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

@dakynpTeT HayK O MaTepHajiax — 3TO MEKIUCIUIUIMHAPHOE Y4eOHOe 3a-
BEJICHHE, 3a/1a4eii KOTOPOTO SBJISETCS MOATOTOBKA BHICOKOKBATH(UITIPOBAHHBIX
CTICIIMATUCTOB, CIIOCOOHBIX MPOBOJUTH HCCICIOBAHHUS B CMEXKHBIX 00JIACTAX
XUMUH, GU3UKU 1 MEXaHUKH. 3a BpeMs oOyuenust Ha DHM crynents npuobpe-
TAlOT YCUJICHHYIO OOIICHAYYHYIO MTOATOTOBKY U XOPOIITUE HABBIKH IKCIIEPUMEH-
TaJIbHOW PadOTHI.

@dakynpTET HAyK O MaTepHaiax MPOBOAUT O0yYEHHUE CTY/IEHTOB MO JABYX-
CTYIIEHUYaTOl (OakajaBp-MarucTp) CUCTEME MOATrOTOBKU cnenuanuctos. B 2009
rOJly MpOIIIeN BRITYCK MepBhIX MarucTpoB 1o HampasieHnto 020100 — «Xumush»
(Marucrepckasi mporpamma «Xumusi TBepaoro tenay). C 2013 roma BwITycKa-
JIMCh MAarucTphbl, MPOIIECIIINE MOJTOTOBKY M0 YKa3aHHOM NpPOrpaMMe, peanusy-
€MOH B pamMKax cOOCTBEHHOro oOpasoBaTesbHOTO cranaapra MI'Y (OC MI'Y)
1o HampasieHuro «Xumus». C 2015 roma moaroToBka MarucTpoB BEIETCS MO
HanpaBlieHUIO0 «XuMus, QU3MKa U MexaHHkKa maTtepuainoB», u B 2017 roxy
BIIEPBBIE BBIMYILIEHBI CTYAEHTHI, TOATOTOBIEHHBIE IO 3TOI MPOrpaMMe.

[IporpaMMa MOATOTOBKM MarucTpoB BKIIOYaeT B ceOs 0a30BYIO0 4acCTh,
COCTOSIIIYIO U3 LUKJIA OOIEKYIbTYpPHON MOATr0TOBKH («Puiocodckue BOnpocsl
€CTECTBO3HaHUD», «OCHOBBI HAy4YHOI'O NEPEBOJa», «KOMIBIOTEpHBIE TEXHOJIO-
I'MM B HAyKe U 00pa30BaHUmN»), a TaKkxke npodeccruoHaibHoro nukia («Ilepcnek-
TUBHbIE HEOPraHUYECKHE MaTepuajbl CO CHEUAIbHBIMU (QyHKUUIMH», «Co-
BpEMEHHbIE IPOOJIEMbl MaTepUaNIOBeIeHU», «ICTOpUS M METOAOIOTHS HAYKU O
Martepuanax», «MeToauka MNpenojaBaHus €CTECTBEHHOHAYYHBIX IUCLMILIAHY,
CHELIPaKTUKyM «MeToabl TMarHOCTUKU MaTepuanoBy, 4 3ad.en./80 yacoB ja-
OOpaTOpHBIX 3aHATUH, B paMKaX KOTOPOTO 3HAKOMATCS C OCHOBHBIMU IPHUHIIHU-
naMu paboThl COBPEMEHHBIX MPUOOPOB, MPUMEHAEMbIX MPU UCCIEAOBAHUU (Pu-
3UKO-XUMHUYECKUX U MEXaHWYECKUX CBOWCTB MaTepuasioB). BapuaruBHas yactb
MOJATOTOBKM COZAEPKUT JIEKIIMOHHBIE KYPChl AMCIHUIUIMH MarucTepcKol Mpo-
rpammbl (Takue Kak, «CynpaMoJieKysipHas XUMHUs», « BHOHeopraHndeckasi Xu-
mus», «KoopaunanumonHass xumus. CoBpeMeHHbIE acnekTb», «Hanoxummusy,
«Meranoopranuueckas XuMus», 6 3a4.el.), CIIeIKypChl IO BBIOOPY CTYICHTa
(5 3au.en.), a Tak)Ke MPAKTUUECKUE 3aHATHUS, TO3BOJISIFOIINE CTY/I€HTaM OCBOUTh
pa3zHoO0Opa3Hble METOJbl CUHTE3a BEIIECTB U MAaTEpPHUaJOB B paMKax CHELIpak-
THKyMa «MeToibl mostyueHus: MaTepraioBy (5 3au.ea., 108 wacos nabopaTop-
HBIX 3aHATHIT). MarucTpaHThl BTOPOTO rojia 00Y4YeHUS MPOXO/IAT 3aKITFOUNTEIb-
HYI0, PaCIIMPEHHYIO YacTh CHEUIPAKTUKyMa MO COBPEMEHHBIM IpuOopam is
JMAarHOCTUKU MarepuanoB (Tak Has3biBaeMblil «IIpubopHbiii nmpaktukym», 18
3ad.e/./180 yacoB 1abopaTOPHBIX 3aHATHI), OCHOBHOM 3ajjaueil KOTOPOTO SIBJIS-
€TCsl MOATOTOBKAa BBICOKOKBAIU(UUIMPOBAHHBIX MOJIb30BaTENEH (OMEPATOPOB)
JUISL CAMOCTOSITEIIbHOM pabOoThl HA CIOXHOM HaydyHOM oOopyaoBanuu. Crienyet
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OTMETHTb, YTO OOBEKTAMH aHATUTHYECKOTO UCCIETOBAHUS B XOJI€ BBITIOJHCHUS
3a/lay CIEUNPAKTUKYMOB SIBJISIIOTCSI, B 3HAYUTEIBLHOU Mepe, BElIecTBa U MaTe-
puaibl, co3llaBaeéMble B paMKaX MPUOPUTETHBIX IS (DaKylbTeTa HAYYHBIX
HaIpaBJeHUH, pa3BUBaeMbIX Ha (HaKyJIbTETCKHX Kadenpax HaHOMATEpUAJIOB
(3aB. xadenapoit — wi.-kopp. PAH, npod., a.x.H. E.A. I'yaunuH) u MeXIucCIu-
IJIMHAPHOTO MaTepuaioBeeHus (3aB. kadeapoit — akan. PAH, npod., 1.¢.-m.H.
B.M. UeBner), a Takke B Ja0OpaTOpUH HOBBIX MAaTE€pUaJIOB IS COJTHEYHOM
SHEPreTUKH (3aB. Jaboparopueit — K.x.H. A.b.Tapacos).

Crygentsl @HM HMEIOT YHHKaIbHYIO BO3MOXKHOCTb OCYLIECTBIISAThH
HAYYHYIO IEATE€IbHOCTD U BBIMOJIHATH KBAIU(UKAIIMOHHBIE paOOTHI HE TOJIBKO B
noapasaeneHusaX MOCKOBCKOIO YHUBEPCUTETA, HO U B KPYNHEUIINX HAYYHBIX
neHTpax Poccun, B 3apyOeXKHBIX Hay4HBIX HeHTpax. HamaguTh HayuHble KOH-
TaKThI MTO3BOJISIIOT CTAXKUPOBKHU, KOTOPBIE B PaMKax HAYYHO-IIPOU3BOJICTBEHHON
IPAKTUKU TPOXOAAT BCE MArMCTPaHThI MEPBOT0 roja ooydyeHus. Takue CTaxu-
POBKH MO3BOJISIIOT CTY/I€HTaM 3HAKOMUTBCS ¢ pa0OTOM BEAYIIMX HAYYHBIX KOJ-
JIEKTUBOB, Pa3BUBATh CBOM HABBIKM MaTEPUAIIOBEIOB-UCCIIEN0BATEIEH B PAMKAX
Pa3HBIX HAayYHBIX LIKOJI, @ BO BpeMs 3apyOexHbIX CTAXKUPOBOK — €IE U MPAKTH-
KOBaThCsl B OOIIEHWU Ha MHOCTPAHHBIX sI3bIKax. Bo BpeMs MpakTUKU CTYAEHTHI
oOoramaroTcsi Hay4YHbIMHM HJI€IMH, 3aKJIaJbIBalOT (DyHAAMEHT CBOEH Hay4dHOM
penyTauuu AJs CIEQYIOIIUX YPOBHEW 00pa3oBaHUs (aclupaHTypa, AOKTOpaH-
Typa).

Maructpantsi-BeimyckHukn 2020 roga mpoXOAWSIM MPAKTHKY B TaKUX
KPYIHBIX y4eOHO-HAYYHBIX U Hay4HbIX LeHTpax Poccun kak MHCTUTYT 001IEH 1
Heoprannueckor xumun uMm. H.C. Kypnakoa PAH, MHcTHTYT MeTaiurypruu u
Matepuanosenenusa um. A.A. baiikoBa PAH, UuctutyT (husmyeckoil XuMuu u
anektpoxumun umenn A. H. ®pymkuna PAH, UHcTuTyT npo6iemM XUMHUYECKOM
¢busuku PAH, O0benuHeHHbI HHCTUTYT BbicOkuX Temmepatyp PAH, Hamwo-
HaJIbHBIN MCCIIeI0BATENbCKUM TexHOoIorndeckuii yausepcuret «MHUCuC», Poc-
CUWCKHM XHUMHUKO-TEXHOJIOTMUecKknii yHuBepcurer um. J[UWN. Menneneesa,
['pynna Komnanuii «IIpomTex Nuxunupuary. 3apyOeKHYIO CTRXKHPOBKY CTY-
JEHTBI-BBIITYCKHUKM NpoXoawin B TexHomornyeckoM HHCTUTYTE Kapricpys
(I'epmanus), Ionmurexnudyeckom uHcTUTyTe ['peHoOns (Ppanmwms), EBponeii-
CKOM CHHXPOTPOHHOM HccliefoBaTeabckoM 1eHTpe (Opannust), Muacturyre du-
3uKku TBepAoro tena JlatBuiickoro ynusepcurera (JlatBust), UHcTUTYTE TEXHO-
norun yHuBepcuteta Tapry (Ocronus), Yuusepcurere Aeitpo (ITopryramnus),
Nuctutyte Belinmana (M3panib).

BaxxubiM (hakTOpoM, CIOCOOCTBYIOIIMM Pa3BUTHIO TBOPUYECKON aKTUBHO-
CTH CTYJIEHTOB, SIBJII€TCA TO, YTO Hay4yHass paboTa BXOAMUT B Y4YEOHBIH MJIaH.
dopMa OTYETHOCTU — O0OsI3aTeIbHBbIE CTYJEHYECKHE KOH(PEPEHIIMH, KOTOPhIC
IIPOBOJATCA 110 OKOHYAHUH Kaxaoro ceMmectpa. O BBICOKOW Hay4HOW aKTHUBHO-
CTH CTYACHTOB CBHUJIETEIILCTBYET OOJIbIIOE KOJIMYECTBO MyOJUKALUN B HAYYHBIX
KypHajax, a TaKKe ydacTHE CTYJEHTOB B POCCHUICKHX M MEXAYHApPOIHBIX
Hay4yHBIX KOH(pepeHuusax. O6miee 4ucio myoJuKaluid BEIMTYCKHUKOB MarucrTpa-
TypsI 32 2013-2019 roas! npeACcTaBiIeHO B TAOIHIIE.
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2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
Yucno cTyAeHTOB, 3alUIIaB- 23 18 19 12 22 22 23
IIUX JUILIOM
Uwucno paboT, BHITIOTHEHHBIX B 1 0 3 0 1 2 1
uHcrturyrax PAH
Yucno cTyieHTOB, UMEIOIIUX 21 16 19 11 21 20 23
myOJIUKaIuu
OO6ree ymnciio myOIuKaIu, 247 132 196 85 236 270 151
13 HUX CTaTeH, 54 29 32 16 40 60 18
3asBOK Ha IMaTEHT 0 1 7 3 7 1 2
IMaTCHTOB 0 0 3 0 0 2 0
Yucito OIeHOK «OTIIHIHOY 20 14 17 11 19 15 22
«XOPOIIIOY 1 3 2 1 3 6 1
«YIOBJIETB.» 2 1 0 0 0 1 0
HEYJIOBILY 0 0 0 0 0 0 0
Yucno paboT, OTMEYEHHBIX 5 5 5 4 5 8 7
I'DK
Yucno IUIIOMOB C OTINYHEM 15 7 7 5 10 15 15
Ywucno BBITYCKHUKOB, ITOCTY- 10 11 12 10 10 12 9
nuBIIKX B acnupantypy PHM

B 2020 rogy marucrepckue KBalu(HUKAIMOHHBIE pabOThl OyAyT 3alllu-
math 22 BeITycKkHUKA. O01Iee yncno ux myOnmMKanuili coctaBisier 223, U3 HUX
50 crareit u 4 natenta Ha U300peTeHne, B T.4. | MeXKIAyHapOAHbII. Marucrep-
CKH€ paldOThI BBINOJIHIMCH Ha Kadeapax HEOPraHMYECKON XUMHH, (PU3UIECKOM
XUMUHU, PAAUOXUMUH, SJIEKTPOXUMHUH, aHATTMTUYECKON XUMHH, XUMUYECKON H-
3UMOJIOTUH XUMHUYecKoro ¢akynpTeta MI'Y, Ha kadeapax HaHOMATEPHAIIOB,
MEXIUCITUTUIMHAPHOTO MaTtepuanoBeneHust ¢GakyjabTeTa HayK O MaTepHayiax
MI'Y, B Unacturyre obmieit u nHeopranudecko xumun uM. H.C. Kypnakosa
PAH, HanuoHanbHOM HCCIIEIOBATEIbCKOM TEXHOJIOTMUYECKOM YHUBEPCUTETE
«MHUCuCp», Texnonornueckom uactutyte Kapicpys.

B coorBerctBun ¢ Ilpukazom Pektopa MOCKOBCKOTO YHHMBEpPCHUTETA
No 380 ot 03 ampens 2020 r. u pacnopsbkeHuem Ne 81 ot 06 ampens 2020 r.
npoBefeHre [oCymapCcTBEHHOM WMTOTOBOM aTTECTAllMM  OOyYarolIuXCs B
2020 romy opraHm3zyeTrcs C HMCIOJIb30BAaHHUEM JHUCTAHIIMOHHBIX 00pa3oBaTellb-
HBIX TEXHOJIOTHM.

OuenuBath paboOThl OyIEeT BBHICOKOKBATU(UIIMPOBAHHAS M OOBbEKTUBHAS
KOMMCCHS, BO3TJIaBJsieMas dieHOM-KoppecnonaeHtoM PAH, nokropom xumu-
YecKux Hayk, npodeccopom 'opOynooii FOnueit ['epmanoBnoii. B cocras Ko-
Muccuu, Hapsaay c npenogaBarensiMu @HM u xumuueckoro ¢akyiapTeTa, BXO-
ISAT TPEACTABUTENN YHUBEPCUTETOB M POCCHICKOW akaJeMUU HayK, BEAYIIUE
cnennavctel MHCTUTYTOB PAH. Cekperapp ['DOK — kaHmupar XuMu4yecKux
HayK, accucteHT Kadenpsl HaHomaTepuanoB ®HM CemenoBa AnHa Alekcan-
JIPOBHA.



COCTAB IrOCYJIAPCTBEHHOM
IK3AMEHAIIMOHHOU KOMUCCHUH

no HanpapJeHu1o 04.04.02 «Xumus, pusnMka 1 MeXaHUKA MATEPHUATIOB)

1 | T'opbynoBa FOnus | unen-koppecnonaent PAH, 1.x.1., nmpodeccop, Un-
I'epmanoBHa CTUTYT OOIlIel U HEOPTaHUYECKOU XUMUU UM.
(npencenaTenb) H.C. KypnakoBa PAH, UnctutyTt husnyeckoit xu-

Muu 1 ekrpoxumuu um. A.H.@pymknuna PAH

2 | AatunioB EBrenuit | uinen-koppecnonaeHT PAH, unen EBponetickoit

BukropoBuu AkanemMuu HayK, J1.X.H., ipodeccop, 3aBeTyonui
Kadeapoil AEeKTPOXUMHH, 3aBEYIONIHI J1abopaTo-
pyel HEOPraHNYECKOW KPUCTAJUIOXUMHUH U 3aBEY-
01U TabopaTopueit pyHaaMeHTaTbHBIX HCCIEN0-
BaHUU MPOOJIEM NOJIYYECHHS ATFOMUHUS, XUMHYE-
ckuil pakynprer MI'Y

3 | by3nuk BsuecnaB | akagemuk PAH, n.x.H., ri1.H.c. UHCTUTYTa METaI-

MuxaimoBu4 Jypruv 1 MarepuasiopeieHus uM. A.A. baiikosa
PAH, nupextop NHHOBaIMOHHO-TEXHOJIOTHYECKOTO
uentpa PAH «YUepHoronoBka», coBeTHUK [ eHepanb-
HOT'O qupekTopa Beepoccniickoro Hay4Ho-
MCCJIEI0BATEIBCKOIO NHCTUTYTa aBUALIMOHHBIX Ma-
TEpUAJIOB

4 | I'apmeB Anekcedl | K.X.H., JOLIEHT, (paKyJbTeT HAyK 0 Matepuanax MI'Y,
Bukroposnu 3aMECTHUTEIb IEKaHa XUMUYECKOTO (paKyybTeTa

MI'Y no nporpamme pazsutusg MI'Y u pyHKUunOHU-
POBAaHMIO IEHTPOB KOJUIEKTUBHOTO MOJIb30BAHUS

5 | I'ynunun EBrenuit | unen-koppecnonaeHT PAH, n.x.H., npodeccop, 3a-

AnekceeBn4 BeyIONINI Kadenapoil HEOpraHMYeCcKoro Marepua-
JoBeaeHus xumuueckoro axynsrera MI'Y, 3aBe-
Oy kadenapoit HaHOMaTepUalioB U 3aMECTUTEIb
nekana (paxkynprera Hayk o maTepuanax MI'Y mo
VHHOBALIMOHHOW JIESITEIbHOCTH

6 | JoOpoBosbckuit 1.X.H., mpodeccop, pyKOBOJAUTEIb TPYIIIBI CIICIIH-
Opuit aNbHBIX MaTepuasioB, MTHCTUTYT npobieM Xumuye-
AHATOJIbEBUY ckoil puzuku PAH

7 | Epemun 1.¢.-M.H., mpodeccop, kadenpa pu3nuecKol XuMuH,
Bagum xumuyeckuit pakynprer MI'Y
Bnagumuposuy

8 | BanoB Bnagumup | unen-xkoppecnonaent PAH, n.x.H., mupexrop UH-
KoncrantuHoBud | ctutyTa 00111el 1 HEOPraHUYEeCKOH XUMUU

uM. H.C. Kypnakoa PAH

9 | Uesnes akanemuk PAH, 1.¢.-Mm.H., mpodeccop, 3aBemyromniuit
Baneutun Kadeapoil MEXIUCITUIIIIMHAPHOTO MaTepUaIOBEIe-
MuxainnoBuu Hus, GaKkyJIbTeT HayK 0 Matepuanax MI'Y
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10 | Knoteko 1.X.H., ipodheccop, 3aMeCTUTENb JekaHa GakyabTeTa
AJtekcanap Hayk o Matepuaiax MI'Y no y4eOHoi pabote
BanepbeBuu

11 | KonamakoB yneH-koppecnonaeHT PAH, n.1.1H., 3aBeayroniuii na-
Anekcen O6opaTopuel MPOYHOCTH U IMIIACTUYHOCTH METAJIIH-
I'eoprueBuu YECKUX U KOMITO3UIIMOHHBIX MAaTEpUAJIOB Y HAHOMA-

TepuanoB, MHCTUTYT METAJLTypTruu U MaTepHUaioBe-
nenust uMm. A.A. baiikoBa PAH

12 | Ky3uenos akagemuk PAH, n.x.H., npodeccop, 3aBeayronui
Huxonan nabopaTopreilt XUMUU JIETKUX 3JIEMEHTOB U KJIacTe-
TumodeeBruu poB, MHCTUTYT 00I1ICH 1 HEOPTraHUYECKON XUMHUU

uM. H.C. Kypnakosa PAH

13 | Memmankua akagemuk PAH, n.1.1., npodeccop, 3aBeayroniuii
Banepuit Kadepoi TIOTUCTUKU U DKOHOMUYECKOW HHpOpMa-
[TaBnoBHU4 TUKH, POCCUHCKNN XUMUKO-TEXHOJIOTUUYECKUN YHU-

BepcuteT umenn .M. MeHnneneeBa

14 | Ilytnses K.X.H., JIOIIEHT, Kadeapa HEOPTraHUYECKOW XUMUU
Banepuit xumuyeckoro ¢akynprera MI'Y, kapeapa mexauc-
NBanoBuu LUUITMHAPHOTO MAaTEpUAJIOBEICHHS (paKyIbTeTa

Hayk 0 Marepuasiax MI'Y

15 | PymsiHueBa 1.X.H., mpodeccop, 1abopaTopus XuMuu U GU3UKU
Mapuna MOJIYIIPOBOJHUKOBBIX U CEHCOPHBIX MaTEpPUAJIOB,
HuxonaeBHa Kadenpa HEOpraHUYECKON XUMHUH, XUMUYECKUi (a-

KyspreT MI'Y

16 | TananaeB MBan yineH-koppecnonaeHT PAH, n.x.H., mpodeccop, 3a-

['ynmapoBuu BEYIOIINI JTa0OpaTOpHUE sIIEPHBIX TEXHOIOTHIA
AKaJIeMUUYECKOTO JIenapTaMeHTa JIEPHBIX TEXHOJIO-
run [lIkonsl ecTecTBEHHBIX HAyK, JlanbHEBOCTOYHBIN
(denepaibHbI YHUBEPCUTET

17 | TapacoB Anekceld | K.X.H., 3aBeAYyIOIIUHN JabopaTopueil HOBBIX MaTepua-
bopucosuu JIOB JJ1s1 COJITHEUHOM SHEPreTUKH, (paKkyIbTeT HAYK O

marepuanax MI'Y

18 | Xe#idern Jlronpur | 1.¢d.-m.H., podeccop, B.H.C., kKadeapa XUMAYECKON

NineBny TEXHOJIOTUU Y HOBBIX MaTE€pPUAIOB, XUMUYECKUi (a-
KyapreT MI'Y

19 | lluBamze akaneMuk PAH, 1.x.H., npodeccop, Hay4YHbIN PyKO-
Acnan FOcynoBuy | Bogutens MHCTUTYTa (pU3NYECKOi XUMHUH U BJIEK-

tpoxumuu uM. A.H. ®pymkuna PAH

20 | lleBenbKkoB 1.X.H., ipodeccop, 3aBeAyroniuit kadeapoit Heopra-
Anpapen HUYECKOM XUMHH U 3aBEAYIOIINH JabopaTtopueit
Brnagumuposuy HaIPaBJICHHOTO HEOPTaHUYECKOTO CUHTE3a, XUMUYe-

ckuil pakynprer MI'Y
21 | Slmmmna Jlama 1.X.H., B.H.C., KadeJlpa HEOPTaHUIECKON XUMUH, XH-

BanepreBHa

muueckuit paxkyaprer MI'Y
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PACIIUCAHUE 3AIIIUT MATUCTEPCKHUX

KBAJIMOUKAIINMOHHBIX PABOT

2 UIOHSI (BTOPHHK)

DPUO ma- Ha3sBanmue PykoBoau- MecTo0 BbINIOJIHE-
Bpems Penensent
THCTPAHTA padoThI TeJlb HUS padoThI
11:00 - . .
11:05 Berynurenshoe cioBo Ilpencenarens ['ocygapcTBeHHOM 9Kk3aMeHAIIMOHHOW KOMUCCUU
11:05 - | CotHHuyk [Tonyuenue K.X.H., B.H.C. | Jlaboparopust HEOp- | K.X.H., B.H.C.
11:50 Creman CEerMEHTHPO- Hamonwsckmit | rannueckoro mate- | JIpickoB Hukoumaii
Biagumu- BaHHBIX MeTasl- | Kupuin pHajloBeICHU, Ka- Bukroposuu
pOBHY nndeckux HaHo- | CepreeBud (denpa neopranuue- | JlaGopaTopust uHxe-
HUTEN C TOHKOU CKOM XMMUH, XUMHU- | HEPUU MATEPUATIOB
beppomarHuT- YyecKuil pakynbTeT JUISL TBEPAOTENbHBIX
HOM IIPOCIIOii- MI'Y; ycTpoicTB, OTaen
KOH /7151 DJ1e- Jlaboparopus kuHe- | (YHKIIMOHATBHBIX Ma-
MEHTOB CBEpX- TUKU JIEKTPOAHBIX | TEPUAJIOB JUIsl XUMU-
MPOBOSIIEH MPOIIECCOB, Kaenpa | YECKMX UCTOYHUKOB
MHUKPO3JIEKTPO- AJIEKTPOXHMHUH, XU- | SHepruu, MHCTUTYT
HUKU MUYECKHH QaKyab- | IpoOieM XUMUYECKOM
tet MI'Y ¢usuku PAH
11:50 — | Ky3enkoBa | PactBopumocTh | K.X.H., c.H.C. | JlaGopaTopus n03u- | A.X.H., B.H.C.
12:35 Amnacracusi | u pu3HKO- Pomanuyk MeTpuu u paguoak- | upses Anapeit
CepreeBHa | XUMUYECKHUE AnHa TUBHOCTH OKpYXa- AnpbepToBHUY
dopmst Pu(VI) B | KOpbeBHa IOILIEH Cpeibl, Ka- JlaGopaTopust HOBBIX
BOJIHBIX PacTBO- denpa paguoxuMuu, | GUHKO-XUMHUECKUX
pax ¢ pa3Hou XUMHUYECKUi (a- npobiieM, Mucturyt
VOHHOU CHJION KyaeTeTr MI'Y (bu3nueckoit XuMuu u
ANEKTPOXUMHUHN
uM. A.H.®pymknHa
PAH
12:35 - | Acnanny- Cunres, cTpoe- | K.X.H., c.H.c. | JJaboparopust XuMuu | K.X.H., H.C.
13:20 KOB AHJIpel | HU€ U DJIEKTPO- | YTOYHHKOBA | KOOpAWHAIIMOHHBIX | MnbuueB Bacummit
Hukomnae- JIOMUHECIICH- Banentuna COEIMHEHUM, Ka- AnexkcanapoBuY
BUY 1Sl pa3HOJIH- Bnagumu- (denpa Heopranuue- | JlabopaTopus Xumuu
TaHIHBIX KOM- pOBHa CKOM XMMHH, XUMH- | PEIKO3EMETbHBIX
IIJIEKCOB €BPO- YecKuil pakyabTeT 371eMeHTOB, THCTUTYT
s ¢ 6arode- MI'y METaJIJI00praHuye-
HAHTPOJIUHOM CKOU Xxumuu uM. [ A.
PasyBaesa PAH




DPUO ma- Ha3Banmue PykoBonu- MecTo BBINOJIHE-
Bpems Penensent
THCTPaHTAa padoThI Tejb HHsA padoThI
13:20 — | Komenes CuHTes, CTpyK- | K.X.H., C.H.c. | Jlaboparopust Xumuu | K.X.H., C.H.C.
14:05 Januunn Typa U JOMH- YrTounukoBa | KoopauHauMOHHBIX | Kputuenkos Mnbs
CepreeBud | HECLICHTHBIE BanenTtnna COEIUHEHMH, Ka- CepreeBuu
CBOlicTBa KOM- | Biamumu- ¢benpa neoprannue- | Kadenpa obuieit u
miekcoB Cu(l) ¢ | poBHa; CKOM XMMUH, XUMU- | HEOPTaHUYECKOU XHU-
HOBBIMH 2- actt. 3 r/o YecKHii (haKkyIbTeT muu, UHCcTuTyT X1-
nupuauHpOC- bym Acmun | MI'Y; UnctutyT op- | Mum, CaHKT-
¢unoBbiME - | (Busch raandecko xumuu, | [lerepOyprckuii rocy-
raHjiaMu Jasmin) Texnonornueckui JTApCTBEHHBIN YHU-
uHCTUTYT Kapicpys | Bepcurer
(Institute of Organic
Chemistry, Karls-
ruhe Institute of
Technology)
14:05 — | Kynpuy Cunres, Kpu- I.X.H., mpod. | JlJaboparopus K.X.H., C.H.C.
14:50 Anekcanup | crajuinyeckas [lleBenbkoB | HampaBiieHHOTO He- | TypcuHa AHHa
Huxkomnae- CTPYKTypa u Aunnpeit OpraHMYecKoro cuH- | MnpuHuyHa
BUY MarHUTHBIE Brnagumupo- | Tesa, kadgenpa neop- | HUJI puzuxo-
CBOIiCTBa CO- BUY; TaHUYECKON XUMUH, | XUMHYECKOTO
€IMHEHUH CO acr. 3 r/o XUMUYECKUH Pa- aHaym3a, kadeapa
CTPYKTYpPOH, Xayanus KyaeTeTr MI'Y o011ei XuMuu, XUuMH-
pou3BOAHOMN OoT | PoMan YeCKUH (paKyIbTeT
AuCus, B cu- AHJIpeeBUY MI'y
cremax P3M—
Mn-Ga
14:50 — | Acnanny- Meccbay’poB- | K.X.H., HWJI simepHO- K.X.H., C.H.C.
15:35 KoBa AJiéHa | CKO€ HCCiIeno- JIOLIEHT XUMUYecKoro Mare- | Bepuenko Banepuit
AnexceeBHa | BaHUE 3apsiio- Cobones pUaNoBeeHMs, Ka- KOpreBnu
BOT'O U CIIUHO- Anekceit benpa paguoxumuu, | JlaGopaTopus
BOT'O COCTOSIHMM | BanepseBuu | xumuueckuit ¢a- HAIPABJICHHOI'O HEOP-

30H/IOBBIX aTo-
moB °'Fe B cro-
UCTBIX HUKEIa-
Tax

Lax(LiNi)o 504,
AQ2NiO2
dochune map-
raaia MnP

KynbTeT MI'Y

TFaHWMYECKOI0 CUHTE3A,
Kadenpa HeopraHuie-
CKOM XMMUH, XUMUYE-
ckuii pakynbrer MI'Y




3 uroHs (cpena)

PUO ma- Ha3sBanmue PykoBoau- MecTo0 BbINIOJIHE-

Bpems Penensent
TUCTPAHTA padoThI TeJlb HUS padoThI

11:00 — | Crapoctun | MccrnenoBanue | K.X.H., c.H.Cc. | JlabopaTopus pa- K.X.H., H.C.

11:45 Jleonup KOMILIEKCOB bopucosa nuogpapmarieBTHue- | Yoopcekuii Amutpuit
KOpreBuu JaHTaHouAoB U | Haramus CKHUX Mpenaparos, Banumosuu

aKTUHUJIOB C EBrenreBHa | Kadeapa paanoxu- HWJI oprannyeckoro
JUTaHJaMH Ha MUU, XUMUYECKUIT cuHTe3a, Kadeapa me-
OCHOBE aMHUJI0B (dakynerer MI'Y IUIIMHCKON XUMHU U
2,2°- TOHKOI'O OpraHu4e-
Drniziinhg CKOTO CUHTE3a, XUMHU-
6,6’- 4ecKuil (haKyabTeT
JTUKapOOHOBOM MI'Y

KHUCJIOTBI METO-

namu PCA u

SAMP

11:45 — | I'ypbsiHOB ®a3oBbI€ OTHO- | K.X.H., JlaGopaTtopust K.X.H., C.H.C.

12:30 KoHcran- IICHUS B OMHAp- | JOILICHT HarpaBjeHHOTO He- | DumroiT Jlapuca
THH HBIX U TPOWHBIX | YapkuH OpPraHMYECKOIo CHH- | AJIeKCaHIpOBHa
EBrensesuu | temnypunax Hu- | JAmutpui Te3a, kapenpa neop- | HWJI xumuun neopra-

kens B obnactu | OneroBuy raHUYECKON XMMHUH, | HUYECKUX KOMIIO3U-

OJIM3KOM K XUMHYecKuil a- [IMOHHBIX MaTepHa-

NizTe2 KyibeTeT MI'Y 70B, Kadenpa oomein
XUMHH, XUMHUECKUN
¢dakynprer MI'Y

12:30 — | Yaiikyn CeHcopHble Ma- | I.X.H., mpod. | Jlaboparopus KoH- K.X.H., JIOIEHT

13:15 Kcenus Tepuansl Ha oc- | MopocaHoBa | IEHTpUpPOBaHuUs, Ka- | Bacunse Poman
BukTtopoB- | HOBe KomIuiek- | Enena benpa ananutuye- bopucosuu
Ha coB xene3za(lll) | Uropesna ckoit xumuu, xumu- | Kadenpa nanomare-

JUIS olpezene-
HUS aHTHOKCH-
JAHTHOU aKTHUB-
HOCTH

4ecKuil (hakyabTeT
MI'y

puasnos, pakyabTeT
HayK O MaTepuanax
MI'V; JlabopaTtopus
XUMUH U pU3UH 10-
JyIIPOBOJHUKOBBIX U
CEHCOPHBIX MaTepua-
JI0B, Kadeapa Heopra-
HUYECKON XUMUH, XH-
MHUYECKUH QaKyIbTeT
MI'Y
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D®UO ma- Ha3Banmue PykoBoau- MecTo BBINOJIHE-
Bpems Penensent
THCTPaHTa padoThI Telb HHsA padoThI
13:15— | MsxkuieB ®dopMupoBaHUE | K.X.H., JlaGopaTopus HEOp- | K.X.H., C.H.C.
14:00 Amutpuit HAHOYACTHUII JTOTICHT ranuyeckoro mate- | CoxouoB Ilerp
Cepreesuu | e-Fe2O3 B TpycoB JIeB | puanoBeaeHusl, Ka- CepreeBuu
ME30MOpUCTHIX | ApTremMoBuY; | ¢enpa Heopranuue- | Jlaboparopus Heopra-
MaTpuLax acr. 2 r/o CKOM XMMHUH, XUMHU- | HUYECKUX TEXHOJIO-
®HM, m.H.c. | ueckuil pakynbTeT ruil, Uactutyt xumu-
I'opOaues MIy YECKUX PEAKTUBOB U
EBrenuit 0Cc000 YHCTBIX XUMHU-
AHnipeeBUY YECKUX BEILECTB,
HammonansHbiil uc-
CJIEN0BAaTEILCKUM
ueHTp "KypuaroBckuii
UHCTUTYT"
14:00 — | Yynocaii CuHres u xa- I.X.H., mpod. | Jlaboparopust «Xu- | K.X.H., C.H.C.
14:45 HOmus paKkTepuCTHKa Kistuko MUYECKUH TU3aiH [Tanuenko ITaBen
Bukropos- | OudyHkumo- Haranes OroHaHOMaTepHa- AnexcanapoBu4
Ha HajabHOU miiar- | JIbBOBHA; J0BY», Kadeapa Xu- Jlaboparopust poto-
¢dbopMbI Ha Oc- K.X.H., MHUYECKON IH3UMO- aKTUBHBIX CyIIpamMo-
HOBE HaHOYa- 3aB. 71a0. JIOTUU, XUMUYECKUN | JIEKYJISIPHBIX CUCTEM,
CTHI] MarHeTuT- | AGaKymoB ¢daxynsTer MI'Y; WNHcTuTyT 251€MEHTO-
30710TO Uit Te- | Makcum Jlaboparopus «buo- | opraHM4eCKHX COEIH-
PAaHOCTUKH OH- | ApTEeMOBUY | MEAMLIMHCKUE HAHO- | HEHUU UM.
KOJIOTHUYECKUX Marepuanib», Hanu- | A. H. HecmesinoBa
3a00JieBaHU OHaJNbHBIN uccneno- | PAH
BaTEJIbCKUI TEXHO-
JIOTUYECKHUN YHU-
BepcuteT «MUCuCy
4 u1oHs (4eTBEpr)
D®UO ma- Ha3zBanue PykoBoau- MecTo BBINOJIHE-
Bpems Penensent
THCTPAHTA padoThI TeJb HHs padoThI
11:00 — | ITonoBa Cunres, cTpyk- | A.X.H., B.H.c. | Jlaboparopus cuH- K.X.H., C.H.C.
11:45 Enena Typa u cBolicTBa | EropeimieBa | Te3a ¢pyHKIMOHamb- | Promun Muxann
@denopoBHA | HOBBIX BBICOKO- | AHHa Bina- HBIX MaTepUaloB U | AJIEKCaHIPOBHY
TEMIEPATYpHBbIX | IUMUPOBHA; | mepepaboTku MuHe- | JlaGopaTopus Tepmu-
COEIMHEHUN K.X.H, paJIbHOTO CHIPbS, YECKOr0 aHajau3a u
Lnz(Fe/Cr)TaOy, | 3aB. 1ab. WNHucTuTyT OOIIECH 1 | KAIOPUMETPHH,
rae Ln= P35 bapaHuukoB | HEOpraHUYECKOMN Wuctutyt oOmieit u
ny Anexkcannap xumun um. H.C. HEOPraHUYECKOU XU-
EsrenbeBuu | Kypnakosa PAH muu um. H.C. Kypna-

koBa PAH
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DPUO ma- Ha3Banmue PykoBonu- MecTo BBINOJIHE-
Bpems Penensent
THCTPaHTa padoThI Tejb HHS padoThI
11:45 — | Ky3oBunu- [Ipumenenue I.T.H., B.H.c. | Jlaboparopust xumu- | K.(.-M.H., IOIEHT,
12:30 koB CemeH | craructudecko- | bemoB ['me® | weckoit tepmonuHa- | 3aB. J1a0.
BanepreBuu | ro moaxona npu | ButanbeBuu | muku, kadeapa pu- | Mopo3zos Urops
MIOCTPOCHUHU 3UYECKON XUMUH, Brnagumuposuu
TEPMOJIMHAMU- XUMUYECKHUH (a- JlaGopaTopus Nel.6. -
YEeCKUX MOJeei Kynbrer MI'Y Teropu3nIecKux 6a3
CILIaBOB, CO- nanHbIx (TepmoneHTp
JepKaImx um. B.IL. I'nymiko),
AITFOMUHUN O0BeIMHEHHBIH
WHCTUTYT BBICOKUX
temnepatyp PAH
12:30 — | KaiimoHoB | OCTEOKOHTYK- K.T.H., c.H.C. | Jlaboparopust Heop- | K.T.H., TOIICHT
13:15 Makcum TUBHBINA Kommio- | CadpoHOBa | raHMYECKOro mMaTe- | MakapoB Anekcei
PycnanoBuu | 3unmoHHslii Ma- | TaTesHa pHajloBeIeHU, Ka- Biiagumuposug
Tepuan B cucte- | BukropoBHa | deapa Heopranuue- | Kadenpa oOmieit Tex-
me Na,0-CaO- CKOM XMMHU, XUMH- | HOJIOTUH CHJIMKATOB,
Si02-P20s5 nst 4yeckuil pakynbTeT Poccuiickuit XuMuko-
peresepanuu MIy TEXHOJOTHYECKUI
KOCTHOU TKaHU YHHUBEPCUTET UMEHU
J.N. Menneneena
13:15— | IIpeobpa- I'uaporenu Ha K.X.H., JlaGopaTopus Heop- | K.(p.-M.H., TOLIEHT
14:00 KEHCKHU OCHOBE aKpu- JOLEHT ranudeckoro mare- | Kapnymkun EBrennii
Wnbs naTtHbIX pous- | [lyTises pHaloBEICHUS, Ka- AJexcaHaApoBUY
WNBaHoBu4 | BOJHBIX MOJIH- Banepuit denpa neoprannue- | Kadenpa komronaHoi
STUJICHINIUKONS, | MIBaHOBHY; CKOM XMMUU, XUMHU- | XUMUU, XUMAYECKUHN
HaIOJIHEHHbIE acr. 2 r/o 4ecKuid (haKyabTeT ¢dakynsTer MI'Y
CIIOUCTBIMU TuxoHoB MI'Y; Kadenpa
docharamu AHnpen MEXIUCLIUIIINHAP-
KaJbIus, IS AJekcaHApo- | HOro MaTepuanoBe-
perexnepanumn BHY neHus, PaKyabTeT
KOCTHOU TKaHU HayK O MaTepuantax
MI'Y
14:00 — | MusbkuH Kepamunueckue | K.X.H., JlaGoparopus HEOp- | K.T.H., H.C.
14:45 [TaBen OMOKOMMO3UTHI | JOIICHT ranudyeckoro mare- | ['ompa6epr
AnekceeBud | B CHCTEME [Tytnsies pHaoBeICHUS, Ka- Maprapura
MgNaPO4 — Banepuii (denpa Heopranuue- | AneKcaHIpOBHA
Mgz(POa4)2 HBanoBuu cKoil xumuu, xumu- | Jlabopatopus #20
YeCKUM PaKyIbTeT Kommo3unmoHHbIx

MI'Y; Kadenpa
MEXIUCLIUTIIINHAP-
HOT'0 MaTepHaIoBe-
neHusi, paKyabTeT

HayK O Marepuanzax
MI'Y

KEpaMUYECKHUX Mare-
puanos, MactuTyT
METaUIypruy U Mate-
pUanoBeCHUS UMEHU
A.A. baiixoBa PAH

12




DPUO ma- Ha3Banmue PykoBonu- MecTo BBINOJIHE-
Bpems Penensent
THCTPaHTa padoThI Tejb HHS padoThI
14:45 — | T'opneesa ®dopmupoBaHHUE | K.X.H., H.C. JlaGopaTopus HEOp- | K.X.H., IOIIEHT
15:30 Enena MHOTOCHIOMHBIX | PocisikoB ranuyeckoro mate- | KoueroBa Hanexna
OneroBHa CTpYKTYp Ha He- | Wnbsa Bna- pUalioBeIeHUs, Ka- AJlekcaHIpOBHA
CylIell OCHOBE auMupoBuY; | ¢eapa neoprannde- | Kadenpa gpusmueckoii
U3 aHOJHOTO K.X.H., B.H.C. | CKOM XMMHUH, XUMH- | U HEOPraHUYECKON
okcuja amomu- | Hamonbekuii | yeckuit paxynabTeT xumun, MHCTUTYT
HUSL U1 Cpel- Kupunn MIy €CTECTBEHHBIX HAYK U
HetemnepaTyp- | CepreeBuu MaTeMaTHKH, Y pajb-
HBIX TBEPIOOK- CKH (eaepaabHbIN
CUJIHBIX TOTI- YHUBEPCUTET UMEHU
JIMBHBIX 3JI€- nepsoro IIpesnnenra
MEHTOB Poccun b.H. Enpuinna
5 uioHs (MATHUILA)
DPUO ma- Ha3sBanmue PykoBoau- MecTo0 BbINOJIHE-
Bpems Penenzent
TUCTPAHTA padoThI TeJlb HHs1 padoThI
11:00 — | besyrnos TBepabie monu- | K.X.H., C.H.c. | Jlaboparopust Heop- | K.(p.-M.H., C.H.C.
11:45 Nnbs Anek- | MepHBIC dJIEK- Htkuc raaudeckoro mare- | KonapareHnko
CaHJpPOBHY | TPOJIUTHI Ha oc- | JlaHuun pUaNoBeeHMs, Ka- Muxaun CepreeBuy
HOBE MONMMATU- | MuxaiitnoBuy | ¢eapa Heoprannde- | Kadenpa dbusuku no-
JICHOKCH 1A JJIs1 CKOH XMMUU, XUMHU- | JIUMEPOB U KpUCTaI-
JIUTUEBBIX aK- 4yecKuil pakynbTeT JI0B, pu3HUecKui da-
KyMYJIATOPOB MI'Y KynbTeT MI'Y
11:45 — | Apxunux TepmoauHamu- | K.X.H., Jlaboparopus XUMH- | K.X.H., JJOLIEHT
12:30 AHaTtonun yeckasi MoJelb JIOIIEHT yecko TepmoauHa- | [lerpoB Baagumup
CepreeBuu | 3KCTpaKIIMOH- KoBasienko MUKH, Kapenpa pu- | ['enHHagueBny
HOU CHCTEMBI Huxwura 3UYECKOU XUMUH, Jlaboparopus no3u-
BOJla — a30THasA | AHJIpeeBUY XUMHUYECKU (a- METPUU U PATUOAK-
KHCJIOTAa — HUT- KynsTeT MI'Y THUBHOCTHU OKpYXKaro-
paT JlaHTaHa — e cpenpl, kaenpa
nu-(2- PaaOXUMUH, XUMHU-
ATHIITEK- YecKuil paKyabTeT
cui)pochopHas MI'Y
KHCII0Ta — O-
KCHJION
12:30 — | Hecrepos TepmonuHamu- | K.X.H., J10- JlaGopaTopust XUMHU- | K.X.H., pyKOBOJHUTEIb
13:15 Anexcanap | 4eckue CBOH- LEHT YECKOW TEPMOJUHA- | MPOEKTOB JUPEKIINH
Biagumu- ctBa 1 (azossle | KoBanenko MUKH, Kaenpa pu- | 1o pa3BUTHIO
poBHY paBHOBECUS B Huxura 3U4ECKON XUMHUH, Hrymuos Ceprei
cucreme HoO- AHJIpeeBUY; | XUMHYECKUH (a- Huxonaesny,
H2S04-K2SOs- | k.X.H., H.C. KynereT MI'Y AO «OXK
CaSO0O4 benosa «YPAJIIXUM»
Exkarepuna
BacuibeBHa
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DPUO ma- Ha3Banmue PykoBonu- MecTo BBINOJIHE-
Bpems Penensent
THCTPaHTa padoThI Tejb HHsA padoThI
13:15 — | KonecuHu- JIroMuHECIIEHT- | K.X.H., Kadenpa nanomare- | K.X.H., C.H.C.
14:00 koB EdbuM | HBIe MaTepuansl | JOIECHT puanos, ¢pakynerer | Jopodeer Cepreit
AHJpeeBUY | HA OCHOBE HO- I'puropreBa | Hayk o Marepuanax | ['eHHagueBuu
JIOKyIIpaToB 1ie- | AHacracus MIy JlaGopaTopus XuMuu
3usl BanumoBHa 1 GU3UKH MOIYTIPO-
BOJIHUKOBBIX U CEH-
COpHBIX MaTEepHUAJIOB,
Kadeapa Heopranuye-
CKOM XMMUU, XUMUYe-
ckuit paxkynprer MI'Y
14:00 — | CagunoB MemOpaHHbIe K.X.H., cC.H.c. | JlaBoparopusi HEOp- | K.X.H., CT. Iperl.
14:45 Nnes Martepuansl, 00- | I[leryxos raaudeckoro mare- | benoycos IOpwuit
CepreeBuu | najaromnue JAmutpuit puanoBencHUs, Ka- AnexcanapoBuy
COpOIIMOHHOM Uropesuu (denpa neopranuue- | JlabopaTopusi XuMHUH
CEJIEKTUBHO- CKOM XMMHUH, XUMH- | U (QU3UKH ITOIYIIPO-
CTBIO, HA OCHOBE 4yeckuil pakynbTeT BOJIHUKOBBIX U CEH-
HAHOJIUCTOB C MI'Y COPHBIX MAaTEPUAJIOB,
MOAUPHUIIAPO- kadeapa HeopraHuye-
BAaHHOU ITOBEPX- CKOW XMMUH, XUMHUYE-
HOCTBIO ckuii pakynprer MI'Y
15:00 - [TonBeneHue UTOroB
15:30

14




AHHOTAIUU MATUCTEPCKHUX
KBAJIMOUKAIINMOHHBIX PABOT

IMonyyeHne cerMeHTUPOBAHHBIX METALIMNYECKUX HAHOHUTEH €
TOHKOHU ()epPOMATHUTHOM MPOCJTOUKON JIl IJIEMEHTOB
CBEPXIIPOBOASALIEH MUKPO3JIEKTPOHUKHU

Comnuyyk C.B.

PykoBoauTens: K.X.H., B.H.c. Hamonbckuii K.C.

OnHoil U3 npobGiieM B 00JIACTH COBPEMEHHOM MHKPOAJIEKTPOHUKH SIBJISETCS BBICOKOE
TEIUIOBBIICJICHUE B y3J1aX IOJIYIPOBOJAHHUKOBBIX CTPYKTYp. IIpuBiekaTeiabHbIM MOIXOIO0M,
HO3BOJISIOIIMM MUHUMM3HPOBATh JAHHBIM A(QQEKT, SBIAETCS CO3JaHUE CBEPXIPOBOISIINX
JIOTUYECKHUX AJIIEMEHTOB, B OCHOBE KOTOPBIX JIEKAT CBOMCTBA CIA0BIX CBs3eHl (03e()COHOB-
CKUX InepexojioB). B nanHoil pabote npennaraercs co3aaBaTh AKO3€(PCOHOBCKHE MEPEXO]IbI
HAa OCHOBE EIMHMYHBIX CErMEHTHPOBAHHBIX METANIMYECKUX HAHOHUTEH, COCTOSLIMX W3
Y4aCTKOB HOPMAJILHOTO MeTajlyla U TOHKHMX HIpociioek (eppomarHeTuka. Takass reomerpus
ABJIIETCS. HOBOM M, B CPABHEHUU C TPAJAULIIMOHHBIMU TEXHOJOTUSMU HANBLICHUS, MO3BOJISET
CYILIECTBEHHO MUHUMU3HUPOBATH JIaTEPAJIbHBIE Pa3MEPBl CBEPXIPOBOIALINX CTPYKTYP.

Lenpto manHOW pabOTHI SBISETCS Pa3pabOTKa METOIMKH MOMYyYCHHS eIUHUYHBIX Cer-
MEHTHPOBAHHBIX HAaHOHUTEHW C TOHKOH (heppOMarHUTHOW MPOCIOMKON MpPH HOMOIIU TEM-
IUTATHOTO 3JIEKTPOOCAXKIEHUS, MPUTOAHBIX JUIsI CO3JaHUsl Ha UX OCHOBE JJIEMEHTOB CBEpX-
IIPOBOASILEN MUKPOIIEKTPOHUKH.

B kauecTBe TeMIUIaToOB A MOJIYYEHHUsS] HAHOHUTEH MCIOJIb30BaHbl IOPUCTHIE IIIEHKU
aHogHoro okcuja amoMunus (AOA), CHHTe3UpOBaHHbIE IPU MOMOILIH JABYXCTaJAUHHOIO aHO-
mupoBanus B 0,3 M HoSO4 ipu 25 B u 0,3 M H2C204 ipu 40 B. DniektpoocakieHue MeTall-
708 (Au, Co, Au/Ni) oCyIIeCTBISUIA B MOTEHIIMOCTATHYECKOM PEKUME U3 DJICKTPOIHUTOB, CO-
JIEpKallMX MOHBI COOTBETCTBYIOIIMX METAJJIOB. [l MOIy4eHHs] CErMEHTHPOBAHHBIX HAHO-
HUTEeH Au/Ni HCHOIb30BaTM POOOTU3UPOBAHHYIO AJIEKTPOXUMHUYECKYIO YCTaHOBKY. V3Bnede-
Hue HaHoHuTe n3 marpuisl AOA npoBoaunu B 1,25 M pactBope NaOH ¢ no6asnenuem 4
r/n nonuBuHUANUpPpoauaoHa. TokonoaBomsie ND KOHTaKkThI K €AMHUYHBIM HAHOHHTSIM,
BbICAKEHHBIM Ha Si/SiOx MOIUIOKKY METOJOM LEHTpU(YTrHpOBaHUsl, OBUIM M3TOTOBICHBI C
MOMOIIBIO AJIEKTPOHHOH JTUTOrpav U MarHETPOHHOTO HaIbUICHUS.

B xoxe pa0®oTbl ObUIM CHHTE3MpPOBAHBl MACCHUBBI OJHOPOJHBIX IO pa3Mepy aHU30-
TPOIHBIX HAHOCTPYKTYp Ha ocHoBe Au, Co u Ni ¢ auametpom 30-70 HM 1 AIHHOH 110 20 MKM.
Hcnonp3oBaHne poOOTU3MPOBAHHON AJIEKTPOXMMHUYECKOW YCTAHOBKH IO3BOJIMIIO TMOJYYHUTh
CEerMEHTUPOBAaHHbIE HAHOHUTH C TOHKOW (peppoMarHUTHOM npocioiikoit Tonmmuoi 10-30 HM
U y3KUM pacIpe/ieIeHUEM CETMEHTOB M0 JJMHaM. BrIOpaHHbIE YCIOBUS 3JEKTPOOCAKICHUS
OPUBOAAT K (DOPMUPOBAHHIO HAHOHUTEH C SPKO BBIPAXKEHHOM TEKCTYpOH, UYTO CBUIETENb-
CTBYET 00 MX MPEHMYIIECTBEHHO MOHOKPHUCTAJUIMUECKON CTpyKType. JlobaBienue ctabuiu-
3aTopa MOJUBUHWINMPPOIUIOHA B MPOLIECCE CEIEKTUBHOIO pacTBopeHus Marpuubl AAO B
pacTBOpe ILIENOYM IMO3BOJSIET M30ekaTh arperaliid HAHOHUTEW W MOJy4YUTh JAJUHHBIE €1U-
HUYHbIE HAHOHWUTH, IIPUTOJHBIE AJI TPAHCIOPTHBIX M3MEpEeHMH. TpaHCIIOPTHBIE U3MEPEHUS
Obu1M mpoBenieHbl pu TemmnepaTtype 1,2 K. B cnyuae Co HaHOHMTEH KPUTUYECKUH TOK HE
HaOroascs qaxke A JUIMHBI ciaaboii cBs3u MeHee 200 um. Hampotus, s HaHOHUTEH AU
nuaMeTpoM 60 HM MPU YMEHBIICHUH JUTUHBI cl1aboi cBs3u oT 550 go 180 HM 3HaueHUs KpH-
TUYECKOro TOKa yBenuunparoTcs B 10 pas: ot 2 no 23 MkA. Kpurnueckas temneparypa npu
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sTOM Bo3pacTaer ot 1,2 o 5 K. B npucyrctBun cermenta Ni TOJIIIUHON ~ 7 HM B CTPYKTYpe
Nb/Au/Ni/Au/Nb kputrueckuii Tok coctaBisieT 0,85 MKA.

PazpabotanHas METOMKa OTKPHIBAET HOBBIE MEPCIIEKTUBBI U3TOTOBICHUS HKO3e(CO-

HOBCKHX II€PEX0/I0B HA OCHOBE KaK MOHOMETAJNINYECKHX, TAK U CETMEHTUPOBAHHBIX HAHOHU-
T€i, KOTOpble MOTYT OBITH HCIIOJNIB30BAaHBI B CBEPXIPOBOMAIICH KBAHTOBOHW AIIEKTPOHHKE.
Brniepsrie chopmupoBanbl SFS KOHTAaKTHI HA OCHOBE €IMHUYHBIX HAHOHUTEH.
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Preparation of segmented metallic nanowires with a thin
ferromagnetic layer for superconducting microelectronics
components

Sotnichuk S.V.
Supervisor: PhD in Chemistry, Principal Research Scientist Napolskii K.S.

One of the problems in modern microelectronics is the high heat release in the nodes
of semiconductor structures. An attractive approach to minimize this effect is the creation of
superconducting logic elements based on the properties of weak links (Josephson junctions).
Here, we propose to create Josephson junctions based on multilayer metallic nanowires con-
taining segments of normal metal and thin layers of ferromagnetic material. This geometry is
novel and, compared with traditional sputtering techniques, can significantly minimize the
lateral dimensions of superconducting structures.

The aim of this work is to apply a templated electrodeposition technique for producing
segmented nanowires with a thin ferromagnetic layer as components of superconducting mi-
croelectronics.

Nanowires were fabricated via templated electrodeposition using anodic aluminium
oxide (AAO) films as porous templates. The AAO films were formed by two-step anodization
technique in 0.3 M H2SO4 and 0.3 M H2C,04 at constant voltages of 25 and 40 V, respective-
ly. The electrodeposition of metals (Au, Co, Au/Ni) was carried out at room temperature un-
der potentiostatic mode from an electrolyte containing corresponding metal ions. To obtain
segmented Au/Ni nanowires, a robotic electrochemical setup was used. The extraction of
nanowires from the AAO template was carried out in a 1.25 M NaOH solution with the addi-
tion of 4 g/L polyvinylpyrrolidone (PVP). Single nanowires were deposited on Si/SiOy sub-
strates by spin-coating. Finally, Nb planar electrodes were fabricated to the individual nan-
owires using electron lithography and magnetron sputtering.

In this work, we obtain arrays of anisotropic nanowires based on Au, Co, and Ni with
a diameter of 30-70 nm and a length of up to 20 um. The use of a robotic electrochemical
setup allows us to fabricate segmented nanowires with thin ferromagnetic layers, which have
a thickness of 10-30 nm and narrow distribution of segments along the lengths. The selected
electrodeposition conditions led to the formation of highly texturized nanowires, which indi-
cates their predominantly single-crystal structure. The addition of PVP stabilizer during the
selective dissolution of the AAO template in an alkali solution allows one to avoid aggrega-
tion of nanowires and to obtain long single nanowires suitable for transport measurements. In
the case of Co nanowires, a critical current was not observed even for a weak link length of
less than 200 nm. For Au monometallic nanowires with a diameter of 60 nm, a decrease in
weak link length from 550 to 180 nm led to the increase in critical current values from 2 to 23
pA (at T = 1.2 K). In the presence of a ~7 nm thick Ni segment in the Nb/Au/Ni/Au/Nb struc-
ture, a critical current was 0.85 pA.
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The developed technique opens the door to multiple opportunities for the fabrication
of Josephson junctions based on both monometallic and segmented nanowires, which can be
used in superconducting quantum electronics. For the first time, SFS contacts based on single
nanowires were made.

PacTBopuMoOCTh U puzuko-xumudeckue popmol Pu(VI) B BogHbIX
pacTBopax ¢ pa3sHoOil HOHHOW CUJIOU

Kysenxoea A.C.

PykoBoauTeb: K.X.H., ¢.H.c. Pomanuyk A.1O.

IIpu cozmaHuM Ha/leKHBIX YHKTOB TJTyOMHHOT'O 3aXOPOHEHMS PaJUOAKTUBHBIX OTXO-
noB (PAO) Heo6xoaumMo obecriednTh UX 0€30MacHOCTh HAa COTHU Thicay JeT. Mnpopmarms o
pPacTBOPUMOCTH M OOpa30BaHUU PA3IMUHBIX (PU3MKO-XMMUYECKUX (OPM PaJUMOHYKIHUIOB B
BOJIHBIX PAaCcTBOpaXx KpaifHe BakKHA JUISI MOJCIMPOBAHUS BO3ZMOXKHOTO 3arpsi3HeHus1. [1ockob-
Ky npu 3axopoHeHuun PAO mnpenmnosnaraercs HCIOJIb30BaHUE IIEMEHTHBIX MaTepHallOB, UX
KOPPO3HS MPH MOCTYIUIEHUH BOJIBI MOXKET MPUBECTH K 00Pa30BAHUIO MIETIOYHBIX PACTBOPOB C
npeobiaganreMm B cocraBe NaCl, CaCl, u MgCl, B Gmmkneii 3one xpanuwiuil. B mganpHei
30HE COCTaB MPHUPOJIHBIX BOJ, B TOM YHCIIC HAJMUMEe KapOOHAT MOHA, MOKET OKa3bIBaTh 3HA-
YUTENbHOE BIUSHUE HAa (OPMBI PAJUOHYKINAOB. B ycrnoBusax okpyskarolieil cpepl INTyTOHUH
MOXET MPUCYTCTBOBATh B ueThIpEXx crenensx okucienus: Pu(lll), Pu(lV), Pu(V) u Pu(VI),
npuYéM XMMHUYECKOE MOBEJIECHUE B KaXIOM M3 HUX OTIMyaercsa. B nmuteparype noctaTo4HO
nopoOHo n3ydyeHa pactBopumocts PUO2. OHako, 0 CHX OP OTCYTCTBYIOT AaHHBIE MO pac-
TBOPUMOCTH IUIYTOHHS B IPYTUX CTEMCHIX OKHCcIeHus, ocodoerno Pu(V) u Pu(Vl).

Lenpto naHHOM PabOTHI SABISETCS ONpeeNieHre PU3UKO-XUMUYECKHX (POPM U PaCTBO-
pumoctu Pu(VI) B BOOHBIX pacTBOpax ¢ pa3HOW MOHHOM CHIIOW. BbLIM MOCTaBJICHBI ClICAYIO-
e 3aaauyn: cuHTe3 TBEPABIX (a3 cocraBa NaPu,07-2H20 u CapsPuO2(0OH)3-H20 ¢ mocie-
IyIoIlel XapakTepu3alueil ux meTrogamu peHTreHogaszoBoro anamuza (PDA), pacrposoit
3NeKTpoHHON MuKpockonuu (POM), tepmorpaBumerpun (TI'A) u crieKTpoMeTpuHn peHTre-
HoBckoro norsomeHust (XANES, EXAFS); uzyuenne nporecca pacTBOpEHHs MOTYyYSHHBIX
ob6pasio B pactBopax NaCl (0,5M; 2,5M; 5M) u CaClz (0,25M; 2M) ¢ oaHOBpeMEeHHOM Xa-
pakTepusaiuen Kak BOJHOM, Tak TBEpOH (a3; TEPMOJIUHAMHYECKOE OMUCAHUE TIOYYEHHBIX
JIAHHBIX 110 PACTBOPUMOCTH; YCTAaHOBIICHUE MPOLIECCOB, MPOUCXOIANIHX B pacTBopax Pu(VI) ¢
koruenTparumeii 1-10*M B muanmazone pH ot 2 10 12; nccienoBanye (GU3HKO-XUMHUECKUX
dopm Pu(VI) B Boausix pactBopax u pactBopax 0,5M NaCl meronom criektpodoromerpuu B
BUIMMOM JHaIia3oHe.

beutn cunTe3upoBansl TBEpAbIE Gazbl Na:Pu207-2H20 u CapsPuO2(OH)s-H20, cocra-
BBl KOTOPBIX OBUTM TMOJNTBEPXKACHBI METOJaMH, YKa3aHHBIMH BhIIIE. PacTBOpHMOCTH
NazPu207-2H20 u3yuanack B pactBopax NaCl, rae npu moMoIi# KUIKOCTHOW IKCTPAKIHH U
cnekTpodoToMeTpun ObIIO BBISBIEHO, YTO Ipu PHM>11 B mporiecce pacTBOpeHUs: cTaOUIIH-
supyercst PUO2(OH)4*B pactope, nmpn pHM<11 — PuO2(OH)s™ (B ciyuae SM NaCl) mm6o
omuromepusie popmbl Pu(VI1)-OH (B pactBopax 0,5M u 2,5M NaCl). PactBopumocTtb
CaosPuO2(OH)3-H20 usyuanacs B pactBopax CaClz. B 0,25M CaCl, npu pHmM>10,5 nabito-
naercs npucyrctue B pactsope PUO2(OH)s%, B ocTaibHBIX CIyYasX JOMUHUPYIOIUME (U-
3UKO-XUMHUYECKUMHU Gopmamu siBisuiuchk onuromepbl Pu(VI1)-OH. Tpu 10<pHm<11,5 B ciy-
gae NaPu207-2H20, u 8,5<pHm<10 B cnyyae CaosPuO2(OH)3-H20 nabiromanocs n3MeHe-
HUe (¢a3oBoro cocraBa TBEPAOW (a3bl BCIEACTBHE TNPOTEKAHUS  OKUCIUTEIBHO-
BOCCTAaHOBUTEIIFHBIX PEaKIUii. BhT0 MPOBEIEHO TEPMOIMHAMHUYECKOE MOJEIUPOBAHHE I10-
JTY4YEHHBIX JTaHHBIX.
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[ToBenenue pactBopoB Pu(VI1) mpu pH 2 - 12 uccienoBanock ¢ moMoIIbio criekTpodo-

TOMETPHUH U KUAKOCTHOU IKCTpPaAKIHMH. BBIIO Takke ycTaHOBIEHO 0Opa3oBaHue TBEPIOH (Pa-
3Bl B CHCTEMaxX, MPUYEeM KHHETHKa mporiecca 3aBucut ot pH. Ilpu pH > 6 xomuuecTBeHHOE
OCXKJICHHUE IUTYTOHMS TTporucxoaut 3a ~100 nuel, a npu pH ~ 2 mIyToHui B pacTBOpe cTaObu-
JieH B TeueHue kak MUHUMYM 350 mHeil. Xapaktepusanus oOpa3oBaBiielics TBEPIOW (asbl
obu1a ipoBeieHa ¢ moMoIsio POA, XANES u EXAFS. Ilpu nomoiu criektpooToMETpUn B
BUJUMOM JMANa30HE OBbLUT NMPOBEACH CHCTEMATHYCCKHA aHAIN3 PAa3IMYHBIX THUIPOTH3HBIX
dopm Pu(VI) B mmpoxom nuanazone pH. Pe3ynbTaThl MOATBEPIUIN MPEAMTOIOKEHHS 00 00-
pa30BaHUM HECKOJBKUX TUMEPOB WIM TPUMEPOB B AuarazoHe S<pH<I3.
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Solubility and speciation of Pu(V1) in water solutions
with different ionic strength

Kuzenkova A.S.

Supervisor: Ph.D., Senior Scientist Romanchuk A.Yu.

It is necessary to ensure the safety of underground repositories for hundreds of thou-
sands years for creating reliable sites for nuclear waste disposal. Information about solubility
and speciation of radionuclides in aqueous solutions is extremely important for the modeling
of possible contamination. Cement materials are supposed to be used for nuclear waste dis-
posal, that is why its corrosion upon water intrusion can lead to the formation of alkaline solu-
tions with a predominance of NaCl, CaCl, and MgCl> in the near-field of repositories. The
composition of environmental solutions with the presence of carbonate ions, can make a sig-
nificant effect on the speciation of radionuclides in the far-field. Plutonium can exist in four
oxidation states under environmental conditions: Pu(lll), Pu(lV), Pu(V) and Pu(VI), and the
chemical behavior of each of them is different. The solubility of PuO2 has been studied in
great depth in the literature. However, there are still no data on the solubility of plutonium in
other oxidation states, especially for Pu(V) and Pu(V1).

The aim of this work is to determine the speciation and solubility of Pu(VI) in aqueous
solutions with different ionic strengths. The following tasks were set: the synthesis of solid
phases with the composition NaxPu207-2H.0 and CagsPuO2(OH)3-H20 followed by charac-
terization by X-ray diffraction (XRD), scanning electron microscopy (SEM), thermogravime-
try (TGA) and X-ray absorption spectrometry (XANES , EXAFS); studying of the solubility
process of synthesized samples in NaCl solutions (0.5M; 2.5M; 5M) and CaCl> solutions
(0.25M; 2M) with the characterization of both aqueous and solid phases; thermodynamic de-
scription of the obtained solubility data; the establishment of processes occurring in Pu(V1)
solutions with a concentration of 1-10*M in the pH range from 2 to 12; the study of the speci-
ation of Pu(V1) in aqueous solutions and 0.5 M NaCl solutions by spectrophotometry in the
visible range.

The solid phases Na:Pu.07-2H.0O and CaosPuO2(OH)s-H20 were synthesized, their
compositions were confirmed by the methods mentioned above. The solubility of
Na2Pu207-2H20 was studied in NaCl solutions, where it was found with liquid extraction and
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spectrophotometry that, at pHm > 11, PuO2(OH)4?* is the stable Pu(VI) speciation in solution
during solubility process, and at pHm < 11 - PuO2(OH)s™ (in 5M NaCl) or oligomeric species
Pu(VI1)-OH (in 0.5M and 2.5M NacCl solutions) are stable during solubility process. The solu-
bility of CapsPuO2(OH)3-H20 was studied in CaCl, solutions. In 0.25 M CaCl; at pHm >
10.5, the presence of PuO2(OH)4> in the solution was observed; in other cases, the dominant
speciation were Pu(VI)-OH oligomers. Solid phase reformation was observed at 10 < pHm <
11.5 for Na2Pu207-2H,0 and 8.5 < pHm < 10 for CaosPuO2(0OH)3-H20 due to redox reactions.
Thermodynamic modeling of the obtained data was carried out.

The behavior of Pu(VI) solutions at pH 2 - 12 was studied with spectrophotometry and
liquid extraction. The formation of the solid phase in systems was also established, but the
kinetics of the process depends on pH. It was found that at pH > 6, quantitative precipitation
of plutonium occurs in ~100 days, and at pH =~ 2, plutonium in solution is stable for at least
350 days. The characterization of the formed solid phases was carried out using XRD,
XANES and EXAFS. It was made a systematic analysis of various hydrolysis species of
Pu(V1) in a wide pH range with spectrophotometry in the visible range. The results confirmed
the assumption of the formation of several dimers or trimers in the range of 5 <pH < 13.

CuHTe3, cCTPOEHNE U IJIEKTPOJIOMUHECHEHIIUS PA3HOJIUTAHTHBIX
KOMILJIEKCOB eBpPOonusi ¢ 0aT0eHAHTPOJITHUHOM

Acnanoykos A.H.

PykoBojuTensb: A.X.H., C.H.C. YTOUuHHKOBa B.B.

B nHacrosiiiee Bpemsi CTpEMUTENBHO Pa3BUBAIOTCS OPraHUYECKUE CBETOU3Iydarollne
muonel (OLED). [yns noctmxkenust BEICOKOH dncToThl cBeta B OLED HeoOxoauMbl MaTepua-
Jbl C Y3KHMH 3MUCCHOHHBIMHU IIOJIOCAMH, B CBSI3U C 3TMUM KOOPAMHAIIMOHHBIE COEIMHEHMS
(KC) nanTtaHmaoB ¢ OpraHMYECKMMH JIMTAHIAMHU SIBJSIFOTCS MEPCIIEKTUBHBIMUA AIMHTTEPAMHU
s OLED. Xapakrtepuctuku koneuHoro OLED-yctpoiicTBa, mpexae Bcero, 3aBHCAT OT
CBOWCTB SMHCCHOHHOTO MaTepHaja: KBAaHTOBOT'O BBIXOJAa (DOTOIFOMHHECHEHIINH, BPEMEHU
AKHU3HU BO30YKJIEHHOTO COCTOSTHUSI, MOJBM)KHOCTU HOCHTEJEH 3apsjia, SHEPIUU TPaHUYHbBIX
opbutaneii u MopdoJOrHH 00pa3zyeMbIX TOHKHX TUICHOK. [1o3TOMy &Sl TOTEHIMAaIbHBIX
sMUTTEPOB Ha ocHOoBe KC naHTaHMIOB OCOOEHHO aKTyaJbHOM 3a/aueil sIBJISETCS BBIIBICHUE
B3aUMOCBSI3M COCTaB — CTPYKTypa — (PU3UKO-XUMHYECKHUE CBOMCTBA — 3 (DEKTUBHOCTD IJICK-
TPOJIFOMUHECIICHIIUH.

B kauecTBe 00BEKTOB HcCiIeI0BaHUS BEIOpaHbl Pa3HOJIUTAH]IHbIE KOMILJIEKCHI €BPOIHS
¢ Garopenantponurom (Bphen), mockonbky oH 3()(GEKTHBHO CEHCHOWIU3HPYET JIFOMHHEC-
[ICHIIMI0 WOHA €BPONUS M MOXKET MPUBECTH K POCTY MOJBMKHOCTH DJIEKTPOHOB B aKTHUBHOM
cioe OLED. B kauectBe aHMOHHBIX auranioB (L) BeIOMpanyu coeqMHEHUs pa3IuyHbIX Kiac-
COB: apoMaTHYeCKHe U anrdaTuueckie KapOOHOBbIE KUCIOTHI, B-mukeTonsl (Puc. 1). Heabio
JAAHHOH PadoThl CTANO0 M3y4YeHHUE BIMSHUS NPUPOABI AHHOHHOTO JIMTaHAa B COCTaBE Pa3HO-
JIMTaHIHBIX KOMITJIEKCOB eBporHs ¢ 0aToeHaHTPOTMHOM Ha (HU3UKO-XUMHUYECKHAE CBOHCTBA
stux KC u, kak pesynbrat, Ha Xapakrepuctuku OLED Ha ux ocHoBe.

Ccoo" ¢oo o 0
Fr F coo- (ofole} o o)
- P e
F F \ &
F
mfb pfb” oac piv- acac’ tta”

Puc. 1. AHMOHHBIE TUTAHIbI, HCTIOIB3yeMbIE B paboTe.
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IMopomku Eu(L)3(Bphen) (L = mfb", pfb", oac’, piv, tta’, acac’) ObLIM CHHTE3UPOBaHBI
U 0XapaKTEePH30BaHBI TI0 COBOKYITHOCTH JaHHBIX MOPOIIKOBOW PEHTICHOBCKOW JU(PaKIHH,
Tepmuueckoro aHanusa, ‘H SIMP cnekrpockoruu. 1o JaHHBIM PEHTTEHOCTPYKTYPHOTO aHa-
JaW3a BCE HCCIEAyeMble KapOOKCHJIAThl HMEIOT JUMEPHOE CTPOCHHE, a [-IUKEeTOHAT
Eu(acac)z(Bphen) — monomepHoe. Bce koMIuiekchl 00J1aal0T HHTCHCUBHOW MOHHOM JIFOMU-
HECLEHLIMEHW eBpONMs, KBAHTOBBIN BBIX0J KOTOpo# BapbupyeTcs oT 60 1o 90%, 3a uckitoye-
nuem Eu(acac)s(Bphen), ains koroporo o cocraisier 15% u3-3a HaIHMUUS COCTOSHUS C Tie-
penocom 3apsaa. s Bcex Eu(L)3(Bphen) Obutu onpeaeieHsl BpeMeHa sKU3HH BO30YKICHHO-
IO COCTOSTHUS, BEIMYMHBI MOJBUKHOCTH HOCUTENICH 3apsiia, OLEHEHBI YHEPTUU TPAHUYHBIX
opoOuTanei, u3ydeHa MopQoIorus UX TOHKHUX IUIEHOK.

TectupoBanne kommiekcoB B OLED € oauHaKoBBIMH — Te€TEPOCTPYKTYpaMHU
ITO/PEDOT:PSS/PolyTPD/Eu(L)3(Bphen)/OXD-7/LiF/Al, rae sMuccuoHHBIN €10l HaHO-
CHJIM U3 PacTBOpa, MOKA3aj0, YTO SPKOCTb 3JIEKTPOJIIOMHHECHCHIIMU JMOJOB Ha OCHOBE
Eu(acac)s(Bphen) u Eu(tta)s(Bphen) B HECKOIBKO pa3 MPEeBOCXOIUT SIPKOCTH JHOIOB Ha OC-
HoBe kapOokcuinaToB Eu(L)3(Bphen) (L = mfb, pfb", oac’, piv).

AHalu3 NOJYYEeHHBIX JaHHBIX MOKa3all, YTO U3 BCEX XapaKTEPHCTUK KOMILJIEKCOB pe-
maronmM (akTopoM, BIUsSomKUM Ha xapakrepuctuku OLED, sBrsercst Bpems >Xu3HH BO3-
oyxnaennoro coctosiaus Eu(L)3(Bphen), xoropoe ams B-auxeronatoB Eu(acac)sz(Bphen) u
Eu(tta)s(Bphen) B 2-3 pa3a Huxke, yem Ui anudaTHYECKUX M apOMAaTHYECKHX KapOOKCHIIa-
TOB.
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Synthesis, structure and electroluminescence of mixed-ligand
europium complexes with bathophenanthroline

Aslandukov A.N.
Supervisor: DSc, senior scientist Utochnikova V.V.

Nowadays, organic light-emitting diode (OLED) technology is rapidly developing. To
achieve high purity of light in OLEDs, materials with narrow emission bands are required,
therefore, lanthanide coordination compounds (CCs) with organic ligands are promising ma-
terials as emitters for OLEDs. The characteristics of the final OLED device primarily depend
on the properties of the emitter material such as photoluminescence quantum vyield, lifetime of
excited state, charge carrier mobility, energy of boundary orbitals, and the morphology of thin
films. Therefore, for the potential emitters based on lanthanide CCs, the urgent task is to iden-
tify the relationship between composition — structure — physical-chemical properties — the
electroluminescence efficiency.

The mixed-ligand europium complexes with bathophenanthroline (Bphen) were se-
lected as objects of investigation, since bathophenanthroline effectively sensitizes the europi-
um luminescence and may ensure electron mobility of OLED active layer. While compounds
of different classes were selected as anionic ligands (L): aromatic and aliphatic carboxylic ac-
ids, p-diketones (Fig. 1). The goal of this work was to study the influence of the nature of the
anionic ligand within the mixed-ligand europium complexes with bathophenanthroline on the
physical-chemical properties of the complexes and, thus, characteristics of OLEDs based on
them.
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Fig. 1. Anionic ligands used in work.

The powders Eu(L)3(Bphen) (L = mfb", pfb", oac’, piv, tta’, acac’) were synthesized
and characterized by the combination of PXRD, thermal analysis and *H NMR spectroscopy
data. According to X-ray diffraction analysis, the studied carboxylates possess a dimeric
structure, while B-diketonate Eu(acac)s(Bphen) is a monomer. All the complexes demonstrate
intensive europium luminescence with the quantum yield varying from 60 to 90%, with the
exception of Eu(acac)z(Bphen), for which PLQY=15% due to the presence of the charge
transfer state. The lifetimes of the excited state and the charge carrier mobilities were deter-
mined, the energies of the boundary orbitals were estimated, the morphology of thin films was
studied for all Eu(L)s(Bphen).

All the complexes were tested in OLEDs with identical heterostructure
ITO/PEDOT:PSS/PolyTPD/Eu(L)3(Bphen)/OXD-7/LiF/Al, where the emission layer was
deposited from the solution. The luminance of the OLEDs based on Eu(acac)s(Bphen) and
Eu(tta)s(Bphen) exceeded in several times that of the OLEDs based on carboxylates
Eu(L)3(Bphen) (L = mfb, pfb", oac, piv’).

The analysis revealed that among the physical-chemical characteristics of the com-
plexes the lifetime of the excited state of Eu(L)s(Bphen) is the crucial factor affecting the
OLED characteristics, which is 2-3 times lower for B-diketonates Eu(acac)s(Bphen) and
Eu(tta)3(Bphen) than for aromatic and aliphatic carboxylates.

CuHTe3, CTPYKTYPA U JIIOMUHECHEHTHbIE CBOMCTBA KOMILICKCOB
Cu(I) ¢ HOBbIMHM 2-TUPUAUH(POCPUHOBHIMHU JTUTAHTAMU

Kowenes J[.C.

PykoBoaurenu: 1.x.H., c.H.C. YTouHukoBa B.B., acm. by .M.

Ha texymuii MOMEHT pa3pabaThIBalOTCS Pa3IMyYHbIE MOIXObI K YBEIHUEHUIO dPdek-
THBHOCTH OpraHuueckux cBerousnydaromux auoaoB (OLED) 3a cuer ucrnonb3oBaHus dHEp-
UM TPUILIETHBIX 3KCUTOHOB. OIHUM U3 Hanbosiee NePCIEeKTUBHBIX SIBISETCS MOJXO0J], OCHO-
BaHHBI Ha 3¢ ¢eKTe TepMUYECKH aKTHBHpyeMoW 3ameuieHHOM ¢uyopecueHumu (TADF).
Kak nepcnextuBabie TADF momuHodoOps! B UTEpaTYpe paccMaTpUBAIOTCS pa3InYHbIE OJl-
HO- U MHOTOsiepHbIe ranorennibl Meau(l) ¢ hochrroBbIMU Muranaamu. HegaBHO ObLT mpe-
JIO’KEH MOAXO0J K Ju3aiiHy rerepojientudeckux ousinepHsix komrekcoB (KC) noauna menu,
KOTOPBII 3aKJII0YaeTCs B HE3aBUCHUMOM IOBBIIICHUH PACTBOPHUMOCTH U MOAM(DUIMPOBAHUU
sreprun LUMO myTém BapbHpOBaHUST MOCTHKOBOTO M BCIIOMOTATENbHBIX TUTaHa0B (Puc.1).

Ienbto maHHOM pPabOTHI SBJISUTUCH CHHTE3 HOBBIX rereposentudeckux KC monmaa
Cu(l) (Puc. 1), otieHKa MepcreKTHBHOCTH BhIOpaHHBIX KomIuiekcoB Cu(l) kak 31eKTpoTroMu-
HECLICHTHBIX MaTEpHUAJIOB U U3YYEHUE BIMSHHUSA MOCTHUKOBOIO JMIaHJAa Ha AJIEKTPOJIIOMHHEC-
LIEHTHBIE CBOMCTBA 3TUX KOMILJIEKCOB.
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Puc. 1. a) Cxema au3aitna kommiekcoB Cu(l) u 6) uCoIp30BaHHbIE 3aMECTHUTEIH.

BriOpannbIii psg MOCTHKOBBIX 2-((ochun)mupuauHoBsix auranaoB (Puc.1) ObL1 CHH-
TE3UPOBAH METOJAMH apOMATUYECKOTO HYKJICO(PHILHOTO 3aMEIIECHHs U 3aMELICHUs, KaTalu-
3upyeMoro namiaaueM (Beixon A0 77%) u ucnonsizoBan B cunre3e KC fiogunos Cu(l) ¢ ps-
JIOM TIpou3BOHBIX TpudeHuapochuna (TPP) B kauecTBe BCIOMOrareabHbIX JUTaHI0B (BbI-
xoll 10 99%). Bce monmyueHHBIE COEIMHEHHS] OXapaKTEPU30BAHBI METOJAMHU DJIEMEHTHOIO
ananmusa, IMP, UK u macc-cnektpomerpun. CTpyKTypa HEKOTOPHIX KOMIUIEKCOB Oblja ycTa-
HoBJsieHa MeToJIoM PCTA 1o noiydeHHBIM MOHOKPHUCTAILTIAM.

Bce nonyueHHble KOMIUIEKCHI JEMOHCTPUPYIOT BBICOKYIO MHTEHCUBHOCTb JIIOMHHEC-
LEHIMU B BUANMOM Juarna3zone oT 512 HM 10 554 HM, NOJ0KEHUE MAaKCUMyMa KOTOpPOil 3aBU-
CHT OT KOJHMYECTBA METWIBHBIX T'PYNI B MOCTHKOBOM JITAHJIE; KBAHTOBBIE BBIXOJIBI (OTO-
momuHecteHmu gocturiu 90%. Bricokas pacTBOPUMOCTh MOMYYEHHBIX OUSJIEPHBIX KOM-
IUIEKCOB B JMXJIOPMETAHE U JUATUIOBOM 3(Upe MO3BOJMIA MOTYYUTh TOHKUE IUIEHKH 3TUX
KC meromom spin-coating. TecTupoBaHHE MOJYYSHHBIX IUIEHOK B Ka4eCTBE dMHUCCHOHHBIX
cioeB B OLED mno3Bonmiio BeISIBUTE Hanboliee MEepPCIeKTUBHBIE MaTepHalibl, KOTOPHIMH OKa-
sanmuck | = [(MePyrP(p-Tol)2)(TPP)2Cuzlz] u Il = [(PyrP(PhF)2)(TPP)2Cuzlz]. Ontumusanus
rerepocTpykTypsl OLED mo3Bonmma 10CTHYb SPKOCTH JeKTpontoMuHectiennun 5900 Ku/m?
JUTS OLED c reTepOCTPYKTYpOr
ITO/PEDOT:PSS/poly-TPD/CBP:TcTa(7:3):1 (20 macc. %)/TPBI/LiF/Al.

Takum o6pasom, 3amemiéunsie rereposientudeckue KC Cu(l) mepcrekTuBHBI T UC-
nonb3oBanus B OLED, u konndyecTBO METHIIBHBIX ()ParMEHTOB B MOCTUKOBOM JIUTAHJIE TI03-
BOJISIET BapbUPOBATh JJIMHY BOJIHBI MX JTIOMUHECIICHIINH.
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Synthesis, structure and luminescent properties of Cu(l)
complexes with novel 2-(phosphino)pyridine ligands

Koshelev D.S.
Supervisiors: D.Sc. Utochnikova V.V., PhD student Busch J.M.

Various approaches were developed to increase the efficiency of organic light-emitting
diodes (OLEDSs) by using the energy of triplet excitons. One of the most promising approach-
es is based on the effect of thermally activated delayed fluorescence (TADF). Various single-
and multi-core copper halides with phosphine ligands are considered to be promising TADF
luminophors in the literature. Thus, an approach to the design of heteroleptic copper binuclear
iodides complexes (CC) has recently been proposed, which consists in independently increas-
ing the solubility and modifying the LUMO energy by varying the bridging and ancillary lig-
ands (Fig. 1a).

The aim of this work was to synthesize new heteroleptic CC of Cu(l) iodide (Fig. 1),
to evaluate the prospects of selected Cu(l) complexes as electroluminescent materials, and to
study the influence of the bridging ligand on the electroluminescent properties of these com-
plexes.

Ancillary ligand R'=H, Me
Solubility
(R-Ph)sP\ P(Ph-R)3
| N
cu Cu HOMO
|
N__P(R?), OMe
- ‘ P(Hex), P(MeO), P(p-Tol), P(diMe), P(Mes),  P(Fur), F’hF
A LUMO
R Briging ligand
a b

Fig. 1. a) The design of the Cu(l) complexes and b) used substituents.

A number of 2-(phosphino)pyridine bridging ligands were synthesized by aromatic
nucleophilic substitution and palladium-catalyzed reactions with yields of up to 77%. The re-
sulting bridging ligands were used in the synthesis of Cu(l) iodide complexes with a number
of triphenylphosphine (TPP) derivatives as ancillary ligands (reaction yields of up to 99%).
All the obtained compounds were characterized by NMR and IR spectroscopy, mass spec-
trometry and elemental analysis. The structure of some of the Cu(l) complexes was deter-
mined by the single crystal X-ray diffraction from the obtained single crystals.

All the obtained complexes demonstrated very high luminescence intensities in the
visible range from 512 nm to 554 nm, depending on the number of the bridging ligand methyl
groups. Photoluminescence quantum yields of up to 90% were reached, and the lifetimes were
in the microsecond range. In addition, all binuclear complexes demonstrated high solubility in
dichloromethane and diethyl ether, which enables using spin-coating to obtain thin films of
these compounds. The obtained Cu(l) iodides were tested as emission layers in OLED devic-
es. The most promising materials among the tested copper emitter materials were
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I = [(MePyrP(p-Tol)2)(TPP)2Cuzl2] and 11 = [(PyrP(PhF).)(TPP).Cu:l.]. By optimization of
the OLED heterostructure the electroluminescence brightness of 5900 Cd/m?
was achieved for the OLED-device with the following heterostructure:
ITO/PEDOT:PSS/poly-TPD/CBP:TcTa (7:3):1 (20 wt.%)/TPBI/LiF/Al.

Thus, the substituted heteroleptic Cu(l) iodide complexes are excellent emitters for the
use in OLED devices, while the substituents like methyl groups in the bridging ligand on the
phosphine moiety allows the variation of the wavelength of their emission.

CuHTe3, KpUCTANIMYECKAS] CTPYKTYPa U MATHUTHbIE CBOMCTBA
Coe/IMHEeHHI cO CTPYKTYpPOii, mpou3Boanoii ot AuCus,
B cuctemax P3M — Mn - Ga

Kynvuy A.H.

PykoBogutenu: 1.X.H., mpod. llleBenskoB A.B., acii. Xananus P.A.

Hurepmerammuasl, conepxaiine oguoBpeMenHo 4f- u 3d- Meraiuibl, nmpeacTaBisioT
0oJbIION MHTEpec Oyiaronapss CBOMM HEOOBIYHBIM (U3MYECKUM CBOMCTBaM. B Hacrosmmit
MOMEHT aKTHBHO HCCIEIYIOTCsl TpoiHble coenuHenus tuna R-T-Ga (R — P3M, T — nepexoa-
HOW MeTaJlT), TaK KaKk MHOTHE (pa3bl JaHHOTO CEeMEWCTBa OTOOPaXKAIOT CHIIBHO KOPPEITHpO-
BaHHOE MOBEJICHUE DJICKTPOHOB, YTO BBIPAKAETCS B HETPUBUAIBHBIX BUJAX MarHUTHOTO YIO-
PSAAOYEHUS, CBEPXIIPOBOAUMOCTH U TUTAHTCKOM MarHeTOCONPOTHUBICHHH. HekoTopeie n3 HUX
KPHUCTAJUTU3YIOTCS B Npom3BOAHBIX OT AUCU3 cTpykTypHbix Thmax: YsPdGaipe, CaTiOs u
K2PtCles. Coemunenus RMnxGaz (CaTiO3z) u RaMnGas (K2PtCle) ocrarorcss ManousydeHHbI-
MH, U 70 KOHIIa HE BBISICHEHBI B3aUMOCBS3b MEKIY MX KPUCTAJUTMYECKHUMHU CTPYKTYypamu U
($u3NYECKUMU CBOMCTBAMHU.

Llenpro HacTosIIEH PabOTHI SABJISETCS CHHTE3 M MUCCIECJOBAHHE TPOWHBIX COCAMHEHHI
R-T-Ga, kpucTtammu3yomuxcs B CTPYKTYPHBIX THIAx, Mpou3BoAHbIX oT AUCU3, ycTaHOBIE-
HHUE B3aUMOCBS3M MEXJy COCTaBOM, KPHCTAIJIMYECKOW CTPYKTYpOW M MarHUTHBIMU CBOM-
cTBamMu ATHX (a3. [ HocTHKEeHUs 1en OBUIM TIOCTAaBIICHBI 33a9i Pa3pabOTKU METOIUKU
noxy4deHust oqHodasHeix 00pasioB RMnxGas u R2MnGas (R = Sm, Gd-Dy), ycraHoBieHus
00J1aCTH TOMOT€HHOCTH TOJYYCHHBIX COCMHEHUH, ONpeaesIeHIs] KPUCTAIUTHYECKON CTPYKTY-
PBI M UCCIIEZIOBAaHNE UX MAarHUTHBIX CBOMCTB.

LleneBbie coeqMHEHNS MTOTYYaIH B BUI€ MOHOKPHCTAIIOB U TOpOoIIKoB. [lopomrkoBsie
00pa3upbl ObUIM CHHTE3MPOBAHBI 10 CTAHJAPTHOW aMIyJIbHONH METOAMKE B pe3ysbTaTe He-
CKOJIBKHMX TIOCTIEOBATENIbHBIX HECNBbHBIX OT)KUTOB B MHTEpBasie Temmneparyp ot 550 °C no
750 °C. MOHOKpHUCTAJUIBI BBIPALMBAIIM U3 PacIulaBa ¢ U30BITKOM TaJlTUs B CIEIYIOLIEM TEM-
neparypHoM pexume: Harpes a0 1000 °C, oxnaxnenue no 600°C u 3akanka B Boay. [lomy-
YeHHbIe 00pa3Ilbl ObUIM OXapaKTEPU30BAHbI METOJIAMH PEHTTeHO(]a30BOro aHanM3a, peHTre-
HOCTPYKTYPHOTO aHaliN3a, PEHTTEHOCHEKTPAThbHOTO MHKpPOAHAJIM3a, WU3MEPEHUSIMU MarHuT-
HOW BOCIIPMMMYHMBOCTH, HU3KOTEMIIEPATypHOI HAMAarHUYEHHOCTH U TEIIOEMKOCTH.

B pesynbraTe npoBeieHHBIX CHHTE30B ObLTH TIOMy4YeHb! (a3l RMnxGas (R = Gd-Dy)
u RoaMnGag (R = Sm, Gd, Tb), onpenenensl TemriepaTypHble HHTEPBAJIbl UX YCTOWYHBOCTH U
obsactu romorenHoctu. ®Pa3er RMnxGas (R = Th, Dy) kpuctamin3yroTcs B CTpyKTYPHOM TH-
ne CaTiOsz (Pm-3m, Z = 1), rae arombl P3M 3anumarot nosunuto Ca (1la), arom Ga — nosu-
o O (3¢), u atombel Mn vactuvno 3acenstor nosuiuio Ti (1b). GAMnxGas npencrasisier
co00i1 TeTparoHanbHOE MCKaXeHUE KyOondeckoil (azel Ha ocHoBe ThMnyxGas; mogoOHoe uc-
KakeHne HaOmomaercs u B DyMnxGas npu yBenuuenun coaepxkanus Mn (x > 0,3). Dkcre-
pPHMEHTaIBHO MoKa3aHo, uto ThMnxGas u DyMnxGaz aHTH(eppOMarHuTHO yIOpsA09NBAIOT-
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cs mike Tn= 20 K u 14,8 K coorBercTBeHHO. Taxke oOHapykeH erie oauH (Ga3oBbIi mepe-
xox nipu 160 K u 110 K npeamnonoxurensHo GeppoMarHuTHOTO TPOUCXOXKICHHUS.

Takum oOpaszom, geranu Kpuctaimudeckoi ctpykrypel RMnxGas ompenensercs co-
nepxanneM Mn B daze. ITpu manom cogepxanun Mn (x < 0,25) 06pa3yroTcst HEYIOpPsII0YCH-
Hele (azel RMnxGas (R = Th, Dy), kpucraiumsytomuecs B ctpykrypHom tune CaTiOs, mpu
nanpHeimem yBennuenud Mn (x > 0,25) moryr o0pa3oBbIBaThCs (as3bl ¢ TETPArOHAIBHOM
CTpYyKTYpoii, uto Habmomaercs it Gd u Dy, a npu x = 0,5 00pa3yroTcst CBEpXCTPYKTYPBI
RoMnGas. Taxke o6pazoBanue da3 RMnxGas u R2MnGag 3aBucur ot pazmepos atroma P3M:
C yBeIMYEHHEM aToMHOro paaumyca P3M HaOmromaercsi CKIOHHOCTH K (opMupoBaHuio (a3
RoMnGae, u, Ha000pOT, yMEHBIICHHE AaTOMHOIO paauyca CIocoOCTBYeT 00pa30BaHHIO
RMnxGas,

http://istina.msu.ru/profile/KulchuAN/

Synthesis, crystal structure and magnetic properties of
compounds with AuCus-derived structures in RE - Mn - Ga

Kulchu A.N.

Scientific advisors: Doctor of Chemical Sciences, Professor Shevelkov A.V.,
graduate student Khalaniya R.A.

Intermetallides containing 4f- and 3d- metals are attractive due to their unusual mag-
netic properties. Currently, ternary compounds in the RE — T — Ga systems have been actively
researched, as many phases of this family display strongly correlated electron behavior: mag-
netic ordering, superconductivity, and giant magnetoresistance. Some of them crystalize in the
AuCus-derived structures: Y4PdGaiz, CaTiOs, and K2PtClse. Compounds RMnxGas (CaTiOzs)
and R2MnGas (K2PtCls) have not been studied intensively, and the relationships between their
crystal structures and physical properties have not been established in detail.

The aim of this work is the synthesis and investigation of ternary compounds crystal-
ized in the AuCus-derived structures and establishing the relationships between their compo-
sitions, crystal structures, and magnetic properties. To achieve the goal, we have set the tasks
of developing the synthesis of single-phase samples of RMnxGas and R2MnGas (R = Sm, Gd-
Dy) exploring their homogeneity and crystal structures and studying their magnetic proper-
ties.

The powder samples and single crystals of the compounds were synthesized. The syn-
thesis of the powder samples was carried out according to a standard ampoule method as a
result of several consecutive annealings from 550 °C till 750 °C. Single crystals were grown
by the self-flux method with the excess of Ga under the following conditions: the ampoules
were heated at 1000 °C, cooled to 600 °C, and then quenched into the water or slow cooled to
the room temperature. The samples were characterized by powder X-ray diffraction (XRD),
EDX analysis, measurements of magnetic susceptibility, and low-temperature magnetization
and heat capacity.

As a result of the synthesis, the phases RMnxGas (R = Gd-Dy) and R2MnGas (R = Sm,
Gd, Tb) were obtained, the temperatures of their stabilities and their homogeneity ranges were
determined. Phases RMnyGasz (R=Tb, Dy) crystalize in the CaTiOs structure type (Pm-3m, Z
= 1), where R atoms occupy the Ca position (1a), Ga atoms — O position (3c), and Mn atoms
partly occupy Ti position (1b). GdMnxGagz is a tetragonal distortion of the cubic phase based
on TbMnxGas. The DyMnxGas is the similar distortion when the Mn content x > 0.3.
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ThMnyGaz and DyMnyGas were set to order antifferromagnetically under the Ty = 20 K and
Tn=14.8 K, respectively. One more phase transition was detected at 160 K for Th and 110 K
for Dy. They are supposed to have the ferromagnetic nature.

The content of Mn in the phase directly affects the crystal structure of the RMnyGas
compounds. At the low content of Mn (x < 0.25), the disordered RMnxGas (R=Tb, Dy) phases
are formed, which crystalize in the CaTiOs type, the further increase in Mn content (x > 0.25)
can lead to the formation of phases with a tetragonal structure and at x = 0.5 the superstruc-
ture of R2MnGas are formed. Also the size of R atoms influences the formation of RMnxGas
and RoMnGas; there is a tendency to form phases R2-MnGae with an increase of R atomic ra-
dius and, conversely, a decrease the R atomic radius contributes to the formation of RMnxGas
phases.

Mecc6ayIpoBcKoe HecIef0BaHue 3aPs10BOr0 H CITHHOBOTO
COCTOSIHMII 30HI0BBIX aTOMOB °'Fe B CJIOMCTBIX HUKEJIATAX
Laz(LiNi)os04, Ag2NiO2 u pochuae mapranua MnP

Acnanoykosa A.A.

PykoBojmuTens: k.X.H., gouneHt Codone A.B.

CoenMHEHUs TEPEXOJHBIX METAUIOB C CUJIBHBIMU JIIEKTPOHHBIMU KOPPEISUSIMU
MIPHUBJICKAIOT WHTEPEC YYCHBIX, OJaromapsi MUPOKOMY CIICKTPY MPOSBIIIEMBIX UMH (hr3mye-
CKHUX CBOMCTB U BO3MOXHBIX MPAKTHUYECKHX MPUMEHEHH. MHOXeCTBO pabOT MOCBSIIEHO
IIOMCKY KOPPEISALUNA MEXKy COCTABOM TaKMX COCIUHEHUMN, UX KPUCTAIUINYECKON CTPYKTYPOH,
9JIEKTPOHHBIM COCTOSIHUEM aTOMOB M TPOSBISEMBIMU (U3HKO-XUMHUYECKHUMH CBOMCTBAMH.
30H70Basi MeccOay’pOBCKasi CIIEKTPOCKOMHUS SIBIISICTCS OMHUM U3 Hamboiee 3(h()EeKTHBHBIX
METOJIOB HCCIEAOBAHUS JIOKAIBHON KpHUCTALIOrpaduyecKoil CTPYKTYpPBHI, DJIEKTPOHHOTO U
MarHUTHOTO COCTOSTHUH, a TAK)Ke TMHAMUKH H3MEHEHHS dTHX XapaKTePUCTHK. AHAIH3 mapa-
METPOB CBEPXTOHKUX B3aMMOJCHCTBHI 30HJOBBIX aTOMOB IMO3BOJISIET M3Yy4aTh HE TOJBKO
(dyHIaMeHTAIbHBIC CBOWCTBA, HO M HAOJIONATh B3aMMHOE BIUSHUE MATPHUIBI U 30HJOB, YTO
MIPEJICTaBIsIeT UHTEPeC KaK JJIs UCCIIeIOBAaHUSI CaMUX MaTpPHII, C TTIOMOIIBIO 30H/IOB, TaK pac-
HIUPSIET CIIEKTP COCTOSTHUN CaMUX 30HJIOB B “UyEPOJHBIX MaTpHUIIAX.

B cBsi3u ¢ 3THM, OCHOBHOI 11€NIbI0 Pa0OTHI OBLIIO CPAaBHUTEIHHOE HCCIEIOBAHUE 3aK0-
HOMEPHOCTEH BIUSHUS MATPHUIl PA3IMYHON MPUPOBI HA DICKTPOHHOE COCTOSTHUE MPUMECHBIX
atomoB °’'Fe, /sl BHIABIEHHS BO3MOKHOCTEH 30HI0OBOI Mecc6ay’pOBCKOH CHEKTPOCKOIHH
MIPH W3y4EHUH DJIEKTPOHHBIX SIBJICHUH B CHIJILHO KOPPEIUPOBAHHBIX COCAMHCHUSX MEPEXOJI-
HBIX METAIIJIOB.

JI1st MOCTHIKEHUsS TTOCTABIECHHOM 11ei B pab0oTe MPOBOIUIIOCH H3MEpEHHE MeccOaya-
POBCKHX CIIEKTPOB siAep °'F€ B MepOBCKHTOMOZOOHBIX CIOMCTBIX OKcHaax Hukens Nist -
LaoLiosNiosOs u AgoNiO2, u dhochume mapranma MnP, B KOTOpbIX HAOIIOIAETCS CHUIIBHOE
B3aMIMHOE BIIMSIHUE 3apSJIOBBIX M CIHHOBBIX CTENEHEH CBOOOJbI B MX DJIEKTPOHHOM MOJCH-
cTeme. [l MHTEpIpeTaiy MOTyYSeHHBIX CIIEKTPOB OB MCITOJIB30BAHBI KaK Pa3IMYHBIC Ba-
pPHAHTHI KX OOpPaOOTKU B paMKax MOJAEIBHBIX M HEMOJEIHHBIX MPEACTABICHUN, TaK U TEOpe-
THYECKHE MOy MITHPUUYECKIE PAcueThl TapaMeTPOB COCTOSHHS 30HIOBBIX aTOMOB °'Fe (crmu-
HOBOE COCTOSTHUE, ITapaMeTphl TEH30pa rpaaueHTa d1ekTpudeckoro mois (I'II1).

ITo uTtoram mpoBeneHHON pabOTHI JUIsl BCEX OOBEKTOB MCCIEAOBAHUS BIIEPBBIC ObLIH
MOJTyYeHBbl PEe3yJbTaThl, JAETAJbHO XapaKTEePHU3YIOIIUE SJIEKTPOHHOE COCTOSHHUE 30HIOBBIX
aromoB. Jlys mepoBckuTonono6Horo Hukenara Laz(LiosNios)o.ss® Feo.01O4 BriepBEIe ObLIa TO-
Ka3aHa CTaOMIM3als HeoObIYHBIX COCTOsHMIT xene3a Fe** u Fe3* (IS, S = 3/2), a Takxke 06-
Hapy)XeHa JuHaMuKa m3MeneHus crmHosoro (Fe¥*(HS) « Fe¥*(IS)) u 3apsamosoro (Fed*(d®)
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> Fe**(d*) cocrosumii 30a10BBIX aTOMOB °'Fe. Beima nokasana 3(p(GeKTHBHOCTH UCIIONB30-
BaHMs 30HJIOB °'F€ B KauecTBe JOKANBHEIX NCTOYHUKOB HH(OPMAIINK O MATHUTHOH CTPYKTY-
pe cioucroro Hukenata cepedpa Ag2NiO2 u pocdhuma maprania MnP. Tlokaszano, uro mapa-
METpPbl CBEPXTOHKUX B3aUMOJICUCTBUN 30HIOB UYBCTBUTEJIbHBI K XapaKTepy MarHUTHOTO
YHOpAIOUeHHUsT B MapraniieBoi nojapemerke MNP u oTpaxaroT 0COOEHHOCTH BCEX MarHUT-
HBIX (Da30BBIX MEPEXO0JIOB, HE BN HA HUX. BriepBbie METO0M 30HI0BOM MeccOay?pOBCKOit
CIEKTPOCKOMUHU OBLJIO MCCIEIOBAHO TOBEIEHUE MAarHUTHBIX IIEHTPOB B JOMEHHBIX CTEHKAX.
Kpome Toro, BbIsiBIIeHa 3HAUUTEIbHAS] AaHU30TPOIHUS CBEPXTOHKOTO MAarHUTHOTO TOJISL U CTe-
MIEHb AHTAPMOHU3MA MTPOCTPAHCBEHHO-MOIyTUPOBAHHON MarHUTHOU CTPYKTYypsl MnP.

Takum o0Opa3zom, ObUIO HPOBENEHO JETAIBHOE HCCIEAOBAHMUE BIUSHUS MHUKPOKOJIHU-
YEeCTB 30HJIOBBIX aTOMOB®'F€ Ha (yHKIMOHANBHBIE XapPAKTEPHCTHKM COEIVHEHHH Mepexo-
HBIX METa/VIOB C CHUJIBHBIMU 3JEKTPOHHBIMU KOPPEISIUSMHU, PE3yJIbTaThl KOTOPOrO MOTYT
OBITH MCIOJI30BAHbI B TAIIBHEUIIIEM TIPH MPUMEHEHHUH 30HI0BOM MeccOay’pOBCKOM CIIEKTPO-
CKOIUH JJI U3Y4YCHHS PA3IMYHBIX KJIACCOB COCAMHEHMI, HE COAEpKAlluX B CBOEM COCTaBe
MeccOayIpPOBCKUX HYKIIUIOB.
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Moessbauer diagnostics of charge and spin states of

probe °’Fe atoms within the layered nikilates Laz(LiNi)o504,

Ag2NiO2 and manganese phosphide MnP
Aslandukova 4.4.

Supervisor: Dr., Assoc. Prof. Sobolev A.V.

The transition metals compounds exhibiting strong electron correlations attract a high

interest that mainly caused by variety of their physical properties and strong potential for var-
ious industrial applications. The correlations between the composition, crystal structure, and
the electronic state of atoms in such compounds, as well as the physic-chemical properties are
poorly understood up to now. A probe Mdssbauer spectroscopy is one of the most effective
methods to determine the local crystal structure, and electronic and magnetic states, as well as
its dynamics. The analysis of the parameters of the hyperfine interactions of probe atoms al-
lows us to study not only fundamental properties, but also to observe the mutual influence of
the matrix and probes, which is useful for studying the matrices themselves using probes and
expanding the variety of states of the probes both in “foreign” matrices.
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For this reason, the main goal of the work was a comparative study of the regularity of
the influence of various matrices on the electronic state of °’Fe impurity atoms in order to
identify the possibilities of probe Mossbauer spectroscopy for the studying of electronic phe-
nomena in strongly correlated transition metal compounds.

To achieve this goal, the layered perovskite-like nickel oxides Ni** (LazLiosNios04 ,
Ag2NiO2) and manganese phosphide MnP, which have a strong mutual influence of the
charge and spin degrees of freedom in its electronic subsystem, were investigated by Moss-
bauer spectroscopy at °’Fe nuclear in a wide temperature range. To analyze the obtained spec-
tra, we used various fitting procedures - model and non-model representations, as well as the-
oretical semi-empirical calculations of the parameters of °'Fe probe atoms (the spin state, the
main parameters of the electric field gradient (EFG) tensor).

The electronic state of probe atoms was obtained in details for the first time as a result
for all compounds under study. In the perovskite-like nickelate Laz(LiosNios)o.0s° Feo.0104 the
stabilization of the unusual electronic states of iron Fe** and Fe3* (IS, S = 3/2) was shown, as
well as dynamics of change of the spin (Fe**(HS) « Fe**(IS)) and charge (Fe**(d°) «
Fe**(d*) states for >’Fe probe atoms. The efficiency of using 'Fe probes as local sources of
information of the features of the magnetic structure of layered silver nickelate Ag>NiO> and
manganese phosphide MnP was proved. It was shown that the hyperfine parameters of probe
atoms are sensitive to the nature of magnetic ordering in the manganese sublattice of MnP and
reflect the features of all magnetic phase transitions without affecting them. The behavior of
magnetic centers in domain walls first-ever was investigated by probe Mdssbauer spectrosco-
py. In addition, significant anisotropy of the hyperfine magnetic field and the degree of an-
harmonicity of the spatially modulated magnetic structure of MnP were obtained.

Thus, a detailed study of the effect of microquantities of °’Fe probe atoms on the func-
tional characteristics of transition metal compounds with strong electronic correlations was
performed, and the results can be used later in probe Mdossbauer investigations of various
classes of compounds that do not contain Mdssbauer nuclides.

HccaenoBanne KOMILIEKCOB JJAHTAHOW/I0B U aKTHHHI0B C
JIMTAHJAMH HA OCHOBE aMHU/I0B 2,2’ -Ounmupuani-6,6’-
AUKap0oHOBOH KMCIA0THI MeToaamu PCA u SIMP

Cmapocmun J1FO.

PykoBonurens: K.X.H., ¢.H.Cc. bopucosa H.E.

Huamuner 2,2'-6unupuani-6,6'-nukapoonosoit kucnotsl (1) (Puc. 1) mpeacrapusitor
WHTEpPEC IS SKCTPAKIMU MHHOPHBIX aKTUHHUJIOB M3 BBICOKOPAJIMOAKTUBHBIX OTXOJIOB, 4 UX
KOMIUIEKCHI C JTAHTAHOWJAMH SBIISIOTCS MEPCIEKTUBHBIMU JIOMUHECIICHTHBIMH MaTepHaa-
MH.

Lenbto paboOThI SBISETCS UCCIEIOBAaHHE KOMIUIEKCOB IIECTUBAJIETHBIX aKTHHUIIOB U
JTAHTAHOWJIOB C JaHHbIMU JurangamMu metongamu PCA u SAMP-cniekTpockonuu.

[
Ro— R - 7
Etfmi% C{;&_NMEt

Puc.1. Jlurana crpoenus 1 R: 2-F (a), H (b), 4-Et (c), 4-F (d).
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BzaumoneiictBuem AnO2(NO3), ¢ nuamunamu 1a win 1¢ B alleTOHUTPUIIC CUHTE3UPO-
BaHbl komruiekcel U, Np, Pu. ITo nanabim PCA B cTpyKType BceX KOMILJIEKCOB MPUCYTCTBYET
katuon [AnO2LNOs]", annonom Beicrynaer [AnO2(NO3z)s]” B komiutekcax U(VI) u Np(VI) u
(ClIO4)” B xommutekce Pu(VI). MoHbl akTHHHIOB BO BCEX KOMILICKCAX HAXOMATCS B IeKcaro-
HATBHO-OUITUPAMHUIATBHOM OKpYyXeHUH. [Ipu yBenmW4eHHH aTOMHOTO HOMEpa JJIMHA CBS3U
An-N yBenmuuuBaercs, a ayuHa cBsa3u An-O ymenbmaercs. [ HENTYyHHS MOXET Takke 00-
Pa30BBIBATHCSI CMEIIAHHO-BaJICHTHBIM KoMmIuieke, coaepxaiuii Np(V) u Np(VI), ¢ karuon-
KaTHOHHBIM B3aUMOJCHCTBUEM MEXKIY METAJUIAMH.

Jns kommaexcos Ludt, Pré*, Nd®*, Eu®* u Tb®" ¢ muranmom 1b u xommnexca Np(V) ¢
maraszamu 1¢ u 1d u3yuens! ciextpsl H-SIMP B TemneparyproM muanasone 280-313 K ¢
11€71bI0 MCCIIEIOBAHNS BIIMSAHMS MapaMarHUTHBIX MOHOB MeTamnoB. B crnektpax H-SIMP kowm-
nnekca Eu* mabmonaercs HeGOMbIIOE YIIMPEHHE M CMENIEHHE CUTHANOB MPOTOHOB IHPH-
mtbHONH M N-3THIIBHOHM Tpym B 00JaCTh CHIBLHOTO TMOJS 1O CPABHEHHUIO ¢ KOMILJICKCAMU
Lu®*. B cnekrpax 'H-IMP kommuekcos Nd** u Pr¥* mabmonaercs HeGobIIOE yIIUPEHHE
CMelleHHe CUTHAJIOB B c1aboe T0Jie 1o CPaBHEHHIO ¢ KoMIulekcoM LUY, Benmuuna cMenenus
y xommuiekca Pr¥* Gombine, yveM y kommmiexca Nd®*. B cnexrpax Th®" HaGmromaercs 3Haum-
TEJIbHOE CMEIlIeHHE B 00JacTh c1ab0ro Mo U yIIMPEHUE CUTHAJIOB BCEX NMPOTOHOB, KpOME
IPOTOHOB OEH30JBHOIO KOJIbLIA AHWIMAHOTO (parMeHTa. 3aBUCUMOCTh JIAHTAHM/I-
uHIynuposanHoro casura (JIMC) mpoToHOB 0T 06paTHOl TeMmepaTyphl B KoMIulekcax Eu*
u Nd®* JIMHEWHA, 1J11 MPOTOHOB KOMILIEKCA Pré* HaGirogaeTcs CKauok npu 292 K. Han6oms-
miasi TeMIepaTypHas 4yBCTBUTENIBHOCTh MpoToHOB jgocturaetr 0.04 m.no./K mms komruiekca
Pré*,

B xone nannoi#t paboThl CHHTE3UPOBAHBI U UcciaeaoBaHbl MeToIoM PCA KOMIUIEKCHI
[IECTUBAJICHTHBIX aKTUHUIOB. s xommiexkcoB NP monydeH TpexsaepHbIl CMeIIaHHOBa-
aentHbii komiuieke Np(V)-Np(VI1)-Np(V). Ctpoenne kommiekcoB Np(V) B pacTBope uccie-
npoBaHo merogoM SAMP. Jlisi KOMILIEKCOB JaHTaHOMI0B HccleaoBanbl JIMC, B ToM 4dmcie u
WX 3aBUCUMOCTH OT TeMIiiepaTyphl. [loiydeHHbIe pe3yabTaThl MO3BOJISAIOT YIYYIIUTh TOHUMA-
HUE TIPOIECCOB, MPOUCXOSAIIMX B SKCTPAKIMOHHBIX CHCTEMax Ha OCHOBE JWaMHUIOB 2,2’-
ounupuanIiI-6,6’-1MKapOOHOBOM KUCIOTHI.
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3. Crapoctun JLIO. [lonyuenue KoMnoHeHmos KOMNO3UMA «AIPO2Eb/BUCKEPBLY HA OC-
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Study of complexes of ligands based on amides of 2,2'-bipyridyl-
6,6'-dicarboxylic acid with lanthanides and actinides
by XRD and NMR-spectroscopy

Starostin L.Yu.
Supervisor: PhD in Chemistry, senior scientist Borisova N.E.

Diamides of 2,2'-bipyridyl-6,6'-dicarboxylic acid (1) (Fig. 1) are interesting com-
pounds for an extraction of minor actinides from highly radioactive waste. In addition, their
complexes with lanthanides are promising luminescent materials.

The main goal of this work is to study the complexes of actinides(V1) and lantha-
nides(I11) with these ligands by X-ray diffraction and NMR spectroscopy.

R

QEao

N
f.v’ Et
Fig.1. ngands 1R: 2-F (a), H (b), 4 Et (c), 4-F (d).

Complexes of U(VI1), Np(VI), and Pu(VI) with diamides la are obtained in acetoni-
trile. According to X-ray diffraction data the structure of all complexes contains a
[AnO2LNO3]* cation, [AnO2(NO3)s] acts as an anion in the U(VI) and Np(VI) complexes
and (ClOs4) in the Pu(VI) complex. Actinide ions in all complexes are in a hexagonal-
bipyramidal arrangement. With the increasing atomic number An-N bond length increases
and An-O bond length decreases. For neptunium also was obtained a mixed-valence complex
containing Np(V) and Np(VI) with cation-cationic interaction between metals.

In order to study the effect of paramagnetic metal ions the *H-NMR spectra were rec-
orded and analyzed in the temperature range 280-313 K for Lu®*, Pr¥*, Nd**, Eu®", and Th*"
complexes with ligand 1b and Np(V) complexes with ligands 1c and 1d. On *H NMR spectra
of the Eu* complex an upfield shift with slight broadening of the protons of the pyridyl and
N-ethyl groups is observed in comparison with the Lu®>* complexes. On *H-NMR spectra of
the Nd*" and Pr®* complexes a downfield shift of signals is observed together with slight
broadening. The shift value for Pr3* complex is greater than for Nd** ones. On spectra of Tb%*
a significant downfield shift and a broadening of the signals of all protons are observed except
for the protons of benzene ring in anilide fragment. The dependence of the lanthanide-induced
shift (LIS) of protons on a reciprocal temperature in the Eu®* and Nd*" complexes is linear;
for protons of the Pr3* complex a jump is observed at 292 K. The highest temperature sensi-
tivity of LISs reaches 0.04 ppm for the Pr¥* complex.

Hexavalent actinide complexes were synthesized and studied by X-ray diffraction. For
Np complexes a trinuclear mixed-valent complex Np(V)-Np(VI1)-Np(V) was obtained. Struc-
tures of Np(V) complexes in solution was studied by NMR-spectroscopy. For lanthanide
complexes LISs were studied including their temperature dependence. These results allow us
to improve our understanding of the processes in extraction systems based on 2,2’-bipyridyl-
6,6’-dicarboxylic acid diamides.
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da30BbIe OTHONICHHUSI B OMHAPHBIX U TPOMHBIX
TeJUTypPHIaX HUKeJs B o0JacTu 6n3koi k NizTe?

I'ypvsanos K.E.

PykoBonuTelb: K.X.H., 1o1eHT Yapkun [].O.

CoenuHeHHs, B COCTaB KOTOPBIX BXOAAT ()parMEHThI, CO/ICpIKAIIKE CBsI3b Mexy O- u p-
9JIEMEHTaMH, NPUBJIEKAIOT BHUMaHHE HCCIIEAOBATENEHl B TEUYCHHE MHOTHX JICCATHICTUH B
CBSI3U C YHHKQJIBHOCTBIO KaK CTPYKTYPHOW XUMHH, TaK U MPOSBISIEMbIX cBOiCTB. Cpean 3To-
IO MHOTOYHCJIEHHOTO ¥ MHTEHCHBHO Pa3BHBAEMOT0 Kilacca HauOoblliee BHUMAHUE B TCUCHUE
JUIUTEIILHOTO BPEMEHHU IMPUBJIIEKAIOT COSAUHEHHS CO CIIOMCTBIMU KPUCTAJUIMYECKUMHU CTPYK-
TypaM. CUuTaeTcs, YT0 UMEHHO 3TH CJIOM OTBETCTBEHHBI 32 MPOSBICHUS CBEPXIIPOBOISIINX,
MOJTYIIPOBOTHUKOBBIX, TEPMOIEKTPHUECKUX U JIp. CBOWCTB. [IprMeyarenbHO, YTO CIIOMCTHIC
XaJIbKOT€HU/IbI U TTHUKTHIBI JKeJe3a U3yUYeHBI JOCTaTOYHO ITOAPOOHO, B TO BpEMS KaK JTaHHbIC
10 QHAJIOTUYHBIM COCTMHEHHSIM HUKEIIS IO CHX ITOP HE TOYHBI M IPOTUBOPCYHBEI.

B Hacrosmeil paboTe M3y4eHbl TEJLTYPUAbI HUKEIS CO CTPYKTYPOH, MPOU3BOIHON OT
CuxSh, a Taxxe TBepbIe pacTBOPHI 3aMEIICHUS Ha UX OCHOBE.

[Tonyuenne 00beMHBIX 00pPA3OB MPOBOAMIN C MCIIOIb30BAHUEM ABYXCTAJHHHOTO OT-
JKUTa CIIPECCOBAHHBIX TAOJETOK, MOMEIIECHHBIX B OTKAYaHHbBIC KBApIEBBIC arMyIbl (OTXKHT
npu 650°C) B TeueHne 55 4acoB ¢ IPOMEKYTOUHBIM MEPETHPAHUEM MEKIY OTKHramu. Mo-
HOKPHUCTAJUTBI BBIPAIIMBAIIN C MCIOJNb30BaHUEM (irocoBoii Metoauku. B kaudectBe (uroca
ucnonp3oBain 3BTekTHUeckyio cMech NaCl-CsCl (35 mon.% NaCl). Cmech peareHTOB ¢
drocom (1:10 maccoBoe cootHomenue) Harpeann 10 850°C ¢ mmaro npu 650°C (544./64.),
BBIJICP)KUBANM B TedeHUH 110 yacoB U MEIIEHHO OXJIAXKAAIN 10 KOMHATHOW TEMIIEpPaTyphl -
700°C (48 4.), 350°C (24 u4.). ®mr0C OTMBIBANIM AUCTHIIIMPOBAHHON BOMIO 3,4 pa3a. B cmecu
HaOJ 0 1amM HEeOOJIbIINE KPUCTAILIBI 30JIOTUCTOTO IIBETA.

CornacHoO JaHHBIM TOPOIIKOBOW PEHTICHOBCKOW MU(PPAKIMU U MOHOKPUCTAIBHOTO
sKcrepumeHTa, Metaiul AeuunuTHbIA NizxTe2 KpUcTaluIU3yeTcsi B yOpsIIOYCHHOH TeTparo-
HanbHOU sueiike (P-4m2) ¢ mapamerpamu sjeMeHTapHOM sueiiku a = 7.5563(1)A, ¢ =
6.0706(1)A. B untepsane 130 — 350°C snemenTapHas sueiika — MOLYIHPOBAHHAS OPTOPOM-
ougeckas (Pmmn(0b0)00s) ¢ mapamerpamu sueiiku a = 3.8058(1)A, b = 3.7829(1)A, ¢ =
6.0576(1)A u g = (0,0.4100(5),0). Ot 350°C 10 800°C cTpykTypa mpencTaBiseT coboii pasy-
HOPSIIOYCHHYIO TeTparoHanbHylo (P4/nmm) ¢ mapamerpamu dJeMEHTapHOW SYCHKH a =
3.8598(2)A, ¢ = 6.0163A. B stom npomesxkyTke HabIIOqaeTCs CKaThe BIONbL OCH C. Bpimie
800°C mpomcxomuT mepexon B Kybudeckyio cummerpuio (FM-3m) - sinemenTapHas sueiika
npenacraBisier co0oil AeeKTHBIN 10 MeTaiuly BapuaHT cTpykTypbl LisBi. CoennHenue sBis-
€TCSl METAJIJIOM U TIPOSIBIISIET TEMIIEPaTypHO He3aBUCUMBIN napamarnetusm [laymu. Coenunne-
HHe ¢ OonbiuM coneprkanueM HUKeNst Niz+T€2 KpHCTaITH3yeTcsl B MOHOKJIMHHOW sideiike
(P21/m) ¢ mapamerpamu sueiiku a = 7.5479(1)A, b = 3.7990(1)A, ¢ = 6.0983(DA, B =
91.196(1)°; BBIcOKOTeMMepaTypHbIe GopMbl aHanorudHbl NizxTes.

YactuuHoe 3aMelleHre HHUKENs Ha KoOanbT MM kene3o B oOpasiax Nis.y(Fe,Co)yTez
NPUBOJNUT K CTAaOMJIM3ALMK MIPU KOMHATHOW TeMIepaTrype OpTOPOMOMYECKONH MOIYIHpPOBaH-
HOU CTPYKTYpHI. YBEIMYCHHE KOJIMIECTBA BBOJINMOTO JKeJe3a CTA0MIN3UPYET BHICOKOTEMITE-
paTypHyro TeTparoHaiubHy0 (a3zy HauuHas ¢ Y = 0.7. [Ipu nanpHeliniem 3amenieHuu o0pasy-
eTcst pomOosipruueckast pa3a ¢ COOCTBEHHON KPUCTAJUIMYECKOM CTPYKTYPOH.

Takum 00pazom B xoJie TeKylIel pabOThl OBUIM YTOYHEHBI JAHHBIE O KPUCTAILTHYECKUX
crpykrypax Nis:xTe2 a Taxke uccinenoBana cucrema (Ni,Co)s:xTer.
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Phase relations in binary and ternary nickel tellurides
in the region close to NisTe:

Gurianov K.E.

Supervisor: Ph.D., assoc. prof. Charkin D.O.

Compounds containing fragments with p-, d- elements bonds between have attracted the

attention of researches for many decades due to their unique as structural cemistry as proper-
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ties. Within this numerous and intensively developing class, layered compounds attract the
most attention of researchers. it is believed that these layers are responsible for superconduct-
ing, semiconducting, thermoelectric and other properties manifestation. Notable that layered
iron chalcogenides and pnictides have been studied sufficiently while similar nickel com-
pounds were investigated partionly and controversially.

In this paper we have studied nickel tellurides with CuzSb structure type and solid solu-
tions via substitution based on them.

Bulk samples were obtained by using two stages annealing of pressed tablets in evacu-
ated silica tubes at the temperature 650°C for 55 hours. Samples were re-grinded, re-pelletized
and re-annealed at the same conditions. Single crystal of nickel tellurides were obtained by
using flux method. The mixture of NaCl-CsClI (35 mol.% - NaCl) was used as flux. The mix-
ture of reagents and flux (1:10 weight ratio) was heated to 850°C with plateau at 650°C
(54h./6h.), annealed for 110h. and slowly cooled t oroom tempetarure - 700°C (48h.), 350°C
(24h.). The flux was cleaned with distilled water 3-4 times. Small golden crystals were ob-
served in mixture.

According to the x-ray powder diffraction and single crystal data metal deficient
Ni2.9Te2 crystallize in ordered tetragonal unit cell (P-4m2) with a = 7.5563(1)A, ¢ =
6.0706(1)A parameters. In the range of 130°C to 350°C - orthorhombic modulated structure
(Pmmn(0b0)00s) with a = 3.8058(1)A, b = 3.7829(1)A, ¢ = 6.0576(1)A u q = 0 0.4100(5) 0
parameters. Between 350°C and 800°C crystal structure exists as disordered tetragonal
(P4/nmm) with a = 3.8598(2)A, ¢ = 6.0163A parameters. In this interval negative thermal ex-
pansion along c-axis are observed. Above 800°C structure transforms into cubic (Fm-3m) -
metal deficient LisBi structure type. The compound is a metal and exhibits temperature-
independent Pauli paramagnetism. Nickel rich sample Niz«Te crystallize in monoclinic unit
cell with a = 7.5479(1)A, b = 3.7990(1)A, ¢ = 6.0983(1)A, B = 91.196(1)° parameters; high
temperature forms are the same as for Ni2.gTe>.

Slightly doping with cobalt or iron in Niz.y(Fe,Coy)Te, leads to room-temperature stabi-
lization of the orthorhombic modulated structure. Increasing the iron content stabilizes the
high-temperature tetragonal form at y = 0.7. Further substitution leads to formation of a
rhombohedral phase crystallizing in its own structure type.

To summarize, we reinvestigated the structural transition in Nis:xTez, the system
(Ni,Co)3:xTez was studied for the first time.

CeHcopHbIe MaTepHaJIbl HA 0CHOBE KoMILJIeKkcoB kee3a(lll)
IJI51 onpe/ieIeHUs] AHTHOKCHIAHTHON AaKTUBHOCTH

Yauxyn K.B.

PykoBoautenb: A.X.H., mpod. Mopocanosa E.I.

[IInpokoe mpUMEHEHUE aHTUOKCUAHTOB B JICKAPCTBEHHON U IUIIECBON IIPOMBIIILICH-
HOCTU TpeOyeT MOCTOSHHOTO KOHTPOJISI UX COJAEp)KaHus, A1 4ero HeoOXOAMMBI IpPOCTHIE,
HKCHPECCHBIE METO/IbI, TTO3BOJISIIOIIME POBOAMUTE OIPEICIIEHUE B TOM YHCIIe U BO BHenabopa-
TOPHBIX ycloBUsX. Pa3paboTka HOBBIX CEHCOPHBIX MaTEPUAJIOB SBJIAETCS OJHUM U3 MOJX0JI0B
K pelIeHHIo 3ToM 3a1a4uu. OJIHa U3 MUPOKO UCIIOJIB3YEMBIX IPYIIT METOI0B ONPEEIICHUS aH-
THOKCHJIAHTOB OCHOBAaHA HAa MX BOCCTAHOBHUTEIBHBIX CBOMCTBax. [l ompeneneHus UCIOib-
3YIOT KOMIUIEKCHI NEPEXOJHBIX METAJIOB (XKene30, Meb) C OpPraHMYeCKMMM JIUTaHIaMu
(TpunupugunTpuasut, 1,10-hbeHanTponrH), KOTOpble U3MEHSIOT LIBET MPU U3MEHEHUH CTeTle-
HU OKHUCIIEHHs MeTajula. PacrpocTpaHeHHOCTh M yHOOCTBO TakUX METOAOB IPHUBJIEKAET
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OonbIION MHTEpec K uMMoOMIH3anuu koMruiekcos xkene3a(lll) mis momydeHus CEHCOPHBIX
MaTepuasoB JUIsl ONpeeIeHHs] aHTUOKCUAAHTHON aKTUBHOCTH.

Lenb paboTsel — pa3paboTKa HOBBIX CEHCOPHBIX MAaTEPUAJIOB JIJIsl ONPEICICHUS aHTH-
OKCHJIAHTHOM aKTHBHOCTH Ha OCHOBE U3YYEHHUS Pa3MYHBIX CIOCOOOB MMMOOMIM3AIMHN KOM-
wiekcoB xene3a(lll) ¢ opraHMuecKUMH aHATUTHYECKMMH peareéHTaMu M BhIOOpa YCIOBUI
B3aMMOJICHCTBHS 3TUX MAaTEPHAIIOB C AHTUOKCUIAHTAMHU.

B kauectBe MaTpuibl A5 UMMOOMIM3AIMHA KOMIUIEKCOB BBIOPAHBI: TOJMBUHUIOBBIC
IUICHKH, OyMara U KpeMHHUII-TUTaHOBBIE Kceporend. JIuranizamMu B KOMIUIEKCAaX BBICTYIAIU
tpunupuauitpuazud u 1,10-penantponun. I[lonMBUHMIOBBIE TUIEHKH TMOJNYYalId M3 CMECH
komruiekca xene3a (lll) ¢ pacrBopom momuBuHumoBoro crnupra (IIBC), ¢ mociemyromum
pacrpeesieHueM 0 MHUKPOIUIAHIIETY W BBbICYIIMBaHMEM. byMary rnosydaau HachlILIEHUEM
pactBopoM [IBC ¢ xommiekcom xene3a (I11) ¢ mocnenyronum BeicymmuBanueM. KpeMHHEBBIi
U KpEMHUN-TUTAHOBBIE Kceporenu, aonuposaHHble xenezoM (l11), cunTesupoBanu no 30i1b-
rejib METOJIMKE, pa3pabOTaHHOI paHee B 1aOOpaTOpHH.

CBoiicTBa TMJIEHOK H3y4YCHBI CHEKTPOPOTOMETPUUYECKH. XapaKTePUCTHKH Oymaru
OTIMCaHBI CIIEKTpPOCKonuen nuddy3Horo orpaxeHus u 11BeToBoil monaensio RGB. Ctpykryp-
HBbIE XapaKTEPUCTUKU Kceporeieu orpeneiaeHbl UHPPaKpacCHOW CIIEKTPOCKONHMENH, METOJI0M
HU3KOTEMIIEpaTypHOIl ajncopOuuu a3ora u crekrpodoromerpueii. C yBenrueHUEM cojepixa-
HUS TUTaHA YMEHbBIAETCS IUIOLIA/lb TIOBEPXHOCTU U CPEHUIN AUaMETp MOp; a TAKXKe yJydlia-
etcs yaepxkuBanue xenesa (I1I) u ancop6uus 1,10-penantponuna.

C ucnonp30BaHUEM NMHUPOKATEXMHA B KAUECTBE MOJEIBHOIO aHTMOKCHUJAHTA YCTaHOB-
JeHa crocoOHocTh KoMiuiekcoB skene3a(lll), nMMoOuIM30BaHHBIX B MATPUIIBI, K BOCCTAHOB-
JICHUIO C IPOSIBJIIEHUEM KOHTpPAacTHOW okpacku. Ha ocHOBe BappupOBaHHUS KCIEPUMEHTAIIb-
HBIX MapamMeTpoB (Bpems, PH, KOHIIEHTpali KOMIIOHEHTOB) BbIOpaHbl YCIOBUS POBEICHHUS
aHaJIM3a JUIs KaXXJ10T0 U3 MaTepualloB.

YcTaHoBNeHa BO3MOKHOCTD HCIIOIB30BaHUS MOIUGMUIIUPOBAHHBIX KOMIUIEKCOM XKelle-
3a(Ill) ¢ 1,10-¢heHaHTPOIMHOM MTOJIMBUHUIIOBBIX IJIEHOK, OyMaru U KpeMHUN-TUTAHOBBIX KCe-
porenell B KaueCTBE CEHCOPHBIX MaTepUaOB JUIs OMpPENEIeHUs aHTUOKCUAAHTOB. Jlydinas
YYBCTBUTEJIBHOCTb U BpPEMS XpaHEHUs HAOJI0JAI0TCs JJIs KCeporeie Ha OCHOBE CMELIaHHBIX
OKCHJIOB KpeMHHUs ¥ TUTaHa. C UCHIOJIB30BaHUEM IOJIYYEHHBIX MAaTEPHAIOB YCTAHOBJICHBI Xa-
PAKTEPUCTUKH CHEKTPO(HOTOMETPUUECKOTO ONPEEICHNs aHTUOKCUAHTOB. VcnibITaHbl MeTO-
JMKU OIpEeJesieHUs] aHTHOKCUIAHTOB B CHUHTETHYECKON CBIBOPOTKE KPOBH C MPUMEHEHHEM
MOJIMBUHUJIOBBIX IUICHOK, B Yae, cokocojaepxkaiieM «[ THHTBeliHe» ¢ UCIONb30BaHUEM KpeM-
HUI-TUTAaHOBBIX KCeporejei, B KaueCTBe aHAJIUTOB HCIIOJIb30BAHbl MUPOKATEXHH, IIUCTEHH.
Pe3ynbTaThl CBUIETENBCTBYIOT O XOpOIIEH MPaBUJIBHOCTH METOJUK CHEKTpo(oTOMETpuye-
CKOT'O OIIpEeEIeHUs] aHTHOKCHAHTOB.
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JIeeBCKMi che3] Mo o0med M NPUKJIAAHON XUMHUM, COOpHUK Te3ucoB. CaHKT-
[TetepOypr, Poccus, 2019, 1. 4, c. 289-289.
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Sensor materials based on iron(l11) complexes
for antioxidant capacity determination

Chaykun K.V.
Supervisor: Dr Sci, Prof. E.l. Morosanova

The widespread antioxidants usage in the pharmaceutical and food industries demands
monitoring of their content. This requires simple, express methods that allow the determina-
tion to be executed even in out-of-laboratory conditions. The development of new sensor ma-
terials is one of the approaches to solving this problem. One of the widely used groups of
methods for antioxidants determining is based on their reducing properties. The total antioxi-
dant capacity determination can be based on colored metal (copper, iron) complexes for-
mation in solution after the reduction of metal by antioxidants in the presence of organic lig-
and (1,10-phenanthroline, tripyridyltriazine). The popularity and convenience of these meth-
ods attract great interest in the iron(111) complexes immobilization to create sensory materials
for determining antioxidant activity.

The aim of this work is to develop new sensor materials for determining antioxidant
activity based on the various methods study of iron(l11) complexes immobilization with or-
ganic analytical reagents and the choice of conditions for interaction of these materials with
antioxidants.

As a matrix for the complexs’ immobilization selected: polyvinyl films, paper and sili-
ca-titania xerogels. The ligands in the complexes were tripyridyltriazine and 1,10-
phenanthroline. Polyvinyl films were obtained from iron (111) complex’s mixture with solu-
tion of polyvinyl alcohol (PVA), distributed on a microplate and dried. Paper was obtained by
saturation with PVA solution with iron (I11) complex, dried. Iron(I11) doped silica and silica-
titania xerogel have been synthesized using sol-gel technology.

The properties of the films were studied spectrophotometrically. The paper was de-
scribed by diffuse reflection spectroscopy and the RGB color model. Xerogels textural char-
acteristics were determined using infrared spectroscopy, low-temperature nitrogen adsorption
and spectrophotometry. With increase of titanium content surface area and average pore di-
ameter decreased; iron (I11) retention and the sorption capacity of 1,10-phenanthroline in-
creased.

The possibility of iron(I1)-1,10-phenanthroline colored complexes formation, immobi-
lized in the materials, in the presence of antioxidants has been demonstrated. Parameter spec-
trophotometric antioxidant determination using the developed sensor materials have been es-
timated.

The possibility of using polyvinyl films, paper and silica-titania xerogels modified by
the iron(111) complex with 1,10-phenanthroline as sensor materials for the antioxidants deter-
mination has been established. The best sensitivity and storage time are observed for xerogels
based on mixed silica and titania oxides. Methods for antioxidants determining have been
tested in synthetic blood serum using PVA films, in tea, juice-containing "Glintwein" using
silica-titania xerogels, catechol and cysteine were used as analytes. The results indicate that
this spectrophotometric determination methods of antioxidants are well-established.
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®opmupoBanne HaHOYacTHL £-F€203 B Me30mopHCeTHIX MaTPULIAX
Msarkuwes /].C.

PykoBogurenn: k.X.H., M.H.c. moi. TpycoB JL.A.; m.H.c., acn. 2 r/o ®HM
['opbaues E.A.

MaruutoTrBepapie  Qepputrbl  00ManalOT  BOCTPEOOBAHHBIMH ~ MarHUTHBIMU
XapaKTEPUCTHKAMHM, BHICOKOH TEPMUUECKON M XUMHUYECKOW CTaOMIBHOCTBIO, a TAK)Ke HU3KOU
cebecTOMMOCThI0, 0Jaroapsi Y4eMy OHU HAaXOJAT LIMPOKOE MPUMEHEHHUE B IPOMBIIIIICHHOCTH
B KayeCTBE MATEPUAJIOB JUIsl NIOCTOSHHBIX MarHUTOB, BBICOKOYACTOTHBIX YCTPOMCTB U Cpen
JUIsi MarHUTHOM 3anucu. K mMarHutorBepapiM depputaM OTHOCATCA Tekcadepputsl M-Tuma
(SrFe12019 M = Pb, Ba, Sr) u sncuion okcun sxeneza (e-Fex03). DricuiioH okcup xenesa
MPUMEYATEJICH CBOEH BBICOKOM KOIPLUMTUBHOW cmiiod mnopsaka 20 kD mnpu pazMepax
KPUCTAJIJIUTOB BCETO B HECKOJIBKO JIECATKOB HAaHOMETPOB. 3a CUET 3TOI0 OH MHTEPECEH Kak
MaTepuain Uid Cpel JUIsi MarHUTHOW 3alUCH C BBICOKOW IUIOTHOCTBIO M HAJEKHOCTBIO, IS
CO3/1aHUSI BBICOKOYACTOTHBIX YCTPOWCTB, a TaKKE€ MarHUTOTBEPIbIX 30HJIOB ISl MarHUTHO-
cuIoBOil Mukpockonuu. OJHAKO, M3-3a CIOXKHOTO HeMacCcITabupyeMoro MeTojAa CHHTE3a
AIICUJIOH OKCHJI JKeJie3a JI0 CUX MOp HE HaXOJUT NPUMEHEHHS B IPOMBILUIEHHOCTH. [{i1st aToro
HEO0OXOIUM METO/I, He TPEOYIOIIHA UCTIOIb30BAaHUS JOPOTOCTOSIINX U BPEIHBIX PEareHTOB U
MO3BOJIAIOIINN  TIOJy4daTh IeleByl0 a3y ¢ OONBIIMM BBIXOAOM H MHUHUMAIBHBIM
coJiep>kaHueM anb(a Ui raMMa OKCHJIa B KaUYeCTBE MPUMECH.

Takum o0pa3zom, naHHasg paboTa MOCBSAIIEHA U3YUYEHUIO (OPMHUPOBAHUS HAHOYACTHI]
SICWJIOH OKCHJA JKelle3a B ME30MOPUCTBIX MAaTPUIAX TYTOIUIABKMX OKCHUIOB, a TaKkKe
MCCJIC/IOBAHUIO CBOWCTB HAHOYACTHUIl OKCHA keye3a. JJis NOCTHKEHUs TaHHOW 1eNd ObUIH
MOCTABJICHBI CieyIommue 3aaaun: 1) cunre3 kceporeneir Ha ocHoBe SiO2 u Al2O3 meromom
TUAPOJIN3A AJKOKCHUJOB KPEMHMS M QJIIOMHHHMS B MPUCYTCTBUM COJM Keleza; 2)
TepMooOpaboTka kceporeneii B wmHTepBaie temmeparyp 1000...1300 °C ¢ pa3nmugHbIMU
BPEMECHAMH BBIICP)KKH; 3) U3y4eHHE (a30BOr0 cocTaBa 00pa3iioB U MOPGHOJIOTHH JaCTHIl; 4)
UCCJIEIOBAaHNE MAarHUTHBIX CBOWCTB HaHodacTull €-Fe;03 u crekTpoB (eppoMarHUTHOTO
pe30oHaHca B 3aBUCUMOCTH OT pa3Mepa 4acTHll.

Jiss  KpYMHOTOHHAXXHOTO TPOM3BOJCTBA OBIJIO MPEIOKEHO ONTHUMU3UPOBATH
METOJIMKY CHUHTE3a Ha OCHOBE 30JIb-T€JIb METOa, MO3BOJISIFOIIETO MOJIy4aTh HAHOYACTHULIBI €-
Fe:O3 ¢ BBICOKMM MpOLEHTHBIM conepkanueM B cucreme &-Fex03/SiOz. Cyte nanHOrO
MeToza 3akmouaercs B ruaponuse TEOS B Kuciioil BOJHOM cpezie HUTpaTa )keje3a U CIHupTa,
a TaKKe IMOCIEeAYIOIEM YyJIAJIeHUN BHEIIHEH MaTpullbl JUOKCHJA KPEMHHUS B IIEIOYHOU
cpene.

B pe3synbrare OblIO moOKazaHo cienyromee. 1) CoriaacHO TepMHUYECKOMY U
peHTreHoa3oBOMy aHajJU3y I'aMMa OKCHJ jKeJie3a HENpepbIBHO (OpMHUPYETCS B MaTpHIIE
SiO», naunnas ¢ 300 °C. 2) Coxepxanue dasnl y-Fe,03 obparaercss B Hyab mpu ~1250 °C
Ipu KpaTkoBpeMeHHOM oTxure. 3) OOpaszeln; HaHOYACTHIl SICHJIOH OKCUAA JKeJe3a,
MOJIYYEeHHBINH MU cTyneH4aToM oTxure Ha 22 4 1o 1250 °C umeer ko3puuTuBHYIO cuity He =
20 xD; HaMarHWYeHHOCTh HachimieHuss Ms = 15 sme/r; pasmep uactuir d = 40 uHM. 4)
CornacHo MOJMHOMPOPUILHOMY aHAIM3y MO MeToxy PuTBenbia, BBIXOJ CHHTE3UPYEMOIO
BenlecTBa coctaBisieT 99% B konmuuecTBe 1 T Ha 5 T OTOXKEHHOTO cTekia. 5) BapbupoBanue
pasmepa vactul] e-Fe;03 He MPUBOAUT K U3MEHEHUIO YaCTOTHI PE30HAHCHOI'O MOTJIOIIECHUS,
KoTopasi cocraBiaser 165 ITn. 6) VYBenuueHue TemmepaTypsl OTXKHUra B JIMara3oHe
1100...1250 °C mpuBOIUT K pOCTY YaCTHII ATCHIIOH OKcHa xkene3a ¢ 10 1o 40 am.

Takum o00Opa3oM, Ha OCHOBE CHJIMKATHOTO 30Jb-Tellb MeToja Obuia pazpaboTaHa
METOJMKA TMONydeHHuss HaHodacTHIl &-Fe;O3 ¢ MarHUTHBIMEH CBOWCTBaMH, OJIM3KHMH K
MaKCHMaJIbHBIM JJIs JaHHOHU (ha3bl.

43



IMyonuxamuu cryaenta (https://istina.msu.ru/profile/swimax/):

1. Mskumes JI.C., T'opb6aueB E.A., Ko3nskosa E.C., TpycoB JI.A., Kasun I1.E. Cunmes
0OMEHHO-CE53aHHbIX  MacHumublx  Hanokomnosumos &-Fex03/CoFe0s /I XVII
Kondepenuuss Mo10abIX Y4YeHBIX «AKTyajbHble NMPO0JeMbl HEOPraHUYeCKOu
XHMHH: HHU3KOpa3MepHble (YHKIMOHAIbHbIE MATEPHATbD», COOPHHK TE3WCOB.
3Benuropon, Poccus, 16-18 HosOps 2018, c. 82-83.

2. MsaxumeB JI.C., T'opbaueB E.A., KoznskoBa E.C., TpycoB JI.A. Onmumuzayus
cunmesza Hanouacmuy &-Fe;Osz [/ XVIII KondepeHuusi MoOJOABIX YyYeHBIX
«AKTyaqbHble  Tpo0jemMbl  Heopranuveckoii  xumuu. K  150-jgeruro
Ilepuoauueckoro 3akona JI.M. MeHjaeieeBa», COOpPHHK TE3UCOB. 3BEHUTOPO/I,
Poccus, 22-24 nos6ps 2019, c. 184.

Formation of e-Fe,O3 nanoparticles in mesoporous matrices
Miakishev D.S.

Supervisors: PhD, junior reseacher, Assoc. Prof. Trusov L.A; junior researcher,
PhD student Gorbachev E.A.

Hard magnetic ferrites have demanded magnetic characteristics, high thermal and
chemical stability, as well as low cost, so they are widely used in industry as materials for
permanent magnets, high-frequency devices and media for magnetic recording. Hard ferrites
include M-type hexaferrites (SrFe12019 M = Pb, Ba, Sr) and epsilon iron oxide (e-Fe203).
Epsilon iron oxide is notable for its high coercivity of about 20 kOe for the crystallite size of
only a few tens of nanometers. Due to this, it is interesting as a material for media for
magnetic recording with high density and reliability, for creating high-frequency devices, as
well as hard magnetic probes for magnetic force microscopy. However, due to the complex
non-scalable synthesis method, epsilon iron oxide is still not used in industry. This requires a
method that does not require the use of expensive and dangerous reagents and allows to
obtain the target phase with a high yield and a minimum content of alpha or gamma oxide as
an impurity.

Thus, this work is devoted to the study of the formation of epsilon iron oxide
nanoparticles in mesoporous matrices of refractory oxides, as well as to the study of the
properties of iron oxide nanoparticles. To achieve this goal, the following tasks were set: 1)
synthesis of xerogels based on SiO2 and Al.Oz by the hydrolysis of silicon and aluminum
alkoxides in the presence of an iron salt; 2) heat treatment of xerogels in the temperature
range 1000...1300 °C with various annealing times; 3) study of the phase composition of the
samples and particle morphology; 4) study of the magnetic properties of e-Fe:O3
nanoparticles and the spectra of ferromagnetic resonance depending on the particle size.

For large-scale production, it was proposed to optimize the synthesis technique based
on the sol-gel method, which allows one to obtain e-Fe.Oz nanoparticles with a high
percentage in the e-Fe,03/SiO> system. The essence of this method is the hydrolysis of TEOS
in an acidic aqueous medium of iron nitrate and alcohol, as well as the subsequent removal of
the external matrix of silicon dioxide in an alkaline medium.

As a result, the following were shown. 1) According to thermal and X-ray phase
analysis, gamma iron oxide is continuously formed in the SiO> matrix, starting from 300 °C.
2) The content of the y-Fe2Os phase vanishes at ~ 1250 °C upon short-term annealing. 3) A
sample of epsilon iron oxide nanoparticles obtained by step annealing for 22 hours to 1250 °C
has a coercivity Hc = 20 kOe; saturation magnetization Ms = 15 emu/g; particle size d = 40
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nm. 4) According to the full-profile analysis by the Rietveld method, the yield of the
synthesized substance was 99% in an amount of 1 g per 5 g of annealed glass. 5) Variation of
the particle size of e-Fe;O3 does not change the resonance absorption frequency which is 165
GHz. 6) Increasing the annealing temperature in the range of 1100...1250 °C leads to an
increase in the epsilon iron oxide particles from 10 to 40 nm.

Thus, based on the silicate sol-gel method, technique to obtain e-Fe>Os nanoparticles
was developed with magnetic properties close to the maximum for this phase.

CuHTe3 M XapaKTepucTUKA OM(PYHKINOHAJIbHOMI MIaTGopmMbl Ha
OCHOBE HAHOYACTHUI] MATHETUT-30J10TO JISI TEPAHOCTUKHA OHKOJIO-
ru4ecKux 3a00J1eBaHuil

Yyoocaii 10. B.

PykoBoautenu: a.x.H., npod. Knsuko H. JI., k.x.H., 3aB.71a0. AGakymoB M. A.

OnHuM u3 HanboJiee HHTEPECHBIX OOBEKTOB C TOUKH 3PEHUS IPUMEHEHUs B OMoMe -
[IUHE SBJISAIOTCS THOPUAHBIE CTPYKTYPHI Ha OCHOBE MarHUTHBIX HaHo4yactul (HY) u HY Gua-
TOPOAHBIX METAUIOB (B TOM YHUCIIE, 30J0Ta), KOTOPbIE JalOT BO3MOKHOCTh OJJHOBPEMEHHOIO
BBEJICHUS JBYX THUIIOB JIMI'AHJ0B Ha moBepXHOCTb HY a1 uX HECKOJIBKUX BAapUAaHTOB JaJlb-
HEHIero MCHoib30BaHUS: AAPECHOM JOCTaBKM (KOMOMHAIMIO MAarHUTHOM THUIIEPTEPMUH U
MarHUTHO-PE30HaHCHOU ToMorpaduu ¢ GoTOTepMaIbHON Tepanuen) win it HOoToArMHAMHE-
yeckoil Teparnuu paka (DJIT) (komOunamms ¢oroceHcubuamzaropa (PC) manga Tepanuu u
dyopodopa (OD) s gereknuu mwiatdhopmel). CHCHTE3 00erx OM(PYHKIIMOHATBHBIX ILIAT-
(bopM sBIsETCS NEPCHEKTUBHBIM HAIIPABJIEHUEM U BBI3bIBAET UHTEPEC Y YUCHBIX.

B cBs3u ¢ BblllecKa3aHHBIM, LEIbI0 JaHHOW paOOThI ABJSIMCH CUHTE3 M HCCIEA0Ba-
Hue HY Fe3Os-Au co cTpykTypoil «raHTeaby Kak OM(pyHKIHOHAIbHON miaaTdopMsl Ui J10-
ctaBku jekapct u g LT onkonornyeckux 3a001€BaHUM.

B pesynbTare pasnoskeHus neHTakapOOHMIA jkene3a B AU(EHWIOBOM 3(huUpe B MpH-
CYTCTBUHU TeTpaxyiopoaypaTa BOJOpoJa ObUIM CHUHTe3upoBaHbl rubpuaHeie HY marnerut-
3071010 pazmepom FesO4 10,8+1,5 um u Au 4,4+0,8 HM (MO0 TaHHBIM TIPOCBEUHMBAIONICH DIIEK-
TPOHHOM MHKPOCKOITMH), CTAOMIN3UPOBAaHHBIE OJIEMHOBOW KUCIIOTOM. CorjacHoO pe3yiabTaTamMm
peHTreHo(a30BoOro aHajau3a, cuHTe3upoBaHHble HY HMMEIOT KpHCTaNIMUECKYI0 CTPYKTYpY
TUTIA «IIMTUHENBY ¢ TieproioM pemetku 0,8387 HM (MpoMexyTOUHOE 3HAYCHUE MEXIY Mar-
HeTUTOM M MarreMutoM). ITo pesynbraTam u3mepeHus: MarHuTHBIX cBoicTB, HU oGmananu
HAMarHUYEeHHOCTBI0 HachimeHns 62 Am%kr (FesOs)! n xosprmTuBHO# cumoii 13 D. Jlanee
HY 6111 MmoauduurpoBansl 6nocoBMecTUMBIM aMpupuibHbIM nonuMepoM (Pluronic F127)
Uit 3 PexTUBHOrO nepeBosia BOAHYIO (ha3y 3a CHeT ero ruApopHIbHON YacTH, a TakKKe CO-
31aHUs THAPO(OOHBIX «KapMaHOBY Il MOCIEAYIONIEH 3arpy3ku JeKapcTBa U JUIsd 3arpy3Ku
oC.

s mepBoii 11aTopMBbl MCIIOJIB30BANICS KOMMEPUYECKHI MPOTHUBOOMYXOJIEBBIM Mpe-
napar jpokcopyounmu (DOX), 3arpyska kotoporo cocraBuia 12,68%, Kpome Toro, Obu1O
CHHTE3MPOBAHO HHU3KOMOJEKYISIpHOE cepocojiepkaiee npousBogHoe PSMA Bekrtopa s
nanbHenmei cimBky ¢ HY 3050Ta B coctaBe rubpuanbix cTpykTyp. B nanpneiimem HY mar-
HETHUT-30JI0TO, HECYIIME Ha MTOBEPXHOCTU KaK MPOTHUBOOIYXOJEBBINM Ipenapar, Tak U BEKTOp-
Hbie MouiekyJbl (Fes0s-Au/DOX/PSMA), OyayT ucciienoBansl in VItro Ha KJIeTKax aJieHOKap-
LIMHOMBI IIPEJICTATEIbHOM JKEIE3bl YelIOBEKa C TOYKU 3PEHUS BO3MOXKHOCTH aJIpPECHOM J0-
CTaBKH JieKapcTBa 3a cueT cnemuduuHoctH kK PSMA-BekTOpy, a Takxke Ui BU3yalH3alHd
OITYXOJIEBBIX KJIETOK METOJJOM MarHUTHO-PE30HAHCHON TOMOTrpaduu.
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Jlnst cuHTe3a BTOpoii miatdopMel Obi1a uccienosana cepust ®C Ha OCHOBE XJIOpUHA U
OO Ha ocHOBe HadTaTUMHUIA ISl UCIIOJIB30BAHUSA B KAueCTBE KOMIIOHEHTOB OHMQYHKIIHO-
HanbHOU Tu1aTdopmbl st OIT. TTockonbKy Ba pa3nuyHbIX OKpamieHHbIX BemecTBa (OC u
Od) HeoOX0IUMO COBMECTUTH B OJJHOM CHCTEME, B KAUeCTBE «CBS3YIOLIETO 3BE€Ha» OBbLIU UC-
nonb3oBanbl cuHTe3npoBannbie HY FesOs-Au co cTpykTypoil «rantensy. CHHTE3UpOBaHHOE
TUCYIb(PUIHOE MPOU3BOAHOE 4-CcTUpHIIHAPTAIIMMKUIA (coennHeHne 3) ObUIO 0XapaKTepu30-
BaHO ¢ nomoiupio SAMP cnexkrpockomnuu, koropas noarsepania Hanuuue O@. OueHeHbl U
HCCJIEJIOBAHbI CIEKTpajbHble XapakTepucTuku @@ (moruomenue u GIryopecieHIus, XJI0po-
dopm, C=2.2-10° mons/m). Takxke GBIT pacCUMTAaH KBAHTOBEIH BEIXOJ (DIyOPECIEHIINN CHH-
tesupoBaHHoro O (3), koTopslii coctaBuia 5%, B AalbHEHIIEM 3TO 3HaYEHHE ObLIO UCIOJIb-
30BaHO MpH pacyerax 3PpPeKTUBHOCTH mepeHoca 3uepruu. Pacuer a3 peKTHBHOCTH mepeHoca
SHepruM ObUI TOJCYMTAH s BbiOOpa camoro 3ddextuBHoro u3z cepuun ®C (OVF670,
OVF671, OVF673, OVF674). MunuManbHbli IEPEHOC S3HEPTUH, TOBOPSILUNA O MAKCUMAJIBHO
HCITOJIB3YEMOM PHEPTUU AJi1 oOpazoBaHus akTUBHOUN (popmbl kuciopoaa (ADK), 6wt 3aduk-
cuposan y OVF674 (2.23-10%%), npu stom kputudeckuii paguyc depcrepa coctapua 15 A.
s koneunoro Beioopa FRET-napel ObuT oACUUTaH METOIOM XMMHYECKOW JIOBYIITKH KBaH-
TOBBIN BBIXOJ] T€HEpAIlMU CHUHIVIETHOTO KHUCJIOpOJa, KOoTopbiii coctaBisui 'y OVF674 (.62
(MakcumanbHOe 3HaueHue cpeau Bcex PC). M3 mpoBeAeHHOro UccleoBaHUs ObLI cleiaH
BBIBOJ, UTO ONTUMAIbHOU i1 Moaudukanun Hanovactuil sisjisiercas FRET-mapa @O u OC
(OVF674). lanee O6bu1 MpoBeeH CUHTE3 BTOpPOW OudyHKIMOHaIbHOU miaatdopmsl - FesOs-
Au/OD/DC u uccienoBansl ruapoguHamMudeckuii pasmep (304 am) u (-norennman (-40 MB).
B nanpHelimem minaHupyeTcs 3aBeplIuTh XapakTepucTuky Fe304-Au/OD/OC u npoBectu
UCIIBITAHUS in Vitro Ha KJIETKaX.

Iyonauxanmuu crygenta (https://istina.msu.ru/profile/Chudosai/):

1. BecemoB M.M., Konomoenr H.U., bimroBa A.P., EdbpemoBa M.B., Uynocaii 10.B.,
[TpycoB A.H., XuraueB A.O., ['onosun 0.1., Kistuko H.JL., Ynpasnenue duoxama-
JIU30OM Napsl O-XUMOMPUNCUH-uHeUbuUmop bupka-baymana, ummobUIU308aHHbIX Ha
2UOPUOHBIX HAHOUACMUYAX MASHEMUM-30710M0, C NOMOWbIO He2peoue20 HU3KO4d-

cmomHozo maznumnozo nois. |/ Becruuk MockoBekoro YauBepcutera, Cepus 2:
Xumus. 2020, Tom 61, Ne3.

Synthesis and characterization of a bifunctional platform based
on magnetite-gold nanoparticles for theranostics of cancer

Chudosai I.V.

Supervisors: Ph.D., prof. Klyachko N. L., Ph.D., Head of Laboratory Aba-
kumov M. A.

Recently hybrid structures based on magnetic nanoparticles (NPs) and NPs of noble
metals (including gold) raised a lot of interest due to, possibility to simultaneously use two
types of ligands on the surface of NPs. For example a combination of magnetic hyperthermia
and magnetic resonance imaging with photothermal therapy or for photodynamic therapy
(PDT) (a combination of a photosensitizer (PS) for fluorophore (FP) therapy for platform de-
tection). Sintesys of bifunctional platforms is an interesting direction and is of interest to sci-
entists.
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According to this aimof, this work was synthesis and study of Fez0s-Au NPs with a
structural “dumbbell” as a bifunctional platform for drug delivery and for PDT of oncological
diseases.

As a result of the decomposition of iron pentacarbonyl in diphenyl ethers in the pres-
ence of hydrogen tetrachlorourates, hybrid magnetite-gold NPs with Fe3O4 size of 10.8 £+ 1.5
nm and Au 4.4 + 0.8 nm (according to transmission electron microscopy) stabilized with oleic
acid were synthesized According to the results of x-ray phase analysis, the synthesized nano-
particles have a “spinel” type crystal structure with a lattice period of 0.8387 nm (an interme-
diate value between magnetite and maghemite). According to the results of measuring the
magnetic properties, the NPs had a saturation magnetization of 62 Am? - kg (FesO4) * and a
coercive force of 13 Oe. Further, the NPs were modified with a biocompatible amphiphilic
polymer (Pluronic F127) for efficiently transfer to the aqueous phase, as well as to create hy-
drophobic “pockets” for loading drugs and for loading PS.

In addition, a loading capacity of 12.68% of commercial antitumor drug, doxorubicin
(DOX) was obtained. Also low molecular weight sulfur-containing derivative of PSMA was
synthesized. In addition, magnetite-gold, DOX loaded and PSMA conjugated (Fe3Os-Au /
DOX / PSMA) will be tested in vitro on human prostate adenocarcinoma cells in terms of the
possibility of drug delivery at the expense of specificity for PSMA -vector, as well as for vis-
ualization of tumor cells by magnetic resonance imaging.

To study the second platform, a series of PS based on chlorin and FP were developed
for use as components of a bifunctional platform for PDT. These two different colored sub-
stances (PS and FP) must be compatible in one system, in which synthesizing FesO4-Au NPs
with a dumbbell structure were used. The synthesized disulfide derivative of 4-
styrylnaphthalimide (compound 3) was characterized by NMR spectroscopy, which con-
firmed the presence of FF. Estimated and studied spectral characteristics of the FP were de-
fened (absorption and fluorescence, chloroform, C =2.2 - 10 mol / I). Also fluorescence effi-
ciency for FP (3) was equal to 5%. The calculation of the energy transfer efficiency was car-
ried out from the PS series (OVF670, OVF671, OVF673, OVF674). The minimum trans-
ferred energy, which was recorded at OVF674 was equal to 2.23 x 10%3, while the critical ra-
dius of Foerster was 15 A. For the final choice, the FRET pairs were determined using the
method of catching the quantum vyield of singlet oxygen generation, which was 0.62 for
OVF674 (the maximum value among all PSs). From the studies, it was concluded that the op-
timal PS for FRET pair with FP is PS OVF674. Next, a second bifunctional platform was syn-
thesized - FesO4-Au / FP / PS and with hydrodynamic size (304 nm) and {-potential (-40 mV).
In the future, it is planned to complete the characterization of FesOs-Au / FP / PS and to con-
duct in vitro tests on cells.

CuHTe3, CTPYKTYpa H CBOMCTBA HOBBIX BHICOKOTEMIIEPATYPHBIX
coeqmuenuii Lny(Fe/Cr)TaO7, rme Ln=P39 nY

Ilonosa E.D.

PykoBonurtenu: A.X.H., B.H.c. EropsimeBa A.B., k.X.H., ¢.H.c. bapanunkoB A.E.

SmyFeTaO7 — HOBOE coemuHEHHE C MUPOXJIOPOMOJOOHON CTPYKTYpOH, KOTOpOE IO
CBOMM (DYHKIIHOHAITEHBIM XapaKTEPUCTHKAM MTPEBOCXOANUT XOPOIIO H3BECTHBIA MaTeprall JJIst
TepMOOapbEePHBIX MOKPBITUI CTAOMIM3UPOBAHHBIA UTTPUEM OKCUZ IUpKoHMS, YSZ. Mexa-
HUYecKkue cBorcTBa SMeFeTaO7 u3ydeHsl JOCTaTOYHO XOPOIIO, OJJHAKO, B OCTAIIEHOM 3TO CO-
e/IMHeHMe, Kak u coenuHeHus psaa Ln.FeTaOz7, cieqyer oTHECTH K MajIOU3y4eHHBIM.
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[lenpro maHHOM PabOTHI SIBISIETCS TIOUCK, Pa3pabOTKa METOJIOB CHHTE3a, UCCIIEAOBAHUE
(OUBUKO-XUMHYECKUX U TEPMOJMHAMHYECKUX CBOMCTB CIIOKHBIX TaHTanatoB P3D ¢ obOmieit
dopmynoii Lnz(Fe/Cr)TaOs.

B xoxe paboTel Hamu Oblaa pa3spaboTaHa HOBas Metoauka monyueHust Lno(Fe/Cr)TaO
C TIOMOIIIBIO METOJ[a COOCAXKACHHSI ¢ mocienymumM oTxxkurom. Metogamu JITA/TT, POA u
POM wu3ydeHo BIMSHHE YCIOBHI CHHTE3a Ha (Pa30BBIM COCTaB M MUKPOCTPYKTYPY COCIAMHE-
Hul. MccrnenoBaHbl TeMIEpaTypHbIE 3aBUCUMOCTH TEIUIOEMKOCTH, MAarHUTHBIE CBOMCTBA U
CTPYKTYpHBbIE OCOOEHHOCTH MOJIyYEHHBIX 00Pa3IOB.

B pesynbrate npoBEIEHHOTO MCCIIEOBAHUS HAMU OBLIO MOKAa3aHO, YTO MHPOXJIOPOIIO-
no6ubie coequnenns LnoFeTaO7 peanusyrorcs B mMpokoM psay dantanouoB (Ln = Pr-Yb,
Bkitovas Y). Coemunenus ¢ Ln=Pr, Nd, Er, Yb cunrtesupoBans! Brepssie. [lokazaHo, uTo
CHUHTE3 MHUPOXJIOPONOA0OHON (ha3bl MpoTekaer yepe3 oOpa3zoBaHME HAHOKPHUCTAJUIMYECKOM
MeTacTaOMIbHOU (a3bl QIIFOOPUTA, KOTOPasi HEOOPATUMO MEPEXOAUT B MUPOXIOPONIOT00HYIO
a3y npu yBeIMUEHUU BPEMEHU WM TeMIIepaTypbl KPUCTAJUIM3AIMH. Y CTAHOBJIEHO, YTO BCE
coequnenus psna LnaFeTaO7 umeror rekcaroHanbHylo CTpykTypy (p. rp. R-3), B ToM uncne
u (aza SmpFeTaO7, orHocumas panee k mp. rp. C2/c. Ha mpumepe LnoFeTaO7, Ln=Sm, Gd,
Y, yCTaHOBJICHO, YTO TEMIIEPATypHBIE 3aBUCUMOCTH TETNIOEMKOCTH HE MMEIOT OCOOCHHOCTEH
BIJIOTH 10 TeMmeparypbl 1300 K, 3a uckmtouenue obnactu 2-25 K, B koTopoit oOHapyxeHa
aHoMmaus. Paccuuransl TepmoauHamMudeckue Gyukiuu LnoFeTaO7, Ln=Sm, Gd, Y B auana-
3oHe 15-1300 K. HMccaenmoBanne MarHUTHBIX cBoiictB SmpFeTaO7 u YoFeTaO7, mokasadno,
YTO COCJAMHCHHUS SIBISIFOTCS MapaMarHETHKaMH, B KOTOPBIX MPUCYTCTBYIOT aHTU(eppomar-
HUTHBIC B3aUMOJICHCTBUS OJNIMKHETO MOpSANIKa, a MPU HU3KHX TEeMIlepaTypax HalOIlo1aeTcs
NepeXo B COCTOSIHUE CIIMHOBOTO CTEKJIA.

BrniepBeie, nmokazaHo cyuiecTBoBanue paHee HeusBecTHbIX (a3 Ln,CrTaO7 B cucreme
Ln203-Cr203-Ta20s, (Ln = Sm, Gd, Y). B otinume ot LnoFeTaO7, oHu UMEIOT KYOHUYECKYTO
CTPYKTYpY THIA THPOXJopa, mp. rp. Fd-3m. YcraHoBieHO, 4TO MarHWUTHbIE CBOMCTBA
Ln,CrTaO7 onpenensiorest hpeppomarautabivu (PM) Bzaumoneiictsusvu Cr’* moapemerky,
JUIs KOTOpol XapakTepHo Hanumune @M mepexona B obiactu 150 K. Hmwke sToro nmepexoaa
BO3MOKHO ITPOSIBIICHUE MAarHUTOYIPYTUX 3PPEKTOB, B YACTHOCTH, OTPUIATEIHLHOTO KO3 hu-
nuenTa temooro pacmupenus (KTP), kak B cnyyae Y2CrTaO7. Buecenue B pemierky mnu-
poxiopa marHUTHOro P3 kartuoHa (Hapsiiy ¢ XpoOMOM) MPUBOAMT K KOHKypeHuuun ADPM u
O®OM B3auMOACHCTBHI JABYX MOJPEIIETOK, YTO CYIIECTBEHHO MEHSIET MarHUTHOE TMOBEICHUE
nupoxJyiopoB. Ilpu 3TOM BeposATHOCTH JedopMalluu pPEUIeTKH, CBSI3aHHOW CO CIIOHTAHHOM
HaAMarHW4YeHHOCThI0 B oOmactu @M mepexona, a Takxke MmosiBjIeHue oTpunareiabHoro KTP
cHkaercsa. OnpeneneHsl 3HaueHus TeroeMkoctu coenuHennii Ln,CrTaO7 B uatepsane 300
- 1300 K. ITokazano orcytcTBUe nonuMopdHbIX nepexoaoB B Ln2CrTaO7 Bmots 1o 1450°C.

Takum oOpa3om, B pe3ynbTaTe IPOIeIaHHON paboThl pa3padoTaHbl HOBBIE CHHTETHYE-
CKHeE TOJIXO/IbI, TPOBEIEHO KOMILIEKCHOE HCCle0BaHNe (DU3HUKO-XUMUYECKHUX, CTPYKTYPHBIX,
MarHUTHBIX U TEPMOJUHAMUYCCKUX CBOHCTB BIICPBBIC CHHTE3UPOBAHHBIX M MAJOU3yYCHHBIX
OKCHJIOB Ha OCHOBE TaHTanaToB P30.

Iyonauxanmuu crynentku (http://istina.msu.ru/profile/EFPopova/):

1. Eropsmmesa A.B., Honosa E.®., Tiopun A.B., Xopommunos A.B., T'aiitko O.M., Ce-
toropoB P.[l., Cnoowcnvie maumanamer P35 ¢ nupoxnoponodobroti cmpykmypou.
cunmes, cmpykmypa u mepmuyeckue ceéoticmaa I/ J/ypHaj HeopraHu4ecKoi XuMHH,
2019, T. 64, Ne 11, c. 1154-1165. DOI: 10.1134/S0044457X19110059.

2. Egorysheva A.V., Ellert O.G., Kirdyankin D.I., Popova E.F., Svetogorov R.D, Unusu-
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Ln =Y, Sm, Gd // Magnetism and Magnetic Materials (oTnpasiena B me4yars)
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YUYeHbIX MO O00Ileid M HeOPraHW4ecKOW XHMMH, COOPHHUK TE3UCOB JOKIJIAJIOB,
Mocksa, Poccus, 9—12 anpens 2019, ¢.204-205.

5. Homora E.®., Becenora B.O., I'aiitko O.M., Eropsimesa A.B., Paspabomka memo-
ouxku cunmesa cnogcnoco oxcuoa Y2FeTaO7 /[ XXVI MexnynapoaHasi Hay4Hast
KOH(epeHIUsl CTYIeHTOB, ACNUPAHTOB U MOJOABIX Y4eHbIX «JIoMoHOCOB-2019»,
cekuus «Xumus», COOpHUK Te3ucoB, MockBa, Poccus, 8-12 anpenst 2019, c. 427.

Synthesis, structure and properties of new high-temperature
compounds Lnz(Fe/Cr)TaO7, Ln = REE and Y

Popova E.F.

Supervisors: D.Sc., leading researcher Egorysheva A.V., Ph.D., senior research-
er Baranchikov A.E.

SmyFeTaOy is a new compound with pyrochlore-like structure, which by its functional
characteristics exceeds the well-known material for thermal barrier coatings yttrium-stabilized
zirconium, YSZ. The mechanical properties of SmoFeTaO7 have been studied quite well, but
in other respects this compound, as well as the compounds of the LnoFeTaO- series, should be
considered as poorly studied.

The purpose of this work is to search for, develop synthesis methods, and study of the
physicochemical and thermodynamic properties of complex REE tantalates with the general
formula Lnz(Fe/Cr)TaOs.

In the course of the work we developed a new synthesis method for Lny(Fe/Cr)TaO-
using the co-precipitation followed by annealing. The influence of synthesis conditions on the
phase composition and microstructure of compounds was studied using DTA/TG, XRD and
SEM methods. Temperature dependences of heat capacity, magnetic properties and structural
features of the obtained samples were investigated.

As a result of our research, it was shown that pyrochlore-like compounds Ln2FeTaO-
exist for the wide range of lanthanides (Ln = Pr-Yb, including Y). The compounds with
Ln=Pr, Nd, Er, Yb were synthesized for the first time. It was shown that the synthesis of a py-
rochlore-like phase involves the formation of nanocrystalline metastable fluorite phase, which
irreversibly transforming into the pyrochlore-like phase with an increase in the time or tem-
perature of crystallization. It was found that all compounds of LnoFeTaOy7 series have hexag-
onal structure (space group R-3), including SmzFeTaO7 phase, previously referred to space
group C2/c. It was established for Ln.FeTaO7, Ln=Sm, Gd, Y, that the temperature depend-
ences of heat capacity were shown to be featureless up to 1300 K except for the range 2-25 K,
where the anomaly was discovered. The thermodynamic functions for Ln,FeTaO7, Ln=Sm,
Gd, Y were calculated in the range of 15-1300 K. The magnetic properties study showed that
SmyFeTaO7 and Y2FeTaO7 compounds are paramagnets with short-range antiferromagnetic
interactions and exhibit a spin glass transition at low temperatures.

For the first time the existence of previously unknown LnCrTaO; phases in the
Ln203-Cr203-Ta20s, (Lh = Sm, Gd, Y) system was shown. In contrast to Ln,FeTaOy,
Ln>CrTaO7 compounds have a cubic structure of pyrochlore, space group Fd-3m. It was
found, that the magnetic properties of Ln.CrTaO- are determined by the ferromagnetic (FM)
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interactions of the Cr3* sublattice, which is characterized by the presence of FM transition in
the 150 K region. Below this transition, magnetoelastic effects may occur, in particular, a
negative coefficient of thermal expansion (CTE), as in the case of Y>CrTaOy. The adding of a
magnetic lanthanide cation into the pyrochlore lattice (along with chromium) gives rise to
competition of AFM and FM interactions of the two sublattices, which significantly changes
the magnetic behavior of pyrochlores. At the same time, the probability of lattice deformation
associated with spontaneous magnetization in the FM transition region, as well as the appear-
ance of negative CTE, is reduced. The heat capacity values of Ln.CrTaO7 compounds were
determined in the temperature region of 300 - 1300 K. The absence of polymorphic transi-
tions in Ln2CrTaO7 up to 1450°C was shown.

Thus, as a result of this work, new synthesis approaches were developed and the com-
prehensive study of physicochemical, structural, magnetic and thermodynamic properties of
the novel and poorly studied oxides based on rare-earth tantalates were carried out.

HpI/IMeHeHI/Ie CTATUCTUYECCKOTO IMOAXO0AAa IIPA MOCTPOCHUMN
TEPMOAUHAMHAYICCKHUX MOIIeJICﬁ CILIaBOB, COACPKAIIUX AJTIOMMHUHA

Kyzo6uuxoe C.B.

PykoBoauTenb: 4.T.H., B.H.C. beno I'.B.

[IpunsatHEe OOOCHOBAHHBIX PEMICHUH TMPH TPOCKTUPOBAHUH IPOU3BOJCTBEHHBIX
IPOLIECCOB HEBO3MOXHO peajin3oBaTh 0e3 MH(OpMAIUMK O TEPMOJMHAMMUYECKHX CBOMCTBaxX
UCCIJIETyEMbIX MaTepUalioB, KOTOPHIE BKIIIOYAIOT B c€0sl CBEAEHMS O ()a30BbIX PAaBHOBECUSIX U
TEPMOXUMHUYECKUX CBoOMcTBax. /I oOmucaHus yXe HMMEIOIIMXCS SKCIEePUMEHTAIbHBIX
JAHHBIX, a TakKXe JJs IOJy4YeHHs aJIeKBaTHBIX IIpeACKa3aHUNl CBOWCTB MpHOErarT K
IOCTPOCHUIO TepMOAMHaAMHuyeckux Mopenei. [IpenckazarenbHas CIOCOOHOCTb Pa3IMYHbIX
MoJieJIe B 3HAUYUTENIbHOM CTENEHU 3aBUCUT OT KaueCTBA UCXOIHBIX JaHHbBIX, B YaCTHOCTH, OT
UX CTaTUCTHYECKOW COIIaCOBAHHOCTH, MOATOMY JJISi YCHEIIHOTOo IMPUMEHEHHs Mojenen
HE0OXO0IUM aHaJIU3 MOTPEIIHOCTH MOJIETUPOBAHUS.

KoHeuHbIM pe3ynbTaTOM TEPMOJMHAMHYECKOTO MOJICIIMPOBAHUS SBISIETCS TIOJTYYEeHUE
AQHAINTUYECKOT0 BBIPAXKEHHUsS M HaOopa MapaMeTpoB, ONMUCHIBAIOIIMX SHepruu ['mbbdca a3
croco0oM, HE NPOTHBOPEYALIMM JAHHBIM OSKCIepuMeHTa. lcciemoBaHUe MOTPENIHOCTH
TaKUM 00pa3oM 3aKJII0YaeTcs B UCCIIEI0OBAaHUU BEPOSTHOCTHBIX PACIpENeeHHI nmapameTpoB
U PACCUUTHIBAEMBIX C TIOMOIIbIO HUX BEJIMYUH, B IAaHHOM CIIydae I'paHMIbl (a30BbIX MOJIEH U
JaHHBbIE TEPMOXMMHMUYECKOTO OHKCIepuMeHTa. B naHHOW pabore B KauecTBE OOBEKTa
uccienoBanus OblTH BeIOpansbl cucteMbl Al — Siu Al — Co.

TpaguIIMOHHO OLIEHKHU MOTPEIIHOCTH MOJYyYEHHBIX MapaMeTPOB PACCUUTHIBAIOTCS Ha
OCHOBAHMHU KOBapUAI[MOHHBIX MaTPUILI, TOJIy4aeMbIX B pe3yJIbTaTe HEJIMHEHHON perpeccuu mo
METOJly HaUMEHbIIUX KBajpaToB. K coxkaneHuto, npu aHanuse U oOpaboTKe MPUBOJIUMON B
auTepatype MH(OpMaIMK 3a4acTyro OBIBAET CJIOKHO OLIEHUTh CTENEeHb €€ JOCTOBEPHOCTH,
MO03TOMY MHOTO€ 3aBUCHUT OT CYOBEKTHMBHOM TOUKHM 3peHHs 3kcmepra. s Toro, 4roObl
MIOMOYb HKCIEPTY B 3TOM CUTyaIK OBLJIO MPEIOKEHO UCTOIb30BaTh baiiecoBckuit moaxon k
MOJIyUEHUIO OLIEHOK TMapameTpoB. YUucrneHHas peanu3anus baiiecoBckoro meroga Oblia
ocHoBaHa Ha Metoze Monrte-Kapio ¢ ucnonp3zoBanuem nemneii Mapkosa.

B xozne nannoil paboThl OB IPOBEEH 0030p OMYOJIMKOBAHHBIX 3KCIEPUMEHTAIbHBIX
JTAHHBIX M UMEIOIIUXCS TEPMOJUHAMUYECKUX MOJIENel, OTHOCAIuUXCs K cucremam Al — Si u
Al — Co. Ha ocHOBaHMM COOpaHHBIX JaHHBIX OBUIM TOJYYCHBI OIICHKH BEPOSTHOCTHBIX
pacripesiesieHuil mapaMeTpoB, Ha OCHOBE KOTOPBIX OBLIM paccUMTaHbl 0ojiee ONTUMAlbHbIE
3HA4YEHUS MapaMeTPOB, a TAK)KE UX JOBEPUTEIIbHbIE HHTEPBAJIbI.
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Takum o0pa3oM, gaHHas paboTa TOKA3bIBAET, YTO CTATHCTUYECKUE METOJIBI,
UCIIONB3YyIONIe TeopeMy baiieca Morytr ObITh 3((EKTUBHO HCIOJIB30BAHBI ISl OIICHKU
MOrpCIIHOCTU MOACIUPOBAHUA CIUIABOB B CHUCTEMax, COJACpKaAIIUX Al HOJIy‘-IeHHBIC
pacripesielieHus] BEPOSITHOCTEH MOTYT OBITh MCITOJB30BaHbI Il OIICHKH CTEIICHH JTOBEPHUS K
SKCHHCPUMCHTAJIbHBIM ~ JAaHHBIM, a TaKXE YKC CYICCTBYIOIIUM TCPMOAUHAMUYCCKUM
OIHCAHMSIM HCCIICOBAHHBIX CUCTEM.
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Statistical approach for thermodynamic assessment of
aluminum containing alloys

Kuzovchikov S.V.
Supervisor: Dr. Sci. (Eng.), Leading researcher Belov G.V.

Decision - making in the design of production processes is impossible without
knowledge of thermodynamic properties of materials, which include data about phase
equilibria and thermochemical properties. Assessment of thermodynamic models is being
used in order to describe the existing experimental data, as well as to obtain reliable
predictions. The quality of predictions depends of quality of initial data sets, particularly it
depens of statistical consistency of the data, so the successful application of thermodynamics
models requires an uncertanty quantification.

The final result of thermodynamic modelling is to obtain an analytical expression and
a set of parameters describing the Gibbs energy of phases in a way that does not contradict the
experimental data. Uncertanty quantification therefore consists of parameter errors obtaining
and analysis of propagating of this error to calculated values. In this work, the Al — Si and Al
— Co systems were chosen as the object of thermodynamics uncertanty quantification.

51


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

Traditionally, parameter errors are obtained from covariance matrices coming from
nonlinear least squares regression. Unfortunately, approach requires data analysis mostly
dependent on researchers' subjective desicions. In order to help with acoomplishing this task
Bayesian statistical methods were proposed for use in this work, numerically implemented
using Markov Chains Monte-Carlo method.

In the course of this work, published experimental data and available thermodynamic
models related to the Al — Si and Al — Co systems were reviewed. Based on the collected data,
estimates of probability distributions of parameters were obtained, which gave optimal
parameter values estimates, as well as their confidence intervals.

Thus, this work shows that Bayesian statistical methods effectively used for error
estimation of thermodynamic modelling of Al containing alloys. The obtained probability
distributions can be used to estimate the degree of confidence in experimental data, as well as
existing thermodynamic descriptions of the studied systems.

OCTEOKOHAYKTUBHBbIN KOMIO3UIIUOHHBINA MaTepuaJl B CUCTEMe
Na20-CaO-SiO2-P20s 1151 pereHepannu KOCTHOM TKAHH

Kavimonos M.P.

PykoBoaurens: K.T.H., c.H.c. Cadponosa T.B.

MenuiuHCKOoe HEeOpraHMYecKoe MaTepHajOBEICHUE PAcCMATPUBACT CO3/IaHUE U CO-
BEpPIICHCTBOBaHNE OMOAKTHBHBIX MaTEpUAJIOB, COJAEPIKALINX B CBOEM COCTaBe Hapsly ¢ ¢doc-
daramMu KanmpIus (TUAPOKCHANATHT, TpUKanbluiipochaTr m mupodocdar Kamblusi) HUHBIE
OCTEOMHIYKTUBHBIE (a3bl. B kauecTBe anbTepHATUBHBIX OCTEOMHIYKTUBHBIX (pa3 MOTYT BbI-
crynath amopdHbie min kpuctawmdeckue dasel B cucteme NaO—CaO-SiO2—P20s. M3BecT-
HbI€ METO/IbI [TOJIyYEHHsI MaTEepPUaIOB B 3TOM cHcTeMe, peaIoaralue BapKy 1 TOMOIeHU-
3alMI0 CTEKJIAa WM MPOBEIEHHUE 30JIb-Telb CHHTE3a, SJKOHOMHYECKH 3aTpaTHBl M MHOTOCTa-
nuiiabl. [IpuMeneHne BogHOro pactBopa cuirkara Hatpusi Na2O+nSiOz (BPCH) B kauectBe
CBSI3YIOILIETO TPH CO3J]aHUHA OMOCOBMECTHMBIX KEPaMHUYECKHX MaTepHajoB Ha OCHOBE IIO-
poukoB cuHTeTH4eckux (ocdaros kambuus (PK) B cucreme Na,O—CaO-SiO2—P20s no3Bo-
JSIET YCTPAHUTh 3TH HEJOCTATKH.

Lenbro gaHHOM PabOTHI ABISIOCH MOJy4YeHHE OMOCOBMECTUMOTO KEPAMUYECKOro MaTe-
puana B cucreme NaxO-CaO-SiO—P20s ¢ 3amaHHBIM (a30BBIM COCTABOM, BKITFOUAIOIIUM
Hatpuii KanbiueBblil cunkar NasCasSisO1s u B-penanut B-NaCaPOy, npenHasHaueHHOTO IS
UCIIONIb30BaHUS B MeMUIMHE. [l MOydeHusl Takoro Marepualia MCIOIb30BAIM CHHTETHYE-
ckrne OK (runpoxcuanatut Caio(POs)s(OH)2, tpukaneumiihpochar Caz(POs)2, mupodocdar
kanpius  CaxP.0O7) mu BPCH Nax0¢2.87Si0,. IlpeaaputensHo wuccnenoBanabii BPCH
Na20°2.87S102 6bUT UCHONB30BaH B KAUECTBE CBA3YIOILETrO MpH IUIACTUYECKOM (hopMOBaHUM
NpeKepaMHYECKHUX 3ar0TOBOK M3 BRICOKOKOHIIEHTPHPOBaHHKIX cycrieH3uil (BKC), BkirouaBmmx
cunternueckue OK. Kepamuky B cucreme NaO—CaO-SiO2—P20s monyvanu o6kurom chop-
MOBAHHBIX 00pa310B, MPEACTABIAIONINX COOOM 1IEMEHTHbIN KaMeHb. TBepaeHne o0pa3os Mo-
ciie popMoBaHUs TPOUCXOAMIO B pe3ylibTare noaukonaeHcanuu BPCH:

CO2 + H20 = H2CO3
Na20-2Si02 + H,CO3 + H20 = H2Si>0s + NaHCO3 + NaOH
H2Si205 = SiO; + H3SiOs3
H2Si03 + 4NaOH = NasSiO4 + 3H20
(SiO2)x + H20 = HsSiO4 + (SiO2)x-1
2H4Si04 = (OH)3Si-O-Si(OH)s + H20
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KonuuecTBO MCXOAHBIX peareHTOB PacCUMTBHIBAIM TaK, YTOObI MOJILHOE COAEp)KaHHE
okcunoB Na;O, Ca0, SiO; u P20s 06110 MakCHMaIbHO MPUOTMKEHO K MOJIBHOMY COJIECPYKAHUIO
JTAHHBIX OKCHJIOB B cTekiie mapku Bioglass 45S5 (24.3% Na20; 26.9% CaO; 46.2% SiO»; 2.6%
P20s). KoppekTupoBky cocTtaBa MCXOAHOI MOPOLIKOBOM CMECH MPOBOIMIIN, A0OABISS OKCHUJL
kanpiuss CaO u kapOonat Hatpus NaxCOs. IIpocteie 3-x MepHbIe reomMeTpHyeckue (PUrypsl
obun mosrydensl u3 BKC, BxmrouaBmmx @K u BPCH ¢ ucnons3oBanneM MmocioRHOTO SKCTPY-
3MOHHOTO py4HOTrO (hopmoBanust. [lannsie POA myis o6pas3uoB nocie GopMOBaHHUs, TBEPACHHS
U CYILIKH CBUJETEIBCTBYIOT 00 OTCYTCTBUH B3auMonaehcTBusi OK ¢ BOAHBIM pacTBOPOM CHIIU-
KaTa HaTpus Ha JaHHBIX CTaUsX.

Kepamuueckue matepuansl mnociie ooxkura npu 1000°C BrIrOYaM HATPU KabITUCBBINA
cuukaT NasCasSieO1s u B-penanut -NaCaPOs. ['eomerpuyeckas IIOTHOCTh MAaTEPHAIIOB IS
Bcex 00pa3ioB mocie odxura npu 1000°C cocrasuna 0.76 — 0.78 r/cM°, a IPOYHOCTH HA CXKa-
tue 2.5 — 3.5 Mlla.

Uccnenoanusie BKC MoryTt ObITh peKOMEHI0BaHBI 15l (HOPMOBAHMS TOPUCTHIX UMIUIAHTA-
TOB 33JJaHHOW apXUTEKTYpPbI C UCIIOJIb30BAHUEM IKCTpY3noHHOW 3D-neuaru. IIpemiosxeHHbI B
HacToAIIeH paboTe MOIXO MO3BOJISIET JOCTUraTh 33aHHOrO ()a30BOr0 COCTaBa KOMIIO3UIIMOH-
HBIX OMOCOBMECTUMBIX KepaMidecknx MatepuaiioB B cucreme NapO-Ca0-SiO>—P20s.
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Osteoconductive composite material in the Na2O-CaO-SiO2-P20s
system for bone tissue regeneration

Kaimonov M.R.

Supervisor: PhD in Engineering sciences, Senior Researcher Safronova T.V.

Medical inorganic materials science considers the creation and improvement of bioac-
tive materials containing, in addition to calcium phosphates (hydroxyapatite, tricalcium phos-
phate and calcium pyrophosphate) other osteoinductive phases. Amorphous or crystalline phas-
es of the Na,O—CaO-SiO,—P.0s system can act as alternative osteoinductive phases. Known
methods for obtaining materials in this system, which include melting and homogenization of
glass or using sol-gel technique, are economically costly and multi-stage. The use of an aqueous
solution of sodium silicate Na20O*nSiO2 as a binder in the creation of biocompatible ceramic
materials based on powders of synthetic calcium phosphates (CP) in the Na,O—CaO-SiO>—P20s
system allows to eliminate these disadvantages.

The aim of this work was to obtain a biocompatible ceramic material with a given
phase composition in the Na,O—-CaO-SiO>—P.0s system, including sodium calcium silicate
NasCasSieO1s and B-renanite B-NaCaPOs intended for use in medicine. Synthetic calcium
phosphates (hydroxyapatite Caio(PO4)s(OH)2, tricalcium phosphate Cas(PQOa4)2, calcium pyro-
phosphate Ca;P.07) and the aqueous solution of sodium silicate Na;O+2.87SiO2 were used to
obtain such a material. The preliminary studied the aqueous solution of sodium silicate
Na20+2.87Si02 was used as a binder in the plastic molding of pre-ceramic preforms from
highly concentrated suspensions (HCS), containing synthetic CP. Ceramics in the Na,O-
CaO-SiO2—P20s system were obtained by firing of molded samples, which were a cement
stone. The hardening of the samples after molding occurred as a result of polycondensation
the aqueous solution of sodium silicate:

CO2 + H,O = H2COs3
Na20-2SiO2 + H2CO3 + H20 = H2Si20s + NaHCO3 + NaOH
H2Si205 = SiO2 + H2SiOs3
H>SiO3 + 4NaOH = NasSiO4 + 3H20
(SiO2)x + H20 = HsSiO4 + (SiO2)x-1
2H4Si04 = (OH)3Si-O-Si(OH)s + H20

The amount of initial reagents was calculated to ensure the molar content of oxides
Na20, Ca0, SiO, and P20Os as close as possible to molar content of these oxides in the Bio-
glass 45S5 (24.3% Na20; 26.9% CaO; 46.2% SiOz; 2.6% P,0s). The composition of the initial
powder mixture was adjusted by adding calcium oxide CaO and sodium carbonate Na>COs.
Simple 3-dimensional geometrical figures were obtained from HCS, which consist of CP and
the aqueous solution of sodium silicate, using layer-by-layer extrusion manual molding. The
interaction of CP with the aqueous solution of sodium silicate was not observed for the sam-
ples after molding, hardening and drying according to the XRD data.

Ceramic materials after firing at 1000°C consisted of sodium calcium silicate
NasCasSisO1s, and B-renanite f-NaCaPOs. The geometric density of materials for all samples
after firing at 1000°C was 0.76 — 0.78 g/cm?, and the compressive strength was 2.5 — 3.5 MPa.

The studied HCS can be recommended for molding of porous implants of a given ar-
chitecture using extrusion 3D printing. The approach proposed in current work allows one to
achieve a given phase composition of composite biocompatible ceramic materials in the
Na20-CaO-SiO,—P,0s system.
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I'maporesin Ha 0OCHOBE AKPUWJIATHBIX POU3BOAHBIX
MOJIMITUICHTJIUKOJISI, HANIOJHEHHbIE CJIOUCTHIMU
(pocharamu KajabUM, 1) PereHepalui KOCTHON TKAHU

lIpeobpasicenckuti M. U.

PykoBoautenu: K.X.H., f1o1. [lytinsie B.W., acnupanT 2 r.o. Tuxonos A.A.

Co3ngaHne KOCTHBIX OMOMAaTepUalIOB SIBISETCS BaKHOM 3ajJayeil, BCIEICTBUE HE
HalJIeCHHOr0 Ha JaHHBIH MOMEHT HJEaJbHOI0 KOCTHO3aMmellaromero marepuana. [lepcrek-
TUBHBIM HAIPABJICHUEM SIBJISETCS CO3/IaHHE HOBBIX KOMITO3UIIMOHHBIX OMOMaTepraioB, 00a-
JAIOIIUX YNPYrMMHU CBOWCTBAMHM M apMHPOBAHHBIX MOpOIIKaMu (ochaToB KaiabLMs, AT Jie-
4yeHus 1e()eKTOB KOCTHOH TKaHU, KOTOPBIE ObLIM OBl CIIOCOOHBI K OOJNBIINM OOpaTUMBIM Jie-
dopmauuaM. ['uaporenu MoryT ObITh MUCIOJIB30BaHbl AJIS CO3JaHMs OMOMAaTEpUANIOB JUIs Jie-
4yeHus 1e)eKTOB KOCTHOM TKaHH M3-3a UX OMOAKTUBHBIX U YNpPYrux cBoicTB. [lpu ncnoms3o-
BaHuM 3D medaTy BO3MOXKHO CO3/1aHUE MaTepHaja co CI0KHOM apXUTEKTYpOM, UTO SBIISETCS
BO)XHBIM U 0OecreueHus] HHAMBUIYaIbHOTO TOAXO0/Ma K JICYCHHIO U OOECIIEYCHHS OCTEO-
KOH/TYKTHBHBIX CBOMCTB.

Lenbto JaHHO#M paboTHI SIBHJIACH pa3padOTKa OCTEOKOHAYKTHBHBIX KOMIO3HIIMOHHBIX
MaTepHajoB Ha OCHOBE HAIOJIHEHHBIX CIOUCTBIMHU (ochaTaMu Kaiblus THApOrenel s ux
NEPCOHATM3MUPOBAHHOTO MCIOIB30BAHUS MPH PEKOHCTPYKIIMH KOCTHOW TKaHW. OCHOBHBIMH
3aJjauaMu SIBISUTUCEH cuHTe3 QocdaroB kanbus (okTakaiabieBoro ¢pocdara OKD, 6pymiura,
o-Tpukanbiuiidochara o-TKD) B ompeneneHHbIX yCIOBHIX; alpOOMpPOBAHUE PaA3ITUIHBIX
Croco0OB PaBHOMEPHOTO HANOJHEHUs Tuaporeneid QocdaramMu Kajablus, B TOM YHUCIE
HalOJIHEHUE FOTOBBIMU YaCTUI[AMU U CHUHTE3 BHYTPHU Tellsl; OlpelielieHue cocTaBa (GoTocyc-
NEH3UH (TUM U KOHIEHTpauusi (OTOMHUIIMATOPA, CTENIEHb pa30aBlieHUs] MOHOMEPA, CTETIEHb
HAIOJIHEHUS MOPOIIKOM) U OCHOBHBIX HapaMETpOB CTEPEOJUTOrpapuuecKoil TpexmepHou
nedaTH (TIyOrWHA U KpUTHYECKAast JHEPTHUS MOJIMMEPU3ALH) TSl TIOTYIEeHUSI MAaKPOITOPUCTHIX
OCTEOKOHAYKTHUBHBIX OMOKOMIIO3UTOB rujaporeins/pocdar kanblus; UCCIe0BaHUE Ipolecca
HaOyXaHMs M BSI3KOYNPYTHUX CBOMCTB HAITOJHEHHBIX W HEHAINOJIHEHHBIX THIPOTEJIei; Hccie-
JIOBaHUE Pe30pOLIUU MAKPOIIOPUCTHIX KOMIIO3UTOB.

B nannoit pabGoTe wmcciaenoBaluCh TUAPOTETHM HAa OCHOBE MPOM3BOJHBIX IMOJUITH-
JICHTJIMKOJIA, a UMEHHO Ha ocHoBe MeTakpuiata (PEGMA) u nuakpunara (PEGDA) monu-
ATHIICHIIIUKOIISL. VICXOMHBIE CyCIIEeH3UN TOTOBHIIMICH Ha OCHOBE BOJHBIX paCTBOPOB MOHOMEpa
HJIH CMecH MOHOMepOB, (poToununuaropa lrgacure®819, gocdaros kanbius (CMHTE3UPOBAH-
HeIX OK®, Opymura ninn o-TK®). [Ipouecc dpoTononumepusanuu npoBoawiu B Y @-namie
u Ha 3D-npuntepe Ember (Autodesk, CILIA).

Bbuto mokaszaHo, 4TO BaphbHpOBaHHE KOJMYECTBA (DOTOMHHUIIMATOPA, CTETICHW HAIlOJIHE-
HUS Tenel nopoukamu GpochaToB KalbIHsl, a TAaKXKe IPaHyJIOMETPUHN UCToNb3yeMoro docda-
Ta KaJbIHs MMO3BOJISIET KOHTPOJIMPOBATEH CTETIEHb HAOYXaHUs THAPOTEIeH U UX KOMITO3UTOB B
MIMPOKUX Tpenenax. [Ipy BBeleHMM HANOJHUTENS HAOMIOJAeTCs MEHbIIas CHIMBKA MEXAY
MOJIEKYJIaMH W3-3a MOJIABJICHUS TOJMMEPH3AIlMd MOHOMEPOB, YTO BEAET K OoJbIIel THOKO-
CTH 3a CUET yBEIMYEHUS JIUHBI CTPYKTYPHBIX 3BeHbeB. [lokazaHa BO3MOXKHOCTH CHHTE3a
OK® u Opymmra BHYTpH Tuaporeneit npu HamnonHeHud yactunamu o-TK®. [Ipu yBenuue-
auu jgomu PEGMA B cocTtaBe THaporeiieli MPOUCXOIUT yBEIWYCHHE OWOJETpaaliii, 9TO
o0ecreynBaeT BO3MOXHOCTh KOHTPOJIMPOBAHUS CKOPOCTH U CTENEHU OMoJierpaiaiy u Kop-
PEKTHPOBAHUS CTA0MIIBHBIX K pacTBopeHuto ruaporeneiit PEGDA.

Pazpa®oTanHblii OMOKOMITO3UTHBII MaTepuan MepcreKTUBEH B MCIOJIb30BaHUM B pere-
HEpaTHBHON MEIMIIMHE 33 CUET BO3MOXXHOCTH KOHTPOJUPOBAHUS HAOYXaHWs, pe30pOunu u
MEXaHUYECKUX CBOMCTB MyTEM M3MEHEHMs COCTaBa MCXOAHOM (POTOCYCIEH3MH M BO3MOKHO-
CTH UCTOB30BaHus 3D-meuatn aJ1s MepcOHANIN3UPOBAHHOTO TI0IX0/1a B JICYSHUH MTAIUEHTOB.
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Acrylate derivatives of polyethylene glycol hydrogels, filled with

layered calcium phosphates, for bone tissue regeneration

Preobrazhensky I. I.

Scientific advisors: Ph.D., Assoc.Prof. Putlayev V.1., Tikhonov A. A.

The creation of bone biomaterials is an important task, because the ideal bone re-

placement material has not been found at the moment. A promising way is the creation of new
composite biomaterials with elastic properties which could be reinforced with calcium phos-
phate powders for the treatment of bone defects. Such biocomposites could be capable of
large reversible deformations. Hydrogels can be used to create biomaterials for the treatment
of bone defects due to their bioactive and elastic properties and similarity to the organic con-
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stituent of native bone tissue. By using 3D printing, it is possible to create a material with a
complex architecture, which is important for ensuring osteoconductive properties and provid-
ing an individual approach to treatment.

The aim of this work was to develop osteoconductive composite materials based on
hydrogels filled with calcium phosphates for their personalized use in bone reconstruction.
The main tasks were the synthesis of calcium phosphates (octacalcium phosphate OCP,
brushite, a-tricalcium phosphate a-TCP) under certain conditions; testing the ways of uni-
form filling of hydrogels by calcium phosphates, including filling with synthesized particles
and synthesis inside the gel; determination of the composition of the photosuspension (type
and concentration of the photoinitiator, the degree of dilution of the monomer, powder filling
fraction) and the main parameters of stereolithographic three-dimensional printing (depth and
critical energy of polymerization) for obtaining macroporous osteoconductive biocomposites
hydrogel/calcium phosphate; research of the swelling process of filled and unfilled hydrogels;
study of the resorption of macroporous matrixes.

In this work, hydrogels based on polyethylene glycol derivatives, namely on the basis
of polyethylene glycol methacrylate (PEGMA) and diacrylate (PEGDA), were studied. Initial
suspensions were prepared on the basis of aqueous solutions of monomer or a mixture of
monomers, photoinitiator Irgacure®819, and calcium phosphates (synthesized OCP, brushite,
or a-TCP). The photopolymerization process was performed in a UV-lamp and an Ember 3D
printer (Autodesk, USA).

It was shown that varying the amount of photoinitiator, the filling fraction of gels with
calcium phosphate powders, and the granulometry of the calcium phosphate powders allow
controlling the degree of swelling of hydrogels and their composites within a wide range.
When the filler is introduced, there is less cross-linking between the monomer molecules due
to the suppression of monomer polymerization, which leads to greater flexibility due to the
increase in the length of the polymerized units. The possibility of brushite and OCP synthesis
inside hydrogels volume was shown by hydrolysis of a-TCP particles/hydrogel composites.
Increasing of the PEGMA fraction in the initial composition led to the growth of the biodeg-
radation rate of composites based on biostable PEGDA.

The developed biocomposite material has a high potential for the use in regenerative
medicine due to the ability to control swelling, resorption and mechanical properties by
changing the composition of the initial photosuspension and the possibility of using 3D print-
ing for a personalized approach in the treatment of patients.

Kepamuueckue 6nokommno3ntsl B cucteMe MgNaPOs — Mgs(POa4):2
Munvrun I1.A.

PykoBonurens: K.X.H., n1ou. [lyrnges B.H.

BhICTpBIIl pOCT YMCIEHHOCTH HAceIeHHMs NMPUBOAUT K YBEJIMYEHHIO MOTPEOHOCTEH B
6I/IOMaTepI/IaJ'IaX, NPpEAHA3HAYCHHBIX I PEre¢HCpal U 3aMCHBI MATKHUX U TBépI[I)IX TKaHCI\/II,
B TOM 4Hcie, KOCTHOH. [ mocnenneil OnocoBMecTuMbIe KepaMUYecKre MaTepralbl, B 4acT-
HOCTH, Ha 0OCHOBE (hocpaToB MarHus, 00IaJar0T CEPbE3HBIMH MEPCIIEKTUBAMH IPAKTHYECKOTO
npuMeHeHHsa. Co3gaHue TaKMX MaTepHajoB IMO3BOJUT COXPAHUTh M YIYYLIMTh KayecTBO
KM3HH TAIIMEHTA, COKPATUTh CPOK €r0 BOCCTAHOBIICHHUS.

ITporpecc B 00J1aCTH OCTEOIUIACTHUECKUX MATEPUATOB BUIAUTCSA B pa3pabOTKe MOpHU-
CTOW KepaMMKH, KOTOpas, B UJ€aIbHOM cllydae, JOJDKHA ObITh KapkacoM (ckadosigoMm) JUist
Pa3IMYHBIX KIETOK U BEIIECTB C OMOJIOTMYECKOH aKTHBHOCTBIO, CEKPETUPYEMBIX B OKpYXKa-
IOIME TKaHW ¢ KOHTPOJIMPYEMOH CKOPOCTBIO, a Takke 001amaTe OMOCOBMECTHMOCTHIO, pe-
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30pOMpPYEMOCThI0, OCTEOKOHAYKTUBHOCTBIO, TOCTATOYHON INPOYHOCTHIO B TEUYEHHUE BCETO
BpeMeHU (YHKIIMOHHPOBaHUS. B Hacrosmiee Bpems sl pereHepanuyd KOCTHOW TKaHU HC-
NOJIB3YIOT KepaMuKky Ha ocHoBe ruapokcuanaruta Caio(POs4)s(OH)2 (I'A) U TpUKAIBIIUEBOTO
dochara Caz(POs)2 (TK®D). Ograko ypoBeHb M CKOPOCTh MX PE30pOIMH HE yIOBICTBOPSIOT
COBPEMEHHBIM TPEOOBaHMSM PEreHEPaTUBHOIO MOAX0/1a JICUCHHUSI, YBEIMUUBAsi PUCK MTOBTOP-
HOTO TOBpekaeHus. Mcmonb3oBanne wmarHueBbix ¢ocharoB B cucreme MgNaPOs —
Mgz(POa4)2 noapa3zymeBaer OONBILIYIO PACTBOPUMOCTh MaTepuaia B cpaBHeHuu ¢ ['A u TKO.
Bonbmas SHTanbIHNA ruapatanuy nona Mg?" mo cpasrenmio ¢ Ca?’, mepexphIBaeT ero BKIaf
B YBEJIMUEHHUE SHEPTUU KpUcCTaIndeckon pemérku. Kpome Toro, Mmaruuii crnoco0eH cMeaTh
MPOIIECCHI PEMOJICITMPOBAHMUST KOCTHOW TKAHHW B CTOPOHY OCTEOCHHTE3A.

Takum 00pa3zom, LeNbI0 TaHHON paboThHI ABISETCSA pa3paboTKa MarHUHCOAEPIKAIINX
KEepaMUYECKHX MaTepPHAIIOB JIJIsl OCTEOIUTACTUKH, O0JIaJaroIIuX OOJIbIIeH pe30pOUpyeMOCThIO
no cpaBHeHuto ¢ I'A u B-TK®, na ocHoBe (ocdaToB Maraus u HaTpHsi B OUHAPHOU CHUCTEME
MgNaPO4 — Mg3(POa)>.

JInist TOCTHKEHUS 1eNTd ObUTH MTOCTABJICHBI 331a4K OIPEeIICHUs YCIOBUN CHHTE3a Op-
todocpara mMaraus MQ3(POs)2 u nBoitHbix (ocharoB marnus u Harpus - MgNaPOs wu
MgsNa(POs)s; ycTanoBieHuss (a30BbIX OTHOLICHWIT B jaBoiHON cucteme MQNaPOs —
Mgz(POas)2; ompemeneHust yCIOBHH HM3TOTOBICHUS IUIOTHOH KepaMHKH Ha ocHoBe MQs-
xNaxx(PO4)2, €€ MPOYHOCTHBIX XapaKTEPHUCTHK, a TAKXKE IMOJYYCHHUsI OLICHKU pe30pOupyemMo-
CTH MTOJIOOHBIX MAaTEPUAJIOB.

ITo pe3ynbraTam maHHOW pabOTHI CKOPPEKTHPOBAHBI (ha30BbIE OTHOIICHUS B JIBOMHOM
cucteme MgNaPO4 — Mgs(POs)2; ycTaHOBIICHBI YCIIOBHS TOJIYYCHUSI U3TOTOBJICHUS TUIOTHOM
kepamuki Ha ocHoBe M@z xNaxx(PO4)2 1 olleHEHBI POYHOCTHBIC XapPAKTEPUCTUKU ITUX Ke-
paMHUYECKHX MaTEPHAJIOB; BIICPBHIC NMPOBEJICHBI TEOPETHUECKUE (HA OCHOBE Pa3IMYHBIX TEp-
MOJUHAMUYECKHX MOJIEIICH) U AKCIIEpUMEHTAIBHBIE OIICHKH PAaCTBOPUMOCTH (pe30pOoupyemMo-
CTH) KepaMu4eckux marepuaioB Ha ocHoBe MQs.xNax(POas)2. IIpennoxennrsie B padboTe Ke-
pamMudeckue MaTepuanbl 00s1agatoT OoJbLIeH pe30pOHpPYyEMOCThIO B CPAaBHEHUH C TPAJAMIIU-
oHHO ucnoyib3yeMbiMu ['A u TK®; ¢da3oBsie npeBpaiieHus B yka3aHHbIX (pocdarax Jmbo oT-
CYTCTBYIOT, TH0OO 0071a/1at0T MasbiM 00BEMHBIM (P (EKTOM, YTO OJIArONMPHUATHO CKa3bIBACTCS
Ha MEXaHMUYECKUX XapaKTEepUCTHKaX MaTepuaina. MccinenoBaHHbie B paboTe MaTeprasibl MOK-
HO PEKOMEH/IOBATh JUIS NTAIBHEHIIINX MCCIeIOBAHUN B KQUeCTBE KaHAMIATOB HOBBIX MarHuii-
coJiepKalX OMOKOMITO3UTOB JJIsi PEKOHCTPYKLIMU KOCTHOM TKaHH.
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Ceramic biocomposites in MgNaPO4 — Mgz(POa4)2 system
Milkin P.A.
Supervisor: Ph.D., Assoc.Prof. Putlyaev V.I.

The rapid growth of the population leads to an increase in the need for biomaterials in-
tended for the regeneration and replacement of soft and hard tissues, including bone. Current-
ly, biocompatible ceramic materials, in particular, based on magnesium phosphates, have con-
siderable perspectives for practical application. The creation of such materials will help to
maintain and improve the quality of life of the patient and reduce the period of his recovery.

Advance in the field of osteoplastic materials is supposed to be in the development of
porous ceramics, which, ideally, should serve as a scaffold for various cells and substances
with biological activity, secreted into the surrounding tissues at a controlled rate, as well as
have biocompatibility, resorption, osteoconductivity, and sufficient strength throughout the
entire time of performance. Currently, ceramics based on hydroxyapatite Caio(POas)s(OH)2
(HA) and tricalcium phosphate Caz(POa4)2 (TCP) are used for bone regeneration. However, the
level and velocity of their resorption do not meet the contemporary requirements of the regen-
erative treatment approach, increasing the risk of re-injury. The use of magnesium phosphates
in the MgNaPO4 — Mgs(POa4)2 system implies a greater solubility of the material in compari-
son with HA and TCP. The greater enthalpy of hydration of the Mg?* ion compared to Ca?*
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overlaps its contribution to the increase in the energy of the crystal lattice. Furthermore, mag-
nesium is able to shift the processes of bone tissue remodeling towards osteosynthesis.

Thus, the aim of this work is to develop magnesium-containing ceramic materials for
osteoplasty that have greater resorption compared to HA and B-TCP, based on magnesium
and sodium phosphates in the binary system MgNaPO4 — Mgz(POa4)>.

To achieve this aim, the tasks were set to determine the conditions for the synthesis of
magnesium orthophosphate Mgs(POa4)2 and double phosphates of magnesium and sodium -
MgNaPOs and MgsNa(POs4)s; to establish phase relations in the double system
MgNaPOs - Mgz (POs)2; to determine the conditions for the fabrication of dense ceramics
based on Mgz-xNaxx (POs)2, its strength characteristics, as well as to estimate the resorption of
such materials.

According to the results of this work, the phase relations in the double system
MgNaPO4 - Mgs(PO4)2 were adjusted. The conditions for dense ceramics fabrication based on
Mgz-xNaxx(PO4)2 were established and the strength characteristics of these ceramic materials
were evaluated. For the first time, theoretical (based on various thermodynamic models) and
experimental estimations of the solubility (resorption) of ceramic materials based on
Mgs-xNaxx(POs)2 were realized. The ceramic materials proposed in this paper have a higher
resorption capacity in comparison with the traditionally used HA and TCP; phase transfor-
mations in these phosphates are either absent or have a small volume effect, which favorably
affects the mechanical characteristics of the ceramics. The materials studied in this paper can
be recommended for further research as candidates for new magnesium-containing biocompo-
sites for bone reconstruction.

dopMuUpOBaHME MHOTOCJTOMHBIX CTPYKTYP HA Hecylleil 0OCHOBe U3
AHOJHOI0 OKCH/IA AJIIOMUHMS ISl CPeAHEeTEeMIIEPATYPHBIX
TBEPAOOKCHIHBIX TOIUIMBHBIX 3JIEMEHTOB

TI'opoeesa E.O.

PykoBoamuTenu: k.X.H., H.c. PocisikoB U.B., k.X.H., B.H.c. Harmonsckuit K.C.

OpHOM M3 KIIIOYEBBIX TEXHOJIOTMM, KOTopas B OyvkailiieMm OyaylieM MOKET CTaTh
JOMMHHPYIOIEH Ha PBIHKE CTAllMOHAPHBIX MIEKTPOTrE€HEPATOPOB, SABIISETCS TEXHOIOIHUS TBEP-
JIOOKCHUJHBIX TOIUIMBHBIX 37eMeHTOB (TOTD). JIns moBblIeHUS SKOHOMUYECKON IpUBIIEKa-
tenbHOCTH TOTD, KOTOpBIE B HAcTOsAIIEEe BpeMs, Kak MpaBuiio, GyHKIMOHUPYOT npu 800 —
1000 °C, He0OXO0aUMO CHMKEHHE pabounX TEMIIEpaTyp J0 CpeaHETEMIIEpaTypHOTO Aramna3o-
Ha (500 - 700 °C). C nonmwxkeHnneM padoueil TeMnepaTypbl 3HAUUTEIBHO YBEIUYUBAETCS OMU-
YECKOE COIPOTUBIICHUE TBEPJOrO 3JIEKTPOJIUTA, BCIEACTBUE Yero 3(P(PEeKTUBHOCTH PabOTHI
TOTD cumxaercss. OAHUM U3 CIIOCOOOB peIIeHUs JaHHOM MpoOJIeMbl SBISETCS YMEHbLICHHE
TOJILIMHBI CJIOSI TBEPJOTO EKTPOJIUTA OT TEKyIero 3HaueHus ~ 300 MKM 70 ypOBHSI MeHee
10 mxm. IIpuMeHeHne MaTepruanoB MUKPOHHON TOJIIMHBI MOXET OBITh PEaIN30BAaHO MyTeM
nepexoAa OT TPAAUIMOHHOW 3JIEKTPOIUT-TIoAAepkuBaromniel kouctpykuuu TOTD, Ha mo-
BEPXHOCTH KOTOPOHl (OPMHUPYIOT 3JEKTPOJbl, K MHOTOCIOHHBIM CTPYKTypaMm Ka-
TOJ1/3JIEKTPOIUT/aHO HA MMOBEPXHOCTU MOPUCTON Hecyllleld OCHOBBL. Marepuai Hecylen oc-
HOBBI JIOJDKEH OOecreyrBaTh OJHOBPEMEHHO JIOCTATOYHYIO MEXaHHYECKYI0 NMPOYHOCTh CHU-
CTEMBI C COXpaHEHHEM BBICOKOI T'a30MPOHUIIAEMOCTH, a TAK)KE€ BOZMOKHOCTh (DOPMHUPOBAHUS
ra3oIUIOTHBIX MHOTOCJIOMHBIX CTPYKTYp Ha €€ MOBEpXHOCTH. [lepCieKTUBHBIM KaHIUAATOM
JUISL anpoOanuu JaHHOTO TOAXO/a SBIISETCS aHOMHBIA okcua amtoMuHus (AOA) Gmaromaps
HAJIMYMIO NPSMBIX KaHAJIOB, KOTOPBIE MOTYT OBITh MCIIOJIb30BaHbI Ul JOCTaBKU TOILJIMBA K
OJIHOMY M3 AJIEKTPO/IOB TOIUIMBHOM Y€K, BHICOKOWH TEPMHUUECKON CTaOMIBHOCTH MOPUCTOMN
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CTPYKTYPBI U OIM30CTH KO3(D(DUITMEHTA TEPMUIECKOTO PACIIMPEHHs C COOTBETCTBYIOIICH Be-
JIMYUHOU JIJIs1 TPAOAUIMOHHBIX MaTtepuasioB TOTO.

Henpro nanHoOM paOOTHI SABISETCS pa3padOTKa OCHOB CO3/laHus HOBOro kiacca TOTO
Ha Hecymieit ocHoBe n3 AOA, npurogHsix K 3GPeKTHBHON paboTe B YCIOBHUSAX CPEAHUX TEM-
nepatyp (500 - 700 °C).

[Topuctyto HecyIyio 0OCHOBY (hOPMUPOBATIM METOJOM aHOAUPOBaHUs amoMuHus B 0,1
M H3PO4 ipu 195 B. [ocneayromuiit MHOTOCTaIMHHBIA OTKUT MPUBOJUT K KPUCTAIUTH3AIUN
AOA B a3y xopyHIa M NO3BOJIAET MOJYYUTh MaTepual, MOPHUCTas CTPYKTypa KOTOPOTO
ycroituuBa nipu 1400 °C. HQuametrp nop AOA pasen 346 + 53 um, nopuctocts ~ 40%, mnpo-
HUIIAeMOCTh 10 a30Ty 1163 £ 45 m%/(M?-atm-u). Ha moepxnocts AOA ¢ IIOMOIIBIO MarHe-
TPOHHOTO HAIMbBUICHUS HAHOCWIM CJIOW miuaTuHbl Tommuuon 0,5 £ 0,1 MKM, BBICTYIAIOIMINKA B
KauyeCcTBE JIEKTPO/Ia.

B kauecTtBe TBEPAOIO 3JIEKTpOIUTA B pabOTE MCHOIB30BAIN JUOKCH LIUPKOHUS, CTa-
omnm3upoBaHHbI okcuaoM UTTpus (YSZ). CycneHsuio YSZ HaHOCWIM Ha TOBEPXHOCTh
AOA wmerosoM HeHTpu(YTupoBaHus Mo AByXcTanuitHON mporpamme (500 06./MuH. B Teue-
Hue 5 cexynn, 3000 06./muH. B Teuenne 60 cekyna). CorjaacHO JaHHBIM JTHJIATOMETPHH, CIIe-
kanue YSZ rommuHoi 4,8 + 0,2 MkM Ha moBepxHOCTH AOA TPOUCXOAMT MPHU TEMIEpaTypax
Boie 1200 °C. OntumanbsHble YCIOBUS peKpUCTAIIU3aluu Y SZ BKIIOYAIOT OTKUT MHOTO-
CIIOMHBIX CTPYKTYp 1O ABYXCTaAMIHON MeTomuke npu temmeparypax 1400/1200 °C. Ilokaza-
HO, YTO TepMuuecKas o0paboTka MPUBOIUT K crekaHuto cios YSZ (ycanka ~ 40%) u dop-
MHPOBAHUIO KEPAMUUYECKUX MOKPBITHI CO CPEIHUM pPa3MepoM KpUCTALTUTOB ~ 1 MxM. [Ipo-
BoAMMOCTb YSZ mpu Temmepatypax 600 - 900 °C cocrasmser 1-107° - 4:102 Cm/cM 1 ona-
JaeT B TUANIa30H 3HAYCHUI, XapaKTEPHBIX JUIS TOJICTBIX CIIOEB TBEPAOTO IeKTponuTa Y SZ.

Takum oOpa3oM, anpoOUpOBaHHBIE MOAXOMbI MO3BONSIIOT nonydate TOTD Ha Hecy-
et ocHoBe U3 AOA u uMeroT 00JIbIlIKE NEPCIEKTUBBI ISl 1albHENILIEro MPaKTUYECKOro Uc-
MOJIb30BAHUA.
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One of the key technologies that may dominate the market of stationary power genera-
tors soon is the solid-oxide fuel cells (SOFC). SOFC usually operate at 800 — 1000 °C. To
increase their commercial value, it is necessary to decrease in the operating temperature to the
intermediate range (500 — 700 °C). With a decrease in the operating temperature, the ohmic
resistance of the solid electrolyte increases significantly, which reduces the efficiency of the
SOFC. One way to solve this problem is to decrease the thickness of the solid electrolyte lay-
er from the actual value of ~ 300 microns to less than 10 microns. This approach can be real-
ized by changing from the traditional electrolyte-supported SOFC design, on which the elec-
trodes are formed, to the multilayer structures of the cathode/electrolyte/anode on the surface
of the porous support. The support material’s obligatory properties are as follows: high me-
chanical strength, high gas permeability, and low enough surface roughness, which allows
one to deposit a gas-tight thin layer on the support surface. A promising candidate for this ap-
proach is anodic aluminium oxide (AAO). AAO possesses high thermal stability, the thermal
expansion coefficient that close to the corresponding value for traditional SOFC materials,
and straight cylindrical channels that can be used for fuel delivery.

The aim of the present work is development of a new class of SOFC on the AAO sup-
ports, suitable for effective operation at the intermediate temperature range (500 — 700 °C).

The porous supports were formed by aluminum anodizing in 0.1 M H3PO4 at 195 V.
To obtain supports with stable porous structure at 1400 °C, AAO films were treated using
multi-stage annealing. After crystallization, corundum AAO supports with pore diameter of
346 + 53 nm, the porosity of ~ 40%, nitrogen permeability of 1163 + 45 m®/ (m?-atm-h) were
obtained. Then a platinum layer of 0.5 + 0.1 microns thick, acting as an electrode, was depos-
ited to the AAO surface using magnetron sputtering.

Yttria-stabilized zirconia (YSZ) was used as a solid electrolyte. YSZ suspension was
spin-coated on the AAO support using a two-stage technique (500 rpm for 5 seconds, 3000
rpm for 60 seconds). According to dilatometry, the sintering of the YSZ layer with a thickness
of
4.8 £ 0.2 microns on the AAO support occurred at temperatures above 1200 °C. Optimal con-
ditions for YSZ recrystallization included two-stage annealing of multilayer structures at tem-
peratures of 1400/1200 °C. It was shown that the thermal treatment leads to the sintering of
the YSZ layer (shrinkage of ~ 40%) and the formation of ceramic coatings with an average
size of crystallites of ~ 1 micron. The conductivity of YSZ at temperatures of 600 — 900 °C
was 110~ — 4-10-2 S/cm. This range of conductivity is typical for thick layers of YSZ solid
electrolyte.

Summarizing, the proposed approach allows one to obtain SOFC on the AAO supports
and have great prospects for the future thin-film SOFC development.
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TBepzu)Ie MOJIMMEPHBIC JJICKTPOJHUTHI HA OCHOBE
IMOJIMITHWICHOKCHIA /IJIA JIMTUCBbIX AaKKYMYJIATOPOB

be3yenos U A.

PykoBojauTens: K.X.H., C.H.C. UTkuc .M.

Meramudeckuil JIMTHA B Ka4eCTBE OTPULIATEIIBHOTO 3JIEKTPOA IS JIMTUEBBIX aKKYy-
MYJISITOPOB OTKPBIBA€T OOJIBLINE BO3MOXHOCTU B YJIYYIICHHUU HHEPreTHUECKUX XapaKTepu-
CTUK XUMUYECKMX UCTOYHHUKOB TOKA, TaK KaK 00JalaeT HauOOJBIICH TEOPETUUECKH BO3MOXK-
HOH yZeNIbHOM eMKOCThI0. OJIHAKO, €r0 UCIOIb30BAHUE B TPAAULMOHHBIX JIUTUNH-UOHHBIX AK-
KyMYJISITOpaX Ha JaHHBIH MOMEHT HEBO3MOXXHO B BUY €r0 BBICOKOH PEaKIIMOHHOW CIIOCO0-
HOCTU U MOP(OJIOTMYECKON HECTaOMIIBHOCTH B IPOLIECCEe IEKTPOOCaKIeHUs. bonbiiol nH-
TepeC B PEUICHUU STOM MNpoOJIeMbl MPEACTABISET HCIOJIB30BAHUE TBEPIBIX IMOTUMEPHBIX
anexTponutoB (TI1D), rmaBHEIM 00pa3oM MpPeCTABICHHBIX 3JEKTPOIUTAMU Ha OCHOBE IOJIU-
stuneHokcuaa (I190). Xots nmpocteitmme TIID Ha ocHoBe [0 MMEOT HEAOCTATOYHYIO
MOHHYIO TPOBOJAMMOCTH JIJIsi OOECIIeUeHHUsI BBICOKHX YHEPreTUYECKUX XapPaKTEPUCTHK, CYIIe-
CTBYET MHOKECTBO CIOCOOOB €€ MOBbIIeHU. OJHUM U3 TaKUX CIIOCOOOB SIBJISIETCS WCIIONb-
3oBanue cmecet 120 ¢ qpyrumu nojivMepamu.

Lenp nanHOW paboTHI COCTOUT B ModydeHuu cmeceBoro TIID, obGmamaromiero ymyd-
HIEHHBIMM XapaKTEPUCTUKAMH [0 CpaBHEHMIO ¢ MHAMBUAYanbHbIM [120. [lns moctuxkenus
ATOM 1€ ObUTH TMOCTABJICHBI CIEAYIONINE 3aJa4M: YCTAHOBUTh KOHIEHTPAIMOHHYIO U TEM-
nepaTypHyIO 3aBUCHUMOCTHU NMPOBOAMMOCTH, OIPEAEINTh Kakue napamerpsl TIID uzmenstorcs
MIPU BapbHUPOBAHUM COCTaBa M KAaK ATO BIMSIET HA MPOBOJUMOCTbH, ONTUMH3UPOBATH COCTaB
3JIEKTPOJIUTA.

TIID cocraa [120:nomuBuaMHAeHAuGTOpua (IIBJIP) B aAnanazone KOHIEHTpaLUit
IMBJI® 10 — 40 % c ucnons3oBanueM ouc-tpudropmermicynbdonmmumuaa gutus (LiTFSI)
B cooTHorrennu J0:Li =3, 6, 8, 10, 20 ObUTH MOJTYYEHBI METOJAMH TOPSYETO MPECCOBAHUS U
dbopMoBaHUs U3 pacTBOpa IpomnuieHkapOonara. [Ipu mOMOIIM CIIEKTPOCKONUU AIIEKTPOXU-
MHMYECKOr0 UMIIEaHca ObLIM M3MEPEHbI MOHHAs MPOBOAMMOCTL U YMcia mepeHoca mo Li'.
MeTtonamu pentrenoda3oBoro aHanuza u auddepeHInanibHol CKaHUPYIOHIEH KaTopruMeTpUun
OTIpEeIeTICHBI TEMITEPATYPHI CTEKJIOBAHUS U CTETIEHb KPUCTALTUYHOCTA 00pa3IloB.

VBenuuenue koHueHtpauuu [IB/I® nmpuBOIUT K CHUXKEHUIO KPUCTALUIMYHOCTH, 3a-
METHOMY TP UCIOJIH30BAHUHU MOJSIPU3AIMOHHON ONTUYECKON MUKPOCKOIUHU, HO (PaKTUUECKU
CHU)KAaeT YMCIIO0 MEepeHOoCUYuKoB 3apsana. OmHako, mobdaBka [IBJI® mo3BomnsieT pacTBOPUTH B
AJIEKTPOJIUTE TOMOJIHUTETFHOE KOJMYECTBO COJIM, YTO MPUBOJUT K YBEITUUYEHHUIO TTPOBOIUMO-
CTH.

B pabote 610 MOKa3aHO, YTO BO3MOXKHO YIYYIIHTH MpoBoAuMOcTh TIID Ha ocHOBe
I120 npu ero ucnons3zoBanuu B cMecu ¢ [IBJI®. [Tonyuennsie TIID ycunuparot auccomua-
IO COJIU TIPU COXPAHEHUH MEXaHUUYECKOW CTAOMIBHOCTH.

https://istina.msu.ru/profile/BezuglovI A/
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Poly(ethylene oxide)-based solid polymer electrolytes
for lithium batteries

Bezuglov |.A.
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Metal lithium as a negative electrode for lithium batteries provides great opportunities
for improving energy characteristics of chemical power sources due to its highest theoretical
capacity. However, nowadays its application in conventional lithium-ion batteries is hindered
by its high reactivity and tendency to develop morphological instability during electrodeposi-
tion. In this case using solid polymer electrolytes (SPE) based on poly(ethylene oxide) (PEO)
would be of great interest. Although the simplest PEO-based SPEs have insufficient ionic
conductivity to provide high energy characteristics, there are many ways to enhance it. A pos-
sible approach is to utilize PEO blends with other polymers.

Purpose of this work is to synthesize blend SPE with improved characteristics com-
pared to an individual PEO. The goals are to investigate influence of another polymer intro-
duction, examine concentration and temperature dependence of conductivity, optimize SPE
composition.

PEQ: polyvinylidene fluoride (PVDF) SPEs with PVDF content in range 10 — 40 %
and lithium bis(trifluoromethanesulfonyl)imide (LiTFSI) salt with EO:Li ratio = 3, 6, 8, 10,
20 were prepared using hot-press and propylene carbonate solution casting technique. lonic
conductivity and Li* transference numbers were evaluated using electrochemical impedance
spectroscopy. X-ray diffraction and differential scanning calorimetry were employed to de-
termine glass transition and crystallinity.

PVDF content enlargement leads to crystallinity decrease proved by polarized optical
microscopy but drop down charge-carriers amount. However, PVDF introduction allows extra
salt dissolution which leads to conductivity enhancement.

In this work refinement possibility of PEO-based SPE was shown. Resulted SPESs im-
prove salt dissociation ability simultaneously with mechanical strength retention.

TepMoauHaMuyeckass MOAEIb IKCTPAKIIMOHHOM CUCTEMBbI
BO/Ja — a30THASA KUCJI0TA — HUTPAT JIAHTAHA —
au-(2-3Tuarexkcun)gochopHas KHCI0TA — 0-KCHIIOJT

Apxunun A.C.

PykoBoauTens: K.X.H., 1o1. KoBanenko H.A.

B Hacrosmuii MOMEHT peako3eMenbHble dneMeHThl (P33) ucnoiap3yroTess BO MHOTHX
otpacisax. DddexkTuBHbIA cocod pazaenenust P33 — xuakodasHas skctpakmus. OqHuM U3
ATAamoOB Pa3paOOTKH TEXHOJIOTUHU SIBISIETCS MOCTPOSHUE TEPMOAMHAMHUYECKON MOJETH HKC-
TPAKIIUOHHON cHCTEeMBI. JIJIT 3TOro HEOOXOIUMBI IKCIIEPUMEHTAIbHBIC JaHHBIE O (a30BBIX
paBHOBecusix. OHaKO, TaHHBIC, IPE/ICTABICHHBIE B TUTEpAType, NAI0T JIUIIh BEChbMa OTPaHU-
YeHHBIC 3HaHUSA 0 Kod(dHIMeHTax pacrlpe/elIeHus JaHTaHa B YKCTPAKITMOHHBIX CUCTEMax C
nu-(2-atunrexcun)pochoproit kucnoroi ([I23I'PK). Takum oO6pa3om, MOCTPOCHUE TEPMO-
JUHAMHUYECKON MOJIeH 0e3 TPOBEICHUS JIOTIOJHUTEIBHBIX YKCIIEPHMEHTOB HEBO3MOXKHO.

Lenpto HacTosIIeH pabOThI SBISETCS MOCTPOSHUE TEPMOTUHAMUYECKON MOJIETH JKC-
TPaKIMOHHOM  CHUCTEMBI BOJa — a30THas KHCIOTa —  HUTpAT JIAHTaHA  —
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nu-(2-atunrekcun)pocdopHas KuciaoTa — O-KCHIONI. JIs TOCTHXKCHUS TaHHOW LEnu ObUIH
MOCTaBJIEHBI CIIENYIOMINE 3a/lauu: 1) MPOBECTH SKCTPAKIIMOHHBIE OMBITHI B UCCIENYEeMOU CH-
cTeMe; 2) MOCTpPOUTh TepMmoauHaMmuueckyro mozaenb (eGLCM) ucciaenyeMol cuCTEMBbl U
OTpeAeNIUTh TEPMOJAMHAMUYECKYIO KOHCTAHTY SKCTPAKIIMOHHOTO PaBHOBECHS.

DKcriepuMeHTalIbHAs pa0doTa BKJIOYANa B CeOS DKCTPAKIIMOHHBIC OMbBITHI M aHAIN3
paBHOBECHBIX XHUIKHUX (pa3. Ha mepBoM sTame B JeIUTENbHON BOPOHKE CMENIMBAIA MCXOJI-
Hyto BoaHyo0 (H20 + HNO3 + La(NOz3)3) u ucxoanyio opranudeckyro (231 PK + o-kcumon)
¢a3pl. CMmech nepeMeninBaiach Ha IIelKepe B TEUEHUHU Yaca U TepMOCTaTUpoBaiach mpu 25
°C B teuenue 48 gacos. [locne 3toro ¢assl pasaensiu. Ha Bropom 3tane paboThl IpOBOIMIN
oTpeziesieHue COCTaBOB MCXOHBIX U paBHOBeCHBIX (ha3. CoaeprkaHue JJaHTaHa B BOJAHBIX pac-
TBOpax omnpenensuin ¢ nomoinbto MCIT-MC merona. KonnuectBeHHyo peskcrpakuuio La B
BOJIHBIM pacTBOp ¢ nocieaymuM ucnosibzoBanueM MCII-MC merona npoBouiu s ornpe-
JIEJICHUS JTAHTaHa B OPTAaHMYECKUX PAacTBOpax. A30THYIO KHCIIOTY B BOJHBIX PacTBOpax ompe-
TSNS C TIOMOIIBIO MOTEHIIMOMETPUUECKOTO KUCIOTHO-OCHOBHOIO TUTpoBaHus. Taxxke Obl-
JI U3MEPEHBI IINIOTHOCTH BCEX UCXOAHBIX U PABHOBECHBIX BOJHBIX U OPTraHUYECKUX (a3.

B cBsa3u ¢ kpaiiHe HU3KOW B3aMMHOW PAacTBOPUMOCTBIO BOJIbI/a30THOM KHCJIOTHI U
J23T' ®K/o-kcunona, TepMOJMHAMUYECKHE CBOMICTBAa PaBHOBECHBIX (ha3bl MOXKHO OMHCHIBATH
HE3aBHCHUMO JIpYyT OT Jpyra. BomHas ¢a3za cOCTOUT W3 BOJABI, a30THOW KUCJIOTHI U HHUTpaTa
JlaHTaHa, a oprannyeckas dasza — u3 J[20T'DK (HA), o-kcuona u mu-(2-3tunrekcun)pocdara
nantana (LaAs). B uccinenyemoii obmactu cocraBoB (C(HNO3) < 1 M) skcTpakIiHOHHOE TIpe-
BpAICHHE MOXET OBITh MPEICTABICHO CIEAYIOIIeM 00pa3oM:

Ladl  +3HA, — Lad;  + 3H

B pe3ynbraTe sKcniepuMeHTalbHON paboThl OBLIM MPOBEICHBI SKCTPAKIIMOHHBIE OIbI-
Thl B MCCIIEyEMOI cuCTeMe, ONpeesieHbl UCXOIHbIE COCTaBbl, COJIEPKAHNE JJAaHTAHA B PaB-
HOBECHBIX (ha3zax, coJiep:KaHHe a30THOM KUCIOTHI B BOJHBIX (pazax, a Takke U3MEPEHbI III0T-
HOCTH BCEX HcClenyeMblX pacTBopoB. Ha ocHOBaHMM 3THX AaHHBIX OblIa MOCTpOEHA 0000-
IICHHAs1 MOJIeNb JoKanbHOro coctaBa (EGLCM) sKCTpaKIIMOHHONW CHUCTEMBI, a TAaK)KE pacCyu-
TaHa TEPMOJIMHAMUYECKAsT KOHCTAHTa YKCTPAKIIHOHHOTO PAaBHOBECHS.

Takum 06pa3om, ObUTH U3yUEHBI KUAKO(PA3HBIE PABHOBECHS B HCCIEAYEMOI cucTteme
U CJICNIaH BBIBOJI: KCTPAKIIMOHHBIC PABHOBECHS B CHCTEME BOJA — a30THAS KHUCJIOTa — HUTPAT
JaHTaHa — qu-(2-atuinrekcun)hochopHas Kuciora — o-kcuinol B obsactu coctaBoB (C(HNO3z)
< 1 M) MoryTr OBITh ONMUCAHBI C TIOMOINBID HH()OPMAIMA O TEPMOJUHAMHUYCCKHX MOJIEISIX
BOJIHOM M Opranudeckoi (a3, a TakKe KOHCTAHThI PAaBHOBECHSI PEaKIIMU NIEpexo/ia JIaHTaHa U3
BOJIHOM B OpraHu4eckyro a3y 3a cueT oopasoBanus au-(2-3tuiarekcuin)pocdara raHTaHa.

Iyoauxamuu cryaenta (http://istina.msu.ru/profile/ArkhipinAnatoly/):

1. Kolesnik I.V., Aslandukov A.N., Arkhipin A.S., Kozlov D.A. Hydrothermal Synthesis
of Layered Titanium Phosphate Ti>O,H(PO4)[(NH4)2PO4]2 and Its Potential Applica-
tion in Cosmetics // Crystals, 2019, 9 (7), p. 332-342, doi: 10.3390/cryst9070332.

2. Moiseev A.E., Dzuban A.V., Gordeeva A.S., Arkhipin A.S., Kovalenko N.A. Thermo-
dynamic Properties of Ternary Solutions in the Water—Nitric Acid—Rare Earth Nitrate
(Pr, Nd, Sm) Systems at 298.15 K // Journal of Chemical and Engineering Data,
2016, 69 (7), p. 3295-3302, doi: 10.1021/acs.jced.6b00357.

3. Kovalenko N.A., Kurdakova S.V., Arkhipin A.S., Maksimov A.l., Uspenskaya I.A.
Thermodynamic Modeling and Experimental Investigations in the System Formed by
Water, Nitric Acid, Neodymium Nitrate, o-Xylene and D2EHPA // XXII International
Conference on Chemical Thermodynamics in Russia (RCCT-2019), Saint Peters-
burg, Russia, June 19-23, 2019, p. 315.

4, ADXI/IHI/IH A.C. Da3zosvie pasroeecusl 6 cucmeme 6004 — A30MHAA KUCTIOMA — Humpam
camapusi — HUmMpam esponus — Humpam 2adoaurus — mpubymuigocgam [l Matepu-

67


http://istina.msu.ru/profile/ArkhipinAnatoly/

aabl | X HayuyHoli KoOH(pepeHIMH MOJI0AbIX YueHbIX « MHHOBaIlMH B XHMHH: [10-
cTukeHus1 u nepcnekTuBbl — 2018», Mocksa, Poccus, 9-13 anpens 2018.

5. Dement’ev P.D., Arkhipin A.S., Kovalenko N.A. LIQUID-LIQUID EQUILIBRIA IN
THE H20 — HNO3 — (C4H90)3PO — Nd(NO3)s — Sm(NO3z)3 — Eu(NOz)3 SYSTEM //
XXI International Conference on Chemical Thermodynamics in Russia (RCCT-
2017), Akademgorodok, Novosibirsk, Russia, June 26-30, 2017, p. 371.

6. Kovalenko N.A., Maksimov A.l., Arkhipin A.S., Voronin G.F. Thermodynamic mod-
eling and experimental investigations in the HoO — HNO3z — Sm(NO3)z — Eu(NO3z)3 —
(C4H90O)3PO system // CALPHAD XLVI, Saint-Malo, France, June 11-16, 2017, p.
211.

7. Kovalenko N.A., Maksimov A.l., Moiseev A.E., Zhilin M.A., Arkhipin A.S., Uspen-
skaya I.A. Thermodynamic Approach to the Separation of Rare Earth Elements // 14th
International Conference on Properties and Phase Equilibria for Product and
Process Design (PPEPPD 2016), Porto, Portugal, May 22-26, 2016, p. 17.

8. ADXI/IHHH A.C. Da3zosvie paeHoeecus 6 cucmeme 6004 — A30MHAS KUCTIOMA — Humpam
esponus (I11) — mpubymungocgham |/ Marepuanbl MeKIyHAPOAHOTO MOJIOIEKHO-
ro Hayuysoro ¢gopyma «JIOMOHOCOB-2016», MockBa, Poccus, 11-15 ampens
2016.

Thermodynamic model of the water — nitric acid — lanthanum
nitrate — di-(2-ethylhexyl) phosphoric acid — o-xylene
extraction system

Arkhipin A.S.
Supervisor: Ph. D., Associate Professor Kovalenko N.A.

Today rare earth elements (REES) are used in many industries. Liquid-liquid extrac-
tion is an effective method for the separation of REESs. One of the stages of technology devel-
opment is the construction of a thermodynamic model of the extraction system. This requires
experimental data about phase equilibria. However, available publications give only very lim-
ited knowledge about the distribution coefficients of lanthanum in extraction systems with di-
(2-ethylhexyl) phosphoric acid (D2EHPA). Thus, it is impossible to construct a thermody-
namic model without conducting additional experiments.

The aim of this work is to construct a thermodynamic model of the water — nitric acid
— lanthanum nitrate — di-(2-ethylhexyl) phosphoric acid — o-xylene extraction system. To
achieve this goal, the following tasks were set: 1) to conduct extraction experiments in the
investigated system; 2) to construct a thermodynamic model (eGLCM) of the investigated
system and to determine the thermodynamic constant of the extraction equilibrium.

The experimental study included the extraction experiments and the analysis of the
equilibrium liquid phases. At the first stage, the initial water (H2O + HNO3 + La(NOs)3) and
the initial organic (D2EHPA + o xylene) phases were mixed in a separating funnel. The mix-
ture was stirred on a shaker for an hour and was thermostated at 25 °C for 48 hours. After
that, the equilibrium phases were separated. At the second stage of this study, the composi-
tions of the initial and equilibrium phases were determined. The content of lanthanum in the
aqueous solutions was determined by ICP-MS method. For determination of La in the organic
phases, multistage reextraction was used with further analysis by ICP-MS method. The con-
tent of nitric acid in aqueous solutions was determined by potentiometric acid-base titration.
The densities of all initial and equilibrium water and organic phases were also measured.
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The thermodynamic properties of equilibrium phases may be described independently
from each other, due to the extremely low mutual solubility of water/nitric acid and
D2EHPA/o-xylene. The aqueous phase consists of water, nitric acid and lanthanum nitrate,
the organic phase consists of D2EHPA (HA), o-xylene and di-(2-ethylhexyl) phosphate of
lanthanum (LaAs). The extraction transformation may be represented in the studied area of
compositions (c(HNOz) < 1 M) as follows:

Lal; + 3HA,,, — Lad; +3H],
org

The extraction experiments were conducted in the investigated system, the initial
compositions, the content of lanthanum in the equilibrium phases, the content of nitric acid in
the water phases were determined and the densities of all the studied solutions were meas-
ured, as a result of the experimental work. Based on these data, a generalized local composi-
tion model (eGLCM) of the extraction system was constructed, and the thermodynamic con-
stant of the extraction equilibrium was calculated.

Thus, liquid-phase equilibria in the investigated system were studied and the conclu-
sion was made: the extraction equilibria in the water — nitric acid — lanthanum nitrate —
di-(2-ethylhexyl) phosphoric acid — o-xylene system in the composition range (c(HNO3) < 1
M) may be described using the information about thermodynamic models of the aqueous and
organic phases and the equilibrium constant of the lanthanum transition reaction from the
aqueous to the organic phase due to the formation of di-(2-ethylhexyl) phosphate of lantha-
num.

TepMmoauHaMuyeckue CBOMCTBA U (pa30BbIe PABHOBECUS
B cucreMe H20-H2504-K2S04-CaSO4

Hecmepos A.B

PykoBoauTenu: k.x.H., foueHT KoBanenko H.A., k.x.H., H.c. beinoBa E.B.

[Ipu npoussoactee 1 T ¢pocopHON KUCIOTHI U3 almaTUTOB MYTEM BCKPBITUS CEPHOU
KHCJIOTON B KauecTBe MOOOYHOro mpoaykTa oOpasyercs 3.6—6.2 T pocdorumnca, OCHOBHBIMU
KOMITOHEHTaMH KOTOPOTO SIBJISIFOTCSI THIIC, TIOJXYTHIAPAT WM O€3BOJHBIA CyiIb(arT KaabIIHs,
3axXBaTHIBAIOIINE MTPU OCAXKACHUHU OOJIBIIOE KOJIUYECTBO MpUMecel. bobIMHCTBO cOBpeMeH-
HBIX cIoco0oB nepepaboTku Gocdorurnca gBisf0Tcs HepeHTabenbHbIMU. [loaTOMy B Poccun
€XKEroflHO B OTBAJaX HaKalIMBaeTcs okoso 15 MiH ToHH ¢ocdorumnca. B nmaboparopun xu-
MHYECKOM TEepMOJMHAMMKH XHMHYeckoro daxynbrera MI'Y mnpoBoasTcs ucciiegoBaHUs,
HaIpaBJIeHHbIC Ha Pa3pabOTKy HOBOW TEXHOJOTHU TepepaboTku docdorurca, KoTopasi OCHO-
BaHa Ha MPOBECHUU IPHU OINpPECNICHHBIX YCIOBMAX MpeBpaiieHus (ocdorurnca B CHHICHUT
(K2S04-CaS04'H20), 3a cueT yero mpuMecH OKa3bIBAIOTCS B PacTBOPE, a MOJyYCHHBIC KpPH-
CTaJUIbI MOXHO OTIeNuTh. [IpeBpaiieHre oOpaTHO W3 CHUHI'€HHUTA B THIIC MOXET OCYIIECTB-
JATHCS B MIPUCYTCTBUU CEPHOM KUCIOTHI. [loyueHHbI TakuM 00pa3oM THIiCc yke UMeeT 00o-
Jee BBICOKYIO 4ucTOoTy. [Ipobiemy BbIOOpa ONTUMANbHBIX YCIOBHH, MPH KOTOPBIX 3TH HPO-
IIECCHI PEATU3YIOTCS, BO3MOXHO PEHIMTh IYTEM IOCTPOCHUS TEPMOAMHAMHYECKOW MOJIEIH
MHOT'OKOMIIOHEHTHOM CHUCTEMBI KOTOpasi IOMUMO BOJIbl, CEPHOM KHUCIIOTHI, CYIb(PaTOB Kalus
U KaJbIHs BKJITIOYAeT B ce0sl COCAMHEHUS, COJepKaliecs B MCXOJHOM ChIpbe. B kadecTBe
00BbeKTa UCCeoBaHMs B JlaHHOW paboTe Obuta BeiOpaHa cuctema H20 — H2SO4 — K2SO4 —
CaSO0a.

Ienp Hacrosimieil pa®OTBI — oOMUCAaTh PAaBHOBECHUS >KUIKOCTb-TIAP M KHUJIKOCTh-
kpucraumdeckast ¢aza B cucreme H2O — H2SO4 — KSO4 — CaSOs. It mocTrxkeHus mo-
CTaBJICHHOHM LIeNM B XoJie paboThl ObUIM chOpMYyJIMpOBaHBI clenyromue 3anaun: 1) cbop u
KPUTHYECKHIA aHAIN3 JIMTEPATYPHBIX JAaHHBIX O TEPMOJMHAMUYECKHUX CBOWCTBaxX (a3 u ¢a3zo-
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BbIX paBHOBecHsax B cucteme H2O — H2SO4 — KoSO4 — CaSOs 1 B ee OMHApHBIX U TPOMHBIX
MoJICKHCTeMax, 2) BEIOOP TEPMOIMHAMUYECKONW MOJIETH JIJIsl OTIMCaHusl CBOMCTB ¢a3 u 3) pac-
4yeT e€ napaMeTpoB.

Jlisg omucaHusi paBHOBECHM XKUAKOCTb—IIAP U KHJIKOCTh—KpHCTauIMueckas ¢aza B
HacTosIel padore Obu1a BeIOpaHa Mojenb [lutnepa—Cummoncona—Kierra. K moctonncTBam
9TOM MOJIENTH MOXHO OTHECTU €€ TMOKOCTb, IPUMEHUMOCTh K HIMPOKOMY KPYry OOBEKTOB U
TO, YTO B KaQU€CTBE KOHLEHTPAIIMOHHON HIKAJIBI B HEH MCIIOIB3YETCSl MOJIbHAS JI0JISA, YTO 03~
BOJISIET ONMCHIBATH CBOMCTBA PACTBOPOB B IIMPOKOM KOHIIEHTPAIIMOHHOM HHTEpBaje — OT
0ecKOHEeuHO pPa30aBICHHOTO pacTBOpa 10 HachIIIeHHOTro. Ilpu onTUMH3anuMu mapameTpoB
OblIa MCIOJIb30BaHA MporpaMMHas peanusauus mozaenu [luruepa—Cumoncona—Kierra, co-
3laHHas B JIADOpPAaTOPUU XMMHUYECKOW TepMOAMHAMHUKU B mporpammuoii cpene MATLAB.
HaxoxaeHue napamMeTpoB MOJEIN MTPOBOAMIOCH METOIOM HAaMMEHBIINUX KBAJAPaTOB, KOTOPHII
3aKJII0YAETCS B MUHIMHU3ALUU CYMMBI KBaJpaTOB Pa3HOCTH OTKIOHEHUN MEX]y SKCIIEPUMEH-
TaJbHBIMU U PACCUUTAHHBIMU C TIOMOIIbIO MOJIEJIN BETUYUHAMHU.

B nannoii pabote ObUIO TTOKA3aHO, YTO UMEIOIIUECS B JIUTEPATYpPE MapaMeTpbl MOJEIN
[Mutnepa—Cumoncona—Kuerra 11 OMHAPHBIX MOJICUCTEM MPUMEHUMBI JUIs onucaHus (azo-
BBIX PAaBHOBECHH JKUAKOCTb—TIAp U KUAKOCTb—TBEPAOE. [lo mureparypHbIM 1aHHBIM O (ha3o-
BbIX paBHOBecusx B cucteme HoO — H2SO4 — KoSO4 — CaSO4 Gbuta mpoBepeHa KOPPEKTHOCTh
MOJIENIN, TIOCTPOCHHOW B HACTOSIIEH pabdoTe MpPH TEPMOAMHAMUYECKOM MOJICIHPOBAHUU CH-
CTEM MEHbIIIEH pa3MEePHOCTH.

BBenenune napaMeTpoB TPOMHBIX B3aUMOAEHCTBUM IMO3BOJISIET OMMUCHIBATH U MPEJICKa-
3bIBaTh (ha30BbI€ PAaBHOBECHUSI B TPOWMHBIX MOJICUCTEMAaX B IIMPOKOM KOHIIEHTPALIMOHHOM M
TEMIIepaTypHOM Auarna3zoHax. /s HaleKHOTO OmHMCcaHus TEPMOJANHAMHYECKUX CBOWCTB pac-
tBOpoB B cuctreme HoO — HSO4 — KoSO4 — CaSOs 1 poBepku mpejcka3aTebHOM CITOcCo0-
HOCTH MOJIETH HEOOXOAUMBI JOMOTHUTEIbHbIE SKCIIEPUMEHTAIBHBIC NCCIICIOBAHMSL.
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Thermodynamic properties and phase equilibria in
the H20-H2S04-K2S04-CaSO4 system

Nesterov A.V.
Supervisor: PhD, Assistant Prof. Kovalenko N.A., PhD, R. Belova E.V.

Leaching of apatites with sulfuric acid yields phosphoric acid, as well as a by-product
- phosphogypsum, 3.6-6.2 tons of which is produced per 1 ton of the acid. The by-product
consists mostly of gypsum, hemihydrate or anhydrous calcium sulfate. Being precipitated,
these substances capture a large amount of impurities. Most of the modern methods of phos-
phogypsum processing are unprofitable. Therefore, about 15 million tons of phosphogypsum
produced in Russia are added to stacks annually. A new technology for phosphogypsum pro-
cessing is developed in the laboratory of chemical thermodynamics of the Faculty of Chemis-
try of Lomonosov Moscow State University. The technology is based on a conversion of
phosphogypsum to syngenite (K2SO4-CaSO4-H20) under certain conditions. This phase tran-
sition makes it is possible to separate obtained crystals from solution which concentrates the
impurities. Conversion from syngenite back to gypsum can be performed in a presence of sul-
furic acid. Gypsum obtained by such a method has already a higher purity. The optimizing
conditions for these processes is a problem, which can be solved by using a thermodynamic
model of a multicomponent system. This system should consist of water, sulfuric acid, potas-
sium and calcium sulfates and some other components presented in the raw material. The
H>0 — H2SO4 — K2SO4 — CaSO4 system was selected as an object of a study in this work.,

The aim of this work was to describe vapor—liquid and solid—liquid equilibria in the
H20 — H2SO4 — K2SO4 — CaSO4 system. The following tasks were set to achieve the goal: 1)
to collect and assess literature data on the thermodynamic properties of phases and phase
equilibria in the H20 — H2SO4 — K>SO, — CaSO4 system and its binary and ternary subsys-
tems, 2) to choose a thermodynamic model to describe the phase properties and 3) to parame-
terize the model.

The Pitzer—Simonson—Clegg model was applied in this work to describe vapor—liquid
and solid-liquid equilibria. The advantages of the model are flexibility and applicability to a
wide range of objects. Moreover, the molar fraction being used as a concentration scale, it is
possible to describe the properties of solutions in a wide concentration range — from an infi-
nitely dilute solution to a saturated one. A software created in the laboratory of chemical
thermodynamics and based on the MATLAB environment was used to apply Pitzer-
Simonson-Clegg model for parameters optimization. The model parameters were fitted by the
least squares method. The objective of the method is to minimize a sum of squares of a differ-
ence between the deviations of the experimental and calculated values obtained by the model.
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In this work it was demonstrated that the parameters of the Pitzer—Simonson—Clegg
model for binary subsystems available in the literature were applicable for the description of
vapor-liquid and solid—liquid equilibria. The literature data on phase equilibria in the H.O —
H2SO4 — K2SO4 — CaS04 system were used to check the correctness of the constructed model
of the current work for thermodynamic modeling of lower dimensionality systems.

The ternary interactions parameters were added to the model in order to describe and
predict phase equilibria in ternary subsystems in a wide concentration and temperature ranges.
It is necessary to perform some extra experiments for reliable description of the thermody-
namic properties of solutions in the H20 — H2SO04 — K2SO4 — CaSO4 system and a verification
of predictive ability of the model.

.]IIOMI/IHCCIICHTHLIG MaTepI/Ia.HbI HA OCHOB¢ I/IOI[OKyIIpaTOB ne3ns
Konecnukos E.A.

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

JlanHast paboTa HampaBjcHA Ha W3YYCHHWE ONTHYCCKHX W, B YaCTHOCTH, JIFOMHHEC-
[EHTHBIX CBOMCTB MOJOKYIPATOB 11e3us. B mpeasiayiee AecaTuaeTie B poil MaTepuaia Jis
COJTHEYHBIX STYCCK TOJYUYWIH PA3BUTUE CBHHEIICOACPIKAIINE TaTOTCHHUIBI CO CTPYKTYPOU Iie-
poBckuta. K 2020 roay sdpdexTuBHOCTH (POTOIIEMEHTOB HAa OCHOBE CIIOKHBIX HOAMJIOB
CBHHIIA C TIEPOBCKUTOMNOIOOHON CTPYKTYpo#t gocturia 25,2 %, 94To COMOCTaBUMO C KPEMHHE-
BBIMH aHajoramMu. B To ke BpeMs caMu NEpOBCKUTONOI00HBIE UOAUIBI U OPOMUABI CBUHIIA
MIOJIBEP KCHBI JIETpajialliyl MO JSHCTBUEM COJIHEYHOTO CBETa M aTMOC(EPHI, a TaKXkKe COoAep-
’KaT TOKCHUYHBIN 37eMeHT - PD. D10 07Ha W3 NpUYKH aKTyalbHOCTH HMCCIICIOBAHUS ONTHYE-
CKHUX U TPAaHCIOPTHBIX CBOMCTB IPYTHMX MPSIMO30HHBIX MOJYIPOBOJIHUKOBBIX COCTMHEHUH U3
YHClla TAJIOTCHHUJIOB, B TCOPUH, CIOCOOHBIX 3aMEHUTh COeAWHCHHS CBUHIA. B 2018 romy
OMyOJIMKOBaHbI MCCIEA0BaHUs (POTONIOMHUHECHIEHIINU noaokynpata nesus CssCuzls, nemon-
CTPUPYIOIIETO BHICOKUU KBAaHTOBBIN BbIX0J (0osiee 90 %). Takum 0Opa3zom, HECMOTpsI Ha TO,
YTO MOJOKYIPATHI 11€3HsI HETIEPCIIEKTUBHBI B POJIM CBETOIMOTIIOMIAOIIET0 KOMIIOHEHTa (POoTo-
9JIEMEHTOB, OHU aKTYaJIbHBI JJII ONTOAJICKTPOHHBIX YCTPOUCTB. B TO ke Bpems, mpuposa ¢do-
TOJIFOMHHECIIEHTHBIX TPOIIECCOB B ATHX MaTepuajgax 0CTaeTCsl JUCKYCCHUOHHOM.

B manHoii paboTe nccenoBatack BO3SMOXKHOCTD W30BasieHTHOTO 3amenienus Cs u Cu
B MOJIOKYIpaTax Ie3usl Ha aHAIOTH OOJBIIEr0 MOHHOTO pajauyca, a TakXKe BIUSHUE TaKOTO
3aMeIeHUsT Ha CTPYKTYPHBIE M ONTHYECKUE CBOMCTBA (a3. DTO MOXKET MO3BOJIHTH IMPOJIUTH
CBET Ha pUpOoy (HOTOTOMUHECIIEHTHBIX MPOILIECCOB B MOJIOKYyMpaTax. B uncie 3amau pabdo-
THI - pa3paboTKa CIIOCOOOB TOMyYSHUST HEJIETHPOBAHHBIX M 3aMEIIEHHBIX MOJIOKYIPATOB IIe-
3us CsCuzls u Cs3Cuzls B ¢dopmax mopolika, OpUeHTUPOBAHHOW M HEOPHUEHTHPOBAHHOU
TUICHKH, a TaK)Ke MOHOKPHCTAJUIOB C IEJIbI0 aHATN3a BIIMSIHHUS aHU30TPOIMH Ha JIFOMUHEC-
IIeHTHBIe cBOMCTBA. [IpoBeneHsl nccienoBaHus (ha30BBIX PaBHOBECHH B TPOMHBIX CHCTEMax
Csl — Cul — Agl u Csl — Al — Cul, rne A' - opranmdeckuii KaTHOH: METHIAMMOHHH -
CHsNH3*, hopmamuaunmii - HONCHNH:".

B cuHTE3e MOI0KYIIpaTOB MPUMEHEHBI PaCTBOPHBIC (POCT KPUCTALIOB, YIaJCHUE pac-
TBOpUTENS) U TBepAO(Da3HbIE METOABI CHHTE3a (CHHTE3 B aMmIlyjie NMPU HarpeBaHUH, MEXaHO-
XUMUYECKUM METOJI CHHTE3a). DJEMEHTHBIN aHaJu3 COCTaBa M3Yy4aJiCs C TTOMOIIBIO YHEPTO-
JTUCTIEPCUOHHON PEHTIeHOBCKOM criekTpockonuu. MccnenoBanue ¢ha3oBOro cocraBa MpoBO-
JIAJIOCH C TTOMOIIBI0 peHTreHo(ha3oBoro anamusa. ONTHYECKUE XaPaKTEPUCTUKH W3YYaTUCh
crieKTpockonuei Auddy3Horo oTpakeHust U (HOTOTIOMUHECIICHTHOHN crieKTpockonueil. [lnen-
KM MOJOKYNPATOB aHAJIMU3UPOBAIUCH ONTHYECKON U CKAaHUPYIOLIEH 3JIEKTPOHHON MHUKPOCKO-
nuen.
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bbuti mony4eHbl TOPOIIKH, KPUCTAUIBI M IUICHKHM HoIOKympaTtoB. [lokazaHo, 4to
Habmo1aeMble () (PEKTH aHU30TPOMUU HOJIOKYTIPATOB 11€3Usl HE OKa3bIBAIOT 3aMETHOT'O BIIUS-
HUS Ha OTOIFOMHHECIIEHTHBIC CBOMCTBA.

B tpoiinoii cucreme Csl — Cul — Agl ycTtaHOBJICHBI TUHUU KBa3HOMHAPHBIX Pa3pe30B
U OIICHEHBI O0JIACTH CYIIECTBOBAHMS TBEPJIBIX PACTBOPOB. YCTAHOBJIEHA B3aMMOCBS3b BHJIA
CHEKTPOB (DOTOTIOMUHECIICHIIMM HOJOKYIIPATOB 11€3Usl OT CTENEHHU 3aMelleHus: cepeOpoM U
OpPTaHMYECKUMHU KaTHOHAMH.

[TokazaHo, 4TO MOJIOKEHHE MOJIOC (POTOIFOMUHECLIEHIIMN U3MEHSETCS B MOJJOKYIIpaTax
JIUIIb TPU 3aMEIICHUH KaTHOHA MEJIH, IIPU ATOM 3aMEHa I11e3Us Ha 0osiee KpYITHBIN KaTHOH He
MPUBOJIUT K 3aMETHBIM clIBUraM. TakuM o0pa3oM, MpuurHa (OTOIIOMUHECIEHIIUN CBA3aHa C
nensMu nonudapoB Cu(Ag)-1 u ux BKIa0M B 30HHYIO CTPYKTYpy. MHTEHCHBHAS (hOTOTIOMU-
HECIICHIIHS HOJJOKYIIPATOB MOKET MIPOUCXOUTH U3 CaMOJIOKAIM3allMi SKCUTOHOB, CBSI3aHHBIX
C OTUMH LETISIMHU.
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Luminescent materials based on cesium iodocuprates
Kolesnikov E.A.
Supervisor: Dr., associate Prof. Grigorieva A.V.

This work is focused on investigation of optical and luminescent properties of cesium
copper iodides. Lead-containing halide perovskites have been widely investigated in the last
decade for application in solar cells. Efficiency of solar cells based on halide perovskites have
reached 25.2 % in 2020. This value matches efficiency of silicon solar cells which are wide-
spread nowadays. However, halide perovskites are inclined to decomposition due to sunlight
and atmosphere. Moreover, lead is considered to be highly toxic component. All this makes
research of optical and conductive properties of other complex halides still promising and im-
portant. New complex halides as semiconductors with direct band should replace lead-based
compounds in photovoltaic and optoelectronic devices. Recently, cesium iodocuprate
Cs3Cuqls demonstrated photoluminescent EQE of over 90%. Though iodocuprates cannot be
efficient light-harvesters in solar cells, they have a room for optoelectronic applications. At
the same time, origin of photoluminescent processes in iodocuprates is still under discussion.
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Opportunities of the isovalent Cs and Cu substitution in iodocuprates were investigat-
ed. Dopants had larger ionic radius than lattice ions for the red shift the maximum in lumines-
cence spectra. The evolution of structural and optical properties could reveal the nature of
photoluminescent processes. A number of reliable ways of synthesis have to be found for
non-substituted and substituted caesium iodocuprates, namely, CsCuzlz and Cs3Cuzls. Pow-
der, oriented and non-oriented films and single crystals were established for anisotropy analy-
sis. Also research of phase equilibria in ternary systems of Csl — Cul — Agl and Csl — All —
Cul (A'is organic cation: methylammonium - CH3NHs*, or formamidinium - H.NCHNH,")
was provided.

Solution-processed (crystal growth, co — precipitation with solution removal by evapo-
ration) and solid — state methods (ampoule synthesis, mechanochemical synthesis) were ap-
plied. Elemental analysis was carried out by EDX spectroscopy. Phase composition was de-
termined using XRD. Films of iodocuprates were studied by scanning electron and optical
microscopy. Optical characteristics were measured by diffuse reflectance spectroscopy and
photoluminescence spectroscopy.

Eventually, powders, crystals and films of iodocuprates were obtained. It was demon-
strated that the observed anisotropy effect in cesium iodocuprate films do not influence signif-
icantly on photoluminescent properties of the materials. In the ternary system of Csl — Cul —
Agl the number of cross-sections were established as quasi-binary systems. The ranges of
substitution solid solutions were assessed. Also, dependence of the photoluminescence spectra
on the substitution range x (by silver or organic cation) was described.

It was demonstrated that replacement of cesium to organic cation did not lead to sig-
nificant differences in photoluminescence. At the same time, analysis of the photolumines-
cence bands positions demonstrated the red shift of the PL maximum shift in case of copper
substitution. Therefore, the origin of photoluminescence is related to copper (silver) — iodine
polyhedral chains and their input to the band structure. The reason of the intense photolumi-
nescence could emerge in self — trapped excitons connected with them.

MemOpaHHBbIe MaTepUAJIbI, 00JIaJa0IMe COPOLMOHHOM
CeJIEKTUBHOCTBIO, HA OCHOBE HAHOJINCTOB
¢ MOAU(PUIIUPOBAHHON MOBEPXHOCTHIO

Caounoe U.C.

PykoBonurens: K.X.H., ¢.H.c. [letyxos JI.1.

B nocnennue roasl HabM01a€TCS OTPOMHBIN HHTEPEC K MCMONIb30BaHUI0 2D MaTepua-
JIOB TS CO3JIaHUsI MeMOpaH OBLIU HCITOJIb30BAHBI HAHOJIMCTHI OKCHIA TpadeHa, TUXalbKore-
HUJIOB TIEPEXOJHBIX METAIJIOB U MHOTHE JPYrHe IBYMepHbIe Martepuanbl. OCHOBHOU Mexa-
HU3M Ta30pa3zeiieHus] B TAKUX MeMOpaHaX — MOJICKYJIIPHO-CUTOBOM, TO €CTh CTCTICHb Pa3Jie-
JICHUS ONpeeNsieTcs pa3HUIleil KHHETUUECKUX TUaMETPOB MOJIEKYI Ta3a, B pe3yiabTaTe Yero
peanmusyetcs U Gy3noHHAS CEIIEKTHBHOCTh. OJHAKO B JIUTEpAType MPAKTUYSCKU HE OCBe-
[I€Ha BO3MOXHOCTh UCTIOJB30BaHUsI MEMOpAH Ha OCHOBE CIIOMCTHIX IBYMEPHBIX COCIMHEHUH,
00J1a/Taf0MUX COPOIIMOHHON CEIEKTHBHOCTBIO, KOTOPBIE MOTYT OBITh MCITOIB30BAHBI JUIS PsAa
MPAKTUYECKUX BA)KHBIX 3a7]a4 MEMOpPAHHOTO Ta30pa3/IeleHHs], B YaCTHOCTH — BBIICTICHUS yT-
JICKUCIIOTO Ta3a M pa3JIelIeHUs yIIIEBOJOPOJIOB.

OCHOBHO#H 11eJTbI0 JAHHOH pa0OTHI OBUIO CO3aHNE KOMITO3UIIMOHHBIX MEMOpaH Ha Oc-
HoBe HaHOKCTOB CATE ¢ MPUBUTHIM CIIOEM OJICHHOBOM KHCIOTHI, 001aaf0IIuX COPOIIMOH-
HOU CEeNEeKTUBHOCTHIO, A A (PEeKTUBHOTO yAaneHus: KOHICHCHPYEMBIX YTIIEBOAOPOIOB U UC-
CJICJTOBAaHNE BO3MOXKHOCTH CO3/aHHS IEPEKITF0YaeMbIX MEMOpaH Ha OCHOBE TAKUX CHCTEM.

75



JUist moCTHKEHUsT MaHHOUM e OBLIM MOJTYYeHBl KOMIO3UIIMOHHBIE MEMOpaHBl Ha OCHOBE
MoupunrpoBanHbix HaHOIUMCTOB CdTe u MOPUCTHIX MOANOKEK aHOAHOTO OKCH/IAa AITFOMUHUS
(AOA). s nanHbIXx MeMOpaH OBUIM M3MEPEHbI Ta30MPOHUIIAEMOCTh U Ta30CEIeKTUBHOCTb.
Kpome Toro, mpoBeieHO M3yueHHUE MPOLIECCOB U3MEHEHHUS MPOHUIIAEMOCTH TaKuX MeMOpaH
O] ICHCTBHEM JIa3€PHOTO M3ITyUCHHS.

B xadecTBe mOpUCTOMN MOANIOKKH AJ11 POPMUPOBAHUS MEMOPaH UCIIOJIb30BAJICS aHOI-
HBI okcua amromMuHus. PactBop HanomuctoB CdTe B Tomyoine koHneHTpamueit 0,36 r/n 011
HAHECeH METOJOM LEHTpU(YrupoBaHHs HA MOPUCTYIO MOMJIOXKKY, yacToTa BpamieHus 1800
00/MUH.

B xozne pa®oTsl ObuIN Hcce0BaHa MUKPOCTPYKTYpa U COPOIIMOHHBIE XapaKTePUCTH-
ku HanosmctoB CdTe. Cpennuil natepaibHbIii pa3Mep YacTHIl COCTaBisieT 260 HM, IpU TOJI-
niMHe JucTta B 3,4 HM, TOJIIMHA MPUBUTOTO CIIOSI COCTaBiseT 2,1 HM, MpU MIOTHOCTHU MPU-
BUBKH — 5 HM2. BBl IIpOIeMOHCTPUPOBAHA BHICOKAs COPOIMOHHAS eMKOCTh JAHHBIX YACTHI]
10 OTHOILIEHUIO K TSHKENBIM YTIIEBOAOPOIaM, Py aOCOIIOTHOM JaBlieHUH B 2,37 aTM B aTMO-
chepe CHs u n-C4H10 copbupyercs 8,12 u 304 mi (H.y.)/T (OJEMHOBON KHCIIOTBI) COOTBET-
CTBEHHO, YTO OOBIICHIETCS KalWUIAPHONW KOHJIEHcallel H-OyTaHa B MEXKCIOEBOM MIPOCTPaH-
CTBE. DTO MO3BOJISET MPEANOIOKNUTH BBICOKYIO TIPOHUIIAEMOCTh KOMIIO3HIIMOHHBIX MEMOpaH
CdTe/AOA 1o OTHOIICHHIO K TSKEJIBIM YIJIEBOIOPOAAM, ICHCTBUTEIBHO, MPOHUIIAEMOCTD
membpan CdTe/AOA nocruraer 4,91 m/(M*atm-u) mo H-6yrany, u coctapuser 0,197
M%/(M2-aT™M 4) IO MeTaHy, 4TO JaeT WAealbHYIO CeleKTHBHOCTE B mape N-C4/Ci paBHyIo 28,5,
peanbHasi CeeKTUBHOCTH JJII CMECH MeTaH-OyTaH cocraBiser 16,6. [log aeiicTBueM nazep-
HOTO U3JIy4Y€HUs] MPOUCXOAUT YBEIWYCHHE MPOHULIAEMOCTH AJI MOCTOSHHBIX ra3oB (10 65%
JUIsl MeTaHa 1o aefictBueM A=405 HM) U CHM>KEHHE TPOHULIAEMOCTH ISl KOHJIEHCUPYIOLINX-
cs ra3oB (10 15% miia 6yrana non aeiictBuem A=405 HM).

Hanonucrer CdTe, MmoauduunpoBaHHbIE OJIEHHOBON KHCIOTOW U JIEMOHCTPUPYIOIINE
COpOIIMOHHYIO CEJIEKTUBHOCTh ObUIM YCHEIIHO MCIOIB30BaHbI ISl CO3JaHus MeMOpaH, o0a-
JAFOIIUX COPOLMOHHON CEEKTHBHOCTBIO MO OTHOLICHHIO K TSDKENBIM yriieBomoponam. Oc-
HOBHBIM MEXaHU3MOM MacCCOIEPEHOCa B TAKMX MeMOpaHax SBIISAETCS MEXaHU3M PaCTBOPEHUS
ra3a B CJIO€ OJISMHOBOHM KHCIIOTHI U ero mocienyromas nupgysus. Kpome toro, 6p110 00Ha-
pyxeH 3h(exT onTHUYecKH WHAYIUPOBAHHOTO M3MEHEHMs MPOHUIIAEMOCTH TaKUX MeMOpaH
MOJT IEHCTBHEM JIa3ePHOTO M3ITYUEHHS 32 CUET JIOKATBHOTO pa3orpeBa.
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nanosheets with modified surface
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A huge rise of interest to utilization of different 2D materials, such as graphene oxide
nanosheets, transition metal dichalcogenides etc. for membrane preparation was observed dur-
ing past 5 years. The main mechanism of gas transport in such structures is molecular-sieving
means that separation efficiency is governed by the difference in the kinetic diameters of the
gas molecules. This transport mechanism defines a diffusion selectivity of membranes. At the
same time, many membrane gas separation processes, such as removing carbon dioxide or
heavy hydrocarbons away from natural and technological mixtures requires membranes with
sorption type selectivity. But to this date, the topic of utilization 2D materials for preparation
membranes with sorption type selectivity is poorly covered in the literature.

The main aim of this work was preparation composite membranes based on CdTe
nanosheets with grafted layer of oleic acid demonstrating sorption selectivity for effective re-
moval of condensable hydrocarbons and to study the possibility of preparation switchable
membranes based on such system. To achieve this aim, composite membranes based on modi-
fied CdTe nanosheets and porous anodic alumina (AAQO) support were obtained. For these
membranes, gas permeane and gas selectivity were measured. In addition, we studied the pro-
cesses of changing the membranes permeance under laser irradiation.

Anodic alumina was used as a porous support for membranes formation. Selective
layer of CdTe nanosheets was prepared by spin coating technique from toluene solution with
concentration of 0.36 g/L at 1800 rpm.

In the course of work, the microstructure and sorption characteristics of CdTe
nanosheets were studied. Mean lateral particle size is 260 nm and the sheet thickness of 3.4
nm. The thickness of the grafted layer is 2.1 nm with a grafting density of 5 nm=. The high
sorption capacity of these particles towards heavy hydrocarbons was demonstrated, at an ab-
solute pressure 2,37 atm sorption capacities are equal to 8.12 and 304 mI(STP)/g(oleic acid)
for CH4 and n-C4H1o, respectively. High sorption capacity of n-butane can be explained due to
capillary condensation in the interstitial space. This allows to suggest a high permeance of
composite membranes CdTe/AAO toward heavy hydrocarbons, indeed, the permeance of
CdTe/AAO membranes achieve 4.91 m3(STP)/(m?-atm-h) for n-butane and about 0.197
m3(STP)/(m?-atm-h) for methane, which results in an ideal selectivity value of 28.5 for n-
C4/Cy pair, the real selectivity for the butane-methane mixture is 16.6. Under laser irradiation
we observe an increasing permanent gases permeance (up to 65% for methane under A=405
nm) and suppress condensable gases permeance (up to 15% for butane under A=405 nm),
which determined switching of membrane permeance under electromagnetic field stimuli.

CdTe nanosheets modified with oleic acid and demonstrating sorption selectivity have
been successfully used for preparation membranes with sorption selectivity towards heavy
hydrocarbons. The main mechanism of mass transport in such membranes is the mechanism
gas sorption in the oleic acid layer and its subsequent molecule diffusion. In addition, the ef-
fect of optically induced changes in the permeance of such membranes under the laser irradia-
tion was found.
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