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HayuHo-uccienoBarejbckasi paboTa cTyJ1eHTOB B 6 ceMecTpe.
Te3uchl JOKJIAI0B HA CTYJAEHYECKOH HAYUHOI KOH(epeHIun

®OHM MI'Y, MockBa, 28 urons 2013 roga

Te3ucel nmpenocraBieHbl cryaeHTaMu 3-ro kypca ®HM MI'Y (PHM-2010).

TekcThl TE3UCOB COTTIACOBAHBI C HAYYHBIMHU PYKOBOJIUTEISIMU CTYyIeHTOB 3-To kypca ®HM MI'Y
(®HM 2010).

Hacrosmuii cCOOpHUK T€3UCOB COJAEPIKUT 2 YaCTH:

1 yacTh — Te3UCHI JOKJIAI0B,

2 yacTh — oTopenopTax o KOHPEPEHIIHNH.

Co6opuuk nmoarorosuia Cadponosa T.B., k.T.H., c.H.C., KypaTop 3-To kypca DHM (PHM-2010)

Ha o6moxke wmukpodotorpaduss obpasma mopomika Bateputa (CaCOgz), KOTOpBId OBLT
CHHTE3UpOBaH cTyneHTKor 1o kypca ®HM MI'Y Kypobatosoii C.A. (Hay4HbIil pyKOBOAUTEI
CagponoBa T.B.) u3 amerata kajpius W KapOoHata amMmoHus. Mukpodororpadus caeigana
B.H.C., 1.X.H. KHOThKO A.B. Ha snexTpornHom mukpockorne LEO SUPRA (Carl Zeisd,epmanus).

Wionb-centsops 2013r.
MI'Y, Jlennnckue ropsl, a.1.
Mocksa, Poccuniickas @enepanus



BBenenue

Hayunble koH(pepeHIN CTyleHTOB Ha (pakyiabTeTe HayK o Marepuaiax MOCKOBCKOTO
rocyJapCcTBeHHOro yHuBepcureta umeHn M.B. Jlomonocoa (®PHM MIV) — ssisroTcs
MHOTOJIeTHEH Tpaaunueii. B cooTBercTBUU ¢ ydeOHbIM miaHoM (cmenuanbHocTh 020300 -
«Xumusi, (U3MKa W MEXaHHWKAa MAaTEpUaioB») CTYACHTHl C TIEPBOTO Kypca BBIMOIHSIIOT
HCCJIEIOBATENLCKYIO paboTy B NEHCTBYIOMUX HAYYHBIX Tpymnax. Heo6xoauMbpIM kauecTBOM AJist
YUEHOTO SBJISETCS YMEHHE KpPaTKO M3JOXKUTh CYTh CBOEH paboThl, ymMeHue 00OCHOBATh
1eJ1€CO000Pa3HOCTh UCCIEOBAHUS U IPKO U YOSTUTENbHO IPEICTABUTh MOJTYYCHHBIE TaHHBIE.

Bcem u3BecTHO, uTO 0€3 3HAHMSI MHOCTPAHHBIX S3BIKOB B COBPEMEHHOM MHUPE TPYIHO
oborituchk. Hayka — ocoOeHHO SIpKU TIpUMEpP: HU JUIA KOTO CETOAHS HE CEKPET, YTO PEHOME
UCCIIEIOBATENsi BO MHOTOM CO3MAal0T MyOMWKallMd HE TOJNBKO B OTEUECTBEHHBIX, HO B
MEXIYHAPOAHBIX XypHaiaX, a TAaKKe BBICTYIUICHMS Ha PA3JIMYHBIX HAYYHBIX, B TOM YHCIIE
3apyOexHBIX KOoH(epeHusax. s Toro, 4roObl OBITH B Kypc€ BCEX HOBBIX M H3BECTHBIX
HAyYHBIX JIOCTH)KEHUN 3apyOe’KHBIX KOJIJIET B CBOEH M POJCTBEHHBIX OO0JIACTSAX CIEIUATHUCT
JIOJDKEH UMETh BO3MOXKHOCTh TOHHUMATh M3JIOKEHHOE (Jallle BCEro Ha aHTJIUHCKOM sI3bIKE) B
HAyYHBIX MyOIHUKAIUIX.

B cBs3u ¢ OOBEKTHBHO TPOTEKAIOIIMMHU B HACTOSIIEEe BpeMs B MHpE MPOIECCAMU
rJ100anu3alyl YHUBEPCUTET yesieT 00y4eHHUIO CTYIEHTOB MHOCTPAaHHBIM sI3bIKaM Bce OO0Jblle
BHUMAaHUsS: BBOJSATCS pa3iMYHbIe KypChl Kak B OakalaBpuaTe, Tak M B Marucrparype; B
Onmmxalllux IUTaHax — TperojaBaHHe psAga NPEeIMETOB U MPOBENCHHE HK3aMEHOB Ha
UHOCTpaHHBIX s3bIkax. Ha @HM sTa TenaeHuus Haunuia oTpakeHue B yueOHbIX miaHax. [Tocie
3aBepIICHUs U3yuyeHus: 0a30BOT0 Kypca aHIJIMMCKOTO SI3bIKa YK€ JI0JIT0€ BpEeMs CTYACHTHI 3aTeM
B TEUEHHUE rojJa U3y4yaloT OCHOBBI HAay4yHOI'O MEpPEeBOJd, @ B KOHLE TPEThEro Kypca CHAIOT
WUTOTOBBIN K3aMeH 10 000UM MpeaMeTaM B (hopme HaydHOH KOH(EepeHIINH.

Hacrosimuii cOOpHUK CONEPXKUT TE3HUCHI JIOKJIAZOB JIETHEH HAy4YHOM CTyJEHYECKOM
KoH(pepeHimu cryaeHToB 3-ro kypca ®HM (rox mocrymienus - 2010),koTopast cocrosuiacs 28
utons 2013rona HenmocpencTBEHHO B HAYYHOUN CECCUM MPHUHSUIN ydacTue 17 CTyeHTOB IPyIIIbI
®HM-2010. HacTosimuii cOOpHHUK TE3MCOB — CBOECOOPA3HBIM OTYET CTyAeHTOB rpymmnsl GHM-
20100 HayyHO-UCCIIEI0BATENBCKOM padoTe, BHITIOJIHEHHOW B 6-M cemecTpe.

O pesynapTaTax CBOEH HAyYHO-HCCIIEIOBATEIHCKOW pPabOTHl CTYJAEHTHI COOOIIMIA B
JOKJIa[iaX Ha aHTJIIMICKOM si3bIKe. Te3UChl B COOpHUKE MPEACTaBICHBI KaK Ha aHTJIMICKOM, TaK U
Ha pycCcKoM s3blkax. Komuccus OLeHMBana Kak HAy4dHYIO COCTaBIIAIONIYIO JOKJIana, Tak W
CTENEHb BIIAJICHUS AHTJIMHCKUM SI3bIKOM, YMEHHE CTYJIEHTOB HM3JIOKUTh CBOM MBICIM Ha HE
POJHOM JJIsl HUX SI3BIKE, SIBISIFOIIMMCS B HACTOSIIEE BpEMs SI3bIKOM MEXKTYHApPOIHOIO HAYYHOTO
0OIIIeHHUS.

B cocraB komuccuu, KOTOpas 3aciylliunBaja [OKJIaabl CTYJEHTOB 3 Kypca B 6-M
ceMecTpe, BXOIUIH:

1. Cadponona TaTtesina BukTopoBHa, K.T.H., J01l., C.H.C., KypaTop 3-To kypca DHM
¢ 2012r., MI'Y nmenu M.B.JTomoHOCOBa
bapanunkos Anekcanap EBrenseBudy, k.X.H., H.c., MIOHX nmenu H.C. Kypnakoa
bpeues Oner Anekcanaposud, K.X.H., 1o1. MI'Y umenu M.B.JIlomoHoCOBa
WUtkuc Janunn Muxainosud, K.X.H., H.c., MI'Y nmenu M.B.JIomonocoBa
[TameBckass Mapuna BaaumoBHa, npenogaBaTelnb aHIIMKUCKOTO s3bika, MI'Y
nMmenn M.B.JIomoHocoBa
CyxaueBa Enena HukonaeBHa, npenogaBaTesb aHrIMCKOro si3bika, MI'Y umenu
M.B.JlomoHocoBa
7. Yapxun [Amutpuit Onerosuy, K.X.H., goi1., MI'Y umenun M.B.JlomoHnocoBa
8. Hnsaxtun Oner AnekcaHapoBuY, K.X.H., B.H.Cc., MI'Y umenu M.B.JlomoHocoBa
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Komuccus onenuBana paboTy CTYJEHTOB M MX JOKJIAIbl MO CIEAYIOIIUM KPUTEPHUSIM:
BJIQJICHUE aHTJIMHCKUM SI3BIKOM, O(hOpMIIEHHE TOKIIa/Ia U TE3UCOB; COJIEPKATEIBHOCTD JOKIAAa U
TE3UCOB; KPATKOCTh U MHPOPMATUBHOCTH OTBETOB Ha BOMPOCHI.



Komuccus,  3acimymaBmias — AOKJIaAbsl  CTYAEHTOB,  IpHU3HAJA  aKTYaJIbHOCThb
MIPE/ICTABJICHHBIX UCCIIEIOBAHNMN.

Ilo pe3ynbratam KOH(EpPEHIIMH CTYACHTHl JOJDKHBI OBUTM MOJYYUTh OLIEHKY IIO
AHIVIMMCKOMY SI3BIKY M 3a4eT MO MNpPeIMETy, Ha3BaHUE KOTOPOrO B BEIOMOCTH M 3a4€THOMU
KHIKKE CTYAEHTOB 3ammcaHa Kak «[Ipakruyeckue paboThl Mo crneuuanbHoctu». [Ipociyman
JOKJIaJbl, KOMUCCUSI HE COWIA BO3MOYKHBIM OLIEHUTH IOJOKUTEIBHO 3HAHUS MO aHTJIMMCKOMY
IATEPHIX CTYIEHTOB. 3a4eT IO CIEUUAIBHOCTH HE MOJIYUUIIN J1BA CTYIEHTA.

Pe3ynbrarhl okazanuch BHOJHE MpEACKa3yeMbl U ObUTM HANpPSIMYIO CBS3aHBI C HU3KOM
MOTHBHPOBAaHHOCTBIO CTYJIEHTOB B OCBOEHUM AaHIJIMIICKOrO s3bIKa, KOTOpas IpOsSBWIACH B
HEBBICOKOM MOCEIIAeMOCTH 3aHATHM, a TaKKe M HEJOCTaTOUYHO BBICOKMM KaueCTBOM pabOThI Ha
ceMHHapax. MOKHO TPEANONI0KUTh, YTO €lle He J0 KOHIA U3KUTHI 3a0IyKICHUS O TOM, YTO
10001 TpeaMeT MOKHO OBICTPO BBIYYUTH 3a KOPOTKOE BpeMmsl Mepej dK3amMeHOM. Bo3moxkHo,
KTO-TO KOTIa-TO W JOCTUTaJl yCIexa ¢ TaKUM MOJXOJOM B KakoM-To npenmere. Ho m3ydenue
WHOCTPAHHOTO S3bIKa, KaK U H3y4EHHE JII000T0 Ipyroro mpeamera yueoHoro miana ®HM MI'Y,
TpeOyeT CUCTEMATUIECKUX YCUITUH.

[IpusBanue cpemHel IIKOIBI — YYHTh, BBICHIEH — IMOMOYb HAYYUTHCS NPHOOPETATh
3HAHUSI CAMOCTOSTENIbHO. 3a/a4a YHUBEPCUTETa — MOJATOTOBUTH CHEIMAINCTA, CIIOCOOHOTO K
CaMOCTOSITEIbHOMY PEIICHUIO HAYYHBIX M OPTaHU3allMOHHBIX MpoOsieM. M 0oTBETCTBEHHOCTH 3a
KaueCTBEHHOE BBIIIOJHEHUE ITOM 3a/1a4 HECYT B PABHOM CTENEHU U CTYIEHT, U NPENoaBaTellb.
XOpomo HU3BECTHO, YTO €CIU Yy CTYAEHTa OTCYTCTBYET MOTHBALIMS, TO JAX€E CaMbIH OIBITHBII
Iperno/iaBaTeib He B COCTOSIHUY MepeslaTh €My 3HaHUS XOTs Obl M B paMKax y4eOHOro IUIaHa.

Bripaxkass 00ecriOKOEHHOCTh PYKOBOJCTBA (haKyinbTeTa pe3ysibTaTaMH, OCTHUTHYTHIMHU
CTyAeHTaMH 3-T0 Kypca MpakTHuecku mo BceM mnpeameram B 2012-2013 yuebHom rony,
X0TeJoch Obl MOXKeNaTh CTYACHTaM 3TOT0 Kypca MpOsBUTH OoJibliee ycepaue Kak B U3Y4eHUU
WHOCTPAHHBIX SI3BIKOB, TAK U B U3YYCHHUH IPYTUX YIEOHBIX MUCIUILIHH. J[ake eciiu, Kak MHOTHE,
BBl HE NPUEMJIETE arpeCCUBHOIO MOBEJICHUS B MUPE psilla aHIVIOTOBOPAIIMX M AHTJIOMMIIYIIHNX
CTpaH, BCE PaBHO B HACTOSIIIEE BPEMS 3TOT S3bIK HEOOXOIUM JUIsi OOMEHa OTBITOM B HayKe.

N Bce xe Ha rpycTHOM HOTE 3akaHYMBaATh He Xouercs. OOydeHue S3bIKYy, HaAYYHOMY
CTHJIIO, TIPAaBUJIaM HaNKCaHMsI HAyYHBIX pabOT MPOJODKUTCS Ha CTapIIUX Kypcax. Bo3aMoxHOCTB
MOBBICUTh CBOM YpOBEHb HAy4YHOI'O AHIVIMMCKOIO S3bIKa €CTh Yy BceX. MBI HajaeeMcs, 4To
CTYACHTHI Kypca CMOTYT B YCTaHOBJICHHOE JMKBUAUPOBATH 00PA30BABIINECS 3aJ0JDKEHHOCTH H
npogopkar ooyuenne Ha ®HM MI'Y (which is the greatest and the best™eraem Bcem
HaunHaMKM y4eHbM (cTyneHraM ®HM MI'Y) ynauu B Hay4yHO# I€STEIBHOCTH U B U3yYCHUU
WHOCTPAHHBIX SI3bIKOB!

Yapkwun /1.0. Cadponona T.B.
[IpenonaBarens npeagmera

«OcHOBBI HayyHOTO nepeBoga» Ha ®HM MI'Y, Kypatop 3 kypca ®DHM MI'VY,
K.X.H., JIOIL. K.T.H., JIOII., C.H.C.

Xumuaeckoro ¢pakynpreta MI'Y Xumuaeckoro ¢akyiabreta MI'Y

nMmenu M.B. JlomoHOCcOBa umenu M.B. JlomonocoBa



YapkuH Amutpuin Onerosud, K.X.H., aou., MI'Y umenn M.B./lomoHocoBa

Mawesckaa MapuHa BagumosHa, npenogasaTtesib aHIMACKOTo A3bika, MY umeHun M.B.JTomoHocoBa
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UTtknc AaHnna Muxaiinosud, K.X.H., H.c. MI'Y umenun M.B.JlomoHocoBa



bapaHuunkos AnekcaHap EBreHbesuy, K.X.H., C.H.c., NOHX nm. H.C. KypHakosa PAH



Bbpbines Oner AnekcaHapoBuY, K.X.H., gou,. MIY numenu M.B.JlTomoHocoBa

CadpoHoBa TaTbAHa BUKTOPOBHaA, K.T.H., C.H.C., MI'Y nmeHun M.B./lomoHOCOBa, KypaTop Kypca
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Control of theanodic alumina barrier layer opening process by wet
chemical etching

Berekchiyan M.\V.
Scientific advisor: 8 year PhD student Petukhov D.l.

Due to unique properties, such as low pore tortyosarrow pore size distribution and
ability to control the structural parameters byyiag anodization conditions, anodic alumina
membranes became a widely used material for nammbsgtes preparation, sensors creation and
as a membrane for separation. Anodic oxide consistsvo layers — porous and barrier — is
formed during anodization. For utilization of anodlumina films as flow-through membranes,
we have to remove barrier oxide layer, which clopeses from one side. It is common
knowledge that its thickness depends on anodizatimtage, so from the one hand it is
important to remove it completely, but from theathand not to damage porous structure.

The aim of this work was to study pore diameter gad permeance dependence on
etching time for membranes prepared at differeftages. Because of it we had to synthesize
membranes at different voltages, remove barriedeXayer and study their structure and gas
permeance.

All membranes were synthesized in two stages: aatidn of aluminum at voltage in
range from 20 to 160V in 0.3M oxalic acid solutiahtemperature °C and removing of the
metal substrate in bromine solution in methanoketve removed barrier layer in cell with two
chambers. One of them was filled with 0.2M KCI d¢mn and the other with 5 wt% phosphoric
acid solution. Membrane separated these chamberbamier layer was turned to acid to be
dissolved in it. An electrode was in each chambmus we recorded current dependence on
etching time.

The dependence of pore diameter on etching timeswaed for membranes prepared at
120V. Membranes structure was characterized bynstgrelectron microscopy. Gas permeance
was studied for individual gases: He, K.

The current dependence on etching time is reflethed pores opening process and
growth their diameter. This dependence has thigest At the first stage pores are closed and
the current is practically zero. A characteristienp appears at the moment of the first pore
opening. This jump continues during opening of oiares. At the last stage, when the jump is
over all pores are opened and the constant cucrenésponded to increasing of pore diameter
during etching. As a result we established thak pdiameter dependence on etching time is
linear after pore opening point:

d=a+bd, wherea=-84+5nm, bh=58+ 2?,fort> 2,3h.

We also obtained gas permeance dependence on etome. As we expected, it is
proportional to the cube of the time, which agne@h Knudsen diffusion mechanism:

F=all+b1® +cl1°, wherea=304t 68— b=-227+35— " ¢=42t4— ' fort>2,3h.
atrlh atrth atrlh

Moreover, as the start of jump corresponds toistadf pore opening, we obtained the
dependence of time required to opening of paresanodization voltage. We fitted this
dependence by linear function. It is interestifwgttetching rate is different for “mild” and
“hard” anodization mechanisms: t = a-U, whare 1,0+0,1 min/V, etching rate is 1,4+0,2
nm/min (“mild” anodization) anc = 1,2+0,1 min/V, etching rate is 1,2+0,2 nm/mirgtd”
anodization). It may be associated with differémtkness of our membranes.

So we studied one of the most perspective methbtarder oxide layer removal — wet
chemical etching. We established etching time dégece on anodization voltage. We also
obtained pore diameter and gas permeance depesdametching time.



KonTposupyemoe yaajieHue 0apbepHOro ¢Jiosl IJICHOK AHOHOT0
OKCH/IA AJTIOMUHUSA

bepexuusn M.B.

PykoBoautens: aci. 3r/o ®HM Ileryxos JI.U.

brnarogapsi cBouM yHUKaIbHBIM CBOWCTBaM, TAKUM KaK HHU3Kas U3BUJIMCTOCTH TIOP, Y3KOE
pacmpeneleHue mop Mo pasMepy, BO3MOXKHOCTH KOHTPOJIMPOBATH MapaMeTpbl CTPYKTYphl B
3aBUCHUMOCTH OT YCIIOBUH aHOAWPOBAaHHS, MEMOpaHbl aHOJHOTO OKCHIA ATIOMUHUS HAIUIA
HIMPOKOE MPHUMEHEHHE. OT HCMOJIb30BaHUS HX JUIsl ra3opaslieleHuss W QUIbTpaluu 0
UCTIOJIb30BaHUSI B KAaueCTBE OCHOBBI CEHCOPOB M KOHJAEHCATOpoB. B mporecce oOKHCIeHUS
o0pa3yeTcst OKCHU/IHAs TJICHKA, COCTOSIIAs U3 JIBYX CJIOEB (IIOPUCTOTO U OaphepHOro), MOITOMY
JUTSL CO3/IaHUS TIPOHHUIIAEMO MeMOpaHbl HEOOXOAMMO YAAJSATh OapbepPHBIN CIIOH, 3aKPBIBAOIIAN
HOpBI C OJTHOM CTOpOHBI. Kak M3BECTHO, €ro TONIIMHA 3aBUCUT OT HANpPSHKEHUs, IPU KOTOPOM
npoBoAWIN aHogupoBaHue. [Ipu pacTBopeHUH OaphEPHOTO CIIOS, C OJHON CTOPOHBI, BAXKHO
MOJIHOCTBIO €r0 YIallUTh, @ C APYroll CTOPOHBI — HE JOMYCTUTh M3JUIIHETO TPABJICHUS CTEHOK
Mop OKCHIHOW TUieHKU. [1o3ToMy BaXHO 3HATh BpeMs, HEOOXOAMMOE W JOCTATOYHOE MJist
MOJIHOTO YAaJieHUs! 6apbepPHOTO CIIOSI.

B cBmBu ¢ otuM 1enp0  JaHHOW  paboThl  OBUIO  M3yYeHHWE  3aBHCUMOCTH
MPOJOKUTEILHOCTH TPaBJICHUSI 0apbepHOrO CJI0sl OT HANPSDKEHUS aHOIUPOBAHUS U BIMSHUS
BPEMEHH PaCTBOPEHUS Ha TUAMETP MOP U, KaK CJIEICTBUE, HAa Ta30MPOHHUIIAEMOCTh MEMOPaH.

B pamkax manHol paGoTbl MeMOpaHbl CHHTE3WPOBAIU OKHCIEHHEM METAJTIM4eCKOro
QIIOMUHUS 110 METOJUKE OAHOCTamuitHoro anoxupoBanus: B 0,3M pactBope H2C,O4 mpu
temriepatype 1-2C. Jlng monydeHHs 3aBUCUMOCTH CHHTE3MPOBAJIU CEPUI0 MEMOpaH TpH
HanpspkeHusax 20 — 16 ¢ marom 20B. Oxucnenue npu HanpspkeHUsx Boiie 80B npoBoan,
yBEIIMYKMBas PasHOCTh MOTEHIMAIOB co ckopocThio 0,9B/c Bo m3bexaHue AMAIEKTPUUIECKOTO
npobosi okcugHoW TUIEHKU. Ilocie aHOIMpPOBaHMS TNPOBOAMIN YAAJICHHE METAJUTMYECKOU
nomiokku B pactBope Br, B CH3OH. Kontponmmpyemoe TtpaBieHue OaphepHOTo CIos
IPOBOJAUIN B JBYXDJIEKTPOJHOU JIIEKTPOXUMUYECKOM SYE€HKe, B KOTOPOM aHOJ M KaToX
paszneneHbl MeMOpaHoOM, Mpu 3TOM OaphepHBIA Ciiol oOpameH K pactBopy 15 macc. % HPOy.
3aBUCHMOCTh IMAMETpPa MOP OT MPOJIOJDKUTEIILHOCTH TPABJICHUS U3YYHIIN Ha IPUMEPEe MEeMOpaH,
cuHTe3upoBaHHbIX Tpu 120B. CTpykTypy MeMOpaH OXapakTEepHU30Bajld METOJOM pPacTpOBOM
AIIEKTPOHHONW MHKPOCKOMUU. ['a30MpOHUIIAEMOCTh O0Opa3loB M3MEpeHa MO WHIUBUAYATHHBIM
razaMm. He, Nb u Ar.

Y cTaHOBUIH, YTO IPOAOKUTEIBHOCTh PACTBOPEHHSI OAPHEPHOTO CII0S TUHEHHO 3aBUCHUT
OT HANpSDKCHHUsS, TIPU KOTOPOM MpoBoaAwWiaM aHomupoBanue: t = a-U,rme a = 1,0+0,1mun/B,
ckopocth TpaBneHust 1,4+0,2am/Mun («vsrkoe» okucienue) u a = 1,2+0,1mun/B, ckopocth
tpaBnenus 1,2+0,2 wum/mua  (wkécTkoe»  okuciaeHue). Pasznuune KO3 UIMEHTOB
MPOMOPLUMOHAIBHOCTY MOXET OBbITh CBSI3aHO C Pa3IMYHBIM COJAEpPKAHHEM TpUMeceil B
MoJy4eHHOM okcue. Ompeaenuin, 9To Mocie OTKPBITUS MOp UX AUaMETp, Ha HUKHEH CTOPOHE
IUICHKH, TUHEHHO 3aBUCUT OT MPOJOJIKUTEILHOCTH PACTBOPEHUS 0apbEPHOTO CIIOS:

d=a+ b, rne a=-84+5um, b =58+ o M ,ipu t > 234 (1711 MeMOpaH, noydeHHsIX pu 120B).
q

I"azonmponuaeMoctTs MEMOpPaH anmnpoKCUMUPOBAIN (GYHKIHEH:
F=al+b?+c¥, e a=304+68—— , b=-227+35—— c=42+4—— nput>2,3q.
atM L4 atM L4 atM L4

Takum 00pa3zoMm, B pamMKax JIaHHOH pabOTHI MCCIEAOBAH METOJ KOHTPOJHUPYEMOTO YAaJIeHUs
0apbepHOrO CIOSA. YCTAaHOBJEHA 3aBUCHMOCTBH IPOJOJDKUTENBHOCTH TPABJICHUS OapbepHOTO
CJIOSI OT HampsDKEHHs aHoAupoBaHMA. [lokazaHo, YTO UIMTENBHOCTh PACTBOPEHHUS 3aBUCHUT OT
yCIOBUI cHHTE3a MeMOpaH. A TakKe YCTAaHOBJIEHBI 3aBUCHMOCTh JMaMeTpa TOp |
ra3oMpoOHUIIAEMOCTH MEMOPAHBI OT MPOAOIKUTEILHOCTH TPABICHHUS OapbepHOTO CIIOSI.
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IyOonukanmu cTy/ieHTa:

1.

bepekunsa M.B. Brusuue uoHo8 wenouHvix Memailog HA KAmAiumuudecKue ceolucmed
cucmemvr  AUITIOY//Tesnest  nokaamoB Ha XVII MexknayHapoanoii kondgepenunn
CTYA€HTOB, ACIHMPAHTOB H MoJIoAbIX Y4éHbIX «JlomoHocoB» B 2011 roamy, c. 16,
http://lomonosov-msu.ru/archive/Lomonosov_2011/243/pdf

. bepexunsu M.B., [leryxoB [{.W. Bruanue ynopsioouennocmu cmpykmypuvl Ha RPOHUYAEMOCHb

MeMOpan — aHOOHO20 — OKCUOA  ANIOMUHUS,  NOJNYYEHHbIX  nymem  O08YXCMAOULHO20
oxucnenus//Tesucol pokaagoB Ha XVIII MexayHapoaHoii koHdepeHUMH CTYIEHTOB,
acCMPaHTOB U MOJIOABIX Y4éHBIX «JloMoHocoB» B 2012 roay, c. 18,
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New materials based on multiferroic thin-film with LuFe,O,4
structure.

Burunova Natalia

Supervisor: Ph.D., Lead Engineer, Kamenev AA

The progress in the development of new high-teckicds, sensor technologies, low-
power devices made over the last decade, is bas¢ddeodevelopment and application of new
materials, including materials with several funoibproperties combined. Materials capable of
converting a magnetic field into an electric signate the point of major interest. The
miniaturization of electronic devices is one of thain tendencies in the modern engineering
and a lot attention is paid to the integrationrotiltifunctional materials in thin films form. This
development direction is especially important fagneto-electric materials that combine both
magnetic and ferroelectric ordering that interathweach other (magnetoelectric (ME) effect).
LuFe,04 combines magnetic and electric ordering (ferraele¢Tc = 350 K) ferrimagnetic (Tc =
240 K)), and therefore is a multiferroic. Henceclsicompounds may find a wide range of
applications in microwave, sensory and spintrom¢ices and data storage media.

LuFe0O, exhibit oxygen nonstoichiometry and in a bulk ghas thermodynamically
stable only in a narrow range of low oxygen partiegssures, but due to the effect epitaxial
stabilization may be prepared in the form of thim$, that are more stable in a wider PO
range. The main goal of this work is to select dptimal synthesis conditions: the substrate
material, the temperature of the annealing, the tfpthe heterogeneous mixture to achieve the
required values of oxygen partial pressure. Addalmbjective is synthesis of thin-film samples
including samples with replacement of Fe to Mn duadher study of their physical and
chemical properties.

The main method chosen to achieve this goal, Wwasntetall-organic chemical vapor
deposition (MOCVD) method. The synthesis was edrout in two stages: at the first one thin
film deposition was conducted at a temperature08°6 with Fe: Lu ratio of 2:1. In the second
stage, the films were annealed under conditiondufe0O, thermodynamic stability: 800-
900°C, P (Q) = 10'*10™ bar. The oxygen pressure during annealing was @djusy a
heterogeneous mixture of Fe/FeO, heated up to &90he phase composition was monitored
by X-ray diffraction, the atomic
composition — by local X-ray spectre
microanalysis. Surface morphology ¢
the films was defined using scannir ]
electron microscopy. The magnet  oo000s -
properties of the epitaxial samples
LuF 8204 0,00004 - ' -
(Fig. 1)were mesured, being i | |
gualitative accordance with publishe
data on the properties of multiferroic.

Due to the effect of epitaxia
stabilization, we've managed to obta 000021 \ T
thin films of LuFeO4 on a ZrQ (Y20x3) . j——
(111) substrate, that have bee ' ' . ' .
confirmed by X-ray phase analysis. 50 100 150 200 250 300
has also been found out thi Temperature(K)

crystallization of amorphous occurs ¢ Fig. 1 Temperature dependence of the magnetic
temperatures above 800°C. moment of the film
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HoBble MaTepuajibl HA OCHOBE TOHKOIJIEHOYHBIX
MYJbTH(EPPONKOB €O cTPYKTYpoii L UFe,O,.

bypynosa H.A.

PykoBoauTenb: K.X.H., Beayuuid noxeHep Kamenen A.A.

VYenexu, AOCTUTHYTBIE B TOCIEQHEE  JECATHIETHE B Pa3BUTHM  HOBBIX
BBICOKOTEXHOJIOTHIECKUX YCTPOUCTB COBPEMEHHOM AIIEKTPOHUKH, CEHCOPHKH,
AHEProcOEeperarmux yCTPOUCTB K MHOTOTO JIPYroro, 0a3upyroTcs Ha pa3pad0TKe U MPUMECHEHUH
HOBBIX MaTepuajoB, B TOM YHCJE COYECTAIOIIMX B ce0e HECKOIbKO (PYHKIIMOHATBHBIX CBOMCTB.
[lepBocTernenHas pojib OTBOJUTCS MaTepuaiaM, CIOCOOHBIM MPeoOpa30BbIBaTh MArHUTHOE T10JIE
B DJICKTPUYECKUM CUTHAJI. MUHMATIOpU3aLUsl JJIEKTPOHHBIX YCTPOMCTB SABIISETCS OJHOM U3
[JIaBHBIX TEHACHIIMH COBPEMEHHOMN 3JIEKTPOHHOW WH)KEHEpPHH, B CBSI3M C YeM 0coboe
BHUMaHUE YAENSETCS TMONYyYEeHUI0 MHOTOQYHKIIMOHAIBHBIX MareprualioB B (OpME TOHKHX
IUICHOK. ODTO  HampaBieHHe pa3paboTOK OCOOEHHO  aKTyaJlbHO TMPUMEHHUTENbHO K
MarHUTORJIEKTPUYECKUM MaTepuajaM, COYETAlomMM B cebde OJHOBPEMEHHO [Ba THIIA
YIOPSAAOYEHHUS] — MATHUTHOE U CETHETOIIEKTPUUYECKOE, MEXAY KOTOPBIMHU CYyIIECTBYET 3 deKT
B3auMOBIUsHUS  (MarHuTodnekTpuueckuii  (MD) asddekr). Deppur mrorenus LUFeO,
COBMEIIAeT B ceOe MarHWUTHOE W 3JIEKTPOHHOE yropsaoueHue (ceruerosnektpuk, (Tc=350 K)
¢deppumarneruk (Tc=240 K)), u sBusercs mynbrudeppoukoM. braromapss 3ToMy JaHHBIC
COCAMHEHHS] MOTYT HalTH mupokoe npuMeHeHrne B CBY, ceHCOpHOW TEXHHKE U CIUHTPOHHBIX
YCTPOICTBAaX XpaHEHUsI HHPOPMAIIHH.

Coemunenus LUFeO,; ob6mamaroT 3aMEeTHOW KHUCIOPOAHOW HECTEXHOMETpUEH, |
TEPMOIMHAMUYECKA YCTOWYHMBBI JUIIb B Y3KOH 00NaCTH HU3KUX MMAPIUANBHBIX JaBICHHIA
KHCJIOpoJa. DT COeAMHEHUsT 00beMHON (Da3e yCTOWYMBHI B y3KOM HHTEpBAJIC TEMIIEpaTyp U
JABJICHUN KHCIIOpona, Ho, Omaromaps 3G¢eKTy 3MUTAKCHATbHOW CTaOWIM3AIlMi, MOTYT OBITh
MOJIY4eHbI B BHJI€ TOHKHX IUICHOK, CTAaOWJIBHBIX B 3HAYUTENbHO Oosiee mmpokom PO,-T
unTepBaine. Llens manHO# pabOTHI COCTOUT B MOAOOPE ONTUMATBHBIX YCIOBUN CHHTE3a. BHIOOD
Marepuana MoAJM0KKH, MapaMeTpoB HAHECEHUs IJICHOK, TEeMIIepaTypbl OTXKUTa IJIEHOK, BHIOOD
TeTePOreHHON CMECH ISl JOCTHIKEHUS HY)KHBIX 3HAYCHHI MapIUaTbHOTO JABICHUS KUCIOPO/A.
Kpome Toro, croutr 3amaya CHHTE3a TOHKOIUICHOYHBIX OOpa3lOB BKIIOYash oOpas3lbl ¢
3aMEIIEHUEeM YacTH JKejie3a Ha MapraHel] W JaibHeWliee H3y4eHHe WX (PU3NKO-XUMHYSCKHX
CBOICTB.

HJ’IH JOCTHUIXCHUA —a=— Moment(emu), BFL-316, cool|
yKaBaHHOﬁ eId B KadyecTBE 0.00008 : —'Hr\lor:went(e{nu) BII:LfBIG; heat : i :
OCHOBHOTO  METO/la  CHHTe3a "
0o0pa3noB OBLI BBIOPAaH METOI 0,00006 ' .
XUMHUYECKOTO  OCaXJICHUS U3 ‘, 1
napasoii  ¢aser  (MOCVD). 0,00004 - ' 1
CuHTe3 mpoBOIMIICS B JIBa JTara: ’ T
Ha TIEPBOM JTare MPOUCXOIUIIO
OCaXJEHUE  TOHKHUX  IUICHOK
CUCTEMBI Fe-LuO c
cootHomenuem Fe:Lu = 2:1npu .

-0,00002 - ‘, 4
temmneparype 600C. B xome \
BTOPOTO  dTama, MHOIyYeHHbIE 000004 J |
IUICHKH OTXKUTAM B YCIOBUSX -
TepMOHI/IHaMI/IquKOI/I 50 100 150 200 250 300
CTaOMIBLHOCTH LuFeOq: Temperature(K)

TeMrieparypa 800-900¢,
P(0,) = 10%10arMm. puc. 1 Temnepamypnas 3a6ucumocmes MazHUMHO20

JlaBnenue  Kuciopojga — Ipu MOMEHMa NNeHKu
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OTXKHIe 3a/JaBajid, HCIOJIb3ys TeTeporeHHyro cMmech Fe/FeO, narperyro no0 ompeneneHHOU
(900C) rtemmeparypbl. Da3oBBIi COCTaB KOHTPOJIMPOBAIM METOJAOM PEHTTCHOBCKOM
TU(GPaKIUU, OdIIEMEHTHBIH COCTaB — METOJIOM PEHTICHO-JIOKAJIhHOTO  CIIEKTPaIbHOTO
MuKpoaHanuza. C MOMOLIBIO 3JEKTPOHHOM CKaHUPYIOUIEHW MHUKPOCKONMU OMNpeaesieHa
MOp(}OJIOTHSI TOBEPXHOCTH TUICHOK. bBBITM HW3MEpEeHbl MarHUTHBIE CBOWMCTBA MOJYYEHHBIX
SMHUTaKCHaNbHBIX 00pasioB LUFeO, (puc. 1), Haxomsimuecss B KauyeCTBCHHOM COIVIACHU C
JTUTEPATYPHBIMU CBEICHUSMU O CBOHCTBAX 3TOTO MYJIBETU(EPPOHKA.

bnaronaps s dexty snurakcuanbHO cTabUIM3aiy, YIalI0Ch MOJIYYUTh TOHKUE TUIEHKH
cocraBa LUFe0, na momtoxkke ZrOy(Y203) (111),49T0 OBUIO YCTaHOBIEHO METOJOM PEHTICHO-
¢dazoBoro ananmza. Tak e OBUIO YCTaHOBJICHO, YTO KPHUCTAUIM3AIUsS aMOP(HBIX TJICHOK
npoucxonuT rnpu temneparypax Boiaie 800T.
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Spatially modulated magnetic structure of BiFeQ and
BiFeg.osSno 003 MOssbauer study of °'Fe & *°Sn nucleus

Vorobyev A A.
Supervisor: Ph.D., Ass. Prof. Sobolev A.V.

In this work results of the Méssbauer study of Il structure and magnetic hyperfine
interactions orr’Fe (main component) arfd®Sn (probes) nuclei within the structure of ferrite
BiFe(Q;, at the same time having the electric and magoetiering (multiferroic) are performed.

It was shown that Pé cations occupy equivalent positions in a distorethhedral oxygen
environment in the structure of ferrite. The magué and sign of components of the EFG tensor
on °>’Fe nuclei (M2 0) can be explained only by the joint accounthef monopole and dipole
lattice contributions (to the value of polarizatyilof O° anionsgo® = 0.8 &), as well as an
electronic contribution to the EFG due to the omerbf (ns, np, 3¢), and (2s, 2p) atomic
orbitals of iron and oxygen. At T <yTin >’Fe Méssbauer spectra reveals inhomogeneous
magnetic hyperfine structure due to the anisotropyuadrupole splitting component of the
Zeeman sextete] and magnetic hyperfine field (. Model fitting of the spectra assuming
cycloidal magnetic structure BiFg@ able to determine the parameters of anharmgr(iti) of
spin-modulated structure, which shows a sharp teaye dependence (m =0.7, T =10 K and
m = 0.3, T = 300 K). Based on the obtained dataassessed the value of the constant of
magnetocrystalline anisotropy (Ke 1.8 010° erg/cnf). It was shown that hyperfine fieldgk
characterizes by a high degree of anisotropy #4603 kOe and H= 492 kOe at 300 K)
associated with the local trigonal symmetry of ikations. It was also found that the magnetic
order in Fé&" cations sublattice induces an additional contiitsuto V;, on *>’Fe nuclei, thus
demonstrating the close relationship between ttieéaand spin subsystems in this ferrft€Sn
probe atoms Mdssbauer spectra of BB 0103 (T < Ty) are presented by the only Zeeman
sextet § = 0.27 mm/sg = 0 mm/s, H, = 190 kOe, T = 300 K), indicating homogeneity loé t
magnetic environment of tin atoms. This result nmadicate a lack of a ferrite incommensurate
spin density wave (IC SDW), previously suggestedrasxplanation for the unusual behavior of
the magnetoelectric BiFgQOIn this work, the various mechanisms of induadfignagnetic fields
Hsnon *%Sn nuclei were considered. The results were andlyzeomparison with the literature
data for orthoferrites of rare-earth elements RE&ESN.

IIpocTpaHCcTBEHHO-MOAYJIHMPOBAHHAT MATHUTHAsI CTPYKTYpa
pepputoB BiFeOs;u BiFey 9oSny 9103: MeccoayspoBckoe
HCCJIeOBAHUE HA SIpax *Fen %n

Bopobves A.A.

PykoBoaurenp: K.X.H., nor. Coboies A.B.

[IpencraBneHbl pe3ynbTaThl MeccOaAyIPOBCKOTO HCCIIEOBAHUS JIOKATBHON CTPYKTYpHI U
MATHUTHBIX CBEPXTOHKHX B3aMMOJCHCTBHI Ha sApax aTrOMOB °'Fe (OCHOBHOH KOMIIOHEHT) H
11950 (3ommsl) B crpykType deppura BiFeOs, 0qHOBpEeMEHHO 06IaAIOMEro ICKTPHYECKUM U
MATHUTHBIM YIIOPSIOYCHHAME (My/IbTH(eppork). [okazaHo, 4To KaTHOHbI FE€' 3aHMMAOT B
CTPYKType (GeppHuTa SKBUBAICHTHBIC TO3UIIUN B MCKAKCHHOM OKTAdPUYECKOM KHUCIOPOTHOM
OKpy>keHUH. Bennumna u 3HaK koMnoHeHTsl TeH3opa ['DI1 Ha snpax >"Fe (Vzz > 0) moryT ObITH
OOBSICHEHBI TOJBKO TPH COBMECTHOM YUY€Te MOHOIOJIBHOTO W TUIOJBHOTO PEIIETOYHBIX
BKIaM0B (CO 3HaueHHeM momspusyemoctn annonoB O° oo = 0.8 &), a tawke smexrponHoro
BKJIa/a, CBsA3aHHOro ¢ mepekpoiBanueM (NS,NP,3d)re 1 (2S5,2p)0 aTOMHBIX opOMTaNell Kele3a u



kuciopona. IIpu T <Ty B cnekrpax *’Fe nossiercs HEOJHOPOJHAsE MarHUTHAas CBEPXTOHKas
CTPYKTYpa, O0OYCIIOBJICHHAsI aHWU30TPOIUEH KOPPEIUPYIOMIHUX JIPYT C IPYroM KBaIpYHOJIHHOTO
CMCIICHHUSI KOMITOHCHT 3€€MaHOBCKOTO CeKcTeTa (£) U MarHMUTHOTO CBEPXTOHKOTO mojisi (Hre).
MogenpHas pacmmppoBKa CHEKTPOB B MPEINOIOKCHUN TUKIOUIHON MAarHUTHOW CTPYKTYPHI
BiFeO; mno3Bosmia omnpenenuTh MapamMeTpbl aHrapMOHUYHOCTH (M) CHUH-MOAYJIUPOBaHHOW
CTPYKTYPBI, KOTOPBIC MPOSABIISIOT PE3KyI0 Temreparypuyioo 3aBucumocts (M=0.7, T=10Ku
m= 0.3, T = 300 K). Ha ocHOBaHMM MOJIy4CHHBI HAMH JaHHBIX MPOBEACHA OIICHKA 3HAYCHUS
KOHCTaHTBI MarHUTOKpHcTauinueckoil anmsorpormu (K, = 1.810° Dpr/em®). Ilokasano, uro
nojie Hre XapakTepusyercs BRICOKO# crenenbio anuzorpornuu (Hy = 503kD u Hp = 492D, npu
300K), cBsizaHHOI C JIOKAJIbHOM TPUTOHAILHOW CHMMETpPHEH KaTHOHOB JKelie3a. Y CTAHOBIICHO
TaKKe, YTO MATHUTHBIHA TOPSAOK B MOJPEIIETKE KATHOHOB FE' HHIyIUpyeT JOIOIHATEIbHEIN
BKIaX B Vzz HAa spax °'Fe, NEMOHCTPHPYS TeM CaMbIM TECHYIO B3aHMOCBSI3b MEKIY
PEIIETOYHON M CTUHOBOM MOJICUCTEMaMH B pacCMaTpUBaeMOM (eppHTe.

Meccbay’poBCKHE CHEKTPhl 30HIOBBIX aTOMOB 195n B cTpykType BiFey 9oSn 0103
(T <Tn) npeacTaBisiioT cOOOW EAMHCTBEHHYIO 3€€MaHOBCKYI0 cTpykTypy (0= 0.27 mm/s,
=0 mm/s, Hgn=190kD, T=300K), uro yka3slBaeT Ha OJHOPOJHOCTH MAarHUTHOI'O
OKPY>KEHHS aTOMOB 0J10Ba. [10Ty4eHHBIN pe3yIbTaT MOXKET CBHICTEILCTBOBATH 00 OTCYTCTBHH B
dbeppute BoaH HecopasMmepHoi crnimHoBoi miaotHocTH (IC SDW), panee mpeamonaraBmmxcs B
Ka4ecTBE OOBACHCHHS HEOOBIYHOTO MarHUTOdJIeKTprueckoro nosenacuus BiFeCs. B HacTosmiei
paboTe PAacCMOTPEHBI PA3IMYHbIC MEXAHH3MBI WHIYIMPOBAHMS HA SAPAX SN MarHHTHBIX
noneit Hsp. [lonmyueHHbIE pe3ynbTaThl aHATM3HPYIOTCS B COIMOCTABICHUU C JIUTEPATYPHBIMU
JAHHBIMU 1)1 OPTOPEeppUTOB RFeQ:llQSnpe/:[KoseMenLHHx snemeHTOB (R).
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Phase for mation of W-hexaferritesin
SrO-NiO-CoO-Fe,O3 system.

Gorbunov D.V.
Advisor. Dr. ShlyakhtinO.A.

Since their discovery the hexagonal ferrites hanlstracted a considerable interest of
scientists and engineers due to a number of pesaitglications. These materials are used as
permanent magnets, in stealth technologies, as @oemps for mobile and wireless
communications, as magnetic recording and storagermls.

(Ba, Sr)MeFe 0,7 (M = Mn, Co, Ni, Mg, Cu, Zn, Fe), belong to the W-typé
hexaferrites.. Their magnetic characteristics iffecent Me can be very different. For example,
BaZnFes0,7 at room temperature demonstrates the magnetizasioe 79 G siitg, that is 15
% higher than the corresponding value for strontMrtype hexaferritte. It is known, however,
that the phase formation of W-hexaferrites is natmnplicated because of the kinetic obstacles.
The phase formation of two hexaferrit€NiFe ¢O27 and SrCaFe 0,7 is investigated in this
study.

A comparison of cryogel, freeze drying synthesid aalid state synthesis methods was
performed during this study. During the cryogel thgsis a coprecipitated residue was freezed
and freeze dried, along with frozen aqueous salstiduring the freeze drying synthesis.
Thermal processing of as-obtained salt precursas performed at temperatures 1100-1300 C
in air at heating rate 10 C/min.

The influence of phase composition, annealing teatpee and heating rate on the Curie
temperatures of obtained materials was investigatedording to XRD analysis data, the
formation of W-phase from the cryochemical precuisoobserved at lower temperatures than
from the solid state precursor (1200-cryochemical precursor, 13@0— solid state precursor,
for composition:SrNiFey6027).

Because of kinetic obstacles, the formation of Vigghfrom coprecipitated precursors
wasn’t observed at all. The results of magneticlysiga are often controversial to the XRD
analysis data due to a number of poorly studied sollutions in SrO-NiO-CoO-E83; system.

da3oo0pazoBanue W-rekcagepputoB B cucTeMe
SrO-NiO-Co0O-Fe,0s.

lopbynos /1.B.

PykoBogutenn: a.x.H. [Inaxtun O.A.

C MOMeHTa OTKpPBITHS T'eKcaroHajdbHbIe (EppPUTHI MPHUBJICKAIOT PACTYIIHH HWHTEpeC
YUEHBIX U HH)KEHEPOB KOJIMYECTBOM BO3MOXKHBIX MPUMEHEHUN. DTH MaTepPHAIbl UCIOIb3YIOTCS
B KayeCTBE IOCTOSHHBIX MAarHUTOB, B TEXHOJIOTHSAX CTEJC, B MOOHMJIBHOW W OeCrpoBOIHOMN
nepesavyy JaHHBIX, B KAYeCTBE MarHUTO3aMMCHIBAIOIINX MAaTEPUATIOB.

Coennuennst cocrasa (Ba, Sr)MeFegOy; (Me** = Mn, Co, Ni, Mg, Cu, Zn, Fe),
oTHOcsiTC K rekcadeppuram W-tuma. WX MarHUTHBIE XapaKTePUCTHKU I Pa3IMYHBIX
JIBYXBAJICHTHBIX KaTHOHOB MOTYT 3HAYMTENbHO oTiauvathcsi. Hampumep, BaZnFesOr7 mpu
KOMHATHOW TeMIlepaType UMeeT 3HaUeHHe HAMarHUYeHHOCTH HACBIIICHMS, paBHOE 79 Cexemr,
yto Ha 15 % BbImie sTOro TmMOKazaTens s deppura O6apus M-tumna. OmHAKO, WU3BECTHO, YTO
¢azoobpazoBanue W-rexcapeppuToB KMHETHYECKU 3aTpyaHEeHO. B maHHOl paboTre M3ydanoch
dazoobpazoBanue rekcadeppuToB cieayromux coctaBoB: SINbFe 027, STCoFe 027

OO0pa3iupl CHHTE3UPOBATNCH KPHOXUMHUYECKIM, TBepAO(Da3HBIM U KpUOTEIh MeToIaMu. B
KayeCTBE MPEKypcopa HMCIOIb30BAICS PACTBOP, COJCPIKAIIMA KAaTHOHBI B CTEXHOMETPHUYECCKOM



COOTHOIIIEHUH, KOTOPBIA B XO/I€ KPHOTEIb CUHTE3a MOABEPTraliCs 3aMOPO3KE U CYOIMMAIlMOHHON
cymke. TepmanbHast oOpaboTka mpoBoauiack B temneparypHoMm uHTepBasie 1100-1300 Cha
BO3/yXe cO ckopocThio HarpeBa 10 CMuH.

Beuto m3ydyeno BimsiHEEe (Ha30BOTO COCTaBa, TEMIIEPATYpPhI OTXKUTA M CKOPOCTH HarpeBa
Ha Temneparypy Kiopu ans naHHbIx coctaBoB. Mcxons U3 TaHHBIX PEHTI€HOBCKON AU(paKIiu
JUIS CHHTE3MPOBAHHBIX 00pa3ioB, ¢hopmupoBanre W-(ha3sl U3 KpHOXMMEUECKOTO MpeKypcopa
HaOmomaeTcss mpu Ooyiee HU3KUX TeMIleparypax, 4eM TMpU HCIOJIb30BaHUU MPEKypCcopa,
nojay4eHHoro TeepaodasusiM MmetoaoM cunte3 (1200C —«puoxumuyeckuii mpexypcop, 1300C
— MIPEKYPCOp, MOITYyUEHBII TBEpA0(pa3HBIM METOIOM CHHTE3a).

N3-3a kuHeTHYEeCKUX 3aTpynHeHnit hopmupoBanne W-(has3sl 13 KpHOTrenb IPeKypcopa He
Ha6JHOI[aJIOCI:. PeBy.]’H:TaTBI TCPMOMATrHUTHOI'O0 aHAJIM3a Ui IMOJTYYCHHBIX HNPOAYKTOB ABJIAKOTCSA
Oosee MH(POPMATUBHBIMH, YE€M PEHTTCHO()A30BOTO aHajau3a, YTO OOBICHSIETCS HAIUYHUEM

OOJIBIIIOT0 KOJIMYECTBA M30CTPYKTYPHBIX M IUIOXO M3y4eHHbIX (a3 B cucreme SrO-NiO-CoO-
FeOs.
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In our days total humanity consumption of energgxsremely high, and most of this
energy is produced from non-reversible sources dikenatural gas, coal, etc. Of course this
situation is very dangerous for Earth ecosystem amel of the steps to prevent destruction
processes is to start using reversible energy ssuiut it's difficult to imagine while almost
every car works on a gasoline engine, and theeehbg) problem with electro cars associated
with technologies of energy storage. One of thetrposmising idea on this field is lithium-air
battery technology. The lithium-air batteries attra lot of attention worldwide as a promising
power source for electric vehicle propulsion asoitild provide extremely high specific energy in
comparison with other developed battery systems ffain features of lithium-air system
include metallic lithium as an anode, air cathodé alectrolyte, which must protect anode from
atmospheric water, oxygen and carbon dioxide.

The aim of this work was to produce plasticizedypwr membranes with all required
properties for lithium-air batteries. Objectives reveto select the best polymer matrix for
plasticization, to determine optimal quantitatiaios of polymer, plasticizer and lithium salt.
To prove possibility of using produced membranes r@al lithium-air cells series of
electrochemical was carried out.

In this work few different types of polymers werensidered. Such well-know polymers
as PEO (polyethylene oxide) and PMMA (polymethyltinaerylate) were tested, but as
predicted found to be too hydrophilic. Becausehi$ the main focus was on the hydrophobic
fluoroploymers and its copolymers due to their lowstallinity. Membranes were synthesized in
three steps: on the first stage polymer and lithisait (LiCIO, or LITFSI) were solved in
fugacious solvent, after that plasticizer was adietthe solution, and on the last stage mixture
was dried under vacuum (8D, 12 hours). On the last stage we obtained thimlonanes, which
were pressed (3 ton/éml00°C)

Different plasticizers were studied, and we showbkdt adding little amounts of
plasticizer (about 10 wt.%) lead to increasinganic conductivity. Also important electrolyte
properties were studied such a$ transport number and electrochemical stabilitydein. In
this work was shown that membranes are stable &Y/tagainst Li/L{, but after few days in
contact with atmosphere they became wetter andkiesithem unusable for real lithium-air cell.

Technique of polymer membranes formation was opthiand as a result we obtained
thin (with thickness about 10f) membranes with fine mechanical properties. Tiyhdst
reached ionic conductivity value at room tempetvas about 1 mS/cm, and the similar values
we can find in commercial solid electrolytes. Hoeeviow hydrophobicity makes these
materials unusable on this stage of developmentlasdjuestion needs further investigation.

InacTuduuupoBaHHbIe NOJUMEPHbIE MATEPHAIBI KAK

3JIEKTPOJIUTHI JAJIs1 TUTHH-BO3AYIIHBIX AKKYMYJIAATOPOB
Ezenoe U.C.

PykoBonutens: acn. Cemenenko [[.A.

Ha nytu k co3naHuio TeXHOIOTHH JTUTHII-BO3AYIIHOTO TIEpe3apsyKaeMoro akKyMmyssTopa,
KOTOpasi cMOTJia ObI 00ECTIEYUTh TTOBCEMECTHOE UCTIOIB30BAHUE AJIICKTPOTPAHCIIOPTA, CTOUT PSIJT
npo0iieM, U OJJHa U3 HUX — CO3/IaHHE Ta30ILIOTHOTO 3JIEKTPOJIUTA.



Lenbro 3TOM pabOTHI CTATIO MOTYyYSHHUE TOTMMEPHOTO MIACTU(GUIUPOBAHHOTO MaTepraa
MPUTOHOTO JUIS HCIOJb30BaHUS B JIMTUI-KUCIOPOAHOM aKKymyssitope. B kadectBe 3amau
paboThl MOXHO BBIACIUTH BBHIOOP HAWIYUIIETO JJIsS JAHHOTO MPHJIOKEHHS TOJUMeEpa, BHIOOD
ONTUMAJBHBIX MAaCCOBBIX COOTHOILIEHWM IuTacTU(UKATOpa, JUTHEBOW CONM M TOJUMEPHOMN
MaTpuibl. s onpeseneHrs BO3MOKHOCTH UCIOIb30BAHUS MTOJYYEHHBIX 00pa3IoB B peaJbHOM
YCTPOMCTBE MPOBOAMIACH CEPUS FTEKTPOXUMHUUECKUX U3MEPEHUH.

B kadecTBe monmmMepHOW MAaTPUIlBI OBLTN BBIOpaHBI pa3inuuHbie Gropconomumepsl. J{ms
MOJYyYEeHHsT TOHKOH TUIEHKH PAaCCUNTAaHHOE KOJHYECTBO mojumepa u autreBoit conu(LiTFSI win
LiClO4) pactBopsuin B JieTyueM pactBoputene (aneTroH, osTwianerar). l[locie MOIHOTo
pacTBopeHus1 100aBsIK TiacTudukaTop. B Hacrosmieit paboTe B kKauecTBe IiacTudukaTropa
UCTIOJIB30BATMCh 3aTeM IUICHKH CYIIWJIH A0 MOJIHOTO YIAJCHHUsI PacTBOPUTENS. 3aTeM 00pa3iibl
MOJIBEPTaJIUCh BAaKyyMHOH CYIIKE€ U TOpSYeMYy MPECCOBAHHIO, AJS JOCTHXKCHUSI HAUTYUIINX
CBOWCTB.

bouin  u3yuyeHbl paszaUYHbIE IUTACTU(UKATOPHI B KOMOWMHAMU C  Pa3IMYHBIMU
MOJIMMEPHBIMU  MATPUIIAMH W JIUTHEBBIMH COJIIMH. bBBUIO YCTaHOBJIEHO, 4YTO BBEICHUE
HEOOJBIIOro KojudyecTBa mactudukaropa (mo 15% macc.) crmocoOCTBYeT CYIIECTBEHHOMY
YBEIIMYECHUIO HOHHOM  MpoBOAMMOCTH. Kpome 3TOro u3ydaluch Takue  BaKHBIC
INEKTPOXUMHUYECKHE CBOMCTBA: YMCIIO MEPEeHoca M0 MOHAM JIUTHS U OKHO 3JIEKTPOXUMHUYECKON
CTaOMIIBHOCTU. BBIJIO yCTaHOBIEHO, YTO MEMOpaHbl M3TOTOBJICHHBIE B 0E€3BOJHON aTMocdepe
1ocjie HEKOTOPOTO BPEMEHHM Ha OTKPBITOM BO3JyXe HAOUPAlOT CYIIECTBEHHOE KOJUYECTBO
BJIArd, YTO JIeJIaeT U3 HEMPUTOTHBIMU JJIsi KOHTAKTa ¢ METAJUTMYECKUM JINTUEBBIM aHOIOM. Tem
HE MEHEE OKHO CTaOMJIBLHOCTH TIOJYYCHHBIX TOJHMMEPHBIX MEeMOpaH MpocTHpaercs 10 SB
otHOCHTeNnBHO Li/Li ™.

bouta orpaboraHa MeToAMKa MOJYYEHHsS] TOHKHX TIOJIMMEPHBIX IUIEHOK TOJIIHWHOM
nopsiaka A0 100 MKM ¢ XOpOoUIMMHM MEXaHHYECKMMH cBoiicTBaMu. MOHHas MpOBOIMMOCTh
JydIIAX 00pas3IoB NPy KOMHATHOW TeMIiepaType cocTaBmia mopsiaka 1 MCm/cM, 94TO HAXOAUTCSI
Ha YpPOBHE KOMMEPYECKHX 3JEKTPOJIUTOB. OHAKO, CHIbHAs TUIPOCKOMUYHOCTH MeMOpaH
BBI3bIBAa€T HEOOXOIMMOCTb JTallbHEeHIIIEeH ONTUMU3ALUNA METOIUKH.
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Synthesis and investigation of hard magnetic SrFe;;O19
nanoparticles and their colloidal solutions

Zuev D.M.
Scientific advisers: Ph.D., Kushnir S.E., D.Sc.ziKaP.E.

Strontium hexaferrite is a well-known ferrimagnetiaterial with the magnetoplumbite
structure. It has one easy magnetization axis chagtd value of magnetocrystalline anisotropy,
determining its hard magnetic properties. Nanoglagiof hexaferrite preferentially grow in the
crystallographic ab plane with a high diameterkickness aspect ratio. Colloidal solutions of
the hexaferrite nanoparticles show strong lineaenmiism effect even in a low applied magnetic
field due to the orientation of the particles. Hoee there is a problem to stabilize hard
magnetic particles in a colloidal solution, whieimdl to aggregate due to strong magnetic dipole-
dipole interactions. The interactions can be reduxy diminishing the particles size.

Our aim was to obtain stable ferrofluids based @moparticles SrkgO;o, Which
possessed possibly smaller size while keeping togircivity above 1 kOe.

Nanoparticles of SrkgO;9 were synthesized by glass ceramic method usings ghdth
nominal composition 14SrO*6K@3;*12B,0; (G), and the same glass doped with 1 wt. %,TiO
(GT), or CpO3 (GC) as nuclei-forming agents to decrease the faexa nanoparticle size.
Glass samples were prepared by quenching of thieoxrelt between rotating steel rollers. The
glass samples were heated with a rate of 5 °Cioni.t= 630 — 680 °C and annealed for up to 8
h. Precipitate of hexaferrite nanoparticles wasioled by dissolving glass-ceramic samples in
hot 10% acetic acid. The wet precipitate was sudpen water under ultrasonic treatment and
the stable colloidal solution was obtained by ailpgspH by acetic acid.

For the nanoparticles obtained from G at Tan = ®30he saturation magnetization §M
raises from 27 to 62 emu/g the coercive field)(lHcreases from 1 to 4 kOe and the particle
mean diameter (D) grows from 25 to 80 with incregsof the annealing time from 0.25 to 8 h.
Particles obtained from G, GT and GC and3 680 °C are characterized by D of 71, 51 and 44
nm, Ms of 66, 61 and 61 emu/g, and Hc of 3.4, BB47 kOe, respectively.

Concentration of hexaferrite in colloidal solutionas about 10-4 wt.%-potential was
in the range +25 - +60 mV, and conductivity betwe®B and 1.8 mS/cm. All colloidal solutions
show the effect of linear dichroism in magnetiddieThe ratio of the optical densities (R =
A-L/A|) for the perpendicular @) and the parallel () orientation of the electric component
of the incident light and the applied magneticdi¢H = 170 Oe) reaches 1.5 for the samples
obtained from G (3, = 630 °C), and 2.7 for the sample obtained froran@ealed at 680 °C for
1.7 h.

CuHTe3 M Mcc/IeJ0BAHME MATHUTOTBEPABLIX HaHOYacTHL S Fe;,09 1
KOJJIOUIHBIX PACTBOPOB HA UX OCHOBE
3yes J[.M.

Hayunbie pykoBoautenu: k.X.H. Kymuup C.E., n.x.H. Ka3un IL.E.

I'ekcadeppuT CTPOHLMS — 3TO XOPOIIO HM3BECTHHIH (EepPPUMArHTHBIM MaTepuan co
CTPYKTYpoil Tuna MarHuTiuiroMOuTa. OgHa OCh JIEFKOrO HaMarHUYMBaHUS C M BBICOKOE
3HAYCHUE MAarHUTOKPUCTAJUIMYECKOU aHU30TPOIIUU OIIPEAEISAIOT €r0 MarHUTOTBEP/IbIE CBOUCTBA.
Hanowactunps!l rexkcadeppura NpPEANOYTUTENBHO PacTyT BJOJb KPUCTAIUIOTpapHUUECKUX
IUIOCKOCTEH ab C BBICOKMM 3HAUYCHHEM OTHOIICHHs JIuaMeTpa K TtoimuHe. KoiutonaHbie
pacTBOpbl HAHOYACTHI] rekcadeppuTa IMPOSBISIOT CHIBHBIA A(QQEKT JMHEHHOro AUXpou3Ma
ke B MajJoOM NPWIOKEHHOM MAarHuTHOM Tosie Onarogapst opueHTauuu dacTtui. OpmHako
CyllecTByeT MpoOiieMa CTaOWIM3alUU MarHUTOTBEPABIX YaCTHIl B KOJUIOMAHOM pacTBOpE,



KOTOphIE MMEIOT TEHICHIIMIO arperupoBaTh HM3-3a CHIIBHBIX MATrHUTHBIX JUIOJb-IUAMOIBHBIX
B3aUMOJICCTBUN. DTH B3aUMOJICHCTBUSI MOTYT OBITh CBEJCHBI K MUHUMYMY ITyTEM YMEHBIICHUS
pasMepa 4acTuil.

Hama menp ObUTa TOMYYHTH CTA0MIIbHBIE MAarHUTHBIC J>KHIKOCTH, OCHOBaHHBIC Ha
HAHOYACTHIIAX rekcadeppuTa CTPOHIHS, KOTOPbIe 00J1a1al0T KaK MOXXHO MEHBIIUM Pa3MepoM, B
TO BpeMsl KaK, X KOIPIMTUBHAS criia Obu1a Obl OoJbie 1 kD.

Hanouactumet  SrF@,0O19 ObuM  CHHTE3UPOBAHBI  CTEKIIOKEPAMUYECKUM  METOIOM,
UCIIONB3Ysl CTEKJI0 HOMHHAJIbHOTO cocraBa 14SrO*6Fe03*12B,03; (G), m apyrue crékia c
J100aBKOM 1 wmaccoBoro mpomenta 110, (GT), or CpOs; (GC) B KauecTBe
3apoapilieoOpazoBarenield, 4To Obl YMEHBIIUTH pa3Mmep 4dactuil rekcadeppura. CTekio ObLIO
MOJy4eHO MTYTEM  3aKallKh PACIUIABICHHOTO OKCHIA MEXIY BpAIIAOIIUMUCA CTaJbHBIMU
Basikamu. [1oTOM CTeksI0 OBLIO OTOXIKEHO CO CKOpocThio 5 °Chun 1m0 Tan = 630 — 680 °Cu
BpeMsi TepMooOpaboTKu cocTaBisuio 10 84. Ocagok M3 HaHOYACTHUIl TeKcadeppuTa CTPOHIIUS
ObLT TIOJIYdeH PACTBOPEHHUEM CTEKJIOKepaMH4ecKux oOpasmoB B ropsdyert 10% ykcycHoi
kuciote. bbula oOpa3oBaHa CycrmeH3Wst B BOJE BO BpeMs YIbTPa3BYKOBOW 00paboTKH, u
CTaOWJIBHBIA KOJUIOWIHBI pacTBOp OBUT IMOJy4eH BapbHpOBaHWEM PH ¢ MOMOIIBIO YKCYCHOU
KHUCTIOTHI.

Jlnst HaHowacTwil, cUHTe3WpoBaHHBIX W3 G mpu Ty = 630 °C, HAaMarHWUYEHHOCTh
Haceinenus (Mg) Bozpactaet ot 27 t0 623.m.¢./r, kospuutrBHas cuia (Hc) Bozpacraet ot 1 10 4
kD, cpennnii nuamerp yactuil (D) yBenmuumBaercs ot 25 1o 80 HM ¢ yBenMdYeHHEM BpPEMECHU
omkura or 0.25 mo 84. Yactumsl, momyuennoie u3 G, GT u GC mpu Tz = 680 °C
xapakrepusoBanucek D = 71, 51u 44 um, Ms = 66, 61u 61s.m.e./r, u He = 3.4, 3.3u 4.7 kD,
COOTBETCTBEHHO.

Konnenrpanust rekcadgeppura B KOJUIOUTHOM PacTBOpEe ObLIa OKOJIO ® = 10* %, -
noTeHIman Obu1 B auanasone +25 - +60mB, u npoBogumocts Mexay 0.3u 1.8 MCm/cm. Bee
KOJUIOWIHBIE PACTBOPHI MPOSBISIIOT APQGEKT ITUHEWHOTO IUXpOU3Ma IMPH  MPHIOKCHUU
MarHUTHOTO 1oJst. OTHOIICHHE onTHYecKuX mwiotHoeteil (R = AL/A ||) JUTSL TIEPTIICHANK YIS PHON
(A1) u napamrensroit (A ||) OPHCHTAIIUHU DJICKTPUYECKONH KOMIIOHCHTHI MaJaroIlero CBeTa W
npuioxkeHHoro Mmarautaoro nojst (H = 1703) nocturaer 1.5 s o6pasiios, monyueHHbIX U3 G
(Tan = 630 °C),u 2.7 muis 00pasios, moayueHHbIX u3 G otoxokeHHbIX pu 680 °CB TeueHue
1.7.
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Anodic alumina films are self-ordered structureshwiumerous applications in science
and technique. Nowadays anodic alumina is a primasgterial for creation of various
nanostructures and hi-tech devices, such as naggwirtanotubes, gas sensors, separation
membranes, etc. Ideal structure of those filmsbmarepresented as hexagonal closest packing of
cylindrical pores, perpendicular to the substrdte.is noteworthy, that self-organization
mechanism remains unclear up to now due to infleesfcmany factors on film growing. In
addition, there are no suitable methods for quatinte observation of ordering process.

Should be noted, that self-arrangement of porougtsire into hexagonal lattice occurs
only under certain conditions of anodization (@&g40 V and above 120 V DC in 0.3 M oxalic
acid). Other anodization conditions result in fotima of disordered porous structures. The goals
of our work are guantitative measurements of paaerng in films, prepared at different
anodization voltages and establishing laws, leatbrfgrmation of ordered porous structure.

In present work, a high purity aluminum single taysvas selected as a substrate. Prior
to anodization Al crystal was characterized by tetet backscattering diffraction (EBSD)
technique and then cut parallel to (111) plane iwith°® accuracy. Then aluminum substrates
were anodically treated in 0.3 M oxalic acid afetiént applied voltages. Finally, porous oxide
layer was selectively removed to obtain Al integfiac

Characterization of samples was made using two adsthanalysis of the number of
neighbors around each pore and calculation of twallorder parameteny). Number of
neighbors distributions were obtained by the Voraigorithm. These distributions are closely
to Gaussian with maximum at 6 neighbors, which lwamnterpreted as in-plane hexagonal pore
arrangement. It is worth noting, that width of thekstributions significantly depends on applied
voltage and has smaller value for ordered strust(peepared at 40, 120 and 140 V DC).

Local order parametey was calculated, according to [1]. Obtained resaitsin good
agreement with number of neighbors analysis: airestwith larger order parameten/<~ 1)
are formed at 40, 120, 140 V DC. In case of dis@distructures, the value ofx is close to 0.

According to atomic force microscopy (AFM) data iAterface can be represented as a
hexagonal network of spherical concaves and spiet®een them. Standard deconvolution
process of the original AFM image allows us to restauct the original shape of the spikes
which can be approximated by triangular pyramidee ean angle between the spike edges and
the horizontal plane is about 55 ° in case of adestructures. This value is very close to angle
of 54.7 ° between {111} and {100} crystallographmanes infcc crystal. Consequently,
pyramid's facets are formed by the most stabletaltggraphic planes for chemical dissolution
[2] that make this structure very thermodynamicaligble. In case of disordered structures, the
mean angle is far from theoretical and pyramidtetimare formed by low-symmetry planes.

Experimental data show us strong relationship betweorous structure ordering and
angle of spikes edges on Al interface. The sel&oization of anodic alumina porous structure
originates from morphology of Al interface. Presem high-symmetry crystallographic planes,
the most stable for chemical dissolution, extemdglane orientational order of porous structure
over macroscopic area.
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[IneHkn  aHOOHOTO  OKCHMJA  AIIOMUHHS  SBISIIOTCA  OJHUM U3  NIPUMEpOB
CaMOOPraHU3YIOUINXCA CTPYKTYp, UMEIOIUX BaXHOE MPAKTUUYECKOE 3HAYEHHE B COBPEMEHHOM
HayKe U TEXHHMKe. B HacTosiee BpeMs aHOAHBIM OKCHJl AIIOMUHHUS SBJISIETCS. OCHOBOM s
co3/1aHus OOJIBIIOTO Kpyra HaHOMAaTEpUAIOB U BBICOKOTEXHOJIOTUYHBIX YCTPOUCTB. [Ipumepom
MOTYT CIYXHUTh paOOThl, TMOCBSAILIEHHbIE CHHTE3y HAHOHUTEH M HAHOTPYOOK, CO3JIaHUIO
MeMOpaH, KaTalu3aTopoB, CEHCOPOB M JPYIMX YCTPOMCTB Ha OCHOBE IOPUCTOIO OKCHA
amomMuHus. MpeanbHas CTpyKTypa IUICHOK AaHOJHOTO OKCHJA AIIOMHUHHUS MOXET OBITh
MpPEACTaBICHA KaK CUCTeMa LWIMHIAPUYECKUX KAaHAJIOB C IUIOTHEWIEW TIeKcaroOHaJIbHOMN
YIAKOBKOM B IUIOCKOCTH IUIEHKH, PACIIOJIOKEHHBIX MEPHEHIUKYISApPHO Moioxke. Crenyer
MOAYEPKHYTh, YTO JBIIKYIIAs CUJIa U MEXaHU3M YHOPSAOYEHUS MOpP 0 CUX MOP HE SCHBI, YTO
MOKET OBITh CBSI3aHO C OJHOBPEMEHHBIM BIIMSHHEM MHOTHUX (DaKTOPOB Ha POCT OKCHUIHOU
IUIEHKH, a TaK)KE€ C OTCYTCTBUEM MOAXOASIINX METOJIOB MCCIEN0BAHUS JIsl U3yUEHUS Ipoliecca
YIOPSAIOYEHHS HA KOJIMYECTBEHHOM YPOBHE.

Heo06xomuMo  OTMETHUTH, UYTO  CaMOYNOPSAJOYCHHE  MOPUCTOM  CTPYKTYypHl B
reKcaroHaJbHbI MOTUB HAOMIOAAETCA JIIIb B Y3KOM MHTEPBAJIE yCIOBHM AHKCIIEPUMEHTa — MpU
HanpspkeHussx aHoaupoBaHuss 40B u Gonee 120+160B mpu HCMONB30BaHMM B KadyecTBE
anektponuta 0,3M maBeneBoil KUCIOTHI. AHOIHOE OKHCIEHHE MPU OOJBIIUX WM MEHBUIMX
3HAUEHUSAX HAMPSDKCHUS TPHUBOIUT K (OPMHPOBAHUIO TIOTHOCTHIO Pa3yMOPSTIOYCHHBIX
OKCUJHBIX IUIEHOK. Takum o0pa3oMm, Ienpio HacToseld paboThl SIBISIETCS KOJUYECTBEHHAs
OLICHKA YNOPSAJOYEHHOCTH CUCTEMBI IOp AHOJHOIO OKCHJA AJIIOMHMHMS, IOJIYYEHHOTO IpU
pa3IUYHBIX ~ 3HAYCHMSIX  HANpsOKEHUs, W YCTAaHOBJIEHHE  TNPUYMH  (HOPMUPOBAHUS
BBICOKOYTIOPSIIOYEHHBIX CTPYKTYP JIUIIb B Y3KOM MUHTEPBAJIC YCIOBUN SKCIIEPUMEHTA.

B kauectBe wucxomHOro Mmatepuana B HacTodlmedl pabore ObUT  HCIIOJIB30BAaH
MOHOKPHUCTAJITMUECKUI aTIOMUHUN BBICOKON YMCTOTHL. Ha mepBoM 3Tare MOHOKpPUCTAUl ObUI
OXapaKTEpU30BaH METOJOM AU(PPAKINH OOpAaTHO PACCESHHBIX AJIEKTPOHOB U OPHUEHTHUPOBAH
wiockocteio (111) mapajuienbHO TOBEPXHOCTH 0Opasna. YTrod OTKIOHEHHS OT 3a/JaHHOM
OPHUEHTAIIMM COCTaBUJI BENMYMHY OKoJio 2 °. AHomHoe okucieHue amomuaus B 0,3M
[IaBEJIEBOM KHCIIOTE MPH PA3IUYHBIX 3HAUCHUSX HAINPSDKEHUS C MOCIHEAYIONIMM yajJeHUEM
OKCHJHOTO CJIOSl MPUBOAMIO K (POPMUPOBAHUIO PEIUIMKH MOPUCTON CTPYKTYphl Ha TpaHHUILIE
MeTau1/OKCHULIL.

AHanu3 ynopsii04eHHOCTH MOJIYY€HHBIX 00pa3I0B MPOBOIUIICS C UCIIOIb30BAHUEM JIBYX
METOJIUK: TIOICYETa YUCIIa COCECH IS KaKIOH OBl U aHAIH3 JIOKATBHOTO yIopsiaoueHus ().
[Toxcuer uncna coceneit ObLT MPOBEACH C UCIIOIB30BaHKEM anroputma Bopororo. [lomydaennsie
pacrnipenesnenus Onmsku HopManbHoMy (["ayccoBoMy) ¢ MakcHMyMoM B paiioHe 6 cocezeid, 4To
COOTBETCTBYET I'€KCAaroHAJIbHOMY MOTHBY YIAKOBKM KaHaJOB B INIOCKOCTH IUIeHKH. Cremyer
OTMETHUTH, YTO LIIUPHUHA PACTIPECICHUS CYIIECTBEHHO 3aBUCUT OT HAMPSKEHUSI aHOIUPOBAHUS U
OKa3bIBACTCSI 3HAYMTEIBHO MEHBINE B CIIydae YMOPSIOYCHHBIX CTPYKTYp (IpU HampsHKEHHSX
anoguposanus 40, 120u 140B).

Hcnonp3oBaHue  mapaMeTpa  JIOKAJbHOrO  ymopsimouenus ()  UIs  OICHKH
YIOPSIOUEHHOCTH CHCTEMBI TOp OBUIO BIEPBBIE HpeaiokeHo B padore [1]. DToT mapamerp
MOKET OBITh pacuuTaH 1o GopmyJie:

nt
1
Yo =7 ) cos(60i),
=1



rzae 0 - yroim Mexay TpeMsi COCETHUMHU TMOpaMu, a N — KOJIMYECTBO coceAHUX mop. [TomydyeHnnsie
pe3yNnbTaThl COMJIACYIOTCS C TOJCYETOM YHCIa Ccocelell — CTPYKTypbl C HauOombliei
ymopsiioueHHOCThI0 (<y> =~ 1) dopmupyrorcs npu HanpspkeHusx 40, 120u 140B. B ciydae
HEYMOPSATOYCHHOU CTPYKTYPHI 3HaUeHUE <y> OJIM3KO K HYIIIO.

[lo maHHBIM aTOMHO-CHJIOBOM MHUKPOCKOINHH, peibed) MOBEPXHOCTU ATIOMHUHHS IOCIE
CEJIGKTUBHOTO YAAJICHUS! OKCUJHOM IUIGHKH MOXHO TPEACTaBUTh B BHUJE JBYXMEPHOW CETKH,
cocrosauie u3 yrnyOneHuit chepuueckoir ¢opmbl. B 1eHTpe TpeyroinpHukKa, 00pa3oBaHHOTO
HEHTpaMU TPEX COCEIHUX BIIAJIMH, COBMAJAIOIIMUX C IEHTPaMU MOp, PacloiaraeTcsl BBHICTYI B
dbopMe TpEXTpaHHOU MUPAMUIBI. AHAIKM3 YTIia HAKJIOHA TUPAMHK]T IPUBOJNUT K BeIMYMHE ~ 55 °B
cilydae yImopsAO4YeHHBIX CTPYKTYp (mpu HampspkeHusx anoaupoBanus 40, 120u 140B). JlanHoe
3HaYeHue 0sn3ko K yray 54,7 °mexay mwiockoctsamu (100)u (111)B I'IIK pemieTke amoMUHUS.
Takum oOpa3om, TpaHu mnupamua oOpa3oBaHbl HaWOOJEE YCTOMYMBBIMH K TPABJICHHUIO
IUIOCKOCTSIMHU 3JICMEHTapHOW sSYelku Metaiia [2], 4ro gemaeT MOPHUCTYIO CTPYKTypy Oosee
CTaOUIIBHOM C TEPMOJIMHAMUYECKONW TOUKH 3peHHs] U 00yCIaBiIMBAeT HAJUYUE B HEW JAIbHErO
nopsiaka. B cimyyae pa3ynopsio4eHHBIX CTPYKTYp BEIMYMHA yria Jajieka OT TEOPETHYECKOTrO
3HAYEHMs, a TpaHM NHpaMuA OOpa30BaHbl KPUCTAIOrPaGUUECKUMHU MIOCKOCTAMU HU3KOU
CUMMETpPHH, YTO JieNIaeT mporecc (OpMUPOBAHUS JAHHBIX CTPYKTYpP MEHEE CTaOMIIbHBIM.

[ToryueHHble SKCHEpUMEHTANbHBIE JAaHHBIE CBUICTEIBCTBYIOT O HAJUYUH CTPOTOM
KOPPENSIUA MEXAY YIOPAJOYCHHOCThIO TOPHUCTOW CTPYKTYphl M YIJIOM HAaKJIOHA TIpaHen
nupamu] Ha uHTepdeiice Mmetaiut/okcua. Takum 00pa3oM, MPUPoOa caMOOPTaHU3AIUU CHCTEMBI
[IOp aHOJHOTO OKCHJa aJIIOMUHUS CBsS3aHA C OCOOECHHOCTSIMH MOP(HOJIOTUH TPaHUIIBl pasjena
MeTaJT/OKCU/I. HAIMYKE TMHPAMHUIATIBHBIX BBICTYIIOB, 00pa30BaHHBIX KpUCTALIOrpadhuIecKumMu
IUIOCKOCTSIMH C BBICOKOW CHUMMETpUel (M Kak CIEICTBHS XHMHUYECKH YCTOHUYUBBIX K
TPaBJICHHIO), 00ECIIEUNBACT NAIBHUN OPHUEHTAIIMOHHBIN MOPSI0K MOPUCTON CTPYKTYPHI.
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Today a lot of attention is paid to the counteregstic security. In order to safeguard
places that may become a terroristic organistitarget (e.g. airports or underground), GC-MS
(Gas Chromatographs — Mass Spectrometers) thattdexplosive vapors are used. These
devices are very expensive, large and have highep@mensumption. Luminescent sensory
systems can make a good alternative, being cheagl and low-power. Tao, Li, Zhu J. (Mater.
Chem. 2006, 16, 4521—4528) report luminescencediueg of tetraphenylporphine ¢APP) —

a chemical compound from porphyrin group — in pnese of nitrated aromatics (e.qg.
nitrobenzene, dinitrotoluene, trinitrotoluene).

In early works we’ve researchele dependence of HPP solution luminescence on the
concentration of nitrobenzene added, and have shberselectivity of such determination.
However, it is required to detect nitrated aronsanot in a solution, but in the air, so the next
goal was to design solid sensory porphyrin matema a basis of Sgfor nitrated aromatics
vapor detection.

On the first stage we've synthesized tetraphenplpoe (HTPP), tetra(p-
hydroxyphenyl)porphine and tetra(p-carboxyphenypme) via Rothemund reaction, then
we’'ve prepared zinc and cadmium tetraphenylporpesdZnTPP and CdTPP respectively)
from corresponding metal acetylacetonates. Afteifipation, compounds have been analyzed
with NMR spectroscopy and UV-Vis spectroscopy mdthoOur first method of material
preparation, in which the synthesis of porphyringhwso-called “anchor” (trietoxysilane-)
groups followed by their hydrolysis with tetraetlysiane (tetraethyl ortosilicate, TEOS). Also
hydrolysis of TEOS in presence of protonated PP has been conducted, leading to material
with no covalent bonds.

Sensory properties of obtained materials have beeestigated with luminescence
spectroscopy before and after exposure to saturatembenzene vapor. All materials exhibit
luminescence quenching. However, for materials gmeb by methods described above
guenching is very slow and substantial residual im@scence is observed after hours of
exposure. We suggest it is because many porphydlecules are hardly reachable or not
reachable at all, being locked up in SiGtructure. Thence, we've devised a new route,
consisting of synthesis of hydrophobicTHP derivatives (stage 1), preparation of Sith
hydrophobic groups immobilized on the surface @t&)y and amalgamation of stages 1-2
products into a hybrid material. The primary adeget of such approach is that all porphyrin
molecules are located on the surface (which has lheenatted on stage 2 in absence of
porphyrin), and therefore is spatially reachable.

NMR spectroscopy results prove the structure ottmgized HTPP. For ZnTPP and
CdTPP, number of absorption peaks decreases aft&al rmoordination, which matches the
reported data. For solid materials luminescencencfuag has been observed after different
exposure time (30 and 60 min) in a saturated ratnabne vapor.

Obtained materials exhibit sensory response tateir aromatics. It is shown that the
material prepared via “simplified” method (hydraky®f TEOS in presence of non-substituted
H,TPP molecules) shows sensory properties as thelertlya bound product of “anchor-
porphyrin hydrolysis does. A new approach (basedhymrophobic interactions) to preparation
of porphyrin-silica hybrid materials has been degis
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boprbe ¢ TteppopusMoM B HacTosiliee BpeMsl yaensieTcs MHOro BHUMeHus. g
obecrieueHnst 6E30IaCHOCTH B MECTaX, KOTOPBIE MOTYT CTaTh OOBEKTAMHU TEPAKTOB (HAIIpUMep, B
a’poropTax MM METPO) UCIOJIB3YIOTCS XPOMATO-MACC-CIIEKTPOMETPbI, 00HAPY)KUBAIOIIUE MApPhI
B3pBIBUATHIX BEIIECTB B BO3ayxe. Takue mnpuOOpHl, OAHAKO, OONAgar0T KpaiHe BBICOKOM
CTOMMOCTHIO, OOJBIIMMU pa3MepaMud U BBICOKUM 3Hepromorpedienuem. Henoporoit
aIbTEPHATHUBOM TaKUM NpUOOpaM MOTYT CTaTh JIIOMHHECLEHTHBIE CEHCOPHBIE CHCTEMBI.
I'pymmoit Tao, Li, Zhu (J. Mater. Chem. 2006, 16, 4521—4528)0 oOHapyKe€HO TYyIIEHHE
momuHectieHmu Terpadenmwnnoppuna (H,TPP) —coenunenus u3 kiacca mophuUpUHOB — B
OPUCYTCTBUU TaKUX HHUTPOAPOMATHUYCCKUX COCTUHEHUEH (HUTPOOCH30J, JAUHHUTPOTONYOI,
TPUHUTPOTOIYOI).

B mpouuibix paGoTrax Mbl HCCIEAOBalM TYIIEHUWE JIOMUHECICHIIMM B PacTBOpE
teTpadeHInoppruHa B 3aBUCUMOCTH OT KOHIEHTpAIHii 100aBICHOTO B pacTBOP HUTPOOEH30Ia,
M TOKa3aId CeJIEKTUBHOCTh Takoro ompexaeneHus. OpgHako TpeOyeTcs ONpenensaThb
HUTPOAPOMATHUECKUE COCIMHEHHUS B BO3JyXE, a HE B PACTBOPE, MOATOMY JalbHEHIIEH LENbIO
CTaJlO0 CO3JaHWE CEHCOPHBIX MarepuansoB Ha ocHoBe Si0O,, MOAUPHIMPOBAHHOTO
TeTpadeHIIOPPUHOM, U1 OOHAPYKEHHSI TAPOB HUTPOAPOMATHUUYECKUX COSAMHEHUM.

Ha mepBom osrame monydanu  terpadpenmamoppun  (H.TPP), terpa(mapa-
ruapokcudeHua)noppuH u rerpa(napa-kapookcudenmn)noppun no peakuun Poremynna, 3arem
nonydanu terpadenmwnmmopdunarel  nmuaka (ZNTPP) u  kagmus (CATPP), wucmons3ys
alleTUIIALETOHATHl COOTBETCTBYIOIIUX MeTaioB. Ilocie o4nMcTKH, COCMHEHUST UCCIEI0BATNChH
METOZOM CICKTPOCKOIUHU SAAEPHOrO MarHuTHOro pesonancs (SIMP) wu  ajekTpoHHOM
cektpockonuu mornomenus (DCII). Panee MBI TONB30BAIMCH METOJOM THIPOIH3A:
terpa(napa-ruapokcudeHi)nophuHy MPUCOEAUHSITN JIETKO TUAPOSIU3YyeMble
KpEMHUICOIEpIKaIKe “SIKOPHBIE" T'PYIIBI, IPOBOJAS PEAKIIMIO MEKIY HUM U U30L[MaHOIIPOINII-
TPUATOKCHCHIIAHOM, a 3aTE€M THAPOJIU30BAIN MX COBMECTHO ¢ TerpasTtokcucuiaanom (TEOS),a
TaKke Mo ympouieHHOW Mmeronuke (ruaponu3 TEOS B mpucyTcTBHEM B pacTBOpE MOJICKYI
H,TPP).

OpnHako MOJIy4eHHbIE TaKMM 00pa3oM MaTepHallbl MOKa3ald HEAOCTATOYHO OBICTpOE U
MOJTHOE TYIICHHE JIIOMUHECHCHIMH. MBI TNPEANoNoKMINM, YTO 3TO CBSI3aHO C TPYIHOM
JTOCTYITHOCTBIO T€X MOJIEKyI TeTpadeHmmmopdrHa, KoTopble HaxoasaTcs B o0beMe SiO,, a He Ha
MOBEPXHOCTU. Toraa Mbl MPEeNIOKHIN JIPYTYI0 METOIUKY, COCTOSAIIYI0 B IOJyYEHHUH
ruapodobueix (B JaHHOM  ciiydae — ann(aTHYecKuxX) MPOM3BOAHBIX  Terpa(mapa-
kapOokcupenmwn)nopduna (cragus 1), monydenun SiO, ¢ anudarndeckumu “xpocramu” (craaus
2) ¥ TOCJIEIYIONEM COSIUHCHUH MPOIYKTOB CTaauii 1 U 2 B eIuHBIA MaTepuai 3a CUeT T.H.
ruipooOHBIX B3aUMOACHCTBUI. OCHOBHOE MPEUMYIIECTBO TAKOT'O MOIX0a COCTOUT B TOM, UTO
Bce MOpGUPUHOBBIEC siipa OyIyT HaXOAWTHCS HA TOBEPXHOCTH, KOTOpas Oblia chopMHpOBaHA
OTIENBHO OT NOp(pHUPUHA HA CTATHH 2.

Jlis W3ydeHHs] CEHCOPHBIX CBOMCTB TMOPOLIKM MaTepUaioB HCCIEIOBAIA METOJIOM
JIOMHHECLEHTHOHN CIEKTPOCKOIHMH 10 M TOCJIE SKCIO3UIMK B HACHIIIECHHOM Iape MOJIEIBHOTO
HUTPOAPOMATUUYECKOIO COEAMHEHUsI — HUTpoOeH3011a. TBepible 00pa3ipl HCCaeI0BaIN METOIOM
pacTpoBOii AMEKTPOHHOM MUKpOocKomuu (POM).

Merogom H AMP-cniektpockonuu noarBepaw cTpyktypy HoTPP. Ins ZnTPP u
CdTPPuucio mosoc B CHEKTpe MOTJIONICHHS B BUIUMON 00JIACTH YMEHBIIACTCS A0 ABYX (st



H,oTPP ux deTbipe), 4TO COOTBETCTBYET JHMTEPATYPHBIM HaHHBIM. [ TBEpIbIX MaTepualioB
HaOJII0AaIH TyLLIEHUE JIFOMUHECIIEHIIUY T10CIIe IPEeObIBaHUS B HACHIILIEHHOM IIape HUTPOOEH301a.

[lonmyyeHHble MaTepuanbl JEMOHCTPUPYIOT CEHCOPHBIH OTKIMK B  OTHOLICHHUHU
HUTPOAPOMATHUECKUX COEIMHEHMH. BriepBble mokazaHo, 4YTO MaTepHall, MPUTOTOBIEHHBIM IO
yIporieHHo#i Meroauke ruaponuza TEOS B npucyrcrBue mosiekyn HTPP (e3 koBaneHTHBIX
cesaseii SIO, — mopdupuH), MPOABISET CEHCOPHBIE CBOMCTBA, KaK M THOPHUAHBIA MaTepHall C
KOBAJIEHTHBIMH CBSI3AMU. PazpaboTaH HOBBIN MMOAXO/ K MOIXYYEHUIO THOPHIHBIX MaTepHallOB Ha
OCHOBE Tupo(PoOHOTO B3aMMOICHCTBHSI.
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Solution-deposited biaxially textured lanthanum zir conate and
lanthanum hafnate films as buffer layersfor 2G HTSwire

Kuimov A.

Scientific adviser: Kharchenko A., PhD student

Oxide compounds with pyrochlore structure,,2ra0; and LaHf,O;, are promising
materials for catalytic, optical and electrical bggtions. Moreover, due to their low lattice
mismatch with the YB&wO;« high temperature superconductor (~1%) they carbudéer
layers in the architecture of high temperature srgelucting tapes.

The aim of this work was receiving second genemasapercanducting wires using
solution methods of the thin film deposition. Oltjees of this work wee: defeposition of textured

buffer layer (LaZr,O;) in technological process using textured nickkdyal; searching solution
precursors and studying of their composition arrttal stability; deposition of precursor films;
studing of the texture’s formation during annealing

The coating solutions were prepared by mixing sfachiometric amount of lanthanum
oxide and zirconium or hafnium acetylacetonatealN®sl in propionic acid. The advantages of
those solutions were their stability at high coricztions and excellent wetting behaviour at
metal substrate surfaces. The chemistry of the upsec solutions was studied using
thermogravimetric analysis and infrared and NMRcsscopy. The formation of heteroligand
metal carboxylates was found in these complex mwist The next step was to study the dip
coating process of the oxide precursor layer owtaticuously moving 80 micron thick Ni-W
alloy tapes. There are several important paramététeencing the oxide films thickness and
uniformity, namely the solution concentration, asity, temperature and speed of tape motion
through the solution bath. We quantitatively stddiee dependence of the film thickness on the
solution concentration and the tape motion rate fawhd out it to correlate well with the
predictions of the Landau-Levich theory.

Crystalline oxide films of L#r,0O; and LaHf,O; on the Ni-W tapes up to 10 m long
were obtained via high temperature treatment (IDIEFC) of the precursor-coated tapes under
reducing atmosphere in the reel-to reel tape matimae. X-ray diffraction §-20, ©- and ¢-
scanning), scanning electron microscopy and eledbackscattering diffraction were used for
characterization of oxide films.

Using the solution deposition approach describedsueeeded in preparing biaxially
textured LaZr,O; and LaHf,0O; films. The tapes with the LAr,O; films were subsequently
used as single buffer layers to make coated coodueipes with simplified architecture
YBaZCLZtg07.x/LaZZr207/Ni-5W. The superconducting critical current deypsivas over 1
MA/cm®.

PacTBOpHBIN MeTO OCaKIeHNsI OMAKCHAJIBHO TEKCTYPUPOBAHHBIX
TOHKUX IVIEHOK IIMPKOHATA U ragHaTa JIJAaHTaHA
B TEXHOJIOTHHM NOJydeHUus 0y(pepHbIX CJI0€eB
JJIS1 CBEPXIPOBOASIIIMX JIEHT BTOPOTr0 MOKOJICHUSA

Kyumoes A.H.

PykoBoautens: acn. XapueHko A.B.

OKcHUIHBIE COCAMHEHHUS CO CTPYKTypou mmpoxiopa, LapZr,O; u LagHf,07, sBustorcs
HepCHeKTI/IBHBIMI/I MaTepI/IaﬂaMI/I JUUIA HpI/IMeHeHI/ISI B KAaTaJIUTUYCCKUX, OIITUYCCKHUX U
ANMEKTPUYCCKUX TMPUIOKECHHSIX. KpoMe TOro, B CBSI3W C WX HEOOJBIIMM HECOOTBETCTBHEM



HapaMeTpOB PEIIETKH BBICOKOTEMIIEpaTypHOMY cBepXnpoBoaHuky YBayCuO7x (~ 1%), onn
MOTYT OBITh XOpommuMu 0ydepubiMu ciosiMmu B apxutektype BTCII neHTsI.

Lenbto nanHON pabOTHI OBUIO MOJTYUYEHHE CBEPXIPOBOIIECH JEHTHI BTOPOTO MOKOJICHHUS
C HCIOJIb30BAHHEM pACTBOPHBIX METOJOB OC@XJEHUS TOHKUX IUICHOK. 3ajadyamMu JaHHOU
paboTel OBUIM: TIOMCK PAaCTBOPOB-TIPEKYPCOPOB, HM3YYEHHE HX COCTaBa M TEPMHUUYECKOM
YCTOMYMBOCTH, OCAXJACHHUE IJICHOK-TIPEKYPCOPOB U HCCIEN0BaHHE 00pa30BaHUs TEKCTYpbl MpU
OTXKUTE.

PactBopb! [U1si HaHEceHHsI ObUIM MPUTOTOBJIEHBI IMYTEM CMEIICHUS CTEXHOMETPUUYECKUX
KOJIMYECTB OKCHJIa JIAHTAHA M aleTHJIAIETOHATa ITUPKOHUS WIM TaHHs, PAaCTBOPCHHBIX B
POMUOHOBOH KHcioTe. [IpeumyiecTBa 3TUX pacTBOPOB 3aKIIOYAIOTCS B UX CTAOMIBHOCTU MPU
BBICOKMX KOHIEHTPAIMAX M B OTIMYHOM CMadMBaEMOCTH TMOBEPXHOCTH METALTUYECKON
MNOJJIOKKH. XUMHUYECKHE CBOMCTBA  pPacTBOPOB-IIPEKYPCOPOB H3y4dald C  IOMOIIbIO
TEPMOTPABUMETPUYECKOTO aHaIM3a, HHPPAKPACHOM CHEKTPOCKONuH U crnekrpockonuu SIMP. B
JaHHBIX KOMILJIEKCOCOEpXKAIIUX pacTBopax OOHapykeHO oOpa3oBaHUE TIeTepOJIUTaHIHbIX
KapOokcuinaToB MeTawioB. CleQylomuM ImaroM OBII0O HW3YYEHHE Tpollecca IMOTPYKeHUs
HETPEPLIBHO ABMKYIICHcs jeHThl 3 ciutaBa Ni-W (17: 1) tommmuoit 80 MHKpPOH B Cloi
OKCHJHOTO TpeKypcopa. ECTh HECKONBKO Ba)XXHBIX IMapaMeTpPOB, BIUSIONIUX HAa TOJIIUHY
OKCHJHOM TUICHKH ¥ OJJHOPOJHOCTh, @ UMEHHO KOHLIEHTpAIUs pacTBOpa, BA3KOCTh, TEMIIEpaTypa
U CKOpPOCTh IBWKCHHS JICHTBHI 4Yepe3 pacTBOp B BaHHE. MbI KOJIMYECTBEHHO HCCIIEIOBAIIN
3aBHCUMOCTb TOJILMHBI MJIEHKA OT KOHIEHTPALMU PAacTBOpa U CKOPOCTH JBUKEHUS JIEHTHI U
BBISICHUIIN, 9TO OHU XOPOIIIO KOPPEIUPYET C MpeAcKazanusMu teopuu Jlangay-Jlepuya.

Kpucrammnueckne okcuanbie ieHkn LapZroO; u LapHf,07 va Ni-W nenrtax amuHO#R 10
10 M ObUIM TOTydeHbl C HOMOIIBIO BHICOKOTEMIIEpaTypHoii o6paborku (1000-1156C)
MOKPBITHIX MPEKYPCOPOM JIEHT B BOCCTAHOBUTENIBHON aTMocdepe B pexuMe JBUKESHHUS JIEHTHI C
KaTymky Ha KaTymky. C TOMOIIBIO METOJOB PEHTICHOBCKOW AH(PAKINH, CKAHUPYIOIIEH
JJIEKTPOHHOW  MHUKPOCKOMMM U JUGPaKIUUd  OOpPaTHOOTPAKEHHBIX  AJIEKTPOHOB  JIaHBI
XapaKTEPUCTUKU OKCHIHBIX TIJICHOK.

Hcnonb3ys onmmcaHHBIA MOAXOJ PACTBOPHOIO OCAXKIEHHUS, Mbl YCHEIIHO H3TOTOBUIH
OMakcHalbHO-TEKCTypHpOBaHHbIC TUIeHKH LapZr,O; u LapHf,O;. Jlentsl ¢ miieHkamu U3
LayZr,O; BriociencTBuu ObUTH MCIIOB30BaHbI B KQU€CTBE OAMHAPHBIX Oy(hEpHBIX CIIOEB, YTOOBI
c/enarh MPOBOMAAIIME JICHTBI C ympoineHHoU apxuTekTypoit YBapCusOrx / LapZroO7/Ni-5W.
[Tory4yeHs 3HAYEHUS TUIOTHOCTH KPUTHYIECKOTO TOKa OKoyo 1 MA/cM?.
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Resear ch of possibility of applying calculation methodsin new
polynuclear (including polymer) alkali and transition metal 8-
diketonates-based complexes design

Meshkov M.N.
Supervisor: Ph.D. Tsymbarenko D.M.

Today computational methods find more and moreiegjgbns in solving actual problems of
modern chemistry. The main reasons for this are/éhngatility and affordability. Using calculations
makes possible to avoid significant problems ofezxpental methods such as high labor intensity
of synthetic procedures, cost and hazard of thgergta, the instability of obtained compounds , the
unavailability of certain methods of analysis foogucts. Moreover, the calculations can give more
complete and precise information, sometimes inadgkesfor experimental techniques. The results
of calculations often allow to completely elimindbe necessity of synthetic works to continue the
investigation.

This work is dedicated to the study of mixed-maialynuclear (including polymer}-
diketonate complexes of transition and alkali neetdlhis class of compounds is of particular
interest to researchers due to a wide range oftibmad properties of its members. In case of
transition metal cations with unpaired electronshstcomplexes usually have magnetic properties. In
mixed-valence complexes (eg, complexes of'@nd Cd* cations) anisotropic conductivity can be
observed. Of particular interest are 3D and 2D dermpolymers which can also be used as high-
performance catalysts, gas storage and molecaleesi

Experiments on reaction of Cu(hfayith K(hfa) and bridging ligand 4,4’-bipy in isagpyl
alcohol with different Cu(hfa)K(hfa):4,4'-bipy ratios (1:1:1, 1:1:2, 2:2:1) habeen carried out.
During each synthesis very similar light-green drgedined crystalline sediment have precipitated.
From the results of X-ray powder diffraction and $Rectroscopy, reaction product have been
identified as Cu(hfaj4,4'-bipy). X-ray powder diffraction (XRD) patterof this compound has
been indexed as tetragonal cell with unit cell paters a = 7,8885(4) ¢ = 38,0092(7; V =
2365,25(284% Z = 4; R = 43,6. In FOX software package with Monte Carletimod for rigid
fragments Cu(hfa)and 4,4 "-bipy the structure model was build uglcGlated XRD pattern of this
structure was close to experimental one. Struatuwdel complies with general chemical ideas on
the structure of such compounds.

It was decided to explore the possibility of usiggantum-chemical calculations in this
research area. The capabilities of different methafctalculation have been studied on the example
structure from the literature data: Japhfaspiv.(Me,CO). The calculations were performed in
Firefly v8.0.0 software package on SKIF MSU "Chdisss' supercomputer. Processing of the
results has been produced in Chemcraft v1.7 softywackage. Basis set: 6-31G* (for H, C, O, F,
Na, K), pseudopotential basis: LANL2DZ (for Co, Clunctional: B3LYP.

However, as the resource-intensive calculationswgughe Hartree-Fock and density
functional theory increases in proportion to theurfo degree of number of wave functions
describing the system, the available computinguess becomes deficient, that limits the range of
possible compounds to be studied. Since these aetifoquantum-chemical calculations are based
on the use of linear algebra libraries, calcula@gorithms can be quite well parallelized. It has
therefore been decided to examine the possibifigpplying the CUDA technology on GPU + CPU
systems, which in the long run will help to increabe performance and affordability of such
calculations.



To acquire the initial experience of creating, egunfing and working with CUDA two
workstations were assembled:

° WS1 based on CPU Intel Core i3 3240 and GPU NVIBIEX 660 Ti (ASUS) as an

example of affordable specialized station;

° WS2 based on CPU Intel Core i5 gen | and GPU NVIEA 620 (ASUS) as an
example of the most affordable way to increase yotidty of the average worker's
computer using the GPU.

It has been decided to use the Abinit software agekdistributed under the GNU GPL.

Abinit package can be compiled to work with GPU,t his feature is declared as
experimental. Therefore, the first primary objeetf this research was to study the feasibility and
effectiveness of CUDA technology in quantum-chemicaculations. At this point the package
Abinit v7.2.1 was installed and configured to usetloe workstations. Abinit v7.0.5 package is now
in the process of setting on the "Lomonosov" sup@puter. The next step is to study the
effectiveness of CUDA technology on affordable sysd. Study of the efficiency of CUDA in
calculating structures described by different numifewave functions (asymptotics) will also be
conducted. Based on these findings, the scalabdityFirefly and Abinit software packages
computational algorithms on hybrid CPU+GPU systenis be explored. The final stage of this
research will be the analysis of effectiveness dD@ technology in calculation of real complexes’
structures. In case of positive results the usdgéRilJ will be widely introduced in the research
process to upgrade or replace currently used ladrgrecluster with the CUDA technology
supporting GPU. In addition, during our work we glabcontribute to the development of CUDA
applying common open software package Abinit. Sittee support of CUDA is declared as
experimental and there is almost no informationtlom effectiveness of this technology with this
software, obtained results can be of great hetprésearchers who decide to use CUDA for
guantum-chemical calculations in their research.

N3ydyeHue BO3MOKHOCTEH NMPUMEHEHHSI pAaCYeTHBIX METO10B B
MCCJIeIOBAHUN HOBBIX MOJIUSIIEPHBIX (B T.4. MOJAMEPHBIX)
KOOPAMHAIMOHHBIX COeJUHEHU HA OCHOBE [B-IMKEeTOHATOB

MepexoHbIX U IeJOYHbIX MeTAJJIOB

Mewrxos M.H.

PykoBoauTens: K.X.H., M.H.c. [IpimOapenko J{.M.

B HACTOAIICC BPCMs BCC OoublIee IMPUMCHCHUEC B PCHICHUHN AKTYaJIbHBIX 3aJa4 COBpeMeHHOﬁ
XUMHUH HaxoOAT paCHCTHBIC MCTOIBI. OCHOBHBIMU MNpUIrMHaAMH OTOr'0 CTaJI YHUBCPCAJIBbHOCTH H
AOCTYIMHOCTD. Hcnonb3oBanue pacdCTOB IIO3BOJIACT n30eKaTh TaKUX CYIICCTBCHHBIX np06neM
IKCIICPUMCHTAJIbHBIX METOJOB, KaK BbICOKAA TPYAOCMKOCTb CUHTCTUYCCKUX MCETOJUK, CTOUMOCTb U
OIIaCHOCTb HCOGXOI[I/IMBIX PCAKTHUBOB, HCYCTOI\/’I‘II/IBOCTB MOJIy4aCMbIX COGI[I/IHGHI/Ifl, HEAOCTYIMHOCTDb
TE€X WKW UHBIX METOJAOB aHaJIn3a IMPOAYKTOB CHHTC3a. KpOMe TOr'0, PaCyYCThI IMMO3BOJIAIOT IMOJYYHUTH
boiee IMNOJIHYKO U TOYHYIO I/IH(l)OpMaLII/IIO, HHOTa OaXE€ HEAOCTYIIHYIO JUIA 3KCIICPHUMCHTAJIbHBIX
MCTOOOB. 3a11aCTy10 pe3yJibTaTbl pacdYCTOB IIO3BOJIAIOT MOJHOCTBIO HUCKIHOYHUTH HCO6XO,I[I/IMOCTB
MNpOBCACHUS CUHTC30B JIA NPOAOJIKCHUA NCCICAOBAHUA.

I[aHHaf[ pa60Ta MNOCBAIICHA HCCICOAOBAHHUIO CMCHIAHHO-MCTAJNNIMYCCKUX TTOJUAACPHBIX (B
TOM YHUCJIC HOJ'II/IMepHBIX) B-,I[I/IKGTOHaTHBIX KOMILJICKCOB IMCPEXOAHBIX W HICJIOYHBIX MCTAJIJIOB.
I[aHHBIfI KJ1accC COCI[I/IHCHI/Iﬁ MMpcaACTaBJIACT 0COOBIH HUHTCPCC IJIA HCCHCHOB&TGHGﬁ 611ar0;[ap51



[IMPOKOMY CIIEKTPY (DYHKIIMOHAJIBHBIX CBOKMCTB, XapaKTepHBIX Ui €ro MpeacTaBureneid. B ciyuae
UCTIOJIb30BAaHHUS KATHOHOB TIEPEXOJMHBIX METAIJIOB C HECIAPEHHBIMU JJIEKTPOHAMHU TaKue
KOMITJIEKCHI MOTYT 00JagaTh MarHUTHBIMH CBOWCTBaMH. B cMeNIaHHOBaJIEHTHBIX KOMILJIEKCAX
(HarpuMep, KOMILIEKcax Ha ocHoBe KaTHoHOB CU™" m CUF') MoxeT HabI0IaThes aHH30TPOIHAS
npoBoauMOCTh. OTaenbHbI HHTepec mnpenctaBisiior 2D m 3D koopauHalMOHHBIE MOTUMEPHI,
KOTOpbI€, KpOME BBIIIE MEPEYHCICHHOTO0, MOXXHO TaKXe HCIONb30BaTh B  KadyecTBE
BBICOKOA(()EKTHBHBIX KaTaIH3aTOPOB, HAKOMIUTEINECH PAa3IMYHBIX Ta30B, MOJIEKYISIPHBIX CHT.

IMpoBenenn sxcnepuMenTl 1o B3ammojeicteuio Cu(hfa) ¢ K(hfa) u moctukoBsiM
nurangom 4,4'-bipys uzonponunosom crnimpte ¢ pasubiM cootnomennem Cu(hfay:K(hfa):4,4'-bipy
= 1:1:1; 1:1:2; 2:2:1.B Xxonae KaxkIOW peakIWH BhIMAaal OJMHAKOBBIM CBETIIO-3CICHBIN
MEJKOKPUCTAITMYECKUNA 0CaJoK. MeTolaMu TOpOILIKOBOW pEeHTreHOBCckoW audpakumn u HK-
ciekrpockoruu nponykt peakmuii Cu(hfa) ¢ K(hfa) u 4,4'-bipy Obin mneHTHGUIMPOBAH Kak
coemuuenne coctaBa Cu(hfa)(4,4'-bipy). [lopomikoBass peHTreHOrpamMma IaHHOTO COCIHHCHHS
Oblla TPOMH/WIMPOBAHA B TETPArOHAILHOW CHHTOHHMU C TapamMeTpaMu DIIEMCHTApHOU SYCHKH
a=7,8885(44; c=38,0092(74; V=2365,25(284% Z=4; F=43,6. Merogom Monre-Kapio s
xectkux (parmentoB Cu(hfa} u 4,4'-bipys nporpammuom makere FOX Oblia mocTpoeHa MOIETb
CTpyKTyphl.  Teoperudeckass  peHTreHOrpaMMa  TOJIYY€HHOH  CTPYKTyphl  Onm3ka K
OKCIIEPUMEHTAILHON pEeHTreHorpamMme coeauHeHus. [lomydeHHass MoJenb —coryiacyercss ¢
XMUMUYECKUMH MPECTABICHUSMHI O CTPOSHHHU TIOAOOHBIX COeTMHEHUH .

Taxoke pemeHo ObUTO U3yYUTh BO3MOKHOCTH MPUMEHEHHSI KBAaHTOBO-XHMMHUYECKHUX PacuyeToB
B HCCIICZIOBAHMAX JaHHON 00nacTH. BO3MOXXHOCTH pa3iMYHBIX METOJOB PACUETOB OBLTH M3y4YCHEI
Ha MPUMEPE B3SATOM M3 JINTEPATYPHBIX HCTOYHUKOB CTPYKTYphI BetiectBa Nap,Cohfaupiva(Me,CO.
Pacuetsl mpoBemeHsl mporpamMubiM maketom Firefly v8.0.0 Ha BBIMMCIMTENBHBIX MOIIHOCTSX
cynepkommnborepa CKUD MIY «Yebbime». OO0paboTka pe3ylbTaTOB TNPOHM3BEIACHA B
nporpamMmmHoM tiakere Chemcraft v1.7/[ns BerurcineHnii KCIOMb30BaHbl Oa3uCHbI Habop 6-31G*
(mz H, C, O, F, Na, K ncesmonorennuanbibiii 6asuc LANL2DZ (mns Co, Cu).B kauectse
¢ynkroHana Beiopan B3LYP.

OnHako, OCKOJIBKY PECYpCOEMKOCTh PAcyeTOB C MCIIOJIBb30BaHHEM MeTo/0B XapTpu-Doka
u (yHKIHOHAJNAa DJICKTPOHHOW IUIOTHOCTH YBEIMYMBACTCS TPOIMOPIHOHANBHO 4 CTeneHH
KOJIMYECTBA BOJHOBBIX  (YHKIMH, ONHCBHIBAIONINX HUCCIEAYEMYI CHCTEMY, JOCTYIHBIX
BBIYMCITUTEIBHBIX MOITHOCTEH CTAaHOBHUTCS HEJIOCTATOYHO, YTO OTPAHMYMBACT CIIEKTP BO3MOKHBIX
UL MccleoBaHusl coenHeHUU. [IOoCKONMbKY JTaHHBIE METOABI KBAaHTOBO-XMMHUYECKHX PACUYETOB
OCHOBaHBI Ha HUCIIOJIb30BAaHUM OMOIMOTEK JMHEWHOW anreOphl, aJrOpUTMBI PacyeToB TOCTATOYHO
XOPOIIO MOJIAI0TCS pacnapaieIMBaHuo. MIcXoas U3 3TOro OBLIO pelIeHO U3yYHTh BO3MOKHOCTH
npuMeHeHus s pacueroB TexHojorun CUDA na cuctemax GPU+CPU,ut0, B KOHEYHOM cuere,
MIOMOJKET CYIIECTBEHHO YBEIIMYUTH POU3BOIUTEILHOCT H JOCTYITHOCTh TAKHX PAacueTOB.

JInst mproOpeTeHust HauyalbHOTO OMBITa CO3/IaHMsI, HACTPOUKH U pabOThI C UCIOIb30BaHHEM
CUDA 6butu coOpaHnsbl J1Be paboune CTaHIIUU:

° WS1 na 6a3e CPU Intel Core i3 324& GPU NVIDIA GTX 660 Ti (ASUS)kak

o0pa3zell TOCTYIMHOH CrelnaTn3upOBAaHHON CTaHIINY,

° WS2na 6aze CPU Intel Core i5 gendt GPU NVIDIA GT 620 (ASUSkak mpumep

HanboJiee JOCTYMHOro crocoba YBEIMYCHUS MPOM3BOJUTEIBHOCTH CPEIHEro pabodero

KomnbloTepa npu nomomu GPU.

Pemreno ObUIO B JanbHEWIIEM KMCHOJIB30BaTh MporpaMMHbIi maket Abinit, pacnpoctpansemslil mo
ymuensun GNU GPL.

[Maker Abinit MoxxeT OBITH OTKOMIWIIMPOBAH IJIsi pAOOTHI C UCIOJIB30BAHUEM Ipad)UueCKUX
YCKOpHTEJEH, OJHAKO A5Ta BO3MOXXHOCTH 3asBJCHA JIMIIb KaK SKCIepUMEHTasbHas. [loaTomy
JambHEWIIeH 3a]aueil TaHHOTO HMCCIICOBaHUs CTANI0 M3yYCHHE BO3MOXKHOCTU U 3(P(PEKTHBHOCTH
npumenenus: texnonorun CUDA B pamkax KBaHTOBO-XMMHYECKHX BbluuclieHWd. Ha naHHbBIN



MOMEHT Ha paboYnX CTAHIUAX YCTAHOBJICH M HACTPOEH I MCIOIb30BaHus makeT Abinit v7.2.1.Ha
cynepkommbiorep "JIOMOHOCOB" yCTaHOBJEH W HAXOMUTCS B TMpoliecce HacTpoiiku maket Abinit
v7.0.5.CrenyromuM maromM CTaHeT uzyuenue 3gpdextuBHoctr npuMenenus texuosiornn CUDA Ha
JOCTYIHBIX cuctemMax. Kpome Toro, Oymer mpoBeneHo uzydenue 3ddextuBHOcTH CUDA mis
pacdera CTPYKTYp, OINHCBIBAEMBIX Pa3HbIM KOJMYECTBOM BOJHOBBIX (GYHKIHMH (ACHMITOTHKA).
OCHOBBIBAsICh Ha TMOJNYYCHHBIX [JAaHHBIX, OYyAET TPOBEJICHO H3yYeHHE MAaCIITa0UPYEeMOCTH
pacyeTHBIX aIrOpUTMOB mporpammHbix maketoB Firefly u Abinit wa rudpuaaeix CPU+GPU
cUCTeMax. 3aKJIFOUUTEILHBIM TAalloM JaHHOUW pabOThl CTaHEeT aHAIH3 d()PEKTUBHOCTH MPUMEHEHUS
texnoiornu CUDA nmns pacuera CTPYKTYp pealbHBIX OOBEKTOB HCCleIOBaHMsA. B ciyuae
MOJIOXKHUTEIIBHOTO ~ pe3ysibTara IUIAHHPYETCS IIMPOKO BHEAPATh ucnonb3oBanne GPU B
UCCIICIOBATEIbCKAX ~ TPOIECC, MOJCPHU3MPOBATh WM  3aMCHUTh HBIHE  HCIOJIB3YEMbIH
naboparopHsbiid Kiactep ¢ ucnonb3oBanueM GPU, moxnepxkusatonmx Texnomoruto CUDA. Kpome
TOTO, B TMpolecce paboTel OyneT BHeceH Bkiang B passurue mnpumeneHuss CUDA B pamkax
pacmpoCTpaHeHHOT0 OTKPBITOro mporpammHoro nakera Abinit. B pamkax mannoro 10 nogmepixka
CUDA 3asBieHa Kak OJKCIEpUMEHTAIbHAasT W HET NPAKTUYECKH HUKaKoW wuHbopManuu 00
3 PEKTUBHOCTH HCIOJIB30BaHUS MaHHOW TexHonoruu ¢ naHHeM [10. [Tony4yeHnHble B X01e paboOThI
JaHHBIE MOTYT OKa3aTh 3HAYMTEIBHYIO TOMOIb HCCIICJOBATEISIM, PEIIUBIIAM HCIOJIb30BAThH
KBaHTOBO-XHUMHUecKue pacuetsl ¢ npuMmeHeHrnem CUDA B cBoeii paboTe.
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Production of non-covalent complexes of a-chymotrypsin and
magnetite nanoparticles

Panshina D.D.

Scientific adviser: Dr. Natalia L. Klyachko

The development of drug delivery systems whichmost cases, are based on enzymes, is
one of the urgent tasks in modern medicine. Oni@fmajor practical problems is to monitor
the properties of enzymes. The investigationsunlaboratory showed that enzyme activity in
conjugates covalent bonded with magnetic nanopesti€tMNPs) can be controlled using
magnetic field. This method of controlling the peojes of enzymes appears to be practically
promising as for complexes bonded electrostaticalgrmation of magnetic nanopatrticle
complexes with enzymes through non-covalent intemadess deforms the enzyme structure and
allows to obtain more sensitive samples to chafgeagnetic field.

The aim of the present work is focused on formatidncomplex by non-covalent
conjugation ofa-chymotrypsin (ChT) on magnetic nanoparticles ofgnedite covered with
polyaspartic acid (PAsp). The objectives are topare solutions of modified magnetic
nanosuspensions andchymotrypsin, to obtain complexes based on thedetisns, and to
investigate the properties of obtained complex@snely to measure the particle size d@nd
potential. FgO, particles (magnetite) are attractive for use asrmag nanoparticles due to their
strong magnetization and simplicity of surface nficdtion. Magnetite particles are also widely
used in clinical research, for example for magnétyperthermia and magnetic resonance
tomography (MRT). Magnetic nanoparticles shouldfiectionalized with biodegradable and
biocompatible materials in a physiological mediloniomedicine applications

Magnetic nanosuspension was obtained at room teyserby adding 2 mg of magnetite
nanoparticles coated with polyaspartic acid to lomtitrate buffer at pH = 6,3. The resulting
nanosuspension was centrifuged in a test tubeavithO kDa membrane for 21 minutes at 4173
rev / min. Thereafter a series of magnetic suspensolutions was prepared with-
chymotrypsin in initial concentration 10 mg / ml atratio of 0.2 ml to 0.006, 0.06, 0.6 ml
respectively. The resulting solutions were filtetetcbugh a membrane with a pore size of 0.45
microns. After filtration, the particle size of sples was investigated angdpotential was
measured by means of DLS.

Investigations by means of DLS showed the main pest 100 nm ad-chymotrypsin
concentrations 0.33 and 0.6 mg / ml in complex widgnetic nanoparticles. The change-of
potential to positive values by adding-chymotrypsin to modified magnetic particles
demonstrates the formation of the complex. Our stigations have shown that the optimal
concentrations ofi-chymotrypsin to form non-covalent complexes witagmetite nanoparticles
range from 0.33 to 0.6 mg / ml. The future plandude the selection of the optimal magnetic
field’s characteristics (intensity, frequency) tamage the activity ofi-chymotrypsin and to
obtain more sensitive samples to the magnetic.field

IHosryyeHHEe HEKOBAJIEHTHOI0 KOMILJIEKCA HA OCHOBe hepMeHTa U
HAHOYACTHI MATHETUTA
Hanvwuna J1./1.

PykoBoautens: a.X.H., mpod. Knsuko H.JI

OpHOM M3 aKTyalbHBIX 33Ja4 COBPEMEHHON METUIIMHBI SIBISIETCS pa3paboOTKa CHCTEM
JIOCTaBKH JIEKAPCTBEHHBIX CPEJICTB, B TOM UHCJIE Ha OCHOBE (HEPMEHTOB. YTIPABJICHHE
CBOMicTBaMH (EPMEHTOB SIBISIETCS MPAKTUYECKW 3HAaYMMOW 3amadeir. MccnemoBanus,



NpOBE/ICHHbIC B Hallel abopaTOpHH, MOKa3aliH, YTO aKTUBHOCTH (DEPMEHTOB B KOBAJIEHTHO
CBSI3aHHBIX KOHBIOTaTaX ¢ MAarHUTHBIMU YaCTHIIAMU MOXET PETyJIUpPOBAThCA MIyTEM INPUIOKEHUS
MarHuTHOro  mois. JlaHHbIE = crmoco®  MaHWIYJAMpPOBAHMUSA  CBOMCTBaMH  (EpPMEHTOB
IPEICTaBIsAETCS NMEPCIEeKTUBHBIM M B Cllydyae KOMIUIEKCOB, CBSA3aHHBIX 3JIEKTPOCTaTHUYECKH.
OO0pa3oBaHre KOMIUIEKCOB MarHUTHBIX YacTHIl ¢ (pepMEHTaMHU C MOMOIIBIO HEKOBAJIEHTHOTO
B3aUMO/JICHCTBUS MEHBIIE UCKAXKAET CTPYKTYPY (PepMEHTa U MO3BOJIMUT MOIYYUTh MIPOOBI, Oosee
YYBCTBUTEIbHBIC K N3MEHEHUIO MarHUTHOT'O TTOJIS.

Ilenp Hameil pa®oTbl — MOJydyeHHE KOMIUIEKCA HEKOBAJIEHTHBIM IPHCOEIUHEHUEM
XUMOTPUIICMHA K MAarHUTHBIM HAHOYACTHIIAM MAarHeTHTa, IMOKPBITHIM MOJUACTIaparuHOBOM
KHACIOTON. 3ajaud, CTOSIIUE Iepes HaMU — MPUTOTOBJIEHUE PACTBOPOB MOAM(DUIIMPOBAHHBIX
HAHOCYCIEH3UIl MarHUTHBIX YaCTHIl M XMMOTPHUIICHHA, MTOJyYeHHE KOMIUJIEKCOB Ha UX OCHOBE U
U3y4eHHE CBOMCTB MOJYYEHHBIX KOMIUIEKCOB, @ MMEHHO, U3MEPEHUE pa3MepOB YacTHIl U UX (-
NOTEHIINANIA.

B kadecTBe MAarHMUTHBIX HAHOYACTHIl HCHONB3yroTCs dactuipl FeO; (MmarHerur),
KOTOpble Ojarojaps CUJIBHOH HAMAarHMYEHHOCTH M IPOCTOTE MOIU(PHUKAIMU IMOBEPXHOCTU
HallUIM IIUPOKOE NPUMEHEHHE B KIMHMYECKUX HCCIIECIOBAHUAX, HAIpUMeEp, Uil MarHUTHO-
pe30HaHCHOW ToMorpauu M MarHUTHOW rumnepTepMuu. s OMOMEIMIMHCKUX MPUMEHEHUM
MarHUTHBIE YaCTHIIbI JOJIKHBI ObITh (DYHIIMOHAJIN3UPOBAHBI BELIECTBAMH, KOTOpPBIE JENAIOT UX
O6uoaerpaaupyeMbIMU 1 OHOCOBMECTUMBIMH B (PU3HOIOTHYECKOH Cpejie.

MarnuTHas HaHOCYCHEH3Usl Oblga IOJydyeHa IpHU KOMHATHOW TeMIepaType IyTeM
nobaBiieHUs 2 MI' MarHUTHBIX HAHOYACTHI[ MAarHeTHUTa, TOKPBITHIX MOJUACTIapariHOBOM
kucioto, B 1 Mn nurpatHoro Oydepa mpu PH=6,3. [lomydenHnas HaHOCycHeH3Hs Oblia
neHTpudyruposana B npodupke ¢ memOpanoir 100 k/la B Teuenue 21 MHUHYTBI CO CKOPOCTBIO
4173 o6oporos/mun. Ilocime 3Toro ObLTa MPUTOTOBIEHA CEPUsS PACTBOPOB  MAarHUTHOMW
CYCIICH3UH C PACTBOPOM O-XMMOTPHIICHHA B HCXOHOW KOHIeHTpanuu 10 Mr/Mi1 B COOTHOLIICHUH
0,2 mx x 0,006, 0,06, O0,6un coorBercTBeHHO. [loMydeHHBIE PacTBOPHI (PUIBTPOBATIU UYEpe3
meMmOpanbl ¢ pasmepom mop 0,45 mkm. Ilocne ¢unabTpoBaHust OBLIM MCCIEIOBAHBI Pa3MeEph
gacTuIl 00pa3noB u u3MepeH (-moTeHIman ¢ momornipio DLS.

HccnenoBanust merogom DLS mokaszanu nammuue ocHoBHOro nuka paione 100 HM npu
KoHIeHTpanusax xumorpuricuaa 0,33u 0,6 Mr/mi1 B KOMIIJICKCE ¢ MATHUTHBIMA HaHOYaCTHUIIAMH.
W3menenue (-moTeHIMana B CTOPOHY IIOJIOKUTENBHBIX 3HAUEHUH TpuU J0OaBIICHUH
XUMOTPUIICMHA K MOAU(MUIMPOBAHHBIM MAarHUTHBIM  4YacTUI[AM  CBHUJETEIBLCTBYET 00
00pa3oBaHNM KOMILIEKCA.

IIpoBeneHHble  MCClEeNOBaHMA  IOKa3ajld, YTO  ONTHUMaJbHbIE  KOHLEHTpalUU
XUMOTPUCIIMHA U1 00pa30BaHUsl HEKOBAJIEHTHHIX KOMIUIEKCOB C HAaHOYACTHIIAMU MarHeTUTa
aexar B mpenenax or 0,33 mo 0,6 mr/mui. B nmanpHeiimmme 1utansl pabOThI BXOTHUT IMOI00P
ONITUMAJIBHBIX XapaKTEPHUCTUK MArHUTHOTO TOJSA (MHTEHCHBHOCTH, YacTOTA) JISl YHpPaBJICHUS
aKTUBHOCTBIO XHMMOTPHUIICHMHA M TIOJIydeHHE O0oJie€ UYyBCTBUTENIBHBIX K MAarHUTHOMY IOJIO
poOBI.
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Targeted drug delivery is one of the topical praideof presentlinical trials The
systems which are used for sublibomedical goalsmust be capable of satisfying several
requirements: 1) biocompatibility; 2) chemical gid/siological passivity; 3) low toxicity; 4) an
opportunity to control the delivery by using thetesral effects. The magnetic particles are
particularly attractive for use as basis for thegstems. Analysis of literature data showed that
necessary systems were little studied. That isréd@son why we need to obtain magnetic
nanoparticles of definite size and shape.

The aim of our work was to analyze the literatune axplore formation of rod-shaped
magnetite particles stabilized by gold and furtbeating the resulting magnetite particles with
different linkers.

The common employed synthesis methods for obtaimragnetite particles are: 1)
dispersion; 2) condensation. The best way to imgrthe aggregation stability and surface
functionality of magnetite particles is to modifizet oxide surface with gold because of its
chemical stability and biocompatibility. Gold issala material of choice because it improves
biological functionality of resulting magnetite pales.

Resulting magnetite particles can be easily madifivith different linkers.
Polyaminoacids are particularly attractive as Imskéor the resulting system because of their
capability to form covalent and non-covalent bomdth enzymes. Thus we can synthesize
different types of complexes which include enzynmel atabilized magnetic particles. Main
advantages of resulting complexes are: 1) cataffilities; 2) biocompatibility; 3) opportunity
to control the delivery by using the external efifed) low toxicity; 5) stability.

For determining kinetic abilities of that non-cosal complex we can use the property of
enzyme to catalyze chemical reactions. &ahymotripsin, which catalyze hydrolysis of BTNA,
there are 2 methods of determining kinetic abgiti@) spectrophotometric detectiaaga-
nitroaniline, the first product of reaction); 2)tritnetric detection nerekuuro(N-benzyl-L-
tyrosine, the second product). Spectrophotometrethod is easier and more exact than
titrimetric method and that is why we will usear fresearching that properties.

Influence of magnetic field on proteins is desadibén literature data(change
conformation). Thereupon there is a question: Wirad of influence will magnetic field cause
on that complex? For giving the answer for thatstjoe we will use plant with variable
rotational magnetic field. Changing of enzyme’s foomation by field action can vary kinetic
characteristics.



ITosyyeHue MaJIOYKOBUIHBIX YACTHI] MATHETUTA,
CTA0OUJIM3MPOBAHHOIO 30JI0TOM.

Tlooswvicoyxuti A.C.

Pyxosooumenw: 0.x.1., npog., Knauxo H.JI.

HampaBrnenHass qocTaBka JEKapCTBEHHBIX CPEACTB — OJHO M3 HamOoIee BaKHBIX
HampaBlieHUH B O0NacTd MEOUIMHBI Ha CEerogHsAMmHHM JeHb. CHCTeMbI, KOTOpbIE
paccMaTpuBalOTCS ISl MCIONB30BAaHUS B JTOM 00NAacTH, JODKHBI OTBEYATH CIEAYIOIINM
napamerpam: 1) OMOCOBMECTMMOCTH;, 2) XMMHYECKas W (DU3HOIIOTHYECKas HHEPTHOCTH, 3)
HU3Kas TOKCHYHOCTh, 4) BO3MOXHOCTh KOHTPOJHMPOBATH MECTOIMOJOKEHHE BHCITHUMHU
BO3/ICHCTBUSMU U Tak jAajee. B kauecTBe OCHOBBI Ui MOJOOHBIX MaTEpUaioOB MEPCIEKTHUBHO
MCIIOJIb30BaTh MAarHUTHBIC YACTHIIBl. B 3TOH CBsI3W BCTaeT 3ajaya MOJYYEHHUsS NAaHHBIX CHCTEM
onpeeNeHHOro pasmepa U (GopMbl. AHaNU3 JUTEPAaTypHBIX HCTOYHMKOB TIOKa3aji, 4YTO
HEOOXOUMBbIC HAM CHCTEMbI MaJl0 W3YYCHBI.

Lenbto HacTosAed pabOTHI SABISETCS MOMyYEHUE MAJOYKOBHIHBIX YACTHI] MAarHETHUTA,
CTaOUITU3UPOBAHHBIM 30JI0TOM, C JATHHEUIIIUM TOKPHITHEM Pa3IMYHBIMH JTHHKEPaAMHU.

B nuTeparype onucaHnbl pa3inyuHble METOAbI CHHTE3a MarHeTuTa. Cpeau HUX Yallle BCEero
UCTIONB3YIOTCS: 1) nucnieprupoBanue; 2) KoHaeHcanus. [l cTabMIn3aluy moTyudeHHBIX YaCTHIL
NPUMEHSIIOT. TOJMAMUIbI; MOJUKHUCIOTHI; MOJUCIUPTHI;, OCNKH; pa3IuyHbIe OJIOK-COMOIUMEPHI,
CoJlepKalie HECKONbKO (YHKIMOHATIBHBIX Tpymmn. B Hamem ciydae MoauQuUKanus
MOBEPXHOCTH YaCTUIl MAarHETUTA MPOBOINIACH TOKPHITUEM 30JI0THIM CIIOEM.

Crnenyrommm >TanoM paboThI SIBISIETCS MPUCOCIMHEHUE K TAaHHOW CHCTEME Pa3iIMYHbIX
auHKepoB. B Hamem ciydae OyayT 3aieiicTBOBAaHBI MOJMAMMHOKHCIOTHI OCHOBHOIO THIIA.
[MomoOHast MoauduKanys MOBEPXHOCTH MO3BOJIUT HAM TOTy4aTh HEKOBAJIIEHTHBIC KOMITJICKCHI
OeNKOB M YacTHUll, KOTOPblE MOXKHO HCIIOJIb30BaTh B KaueCTBE MaTEpHUAaJIOB i1 HANpaBiIeHHON
JIOCTaBKM JIEKAPCTBEHHBIX CpeAcTB. OCHOBHBIMU XapaKTEPUCTHKAMHU JIaHHBIX KOMIUIEKCOB
ABIISIOTCS KaTaJIUTHUYECKHE CITIOCOOHOCTH.

Jlnis ompeneneHusl KWHETHYECKUX XapaKTEPUCTUK JAHHOTO HEKOBAJICHTHOTO KOMILIEKCA
UCIIONIB3YETCSl  CBOMCTBO (hepMEeHTa KaTalM3UpOBaTh XHUMHUYecKHWe peakiuu. Jasg o-
XAMOTPUIICHHA, KaTaJIU3HPYIOLLIETO TUIPOJIN3 BTNA, yInoOHO HUCIIOJIL30BaTh
CHEKTPOPOTOMETPUYECKYIO JCTEKIINIO 00pa3oBaHUs MPOAYKTa peakuuu(mapa-HUTpoaHWInHa, 1
NPOJIYKT PEaKIWU) WU THUTpoMeTpuyeckyro aerekiuio(N-Oen3uon-L-tuposun, 2 mpoaykr).
Cpenn  HUX  HaWOONbBIIEH  TPOCTOM W  TOYHOCTHIO  OMNPEACTCHHS  OTIUYAeTCs
CHEKTPO(OTOMETPUUECKUI METOJ, MO3TOMY NPU HCCIEAOBAHUU JTaHHBIX CBOWCTB Mbl Oynaem
MIPUMEHSTH €rO.

B wurepaType ommcaHO BIMSHHE MArHHUTHOTO TOJNS Ha OCJKH(MECHSIOT —CBOIO
KOH(popMaiuio). B CBsA3M ¢ 3THM BCTaeT BOMPOC: KaKOE BIUSHUE OYJET OKa3bIBaTh MAarHUTHOEC
BO3JICWCTBHME HAa JaHHBIA KoMIulekc? J[ns wWcciemoBaHus JaHHOTO —BOIMpoOca Ooyner
UCTIOJIB30BAaThCS  YCTAHOBKA C <IIEPEMCHHBIM» BpalllaTeJIbHBIM MAarHUTHBIM MoOJieM. B
3aBUCUMOCTH OT KoHopmamuu QepMeHTa T1oOcie JCHCTBUS MOJNs  KUHETHYECKHe
XapaKTEPUCTHUKH MOTYT MEHSTHCSI(B 3aBUCHMOCTSX OT IapaMeTpoB MO (MHTCHCUBHOCTD,
94aToCTa) MOXKET MPOUCXOIUTh M3MEHEHHE KOH(pOpMaiuu Oelika, YTO MPUBEICT K M3MEHCHHUIO
€ro aKTUBHOCTH).
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Synthesis and properties of ferrites NiyFes O,
Podgolina D.

Heads: PhD, associate professor, M. Rumyantse\asRident A.Kazin

Ferrites are well-studied group of materials tha&t primarily used in electromagnetic
devices. But also ferrites have the advantagessofgua resistive gas sensor compared to
conventional sensor based on semiconductor maerfanetal oxides. The main advantage of
ferrites compared to traditional sensor materiaseld on semiconducting metal oxides is the
ability to tune their band structure and natureadtive centers on the surface by changing the
cation composition. Changing the ratio of iron amdkel in ferrites affects the amount and
nature of active sites on the surface. The amondttiae nature of acidic and basic active sites
influence the conductivity of the samples on expesw gas mixture. In turn, the increased
conductivity is advantageous for practical applarabf resistive material as gas sensors.
Nanocrystalline powders NiFe:O, were synthesized by pyrolysis of an aerosol, okthfrom
aqueous solution of Ni (Il) and Fe (lll) nitrat&ecomposition of the components of aerosol
occurred in a silicate reactor, located in a tubadce heated at 800 °C.

The study was performed by many methods such asyXhiorescence spectroscopy,
scanning electron microscopy, X-ray diffraction, wieemperature nitrogen adsorption,
desorption of ammonia and Mdssbauer spectroscogyudy on sensory activity in the detection
of ammonia and hydrogen sulfide was carried owitun by measuring the electrical conductivity
of thick film samples during the change of the @rication of the gas phase and temperature.

>’Fe Mossbauer spectroscopy demonstrate that synéldesliFeO, samples have the
structure of inverse spinel (8 [Ni? * F€ "]O4. Analysis of Mdssbauer spectra showed that in
the samples with excess iron is present two phasasing nickel spinel composition Mie3-
xO4phase and KE®s;, while samples with iron deficiency - spinel phasel the phase of NiO.

We examined the sensory activity of the synthespmaders of the ferrites Nie;xOa,

(x =0.5; 0.6; 0.8; 1; 1.05; 1.1) of spherical aggerates with sizes of 500-800 nm, a crystallite
size of the spinel structure phase 3-17 nm anckaifsp surface area about 20%/m relative to
H.S at different concentrations: 0.056 ppm, 2 ppmpp#h, 7 ppm and Nat concentrations:
3.75 ppm, 7 ppm, 15 ppm, 30 ppm.

Upon detection of b5 and NH the greatest deflection in positive and in negative
direction on the stoichiometry of the iron increasthe sensor signal with respect to a
stoichiometric model. While the intermediate composs exhibit a much smaller touch
response. The optimum response is observed abradkeatrations in the temperature range 250-
350 ° C. We found that the sensory signal is cjearbordinate to the 43 concentration
dependence for the entire series of samples. Bsitallso worth noting that for hydrogen sulfide
decreased somewhat lower temperature limit of texgigy the sensor signal: for some samples
the signal is recorded at 80.

Cunre3 u u3ydyenue cBoiicTB ¢peppurton cocraBa NiFe; Oy

Iloozonuna /1.K.

PykoBoauTenu: a.x.H, goil., Pymssauesa M.H., acn. ®HM Ka3zun A.Il.

@eppuThl SABISIOTCS XOPOIIO M3YyYEHHOW TPYINIIONW MaTE€pUajaoB, KOTOPbIE B OCHOBHOM
IPUMEHSIOTCS B 3JICKTPOMAarHUTHBIX ycTpoiicTBax. Ho Taxke (eppHUThl HMEIOT MPEUMYIIECTBA
UCIIONIb30BAaHUSI B PE3UCTUBHBIX Ta30BBIX CEHCOpAaX [0 CPAaBHEHUIO C TPaJWLMOHHBIMU
CCHCOPHBIMH MaTCpUalaMi Ha OCHOBC IOJYIPOBOAHUKOBBIX OKCHIOB MCTAJIJIOB. OCHOBHBIM
MPEUMYIIECTBOM SBIIIETCS BO3MOXKHOCTb PErYJIHpPOBaTh HUX 30HHYIO CTPYKTYpY U TMPUPOAY



AKTHUBHBIX I[EHTPOB Ha MOBEPXHOCTH, U3MEHSS KaTUOHHBIA cOCTaB. V3MEHEHHE COOTHOIICHUS
JKele3a M HUKeNS B eppUTax MPUBOAUT K YBEIMYCHHUIO KOJIMYECTBA U W3MEHEHMIO TPUPOJIBI
KHUCIIOTHBIX U OCHOBHBIX IIEHTPOB Ha MTOBEPXHOCTH, YTO BIUSET HA TPOBOJAMMOCTH 00PA3I0B MpH
9KCIO3MIMU B Tra3oBoil cmecu. B cBoio ouepenb, yBEIMYEHHE MPOBOJUMOCTU  SIBIISETCS
MPEUMYIIECTBOM [UIsl TPAKTHYECKOrO MPUMEHEHUsS MaTephaja B  KAaueCTBE PE3UCTUBHBIX
ra30BbIX CEHCOPOB.
Hanokpucrammnueckue nopoiku ¢pepputoB NixFe; Oy rae (x =0.5;0.6;0.8;0.9;1;

1.05 ; 1.1),momydeHHBIX METOJOM IHPOJIH3a a’p030Jis, MOJYYCHHOTO W3 BOIHOIO PacTBOpa
mutpatoB Ni (I) u Fe (Ill). Pa3noxeHne KOMIOHEHTOB a3pO30JILHOM CMECH MPOUCXOIUIIO B
KBapreBoMm peaktope meuu, pazorperord gm0 800 ° C. MccnemoBanue BBIMOJTHSIN METOJIAMHU
peHTreHoIyopecieHTHON crnekTpockonuu (PD), ckaHupyrOlIei 3IeKTPOHHOW MUKPOCKOIHH,
PEHTIeHOBCKON AU PaAKIINU, HU3KOTEMIIEPAaTypPHOU aJCOPOIMU a30Ta, TEPMOIPOTPAMMHUPYEMOI
necopOunu amMmMHuaka U MeccOaypoBCKOU criekTpockonuu. [IpoBenu uccieaoBaHne CEHCOPHBIX
cBoicTB (epputoB 1o oTHomeHWIO K NHsz u HyS Merogom m3mepeHust 31eKTpOonpoOBOAHOCTH
IPH Pa3IMYHBIX TEMIEPATypax U KOHIEHTPALUAX aMMHAKa U CEPOBOAOPOIA.

AHanmu3 MeccOaypOBCKMX CIEKTPOB IIOKa3aj, 4YTO B 00pa3nax ¢ H30BITOYHBIM
COJICpKaHUEM JKeJle3a MPUCYTCTBYET JBe (a3bl — OOpalleHHas IMUHEIs HUKels coctaBa NixFes.
xO4 m daza F&Os, B To Bpems Kak B o0pasiax ¢ HEJOCTAaTKOM xee3a — ¢dasza mmnuHenn 1 daza
NiO. Mbl M3y4usii CEHCOPHYIO aKTHBHOCTbH JIMHEWKH CHHTE3WPOBAHHBIX MOPOIIKOB (EPPUTOB
NixFes «O4, ( X = 0.5; 0.6; 0.8; 1; 1.05; 1.1c)pasmepamu chepuueckux ariaomepatoB 500-800
HM, pa3MepaMy KPUCTAJUTUTOB (Da3bl CO CTPYKTYpOl mmuHenu 3-17 HM ¥ BEIMYMHOMN yJeIbHOM
noBepxHocTu nopsiaka 20 M2/r IO OTHOIIEHHIO K H,S npu paznuuneix  koHmeHTpanusx: 0,056
ppm, 2 ppm, 4 ppm, 7 ppmNH;3 mpu konuenTpanusx: 3,75 ppm, 7 ppm, 15 ppm, 30 ppm .

[Ipu nerextupoBanuu NHsz u HpS Hambonbinee oTKIOHEHHE, KaK B TOJOXKHUTEIBHYIO,
TaKk U B OTPUIATEIBHYIO CTOPOHY, COCTaBa OT CTEXHMOMETPUH IO >Kele3y MPUBOIUT K
YBEJIMYEHUIO CEHCOPHOT'O CUTHala OTHOCUTENIBHO CTEXHMOMETpUuyHOro obpasua. B To Bpems kak
MPOMEKYTOUHBIE COCTaBbl JEMOHCTPHUPYIOT 3HAYMTEIHLHO MEHBIIUN CEHCOPHBIH  OTKIIHUK.
OnTuManbHbIN OTKIIMK MPU BCEX KOHIIEHTPAIMAX HAaOII0AaeTcs pU TeMIrepaTypax B AMara3oHe
250-350 °C. MBI oOHapyXuiii, 4YTO CEHCOpHBIH curHan Ha HyS Yerko mnomguuHseTCs
KOHIIEHTPAllMOHHON 3aBUCUMOCTHU JJIsi BCEro psiaa obpasuoB. Ho Taxke CTOUT OTMETUTH, YTO
JUTSL CEPOBOIOPO/Ia HECKOJIBKO MOHU3UIIACH HIKHSSI TeMIIepaTypHasi TpaHUIla PerUCTPUPOBAHUS
CEHCOPHOI'0 CHTHaJa: Ul HEKOTOPBIX 00pa3loB curHan peructpuposaics yxe mpu 50 °C.

Iy0aMkanuu CTyAeHTKH:
Honromuua JI.K. Cunmes gpeppumos cocmasa NixFer+yOa 0151 2azosbix cencoposl| Coopuuk
Te3ucoB KoHpepeHunu " Jlomonocos - 2012" , r. MockBa, 9-13 anpeas 2012 r.
http://lomonosov-msu.ru/archive/Lomonosov_2012/¥8@homaterials_all.pdf
Hoxaromuna JI.K. Cunmes gpeppumos cocmasa NixFe€r+,Os 012 2azosvix cencoposl! Te3ncnl
JOKJIAIOB HAa CTyleHYeckol HayyHoii koHdepenumu B 2011 1., c. 18,
http://www.fnm.msu.ru/documents/8/Sbornik_2_kurssénestr 2012 _final.pdf
[onrommua J1.K Kucromuo-ocnosuwie ceoticmea gpeppumos cocmasa NixFer+yOa 0ns cazosvix
cencoposll Te3ncsl TOKJIAIOB HA CTy/leHYecKOoil HayYHOoii kKoH(epenuuu B 2011 r., c. 21-
22, http://www.nanometer.ru/2012/07/11/tezisi_27347#8lht
Honronmuna JI.K Cencopnvie ceoticmsa gpeppumos cocmasa NiyFeg yOyll Tesncbl noknanos

Ha cTyJAeHYecKoil HayyHol koHdepenuuu B 2013 1., c. 41-43,
http://www.nanometer.ru/2013/02/12/conference 329n|
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Effect of modifierson the propertiesof Li;.,V30g cathode materials
Tebenkov P.V.
Supervisor: Ph.D., Assoc. prof. Brylev O.A.

Lithium-vanadium bronze Li\V3Og takes up a special place among the cathode
materials for lithium-ion batteries, its structusestable in a wide range of Li concentration.
These materials can be prepared by conventionad stdte synthesis or using methods of
"chimie douce”.

It is well known that the particle size directlyfedts the electrochemical characteristics
of cathode materials, and the freeze-drying (FE2hmique allows the cathode materials with
small particle size and enhanced electrochemicdbqmeance to be obtained. Up to now, this
method has been rarely used for the preparatiolittutim - vanadium bronzes. Thus, the aim of
this work is the cryochemical synthesis of lithiumranadium bronzes LixV30s. Also, in the
synthesis procedure we used polyethylene glycoG)PEith various molecular weights, CuyCl
and ZnCj} as modifiers. CuGland ZnC} were added to the samples of lithium vanadium zgon
using the cryoimpregnation.

The starting Li««V30g materials were prepared from the aqueous solwtidm pH=8
containing LINQ and NHVO3;. The mass content of modifiers was varied fromo 20%. Heat
treatment of materials was performed at 450°%65Qdwelling time = 10h). The resulting
materials were investigated by X-ray diffractionasning electron microscopy, thermal analysis
and galvanostatic cycling.

According to the XRD, LiyV30s samples obtained without addition of modifiers ever
single-phased at pH = 8. According to the scanretextron microscopy, the particle size
decreased with increasing pH value. When addedepiofiene glycol as a modifier and a
template, the smallest particle size was observeehwhe content of PEG (2000g/mol) was 2
mass % # 200nm * 450nm for the sample obtained by anneaiing56C). Studies using
galvanostatic cycling showed that the addition ofypthylene glycol increased the initial
discharge capacity (258 mAh/g for the sample with REG (2000g/mol) and 163 mAh/g for the
sample without PEG (current C/10)), but the stgbibf these materials deteriorated upon
cycling (148 mAh/g for the sample with 2% PEG (26@0ol) and 165 mAh/g for the sample
without PEG after 10 cycles (current C/10)). Appdine this effect was due to the different
morphology of the obtained materials.

In case of adding Znglthe particle size increased compared with theistamaterial €
700nm * 250nm ané 4 um * 900nm for the samples obtained without &aldiof ZnChL and
10% ZnC}, respectively). In future we plan to analyze tlecochemical characteristics of the
samples obtained by the addition of Cu@d ZnCj.

Biausinue MoaupuKaTOpoOB HA CBOMCTBA KATOAHbIX MATEPHAJIOB
Ha ocHoBe Li1,V3O0g

Tebenwvkos I1.B.

PykoBoautenb: K.X.H., 1ou. bpsuieB O.A.

Ocoboe MecTo cpeau KaTOAHBIX MaTepUaloB sl JUTUH-MOHHBIX AKKyMYJISTOPOB
3aHUMAIOT JIUTHH-BaHaaUueBbie OpOoH3bI cocTaBa Lij+xV30s, CTPYKTYpa KOTOpPBIX YCTOWUYHBA B
IIMPOKOM HWHTEpBAJe KOHIEHTpamuid nuTHua. JlaHHble MaTepuanbl MOTYT OBITh IMOTYYEHBI
TBep10(a3HBIM METOJIOM, & TAKXKE C UCIIOJIb30BAHUEM METOJIOB «MSTKOM» XHUMHUH.

W3BecTHO, 4YTO pa3Mep 4YacTHI[ HETMOCPEICTBEHHO BIMSIET HA JJICKTPOXHUMHUYECKUE
XapaKTEPUCTHKN KATOIAHBIX MAaTepHAlIOB, a WCIOJb30BAHUE KPHOXMMUYECKOTO CHHTE3a
IMO3BOJIACT IMOJIYYHUTb KaTOAHBbIC MaTcpHuaJibl C YIYUIICHHBIMU  3JICKTPOXUMHUYCCKUMU



XapaKkTepucTUKamMu. Jlo HACTOSIIETr0 BPEMEHH ISl TIOMYyYSHUS TUTHI - BAHAUEBBIX OPOH3 ATOT
METOJ MPAKTHYECKH HE HCIOJb30Balcs. [103TOMy Ienbio MaHHON pabOTHI SIBISETCS CHHTE3
JMTUN - BaHAIUEBBIX OpoH3 cocTaBa Lij+xV30g ¢ MCIONB30BAaHHEM KPUOXUMHUYECKOTO METO/IA.
Taxoke, IpH CHHTE3€E, B KAYECTBE MOIM(PHUKATOPOB HCITOIB30BAIN MONMUITHIACHIIHKOIb ([1DOT) ¢
pasnuuHoi MosekyssipHoit Maccoit, CUChL u ZnCh. CuCh u ZnCl, 6pu11 106aBIeHbI B TOTOBBIC
00pas3Ibl TUTHI-BaHAIUEBBIX OPOH3 C MTOMOIIBIO METO/Ia KPUOTIPOITUTKH.

[Mpexypcopsbr Lii+xV30g ObUTH MONTy4eHBI U3 BOAHBIX pacTBOpoB coaepxkamux LINO3 u
NH4,VO3 mpu pH 8. MaccoBoe conepkanne mMoaudukatopoB BapbupoBaioch or 2 g0 10%.
TepmooGpaborka matepuanos nposeaena npu 450550°C. (Bpems Boinepxkku 104). [ToayueHnsie
MaTepuaibl OBUIM HCCIECIOBAaHBI METOAAMU PEHTTEHOBCKOW JU(PaKTOMETPUH, PaCTPOBOM
AIIEKTPOHHON MUKPOCKOITUH, TEPMUYECKOTO aHAIM3a U TAIbBAHOCTATHYECKOTO ITUKIHPOBAHUSI.

[To manabIM P®A, o00pasmel, momydeHHbIE 0e3 q00aBiieHHs MOIU(PUKATOPOB OBLIH
onHodazuevMu ipu PH 8.1lo maHHBIM pacTpOBOM AIIEKTPOHHONH MHUKPOCKOIUH, C YBEIMYECHUEM
PH pasmep wactun ymeHbmiaercs. [Ipy BBeIEHUM IMOJMATHICHIJIMKONS B KauyecTBE TEMILIATa
HaMMEHBIIMKA pa3Mep 4YacTul HaOmronaincs mnpu  coxepxkanuu 2% I190(200Q/monb)
(=450am*200am mns obpasia, moaydenHoro npu PH8 u omxure 550°C). Hccnemosanus
METOJIOM  TallbBAHOCTATHYECKOTO [HMKJIMPOBAHMS  TMOKa3ald, dYTO TMpu  J100aBICHUU
MOJMATUIICHTIIMKOJIS YBEIMYMBAETCSl HadaabHas paspsaHas eMkocTh (258 MAu/r mams obpasia
2% T127°(200Q/monb) u 163 MAu/r mis obpasua 6e3 I1DI' (toxk C/10)), HO yxymmraeTcs
CTabMIIBHOCTH MaTepHraia mpu ukaupoBanuu (148 MmAu/r s obpasna 2% I[131'(200G/moins) u
165 mAu4/r nns obpasia 6e3 [I9T mocne 10 ko (tox C/10).910, Mo-BUAMMOMY, CBS3aHO C
paznmuuHOi MOop(doIoTHel MOTydYeHHBIX MaTePUAIOB.

B ciiyuae no6asnenus ZNCh pasmep yacTuil yBeIMIMBaeTCs M0 CPABHEHUIO C HCXOTHBIM
marepuaioM (=700am*250um u ~4Mrm*900uM a1t 00pasoB, monydeHHbIX mpu PH8, 6e3 ZnCh
u nobasnernn 10% ZnC), coorBeTcTBeHHO). B nanbHeiimeM ruiaHUpyeTCss MPOBECTH aHAIH3
IJIEKTPOXMMHUYCCKHX XapaKTEPUCTUK 00pa3IoB, monydeHHbIX mpu godasneraun CUuCh u ZnCl.

IIy0aMkanuu cTyaeHTa:

1. Te6eunkos I1.B. Kproxumuueckuii CHHTE3 KaTOAHBIX MaTepHaioB Ha OCHOBE Liq.4xV30g mist
JUTUI-UOHHBIX akKyMyisiTopos// HayuHno-uccienoBarenbsckas pabora cryaentoB ®HM
MI'Y B 3 cemectpe. Te3uchl 10KIa10B HA HAYYHOH CTy/IeHYeCKOi KoH(epeHun, r. MockBa
2012r.,C.19
http://www.fnm.msu.ru/documents/8/Sbornik_2 kurse&nestr 2012 final.pdf

2. Tebenbkor I1.B. BrnusHue MONMMATUICHIIIMKONS HAa CBOMCTBA KAaTOAHBIX MAaTEpHAJOB Ha
ocuoBe Li1V30g// Hayuno-uccinemoBarenbckass pabora crymearos ®HM MIY B 4
cemecTpe. Te3nchl TOKIAIOB Ha CTyAEHYECKOM HayuyHOW koHpepenuuu, r.Mocksa 2012r.,
C.22http://www.nanometer.ru/2012/07/11/tezisi_2734#8lht

3. TebenrkoB I1.B. Biausuue MonupukaTopoB Ha CBOMCTBAa KaTOAHBIX MaTepHalOB Ha OCHOBE
Li1+xV30g// HayuHo-uccnemoBarenbckass padora cryaearoB ®HM MIY B 5 cemecrpe.
Te3ucsl MOKIag0B Ha CTyJACHUYECKOW Hay4yHOM KoHpepeHumu, r.MockBa 2012 r., C.45
http://www.nanometer.ru/2013/02/12/conference_329@n|
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Synthesis and analysis of substitutional solid solutions of
lithium-chromium and lithium-scandium complex phosphates
Lis2CroxSh¥x(PO4)s and LisSc,,Sh'"',(POL)s

Chumakova V.T.
Supervisors: D.C., Prof. Komissarova L.N., Solovyay.

To date, compounds with similar NASICON-type afdre(SOy)s-type framework
structures are of significant interest. In theiusturesM™ cations move in partially occupied
sites along the channels of 3-D framewavk"(2(204™)s)*"*™ (n = 2-5, m = 2-4) which is built
up fromM Og octahedra an®0, tetrahedra. Electrophysical properties of phaseteustudy
may be improved by partial iso- and heterovalebsstution in the cationic and anionic part.

Samples were synthesized by solid-state reactimmpdunds LIOH*HO, LiNOs,
LioHPOy, NH4HoPO,, (NH4)HPO,, Se0s3, SBOs and (NH).Cr,O; (AR grade or higher) were
used as precursors. Stoichiometric amounts of pgsecsiwere ground under acetone layer, dried
and treated in the air in porcelain, alumina aratipim crucibles in muffle furnace at 400-
1200€ (Li3S6.,ShH" (POy)3) and 400-70@C (Liz2,CraxSh’x(POy)a).

According to X-ray data, LSc.,SB"«(PQ); (treated at 400-9009 and
Li3-2,Cra»Sb’x(PQy); (treated at 400-7009 samples were amorphous. After treatment at@00°
the samples LkB86..SH" (POy); were not single-phase but target phase was a ropfrlt was
stated by comparison between X-ray patterns of Bmpand lithium-scandium double
phosphate. After treatment at 900-1@0Q4rget phase contained little amount of impurities
Single-phase samples were obtained at X200After treatment at 60Q° samples
Li3-2XCr2_beVx(PO4)3 were poorly crystallized and contained impuritiekwever, the target
phase is observed. It is similar to titanium-antipalouble phosphate with NASICON-type
structure. After treatment at 700-900%he samples contained simple phosphates as itigsuri
in addition to the target phase.

Unit cell parameters were determined for majoritysamples which contained target
phase as main one. In all cases changes of celmeders were observed in accordance with
ratio between dopant and replaced cation radiia)X{atterns of 56.,SB"(PQy)s samples
were indexed assuming orthorhombic system althditigium-scandium double phosphate has
monoclinic structure. X-ray patterns ofsLiCr.,Sb’x(PQs)s samples were indexed assuming
hexagonal system. In this case formed target phhads NASICON-type structure though
lithium-chromium double phosphate Hage(SOy)s-type structure.
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Fig.1. Temperature dependence of conductivity f;S¢; =Sk 5(PCy)3

LisScg sShy 5(POy)3 sample was single-phase and suitable for propegsurements.
Ceramic pellets of this sample were obtained byl gokssing with following treatment at the
temperature of synthesis. Density of the ceramis ®8% of theoretical. Measuring silver
electrodes were planted on the flat surfaces opé#ilet by spreading silver colloidal solution in
organic solvent (ethylacetate) and annealing a8d@00onductivity was described by impedance
spectroscopy in the frequency range 2 Hz+2 MHavds 1,7*10° S/cm which is two orders



more in comparison with initial phase. Linear degemce of conductivity on reciprocal
temperature was revealed in the range 20+850 °

Differential thermal analysis (DTA) in case of;8 sShy 5(PQy)3 was carried out in the
range 20-90@ with heating/cooling rate 20°/min. On the DTA cailendothermic effect without
change of mass was observed at TO®dmittedly it can be associated with polymorphous
transition to high-temperature modification. On loogp DTA curve exothermic effect
corresponding to reverse transition was observdovwar temperature (690% which is typical
for such conductors. However it is essentially kigin comparison with initial phase.

Cunre3 n HUCCJICI0BAHUE TBEPABIX PACTBOPOB 3aMEIICHUA HA OCHOBE

CJI0KHBIX (pochaTOB JIUTHUA-XPOMA U JIUTUA-CKAHIUA COCTABOB!
- Vv - 1l
L|3_2xCr2_be X(PO4)3, ngsCz_be X(PO4)3.

Yymaxosa B.T.

PykoBoautenu: a.x.H., mpod. Komuccapona JI.H., ConoBnén O.U.

B HacTosiiiee BpeMsi B KaueCTBE TBEPJBIX AJICKTPOJUTOB MPEICTABISIOT 3HAYUTEIbHBIN
HUHTEPEC COCAUHEHHS ¢ KapKacHbIMH cTpykTypamu Onm3kux TuoB NASICON u B-Fe(SQOy)s. B
HX CTPYKType KaTHOHBI M’ TepeMeInaroTcs MO YacTHYHO 3aCENIeHHBIM IO3HIMSAM B KaHAnax
Tpexmeproro kapkaca (M ™ 2(304™)3)?"3™, (n = 2-5, m = 2-4)¢ocrosimero u3 okrasapos M Og
u TerpadapoB D04 DnekTpodU3UYECKHe CBOMCTBA HCCIAEAYEeMBIX (a3 MOXKHO YJIYYIIUTH,
OCYILECTBIISAS YaCTUYHOE M30- U TETEPOBAICHTHOE 3aMEIICHUE B KATHOHHON M aHMOHHOW YacTH.

OOBEKTHI UCCIENOBAHHS TMONYYHIIN TBEpAO(pa3HBIM METOJO0M. B KadecTBe MCXOIHBIX
PEaKTHBOB UCMONB30BaIK cienyronme coenuuerus: LIOH*H ;0, LiNOs, LioHPO,, NH4H,POy,
(NH4)HPOy, S6Os, SBOs, (NH4)2Cr,0O; kBanudpukaiuu He Hibke 4.70.a. CTEXHOMETPHUUECKUE
CMECH PEarcHTOB MEPETUPAIM IO CJIOEM alleTOHA, 3aTeM BBICYIIMBAIN Ha Bo3ayxe. OTKUT
IPOBOJIWIIA HA BO3AyXe B (pappopoOBBIX, aTyHAOBBIX M IUIATHHOBBIX TUTIISAX B MY(EIBHOHN Medn
npu temmeparypax 400-1200€ (LizS6,SB' x(POy)s) u 400-700€ (Liz.0iCrosSh’«(POs)s3)

[lo pesyiabrataM peHTreHodasoBoro anammsa (PDA) o6pasusl LisSG,Sb' (POy)s,
(omxur 400-900€) u Li 3_2xCr2.beVX(PO4)3 (omxwur mpu 400-700€) ObuTH peHTreHOAMOP(HHBI.
Oo6pa3is Li3SCz_XSH”X(PO4)3 nmociae omkura npu 800T Obutn HeogHO(DA3HB, HO B HHUX
npeobianana menesas (aza. OHa ObUIa yCTaHOBJICHA CpaBHEHHEM AM(paKTOrpaMMm 0Opa3LoB U
nBoitHOTO (hocdara ymtus-ckanaus. [Tocine omxuros mpu 900-1000€ reneBas ¢a3za copepxaiia
HeOoupIMe KondyecTBa npumeceid. OiHodasHbie 00pa3ipl TAKOTo cocTaBa ObLUTH MOTYYEHBI IPU
temneparype omxkura 1200C. OGpasib Li3_2)gCr2_XSbVX(PO4)3 nocite omxura 600C mnoxo
3aKpUCTAJUIM30BaHbl U cojepxainu npumecu. OIHAKO B HUX IMPOCIICKHBATIAch 1ejieBas (asa,
CXO/Hasi ¢ ABOWHBIM (ochaTOM THTAHA-CYpHMBI, KOTOPBIA MO JIMTEPATYPHBIM TaHHBIM UMEET
ctpyktypy NASICON. IMocne orxuros mpu 700-900€ o6pa3mpl Takoro cocraBa, MOMHMO
1eIeBOoi (asbl, CoepIKa MPUMECH MPOCTHIX (HochaToB.

Jliist GonbIMHCTBA 00pa3IoOB, COMEPKABIINX IIeNIeBYIO (pa3y B KaueCTBE OCHOBHOM, ObLIH
paccurTaHbl TapaMETPhI IIEMEHTAPHBIX sSYeeK. Bo Bcex ciryuasx HaOIIOAAINCh 3aKOHOMEPHBIC
U3MCHCHHS MapaMEeTPOB SYEEK B COOTBETCTBHH C COOTHOILICHUSMHU PaIUyCOB 3aMEIIAIOIICTO U
3aMEIaeMoro KaThoHa. PeHTreHorpaMmbl 00pa3IiioB Li3SCz_XSH”X(PO4)3 MPOUHIUIIUPOBATIH B
MPEIIONIOKEHUA OPTOPOMOMYECKOW CHHTOHHMH, XOTs JBOWHON (ocdar muTHs-CKaHIus
KPUCTATU3yeTCs B MOHOKJIMHHOW CHHTOHHMH IPH KOMHATHOHM TeMIlepaType, 4TO JIOKa3bIBaeT
CTa0MIIM3ALUIO BBICOKOTEMIIEPATypHOH oOpTOpoMOUYeckol MoauduKanuu. PeHTreHorpaMmbl
00pasios Li3_2)gCr2_XSbVX(PO4)3 NPOMHIUIMPOBATIM B  MPEAMOIOKEHHH TeKCaroHaIbHOU
cuHronuu. B sTom cimyuae obpasyromuecs meneBbie ¢azpl umenu ctpyktypy NASICON, xors
NBOWHOM (hocdar muTus-xpoma uMeeT CTpyKTypy B-Fex(SOy)s.

OnHoda3HbIM M MPUTOJAHBIM U W3MEPEHUsl (YHKIMOHAIBHBIX CBOWCTB OBbLI 0Opaszerr
Li3Sc sShy 5(POy)3. Ha ero ocHoBe Obliia mosrydeHa KepaMuKa METOIOM XOJIOAHOTO MPECCOBAHMS
C MOCIIEAYIOIIUM OTXKHIOM MPU TemIieparype cuHTe3a. [[JI0THOCTh KepaMHKH COCTaBUIIA OKOJIO



95% ot pentrenorpaguyeckoit IIOTHOCTU. CepeOpsHble W3MEPHUTEIbHBIC 3JEKTPOJbI Ha
KepaMuueckoM oOpasne (GopMuUpoBaNiM HaHECEHMEM KOJUIOMIHOTO pacTBopa cepebpa B
OpPraHMYeCKOM pacTBopHTele (ITHialmeTare) ¢ IMOCIeIyIOUMM OTKUTOM. [IpoBoaAMMOCTD
OTIPENIETISTM METOJIOM CIIEKTPOCKOIIMUA HMITeIaHca B nuama3oHe dactoT 2 ['n+2 MIn. [lpu
KOMHATHOU TEMIIEpaType OHa COCTaBUIIA 1,7¥10" Cwm/cwm, uto Ha sBa MOPSAKA BBILIE UCXOIHON
¢da3pl. bbuta BbIsBIEHA JHMHEWHAs 3aBUCHUMOCThH Jiorapu@ma yAeIbHOM MPOBOAMMOCTH OT
oOpatHoit TemmiepaTypsl (B mpenenax 20+ 350 €).

HccnenoBanme (a3oBbIX mpeBpaiieHnii Ha mpumepe LizSq sSkys(POy)s mpoBoammm
meronoM aupdepeHnmansHoro Tepmudeckoro ananmusa ([ATA) B aumanaszoHe Ttemmeparyp
20-900€ co ckopocThio HarpeBanus u oxmaxaeHus 20°Mun. Ha rpaduke JATA npu 700T
HabOo1aeTcs YHAOTepMUYeCKuit A3(h(HekT 63 N3MEHEHUSI MaCChI, MPEATOIOKUTEIILHO OH CBSI3aH
C TepexoJOM B BBICOKOTEMIIEpaTypHYI0 Monaupuxanuio. [lpyu oxmakaeHun 3HI0TEPMHYECKUN
3pQeKT, COOTBETCTBYIOIIUI OOpaTHOMY mepexoay, ¢Gukcupyercs npu Oosnee HHU3KOU
temneparype (690C), duro xapakTepHO I MPOBOJHHKOB Takoro tuma. OgHAKO OHa
CYIIIECTBEHHO BHIIIIE TIO CPABHEHUIO C HE3aMEIIEHHOH (a30id.

IIy0uKkanuu CTy1eHTKHU:

1. YymakoBa B.T., Cumme3z u ucciedosanue meepovix pacmeopos 3aMeujeHuss Ha OCHOBe
osouinblx  pocghamos  numus-xpoma u  aumus-ckanousll X111 MeHaeneeBckas
KoH(pepenmust MoaoabIX yuenbix, 2013,c. 28, http://www.chemeco.ru/mendeleev/

2. UYymakosa B.T., ConoBrséB O.U., Cunme3s u uccredosarue meépovix pacmeopos sameujenus
H4 OCHOGE CIONCHbIX qbocqbamoe aumMuUsA-xpoma u aumusi-ckanoust cocmasos LizoCro.
XSbVX(PO4)3, Li3SCz_XSb”X(PO4)3// XX MexayHapoanass KOH(peEpPeHIHs CTYIeHTOB,
ACIHUPAHTOB U MOJIOABIX YUeHbIX «JloMmoHocoB-2013», 2013,¢.262,
http://lomonosov-msu.ru/archive/Lomonosov_2013&trire 31 2346.htm

3. UYymaxoBa B.T., Cummes u ucciredosanue meepovix pacmeopos 3ameujeHus Had OCHO8e
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Ligscz-xS)”'x(PO4)3 u LixS)V'Xz(PO4)2(SO4)// Te3uchl OKJAJAOB Ha HAYYHOMH
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4. UYymaxoBa B.T., Hccredosanue ozmodxxcnocmu MOMYMEHUL HOBBIX CROJICHBLX gocghamos
LiyCro,M™(POs)s (M = Mn, Co, Ni) u LizaM"2,S0"%(P0Os)s (M=Cr, S, S) muna
NASICON// Te3uchl n0oK;IaI0B HAa HAY4YHOH CTylAeHYecKoii koHpepenuun «HayuHo-
HCClIeIoBaTeIbCcKasi padoTa cTyaeHToB B 4 cemecTtpe, ®HM MI'Y», 2012c. 23,
http://www.nanometer.ru/2012/07/11/tezisi_2734#8lnht

5. Yywmakosa B.T., ConoBséB O.U., Hccredosanue 6o3modncHocmu cmaduiuzayuu pasiuyHulx
cmeneneu oxkucrnenus Mn, Co, Ni ¢ cmpykmypax crnoscnvix gpocgpamos muna NAS CON//
XIX MexayHapoaHasa KoH(pepeHIUs CTYAE€HTOB, ACMMPAHTOB M MOJIOJAbIX YUYEHBIX
«JIomonocoB-2012», 2012,¢.262,
http://lomonosov-msu.ru/archive/Lomonosov_2012&trire 31_1938.htm
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XVIIl Mexagynapoanasi KOH(epeHIUsI CTYACHTOB, ACHHPAHTOB M MOJIOABIX yYeHbIX
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Production of thin superconducting films of
Ndl_xcaXBaQCU3O7 by MOCVD

Sharovarov D.I.

Supervisor: Senior Scientist Dr. S.V.Samoylenkostitute of High Temperature,
Russian Academy of Sciences

Thin films of high-temperature superconductors (HT8ue to their exceptional
characteristics of the current-carrying at liquidragen temperature (77K), are promising
materials for use in various fields of modern eleenergetics and electronics. The most studied
of the high-temperature superconducting thin filratenials are RB&wO; films, where R is
rare earth element, with the YEagO; thin films being the popular. The rare earth eleine
influences the properties and behavior of HTS fileignificantly, however, this subject is
studied very fragmentarily. The heterovalent dopofgthe superconductors REakO; is
another powerful tool to influence superconductprgperties and growth behavior, since it
affects the concentration of charge carriers antlimgetemperatures in the system. However,
these thin film systems are even less studied itidimidual RBaCusOy thin films with R other
than yttrium.

The aim of the present work was to study the abiiit control certain practically
important characteristics of high-Superconducting films by heterovalent doping d€ican for
rare earth element. To do this, a new volatile demmf calcium Ca(thdgfTMEDA (thd =
2,2,6,6-tetramethylheptandion-3,5, TMEDA - tetranydgthylenediamine) was synthesized,
single crystals of the compound were grown fronusoh and its structure was determined by
the X-ray analysis. With the use of this complexha®ee obtained and investigated thin films of
Nd; xCaBaCusO; solid solutions. (Based on published data andcioadii, we have assumed
that principally calcium atoms replace neodymiurona, However, it is still possible that a
portion of Ca substitutes also for Ba atoms.)

To make single crystals of Ca(thifMEDA compound, the synthesized complex was
dissolved in a mixture of benzene and hexane. Ve asmixture of solvents to regulate the
solubility, since Ca(thdyTMEDA is highly soluble in pure benzene and hexéms# makes the
growth of large crystals difficult. The solvent walsen slowly removed by the gradual
evaporation to the atmosphere from non-tightly etbtibes. The evaporation process typically
took place for several weeks. Thus single crystdlsCa(thd)*TMEDA with the size of
millimeter were grown. They were studied with tiegge crystal X-ray analysis.

To obtain thin films of solid solutions NgCaBaCuw0O; (x = 0.03, 0.05, 0.1), the
calculated amounts of volatilg-diketonates of neodymium, calcium, barium and eoppere
mixed. Thex values were calculated for the initial precurs@arium precursor was used as a
multiligand complex with ortho-phenanthroline. Thaxture was thoroughly triturated in a
mortar and transferred to a laboratory setting ehispr for metalorganic chemical vapor
deposition (MOCVD). As a substrate for the growthtton films we used ribbon with nickel
alloy tape with deposited buffer layers, the ugpeing LaMnQ layer in [100](001) orientation.
The sublimation of precursors was carried out miperature of about 280 and film deposition
took place at 83 and at a total pressure of 5 mbar. After depgmsitihe sample was cooled to
500°C at deposition conditions and then slowly cooledi in an atmosphere of pure oxygen to
room temperature at a rate 100 degrees per hoaw &boling in the oxygen was needed for
complete oxidation of the synthesized HTS film.

Elemental and phase composition of the synthestedplex was investigated by
C,N,H- and X-ray analyses. It is concluded that preduct obtained has the elementary
composition of Ca(thdJTMEDA and contains no significant amount of imgies. Single
crystal X-ray analysis showed that neutral ligandEDA was included in the coordination
sphere of calcium atom and that Ca@#hdMEDA is a compound with a molecular structure.
The resulting thin film of superconductor was alseestigated by X-ray analysis. The analysis



demonstrated that the films were [100](001)-oridnteplicating the structure of the underlying
buffer layer.

As a result of this work, superconducting film obngpositions NdBzZCuOy,
Ndp.oolC& 10BaCusO7, NdpoCa 0BaCwO; and N@osCa oBaCusO; were deposited by
MOCVD process. The films were studied with the ax-rdiffraction analysis demonstrating
their crystallographic texture. These films werdanied with the use of the new synthesized
volatile compound of calcium, Ca(thtfy MEDA, for which single crystals were grown frornet
solution and the crystal structure was determingslitgle crystal X-ray analysis.

ITojiyueHne TOHKHMX IUIEHOK CBEPXIPOBOAHHKOB COCTABA
Nd;.xCasBa,.,L a,Cu3O; merogom MOCVD

Llaposapos /I.H.

PykoBojurens. c.H.c. OMBT PAH, k.x.H. Camoiiiienkos C.B.

Tonkue IJIGHKH BBICOKOTEMIIEpaTypHbIX cBepxmpoBoauukoB (BTCII), 6maromaps
CBOMM HCKJIIOYUTEIHFHBIM TOKOHECYIIMM XapaKTEPUCTUKAM IMPHU TEMIEpaType KHUAKOTO a30Ta
(77K), SBIAOTCS TEPCIEKTUBHBIMH MaTepualiaMH JJIsi MPUMEHEHHUS B PA3IMYHBIX 00JacTIX
COBPEMEHHOU DIJIEKTPOIHEPTEeTUKH M ANEeKTpoHHKU. Hambonee uccrnemoBanneiMu u3 BTCII-
MJICHOYHBIX MaTepuasioB siBisitores TwieHKn RBaCuwsO;, roe R — penko3emenbHBIA 3JIEMEHT.
[Ipu »STOM XOpOIIO W3BECTHO, YTO TETEPOBAJICHTHOE JOMUPOBAHUE CBEPXIIPOBOHUKOB
RBaCusO; mnpuBOAMT K CYIMIECTBEHHOMY HW3MEHEHHIO CBEPXMPOBOISIIMX CBONCTB H3-3a
W3MEHEHUS KOHIIEHTPAIlMU HOCUTENEH 3apsa.

Lenbto HacTosmiedl pabOThl ObLTO M3yYEHHE BO3MOXKHOCTH YIPABJICHHUS HEKOTOPHIMU
IIPAKTUYECKH BAKHBIMU CBEpXIpoBOAAIMMH Xxapakrtepuctukamu BTCII-tuieHok nmocpencTBom
reTepOBAIEHTHOrO JOMHpOBaHMs. [[si 3Toro ObLT CHHTE3HMpPOBAH HOBBIN JIETYy4Hil KOMILIEKC
kanpims coctaBa Ca(thd)*TMEDA (thd = 2,2,6,6ferpamermirentanauon-3,5, TMEDA -
TETPaMETHIITUICHIMAMUH) U UCCIIE0BaHa ero cTpykTypa. C ero UCroyib30BaHUEM MOJTYICHBI U
uccienoBanbl ToHkKe ieHKH coctaBa Nd;CaBaCuwsOy. (Mcexoas U3 mutepaTypHbIX TaHHBIX U
MOHHBIX  PagUycoB, Mbl Ipelnoyiarajy, 4YTO 3aMEIleHHE KaJbLIUeM IMPOUCXOAUT
NPEUMYIIECTBEHHO B TIO3HIIUIO HEOIMMA. )

Jns  monyuenust kpucrtamioB Ca(thd*TMEDA, cHHTE3HMpOBAaHHBIAH — KOMILICKC
pacTBOPSUIH B CMECH O€H30J1a C TeKCAaHOM. MBI HCIIONh30BAIA CMECh PACTBOPHUTENEH, TaKk KaK B
yrcThix OcH3ose U rekcane Ca(thd)* TMEDA oueHb XOpOIIIO pacTBOPUM, YTO 3aTPYIHSAET POCT
KpuctayyioB. Jlamee pacTBOpUTENb MEUICHHO YAANSUICS B aTrMocepy U3 TMPUOTKPHITON
NpoOUPKH B TEUYEHUE HECKOJBKUX Helenb. TakuMm o0pa3oMm ObUTM TOJYYEHBl KPHCTAIIBI
Ca(thd}*TMEDA c¢ pa3smepamu mopsiika MM. J[Is mMOTydeHHs TOHKHAX IJICHOK coctaBa Nd.
xCaBaCuO; (X = 0.03, 0.05pmenmuBaiv pacCUUTAaHHOE KOJIMYECTBO JIETYYUX [3-IMKETOHATOB
HEoJIMMa, Kajiblus, Oapust U Menu. 3HaYeHUs! X PacCUUTHIBAIMCH ISl UCXOAHBIX MPEKYPCOPOB.
Jis OGapusi WMCHONB30BANa PA3HOJNMTAHAHBIA KOMIUIEKC C opTo-heHaHTponmuHoM. Cmech
THIATETIFHO TIEPETUPANM B CTYNKE U MEPEHOCHUIIU B JIO3UPYIOIIee YCTPONCTBO JiabopaTOpHOU
YCTaHOBKHM XMMHUYECKOTO ocaxkaeHus u3 naposoi gassl (MOCVD). B kauecTBe MOAIOKKH IS
pocTa TOHKHUX IUICHOK MCIOJNb30BAIM JIEHThl W3 HHUKEJIEBOrO CIUIaBa C HAHECEHHBIMH
oydepusivE  crosmu. CyGIMMAnuio MPeKypcopoB mpoBoammd mpu Ttemmeparype 250C, a
ocaxknenue ieHku — npu temreparype 830°C u gaBinenuu 5 moap. [locne ocaxaeHus oopasenn
octeiBan B ycmoBusix ocaxaenms no 500C, a sarem oxnaxaancs B arMocepe UHCTOrO
KHUCJIOpOJa O KOMHATHOM TEeMIEPaTyphl CO CKOPOCTHIO 10PC/luac. Meanennoe oxiaxneHue B
KHUCTIOpoJie OBLIO HEOOXOAMMO i obecriedeHust moTHoro okucienus wienku BTCIL.

DOneMeHTHBIH W (Pa30BbIil COCTAaB CHHTE3MPOBAHHOTO KOMILIEKCA OBLT MCCIIEIOBAaH C
nomotnipio C,N,H— u penrreHodazoBoro anammza. CuenaH BBIBOA O TOM, YTO TMOTYyYSHHBIN
npoaykT uMeeT cocraB Ca(thd*TMEDA wu He comepkuT mpumeceil. PEHTTeHOCTPYKTYpHBIH
aHaJIM3 MOHOKpHUCTa/Ula T[oOKa3ajd, u4ro HelTpanbHbld surann [TMEDA  Bxomut B



KoopauHaIMOHHYI0 chepy kambius, u uyto Ca(thd)*TMEDA sBasieTcs MOJEKYJISIPHBIM
coenuHeHueM.  [lojydeHHbIe  TJICHKM  CBEPXMPOBOJHHMKA  HCCIACIOBAIM  METOJAMH
peHTreHo¢a30BOro aHaIU3a.

B pesynbrare mpojenaHHON pabOThI OCaKACHBI CBEPXITPOBOISIINE TUICHKH COCTABOB
NdBaCuzO7, Nty 9dCa,10BaCusO7, Nh,97Ca,08B8CusO7 n Ndy 9sCab 0sBaCusO7, momydeHs! u
00paboTaHbl pe3ynbTaThl pPeHTreHO(]a30BOTO aHanmM3a. A Tak ke 00pabOTaHBl PE3yNbTATHI
peHTreHO(a30BOr0 aHANIM3a M PEHTTCHOCTPYKTYPHOTO aHaju3a Il HOBOTO JIETY4Yero
coeaunenus kanpiusa Ca(thd*TMEDA.

IIyoamkanmm cTyIeHTa:
He npencraBun



Hydrothermal microwave synthesis of new
materials based on cerium phosphates

Shekunova Taisia Olegovna

Scientific advisor:
Baranchikov A.E., PhD

Laboratory for methods of synthesis and diagnostics of nanomaterials,
Kurnakov Institute of General and Inorganic Chemistry,
Russian Academy of Sciences



Hydrothermal microwave synthesis of new materials
based on cerium phosphates

Shekunova T.O.
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Nanocrystalline rare earth phosphates are promisimg conductors (proton-conducting
materials), catalytic and ion-exchange materiats, However development of novel cost-
efficient and environmentally friendly syntheticutes based on soft chemistry approaches for
preparation of such materials is still topical. tRatarly in some cases, phase transformations
and structural evolution of these materials undeirdthermal conditions and heat treatment are
virtually unaddressed. Cerium phosphates are #s Budied among the rare earth phosphates.
This arises from the possibility of Ce(1l) Ce(lV) oxidation-reduction and potential formation
of polyphosphate anions in the reaction system.

The aim of this work is to study the compositiord astructure of cerium phosphates,
synthesized from cerium-containing acidic phosplsatietions under hydrothermal microwave
treatment (HTMW).

Compounds under study were synthesized by thewolpmethod. Nanocrystalline ceria
was dissolved in excess of hot concentrated phogphoid. Next a certain amount of distilled
water was added into resulting solution. Reactioixture obtained was subjected to
hydrothermal microwave treatment at various tempeea (126220C) for 10-120 min.
Chemical composition of solutions obtained by ge&@eraction withHsPO, was investigated
using conventional gravimetric procedures. ;P@ontent was determined by precipitation
reaction with ammonium molybdate; cerium contents wdetermined by cerium oxalate
precipitation. Materials obtained were also invgatitd by means of energy-dispersive X-ray
spectroscopy, IR spectroscopiP-NMR-spectroscopy, thermal analysis, X-ray diffia, and
scanning electron microscopy.

According to X-ray diffraction analysis, powderstained by microwave hydrothermal
treatment (155220C, 10-120 min) of reaction mixtures probably contain twiifferent
crystalline phases. Identification of these twog#saby the data available in the literature as well
as in actual database ICDD PDF-2 was failed. Adogrdis -
to our preliminary conclusions one of these phas@sbe %
described by the following parameters=7.94 A, B8
b=12.38 A, c=10.71 A, p=109.84. The second phagiy
resembles a highly textured phase with one paranoétg
10.5 A. It should be noted that the variation
temperature and duration of hydrothermal microwd
treatment has not effect on the composition oftsgsized
powders. Two-phase nature of the samples was
confirmed by scanning electron microscopy. Figlehdy
shows that samples consist of two-dimensional lamifi
crystals as well as needle-like particles abou2@ nm | Fig. 1. SEM-image of powde
lenght which are combined into 0.5:&h diameter wheel-| obtained under HTMW-treatment
like aggregates. According to IR- and'P-NMR
spectroscopy, samples contain orthophosphate dgghpsphate (fOy, x=3-5, y = 9-6) anions
in their structure.

To date, compounds synthesized have not been fidenyiet. In the nearest future we
plan to conduct additional measurements using relediffraction and®'P-NMR-spectroscopy
of solid powders. Furthermore, experiments on vanaof the reaction mixture composition
(molar ratio of water to phosphoric acid) will barged out in order to obtain one of the
unknown phases in the pure form.
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I'maporepMajibHO-MUKPOBOJIHOBOW CHHTE3 HOBBIX MATEPUAJIOB
Ha ocHOBe (pocaToB Hepus

Llexynosa T.0O.

PykoBonutens: K.X.H., CH.C. bapanunkoB A.E.

Hanokpucramnmmuyeckue marepuansl Ha OcHOBe (ocdaroB P3D mepcrekTHBHBI JUis
UCIIOJIb30BAHUS B KAUE€CTBE MOHHBIX MPOBOIHUKOB (IPOTOH-MPOBOISIINX MATEPUAIIOB), @ TAKIKE
B COCTaBE KaTaJU3aTOPOB, MOHOOOMEHHBIX MeMOpaH M T.n. B TO ke Bpems K HacTOSIIEMY
MOMEHTY pa3paboTKa HOBBIX METOJOB TOJYYEHHUS [aHHBIX MaTepHalioB, OCHOBAHHBIX Ha
UCTIOJIb30BAaHUM HSKOHOMHYHBIX W S3KOJOTMYECKH O€30IMacHBIX IOJXO0B MSATKOW XUMUH,
OCTaeTCd aKTyaJlbHOM 3amauveid. B 4acTHOCTH, 3TO CBS3aHO C HEJOCTATOYHOM H3Y4EHHOCTBHIO
($a30BBIX TpEeBpalleHUl M SBOJIOLMU CTPYKTYphl YKa3aHHBIX MAaTEpHUaloB B YCIOBHUAX
TUAPOTEPMATBHOM U TepMUUYeCKor o0paboTku. Hanmenee nzyueHasiMu u3 psiga pocharos P30
OCTAIOTCSl COCTUHEHHUS Iepusi. DTO OOYCIOBIEHO BO3MOXHOCTBIO NMPOTEKAHUS OKUCIUTEIBHO-
BoccranoButenbHbix  peakmuii  Ce(lll) o Ce(lV), a Ttakke mporeccoB o0pa3oBaHUs
nosmdochaT-aHUOHOB B pEaKITMOHHOU cpejie.

B cBsI3M ¢ 3THM, LIENbI0 HACTOAIIEH pabOThl SABISETCA M3YyYCHHUE COCTAaBA U CTPYKTYpPHI
dbocdaroB 1epus, MOIy4aeMbIX U3 epuiicoaepkamux GochOPHOKHUCIBIX pACTBOPOB B YCIOBUSIX
THIPOTEPMAILHO-MHKPOBOIIHOBO 00padotku (I'TMB).

Meton monydeHUsT UCCIENYyeMbIX COEIMHEHUH BKIIOYal B ce0s pacTBOpPEHHE
HaHOKPHUCTANIMYECKOTO  TUOKCHIA Lepus B U30BITKE TopsA4Yel  KOHIEHTPUPOBAHHOU
oprodochopHO KHUCIOTHI C TOCIHEAYIOIMMM J00aBIEHHUEM B TIOJIYYEHHBIH pacTBOP
OTIPENIeJIEHHOT0 KOJHMYECTBA TUCTUIUIMPOBAHHOM BOJIBI M THUAPOTEPMAIbHO-MHUKPOBOJIHOBOU
00pabOTKH peaKIIMOHHOW CMECH TIPH Pa3IMYHBIX TeMIIepaTypax (12(}2200 C) B teuenune 10-120
MUHYT. /)1 onpeiesieHnss XUMUYECKOT0 COCTaBa pacTBOPOB, MOTYYaeMbIX IPU B3aUMO/ICHCTBUU
CeQ ¢ H3PO,, wucnomp3oBanmm MeToabl TpaBUMETpuueckoro aHamms3a. CopaepkaHue PO43'
OTIpEeNIeIISTN OCaKJICHUEM MOJHOJaTOM aMMOHHMS, COJCpKAHUE IIEpUsl - OKCAIIATHBIM METOJIOM.
Kpome »sToro wucnonp3oBagd METOABI PEHTIEHOCIEKTPAIbHOrO MHUKpoaHanu3a, HK-
CIIEKTPOCKOIINH, HMP-31P-cneKTpOCI<onnH, TEPMUYECKOT0 aHaJIN3a, pEHTTeHO(a30BOr0 aHAIIN3A
Y PacTPOBOM AJIEKTPOHHON MUKPOCKOITHH.

B pesynbrare rugporepMaabHO-MUKPOBOJIHOBON
o6pabotku (155-220C) B Teuenne 10-120 munyT GbLIH
NOJYyYEeHbl  TOPOIIKH, KOTOpbIE 1O  JIaHHBIM
peHTreHoa3zoBOoro aHanusa, SBISAIOTCA, MO-BUAMNMOMY,
nByxdasusiMu. Ilpu 3TOoM, maentudukanmio odenx ¢as
0 HMMEIOIIUMCA B JIUTEpaType HaHHBIM, a TaKXke TIO0
akTyanbHOll Oa3e nanubix ICDD PDF-2 npoBectu He
ynanocb. Ilo mnpenBapuTenbHBIM OLIEHKAM, OJHA U3
MOJIyYEHHBIX da3 UMeEET CTPYKTYpY C T A JNATRT
napamerpamu: a=7.94 A, b=12.38 A, ¢=10.71 A, E— e
f=109.84, a Bropas (asa HAMOMUHAET CHJIBHO E—

TEKCTYPHUPOBAHHYIO (1)33}’ C OJHMM H3 MapaMETpPoOB | Pyuc. 1. MI/IKpO(I)OTOI‘pa(bI/IH
~10.5 A. Ormerum, uro BapbUPOBAHHUC TEMIIEPATYPHI U | opoIIKa, TOTy4eHHOTO B
IIPOJAOJIKUTEIIBHOCTH FPII[pOTepMaJ'II)HO'MI/IKPOBO.TIHOBOI\/'I pe3ynbrare FTMB-06p3.6OTKI/I

00paboOTKM TPaKTHYECKH HE CKa3bIBaeTCs Ha (Pa3oBOM
COCTaBe IMOJy4YaeMbIX MOPOIIKOB. JIByX()a3HOCTb MOIYy4EHHBIX O0Opa3lOB MOATBEPXKAACTCA
METOJIOM PacTPOBOI AIEKTPOHHOM MuKpockonuu. Ha mukpodororpadusx (Puc.l) xoporro
BUJHBI JIByMEPHBIC IJIACTUHYAThIE KPUCTAILIBI, a TAK)KE€ UI0JIbYAThle YaCTHUIbl JUIMHOM OKOJIO
200 uM, oObeIMHEHHBIE B arperatbl Kpyrioit gopmel pasmepom 0.5-2mkm. Ilo nanasim K- u
}IMP-31P-cneKTpoc1<onHH B COCTaB MOJy4YeHHBIX (a3 BxomsaT oprodocdar- u monudocdar-
(PxOy, x=3-5, y=9-16) aHHOHBI.



K HacTosilieMy MOMEHTY BBINOJIHEHUS JAHHOW pabOoThl MACHTU(PHUIUPOBATH OJTYYEHHBIE

COoeIMHEHUs He yhanoch. Jns sToro B Onmkaiiliee Bpems NpeanojiaraeTcs MPOBECTH
JIOTIOJTHUTEIIbHBIC MCCIIEOBAHUS TIOPOIIKOB METOAAMHU JJIEKTPOHHOM AU(paKIMM, a TaKKe
TBEPAOTEIBHOMN HMP-31P-cneI<Tp0c1<onm/I. Kpome Toro, ¢ nienpio nmomydeHus a3 B 4uCTOM BUJE
OyAyT MPOBEJCHBI 3KCIIEPUMEHTHI 10 BapbUPOBAHUIO COCTaBa PEAKIIMOHHOW cMmecu (MOJIbHOE
COOTHOIIIEHUE Bo/a: opTohochopHas KUCIOTa).
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Preparing and properties of MoS, nanosheets and thin films
Shlenskaya Natalia

Tutor: Ph.D., associate prof. Vasiliev R.B., Faculty of materials science

Controlling the characteristic features of semiconductor nanoparticles — their morphology, size
and shape is critically important for achieving certain properties. It has been known that 0D, 1D and
2D structures have quantum size effect. In addition to properties caused by quantum size effect,
two-dimensional systems offer high mobility of charge carriers and transition from indirect to direct
band gap as a result of achieving nanoscale dimensions. Therefore, 2D nanostructures could be used
in a large number of diverse applications - solar cells, transistors, photodetectors, etc. This work is
aimed at construction of photodetectors based on two-dimensional semiconductor nanoparticles.
Currently, the main problem is an preparing thin films on isolating substrate based on
semiconductor nanosheets.

There is a whole class of layered semiconductor compounds. One of them is MoS, which is
interesting due to its optical properties and high mobility of charge carriers. Layered structure of
bulk MoS, makes it possible to obtain two-dimensional particles using chemical exfoliation method
(«top-down methody). This method is based on mechanical splitting of material's layers using the
chemical reaction product released (eg. Hy). Chemical exfoliation has a number of advantages over
other synthetic methods: it’s a reproducible wet-chemical synthetic method which permits preparing
substantial amounts of homogeneous particles.

Synthesis of MoS, nanosheets consists of several stages: lithium intercalation of bulk MoS;;
interaction of intercalate with water; purification of obtained colloidal solution. N-butyllithium
previously dissolved in hexane was taken as a reagent for intercalation. Purification of the solution
implies firstly getting rid of unexfoliated particles via centrifugation at low speed and secondly
washing solution of the excess alkali. Ultimately, the colloidal solution of MoS; nanosheets
stabilized by electrical forces (each particle has a negative charge) was obtained. MoS, based thin
films can be prepared on glass via interaction of negatively charged particles and positively charged
polymer — PDDA (polydiallyldimethylammonium chloride) absorbed on the glass surface. As a
result, a fairly uniform film of nanoparticles is formed on isolating substrate. However, prepared
thin films were based on metal MoS, nanoparticles. Phase transition MoS; from semiconductor to
metal phase occurs due to lithium intercalation. And annealing at 100 C for 1 hour permits reverse
transition from metal to semiconductor
phase.

TEM and XRD methods confirm
morphology and phase composition of

after annealing at 100°C MoS; nanoparticles. Nanosheets' thickness
/ varies from 0.4 to 0.7 nm, size varies from
100 to 700 nm. MoS, nanoparticles and

thin films on glass before and after
annealing were studied by using optical
spectroscopy method. Optical absorption
spectra of nanosheets after annealing have
exciton transition from d-level of MoS,.
Spectra of nanosheets before annealing

0,10

0,06

0,04 - before annealing

Absorbance (a.u.)

0,02

w0 s e 70 s correspond to metal phase of MoS;
Wavelength, nm particles (Fig.1).
Fig.1: Absorption cpectrum of MoS, thin film Therefore, stable colloidal solutions

of MoS; nanosheets in water were obtained.
The thin film deposition method on glass was developed. This method is fairly simple and quick in
realization. In the future we plan to develop sensibilization methods of QDs on the surface of
obtained MoS; thin films, as well as the study of the properties of such heterosystems.



ITosryyeHnue U CBOICTBA HAHOJIMCTOB MOS; M TOHKHX IJIEHOK HA X
OCHOBE

Inénckas H.H.

PykoBoauTenb: K.X.H., 1o1leHT BacunnreB P.b., DHM

Konrpons Mopdonoruu u  pa3MepoB MOIYNPOBOJAHUKOBBIX HAHOYACTHIl JAET
BO3MOXXHOCTb MOJy4YaTb CTPYKTYpbl C TEMHM WIM HHBIMH 3JIEKTPOHHBIMHU CBoiicTBamu. B
Hacrosiiee BpeMsi Takue cuctembl, kak kBaHTOBble TO4kU (KT), TeTpamoasl, KBaHTOBbIE
CTEep>KHHU, 00JaJaloye YHUKAIBHBIMUA ONTORJICKTPOHHBIMU CBOMCTBAMH, U3yUYEHBI JOBOJBHO
noapo6Ho. OnHaKO, MOMHUMO HOJBMEPHBIX W OJHOMEPHBIX CTPYKTYpP CYIIECTBYIOT TaKKe
IBYMEpHbIE cHCTeMBbl, KoTopble Hapsany ¢ KT Ttakke o0071amaioT KBaHTOBO-Pa3MEPHBIM
spdextom. bomee Toro, mpm mepexome K HaHOpa3MepaM TOSBISETCA psl CBOWCTB,
XapaKTEepPHBIX I IBYMEPHBIX CTPYKTYP - BBICOKAs ITOJABMKHOCTh HOCUTENEH 3apsiia, epexon
U3 COCTOSIHUS HENPSIMO30HHOTO TMOJYNPOBOJHUKA B MPsAIMO30HHBIN. Takum o00paszom,
JByMEpPHbIE HAHOCHUCTEMBI MOTYT HAWTH LIMPOKOE NMPUMEHEHHWE B TAaKMX YCTPONCTBAX, Kak
COJIHEYHBIE OaTapeu, TPaH3UCTOPHI, (oToaeTekTopsl U T.A. JlaHHas paboTa HampaBiieHa Ha
co3anue (OTONETEKTOpa Ha OCHOBE KBa3HIBYMEPHBIX MOJIYIPOBOJIHUKOBBIX HaHO4acTull. Ha
TEKyLIeM JTale OCHOBHOM 3ajayeil  sBisieTcsd IOJIy4eHHE TOHKUX IIJIEHOK U3
MIOJIyIIPOBOIHUKOBBIX HAHOJMCTOB HAa HEMPOBOAALIEH MOJIOXKKE.

CymecTByeT LENbl KJIacC CIOMCTBIX IOJIYIPOBOJHUKOBBIX COEIMHEHUH, OJHUM W3
IIPEICTaBUTENENH KOTOPBIX sIBisieTcss M0S;. T0 COeIMHEHNE UHTEPECHO CBOUMHU ONTHYECKUMHU
CBOMCTBAMM, a TaKK€ BBICOKOM IOJBMKHOCTBbIO HoOcHUTened 3apsana. Cioucras CTpyKTypa
00beMHOr0 MoOS, TO3BOJSET IMONyYaTh KBa3HIBYMEpPHBIC YacTUIBI METOJIOM XHMHYECKOM
skchonuanuu (TMOAXO0J] «CBEpXYy-BHHU3»). JlaHHBII MeTON OCHOBaH Ha MEXaHHYECKOM
pacIlEeNIeHUH CJI0E€B MaTepHralla ¢ IIOMOILBIO BBIJEISIOIIEr0Cs IPOIYyKTa XUMUYECKON peakuu
(marmpumep, BoieneHue Hy). Xumuueckas sxcdonmanus obnagaer psaoM NpeuMyIIecTB nepes
OCTaJbHBIMU METOJIaMU CHHTE3a: 9TO XOPOILO BOCIIPOU3BOIMMBII pacTBOPHBIM METOJ CUHTE3A,
MIO3BOJIAIOIININ NIOJy4aTh 3HAYUTEIbHbIE KOJIMUECTBA TOMOTEHHBIX YaCTHL.

[TonyyeHne HAHOJHMCTOB AUCYIb(GUAA MOJMOIEHA COCTOUT U3 HECKOJIBKUX 3TaIoOB:
MHTEPKOTAIUS 00beMHOr0 MoOS; IUTHEM; B3aWMOJCUTBHE WHTEPKOJATA C BOJMOM; OYHMCTKA
MOJIYYEHHOTO KOJUIOMJIHOTO pacTBOpa. B kauecTBe peakTuBa JJIsi MHTEPKOJISLUU ObUT B3ST H-
OyTHWJUIMTHUI, pacTBOPEHHBIH B rexcane. O4mMcTKa pacTBOpa 3akKiOvajach B M30aBICHHHU OT
HEPACIICTUICHHBIX KPUCTAJUIOB AUCYIb(UAa MOTUOICHA TyTeM HEHTPU(YTUPOBAHUS HAa MaJIbIX
o0opoTax, a TakKe B OTMBIBKE PacTBOpa OT JHUINHEH menoun. B pesynprare ObuT moiyyeH
KOJJIOWAHBIN pacTBOp JBYMEpHBIX HaHOUYacTHLl MoS;, CTaOWJIM3UPOBAHHBIX C TOMOIUIBIO
AJIEKTPOCTATUYECKOTO B3aUMOJCHCTBUS — KaXAas dYacTulla o00JafaeT OTpULATEeIbHBIM
3apsgoM. [lodyuyeHue TOHKMX IUIEHOK HAHOJIMCTOB Ha CTEKJIE OCHOBAaHO HAa XHMHUYECKOM
B3alMOJCHCTBUM OTPHULATEIBHO 3apsDKEHHBIX 4YacTHLl MOS; U IMOJIOKHUTEIBHO 3apsKEHHOTO
noJuMepa — MOJIH(IUMETWIIHAIUTHIAMMOHUM XJIopua), ancopOMpOBaHHOTO HA TTOBEPXHOCTH
crekia. B pesynbrare ¢opmupyercs AOCTaTOUYHO OAHOPOJAHAS IUIEHKAa HAHOYACTUI[ Ha
U30JIUPYIOILEH ITOUIOKKE.

[Tonyyennble HaHOMUCTHI MoOS, ObuM H3yuyeHBl MeTogOoM IIOM U 3IeKTPOHHOM
IuQpakiuy, KOTOpbIe MONTBEPAWIN ABYMEpHYIO Mopdojoruio #u (a3oBbii  COCTaB
HaHovacTHll. ToNIIMHA HAHOJIUCTOB JEXKUT B y3KOoM auanazone 0.4 — 0.7 HM, oHAKO pa3mep
Bapeupyetcs ot 100 o 700 HM. MeTo0oM ONTHUYECKOW CHEKTPOCKOMUU TMOTIIOMICHUsT ObLTH
M3y4YeHbl 00paslibl YacTHUI] B PacTBOpE, a TakkKe IUIEHKW Ha CTEKJEe MO M mocie orTxura. Ha
CIEKTpax MOTJIOIIEHUS, CHATHIX MOCIIE OTKUTA, BUJCH SKCUTOHHBIN niepexoa MoS; ¢ d-ypoBHs,
B TO BpEMs KaK CIEKTpbI, CHATBHIE O OTXKUIA, COOTBETCTBYIOT METAJNINYECKOMY COCTOSIHUIO
HaHouacTull (puc.l). Ilepexox mnomympoBogHHKOBOro MoS, B METAIUIMUECKOE COCTOSIHHE



IPOKCXOMUT B MPOLIECCE MHTEPKAIALMU JIUTHs, 0aHako oTkura npu 100°C B TeyeHue yaca
JOCTaTOYHO Uil 00PAaTHOTO MEePeX0/1a YaCTHIl B MOTYIIPOBOJIHUKOBOE COCTOSIHUE.

Takum o00pa3oM, OBUTH YCHEIIHO CHHTE3WPOBAaHBI CTAOWIIBHBIE 30JIM JIBYMEpPHBIX
HaHouacTUIl MoS; B BoJie, a TaKKe MPEAI0KEHA METOAMKA IIOJYyUEHUSI TOHKUX IUIEHOK JaHHbBIX
YaCTUI] Ha U30JUPYIOIIEH MOATOXKKE. DTa METOMKA SIBJISICTCS JOCTATOYHO MPOCTON U OBICTPOI
B peanuzanuu. B jpanpHeilnieM miaHupyeTcs pa3paboTka METOIMKH CEHCHOMIM3aLUU
KBAHTOBBIX TOYEK Ha MOBEPXHOCTH FOTOBOW IJICHKM HAHOUYACTHIl JUCYIb(uaa mMonaubieHa, a
TaK)K€ U3y4YEHUE CBOMCTB TaKUX I'€TEPOCUCTEM.
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Puc. 1: Onmuveckulii cnekmp noai0ujeHust, CHimolll ¢ naeHku MoS2 Ha
CMeK/ISHHOU N0d103cKe do U hoc/e omcuada
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	Шлёнская рус.pdf

	000 Во время научной конференции



