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O NIOAI'OTOBKE MATUCTPOB HA ®AKYJIBTETE
HAYK O MATEPHAJIAX MI'Y

®dakynbTeT HAYK O MaTepuaigax — 3TO MEXIUCIHUIUIMHAPHOE YuyeOHOe 3aBefie-
HUE, 3a/1auell KOTOPOTO SIBJISETCS MOJATOTOBKA BHICOKOKBATU(PUIIMPOBAHHBIX CIIEeLIHA-
JIUCTOB, CTIOCOOHBIX TTPOBOJUTH UCCIICIOBAHMS B CMEKHBIX 00JIACTAX XUMHH, (PU3UKHU
1 MexaHHuKH. 3a BpeMst 00ydeHuss Ha ®HM cTyaeHTs TpHOOpETaroT YCUICHHYIO 00-
[IEHAYYHYIO TTOJITOTOBKY U XOPOIIIME HABBIKK IKCIIEPUMEHTATBHONU PabOTHI.

dakynbTeT HAyK O Marepuajgax MPOBOAUT OOYUYEHHUE CTYACHTOB IO JABYXCTY-
neHyaroi (OakajgaBp-MarucTp) CHUCTEME MOJArOoTOBKM crennanuctoB. 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 oOpazoBarenbHOro crangapra MI'Y (OC MI'Y) mo HarmpaBieHUIO
«Xumus». C 2015 roga noAroToBKa MaruCTpoOB BEAETCS MO HAMPABICHUIO «XUMHUS,
dbu3MKa 1 MexaHuka maTepuasnioB», U B 2017 roay BIepBbIE BBIMYIICHBI CTYICHTHI,
MMOJATOTOBJICHHBIE MO 3TOW MPOTrPaMME.

[TporpaMMa HOArOTOBKM MarucTpoB BKIIIOYaeT B ceOs 0a30Byl0 4acTb, CO-
CTOAIIYIO U3 IMKJIA OOMIEKYJIbTYPHOU MOATOTOBKH («Puiocodckue BOIPOCH! ecTe-
CTBO3HaHUD», «OCHOBBI HAYYHOTO MEPeBOa», «KOMIBbIOTEpHBIE TEXHOJOTMU B Hay-
Ke U 00pa3zoBaHUMNY), a Takxke MnpodeccroHanpbHoro nukia («IlepcnekTuBHbIE HEOP-
TraHUYECKHE MAaTEPHAIIBI CO CICIIMATBHBIMU (PYHKITUAMIY», « COBpEeMEHHBIE MTPOOTIEMBI
MarepuanoBeneHus», «MIcTopust 1 METOIOJNIOrusl HAayKu O Marepuanax», «Meroauka
MPENO/IaBaHMs €CTECTBEHHOHAYYHBIX JUCLUUILIMHY», CIIEUNPAKTUKYM «MeTobl quar-
HOCTUKHU MaTepuasaoBy, 4 3ad.en./80 4yacoB 1abopaTOpPHBIX 3aHIATUH, B paMKaxX KOTO-
pOro 3HAKOMATCS C OCHOBHBIMU NPHUHLMIAMH PaOOThl COBPEMEHHBIX MPUOOPOB,
MPUMEHSAEMBIX MPU UCCICAOBAHUHU (PU3UKO-XUMHUYECKUX M MEXAHHUYECKUX CBOWCTB
MarepuanoB). BapuaruBHas 4acTh MOATOTOBKH COJEPKUT JIEKITMOHHBIE KYPChI AMC-
IUIJIMH MarucTepckol mporpaMmbl (Takue Kak, «CympamoieKyJsipHash XUMUS,
«buoneoprannueckass xumus», «Koopaunaunonnas xumusi. COBpeMEHHBIE acHek-
Tb», «Hanoxumus», «MeTamiooprannueckas Xumus», 6 3ad.ell.), CIEUKYpChl IO
BbIOOPY cTyneHTa (5 3a4.ell.), a TakkKe MPAKTHUECKHE 3aHATHUS, MO3BOJIAIOIINE CTY-
JI€HTaM OCBOUTH Pa3HOOOpa3Hble METO/bl CUHTE3a BEILECTB U MaTepUajoB B paMKax
«KadenpanpHoro criennpaktukyma» (5 3ad.ef., 108 yacoB 1a00paTOpHBIX 3aHSATH).
MaructpanTsl BTOPOro rofa o0ydeHHs! MPOXOAT 3aKIIOUYUTEIbHYI0, PACIIUPEHHYIO
4acTh CHEIIPAKTUKYMa [0 COBPEMEHHBIM MPUOOpaM JJIsi AMATHOCTUKHA MATEpUAJIOB
(Tak HasbiBaeMbIl «IIpubopHBI pakTUKyM», 18 3ad.en./180 yacoB mabopaTOpHBIX
3aHATHI), OCHOBHOM 3a7iaueil KOTOPOTO SIBJISIETCS] MOATOTOBKA BHICOKOKBATU(ULIUPO-
BAaHHBIX MOJb30BaTENEH (OMEepaToOpoOB) AJII CAMOCTOSITENIbHOW PabOThl Ha CIOXKHOM
Hay4yHOM oOopyaoBaHuH. CielyeT OTMETUTh, YTO OOBEKTaMU aHAJTUTHYECKOTO HC-
CJIEIOBaHUs B XOJI€ BBINOJHEHUS 3a7a4 CHEUNPAKTUKYMOB SIBIIIFOTCS, B 3HAUYUTENb-
HOM Mepe, BEIeCTBAa U MaTepHalibl, CO3/1aBa€MbI€ B paMKax MPUOPUTETHBIX IS (a-
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KyJIbTETa HayYHBIX HAMPABICHUH, pa3BUBAEMbIX Ha (DaKyIbTETCKHX Kadempax 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
SHEPreTUKHM (3aB. naboparopuei — k.x.H. A.b.Tapacos).

Crynentst @®HM HMEIOT YHUKAIBHYI0 BO3MOXHOCTh OCYIIECTBJISTh HAYYHYIO
JESTEIBbHOCTh U BBIMOJIHATH KBaJU(UKAIIMOHHBIE PabOThl HE TOJBKO B MOJpa3fee-
HUAX MOCKOBCKOIO YHUBEPCUTETA, HO U B KPYITHEUIINX HAYYHBIX LeHTpax Poccuu, 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 KOJJIEKTMBOB, Pa3BUBAaTh CBOM HABBIKM Ma-
TE€pPHUAIOBEI0B-UCCIENOBATENEH B paMKaxX pa3HbIX HAyYHBIX LIKOJ, a BO BpeMs 3apy-
OEKHBIX CTAXKUPOBOK — €I11€ U MPAKTUKOBATHCS B OOLIEHUH Ha HHOCTPAHHBIX SI3bIKaX.
Bo Bpemsi mpakTHKK CTyIEHThl OOOTaIlaloTCsl HayYHBIMU HJCSIMH, 3aKJIaIbIBAIOT
(GyHIIaMEHT CBOEH Hay4HOM pemyTaluu AJs CIEAYIOIUX ypoBHEH oOpa3oBaHus (ac-
NUPAHTYpPA, TOKTOPAHTYpPa).

Maructpantbi-BeinyckHukd 2021 roga mpoxoAwid MPakTUKY B TaKUX KPYII-
HBIX y4eOHO-HAY4YHBIX M Hay4HbIX 1IeHTpax Poccuu xkak MHCTUTYT 0OI1IEe# u Heopra-
Huueckoil xumun uM. H.C. KypnakoBa PAH, MHCTUTYT MeTalLlypruu U MaTepHuaio-
BeaeHuss uM. A.A. baiitkoBa PAH, MHCTUTYT 371€MEHTOOPTraHUYECKUX COCIUHEHUM
uM. A.H. Hecmesnoa PAH, MHCTUTYT pu3nyYecKOl XUMHUHU U DJIEKTPOXHUMHUHU HM.
A.H. ®pymkuna PAH, Uucturyt xumuueckoit pusuku um. H.H. CemenoBa PAH,
HanmoHnanbHelil KCCIeqOBATENBCKUN TeXHONOTHUECKU yHHUBepcUTET «MUCuCy,
Poccuniicknii xuMHuKO-TeEXHOJIOTUYEeCKUd yHUBepeuteT uMm. .M. Menneneea, Moc-
KOBCKMM  (u3uKO-TexHuuyeckuit  uHCTUTYT, OO0 «Utexkma», OO0 «C-
NHHOBAIMW». 3apyOexHy0 CTaXUPOBKY CTYJIEHTHI-BBITYCKHUKU MPOXOAMINA B
Nucturyre Makca [Inanka B ltytrapre u I'elinens6eprckom ynuBepcurere (I'ep-
MaHus).

BaxxubiM (hakTOpoM, CHOCOOCTBYIOIIMM DPA3BUTHIO TBOPUYECKOW AKTUBHOCTH
CTYJIEHTOB, SIBIIIETCA TO, UTO Hay4yHas paboTa BXOAWT B y4eOHBIH rmiaH. Dopma OT-
YETHOCTH — O0s3aTeNbHBIE CTYJEHYECKHE KOH(PEPEHLNH, KOTOpbIe MPOBOISATCS IO
OKOHYaHUU Kax1oro cemectpa. O BbICOKOW HayYHON aKTUBHOCTH CTYJIEHTOB CBHUJE-
TEJIBCTBYET OO0JBIIOE KOIMYECTBO MyOJUKALM B HAYYHBIX JKypHaIax, a TaKkXe yda-
CTHE CTYJICHTOB B POCCUHCKHX M MEKIYHAPOJHBIX Hay4dHbIX KOHPepeHuusx. Ooiee
YUCIIO0 MyOJMKalMii BEITYCKHUKOB MaructpaTypsl 3a 2013-2020 roasr npeacraBieHo
B TaOJIUILE.



2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020

Ywucio CTyACHTOB, 3alH1IIaB- 23 18 19 12 22 22 23 22
HIUX JUIUIOM
Ywucno paboT, BBIMOJTHEHHBIX B 1 0 3 0 1 2 1 1

uHctutyrax PAH

Yucno cTy1IeHTOB, UMEIOLIUX 21 16 19 11 21 20 23 20
myOuKaIu

OO6miee uncio myOIuKaIui, 247 | 132 | 196 85 236 | 270 | 151 | 223
W3 HUX CTaTEeM, 54 29 32 16 40 60 18 50
3asiBOK Ha MMaTCHT 0 1 7 3 7 1 2 0
IMaTEHTOB 0 0 3 0 0 2 0 4
Yucno O1eHOK «OTIUIHO) 20 14 17 11 19 15 22 22
«XOPOIIIOY 1 3 2 1 3 6 1 0
«YIOBIICTB.)» 2 1 0 0 0 1 0 0
«HEYIOBILY 0 0 0 0 0 0 0 0
Uucno pabot, OTMEUEHHBIX 5 ) ) 4 ) 8 7 5
I'DK
Yucao QUILUIOMOB € OTJIMYHUEM 15 7 7 5 10 15 15 17
YwucIio BBITYCKHUKOB, TIOCTY- 10 11 12 10 10 12 9 14

nuBIIMX B acnupantypy @HM

B 2021 romy marucrepckue KBaduUKaIMOHHBIE PaOOTHI OyJeT 3alluiiaTh
21 BemyckauK. O0IIee YuciIo uxX myonukanui cocraisger 182, u3z Hux 45 crareit u
2 TaTeHTa Ha m300peTeHne. Maructepckue paboThl BHEITIONHSINCH Ha Kadempax He-
OpraHUYeCKON XUMHH, PAJIUOXUMHUH, BBICOKOMOJIEKYJIIPHBIX COCIUHEHUMN, XUMUYE-
CKOM TEXHOJIOTMU M HOBBIX MaTepHaIOB XUMuU4eckoro ¢akynpreta MI'Y, Ha kaden-
pax HaHOMAaTEepUaJIOB, MEXKIUCIIUIUTMHAPHOTO MaTepUaloBeACHUS U B JabopaTopuu
HOBBIX MaTEpPHAJIOB /I COJIHEYHOM SHEpreTuku ¢akyabTeTa HAyK O MaTepualax
MI'Y, Ha xadenpe GU3MKKA HU3KUX TEMIIEPATYP U CBEPXIPOBOAMMOCTH (PU3UUECKOTO
dakynpreta MI'Y, B HWHCTHTYTE O0OIIEH W HEOPraHWYECKOW XUMHUU WM.
H.C. KypnakoBa PAH, HMHCTMUTYyTE  3JIIEMEHTOOPTraHUYECKUX  COCIMHEHUM
uMm. A.H. HecmestnoBa PAH, ®@enepanbHOM UCCIIEI0BATENBCKOM LIEHTPE XUMHYECKOU
¢bus3uku um. H.H. CemenoBa PAH.

[IpoBenenue I'ocynapCTBEHHOM MTOTOBOM aTTeCTalldd OOydYarolIuXcs B
2021 rogy opraHM3yeTCsi C HCHOJb30BAHUEM JIMCTAHIITMOHHBIX OOpa3oBaTEIbHBIX
texHosoruii (Ilpuka3z Pexropa MockoBckoro yHusepcutera Ne 296 ot 08 ampens
2021 r. u pacnopsixxenue Ne 65 ot 12 anpens 2021 r.).

OuenuBarh paboOThl OyneT BBHICOKOKBAIM(HUIIMPOBaHHAS U OOBEKTHBHAsI KO-
MHCCHSI, BO3IJIaBJIsieMasl 4ieHOM-KoppecnoHaeHToM PAH, nmokTtopoM TexHMYeCKHX
Hayk KosnmakoBeiM AnekceeM ['eoprueBnuem. B coctaB Komuccuu, Hapsany c¢ mpe-
noaasatessiMu @HM u xuMuueckoro ¢akynbTeTa, BXOJAT MPEACTaBUTENN YHUBEP-
cUTETOB U Poccuiickoil akajeMUH HaykK, BEAyLIUE CIeHHATMCThl HHCTUTYTOB PAH.
Cekperapp ['OK — xanauaaT XuMHYECKUX HAyK, aCCUCTEHT Kadeapsl HaHOMaTepHa-
noB ®HM CemenoBa AHHa AJleKCaHIPOBHA.




COCTAB I'OCYJIAPCTBEHHOMH DK3AMEHAIIMOHHOM

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

Konmakos wyieH-koppecnonaeHT PAH, a.1.H., 3aBenyromuii 1adboparo-

Anekcen pHel MPOYHOCTH U IUNIACTUYHOCTH METAJUIMYECKUX U KOMIIO-

I'eoprueBuu 3UIMOHHBIX MaTEPUAIIOB U HAaHOMATEpHUanoB, THCTUTYT Me-

(mpeacenarenp) TALTYPTUU U MaTepuanoBeaeHus uM. A.A. baitkopa PAH

AHTHIIOB yieH-koppecnonaeHT PAH, unen EBponelickoii AkagemMun

EBrennu HayK, J.X.H., mpodeccop, 3aBeayronuii kaheapoit 3J1eKTpo-

Bukropouu XUMUH, 3aBEIYIOIINN TabopaToprell HeOpraHUYECKON KpH-
CTAJUTOXUMHH U 3aBEAYIOIINI TJabopaTtopueil pyHIaMeHTalb-
HBIX MCCJICIOBAaHUMN MTPOOJIEM MOTYyUCHUS ATFOMUHUS, XUMU-
yeckuid pakynprer MI'Y

boitHoBH4 akanemuk PAH, n.¢.-m.H., npodeccop, UHCTUTYT pusznde-

JIrommuita CKOW XMMHH U dJieKTpoxuMun um. A.H. @pymxnna PAH

bopuncosna

by3Huk akanemuk PAH, n.x.H., ri.H.c. UHCTUTYyTa METaIlypruu U

Bsiuecnas MarepuanioBesienns uM. A.A. baitkosa PAH, nupektop Un-

MuxaiioBu4 HOBaIlMOHHO-TeXHOJIornueckoro neutpa PAH «YepHorosios-
Ka», CoBeTHUK ['eHepanbHOrO nupekropa Beepocecuiickoro
HAaY4YHO-HCCJIEA0BATEIbCKOTO HHCTUTYTAa aBUALIMOHHBIX MaTe-
pHaoB

l'apmes K.X.H., JIOLIEHT, (hakyJabTeT Hayk o Matepuasiax MI'Y, 3amec-

Anekcen TUTENb IeKaHa XUMHU4YecKoro gakynbrera MI'Y mo nporpam-

BukropoBuu Me pa3utust MI'Y 1 QyHKIMOHUPOBAHUIO HEHTPOB KOJIJIEK-
THUBHOTO MOJIb30BAHUS

['opbyHoBa yiieH-koppecnoneHT PAH, a1.x.1., npodeccop, UncturyT

HOnus oOmieit u Heopranuueckoit xumuu uM. H.C. Kypnakosa PAH,

I'epmanoBHa NucTuTyT Pu3nueckoi XMMUHU U DJIEKTPOXUMHH HM.
A.H.®pymkuna PAH

'ynunuu yiieH-koppecnoneHT PAH, 1.x.H., mpodeccop, 3aBeayromumii

EBrenuii Ka(eapoil HEOPraHMYECKOro MaTepUAIOBEACHUS XUMUYECKO-

AnekceeBud ro pakynerera MI'Y, 3aBenyromuii kadenpoit HaHoMarepua-
JIOB ¥ 3aMECTUTENb JIekaHa (aKyIbTeTa HAyK O MaTepuaiax
MI'Y 1o "HHOBAIIMOHHOMU JIE€SITEILHOCTU

JIoOpOBOJIbCKUIT | [1.X.H., TPpOQecCcop, pyKOBOAUTENb IPYIIIbI CIEUATBHBIX Ma-

HOpuit tepuanoB, UHcTuTyT npobiiem xumudeckoit ¢pusznku PAH

AHAaTOJIbEBUY

Epemun 1.¢d.-M.H., ipodeccop, kKadenpa huU3HIecKor XUMUN, XUMHUYE-

Bagum ckuii pakynerer MI'Y

Brnagumuposuu




10 | iBaHoB yieH-koppecnonaeHT PAH, n.x.H., nupektop UHCcTHTYyTA 00-
Brnagumup nier u Heoprannueckor xumuu uM. H.C. Kypuakoa PAH
KoncTanTnHOBHY

11 | eBnes akanemuk PAH, n.¢.-M.H., mpodeccop, 3aBeayromuii kade-
Banentun POl MEXIUCIUILTMHAPHOTO MaTepuanoBeAeHus, GaKkyIbTeT
MuxaisioBu4 Hayk o Marepuanax MI'Y

12 | KHoTbKO 1.X.H., Ipodeccop, kadenpa MEKAUCIUILITUHAPHOTO MaTepUa-
Anekcanap JoBeACHMS, PaKyIbTET HAYK 0 MaTepuanax MI'Y
BanepeeBuu

13 | Ky3Henon akanemuk PAH, 1.x.H., mpodeccop, 3aBeayroniuii Jadboparo-
Hukonan pUeH XHMHH JIETKUX JIEMEHTOB M KJacTepoB, MHCTUTYT 00-
TumodeeBny nied u Heopranndeckor xumuu uMm. H.C. Kypnakoa PAH

14 | Memankux akanemuk PAH, 1.1.H., npodeccop, 3aBeayromuii kadeapoii
Banepui JIOTUCTUKH M SKOHOMUYECKON nHpopmaTuku, Poccuiickuii
[TaBnoBuu XUMHKO-TEXHOJIOTUYECKNN yHUBepcuTeT umenu [[.M. Menne-

JeeBa

15 | [lyTnsies K.X.H., TOLIEHT, Kadejpa HEOPraHUYECKON XUMUU XUMHYECKO-
Banepuit ro (akynerera MI'Y, kKadeapa MEKIUCUUIIMHAPHOTO MaTe-
HNBaHoBuu puanoBeqeHus GpakyapTeTa HayK o MaTepuanax MI'Y

16 | PymsiHuieBa J.X.H., Ipodeccop, 1abopaToprs XUMUHU U GUZUKHU TTOTYTIPO-
Mapuna BOJIHUKOBBIX U CEHCOPHBIX MaTepualioB, Kadepa HeOpraHu-
HukonaeBna YeCKOM XuMuu, Xumudeckuii paxynerer MI'Y

17 | TananaeB Ban | unen-koppecnonaeHT PAH, n.x.H., mpodeccop, 3aBeayromui
I'ynpapoBuu nabopaTopuel SaepHBIX TEXHOIOTUN AKaIeMUYeCKOro Je-

napTaMeHTa siiepHbIX TexHoyorui 11IKoapl eCTeCTBEHHBIX
HayK, JlalbHEeBOCTOUHBIN (pesiepanbHbIi YHUBEPCUTET

18 | Tapacos K.X.H., 3aBeAYyIOIIUH JabopaTopueil HOBBIX MaTEPUAIOB JJIsI
Anekcen COJIHEYHOM dHEPreTHKH, PaKkyIbTeT HAyK 0 Matepuanax MI'Y
bopucosuu

19 | Xetiden 1.¢d.-M.H., podeccop, B.H.C., Kadeapa XUMUYECKON TEXHOIIO-
JIronBur T U HOBBIX MaTepuasoB, XuMuueckuit paxynprer MI'Y
Nmnesnu

20 | [IuBamze axkamemMuk PAH, n1.x.H., nmpodeccop, Hay4dHbIN PyKOBOIUTENb
Acnan WNuctutyTa Gu3nuecKkoi XUMUHU U JIEKTpoXxumMuu um. A.H.
IOcynosuu ®pymkraa PAH

21 | laranoBa K.X.H., 3aMECTUTENb JeKaHa Mo yuyeOHo# padoTe, (aKyIbTeT
TarbsiHa Hayk o marepuanax MI'Y
bopucosHa

22 | llleBennpkoB 1.X.H., ipodeccop, 3aBeayronuil kadenapoit HEOpraHMIeCcKou
AHnpen XUMUH 1 3aBEIYIONTNH J1a00paTopueil HampaBJICHHOTO HEOP-
Bnagumuposuu TaHUYECKOTO CHHTE3a, XUMHIeckuil pakynpteT MI'Y

23 | Slmmna Jlana J.X.H., B.H.C., Kaejpa HEOPraHUYECKOW XUMHUH, XUMHIECKUN
BanepneBHa bakynerer MI'Y
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PACIIUCAHUE 3AIIIUT MATUCTEPCKUX KBAJIMOUKAIIMOHHBIX PABOT

25 mas (BTOpPHHMK)

Bpems | Marucrpanrt Ha3zBanue pa6oTnbl MecTo BbINOJIHEHHS PA0OTHI PykoBoauresnb Penenzent
11:00 — . .
11:05 BcerynurensHoe cnoBo IIpeacenarens I'ocygapcTBEHHON 3K3aMEHAIIMOHHON KOMHUCCUU
11:05 - | Kormos Absporenu Ha OCHOBe AuoKcH- | JIaGopaTopus cuHTe3a PyHK- K.X.H., 3aB.J1a0. k.Xx.H. Karutanosa Onecst Onerossa, ¢.H.c,
11:50 | Cepreii Jla KPeMHUS, MOTUPHUITIPO- ITMOHAJILHBIX MAaTepPHAJIOB | Tle- | bapaHunkoB naboparoprst HAHOONTHKH M TUTa3MOHHKH,
IOpreBuu BAHHbBIC HAHOYACTULIAMU CE- pepaboTKH MHUHEPATLHOTO ChI- Anexcannap M®TU; M.H.c., TabopaTopusi OMOHATHTHYC-
pebpa pbsi, MHCTUTYT OOI1Ie# 1 Heopra- | EBrenneBud CKHX METOJOB U ONITUYECKUX CEHCOPHBIX CUC-
Huueckon xumuu um. H.C. Kyp- TeM, Kadeapa aHATUTHUECKOW XUMUH, XUMU-
HakoBa PAH yeckuil pakynprer MI'Y
11:50 — | 3BepeBa ®oTo0- 1 razouyBcTBUTENbHBIE | JlabopaTtopust XuMuU ¥ GU3UKHA | K.X.H., HHXK. UmKoB K.(.-M.H., o1 3aiiueB Bnagumup Bopucosuy,
12:35 Amnacracus CBOMCTBa HAHOKOMITIO3UTOB Ha | TIONYIPOBOAHUKOBBIX U ceHCOop- | ApTéMm CepreeBud Odusnueckuii pakyinprer MI'Y
PomanoBHa OCHOBE HAaHOKPHCTAJUTMYECKO- | HBIX MaTepHalloB, Kadeapa He-
ro ZnO ¥ HAaHOKPHUCTAJUIOB OpPraHMYECKON XUMUH, XUMHYE-
CsPbX; (X=ClI,Br,I) ckuit pakynprer MI'Y
12:35 — | JlazapeHnko CuHTE3 HaHOKOMIIO3UTHBIX JlaGopaTopusi HEOPraHW4YEeCKOro | 1.X.H., B.H.C. IIlmsaxTuH | K.X.H., H.c. EBnokumenko Hukomnait JImurpue-
13:20 Hapbs KaTaJnu3aTOpPOB TUAPUPOBAHUS | MaTepHUaIOBeIeHUs, Kadenpa Omner Anekcannaposud; | Bu4, JlabopaTopusi pa3pabOTKU U HCCEA0Ba-
AnexceeBHa CO; BOCCTAaHOBUTEINIBHBIM pa3- | HEOPraHMYECKOW XUMHUH, XUMHU- | acIl. 4 r/o Masblies HUSI TOJTU(YHKIIMOHAIBHBIX KaTaIu3aTOPOB
noxenreM Nd; sCagsNiOy4 gyeckuil pakynprer MI'Y Cepreii AnnpeeBud (Nel4), MHCTUTYT OPraHUYECKON XUMHUH UM.
H./I. 3enunckoro PAH
13:20 — | YepHoyxoB ABTomaTH3upoBaHHbIN Nouck | JIabopaTopusi KBaHTOBBIX KOO- K.(p.-M.H., pu3uk K.I.-M.H., B.H.C. llIBanckas Jlapuca Bukro-
14:05 | VBan Bnagu- | HU3KOpa3MEpHBIX MAarHETUKOB | MEPaTHBHBIX siBIeHuUi, kadenapa | KosmskoBa Exarepuna | pona, Kadenpa kpucramnorpadun u Kpu-
MUPOBHY U €ro peanusalys: Tpeyroib- (U3UKU HU3KHUX TeMIEpaTyp U CepreeBHa CTAJUIOXUMHH, T€OJIOTHYECKUH (haKyIbTeT
HBIE KJIaCTepPhl B COCAMHEHUN | CBEPXIPOBOAMMOCTH, (pH3Hye- MI'y
KsFe30(SO4)g¢ 10H,0 ckuii paxynprer MI'Y
14:05 — | CnernioBa OpHomoMeHHBIE YacTullbl TeK- | JlaGopaTopus HEOpraHM4ecKoro | K.X.H., M.H.C. TpycoB K.X.H., C.H.C. 'ma3koBa SlHa CepreeBHa,
14:50 | Anacracus cadeppuTa CTpOHLIUS, JIETUPO- | MaTepHaJIOBeACHuUs, Kadeapa JleB AptémoBuY JlaGopatopus si1epHO-XUMHUYECKOTO MaTepua-
EBrenneBHa BaHHOTO XPOMOM HEOPTaHWYECKOW XUMHH, XUMHU- JoBeneHus, Kadeapa paguoXuMHAN, XUMUYe-
yeckuil paxynpter MI'Y ckuit pakynprer MI'Y
14:50 — | Koponés JuHamuka nBrKeHust MarHu- | JIabopaTopusi HEOpraHM4ecKoro | K.X.H., M.H.c. TpycoB K.X.H., c.H.c. Cokonos I[lerp Cepreesuu, HUL]
15:35 Bnagumup TOTBEPABIX HAHOYACTUII TEK- MaTepuaioBeeHus, Kadenpa JleB AprémoBuu "KypuatoBckuii uncturyt" - UIPEA
BuxTtopoBuu | cadepputa CTpOHLIUS B BA3KUX | HEOPTaHUYECKOM XUMHH, XUMHU-

cpenax

yeckuii pakynaprer MI'Y




26 mas (cpena)

Bpemst | Marucrpanrt Ha3zBanue pa6oTsbl MecTo BbINOJIHEHUS PA0OTHI PykoBoguresanb Penenzent
11:00 — . .
11:05 Bcerynurensnoe cnoBo IIpeaceaarens I'ocygapcTBEHHOM 3K3aMEHAIIMOHHOW KOMUCCHH
11:05 — | OgunaeBa Nzydenne BiusiHAS KaTHOHHO- | JIaGopaTopusi TEXHOJIOTUU K.X.H., JIOII. K.X.H., o1l ['onyouna Enena BnagumupoBHa,
11:50 | Anna ro cocTaBa Ha (PU3UKO- (byHKIMOHANBHBIX MaTepuasoB, | bapeimnukoBa Okcana | HMJI katanusa u ra3oBoi 3JIeKTPOXUMUH, Ka-
TumypoBHa XUMHYECKHE CBOMCTBA coeiu- | Kadeapa XMMHUUECKOH TexHono- | BraauMupoBHa ¢denpa puznyecKot XUMUH, XUMUYECKUH (a-
HEHUI CO CTPYKTYpOM BaHaJa- | T'MU U HOBBIX MAaT€pUAJIOB, XU- KynbTeT MI'Y
Ta KaJIbLHs muyeckuil paxynaprer MI'Y
11:50 — | dpankoB CuHTE3 ¥ U3y4eHHE PeIOKC- JlaGoparopust HEOPraHUYECKOTO | K.X.H., C.H.C. K.(-M.H., c.H.c. Konnparenko Muxaunn Cep-
12:35 | Amurpwii aKTHUBHBIX MUKpPOTEJIel Ha Oc- | MaTepHajoBeleHus, Kadeapa Utknc lannun reesud, Kadeapa ¢pusuku monumepoB u Kpu-
Hukonaesuu | HoBe nosnu-N-u3onponui- HEOpPraHWYeCKOM XUMHH, XUMU- | Muxaiinosuy; CTaJUIOB, OTJENIeHHE (PU3UKU TBEPAOTO Tea,
aKpuJIaMHua U OJUAKPIIOBOH | yeckuid hakynprer MI'Y K.p-M.H., c.H.c. Koxky- | dusmueckuii pakymprer MI'Y
KHCIIOTBI JUIS DJIEKTPOXUMUYE- HoBa Enena IOpbeBHa
CKUX NPWIOKECHHUH
12:35 — | KongparseBa | Ponb 3epHOrpannyHOM 1ud- JlaGopaTopusi HEOPraHU4YECKOro | J.X.H., B.H.C. SlIIMHa K.X.H., H.c. PocisikoB Unbs Biangumuposuy,
13:20 | EBrenus ¢y3uu B mporeccax 3JIeKTpo- | MaTepHajoBeeHus, kadeapa Jlana BanepbeBHa; JlaGopatopusi cuHTe3a (PyHKIIMOHAIBHBIX Ma-
OCQKIIECHHUS JIUTUA HEOpraHM4YecKol XUMHH, XUMHU- | M.H.C., acll. 3 /o ®HM | tepuasnoB u nepepabOoTKH MUHEPAIBHOI'O Chl-
gyeckuil pakyapTer MI'Y; JIaGo- | PyneB Anekceit AHTO- | pbs, MHCTUTYT 001Iel M1 HEOpraHMYECKON XHU-
paTopusi XUMHUYECKUX UCTOYHU- | HOBUY muu uM.H.C.Kypnakosa PAH
koB Toka, ULl XD um. H.H.
CeménoBa PAH
13:20 — | SIxoBneB VYrnemnactuk Ha ocHOBe Tpu- | JlaGopaTopusi TEOpeTUYECKUX K.X.H., C.H.C. K.X.H., H.C. 3ape3un Jlanwun [lerpoBuy,
14:05 | Makcum (GYHKIMOHAIBHOTO (PTAJIOHUT- | OCHOB XMMUYECKOH TexHosoruu, | bynrakos bopuc JlaGopatopus "KpeMHHUIIOpraHUUECKUX U yrI-
Bnanumupo- puna Kadenpa XUMHUYECKON TEXHOJO- | AHATOJIHEBUY; JIEBOAOPOHBIX LIMKIMYECKUX COEAMHEHHUMN"
BHY T'MH ¥ HOBBIX MATEPUAJIOB, XU- H.c. Mopo3os Ouer (Ne 10), actutyT HEPTEXMMHUUYECKOTO CHHTE-
muueckuil paxynperer MI'Y Cepreesnu 3a uM. A.B. Tonmunesa PAH
14:05 — | TerutonoroBa | CIOUCTBIE THIPOKCUABI pEJi- JlaGopatopus cuHTe3a PyHK- J.X.H., T.H.C. J.X.H., Wi.-Kopp. Jlykamun Anexkceit Bukro-
14:50 | Mapust Anek- | KO3eMeIbHBIX HIIEMEHTOB LMOHAJBHBIX MaTepuaioB U ne- | MBanos Brnagumup posuy, Kadenpa nanomatepuanos, GpakyabTeT
CaH/IpOBHA (Y, Gd), unrepkanupoBaHHble | pepabOTKH MUHEPATBHOIO ChI- Koncrantunosuy; Hayk o matepuanax MI'Y

(bOTO&KTI/IBHI)IMI/I JIMTaHJaMH

pbsi, MHcTUTyT 001IEH U HEeop-
rannveckon xumun um. H.C.
Kypnakosa PAH

H.C. SlnpbIHLIEB Alek-
celi JImutpreBud




27 mas (4eTBepr)

Bpemst | Marucrpanrt Ha3zBanue pa6oTsbl MecTo BbINOJHEHHS Pa0OTHI PykoBoauresnb Penenzent
11:00 — N .
11:05 BcerynurensHoe cnoBo peacegarens ['ocyqapcTBEHHOM 3K3aMEHALIMOHHOW KOMUCCHH
11:05 — | JIro FOiwsnp | CuHTe3 1 cBoiicTBa nepuoan- | Kadenpa MexxauciuiuimHapHoro | K.d.-M.H., JOII. K.(.-m.H. JleOeneB-Crenanos Iletp Bnagnmu-
11:50 YEeCKUX pAA0B MUKpockonuue- | matepuanoseneHus, ®HM MI'Y | Knumonckuii Cepreit | poBuy, gouent HUAY MUDU, 3aB.1ab. Mn-
CKHU y3KUX (DOTOHHBIX KpH- Omnerosuy; act. 4 1/0 ctutyta kpucramtorpapun PAH OHUIL]
CTaJJIOB CO CTPYKTYpOH UH- AmypoB Matun Cyx- | «Kpucramnorpadus u poronuka» PAH
BEPTUPOBAHHOI'O Olaja pOOHIMHOBUY
11:50 — | JlapnOekoBa | [lopucteie kepamudeckue Ma- | JlabopaTopust HEOpraHU4ecKoro | K.T.H., C.H.C. I.X.H., mpod. benskoB Anekceir BacunbeBud,
12:35 | Pyno6a Cyn- | Tepumainsl B cucteme CaP,07- | maTepuanoBenenus, kageapa Ca¢ponosa TaresiHa Kadenpa xumuueckoid TEXHOIOTUN KEPAMUKU
ToHHa3apoBHa | MQ,P,07 Ha ocHOBe romore- HEOPraHWYECKOW XUMHUU, XUMU- | BUKTOpOBHA u oraeynopos, PXTY um. JI.1. Menaeneena
HU3UPOBAHHBIX MOPOIIKOBLIX | Yeckuil pakyabTeTr MI'Y; Ka-
cmeceit denpa MeXIUCHUIUTMHAPHOTO
marepuanosenenus, PHM MI'Y
12:35 — | XBopoctunun | M3yuenue rerepounkianueckux | Jlaboparopus paauodapmanes- | K.X.H., C.H.C. K.X.H., C.H.c. KocTtukosa 'anuna BanepbesHa,
13:20 | EBrennit 3¢upoB hocopucToit Kucio- | THUECKOH XUMuu, kadeapa pa- bopucosa Haranes JlaGopaTopust HOBBIX (PU3MKO-XUMHUUECKUX
IOpreBnu THI B KA4ECTBE [TOTCHINAIIb- JUOXUMUH, XMMUYECKUH (a- EBrenneBHa; npo6iemM, MHeTuTyT hrznyeckoit Xummuu u
HBIX 9KCTPAareHTOB JJIA pasfie- | KyapreTr MI'Y K.X.H., H.c. MaTBeeB anexktpoxumun uM. A.H. ®pymkuna PAH
JIEHUS] MUHOPHBIX aKTUHUI0B [Tetp Uropesuu
1 JIJAaHTQHUJIOB B TEXHOJIOTUAX
KHUJIKOCTHOM IKCTPAKIMH
13:20 — | KontoxoBa IToBenenue nepust u ryronus | JlaGoparopus 103UMETpHUHU U pa- | K.X.H., C.H.C. 1.X.H., 3aB.J1a0. HoBukoB Anexcannp Ilasio-
14:05 | Anacracus B MUHEPAIBHBIX KOJUIOUIHBIX | JUOAKTHUBHOCTH OKPYXKaroLIeH Pomanuyk Anna Bu4, JIJaboparopus Paguoxumus okpyxaro-
JIMUTpuEBHA | CyCHIEH3MSX cpenpl, kadeapa paaMoOXuMHH, IOpbeBHa; ek cpenbl, MHCTUTYT reOXUMUU U aHAIUTH-
xuMudeckuii pakynbrer MI'Y K.X.H., H.C. yeckoil xumuu uM. B.1. Beprnagckoro PAH
[InaxoBa TatbsiHa
BsiueciiaBoBHa
14:05 — | l'ak CamocoOupatoniuecs: HoHHbIe | JIabopaTtopusi acCHMMETPHUYECKO- | K.X.H., C.H.C. K.X.H., C.H.C. JIsxoBeukuii FOpuit U3pannesuy,
14:50 | Anexcanap peméTKy, CTabMIN3MpOBaHHbIe | ro Katanusa, Mactutyt anemen- | Kysnenosa Ceetniana | JIabopaTtopusi MEXaHU3MOB XMMHYECKHX pe-
CremanoBuy BOJOPOJHBIMU CBS3IMU, KaK TOOPTAaHUYECKUX COETUHEHUI AJlexcaHIpOBHA; akruii (JIMP) Nel10, UacTuTyT 3116 MeHTOOP-
HOBBIH KJacc pereHepupyembix | uM. A.H.Hecmesnosa I.X.H. pod. TaHWYECKUX COEAUHEHNUN UM.
1 CaMOU3JICYNBAIOIINXCS TeTe- KuoTbk0 Anexcanap A.H.HecmesiHoBa
pOTE€HHBIX KUCIIOT bpeHcrena Baneprsepnu
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28 masi (MATHULA)

Bpemst | Marucrpanrt Ha3zBanue pa6oTsbl MecTo BbINOJHEHHS Pa0OTHI PykoBoauresnb Penenzent
11:00 — . .
11:05 Bcerynurensnoe cnoBo IIpeaceaarens I'ocygapcTBEHHOM 3K3aMEHAIIMOHHOW KOMUCCHH
11:05 - | Brropuna MexaHO9yBCTBUTEILHBIC JlaGoparopust XUMHYECKUX TIpe- | I.X.H, T.H.C. K.X.H., C.H.Cc. bormanoB Anekceit Bragumupo-
11:50 Enuzasera KHUJIKOKPUCTAITTMYECKHE KOM- | BpallleHu# MojauMepoB, kagenpa | boOposckuit Anekceit | Bud, JIabopaTopusi XUMUYECKOM KUHETUKH,
CepreeBHa IIO3UTHI HA OCHOBE KUIKHUX BBICOKOMOJIEKYJIIPHBIX COEIU- IOpbeBuy; Kadenpa XUMHUYECKON KHHETUKH, XUMHYECKUN
KpUCTAJJIOB, AUCTIEPTUPOBAH- | HEHHM, XUMUYECKUH pakynbTeT | acm. 4 r/o banenko ¢dakynerer MI'Y
HBIX B IJIEHKAX IOJIMBUHUJIO- MI'y Hukonait BuranseBuu
BOI'0 CIMPTa
11:50 — | HazapoBa Kepamuxka B cucreme Ca,P,0;- | JlabopaTopusi HEOpraHU4eckoro | K.T.H., C.H.C. K.T.H., 101l. Baptansu Mapust Anekcanapos-
12:35 | Xunona Mg,P,07, moydeHnnas o0Xu- | MaTepuaioBeIeHus, Kadeapa Cadponosa TatbsiHa Ha, Kadenpa XuMu4eckol TEXHOJIOTHHU Kepa-
JxaMIilrenoB- | roM HEMEHTHO-COJIEBOTO KaM- | HEOPraHUYECKOW XUMHUH, XUMU- | BUKTOpOBHa MHKHU U orHeynopoB, PXTY um. J1.11. MeHnne-
Ha Hs JJIs pereHepaTUBHOU Meau- | deckuil pakyabTeTr MI'Y; Ka- neeBa
LUHBI dbenpa MeXIUCIUIUIMHAPHOTO
marepuanosenenus, PHM MI'Y
12:35 — | [lepanunze Marepuansl Ha ocHOBe Komro- | JIaGopaTtopusi HEOPraHU4YEeCKOro | K.T.H., C.H.C. K.(-M.H., nou. Kapnymkun EBrenuii Anek-
13:20 | Kpuctuna 3UTHBIX I'MJporesei (oJIMBU- | MaTepuanoBeeHus, Kadenpa Ca¢ponosa TaresiHa canjposud, Kadenpa koionaHoi xumum,
XBryaeBHa HWIOBBIM CITUPT/XUTO3aH) U HEOPraHWYECKOW XUMHUU, XUMU- | BUKTOpOBHA xuMHuueckuid ¢pakyipret MI'Y
COJIeH KaJIbIIUs JUTs UCTIOJIb30- | "yeckuid pakynbprer MI'Y; Ka-
BaHUs B TKAHEBOW MHXXEHEPHH | (eapa MEeXAUCHUIITHHAPHOTO
Marepuanoseaenus, ®HM MI'Y
13:20 — | AxGap Papust | ToHKHE MJIEHKH U T€TEPOCT- JlaGopaTopusi XUMHM KOOpAWHA- | 1.X.H., IPOd. K.X.H., C.H.c. KpuBeuxuii Banepuii Bnagumu-
14:05 | Scmun PYKTYPBI C IEPEXOAOM JIH- IIMOHHBIX coeuHeHui, kadenpa | Kayns Anapeit Pa- poBuy, JJabopaTopust XuMuu 1 (PU3NKHU TOITY-
ANEKTPUK-METAIJT B CHCTEMaX, | HEOPraHWYECKOW XUMHH, XUMH- | (DanjIoBHY; MIPOBOTHUKOBBIX U CEHCOPHBIX MaTEPHUaJOB,
00pa30BaHHBIX OKCUJAMHU Ba- | 4eckuil pakynprer MI'Y actn. 4 r/o ®HM Ka(eapa HEOPraHNUECKOW XUMUH, XUMHUYE-
HaJWsI, TATaHA U HUOOUS [HapoBapos mutpuii | ckuit pakynsrer MI'Y
Uropesuu
14:05 — | TyranneB [Tonyuenue u cTaOUIBHOCTD JlaGoparopusi HOBBIX MaTepua- M.H.C. Y 1ajioBa I.H.C., 1.X.H. Ko3toxun Cepreii Anekcanapo-
14:50 | Angpeit IUIEHOK CJIOUCTBIX HOAOIUIIOM- | JIOB JUIS COJIHEYHOM 3HepreTuky, | Hatanbs Hukonaesna; | Bud, JIabopaTopusi XMUMHUN KOOPAMHALMOHHBIX
CepreeBuu 6aroB (C4HgNH3),(CH3NHg),. | DHM MI'Y K.X.H., 3aB.71a0. MOJIUSIICPHBIX coenHeHn, MHCTUTYT o0mieit
1Pbnlsneg (N=1-4) TapacoB Anekceit n Heopranndeckor xumuu um. H.C. Kypnako-
bopuncosuu Ba PAH
14:50 —
15:30 [TonBenenue UTOroOB
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AHHOTAIUU MATUCTEPCKHUX
KBAJIMOUKAIIMOHHBIX PABOT

Asporejin Ha 0CHOBe JHOKCHIA KpeMHHsI, MOAN(PUINPOBAHHbIE
HAHOYACTUIIAMH cepedpa

Komuyos C.IO.

PykoBoauTenb: K.X.H., 3aB. Jabopatopuu bapanuukos A.E.

bnaronmaps cBoell YHUKaIBHOM MOPUCTOM CTPYKTYpE a’poresiu TUOKCHIA KpeMHHs 00iana-
IOT IPEBOCXOJHBIMU TEKCTYPHBIMHM CBOICTBaMH, YTO OOecCleyMBaeT UX NPUMEHEHHE B KauecTBE
TEIUION30JISITOPOB, JCOPOCHTOB U HOCUTENEH KaTanu3aTopoB. OTAEIbHBIN HHTEPEC MPEICTABIISIOT
KOMIIO3UTBl HAa OCHOBE a3poresyieil ¢ *MMOOMIN30BaHHBIMU (DYHLIMOHAIM3aTOpPaMU — KOOpAUHALM-
OHHBIMH CO€IMHEHUAMHU WK HaHouyacTuuamu (HY), no3BosstomyMy npugaTh MarepuaiaM Ha oc-
HOBE a’poresell LeHHble paKTUYecKue cBoWcTBa. B nopapistomeM 00IbIIMHCTBE NPEATIOKEHHbBIX
CHHTETHYECKUX MMOX070B nMMoOmm3anuss HY Ha marpuiie a’poreneii peaausyercs 3a cueT Gu3u-
4ecKol copOIuM, 0IHAaKO OTHOCHUTENbHO ciaboe cBs3biBanue HU ¢ maTpuieil mpuBoaAuT K HecTa-
OMIBHOCTH (DYHKIIMOHAIBHBIX XapaKTEPUCTHK IOy4aEMbIX MAaTEPHAIIOB.

Llenbto 3TOM pabOTHI ABIAETCS pa3paboTKa METOA0B XMMUYECKONH MMMOOMIN3AMN HAHOYa-
CTUIl cepeOpa B MaTpUIE a’poresie JIUOKCHUIa KpeMmMHus, MonuduiupoBanHoro (3-
Mepkanronponui)tpumerokcucumiianoM (MIITMC), st nmonydeHus: KOMIIO3UTOB, HPOSIBIISIOLIMX
a¢ ekt ruranTckoro komouHanroHHoro paccesuus (I'KP). B 3agaun paboTsl BXOAMI CUHTE3 BOJ-
HBIX 30JIeil cepeOpa, ctabunusupoBaHHOro nonuakpuiaoBoit kucnotoi (ITAK) mnm 6pomunom 1e-
tuntpumetmiiammonus (LITAB), cuntes nmuoreneit SiO,, moaudunuposanasix MITTMC, pa3pabor-
ka MetooB BBegenuss HU cepebpa B matpuily SiO,, cuHTe3 KOMMO3UTHBIX Ag@SIO, asporeneit u
aHanu3 [' KP-akTHBHOCTH MOJIy4EHHBIX MaTEPHUAIIOB.

CuHTe3 HaHOYACTHII TPOBOJIMIM BOCCTAHOBIIEHHMEM HUTpaTa cepeOpa B MPUCYTCTBUU CTaOU-
nmu3aropa. Jlworenu SiO; momydanu 30ib-reib MeTogoM u3 Terpa’dtokcucmwiana (TDOC) wu
MIITMC, HY cepebpa BBoanmu B 3011 SiO, mepen ux reimpoBaHieM, TH00 MyTeM CHHTe3a Hero-
CpenCTBEHHO B copmupoBanHOM Jrorene SiO;. Asporenu moiydand CYIIKOH B CBEPXKpUTHYE-
cxoMm CO,.

Bonubie aucnepcun HY cepebpa ¢ konueHntpamusmMu 1—15 1/1, XapakTepu3yromnmecs: Mak-
CUMyMOM ToriomeHuss npu 414422 um, OblIM MOMTy4eHbl BOCCTAHOBJIEHHEM HMTpaTa cepedpa
rioko30i B npucyrctBun ctabunmzatopoB [TAK unu IITAB. Hanouactunsl Ag, mosydyeHHbIE B
npucyrctBun [IAK, xapakrepusoBamuce pasmepom 7.2+2.7 HM M Benu4uMHOM (-TIOTEHIMana
+39 MB, B nmpucyrcteun LITAB — pazmepom 21.9+7.2 um u {-norenmaiom —39 MB. Mertoiom BBe-
nenuss BoaHbIX aucniepcuit Ag (1-5 1/m) B 30mb SiO;, momuduimmpoBannoro MIITMC (0—
50 monbH. %), ymanocs moyuuTh asporenu Ag@SiO,, xapakTepu3yomuecss paBHOMEPHBIM pac-
npejesieHNeM HaHOYaCTHUI[ B OKCHIHOM MaTpuIle, IpU 3TOM CTereHb arperupoBanHoct HY Obuia
JI0OCTaTOYHO BbICOKA. IlomyueHHble asporenu MMenu MHTEHCUBHYIO OKPAcKy 3a CUET IPUCYTCTBHS
HY cepebpa, nposBistonux 3Pp@eKT MmIa3MOHHOTO pe3oHaHca. TeKCTypHbIE XapaKTepUCTHKHU I0-
Jy4deHHbIX a’poreneil ompenensuick otHomeHneM TOOC/MIITMC B ucXOAHOH peakIMOHHON
CMECH M MPAaKTHUYECKHU HE U3MEHSUIUCh MPU UX MOAUGUIUPOBAHUU cepeOpoM. Y aenbHas MoBEpX-
HOCTh KOMIIO3HTOB cocTaBisma 190960 m?/r npu oTKpbITol mopuctoct 60—70%. Xumuueckas
cesa3piBanne HY cepebpa ¢ marpuiieii asporesiei MOATBEPKACHO mostokeHrueM mojocsl v(C—S) ko-
neOaHuil Ha crieKTpax KoMOuHaiMoHHOTro paccesHusi. [ KP-aktuBHbie kommo3utsl Ag@SiO; Obuiu
noydeHsl MetogoM cuHTe3a HY cepebpa, ctabmmmsupoBanubeix [ITADB, HemocpeacTBeHHO B Mart-
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putie renst SiOz, mogudunmupoBanHoro MIITMC. Curnan ['KP 3apeructpupoBaH it MOJCIBEHOTO
aHanuTa ponamuHa 6G (mpeaen oOHapyKEHHUST COCTaBHUI 10" M MPH Ainc = 532 HM).

Takum o6pazom, B xoae pabOTHI pa3pabOTaHBI METOABI IOJIyYEeHHs a’poreieil Ha OCHOBE

JIMOKCHIa KPEMHHUS, COAepKallue XMMHUUYECKH UMMOOMIN30BaHHbIE HAHOYACTHIIBI cepedpa, MmoKa-
3aHa ['KP-akTUBHOCTH MOJy4E€HHBIX KOMIIO3UTOB JJisi pojgaMuHa 6G ¢ mpenenom oOHapyXeHUS 10

10'M

Iyoauxamum cryaenra (https://istina.msu.ru/profile/SergeyKottsov/):

1.

Yorov K.E., Kottsov S.Y., Baranchikov A.E., Boytsova O.V., Kiskin M.A., Varaskina E.A.,
Kopitsa G.P., Lermontov S.A., Sidorov A.A., PipichV., LenA., AgafonovA.V,,
Ivanov V.K. Photoluminescent porous aerogel monoliths containing ZnEu-complex: the
first example of aerogel modified with a heteronuclear metal complex // Journal of Sol-Gel
Science and Technology, 2019, 92(2), p. 304-318 doi: 10.1007/s10971-019-04958-9.
Bazhina E.S., Kiskin M.A., Korlyukov A.A., Babeshkin K.A., Efimov N.N., Shmelev M.A.,
Kottsov S.Y., Khoroshilov A.V., Ugolkova E.A., Starikova A.A., Korchagin D.V.,
Minin V.V., Eremenko I.L., Barium(Il)-Chromium(l1l) Coordination Polymers Based on
Dimethylmalonate Anions: Synthesis, Crystal Structure, Magnetic Properties, and EPR
Spectra. // European Journal of Inorganic Chemistry, 2020, 2020(43), p. 4116-4126 doi:
10.1002/ejic.202000630.

Cxkorapesa JI.C., Koruos C.1O., Hlekynosa T.O., bapanuukoB A.E., MBanosa O.C., n-
pemaneB A Jl., BanoB B.K., Cerexmusnoe ocasicoenue opmoghocgpamos pedxozemenvivix
DJIEMEHMO8 NEPOKCUOOM 8000p0da u3 Gochoprokucivix pacmeopos I FKypHana neopra-
Huyeckoi xumum, 2017, 62(9), c. 1145-1151.

Eroposa A.A., bymkosa T.M., Konecnuk 1.B., Anpsinues A.Jl., Kornos C.1O., bapanuu-
koB A.E. Cenexmusnulii cunmes noaumopg@uuvix moouguxayuii OUokcuda mapeanya 2uopo-
mepmanvHot 06pabomkoli 600HbIx pacmeopos KMnO, Il JKypHan Heopranmveckoi Xu-
mun, 2021, 66(2), c. 141-148.

Kotnos C.1O., bapanuukoB A.E., Ilonyuenue aspocenenioobnvix mamepuaios nymem oKuc-
JUMENbHO20 NUPOU3A KoMnosumos aspozeiv SiOx/pomononumep // XIX Beepoccuiickas
KoH(epeHIUsI «AKTyaJibHbIe NMP00JieMbl HeOPraHU4ecKoil xumuu. MaTepuanbl 1A
reHepanuu, NMpeodpa3oBaHusi U XPaHEHUs] YHEPruM», COOPHUK TE3UCOB. 3BEHUTOPO/I,
Poccus, 13-15 Hos6ps 2020, c. 139-140.

Tennonorosa M. A., Kotnios C. 10., lllekynosa T. O. Kcepo- kpuo- u aspocenu na ocroge
kucavix opmogocpamos yepusi (1V) [/ TIAThIid MeKINCHIUIITAHAPHBIN HAYYHBIH GopyM ¢
MEKIYHAPOAHBIM yuacTueM HoBble MaTepualibl M mepcneKTHBHBbIE TexHoJorun, Ha-
HOMAaTepHaJIbl U HAHOTEXHOJIOTHH, COOpHUK MaTepuanoB. Mocksa, Poccus, 2019, c. 257—
258.

lexynoa T.O., Teruonoroa M.A., KotioB C.1O., Paszpabomxa memooos nonyuenus
VAbMPANLeSKUX MAMepuanlo8 Ha OCHO8e BOIOKHUCIBIX 2udpoopmogocpamos yepus(IV) Il
XII Bcepoccuiickas mko/1a- koHGepeHIUs: MOJI0AbIX y4eHbIX '"'TeopeTnueckas u 3Kc-
nepuMeHTa bHast Xumus kuakoda3upix cucrem' (KpecroBckue urenus - 2019), coop-
HUK Te3ucoB. MiBaHoBo, Poccus, 7-11 oktsa6ps 2019, c. 101-102.

KotnoB C.1O., Ilonyuenue kcepoeeneu na ochose kucavix ghocgpamos yepus (1V) memooom
nocnedogamenvroli 3amenvi pacmeopumens [/ XVI Poccuiickasi e:xxerognasi kondgepen-
s MOJIOABIX HAYYHBIX COTPYIHMKOB U ACMHPAHTOB ''®HU3UKO-XUMUSI H TEXHOJIOTHS
HeOpPraHu4ecKuX MaTepuasoB', cOopHHK Te3ucoB. MockBa, Poccus, 1-4 okta6ps 2019, c.
245-246.

Kornos C.IO., Epo X.D., Bapanuukos A.E., Cunmes komnosummwix aspozeneii okcuoos
mumana u Kpemuusi ¢ ucnonvzoganuem ayemuiayemona // IX KondepeHuusi MoaoabIx
YUeHbIX MO 001Iell U HeopraHuyeckoi XumMmuu, coOopauk te3ucoB. Mocksa, Poccusi, 9-12
ampens 2019, c. 16-170.
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10. Kotnos C.IO., Epos X.3., Bapanuuxos A.E., VBanos B.K., Brusuue ayemunayemona na
Gpomoxamanumuueckue ceoticmea komnozummnvix SiOL/TiO, aspozeneii | XVII Kondepen-
HHs MOJIOABIX Y4eHBbIX ""AKTyajibHbIe MP00JIeMbl HEOPTaHNYECKOH XHMHHU: HHU3KOPAa3-
MepHble (PYHKIIHOHAJIbHbIE MaTepuajbl', cOOpHUK Te3ucoB. 3BeHuropo, Poccus, 16-18
Hos10ps 2018.

11. Kotnos C.1O., Cunmes aspoeeneii na ocrnose xucivix gpocpamos yepus 1/ XV Poccuiickast
exxeroqHasi KoHgepeHIHs MOJOIBIX HAYYHBIX COTPYAHUKOB U acIUPAHTOB " D®U3NKO-
XHMHUSA ¥ TE€XHOJOTHUSI HEOPTaHUYeCKHX MaTepuasioB', cOopHuk Te3ucoB. Mocksa, Poc-
cust, 16-19 oxta0ps 2018.

12. Epos X.2., Kotnos C.10., Bapanuuxos A.E, JlepmonTos C.A., UBanos B.K., Memanno-
KCUOHblE aspozenu, (YHKYUOHANUSUPOBAHHbIE KOOPOUHAYUOHHBIMU COCOUHEHUAMU Memal-
106 I/ Tlsrasg mexayHapoanas koudepenuus crpad CHI' "3oub-rejib CHHTE3 H HCCIe-
JTOBaHHE HEOPTAaHUYECKUX COeTMHEHH I, THOPUIHBIX PYHKIIHOHATbHBIX MATEPHAJIOB U
aucnepcHbIX cucrem", coopuuk tesucoB. Cankr-IlerepOypr, Poccus, 27-31 aBrycra 2018,
c 67-68.

13. Kotnos C.IO., Epos X.D., Bapanuuxos A.E., Kuckun M.A., Aspozenu SiO,, moougpuyupo-
sannvie 2cemepomemannuveckum komniekcom {Zneu} // VIII. KOH®EPEHLUSA
MOJIOABIX YYEHBIX no o0mieii 1 HeopraHu4eckoii Xummuu, cOOpHUK Te3ucoB. Mo-
ckBa, Poccust, 10-13 anpens 2018.

14. Kotnos C.IO., Epos X.D., Bapanunkos A.E., Usanos B.K., @yuxyuonanvnas moougpuxa-
yus aspoeeneii Ha ochose SiOp npu nomowu tloMunecyeHmuo2o komniexca Zn u Eu [l XXV
MexnayHapoaHasi KoHGepeHUHsl CTYACHTOB, ACHUPAHTOB M MOJIOABIX Y4éHbIX «JIlomo-
HOcoB - 2018y, anekTponHsbIil pecypc. Mocksa, Poccust, 9-13 anpens 2018.

15. Kotno C.1O., Epo X.2., Kuckun M.A., Bapanunkos A.E., Aspozenu na ocnoge SiO,, mo-
ouGuyuposamnivie IHOMUHECYEHMHbIM 2emepomemaniuieckum komniekcom {Zn,Eu}, Il XVI
Kondepenuus MoJIOABIX YUeHbIX «AKTYyaJIbHbIE MP00JeMbl HEOPraHNYECKOH XMUMMM:
0T (pYHIAMEHTATbHBIX HCCJIETOBAHNN K COBPEMEHHBIM TEXHOJIOTHUSIM», COOPHHK TE3H-
coB. 3Benuropon, Poccus, 17-19 nos6ps 2017, c. 76-77.

Silica aerogels modified with silver nanoparticles
Kottsov S.Yu.
Supervisor: Ph.D., Leading researcher Baranchikov A.E.

Due to their unique porous structure, silica aerogels possess excellent textural characteris-
tics, which makes them suitable for efficient heat insulators, adsorbents and catalyst supports. Re-
cently, a great deal of attention was attracted to aerogel-based composites containing immobilized
functionalizers — metal complexes or nanoparticles (NPs), as they impart valuable functional prop-
erties to aerogels. The vast majority of the proposed synthetic approaches for the immobilization of
NPs in the aerogel matrix is based on physical sorption; however, the relatively weak binding of
NPs to the matrix results in an instability of the functional properties of the obtained materials.

The work is aimed at new methods for the chemical immobilization of silver nanoparticles
into silica aerogel matrix modified with (3-mercaptopropyl) trimethoxysilane (MPTMS) to obtain
composites exhibiting the effect of surface-enhanced Raman scattering (SERS). The tasks of the
work included the synthesis of aqueous silver sols stabilized with polyacrylic acid (PAA) or
cetyltrimethylammonium bromide (CTAB), the synthesis of SiO, lyogels modified by MPTMS, the
development of methods for the introduction of silver NPs into silica matrix, the synthesis of com-
posite Ag@SiO; aerogels, and the analysis of the SERS activity of the obtained materials.

Nanoparticles were synthesized by reduction of silver nitrate in the presence of the stabi-
lizers. SiO, lyogels were prepared by the sol-gel method from tetraethoxysilane (TEOS) and
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MPTMS; silver NPs were introduced into silica sols before their gelation, or by synthesis directly
inside of SiO, wet gel. Aerogels were obtained by supercritical drying in CO,.

Aqueous dispersions of silver NPs with concentrations of 1-15 g-L™* characterized by in-
tense absorption with a maximum at wavelengths of 414-422 nm were obtained via silver nitrate
reduction by glucose in the presence of PAA or CTAB. Ag nanoparticles obtained in the presence
of PAA were of 7.2 + 2.7 nm size and had surface potential of +39 mV; silver NPs obtained in the
presence of CTAB were of 21.9 + 7.2 nm size and had surface potential of -39 mV. By introducing
aqueous Ag NPs dispersion (1-5 g-L™) into a silica sol modified with MPTMS (0-50 mol.%),
Ag@SiO, aerogels with uniform distribution of nanoparticles in the oxide matrix were successfully
obtained, the degree of NPs’ aggregation was relatively high. The resulting aerogels were colored
due to the presence of silver NPs exhibiting surface plasmon resonance effect. Textural properties
of the obtained aerogels were mostly determined by the TEOS / MPTMS ratio in the initial reaction
mixture and practically were not affected by the introduction of metallic silver. The specific surface
area of the composites was 190-960 m?-g™, the open porosity being in the range of 60-70%. The
bonding of silver NPs to the aerogel matrix was confirmed by the position of the v(C-S) vibration
band in the corresponding Raman spectra. SERS-active Ag@SiO, composites were obtained by
synthesizing silver NPs stabilized with CTAB directly in SiO, gel matrix modified with MPTMS.
The SERS signal was recorded for rhodamine 6G model analyte (the detection limit was 107 M at
Ainc =532 nm).

In this work, the methods were proposed for the preparation of silica-based aerogels contain-
ing chemically immobilized silver nanoparticles; the obtained composites demonstrated SERS ac-
tivity and were able to detect rhodamine 6G at a detection limit of 10~ M.

@®oT0- ¥ ra304yBCTBUTEIbHbIE CBOHCTBA HAHOKOMIIO3UTOB HA OCHOBE
HaHOKpHcTaLTHYeckoro ZnO u nanokpucrtaaioB CsPbX; (X=CI,Br,I)

3e6epesa A.P.

PykoBoauTens: K.X.H., uHXK. YmkoB A.C

Jls11 MOHUTOpHHTA cocTaBa aTMoc(epbl HEOOXOIUMBI CEHCOPBI, TOUHO ONpPEAEISIONINe MPH-
CYTCTBHUE B HEHl pa3iMuHbIX razoB. [10ynpoBOIHUKOBBIE CEHCOPBI PE3UCTUBHOIO THUIA XapaKTepH-
3YIOTCS BBICOKOM paGoueii Temmeparypoit (200-500°C), uro TpeGyeT GONBIIMX 3aTpar SIEKTPO-
sHepruu. g cHukeHus: pabodeil TemrnepaTypbl CEHCOPOB HarpeB MOXKET ObITh 3aMEHEH CBETOBOM
aKTUBalMEeH, MPEINOYTUTEIbHO B BUAMMOM JAMana3oHe crnekrpa CeHcnOumm3anus MMPOKO30HHbBIX
OKCHJIOB METAJVIOB K BUTUMOMY CBETY MOXKET OBbITh OCYIIECTBIIEHA PA3IMUHBIMU BEIIECTBAMH, I10-
IJIOLIAIOIIMMHU CBET B BUAMMOM JWamna3oHe. B kauecTBe CEeHCOMIM3M3AaTOPOB MEPCHEKTHUBHBIM
MIPEJICTaBISIeTCS. UCTIONIb30BAaHUE HAHOYACTHUI] TaJIOTEHUIHBIX ITEPOBCKUTOB, KOTOPHIE B MOCIEAHEE
BpeMs NPUBJIEKAIOT K ce0e 3HAYUTEIbHOE BHUMAHHE BCIEJCTBHE MX YHHKAJIBHBIX OMNTHYECKHX
CBOMCTB.

Llenpio HacToAMIEeH pabOTH OBIIO YCTAHOBUTH BIMSHHUE aHUOHHOTO 3aMEIEHHS B KOJUJIOUI-
HbIX HaHokpucTamuiax CsPbXs (X=CI,Br,l) Ha ¢poTo- ¥ ra304yBCTBUTENILHBIC CBOWCTBA HAHOKOMITO-
3utoB ZnO/CsPbX3

Hanokpucrammuaeckuit ZnO moirydany pa3ioKeHHEM OCHOBHOTO KapOOHaTa ITMHKA, MOJY-
YEHHOT'0 OCaXJeHHEM B BojHOU cpeze. Komnonansie Hanokpuctamisl CSPbX3 cuntesupoBanu un-
)KEKIIMOHHOM crocoboM npu Temneparype 170°C B cpeme HenossipHoro pactoputens (1-
OKTaJeleH). B kadecTBe mpeKkypcopoB HCHOJIB30BAJIM COOTBETCTBYIOIIME TaJIOTEHHU]IBI CBUHIA H
onear ne3us.. Hanokommnosuter ZNO/CsPb X3 momywanu merogom HakanbiBanus 30511 HK CsPbX; B
reKCaHe Ha IMpeIBapUTeNIbHO CPOPMUPOBAHBIA MpOBOAAIUN cinoi ZNO, ¢ nanbHEWIIen CymkKon
HOJIy4eHHOro Hanokommo3uTa pu 70°C.
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[Mony4yennbie Hanokommo3uTel ZNO/CSPbX; nemMoHcTprpoBanu (HOTOMPOBOIUMOCTh B yC-
JIOBUSIX MEPUOIMYECKOr0 OOIYUYEHHs] CBETOM BUAMMOIO JHana3oHa U IpU KOMHATHOW TeMIepary-
pe. Benmnunnaa GoTooTKIMKA I BCEX HAHOKOMITO3UTOB Ooutbiie, yeM ais auctoro ZnO. CeHcop-
HbI€ U3MEPEHUs MPOBOIMIN MPU KOMHATHOM TemrmepaType Moj ASHCTBHEM NEpUOAMYECKOM IMOo/I-
cBeTkl C A=480-550 uM. IloaydyeHHbIE HAHOKOMIIO3UTHI JEMOHCTPHPYIOT CEHCOPHYIO UyBCTBH-
tenpHOCTh K NO> B nuamnasone 0,46-9,60 ppm.

YcTaHOBIIEHO, YTO 3aMEIICHHE YacTu Opoma xyiopoM B HaHOKoMmmo3uTax ZnO/CsPbX3,Brs.
3n IPUBOJUT K CHMKEHUIO 3JICKTPHUUECKOrO COMPOTHUBIICHUS 0 CPAaBHEHUIO ¢ UCXOAHBIM ZnO npu-
MEpPHO Ha TMOPSIOK, MPU 3TOM IMOJTYYECHHBIM HAHOKOMO3UT MPOSIBISET MAKCUMAIbHYIO CEHCOPHYIO
YyBCTBUTEIBLHOCTH IIPH 00IydeHUH cBeTOM B mosioce noryomnieHuss HK (480 um). 3amemenue yactu
Oopoma nogom B HaHokomno3uTax ZnO/CsPbX3,Brs.3,, HanpoTHB, MPUBOAUT K YBEIHMYCHHUIO JJICK-
TPUYECKOT'O COMPOTUBIICHHUSI IO HAHOKOMIIO3UTA CPABHEHUIO ¢ UCXOTHBIM ZnO, MpUMEPHO Ha IO-
PSAIOK, TIPU ATOM MOJYUYEHHBI HAHOKOTIO3UT HE OOHAPYKUBAET CCHCOPHYIO YyBCTBUTEIHLHOCTD ITPU
o0xydyenun cBetoM B nosoce nornomenus HK (550 am).

My6amkanun cryaentkn (http://istina.msu.ru/profile/Zvereva_Anastasiia/):

1. 3BepeBa A.P., UmwxoB A.C., Hanokomnosumsi Ha 0CHO8e NOJYNPOBOOHUKOBLIX OKCUOO8 U U
koouoHvix Hanokpucmannoe CsPbX3(X=ClLBr) oas 2azoevix cencopos [/ Matepuaibl
XXVII MexayHapoaHoil HAYy4YHOH KOH(EepEeHIMH CTYACHTOB, ACIHPAHTOB U MOJIOABIX
yuénbix «JlomonocoB-2020», cexkuus «Xumus», cOopHuk Te3ncoB. Mocksa, Poccus, 10-
27 nos1ops 2020, c. 570.

Photo- and gas-sensitive properties of nanocomposites based on
nanocrystalline ZnO and CsPbX; (X = Cl, Br, I) nanocrystals

Zvereva A.R.

Supervisor: Ph.D. Chizhov A.S.

To monitor the composition of the atmosphere, sensors are needed that accurately determine
the presence of various gases in it. Resistive semiconductor sensors are characterized by a high op-
erating temperature (200-500°C), which requires high energy consumption. To reduce the operating
temperature and power consumption of semiconductor sensors, heating can be replaced by light ac-
tivation, preferably in the visible range of the spectrum. Sensitization of wide-gap metal oxides to
visible light can be carried out by various substances that absorb light in the visible range, for ex-
ample, narrow-gap semiconductor particles, dyes, plasmonic nanoparticles. As sensitizers, it seems
promising to use nanoparticles of halide perovskites, which have recently attracted considerable at-
tention due to their unique optical properties.

The aim of this work was to establish the effect of anionic substitution in colloidal CsPbX3
nanocrystals (X = CI, Br, 1) on the photo- and gas-sensitive properties of ZnO / CsPbX3
nanocomposites.

Nanocrystalline ZnO was obtained by decomposition of basic zinc carbonate obtained by
precipitation in an aqueous medium. Colloidal CsPbX3 nanocrystals were synthesized by injection
at 170 ° C in a non-polar solvent (1-octadecene). The corresponding lead halides and cesium oleate
were used as precursors. ZnO / CsPbX3; nanocomposites were obtained by dropping a CsPbX3; NC
sol in hexane onto a preformed conducting layer of ZnO, followed by drying the resulting
nanocomposite at 70 ° C.

The obtained ZnO / CsPbX3 nanocomposites demonstrated photoconductivity under condi-
tions of irradiation with light in the visible range and room temperature. The photoresponse value
for all nanocomposites is higher than for pure ZnO, 1.33-2.47 times under the same illumination
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conditions. Sensory measurements were carried out at room temperature under the action of period-
ic illumination with A = 480-550 nm.

The resulting nanocomposites exhibit sensory sensitivity to NO, in the range of 0.46-9.60
ppm at room temperature and activation by visible light. It was found that the substitution of a part
of bromine with chlorine in the ZnO / CsPbX3,Brs.3, nanocomposites leads to a decrease in electri-
cal resistance compared to the initial ZnO by about an order of magnitude, while the resulting
nanocomposite exhibits maximum sensory sensitivity upon irradiation with light in the NC absorp-
tion band (480 nm). The substitution of a part of bromine with iodine in ZnO / CsPbX3,Brs.3,
nanocomposites, on the contrary, leads to an increase in the electrical resistance of the
nanocomposite as compared to the initial ZnO, by about an order of magnitude, while the resulting
nanocomposite does not exhibit sensory sensitivity upon irradiation with light in the NC absorption
band (550 nm).

CHHTEe3 HAHOKOMIIO3UTHBIX KaTaau3aTopos ruapupoanus CO,
BOCCTAHOBUTEIbHBIM pa3io:xkenueM Nd; sCagsNiO,

Jlazapenko /. A.

PykoBogurenu: a.X.H., B.H.c. lllnaxtun O.A., aci. Mansies C.A.

Bricokuii ypoBeHb MOTPEeOICHUST YE€T0BEYECTBOM HCKOMAEMBIX PECYPCOB UTPAET OCHOBHYIO
POJIb B HOBBIIIEHUH KOHLEHTPAIMK YIJIEKHCIIOro ra3a B aTMocdepe, I03TOMY aKTyallbHbIM SIBJISET-
csl uccnenoBanue MetonoB yrrauzamun COy ¢ 1eTbl0 MUHUMHU3AIUN aHTPOTIOT€HHOTO BIUSHUS U
NoBbIIIEeHUS 3()()EKTUBHOCTH NMPOU3BOACTBA MOBTOPHBIM BoBieueHHEM 0TX0J0B COy. OpHuM u3
HanOoJlee MepCrIeKTUBHBIX METOJIOB UX MEPepadOTKH B HACTOSIIEE BPEMs SIBIISICTCS B3aUMOJIEHCT-
BUE YIJIEKUCIIOTO Ta3a ¢ BOAOPOAOM C 0Opa3oBaHMEM MeTaHa, wiu peakuus Cabarbe. OCHOBHBIM
HalpaBJIeHHEeM HcclieoBanus peaknuuu Cabatbe sBIgeTCS nepepaboTKa yrIeKNUcIIoro ra3a B CHHTe-
TUYECKOE TOIJIMBO, KOTOPOE MO3BOJIMIIO Obl 3HAYMTEIBHO COKPATUTH MCHOJIb30BAHNE MCKOMAEMBbIX
pecypcoB, a Takke yMEHBIINTh MaryoHoe BiMsHUE Ha aTMocdepy. V3BecTHBIE KaTalu3aTopsl Me-
TAaHUPOBAHUS HA JAHHBIH MOMEHT He OOJaJaroT JAOCTATOYHOW CEIEeKTHBHOCTBIO M 3()()EeKTUBHBI
JUIIb 1pH TeMieparypax Boime 400 °C.

Ilenbto nanHON paboTHI ABIsSETCA pa3paboTka KaTtann3aropoB peakuun CabaTbe ¢ BBICOKOM
CEJIEKTUBHOCTBIO, CIOCOOHBIX (DYHKIIMOHMPOBATH NPU O0Jiee HU3KUX TeMIepaTypax.

B xone paboTsl HAHOKOMIIO3UTHBIE METAJUIOOKCHIHBIE KaTalu3aTOpbl CUHTE3UPOBAHBI Me-
TOJOM IIOJTHOTO BOCCTAHOBHUTEIIFHOTO PAa3JIOKEHUS MEPOBCKUTONOJOOHOTO CIOXKHOTO OKCHAA
Nd; 5CagsNiOa, a Takxke HCCIEAOBAaHO BIMSHUE YCIOBHI CHHTE3a Ha MUKPOCTPYKTYPY MOJydae-
MBIX MaTEPUAIOB M UX KaTAIUTUYECKYIO aKTHBHOCTH U CEJIEKTUBHOCTH B peakimu Cadatke.

CuHTe3 nepoBcKHUTONON00HOTO Tpekypcopa coctaBa Ndj5CagsNiOs mpoBoaumn KpuOXH-
MHUYECKAM METOJIOM; TPH STOM YCTaHOBJIEHA HWDKHSIS TeMIIEpaTypHas TpaHuia ero ¢ga3oobpas3oBa-
Hus, cocraBuBias 600 °C. BoccTaHoBiieHHE 3TOT0 COEIMHEHHS BOJIOPOJIOM MTPUBOAUT K 00pa3oBa-
HUIO HaHOKOMIIO3MTA, COCTOSIIETO M3 IJIOTHBIX arperaToB OKCHIOB HEOJWMa W KaJbIUs, Ha T0-
BEPXHOCTH KOTOPBIX HAXOAATCS HAHOUYACTHUIIBI METauIM4eckoro Hukens. [lomydeHHbI maTepuan
MPOSIBIISIET BHICOKYIO CETIEKTUBHOCTh M 3HAYUTEIHHO OOJIBIIYIO, YEM CYIIECTBYIOIINE aHAIOTH, Ka-
TaJIUTHYECKYIO aKTUBHOCTb B peakiuu Mmetanuposanust CO; yxe npu temrneparypax okoio 300°C.

B xome paboThl MoKa3zaHo, YTO COYETAaHHE MHHUMAIILHOW TEMITEpaTyphl CHHTE3a MPEKYPCo-
pa ¥ HaMMEHBIIEeH TeMIepaTypbl ero BOCCTAHOBJICHHUS MO3BOJISIET JOOUTHCS MUHHUMAJIBHOTO pa3Me-
pa YacTHIl HAaHOKOMIIO3UTOB, TEM CAMBbIM YBEJIWYHBAs YACITHHYIO MOBEPXHOCTh U, KaK CIEICTBHE,
KaTIMTUYECKYIO aKTUBHOCTh TIOJTY4aeMBIX MaTEPUAIIOB.
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KOH(epeHIUsI CTYIeHTOB, ACMHPAHTOB U MOJIOABIX YUéHBIX «JlomoHocoB-2021», cOop-
HUK  Te3ucoB. MockBa, Poccus, 12-23  ampens 2021,  https://lomonosov-
msu.ru/archive/Lomonosov_2021/data/section_38_22374.htm.

Jlazapenko JI.A., ManbimeB C.A., Hlnsaxtun O.A., KycroB AJL. Cunmes kamanuzamopos
euopuposanuss  CO, Ha ocHo8e NPOOYKMO8  BOCCHMAHOBUMENLHO20 — PA3N0NCEHUs
Nd; 5CagsNiO,4 // XIX Beepoccuiickasi KoH(pepeHIMs MOJIOABIX YUeHBIX " AKTyajbHbIe
NnpoodJjeMbl HEOPraHUYECKON XUMHM: MaTepPUAaJIbl JJIsl TeHepaluu, npeodpa3oBaHus u
XpaHeHus 3Heprum'", cOopHuk Te3nucoB. Mocksa, Poccust, 13-15 nHos6ps 2020, c. 143-144.
Jlazapenko JI.LA. Hoswie xkamanuzamopwvl euopuposanusi CO, Ha O0CHO8e NPOOYKMO8
soccmanosnenus Ndy sCagsNiOy4 // MexayHapoaHasi HayuYHasi KOH(epeHIUsl CTY/1eHTOB,
aCMUPAHTOB U MOJIOABIX Y4éHbIX «JlomoHocoB-2020», cOopHHK Te3ucoB. Mocksa, Poc-
cus, 10-27 HOSIOPSI 2020, https://lomonosov-
msu.ru/archive/Lomonosov_2020 2/data/section_39 19551.htm

Jlazapenko JI.A., boukoBckuii C.JI. Hanecennvie kamanuzamopwi oxucienus CO // IX Ha-
y4HO-TexHHYeckass KoHGepeHuus ''Henenss Hayku'" ¢ MeKIYHAPOAHBIM Y4YacTHEM,
coopuuk Te3ucos. Cankt-IleTepOypr, 1-3 anpens 2019, c. 125.

Jlazapenko JI.A., Ceposa E.JI., Mansiesa H.B. NiO/Al,O3 kamanuzamopor okucienuss mo-
Hookcuoa yenepooa // 'V Bceepoccuiickasi HAy4YHo- MpaKTHYecKasi KOH(pepeHIus ¢ y4a-
CTHEM MOJIOABIX y4eHbIX "VIHHOBAIMOHHBbIE MaTepHabl B TEXHOJOTUM W Ju3aiiHe',
coopuuk Te3ucon, Cankt-IletepOypr, 21-22 mapra 2019, ¢.126.

Jlazapenko JI.A., CtapkoBa C.J., boukoBckuii C.JI. Kamanuzamopwi oxucnrenuss Monookcu-
oa yenepooa // VII MexkBy30BCKHII KOHKYpC-KOH(epeHMs HAYyYHbIX PadoT CTYIEeHTOB
€ MEeXKIAYHAPOAHBIM ydyacTueM «®Duznyeckass XMMHSI — OCHOBA HOBBIX TEXHOJIOTHl H
MaTtepuaioB» uM. SIkoBkuHa, cOopHUK Te3ucoB, Cankrt-IlerepOypr, 14 HosiOps 2018,
c.18.

Jlazapenko JI.A., 3enkoBa E.U., Hccreoosanue kamanuzamopos npoyecca oxucaenus CO //
VIl HayyHo-TexHH4Yeckass KoH(epeHuus '"Hexenss Hayku'" ¢ MeXKIyHApPOAHBIM y4a-
cTueM, cOopauk TesucoB. Cankt-IlerepOypr, 2-5 anpens 2018, c. 134.

Synthesis of CO, hydrogenation nanocomposite catalysts by
Nd, sCag5NiO, reductive decomposition

Lazarenko D.A.

Supervisors: Shlyakhtin O.A., Dr. Sci., Principal Research Scientist; Malyshev S.A.,
PhD student

High level of the fossil fuels consumption plays a significant role in the increase of CO, at-

mospheric pollution. The utilization of industrial CO, emissions is claimed to be one of the most
acute problems. The main field of Sabatier reaction application is related to the carbon dioxide pro-
cessing into synthetic fuel, which can grant an opportunity to reduce the consumption of fossil fuels
and offset negative effects of human activity on the atmosphere. The commercially available Saba-
tier catalysts are unable to provide a sufficient selectivity and demonstrate a considerable activity at
T >400 °C only.

This study is aimed at the development of Sabatier reaction catalysts with enhanced selectiv-

ity and lower operating temperatures.
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The nanocomposite metal-oxide catalysts were obtained by the complete reductive decom-
position of perovskite-like complex oxide Nd; sCagsNiO4 The effect of synthesis conditions on the
composition and morphology of as-obtained materials and the relationship of these parameters with
their catalytic activity and selectivity in Sabatier reaction were studied.

Perovskite-like precursor Nd; sCagsNiO4 was obtained by the freeze drying synthesis tech-
nique. The lowest temperature of this complex oxide phase formation of 600 °C was achieved. The
reduction of this material by Hy/Ar mixture at elevated temperatures resulted in the formation of
dense submicron grains of neodymium and calcium oxides coated with nickel metal nanoparticles.
As-obtained nanocomposite materials demonstrated an excellent selectivity and significant catalytic
activity in CO, hydrogenation reaction at temperatures as low as 300°C.

It has been discovered that the synthesis conditions directly impact the micromorphology
and the catalytic activity of obtained materials. The combination of the lowest possible precursor
synthesis temperature and its lowest reduction temperature provides a minimal size of
nanocomposite particles and enhanced specific surface area of this material thus promoting its ex-
cellent catalytic activity.

ABTOMATH3UPOBAHHBIH MOMCK HU3KOPa3MEPHbIX MATHETUKOB U €r0

peajn3anusi: TPECYroJdbHbIC KJIACTEPbI B COCAUNHCHUU
K5F930(SO4)6‘10H20

Yeproyxoe U.B.

PykoBonutens: K.¢.-M.H., pusuk Koznskosa E.C.

HuszkopasmepHblil MarHeTu3M HaOJI0AAeTCsl B COSAMHEHUSIX, MATHUTHBIE HOHBI B KOTOPBIX
00pa3yloT MOJIPELIeTKY MOHMKEHHON pa3mMepHOcTH. IIouck HHM3KOpa3MepHBIX MarHeTHKOB 3adac-
TYIO TPOU3BOAUTCS CIy4YailHBIM AKCIEPUMEHTAIbHBIM IepebopoM. ABTOMATU3UPOBAHHBIN MOUCK
MO3BOJIMII ObI KaK YCKOPHUTH MPOLIECC «OTCEUBAHUS» CTPYKTYP, TaK U YBEIMUYUTHh BEPOSATHOCTh Ha-
XOXKIEHUS TPOMYIIEHHBIX COCIUHEHUM. MalIuHHBINA MOMCK OCYIIECTBIISETCS CIAEAYIOUUMH MyTs-
MH: CTPYKTYpHO-T€OMETPHUUECKUM, KBAaHTOBO-PACUETHBIM WJIM 4epe3 MamuHHoe oOydenue. Ilep-
BbIIl MOAXO0/ BBIMJISAUT HAMMEHEE BbIUMCIUTEIbHO-3aTPAaTHBIM I TOTO, YTOOBI CTaTh HauyalbHbIM
ATANoOM MOMCKA MarHeTHKOB C 3aJlaHHBIMU cBoicTBaMu. CyllecTBYIONUE aIrOpUTMbI MO0 pa3pa-
0aThIBAIOTCS KOMMEPUYECKUMHU OpraHU3alusIMu, JM00 He 00s1aJal0T HEOOXOAUMBIM (PYHKIIMOHAIOM
JUIS. OCYILECTBJICHHSI HAIIPABIEHHOIO MOMCKA PA3JIMYHbIX HU3KOPAa3MEPHBIX MarHUTHBIX CTPYKTYp C
BO3MO>KHOCTBIO BapbHpPOBATh MapaMeTPbl MATHUTHOW MOJICUCTEMBI.

[TosTOMY 11E€TBIO JAaHHOM pabOTHI CTAJIO CO3/IaHHE AaBTOMATU3UPOBAHHOTO aJIrOPUTMA, MPe-
HA3HAYEHHOTO JUIsS MOMCKAa HU3KOpPa3MEPHBIX MAarHETHKOB CPEAM COEIMHEHUH, BXOASIINUX B CyIIe-
CTBYIOIIME 0a3bl TAaHHBIX KPUCTATMYECKUX CTPYKTYp. B OCHOBHBIE 3a7auu BXOJIMIIO IPUMEHEHHUE
pa3paboTaHHOIO MPOrpaMMHOT0 O0ECIeUeHMs AJS MOMCKA M JadbHEHIIEro 3KCIEPUMEHTAIbHOTO
M3yYeHHUs] MarHUTHBIX CBOMCTB M30paHHBIX COEAMHEHHH C MarHUTHOH MOJCHCTEMOH CIETyIONINX
TUIIOB: U30JINPOBAHHBIN TPEYTOJbHBINA KJIACTep, TPEYroJibHas MIOCKOCTh, MIIOCKOCTh Karome, Kau-
pOBa IJIOCKOCTb.

ANTOpPUTM BBIIESUT B CTPYKTYpPE COOTBETCTBYIOIIME (hparMeHThl (KjacTephl WM IUIOCKO-
CTH), KOTOpPbIE OIPAaHUYMBAINUCH MYTEM BapbHPOBAHUS PA3HOCTU PACCTOSHUM 10 OnMvKaliiero mo-
Ha, SIBJISIFOIIETOCS YaCThI0 KOOPAUHAIIMOHHOM cephl, U IEPBOro, HE BXOIIETO B OKpykeHue. J{is
IKCIIEPUMEHTANBHOTO M3y4deHus: Obuta BeiOpaHa cosnb Mayca KsFesO(SO4)s'nH2O ¢ marauTHOIM
ITOACUCTEMON TUIIA U30JIMPOBAHHBIN TPEYTOJIBHUK, CBOWCTBA KOTOPOW B HACTOSIIIMI MOMEHT HE 110
KOHIIa M3ydeHbl. CHHTE3 MPOM3BOIWICA YACTHUYHBIM THIPOJIHU30M CYIb(ATOB COOTBETCTBYIOLIMX
KaTHOHOB. CTPYKTYpy MOATBEP)KIAIU METOJOM MOHOKPUCTAJIBHOM PEHTI€HOBCKOHN Aupakiu, a
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COCTaB — C TIOMOIIBIO YHEPTOAUCIIEPCUOHHON PEHTIEHOBCKOM CIIEKTPOCKONHMHU. MarHuTHbIe U3Me-
penuns npoussoaurck Ha CKBUJ[-marautomerpe (MPMS, Quantum Design).

B pesynbraTe paboThl IporpaMMbl OBUIO HaiIeHO 257 CTPYKTYp C MOJEIBbI0 TPUMMEPOB, a
TaKXKe MPEJICTABUTENCH C IBYMEPHON MArHUTHOW MOAPEIIETKON: 35 ¢ TpeyroJibHbIMU IJIOCKOCTS-
MH, 36 — ¢ KaroM3-peleTkaMu U 4 ¢ KAaMPCKUMU MO3auKaMy. AHaIU3 MOJyYEHHBIX JaHHBIX TI03BO-
JUJ 0TOOpaTh paHee HEM3yUYeHHbIEe HU3KOpa3MEpHble MAarHETUKH, OJMH U3 KOTOPBIX, U30JIMPOBAH-
HBIH TpeyroyibHbIN Kinactep B a-coiu Mayca KsFe3(SO4)s-NH20, ObuT BEIOpaH B KauecTBe dKCIEPH-
MEHTAJIBHOTO MOATBEPKACHUS KOPPEKTHOW paboThl airoput™Ma. bbuio mokasaHo, 4yTO JaHHOE CO-
€AVMHEHUE KpaliHe HEYCTOMYMBO BHE MAaTOYHOro pacropa. IloatoMy s npoBeneHuss U3MEpeHUn
MarHMTHBIX CBOWCTB ObLT HalJIeH CIIOCO0 3alIUTUTh MOBEPXHOCTh KPUCTAUIOB OT Pa3jIoKeHUs, UC-
II0JIb3Yysl PE3KOE OXJIAXKJEHUE N0 TEMIIEpaTyp >KUIKOIO a30Ta, CPEIbl HETOJISPHBIX OpPraHU4EeCKUX
pacTBOPUTENIEH U U3OJISILUIO B 3aMKHYTOM BO3AYLIHOM IPOCTPAHCTBE. AHAJIN3 MarHUTHBIX U3Me-
pEHMII ITOKa3ai, 4TO JaHHOE COEIMHEHNE JIEHCTBUTEIILHO OTHOCUTCS K HU3KOpa3MEpPHBbIM MarHeTH-
KaM, OJIHAaKO JUIsl YCTAaHOBJIEHHUS €r0 OCHOBHOTO KBAaHTOBOT'O COCTOSIHUS TpeOyeTcs HanbHeuInas
JKCIIEpUMEHTaJIbHAs padoTa.

TakuMm 00pa3oM, pa3paObOTaHHBINA B JTaHHOW pabOTe aIrOPUTM MOATBEPIMI CBOIO paboOTo-
CTIIOCOOHOCTB, MO3BOJIUB B CXKAThIE CPOKH IMOJyYUTh HAOOP HEM3YYECHHBIX IMOTCHINAIBHBIX HHU3KO-
pa3MepHbBIX MarHeTUKOB.
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Automated search for low-dimensional magnets and its
implementation: triangular magnetic clusters in KsFe;O(SO,)s-10H,0

Chernoukhov 1.V,
Supervisor: PhD, physicist Kozlyakova E.S.

Low-dimensional magnetism is observed in compounds where magnetic ions form a
sublattice of reduced dimension. The search for low-dimensional magnets is carried out by the
method of random experimental search. Automatic search will speed up filtering of structures and
increase the likelihood of finding missed compounds. Machine search uses structural geometric,
quantum computational methods or machine learning. The first approach seems to be computation-
ally inexpensive in order to become the initial stage in the search for magnets with the desired prop-
erties. Existing algorithms are either used by commercial mechanisms or do not have the ability to
perform various functions of low-dimensional magnetic structures using the parameters of the mag-
netic subsystem.

Thus, the aim of this work was the creation of an automated algorithm designed to search for
low-dimensional magnetic compounds. The main tasks included the application of the developed
software for the search and further study of the magnetic properties of compounds with a magnetic
subsystem of the following types: isolated cluster, triangular plane, kagome plane, Cairo tiling.

The algorithm selects the objective fragments (clusters or planes), which was limited by the
variable difference between the distances to the nearest ion entering the coordination sphere and the
first one not including to the environment. The Maus salt KsFe3O(SO4)snH,O which include a
magnetic subsystem of the isolated triangle type was chosen for the experimental study, the proper-
ties of which have not been fully studied at present. The synthesis was carried out by partial hydrol-
ysis of sulfates of the corresponding cations. The structure was confirmed by single crystal X-ray
diffraction, and the composition was confirmed by energy dispersive X-ray spectroscopy. Magnetic
measurements were performed on a SQUID magnetometer (MPMS, Quantum Design).

There are 257 trimers and some representatives , which include two-dimensional magnetic
sublattice were found: 35 triangular planes, 36 kagome lattices, and 4 Cairo mosaics as result of the
program. Analysis of the data obtained made it possible to identify unexplored low-dimensional
magnets, one of which is an isolated triangular cluster in the a-salt KsFe3O(SO4)snH,0, which was
chosen as an experimental confirmation of the algorithm's correctness. This compound has been
shown to be extremely unstable outside the mother solution. Therefore, to measure the magnetic
properties, a method was found to protect the surface of crystals from decomposition using rapid
cooling to the temperature of liquid nitrogen, the environment of non-polar solvents and isolation in
an enclosed air space. Analysis of magnetic measurements showed that this compound really be-
longs to low-dimensional magnets, but further experimental work is required for its ground quan-
tum state.

Thus, in this work, the algorithm has confirmed its efficiency, allowing to obtain rapidly a
set of unexplored low-dimensional magnets.
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OaHOAOMEHHBbIE YaCTHIIbI FrekcadeppuTa CTPOHIUA,
JIETUPOBAHHOT 0 XPOMOM

Cnenyosa A.E.

PykoBoaurens: K.X.H., M.H.C. Tpyco JL.A.

MarHuToTBEpABIE MaTEpUaNbl UIPAKOT BAXKHYIO POJIb B COBPEMEHHOM TEXHUKE: OHU UCIIOJIb-
3YIOTCSl JUIsl IPOM3BOJCTBA IOCTOSHHBIX MAarHUTOB, MAarHUTHBIX JIEHT JUIA 3alucu MH(opManuu, a
TaKXe Pa3HOOOPA3HBIX BBICOKOYACTOTHBIX yCTpoicTB. OmHMM U3 Hamboyiee pacrnpoCTpaHEHHBIX
MaTepHalIOB, MCIIOJIb3YIOIIUXCS B IPOMBILIUIEHHOCTH, SIBJIAIOTCS rekcagepputsl M-tuna BaFe 2019
u SrFe;2019. bonbmioil nHTEpeC MpeacTaBisSeT 3aMelleHUe XKelle3a HOHAMH XpOMa, MOCKOJBbKY B
JUTEpaType €CTh CBEJECHUS O BO3MOXKHOCTH 3HAYMTEIBHOIO POCTa KOAPLUUTUBHOM CHUIIbI, OJHAKO JIO
HACTOSIIET0 BPEMEHH TaKHe MaTepHaibl He ObUTH moiydeHbl. OCHOBHOW MPOOIIEMO SIBISETCS O-
HOBPEMEHHOE BBINOJIHEHHE JBYX YcioBuil: (1) KoHTposupyemoe MmojsydyeHue oJHO(pa3HOro Mmare-
puana ¢ BBICOKUMHU CTEIICHSIMH 3aMEILEHHUS Kelie3a Ha XpoM; (2) coXxpaHEHHE pa3MEepOB YaCTHIl B
0JHOJJOMeHHO# obsactu (MeHnee 700 HM), i€ JOCTUraeTcs MaKCUMYM KOIPLIUTUBHON CHJIBL.

Llenbto maHHOW pabOTHI SABISETCS CHHTE3 OJHOJOMEHHBIX YacCTHIl TekcadeppuTa CTpPOHIUS,
JIETUPOBAHHOI'O XPOMOM, U MCCIIEJOBAHUE UX MArHUTHBIX CBOMCTB. {71 JOCTMXKEHUS 3TOH Lienu
OBUIM TTOCTABJICHBI Clieayromue 3a1aun: (1) CHHTe3UpOBaTh YacTHUIIBI TekcadeppuTa CTPOHIUS IHT-
PaTHO-HUTPATHBIM U CTEKJIIOKEPAMUYECKUM METOAaMH; (2) U3y4UTh OCOOEHHOCTU (HOPMHUPOBAHMS
YaCTHII, UX MOP(HOJIOTHIO U XHMHYSCKHUI COCTaB B 3aBUCUMOCTHU OT yCJIOBHM CHHTE3a; (3) uccieno-
BaTh MarHUTHBIE CBOWCTBA IOJIyYE€HHBIX 00pa31I0B.

Jnis mocTikeHus 1enu paboThl ObLIM BRIOpAHBI 1BA METO/Ia cuHTe3a. [IepBhIil 3aKioyaercs
B TepMOOOPaOOTKE NMPEKYPCOPOB, NOIYUEHHBIX ITyTEM CaMOBO3IOPAHUS LIUTPATHO-HUTPATHBIX pac-
TBOpOB. Takoil MeTo/a MO3BOJISET MPOBOJUTH CUHTE3 OJHOJOMEHHBIX CyOMHUKPOHHBIX YaCTHUI[ T'eK-
cadeppuToB Ipu BBICOKUX Temmeparypax (1o 1400°C), mockoiabKy pocT YacTHIl MOAABIIECH 3a CUET
BBICOKOH MOPHUCTOCTH MaTepuana. [[pyroii crnoco6 oCHOBaH Ha TEPMUYECKON KPUCTAJUIU3AIMH CTe-
kou B cucteme SrO-Fe;03-Cry03-B,0O3 1 mo3BosiseT nomydaTs Heclie4€HHbIE YaCTHIIBI C pa3MepaMu
ot 10 1o 300 HM, H30JIMPOBAHHBIE APYT OT Apyra OOpaTHON MaTPHIICH.

bb110 mokaszaHo, 4YTO HUTPATHBIA-HUTPATHBIM METO MO3BOJISET MOIy4yaTh OJHO(pa3HbIe 00-
pasubl SrFe;r4CrO19 ¢ KOHTpOIIMpYeMOii cTereHbro 3amerienns X = 0 — 8. Pa3Mepsl gacTwir jiexar
B unTepBane oT 400 no 600 HM, TO €CTh YaCTULBI SABJISAIOTCSA OJHOJOMEHHBIMHU. Y CTAHOBIIEHO, YTO
POCT CTENEeHH 3aMeIIeHUs IPUBOJINUT K CHUYKEHUI0 HaMarHUYeHHOCTH HachiieHus. [Ipu aToM kosp-
LIUTUBHAs cuja Bo3pactaeT oT 6 1o 13,5 kO npu x = 0 — 5, a ganee pe3ko nagaer. CTekIoKkepamu-
YEeCKUI CHHTE3 MMO3BOJIMII MOJTYYUTh YAaCTHUI[Bl CO CTENEHBIO 3aMEILEHUs 10 X = 4 U TuaMeTpaMu OT
20 no 200 M. KospuuTuBHas cuia 1npu 3ToM MeHsiercs ot 4 10 12 k3, coorBercTBeHHO. [lonmyuen-
Hbl€ HAHOYACTHULIBI 00Ja/1al0T PEKOPIHBIM COOTHOLIEHHEM «pa3Mep/KOAPLUUTHUBHAS CHUJIA» JUIS W3-
BECTHBIX MaTepHaJiOB Ha OCHOBE rexcadepputoB. Ha ux ocHOBe ObUIM TaK)Ke MOIYyYEHbI CTAOMIIb-
HbIE€ KOJUIOUIHBIE PACTBOPHI.

Taxkum 006pazom, IByMs pa3HBIMH METO/aMHU OBUIM YCIHEIIHO CHHTE3UPOBaHbI 00pasIibl reK-
cadeppuTa CTPOHIUS, JIETUPOBAHHOTO XpOMOM. LIUTpaTHO-HUTPATHBIN cIOCOO MOAXOAUT TS CO3-
JaHWsI BBICOKOKOAPLIUTUBHBIX MArHUTOB, a CTEKJIIOKEPAMUYECKUH MO3BOJISAET NOJy4yaTh MHOTOLIEIIE-
Bble HAHOMAarHUThI, HEOOXOIUMBIE JIIsl HAI€KHOM MarHWTHOM 3alUCH, SKPaHUPOBAHUSI BBICOKOYAC-
TOTHOT'O U3Jy4YEHMsI, U3TOTOBJIECHMSI UIJI JJI1 MarHUTHO-CUJIOBOW MHUKPOCKOIIMH, KUAKOCTENH C Mar-
HUTOONTHYECKUMH CBOICTBaAaMM, MarHUTOMEXaHUYECKUX CUCTEM U Pa3HOOOpA3HBIX camMocoOHparo-
LIUXCS HAHOCTPYKTYD.
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Single-domain particles of Cr-substituted strontium hexaferrites
Sleptsova A.E.
Supervisor: PhD, researcher Trusov L.A.

Hard magnetic materials have been widely used in many technological areas including fabri-
cation of permanent magnets, magnetic memory media and microwave absorbers. One of the most
common materials used in the industry are M-type hexaferrites BaFe;,019 and SrFe;2019. Accord-
ing to the literature, the doping of the hexaferrites by chromium ions could lead to a rise of
coercivity, however, until now such materials have not been reported. The main problem is the sim-
ultaneous fulfillment of two conditions: (1) production of a single-phase material with high substi-
tution degrees of iron for chromium; (2) maintaining the particle size in the single-domain region
(less than 700 nm), where the maximum coercive force can be reached.

The aim of this work is to synthesize single-domain particles of Cr-substituted strontium
hexaferrite and to study their magnetic properties. The following tasks were set: (1) to synthesize
the particles of strontium hexaferrite by citrate-nitrate and glass ceramic methods; (2) to investigate
the features of the phase formation, particles morphology, and chemical composition, in
dependance on the synthesis conditions; (3) to investigate the magnetic properties of the obtained
materials.

The first synthesis route consists in a heat treatment of the precursors obtained by auto-
combustion of citrate-nitrate solutions. This method allows to obtain single-domain hexaferrite par-
ticles at high temperatures (up to 1400°C), since the growth of particles is constrained due to a high
porosity of the material. Another method is based on thermal crystallization of glasses in the system
SrO-Fe,03-Cr,03-B,03 and allows to produce individual particles with sizes from 10 to 300 nm
isolated from each other by a borate matrix.

It was shown that single-phase samples of SrFe;,xCriO19 can be obtained by citrate-nitrate
method with a controlled degree of substitution x = 0 — 8. The particle sizes range from 400 to 600
nm, which means that they are in the single-domain area. It was found that an increase of the substi-
tution degree leads to a decrease of the saturation magnetization. Simultaneously the coercive force
increases from 6 to 13.5 kOe at x = 0 — 5, correspondingly, and then drops drastically. Glass ceram-
ic synthesis allows to obtain the particles with a substitution degree up to x = 4 and diameters from
20 to 200 nm. In this case, the coercive force varies from 4 to 12 kOe with increasing the particle
size. These nanoparticles have a record “size/coercivity” ratio for the known hexaferrite-based ma-
terials. Also, the obtained nanoparticles were successfully used to produce stable colloidal solu-
tions.

Thus, the samples of strontium hexaferrite doped with chromium were successfully synthe-
sized by two different methods. The citrate-nitrate route is suitable for creating highly coercive
magnets, while the glass ceramic method allows obtaining multipurpose nanomagnets necessary for
durable magnetic recording, electromagnetic wave shielding, magnetic force microscopy tips,
ferrofluids with magnetically adjustable refractive index, magneto-mechanical microsystems, and
magnetic self-assembled nanostructures.
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/InHAMUKA IBUKEHUS MATHUTOTBEPAbIX HAHOYACTHLTeKcadeppuTa
CTPOHLMSA B BA3KHX Cpeaax

Koponés B.B.

PykoBoaurens: K.X.H., M.H.C. TpycoB JL.A.

AnHcaMO011 aHU30TPOITHBIX HAHOYACTUI] MATHUTOTBEPABIX MAaTEpHAIIOB MPHUBIIEKAIOT K ceOe B
nociieiHNe rojbl 607b110i uHTepec. COBOKYIMHOCTh MarHUTOKPUCTAIIMYECKON aHU30TPONHUH Ma-
TEPUAJIOB U aHU30TPONHUU (OPMBI YACTHUIl B ITUX CHUCTEMAaX OTKPBIBAIOT MyTh K BO3HUKHOBEHUIO
HK30TUYECKUX MArHUTHBIX SIBJICHUI: CTPYKTYPHBIX (Da30BBIX MEPEXOI0B U BbIPAKEHHOIO JIMHEHHO-
ro JIUXPOU3Ma B MarHUTHBIX JKUJKOCTSX, TUTAHTCKUX MarHUTopeoyorndeckux 3¢dexroB. Kpome
TOT0, TAKKE YaCTHUI[bl MOTYT BBICTYINATh B POJIK MHOTO(YHKIIMOHATIBHBIX 30H/I0B — HAaHOMAarHUTOB.
C ux momouipo OBUIH UCCIIEIOBAHBI PEOJOrHYECKHE CBOMCTBA IUTOIIA3Mbl KJIETOK, pa3paboTaHbI
METOJIMKH BUCKO3HUMETPUU M TEPMOMETPHUH, MPEIIOKEHB OMOMEIUIIMHCKUE AUATHOCTUYECKUE U
TepaneBTUYECKUE MPUMECHECHHUS.

B GonpInHCTBE 3THUX MOAXO0JI0B B KAUECTBE aHAJTUTHUECKOTO CUTHAJIa UCTOJIb3yeTCs AUHA-
MUYECKasi HAMAarHUYEHHOCTh CHCTEMBl. B TO k€ Bpemsi CYCIEH3MM aHU3O0TPOITHBIX HAHOYACTHII
MPOSIBJSAIOT U ONTHUYECKUH JTMHEUHBIA JUXPOU3M — 3aBHCUMOCTb ONTUYECKUX CBOMCTB OT OpPHEH-
Tauu YacTuil B aHcamOuie. Koionapl HaHOTUTACTHHOK rekcadeppura ctpoHnus SrFe;p019 nemon-
CTPUPYIOT OJIHY M3 CaMbIX BBICOKHX BEJIMYMH JINHEWHOIO AUXPOU3MA CPEIN aHAIOTHYHBIX CUCTEM.
[enbto HacToALIEH pabOTHI ABISETCS UCCIEAOBAHNE IUHAMUYECKOTO TOBEAEHUS (hepprUMarHUTHBIX
aHU30TPOMHBIX HAHOYACTHUIl rekcadeppuTa CTPOHIUS B JKUIKUX Cpelax pa3Iu4yHON BA3KOCTH OTI-
TUYECKUMHU U MarHUTHBIMUA METOJaMHU.

Konmonnpl HaHOMIACTUHOK rekcadepputa CTPOHIUS ObLTA CHHTE3WPOBAHBI MTyTEM TEPMO-
Kpuctaymm3anuu crekia cocraBa 4Na,0-4,5A1,03-9Sr0-5,5Fe;03:4B,03 ¢ mociaeayronmm pacTBo-
peHuem 6opatHoit MaTpuibl. CTaOMIBHOCTH 00pa3oB OblIa OXapaKTEpU30BaHa C TIOMOIIIBIO METO-
noB JICP. MarHuTHBIA ¥ ONTHYECKUN OTKIWK KOJUIOMIOB OBLTA M3MEPEHBI C MOMOIIBI0 METO/IOB
CKBU/I marautomeTpuu U GOTOMETPUH ONTUYECKON TIIOTHOCTH KOJUIOMIOB B TIEPEMEHHOM TIOJIE.
JlJi TEOpEeTHUUECKOTO ONMUCAHUSI MATHUTHBIX CBOMCTB KOJIJIOWJOB OBLJIO MPOBEAEHO YHCIEHHOE MO-
JIeNMPOBAaHKE TOBEJACHUS YACTUIIBI B TIEPEMEHHOM MAarHUTHOM II0JIe, YYUTHIBaIOIIee OPOYHOBCKOE
JBUKEHHE, BA3KOCTh CPEIbl, paCIpeeIeHUE YacTHUIl 10 pa3Mepam, a TAKKe YacTOTY U aMIUIUTYAY
MPUIIOKEHHOTO MOJIS.

Takxke ObLIO HM3Y4EHO NOBEIEHUE KOHIIEHTPHUPOBAHHOW (ha3bl KOJJIOUJOB rexcadeppura
CTPOHIIUS B TIEPEMEHHBIX U MOCTOSIHHBIX MOJsX. [IpogeMOHCTpupoBaHO 00pa3oBaHNE HUTEBUIHBIX
arperaTtoB M YyBCTBUTEIbHOCTb 3TUX arperaToB K MAarHUTHOMY IOJIIO 3€MJIH.

B pe3ynbrare HaMm yqanoch YCTaHOBUTH B3aUMOCBSI3b MEXKy ITMHAMUYECKUMHU MarHUTHBIMU
U ONTUYECKUMH CBOMCTBAMH U BA3KOCTHIO TUCIIEPCHOHHOM cpebl Kojuionaa. Mel IpoJeMOHCTPU-
POBaJIK BO3MOXKHOCTH IN SitU M3MepeHHs BI3KOCTH TUCTICPCHOHHOMN CPEJIbl KOJUTOHM/IAa B CBEPXMAJTBIX
o0beMax ONTUYECKUMHU METOAAMMU, UCTIOJb3Ys KAIUOPOBOYHbBIE 3aBUCUMOCTH. JnanazoH usmepse-
MBIX JJAaHHBIM METOJIOM BSI3KOCTEH COCTABIISIET TPU MOPSAAKA BEIUUMHBI. Takke HaMU MOKa3aHo, YTO
JUHAMHYECKUH ONTUYECKUIN OTKIMK KOJUIOMIOB aHU3O0TPOMHBIX YAaCTHUIL MTO3BOJISET HAOM01aTh 00-
pa3oBaHMe TMHAMHYECKUX arperaron, He 3aMeTHoe B JaHHbIX CKBU /] maruutomerpuu.
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Dynamics of hard magnetic strontium hexaferrite nanoparticles
in viscous media

Korolev V.V.
Supervisor: PhD, researcher Trusov L.A.

Anisotropic hard magnetic nanoparticle ensembles are of great interest in last decade. Syn-
ergy of the magnetocrystalline anisotropy of materials and shape anisotropy of nanoparticles paves
the way toward exotic magnetic phenomena: structural phase transitions and prominent linear
dichroism in magnetic liquids and giant magnetic rheological effects. Furthermore, particles itself
may act as multifunctional probes, nanomagnets. They were used to measure cytoplasm rheological
properties, estimate temperature and viscosity of the dispersion media, also a number of biomedical
diagnostic and therapeutic applications was suggested.

Most of these approaches utilize dynamic magnetization or susceptibility of the system as an
analytical signal. At the same time suspensions of shape anisotropic particles exhibit optical
dichroism — optical property dependence on orientation of the nanoparticles in solution. Colloids
of strontium hexaferrite SrFe;,0;9 nanoplates show one of the largest linear dichroism values
among similar systems. The aim of the present study is to clarify dynamic behavior of the
ferrimagnetic anisotropic strontium hexaferrite nanoparticles in liquid media of various viscosity
using both magnetic and optical approaches.

Strontium hexaferrite nanoplates colloids were synthesized using thermocrystallization of
the 4Na,0-4,5A1,03-9Sr0O-5,5Fe,03-4B,03 glass with consequent dissolution of borate matrix, Sta-
bility of the colloid samples was evaluated using DLS method. Magnetic and optical responses of
the suspensions were measured using AC SQUID magnetometry and photometry of colloids in AC
magnetic fields. The theoretical description of experiments was made using numerical modeling of
nanoparticle rotational motion. Model includes nanoparticle size distribution, Brown motion, vis-
cosity of the media, frequency and amplitude of the applied magnetic field.

Further the behavior of concentrated SrFe ;019 ferrofluid was evaluated in AC and DC
magnetic fields. We have observed the formation of thread-like aggregates which are extremely
sensitive even towards Earth’s magnetic field.

We have established the relation between dynamic magnetic and optical properties of the
ferrofluid and the viscosity of its dispersion medium. We have implemented in situ all-optical vis-
cosity measurements of several-microliter-scale volume of dispersion medium using calibration
curve. The scale of measured viscosities spreads at least three orders of magnitude. Furthermore, we
have shown that dynamical optical response provides the way to observe formation of the dynam-
ical aggregates of the nanoparticles which is not accessible using SQUID data.

N3y4yenune BIMSAHUSA KATHOHHOTO COCTABA HA (PM3UKO-XUMHYECKHE
CBOWMCTBA COEIMHEHHNH CO CTPYKTYPOil BAHAIATA KAJIbIUSA

Oounaesa A.T.

PykoBonurens: K.X.H., 1o1. bapsimaukosa O.B.

Oco0OeHHOCTH CTPOEHHUS CIIOKHBIX BaHAAAaTOB U Goc]aToB co CTPYKTypOH BHUTIOKHTA IO-
3BOJISIIOT (JOPMHPOBATH PSAJI KeTaeMbIX (PU3MKO-XMMUYECKUX CBOWCTB, U3MEHSISI KATHOHHBIN U aHU-
OHHBIN cocTaB 00pa3noB CagxSrxIN(A0,)7 , rtne A= P, V, (0<x<9). UccaenoBanue 3TH X MEPCIeK-
TUBHBIX COCAMHEHUI Ha OCHOBE BaHAJaTa KaJbIHMSA-CTPOHIIMS KOMILIEKCOM COBPEMEHHBIX METOIOB
MOJKET BHECTHM BKJIaJ B CO3/IaHHE HOBBIX HMOH-IIPOBOJAIINX, HEJIMHEHHO-ONTHUECKUX U CErHETO-
AJIEKTPUUYECKUX MaTepuaiioB. B pamkax HacTosimiell paOOThl MPEINPUHATH MOMBITKA HMOTYYECHUS
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HOBBIX BHTJIOKHTOIMOMOOHBIX (hoc(aToB M BaHAAATOB, & TAK)KE BBISIBUTH BIHSHHS W3MECHEHUS KaTH-
OHHOTO cOoTaBa o0Opa3lia Ha ero TEXHUYECKU BA)KHBIC XapAaKTEPUCTHKU - CETHETORJIEKTPUYECKHE,
HEJIMHEHHO-ONTHYECKHUE U IPYTHE.

Metogom TBepnoda3zHOro CHHTE3a MOJy4YeHbl BUTIOKUTONOIOOHBIE TBEpIbIE PAacTBOPHI
CagxSryIn(404)7, tne A= P, V, (0=<X<9). OnpenesieHbl mapaMeTphbl JJIEMEHTAPHBIX SYEeK 00pa3iioB.
[TokazaHo, 4To BBeZieHHE 0o0Jiee KPYIHBIX KATHOHOB CTPOHIIMS IPUBOAUT K 3aKOHOMEPHOMY YBEIH-
YUHEUIO [1apaMeTpPOB IEMEHTAPHOM sS4YeHKU. [3ydeHbl HEIMHEHHO-ONTUYECKUE, TEPMUUYECKUE U
JIURJIEKTPUYECKHUE CBOICTBA MOTYYEHHBIX BaHAJAaTOB.

Bo Bcex 06pasuax B MMPOKOM AHanasoHe temmeparyp (650-1200°C) oGHapyskeHb! 06paT-
MbI€ cerHeTO(a30BbIe EPEXOIbl U3 HEUEHTPOCUMMETPUYHOTO B IEHTPOCUMMETPHUYHOE COCTOSIHHE.
Omnpenensl Temneparypsl (a3oBOro nepexoia Mo pe3yibraTaMm JUAJICKTPUUYecKUX nu3mepenuid. Ha-
nuune (Ha3oBoro nepexoja u TemmepaTryp $hazoBoro nepexoja MNOoATBEKICHO U IPYTUMH METOJAAMU.
[Tokazano, uro TemnepaTypa (a30BOro mepexoja CHHKACTCSA MPH 3aMEIICHUH KAaTHOHOB KaJbLUs
KaTHOHAMH CTPOHIIUS.

PesynbraTel posenanHoi paboOThI MPEICTABIISIOT TEOPETUYSCKUI HHTEPEC Il TOHMMAaHUS
CTPYKTYPHBIX MEXaHU3MOB (POPMHUPOBAHUS PA3TUYHBIX CBOMCTB HEOPraHMYECKUX BELIECTB. Takxke
OHHU MOT'YT OBITh MCIIOJIb30BaHBI IS TIOMCKA HOBBIX MAaTEPUAJIOB C 3aJaHHBIMH XapaKTEPUCTUKAMH.

IMyoauxamun crynentku (http://istina.msu.ru/profile/Odinaeva.02/):

1. Safronova T.V. Shatalova T.B., Boytsova O.V., Knotko A.V., Toshev 0.U., Hotamov
S.M., Odinaeva A.T., Azizian-Kalandaragh Ya. Chemical Transformations as a Tool for
Controlling the Properties of Calcium Carbonate Powder // Glass and Ceramics (English
translation of Steklo i Keramika), 2020, T. 77, Ne 3-4, C. 145-148.

2. OmmnaeBa A.T., bapeimaukoBa O.B. 3amewenue cmponyus na kanoyuil u céuney 8 ciodic-
HbIX UMAOKUMOonooobuwix eanaoamax Il 1V Beepoccuiickasi Mos1o/1eskHAasi HAy4YHasi KOH-
(epeHuusa ¢ MexRIYHAPOAHBIM ydacTHeM ''JKoj0rode3omacHbie U pecypcocdeperaro-
1Me TeXHOJOTuN U MaTtepuaabl', Te3. M0K., 23-26 centsops 2020 r., Ynan-Ymp, Poccus,
c. 131-132.

3. Bapemaukosa O.B., OmunaeBa A.T., Credanosuu C.1O., Jlazopsk b.WU. Bausnue kamuonog
Kanbyust U CUHYA HA CBOUCMEA BUMILOKUMON000OH020 aHadama cmponyus u aromeyust 1/
22-it MexXTyHApPOAHBI, MeK THCIUIIMHAPHBIH cumMno3uyM "'Tlopsinok, 6ecniopsiiok u
cBoiicTBa okcuaoB' (ODPO-22), te3. nok., 4-9 cenrsops 2019, Pocros-Ha-/lony, Poccus,
TOoM 2, ¢. 38-40.

The study of cationic composition influence on physical and chemical
properties of compounds with calcium vanadate-type structure

Odinaeva A.T.
Supervisor: PhD, associate prof. Baryshnikova O.V.

The structural features of complex vanadates and phosphates with the structure of
whitlockite allow us to form a number of desired physicochemical properties by changing the cati-
onic and anionic composition of samples Cag.xSrxIN(AO,)7, where A= P, V, (0<x<9). The study of
these promising compounds based on calcium-strontium vanadate by a complex of modern methods
can contribute to the creation of new ion-conducting, nonlinear-optical and ferroelectric materials.
In the framework of this work, attempts are made to obtain new vitlokite-like phosphates and vana-
dates, as well as to identify the effects of changes in the cationic sotave of the sample on its techni-
cally important characteristics - ferroelectric, nonlinear optical, and others.
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Vitlokite-like solid solutions of Cag.xSrxIn(AQ,4); were obtained by solid-phase synthesis,
where A= P, V, (0<x<9). The parameters of the elementary cells of the samples are determined. It is
shown that the introduction of larger strontium cations leads to a regular increase in the unit cell
parameters. The nonlinear optical, thermal, and dielectric properties of the obtained vanadates are
studied.

Reversible ferrophase transitions from the non-centrosymmetric to the centrosymmetric state
were found in all samples in a wide temperature range (650-1200°C). The phase transition tempera-
tures are determined based on the results of dielectric measurements. The presence of the phase
transition and the phase transition temperatures is also confirmed by other methods. It is shown that
the phase transition temperature decreases when calcium cations are replaced by strontium cations.

The results of this work are of theoretical interest for understanding the structural mecha-
nisms of formation of various properties of inorganic substances. They can also be used to search
for new materials with the specified characteristics.

CuHTe3 U M3yYeHHe PeJOKC-AaKTUBHBIX MUKPOreJ/ieil Ha OCHOBe
noJiu-N-u30nponuIaKpuwIaMuIa U NOJUAKPHUIOBOH KUCIOTHI
IJIS1 JIEKTPOXUMHMYECKUX NMPUIT0KEHU

Jlpankos J[.H.

PykoBoaurenu: k.x.H., ¢.H.c. UTkuc .M., x.p-M.H., c.H.c. Koxxynosa E.I1O.

B nacrosimiee BpeMs MccienoBaHus, MOCBSIIEHHBIE TOUCKAM aJIbTEPHATUB JINTUN-UOHHBIM
OarapesiM, BBIXOJAT Ha TIEPBBIN MIaH B CBA3M C HECTAOUIIBLHOM CUTYyalMell Ha pbIHKE SYHEPrOHOCUTE-
neil. [Iporounblie penokc-6arapeu SBISAIOTCS OJHUMHU M3 HanOoJjee MepCcrneKTUBHBIX aHaioros. Of-
HaKo, IPOTOYHbIE OaTaper Ha OCHOBE IIMHKA WJIM BaHA/IUs UMEIOT psiJl HEJOCTATKOB, TAKUX KaK: Ia-
ryOHO€ BO3JIEHCTBHE HA HKOJIOTMIO U BBICOKAsl CTOMMOCTb NMPOM3BOJACTBA. PemmnTh 3TH mpobiieMsl
MOJKHO, HCIIOJIb3ys MEHEE arpecCHBHBIE JJIEKTPOJUTHL. MCIOIp30BaHME OPraHUYECKUX PENOKC-
CHCTEM SBJIIETCS IEPBBIM IIIarOM B 3TOM HampasiieHuU. MIMeeTcs orpoMHOE KOJIMYECTBO paboT, mo-
CBSILLICHHBIX Pa3JINYHBIM OpraHMYeCKUM cucreMaM. OQHAKO, HCIIOJIB30BAHUE PENOKC-AKTUBHBIX I10-
JUMEPHBIX MUKpOTrese Ha ocHoBe moyin-N-u3onponuiakpuiaMiuia U MOJIHAKPUIOBOW KUCIOTHI U
HCCJIEIOBAaHNE BO3MOKHOCTH UX MPUMEHEHUS JUISl DJIEKTPOXUMUYECKUX MPUIIOKEHUN TPOU3BOIUT-
csl BrepBble. MUKpOTrenn — 3TO YacTHUIbl HAHOMETPOBOTO pa3Mepa, COCTOSIINE U3 CHIMTHIX MEXIY
c000i1 MOIMMEPHBIX IETI0YEK.

Ilenpto naHHOM paboTHI SBISETCS CUHTE3 PEJOKC-aKTUBHBIX IMOJMMEPHBIX MHKpOTened u
JanpHelIee n3y4yeHue BO3MOKHOCTH MX HCIIOJIb30BaHUS B KaU€CTBE KOMIIOHEHTOB IIPOTOYHBIX pe-
nokc-6arapeit. s ee JOCTHXKEHMsS ObUIM TOCTaBJIEHbI 33Jjaud CUHTE3UPOBATh MHUKPOTEIH IS
nanpHene Monudukanuu perokc-akTuBHbIM areHToM TEMIIO, oxapakTepnu3oBaTh UX CBOWCTBA
U U3YUUTH DJIEKTPOXUMHUYECKOE NIOBEICHUE.

HccnenoBanue npoBoAWiIN B /iBa dTamna. [lepBelii 3Tanm ObT CHHTETHYECKHM M BKIIIOYal B
ce0si MHOTOCTAJIMIHBIN CUHTE3 MOJUMEPHBIX MUKpOTeNiel U JadbHEeHUIIyI0 MOAU(PHUKAINIO PETOKC-
aktuBHBIM arearoM TEMPO. Tlpu momomu criekrpockormu DI1P BEISBUIH YCIIEITHYIO MOAU(pUKA-
muto (xapaktepuelii Tpumier TEMIIO), a Takke ompenenuin KOHLIEHTPALUI HUTPOKCUIIBHBIX
rpynmn. [lanee mosydeHHble peOKC-aKTUBHbIE MUKPOTEIN HCCIEA0BATIN METOJOM TUHAMHUYECKOIO
CBETOPACCESIHUS [UIsl ONPEIENICHUsT UX THIPOJUHAMMYECKOro paauyca. KoHIeHTpanuio MUKpore-
Jeil B BOJAHOM cpejie ONpeAessiiin TpaBUMETPUUYECKH, CyXHe MHUKPOTelnd ObLIM MOJy4YeHbl NP MO-
MoITH THOPUIEHON cymku. BTopoii sTan BKIItoYa B ce0sl AIEKTPOXUMUYECKHE U3MEpEHHs. DJeK-
TPOAHBIE MPOLECCH OBUIM MCCIE0BAHBI PU OMOIIY [IUKJINYECKON BOJIBTAMIIEPOMETPUH TS Pas-
JTMYHBIX 00pa3uoB. [lokazaHo, 4To MOAM(UIMPOBAHHBIE MUKPOTENIN JEMOHCTPUPYIOT 00paTUMBIN
PENOKC-OTKIIHK.
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B xome uccnenoBanus ObUIM BIEpBbIE CHHTE3UPOBAHBI PEIOKC-aKTUBHBIE MHUKPOTENH, a
TaK)Ke MCCIIEIOBAHbI UX CBOWCTBA U JJIEKTPOXMMHUYECKOE MoBeAeHUe. Ha OCHOBaHMM IOIY4EHHBIX
JaHHBIX MOXHO YTBEp)KJIaTh, YTO MHKporenu, moauduuupoBanasie TEMIIO sBistores uneanb-
HBIM KaHAMJATOM JUIsl HCIIOJIb30BAHUS B KAUECTBE KaTOJIUTA IPOTOYHON pefoKc-0aTapeu.

https://istina.msu.ru/profile/DmitriiDDN/

Synthesis and study of redox-active microgels based on
poly-N-isopropylacrylamide and polyacrylic acid
for electrochemical applications

Drankov D.N.

Supervisors: senior research scientist, Dr. Itkis D.M., senior research scientist, Dr.
Kozhunova E.Yu.

Currently, researches devoted to the search for alternatives to lithium-ion batteries is coming
to the fore due to the unstable situation in the energy market. Redox flow batteries (RFB) are one of
the most promising candidates. However, RFBs based on zinc or vanadium have a number of dis-
advantages, such as harmful effects on the environment and high production costs. These problems
can be solved by using less aggressive electrolytes. The use of organic redox systems is the first
step in this direction. There are a huge number of works devoted to various organic systems. How-
ever, the use of redox-active polymer microgels based on poly-N-isopropylacrylamide and
polyacrylic acid and the study of the possibility of their use for electrochemical applications is be-
ing performed for the first time. Microgels are nanosized particles formed by physically or chemi-
cally cross-linked polymer chains.

The aim of this research is to synthesize redox-active polymer microgels and further study
the possibility of their use as components of RFBs. To achieve this, the tasks were set to synthesize
microgels for further modification with the redox-active agent TEMPO, to characterize their proper-
ties, and to study their electrochemical behavior.

The study was carried out in two stages. The first stage was synthetic and included a multi-
stage synthesis of polymer microgels and further modification with the redox active agent TEMPO.
EPR spectroscopy revealed a successful modification (TEMPO triplet on spectra), and also deter-
mined the concentration of nitroxyl groups. Further, the obtained redox-active microgels were in-
vestigated by the method of dynamic light scattering to determine their hydrodynamic radius. The
concentration of microgels in an aqueous solution was determined gravimetrically; dry microgels
were obtained by freeze drying. The second stage included electrochemical measurements. Elec-
trode processes were investigated using cyclic voltammetry for various samples. It was shown that
the modified microgels exhibit a reversible redox response.

In the course of the study, redox-active microgels were synthesized for the first time, and
their properties and electrochemical behavior were also investigated. Based on the data obtained, it
can be argued that microgels modified by TEMPO are an ideal candidate for use as a catholyte of
Redox flow batteries.
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Poub 3epHorpannynou 1udp¢y3uu B npoueccax
IJIEKTPOOCANKACHUSA JTUTUS

Konopamvesa E.

PykoBojauTenw: B.H.C., A.X.H. Smmnua JI.B., acm. 3 r/o Pynes A.A.

Jlutuii mpuBNEKaTeNeH B KAYeCTBE aHOIHOTO MaTepHaia, MOCKOJIbKY 00J1aaeT caMbIM HU3-
KHUM 3JIEKTPOJIHBIM MOTEHIIMATIOM U BBICOKOH yJelnbHON eMKOCTh0. OJIHAKO ero MpuMEeHEeHHE B Iie-
pe3apspKaeMbIX XMMUYECKMX MCTOYHUKAX TOKAa IIOKa HEBO3MOYKHO I10 Psily IPUYUH, CBSA3AHHBIX C
o0pa3oBaHHEeM HEKOMITAKTHBIX OCAJKOB C Pa3BUTON MOBEPXHOCTHIO B IMPOIECCE IIEKTPOOCAKICHUS
JUTHSA U3 pacTBopa ero coiu. Kpome Toro, kacaTenpHO MEXaHM3Ma O0pa30BaHMs aHU30TPOITHBIX
CTPYKTYp a pe3yjbTare 3JEKTPOOCAKIACHUS JTUTUS HE CYIIECTBYET OOIICPU3HAHHBIN KOHIIEIINH,
HECMOTpPSI Ha OOLIMPHBIE UCCIIEJOBAHMS B TEUEHUE HECKOJIbKUX JECATHIIETUH, B YACTHOCTH J0 CHUX
MOp AMCKYTUPYETCS BOMPOC SBIISIOTCS JTU 3TU (YOPMBI pOCTa JCHAPUTAMH U BUCKEPAMH.

Lenbto nanHO# paboTHI OBIJIO yCTAaHOBICHHE MeXaHH3Ma Mopdoiornyeckoil HecTaObuIbHO-
CTH TUIaHAPHOTO (PpOHTA KPUCTAITU3ALMU TPH DIEKTPOOCAKICHUM JUTUA. s ee mocTkeHus
pemanuch craenayromnme 3anaun: (1) BbIIBIEHHE BO3MOMXHOCTH IUIAHAPHOTO POCTAa U HAXOXKICHUE
yCIIOBUH, B KOTOPBIX OH peanusyercs; (2) onpeaeieHre KPUTHUECKUX MapaMeTpoOB, OTBEYAIOIINX
MOP(OJIOTHYECKON CTAOMJIBHOCTH TIJIAHAPHOTO POCTa M BTOPUYHOIO 3apojbliieoOpazoBanus; (3)
YCTaHOBJICHHE POJIM MEK3epeHHOM Mu(dy3uu aTOMOB JIUTHUS B TIPOIECCE KPUCTAILTU3ALINY.

HccnenoBanue MpoOBOAWIOCH C HCIOJIb30BAaHUEM 3JIEKTPOXMMHUUYECKUX U MHUKPOCKOIUYE-
CKHUX METOJIOB C YYETOM BBICOKOM PEaKIIMOHHOW CIIOCOOHOCTH METAJLTUYECKOTO JUTHUS. DIEKTPO-
OCaXICHUE JIMTHS U3 PACTBOPA €ro COJM IPOBOAMIOCH METO/0M I'ajbBaHOCTATUYECKOW XPOHOIIO-
TEHIIMOMETPUHN Ha JIMTHUEBBIA JIEKTPO/JI, MOATOTOBICHHBIA HETIOCPEICTBEHHO Tepe]] dKCIepUMEH-
TOM B aproHOBOM I1€pYaTO4YHOM Ookce. B skcnepuMmeHTe BapbUpOBAIUCH TAKHE MapaMeTphbl, Kak
IUIOTHOCTh TOKa, BpeMsl OcaxkJieHHus U Temreparypa. [lomyueHHble 0Opasibl Uccae10BaluCh METO-
JaMH CKaHHUPYIOIIECH 3JIEKTPOHHOM, aTOMHO-CUJIOBOM M ONTHYECKOW MUKPOCKONHH. JIMHAMUKa U3-
MeHeHHUs1 MOP(OJIOTHU HAOII0AAIach IPU MOMOIIH N SitU ONTHYECKOW MUKPOCKOIIHH.

B xoze uccrnenoBanust 66110 YCTAHOBJIEHO, UTO IUTAHAPHBINA POCT 3€peH MeTajlla B MPUHIU-
e Bo3MOXeH. J[aHHoe HaOroieHne YTOUHsEeT paHee MPeI0KEHHBIN B IUTEepaType MEXaHUu3M poc-
Ta BUCKEPOB, OCHOBAHHBII Ha pelIalolIed pOJIM MEXaHMYECKUX HANpPsKEHHWM, BO3HUKAKOLUX IIPU
asieKTpoocaxaeHuu. [IpeioskeHHbIi 10 UToraM J1aHHON paboThl MEXaHU3M MOXKHO pa3ieiuTh Ha
JIBE CTaJIMU: M3-32 HAIMYHS KECTKOTO cinosi SEl Ha MOBEpXHOCTH 3JEKTpoa MPH BOCCTAHOBICHUU
JTUTHUS B METaJIE HAKAIIJIMBAIOTCS HAMPSDKEHUS, YTO MPUBOAUT K TIEPEHOCY aTOMOB JTUTHS KO BHYT-
PEHHUM TpaHHIIaM 3€pHA U POCTY MOCIJIEHET0, HO ATOT MPOLECC B IOCIEACTBUNA CMEHSETCS APYTUM
— 00pazoBaHMEM HOBBIX YAaCTHUIL (3apOJIbIIIEH) HAa TOBEPXHOCTH JIEKTPO/Ia, U3 KOTOPHIX BIIOCIEICT-
BUU pacTyT BUCKephl. Takxe BbISIBICHO BiMsHHE N (y3un BHYTpU 3IEKTpoAa Ha mpouecc dop-
MHUpPOBaHMs BUCKEPOB: MPH MOHWKEHHOH TemIeparype npeodyafaeT pocT chepruuecKux 4acTull, a
MIPY MOBBIIICHHOW — II1aJKO€ OCaXIEHHUE.

[Tony4yeHHble pe3yabTaThl MOT'YT OBITH HOJIE3HBI /Ui pelIeHHs] MpoOIeMbl HEKOMIAKTHOTO
OCaXJACHUS JTUTHS, TaK KaK MOKA3bIBAIOT HEOOXOUMOCTh KOHTpOIIsl T dy3un o rpaHuiiaM 3epeH,
a TaKKe pa3Mepa U CTPYKTYphI 3€PEH.

IMy6ankanun cryaentkn (https://istina.msu.ru/profile/YevgeniyaKondratyeva/):

1. Rulev A.A., Kondratyeva Y.O., Yashina L.V., Itkis D.M., Lithium Planar Deposition vs.
Whisker Growth: Crucial Role of Surface Diffusion // The Journal of Physical Chemistry
Letters, 2020, 11, 10511-10518.

2. Konnparnesa E., PyneB A.A., Poiv nosepxnocmuotl ouggysuu aumus 8 npoyecce oopaszo-
gaHus euckepos // MeKIyHapOAHBIH MooAe:KHbII Hay4uHblii popym «JIOMOHOCOB-
2020», cOOpHUK TE3UCOB, BTOPOE M3IaHKE: ITepepaboTaHHOE U IOMIOJTHEHHOE.
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The role of grain-boundary diffusion in lithium electroplating
Kondratyeva Ye.

Supervisors: Dr.Sc. Yashina L.V., PhD student Rulev A.A.

Lithium is attractive as an anode material because it has the lowest electrode potential and
the highest specific capacity. However, its use in secondary batteries is still impossible for a number
of reasons associated with the formation of non-compact deposits with a developed morphology
during the electrodeposition of lithium from a solution of its salt. In addition, there is no generally
accepted concept regarding the mechanism of the formation of anisotropic structures resulting from
electrodeposition of lithium, despite extensive research over several decades; in particular, the ques-
tion whether these growth forms are dendrites or whiskers is still being discussed.

The aim of this work is to establish the mechanism of morphological instability of the planar
crystallization front during the electrodeposition of lithium. To achieve it, the following tasks were
solved: (1) identifying the possibility of planar growth and finding the conditions in which it is real-
ized; (2) determination of critical parameters corresponding to the morphological stability of planar
growth and secondary nucleation; (3) establishing the role of intergranular diffusion of lithium at-
oms in the crystallization process.

The study was carried out using electrochemical and microscopic methods, taking into ac-
count the high reactivity of metallic lithium. The electrodeposition of lithium from a solution of its
salt was carried out using galvanostatic chronopotentiometry on a lithium electrode prepared imme-
diately before the experiment in an argon glove box. In the experiment, parameters such as current
density, deposition time, and temperature were varied. The samples were examined by scanning
electron, atomic force, and optical microscopy. The dynamics of changes in morphology was ob-
served using in situ optical microscopy.

In the course of the study it was found that the planar growth of metal grains is in principle
possible. This observation clarifies the previously proposed in the literature mechanism of whisker
growth based on the decisive role of mechanical stresses arising during electrodeposition. The
mechanism proposed as a result of this work can be divided into two stages: due to the presence of a
rigid SEI layer on the electrode surface during the reduction of lithium in the metal, stresses accu-
mulate, which leads to the transfer of lithium atoms to the inner grain boundaries and the growth of
the latter; this process is subsequently replaced by the formation of new particles (nuclei) on the
electrode surface, from which whiskers subsequently grow. The influence of diffusion inside the
electrode on the formation of whiskers was also revealed: at a low temperature, the growth of spher-
ical particles predominates, and at an increased temperature, smooth deposition prevails.

The results can be useful for solving the problem of non-compact deposition of lithium,
since they show the need to control diffusion along grain boundaries, as well as the size and struc-
ture of grains.

YriemiacTuk Ha 0CHOBe TPUPYHKIMOHAJIBHOTO PTATOHUTPHUJIA
AHroenese M.B.

PykoBoaurenu: H.c. MopozoB O.C., k.X.H., ¢.H.c. bynrakos b.A.

B coBpemMeHHOM MHUpE HEYKJIOHHO BO3pPACTaeT POJIb MOJUMEPHBIX KOMITO3UTHBIX MaTepHa-
noB (ITKM) B pa3nu4aHbIX o0iacTsax Hayku U TexHukH. HoBele, 6onee Tepmocroiikue [TKM, mo3Bo-
JISIOT 3aMEHUTH OO0JIbIlIe METAIMYECKUX JAeTajel U CHU3UTh BeC KOHEUHOro u3aenus. OTaloHuT-
PWIBHBIE CMOJIBI SIBIISIIOTCS HanbOoJiee TEPMOCTOMKMM KJIACCOM CBSI3YIONIUX M3 U3BECTHBIX HA CETO-
THSIIHANA JIeHb, a Takke 00JalaloT BBICOKMMU MEXaHMYEeCKMMHM XapakTepucTukamu. B mpenwiny-
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IIUX UCCIICIOBAHMSIX HAIlIeH TPYMITON ObUT MOy4YeH TpU(YHKIIMOHAIBHBIN (TAIOHUTPUIT HA OCHOBE
dbocdaTHOl TPYIIIBI, MOAYIb YIPYTOCTH CMOJIBI U3 KOTOPOTo OKa3aJcsi HauboJiee BBICOKUM CPeIu
OMHCAHHBIX B JUTEPATYPE TEPMOPEAKTUBHBIX MOJIUMEPOB.

Ilenpro maHHON pabOTHI CTAI0 MoJydeHue U u3ydeHnue ceoricts [IKM ¢ mobGaBieHneM HOBO-
ro Tpu(yHKIMOHATBFHOTO (PTAIOHUTPUIIA B COCTAB CBA3YIOMIETO. JIJIsl JOCTHXKEHUS 3TOM 1eiH ObLI0
Heo0X0IMMO 0TpaboTaTh METOJIMKH CUHTE3a, U3YYUTh OCOOCHHOCTH OTBEP)K/IEHUS, OLEHUTh MeXa-
HUYECKHE U TEPMHUECKUE CBOMCTBA OTBEPXKJIEHHBIX cMoul. Jlanee, s Hamboliee MepCreKTHBHBIX
cBa3yronux noiayuuts [IKM Ha X ocHOBE M HCClle0BaTh UX CBOMCTBA.

s mogbopa coctaBa cBszytomiero s monydenus [IKM, meTonamu BUCKO3UMETPHH H
g depeHInaTbHON CKaHUPYIOIIEH KaTIOpUMETPUU ObLTH U3YUEHBI PEOJIOTUYECKUE U TEPMUYECKUE
CBOWCTBAa  pas3inuuHbIXx  cMmeceit ¢ 4,4’-nmuamunoaudenmncynsponom  (AJC),  1,3-
ouc(amunodenokcun )oenzonom (ADPB) u 4-(4-amunopenokcn)pramonntpunom(APH) B kauecTBe
orBepauTteneii. CMecu MOHOMEPOB C OTBEPAMTEIEM OTBEPKAANIHU 110 JIBYXCTYIIEHUATOW Iporpamme
¢ nepsbiM marom mpu 180 °C u nocrorBepxaenurem npu 330-375 °C. J{iist OTBEPKAECHHBIX CMECEH C
MOMOIIBI0 TUHAMUYECKOTO MEXaHMUYECKOTO aHaJIM3a OBUIM OIICHEHBI MOIYJIH yHpyroctu. M3 Hau-
0os1ee MepCIEeKTUBHBIX AJIs UCIOIB30BAHUS CMOJI ObUIH MOTYYEHBI KOMIIO3UTHI, JJI1 KOTOPBIX MPO-
BEJCH MIMPOKHIA HA0Op MEXaHWYECKHWX HWCIBITAaHWHA COTJIACHO MEXIYyHAapOAHBIM CTaHAapTaM
ASTM.

B pesynbrare ucnbiTaHUS CMOJ ObUIO IIOKa3aHO, YTO HECMOTPS Ha BBICOKYIO TEMIIEpATypy
asjieHus TpuyHKIMoHansHoro MonoMepa (172 °C), oH cnocoOeH 06pa3oBbIBATh HU3KOILIABKUE
IBTEKTUYCCKUE CMECU C JPYTUMHU (PTATOHUTPUIAMH, YTO SBJSICTCS BAKHBIM ACIICKTOM B TEXHOJIO-
TUYHOCTH CBs3yrolero. beiio moka3ano, uro nobaBineHne TpuyHKIIMOHAILHOTO MOHOMEpPA MOJI0-
KUTEIHHO CKA3bIBAETCS HA MEXAHMYECKUX CBOWMCTBaxX cMouibl. B xome padotsl nonydens [IKM Ha
OCHOBE CBS3YIOILIETO C HOBBIM (PTaIOHUTPHIILHBIM MOHOMEPOM, MEXaHUYECKHUE CBOMCTBA KOTOPOTO
OKa3aJIMCh Ha BBICOKOM YpPOBHE, XapaKTepHOM JJis PTAIOHUTPUIBHBIX cMosl. KOMIIO3UT ¢ HCIIOIb-
30BaHHEM CBS3YIOLIETO C TPU(PYHKIIMOHAIBHBIM (GTAIOHUTPUIIOM B COCTaBe coxpaHseT okoio 70 %
MPOYHOCTH TIPH MEKCIoeBOM ciBure mociie 200 yacos Beiiepku mpu 300 °C.

TakuM 00pa3oM, MOKHO 3aKJIIOYUTh, YTO HOBBIN TPUDYHKIIMOHATHLHBI MOHOMED SBIISETCA
MEePCIEKTUBHBIM KOMIIOHEHTOM (DTaIOHUTPHUIIBHBIX CBS3YIOIIMX OJlaromapsi 1eIoMy psiiy Ipeumy-
ecTB: 00pa3oBaHUIO0 HU3KOIIIABKUX CMecel ¢ APYruMHU (PTaTOHUTPUIAMHU, OTHOCUTEIHHON MPO-
CTOTE CHMHTE3a, MOBBIIIECHUIO MOAYJS YIPYroCTH CMOJI MPU €ro BBEACHUM B COCTAB CBS3YIOLIETO.
ITo matepuanam paboTsl nonydeH nareHT Ne 2744165 «TpudyHKunOHAIBHBIN (PTaTOHUTPUIIBHBIN
MOHOMED, CIIOCOO €ro MOIYYEHUs U KOMIIO3UIIUS CBSI3YIOIIETO HAa €0 OCHOBE.
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Carbon fiber reinforced plastic based on trifunctional phthalonitrile
lakovlev M.V.

Supervisors: researcher Morozov O.S., PhD in Chemistry, senior researcher
Bulgakov B.A.

In the modern world, the role of fiber reinforced plastics (FTIR) in various fields of science
and technology is steadily increasing. New, more heat-resistant FTIRs allow replacing more metal
parts and reducing the weight of the final product. Phthalonitrile resins are the most heat-resistant
class of resons known to date, and also have high mechanical characteristics. In previous studies,
our group obtained a trifunctional phthalonitrile based on a phosphate group, the modulus of elastic-
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ity of the resin from which was the highest among the thermosetting polymers described in the liter-
ature.

The aim of this work was to obtain and study the properties of FTIR with the addition of a
new trifunctional phthalonitrile to the resin composition. To achieve this goal, it was necessary to
work out the methods of synthesis, study the features of curing, and evaluate the mechanical and
thermal properties of cured resins. Further, FTIRs with the most promising resins were obtained and
studied.

To select the resin composition for FTIR production, the rheological and thermal properties
of various mixtures with 4,4'-diaminodiphenylsulfone (DDS), 1,3-bis (aminophenoxy) benzene
(APB) and 4-(4 -aminophenoxy) phthalonitrile (APN) as curing agents. Mixtures of monomers with
a polymerization initiator were cured according to a two-stage program with the first step at 180 ° C
and post-curing at 330-375 ° C. The elastic modulus for the cured resins was estimated using dy-
namic mechanical analysis. Composites were obtained from the most promising resins, for which a
wide range of mechanical tests were carried out in accordance with international ASTM standards.

As a result of resins testing, it was shown that, despite the high melting point of the

trifunctional monomer (172 ° C), it is capable of forming low-melting eutectic mixtures with other
phthalonitriles, which is an important aspect in the processability of the resin. It has been shown
that the addition of a trifunctional monomer has a positive effect on the mechanical properties of the
resin. In the course of the work, FTIRs on the basis of a resin with a new phthalonitrile monomer
were obtained. The mechanical properties of composites turned out to be at a high level typical for
phthalonitrile resins. The composite using a resin with trifunctional phthalonitrile in the composi-
tion retains about 70% of the interlayer shear strength after 200 hours of exposure at 300 ° C.
Thus, we can conclude that the new trifunctional monomer is a promising component of
phthalonitrile resins due to a number of advantages: the formation of low-melting mixtures with
other phthalonitriles, the relative ease of synthesis, and an increase in the elastic modulus of resins
when it is added to the composition. Based on the materials of the work, patent No. 2744165
"Trifunctional phthalonitrile monomer, a method for its production and a rersin composition based
on it" was obtained.

Caoucrtbie rIAPOKCUH/IBI peaKo3eMeJbHbIX 3eMenToB (Y, Gd),
NHTEPKAJTHPOBAHHBIE ()OTOAKTHUBHBIMH JHTAHIAMU

Tennonozoea M. A.

PykoBoaurenu: H.c. AnpeiaueB A. /., 1.X.H., ui1.-kopp. PAH MBanos B.K.

B mnacrosiee BpeMs 3HAUMTENIbHBIH HMHTEPEC MCCIENOBATENECH MPHUBIIEKAIOT MaTepUalbl,
CIIOCOOHBIE K U3MEHEHHUIO CTPYKTYPHI U/WITU CBOMCTB IO/ ICMCTBUEM BHEIITHETO YJIEKTPOMArHUTHO-
ro u3nydeHus. B WX cocTaB MOTYT BXOAUTH (POTOAKTHUBHBIE COCAMHEHHUS, MUMEIOIINE HECKOJIBKO
CTEpPEOM30MepOB (Hampumep, IMUHHAMaT- ¥ (GeHnIa300eH30aT-aHUOHBI, W30MEpPHU3aIis KOTOPBIX
mpoTekaeT moj aeiicterueM Y O-U3IydeHus), U COSTUHEHUS, CIOCOOHBIC T€HEPUPOBATH CUHTIIET-
HBIM KHUcopoa (Hampumep, nopupuuel). OcoObli HHTEPEC TaKue MaTepuaibl MPEICTABISIIOT IS
OMOMEIUIIMHCKOW TePaHOCTUKH, BKIIFOUAIOIICH apecHYI0 TOCTaBKY JEKAPCTBEHHBIX CPEICTB U UX
KOHTPOJIUPYEMOE BBICBOOOXKIEHUE, a TaKKe OMOBU3YyaIM3alMi0. Y TOOHBIMH KOHTCHHEpaMH ISt
AHUOHHBIX ()OPM JIEKAPCTB SIBISIFOTCS MIPEACTABUTEIN HOBOTO KJIacca CIOMCTHIX aHMOHOOOMEHHBIX
coenuHeHH — cioucteie TuaApokcuabl P30 (CI' P33), coderaromnue cnienuduyeckue CBOMCTBA Ka-
TUOHOB P32 (MarHuTHbBIE U JIFOMUHECHEHTHBIE) U MHTEPKATUPOBAHHBIX aHUOHOB. [Ipu 3TOM HHTED-
kaysus B CI' P30 GoToakTMBHBIX aHMOHOB TMO3BOJIMT CO3/1aBaTh MaTEpHaIbl, 00JaaroNue pas-
JUYHBIM OTKIIUKOM (CTPYKTYPHBIM, XUMUYECKIM) Ha OOTYYCHHE CBETOM.

Ilenpto nmanHOW paboOTHI cTajma pa3paboTka METOJOB HAMPABIEHHOTO CHHTE3a CIIOMCTHIX
TUAPOKCHUIOB UTTPUS U TaJ0JIMHUS, UHTEPKAIUPOBAHHBIX OPraHUYECKUMU JIMraHgamMu (IMHHaMa-
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TOoM, (heHnI1a300€H30aTOM, 3aMEIIEHHBIMI aHUOHHBIMHU Me30-TTop(hUpUHAMHI) KaK OCHOBBI JJIsI CO3-
nanusi GOTOAKTUBHBIX MaTepuanoB. OCHOBHbIE 33a/1aui paOdOThI BKIIOYAIH B ce0sl CHHTE3 CIIOMCTHIX
THJIPOKCHUJIOB UTTPHS U TaJIOJIMHUS, HHTEPKATHPOBAHHBIX yKa3aHHBIMA aHHMOHAMU; KOMIUICKCHBIN
aHaJIM3 CTPYKTYPBI U COCTaBa MOJYyYEHHBIX COEMHEHUN; uccienoBanue Biuusaus Y D-o0nyuenus
Ha CTPYKTYPY MOTYUYEHHBIX CIIOMCTBIX THIPOKCUIOB.

Cunre3 unrepkanupoBanHbix CI' P390 mpoBogunm nBymsi MetojgaMu. ['MApPOKCOHUTpATHI U
ruzipokcoxsiopuibl P390 nomyvanu rugponuzom conu P3O B npucyTcTBUN reKcaMeTUIIEHTETpaMUHA
(TMTA) mpu 90°C, 3aTeM IpOBOIWIM aHHOHHBIA 00MeH B BoaHo# cpene mexay CI' P3D u conbio
opranuueckoro anuona npu 25-160°C. IIpu peanusanuu cuHTE3a iN SitU THAPOIU3 XIOPUIOB WIIH
autpaToB P3D nposogunu B npucyrcteuu I'MTA u oprarudeckoro anuona npu 100-150°C.

[To nanubim POA, K- u KP-ciekTpockonuu, METOl HOHHOTO OOMEHA MO3BOJISIET CHHTE3U-
poBaTh HMHHAMAT- U (penunazodensoar-unrepkanuposannbie CI' urtpus npu 120-160°C u 100°C,
cootBeTcTBeHHO. CI' UTTpUSs, UHTEPKATIMPOBAHHBIN TpaHC-IIMHHAMAT AHMOHAMU U CYCIIEHUPOBaH-
HBIM B M30MPOMAHOIIE, MPOJAEMOHCTPUPOBAT YMEHBIIIEHHE 0a3aIbHOTO MEXIUIOCKOCTHOTO PaccTos-
Hus ot 21.9 10 20.6 A npu Y®-061nydenuu B TedeHue 52.5 4, Opu 3T0M 0a3albHOE MEKILIOCKOCT-
Hoe paccrosuue mns CIT UTTpUs, MHTEPKAIMPOBAHHOIO LMC-IIMHHAMATOM, cocTaBuiao 19.0 A.
BriepBrie ycnemHo npoBeeHa COMHTepKaIsIus GpeHmiazo0en3oar- u onear-aHnoHoB B CI” urtpus
METOI0M aHHOHHOTo 00MeHa mpu 25°C. Tlpu kpatkoBpeMeHHOM (10 1 4) VD-001yueHUH COMHTED-
kamupoBanHoro CI uttpust Habmoamm o0paTuMble U3MEHEHHUS CIEKTPOB AU Y3HOTO OTpaskeHUs
U DIIGKTPOHHOTO TOTJIOUICHHS, CBSI3aHHBIE C HW3MEHEHHWeM KoHdopManuu ¢HeHuna3o0eH30ar-
anrona. Metoaom ruzponusa in situ npu 110°C BrepBble MoayYeHbI OAHOGA3HBIE POXYKTHI WH-
tepkasituu B CI' ragonunus mezo-terpa(4-cynbhodenmn)nophuprHa 1 ero KOMIJIEKCOB € Pd* u
Zn?*, crI0COGHBIX FeHEPUPOBATH CHHITICTHBIH KIUCIOPO IIPU OOIYICHUH BUAMMBIM CBETOM.

TakuMm oOpazom, pa3paboTaHbl METOJIbI MOJIYUYEHHUs CIOUCTOrO THAPOKCHA UTTPUS, UHTEP-
KaJMPOBAHHOTO IIMHHAMaT- W (eHmI1a300eH30aT-aHMOHAMH; CIIOMCTOTO THUAPOKCHIA TaJlOIUHHS,
MHTEPKAIUPOBAHHOTO Me30-TeTpa(4-cynbhodeHnn)nopGUupuHOM U €ro MeTaUIOKOMILIEKCaMH.
BrnepBrie mokazaHa BO3MOXXHOCTh 00patumMon u3zomepuzanuu npu Y D-o0myueHun GheHunazo0eH-
30aT-aHMOHA, UMMOOHIN30BaHHOTO B cTpyKType CI” uTTpHSsL.

IMy6amkanun cryaentkm (https://istina.msu.ru/profile/Teplonogova/):

1. Nikolaeva, A. L., Gofman, I. V, Yakimansky, A. V, lvan, E. M., Gulii, N. S., Teplonogova,
M. A, et al. Interplay of polymer matrix and nanosized redox dopant with regard to thermo-
oxidative and pyrolytic stability: CeO, nanoparticles in a milieu of aromatic polyimides //
Materials Today @ Communications, 2020, V. 22, P. 100803, DOI:
10.1016/j.mtcomm.2019.100803

2. Hocuxkosa, JI. A., bapanunkos, A. E., Anpeianes, A. /., Usanosa, O. C., Tenonorosa, M.
A., UBanos, B. K. Cenexmusnwiii cuopomepmanvuotii cunmes [(CH3)o,NH, V307, VOo(D) U
V203 6 npucymemeuu N,N-Ooumemungpopmamuoa [/ /KypHaa HeopraHH4ecKoOW XUMHH,
2020, T. 65, Ne 4, C. 467474, DOI: 10.31857/s0044457x20040145

3. CozapykoBa, M. M., llecrakoBa, M. A., Temnonoroa, M. A., Usmaiinos, /[. IO.,
[Ipockypuuna, E. B., UBanos, B. K. Konuuecmeennas oyenxa paduxan-nepexsamoléaroujux
ceoticms u CO/[-nodobHOU akmusHocmu HaHo4acmuy OUOKCUOA Yepus 8 OUOXUMUYEeCKUX
mooensx Il Kypuan Heopranmdeckoit xumuu, 2020, T. 65, Ne 4, C. 554-563, DOI:
10.31857/s0044457x20040200

4. Agafonov, A. V., Kraev, A. S., Teplonogova, M. A., Baranchikov, A. E., Ivanov, V. K.
First MnOy-based electrorheological fluids: high response at low filler concentration //
Rheologica Acta, 2019, V. 58, P. 719-728, DOI: 10.1007/s00397-019-01175-7

5. Touunkuna, JI. I1., Xoneikuna, H. B., HoBukogsa, O. H., bouapoga, JI. 1O., Bnacosa, T. M.,
Mapkosa, E. 0., Benuxopoanas, FO. WU., bapanumko, A. E., TemnonoroBa, M A.
DKcnepumenmanbHas OYeHKa 2enamonpomekmopHulX ceoucme Hanoouoxkcuoa yepusi I/
Mennuuna 3KcTpeMajibHbIX cutyanuii, 2020, T. 22, No 2, C. 237-247.

37



https://istina.msu.ru/profile/Teplonogova/

10.

11.

12.

13.

14.

15.

16.

Teplonogova M.A., Yapryntsev A.D., Baranchikov A.E., Ivanov V.K. Selective
hydrothermal synthesis of ammonium vanadates(V) and (IV,V) // Transition Metal
Chemistry, 2019, V. 44(1), P. 25-30. https://doi.org/10.1007/s11243-018-0265-X

Neanora O.C., Temnonorosa M.A., Anpeianes A.Jl., bapanuukoB A.E., UBanoB B.K. Tu0-
pomepmanvHo-mukposoanosou cunmez MnQOy 6 npucymcmeuu meramuna: poiv memnepa-
myper u pH [/l KypHan Heopranumveckoi xumum, 2018, T. 63, Ne 6, C. 678-684.
https://doi.org/10.1134/S0036023618060128

Gofman 1.V., Nikolaeva A.L., Khripunov A.K., Yakimansky A.V., Ivan'kova E.M., Roma-
nov D.P., Ivanova O.S., Teplonogova M.A., Ivanov V.K. Impact of nano-sized cerium oxide
on physico-mechanical characteristics and thermal properties of the bacterial cellulose
films // Nanosystems: Physics, Chemistry, Mathematics, 2018, V. 9, Ne 6, P. 754-762.
https://doi.org/10.17586/2220-8054-2018-9-6-754-762

JleronbkoBa O.A., Koporaea A.U., Yxun C.A., YexkmapeBa U.A., Denopoa T.B.,
Jlanpecman E.O., TensnonoroBa M.A., bapanuukoB A.E., IBanoB B.K. U3yyenue enusnus
CcoeOuHeHUll yepus Ha co3pesaHue pyoyosolu MKAHU NOCILe O0AHCO2080U MPABMbL 6
okcnepumenme in vivo [/ Bompochl  0HOJIOTHYECKOl, MEIMUHMHCKOH W
papmaneBTHYeCKOIT XUMHH, 2018, T. 21, Ne 10, C. 18-23.
https://doi.org/10.29296/25877313-2018-10-03

Shcherbakov A.B., Teplonogova M.A., lvanova O.S., Shekunova, T.O., lvonin I.V.,
Baranchikov A.Ye., lvanov V.K. Facile method for fabrication of surfactant-free
concentrated CeO, sols // Materials Research Express, 2017, V. 4, 055008.
https://iopscience.iop.org/article/10.1088/2053-1591/aa6e9a/meta

JleronbkoBa O.A., TepexoBa P.II., Ymakoa T.A., KoporaeBa A.M., AnexceeB A.A.,
Tennonoroa M.A., bapanuukoB A.E., WanoB B.K. MWszyuenue anmumuxpoodnou
AKMUBHOCMU AHMUCENMUYECKUX CPeOCmE 6 NPUCYMCMBUU HAHOOUCNEPCHO2O0 OUOKCUOA
yepust |/ Bonmpochl 6H0JIOrM4YeCKOii, MeTUIUHCKOH U ¢papManeBTHYecKoi xumum, 2017,
T. 20, Ne 2, C. 13-18. https://elibrary.ru/item.asp?id=28807947

Nanos B.K., lllepbakoB A.b., Temonorosa M.A., lllekynoBa T.O., bapanunkoB A.E.,
NpanoBa O.C., Cemun B.b., XKomobak H.M. Cnocob6 nonyuenuss cmabunvHulx 600HbBIX
KOJLIOUOHBIX pacmeopos Hanouacmuy ouokcuoa yepus // Tlatear PO Ne 2615688,
01.04.2016.

Tennonorosa M.A., bapanuukoB A.E., llImenés M.A. Paspabomka memooa cunme3sa 2enetl
Ha OCHOBe KOOPOUHAYUOHHBIX COCOUHEeHULl eBpOnus U YUHKA /I IllecTo MeMIUCHMILIN-
HapHbIH HayuHblii (opym «HoBble MaTepHajJibl MU NEPCHEKTHBHbIE TEXHOJIOTHN,
cOoopHuk MatepuaiaoB, 23-27 wHosOps 2020 1., Mocksa, T. 1. C. 779. http://n-
materials.ru/wp-content/uploads/2020/12/%D0%A2%D0%9E%D0%9C-1.pdf

Kosnosa T.O., Tennonorosa M.A., bapanuukoB A.E., UBanoB B.K. Coanyezawummnuiii
Gpaxmop u hakmop 3awumol om Y DP-A uznyyeHus HAHOKPUCMALIULECKO20 OUOKCUOA Yepust
/[ MaTepuaJjibl ¢ 3aIaHHBIMHM CBOHCTBAMH Ha Tepexoje K HOBOMY TEXHOJIOTHYEeCKOMY
YKJIAQAy: XUMHYecKHe TeXHOJOrum, cOopHuk marepuanoB Il HayuyHO-TexHHMYECKON KOHpe-
pernuu, 29 oxTs0ps 2020 r., Mocksa, C. 75. ISBN 978-5-6041502-8-3.

A.E. bapanuukos, P.B. TI'aiinytaunos, B.K. UBanos, I'.A. Komannun, C.B. Ky3nenos, M.H.
Masxosa, U.A. HoBukos, H.}O. TabaukoBa, M.A. Temnonorosa, I1.I1. ®enopos. Ocasrcoe-
nue nanouacmuy CaF, u CeO; na cxonvt MmoHokpucmannios guioopuma |/ Matepuayibl Ha-
HO-, MHKPO-, ONTOJIEKTPOHUKH M BOJIOKOHHOH ONTHKH: (uU3HYeCKHe CBOMCTBA W
npuMeHeHue : Marepuansl 18- MexayHapoaHoil HayuyHOW KOH(pepeHIMH-1IIKobl, 15-18
cents10ps 2020 r., Capanck. ISBN 978-5-7103-4006-6.

M. Teplonogova, T. Shekunova, A. Baranchikov, A. Yapryntsev Hydrothermal synthesis of
manganese pyrovanadate Mn,V,0; // 5" EUCHEMS Inorganic chemistry conference,
24-28 June 2019, Moscow, P. 313. ISBN 978-5-6041187-2-6.

38


https://doi.org/10.1007/s11243-018-0265-x
https://doi.org/10.1134/S0036023618060128
https://doi.org/10.1134/S0036023618060128
https://doi.org/10.17586/2220-8054-2018-9-6-754-762
https://doi.org/10.29296/25877313-2018-10-03
https://iopscience.iop.org/article/10.1088/2053-1591/aa6e9a/meta
https://elibrary.ru/item.asp?id=28807947
http://n-materials.ru/wp-content/uploads/2020/12/%D0%A2%D0%9E%D0%9C-1.pdf
http://n-materials.ru/wp-content/uploads/2020/12/%D0%A2%D0%9E%D0%9C-1.pdf

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

M.A. TennonoroBa, A.b. lllep6akos, T.O. IllexynoBa, A.E. bapanunkos, O.C. MBaHoBa
Cunmes cmabunvuvix 3oneti CeQ, 6 cpede oumemuncyivgpoxcuoa I/l 111 Beepoccuiickas
KoH(pepeHuus «['opsiune TOYKH XUMHHU TBEPAOIO Tejia: OT HOBBIX WAeill K HOBBIM Ma-
TepHajlamM», TE3UChl JOKIanoB, 1-5 oktsa6ps 2019 1., HoBocubupck, C. 123.
http://www.solid.nsc.ru/htssc2019/

TennonoroBa M.A. Cummes 6anadamog ammoHusi 6 2UOPOMEPMANLHBIX YCIOBUAX 8
npucymemeuu opmamuda I XXIX MenaesieeBcKasi 1IK0JIa-KOH(pepeHIHST MOJIOIBIX
y4eHbIX, cOopHMK Te3ucoB, 21-27 ampens 2019 r., Wsamoo, C. 2I.
https://istina.msu.ru/conferences/presentations/197300758/

Temnonorosa M.A. I'uopomepmanvras oopabomra 205 6 npucymcemeuu gpopmamuda Il 1X
KondepeHuusi MoI0AbIX Y4YeHBIX MO O00IIEeil M HEOPraHW4YecKOil XHMHMM, TE3UCHI
JIOKJIAJIOB, 9-12 amnpes 2019 T., Mockaa.
https://istina.msu.ru/conferences/presentations/197300767/

Teplonogova M., Gajtko O., Baranchikov A., Ivanov V. Flexible microwave-hydrothermal
route for ammonium vanadates // E-Book of abstracts of 4th International Conference on
Advanced Complex Inorganic Nanomaterials, ACIN 2018, Belgium, Namur, 16-20 July
2018, P. 91. http://webapps.fundp.ac.be/acin2018/xscientific2.php

TennonoroBa M.A. Boccmanosnenue V05 6 cuopomepmanbHulx YC108UAX 8 NPUCYMCIEUU
opeanuueckux amurnoé u amuoos [/ X Mexaynapoanas Hayunas Koudepenuus
“Kuneruka u Mexanusm Kpucramnmmzanuu. Kpucranauszanusa n Marepuasansl HoBoro
IMokoaenus”, Te3uchl A0kaam0B, 1-6 uross 2018 r. Cy3gans, C. 372-373. http://cluster.isc-
ras.ru/template/page/ABSTRACT2018.pdf

Temmonorosa  M.A. Cumumes MnO, eoccmanoerenuem KMnQOs menamunom 6
cuopomepmanvrvix  yeaosusx [l XXVIII MengeneeBckass Kondepennus Mostoabix
Yuenbix, cOopHuk Te3ucoB, 13-18 wmas 2018 1., Hoocubupck, C. 19.
http://www.chemeco.ru/netcat_files/File/Sbornik%20tezisov_Md_2018.pdf

Temnonoroa M.A. Tuopomepmanvro-mukpogonnosou cunmes (NHg)oV4Og 11 VI
Kondepenuusi Mo0abIX yYeHBIX MO O00IIeH W HEOPraHUYeCKOM XMMHHM, TE3UCHI
JIOKJIaJIOB, 10-13 arpens 2018 r., Mockaa, C. 252.
http://www.igic.ras.ru/docs/council_young_scientists/tezisi_viii_koferentcii_2018_g..pdf
TennonoroBa M.A. Ilonyuenue ouokcuoa mapeanya 6 2uoOpomepMalbHbiX YCI108UAX 8 NPU-
cymcemeuu menamuna I/ Matepuanabl MeKIyHAPOAHOI0 MOJIOIEKHOTO HAYYHOTO (opy-
Ma «JlomonocoB-2018», 9-13 ampens 2018 rona, snextponHslii pecype, M.: MAKC Ilpecc,
C. 140. https://lomonosov-msu.ru/archive/Lomonosov_2018/data/section_38 13314.htm
TennonoroBa M.A. Cmabunvhusie 30au Ouokcuoa yepusi 0as OUOMEOUYUHCKUX NPUTLOHCEHULL
/I VII KondepeHuusi MOJIOABLIX YYEHBIX MO 00IIel M HeOPraHUu4eCKOW XMMMH, TC3UCHI
JOKIag0B, 11-14 anpens 2017 T., Mockaa, C. 197-198.
http://www.igic.ras.ru/docs/council_young_scientists/tezisi_vii_konferentcii_2017_g..pdf
TennonoroBa  M.A. Ceoucmea 3oneti  CeQ;  nonyuaemvlx  mepmocUOPOIUIOM
eexcanumpamoyepama(lV) —ammonus [/ XXVII MenneneeBckass Kondepenuus
Mousioabix YueHblX, cOOpHUK Te3ucoB, 23-28 ampens 2017 r., VYda, C. 24
http://www.chemeco.ru/netcat_files/File/27_Tezisy blok.pdf

TennonoroBa M.A. Cunmes cmabunvHblx 301ell Ouokcuoa yepus 0as OUOI02ULeCKUX npu-
menenutl [/ Matepuanasl MeKIyHAPOTHOTO MOJIOIEKHOTO HAYYHOTO hopyma «JIoMoHo-
coB-2017», 10-14 ampens 2017 roxa, snekTponHbId pecype, M.: MAKC IIpecec, C. 144.
https://lomonosov-msu.ru/archive/Lomonosov_2017/data/section_35_10317.htm

39


http://www.solid.nsc.ru/htssc2019/
https://istina.msu.ru/conferences/presentations/197300758/
https://istina.msu.ru/conferences/presentations/197300767/
http://webapps.fundp.ac.be/acin2018/xscientific2.php
http://cluster.isc-ras.ru/template/page/ABSTRACT2018.pdf
http://cluster.isc-ras.ru/template/page/ABSTRACT2018.pdf
http://www.chemeco.ru/netcat_files/File/Sbornik%20tezisov_Md_2018.pdf
http://www.igic.ras.ru/docs/council_young_scientists/tezisi_viii_koferentcii_2018_g..pdf
https://lomonosov-msu.ru/archive/Lomonosov_2018/data/section_38_13314.htm
http://www.igic.ras.ru/docs/council_young_scientists/tezisi_vii_konferentcii_2017_g..pdf
http://www.chemeco.ru/netcat_files/File/27_Tezisy_blok.pdf
https://lomonosov-msu.ru/archive/Lomonosov_2017/data/section_35_10317.htm

Layered rare earth (Y, Gd) hydroxides
intercalated with photoactive ligands

Teplonogova M.A.

Supervisors: researcher Yapryntsev A.D.; Dr. habil., corr. member of RAS
Ivanov V.K.

Currently, materials capable of changing their structure and/or properties under the action of
electromagnetic fields attract a significant deal of researchers’ interest. These materials can be
based on photoactive compounds possessing several stereocisomers (for example, cinnamate and
phenylazobenzoate anions, which undergo cis-trans isomerization under UV radiation), or com-
pounds capable of generating singlet oxygen (for example, porphyrins). Such materials are judged
as potential biomedical theranostic agents, as they make it possible to combine targeted drug deliv-
ery and controlled drug release with biovisualization. Rare earth hydroxides (LRHSs) are newly dis-
covered layered anion-exchangeable compounds combining the specific properties of REE cations
(magnetic and luminescent) and intercalated anions, seem to be convenient containers for anionic
forms of drugs. In this connection intercalation of photoactive anions in LRHs can open new possi-
bilities to create materials exhibiting structural or chemical responses to irradiation with light.

The aim of this work was the development of methods for the synthesis of layered yttrium
and gadolinium hydroxides intercalated with organic ligands (cinnamate, phenylazobenzoate, sub-
stituted anionic meso-porphyrins) as a basis for creating photoactive materials. The key tasks of the
work included the synthesis of layered yttrium and gadolinium hydroxides (LH), intercalated with
specified anions; comprehensive analysis of the structure and composition of the obtained com-
pounds; investigation of the structure response of the layered hydroxides on UV irradiation.

The synthesis of intercalated LRHs was carried out by two methods. REE basic nitrates and
basic chlorides were obtained by hydrolysis of the REE salt in the presence of hexamethylenetetra-
mine (HMT) at 90°C. Then, anion exchange was carried out in aqueous media between LRHs and
the corresponding organic salt at 25-160°C. When implementing in situ synthesis, hydrolysis of
REE salts was carried out in the presence of HMT and organic salt at 100—150°C.

According to XRD, Raman and IR spectroscopy data, the ion exchange method allows to
synthesize cinnamate and phenylazobenzoate intercalated yttrium LH at 120-160°C and 100°C, re-
spectively. Trans-cinnamate intercalated yttrium LH suspended in isopropanol demonstrated a de-
crease in basal interlayer distance from 21.5 to 20.2 A upon UV irradiation for 52.5 h, the basal in-
terlayer distance for yttrium LH intercalated with cis-cinnamate being 19.0 A. For the first time, the
co-intercalation of phenylazobenzoate and oleate anions in yttrium LH was successfully carried out
by the anion exchange method at 25°C. Upon short-time (up to 1 h) UV irradiation of co-
intercalated yttrium LH, reversible changes in the diffuse reflectance and electronic absorption
spectra were observed which were associated with a change in the conformation of the
phenylazobenzoate  anion.  Single-phase  intercalation  products of  meso-tetra(4-
sulfophenyl)porphyrin and its complexes with Pd®* and Zn?*, capable of generating singlet oxygen
upon visible light irradiation, in gadolinium LH were obtained by in situ method at 110°C.

Thus, the methods were developed for producing layered yttrium hydroxide intercalated
with cinnamate and phenylazobenzoate anions; for producing layered gadolinium hydroxide inter-
calated with meso-tetra(4-sulfophenyl)porphyrin and its metal complexes. The possibility of re-
versible isomerization of phenylazobenzoate anion immobilized in yttrium LH structure under UV
irradiation has been shown for the first time.
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CuHTe3 M CBOIICTBA MEPUOTUYCCKUX PHAIOB MUKPOCKONUYECKH Y3KHX
(POTOHHBIX KPUCTAJIOB CO CTPYKTYPOl HHBEPTHPOBAHHOI'O 0NAJIA

Jho 0.

PykoBoaurenu: k.d.-M.H., nou. Kimumonckwuii C.O., acn. 4 r/o Anrypos M.C.

MuHHaTIOpHBIE KOJJIOMJIHBIE KPUCTAJUIBI, MMOBTOPSIIOUIUECS B BUJE psja IMOJIOCOK, MOTYT
o0nanatek (OTOHHO-KPUCTAIIMYECKUMH CBOMCTBAMHU M OBITh MEPCIEKTHUBHBI U HU3TOTOBICHUS
MUKPOYUTIOB. OHU MOTYT OBITh TAK)KE UCIIOIb30BAHBI B KAU€CTBE MUKPOCEHCOPOB JJIsi BU3YaJIbHOTO
orpezieNieHue KOHIIGHTPAIK CIUPTOB B Bojie. [lepexor oT KpymHBIX OJIOKOB K MEJIKUM MOJIOCKAM C
HEOOJBIION Pa3HUIICH B CMAYUBAEMOCTH ITO3BOJIHII OBl YBEIMYUTH TOYHOCTh MOJ00HOTO UHIUKATO-
pa U caenath ero NpeaesibHO KOMIaKTHBIM.

[ToaTOMy 1enb Hamel pabOThHI: MOJYYEHUE MUKPOYHMIIOB, COCTOSAIINUX U3 MOBTOPSIONIUXCS
MOJIOCOK MHBEPTUPOBAHHBIX POTOHHBIX KprucTamioB (DK), urparomue poib MEKPOCEHCOPOB. 3aja-
9y pabOTHI: MOJIYYCHUE Y3KOJIUCIICPCHBIX KOJUIOUAHBIX YacTull Si0O;; modydeHue MUKPOCKOITHYE-
CKUX y3KkuX nojiocok @K; onTumMuzanus mpouecca OCaxIeHus C LeIbl0 MOTyYeHHUs MOJI0COK MaK-
CUMaJIbHO BO3MOXHOU TOJIIMHBI, MHBEpTUpOBaHHe mosiocok DK; xapakrepusarusi MmoaydeHHbBIX
00pa3oB METOJaMH ONTUYECKOW MHKpOCKonuu, SEM u JIOKanbHOW CHEKTPOMETPHH; H3yueHUE
BO3MOKHOCTH HCIIOJIb30BaHUS JAaHHBIX OOpPAa3IOB B Kaue€CTBE MHUKPOCECHCOPOB, MOTPYKEHHOTO B
pa3HbIe KUIKOCTH

CHavayia ObUTM CHHTE3UpOBaHbl HaHOYacTHIBI Si0; pasmepom ~30 HM metonom LllTobepa.
Jlanee npou3BOAMIM X MHOTOCTYyIEHYaToe JopaiuBanue 10 pazmepa 200-250 um. beutn nonyye-
HBI TIOBTOPSIFOIIMECS TTOJIOCKH M3 OCaXKIECHHBIX Si07 YacTHI] C MOMOIIBIO MPEPHIBUCTOTO ABHKCHUS
MEHHUCKa B XO/I€ UCTIapEHUs KOJUIOMIHOTO pacTBOpa. TeMIIaTHBIM METO/IOM ObLITH CHHTE3UPOBAHBI
nHBeptupoBanHbie nojocku @K u3 ¢portopesucra (ETPTA).

KomrmiekcHo ObUTH HMCCeI0BaHbl B3aUMOCBSI3H MEXKIY KOJIWYECTBOM CIOEB B MOJOCKAX U
TEMIIEpaTypOr OCaXJCHUs, KOHIICHTPAIMEH KOJUIOMIHOTO pacTBOpa M pazMepom vacTuil. [Ipose-
JIEH aHaJIMN3 CIIEKTPOB MPOIMYCKAaHUS U OTPAXKEHHUS Ha MOJYYEHHBIX MUKPOUYHMIIAX /10 U MOCJIEe UHBEP-
TupoBaHud. [lonydeHHbIE MUKPOYHIIBI YCIICITHO MPUMEHSUIUCh KaK MUKPOCEHCOPHI I Onpeiesne-
HUS TTOKa3aTessl MpeoMieHus KUAKOoCcTe. [lonyueHsl CrieKTpbl OTpakKeHUs] OJJHOTO U3 MUKPOCEH-
COpOB, IOTPY>KEHHOTO B Pa3HBIC KUIKOCTH.

KpacHoe cMmelieHue B CIEKTpe OTPaKEHUS CBSI3aHO C yBenndeHneM 3(PGEeKTUBHOTO MOoKa3a-
TeJsl TIPEJIOMJIEHUSI TIPH TPOMUTKE MHKPOCEHCOpPA B COOTBETCTBYIOIIMX KHUAKOCTAX. [lomoskeHue
MakcUMyMa IHKa OTPa)KeHHsl, COTJIacHO 3aKoHYy bparra-Chenna, onpezaensercs 3QpQeKTUBHBIM I0-
Ka3aTessM MPeJIOMJICHUSI MaTepraia U MepruoJoM CTPYKTYPHI.

IMy6ankanun cryaenta (http://istina.msu.ru/profile/YuchenL.iu/):

1. Jlro YOiiusHb, BausHue snekmpuieckoco nois Ha 0ecopoyuro 6000pooa u3 Cniasa naiiaoull
cepebpo || XVI Mexaynapoanasi KoH)epeHIHsI CTyAeHTOB, aCIHPAHTOB H MOJIOIbIX

yuénbix «IlepcnekTuBbl pa3BuTHA (GYHIAMEHTAJIBHBIX HAYK», COOPHUK TE3UCOB.
Tomck, Poccus, 23-26 anpenst 2019, ¢. 223-225.
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Synthesis and properties of periodic stripe-like arrays of microscopi-
cally narrow photonic crystals with an inverse opal structure

Liu Yu.

Supervisor: Ph.D., Associate Professor Klimonsky S.O.; 4th graduate student
Ashurov M.S.

Miniature colloidal crystals repeating in the form of a series of stripes can have photonic
crystal properties and be promising for the manufacture of microchips. They can also be used as
microsensors for the visual determination of the concentration of alcohols in water. The transition
from large blocks to small stripes with a small difference in wettability would increase the accuracy
of such an indicator and make it extremely compact.

Therefore, the goal of our work is to obtain microchips consisting of repeating strips of in-
verted photonic crystals (PCs) that play the role of microsensors. Objectives of the work: obtaining
narrowly dispersed colloidal particles of SiO,; obtaining microscopic narrow strips of FC; optimiza-
tion of the deposition process to obtain strips of the greatest possible thickness; inverting FC strips;
characterization of the obtained samples by optical microscopy, SEM, and local spectrometry; study
of the possibility of using these samples as microsensors immersed in different liquids

First, SiO, nanoparticles pasmepom~30 nm in size were synthesized by the Stober method.
Then they were multi-stage growing to a size of 200-250 nm. Repetitive stripes of precipitated SiO,
particles were obtained by intermittent movement of the meniscus during the evaporation of the col-
loidal solution. Inverted PC strips from a photoresist (ETPTA) were synthesized by the template
method.

The relationships between the number of layers in the strips and the deposition temperature,
the concentration of the colloidal solution, and the particle size were comprehensively investigated.
The analysis of the transmission and reflection spectra on the obtained microchips was carried out
before and after inversion. The obtained microchips have been successfully used as microsensors
for determining the refractive index of liquids. The reflection spectra of one of the microsensors
immersed in different liquids were obtained.

The redshift in the reflection spectrum is associated with an increase in the effective refrac-
tive index when the microsensor is impregnated in the corresponding liquids. The position of the
maximum of the reflection peak, according to the Bragg-Snell law, is determined by the effective
refractive indices of the material and the period of the structure.

IHopucThie kepaMuveckue Mmatepualsbl B cucteme Ca,P,0,-Mg,P,0;
HA OCHOBE T'OMOT€HU3UPOBAHHBIX MOPOIIKOBBIX cMeceil

Jlavnoexosa P.C.

PykoBoauTens: K.T.H., c.H.c. Cadponona T.B.

Pa3zHple TpaBMaTHUeCKHE Cllydad WM 3a00JeBaHUS MPUBOAAT K BOSHHKHOBEHHIO JE(PEKTOB
KOCTHOH TKaHW KPUTHYECKOTO pa3mepa. OpraHn3M He CIIOCOOCH K BOCCTaHOBIICHHIO Je(PEKTOB KO-
CTHOW TKaHU KPUTHUYECKOTO pa3Mepa, U MEIUIIMHA HYKJIAeTCS B MMIUIAHTATaX JJs 3allOIHEHUS U
KOMIICHCAIIUU TaKHuX }Ie(beKTOB. MaTepI/IaJ'I HMILIaHTaTa IIpHu 3TOM JOJIKCH OBITH 6I/IOCOBMeCTI/IMBIM,
3aMmoNHITh JePEKT U CIIOCOOCTBOBATH €r0 BO3MOKHOMY BOCCTaHOBIICHUIO (perenepaiuu). Perene-
PATHUBHBIN MOAXOJ K JICYEHUIO JeEKTOB KOCTHON TKaHH C MCIIOJIb30BAaHHEM HEOPTaHUYECKUX Ono-
pe30pOoUpyeMBIX U MOPUCTHIX MaTepHANIOB MPHUBIICKACT BHUMaHHUE YUEHBIX. MaTepuaiibl, comepka-
e nupodocdat kanpiusa CaPo07 n mupodocdar maraus MgoP,07, o XMUMHYECKOMY COCTaBY H
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CBOMCTBAM MOAXOMAT JUIS JieUeHUsl AePEKTOB KOCTHON TKaHM, TaK KaK KalbIHid, Marauii, Gocdop
BXOJISIT B COCTAaB HEOPraHUYECKOH cocTaBisAoLe KocTHON TkaHu. Kepamuyeckue Marepuansl, co-
nepxaiue B cBoeM coctase nupodocdar kampims CayPo07 w/mnmm mupodocdar maraus MgyP,07,
MOTYT CTaTh OCHOBOHM JJIsl CO3JaHUs OMOCOBMECTHMBIX PE30pOUPYEMBIX KOCTHBIX MMIIJIAHTATOB.
JUisi TOTydeHusl TOPUCTBIX KePaMHUYECKHX MaTepHajoB yJOOHBIM SIBISAETCS METOJl XHUMHUYECKOTO
10poo0Opa3oBaHus, P KOTOPOM IOPbl 00pa3yroTcs 3a CUET BBIJCJIECHUS Ta30B IPU B3auMOJEHCT-
BUU KOMIIOHEHTOB, IPUCYTCTBYIOLINX B UCXOTHON TTOPOIIKOBOI CMECH.

Lenbto 1aHHOH pabOThI ABISUIOCH MOJIyYEHHE NMOPUCTBIX KEPAMHUYECKUX MaTepUalloB B CHC-
teme CayP,07-Mg,P20; Ha ocHOBE TOMOTEHU3UPOBAHHBIX MOPOIIKOBBIX CMECEH KOMIIOHEHTOB, KO-
TOpBIE IIPU HArpeBaHUU MOT'YT B3aMMO/IEHCTBOBATh APYT ¢ JPYroM ¢ 00pa30BaHUEM LENEBbIX (a3, a
TaKXke ObITh HICTOUHUKOM BBIJICJISIONINXCS TIPU HATPEBAaHUH ra3000pa3HbIX MPOAYKTOB.

KonnyectBa NCXOMHBIX KOMIIOHEHTOB MOPOIIKOBBIX CMecel AJIs MOJY4YEeHUs KepaMHUKH pac-
CUMTBIBAJIM TIO CIIETYIOUTUM PEAKIIHSIM:

JU1s TOPOIIKOBOM cMecH Ha OCHOBE LIUTpaTa Kajablus U 1uruapodocdara aMMOHUS:

2Ca3(CeHs07)2*4H,0+6NH,4H,PO,4 +180,—3Ca,P,0,+24C0O,1+6NH31+27H,01 (1)

JU1s TOPOIIKOBOM cMecH Ha OCHOBE LIUTpaTa Maruus ¥ quruapodocdara aMMOHUS:

ZMgg(C6H507)2'9H20+6NH4H2PO4+1902—>3M92P207+24C02T+6NH3T+37H20T (2)

Jlis IOpOLIKOBOM cMecH, BKIIouaromend Auruapodocdar aMMOHUS M LIUTPAThl KaJdbLM U
MarHusi Ipu MOJIBHOM cooTHomennu Ca/Mg=1:
Cag(CeH507)2'4H20+Mg3(CGH507)2'9H20+6NH4H2PO4+1802—>

—3CaMgP,07+24CO,1+6NH31+32H,01 (3)

[TopomikoBble cMecH, colepxkaBiliue TUruapodochaT aMMOHUS M LUTPAT KaJlbLUS W/WIH
MarHusi, TOMOT€HU3UPOBAIIM B allETOHE C MCIOJIH30BAHUEM IUIAHETAPHON MEIBHHIIBI IIPH CIEAYIO-
mux MosbHBIX cootHorreHusx Ca/P=1, Mg/P=1 u (Cat+Mg)/P=1. NU3menenus $a3oBoro cocrasa
MOPOIIKOBBIX CMECed MPHU 3TOM He MPOoUcXo1uiio. [IopoKoBbie KOMIAKTHBIE 3arOTOBKU B (opme
IUCKOB pa3MepoM 12x4 MM npeccoBaiu npu yzaensHoM aasieHuun 100 Ml]a.

[To maHHBIM TEPMHUYECKOTO aHAIM3a MPH HATPEBAaHUM TOPOIIKOBBIX CMecel HaOIIomam u3-
MEHEHHE Macchl, KOTopoe npoucxoauiio B uaTepaie 200-750°C. M3meHeHne Macchl ObLIO CBSI3aHO
C MPOTEKaHUEM PEaKIIHii, KOTOPbIE COPOBOXKIAIOTCS BBIICJICHUEM 3HAUYUTEIILHOTO 00BeMa ra30Boi
¢ba3bl.

®opmupoBanue (Ha3oBOro COCTaBa KEpaMHYECKHX MarepuanoB, Brmouaromux [-CaP207,
Mg,P,07 u CaMgP,07, nmpoucxoauio B pe3yabTaTe T€TEPOreHHBIX PEAKIMI MEXIy MPOAYKTaMU
TEPMUYECKOTO Pa3JIOKEHHUS KOMIIOHEHTOB TOPOIIKOBOW cMecH. M3 00pa3yrommxcsi B MHTepBaie
450-550°C kap6onara kanbius CaCOj3 (kaprouka PDF 5-586), kap6onata maraus MgCQOj; (kap-
touka PDF 8-479) u o6pasytomerocs B uarepsaie 230-270°C nonmudocdara ammonust (NHsPO3), B
pe3yibTaTe reTeporeHHo peakuuu GopmupoBaiics (a3oBblii COCTaB KEPAMUUYECKUX MaTepHAalOB,
BKJTIOUArOIIUi 1ieneBsie (asbl B-mupodocdara xampius B-CaP,07 (kaprouka PDF 9-346), mupo-
¢docdara maraus Mg,P.07 (kaprouka PDF 5-582) wmu nBoiiHoro nupodochara Kaablus MarHus
CaMgP,07 (kaptouka PDF 24-135).

ITocne oGxwura mpu 1100°C ¢azoBbiii cocTaB 00pa3lioB KEPaMHUKH, W3TOTOBJICHHBIX M3 IO-
POIIKOBOI cMecH ¢ MoJIbHBIM cooTHoueHrueMm Ca/P = 1, Obu1 npesacrasieH B-nupodocdarom Kasb-
s B-CaP207. Iocne o6xura mpu 1100°C ¢a30Bblil cocTaB 00pa3loB KEPAaMUKH, U3TOTOBICHHBIX
13 TIOPOIIIKOBOM CMECH C MOJIBHBIM cooTHomeHrneM Mg/P = 1, 6pu1 nipeacTaBieH nupodocdarTom
maruust Mg,P207. ®@a30Bblil cocTaB 00pa3lioB KepaMUKH, U3TOTOBJIEHHBIX U3 OPOIIKOBOI CMecH ¢
MOJIbHBIM cooTHomeHueM (Ca+Mg)/P = 1, Obl1 npezacTaBiieH OBOMHBIM nHpodocdaToM KalbLus
maraus CaMgP,0;.

[TpucyTcTBUE B TOPOIIKOBOI CMECH KOMITOHEHTOB, CITOCOOHBIX Pa3iaraThCs pU HArPeBaHUU
C BBIJICJICHHEM 3HAYUTEIHLHOTO 00beMa ra3zoBoil ¢assbl, mocie ooxura B uatepsaie 900-1100°C mo-
3BOJIMJIO TOJIYYUTh KEpaMHUKY 3aJaHHOTO (pa3oBOro cOCTaBa ¢ MOPUCTOCThIO 55-75% u pazmepom
nop 2-12 mxm. Ilogo6Hass mMOpUCTOCTh MPUIAECT MOBEPXHOCTH OMOCOBMECTHMOTO KEPAMUUECKOTO
MaTepHuaia IIepOXOBaTOCTh, KOM(DOPTHYIO I Hposn(epaluy KOCTHBIX KJIeToK. s co3maHus
MaKpOMOPHCTOCTH B KEPAMHUYECKHX MaTepuanax Ha OCHOBE PACCMOTPEHHBIX MOPOLIKOBBIX CMecen
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¢ pazmepoM nop He MeHee 100 MKM MOTYT OBITh MCHOJIB30BaHBI METOJ| PEIUIUKU, IKCTPY3HOHHAS
MevyaTh U3 HEBOAHBIX CYCIICH3UI U JpyTHe.

[Tonmy4yeHHbIe TOPHUCTBIE MaTEpUANbI, COAEpIKAIINe OMOCOBMECTUMBIE U OHOpE30pOHpyeMbIe
¢da3sl B-upodocdara kampiys, mupodocdara MarHus U JBOHHOTO nmupodocdaTa Kaablus MarHus,
MOTYT OBbITh UCTIIOIB30BAHBI JJIsl CO3/IAHHS KOCTHBIX UMIUIAHTATOB.
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Porous ceramic materials in the system
Ca,P,0,-Mg,P,0- based on homogenized powder mixtures

Lalbekova R.S.
Supervisor: PhD, senior researcher Safronova T.V.

Various traumatic events or diseases lead to the occurrence of bone defects of a critical size.
The body is not capable of repairing bone defects of critical size, and medicine needs implants to
fill and compensate for such defects. In this case, the implant material must be biocompatible, fill
the defect and facilitate its possible restoration (regeneration). A regenerative approach to the treat-
ment of bone tissue defects using inorganic bioresorbable and porous materials attracts the attention
of scientists. Materials containing calcium pyrophosphate Ca,P,O; and magnesium pyrophosphate
Mg.P,07, in terms of chemical composition and properties, are suitable for the treatment of bone
tissue defects, since calcium, magnesium, phosphorus are part of the inorganic component of bone
tissue. Ceramic materials containing calcium pyrophosphate Ca,P,0; and / or magnesium pyro-
phosphate Mg,P,0; can become the basis for creating biocompatible resorbable bone implants. To
obtain porous ceramic materials, it is convenient to use the method of chemical way of pore for-
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mation, in which pores are formed due to the release of gases during the interaction of the compo-
nents present in the initial powder mixture.

The aim of this work was to obtain porous ceramic materials in the Ca,P,07-Mg,P,07 sys-
tem based on homogenized powder mixtures of components that, when heated, can interact with
each other to form target phases, and also be a source of gaseous products released during heating.

The amounts of the initial components of powder mixtures for the preparation of ceramics
were calculated by the following reactions:

For a powder mixture based on calcium citrate and ammonium dihydrogen phosphate:

2Ca;3(CsH507)2#4H,0+6NH4H,PO, +180,—3Ca,P,07+24C0O,1+6NH31+27H,01 (1)

For a powder mixture based on magnesium citrate and ammonium dihydrogen phosphate:

ZMgg(C5H507)2'9H20+6NH4H2PO4+1902—>3Mg2P207+24C02T+6NH3T+37H20T (2)

For a powder mixture containing ammonium dihydrogen phosphate and calcium and magnesium
citrates at a molar ratio of Ca/Mg=1:

Cag(C5H507)2'4H20+Mgg(C6H507)2'9H20+6NH4H2PO4+1802—>
—3CaMgP,07,+24C0O,1+6NH31+32H,071 (3)

Powder mixtures containing ammonium dihydrogen phosphate and calcium and/or magnesi-
um citrate were homogenized in acetone using a planetary mill at the following molar ratios
Ca/P=1, Mg/P=1, and (Ca+Mg)/P=1. There was no change in the phase composition of the powder
mixtures. Powder compact billets in the form of 12x4 mm disks were pressed at a specific pressure
of 100 MPa.

According to the thermal analysis data, when the powder mixtures were heated, a change in
weight was observed, which occurred in the range of 200-750°C. The change in mass was associat-
ed with the occurrence of reactions that are accompanied by the release of a significant volume of
the gas phase.

The formation of the phase composition of ceramic materials, including p-Ca,P,0y,
Mg,P,0;, and CaMgP,0-, occurred as a result of heterogeneous reactions between the products of
thermal decomposition of the components of the powder mixture. Phase composition of ceramic
materials, including the target phases p-calcium pyrophosphate $-Ca,P,0O7 (PDF card 9-346), mag-
nesium pyrophosphate Mg,P,O; (PDF card 5-582) or double calcium magnesium pyrophosphate
CaMgP,0; (PDF card 24-135) was a result of a heterogeneous reactions of calcium carbonate
CaCOg3 (PDF card 5-586) formed in the range 450-550°C, magnesium carbonate MgCO3 (PDF card
8-479) and the ammonium polyphosphate (NH4PO3), formed in the range 230-270°C.

After firing at 1100°C, the phase composition of ceramic samples made from a powder mix-
ture with a Ca/P=1 molar ratio was represented by B-calcium pyrophosphate -Ca,P,0;. After firing
at 1100°C, the phase composition of ceramic samples made from a powder mixture with a molar
ratio Mg/P=1 was represented by magnesium pyrophosphate Mg,P,O;. The phase composition of
ceramic samples made from a powder mixture with a molar ratio (Ca+Mg)/P=1 was represented by
double calcium magnesium pyrophosphate CaMgP,0;.

The presence in the powder mixture of components capable to decompose upon heating with
the release of a significant volume of the gas phase, after firing in the range of 900-1100°C, made it
possible to obtain ceramics of a given phase composition with a porosity of 55-75% and a pore size
of 2-12 microns. This porosity gives the surface of the biocompatible ceramic material a roughness
that is comfortable for the proliferation of bone cells. To create macroporosity in ceramic materials
based on the considered powder mixtures with a pore size of at least 100 um, the replica method,
extrusion printing from non-aqueous suspensions, and others can be used.

The obtained porous materials containing biocompatible and bioresorbable phases of -
calcium pyrophosphate, magnesium pyrophosphate, and double calcium magnesium pyrophosphate
can be used to create bone implants.
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N3yuyenue rerepounkianyeckux 3¢pupos ¢pochopucroit KUCI0ThI B Ka-
YecTBe MOTEHUUAJTBHBIX IKCTPAreHTOB JJISl Pa3ie/IeHUs] MUHOPHBIX
AKTHUHU/I0B M JIAHTAHU/IOB B TEXHOJIOIMAX KUJAKOCTHOM IKCTPAKLHMH

Xeopocmunun E.FO.

PykoBoaurenu: k.x.H. ¢.H.c. bopucoBa H.E., k.x.H. nou. Marsees I1.1.

Ha nanuplii MOMEHT B MHpE SKCIUTyaTUPyeTCs OOJBIIOE KOJIMYECTBO aTOMHBIX 3JEKTPO-
cTaHIMi. EsxeroHo u3 siepHbIX peakTopoB u3Biekaercs a0 10.5 Tbic. TOHH OTpabOTAaBIIEro TOM-
nuBa. Ilocne perenepanuu OCHOBHBIX 3JIEMEHTOB, KOTOPBIE MPUCYTCTBYIOT B OTPa0OTaBIIEM siliep-
HOM TOILIMBE OCTAIOTCS BhICOKOAKTUBHBIE 0TX0Abl (BAO). HecMoTpst Ha TO, YTO MUHOPHBIX aKTH-
HUJ0B, npucyrcTByomux B BAO, okosno 0.1%, MX TOArOXHUBYIIUME H30TOIBI BHOCAT OCHOBHOM
BKJIaJ] B PaJJUOAKTHUBHOCTD B JOJITOCPOYHOM MepcrnekTuBe. MUHOPHBIE aKTHHHIBI MOTYT OBITh TIpe-
00pa3oBaHbl B KOPOTKOKUBYIIIME HU30TOIIBI IO IEHCTBHEM HEHTPOHHOTO 00mydeHus. OqHAKO MpH-
CYTCTBYIOIIME B OTXO0JIaX JIAHTAHUJBI MPEMSATCTBYIOT 3TOMY Mpoiieccy. [lo 3Toil mpuuuHe naHTaHu-
b1 TIPEIBAPUTEIBHO HEOOXOIMMO OTAEIATH. [Iporeccsl oT/ieeHus MUHOPHBIX aKTHHUIOB OT JaH-
TaHUJOB, KaK U3BECTHO, OYECHb CJIIOXHBI B CBSI3U C OJIM3KUMH cBoicTBamu 4- u Sf-anementoB. Of-
HUMH U3 METOJIOB OTACICHUS MUHOPHBIX aKTUHHUIOB U JIAHTAHUJIOB SBIISIOTCS TPOLIECCH, OCHOBAaH-
HbIE Ha TEXHOJIOTHSIX >KUIKOCTHON SKCTPAKIUU U3 BOJHBIX CHCTEM OMpPEEICHHBIMU OpraHNYeCcKu-
MU 9KCTpareHTaMu.

[ToTeHnMaIbHO IS ATUX LEJIed MOTYT IPUMEHSIThCS TeTeporuKiIndeckue 3gpupsl pochopu-
CTOM KHCIIOTHI BBUAY OCOOOW OpraHM3alMU CTPYKTYPHI: HAJIHYUE IEHTPATHHOTO TETEPOIHKIIA C
MATKAM(M) HEHTPaMU KOOPIUHAIUY (230T), 00ECIeUnBAIOIIUM OOJIBIIYIO CEIEKTUBHOCTh MO OTHO-
IICHUIO K aKTUHUJIAM, W KECTKUE IIEHTPhl KOOPAMHAIMU (KUCIOpPOo) OOKOBBIX CTPYKTYp (puc.l).
N3ydeHne sKCTPaKIIMOHHBIX CBOMCTB HEKOTOPBIX IMPEICTaBUTENEH JAaHHOTO Klacca COSNUHEHUN U
SIBIIIETCS TENIbIO TAaHHOUW PaboTHI.

(a) (b) (c)
Puc. 1. Dpupwi pocghoprou kucromel ¢ pasnuunbiMu YeHMpaIbHbIMU 2eMePOYUKTUYUCKUMU
cmpykmypamu, eoe R - uzonponun, amun, yukio2ekcui, 2-3muneeKkcul

B pamkax paGoThl MPOBOAMUIMCH SKCIEPUMEHTHI MO HKCTPAKLIUOHHOMY pa3JCIEHUI0 METO-
JIOM KUJKOCTHOM 3KCTPAKIIMU TMapbl JIEMEHTOB B2EP4 Am., Jns aHanu3a conepKaHuil paanoak-
TUBHBIX 3JIEMEHTOB B Pa3/IeJIeHHBIX (pa3ax ObUIM MCIIOJIB30BAaHbl METO/I FaMMa-crieKTpoMeTpuu. s
aHaJIM3a JIMTAaHJO0B U KOMIUIEKCOB HAa MX OCHOBE IpuMeHsIuch Metoasl K -cnekrpockonuu, AMP-
cnektpockonuu u PCA

bbun uccrnenoBaHbl 3aBUCUMOCTU 3KCTPAKIIMOHHBIX CBOWCTB JINTAHAOB OT KHUCJIOTHOCTHU
BOJIHOM (pa3bl, KOHIIEHTpALUHY JIMTaH/1a B oprannyeckoi ¢aze. MccnenoBana KUHETHKA 3KCTPAKIHH.
B npouiecce paboTsl ObLIN BbIpallieHbl MOHOKPUCTAIIIIBI KOMITJIEKCOB M pacInpoBaHa UX CTPYKTY-
pa.

OCHOBHBIM BBIBOJIOM U3 IPOJEIaHHONW pabOThI SABJISETCS BhISBICHUE (DakTa yBETUUYEHHUS Ce-
aekTuBHOCTH 10 oTHOmeHnto K AM(I1) mpu BBeneHNH pa3BETBICHHBIX 3aMECTUTENCH B A(UPHBIHI
(dbparMeHT.

https://istina.msu.ru/profile/E khvorostinin/
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Study of esters of heterocyclic phosphonic acids as potential
extragents for separation of minor actinides and lanthanides by liquid
extraction

Khvorostinin E.Yu.

Scientific advisers: PhD c.u.c. Natalia E. Borisova, PhD now. Petr |I. Matveev

At the moment, a lot of nuclear power plants are in operation in the world. More than 10.5
thousand tons of spent fuel is removed from nuclear reactors annually. After the regeneration of the
main energetic elements from the spent nuclear fuel, high-level waste (HLW) remains. The minor
actinides are contained in HLW are about 0.1% but their long-lived isotopes make the main contri-
bution to radioactivity in the long-term perspective. Minor actinides can be transmuted to short-
lived isotopes by neutron irradiation. However, the lanthanides contained in the HLW disturb this
process. For this reason, the lanthanides must first be separated. The processes of separation of mi-
nor actinides from lanthanides are known to be very complicated due to the similar properties of 4-
and 5f-elements. One of the methods for the separation of minor actinides and lanthanides are pro-
cesses based on liquid extraction technologies from aqueous systems with certain organic
extractants.

Potentially heterocyclic esters of phosphorous acid can be used for these purposes due to the
special organization of the structure: central heterocycle with soft coordination center(s) (nitrogen),
providing greater selectivity with respect to actinides, and hard coordination centers (oxygen) of
ether moieties (Fig. 1). The study of the extraction properties of some representatives of this class of
compounds is the purpose of this work.

(a) (b) ()
Fig. 2. Esters of phosphomic acid with various central heterocyclic structures,
where R is isopropyl, amyl, cyclohexyl, 2-ethylhexyl

In this work, experiments on extraction separation by liquid extraction of a pair of
12424 Am elements were carried out. To analyze the content of radioactive elements in the sepa-
rated phases, the method of gamma spectrometry was used. Methods of IR spectroscopy, NMR
spectroscopy and X-ray diffraction analysis were used to analyze ligands and complexes based on
them.

The dependences of the extraction properties of the ligands on the acidity of the aqueous
phase and the concentration of the ligand in the organic phase were investigated. The kinetics of
extraction was investigated. During the work, single crystals of the complexes were grown and their
structure was deciphered.

The main conclusion from the work is to reveal the fact of an increasing of selectivity with
respect to Am (I11) upon the introduction of branched substituents into the ether fragment.
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HOBe)]eHI/Ie Hepusi 1 IMJIYTOHUSI B MUHEPAJBbHBIX
KOJUIONIAHBIXCYCIICH3UAX

Kownroxosa A.J1.

PykoBoaurenu: k.X.H., H.c. [Inaxosa T.B., k.X.H., c.H.C. PomaHuyk A.1O.

[LryToHUI — paJMOTOKCHYHBIA 3JIEMEHT, KOTOPBIH IOMANl B OKPYKAIOIIYIO0 CPENy B PE3yilb-
TaTe UCHBITAaHUHU SACPHOIO OPYXKHUS M aBapuil Ha NPEAIPUATUAX ATOMHON MPOMBIIUIEHHOCTH. Jliis
peadbuanuTanyy 3arps3HEHHBIX TEPPUTOPHIA U Pa3padOTKH CIIOCOOOB 3aXOPOHEHHS PaJHOaKTHBHBIX
OTXOJIOB HEOOXOUMO MPOTHO3UPOBATH MUTPAIIMOHHOE MOBEICHUE TUTYTOHUS B OKpYXKaroIei cpe-
ne. OxHuM U3 Hanbosee BEPOATHBIX ITyTEH MHUTIPAIlMM 3TOTO 3JIEMEHTa CIYXXHUT copOIus Ha pas-
JUYHBIX MHHEpajiaX, 00pa30BaHUE ICEBIO-KOJJIOUIHBIX CHCTEM U UX MEPEHOC C TPYHTOBBIMU BO-
namu. HecmoTpst Ha 00JbIIOE KOJMYECTBO SKCIIEPUMEHTAIBHBIX AaHHBIX M0 copOumu Pu Ha pas-
JUYHBIX MHHEpaJiaX, BOMPOC O MEXaHW3MaX JaHHOTO MpoIlecca OCTAETCS OTKPBITHIM. CII0KHOCTD
uccien0BaHus copOouuu PU B yCIOBUSAX OKpY’KarOIEH cpebl CBA3aHa C €ro BO3MOXKHBIM HaXOXK/Ie-
HHUEM B HeckoJbkux crenensx okucienus: Pu(lll), Pu(lV), Pu(V) u Pu(VI). Lepuit sBnsercs Hepa-
JIMOAKTUBHBIM U 0OJiee MPOCTHIM XUMHYECKUM aHAJIOTOM IUTyTOHUS. [ 1mepus xapakTepHbI JBe
crenenu okucnenus: Ce(lll) u Ce(1V). UccnenoBanue nporeccoB copoimu Ce Ha MUHEpaIax Mo-
’KET IIOMOYb BOIIPEICICHUU 3aKOHOMEPHOCTEH copOLmy PU B BOCCTAHOBHUTEIBHBIX YCIOBHSX.

OCHOBHOI1 11eJIbI0 JaHHOW paboThI cTano uccienoBanue nporecca copouuu Ce(lll) Ha pe-
JIOKC-aKTHBHBIX M HEaKTUBHBIX MUHEpalaxX U BbIsBIcHHE aHanoruii ¢ copouueit Pu(lll). 3amaumn,
MOCTaBJICHHBIC B JJAHHOM paboTe: ycTaHoBiieHUe BIusiHUA pH 1 KoHIEHTpanuu copdata Ha copo-
o Ce(l1l) u Pu(lll) ua reture (a-FeEOOH), pytuine (TiO;) u 6epreccure (6-MnOy); ycraHoBe-
HUE PU3NKO-XUMHYECKUX (DOPM LEpHs U IUTyTOHUS MOCie COPOIUHN Ha TIOBEPXHOCTH COPOCHTOB C
MOMOIIIBIO CIIEKTPOCKONUU PEHTTEHOBCKOTO IOIJIONIEHHS; YCTaHOBJIEHHE MEXaHM3MOB B3aHMO-
nevictBust Ce(l11) u Pu(lll) ¢ uccnenoBaHHBIMH MUHEpPAJIAMH.

Bce ncnonp3yemblie B paboTe MUHEPAJIbl OBLTH CHHTE3MPOBAHBI B JIAOOPATOPUH M TIIATEIb-
HO OXapakTepHu30BaHBL. I AKCIIEPUMEHTOB 1O COPOIMHU IEPUSl B MCXOMHBIA PAacTBOP HUTpATa
uepus (l11) 6buta nobaBneHa mMeTka paaroakTuBHOTO Tiepus (T17 (139Ce) = 137,64 n). B nporecce
COpOIIMOHHBIX IKCTIEPUMEHTOB, KOHIEHTPAIMIO PAJAMOAKTHBHOTO IIEpUsl B PACTBOpPE ONPEACIISIIN
METOAOM Y-criekTpomeTpuu. KoHneHTpauus PU B pacTBope ompeaessyiach METOI0M *KHJIKOCTHOM
CIMHTWIISIIMOHHON criekTpoMeTpuu. dOusnuko-xummaeckue Gpopmbel Ce u PU Ha moBepxHOCTH COp-
OEHTOB ONPENIENSITH METOJIOM CIIEKTPOCKOIIMU PEHTT€HOBCKOTO MOTJIOICHUS.

DKcrepuMeHTaIbHbIE JaHHbIC TToKa3anu 3aBucumMocTh copouuu Ce(lll) u Pu(lll) or 3Haue-
Hust pH Ha Bcex uccienyembix muHepanax. B ciydae copouun Ce(lll) Ha a-FeOOH u TiO;mon-
BIYKHOE PaBHOBECHE B CHCTEME YCTAaHABIUBACTCS B TEUEHHUE IEPBOTO JH, B OTINYHHU OT o- MNnOy,
NP B3aUMOJICHCTBUU C KOTOPBIM KOHIEHTpAIMs Lepusi B pacTBOpPE MPOJIOJIKAET U3MEHATHCS J1a-
XKe Tociie 5 nHel B3anmozeicTBus. [lomydeHHbIe 3aBHCUMOCTH COPOIIMH COTJIACYIOTCS C Pe3yiib-
TaTaMU CHEKTPOCKOIUU PEHTT€HOBCKOTO TOTJIOLIEHHs, KOTOpas JoKa3aja, YTo OepHEeCCUT MHU-
uupyet nporecce okuciaenus Ce(lll) mo Ce(lV), B ommmune ot a- FEOOH u TiO, Oxucnenue
Ce(lll) mpu B3auMOAEHCTBHU C MOBEPXHOCTHIO OEPHECCUTA NPH HEKOTOPBIX YCIOBHUSIX MOXKET
NpUBOIUTH Takke K popmupoBanuio CeO,. [Tostomy nanusie mo copounu Ce(lll) Ha 3-MnO; ObI-
JIM COTIOCTABIIEHBI C JAHHBIMU 0 pacTBOpuMocTH HaHouyacTull CeOs.

OkcrepumenTtsl ¢ PU(lll) mpoBoauincs Kak B HOPMaabHOM, Tak U OE3KUCIOPOTHONW aTMO-
chepax. B ciydae miryToHHs BO BCEX HCCIEAYEMBIX CHUCTeMax ObLIO OOHApy>KEHO MpOTeKaHHe
OKHCITUTEITbHO-BOCCTAHOBUTEIIHHBIX PEAKIINH.
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Cerium and plutonium behaviour in mineral colloidal suspensions

Konyukhova A.D.

Supervisors: Ph.D. Plakhova T.V., Ph.D. Romanchuk A.Yu.

Plutonium is a radiotoxic element that has entered the environment due to nuclear weapons

tests and accidents at nuclear industry facilities. It is necessary to predict the migration behaviour
of radionuclides in the environment for the rehabilitation of contaminated areas andthe devel-
opment of methods of radioactive waste disposal. The possible ways of plutonium migration are
sorption on various minerals, forming pseudo-colloidal systems, and transporting with
groundwaters. Migration predictions require information on the type and mechanisms of chemical
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reactions. Despite a large amount of experimental data for Pu sorption on different minerals, the
mechanisms of this process have not been sufficiently explored. The complexity of studying pluto-
nium sorption under environmental conditions is associated with its possible presence in several
oxidation states: Pu(lll), Pu(lV), Pu(V), and Pu(V1). It should be noted that Pu has a chemical non-
radioactive analogue - cerium, which can be found only in two oxidation states: Ce(lll) and
Ce(IV). From this point of view, cerium can simulate the sorption of plutonium from Pu(lIl) and
Pu(IV) solutions.

The main goal of this work was to study the process of Ce(ll1) sorption on redox-active and
inactive minerals and to identify analogies with the sorption of Pu(lll). The tasks set in this work:
determination of the effect of pH and sorbate concentration on the sorption of Ce(lll) and Pu(lll)
on goethite (a-FeOOH), rutile (TiO,) and birnessite (6-MnO,); determination of main chemical
species of cerium and plutonium after sorption on the surface of sorbents using X-ray absorption
spectroscopy; establishment of interaction mechanisms of Ce(l11) and Pu(lll) with thestudied min-
erals.

All minerals used in work were synthesized in the laboratory and carefully characterized.
For experiments on the sorption of cerium, a label of radioactive cerium (T1,, (***Ce) = 137.64 d)
was added to the initial solution of cerium(lIl) nitrate. During sorption experiments, the concentra-
tion of radioactive cerium in the solution was determined by y-spectrometry. The Pu concentration
in the solution was determined by liquid scintillation spectrometry. The physicochemical species
of Ce and Pu on the surface of the sorbents were determined by X-ray absorption spectroscopy.

Experimental data showed the dependence of Ce(l1l) and Pu(lll) sorption on the pH value
for all studied minerals. In the case of Ce(III) sorption on a-FeOOH and TiO,, steady-state condi-
tions reached during the first day. In the case of Ce(lll) sorption on 8-MnO,, the cerium concentra-
tion in the solution continues to change even after 5 days of interaction. The obtained sorption de-
pendences are consistent with the results of X-ray absorption spectroscopy, which proved that
birnessite initiates Ce(IIl) oxidation to Ce(IV), in contrast to a-FeOOH and TiO,. Oxidation of
Ce(111) upon interaction with the birnessite surface under certain conditions canalso lead to the
formation of CeO,. Therefore, the data on Ce(III) sorption on 6-MnO, was compared with the data
on the solubility of CeO, nanoparticles.

Experiments with Pu(l11) were carried out in both normal and oxygen-free atmospheres.

In the case of plutonium, redox reactions were observed in all the studied systems.

CamocoOuparouuecsi HOHHbIE PEHIETKH, CTA0UIM3UPOBAHHBIEC
BOJIOPOTHBIMHM CBSI3SIMH, KAK HOBBIN KJIACC pereHepupyeMbIxX 1
CaMOM3JIeYHBAIOIINXCS reTepPOreHHbIX KNcaoT bpencrena

lTaxk A.C.

PykoBoaurenu: k.X.H., c.H.c. Ky3nernora C.A., 1.x.H., nmpod. Knorsko A. B.

['omoreHHsIil KaTanu3 - BaXKHOE MOCTHKEHHS XX Beka. OHAKO B XMUMHYECKOW MPOMBIII-
JIEHHOCTH pEereHepalusi TOMOI€HHBIX KaTajli3aTOPOB U3 PEaKIMOHHOM cpenbl 3arpynHeHa. Kaza-
JIOCh, YTO MPOOIEMY MOKHO PEUIUTh MyTeM UMMOOWIU3AINH KaTaIM3aTOPOB HA TBEPJIbIX HOCUTE-
nsix. HecMOTpsi HA MHOTOYHMCIIEHHBIE MOMBITKH, TAKUE KATaaU3aTOPhl MPAKTUYECKU HE UCIIOIb3Y-
FOTCSI M3-32 BBICOKOH IIEHBI U 00JIee HU3KUX KATATUTHUYECKUX XapPaKTEPUCTHK MO CPABHEHHIO C TO-
MOTeHHbIMH aHajoramu. Co37aHHE HOBBIX MOPUCTBHIX MATEPHAIIOB C OJHO3HAYHOW (hUKcanuein
TpyIN B NPOCTPAHCTBE — HOBOE HAIPABJICHUE COBPEMEHHOW XMMHH. K TakuM CO€IMHEHUSIM OTHO-
catcs MOFs (meramopranundeckue pemetku) u COFs (KoBaJIeHTHbIE OpPraHUYECKHE PEIIETKH).
[IpuunHa nHTEpECca K TAKUM CTPYKTYpaM MOHITHA, 3TH CUCTEMBI JIMIIEHBI HEJJOCTATKOB, TPUCYIIIUM
OOBIYHBIM CIIUTHIM TOJUMEPHBIM CHUCTEMaM, TaK KakK O0JIATalOT PEryJIIpHON MOPUCTON CTPYKTY-

50



poii. IIpu BBeneHNH (YHKIMOHAIBHBIX TPYII B COCTAB TAKHX PEIIETOK BO3HUKAIOT F€TEPOTCHHBIC
KaTaJINTUYECKUE CHCTEMBI, TPEBOCXOSIIHE 110 3P PEKTUBHOCTH HE TOJIBKO CTaHIapTHBIE HIMMOOU-
JIM30BaHHBIC KaTallu3aTopbl, HO U romoreHnsie aHanoru. K coxanenuto, MOFs u COFs tpynHo
CHHTE3MpYEMbI U 00Ja1al0T HU3KOW cTaOMIBHOCTBIO. Upe3BhIuaifHO BaXKHO CO3/aTh KPUCTAJIHYE-
CKHE KapKachl, B KOTOPBIX ObI OTCYTCTBOBAJIM BBIIICTIEPEUHCICHHbBIE HEOCTATKH.

Llenpro Moeil paboThI SABISETCSA CO3/aHME HOBOTO KiIacca TeTePOTreHHBIX, CaMOCOOMparo-
IIMXCSI, CAMOM3JICYMBAIOIIUXCS U PEreHEPUPYEMBIX PEHIETOK - KHCIOT bpeHcrena, 1omoiIHUTeNEHO
CTaOMIM3UPOBaHHBIX BomopoaubiMu  cBs3simu  (Charge-Assisted hydrogen bonded organic
framewoks CAHOF) Ha ocHOBE MOHHOTO B3aMMOJICHCTBUS MOJU3APSIKEHHBIX OPraHUYECKUX Ka-
THOHOB ¥ aHHOHOB. 3aJaya UCCIeIOBaHUS - IU3aiiH U CHHTE3 PsAJa TeTEePOreHHBIX KaTalH3aTOpOB
TAKOT'0 TUMA, KOTOPbIE MOTYT 00J1aaTh OTPOMHBIM MOTEHIIUAIOM JUISI KATATUTUYECKON XUMHU.

CuHTEe3 TPOBOAMIM MPOCTHIM CMEUICHHEM KOMMEpYECKH MJOCTYIHBIX (TeTpakuc-(4-
amuHO(MeHmWI)MeTaHa U TeTpakuc-(4-cynbpodeHnn)MeTana U JIpyrux MPOU3BOJHBIX AHWIMHA U
cynbhokucioT. [loxydeHHbIe HOBBIE CTPYKTYPBl OXapaKTepH30BaHbl (PU3NKO-XMMUYECKUMH METO-
namMu aHanm3a. KaranuTudeckass aKTMBHOCTD TOJIYYEHHBIX PEHIETOK HMCCIE0BANach B PEAKIIHIX
PacKpBITHS SMOKCHIOB, CUHTE3a aneTanell u peakuuu Jlunbca-Anpaepa. PemeTky ncrnoabp30Bainch
IUIS. MHKAIICYJIMPOBAHUST HAaHOYACTHUI] MAJUIaUsl, CTAOMIN3UPYS. UX OT JaJbHEUIIEeH caMOKOaryis-
M.

B pabore momydeHbl TSATh MOHHBIX PEHIETOK, CTAOMIM3MPOBAHHBIX BOJOPOAHBIMH CBSI3SIMHU,
YCTaHOBIICHA MX CTPYKTYpa, U3y4CHbI TEPMHUYECKHE XapaKTEePUCTUKU U Mopdoiorus yactul. Ka-
TAIATUYECKHE CBOMCTBA CHCTEM HCCIIEIOBAINCH B PEAKLUAX PACKPBITHS ATMOKCUIOB CIIUPTAMHU U
BOJIOU, MOJTy4eHHs aneTanei u peakuuu Junbca-Anpaepa. Kpome toro, ObiI0 mokasaHo, 4To Kap-
Kachbl 00J1aJJal0T CIIOCOOHOCTHIO CTAOMIM3UPOBATh HAHOYACTUIIBI METAJUIOB Ha MPUMEpE MalIausl.

CuHTe3MpOBaHHBIC HOHHBIC PEHIETKU 00JIaIal0T NPUBJIEKATEILHBIMA CBOMCTBAMU ISl KaTallu-
tnaeckoro npuMeHenus. Beé momyuensie CAHOFS okazanuce 3 (GeKTHBHBIMU U PETeHEPUPYEMBbI-
MU TreTeporeHHbIMH Kucinotamu bpencrena. CrabunbHas Hanocucrema Pd@CAHOF oxkazanack
Ype3BbIUAITHO aKTHBHBIM KaTaJIH3aTOPOM B PEAKIIMH THIpUPOBaHuUs u oOpa3oBanus cBs3u C-C.
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Self-assembled charge-assisted hydrogen bonded frameworks as a
novel type of self-healing heterogeneous recyclable Bronsted acids

Gak A.S.
Supervisors: PhD, s.r. Kuznetsova S. A., Dr. habil., prof. Knot’ko A. V.

Homogeneous catalysis is an important achievement of the 20th century. However, in the
chemical industry, the regeneration of homogeneous catalysts from the reaction is difficult. It
seemed that the problem could be solved by immobilizing catalysts on solid supports. Despite nu-
merous attempts, such catalysts are practically not used due to their high cost and lower catalytic
performance compared to homogeneous analogs. The creation of new porous materials with unam-
biguous fixation of groups in space is a new direction in modern chemistry. These compounds in-
clude MOFs (organometallic frameworks) and COFs (covalent organic frameworks). The reason for
the interest in such structures is understandable; these systems are free from the drawbacks inherent
in conventional cross-linked polymer systems, since they have a regular porous structure. The in-
troduction of functional groups into the composition of such lattices gives rise to heterogeneous cat-
alytic systems that are superior in efficiency not only to standard immobilized catalysts, but also to
homogeneous analogs. Unfortunately, MOFs and COFs are difficult to synthesize and have low sta-
bility. It is extremely important to create crystal frameworks, which would be free of the above dis-
advantages.

The goal of my work is to create a new class of heterogeneous, self-assembling, self-healing
and regenerable Bronsted acids lattices additionally stabilized by hydrogen bonds. It is called
charge-assisted hydrogen bonded organic frameworks (CAHOF). The aim of the research is the de-
sign and synthesis of a number of heterogeneous catalysts of this type, which may have enormous
potential for catalytic chemistry.

The synthesis was carried out by simple mixing of commercially available (tetrakis- (4-
aminophenyl) methane and tetrakis- (4-sulfophenyl) methane and other derivatives of aniline and
benzenesulfonic acids. The obtained new structures were characterized by physicochemical meth-
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ods of analysis. The catalytic activity of the obtained lattices was investigated in the reactions of
epoxide opening, synthesis of acetals and the Diels-Alder reaction. Lattices were used to encapsu-
late palladium nanoparticles, stabilizing them from further self-coagulation.

In this work, five ionic lattices stabilized by hydrogen bonds were obtained, their structure
was established, and the thermal characteristics and morphology of particles were studied. The cata-
Iytic properties of the systems were studied in the reactions of epoxide opening with alcohols and
water, the preparation of acetals, and the Diels-Alder reaction. In addition, it was shown that the
frameworks have the ability to stabilize metal nanoparticles by the example of palladium.

The synthesized ionic lattices have attractive properties for catalytic applications. All ob-
tained CAHOFs were found to be efficient and regenerable by heterogeneous Brensted acids. The
stable PdA@CAHOF nanosystem turned out to be an extremely active catalyst in the hydrogenation
reaction and the formation of the C-C bond.

MexaHO‘IYBCTBI/ITeJII)HI)Ie AKUHAKOKPUCTATVINICCKUEC KOMIIO3UTHI Ha
OCHOBC€ KM/IKUX KPUCTA/JIOB, TUCIICPIrUPOBAHHLIX B MJIEHKAX
MMOJIMBHUHUJIOBOI'O CIITMPTA

Bmiwopuna E.C.

PykoBoautenu: acnupant banenko H.B., n.x.H., r.H.c. bo6poBckuii A.1O.

VYMHbIE MaTepHajbl - KJIACC COEMHEHUH, KOTOPbIE U3MEHSIOT CBOU (pu3nueckue u Hhu3nuko-
XUMHUYECKHUE XapaKTEPUCTUKHU 0] ICHCTBUEM BHEUIHUX MOJIEH (3eKTpuyeckoe, MaruutHoe). Oco-
060e MEeCTO cpeid TaKMX MaTepUaoB 3aHMMAOT MOJIMMEP-IUCIEPTUPOBAHHbBIC KUAKHE KPHCTAIIIbI
(PDLC) ¢ kamnsimu xonecteprueckux xuakux kpuctamioB (XXKK). brarogapst xupaibHOCTH Ha
CYIPaMOJIEKYJIIPHOM YPOBHE XOJIECTEPHUECKOE COCTOSIHHE O0JIaJjaeT CHHPAIBbHOM CTPYKTYpOH C
OIIpEAEIEHHBIM 1IarOM CIIMPAJIA U CEJIEKTUBHBIM OTPAKEHUEM CBETa. BenuuMHa mara cnvpaiu u,
KaK CJIE/ICTBHE, JIJIMHA BOJIHBI CEJIEKTUBHOTO OTPa)KEHMsI CBETA UYyBCTBUTENIbHbI K BHEUIHUM BO3-
JEUCTBUSAM U MOJISAM (JIEKTPUUECKOE, MATHUTHOE, MEXaHUUECKOE).

[lenpro maHHOM MarucTepckon paboThI SABISIETCS CO3aHUE HOBBIX MEXaHOYYBCTBUTEIHHBIX
KOMITO3UTOB Ha OCHOBE XOJIECTEPUUYECKUX KUIKUX KPUCTAJLUIOB, UMEIOLINE MEXaHOONITUYECKUI OT-
kK. OCHOBHBIMM 3a/ladaMM paboThl OblIM MosnydeHue u uccinenosanue XKK-cmeceit 1 ux komrmo-
3UTOB ¢ NMONUBUHUIOBBIM ciipToM (IIBC), mon6op onTuMaibHBIX YCIOBHM CO3aHUS KOMITO3UIIH-
OHHBIX IUICHOK, JajibHElIlIee UCTIbITAHNE MOJYYEHHBIX IUIEHOK Ha pacTsDKEHUE, a TakKe U3ydyeHue
BIIMSIHUS PACTSKEHUS TIIEHOK HA UX ONTHYECKHE CBOMCTBA (CENEKTUBHOE OTPaKEHUE CBETA).

beuno npurorosiieHo asa thna X)KK, nepsslii kinacc cMecell — Ha OCHOBE IIPOU3BOAHBIX XO-
JectepuHa (menaproHaT, Bajlepuart, XJopua u creapar). Bropoit kiacc XXKK — Ha ocHOBe HeMaTH-
gyeckoit cmect MLC6816 (cMech MPOW3BOAHBIX MHAHOOUIMKIIOTEKCAHA), TOMMMPOBAHHON XUPaITh-
HBIMHU NPOU3BOAHBIMH H30copOuaa. B xoze BeimonHeHHsT paboThl ObUT MOTYYEH P XOoJecTepuye-
CKHX CMecei, 00aaromX ONTUMAIbHBIMU XapaKTepUCTUKaMU (IIOJIOKEHUE MUKA CEJIEKTUBHOTO
OTpa)KeHMs cBeTa B BUAMMOI obnactu criektpa u KK cocrosiHue mpu KOMHAaTHOM Temmeparype).
Bcero 6wuio mpurortosieno 12 cmeceit. Ilpu momomu smynerupoBanus KK cmeceit B 18%Hom
Bo/IHOM pactBope cMecu [IBC u riunepuna 6bputn nonyueHsl MmexaHodyBeButensHsle PDLC. ['nu-
LEPUH HCIIOJIB30BAJIM B KauyecTBE IUIacTU(UKATOpa JUIsl MOBBIIMICHUS 3JACTUYHOCTU IOJHUMEp-
Hoil Matpuibl. Jnamerp XOKK kanenb B Mony4eHHBIM KOMIIO3UTAX JIEKUT B MHTEpBaie oT 15 no 30
MUKpPOMETPOB.

[Tonmy4yeHHbIE KOMIO3UTHI CEIEKTUBHO OTPAXarOT CBET B BUAUMOM 00J1acTh CHieKTpa U obia-
JAIOT ONTOMEXaHUYECKUM OTKJIMKOM: NPHU PACTSKEHHM IUIEHOK MUK CEIEKTUBHOTO OTPAKEHUS
cBUTAeTCs B 00J1aCTh KOPOTKUX JUIMH BOJIH; TIPU 3TOM aMIUIMTYJA CIBUTA JICKUT B JUAMAa30HE OT
35 M 10 75 HM B 3aBUCHUMOCTHY OT KOMIIO3HUTA.
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Takum o0pa3oM, B pe3yibTaTe MPOJCIAHHONH PabOTHI MOTYyYEHBI HOBBIE MEXaHOUYYBCTBHU-
tenbHble X)KK KOMIO3UTHI, cIOCOOHBIE M3MEHATH LIBET CEJIEKTUBHOIO OTPAKEHUS CBETA IPH OJI-
HOOCHOM PacCTSKEHUHU.

https://istina.msu.ru/profile/\VVtyurinaES/

Mechanosensitive liquid crystal composites based on liquid crystals
dispersed in polyvinyl alcohol films

Vtyurina E.S.

Supervisors: PhD Student Balenko N.V., Doctor of Chemical Sciences,
Bobrovsky A.Yu.

Smart materials are a class of compounds that change their physical and physico-chemical
characteristics under the influence of external fields (electric, magnetic). A special place among
such materials is occupied by polymer-dispersed liquid crystals (PDLC) with drops of cholesterol
liquid crystals (ChLC). Due to the chirality at the supramolecular level, the cholesterol state has a
helical structure with a certain helical pitch and selective light reflection. The size of the spiral step
and, as a result, the wavelength of the selective reflection of light are sensitive to external influences
and fields (electric, magnetic, mechanical).

The aim of this master's work is to create new mechano-sensitive composites based on cho-
lesterol liquid crystals that have a mechano-optical response. The main objectives of the work were
to obtain and study LC mixtures and their composites with polyvinyl alcohol (PVA), to select the
optimal conditions for creating composite films, to further test the obtained films for tension, and to
study the effect of film stretching on their optical properties (selective light reflection).

Two types of ChLCs were prepared, the first class of mixtures - based on cholesterol deriva-
tives (pelargonium, valeriate, chloride and stearate). The second class of ChLC is based on the ne-
matic mixture MLC6816 (a mixture of cyanobicyclohexane derivatives) doped with chiral deriva-
tives of isosorbide. In the course of the work, a number of cholesterol mixtures with optimal charac-
teristics (the position of the peak of selective light reflection in the visible region of the spectrum
and the LC state at room temperature) were obtained. A total of 12 mixtures were prepared. Me-
chanical-sensitive PDLCs were obtained by emulsifying the LC mixtures in an 18% aqueous solu-
tion of a mixture of PVA and glycerol. Glycerin was used as a plasticizer to increase the elasticity
of the polymer matrix. The diameter of the ChLC droplets in the resulting composites lies in the
range from 15 to 30 micrometers.

The resulting composites selectively reflect light in the visible region of the spectrum and
have an optomechanical response: when the films are stretched the peak of selective reflection shifts
to the region of short wavelengths; the shift amplitude ranges from 35 nm to 75 nm, depending on
the composite.

Thus, as a result of the work done, new mechanosensitive ChLC composites were obtained
that can change the color of the selective reflection of light under uniaxial tension.
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Kepamuka B cucteme Ca,P,0,-Mg,P,0-, mosryyennas 006:xurom
LIEMEHTHO-C0JIEBOT0 KAMHS, J1JIf pereHepaTUBHOM MeIUIUHbI

Ha3zaposa X. /1.

PykoBoauTens: K.T.H., c.H.c. Cadponona T.B.

B Hacrosiiee Bpemsi OTHUM M3 BAKHEMIIMX HANPABICHUNA COBPEMEHHOIO HEOPTraHUYECKOTO
MaTepuasoBe/IeHUs SBISETCS pa3paboTka OMoMaTepuasioB AJisd JedeHus 1e(eKTOB KOCTHOW TKaHU
METOJIaMU PEreHEepPaTHBHON MEIUIIMHBL. B HIeaTbHOM cliydae MMIUIAHTAT MOCTENEHHO pe30pOupy-
eTcst (pacTBOPSETCS) B OKPYKaIOIEH cpe/ie OpraHru3Ma, BBIIOJIHAS PU 3TOM CBOM ONOpPHbIE (HYHK-
LMY, @ HA €ro MecTe oOpa3yercss HOBasi KOcTHas TKaHb. Kepamumueckuil MaTepuan, BKIOYAOIIUM
nupodocdaThl KaabIUs W/HWIK MarHus, MOT Obl CTaTh TAKUM HUJCAIbHBIM MaTEPHAIOM, TOCKOJIBKY
9TH (a3bl SBISIOTCS OMOCOBMECTUMBIMHU U 00JIAJIAI0T CIIOCOOHOCTBIO PE30POUPOBATHCSI.

[{enbto JaHHOM paOOTHI ABJISUIOCH OMYyYEeHUE KEPAMUKHU Ha OCHOBE MHPodocdaToB KambIus
Ca,P,07 w/mm maraust Mg,P,07 TepMo0oOpabOTKOM IIEMEHTHO-COJIEBOTO KaMHSI, TIOJTYYEHHOTO ITPU
3aTBOPEHHMH BOJIOM TOMOTE€HU3UPOBAHHOW MOPOIIKOBOW CMECH, BKJIIOYAOIIEH MOHOAMMOHUM(OC-
dar NH4H,PO,4 1 tiurparsr kanbius Caz(CsHs07)204H,0 n/umm maraus Mgs(CgHs07)229H,0. s
JOCTUKEHHS TTOCTABJICHHOM 1€ HEOOXOAUMO OBLIO PEIIUTh CIEAYIOIINE 3aJauyd: MOATOTOBUTH
TOMOTCHU3UPOBAHHBIC TOPONIKOBBIE CMECH HCXOJTHBIX KOMIIOHEHTOB (IIMTPATOB KAJBIUS H/HIN
Marausi ¥ MoHoamMMoHui(pocdaTa; MOATOTOBUTH BBICOKOKOHIIEHTPHUPOBAHHBIE CYCIICH3UH H3 TO-
POIIKOBBIX CMECEH; MCCIICIOBATh BIMSHUE COCTaBa CYCIICH3HMH Ha PEOJIOTHYECKHE CBOMCTBA CyC-
MIEH3UN; M3TrOTOBUTH IMPEKEPAMUUYECKHUE TMOPOIIKOBBIE 3arOTOBKM KEPaMHUYECKHX MaTepUaoB M3
CYCIICH3HI, CITOCOOHBIX 3aTBEPACBATh JO IIEMEHTHOTO, IIEMEHTHO-COJICBOIO M COJICBOTO KaMHs, U
HCCIIeI0BAaTh MX CBOWCTBA; MCCIICIOBATh BIUSHUS pexkuma TepmMooopadoTku (T obxura) Ha da3zo-
BBIIl COCTaB MaTepuaia; MOJyYUTh 0O0pasibl KepaMUYeCKHX MmarepuayioB B cucteme CaoP,07-
Mg2P207 u uccnenoBate Ux CBOMCTBA.

HaBecku HCXOTHBIX KOMIIOHEHTOB JIJISl IIPUTOTOBJICHHUS TOPOIIKOBBIX CMECEH pacCUUTHIBAIIA
O CIEAYIONINM XUMUYECKUM PEaKIIUIM:

s nopomkosoit cmecu «Ca-Mg 100/0» pu 3a1aHHOM MOJIbHOM cooTHomeHuu Ca/P=1:

Cag(C5H507)2'4H20+3N H4H,PO,4 —>3CaHPO4'2H20+H3(C6H507)+(NH4)3(C6H507)+2H20 (1)
st mopomkoBoit cmecu «Ca-Mg 0/100» npu 3ananHOM MOJTBHOM cooTHomenun Mg/P=1:

Mgg(C5H507)2'9H20+3NH4H2PO4 — 3MgNH4PO4'6H20+2H3(C6H507)+3H20 (2)

Hcxonapie KOMITIOHEHTHI Opalii B TAKHX KOJHMYECTBAX, YTOOBI B KEPAMUYCCKOM MaTepHaie
MPHUCYTCTBOBANU MUpodocdaT KaabIUs U MATHUS B CICIYIOIIUX MOJBHBIX COOTHOIIIEHUSX (B CKOO-
Kax jJaHa MmapkupoBka oOpasioB). CaP,0;/Mg,P,0= 100/0 («Ca 100/0»); 90/10 («Ca-Mg
90/10»); 80/20 («Ca-Mg 80/20»); 70/30 («Ca-Mg 70/30»); 50/50 («Ca-Mg 50/50») u 0/100 («Mg
0/100»).

[To manabM PDA (hazoBelit cocTaB 00pa3IoB, MOTYYSHHBIX TUIACTUYECKUM (POPMOBAHUEM B
BHJIe OajoyeKk W3 BOJHBIX CYCIIEH3MH Ha OCHOBe mopomikoBoi cmecu «Ca 100/0» Brmroganm
CaHPO42H,0 (peakmust 1), (NH4)2Ca(HPO,4)°H,0O  (peakumst 3), a taxke NHiH,PO, m
Casz(CgHs07)224H,0, He BCTymUBIINE B PEAKIUH.

Cag(C6H507)2'4H20+6N H4H2PO4—>3(N H4)2C3(HPO4)2‘H20+2H306H507+3H20 (3)

[To nanubM POA (a3oBblil cocTaB 00pa31oB, MOTYYEHHbIX TUIACTUYECKUM (OPMOBAHUEM B
BUJe Oalo4yek M3 BOJHBIX CYCIIEH3W Ha OCHOBe mopomikoBoil cmecu «Mg 0/100» Bkmrouan
Mgs(NH4)2(HPO4)4(H20)s (peakius 4) a taxxe NH4H,PO4 1 CioH1oMQ3016°14H,0, He BeTymus-
M€ B PEAKIHUIO.

Mgg(C6H5O7)2°9H20+4NH4H2PO4—)M93(NH4)2(HPO4)4(H20)8 + 2H;CsH507 + 2NH; +3H20(4)

B3anmopencTere ¢ BOAONW KOMIIOHEHTOB IOPOIIKOBOM CMECH, BKJIIOYAIOLIEH UTPAThl Mar-
HUS, KQJIBIHS 1 MOHOaMMOHUK(ocdat mpuBouio k popMupoBanuto GazoBOTo CocTaBa IIEMEHTHO-
COJIEBOT'O KaMHSI, BKJIFOYaBIIIETO: CaHPO,4+2H,0, (NH4).Ca(HPO,)2H,0,
Mgg(NH4)2(HPO4)4(H20)8, Ca3(C6H507)2'4H20, C12H10M93016°14H20, NH4H,PO,4. Taxum 06pa-
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30M, TIpu (OPMOBAHHH OOPA3IOB IEMEHTHO-coneBoro kamHs «Ca-Mg 90/10»; «Ca-Mg 80/20»;
«Ca-Mg 70/30»; «Ca-Mg 50/50» npotekarot peakiuu (1), (3) u (4).

YBenuueHre ¢ TeUSHUEM BPEMEHHU IIACTUYECKOW MPOYHOCTH BBHICOKOKOHIIEHTPHUPOBAHHBIX
CYCIIEH3M, pelHa3HaYeHHBIX JIJIs (POpPMOBAHUS MPEKepaMUUYECKIX 00pa3LoB AJis MOJy4yeHUs Ke-
pamuku ¢ MapkupoBkoir «Ca-Mg 100/0»; «Ca-Mg 90/10»; «Ca-Mg 80/20»; «Ca-Mg 70/30»; «Ca-
Mg 50/50» 66110 00YCIOBIEHO TPOTEKAHUEM PEAKIIUU XMMHUYECKOTO CBSI3bIBAHMS C 00pa30BaHUEM
ManopactBopumoro muHepana Opymmra CaHPO4¢2H,0, xpucramisl KOTOporo (GopMUpyIOT Iie-
MEHTHBI KaMEHb. YBEJIUYEHHUS C TEYCHHEM BPEMEHH IUIACTHUYECKON MPOYHOCTH CYCIICH3UH IS
MOJTyYeHHUsI KEpaMUKU ¢ MapkupoBkoit «Mg 0/100» ne nHabmoganu. PacTBOpuMBIil B BOzie COIEBOI
KaMEeHb B 3TOM ciiydae (opMHUpOBaCS U3 CYCIEH3UU IIPU €€ BhICHIXaHUU.

[Tpu HarpeBanun oOpa3moB nocie (HOPMOBAHMSA U CYHIKH BO3MOXHO HMPOTEKAHUE CIIEAYIO-
LIMX PEAKIUM:

CaHPO4¢2H,0—CaHPO4+2H,0 (5)
2CaHPO,—Ca,P,07+H-50 (6)
(NH4)2C6.(HPO4)2'H20—>C3,(P03)2+2NH3+3H20 (7)
Mgs(NH4)2(HPO4)4(H20)s—Mg(PO3)2+Mg,P,07+2NH3+11H,0 (8)

Cag(C6H5O7)2 * 4H,0+90,—3CaCO0O3;+9C0,+9H20 (9)
Mgg(CeH507)2-9H20+902—>3MgC03+9C02+14H20 (10)
CaC03+Ca(P03)2—>Ca2P207+002 (ll)

MgCOs+ Mg(PO3),—Mg,P,0; +CO; (12)

B pesynbrare nmocne o6xura B uarepsaie 800°C - 1000°C ObLin MONTYyYEHB KEPAMUYECKHE
Matepuaibl, (a30BbIii coCcTaB KOTOPBIX ObLT mpexacraBieH B-CayP,07, Mg,P,0; u nBoitHbIM TIHpO-
docharom kanbims maraus CaMgP,0;. Tlocne o6sxkura npu 1000°C ycaaka o0pa3ios cocTaBuia 7-
8,2 %. IlnotHOCTH 06pa3nos mocie obxkura mpu 1000°C cocrasuna 0,92-1,15 r/em®. TIpn morpysxe-
HUU B BOJly 00pa3noB kepamuku pH cpenbl Obu1 611130K K 7.

[TorydeHHass 00)KUTOM IIEMEHTHO-COJICBOTO KaMHSI OMOCOBMECTHMasi KepaMHKa B CHCTEME
CayP207-M@,P,07 MoxkeT ObITh peKOMEH0BaHa Il U3TOTOBJICHHSI KOCTHBIX MMILIAHTATOB.

IMy6amkanun cryaentkm: (https://istina.msu.ru/profile/NazarovaHD/)
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Ceramics in the Ca,P,0,-Mg,P,0- system obtained by annealing a
cement-salt stone for regenerative medicine

Nazarova H.D.

Supervisor: PhD, senior researcher Safronova T.V.

Currently, one of the most important areas of modern inorganic materials science is the de-
velopment of biomaterials for the treatment of bone defects using regenerative medicine methods.
Ideally, the implant is gradually resorbed (dissolved) in the body's environment, while performing
its supporting functions, and new bone tissue is formed in its place. A ceramic material including
calcium and/or magnesium pyrophosphates could be such an ideal material, since these phases are
biocompatible and have the ability to resorb.

The aim of this work was to obtain ceramics based on calcium pyrophosphates Ca,P,0O-
and/or magnesium Mg,P,07 by heat treatment of cement-salt stone obtained by mixing with water a
homogenized powder mixture including monoammonium phosphate NH4H,PO, and calcium
Cas(CgHs07)224H,0 and / or magnesium Mgs(CeHs07)229H,0 citrates. To achieve this goal, it was
necessary to solve the following tasks: to prepare homogenized powder mixtures of the initial com-
ponents (calcium and/or magnesium citrates and monoammonium phosphate); to prepare highly
loaded suspensions from the powder mixtures; to study the effect of the suspension composition on
the rheological properties of suspensions; to make pre-ceramic powder blanks of ceramic materials
from suspensions that can harden to cement, cement-salt and salt stone, and to study their proper-
ties; to study the effects of the heat treatment schedule (firing temperature) on the phase composi-
tion of the material; to obtain samples of ceramic materials in the Ca,P,0,-Mg,P,0O; system and
investigate their properties.

The weights of the initial components for the preparation of powder mixtures were calculat-
ed according to following chemical reactions:

For powder mixture «Ca-Mg 100/0»:

Cag(C5H507)2'4H20+3N H4H,PO,4 —>3CaHPO4'2H20+H3(C6H507)+(N H4)3(C6H507)+2H20 (1)

For powder mixture «Ca-Mg 0/100»:

Mgg(C5H507)2'9H20+3N HsH,PO, — 3MgNH4PO4'6H20+2H3(C6H507)+3H20 (2)

The initial components were taken in such quantities that the ceramic material contained
calcium and magnesium pyrophosphate in the following molar ratios (the samples are labeled in
parentheses): Ca,P,0;/Mg,P,0;= 100/0 («Ca 100/0»); 90/10 («Ca-Mg 90/10»); 80/20 («Ca-Mg
80/20»); 70/30 («Ca-Mg 70/30%»); 50/50 («Ca-Mg 50/50») u 0/100 («Mg 0/100»).

According to the XRD data, the phase composition of the samples obtained by plastic mold-
ing in the form of rectangular bars from aqueous suspensions based on the powder mixture "Ca
100/0" included CaHPQO4+2H,0 (reaction 1), (NH4).Ca(HPO,4) ,*H,O (reaction 3), as well as
NH4H,PO,4 and Caz(CsHs07) 2°4H,0, which did not take part in the reactions.

Cag(C6H507)2'4H20+6N H4H2PO4—>3(NH4)2C8.(HPO4)2'H20+2H306H507+3H20 (3)

According to the XRD data, the phase composition of the samples obtained by plastic mold-
ing in the form of beams from aqueous suspensions based on the powder mixture "Mg 0/100" in-
cluded Mgg(NH4)2(HPO4)4(H20)8 (reaction 4), as well as NH4H>PO,4 and C12H10Mg3016°14H20,
which did take part in the reactions.

Mgg(C6H5O7)2°9H20+4NH4H2PO4—)Mg3(NH4)2(HPO4)4(H20)8 + 2H;CsH507 + 2NH; +3H20(4)

The interaction with water of the components of the powder mixture, including magnesium
citrate, calcium citrate and monoammonium phosphate, led to the formation of the phase composi-
tion of the cement-salt stone, which included: CaHPO42H,0, (NH4),Ca(HPO,),*H,0,
Mgg(NH4)2(HPO4)4(H20)8, Cag(C6H507)2'4H20, C12H10Mg3016'14H20, NH4H,PO,. ThUS, when
forming samples of cement-salt stone «Ca-Mg 90/10»; «Ca-Mg 80/20»; «Ca-Mg 70/30»; «Ca-Mg
50/50», reactions (1), (3) and (4) occur.
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The increase of the plastic strength of highly loaded suspensions intended for forming pre-
ceramic samples to produce ceramics labeled «Ca-Mg 100/0»; «Ca-Mg 90/10»; «Ca-Mg 80/20x;
«Ca-Mg 70/30»; «Ca-Mg 50/50» over time was due to the chemical binding reaction with the for-
mation of a slightly soluble mineral of brushite CaHPO4*2H,0, whose crystals form cement stone.
No increase of the plastic strength of the suspension for the production of ceramics labeled «Mg
0/100» over time was observed. In this case, the water soluble salt stone was formed from a highly
loaded solution during drying.

When the samples are heated after forming and drying, the following reactions may occur:

CaHPO42H,0—CaHPO4+2H,0 (5)
2CaHPO4—Ca,P,07+H-50 (6)
(NH4)2C8.(HPO4)2'H20—>C3.(P03)2+2NH3+3H20 (7)
Mg3(NH4)2(HPO4)4(H20)8—>Mg(P03)2+M92P207+2NH3+11H20 (8)

Cag(C6H507)2 * 4H,0+90,—3CaC0O3+9C0O,+9H20 (9)
Mgg(CeH507)2-9H20+902—>3MgC03+9C02+14H20 (10)
CaC03+Ca(P03)2—>Ca2P207+002 (ll)

MgCOs+ Mg(PO3),—Mg,P,0;7 +CO; (12)

As a result, ceramic materials with phase composition represented by -Ca,P,07;, Mg,P,0O7
and binary calcium magnesium pyrophosphate CaMgP,07 were obtained after firing in the range of
800°C - 1000°C. After firing at 1000°C, the shrinkage of the samples was 7-8. 2 %. The density of
the samples after firing at 1000°C was 0.92-1.15 g/cm®. When the ceramic samples were immersed
in water, the pH of the medium was close to 7.

The biocompatible ceramics obtained by firing cement-salt stone in the Ca,P,0;-Mg,P,0~
system can be recommended for the manufacture of bone implants.

MatepuaJjibl HAa 0OCHOBE KOMIIO3UTHBIX rHapore/iei (moJuBHHUIOBBIN
CIIMPT/XUTO3aH) U COJIell KAJNbIUSA [JIsl HCI0JIb30BAHNS B TKAHEBOM
HHKEHEePUH

Ilepanuosze K.X.

PykoBoauTens: K.T.H., c.H.c. Cadponona T.B.

3a moclieHee NeCATUIIETHE CYIIECTBEHHOE Pa3BUTHE MOJIYYMJI PEr€HEepaTUBHBIN MOAXOJ B
WH)KEHEPUU KOCTHOU TKaHU, MPEIOIaraloini KOHCTPYUPOBAaHHE 00BEMHBIX TTOJIMMEPHBIX KapKa-
coB (ckadponaoB) B cOYETaHUU C OMOAKTHUBHBIMU KOMIOHEHTAMH, KOTOPBIE CIIOCOOHBI CTUMYIH-
poBath nudepeHIupOBKY JOHOPCKUX CTBOJOBBIX KJIETOK B ocTeoOnacThl. [lockonbky cyiect-
BYIOIIIME MaTEPUANbI JUI KyJIbTUBUPOBAHHS KJICTOYHBIX CTPYKTYp IN VItr0 U TOCTaBKH JIEKapCTB B
00J1aCTh TTOBPEXKICHHSI KOCTHOM TKAHW HE MOTYT OBITH B TIOJIHOM MEpe PEKOMEHJIOBAaHBI ISl TPH-
MEHEHUSI, TOUCK HOBBIX MAaTEPUAIOB JAHHOTO MEIUIIMHCKOTO Ha3HAYEHUS U CIOCOOOB UX M3TOTOB-
JIEHUS TIPEACTABIISIET COOOM aKTyallbHYIO TIPOOJIEMY ISl MCCIIEIOBAHUM B 00JIACTH MEXKIUCITUTIIIN-
HapHOTO MaTepHUAIOBEICHUS.

Martepuaibl, BKIIOYAIONNE KOMIO3UTHYIO THIPOTEICBYI0 MATPUIy Ha OCHOBE TMOJIMBUHHU-
nosoro criimpta (I[IBC) 1 xuto3zana (X), a TakKe 4acTUIIBI CHHTETUYECKHUX (hochaToB U KapOOHATOB
kanpius (OK u KK), mo3BonsoT HallTh MoaX0/A K pelieHnto NocTaBiIeHHoH mpobneMsl. Takum 06-
pa3oMm, IeNbI0 HACTOSIIET0 UCCIIEeIOBAaHUS SBISIach pa3paboTKa MIICHOYHBIX M BOIOKHUCTHIX MaTe-
pHaIOB HA OCHOBE KOMITO3UTHBIX TUporeneit coctapa [IBC/X, HanmOJIHEHHBIX COJISIMH KaJIbITHSI.

Jlist cozmaHusi HANOJMHEHHBIX TUAPOTENeH MCIOIh30BAIM JIBA CIIOCOOA MOATOTOBKU HAMOJI-
Hurteneil B Buae coieil kanpnus, a umenno KK u ®K ¢ monsabeiM cooTHomennem Ca/P = 1; 1,67.
OK-HaMoIHUTENN CUHTE3UPOBAIM B PACTBOPaX MOJIUMEPOB 33JlaHHOM KOHIIeHTpauuu. Kpome Toro,
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nopowiku B cucreme @K — KK cuHTe3npoBanu npeaBapuTenbHO U3 BOAHBIX PacTBOPOB COJIEH, a
3aTeM HCHOJIb30BAIU UX Ul CO3JIaHHUs KOMIO3MLUH, NTpeHa3HAuYEHHbIX AJIs (POPMOBAHMS IIJICHOK
1 BOJIOKOH.

MetonamMu BHCKO3UMETPUM, KOHIYKTOMETPUM M 3JIEKTPO(OPMOBAHUSA 10 TEXHOJIOTUU
Nanospider (6echunbeproe hopMoBanue) ObLTH KCCICIOBAHBI PU3UKO-XMMUYCCKHE CBOMCTBA TPEX
BHJIOB YacCTHYHO Tuposm3oBaHHoro [IBC co 3HaueHusIMU MOJIeKyIsspHO Macchl (MM) 42, 124 u
245 x/la u xurozana ¢ MM 190 k/la. bbuio ycranosieHo, uro pactBopsl [IBC ¢ npomexyTouHbIM
3HayeHneM MM Haunydmum o0pa3oM MOAXOIAT JUIsl U3TOTOBICHUS BOJIOKOH Oec(huiIbepHbIM CIIO-
cobom. IIpu 3TOM OBUIO BBISIBJICHO ONTUMalbHOE cooTHOIIeHUE nomumMepoB [IBC/X = 3/1 mist xoH-
CTPYHUPOBaHUS KOMIIO3UTHOM I'MJIPOTreIeBOM MATPULIBIL.

[IneHky 1 BOJOKHA, HATIOJHEHHBIE BHICOKOAMCIIEPCHBIMU YaCTUIIAMH COJIEH KaJIbIUs, ObUIN
IIOJIy4EeHbl HA OCHOBE KOMIO3MLMHI (CYCIEH3UI HEOPraHNYECKUX YaCTHIl B paCTBOpax MOJUMEPOB),
Briovaronux [1BC u [IBC/X.

[ToaroToBKy NpsSAMIBHBIX KOMIO3ULUHM Ul 37€KTpOo(OPMOBAaHUS HA OCHOBE PAaCTBOPOB
[1BC, Britouarolmux IpeIBapUTEIbHO CUHTE3UPOBAHHBIE B BOJHBIX PAacTBOpaX HaHOpPa3MEpHbIE
nopomkn ®K u KK, npoBoaunu, ucnonszys 8 %-bie BoaHble pacTBopbl monumepa (MM = 124
k/la). [logrotoBky cycnensuit @K, npenHazHaueHHbIX JUIs1 OPMOBAHMSI INIEHOK U BOJIOKOH, OCY-
mectisuid u3 coneir Ca(CH3;COO0),-H,0 u (NH4),HPO,4 B Boaubix pactBopax IIBC ¢ koHIEHTpa-
musmu 5, 10 u 14 macc. %, a Takke B YKCYCHOKHCIBIX pacTBopax [IBC/X B KOHIICHTpAIMOHHOM
unrepsaiue 5 — 20 macc. %.

MeToiaMu CKaHUPYIOLIEH 3IEKTPOHHOW U aTOMHO-CUJIOBOM MUKPOCKOIIHMHU Oblja yCTaHOB-
JIeHa BO3MOYKHOCTh BOJIOKHOOOPA30BaHUs U3 NMPsAWiIbHBIX Komno3ulii @K B yKCYCHOKHCIIBIX pac-
tBOpax [IBC/X (o6mee conepxkanue IIBC/X 5 macc. % npu coorHowmenuu IIBC/X = 3/1, Ugopu. =
43,6 kB) u ®K/KK B BonnoM pactsope IIBC (conepxxanue IIBC 8 macc. %, Ugyopw. = 37,0 kB). IIpu
3TOM BOJIOKHA MMENH paclpesaeneHue no toiamuue B auanazonax 300 — 780 u 190 — 530 um coot-
BETCTBEHHO, a quametrp chepuueckux yactun OK-, KK- n OK/KK-BritoueHuit i paccMOTpeH-
HBIX THporesiell He npesbiman 4 MkM. Ocobasi Mop¢oiorHs YacTHIl B COCTAaBE IMJIEHOYHBIX U BO-
JIOKHHUCTBIX MaTepHajoB, a Takke (a30BbIi COCTaB HAIMOJHUTENEH, MPeACTaBICHHbIN OnocoBmMec-
tumbiMu consimu Opymura CaHPO4-2H,0, runpokcuanaruta Caig(POs)s(OH), w/wmu kanmbimra
CaCOg3, obecnieunBany BBICOKHE MOKa3aTeNd META0OIMYECKOM aKTHBHOCTH MEPBUYHBIX KYJIBTYD
CTPOMAJIbHBIX KJIETOK, YTO OBLIIO MOATBEPK/IEHO pe3ysibTaTaMu KosiopuMerpuueckoro MTT-tecra.

B pamkax Hacrosuero ucciaenoBaHus ObLIM MOJTY4YEHbl MaTepuaibl HA OCHOBE HAIllOJHEH-
HBIX coisiMu Kamibius ruaporeneil [IBC u komnosutHbix ruaporeneit [IBC/X, koToprsie MOXHO
paccMaTpuBaTh B KaUeCTBE MEPCIEKTUBHBIX MOJEIbHBIX 0OBEKTOB JUISl JaJbHEHIINX UCCIIe0BAaHHUH
B 00J1aCTH KJIETOUYHOTO MOAX0Aa KOCTHOM HHKEHEPUU.
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Materials based on composite poly(vinyl alcohol)/chitosan hydrogels
and calcium salts for use in tissue engineering

Peranidze K.Kh.
Supervisor: Ph.D., senior researcher Safronova T.V.

Over the past decade, a regenerative approach to bone engineering, involving the construc-
tion of bulk polymer scaffolds in combination with bioactive components that can stimulate the dif-
ferentiation of donor stem cells into osteoblasts, has developed significantly. Since the existing ma-
terials for the cultivation of cell structures in vitro and the delivery of drugs to the area of bone tis-
sue damage cannot be fully recommended for use, the search for new materials for this medical
purpose and methods of their manufacture is an urgent problem for research in the field of interdis-
ciplinary materials science.
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Materials, including a composite hydrogel matrix based on polyvinyl alcohol (PVA) and
chitosan (Ch), as well as particles of synthetic calcium phosphates and carbonates (CP and CC), al-
low us to find an approach to solving this problem. Thus, the aim of this study was to develop film
and fibrous materials based on composite PVA/Ch hydrogels filled with calcium salts.

While obtaining filled hydrogels, two methods were used to prepare fillers represented by
calcium salts, in particular, CC and CP with a molar ratio of Ca/P = 1; 1.67. CP-fillers were synthe-
sized in polymer solutions of a given concentration. In addition, the powders in the CP — CC system
were previously synthesized from aqueous solutions of salts, and then used to create compositions
intended for forming films and fibers.

The physical and chemical properties of three types of partially hydrolyzed PVA with mo-
lecular weight (MW) values of 42, 124, and 245 kDa and chitosan with MW of 190 kDa were stud-
ied by viscometry, conductometry, and electroforming using Nanospider technology (filter-free
molding). It was found that PVA solutions with an intermediate MW value are best suited for the
manufacture of fibers in a filter-free way. At the same time, the optimal ratio of polymers PVA/Ch
= 3/1 for the construction of a composite hydrogel matrix was revealed.

Films and fibers filled with highly dispersed particles of calcium salts were obtained on the
basis of compositions (i.e. suspensions of inorganic particles in polymer solutions), including PVA
and PVA/Ch.

The preparation of spinning compositions for electrospinning based on PVA solutions, in-
cluding nanoscale powders of CP and CC pre-synthesized in aqueous solutions, was carried out us-
ing 8 wt. % aqueous polymer solutions (MW = 124 kDa). The preparation of CP suspensions in-
tended for forming films and fibers was carried out from Ca(CH3COOQ),*H,0 and (NH;),HPOy, in
aqueous PVA solutions with concentrations of 5, 10 and 14 wt. %, as well as in acetic acid solutions
of PVA/Ch in the concentration range of 5 — 20 wt.%.

The possibility of fiber formation from spinning compositions of CP in acetic acid solutions
of PVA/Ch (total PVA/Ch content of 5 wt. % at a ratio of PVA/Ch = 3/1, Usm. = 43,6 kV) and
CP/CC in aqueous PVA solution (PVA content of 8 wt. %, Usm. = 37,0 kV) was established by
scanning electron and atomic force microscopy. At the same time, the fibers had a thickness distri-
bution in the ranges of 300 — 780 nm and 190 — 530 nm, respectively, and the diameter of spherical
particles of CP-, CC-, and CP/CC-inclusions for the hydrogels under consideration did not exceed 4
pum. The special morphology of the particles in the film and fibrous materials, as well as the phase
composition of fillers, represented by biocompatible salts of brushite CaHPO4+2H,0, hydroxyap-
atite Cayo(PO4)s(OH), and/or calcite CaCOg3, provided high indicators of metabolic activity of pri-
mary stromal cell cultures, which was confirmed by the results of the colorimetric MTT-test.

In the framework of this study, materials based on calcium salts filled PVA hydrogels and
composite PVA/Ch hydrogels were obtained. Such materials can be considered as promising model
objects for further research in the field of cellular approach of bone engineering.

ToHKkMeE IUIEHKY U TEeTEPOCTPYKTYPHI € MEePexXoa0M
AMIJIEKTPUK-METAJJI B CHCTEMAaX, 00Pa30BAHHbIX OKCHJIAMHU BaHA/Ms,
THUTAHA M HUOOUSA

Axbap DA

PykoBomutenu: n.x.H., mpod. Kayns A.P., acn. 4 r/o Illaposapos JI.1.

YHUKanbHBIE CBOWCTBA TUOKCHUIA BaHAIUS 00YCIaBIMBAIOT MIMPOKUN WHTEPEC K TOHKOILIEe-
HOYHBIM MaTepHajaM Ha ero ocHose. IIpoucxoasmuii npu Temmeparype 68°C MOYTH MIHOBEHHBIN
(hazoBbIil epexoa qUANEKTpUK-MeTa1 (JIM) IpUBOIUT K PE3KOMY MU3MEHEHHUIO COTIPOTHBIICHUS U
ontudeckoil mpo3pauyHoct B UK- u TI'm- amamazonax. JlerupoBanme VO, apyrumu OKCHIaMH
MpEeANPUHUMAETCS C LETbI0 HANPaBICHHOTO M3MEHEHUs XapakTepucTuk JIM-nepexona (Temmepa-
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Typa, aMIUIUTyAa U3MEHEHHs CONPOTHUBJICHUS U MPO3PavyHOCTH, IIMPUHA TUCTEpe3uca). 3aaaya
ANEKTPUYECKOTO YIPABJICHUS ONTHUYECKUMU CBOMCTBAMH JMHMTAaKCHANBHBIX cioeB VO, TpeOyer
CO3/IaHUS CTPYKTYPHO KOT€PEHTHOTO MPOBOASIIETO OY(EepHOro ClIosi, TAKOBEIM MOXET OBITh TBEP-
aeiii pactBop TiO2-Nb2Os.

[{enbro JaHHOM paOOTHI SIBIIIETCS Pa3pabOTKa OCHOB Ta30(ha3HOro CHHTE3a AMUTAKCHATLHBIX
IUICHOK U T€TEPOCTPYKTYP C 3aaHHbIM XapakrepoMm JIM-niepexona, coaepxarux VOy, VixTixO; u
Ti1xNbxO, Ha MOHOKPHCTATMUECKUX MOIOKKAX JiehKocanpupa.

Tonkue muenkn ObuTH MoaydeHbl MeTogoM MOCVD 1o peakniuu muporuapor3a mapos Jie-
TY4MX KOMIUIEKCHBIX COCJIMHEHWI BaHaIusl, TUTAHA M HUOOUS [AUNHMBAIOWIMETAaHAT BaHAJWJIa
VO(thd),, 6uc-uzonpommnar Ouc-gunuBanomnMeranat tutaHa Ti(O-iC3Hy)2(thd), u Terpakuc-
(usonpomnunaro)-aunusanonnmeranar Huoous Nb(O-iC3H;)4(thd)] mpu 350-500°C B noToke Biak-
HOTO aproHa ¢ MOCHEAYIOLIEH JTOMOMHUTENBbHON TepMo0OpaboTKOM Tpu OoJiee BHICOKON Temmepa-
Type. Pabote mo momyuenuro mieHok VO; IpeamecTBOBAIO0 U3yYeHHE KHHETUKH OCAXICHUS IIjie-
HOK M3 ajbTepHaTHBHBIX mpekypcopos [VO(thd),, VO(acac),, VO(tfacac),]. ITonyueHnbie OKCHI-
HbIE IJIEHKU ObLIM oxapaktepu3oBaHbl Merogamu PDOA, POM, PCMA, ACM, II9M u 3aBucumo-
CTSIMH COIIPOTUBJICHHSI OT TEMIIEPATYPbl, UK3MEPEHHBIMH 4-30HI0BBIM METOAOM.

B pesynbrare ontuMuzanuu ycinoBuil ocaxaeHus (IpeKypcop, ero KOHLUEHTPaLus B ra30BoH
daze, Tocaxn, pH20) 1 omxura (T, pO,, T) Ha 2-MIOWMOBBIX MOAJOXKKAX JieHKocandupa Moxy4eHbl
meHkn VOz T0CTaTOYHO OJHOPOJHBIE MO TOJIIMHE W MapameTpaMm pe3ucTuBHoro JIM-nepexona,
aMIUIATY1a KOTOPOTO TOCTUTAET 4 MOPSAKOB BEINYNHBI.

[TokazaHo, uTo TBepbie PacTBOPhl Vi TixO2 (0<x<1) B BUe TOHKUX IUICHOK Ha JICHKOCaI-
¢bupe obpazyroTcs BeiencTBue AMPPy3HOHHBIX OTPAaHUYEHUI KOMITO3UIIMOHHON Cerperanuu B yc-
JIOBUSX OCAXKIEHUS, UTUTECIbHBIA OT)KUT BBI3BIBAECT CIIMHOAAIBHBIA pacmlaj] dTUX TBEPIBIX PaCTBO-
POB, YTO MOATBEPKIAEHO 3nMeMeHTHbIM KapTtupoBaHuem (PCMA). Brenenue TiO; B miuenku VO3
MOBBIIIAET YCTOMYMBOCTH (Pa3bl K OKUCIECHHUIO, IPUBOJIUT K YMEHBIIICHUIO Pa3MEPOB 3€PEH, Cy’KaeT
METJII0 TUCTEPE3UCa COMPOTUBIICHUS, CIIOCOOCTBYET POCTY OOIIEro conpoTuBieHus mieHku. [Toka-
3aHO BiusiHME OydepHoro cios TiOz Ha CBOMCTBa OCa)/IE€HHBIX Ha HEro IJICHOK JMOKCH/Aa BaHa-
JHsl, 3aKJTI0OYAIOIeecs] B CTa0MIM3auu cTexuomerpudeckoid ¢azsl VO, U MOHWKEHUH TeMIepaTy-
pb1 IM-niepexona.

ITo nanaeiM PCMA coctaB mieHok Ti;xNbxO, mo Bceit moBepxHOCTH 00pas3IioB OTBEYAET
COOTHOIIEHHIO B3SATHIX MPEKYPCOPOB. B TO jke BpeMst Takue TBEp/Ible pacTBOPHI cpa3y MOCIe OCaX-
JI€HUs MPOSBISIOT AUDJIEKTPUUYECKHE CBOMCTBA, YTO CBS3aHO C 3€PHOTPAHUYHON cerperanued ok-
cuga HUoOusl. OTXKUT B YCIOBHUSIX KOHTPOJIUPYEMOTo HU3KOTO pO2 MO3BOIUI JOOUTHCS MOSBIICHUS
ANEKTPOHHOMN MpoBoarMOCcTH TIeHOK Ti1xNDbxO, cooTBeTcTBYIOIIECH CaMBIM BBICOKUM 3HAYECHUSIM,
onyOJIMKOBaHHBIM B uTeparype. Ha ocHoBanuu npasuna Berapna onpenenena paBHOBecHas (1pu
1150°C) rpanumna tBepaoro pacteopa TiggssNbDg 13505.
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Thin films and heterostructures with a dielectric-to-metal transition in
systems formed by oxides of vanadium, titanium and niobium

Akbar F.la.
Supervisors: Dr. habil., Prof. Kaul A.R., Ph.D. Sharovarov D.I.

The unique properties of vanadium dioxide give rise to wide interest in thin-film materials
based on it. An almost instantaneous dielectric-to-metal (DM) phase transition occurring at 68°C
leads to a sharp change in resistance and optical transparency in the IR and THz ranges. Doping of
VO, with other oxides is undertaken with the aim of a directed change in the characteristics of the
DM-transition (temperature, the change amplitude in resistance and transparency, the hysteresis
width). The problem of the optical properties electrical control of VO, epitaxial layers requires the
creation of a structurally coherent conducting buffer layer, such as a TiO,-Nb,Os solid solution.

The aim of this work is to develop the foundations of the gas-phase synthesis of epitaxial
films and heterostructures with a given character of the dielectric-to-metal transition containing
VO,, V1xTixO,, and Ti;-xNbxO, on single-crystal leucosapphire substrates.

Thin films were obtained by the MOCVD method by pyrohydrolysis of volatile complex
compounds vapors of vanadium, titanium and niobium [vanadyl dipivaloylmethanate VO(thd),, ti-
tanium diisopropoxide bis(dipivaloylmethanate) Ti(O-iCsH7)2(thd), and niobium tetrakis-
(isopropylato)-dipivaloylmethanate Nb(O-iC3H7)4(thd)] at 350-500 °C in a moist argon stream, fol-
lowed by additional heat treatment at a higher temperature. The VO, preparation films work was
preceded by the study of the film deposition kinetics from alternative precursors [VO(thd),,
VO(acac),, VO(tfacac),]. The resulting oxide films were characterized by XRD, SEM, EDX, AFM,
TEM and temperature dependences of resistance measured by the 4-probe method.

As a result of the deposition conditions optimization (precursor, its concentration in the gas
phase, Taeposition, pPH20) and annealing (T, pO,, t) on 2-inch leucosapphire substrates, VO, films
were obtained that are sufficiently uniform in thickness and parameters of the resistive DM-
transition, the amplitude of which reaches 4 orders of magnitude.

It is shown that V1.4TixO, (0<x<1) solid solutions in the form of thin films on leucosapphire
are formed due to diffusion limitations of compositional segregation under deposition conditions;
prolonged annealing causes spinodal decomposition of these solid solutions, which is confirmed by
elemental mapping (EDX). The introduction of TiO; into VO, films increases the phase's oxidation
stability, leads to a decrease in the grain size, narrows the resistance hysteresis loop, and promotes
an increase in the film total resistance. The TiO, buffer layer effect on the properties of vanadium
dioxide films deposited on it is shown, which consists in the stoichiometric VO, phase stabilization
and a decrease in the DM-transition temperature.

According to the EDX data, the Ti;-xNbxO, films composition over the entire surface of the
samples corresponds to the precursors taken ratio. At the same time, such solid solutions immedi-
ately after deposition exhibit dielectric properties, which is associated with grain boundary segrega-
tion of niobium oxide. Annealing under conditions of a controlled low pO; allowed to achieve the
appearance of Ti1xNbxO, films electronic conductivity, which corresponds to the highest values
published in the literature. The equilibrium boundary of the TiggssNbo 13502 solid solution (at
1150°C) was determined on the basis of Vegard's rule.
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MosyueHne U cTa0UIBHOCTD IJICHOK CJOHCTBIX HOTOILTIOMGATOB
(C4HgNH3)2(CH3NH3) 61 Pbplsnsg (n=1-4)

Tymanyes A.C.

PykoBoauTenu: K.x.H., 3aB.j1a0. TapacoB A.b., Mm.H.c. Y ganosa H.H.

[Tocneanune HECKONBKO JIeT BCE OONBIINI MHTEpEC MPUBJIEKAIOT CIOUCTHIE TaOreHOILTIOM-
0atbl RyAn.1PbyXsn+1, mpeacraBmstomue co6oii roOMOIOTHUECKUH Pl COSAUHEHUH ¢ pa3iIuuHON
TOJILIUHON TEPOBCKUTONOAOOHBIX CIOEB [An.lenX3n+1](2/q)', MEX/1y KOTOPBIMU PACIOJIOKEHBI CIION
opranuueckux katuoHoB RY (rme q — 3apsan katmonma R). C TOUKM 3peHHsS ONTORJIEKTPOHHBIX
CBOMCTB JIaHHAsl CTPYKTYpa MPECTaBIsSIeT COOON MEPUOIMIECKYI0 KBAHTOBYIO SIMY, TJI€ CION opra-
HUYECKUX KAaTHOHOB R CIIy)KHT MOTCHIMATBHBIM OapbepoM JUIsl HOCUTENICH 3apsia B MEPOBCKUTO-
MOIOOHBIX CIIOSIX, U3MEHEHHE TOJIIUHBI KOTOPBIX MO3BOJISIET BAPbUPOBATH YHEPTHIO CBA3U IKCUTO-
Ha ¥ IIUPHUHY 3aIpeleHHON 30HbI MaTepHalia 3a CYeT KBaHTOBO-pasMepHoro 3ddekra. braromaps
3TOMY CJIOMCTBIEC TaJOTE€HOILTIOMOATHI SBJISIIOTCS MEPCIEKTUBHBIMU MaTepUaiaMy JAJisl UCIIOIb30Ba-
HUS B ONITORJIEKTPOHHBIX YCTPOMCTBAX, TAKMX KaK CBETOJMOBI U COTHCUHBIC AJICMCHTHI.

OpnHako, KOHTPOJUPYEMBIH W BOCHPOU3BOIMMBIA CHHTE3 IUICHOK CJIOUCTBIX TallOreHOT-
TOMOATOB 33aJJaHHOTO COCTaBa SBIISCTCS HamOOJee aKTYaJIIbHOW 3aqaueil Ha TEKYIIMHd MOMEHT.
[Inenku, moxy4aemble PacTBOPHBIMH METOJAaMHU, Yallle BCEro MPEICTAaBIAIOT coOoi cmech (a3
CJIOUCTBIX TAJIOTCHOITIOMOATOB C Pa3HOM TOJIIMHOMN MEPOBCKUTONOA00HOTO CI0s. DTO OCIOKHSET
yIpaBJeHHE CBOMCTBAMU MaTepHalla Yepe3 €ro COCTaB, UTO SIBJISIETCS OJHOM U3 KIFOYEBBIX OCOOCH-
HOCTEW JaHHOTO TUMa coequHeHni. OMHUM U3 3(H(HEKTHBHBIX TOXOA0B K YIIPABJICHUIO IMPOIIECCOM
KpUCTAJITU3alMU THOPUAHBIX TaJOTE€HOITIOMOATOB SIBISIETCSA HCIOIb30BAaHUE PA3IMYHBIX OpraHu-
YECKUX U HEOPTAHWYECKUX COJICH B Ka4eCTBE JJ00ABOK B PACTBOP.

Jannas pabota mocsinieHa uccrnenoBanuto BnusHus ao6aBok KI u CsH9NH3l B pactBop
(C4HgNH3)2(CH3NH3)n1Pbylsnes (n = 1 — 4) Ha da3oBbIii cocTaB, ONTHYECKHAE CBOWCTBA U CTAOWITb-
HOCTb IOJIy4aeMbIX TUICHOK, a TaK)Ke JTUHAMUKY MPOoIlecca NX KPUCTAIIU3allUH.

Bbu10 00HapYX)EeHO, UTO TUICHKH, Toxydaembie u3 pactBopa (C4HgNHS3),Pbl, (n=1), sBisrot-
csl oiHO(a3HBIMH, B TO BpeMs Kak MPH UCTIOIb30BaHUHU pacTBOpa ¢ Ni>1 B IUIEHKaX BCET/a MPUCYT-
cTByeT cMmech a3 ¢ N=n;x2. Jlobasnenue K| B pacTBOp rajsoreHoruiroM06aToB ¢ N=2, 3 u 4 TpuBOAUT
K eme OombineMy paccioeHuto ¢a3 B mieHke. [Ipu ucnonszoBanun nodasku C4H9NH3l ynaercs
noy4uuTh ¢azy ¢ N=2 6e3 npumeceit. B ciyuae n=3 u n=4 nobdaska C4HgNH;3l mo3Bomnsier yBenu-
YUTh COJIepKaHKe 1eNeBOi (a3bl, HO HE MO3BOJIAET MOJHOCTHIO N30aBUTHCS OT mpuMeceil. Mcmoms-
30BaHKe MeTo/a IN-Situ (OTOFOMUHECIIEHITUH TO3BOJIMIIO MCCIIE0BATh JUHAMHKY Tpoliecca KpH-
CTAJUTM3AIlUU TUICHOK B 3aBHCHMOCTH OT THIIa M KOJIIMYECTBA HCMOJb3yeMOW T00aBKHU, a TaKkKe
cioitHocTu (uncna N) Hoxoruromoara. C MoMoIIbI0 PEHTTeHOBCKOM Audpakiunuu Obl10 00HAPYKEHO
3HAYUTENBHOE Cy)KE€HHE PEQIIEKCOB CIIOMCTHIX TaJIOTEHOILTIOMOATOB U POCT MHTEHCUBHOCTU ped-
nekcoB cepun (00]) mpu rcmons30BaHUKM 00enX 100ABOK, YTO CBUAETEILCTBYET O MOBBIIICHUN KPH-
CTAJUTMYHOCTH TOJTy4aeMbIX MATepUATIOB U YMEHBIIICHUH KOJIMYECTBA e(hEeKTOB KPUCTAIITNIECKON
CTPYKTYPBHI.

CTaOuIBbHOCTh TUIGHOK PA3HOTO COCTaBa MO OTHOIIEHUIO K TOBBIIICHHOW TeMIeparype
100°C u oO6ayueHnto cuHUM cBeToM 450 HM C yaenbHOU MomHOCTRI0 100 MBT/cM? 6GbiTa HUCCIIENO-
BaHa ¢ TOMOIIbIO criekTpockonuu GotomomuHectieHnn (PJI). OCHOBHBIM MPHU3HAKOM Jerpaja-
MU MaTePUAJIOB SBJBUIOCH MajieHne HHTeHCUBHOCTH DJI, a Takke B HEKOTOPBIX 00pasiax Obu1 00-
HapyXeH KpacHbIi cnsur nuka @JI B ciayyae Bo3/I€CTBUS CBETa U CHHUI CIIBUT B CIIy4ae TEpPMHUE-
CKoro Bo3/eicTBUs. B xome uccnenoBanus 0110 oOHapykeHo, uTo aobaBinenue Kl mpu cunTese
Homorutrom6ara ¢ N=3 MPUBOJAUT K CHIILHOMY YXYIIICHHIO KaK TEPMUYECKOM, TaK M (poToOXuMHUIe-
CKOM CTaOMILHOCTH MaTepuaiia, B To Bpems kak ucnoiibzoBanue C4HoNH3l B kauecTBe 100aBku He
BIIUSIET HA CTAOMIILHOCTD CIIOMCTBIX HOJOILTIOMOATOB C Pa3IMYHBIM 1.
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Tutantsev A.S.
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In the last few years, increasing interest have been attracted to the layered haloplumbates
R2/gAn-1PbnXzn+1, Which are a homologous series of compounds with different thicknesses of
perovskite-like layers [An.1PbnXan:1]¥?" divided by layers of organic cations RY" (where q is the
charge of the cation R). These compounds are multiple quantum wells, where layers of organic cat-
ions serve as potential barrier for charge carriers from perovskite-like layers, which makes it possi-
ble to change the exciton binding energy and the band gap by changing thickness of these layers due
to the quantum-dimensional effect. This makes them promising materials for applications in thin-
film LEDs and solar cells.

However, the controlled and reproducible synthesis of layered haloplumbates films with
specified properties is one the most important problem at the moment. Films of layered
haloplumbates obtained by solution methods consist of mixture of layered haloplumbates phases
with different thicknesses of the perovskite-like layer. This complicates control of film properties
through its composition, which is one of the key features of these compounds. One of the most ef-
fective approaches to control crystallization process of hybrid haloplumbates is addition of various
organic and inorganic salts to the solution.

This work is dedicated to the study of effect of the additives KI and C4HgNHGsl in the solu-
tion (C4H9NH3)2(CH3NH3),.1Pbylsns1 (n = 1-4) on phase composition, optical properties and stabil-
ity of obtained films, as well as the dynamics of their crystallization process.

It was found that films obtained from the solution of (C4HsNH3),Pbl, (n=1) consist only one
phase (C4sHy9NH3)2Pbls, while using a solution with n; >1 leads to a mixture of phases where phases
with n= n; +2 always presented in films. Addition of Kl to haloplumbate solution with n=2, 3, and 4
leads to even greater phase segragation in the film. Using addition of C4HgNHsl, it was possible to
obtain film of phase n=2 without impurities. In case of n=3 and n=4, addition of C4HgNH3l makes it
possible to increase content of the target phase, but it was not possible to obtain samples without
impurities. Using of in-situ photoluminescence spectroscopy allowed to investigate crystallization
of films with different additives and with different number of layers n. X-ray diffraction revealed
significant narrowing of layered haloplumbates peaks and increase in intensity of (00I) series peaks
using both additives, which indicates improvement in crystallinity of obtained materials and reduc-
tion of number of defects in the crystal structure.

The stability of films with different composition under an elevated temperature of 100°C
and blue light irradiation of 450 nm with power of 100 mW/cm? was investigated by photolumines-
cence spectroscopy (PL). The main feature of materials degradation was quenching of films PL and
in several samples were found red shift after light irradiation and blue shift after heating. In the
course of the study, it was found that the addition of KI during synthesis of iodoplumbate with n=3
leads to severe deterioration of thermostability and photochemical stability of material, while addi-
tion of C4HgNH;l doesn't affect stability of layered iodoplumbates with different n.
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