB MBI MIPUMEHWIN PEAKLHUIO JUTAaHA0B C JAUXJIOp-AU-u3ompornokco-turanoM(lV) B abcomo-
TUPOBAHHOM TOJIyOJ€. AJIKOKCUIHBIE KOMIUIEKCHI TaKK€ IMOJY4YE€Hbl IPSIMBIM CHHTE30M, B3aUMO-
NEMCTBUEM JIMTAHJ0B C TETPA-U30-IPONMIATAMU TUTAHA U LIUPKOHUS.

Cunre3upoBaHo 2 (PEHOKCH-UMUHHBIX JIMTaHIa, B TOM 4YHCIE U C MOJUPTOPUPOBAHHBIM
AHUJIMHOM, CTPYKTYpa KOTOPBIX JI0Ka3aHa meTojgaMu SIMP-cnekrpockonuu; C ydacTuem 3TUX JIH-
raHZ0B TOJIYYE€Hbl TUXJIOPUAHBIE U JUAIKOKCUAHBIE KOMIUIEKCHI TUTaHa M LUPKOHUSA, COCTaB U
CTPYKTypa KOTOPBIX OXapaKTEPU30BaHbl METOJAAMHU JJIEMEHTHOro anamusza, HUK- wu AMP-
CIIEKTPOCKOMUHU. 7151 2 KOMIUIEKCOB CTPYKTYypa ycTaHoBiieHa MmeToaoM PCA.

Bce cunTe3npoBaHHbBIE KOMIUIEKCHI IPOTECTUPOBAHBI B PEAKIIMU MTOJIMMEPU3ALMU 3TUJICHA.
YcranosieHo, uro Al/Mg co-katann3aTopbl (CMECH aJKUIATIOMUHUAXIOPUIOB C TUOYTHIMArHu-
eM) crtocoOHBI 3G (HEeKTHBHO, IO cpaBHEHUIO ¢ MAQ, aKTUBHPOBATH (DEHOKCU-UMUHHBIC KOMILICKCHI
Ti(IV); MAO npakTH4YecKu HECIIOCOOCH aKTUBHPOBATh THATKOKCHIHBIC KOMIUIEKCHI TUTAHA U U~
KOHMs, B TO BpeMs kak Al/M( co-kaTanu3aropsl (POPMHPYIOT TOCTATOYHO aKTUBHBIC CUCTEMBI (XO-
TA U YCTyMarolue AUXJIOPUAHBIM Mpe-KaTtanuzartopaM); [lomyueHHble Ha HAIIUX KaTATUTUYECKUX
cucremax nopowku CBMIID Moryr ObiTh nepepadoTaHbl B BBICOKONPOUYHBIE OPHUEHTHPOBAHHbBIE
IJICHKHU, HE YCTyHarolue N0 MEXaHWYECKHM XapaKTepUCTUKaM MHUpOBBIM aHanoram; lloka3ana
BO3MO>XHOCTb MCIOJIb30BaHUS HAIIMX KaTaJUTHUECKUX CUCTEM, He coaepxaiux MAO, nis cuHTe-
3a MEPCIEKTUBHBIX 3JIACTOMEPHBIX MAaTE€PUAJIOB - COMOJIMMEPOB 3THIIEHA C OKTEHOM-1 M TPOMHBIX
COIIOJINMEPOB 3TUJICH-TIPONUIIEH-D-3TUIINIEH-HOPOOPHEH.

Synthesis and investigation of new titanium (IVV) complexes
with fluorinated and non-fluorinated aliphatic phenoxyimine ligands
as catalysts of olefin polymerization

Yu H.

Supervisor: Doctor of Chemical Sciences, Professor Bulychev B.M.; Ph.D., Leading
Researcher Gagieva S.Ch.

With the rapid development of the olefin industry, at the end of the 20th century, many
works appeared on the synthesis and creation of homogeneous single-site catalysts for the polymer-
ization of olefins of a new type - post-metallocene. This was due to the fact that the metallocene
systems known at that time were gradually being replaced by cheaper, but no less effective chelate
catalysts. Among the developed post-metallocene catalysts, phenoxyimine ligands have a particular-
ly high structural diversity due to their direct synthesis and modular characteristics. Due to these
diverse structures, the development of phenoxy-imine-based catalysts has made significant pro-
gress.

The main goal of my work is new activators for Ti(+4) and Zr(+4) coordination compounds
with phenoxy-imine ligands, capable of forming catalytic systems for the polymerization of eth-
ylene and its copolymerization with a-olefins. To achieve this goal, the following tasks had to be
solved: (1) to synthesize phenoxyimine ligands of the classical structure and confirm their structure
by physicochemical methods of analysis; (2) to obtain Ti(+4) and Zr(+4) complex compounds
based on the synthesized ligands and establish their structure; (3) carry out ethylene polymerization
reactions and its copolymerization in the presence of activators of various nature; (4) to study the
influence of the nature of the activator on the activity of catalytic systems and the properties of the
resulting polymers.

For the synthesis of 3,5-di-tert-butylsalicylic aldehyde, we carried out the
hydroxymethylation of di-tert-butylphenol followed by oxidation. The ligands are obtained by the
condensation of this aldehyde with aniline and its tetrafluoro derivative. For the synthesis of dichlo-
ride complexes, we used the reaction of ligands with dichloro-di-isopropoxo-titanium(IV) in anhy-
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drous toluene. Alkoxide complexes were also obtained by direct synthesis, by the interaction of lig-
ands with titanium and zirconium tetraisopropylates.

Two phenoxyimine ligands were synthesized, including one with polyfluorinated aniline,
whose structure was proved by NMR spectroscopy; With the participation of these ligands, titanium
and zirconium dichloride and dialkoxide complexes were obtained, the composition and structure of
which were characterized by elemental analysis, IR and NMR spectroscopy. For 2 complexes, the
structure was established by X-ray diffraction.

All synthesized complexes were tested in the ethylene polymerization reaction. It has been
established that Al/Mg co-catalysts (mixtures of alkylaluminum chlorides with dibutylmagnesium)
are able to effectively activate Ti(I\V) phenoxyimine complexes compared to MAO; MAO is practi-
cally incapable of activating titanium and zirconium dialkoxide complexes, while Al/Mg co-
catalysts form rather active systems (although inferior to dichloride pre-catalysts); UHMWPE pow-
ders obtained on our catalytic systems can be processed into high-strength oriented films that are
not inferior in mechanical characteristics to world analogues; The possibility of using our MAO-
free catalytic systems for the synthesis of promising elastomeric materials - ethylene-octene-1 co-
polymers and ethylene-propylene-5-ethylidene-norbornene ternary copolymers is shown.

IKCNEPUMEHTAIbHOE HCCIIe0BaAHNE U TEPMOIUHAMUYECKOE
MojaeanpoBanne (Ga3oBbIX paBHOBecHI B TpoiiHoM cucteme IN-Pd-Sn

Paumos K.111.

PykoBoautenu: k.x.H., 1o1. Kabanora E.I'.; Ben. anektponuk IlaBnenko A.C.

CriaBbl Ha OCHOBE MAJJIaIUsl HaXOJAT IIMPOKOE NIPUMEHEHHE B PA3IUYHBIX 00JacTAX Mpo-
MBIIIEHHOCTH, XUMUYECKOH, dJIEKTPOTEXHUUECKON, aBTOMOOMIILHON U B BOJOPOAHOM IHEPTETUKE.
JUid ynaydlleHHs TEXHOJIOTHYECKUX XAPAKTEPUCTHUK CIUIABbI MAJUIAAUS JIETUPYIOT JETKOIUIaBKUMU
MeTaJlJlaMHi, B YaCTHOCTH MHAMEM M ojloBoM. Kpome Toro, BbICOKYIO 3()(PEKTUBHOCTH B KayeCTBE
KaTaJanu3aTOpOB MPOLECCOB T'MIPUPOBAHUS NIOKA3aIM HHTEPMETAJUNINYECKUE COSUHEHMSI TAJUTaIus C
3TUMH MeTaimaMu. OCHOBHBIM MHCTPYMEHTOM MpHU pa3paboTKe MHOIOKOMIIOHEHTHBIX CIIJIaBOB SIB-
JS0TCsl (ha30BBIE JMArpaMMBl, IPH MOCTPOSHUH KOTOPBIX B MOCJIEAHEE BPEMsl YCIIEIIHO UCIOIb3Y-
10T METOJ TepMoinHaMudeckoro Mmoaenuposanus win CALPHAD-meron.

Llenpto naHHOM paboOTHI SABIAJIOCH HKCHEPUMEHTANIBbHOE M3Y4YEHUE M TEPMOIUHAMUYECKOE
MojieTipoBanue (a3oBbIX paBHOBeCH B TpoiHOM cucreme In—Pd—Sn. [Ins moctukeHus mocTas-
JIHHOM 11eT He00X01MMO OBbLIO PEIIUTh CIETYIONIIUE 3aau: SKCIePUMEHTAIbHO YCTAaHOBUTH Xa-
pakTep (a30BbIX paBHOBECHI B O0oraToil mauaajaueM 4yacTu cucTemsl npu temmneparypax 500 u 800
°C; ompenenuTs TeMrepaTypbl (a30BbIX MEPEXOAOB; MOJYUYUTh COTJIACOBAHHBIE TEPMOIAMHAMUYE-
CKHE ONMCAHUs JBOWHBIX TPAHUYHBIX CHCTEM W BBINOJHUTH TEPMOJUHAMUYECKHUM pacdyeT TPOWHON
CHUCTEMBI.

OKCepUMEHTAIbHOE UCCIIEIOBaHUE (PAa30BBIX PAaBHOBECHI BBINOJIHEHO C HCIOJIb30BAHHEM
KOMILJIEKCA METOO0B (PU3UKO-XMMHUYECKOTO aHAJIW3a: PAcCTPOBOM 3JIEKTPOHHOW MHUKPOCKOIHH,
PEHTIE€HOCTIEKTPAIIBHOTO MUKpOaHaIN3a, peHTreHo(a3zoBoro anammza, AuddepeHnnaiTsHoro Tep-
MHYECKOT0 aHajiu3a u 1uddepeHnalbHoN CKaHupyolei kanopuMeTpuu. Onpenenenue napameT-
POB TePMOAMHAMHUYECKUX Mojenel (a3 mpooamwin ¢ momomrsio Moxyiast PARROT nporpamMMHuoro
naketa Thermo-Calc, pacueT ¢a30BbIX paBHOBECHI M TEPMOAMHAMHYECKUX CBOIMCTB C HCIOJIBH30Ba-
Huem moxynst POLY.

B cucreme IN-Pd-Sn mpu remneparypax 500 u 800 °C u comepxanuu nawtaaus oonee 60
aT.% ycraHOBJIEH XapakTep (a3oBbIx paBHOBecuil. Ompenenena obmnacte cymectBoBanus ['TIK-
TBEPAOT0 pacTBOpa, YCTAHOBJICHA PACTBOPUMOCTH TPETHUX KOMIOHEHTOB B (hazax INPd; m PdsSn,
o0OHapy»KeHO, 4TO u30cTpyKTypHBIe (as3el INPd; u Pd,Sn (ctpykrypubrit Tun C0,Si) obpasyror He-
IIPEPBIBHBIN PsiJl TBEPIBIX PACTBOPOB. Y CTAHOBIIEHO CYILIECTBOBAHUE HOBOI'O TPOMHOI'O COEUHEHUS
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71 co cTpykrypoit AlsTi. Onpenenensl TemnepaTypsl (pa3oBbIX MepexoaoB. [lepecMOTpeHbl U yHU-
(buIMpOBaHbl TEPMOAMHAMHUYECKUE ONUcaHus ABOMHBIX cucteM IN—Pd, In-Sn u Pd-Sn. s onuca-
HUS DKCTIEPUMEHTAIBHO YCTAHOBICHHOW HAKJIOHHOW 00JIaCTH TOMOTEHHOCTH (ha3bl T1 MPEIOKECHA
mozenb (Pd)o74(In,Pd, Sn)o26. Ha ocHOBe MOMyYEHHBIX SKCIIEPUMEHTAIBHBIX JaHHBIX O (ha30BBIX
rpaHuIaX ¥ Temrepatypax (a3oBbIX MEPEXOI0B, a TAKKE TUTEPATYPHBIX JTAHHBIX O TEPMOAMHAMU-
YECKHUX CBOMCTBAX paciuiaBa BhITOJHEH pacyeT cucteMbl MmeTtogoM CALPHAD. Paccuuransr u3o-
TepMHUuecKue ceyeHus npu temreparypax 500, 700, 800 u 900 °C, u monurepmudeckuit paspe3 Pd—
IN50Sn50.

[To uToram paboThI MOCTPOCHBI H30TEPMUYECKUE CEUCHUS TPOHHOM cucTeMbl In—Pd—-Sn npu
500 u 800 °C B obmactu 6oratoit mamnaauem u BoimoiaHeH CALPHAD-pacuer, pe3ynbTaTsl KOTO-
POT0 HAXOAATCS B XOPOIIIEM COTJIACHH C AKCIIEPUMEHTAIILHBIME JTaHHBIMHE 110 (Da30BBIM PaBHOBECH-
M U TEPMOJAMHAMUYECKUM CBOMcTBaM (ha3.

IMy6amkamuu cryaenta (http://istina.msu.ru/profile/Kozimjon/):

1. Raimov K., Pavlenko A. Phase equilibria in the In-Pd-Sn ternary: Experimental study and
CALPHAD modeling// CALPHAD GLOBAL, USA, Boston, June 1-24, 2021.

2. Shaysultanov D., Raimov K., Stepanov N., Zherebtsov S., Friction Stir Welding of a TRIP
FesoMn3oCrigCo10C;  High Entropy Alloy// Metals, 2020, vol.11, p.1-15, doi:
https://doi.org/10.3390/met11010066

3. Shaysultanov D., Raimov K., Stepanov N., Effect of carbon content, deformation and an-
nealing on the structure and properties of interstitial TRIP high-entropy alloys// Annual
School of Young Scientists 2020: **Synthesis, structure and properties of high entropy
materials™, Russia, Belgorod, 14-16 October, 2020.

4, Shaysultanov D., Raimov K., Stepanov N., Friction stir welding of the carbon-doped dual-
phase high entropy alloy// 6th International Conference on Industrial Engineering, Rus-
sia, Sochi, 18-22 May, 2020.

Experimental investigation and thermodynamic assessment
of the In—Pd-Sn system

Raimov K.S.

Supervisors: Ph.D., Associate Professor Kabanova E.G.; Ph.D., Lead Electronic Spe-
cialist Pavlenko A.S.

Palladium-based alloys are widely used for separation of gas mixtures and production of ul-
trapure hydrogen, as well as production of contact materials in microelectronics. Recently, interme-
tallic compounds of palladium with tin, gallium, and indium have attracted growing interest as het-
erogeneous catalysts with high selectivity. Alloying of palladium with tin and indium significantly
lowers the processing temperatures of alloys, but at the same time it results to many intermetallic
compounds. The properties of these compounds must be taken into account when developing com-
positions and choosing methods for technological processing of new materials. To do this, it is nec-
essary to have complete information about the phase equilibria. These data can be obtained both
from experiment and thermodynamic calculations, the last one became increasingly important in
recent years.

The purpose of this work was to study experimentally phase equilibria in the In-Pd-Sn ter-
nary system and its thermodynamic modeling. To achieve this goal, it was necessary to solve sever-
al problems: to establish experimentally the nature of phase equilibria in the palladium-rich region
at 500 and 800 °C; to determine the temperatures of phase transitions; to unify the thermodynamic
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descriptions of binary boundary systems and to perform thermodynamic calculation of the ternary
system.

The experimental study of phase equilibria was carried out using a set of methods of physi-
cochemical analysis: scanning electron spectroscopy, SEM&EDX, powder X-ray diffraction, differ-
ential thermal analysis, and differential scanning calorimetry. The parameters of thermodynamic
models of phases were determined using the PARROT module of the Thermo-Calc software pack-
age, and the calculation of phase equilibria and thermodynamic properties was carried out using the
POLY module.

In the In-Pd—Sn system at temperatures of 500 and 800°C and palladium content over 66
at.%, the character of phase equilibria has been established. The area of the fcc solid solution has
been determined, the solubility of third components in the InPds; and Pds;Sn phases has been estab-
lished, and continuous series of solid solutions between isostructural InPd, and Pd,Sn phases (Co,Si
structural type) has been discovered. The existence of new ternary compound t; with the AlsTi
structure has been established. The temperatures of phase transitions has been determined. The
thermodynamic descriptions of In—Pd, In-Sn, and Pd—Sn binary systems have been revised and uni-
fied. The model (Pd)o74(In,Pd,Sn)o 26 has been proposed to describe the experimentally established
inclination of t; region. Based on the obtained experimental data on phase boundaries and phase
transition temperatures, as well as literature data on the thermodynamic properties of the melt, the
system has been calculated by the CALPHAD method. Isothermal cross sections were calculated at
500, 700, 800 and 900 °C, and the polythermal section Pd—In50Sn50 was modelled.

Based on the results obtained, isothermal cross sections of the In-Pd—Sn ternary system at
500 and 800 °C in the Pd-rich region have been constructed and CALPHAD calculation has been
performed. The results of modelling are in good agreement with the experimental data on phase
equilibria and thermodynamic properties of the phases.

Cao:xxuble Opomuabl B TpoilHbIX cucteMax CsBr-AgBr-InBr;
u CsBr-CuBr-InBr;

IOnoowes /jowc. 3.

PykoBoauTenb: K.X.H., 1o1. ['puropresa A.B.

[Tocneanue roibl CBUHIIOBO-TAIOTEHUAHBIC TIEPOBCKUTHI MIPUBIICKAIOT BHUMaHUe Omarogaps
YIaYHOMY COYETAHUIO ONTHYCCKHUX U AJIEKTPUICCKUX CBOWCTB U MIUPOKUM BO3MOXHOCTSM UX TIPU-
MEHEHUS B (POTODIEKTPHUUECKUX YCTPOMCTBAX, AETEKTHPOBAHUH PEHTIC€HOBCKHUX Jy4dei u GoTonmpu-
E€MHHKaX, TBEPJOTEIHPHOM OCBEIICHUN W JUCIUIeSX. TeM He MEeHee, TOKCHYHOCTh CBUHIIA OTPaHMU-
YUBAIOT MMPOMBIIIICHHOE U3TOTOBIICEHUE U PACTIPOCTPaHEHUE YCTPOMCTB HA OCHOBE ITUX MEPOBCKU-
ToB. HejaBHMe mcciietoBaHUS MMOKA3alld, YTO 3aMEHa JBYX JIBYXBAJICHTHBIX MOHOB Pb?* Ha napy
OJTHOBAJICHTHOTO M TPEXBAJICHTHOTO KaTHOHOB METAJNIOB ¢ 00pa30BaHUEM TaK HA3BIBAEMBIX «JIBOM-
HBIX TTEPOBCKUTOBY» MOXKET OBITh () (HEKTUBHBIM ITOAXOIOM JJIS IIOMCKA HOBBIX MEPCIIEKTUBHBIX CO-
CTaBOB U YCTPAHEHHUS HEIOCTATKOB CBHUHIIOBO-TAJIOTCHHUIIHBIX MEPOBCKUTHBIX YyCTpPOWCTB. Jlis
tpoiiHbIXx cucteM CsBr-AgBr-InBrs u CsBr-CuBr-InBr; 6suto mpejackaszano cymiectBoBanue (a3
Cs,AgInBrg u Cs,CulnBrg co ctpykTypoii aBoitHoro neposckuta. ®aza Cs;AgInBrs mepcnekTruBHa
B CBSI3H C IPEJCKa3aHHBIMU U1 HEe CBOMCTBAMU NPSIMO30HHOTO moiynpoBoanuka (Eg=1,3 - 1,9
5B) ¢ GonbIIUM BpeMEHEM KU3HHM HOCHUTENEH 3apsiia MpH HU3KOM BEPOSTHOCTH 3axBaTa dIEKTPO-
HOB WJIM JBIPOK COOCTBEHHBIMH MPUMECHBIMU YPOBHSIMU.

[lenp nanHO¥M pabOTHI M3yuyeHUE PABHOBECHUS B JBOMHBIX M TPOWHBIX CHCTEMaX OpPOMUJIOB,
OTIPEIEIAIONINEe BO3MOXKHOCTh (opmMupoBaHus ¢da3 co CTPYKTYpOH <«JIBOWHOTO TIEPOBCKHUTA
Cs,AgInBrg u Cs,CulnBrg B pesynbrare TBep10ha3HOTO U pACTBOPHOTO METOAOB CHHTE3A.

61



MeTogoM ammylnbHOTO CHHTE3a OBUIM CHUHTE3UpoBaHbl OuHapHble Opomuabl CSAQBIs,
CszlInyBrg, Cs,InBrs, CsCu,Brs. PentrenodazoBelii aHaIM3 1MOKa3ai, YTO MOJyYeHHBIE 00pa3Ilbl 5B-
JSFOTCS OTHO(A3HBIMH.

MeTooM aMmyJabHOTO CHHTE3a OBLIM CHHTE3UpPOBaHBI 00pasiel coctaBa CS,AgInBrg u
Cs,CulnBrs, Ilony4yeHbl HECKOIBKO 00pa3IOB, CHHTE3WPOBAHHBIX NpPU HHTEpBAJE TEMIIEpaTypbl
300°C-650°C.ITo pe3ynbratamM peHTreHo(ha30BOro aHaIM3a MPU YCIOBHUAX CHHTE3a 00pa3oBaJIMCh
dazer Cs;AgBrs, CszIngBrg, Cs;INBrs u CsCu,Brs.

PactBopHbIM MeTOI0M ObLTH TIONTY4eHBI 00pasibl coctaBa Cso;AgInBrg u Cs,CulnBrg, B ka-
YECTBE PACTBOPUTENIEH HCHOIB30BAIUCH cMemannbie pactBoputenu [IM®OA-HBr, IMCO-HBr u
HBr. Ilo pe3ynbraram peHTreHo(ha30BOro aHajmsa Obljla yCTAaHOBIICHO, YTO 00pa3Ilbl coaepkar ¢a-
361 CSAgBr3, CssInaBrg, Cs,InBrs u CsCu,Brs.

Ananu3 ($a3oBbIX paBHOBecui B TpoiiHOU cucteme CSBr-AgBr-InBrs mokasan tepmoanHa-
MUYECKYI0 YCTOMYMBOCTH ABOMHBIX OpomuaoB Cs3In,Bry, Cs,InBrs u Cs,AgBrs, uro, BeposiTHO, sB-
JsieTcsl MpensTcTBUEeM Juis oOpa3oBaHus (a3wl «BoiHOrO neposckuta» CS;AgInBrg B ycrmoBusix
ammnyiapHOro cuHTe3a. [lokazaHo, 4to ¢a3el ABoiHBIX TepoBckUTOB CS;AgInBrg m Cs,CulnBrs,
OIMCAHHBIC B JIUTEPAType HE POPMHUPYIOTCS B YCIOBHSIX aMITYJIbBHOTO CHHTE3a B IMAIIA30HE TEMIIC-
patyp 300 °C — 650 °C, a raxxe u3 pactBopos JIMPA u JIMCO B npucyrcreuu HBTr.

IMy6amkamuu cryaenta (https://istina.msu.ru/profile/JahongirYuldoshev/):
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nary systems of CsBr-CuBr-InBr; and CsBr-AgBr-InBr; // Sino-Russian Symposium on
Materials Science and Processing Technology, Kasaus, Poccus, 25-26 Hos0pst 2021,

3. IOmmomieB JIk.3. Croowcnvie 6pomudst 6 mpotinvix cucmemax CsBr-AgBr-InBrs u
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4. YOnmomreB JIxk.3. Cunmes «0sotinoeo neposckumay» Cs,CulnBrg amnynvuviv u pacmeophul-

mu memooamull International Scientific and Practical Conference ""Materials Science,
Forming Technologies and Equipment 2022" (ICMSSTE 2022), uzgateabcTBo "AHTHK-
Ba", Slnra, 16-19 mas 2022.

Complex bromides in the ternary systems CsBr-AgBr-InBr;
and CsBr-CuBr-InBr;

Yuldoshev J.Z.
Supervisor: Ph.D., Associate Professor Grigorieva A.V.

In recent years, lead-halide perovskites have attracted attention due to the successful combi-
nation of optical and electrical properties and their wide range of applications in photovoltaic devic-
es, X-ray detection and photodetectors, solid-state lighting and displays. However, the toxicity of
lead limit the industrial production and distribution of devices based on these perovskites. Recent
studies have shown that replacing two divalent Pb®* ions with a pair of monovalent and trivalent
metal cations to form so-called “double perovskites” can be an effective approach to search for new
promising compositions and eliminate the shortcomings of lead-halide perovskite devices. For the
CsBr-AgBr-InBr; and CsBr-CuBr-InBr; ternary systems, the existence of Cs,AgInBrg and
Cs,CulnBrg phases with the double perovskite structure was predicted. The Cs,AgInBrg phase is
promising due to the predicted properties of a direct-gap semiconductor (Eg = 1.3-1.9 eV) for it
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with a long lifetime of charge carriers and a low probability of electron or hole capture by intrinsic
impurity levels.

The purpose of this work is to study the equilibrium in binary and ternary systems of bro-
mides, which determine the possibility of forming phases with the “double perovskite” structure
Cs,AgInBrg and Cs,CulnBrg as a result of solid-phase and solution methods of synthesis.

Binary bromides CsAgBr,, Cs3ln,Brg, Cs,InBrs, CsCu,Br; were synthesized by the ampoule
synthesis method. X-ray phase analysis showed that the obtained samples are single-phase.

Samples of the composition Cs,AgInBrg and Cs,CulnBrg were synthesized by the ampoule
synthesis method. Several samples synthesized at a temperature range of 300°C-650°C were ob-
tained. According to the results of X-ray phase analysis under the synthesis conditions, the
Cs2AgBr3, Cs3In2Br9, Cs2InBr5, and CsCu2Br3 phases were formed.

Samples of the composition Cs,AginBrs and Cs,CulnBrg were obtained by the solution
method. Displaced solvents DMF-HBr, DMSO-HBr, and HBr were used as solvents. The result of
X-ray phase analysis was found that the samples contain the phases Cs,AgBrs, CszIn,Brg, Cs,InBrs,
and CsCu,Brs.

An analysis of phase equilibria in the ternary system CsBr-AgBr-InBr; showed the thermo-
dynamic stability of the double bromides CszIn,Brg, Cs,InBrs, and Cs,AgBr3, which is probably an
obstacle to the formation of the "double perovskite™ phase Cs,AgIinBre under ampoule synthesis
conditions. It has been shown that the phases of double perovskites Cs,AgInBrg and Cs,CulnBrg
described in the literature are not formed under the conditions of ampoule synthesis in the tempera-
ture range of 300°C — 650°C, and also from DMF and DMSO solutions in the presence of HBr.

JlloMuHecHeHTHBIE MaTepuaabl Ha ocHoBe Meau(|)
Kyn 111

PykoBoaurens: K.X.H., 1ou. [ puropsesa A.B.

B nocnieHue rojipl raJloreHHbIe coeMHeHUsT Ha ocHOBe Meu (1) cTami HOBBIM MOMYJISIPHBIM
HampaBJICHUEM UCCIIEI0OBaHMs BCBSA3U C MEPCIEKTUBOM MX MPUMEHEHHsS B POJIM JIIOMUHO(OPOB 1St
ocBelleHus U auciuieeB. VccnenoBanne pOTOATEKTPUUECKUX CBOMCTB HEOPraHUUCEKUX U THOPUI-
HBIX rajgoreHkynpatos(l) u ux npumeHnenuit Hayanock B 2018 roxy. 3a KopoTKoe Bpems B psizie pa-
00T OBLIO MOKA3aHO, YTO CJIOXHBIE raOreHH Ibl Ha ocHoBe Meau(l) MoryT npuMeHsTbCs B pa3ind-
HOW ONTORJIEKTPOHHON TE€XHUKE, HApUMEp, B poiu (POTONPUEMHHUKOB, CBETOJIMOIOB OETI0r0 U3IYy-
YeHUsl, POTONPUEMHHUKOB TTTyOOKOT0 YIbTPadroIeTOBOrO U3ITYYEHHUS, IE€TEKTOPOB PEHTTEHOBCKOTO
u3nydeHus, Y d-aeTekTopoB U Apyrux yctpoicTB. ['anorenkynpatsi(l) o6nagaroT sipkoii iroMuHeC-
LEHIUeH, ayyiield cTabUIbHOCTBIO 10 CPAaBHEHUIO C OPraHMYECKUMHU aHAJIOTaMH, HU3KOW TOKCHY-
HOCTBIO. B TO ke Bpems, 10 CHX IOp CYIIECTBYET MHOTO HEPELICHHBIX 3a/ad 1o 3(QQPeKTUBHOMY
MOJIYYEHUIO CIIOKHBIX rajoreHu7oB Meau(l) B Buje MOpPOIIKOB U MJIEHOK U UCCIIEeI0BaHUIO (aKTo-
POB, BIUSIOIINX Ha UX (a30BbIe IpeBpalieHus. M3yueHne MexaHnu3ma JIIOMUHECIICHIIUN HeOpraHu-
yeckux rajoreHkynparoB(l) Taxke BaKHO Al YIYYIIEHHUS UX XapaKTEPUCTUK M JalbHEHIIEro
IIPAKTUYECKOI0 TPUMEHEHUH.

[lens naHHOW pabOTHI COCTOUT B M3YyYEHUM YCIOBUN (opMHpoBaHUs TamoreHkynparon(l)
1e3Usl B MOJMKPUCTAIIIMYECKOM U HAaHOKPUCTAJUIMYECKOM COCTOSHUHM W aHaiM3e uX (HOTOIOMHU-
HECIIEHTHBIX CBOKMCTB. Bbutn ompenesneHsl Ga3oBblie paBHOBecusl B OMHapHBIX cuctemax Cs3Cusls-
Cs,CuBr3, Cs3Cusls - CsCu,Brs, CsCuslz - Cs,CuBrs u CsCuzls - CsCu,Brs npu T= 280°C-620°C,
BpeMeHU OTkHTra 24-48 4. M yCTaHOBJIEHBI 00acTel roMOoreHHOCTH; VccenoBanbl rajloreHu bl B
cucreme CSCuy(l1-xBrx)s merogamu JICK u DIIP u aHamu3upoBaHbl (OTOTOMUHECIICHIIMS UX TO-
pomikoB. CunresupoBanbsl HaHo9acTHIBI CSCU(11-xBrx)s u uccinemoBanbl Mopdoioruu HaHoda-
CTHII; a TaKke (GOPMUPOBaHBI IUIEHKK Ha OCHOBE HAHOCTPYKTYp obrrero cocraBa CSCuy(l1.xBrx)s u
UCCIIOJIOBAHBI ONTHYECKUX U (DOTOTFOMUHECLIEHTHBIX CBOMCTB IJIEHOK.
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OG6pa31ipl, TOTydeHHBIE METOOM ammynbHOro cuntesa mpu 280°C u 620 °C ma uersipex
paspesax, SBISLIUCH OJHO-, IBYX- WM TpexX(a3HbIMU U COJIEPKaTN M3BECTHBIC MOTUAHBIC (a3bl U
opomuaneie (¢aspl. [Ipu cunrese o6pasmos obmero cocrtaa CSCuy(l1-xBrx)s, ams psaa o6pasmos ¢
MaJIbIMU 3HAYCHHUSIMH X TIPUCYTCTBOBaNa mpuMecHas ¢gaza Cs3zCusls. [TokazaHo, 4To MEXaHOXUMHU-
YEeCKHI METOJI TaK)Ke MOKET OBbITh IIPUMEHEH st cuHTe3a (a3 ramoreHumsoB CSCuy(l1-xBrx)s.

[Tokazano, uto oOpasmbl coctaBoB CSCU,l3«Bry, monydeHHbIe aMIyIbHBIM METOJOM TIpH
620°C, obnanaror Hanbonee uaTeHCHMBHON DJI IpH BO30YkIECHUU IIMHAMU BOJIH 312HM 1 365HM,
a TaKke (POTOTIOMUHECITUPYIOT CHHUM IIBETOM TI0]] BO3ICHCTBHEM PEHTTEHOBCKOTO M3JIYUCHHUSI.

B pamkax nanHoil paGoThl BriepBble ObLUIN MOJY4YE€Hbl HAHOYACTULIBI U HAHOCTEPIKHH 00ILIEero
coctaBa CSCuUy(l1-xBrx)s nmpu pasusix Bpemenu cuntesa npu T = 180°C. C yBenudyeHnneM BpeMeHH
cuntesa pu 180°C pasmep nanouactun Ha cucteMe CSCuy(l1-xBrx)s ysenuunsaercs. ITonyuennsie
HAHOYACTHUIIBI UMEIOT (hopMy cTepkHel. J{nrHa HaHocTep)KHeH Bapbupyercs B auanazoHe 200 —
4000 am, Tommmaa 20 — 500 HM. PopM-(hakTop HaHOUACTHIT cOcTaBsieT ~10.

[TpoBeneno wuccnenoBanue BIusHUS KucioTHoi cpeasl (HI, HBr) ma ¢gopmy wactun Ha
npumepe coctaBa CsCuylisBris. B ycnoBusix uzbeitka HI u HBr ¢gopmupytorcss HanoctepxHu
CsCuyly 5Bry 5 ¢ 6ombIieii TeKCTypOi.

BriepBbie ObUIM CHHTE3MPOBAHBI HaHOYACTHIBI cMemianHoro cocraBa CSCua(li-xBrx)s mpu
x=0, 0,25, 0,5, 0,75 u 1 pu 180°C. Hanocrepxxuu CsCuU,l3 usnydaer spkuii sxenthlii cer. Hanoc-
tepxkan CSCu,Brs m3mydaror 3enennbie cBeT. [lokasaHo, 9T0 MaKCUMYM (POTOFOMHHECIICHIIUU 00-
pa3loB CMENMIAHHOTO COCTaBa CMEIIAETCS OT JKEITOr0 K 3eJIEHOMY IIBETY C POCTOM CTEIEeHH 3aMe-
IICHHS X.

Luminescent materials based on complex copper (1) halides
Kun Sh,
Supervisor: Ph.D., Associate Professor Grigorieva A. V.

In recent years, copper(l)-based halide compounds have become a new popular research area
due to the prospect of their application as luminophores for lighting and displays. Research on the
photovoltaic properties of inorganic and hybrid halogenecuprates(l) and their applications began in
2018. Recently, a number of studies have shown that complex copper(l)-based halides can be used
in a variety of optoelectronic applications, such as photodetectors, white light emitting diodes, deep
ultraviolet photodetectors, x-ray detectors, UV detectors, and other devices. Halogenecuprates(l)
have bright luminescence, better stability compared to their organic counterparts, and low toxicity.
At the same time, there are still many unsolved problems related to efficient preparation of complex
copper(l) halides in the form of powders and films and study of factors that affect their phase trans-
formation. The study of the luminescence mechanism of inorganic halogenecuprates(l) is also im-
portant for their improvement and further practical application.

The aim of this work is to study the conditions of formation of cesium halogenecuprates(l)
in polycrystalline and nanocrystalline states and analyze their photoluminescent properties. The
phase equilibria in the binary systems Cs3Cuzls- Cs,CuBr3, Cs3Cuyls - CsCu,Brs, CsCuqls -
Cs,CuBr3 and CsCualz - CsCu,Brs at T= 280°C-620°C, annealing time 24-48 h. and the areas of
homogeneity were established; The halides in the CsCu,(l1-xBrx)s system were studied by DSC and
XRD methods and the photoluminescence of their powders were analyzed. Nanoparticles of
CsCuy(l11-xBrx)s were synthesized and the morphologies of nanoparticles were studied; and films
based on nanostructures of CsCuy(l;-xBrx)s were formed and the optical and photoluminescent
properties of films were studied.

In this study, the samples obtained by mechanochemical and samples after 48 hours of heat-
ing, by XRD method were investigated. The nanostructures on the general composition of CsCuy(l,.

xBrx)s Were studied by XRD, TEM, SEM, and PL methods.
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The samples obtained by ampoule synthesis at 280°C and 620°C in four sections were one-,
two- or three-phase and contained known iodide phases and bromide phases. When synthesizing
samples of the general composition CsCu,(l;.xBrx)s: the impurity phase CssCuzls was present for a
number of samples with small values of x. It is shown that the mechanochemical method can also
be applied for the synthesis of CsCu,(l,.xBrx)s halides.

It was shown that the samples of CsCu,(1,.xBrx); compositions obtained by ampoule method
at 620°C exhibit the most intense FL when excited by 312nm and 365nm wavelengths, and also
photoluminesce blue when exposed to X-rays.

In this work, nanoparticles and nanorods of the general composition CsCu,(l;.xBrx)s at dif-
ferent synthesis times at T = 180°C were obtained for the first time. As the synthesis time at 180°C
increases, the size of nanoparticles on the CsCu,(l;.xBrx)s System increases. The obtained nanopar-
ticles are rod-shaped. The length of the nanorods varies from 200 to 4000 nm, with a thickness of
20 to 500 nm. The shape factor of the nanoparticles is ~10.

The effect of acid environment (HI, HBr) on the particle shape was investigated by the ex-
ample of CsCuzly 5Bry 5 composition. Under the conditions of excess of HI and HBr, CsCu,l; sBry 5
nanorods with larger texture are formed.

Mixed composition CsCus(l;.xBrx); nanoparticles at x=0, 0.25, 0.5, 0.75 and 1 at 180°C
were first synthesized. CsCu,l; nanorods emit bright yellow light. CsCu,Br; nanorods emit green
light. It is shown that the photoluminescence maximum of samples of mixed composition shifts
from yellow to green with increasing degree of substitution x.
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