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O ITOAI'OTOBKE MAT'HCTPOB
HA ®AKYJIBTETE HAYK O MATEPHAJIAX MI'Y

@akynbTeT HAYK O MaTepHUajiax — 3TO MEKIUCUUIUIMHAPHOE yueOHOE 3aBe-
JI€HUE, 3a7a4eil KOTOpOro SBJISETCS MOATOTOBKA BBICOKOKBaIU()MIIMPOBAHHBIX
CHEUAINCTOB, CIOCOOHBIX MPOBOJUThH MCCIIEIOBAHUSA B CMEXHBIX O0JACTAX XHU-
MU, GU3UKK U MeXaHUKHU. 3a BpeMms oOyuenuss Ha ®HM cryaentsl npuobpera-
0T YCUJIEHHYIO OOIIEHAYYHYIO MOATOTOBKY M XOPOIIME HABBIKM SKCIIEPUMEH-
TaJIbHOU pabOTHI.

dakynbpTeT HAYK O MaTeprajgax MPOBOAUT OOyUYCHHE CTYACHTOB IO JIBYX-
CTyIeH4YaToi (OakagaBp-MarucTp) CUCTEME MOATOTOBKH crienuaiuctoB. B 2009
roJly MpOIIeN BBIMYCK mepBbix MarucTpoB no Hamnpasienuto 020100 — «Xumusi»
(MarucTepckasi mporpamma «Xumus TBeporo tena»). C 2013 roaa BbITyCKarOT-
CSl MArMCTPBI, MPOIIEITUE TTOATOTOBKY M0 YKAa3aHHOW MpOrpaMMe, peaauzyeMoit
B paMKax cOOCTBEHHOTO oOpasoBaTenbHOro cranmapra MI'Y (OC MIY) mno
HaIPaBJICHUIO « XUMUS.

[IporpaMma NOArOTOBKM MarucTpoB BKJIIOYAET B ceOsi 0a30BYIO 4acTh, CO-
CTOSALIYI0O M3 IHKJIA OOLIEKYJIbTYpHOH MNOAroToBKH («Duiiocodckue BOIMPOCHI
€CTeCTBO3HaHUA», «OCHOBBI HAYYHOI'O IepeBosia», «KoMmbloTepHbIE TEXHOJO-
T B HayKe U 00pa3oBaHUWY), a Takke mpodeccuoHanbHoro ukia («Ilepcrek-
TUBHBbIE HEOPTaHMYECKHE MaTepHalbl CO CIeNHanbHbIMUA (QyHKIUAMNY», «CoBpe-
MEHHBIE MTPOOJIEMBI MaTepraIoBeIeHUs», «ICTOpUS U METOOIOTHS HAYKH O Ma-
Tepuanax», «MeToauka TpPernoAaBaHusl E€CTECTBEHHOHAYYHBIX JIUCIUILTAHY,
CHEIIIPAKTUKYM «MeToAbl IMarHOCTUKK MaTepuanoBy, 4 3a4.ex./80 yacoB 1abo-
PaTOPHBIX 3aHATUHN, B paMKaX KOTOPOTO 3HAKOMSTCSI ¢ OCHOBHBIMU MPUHITUTIAMH
paboTbl COBPEMEHHBIX MPUOOPOB, MPUMEHSAEMBIX IMPHU HCCIEAOBAaHUU (PUUKO-
XMMHUYECKUX U MEXaHMUYCCKHX CBOMCTB MarepualioB). BapuaTuBHas 4acTh MOJ-
TOTOBKU COJEPKUT JIEKIIMOHHBIE KYpPChl AUCLHUIUIMH MarucTepCKo Mporpammbl
(takue kak, «CynpaMolneKyssipHas Xumus», « buoneopranndeckas xumus», «Ko-
opauHauroHHast xumusi. CoBpeMeHHbIe acneKTby, «Hanoxumusy, «MeTtaminoop-
raHuveckas XUMus», 6 3a4.e/l.), CICHKYPChl 10 BBIOOpPY cTymeHTa (5 3ad.ei.), a
TaK)Ke MPaKTUUYECKHE 3aHATHS, MMO3BOJISIIOIINE CTYACHTaM OCBOUTH pa3HOOOpas3-



HbIE€ METOJIbl CUHTE3a BEIECTB U MATEPUAJTIOB B paMKax CIEUIpakTUKyma «Me-
TOJIBI MOJTydeHUsT MaTepuasioBy (5 3au.ed., 108 yacoB 1aOOPAaTOPHBIX 3aHATHIA).
Maructpantsl 2 rojga 0O0y4YeHHUs MNPOXOJAT 3aKIIOYUTEIbHYIO, PACIIMPEHHYIO
4acTh CHEHIIPAKTUKYMa MO0 COBPEMEHHBIM MpUOOpam JUisl AMArHOCTUKHA MaTepua-
J0B (TaKk Ha3biBaeMbli «IIpubopHbIN pakTUKymy», 18 3ad.en./180 yacoB mabopa-
TOPHBIX 3aHSTHI), OCHOBHOM 3a7aueil KOTOPOTO SIBJISETCS MOATOTOBKA BBICOKO-
KBATM(PUIIMPOBAHHBIX TOJIb30BaTEICH (OrepaTopoB) i CaMOCTOSATEIBLHON pa-
OO0ThI Ha BIOJIHE KOHKPETHOM CJIOKHOM HayyHOM o0OopynoBanuu. Ciemyer OT-
METHUTh, YTO OOBEKTAMHU aHATUTUYECKOTO UCCIIETOBAHMS B XOJI€ BBHITIOJHEHUS 3a-
Ja4 CHELIPAKTUKYMOB SIBIIAIOTCS, B 3HAUUTEIBLHON Mepe, BEIIeCTBAa U MaTepHa-
JbI, CO3/JTaBaéMble B paMKax MPHOPHUTETHBIX AJs (paKyabTeTa HAyYHBIX HaIlpaB-
JICHHWH, pa3BUBAaeMbIX Ha (pakynmbTeTCKUX Kadeapax HaHOMATepHaloB (3aB. Ka-
dbenpoit — un.-kopp. PAH, npod., 1.x.H. E.A. I'yauinn) 1 MeXIuCUUTLIMHAPHOTO
MatepuanoBenenus (3aB. kadeapoit — akan. PAH, npod., n.p.-m.H. B.M.
Hesnes).

Crynentst ®HM uMMEIOT YHUKAJIBbHYIO BO3MOXKHOCTH OCYLIECTBIIATh Hay4-
HYIO J€SITEIbHOCTb U BBIIOJHATH KBAIU(PUKAIIMOHHBIE pPa0OTHI HE TOJIBKO B MOJ-
paszzaeneHusax MOCKOBCKOIO YHUBEPCUTETA, HO U B KPYIHEUIIMX HAyYHBIX LICH-
Tpax Poccun, B 3apyOexHBIX Hay4dHbIX IIeHTpax. HamaauTth HaydHble KOHTAKThI
IIO3BOJIAKOT CTaXUPOBKH, KOTOPBIE B paMKax HAy4HO-IIPOM3BOJICTBEHHOM IIpaK-
THUKHU IPOXOJAST BCE CTYJECHTBHI IIEPBOr0 IOJIa MATUCTPATYypPhl. Takue CTaKUPOBKH
MO3BOJISIOT CTYJIEHTAaM 3HAKOMUTHCS C padOTOM BEOyIIMX HAYYHBIX KOJIJIEKTH-
BOB, Pa3BUBATh CBOM HABBIKM MaTEPHATIOBEAOB-UCCIEAOBATEIEH B paMKax pas-
HBIX Hay4HBIX IIIKOJI, @ BO BPEMs 3apyOEKHbBIX CTAKUPOBOK — €IlI€ U MPAKTUKO-
BaTbCsl B OOILIEHWM HA MHOCTPAHHBIX s3bIKaxX. BO BpeMsl MpakTUKU CTYyAECHTHI
00O0ramaTcsl HayYHbIMU HIECSAMHU, 3aKIaAbIBAIOT (YHAAMEHT CBOEH Hay4dyHOH
pernyTanuu s CIEAYOIUX YpoBHEH oOpa3oBaHUs (aCUpaHTypa, JOKTOPAHTY-
pa).

B 2014 romy MaructpaHThl MPOXOIWIHN MPAKTUKY B TAKUX KPYIHBIX y4eO-
HO-HAy4YHBIX U HAy4YHBIX LIEHTpax Poccuu kak MHCTUTYT METayUlypruu U mate-
puanosenenus PAH, UncturyT obmeit u nHeoprannueckoit xumuu PAH, Uuctu-
TyT remarosiornn denepasbHOr0 MEAULUHCKOIO HCCIEA0BATEIBCKOTO LIEHTpA
umenu B.A. Anmazosa (Caunkr-IlerepOypr), HaninonanbHbINM Hccae0BaTeIbCKU
ueHtp «Kypuarosckuit Mucturyr», HayuHo-uccienoBaTenbCKkuil sIACPHBIN WH-
ctutyT (1. yona), ®UAH umenu Jlebenera, MucTUTYT Pusmdeckoir XuMuu 1
anektpoxumun PAH, MHCTUTYT OMOOpraHnyeckod XMMHUM UMEHH AKaJIeMHKOB
M.M. llemsikuna u FO.A. OBunnnukoBa PAH, NHctutyT HedTexuMU4ecKoro
cunte3a uMeHn A.B. TomumeBa PAH, MHCTUTYT CUHTETMYECKUX MOJIMMEPHBIX
marepuasioB PAH nmenun H.C. EnukononoBa, TomMckuil TocyJapCTBEHHBI YHHU-
BepcUTET, MOCKOBCKMI TOCYJAPCTBEHHBIA TEXHUYECKWW YHUBEPCUTET PaIHO-
TEXHUKU SJEKTPOHUKU U aBTOMAaTuku (MUPDA), Ou3NKO-TEXHUYECKUN UHCTH-
tyT umean A.®d. Nodde PAH.

3apyOexHyI0 CTaKUPOBKY B TEKYILEM IOJly CTYJAEHTHI IPOXOIMIN B TAKUX
y4eOHO-Hay4YHBIX M Hay4HbBIX IleHTpax kak Univerity of Duisburg-Essen (I'epma-
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Hus), National Institute for Materials Science (SImonust), YauBepcuTeT XenbCuH-
ku (Ounnsuaus), University of North Carolina ati Chapel Hill (CIIIA), Texno-
nornueckuii yauBepcutetr Kapicpye (I'epmanms), Pypckuii yaHuBepcuret B bo-
xyme (I'epmanus), PeitHcko-BecTdanbckuii TeXHUYECKUH YHHBEPCUTET AXEHa
(I'epmanus), Drexel University (CHIA).

BaxxnbiM (hakTOpOM, CIOCOOCTBYIOIIMM Pa3BUTHIO TBOPUECKOW aKTHUBHO-
CTH CTYACHTOB, SIBJIIETCS TO, YTO HayyHas paboTa BXOAUT B y4eOHBIN IJIaH.
dopMa OTUETHOCTH — O00S3aTeNbHBIC CTyJACHYCCKHE KOH(EpeHIUH, KOTOpPHIE
MPOBOJSTCS MO0 OKOHYAHUM KaXJ0T0 ceMmecTpa. O BRICOKON HAyYHOW aKTUBHOCTHU
CTYJICHTOB CBHJECTEILCTBYET OOJIBIIOEC KOJIMYECTBO MYyOJMKALMI B HAyYHBIX
XKypHayiax, a TakKKe y4acTUEe CTYJICHTOB B POCCUICKUX U MEXIYHAPOIHBIX Hay4-
HBIX KOH(pepeHnusx. O01Iee 9nucio myOIMKaIuii BEITYCKHUKOB MaruCcTpaTyphl 3a
2009-2012 roap! mpeIcTaBICHO B TAOJIHIIE.

2009 | 2010 | 2011 | 2012 | 2013
YHCI0 CTYACHTOB, 3aIUIIABIINX JUILIOM 16 17 23 21 23
Yucno paboT, BEINOIHEHHBIX B MHCTUTYTaXx PAH 3 1 3 0 1
Yucnio CTyIeHTOB, UMEIOIIUX MyOIuKaIuu 16 17 21 20 21
O61iee ynciio myOIuKaIu, 237 | 283 | 342 | 222 | 247
W3 HUX CTaTeM, 51 80 64 52 54
3aABOK Ha MaTEHT 4 2 1 0 0
NIaTCHTOB 6 0
YHUCII0 OLIEHOK «OTIUYHO» 14 12 18 20 20
«XOPOIIOH 2 4 4 1 1
«YJIOBJIETB.» 0 1 0 0 2
«HEYIOBJL» 0 0 1 0 0
Yuco padot, ormeueHHbIX 'AK 3 4 4 4 5
YucIio JUIIIOMOB € OTIIMYHAEM 8 7 5 7 15
YucIno BBITYCKHUKOB, TOCTYITHUBIINX 9 11 10 | 12 | 10
B aciupantypy @PHM

B 2014 roxy marucrepckue auccepTanuu OyayT 3amumarh 18 BeImycKkHH-
koB. OO1miee yncio ux myoaukamnmii coctapiser 132, u3 Hux 29 crarelt, 1 3asBka
Ha MaTeHT. Maructepckue JUCCepTaIK BHITIOJIHSIMCh, B OCHOBHOM, B Jiabopa-
TOpusiX Kadeapsl HEOPraHWYECKOW XMMHUM XUMHUYEeCKoro (akymprera MI'Y, a
Takke Ha Kadeapax Gpu3nyeckord XUMHUHU, XUMUYECKOW TEXHOJIOTUH U HOBBIX Ma-
TEPUAJIOB, AHAJIUTHYECKOM XWUMHUHU, PATUOXUMHH XHUMHUYECKOTO (haKynmpTeTa
MI'Y, na xadenpe UMK HU3KUX TEMIEPATYp U CBEPXIPOBOAUMOCTH (hU3uye-
ckoro (akynpTera MI'Y.

OnenuBath pabOTHl Oy/neT BBICOKOKBATH(UIIMPOBAHHAS W OOBEKTHUBHAS
Komuccus, Bo3riasisiemMas riIaBHbIM Hay4HbIM COTpyAHUKOM MHcTHTyTa MeTa-
nypruu U Marepuanosenenusi PAH, akanemukom PAH, 10KTOpOM XMMUYECKHX
Hayk by3nukom BsuecnaBom MuxaiinoBnueM. B cocraB Komuccnn, Hapsagy c
npenojasaressiMu ®HM u xumuyeckoro QakynbTeTa, BXOIAT MPEICTABUTEIU
Poccuiickolt akagemMun HayK, BEAYILIHE CIENUaInucTbl MHCTUTYTOB PAH.




COCTAB

TOCYJIAPCTBEHHOM ATTECTAIIMOHHOM KOMUCCHUHA

1. | by3nuk akanemuk PAH, nokrop xum. Hayk, IiaB-
Bsuecnas Muxannosuy HBIM Hay4YHBIN COTpyAHUK MHCTUTYTA ME-
(npencenaTens) Tajulypruu u Marepuanosenenus PAH

2. | ConnueB Koncrantun akanemuk PAH, noktop xum. Hayk, mpod.,
AJIEKCaHAPOBUY n.o. nekana ®HM MI'Y

3. | Uesnes akajgemuk PAH, noxtop ¢u3.-maT. HayK,
Banentnn Muxannosud npod., 3aB. kadenpoir, DHM MI'Y

4. | HoBortopuen akagemuk PAH, nokrop xum. Hayk, mpod.,
Bragumup Muxainosud nupektop MHcTuTyTa 001IE 1 HEOpPTraHU-

yeckon xumnn PAH

5. | HuBanze akaneMuk PAH, nokTop xum. Hayk, mpod.,
Acman IOcynosnu nupektop MHcTUTyTa PU3HUECKO XUMUU U

anektpoxumun PAH

6. | ATbiMOB wieH-kopp. PAH, 1okTop TexH. HayK,
Muxaun IBaHoBUY npod., mupextop NHCTUTYTA CTPYKTYpHOU

MaKpOKHMHETHKH U MPOOJIeM MaTepuaIoBe-
nenust PAH

/. | AuTumnos yneH-kopp. PAH, goktop xuM. Hayk, npod.,
EBrennit Bukroposuu 3aB. kadenpoii, xumudeckud g-t MI'Y

8. | boitHoBHY yinen-kopp. PAH, nokrop ¢us.-mart. HayK,
JIronmuina boprucoBHa IJ1. Hay4H. coTp. MHCTUTYTAa Puznueckon

XUMHHU U d51eKTpoxumun PAH

9. | N'ynunun yieH-kopp. PAH, nokrop xum. Hayk, npod.,
EBrenuii AnexceeBud xuMmuueckuit -t MI'Y

10. | Memankux 1. kopp. PAH, nokrop TexH. Hayk, mpodec-
Bauepuii I1aBnosuu cop, nupexkrop MU-JIPTU, 3aB. kadeapoii jo-

ructuku PXTY

11. | Yexmapen ynen-kopp. PAH, n.1.1., npod., Hay4HbIi
Anekcanap MuxaitnoBuu pykoBoautesnb MIHCTUTYTa MaTepUalioB co-

BPEMEHHOW SHEPTETUKU U HAHOTEXHOJIOTUN
PXTY um. JI1.1. Menaeneena

12.| TapacoBa wieH-kopp. PAH, moktop xum. Hayk, mpodec-
Haramus I1aBioBHA cop, 3aB. kaeapoit, PXTY um. [I.11. Mennene-

eBa

13.| FOpToB ynen-kopp. PAH, nokrop xuMm. Hayk, npod.,
EBrennit Bacuinbesuu PXTY um. JI1.1A. Menaeneena

14.| 1o6poBosbCKUiA JTIOKTOP XUM. HayK, podeccop, 3aB. 1abo-
IOpuit AnaronseBuy patopueit, MHCTUTYT npoOsieM XUMMUYECKON

¢busuku PAH

15. | Epémun TOKTOp (hu3.-Mat. HayK, Tpod., Xumude-

Bagum BragumupoBuy

ckuit -t MI'Y




16.

HNBanoB Biagumup

JIOKTOp XUM. HayK, 3aM. nupekropa Mucrtu-

KoHcrantuHoBHUY TyTa 00IIe U HEOPTaHUYECKOW XUMUU
PAH

17.| Knoteko JOKTOP XUM. HayK, B.H.C., XUMUYECKHUH ({-T
Anekcanap BaneppeBuu MI'Y

18.| Konmakos JNOKTOP TEXH. HAYK, 3aM. [upekTopa MHcTH-
Aunekcen ['eopruesuu TyTa METAJULyprUuy U MaTepUuaioBEICHUA

PAH

19.| Yyparynos JOKTOP XUM. HayK, IpoQ., XUMUYECKUH (-T
bynar PaxmetoBnu MI'Y

20. | lleBenbKkoOB JIOKTOP XUM. HayK, Ipod., 3aB. kadeapoi,
Anapeit Bragumuposuy xumudeckut @-t MI'Y

21. | FOpoBckas JIOKTOP XUM. HayK, IPOd., XUMUUECKHUHN (-T
Mapuna AbpaMoBHa MI'Y

22. | SlmmmHa JOKTOp XUM. HAYK, B.H.C., XHMHUYECKUH {-T
Jlana BanepreBHa MI'Y

23. | Iapies KaHAMJAT XUM. HayK, qoneHt, ®DHM MI'Y
Anekcent Bukroposnu

24. | [lytnsie KaHJUJaT XUM. HayK, TOLIEHT, XUMUYECKUI
Banepuii liBanoBuu b-T MI'Y

25. | lllaranoBa KaHJUJaT XUM. HayK, TOLIEHT, XUMUYECKUI
Tarbsina bopucosHa b-T MI'Y
(cexperapb ['AK)




PACITMCAHUE 3AIIAT MATUCTEPCKHUX JUCCEPTAIIUM
CTYAEHTAMMU ®HM B 2014 r.

4 wioHs (cpena)

(][0 Tema padoThI Mecto PyxoBopurein Peuensent
JUIINIOMHHKA BBIIIOJTHCHUSA
padoThI
bpouman Hanpasnenubii 71a6. TEpMOXH- JI.X.H, C.H.C. I.X.H., Tpod.
Buxkrtop CHUHTE3 aKIEeNTop- Muu, Kad. ¢u- ["'opronkoB KOpoBckas M.
AnnpeeBuu HBIX IPOU3BOJIHBIX | 3U4Y. XUMHH, A A, KX.H., A., xad. op-
¢byniepeHoB U KOH- | XUMUY. (-T M.H.c MoyTcn | raHud. xu-
ctpyupoBanue ¢po- | MI'Y B.A. MU, XUMUY.
TOBOJIbTAMYECKUX b-T MI'Y
YCTPOMCTB Ha UX
OCHOBE
Enuceen UccnenoBanue 71a0. HEOpraHud. | K.X.H., acc. K.X.H. 3aiilieB
Aptem YCTOMYUBOCTH KOJI- | MaTepUalloBe- Bacuibes .M., crap-
AHaTONBEBUY | JIOUJHBIX PACTBO- JneHus, Kad. A.B. LI aHAJIH-
POB Ha OCHOBE HEOpraHuy. XH- tuk LlenTpa
MarHUTOTBEPIbIX MHUHU, XHUMHY. HallMOHATb-
HaHoO4YacTHI] rekca- | G-t MI'Y HOT'O MHTEJI-
dbeppuTta cTpoHIUS JIEKTYaJIbHOTO
pesepsa MI'Y
[TonkoBHUKOB | Matepuansl Ha Oc- | J1a0. XUMHH BBI- | K.X.H., JIOII. K.X.H., C.H.C.
Muxaun HOBE METaJlI- COKMX JIaBJIe- Knamkuna Hcaea B.I.,
Bnagumupo- | opraHuueckux Ko- | HUH, Kad. Xu- C.H. HNucturyt op-
BHUY OpPJIMHALIOHHBIX MO- | MUY. TEXHOJIO- raHUYeCKOM
JINMEPOB KaK a/I- T'UH U HOBBIX xumun PAH.
COpOEHTHI BOJIOPO- | MaTEpUAJIOB,
Jla TIPH BBICOKHUX XUMUY. Q-T
JaBJICHHUIX MIY
CaukoBa Hanoxkpucranisl 71a6. HEOpraHuy. | K.X.H., JOII. JI.X.H., 3aB.
TarbsiHa CdSe/CdS mopdo- | maTepuanioBe- Enucees A.A. | 1a0. MBaHoB
IOpneBHa JIOTHH «TOYKa B neHus, Kad. B.K., MIOHX
CTEpIKHE» HEOpraHu4Y. Xu- PAH
MHUU, XHUMHUY.
b-Tt MI'Y
UYenura KBanToBoxumuue- | al. TEpMOXU- o.¢.-M.H., K.X.H., JOII.
Anexcen CKuM pacuét sHep- | Mum, Kad. pu- | c.H.c. Modpde | Epmuinon
AHATOJIbEBUY | TUU CBSI3H OCTOB- 3U4. XUMUH, N.H. A.1O., xad.
HBIX 3JIEKTPOHOB XUMHY. G-T buzny. xu-
JUIsL peHTreHoBckon | MI'Y MHHU, XUMUY.
(b OTOANEKTPOHHOU b-Tt MI'Y
CIIEKTPOCKOITUH
Amyk KommnosuTHble ka- | 1a0. Heopranud. | K.X.H. CeMe- | K.(.-M.H,
TaTpsiHa TOAHBIE MaTepUaibl | MaTepualoBe- HeHko [[.A. c.H.c. Kpus-
CepreeBHa Ha ocHOBe LixV70s5 | nenus, xad. yeHKo B.A.,
1 BOCCTAHOBJICHHO- | HEOPTaHWY. XU- HUUAD
ro okcuja rpadura | MUM, XUMHY. MI'Y

TUTST TIOJIOYKUTEITh-
HOTO 2JIEKTPOAa
JUTUEBBIX OaTapeit

b-T MI'Y




5 u1oHs (4eTBepr)

(170 Tema padoTbI Mecto PykoBoau- Penensent
AUIJIOMHHMKA BBINOJIHEHUS TeJb
padoThI
Anemmn ®da3oBbIe paBHOBE- | J1a0. XUMHY. K.X.H., M.H.C. K.X.H., JIOII.
I'11e6 CHA B CUCTEMAX, tepmoarHamu- | KoBaneHko Tudnora
KOpreBuu oOpa3oBaHHOU U~ | KU, Kad. pm3ua. | H.A. JLA., xad.
pocynbdarom, XUMUHU, XUMUY. buzny. xu-
cynbdarom u xjo- | ¢-T MUH, XUMUY.
PUIOM Kajus MI'Y b-T MI'Y
AxuH(puen Hosele BucMyTco- | 1a0. Hampas- K.X.H., JIOLL. K.X.H., JIOLL.
Buxkrtop JiepKaIiue ciou- nenHoro Heop- | Yapkun J[.O. | PozoBa M.I'.,
CepreeBuu CTbI€ IIEPOBCKUTHI | FaHUY. CUHTE3A, ka¢. Heopra-
CO CTPYKTYpOH, kad. Heopra- HUY. XUMHH,
IIPOU3BOJIHOM OT HUY. XUMHH, XUMHUY. (-T
¢ba3 AypuBHILIH- XUMHY. G-T MI'y
yca: HalpasJICH- MI'Y
HBII CUHTE3 U KpU-
CTAJUIOXUMHUYECKUI
aHaJIN3
I'eopruy HanocTtpykTypsl na0. HEOpraHuy. | K.X.H., B.H.C. K.X.H., H.C.
WNuup OKCH/JIa IMHKA Ha MaTepHuanoBe- bapanoB A .H. | Cunuueiaa
danypoBuY MOTUMEpPHOU MO~ | jAeHusi, Kad. 0O.B., xag.
JIO’KKE JJI ONTO- HEOpraHuy. XH- BBICOKOMOJIE-
AEKTPOHHBIX MUH, XUMUY. KYJISIPHBIX
YCTPOMCTB b-T MI'Y COEIMHECHUH,
XUMHUY. (-T
MI'Y
Moxkpymrnaa | CeHcop Ha OCHOBE | J1a0. 3JIEKTPO- I.X.H., 1po@., | K.X.H., C.H.C.
Anna TOILIMBHOTO 3JI€- XUMHY. METO- 3aB. 1a0. Ka- | Utkuc JI.M.,
BanepreBna MEHTa JUIsl OTIpefie- | I0B, Kad. aHa- | psIKUH A.A. Kad. Heopra-
JIEHUS MEPOKCUAA | JINTUY. XUMUH, HUY. XUMUH,
BOJIOpOJa B a3po- XUMHY. O-T XUMHY. (-T
3011€ MI'Y MI'Y
Makapos ®da30BbIe paBHOBE- | J1a0. XMMHY. K.X.H., B.H.C. | I.X.H., Ipod.
ITaBen CHUs B CUCTEME tepmoguHamu- | Kynenok 1. bopmiesckuit
KOpreBna Na,O-B,03-SiOs: kd, Kad. ¢u- b.; k.x.H., H.C. | A, Kad.
9KCIIEPUMEHT U 3U4. XUMUH, Bockos AJIL. | pusnu. xu-
TepMOANMHAMHYE- xumud. O-1 MHH, XUMUY.
ckoe mogenuposa- | MI'Y ¢-t MI'Y
HUE
KomkoBa buomumernka ad- | 1ab. snekTpo- I.X.H., Ipod., | 1.X.H., 3aB.
Mapus (bMHHOCTH K T0- XUMHUY. METO- 3aB. 1a0. Ka- | na6. Cepreen
AHJpeeBHa JMOJaM Ha OCHOBE | OB, Kad. aHa- | psKUH A.A. B.I'., xad.
O6opoHar- JUTHY. XUMUH, BBICOKOMOJIE-
3aMEIIEHHBIX NPO- | XUMHUY. (-T KYJSIPHBIX
BOAANUX noiume- | MI'Y COEIMHEHNH,
POB JU1s1 I€TEKIIUU XUMHY. (-T
MHUKPOOPTraHU3MOB MI'Y




6 uroHs (MATHULA)

PUO Tema padoTsbl Mecto PykoBoau- Peuensent
AUILIOMHHMKA BbITIOJIHCHH S TeJb
padoThI
Mutpodano- | CuHTE3 MOHOKpH- | Ja0. KBAHTOBBIX | K.(.-M.H., K.(p.-M.H.,
Ba CTAJUTMYECKUX KOOIIEpaTUBHBIX | C.H.C. no11. Keitun
Ekarepuna CBEPXMPOBOJAIINX | SBICHUH, Kad. OBUYEHKOB B.T"., puzuu.
CepreeBHa XaJIbKOT€HUJI0B ¢u3ukn Hm3kux | E.A.; K.X.H., ¢-t MI'Y
JKeJe3a M UCCIelo- | TeMIeparyp u c.H.c. Yapees
BaHUE UX CBOMCTB | cBepxmposoau- | [I.A.
MOCTH, (pU3HY.
b-Tt MI'Y
MexyeB Jlmarnocruka me- nab. meccbay>- | A.X.H., IOII. K.X.H., JIOL.
EBrenuit TOZOM 30H]I0BOM poBcko# criek- | Adanacos Kynukos
MuxaiinoBuu | MmeccOay’poBCKOit TPOCKOIINU U M.W. JLA., xad.
CHEKTPOCKOIUHU HA | PaTUOXUMHHY. pPaIuOXUMHUH,
sapax 198n po- METOJIOB, Kad. XUMUY. B-T
LIECCOB 3apAJIOBOM | paAMOXHMUHU, MIY
KOMIIGHCAIUH B 3a- | XUMHY. {-T
MEIIEHHBIX OPTO- MIY
XPOMHUTAX
R1xMxCrOs3 (R =
Y3+, Gd3+, HO3+; M
= Ca*", Sr*h)
[{yxaHoBa CuHre3 KpucTayyioB | jad. U3MKU U | J.X.H., B.H.C. K.(b.-M.H.,
Happs H JIEKTPOHHOE XUMUH TONTY- Amwmna JI.B. nou. ManuH-
IOpreBHa CTPOEHHUE TBEPABIX | IPOBOJHUKO- koBuu M./1.,
pacTBOpOB Ha OC- BbIX U CEHCOp- kad. maTepu-
HoBe BiySes u HBIX MaTepua- aJIOBEJICHUS
BiyTes 0B, Kad. HEOp- TIOJTYTIPOBO/I-
raHu4. XUMUH, HUKOB U JIU-
XUMHY. G-T 3JIEKTPUKOB
MI'y HUTY «MU-
CuCy»
Murpodanos | Teopernueckoe nal. 1o3uMeT- | A.X.H, 0pod., | K.X.H., C.H.C.
Aptem MOJIETUPOBAaHUE U | PUM U palMoaK- | 3aB. Kaden- KonecHukos
AJeKCaHIpo- | SKCIIEPUMEHTAb- TUBHOCTHU poii Kanmer- | I'.B., kad. op-
BHY HOE HCCIIEIOBAHUE | OKPYKAIOIIEH xoB C.H. raHu4. XH-
IIPOLIECCOB JKC- cpenbl, kad. MUHU, XHUMHY.
TPAKIMOHHOI'O pa3- | paAuOXUMUHU, b-Tt MI'Y
JIENICHUs TaHTaHU- | XUMHY. (-T
JIOB MI'V
IInaxoBa Cunres u ucciaeno- | 1ad. JO3UMET- act. DHM K.X.H., JIOII.
TaTpsaHa BAaHME KPUCTAUIN- | PUM U paguoak- | PomaHuyk [IyTnses
BsyecimaBoB- | yeCKMX HAHOYACTHUI[ | THBHOCTH AlO., n.x.H, B.1., xad.
Ha CeO,x u ThO, OKpYXKaroIIeH pod., 3aB. HEOpTraHWY.
cpenbl, kad. Kadenpoit XuMmuu, Xu-
PaINOXUMHH, Kanvpikos Mud. G-T
XUMUY. (-T C.H. MI'y
MI'Y
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6 | Poxux Bnusaue mogudu- | 1ab. pu3MKM U | K.X.H., H.C. K.X.H., B.H.C.
Poman katopoB Cr, La, RU | xumuu nosy- Kpusernkuii Hamnonsckuii
BanepseBuu Ha CEHCOpHBbIE IIPOBOJITHUKO- B.B. K.C., xad.

CBOMCTBAa HAHOKPHU- | BBIX U CEHCOP- HEOpraHuy.
CTaJUIMYECKOTO HBIX MaTepua- XUMUH, XH-
SnO; JI0B, Kad. HEeop- MUY, G-T
raHu4. XUMUH, MI'Y
XUMUY. G-T
MI'Y

AHHOTAIIMA MATHCTEPCKHUX JUCCEPTALIUIA

HanpagjieHHbIH CHHTE3 AKLHENTOPHbIX NMPOU3BOAHBIX (YJIJIEPEHOB
U KOHCTpyHpoBaHue (OTOBOJbTAMYECKUX YCTPOMCTB HA UX OCHOBE

bpoyman B.A.

PykoBoaurenu: a.X.H., B.H.C. ['optoHkoB A.A., K.X.H., M.H.C. MoyTcu B.A.

Ha ceroausiunuii 1eHb BBISIBUINCH JIBE OCHOBHBIX 00JIaCTH NPUMEHEHHUS IPOU3BOIHBIX
byniepeHoB: MeIUIIMHA U OPTaHUYECKask SJIEKTPOHUKA, B KOTOPBIX OBLIM JOCTUTHYTHI HanboO-
Jiee UHTEPECHBIE U MIPAKTHUUECKU BakKHbIE Pe3yJbTaThl. B yacTHOCTH, B HacTOsIIEE BpEMS OCO-
060e BHHMMaHHE YJeNnseTcsl MPOU3BOIHBIM (YJIEPEHOB, NEPCHEKTUBHBIM JJIs CO3aHUs
YCTPOMCTB NMPeoOpa3oBaHMsI COTHEYHOW SHEPTUH B AJIEKTPUUYECKYIO.

HenaBHO cCHMHTE3MpPOBAHHBIA HOBBIA Ki1acc TUPTOProModyssiepeHOB, YHUKAIbHBIX IO
CBOEHM CTPYKType, M HIMPOKUN Kiacc Nep(TOpaIKUIMpOBAHHBIX MPOU3BOJHBIX PACHIMPUIH
ceMelcTBO (ropcosepKaliuX MPOU3BOIHBIX (QyiiepeHoB. biaromapst cBOUM BBICOKUM 3JIEK-
TPOHOAKLENTOPHBIM CBOWCTBAaM JIaHHBIE COEAMHEHUS PacCMaTPHUBAIOTCS KaK MEPCIEKTHUBHBIE
MaTepHalbl Uil OPraHUYeCKUX JIEKTPOHHBIX YCTPOMCTB, YTO TpeOyeT pa3BUTHUS METOJOB MX
dbyHKUIHOHATM3aMK. Takke 0COObI MHTEPEC MPEICTAB-  flokanusaums oTpULaTeNsHOMO
NS0T COEAMHEHHs, COAepKAIINe [BE MM Oonee (ymie- o T
peHoBbIE CQeEpbl, MEPCHEKTUBHbIE B Ka4eCTBE MaTepHa-
JIOB JJI1 M3TOTOBJICHUSI CBETOYYBCTBUTENIBHBIX CJIOEB B
OpraHWYECKHUX DSJIEKTPOHHBIX YCTpoWcTBax. B cBsA3M ¢
3THUM, LEJIbIO0 JJAaHHOM PaboThl sBIsETCS pa3paboTka Me-
TOJUK CEeJEeKTUBHOW (yHKIMOHaNU3auuu Qropcoaep-
KalUX IPOU3BOAHBIX (Y/UIEPEHOB M HAINpPaBIEHHOTO
MOJIyuyeHus1 BYC(EpHBIX MPOU3BOJIHBIX (YIIEPEHOB, a
TaK)K€ OLICHKA IPUKIAJHOIO IOTEHIHMAJa CUHTE3UPO-
BaHHBIX COEIMHEHUI B opraHnueckoil ¢poroBosnbTanke. B
paMKax MOCTaBJIEHHOW IeNu ObUTM peIIeHBl 3aJauu pa3-
paboOTKH METOoJja PErnoCeIeKTUBHOIO CHHTE3a TUApPO- U
IKWJIIPOU3BOIHBIX AudTOproModyiiepeHoB U mep-
(pTOPaNKMIMPOBAHHBIX MPOM3BOMHBIX (YIIEPEHOB, &  Puc. 1. Jlokanusawus OTPHLATEIHHOTO
Takxe pa3pabOTKH METOZla CHHTe3a JBYC(epHBIX mpo-  3apsna B auannone Coo( CFy)”.
n3BOAHBIX (ymepeHoB Cgo 11 C7o M anpoOUpPOBaHUS 1TO-

JyYEHHBIX COCIMHEHUI B Kau€CTBE JIEKTPOHAKLENTOP-
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HOTO KOMIIOHCHTa C N-THUIIOM HOPOBOJAHMMOCTH B (bOTO-

BOJIBTANYECKUX YCTPOWCTBAX C OOBEMHBIM TIeTepoIepe- 1
XOIO0M. :,?:
B pamkax naHHO# paboThl OBLIM pa3pabOTaHBI » -
peruoceNekTuBHbIe MeToIbl cuHTe3a TuapuaoB Ceo(CF,), e o
JABYX H30MCPOB C70(CF2), Cl-C70(CF3)10 n Cs-C70(CF3)g, :’:;
a TaKkKe MOHO-, JU- H TETePOTUAIKIIITPOU3BOTHBIX 21

b ¢

Ceo(CF>). IIpennoskeHHBIM HaMH METOJ (PYHKITMOHAIH3Aa-
MU 3aKII0YaeTCsl B MCIOJIb30BAHUM AHMOHOB (PTOPCO-

e
« ¢
(3

Jepkaiux QyuiepeHoB TeHepupyeMbIX iN Situ U3 cooT- a s

BETCTBYIOIIUX THAPHUIOB, MOCIeAyromas oopaboTka Ko- S Jﬁw& =

TOPBIX COOTBETCTBYIOIIMM aJKUITAIOTCHHIOM PHBOIUT 581“- X ¥ P < ~Rg
> SY ) 4 v =

K 00pa30BaHUIO MOHO-, IU- U TETEPOJUAIKUI POU3BO/I- 3’ ‘* a W h 1 l,." Y

HbIX. [ToKa3aHO, YTO peakIuu TONYYCHUS ATKHIIPOU3- 95 /_“i RS N »

< 3 i r”

BoaHBIX Cgo(CF2) mpoTekaroT celneKTUBHO ¢ oOpa3oBa- - ; :r 2‘;;’

HHEM TMPEHMYIIECTBEHHO OTHOr0 MpoaykTa. Peruoce-

JEeKTUBHOCTh JAHHOTO IIOAXO/3, COIJIAacHO KBAaHTOBO- Puc. 2. Jlychepurie mponssoanbie

XHMHYECKHM DAacuéTaM Ha ypoBHE Teopuu (yHKkumonama  $Yepena Ceo

IUIOTHOCTH, OOBSACHSETCS NPEUMYIISCTBEHHON JOKaIn3a-

1Meit oTpuraTensHoro sapsa B auanuone Ceo(CF2)? Ha aTomax yriiepoja, Hecyluux JudTop-
metuieHoByo rpynny (Puc. 1.). Paspabortannblii MeTon momydeHus IBYC(EpHBIX MPOU3BOI-
HBIX (DyJIJIepEeHOB OCHOBAaH Ha peakuuu (yisiepeHa ¢ ACUUIOBBIM 3(UPOM INIMLIUHA C U30bIT-
KOM TapadopmMaibAeruia B IPUCYTCTBUH TEPXJIOpaTa JIUTUS U TPUITUIAMUHA. Bpiin cuHTe-
3MPOBaHbl U CHEKTPAIBHO OXapaKTepU30BaHbI JByc(epHble Mpou3BoaHble (ysiepeHoB Ceo,
C70 (5 n30MepoB), a TaKKe UX CMEILIaHHbIE IPOU3BOHBIE (2 H30Mepa).

WuauBuyanbHble coequHeHus OblM odnnieHsl merooM BOXKX n oxapakrepu3oBaHsl
MetojgaMu Macc-criektpomerpun MAJIZIN, crniektpockonuu norjiomenuss B YO U BUIAUMOM
nuarasoHne U crekrpockonuu SIMP Ha sgpax 'H, °F u *C, a rawxe JBYMEPHOU KOppesLu-
OHHOM criekTpockonuu SIMP W KBaHTOBO-XMMHYECKMX pacueToB. /s mATH CoenMHEHU
Cso(CFz)(C3H5)2, Ceo(CFz)(CH2C6F5)2, C70(CF3)8H2, C70(CF3)10H2 u C70(CF3)10H4 CTPOCHUC
OBLIO JOKa3aHO METOJIOM PEHTI€HOCTPYKTYPHOTO aHaIM3a.

Ha ocHOBe CMHTE3MPOBAHHBIX (DYIJIEPEHOBBIX MPOU3BOIHBIX OBUIN CKOHCTPYHPOBAHBI
conHeuHble (oTorieMeHThl (CDD) ¢ 00beMHBIM reTepONepexo oM U U3MEPEHBI UX XapaKTe-
puctuku. Ha mnpumepe npousBognoro Cgo(CF2)Bn, mnokasano, 4To Kiacc COCTUHEHHIN
Cs0(CF2)R, MoxeT ObITh HCIIOIB30BAH B KAUECTBE aKI[CIITOPHOW KOMITOHEHTHI (DOTOAKTHBHOTO
cy10os1 B (POTOBOJIBTAMYECKUX yCTpoHcTBax. JIyummx XapakTepucTuK A onbITHEIX CPD yna-
JI0OCh JTIOCTHYh MPHU HCIOJIb30BaHUU ABychepHoro npousBogHoro Ceo (KIII 2.1 %). lannoe
COEZIMHEHHUE COJEPXKUT JIBe OJIM3KO pacnojoxeHHble QymnepeHoBbie cdepsl (Puc. 2.), B cBsi3n
¢ ueM HaOuoaercst OoJplasi MOABMXKHOCTh HOCUTENEH 3apsja B GOTOAKTUBHOM clioe. YIyd-
meHue Mopdosiorun 06bEMHOIO reTepornepexoia HadMIaeTCs B CBSA3U C HAJIMYUEM B MOJIe-
KyJl€ H-JeUUIBHOTO 3aMECTUTENS, CHOCOOCTBYIOLIETO JIyUIIEMY AUCIIEPTUPOBAHHIO aKIIETITOpa
B [IOJIMMEPHOM MaTpHULE JOHOPA.

B pesynbrare nanHoi paboThl pazpaboTaH METOJT perHOCENeKTHBHON (DYHKITMOHATM3A-
K QropcoaepKaliX EKTPOHAKIIENITOPHBIX MPOU3BOAHBIX (YIIIEPEHOB, CHHTE3UPOBAHO U
MOJTHOCTHIO CIIEKTPATBHO OXapaKTEPU30BaHO 23 HOBBIX coenuHEeHHS (B T.4. MeTogoM PCA st
5 coeauHeHuil). YCTaHOBIEHO, YTO CUHTE3UPOBAHHBIE JIEKTPOHOAKIIETITOPHBIE IPOU3BOTHBIE
¢byniepeHoB NMepCHeKTUBHBI g KOHCTpyupoBaHusi C®D, mpuyem B ciydae ABychepHOTro
npoun3BoiHOr0 Cgp OBLIM MONYyYEHBl XapaKTEPUCTHKH, COMNOCTaBHUMBIE C XapaKTepUCTHKAMU
HauOoee pacnpoctpaneHHbIX CDD Ha ocHOBe [60]PCBM.

Nowadays, medicine and organic electronics are the two principal fields where applica-
tion of fullerenes gives rise to interesting and promising results. Of particular attention are
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those fullerene derivatives that may be used in the devices for solar energy conversion into
electricity.

The novel, recently synthesized family of difluoromethylene homofullerenes with
uniquely flexible structure and a wide range of perfluoroalkylated fullerenes have appreciably
enriched the library of fluorine-containing fullerene derivatives. Due to their pronounced elec-
tron-withdrawing properties, these compounds are widely regarded as potential building blocks
for the organic electronic devices; this application, however, would normally require certain
additional derivatization. Fabrication of the photosensitive organic layers in the electronic de-
vices may benefit from involving another particularly attractive class of fullerene systems — the
molecules that incorporate two or more fullerene cages. In view of that, the aim of the present
work was to develop the methodology for regioselective functionalization of the fluorine-
containing fullerene derivatives and for targeted synthesis of the double-caged fullerene com-
pounds. A further aim was to evaluate the prospects of the said compounds in the field of or-
ganic photovoltaics. More specifically, we present a method for regioselective synthesis of the
hydrogenated and alkyl derivatives of the difluoromethylene homofullerenes and perfluoroal-
kylated fullerenes, as well as a synthetic approach to the double-caged derivatives of Cgo and
Cro. We also report the results of testing of the compounds thus obtained as n-type conductive
electron acceptor components of the bulk heterojunction photovoltaic devices.

We have carried out regioselective hydrogenation of Cgo(CF,), two isomers of C7o(CF»),
C1-C70(CF3)10, and Cs-C7o(CF3)g and obtained mono-, di-, and heterodialkyl derivatives of
Ceo(CF>). In addition, double-caged compounds based on Cg, C7o (five isomers), and their
combination (two isomers) have been synthesized and characterized. The individual com-
pounds were isolated by means of semi-preparative HPLC, and their structures were elucidated
on the basis of the X-ray diffraction, UV/Vis-, *H, °C, and **F NMR, and 2D NMR data sup-
plemented with quantum chemical calculations at the DFT level of theory. On total, we have
produced 23 new compounds and performed their comprehensive spectroscopic characteriza-
tion including the X-ray structures for five of them.

The reported fullerene derivatives were tested for their performance in the bulk hetero-
junction (BHJ) solar cells. Cgo(CF2)Bn, was found to demonstrate the good applicability of the
Cso(CF2)R, compounds as acceptor components in the photoactive layers of the BHJ solar
cells. The highest energy conversion efficiency of 2.1 % was, however, achieved rather with
the double-caged [60]fullerene system. This result is comparable with the characteristics of the
popular BHJ solar cells based on [60]PCBM.
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HccaenoBanne yCTOHYHBOCTH KOJLJIOMJIHBIX PACTBOPOB HA OCHOBE
MATHUTOTBEPABIX HAHOUYACTHUII FrekcadeppuTa CTPOHIUSA

Enucees A.A.

PykoBoauTens: K.X.H., acc. BacunbeB A.B.

B nmocneanee Bpemsi 3HAUMTENBHBIN MHTEPEC MPOSIBISETCA K MaTepuallaM MPUTOIHBIM
JUISL U3TOTOBJICHHS] MAarHUTHBIX HOCHUTENEH MH(OPMAIIMU BBICOKOW TIJIOTHOCTH, BU3yaJIM3allud
MarHUTHBIX TOJIeH, AedexTockonuu. Hampumep, Ans U3roTOBICHHs] HOCUTeNeH nHpopMaluu
MIPOMBIIIUICHHO WCIIOJIB3YIOTCS TOHKWE HAHOKPUCTAIUTMYECKHUE TJICHKH Pa3InYHBIX deppomar-
HUTHBIX MaTepuanoB. B CBS3M ¢ 3TUM HAKIAJbIBAIOTCS CEPhE3HBIE OIPAHUYEHUS HAa MUHH-
MaJIbHBIN pa3Jiesl CeKTopa ’KECTKOro IMCKa, TaK KaK JUIsl cTaOUIIbHONM paboThl HeoOXoauMa Be-
JUYUHA KOAPUUTUBHON cuitbl okojo 2000 3. OnHuM U3 croco60B MOBBICUTH TIOTHOCTH TEP-
MIEHIUKYJISIPHON 3aIMCH, SBJISIETCS] TIEPEXO K YIOPSIOYEHHBIM MacCHBaM HAHOYACTHIL C BBI-
COKOM MarHMTOKPHUCTAIMYECKON aHu3oTpornuen. Kak oguH M3 BapuaHTOB, CO3[aHUE TaKHX
MacCHBOB BO3MOXXHO METOJIOM OCXKJEHHUS KOJUIOMJIHBIX YacCTHUIl Ha MOIOKKY. pyras o0-
JacTh MPUMEHEHUS (EePPOMATHUTHBIX KOJUIOMJIOB — MAarHUTOOITHKA, TO €CTh METOJINKH BU3Y-
alu3alud MarHUTHBIX Tojiedd. OpHako, MoJdydeHWe CTAOWIBHBIX KOJIJIOMJIHBIX PacTBOPOB C
MarHUTOTBEPILIMH YACTUIIAMH CHIIBHO OCTIOKHSIETCS UX CIIOCOOHOCTBIO K KOATYJISIUU 33 CUET
MarHUTHBIX B3aMMOJIEHCTBHIA.

[lenpro HacToOsIIEH pabOTHI SABISIETCS YCTAaHOBKA TPAHUI] YCTOWYHMBOCTH JAHHBIX JIHC-
MEPCHBIX CHCTEM Ha OCHOBE HAHOYACTHI] rekcadeppuTa CTPOHIIUS MPH WCIIOIH30BAHUH Pa3-
JUYHBIX CTaOWIH3UpPYyOMX (GakTopoB. B yacTHOCTH, HccieoOBaHUE MPEEoB CTaOUIFHOCTH
OTHOCHUTENbHO BenuurH pH pacTBopa u KoHIEHTpauu dJekTponuta. OTaeTpHON YacThio pa-
OOTHI SBIISJICS TIEPEBO/I KOJUIOMIHBIX YaCTHIl B OPTaHHYECKUN PACTBOPHUTEb.

Br16panHbIii METOT CHHTE3a MO3BOJISIET MOJIYYaTh YaCTHIIbI, M3HAYAIBHO Pa3JICICHHBIC B
CTEKJIOKepaMUKe MPOCIOoMKaMu O0paToB, UTO MPEMATCTBYET arperanuu yactull. CTekiokepa-
MHKa, TTOJIY9eHHAs] METOJ0M KPHCTAUTH3AIlMHA OKCHIHOTO CTEKJIa MEXaHWYECKHA U3MEeNTbUyanach
Y MOMeIIaNach B paCTBOP YKCYCHOM MJIM COJISTHOM KUCIOTHL. B3Bech moaBepranach yibTpa3By-
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KOBOIl 00paboTke B TedeHHe 15 MHUHYT, MOCIE Yero MPOU3BOAMUIIOCH OCAKICHHE B3BECH Ha
MarHuTe W JeKaHTamus pactBopa. Ocamok yacTull rekcadeppura TUCIIEPrUpPOBaAICS B BOJE U
OTCTaMBAJICS B TEUEHUE HECKOJIBKUX YaCOB, MOJYYCHHBIH KOJUIOMIHBIN PacTBOP OTIEISICS OT
TBEP10i (asbl.

Pa3zmep dactui u koarynsToB (0Opa3yroIIUXCS B XOJE JSCTaOMIHM3AIMK KOJUIOH]IA)
OTIPENIETISIICS METOJIOM JMHAMUYECKOTO CBeTopaccesHus. OnpeneseHHbIe TAKHM METOJO0M 30-
HBI CTA0WJIBHOCTH JIJIsl HEMOIU(UIIUPOBAHHBIX PACTBOPOB COCTABIIIU 10 BennuuHe pH oT 2 110
5.5, a Mo KOHIEHTpauK eKTponuTa — 10 50 MMoiw/a. [IpoBenenne nuanusa Mo3BOJISIIO yBe-
JUYUATH KOHIIEHTpaluto nobapneHHoN comu 10 100 MMOIIB/T, OTHAKO, CHIIBHO CHMXKAJIO KOH-
IEHTPAIMIO YaCTHII 32 CUYET OCAKJICHUS HAa MEeMOpaHy W M3MEHSIO pa3MEPHOE pacIipeie/iecHue
B pactBope. OOpazoBaHue KOATYJSATOB B X0JI€ IKCIIEPUMEHTa (PHKCUPOBATIOCH METOJIOM CIIEK-
TpooTOMETpUHU B BUANMON M OnmxkHel YD obnactu. Beln ocymecTBiIEH nepeBoa KOJLIOUI-
HBIX YaCTHI] B HEBOJHBIE Cpelbl (XJI0podOopM U T'eKCaH), OJIHAKO, YCTAaHOBIIEHO, YTO TUCIIEPC-
Has (a3za MPUCYTCTBYET B HUX B BHUJIE KPYIHBIX arperatoB (Oonee 400 uM B auametpe). Brico-
Kas arperafoHHas yCTOMYMBOCTh MOXKET OBITh JOCTHUTHYTA 3a CUET WCIIOIH30BAHUS TIOBEPX-
HOCTHO-aKTUBHBIX BEILIECTB.

TakuMm 00pa3zom, B XoJie JaHHOW pabOThI OBUTM YCTAaHOBJICHBI MAaKCHMAJIbHBIC MPEICIIBI
n3MeHeHus: pH 1 KOHIICHTpallUuK 3JIEKTPOJIMTA JIJIs1 KOJUIOUIOB 0€3 MO (DUKATOPOB M JIJIs pac-
TBOPOB TOCJIE UCTIOJIB30BAHUS PA3TUYHBIX METOIUK CTAOMIU3AIIH.

Recently, considerable interest has been drawn to materials suitable for the producing of
high density magnetic memory, magnetic field imaging devices, flaw detection. For example,
currently nanocrystalline thin films of different ferromagnetic materials are used as memory
layer in HDD. There are some limitations to the minimum hard disk sectors size in this case.
The value of coercive force about 2000 Oe is required for stable operation. One of the ways to
increase density is usage of ordered arrays of nanoparticles with high magnetocrystalline ani-
sotropy. Suitable technique for creation of such arrays is oriented deposition of colloidal parti-
cles on the substrate. Another application of ferromagnetic colloids is magneto-optics, i.e.
magnetic fields imaging techniques. However, obtaining stable colloidal solutions with mag-
netically hard particles is complicated because of their ability to coagulate due to magnetic in-
teractions.

The aim of this work is to determine stability limits of disperse systems based on the na-
noparticles of strontium hexaferrite with different stabilizing factors. In particular, the study of
pH value limits and maximum electrolyte concentration. A separate part of the work was the
transition of colloidal particles into organic solvent.

The selected synthesis technique produces particles initially separated in the glass-
ceramic sample by layer of borates what prevents particles aggregation. It also provides possi-
bility to change the size distribution of the dispersed phase by varying of annealing tempera-
ture. Glass-ceramics samples obtained by crystallization of the oxide glass were grinded. Ob-
tained powder was put into solution of acetic or hydrochloric acid. Suspension was subjected to
an ultrasonic treatment for 15 minutes, after which it was put onto magnet to precipitate parti-
cles. Hexaferrite powder was dispersed in water and allowed to stand for several hours, after
that, the colloidal solution was separated from the solid phase.

Particle and coagulate sizes (produced during destabilization if colloid) were determined
by dynamic light scattering. The determined by this way region of stability for the unmodified
solution was from 2 to 5.5 pH, and the concentration of the electrolyte up to 50 mmol/l. Dialy-
sis allows increasing the concentration of salt up to 200 mmol/l, but, the concentration of parti-
cles is strongly reduced due to precipitation on the dialysis membrane. It also alters the size
distribution of the particles. Coagulates formation during the experiment was determined by
spectrophotometry in the visible and near UV region. Transition of colloidal particles into
nonaqueous solvent (chloroform and hexane ) was done during current work. However, it was
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found that the disperse phase presents therein in the form of large aggregates (over 400 nm in
diameter). High aggregation stability can be achieved by the addition of surfactants.

Thus, during current work pH stability range and electrolyte maximum concentration was

determined for unmodified colloids and for solutions after various modifications.
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MaTepI/IaJ'II)I Ha OCHOBC MCTAJLJI-OPraHUIY€CKUX KOOPAUHAIIMOHHBbIX
IMOJIMMEPOB KaK a)]COI)ﬁeHTI)I BOAOPOAA ITPU BBICOKHUX JTIABJICHUAX

llonkosenuxoe M.B.

PykoBoauTens: k.X.H., 1on. Kmsmkua C.H.

Bopopon siBnsieTcst 3HEProeMKUM M 9KOJIOTUYECKH YHCTHIM YHEPrOHOCHUTENIEM, UTO Jela-
€T ero MEepCHeKTUBHBIM MaTepHalioM I HEPreTHKu Oymaymiero. HecMoTpst Ha 3TO, 10 CUX
MOp CYHIECTBYET pAl MpoOJieM, CBSI3aHHBIX C €ro 3alacaHrueM, XpaHEHHEM U TPaHCHIOPTHPOB-
KoH. /{75t ucronp30BaHus BOJAOPO/Ia B KAUECTBE TOIINBA, OH JIOJKEH OBITh CKAT 0 OYCHb BhI-
COKHUX JaBJICHUN WJIU XPaHUTHCS KPUOTEHHO, OJIHAKO, 00a METOJa YBEIHYMBAIOT CTOUMOCTD
MIPUMEHEHHUS, a TAK)KE CYIIIECTBEHHO MOBBIIIAIOT BEC CUCTEM XPaHEHUSI.

B cBs3u ¢ 3TM, B HacTosillee BpeMs pa3linyHble UCCIIEIOBATEIbCKUE TPYIIIbI 3aHUMa-
I0TCS pa3paboTKON THOPUIHBIX cUCTeM XpaHeHus. CyTh 3aKII0YaeTCs B 3alOJHEHUU KOMIIO-
3UTHBIX OAJIJIOHOB HEAOPOTHMH, JIETKUMH MaTepualaMu, KOTOPhIE MOTYT OOpaTUMO 3aracaTrh
BOJIOPOJI TIPH TEMIIEpaTypax, OJU3KUX K KOMHATHOW. KpoMe 3Toro, BayKHBI HU3KHE TTapaMeTPhl
SHEPruu 00OPaTUMOTO Mpollecca ACTUAPUPOBAHHUS.

B nocnennue ronbl B Ka4eCTBE MOTEHIMAIBHBIX KaHAMIATOB B POJIM aacopOeHTa pac-
CMAaTpUBAIOTCA MeTauloopranndeckue kapkacHsie moiumepbl (MOKIT i MOF — metal-
organic frameworks). Ouu npenCcTaBIsIFOT CO00# TEPMHUUYECKH YCTONYMBBIC  BHICOKOIIOPHUCTHIC
KPUCTAIIMYECKHE MaTepuaibl. DTH BellecTBa 00Ja1al0T PEKOPAHBIMU 3HAUYCHUSMHU YCIbHON
MOBEPXHOCTH, YTO IMO3BOJISICT PACCUNUTHIBATH HA BEICOKHE 3HAUCHUSI COPOIIMOHHON EMKOCTH.

TakuMm 00pa3oM, 1enpi0 HACTOAIIEH paboThl OBLIO OINpeAeseHHe BIUSHUS MOIUPUIIU-
pyromux 0o0paboTok Ha BogopoacopouronHbie cBoictBa MOKII npu BRICOKHX JTaBIICHUSX.

B pabote Obu1 ucnonbszoBan kommepueckuit obOpazery MOKII mpousBoactBa (upmer
BASF Basolite C300, xotopsrit siBisercst anagorom HKUST-1 ([Cuz(BTC)2(H20)3] npencras-
asieT co0oi Kapkac U3 JUMEpPOB MM, COCTUHEHHBIX ¢ 0eH30-1,3,5,-TpukapOoKCHIIaTHBIMU
nurangaamu). Kpome storo, ObUIM HCCIEeOBaHBl aKTHBUPOBAHHBIE KOMITO3UTHBIE MaTEpHAIIbI
Ha ocHoBe C300 M KaTaaM3aTOpOB TUCOIMATHBHOM xemocopOumu Bomopoaa(LaNi5, E-Tek
(20% Pt Ha caxe, pasmep vacTuil Pt - okosio 3 HM)), a Takke 00pa3ibl, CHHTE3UPOBAaHHBIE ITO
TUAPOTEPMAIBHOU METOAMKE NHX CO PAH r. HoBocubupcka:
(NH3)2Pd(C204),@HKUST-1, (NH4)2Pt(C204),@HKUST-1.

MexaHoxuMHu4uecKyro 00paboTKy MaTepHuaaoB MPOBOAMIN C HCIOIb30BAaHUEM IUTaHETaP-
HOM mapoBoit MoHoMmenbHULBI «IlynbBepuserre 6» Fritsch, a usmepenue BogopocopOIIMOH-
HBIX CBOMCTB HCCIIEIyeMbIX OOpa3lloB Ha YCTaHOBKE BBICOKOTO Ta3oBoro nasieHwus. [lepen
CHATHUEM KaXJI0W M30TEPMbI aBTOKJIAB ¢ 00pa3I[OM BaKyyMHUPOBAIM U BBIJIEPKUBATH B TEUCHUE
gaca npu Temneparype 120°C ans ynaneHus U3 Iop MOIEKYN afcopOMpOBAHHOIO KMCIOPO/a,
YTJIEKHUCIIOTO Ta3a, BoAbL. [1ocie 3Toro aBToKIIaB OXJIaK/1aal 10 KOMHATHON TEMIIEPaTyphl.

[Tony4yennbie 0Opa3ipl ObUIH oXapakTtepu3oBaHbl MeTogamu POA u COM. Hccnenosa-
HUE MOPUCTONU CTPYKTYpPHl MaT€pHaIOB MPOBOJIWIN HA aHAJIM3aTOPE COPOITMU Ta30B CTAaTHYe-
CKUM 00BEMHBIM METOJIOM 110 ajicopOitnu azota mpu 77 K (BOT).

HccnenoBano B3anuMoeiicTBrE 00pa3IioB ¢ BOAOPOAOM pu AasieHusx g0 1000 6ap mpu
temriepatypax 81, 254, 273 u 298 K. Iloka3zaHo, 4To BBeJI€HHE KAaTaau3aTOPOB JUCCOIIUATHUB-
HOHM XeMOCOPOIMH BOJAOPOJIa MPUBOJIUT K YBEITUUYCHUIO U30BITOYHOW COPOITMOHHONW €MKOCTH.
[IpoBeneHa KOMITIEKCHAs aTTECTAllUsl TOTYyYEHHBIX MaTEepPUANIOB: OINpPEAeNeHbl KOHCTAHTHI
['erpu 1 TEMIOTH COPOLIMU C TTOMOIIBIO M30TEePM B obOnacTu ['eHpH, a TakKe ¢ UCTIOJIb30BaHU-
eM MeTofa kanopumerpun Kanbse.

Serious concern about the environment pollution and the climate warming created a new
trend in energy technologies and related research, consisting in the substitution renewable en-
ergy sources for traditional fossil fuels. Hydrogen energy holds a particular place there because
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of its highest specific energy density among other chemical fuels and a clean way to use this
stored energy via oxidation by oxygen that results in formation of water only. In spite of long-
term research activity covering conventional compressed and liquefied hydrogen as well as an
alternate solid-state storage in hydrides or physisorption materials, no technique completely
meets to date the requirements of hydrogen consumers, particularly in the area of mobile appli-
cations. In this regard , currently different research groups are developing hybrid storage sys-
tems . The essence consists in filling composite cylinders inexpensive, lightweight material
that can reversibly store hydrogen at temperatures close to room temperature. In addition, im-
portant parameters of the lowest energy reversible dehydrogenation process.

A significant progress in the design of lightweight composite cylinders made it allowable
to increase the pressure of hydrogen stored on-board up to 350—700 bar and thus to reach grav-
imetric capacity of 5%-6.5%. Among new approaches aimed at improving the performance of
such systems, a concept of hybrid storage is now considered as one of the most promising. It is
based on integration of metal-organic frameworks (MOF) into high-pressure tanks that should
ensure additional storage capacity because of the higher density of adsorbed hydrogen as com-
pared with compressed gas.

Thus, the aim of this work was to determine the effect of modifying treatments on hydro-
gen adsorption properties at high pressures.

The samples of Basolite C300 ([Cu3(BTC)2(H20)s], E-Tek@C300, LaNis@C300,
(NH,)2Pd(C,04),@HKUST - 1, (NH4),Pt(C,0,4),@HKUST - 1 were used (a commercial cata-
lyst E-Tek in which platinum (20wt.%, particle size of 3 nm) is supported on the Vulcan XC-
72 carbon black was used as a promoter of hydrogen chemisorptions).

Ternary mixtures of the composition (C300: E-Tek : glucose = 10:1:1, LaNis@C300)
were prepared by homogenizing and activating treatment in a planetary ball mill Fritsch Pul-
verisette 6 for 10 min at a rotation speed of 100 revolutions per minute. Hydrogen adsorption
and desorption isotherms were measured for ~1 g of samples by a volumetric method on a Sie-
verts-type experimental unit specifically designed for studies of solid—gas reactions under pres-
sures up to 1000 bar. Samples obtained were loaded into a stainless steel reactor, degassed in
vacuum of 5*10°3 mbar.

Crystal structure and microstructure of the materials were studied by means of powder
X-ray diffraction and scanning electron microscopy. The textural properties were determined
from nitrogen adsorption/desorption isotherms, the specific surface area was obtained by the
Brunauer-Emmett-Teller (BET) method.

Hydrogen pressure—composition isotherms measured at temperatures of 81 , 254, 273
and 298 K and at pressures up to 1000 bar. It is shown that the introduction of catalysts disso-
ciative chemisorption of hydrogen leads to an increase in the excess sorption capacity. Certifi-
cation of this materials was obtained: Henry constants and heat of adsorption were determined
by using the Calvet calorimetry.

Hanokpucraniasl CdSe/CdS mopgdosiornu «Touka B CTEPKHE»
Caukoesa T.JO.

PykoBoauTens: K.X.H., c.H.c. EnnceeB A.A.

KonnonnHele KBaHTOBbIE TOYKU U CTEP’KHU — HAHOPa3MEPHbIE KPUCTAIIIBI TIOTYIIPOBO/I-
HUKa, oOnajaromye (QpyHKIIMOHAIBHBIM CBOWCTBOM — Pa3MepO3aBUCUMON (OTOIOMUHECIIECH-
nueit (OJI). Heoprannueckne HaHOKPUCTAJUIBI UMEIOT MPEUMYIIECTBO Mepe]] OPraHndeCKUMU
JroMHHO(pOpamu Gs1arogapsi BBICOKOH (pOTOCTaOMIBHOCTH U BO3MOXKHOCTH MTOJ100pa JMana3oHa
JIOMUHECIEHIINH 3a CYET HE3HAUNTEIBHOIO BapbUPOBaHUS TapaMeTPOB CUHTE3A.

B xone Hacrosimieit paboTsl Obutn cuHTe3upoBanbl 00pa3ubl HK CdSe/CdS co chepuue-
CKUM SIIPOM U BBITSAHYTON 000s104K0i (MOP(OIOTHM «TOUKA B CTEpHKHE)), CTAOMIU3UPOBAH-
Hble cMechio (ochoHoBbIX kucaOT. [lonydennsie HK moMuHecuupyroT TpeMs iBeTaMu: 3e1é-
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HbIM (560 HM), oparkeBbIM ¢ 590 HM) u kpacHbIM ¢ 620 HM). [l HK Tpéx nBeToB nroMuHec-
[EHIIUH ObUTH W3MEPEHBI KBAHTOBBIE BBIXOIBI (110 87%) 1 K03(PPHUITMEHTHI SKCTUHKIIMHU B 3aBH-
CHUMOCTH OT JIJTMHBI BOJIHBI [13JIAI0IIETO U3TyUYCHUSI.

C nmomouipi0 METOo/]a MPOCBEYUBAIOIIEH 3JIEKTPOHHON MUKPOCKONHHU ¢ (UIbTpAIMel 1o
SHEpPruM ObLIa BU3YyaM3UPOBAHA MMOBEPXHOCTHAS JIOKATU3AIUS BO30YK/Ia€MbIX 3JIEKTPOHHBIM
MyYKOM IKCUTOHOB. YUHTHIBAsi COOTBETCTBHE MEXK/y CEUYCHUSIMH MOTJIOMICHUSI (JOTOHA U JJICK-
TPOHA, MaHHBIA PE3YJIbTAT MOXKET OBITh PACIPOCTPAHEH W HA TPOIECCHI MOTJIONMICHUS CBETA.
MeTo10M CIIEKTPOCKOINUN XapaKTePUCTUYECKUX MOTEPh SHEPTUU JIEKTPOHA ObUIH OmIpesere-
Hbl [KpuHbI 3anpeménnbix 308 HK (2,5 £ 0,1 3B ana HK ¢ 3enénoit ®JI), uro cooTBeTCTBYET
OJIHOMY M3 KOPOTKOBOJIHOBBIX IEPEXOJ0B Ha CHEKTPE IMOTJIOLIEHUS COOTBETCTBYIOLIETO 00-
pasua.

Ha ocnoBe cunresupoBanubix HK 1 nonuBunmikap6azona (IMpoKo30HHON MOIYIPOBO-
JSIIeH MaTpuIlbl) ObUTH cO3MaHbl AnekTpomromMuHecnupyomue (3JI) ycrpoiictBa. TommuHa
U3JIydaroniel i€¢HKy Opuia onTuMusupoBana Ha ypoHe 50 = 10 am. Criektp DJI momydeHHbIX
KOMNO3UTOB coBnaaaeT co cnekrpom PJI ucxonusix HK, 4TO roBoput 0 coBnageHuu u3iayda-
TEJbHBIX AJEKTPOHHBIX MEPEX0JI0B U IMOJHOTE MepeHoca 3Hepruu 1no mexanusmy dépcrepa c
MaTpHIbl HA U3Ty4arouye HeHTpbl. YHCTOTa 1BETa COTJIACHO MarpaMMe IBETHOCTH JOCTUTa-
er 99,8%.

Colloidal quantum dots and rods are semiconductor nanoparticles exhibiting size-
dependant photoluminescence (PL). Inorganic nanocrystals possess outstanding photostability
and easy emission colour tuning via slight synthetic parameters variation in contrast with or-
ganic fluorophors. Due to these properties, they are a promising material for such applications
as fluorescent biolabelling and light-emitting diodes design.

In this work we synthesized green- (590 nm), orange (590 nm) and red- ¢ 620 nm) emit-
ting CdSe/CdS phosphonic acids stabilized dot-in-rod (DR) nanoparticles via hot-injection
method. Samples with each of the emission colours were characterized with quantum yield (up
to 87%) and extinction coefficient measurement as a function of incident light wavelength.

Atomic and electronic structure of individual DR nanoparticles was analyzed using
HRTEM, HAADF, EDX, point EELS and EFTEM imaging methods using Zeiss Libra 200
electron microscope with monochromated FEG. An acquired data was compared to that ob-
tained usual conventional spectroscopy of DR sols. Dot-in-rod configuration of nanostructures
was confirmed by EDX mapping, indicating sharp CdS/CdSe interface. According to HRTEM
this interface frequently contains stacking fault defects indicating a secondary nucleation dur-
ing CdS shell growth.

Electronic structure of individual particles was analyzed using electron energy loss spec-
troscopy (EELS). Band gap values of individual DRs were extracted from valence band ad-
sorption, appearing close to zero-loss peak in EELS spectra. The obtained E4 = 2,5+0,1 eV cor-
responds well to the optical band gap values. Moreover the correlation between the electron
and photon absorption cross-sections enables direct visualization of the excitation by energy
filtered transmission electron microscopy imaging. EFTEM of individual particles illustrated
an effective excitation of electron-hole pair at the outer surface of DR nanocrystals. An energy
dependent excitation imaging was used for the analysis of excitation process and charge redis-
tribution within CdSe/CdSnanocrystals.

Electroluminescent (EL) devices were created on the basis of the DRs and polyvinyl-
carbazole (PVK) matrix via solution spin-coating method. Light-emitting film thickness was
optimized to the value of 50 = 10 nm. EL spectra of the composites match the PL spectra of
corresponding DRs soles. This evidences the full Foerster energy transfer from PVK to the DR
emitting centres, and the fact that EL and PL emission results in from same radiative electron
transition. Colour purity of the EL devices reaches 99,8% according to chromaticity diagram.
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KBaHTOBOXMMHUYECKHI PACYET JHEPTIUM CBSA3H OCTOBHBIX
3JIEKTPOHOB JIVIsl PEHTT€HOBCKOM
(oTOIEKTPOHHOI CIEKTPOCKONUN

Yenuea A.A.

PykoBoaurens: a1.¢.-M.H., B.H.c. Modpde 1.H.

B merone peHTreHoBcKOW (oTOo3NeKTpoHHOH cnekTpockonuu (POIC) nonoxenue nu-
KOB, OTBEYAIOIINX TOMY WUJIU WHOMY SJIEMEHTY, CMEIIAeTCSd B 3aBUCHMOCTH OT XHMMHUYECKOTO
COCTOSIHUSI €r0 aTOMOB. 3ajlaya pacuy€THOro IMpeAcKa3aHusi 3TOr0 CMEIIEHUs YHEPIHH CBSA3HU
OCTOBHBIX JJICKTPOHOB BEChbMa Ba)KHA I MHTEPIPETAIlMN aHATUTHYeCKHX HaHHbIX PDOOC.
[lenbto HacTosimiel pabOTHI ABISIOCH pa3pabOTKa pacyETHOrO MOIX0/1a, MO3BOJISIFOIIETO C XO-
polieil TOYHOCTHIO OMHUCHIBATH COCTOSIHUSI C MIOHU3UPOBAHHBIMH OCTOBHBIMH YPOBHSIMH U, KaK
CJIEJICTBUE, SHEPTUHU CBSA3H OCTOBHBIX JIEKTPOHOB.

[Ipennaraemplii HaMH METOJT OCHOBAH Ha PACCMOTPEHUU COCTOSIHHI C MOHM3UPOBAHHBIM
OCTOBHBIM YPOBHEM C IOMOIIBI0O MHOTOKOH(UI'YPAlIMOHHOTO METO/la CaMOCOTJIaCOBAaHHOIO
noJisi B MOJIHOM akTuBHOM mipocTpanctBe (CASSCF), roe akTuBHOE MPOCTPAHCTBO COCTOUT M3
3aHATBIX OpOUTANEW HEMOHW3UPOBAHHOW cucTeMbl. [locie BapHarmOHHONW ONMTHUMHU3AIMH CO-
CTOSIHMSI, OTBEYAIOIIETO JIOKAJTU3aLUU IBIPKA Ha HY>KHOM aTOMe, JUISl HETO MOTYT TaKXe ObITh
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paccuuTaHbl MOMPABKU HA JUHAMHYECKYIO DJIEKTPOHHYIO KOPPEISIUIO C MOMOIIBI0 MHOTO-
KOH(pHUrypanoHHoi Teopuu Bo3mymieHnii MRMP2. DHeprusi cBsi3u 37€KTpOHA MOXKET OBITH
paccuuTaHa Kak Pa3sHOCTh DHEPTHH COCTOSHUS C MOHH3UPOBAHHBIM OCTOBHBEIM YPOBHEM U
SHEPruu HEHMOHU3WPOBAHHOM CHCTEMBI, MosiydaeMoil merogom Xaprpu-doka wim, B ciydae
yuéTa TMHAMUYECKOW KOPPEISIUH, 10 TeOpHH Bo3myIteHuii MP2.

[IpennoxenHas MmeToAuKa ObUIa anpoOMpPOBaHa Ha PsJie COETUHEHUH yriiepoia U APYTrux
AIIEMEHTOB, PacCMaTPUBAEMbIX B Ta30BOi ¢aze. IIpu 3ToM oT/AEIpPHOE BHUMaHKE OBLIO yaese-
HO BBIOOpY 0a3zucoB aToMHbIX opOutaineil. [lockoibKy HMOHHM3aIUsl 3aTparuBaeT OCTOBHBIC
YPOBHH, OBUIH PACCMOTPEHBI TPEX- U YETHIPEXIKCIIOHEHTHBIE 0a3KCHbIe HAOOPHI KaK C BAJICHT-
HbIM pacuierienueM (cc-pVTZ, cc-pVQZ), Tak ¥ MO3BOJSIONIME YYUTHIBATH JJICKTPOHHYIO
KOPPEJSIIUIO I OCTOBHBIX AEKTpOoHOB (cc-pCVTZ, cc-pCVQZ). ConocraBieHne MONTyICH-
HBIX PE3yJIbTaTOB IO3BOJISIET paccMaTpuBaTh OaswcHBIM HaOop CC-PCVTZ B KadyecTBE OINTH-
MaJIbHOTO KOMITIPOMHCCA MEXIY TPeOOBaHUSMH K pacu€THBIMH pecypcaM M KadyecTBOM pacué-
Ta, KOTOpOE YK€ MPAKTUYECKU HE YyIy4yllaeTcs NpU JAajbHEHIIeM paclIMpeHuu 0a3HCHOTO
Habopa.

[Tpu nmepexoze k cucreMaM B KOHACHCUPOBAHHOH (haze ObLIO MPEAI0KEHO UCIIOIb30BaTh
MOMPABKY HA B3aMMOJICHCTBUE HOHU3UPOBAHHON MOJICKYJIBI WIH (DparMeHTa ¢ OKPYKEHHUEM B
BUJIC PA3HOCTH SHEPTUU BHECEHUS! MOJIEKYJIBI U MOHA M3 Ta30BOM (a3bl B COOTBETCTBYIOLIYIO
cpeny. Ilpu 3TOM MOHM3UPOBAHHOE OCTOBHOE COCTOSIHHE MOJECIMPOBAINA 3aMEHOW COOTBET-
CTBYIOILIETO aTOMHOTO fAJ[pa Ha AP0 C YBEIWYSHHBIM Ha €IMHUILY 3apsaoM. Takke Oblia pac-
CMOTpPEHA BO3MOKHOCTh YU&Ta MEKMOJIEKYIISIPHBIX B3aUMOJICHCTBUI C MMOMOIIBIO MOZIEIH T0-
JSPU3yEMOT0 KOHTHHYYMa.

HccnenoBanue MpeUI0KCHHON METOJIUKH TOKa3aJio, 4TO JJII MOJICKYJ B ra3oBoil (ase
SHEPTUU CBSI3U OCTOBHBIX AJIEKTPOHOB MOTYT OBITH MOJYyY€HBI, KaK MMPaBUIIO, C BHICOKOW TOY-
HOCTBIO, HE IIPEBBIIIAIOIICH OTPEMIHOCTD dKCIIEPUMEHTA. B pacuérax aiis KOHIEHCUPOBAaHHON
¢a3bl Bocpon3BeeHIEe HAOTIOAAEMbIX B OKCIIEPUMEHTE a0COTIOTHBIX 3HAYEHHUI YHEPT UM CBS-
3M CYIIECTBEHHO 3aTPYJHEHO, OJHAKO PACYET OTHOCHTENBHBIX BEIWYHH JAET XOPOUINE pe-
3yJAbTATHI.

In X-ray photoelectron spectroscopy (XPS), the peak positions for any particular element
depend on the chemical state of its atoms. Prediction of these chemical shifts of the core elec-
tron binding energies (CEBE) would be beneficial for the task of interpretation of the analytical
XPS data. The aim of the present work is to provide a computational procedure for description
of the core-ionized states and, consequently, for accurate computation of the CEBE values.

In our approach, we treat the core-ionized states using the complete active space self-
consistent field method (CASSCF) where the active space consists of the occupied orbitals of
the parent non-ionized system. After optimization of the target state characterized by localiza-
tion of the hole in the desired atomic core, correction for the dynamic electron correlation can
be introduced using the MRMP2 multi reference perturbation theory. The CEBE values are
then obtained as the energy difference between the core-ionized and the parent non-ionized sys-
tem. The latter can be considered at the Hartree-Fock level or with the MP2 perturbational cor-
rection for the dynamic electron correlation.

The above method was tested on a series of carbon-containing and other molecules con-
sidered in the gas phase. Particular attention was paid to the selection of the atomic orbital basis
sets. Insofar as ionization occurs in the core levels, we tried the triple and quadruple zeta basis
sets with both core and valence splitting (cc-pCVTZ, cc-pCVQZ) and valence splitting only
(cc-pVTZ, cc-pVQZ). It was found that the cc-pCVTZ basis set provides the best balance of
the accuracy of the CEBE values, which does not appreciably improve upon further basis set
extension, and the computational costs.

For the systems in the condensed phase, a correction to the gas phase values was suggest-
ed in the form of the difference between the energy of transfer of an ion and of the parent mol-
ecule from the gas phase into the condensed environment in question. The ionized species were
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modelled by means of increasing the charge of the desired nucleus by unity. We also studied
the possibility of treating the intermolecular interactions via the polarizable continuum model.

It was found that the above described methodology is capable of reproducing the gas
phase CEBE values with high accuracy that is generally superior to the experimental precision.
For the condensed phase, simulation of the absolute CEBE values remains very challenging but
computation of the relative binding energy affords good results.
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KoMno3uTHbIe KaTOAHbIe MaTepHaJbl Ha ocHoBe Li,V,05
U BOCCTAHOBJIEHHOT0 OKCH/Ia rpaduTa AJisl MOJI0KUTEIbHBIX
3JIEKTPOAOB JIMTHEBBIX OaTapei

Hwyx T.C.

PykoBoauTens: k.X.H. CeMenenko [[.A.

AKTYaTbHOCTh TEMBI HCCIIEIOBAHUN CBs3aHA ¢ HEOOXOIMMOCTHIO MOJyYSHHS U aHAIH3a
HOBBIX MaTepHajoB JJisl BTOPUYHBIX XUMHUECKUX UCTOUHUKOB TOKA M IIMPOKHUMHU MEPCIEKTH-
BaMH X MPAKTHYECKOTO UCTIOIH30BAHUSI.

OCHOBHO 1IeNbI0 HACTOAIIECH pabOTHI ABJUIACH pa3paboTKa KOMIIO3UTHBIX MaTepHaloB
TIOJIOKHUTEIIHHBIX AJIEKTPOJIOB JINTHI-HOHHBIX Oarapeil Ha OCHOBE OKCHIA BaHAIWsS M BOCCTa-
HOBJICHHOTO OKcuia rpaguta. B kauecTBe OCHOBHBIX 33Jau paOOThI BBICTYINAJIN: CUHTE3 BOC-
CTaHOBJICHHOT'O OKcHhia rpadura, cuHTe3 akTBHOro Matepuana LixV205 (x=0.3, 2), cunTe3
xommo3uta BOI/LixV205, dusnko-xuMudeckast U dIEKTPOXHUMHUYECKasi XapaKTepH3alus Ma-
TepruanoB. AHaIN3 QU3NKO-XUMHUECKUX U CTPYKTYPHBIX XapaKTEPUCTHK KOMITO3UTA U OIpe-
JIeNIeHHE OCHOBHBIX DJIEKTPOXUMHUECKUX XapaKTEPUCTUK — SIBUJIOCH aHAJMTHUYECKOW YacTbhiO
JaHHOM PabOTHI.

B pabore Obumm cuHTE3MpOBaHBI ciemyromue Marepuansl: Li2V205 (aurupoBaHHBIN
KPYIHO-KPUCTAJUIMYECKUN TEXHUYECKUN OKCHJ BaHaIusd MpSAMOM peakuuend ¢ JHUTHEM),
Li2V205 (nutupoBaHHBIE HUTEBUAHBIE KPUCTAILIBI MPsMOW peakuuei ¢ mutuem), Li0.3V205
(TMUTHpOBAaHHBIE HUTEBUJHBIC KpHCTaUTbl myTeM nobaeienus LICl B xome ux cunresa). B
JabHEHIIEM CHHTE3UPOBAINCH KOMIIO3UTHBIE MaTepHallbl C CO/IEPKaHUEM BOCCTAHOBIEHHOTO
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okcuja rpaputa KoHuenrpauueit 5, 10, 20 macc.%. [lonydyenHsle MaTepuaibl UCCIEOBAHBI C

HCIIOJIb30BaHUEM PEHTTeHO(])a30BOro METO/AA aHAIHN3a, JIEKTPOHHON MUKPOCKOIUH, IIUKIHYE-

CKOHM BOJIbT-aMIIEPOMETPHUH, TaTbBAHOCTATUYCCKOTO IUKIUPOBAHUS, CIEKTPOCKOMUN KOMOH-

HAIMOHHOTO paccesiHus. [lokazaHo, uto npu GombiieM conepkanuud OI' cTabUIBHOCTH MPHU

UMKJIUPOBAHUU yhydiaercs. st mydinero matepuaia HadajdbHas ylelbHas EMKOCTh COCTaB-

nsiet 6omee 600 MAY/T.
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da30oBbIc paBHOBECHS B CHCTeMe, 00pa30BaHHON mUpocyJibdarTom,
CYJb(aTOM U XJIOPUAOM KAJIUA
Anewun ' FO.

PykoBoauTens: K.X.H., H.c. KoBanenko H.A.

Cuctema K,S,07 — K;SO,4 — KCI nipezicraBisier HHTEpEC ¢ TOUKH 3PEHUS MOJICPHU3AIIUH
MHOTHMX TPOLECCOB B XMMUYECKON MPOMBILIUIEHHOCTH. {51 ONTUMU3AIMHM TEXHOJIOTMYECKUX
cxeM HeoOxoauma HaJexHas HHpopManus O (a30BbIX PaBHOBECHSX B JAaHHOW TpOIHOMN
cucteme. OHAKO, K XOPOIIO H3y4eHHBIM MOXHO OTHECTH ToJbko mojacuctemy K,SO4 — KCI.
[Moxcucrema K»S,07 — K;SO4 TpeOyeT cylecTBEHHOTO YTOYHEHHS B CBSI3U CO 3HAYUTEIILHBIM
pa3HOIIacHeM JINTepaTyPHBIX JIaHHBIX, a (a3oBbie paBHOBecHs B noacucteme K;S,07 — KCl u
TPOMHOM CUCTEME HE PACCMOTPEHHI B IUTEPATYPE BOBCE.

Takum o0pa3oM, 1IeNbI0 JaHHOW palboThl ABISIOCH M3ydeHUE (a30BBIX PABHOBECHH B
cucreme K»S,07 — K,SO4 — KCI. B kauvecTtBe 3a7au ObIIM BBIJIEIECHBI OMPEICIICHHE TPAHMII
¢a30BbIX O0JIaCTel B CUCTEME U 00pa3yloLUX ee MOACUCTEMAaX METOJ0M TuddepeHInaTbHONR
CKaHUPYIOIIEH KaTOPUMETPHH, a TAKXKE IIOCTPOCHUE TEPMOINHAMHYECKOW MOJIEITH CHCTEMBI.

N3zyuenne cucrem, copepxanmx KpS;O7, ocinoxHeHO pasznokeHHeM Nupocyibdara B
ONM3M TeMIlepaTypsl TUTABIICHHUS Ha Cyib(ar Kajaus W CepHbIH aHruapun. s momaBieHus
peaKkIMy pa3iokKeHUs HcciefoBaHus npoBoawiuck ¢ mnomousio JICK mnpu moBblIeHHOM
nasienun (100 Oap). B cBA3M C BBICOKOW TMTPOCKONHUYHOCTHIO MHUpOCYyNb(dara Kamus ObUIO
NPUHSITO PEUICHUE MOTy4aTh ero myrem pasnoxenus K»S;0g in situ.

[Tpu uccnenoBanmn cucreMbl K,S;0; — K;SO4 HecMOTpsi Ha MOBBIMIEHHOE JIaBIICHUE
MOJTHOCTBIO M30€XaTh PeaklMU pas3sIoKeHHs MUpocyibdara Kajaus He ynanoch. [loaromy B
X0/I€ M3MEpeHWH cocTaB OwHapHOW cMmecu yrouHsuics 1o 1momanu muka JICK,
COOTBETCTBYIOLIIEMY TBepAo(a3HOMY NpeBpallleHHI0 NupocyiabpaTa kanus. B pesynbprare
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OBLTM MOJTYYCHBI KOOPAMHATHI KPUBOW JTUKBHUIYC U IBTEKTUYECKAs TeMIIEpaTypa B CHUCTEME
K2S,07 — K3SO4 B 065acTu, odoraimeHHON TUpOoCyIb(haToM Kajusl.

[TonydyeHrne NaHHBIX O PABHOBECHM MEXKIY >KUIKOM M TBepAod (azaMu B CUCTEME
K2S,07 — KCI oci10xHEHO TOMUMO pa3jioKeHHs MUPOCY/Ib(ara Kalus MPOTCKaHHEM PEaKI[UK
MEXIYy KOMIIOHGHTAaMH CHCTeMBl. B Xoje paboThl YCTAaHOBIIEHO, 4YTO B pe3yJbTaTe
B3aumogeiictBus  K;S;0; m KCl  obpasyercss K,SO; wu  razoobpasHble  MPOIYKTHI,
NPEOIOKUTENBHO cozeprkariue xyop u okua cepbl (1V). Takum oOpa3om, mpsiMoe U3ydeHUE
ounapnoii cuctemsl K;S;07 — KCI He nipeacraBisieTcss BO3MOXHBIM B CBSI3U C 00pa30BaHHEM B
Hell cynbdara kanmusa. [losromy manpHeiimias paborta Obula CBsi3aHA C MU3YyYEHHEM TPOMHON
cucremsl K;S;07 — K;SO4 — KCI, mtst KoTOpo#i Takke ObLIH MOJydEHBI KCIEPUMEHTAIBHbIE
JIAaHHBIE.

Hrtorom paboOTHI CTajo MOCTPOCHHE TEPMOJIMHAMUYECKONH Mozenu cuctembl KyS,07 —
K2SO4 — KCI. TMapamerpsl Mo/l ONPEACISUTUCH 110 JIMTEPATYPHBIM JIaHHBIM B CHCTEMax
K2,SO4 — KCI u K;S;07 — KySOy, a Takke MOMYYEHHBIX B HACTOSINEH paboTe CBEACHHSAX O
CHUCTEMaAxX K28207 — KzSO4 u K28207 — KzSO4 — KCl.

The system K,S,0; — K,SO4 — KCI is interesting in terms of modernization of processes
in chemical industry. Reliable information on the phase equilibria in this ternary system is
required for optimization of the technological schemes. However, only the K;SO, — KCI
subsystem is well-studied. The subsystem K,S,0; — K,SO,4 requires significant clarification
because of large disagreement of literature data, and phase equilibria in the subsystem K,S,07 -
KCI and the ternary system are not represented in the literature at all.

Thus, the aim of this work is to study phase equilibria in the system K,S,0; — K;SO,4 —
KCI. The tasks are to determine phases boundaries in the ternary system and the binary
subsystems using the differential scanning calorimetry (DSC) and construction of
thermodynamic model of this system.

Research in the systems containing K;S,0; is complicated because of potassium
pyrosulfate decomposition to potassium sulfate and sulfuric anhydride near melting point. For
decomposition inhibition this study was conducted with DSC at high pressure (100 bar).
Because of high hygroscopity of potassium pyrosulphate it was decided to obtain it in situ by
decomposition of K,S,0s.

In spite of high pressure, during the study of the K,;S,0; — K,SO, system it was
impossible to completely avoid potassium pyrosulfate decomposition. Therefore binary
composition was clarified during the experiment by changing of K,S,0; solid state transitition
pick area. As a result it was obtained liquidus coordinates and eutectic temperature in the
system K,S,07 — K;SO, in the K;S,0;-rich region.

Phase equilibria data obtaining for the system K,S,0; — KCI is complicated with reaction
between potassium pyrosulphate and potassium chloride in addition to potassium pyrosulfate
decomposition. In this work it was determined that as a result of this reaction K,SO, in solid
state and chlorine and sulphur dioxide in gas phase were formed. Thus, direct study of the
system K,S,0; — KClI is impossible because of potassium sulfate formation. Therefore further
work has been associated with the ternary system K,S,0; — K;SO4 — KCI investigation, for
which also experimental data were obtained.

As a result of this work the thermodynamic model of the system K,S,07; — K,SO, — KClI
was constructed. Parameters of the model were determined using literature data on the systems
K,SO, — KCI and K;S,07; — K,SO,4 and obtained in this work data for the systems K;S,0; —
K>SO4 and K>S,07 — K,SO4 — KCI.
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Hosrble Bi-comep:kamiue ciaoncTbie MEPOBCKUTHI CO CTPYKTYPOHd,
MPOU3BOJIHOM OT (pa3 AypUBHJLIIMYCA . HANIPABJICHHBIA CHHTE3
U KPUCTALIOXUMUYECCKUI aHAIU3

Axunghues B.C,

PykoBonuTenb: K.X.H., 1ou. Yapkun 1.0.

BI/ICMYTCOHep)KaHII/IC CJIOUCTBIC TTIEPOBCKUTHI AKTHBHO H3Y4YArOTCAd YKE MHOTHUEC JCCATHU-
JIeTHs KaK CBEPXITPOBOIHHUKH (CIOUCTBIE KYIPAThl), @ TAKKE CETHETOIEKTPUKH, HOHHBIE MPO-
BOJHUKH U KaTaIM3aTOPbl POTOXUMUYECKOTO OKucieHus ($ha3pl AypuBuiuinyca). M3-3a Takoro
YHHUKAJIBHOTO COYETAaHUS HECKOJIBKHX Ba)KHBIX MPUKIAIHBIX CBOWCTB IMOCIEAHEE CEMEHCTBO
MEPEKUII0 HECKOJIBKO BCIUIECKOB HccienaoBanuii (B 1960-70-x, 1990-x u B HacrosIiee BpeMs).
XO0Tsl MOTPEOHOCTh B HOBBIX MPEJCTABUTENAX COXPAHSIETCS, €r0 KPUCTAIOXUMUYECKHE BO3-
MO>XHOCTH, TIO-BUAMMOMY, OJTM3KK K UcCYepIranuio. B To ke BpeMs, CTpYKTypHO-POJCTBEHHOE
CEMEICTBO CIOUCTHIX OKCOTAIOTEHUIOB BUCMYTA, B CTPYKTYPE KOTOPHIX B JOMOIHEHUE K CIIO-
AM, IOCTPOCHHBIM I10 THIIaM (1)J'IIOOpI/ITa H IEPOBCKHUTA, MIPUCYTCTBYIOT U TAJIOTCHUIHBIC CJIOH,
M3YYEeHO J0CTaTO4HO cnabo. MMeromuecss TUTepaTypHble TaHHBIE MOKA3bIBAIOT, YTO OHU
HacJIeayIoT MHOTHE cBoicTBa (pa3 AypuBminuyca. [loaTomy manHas paboTa HampaBiieHa Ha
pa3BUTHE CEMEHCTBA MEPOBCKUTHBIX OKCOTAJIOTEHHUIOB BUCMYyTa (MHa4Ye Ha3biBaeMoro Bipox
ot Bismuth perovskite oxyhalides; Ackerman, 1984).

BnepBbie monydeHBI W OXapaKTEpPU30BaHBI HOBBIE COCIUHEHUS CO CTPYKTYpaMH
[Bi202]2[An-1BnOsn+1][X] (X = CI, Br, 1): PhBisV1, W Os.sX ¢ n = 1; M'M?BisNby011X (M*, M?
= Pb, Ca, Sr, Ba) ch=2; BaBi5Ti3014X ch=3, BaMlBi5Ti4017X, BaBieTigFeOﬂX ch=4.
M3yueHo KaTHOHHOE pacmpezielieHne B H30PaHHBIX CTPYKTYPaX, BBISBJICHA 3aBHCUMOCTD YCIIO-
BUI CHHTE3a OT XUMHUYECKOro cocraBa. [IpumeuatensHo, uyTo kKatuonsl 11[3M ¢ HauMeHbITUM
paanyCoM HpPOABJIAIOT TPOIIM3M K IMO3UIUH A MEPOBCKUTHLBIX CJIOCB, «BBITAJIKHBAsA» KaTHOHBI
cBoMX 0OoJiee KPYIMHBIX aHAJIOTOB B IPyrue KaTHOHHBIC MO3ULIMU. B Hanboree MATKUX YCIOBHU-
ax (800 — 850°C) mosy4aroTcsi COeIMHEHUs Oapusi, B TO BPeMsl KaK CHHTE3 MX aHAJIOrOB CO
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CTPOHLIMEM U KaJjbllMeM TpeOyeT CyliecTBeHHO Oonee >kecTkux ycnoBuit (950 — 1050°C). B
o01el CI0KHOCTH ToJTydeHo Oojiee 20 HOBBIX COCIMHEHHI C 3apaHee CIPOTHO3UPOBAHHBIMHU
CTPYKTypaMHu.

B pabote npeanokeH sMOUPUYECKUN TOIXO] ISl OOBSICHEHUS HAaOJII01aeMOM KapTUHBI
U TPEJCKa3aHUs CYLIECTBOBAHMSI HOBBIX COEJMHEHMH IJAHHOI'O KJacca, KOTOpBIM couyeTaeT
FeOMETPUUECKUN MOAXO0/ (COMOCTaBIeHHE pa3Mepa (parMeHTOB, 00pa3yIOIUIUX CTPYKTYpY) U
IMPOrHO3 KaTUOHHOI'0 YIOPAAOUYCHHUA C HCIOJB30BAHHEM MCTOJAa BAJICHTHBIX CYMM W HaIIpA-
KEHHOCTU EPOBCKUTHBIX OJIOKOB.

Bismuth layered perovskites have been actively studied for decades as superconductors
(layered cuprates), and ferroelectrics, ionic conductors and catalysts for photochemical oxida-
tion (Aurivillius phases). Because of this unique combination of several important properties of
applied family outlasted some splashes of studies ( 1960 -70s , 1990s and now) . While the
need for new representative retains its crystallochemical opportunities, apparently, are close to
exhaustion. At the same time, structurally related family of layered bismuth oxyhalides whose
structure, in addition to the layers built on types of fluorite and perovskite halide layers are pre-
sent, rather poorly studied. Available literature data show that they inherit many properties Au-
rivillius phases. Therefore, this work focuses on the development of perovskite family of bis-
muth oxyhalides (Bipox from Bismuth perovskite oxyhalides; Ackerman, 1984).

There were prepared and characterized for the first time novel compounds of the struc-
tures [Biz02]2[An-1BnOsn+1][X] (X = Cl, Br, 1): PbBisV1,WyOg.sX with n = 1; M*M?BisNb,011X
(M', M? = Pb, Ca, Sr, Ba) with n = 2; BaBisTiz014X with n = 3, BaM'BisTi;O17X, Ba-
BigTisFeO17X with n = 4. There were studied the cation distribution in selected structures, de-
pendence of the synthesis conditions on the chemical composition. It is noteworthy that the cat-
ions with the smallest radius AE exhibit tropism for position A perovskite layers, "pushing”
cations of their larger counterparts in other cationic positions. In the mildest conditions (800 -
850 °C) obtained barium compounds , while the synthesis of analogues with strontium and cal-
cium requires substantially more severe conditions (950 - 1050 °C). In total, there were re-
ceived more than 20 new compounds with previously predicted structures.

The paper presents an empirical approach to explain the observed patterns and predict-
ing the existence of new compounds of this class that combines geometric approach (compari-
son of the size of the fragments forming the structure) and forecast cation ordering using the
valence sums and tension of perovskite blocks.
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HaHocTpyKTYpBI OKCHIA HMHKA HA OJMMEPHOH MOIJIO0KKE
JJIS1 ONITOJIEKTPOHHBIX YCTPOHCTB

l'eopeuy U.D.

PykoBoaurenb: K.X.H., B.H.C. bapanos A.H.

HanocrepxHn OKCcHIa IMHKA XapaKTEPHU3YIOTCS BBICOKMM 3HAYEHHUEM IIMPUHBI 3ampe-
nieHHoM 30HBI (3,363B), Gosbinoii 3HEpruei cBs3u 3kcuToHa (603B) m obnamaroT OosbIICH
yIIeIBbHOM OBEPXHOCTHIO, [0 CPABHEHHIO C TUIEHKaMHU. DTO JeNaeT MX MePCHeKTUBHBIM MaTe-
pHAIOM JJIsl CO3JaHUSI HOBBIX JJIEKTPOHHBIX M ONTHYECKHX yCTpOWCTB. OOBIYHO B KayecTBE
MOJUIOKEK MCIOJIB3YIOT TaKHEe MaTepHalbl, KAK KPEMHUH, OKCU WHAWSA, JTOTTMPOBAHHBINA OJI0-
BOM U Jip. OHH yIOOHBI IPH CO3/IaHHUH TUIAHAPHBIX MHOTOCJIONHHBIX CTPYKTYp, HO HE 00JIa1al0T
ruOKOCTBIO, IpHUCyIeil noaumepam. [1oaTomy, peacTaBisieT HHTEPEC UCTIONb30BaHNE B Kade-
CTBE TO/JIOKKH JJIsl HAHOCTEPKHEH Pa3IMuHBIX MOJIMMEPOB, 00JIaJaf0IX TAKUMH CBOHCTBa-
MH KakK: THOKOCTb, TEPMOIUIACTUYHOCTh, XMMUYECKas CTOMKOCTh, YCTOWYHMBOCTH K yIapam,
HU3KUH BEC U JIp.

[lenbto HacTosmie paboThl ObUIO pa3padoOTKa TAaKMX METOJIOB CHHTE3a HAaHOCTPYKTYP
OKCHJIa LIMHKA Ha TMOKOH MOJUMEpPHOU MOAJIOKKE, KOTOpbIEe Obl MO3BOJIMIIM COYETaTh OMTO-
DIIEKTPOHHBIE CBOWCTBA IOJIYIIPOBOJHUKOBBIX HAHOCTPYKTYpP CO CBOMCTBaMHU TOJIMMEPHBIX
MOJUIOKEK M CO3aTh HAa X OCHOBE Pa3HOOOpPAa3HbIE OMTORIEKTPOHHBIE YCTPOICTBA, HAIPUMED
CBETOAMO/IbI, SJIEMEHTHI COJTHEYHBIX OaTapel MM CEHCOPBI.

[Tpexne 4eM MOMY4YUTh BEPTHUKAIbHO-OPUEHTHPOBAHHBIM MaccHB HAHOCTEp)KHEH Ha
MIOJUTO’KKE METOJZIOM OCAXKIEHHsI U3 PacTBOpa, KaK MPaBWIIO, CHavajla HEOOXOJAMMO HAaHECTH
cioit «3atpaBok» ZnO, KoTopble ObI JAOCTATOYHO
IIPOYHO OBLIM CBSI3aHBI C NMOAJIOKKON. B HacTosmen
paboTe s 3TOr0 MpPEUIOKEHO HCIOJIb30BATh
KpEeN3UHT NoJau3TUiIeHa Hu3Koro aasnenus (IIOH/)
B JKUJKHX cpellaX, B MpoIecce KOTOPOro Mojimmep
nproOpeTaeT TOPHUCTYI0 CTPYKTYPY M B KOTOPOH
BO3MOXEH JalbHeHIMi cuHTe3 3aTpaBok ZnO. C
AQHAJIOTUYHBIMU TEJISIMH HCIIOJIb30BAIA TPEKOBYIO
mMeMOpany nonuaTwieHtepedranara ([I19TD), xo-
TOpasi M3HAYaJIbHO HMMEET CKBO3HBIC MOpHI. Jlis
CpaBHEHHUS OBLI B3ST MONMITHICHTEpedTaIar co I e
cioem ITO (PET_ITO), Ha KOTOpPBIii BO3MOXKHO
HaHeceHne HaHowacTuil ZnO ¢ momompio Spin-  Puc. 1 Muxpodororpadus C9UM TOJTyCH-
Coating. Bo Bcex cityuyasix ObLIH MOJTYYSHBI KOMITO- HBIX HAHOCTCPIAHEH
3UTHBIE CTPYKTYpHI TMOJUMEpa C HAHOYACTHUIAMH
Zn0O, o yeMm CBUAETENBCTBYIOT NaHHble PDA u mukpockonuu. CpenHuil auamerp 4acTull,
onpeaeseHHbIN o JanHbIM POM u [19M coctaBuin ~18 HM Npu CUHTE3€ U3 CIIUPTOBOrO pac-
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TBOpA B3aUMOJICHCTBUEM PAacTBOpPA alleTaTa [IMHKA U TUIPOKCUIA HATPHUS U ~24 HM NpU CHHTe-
3¢ M3 BOJHBIX PacTBOPOB TEX K€ peareHTOB. [0 TaHHBIM TEPMOTPABUMETPHUYECKOTO aHAIN3a
MaKCHUMaJIbHOE CO/Ep)KaHHUE HEOPTaHMYECKOT0 KOMIIOHEHTa B MOJYYEHHBIX KOMIIO3UTAX CO-
cTaBuiI0 ~12% 117151 00pa30B CUHTE3UPOBAHHBIX U3 CIIUPTOBBIX PACTBOPOB.

Ha monumMepHbIX 1o/U105KKax ObLT MPOBEIEH POCT MACCHBA HAHOCTEP)KHEH OKCHIA ITMHKA
C TMIOMOIIBI0 XUMHUYECKOTO OCaXIEHHS U3 pacTBopa (cM. GoTo). CTEpKHNU PaBHOMEPHO MOKPHI-
BalOT IIOBEPXHOCTH MOJIMMEPHON MOUI0KKHU. [Inamerp crepkHelt coctaBui 10 900 HM, a 1iu-
Ha — 710 2,5MKM, B 3aBUCHMOCTH OT HOJIOKKH U BpEMEHH CUHTe3a. TakuM 00pa3oM, IOTyYeHBbI
ruOpuHble HAHOCTPYKTYphl ZNO/monumMep, KOTOpble MOTYT OBITh MCIIOJIb30BaHbI B KAYECTBE
OCHOBHOTO MaTepuaa /Il ONTOAIEKTPOHHBIX YCTPONUCTB.

Zinc oxide nanorods have high value bandgap (3.36 eV), a large exciton binding energy
(60eV) and have higher specific surface in comparison with the films. This makes them prom-
ising material for creating new electronic and optical devices. Usually used as the substrate ma-
terials such as silicon oxide, indium oxide doped with tin, etc. They are useful when creating a
planar multilayer structures, but do not have the flexibility inherent in polymers. Therefore, it
IS interesting to use it as a substrate for the nanorods of various polymers having properties
such as flexibility, thermal plasticity, chemical resistance, impact resistance, low weight, etc.

The aim of this work was the development of methods for the synthesis of zinc oxide
nanostructures on a flexible polymer substrate, which would allow to combine optoelectronic
properties of semiconductor nanostructures with properties of polymeric substrates and create
them on the basis of a variety of optoelectronic devices such as LEDs, solar cells or sensors.

Before receiving the vertically oriented array of nanorods on a substrate by deposition
from a solution, as a rule, first it’s needed to apply a layer of «seed» ZnO, which have been
associated quite firmly to the substrate. In the present work proposed to use for this crazing
polyethylene (HDPE) in liquid media, during which the polymer acquires porous and where
possible further synthesis seeds ZnO. With similar objectives track membrane polyethylene
terephthalate (PET) used, which is initially through pores. For comparison, was taken polyeth-
ylene terephthalate with a layer of ITO (PET_ITO), which is possible to deposit ZnO nanopar-
ticles using Spin-Coating. In all cases, the composite structures were prepared with the poly-
mer nanoparticles ZnO, as evidenced by microscopy and XRD data. The average particle di-
ameter determined by SEM and TEM data was ~18 nm from the synthesis solution by reacting
an alcoholic solution of zinc acetate and sodium hydroxide, and ~24 nm in the synthesis of
aqueous solutions of the same reactants. According to thermogravimetric analysis the maxi-
mum content of the inorganic component in the resulting composites was ~12% for samples
synthesized from alcoholic solutions.

On polymer substrates was carried out growth of zinc oxide nanorods array by chemical
precipitation from solution (see photo). Rods evenly cover the surface of the polymeric sub-
strate. Diameter rods up to 900 nm, and the length - 2.5 microns, depending on the substrate
and the synthesis time. Thus obtained hybrid nanostructure ZnO / polymer which may be used
as basic material for optoelectronic devices.
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CGHCOp Ha OCHOBC TOINIMBHOI'O 3JIEMCHTA AJIS1 ONIPEACICHUA
InepoKkcuaa BoJAopoaa B a3po30Ji€

Moxkpywuna A.B.

Hay4Hbiil pykoBOAMTEIIb: A.X.H., Ipod. Kapskun A.A.

HevnHBa3uBHBIE METOABl aHANM3a SBJSAIOTCS NPUOPUTETHBIM HANPABICHUEM pa3BUTHUSA
JMAarHOCTHYECKOW MeIULMHBL. B 3TOM cBA3M KOHIeHcaT BbabixaeMoro Bosnyxa (KBB) sBis-
€TCsl YHUKAJIbHON SKCKPETOPHON CpesioH, colieprkaHrne MeTabO0IMTOB B KOTOPOM KOppEIUpyeT
C UX ypoBHEM B KpoBU. B ux uucne - HyO, gBistironuiicss OCHOBHBIM MOKa3aTeNIeM aKTUBHOCTHU
BOCHAJIMTENBHOTO MIpOIecca MPU Tepanuu 00JIe3He OpPraHoB JIbIXaHUS.

OcHOBHBIE METO/IbI, IpUMeHseMble i onpenenenus H,O, B KBB, Takue kak cnektpo-
doromeTpus u xpomarorpadus, TpeOyIOT npeaABapUTEIbLHOr0 cOopa KOHIeHCaTa. 3/1eCh CTOUT
BCIIOMHHUTH O TIPOCTOM B aIIapaTHOM O(OPMIICHUH METOJIC W TO3BOJISIOIIUX OCYIICCTBISATH
HEMpephIBHOE OIpeseeHne aHanuta real-time — snekrpoxumuyeckux cencopax. Cpenu HUX
MHTEPEC MPEICTABIISIOT Ta30BbIE CEHCOPBI, CKOHCTPYMPOBAHHBIE MO MPUHIMIY TOIJIMBHBIX
3JIEMEHTOB, I'/I€ MIEPEHAIPSKEHUE Ha OJJHOM U3 3JIEKTPOJOB IPOMOPLHMOHATIBHO KOHLIEHTPAUU
WHTEPECYIOIIET0 KOMIIOHEHTa B Ta30BOM cMecu. OTMETUM TaKXkKe, YTO MCIOJIb30BAHHUE TOJIH-
AIEKTPONUTHON MeMOpaHbI TpeOyeT moaauu raza B (opMe BOJHOTO a’3po30Js AJs MOoJIepiKa-
HUS HEOOXOMMOT00TO YPOBHSI YBIQKHEHHOCTH.

Taxxe uzBectHo 00 »ddexkTuBHOM MeToae onpeaeneHus HoO, ¢ moMornipio ammnepoMer-
pUYECKHUX CEHCOPOB Ha ocHoBe OepnuHckoit nazypu (bJI). JlocromHcTBaMu 3TOro Karaaus3aTo-
pa SBJISETCS HU3KUN MOTEHLMAJ ONPEICICHUS U BBICOKAs CEJIEKTUBHOCTh IO OTHOIICHHIO K
BOCCTaHOBJICHUIO KMCJIOPOJIA.

TakuMm o0Opa3om, IeJIbI0 HACTOAIIEH pabOThI CTANIO CO3/IaHUE CEHCOPHOMN CHCTEMBI, T03-
BOJISIOIIEN M3MEPSITh KOHLEHTPALMIO MEPOKCUAA BOJOPOAA B adpo30je 0e3 CTaguu KOHLECH-
TPUPOBAHUS B PEKUME PEATLHOTO BPEMEHHU.

Karongublii Matepuan B UccleayeMOM DJIEMEHTE MPEACTaBIseT cOOOM HaNbUICHHBIM Ha
YIJIEPOIHYI0 OyMmary KOMITO3UT, coctosiuii u3 BJI, ocaxxaeHHoi Ha yacTuipl caxu Vulcan-
72XC. MeTofoM CHEKTPOCKOIUU HMMITeIaHCa OBLTH HMCCIIEAOBAHBI CBOHCTBA COMPOTHBIICHUS
nepenoca 3apsiia B kommnosute Vulcan-bJI. YacTuiibl KaTOAHOTO MaTepHraiia Takxke ObLIH OXa-
paKTepU30BaHbI ¢ MOMOIIBI0 MeTo10B POM, PDOA u [1OM.

B kauecTBe MOH-IPOBOJSAIIECH MEMOPAHbI TTOJTHOM TOIUTMBHOM 3JIEMEHTE UCIIOIb30BAaJICs
Nafion 112, HemocpeCTBEHHO Ha KOTOPBIM HANBUISUIUCh KATOJHBIA M aHOIHBINA cliod. B ciry-
4yae MCIO0JIb30BaHUsI KOMMEPUYECKOI0 aHOJHOTO MaTepuala ¢ UCIOJb30BAaHUEM BOAOPOA B Ka-
YECTBE TOTUIMBA YYBCTBUTEIBHOCTD onpenenenus H,O, C moMoIbio Takoi CUCTEMBI COCTaBUIIA
2.86 uA-n-MonL'lCM'Z, OJIHAKO Tpe/en 0OHapy)eHUs ObUT JOCTaTOUYHO BBICOKUM — SMM.

C ucnonb3oBaHreM cepeOpsiHON TacThl, HaHeceHHO# Ha Nafion metomom TpadaperHoit
MevaTy B KQUeCTBE aHOMA, YIAJIOCh CHU3HUTH (DOHOBBIN TOK MPHU aMIIEPOMETPHUECKOM OMpee-
nenun HyO, . Taxxe mpu 6ectokoBom cuHTe3e BJI Ha MOBEPXHOCTH YK€ HANBUICHHOW CaKu
HAOII0/IATIOCh CHUKEHHE TMpezenia OOHapYKEeHHS U B03]11)aCTaHI/Ie YyBCTBUTEIBLHOCTH aHAIM3a:
YyBCTBUTEIBHOCTh aHaIu3a Bo3pocia 197.4 pA-n-monp oM, npeaen ooHapyxeHus-10 0.5MM
HzOz.

Takum oOpazom, paboumii TPOTOTUI CEHCOPHOM cucTeMbl misa ompeaenenus H,O, B
aspo3oine ¢ bJI B cocTtaBe kaTona TONIMBHOIO 3JieMeHTa. MccnenoBaHbl XapaKTEPUCTUKU TIPO-
BOJMMOCTH ¥ MOP(OJIOTHUs KaToIHOTo MaTtepuaia. Haiiien onTuManbHbId AU3aifH MeMOpaHHO-
AIIEKTPOJHOTO OJI0KA, OTBEYAIONINN HAMITYYIITUM aHATUTHYECKIM XapaKTEPUCTUKAM CUCTEMBI.

Noninvasive diagnostics avoiding damaging plays a key role in future medicine. Chemi-
cal analysis of metabolites hence requires excreted/exhaled matter with a metabolite content
correlated to the content in blood. Among the known excreted liquids, the aerosol of the ex-
haled breath is expected to be particularly promising.
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Hydrogen peroxide (H,0O,) is known to be the strongest oxidant in human organisms, fur-
thermore H,0 is stable in aqueous solutions and, hence, can be considered as a valuable mark-
er for oxidative stress and inflammation. The problems limiting wide implementation of EBC
analysis are 2-fold: (i) the complexity of EBC collection and (ii) the requirement of special an-
alytical equipment. These problems can be avoided by direct analysis of the exhaled aerosol
without collection/accumulation of sample by condensation.

Recently, the traditional liquid electrochemistry (with metal/liquid interfaces) has been
expanded with solid electrolytes, rather than liquid supporting electrolytes, provide the com-
munication pathway between the electrodes within the cell. One should mention a fuel cell
functioning likewise so detection concept lies in the overvoltage dependence from component
of interest concentration in gas mixture.

As the electrocatalyst for H,O, reduction, we have chosen Prussian Blue known to be the
most advantageous hydrogen peroxide transducer in terms of being selective in presence of O,
and sensitive at low potentials.

So the purpose of this work is development of a fuel cell sensor system for H,O, detec-
tion in aerosol performing without condensation step.

In our case cathode material consists of Vulcan-72XC particles with PB deposited onto
its’ surface and then airbrushed on carbon paper or Nafion 112 directly. By means of EIS con-
ductivity properties of the material was investigated. Morphology of the particles was studied
with SEM and TEM methods and also characterized by powder x-ray diffraction.

It was supposed to use commercially available Pt catalyst as well airbrushed onto Nafion
112 for Hy-anode but analytical performance obtained on the system was not that satisfying:
5mM only as LOD and sensitivity’s appeared to be 2.86 pA-l'mol™*cm™.

It went better when using silver paste as counter electrode instead of Pt/C catalyst; anoth-
er way of PB incorporation was also chosen: from now on it should be preferentially deposited
onto prior airbrushed Vulcan-72XC layer. Following this protocol we achieved 10 times lower
LOD than in Erevious case and more than 50 times higher sensitivity which equals to 197.4
pA-I'mol™cm™,

As a result we now have a working prototype of the system for hydrogen peroxide detec-
tion in water aerosol. We’ve studied conductivity and morphology characteristics of PB-
containing cathode material. An optimal cell design was also developed and the latter corre-
sponds to the best range of analytical perfomance.
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da3osbie paBHoBecHus B cucteme Na,O-B,03-Si0,:
IKCIEPUMEHT H TEPMOIHUHAMHYECKOE MOETHPOBAHUE

Maxapos 11.1O.

PykoBonutenu: K.X.H., B.H.C. Kynenok 1.b., k.X.H., H.c. BockoB A.JI.

Crexioobpasyromias cucrema Nay0O-B,03-SiO, sBiusieTcs oaHON M3 KIHOYEBHIX B CTe-
KOJIbHOW TMPOMBIIUICHHOCTH Oyiarogapsi crnenupuieckuM (U3NKO-XUMHUECKUM CBOHCTBaM
(HM3Kui KOA(h(UIMEHT TEPMUYECKOTO pPACIIUPEHUS, BBICOKAs XUMHUYECKas YCTOWYUBOCTh W
T.1.). OIHAKO TP IJIABIICHUH B MPOMBIIUICHHBIX Ie4ax 00pa3zyercsi 3HAYUTEIbHOE KOIuYe-
CTBO IPOAYKTOB HMCIAPEHUS, BHI3BIBAIOIIMX KOPPO3UIO MaTepuasioB Meud. B cBs3u ¢ 3TUM B
KadecTBE 00BEKTA MCCIIEJIOBaHUS ObUIa BHIOpaHa JaHHAS CHCTEMa, HHTEPEC K TePMOIUHAMMU-
YEeCKUM CBOMCTBaM KOTOpOW MposiBiseT kommanus Saint-Gobain. Jtu maHHbIE HEOOXOAUMbI
JUISL ONTUMM3ALMH TIPOLIECCa CTEKIONPOU3BO/ICTBA.

Llenvio pabomul SABNSETCS YKCIEPUMEHTAIBHOE MCCIIEIOBAaHHE PABHOBECHH JKUIKOCTh —
nap B cucteme Na,O — B,O3 — SiO; u onTuMu3ausi TepMOJUHAMUYECKUX CBOMCTB KOH/ICHCH-
POBaHHBIX (Pa3 CUCTEMBI ISl KOPPEKTHOTO MOACTHUPOBAHUS MAPOKUIKOCTHBIX PABHOBECHIA.

DKCHEepUMEHTBHI 110 KcIapeHuto cTekiia Obuti nposeaeHsl B HUJI Saint-Gobain Recher-
che (®panmust). CoctaB KOHAEHCATa MCCIACIOBAIM METOJOM MACC-CIEKTPOMETPHU C HHIYK-
TUBHO CBA3aHHOM IJIa3MoOM. [ TepMOAMHAMUYECKOTO ONMMCAHUS 3KCIEPUMEHTAIbHbBIX J1aH-
HBIX UCIIOJIb30BaIN NMporpaMMHbIil komiieke FactSage. B npouecce pacueroB 66111 Mmoaudu-
LMPOBAaHbI TEPMOAMHAMUYECKUE MTapaMeTPhl Ta30BbIX KOMIOHEHTOB B UCXOAHON 0a3e TaHHBIX
FactPS, u Ha ux ocHoBe co3nana HoBas 6a3a naHHbIX FactTEST. Oxnako pacueTHble 3HaU€HUS
TEPMOJMHAMHYECKUX CBOWMCTB, NOJy4YEHHBbIE KaK ¢ MOMoOUIbI0 0a3bl JaHHbIX FactPS, Tak u
FactTEST, mioxo cornacyroTcsi ¢ MOJIy4eHHBIMH dKCIIEPUMEHTAIBHBIMU BeTnYMHaMu. OnHON
U3 BO3MOJKHBIX MIPUYMH HECOOTBETCTBUS PACUETHBIX U SKCIIEPUMEHTAIIbHBIX JAHHBIX SBIISETCS
HEaJIeKBaTHOE OIMCAaHWE TEPMOJANHAMHUYECKUX CBOMCTB XHJKOH (ha3bl TpOMHOI cHUCTEMBI B
FactSage.

C nenbto Hanbosiee HAJEKHOTO OMMCAHUS 3TUX CBOWCTB B paboOTe MPOBEJEHAa COBMECT-
Hasi ONTUMH3ALUS TEPMOJUHAMUYECKUX CBOMCTB U ()a30BbIX PaBHOBECUI KOHJECHCHUPOBAHHBIX
¢a3 B Tpoitnoii cucreme NayO — B,03 — SiO; 1 cOCTaBISIONMX €¢ ABOHHBIM CHCTEMaM B IIH-
poxom uHTepBaje Temneparyp. OCHOBOI /Ul ONMCAaHUS CTaJld BCE UMEIOIINECS B JINTEPATYpE
JTAaHHbIE T10 MHTEPECYIOIIMM CHUCTeMaM. 3aBUCHUMOCTH H30BITOYHBIX TEPMOJIUHAMHYECKHX
GyHKIMHI TBEPABIX U KHUIKHX (a3 CUCTEM OT TEMIIEpaTyphl M COCTaBa BhIpa)alld C HCIOIb30-
BaHMEM IMOJIMHOMMAJIBHBIX MOJETIeH M MOJENU acCOLUMUPOBAHHBIX pacTBOpOB. [Iporpammsl
ONTUMM3AIMHA TEPMOAMHAMUYECKUX CBOMCTB M (Da30BBIX pPaBHOBECHI HANUCaHbl Ha SA3BIKE
MatLab. Jlns mocTpoeHus: IBOWHBIX W TPOWHBIX (HAa30BBIX AMATPAMM HCIOJIB30BAIU TPO-
rpammabie Komiiekcsl PhDi u TernAPI, co3manHbie B 1a00paTopui XMMUYIECKOH TEPMOIHHA-
muku xuMmpaka MI'Y. IIpoBeneHo cpaBHEHHE MOTYYEHHBIX PE3YJIbTATOB C IKCIEPUMEHTANb-
HBIMU JTAaHHBIMH M pacyeTaMH, BBIIOJIHEHHBIMH C HCIOJb30BaHWEM 0a3 maHHbIX FactPS u
FactTest.

The glass forming Na,0-B,03-SiO, system is one of the most important systems in
glass technology due to specific physical and chemical properties (low thermal expansion coef-
ficient, high chemical stability etc.). While melting in industrial glass furnaces, some compo-
nents (sodium, boron etc.) volatilize from the glass melt surface. This evaporation process
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could cause some nugatory consequents such as furnace material degradation. Thus the object
for this research was this ternary system and it’s thermodynamic data needed for optimizing
glass production process.

The aim of the research is experimental study of liquid-vapor equilibria in the system
Na,0-B,03-SiO, and the thermodynamic properties optimization of condensed phases for
correct simulation of liquid-vapor equilibria.

Glass volatilization tests were carried out in the research laboratory Saint-Gobain Re-
cherche (France). The condensate composition was investigated by ICP — mass-spectrometry.
The software package FactSage was applied to simulate volatilization tests and to compare cal-
culated and experimental data. The new reoptimized thermodynamic data for gaseous compo-
nents was used for developing of the new database FactTEST. However thermodynamic prop-
erties calculated by applying the data of the new FactTEST and initial FactPS databases were
in bad agreement with experimental values obtained. A possible reason of inconsistencies is
inadequate description of thermodynamic properties of the liquid phase in the ternary system in
the FactSage database.

A self-consistent optimization of thermodynamic properties and phase equilibria in the
ternary system Na,O-B,03-SiO, and constituent binary sub-systems in the wide temperature
range was carried out to obtain the most reliable description of thermodynamic data of interest.
All available in the literature sources of data of interest became the basis for this description.
The concentration and temperature dependencies of excess thermodynamic functions of con-
densed phases in the system were expressed using polynomial models and the associate species
approach. The corresponding optimizing scripts were written in the MatLab code. The software
packages PhDi and TernAPI developed in the laboratory of chemical thermodynamics (Chemi-
cal department, MSU) were applied for plotting binary and ternary phase diagrams. The com-
parison of calculated values with experimental data and results of previous calculations (using
the FactTEST and FactPS databases) was carried out.
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buomumMeruka ap(pMHHOCTH K MOJIMO0JIAM HA OCHOBE
OoOpoHAaT-3aMeNIeHHbIX MPOBOASIINX MOJIMMEPOB
JJIA AeTeKUMH MUKPOOPIraHU3MOB

Komrkosa M.A.

PykoBoauTens: n.x.H., mpod. Kapskun A A.

W3BecTHBIC METO/IBI IETEKIIUK MUKpOOpranu3MoB [1-3] 001amaroT pssaoM cepbe3HbIX He-
JIOCTAaTKOB: Hecrenu(pUIHOCTh K CyOCTpary, HEOOXOJUMOCTh B MCIOJIh30BAaHUU MEAHATOPOB,
HHU3KasA OoIll€palilioOHHas crabuibpHOCTh. M30exkaTh NEPCUUCICHHBIC HEAOCTAaTKU IIO3BOJIMT CO-
30aHUC «MCKYCCTBCHHBIX PCLCIITOPOBY, CHeI_II/I(i)I/I‘IHBIX K OCHOBHBIM KOMIIOHEHTAM KJIE€TOYHOU
creHku (80% KJIETOYHO# CTEHKM MHKPOOPTaHU3MOB COCTABIISIOT OJIUTO- M MoJrcaxapubl [4])
U codeTarmux aphUHHOCTD C MPUEMIIEMON OIEPAIIMOHHON CTa0MIBHOCTBIO.

HaCTO}IH_IaSI pa60Ta IHOCBAIICHA CO3JaHHNIO 6e3peareHTHOr0 CCHCOpPa Ha OCHOBC 60p0HaT-
3aMCHICHHBIX IMPOBOAAINIUX IMOJUMEPOB I ACTCKIUKW AHUOJIOB U MUKPOOPTaHU3MOB 110 U3MC-
HCHHIO ITPOBOJAAIIUX CBOICTB ImoJimMmepa. KOHI.[GHI_II/I}I paspa60TaHH01“4 CHUCTCEMBbI 3aKJIKOYACTCs B
PErucCTpav mMpoBOAMMOCTHU IMOJIUMEPA IPU CBA3BIBAHWH 3aMCCTHUTCIIA B HOJII/IMepHOI\/JI enu ¢
AHAJIMTOM MCTOAOM CIICKTPOCKOIIMH J3JICKTPOXUMHUUYCCKOIO MMIICAAHCA. B kauectBe YYBCTBH-
TEIBHOTO CJIOS B pa3pabOTaHHOW CHCTEME HCIOIb30BAIM IMOJMAHUINH C OCTAaTKOM OOpHOU
KHCJIOTBI B KQUYCCTBC 3aMCCTHUTCIIA, CIIOCOOHBIM 06paTI/IMO CBs3bIBATHCA C 1,2- n 1,3- AU O0JIaMH
C BBICOKMMHU KOHCTaHTaMH KOMHJICKCOO6p8.30BaHI/I$[, B TOM 4YMHCIJIC, 6YI[yIII/I BKJIIFOUYCHHBIM B I10-
JIMMCPHYIO L CTIb.

B pabGore BHepBhIE NPOJEMOHCTPHUPOBAHO YBEIHMYEHHE TMPOBOAMMOCTH OOpOHAT-
3aMCIICHHOI'O IMOJIMaHUJIMHA, IIPOTHUBOIIOJOXKHOC ITOBCACHUIO ITOJIUMCEpA IIPH Hecneumbnqe—
CKOM CBA3bIBAHWH W ACTpagalluu. HPGI[JIO)KGHHI)Iﬁ MCXaHU3M B33HMOIIGI>10TBPI$I nojaumepa €
AUOJIaMU MOATBCPIKACH SKCIICPUMCHTAJIbHBIMU 3aBUCUMOCTAMHU KAKYIIHUXCS KOHCTAHT KOM-
rIeKcoo0pa3oBaHusl OOPOHAT-3aMEIIEHHOTO TTOJIMAHWIIMHA C TIOJIMOIaMU (TIIF0K03a, TAJIaKTOo3a,
J'IaI(TaT), B TOM YHCJIC, ITPU PA3JIMIHBIX pH Or[pez[eneHHLIe OKCIICPUMCHTAJIIbBHO KOHCTAHTHI U
ux pH-mpodunm KoppenupyoT ¢ TEOPETHUUECKU NMpeACKa3aHHBIMU JIJISl MTOJIMOJIOB Pa3IMuHOM
npupoasbl. I/ICCHeﬂOBaHa Bq)(l)eKTI/IBHOCTL MOJIMMEPHOTO YYBCTBUTCIIBHOI'O CJIOA B 3aBUCUMOCTU
OT psiia YCTIOBUM CHHTE3a W JKCIUTyaTalliyd pa3paOOTaHHOW CHUCTEMBI. 3HAYUTEIHHOE CHUXKE-
nue pK, momumepa (pK, = 6.8) no cpaBaenuto ¢ monomepom (pK, = 9.0) nmo3Bomnser ¢ dek-
THUBHO UCIIOJIH30BaTh pa3pab0TaHHYIO CUCTEMY B pacCTBOpax ¢ HeWTpaibHbIMU pH.

ITokazana IMpUHIUIIHAIIbHAA BO3BMOKHOCTb KOHCTPYUPOBAHUA aHAJIOTHYHBIX CUCTEM JJIA
JCTCKIOHUHU ITOJIMOJIOB HAa OCHOBE 60p0HaT-3aMeH_IeHHOFO MOoJIMaHWJIMHA METOJaMH aMIICPOMECT-
pun.

HpOI[eMOHCTpI/IpOBaHa BO3MOXHOCTBH HCIIOJIB30BAaHUS paspa60TaHH0171 CUCTEMBI OJId O€C-
TEKI[MA MUKPOOpPraHu3MOB Ha mpumepe Buma Penicillium chrysogenum, B Tom umcre, ¢ uc-
II0JIb30BaAHUEM MOI[I/I(I)I/II_II/IPOBaHHLIX 60pOHaT -3aMCIHICHHBIM IMOJIMAHUJIIMHOM B3aUMOIIPpOHH-
KAFOIIUX 3JIEKTPOJHBIX CTPYKTYP B IBYXDJIEKTPOJHOM 3JIEKTPOXUMHUYECKOH STUEHKE.
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Conventional methods for the detection and identification of microbial agents have sev-
eral strong disadvantages: they are relatively unstable, require mediators or non-specific to the
substrate. Limitations listed can be avoided by means of receptor molecules’ synthesis with
high affinity to the main components of cells’ walls and operationally stable at the same time.

Present work is aimed on development of boronate-substituted conducting polymer-
based reagentless sensor for polyols’ and microorganisms’ detection.

We investigated boronic acid substituted polyaniline film as a sensitive layer of the sys-
tem (poly(3-APBA)) and its conductivity’s changing while polyols binding by means of im-
pedance spectroscopy. As the substituent the boronic acid residue was chosen due to its ability
to bind 1,2- and 1,3-polyols reversibly with high constants even being involved in a polymer
chain.

That is the first time the conductivity of the polymer increase due to complexation with
polyols was shown, which is opposite to unspecific binding and polymer’s degradation contri-
butions in analytical response. The tentative mechanism of binding was confirmed by calculat-
ing observed binding constants with saccharides (glucose, galactose) and hydroxyl acid (lactic
acid) at different pH. The observed constants and their pH-profiles are correlating with theoret-
icaly predicted ones, depending on the polyol’s nature. Sensing efficiency and operation condi-
tions influence of the developed system are thoroughly investigated. Much lower pK, 6.8 of the
polymeric 3-APBA than pK, about 9 of soluble acids (2- and 3-APBA) allows to use devel-
oped system in neutral pH media efficiently.

The principle possibility of similar boronate-substituted conducting polymers-based sys-
tems for polyols detection by means of amperometry and square-wave voltammetry methods
was shown.

The developed principle, adopted for interdigitated two-electrodes system was success-
fully applied for Penicillium chrysogenum species detection resulting in polymer conductivity
increase as analytical response.
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CuHTe3 MOHOKPHCTAJIMYECKHX CBEPXIPOBOIAAIIMNX
XAJBbKOI'CHHUIO0B KeJie3a U UCCJICA0OBAHUC UX CBOMCTB
Mumpoganosa E.C.

PykoBoautenu: K.(p.-M.H., ¢.H.c. OBueHkoB E.A., k.x.H., goi1. Yapees [[.A.

CBepXITpOBOIHUKM HA OCHOBE jKeje3a MPEICTaBISAIOT OTPOMHBIN MHTEpeC Kak ¢ TOUKU
3peHHsI HaXO0XKIEHUS B3aUMOCBSI3H MEX]y CBEPXITPOBOJIUMOCTBIO M MarHETU3MOM, TaK W JUIs
NOHUMAaHMS CBEPXIPOBOAMMOCTH B 1eJIOM. Takue COeAMHEHUS 3TOW Cepuy Kak TeTparoHallb-
HbIe XalbKOTeHUbI kee3a FeSe, Fe(Se,Te) wimu HemaBHo otkpeithie Fe(Te,S) u Fe(Se,S)
UMEIOT OYEHb MIPOCTOE KPUCTAUINYECKOE CTPOCHUE U, KPOME TOr0, OTpaObOTaHbl CIOCOOBI TO-
JYYEHUS UX B BHJIE MOHOKPHCTAIJIOB, YTO 3HAYUTEIHHO YIPOIIAET HHTEPIIPETAIMIO TOTyJIeH-
HBIX JIaHHBIX.

Taxum 00pazom, eIbi0 PadOTHI CTANIO MOTYYCHNE BEICOKOKAYeCTBEHHBIX MOHOKPHUCTAII-
JIOB CBEPXIPOBOJHUKOB Ha OCHOBE JKeJie3a U UCCIIeIOBaHUE UX (PU3MUECKUX XapaKTepUCTUK. B
KayecTBe 00BEKTa MCCIIEIOBaHMs ObUT BBIOPAH TETPArOHAJIBHBIM XaJIbKOTEHUJ KeJe3a cocTa-
BOB FET61.5, Fe(Tel.XSeX)l.& Fe(Sel.XSX)1.5 51 Fe(Tel-XSX)l-g.

CuHTEe3 MOHOKPHCTAUTHIECKUX 00pa3IoB MPOBOAMIN METOJJOM KPHUCTAIUTH3AIMA B pac-
IUIaBax XJIOPUIOB IIEIOYHBIX METAUIOB B YCJIOBMM CTAllMOHAPHOTO I'PaJHEHTa TEMIIeparyp,
JUTSL KQKJIOW TPYTIITBI COSTMHEHUH OBUTH TO00paHbI ONITUMAIIBHBIE YCIIOBHUS B COOTBETCTBUEM
¢ (azoBeiMu auarpammamu Fe-Te, Fe-Se u Fe-S. CoctaB 1 kadecTBO MOJyYEHHBIX KPHCTaJ-
JIOB OLICHMBAJIM C IIOMONIBIO PACTPOBOM M IPOCBEYMBAOLIEH AJIEKTPOHHOM MUKPOCKOIINH,
PEHTI'€HOCIIEKTPAIbHOTO MHUKpOaHalin3a, peHTreHoBcKo mudpakuun u EXAFS na cunxpo-
TPOHHOM M3JIydeHHH. VccnenoBaHuss TeMIEpaTypHbIX 3aBUCUMOCTEH MarHUTHOW BOCIIPUUM-
YUBOCTH, TEIUIOEMKOCTH M CONPOTHUBIEHHS 1O YETHIPEXKOHTAKTHON cXeMe MPOBOIMIU C IO-
MOIIBIO CHCTEMBI U3Mepenus ¢usndeckux cBoicte (Physical Property Measurement System,
Quantum Design), nu3aMepeHus TeMIEpaTypHBIX 3aBUCUMOCTEH CONPOTHUBICHUS M TPAHCIIOPT-
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HBIX cBOiCcTB ¢ momoribio CKBU/I-maruetomerpa MPMS-XL5 (Magnetic Property Measure-
ment System, Quantum Design).

b mccnenoBaHbl  cBepXmpoBojsnipie (a3oBele mepexonsl  00pa3loB  cocTaBa
Fe(Sep 87S0,13)1-5, OTYUEHBI TEMIIEpATypHbIE 3aBUCHUMOCTH MArHUTHOW BOCIPHUMYHUBOCTH W
MOJICBBIC 3aBUCMMOCTH HAMArHWYCHHOCTH B 3aBHCHMOCTH OT OPHUEHTALMU KpucTaia. M3me-
PEHBI U OXapaKTEePH30BaHBI TEMIIEPATYPHBIC 3aBUCUMOCTH TEIUIOEMKOCTH U COIPOTHUBIICHUSI.
[Tony4yeHHbIC pe3yabTaThl TOBOPSAT 00 OYCHD CIOXKHOM PaCIpPEICICHUN CBEPXIPOBOISIINX U
«HOPMAJIBHBIX» 00J1acTell B MOHOKPHUCTAJLIIE.

Bbutn ucciieoBaHbl MarHUTHBIC, CTPYKTYPHBIC U CBEPXIPOBOSIINE (Ha30BbIC MEPEXOIbI
B cucteMe Fe(Te;xSx)1-5 ¢ 0<X<0,1 u mocTpOeHbI 3aBUCUMOCTH OCHOBHBIX (PM3MUYCCKUX XapaK-
TEPUCTHK OT KOJIHMYECTBAa BHeApsieMOil cepbl. [losydeHHbIC pPe3ysbTaThl TOBOPSAT O TOM, YTO
YBEIIMYCHUE coJiepaHus cepbl B FeTeis MPUBOIUT K OCITA0JICHUI0 MarHUTHBIX B3aWMOJICH-
CTBHIA, YTO CO3/1a€T YCJIOBHUSA U BOSHUKHOBCHHUsS CBEpXIpoBoauMocTH. Kpome Toro, y maH-
HBIX COCJMHEHUH eCTh 00JIACTh COCTABOB, TJIe CBEPXITPOBOJISIINE U MAarHUTHBIC CBOWCTBA MO-
I'YT COCYIIIECTBOBATb.

Bbutn Mccie[oBaHbl MarHUTHBIE ¥ CBEPXIPOBOJAIINAE (a30BbIC MEPEXObl B CUCTEME
Fe(Te1xSex)15 ¢ (x = 0.1, 0.2, 0.28, 0.4 u 0.45). Bce nepeuncieHHbIe 00pa3ibl UCIIBITHIBAIOT
MarHUTHBIN (ha30BbBIN TIEPEXO0/1 MPH HU3KUX TEMIepaTypax, MaKCUMYyM KPHUTUYCCKON TemIiepa-
TYpBI CBEPXIPOBOIAIIEro nepexona Te mocturaercs st coctaBoB X = 0.3 — 0.4. Taxxe 0610
UCCIIC/IOBAHO BIIMSHHE BCECTOPOHHETO JaBieHus P o 5 kOap Ha TeMiieparypy CBEpXIIPOBO-
nsero nepexoaa Tc cuctembl Fe(TeixSex)1 s (X = 0, 0.85, 0.88 u 0.9). bouto ycraHosieHo,
YTO B3aMMOCBSI3b MEKIY CBEPXIPOBOAMMOCTBIO U MarHETH3MOM B JTAaHHBIX COCIMHEHUSIX HO-
CUT KOHKYPHUPYIOIIHN XapakTep.

Iron-based superconductors are very important to unveil the mechanism of superconduc-
tivity in high temperature superconductors (HTSC). Besides, they demonstrate unconventional
coexistence of magnetism and superconductivity. So, the recent discovery of a new group of
iron-based superconductors Fe(Te, Se, S) has opened new opportunities for scientific research.

Despite the presence of huge number of publications on this subject, the mechanism of
superconductivity in these compounds is not clear yet. So, the aim of this study was to grow
and characterize single crystalline samples of tetragonal iron chalcogenide superconductors
with compositions FeTes.s, Fe(Te1xSex)1 s, Fe(Se1xSx)1 -5 and Fe(Te1xSx)1 -5

The single crystals were grown in evacuated quartz ampoules using NaCIl/KCl,
CsCI/NaCl/KCI, RbCI/NaCl and AICI3/KCI flux technique with a constant temperature gradi-
ent along the ampoule (the difference between temperatures of hot and cold ends of ampoule
was about 50K). The temperature of synthesis was chosen in accordance with phase diagrams
of Fe - Te, Fe — Se, Fe — S. Composition and quality of the crystals was evaluated by
SEM/EDX, HRTEM, X-ray diffraction and EXAFS spectroscopy on synchrotron radiation.
The temperature dependences of the magnetic susceptibility , specific heat and resistance by
four-contact scheme was carried out using Physical Property Measurement System “Quantum
Design” and SQUID magnetometer MPMS-XL5 (Magnetic Property Measurement System,
Quantum Design).

Superconducting phase transitions of Fe(Sepg7S013)1-5 Were studied. DC magnetization
was measured as a function of the crystal orientation and the comparison shows notable anisot-
ropy and difference in amounts of superconducting phase volume. Specific heat, resistance and
transport properties were measured in temperature range 2 — 300 K. The results show a very
complex distribution of superconducting and “normal” areas in the single crystals.

We have investigated the magnetic, structural and superconducting phase transitions in
the Fe(Te1xSx)1-s with 0<x<0,1 and have found the dependences of the main physical charac-
teristics on the amount of sulfur. We have found that an increasing of the sulfur leads to a
weakening of the magnetic interaction and creates conditions for the emergence of supercon-
ductivity. Furthermore, these compounds have a compositional range wherein the magnetic and
superconducting properties may coexist.
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We have investigated magnetic and transport properties of the ternary Fe(Te;xSex)1 s

crystals with nominal Fe excess & = 0.03-0.04 and x = 0.1, 0.2, 0.28, 0.4, 0.45. All composi-
tions show magnetic phase transition at low temperature and show the maximum of the super-
conducting transition temperature of 14 — 14.5 K for x=0.3 - 0.4. The influence of uniform
pressures P up to 5 kbar on the superconducting transition temperature T¢ was studied for the
Fe(Te1xSex)1 5 (x = 0, 0.85, 0.88 and 0.9) samples. The data show a competing interplay be-
tween superconductivity and magnetism in tellurium rich Fe(Te1.xSex)1_s compounds.
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JInarHocTuKka MeTo/10M 30HA0BOM MeccOayIPOBCKOU
119 N
CIIEKTPOCKONMUM HA AAPax — Sn MpoueccoB 3apsa0Boil
KOMIICHCAIIUU B 3aMEIIEHHbIX OPTOXPOMHUTAX

RixM,CrO; (R = Y**, Gd**, Ho**; M = Ca**, Sr*)
Meowcyes E.M.

PykoBoautensb: na.x.H., npod. AdanacoB M.U.

BrisicHeHHe MEXaHM3MOB 3apsI0BOM KOMIICHCAIIMH IIPH T€TEPOBAJICHTHBIX 3aMEICHUSX,
NPUMEHSIEMBIX JUISI ONTHMHU3aIUH (PYHKIIMOHAIBHBIX CBOMCTB MaTEPHAIIOB, SIBIISICTCS OJTHOU U3
B)XHBIX 33/1a4 XMMUHU TBEPJOTO Tena. J{jist ee pemenns HeoOX0AUMO UCTIONIb30BaTh HIMPOKHUIA
CHEKTp (PHU3UKO-XMMUYECKHX METOJIOB. Llenp HacTosimei paboThl 3aKitovanach B BHISICHCHUN
BO3MOXKHOCTEH HOBOTO CIOCO0a AMATHOCTHKH MPOIIECCOB 3apsiIOBON KOMIICHCALIMU, OCHOBAH-
HOTO Ha aHAIM3e MeccOaydIPOBCKUX CIICKTPOB 30HAOBBIX KATHOHOB —-°SN, Ha mpHMepe H3yde-
HUST OPTOXPOMHUTOB cocTaBa R MyCrOz (X ~ 0.1-0.22), B KOTOPBIX KaTHOHBI R R= Y3, Gd*,
Ho%") yactuuno 3amerens Ha Kationsl Ca®’ wmm Sr**.

Pabora Brutouaina B ce0si pemeHue Ceyonux 3a1ayq:

- pa3paboTka MeTOAMKH cuHTe3a 00pa3ioB R1.xMyCrgg97Sno 00303 (R =Y, Gd, Ho; M =
Ca, Sr; x<0.2), comeprkamux 1991 g o6BEMe 1M Ha MMOBEPXHOCTH KPHUCTAJUIMTOB;

- OTIpe/ICTICHNE SIIEKTPOHHOTO COCTOSHUS U JIOKAJIBbHOTO OKPYXCHHS 30H/I0BBIX KATHOHOB
B TIO3HIIUSAX OOBEMHOTO H TOBEPXHOCTHOTO THIIA;

- TIOJTy94eHHe HOBOW MH(OpMAIK 0 MEXaHU3ME 3apsA0BOM KOMITCHCALIUU NIPY BBEICHUU
karnonos M** B ctpyktypy RCrO3 u o daxrTopax, BIMSIONIMX HA COUHOBYIO MOJSPHU3ALUIO
119gy,

OCHOBHBIE PE3yJIbTaThl ¥ BEIBOJIBI PAOOTHI:

- OTKHT TIPEKypcopa, TOITYIEHHOTO 30J1b-TeJIb METOJIOM H COZEpKallero KaTuoHsl R, M,
Cr u Sn B otHomenun (1-x):x:0.997:0.003, kak Ha Bo3/ayxe, Tak U B atMochepe Ha, obecrneun-
BaeT nojy4deHue ogHodasHeix 00pasnoB RixMyCrg9975n0 00303;

- B oOpasnax R g97Cap 003Cro.9975N0,00303 MpakTHUECKH BCE KATHOHBI Sn*" maxomsres B
no3uImsx 3amerienns Cr'* ¢ MONHBIM Y9HCIIOM COCEXHUX KATHOHOB xpoma (6Cr) u P33 (8R).
3HaueHHs MATHUTHOTO TOJIs HachlmeHus H Ha sapax “°Sn** nuHeilHO yBenuumBaroTCs mpu
YMEHBIIICHUHU KBaJ[paTa KOCHHYca yriia ¢ oOMeHHoi cBsi3u B 1ienouke Cr-O-Cr(Sn);

- TIpU OTCYTCTBUU J100aBOK Ca? (o6pasubr RCrg g97SN0 00303) MprMepHO TpeTh KAaTHOHOB
Sn*" 3aHKMMaeT MOBMIMK C HEMONHEIM KaTHOHHBIM OKpYXeHHeM. Kommencamus 3apsma  Sn**
IMPOUCXOIHT 3a cdyeT 0Opa3oBaHNs BakaHcHil xpoma (1o cxeme: 3Sn™* + Vs — 4Cr®Y), npu-
BOJAIIMX K TMOSIBICHHIO aCCOLMATOB TOUeuHBIX nepextos. Ilpucyrcrsue Vegs pazom ¢ Sn**
IPUBOJIUT K OCJIA0JIEHNIO CIMHOBOM MOJsipyU3aluy (YMEHBIIEHUIO MarHuTHoro noist H), B 1o
BpeMs IpUCYTCTBUE VR3+ YBETMUMBAET 3HaUeHHE H 3a cyeT JTOKanbHOrO YMEHbIICHHS yriia 6 ;

- B o0pasmax RixMxCro g97Sn0,00303 (X = 0,1, 0,2) 4acTh KaTHOHOB Sn* HAXOIUTCA B IIO-
3ULUAX C HApYILIEHHBIM MarHUTHBIM OKpY)XeHueM. B okucnurensHo# atmocdepe i KoMIeH-
caunn 3apsiza M?* o6pasyrores nonst Cr** (3d%) u Cr®* (3d°) mo cxeme: M** + Cr** — 2Cr*,
3Ca?" + Cr"" — 4Cr**. Ananus nurepaTypHBIX JaHHBIX, MEcCOaydPOBCKHX CIIEKTPOB H CITEK-
TpoB POIC MO3BOMMI 3aKITIOUYHTE, 9TO HOHEI Cr®* MpenMyIecTBeHHO JTOKAIM3YIOTCS B IIPH-
TOBEPXHOCTHBIX CIIOSIX, B TO BpeMs kak Cr'" jokammsyrorcs B 06beMe KprcTammToB. B criek-
Tpax 19gn, nony4deHHbIx npH 4.2 K, npucyrctByet cexcter ¢ H = 65 k3, oTBeuarommii no3u-
mn Sn** ¢ oxHEM oTcyTCTBYIOIIM cocexHIM HoHoM Crit. TTokasaHo, 4TO MOSIBICHHE YTOTO
cexcTeTa 0OYCIOBICHO BXOXKICHHEM B KaTHOHHOE okpykenme Sn** mpyroro karwmoma Sn*.
DTOT mporecc ABIAETCS HAYAIBHOMN cTaguel popmupoBanus kiactepoB CaSnOs;

- OTXKHT TIpeKypcopa B Hy MPHBONT K MOTHOMY BOCCTAHOBJICHHIO HOHOB Sn** n crabu-
JIM3aIAA 06PA30BABIIMXCA KATHOHOB Sn°’ B KOOPAMHAIMOHHO-HEHACHIIICHHBIX MO3UIHAX
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Cr*uR* ma [IOBEPXHOCTH KPUCTAJLUIUTOB. Y BEJIMYEHUE 101U KATHOHOB Sn* na IIOBEPXHOCTH
kpuctautuToB B cinydae RixMxCrOsz (1o cpaBHEHHIO ¢ HE3aMENIEHHBIMH OpPTOXPOMHUTAMU
RCrO3) 06cynoBneHO BaKaHCUSIMH KUCIIOPOJia, 00pa30BaBIIMMHUCS JUIsI KOMIIEHCAUU Ae(puiin-
Ta 3apsga M?*, 1 BospacTaHHeM YACIbHOI [OBEPXHOCTH 0OPA3LIOB.

Clarification of the charge compensation processes in the heterovalent substitutions
used for optimization of functional properties of the materials is one of important tasks the sol-
id state chemistry. Its solution needs application of wide range of physical and chemical meth-
ods. Purpose of this work is to determine possibilities of new method of the charge compensa-
tion processes diagnostics based on analysis of Moessbauer spectra of the probe cations **°Sn
by the example of study of the orthochromites with composition R;xMxCrO3; ( x ~ 0,1 — 0,2),
wherein cations R** (R = Y**, Gd*, Ho®") are partially replaced by cations Ca** or Sr**.

The work included solution of the following problems:

- development of method of synthesis of samples R1.xMxCrp 99703 (R =Y, Gd, Ho; M =
Ca, Sr x <0,2) containing **°Sn in volume or on the surfaces of the crystallites;

- determination of the electronic state and local surroundings of the probe cations at the
volume- and surface-type positions;

- obtaining of new information on the charge compensation mechanism when introducing
M?* into the RCrOjs structures, as well as on factors affecting the spin polarization of °Sn.

Main results of the work and inferences:

- annealing of the precursor obtained by sol-gel method and containing cations R, M, Cr
and Sn in proportion (1-x):x:0,997:0,003, both in the air and H, atmosphere, ensures obtaining
of single-phase samples R1.xMxCrg 997SN0,00303;

- in samples Ro g97Cap 003Cro,097SN0 00303 almost all Sn** cations are in positions of substi-
tution of Cr** with full number of the neighboring chromium cations (6Cr) and REE (8R). Val-
ues of the saturation magnetic field H on the *°Sn** nuclei increases linearly with decrease of
the squared cosine of angle 4 of the exchange coupling in chain Cr-O-Cr(Sn);

- at absence of Ca?" additions (samples RCap 997SNo,00303) approximately one third of
Sn** cations occupies positions with incomplete cation surrounding. Charge compensation of
Sn** occurs due to formation of chromium’s vacancies (by the scheme: 3Sn*+ Ve — 4Cr3+)
resulting in appearance of the point defect associates. Presence of V3. aside the Sn** leads to
reduction of spin polarization (decrease of the magnetic field strength H), while presence of
Vg3« raises H value due to local decrease of angle 6,

- in samples R;-xMxCrp 997SNo 00303 (X = 0,1, 0,2) certain part of Sn**cations are in posi-
tions with disturbed magnetic surrounding. In the oxidizing atmosphere, ions Cr*" (3d?) and
Cr®* (3d°) are formed for charge compensation of M?* by scheme: M?* + Cr®* — 2Cr**, 3Ca**
+ Cr’* — 4Cr*. Analysis of literature data, Moessbauer spectra, and X-ray photoelectron
spectra allows to infer that Cr®* ions are predominantly localized in the near-surface strata,
while Cr** ions are localized in the volume of the crystallites. *'°Sn spectra obtained at 4,2 K
contain sextet with H = 65 kilooersted, which corresponds to Sn** position with one absent
neighboring Cr** ion. We have shown, that appearance of this sextet is caused by coming of
other Sn**cation into the Sn** cation surrounding. This process is initial stage of formation of
the CaSnO;s clusters;

Annealing of the precursor in H, leads to full restoration of the Sn** ions and stabiliza-
tion of the formed Sn®* cations in the coordination-unsaturated positions of Cr** and R** on the
surfaces of the crystallites. Increase of share of the Sn®* cations on the surfaces of the crystal-
lites in case of R1.xMxCrO3 (as compared with the non-substituted orthochromites RCrOs) is
caused by oxygen’s vacancies formed for compensation of the deficient M?* charge, as well as
by increasing specific surface of the samples.
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CHHTe3 KPHCTAJIOB M JIEKTPOHHOE CTPOEHHE
TBEpPAbIX PACTBOPOB HA ocHOBe Bi,Se; m Bi, Te;

Llykanosa /[.1O.

PykoBoauTenb: A.X.H., B.H.c. Amuna JI.B.

OfHMM M3 MHTEHCUBHO Pa3BUBAIOLIUXCS HAIIPABICHUNA (PU3UKU U XUMHUH TBEPAOIO Tela
ABJIIETCS IOMCK M HCCIIEI0BAaHUE HOBBIX MAaTEPUAIIOB, JEMOHCTPUPYIOIIUX YHUKAIbHBIC JIEK-
TpPOHHBbIE CBOMCTBA. K TakMM NepcreKTUBHBIM MaTepHuajgaM OTHOCHTCS BEILECTBA, IMPOSBIISIO-
iFe CBOMCTBa Tomosornueckux audnekTpukoB (T/1). Jus o6vema T/l xapakrepHa 3amperieH-
Hasl 30Ha, HO Ha MOBEPXHOCTH pasziesa ¢ OObIYHBIM AUINEKTPUKOM (MJIM BAKyyMOM) BO3HHUKAET
METaJUINYECKOE COCTOSIHUE, COOTBETCTBYIOIIee Oe3MaccoBbIM (epmuoHam. dopmupyscs B
YCIOBUSAX CHJIBHBIX CIIMH-OPOUTAJIBHBIX B3aUMOACHUCTBUI, MOBEPXHOCTHBIE TOMOJIOTHYECKHE
cocrosiHus (I1TC) oka3piBaroTCsl CHMHIOISAPU30BAHHBIMU, a UX YCTOHYUBOCTH 00YCIIaBIUBAET-
Csl CUMMETpPHUEHN JIEKTPOHHON CTPYKTYpPhI HOBEPXHOCTHU MO OTHOLIEHHUIO K OOpaIlleHUI0 BpeMe-
Hu. braronapst Hanuuuto I1TC Tononornyeckue AUAIEKTPUKU IPEACTABISIOTCS MEPCHEKTHB-
HBIMU MaTepHajaMHy Ui peaau3anuy 3((HEeKTUBHOIO IEKTPOHHOIO U CIIMHOBOT'O TPAHCIOPTA.
Jlsist TOro 4TOOBI YNpaBIATH CBOMCTBAMU TAaKMX MaTepHAIOB HEOOXOAWMO, BO-TIEPBBIX, KOH-
TPOJIMPOBATh NOJOXKEeHHE ypoBHI (DepMu, BO-BTOPBIX, PEaTM30BATh MACCHBHbBIC (PEPMHUOHBI
IyTeM CO3/JaHUs HeOOJbIION 3ampenieHHOW 30HBL. [lonmoxxenue yposus @epmu B TU nerxo
MOYKHO MEHSTh IPU MOMOILM W3MEHEHMs KOHLEHTpallUK HOCUTENEeH 3apsiia B 00beMe MaTepu-
aya, a HEOOJBIIYI0 SHEPreTUYECKYIO IIENb MOXHO IOJYYUTh, HApUMEp, MPH NOTYyYCHUH
TBEPJIOT0 PacTBOpa MEX]y TOHNOJOTHUECKUM H30JIATOPOM U JUIJIEKTPUKOM C HEUHBEPTHPO-
BaHHBIMU 30HaMU. J1J1s1 3¢ (EeKTUBHOTO UCIIOIB30BAHUS TAKUX CHCTEM HEOOXOANMO JIETaIbHOE
UCCIIeIOBaHUE UX (YHJAAMEHTAIbHBIX CBOMCTB, TAaKUX KakK AMCIEpCUs 30H BOJU3U HOBEPX-
HOCTHOT'O COCTOSTHHSI M CTUHOBAsi TeKCTypa. DPPEKTUBHBIM METOJAMH M3YYCHHUSI TAKUX MaTe-
PHAJIOB SIBJISIIOTCSI PEHTT€HOBCKAs (JOTOIIEKTPOHHAS CIIEKTPOCKONHMS C YITIOBBIM pa3pelieHueM
(PO®OC VYP), penrreHosckas crektpockonus noriorieHus (EXAFS), pentreHoBckas ¢poTo-
ANIEKTpOHHAs! Judpakius U GOTOAIEKTpOHHAs rojorpadusi.

B pabote ObLIM TMONTyYeHBI MOHOKPUCTAILIBI TBEPABIX PAacTBOPOB B cucrtemax BiySes-
In,Ses u BipTes-InyTes CocraB kpuctanios onpenensiii metogamu JIPCA, POnA u o koH-
LEHTPaLMOHHON 3aBUCHMOCTH IapaMeTpa 3JIEMEHTapHOH siueliku. 3aps0BO€ COCTOSTHUE aTo-
MOB MHJMS BO BCEM JUala30HE COCTaBOB, corlacHO AaHHbIM PDOC, cootBercTByeT 3. C mo-
MOIIBIO PEHTIeHOBCKOH audpakiym, a Takxe MetoqoB EXAFS, PO/ 1 ¢hoT0o31eKTpOHHOI TO-
aorpaduu yCTAaHOBJIEHO, YTO IOJIyY€HHBbIE MOHOKPUCTAJUIBI MPEJCTABISAIOT COOON TBEp.bId
pacTBOp 3aMEUIeHMs], T aTOMbl UHJUS CTATUCTUYECKU 3aHUMAIOT MO3UIMU BUCMYTA, a KOH-
LIEHTPaLlMOHHAsI 3aBUCUMOCTb ITapaMeTpa PEIIETKH OTBEYaeT npasuily Berapaa.

B pesynbrare uzydeHus: kod3pGuinuenTa onTuIecKoro MorjomeHust U OTPaKEHHUs, a TaK-
K€ C UCNOJIb30BAHUEM JJAHHBIX 110 KOHILIEHTPALIMA HOCUTENEH 3apsja, ONPEEIIEHHOM MIpH I10-
Mot 3pdexra Xonna, Obula MoTydeHa KOHIIEHTPAIMOHHAs 3aBUCUMOCTb IIHMPHHBI 3ampe-
IICHHOMW 30HBI ISl KpucTauioB BiySes-In,Ses.

B paccmarpuBaembIx TBEpIbIX pacTBopax corjacHo AaHHbIM POOC VP nabmromaercs
nepexoa OT TOMOJOIMYECKOrO M30JATOpa K OOBIYHOMY IHMAJIEKTPUKY C MHBEpCUEll 30H, Ipu
ATOM CHUHOBasl MOJISIpU3allMs COXPaHsUIach MOCIe TOYKH MHBEPCUU, NPU 3TOM CTEINEHb MOJIs-
pHU3aluy IUIABHO YMEHbIIAETCS. TOMOJOTMYECKUl XapaKTep MOBEPXHOCTHBIX COCTOSHUN CO-
XpaHSAeTCs, YTO MOATBEPKAAETCS OTCYTCTBUEM XMMHUECKOH pEeakIUu C MOJIEKYJSPHBIM KHC-
JIOPOJIOM.

Within the last few years topological insulators (TI) have attracted a lot of attention of
the scientific community due to their unique electronic structure with a potential of multiple
applications, e.g. in spintronics. Topological insulators have a gap in the bulk, and their inter-
facing with the topological trivial class, e.g. vacuum, results in the formation of two-
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dimensional metallic spin-polarized boundary states (topological surface states, TSS) corre-
sponding to massless fermions. Forming in condition of strong spin-orbit interactions, TSS are
spin-polarized, and their resistance is caused by the symmetry of the electronic structure of the
surface with respect to time reversal symmetry. Due to the presence of TSS topological insula-
tors are perspective materials for the realization of effective electronic and spin transport. In
order to modify the electronic structure is necessary to control the position of the Fermi level
and to implement massive fermions by creating a small gap. The Fermi level position in T1 can
be easily changed by changing the concentration of charge carriers in the bulk of material, and
a small energy gap can be obtained, for example, by preparation of a solid solution between the
topological insulator and insulator with a non-inverted zones. For efficient use of topological
insulators in practical applications requires a detailed study of the properties and characteristics
of their electronic properties, such as the dispersion of the surface state and the spin texture.
Effective method for the research of such materials is to study the electronic structure of Tl by
experimental physical methods (X-ray photoelectron spectroscopy with angular resolution, X-
ray absorption spectroscopy (EXAFS), X-ray photoelectron diffraction and photoelectron ho-
lography, measurement of the Hall coefficient, optical coefficient transmittance and absorp-
tion).

In this work we were obtained single crystals of solid solutions in systems Bi,Ses-In,Se;
and Bi,Tes-In,Tes. The composition of the crystals was determined by methods EDX , XFA
and concentration dependence of the unit cell parameter. The charge state of the indium atoms
in the all range of compositions is +3 according to the XPS corresponds. X-ray diffraction
measurements, as well methods of EXAFS, XPD and photoelectron holography was founded
that obtained single crystals are substitutional solid solution where the indium atoms statistical-
ly occupy positions of bismuth, and the concentration dependence of the lattice parameter cor-
responds to Vegard's rule .A study of the optical absorption and reflection , as well as using the
data on the carrier concentration determined by the Hall effect was obtained concentration de-
pendence of the band gap of crystals Bi,Ses-In,Ses.

According to ARPES-measurements in these solid solutions it is observed a transition
from a topological insulator to a conventional dielectric with inversion of zones, where the spin
polarization is persisted after the inversion point and the degree of polarization decreases
smoothly. Topological nature of the surface states is preserved and this is confirmed by the ab-
sence of chemical reaction with molecular oxygen.

TeopeaneCKoe MOJACIUPOBAHUEC U IKCIICPUMECHTAJIBHOC
HCCIICA0BAHUEC MPOUHECCOB IKCTPAKINUOHHOTO Pa3acJICHUA
JJAHTAHUA0B

Mumpoganos A.A.

PykoBoautens: n.x.H. npod. Kanmeixos C.H.

Baxnoil nmpaktuueckoil 3agadeii sBiseTcs pasielieHue OJM3KUX MO XMMHUYECKUM CBOW-
CTBaM PEIAKO3EMEJIbHBIX 3JIEMEHTOB M3 UX TPYMIOBBIX KOHIIEHTPATOB (MOHAIIUTOBOTO, alaTH-
TOBOTO H TIp.), a TAaKXKe pa3felieHue Bt u Am® B pacTBopax, oOpasyrolmxcs npu nepepa-
00TKe 0TpaboTaBIIero siaepHoro TorauBa. CymecTBYIOMNE TEXHOIOTUYECKHE CXeMbl OTHOCH-
TETHHO CJIOKHBI, a UCTOJb3yeMble B HHX JKCTPAareHThl HE 00JaJal0T BBHICOKOW CEIEKTHBHO-
CTBI0, YTO TPEOYET MCIIOIH30BAHMSI MHOTOKACKAHBIX CXEM pa3/IelICHHUS.

[{enpro JaHHOM pabOTHI ABISETCS OMpPEEICHUE 3aKOHOMEPHOCTEH KOMILIEKCO00pa3oBa-
HUS U pa3/ielIieHUus] aKTUHUOB U JaHTaHUAOB. {151 ee BBITIONIHEHHS ObLIa pazpaboTaHa MeTo-
JINKA TEOPETUYECKOTO MOJEIMPOBAHUS MIPOLIECCA KUIAKOCTh-)KUAKOCTHON IKCTPAKLIMH, ITO3BO-
JIAIOIIAasl CPABHUBATH CEJIEKTUBHOCTD JIMTAHJIOB B PSIIY JAHTAHHUIOB.
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B nanno#i paboTe mpeacTaBieHbl pe3ylbTaThl in silica MOAeTMpoOBaHUS Tpolecca dKC-
TPAKIMOHHOTO BBIJECIICHUS JIAHTAHUJOB Ha PA3HBIX YPOBHIX TCOPHH: OT IMOCTPOCHMS MOJIEKY-
JSIPHBIX OpOWTANel JTUTaHAOB C MCIOJIb30BAaHHEM MeToja XapTpu-Poka 10 MOJETUPOBAHHUS
NOBEJICHMS JIMTaHJa Ha MeX(a3HON IpaHUIE C UCIOJIb30BAHUEM MOJIEKYJISPHON JUHAMUKH.
IIpenyioxkeHa cxeMa U 3KCIEPUMEHTAIBHO MTOATBEPKIACHBI PE3YNIbTaThl MOACIUPOBAHUS HEKO-
TOPBIX 3aKOHOMEpPHOCTEH 00pa30BaHMs KOMILJIEKCOB JAHTAHUAOB € OOJBIIUM KOJINYECTBOM
OpPraHUYECKUX JIMTaHI0B PA3HBIX KJIACCOB.

J1g 3KCNEpUMEHTAIbHOIO PAa3/EICHHs] HUCIOJB30BAICS METOX JKHIKOCTb-KHIKOCTHOU
JKCTPAKIMM, KOTOPYIO B CUCTEMaxX BOJHBIA PAaCTBOP a30THOM KUCJIOTHI — OPraHUYECKHM pac-
TBOPUTEJb MPOBOJAT C MCIOIB30BAHUEM DPA3JIMYHBIX 3KCTPAreHTOB. TE€OPETUYECKH U JKCIIe-
PUMEHTAJIbHO UCCIEN0BAHBI BOIPOCHl 3aBUCUMOCTH U3BJICYEHUS OT CBOWCTB BOJHOW M Opra-
HUYECKOM (ha3bl PH IKCTPAKLIUU.

[TpencraBnens! pe3ynbratel EXAFS-cnekTpockonuu, MoATBEpKAAIOLINE TEOPETUUECKU
paccuUMTaHHOE CTPOCHHE KOMIUIEKCOB. ODKCIIEPUMEHTAJIbHO JOCTUTHYTHI BBICOKHE 3HAYCHHUS
ko3¢ ¢unmenta pasaeneHus B nape Am/Eu u B paay naHTaHUIOB, M NPEATIOKEHa CXeMa pas-
JICJICHUS JTAaHTaHUJOB.

Separation of rare-earth elements received from their group concentrates (monazite,
apatite) and possessing similar chemical properties as separation of Eu** and Am** in spent nu-
clear fuel processing are among the important practice problems. Modern technological
schemes are relatively complex and extractants are not very selective so most of schemes are
multi-cascade.

The aim of this work is determination of regularities in complexation and separation of
actinides and lanthanides. Liquid-liquid extraction process theoretic modelling scheme, allow-
ing comparison of ligands selectivity among lanthanides was developed for aims implementa-
tion.

Results of in silica modelling of lanthanides extraction processes on different levels of
theory: from molecular orbitals simulation with Hartree-Fock method to molecular dynamics
interface simulation were presented in this work. Scheme of lanthanides complexation model-
ling was presented for a large number of ligands and obtained regularities were experimentally
approved.

Liquid-liquid extraction from nitric acid to oil phase with different extractants was used
for lanthanides and Eu®** and Am®" separation. Influence of both agueous and oil phases prop-
erties were studied either experimentally or theoretically.

EXAFS-spectroscopy results approved theoretical complexes structure. Relatively high
separation coefficients either for lanthanides or for Eu**/Am®" pair and separation scheme are
among results of this work.
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Cunre3 n HCCICA0BAHUNEC KPUCTAVIMICCKUX HAHOYACTHIN

IInaxosa T.B.

PykoBoautenu: 1.x.H., npo@d. Kanmsikos C.H., acni. Pomanuyk A.1O.

HccnenoBaHre HaHOYACTUI OKCUJIOB AKTUHUAOB U JIAHTAHUJOB UMEET BaKHOE 3HAUCHHE
KaK U Pa3BUTHSA COBPEMEHHBIX TEXHOJOTHA, TaK M Ui PEUICHUs BOIPOCOB YKOJIOTUYECKON
6e3omacHocTH. B nanHOi paboTe B KauecTBE OOBEKTOB HCCIEIOBAHUS ObUIM BBIOPAHBI HAHO-
YaCTHUIIBl TUOKCHUJIOB Liepusi U Topusi. lcciemyeMbie OKCHIIBI SIBISIFOTCS CTPYKTYPHBIMU M Ba-
JIEHTHBIMU aHaJloraMM JIpyT Apyra. HecMoTps Ha IIUPOKUI CIEKTp MPUMEHEHUS, IS KaX10T0
U3 COCIAMHEHWI Ha JaHHBIA MOMEHT CYIIECTBYET Ps HEPEUICHHBIX 33/1a4, MOJTOMY ILEJIbIO
JaHHOM paboThl cTan cuHTe3 Kpuctaummyeckux Hanouactu CeOz.x u ThO; pasnuunoro pas-
Mepa M UCCIIEI0BAaHUE WX MTOBEICHUS B BOJAHBIX PaCTBOpAX.

Jnis cuHTe3a 00pa3iioB ObUT BBIOpAH METO/1, OCHOBAaHHBIN Ha OCAXJICHHMH HAHOYACTHIL U3
pactBOpoB Tpex- U yeTbipexBaieHTHBIX coiiell (Ce(NO3)s, Ce(SO4)2, Th(NO3)s) BoaHbIM pac-
TBOPOM aMMHaKa WJIM THAPOKCUAA HaTpusi. Mopdosiorust u CTpyKTypHble 0COOEHHOCTH 00pa3-
IIOB HCCJENOBAINCH C MOMOIIBIO MPOCBEYMBAIOUIEH 3IEKTPOHHOW MHKPOCKOIIUU BBICOKOTO
pazpemienusi ([I9M-BP) u pentrenodaszoBoro ananmmsza (PO@A). ArperaTuBHasi yCTOHYHBOCTh
CYCHIEH3UH oIpeensach myTeM u3MepeHus (-moTeHuana npu pasnuaabix pH. s onpene-
nenus cootHornenus Ce(Ill)/Ce(IV) Ha moBepxHOCTH U B 00beMe HAHOYACTHUI[ ObLITA UCIOIb-
30BaHa CIIEKTPOCKOIHS PEHTTeHOBCKOT0 moromnieHus (XAS).

[To nanubiM PDA 1 371eKTpOHHON TU(paKLuU, BCe CUHTE3MPOBAHHBIE 00paslibl Mpe-
CTaBJISIIOT c000# kpuctammueckue Hanoyactuibl CeOyx 1 ThO, co cTpykTypoii ¢uroopura,
pasMep YacTHIl BapbUpYyeTCs OT 2 10 6 HM B 3aBUCHUMOCTH OT YCJIOBUI CHHTE3a: KOHLEHTPAIH
UCXOJHON COJM M BaJIEHTHOCTH KaTHoHA. OO0JIacTh arperaTUBHOM YCTOMYMBOCTH JUIsl BCEX
M3YYEHHBIX KOJUIOMIHBIX CyCIIeH3Ui HaxoauTcs B nuanaszone pH 2+5 u 8+10, pHysr okono 6,5
st CeOy.x 1 okono 7,0 as ThO;. Tlo ganaeiM XAS npu yMeHbIIEHHH pa3Mepa YacTHIIhI
CeOzx OT 5 10 2 HM IPOUCXOIUT 3HaYMTEIbHOE yBenuueHus coaepxkanus Ce(lll) B oOpasiie,
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JaHHBIA (PakT MOKeT OBITH OOBSICHEH Pa3IMYHBIM BKJIAJIOM aTOMOB Ha MOBEPXHOCTH C U3Me-
HEHUEM pa3Mepa YacTHIl.

B pamkax pa0GoTbl ObUTH TPOBEIEHBI SKCIEPUMEHTHI 110 U3YYEHHIO PACTBOPUMOCTH Ha-
HouacTul] CeOy.. 151 JaHHBIX KCHEPUMEHTOB ObUIM MPUTOTOBJIEHBI 00pa3Lbl C PaHOaKTUB-
noit merkoit “*'Ce, comepkanme KOTOPOTO OMNpEEISIOCh C HCIOIB30BAHHEM METONA Y-
criektpomeTpu. B nuanazone 3nHadyenuit pH ot 2 mo 8 HabmomaeTcs pe3Koe YMEHbBIIICHHE
KOHLIGHTpaluu Lepusl OT 10° M o 10" M; B auanasone pH ot 8 no 11 3aBucumocTH pactBo-
puMocTH oT KoHrenTpanuu H' He HabmomaeTca. B paboTe Takke MCCIe0BAHO BIMSHUE TIPH-
CYTCTBHsI KapOOHAaTOB Ha PacTBOPUMOCTh HaHOKpHucTammuueckoro CeOzx. Ha ocHOBe skcme-
PUMEHTANIBHBIX JaHHBIX IMOCTPOEHA MO/IENb, OMUCHIBAOIAs MIPOLIECC PACTBOPEHUS AMOKCHUIA
Lepus KaK BOCCTAHOBUTENIbHOE pacTBoperue: CeO, +e” +4H S Ce®*+2H,0.

Study of actinide and lanthanide oxide nanoparticles is of a great importance for mod-
ern technology development as well as in environment safety challenges. In this work, cerium
dioxide (CeO,.x or ceria) and thorium dioxide (ThO; or thoria) nanoparticles are selected for
investigation. The oxides are structural and valent analogues. Despite of the wide range of pos-
sible applications, there are some knowledge gap in properties and their size-related effects.
The present study is aimed to synthesis CeO,.x and ThO, with different nanoparticle size and to
study their behavior in aqueous solutions.

Ceria and thoria nanoparticles were obtained by precipitation from cerium(lll) nitrate,
cerium(1V) sulfate and thorium(1V) nitrate solutions by adding aqueous ammonia or potassium
hydroxide. The size and shape of nanoparticles was determined using high-resolution transmis-
sion microscopy (HRTEM) and X-ray diffraction (XRD). {-potential of nanoparticles suspen-
sion was measured. X-ray absorption spectroscopy was used to determine Ce(111)/Ce(1V) ratio
on the surface and in the bulk of ceria nanoparticles.

According to HRTEM data ultrafine CeO,.« and ThO, nanoparticles with fluorite crys-
tal structure were formed. Particle size was controlled by varying salt concentrations and by
changing the cation valence. Suspension stability in water solutions for all samples was ob-
served at pH<5 and pH> 7.5; the pHgp was established as 6.5 for CeO,. and as 7.0 for ThO,.
The well pronounced difference in XAS spectra for 2 nm and 5 nm ceria particles was estab-
lished that possibly could be explained by increase of Ce(l1l) on the surface upon the decrease
of the particle size.

Nanocrystalline cerium dioxide solubility experiments have been studied for radioac-
tive tracer ***Ce was applied. CeO,., solubility experiments were performed under steady-state
conditions for 2 nm and 5 nm nanoparticles in the range of pH from 2 to 12. Upon the increase
of pH the significant decrease in solubility was observed (from 10> M at pH=2 to 10" M at
pH=8), in the range from pH=8 to pH=12 the solubility remained unchanged. The effect of
carbonates presence on the nanocrystalline CeO,.« solubility is discussed. Reductive dissolu-
tion model was proposed for experimental data fitting: CeO, + & +4H* 5 Ce**+ 2H,0.
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Bausinue moguduxaropos Cr, La u RU Ha ceHcopHbIe CBOiicTBA
HAHOKpHCcTALIHYecKoro SN0,
Poowcux P.B.

PykoBonurens: K.X.H., H.c. KpuBeukuii B.B.

CeHcopHbIE MOJIYIPOBOJAHUKOBBIE MaTe€pHallbl MOJIYYUIU IIUPOKOE pPacCIHpOCTpaHEHHE,
OJIHaKo 00JacTh MX MPHUMEHEHHUs OTrpaHrueHa. XUMHUYECKOe MOIUGUIIMPOBaHUE OJUH U3 I (-
(1)GKTI/IBHBIX IIOAXO0A0B K ITOBBIINICHUKO CCIICKTUBHOCTHU HOJ'IprOBO}IHI/IKOBI)IX OKCHJI0B, OHAKO
B3aMMOCBS3b MEX/Iy XUMUYECKUMHU U CEHCOPHBIMH CBOWCTBAMHU HOCHT CIIOKHBIM XapakTep, Ha
}IaHHBIfI MOMCHT HE CyIHeCTByeT 1oaAXO040B, IMO3BOJIAIOIINX OCYHI@CTBHTB paHI/IOHaHBHBIfI I10-
uck MoaudukaTopoB. B OoCHOBY mMaHHOUN pabOTHI MONOXKEHA KOHIICMIIHS, COTJIIACHO KOTOPOH
AKTUBHOCTH COp6HI/IOHHBIX BSaHMOHeﬁCTBHﬁ HpOHOpHI/IOHaJ'IBHa AKTUBHOCTH KHCJIIOTHO-
OCHOBHBIX B3aUMOJICHCTBUI TBEpAOE TENO - Ta3, B TO BpeMs KaK XMMHUUYECKUE MPEBPALICHUS
COpPOMPOBAHHBIX MOJIEKYJI OMPEAEIIAIOTCS aKTUBHOCTHIO ed/0OX-TTpoIieccoB, MPOUCXOIAIINX Ha
MOBEPXHOCTH CEHCOPHOTO MaTepuana. B kauecTBe MOAM(PUKATOPOB XMUMHUYECKHUX CBOWCTB
HaHOKpHcTaummdeckoro SNO, ucronb3yrores Cr,03, La,O3 v kaTammTHdeckuii KOMIOHEHT RuU,
BJIMSIFOIIIME PEUMYILIECTBEHHO Ha COPOIMOHHYIO CIIOCOOHOCTh U Ied/0X-Tporiecchl.

SnO;, cuHTE3MpOBaH 30Jb-TeIb METOJOM. MoauduIMpOBaHUE MOBEPXHOCTH HAHOKPH-
CTAJIJIMYECCKOI'O Sn02 HpOBOI{I/IHOCB METOAOM HpOHI/ITKI/I el B-OJIOBSIHHOI\/'I KHCJIOTBI BOOHBIMHAU
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pactBopamu Cr(NOs)s u La(NOs)3 cooTBeTCTBEHHO, ¢ mocieaytonmmM otxxurom mpu 700°C. Ru
BBOJIMJICSI Ha 3aBEpILAIOICH CTaIuK B BUJE CIUPTOBOrO pacTBopa Ru(acac)s, ¢ mampbHenmm
tepmosiu3oM Ru(acac)s. CuHTe3upOBaHbl CEpUU 00Pa3IOB C Pa3IMYHBIM COJACPKAHHEM MO/IH-
¢dukaropoB. Merogom POA Bo Bcex oOpasznax Oblia oOHapy:KeHa €IMHCTBEHHAs KpUCTAILIU-
yeckas ¢aza SnO; co cTpykrypoil pytuia. KonndectBo BBEJEHHBIX MOIU(PUKATOPOB OMpee-
nsiock ipu omontu EDX. Ha ocHOBaHMM JaHHBIX PEHTIC€HOBCKOM AUpaKIuK OBLIN Paccuu-
TaHbl apamMeTpsl sueiikn SNO; ¢ u3mMenenuem KoneHTpanuu Cr, MO>KHO TOBOPUTH O BHEZpe-
Huu Cr B ctpyktypy SnO,. Ha ocHOBaHMM JaHHBIX 1O TEPMOIPOrpaMMHUPYEMOIl AecopOuuu
(TI1A) Oz mu CO; mns La-monudunmpoBaHHBIX 00pa3iioB HAOIIOAACTCS HE3HAYUTEIBHOE YBe-
JMYeHHEe COPOIMOHHON aKTUBHOCTH 1O OTHOHIeHHIO K Oz ¢ pocToM KoHueHTpauuu La. Jlns
Cr-moanuImpoBaHHBIX 00pa3I[0B HAOIIOAAETCS 3aKOHOMEPHOE CHIDKEHUE COPOIMOHHON aK-
TUBHOCTH 10 OTHOIIeHUIO K Oy ¢ poctoM KoHIeHTparuu Cr. C ogHOI cTOpOHBI, BBeeHue La
NPUBOAUT K YBEIMYEHUIO TUIOIIAIN MOBEPXHOCTH La-MoauduuupoBaHHBIX 00pa3IoB, ¢ ApY-
roil cTopoHBI Ha TOBepXHOCTH SNO, oOpa3yroTcs amopdHbie cerperanuu LasOs, 3aTpyaHsto-
mue poctyn Mosiekynn Oz k moBepxHoctu SN0z, BBenenne Cr mpUBOAUT K YMEHBIIEHHUIO HJICK-
TPOHHOM TMIOTHOCTH B 30He mpoBoaumocTd. [ CO; monyuensl nannele nns  La-
MOU(HUIMPOBAHHBIX 00pa30B, HAMOOJIBIIEH COPOIIMOHHON aKTUBHOCTBIO O0JiafaeT odpaserll,
conepskamuii 2% La. OxkuciuTensHO-BOCCTAaHOBUTEIbHBIE CBOMCTBA OMPEIEIISIIA TPHU TOMOIIU
TepMmoIporpamMmmupyeMoro Boccranonienus (TIIB) Hy, BBenenune RU npuBOAUT K CMELIEHUIO
MaKCHMyMa MOTJIONIEHUS

H, B cropoHy Ooiiee HU3KHMX TeMmIlepaTyp, 4YTO TOBOPUT 00 yBenuueHuu red/ox-
akTHBHOCTH. CEHCOpHBIE CBOMCTBA M3MepeHsbl 1Mo oTHomeHuto k NHs, H,S, NO,, CO. Beene-
nue Cr B marpuiy SNO; IpuBOIUT K YMEHBIICHUIO YYBCTBUTEIb-
HOCTH T10 OTHOIICHHIO K Ta3aM ¢ pocToM KoHueHTtpauuu Cr. Be-
POSATHO aKTMBHOCTbH aJICOPOLIMH T'a30B OKUCIUTENEH TakuX Kak O
CHIDKAETCS 32 CUET YMEHbILICHUSI KOJIMYECTBA HOCUTENICH 3apsiia B
MOBEPXHOCTHOM cJoe. B OCHOBE MexaHW3Ma OKHCICHHsS Tra3oB
BOCCTAHOBUTEJIEH JICKUT B3aHMMOJIEHUCTBUE C XEMOCOpPOHMPOBaH-
@ 10 150 200 2 0 w0 s 4 HEIMH (popMamMu KHCi0poxa. st 00pasioB MOAN(HIIMPOBAHHBIX

- La-1%
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La mabmrogarorcst ase teumeHumu: mist NHjz, HoS, NO, maxcu-
MaJbHYI0 YyBCTBUTEIHHOCTH UMeeT 2% (kaT.) oOpaserl, 4To Be-
POSITHO CBSI3aHO ¢ oOpa3oBaHueM aMop(HbIX cerperanuii La,Os
Ha noBepxHOCTH SNO;. [{ns CO 9yBCTBUTENHFHOCTH yBEIHYNBA-
etcst B pany ot 1% 1o 4% La (Puc.1.), BeposTHO B JaHHOM CITy-
ool ‘ ‘ yae BEJIMYMHA CUTHAIA OMpEeNeNsieTcss He COPOIMOHHOW €MKO-
“s0 100 180 200 250 si0 ah abo ak CTHIO MO OTHOIIEHHIO K CO, a CKOPOCTBIO €0 OKUCIICHHUS.

Tee Ha ocHOBaHMM NaHHBIX PEHTTEHOBCKOM AM(pakuuu pac-
Puc.1. Cencopmwiii cuenan ~ CUUTAHBI MApaMeTpsl ssueikn SNO; ¢ M3MCHCHHEM KOHLCHTPALIUH
wucmozo SN0, u obpasyos  CI MOXKHO TOBOpUTH 0 BHenpeHuu Cr B crpyktypy SnO, La B
moougpuyuposannvix  Cr(1-4  crpykrypy SnO, BeposTHO He BHeapsieTcst. MakCUMaIbHOM copo-
xkam.%) u La(1-4 kam.%) IIUOHHOM eMKOCThIO obOnagaet 2% La-momudurmpoBannsiii oOpa-
3ell, YTO coBMaaaeT ¢ ceHcopHbIMU JNaHHBIMU MO NHz, HoS, NO,. [nsa Cr copbunonHas em-
KOCTh YMEHBIIAETCsl TI0 OTHOIICHHUIO K ra3am ¢ poctoM koHuentpanuu Cr. Jlanasie TII O,
OJTHO3HAYHO YKAa3bIBAIOT Ha TO, YTO KOJHMYECTBO XeMocopOupoBaHHOro O, CHMXKAeTcs ¢ po-
crom kounenrpanuu Cr. ITo nanueiv TTIB H, BBeaenne Ru npuBoaut k yBenudenuto red/ox-
AKTUBHOCTH.

Sensory semiconductor materials have been widely distributed, although their range of
application is restricted. The chemical modification is one of effective approaches to semicon-
ductor oxide selectivity improving, though the interrelation between chemical and sensor prop-
erties has a complicated nature, and up to date there exist no approaches that allow searching
for modifiers in a rational way. The basis of this research is constituted by a concept, which
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states that the sorption interaction activity is proportional to the acid-base interactions activity
of solid-vapor type, whereas chemical transformations of adsorbed molecules are determined
by the activity of red/ox processes that flow on the surface of a sensory material. Here Cr,0s3,
La,O3, and catalytic component Ru are used as modifiers of nanocrystalline SnO, chemical
properties. They have influence predominantly on its sorption capacity and red/ox processes.

SnO, was synthesized using the sol-gel method. Nanocrystalline SnO, surface modify-
ing was performed via soaking B-stannic acid gel with Cr(NO3); and La(NO3); water solutions,
correspondingly, with a further annealing at 700°C. Ru was introduced at the final stage in the
form of Ru(acac); alcoholic solution, with the further thermolysis of Ru(acac)s. Several batch-
es of samples with different modifier content were synthesized. Using XFA method we found
the only crystalline phase SnO, with a rutile structure in all the samples. The number of modi-
fiers introduces was determined via EDX. On the basis of x-ray diffraction data we calculated
cell parameters for SnO, with Cr concentration variation. One may speak of introduction of Cr
into the structure of SnO,. On the basis of data on the temperature-programmed desorption of
0, and CO, for La-modified samples one can observe a slight sorption activity increase to-
wards O, with the increase in La concentration. As concerns Cr-modified samples, here a pre-
dictable decrease in sorption activity towards O, with the increase in Cr concentration is ob-
served. On the one hand, La introduction leads to La-modified sample surface area extension.
On the other hand, amorphous segregations of La,O3 are being formed on the surface of SnO..
These segregations obstruct O, molecule access to SnO, surface, and Cr introduction results in
electron density decreasing within the conduction band. As regards CO, there are obtained data
for La-modified samples. The maximum sorption activity is demonstrated by a sample contain-
ing 2% La. Red/ox properties were determined using H, temperature-programmed reduction:
Ru introduction results in shifting H, absorption maximum towards lower temperatures, which
is @ mark of red/ox activity increase. Sensory properties were measured towards NHs3, H,S,
NO,, CO. Cr introduction into SnO, matrix leads to a decrease in sensitivity to gases with the
increase in Cr concentration. Probably, the adsorption activity of oxidizer gases, such as O, is
reduced due to reduction in the number of charge carriers in the surface coat. The oxidation
mechanism for reducer gases is based upon their interaction with chemisorbed oxygen forms.
For La-modified samples there are two trends revealed: for NH3, H,S, and NO, the maximum
sensitivity is demonstrated by 2% (cat.) sample, which is probably related to formation of
La,O3 amorphous segregations on the surface of SnO,. For CO the sensitivity increases in the
batch from 1% to 4% La (see Fig. 1). Probably in this case the response value is determined
not by the sorption capacity towards CO, but by its oxidation speed.

On the basis of x-ray diffraction data we calculated cell parameters for SnO, with Cr
concentration variation. One may speak of introduction of Cr into the structure of SnO,. La,
probably, is not introduced into the structure of SnO,. 2% La-modified sample has a maximum
sorption capacity, which coincides with sensory data for NH3, H,S, and NO,. The sorption ca-
pacity for Cr is reduced towards gases along with the increase in Cr concentration. O, tempera-
ture-programmed desorption data expressly indicate the decrease in amount of chemisorbed O,
along with the increase in Cr concentration. According to H, temperature-programmed reduc-
tion data, Ru introduction leads to red/ox activity increase.
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