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O IOAI'OTOBKE MAT'UCTPOB
HA ®AKYJIBTETE HAYK O MATEPUAJIAX MI'Y

B 2011 roay daxynbpTeT Hayk 0 Matepraiax MOCKOBCKOTO TOCyAapCTBEH-
Horo yHuBepcurera uM. M.B. JlomonocoBa ormernn ro0uneir — 20 jeT co aHs
ocHoBanus (akynprera. B 1991 rogy dakynprer (Toraa Beicimii kKomiemx HayK
0 MaTepHuayiax) cOo3/1aBaJicsd KaK MEXIUCIUILTHHAPHOE yueOHOE 3aBeCHHE, 3a/1a-
4eil KOTOpOro Oblia MOATOTOBKA BBICOKOKBATM(UIIMPOBAHHBIX CHEIIUATHCTOB,
CIIOCOOHBIX MPOBOAUTH MCCICAOBAHMS B CMEKHBIX O0JIACTAX XUMUH, (PU3UKU U
MexaHukd. 3a Bpemsi oOyudenuss Ha @HM cTyneHTsl mpuoOpeTaroT yCHICHHYIO
00I11IeHayYHYI0 MOJITOTOBKY U XOPOIINE HABBIKU IKCIIEPUMEHTATIBLHON PaOOTHI.

C HenmaBHUX MOp (PaKyIbTET HAYK O MaTepHaiax MPOBOAUT O0yUYEHHUE CTY-
JIEHTOB I10 JIBYXCTYII€HYaTOM (OakanaBp-MarucTp) CUCTEME MOJATOTOBKH CIIECIIHA-
muctoB. B 2009 romy mpomen BBIMYCK NMEPBBIX MAarucCTpOB [0 HAIPABICHUIO
020100 — «Xumus» (Marucrepckas nporpamma « XuMusi TBEpAOTO TEJa).

[Iporpamma nmoAroToBKM MarucTpoB BKJIOYAeT B ce0si 0a30BYI0 4acTh, CO-
CTOSIIIIYIO M3 LMKJIA OOUIEKYIbTYPHOU NOAroToBKH («Dunocodckue Bompocsl ec-
TECTBO3HAHMS», «OCHOBBI HAYYHOT'O NEepeBOIa», «KOMIbIOTEpHbIE TEXHOIOTUU B
Hayke U o0pa3oBaHUM»), a Takxke npodeccuoHanbHoro 1ukia («IlepcnekruBabie
HEOpPraHWYECKUE MaTepuaibl CO ClenuaabHbIMU (QyHKUUAMUY», «COBpEMEHHbIE
npobsieMbl MaTepuanoBeieHus», «Mcropus U METON0JI0THUs HAyKH O MaTepua-
nax», «Metoauka mpernoaaBaHUsl €CTECTBEHHOHAYYHBIX JUCLUIUIMHY»,) Bapua-
TUBHAsl YaCTh MOJTOTOBKU COACPKUT JIEKIIMOHHBIE KypChl AUCIUILIIMH Marucrep-
ckoil mporpammbl («CynpamonekyisipHas xumus», «buoneopranuueckas Xxu-
mus», «Koopaunaunmonnast xumusi. CoBpeMeHHbIE acneKTb», «HaHoxumusiy,
«Merannoopranudeckas XUMHs»), CIIEIKYpPChI MO0 BbIOOPY cTyaeHTa (5 3au.en./
138 ayuTOpHBIX 4acoB), a TAK)KE MPAKTUYECKHE 3aHATHUS, MO3BOJISIOLIUE CTY-
JIeHTaM OCBOMTH HOBEHIIEe CHUHTETUYECKOE U aHaJUTHYECKoe 00O0pyJIOBaHHUE.
Maructpantsl 1 roma oOydeHus: OCBaMBAIOT HAYaJIbHYIO YacTh CHEINPAKTUKyMa
«MeTtoapl TMarHOCTUKU MaTepualioB», B paMKaX KOTOPOW 3HAKOMATCS C OCHOB-
HBIMU TIPUHIIUIAMH PabOThl COBPEMEHHBIX MPUOOPOB, MPUMEHIEMBIX TPU HC-
CJIeI0OBaHUM (PU3UKO-XUMHUUYECKUX U MEXAHUYECKUX CBOMCTB MaTepuanoB. Maru-



CTpaHThI 2 rofa MpOXOJAT 3aKIKOYUTEIbHYIO, PACIIMPEHHYIO YaCTh CIIEHIPAKTH-
KyMma (Tak Ha3biBaeMblil «[IpuOopHbIil mpakTukym», 18 3au.en./180 dacoB nabo-
pPaTOPHBIX 3aHSTHI), OCHOBHOM 3a7aueil KOTOPOro SIBJSETCS MOJArOTOBKA BBICO-
KOKBaJIM(PUIMPOBAHHBIX IOJIb30BaTENEH (OMepaTopoB) Il CaMOCTOSITENIbHOM
paboOThl Ha BIIOJIHE KOHKPETHOM CJIO)KHOM HaydyHOM oOopynoBanuu. Crenyer
OTMETUTh, YTO OOBEKTAMHU AaHAJIUTUYECKOTO HCCIEAOBAaHUS B XOJE BBIITOJIHEHUS
3a/1a4y CIEUNIPAaKTHUKyMa SIBJIIIOTCS B 3HAYUTEIBHOM MEpE BELIECTBA U MaTEpHa-
Jbl, CO3/IaBa€Mbl€ B paMKax IMPUOPUTETHOIO AJs (aKysbTeTa HAyYHOI'O HaIpaB-
neHus «HaHOTeXHOJIOrMY U HAHOMAaTEPUAJIbD).

Crynentst ®HM uUMEIOT YHUKAJIbHYIO BO3MOKHOCTh OCYLIECTBIIATh HAYU-
HYIO J€SITeIbHOCTh U BBIIOJIHATH KBAIM(UKAIIMOHHBIE pabOThI HE TOJIBKO B MOJ-
pazneneHussx MOCKOBCKOIO YHHBEPCHUTETA, HO U B KPyIHEHIIMX HAYYHBIX LICH-
Tpax Poccun, B 3apyOeXHbIX Hay4dHbIX LEHTpax. HamaauTs Hay4yHbIE KOHTAKTHI
NO3BOJISIIOT CTAXKUPOBKH, KOTOPbIE B paMKaxX Hay4HO-IIPOU3BOJCTBEHHOM Ipak-
TUKH IIPOXOJAT BCE CTYAEHTHI |1 roga Maructparypsl. Takue cTaXxupoBKU MO3BO-
JSIFOT CTYJIEHTaM 3HAKOMHUTHCS ¢ pabOTON BEAYIIUMX HAYYHBIX KOJUIEKTUBOB, pa3-
BUBAaTh CBOU HABbIKW MaTEpPHAIOBE/IOB-UCCIEIOBATEICH B paMKaX pa3HbIX Hayy-
HBIX IIKOJI, @ BO BpeMs 3apyOeXHBbIX CTaXUPOBOK — €€ U MPAKTUKOBATHCS B
0OIIIEHNY Ha MHOCTPAHHBIX fA3bIKaxX. Bo BpeMs MpakTUKU CTYACHTHI 00OTallaloT-
Csl HAYYHBIMU UJESMU, 3aKJI/IBIBAIOT (PYH/IAMEHT CBOEH HAyYHOU PENyTalMH JIJIs
CJIeIIOIUX YPOBHEN 00pa3oBaHus (aclMpaHTypa, JOKTOPaHTypa).

B 2013 romy MarucTpaHThl MPOXOIUIN MPAKTUKY B TAKUX KPYITHBIX yueO-
HO-HAY4YHBIX U HAy4yHBIX LIeHTpax Poccum kak MHCTUTYT METAJUIypruv U Marte-
puanoBenenust PAH, Nuctutyt snementoprannueckux coeaunenuii PAH, HULL
«KypuaToBckuiif ”HCTUTYT», MHCTUTYT npobiem xumuueckon pusuku PAH, NH-
CTUTYT o0mieil u Heopranuueckoil xumuu PAH, HayuyHo-uccnegoBarenbckuit
UHCTUTYT siaepHod pusuku MI'Y, Muctutyt kpuctammorpapun PAH, Hayuno-
UCCJIEI0BATEIbCKOM (PU3UKO-XUMUYEeCKOM HHCTUTYTE PAH.

AnmunucTparus (HaKyJIbTeTa BCIYECKH MOOIMIPSIET MPOXOXKICHUE CTYACH-
TaMU 3apyOEKHBIX CTAXXUPOBOK. B Tekyiem roay u3 23 CTYJIEHTOB 3apyOexKHYIO
MPAKTUKY MPONUIN 12 4enoBeK, MPUYEM HEKOTOPHIC CTYACHTHI 32 BPEMsl MPAKTH-
KU MOOBIBAJIM B JIBYX 3apyOeKHBIX IIEHTpax. Maructpantsl paboTaaud B TaKUX
y4eOHO-HayYHbIX W Hay4dHbIX IHeHTpax Kak Ruhr-Universitat Bochum (I'epma-
nus), Karlsruhe Institute of Technology (I'epmanmus), Kavala Institute of Tech-
nology (I'pemusi), Humboldt Universitit zu Berlin (I'epmanus), Max-Planck-
Institut Fur FFestkorperforschung (I'epmanust), University of Heidelberg (I'ep-
manus), Ulm Universitit (I'epmanus), Saint-Gobain Recherché (®panrmus), Uni-
versity of Michigan (USA), Lawrence Berkeley National (CILIA), YuuBepcurer
r.I'amOypr (I'epmanus), BESSY II - bepiauHckuil LeHTp MaTepualioB U SHEPIrUU
uMenu ['enbmronsua (I'epmanus).

BaxupiM (hakTOpoM, cOCOOCTBYIOIIMM Pa3BUTHIO TBOPUYECKON aKTHBHO-
CTU CTYAEHTOB, SIBJIAETCS TO, YTO HayuyHas paboTa BXOJUT B y4EeOHBIN IJIaH.
®dopMa OTUETHOCTH — 00s3aTebHbIE CTYJEHYECKHME KOH(EpEeHLUH, KOTOpbIe



MIPOBOJATCS 110 OKOHYAHUH KAXKI0ro ceMmecTpa. O BBICOKOW HAyYHOM aKTUBHOCTHU
CTYJICHTOB CBHJICTEILCTBYET OOJBIIOE KOJMYECTBO IyOJMKAIMH B HAYYHBIX
JKypHajax, a TAKXKE y4acTUE CTYJAECHTOB B POCCUMCKUX U MEXKIYHAPOJIHbIX HAy4-
HbIX KOH(pepeHusax. O011ee Yuciio MyOoIuKaluil BEITYCKHUKOB MaruCTpaTyphl 3a
2009-2012 rozasl mpeICTaBICHO B TaOJIHUIIE.

2009 2010 | 2011 | 2012

Yucno CTyAEHTOB, 3al[MIIABIINX JUIIIIOM 16 17 23 21
Yucno paboT, BRITIOTHEHHBIX B HHCTUTYTax PAH 3 1 3 0
Yuciio cTyACHTOB, MMEIOIINUX yOJIUKAIIIN 16 17 21 20
Oo1mee yrco myOnuKaIuii, 237 | 283 | 342 | 222
W3 HUX CTaTei, 51 80 64 52
3as1BOK Ha ITATEHT 4 2 1 0
MMaTECHTOB 2 6
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YuCII0 OIIEHOK «OTIUYHOY

«XOpOLIO» 2 4 4 1

«yHOBIETB.» 0 1 0 0

«HEYIOBIL.» 0 0 1 0
Yucno pabot, ormeueHHbix ['[AK 3 4 4 4
Yucno TUIIOMOB C OTIHYHEM 8 7 5 7
Yucno BhIMTYCKHUKOB, MOCTYMUBILINUX 9 11 10 12

B aciupantypy DHM

B 2013 rogy marucrepckue guccepTauuu OyayT 3aiuuiaTh 23 BbIMYCKHU-
ka. OOmiee yucno ux myOnukamnuii coctaBisier 247, u3 Hux 54 cratbu. Maru-
CTEpCKHUE AMCCEePTAllUU BBIOJHSIIUCh, B OCHOBHOM, B JIabopaTtopusix Kadeapbl
HEOpPraHWYeCcKON XuMHUM xumudeckoro ¢akyiasreta MI'Y, a Takke Ha Kadeapax
bu3nUecKoil XUMHH, XUMHUYECKOU YH3UMOJIOTUH, XUMUYECKON TEXHOJIOTUU U HO-
BBIX MaTepHasioB XumMuieckoro ¢gakynprera MI'Y, kadgeape HU3KUX TeMIepaTyp
U CBEPXIPOBOAUMOCTH (u3mdeckoro ¢akynpreta MI'Y, Ha Guonoruueckom (a-
kynpTeTe MI'Y, a taxke B lHCTUTYTE 001Iel M Heoprannyeckon xumun PAH.

OnenuBarh paboThl OyneT BBICOKOKBATM(PHUIIMPOBAHHAS U OOBEKTHUBHAS
Komuccns, Bo3riasisiemasi rJ1aBHbBIM HayYHbIM COTPYAHUKOM MHCTUTYyTa MeTal-
nypruu U Marepuaniopenenusi PAH, akanemrkom PAH, 10KTOpOM XUMUYECKHX
Hayk by3nukom BsuecnaBom Muxannosuuem. B cocraB Komuccun, Hapsgy c
npenoaasarensiMu OHM u xumudeckoro QaxynpTeTa, BXOASAT MPEACTaBUTEIN
Poccuiickoii akagemMun Hayk, Beoyliue crnenranauctel uHCTuTyToB PAH, OAO
POCHAHO.



COCTAB

T'OCYJAPCTBEHHOM ATTECTAIIMOHHON KOMUCCHUH

1. | bBy3Huk akanemuk PAH, noktop Xxum. HayK, TiiaB-
BsiueciiaB Muxainosuu HBIM HaY4YHbIW COTpyIHUK MHCTUTYTA ME-
(npencenarelb) TaJulypruu u MmarepuanoBenenus PAH

2. | ConnueB Koncrantun akanemuk PAH, noktop xum. Hayk, mpod.,
AnekcaHipoBuy n.0. nekana ®PHM MI'Y

3. | UeBneB akanemuk PAH, nokrop ¢us.-mart. HayK,
Banentun MuxainoBuy npod., 3aB. kadenpoit, BopoHexckuii rocy-

JTAPCTBEHHBI YHUBEPCUTET

4. | HoBoTtopuen akanemuk PAH, noktop xum. Hayk, npod.,
Brnagumup Muxaitnosuy nupektop MHcTuTyTa 00111e# 1 HeopraHu-

yeckoil xumun PAH

5. | HuBanze akanemuk PAH, noktop xum. Hayk, mpod.,
Acnan FOcynoBuu mupexTop MHcTUTyTa PU3HUECKONW XUMUU U

anexkrpoxumun PAH

6. | AnpIMOB uneH-kopp. PAH, n1okTop TexH. HaykK,
Muxaun MBanoBuu npod., 3aB. naboparopueit, UHCTUTYT me-

TAJTypruu u MarepuainoBenenuss PAH

7. | AHTUIIOB yiieH-kopp. PAH, nokTop xuMm. Hayk, npod.,
EBrennit Bukroposuu 3aB. Kadeapoi, xumudecku G-t MI'Y

8. | boliHoBHUY ynen-kopp. PAH, nokrop ¢us.-mart. HayK,
JIronmuna bopucosna JI. Hay4H. coTp. MHCTUTYyTa Pusnyeckom

XUMUHU U 3nekTpoxumun PAH

9. | I'younun yieH-kopp. PAH, nokrop xuMm. Hayk, npod.,
EBrenuii AnexceeBuu xumudeckuid G-t MI'Y

10. | Memankux qi1. kopp. PAH, nokrop TexH. Hayk, nmpodec-
Banepuii [1aBaoBuy cop, nupexkrop MU-JIPTHU, 3aB. kadenpoii o-

ructuku PXTY

11.| TananaeB yieH-kopp. PAH, nokTop xum. Hayk, mpod.,
WBan ['ynnaposuu HAYYHBIN PYKOBOJIUTEND 10 PAAUOXAMUYE-

CKOMY ¥ U30TOIIHOMY ITpou3BoacTBy DI VII
I10 Masik

12. | Yekmapes yieH-kopp. PAH, n.1.H., mpod., Hay4HbIN

Anekcanap MuxaitnoBuu pykoBoauTenb MHCTUTYTA MaTepUAIIOB CO-
BPEMEHHOW 3HEPTETUKU U HAHOTEXHOJIOTUN
PXTY um. JI.1. MenneneeBa

13.| FOptoB uyiieH-kopp. PAH, noktop xum. Hayk, npod.,
EBrenuit BacuinbeBuu PXTY um. JI.U. MenaeneeBa

14. | JoOpoBoabCKUit JIOKTOP XUM. HayK, mpodeccop, 3aB. 1ab0-

KOpuit AnaTonbeBuy

patopueid, UHCTUTYT npobiieM XUMUYECKON
buzukn PAH




15. | Epémun JTOKTOp Qu3.-MatT. HAYK, Mpod., XumMuye-
Banum Biagumuposnuu ckuit -t MI'Y
16. | UBanoB Biiagumup JIIOKTOp XUM. HayK, 3aM. [upekropa MucTu-
KoHcTranTtnHoBHY TyTa 00IIel U HEOPraHUYECKON XUMUU
PAH
17.| Knorbko JIOKTOP XUM. HAayK, B.H.C., XUMHUYECKUH {-T
Anekcanp BanepbeBud MI'Y
18. | KonmmakoB JIOKTOp TEXH. HAYyK, 3aM. qupekropa Muctu-
Aunekcelt ['eoprueBuy TyTa METAJULyPIUU U MaT€pUaAJIOBEACHUSA
PAH
19. | YyparynoB JOKTOP XUM. HayK, IpoQ., XUMUYIECKUI (-T
bynar PaxmeroBuu MI'Y
20. | [lIeBenbkoB JIOKTOP XMM. HayK, Tpod., 3aB. kadeapoi,
Anapeit Biragumuposuy xumuueckuit G-t MI'Y
21.| FOpoBckas JIOKTOP XUM. HayK, TPOd., XUMHUIECKUHA (P-T
Mapuna AbpamMoBHa MI'Y
22. | AmwunHa JIOKTOP XUM. HayK, C.H.C., XAMUYECKHUU (-T
Jlaga BanmeppeBHa MI'Y
23.| I'apies KaHAUJaT XUM. HayK, noueHt, ®DHM MI'Y
Anekcent BukropoBuu
24.| TI'onpar KaHJUJAT XUM. HAyK, PYKOBOJUTEJb Ha-
Nnes Banepreuu IIPaBJICHUS IO TEXHOJIOTUH MPOU3BOACTBA
HOBBIX MaTepuanoB, HaydHO-TeXHUYECKUi
nenaprament, OAO POCHAHO
25. | Ilytnses KaHJIUJaT XUM. HaYK, IOLEHT, XUMAYECKUN
Banepuii liBanoBuu b-Tt MI'Y
26. | IllaTanosa KaHAUJAT XAM. HAyK, JIOLEHT, XUMHYECKHUI
Tatbsina bopucoBHa b-Tt MI'Y
(cexperapp ['AK)




PACIIMCAHUE 3AIIIAT MATUCTEPCKHUX TUCCEPTAIIAM
CTYAEHTAMMU ®HM B 2013 1.

6 uroHs (ueTBepr)

1017 (0] Tema padoThI Mecto PykoBoau- Penensent
AUIJIOMHHMKA BbITIOJIHECHUSI TeJb
padoThI
Bbopoaunos CrtpykTypa u ontu- | 1al. HEOpr. Ma- | K.X.H., JIOII. K.X.H., JIOLL.
Huxonan YECKHE CBOMCTBA TepHUaoBee- EnuceeB A.A. | Bacuibes
CepreeBuu CBEpXpCIIETOK Ha- | HUs, Kad. He- P.b., xad. Ha-
HOKPHUCTAJJIOB Opr. XUMHH, HOMaTepHa-
CdSe XUMUY. Q-T o, DHM
MI'Y MI'Y
Yenukos Bydepubie crion n1a0. XMMHUH KO- | K.X.H., Be]l. K.X.H., BE]I.
BceBonon JUISL BBICOKOTEMIIE- | OpJUHAall. CO- WHX. AMeNIH- | ClIeHUaIucT
HukonaeBuu | paTypHBIX CBEpX- enuHeHuH, kad. | ueB B.A. JocoBulikuii
IPOBOJSILUX IIPO- | HEOPT. XUMUH, I''A.,3A0
BOJIOB BTOPOTO TO- | XUMHUY. (P-T «HeoXUM»
KOJICHUS: TETEPO- MI'Y
SMUTAKCUS U3 Ta30-
BOM (hazbl, CTPyK-
Typa 1 PyHKITHO-
HaJIbHbIE CBOMCTBA
Kypnakosa Tepmoaunamuye- 7a0. XUMHY. I.X.H., mpod. | A.X.H, JOILI.
Caernana CKHE CBOMCTBA Kap- | TepMOAMHaMK- | BopoHuH Ckokan E.B.,
Brnagumupos- | 6onarcomepxkamux | ku, kad. usny. | [.D., acm. kad. ¢puzny.
Ha KAaHKPUHUTOB XUMUHU, XUMU4. | ['punienko XUMUU, XH-
b-T MI'Y P.O. Mud. G-T
MI'Y
[lymxkaps Ornenka TepmMoan- | 1a0. XUMHUY. K.X.H., JIOII. K.X.H., C.H.C.
EBrenns HaMHUYECKUX TEPMOJMHAMU- | Y CIEHCKas ®omuna U.I°.,
PomanoBHa CBOMCTB KOM- ku, kKad. pusuu. | U.A., K.X.H., HMOHX PAH
TJICKCHBIX OPTaHHU- | XUMUU, XUMHY. | H.c. boraues
YeCKHMX COeqUHE- b-t MI'Y AT.
HUW METAJJIOB
Bensena Tepmonunamuye- J1a0. XUMU4. I.X.H., ipod. | 1.d.-M.H.,
JIro60Bb CKHE CBOMCTBA tepmoanHamu- | Kopo6on mpod. Epe-
Anexcan- CONbBATOB OKcHIa | Kd, Kad. pusuu. | M.B., k.x.H., muH B.B.,
poBHa rpaguta XUMHH, XUMHUY. | C.H.C. ABpa- kad. puzuy.
b-Tt MI'Y MeHko H.B. XUMHH, XU-
Mud. -1
MI'Y
JI3yOan [Moctpoenwue pazo- | mabd. xumuy. I.X.H., mpod., | I1.X.H., Ipod.
Anexcanap BBIX JHarpamMm TEPMOJUHAMH- | 3aB. Ja00p. BopueBckuii
Biagumupo- | TpEXKOMITOHEHT- K, Kad. puzny. | Boponun AL, xag.
BUY HBIX CHCTEM Ha OC- | XUMHH, Xumud. | .., K.X.H., ¢buzny. xu-
HOBE MOYEBUHBI G-t MI'Y H.c. BockoB MHH, XUMHUY.
AJL b-T MI'Y




7 uioHs (IATHHUIA)

dPUO Tema padoTsl MecTo PykoBoau- Penensent
AUIITIOMHHKA BbINOJTHEHH S TeJb
padoThI
[ITyBaeB Hosble momuHec- | 1a0. XMMUU KO- | K.X.H. YTOU- | I.X.H., Ipo.
Cepreit LIEHTHBIE KOMIUIEK- | OpAMHALL. CO- HukoBa B.B. | ['opOyHoBa
BukropoBuu | CBlI peIKO3€MeEIIb- eIMHEHMH, Kad. I0.I'., MOHX
HBIX 3JIEMEHTOB C HEOPI. XUMMUH, PAH
apoOMaTHYECKUMHU XUMHUY. (-T
dbochopmwmposan- | MI'Y
HBIMH JIUTaHJaMU
bynnakos TpancnopTHbie na0. Heopr. Ma- | acCHUPaHT 3 K.X.H., H.C.
Jmutpuit CBOICTBa MeMOpaH | TepHalloBee- r/o [letryxoB | democos
AnexceeBruu AHOIHOTO OKCHIa HUs, Kad). He- J.N., k.X.H., H.A., xad.
AIIOMHUHMS B )KUI- | OpT. XUMUH, noi. EnuceeB | ¢usny. xu-
KHX cpefax XUMAY. (-T AA. MUH, XUMUY.
MI'Y ¢-Tt MI'Y
I'unb Nurnbuposanmne J1a0. XUMUY. II.X.H., 3aB. K.X.H., H.C.
Jmutpuii (OTOXUMHUECKUX U | CHHEPTETUKH, nabop. Promun M.A.,
OneroBuu dhoTobuonornye- NOHX PAH, NBanoB B.K. | MOHX PAH
CKUX mporeccoB B | 1ab. potodbuo- | (MOHX),
MPUCYTCTBUU Ha- JIOTUM MHUKPO- n.0.H., C.H.C.,
HOJIUCIIEPCHOTO OpraHHU3MOB, CrpaxoBckas
nuokcuaa nepust 1 | ouonorud. -t | M.I'. (6mod.
TBEPABIX PacTBO- MIy b-t MI'Y)
POB Ha €ro OCHOBE
ITomsikoB CuHrtes u cBOMCcTBa | Mab. HEOpT. Ma- | K.X.H., acc. K.X.H., Ha4.
Anekcannip HaHOKOMITO3UTOB TepUaJioBeie- I'puropreBa nmabopar. 3y-
IOpreBnu Au-WS; u Au- HU, Kad. He- A.B. 6aBuuyc S1.B.,
MoS, Opr. XUMUH, HUILT «Kyp-
XUMHY. -T YaTOBCKHM
MI'Y WHCTUTYT»
Wpxuna CuHTe3 ma3MoH- 71a0. XUMHUH U K.X.H., 10LI. K.X.H., H.C.
Amnacracus HBIX HAHOYaCTHII (bU3UKH TTOTY- BacunbeB Hanonbckuii
Anexcann- Ha OCHOBE CyJIb(H- | MPOBOAHUKO- P.b. K.C, xad.
poBHa JIOB MeJTU BBIX U CEHCOP- HEOpraHuy.
HBIX MaTepua- XUMHH, XU-
JI0B, Kad. HEOp- Mu4d. G-T
raH. XUMHUH, MI'Y
XUMUY. Q-T
MI'Y
CokonukoBa | KBasunBymepnble | 1a0. XUMUU U K.X.H., JIOII. K.X.H., B.H.C.
Mapus KOJIJIOWJHbIE HAaHO- | (PM3UKH IOJTY- Bacunses bapanos
CepreeBHa gactuiel CdSe u MTPOBOJTHUKO- P.b. A.H., xad.
reTepOCTPYKTYPBl | BBIX U CEHCOp- HEOpraHuy.
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AHHOTAIIMM MAarUCTEPCKUX JUCCEPTAIMH

bopoounoe Hukonaii Cepzeeeuu

CTpyKTypa M ONTHYECKHE CBOMCTBA CBEPXPELICTOK
HaHOkpucTaLioB CdSe

PykoBojuTenn: K.X.H., go1. Eancees A A.

VYnopsiioueHHbIE arfioMepaThl HAHOPA3MEPHBIX OOBEKTOB (T.H. MCKYCCTBEHHBIE TBEp-
nwle Tena, aHri. "artificial solids" mim cBepxpelieTku HaHOYACTHI[) B MOCTEIHEE BpEMs MpH-
BJICKAIOT BHHMaHUE y4YeHBIX BO Bcero mupa. OHHM 0051aJatoT HEOOBIYHBIMU 3JIEKTPOHHBIMH,
MArHUTHBIMH W/WJIM ONTHYECKHUMH CBOMCTBAMH W TPEICTABIISIOT 3HAYUTEIBHBIA HHTEPEC C
dbyHnameHTanbpHO Touku 3peHus. K coxanenuro, npoiecc 00pa3oBaHUs CBEPXPEUIETOK HAHO-
YaCTHII IETATHHO HE U3YYCH, U YCIOBUS CUHTE3a 0e3e()EeKTHRIX CTPYKTYP C MEKPOHHBIM YIIO-
PAIOYEHHUEM U 3aJIaHHOM CTPYKTYpOU Bce ellle HeM3BeCTHbl. Kpome Toro, CTpykTypa U ONTH-
YECKHE CBOMCTBA CBEPXPELIECTOK MOJYMPOBOJHUKOBBIX HAHOKPHUCTAIJIOB OMHUCAHBI B JIUTEPA-
Type JHIb B 00mux ueprax. Takum oOpa3om, Ieib JTaHHON pabOThl COCTOMT B pa3palboTKe
croco60B (OPMUPOBAHUS CBEPXPEIIETOK C 3aJaHHOW CTPYKTYPOU M OMPEIEIICHUU KOpPpPEes-
U WX ONTUYECKUX CBOMCTB CO CTPYKTYpHBIMH TMapaMeTpaMHu MPOCTPAHCTBEHHO-
YHOPSI0YEHHBIX MACCUBOB MOTYTPOBOAHUKOBBIX HAHOYACTHII.

HanouacTuip! cenenuna kaaMusi ObUIM MOTYYEHBI IO METOAY CHHTE3a B KOJUIOMIHBIX
HAHOPEAKTOpax B XOJ€ PeaKIMH ojeara KaaMus u TpuokTmidochuHcenenuaa. beutn mpose-
JIEHBI CEPUHU CUHTE30B IpH pasnuuHoii temneparype (140°C-270°C), KOHLEHTpAMK TPEKY]-
copoB (0,025 mounb/n - 0,2 monw/n) u cootHomenuto Cd:Se (1,0:1-1,3:1). Tlokazano, uro npu
THOBBILIEHUY TEMIIEPATYPhl CUHTE3a IUAMETP 4YacTHll yBeauuuBaerca or 3 um (180°C, 0,2
Mosb/a) go 7 um (270°C, 0,2 monw/m). B kauecTBe OCHOBHOIO METOAA OYMCTKH YACTHI[ OT
npuMeceld, a TakKe NOBBIIIEHUS MOHOJUCIEPCHOCTH, OBLJIO HCIOJIB30BAaHO pa3MepHO-
CEJICKTUBHOE OCaXKJICHHE.

CBepxpelIeTky, MOJyUYeHHBIE B XOJI€ BBIIIOJIHEHUS HACTOSIICH AMIJIOMHON paboThl,
OBUIM CHMHTE3UPOBAHBI MMyTEM KOHTPOIMPYEMOW KPUCTALTU3ALMU MPU UCIAPEHUU pacTBopa
HAHOYACTHI] B CMECH PACTBOPUTENICH pa3INYHON MOJIAPHOCTH, & TAKXKE METOJIOM BEPTHUKAJlb-
HOT'O OCaXJICHUS, U OBUIH OXapaKTePU30BaHbBI TP TIOMOIIX MaJOYTIOBOTO PACCESTHUSI CHHXPO-
TpoHHOTO M3nydeHus, [IOM, KP u momunectenTHOM cniekTpockonuu. CornacHo audpakiim-
OHHBIM JIaHHBIM, cBepxpemeTku umeroT I'IIK-cTpykTypy, B KOTOpO# HabmoAaoTCs IByMeEp-
HbIe Te(DEeKThI YIIAaKOBKH OPUEHTHPOBAHHBIC MO TutockocTsaM {111} kpucramra. JlaHHBIE d7I€K-
TPOHHOW JU(paKIUU U DIEKTPOHHON MHUKPOCKOIUHU MOATBEPKAAIOT, YTO HAHOKPUCTAILIBI
CdSe ymakoBaHbI B TPEXCIONHYIO IUIOTHEHIIYIO ymakoBKy. Ha oOpasiiax, moy4eHHbIX BEpTH-
KaJIbHBIM OCaXJICHHEM, HaOJI01aeTCs TEKCTYPUPOBAHUE CTPYKTYpPbl CBEPXPELIETKH, C OChIO
[111] nampaBneHHON MoA yIJIoM 72° K MOBEPXHOCTH TMOJJIOKKHA BIOJb HAMpaBJICHUS POCTA.
JleeKTHOCTD CTPYKTYPBI TPOCIEKUBACTCS M0 HATUYUIO TBOWHUKOBBIX NE(EKTOB YIMAKOBKH,
HaOJI0IaBITNXCS paHee B (DOTOHHBIX KpUCTAJIIAX.

[TokazaHo, 4TO HAHOYACTHIIBI, MONydeHHbIe Mpu cooTHomenun Cd:Se 1,2:1, umeror
HanboJIee IPKYIO BEIPAKCHHYIO TCHICHIINIO K ()OPMHUPOBAHUIO YIIOPSIOYCHHBIX MACCHBOB, UTO
MOJKET OBITh CBSI3aHO C OOJee COBEPIIEHHOW OTPaHKOW HAHOKPHCTAJIOB, OOecreunBaromeit
3¢ (deKTUBHOE B3aUMOJICHCTBUE MEXAY OTACIbHBIMH HaHOYacTHIamMH. [Ipu oOpa3oBaHWU
CBEpXpEIIETKHA MPOUCXOANUT "KpacCHBIA" CABUT MUK JTIOMUHECIEHIINH, KOTOPBIA COOTBETCBYET
MEPEHOCY PHEPTUH MEXAY HAHOKPHUCTAIIJIAMU B CBEPXPEIIETKE M Pa3JIeICHUEM YacTHI] 10 pa3-
Mepy mpu (GOPMUPOBAHUU YIIOPATOUYEHHBIX CTPYKTyp. BennumnHa capura, ompezeneHHas Kak
pa3HHIla B TIOJIOKEHUH TTUKA JI0 U MOCJIE pacTBOpeHus, JexkuT B npeaenax 0,0135-0,033 maB.
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B cooTBeTcTBMU C MaHHBIMH JIIOMHUHECHEHTHOTO KapTHUpOBaHWs (A7 BO30OYKICHHUS
cBedeHwust ObLT ncnonb3oBaH 514 HMm Ar u 633 amM HeNe nazep), monoxeHus nuka pa3iTuyHo Ha
Pa3HbIX y4yacTKaX IUIEHKU M 3aBHCUT OT CTENEHHU YHOPSAOYEHHOCTH: Ha XOPOILIO yIOPSA0UYEH-
HBIX Y4YacTKax C/IBUT OKa3bIBaeTcs OOJIbIIe, YEM Ha y4acTKaX ¢ OTCYTCTBUEM AAJIBHETO MOPs-
ka. OHaKo, UHTEHCUBHOCTD JIIOMUHECHEHIIMHN CYLIECTBEHHO BO3pacTaeT Ha Je(eKTax yIaKoB-
KU B Mpejenax oJHOro o0pasla, MpHu 3TOM 3HEPrusl U3Iy4yaeMbIX KBAaHTOB OKa3bIBAETCS CyIIe-
CTBeHHO HIKe. TakuM oOpa3oM, Hammune JeQEeKTOB YIMaKOBKH B CBEPXPEIIETKE MPUBOIUT K
HOSIBJICHUIO HOBBIX KaHAJOB PacCesHUsl YHEPIUU, IPUBOASAIIEM K JOMOJHUTEILHOMY YBEIHYE-
HUIO BEJIMYMHBI CBUTA. DTO TAK)KE MOATBEPKAAECT CONOCTABIEHUE "KPACHOTO" CMEILEHUs MU-
Ka JIIOMMHECIeHIIMU U JaHHbIX MYPP, npoBeneHHOe 175 4eThIpex 00paslioB CBEPXPEILETOK,
BBISIBUIIO, YTO BEJIMYMHA CIBUTA JUIsl K&KA0ro oOpasla yBEIMUMBAETCS C paJualbHON U yIio-
BOI nmosympuHoi pegexkcoB (111) Ha cooTBETCTBYIOLIEH KapTUHE PACCESHUS.

Ordered agglomerates of nanoscaled objects (so-called artificial solids) are attracting
attention of scientists across the globe during the last decade. These superlattice structures pos-
sess unusual electronic, magnetic and/or optical properties and represent significant interest
from the fundamental point of view. Unfortunately, the synthesis of such kind of colloidal
crystals has not been studied in details and the conditions of defect-free superlattice synthesis
with micron-range ordering are still unknown. Moreover, the structure and optical properties of
semiconductor nanoparticle superlattices are sparsely described in the literature. Thus, the main
aim of the present graduation work is development of synthetic procedures leading to forma-
tion of superlattices with given structure and determination of correlations between their opti-
cal properties and structural parameters of spatially-ordered arrays of semiconductor nanopar-
ticles.

CdSe nanoparticles were synthesized via colloidal nanoreactor synthesis during the in-
teraction of cadmium oleate and trioctylphosphineselenide. A set of experiments conducted at
different temperatures (140°C - 270°C), with different precursor concentrations (ranging from
0,025 mol/l to 0,2 mol/l) and Cd:Se ratios (ranging from 1,0:1 to 1,3:1) was performed to ob-
tain large spherical nanoparticles. In was found that increasing the temperature of the synthesis
leads to increasing of the nanocrystal diameter from 3 nm (180°C, 0,2 mol/l) to 7 nm (270°C,
0,2 mol/l). Size-selective precipitation was used as a primal method of the purification of
nanoparticles, also it resulted in narrowing size distribution.

Superlattices studied here were synthesized by controlled crystallization during vapori-
zation of mixed fluids solution and vertical precipitaion and were hereafter characterized by the
means of TEM, SAXS, Raman spectriscopy and photoluminescence spectroscopy. According
to diffraction data, superlattices have fcc-packing with 2D stacking faults. Electron diffraction
patterns and TEM images prove the point that three-layered closest packing in presented in the
studied samples. In films obtained by vertical precipitation the distinct texturing is observed,
the [111] axis is inclined 72° with respect to the plane of the support along growth direction.
Structure imperfections can be traced by the presence of twinnig packing defects observed ear-
lier in photonic crystals.

It was demonstrated that nanoparticles synthesized with assumed Cd:Se ratio equal to
1,2:1 have a strongly pronounced tendency to self-organize into superlattices that can be ex-
plained by better faceting of an individual nanocrystal providing more effective interactions
between adjacent particles. Superlattice formation causes "red" photoluminescence shift due to
energy transfer from smaller nanocrystals to larger ones and size-selection during crystalliza-
tion. The magnitude of the shift, which was calculated as the difference of peak positions prior
and after dissolution, falls within the range from 0,0135 meV to 0,033 meV.

According to photoluminescence mapping performed with 514 nm Ar laser, the posi-
tion of the peak varies with the region on the film depending on the orderliness: the regions
possessing crystal growth lines have larger peak shift than unordered ones. However, the inten-
sity of luminescence ascends at crystal growth lines within the sample and the peak is shifted
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to lower energies in the respect to the surrounding film. Consequently, the presence of stacking
faults in the superlattice leads to the appearance of new channels of energy dissipation causing
enlarged red shift. This point is proved by juxtaposition of the values of optical shift and the
SAXS data conducted for 4 superlattice samples revealed that the red shift of the luminescence
peak of each sample is increasing with both radial and angular half-widths of (111) peaks on
the corresponding SAXS pattern.
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Yenukoe Bceeonoo Hukonaeeuu

By¢epHbie c10M 11 BLICOKOTEMIIEPATYPHBIX CBEPXIPOBOASIIIMX
MPOBO/J0OB BTOPOI0 MOKOJECHUS: FeTEPOIMUTAKCUSA U3 TA30BOM
(¢a3bl, cTpyKTYpa M QYHKIUOHAJIbHbIEC CBOMCTBA

PykoBoauTenn: K.X.H., BeJI. HHXK. AMennueB B.A.

B Hacrosimiee BpeMs BecbMa akTyalbHa IpPoOJeMa CO3JaHUS U COBEPLICHCTBOBAHMS
texHonoruu nonydeHus: BTCII-npoBogoB BTOPOro MoKoJeHUS, MPEACTABISAIOMINUX COO0H Me-
TAJJIMYECKYIO JIEHTY, MOKPBITYI0 CHUCTEMOM Oy(epHBIX CIO€B C HAHECEHHOW Ha MX IMOBEpPX-
HOCTb IIJIEHKOM BBICOKOTEMIIEpATYpHOro cBepxmnpoBogHuka YBarCuzOs. [{nst nonyyeHus Bbl-
cokoro kputuueckoro Toka cioid BTCII mommkeH ObITh ABYOCHO TEKCTYPUPOBAHHBIM, U TI0 JIIO-
001 13 CyIIECTBYIOIMX TEXHOJOIHI 3Ta TEKCTypa MepeaaeTcss OT 3aBepliaronero OygepHoro
CJIOSl K IJIEHKE CBEPXIPOBOJHMKA 3a CYET 3MUTaKcUM. s obecredyeHus: 3MUTaKCUM 3aBep-
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HIaronii OyQepHbIi CI0H JOKEH UMETh JI0CTaTOYHO MaJloe PaccoriacoBaHHE ITapaMeTpoB C
YBa,;Cu3;07, HO He chumkoM Mmanoe, Bo u30exkanue pocra a-opueHTanmu BTCII, a taxke
UMETh OCTPYIO0 OMaKCUAIBbHYIO TEKCTYPY U JOCTATOYHO IIAJIKYIO TOBEPXHOCTb.

B pamkax manHO#i pa®OThl OCaXKIACHHE 3aBEpIIAIONINX Oy(EpHBIX CIOEB BEJIOCH C TO-
Motbio Metoga MOCVD, BeIOpaHHOTO 32 cOYeTaHHE HU3KOM ce0ECTOMMOCTH U BBICOKOTO Ka-
YecTBa MOJMYyYaeMBbIX IJICHOK, U3 [-IMKETOHATHBIX MPEKYpPCOPOB Ha MOJJIOKKU C Pa3IuYHBIM
IIPOUCXOXKIECHUEM TEKCTypbl. B KadecTBe MHOIIOKEK NPUMEHSUIUCH MOJIUKPUCTATUINYECKUE
JICHTHI W3 CIJIaBa XaCTEJJION, MOKPBITHIE CIIOEM TEKCTYPUPOBAHHOTO OKCHIA MarHus; aHalo-
TUYHBIC JICHTHI, JOTOJHUTEIBHO MOKPHIThIE MAHTAHUTOM JIaHTaHa; TEKCTYPUPOBAHHBIE JICHTHI
u3 caBa Ni(Cr,W) ¢ anuTakcHanbHBIM CJIIOEM OKCHAA MarHus; TeKCTYPHUPOBAHHBIC JICHTHI U3
craBa Ni(W) ¢ anuTakCcHaNbHBIM CJI0€M ITUPKOHATa JlaHTaHa. [1oTy4YeHHbIe MJICHKH aHaJIH3H-
POBAJIUCh TIPU TOMOIIM PEHTTEHOBCKOW MU(PAKIUU, aTOMHO-CUJIOBOH MHUKPOCKOIIHH, DIIEK-
TPOHHOM MUKPOCKOIIUU C aHAJIU30M JIU(paKkIuu 0OpaTHO OTPaKEHHBIX 3JIEKTPOHOB U PEHTIE-
HOJIOKAJIbHBIM MHUKPOAHATH30M.

[Ipu ocaxxeHun NTOMOIHUTENBHBIX OypepHbIX cioeB Ha MgO pa3auuHOro MpoHCXoXK-
JICHUS CTaBUJIACH 11€J1b YMEHBIIICHHUS PACCOTJIACOBAaHUS apaMeTPOB BepxHero OydepHoro cios
u BTCII nns ynydmenust Tekctypsl B miockoctu. CeO; u Y203 urpanau posib 3aBEpIIAOLIETO
Oy¢epHoro cios, a SrF, nu YSZ obecneunBanu snurakcuanbHblil nepexoa mexay MgO u CeO,
wm Y,0s3. B 1anHO# 9actu paboThl ¢ ucnoik3oBanueM cioeB SrF, u Y,03; ymanocs 1oOuThCs
KPUTHYECKHUX TOKOB 710 92 A/cwM.

Ocaxnaenue Y,0s3 Ha LayZr,07 u LaMnO3; uMeno mpoTUBOIIOIOKHYIO 1I€JIb — YBEJIHUE-
HUE PacCcOorjacoBaHHUs MapaMeTpoB MEXIy 3aBepuaroniuM OydepusiM cioem u Y Ba,CuzO; ¢
1eJbIo MpeAoTBpaieHus pocra a-opueHTHpoBanHoro BTCII. CorinacHo peHTI€HOBCKUM JIaH-
HBIM, J0J1s1 a-oprueHTHpoBaHHbIX 3epeH BTCII cHmxkanach, a KpUTUUECKHI TOK Bo3pacTtai ¢ 69
1o 126 Alewm.

High temperature superconductors have a huge sphere of potential applications. The
most promising technology is so-called second generation superconducting tapes. Such materi-
als consist of flexible metallic tape providing mechanical properties, buffer layers preventing
superconductor from chemical interaction with tape, superconducting layer made of
YBa,Cu307, and protective layer to protect HTS from environment. Different types of cables,
electric motors, power generators, transformers, magnetic coils and other devices can be made
of such wire and all of them will have zero resistive losses. One of the main characteristics of
such wire is its critical current — the highest current it can conduct without losses.

Superconducting layer has to have sharp biaxial texture as borders between highly
misorientated grains form weak links and decrease critical current density. Texture of super-
conducting layer is obtained through the epitaxial growth of HTS on the surface of the top
buffer layer. Firstly the texture is formed either in the metallic tape by the sequence of rollings
and annealings according so-called RABITS (Rolling Assisted Biaxially Textured Substrates)
approach or in the first buffer layer by special technique of deposition with simultaneous etch-
ing by ion beam under so-called IBAD (Ion Beam Assisted Deposition) approach. Then the
texture obtained is inherited by the next layers due to their epitaxial growth.

There is a huge variety of techniques to deposit epitaxial films. We chose MOCVD
(Metalorganic Chemical Vapor Deposition) as it provides combination of rather low cost, high
growth rate and high quality of films. The depositions were conducted inside a specially con-
structed setup with such peculiarities as deposition on moving from reel to reel tape-substrate,
substrate heating by electric current going through it, localization of precursor flow by special
construction and use of air as career gas. While performing gas phase deposition we used -
diketonates of different metals as precursors. SrF, was deposited by pyro-hydrolysis of
Sr(hfa),*tetraglyme. CeO, was deposited by pyro-hydrolysis of Ce(hfa);*diglyme. Y,O3; was
deposited by pyrolysis of Y(thd);*H,O. YSZ (yttrea stabilized zirconia) was deposited by py-
rolysis of Y(thd);*H,O and Zr(thd), mixture in molar ratio of 15:85.
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During this work we used different substrates: 1) biaxially textured tapes of Ni(Cr,W)
covered with epitaxial MgO, 2) polycrystalline tapes of hastelloy C276 covered with textured
IBAD MgO, 3) previous type of substrates additionally covered with LaMnOs, 4) biaxially tex-
tured tapes of Ni(W) covered with epitaxial La,Zr,0O.

Anyway, to obtain well-textured HTS one need to have well-textured, rather smooth top
buffer layer. This buffer layer should have rather low lattice mismatch with YBa,Cu30O7 to pro-
vide epitaxial growth of HTS but this mismatch should not be too low as it results in undesir-
able growth of a-orientated grains. The optimal value of mismatch appears to be about 1-3 per-
cent.

During this work additional buffer layers were introduced for two opposite reasons: 1)
to decrease the lattice mismatch between buffer and superconductor when it is too high (depo-
sition on magnesium oxide of different origin), 2) to increase it when it is too low (deposition
on La,Zr,07 and LaMnO3).

To decrease the mismatch we deposited CeO, and Y,O; as the top buffer layer. These
buffer layers provide good in-plain texture of YBa,Cu30O7 instead of MgO. As direct growth of
biaxially textured CeO, or Y,03; on MgO appears to be impossible, we introduced intermediate
layer of SrF; for both CeO, and Y,0Os or YSZ (yttrea stabilized zirconia) for Y,0Os. In such het-
erostructures all of the layers were obtained in biaxially textured state and provided growth of
biaxially textured HTS. The highest critical current was obtained on Y,03/SrF,/MgO/Ni(Cr,W)
and had value of 92 A/cm.

To increase the mismatch we deposited Y,0j3 also but on LaMnO; and La,Zr,07 having
lower mismatch with YBa,Cu;O; than Y,0O;. In the both cases we have found conditions to
achieve biaxial texture of yttrium oxide. Dealing with LaMnO3; we did not succeed in the in-
creasing of critical current as the increase of mismatch was very low (from 2,5% to 2,75%).
But working with La,Zr,0O; we increased mismatch from 1% to 2,75% it resulted in significant
increase of c-orientation percent and critical current was increased from 70 A/cm to 135 A/cm.

The values of current achieved are high enough for practical application of such super-
conducting wires. Also due to the use of MOCVD technique our buffer layers are cheaper than
conventional ones. The combination of these two factors makes results of our investigations
interesting for future practical application and commercialization.
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Kypoakoea Ceéemnanka Bnaoumupoena

TepmoauHaMuyecKkue CBOMCTBA
KapOOHATCOAEPKAUUX KAHKPHUHUTOB

PykoBomuTenu: n.x.H., mpod. Boponun I'.®., acn. 3 /o ['pumenko P.O.

KaHkpuHUT - KapKacHBIM aTIOMOCHIIMKAT, (DEeNbIImaTona; Kak MOpoaoo0pa3yonui
MUHEpPAJ UIUPOKO PACIpPOCTPAHEH B METMATUTaX, BHICOKOIEIOYHBIX METACOMAaTUTaX M THIPO-
tepmanuTax. CoequHEHHs TUIIa KAHKPUHUTOB 00pa3yloTCsl B OTX0JaX MPOU3BOACTBA TJIMHO3E-
Ma 1o criocodOy baifepa, B «kpacHbIX nutamax». MccnenoBanue CTpyKTyphl U T€pMOJUHAMUYE-
CKMX CBOWCTB KaHKPHHHUTOIIOJOOHBIX COCIUHEHWH HEOOXOAMMO Kak sl (U3UKO-
XUMHYECKOTO MOJICTMPOBAHHS T€OXUMHUYECKHX MPOIECCOB, TaK WU AJIs ONPEAETCHHUS ONTH-
MaJIbHBIX YCJIOBUH TEepepaObOTKH IKOJOTHUECKH HEOE30MacHBIX KPACHBIX IITaMOB. J[iist aToro
TpeOyIOTCSl JaHHBIE O TEPMOIMHAMHUYECKUX CBONCTBaX KaHKPUHHUTOB, KOTOpPHIE B HACTOSIIEE
BpEMSI U3yUEHBI IBHO HEJOCTATOYHO.

Lenpto 3T0i paboThI OBLIO OMpENEIeHUE CTAHJAPTHBIX TEPMOJIUHAMUYECKIX (PYHKIIHIA
IPUPOJIHOTO KaJIbLMH-COAEPIKAIIET0 MUHEpaja KaHKPUHHUTA U OECKaJbLIMEBOTO CHHTETHYE-
ckoro kankpuHuta. [locneqHuil CHHTE3UPOBAU B THIPOTEPMATLHBIX YCIOBUAX MPH TEMIEpa-
type 473 K. Kpuctamumku npupoJHOro KalblMEBOI0 KaHKPUHHUTA OTOMpalid MOJ MUKPOCKO-
IIOM U3 OCKOJKOB MHHepaia XubuHo-JloBozepckoro mecropoxkiaeHus. CoctaB U CTPYKTypa
coequaeHuit nzydensl Merogamu POM, PCMA, UKC, TT'A ¢ UKC otxonsmux razoB u POA.

TemnoeMKOCTH MPUPOAHOTO U CHHTETUYECKOTO KAHKPHUHHUTOB H3MEPEHBI METOJIOM
HU3KOTEMIIEpATypHON annabdaTUyecKoil KaJopuMETpUH B HHTepBasie Temmepatyp 7-259 K.
W3mepenus: mpoBOIWIN B IBYX MEPEKPHIBAIOIINXCS TEMIIEPATyPHBIX UHTEpBajiaxX C UCIOJIb30-
BaHUEM KHUJIKHX renus U azota. [lodyuyeHHble AaHHBIE ANMPOKCUMHUPOBAIN KOMOMHaLMEn
GyHKUMH DHHINTEIHA U pacCUUTANIN CTAHIAPTHYIO SHTPONMIO U MIPUPAILEHUE SHTAIBIINU MTPU-
POJIHOTO U CHHTETHYECKOI0 KaHKPUHUTOB B MHTepBajie Temneparyp 0 — 300 K. CrannaptHyto
SHTAJIBINI0 00pPa30BaHUSI CHHTETUYECKOTO KAHKPUHUTA OMPEIEIHIN C MTOMOIIBIO BRICOKOTEM-
nepaTypHO KaJOpUMETPUHU PAaCTBOPEHUSI METOJIOM «cOpocay oOpasiia B CBUHIIOBO-OOpATHBIN
pacmias (2PbO-B,03). [Ipu 3ToM OTHOILIIEHHE KOJIMYECTB PACTBOPEHHOTO BEIIECTBA U paciuia-
Ba BBIOMPATIOCH TAKUM, YTOOBI OOPA3YIOIIHUNCS PacTBOP OBUT IPEIeIbHO pa30aBICHHBIM, C 3H-
TaNbIIHEH CMEIIeHHs OJM3KOM K HYJIIO.
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B pe3ynbTaTe mpoBeEHHBIX SKCIIEPUMEHTOB I KapOOHATCOACPKAIMUX KAHKPHHUTOB
ObLJI TIOJIYY€EH TOJIHBINH HAOOP CTaHAaPTHBIX TepMoauHamuueckux AaHubx — COp(T), S°(T), H'r-
H°, G°(T) - H°) B IIUPOKOM TEMIIEPaTypHOM HMHTEpBaje, B ToM uucie U, C'paos s, S 20815,
AtH 29815, ArG 205 15.

Cancrinites are minerals of subclass of framework aluminosilicates. These compounds
have structure and composition, which are close to hydroaluminosilicates formed as waste
product during desilication in the Bayer process (DSP - desilication product). Bayer process,
based on the leaching of bauxite, is the most common method of production of alumina in the
last hundred years. The disadvantages of this method are the high cost of energy and polluting
the environment by waste, the so-called red mud. One of the solutions of this problem is to
construct a thermodynamic model of red mud and to calculate equilibria with the participation
of its constituents. It requires information on the thermodynamic parameters of the solid
phases.

It is known a lot of works on determination the structure of natural and synthetic can-
crinites, while data on the thermodynamic properties is scattered and often contradictory. Thus
the purpose of this work was to synthesize cancrinite and to determine the thermodynamic
properties of synthetic and natural cancrinites.

Powdered sample was synthesized in titanium autoclave with a teflon insert in the
hydrothermal conditions. Synthesis was carried out in an oven at 200°C for 48 hours. After
synthesis mixture was cooled to room temperature, filtered with a vacuum pump, and washed
with 150 ml of water to remove the bases. The product was dried for 24 h at 80°C.

Crystals of natural cancrinite were selected under the microscope.

Identification of compounds was performed by X-ray powder diffraction and infrared
spectroscopy. The Na/Ca/Al/Si ratio was determined according to the analysis by scanning
electron microscopy with energy-dispersive analyzer. Calculation of the content of Al and Si
was carried out taking into account that Al + Si = 12. Thermogravimetric analysis with infrared
spectroscopy of evolved gases allowed determining the content of carbonate groups and water
in the samples.

The heat capacity of cancrinites was first measured in the range 7-259 K by the method
of low-temperature adiabatic calorimetry. Samples were loaded in thinwall cylindrical titanium
containers (inner volume 1 c¢m’) with indium seals. The Iron—Rhodium thermometers were
used for temperature measurement. Sensitivity of thermometric circuit is 10~ K, the absolute
error of the temperature measurement is +£10 > K. The reliability of measuring procedure was
tested by the heat capacity measurements of standard substances: special purity copper
(99.999%) and metrological benzoic acid. The relative error of heat capacity measurements
was 2% at temperatures below 40K and +0.5% in the range 40-300 K. Taking into account
the relative error during measurements for standard substances, the relative error of heat capac-
ity measurements using that setup was +2.5% at temperatures below 40 K and +0.7% in the
range 40-300 K.

The data were approximated by the combination of three Einstein's functions (1):

9 /T)2 6;/T

3RZ ( 1)2 (1)

s°(T)-5 3R2a[ o —ln(l—e_gi/T)j )
H°(T)-H 3RT2 ‘9/T 3)
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where a;and q; — Varlable parameters.
Then standard entropy and change of enthalpy of synthetic and natural cancrinites in
the temperature range 0—300 K were calculated.
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Enthalpies of formation of synthetic cancrinite were obtained by the method of dissolu-
tion in the 2PbO-B,03 melt at 7= 973 K. In order to avoid the cancrinite decomposition at high
temperature, the method of “dropping-in”” was applied. This method allows measuring simulta-
neously heat content and heat of dissolution [(H%73 — H%9s15) + AH%c1973]. The thermally
static at 25°C sample of 3 — 18 (+21110”) mg was dropped into the dissolving melt, which is
kept in calorimeter at 7=973 K.

Based on the literature and experimental data the thermodynamic properties C°, 9515,
S%08.15, H°(T) — H°(0) of synthetic and natural cancrinites were obtained.

The work is performed at User Facility Center of M.V. Lomonosov Moscow State Uni-
versity under financial support of RFBR (grant 13-03-00328)
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Ilywkapo Eecenusn Pomanoena

OHeHKa TCPMOAUHAMNYCCKUX CBOMCTB KOMILJIEKCHBIX
OPrauHu4eCKux COeI[I/IHeHI’Iﬁ MeETaJlJ1I0B

PykoBoauTenu: k.X.H., 1on. YcneHckas M. A., k.X.H., H.c. boraues A.T'.

KomruiekcHble OpraHuyeckue COEAUHEHHsSI METaJUIOB MPEACTaBISIOT NPAaKTHUYECKUU
UHTEpEC C TOYKH 3PEHUS BO3MOXXHOTO MCIIOJIB30BaHMS UX B KaUECTBE COCTABJISIOIIUX JFOMH-
HECIICHTHBIX MaTepuajoB, KaTaIU3aTOPOB PA3IUYHBIX MPOILIECCOB, CEHCOPHBIX U MOIYIPOBOJI-
HUKOBBIX MaTEpUANIOB, a TAK)KE€ MEIUIMHCKUX MpenapaToB. DKCIIEpUMEHTAIbHbIE Pa0OTHI, MO-
CBALICHHbIE M3YyYEHHUIO TEPMOJUHAMHUYECKUX CBOMCTB 3TOr0 Kilacca BEIIECTB, TPAIULIMOHHO
OTCTAIOT OT CHUHTETHYECKUX U CTPYKTYpPHBIX HccieroBaHuil. OpHako 0e3 TepMOIMHAMUKU
HEJb3sl POTHO3UPOBATh YCTOMYUBOCTh BEIIECTB, MX MOBEJIECHUE B YCIOBHIX, HE M3yUYEHHBIX
HKCIIEPUMEHTAIIBHO.

enpto manHOM pabOTHI ObLIa pa3paboTKa HHKPEMEHTHON CXEMBbI OIEHKH TepMOIMHA-
MHUYECKUX CBOWCTB OPraHMYECKUX M KOMIUICKCHBIX OPTaHMYECKHUX COCJUHEHUH METaJlIoB, C
MOMOIIbI0 KOTOPOM MOKHO MPOTHO3HPOBATh 3HAYEHMS TEIJIOEMKOCTEH W CTaHIApPTHBIX 3H-
TPOIUH BEIIECTB B IIMPOKOM MHTepBaje TeMmeparyp (ot 0 K no Temnepatypsl pacnana).

Jlig HaXO0XKIeHUs YMCIICHHBIX 3HAUEHUN MHKPEMEHTOB co3/laHa 0a3a JaHHBIX O CTPYK-
Typax ¥ TEpMOJMHAMHYECKHX CBOHCTBax Ooyiee 500 BemiecTB, BKIIOYAIONIMX OPraHUYECKHE
dbparmMeHTsI ¢ pa3HbIM THIIOM cBsi3ed u Metamutsl (Fe, Mn, V, Ni, Mg, Hf, Re, Co, Cr, P3M) ¢
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pa3HbIM OKpy)XeHHeM. JluTepaTypHble aHHBIE O TEMIEPATYPHBIX 3aBUCUMOCTSAX TEIIOEMKO-
CTeH M CTaHJAPTHBIX SHTPOINHUN BO BCEM MHTEpBaJie U3MEPEHHH alIpOKCUMHUPOBAIN C MOMO-
b0 KOMOMHANUN QYHKIMN DHHIITEHHA!

/T) e o,/T _
C,(T) =33 a (—)_1) 5"(1) =3R4 ( i l—ln(l—e ‘W)j.

[TapameTpsl a;, 6. onpenensiiu METoJ0M JIMHEHHON perpeccuu ¢ MOMOIIbIO CHEeHab-
HOW MPOrpaMMBbl, pa3paboTaHHOW B J1JAOOPATOPHUH XMMUYECKONH TEPMOIAMHAMUKH (JIEMOBEPCHUs
pacronoxeHa Ha caitte http://td.chem.msu.ru/). [Ipu BeruucieHNN 3HAYCHUI HTHKPEMEHTOB HC-
NOJIH30BAJIM KPHUBBIE TETJIOEMKOCTEH TBEP/BIX BEIIECTB, HE COJIEpIKAIlMe aHOMAJIMH, CBsI3aH-
HBIX ¢ (pa3oBbIMU mepexoaamu. [1o criakeHHBIM 3HAUYCHUSM TEINIOEMKOCTEH st 48 CTpyK-
TYpHBIX (pparMeHTOB (MHKPEMEHTOB) B MHTepBasie Temrneparyp ot 0 1o 298 K Obuin paccuunTta-
HBI B3aHMOCOTJIACOBaHHBIC 3HAYCHUS BKJIAZ0B B TepMmoanHammaeckue Gpynkuun (C°H)(7),S°(7),
H7’-Hy®). KoppekTHocTh OlleHKH TeroeMkocTeil mpu 298 K mpoBepsutn Ha psijie opraHuve-
ckux BemecTs. [loka3zaHo, 4TO MPEATIOKEHHBIM METOJl OLIEHKH TEPMOJMHAMMUYECKUX CBOMCTB
TBEP/BIX OPraHMUYECKUX BEIIECTB HE YCTYIAET CYIIECTBYIOUIMM METOJIUKAM; IS KOMILJIEKC-
HBIX OPraHMYECKUX COEIMHEHUI METAJUIOB KaKHue-JIM00 CriocoObl OLIEHKH B JINTEPAType OTCYT-
CTBYIOT.

IIpenckazaTenpHy0 CIIOCOOHOCTh MPEUIOKEHHON CXEMBl B MHTEpPBAJIE TEMIIEPATYP OT
50 K no 298 K npoBepsii Ha rpyInne COeIMHEHUN KOMIUIEKCHBIX OPTaHUYECKUX COEIMHEHUI
MEJiM, CBOMCTBA KOTOPBIX HE OBUIM HCIOJIb30BAHBI NP ONPEACICHUM I'PYNIOBBIX BKIIAJOB.
[TokazaHo, 4TO paszauyuue B MPEACKA3aHHBIX U HKCIHEPUMEHTAIBHO HU3MEPEHHBIX BEIMYMHAX

C°,(T) u $8°(T) ne npessimaet 10%.

Metal-organic complexes and organometallic compounds are of practical interest for
potential application as components of luminescent materials, catalysts of various processes, as
sensors, semiconductor materials and pharmaceuticals.

The experimental works devoted to the study of the thermodynamic properties are in
arrears of synthetic and structural studies. However, it is impossible to predict the stability of
substances and their behavior under conditions which have not been studied experimentally
without thermodynamics.

The aim of this study was a creation of incremental scheme which can be used to
predict the values of the heat capacity and standard entropy of organic and complex metal-
organic compounds in a wide temperature range (from 0 K to the decomposition temperature).

Special database of thermodynamic properties and structures was created for the
determination of the increment’s numerical values. It includes more than 500 substances with
different bond types in organic fragments, and metals (Fe, Mn, V, Ni, Mg, Hf, Re, Co, Cr, rare
earth metals) with different coordination. Literature data of the temperature dependences of the
heat capacities and standard entropies in the entire range of measurements were approximated
with a combination of Einstein functions:

®,/T) e /T §
C.(T) = 3RZ ﬁ S°(T) = 3R2a l—ln(l—e o).
-1

The parameters a;, 6, were determined by linear regression using a special program
developed in the Laboratory of chemical thermodynamics (demo version of this program is
located on the web site http://td.chem.msu.ru/). The heat capacity curves of solids without
anomalies because of phase transitions were used only for the calculation of increment’s
values.

Mutually agreed values of contributions to the thermodynamic functions (C°,(T),S°(7),
H7’-H,") were calculated from the smoothed values of the heat capacities for the 48 structural
fragments (increments) in the temperature range from 0 to 298 K. The correctness of
estimation procedure at 298 K was tested for a set of organic substances. It was shown that the
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proposed method of thermodynamic properties prediction for the solid organic substances is
not inferior to existing methods of estimation. To the best of our knowledge, there are no any
forecast methods for the complex organic compounds of metals.

The predictive ability of proposed scheme in the temperature range from 50 K to 298 K
was tested on the group of complex organic compounds of copper, whose properties were not
used in defining the group contributions. It was shown that the difference in the predicted and
experimental values is not more than 10%.
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benaesa /Io606b Anexcandposna

TepMoauHaMu4eckue CBOMCTBA COJIbLBATOB OKCHAA rpadguTa

PykoBogurenu: n1.x.H., npod. Kopobos M.B., k.x.H., c.H.c. ABpamenko H.B.

Oxcun rpadura (OI') u3BecTeH AOBOJIBHO JaBHO, OJHAKO OCOOYIO MOIMYJISPHOCTH TO-
Jy4yus cpaBHUTENbHO HenaBHO. Kuciopon B OI' conepKuTcst B THAPOKCHIIBHBIX, KapOOHUIIb-
HBIX, KapOOKCHIIBHBIX M MEPOKCUIHBIX TpyNIax, IPUCOSAMHEHHBIX K IIOCKOCTsAM rpadura. Ha
JIAHHBI MOMEHT CYIIIECTBYET JIBa OCHOBHBIX MeToa nonydeHuss OI' — meton bpoau (okucie-
HUE rpaduTa CMECBHIO XJlopaTa Kalvs M a30THOW KHUCIOTHI) U METOA XamMmepca (OKHCIIeHHE
rpadura cMechblo MepMaHTraHaTa Kaius U cepHOM KucnoThl). [lomydaemble >TUMH MeToIaMu
MaTepuaIbl OTINYAOTCS (YHKIIMOHATHHBIM MOKPOBOM M MEKIIJIOCKOCTHBIM PACCTOSIHUEM U
HOCAT Ha3BaHUs cooTBeTcTBeHHO B-GO 1 H-GO. O6nactu npumenenus OI' MOXXKHO pa3ienuTh
Ha JBe Tpynmbl — 3T0 nmpuMeHeHue OI' B kadecTBe mpeKypcopa Ajsl MoiydeHus rpadeHa u
IpUMEHEHUE HEMOCpeACTBEHHO okcuia rpaduta. K mocnennemy OTHOCATCS MCHOJIB30BaHUE
OI' B comHEeUHBIX OaTapesx, OPraHUYECKUX H3IMYYarolIUX AUOJaX U TUCIUIeSX, OMOCeHcopax,
JUTSL TOCTABKU JIEKAPCTB U BU3YaIH3aI[1H MPOIECCOB KUZHEACITEIbHOCTU KIETKU. Takxke 0JJHO
U3 BO3MOXHBIX npuMeHeHuii OI'- uCmonb30BaHrEe €ro B KaueCTBE MEMOpaHbI, IPOHUIIAEMON
JUISL BOJBl U HE MPOHUIAEMOW ISl IpYTUX pacTBopuTenied. ['oBops 0 MpHUMEHEHUH OKCHa
rpadura, HeM30€KHO BCTAET BOMPOC O €ro B3aUMOJACHCTBUU C PACTBOPUTEISIMA U BO3MOXKHO-
cTu 0OpaszoBaHus quctiepcuii. B murepatype umeroTcs cBefeHus: 00 00pa30BaHUM COJIBBATOB B
cucremax OI'-Boma, metanon, rumeTrindopmamus (JJMDA).

B pamkax mannoit pa6orsl meromamu JICK, TT'A, PDA, a Takxke H30MHECTHUESCKUM
METOJIOM BEJICSl IOUCK U MCCIIeIOBaHUE coJibBaTOB B cucteMax B-GO-pactBoputens u H-GO-
pacTBOpUTENb, T/I€ B KAayeCTBE PACTBOPUTENEH HCIIOJIb30BAIUCH BOJA, METAHOJ, 3TaHOI,
JIAM®A, terparuapodypan (TT'®), N-metunnupponuaon (N-MII) u oprokcunon. O6 obpazo-
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BaHUM COJIBBATOB cynuiu 1o pesyibTatam JICK (coctaB conmpBara) u POA (M3MeHEHHE MEX-
iockocTHoro paccrosHus B OI'). OOHapyskeHbI COIbBATHI ABYX XapaKTepHbIX cocTaBoB ~0,02
moab/T (cuctembl H-GO u B-GO ¢ meranonom u IM®A u H-GO ¢ Bonoii) u ~0,012 momns/t
(cuctemsr B-GO — Boxa, N-MII). B nepBom ciyyae NporCXOJUT BHEAPEHNUE B MEXKIIJIOCKOCT-
HOE MPOCTPAHCTBO JBYX CIOEB paCTBOPUTEIS, BO BTOPOM - ofgHoro. B cucremax B-GO ¢ mera-
HonoM u JIM®DA wnabmonancst Gpa3oBblii IEpexol, MOJOOHBI WHKOHTPYIHTHOMY IUIABIICHUIO.
[lepexon compoBOXIaNICs TEIUIOBBIM PPEKTOM M U3MEHEHHEM MEXIUIOCKOCTHOTO PaccTos-
Hus B OI. B cucremax ¢ TI'® u oprokcunonaom obpasoBanue coiabBaToB MetogoM JICK He
00Hapy» eHO. DTO MOXKET ObITh CBS3aHO C HEMOJSPHOCTHIO ATHUX PAcCTBOPHUTENEH, B TO BpeMs
Kak noBepxHocTh OI' mokpeiTa nMossApHBIMU (PYHKIIMOHAIBHBIMU rpynnaMu. Ha npumepe cuc-
teM B-GO u H-GO — Boaa mokaszaHo, 4TO CObBAThI OKCHJA rpaduTa HEllb3si OTHOCUTH K «OC-
MoTtHueckuM» coibBaTaM. Pesynpratel JICK, TI' 1 n3onnecTnueckoro 3KCIepuMEHTOB MOKa-
3BIBAIOT, YTO B CHCTEMax He HaOJromaeTcsl sBICHWN HaOyXaHHS COJBBATOB M YaCTHYHOTO
IUIABJICHUS BHEAPEHHOIO PACTBOPUTEIIS IIPU TEMIIEpaTypax, HUKE TEMIIEPATyphl IIJIaBICHHUS.

Graphite oxide (GO) is a nonstoichiometric material obtained by strong oxidation of
graphite. Graphite oxide is long time known material, but recently it gained special popularity
among scientists. Oxygen in GO exists in form of hydroxyl, carbonyl, carboxyl and peroxide
functional groups attached to the GO surface. Attachment of oxygen and —OH groups to the
graphene layers results in some buckling of planes, and the interlayer spacing increases to 6 A.
The structure of graphite oxide depends on the particular method used and the degree of oxida-
tion which makes precise structure definition somewhat uncertain despite recent strong re-
search efforts. Currently two experimental routes are the most used for synthesis of graphite
oxide, Brodie approach (oxidation by reacting graphite with potassium chlorate and nitric acid)
and Hummers approach (oxidation by reacting graphite with a mixture of potassium perman-
ganate and concentrated sulfuric acid). These two materials have different surface functional
groups and interplanar distances, and are named respectively B-GO and H-GO. There are two
main directions of GO application — utilizing of GO as a precursor for graphene production and
application of GO itself. GO itself is used in solar batteries, organic light-emitting diodes and
displays, biosensors, for drug delivery and live cell imaging. One more possible application
supposes to utilize GO as a membrane impermeable to liquids, vapors and gases and permeable
to water. Application of graphite oxide is closely related with the problem of interaction with
solvents and its solubility. There are descriptions of solvates formation in systems GO-water,
methanol, dimethylformamid (DMF).

This research is dedicated to detection and investigation of solvates for systems B-GO —
solvent and H-GO — solvent by means of differential scanning calorimetry (DSC), thermogra-
vimetrical analysis (TGA), X-ray diffraction (XRD) and isopiestic method. Water, methanol,
ethanol, dimethylformamid, terahydrofuran, n-methyl-2-pyrrolidone and ortoxylene were used
as solvents. Solvate formation was fixed from the DSC data (solvate composition) and XRD
data (change of interlayer distance in GO). Solvates with two representative formulations were
observed — approximately 0,02 mol/g (in systems H-GO — water, methanol, DMF and B-GO —
methanol, DMF), and approximately 0,012 mol/g (B-GO-water, n-methyl-2-pyrrolidone). In
the former case two monolayers of solvent insert between the graphite oxide planes, in the sec-
ond one —one monolayer inserts. Phase transition similar to incongruent melting was observed
in systems B-GO — methanol, B-GO — dimethylformamid. The transition was accompanied by
heat effect and change of interlayer distance in graphite oxide. No solvates were detected by
the differential scanning calorimetry method in systems with tetrahydrofuran and ortoxylene. It
can be caused by the nonpolar character of these solvents, while the surface of graphite oxide is
covered by polar functional groups. Through the example of systems B-GO — water and H-GO
— water it was demonstrated that graphite oxide solvates are not “osmotic” solvates as it was
supposed elsewhere. Results of differential scanning calorimetry, thermogravimetrical analysis
and isopiestic experiments indicated that phenomena of swelling and partial melting of inserted
solvent at temperatures below the melting point don’t occur in the systems.
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J/I3yoan Anexcanop Bnaoumuposuu

HOCTpOCHI/Ie (l)a3OBI)IX AHarpamm TpéXKOMl’IOHeHTHbIX CUCTEM
Ha OCHOBE MOYCBHUHBI

PykoBoaurenu: a.x.H., npod. Bopouun I'.®., k.x.H., H.c. BockoB A.JI.

MouyeBHHA — O/IHO U3 CaMBIX MOIYJISIPHBIX a30TCOACPIKALINX YAOOPEHHUN U 3KOJIOrHYe-

CKHU 0€3BpeHbIM KOMIIOHEHT aHTUT0JIOJIEIHBIX IpenapaToB. JloOaBiaeHne K TBEpJOH MOUYEBHHE
WM €€ pacTBOpaM COJIeH, COAEpKALIUX CEPY, KaIHM, KAIbIUNA U JPYTUE 3JIEMEHTHI IT03BOJISAET
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CO3/1aBaTh HOBbIE BHJIbI KOMIUIEKCHBIX yA00peHui u antuobsenenureneii. PazpadateiBacmble
npenapathl JOKHBI YA0BIETBOPATH pALy TpeOOBaHUH, Cpeid KOTOPBIX OCHOBHBIMU SIBIISIFOTCS
JIOCTYITHOCTh W HEBBICOKAsi CTOMMOCTh KOMITOHEHTOB, a Takxke (ha3oBasi U XUMHUECKasi yCTOM-
YUBOCTh cMecel. B Hacrosmell paboTre B KauecTBE BO3MOXKHBIX JJOOABOK K MOYEBHMHE OBLIM
BBIOpAaHBI HUTPAT, CyIb(AT U cylibhamaT aMMOHHS, a Takxke Gpopmuar Kanus. M3ydenue pazo-
BBIX IMarpaMM MHTEPECYIOLIUX CUCTEM IO3BOJISET PEIINTh MHOTHE BONPOCHI, CBA3AHHBIE C UX
CTaOUIIBHOCTBIO U OCOOEHHOCTSMHU HCNOJIb30BaHMUs. Pa3yMHON anbTepHaTHUBON MPSMBIM 3KC-
NEpUMEHTAIbHBIM UCCIIEAOBAHUAM TaKUX CHCTEM (0COOEHHO MHOI'OKOMIIOHEHTHBIX) SIBJISETCS
pacueTr ga30BbIX paBHOBECHN. BHIOOp MOAXOAANINX TEPMOJIMHAMUYECKUX MOJENEH U ONTUMHU-
3alus UX apaMeTpoB B OMHAPHBIX CUCTEMAX C MOCIEIYIOIUM MEPEX0J0M K cucTeMaM 00Jib-
1€l pa3sMEPHOCTH MTO3BOJIIET COKPATUTh BPEMS UCCIIEA0BAHUSA HOBBIX KOMITO3HIIM.

Taxkum oOpa3om, 11e/1b JaHHOW pabOThI cOCTOsUIa B pacy€éTe U MOCTPOCHUU MOBEPXHO-
ctu nukBHAyC B TpouHbIX cuctemax (NH,),CO — HCOOK — H,0, (NH;),CO — (NH4),SO4 —
NH4SO3NH2 u (NHz)zCO — (NH4)2SO4 — NH4NO3.

Jliis onucanusi M30BITOUHOM 3HEeprun ['mO0ca ®uakux (a3 B OMHAPHBIX MOJCHCTEMAX
ucnonb3oBaiu pan Pemnmuxa-Kucrepa. Ouepruto I'm60ca TpoiHOrO pacmiiaBa pacCUUTHIBAIN
MeTomamMu Myrruany u bonbe-Tyma, mpeicTaBIsiOmuMu co00M CIOCO0 TPOCIMPOBAHUS
CBOWCTB OMHAPHBIX PACTBOPOB HA TPOMHOM paciuiaB. TemmepaTypbl U SHTAIbINU (Pa30BBIX Ie-
pPeXoa0B, HEOOXOIMMBIE /ISl OLIEHKH HEIOCTAIOIINX NapaMeTpPOB CTAOMIBHOCTH KOMIIOHEHTOB,
U3MEPSIN MEeTOIoM b depeHnanbHON CKaHupyolel kanopumeTpuu. Beidopounsie JICK-
W3MEPEHMs MPOBOAWIA U JJIA NPOBEPKU KOPPEKTHOCTH PE3YJIbTAaTOB pacyéTa paBHOBECUHU B
TPOMHBIX CUCTEMAX.

[TocTpoeHne M30TEPMHUUECKUX CEYCHUH (a30BBIX TUArpaMM MPOBOIWIN B MPOTpaMMe
TernAPI, pa3paGoraHHOil B nabopaTOpuy XMMHUYECKON TEPMOJMHAMHKU XHUMHUYECKOro (a-
kynbrera MI'Y. [lpu pacdyerax MCHOIB30BaIM aJrOPUTM, MPEAJIOKEHHBIN paHee B OakanaBp-
CKOM paboTe U yCOBEPLICHCTBOBAHHBIN B Maructepckoil auccepranuu. OCHOBHBIMH JOCTHXKE-
HUSIMH Pa0OThI B YaCTU Pa3BUTHS AITOPUTMA SIBIISIOTCS YCKOPEHHE Tpoliecca MOCTPOSHHS ce-
yeHuil 6osee yeM B 10 pa3, nmepexos K HEMPEpbIBHBIM (Pa30BbIM I'PaHULIAM U BO3MOYKHOCTh UX
pa3aeneHus, JUKBUAAIMS HEYCTOHYMBOCTU pabOThI ajNropuTMa BOJIM3U KPUTHUYECKHUX TOUEK
Jyarpamm.

B pesynbrare npoBeI€HHBIX UCCIEAOBAHUN MIPEAIOKEHBI TApAMETPbl TEPMOIUHAMUYE-
CKUX MoJenel xKuIKkuX a3 IByX- U TPEXKOMIIOHEHTHBIX CHCTEM, ONITUMHU3UPOBAHbI ITapaMeT-
PBI CTAOMIIBHOCTH CyJb(haTa aMMOHUS M OMHAPHBIX CTEXHOMETPUUECKUX COeIMHEHUN. Pe3yb-
TaThl PAaCUYETOB IIPEJCTABICHBI B BUJE U30- U NOJUTECPMUYECKUX CEUECHUH AMATPAMM COCTOSI-
HUI cucTteM, 00pa30BaHHBIX MOYEBUHOM, BOJIOH, Cynb(arom, cynb(amMaToM, HUTPATOM aMMO-
HU U popmuaToM kanus. [TokazaHo, YTO OHM XOPOILO COMIACYIOTCA C AKCIEPUMEHTAIBHBIMU
JTAHHBIMH, UMEIOIIUMHUCS B JIUTEPATypE U MOTYUYSHHBIMU B JaHHOW padore.

Urea is one of the most popular solid nitrogen fertilizers and ecologically benign com-
ponent of de-icers. Addition of salts containing sulphur, potassium, calcium and other elements
to solid urea or its solutions allows developing new complex fertilizers and anti-icers.

Developed agents must satisfy a number of demands, fundamental ones among which
are accessibility and cheapness of components as well as phase and chemical stability of mix-
tures.

The possibility of phase transformations under temperature variations, interaction with
water and atmospheric gases can lead either to destruction of solid fertilizers pellets or to solu-
tion decomposition with a precipitation of solid phase; also relatively high freezing tempera-
tures impose constraints on conditions of shipping and storage of liquid fertilizers. These and
many other problems can be solved by investigating corresponding phase diagrams.

In this work we chose ammonium nitrate, sulfate and sulfamate along with potassium
formate as possible urea additives.

Usually the systems presenting a practical interest are multicomponent. In this case
phase equilibria calculation is a reasonable alternative to direct experimental investigations. A
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choice of suitable thermodynamic models and optimization of their parameters for binary sys-
tems followed by transition to a system of higher order allows decreasing time required for in-
vestigation of new compositions.

So, the aim of present work was in calculations and construction of liquidus surface in
the following ternary systems: (NH;),CO — HCOOK — H,0, (NH,),CO — (NH4),SO4 —
NH4SO3NH2 u (NHz)zCO — (NH4)2SO4 — NH4NO3.

The liquid phase in binary subsystem was described using the Redlich-Kister formalism
(expansion of excess Gibbs energy in terms of mole fraction difference of components). Gibbs
energy of ternary solution was obtained using either symmetrical Muggianu or asymmetrical
Bonnier-Toop expression for excess Gibbs energy. These methods are projection of binary so-
lutions properties to ternary one.

Temperatures and enthalpies of phase transitions required for estimation of lacking sta-
bility parameters of initial components were measured via differential scanning calorimetry.
Selected DSC-experiments were also conducted for validation of calculation results. It should
be noted that due to the problems with correct determination of liquidus in the water-salt sys-
tem by DSC technique we analyzed only solidus temperatures in ternary mixtures.

The construction of isothermal sections of phase diagrams was performed by convex
hull method using TernAPI software (developed in the laboratory of chemical thermodynam-
ics, Chemical Department, MSU). We used technique suggested earlier (in bachelor graduation
thesis) and implemented into TernAPI package. In this work it was refined. The most impor-
tant achievements in its evolution are the follows:

- time of plotting of polythermal section from calculated set of p, 7-sections was reduced to
one-tenth as much (now it is less than 10 sec);

- combining of single points divided phase diagram fields into a solid lines of phase bounda-
ries and separation of them was implemented;

- inaccuracy in determination of phase boundaries around singular points of phase diagram
was eliminated.

As a result of the research performed we suggested parameters of thermodynamical
models of liquid phases in two- and three-component systems, optimized stability parameters
of ammonium sulfate and existing binary stoichiometric compounds. Calculation results are
presented as iso- and polythermal sections of phase diagrams for systems consisted of urea,
water, ammonium nitrate, sulphate, sulfamate and potassium formate. It was revealed that re-
sults of equilibria calculations are in a good agreement with experimental and reference data.

As an example calculated liquidus surface and polythermal section through stable ter-
nary eutectic of (NH;),CO — HCOOK — H,O phase diagram at 270 K are shown in the figure.
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IHlyeaee Cepzeit Bukmopoeuu

HoBble JIlOMMHECHIEHTHbIE KOMILJIEKCHI PeIK03eMeJIbHbIX 3JIeMeH-
TOB ¢ apoMaTH4YeCKUMH (pochopUIMPOBAHHBIMY JUTAHIAMU

PykoBomuTenn: k.X.H. YTouHnukoBa B.B.

dochopcoaepxalire opraHMYECKre JIMTaHAbI MPEACTABIAIOT OOJIBIION MHTEpeC, Kak
CO CTPYKTYpHO-XMMHUYECKOH, Tak u ¢ ¢orodusnueckoid Touek 3peHus. C OIHOW CTOPOHBI,
MSATUBAJICHTHBIN aToM ¢ocdopa MO3BONSIET MOIy4YaTh TPEXMEPHbIE KapKacHbIE CTPYKTYpBI, C
Ipyrod  CTOPOHBI  apomartmueckue (Hochopuiabl  U3BECTHBI  CBOEH  CIOCOOHOCTHIO
CEHCHUOWIN3UPOBATh  JIIOMMHECLEHIMIO HOHOB  PEAKO3eMEeNbHbIX d3JeMeHToB. Cpenu
docdopconepkamMx JIUraHAOB Hanbolee WHTEPECHBIMH MPEACTABUTEISIMA  SIBIISFOTCS
apomaTtuueckue o-pochopunrpoBaHHble (EHOBI, KOTOPbIE MOTYT BBICTYNAaTh B KauecTBE
HEUTpaIIbHBIX U AHUOHHBIX JINTAHJIOB.

[lenpto HacTosmedl paboOThl OBLIO HCCIAEAOBAHUE KOMIUIEKCOOOPA3YIOIIUX CBOWCTB
AQHUOHHBIX JIMTAHAOB (pHC.) HA TPUMEPE KOMILJIEKCOB JAHHBIX JUTraHaoB ¢ aromamu meau (11),
CUHTE3 U HccienoBaHue (pOTOPU3NIECKUX CBOMCTB KOMILJIEKCOB PEIKO3EMENbHBIX JIEMEHTOB
C OTUMM JINTAaHJaMH, a TAK)Ke CUHTE3 U hccaenoBanue GoTopu3nveckinx cBOWCTB KOMILIEKCOB
PEAKO3EMEIIBHBIX 3JIEMEHTOB C HEUTPAIbHBIMU JIMTaHAAMM.

Kommnekcer memu (II) OBITM CHHTE3MPOBAaHBI COTJACHO CIEAYIONMIEH METO/IMKE:
Cu(NOs)3-2H,0 + NaOH + HL — CuL, + NaNO; + H,0. B pe3ynbraTe 1aHHO# peakiuu ObLT
MOJIyYeH PEHTreHOAaMOP(HBIN KOMIUIEKC CulL'; u MOJUKPUCTATUIMYECKUN KOMILJIEKC Cul%.
Kpucrannudeckas cTpykrypa mocieaHero Obuia onpeieneHa mo MetToay Putsenbaa, B To Bpe-
Msl KaK CTPYKTypa peHTreHOaMOp(HOro Obula OINpejaeseHa MO0 COBOKYMHOCTH CHEKTPaJbHBIX
meroauk, B yactHoctu UK, KP, POC, MC JIIN u OIIP cnekrpockonuu. beuio ycraHoBneHa,
YTO HE 3aBHCHMO OT MPHUPOIBI 3aMECTUTENICH B JUTaHAaX, 00JagaronuX pa3HOW MPUPOIOH U
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00BbeMOM, OblJIa BBISIBIICHA XeJIaTHAas, MOCTHKOBAsI M XEJIaTHO-MOCTHUKOBAs KOH(OpMaIuu Jiu-
TaHJ0B B KOMILIEKCaX M€Y, YTO MPUBEJIO0 K 00pa30BaHHUIO OHOMEPHBIX MTOJUMEPOB.

Kowmmnekcet P30 Obuin CHHTE3UpOBaHBI 10 METOJUKE, aHAJIOTWYHOW MPHUBEACHHOMN
BhIlIE. MoJieKyIIpHas CTpYKTypa coequHeHni Obuta Moaenupoana DFT-meronom u yrouHe-
Ha MeronamMu EXAFS cnekrpockonuu, B TO BpeMsl Kak HayalbHas MOJIeb Oblja MpeaaoKeHa
Ha OCHOBAaHHMM aHaJlM3a COBOKYMHOCTHU CNEKTpaidbHbIX JaHHbIX (MC JIJIU u nromuHecneHuus
BBICOKOTO Pa3pEIICHHS).

HccnenoBanue (oropusnueckux cBOHCTB KomIuiekcoB P33 BeisBUIM 3((HEKTUBHYIO
CEHCUOMIIN3ALUIO JIIOMUHECLEHIIMH B ClTydyae KOMILJIEKCOB C HOHAMU TepOusi, AUCTIPO3US U ca-
Mapusi, IpUYeM B CIIydae KOMIUIEKCOB AUCIPO3Us ObLI MOJyYeH HauOOJBIINI KBAHTOBBIN BbI-
xon (5,15%=+0,5%) cpeau u3BECTHBIX HA HACTOSIIIIMI MOMEHT COSIMHEHUH.

Kommnekcsl P3D ¢ HelTpanbHBIMU JIMTaHAaMU ObUTM CHHTE3MPOBAHbI COTJIACHO Clle-
nytomieit meroauke: Ln(NOs);-nH,O + Lk — Ln(NO3)3Lkm-1H20, rae m=2 B cioydae k=3,4,5, a
m=4 B ciyuae k=6,7. ccnenoBanue CeKTpalibHbIX CBOWCTB BBIABUIO 3(P(PEKTUBHYIO CEHCH-
OMJIN3alLIMI0 MOHOB €BPOIHS, a AHAJIU3 CIIEKTPOB U KMHETHUKH JIIOMUHECLIEHLIUU [TO3BOJIMII IIPO-
CJIEZIUTh 3aBUCUMOCTb MOJIEKYJIIPHOM CTPYKTYphl Ha (OTO(PU3NUECKUE TAaPAMETPBI.

HL!

H
‘|3|' L’ R'=PPh,0 X=O
] 1— —
P—Tol L: R'=H X=0
| X L7 R'=H X=S
Tol Ph—P=0 R!
o  HL?
P
h—F'— O—F‘—F'h Ph—F'— o= F'—Ph
F’h h ph

Puc. CtpykrypHBIE (DOPMYITBI TUTAHAOB, HCIIOIH30BAHHBIX B JAHHOH paboTe

Phosphorus-containing organic ligands attract a special interest due to several intrinsic
features, as the possible introduction of three functionalized aryl rings, providing a wide
diversity of possible crystal packages under complexation with metal ions. Besides unique
photophysical properties lanthanide ions possess exceptionally high coordination numbers and
hence diverse structural packages and polyhedra. The synergy of both aforementioned factors
leads to utterly interesting structural chemistry which certainly also affects photophysical
properties and further processing into electroluminescent thin films.

In present work two aromatic o-phosphorylated ligands HL' ~(2-di(p-
tolyl)phosphorylphenol) and HL? (2-diphenylphosphoryl-4-ethylphenol) have been chosen,
which differ only slightly in the type and position of alkyl substituents in aryl rings. Their so-
dium salts were used for synthesis of lanthanide complexes LnL; (Ln = Sm, Eu, Gd, Tb, Dy,
Tm and Lu), which were identified by a whole set of spectroscopic methods (NMR, MALDI,
IR/Raman, UV-vis). Due to the fact that all obtained complexes were in amorphous form, indi-
rect approaches as EXAFS spectroscopy coupled with quantum mechanical calculations and
Eu’" probing were used to estimate the coordination polyhedra around the lanthanide ion.

As a first step towards an assessment of sensitization abilities of the ligands, their triplet
level energies were estimated and the energy gaps between estimated values and nearby reso-
nance levels of lanthanides ion were calculated. These values were proved by means of theo-
retical calculations. Afterwards, to gain a deeper insight into energy transfer mechanism life-
times of an excited state at different temperatures, as soon as quantum yields were measured.
Moreover, in case of europium complexes Judd-Ofelt parameters were calculated, providing
useful information about polarizability of local environment around Eu’*, while analysis of
°Dy->F, transition made it possible to evaluate the covalency degree of Ln-O bond.
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Besides terbium and europium species complexes with dysprosium, samarium and thu-
lium ions were synthesized and characterized. Thorough photophysical study was carried uot
and revealed the highest quantum yield in case of DyL's (5,20%) known up to now. The quan-
tum yield of samarium complexe SmL'5 (2,50%) is also one of the highest reported till nowa-
days.

Since only terbium species possess relatively high quantum yields (ca.40%) they were
chosen for further analysis to fabricate a pilot OLED. On the preliminary stage, HOMO and
LUMO levels were estimated both by means of cyclic voltammetry and combination of ultra-
violet and inverted photoelectron spectroscopy. Relying on these data, an appropriate combina-
tion of transport layers was suggested to obtain optimal electroluminescent properties, and an
organic LED with an optimum layer structure was fabricated.

To follow structural peculiarities, copper (II) complexes with aforementioned o-
phosphorylated ligands were synthesized and their crystal structures were determined from
single crystal analysis and by means of Rietveld refinement. Additional structural data was
elucidated by means of IR, Raman, NME and XPS spectroscopy. Different coordination con-
formers were figured out, including bridging, chelating and mixed chelating-bridging conform-
ers. The most important result arises by comparison with structurally similar p-diketonate
complexes, where robust conjugated structure possess a strong inclination towards planar
structure and therefore 1D polymer structures with angles between each of coordinating func-
tional groups close to 180° are not observed.

The second chapter of the present work is dedicated to lanthanide complexes with
neutral aromatic phosphorylated ligands. Ligand structure was tuned in such a way to provide
different rigidities of the ligand as a whole and different Lewis acidities of the coordinating
core. Synthesized complexes were identified by means of different spectroscopic approaches
(NMR, MALDI, IR/Raman, UV-vis).

A special interest was directed onto analysis of Judd-Ofelt parameters and their
comparison, taking into account only slight differences between molecular structures of initial
ligands. Nevertheless, substantial distinctions were observed in case of flexible and robust
structures. The latter promotes higher symmetry on the crystal site, occupied be europium (I1I)
ion, what reflects in higher intensity of Dy—’F; transition relatively to the intensity of
hypersensitive >Dy—F, transition. In its turn, it reflects in smaller values of Q, parameter.

Another challenging issue we faced with during photophysical studies is arising of
charge-transfer states. It is well-known, that such a state is utterly influenced by optical
electronegativity of atoms, directly participating in complexation. Less electronegativity of an
atom less energy of ligand-to-metal charge transfer state. By substituting atoms in coordination
sphere be less electronegative we can considerably bathochromically shift LMCT band, what
can lead to efficient quenching of europium-centred luminescence. Such a case is observed in
complexes, where oxygen donor atom is substituted by sulphur one bright ionic luminescence
is totally quenched. Such an observance can pave the way towards direct design of highly
luminescent europium complexes by a proper choice of donor atoms. Furthermore, LMCT
state can promote visible-light excitation of luminescence, what is of a great desire in a myriad
of practical applications.
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bynoaxoe /Imumpui Anekceeeuu

TpaHcnopTHBIE CBOWICTBA MEMOPAH AHOHOI0 OKCH/IA AJTFOMHUHUSA
B JKHAKHUX cpeaax

PykoBoautenu: acn. 3 r/o [leryxos JI.W., k.X.H., no11. EnuceeB A.A.

[Ipoueccel ¢uubTpanuy, HampaBiICHHbIE HA OYUCTKY >KMJIKOCTEH WJIHM BbIJEIICHUE
UH/IMBUAYAJIbHBIX KOMIIOHEHTOB U3 PacTBOPOB, OTHOCSTCS K OJHOM M3 Hamboisiee NUHAMHYHO
pa3BHUBarOIIMXCs 00gacTeil Hayku U TexHosnoruu. Kak mpaBuio, /Ui NpoBeAEHUs MPOLIECCOB
(GUIBTpallui UCHONB3YIOTCS, KaK HEOpraHM4Yeckue, Tak U MoJUMepHble MeMOpaHbl. Kpome
TOTO, C HEJAABHUX IOp HAONIONAETCS IOCTATOYHO OOJBIIOW WHTEPEC K aHOJHOMY OKCHIY
amoMuHus (AOA) Kak NEepCHeKTMBHOMY MaTepuainy Juid co3fgaHus wmemOpan. K
IPEUMYIIECTBAM  aHOJHOTO  OKCHJAA  aJIOMUHUS  CIE€QyeT OTHECTH  BO3MOXKHOCTh
HPELU3NOHHOTO0 KOHTPOJIS MapaMeTpOB CTPYKTYPHI B ITPOLIECCEe CUHTE3a MEMOpaH.

K ocHOBHBIM XapakTepucTUKaM JHO00H MeMOpaHbl OTHOCSTCS MPOHHUIAEMOCTH,
CEJICKTUBHOCTh U CTaOWIBHOCTb. B CBA3M ¢ 3TUM B pamMKax JaHHOW paboThl ObUIH
WCCIICIOBAaHbl TpPAHCIIOPTHBIE CBoWicTBa MeMOpaH AOA ¢ HCHOJB30BaHUEM TOJSAPHBIX WU
HETOJIIPHBIX PAaCTBOPUTENEH, AerpadalliOHHAsl yCTOMYMBOCT MEMOpPAH MpH UCIOJIb30BAaHUU B
KHUIKAX Cpelax, a Takke MpPOJEMOHCTPUPOBAHBI (YHKIMOHAJIBHBIE CBOMCTBA Ha TMpHUMEpE
paszieneHuss cMmeced OelKOB B Ipolecce JAuaiu3a U CO3JaHMS HMYJIbCUH METOJIOM
MEMOpPaHHOTO 3MYJIbIUPOBaHUS.

MemOpanbl AOA OblITM CUHTE3UMPOBAHBI ITyTEM OKHUCJICHUS ATIOMUHHS [0 METOIMKE
OJIHOCTAJIUHHOTO aHOJAMPOBAHUS B (GKECTKHX YCJIOBHSX» IMPHU BbICOKMX HampspkeHusx (100-
160B), a Taxke NBYXCTaauiiHBIM aHOAMPOBAHHEM TpPU HU3KUX HampspkeHusx (20-60B).
AnonupoBanue nposoausocb B 0,3M pactBope H»,C,O4. Tonmmnua dopmupyemoit mieHKd
pEryMpoBallach BEJIMYMHOW IPOTEKIIEr0 NpH aHOAUPOBAaHUMU 3apsaja. Jlid NOCTHKEHUs
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CKBO3HOW TMOPUCTOCTH CHHTE3MPOBAHHBIX OOPA3IOB MPOBOIWINA CEJIEKTUBHOE YIaJICHHE
METAJUINYECKON MOJUIOKKH M OaphepHOro CJ0s C 3JIEKTPOXUMHUECKUM JETEKTUPOBAaHHEM
MOMEHTa OTKPBITHSI T10D.

KunkoctHas mpoHUIIaeMoCcTh MeMOpaH AA sBIsSeTCS TOCTaTOYHO BhICOKOM (70 u 179
n/(M*-aTM"d) TI0 BOJE M AIleTOHY COOTBETCTBEHHO ISl MEMOpPAHBI ¢ AHAMETpoM mmop 195+15
HM), TIpU 3TOM TEYEHHUE >KUIKOCTH uYepe3 MOpbl MOKET ObITh omucaHo moTokoM Ilyazeis.
Kpome toro, memOpaner AOA 0071a7af0T BBICOKOW CTaOMIBLHOCTBIO 110 OTHOIICHUIO K
opranudeckuM pactBoputensMm (3taHon, JIMCO, renran). OqHako MpU TEYEHUU BOJIBI Yepes
mMeMOpaHbl AA, HaOJrOMaeTcsl YMEHBIIEHHE CKOPOCTH IMOTOKA, YTO MOXKET OBITh CBSI3aHO C
YaCTUYHBIM PAcCTBOPEHUEM aMOP(HOTO OKCHJA AJIOMUHUS, (HOPMUPYIOIIETO CTEHKH IOp, U
€ro MOCJEeAYIOLUUM IEPEOCAKICHUEM, IPUBOAALIUM K OJIOKHPOBKE MOPHI. bbl10 MoKa3aHo, 4TO
JerpajalMoHHas ycTOWYMBOCTh MeMOpaH AOA 1O OTHOUICHHIO K BOJHBIM CpellaM MOKET
OBITh CYIIECTBEHHO YBEIMYCHA MpPH MOIU(PUKAINHA IMOBEPXHOCTH CTEHOK TIOp CIIOEM
aMOp(HOTro yriepoja, MoIy4eHHOro MyTeM MUPoJIn3a H300yTaHa.

B pabore Obuta MpoOJEeMOHCTPHPOBAHA BO3MOXKHOCTH pAa3ZelieHHsl CMECH OCIJIKOB,
oOnajgaromux OJM3KMMU MOJIEKYJSIPHBIMM MaccaMi, HO Pa3HbIMH H303JEKTPUYECKUMU
TOYKaMM B Ipolecce aAuanusa. Pas3neneHue ocyliecTBIsSETCs 3a CYET 3JIEKTPOCTATHUYECKOIO
B3auMoJieiicTBUS MU YHIUPYIOMIHUX MOJIEKYJ U MOBEPXHOCTH CTEHOK HOp, MPHU 3TOM (PakTop
pasfeneHus Uil CMECH OBIYMH CBIBOPOTOYHBIM ambOyMHH W OBIYHMI TeMOTJIOOWH st
MeMOpaHbl ¢ guameTpoMm mop 21+£3 um coctaBmser 328. Kpome Toro, Oputa mokazaHa
BO3MOKHOCTh HCTOJIb30BaHusT MeMOpan AOA 1yl ToSydeHHs] SMYJIbCUN (M300KTaH-BOAA) C
JMaMEeTPOM Kareib JUCIepCHOM (a3bl (M300KTaH) MEHee 1 MKM.

Taxum o6pa3om, B paboTre ObLIa TOKa3aHa BO3MOXKHOCTh CO3JJaHUS MEMOpaH Ha OCHOBE
AOA, sBusromuxcs CTaOWIBHBIMU B OpPraHMYECKMX M BOJHBIX PACTBOPUTENAX, a TaKXKe
NO3BOJIAIOINX A(P(EKTUBHO MPOBOJIUTH IPOLECCHl MEMOpPAHHOTO AMYJbIMPOBaHUS U
paszieneHus B )KUAKUX Cpeax.

Filtration processes for liquid purification or separation of individual components from
solutions are one of the most intensively studied fields in science and technology. In such proc-
esses, both inorganic and polymeric membranes can be used. Recently, a huge interest has been
revealed to anodic alumina (AA) as a perspective material for membrane fabrication. Such
properties of anodic alumina like unique microstructure features (narrow pore-size distribution
and low tortuosity of pores) and possibility to control precisely the parameters of membranes
microstructure obviously mark out anodic alumina among other perspective materials for mem-
brane filters.

Permeability, selectivity and stability are usually considered as the main properties of
any membrane. Therefore, in this work, we studied transport properties of anodic alumina
membranes relative to both polar and nonpolar solvents and stability during membrane utiliza-
tion in liquid media. Furthermore, we investigated some functional properties of obtained
membranes and demonstrated that AA membranes can be used for separation of proteins with
different isoelectrical points and also for fabrication of emulsions by membrane emulsification.

Porous films of anodic alumina were obtained by one-stage anodic oxidation of alumi-
num foils under high-applied voltage (100-160V) (“hard anodization” technique) and also by
two-stage anodization under low potential (20-60V) in 0,3M H,C,04. A charge passed during
anodization was measured in order to control the thickness of growing porous films. On the
last step, the metallic support and barrier layer were etched away to provide through-hole mor-
phology. Furthermore, the barrier layer was dissolved with electrochemical detection of pore
opening.

Anodic alumina membranes possess a quite high permeability for different liquids
penetrating through the pores (pore diameter — 195+15 nm; 70 u 179 1/(m*-atm-h) for water and
acetone respectively). Furthermore, the permeability linearly depends on inverse dynamic vis-
cosity of flowing liquid. Thus, the stream of fluid penetrating through the pores can be consid-
ered as Poiseuille flow. Another confirmation of such consideration is the dependence of flux
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rate on applied pressure. The flux of liquid penetrating through the pores of anodic alumina
membrane linearly increases with the increase of transmembrane pressure what is in an agree-
ment with Hagen-Poiseuille equation.

It was also found that anodic alumina membranes are high stable relative to organic sol-
vents (ethanol, dimethyl sulfoxide; heptane). However we observed a decrease of flux during
water penetration through the membrane. A flux reduction can be caused by partial dissolution
of anodic alumina forming pore walls and its subsequent deposition that leads to pore blocking.
The stability of anodic alumina membranes in water solutions can be significantly improved by
modification of pore wall surface with amorphous carbon obtained by pyrolysis of isobutane.

In this work, we also demonstrated that anodic alumina membranes could be used for
protein separation by dialysis which is based on a difference in the diffusion rates of molecules
penetrating through the membrane. Firstly, we studied the diffusion of protein molecules
through anodic alumina membranes. The diffusion rate is determined by two factors. These are
electrostatic interaction of diffusing molecules and pore walls and adsorption of protein mole-
cules inside the pores resulting in the decrease of effective pore diameter. Relation of pore wall
and protein molecules’ charges determines the contribution of these factors. Therefore, anodic
alumina membranes can be used for separation of proteins with similar molecular weights (M)
but different isoelectric points (pI). In this work, we demonstrated that mixture of bovine se-
rum albumin (M;=66000Da, pl=4,7) and bovine hemoglobin (M;=69000Da, pl=6,5) can be
completely separated using anodic alumina membrane with pore diameter of 21 nm. The sepa-
ration factor was 328.

Furthermore, anodic alumina membranes can be used in membrane emulsification. This
technique allows to obtain emulsions with small droplets of dispersed phase and its narrow size
distribution. The emulsions having such parameters can be utilized for the fabrication of micro-
capsules what is a perspective tool for a drug delivery. We fabricated isooctane-water emul-
sions where isooctane and 2% water solution of Tween 80 were dispersed and continuous
phase respectively. The emulsification was passed in cross-flow mode and membrane with
pore diameter of 208 nm was used. The mean size of dispersed phase droplets was less than 1
pm.

Thus, we demonstrated the possibility to fabricate anodic alumina membranes possess-
ing a high stability in both organic and water solutions. Furthermore, synthesized anodic alu-
mina membranes can be successfully used in separation processes in liquid media and in the
processes of membrane emulsification.
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T'unw /Imumpuit Onezosuu

Nuruduposanue GporoxuMmuuecKnux U (pOTOOMOJIOrHIECKUX
MPOLECCOB B MPUCYTCTBMHU HAHOAMCIIEPCHOI'0 JUOKCHAA LePUs
U TBEPAbIX PACTBOPOB HA €r0 OCHOBE

PykoBoaurenu: a.x.H., 3aB.J1a0. UBanos B.K., 1.0.H., c.H.c. CtpaxoBckas M.I".

I[I/IOKCI/II[ aepurd U TBEPALIC PACTBOPLI HA €0 OCHOBC ABJIAIOTCA NCPCIICKTUBHBIMU Ma-

tepuanamu Juist 3aMeHbl Ti0, 1 ZnO B coctaBe Y @-punbTpoB. CHEKTPhl ONTHYECKOTO MOTIIO-
menna CeO, (Ce.xGdyO,.y) M TMOKCHIA TUTAHA JOCTATOYHO CXOXKH, B CBA3H C YEM JIHOKCH[
nepusi MoXeT 3 (HEKTUBHO MOMIIOIIATh YJIBTPA(QUOIETOBYIO YacTh COJTHEYHOTO criekTpa. Kpo-
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Me Toro, npucymas g CeO; BbICOKasi KUCIOPOAHAs HECTEXUOMETPUS, JONOJHUTEIBHO YBE-
JUYMBAOIIASACS TIPU TIEPEX0/Ie B HAHOKPUCTATNINYECKOE COCTOSIHUE, TTO3BOJISET MPEANOI0KUTh
CYIIIECTBEHHO MEHBIIYIO 10 cpaBHEHHIO ¢ TiO; MOIBMKHOCTH CBOOOHBIX HOCHTEJICH 3apsI0B
U BpEeMsl UX JKU3HH, U, CIEAOBATEIbHO, CYIIECTBEHHO 0ojee HU3KYIO0 (OTOKATATUTUYECKYIO
aktuBHOCTHh (DKA). K nacrosmemy Bpemenu nanabie 0 ®KA CeO, sBastores kpaitHe ¢par-
MEHTApHBIMH U 324acTyl0 MMPOTUBOpEUAT APYT APYry; Oonee Toro (OoTOKaTaIUTHUECKUE CBOM-
CTBa TBEP/BIX PACTBOPOB HA OCHOBE JIMOKCHUA LIEPHS 10 CUX HOP HE OBLIM U3yYEHBI.

Llenpto maHHO# pabOTHI SIBUJIOCH BBISIBJICHHE OCOOCHHOCTEH MpoTekaHus psana ¢oTo-
XUMUYECKUX M (POTOOMOJIOTMUECKUX TMPOIIECCOB B MPUCYTCTBUU HAHOKPHUCTAITMYECKOTO M-
OKcHJa Liepus U TBEpAbIX pacTBOpoB Ha ero ocHose (Ce.xGdyO,.y, x=0.10, 0.15, 0.20) B dop-
Me€ ITOPOUIKOB U BOJHBIX 30JI€H.

CuHTEe3 HaHOTIOPOIIIKOB TUOKCH/IA IEPHUS OCYIIECTBIISIIM METOOM OBICTPOTO OCaXKIe-
Hus u3 pacteopa Hutpata uepus(Ill) (0,08-0,3M) 3M pactBopoM aMMHaka ¢ MOCIEAYOIIEH
TepMHUYECKON 06paboTKoi mpu Temmeparypax 200, 400, 500, 600°C B Teuenue 2 u. CuHTE3
BoAHBIX 3071¢ei CeO; u TBepabIx pacTBopoB cocTaBa CeixGdy O,y (x=0.10, 0.15, 0.20) nposo-
JIAIA U3 CMEIIAHHBIX BOJHBIX PAaCTBOPOB, coaepkammx Hutpat uepusi(Ill), aurpaTt ragonunus
U JINMOHHYO KHCJIOTY; B KaUECTBE OCAAUTENS UCTIOIb30BaIN 3M pacTBOp aMMHaKa.

doTokaTanmuTHYECKasi aKTUBHOCTh UCCIIEyeMbIX 00pa3lioB ObLIa U3y4YeHa B MOJIEIb-
HOU peakiuu (HoToAerpaganuy KpacuTeNIeH KPUCTALTUIECKOTO (PUOJIETOBOTO W METHUIIOBOTO
opamxeBoro. [lokazaHo, 4TO IpU YMEHBUICHUH pa3Mepa YacTUI] TUOKCHA Iepusi HaOIIoaaeT-
cs peskoe ymenbuieHue ux @KA. Briepsele ycTaHOBIIEHO, 4TO ¢ yBenudeHueM pH cycnensuun
HAOMIOJaeTCsl pe3Koe YMEHBIIeHHe ckopocTu (ortomerpaganuu kpacureneit. [lokasano, 4yro
DKA Ce«GdO,.y mpakTHUECKH HE OTIINYAETCS OT OTOAKTUBHOCTU MHAUBHUIYaTbHOTO CeO,.
YcTaHOBIIEHO, YTO B OMpEAENEHHBIX YCIOBUAX 00pasubl HaHoaucmepcHoro CeO, u Cej.
xGdOs.y MPOABIAIOT (HOTONPOTEKTOPHBIE CBOMCTBA 110 OTHOIIEHUIO K OPraHUYECKUM KpacuTe-
nsM. BriepBble MpoeMOHCTPUPOBAaHA CIIOCOOHOCTh HAHOJUCIIEPCHOTO TUOKCUAA LIEpHs JeaK-
TUBHPOBATh CUHIJIETHBIN Kuciopoa. [lokazano, uro BBenenue CeO; B cuCTEMY, COAEPKALLYIO
dTajonraHUHAT UHIMS, TTOJTHOCTHIO MTPEAOTBPAIIACT AECTPYKIHIO 3TOTO (POTOCEHCHOMITH3ATO-
pa, BBI3BaHHYIO ICMCTBUEM CHUHIJIETHOTO KHCIOPO/Ia.

Bnepsrie nmokaszano, uto HaHokpuctaumueckuii CeO; crmocobeH 3amuiaTh OT BO3-
JIEMCTBUSI CUHIJIETHOTO KHCIIOPOJA HE TOJILKO OPraHUYECKUE MOJIEKYJIbI, HO U MUKPOOpPraHU3-
MbI. B gacTHOCTH, OBLTO ycTaHOBIIEHO, 4TO 3051 CeO, 3 (HEeKTUBHO 3alMINAOT OaKTepUN K-
meyHoi nanouku (E.coli) npu (oToANHAMHYECKOM BO3ACHCTBUH.

Cerium dioxide and ceria-based solid solutions appear to be promising materials for
TiO; and ZnO replacement as components of UV-filters. Light absorbance spectra of CeO,;
(Ce1xGd<O,.y) and titania have a lot of similarities, hence, ceria can effectively absorb UV part
of solar spectrum. Moreover, high level of oxygen nonstoichiometry, that is inherent to CeO,
in nanocrystalline state, allows considering that the mobility and the lifetime of photoinduced
free charge carriers are substantially low relatively to titania. Thus, the photocatalytic activity
of ceria and ceria-based materials can be proposed to be considerably low. Up to now, the data
regarding ceria photocatalytic activity appears to be fragmentary and in some cases controver-
sial. Moreover, the photocatalytic properties of ceria-based solid solutions remain unrevealed.
Hence, the major goal of this work is the study of some photochemical and photobiological
processes in the presence of ceria and ceria-based solid solutions (Ce;xGdyO».y, 6=0.10, 0.15,
0.20).

Ceria nanopowders of various particle sizes used hereafter were synthesized by a
rapid mixing of aqueous solution of cerium(IIl) nitrate (0,08M; 0,3M) and aqueous ammonia
solution (3M), followed by annealing of precipitates in a muffle furnace at 50, 200, 400, 500
and 600 °C for 2h. The synthesis of aqueous sols of ceria and its-based solutions (Ce;xGdxO,.y,
0=0.10, 0.15, 0.20) were performed from mixed aqueous solutions of cerium(III) nitrate, gado-
linium nitrate and citric acid; 3M aqueous ammonia solution was used as a precipitant. XRD,
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TEM, BET, RAMAN-spectroscopy, EDX, UV-Vis spectroscopy were used for characteriza-
tion of the samples, obtained in the course of this work.

The photocatalytic activity of obtained samples was studied in the model reactions of
dye (in particular, crystal violet and methyl orange) photodegradation. It was admitted, that
ceria particle size predetermines its photocatalytic properties. Particularly, as the particle size
of CeO; decreases the photocatalytic activity also goes down. For the first time it was pointed
that as the value of pH increases the rate of dye photodegradation decreases significantly in the
presence of ceria. Also, in the course of this work it was shown that photocatalytic properties
of ceria-based solutions (Ce;xGdxO,.y, 6=0.10, 0.15, 0.20) are well comparable to the proper-
ties of individual cerium dioxide. Hence, it was considered that in some conditions nanocrys-
talline ceria and its-based solid solutions show significant photoprotective properties towards
organic dyes.

It is important to underline, that for the first time we have demonstrated the ability of
nanocrystalline ceria to deactivate singlet oxygen. In particular, the injection of ceria
nanopowders in the system, containing indium phthalocyanine, leads to the total prevention of
photosensitizer destruction, caused by the influence of singlet oxygen.

Moreover, in the course of this work we have shown that nanocystalline ceria is capa-
ble of protecting microorganisms from the singlet oxygen impact. It was admitted that aqueous
sols of ceria effectively protects E.coli bacteria while photodynamic treatment. In its turn, the
protection efficiency of Ce;.xGdO,.y sols was considered to be lower comparing to the indi-
vidual cerium dioxide.
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Honaxkoe Anexcanop IOpvesuu

CuHnte3 M CBOMCTBAa HAHOKOMIIO3UTOB Au-WS; u Au-MoS,

PykoBonurenb: K.X.H., acc. ' puroprena A.B.

HanokoMmo3uTsl 30JIOTO-ITOJIYIPOBOAHHUK MPHUBJICKAIOT MNOBBIICHHOC BHUMAHUC HC-

ciefoBaTeniel, 0yiarogapsi BOSHUKAIONIMM Yy HUX YHUKAIBHBIM AJIEKTPOHHBIM H ONTHYCCKUM
CBOICTBaM, HE MPOSIBISIFOIIMXCS Y WHAUBUIYATbHBIX KOMIIOHEHTOB. JlaHHBIE MaTepuasbl Ha-
xoat npuMmeHeHue B ¢porokataimze (Au-TiO,, Au-CeO,, Au-ZnO, Au-ZrO;), ra30BbIX CEHCO-
pax (Au-YHT) u OGuomenuiuuckux texHomorusx (Au-Si, Au-YHT). Yraepoansie HAaHOTpYO-

KH,

a Takke HaHOTPYyOKW W HaHocTepkHU T10; 1 ZnO, MonuduIpoBaHHBIE HAHOYACTHIIAMH
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30J10Ta, SABJSIOTCS MEPCIEKTUBHBIMUA MaTepHajlaMu i CIIEKTPOCKONUH TMTaHTCKOIO KOMOM-
HAIlMOHHOI'O PaCCESIHHUS.

enpro HacTosmel padboTel ObUIO co3gaHue HaHOKOMMO3UTOB Au-WS; u Au-MoS; Ha
ocHoBe HaHOTPYyOoKk WS, (HT-WS,) u nmykoBu4HbIX HaHOCTPYKTYp MoS; (JIHC-MoS,) mero-
JTaMH «MOKpOI» XMMUU U aHAJIU3 BIMSIHUS YCJIOBUI CUHTE3a Ha (PU3UKO-XUMUYECKUE CBOMCT-
Ba MOJIy4a€MbIX KOMIIO3UTOB.

Jnst co3manusi HAHOKOMITO3UTOB B paboTe OBLIO OMPOOOBAHO MPUKPEIICHHUE Ipe/Ba-
pPUTENbHO CHHTE3MPOBAHHBIX KOJUIOMAHBIX dYacTul] 30i0Ta K nosepxHoctu HT-WS; u
JIHC-MoS,, a Takke CHHTE3 HAaHOYACTHUIl 30JI0Ta C MCIOJIb30BAHWEM BOCCTAHOBUTENEH (Ha-
npuMmep, uuTpara Hatpus) B npucytctBuu cycnensuit HT-WS, n JIHC-MoS,. Oanako npu
3TOM HE yJAaJoCh AOCTUYb yIOBIETBOPUTEIBLHOTO MOKPHITUS MOBEPXHOCTH AUCYIbPUAOB Hac-
TUIIAMHU 30J10Ta, BCJIEJACTBUE YEro HaMu ObLT pa3paboTaH METOJ BbIpALMBAHUS HAHOCTPYKTYD
30510Ta HemocpeacTBeHHo Ha moeepxHocTH HT-WS, u JIHC-MoS; B pesynbpTate peakuuu c
BogHBIMU pacTBopamMu HAuCly; 6e3 uCmosib30BaHUs OMOJHUTENBHBIX BOCCTAHOBHUTENEH WU
CTaOUIM3UPYIOIIUX areHToB. [l JTaHHOrO MeToa ObLIO UCCIIEI0BAHO BIMSHUE TEMIIEPATyphl
u cootHoueruss HAuCl4:MS,; (M = W, Mo) Ha Mop(oorHio ¥ ONTHYECKHE CBOWCTBA HAaHO-
KOMIT03UTOB. [losydueHHbIe MaTepualbl ObLTN UccienoBanbl MeTogamu POA, TIOM, [1OM BP,
POM, pamMaHOBCKOW CIEKTPOCKOMHMH, ONTHUYECKON CIIEKTPOCKONMHU MOIJIOUIeHUs U (emMToce-
KYHJIHOM HECTAllMOHAPHOM CIEKTPOCKOIUH MOTJIOIICHHMS.

brino mokazano, uto nobasienue cycnensuit HT-WS, u JIHC-MoS; B kumsiiue Boa-
Hble pacTBopsl HAUCl Ha 3 MUHYTBI € TOCIEAYIOIIUM OXJIaXKIEHUEM 10 KOMHATHON TeMIepa-
Typsl B TeueHue ~ 30 MuH npUBOAMT K 3P (HEeKTUBHOMY (POPMUPOBAHHIO 30JI0THIX HAHOCTPYK-
Typ Ha noBepxHocTd WS, u MoS,. M3MeHeHnue temnepaTyphl NPOBEIEHUS CUHTE3a 3HAYM-
TEJIBHO BJIMSET KaK HAa KOJMUYECTBO PEAKIIMOHHBIX IIEHTPOB Ha moBepxHocTd WS, u MoS,, Tak
¥ Ha CKOpOCTh mporiecca. BapeupoBanue moibpHOTO cooTHOImEHUsI HAuCl;:MS, (M = W, Mo)
B Auamna3oHe 1:56 — 1:3 mo3BossieT BapbUpOBATh CPEAHUNA pa3Mep MHIUBHIyaTbHBIX HaHOYA-
ctul 3o0i10Ta Ha nosepxHoctu HT-WS, u JIHC-MoS, B npenenax 5-30 uM. Ilpu nansHeimem
YBEJIMYEHUH JaHHOTO COOTHOILIEHUS HAOJII0JaeTCsl aKTUBHOE CPAIlMBAHNE OTAEIbHBIX HAHOYA-
CTHIl B «HAHOOCTPOBKM» M (parMeHTHl HaHouenoyek. PopMHpOBaHHME HAHOYACTHI] 30JI0TA
TakXke ObLIO MOATBEP)KJCHO JaHHBIMU ONTHYECKON CIIEKTPOCKONUY noroeHus. [peanoxen
MeXaHU3M (OPMHUPOBAHUS HAHOUYACTHI 30JI0TA, BKIIOYAIOMIMKA B ce0s BOCCTAHOBJICHUE pac-
TBOpEHHBIX (hopm Au(Ill) 3a cuér ux B3aMMOIEHUCTBHS C YaCTUYHO TEPEIICAITMMHU B PACTBOP
WS, u MoS, (Hanbosee HHTEHCUBHO MPOTEKAET OKOJIO MOBEPXHOCTHHIX nepexkroB HT-WS; u
JIHC-MoS; — B MecTax HauOOJIBIIIETO MEPECHIEHUS 0 CyJb(umaam), 3aKperieHue 3apoIbi-
mIel 30J10Ta Ha IOBEPXHOCTH HAHOCTPYKTYp WS, u MoS; ¢ obpa3zoBanueM cBs3u Au-S, najib-
HEHMIIUI pOCT M YaCTUYHOE CPALIMBAaHUE COCEAHNUX HAHOYACTHUI] 30J10Ta.

Gold-semiconductor nanocomposites have attracted growing attention due to their
unique electronic and optical properties, which are not shown by the individual components of
the composites. Such the materials have found different applications in photocatalysis
(Au-TiO;, Au-Ce0O,, Au-ZnO, Au-Zr0O,), gas sensors (Au-CNT) and biomedical technologies
(Au-Si, Au-CNT). Carbon nanotubes as well as TiO, and ZnO nanotubes/nanorods represent
the prospective SERS-active materials and substrates.

The main goal of the present research was to synthesize Au-WS, and Au-MoS; nano-
composites based on WS, nanotubes (INT-WS;) and “fullerene-like” MoS, nanoonions
(IF-MoS,) using “wet chemistry” approaches and to analyze the effect of the synthesis condi-
tions on physicochemical properties of the composites obtained.

Two different approaches were attempted for the design of the Au-WS, and Au-MoS,
nanocomposites: (i) attachment of pre-synthesized colloidal gold nanoparticles (AuNPs) to the
surface of INT-WS, and IF-MoS, and (ii) synthesis of AuNPs using reducing agents (e.g. so-
dium citrate) in presence of INT-WS, and IF-MoS, suspensions. However these approaches
did not lead to a satisfactory covering of the disulfide surface by gold nanoparticles and there-
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fore we developed a facile technique for growing of gold nanostructures in the surface of WS,
and MoS; by direct reaction with HAuCls aqueous solutions without any additional reducing
agents and stabilizers. The effect of the temperature and HAuCl4:MS; molar ratios (M = W,
Mo) on the morphology and optical properties of the nanocomposites was studied. The ob-
tained materials were characterized by means of XRD, TEM, HRTEM, SEM, Raman spectros-
copy, UV-Vis absorption spectroscopy and femtosecond transient absorption spectroscopy.

Addition of INT-WS; and IF-MoS, suspensions into boiling aqueous solutions of
HAuCl, for 3 min with subsequent cooling down to room temperature for 30 min was found to
result in effective growth and attachment of gold nanostructures onto the sidewalls of the
INT-WS, and the surface of IF-MoS,. The effect of disulfide nanostructures addition into the
boiling chloroauric acid solution and its influence on the number of surface reaction sites is
revealed and a variation of HAuCl4:MS; molar ratios (M = W, Mo) in the range of 1:56 — 1:3
allows tuning the mean AuNP size at least in the range of 5-30 nm. Higher HAuCl4;:MS; molar
ratios (M = W, Mo) lead to an active merging of gold nanoparticles into nanoislands and nano-
chains. Formation of gold nanoparticles was also proved by UV-Vis absorption spectroscopy.
Suggested mechanism of the gold nanoparticles formation involves reduction of dissolved
Au(III) species by reaction with partly dissolved WS, and MoS, (this reaction is strongly pro-
nounced near the surface defects of INT-WS, and IF-MoS, where supersaturation by sulfides is
maximal), attachment of gold nuclei to the surface of disulfide nanostructures involving Au-S
bond formation, further growth and merging of gold nanoparticles.
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Hpxuna Anacmacus Anexkcanopoena

CuHTe3 MJIIa3MOHHBIX HAHOYACTHIL HA OCHOBE Cyﬂb(l)]/IIlOB Meau

PykoBoauTens: K.X.H., gAo1. Bacunses P.b.

B nocnenHue roasl HAHOKPUCTAUIMYECKUE ITOJIYIIPOBOJIHUKOBBIE MATEPUAIIbI IIPUBIIC-
KaroT OOJIBLION MHTEpEC KaK ¢ TOYKHU 3pEHUS (YHAAMEHTAIbHBIX UCCIIEJOBAaHUI, TaK U C TOUKU
3pEHUs] UX IIPUMEHEHUs B 3JICKTPOHHBIX U ONTUYECKUX YCTPOUCTBaX. B CBA3M ¢ 3TUM moiyde-
HUIO TOJTYIPOBOJHUKOBBIX HAHOYACTHUI] C BBICOKOW KOHIIEHTpaluedl CBOOOJHBIX HOCHUTENEH
3apsjia, a TaKKe MPOBOISIINX TOHKUX IUIGHOK pP- M N- THIIA HA UX OCHOBE YAEJseTcs ocodoe
BHUMaHue. Hanbonee MHTEpECHBIM MaTepuanoM B JAaHHOM 00JIACTH MCCIEOBAHUMN SBISETCA
cyabdpun meau (1), uTo cBA3aHO ¢ XapaKTepHOU Ul TAHHOTO COCIMHEHUS BHICOKOM HECTEXHO-
METPHEH, MPOSIBICHUEM YHUKAJIBHBIX JJIEKTPOHHBIX U ONTUYECKUX CBOMCTB M BO3MOKHOCTBIO
CHUHTE3a HAHOYACTHI] C Pa3IM4HON Mopdoiorueil u KpucTalIndeckoi crpykrypou. [Tomyde-
HHE KOJUIOUJHBIX HaHOYacTull cynbpuaa meau (I) ¢ BBICOKOH KOHLIEHTpALeH JbIPOK SBISETCA
NIEPCIICKTUBHON 3aadel ¢ TOYKHU 3PEHUSA BO3MOXKHOTO IIPOSBIICHMS JIOKAJIIBHOIO MTOBEPXHOCT-
HOTO IIJIA3MOHHOI'O PE30HAHCA B ONITHYECKUX CIIEKTPaXx MOTJIOMECHUS.

Lenp pmanHOW paboTel — pa3paboOTKa YCJIOBHM  NOJMYYEHHS  KOJUIOMJIHBIX
MOHOJMCIIEPCHBIX IJIA3MOHHBIX HAHOYACTHUIl CyJb(pUIa MEIU CO CTPYKTYpOH KOBEIUTa B
HENOJISIPHOM PACTBOPUTEIIE.

CuHTE3 MPOBOAMIICS METOJOM OBICTPON HHXKEKIMH IMPEKypcopa Cepbl K MPEKypcopy
MeIY B HETIOJSIPHOM BBICOKOKHUITALIEM PacTBOPUTENE PU NOCTOSSTHHOM TOKE aprosa. Temnepa-
Typa MH)XEKIMU BapbUpoBanach B auanazone 120 - 200°C. B kauecTBe npeKypcopoB HCIOIb-
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3oBanuch xyuopun menu (I) u anementapHas cepa. [lonenunaMuH, rekcaJeilaMyiH U oJienia-
MHH HCHOJb30BAJHMCh B KauecTBe cTabminn3aropoB. [lociae nHXeKTUpoBaHUs BpeMs pocTa Ha-
HOYACTHI] BApbUPOBAJIOCH OT 1 10 6 MUHYT.

XapakTepu3anuus HOJYYEHHBIX 00pa3lloB MPOBOAMIACH C MOMOIIbIO METO/A ONTHYe-
CKOM CHEKTPOCKOIMH IOIVIONIEHUS, METOJOM IPOCBEYUBAIOIIECH IEKTPOHHON MHUKPOCKOIIUHU
(ITI9M) u snexTpoHHOM IuGpakuuu, METOJOM peHTreHodasoBoro axammsa, merogom HK-
CHEKTPOCKOIUH, a TAKXKE METOJOM JUHAMHUYECKOIO CBETOPACCESIHUSL.

HccnenoBana 3aBUCUMOCTh MOP(OJIOTHH, COCTaBa U KPUCTAIIUNUYECKOM MOAU(pUKALIIH
MOJTyYE€HHBIX HAHOYACTHULl OT YCJIOBUM CHHTE3a. Y CTAaHOBJIEHBI YCJIOBUS MOJIY4YEHHS 30JIed Ha-
HOYACTHUI] Cylb(uaa M co CTPyKTypoi KoBesuiuTa pazmMepoM ot 10 10 40 HM B HENOISIPHOM
pacTBOpHUTEIIE C UCIIOIB30BAHNEM JITTHHHOIICTIOUEYHBIX aMHHOB B Ka4€CTBE CTAaOMIM3aTOpa.

[Toka3zaHo, 4TO yBeJIMYEHUE BPEMEHH pOCTa YacTHIl OT 1 70 6 MUHYT NpHu PUKCHPOBaH-
HOM Temneparype pocta 175°C mo3BosisieT MOJIYyYUTh HAHOYACTUIBI B (DOPME HAHOJKCKOB.
VYBenuyeHue BpeMEHHM POCTa YacTUI] MPUBOJUT K U3MEHEHHIO KO3(HLMEeHTa aHU30TPOIUH
HAHOYACTHII, & TAK)Ke K M3MEHEHHUIO (OPMBI TpaHel. Y CTaHOBJICHA XapaKTepHas camocOopka
YaCTHIL B CTEKU IIPH yBEIMUEHUH pa3Mepa 4acTull.

Jnist Bcex MOTy4YeHHBIX 00pa3IoB MOKa3aHO (OPMHUPOBAHUE TUIA3MOHHOTO PE30HAHCA B
cnektpanbHoil ob6mactu oT 1000 go 1300 HM, YTO COOTBETCTBYET KOHIIEHTPAIIMH CBOOOIHBIX
HOCHTeTeit 3apsia mopsiaka 10> cv™. JlaHHas BEIMYMHA OTBEYAET COCTOSHHIO BBIPOIKIACHHOTO
MOJIyIPOBOJIHUKA. Y CTAHOBJIEH CMHUI CIBUI ITOJIOCHI IIJIJA3MOHHOI'O MTOTJIOLIEHUS MOJy4YEHHBIX
HAaHOKPHUCTAJJIOB C MOBBIILIEHUEM BPEMEHU pocTa oT | 10 3 MHUHYT, JanbHeWIee YBeIUYeHe
BPEMEHM POCTA MPUBOAMT K KPACHOMY CIABMIY CHEKTpa noriomeHus. Ilokazano, uto yBenude-
HHUE TEeMIIepaTypbl CHHTE3a MPUBOANUT K 0ATOXPOMHOMY CIIBUTY TIOJIOCHI IJIA3MOHHOTO TOTJIO-
LICHHUS.

Over the last years nanocrystal semiconductor materials have been the subject of much
interest for fundamental investigations and especially for applied studies. Such materials can be
successfully applied in electronic and optical devises. According to this one of main direction
of nanoscience is devoted to synthesis of semiconductor nanoparticles with high concentration
of free charge carriers and fabrication of highly conducting p-/n- type films based on such ob-
jects.

One of the most promising and interesting materials in this field is copper sulfide (I)
because of characteristical high nonstoichiometry, unique electron and optical properties and
possibility for synthesis of nanoparticles with different morphology and crystal structure. Find-
ing of conditions for the fabrication of colloidal copper sulfide nanoparticles with high concen-
tration of holes as free charge carriers is very important scientific goal from the viewpoint of
possible observation of local surface plasmon resonance in optical absorption spectra.

The main goal of this work is synthesis of colloidal monodisperse plasmonic copper
sulfide nanocrystals with covellite crystal structure in nonpolar solvent.

The method of synthesis is high speed injection of copper precursor to sulfur precursor
in nonpolar high-boiling solvent under an argon atmosphere. Temperature of injection was var-
ied from 120°C to 200°C. In the capacity of precursors copper chloride (I) and elementary sul-
fur were used. Dodecylamine, hexadecylamine and oleylamine were used as stabilizers for ob-
tained nanoparticles. After the injection time of growth of nanoparticles was varied from 1
minute to 6 minutes.

Investigations of synthesized samples was carried out by optical absorption spectros-
copy, transmission electron microscopy (TEM) and electron diffraction. Method of X-ray dif-
fraction, infrared spectroscopy and dynamic light scattering method were also used for charac-
terization of nanoparticles.

Dependence of morphology, composition and crystal modification of obtained nanopar-
ticles on synthesis conditions has been investigated. Experimental conditions of preparation of
stable and high concentrated sols of copper sulfide (I) nanoparticles with covellite structure in
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nonpolar solvent with using of long-chain amines as stabilizers have been found. By using of
TEM size and morphology of nanoparticles have been determined. Average size of nanoparti-
cles lies in the range from 10 to 40 nm.

It has been established that increasing of growing time of nanoparticles from 1 minute
to 6 minutes under the conditions of fixed temperature (175°C) leads to synthesis of copper
sulfide nanodiscs. Increasing of growing time observably changes anisotropy coefficient of
nanoparticles and form of nanoparticles faces. It was found that with increasing of size of uni-
form nanoparticles self-assembly into nanostructers with face-to-face stacks starts to be a ten-
dency.

For all obtained samples high intensive local surface plasmon resonance has been regis-
tered in optical spectra. It lies in the spectrum range from 1000 to 1300 nm that corresponds to
concentration to free charge carrier of the order of 10?' sm™. This value is behavioral for de-
generated semiconductors.

Blue shift of local surface plasmon resonance absorption for synthesized nanoparticles
has been found in case of increasing of time of its growth from 1 to 3 minutes. Further increas-
ing of time leads to red shift of plasmonic maximum. Such behavior can be result of different
contribution of size and morphology of nanoparticles to this type of absorption. Increasing of
synthesis temperature from 120°C to 200°C is also shifted of absorption peak position into
long-wave region. Influence of different stabilizers on plasmonic absorption has been also in-
vestigated.

For the measurement of conductivity long-chain stabilizer of sample with highest concen-
tration of free charge carriers was changed to short-chain pyridine. The sample was deposited
to the ceramic substrate with gold electrodes.
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Coxkoauxosea Mapusa Cepzeesna

KBasuasymepHbie KossiouaHbie HaHoYacTulbl CdSe
U rerepocTpykrypbl CdSe/CdS Ha ux ocHoBe

PykoBoauTens: K.X.H., 101. Bacunses P.b.

[TomynpoBOTHUKOBBIE KOJUIOMIHBIE HAHOKPUCTAIBI 0071a/1al0T YHUKAIGHBIME (U3HUe-
CKHMH CBOMCTBaMHU, KJIIFOUEBYIO POJIb B KOTOPBIX UTPAET pa3MepHBbIi 3(h(eKT, MPOoSBISIOMUNACS
B 3aBUCHUMOCTH JJICKTPOHHBIX M ONTUYECKUX CBOWMCTB OT JIMHEWHBIX pa3MepPOB HAHOKPHUCTAII-
7oB. B HacTosiiee Bpemst pa3paboTaHbl METObI CHHTE3a KOJIJIOUTHBIX HYJIbMEPHBIX (KBaHTO-
BbIE€ TOYKH) M OJHOMEPHBIX CUCTeM (HAaHOCTEP>KHH, HAaHOTPOBOJIOKKM M HAHOTPYOKH) B BHIE
KOJUIOM/IHBIX 4YacTUIl. AKTyaJlbHOHN 3ajadeil MpeiCTaBlIAETCs IMONTy4YeHHE JBYMEPHBIX MOJY-
MIPOBOJHUKOBBIX KOJIOUTHBIX HAHOYACTHUI] (HAHOTLIACTUHOK).

I{enpto maHHOW pabOTHI OB CHHTE3 KBAa3HIBYMEPHBIX KOJTOMAHBIX HaHOo4acTuil CdSe n
V3Y4YCHHE BIIMSHUS yCIIOBUU CHHTE3a Ha UX CTPYKTYpPY U MOP(OIOTHIO, UCCICIOBAHUE UX OTI-
TUYECKUX CBOMCTB, a TaK e pa3paboTka MmoaxoJ0oB kK cuHTe3y rerepocTpykryp CdSe/CdS Ha
OCHOBE KBa3uAByMepHbIX HaHouyacTull CdSe.

KBazuaBymepHbie HaHOUacTHIBI CdSe nmomyyany KOJUIOUAHBIM METOJIOM, CHHTE3 BEJCs B
nHepTHOU aTMmocdepe npu Temmeparypax 170-250°, B kayecTBe cTabmim3aTropa BhICTyMaja
OJIEMHOBAsI UJIM MUPUCTUHOBAsI KUCIIOTa. BBeneHue anerara kaaMusi oJaBisieT pocT GopMu-
PYIOIIUXCST B PEAKIIMOHHOW cMecH 3apojblieii B HanmpasieHuu <001> (wnu <111>), nanpHei-
mui pocT miockocTedt {220} mpuBOIUT K (GOPMHPOBAHUIO HAHOIUIACTHHKU. Bce 0OBEKTHI
OXapaKTePU30BaHbI METOJAMU TIPOCBEUYUBAIOIICH SJIEKTPOHHON MUKPOCKOIUH, PEHTIT€HOBCKOMN
Tudpakuy, CIEKTPOCKOTMH JTIOMUHECIICHIIMM M TIOTJIOMeHUs B BUIUMOW u OmmkHer K-
obnacTu.

Pucynok 1. (a) - Cxemamuueckoe uzobpasicenue nanoniacmunxu CdSe; (6) u (8) - mukpogpomoepaguu ksa-
suosymepnuix Hanouacmuy CdSe (3 u 4 monocnos CdSe coomeemcmeento).

KBasunBymepusie HanouacTuibl CdSe npencTaBistoT co00# MIaCTUHKYA TOJIIIMHON 1,5 -
2 HM, JaTepalbHBIE pa3Mepbl KOTOPHIX COCTABISIOT NECATKH HaHOMETpoB (puc. 1). YHHKaIB-
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HOCTb JIaHHBIX OOBEKTOB 3aKJIIOYAETCS B TOM, YTO OHU MOTYT OBITh MOJYYEHBI B BUJE MOIYJIs-
M1 HAHOYACTHIl CTPOrO ONPEAEICHHON TOMIMMHBL. TOJIMHA HAHOIUIACTMHOK ONpeAesseTcs
pazMepamu 3apoAbllIei U B XOA€ POCTa IUIACTUHBI HE U3MeHseTcs. Tak Kak 3HEprus pasmep-
HOTI'O KBaHTOBaHMS OIPEJEIIAETCS] MEHBIINM B CUCTEME pa3MepoM, TO €CTh TOJIIIMHOM KBa3u-
BYMEPHOI HAaHOYACTHUIIbI, TO OJJHOPOJHOCTh HAHOYACTUI] IO TOJILIMHE 00yCIaBIMBaEeT HaJIUUNE
Ype3BbIYANHO Y3KUX MOJIOC MOTJIOMEHHS U UCITyCKaHUs, TIOJ0KEHNE KOTOPBIX JUIsl KOHKPETHON
HOMyJIAUK  (PUKCUpOBaHO. BpumM momydeHsl 3 TOMYJSIMKA KBa3WIABYMEPHBIX HaHOYACTHIL
CdSe paznuunoii Tonmunsl (3, 4 u 5 monocnoes CdSe, cM. puc. 2) ¢ y3KUMHU CHEKTPaJIbHBIMU
nojiocamMu (IIMPHHA MOJIOCH! (POTOTIOMHHECIICHIINM Ha TIOYBBICOTE HE TpeBocxoauT 10 HM),
KBaHTOBBIH BbIxoJ HaHOoMmIacTuHOK CdSe nocturaer 30%. Iloka3aHo, 4To BapbUpPOBAHUE TEM-
nepaTypsl (OPMHUPOBAHUS 3apOBIINICH TO3BOJSET MOJYYUTH MOIYJSALIWN KBa3HUIBYMEPHBIX
HAHOYACTHI] Pa3IMYHON TOJIIMHBI, U3MEHEHHE PYTHX YCIOBUI, TaKUX KaK BpeMsl CUHTE3a U
TEMIIEpAaTypa poCTa HAHOIJIACTMHOK, OKA3bIBACT BIMSHUE TOJIKO Ha MX JaTepalbHbIE pa3Me-

pBI.
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Pucynok 2. Onmuyeckue xapaxmepucmuxy pasiuyHblx NOnyIayull Keasuogymepuvix Hanouacmuy CdSe.
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B nanHO# paboTe mpeuIoKeHbl 1Ba MOIX0a K CHHTE3y TeTEepPOCTPYKTYp Ha OCHOBE Ha-
HorutacTuHOK CdS. TlepBrIif MOIX0 - 3TO POCT Ha 3aTpaBKax, koraa poct obomouku CdS ocy-
HIECTBIISIETCS B PE3yJbTaTe PEAKIINHM KaJIMHUEBOTO U CYIb(UIHOTO MPEKYPCOPOB HA MOBEPXHO-
CTH YK€ UMEIOIINXCs KBa3uIByMepHbIX HaHoyacTull CdSe. B aToM ciryuae skcriepuMeHTaIbHO
HAOJIOTAJICS CIIBUT TOJIOC TOTJIONICHHS B KpacHyIo ob6nacth (1o 38 um ans obpasua CdSe, 3
MOHOCJIOSN ) ¥l X 3HAYUTEIbHOE yIUpeHue (MpuOIU3UTEILHO B 2 pasa JijIsl AJI BCeX 00pasIioB).

Bropoit moaxon npeanonaraeT GopMUPOBAHUE TETEPOCTPYKTYPHI U3 CMECH CYIb(PUIHO-
TO ¥ CEJCHUIHOTO MPEKYpPCOpoB. B aTOM ciyuae cHavanma mMpoMCXOAUT 0Opa3oBaHUE 3apOJbl-
et CdSe, a ocaxxnenne CdS Ha MOBEPXHOCTH PACTYIIEH MIACTUHKU BEJET K (POPMHUPOBAHUIO
TeTePOCTPYKTYPHl. BapbupoBaHHE MOJIBHOTO COOTHOIICHHUS Se:S IMO3BOJIWIO TOJIYYHTH PSijI
rerepocTpykTyp CdSe/CdS. [1o maHHBIM IPOCBEUYHBAIOMICH SJEKTPOHHON MUKPOCKOMUU TIOJTY-
YEHHBIC TeTEPOCTPYKTYPHI MPEACTABIAIOT cO00i HAHOIUTACTUHKH, JIaTepalbHBIE pa3Mephl KO-
TOPBIX COCTABJISIOT JECATKH HAHOMETPOB. B crHekTpax MOriomeHuss HaONI0JaeTcss CUHUN
C/IBHT TIOJIOC Ml MX 3HAYUTEIILHOE YIIUPEHUE C YBEIWYCHUEM COICPIKAHUS CEpPhl B PEAKIHOH-
HOU CMECH.
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Pucynoxk 3. Onmuueckue xapaxmepucmuku cemepocmpykmyp CdSe/CdS.

Colloidal semiconductor nanocrystals possess unique physical properties, in which the
key role plays the concept of quantum confinement and dimensional control of the density of
electronic states. Their size/shape-dependent properties coupled with excellent solution
processability are being actively explored for applications in biomedical labeling, solar cells,
light-emitting diodes, etc. Well documented procedures to grow zero-dimensional systems
(quantum dots) and one-dimensional systems, wires and tubes, as colloidal particles in solution
have been reported. In contrast, there are no methods of preparation that yield colloidal two-
dimensional particles. Yet, ultrathin films (quantum wells) of II-IV and III-V semiconductors
epitaxially grown on substrates by molecular beam epitaxy have proven extremely useful for
both fundamental studies and a wealth of applications in optoelectronics. As for now, the
synthesis of two-dimensional colloidal nanocrystals, nanoplatelets, or nanodisks is limited to a
few examples of metal and lanthanide oxide materials as well as CuS and NiS. Thus, it seems
to be the perspective task to establish reproducible procedures for size/shape-controlled
synthesis of one-dimensional quantum confined and colloidal stable nanostructures.

Our research is aimed to obtain different populations of colloidal quasi-two-dimensional
CdSe nanoparticles, to investigate the influence of synthetic conditions on their structure and
morphology, to study optical properties of quasi-two-dimensional nanoparticles, and to work
out synthetic approaches for formation of heterostructured CdSe/CdS colloidal nanoplatelets.

Colloidal quasi-two-dimentional CdSe nanoparticles were prepared by colloidal method.
Synthesis was performed at 170-250° under constant argon flow. Oleic and myristic acids were
chosen as stabilizer agents. The platelet formation is induced by the presence of acetate salt in
the reaction medium. In general, two-dimensional growth occurs by lateral extension of the
formed at the first stage CdSe seeds by the continuous reaction of Cd and Se precursors.

According to TEM observations quasi-two-dimensional CdSe nanoparticles represent
nanoscaled platelets with rectangular shape with lateral dimensions from several to hundred
nanometers with thicknesses controlled at the atomic level. Interestingly, the nanoplatelets
could be obtained as populations of nanoparticles with defined thickness quantified by one
CdSe monolayer. The nanoplatelet thickness depend on the size of the seeds and doesn't
change during the platelet growth. It is well-known that the energy of optical transitions is
defined by the smallest parameter in the system, in our case by the nanoplatelet thickness. High
uniformity of nanoplatelet thickness within one population causes extremely narrow peaks in
absorption and luminescence spectra with positions fixed for each population. In our work
three populations of quasi-two-dimensional CdSe nanoparticles with different thicknesses (3,
4, and 5 CdSe monolayers) were obtained. The emission spectra for each nanoplatelet
population have full width half-maximums (fwhm) about 10-15 nm and the Stokes shift
between the first exciton and the platelet emission is less than 20 meV, in contrast with the
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large Stokes shifts observed in case of quantum dots and quantum rods. The very narrow fwhm
measured in spite of the large lateral platelet size distribution observed in TEM implies that the
platelet aspect ratio has only little influence on their emission wavelength. The major
difference between the platelet populations seems to be their thickness. The quantum yield of
platelet solution can reach 40%.

In our research we developed two approaches for synthesis of colloidal CdSe/CdS
nanoheterostructures based on quasi-two-dimensional CdSe nanoparticles. The first approach
is so-called seeded growth than the heterostructure formation can be described as deposition of
CdS due to the reaction of cadmium and selenium precursors on the surface of CdSe
nanoplatelets. In this case we experimentally observed the red shift of absorption bands (up to
38 nm for the thinnest nanoplatelet population) with their significant broadening (up to two
times for all samples). Unexpectedly, after the heterostructure formation the quantum yield of
nanoplatelets dropped to zero.

The second approach is the formation of heterostructured nanoplatelets from reaction
media contained both sulfur and selenium precursor simultaneously. The idea is completely
plain - CdSe as more reactive agent will nucleate at the first stage and then the deposition of
CdS on the surface of growing CdSe nanoplatelet will lead to formation of CdSe/CdS
heterostructure. In order to prove this assumption we conduct several experiments using
reaction mixtures with different Se:S ratios (4:1, 2:1, 1:1, 1:2, and 1:4) for CdSe/CdS
nanoplatelet syntheses. According to TEM data this approach allows to synthesize very thin
platelets with various lateral sizes. It should be mentioned, that the quasi-two-dimensional
geometry remains unchanged. Optical data show the blue shift of absorption bands and their
broadening with increasing sulfur concentration in the reaction mixture.
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Jlebeoes /Imumpui Huxonaesuu

depMeHT-Coiep Kalle CUCTEMbI HA OCHOBE MATHUTHBIX
HaHoyacTull Fe;O @Au: mosryuyeHue u CBOMCTBA

PykoBoauTens: aA.X.H., mpod. Kimsuko H.JL.

B03MOXHOCTh AMCTAaHIIMOHHOTO BO3ACHCTBHS HA OMOJIOTHYECKUE MOJIEKYJIBI U TpoIiec-
Chl B HAacTOsIIIee BpeMs MPHUBIIEKAET OOIbIIOE BHUMAHUE HccieoBaTesIel B CBA3U ¢ OOJIBIINM
KOJIMYECTBOM Pa3IMuYHbIX NEPCIEKTUBHBIX MpuMeHeHuid. Hanpumep, B ciydae agpecHoil qoc-
TaBKU JIEKApPCTB, AUCTAHLIMOHHOE BHEIIHEE BO3/EHCTBHE MOXET ObITh MCIOJIb30BAHO JUISI BbI-
IycKa JIeKapcTBa W3 KOHTEHepa BHYTpPH opraHu3Ma. Pa3nuuHble CyLIECTBYIOIIHME METOIbI
JUCTAHIIMOHHBIX BO3JEHCTBUI (TeMIieparypa, JaBjleHUE, M3JIyuyeHHe) JU00 BOBCE HE MOTYT
OBITh IPUMEHEHHI in Vivo, THO0 UMEIOT CYIIECTBEHHBIC HEJOCTATKH. B 3T0ii CBSI3M BakHA pas-
paboTKa HOBBIX METOJOB U MOAXOJOB, KOTOpPbIE MO3BOJIAT 3(PPEKTUBHO TUCTAHIIMOHHO BO3-
JIefiCTBOBAaTh Ha OMOJIOTUYECKHE MOJIEKYJIbI U npoliecchl. OTHUM U3 Haubosee NepCrueKTUBHBIX
HOJXO/I0B B HACTOSIIEE BpeMs SBISIETCS MMMOOMIM3AIMs OMOMOJIEKYJl HA MarHUTHBIX HAHO-
yactunax. bonpimas gacte paboT B 3TO# o0sacT mocBsimeHa dPQPeKTy JOKaIbHOrO HarpeBa
(runeprepmun). OnHaKo JaHHas paboTa CBsi3aHa ¢ HAJIMYMEM MHOTO MEXaHM3Ma JeHcTBUS:
HU3KOYACTOTHOE MAarHUTHOE TI0JIE MOYKET NMPHUBOJUTH K MOBOPOTaM (KOJICOaHUSIM) MarHUTHBIX
HAHOYaCTHUIl. MexaHW4YecKHe CHJIbl, BO3HUKAIOUIME B pe3yjbTaTe TAaKUX KoyieOaHWH, MOTYT
IPUBOJUTH K U3MEHEHUIO KaTAIUTUYECKOM aKTUBHOCTH MMMOOMJIM30BAaHHOTO Ha MAarHUTHBIX
HAHOYaCTHUIAX (epMeHTa 3a CUET U3MEHEHHsI €0 HATUBHOW KOH(pOpMaLUu.

B nanno#i pabore MarauTHbie HaHOYACTHUIBI Fe;O4 ObUIM CUHTE3UPOBAHBI U3 BOJIHOTO
pactBopa xnopunoB Fe*" i Fe'™ coocaskiennem mpy MOMOIIH pacTBOPa aMMHAKa. 3aTeM IOTy-
YEHHbIE HAHOYACTHUI[bl MarHeTUTa ObUIM MOKPBITHI 30J0TOH 000JI0YKOW BOCCTAHOBJIEHHEM
HAuCly nurparom Hatpus. B nanpHeiiiem, noBepXHOCTh HAHOUYACTUL Obll1a MOAUDUIIUPOBa-
Ha CMEChbI0O JIMTAaHJOB: Jumnoesass kuciota u nojudTuiaeHraukons (HS-PEG-OMe,
M = 5000 r/monb) B pa3nuuHbIX cooTHomeHusX. [Tomydyennsie HanodacTuisl FesOs@Au Obutn
oxapaktepusoBaHbl MeTogamu [I19M, ontuyeckoit cnexkrpockonuu, AAC, NTA, MarHuTHBIMU
MeTonamu (Becol Dapagest).

B xadecTBe MOJENBHOTO OB B3ST PEPMEHT, O-XUMOTPUIICUH, 32 U3MEHEHUEM CBOMCTB
KOTOPOTO JIETKO CIEAUTH MO €ro (PyHKIUHN — KaTaau3y peakiil ruaApoIn3a pa3InyHbIX COeIu-
HeHni. ViIMMOOMIM3aIus o-XUMOTPUTICHHA OblJIa TIPOBEICHA TI0 MMOBEPXHOCTHBIM KapOOKCHIIb-
HBIM M aMUHOTpymnmaMm Oeska U KapOOKCHUJIbHBIM I'pYIIaM JIMIOEBOM KHCIOTHI C UCIOIb30Ba-
HUEM KapOOAMUMHUIHOTO METO/Ia C TOCIEIYIOIIEH OYICTKOM OT «HECBSA3aBIIETOCS» (EepMEHTA.
AKTUBHOCTB (--XMMOTPHUIICHHA OTIpe/ieNsiIach ClIEKTPOGOTOMETPUUYECKH MPH JUTMHE BOJIHBI 380
HM 110 HAaKOIUIEHHUIO MPOIYKTa peakluu THIPOIN3a - -HUTPOAHUIINHA.

Jns BeisaBrnenus s¢dexra BausHUS niepeMeHHoro MaruutHoro mois (500, 110xA/Mm)
Ha CHUCTEMY O-XUMOTPHUIICUH — HAaHOYACTHUI[bl, AKTUBHOCTh MMMOOMJIN30BAHHOTO (epMeHTa
U3MEPSIIH 10CIIe BBIACPKKHM KIOBETHI B I0Jie. BimsiHMe MarHUTHOTO MOJIsl OLIEHUBAIM KaK OT-
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HOUICHWE aKTUBHOCTH MMMOOWJIM30BAaHHOTO ()epMEHTA B KIOBETE, IOJBEPraeMoil NEHCTBUIO
1oJIs, K KOHTPOJIBbHOM KioBeTe. B pe3ynbrare paboThl ObUIO BBISBICHO U3MEHEHHE aKTUBHOCTH
(depMeHTa moJ AEWCTBHEM MOJSA. YCTAaHOBIIEHO, YTO B CIIydyae YacTHUll, CTaOMIN3HPOBAHHBIX
JIMIIOEBOM KHUCIJIOTOM, OCTAaTOYHAsl aKTUBHOCTB focturana 60% ot ucxonHoil. Pesynbratsl, mo-
Jy4YEHHBIE C UCIOJb30BaHUEM DPA3IUYHBIX CyOCTpaTOB, a TaK k€ MpH J100aBiieHnU cyOcTpara
1OCJI€ BBIACP)KKH KIOBETHl ¢ MMMOOMIIM30BaHHBIM (PEPMEHTOM B I0JIE€ YKa3blBaeT Ha TO, YTO
MarHUTHOE I10JI€ BIUSET Ha (PEPMEHT, a HE Ha KOHKPETHYIO KaTAIUTUYECKYIO PEaKIIUIO.

[TonyuyeHHbIe pe3yiIbTaThl YKa3blBalOT HA BO3MOXKHOCTb JMCTAHIIMOHHOI'O YIIPABICHUS
OMOXMMHUYECKUMH PEAKIMSIMUA B CUCTEMax OMOMOJIEKYJIBl — MAarHUTHBIE HAHOYACTHUIIHI 32 CYET
HPUIOKEHUS BHEIIHETO HU3KOYaCTOTHOTO MarHUTHOTO TOJISL.

The remote control of biochemical processes and remote influence on biological mole-
cules attracts significant attention of scientists due to large amount of different perspective ap-
plications. For example, in case of targeted drug delivery, remote control can be used for per-
forming drug release from nanocontainer inside the organism. Different well-known methods
to modulate remotely chemical reactions (e.g. temperature, pressure, radiation) are almost in-
applicable or less effective speaking about use in vivo. Therefore, development of new effec-
tive methods and approaches for remote control of biochemical reactions is required. Nowa-
days, the most perspective approaches are connected with immobilization of biomolecules on
surface of magnetic nanoparticles. The majority of existing methods is connected with effect of
local heating in high frequency magnetic field, so-called hyperthermia. However, such ap-
proach has a number of disadvantages (e.g. difficulty of temperature control), which limit wide
use of hyperthermia. Current research is connected with another existing mechanism of mag-
netic nanoparticles behavior in magnetic field: low frequency magnetic field can cause oscilla-
tions (turns) of magnetic nanoparticles. If an enzyme is immobilized on the surface of these
particles, mechanical forces arisen by such oscillations will affect its native structure and thus
change enzymatic activity.

In this work, Fe;O4 magnetic nanoparticles were synthesized by co-precipitation from
solution of iron chlorides in ammonia aqua solution. These nanoparticles were subsequently
coated with gold shell by reduction of HAuCly in sodium citrate solution. Finally, nanoparticles
were separated from uncoated Fe;O4 via Sephadex G100 size-exclusion chromatography and
stabilized by mixture of ligands: lipoic acid and polyethylene glycol in different ratios.

Obtained nanoparticles were characterized by TEM, AAS, optical spectroscopy, NTA,
magnetic measurements. According to TEM images, diameter of initial magnetite particles was
9 + 3, diameter of gold coated particles - 16 = 3 nm. Concentrations of colloidal solutions of
nanoparticles (typically 5¥10° — 10" part/ml) and particle size distributions were estimated by
NTA measurements. Obtained colloidal solutions are stable at room temperature (almost no
precipitate and no change of solution optical density were observed after 3 months).

Immobilization of alpha-chymotrypsin on the surface of nanoparticles was made with
the use of carboxyl groups of lipoic acid and surface amine and carboxyl groups of enzyme.
Effective carbodiimide method with the use of EDC (1-ethyl-3-(3-dimethylaminopropyl) car-
bodiimide) and S-NHS (N-hydroxysulfosuccinimide) was utilized. Two different immobiliza-
tion procedures were used. In one-step immobilization procedure all reagents (particles, citric
acid, EDC, S-NSH, chymotrypsin) were mixed simultaneously. In order to avoid full cross-
linking of the system, appropriate concentrations of coupling agents, citric acid and enzyme
were chosen. In case of two-step immobilization procedure, nanoparticles initially were mixed
with EDC and S-NSH after that the system was purified from coupling agents via Sephadex
(25 size-exclusion chromatography, and finally, alpha-chymotrypsin was added. In both cases
the system was separated from an excess of enzyme by using centrifuge filters (300kDa). Ac-
cording to NTA data, in case of one-step procedure significant broadening of particle size dis-
tribution was observed. This can be explained by formation of cross-linked aggregates of
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nanoparticles and enzyme molecules. In case of two-step immobilization procedure, no broad-
ening of particle size distribution was detected.

For measuring of enzymatic activity two different substrates: N-benzoyl-L-tyrosine-p-
nitroanilide and N-succinyl-Ala-Ala-Pro-Phe-p-nitroanilide were used. Enzyme activity was
determined spectrophotometrically at 380 nm by measuring the hydrolysis product (p-
nitroaniline) appearance.

In order to reveal the effect of low-frequency magnetic field (50Hz, 110kA/m) on al-
pha-chymotrypsin — nanoparticles system, enzymatic activity was measured after exposure of
cuvette with immobilized enzyme to magnetic field. The effect of magnetic field was estimated
as the ratio of enzymatic activity in exposed cuvette to control one. As a result, exposure in
magnetic field leads to the changes in the enzyme activity. It was found that the residual activ-
ity of 60% of initial can be reached in case of system based on nanoparticles stabilized by li-
poic acid with no PEG. The decrease of enzymatic activity was observed only for samples, ob-
tained with one-step immobilization procedure. This indicates that formation of aggregates of
enzyme molecules with several nanoparticles is crucial for observed effect. Results obtained
with the use of different substrates and by adding the substrate after exposure of immobilized
enzyme to magnetic field indicate that the field affects the enzyme molecule and not the
chemical reaction itself.

Molecular dynamic simulation studies indicate that mechanical forces of 100-200 pN
applied to the enzyme surface amine groups are enough for changing hydrogen-bond net in en-
zyme structure, which will certainly affect enzyme activity. Such forces could be achieved by
oscillations of magnetic nanoparticles in low-frequency magnetic field.

Obtained results indicate the ability of a control of biochemical reactions in systems
biomolecules - magnetic nanoparticles by applying of external low-frequency magnetic field.
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Ilvixoea Anacmacusa /[mumpuegna

CTpyKTypHasi H 3JIEKTPOHHAS AUHAMMKA B IIPOU3BOJAHBIX
(pyepeHoB ¢ BHYTpH- U BHeHIHeC(EPHbIM NIEPEHOCOM 3apsaaa

PykoBomutens: a.¢.-m.H., c.H.c. Modde U.H.

@OynnepeHsl SBISIOTCS TMEPCHEKTHBHBIM KJIACCOM COEIWHEHHH ISl MCIIOJIb30BAaHHS B
pa3IMyHBIX 00JACTIX MPUKIAAHON Hayku. Hambomblee pacrpocTpaHeHHE MOTYYMIINA HCCIIe-
JIOBaHUS TIPUMEHEHUST (YJUIEPCHOB B MOJYIPOBOJHUKOBOW TEXHUKE W HAHODJICKTPOHHKE IS
CO3JIaHMs Ha UX OCHOBE (POTOAMOAOB, TPAH3UCTOPOB M CONHEUHBIX OaTapeil. PysuiepeHsl, 00-
Janasi BBICOKOH 3JIEKTPOOTPHUIIATEIBHOCTBIO, JIETKO 00Pa3yIOT KOMIUIEKCHI ¢ IEPEHOCOM 3apsi-
J1a, YTO MOXET OBITh MCIOJIb30BAHO MPH CO3IaHUU JOHOPHO-aKIENTOPHBIX nuaja (ymaepeH -
(OTOAKTUBHEINA TIOHOP, TZI€ MOJ JCHCTBUEM CBETA MPOUCXOAUT (HOTOMHIYIIMPOBAHHBIN AIICK-
TPOHHBIN nepexon. Jpyras akTUBHO HcciexyeMas 00JacTh MPUMEHEHUs (QYJUIEPEHOB OTHO-
cUTCS K OMOMEIUIIMHCKOW cdepe, I/ie OHM pacCMaTpUBAIOTCS B Ka4eCTBE PaJHONpPEnapaToB
(Ipy BHEZPEHUH PaIMOAKTUBHBIX aTOMOB), KOHTPACTHBIX ar€HTOB I MAarHUTHO-PE30HAHCHON
TOMOTpa(uu MM KaKUX-TMOO MHBIX METOK. 3/1eCh 0COOEHHO MEPCHEKTHBHBI YHI03APATbHBIC
MeTauI0(yJUIEPEHBl, COJlepKalllie aTOMbl METAJJIOB BHYTPU yTJiepoaHoro kapkaca. Ilocnen-
HUI 00ecrieurBaeT MPaKTUIECKH a0COTIOTHYIO 3alIUTy OT KOHTAKTa SHAO0DIPATBHBIX YACTHII C
BHEIIHEH cpeoil 1 BO3MOXKHBIX HEOJIAaromnpHATHBIX IMOCIEACTBUN TaKOrO KOHTAKTa JJsl opra-
HU3Ma.

Lenbto HacTosIIeH pabOTHI ABISIOCH TEOPETUUECKOE MCCIIEOBAHUE MPOLIECCOB Iepe-
HOCa 3apsjia B cucTeMax ¢ ydactiueM (yimepeHoB. [Iporecchl BHENTHEC(HEPHOTO AIEKTPOHHOTO
nepeHoca ObUIM PACCMOTPEHBI Ha CUCTEMax C (POTOBO30YXKAEHHBIM MEPEXOJAOM B CTAaHIAPTHOU
cucreMe Cgo-TDAE B pamkax teopun Mapkyca. Pasnuunbie acriekThl BHYTPUCHEPHOTO Tepe-
HOCA 3JICKTPOHOB OBLTM M3YYEHbI HA MPUMEPE SHIAO0APATBHBIX MTPOU3BOIHBIX, B KOTOPHIX Ie-
PEHOC 3apsifia OCYIIECTBIISICTCS MEXIY DHIOSAPATBHBIM KIACTEPOM U (yJUIEPECHOBBIM KapKa-
coM. OCHOBHOH II€TIbIO MCCIIEIOBaHMs ObUI aHAU3 BIMSAHUS BHEIIHECepHOU (yHKIIMOHAIH-
3anuK (PyJIIEpEHOBOTO KapKaca OpraHMYeCKHMH aJlZICHIaMH Ha CTPYKTYPHBIE U JICKTPOHHBIC
cBoiictBa coeauaenuii Ha mpumepe Sc3IN@C80-N(atwn)nupponuauna u Sc3N@C80-6eH3o0a,
a TaK)Xe MPOBEPKAa BO3MOXKHOCTU TEOPETUUYECKOTO Tpeackazanus JIIP cnexkTpoB s sHI031-
paJIbHBIX POU3BOIHBIX (YIUIEPEHOB.

Pacuérer ObUTH MTPOBEACHBI METOAOM (PYHKITMOHANA TIOTHOCTH C MCIIOJIB30BAHUEM psi-
Jla KBaHTOBO-XMMHMYECKHUX MPOrPaMHBIX IMaKeTOB. B Xoze nccienoBanus ObUIM HaWICHBI SHEP-
TeTUYECKHE XapaKTEPUCTHKH IPOIECCOB AIEKTPOHHOTO TepeHoca. st sHI0dIpanbHBIX CO-
€IMHEHMI OBbLIM BBISBJICHBI Haubosiee ycTOWYMBBIE KOH(GOPMEPHI A Pa3IHUHBIX 3apsIOBbIX
COCTOSIHHM, a Takke Oapbhepbl X B3auMorpeoOpazoBanus. beimn paccuntansl 3¢(HEKTUBHbBIE
3apsi/ibl, CIIMHOBAS IJIOTHOCTh U KOHCTAHTHI CBEPXTOHKOTO B3auMmoseiicteusa (CTB) na atomax
CKaH/IMs, TIOKa3aHa YyBCTBUTEILHOCTh PACHPEACICHHUS CIMHOBOW IUIOTHOCTH K TIOJOXCHHUIO
aTOMOB CKaH/Ms BHYTPH YIJIEPOAHOTO Kapkaca. IIpu sToM Obu10 0OHApyKEHO SBICHUE CITUH-
3apsIIOBOTO Pa3/ieICHUs], 3aKJII0Yalonieecss B MPEHMYIISCTBCHHOW JIOKAM3aIlMK 3apsaa Ha
KJIacTepe, a CliiHa — Ha yTJIepoTHOM KapKace.
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The fullerenes, discovered in 1985 by researchers at Rice University, are a family of car-
bon allotropes named after Buckminster Fuller. They are molecules composed entirely of car-
bon, in the form of a hollow sphere, ellipsoid, or tube. Unique electrochemical, photophysical,
and pharmacological properties of fullerenes make them a promising class of compounds for a
variety of practical applications. One can particularly mention the field of semiconductor elec-
tronics and nanoelectronics where fullerenes can be used as building blocks in the synthesis of
organic materials for light emission diodes, transistors and solar cells. Remarkable electron
withdrawing properties of fullerenes may be conveniently utilized in the design of donor-
acceptor dyads involving appropriate photoactive donors that exhibit photoinduced charge
transfer and separation upon light irradiation. Another promising area where fullerenes can find
applicability is biology and medicine, thanks to their antibacterial and antioxidant properties,
as well as to their ability to encapsulate various atoms and molecules. The latter is especially
important for magnetic resonance tomography where fullerene derivatives can be, therefore,
used as contrast agents or other radioactive labels. This primarily applies to such fullerene
compounds as endohedral metallofullerenes that contain metal atoms or clusters inside the
fullerene cage: perfect isolation of metal atoms from the environment by the carbon shell ad-
vantageously eliminates toxicity of the contrast agent. Endohedral metallofullerenes are
characterised by the fact of electron transfer from the metal atom to the fullerene cage and that
the metal atom takes a position off-center in the cage.

The principal aim of the present work is theoretical investigation of the electron transfer
processes in fullerene-based systems. We investigate the exohedral charge transfer in the Ceo-
organic donor complexes by means of the CDFT charge- and spin-constrained technique and
Marcus theory of electron transfer that demonstrates the importance of the solvent and leads
the way to the calculation of the Gibbs free energy of activation, using the polarization
properties of the solvent, the size of the reactants, the transfer distance and the Gibbs free
energy of the redox reaction.

Various aspects of endohedral charge transfer were studied in the organic derivatives of
the stable endohedral compound Scs;N@Csgo, that exists only in the form of endohedral dreiva-
tives, where the endohedral cluster donates its electrons to the fullerene cage. Our work was
focused on the effect of exohedral functionalization with organic addends on the structural and
electronic properties of the metallofullerene and on the computational reproduction and expla-
nation of its ESR data, an important source of information on structure and dynamics. The
computations were carried out at the density functional theory (DFT) and CDFT levels using
several quantum-chemical packages. With DFT, the properties of a many-electron system can
be determined by using functionals for the spatially dependent electron density. Constrained
density functional [ICDFTI[] to describe the charge localized [Idiabatic[] states of long-range
electron transfer reactions by applying external potential to achieve the target constraint value.
[ICDFT-CI improves upon CDFT by including high-level treatments of electronic correlation
which are not readily available in DFT

We report key energetic characteristics of the electron transfer in the exemplary exo-
hedral complexes of Cgyp with donor amines. Exohedral charge transfer was studied in systems
Cso — TDAE and Cgy — TPA. For the endohedral fullerene derivatives, we have identified the
most stable conformers for different charged states, as well as activation barriers for their inter-
conversion. It was shown that organic functionalization constraints lability of the cluster inside
the cage, that is even more evident for anionic states. We demonstrate that effective atomic
charges, spin density and hyperfine coupling constants with **Sc are highly sensitive to the
cluster orientation. Scandium atoms don't remain equivalent in ESR spectrum in comparison
with non-functionalized structures. Interesting effects of spin-charge separation are found in
the anionic molecules where the spin density is mostly localized on the endohedral cluster
while the excess charge is distributed over the fullerene cage.
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Camoiinosea Hamanua Anexcandpogna

JAundropmerniieHoBbIe NPou3BoAHbIe QysiepeHoB Cqy u Cy.
CBs13b 0CO0CHHOCTEH UX CTPOCHHS CO CIIEKTPO- U
3JIEKTPOXUMHUYECKUMHM CBOHCTBAMH

PykoBonutenb: 1.X.H., B.H.c. ['optoHKOB A.A.

C momenTa oTKpeITHs (yuiepeHoB B 1985 roay ObII0 MOIYYEHO CBBIIIE ACCSITH THICSIY
coeMHEHUI Ha uxX ocHoBe. [Ipu 3TOM OONBIIMHCTBO MpOLECCOB (QYHKIIMOHATM3AMN KapKaca
COTPOBOXKAAETCA pa3pylIEHUEM T-CHUCTEMbI: aTOMBI yTJepoAa B MeCTax NpUCOEIUHEHUs
aIJCHIOB  CTAHOBATCS  SP3-TUOpUAHBIMH. M3BECTHO JHIIL  HECKOJBKO  CIIOCOOOB
(YHKIMOHATIHM3AIMNA C COXPAaHEHWEM BCEX KapKaCHBIX aTOMOB B SP2-THOPUIHOM COCTOSIHHU:
BHeZpeHne MoctukoBod rpymmsl CH2 mo opamnaproit C-C [5,6]-cBa3u [l], 3amemeHue
aTOMOB yrJjiepoja aToMaMu aszora [l], uM3oMepu3zanus yriaepogHOro Kapkaca B BBICHIMX
dymiepenax B xojie xjopupoBaHus [2], a Taxke npucoenunenue augpropkapoena :CF, k Ceo
[3]. bpulo mokazaHO, YTO CHHTE3WPOBaHHBIE [6,6]-OTKpBITBIE (TOMOQYIUIEPEHOBBIE)
npousBogHbie Cgo(CF2),, n=1 u 2, obmnagaroT BBICOKMM CpPOACTBOM K 3JekTpoHy (CD) u
CIIOCOOHOCTBIO0 00Pa30BBIBATH JOJTO )KUBYIIUE AHUOH-PAIUKAIIbI.

B nacrosmieit pabore ocymectBieHa mMoaudpukanus kapkacos ¢ymiepeHoB Cq u Cry
BHeApenneM mudropkapoena :CF,, remepupyemoro in situ. Meronamu PCA u ciekTpockonuu
SAMP Ha smpax PF u 1C 6pu10 ycTaHoBJIeHO cTpoeHue IBYyX u3oMepoB Cro(CF3), Ceo(CF2) n
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nByX n3omMepoB Ceo(CF2)2. B 3aBucuMocTH OT TOrO, MO KakoW W3 JIByX TUIOB ABOWHBIX C=C

[6,6]-cBsizeit  ymnepena C;9 uIeT mNpucoeluHEHHE, obOpasyercs JnO0 [6,6]-OTKpBITHIM

romodyiepen Cy(CF,), mubo [6,6]-3akpeiTeiii  MeTaHodymieper C;o(CF,). Merogom

[UKIMYECKOH BOJBTAMIEPOMETPUN ObUIM HM3yYeHbl OCOOCHHOCTH SJIEKTPOXHUMHUYECKOTO

MOBEICHUSI CUHTE3UPOBAHHBIX coequHEeHUN. [lepBblii BOCCTAHOBUTENBHBIA IMOTEHIHAI

romodpymnepea C;9(CF,) cmemen wa 0.14 B B aHomHyro o007acTb OTHOCHTEIHHO

metaHodymiepera C7o(CF,), 94T0 00yCIOBICHO pa3IuvMeM B DJIEKTPOHHOM CTPOSHHUHU IBYX
uzomepoB. Meronom cnekrpockonuu D[P ¢ nmpuBiedyeHneM KBaHTOBO-XMMHUYECKUX PACUETOB

OBLIO HCCIICJIOBAHO BIHUSHHUC 3aps0BOTO COCTOSHUS HA MOJIEKYJSIPHYIO KOH(MHUTYpaIUio

TU(TOPMETHIICHOBBIX ~ MPOU3BOAHBIX  ¢ymsepeHoB. [lokazaHo, dYTO BOCCTaHOBJICHHE

metaHodymiepera Cro(CF,) compoBoxmaercs paspeiBom C—C [6,6]-cBsi3u, Hecylield TpyImy

CF,, uto moaTBep>kaaeT BO3MOKHOCTh YMPABICHHS MOIEKYJSPHON KOH(UTypaluei myTem

WOHH3AIHA MOJICKYJIBL.
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Since the discovery of fullerenes in 1985 more than ten thousands fullerene-based
compounds have been obtained. Overwhelming majority of developed methods of functionali-
zation leads to disturbance of m-electronic system of fullerene because of sp’-hybridization of
cage carbon atom bearing of attached group. There are only several ways of fullerenes func-
tionalization which conserve cage carbon atoms in spz-hybride state: insertion of CH, moiety
into a single C—C [5,6]-bond [1], substitution of carbon atoms by nitrogen ones [1], carbon
cage isomerization of higher fullerenes during chlorination processes [2], as well as addition
of :CF; to Cg [3]. It has been demonstrated, that [6,6]-open (homofullerene) compounds
Co0(CF2),, n=1 and 2, possess high electron affinities and able to form long-lived anion-
radicals.

In the present work, fullerenes Cgp u C79 have been modified by insertion of generated
in situ difluorocarbene. Structures of two isomers of C;o(CF3), Cgo(CF>), as well as two isomers
of Ceo(CF,), were determined by means of single crystal X-ray structural analysis and "°F, °C
NMR spectroscopy. It was found, [6,6]-open and [6,6]-closed isomers of Co(CF,) are formed,
depending on the type of derivatized C—C [6,6]-double bond. Electrochemical properties of
obtained copounds have been studied by means of cyclic voltammetry. Anodic shift (0.14 V)
of first reduction potential of the homofullerene C;9(CF;) w.r.t. the reduction potential of
methanofullerene C;o(CF,) takes place caused by dramatic difference of m-electronic structure
of these two isomers. Changing of the molecular configurations of difluoromethylenated
fullerenes during negative charging has been determined by means of ESR spectroscopy stud-
ies of its anion-radicals and quantum chemical calculation at the DFT level of theory. We have
found, that electron transfer to [6,6]-closed C7o(CF>) leads to the breaking of bonding between
CF,-bridgehead carbon atoms, that confirms the possibility of tuning of the molecular configu-
ration of compounds under study during ionization.
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Acmonosea Examepuna Anekcanoposna

HccaenoBanue B3auMoeMCTBUS BOAOPOAA C COeIUHECHUAMHU
coctaBoB RSi (R — Ce, Dy) u TbNiy4Cog

PykoBomutenu: u.c. Auukuna E.1O., n.x.H., npod. BepOernkmii B.H.

L{enbto paboTHI SIBIISETCS MOTYUYEHHUE THAPHIOB HA OCHOBE CMHTE3MPOBAHHBIX CHIIUIH-
noB u uaTepMeTaiumdeckoro coequaenus: (MMC) TbNip4Cop ¢ 0KHMIaeMbIM MarHeTOKAJIO-
prueckuM 3pHEKTOM U HCCIel0BaHUEe BIUSHUS BOJIOPOJAa HA CTPYKTYPY M CBOWCTBA ITHX CO-
eIUHEHUN.

Bri6op coenunennit RSi (R — Ce, Dy) u TbNig4Cop ¢ a5 uccieqoBaHusi UX B3aUMO-
JIEMCTBUSL C BOJIOPOJOM OBIII OOYCJIOBJIEH TEM, YTO OHHM KPUCTAJUIM3YIOTCS B POJICTBEHHBIX
Ipyr apyry crpykTypHelx Thnax FeB, CrB u MoB. Cwmnuas! nepus u ucnpos3ust cocraBa
1:1 mOKa3pIBAIOT PEKOPAHBII MATHUTHBIA MOMEHT JIJISl COSAMHEHHUH 3THUX PEIKO3EMENbHBIX Me-
tayioB (P3M). B coeaunenusix RSi Habmogaercss aHTU(QeppOMarHuTHOE YNOpPsAJ0YEHHUE, HO
MarHUTHas BOCIIPUMMYHMBOCTH BEJIET ce0s Kak B ¢eppoMarneTrke. MccnenoBanne MaraeToka-
nopuueckoro 3¢dexra TbNig4Cogs BBISBUIO OTHOCUTENHHO OOJIBIIME 3HAUEHHS MO CpaBHe-
HUIO CO MHOTUMH M3YYCHHBIMH COCIMHECHUSMH.
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CoenvHeHUs MNOMy4yald IUIABJICHUEM B D3JEKTPOJYTrOBOW ME€UHM C HEPACXOTyEMbIM
BOJIb()paMOBBIM KaTOJIOM HABECOK YUCTBIX MCXOJHBIX KOMIIOHEHTOB PACCUMTAHHON MaccChl B
COOTBETCTBUH C (POPMYIBHBIM COOTHOIICHHEM (B aTMoc(hepe YUCTOrO aproHa IO AaBICHHEM
1.0-1.5 atm). Ilocne cuHTe3a MPOBOAMIICS TOMOTCHHU3UPYIOIIMA OTKUT B BaKyyMHPOBaHHBIX
KBapIIEBBIX aMmynax npu Temmeparype 900°C B Teuenne 10-20 cyTok. [TpUrogHbIe IS Aamb-
HEHIIero Wcclue0oBaHus B3aUMOJICHCTBUS C BOJOPOJOM OOpa3Ibl OMPENesUINCh METOAOM
pEHTreHo(a30BOro aHaiM3a U PEeHTIEeHOCHEKTPAIbHOrO MUKpoaHaiu3a. Kanopumerpuueckoe
UCCJIEIOBAaHNE B3aWMOJCUCTBUSA C BOJOPOAOM MPOBOAWIM Ha Au(QepeHIInanbHOM Kalopu-
metpe «JAK-12», ocHanieHHOM yCTaHOBKOW JO3WPOBAHHOM MOJa4l BOJIOPO/IA.

JInst mosty4eHus: TMAPUIOB CHIIMLIMIOB LEpUsl U TUCIPO3Usl UCIOJIb30BAIM YCTAHOBKY
quist ruapupoBannsg UMC u critaBoB u nu3mepenust PCT-uszorepm B ob6nactu gasnenuit 1o 3000
aTM.

[Tosry4eHHBIC THIPHUIBI aHATH3UPOBAINCH Ha PEHTICHOBCKOM audpakromerpe Rigaku
D/MAX-2500, a u3smepeHuss HaMarHWYeHHOCTH U MCCIIEIOBAHUSI MATHUTHBIX CBOMCTB CHHTE-
3UPOBAHHBIX TUIPHUAHBIX (a3 MPOBOJUIUCH HA BUOPAIIMOHHOM MarHUTOMETPE B TEMIIEpaTyp-
HoM uHTepBane 16-300K.

0060011251 TOTyYEHHBIE PE3YJIbTaThl, MOKHO CHEJIaTh BBIBOJ, YTO BHEAPEHHUE BOJAOPOIA
B CTPYKTYpPY HCCJIEAOBAHHBIX COCIWHEHUW NPHUBOJUT K CHUJIBHOMY CMEUICHUIO TeMIEpaTyp
Kropu B obmacte HU3KuX Temmepatyp. [lomydeHHble THAPHUABI MOTYT OBITH MCIOJIb30BAaHBI B
KauecTBe d(h(PEKTHUBHBIX MarHETOKATOPUYECKUX MaTepuaioB AJiI MarHUTHBIX pedprkepaTo-
poB, pabdoTatomux B o0nactu Temmneparyp Huxe 20K.

This work is devoted to synthesis of hydrides based on pre-obtained cerium and dyspro-
sium silicides and intermetallic compound (IMC) TbNip4Cogs with possible magnetocaloric
effect and investigation of hydrogen’s influence on structure and properties of the substances
obtained.

Such compounds as RSi (R stands for Ce, Dy) and TbNiy4Coo¢ were chosen for this
study because all of them are crystallized in similar structural types FeB, CrB and MoB,
formed from the same fragments — trigonous prisms [Re] with transition metal in the center.
Silicides of cerium and dysprosium with element ratio of 1:1 have the highest magnetic mo-
ment among the variety of compounds of these transition metals. Antiferromagnetic alignment
takes place in RSi compounds though curve of magnetic susceptibility versus temperature is
similar to one for ferromagnetic compound (the Curie/Neel temperature is above zero and it
results in presence of a peak on the dependence of magnetic susceptibility from temperature).

Investigation of new magnetocaloric materials is very topical for study of different
physical processes taking place under magnetic phase transformations and for evaluation and
measurement of exchange, magnetocrystalline and magnetoelastic impacts to energy and en-
tropy of magnetically ordered substances and materials. Also such materials deserve to be in-
vestigated due to their role in magnetic refrigerators.

The original samples were obtained in electric arc furnace with non-consumable wolf-
ram cathode by melting of weighted quantities of pure elementary components counted accord-
ing the stoichiometry of desired compound. The process was performed under the atmosphere
of pure argon with pressure of 1-1,5%10° Pa. After the synthesis the samples were exposed to
annealing in evacuated quartz ampoules at 900° C for 10-20 days. The annealing was done for
homogenization of the substance. Then the samples were examined with means of X-ray phase
analysis and X-ray spectral microanalysis to select ones appropriate for study of their further
interaction with hydrogen.

Calorimetric investigation of the interaction between samples and hydrogen was con-
ducted by means of differential calorimeter “DAC-12” equipped with the system of dosed hy-
drogen delivery. The amount of absorbed or emitted hydrogen was estimated from the varia-
tion of pressure in the chamber. The enthalpy of the reaction was estimated according the fol-
lowing equation AH=W*S/An, where W stands for coefficient characteristic for this calorime-
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ter, S is square under the curve of heat liberation, An is the number of hydrogen moles in this
reaction.

Basing ourselves on literature data, to obtain the highest values of magnetocaloric effect
we have to obtain a stable phase of hydride with composition like TbNip4CoocH or
TbNip4CoocHaz. The hydrides were synthesized at room temperature with the help of a machine
exposing the samples to hydrogen with pressure that can be established at any value below 150
atmospheres. The hydrogenation was done with the use 99.9999% pure hydrogen obtained by
desorption from LaNis intermetallic compound.

To obtain hydrides of cerium and dysprosium silicides we used the setup providing al-
loys and intermetallic compounds hydrogenation and measurement of absorption isotherms
within the range of pressures below 3000 atmospheres. The phase composition of hydrides ob-
tained were analysed by X-ray difractometer Rigaku D/MAX-2500. The magnetization and
other magnetic properties of phases obtained were performed in vibromagnetometer in tem-
perature range 16-300 K.

Hydrogen atom introduction into the lattice of crystalline compound results in anisot-
ropic distortion of coordinational polyhedrons. On the average, internuclear distances R-R as
well as R-Si increase. And their increase in its turn leads to change of structural type of origi-
nal substances with their saturation with hydrogen, the magnetic properties of the hydrides
formed undergo changes also.

Summarizing the results we can conclude that intercalation with hydrogen of the sub-
stances investigated lead to a significant displacement of Curie temperature to the lower tem-
perature region. Investigation of magnetocaloric effect in TbNi4Cog ¢ showed rather high val-
ues of in comparison with most substances already investigated.

The hydrides obtained can be applied as high-efficiency magnetocaloric materials for
magnetic refrigerators able to work under the temperatures below 20 K.

Ocunosea Mapusa Cepzeeena

CuHTEe3 M CBOICTBA THAPHUI0B HHTEPMETAJIMYECKUX COeTUHECHHUH
cocrtaBa R, T,Al (R=Ce, Sm, Er, T=Co, Ni)

PykoBoautens: a.x.H., mpod. Bepoenkuit B.H.

I'unpuast uaTepMerammnueckux coenunernnii (MMC) npeactapistoT O0IbIION HHTEpEC
B KayecTBe OOBEKTOB HCCIIEIOBaHUs, KOTOPBIM OOYCIOBIEH IIUPOKUMU BO3MOXKHOCTSIMH HX
MPaKTUYECKOr0 MCIONb30BaHus. [IpuopureTHble HampaBlieHUs MPUKIATHOTO HCIOIb30BAHUS
rugpunoB UMC B HacTosiee Bpemsi CBSI3aHbI C CO3JaHUEM YCTPOUCTB JIJIsl XPAHECHHS U TPaHC-
MOPTUPOBKH BOJOpoJa M MarHUTHBIMU MaTepuanamu. UMC cocraBa R,T,Al, (rme R- atom
pPEeAKO3EMENBHOTO MeTalia, T — aTOM MEepexXoHOr0 MeTajia), KpUCTALTU3YIOUIeCs] B CTPYK-
TypHoM tune W,CoB,, sBISIOTCS JOCTATOYHO HOBBIMU W Majl0 M3YYEHHBIMH MaTepuajaMu
JUIst 9TUX 1enedl. VIHTepec K JaHHOMY THITy COEIMHEHUH CBsI3aH C OCOOCHHOCTSIMU HX KpH-
CTAJTTMYECKON CTPYKTYPBI, IMEIOIICH OOJIBIIOE YUCIIO MyCTOT, TOCTYIHBIX AJIsI a0COpOIMH BO-
nopona.

Iens HacTosmIel paboOThl COCTOSIA B BBISBICHUU BIMSIHHS BOJOPOJA HA CTPYKTYpYy H
MarauTHble cBoiicTBa psna MMC cocraBa R, T,Al, rne R=Ce, Sm, Er, T=Co, Ni.

NHTepMeTamnueckue COeMHEHUsI YKa3aHHOTO COCTaBa MOIyYyall CIUIaBJICHUEM IIHX-
ThI U3 HCXOJIHBIX KOMIIOHCHTOB B 3JIEKTPOIyTOBOM ITeYH B aTMOC(Epe YUCTOTO aproHa, 3aTeM B
TE€YCHHE JITUTEILHOTO BPEMEHU MOABEPrad TOMOTeHU3UpYyIomemMy oTxkury. [lonyueHnsie 06-
pasnbl OBLTM OXapaKTEPH30BAHBI METOAAMH PEHTTCHOBCKOW AH(PPAKIHH U CKAHUPYIOMICH
ANEKTPOHHONW MHUKpockomuu. Jjig manpHEWIUX ucciaenoBaHuil ObutH BBIOpaHbl SmpyNi Al u
Er,Co,Al, mockonbKy ocTayibHble 00pa3lbl ObLIM MHOTO(pa3HbIMH C OOJIBIIMM COJEpKaHUEM
npuMecHbIX ¢a3. BeiOpanHbie 00pa3ipl MOABEPIIN THIPUPOBAHUIO MIPH Temmepatype 298 K u
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nasieHuu Bojgopoaa 0,1 atm. MccrenoBanue KpuCTauIMYECKON CTPYKTYpbl CHHTE3UPOBAHHBIX
THJIPUJIOB [TOKA3aJ10, YTO a0copOLMs BOJIOPOJIa COMPOBOXKAAETCSI aHU30TPOITHBIM yBETUUYEHUEM
apaMeTpoB AJIEMEHTAPHON SUEWKH, IPU 3TOM IPOCTpaHCTBEHHas rpymnmna ucxoanoro MMC
COXpaHsIeTCA.

HccenenoBanne MarHUTHBIX CBOWCTB BKJIFOUYAJIO MU3MEPEHHUE TEMIIEPATyPHOU 3aBUCUMO-
cty HamaranueHHoctd UIMC u ux runpunos B narepsaie remnepatyp 80 — 350 K u usmepe-
HUE T0JIEBOM 3aBUCUMOCTM HaMarHWYeHHOCTH B mojsx 1o 15 xO. TemmeparypHas 3aBuUCH-
MOCTh MarHMUTHOM BocmpuumuuBocTH SmyNirAl Bbie Temnepatypsl Kiopu nomunnsercs 3a-
koHy Kropu-Beiicca, a SmyNi,Al-H nemoHcTpupyeT 3aBUCHMOCTb, XapaKTEpHYIO JUIsl aHTHU-
¢deppomarneTukoB. Ha nuarpamMmax nukianueckoro nepemarauuuBanus SmpNi;Al-H kpuBbie
HaMarHUYUBaHHU OOpa3ylOT METII0 THCTEPEe3nca, YTO MOXKET yKa3blBaTh Ha CTaOWMIM3aLHUIO
(beppOMarHUTHOIO COCTOSIHUS B CIA0BIX MOJISAX.

Hydrides of intermetallic compounds are of great interest as objects of study, due to
wide possibilities of their practical use. Priority directions of applied use of hydrides intermet-
allides are now associated with the creation of devices for storing and transporting hydrogen
and magnetic materials. The intermetallic compounds of R,T,Al, (where R - rare earth metal
atom, T - transition metal atom), which crystallize in the structural type W,CoB,, are relatively
new and little-studied materials for this purpose. These compounds are of interest because their
crystal structure has a large number of voids available for hydrogen absorption. The structure
can be represented as the rows of double prisms are connected by sharing the two triangular
bases of each prism, resulting two-dimensional slabs of isooriented prisms.

Previous studies have shown that the compound Nd,Ni,Al is capable of forming a hy-
dride Nd,;Ni,AlHg at low pressure of hydrogen, and Nd,Ni,AIH; at high pressure. On the other
hand, Dy,;Ni,Al forms a hydride Dy,Ni,AlH; at low pressure of hydrogen. Also, we have a
model that suggests how the filling of interstitial lattice atoms of hydrogen. The formation of
hydrides in the other R,T>Al systems as yet has not been studied. Also of interest is the study
of the magnetic properties of these hydrides. One of the phenomena that is to be expected in
such systems is the metamagnetism.

The aim of this work was to determine the effect of hydrogen on the structure and mag-
netic properties of a number of R, T,Al, where R = Ce, Sm, Er, T = Co, Ni.

Intermetallic compounds were prepared by melting of the elements in the electric fur-
nace in an atmosphere of pure argon. The resulting alloys were exposed to prolonged homoge-
nizing annealing. The samples were characterized by X-ray diffraction and scanning electron
microscopy. For further studies were selected Er,Co,Al and SmyNi,Al, since the rest of the
samples were found polyphasic. Selected samples were subjected to hydrogenation at a tem-
perature of 298 K and a hydrogen pressure of 0.1 atm. The crystal structure of the synthesized
hydrides showed that the absorption of hydrogen is accompanied by an anisotropic increase in
the parameters of the unit cell. Nevertheless, space group /mmm of initial intermetallic com-
pound is maintained.

The magnetic properties included the measurement of the temperature dependence of
the magnetization of the intermetallic compounds and their hydrides in the temperature range
80 - 350 K and the measurement of the field dependence of the magnetization in fields up to 15
kOe. The temperature dependence of the magnetic susceptibility Sm,;Ni,Al above the Curie
temperature obeys the Curie-Weiss law and Sm,;Ni,AlHgs shows the dependence of the charac-
teristic of antiferromagnets. On the diagram of the cyclic magnetization Sm;Ni,Al curves form
a hysteresis loop, which may indicate a stabilization of the ferromagnetic state in weak fields.
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Kamaeg Inomap IOpveeuu

OOpa3oBaHue NPOAYKTOB PEAKIMHA BOCCTAHOBJICHUSI KHCJIOPOAA
HA KaToJaX JUTHH-BO3AYIIHBIX AKKYMYJISITOPOB

PykoBoauTens: K.X.H., H.c. UTkuc JI.M.

OpnHol U3 BaXHEMIINX 3a/1ay C TOUYKH 3PEHUS OXPAHbI OKPY’KAIOLIEH Cpeabl U CHUXKE-
HUS NOTPeOJIEHUsT YIIeBOJOPOOB SIBJIAETCS CO3/1aHue eKTpoMoOmiia. OTCYyTCTBHE IHEPro-
E€MKUX HMCTOYHHMKOB TOKA JMMUTHUPYET pelIeHHE 3TOH MpoOIeMbl, U MOITOMY B HACTOSIIMN
MOMEHT MHTEPEC HCCIEAOBATENIEH HAIPaBJIEH Ha MOUCK HOBBIX MCTOYHUKOB TOKA, NEPCIEK-
TUBHBIM NPEACTABUTEIIEM KOTOPBIX SBIACTCS JTUTUN-BO3AYLIHBINA akkymynsTop (JIBA). B 06-
miem cirydae JIBA coaepKuT TUTHUEBBIN OTPUIIATEIBHBIN 2JIEKTPO, OTACIEHHBIA OT TOPUCTOTO
IIOJIOKUTENBHOIO JIEKTPOJAa MOHOIPOBOAsAIIEH cpenoil. [Ipu paspsane mpoucxoauT mnepeHoc
WOHOB JINTHS OT OTPULIATEIBHOIO JIEKTPOAA K IOJIOKUTEIBHOMY, IIPH 3TOM Ha MOJOKHUTEIb-
HOM 5JIEKTPO/I€ KUCIIOPOJ M3 BHELIHEH Cpelbl BOCCTAHABIMBAETCs, 00pa3ysl pa3iIU4HbIE CO-
€MHEHUs C JINTHEM, YTO COIIPOBOXKIAETCS IPOTEKAaHUMEM TOKa 4depe3 Harpys3ky. B kadectse
HOPHUCTOrO 3JIEKTPOJIa XOPOIIO 3aPEKOMEHJI0BaJl ceOs yriaeposl, o0sagaromuil MajabiM BECOM,
JIOCTATOYHBIM YPOBHEM 3JIEKTPONPOBOJHOCTH M TEXHOJOTMYECKH PEryJIMPYyEMOU MOPHUCTO-
ctbto. OHako B JIBA ¢ yriepoaHbIM 3JIEKTPOAOM CYHIECTBYET psili (yHIAMEHTAIbHBIX IPO-
OyieM: HU3Kas HUKIUPYEMOCTbh U yYMEHbIIEHHE EMKOCTU IPU YBEIMYEHUU TOKa paspsana. s
peleHus 3TUX NpolieM HeoOXO0AMMO YETKO MOHMMaTh MEXAaHHM3M 00pa30BaHUS MPOIYKTOB
pEeaKIMu BOCCTAaHOBJICHHS KHUCIOPOAa Ha IOJIOKUTEIBHOM yriieposgHoM anekrpone JIBA. Hc-
cJleZIOBaHUE JTaHHOTO MEXaHHW3Ma U SIBJISVIOCH LIEIbI0 pabOTHI.

B kauecTtBe METONOB HMCCIIEIOBAHMS IPOTEKAIOIUX XUMUYECKUX U DIJIEKTPOXMMHUYE-
CKUX pEaKLUH HCIOIb30BaNach in Situ PEHTTEHOBCKAas (POTOINEKTPOHHAS CHEKTPOCKONHUS
(P®IC) Ha cunxpoTpoHHOM H3yueHuu Ha 6a3e nmuHuu ISSIS (cunxporpon BESSY II) u nu-
HUM Spectromicroscopy (cuaxporpon ELETTRA).

Jls npoBenieHusl ANEKTPOXUMUYECKUX U3MEPEHUHN C BO3MOKHOCTHIO MOIyuyeHUs: POD
CIEKTPOB C MOBEPXHOCTH YIJIEPOIHOTO JIEKTPOAa, Obula pa3paboTaHa creluaibHas KOHCT-
pYyKLus 35eKTpoxumudeckon ssueiiku (Puc.1.).

CrankHasa NAaCTMHKA
C oTBEPCTUEM
Mposogswme MoHbiI Li*
CTeKNoKepamuyecKan
membpaHa

MopucTtoi noaumep ¢ EMITFSI w LITFSI

/ W3onupyrowas kepamuxa

Yrnepog (P3) Hukenesas ceTka

{ToKOCBEMHUK B3}
/ Nutuesas ponbra (B3I}

HanbiN€HHBIK HUKENb
(ToKOCBEMHUK P3)
. NuTtuesas dponbra (C3)
MNposoaAwmA

3NOKCUAHLIN
Knemn

Hukenesas ceTka
(Tokocwemuux C3)

Puc.1. Cxema anekrpoxumuueckoit sueiiku JIBA.

Pabounm 31eKTpoioM SABIISIETCS yTIepo]l, HAaHECEHHBIN HA HUKEJIEBbIE MOJIOCKHU, HaIbI-
JNEHHBIE Ha MOHONPOBOIAIIYIO CTEKIOKEpaMUYECKYI0 MeMOpaHy. B kauecTBe TOKOCHEMHHKA C
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pabodero 3eKTpoia MCIONB3YEeTCs CTallbHAs IIACTUHA C OTBEPCTUEM JUIss 00ecTieYeHHs J0C-
Tyla PEHTTEHOBCKOTO H3Iy4YEeHHs. DIEKTPOJIUTOM B JAaHHOW CHUCTEME BBICTYMAeT MOPUCTHIN
TIOJIMEP, TPOIUTAHHBI CMEChI0 OMC(TpU(IYyOpOMETHICHCYI(POHMWI)UMHIIA JTUTUS U |-3THII-
3-MeTmnmumuaazon Ouc(tpudayopomMeTiiieHcyndoHmT)uMuaa. BemoMoraTenbHbIM 3IEKTPO-
JIOM H DIJIEKTPOJOM CpaBHEHUS SBIISICTCS JHUTHEBas (poyibra, HarmpeccoBaHHAs HAa HHUKEIIEBBIN
TOKOCHEMHUK. braromaps Mcmoib30BaHUIO TBEPAOM MOHOMPOBOASIIEH MeMOpaHbl UCKIIOYA-
I0TCSl peakLuu yriepoja U MpoAyKTOB peaKIIMi BOCCTAHOBJIEHUS KUCIOPOAa C KOMIIOHEHTaMU
AIEKTPOJINTA.

B pesynbrare ananuza POD ciekTpoB, ModydeHHBIX B mporiecce paspsaa JIBA B atmo-
cdepe kucrmoponaa, Obula TPEIIOKEHA CXeMa PEeakIui, MPOTEKAIIUX Ha MOJOXKUTEIHHOM
anektpoxae (Puc.2). Ha TpéxdaszHoit rpaHuiie yriepoa-3aeKTPOTUT-KHCIOPOI U3 MOJICKYJISp-
HOT'O KHCJIOPOJIa, MOHA JINTUS U3 AJIEKTPOJIUTA U DIIEKTPOHA U3 BHEUIHEH 1enu obpa3yercs cy-
nepoxcu mutus Li'O,”. Jlanee cymepoKCH JTUTHA MOKET JHO0 AUCHPOIOPIMOHUPOBATH HA
YTIEPOAHON MOBEPXHOCTU M 00pa30BaTh MEPOKCUJ JIUTUS U MOJIEKYJISIPHBIM KUCIOPOJ, MO0
BCTYNHTh B XUMUYECKYIO PEAKIIHIO C YTIEPOJIHON MOBEPXHOCTHIO U 00pa30BaTh OPraHMYECKUN
WJIM HEOPTaHUYECKU KapOOHAT JIMTHS U STIOKCH TPYNIBI Ha yriepoae. OO0pa3zoBaHue U pasiio-
JKEHHe KapOoHaTa TUTHUS B Mpolecce GyHKIHoHupoBanus JIBA Benér k mocTeneHHOMY JECT-
PYKTYPHUPOBAHHIO YTIIEPOIHON MATPHUIIHI.

ancnponopunoHUpoBaHue XMmMmuyecKas peakuua
20Ut 6y - L0y + Oy LtO, +C+0,
- UQCO:;O'C“-?-+...
[¢]

-

! v

) M
e LCos 979
OPraHHYecKMin
[+] xap6onar
LIRCO4

INOKCH rpynnsl

Puc. 2. Ilpennaraemasi cxeMa npOTEKAIOLIUX PEAKIUI HA [T0JIOKUTEILHOM YTIEPOAHOM
anektpoae JIBA B mpouecce paspsaa

Kuneruka oOpa3oBanus kapOOHATa JIUTHS UCCIIEOBAIaCh HA BOCCTAHOBJIEHHOM OKCH-
ne rpadura (BOI') u tepmopacmupennom rpadure (TPI). [lanHple MaTepuaibl 00MagaroT
CXOJTHOM MOP(OJIOTHEH, HO Pa3INYaIOTC KOJIMYECTBOM (pyHKIMOHANBHBIX rpymi (C/0=26,3 y
TPI' u 7,3 y BOI' cornacuo uccnenoBanuem PDDOC).Pesynbratel durupoanus Cls PDOD
CIIEKTPOB TIOKA3aJId, 4TO ajcopomus u quddys3us Kkucaopoaa BriayOb yIriepoIHOTO JIEKTpoaa
HE SBJISETCA JIUMUTHPYIOLIEH cTanueil peakiuu oOpazoBaHus kapOonara nutus. Ha yriepon-
HO# moBepxHOocTH BOI', akTBHUpOBaHHOW (hyHKIIMOHATIBHBIMH TpynmaMu U nedexramu, Kap-
OoHarta nuTHs 0Opasyercs B 2 pa3a Oosblie, yeM Ha 0oJiee CTPYKTYPHO COBEPUICHHOM MOBEPX-
HocTtu TPT'.

Power sources that utilize the reaction of lithium and oxygen have become a great chal-
lenge since first works in 1996. Such a battery comprises of a metallic lithium anode that is
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dissolved during discharge, Li+-conductive electrolyte, that provide lithium transport to the
cathode represented by a porous conductive carbon where lithium ions react with environ-
mental oxygen/ Products that can possibly form during discharge at the cathode include lithium
peroxide (Li,0;) and lithium oxide (Li,0).

Today lithium-air batteries (LAB) attract new wave of attention due to its promise to pro-
vide specific energy of more than 1 kWh per kg at cell level (0.2 kWh/kg for state-of-art li-ion
batteries) enabling skyrocketing expansion of electric vehicle market. However, practical use
of LAB is limited by low cycleability and low rate capability. For solving these problems
pathways and kinetics of the oxygen reduction reactions have to be well understood. Therefore,
study of the ORR on the carbon positive electrode in LAB was the aim of this work.

XPS observation of the operating electrochemical cells was used to reveal the reaction in-
termediates and products forming on positive electrode at different oxygen pressures. Photo-
emission spectra were collected at ISSIS beamline (BESSY II synchrotron) and Spectromi-
croscopy beamline (ELETTRA synchrotron). For the such in situ experiments the special elec-
trochemical cell was designed (Fig.1.). A thin film of reduced graphene oxide (RGO) or ther-
mally exfoliated graphite (TEG) flakes was deposited onto solid glass-ceramic electrolyte and
employed as a working electrode; the reference and counter electrodes were made of metallic
lithium foil. The working electrode comprised a highly developed triple-phase interface be-
tween conductive RGO flakes, solid lithium conductor and oxygen from gas phase. All-solid
electrode design allows as well to avoid side reactions with liquid electrolyte and to study the
basic reaction mechanism undisturbed.

steel plate with opening

'/ Li*-conductive glass-ceramics
porous polymer + EMITFSI + LiTFSI

insulating ceramics

bon cathode
carbon catho CE collector (Ni mesh

(WE) :
T — L lithium foil (CE)
WE collector <
(sputtered Ni)
conductive epoxy e lithium foil (RE)
ge |
\EK RE collector
(Ni mesh)

Fig.1. Electrochemical cell design for in situ high-pressure XPS studies.

As the result of the collected spectra analysis the scheme of chemical processes on carbon
surface is proposed (Fig.2.). At first the lithium superoxide Li"O, " is formed during initial one-
electron electrochemical process. Than a multiply reaction pathways may be eventual. Lithium
superoxide can be converted to a desirable Li,O, product and molecular oxygen via “dispro-
portionation” reaction on the carbon surface or it can attack sp” carbon network and form lith-
ium carbonate, probably pure organic carbonate species and epoxy groups on the carbon sur-
face. Forming and oxidation of the carbonates during LAB operation lead to the drastic carbon
electrode degradation and therefore, low cycleability.
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electrochemical process
Op+Li*+e = Li* Oy

-, ey O '.
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e

"disproportionation” chemical reaction
with carbon

2Li* Oy = Liz0p + 0y Li* 0, +C+ 0, -
=+ LioCO3 + -C\c-)fc- + ...

y Y

A
)e\. 9
.E' LinCOq ?JJ\?
organic carbonate
0
> LIRCO,4

epoxy groups
Fig.2. Scheme of the chemical processes on carbon surface during discharge the cell.

The obtained results also showed that the kinetics of lithium carbonate formation has no
dependence on oxygen partial pressure. Therefore neither oxygen adsorption nor its primary
binding with olefin bonds could be the rate-limiting processes. Most probably the slowest step
of the process is rearrangement of functional groups transforming gradually into Li,CO3 and/or
organic carbonate in the presence of lithium ions at room temperature thus making the gra-
phene sheets more defective.

The influence of initial imperfections of sp> carbon materials on the carbonate produc-
tion kinetics seems to be essential. Indeed, TEG has a smaller concentration of functional
groups than RGO reveals (C:O ratios are 18:1 and 7:1 according to XPS data, respectively).
TEG is also characterized by a much smaller amount of defects which are observed as a rise of
the D band in the Raman spectra. This difference between TEG and RGO results in different
carbonate generation kinetics. The total amount of carbonate produced on TEG surface is more
than two times smaller in comparison to that for the RGO cathode meaning that a smaller part
of carbon on the surface is converted to carbonate after superoxide radical attack. This fact
evidences that only carbon-carbon bonds that are activated by some functional groups associ-
ated with defects are vulnerable to a superoxide radical attack.
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Kypnocoe Hukon Muxauinioeuu

CuHTe3, CTPYKTYPa M CBOMCTBA HOBBIX KOMILJIEKCOB 3d-MeTa/l10B
¢ N-I1OHOPHBIMH JTMTAHJAAMM,
COEPKALUMU MU PA30JIbHBINA (PparMeHT

PykoBoauTens: K.X.H., CT. npernoaasarens JJomkenko B. /1.

Koopaunanronsnbsie coeIMHEHUsI TEPEXOIHBIX AIEMEHTOB ¢ N-JOHOPHBIMH JIUTaHAAMHU
UMEIOT IIHPOKOE MPUMEHEHHE B KauecTBE KaTalu3aTOPOB, MOJEKYJSIPHBIX MepeKitoyaTeneit
(SCO), xpacureneit mist conneunbix nemMeHToB (DSSC). ITonck KOOPAMHAIIMOHHBIX COEAMHE-
HUH C MOAXOMAAIIUMHU CBOMCTBAMHU BEIET K HEOOXOAMMOCTH CHHTE3a HOBBIX JIMTAHJOB U HC-
CJIEIOBAHMIO TIOJIXO/IOB K MOJYUYEHHIO KOMIUIEKCOB € 3aIaHHOU CTPYKTypoil. C TOUKM 3peHus
HAJIMYUSl MarHUTHBIX CBOMCTB U ISl IPUMEHEHHUS B Ka4eCTBE KaTalu3aTOpPOB 0COObI HHTEpec
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NPEACTaBIISIIOT KOMIUIEKCHI, UIMEIOIUE Ba U 00Jiee METAIIIMUECKUX LIEHTPOB, MOCKOIbKY IS
TaKUX COETUHEHUH BO3MOXKHO B3aUMOJACHCTBUE METaJJI-METalll.

Taxkum o0Opa3omM, Lenbl0 HAcTOSIIEH pabOTHI SIBJISETCS CUHTE3 U MCCIEIOBAHUE KOM-
ieKkcoB 3d-nepexoHbIX 3J€MEHTOB ¢ N-ZOHOPHBIMH JIMTaHIAMHU, COACPKALIUMH MHPa30iIb-
HBII (parMeHT. B kadecTBe MUranoB B paboTe HCMOMB3YIOTCA 2,6-0nc(TIMpa30IiT) TUPHINHBI
U MIpou3BOJHBIE 3,6-0uc(mupazonun)-1,2,4,5-rerpazuna. [IpeumyiecTBoM BHIOpaHHBIX JTUTAH-
JIOB SIBJISICTCSI BO3MOYKHOCTD TTOJTy4eHHsI OOJIBIION OMOIMOTEKN JTUTaHIOB C Pa3HBIMH 3aMECTH-
TEJIIMU B UPA30JIbHOM KOJIBIIE.

Hcnonp3yembie B paboTe JTUTaHABI CONEpXKAT 1O KpailHeW Mepe JBa TeTepOIUKIHYe-
CKUX (hparMeHTa: OTHOCUTEIBHO JIETKO MOAM(DULUPYEMBII MUPA30IbHbIH, BBEACHUE 3aMECTH-
TeJe B KOTOPBIN U MO3BOJISIET BIUATH Ha CBOWCTBA JIMTAH/OB, a 3HAUUT U KOMILJIEKCOB U IIeC-
TUYJICHHBIM reTepoLUKINYecKuil (hparMeHT (MUPUAMHOBBIN, TETpa3sUHOBLIN). [l cuHTE3a NTH-
raH/I0B BO3MOKHO HCIIOJIb30BaHUE PA3IMYHBIX METOJIOB: CUHTE3 OMCTreTepOLUKINYECKON CHC-
TEMBI U3 TIPOU3BOJHOTO NMUPA30J1a, U3 IPOU3BOJIHOIO BTOPOTO I'eTEPOLMKINYECKOTrO (pparmeH-
Ta Jurasga (THoQeH, MMPUINH, TeTPa3uH) WIN KPOCC-COYETAaHHUE JIBYX TOTOBBIX T€TEPOLINKIIH-
yeckux (parmeHToB. s cunTe3a 3,6-Ouc(mupa3oiaui)TeTpa3uHa ObUT CIIOIb30BaH HEPBbIH
MOJIXOJ, a JUIsl cCuHTe3a 2,6-0uc(mupa3oyini)IUpUANHOB ObUIM HMCIIONb30BaHbl BTOPOW M Tpe-
tuil. OgHaKo, AJI CEJIEKTUBHOIO IMOJMYYEHHsS HECUMMETPUUYHBIX OMC(MHPa30IMiI)IUPHINHOB
0Ka3aJI0Ch BO3MOKHBIM HCIIOJIb30BaHHE TOJIBKO MOCIEIHET0 MOAX0A.

Puc. 1. Crpykrypsl [Cu(Cl)(bPzPy)]2(ClO4); (cneBa) m [Cu(Cl)(bPzPy)(ClO4)] (ctipaBa).

B pabote mnomyueHsl pa3nIUyHbIE CHMMETPHYECKHE W HEeCHUMMeTpuueckue 2,6-
Ouc(Ipa3oIIT) IUPUANHBI C BEICOKMM BBIXOJIOM, TIPUYEM BBIXOJ CHIIBHO 3aBHCET OT pazMepa
3aMecTUTENe B MUPA30JIbHOM KOJBIIE (TaK HAmpumep, As 3-mpem-0yTUi-5-MeTUI-Mupa3ona
BbIX0/ He mnpeBbiman 60%). CUHTE3UpOBaHHBIE JTUTAH/bI UCIIOJIB30BAIUCH I CHUHTE3a KOM-
IUIEKCOB KeJye3a, KoOanbTa, HuKens U Menu. [loayueHHble KOMIUIEKCH HCCIe0BaHbl MEeTO/1a-
mu OIIP, snexkTpoHHON cnekTpockonuu, macc-criekrpomerpun, UK- n KP-cnexrpockomnum,
U3MEpEHBl U PACCUMTAHbl UX MAarHUTHBIE CBOICTBA. CTPYKTYpPy HEKOTOPBHIX KOMIUIEKCOB y/aa-
JIOCh OXapaKTepU30BaTh METOJOM PEHTTCHOCTPYKTYPHOTO aHaiu3a. B ciydae kenesa u Ko-
OabTa KOMILIEKCHI ¢ 2,6-0nc(IUpa3oil)IipuAnHAMU UMEITH MOHOMEPHOE CTPOSHUE HE3aBH-
CHUMO OT HCIIOJIb3yEeMbIX MTPOTUBOMOHOB U BBEACHUS JOTOIHUTEIBHBIX JTUTAHA0B, CIIOCOOHBIX
BBICTYIIATh B KAYECTBE MOCTHUKOBBIX — TaJIOTEHU/I- ¥ a3UA-aHUOHOB. J[MMepHbIe KOMIUIEKCHI C
MOCTHUKOBBIMH aHHOHAMH YJAJIOCH MOJIYYUTh JUI MM U HUKENA. 11 IUMEpHBIX KOMILJICKCOB
meau co ctpykrypoit [Cu(Cl)(bPzPy)],(ClO4), Habmoganock ciaboe heppoMarHUTHOE B3au-
MoOJIeiicTBHE, pacCUnTaHasi KOHCTaHTa B3aUMOACUCTBUS ISl KOTOPOTO HAXOAUTCS B COTJIACHH C
SKCIIEPUMEHTAIbHBIMU AaHHBIMU. [Ipy 3TOM npu BBeIeHNN 0OBEMHBIX 3aMECTHTENEH B MUpa-
30JIbHOE KOJIBIIO MPOUCXOIUT UCKAKEHUE TIOCKOTO (hparMeHra [Cu(Cl)(bPzPy)]2+ U paccTos-
HUE Mellb-Melb Bo3pacTaeT. [ He3aMeIEHHOro MHUpa3oiia BIEPBBIE yNajdoCh MOMYyYUTh 1-
MEPHYIO LIETIOYKY ¢ MOCTHKOBBIM IEPXJIOPAT-aHUOHOM.
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Js xene3a UM KoOalbTa KOMIUIEKCHI, COAEprKalue Oosiee OJHOI0 METaJIIMYECKOTro
LIEHTpa YAAJI0Ch NOJIYYHUTh TOJIBKO MPH MCIIOJIb30BaHUU 3,6-Onc(MUpa30ImiI)TeTpa3iHa B Kaye-
CTBE MOCTHKOBOrO Jiuranja. [Ipu stom ans menu Ouc(mupazonui)TeTpa3uH MpeTepreBail M-
posIM3 U 00Pa30BBIBAIUCH KOMIUIEKCHI TPOAYKTOB THAPOIIH3A.

Coordination compounds of transition elements with N-donor ligands are widely used
as catalysts, molecular switches (SCO), dye-synthesized solar cell (DSSC). Searching of
coordination compounds with suitable properties leads to the necessity of synthesis of new
ligands and complexes with given complexes structure. Complexes containing two or more
metal centers are objects of the interest since they have specific magnetic properties and
catalytic activity.

Thus, the aim of this work is the synthesis and study of complexes of 3d-transition
elements with N-donor ligands containing pyrazole moiety. 2,6-Bis(pyrazolyl)pyridine and
derivatives of 3,6-bis(pyrazolyl)-1,2,4,5-tetrazine are used as ligands. The advantage of these
ligands is a possibility of synthesis of large libraries of ligands with different substituents in
the pyrazole ring.

All used ligands contain at least two heterocyclic rings: relatively easily modifiable
pyrazole ring and six-membered heterocyclic ring (pyridine, tetrazine). For the synthesis of
ligands may use different methods: synthesis of bisheterocyclic system from a pyrazole
derivative, from the derivative of another heterocyclic ring (thiophene, pyridine, tetrazine), or
cross-coupling of two heterocyclic rings. First approach was used for the synthesis of 3,6-
bis(pyrazolyl)tetrazine, and for 2,6-bis(pyrazolyl)pyridines were used second and third
methods. However, for the selective preparation of unsymmetrical bis(pyrazolyl)pyridines only
the latter approach was suitable.

Fig. 2. Structures of [Cu(Cl)(bPzPy)]2(ClOs); (left) and [Cu(Cl)(bPzPy)(ClO,)] (right).

Various symmetric and non-symmetric 2,6-bis(pyrazolyl)pyridines were obtained in a
high yield, the yield was highly dependent on the size of the substituents in the pyrazole ring
(such as, for 3 - tert-butyl-5-methyl-pyrazole yield does not exceed 60%). Synthesized ligands
was used for the synthesis of iron, cobalt, nickel and copper complexes. The resulted
complexes were investigated by ESR spectroscopy, electron spectroscopy, mass spectrometry,
infrared and Raman spectroscopy, their magnetic properties were measured and calculated. For
some complexes crystals suitable for X-ray structure analysis were obtained. In the case of iron
and cobalt complexes of 2,6-bis(pyrazolyl)pyridines have a monomeric structure regardless of
counterions and the introduction of additional ligands capable of acting as bridging ligands —
halide- and azide- anions. Dimeric complexes with bridging ligands could be obtained for
copper and nickel. There is a weak ferromagnetic interaction for dimeric copper complexes
with the structure [Cu(Cl)(bPzPy)]»(ClO4), (Fig 1.), calculated coupling constant for which is
in agreement with the experimental data. Then the introduction of bulky substituents in the
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pyrazole ring causes distortion of square-planar unit [Cu(Cl)(bPzPy)]*" and the copper-copper
distance increases. For non-substituted pyrazole one-dimensional chain with perchlorate-
bridging was obtained in the first time (Fig 1.).

Iron and cobalt complexes containing two metal centers were obtained only when using

3,6-bis(pyrazolyl)tetrazine as a bridging ligand. As for copper bis(pyrazolyl)tetrazine
undergoes hydrolysis and the hydrolysis products form complexes.

10.

11.

12.

13.

14.

15.
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JIro Mun

CuHTe3, CTPOCHHUE U CBOMCTBA (peppoceseHUIHBIX
ceepxnpoBoaHukoB cocraBa (Na,K, . )Fe,.,Se,

PykoBoaurtenu: K.x.H., nou. bontanun A.U., k.¢.-m.H., c.H.c. Bonkosa O.C.

HenaBuo otkpeiToe cemelictBo caepxnposoasamux (CII) deppocenenunos A Fe;. Se,
(4=K, Rb, Cs, TI; T¢ oxomo 31 K) xapakTepu3yeTcsi HECTEXHOMETPUIECKUM COCTaBOM U (pa3o-
BOIl HEOJHOPOHOCTHIO HA MUKPO- M HaHOYpoBHE ¢ couetanueMm CII u antudeppomarnetusma,
YTO CYIIECTBEHHO OTJIMYAET 3TU COSTUHEHUS OT MPEACTABUTENCH APYTHUX CEMEHCTB KEIe30C0-
nep>kammx CIT v BEI3bIBaeT MOBBINICHHBIN WHTEpeC MccienaoBareneil. B qannoit padore Obun
BrepBble cuHTe3npoBaHbl CII MoHokpucTammmdeckne obpasubl cocraBa (NaKi.,)Fer. Ses ¢
YaCTMYHBIM 3aMEIICHHEeM Kajis Ha HAaTPHil U MPOBEIEHO BCECTOPOHHEE HCCIEAOBAHUE HX
MHUKPOCTPYKTYPBI U PUBNICCKUX CBOHCTB.

Bo3moxxHocTh 00pa3zoBanus TBepaoro pacrsopa (Na.K..)Fe,.,Se, u npumepHsie rpanu-
1Bl €r0 CYLIECTBOBAaHMs OBLIM YCTAHOBJIEHBI B pe3ybTaTe TBepaodasnoro omkura (600°C, 180
4) oOpasuos cocraBa (Na,Ki.,)Fes.ySe, (z=0, 0.25, 0.50, 0.75, 1). HccnenoBaHue noay4eHHbIX
00pa3IoB ¢ MOMOIIBIO PEHTTEHOBCKONW MU(PAKIIMK 1MOKa3ajI0, YTO CTENEHb 3aMEIICHUS Kaaus
Ha HATPUH B YCIOBUSIX MPOBEACHUSI SKCIIEpUMEHTa He TipeBbinaet 50%.

Ha cnemyromem sTame kpucraumsanueid u3 paciuiaBa (T.H. metof self-flux) Opumm momy-
4yeHbl MOHOKpHcTailibl cocraBa (Na,Ki.,)Fes.,Ses (z=0, 0.30, 0.40) B Buae kpynssix (1o 1 cm)
IUTACTUH OPOH30BOTO IBETA C METALNTUICCKUM OJiecKOM. M3yueHune moaydeHHBIX 00pa3oB Me-
TOJIOM MAarHUTHOW BOCTIIPUUMYHMBOCTH TOKA3aJI0, YTO BCE OHU SIBJISIOTCS CBEPXIPOBOTHUKAMU
¢ Tc ot 24 no 32.4K, npuuem Hamnyumumu CII cBoiicTBamu 06nagaer oOpasel] co CTENEHbIO
3amenenus z=0.3 cocraBa (Nag322)Ko.682))0.954)Fe1.752)3€2 (oOpazen I).

Hapsiny ¢ kiaccuueckum BBICOKOTEMIIEPATYPHBIM CHHTE30M JIJIs1 TIONy4eHHs eppoce-
JICHUJIOB C YAaCTMYHBIM 3aMEIICHUEM Kallis Ha JPYroi MIeNOYHON MeTall ObUIM MPUMEHEHBI
TBTEPHATHBHBIC METOJIBI: BRIPAIIMBAHIEC MOHOKPHUCTAUIOB U3 XJIOPUIHOTO paciuiaBa B MOCTO-
SHHOM TEMIIEPAaTypPHOM T'paJueHTe, a TAK)KE CUHTE3 MOJUKPUCTAIUTMUECKUX 00paslioB B cpeie
KHJKOTO IMUpHIMHA 3amenieHueM Kanus B K, Fe,. Se, Ha HaTpuii win JIMTHM, WIKA IyTEM HH-
TEPKAISIHUU [IEJIOYHOTO MeTalljla B MEXKCI0eBoe MpocTpaHCcTBO t-FeSe. AHanmn3 momydeHHBIX
PE3yJIBTATOB MOKA3BIBAET, YTO BEICOKOTEMIICPATYPHBIM CHHTE3 TTO3BOJISACT MOIYIHTh OoJiee Ka-
YECTBEHHBIE OOPA3IIHL.

N3yueHue TpaHCIOPTHBIX CBOMCTB 00pa3ua I yeThIpeXKOHTAaKTHBIM METOAO0M 10Ka3aJjo,
4YTO aOCONIOTHBIC 3HAYEHUS yAECTHFHOTO COMPOTHBICHUS U OOIIM BUJ 3aBUCUMOCTEH XOPOIIO
COOTBETCTBYIOT JINTEPATYPHBIM JaHHBIM JJIs He3aMelleHHbIX 00pa3noB 4.Fe,Se;. B otnnune
oT geppoapceHuIHbIX ceMeicTB 111 1 122 ynenbHOe CONPOTUBIECHUE PU OTHOCUTENBHO HU3-
KIX TEMIIepaTypax IpOIMOPLHOHAIBHO BemHunHe T°, 4TO MOXKET CBHACTEIBCTBOBATH O TIPEO0-
JaJlaHuu CUH-opOuTanbHOro B3aumozeiicteus. [Ipu Temnepartype 32.5 K nabmromaercs pes-
KU Tepexo/ B CBEPXITPOBOJIAIICE COCTOSIHUE. V3MepeHne MarHUTHOW BOCIIPUUMYHUBOCTH Ha
MOHOKPHCTAILIE C pasMepaMi 6x3x0.2 MM XOpOIIO COTIACYETCs ¢ JAHHBIMH [0 yYACIEHOMY
COTMPOTHBIICHUIO U YKa3biBaeT Ha Hanmuue Omu3koro k 100% >¢dexra Meiicuepa.

HccnenoBanne MOMy4eHHBIX OOpa3lloB METOJOM MeccOay’pOBCKOM CIEKTPOCKONUU
CBUJICTENLCTBYET O HAMYUU B 00Opa3iie Tpex (a3, pa3audaronuxcsi JOKAIBHBIM OKpPYKEHHUEM
JKelesa, IB€ U3 KOTOPBIX MPOSIBISIIOT aHTU(PEPPOMarHUTHOE YIOPSA0YEHHE, & TPEThS SIBJISIETCS
napaMarHUTHON W MO-BHIMMOMY, OTBEUYAET 3a MPOSIBIICHUE CBEPXIIPOBOSIIMX CBOMCTB. [Ipu
M3MEHEHUU CTENEHU 3aMeIlleHUs Kalusi Ha HaTPHUil COOTHOIIEHUE MeXay Tpems (a3zamu B 00-
pasiax u3MEHSIETCS.

Pabota Bemmonnena npu noanepxkke honga PODU, rpantst 12-03-31717 mom, 12-03-
91674-OPA au 12-03-01143-a.
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Kywinup Anexceit Eecenvesuu

IlonnyuyeHue U CBOMCTBA KOJJIOMIHBIX PACTBOPOB YaCTHII
rekcaeppura CTpOHUMS B OPraHM4eCKNX PacTBOPHUTEJIAX

PykoBoaurenu: a.x.H., npod. Kazun ILE., k.x.H. CanoneroBa H.A.

I'excadeppuT CTPOHIUS SBISICTCS NMEPCIIEKTHBHBIM MAaTEPUAIIOM ISl MATHUTHOM 3arv-
CH, MUKPOBOJIHOBBIX YCTPOMCTB M MarHuTHOH cenapauuu. KommonaHslii pacTBOp Ha OCHOBE
MarHATOTBEP/IBIX HAHOYACTHII reKcadeppruTa CTPOHITUS MOXKET OBITh MPOMEKYTOTHBIM ITAIOM
MOJIyYEHUS! BBICOKOTEKCTYPUPOBAHHON U OJHOBPEMEHHO BBICOKOKOIPUUTHUBHOW IJIEHKHU TEK-
cadeppuTa CTPOHITUS, HEOOXOIUMOU I MAarHUTHOW 3allUCH W MHKPOBOJIHOBBIX YCTPOWCTB.
Kpome Toro, ontuueckue CBOWCTBA TAaKUX KOJUIOMIHBIX PACTBOPOB OOpaTHUMO H3MEHSIOTCS
1oJ1 IeCTBUEM HEOOJIBIINX MarHUTHBIX MoJsied. OgHaKo, )i pealu3alui IIMPOKOTo CIEeKTpa
NPUMEHEHU HaHO4YacTHI] rekcaddeputa CTPOHIIUA HEOOXOAUMO PEIUTh 3a/lady CHUHTE3a CTa-
OWJIBHBIX KOJUIOUIHBIX PACTBOPOB HA OCHOBE MHAMBUAYAJBHBIX YACTHII.

Hapsiny ¢ Tem, 4to ycroiluuBble KOJUTOMAHBIE pacTBOpbl SrFe;;019 B opraHmdeckux
pacTBOPUTEINSX CJ1ab0 M3Y4YEeHbl, METOAMKA CHHTE3a KOJUIOMAHBIX PACTBOPOB IMyTEM IEepeBOAa
HAHOYACTHI] TekcadeppuTa CTPOHIUS U3 BOJHOU Cpelbl B OPraHUYECKYIO MOKET HE TOJbKO
pacuupuTh 00JaCTh MPUMEHEHHUs MOJOOHBIX MAarHUTHBIX JKHIKOCTEH, HO CTaTb OCHOBOM MJis
0oJiee yHUBEpCAIbHON METOIMKH MEPEeBOa KOJTOUIHBIX YaCTUIl PAa3JIMYHON MPUPOBI U3 BOJI-
HOU Ccpeibl B OpraHndeckyro. Llenpio Moeit paboThl sSBISETCS CHHTE3 KOJUIOMIHBIX PAaCTBOPOB
HAHOYACTHI] rekcadeppuTa CTPOHIIHS B OPraHUYECKUX PACTBOPUTENSAX.

[TepBsIii 3Tan pabOTHI 3aKIIOYANICS B MOJTYYCHUH BOIHBIX KOJUIOUIHBIX PACTBOPOB TeK-
cadepputa cTpoHIMs. [ cuHTe3a yacThll rekcadeppura UCIOIb30BaId METO/T KpUCTAIIIN3a-
uuu u3 crekna. [lyTém 3akanku OKCHUIHOTO paciiiaBa MEX]y BpPALAIOIIUMUCS CTaJbHBIMU
BaJIKaMH OBLIM TOJyYEeHBI 00pa3Ibl CTEKOJ HOMUHAIBLHOTO cocTaBa: 12SrO*6Fe,03*8B,0; u
14SrO*6Fe,03*12B,03. O0pasiipl CTEKIOKEpaMHUKH TOTYyYaal C MOMOILIBI0 HAarpeBaHHs CTE-
koJ 10 Temneparyp 680 — 740°C. B pesynbTaTe yIbTpa3ByKOBOM 00paOOTKH CTEKIOKEPAMHUKHU
B PacTBOpPE YKCYCHOM KHCIIOTHI OBLTH BBIJEIICHBI HAHOUACTHUIIBI TeKcadeppuTa B BUAC MOPOIII-
KOB U KOJUIOMAHBIX pacTBOpoB. Jlyig nanbHeimel paboThl HMCIOJIB30BATU JBa KOJUIOMIHBIX
pacTBopa, 00pa3oBaHHBIX MarHUTOTBEPABIMU (H, = 3,2 kD u 3,1 kD) miacTHHYATHIMU HaHOYA-
CTHUIIAMHU, XapaKTEPU3YIOIINXCS MOJIOKUTEIBHBIM 13eTa-moTeHuaiom (38 u 60 mB) u nposiB-
JSIOIIUX MAarHUTHOONITUYECKHUE CBOMCTRA.

Ha BTOpoM 3Tame paboTel MeTOIO0M 0€33MYJITaTOPHON SMYILCHOHHONW TTOJIMMEPH3AITIT
CTHPOJIa CHHTE3MPOBAIA KOJUIOMIHBIE PACTBOPHI MOJHCTUPOIBHBIX MUKpOC(Ep pazsITuIHOTO
nuametpa (400 - 600 HM), XapaKTepU3YIOIHUECS OTPUIIATEIBHBIM 136 Ta-IIOTEHITAATIOM.
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Ha 3akimtounTenbHOM 3Tarie OCYIIECTBISUIN MOIYYEHHE KOJUIOMIHBIX PacTBOPOB HAHO-
yacTull rekcadeppuTa CTPOHIIMS B OPraHUYECKUX PACTBOPUTENAX MyTEM MepeBOja YacTHIl U3
BOJIHOW CPEJIbI MIPH MTOMOIIN MOTMUCTUPOIBHBIX MUKpocdep. s 3Toro TiiaTenbHO mepeMenIu-
BaJll cMeCh KOJUTOMAHBIX pacTBopoB SrFe ;09 u monucTupona, a 3areM J00aBIsUIM K B3BECU
OpraHMYECKUN PACTBOPUTEID U MEPEMEIINBAIN MOBTOPHO. [IpeAnonoxuTensHo B pe3ynbrare
OIMCAHHOTO TMpoIlecca MPOUCXOAUT arperupoBaHUE YACTHI] rekcadeppuTa CTPOHIMS Ha TO-
BEPXHOCTH YaCTHUILl MOJUCTUPOJIA 32 CYET KYJIOHOBCKOTO NMPUTSDKEHUS B pE3yJbTaTe pa3HOIo
3HaKa J3eTa-MOTEHI[Malla UCXOAHBIX KOJJIOUIHBIX pacTBopoB. Ilocrne mobaBrneHus opranude-
CKOT'O pacTBOPUTENS TAKUE arperarbl SKCTPArupyroTcs B OPraHUYECKYIO Cpely C IOCIEayIo-
MM PacTBOPEHUEM IMOJIUCTUPOILHON (a3bl. J[aHHBIM MEXaHU3M MepeBO/Aa 3aBUCUT OT MHO-
xKecTBa (DaKTOPOB, MOATOMY Ui JOCTIDKEHUS MaKCHUMAaJbHOM CTEIEeHU Iepexonaa (CBBIIIE
70%), naHHBIN Mpoliecc ObLT UCCIEA0BaH B 3aBUCHMOCTH OT KOHIEHTPAILUU MOTUCTUPOIBHBIX
MUKpocdep, UX pazMepa, IpUpOIbl OPraHUuYECKOro pacCTBOPUTEINS U I3€Ta-MIOTEHIIMaNa KOJIJIO-
UHOTO pacTBOpa HAHOYACTHII.
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Bu3zzanoe Bukmop Anamonvesuu

Pa3pa0oTka TBepaAbIX JUTHH-TIPOBOASIIIINX 3JIEKTPOJNTOB
JJIS1 JIMTHI-BO3AYIIHBIX AKKYMYJISITOPOB

PykoBonurenu: k.x.H., Utkuc J[.M., k.x.H. TpycoB JL.A.

JIMTU-BO3IyIITHBIE aKKyMYJISATOPHI MPHUBIEKAIOT BCE OOJBIIMNA HMHTEPEC CO CTOPOHBI
HAy4YHOT'O COOOIIECTBA, MOCKOJIBbKY SBJISIFOTCA OJHUM U3 MEPCIEKTUBHBIX BAPUAHTOB PELICHUS
OCHOBHOH NpPO0JIEMBbl COBPEMEHHBIX YCTPOUCTB XPAHEHUS SHEPTHH - JOCTH)KEHUE 3HAYUTEIb-
HO OOJIBIINX YJENBHBIX SHEPTHid, TI0 CPAaBHEHUIO C COBPEMEHHBIMH JTUTUH-MOHHBIMU aKKyMY-
nasTopamu. Tekylue OLeHKN yAEeIbHOW S3HEPTUH IS TUTHI-BO3LyIIHBIX aKKyMYJIITOPOB IIpe-

BoimaT 1000 Bt-y/kr, yTo Gojee yeM B MATh pa3 MPEBHIIIACT aHATOTMYHBINA MapaMeTp Jyd-
X TUTHH-HOHHBIX crcteM (160 Bt u/kr) [1]. Tem He MeHEE CO3/IaHUIO MPAKTUICCKH TIPUMeE-
HUMBIX MPOTOTHUIIOB JIUTUH-BO3AYIIHBIX aKKyMYJISATOPOB MPEMSATCTBYET psl MpoOsieM, OJHOU
U3 KOTOPBIX SBJISETCS pa3paboTKa crocoda 3aluThl METAJUTHYECKOTO JINTUEBOTO aHOIa OT
B3aMMOJICHCTBHSI C KOMIIOHEHTaMH BO3AyXa, cOCOOHBIMH NUDPyHIUPOBATH depe3 KUIKUE
JUTHA-TTPOBOSIINE IEKTPOIUTHL. Hamboliee MepCrneKTUBHBIM CITOCOOOM pPEIICHUsT 3TOH 3a-
Ja4d SBJSIETCS OTJENCHNUE METAJUIMYECKOTO JUTHS OT MOJO0XKHUTEIBHOTO AJIEKTPOAa MpU MOMO-
[IF TOHKUX Ta30TUIOTHBIX JTUTHH-IIPOBOAIIMX MeMOpaH [2].

B pamkax naHHO#H paboThI MPOU3BOAMIACH Pa3pabOTKa TBEPAOTO JIUTUNH-TIPOBOISIIETO
CTEKJIOKepaMUIEeCKOro AIeKkTposita Ha ocHOBe LijsAlysGe;s(PO4); (LAGP) co crpykrypoit
NASICON. Takas cTekjIokepaMuKa MO3BOJISIET MOMy4YaTh 3aBEJOMO T'a30IJIOTHBIE MEMOpaHBI,
KpOME TOT0 U3MEHEHHUE PeXUMa KPUCTAUTA3AIMHN CTEKJIA MTO3BOJISET KOHTPOIUPOBATH MUKPO-
CTPYKTypy 00pa3loB, U TaKUM 00pa30M ONTUMHU3UPOBATH (PYHKIIMOHATIHHBIE XapaKTEPUCTHKU.
br110 MoKazaHo, 4TO MyTeM KPAaTKOBPEMEHHOW TEpMOOOPAOOTKH MOXKHO TMOJy4YaTh CTEKIIOKE-
paMHKy ¢ MaJibIM pa3MepoM YacTull KpucTamuinueckoi ¢asbl. [Togo6HOE yMeHbIlIeHHe pa3mepa
YacTULl, YTO COINPOBOXKIAETCA 3aMETHBIM YBEIMYECHUEM HOHHON IMPOBOIUMOCTHU (110" Om

oM™ uIs CTEKITOKEpAMEKH CO CPeHHM pazMepoM dacTuil 120 uM 1o cpaBHeHuio ¢ 410° Om

(S|
‘cM U1l 00pasloB co cpemHuM pasmepom uacTtuil 260 Hm).Pa3baBnenue crekna 6oparom
autust (10 20 M01.%) NPUBOAUT K JalbHEUIIEMY YMEHBIICHUIO KPUCTAUIUTOB U POCTY HOH-

HOM MPOBOAUMOCTHU 10 310* OM'l-CM‘l, YTO SIBJIACTCS PEKOPAHBIM 3HAYEHUEM JUJIsl JAHHOU
cuctembl. OJHaKO MOJTy4YEHHbIE B JAHHON CHCTEME CTEKJIa MPOSBIIAIOT CKJIOHHOCTh K T€Tepo-
TEeHHOW KPHUCTAUTM3AlUU, YTO COTJIACYeTCS C MpeICKa3aHUsMH, NMOJyUYeHHBIMH B paMKax Cy-
IIECTBYIOIIUX TEOpHUH KpucTaumsanuuu ctekna [3] (cootHomenue Ty/Ty, = 0.66, B TOo Bpems
KaK KpUTEpUEM roMOoreHHol kpuctammusanuu spisercs 0.54 < T,/Tp, < 0.58). D10 npuBoaut
HEpPaBHOMEPHOW KPUCTALTM3AIMN B 00BbeME OOpa3IoB W JeiaeT MOJyYeHHbIE MEMOpaHbI He-
MPUMEHUMBIMU Ha MPAKTUKE B CHIYy HEOJHOPOJHOCTH CBOWMCTB. Jlnsi perieHus AaHHOU Mpo-
OyieMbl BHEpBbIE AJIs1 JAHHON CHCTEMbI ObUIO MPEIONKEHO HCIOJIB30BaHUE 3apOJIbIIIEH s
KpUcTayuM3anuu - yactuil Y03 u Au.

B pesynbrare paboThl OBLIM MOJMyYEHBl TOHKHE Ta30IUIOTHBIE MeMOpaHbl C MOHHOM
MPOBOJIMMOCTBIO, B 3 pa3a MPEBOCXOALICH TAKOBYIO JJI JIyUIIUX KOMMEPYECKH JOCTYITHBIX

TBEPJIBIX JIEKTPOIUTOB (10 Om™'-em™H[4].

Cnmcok Jurepartypsbi:

McCloskey B. et al., J. Phys. Chem. Lett., 2010, 1(14), 2193;
Christensen J. et al., J. Electrochem. Soc., 2012, 159(2), R1;
Zanotto E., J. Non-Cryst. Solids, 1987, 89, 361;
http://www.ohara-inc.co.jp/en/product/electronics/licgc.html
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In recent years lithium-air batteries have received significant attention of scientific soci-
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ety and companies, due to this technology being one of the most promising ways to solve main
problem of modern electrochemical energy storage - overcoming current limitations of lithium-
ion batteries. Current estimations for specific energy values of future lithium-air batteries ex-
ceed 1000 Wh/kg, while lithium-ion batteries only reach values about 160 Wh/kg [1]. Never-
theless, bundle of problems have to be solved until first prototypes of lithium-air batteries (fig.
1) will be created. Due to high reactivity, lithium metal anode requires protection from air
components, that are able to diffuse through liquid electrolyte from cathode. The most chal-
lenging way to cope with this problem is separation of anode and cathode battery parts with
thin gas-tight lithium-conductive membranes (grey area in fig. 1) [2].

dischargie

of 4 W i 'I.I =it L
. & '-_'m 4 y .
PEE, N \ D

Li

recnange

Figure 1. Lithium-air battery.

In present thesis solid lithium-conductive electrolytes were developed from glass
Li; 5AlysGe; s(PO4); system (LAGP) crystallized in NASICON-type structure. Such glass ce-
ramics inherit gas-tightness of initial glass, while crystallization techniques allow us to tailor
microstructure, thus making it possible to optimize functional parameters of glass ceramic
samples to required level. We observed that short-time annealing of LAGP near crystallization
temperature results in obtaining glass ceramic with small particle size. We have shown that
glass ceramic electrolytes with smaller particle size (around 120 nm) demonstrate higher ionic
conductivity 1'10* Ohm™"'sm™ than that with larger crystallites (around 260 nm) — 410 Ohm’
"sm™. Glass dilution with lithium borate allowed us to decrease crystallite size and reach ionic
conductivity value of 310 Ohm™'sm™, that is the highest in LAGP system. However, we ob-
served tendency towards heterogeneous crystallization in glasses of LAGP and LAGP-LiBO;
systems, that correlates with thermodynamic criteria described by Zanotto [3] (measured T,/T,
ratio is 0.66, while homogeneous glass crystallization is observed in case of T,/Ty, ratio lying
between 0.54 and 0.58). Such crystallization type leads to nonuniformity in bulk samples for
instance cavities inside electrolyte membranes. To deal with this impediment we have sug-
gested utilizing Y,03 and Au additives as heterogeneous crystal nucleating agent.

In summary, we have succeeded in development of thin gas-tight membranes demon-
strating high ionic conductivity more than 3 times higher than that in the current best commer-
cially available solid electrolytes (10 Ohm™sm™) [4].
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HTupaee Muxaun Anexcanoposuu

CuHTe3 HAaHOPA3MEPHOI0 OKCHIA IMHKA
1J151 OMOAHAJTUTHYECKUX U3MepPeHuii

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

Zn0O o6yamaeT CBOMCTBAMHU, HEOOXOIUMBIMU 711 OMOAHATMTHYECKUX TPUMEHEHUN: OH
ABJIACTCA HCTOKCHUYHBIM, 6I/IOCOBM€CTI/IMBIM, 06HaI[aCT XHMI/I‘-IGCKOﬁ CTa6I/IJ'H>HOCTBIO, a TaKXKE
BBICOKMM 3HAYCHUEM SHEPTHM CBS3M DKCUTOHA M BO3MOYKHOCTBIO M3JIYyY€HHUS B BUIUMOM U
Y ®-nama3one.

[lenpto maHHOM paOOTHI SABISUICS CHHTE3 HAHOYACTHUI[ OKCHUJIA ITMHKA JJIsi OMOAHAIUTH-
YecKuX MPUMEHEHHU. B mpormecce paboThl pemianuch CIeAyIoNIue 3aladu: CUHTE3 OKCHJa
[IMHKA Pa3JIMYHON MOP(OJIOTHH M HMCCIECIOBAHUE €Tr0 CBOMCTB, MOAM(UKAIMS MOBEPXHOCTH
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ZnO (mpulIMBaHUE JIMHKEPOB, HMMOOMIIM3ALUsl AHTUTEN), U3YYEHHE CBOMICTB KOJUIOMIHOMU
CUCTEMBI (pa3Mep 4acTHll, yCTOMYUBOCTD) HA PA3HBIX CTAIUSIX MOAUDUKAITIH.

CuHTE3 HaHOKPUCTAJUTMUYECKOTO OKCHA IMHKA OBLI MPOM3BENECH C HCIOJIb30BAHHEM
pa3inuuHbIX MeToauK. [l cuHTe3a HaHocTepkKHeH ZnO ObLT MCIONBb30BaH METOJ CHHTE3a U3
conesbix Marpuil. Cmech (ZnOH),CO3, NaCl u Li,CO3 narpesanace 10 700 °C B Teuenue 2
4acoB, a MOCJI€ OXJIAKJAEHUS MPOAYKT BBIIEISIICS C MOMOIIBI0 MHOTOKPATHOT'O NMPOMBIBAHUS.
Jlist monmydenust cepudeckux dacTi] ZnO HCIOJIb30BANU IBYXCTATUHHBIA CHHTE3 U3 TUITH-
JICHTJIMKOIIA. B KadecTBe mpeKkypcopa OKcHIa IIMHKA BBICTYIAN aleTaT HuHKa. Moaudukanus
MOJIYYEeHHBIX HaHOYacTHI] ZnO MporcXoauiia B HECKOJIBKO 3TarnoB. beuin orpoOoBaHbI YeThIpe
METOJUKHA MOAU(UKAINK, BKIIOYABIINE B ceOs UCIOJIb30BAHUE OPTraHUYECKHUX JIMHKEPOB, Ta-
KHX Kak 3-amuHonponuitpuMmetrokcucmiana (APTS), rmyrapansaeruna (GA), a Takxke moiau-
stunennmuHa (PEI). TTocnennuit KOMIOHEHT ObUT UCTIONB30BaH I OOECTIeUeHUsl YCTOUYHBO-
CTH B3BecH HaHoYacThll B Gocharaom Oydepe (PBS). B manpHeiimeM npon3BoamiIack KMMO-
Oounuzanus MOHOKIOHANBHBIX aHTuTed Ha CPR. B mpouecce Moaudukanmy HaHoYacTHll ObLITH
WCIIOJIB30BaHbI Takue MeTobl, Kak PDA, COM, UK-cnekTpockonus, TMHAMUYECKOTO CBETO-
paccestaust (DLS). KonnyecTBo mpHCOeAMHUBIINXCS K MOBEPXHOCTU OKCHJA IIMHKA aHTUTEI
KOHTPOJIMPOBaII MeTooM bpaadop.

HccnenoBanre MOTy4YEHHBIX HAHOCTPYKTYp IOKa3allo, YTO OHU 00JalaioT OZHOPOI-
HBIM paclpezelieHueM I0 pa3Mepy U MPeACTaBIIsA0T coO00l okcul uHKa B ¢aze Bopuuta. C
nomotipio Meroga MK-crekrpockonuu Obuta moka3zaHa YCHEIIHOCTh MOAM(HUKAIMU MOBEPX-
HOCTH Zn0O, a u3y4eHre MMMOOWIN3AlMK aHTUTENT MeTo10M bpaadopa npoaeMoHCTpupoBalio
CIOCOOHOCTh MOAU(DHUIIMPOBAHHON MOBEPXHOCTH K MPUCOCTUHEHUIO OHOMATPUIIBI (BILIOTH 10
92%). WU3yueHne yCTOMYMBOCTU CUCTEMBI, OCYIIECTBISBIICECS IIyTEM H3MEpPEHHUS Pa3MEpPOB
YaCTHUIl U UX J[3€Ta-MOTEHLHala, I0Ka3aJI0 CyIIeCTBEHHOE yMeHblIeHue arperauuu B PBS no-
CJIe BBEJICHUS B CUCTEMY IOJIMMEPA.

ZnO possesses properties which are neccesary for bioanalytical applications. Firstly, it is
non-toxic, biocompatible, chemically stable, in addition, it possesses high exciton binding en-
ergy, possibility to UV and visible emission.

The aim of this work is synthesis of zinc oxide nanoparticles for bioanalytical applica-
tions. There were several main tasks in the course of the work such as synthesis of zinc oxide
with various morphologies and investigation of its properties, modification of ZnO surface (at-
tachment of linkers, immobilization of antibodies), study of colloidal system properties (parti-
cle size, stability) during different modification steps.

Synthesis of nanocrystal zinc oxide was conducted using various techniques. ZnO nano-
rods were obtained by the salt mixture synthesis. The mixture of (ZnOH),CO;, NaCl and
Li,CO3 was heated for 2 hours at 700 °C, and after cooling nanocrystals were isolated by re-
peated washing. The two-step synthesis in diethylene glycol was used to obtain spherical ZnO
nanoparticles while zinc acetate was the precursor for the ZnO. Modification of the obtained
ZnO nanoparticles was conducted in stages. Four different modification techniques were ap-
plied, involving usage of organic linkers, such as 3-aminopropyltrimethoxysilane (APTS), glu-
taraldehyde (GA), as well as polyethylenimine (PEI). The last substance was used to provide
stability of ZnO nanoparticle system in phosphate buffered saline (PBS). Hereafter immobili-
zation of monoclonal anti-C-reactive protein (CPR) antibodies was conducted. XRD, SEM, IR-
spectroscopy, DLS methods were used in the process of nanoparticle modification. The amount
of antibodies attached on ZnO surface was controlled by Bradford protein assay.

Nanostructure study displayed that ZnO nanoparticles possessed narrow size distribution
and represent zinc oxide wurtzite phase. IR-spectroscopy showed that the ZnO surface modifi-
cation passed successfully, and study of antibody immobilization using Bradford protein assay
demonstrated the ability of modificated surface for biomatrix attachment (up to 92%). Investi-
gation of system stability by particle size and dzeta-potential measurement showed significant
decrease of aggregation level in PBS after polymer inclusion to the system.
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