Xumnuecknu pakyasrer MI'Y um. M.B. JlomoHocoBa
®dakyabTeT HayK 0 marepuasgax MI'Y um. M.B. JlomoHocoBa
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IIporpaMMHBbIil KOMUTET

Conpeacenarenu: KaambikoB Ctenan Hukos1aeBuy
I.X.H., akaneMuk PAH, Xumuueckuit paxynasrer MI'Y
leBesbkoB AHapeit BiragumupoBuy
I.X.H., wieH-kopp. PAH, Xumuueckuii paxynsrer MI'Y

Yi1eHbI IPOrPpaMMHOI0 AnTnnos Esrennii Buxkroposunyu
KOMHUTEeTA: I.X.H., wieH-kopp. PAH, Xumuueckuii pakynprer MI'Y

I'ynunaun EBrenmii AjiekceeBu4
J.X.H., wieH-kopp. PAH, ®DHM MI'Y

Ka3un IIaBesa EBrenseBuu
I.X.H., pod. Xumudeckuii pakyaprer MI'Y

Kayab Anapeii Pagpannosuu
I.X.H., Ipod. Xumuueckuii paxynprer MI'Y

Jlykamun AJiekceil BUKTOpoBHY
I.X.H., wieH-kopp. PAH ®HM MI'Y

Pomanuyk Anna IOpbeBHa
K.X.H., C.H.c Xummueckuit pakymnprer MI'Y

OpraHu3anMOHHbII KOMUTET

Mopo3sos Urops Bukroposuu

IIpencenarenn: 9
peaced J.X.H., npod. Xumunyeckuit ¢pakynprer MI'Y

Yi1eHbl OPraHu3alOHHOI0 BoJukoBa Tarbsina bopucosna
KOMHTeTa: k.x.H. OO0 “MECOJI”

I'nazynoBa Tarpsina IOpbeBHa
K.X.H., CT. Iipen. Xumudeckuil paxynprer MI'Y

I'onyapenko Bukropust EBrenbesna
®dusuk 1 kateropun, @usnueckuii paxkynsrer MI'Y

3eiinerauHoBa I'annsa PamuToBHa
Xumnueckuit pakynprer MI'Y

JInxanoB Makcum CepreeBnu
K.X.H., H.C. Xumuueckuii pakynsrer MI'Y

IToseBuk Asiekceit OJieropu4
acnupanT, Xumuueckuil pakyinpter MI'Y

Hymuxuna Oabra CepreesHa
acnupant, XuMmudyeckuit ¢pakynsrer MI'Y

dénopoBa AHHA AJIEeKCAHIPOBHA
K.X.H., TOIeHT. Xumudeckuii paxynprer MI'Y

OTBeTCTBEHHBIH CEKpeTaphb: Bopo0néBa AHHa AHIpeeBHA
UHXeHep, Xumudyeckuit ¢pakynprer MI'Y

KoHTakThI:

Web — caiit koHpepeHIun www.apinch.ru

DNEKTPOHHBIN ajpec: apinch.inorg@gmail.com
head@inorg.chem.msu.ru
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Hentpansnas tema XXII Bceepoccuiickoli koHGEpPEHIIMM MOJIOABIX YYEHBIX
«AKTyaJIbHbIE NPO0JIEeMbI HEOPTAHNYECKOM XMMHHU: IHEPIrUs+» — XUMUYE-
CKHE€ aCIEKThl pa3pabO0TKH MEPCTIIEKTUBHBIX, CHIDKAIOIIUX aHTPOTIOTE€HHOE BO3-
JIEHCTBHE HA OKPYKAIOIIYIO CPEly CIIOCOO0B reHepUpOBaHus U TpaHChopMaluu
SHEPrUM, K KOTOPBIM OTHOCUTCS BOJOPOJHAs, COJIHEUHAA U sICpHAasl dHEpre-
THKa, TOIJIMBHBIC 3JEMEHTHI, (POTOTaJbBAHUYECKUE, TEPMOIICKTPUUYECKUE U
AIEKTPOXUMHUYECKUE UCTOUHUKHU TOKA. B JEKIUAX BEAyIIUX POCCHICKUX y4de-
Heix MI'Y um. M.B.JlomoHocoBa, By30B Poccuu, uncturyroB PAH Oyayt
TaK)Ke 3aTPOHYTHI BOIIPOCHI U3aiiHAa MaTEpPUAJIOB JJIsS MPeoOpa3oBaHus U Tiepe-
Jla4yd SHEPTHH, A TAKIKE PACCMOTPEHBI HEKOTOPBIE COBPEMEHHBIE METO/IbI UCCIIE-
JIOBAHUS HEOPTaHMYECKUX BEIIECTB C MPUMEHEHUEM CUHXPOTPOHHOTO U3ITyye-
HUSL.

TpaauImoHHO HAPSTY C JIEKIIMOHHOM YacThl0, KOH(EPEHITUS BKIIOYAET CTEHIO-
BYIO CECCHIO PabOT MOJIOABIX YUEHBIX M KOHKYpPC Ha Jy4llIue CTEHIOBBIC JO-
KJIaJlbl, TOOEAUTEIN KOTOPOTO BBICTYIAT C KPATKUMH YCTHBIMH COOOIIEHUSIMU
O pe3yJibTaTtax CBOeH padoThI.



INPOI'PAMMA KOH®EPEHIINAU

IsaTauna 10 HosiOpsa

12:40 Otwe3n oT 37aHusg XUMMHUYECKOT0 haKkyapTeTa

15:30 - 17:00 Perucrpanus, nmocenenue, kode, gai

17:00 Top:kecTBeHHOE OTKPbITHE KOH(epeHITHuH

17:10 - 17:50 I.X.H., wieH-kopp. PAH IlleBesibkoB Anapei Biaaaumuposuy

Jlexims 1 3aB. Kadeapoil HEOPraHMYECKON XUMHH XUMHUECKOro (paKyapTeTa
MI'Y um. M.B.JIomoHOCOBa
Heopeanuueckue knampamel — om 9CmemuKky KpPUCMALIUYeCKUx
CMPYKMYp K MePMOINIeKMPULECKUM MAMEPUATLAM HOBO20 NOKOIEHUS

17:55 - 18:35 K.X.H., 10o1. beaoycos IOpuii AjlekcaHapoBu4

Jleknus 2 kKadenpa HeOpraHUYeCKOH XUMUHU XUMHU4YecKoro akyiabreta MI'Y
uM. M.B.JlomonocoBa
Mexanuzmbl OMKIUKA 8 TIOMUHECYEHINHBIX CEHCOPHBIX MAMEPUanNax
HA OCHOBE MOHO- U OUMEMAIIUYeCKUX KOMNIEKCO8 IaHMAHUOO08

18:40 — 19:00 [TepepsiB, Kode, yait

19:05 - 19:45 K.X.H., 1o1ieHT [leTpoB Baagumup I'ennaabeBuy

Jlexims 3 3aB. 1abopaTopueil 103UMETPUU U PATUOAKTUBHOCTH OKPY KaroIen
cpenbl kadeapsl paanoxuMun XumMudeckoro gakyiapreta MI'Y um.
M.B.JIomonocoBa
Xumuyeckue acnexmul 10epHOU dHep2emuKy

19:50 — 20:05 [TpesenTanus cnoncopa kondepenuuu TBIJI

20:15-21:30

Voxun




Cy600Ta 11 HosiOps1

9:00 - 9:40 3aBTpak

9:45-10:25 n.¢-M.H., B.H.C. [IpecusikoB Urops AJjiekcaHapoBHY

Jlexuus 4 3aM. 3aB. Kageapoil paguoxuMun XumMudeckoro gakynbrera MI'Y
uM. M.B.JlomoHOCOBa
Meccbaysposckasi cnekmpocKOnusi Ha CUHXPOMPOHHOM U3TY4eHUU

10:30 — 11:10 1.X.H., 1pod. LodpoBobckuii FOpuii AnaTosibeBHY

Jlexuusg 5 PYKOBOJIUTENb TPYIIIBI OTAENA (PYHKIIMOHATBHBIX MAaTEPUAIOB JIJIs
XUMHUYECKUX UCTOYHUKOB 3Heprun OULI mpobrem xumuyeckoit Gpu-
3UKU U MeIUIIMHCKOM xumun PAH
Booopoonvie mexnonocuu: om HayuHwvix pazpabomox 00 pbiHKa

11:15-11:35 [TepepriB, Kode, yait

11:40 - 12:20 n.¢-m.H., ipod. PAH OranoB Aptém PomaeBuu

Jlexius 6 3aB. 1abopaTopueil KOMIBIOTEPHOTO qu3aliHa MaTepranoB CKOJIKOB-
CKOI'O MHCTUTYTa HAyKH U TEXHOJIOTUA
IIpedckazanue u 00vsCHeHUEe HOBbIX ABNCHULL U MAMEPUATLO8

12:25-13:05 I.X.H., wieH-kopp. PAH I'yanaun EBrennii AjiekceeBuy

Jlexuwms 7 3aB. kadeapoit HaHoMaTepuanoB PakynbTeTa HAyK O MaTepuantax
MI'Y um. M.B.JIomoHocoBa, ipodeccop kadeapsl HEOpraHUuIeCKon
xumun Xumuueckoro daxynsrera MI'Y um. M.B.JIomonocoBa
Mamepuanvl 01 mepanocmuxu

13:10 - 14:10 Oben

14:15 - 14:55 K.X.H., 1o1. McTtomun Cepreii SIkoBiaeBny

Jlekuus 8 Kadeapa HEOpraHMIeCKOH XUMUU XUMHUIeckoro dakynsrera MI'Y
uM. M.B.JlomonocoBa
Mamepuanvl 015 8b1cOKOMEMNEPAMYPHBIX MONJUBHBIX INEMEHMO8

15:00 — 15:40 K.X.H., c.H.c. pim0apenko Imurpuii MuxaiiaioBu4

Jlekuus 9 kKadeapa HEOpraHMIeCKOH XUMUU XuMHuueckoro dakynsrera MI'Y
uM. M.B.Jlomonocosa
Memoo nonnozo penmeeHo8cKo20 paccesiHus ¢ aHanIu30M QyHKyuu
nAapHo20 pacnpeodenenuss Ha CUHXPOMPOHe U 8 1abopamopuu

15:45 — 16:25 IlepepsiB, Ko(de, yait

16:30 — 19:30 CrennoBas ceccus paboT MOJIOBIX YUEHBIX

20:15 - 22:00 banker




Bockpecenbe 12 HosiOps

9:00 - 9:40 3aBTpak

9:45-10:25 K.X.H., B.H.C. [[posx:kun Ouer AHapeeBHY

Jlexnma 10 Kadenpa 37eKTpoXuMun XuMudeckoro ¢akyiaprera MI'Y um.
M.B.JlomonocoOBa
Docghamnvle kKamoouvie Mmamepuaivl O TUMUU-UOHHBIX AKKYM)JLs-
MOpo8. UCMopusi ycnexda, CO8peMeHHoe COCMOSHUEe U OalbHeuuiue
nepcneKmugol

10:30-11:10 1.X.H., mipod. PymsinueBa Mapuna HukosiaeBHa

Jlexima 11 Kadenpa HEOPraHMYECKO XUMHH XUMHUYEcKoro (hakyiapTeta MI'Y
nM. M.B.JIomoHocoBa
Domoyyscmaumenbible HAHOKOMNO3UMbL HA OCHOBE UUPOKO3OHHBIX
NOJYNPOBOOHUKOBBIX OKCUOO8 OISl 2A308bIX CEHCOPO8 C HUSKUM SHEp-
2onompeoenuem

11:15-11:35 [TepepriB, kode, yait

11:40-12:20 K.X.H., C.H.c. TapacoB Anekceii BopucoBuu

Jlexuus 12 3aB. 1a0OpaTOpUEil HOBBIX MAaTEPUANIOB ISl COJTHEUHOM SHEPTeTUKHU
@axynpTeTa HayK 0 MmaTtepuanax MI'Y um. M.B.JlomonocoBa
Mamepuanvl conneunoll suepeemuxu: “‘pabouue nowaoku’ u bumea
3a Onumn

12:25 - 13:25 Joxaaabl nodexuresieit
Harpa:xnenune nodeauresieid 1 Mpu3epoB CTEHI0BOI cecCum
3akpbiTHEe KOH(pepeHIUN, 0011ee (PoTO

13:30 - 14:20 Oben

15:00 Otbe3 yuacTHUKOB U3 Jloma oT/apIxa




NHOPOPMAIUSA O JIEKTOPAX

IleBeabkoB Anapei Biagumuposuy
https://istina.msu.ru/profile/shevelkov

Ynen-xoppecnonoenm PAH, 0okmop xumuueckux Hayk, 3a6edyrowuli kKagheopoil Heopea-

HUYecKoU xumuu xumuieckozo gaxyromema MI'Y um. M.B.Jlomonocosa, 3aciysiceHnblil

npogeccop MI'Y, samecmumens npedoceoamens Hayunozo cosema PAH no neopeanuue-
CKOU XUMUU

HayuHnble MHTepechbl: HEOPraHMYECKHI CHHTE3, KJIACTEpbl, MHTEPMETAUIUIbI, (a3bl
[{UHTAS, TEPMOAIEKTPUUYECKUE MaTepHUabl, CBEPXIPOBOAHUKN, MAarHUTHBIE MaTepUabl,
(oTOBOJIbTANKA.

IMyoaukanuu: 17 xkaur, 6osee 250 crateil.

HauboJiee 3HAYMMBIE TVOJIHKAIMHA:

1. A.V. Bykov, T.A. Shestimerova, M.A. Bykov, L.A. Osminkina, A.N. Kuznetsov, V.E.
Gontcharenko, A.V. Shevelkov. Synthesis, Crystal, and Electronic Structure of
(HpipeH2)2[Sb2l10](12), with I, Molecules Linking Sb,X;o Dimers into a Polymeric Anion:
A Strategy for Optimizing a Hybrid Compound’s Band Gap. International Journal of Mo-
lecular Sciences, 2023, 24, 2201.

2. V.Yu. Verchenko, A.V. Stepanova, A.V. Bogach, A.V. Mironov, A.V. Shevelkov. Fe-
Rich Ferromagnetic Cleavable Van der Waals Telluride FesAsTe,. Inorganic Chemistry,
2022, 61, 9224,

3. M.S. Likhanov, V.Yu. Verchenko, V.O. Zhupanov, Z. Wei, E.V. Dikarev, A.N. Kuz-
netsov, A.V. Shevelkov. Intermetallic Compound Re,GagGe with Re- and Ge-Embedded
Gallium Clusters: Synthesis, Crystal Structure, Chemical Bonding, and Physical Properties.
Inorganic Chemistry, 2022, 61, 568.

4. V.Yu. Verchenko, A.A. Tsirlin, A.V. Shevelkov. Semiconducting and superconducting
Mo-Ga frameworks: total energy and chemical bonding. Inorganic Chemistry Frontiers,
2021, 8, 1702.

5. V.Yu. Verchenko, A.O. Zubtsovskii, D.S. Plenkin, A.V. Bogach, Z. Wei, A.A. Tsirlin,
E.V. Dikarev, A.V. Shevelkov. Family of Mo4Ga;-Based Superconductors. Chemistry of
Materials, 2020, 32, 6730.

6. M.S. Likhanov, R.A. Khalaniya, V.Yu. Verchenko, A.A. Gippius, S.V. Zhurenko, A.V.
Tkachev, D.I. Fazlizhanova, A.N. Kuznetsov, A.V. Shevelkov. ReGaGe,: an intermetallic

compound with semiconducting properties and localized bonding. Chemical Communica-
tions, 2019, 55, 5821




besoycoB IOpuit AslekCaHAPOBUY

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

Kanouoam xumuuecxkux nayx, ooyenm xageopuvl Heopeanuueckou XumMu Xumuiecko2o

Gaxyremema MI'Y MI'Y umenu M.B. Jlomonocosa, cmapuiuii HayyHviti COMpPYOHUK
®UAH PAH

Hay4yHnble uHTEpechl: CIEKTPOCKOIHUS, TIOMUHECHCHIINS, KOOPAUHAIIMOHHBIE COCIMHEHUS,
JIAHTAHU]Ibl, CCHCOPHBIE MaTEPHUAIbI.

Hyoaukauuu: 2 kaury, 1 nareHt, 38 craTen.

HauboJiee 3HAYMMBIE TVOJIHKAIMHA:

1. V.E. Gontcharenko, A.M. Lunev, I.V. Taydakov, V.M. Korshunov, A.A. Drozdov, Yu.A.
Belousov. Luminescent lanthanide-based sensor for H,O detection in aprotic solvents and
D,0 /I IEEE Sensors Journal 19 (2019), 7365

2. V.E. Gontcharenko, M.A. Kiskin, V.D. Dolzhenko, V.M. Korshunov, 1.V. Taydakov, Yu.
A. Belousov. Mono-and Mixed Metal Complexes of Eu3+, Gd3+, and Th3+ with a
Diketone, Bearing Pyrazole Moiety and CHF2-Group: Structure, Color Tuning, and Kinet-
ics of Energy Transfer between Lanthanide lons // Molecules 26(2021), 2655.

3. Yu.A. Belousov, A.A. Drozdov, I.V. Taydakov, F. Marchetti, R. Pettinari, C. Pettinari.
Lanthanide azolecarboxylate compounds: Structure, luminescent properties and applica-
tions // Coordination Chemistry Reviews, 445 (2021), 214084,

4. Yu.A. Belousov, M.T. Metlin, D.A. Metlina, M.A. Kiskin, I.A. Yakushev, T.A. Polikov-
skiy, C. Pettinari. Self-Assembly of a Two-Dimensional Coordination Polymer Based on
Silver and Lanthanide Tetrakis-Acylpyrazolonates: An Efficient New Strategy for Sup-
pressing Ligand-to-Metal Charge Transfer Quenching of Europium Luminescence // Poly-
mers, 15(2023), 867.

5. C. Pettinari, A.A. Drozdov, Yu.A. Belousov. Luminescent Materials with Turn-on and
Ratiometric Sensory Response Based on Coordination Compounds of Lanthanides, Rare
Earth Elements - Emerging Advances, Technology Utilization, and Resource Procurement.
IntechOpen, 2023.




IHerpos Baagumup I'ennagueBuy
https://istina.msu.ru/workers-beta/2335915/

K.X.H., 0OyeHm, 3a8. 1abopamopueti 003uUMempuu U paouoaKxmu8HOCMU OKpyicaouell
cpeovl kagedpwl paouoxumuu Xumuueckozo gaxyromema MI'Y um. M.B. Jlomonocosa

Hay4Hble mHTEpECHI:

XHUMHSI aKTUHUJIOB, TEPMOJUHAMUYECKOE MOJEIUPOBAHNE MIPOLECCOB PACTBOPEHUS, KHI-
KOCTHasl SKCTPAKIHsI, OOpallieHHe ¢ palMOaKTUBHBIMUA OTXOJaMH, OKOHYATEIIbHOE 3aX0PO0-
HEHUE PaJMOAaKTHUBHBIX OTXOOB, MOBEJICHUE PAJIUOHYKIHIOB B OKpYKaroUIleil cpene, pa-
JMOAHAIUTUYECKAS] XUMHUSL, 00pa30BaHUE B SAEPHON OTPACIH.

IMyoankanuu: Atop 114 crateil B pelieH3UpYEeMbIX HAYUYHBIX KypHallaX, HECKOJIbKUX
y4eOHBIX MOCOOUIA U y4eOHBIX KYpPCOB.

Hauno6oJiee 3HAYNMBIC TYOJIHKAIAN

1. A. Mitrofanov, V. Korolev, N. Andreadi, V. Petrov, S. Kalmykov. A simple automatized
tool for exchange-correlation functional fitting // The journal of physical chemistry A, Mol-
ecules, spectroscopy, kinetics, environment & general theory, 2020, DOI:
10.1021/acs.jpca.9b09093

2. P. Matveev, V. Petrov. Solvent extraction of didymium by TBP, Aliquat 336 and HDEHP
in the presence of Ca(NO3)2 // Applied Sciences, 2020, DOI: 10.3390/app10062032f

3. A.G. Boldyreva, L.A. Frolova, I.S. Zhidkov, L.G. Gutsev, E.Z. Kurmaev, B.R. Rama-
chandran, V.G. Petrov, K.J. Stevenson, S.M. Aldoshin, P.A. Troshin. Unravelling the Ma-
terial Composition Effects on the Gamma Ray Stability of Lead Halide Perovskite Solar
Cells: MAPDI3 Breaks the Records // Journal of Physical Chemistry Letters, 2020, DOI:
10.1021/acs.jpclett.0c00581

4. A. Smirnova, A. Mitrofanov, P. Matveev, T. Baygildiev, and V. Petrov. A search of a
quantitative gquantum-chemical approach for radiolytic stability prediction // Physical
Chemistry Chemical Physics, 2020, DOI: 10.1039/d0cp01786h

5. B.Y. Zubekhina, A.A. Shiryaev, B.E. Burakov, L.E. Vlasova, A.A. Averin, V.O.
Yapaskurt, and V.G. Petrov. Chemical alteration of 238Pu-loaded borosilicate glass under
saturated leaching conditions // Radiochimica Acta, 2020, DOI: 10.1515/ract-2018-3097

6. P.S. Lemport, P.I. Matveev, A.V. Yatsenko, M.V. Evsiunina, V.S. Petrov, B.N. Tarase-
vich, V.A. Roznyatovsky, P.V. Dorovatovskii, V.N. Khrustalev, S.S. Zhokhov, V.P.
Solov’ev, L.A. Aslanov, V.G. Petrov, S.N. Kalmykov, V.G. Nenajdenko, and Y.A.
Ustyniuk. The impact of alicyclic substituents on the extraction ability of new family of
1,10-phenanthroline-2,9-diamides // RSC advances, 2020,DOI: 10.1039/d0ra05182a



IIpecusikoB Urops AslekcaHApPOBHY
http://istina.msu.ru/profile/ipresniakov/

Jloxmop guszuxo-mamemamuueckux HayK, 8e0VWUll HAYYHblL COMPYOHUK Kageopbl pa-
ouoxumuu xumuyeckoeo gaxyromema MI'Y, 3asedyrowuii rabopamopueti 10epHo-Xumu-
YecKk020 MamepuaioseoeHus

Hay‘IHbIe HHTEPEChbI: MAarHuTHBIC MaTCpHaJbl, CUCTEMBI C CHJIBHOM BHGKTpOHHOﬁ Koppce-
HHHHGﬁ, CBCPXTOHKHC BSaHMOﬂCﬁCTBHH, Mecc6ay3p013c1<a;1 CIICKTPOCKOIIHA.

IMyoaukanuu: 3 xaury, 6osee 250 crareit.

Hauno6oJ1iee 3HAYHMBIC TYOJIHKAIAN

1. Nazarov Eugene E., Dembitskiy Artem D., Trussov Ivan A., Tyablikov Oleg A., Glaz-
kova lana S., Alexey Sobolev V., Presniakov Igor, A., Mikheev Ivan V., Morozov Anatolii
V., Nikitina Victoria A., Abakumov Artem M., Antipov Evgeny V., Fedotov Stanislav S. //
A Li-rich strategy towards advanced Mn-doped triphylite cathodes for Li-ion batteries. En-
ergy Advances, 2, 328-337 (2023).

2. Siranuysh Badalyan, Anush Mnoyan, Alexey V. Sobolev, lana S. Soboleva, Igor A.
Presniakov, Jae-Rang Youn, Taeyoul Han, DongYeon Kim, Kyubock Lee // Ferrous-im-
mobilized iron saccharide complexes for electro-synthesis of ammonia via NORR. Chemi-
cal Engineering Journal, 474, 145578 (2023).

3. Polevik Alexey O., Sobolev Alexey V., Glazkova lana S., Presniakov Igor A., Ver-
chenko Valeriy Yu, Link Joosep, Stern Raivo, Shevelkov Andrei V. // Interplay between
Fe(Il) and Fe(l11) and Its Impact on Thermoelectric Properties of Iron-Substituted Colusites
Cuzs-xFexV2SngSs,. Compounds, 3, 348-364 (2023).

4. Morozova Polina A., Ryazantsev Sergey V., Dembitskiy Artem D., Morozov Anatolii
V., Das Gangadhar, Aquilanti Giuliana, Gaboardi Mattia, Plaisier Jasper R., Tsirlin Alexan-
der A., Presniakov Igor A., Abakumov Artem M., Fedotov Stanislav S.// Unexpected
Chain of Redox Events in Co-Based Prussian Blue Analogues. Chemistry of Materials,
35 3570-3581 (2023).

5. Verchenko Valeriy Yu, Kanibolotskiy Alexander V., Chernoukhov lvan V., Chered-
nichenko Kirill A., Bogach Alexey V., Znamenkov Konstantin O., Sobolev Alexey
V., Glazkova lana S., Presniakov Igor A., Shevelkov Andrei V. // Layered van der Waals
Chalcogenides FeAl,Ses, MnAl,S,, and MnAl,Se,: Atomically Thin Triangular Arrange-
ment of Transition-Metal Atoms. Inorganic Chemistry, 62, 7557-7565 (2023).
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https://istina.msu.ru/workers/1612937/
https://istina.msu.ru/workers/847562/
https://istina.msu.ru/workers/454666/
https://istina.msu.ru/workers/8571559/
https://istina.msu.ru/publications/article/528423363/
https://istina.msu.ru/journals/420972009/
https://istina.msu.ru/journals/420972009/
https://www.sciencedirect.com/journal/chemical-engineering-journal
https://www.sciencedirect.com/journal/chemical-engineering-journal
https://www.sciencedirect.com/journal/chemical-engineering-journal/vol/474/suppl/C
https://istina.msu.ru/workers/154895820/
https://istina.msu.ru/workers/417554/
https://istina.msu.ru/workers/1639742/
https://istina.msu.ru/workers/417860/
https://istina.msu.ru/workers/1212447/
https://istina.msu.ru/workers/1212447/
https://istina.msu.ru/workers/558040454/
https://istina.msu.ru/workers/157460168/
https://istina.msu.ru/workers/479059/
https://istina.msu.ru/publications/article/558040455/
https://istina.msu.ru/publications/article/558040455/
https://istina.msu.ru/publications/article/558040455/
https://istina.msu.ru/journals/367797501/
https://istina.msu.ru/workers/15003885/
https://istina.msu.ru/workers/1808039/
https://istina.msu.ru/workers/1795152/
https://istina.msu.ru/workers/7999356/
https://istina.msu.ru/workers/7999356/
https://istina.msu.ru/workers/338241691/
https://istina.msu.ru/workers/587696343/
https://istina.msu.ru/workers/587696344/
https://istina.msu.ru/workers/157433796/
https://istina.msu.ru/workers/1741289/
https://istina.msu.ru/workers/1741289/
https://istina.msu.ru/workers/417860/
https://istina.msu.ru/workers/847562/
https://istina.msu.ru/workers/171982431/
https://istina.msu.ru/publications/article/587696345/
https://istina.msu.ru/publications/article/587696345/
https://istina.msu.ru/journals/57317/
https://istina.msu.ru/workers/1212447/
https://istina.msu.ru/workers/517491859/
https://istina.msu.ru/workers/170478981/
https://istina.msu.ru/workers/2276478/
https://istina.msu.ru/workers/2276478/
https://istina.msu.ru/workers/179850556/
https://istina.msu.ru/workers/516921/
https://istina.msu.ru/workers/417554/
https://istina.msu.ru/workers/417554/
https://istina.msu.ru/workers/1639742/
https://istina.msu.ru/workers/417860/
https://istina.msu.ru/workers/479059/
https://istina.msu.ru/publications/article/554333269/
https://istina.msu.ru/publications/article/554333269/
https://istina.msu.ru/publications/article/554333269/
https://istina.msu.ru/journals/67527/

HoopoBoabckuil FOpuit AHaToIbeBUY
https://istina.msu.ru/profile/ Dobrovolsky

Loxkmop xumuueckux nHayx, npogeccop, eenepanvhuiti oupexmop OO0 «llenmp Booopoo-
Huix Texunonoeuiiy, eenepanvhuiil oupexkmop OO0 «L]enmp 6000poOHOL SHEP2eMUKUY,
Hayumwslil pykosooumens Llenmpa komnemenyuti HTU « Texnonoeuu Ho6vix u MOOUIbHBLX
ucmounukos 3uepauuy npu UIIXD PAH, 3asedytowuii kaghedpoil 21eKkmpoxumuyeckou
snepeemuxu FOPI'TIY (HIIH) umenu M.U. Ilnamosa (no coemecmumenscmay), uieH
Meswcompacnesoti paboueii epynnvl MunsxonomMpazeumus no oyenke pe3yibmamaos uH-
MenneKmyanbHoU 0esimelbHOCMuU 20CKOPNopayull,; YieH Ixcnepmuoco cosema Munsnepeo
no pazsumuto 6 Poccuiickoii @edepayuu 6000poOHOU dHEp2emUKU

HayuHble mHTEpechI: TBEPIOTEIbHAS YICKTPOXUMHUS; dICKTPOXUMHUECKUE CEHCOPBI IS
aHaIM3a JXUJIKUX U Ta3000pa3HBIX CPEl; MEKTPOXUMHUYECCKHE NCTOUYHUKH YHEPTUH; BOJIO-
POJIHAsI SHEPTETHKA W BOJAOPOIHASI SKOHOMHUKA; ACKapOOHM3AIMs; OCCIIIIIOTHAS aBHAIIHS,
poOOTOTEXHUKA

IMyomukanuu: Oonee 250 myOnMKanuii B BBICOKOPEUTHMHIOBBIX HAYYHBIX JKypHaiax,
HECKOJIbKUX MOHOTpaduit u yueOHbBIX TocoOuii, 6osee 15 mareHToB

Hauno6oJ1iee 3HAYHMBIC TYOJIHKAIAN

1. Bushkova 0.V., Sanginov E.A., Chernyuk S.D., Kayumov R.R., Shmygleva L.V., Do-
brovolsky Yu.A., Yaroslavtsev A.B. Polymer electrolytes based on the lithium form of
Nafion sulfonic cation-exchange membranes: current state of research and prospects for use
in chemical power sources // Membranes and Membrane Technologies. 2022. V. 4. No. 6.
P. 433-454,

2. Glukhov A.A., Belmesov A.A., Nechaev G.V., Ukshe A.E., Popov N.A., Bukun N.G.,
Shmygleva L.V., Dobrovolsky Y.A. Anode material for all-solid-state battery based on
solid electrolyte CsAgul,sBr2s: theory and experiment // Mater. Sci. Eng. B. 2022. April V.
278. P. 115617.

3. JoopoBoabekuit FO.A., CanrunoB E.A., bykyn H.I'., Ilonomape A.H., Kpuikas
J.A., A6apamuTtoB 3.D. HoBble MOAXObI AJI MOITYYEHUS] HAHOKOMITO3UTHBIX MPOTOHIIPO-

BOJISIINX MEMOpaH JJII TOTUIMBHBIX 351eMeHTOB // Poccutickue Hanomexnonoeuu. 2020. T.
15. Ne 3. C. 329-336.

4. Korchun A.V., Evshchik E.Yu., Baskakov S.A., Yagodin V.V., Kuznetsov M.V.,
Bushkova O.V., Bukun N.G., Dobrovolsky Yu.A. Silicon-Reduced Graphene Oxide Com-
posite as Negative Electrode of Li-lon Batteries // Russ. J. Appl. Chem. 2020. V. 93. No. 12.
P. 1940-1946.

5. AstafevE.A., Ukshe A.E., Gerasimova E.V., Dobrovolsky Yu.A., Manzhos R.A. Elec-
trochemical noise of a hydrogen-air polymer electrolyte fuel cell operating at different loads
/' J. Solid State Electrochem. 2018. V. 22. Iss. 6. P. 1839-1849.
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Aptém Pomaesuu Oranos

https://scholar.google.com/citations?user=1aqQ8ioAAAAJ&hl=en
https://uspex-team.org/ru/oganov/about

Poccuiickuil kpucramiorpad-TreopeTuk, MUHEpAIOr, XUMUK, 1I.(-M.H., ipodeccop
PAH. 3aBenyrommii Jlaboparopueit KoMnbroTepHOTo An3aiiHa MaTepuanoB CKOJIKOBCKOTO
WHCTUTYTa HAyKH U TEXHOJIOTHH. SBisieTcs naypearoM merarpanta [IpasutensctBa PO u
npodeccopom 1000 tamantoB Kuraiickoii Hapomnoit PecniyOmuku. Unen EBpomeiickoi
Axanemun (Academia Europaea). JleticrBurensubiii wien (Fellow) Munepanorudeckoro
Oo6mectBa Amepuku, AMepukanckoro @uznueckoro Oomectsa, EBponeiickoit akanemun,
Koponesckoro Xumnueckoro O6miectBa. BXoAUT B CIIMCOK CaMbIX BBICOKOLIUTHPYEMBIX
yaeHbIx mupa o Bepcuu Web of Science (2022).

Hay4Hble MHTEpechl: KOMIIBIOTEPHBIM AU3ailH HOBBIX MATEPUAIIOB U MPEACKA3aHUE KPH-
CTAJUIMYECKUX CTPYKTYP, XMMHUS BBICOKMX IABJICHHM, U3YYEHUE BEIIECTBA IUIAHETHBIX
HEp.

Iy6aukanuu: 6onee 300 myOnuKaIuii B BBICOKOPEHTHHTOBBIX HAYYHBIX JKypHamax, 4
MoHOTpaduu U 1 HayIHO-TIOMYJISIpHAs KHHTA.

Hauno6oJiee 3HAYNMBIC TYOJIUKAIAN

1. Oganov, A. R., & Glass, C. W. (2006). Crystal structure prediction using ab initio evolution-
ary techniques: Principles and applications. The Journal of chemical physics, 124(24).

2. Oganov A.R. & Ono S. (2004). Theoretical and experimental evidence for a post-perovskite
phase of MgSiO3 in Earth's D" layer. Nature 430, 445-448.

3. Tantardini C., Oganov A.R. (2021) Thermochemical electronegativities of the elements. Na-
ture Communications 12, 2087.

4. Oganov A.R., Pickard C.J., Zhu Q., Needs R.J. (2019). Structure prediction drives materials
discovery. Nature Rev. Mater. 4, 331-348.

5. Dong X., Oganov A. R, etal. (2017). A stable compound of helium and sodium at high pres-
sure. Nature Chemistry, 9, 440-445.

6. Lyakhov, A. O., Oganov, A. R., Stokes, H. T., & Zhu, Q. (2013). New developments in evolu-
tionary structure prediction algorithm USPEX. Computer Physics Communications, 184(4),
1172-1182.

7. MaY., Eremets M.1., Oganov A.R., et al. (2009). Transparent dense sodium. Nature 458, 182-
185.

8. Oganov A.R., et al. (2009). lonic high-pressure form of elemental boron. Nature 457, 863-867.

12


https://scholar.google.com/citations?user=1aqQ8ioAAAAJ&hl=en
https://uspex-team.org/ru/oganov/about
https://ru.wikipedia.org/w/index.php?title=%D0%90%D0%BC%D0%B5%D1%80%D0%B8%D0%BA%D0%B0%D0%BD%D1%81%D0%BA%D0%BE%D0%B5_%D0%A4%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%9E%D0%B1%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%BE&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%95%D0%B2%D1%80%D0%BE%D0%BF%D0%B5%D0%B9%D1%81%D0%BA%D0%B0%D1%8F_%D0%90%D0%BA%D0%B0%D0%B4%D0%B5%D0%BC%D0%B8%D1%8F
https://ru.wikipedia.org/w/index.php?title=%D0%9A%D0%BE%D1%80%D0%BE%D0%BB%D0%B5%D0%B2%D1%81%D0%BA%D0%BE%D0%B5_%D0%A5%D0%B8%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%9E%D0%B1%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%BE&action=edit&redlink=1

I'ynninun EBrenui AjsiekceeBu4
https://istina.msu.ru/profile/goodilin
Ynen-xoppecnonoenm PAH, 00kmop Xxumuveckux Hayx,
npogeccop kaghedpvl HeopeaHuueckou Xumuy xumuyeckozo gaxysomema MI'Y um.
M.B.Jlomonocosa, 3am. oexana @PHM MI'Y um. M.B.Jlomonocosa, 3asedyowuii kagheo-
pou nanomamepuanoge PHM MI'Y um. M.B.Jlomonocosa
HayuHble nHTepechl: HAHOMATEPHUAITbI, INTA3MOHUKA, (POTOBOJIHTANKA

IMyoaukanuu: 381 craTes, 9 kaur, 32 mareHTa

Hauno6oJiee 3HAYHMBIC TYOJIHKAIAN

1. O.E. Eremina, E.A. Sergeeva, M.V. Ferree, T.N. Shekhovtsova, E.A. Goodilin, L.A.
Veselova. Dual-Purpose SERS Sensor for Selective Determination of Polycyclic Aromatic
Compounds via Electron Donor—Acceptor Traps // ACS Sens. 2021, 6, 3, 1057 — 1066.

2. E.l. Marchenko, V.V. Korolev, A. Mitrofanov, S.A. Fateev, E.A. Goodilin, A.B. Tar-
asov. Layer Shift Factor in Layered Hybrid Perovskites: Univocal Quantitative Descriptor
of Composition—Structure—Property Relationships // Chem. Mater. 2021, 33, 4, 1213-1217.

3. C. Zhou, A.B. Tarasov, E.A. Goodilin, P.Chen, H. Wang, Q. Chen. Recent strategies
to improve moisture stability in metal halide perovskites materials and devices // Journal of
Energy Chemistry, 2022, 65, 219-235.

4. A.Y. Grishko, A.A. Eliseev, E.A. Goodilin, A.B. Tarasov. Measure is Treasure:
Proper lodine Vapor Treatment as a New Method of Morphology Improvement of Lead-
Halide Perovskite Films // Chem. Mater. 2020, 32, 21, 9140-9146.

5. Goodilin E. A., Paul W., Yury G. Nanotechnology facets of the periodic table of el-
ements // ACS Nano. 2019, 13, 10, 10879-10886.
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https://istina.msu.ru/home/#books
https://istina.msu.ru/home/#patents

HUcromun Cepreu SAxoBiieBuy

https://istina.msu.ru/profile/richard2012

ooyenm Kageopwvl HeOPeaHUUeCcKoU XUMUU XUMUYECK020 aKyibmema
MI'Y um. M.B.Jlomonocosa

Hay‘IHbIe HHTEPECHI: IICPOBCKUTHI, OKCUIHBIC MATCPpHUAJIbl KOMIIOHCHTOB TOILNIMBHLIX 3JIC-
MCHTOB, JJICKTPOKATAJIN3 pCAKINHN BOCCTAHOBJICHHA KHUCJIOPOAaA.

Iy6aukanuu: 3 kKHUTH, 5 TaTeHToB, Oosiee 100 cTaTei.

Hauno6oJiee 3HAYHMBIC TYOJIHKAIAN

1. bpenuxun C.W., 'onogauukuit A.9., [poxokun O.A., Uetomun C.51., KoBaneBckuit
B.II., ®ununmos C.I1. CtannoHapHbI€ SJHEPTETUYECKUE YCTAHOBKH C TOIIMBHBIMHU DJIEMEH-
TaMU: MaTEPUAIIbL, TEXHOJIOTUH, pbIHKU. M.: HT® "Duepeonpoepecc" Kopnopayuu "EDIK"
(2017).

2. C.A1. Ucromun, H.B. JIsickos, I'.H. Ma3o, E.B. AHTUIIOB. DIEKTPOAHBIE MATEPHUAIIBI
Ha OCHOBE CJIOKHBIX OKCUIOB d-METaIOB JJIsl CHMMETPUYHBIX TBEPJIOOKCUAHBIX TOILIHUB-
HBIX 3JIeMEeHTOB // Yenexu xumuu. 90 (2021) 644.

3. C.Js1. Ucromun, E.B. Autunos. KatonHusle maTepuanbl HA OCHOBE NEPOBCKUTOIO-
JTOOHBIX OKCHJOB MEPEXOJHBIX METAUIOB ISl CPEIHETEMIIEPATypPHBIX TBEPAOOKCHIHBIX
TOILIMBHBIX AJIEMEHTOB // Yenexu xumuu. 82 (2012) 686.

4, A. Bonnefont, A.S. Ryabova, T. Schott, G. Kéranguéven, S.Ya. Istomin, E.V. An-
tipov, E.R. Savinova // Current opinion in electrochemistry. 14 (2019) 23.

5.  A.S. Ryabova, F.S. Napolskiy, T. Poux, S.Ya. Istomin, A. Bonnefont, D. Antipin,
A.Ye. Baranchikov, E.E. Levin, A.M. Abakumov, G. Kerangueven, E.V. Antipov, G.A.
Tsirlina, E.R. Savinova, Rationalizing the Influence of the Mn(IV)/Mn(l11) Red-Ox Transi-
tion on the Electrocatalytic Activity of Manganese Oxides in the Oxygen Reduction Reac-
tion // Electrochimica Acta. 187 (2016) 161.
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https://istina.msu.ru/workers-beta/25784634/
https://istina.msu.ru/workers-beta/64337050/
https://istina.msu.ru/workers-beta/995870/
https://istina.msu.ru/workers-beta/383844/
https://istina.msu.ru/workers-beta/64337051/
https://istina.msu.ru/workers-beta/64337051/
https://istina.msu.ru/workers-beta/64337052/

HbiMOapenko JImurpuii MuxainjioBuy

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

Kanouoam xumuuecxkux nayx, cmapuiuii HayuHvili COmpyoHUK Kageopvl Heopeanuueckou
xumuu xumuvecxoeo ¢axyromema MI'Y um. M.B.Jlomonocosa

Hay4Hble MHTEpechl: KOOPAWHALMOHHBIE XUMUSI, CYNIPAMOJIEKYJIIPHAsT XUMMS, METOMbI
CTPYKTYPHOTO aHaNIN3a, Tu(paKLns U paccessHUE PEHTT€HOBCKOTO H3TyYeHHSI, KOMITbIOTEp-
HO€ MOJIETUPOBAHUE, CTPYKTYpHBIE (ha30BbIC MEPEXOIbI.

Iy6aukanuu: 6onee 50 crateil, 2 mareHra.

HauboJiee 3HAYMMBIE TVOJIHKAIMHA:

1. D. Tsymbarenko, D. Grebenyuk, M. Burlakova, and M. Zobel. Quick and robust pdf
data acquisition using a laboratory single-crystal x-ray diffractometer for study of polynu-
clear lanthanide complexes in solid form and in solution. // Journal of Applied Crystallog-
raphy, 55(4):890-900, 2022,

2.M. Kendin, A. Nikiforov, R. Svetogorov, P. Degtyarenko, and D. Tsymbarenko. A 3D-
coordination polymer assembled from copper propionate paddlewheels and potassium pro-
pionate 1d-polymeric rods possessing a temperature-driven single-crystal-to-single-crystal
phase transition. // Crystal Growth and Design, 21(11):6183-6194, 2021.

3. D. Grebenyuk, M. Zobel, M. Polentarutti, L. Ungur, M. Kendin, K. Zakharov, P. Degt-
yarenko, A. Vasiliev, and D. Tsymbarenko. A family of lanthanide hydroxo carboxylates
with 1D polymeric topology and Ln4 butterfly core exhibits switchable supramolecular ar-
rangement. // Inorganic Chemistry, 60(11):8049-8061, 2021.

4. M. Kendin and D. Tsymbarenko. 2D-coordination polymers based on rare-earth propi-
onates of layered topology demonstrate polytypism and controllable single-crystal-to-sin-
gle-crystal phase transitions. // Crystal Growth and Design, 20(5):3316-3324, 2020.

5. R. Gashigullin, M. Kendin, I. Martynova, and D. Tsymbarenko. Diverse coordination
chemistry of the whole series rare-earth 1-lactates: Synthetic features, crystal structure, and
application in chemical solution deposition of Ln,Os thin films. // Molecules, 28(15):5896—
5896, 2023.
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Apoxackun Oger AHapeeBUY

https://istina.msu.ru/workers/995870/

Kanouoam xumuueckux nayk, 6edywuii Hayynvlli COMpyoHUK, 3a8. 1abopamopueil mame-
puanos 0ist 2NeKMpOXUMUYECKUX NPOYecco8 Kaghedpbl dNeKmpoxumuu Xumuieckozo ga-
kyaremema MI'Y um. M.B.Jlomonocosa

HayuHble MHTepechl: JUTUNA-UOHHBIE AKKYMYJSTOPBI, HATPUKW-UOHHBIE aKKyMYJISITOPHI,
KaTOJHbIE MaTepUasbl, aHOIHbIE MAaTEPHUAIIBI.

Iy6amkanuu: 3 KkHUTH, 5 TaTeHTOB, 70 cTarteil.

Hauno6oJ1ee 3HAYNMDBIE TYOJIUKAIAM

1. Vitalii A. Shevchenko, lana S. Glazkova, Daniil A. Novichkov, Irina Skvortsova, Alexey
V. Sobolev, Artem M. Abakumov, Igor A. Presniakov, Oleg A. Drozhzhin, and Evgeny V.
Antipov, Competition between the Ni and Fe Redox in the O3-NaNiy;sFe1sMny 30, Cathode
Material for Na-lon Batteries // Chemistry of Materials, 35 (2023) 4015-4025

2. Drozhzhin, O.A., Grigoryev, V.V., Alekseeva, A.M., Samigullin, R.R., Aksyonov,
D.A., Boytsova, O.V., Chernyshov, D., Shapovalov, V.V., Guda, A.A., Soldatov, A.V., Ste-
venson, K.J., Abakumov, A.M., Antipov, E.V., Revisited Ti,Nb,Og as an Anode Material
for Advanced Li-lon Batteries // ACS Applied Materials and Interfaces, 13 (2021), 56366-
56374.

3. Drozhzhin, O.A., Tertov, .V, Alekseeva, A.M., Aksyonov, D.A., Stevenson, K.J., Aba-
kumov, A.M., Antipov, E.V., B-NaVP,0- as a Superior Electrode Material for Na-lon Bat-
teries // Chemistry of Materials, 31 (2019) 7463-7469.

4. Zakharkin, M.V., Drozhzhin, O.A., Tereshchenko, 1.V., Chernyshov, D., Abakumov,
A.M., Antipov, E.V., Stevenson, K.J., Enhancing Na* Extraction Limit through High Volt-
age Activation of the NASICON-Type NayMnV(PO,); Cathode, // ACS Applied Energy Ma-
terials, 1 (2018) 5842-5846.

5. Tereshchenko, I.V., Aksyonov, D.A., Drozhzhin, O.A., Presniakov, I.A., Sobolev, A.V.,
Zhugayevych, A., Striukov, D., Stevenson, K.J., Antipov, E., Abakumov, A.M., The Role
of Semilabile Oxygen Atoms for Intercalation Chemistry of the Metal-lon Battery Polyan-
ion Cathodes // Journal of the American Chemical Society, 140 (2018) 3994-4003.
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PymsnueBa Mapuna HukoJs1aeBHa

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

Jlokmop xumuueckux Hayk, npogeccop kageopsl HeoOpeaHUYecKOl XUMUU XUMUUECKO20
gaxynemema MI'Y um. M.B. Jlomonocosa, pykosooumenv npoekma «Pazpabomxka cenco-
P08, cucmem MOHUMOPUH2A U ANNAPamypbl 0Jisl pa3smeujeHuss Ha MOOUNbHbIX naamgop-
Max, 8KI0YAs. KOCMUYecKue annapamsl u becnuiommusie iemamenvhsie annapamoly Llen-
mpa komnemenyuu Hayuonanvrou mexnonocudeckou uHuyuamugvl « Texnonocuu cHudice-
HUsL GHMPONO2eHH020 8030eticmausiy Ha baze MI'Y um. M.B. Jlomonocosa

Hay‘lﬂble HHTEPECHI: IMOJIYIIPOBOAHUKOBBLIC OKCHU/IbI, CHHTC3 BCIICCTB B BEICOKOAUCIICPC-
HOM COCTOSHHH, XUMUS IIOBEPXHOCTH, IMOJTYIIPOBOAHUKOBLIC I'a30BbIC CCHCOPHLI.

IMyoaukanuu: 7 r7aB B KOJUIGKTUBHBIX MOHOTpadusix, 7 mateHToB, 6osee 280 cTaTeil.

Hauno6oJiee 3HAYHMBIC TYOJIHKAIAN

1. D. Filatova, M. Rumyantseva. Additives in nanocrystalline tin dioxide: Recent progress
in the characterization of materials for gas sensor applications // Materials 16 (2023) 6733.

2. A. Marikutsa, M. Rumyantseva, E. Konstantinova, A. Gaskov. The key role of active
sites in the development of selective metal oxide sensor materials // Sensors 21 (2021) 2554.

3. A. Chizhov, M. Rumyantseva, A. Gaskov. Light activation of nanocrystalline metal ox-
ides for gas sensing: Principles, achievements, challenges // Nanomaterials 11 (2021) 892.

4. A. Gaskov, M. Rumyantseva, A. Marikutsa. Tin oxide nanomaterials: Active centers and
gas sensor properties. // Tin Oxide Materials Synthesis, Properties, and Applications. Ed.
M. Orlandi. Chapter 7, pp. 168 — 218. Elsevier (2019).

5. V. Krivetskiy, M. Rumyantseva, A. Gaskov. Design, synthesis and application of metal
oxide based sensing elements: A chemical principles approach. // Metal Oxide Nanomateri-
als for Chemical Sensors. Eds: M.A. Carpenter, S. Mathur, A. Kolmakov. Chapter 2, pp.
69-116. Springer (2013).
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https://istina.msu.ru/profile/RumyantsevaMN/
https://istina.msu.ru/collections/245630390/

Tapacos Auiekceit bopucoBu4

https://istina.msu.ru/profile/alexey.bor.tarasov@gmail.com/

Kanouoam xumuueckux Hayx, sagedyrowuii 1abopamopueri HO8bIX MAMepuanos OJis CoJl-

HeyHoU 3Hepeemuku Gaxyremema Hayx o mamepuanax
MT'Y um. M.B. Jlomonocosa.

HayuyHble HHTepechl: TOHKOIUIEHOYHbBIE YCTPOKWCTBA, ONTOAIEKTPOHUKA, (POTOBOJIBTAUKA,
PaZMOIIOMUHECLIEHTHBIE MaTepUabl, (POTOKaTAIN3, PYHKIIMOHAIBHBIE MaTEPUAIIBI K HAHO-
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Cekrus 1
MATEPHAJIbBI JJISA TEHEPALIM U ITPEOBPA3OBAHWA SHEPI' MU



HoBble CUMHTH/JISIIMOHHBIC KOMIIO3UTHbIE MATEPUAJILI HA OC-
HOBE raJIOreHUAHbIX coequHeHnin meau(l)

bemukona JI.LE.!, ®arees C.A.%, KoxxeBHukosa B.10.2

L Xumuueckuil gaxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus,
2 @Daxyrvmem Hayk o mamepuanax MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poc-
cusl,

belikova.darial23@agmail.com

CUMHTWIISIIMOHHBIC JTETEKTOPHI SABJSIOTCS HE3aMEHHMBIM 3JIEMEHTOM COBPEMEH-
HBIX TTPUOOPOB, MPUMEHSIEMBIX JIJIS BU3yaJIN3aIlii PEHTTEHOBCKOTO U3ITyYCHHSI B TOMOTPa-
¢buu, B cucTeMax KOHTPOJISI 0€301TaCHOCTH, a TAaKXKe JIS IETCKTUPOBAHUS HOHU3HPYIOIIETO
u3TydeHusi. J[Ji1 MOBBIIIEHUST 9yBCTBUTEILHOCTH JCTEKTOPOB M MUHUMHU3AITUHU TTPUMECHSIC-
MBIX 7103 U3Ty9YCeHUS HEOOXOAMMO MPUMEHECHNE CIMHTUUISIITAOHHBIX MaTEPHUAJIOB C MaKCH-
MaJbHBIM CBETOBBIXOJIOM. M3 KOMMEPUECKH TOCTYIHBIX MAaTEPUATIOB JYUITUMU CBETOBBI-
xoxamu (10 10° pororos/MaB) 0611a1a10T CHMHTUILISLMOHHBIE MOHOKPHCTAILILI HA OCHOBE
aerupoBaHHbIX Tasorenn10B MetamioB (CsI: Tl, Srlp:Eu, Lals:Ce), onHako Bce OHM Ype3BbI-
YailHO TUTPOCKOMUYHBI, CIIOKHBI B MPOU3BOICTBE (POCT MeTOI0oM bpumxMena) unu coaep-
AT TOKCUYHBIC AJIEMEHTHI.

B kauecTBe anpTepHATHBBI, HEJABHO OBLIM MPEIOKEHbI CIUHTHIUISIIIMOHHBIE MaTe-
pHabl Ha OCHOBE Heopranudeckux rajoreHokynpaToB(l) AmCunXnim (X =17, Br; A = K7,
Rb*, Cs¥), ctaOuibHbIC K BIQXKHOCTH U KHCJIOPOAY U JEMOHCTPUPYIOIINE CBETOBBIXOJIbI
cbiie 90000 poronos/M»B [1] B popme kak KPUCTAIIOB, TaK U HAHOKPUCTATUTMUECKUX
TUICHOK.

B nanHoii pabote ObUIM UCCIENOBAHBI PAAUOIIOMHHECIIEHTHBIE CBOMCTBA TMOpUI-
HBIX ranoreHokynparos(l), cogepxaiux opraHM4ecKkue CTpyKTypHbIE (PparMeHThI B Kaue-
ctBe kKatnoHoB B MoHHO#M pemeTke ([CH3NH;3]4Cu,Bre) [2] vitn KOOpIMHUPYIONIMX JTUTaH-
noB (Cusl4HMTA, HMTA = rekcameTuiieHTeTpaMuH), a TaK)Ke paHee U3BECTHOTO Heopra-
Huueckoro coenunenust CssCuzls.

Jlns Bcex MaTepuajaoB B (hopMe MOTMKPUCTAUTMISCKUX TTOPOIIKOB MCCIICIOBAHBI OC-
HOBHBIC ONITUYECKUE CBOMCTBA: MOKA3aHO, YTO MAaKCUMYMBbI ()OTOJTFOMUHECIICHITNH COCTaB-
10T 450 M mist Cs3Cusls, 512 am mrs [CH3NH;3]4CuaBre u 584 um mist Cugl,HMTA. s
BCEX COCAMHEHUN XapaKTEePHbI ITUPOKUE MOJIOCH (POTOIFOMUHECIICHITNHY C IMUPHUHOM Ha I10-
ayBbicoTe oT 77 1o 101 um u 6u3kue k 100% KBaHTOBBIEC BHIXOABI (POTOTFOMUHECIICHITUH.

PaguomoMruHECIEHTHBIE CBOMCTBA MAaTEPHUAIIOB HCCIEAOBAIMCH IO JIEMCTBUEM
PEHTTEHOBCKHUX TPYOOK C cepeOpsSHBIM WU MEIHBIM aHoaMu. [TokazaHo, 4To J1sl BCEX HUC-
CJIeAYEMBIX MaTepHaioB B (popMe MOJUKPUCTATUIMUECKUX MOPOIIKOB XapaKTepHa UHTECH-
cuBHas paguoroMuHecteHys. s nmopomxka Cs3Cuzls oTHOCUTENBHBIN CBETOBBIXO pa-
nuomtoMuHectieHnu gocturaet 64000 hotoHoB/M»aB. BaxkHbIM pe3ybTaTOM TaKKe SBJIS-
ercs 3 PeKTUBHAS PATUOIIOMUHECIICHITUS OPraHO-HEOPTaHMYECKUX COCTMHEHUN C MEHb-

mei 3¢ ¢dexkTuBHON Maccoil. Tak, OTHOCHUTEIbHBIE CBETOBBIXOABI cocTaBisitoT 32000 u
48000 dpororno/M»aB st [CH3NH3]4Cu2Brs u Cusl4HMTA cooTBeTcTBEHHO.



I[JIH CO3JJaHrA HPOTOTUIIOB CHUHTUIUIAIWMOHHBIX 3KPAHOB JJIs1I BU3YyaJIMIIUMOHHBIX
HpI/IMeHeHI/Iﬁ OBLIM M3TOTOBJICHBI KOMITO3UTHBIE IIJICHKHU MAaTCcpUuaJIOB C IIOJIMMCPAMHU pa3-
JIMYHOMU TOJIIIUHBI. HOKaSaHO, 9TO BBICOKHUC CBCTOBBIXOAbI AJIS UCCICAYCMBIX MAaTCPpUAJIOB
JOCTHUT'aIOTCA OAXKC B q)OpMC KOMITIO3WTHBIX IINICHOK C TOJIIWHAMM B IIPCACIaxX 500 MKM.

[IponemMoHCcTprpOBaHHBIC PE3YNIBTATHI MPEATIATAIOT MOIX0 ] K CO3JaHUIO BHICOKOA (-
(EeKTUBHBIX CHMHTHIUISIIMOHHBIX SKPAHOB IS PEHTT€HOBCKOM BU3yallM3alliu, a TAKxKe Je-
MOHCTPUPYIOT MEPCHEKTUBHOCTh MPUMEHEHHSI HEOPTaHUYECKUX U THOPUIAHBIX TaJIOreHO-
kyrnpaToB(l) B kauecTBe MaTepuasoB JJisl AETEKTOPOB HOHUZUPYIOIIETO U3ITyUYECHHUS.

Paboma evinonnena npu gunancosoii noodepocxke epanma PH® (npoexm 22-13-

10226).

[1] Yang, B.; Yin, L.; Niu, G.; Yuan, J.H.; Xue, K.H.; Tan, Z.; Miao, X.S.; Niu, M.; Du, X.; Song, H.
Advanced Materials, 31 (2019) 1-8.

[2] Fateev S.A., Belikova D.E, Novichkov D.A., Petrov V.G., Utochnikova V.V., Goodilin E.A., Tarasov
A.B. Mendeleev Communications, 32(4) (2022) 495-497.



Crparerusi yMeHbIlIEHUSI IIHUPHUHBI 3aNPelleHHOH 30HbI THOPU/I-
HbIX rajjorenoMera/iaToB(l11) B mepcnexTuBe pazpurus dec-
CBHUHIOBOH (POTOBOJIbTAUKHU
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OnHUM W3 OCHOBHBIX IPETISTCTBUH JIJIS1 HCTIOIB30BAHMS OPTaHO-HEOPTaHUIECKUX Ta-
JIOTEHUTHBIX TIepoBCKUTOB cBUHIA(|]) B KauecTBe CBETOMOTIOMAOIINX MaTepUaIoB B COJI-
HEYHBIX 2JIEMEHTaX HOBOTO MOKOJIEHUS OCTAETCS UX BBICOKAs TOKCUYHOCTh. BhICOKast Xu-
muueckas akTuBHOCTH PD(Il) B ruOpuaHbBIX MepoBCKHTAaX M HEBO3MOXKHOCTh MX Iepepa-
OOTKH BBI3BIBAIOT OIACEHMS, CBSI3aHHBIE C PUCKOM BO3HUKHOBEHMS HPKOJIOTHYECKUX IPO-
0JIeM MpU MIMPOKOMACIITAOHOM MCIIOJIb30BAHUM MOJOOHBIX MaTepUajoB U YCTPOIMCTB Ha
ux ocHoBe. [1] B kauecTBe JMIIEHHON 3TOr0 HEJAOCTaTKa aJbTEPHATHUBBI COCIUHCHHSIM
Pb(Il) paccMarpuBaroTcsi OpraHO-HEOPraHUYECKUE TaJOTCHHUIHBIC KOMIUICKCHI COCEIHUX
TIOCTIIEPEXOHBIX DIEMEHTOB ¢ NS*-KoHpurypanueii — cypsMmbi(l11) u, B Gonpiieli creneny,
sBucmyTa(lll). [2] OgHako, Kak cTajo sCHO, IJIs TaKuX THOpHIHBIX raoreHomeTaatos(111)
W3-32 MCHBIIICH PA3MEPHOCTH aHHOHHBIX TIOJICTPYKTYP XapaKTePHbI 3HAYUTEIHLHO OOJIBIIINE
mupuHkbl 3anpenieHHon 30161 (I1133), koTopsie onpenensoT 0ojiee HU3KKUE 3HAUCHUS] MaK-

cumasibHOTO TeopeTrudeckoro KIIJ[ coHeuHbIX siueek Ha OCHOBE O€CCBUHIIOBBIX COEIUHE-
Huil. [3]

Ha nytu x 6eccBUHIIOBOM (DOTOBOJIBTAUKE MBI MPEJIOKUIH CIIOCOO YMEHbBIIICHUS
133 rubpunnbix ranorenoantTumMonatoB(l1l) u ranorenosucmyrtaroB(lll) 3acuer BBeneHus
B KPUCTAJUIMYECKYIO CTPYKTYPY MOJHUTaJOreHUIHBIX (parMeHToB. [Ipu sTOM MOeKybl
Hal, (Hal = I, Br) niau nonst |, 3a cuet 00pa3oBaHus rajJoreHHBIX CBA3EH 00HEIMHSIOT AHC-
KpPETHBIC TaJJOTeHOMETAIUIATHBIE AHHUOHBI B TIOJICTPYKTYPhI O0JIBIIIEH pa3MEPHOCTH, 3a CUET
BKJaaa Np-Hal coctosauit hopmupyroT Oosiee TIy0O0KHe MUHUMYMBbI 30HBI IIPOBOAMMOCTH
WM 0oJiee BBICOKME MaKCUMYMbI BaJICHTHOW 30HBI, B 3aBUCHUMOCTH OT IPUPOJIBI METaslIa,
YTO B KOHEYHOM CUeTe MPUBOAUT K yMeHbIneHuto 11133 mosmranorenomeramios(l1).

B nanHo# paboTe B KauecTBE OPraHMYECKUX KaTHOHOB MbI UCIOJIb30BAJIA CUJIbLHBIC
a30TUCTBIE OCHOBaHUs — romonunepasuanii (HpipeH»?") u nunepasunuii (PipeH,?"), o6pa-
3yrolue BoaopoaHbie cBsi3u N-H---Hal u BeicTymaromme B poju «CTPyKTypOHAIpaBJIsio-
IIUX areHToB». BapbupoBaHueM yclOBUN CUHTE3a B IIMPOKOM JIHara3oHe ObLIO MOKa3aHo,
YTO KaK B KUCIIBIX BOAHBIX PaCTBOPaX, TaK U B HEBOJHBIX Cpe/lax BbIOpAHHbIE KATHOHBI 00-
pasyot psaj xapakrepubix nogomeramnar(l11)-annonos: nuckpernsie Monosaepusie [Mlg]*
U OUsiZICpHBIS [M2I10]4', a Taoke 1D-nomumepnbie {Ml4} . TIpu 3TOM yMEeHbBIIIEHHE CTEXHO-
METPUYECKOTO COOTHOIICHUSI OpraHnyeckuii kKatnon/ M|z n/unu cHKeHrne KOHIICHTPAIun
BOJHOTO pactBopa HI mpuBOAUT K yBEIMYEHUIO CTENEHU KOHJAEHcAuu oKTa’ipoB Mls B
KOMILJIEKCHBIX aHWOHAX, compoBoxaaromieecs cHwxenueM I133 ¢ 2,3 mo 2,0 3B.



Hcnonp30Banre MOIMUOANIOB KATHOHOB B KA4€CTBE MPEKYPCOPOB MK T0OaBIEHUE B pe-
aKIMOHHYI0 cMech Hal, mo3Bosmio HampaBIeHHO BBECTH B CTPYKTYPY IOJIMUOIUIHBIC
¢parmenTsL. [Ipu 5TOM BMecTe ¢ 00pa3oBaHMEM AUCKPETHBIX 0KTa>apos [MIg]* mabmona-
eTcst OPMHMPOBaHUE M30JIUPOBAaHHBIX I3 B TO ke Bpems muckpernsie annonsl [MyHalio]*
CBA3BIBAIOTCSA MOCTHKOBBIME Monekyiaamu Hal, B mcesnonenn {[M;Halio](Hal,)}* 3a cuer
oOpasoBanus ciadwix cBszeir Hal---Hal (puc. 1), 9To mpUBOIUT K YMEHBIICHUIO IIUPUHBI
3aIpeleHHoM 30161 110 1,45 3B.

3.4330
34330 .-

27219

Puc. 1. @paemenm anuonnoii noocmpykmypul (HpipeH>)>{[Bi:l19](1,)}: ncesdoyens
{[Bi>xl10] (1)}, obpazoeannas anuonamu [Bixlo]* u monexynamu I, Juemanyuu u onumnol
ces3ell Ha pucyHKe yKazamvl 6 A.

J17151 MOJTy4YEeHHBIX COEIMHEHUI UCCIEA0BaHA KPUCTAIUIMYECKAsI CTPYKTYpa, TepMUYE-
CKasl yCTOMYMBOCTb, MOJIYYCHBI U TIPOAHATU3UPOBAHBI CIIEKTPHI AU(PGY3HOTO OTpPaKEeHHUS,
CTPOCHHUE MOJIMUOTUAHBIX (parMeHToB noaATBepkaeHo0 KP-criekTpockomnuei.

Pa6ora BeimosHEeHa npu PuHAHCOBOM Moanepkke rpanta PODU Ne 21-53-50007.
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HoHHbIE KUIKOCTH KAK MOAU(PUKATOPBI IKCTPAKIIMOHHBIX CH-
creM Ha ocHOBe N,O-10HOPHBIX JUTAHI0B

IepacumoB M.A.}, Escionnna M.B.}, Kanne I1.2, SIpenkos H.P.!, bopucosa H.E.}, Mar-
Bees [1.11.}
Y Xumuueckuil gaxynemem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus
2 Uncmumym obweti u neopaanuyeckoti xumuu umenu H.C. Kypuaxoea Poccuiickoii axa-
Odemuu Hayk, 119991, Mockea, Poccus
mishasmt@mail.ru

OOparenue ¢ BBICOKOAKTUBHBIMU oTX0AamMu (BAO), oOpa3yroniumucs B Xoie nepe-
paboTtku oTtpabotaBiiero sijgepHoro tomimpa ¢ nomouiplo PUREX-nponecca (Plutonium
Uranium Reduction EXtraction) — ogHa U3 KJIIOYEBBIX MPOOJIEM COBPEMEHHOMN pauOXH-
muu. Konuenmust ppakiinoHUpoBaHus, pa3paboTaHHas JJisl CHUKEHUSI CyMMapHON pajiio-
aKTUBHOCTH 3aXOPaHUBAEMBIX OTXOJ0B, mojapazymeBaet paznenenue Am(IIl), Cm(III) u
nantanou10B(IIl), uTo sBNIETCS CIOXKHOM 3aaueid, MOCKOJIbKY JaHHBIE 3JIEMEHTHI 00J1a-
AT OJM3KUMH (PU3UKO-XUMUUECKUMHU cBoMcTBaMH [1,2].

HauGomee MoAXOAAMKUM METOAOM IS PCIICHUA I[ElHHOﬁ 3aJa4H B XUMHYECKOM TEX-
HOJIOTHUH ABJICTCA ) KUAKOCTHAA OKCTPAKIIHA.

[Tpu nmepepabotke BAO Bo3MOKEH pa3orpeB SKCTPAKIIMOHHOW CUCTEMBI 3a CUET pa-
JTMOAKTHUBHOTO pacmnaga KoMrnoHeHToB. HeoOxomumo, 4ToOBl cucTema Oblila MOXKapo- H
B3PBIBOOE30MACHOM, UTO B IIEPBYIO OYEPEIb OTHOCUTCS K PACTBOPUTEIIIO, IIOCKOJBKY OH CO-
CTaBJISIET OCHOBHYIO YaCTh OPTraHUYCCKOM (hasbl.

B kaudecTBe epcneKTUBHBIX pACTBOPUTENIEH pacCMaTpUBAIOTCS MOJIApHBIE (PTOPUPO-
BaHHbIC OpraHnyeckue coequuenus [3]. Haubosee sspkum nmpecTaBUTeNIeM JaHHOTO Kilacca
coeaunenuit spisiercs -3 (puc.l. 0), oOragaromUii BBICOKOW pacTBOPSIONIEH CIIOCOOHO-
CTBIO BBICOKOMOJIAPHBIX COCAWHEHUM, XUMHUUYECKOM, PAaJUallMOHHOM, MOKapO- U B3PBIBO-
CTOMKOCTSIMU. DKCTPAKIIMOHHbIE cucTeMe Ha ocHOBe D-3 B couetanuu ¢ N,O-10HOpHBIMU
JIMTaHJIAMU aKTUBHO M3Yy4aroTcs cendac [3-5].

Mgl npeamnonaraeM, 94TO BBEICHHE B AKCTPAKIIMOHHYIO CHUCTEMY MOAU(HUKATOpa —
ruaApohoOHOr0 aHMOHA, MOXKET YJIYYIIIaTh SKCTPAKIIMOHHBIC TTApaMETPhI CUCTEM IS pa3Jie-
aenust An(I1I) u Ln(I1I) [6]. B xauecTBe ncTOUHNKA aHMOHOB MOTYT BBICTYNaTh TUAPO(OO-
HbIE€ MOHHBIE KUIKOCTH.

Nonnble xuakoctu (puc.l. B) — «3eJIeHbIe» OPraHUYECKUE PACTBOPUTEIH, TTPEACTAB-
JISIoIMe U3 ce0s paciuiaBbl OPraHMYECKUX COJICH, JKUJIKHE TP KOMHATHOW TeMIepaType.
OHU He TOprOYH, 001a1aI0T MIPEHEOPEKUMO MaJIBIM JIaBJICHUEM MTapOB, TEPMUUYECKON U XU-
MUYECKON CTaOUJIBHOCThIO, HU3KOH (110 CPAaBHEHUIO C TPATUIIMOHHBIMU PACTBOPHUTEISIMU)
TOKCUYHOCTBIO, TPOBOAAT AJIEKTpUUECKUi TOK. U rimaBHOE — Mpu cOue€TaHUM MOHHOM JKH/I-
koctu ¢ N,O-10HOpHBIMU 3KCTpareHTaMu BO3MOKHO YJIYYIIIEHHE MapaMeTPOB SKCTPAKIIH-
OHHBIX CHUCTEM [7].
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Puc. 1. Cmpyxkmypnuuvie hopmynvl: ou-(N-smun-4-smunanunuo) 2,2 ’-ounupuoun-6,6’-
ouxapbonosas kucioma — L (@), memanumpobenzompugpmopuo — @-3 (6), 1-6ymun-3-me-
munumuoazonuti ouc(mpugmopmemancynrvgonun)umud — CamimNTf (c)

B nannoit paboTe 66U H3y4eHbI BO3MOKHOCTH MOIU(UKAIINY SKCTPAKIIMOHHBIX CHU-
cTeM s pazzaencHus f-aj1eMeHToB Ha ocHOBe TeTpaneHTaTHOro N,O-TOHOPHOTO JIMTaHIa
L (Puc.l. a) BBeaenuem B oprannyeckyro ¢gazy nonnoi xxunkoctu CamimNTf; (Puc.1. B).
Oco060¢ BHMMaHUE ObUIO YJIEJICHO YCTAaHOBJICHUIO MEXaHU3Ma KOMIUIEKCOOOpa30BaHUs B
UCCIIETyEMbIX 00BEKTaxX.

Pabota BrinonHeHa npu punancoBoi noanaepkke rpanta PH® Ne 23-73-30006.
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CI/IHTCS, KPAUCTANINYECCKOEC CTPOCHUC U CBOMCTBA NHUKTH/I0B
cemeiicrBa 122 Ba(Cri1xCox)2As2 m EUFez(As1«xPx)2
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*IJenmp nepcnexmusnvix Memooos me3ogusuku u Hanomexnonoauil, Mockosckuii ¢u-
3uxo-mexnuyeckul uncmumym, 141701 Jloneonpyonuwiii, Poccus

alexeyqgippius@yandex.ru

[MaukTHABI ceMeiicTBa 122, KpucTaIu3upyrommecs B crpykrypaom ture ThCr,Si;
(puc. 1), U3BeCTHBI OTHOCHUTEJIHHO JaBHO, 04HaKO B 2008 roay HHTEpEC HAyYHOTO MHUPOBOTO
co00IIIeCTBa K 3TUM COCJIMHEHHUSM 3HAYMUTEIBHO BO3POC B CBSA3U C OTKPHITHEM B JaHHOM
CEMENCTBE BBICOKOTEMIIEPATYPHBIX CBEPXIIPOBOJIHUKOB. TOJEPAaHTHOCTh JAHHOI'O CEMEii-
CTBa K 3aMEIICHUIO B MTO3UIIUH II€JI0YHO3EMENIBHOTO M MEPEXOAHOTO METAILIOB [ 1], a Takxke
B IMO3UIIMHU THUKTOTEHOB [2] OTKPHIBAET IUPOKUE BOZMOKHOCTH BApbUPOBAHUS CBEPXITIPO-
BOJISIIINX u JIPYTUX (GyHKIIMOHATBHBIX CBOMCTB v 1IEJIbIO ux

7? LIM/LLI3M/P33

MepexoaHbli MeTan

/4
¥ [MHUKTOreH

Puc. 1. Kpucmannuueckoe cmpoenue nuukmuoos cemeticmea 122, 2oe II[M — we-
qnounou memann, I[3M — wenouno-zemenvuoiti memain, P39 — pedko-3emenvHbiii dne-
MeHm.

ONTUMHU3AIMU. B HacTOSIIIUK MOMEHT B JIUTEPAType IIHUPOKO MPEACTABICHBI PaOOTHI IO
CHHTE3Y M UCCJICJIOBAHUIO JTAHHBIX COSMHEHMI ¢ pa3HbiMu O-Metaamu (Hanpumep, [3]),
OJTHAKO OTCYTCTBYIOT PaOOTHI, MOCBAMIEHHBIE 3aMEHE JKelie3a Ha M303JIEKTPOHHYIO CMECh
{T’+T"’}, tne T’ u T"— d-mMeTa/Ibl ¢ YMCIOM BAJICHTHBIX 3JIEKTPOHOB MEHbIIIE M OOJIbIIIE,
4eM y JKeJesa.



B npexacraBnenHoil paboTe ObLIM CHHTE3UPOBAHBI MOTUKPUCTATIINYECKUE U MOHO-
Kpuctamiaeckue oopasipsl cocraBa Ba(Cri«Coy)2AS,. CorinacHo TaHHBIM PEHTTEHOBCKOI
T paKIK ¥ pe3yJbTaTaM peHTI€HOCIeKTpaabHOro MuKpoananusa (PCMA), moixydeHHbIe
noJuKpucTaiumaeckue oopasibl cucteMbl Ba(Cri.4C0y)2AS; KpUCTAIUTH3YIOTCS B CTPYKTYP-
HoM Trrie ThCr,Si, (mpocTpancTBeHHas rpymma [4/mmm), mpu 3ToM copepikanue KodabTa
(x) coctasmsieT ot 0.00 10 0.77. YcTaHOBJIEHO, YTO C MOBBIIIICHUEM COJICPKAHUS KOOAIbTa
napameTp 3JIEMEHTApHOU SYEHKU ¢ yMEHbIaeTcs. PEHTTeHOCTPYKTYpHBIN aHaIN3 MOHO-
KpUCTAJUIMUECKOro oOpasiia ¢ cojepkaHueM kobanbTa 77 ar.% Mmokaszan CTaTUCTUYECKUN
xapaktep 3amerneHuss Cr/Co, a Takxke Xopollee COOTBETCTBUE YPOBHS 3amelneHus d-
MeTajuia pe3yiabTaTy, noixydyeHHomy metogoMm PCMA. VccrenoBanue MarHuTHOM BOCTIpU-
UMYHUBOCTH 00pa3iia ¢ coJep:kanueM Kobabta 69 Moib.% nokazainu, 4To OH sBJsieTcs ep-
pomarHeTukom ¢ Temreparypoil Kropu 5.04K, oGpazenm ¢ couepkaHuem kobOaiabTa 59
MOJ1b.% — aHTUdeppoMarHeTukom ¢ Temneparypoi Kropu 111K.

Takoxe 000N UHTEPEC MPEACTABIISIET CUHTE3 U UCCIIEI0BAHUE 00pa3IOB MpeACTa-
BUTEJIEN ceMencTBa 122 ¢ 3aMeNIeHNEM B ITO3UIMIX ITHUKTOreHa. Tako! TUI 3aMENIeHUS B
IPEJICTaBICHHON paboTe u3ydaeTcs Ha mpumepe coequueHus EUFe(ASixPx)2, 1eMOHCTpH-
PYIOLIETO B 3aBUCUMOCTH OT BEJIMYMHBI X KaK CII0KHOE MAarHUTHOE TTOBEJICHUE, TaK U CBEPX-
POBOJALIME CBOKCTBA. B Halel paboTe ObLIN MOTyYeHbl MOHOKPUCTAJUTMYECKUE 00pas3Iibl
C IOCTATOYHO OOJIBIIMMU pa3MepPamMu, 4YTO MO3BOJIMIIO MPOBECTH KOMILIEKCHOE UCCIIEI0BA-
HUE (U3MUYECKUX CBOMCTB IMOJYYEHHBIX OOpas3lloB C MPUMEHEHUEM TaKWX METOJIOB, Kak
MCM a takxe GOTOINEKTPOHHASI MUKPOCKOIIHS C YTJIOBBIM Pa3peIIeHUEM.

PaboTa BrimonHeHa npu noaaepxke rpanta PH® 22-43-02020.
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[3] N.S. Sangeetha, L.-L. Wang, A.V. Smirnov, et al. Physical Review B 100 (9) (2019) 094447-1 - 094447-
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BiusiHue XMMH4Y€ECKOro cOCTaBa OKCHAA rpapeHa HA TPAHCIIOPT-
HbI¢ CBOWICTBA MEeMOpPaH HA ero OCHOBE

I'updanosa A.I'., Uepnosa E.A.Y, I'ypesnos K.E.L, Enucees A.A.12

1 @Daxynemem Hayk o mamepuanax MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poc-
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BonoponHas sHepreTuka MIMPOKO pacCMaTpUBAaeTCs B KQUECTBE HOBOT'O ajlbTepHA-
TUBHOTO MCTOYHUKA PHEPTUM HA 3aMEHY TPAJAUIIMOHHBIM MIPUPOIHBIM UCKOMAEMbIM BUaM
ToriMBa. OCHOBHBIMU YCTPOUCTBAMU JIJIs1 BOJOPOIHOMN SHEPTETUKHU SIBJSIOTCS TPOTOHOO0-
MEHHbIE MEMOpaHHBIC TOIUIMBHBIC AJE€MEHTHI. [ ux 3¢ dexTuBHON paboThl TpedyeTcs
OBICTPBIN U CEJIEKTUBHBIA MIEPEHOC MPOTOHA Yepe3 KOHTAKT MeMOpaHa-3JIekTpol. B kaue-
CTBE MaTepuaa Jjisi TAKMX MeMOpaH B HACTOSIIUI MOMEHT IIUPOKO MPUMEHSIOT MOJIUMEP
«Haduon». OCHOBHBIMH HEJIOCTATKAMU TaAKUX MEMOPaH SBJISIFOTCS CIIO)KHOCTb UX U3TOTOB-
JICHUS!, CUJIbHAS 3aBUCUMOCTH TU(DPYy3uu MPOTOHA OT OKPY’KAIOIIEH BIAKHOCTH U TEMIIE-
paTypbl, a TaK)K€ XUMUYECKOW U CTPYKTYPHOM JAETpajaliii CO BPEMEHEM.

B kauecTBe anbTepHAaTUBHOIO MaTepuaia Juisd CO3[jaHus MPOTOHOOMEHHBIX MeMOpaH
MO>XHO PacCMOTpeTh MeMOpaHy Ha OCHOBe okcuaa rpadena. Cpemanue K0dhOUIMEHTHI
i y3unr TPOTOHOB 1Sl TAKMX MEMOPAH CpaBHUMBI ¢ TakoBbIMU 1151 «Haduon» u cocras-
msrot ot 1071 1o 10° mM?-¢. Beicokas rugpoduibHOCTS OKcna rpadeHa 00ycnaBIuBaeT
€ro 3HAYUTEIBHYIO MPOHUIIAEMOCTh TI0 MOJIEKYJaM BObI, YTO MPUBOIUT K HaOyXaHHUIO
MeMOpaHbI U MajieHuio cenekTuBHOCTH B mape H'/H,O. Onaum U3 crioco0oB yMEHBIIUTH
TUAPOPHUILHOCTh MIOBEPXHOCTH - YMEHBIIUTH JTOCTYITHOE JIJIsl TPAHCIIOPTa MPOCTPAHCTBO
MEXTy HAHOJIMCTAMHU SIBIISIETCS BOCCTAHOBJICHHE: XUMHUECKOE, TEPMHUUECKOE HITH DIIEKTPO-
XUMHYECKOE.

B kadyecTBe 00BEKTOB MCCICAOBAHUS HCIIOIB30BAMCH KOMITIO3UTHBIE MEMOpaHbI Ha
OCHOBE OKcHJ1a Tpad)eHa, HAHECEHHOTO Ha TIOPUCTYIO TOIJIOKKY aHOJHOTO OKCHJIa aTFOMHU-
HUS, HA TIOBEPXHOCTh KOTOPOT'O HAIBLISJICS TOHKHUI cJ10# 30J10Ta (puc. 1).

DIEKTPOXUMHUECKOE BOCCTAHOBJIEHHE OKCUAA rpadeHa MpoBOAUIOCH MPU TOCTOSH-
HOM moTeHumane -1V. Jlyig uccnenoBanusi KWHETUKY Mpoliecca AIUTENIbHOCTh BOCCTaHOB-
aeHust BappupoBaiy oT 10 MuHyT 10 60 MUHYT. I3MEHEHNE XUMHUYECKOTO COCTaBa OKCH/IA
rpadena B mpoiiecce BoccTaHOBIeHUs uccieaoBaimchk metogamu MK u POC cnekTpocko-
nun. CornacHO MOTYYeHHBIM CIIEKTpaM, KapOOHUIIbHBIC ¥ TUAPOKCUIILHBIC TPYIIIBI, TIPE00-
JaIalo1Ire B UCXOTHOM OKCHIE Tpad)eHa, 3SHAUNTEIBHO YMEHBIIIAITCS IO MEpPEe BOCCTAHOB-
nenusi. HarmpoTuB, KOHIIGHTPAIS SMOKCHUIHBIX TPYIIT MPAKTHUECKH HE U3MEHSIETCS B MPO-
LIECCE BOCCTAHOBJIEHUA. TaKoM MOAXOJ MO3BOJIMJ 3HAYUTENIBHO MOBBICUTH COOTHOLIEHUE
C/O ¢ ~ 1.84 (ucxoausiit) 10 ~ 4 (60 MHHYT BOCCTAHOBJICHHS ). DIIMMUHUPOBAaHNE (YHKITH-
OHAJIBHBIX I'PYINI C MOBEPXHOCTU HAHOJIMCTOB MO3BOJINJIO HEOOPATUMO C)KaTh MEXKILIOC-
KOCTHOE PAacCTOSTHUE, YTO B CBOIO OUEPEb YMEHBIIUIIO MPOHULIAEMOCTh MEMOPAHBI TIO Ta-
pam BOJbI Ha 4 MOpAIKA, IPU HE3HAYUTEIIBHOM CHIYKEHUH CKOPOCTH TPAHCIIOPTa MPOTOHA.
OTO MO3BOJNMJIO MOJYYUTh MPOTOHMPOBOISAIONIYI0 MeMOpaHy, OOJaJarollyl0 MOYTH



OapbepHBIMU CBOMCTBAMH K MOJICKYJIaM BOJIbI M CelieKTHBHOCTHIO B ape H'/H,O ~ 1400
(puc. 2).

1. Support preparation 2. GO preparation 3. ERGO formation
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Puc. 1. Cxema cTpoeHHs ¥ OTYyUYEHUS MPOTOHOOMEHHOM MEMOpaHBI.
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Puc. 2. Cenexmusnocmo ¢ nape H'IH,0O npu snexkmpoxumuueckom 6occmanosie-
HUU.

PaGora BeImonHeHa npu puHAHCOBOM noanepxke rpanta PH® No 23-13-00195.



I'mapupoBanue-geruapuposanue 1-merunHadgraauna/l-merniae-
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XpaHeHue Bo10poa ABJISETCS OAHON U3 INIaBHBIX TEXHUYECKUX MTPOOIIEM AJIs co3/1a-
HUS 0e3ynpeyHol SKOHOMHUYECKOH cucteMbl. Ocob0e BHUMaHUE B HACTOSALIEE BpeMs yie-
JSI€TCS PACCMOTPEHUIO OPraHUYECKUX MOJIEKYJI, UCIIOJIB3YEMBIX B KaUECTBE XKUAKUX Opra-
HUYECKUX HocuTenen Bogopoaa [1]. HaubOonpmmii uHTEpEC MpeICTaBIsIOT ApOMaTUYECKUE
YTJIEBOIOPO/bI, CIOCOOHBIE K 0OpaTUMBIM PEAKIUSM FMAPUPOBAHUA—AECTUAPUPOBAHUS, TH-
NUYHBIMU [IPEICTABUTEISIMU KOTOPBIX SIBISIFOTCS Ha()TaIlH U €r0 METHIIIIPOU3BOIHbIE. Be-
coMas 4acThb UCCJENOBAHUN MO TUAPUPOBAHUIO JAHHBIX apOMaTUUYECKUX COEIUHEHHN TO-
CBSIIIICHA MCIIOJIB30BAaHUIO KATAIM3aTOPOB HA OCHOBE OJIArOPOHBIX METALIOB [2], HO MpH-
MEHEHHE TPAAUIMOHHBIX KATaJU3aTOPOB THJIPUPOBAHMS OTPAHUYMBAETCS BBUAY JIOPOIO-
BU3HBI COCJTMHEHUI HAa OCHOBE METAJUIOB IUIATUHOBOM Tpynibl. B cBsI3u ¢ 3TUM 0COOBIN
WHTEpeC MpecTaBisieT pa3paboTka He MeHee d3P(DEKTUBHBIX KaTalnu3aTOPOB C MPEUMYIIE-
CTBEHHBIM coJiep>kaHreM HeOnaropoHeix MetamwioB (Ni, Cu) ¥ MUHUMAJIBHBIM COJEpPIKa-
Huem Onaropoaubix (10 0,5 mace.%).

B nanno# pabore M3yueHbl KaTaJUTHYECKHUE CBOMCTBA MOHO- U OMMETaNIMYECKHUX
KaTaJnu3aToOpoOB Ha OCHOBE HebOsiaropoaHoro metaya Ni, TOMUPOBAHHBIX YIbTpaMalIbIMU
KoJinuecTBamMu OjaropoaHoro Meraya (He 6osee 0,2 macc. %), B mpoliecce rupupoBa-
Hus/neruapupoBanus 1-metunHadTanuHa/l-mMetunaexanuHa. Karamuzatopsl coctaBoM
XNi/SiO; (rme x = 5-15 macc.%) u yPt/xNi/SiO; (y=0,2 macc.%) ObUTH CHHTE3UPOBAHbI pa3-
JUYHBIMU CTIOCO0aMH, @ UMEHHO METOJIOM IMPOTUTKHU 1O BJIATOEMKOCTH HOCUTEINS (11), Me-
TOJOM OCXKJICHUS TEPMUUYECKUM THAPOIU30M MOUYEBUHBI (0), pEIOKC-METOAOM (Pel.).

B Tabnuuax 1 u 2 npeacTaBieHbl OCHOBHBIE PE3YJIbTAThl pA0OTHI [0 KATAIUTUYECKUM
CBOMCTBaM, MOJIYYEHHBIX 00pa3IIoB.

Taénuya 1. OcnosHble noxazamenu Kamaiumuyeckou aKmueHOCMY CUHIME3UPOBAH-
HbIX KAMaiu3amopos 8 peaxkyuu cuopuposanus 1-wemurnagpmanuna (1-MH).

Karanuzatop Konsepcust CenexTuBHOCTD, %
1-MH, % 1-metunrer- | 1-MeTnmigeka- | METHIAECKAIIH-

panuH JIMHBI HBI
15Ni/SiO2(0) 99,99 14,4 35,0 69,9
10Ni/SiO2(0) 99,6 23,4 3,3 14,4
0,2Pt/10Ni/SiO2(pen.) 99,68 29,91 0,73 2,94
0,2Pt/5Ni/SiOz(pen.) 99,59 29,72 1,7 6,26
0,2Pt/10Ni/SiO2(m) 99,96 15,8 29,7 69,7
0,2Pt/5Ni/SiO2(11) 99,07 30,37 0,75 2,92
10Ni/SiOz(m) 99,26 25,21 0,95 45




\ 15Ni/SiOz(m) | 9912 | 2352 | 1,65 \ 7,91 |
YcaoBus peakuun: P=4 Mlla, T=240°C, =2 4, my,,—=0,100 r, n(cy6)/n(N1)=10, pac-
TBOPUTEJHh — H-TEKCaH.

Tabnuya 2. Ocrnosuble nokazamenu Kamaiumudeckou 1-vemunoexaiuna (1-
MJ]) akmuenocmu cCuHme3upoBaHHbIX KAmaiu3amopos 8 peaxyuu 0ecuopupoB8aHus.
Karanuzarop Konsepcus 1-M/1, % > CeneKkTuBHOCTS 110
HadTamuHaMm, %
280°C 300°C | 320°C | 280°C | 300°C | 320°C
gf:I\i/E)NI/SIOZ(H) C BOCCTaHOBJIE- 4.9 5,96 8,47 95.25 94.56 93.18
0,2Pt/5Ni/SiO2(pen.) ¢ BoccTaHOB- 3.43 4,10 3,58 90.9 92.92 98,6
JIEHUEM
0,2Pt/5Ni/SiO2(pen.) 6e3 BoccTa- 1.50 138 172 7651 | 69.68 | 67.18
HOBJICHUA
0,2Pt/10Ni/SiO2(11) ¢ BoccTaHOB- 7.7 11,01 14.65 ~100
JIEHUEM
0,2Pt/10Ni/SiO2(pen.) ¢ Boccra- 7.40 6.96 6.98 ~100
HOBJIEHUEM

Yeaosus peakmun: T=280-320°C, 1=5-13 4, V,,;=0,260 cm>.

Kartanutudeckre HCIBITAaHKS BO BCEX CIydasX MMOKa3aal BRICOKYIO KOHBEPCHIO 1-Me-
tunHapTanuHa (>99%). MoHo- u GuMmeTraminyeckre o0pasLbl, IPUTOTOBICHHbBIE METOIOM
IPOIMTKH, OKa3aJIMCh HanOO0JIee CEIIEKTUBHBIMU IO OTHOIIEHUO K IIPOMEXKYTOYHBIM COETH-
HCHHSIM PEAKIUU TUIAPUPOBAHUS — MeTHATeTpasuHaM. CaMbIM JIyYIIUM 00pa3iioM Cpeu
KaTaJu3aTOPOB, MOIyUYEeHHBIM pemokc-metoaoM, sBiscs 0,2Pt/5Ni/SiO;(pen.) B peakiuu
ruapupoBanusi. Karamuzarop 15Ni/SiO2(0) Takke MpoIeMOHCTPUPOBAT XOPOITYIO CElIeK-
THUBHOCTb 110 OTHOIICHHUIO K | -METHIIICKAIMHY B peakiuy THapupoBanus. Hanmydmim 00-
pasioM B peakiuu aeruapupoBanus 1-metunaekanuna ssisuics 0,2P/10Ni/SiO;(m).

Bo Bcex ciyuasix Habmromanack mobovyHas peakius uoMepusanuu 1-merunHadra-
JUHA B 2-MeTHIHA(]TAINH.

PaboTa BeInosiHeHa npu (pruHaHCcoBOM noaaepskke ['panta MuHHCTEpCTBAa HAYKH U BHICIIETO
obpazoBanusi PO Ne 075-15-2021-585.

[1] Leonid M. Kustov, Alexander N. Kalenchuk. Metals 12 (2022) 2002-2019.
[2] Zhao Tong, Zhao Bin-bin, Niu Yu-feng, Liang Yu, Liu Lei, Dong Jin-xiang, Tang Ming-xing, Li Xue-
kuan. Journal of Fuel Chemistry and Technology 49 (2021) 1181-11809.



YcTaHoBJIeHHE KOOPAUHAIIMHY AKTHHHUJI-KATHOHOB C MOJIU/IEH-
TaHTHBIMU N,O-10HOPHBLIMM JIMTAHAAMHA

Lyroposa C.B.}, Matsees I1.11.}, Hosuukos JI.A.! Tpury6 A.JI1.2, Tlerpos B.I'.!

Y Xumuueckuil gaxynemem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus
2 HUI] «Kypuamosckuii uncmumympy, 123182, Mocksa, Poccus

svetlana.gutorova@chemistry.msu.ru

[TepepaboTka orpadboranHoro sigmeproro TorwmuBa (OST) sBisieTcss BaxkKHOU 3aaveit
B paMKax JKOJIOTMM W PAIMOHAIBHOTO HCITOJIB30BAaHUS MPHUPOAHBIX pecypcos. IloBce-
MECTHO pPa3pabaThIBAIOTCS AKCTPAKIIMOHHBIE CHCTEMBI ISl Pa3feieHUS TPaHCYPaHOBBIX
AJIEMEHTOB W3 OTpPabOTAaHHOTO sIEpHOTO ToIUMBa. I[loHWMaHWe OCOOCHHOCTEH
KOMITJIEKCOOOpa30BaHMsI MOHOB AaKTHHHUIOB C BBIOPAaHHBIMH JIMTAaHJAAMH B pPacTBOpE
HEOOXOJMMO JIJII YCTAHOBJICHHUS JIETAJIbHOTO MEXaHW3Ma JKCTPaKIHH W Ppa3pabOTKu
«uaeanbHoro» dKkcTpareHTa. N,O-1oHOpHBIC TUTaHbI HA OCHOBE (peHaHTponmHa L1 u L2
u upuauHa L3 (Puc. 1) SBISIOTCS MEpCEeKTUBHBIMH SKCTPAareHTaMH VISl TPYIIIIOBOTO H3-
BJICUCHUS aKTHHHUJIOB U3 pacTBopoB OST. Panee Ob1T0 MOKa3aHO, YTO TaKHUE JIMTAHBI d-
dexturHO 3kcTparupytoT U(VI) u Th(IV) B ycinoBusx u30bITKa JUraHaa HaJl METAIJIOM C
obpazoBanuem komiiekcoB 1:1 co ctpykrypoit nonnoi mapsl {{UO2L(NO3)]"(NOs3)} u
ThL(NOs)4 [1-3]. IIpu 3TOM B ycnoBHSX M30bITKA METa/UIa HAJl JUTAHAOM [MOKA3aHO, YTO
ypaHWJI-KaTHOH B MPUCYTCTBUU 00BEMHBIX MOJMJICHTAHTHBIX JINTAHJI0B HA OCHOBE (DeHaH-
TpoarHa 00paszyeT komiuiekchl cocTaBa {[UO2LINO;]" [UO2(NO3)s] } [4]. Uensio nanHoM
paboTHI OBIIO YCTAHOBHUTH B3aMMOCBSI3h «CTPYKTYpa IKCTPAreHTa — CTPYKTypa KOMILIEKCa
¢ f-aIeMeHTOM — DKCTpPaKIIMOHHBIE CBOWCTBA» JJIS TPU- M TETPAJICHTAHTHBIX JINTAHIOB Ha
ocHoBe nupuauHa u penantponunaa ¢ U(VI) u Th(lV).

L3

Puc. 1. Cmpyxmyprule popmynst usyuaemuvix ¢ pabome 1ueaHo08 Ha OCHOBe (eHaH-
mponuna (L1, L2) u nupuouna (L3).

B nepByto ouepeas noctporau uzorepmbl HackimeHust mo U(VI) u Th(1V) mist L2
L3 u mokazanu, uyto Tosbko st mapsl U(VI)-L2 nabaromaercss oOpa3oBaHHEe KOMILIEKCOB
co crexuomerpuii U:L 2:1 B opranuueckoit daze. Th(IV) skctparupyercst Tpu- u TeTpa-
JIEHTaHTHBIMM JINTAHJIaMH TI0 COJIbBATHOMY MEXaHU3MY ¢ 00pa3oBaHHEeM KOMILIEKCOB 1:1.

Jlanee Ha mpuMepe TeTpajeHTaHoro nurannaa L1 uccrenoBany BIMsHUE MOJISPHOCTH pac-
TBOpUTENS Ha dKcTpakinuto makpokoiuuecTB U(VI), a Takke BO3MOXHOCTh COBMECTHOM
sxcrpakiuu U(VI) u Th(IV). Tlokazanu, 4To B paCTBOPHUTENISAX Pa3HOM MOJIIPHOCTH: OKTa-
HOJI, XJIOPOOPM, METAaHUTPOOSH30TPUPTOPHUT U HUTPOOSH30JI — 00Pa3yIOTCS KOMILJIEKCHI
coctaBa {[UO,L1NO3]* [UO2(NO3)s] }. Kpome Toro, mokasaan BO3MOKHOCTb COBMECTHOM



skerpakmumn - U(VI)  m Th(IV) ¢ oOpa3oBaHMeM  KOMIUIGKCOB  COCTaBa
{[UO2LING;]* [Th(NOg)s] }-

CtpoeHre KOMIUIEKCHBIX COEMHEHUI MOATBEPKIATN COBOKYITHOCTBIO CIIEKTPOCKO-
nudecknx MeTofoB (Y®-Bunumas cekTpohOTOMETpHsl, PEHTTeHOCTPYKTYPHBIN aHaJu3,
CIEKTPOCKONUS PEHTT€HOBCKOI'O MOTJIOIEHUs1, PaMaHOBCKasl CIEKTPOCKONUS) U KBAHTOBO-
XUMHYECKUMHU pacuyeTaMi METOJOM TEOPUH (PYHKIIHOHAIA HIEKTPOHHON TUIOTHOCTH.

Pa6ora BeIMoIHEHA TPU (PUHAHCOBOM MOAACPKKE TpaHTa MUHHCTEPCTBA HAYKHU U BBICIIIETO
obpazoBanms Poccuiickoit @eneparuu rpant N°075-15-2022-1107.

[1] Xiao C.-L., Wang, C.-Z., Yuan, L.-Y. et al. Inorganic Chemistry (2014) 1712-1720.
[2] Gutorova S. V., Matveev P. I., Lemport P. S. et al, Inorg. Chem. 2022, 384—398.

[3] Wang H., Cui T., Sui J. et al, Sep. Purif. Technol. 2022, 120046.

[4] Gutorova S. V., Matveev P. I., Lemport P. S. et al, Inorg. Chem. 2023, 487-496.



CuHTE3 U BBICOKOTEMIIEPATYPHBIE CBOHCTBA HOBOI'0 OKCH/IA
Sr3InNbO-;

Jlocaes B.A., Uctomun C.4.

Xumuueckuut paxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus
vladikosins@gmail.com

B Hacrosiiiee BpeMs akTyajibHa 3a/1aua COBEpPILIEHCTBOBAHUSI METO/I0B AJIEKTPOXUMHU-
yeckol reHepanuu sHeprud. OQHUM U3 pelIeHU JaHHOW MpOoOIeMbl CTaM TOIUIMBHbBIC
AJIEMEHTBI, B YaCTHOCTHU, BRICOKOTEMITEPATYPHBIE TBEPOOKCHIHBIC TOIIMBHBIE 3JIEMEHTHI
(TOTD). B nocnennee BpeMst Bce 0OJIBbIINNA MHTEPEC BBI3BIBAIOT TaK HA3bIBAEMbIE MPOTOH-
Heie TOTD, B KOTOPBIX B KaU€CTBE AJICKTPOJIMTA BBICTYIAET TBEPIbI OKCHUJI C BEICOKOTEM-
MepaTypHO MPOTOHHOM MPOBOAMMOCTHIO. K TakuM MarepuanaM OTHOCSTCS JOMUPOBAH-
Hble oKcuasl Ha ocHOoBe BaCeOs, BaZrOs, BayIn,Os, LaNbOg, La,Ti»O7, a Taxke ux ana-
goru [1]. IlpeumymectBo Takux TOTD 3akimtodaeTcss B ux 0ojee HU3KOM pabouei Temie-
partype (600 — 800 °C mpotus 800 — 1000 °C), a Takxe B TOM, UTO BOJIa B HUX 00Opazyercs
Ha CTOPOHE KaTojia, 6yiarogapsi 4eMy BOAOPOIHOE TOILJIMBO HE pa30aBiseTCs MapaMu BOIbI.
B kadecTBe 00BEKTa HaIIEro HCCIEIOBaHMUS ObUT BBIOPAH HOBBIM CIIOXKHBIA OKCHJY
Sr3InNbOy7 co crpykrypoii 2-ro romosiora psaa Pagnnecnena-ITonmnepa. Taxxe ObuT Uccie-
noBaH TBepabii pacTtBOP Sr3INND1 . TixO7.x1.

CunTte3 o0pa3ioB mpoBoAWIM NpH Bbicokor Temneparype 1300°C, 96 vacoB ¢ uc-
MOJIb30BAaHUEM B Kau€CTBE MCXOJIHBIX BEUIECTB OKCHJOB COOTBETCTBYIOIIMX METAIIOB U
KapOoHaTa CTPOHIIUS C MPOMEKYTOUHBIM OoTkUroM npu 900°C, 24 yaca. B xauectBe meTo-
JIOB MCCJIEIOBAHUS UCIIONIb30BaIN peHTreHo(pa3oBbii aHanu3 (PDA), nuiaToMeTpuro U u3-
MEpEHHUE BBICOKOTEMIIEPATYPHOM AJIEKTPOIPOBOIHOCTH B CYXOil U BIAXKHOM aTMocdepe.

W3 nanHbIX peHTreHo(ha3oBoro ananu3a oopasua Sr3lINNbO; cienyer, uTo Hamu ObLIa
noJiy4eHa HoBast paza co CTpYKTypo# 2-ro romodiora psaa Pagnnecaena-Ilonnepa. Coenu-
HEHUE KPUCTAIIU3YETCS B POMOMUYECKOW CHHTOHHUU C TITapaMeTpaMHU dJIeMEHTapHOMN STYeKU
a=5.737(2) A, b=5.760(1) A, c=20.741(3) A. Iloka3aHo, 4TO B JaHHOH (a3ze MPOUCXOIUT
ynopsinouenne katuoHos In®* u Nb®" mo B-nosunusm B KpHUCTaUIMYECKOH CTPYKTypE.
Kpome Toro, ¢ 1enpro co3aaHus MaTEPHAIIOB ¢ BHICOKOTEMIIEPATYPHOM MPOTOHHOM MTPOBO-
JTUMOCTBIO Ha OCHOBE 3TOW (Da3bl, HAMH OBUI ITOJYYEH TBEPABIA PACTBOpP 3aMEIICHHS -
Sr3INnNbggTip10695. B pabote 00cykaaeTcs BHICOKOTEMIIEpATypHasl IPOBOJAUMOCTh JaH-
HBIX (Da3, a TaKKe UX TEPMOMEXaHUYICCKHE CBOMCTBA.

[1] A.V. Kasyanova, A.O. Rudenko, Yu.G. Lyagaeva, D.A. Medvedev, Membranes and Membrane Tech-
nologies, 2021, Vol. 3, No. 2, pp. 73-97.



JlokajibHAs 1 MPOTSAKEHHAS CTPYKTYpPa, MAarHUTHbIE CBOIICTBA
CHHTETHYECKHX AHAJIOT0B KOJIK3UTA ¢ TAHTAJIOM

Edumona A.C.1?, TToneuk A.O.?, llleBenbkoB A.B.?

1 Daxyremem Hayk o mamepuanax MI'Y umenu M.B. Jlomonocosa, 119992, Mockea, Poc-
cusl,

2 Xumuyeckuil gaxynemem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus

a.s.efimova808@agmail.com

B HepaBHMX paboTax OBLIO OKa3aHO, YTO CHHTETUYECKHE aHATIOI'M MUHEPaJIa KOJIIO-
3uta CuzeA2SNeSs2 (A =V, Nb, Ta) UMeroT BRICOKHE 3HAUCHUS TEPMOIIEKTPHIECKOTO (ax-
TOpa MOIIIHOCTH, COITOCTaBUMBIE C MAaTEpUAJIaMHU, UCTIOJIb3yeMbIMU Ha mpakTuke [ 1-2]. Co-
cymectBoBanue katnoHoB Meaun Cu* m Cu®* B KpHMCTaIIMYECKOM CTPYKType KOIFO3UTa
onpenenser 3pGEeKTUBHBIN 3apsiA0BbIA TPAHCHIOPT MO MPBIKKOBOMY MEXaHU3MY, M OITH-
MaJIbHbIE TEPMORJIEKTPUUECKHE CBOMCTBA MOTYT OBITh JOCTUTHYTHI 332 CUET BapbUPOBAHMS
KaTHOHHOTO COCTaBa KOJIIO3HUTOB [3-4].

B nannoit pabote ObutH moyueHbl ogHodazHbie 00pas3ibl Cugs.xFexTaxSneSsz (0 < x
<3.5, Ax =0.5), uncrora 006pa3ioB ObuTa MoaTBepKaAeHa MeToiaMu PDOA u JIPCA. Koiro-
3UTHI OBLIM MOJTYUYEHBI 110 METOJIMKE BBICOKOTEMIIEPATYPHOTO aMIyJbHOTO CUHTE3a B TPU
craguu (T1 = 1373 K, T2 = T3 =700 K). MoHokpucTamibl ObUTH MOJTyYEHBI METOJIOM XUMH-
YeCcKoro TpaHcmnopTa (temmnepaTtypa ropsueit 3oubl T1 = 800°C, Temneparypa XOJI0IHOU
30HBI T2 = 700°C) u3 06pa3noB Cugs.xFexTaSneSs2 (X =0, 2, 3, 4).

OnpeneneHue JOKaJIbHONW CTPYKTYPhI TPOBOAWIIA METOJIOM MECCOaydPOBCKOM CIIEK-
Tpockonuu Ha siapax °'Fe u 1°Sn, mpuuem usmepenns na sapax °'Fe nposoaunack npu T =
77 Ku T =300 K. Jlng coemuaenns CugsxFexTaSneSs, (x =1, 1.5, 2, 2.5, 3, 3.5) Ob110
MOKa3aHo, YTO 00pa3iibl C HU3KUM COJIEpKaHUEM xkKefie3a (X < 2) coaepkaT B CBOEM COCTaBe
TOJIKO TPEXBAJICHTHOE KEJIe30 B TETPAIIPHUECKOM OKPYKEHHH CEpBI, TOTJa Kak B oOpas-
11aX C BBICOKHM COZIEP:KaHUEM kee3a (X > 2) cocymecTByroT HoHbl Fe?* u Fe**. Tlpu stom
yBEIMYEHHE 00MIEi KOHLEHTPALMH KeNe3a BEAET K POCTY OTHOCHTEIBHOM nomu Fe?*. Ana-
JIOTUYHBIC JTAHHBIE HAOIIOMAIMCh paHee IS BaHAAUEBBIX KOJIO3UTOB [5]; mogo0HOe moBe-
JIEHUE TaKKe HAOJIOMAaeTCs IS MPEIBApUTEIBHBIX JTaHHBIX M0 HUOOMEBBIM KOJIIO3UTAM.
YcraHoBIEHO, UTO BO BCeX 00pa3iax TaHTAIOBBIX KOJIIO3UTOB OJIOBO HAXOJIUTCS B BHICOKO-
CHMMETPUYHEIX TeTpadapax Sn**S,, a ero cTpykTypHOE H 3apsa0BOE COCTOSHHS IIPAKTHYE-
CKHU HE 3aBUCAT OT KOHIICHTPAIUH X.

Pentrenoctpykrypusiii aHanu3 (PCA) uist KOJI0O3UTOB C TaHTAJIOM MPOBOAMIICA TIO
JAHHBIM MOHOKPUCTAJILHOTO HKCIIEPUMEHTA; TaKKe MPOBOANIIACH PEHTI€HOBCKas TUdpak-
1[Ms1 BBICOKOTO pa3pelieHusi ¢ MCIOJIb30BAHUEM CHUHXPOTPOHHOI'O M3IYYEHUS Ha JIMHUU
ID22 nentpa ESRF (I'peno6ns). [To pesynbsratam PCA Bo Bcex oOpasiiax oOHapyXeH Jie-
dbuuuT TaHTana B ero no3uuuu 2a. Takxke ObLIO BBISICHEHO, YTO KEJIE30 3aMelllaeT Melb
TOJIKO B OJTHOM M3 TPEX €€ MO3MIIMIA, a UMEHHO B 6d.



CormacHo pesynapratam POIC, TanTam u cepa UMEIOT CTETICHH OKUCICHUS +5 U -2,
cooTBeTCTBEHHO. OJIOBO XapaKTepU3yeTCs CTENEHBIO OKUCIEHUs +4, 94TO corjacyercs ¢
JTAHHBIMH MecCcOaydpOBCKOM CrieKTpocKonuu. HTepecHo, 4TO JIJis BCEX COCTaBOB X yCTa-
HOBJIEHO CYIECTBOBaHME Meau Kak B Buje Cu’, Tak u B Buge Cu?'.

s oOpa3ioB CugsFe;Ta,SneSsy 1 CugaFe; TaSneSs, Oblin mpoBeieHBI MATHUTHBIE
MU3MEPEHUS U YCTAHOBIICHO, 4TO TeMrieparypa Kropu-Benca orpuniarenbHa U COCTaBISIET ~
-25K mis CugsFe; Ta;SneSs, u ~ -50K miist CugaFea TaaSngSsz, 4T0 CBUIETENBCTBYET O Tpe-
UMYIIECTBEHHO aHTH()EPPOMAarHUTHOM XapaKTepe OOMEHHBIX B3auMojaencTBuid. s o0-
pasua CugsFe; TaSneSs, nabmomaetcs gpazoBeiil nmepexo npu tremiepatype ~ SK. I[Tosene-
Hue FC u ZFC-kpuBbIX HMXKE TeMIlepaTypbl (a3oBOro mepexojia AeMOHCTpUPYeET Geppu-
MarauTHoe ynopsigoderue. Koncranra Kropu-Belica OTKIIOHSI€TCS OT TapaMarHUTHOTO TI0-
BEJICHUS MIPU HU3KUX TEMIIepaTypax, UTO TAKXKE YKa3bIBAET HA MAarHUTHOE YIOPS0UCHHUE.

Pabora BeIMOHEHA MTPU (PUHAHCOBOW TOJIEPKKE IpaHTa MHUHUCTEPCTBA HAYKH H
BhICIIeTO oOpa3zoBanus Ne 075-15-2021-1353.
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HoBble mosimMepsl KiIacca NOJUTPUAPUIAMUHOB B Ka4eCTBE Abl-
POYHO-TPAHCIOPTHBIX MATEPUAJIOB /ISl IEPOBCKUTHBIX COJIHEY-
HbIX 3JICMEHTOB HHBEPTUPOBAHHOU aPXUTEKTYPbI

XKyxosa M.H.!, Usnes I[T.A.L

Y @axynomem nayx o mamepuanax MI'Y umenu M.B. Jlomonocoéa, 119991, Mockeéa, Poc-
cus,

zhukovain@my.msu.ru

[TepoBckutHbie cosiHeuHble AnemMeHThl (IICD) — camas ObicTpopa3BUBaroIIascs 00-
nacteb GporoBoabTanku. Cpemu nByx TaroB [1CD, npsmoii (n-i-p) 1 MHBEPTUPOBAHHOM (p-i-
n) apXUTEKTYPbI, COOpPKa IEMEHTOB p-i-n THUIIAa MEHEe TpyAoeMKa 1 3HeprosarpaTHa, KI1/]
Takux ycTpoicTB Bhile [1]. ITockonbky B mHBepTHpOBaHHBIX [ICD cBeTOmoOrmomarmun
CJIOW MEepPOBCKHUTA HAHOCUTCA Ha JBIPOYHO-TpaHCIOPTHBIA Marepuan (JTM), cBoiicTBa u
kauecTBO JITM BrnustoT Ha 3 PEKTUBHOCTD U CTAOMIBHOCTD yCTpoiicTB. B ponu JITM mmiu-
POKO HUCIOJIB3YIOTCSI Takue mosimMepHble matepuanbl, kak PEDOT:PSS, P3HT, PTAA,
Poply-TPD. PTAA u Poly-TPD — nautosiee nepcnektuBnbie JJTM Omarogaps moaxos-
UM J1JIs1 OOJIBIIMHCTBA MEPOBCKUTOB ypoBHIM 3Hepruit HOMO u LUMO wu BbIcOKOI cTa-
ownbHOCTH HHTEpdelica [[TM/nepoBckut (Beaeactsue ruipooOHOCTH TaHHBIX MOJIMME-
poB). Tak, ucnons3zyss PTAA, MoxHO nonyuuTs 35ieMenTsl ¢ KIT/1 > 20% u onepanroHHoR
ctabunbHOCThIO 10 500 vacoB [2]. Llenb nanHON pabOTHI 3aKiIt0Yagach B CPaBHUTEIHLHOM
uccienoBannu 3pGEeKTUBHOCTH U CTA0MIILHOCTH UHBEPTUPOBAHHBIX (p-i-n) [ICD ¢ HOBBIMU
nojauMepamMu kiacca mnosmtpuapuiaamuaoB: Ichl14  (momu([4-(4-dTopdeHmn)MeTaHOH-
N,N-mudenunannnun)) u Ich190 (monu(4-rexcun-N,N-gudennnanmnmn)) B kauecTBe Jbl-
POYHO-TPAHCIIOPTHBIX MAaTEPHUAJIOB.

B xome pabGorel Obuta  ocymectBieHa cOopka I[ICD  apXUTEKTyphI:
ITO/ATM/F A¢.85CS0.15Pbl3/Ceo/BCP/Cu (p-i-n), B koTopsix JJTM BeicTymamun PTAA (koH-
TpoJibHbIe 5eMeHThI), Ich114 u Ich190. UccnenoBanue BOJIbT-aMIIEPHBIX XapaKTEPUCTUK
cepun snemeHToB ¢ JITM = Ich114 mokasaio, 9yTo nanHbii nonumep HedP(HEKTUBEH B Ka-
yectBe JITM (KIIJI B 3-4 pa3a HM>Ke KOHTPOJIBHBIX 3JIEMEHTOB). BTOpoii 00BeKT ucciaeao-
Banus, [ch190, mponemoncTpupoBan 3naunMele pe3ynbrarel: KI1J[ anementos ¢ Ich 190 u
PTAA cpaBuumsbl (16,0% u 15,0% cootrBercTBeHHO). McnibITanus TepMo- U GOTOCTA0UIb-
Hoctu (65 °C, 100 MB/cm?, 320 4.) mokaszanu, 4to snemeHTthl ¢ PTAA nerpaaupyior men-
nenHee, 4yeM ¢ Ich190 (motepu 3¢ dhexTBHOCTH cocTaBuIM B cpeaHeM 35 u 85 % oT nepBo-
HAYaJIbHOTO 3HAYEHHUSI COOTBETCTBEHHO).

[Ipu cOopKe 2EMEHTOB C LETBI0 UCCIIEI0BATh BIUSHUE KOHIIEHTPALUA PACcTBOPA MO-
auMepa Ha d(PGEeKTUBHOCTh YCTPOUCTB ObLTIO OOHapyxkeHOo, uTo cBoiicTBa ITO MoryT oka-
3bIBaTh 3HAYUTENILHOE BIUsHUE Ha npouecc coopku I1CD. Tak, npu cMeHe IpOU3BOAUTENS
ITO nanecenue cBeronoriomaroero cios Ha mieHky Ich190 cramo HeBO3MOXKHBIM: MO-
BEPXHOCTh MOJUMepa MpU MOAU(PUKALUN OPraHMYECKUM HOAMIOM HE CMauyuBajach pac-
TBOpoM TepoBckuta. i cHmwkenus ruapododbHoctu Ich190 nepen Hanecenmem nepos-
CKUTHOTO cJ105 Ob1JI0 TIpoBeieHO Y d-030HMpoBaHuE miieHoK nonumepa [3]. [lokazano, 4ro
KIIJI snemenToB ¢ Ich 190 yBenmnumBaeTcs ¢ MOHMKEHHEM KOHIICHTPAIMM TMPEKypcopa



noJuMepa, XOTs Takor 3P deKT MOoKeT ObITh CBA3aH C ACCTpPYKIMel MaTepuana npu Y O-
03-06padoTke (mIeHkH, moaydeHHbie u3 pactsopa ¢ C = 0,5 mr/mi, Takoi MoauduKaIum
He moaBepranuck). JlonomautensHo ais wieHok [TO/ITM/mepoBCKUT HCCieIOBaHbI CIIEK-
TpHI (HOTOIFOMUHECTICHITUH 1)1 cpaBHeHus criocoOHocTH Ich190 u PTAA u3Biekats HOCH-
TEJIH 3apsijia U3 CBETOMOTJIONIAIOIIETO CI0sl M PEHTT€HOTPaMMBbI AJIs TOJITBEPKICHUS 00pa-
30BaHusA (a3 nesneBoro mepoBckuTa FAggsCSo 15Pbhls.

Takum o6pa3zom, HOBBINM nosuMep Ich190 mMoskeT ObITH UCHIONB30BaH B KauecTBe d(-
(EKTUBHOTO JBIPOYHO-TPAHCIIOPTHOTO MaTepuaia B MEPOBCKUTHBIX COTHEUHBIX DJIIEMEHTAX
WHBEPTUPOBAHHOTO TUIIA, HO €r0 CTAOUIBLHOCTh MPU JUIMUTEIBHON 3KCIUTyaTallui TpedyeT
JOTIOJTHUTENBHBIX UCCIIEIOBAHUM.

[1] Erpeng Li, Wengqin Li, Linchang Li, Hao Zhang, Chao Shen, Zihua Wu, Weiwei Zhang, Xiaojia Xu,
He Tian, Wei-Hong Zhu, Yongzhen Wu. Science China Chemistry 62 (2019) 767-774.

[2] Florine M. Rombach, Saif A. Haque, Thomas J. Macdonald. Energy and Environmental Science 14(10)
(2021) 5161-5190.

[3] Xiuwen Xu, Chunging Ma, Yuanhang Cheng, Yue-Min Xie, Xueping Yi, Bhoj Gautam, Shengmei
Chen, Ho-Wa Li, Chun-Sing Lee, Franky So, Sai-Wing Tsang. Journal of Power Sources 360 (2017) 157—
165.



IlepcnekTHBBI HCMOJIBL30BaHus MotnoaaTa HeoagumMa NdsMo03016
KaK aHOAHOTro MatepuaJja aisa TOTI
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B Hacrosimiee Bpemsi ¢ pocTOM MOTPEOJICHHS JEKTPOIHEPTUU AKTUBHO Pa3BUBAETCA
HamnpaBlieHUE pa3pabOTKU U BHEAPEHHUSI BO30OHOBIISIEMBIX HCTOYHUKOB dHEPTUU. B cBsi3M ¢
3THM 3HAYUTEIFHOEC BHUMAaHHE MCCIIE0BATENICH MPUBIIEKAIOT TBEPJOOKCHUTHBIC TOIUTMBHBIE
anemeHThl (TOTD). ['maBHbIiMU ocTouHCTBaMU TOTD SABISIOTCS 3KOJIOTUYHOCTH U BBICO-
Kast 3(HEKTUBHOCTh IPHU NPEOOPA30OBAHUU XUMHUYECKON SHEPIrUU B EKTpuueckyro. On-
HAKO CYIIIECTBYIOT ITPOOJIEMBI, OTpaHUYHMBAIOIIME IUPOKYI0 KoMMepinanu3anuio TOTO, B
YaCTHOCTH, 3TO UX BbICOKas pabouas temneparypa 10 1000°C u Bbicokasi ce0€CTOUMOCTD
ux npousBojicTBa. [ns ycnemnoin kommepruanuzanuu TOTS HeoOxoauMo CHUKEHUE pa-
Oouelt TeMIiepaTyphbl, UTO MO3BOJIUT UCIIOJIB30BAThH 00Jiee JIeHIeBble KOMMYTAIlMOHHBIE Ma-
TepHUabl U yBeIHUUT Cpok ciry k061 TOTI. Onnako cHbkeHue paboyeit TeMiepaTyphl pu-
BOJUT K YBEIIMUCHUIO OMUYECKUX W MOJSPU3ANMOHHBIX TOTEePh. JJis pemeHus 3Tux mpo-
OJeM B HaACTOsIIEe BpeMs aKTyalbHOM 3a/1a4ueil SBISETCS MOMCK HOBBIX JIEKTPOIHBIX Ma-
tepuanoB TOTO.

OTHOCHUTENIBHO HEJAaBHO Ha pOJib AJIbTEPHATUBHOIO 3JIEKTPOJHOTO Marepuana ObuUId
IPEI0OKEHBI (DITFOOPUTOITOI00HBIE OKCHIBI ¢ o01er dopmynoir RsM03Oi6+5 (R = La, Pr,
Nd), obmamaromme cMemaHHONH KHCIOPOA-UOHHOM U AJIEKTPOHHOW MPOBOAMMOCTHIO. biia-
rojiapsi HaJIMYHUIO KaATUOHOB MOJIMOAEHA 3JIEKTPOHHAs MPOBOAUMOCTb TAKUX OKCHJIOB MO-
JKET CYIIECTBEHHO MOBBIMIATHCS B BOCCTAHOBUTEILHBIX YCIIOBHSIX.

[lenpto HacTosIIEH pabOTHI SBISETCS MCCIEIOBAHUE BHICOKOTEMIIEPATYPHBIX CBOWCTB
dmroopuTonogooHoro ciaoxkuoro okcuaa NdsMozOi6+5 (NMO) s onpeneacHust BO3MOK-
HOCTH €T0 MPUMEHEHHS B KaUueCTBE AJIEKTPoIHOTO MaTepuana st TOTO.

B xone pabotsr 66110 MpoBeeHO n3Mepenue dexTpornpoBogHoctd NMO B atmocdepe
Ar/H; B uatepBaie remnepatyp 373-1173 K, a taxke onpeeieHbl Ko3(pPHUIUEHTH TEPMHU-
YeCKOIo pacIMpeHus Ha Bo3ayxe u B atMmochepe Ar/H; B TemmnepaTypHom nHTepBajie 298—
1173K. IMonyuennsie 3HaueHusi KTP naxonsarcsa B xopoueMm cootBerctBun ¢ KTP Tpanu-
IIUOHHBIX TBEP/BIX IICKTPOIUTOB Cey Gy 10195 (GDC) 1 Zrp84Y 0160192 (YSZ). [Tokazana
tepmoxumuueckas ycroiunBoctb NMO no otHomenuto k anexkrposuram GDC u YSZ npu
HarpeBanuu 710 1223K u 1123K cootrBeTcTBeHHO. METO10M UMIIETAHCHON CIIEKTPOCKOTTUHT
ONpENeNICHbl  BEJMYMHBI  TOJISIPU3AMOHHOTO  compotuBieHuss  (R,)  rpaHUbI
NMO/GDC/YSZ B nuanazone 773-1173K na Bo3ayxe u B atmochepe Ar/H,. Taxke ObLau
IPUTOTOBJIEHBI TECTOBBIEC SYEHKH AJIEKTPOIUT-TIOAIEPKUBAIOIIEH KOHCTPYKIIMU: CUMMET-
puunas coctaBa NMO/GDC/YSZ/GDC/NMO wu siueiika ¢ MaTepraioM CTaHIAPTHOTO Ka-
toxa coctaBa NMO/GDC/YSZ/GDC/LSM, rae LSM = La,,SryMnOg3;, u usmepens: ux
BOJIbTAMIIEPHBIE ¥ MOIIIHOCTHBIE XapaKTepUCTUKU B nuana3zoHe temmneparyp 923-1173 K.




[ToyyeHHbIE JaHHBIE TO3BOJSIOT CAENATH BHIBOJA O TMEPCIEKTUBHOCTH HCIIOIH30BAHUS
NMO kak anogHoro matepuana TOTD.
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Pactymuii cipoc Ha Marepuanbl Ajisi AETEKTUPOBAHUS UOHUZUPYIOMINX U3ITyYEHUN
BO MHOTHX Hay4HbBIX cepax MpUBEI K OOIHUPHBIM UCCIETOBAHUSIM CIIUHTUILIATOPOB. Crio-
COOHOCTh CIMHTUJUISTOPA MOTJIOMIATh BEICOKOIHEPTETUUECKHUE PEHTIEHOBCKUE (DOTOHBI U
npeoOpa3oBbIBATh UX B HU3KOAHEPIreTHYECKHUE (DOTOHBI BUAMMOTO CIEKTPa UTPAET OCHOB-
HYI0 POJIb B TAKHX 00JIACTSIX, KAK KOHTPOJIb PAIHALIMOHHOTO 00Iy4eHHs], JOCMOTPOBOE 000-
pyJOBaHUE, PEHTTC€HOBCKAs aCTPOHOMHUSI U MEUIIMHCKAs paguorpadus. Hecmotps Ha TO,
YTO B KAQ4E€CTBE CUMHTHILIITOPOB BO3MOKHO MCIIOJIb30BAHUE PA3JIMYHBIX TUIIOB MaTepua-
JIOB, BCE €III€ CYIECTBYET MHOTO MPOOJIEM U OTPaHUYCHHM ISl TPUMEHSEMbIX OpraHuye-
CKUX U HEOPraHMYECKUX CLUUHTUJULILAOHHBIX MATEPUAIOB, HAIIPUMED, )KECTKHUE YCIIOBUS,
HEO0OXOIUMBbIE JIJIS TOTYUYEHUS HEOPTaHUYECKUX KPUCTAIIOB M UX TUTPOCKOTTMYHOCTD, aHU-
30TPONHAs CUMHTUIUISILNS OPraHUYECKUX KPUCTAIUIOB, HU3KUE CBETOBBIXO/IBI B INIACTMAC-
cax W T.J. B cBsi3u ¢ 3TUM MOUCK HEIOPOTUX BHICOKOA(D(PEKTUBHBIX CHUHTUILISIIMOHHBIX
MaTepUaJIOB MO-TIPEKHEMY TIPEACTABISAET OOJIBIION HAYUYHBIN U TPAKTUUYECKUN UHTEPEC.

[TpeanoceuikaMu 711 TPUMEHEHHUST MaTepraia B KauecTBe 3 (EKTUBHOTO CIIMHTHII-
JSTOpA SABIISIOTCS COYETAaHUE BRICOKOTO KBAHTOBOTO BBIX0/1a (DOTOTFOMUHECIICHITUN, MHAHH-
MaJbHOTO TIOTJIOMIEHUS COOCTBEHHOM 3MHCCHH, a TAKKE HATUYHUS B COCTABE THKETBIX DJIe-
MEHTOB, 3 (EKTHBHO IOTJIOMIAIONTNX PEHTICHOBCKOE M3TydeHue. Psny 3asBIEeHHBIX Tpe-
OOBaHMI1 OTBEYAET MOKA MAJIOM3YUEHHBIN KIaCcC TPOUHBIX TAJIOTOHEMAaHTaHATOB. TakuM 00-
pasoM, [eJTbI0 TAHHOW padOTHI SBIISICTCS TOMCK TPOMHBIX TAJIOTEHOMAHTaHATOB C BBICOKHMMH
KBaHTOBBIMH BBIXOJaMH, O0JbIIMM CTOKCOBBIM CIBUTOM M BBICOKMMH CBETOBBIXOJAMH
PEHTTCHOJIIOMUHECIICHIINH JIJII MPUMEHEHHSI B KAYECTBE CIMHTUILUISITOPOB. B KauecTBe 00b-
€KTOB MCCJICIOBaHUS OBLITN BHIOpaHBI HEOPTAaHUYECKHE TaJIOTEHOMAHTaHAThI CO CTEXHMOMET-
pueit AMnX; u AsMnXs, rae A = Cs*, rubpuansie ramorenoManradTel AnMnXnso, roe A =
FA* (bopmamuaunwmii), AC™ (ametamuauuuii), Gua® (ryanuanuuii); N = 1-3, a Takxke H010-
maHranatel BenzA;Mnl, u TBA;Mnl,, e TBA' = tetpabytunammonnii, BenzA* = 6eH-
3UIJIAMMOHUU.

Bce coequnenust ObLTM CUHTE3WPOBAHBI B BUJIE MOJMKPUCTAIIMYECKUX MMOPOIIKOB.
Takke B BHJAE MOHOKPHUCTAJUIOB OBUIM CHUHTE3UpOBaHbI BrepBbie (azpl FAsMNBrs u
Aco;MnBrs, ux cTpykTypbl pacuindpoBaHbl METOJIOM PEHTTE€HOCTPYKTYpHOTO aHanu3a (Puc.
1). dns FAMNnBr3 u AcMnBr3 66110 TpoBeI€HO YTOYHEHUE CTPYKTYPBI 110 MTOPOIIKY.

AHaJIM3 ONTHYECKUX CBOMCTB IaJIOTCHOMAHTaHATOB MMOKAa3aJl, YTO HAUBBICIIIME 3HAYC-
HUs KBaHTOBOro Bhixoja (photoluminescence quantum yield, PLQY) aist okTasapuueckux
raJoreHOMaHTaHATOB COOTBETCTBYIOT TPEM TrMOPUIHBIM COSAMHEHHUSIM CO CXOKUMH TI0 pas-
Mepy KaTHOHAMH alleTaMHIUHUS ¥ ryanuauHus — ACMNBIrs (43%), Gua;MnBr4 (26%), xa-
PAKTEPU3YIOIUMHUCS TakKe HauBBICIIMMHA CTOKCOBBIMH CIBHTAMH H IOJYIIHPUHAMH



noJioc smMuccun. Cpeay raJoreHOMaHTaHaTOB C TETPAdIPUUECKUM OKPYKEHHEM HOHA Map-
ranna HauBeicmine PLQY (33%) mocturarorcs mis Heopranudeckoro CssMnBrs, a Takxke
ruopuaHeix TBAMnNl, (32%) u Gua;Mnls (29%), s KOTOPBIX HAOIIOAAOTCS 3HAYH-
TEJIbHO MEHBIINE 3HAYEHUS MMOTYIIUPUHBI I0JIOCHI AIMUccuH (46-50 HM) u CTokcoBa caBura

(~ 60 ™).

JIJIst TaIOT€eHOMAaHTaHATOB C BHICOKUMHU KBAaHTOBBIMU BBIXOJIaMU OBLITH 3apPETUCTPH-
POBaHBI CIIEKTPHI PEHTTEHOJIOMHUHECIIEHIIMN U TIOCYUTAHBI CBETOBBIXOJBI OTHOCUTEIHHO
CTaHIApPTHOTO CHUHTHILIATOpPA UTTPUH-ATIOMHHUEBOTO TpaHaTa, JOMUPOBAHHOTO IIEpUEM
(35000 boronoB/M»aB). I'mbpuansie MaTepuaisl Gua:MnBrs u TBA2Mnls nokazanu co-
MIOCTaBUMYIO CO CTaHJapTOM PEHTTCHOJIIOMHHECIICHIIMIO CO CBeTOBBIXOMamMu 34878 wu
28793 poToHOB/M1B COOTBETCTBEHHO, YTO TOBOPHT O MIEPCIIEKTHUBHBIX PEHTTCHOJIOMUHEC-
IIEHTHBIX CBOMCTBAX MOJYYEHHBIX MaTEPUAJIOB.

Puc. 1. Kpucmannuueckas cmpykmypa ¢paz Ac:MnBry (a, 6) u FA3;MnBrs (8, 2) 6 pa3z-
HbIX npoekyusx: zy (a, 8) u xy (6, 2). Amomwl mapeanya, bpoma, azoma, y2nepooda u 8000-
P00a NOKA3aHbL PO30BbIM, KOPUYHEBLIM, 20J1YObIM, YEPHLIM U DelblM YBEemoM COOmeen-
CMBEHHO.

PaGota BrinonHeHa npu punancoBoi noanepxke rpanta PH® Ne 22-73-10226.



IloBenenne 1D-, 2D-, 3D-yriepoaHbIx npucagok B KATOAHOM Ma-
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Ha npumepe auTueBbIX raabBaHMYECKUX 3JeMeHTOB (I'D) U3BeCTHO, YTO JJIs CO3/a-
HUS (P HEKTUBHOTO JIESKTPOIHOTO MaTepralia BAXKHBIM SBJISETCS HE TOJIBKO €ro COCTaB, HO
u «popma» — pasmep dacTuil, (a30BbIe COCTAB U OJTHOPOJHOCTD, CTEIICHh KPUCTAIUIMYHO-
CTH, Hamu4ue cnenuuuHeix npumMeceil. Bce 3To MoxkeT 00eciednuTh pa3uyHbIe METOIbI
MOJTy4eHUs U (POPMBI UCXOJHBIX KOMIIOHEHTOB JIJISI CHHTE3a KaTOJIHBIX MaTepuaiioB. B pa-
00Te HcclieIOBaH BOMPOC, KaK pa3IndyHbie (POPMBI YTIEpOAHBIX MATEPUATIOB IIPU UX BBEJIE-
HUU B KaTOJHBIN Matepuasn (Topuaa 0J0Ba MOTYT IMOBJHUATh Ha XapaKTEPUCTUKU (TOPp-
HOHHBIX ['D.

TBepnoTenpHbIe (PTOP-MOHHBIE TATBBAHMYECKUE DJIEMEHTHI TPEICTABICHBI MHOTO-
CJIOMHBIMU TabJieTKaMu quaMeTpoM 4 MM U ToimuHoi 0.52 — 0.69 mm. AHox — mMeTaum-
yeckuil nepuit (dnexkTponuruueckuit, 99%), karon — propua onoa Snk, u prop-npoBoIs-
AN 3JIEKTPONIUT — THCOHMT Lay.xBaxFs.x (X = 0.05). J{ns oOecnieueHUs] KOHTAKTOB HAHECITH
wiatuHoByto nacty (SPI Supplies Brand Platinum Paint, SPI-Chem). B kauectBe npucamok
B KaTOJIHBIN MaTepurai UCCIIeI0BAIIH:

o 1D-yenepoounsie mamepuanvl: oqfHOCIONHBIE yriepoanbie HaHOTPYyOku (OCYHT) u
HAHOKOMITO3UTHI ~BHEApPEHUS B WX BHYTpeHHHe KaHaiusl SNF,@OCYHT,
PbSnF4@OCYHT, E(PbSnF4SnF,)@OCYHT, rne E(PbSnF4;SnF;) — sprekTHue-
ckuii coctaB cucteMbl PbF,-SnF; [1,2];

o 2D-yenepoomnvie mamepuansi: TpadeH;

o 3D-yenepoonvie mamepuanvl: rpadUT, OKUCICHHBIA (TEPMOPACIIUPSIONIMIACS) Tpa-
¢urt (OI'), Tepmopacmmpennsiii rpadut (TPT).

TabneTkn ¢ukcupoBaiu B Aep)karene 0O0pas3loB ¢ MOANPYKUHECHHBIMU MEIHBIMH
koHTakTamu. Luknndeckyro Bonbramnepomerputo (LIBA) u nsmepenust HanpsKeHUs Xo-
JIOCTOTO X0J1a MPOBOJUIIM B TeMiiepatypHoM pexume oT 15°C no 180°C B siueiike, npomy-
BaeMOM a30TOM, C MCIOJb30BaHUEM MoTeHImocTara P-8S (Daunc). M3Mepenus Hampsixe-
HUS XOJIOCTOr'0 X0Jia TP KOMHATHOM Temiiepatype — Ha anekrpomerpe B2987A (Keysight
Technologies). PacTpoByo 3J€KTPOHHYI0 MUKPOCKOIHIO TaOJETOK OCYIIECTBIISIIA C MC-
MOJIb30BaHUEM 3JIEKTPOHHOTO MUKpockona Mini SEM A5100 (yckopsitoiiee HanpspKeHUE
15 kB). PamaHOBCKHME CHEKTpPhl MCXOAHBIX MATEPUAJIOB MOJYYHJIA C HMCIOJb30BAaHUEM
3D ckanupyromiero gazepHoro pamanoBckoro crekrpomerpa Confotec NR500 (SOL Instru-
ments).



B tabn. 1 mpencraBieHbl pe3ynbTaThl K3MEPEHUN HATIPSKEHHSI XOJIOCTOT0 X0Aa U 00-
paOOTKHU TaHHBIX UKINYECKON BOJIBTAMIIEPOMETPHUH.

Tab6a. 1. Pezyromamul sn1ekmpoguzuveckux uzmepenuti oopasyos I 0.

Ne | Ilpucanka B Mmarepman ka- | Hanpsokenue xoJioctoro | MakcumanbHasi IJI0T-

TONa X0/1a P KOMHATHOW TeMIie- | HOCTb ~ TOKa  TIpH
parype, B 180°C, A/m?

1 | Karon SnF, 6e3 npucamok 1.69 0.326

2 |OCYHT 1.88 0.489

3 | SnF,@OCYHT 1.68 1.295

4 | E(PbSnF4.SnF)@OCYHT |1.90 0.652

5 |PbSnF4@OCYHT 1.61 0.367

6 | I'paden 1.86 0.405

7/ | I'padur 1.77 0.771

8 |Or 2.45 0.807

9 |TPT 1.70 0.389

O6paszen Tabnetku ¢ npucaakod SnFr@OCYHT okazancs qy4IiuM 1o XapakTepu-
ctukaMm. OH 00J1a1aeT HAMBBICIIEN TUIOTHOCTBIO TOKA IO CPABHEHHUIO C OCTAIbHBIMU 00pa3-
uamu (~1.3 A/M? ipu 180°C, urto B ~4 pasa GoJblle, YeM IIPU UCIOJIL30BAHUM 0A30BOI0
karoga SnF,u B~2.5 pasza Oosnblie, yem npu ucnosibzoBanuu npucajaku OCYHT). [IpucyT-
ctBue PbSnF, B kananax OCYHT B ciiyuae npucagku PbSnF4@OCYHT cuukaer pazpsia-
HbIE XaPAaKTEPUCTHKHU DIICKTPOXUMHUUECKO sueiiku (~0.4 A/m? npu 180°C, uto cocrapiser
75% nnmoTHOCTH TOKa IpH ucnoiab3oBanuu npucagku OCYHT).

Beenenue 2D- u 3D-yriiepoHBIX PUCAIOK B KATOJHBIM MaTepyall HE MPUBOJUT K
3HAUUMOMY YIIydIlIeHHI0 Xapaktepuctuk ['D. [lpuunna 3akmtouaercs B TOM, 4TO GTOPH
0JIOBa aKTUBHO B3aMMOJICUCTBYET C MOBEPXHOCTHIO YTIEPOJHBIX YacTUIl rpadeHa u rpa-
¢duTa c 00pa3oBaHNEM «IMUTAKCHAIBHBIX CTPYKTYP» 3a cueT OJM30CTH KpucTauorpadu-
YECKUX MapaMeTPOB, YTO CIIOCOOCTBYET UX pa3pyIICHUIO MO rpadeHOBBIM IIIOCKOCTSIM. B
TO K€ BpEMs YTIIEPOIHBIC HAHOTPYOKH HE TTOIBEPTalOTCS CTPYKTYPHOMY pa3pyIIeHHo PpTo-
puaom ojoBa. [Ipu 3ToM 00JBIIOE ACTIEKTHOE OTHOIICHUE MO3BOJISIET UM MMETh KOHTAKT
MEXTy COOO0M U COXPaHATh €ro ¢ METANIOM DJIEKTPO/Ia.

Pabota BeimonHeHa B pamkax I'ocymapctBennoro 3aganuss @HULL «Kpucramnorpadus u
dboronuka» PAH.

[1] Ruslan M. Zakalyukin, Ekaerina A. Levkevich, Andrey S. Kumskov. Ceramics International 48(18)
(2022) 26565-26574.

[2] Ruslan M. Zakalyukin, Ekaerina A. Levkevich, Andrey S. Kumskov, Andrey S. Orekhov. AIP Confer-
ence Proceedings 1957 (2018) 030001.



HUccaenosanue BiaussHus 1060aBku MACI u pexxuma orkura Ha
MOP(O0JI0ru0 U PYHKIHUOHAJIBbHbIE CBOMCTBA CBETONOIJIOLIAKO-
KX IJIEHOK THOPHUIHBIX rAJIOTeHOIJIIOMOATOB

Muctotun B.A., bennu H.A., TapacoB A.b.

Ydaxynemem nayx o mamepuanax MI'Y umenu M.B. Jlomonocosa, 119991, Mocksa, Poc-
cus

misyutinva@my.msu.ru

HenaBHO ObLT OTKPBIT HOBBIM KJIaCC MAaTEpUAJIOB AJIA COJHEYHOW SHEPreTHKU — T'H-
OpuHBIE OpraHo-HeopraHuueckue neposckutel ABXs (A=MA* FA*,Cs*; B=Pb?*,Sn?*;
X=I',Br). Otu martepuaibl CUMTAIOTCS KpailHE MEPCIEKTUBHBIMU Oiarogaps BBICOKOMY
KIIJI mepoBCKUTHBIX COJIHEYHBIX 3JIEMEHTOB HapsAy ¢ HU3KMMH MaTEpHAIbHBIMU 3aTpa-
TaMU Ha UX MPOU3BOJACTBO. BhicOKHEe (HOTOIIEKTPUUECKUE XAPAKTEPUCTUKH ITEPOBCKUTOB
OOBACHSIIOTCS UX BBICOKHUM KOA((UIIMEHTOM MOTJIONIEHUSI BUIMMOTO cBeTa U d(PheKTuB-
HBIM TPAHCIIOPTOM HOCHUTEJIEH 3apsijia, 4To oOecreynBaeTcs OOIbIINME JIMHAMU TudPy-
3WH JICKTPOHOB U JBIPOK.

OnuH 13 crToco00B YIIyUIICHUS XapaKTEPUCTUK CBETOTIOTIIOMIAONINX TIIEHOK THOPHI-
HBIX TIEPOBCKUTOB — BBEJICHNE TOOABOK XJIOPUAOB B MaTtepraji. OTMeuaeTcs, 4To T00aBKH
Ha ocHoBe Cl yBenmuuuBarot niuny qud@y3un HOCUTENEeH 3apsia B IEPOBCKUTE, MOBBIIIAS
3¢ PeKTUBHOCTH TIepeHoca 3apsiaa B mesioM. J[Jis miI€HOK mepoBCKUTA TIPEANOIaraeTcs, YTo
XJIOp TaK)K€ MOXKET HAXOUTHCS Ha TPaHMIaX 3epEH WM Ha MTOBEPXHOCTH TUIEHKH, YTO TIPH-
BOJWT K YBEITUYCHHUIO CPOKA CITY»KOBI 00pa3IioB, MacCUBAIINU Te(PEKTOB M YBETMYCHHUIO CTA-
ownmzaruu (asbl, 4YTO UMEET OOJIBIIIOE 3HAYEHUE JIJISi CO3/IaHUs COTHEYHBIX AJIeMEHTOB. B
TO K€ BpeMsi, B OOJILITMHCTBE U3BECTHBIX METOJUK CHHTE3a MEPOBCKUTOB C J0OaBKaMHU
XJiopa B Marepuaie popmupyercst npumech Pbl, n3-3a yactuuHoro pasnoxxeHust ¢assbl me-
pOBckHTa. B 0TiIMuMe OT IEpOBCKUTA, MpUMeCh PDI; siBisieTcst HeoToaKTHBHOM (ha3oi, KO-
TOpasi pasjaraeTcs o aeicTBreM cBeta Ha Pb u |2, uTo mpuBOAMT K yBETMUYCHHUIO CKOPOCTH
Jerpajganuu mwi€HKu. Pe3ynbTaThel BRITIOJHEHHS PabOTHI TOATBEPIKIAAIOT, YTO M30BITOK Op-
TraHMYECKOTO KaTHOHA MOXET YMEHBIINTh KoJu4ecTBO PDl; B KOHEUHBIX TUIEHKAX 3a CUET
CBSI3bIBaHUS B (Da3y MEPOBCKUTA. B CBSA3M ¢ ATUM 3amadeil HCCleOBaHUS SBIISICTCS yCTa-
HOBJICHUE 3aBHCUMOCTH BIIMSHUS JTOOABKU XJIOPUAOB (B YACTHOCTH, XJIOPHIA METHIAMMO-
HUS) B PaCTBOP MPEKYpPCOPOB U cojaepxkanus Pbl, B koHeuHO# MmI€HKe Ha cocTaB, MOPQo-
JIOTHIO ¥ (DYHKITHOHAJIbHBIE CBOMCTBA CBETOTOTIIOMIAIOIINX TUIEHOK.

Wcnonb3yst paCTBOPHBIM METOJT — CIIMH KOATHHT, B X0J€ pabOThI ObLJIa clieflaHa Cepusl
TOHKHUX MIEHOK FA( g5CSp 15Pbl3, oTosokénnbx ipu 125°C, 150°C u 175°C, B kayecTBe XJ10-
puaHOro npekypcopa 6si1 ucnonb3oBad MACI ¢ maccoBoit moneit ot 0%, 10 33,33. Penrt-
reHo(da3oBbIi aHamM3 mokaszan Hanmaue npumeceid Pbly, FACI, FAPbCI; u Cs,Pbl,Cl; B mo-
JYYSHHBIX IUICHKAX, NMpudeM Haiauaue PDl; B OCHOBHOM OBUIO BBISBICHO y 00pasiioB
OTOXOKEHHBIX IIpH 175°C, NpUYMHHON TOMY SIBISIETCS JIETYYECTh OPraHUYECKOr0 KOMIIO-
Henta FA u MA.

C moMoMIbI0 SJEKTPOHHON PACTPOBOM MUKPOCKOIHMH OBLIO BBISBIICHO, YTO IS TIIE-
HOK FA(85CS0.15Pbls mpu noGaBnennu B cMech mpekypcopoB ot 0% 1o 26.7% wu30biTKa



MACI HabmrogaeTcst MOHOTOHHOE YBEJIMYEHUE CPETHETO pa3Mepa KPUCTAILIUTOB OT 150 HM
10 ~700 uMm (puc.l).
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Puc. 1. l'ucmoepammul pacnpeoenenus pazmepos 3épen 0Jist 00pa3y0o8 OMONCHCEHHBIX NPU

125°C ¢ 0obaskamu MACI: a) 0%, 6) 13,33 % 6) 26,67%.

Bb110 BBISIBIIEHO onTUMaIbHOE KormdecTBO jo0aBku MACI, npu koTopoM HaOIt01a-
eTcst HanboJIbIlasi HHATEHCUBHOCTH (DOTOTIOMUHECTICHITNH 00pa3ioB: 125°C —6.67%...20%);
150 °C —33.33%; 175°C — 20% MACI.

N3rotoBieHsl  NPOTOTUNBI  COJHEYHBIX  JJIEMEHTOB HAa  OCHOBE  IUIEHOK
"Cs0,15FA08sPbls+tMACI" ¢ apxurektypoii "ITO / PTAA / F-PEAI/ neposckur / Cgo / BCP
/ Cu / MgF,". YcranoBieHo, uro ¢ yBenmuenueM goo6asku MACI mo 13-20% ysenuunBa-
etcst HadanbHbI KIIJ[ 06pa3nos ¢ ~10 no ~14.5%. CornacHo AaHHBIM BOJIbTaMIEPOMET-
pun, cinycta 10 munyt obmyuenus KIIJ[ "Hammyummx" oOpa3noB U3 KaKI0M MOATPYyIIIbI
coctaBui ot 15.5 1o 16.2%.



IlaccuBanusi THOPUIHBIX FAJTOTeHUIHBIX EPOBCKUTOB /IJIsl NOBbI-
IIEHUS CTA0MIBLHOCTH U 3(P(PEeKTUBHOCTH MEPOBCKUTHBIX COJIHEY-
HbIX 3JIEMEHTOB

Hewmbiruna E.M.Y, Ynanosa H.H.!

Y @axynomem nayx o mamepuanax MI'Y umenu M.B. Jlomonocoéa, 119991, Mockeéa, Poc-
cus,

nemyginaelizaveta@yandex.ru

B HacTosimuii MOMEHT HHU3Kast CTaOUITLHOCTh THOPUIHBIX TAIOTCHUIHBIX TIEPOBCKH-
TOB K (haKTOpaM KCIUTyaTaIluH SIBJISICTCS OJTHON U3 HanOoJiee BAKHBIX TIPOOJIEM ITEPOBCKUT-
HbIX coJiHeYHbIX 37eMeHTOB (IICD). CornacHo AuTepaTypHbBIM JAHHBIM, OJJHUM M3 IEp-
CIEKTUBHBIX MOJXOJ0B K PEIICHUIO JaHHOU MPOOJIEMbI SBIISIETCS UCIIOJIB30BAHNUE OPTaHU-
YECKHUX MOJICKYJI C pa3IMuHbIMU (DYHKIIMOHATBHBIME rpynmamu (Hamp. -NHs*, -SH, -COO~
U Jp.) B Ka4eCTBE NacCUBATOPOB JIe(PEKTOB, TakuX Kak BakaHcuu Ve, Vpp", VA'. OqHako,
HECMOTPSI Ha MPOCTOTY JTAHHOTO MOJX0JIa U POCT KOJIWYECTBA padOT B TAaHHOM HarpaBJie-
HUH, B HACTOSAIIEE BPeMsl B HAYYHOM co00111ecTBE HEe CHOPMHUPOBAHO OJJTHO3HAYHOE MHEHUE
0 TOM, Kakue (PyHKIIMOHAIbHBIC TPYIIBI UM X KOMOMHaIus Hanbosee 2(pGHEeKTUBHBI IS
noBbIeHUs 3PhekTuBHOCTH U cTabmibHOCTH [ICD, a Takxke o cnocoOe ero BBEACHUS B
MaTepua.

B nanHoli pabote ObLJIO M3YyUYE€HO BIUSHHUE BBEJCHUS MACCUBATOPOB (HAIP. MEJIbI0-
HUM, TUIPOXJIOPU MEPKANTOITUIAMMOHHUS U JIp.) C Pa3IUYHBIMU (PYHKIIMOHAIbHBIMU
rpymmamu (-NHs*, -SH, -COQ"), a takke ciocoba ux BBeaeHHs (B 00bEM WM HA TIOBEPX-
HOCTh) Ha CBOWCTBAa TMOPUIHBIX IEPOBCKUTOB, a TAK)KE HA CTA0OMIBHOCTD U 3(PPEKTUBHOCTD
YCTPOWCTB Ha UX OCHOBE.

CornacHo maHHbIM criekTpockonuu dotomomurecteHmu (OJI), kak o0bEMHasI, Tak
Y TIOBEPXHOCTHAS TACCUBAIIMSI IPUBOIUT K CHIKEHHUIO JTOJIH 0€3bI3JIydaTeIbHOW PEKOMOU-
HAIlMW B THOPUAHBIX TIEPOBCKUTAX. DTO, MPEAMOIOKUTEITHLHO, IPOUCXOIUT 3a CUET MaCcCH-
Banuu Je(heKTOB M YMEHBIIIEHUSI KOHIIGHTPAIUH JIOBYIIIEK HOCUTENeH 3apsna. Kpome Toro,
IIPY BBEICHUH MOIU(PUKATOPOB B PACTBOP MPEKYPCOPOB HAOIIOMACTCSI CHHUMN CIIBHUT ITHKA
®JI, uro roBoput, 00 yBEIUUYEHUU IMUPUHBI dPPEKTUBHON 3ampeneHHON 30HbBI 3a CUET
YMEHBIIICHUS KOJTUYECTBA MEJIKUX JIe(DEKTHBIX COCTOSIHUN B 3alIPEIIICHHON 30HE.

[TaccuBarus cioco6ctByeT yBenmuueHU0 KIIJ mepoBCKUTHBIX COMHEYHBIX dJIEMEH-
TOB. DTO CBS3aHO C YBEJIMUYCHHUEM HAMPSHKEHUS OTKPBITOH IIETIH, YTO YKa3bIBaCT HA CHIDKE-
HUE TUIOTHOCTH JC(PEKTOB 3a cUeT ux naccuBanuu. OIHAKO, B ClIy4yae IOBEPXHOCTHOW MO-
TuUKalry, yBeIUUYCHNE TOJIIIUHBI clIosi MoAr(HUKaTOpa MPUBOAUT K cHIbKeHnto KITJ] u3-
3a HU3KOW MPOBOJIMMOCTH UHTEpdeiica NEPOBCKUT/IIPOYHO-TIPOBOAAIINNI cioil. B ciyuae
00bEMHOM MaccuBalvu, U30bITOUHAS J0OaBKa MOAU(DHUKATOpPa CIIOCOOCTBYET YXYIIIECHUIO
Moposioruu (TMosiBICHUE OP Ha MOBEPXHOCTH) M KPUCTAIIMUHOCTH TIJICHOK, YTO TPUBO-
mut k yxynmenuto KIIJ[ ycrpoiictB. Takum 0o6pas3om, B ciaydyae kKak 00bEMHOIM, TaK U TO-
BEPXHOCTHON MOIU(UKALNUN HEOOXOAMMO UCTIOIB30BaTh ONTUMAIBHOE KOJIMYECTBO MOJIU-
¢dukaropa, KOTOpoe COrIacHO uccienoBanuio coctaBuio 0,5-1mM01.% B cirydae 00bEMHOM



naccuBau U <SMM /il KOHIIEHTpAIMK PAacTBOPa B U30MPOMIIOBOM CIIUPTE B CIydae mo-
BEPXHOCTHON MOIU(UKALINN.

Hccnenoanue potorepmuueckoit crabmibHocT [1CD npu mocTossHHOM 00TyYeHUH
OesbIM cBeTOM U TemmepaTtype 65°C npoIeMOHCTPUPOBAIIO YBEIMUECHHUE CTAOMIBHOCTH 00-
pas3IoB ¢ MOAU(PHUIIMPOBAHHBIM CBETOIOTIIOMIAIOIIIM CIIOEM.

[ToBbilieHne (HOTOCTAOMIBLHOCTU TUICHOK MPU MACCHUBAIMU IIBUTEP-MOHAMHU MOKET
OBITH CBSI3aHO CO CIIOCOOHOCTHIO JAHHOTO THUIIA MOJIEKYJI CBSI3BIBATHCA JIPYT C IPYTroM, 00-
pasysl TOHKHM CJIOM Ha TOBEPXHOCTH TUIeHKU. OOpa3yronuiics Cloi MPpensTCTBYET MOoTepe
KOMITOHEHTOB CBETOMOTJIOMIAIOIIETO CJIOS, IPEeIOTBpallas TeEM caMbiM HEOOpaTUMYIO Je-
rpajalyio rTHOPUTHOTO IEPOBCKUTA U OKPYKAIOIIUX €r0 MaTEpPUAJIOB B YCTPONCTBE.

VYBenuueHne (QOTOOKUCITUTENBHON CTaOMIBHOCTH IUICHOK, MOJU(DHUIIMPOBAHHBIX
MACCUBATOPaMHU C MEPKaNTOrPYIIaMU, BEPOSTHO, CBSI3aHO CO CIIOCOOHOCTBHIO MEpKAmTo-
TPy JUMEPU30BaThCA MPU OKUCICHUH MyTeM oOpa3oBaHus S-S cBsizeit, 3ameyisis GoTo-
OKHCJICHHE THOPUHOTO MEPOBCKUTA. JTa TUIOTE3a OblJIa SKCIEPUMEHTAIIBHO IMOJTBEP-
JKJI€Ha ¢ TIOMOIILI0 HH(GPAKPACHOU CTIEKTPOCKOIIUH.

Pabora BeimoHeHa pu puHaHCOBOM Moaaepkke rpanta PHO No 22-73-00286.



IloucCKk HOBBIX TBEPABIX PACTBOPOB HA OCHOBE MHHEPAJIa KOJIIO-
3UTa

Ionesux A.O.!, Epumosa A.C.12, IlleBenskoB A.B.!

L Xumuueckuil gaxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus,
2 @Daxynemem Hayk o mamepuanax MI'Y umenu M.B. Jlomonocosa, 119991, Mockesa, Poc-
cusl,

a.o.polevik@mail.ru

B kauecTBe MEPCIEKTUBHBIX TEPMOIJIEKTPUUECKUX MATEPUATIOB, HE COAEPKALIUX B
CBOEM COCTaBE JOPOTMX U TOKCUYHBIX JJIIEMEHTOB, YaCTO PACCMATPUBAIOTCS COCTMHEHUS HA
OCHOBE CJIOKHBIX CyJIb(um0oB Meau [1]. OnHako 3a4acTyro HCCIIeJOBAaHUS OTPAHUYUBAOTCS
JAHHBIMU O (pa30BOM COCTaBE U TEPMORICKTPHUUECKUX CBOMCTBAX KOHKPETHBIX COEIHHE-
HUH, KaK B CIy4ae KOJIO3UTOB C KOOAIBTOM U HUKEJEM [2], 4TO HE MO3BOJISIET YCTAHOBUTD
IIPUYHHBIL, JIEKAIINAE B OCHOBE ITPOSIBICHUS ITEPCIEKTUBHBIX TEPMOIIICKTPUUECKUX CBOKCTB.
Takum 06pa3oM, akTyallbHOM 3a/1a4eil ABIIsETCS MOUCK 00J1aCTeN CyIIeCTBOBAHUS TBEPBIX
PacTBOPOB Ha OCHOBE KOJIFO3MUTA C LENbIO TaJbHEHIIEr0 N3YyUEHUs NX KPUCTAIINYECKON U
JIOKaJIbHOW CTPYKTYPBI U TEPMOIIIEKTPUUECKUX CBOMCTB.

B pabore cMHTE3UpOBaHBI U OXapaKTEPH30BaHbI TBEPBIC PACTBOPHI HA OCHOBE MHU-
Hepaa Kojao3uTa ¢ BaHagueM U 010BoM (CuzsxMxV2SneSs;, M = Co, Ni, Zn, X = 0 + 4),
HuoOueM u oJIoBoM (Cugs.xFexND2SNgS3,, X = 0 + 4), Banaguem u repmanuem (Cugs.
xFexV2GEGng, X=0~+ 5)

CuHTe3 Bcex 00pa3IoB C BaHAJAUEM MPOBOIUIICS IO METOJIUKE BEICOKOTEMIIEPATY-
HOT'0 aMITyJIBHOTO CHHTE3a B JIBe cTamuu (Temieparypsl ctaauid T; = 1100°C, T, = 800°C).
Mexnay ctagusMu oOpa3iibl IEPETUPATHCH U TPECCOBATKNCH B TabMeTkn. OTHAKO TaKas Me-
TOJMKA HE TTO3BOJIAET MOJYYUTh OJHO(A3HbIE 00pa3ilbl KOJK3UTOB C HHOOMEM, TTOATOMY B
3TOM CJTydae BMECTO BTOPOI'O OTYKHTa IMPOBOIMIOCH HCKPOBOE IIa3MeHHOE criekanue (SPS)
B TeyeHue 1 yaca npu temmnepatype Tz = 750°C u nasnenun 70 MIIa. [Ipu oObr4HOM Baky-
YMUPOBAHUH TIOCIIC CIIEKaHUsI Ha paboueill MOBEPXHOCTU HAOIIOIATIOCHh OCAXKICHUE CEPhI
BCJICAICTBUE €€ MCTApEHUs, B CBSI3U C UeM METOJMKa Obljla CKOPPEKTHPOBAHA U CTICKAHUE
MIPOBOJUIIOCH B aTMOc(hepe aproHa BeICOKoM uucToThl (Par = 0,1 aTm).

Pentrenodazossiit anamms (POA) o6pasnoB mokasan, 4to ogHodasHbie 00pasibl 00-
pa3yroTcs B CIydae KOJTIO3UTOB C KOOAIBTOM M IIMHKOM MpH X < 3.5, B Cilydae KOJIFO3UTOB C
HUKeJIleM — TIpH X < 3. YCTaHOBJICHO, YTO B 3TUX TOYKaX IPEKpaIIacTCs TMHCHHOE YBEIIH-
YEHHUE TTapaMETPOB JIEMEHTAPHOM SIMEHKHU B YKa3aHHBIX 00pa3liax, YTO CBUICTEILCTBYET O
JOCTHKEHHH TIpejiesia 3aMEIICHHUS.

PeHTreHoCcTpyKTypHBIN aHaIU3 3aMEIIEHHBIX KOJKO3UTOB HE MO3BOJISIET ONIPEACIIUTD
MO3UILIMIO, B KOTOPOM MPOUCXOAMUT 3aMEIlEHUE MEIU, OJTHAKO BO BCEX CIIyyasix OOHapyKHu-
BaeTCs MPUCYTCTBUE HEOOIBIIOrO KoMuecTBa ojioBa (nmopsaka 0.15 atomoB Ha popmyIib-
HYIO €IMHUILY) B MMO3UIIMH BaHAIUSI.

[To manabpiM POA mpenen 3aMenieHus MEIN HA KEJIe30 B KOJIO3UTAX C HUOOWEM H
osoBoM (CuzsxFexNbSNeSs2, X = 0 + 4) mpeaen 3amenieHus HE JOCTUTACTCS B 3TOM



MAna3oHe  COCTaBOB.  PEHTreHOCTPYKTYpHBIM  aHAIM3  COSAWMHEHHUS  COCTaBa
Cuy4FesNDb,SNngS3; mokasan, uTo Meab 3aMeIaeTcs KeIe30M TOJILKO B IMo3uIuu 6d, a Takke
HaOmomaeTcst AeUIUT HUOOWSI B €ro MO3UIINH, YTO COTIACYETCS C aHAJOTUYHBIMH JIaH-
HBIMU 71 KOJIFO3UTOB C M TaHTAJIOM, a Takxke ¢ pesyibraramu PCA MOHOKPHUCTAUIOB C
HuoOuem [3].

[Tpu 3amenieHNH Meu Ha XKelle30 B KOJIO3UTE ¢ repMaHueM OJHO(pa3Hble 00pa3Libl
NOJIy4aroTCs B IMana3oHe cocTaBoB 2 < X < 4. B 001aCcTH ¢ HU3KUM COZIEPKAHUEM JKele3a
oOHapyxeHa npuMmech CUS B konmmuecTBe nopsiika 2%macc., Ipu 3TOM HE HaOJI0JaeTCs
pacciioeHue KOJI3UTa Ha J1B€ (a3bl, XapaKTepHOE I COeIMHEHUH ¢ 0J10BOM [ 1]. YTouHe-
HUE CTPYKTYpPBI B MOJEIIN «HOPMAJILHOT0» KOJIIO3UTA HE IPUBOAUT K MOJIOKHUTEIBHBIM pe-
3yJbTaTaM, YTO MOKET OBITh BBI3BAHO TE€M, YTO JIaHHBIE COCIMHEHUS CIELYyET paccMaTpHU-
BaTh KaK IPOU3BOJIHBIE TEPMAHNUTA, OTINYHE CTPYKTYPBI KOTOPOT'O 3aKIKOYAETCS B COBMECT-
HOM 3aCEJICHUHU Cpa3y HECKOJIbKMX MO3UIUN aTOMaMU Pa3HbIX METAJUIOB, BBULy OJM30CTH
VMOHHBIX PaINyCOB BXOJAIIMX B COCTaB JIEMEHTOB [4].

Pabora BeIMTOTHEHA TPU (PHHAHCOBOM MOIJICPIKKE rpaHTa MUHHCTEPCTBA HAYKHU U BBICIIIETO
obpazoBanamst Ne 075-15-2021-1353.
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NaFe1.xCoxAS: BausiHuEe 3aMellleHHsI HA CTPYKTYPY U CBOICTBA

Paxmanos E.OQ.'2, Illunos A.N.12, Jlerrapenko A.}O.%2, Moposos U.B.}, Ky3smuuen
C.A.12, Kyspmuuena T.E.2, I'apunxun C.JO.2, IIsetkos A 102,

Xumuueckuii paxynomem MI'Y umenu M.B. Jlomonocosa,
119991, Mockea, Poccus,
2uzuveckuti uncmumym umenu I1LH. Jlebedesea Poccuiickoti akademuu Hayxk
ra-jenya@yandex.ru

HecmoTtps Ha T0, uTO *)ene3zoconepxaiune ceepxmnpoBoaHuku (Fe-BTCII) 6pun ot-
KpBITHI Oosiee 15 neT Hazan [1], oHM OCTalOTCA B LIGHTPE BHUMAHMUS MCCIeA0BaTeNeH, TaK
KaK JI0 CUX IOp HE U3yYEHbl HEKOTOPbIE (PU3NUYECKHE CBOMCTBA U HET OJJHO3HAYHOT'O IOHU-
MaHUs IPUPOJIbI CBEPXIPOBOAUMOCTH. OcoOeHHO Benuk nunTepec k HekoTopsiM Fe-BTCII
C OIpE/ETICHHBIM YPOBHEM 3aMEUICHMS JIJIsl U3yUEHUsl CBOMCTB B 0COObIX Toukax. OcobeH-
HOCThIO HenononupoBaHHoro NaFeAS sBiseTcs Haluyue CBEPXIPOBOJAIIETO Iepexoa
npu T oxono 10 K. [Ipu 3TOM, 00beMHast 101 CBEpXIpOoBOAsiIel pa3bl OOBIYHO HE TIpe-
Bbimaer 10 %, u, Kpome TOro, HaOMIOAAETC CTPYKTYPHBIN MEepexos, a TakkKe Mepexos B
SDW coctosnue. J[aHHOE sIBJI€HUE, TO-BUAMMOMY, CBSI3aHO C CYIIECTBOBAHHEM B 00BEME
MOHOKpPHCTAJIJIa JOMEHOB CBEPXIIPOBOAILIEH TETPArOHAIbHON U aHTU(EPPOMATHUTHOM Op-
TopoMOudeckoil ¢as3bl. [Ipy yacTUUHOM 3aMelIeHUH Kelie3a Ha HEKOTOpble d-3JIEMEHTHI,
HaIpumep, KooabT, KpuTudeckas temmneparypa nocturaet makcumyma (T, =22 K), cTtpyk-
TypHbli U SDW — nepexozsl nucuesarot, a 1oy CII ¢asst gocturaer 100% [2].

Onnako TpynHoctu ucciegoBanus NaFeAs u3-3a kpaline HU3KON yCTOMYMBOCTH Ha
BO3/IyXe 00YCIaBIMBAIOT IEPUIIUAT JOCTOBEPHBIX SIKCIEPUMEHTAIIbHBIX JaHHBIX.

Momnoxkpuctamisl NaFe;xCoxAs (X =0,021 u 0,045) cuHTe3upOBaIM B JBE CTAIWH.
[IpuroToBieHe HABECOK BBHIMOIHSUIM B CyXOM aproHoBoM Ookce. Ha mepBoii ctaauu npu-
rotoBwiii NaAs M3 CTEXHUOMETPUUYECKON CMeCH MPOCThIX BemecTB. Ha BTopol craaumn
HaBeckH ¢ cooTHomeHrueM peareHToB NaAs:Fe:CoAs = 1:(1-X):X momeraim B aTyHI0BbIC
THUTJIA, KOTOPBIE 3aBapUBaIIi B aTMOC(epe aproHa B HuoOneBbie KOHTEHHEPHI. B cBOtO 0Ye-
peab KOHTEHHEPHI U30JIMPOBAIM B BAKYYMHUPOBAHHbBIE KBapIIEBbIC aMITyJIbl. AMITYJIbI HArpe-
BaJIi B ieum 10 temrepatypsl 1050 °C, BeinepkuBanu 24 yaca, a 3aT€M OXJIaKJaJIU CO CKO-
pocthto 3 °C/4 no temnepatypsl 600 °C. Turiau u3BieKaaIu U akKypaTHO pacKabIBaliu, MO-
CJIe Yero MEeXaHW4eCKU OTAEISIM MOHOKpPUCTAUIbI OT (pitoca. B pe3ynbrare ObLIM MOJy-
YEeHBI TUIACTUHYAThIE MOHOKPUCTAIUIBI C METANIMYECKUM OJIECKOM M JIMHEWHBIMU pa3Me-
pamu 10 5 MM (puc la,r).

MOHOKpUCTAIIIIBI HCCIETOBATIN METOJIOM PEHTTEHOCIIEKTPAIIBHOTO MUKpOaHalln3a 1
PEHTICHOBCKON AU(paKIMd MOHOKPHUCTAUTMYECKON TUIACTUHKH, PACTYIICH MapayiieIbHO
wiockoctu ab0 (00l) (puc. la,r), B pe3ynbraTe 4ero yaanoch MOATBEPIUTH COCTaB H
BBICOKYIO CTEMEHb MOHOKpUCTAUTMYHOCTH. [lociae 3Toro w3Mepwin 3aBUCHMOCTH
MarHUTHOW BOCHPUMMYHBOCTH W CONPOTHBICHHS OT Temmeparypel. llepexom B
cBepxmpoBosIiee cocrosiaue st kpuctawioB X = 0,021 mabmomancs auxe =~ 20,5 K u
umen mupuny <~ 1,4 K (puc. 16,B). s oOpaszua X = 0,045 nepexon HaunHaics npu <~ 22,6
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Puc. 1. (a) Juppaxmoepamma (001) monoxpucmannos NaFeo g79C00021AS. (0) 3asu-
CUMOCTIb MASHUMHOU 8ocnpuumuusocmu om memnepamypui 07151 NaFeg 979C00 021AS. (B) 3a-
sucumocmos conpomueienus om memnepamypol 011 NaFeg970C00021AS. (1) Jugppaxmo-
epamma (001) monoxkpucmannos NaFeg gs5C00,045AS. (1) 3asucumocms macnumnou socnpu-
umyusocmu om memnepamypuvl 011 NaFep 055C0 045AS. (). 3asucumocmsv conpomuesnenus
om memnepamypwi 07151 NaFeg 955C00 045AS.

HccnepoBanue Moiy4eHHBIX OOpa3loOB METOJOM IMPOCBEUYMBAIOLIEH 3JIEKTPOHHOM
MHKPOCKOTIMHU BBICOKOTO Pa3pelIeHUs] MOKa3aao Hanu4yue ciaoeB FeAs, CIBUHYTBIX OTHOCH-
TEJIbHO APYT Apyra TaK»kKe, KaK 3TO XapaKTEePHO I ceMeicTBa 122, 4TO CBUAETENBCTBYET
00 OTCYTCTBUHU MEXIY YTUMHU CJIOSIMU MOJIOBUHBI aTOMOB Hatpus. MccrenoBanre MOHOKPH-
crauioB NaFe;xCoxAs MeToqoM aHIPEEeBCKOW CHEKTPOCKOIHH, IMPOBEICHHOE BIEPBEIE,
IT03BOJIMJIO YCTAHOBUTH KOJIMYECTBEHHBIE XaPAKTEPUCTUKU CBEPXITPOBOIAIIMNX IIEJIEH HC-
clIeIyeMbIX 00pasIioB.

Pa6oTa BrimonHeHa npu nomauepxkke Gouga PHO®, rpant Ne 22-72-10082.

[1] Y. Kamihara, T. Watanabe, M. Hirano, H. Hosono. Journal of the American Chemical Society 130
(2008) 3296-3297.

[2] I. Presniakov, I. Morozov, A. Sobolev, M. Roslova, A. Boltalin, V. Son, O. Volkova, A. Vasiliev, S.
Wurmehl, B. Biichner. Journal of Physics: Condensed Matter 25(34) (2013) 346003.
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105005, Mocksa, Poccus
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PtyTHBIE razopa3psaHbie JJaMIIbI SBISIOTCA HanOoJee paclpOCTPaHEHHBIM UHCTPY-
MEHTOB JIJIsl POBEACHUS Je3UH(PEeKIN noMeleHnid. TeM He MeHee, NX UCIOJIb30BAHUE MO-
KET NMPEJCTaBIISITh OMACHOCTb JJIsl OKPY KaIOLIEei cpeapl U AJis yenoBeka. B kauecTBe 6e3-
OIACHOM aJbTEePHATUBBI MOTYT CIY>KUTh OaKTEpUIUIHbIE JIJAMIIbl HA OCHOBE HEOpraHUye-
CKHX KaTOJ0JIFOMUHO(OPOB.

KarononoMuHOGOpE MOTYT HUCIYCKATh 33 CUET M3ITYYAIOIIUX KATHOHOB, JOMHPO-
BaHHBIX B MaTpuIly. B manHoii padote 11 nmoayueHus Y @-uCimyCcKaromux KaToI0JIFIOMUHO-
(opoB B KauecTBe aKTUBATOPa ObLIU BEIOpaHBbI KaTHOHKI Pré* 1 Pb?*, koTopsle momuHecy-
pytoT B xecTkoM (270 um) u cpennem (360 am) Y D-quana3zoHe COOTBETCTBEHHO. {7151 BO3-
MO>KHOCTH 3aMEILEHUs1 BRIOPAaHHBIMU aKTHBAaTOpaMu, X 3(P(PEKTUBHOTO BO3OYXACHUS U
BBICOKOW CTa0MJIBHOCTH JIIOMHHO(OPA MO KaTOJAHBIMH JTy4aMH B KaueCTBE MATPHI] ObLIH
BIOpansl YBO;, YPO, misa Pr’* u BaSi,Os nus Pb*",

Coemunenns YBO3:Pr¥t(1%), YPO4:Pr¥*(1%) u BaSi,Os5:Pb* (0.5, 1, 2, 4%) Obum
MOJTy4€HbI TBEp10(ha3HBIM METOJIOM CIIEKaHUSI TOMOTEHU3UPOBAHHBIX OKCHUJIOB M COOTBET-
CTBYIOIIECH KUCJIOTHI UJIM OKCUJA KPEMHUS COOTBETCTBEHHO. CocTaB U MOPGOJIOTHs MOJTY-
YEHHBIX COCIMHEHHUM YCTaHABIMBAJICS M0 COBOKYITHOCTH METOJ/IOB PEHTIeHO(a30Boro aHa-
Jn3a, PEHTTC€HOBCKOW (hOTORIEKTPOHHONW M DHEPTOJAUCTIEPCUOHHOM PEHTIEHOBCKOM CITEK-
TPOCKOIIMH, a TAKXKE 05KEe-CHEKTPOCKONHNU U CKAHUPYIOIIEH AIEKTPOHHON MHKPOCKOIUHU.
IToCKOIBKY B XOJ€ CrieKaHus 00pa3oBbIBaIach mpuMech Pr*’, Gbu1 npoBeneH BOCCTaHOBM-
TEJNbHBINA OTXKUT B atMocdepe apror-sojopon (0.5-5%). Pasmep yacTull nmoxy4eHHbIX CO-
enuHeHU coctaBui 4-10 MKM, 94TO ONTUMAIBHO 711 A((HEKTUBHOTO PacCesiHUSI YHEPTUU
AJIEKTPOHA TIPH BO3OYKACHUU KaTOI0IIOMUHOGODA.

[Io pesynpraram usmepeHuid B DHU3MKO-TEXHUYECKOM HMHCTUTYTE HMMEeHH A.D.
Hodde Obu10 MOKazaHo, YTO Bce 00pa3Ibl IEMOHCTPUPYIOT HHTEHCUBHYIO KaTOAOIOMHU-
HECLICHIIMIO, IIPU 3TOM JIA YPO.:Pr’" "HTEHCHBHOCTH TIOCIIE BOCCTAHOBUTEIHFHOTO OTKHUTA
IIOBBIIIACTCS B 1BA pasa.

Jlist mepexo/ia K TECTUPOBAHUIO MAaTEPUATIOB B KAU€CTBE KATOAOIIOMUHECIIEHTHBIX
Jamn Obljla CKOHCTPYHpPOBaHA SKCIIEpUMEHTalbHasl ycTaHOBKa (puc. 1, a), cocrosimias u3
BBICOKOBaKYyMHOI'O OTKa4HOTO MocTa (2), BakyyMHOU Kamepsl (1), 31eKTpOHHO-ITy4eBOM
nymku (7) u Macc-criektpometpa (6). Ha dbmaniie BakyyMHON KaMepbl yCTAaHOBIICHO U3Me-
puTenbHOE KBapleBoe okHO (10), uepe3 KoTopoe MPOBOJUIUCH U3MEPEHUSI MOIIIHOCTH H3-
Jy4YEeHUS] U UBMEPEHUE CIIEKTPA.



ITo pe3ynpTaTamM U3MEpEeHHs MOJIYYEHHBIX COEIMHEHUM B SKCIIEPUMEHTAIBHON yCTa-
HOBKE OBUJIO TMOKa3aHO, YTO HAWOOJBIIYI0 HMHTEHCUBHOCTb  JIEMOHCTPUPYET
BaSi,05:Pb*"(4%) npu 0611y4eHH 3IEKTPOHHBIM ITYy4YKOM C dHEprueii 5 k3B (puc. 1, 6).

[ I 200004 —— BaSi,0O:Pb (4%)
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Puc. 1. a) Dxcnepumenmanvrnas 6aKyymHas yCmaHo8Kka onpeoenenusi 86bIX00OHbIX Xa-
PAKMepUCmux Kamoooiomunogpopos, 6) Cnexmp kamoodomomunecyenyuu BaSiOs:Pb

(4%) npu 0bayuenuu nYyuKoM 31EKMPOHOS C YCKOPSIOWUM HaAnpsidceHuem SkB.

Pabota BeimonHeHa npu GuHancoBoi noauepxke rpanta PH® Ne 23-23-00293.
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eunl, Mockea, Poccus
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®epput nanrana LaFeOs; (LFO), o6mamaroniuii mpoBOAUMOCTBIO P-THUIIA, SIBIISIETCS
MEPCIIEKTUBHBIM MaTEPUATIOM JIsl cO3/1aHusl (POTOKATOIOB sl (POTORAEKTPOXUMUYECKOTO
pasnoxenus Boasl [1]. Beicokas ctabmiabHOCTh LFO B HEHTpadbHBIX U MIEIOYHBIX BOIHBIX
pacTBOpax SIBJISIETCS CYIIECTBEHHBIM IPEUMYIIIECTBOM JJAHHOTO MaTepuaja Mo CPaBHEHUIO
¢ ¢oToKaToJaMU Ha OCHOBE OKCHJIOB MEJH, JIJIsl KOTOPBIX XapaKTepHa BHICOKAsi CKOPOCTh
dboTokoppozuu. OnHako, hoTodnekrpoxumuueckas aktuBHOocTh LFO HeBbIcOKa, 4TO CBsI-
3BIBAIOT C BBICOKOW CKOPOCTHIO PEKOMOMHAIINK (POTOMHIYIIMPOBAHHBIX HOCUTENIEH 3apsia.
Jly1st mpeooieHust AToi MpoOIIeMbl MOBEPXHOCTh OKCHIHBIX (POTOKATAIN3ATOPOB MOTU(DH-
UPYIOT CJIOSAMH JAPYTHX COCAMHEHUH, KOTOpbhIE CIyKatT Jnbo mis 6onee 3¢hHEKTUBHOTO
paszeneHus 3apsiaa v MpeoTBPaIleHUs TOBEPXHOCTHON peKoMOUHAINK (TTAaCCUBUPYIOITHE
cjou), OO0 NIl YCKOPEHUs KaTaIUTHYeCKON peakiuu (cokatanuzatopsl) [2]. HacTtosmas
paboTa MOCBSIIEHA UCCIICIOBAHUIO BIUSIHUS CIO€B JABOMHBIX THIPOKCUIOB HUKENS U JKe-
ne3a (NiFe-DH) Ha xuHeTHKY pekoMOMHAIIMU U Mex(a3HOTO mepeHoca POTOMHIYIIUPO-
BaHHBIX HOCUTEJCH 3apsaaa uepes rpanuiy LFO/pactBop.

B kadecTBe 00beKTa HCCIIEIOBAHMS UCTIONIb30BaU TieHKU LFO, mosryueHHbie MeTo-
oM 30J1b-Telb. CTpykTypy U coctaB LFO xapakTepr3oBain MeTogaMu peHTreH0(a30BOro
Y JIOKAJIBHOTO PEHTT€HOCIEKTPAIBbHOTO aHAIN3a, ONTHYECKUE CBOMCTBA IJIEHOK - METOJIOM
CIEKTPOCKOIIUY TOTJIOMICHUS. DJICKTPOXUMUYECKH HHAYIIMPOBAHHOE OCaxaeHUEe amopd-
Heix cioeB NiFe-DH mpoBoauiu w3 BOAHBIX paCTBOPOB HUTPATOB Kelie3a M HUKes. s
MOJIYYCHHS] KOJMYECTBEHHON WMH(OopMaIuu 00 M3MEHEHHUSX CKOPOCTH PEKOMOWHAITUU U
CKOpOCTH MeX(a3HOTo MepeHoca 3apsina npu HaneceHuu nmokpeitus NiFe-DH na moBepx-
HOoCcTh LFO, M3 skcnepuMeHTANbHBIX TPaH3UEHTOB (DOTOTOKA PACCUUTHIBAIM KOHCTAHTHI
cKopocTu Mex(ha3HOoro IepeHoca 3apsijaa U KOHCTaHThI CKOPOCTH pekoMmOunanuu [3]. Yera-
HOBJICHO, YTO KOHCTAaHThl CKOPOCTH MEepeHOoca 3apsiaa KpaitHe cado 3aBUCAT KaK OT MOTEH-
nuasa, tTak 1 ot Haymawus cinost NiFe-DH na noBepxnoctu LFO, B TO BpeMsi Kak KOHCTaHTHI
CKOPOCTH peKOMOMHAIIUY 3HAUUMO CHUXKatoTcs B ipucyTcTBuM NiFe-DH. [Tonyuennsie pe-
3yJIBTAThl IO3BOJISIIOT 3aKIIOUNTh, 4TO TIOKphiTHE NiFe-DH nposieiser naccuBupyronue, a
HE DJIEKTPOKATAIUTUYECKHAE CBOMCTBA.

HccnenoBanue BHINOIHEHO 3a cueT rpanTta Poccuiickoro Hayunoro ¢ounga Ne 22-23-
20195.
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HoBble MeTOABI CHHTE3a 3aMELIEHHBIX MPOU3BOAHBIX OKTArHAPO-
TPUOOPATHOI0 AHUOHA

lynsx A.T., JlykomkoBa A.A., [Tocematiko E.E., CenuBanoB H.A., ['onny6eB A.B., bbI-
koB A.1O., Kmwxun K.1O., Ky3nenos H.T.

Hncmumym obweti u neopeanuuecxou xumuu um. H.C.Kypnakosa, 119991, Mocksa, Poc-
cus

At.shulyak@yandex.ru

CuHTE3 HOBBIX COSAMHEHUH, IPUTOAHBIX IS XUMHUECKOTO aKyMyJIMPOBAHUS BOJIO-
po/Ia SBISICTCS TICPCIICKTUBHBIM HAIIPABJICHHEM KakK B ()yHIaMEHTAILHON HEOPTaHWIECKON
XUMUH, TaK U B SJHEPTCTHUCCKOM IPOMBIIINICHHOCTH. B KadecTBe TakuX aKKyMYJISITOPOB XO-
po11Io BEICTYNaOT 00poBoaopoasl [1, 2]. [Ipu aToM HanOONbIINIA HHTEPEC BBI3BIBAIOT MPO-
W3BOJIHBIE OKTaruJIpOTPpUOOPATHOTO aHWOHA, a UMEHHO €T0 3aMEIICHHBIE MPOU3BOIHBIC
[BsH/L], rne L = O, N, S, P — nyknecoduisl. Taxke, 3apsKeHHHBIC TaIOT€H3aMEICHHBIC
npousBoaubie [BsH7Hal] u [BsHgHal,]” MoryT paccmarpuBatbest B kauecTBEe KOMITOHEHTOB
MOHHBIX KUJIKOCTEH.

[Tonydenue 3amMenieHHbIX TPOU3BOIHBIX OKTArHAPOTPUOOpaTa MPEICTABISIET CO00M
CJI0’KHBIM MHOTO(AKTOPHBIN ITPOIIECC, ITOITOMY HEMHOTHE U3 METOIO0B IMOJIPOOHO OTTMCAHbI
B JuTeparype. B xonme maHHOM paboThl ObUTM pa3paOOTaHbl HOBBIC METOJIUKHU IOJTYUYCHHUS
3amenieHHbIX pon3BoaHbIX [BsH7Nu], rme Nu = RCN (R = CH3, et, i-Pr, Pr, Pn), RNH;
(Ph, Bn, Cngg), Et:NH, EtzsN n BU4N[BgH7Ha|], BU4N[BgH6Ha|2], rae Hal = Cl, Br', C 1Io-
Motrbio N-XmopcyknmHIMEIIa, OpOMa U M0/1a B KAYECTBE HHAYKTOPOB.

[Tpu B3auMOAEHCTBUN OKTAarHAPOTPHUOOPATHOTO aHUOHA C OPOMOM B TUXIJIOpMETaHE
B cooTHomieHun 1:1 HaGmromaercss 0Opa3oBaHME MOHOOPOM3AMEIIEHHOTO MPOAYKTa
BusN[B3sH;Br], npu yBenuuenuun xonmdyectBa Opoma oopasyercs BusN[BsHsBr2]. ITpu no-
OaByieHHH 00Jiee CUIILHOTO HyKJIeo(ua — alleTOHUTPUIIA TPOUCXOAUT 00pa30BaHUE HUT-
PUII3aMEILEHHOT0 MTPOU3BOIHOTO, IPU 3TOM JU3aMEIIEHHOI0 HUTPUIINEBOTO MPOYyKTa HE
HaOJI01aeTCsl.

B3aumopeiicTBue okraruapoTpudopaTa ¢ aMiMHaMH B TeTparuapodypaHe B IPUCYT-
CTBUU OpOMa MPUBOJUT K 00pa30BaHUIO aMHUH3aMEIIIEHHBIX TIPOIYKTOB, OJHAKO JaHHAS Pe-
akiusi TpeOyeT TMOBBIIMICHHS TEMIIepaTyphbl BBUAY BBIIEIEHUS OPOMOBOIOPOA, KOTOPHI
MIPOTOHUPYET AMUH.

N-xnopcykuuaumu (NCS) siBiisieTcst U3BBECTHBIM XJIOPUPYIOIIUM areHTOM B OpTaHU-
yeckoM xuMuu. B Xxoze naHHOW pabOThl yCTaHOBWJIM, 4YTO €ro B3aUMOJCHCTBHE C
BusN[BsHs] B muxsiopmerane mpuBOAMT K OOpa30BaHHIO MOHO- W JTUXJIOP3aMEIIEHHOTO
npoaykTa npu cootHouennu 1:1 u 1:2 coorBercTBeHHO. B HUTpUiIax mpu MCHOJIb30BaHUN
Cs[BsHs] nabdmarogaercs o0pa3oBaHre HUTPHIIMEBBIX 3aMEIICHHBIX MPOIYKTOB, B TO BPEMs
kak ¢ BusN[B3Hs] o06pasyrorces Tonbko ximop3amenieHabie. [Ipu 3ToM peakius Bce ke mpo-
XOJUT yepe3 00pa3oBaHME MOHOXJIOP3AMEILIEHHOTO MPOAYKTa U MPEeACTaBIsIeT cOO0N paB-
HOBECHBIM IPOLECC, KOTOPBIA B CIy4ae MCIOJIb30BAHMS LIE3MEBOM COJIM CIBUTACTCS B



CTOPOHY 00pa30BaHUsl HUTPWJIMEBOTO MPOJIYKTa M3-32 BBINAJCHHUS MajIoOpacTBOPHUMOIO B
HUTPUJIAX XJIOPHUIA LE3Us.
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PaGoTa BhINoIHEHA B pamMKax rocynapctsenHnoro 3ananus MOHX PAH

[1] Grinderslev JB, Moller KT, Yan Y, et al. Dalt Trans. 2019;48(24), 8872-8881.
[2]. Moussa G., Moury R., Demirci U.b., Sener T. MP. Int J Energy Res. 2013;37(8), 845-842.
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(I)OTOHpOTeKTOPHI)Ie CBOMCTBA AUCHEPCHBIX CUCTEM, COACPKAIIMNX
OKCH/JIbI TUTAHA U LEPUSA

Apbanac C., Konecauk U.B.

YDaxynomem Hayx o mamepuanax MI'Y umenu M.B. Jlomonocosa, 119992, Mockea, Poc-
cus

s-arb@mail.ru

@OTONMPOTEKTOPHBIE HEOPTaHNYECKUE MTUTMEHTBI HAIITM OOIIMPHOE MPUMEHEHNE
B IIPOM3BOJCTBE JCKOPATHBHBIX M YXOJOBBIX KOCMETHYECKMX CpeICTB. B Hacrosmee
BpeMs HanOoJiee paclpoCTPaHEHHBIMU MPEACTABUTENAMU MOJOOHBIX TUTMEHTOB SIBJIS-
IOTCSl OKCU/IbI TUTaHA U IIMHKA. OCHOBHOI Mpo0IeMOl NCIIOJIb30BaHUS YUCTHIX OKCUIOB
SIBJIIETCS BBICOKAsl (POTOKATATUTUYECKASI AKTUBHOCTD, 3@ CUET KOTOPOU MUTMEHTHI MOTYT
HE TOJBKO OKHUCIJISITh KOMIIOHEHTBI KOCMETHKH, HO M BBI3BIBATh OKUCIUTEIBHBIN CTPECC
KJIETOK Koxku. HuBenmupoBaTh naHHbIN 3((HEKT MOKHO H00aBICHUEM aHTHOKCHIAHTA B
cocrtas npoaykra. CeO, — 3T0 OMH U3 IPUMEPOB AaHTUOKCUIAHTA, MOIJIOIIAIOIIErO CBO-
00JHBIE paguKaibl, ¢ ((OTONPOTEKTOPHBIMU CBOMCTBA cpaBHUMBIMU ¢ T10),.

[TosToMy 1eNBbI0 JaHHON PabOTHI OBLT CUHTE3 KOMITO3UIITMOHHBIX HEOPTAHUYECKUX
OKCHUJIHBIX TUTMEHTOB, COJICPKAIUX LIEPUN U TUTaH, CO3JJaHNE MOJEILHOTO KOCMETHYE-
CKOTO CPEJICTBA Ha X OCHOBE U U3YUEHUE UX (POTOMPOTEKTOPHBIX CBOMCTB.

Jlns mosrydeHust cinaboarperupoBaHHBIX HAHOKPUCTALTNYECKUX MAaTePUAIIOB ObLI
BBIOpaH ruIpoTepMaIbHbIN CUHTE3. B KauecTBe MpekypcopoB, COJIepkKAITUX TUTAH U 11e-
puii, ObUTH BBHIOpAHBI TeKcaxjopTUTaHoBas kuciota u xyuopun uepus (III), B kauecTe

pEareHToB, PErYJIMPYIOIINX KUCITOTHOCTh OKPY KaloIIeh cpe/ibl, ucmnosibzoBasinck NaOH
u KOH.

[Tonmy4yeHHBIE MUTMEHTHI OB OXapaKTEPU30BaHbl METOJAMHU MTOPOITKOBOM PEHT-
Te€HOBCKOM qu(pakiMK U MPOCBEYMBAIOIIEH 2JIEKTPOHHOU MUKpockonuu. OOpasiibl co-
ctost u3 asz Ce,Ti,O7, CeO,, Ce(OH); (npu 3nauennu pH Hmwke 13,6). Bo Bpems npo-
1eTypbl MPOMBIBKH COCTAaB 00pa31ioB MeHseTcs: coaepxkanue CeO, yBeIUIMBaETCS, TO-
rna kak comepxkanue Ce,Ti,07 ymenbimaercsa. OOpasibl, coaepikaiire ¢Gpa3bl THTaHATa
LEepUs U OKCUJIA LIepUsl, XapaKTEPU3YIOTCSI CAaMbIMU BBICOKMMU 3HAYEHUSAMH (HOTOIPO-
TEKTOPHBIX CBOMCTB, U B TO K€ BpeMsl 001a1at0T He3HAYUTEILHON (POTOKATATUTUYECKON
aKTUBHOCTBIO.

L{BeTOBBIC XapaKTEPUCTUKH OBLIN OXapaKTEPU30BAHBI IT0 MK TyHAPOIHOMY CTaH-
napty 1SO 11664-4.

B xone paboTh! ObLTM OTyY€HbI SMYJILCHU Ha OCHOBE PsJIa YMYJIIaTOPOB. DMYJIb-
curo "BoJia B Macjie" TOTOBUJIM HAa CMECH MOJMIIUMUEPHII-3 MMOIUPULIMHOJIEATA U TTOJIHT -
JULEpUI-3 pULIMHONIEAaTa. DMYJIbCUS OCTAeTCs CTAOMIBHOM MIPH COACPKAHUH OKCHIHOM
da3zsl (Ti02) ot 0 1o 5 Mac.%. OmHAKO OHA TEPSET CBOIO CTAOMIBHOCTD MPU BBEICHUH B
€€ COCTaB CIJI0KHBIX OKCUIOB TUTAaHA U LEPHUSL.

OMyJbCHH MacC0-B-BOJE HA OCHOBE MOHTaHOBa-68 (11leTeapusiOBbIN CIIUPT, LIETE-
apuiriuko3un) u CITAH-60 (copOutan MOHOCTeapar) OKa3aluCh HEYCTOWYMBBIMU K



BBEJICHUIO TBEpABIX YacTull. OHAKO CTAOWIIbHBIE AMYJIBCHHU, COJCPIKAIINE YaACTHUIIBI
TiO, u yacTUIBl THTAaHATA [EPHUs, OBLIN IMOJYYCHBI C MCIIOJIh30BAaHHEM apTHHUHOBOW
coym rietuidocdara B KaueCTBE SMYJIbraTopa.

B cootBeTcTBUM ¢ MexXAyHApOAHBIM cTaHaapToM [SO 24443 Ob1u oxapakTepHu3o-
BaHbI OTOMPOTEKTOPHBIEC CBOMCTBA CYCIIEH3WH TUTAHATOB IEpUs Ha OCHOBE TIIMIIEPUHA
Y MOJIETIBHBIX KOCMETUYECKHX CPEICTB — AMYJIbCHII Ha OCHOBE AprMHUHOBOM COJIM Lie-
tuidocdara. bbuio mokazaHo, 4To GOTONPOTEKTOPHAS AKTUBHOCTh MUTMEHTOB, JUCIIEP-
TMPOBAHHBIX B AMYIJIbCUM, XOPOIIO KOPPEIUPYET ¢ (HOTONPOTEKTOPHBIMU CBOMCTBAMU
CyCHEeH3Ul TeX K€ MUTMEHTOB B riunepuHe. Kpome toro, GporonporekropHas akTHB-
HOCTh TUTAHATOB 1iepus ObLIa BbIIIE (DOTOMPOTEKTOPHON aKTUBHOCTH AHAJIOTMYHBIX 00-
pasuoB ¢ TiO2 B 1,8-2,5 pa3za. 9T0 m03BOIMIIO CO3/1aBaTh MPOAYKTHI co 3HaueHueM SPF
1o 8. Takum oOpa3oM, CHHTE3UpOBaHHBIN B Hallel paboTe TUTaHAT LIEPUsI MOXKHO pac-
CMaTpUBATh KaK MEPCHEKTUBHBIM MUTMEHT C BBICOKUMH (POTONPOTEKTOPHBIMU XapaKTe-
PUCTUKAMHU, a apTUHUHOBAs COJb LeTmIocdaTa B HACTOSALIEE BPEMS CUMTAETCA Haubo-
Jiee MEePCIEKTUBHBIM AMYJIbraTOPOM.



Cunre3 YIUVIEPOAHBLIX HAHOYACTHIL, JICTUPOBAHHBIX a0/ 1N~

HHUEM

Apremos JI.A.L, Mutiomes H.JI.1, Tumommenko B.IO.12, Bapanos A.H.3,

MT'Y umenu M.B.Jlomonocoea, paxynemem nayx o mamepuanax, 119991, Mockea,
Poccus

2MI'Y umenu M.B.Jlomonocosa, guszuueckuti paxynromem, 119991, Mocksa, Poccus
SMI'Y umenu M.B.Jlomonocosa, xumuueckuii paxyromem, 119991, Mockea, Poccus

YraepoaHble HAHOYACTUIBI — 3TO HOBBIA KJIACC YIJIEPOAHBIX Marepuanos. YHY
IPEJCTaBISIIOT COOOM YTIIIepoIHOE SAPO U pa3iinyHble (PYyHKUMOHAJIBbHBIE TPYIIIBI Ha €ro
noBepxHOCTH. CHHTE3 YacCTHUL] B IPUCYTCTBUN MOHOB IaJ0JMHUS IT03BOJIIET BCTPAUBATHCS
IIOCJIEAHEMY Ha IIOBEPXHOCTh HAHOYACTHIL, TEM CaMbIM ITPUIABASI UM YHUKAJIbHBIE MAarHUT-
HBIE CBOMCTBA, KOTOPBIE MOKHO UCIIONb30BaTh Npu MPT nuarnoctuku. Llenbro nannoi pa-
00THI siBIIsIETCA pa3paboTKka MeTOA0B cuHTe3a YHY ¢ pa3anyHOi KOHIIEHTpalUe raoiu-
HUs, ONIPEAECIICHUE UX ONITHYECKUX CBOMCTB U BO3MOYKHOCTH HCIIOJIB30BAaHUS TAKUX YACTHUL]
B KaueCcTBE KOHTpacTHbIX BeniecTB 1iist MPT nuarnoctukwu [1].

bbuT Mcnonp30BaH rUAPOTEPMAIIBHBIA METOJT CUHTE3a JU1s purorosiienus Y HY, e-
IMPOBAaHHBIX IaJ0JIMHUEM. B KauecTBe MpeKypcopoOB UCTIOJIL30BAIINCH: IMMOHHAS K-Ta, MO-
yeBuHa u xjiopui ragonunus (III). [IpuroroBiaeHHbIe BOIHBIE paCTBOPHI MOMEIIATH B THI-
poTepMaibHbIi peakTop Ha 3 yaca npu temmneparype 150 rpagycos. [lociie cunte3a npoBo-
JUIIA OYUCTKY METOAOM JHAIIA3A.

[Tpu n3mepenuu diayopecreHTHBIX cBocTB YHU OBLI0 ompeeneHo, 4To MaKCUMyM
U3ITyYECHUS] MOYKHO MEHSITh MPU MOMOIIY U3MEHEHHUS COCTaBa (PYyHKIIMOHAIBHBIX TPYIII, a
MMEHHO KOJIMYECTBA U COOTHOIICHHS KapOOKCHIIBHBIX WU aMUAHBIX Tpymnm. beimu u3zme-
PEHBI CIIEKTPHI MOTJIOIICHHUS, 1JISI KOTOPBIX TaK)Ke HAOJI0aach KOHIICHTpAI[MOHHAS 3aBU-
CUMOCTh OT cocTaBa npekypcopoB. [Ipu nomon MK-cnekTpockonuu METOAOM MOJHOTO
OTpakKeHUs1 OBbLI BBISBJICH COCTaB (GyHKIMOHAIBHBIX Tpyrnn YHY — kapOokcuibHbIe, TH-
POKCHIIbHBIE, U aMUJHBIE TPYIIIBI HaxoAsaTcs Ha noBepxHocTH, a C=C u C-C cBs3u Xapak-
TEPHBI JJIS SIAPA YACTHULIBI.

KonuuectBo cBsizannoro ¢ YHY ragonuuus onpeaesiiv ¢ IOMOIIbIO ClIeKTpodoTo-
METPUUYECKOr0 aHaIn3a AUAIU3HOr0 pacTBopa. B kauecTBe MHANMKATOPA UCTIOIB30BAIIA Ap-
cernaso lll. lannas nndopmariyst HeoOXoaMMa NpH AaibHeHIeM ucnoias3oBannu YHY/Gd
B KauecTBe KOHTpacTHOro areura npu MPT nuarnoctuku.

[1] Musaeva, D.U.; Kopylov, A.N.; Syuy, A.V.; Volkov, V.S.; Mitiushev, N.D.; Pavlova, O.S.; Pirogov,
Y.A.; Baranov, A.N.; Timoshenko, V.Y. Appl. Sci. 13 (2023) 9322.



Pa3pa0dorka MeTOAUKH MOJTYYCHUS HAHOKPUCTALIMYECKOIO M-
POKCOJIAKTATA UTTPHUA € 32JAHHON MUKPOCTPYKTYPOil

Comukosa M. B., SAnpemnes A. /1.1
L Unemumym obweii u neopeanuyecxoti xumuu um. H.C. Kypnaxosa, Mockea, Poccus

mrgolikova@yandex.ru

['enu, oOpa3oBaHHbBIE CETKOW HAHOBOJIOKOH, OUYE€Hb PEIKHU JIJIi HEOPraHUYECKUX CO-
eauHeHuil. K HactosiieMy BpeMeHH B TUTEPAType U3BECTHBI TOJIBKO T'€JI Ha OCHOBE BOJIO-
KOH OKCOTuapokcuaa Banaaus, pocdara uepus (1V) u ruapokconakrara urtpus [1]. Me-
XaHU3M 00pa30BaHus TAKUX rejield Malou3y4deH, NPEeroaraercs, 4To BaKHYIO poJib B HEM
UrpaeTr MOJIMMEPHU3ALUs COOTBETCTBYIOIIMX KOMIUIEKCOB MeTauioB. Ilomyyaemele BOJIOK-
HUCTBIE CTPYKTYpPbI MEPCIEKTUBHBI Il CO3[JaHUsI COPOLIMOHHBIX, KaTAIUTHYECKUX, MEM-
OpaHHBIX U CEHCOPHBIX MaTepHuasioB. M3 reneil, 00pa3oBaHHBIX CETKOI BOJIOKOH, MOJIyYarOT
KCEPOTEIM U adpOTrelIi C PEKOPAHO HU3KMMHM 3HAYEHUAMH IIOTHOCTH (no 1 mr/cm®) u pe-
KOPJIHO BBICOKMMU 3HaUYC€HUSIMU miopucTtoctu (>99 %) marepuana. ['mapokconakrarsel P39
MHTEPECHBI BO3MOKHOCTBIO ITOJIYYEHHs U3 HUX HaHO4YacTHUI] okcuaos P390 B mpouecce oT-
xwura. [Ipennonaraercs, 4ro pazmMep HaHo4YacTUI] Okcu0B P30 Oyner onpenenarcs B TOM
qHCJIE TOJIIIIMHON HAHOBOJIOKOH J1akTaToB P30.

[lenwto qaHHOI pabOTHI cTana pa3paboTKa METOJAMKH CHHTE3a KCEPOTreseil THAPOKCOo-
JIaKTaTa UTTPHS C PA3IMYHON TOJIIMHON BOJIOKOH B IIPUCYTCTBUM OKCHJIa ITponuiieHa. J{is
JOCTHKEHUS 1IeJIM ObUT pelleH psi 3a7ad, BKJIIoYas CHHTE3 THJIPOKCOJIaKTaTa UTTpUs MpU
BapbUPOBAHUU TAKUX YCJIOBHH, Kak Temrieparypa (25-70), Tun pactBoputens (Boja, U30-
IPOMMUJIOBBIN CIIUPT), KOHIIEHTPALMK U COOTHOILIEHUSI PEareHTOB; TEPMUUECKUN OTXKUT T10-
JYYEHHBIX COEIMHEHUI; aHAJIN3 COCTABA U CTPYKTYPBI OJYHYEHHBIX COEIMHEHU METOJaMU
P®A, POM u UK-cniekTpockomnuu.

[IpensioxkeHa HOBast METOAMKA CUHTE3a THIPOKCOIAKTATa UTTPUS B IPUCYTCTBUU OK-
cujia MpONuJIeHa. Y CTAaHOBJIEHO, YTO MPHU YBETUYEHUH KOHLIEHTPALMU OKCHIA MPOIMUJIEHA
(C = 0,56-0,98 M) ymenbiaercst Toymuaa BoJIokoH (d = 19-37 HM). YMeHbIICHHE TOJI-
IIMHBI BOJIOKOH TAaK)K€ MPOUCXOIUT B Pe3yJIbTaTe YaCTUYHOW 3aMEHbI BOJbI HA U30IPOINH-
JIOBBIY CIIUPT B KAYECTBE PACTBOPUTETIS.

PaGoTa BbinosnHeHa ¢ ucnoyibzoBanuem oodopyaosanus LIKIT @MU MOHX PAH u npu ¢u-
HaHCOBOM mojepkke rpanTa PH® Ne 22-73-00041.

[1] Yapryntsev, A. D., Baranchikov, A. E., Churakov, A. V., Kopitsa, G. P., Silvestrova, A. A., Golikova,
M. V., lvanov, V. K. (2021). 11(48), 30195-30205.



I'azoBasi YyBCTBHTEJIbHOCTH MATEPHAJIOB HA OCHOBE THOKCH/IA
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I'pebenknna A.A., Kypanos /I.1O., bornmanosa A.I1., Kpusenkwuii B.B.

Xumuueckuui paxkynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus
nastya.greb@yandex.ru

[TorynpoBOIHUKOBBIE METAITIOOKCUIHBIC TA30BBIE CEHCOPHI MO3BOJISIOT JIETEKTUPO-
BaTh OOJIBIION CHEKTP ra30B M JeTyuux opranudeckux coenunenuit (JIOC). B nurepatype
OIMCaHBl CEHCOPHI HA OCHOBE HAHOKpHUCTALTHUECKOTo T10,, NMEIOIIEro mpenMyIecTBo B
CTaOUIIBHOCTU IIPU BBICOKMX Temneparypax [1]. OgHako YUCTBIA AMOKCU] TUTaHA UMEET
BBICOKOE 3JICKTPUUECKOE COMPOTUBIICHHUE, OIPAaHUYMBAIOIIECE €r0 IPUMEHEHUE B KaUECTBE
CCHCOPHOTO MaTepuaia. BBeJeHne 31eKTpOHOAOHOPHBIX MpuMeceid, B yacTHOcTH Nb(V),
MO3BOJIIET OBBICUTH MPOBOJIUMOCTD U YBEJIIMYUTH CEHCOPHBIN CUTHAI.

Tem He  MeHee, CHEKTp  JAETEKTHUPYEMbIX  BEUIECTB €  IOMOIIBIO
HaHokpucraundeckoro TiO; Becbma y30k - JIOC u cepoBoaopo, 4TO OOYCIOBICHO
MEXaHU3MOM (POPMUPOBAHUSI CEHCOPHOIO CUTHANA 32 CYET OKUCIEHUS aJIcOpOMPOBAHHBIX
MOJIEKYJI HIOHAMHU PEIETOYHOro Kuciaopona [1]. DTo ke 00CcToATeNnbCTBO 00yCIaBIMBAET
BBICOKHE paboy4He TeMIlepaTypbl CEHCOPOB, MPU KOTOPBIX HAOJIIOAAETCS MAKCUMAaJIbHBIN
OTKJIHK.

[IpeumytiecTBa B JOJATOBPEMEHHON CTaOMIBLHOCTH JAaHHOTO Marepuana JeiaroT
aKTyaJbHBIM IIOMCK CIIOCOOOB PACIIUPEHUS CIIEKTpa METEKTHPYEMBIX COCAMHCHUH U
MOHIKEHWS  pabodeil  Temmeparypsl Uil  OPUMEHEHHS B IMEPCIEKTHBHBIX
ra30aHaAIMTUYECKUX CUCTEMaX, PYHKITMOHUPYIOIIUX 110 TPUHITUITY MAIIIMHHOTO OOOHSHMUSIL.
B nureparype onmcanbl KataauTruueckue KoMmo3uTel B cucteme T10,-Cr,0O3, Ha KOTOPBIX
peanu3yeTcss MEXaHHU3M CEJIEKTUBHOTO OKHCJICHHS YTJIEBOJOPOJOB, JETCKTUPOBAHHE
KOTOPBIX 00J1aJlaeT BBICOKOW akTyalbHOCTHIO [2]. [Ipu 3TOM BO3MOXHO (OpMHpOBaHUE
cmerranbbix Gpa3  CroTin20o2n.1, Tme N=6, 7, 8 [3].

B pamkax mannoi padoTsl TiO2-4Nb, moaydyeHHBIH MO METOMY PacHbLIMTEIBHOTO
nupoim3a B IiamMeHu [l] u cuHTe3upoBaHHBIM aHanoruyHbiM MetoaoM Cr.Os; ObuM
MEXaHU4eCKH TmepeTepThl B cTynke. CyClNeH3uu TOpPOIIKOB B O-T€PIUHEONIE ObUIH
HAHECEHBI Ha TOJIOKKH ceHCOPOoB. CeHCcophl ObLIN 0TOMOKEHBI TTpH TeMmiiepatype S00°C B
TeueHue 24 4acos.

OOpa3upl 0XapaKTepU30BAHBl METOJOM PEHTIeHO(}A30BOro aHaau3a, H3MEpPEHBI
MJIONIAM TOBEPXHOCTH MeTOA0M bOT 1 n3ydeHsl UX CEHCOpHbIEC CBOMCTBA. MaTepualbl Ha
ocHoBe quokcuaa Tutana ¢ 4 moir. % Nb(V) u 10, 20 moma. % Cr,03 (TiO2-4Nb-10Cr u TiO,-
4ANDb-20Cr, COOTBETCTBEHHO) TPOSBISIOT 3aMETHYIH 4yBCTBUTENbHOCTH K JIOC
(popmanbaeruny u 6ensony, puc. la, 6). Ux curnanst k JIOC mensblne, 4eM y ceHcopa Ha
ocHoBe T10,-4Nb, ogHako HaOMIOIAETCS M3MEHEHHE TEMIIEPATYPHOTO MPOGUIIS B CTOPOHY
YMEHBITICHUST TEMITepaTypbl MAKCUMAIBHOTO OTKJINKA. UyBCTBUTEIHLHOCTH IO OTHOIICHUIO
K CEpOBOJIOPOJIY yTPAUMBACTCs, @ BEICOKHE CUTHAIBI ceHcopa u3 T102-4Nb nabmonarorcs
B OOJIBIIIOM HWHTEpBaJie TemiiepaTyp (puc. 1B), 4TO meIaeT HEBO3MOXXHBIM CEJIEKTUBHOE
nerexkrupoBanue JIOC B mpucyTCTBUU CEPOBOAOPOIA.
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3BaHO, BEPOATHO, (HOPMHUPOBAHHEM MTOBEPXHOCTHOM cMemaHHON (a3bl CraTin.202n.1.

[1] Kuranov D., Platonov V., Konstantinova E., Grebenkina A., Rumyantseva M., Polomoshnov S., Kriv-

etskiy V. Sensors and Actuators B: Chemical 396 (2023) 134618.
[2] Swislocki S., Stowe K., Maier F. Journal of Catalysis 316 (2014) 219-230.
[3] S. Somiya, S. Hirano, S. Kamiya. Journal of Solid State Chemistry 25(3) (1978) 273-284.
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B Hacrosimee Bpems 0071b1110€ BHUMAHKE YACNAETCS HU3KOPa3MEPHBIM rajoreHuIam
METaJIOB, TAKUM KaK raJIOreHILTIOMOAThI CO CTPYKTYpOii nepoBckuTa. Takue BemiecTBa 00-
JagaroT HabopoMm (YHKIIMOHATBHBIX MPEUMYILECTB, TAKUX KaK MPSMO30HHOCTh, BHICOKUE
3HAQYCHUS MOJBMKHOCTH U BPEMEH >KU3HU HEPABHOBECHBIX HOCUTENEH 3apsiaa, IIUPOKUH
JIMAna3oH ONTHUYECKOIro MOTJIOMIEHUS, MHUPOKHUE MoJIoChl (ayopecueHuu. CyliecTBeH-
HBIMU HEJIOCTaTKAMHU SIBJISIFOTCSI TOKCUYHOCTD, CKIIOHHOCTD K THAPOJIN3Y U OKUCIIEHUIO0, (hO-
TOXUMHUYECKas aerpaganus. st pereHus 3Tux mpooJieM NpoBOAUTCS MOUCK aTbTEPHATHB-
HbIX OE€CCBHHIIOBBIX T'aJIOTEHUJIOB, B UYMCIIO KOTOpBIX BXoasaT coemunenus Cu(l), Ag(l),
Sn(II), Mn(II), Sb(I1I), Bi(III), In(IIT) u Sn(IV). OTu coenuuenus He JIUIIEHBI HEOCTATKOB.
B ToMm umcre, BeneTcs mouck myten GopMUPOBAHMS TOHKHX TJICHOK JIAaHHBIX TaJIOT€HUIOB.

B nurepaType OTMEYaeTcs, YTO HM3KOPa3MEPHBIE CTPYKTyphl ranoreHunos Cu*l u
Ag™ ¢ o6mei popmynoit CsMals, Tie M — Mezpb U cepedpo 00magaroT (IryopeclieHIneH,
KOTOpasi MHAYIMPOBaHA 0O0pa30BaHUEM CaMO3aXBAauY€HHBIX HIKCUTOHOB. Kpome Toro, oHu
00J1a71a10T BBICOKOM YCTOMYMBOCTBHIO K BO3JICUCTBHUIO BO3/yXa M CBETA, YTO TAKXKe JeNaeT
UX OJHUMH U3 HauOoJiee TMEPCHEKTUBHBIX TMOJYIPOBOAHUKOB JJISI OMTORJIEKTPOHHBIX
YCTPOMCTB HOBOT'O MOKOJIEHUS. B HacTosiiee BpeMsi Majio M3y4YeHbl yCIOBUS CUHTE3a HAHO-
kpuctaiioB CsCuzls, a HanokpucTamibl CsAgls momyuens! He ObuTH. Tak ke B IUTEpaType
HE UCCIIEA0BAIOCH (HOPMUPOBAHKE HAHOKPHUCTAILIOB TBEPABIX pacTBOPoB CsCuz.xAgxls (X =
0-2), koTopbie MOryii Obl 00J1aJ1aTh YIAYyYIIEHHBIMH ONTO3JEKTPOHHBIMU CBOMCTBaMU. [1o-
JIy4EHUE HAHOCTPYKTYP C 3aJlaHHOM KaTUOHHOW CTEXMOMETPUEN PACTBOPHBIMU METOJAMHU
(cHHTE3 B MUILIEIUIAX) SBJIAETCS CIOXKHON XUMUUECKOU 3a/1aueil, TpeOyrolel yToOuHeHUs Ka-
TUOHHOM CTEXMOMETPUHU 00Pa3II0B B MOTYUYECHHBIX KOJUTOMIHBIX YacTulax. [{enpto nanaoro
WCCJICIOBAHUSI SIBIISJICS TIOMCK yCIIOBUM (opmupoBanusi HaHOKpucTamwioB ¢a3z CsCuqls u
CsAQ:l3, a Takxe TBepabix pactBopoB obmiero coctaBa CsCuzxAgxls (x=0-2) B HaHOKpH-
CTaJUIMYECKOM COCTOSIHMM, a TAKXKE aHAJIN3 KATUOHHON CTEXUOMETPUH B MOJYYCHHBIX Ma-
TepHaax ¢ UCMOJb30BaHNEM HAOOpa METOIOB.

B xone paboTel MeTO1aMu ropsiueit MHXKEKITUN, aHTHPACTBOPUTEINS U TBEPAO(Da3HBIM
MeTo10M ObuTH mostydeHbl o0pasibl ga3z CsCuzls, CSAQ2ls u cmemannbix coctaBoB CsCup-
xAgxl3 (x = 0 — 2). [TomydenHsie 00pa3iibl HCCIEAOBAHBI METOIAMH PEHTTeHO(PA30BOI0 aHa-
muza (PDA), ckanupyromieit 35ekTpoHHOM MUkpockonuu (COM) U peHTIeHOCTEKTpalib-
Horo mukpoananuza (PCMA). KatnonHasi crexuoMeTpus B IPOJIYKTaxX MCCIeI0Bajlach €
MTOMOIIIBI0 MAacC-CIIEKTPOMETPUU ¢ UHAYKTUBHO cBsi3aHHOM miazmoit (MCIT-MC).



C nomompto MC UCII omnpeneneHO KaTHOHHOE COOTHOIIEHUE sl 00pa3oB HaHO-
KpucTaJIoB TeopeTrueckoro cocraBa CsCuz.xAgyls. Tlokazano, uro B oOpasuax mpeobdna-
JlaeT MeJlb, B TO BpeMs Kak coJiep:KaHue cepedpa 3HAaUUTEIbHO HUXKE TeopeTudeckoro. Ta-
KUM 00pa3oM, KIIaCCUYECKUI paCTBOPHBIN CUHTE3 HE TO3BOJIMI MOTYYUTh HAHOKPUCTAILIBI
cmemanHoro cocraBa CsCuyxAgxls (X =0 - 2).

Cornacuo ganubiM COM u PCMA, meTon ropsiueil MHKEKIIMKA HE ONTUMAJEH s

nony4yeHuss HaHOKpUCTALIOB CsAgols n CsCuzxAgxls, a MeTOT aHTHPACTBOPHUTES - JJIsI
CsCusls.

Hanoxpucrtamibel CsAgzls, morydeHHbIE METOJIOM aHTHUPACTBOPUTEISI, UMEIOT HUTE-
BUJIHYIO MOP(OJIOTHIO, TO €CTh SBJISIOTCS OJJHOMEPHBIMH, X TOJIIIMHA BapbupyeTcs ot 300
HM J10 4 MKM.

MeronoM ropsiueit uHKeKIuu B quarnaszone temmepatyp 180-185°C 6butn mosydeHbl
HuTeBUIHBIE KprcTaIIbl CSCU2l3 mupunoi 100-300 HM, 371€eMEHTHBINH COCTaB KOTOPBIX CO-
OTBETCTBYET TeopeTndeckomy. Cruntes cMeranHoro coctaBa CsCuy«Agxls MeTomom rops-
Yell MHKEKIMHU TPUBOJUT K 00pa30BaHUIO MPOAYKTA C aHAJIOTMYHON MUKPOCTPYKTYPOI,
000raleHHOro Meabko.

Paboma svinonnena npu ¢punarcosoti nooodepoicke epanma PH® Ne22-23-00585.



Onrnyeckue CBOMCTBA MACCUBOB CBOOOJHOCTOSILIIUX HAHOCTEPK-
HeH 30J10Ta

Hasunenko H.K.!, Coranuyk C.B.!, Hanonsckmii K.C.1

1 @Daxynemem Hayk o mamepuanax MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poc-
cus

Nikolaykdvd763@gmail.com

B HacTosiiee Bpemsi MacCUBBI aHU30TPOIHBIX METAJUIMYECKUX HAHOCTEPIKHEH ak-
TUBHO HCCIIETYIOTCS BBUJIY MEPCIEKTUB UX MPUMEHEHUS B ONITUYECKUX U CEHCOPHBIX Ma-
tepuanax. OIHUM U3 METOJOB CUHTE3a TaKUX HAHOCTPYKTYP SIBISETCS TEMIUIATHOE AJICK-
TPOOCAXKICHUE METAIJIOB B MOPUCTHIEC MJIEHKU aHOJHOTO okcuaa amomunus (AOA). Dtot
METOJ] IOCTATOYHO MPOCT B MPUMEHEHUH U MO3BOJISICT MOJy4aTh MAaCCUBBI HAHOCTEPIKHEH
3aIaHHOM JIJIMHBI U XMMHUYECKOro coctaBa. KpoMe Toro, Njis ynpaBjieHUsT ONTHYECKUMHU
CBOMCTBaMH MAaCCHUBOB HAHOCTPYKTYP TEMILJIAT MOKET OBITh yAaJIEH YACTUYHO WJIH MOJTHO-
CTBhIO, a MPOCTPAHCTBO MEK]y HAHOHUTAMH 3aMEHEHO Ha CPENly C HYKHOWU JUAJIEKTpUYE-
CKOM ITPOHULIAEMOCTBIO.

Ienb nanHOM pabOTHI — pa3paboTKa METOJAMKH U3TOTOBJICHUS MacCCHBOB CBOOOJIHO-
CTOSIIIMX 30JIOTBIX HAHOCTEP>KHEW METOJIOM TEMIUIATHOTO 3JIEKTPOOCAXKACHUS. BaxxHoi 3a-
nayel SBISIIOCH oOecTieueHre BEPTUKAIBHOTO PACIOIOKEHUS HAHOCTEP KHEH IocIe Ya-
CTUYHOTO yIAJICHUs TeMIUIaTa ¢ COXpaHEHUEM MTPO3PAYHOCTH 00pa3lia JAJisl U3yUYEeHHUs ONTH-
YeCKHUX CBOMCTB.

B xone paboTel Obu1H TOJTy4YeHbI TOPUCTHIE TeMIU1aThl AOA TOMIMHOM 35 MKM, UMe-
IOIIME CpeqHUN AuaMeTp nop 35 HM u cpenHee paccrosiHue Mexay nopamu 100 am. Ilpu
MOMOILM TEMIUIATHOTO 3JEKTPOOCAXKACHUS M3 KOMMEPYECKOTO AJIEKTPOJIUTA 30J0YEHUS
Oxomet 04-3I" mpu notenuuane —1,0 B ObuIM U3rOTOBIEHBI MACCUBBI 30JI0THIX HAHOCTEPK-
Hel pa3nnuHor JynHBL OT 435 1o 1260 HMm. [locne yaaneHus CriomHoro Au cios, BbIIOJ-
HSIOILETO POJIb TOKOCHEMHUKA, HAHOKOMIIO3UT ¢ HAHOCTEP KHAMU NPUKIIEUBAIIN 10 MEPH-
METPY K MPEeIMETHBIM CTEKJIaM, YTOObl OrpaHUYUTh HEOOXOAUMYIO 00J1aCTh PACTBOPEHUS
AOA B 30 MM pactBope NaOH. ;i1 HaHOKOMIIO3UTA C IJIMHOW HaHOCTepKHEH 30510Ta 750
HM U JuamMeTpoM ~35 HM Obu1o 0OHapyskeHo, yTo nociie 30 MUHYT TpaBieHHUS TeMIuiaTa
HAHOCTEPKHU COXPAHSIIOT CBOE BEPTUKAIIBHOE PACIIOJIOKEHUE, IJTMHA BBICTYIIAIOIIECH YaCTH
coctaBiseT ~100 um (puc. 1a). [Ipu nanpHeiilieM yBeITuYeHUH BPEMEHU TpaBiieHus 10 60
MUH U 06oiiee oOpa3ytorcsa mydku u3 3-10 nanocrepxkHeil. MOXHO cuMTaTh, 4TO NpU pak-
TOpE T€OMETPUUYECKON aHM30TPONUHU (OTHOLIEHUHU JJIMHBI HAHOCTEP)KHEW K UX TUaMETpPy)
<6 ynaércs chOpMHUpPOBATH BEPTUKAIBHO PACIOJIOKEHHbIE CBOOOJHOCTOSIIUE HAHO-
CTEp>KHU 0€3 3HAaUMMOI0 arperupoBaHus UX KOHIIOB.
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Puc. 1. POM-uzobpasicenue c606000HOCMOAUWUX HAHOCMEPICHE 30]10Ma NOCle Ya-
cmuunoco pacmeoperus memniama AOA 6 meuenue 30 munym (a). Cnexmp npo-
nycKaHus P-nosapu3o6aHnozo ceema 0jisi Hanokomnosuma AU/AOA ¢ onunotl HaHo-
cmepoicuett 470 um 0o mpasnenuss memniama AOA (vepnas kpusas), nocie mpas-
JleHUss memnaama 8 meuenue 45 munym 6 8030YUIHOU (KpACHAs Kpueas) u 600HOU
(cunss kpusas) cpeoax (6). Yeon naoenus uznyuenus cocmagnsiem 15°.

[Tonyuennsie HaHOKOMIO3UTEI AU/AOA SBISIIOTCA TUNEPOOTMYECKUMH MeTamaTe-
puanamu ('MM). B ux cnekrtpax nponyckanus HaOMIOAAIOTCS ABa MUHUMYMa, OTBEYar0-
IUX KOoJeOaHusIM TIa3MOHa BJOJIb U MOMEPEK JUIMHHON OCU HaHOCcTepkHeH (puc. 10, uep-
Hasi KpuBasi). KOpoTKOBOJIHOBEIN (MOMEPEUHBIN) PE30HAHC 3aBUCUT MPEUMYIIECTBEHHO
TOJILKO OT XUMHUYECKOT0 COCTaBa HAHOKOMIIO3UTA, a IITMHHOBOIHOBBIH (ITPOJOIBHBIN) e1iie
U OT €r0 CTPYKTYPHI, JJIMHBI HAHOCTEPKHEW U 00BEMHOMN JA0JIM METala.

B nanHoi#l paboTe MpoaeMOHCTPUPOBAHA BO3MOXHOCTH YIIPABJICHUS ONTHYECKUMHU
corictBamu I MM Ha 0CHOBE HAHOCTEPKHEN 30J10Ta KAK 32 CUET U3MEHECHUSI UX JUIMHBI, TAK
Y C IIOMOUIBIO 3aMEHBI CPEJIbI, OKPYKAKOLIEH METAIIIMYECKUE HAHOCTPYKTYpbI. [Ipn yBenu-
YEHUHU JIJIMHBI HaHOCTepxKHEN OT 435 HMm 10 1260 HM MUHUMYM OPOITyCKaHUS CBETA, COOT-
BETCTBYIOIINIA BO30YX ACHUIO MJIA3MOHHOTO PE30HAHCA B MPOI0JILHOM HAMpPaBIIEHUU, CME-
1iaeTcs B JUIMHHOBOJHOBYIO 001acTh Ha 15 HM. Hao6opoT, cmenieHne B KOpOTKOBOJIHOBYIO
obnacte Ha 30 HM HaOmoAaeTcs I 00pa3oB, B KOTOPBIX MPOCTPAHCTBO MEXKIY CTEPK-
HSIMUA 3aMEHEHO Ha BoAy (puc. 10, cunsisa kpusas). [lomyueHHble MaccuBbl CBOOOHOCTOS-
IIMX HAHOCTEP>KHEW MOTYT OBITh MCTIOB30BaHBI JJI CO3/IaHUs TUIIEPOOIMUYECKUX MeTaMa-
TEPHUAJIOB C U3MEHSEMBIMU CBONCTBAMHU.

Pa6ora BeinonHeHa npu nogjaepsxkke rpanta PH® Neo 18-73-10151-11.



Biusinue KpucrajsiorpapuyecKou OpueHTalu NOAJI0KKY HA
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Hepsuuna H.IL.!, Kymnup C.E.12, Pocnskos U.B.2, JIsickos H.B.2,
Hamnonsckuit K.C.1?

L Xumuueckui Gaxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus,
2 @akynomem Hayk o mamepuanax MI'Y umenu M.B. Jlomonocosa,
119991, Mockea, Poccus,
3 U] npobnem xumuyeckoii uzuxu u meduyurckou xumuu PAH,
142432, Yepnoeonosxa, Poccus

devyaninanp@my.msu.ru

AHonubii  okcupa amtomuHus (AOA) — wMarepuan, NoJy4aeMbli B XOJIe
ANEKTPOXUMHUYECKOTO OKHUCICHUSI aJIIOMHHUS, B CTPYKTYpE€ KOTOPOrO HMEIOTCS
BEPTUKAJIbHBIE TMOPbl CyOMUKpOoHHOro pasmepa. AOA mpocT B NpPOU3BOJCTBE,
MacurabupyeM, o0JagaeT BBICOKOM XHWMHUYECKOM, TEPMUYECKOW H MEXaHUYECKOU
CTaOMIILHOCTHIO. AHOJAMPOBAHUE ATIOMHUHUS B KUCJIBIX DJIEKTPOJIUTAX MPU MEPUOTAYECKU
U3MEHSIONUXCS HANPSDKEHUM WM TUIOTHOCTH TOKA MOXET OBITh HCIOJIB30BAHO JIJIS
dbopmupoBaHus OJHOMEpPHBIX (QoToHHBIX KpuctamwioB (PK) — wmarepuanoB ¢
YIOPSIIOUCHHONW CTPYKTYpOH, MPUBOJSAIICH K BOSHUKHOBEHHIO (DOTOHHBIX 3alpeIIéHHBIX
30 (P33) B oONTHYECKOM jaMana3oHe. HemocTaTKkoM AaHHOTO MeETOJa SIBSETCS
3aBUCUMOCTh KUHETHKH ¢opmupoBanus TIEHOK AOA oT Kpuctawiorpadguueckon
opueHTanu Al moayoxku [1], BeI3bIBaroIIe OTKIOHEeHHE MoJiokeHrss D33 Ha pa3IMIHbIX
y4acTkax o0pasiia v CHIKEeHHS Ko puipenTa 100pOTHOCTU MUKOB MIPU ChEMKE CIIEKTPOB
¢ 00J1acTH, BKITFOUAIOIIEH HECKOJIBKO 3E€PEH.

Lenpto  gaHHOW  pa®OTBl  OBLIO  W3YYUTh  BIMSHUE  HANpSOKEHUS U
KpucTauiorpaguueckoil opueHTauuum Ha ckopocTh pocta AOA U OTHOCUTENBHBIA CIIBUT
nonoxxenuss @33 OK, nomydyennpix anoaupoanreM Metamia B HoSeOa.

B kauectBe HMCXOOHOrOo Marepuana s IOJY4YEHHs NOpUCTBIX IUIEHOK AOA
UCIOJIb30BaIM ()OJIBIY U3 BBICOKOYMCTOTO KPYMHO3EPHUCTOrO aIFOMUHUS TONIMUHON 0,5
MM. Tlonoxkkn MexaHMYeCKH MOJMPOBalM A0 3epkainbHOro Onecka. Ilocne mamepenus
KapThl BBICOT ITPU OMOIIM ONITUYECKON TPO(UIOMETPUH U KapThl KPUCTAIIIOTpAPUUECKON
OpHUEHTAIMH METOAOM IU(PaKIUU OTPAKEHHBIX JIEKTPOHOB MIPOBOAMIN aHOJAUPOBAHHE B
1,0 M H,SeO,4 ipu Temnieparype 0 °C B peskruMe MOTYJISIITUN HAPSDKSHHS OT MPOTEKIIIETO

3apsiaa Q:

2 2

U= QJ max-l_U min)+ Q‘J max U min)* sin GHQ)
h (1)
rac Umax n Umin — MAKCUMAJILHOC W MHHHUMAJIBHOC HaHp}DKeHI/Ie aHO,Z[I/IpOBaHI/Iﬂ

cootBeTcTBeHHO, Qo = 0,4 Kn — 3apsza, 3arpaunBaeMblii Ha OJAMH LUKI aHOAUPOBAHUS.
AHoaupoBanue npexpamanu rnocie 100 nukios.


mailto:devyaninanp@my.msu.ru

boutn nomy4ens! 00pasipl ¢ MOAYISILMEH HaNpsDKeHus S B 1 ¢ cpeqHuM 3HaYeHHeM
HanpspkeHus, Uey = (UmaxtUnmin)/2, ot 22,5 1o 42,5 B. [locne aHoanpOBaHHS CETEKTUBHO
o .

ynansiin AOA B cmecu H3PO4 u CrO3 mpu 70 °C, u3amepsiyiv KapTy BBICOT aIFOMUHHAEBOMN
NOJJIOKKHM, a 3aT€M aHOJMPOBAIM €€ MOBTOPHO B TeX e ycioBusx. [locime BTOpOro
aHOJUPOBAHUS ATFOMUHHUEBYIO TOJIJIOKKY CEJIEKTUBHO PAcTBOPSUIM B pacTBOpe Opoma B
meta”one. Jnsg kaxgoro ®K Obutm moctpoeHsl KapThl mosiokeHus ®33 (MuHHMMYyMa
OpONyCcKaHWs) Ha BO3AyXe M B Boje. JlaHHbIe OBLIM CONOCTAaBJIEHBI C KapTOH

KpucTayuiorpauueckol OpuUeHTaUMM W KapTamMu BblcOT Al 710 W mocne mnepBoro
aHOJIMPOBAHUSI.

DKCNEepUMEHTAIBHO MOKA3aHO BIUSHUE KPUCTAIUIOrPAPUUIECKON OprueHTaluU 3EPEH

Al na nonoxenne ®33 B K u3 AOA. Ilpu U, <40 B Hanbonee noaoxKUTENbHBIN CIBUT

®33 nabmomaercs Ha 3€pHax ¢ opueHrtanuei (100), Haubosee OTpUIIATEIbHBIN CABUT — HA

rpansix (111). ITpu U, > 40 B 3Ta 3aBUCUMOCTh MEHSAETCS M HAOOJIBIINNA CABUT TIOJIOKEHUS
@33 nabnromaercs Ha rpansax (111), a vanmenbmuii — Ha Al(100).
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Puc. 1. 3asucumocmo omuocumenvrno2o omrkioneHus nonodicenuss @33 na epamsx c
opuenmayueti (100), (110) u (111) om 3nauenusi cpeone2o HANPsNHCeHUsl.

AHaIIN3 COEKTPOB NPOIYCKaHUs, CHATHIX MPU PA3IUYHBIX Yriax MaJeHus, MoKa3all,
yTo caABUT noyioxkeHus 33 o0ycnoBiaeH B OCHOBHOM m3MeHeHueM ToimuHsl AOA, B TO
BpeMs Kak 3 (HEKTUBHBIN MOKa3aTellb MPETOMIICHHS OT 3epHa K 3epHY U3MEHSETCs ¢1abo.
MuHuManbHOEe BIMSHUE KpUCTALIOTpadUyecKod OpUEHTaIlMd Ha CKOpocTh pocta AOA
npu anonuposanuu B 1,0 M H,SeO,4 npu Temnepatype 0 °C nadmrogaercs npu Ug, = 40 B.

Pabota BeimonHeHa npu GuHaHCOBOM moaepxkke rpanta PH® Ne 22-23-00973.

[1] Roslyakov I.V. et al. // J. Phys. Chem. C. 2017. Vol. 121, No 49. P. 27511-27520.



2D n 3D SnO,: BakaHCHH KUCJOPOIA U MPOLECChl, 0TBETCTBEH-
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2D HaHOKpHUCTANIMYECKUE MOJIYNPOBOJHUKOBBIE MaTEpHUasbl MEPCIEKTUBHBI IS
WCITOJIB30BAHUS B Fa30BBIX CEHCOpPAX BBHUJY MX YHUKAJIBHBIX CBOMCTB: BBICOKOM yAEIBHON
IUIONIA/IA TTOBEPXHOCTH, XOPOIIEH TEPMHUYECKON CTAOMIBHOCTH M OXHIaeMOIl BBICOKOM
CEHCOPHOW UyBCTBUTEIIBHOCTH B paMKax XeMOCOpOLMOHHOro MexaHumsma. Ho nmns
HauboJIee YacTo UCIOIb3yEMbIX B KAUECTBE CEHCOPHBIX MaTEPHAIOB MOIYIIPOBOJHUKOBBIX
OoKcHI0B (Takux kKak SNOy), HeXxapaKkTepHa CIOUCTas CTPYKTYpPa, B CBSA3H C UYEM CHHTE3 UX B
dopme 2D 5uCTOB 3aTpylHUTENEM M TpeOyeT OCOOBIX MOIXOJ0B, KOTOPHIE MOTYT
3HAYUTEIBHO BIUATH HA MOP(OJIOTHIO U CTPYKTYpPY MOJIy4aeMbIX MatepruanoB. OJHUM U3
BapuaHToB ansi cuHte3a 2D SnO, sBnsercss MoauduKaius MEPOKCHIHOTO METOAA C
MCIIOJIb30BaHUEM OKCHJIa Ipad)eHa B KAUECTBE MOAJIOKKH.

B Hacrosimieil pabote W3 MOJYYEHHOrO MO M3BECTHOM MeTonuke [1] kommosuTa
MEePOKCOCTaHHaTa aMMOHMS Ha okcuje rpadeHa B pesyibrare omxkura npu 300 u 500°C
cunHTe3upoBanu oopasibl SNO,(GO)-i, (i - Temneparypa omkura odpasia). [lepokcuaHbIM
METO/I0M, 0€3 MCIOJL30BaHMs OKCHAA rpadeHa Moayduian TpéXmepHbie oOpasibl SNO;-
perox-i. IlpokamuBaHueM mnpu Tex ke Temieparypax a-SnOzxH,O cuHTe3npoBamu
o6pasibr SNO2-hyd-i.

I[To maaapiM COM, moaydeHHBIE Ccepur OOpa3IOB XapaKTEPHU3YIOTCS pa3HOM
mopdomoruei: SnO,-hyd-i mpencraBnser coboii kpynHble miotHeie 3D armomepartsr
KpucTaIuToB, SNO,-perox-i odpaszosan mopucteiMu 3D armomepatamu, SnOy(GO)-i
BocIpou3BoauT 2D nuctoByr0 cTpyKTYpy okcua rpadena. Cornacuo POA, equHcTBEHHOM
KpucTaumueckoi (a3oil Bo Bcex oOpasuax ssisiercss SNO; (kaccutepur). [Ipu atom ans
3D o6pasumoB SnOz-hyd-i u SnO,-perox-i ¢ yBeIWuYeHHEM TEeMIIepaTypbl OTKHUTA
Habmoganock peskoe yrennmuenue Bennanabl OKP, a Taxke maneHne yaenbHON IO H
MOBEPXHOCTH, OMPENICTICHHON METOJIOM HU3KOTEMITepaTypHO# ajcopOiuu a3zora. B cinydae
2D o6pasinoB SNO2(GO)-i mpu MOBBIIIEHHH TEMIEPATyphl OTXKHra CHHXKCHHE TUTONIAIN
MOBEPXHOCTH OBIJIIO 3HAUNUTETHHO MEeHBIINM, a BennurnHa OKP ve usmensutace. B cnekrpax
KP SnO,-hyd-300 u SnO,-perox-300 nabmroganach BBICOKAsS HWHTCHCHBHOCTH MOJIBI,
CBSI3aHHOM C KHCJIOPOJHBIMHU BaKaHCUSMHU. TakuM 00pa3oM, MaHHBIE 00pasIbl SBISIFOTCS
OCTaTOYHO Je(PEKTHHIMUA, YTO JIOMOJHUTEIHHO TOATBEpAUaN pe3yiabTaThl TIIB.
[ToBeimienne Temmepatypbl orTxura 1m0 S500°C mpuBOAWT K yCTpaHEHUIO AeduIIATa
kucnoposa B 3D oOpasiax, CHIKEHHE KOJIMYeCcTBa 1e(DEeKTOB OTPaKaeTCsl B yMEHbILICHUU
WHTEHCUBHOCTU cooTBeTcTBYyIomerd Moasl B KP cmekrpax. Marepuanst 2D  cepun
SnO,(GO)-i okazanmuch MeHee JAepeKTHbIMA 10 cpaBHeHuio ¢ 3D  oOpasmamu,



nosrydeHHbsIMA TIpu 300 °C, ipu 3TOM BX CBOMCTBA OKA3aJIMCh OY€HD OJIM3KH JIPYT K JAPYTY.
Takum ob6pazom, B ominuue ot 3D maTepuanos, MOBBIICHUE TEMIEPATYPbl OTXKUTA IS
o6pasmoB SNO2(GO)-i He mpuBeNo K 3aMETHOMY U3MEHEHHUIO UX CTPYKTYPBHI.

JIist m3ydeHus: CEHCOPHBIX CBOWCTB TOJMYyYEHHBIX 00pasmoB SnO; B KauecTBe
MoterbHOTo arenta Beiopayim CO (20 ppm). B ciydae maTepuanos, mpokai¢HHbIX pu 300
°C, uaMmepeHusi npoBoawiu B TemneparypHoM uutepBasie 300 — 90°C ¢ marom B 30
IpaaycoB, Uil MaTepuaiioB, oToxKeHHBIX Ipu S00°C, — nunrepBasie 500 — 200 °C ¢ marom
B 50 rpamycoB. 3D wmarepuansr SnOz-perox-300 u SnO,-hyd-300 geMOHCTPHPYIOT
MaKCUMalIbHBIA ceHCOpHbIH oTKIMK (S) mpu T = 250°C. 2D matepuan SnO(GO)-300
MPaKTUYECKU HE JIEMOHCTPUPYET CEHCOPHBIM OTKIMK mnpu jerektupoBanun CO B
temneparypaoM uHTepBasie 300 — 90°C, HecMOTpsi HAa BBICOKYIO YAECIBHYIO ILIOIIAIb
MOBEPXHOCTU. DTO MOXKET OBITh CBS3aHO C OTCYTCTBHEM BaKaHCHUM, HEOOXOJIMMBIX JIsi
XeMOCOpOLIMM  KHucjiopoaa, obOecrneunBaromero okuciaeane CO B yka3zaHHOM
temneparypaom wuHTepBanie. s 3D wmarepuanmoB SnOz-perox-500 u SnO,-hyd-500,
HECMOTpSI Ha 3HAYNTEIHLHOC YMEHBIIICHUE YEIHHOW IIJIOMATN MOBEPXHOCTH, BETUIHHBI
CCHCOPHOT0 OTKJIMKA OKa3aJIUCh OJIM3KH K HaOmroaeMbIM Jutst SNO,-perox-300 u SnO,-hyd-
300, omHako Temmeparypa MaKCUMaJIbHOTO OTKIMKa yBenuuuiack 10 T = 400°C. Cpenun
MaTepuanoB, 0TOOKEeHHBIX pu S00°C, HanOOIBIINN CEHCOPHBIN OTKJIMK MOJYYEH B CIIydae
2D Sn0O,(GO)-500. Moxuo mnpearonoxutb, uro npu T =300 —500°C okucnenne CO
MIPOUCXOJIUT 3a CUET PEMIETOYHOrO KHUCIopoaa o MmexanuaMmy Mapca — Ban Kpesenena. B
aToM ciaydae 2D marepman ¢ BBICOKOW yAENbHON IUIONIAbI0 TOBEPXHOCTH TOKa3all
HAWJTYUIIINe Pe3yJIbTaThI.
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Puc. 1 Temnepamypuvie 3asucumocmu cencoprozo omkauxa SN0z npu demexmuposanuu
CO
[1] Alexey A. Mikhaylov, Alexander G. Medvedev, Dmitry A. Grishanov, Eldho Edison, Madhavi

Srinivasan, Sergey Sladkevich, Jenny Gun, Petr V. Prikhodchenko, Ovadia Lev. ACS Sustainable
Chemistry & Engineering 8 (2020) 5485-5494.



Ctpoenue 1 QyHKIIMOHAJIbHbIE CBOMCTBA MEMOPaH U3 OKCHAA
rpadeHa no JaHHbIM COPOLMOHHBIX IKCIIEPUMEHTOB U CIIEKTPO-
ckonuu JIIP

Kammna A.B.}?, Epemuna E.A %, Uymakosa H.A .12, Mateees M.B.1?,
Kopo6os M.B.!

L Xumuueckui gaxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus,
2 DU xumuuecrou puzuxu oowecmea PAH, 119991, Mockea, Poccus,

alex1997kaplin@mail.ru

Oxcup rpadura — CIOUCTHIN MaTepual, MOJIy4aeMblil OKUCIIEHUEM rpauTa B KUCIOM
cpene. CylecTByeT 1Ba OCHOBHBIX CIIOCO0A MOIY4YEHMs OKCHJIA TpaduTa — METOIbl XaM-
Mmepca u bponu. Ilonyuennsie stumu metogamu matepuainsl (HGO u BGO) paznuuarorcs
CTENEHBIO OKUCJIEHMSI, COCTABOM KHCIIOPOACOAEPKAIIUX IPYII, a TAKKe CIIOCOOHOCTHIO
HaOyxaTh B noJsIpHbIX )kuakocTax; HGO naOyxaer cunbhee, uem BGO. MeMOpansl, usro-
TOBJIEHHBIE U3 CYCIEH3UM OKCHAa rpadeHa, CnocoOHbI yAEpKUBATH I'a3bl, COPOUPOBATH,
pa3zensaTh U OYMIIATh MHOTHE MOJISIPHBIE KUJIKOCTH.

B nannoii paboTe mosiydeHsl JaHHbIE 1O copOuuu aretoHutpuia U Boasl HGO u
BGO, a Taxxe memOpaHamH, U3rOTOBJICHHBIMU U3 3THX MOPOLIKOB METOJIOM BaKyyMHOM
(GunbTpanK, U CONOCTABICHBI C OPUEHTAIMOHHBIM MapaMeTpoOM MOpsJIKa s MeMOpaH.
VYnopsinoueHue cinoeB okcuja rpadeHa B MeMOpaHax ONpEAessijioch ¢ MOMOUIbIO METO/a
CIIMHOBOTO 30H/1a. Y CTAHOBJIEHO, YTO NIaPAMETPHI IMOPSAKA CIIMHOBBIX 30HI0B B PA3JIMYHBIX
MeMOpaHax CYIIECTBEHHO pa3IMuaroTcs M HaxoasaTcs B auama3zone P20= 0,2 — 0,5. Taxxke
OBbLIO MOKa3aHO, YTO 3HAYEHUsI PABHOBECHON COPOLIMHU alleTOHUTpUIIa IPU KOMHATHOM TeM-
nepaTrype pazjiMyHbl KaK JJIsl pa3HbIX MEMOpaH, TaK U JUisi MeMOpaH U COOTBETCTBYIOIIMX
nopoukoB. HarpoTuB, 3HaueHus: paBHOBECHON COPOLIMM BOIbI ObLITM OAMHAKOBBIMU IS T10-
POILKOB OKCHA rpaduTa U Bcex MeMOpaH, ChOpPMHUPOBAHHBIX U3 3TUX MOPOIIKOB.

[Tonydennsie sKCIEpUMEHTANIbHBIC JaHHBIC [ 1] CBUAETENLCTBYIOT O TOM, YTO COPO-
IIMOHHBIE CBOMCTBA MEMOpaH 3aBUCAT OT UX BHYTPEHHEU CTPYKTYphI; OJTHAKO 3Ta 3aBUCH-
MOCTb CJIO’KHA U TPeOyeT JaabHEHUIIEero U3yYeHUs.

PaboTa BrinonHeHa npu noazuepxke rpanta PH® Ne 22-29-00544.

[1] A.V. Kaplin, A. T. Rebrikova, E. A. Eremina, N. A. Chumakova, N. V. Avramenko, M. V. Korobov.
Membranes. 13. (2023). 13(1), 53.



PeakniuoHHas1 CIOCOOHOCTH HAHOKPUCTAJINYECKHUX
okcuaoB ZnQO, In;O3, SNO;, npu B3aumoaeiicTBUN
«TBEpPOE TEJI0 — ra3» B yCJA0BUAX (POTOAKTUBAIUMI

Kyrykos I1.C.Y, Pymsnnesa M.H.!, Yuxos A.C.1

Y Xumuueckuii paxynomem MI'Y umenu M.B. Jlomonocoea, 119991, Mockea, Poccus

pavel.kutukov@chemistry.msu.ru

OnanM w3 Hambosiee CYIIECTBEHHBIX HEIOCTATKOB Ta30BBIX CEHCOPOB HAa OCHOBE
HAHOKPUCTAJUTMYECKUX IMHUPOKO30HHBIX TOJYIPOBOJHUKOBBIX OKCHUIOB SIBJISIETCS HX
BBICOKOE AHEPronoTpedsIeHHe, 00yCIJIOBJIEHHOE HEO0OXOAUMOCTHIO HarpeBa
yycTBUTENbHOTO cnosi 10 300-500 °C (tepmuueckas axtuBanms). [lepcrekKTUBHBIM
CIOCOOOM CHIDKEHHSI DHEPronoTpeOJieHUsT CEHCOPOB SBIIECTCS 3aMEHa TEPMHUYECKOU
akThBanM Ha (OoTOHHYIO akTHBaIuioo. JlaHHas paboTa TOCBAIIEHA HWCCICIOBAHHUIO
MIPOIIECCOB, MPOUCXOMSIINX Ha TOBEPXHOCTH HAHOKPHUCTAJUTMUECKUX OKCHUIOB ITMHKA,
HHJIMSA U 0JoBa B atMocdepe, coaepsxkarien aneroH (300 ppm B CHHTETUYECKOM BO3IYyXE
wm cmecu He + 100 ppm Oy) unmu popmansaerun (60 ppm B cmecu He + 100 ppm O3), B
TEMHOBBIX YCJIOBHSX W TIPH aKTHUBAIMH YJIbTPadHOJIETOBBHIM H3IydeHHEM (365 HM)
MeTojgamMu In Situ macc-criekrpomerpun u in Situ MK-cnekrpockormu  muddy3Horo
paccesinus (DRIFTS).

OO0pas3iibl UcclieyeMbIX OKCHJIOB OBLITM CHHTE3UPOBAHbI, B c1ydae ZnO, mpu MOMOIIN
TEPMHUYCCKOTO PA3JIOKEHHUSI COOTBETCTBYIOMIETO0 KapOoHata, a B ciaydae InOz m SnO; —
30JIb-T€JIb METOJIOM K3 COOTBETCTBYIOIIMX XJIOPUAOB. OTxur npousBoawics npu 300 °C
st ZnO u nipu 500 °C g In,O3 u SnO; 1151 momydeHuss MaTepuaioB ¢ CONMOCTABUMBIM
pa3sMepoM KpUCTAIUTOB (mopsiaka 15 um). Jlns co3manusi atMocdepsl, cojepskamieit
TpeOyeMyI0 KOHIEHTPAIMIO Ta30B-aHAJIUTOB, ObUI HW3TOTOBIICH CHEIUATU3UPOBAHHBIN
UCTOYHUK MHKPOIIOTOKOB, OCHOBaHHBIM Ha 1udQy3uun MapoB aHAIUTOB Uepe3
¢dToporutactoByro MemOpany. Jlias mpoBemeHus N SitU  Macc-CIEKTPOMETPUYECKUX
U3MepeHUil ObUTa HM3rOTOBJIEHA MPOTOYHAS SYeiKa, paboTaromias B PEXKHUME peakTopa
UJ€aTbHOTO CMEIICHUS, TIO3BOJISIIONIAS MPOIYyCKAaTh HAJ HArpeTbiIMU JO 3aJaHHOMN
TeMrepaTypbl TBEPABIMH O0pa3llaMd TMOTOKH Pa3IMYHBIX Ta30B U TMPOU3BOIUTH
oaHoBpemeHHoe YD obiryuenue obpasua [1].

Metomamu in Situ macc-ciektpomerpur u in Situ HMK-cnekTpockonuu ObLIO
YCTAaHOBJICHO, YTO B TEMHOBBIX YCJIOBHSX Ha TOBEPXHOCTH HMCCICIYEMBIX OKCHJIOB
HaOroaeTcs ajcopOuus ametona. B ciaydae ZnO, agcopOius aneroHa COMPOBOXKIAETCS
€ro YaCTHYHBIM OKHCJIICHHEM M 00pa3oBaHHEeM KapOOKCHJIBHBIX T'PYIIT Ha MOBEPXHOCTH
okcuna (puc. 1). OKHCIIEHHE aleToHa YCKOPSETCS ¢ POCTOM TEMIIEPaTyphl, a TaKKe B
ycnoBusix goroaktuBanuu [2]. st InoO3 u SnO,, B quanazone remneparyp 30-100 °C, kak
B TEMHOBBIX YCJOBHUSIX, TaK W TpH (POTOAKTHBAIIMH, HE XapaKTepHO OOpa3oBaHUE
KapOOKCHJIBHBIX Tpynn Ha moBepxHOCTH. [Ipu moBsimenHoi Temmepatype (100 °C) s
IN,03 1 SnO, MpaKTUYECKH IMOTHOCTHIO MOJIABIISICTCS aCOPOIHS alleToOHA Ha IIOBEPXHOCTH
TUX OKCUIOB. B ycroBusix (oroaktuBammu HaOmromaeTcsi GoToaecopOIus areToHa ¢
MTOBEPXHOCTH OKCHUIOB UH]IUS U OJIOBA.
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Puc. 1. [lpumep KunHemuueckux Kpuevlx, HOCMPOEHHbIX HA OCHOBE UHMESPAIbHbIX
UHMEHCUBHOCMEU COOMEEMCMBYIOUWUX NOJIOC no2lloujenus aocopoamos ayemona Ha ZnQ,
onpeodenéunvix memooom TR-DRIFTS.

Metomom in  SitU Macc-ClieKTpOMEeTpuHM ObLIO IMOKa3aHO, 4YTO B Cllydae
dbopmainperuaa oopaTuMas XeMoCOpOLMs MPOUCXOAUT TOJIBKO HAa TTOBEPXHOCTH OKCHJIOB
UH/IMS U 0JI0Ba, B ciydae ke ZnO npoliecc COpOBOKAAETCA OKUCIEHHEM (popMabIeruia,
c obpazoBanueM GHOpPMHATOB, THIPOKAPOOHATOB M HEUTPAIBHBIX KapOOHATOB pa3HOU
neHtaTHocTd. llpm  Y@-akTtuBaumm Uil OKCUIOB MHIWS W 0OJIOBAa XapakKTepHa
dboTomecopOIMsa U TEMHOBas peaacopOius hopmanbaeruaa, B To BpeMs kak st ZnO Y d-
oOy4YeHue JUIIb YCKOPSIET OKUCIUTENbHbBIE TPOLIECCHI. Y BEIMUEHHUE TEMIIEPATYPhI IJIs1 BCEX
OKCHJIOB TPUBOJUT K YCKOPEHHIO OKHCIIEHHS, U MPOLECCHl aacopOuuu-aecopOuuu, B

ciydae In;03 m SnO,, 0Ka3wpIBAIOTCS MOYTH IMOTHOCTHIO TOJIABIICHBI TPHU TEMIIEPaType
150 °C.

[1] Artem Chizhov, Pavel Kutukov, Alexander Gulin, Artyom Astafiev, Marina Rumyantseva.
Chemosensors 10 (2022) 147.

[2] Artem Chizhov, Pavel Kutukov, Alexander Gulin, Artyom Astafiev, Marina Rumyantseva.
Micromachines 14 (2023) 912.



da3oBble npeBpamenuss HaHodacTul CeO; B dochaTHbIX Oydep-
HBIX PaCTBOPAX: CTPYKTYpPa M CBOMCTBA MPOAYKTOB nepedopmu-
pOBaHMS

Jucrosa A.JL.}, Kyzenkosa A.C.}, Hepomun 10.M.2, dnackypr B.O.!, HoBuukos JI.A.L,
[Tnaxosa T.B.1, Pomanuyk A.1O.!, Kanmsixos C.H.!

L Mockosckuii 2ocyoapcmeenuuiii ynueepcumem umenu M. B. Jlomonocosa,
119991, Mockea, Jlenunckue 2opul 1,
2 Unemumym ¢pusuueckoti xumuu u 2nexmpoxumuu um. A. H. @pymxuna PAH, 119071,
Mocxsa, Jlenunckuit npocnexkm 3 1x4

alvovna@yandex.ru

B ycnoBusix pactymiero cnpoca Ha 3HEPTUI0 CTPaHbl BCETO MHpA BEAYT aKTUBHYIO
paboTy 1o nepexoay K 3KOJIOIHUECKH YUCTOMY SHEPTreTUUECKOMY IIUKITY, KOTOPBIN HOapa-
3yMeBaeT 0e30macHOe MPOU3BOACTBO TOIUIMBA, €r0 KCIUIyaTaluIo, JalbHENIYI0 nepepa-
OOTKY WM 3aXOpOHEHME. JIMOKCUJ LiepHsl ABIISAETCS MEPCHEKTUBHBIM (DYHKIHMOHAIBHBIM
MaTepuajIoM Uil IPUMEHEHHUS B PA3IMYHBIX cepax MPOMBIIIIEHHOCTH, B TOM YHCJIE B CO-
cTaBe BBICOKOA()()EKTUBHBIX AIIEKTPO- U (POTOKATAIU3ATOPOB. bricTpopacTyumii cpoc Ha
MaTepHaJibl HA OCHOBE LIEpHs IPUBOJUT K MX MOIAJAHUIO U HAKOIUIEHUIO B OKPY’KaroIIen
cpene. Ha maHHbIE MOMEHT KOJIMYECTBO BBIOPOCOB LEPHUS HA PA3HBIX CTAIUAX MPOU3BOJI-
CTBa, U3 aBTOMOOWMJIbHBIX Ta30B, OTXOAOB 3JEKTPOHUKU WM JIPYTUMHU COCOOAMU JOCTH-
raet 10000 TOHH B roJl ¥ ¢ TEYEHUEM BpPEMEHH OyET JUIlllb YBeanuuBatbes [1].

C npyro# CTOpOHBI, LIEPUM SIBISETCS OJHUM U3 OCHOBHBIX HEPAJUOAKTUBHBIX aHAJIO-
TOB IUIyTOHMS — OIACHOTO PaIMOHYKJIH 1A, 00J1aJal0Ero BHICOKOM pauOTOKCUYHOCTBIO U
BXOJISIILIETO B COCTaB OTPaOOTABIIEro SIACPHOTO TOIIMBA. JIMOKCUIBI HepUst U TTyTOHUS
KPUCTAJUIU3YIOTCS B CTPYKTYPHBIN TUI (JIFOOPUTA U UMEIOT OJM3KHE MapaMeTphbl pelIeTKA
Y MOHHBIE paanychl. Kpome Toro, s nepus XapakTepHO CYIIECTBOBAHUE B CTEIIEHAX OKUC-
aeHus +3 u +4, 4TO HaIlOMUHAET IUTYTOHUI B BOCCTAHOBUTEBHBIX cpeAax. M3ydyeHue no-
BEJICHUS] HAHOYACTHUIL TUOKCHUIA LIPS B BOAHBIX PACTBOPAX Pa3IMYHOIO COCTaBa HEOOXO-
JTVMO JUIsl HAZIEKHOTO MIPEACKA3aHNs TOBEACHNUS IUIyTOHUS B OKPY KAIOLIEH Cpee.

CornacHo nUTEpaTypHBIM JTaHHBIM, IPUCYTCTBHE PAcTBOPUMBIX (pochaToB MOXKET
OKa3bIBaTh 3HAUUTEIBHOE BIMSHUE HA XUMUYECKHE U (PU3NYECKUE CBOWCTBA COCTUHEHHU I
uepus [2]. B uccnenoBanusix cynp0Obl Hanouactui] CeO; B OKpysKarolieil cpeie oTMedaeTcs
BO3MOYKHOCTh 00pa3oBaHusi U3 HUX (ocdara uepust npu Hanuuuu pocdar-anronos. [pu
ATOM CTPYKTYypa, COCTaB U CBOMCTBA 00OPA3YIOLIMXCSl COEIMHEHUM 10 CUX MOP HE U3yUYECHBI,
TaK k€, KaK 1 MEXaHU3Mbl uX oOpa3oBaHus. Llenpro 1aHHON paboTHI CTAI0 MCCIEN0BAHNE
CTPYKTYPbI 1 CBOMCTB POAYKTOB IepeOopMUPOBaHUS HAHOYACTHUI] TUOKCH 1A 1iepHs B poc-
(aTHbIX Oy(EepHBIX pacTBOpax pa3IUYHOTO COCTABA.

JIJist u3y4yeHust 3TOro Bompoca Ha MEPBOM ATare ObUT MPOBEAEH CUHTE3 HAHOYACTHII
CeO, metogom ObIcTporo xumuaeckoro ocaxaenus u3 0,1 M pactsopa Ce(IV) BogubIM pac-
TBOpoM aMMHuaka. /lanee mpoBoamunack runporepmanbHas (I'T) 06paboTka HaHOYACTHIT AU~
okcuaa uepusa B 1M Hatpwmii-, kanuii- 1 aMMoHui-QocdatHeix OydepHbIX pacTBOpax Mpu


mailto:alvovna@yandex.ru

pH~5 u pH~8 mpu T=150-200°C. [IpoxykTsl mepedopmupoBanmsi ObUIH OXapaKTEPU30-
BaHBI METOIaMH peHTreHoda3oBoro anammsa (PMA), ckaHupyIOMmeH 2JIEKTPOHHOM MUKPO-

ckormu (COM) M CHEKTPOCKONMU PEHTICHOBCKOTO moriomieHuss BOmm3u Ls kpas Ce
(XANEYS).

JnbpakinoHHbIE KApTUHBI 00Pa30BaBIIUXCS TBEPABIX (a3 B aMMOHHI-(HOChHaTHBIX
Oydepax mpu pH = 4,6 u 7,3 cX0XKM C HU3BECTHOH B JHUTEpaType CTPYKTypOi
(NH4)2Ce(PQO4)2-H20 [3]. [To nanabsiM COM o0pa3ser; umeeT MOPGOJIOTHIO MOTyIIIECUYeK pa3-
MepoM oT 50 10 400 um. I[Ipu nepedopmupoBannu CeO; B kanuii-pocharHpix Oydepax npu
pa3HbIX 3HaueHuAx PH obOpaszoBanuch AByx(da3Hbie 00paslibl, IPU 3TOM JTOMUHUPYIOIIAS
daza nzoctpykrypHa (NHy)2Ce(PO4)2-H20. CTpykTypy nprMecHO (a3bl Ha TaHHBIA MO-
MEHT YCTaHOBUTH He ynanochk. Ha mukpodororpadusx odpasia, o6pazoBaBiierocs mnocie
['T o6padotku CeO; B kanuii-hocharnom 6ydepe npu pH = 4,8, yactuiel umerotT Mopdo-
Joruro oaymeuek pazmepom ot 80 g0 600 um. IIpu pH Oydepa 7,5 nabmomgaeTrcst 06pazo-
BaHHE TETPAroHAIbHBIX OMIIUPAMU JTHHOM OT 2 10 8 MKM. CTpYKTYphI TBEPALIX (ha3, 00-
pazoBaBmmxcs mpu nepeopmupoBanuu CeO, B HaTpuii-pochaTHeix Oydepax mpu pH =
4,4 u 7,7, 3HaunTeabHO OTIHMYaIOTCI OT cTpyKTyphl (NH4).Ce(PO4)2-H20. Mopdonorus
npoaykToB nepedopmupoBanus npu pH = 4,4 npencrasisier coboi MmiIacTUHYATHIC Ya-
ctursl pazmepom ot 0,2 10 0,6 MM, a mpu PH = 7,7 — ycedeHHbIE TeKcaroHaJbHbIC OUIIH-
pamuael ;yHOM OT 0,2 10 4 MKM.

[To nanasim XANES Bo Bcex npoaykrax nepehopMUpOBaHUS IEPUNA OCTAETCS B Ue-
TeipexBanieHTHOU hopme. Popma XANES crniektpa, momydennoro ¢ TBépoit dasbl, oOpa-
30BaBIIeics B HaTpuii-pocharnom Oydepe, oTIudaeTcst OT IPOYKTOB repedopMUpOBaHUS
B KaJuii- 1 aMmMoHH-PochaTHbIX Oydepax. ITOT (HakT MOKET OBITh CBA3AH C PaA3TUUNEM
CTpYKTYp cMerranHbiX pocdaroB Ce(lV), uto cornacyercs ¢ qanHbiME PDA.

PaboTa BrimonHeHa npu purancoBoi noanepxkke rpanta PH® Ne 22-73-10056.

[1] Bernd Giese, Fred Klaessig. Risks, Release and Concentrations of Engineered Nanomaterial in the En-
vironment // Sci. Rep. 2018. Vol. 8(1) P. 1565-1583.

[2] Jessica T. Dahle, Ken Livi. Effects of pH and phosphate on CeO nanoparticle dissolution. — Chem,
2014, 119. — P. 1365-1371.

[3] Miguel A. Salvado, Pilar Pertierra. Crystal Structure of a Cerium(IV) Bis(phosphate) Derivative // Am.
Ch. Soc. 2007. Vol. 129(36):10970-1.



UccaenoBanue cBoiicTB HAaHOBOJIOKOH Lai1,SryFeO3 kak maTepua-
JIOB JIJISl TA30BbIX CEHCOPOB, CHHTE3UPOBAHHBIX METOA0M JJIEK-
TPOCNIMHHUHTIA

Manuuusa H.M.}, ITnaronos B.B.?

L @axynomem nayx o mamepuanax MI'Y umenu M.B. Jlomonocoéa, 119991, Mockea, Poc-
cus

2 Xumuueckuii gpaxynomem MI'Y umenu M.B. Jlomonocosa, 119991,

Mocksa, Poccus

malinin2123@gmail.com, agnes1992@yandex.ru

Ha nanHb1ii MOMEHT Bce 00JIbIlIe BHUMAHUS YIEISETCS CJI0KHBIM OKCHIIAM CO CTPYKTY-
poii Tuna nepoBckuTa ABO3 Kak K IEpCHeKTUBHBIM (PYHKIIMOHATILHBIM MaTepHrajiam, HaXo/1s-
II1€ CBOE MPUMEHEHUE ITPU CO3JJaHNU Ta30BbIX (PHIBTPOB, TBEPIOOKCUIHBIX TOILIMBHBIX dJ1€-
MEHTOB, KaTaJIU3aTOPOB, & TAKXKE ITPU U3TOTOBJIEHUH I'a30BbIX CEHCOPOB. BO3MOXHOCTH B 1IK-
POKHX Ipezesax 3aMeliaTh HOHbI B 000MX KATHOHHBIX MOJAPEIIETKAX, B HO3ULMAX A 1 B, nos-
BOJISIET ONTUMAIBHBIM 00pa30M NOJ0MpaTh COCTaB YyBCTBUTEIBHOIO MaTepralia 4ToObl o0ec-
NEYUTh HAWTYYIlME MOKA3aTeNM Ta30BbIX TaTYUKOB.

Bonokna LaFeOs u La;xSriFeO3 (X = 0.01, 0.017, 0.03 cornacHo JaHHBIM 3JIEMEHTHOTO
aHanmM3a) ObUIM MOJTyY€HbI METOI0OM AieKTpocninHHUHTA (DC) U3 mpeKypcopcoIepKaliero mno-
JIMMEPHOT0 PacTBOpPA C JAIBHEUIIIMM OTXKUTOM. [[1s1 onmpeneneHns onTUMalibHOW TeMIepa-
Typbl OTKUTa OblIa MPOBEIECHA TepMUYECKas 0O0paboTKa MaTeprajoB Ha OCHOBE YHCTOTO
LaFeO; B quamazone 500-900°C ¢ mocieayronmm aHaIiu30M MOJTyYEeHHBIX BEIIECTB METOIOM
nopoikoBoit nudpaximu (POA), UK-ciekTpockoriu, CKaHUPYOIIEH 3IEKTPOHHON MUKPO-
ckorimu (COM) u uccienoBaHueM CEHCOPHBIX CBOMCTB. [lo mroram mpoBeneHHOW pabOThI
ObUIa BBISIBIICHA ONTUMAJTLHASI TEMITEPATypa OTKHTa MOJMMEPHBIX BoIoKOoH — 600°C, npu ko-
TOPOI OBUTM CUHTE3UPOBAHBI BCE TIOCIICTYIOIINE MaTEPUaIIbl.

Hanee merogom DC 6bi1a nomydena cepust oopasioB LaFeOs ¢ paznuunbiM copepixka-
HUEM CTpOHIMA. AHamu3 (a3oBOro cocraBa IMOKas3al, YTO BBEACHUE CTPOHIMS B COCTaB
LaFeO3 He mpuBeNo K MOSBICHUIO JOMOIHUTEIBHBIX (ha3, UTO MOXKET CBUJIETEIILCTBOBATh O
BHEJIPEHUH St B KATHOHHYIO TIOAPEIIETKY TepoBcKuTa. [Ipu 3TOM yBenmueHue coaepKaHus
CTPOHITUS B MaTepHase npuBeno K ymenbineHnto OKP, 4To MOKHO OOBSCHHUTH cerperarmeit
amMopQHO# (a3bl, coaepxKallell CTPOHIUHN, HE BOLIEAIINI B KPUCTATUIMYECKYIO CTPYKTYPY, Ha
noepxHoctu LaFeOs, uto npenstcTByeT AMPPy3MOHHOMY pOCTY YaCTHI] OCHOBHOM (hazbl.
Tarxoke HabOmomaeTcss HEOOJbIIOE cMelleHHe pedaeKcoB Ha AUdpaKTorpaMMax B 00JIaCTh
OOJIBIINUX YTJIOB MPH JIETUPOBaHUHU. JlaHHBIN 3P hEeKT MOKHO 00BICHUTL 00pa30BaHNEM HOHOB
Fe** B xone rerepopanentnoro 3amemenus La®" na Sr?* B mosummsx sxenesa (Kak OJUH U3 BO3-
MOYHBIX MEXaHN3MOB KOMITEHCAIIUH 3aps/ia B MaTepuaie). JJaHHOe mpenonoKeHle cornacy-
eTCsl C IUTepaTypHBIMU JaHHBIMH [1].



HccnenoBanre MOpQOIOTHH MOIYYSHHBIX MaTEpUaIoB ¢ momoiibio COM mnokasano,
YTO JIETHUPOBaHHbIE cTpoHIMEM BosiokHa LaFeOs; coxpanuiu TpexMepHyo Iry04yaTyro CTpyK-
Typy ¢ OMMOJIaTbHBIM PacIpeIeICHUEM TTOP, CITOCOOCTBYIONTYIO d(DPEKTUBHON TPAHCIIOP-
TUPOBKE ra3oB B o0beMe matepuana. B cpaBaenun ¢ uuctbim LaFeOz; UK-cnektpsl cepun
00pa3oB CO Sr IOMONHUTENBHBIX MO/ KoJieOaHU He coaepkaT. MeToaoM HU3KOoTeMIepa-
TypHOM aficopOIuu a30Ta ObLIa Onpe/iesieHa yAeabHas IJI0MaAb TOBEPXHOCTH MOTYYECHHBIX
00pasIoB.

N3mepeHre CEeHCOPHBIX CBOWCTB MOKAa3aj0 YBEJIWYEHUE OTKIMKA JIETMPOBAHHBIX
CTPOHILIMEM MAaTE€pPUAIOB Ha Maphl aleToHa. AHAIW3 JUTEPATYyPhl MMOKa3ai, YTO MPUUUHON
TaKOTr'o MOBEICHUS CITY>KUT YBEITMUCHUE KOHIIEHTPAIIMU CBOOOIHBIX HOCUTEIEH 3apsiia (JbI-
POK) B MaTepHanax B pe3yjbTaTe 3aMelieHus nonoB La®" na Sr’* B katmonHOM nogpemeérke
neposckuTa [2]. KoMneHcanus 3apsaa Ipyu 3TOM MOXKET OCYLIECTBIISATHCS 10 HECKOJIBKUM
MEXaHHU3MaM: MPH MOMOIIH KUCIOPOAHON HECTEXHOMETPUHU JTUOO U3MEHEHUEM 3aPsII0BOTO
COCTOSAHHUSI kene3a ¢ 3+ Ha 4+, 0 yem Obu1o yrnoMsinyTo panee. [Ipu 3ToM cpenu Beelt cepun
00pa310B HAMIYUIIIHE PE3yIbTaThl IPOJAEMOHCTpUpOoBai Matepual ¢ 1 at.% Sr. Habmona-
eMasi CEeJIeKTUBHAsI UyBCTBUTEILHOCTh 0O0OPA3LOB K AllETOHY, OOBSICHAETCS MHOTO3JIEKTPOH-
HOCTBIO MPOLECCa OKUCIICHUSI JAHHOTO raza XeMOCOpOUPOBAHHBIM KHCIOPOIOM I10 CpPaBHE-
Huto ¢ CO u NHs.

Taroke Obl1a IPOBEICHA CEPUST CEHCOPHBIX M3MEPEHUH C UepeTIOBAHIEM CyXOTO M BITaX-
HOTO BO3AyXa. Bo BIaXXHBIX yCIOBUAX HAOMIONACTCA JBYKPATHOE YMEHBIIEHUE CEHCOPHOTO
CUTHAJIA, CBS3aHHOE C KOHKYPEHIIMEH ra30B-3arps3HUTENEH C TapaMu BOJIbI 3a AKTUBHBIE T1E€H-
TPBI aICOPOITMH Ha TOBEPXHOCTH MaTepuaia. OgHako BMecTe ¢ TeMm oopasen ¢ 1 at.% Sr ne-
MOHCTPHUPYET BBICOKYIO CTAOMIIBHOCTH K BO3/ICHCTBHUIO Biaru. [1ociie HECKOMBKIX ITUKIIOB U3~
MEpPEHUH BO BIAXKHOM BO3/IyX€ BEIMYMHA CEHCOPHOT'O CUTHAJIA U B CYXOM M BO BJIQKHOM BO3-
JIyX€ OCTAECTCS HEU3MEHHOM.

Taxum oOpaszom, 1o orpaboTtanHoM Metoanke cuHTe3a LaFeO3 Obina momyyena cepusi
00pa31ioB ¢eppuTa JaHTaHA ¢ pa3IMIHbIM coaepxkanueM Sr. s Lag.«SriFeO3; 6pu10 pose-
JICHO HMCCIIEIOBAaHUE CTPYKTYPBI, COCTaBA, AMEKTPOPU3NUECKIX CBOMCTB U PEAKIIMOHHOH CITO-
COOHOCTH TPH B3aMMOJCHCTBUY C Ta3aMU. BBISABICHO 3HAUNTEIBHOE YBEIMICHNE CEHCOPHOTO
CUTHAJIa Ha alleToH MpH 3amenieHnu La Ha Sr.

Pabota BeinosHeHa npu (puHaHcoBoi noanepxke rpanra PH® Ne 23-73-01093.

[1] G. Pecchi, M. G. Jiliberto, A. Buljan, u E. J. Delgado, Solid State lonics, 187, 1, 27-32, 2011,.
[2] A.Cyzauop., Catalysts, 1. 10, 9, 954, 2020.



MonupuuupoBanmne okcuaa rpagesa 1yt KOHTPOJIA ero TpaHc-
MOPTHbIX CBOMCTB
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C yuyeToM MOCTOSIHHOTO pOCTa XpaHsuieics nHGopMauiu U HEOOXOAUMBIX MOIIHO-
cTeil A1 00pabdOTKU TaHHBIX pa3padaThiBatOTCs HOBbIE 2D MaTepuasbl Jjsi HEHpOMOPHBIX
BBIUMCJICHU, OJHUM W3 TaKUX IMEPCHEKTUBHBIX MATEPHANIOB SBISACTCA OKCHI TpadeHa
(GO). bnarogapst yHUKaJIbHOMY CBOMCTBY K 00pa30BaHUIO MPOBOJAIINX HUTEH ((uiiameH-
TOB) MIPH MPUIOKESHUN HAPSHKEHUS, TAHHBIA MaTeprail MOXXeT OBITh UCTIOIB30BaH ISl CO-
371aHUS] MEMPHUCTOPOB, YHEPTOHE3aBUCUMBIX SYE€EK MaMSITH U JaKe BBIYUCIUTEIBHBIX 010-
koB. Llenpro qanHOM paboThl OBUIO MPOU3BECTH MOAM(PUKALINIO OKCUAA rpadeHa IyTeM BOC-
CTaHOBJICHUS B THIPOTEPMAJILHBIX YCIOBHAX B MPUCYTCTBUU (GTOPHI MOHOB ISl KOHTPOJIS
POBOASIIMX CBOMCTB oOKkcuAa rpadena. [lomumo 3Toro pemanacs npodiaema rnepeHoca Boc-
CTAHOBJICHHBIX IJIEHOK Ha U3MEPUTENbHBIE CTPYKTYPBHI.

[TonroroBka M3MEPUTENBHBIX CTPYKTYp BKJIIOUajia B ceOs: HAaHECEHUE 30715 OKCHAA
rpadeHa Ha KpEMHHUEBYIO MOMIOKKY S1/S10,, TepMHUUECKYI0 00pabOTKY, BOCCTAaHOBJICHUE B
THAPOTEPMAJIbHBIX YCIOBUSIX B MPUCYTCTBUU B Kau€CTBE BOCCTAHOBUTENSI aCKOPOMHOBOM
KHUCIIOTHl WM THApPa3uHa U (PTOPUI MOHOB, PACTBOPEHHE IJIABUKOBOM KUCIOTOM CIIOSI OK-
cUjia KpEMHUS U TIOCJIETYIONTUI NIEPEHOC TJICHKU Ha U3MEPUTEIIbHBIE CTPYKTYPHI.

Mopdonorust noayyeHHbIX TUIEHOK, UccleloBaHHas ¢ nomolusio POM u I1I1OM, no-
Ka3bIBACT CpalllMBaHME YACTUIL B JIaTepaibHOM MIOcKoCcTU. C momonisto MmetoaoB KP, UK u
POOC cnekTpockonuu ObUTH MPOAHAIU3UPOBAHBI MPOMEKYTOUHBIE (DOPMBI BOCCTAHOBJIE-
HUS TIOJTyYEHHBIX 00pa3lioB OKCUIa rpadeHa, uX XUMUYECKUHN COCTAaB, a TAKKE BaKHEHIINE
byHkumoHanbHbie rpynmsl [1]. Micxoas u3 noimyyeHHBIX JaHHBIX, Obla IpejIokeHa cxeMa
OJTHOCTAJUITHOTO MPOIECCa BOCCTAHOBIEHUS, (PTOPUPOBAHUS U JAOMUPOBAHUS a30TOM OK-
cuja rpadena (puc. 1).

C nomomrsto BAX Obuta mpoaHanu3upoBaHa MPOBOIUMOCTh MOMyYEHHBIX MaTepHa-
JIOB B JIaT€paIbHON M BEPTUKAIBHBIX TEOMETPHSIX, a TAKXKE OIEHEH BKJIa]] IpaUTH3NPOBAH-
HOT'O a30Ta, KOTOPBIU ABJISAETCS JOHOPHBIM LIEHTPOM.
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Pabora BeimonHeHa npu punancoBoit noaaepskke rpanta PH® No23-49-00159.

[1] Nikita Mitiushev, Eugene Kabachkov, Kirill Laptinskiy, Anatoly Firsov, Gennady Panin, Andrei Bar-
anov. One-stage process of reduction, fluorination, and doping with nitrogen of graphene oxide films. ACS
Applied Materials & Interfaces (2023) npunsima x newamu.



I'a304yBCTBUTEIbLHBIC MATEPUAJILI HA OCHOBE HAHOKPHUCTAJLIHYE-
cxoro InVOy4 11s1 cesiekTuBHOTO onpenesieHus NO: U ero cpaBHeHue ¢

V205 un Iny03
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! ®akynbrer Hayk 0 Matepuanax MI'Y umenu M.B. Jlomonocosa, 119991, Mocksa, Poc-
cus,

2 Xumuueckuii paxynsrer MI'Y umenn M.B. Jlomonocosa, 119991, Mocksa, Poccus

yarik.mozh@agmail.com

["a30BBIC CEHCOPHI UMEIOT OOJBIIIOE MPAKTUYECKOE 3HAUCHHE. [10TyTpOBOTHIKOBEIC
ra3oBble CEHCOPHI 00JIaAAI0T MPEUMYIIIECTBAMU BBHICOKOW YYyBCTBUTEIBLHOCTH K CIIEAOBBIM
KOHIIEHTpAIUsIM Ta30B, CTAOMIBHOCTH, JCIIEBU3HBI U IPOCTOTHI SKCILTyaTaruu. OCHOBHAs
npo0emMa MoJynpOBOAHUKOBBIX Ta30BbIX CEHCOPOB — HEIOCTATOK CEJIEKTUBHOCTH OIpeJie-
JeHus Ta30B. Ha maHHBIIT MOMEHT ra3oBasi 4YyBCTBUTEILHOCTh MHOTHX TOJTYTIPOBOTHHKO-
BBIX CJIOXKHBIX OKCHJOB OCTAaETCs HE M3ydeHHOU. llenps manHOU paboThl — ompeneneHue
BJIUSIHUS COCTaBa OKCHJa Ha Ta30BYI0 YyBCTBUTENIBHOCTD Ha npumepe V20s, 1N203 u INVO,
u onpezenienne Mmexanusma B3aumoiericteust INVO, ¢ NO; B cyxoit u BnaxHoi atmocdepe.

Bcero 6su10 cuHTE3MpOBaHO 5 00pa3ioB coctana In,03, V205, INVO,4. O6paszerr In,03
OBLT OJTyYeH METOA0M ocaxkaeHwusl, 00pa3iel V20s5-SG, INVO4-SG 1 V,05-HT, INVO,-HT
— 30JIb-T€JIb U THAPOTEPMAIILHBIM METOJIOM COOTBETCTBEHHO. CpeTHMIA pa3Mep KPUCTAILITH-
TOB TIOJIy4eHHBIX 00pa3110B cocTaBui oT 20 10 50 HM, a IoIma b MoBepXHOCTH OT 9 10 18
M2/T.

CormacHo pesynbTataM PDA, Bce o6pasiiel, kpome Vo0s5-SG, momyummmch ogaodas-
HbIMH, B 00pasiie V,05-SG npucyrcTByeT npumech VOs.

Ha ocHoBe 00pa31oB ObLIM N3rOTOBJIEHBI FA30BbIE CEHCOPHI U MPOBEIEHBI U3MEPEHMUS
ra30BOM 4YyBCTBUTEIBHOCTH JJISl PA3IMYHBIX Ta30B-BoccTaHoBUTENEH B cyxoi u At NO; B
cyxoif u Bo BraxHo# cpene. [lokazano, uto cencop Ha ocHoBe INVO4-HT obGnanaer Bbico-
kol cenmekTuBHOCTBIO K NO, ipu Temneparype 100-200 °C u Gosiee BEICOKMM CEHCOPHBIM
curHasioM K NO; o cpaBHEHHUIO C IPOCTHIMHU OKCUAAMU. bblI poBEACHBI U3MEPEHHUS Ta-
30Bo# uyBcTBUTENbHOCTH Ha NO; Bo BiakHOU cpefe. [TokazaHo, 9TO CEHCOPHBIN CUTHAIT HA
NO; pacrteT ¢ yBeIHUE€HUEM BIAKHOCTH.

MexaHu3M B3aUMOJEUCTBHS C Ta3aMHU-BOCCTAHOBUTEIIMHU ObLI KCCIIETOBAH METOIOM
HK-in-situ ciekrpockomnuu. beiio ycranosieno, uto B IN;03 u INVO,4 HabIr01a10TCS UK,
cootBercTBytone NO,” 1 NOs', B INVO,4 nonoaHuTensHO HAOMIOJAI0TCS TTUKH, COOTBET-
ctBytomue NO u NO,. Hannane qomoTHUTENbHBIX TUKOB CBUACTEIHCTBYET O HATUIHH JI0-
MOJIHUTEITLHOTO MEXaHW3Ma, 4eM 00BIACHsIETCS 00Jiee BRICOKAs Ta30Bast YyBCTBUTEIHHOCTb.
Bo Bnaxxnoit cpene naTeHcMBHOCTH TiKa NO> 1 ogHOro u3 nukoB NO3™ moBskImaeTcs, 4To
CBHUJICTCJILCTBYET O TIPOTEKAHUM JIOTIOJHUTEIBLHONW peakiuu UuX 00pa3oBaHUs C



MCITIOJIb30BAHUEM MOJIEKYJI BOJIbI, YeM OOYCJIOBIIEHO MOBBIIIEHUE Ta30BOM YYBCTBUTEIBHO-
ctu. Hamu ObLT mpeyiokKeH CIeayomuid MeXaHu3M PEaKIIiH:

B cyxoii cpeae: NO; 1) + € = NO2 (41¢) (1)

00" + 2 NO2 ) = (NO3)o* + NO2 (are) (2)

Vo? + € + NOy (aze) = NO (3500 + O0* (3)
JlonmotHNTEILHO BO BJIAXKHOM cpeje:

2 NO; ¢y + H20 (1) = NO3'(ane) + NO2'(ane) + 2 H(ane) (4)

PaGora BemonHeHa npu puHAHCOBOM moanepxkke rpanta PH® No 22-73-10038.



CuHTe3 ¥ In Situ MOHMTOPUHT POCTA HAHOPA3MEPHOI0 THOKCUIA
Hepus U3 MOJIEKYJISIPHBIX IPEKYPCOPOB

Hukangpos HM.!, ITermb6apenko J[. M.t

YMocxkosckuii F'ocyoapecmesennviii Yuusepcumem um. M. B. Jlomonocoea, Mockea, Poccust

*tsymbarenko@gmail.com

Hano4acTuis! TuoKcHIa Iepus TPUMEHSIOTCS B pa3IMYHBIX OTPACIISX: B COCTABE TO-
KPBITHH, Toriomaronux Y d-u3aydeHne, B reTepOreHHbIX KaTaau3aTopax, B ra30BbIX CEH-
copax JJisi 0OHApY>KEHUs MPUMECEN C HU3KOW KOHIIEHTpanuei u T.4. s ucnosib30BaHus
HAHOYACTHUI[ JMOKCHIA IIEPUsS B KAU€CTBE HOCHTENSI B TETEPOTCHHBIX KaTaau3aToOpax BaK-
HOU 3aaueil IBISCTCS MOTy4YeHHE HAHOYACTHUI] JUOKCH/IA [IEPHS C KOHTPOIUPYEMBIM pa3-
MEpOM dacTuil. [lepCreKTHBHBIM METOOM PELICHHS JaHHOW 3a1a4yM SBJIIETCS CUHTE3 Ha-
HOYACTHUI[ JUOKCHIA IICPUS M3 TeKCasICPHBIX OKCO- M THAPOKCOKApOOKCHUIATOB IIEPHS, B
koTopbix 0cToBbI [Ces0s]%" n [Ces04(OH)4]*** n30CcTpyKTYpHBI AMOKCHLY LEPHS, YTO T103-
BOJISICT paccMaTpUBaTh MOJ00HBIC TeKCasIepHbIC KapOOKCHIIATHI IIEPUs B KAYeCTBE MOHO-
JIMCTIEPCHBIX HAHOYACTHII JMOKCHUIA IIepHsi, CTAOMIM3HUPOBAHHBIX OPraHMYECKUMH JIMTaH-
namu. HaHeceHue nayiaus Ha CAHTE3UPOBAHHBINA M3 TAKUX COCITUHCHHUI HOCUTEIb M03BO-
JSIET UCTOJIb30BaTh MOJIYYCHHBIA T'€TEPOreHHBIH KaTaJIW3aTop B PEAKIUH CEICKTHBHOTO
THIPUPOBaHUS (PCHUIIAIICTUIICHA.

B Hacrosieit pabote BIpabOTaHbl METOJUKH BOCIIPOM3BOAMMOrO CUHTE3a COEIUHE-
uuii CegOg(piv)s(deta)s u CesO4(OH)4(piv)12(deta), (piv - muBamar-anuox, deta — nusTHIECH-
TPUAMUH) C TOMOUIBIO PEAKIIUU KOHTPOJIUPYEMOro Tupoin3a [1], a Takxke HaHOYACTHIL AU-
OKCHJA LEepUsl B PE3YJIbTATE COJbBOTEPMANBHOW OOpPabOTKH MOJYYEHHBIX KOMILIEKCOB B
TuMeTUIhopMaMKIe, alleTOHUTPUIIE, 30nporanoie u meranoae. Meronamu POA, PCA,
TT"A ¥ TOJIHOTO PEHTI€HOBCKOT'O PaccesHUs ¢ aHAIM30M (DYHKLIUU TAPHOTO pacipeneneHus
(PDF) uccnenoBana cTpykTypa U TepMHUECKOe MoBeacHue coeaunenuii. [To qanasim PDF
u POA B pesynbTaTe ruapoin3a rekcasepHbIX KapOOKCHIIATOB LepUs 00pa3yroTcst HaHO-
YaCTULBl JUOKCUA Lieprs pa3MepoM OKoJo 2 HM. [1o TaHHBIM HU3KOTEMIIEpaTypHOH aj-
copOLMH a30Ta yJesbHas IIOMadh MOBEPXHOCTh HAHOYACTHUI JUOKCH A LIEpHs, TOTyUYeH-
HBIX B JUMETHI(GOpPMAMUJIE COCTABIAET 97 M/T.

C moMOIIIBI0 IKCTIEPUMEHTA TI0 TIOJTHOMY PEHTT€HOBCKOMY PacCesiHUIO B JIAOOpaTop-
HBIX YCJIOBHSX C HUCIOJB30BAaHUEM OPUTHHAIBHBIX METOJIOB cOOpa M aHajau3a JIaHHBIX [2]
OBLT BrIepBbIC HCCea0BaH IN Situ mporece ruapoiusa komiuiekca CegOg(piv)s(deta)s, B pe-
3yJIBTATe KOTOPOTO POPMHUPYIOTCS HAHOYACTHUIIBI AUOKCHAA 1iepus. [loka3aHo, 4To BBIACP-
xuBanue pactBopa CesOg(piv)s(deta)s B mumerundopmamuae npu 120°C B TedeHue 2 4acoB
NPHUBOJIUT K YBEIMUYCHHUIO JAJbLHOCTH TOPSAKA Ha JKCIEpPUMEHTaIbHBIX KpuBbix PDF, a
TaK)Ke K YBEITMYCHUIO MHTCHCUBHOCTHU MMUKOB, COOTBETCTBYIOIINX MEKATOMHBIM PacCTOS-
ausamM Ce—O u Ce—Ce, 4TO CBA3aHO ¢ MOCTENEHHBIM pocToM ocToBa {CexOy} ¢ ~ 6 1o 13A
1 GOPMUPOBAHKEM NIEPUOAMUECKON CTPYKTYPBI JUOKCHIA TIEPHUSI.

Hanouactuiel CeO; MCmob30BaHbl B KAUECTBE HOCUTEJIS JJIs MTOJTyUSHHS KaTalnu3a-
topa Pd/CeO; meronom mpornutku pactBopom HyPACl,. [Momyuennas cucrema mokasana


mailto:*tsymbarenko@gmail.com

BBICOKYIO KAaTAIUTUYECKYIO aKTUBHOCTh B PEAKITUU CEJICKTUBHOTO TUAPUPOBAHUS (peHUIa-
LETUJICHA, IIPU 3TOM CEJIEKTUBHOCTD 10 OTHOILICHHIO K CTUPOIY cocTaBuia 92%.

Pa6ora 6pu1a mognepskana rpantom PH® 22-73-10089.
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[2] D. Tsymbarenko, D. Grebenyuk, M. Burlakova, M. Zobel, J. Appl. Cryst. 2022, 55, 890-900.



Hcnonb30BaHue ABYXCTAAUUHON NPOrPAMMBI OTKUIA LI IOAAB-

JICHUSI PEKPUCTAJIM3ANMH B TOHKHUX IUVIEHKAX
Pt-Rh/Zr

[LnemmakoB [.A.Y2, Kamuaun 1U.A.12, UBanoB A.B.13, Pociskos U.B.Y, Hamonbckuii K.C.12
9 9 M

Y @axynomem nayx o mamepuanax MI'Y umenu M.B. Jlomonocoéa, 119991, Mockeéa, Poc-
cus,
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B Hacrosiiee Bpemsl TOHKHE TUIEHKH Ha OCHOBE IuTaTthHbI (Pt) Mcmobs3yrorces BO
MHOTHX OTPACIISIX HAYKH U TEXHOJIOTUH, B TOM YHCJIIE PU U3TOTOBICHUN MUKpOHArpeBa-
TEJIeH JIJIS Ta30BBIX CEHCOPOB. OHAKO B XOJI€ SKCIUTyaTaIlMH IMPH BBICOKUX TEMIIEPATYy-
pax Takue yCTPOMCTBA MOTYT JACTPAJAUPOBATH BCIICICTBUE SBJICHUS PEKPUCTAIN3AINH,
BBI3BIBAIOIICH KPATHOE YBEIMUCHHE MICKTPUICCKOTO COMPOTHBIICHUS. [101aBUTh pekpu-
CTATU3AIUIO W YBEIIMYUTH TEPMHUUSCKYIO YCTOMYNBOCTH TJIEHOK TTO3BOJISICT JISTHPOBa-
HUE TUTATUHBI TYTOIJIABKUMH METAJUTAMU M CO3JIaHUE KOMITO3UTOB C TYTOILIABKUMH OK-
cuaaMu. B kadecTBe JIErMpyIomero KOMIIOHEHTa Jalle BCcero uemoyb3yroT poauit (Rh),
00pa3yroIInii ¢ IIIAaTHHOW TBEP/IBIC PACTBOPHI, TEMITEpaTypa IJIaBJICHHUS KOTOPBIX BBIIIC,
YeM y YHMCTOM IiaTHHBI. Cpeau TYroIUIaBKUX OKCHIOB HaWOOJIbIIee PaclpoCTPaHCHHE
0Ty U JUOKCHT IIUPKOHUS (ZrO2), KOTOPBIH B pe3ysIbTaTe OT)KUTa CErperupyeT Ha IMo-
BEPXHOCTH 3EPEH IUIATHHBI M MOAABIIICT PeKpHcTaLIn3anui. HeoOX0MMbIM yCiIoBHEeM
oOecreyeHHs JOJTOBPEMEHHON CTaOMIBHOCTH TOHKOIUIEHOYHBIX YCTPOMCTB SIBIISICTCS
NPOBEJCHUE PEKPUCTAIUTH3AIMOHHOTO OT)KHUTa MPU TeMIlepaTypax, MPEBHIIIAOINX pa-
oouue.

Ilenpro maHHOM pabOTHI CTaja pa3pabOTKa MPOrpaMMbl OTKHUTA TOHKOIIIEHOYHBIX
rerepocTpykTyp Pt-Rh/Zr nist co3nanus Ha ©X OCHOBE MUKpOHArpeBaTeNIeH s Ta30BbIX
CEHCOPOB C MPOJIOJDKUTEIHLHBIM CPOKOM CITYKOBI.

B xauectBe mominoxkek mis mieHok Pt-Rh/Zr wcnonb3oBany MOpUCTBHIC TUICHKH
aHoymHorO okcuza amomuaus (AOA), obmagaronue psIoM TPEUMYIIECTB HaJ MHUPOKO
WCIIOJIb3YEMbIMH B MPOMBIIIUICHHOCTH TMOJJIOKKaMH Ha OCHOBE KpeMHwus. [Inénku Pt-
Rh/Zr 6pu11 oy4eHbl METOI0M MarHeTPOHHOTO HaNbUICHUS TP paboveM AaBICHUN Ar
~1072 MGap, npuuém ciou Zr TonuuHoi 9 uM u Ptg;Rhig (manee Pt-Rh) Tonmunoii 16 Hm
HaHOCUJIMCh ToouepenHo. OOmasi TonmuHa MIEHOK cocTaBmwia 250 HM, YTO COOTBET-
ctByeT 10 ClI0AM KaXk10T0 U3 UCIOIb3yeMbIX MaTepuaioB. [Inéuku Pt-Rh Tonmunoi 250
HM I0JTy4YaJid B T€X K€ YCIOBHUSAX U UCIIOJIH30BAJIA B Ka4eCTBE 00pasiia CpaBHEHUSI.



A5

Pt-Rh 1cTap. t-/Zr 1cTap. | t-Rh/Zr ZCTag.

Puc. 1. POM uzobpasicenus niénox Pt-Rh u Pt-Rh/Zr nocie omowcuea npu 900 °C 6 me-
yenue 12 uacos.

B pesynbrare paboThl OBLIO YCTAHOBIICHO, YTO OAHOCTAAMHHBIN OTxKUT (12 JacoB
npu 900 °C) mnénok Pt-Rh npuBoauT Kk pekpucTain3aluy U YBEJIMUEHUIO pa3mepa 3¢-
PEH OTHOCHTEIBHO HEOTOMOKEHHBIX 00pasnoB 10 496 + 120 um (puc. 1). Kpome Toro,
dbopMUpyETCS 3HAUUTEIIBHOE YUCI0 CKBO3HBIX AehekToB. [Iné€uku Pt-Rh/Zr, oToxokén-
HbI€ B AHAJIOTMYHBIX YCIOBUAX MPEACTABISIIOT COO0N METKOKPUCTAJUIMUECKHU CIIOM,
oOoraméHHbIi [IMPKOHUEM, Ha MOBEPXHOCTU KOTOPOTO HAXOMASTCS KPYIIHBIE KpHUCTal-
JUTHI, o0oTamEHHbIe MIaTuHON. CpeqHuil pasMep KpUCTAJUTUTOB B JAaHHOM CIydae CO-
ctaBui 202 + 69 um. s mnénok Pt-Rh/Zr npennoskena aAByxcraauiinas mporpamma ot-
xwura (4 gaca ipu 450 °C, 3atem 12 yacoB nipu 900 °C), nepBasi HU3KOTEMIEpaTypHas
CTaJus KOTOPOW HeoOXoaumMa JiJisl TIOJIHOTO OKHUCJIeHUsST ZI B 00bEMe TI€HKH. J[ByXcTa-
JTUWAHAS POrpaMMa OTXKHUTa MO3BOJIMIIA MOTYUYUTh TJIEHKH ¢ CYIIECTBEHHO 00Jiee OJHO-
poaHOM MOpQoJIOTHEN: KPUCTATUIMTHI MaTepHaia TNIEHKU UMEIOT CTOJI0YaTyI0 «KaHbOH-
HYI0» CTPYKTYPY, BBICOTa KPUCTAJUIUTOB MPUMEPHO paBHa ToJIIMHE TIEHKH (250 HM),
cpeanuit pasmep 3€peH coctaBuil 60 + 27 um. [Inénku Pt-Rh okoHuaTensHO moTepsuu
ANEKTPUUYECKYI0 MPOBOAUMOCTH nociie orkura npu 1000 °C, B To BpeMst Kak yAeIbHOE
conpotuBienue wi€Hok Pt-Rh/Zr mocne ognocraguitnoro omxkura npu 1000 °C cocra-
B0 12 x 107% OmxMm. Tonkue mnénku Pt-Rh/Zr moce JIBYXCTQIMMHOTO OTXKHUTa MPU
450 — 1000 °C o6namanu yaenbHbIM conpotusieneM 27 X 10° Omxm. Takum o6paszom,
pazzesieHre NpoLEeCCOB OKUCIEHUS TYTOIJIABKOTO METAJlJIa U PEKPUCTANIM3ALUN CIIaBa
Ha OCHOBE IUIATUHBI UMEET PeIIaroNIee 3HaY€HUE JJISl TOJTyYEHUS TPOBOASAIINX IIEHOK C
OJTHOPOJTHOM MOpP(OJIOTHEN, HEOOXOIUMBIX IS CO3/IaHUs CTAOMIIBHBIX MUKPOHArpeBa-
TeJel U APYTruX TOHKOTUJIEHOYHBIX YCTPOWCTB, pabOTAIONMIUX MPU BBICOKUX TEMIIepaTy-
pax.

Pabota BeiTtoTHEHA TipU puHAHCOBOM TToAaep kke rpanta Ne(75-15-2021-1353 «Pas-
BUTHE CUHXPOTPOHHBIX U HEUTPOHHBIX UCCIENOBAHUN U MHPPACTPYKTYPHI Il MaTEepH-
aJI0B PHEPreTUKH HOBOTO MOKOJIEHUS U O€30MacHOr0 3aXOPOHEHUS PaIuOaKTUBHBIX OT-
X0J10B» MUHHMCTEpCTBA HAYKH U BbICIIEro 00pa3oBaHus PO.



Bausinue TCIUIONEPEAAYIH N YIJIa CMAYUBAHUSA HA TCUCHUC KOH-
ACHCUPYEMBIX I'a30B 4€PE€3 HAHOIMMOPUCTHIC MeMﬁpaHbI AHOAHOTI'O
OKCHAA AJIIOMHUHUA

oaromun C.K.!, JToiimep T.2, ITetyxos JI.1.3, Enuceen A.A.L

Y @axyremem nayx o mamepuanax MI'Y umenu M.B. Jlomonocosa,
119991, Mockea, Poccus, e-mail: s.podgolin@gmail.com
2 Uncmumym mexanuku #cuokocmu u menjionepedayu, Benckuii mexnuueckuil
yuusepcumem, 1060 Bena, Aécmpus
8 Xumuueckuii paxynomem MI'Y umenu M.B. Jlomonocoea,
119991, Mockea, Poccus

[Iponecchl nmepeHoca napa u (HpazoBOro nepexoia KUIAKOCTb-Map B HAHOMOPHUCTHIX
cpedax UrparoT BaXKHYIO POJb B PaA3IMUHBIX O0JACTAX MPUMEHEHUS, HANpUMeEp, MpHU
JUCTWUISIUA BOJBI C BO3AYILIHBIM 3a30POM, OXJXKICHUU MOIIHOM 3JIEKTPOHUKH,
pa3ieicHUu  CMecedl  TEXHOJOTMYECKOTO M IPUPOJHOrO0  Ta3oB, KaTaliu3e W
(YHKIIMOHUPOBAHUU TOIUIMBHBIX 3JeMEHTOB. I[Ipu sToM, 3(pdexThl KanuuIsipHOU
KOHJICHCAIIUU MOTYT UrpaTh KakK MOJIOKUTEIBHYIO POJIb — OJHOBPEMEHHOE yBEIUYCHUE
CEJIEKTUBHOCTU U MTPOHUIIAEMOCTH MEMOpPaHBI 110 KOHACHCUPYIOIIEMYCSI KOMIIOHEHTY, TaK
U OTPUIATEIbHYI0 — KOHJCHCAIUs BOABI B Ta30au(PPy3MOHHBIX CIIOSX TOIUTMBHBIX
AJIEMEHTOB, TPHUBOAMAIIAS K PE3KOMY TMaJeHui0 uX MomHocTtu. W3yuenue sddexra
KaImWIISIPHOW KOHJIEHCAIIMK OBIJI0O HAYaTO HECKOJBKHUMH aBTOPAaMU HOBAaTOPCKHUX PaboOT —
PaiimoMm, XBaHrom u JIu, uCmonp30BaBIIMX ypaBHEHUE KenbBUHA JJI9 OLCHKH JABJICHUS
KaWUISIPHOW KOHJeHcalnu U ypaBHeHue FOura—Jlannaca niig pacuera pa3HOCTH AaBJICHUN
B KOHAeHCHUpoBaHHOU ¢aze. [lozke MX MOAXOM K OMHCAHUIO TEUCHUS Tra3a B PEKUME
KaWJUISIPHON KOHJIEHCAITMU ObLT Ha3BaH «KJIACCHYECKOHN KamWIISIpHOM Teopuei». OnHako,
YBEJIMUEHUE UHTEPECa K U3YUCHUIO U TPUMEHEHUI0 3(P(HEKTOB KaMWJUIIPHONU KOHICHCAIIUN
Y UCMApEeHHUs B KaHajlaX HAHOMETPOBOTO pa3Mepa i peaju3aliu pa3uyHbIX 3ajad
MeMOpaHHOTO pa3JejeHus BEHIeCTB TpeOyeT 0oJsiee ACTAIBHOTO W TOYHOTO OIMUCAHMS
MpOTEKAIIUX TpoiieccoB. B HacTosiel padoTe Mbl pacKpbhiBaeM peajibHble TPaHUYHBIC
YCJIOBUSI, OCHOBaHHBIE Ha pe3yjbTaTax MPSMbIX MU3MEPEHUM TEMIIEpaTyphl CO CTOPOHBI
UCTIAPSIOLIErOCcs MEHHCKAa MEMOpPaHHI.

Takum oOpa3zoMm, B HacTosIIeH pabOTe MBI MpeiiaraeM MOJIEb, YUYUTHIBAIOIIYIO
TerIonepeadyy OT KOHJICHCHUPYIOMIETOCS K HCMAPSIONIEMYCS MEHHCKY, pa3IudyHbIC
TPaHWYHBIC YCIOBUS IS TEIUIONEpeaaud OT OKpYyXalomed cpeapl K MemOpaHe u
pa3sIUYHYI) CMAauuBaeMOCTh CTEHKH TOPBhl  KOHJEHCATOM. OKCIIEPUMEHTAIHHOE
WCCJICIOBAHNE TMPOHMUIIAEMOCTH AaHOJHOTO OKCHJIA ATIOMUHHUSA B PEKUME KalUJUSIPHON
KOHJICHCAIIMM TIPOBEJICHO C WCIOJIb30BAHUEM JBYX KOHJICHCUPYIOIIMXCS Ta30B C
COBEPIIIEHHO pPa3HBIMU CBOMCTBaMU: n300yTaHa u 1-xmop-1,1-nudropsrana (ppeon 142b).
['panndHbIE yCIOBUS ISl TeIUIonepenadd ObUIM OMpeaesieHbl Ha OCHOBE HW3MEpEHUH
TEMIEpaTypbl MeMOpaHbl Ha CTOPOHE WCHApSIONMIErocss MeHucka. OrnpenencHHbIe
T'PAaHUYHBIE YCJIOBHS IO3BOJISIIOT OOECIEUNTh MPEBOCXOTHYIO TMOATOHKY ITOTYYSHHBIX
IKCIIEPUMEHTATBHBIX TAHHBIX.
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Puc. 1. 3asucumocms nponuyaemocmu memobpanvt AAO25 no uzobymary om Hopmu-
POBAHHO20 0ABleHUs NPU PA3TUYHOM OA8IEeHUU 8 NepMeamuom obveme (a) u cxemamuye-
cKoe u300padicenue NomoKos, (hazosvix nepexo008 U pacnpeoeieHus memMnepamyp, UCnoib-
3YeMblX 8 00HOMEPHOU MOOeU npoyecca KAnuLspHoU KoHoencayuu (0).

DKCIEPUMEHTAIBHO U TEOPETUUECKHU MCCIIeI0BaH MOTOK n3o0yTaHa u ppeona 142b
(1-x10p-1,1-n1udTOpaTaHa) Yepe3 aHOIHBIC MEMOPAHBI 3 OKCHJIA ATFOMHHHMS C TUAMETPOM
nop or 25 no 80 HM B peXHMe KalWUBIPHOM KOHJeHcauuu. DP(EKT KanuUIsipHOU
KOHJICHCAI[UU YBEJIMYMBAET MPOHUIIAEMOCTh MEMOpPaHBI JIJIsi KOHJEHCUPYEMBIX Ta30B ¢ 25
10 150 m%/(m? Gap u) mpu onpeneNeHHbIX YCIOBHAX. [ ONMCaHus SKCIEPUMEHTAIBHBIX
pe3yJIbTaToOB MpeAIoKEeHA MOJENb, YUYUTHIBAIOIIAS Teronepeaavy oT
KOHJICHCUPYIOIIETOCSd MEHUCKA K UCHAPSAIOMIEMYCS, Pa3JIMUHbIE TPAaHUYHBIE YCIIOBUS IJIsi
TeIUIonepeaayr MEXy OKpYXKaroIler cpeol U MeMOpaHOM M CMayMBaeMOCTh CTCHKHU
nopel. [IpenioskeHHas MojeNnb yKa3blBaeT Ha OOJbIIOE BIUSHUE MOJABOJA TEIUla W3
OKpY’KaroIe cpeapl K MeMOpaHe Ha TMPOHHUIIAEMOCTh B pEXUME KamWUISIPHOU
KOHJICHCAIlMM ¥ YMEPEHHOE BIUSHUE yria KOHTaKTa KOHJeHcarta B nuarasone 0-60°.
N3mepenne TtemmepaTypbl MPOHUIIAEMOM CTOPOHBI MEMOpaHbl TMO3BOJSIET HANTH
MOAXOJAIIEE TPAHUYHOE YCIOBUE JJIsl OMCaHus Teruionepenayu. [lonydeHHOe rpaHnyHOe
yCJIOBHE 00€CTIEUMBAET MPEBOCXOAHOE COOTBETCTBUE IKCIEPUMEHTAIBHBIM pPE3yJibTaTaM
MIPOXOXKJICHUS KOHJACHCaTa 4epe3 MeMOpaHbl ¢ Pa3IMYHBIMH JUAMETPaMH TOp IJIS ABYX
UCIIOJIb3yeMbIX KOHJEHCUpPYIOMMXCcs ra3oB. Kpome Toro, koHpokaibHas pamMaHOBCKas
CIIEKTPOCKONUS MOKa3aja JO0JII0 Op, 3alI0JIHEHHBIX KOH/IEHCATOM.

PaboTa BrinmonHeHa npu puHancoBoi noanepxke rpanta PODU Ne 20-58-140083.



CuHTe3 M XxapakTepu3anus MeMOPaAaHHBIX MAaTEPHUAJIOB HA OCHOBE
3JIEKTPONOJIMMEPU30BAHHOT0 METHJIEHOBOIO 3€JIEHOI0

[Mpuxuo U.A.%, KomrxoBa M.A.2, EnnceeB A.A.1?

1 @Daxynemem Hayk o mamepuanax MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poc-
cusl,
2 Xumuueckuil gaxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus,

ivan prikhno@mail.ru

[Tpumenenre MeMOpPaHHOTO Ta30pa3aeiICHUs MMO3BOJIICT CHU3UTH 3aTPaThl SHEPTHH
Ha MPOIIECCHI pa3/eNieHrsl IPUPOTHOTO ra3a M MPOIyKTOB HedTenepepaboTKy Ha pa3ind-
HBIC KOMIIOHEHTBI. DJIEKTPOTIOIUMEPHU3AIHSI PA3IMUHBIX a3MHOBBIX KpACHUTEJICH SBISETCS
METOJ/IOM TIOJTyYCHHsI CBEPXTOHKHUX W BBHICOKOTIPOU3BOIUTEIBHBIX TOJUMEPHBIX TUICHOK, a
KECTKasi CTPYKTypa IOJMMEPOB, CXOMHAS CO CTPYKTYPOW H3BECTHBIX ITOJIMMEPOB THIIA
PIM-1, mo3BoisieT HaAesATHCS Ha BBICOKYIO CEJIEKTUBHOCTD MO KOHJIEHCUPYEMbBIM T'a3aMm, Ta-
KHUM, KaK OyTaH.

MemOpaHHbIe MaTepuaibl ObLIN MOTYYEHbI IIyTEM AJIEKTPONOIMMEPU3ALIUN METHIIC-
HOBOTI'O 3€JICHOTO Ha Ta30MPOHMULIAEMBI aHOAHBIN OKCUA amtoMuHus (auametp nop 40 HM)
C HaIlbUIEHHBIM Ha MOBEPXHOCTU MPOBOJSALIMM CJIOEM 30JI0Ta. DJIEKTPONOIMMEPU3ALINIO
MIPOBOJIMIIN B PEKMME UKJIMUECKON BoJbTamiiepometpuu oT -0,5 mo 1,3 B B cnaborienou-
HO cpene (6opatHblil Oydep, pH=9). [lopucTocTh KOHTPOIUPOBAIHU, BAPbUPYST CKOPOCTh
pa3BepTKU NMOTeHIMana. TONIMHY MIIEHKA BaphbUPOBAJIH, MEHSS KOJTMYECTBO LIUKIIOB.

bruta n3yueHa 3aBUCUMOCTh KOHIICHTPAIIUH 3JIEKTPOAKTUBHBIX TPYTIT OT TapaMeTPOB
CHUHTE3a MEMOpaHHOTO Marepuana. ToNIuHA MOJTYYSHHBIX MOJUMEPHBIX CEIEKTHBHBIX
CJ0€B, uccaenoBaHHbix MeToaoM 11OM, cocrasuna no 100 am. [IponemoHcTprpOBaHa BbI-
COKasi CeJICKTUBHOCTh M3YYECHHBIX MAaTepUaNIOB 10 BOJIe U H-OyTaHy: ObUI TOCTUTHYT HJIE-
aNbHBIA (pakTop pazgeneHust H-OyTtan/metan 73 u Boaa/a3zoT 160. [lokazaHa BO3MOKHOCTh
yHpaBJeHUs] CBOWCTBAMU MEMOpaHBbI ITyTeM MPHIOKEHUS K HEH AJIEKTPUUYECKOTO MOTEHIIN-
ayia: epeKIIoYeHre MPUIIoKeHHoro notennuana ot +0,2 mo -0,2 B menser ee mpoHuiiae-
MOCTb IO BOJIE MPaKTU4YeCKHu BABoE. [IpoeMoHCTprpoBaHa CBSI3b MEXK/1Y CEIEKTUBHOCTHIO
razopasjiejieHusi Ha MeMOpaHHbBIX MaTepuagax Ha OCHOBE JIEKTPONOIMMEPHU30BAHHOTO ME-
TUJICHOBOTO 3€JICHOTO U COPOLIMOHHBIMU XapaKTEPUCTUKAMU JAHHBIX MATEpUajOB B BUJE
CYILIECTBEHHO 00Jiee BHICOKMX 3HaYeHHI pacTBOpUMOCTH H-OyTaHa. [IpoBeseHo cpaBHeHne
AINEKTPOXUMHUYECKON aKTUBHOCTH MOJTMMETHIEHOBOTO 3€JIEHOTO € TIOJIMAHUIIMHOM TIPH Pa3-
an4HbIX pH pacTBoOpa 37€KTpoiMTa C MOMOIIBIO 1IN situ CIEKTPOITEKTPOXUMUYECKOTO UC-
cleToBaHMs 00OUX MOJIMMEPOB ¢ MpuMeHeHneM Metoaa KP-criekTpockonuy.

Takum oOpa3oM, B paMKax JaHHOW paOdOTHI MPOBEACHO MCCIIEJOBAHUE HOBBIX paHEe
HE ONMCAHHBIX B JINTEPATYpPEe MEMOPAHHBIX MaTEPUAIOB, KOTOPHIE MOT'YT ObITh IPUMEHEHBI
JUISL YIPABIIiEMOM OCYILIKH PA3IMYHBIX Ta30B WIM JUIsl MEMOPAHHOTO Ta30pa3esiCHusl.

Pabora BeinoaHeHa npu puHaHCOBOM Toaepkke rpanta PH® Ne 23-13-00195.



HanoxoMmno3utsl HA ocHOBe SNO»,
voauduuupoannoro La(lll), njast nerekTupoBaHus
MApPOB KOPOTKOWENMOYEYHbIX JKUPHbIX KHCJIOT

CarutoBa A.C., Pymsannesa M.H., Kpusenkuii B.B.

Xumuueckuui pakynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus

cagitova.a@agmail.com

OOGHapy>xeHue jeTyuux oprannueckux coeauHeHui (JIOC) B BbIBIXa€MOM BO3IyXE
— MePCHEKTUBHBIA U d()PEKTUBHBIA MHCTPYMEHT JIJII MOHUTOPHUHTA COCTOSIHHSI 37]0POBBS
[1]. Jmst 5TOro MOTyT OBITH HCITOJIB30BAHBI HEJOPOTUE, MUHHATIOPHBIC U BHICOKOYYBCTBH-
TeJIbHBIC TIOJTYTIPOBOJHUKOBEIE TA30BBIE CEHCOPHI HA OCHOBE OKCHIOB METAJIOB, KOTOPHIC
TIO3BOJISIFOT MPOBOIUTH €)KEHEBHBINM IMEPCOHANIBHBIN aHAJIN3 BBIIBIXaeMOT0 Bo3ayxa [2]. B
JAaHHOM paboTe NEMOHCTPUPYETCS BhIpaXKEHHAs! CEHCOPHAs YyBCTBUTEIHLHOCTh MATEPHAIIOB
B cucteme SnO,, MoaudunupoBanHoro okcuanbiMu coenuaerusmu La(lll), mo otHore-
HUIO K KOpOoTKoIenoyeyHbIM kupHbIM kuciotam (KXKK) — 6uomapkepam, oTpaxaromum
COCTOSIHHUE YKETYIOUHO-KHUIIIEYHOTO TPaKTa.

Matepuansl ObLIIM CUHTE3MPOBaHbl METOJIOM PACHBUIUTENILHOTO MHUPOJIM3a B ILIa-
MEHHU U 0XapaKTEPU30BaHbI METOJJAMU PEHTIEHOBCKOW MU(paKIInU, HU3KOTEMIIEPATyPHOM
azcopOLmu a3ora ¢ pacueramu 1o mojienu bOT, PamMaHOBCKOM CIEKTPOCKONUH, TPOCBEYUHU-
BaIOILIEH AMEKTPOHHON MHKpockonuu ¢ EDX-kaptupoBanuem. CeHcopbl ObUIA U3rOTOB-
JIEHBI BPYUYHYIO C UCIIOJIb30BAHUEM MHUKPOHATPEBATEIBHBIX 3JIEMEHTOB, MPEACTABIISIFOIINX
coboit auanekTpuueckyto miactuny (a-Al,Osz, 2x2 MMm) TonmuHoi 150 MKM ¢ IJIaTHHO-
BBIMH HarpeBaTeIbHBIM AJIEMEHTOM U KOHTAKTaMU JJIsl U3MEPEHHSI COMIPOTHBIICHHS.

CeHcopHbI€ CBOICTBA MaTepHUaIOB ObUIM UCCIIEIOBAHBI 110 OTHOIICHHIO K HA00pYy He-
oprannyeckux razos (Hz 20 mia?, NO, 0.5 mia, CO 20 muma?, NH3 20 man?, HoS 1 v
Y m KKK (HCOOH 1 mma?, CH:COOH 1 wan?, CH3;CH,COOH 1 wman?,
CH3CH,CH,COOH 1 min?t). McenenoBanue CEHCOPHBIX CBOKCTB 110 oTHOmeHHI0 K KIKK
OBLJIO TIPOBEICHO B CYyXOM UM BJIQXKHOM BO31yXe (OTHOCHUTENbHas BIaxHOCTh 20%, 50% u

80%) u B nuanaszone KoHueHrpauii ot 1 g0 0.05 mun™,
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Puc. 1. 3asucumocmo cencopnoco cuenanra no omuowenuro k K2JKK om memnepa-
mypbi.

Beenenue coenunennii La(lll) B Hanokpucrammueckuit SnO, MeTO10M pacnblin-
TEJIBHOTO MUPOJIN3a B IJIAMEHHU ITPUBOJNT K YMEHBIIEHHUIO PAa3MEPOB KPUCTAILIUTOB U yBe-
JVYEHUIO yAETbHON IO MOBEPXHOCTH MaTepuaia, pOpMUPOBAHUIO CETperalluOHHON
JaHTaH-coziepkaeil has3pl ¥ crenupuIecKoMy YBEIMUEHUIO CEHCOPHOTO OTKIIMKA PH JIe-
TEKTUPOBAaHNUH a30B KUCJIOTHON MPUPOBL: KOPOTKOLEIIOYEUHBIX )KUPHBIX KUCIIOT U CEpO-
BoZioposa. B cinydae kuciaot Hanbosee 3aMEeTHBI CEHCOPHBIN OTKJIMK HAOIIOJAaeTCs Y Ma-
TEepHaJIa C COINEPKAHUEM JIAHTAHA 2 MOJIb %. YBeJIMUEHUE COJEPKaHUS JIAHTAHA IPUBOJUT
K MOHM)KEHUIO CEHCOpHOro curHana. Hanbompliee yBenuueHne CEHCOPHOM UyBCTBUTENb-
HOCTH IO CPABHEHHUIO ¢ YUCTHIM SnO2 3aMETHO B ClIy4yae MypaBbUHOW KHCIIOTHI. Y BEIUYE-
HUE JJIMHBI YTIEPOAHON LenH TpeOyeT JOMOTHUTENbHON aKTUBAILUU XEMOCOPOUPOBAHHBIX
dbopM KHCIIOpOa Ha MOBEPXHOCTH MOJYIPOBOJHUKA, UTO MPUBOAUT K CMEUICHUIO MaKCHU-
MyMa CUTHaJIa B CTOPOHY OOJIBIIUX pabO4YHUX TEMIEpaTyp.

PaGota BrinonHena npu punancoBoi noanepxke rpanta PH® Ne 22-13-00111.

[1] Rondanelli M. et al. J. Anal. Methods Chem. 2019 (2019).
[2] Yoon J.W., Lee J.H. Lab Chip. 17(21) (2017) 3537—-3557.
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B nocnennee BpeMsi B MeMOpaHHOM TEXHOJIOTHH HAOJIIOAAETCs OTPOMHBIN HHTEpEC K
WCIIOJIB30BaHUIO T. H. YMHBIX MEMOpPaH, KOTOPbIE MOTYT U3MEHATh CBOU TPAHCIIOPTHHIC Xa-
PAKTEPUCTUKH MOJ] ACHCTBUEM BHEIIHUX BO3JIEUCTBUN TaKUX Kak Temneparypa, pH, nazep-
HOE M3JIyueHue, HoHHas cwia u ap. C Apyroil CTOpoHbI, HAOIIOIACTCS UHTEPEC UCIIONIb30-
BaHMS CJIOUCTHIX MAaTEPUAJIOB, HAIPUMEP OKCHUa rpadeHa, TMXaabKOreHUI0B MePEXOTHBIX
METAJJIOB U Jp. MacconepeHoc 4yepe3 TaKue Marepualibl IPOUCXOIUT B OCHOBHOM 4epe3
MEXCJIO€BOE MPOCTPAHCTBO, TAaKMM OO0pa3oM KOHTPOIUPYS MEKCIOEBOE PACCTOSHUE
MO>KHO KOHTPOJIMPOBATH MPOIECC MaccorepeHoca yepe3 Takue MeMopanbl. Okcus rpadeHa
MOET U3MEHATh MEXKCIOEBOE PACCTOHUE B 3aBUCUMOCTH OT JIABJICHUS MTAPOB BOJIbI, TAKKE
U3BECTHO, YTO MOKHO KOHTPOJUPOBATH MEKCIIOEBOE PACCTOSIHIE OKCHIA TpadeHa BHEIpe-
HUEM Pa3JIMYHBIX KATHOHOB B MEXKCIIOEBOE MPOCTPAHCTBO. OTHAKO MAJOM3YUYEHO BIUSHHE
KOHIICHTPAIIMU Pa3IMYHBIX 3JIEKTPOJUTOB Ha MEXCJIOEBOE PAcCTOSIHUE OKcuja Trpadena,
HEO0OXO0IMMOE NIJIs1 TOHUMaHUS MEXaHHW3MOB MaccomepeHoca B mpolieccax HaHO(PUIbTpa-
IIUU WA 00ECCOIMBAHUSL.

OCHOBHO 1IeNIbI0 TaHHOM PadOThI OBLJIO MCCIEIOBAHUE BIMSIHUS JABJIEHUS MApOB
BOJbI 1 MOHHOW CHJIBI HA MEKCIIOEBOE PACCTOSIHUE HAHOJIUCTOB OKcua rpadena. s go-
CTHKEHUS TAHHOW 11eM ObUIH MOJTY4YEeHBI INIEHKU OKCHa rpadeHa, KoTopoe OblIM 0Xapak-
TE€PU30BaHbI METOJOM MaJIOYTJIOBOM PEHTTEHOBCKOM AudpaKiueii ¢ uCIoIb30BaHUEM CHUH-
XPOTPOHHOT'O U3JIyYEHUS IPU U3MEHEHUU JaBJIEHUS apOB BOJIbI, dJIEKTPOJIUTOB U UX KOH-
LEHTpalL1H.

Oxcun rpadgena ObLT OTy4eH MOIU(DUITMPOBAHHBIM METOI0M XaMMepca MPr COOT-
HOIIICHUH Macchl rpaduTa U mepMaHraHata Kaiaus, paBHoM 1:20. [[ns momydeHus mieHOK
okcuaa rpadeHa BOAHBINA pacTBop ¢ KoHieHtpanuen 0,33 r/n 6pu1 mpoduibTpoBaH yepes
MOPUCTHIN (PUIIBTP HA OCHOBE MOIUA(DUPCYIb(POHA, TTOCIIE ITOTO MOTYUYEHHBIC TICHKH OK-
cua OBLITN YCIIEITHO OTACNICHBI ¢ TOPUCTON MOIJIOKKHU IS JATbHEHIIIETO UCCTIETI0BaHUSI.
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Mexcnoesoe pacctosHue, A KoHLeHTpaLusi, M

Puc. 1. Pe3yrbmamsi Manoy2no6oti penemeHo8ckou ougpaxyuu OJisi HaHO-
JIUCMO8 OKCUOA epaghena 8 3a8UCUMOCMU O OMHOCUMENbHOU BIANCHOCMU ().
3asucumocms MeAHcCI0€8020 pacCMOAHUSL HAHOIUCTO8 OKCUOA epaghena om pa3-
JIUYHBIX 2]IeKMPoaumos (0).

B xoz1e paGoThl ObLIO yCTAaHOBJIEHO, YTO CPEAHU JaTepabHbIN pa3Mep CUHTE3UPO-
BaHHBIX HAHOJUCTOB oKcua rpadena cocrapisger 800 uM. TonirHa MOTYyYEHHBIX MJICHOK
coctaBiseT ~20 MkM. Kpome storo, metogom POIC 6b110 onpeiesieHo COOTHOLIIEHUE yT-
Jepoja K kucjaopoay paBHo 1,7. MeTogoM ManoyrioBoi peHTT€HOBCKOM qupakiiuu ObLIO
OTpeJIeNIeH0, YTO MEKCII0eBoe paccTosiHue Bospactaer ¢ 7,7 A 1o 11,5 A (Puc.1a) npu yBe-
JUYEHUU OTHOCUTENBbHOU BiIaxkHOCTH OT 0 10 100%. YBennueHne MexcioeBoro paccTosi-
HUS OOBSACHSIETCS BBICOKOW COpOLIMOHHOW €MKOCThIO OKcujaa rpadena k Boje. Ilpu stom
HAHECEHUE Pa3IMYHBIX PACTBOPOB HA MOBEPXHOCTh JAHHBIX MJICHOK MPUBOJIUT K pazyrnops-
JIOYEHHOCTHU CTPYKTYpPbl HAHOJMCTOB M YBEJIMUYCHHUIO CPETHETO0 MEXKCIOEBOTO PACCTOSIHUS
ceeie 30 A. B To 5xe BpeMs BBeIeHHE KATHOHOB B MEXKCJIOEBOE MPOCTPAHCTBO MO3BOJISET
YMEHBIIIUTH €T0 32 CYET BOZHUKHOBEHUS DJIEKTPOCTATUYECKUX B3aUMOACHCTBUM MEXKTY OT-
pHULIATENIPHO 3apsHKEHHBIMU HAHOJMCTAMU OKcHAa rpadeHa M akBaTUPOBAHHBIMU KaTHO-
HaMU MEXy closiMu. Takke ObLIO yCTaHOBJIEHO, YTO YBEIMYEHUE HOHHOW CUJIBI TO3BOJISIET
YMEHBIITUTH MEKCIIOEBOE PACCTOSTHIE HAHOIUCTOB okcua rpadena (Puc 16), uro oObsicHs-
€TCSl YBEJIMUYEHUEM KOJIMYECTBA KATUOHOB HA OJIMH HAHOJIKCT.

Hanomuctel okcuna rpadeHa 1eMOHCTPUPYIOT U3MEHEHHE MEXKCIIOEBOTO PACCTOSHUS
B MPUCYTCTBUU TAPOB BOJIbI WJIM PA3IMYHBIX KATHOHOB IMPHU PACCMOTPEHUU TOBEACHUS
HAHOJIUCTOB B BOJHOM cpejie. DTU JIaHHBIE MO3BOJIAIOT YIYUIIUTh MOHUMAHUE TPOIECCOB
MacCOMEPEHOCca Yepe3 MEKCIOCBOE MPOCTPAHCTBO HAHOJIUCTOB Okcuna rpadena. Takum
00pa3oM BO3MOXHO KOHTPOJIMPOBATH MEKCIOEBOE PACCTOSTHUE ITyTeM U3MEHEHHSI KOHIICH-
TpaIy OINPEJCICHHBIX KaTHOHOB U COOTBETCTBEHHO MAacCOIEPEHOC Yepe3 MeMOpaHbl Ha
OCHOBE OKcujia rpad)eHa B Ipolieccax HaHO(UIbTAUKU U 00eCCOTMBaHUS.

A.A. Enucees b6nazooapum epanm PH® Ne 23-13-00195 3a ¢punancosyro noodepacky pa-
Oom no UCcied08anUI0 HAHOIUCMO8 OKCUOA paghena.
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HaHowacTuipl AMOKCHIA TUTAHA MIMPOKO MCIOJB3YIOTCS B MOBCEAHEBHBIX MPOIYK-
Tax, TPEOYIOMHUX (POTOKATAIUTUYECKUX XAPAKTEPUCTUK U3-3a UX CIIEHUPUIECKOTO COCTOS-
HUS IOBEPXHOCTU U PEAKIMOHHOM criocoOHOCTH. B mocnennue necsatuierus ObUI0 MpoBe-
JIEHO MHO’KECTBO HUCCJEI0BaHUI HaHOMaTepHuaioB Ha ocHOBe T10,. Ynpasienue (pa3oBoi
CTaOUIIBHOCTBIO JIO CHX IMOP BBI3bIBAECT OOJIBLION UHTEPEC, KaK C (yHIaMEHTAJIbHOM, TaK U
C MpakTU4ecKkol Touek 3peHus. [Ipu koMHaTHON TemmepaType U aTMOC(EPHOM J1aBJICHUU
TEPMOJIUHAMHYECKH cTaOmIbHONU Moauukaiueit TiO; sBiseTcs pyTui. AHaTa3 u OpyKUT
MOTYT OBITh KHHETUUECKU CTAOMIN3UPOBaHbl. MOHOKPHUCTAJUIMYECKUI aHaTa3 HEOOPaTUMO
IpeBpanaeTcs B pyTui mpu temneparype okosno 600 °C Ha Bo3ayXxe, OJHAKO UMEIOTCA JJaH-
HBIE U O TemmepaTypax mnepexona B auanazone 400—1200 °C uz-3a paznuuuil B METOAax
onpeaeeHusl TeMIIepaTyp Nepexo/ia, HATMYus MPUMECe U Bapualuid pa3MepoB KpUCTall-
JIUTOB.

Me3okpucTalibl MPEACTaBISIIOT COO0M YIOPSAI0UEHHBIE MAKPOCKOIIMUECKHUE COOPKHU
KpUCTAUIOrpauecK OpraHU30BAHHBIX YACTHUI] MOHOKPUCTAJUIOB, Kbl U3 KOTOPBIX
YacTO UMEET KPUTUUYECKHUE pa3MepPbl MOPsAKa HAHOMETPOB. J[aHHBIE MOPOIIKOBOW PEHTIe-
HOBCKOW NU(paKIMyu MaTepuasioB ¢ MOAOOHON CTPYKTYpO#l yKa3bIBalOT Ha 0Opa3OBaHHE
MOJIMKPUCTAJUTMYECKOTO BEIIECTBA, B TO BpeMs KaK TOYE€YHAas KapTUHA TU(PAKIIUU DJICK-
TPOHOB CBUJIETEIBCTBYET 00 OPUEHTUPOBAHHOM POCTE HAHOYACTHIL.

JIist ynpaBieHus: KpUCTALTU3AIMEH U CTAOMIN3aIlMi HAHOYACTHUI] YaCTO MCIIOJIb3Y-
IOTCSl pa3JIMYHbIE MMOJIMMEPHI, BIUAIONIME TaKKe Ha GopMy, pasMep U MOpP(HOJIOTHIO ME30-
KpucTayioB. [101006HbIE BEICOKOYTIOPSIIOUEHHBIE CTPYKTYPBl MOTYT OBITh HAWTH MPHUMEHE-
HUE B (hOTOKATAIM3E, COMHEUHBIX AJIEMEHTaX, JIUTUNH-UOHHBIX aKKyMYJISITOpax U OMOUM-
ianTax [1].

doToKaTann3 - MHOr00OEHIAIOIIUN METO/T PEIIeHUs MTPOOJIEM UCTOLIEHUS SHEPTUU U
3arpsA3HEHUS] OKPYXKAIOILIEH Cpeibl MOCPEICTBOM (POTOKATATUTUUECKOTO TPeoOpa3zoBaHus
COJIHEYHOTO CBETa B XMMUYECKYIO 3Hepruto. Kak mpaBuio, XapakTepucTUKH OJHOKOMIIO-
HEHTHBIX (POTOKATATUTUYECKUX MATEPHATIOB MOTYT OBITh YJIYYILIEHBI 32 CUET U3MEHEHUs
MOpP(OJOTUH U B3aUMHOW OpPHEHTALIMM TpaHel HaHoudacTull. Hampumep, Me30KpuCTaLIbl
TiO, MoryT pOsBIATE O0JIee CUIBHYIO (POTOAKTHBHOCTH BCIICACTBHE CBOCH BEICOKOOPHCH-
TUPOBAHHOW YHOPSIIOYEHHON CTPYKTYpbI, OOJIBIION yAEIbHON IUIOMAAU MOBEPXHOCTU C
npeobmanannem rpanei (101) u (001), yuacTByrommx B nepeHoce GoToreHepupoOBaHHBIX
AIIEKTPOHOB U JABIPOK. JIMOKCHUI TUTaHA SABISETCS OJHUM U3 HamOOJee MEepPCHEeKTHUBHBIX



doTokaTanmM3aTOPOB OIarogapsi BEICOKOW OKUCIUTEIBHO-BOCCTAHOBUTEILHON aKTUBHOCTH
U XUMHUYECKOW CTaOMIIbHOCTH, HU3KOW TOKCHYHOCTH U CTOUMOCTH [2].

[{enbto qaHHOM PaOOTHI ABJISIETCS MOTYUYECHHE BHICOKOOPUEHTUPOBAHHOTO CIIOMCTOTO
MaTepuaia Ha ocHoBe Ti0; ¢ HMCMONMB30BaHWEM HEHMOHOTCHHOTO TOJIMMEPA, OTPECIICHIE
(hOoTOKATAMUTUYECKUX CBOMCTB U TEMITEpaTyphl (pa30BOTO MEepexoa aHaTa3-pyTUil B TAKOM
Marepuare.

CunTe3 Me3okpuctamioB T10;, ObLI MPOBECH B JiBE cTanuu. Kpucraummdeckuii npe-
kypcop NH4TiOF; monyuen memiennsimM ruaponzoM (NHy),TiFs B mpucyrcTun HsBO3 u
MOJMATWICHTIIUKOIIS ¢ MosieKysipHo maccoi 400 ipu 38°C B Teuenue 20 yacoB. Ha BTO-
poil cTajauK TOJYYEHHBIH MOPOUIOK MOJABEprajics TepMuyeckod obpadotke mpu 450°C,
600°C, 800°C, 1000°C, 1200°C B Teuenue 2 4 B atMocepe Bozayxa. Metomamu PDA,
POM, ancopbuum azora, POOC, KP-ciekrpockonuu ObUIH Kcciie10BaHbl (Pa30BBIN COCTaB,
MOP(OJIOTHS U CBOMCTBA MOJYYEHHOTO MaTepuara.

B xoxe nmanHOi paboThl MoiydeHbl (POTOAKTUBHBIE OPUEHTUPOBAHHBIE ME30KPH-
CTaJUIbl TUOKCHUA TUTAHA, MMPEJICTABJICHA CTPATErusl YIyUullleHusI GTOKATATUTHYECKOTO OT-
KJIMKa CJIOMCTOT0 OPHMEHTHPOBAHHOTO KOMITO3uTa Ha ocHoBe T10,. Bece momydeHHbIE 110-
poliku sABIAOTCA (oTokatasm3aropamu. Haumbosnbuiyto poroakTuBHOCTh B Y® obnactu
IIPOAEMOHCTPHUPOBAJ 00pa3el], CHHTE3UPOBaHHBIN ¢ ucnoab3oBanuem 131" 400 mpu Tem-
nepatype 800°C. IloaTBepkaeH TeMnepaTypHbIN NIpeiesl CTaOUILHOCTH BHICOKOOPUEHTH-
POBaHHBIX HAHOYACTHUII aHATAa3a, U BIEPBbBIC OMpeieiieHa TeMIeparypa Gpa3oBoro nepexojaa
(6onee 1000°C) me30KkpuCTaNIOB JUOKCUIA TUTAHA U3 aHaTa3a B pyTui [3].

Pabota BeimonHeHa npu GuHaHcoBoM momauepxkke rpanta PH® Ne 22-29-00963.

[1] Boytsova O. V. et al. CrystEngComm. Royal Society of Chemistry 19(24) (2017) 3281-3287.
[2] Zhang J. et al. Phys. Chem. Chem. Phys. Royal Society of Chemistry 16(38) (2014) 20382—-20386.

[3] Olga Boytsova, Irina Zhukova, Artem Tatarenko, Tatiana Shatalova, Artemii Beiltiukov, Andrei
Eliseev, and Alexey Sadovnikov. Nanomaterials 12(24) (2022) 4418.
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B nocnennee Bpems Bce 00JIblIE BHUMAHUS MPUBJIEKAET HOBBIM METOJ CUHTE3a Me-
TaJUIOKCHJIHBIX KOMIIO3UTOB, OCHOBaHHBI Ha MPOLIECCE YACTUYHOI'O BOCCTAHOBJICHUS HE-
KOTOPBIX BHJIOB CJIOXKHBIX OKCHUIOB CO CTPYKTypoW mNepoBckuTa. OT HCHONB3YEMBIX B
HACTOsIIIIee BpeMs IIPOLIECCOB MOJIHOTO BOCCTAHOBJIEHUS! OKCHJIHBIX ITPEKYPCOPOB B BOJO-
poJie ¢ 00pa30BaHUEM METAIIIOB U MHAMBHIyaJIbHBIX OKCHIOB JaHHBIN MPOLIECC, OTYUnB-
mmid HazBanue redox exsolution, otnawuaercs IByMsl XapaKTepHBIMH OCOOCHHOCTSIMH: 1)
IPOAYKT YACTUYHOIO BOCCTAHOBIICHUSI COXPAHSIET OCHOBHBIE CTPYKTYPHBIE MOTHBBI KpH-
CTAJJIMYECKOMN PEIeTKH U EPBOHAYAIIbHYIO MOP(OIOTHIO YACTHUI] UICXOAHOTO COEIUHEHUS,
UCIIOJIb3YEMOT0 B KaUueCTBE MPEKypcopa; 2) Ha X MOBEPXHOCTH HabIt0JaeTcsi o0pa3oBaHue
HAHOYACTHUIL MTEPEXOJHOr0 WM OJIarOpOAHOTO METalljia, KOTOPbIA paHee MOJHOCThIO BXO-
JIUJ B COCTaB OKCHJIHOTO MTPEKypcopa.

Panee Ob1710 MOKa3aHO, YTO MPOIECCHl BOCCTAHOBIICHUS CIIOKHBIX OKCUOB KOOAIbTa
u Hukensa co crpykrypoi KoNiFs — (R,B)2(Ni,C0)04:5 (R = La, Nd, Sm, Eu; B = Sr, Ca)
ABJISIFOTCS. MHOTOCTaAUUHBIMU [ 1-3], a MPOAYKTHI X MOJTHOTO BOCCTAHOBJIEHHUS IPOSIBIISFOT
SPKO BBIPAYKEHHbIC KaTAIUTUYECKHUE CBOMCTBA. [Ipu 3TOM nMpoMeKyTOUHbIE TPOTYKThI BOC-
CTAHOBJICHUS DTUX COSJMHEHHUIN B HEKOTOPBIX CIydasiX UMEJIH SBHbIE MPU3HAKU CXOJICTBA C
ONMCAHHBIMH B JIUTEpAType MPOJAYyKTaMH CHHTE3a MeToaoM exsolution, ogxako Oosee fe-
TaJbHO TH NMPOYKTHI HE U3ydanch. B manHo# paboTe B KauecTBE 00BEKTa NCCIEAOBAHUS
OBLTH BBIOPAHBI CTPYKTYPHO CXOXKHE C TPEABIAYIIIMMHU CI0KHbIE OKCH bl cocTaBa LayNiO,
(y = 1+ 2). IIporecchl BOCCTAHOBIICHUSI HEKOTOPBIX M3 HUX JIOCTATOYHO XOPOIIIO U3yUYCHBI
C XMMUYECKOU TOYKH 3peHus [4,5], oqHako MOPGOIOTHs MPOIYKTOB BOCCTAHOBJICHUS 0
HACTOSILET0 BPEMEHHU MPAKTUYECKHU HE UCCIIE0BaNaCh.

Cunres coemunenuii LayNiO, (y = 1; 1.5; 2) npoBoauiicsi ¢ UCTIONIB30BaHUEM KPHO-
XUMHUYECKOTO MeTo/a. TepMuueckoe pasioKeHUEe COJIEBBIX MPEKYPCOPOB MPOBOJUIN Ha
BO3ayxe B TeucHue 4 yacoB nipu T =600 — 1000 °C. YcranosneHo, uro ogHodazubie LaNiOs
u La;NiO,4 o6pasyrorest mpu T = 700 °C u T =1000 °C, coorBercTBerHo. [Ipu La/Ni=1.58
NPOAYKTaX TEPMOJIN3a HAOJFOaeTCs 00pa3oBaHWE CMECH CIIOKHBIX OkcHioB LapNiOs u
LasNi3O19, cooTHOIIEHNE MEXKITy KOTOPBIMA MEHSETCS NMPU U3MEHEHUU Temmepatyphl. C
MTOMOIIIBIO PACTPOBOM JIEKTPOHHOW MUKPOCKOIIUU yCTAHOBIIEHO, YTO MOPOIIKU TOTyYEH-
HBIX COCTMHEHHI COCTOST U3 arperuPOBAHHBIX KPUCTAIUTUTOB CyOMHKPOHHOTO pa3Mepa.

AHanu3 npoueccoB BOCCTAHOBUTENBHOTO pa3ioxenus LayNiO, mpoBoauau MeToaoM
TIIB B cmecu Ar/10%H,. YcraHoBjieHO, YTO XapaKTEPHBIE TEMIIEPATYPhl OTACIbHBIX



CTaJuii MPOLIECCOB BOCCTAHOBJICHMS MCCIEAYEMbIX 00pa3lioB U UX COOTHOILICHHE MEXIY
co0oli cymiecTBEHHO 3aBHUCST OT cooTHomenus La/Ni, oqHako Bo Bcex cirydasix cOXpaHs-
€TCS ABYXCTYIIEHYATBIA XapakTep npouecca. Ha mepBoy ctaguu nporcxoauT BOCCTaHOBIIE-
nue Ni** npeumymectsenno no Ni%*. Ha BTopo#i cTanum BeCh HMKEIb BOCCTAHABIMBAETCS
1o Ni° B pe3ynbrare 4ero mpoOUCXOAUT TOJHOE PaspyLIEHUE CTPYKTYPBI ¢ 00pa3oBaHUEM
komno3uTa Ni/La,O3;. AHaIM3 MUKPOCTPYKTYPBI TPOMEKYTOUHBIX M KOHEYHBIX MTPOTyKTOB
paznoxenus LayNiO, noka3zai, 4TO OHU COCTOSIT U3 INIOTHBIX OKCUIHBIX KPUCTAJNIUTOB, HA
MOBEPXHOCTU KOTOPBIX B 000MX CIIydasiX HAOIIOAAI0TCS YaCTUIIBI HAHOMETPOBOTO pa3Mepa,
N0-BUAMMOMY, OTHOCSALIMECS K METAUIMYECKOMY HUKEIIIO.

JInsl OLEHKHM KaTaJUTHYECKUX CBOWCTB MPOAYKTOB BoccTaHoBieHus LayNiO, o6-
pasiel TecTrpoBaiin B peakiun Cabdarse npu T = 250-340 °C. YcraHOBIEHO, YTO BCE MOJTY-
YEHHBIE KOMITO3UTHI MOTYT BBICTYIIaTh B KaueCTBE KaTajanu3aTopoB peaknuu Cabartbe, Ipu
ATOM IMPOAYKTHI YaCTUYHOTO BOCCTAHOBJICHHMS TTOKA3bIBAJIM CYIIIECTBEHHO OOJIBIITNE 3HAYE-
HUS CKOPOCTH KOHBEPCHH U CEJICKTUBHOCTH IO METaHY IO CPAaBHEHHIO C TIPOYKTAMH ITOJI-
HOTO BoccTaHOBJeHUs. Habmroanocs Takke o0pa3oBaHUE CIIEIOBBIX KOJTUYECTB JIETKUX YT-
1eBo0po10B (Cp+), B TOM YHCIIE HEMPEACIbHBIX, TAKUX KaK dTUJICH U TIPOITUJICH, HO CEJICK-
TUBHOCTb UX 00pa30BaHUs OCTaBajJach KpaliHEe HU3ZKOM.

Pabora BeimonHeHa mpu noaaepskke rpanta PHO Ne 22-23-00460.

[1] O.A. Shlyakhtin, G.M. Timofeev, S.A. Malyshev, A.S. Loktev, G.N. Mazo, T.B. Shatalova, V.
Arkhipova, 1.V. Roslyakov, A.G. Dedov. Catalysts 13(6) (2023) 966 (1-12).

[2] S.A. Malyshev, O.A. Shlyakhtin, A.S. Loktev, G.N. Mazo, G.M. Timofeev, |.E. Mukhin, I.Yu. Kaplin,
R.D. Svetogorov, R.G. Valeev, A.G. Dedov. Journal of Solid State Chemistry 312 (2022) 123267 (1-9).

[3] S.A. Malyshev, O.A. Shlyakhtin, A.S. Loktev, G.N. Mazo, G.M. Timofeev, I.E. Mukhin, R.D. Sveto-
gorov, I.V. Roslyakov, A.G. Dedov. Materials 15(20) (2022) 7265 (1-11).

[4] C. Brisi, M. Vallino, F. Abbattista. Journal of the Less Common Metals 79(2) (1981) 215-219.
[5] Z. Zhang, M. Greenblatt, J.B. Goodenough. Journal of Solid State Chemistry 108(2) (1994) 402-4009.
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AHonHbIN okcu amomMuHus (AOA) — HaHOMaTepuall, MOTy4yaeMblid MyTEM JIEKTPO-
XUMHUYECKOTO OKHCJICHUS amtoMuHus. Ha ero ocHoBe MOXHO Mmoiaydarh (POTOHHBIE KPH-
ctauibl (OK) ¢ ogHOM Uitn MHOXKECTBEHHBIMU (POTOHHBIMU 3amnpeiiéHHbIMU 30HaMu (D33)
— 00JIaCTBIO SHEPTUI, B KOTOPOU CBET MPAKTHUUECKH MOJTHOCTHIO OTPAXKAETCS OT MOBEPXHO-
ctu @K, a He pacnipocTpansierca BHyTpu Hero. OnHomepusiid @K xapakrepuzyercs nepuo-
JUYECKUM U3MEHEHUEM T10Ka3aTelIsd MPEJIOMIICHUS TOJIBKO B OJJHOM HamnpasiieHu. Jlydiuve
XapakTepucTuku ogHOoMepHbIX PK ObUIM MOTyUYEHBbI IPU AHOJUPOBAHUHM BBICOKOYHCTOTO
amomunusa B 2 M H»SO4 ¢ ucnions30BaHreM CHHYCOUIABHON 3aBUCUMOCTH HAIPSKEHUS
ot jmuHbl ontndeckoro mytu U(L) [1]. duig manmpHeiinero yiaydmeHus GyHKIIMOHATBHBIX
cBoiicTB OK 1 ycroKHEHUS UX CTPYKTYPbl HEOOXOUMO YBEIUYUTH JIOMTYCTUMYIO JIJIsl CUH-
te3a Tonuuuy OK. Ognako pactBopenre AOA B 3JEKTPOJIUTE aHOAUPOBAHUS HE MO3BO-
JISI€T YBEJIMYUTH TOJIIIMHY JIUIIb 3a CYET YBEJIWUYEHUS MPOJOJDKUTEIHLHOCTH CUHTE3a WU
3apsja aHoAMpoBaHuA. B mpolecce aHOAMPOBAHMS BEPXHSISl 4acTh OKCUAA PAacTBOpSETCA
3HAYUTEJIBHO JI0JIbILIE U CUJIbHEE, YeM HIDKHSIS. Uepes onpenenéHHoe BpeMs BEpXHUE CIOU
AOA, kotopble ObLT CHOPMHUPOBAHBI IEPBBIMU, TTOJIHOCTHIO PACTBOPSIFOTCS, @ 001Iast TOJ-
IIMHA [UIEHKU MEepecTaéT yBeanunuBaThCcsl. COOTBETCTBEHHO, JIJISl YBEJIMUYECHUS JOYCTUMOM
TOJIIIIMHBI HEOOXOIMMO 3aMeITUTh pacTBopeHne AOA, 4TO MOXHO clienaTh, yBenanuuB pH
pacTtBopa, Harpumep, ucnoiabiyst 2 M NaHSO, (pH = 5,65).

[{enpro maHHOW pabOTHI SBIISCTCS MOMy4YeHHE (POTOHHBIX KPHUCTAJLIOB C 3apaHee 3a-
nanHbIM mosiokeHrueM ®33 meromom U(L) B BogroM pactBope NaHSO,.

Anoauposanue Al ipoBogumu B 2 M NaHSO,4 nipu temniepatype 20°C. B xoxae pa-
00ThI ObUTK NOTyUYeHbI IIEHKU AOA TIpH pa3aTuYHbIX MOCTOSHHBIX HANPSXKEHUSIX aHOIUPO-
BaHUS U BPEMEHAX BBIJEPKKHU B AJIEKTPOJUTE MOCe aHOAupoBaHus. Vcrnonb3yst CeKTphbl
OTpPa)KEHUs U MPOITyCKaHMs ObUIa MOJTyYeHa 3aBUCUMOCTh 3P(EKTUBHOTO MOoKa3aTess mpe-
JIOMJIEHUS OT cpeAiHero Bpemenu TpaBieHust AOA B anektposure (puc. 1, a), HaiiieH noxa-
3aTeNb MPETOMIIEHUS CTEHOK 1op Ny = 1,635, a Takke 3aBUCHUMOCTbh CKOPOCTH PACTBOPEHUS
cteHOK AOA 0T HanpsbKeHUsI aHOUpoBaHus ([V] = HM/MUH):

v =0,00126U + 0,00889. (1)

HeiictButenbHo, ckopocTh pactBopeHust AOA B 2 M NaHSO,4 npu 20°C mensblie, uem B 2
M H,SO, nipu 20°C (v = 0,04068 am/muH npu 15B) [2].



[TosrydeHHbIe MaHHBIE OBLTA UCTIOIB30BaHBI T peanu3anuu Metonaa U(L) ais moiy-

yeHus: ofHOMepHBIX DK npu nepuonyeckoM U3MEHEHUU HAPsHKEHMS B Auana3oHe ot 15
1o 20 B:

U(L) =17.5 +25-sin (5= —72), )
0

rae Ag — 3amanHoe nojoxenue O33.
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Puc. 1. Onmuueckue ceoticmea nnénok AOA. a) 3asucumocmsv 3¢hghexkmusroco noka-
3amensi NPeloMIeHUs: OM 8peMeHU MpaesieHus 015 NIEHOK, NOJYYEHHbIX NPU NOCMOSHHbBIX
HanpsiceHusx anoouposanus. 6) Cnekmpuol nponyckanus cunmesuposanusvix OK. 30ecw Ao
=450 (cunuur), 700 (kpacusiit) u 900 Hm (uépHblli), COOMBEMCMBEHHO.

Jist cuate3upoBanHbix @K Obutn HalieHs! nmonoxkenus P33 (puc. 1, 6), Tonmuna
cpenanii 3GGEKTHBHBIA TTOKa3aTeb MPEIOMIICHUS. DKCIIEPUMEHTAIBHO MMOJTyYEHHBIC 3Ha-
yeHust @33 oTM4arOTCA OT 3aJaHHbIX He Oojiee ueM Ha 2%, a BBIYUCIIEHHAS U3 CIIEKTPOB

MPOITYCKAHMS TOJIIMHA IIEHOK OTIMYAETCS OT COOTBETCTBYIOIIMX 3HAYCHHUM IO JTaHHBIM
POM ne 6oinee uem Ha 2,5%.

Pabora BeimoHeHa B pamkax paboT mo teme NeAAAA-A21-121011590088-4 roczamanus.

[1] Kushnir S.E., Pchelyakova T.Yu., Napolskii K.S. J. Mater. Chem. C. 6(45) (2018) 12192—-12199.
[2] Sadykov A.l. et al. Russ. J. Inorg. Chem. 66(2) (2021) 258-265.
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biarogapsi cBoMM yHHKaJIbHBIM MAarHUTHBIM CBOMCTBaM, MaTepualbl CO CTPYKTYpOi
dbepput-rpaHaToB, ABIgrONIMecs (eppUMarHeTUKaMu, IMIUPOKO MPUMEHSIOTCS B YCTPOM-
ctBax CBY 351eKTpOHUKH, B MATHUTOONITUYECKUX YCTPOMCTBAX, a TAK)KE B CBEPXOBICTPO-
JEUCTBYIOIIUX YCTPOIMCTBAX 3aMucH U 00paboTku nHpopManuu. OCOOEHHOCTSIMU IPAHATOB
Ha OCHOBE (DepPPUTOB SIBIISIOTCS: MHOTOTIOIPEIIETOYHAS! MAaTHUTHAS CTPYKTYpa, 3HAUUTEIIb-
HbIE BO3MOXXHOCTH BapbUPOBAHUS JIEMEHTHOTO COCTaBa M, Kak CJIEACTBUE, pa3HOOOpa3ue
UX MarHUTHBIX CBOMCTB.

B nannoii pabote ObUIH MOTy4eHbI TOHKHE TUIeHKH LUsFes012 MeTo10M XUMHYECKOTO
OCaXJCHUS U3 Ta30BOU (pa3bl C UCIOJIB30BAHUEM METAJTIOOPTaHUYECKUX JIETYUUX MPEKyP-
copoB (MOCVD), Obun BiccTieOBaHbI COCTaB U CTPYKTYP MOJYYCHHBIX TUICHOK, a TaKXkKe
U3MEPEHbI CIEKTPhl (eppoMarHuTHOro pesonanca (PMP). B kauecTBe mpekypcopoB Hc-
M0JIb30BAJIMCH IPOU3BOAHBIC 2,2,6,6-TeTpameTiuirentanauona (Hthd). B kauecTBe moo-
KEK HMCIOJb30BATMCh MOHOKpHCTAUTMYecKne opueHTupoBanHbie Gd3Gas0i2(111),
Gds;Gas012 (210), Y3AIs012(111), Y3AIsO012 (100), Nd3GasO12(111). DneMeHTHBINH cocTaB
ONPEAEIISIICS METOJIOM PEHTIEHOCIIEKTPAIIbHOTO MUKpoaHanu3a. ®a3oBbiii cOCTaB KOHTPO-
JMPOBAJICS PEHTICHOBCKOM Audpakiimenn. MeTo1oM aTOMHO-CHIIOBONH MUKPOCKOITUU OTpe-
neneHa MopQoJIOTUs U CPEeTHEKBAAPATUYHAS IIEPOXOBATOCTH MOBEPXHOCTH CHHTE3UPOBAH-
HBIX TUIEHOK. TOJIIMHA IUIEHOK OMPEAEIIIaCh METOJIOM CKaHUPYIOLIEH 3JIEKTPOHHON MHUK-
pockonuu. U3mepenus cnektpoB @MP npoBoauanch BEKTOPHBIM aHAIU3ATOPOM LIETIEN
(BAL) (meron BAI-OMP). beimu u3mepeHsl NeHCTBUTENbHBIE U MHUMBIE yacTu S21 ma-
paMeTpoB, XapakTepusyomue crnekTpol noriaomenus @MP Ha gactorax 1 —20 I'T'u npu
BHEIIHUX MarHUTHBIX nossix 0 — 5000 O.

[To naHHBIM PEHTTeHOBCKOM AU(PAKIIMK Ha BCEX MOJIOKKAX MOTYyUYECHBI SITUTAKCHU-
anbHbIe TIeHKU LUsFesO1,. U3mepenuss ®MP na Tonkux mienkax LusFesOi, Ha moaoxke
Gds3GasO12(111) (puc. 1) mokazanu, uro ®MP HabmogaeTess B quana3zoHe 4actor 3 — 15
['Tu, mupuHa TMHUKM TIOTJOIIEeHUs pe3oHaHca cocTaniseT 250 = 10 D u nabmomaercs au-
HelHas 3aBUCUMOCTb PE30HAHCHOTO TMOJISl OT YaCTOTHI.
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Puc. 1. Cpasnenue 3asucumocmeii pe30HaAHCHbIX YACOM OM 6HEUHE20 MACHUMHO20
noas naenok LUsFesO1z na noonosckax GdsGasOi, pasnuunot opuenmayuu. Ha écmaske
nokazauwl cnekmpol PMP na yvacmome 9 ['Ty.

Jliist uctionb3oBanust peppuT-rpaHatoB B npmwioxkeHussx CBY TexHuku, He00X01umMo
MIPOBECTH Pl pabOT MO YIYUIICHUIO XapaKTePUCTUK MaTEPUATIOB, TAKUX KaK YPOBEHb MO-
TJIOLIEHUS], HAMAarHUYEHHOCTh M IIMPUHA PE30HAHCHOU TUHUU. OTAEIBHON YacThIO JaHHON
paboTHI SBISIIOCH YMEHbIIIeHUE UpUHbI JInHun @MP, kak ocHOBHOTO TTapameTpa JjIs uc-
nosib3oBanusi B CBU-TexHuke Ha ruieHkax gpepput-rpanara motenus. U3BectHo [1], uro Ha
mpuny OGMP cymiectBeHHO BiusieT 1e(pEKTHOCTH MIICHKH, TOITOMY OBLITU MPEATPUHSTHI
MOTIBITKY €€ YMEHBIIIEHUS B IieHKax LusFesOq, mpu momoru:

1) [ONOJHUTENBHBIX OTKHUIOB, AKTHUBU3MpYIOWMX AUPPYy3u0 B Marepuaie
(1100 — 1200°C, 2 — 4 4, Ha BO3yXE);

2) BapbHUpPOBaHHUSI PACcCOTIACOBAHMS TTapaMeTPOB MEKIY TUICHKON (peppuT-rpaHara u
OJIOKKOMU.

IToka3aHo, 4TO Ha WHUPUHY JUHUU TTorIoMEeHUs OPMP 1OMOTHUTENBHBIE OTKUTH HE
BJIMSIIOT, YTO YKa3bIBae€T Ha paBHOBECHOCTh Moiy4yeHHbIX Ha 3Tanie MOCVD nnenok ¢ep-
put-rpaHaTta. BinsiHue matepuana noayIoKKH OKa3aloCch 3HAYUTENIBHBIM: C POCTOM Pacco-
IJIAaCOBAaHUSL TMApPaMETPOB MEXKIAY MOJYYAEMOU IUIEHKOM W TIOJUIOKKOW B  PIAy
Gd3Gas012(111) — Nd3Gas012(111) — Y3AI5012(111) mporuCXOaUT YMEHBIIICHHE HHTEHCHB-
HOCTH U yupenrue @®MP, uTo cBsizaHO ¢ BO3pacTaHuEM 1€(PEKTHOCTH MOTy4aeMOM rpaHat-
HOM TIeHKU. KpoMe Toro, mokasaHo, 4TO Ha WUpUHY JuHUU TioriomeHus OMP cyie-
CTBEHHO BJIMSECT OPUEHTALMS IOMJIOKKH: TOHKHE IUIEHKH, MOJYYEHHBbIE Ha TMOJJIOXKKE
Gd3Gas012(210), umerot mmpury PMP = 166 + 7 D (puc. 1), 4To CBA3aHO C HATMYUEM OCH
JIETKOTO HAMAarHWYMBAaHUS B CTPYKType IpaHaTa, BIAOJIb KOTOPOW MArHUTHBIE CBOMCTBA
CUJIBHEE IIPOSIBIISIIOTCS.

[1] ®eppomarauTHbIil pe30HAaHC U OBEACHHE (DEPPOMArHETHKOB B IEPEMEHHBIX MArHUTHBIX mosx. C6.,
nep. ¢ aven., M., (1952).



IHonyyenue (pOTOHHBIX KPUCTAJNIOB HA OCHOBE AHOAHOI'0 OKCHU/IA
TUTAHA C 32JaHHBIM CIIEKTPAJbHBIM I10JI0:KeHHeM (POTOHHOH 3a-
NPeIéHHOU 30HbI

Yepenanosa FO.M.!, Canonerosa H.A.Y, Kymmnup C.E.» 2, Pocnsixos U.B.%, Hamosns-
ckuii K.C.1?

Y Xumuueckuii paxynomem MI'Y umenu M.B.Jlomonocosa, 119991, Mocksa, Poccus,
2 @axynomem nayx o mamepuanax MI'Y umenu M.B.Jlomonocosa, 119991, Mocksa,
Poccusa

iuliia.cherepanova@chemistry.msu.ru

®otonnbie kpuctaiibl (OK) — Marepualbl, CTpyKTypa KOTOPBIX XapaKTEepU3yeTCs
NEPUOANYECKUM H3MEHEHUEM Kod((dulMeHTa MpenoMiIeHHs Ha Maciitadax, COOCTaBU-
MBIX C JUIMHOH BOJIHBI cBeTa. OHa U3 OCHOBHBIX XapakTepucTuk OK — nonoxenue GpoTon-
HOM 3anpenménnoii 30Hb1 (P33). @33 — 3TO ONTUUECKUI JUATIA30H CIIEKTPa, B KOTOPOM CBET
He npoxoaut uepe3 DK, a orpaxkaercs ot ero nosepxHocti. @K Ha OCHOBE THOKCHIA TH-
TaHa MEPCIEKTUBHBI JIs1 IPUMEHEHUs B ONTHUKE, CEHCOpUKe U (poTokaTtanuze. OgHUM U3
IIEPCIEKTUBHBIX METOAOB ITOJYyUYEHUs TAKUX CTPYKTYpP SBJISETCS aHOAUPOBAHUE TUTAHA C
UCIIOJIb30BaHUEM TNepuogudeckoro npoduns HanpsokeHus (U) oT JIMHBI ONTHUYECKOTO
nytu L [1]. Lensio qaHHO# paboThI siBIIsieTCs peanu3aius merofa U(L) s IoaydeHus ce-
puu OK Ha ocHoBe aHoaHOTO OKcuia TutaHa (AOT) ¢ 3aaHHBIM CIIEKTPaIbHBIM MOJIOXKE-
HueM Makcumyma D33, xapakTepHu3yHOUIErocs BBICOKMMHU 3HAYECHHUSIMH KO3(PPULIMEHTa
T0OpOTHOCTHU (OTHOIIEHHE MOJI0KEHN MaKCUMYyMa K €ro IIMPUHE Ha MOJOBUHE BHICOTHI) U
WHTEHCUBHOCTH OTPAKECHUS.

Jns yenemrHo peanuzanun Metoga U(L) HeoOxoaumo 3HATh 3aBUCUMOCTD P Qek-
TUBHOTO TIOKa3aTels mpesoMieHus (Nerr) ciiost AOT oT mponyeHHON TIIOTHOCTH 3JEKTPH-
YECKOTo 3apsijia Mocie 3aBepiieHus ero gopmupoBanus ((e). JaHHbie mapaMeTpsl ObLIH
oTpeziesieHbl B Pe3yJIbTaTe CEPUU SKCIIEPUMEHTOB I10 MOJyUYEeHUI0 (OTOHHO-KPUCTAIITNYE-
ckux rerepoctpykryp (OKI') anogupoBaHueM TUTaHA C UCIOIb30BAHUEM MPSIMOYTOJIBHO-
BOJIHOBOTO MPOGMIIS HAMIPSHKEHUS OT 3JIEKTPUUECKOro 3apsaa. AHOAUPOBAHUE MPOBOIMIH
npu 30°C B 37eKTPOJIUTE HA OCHOBE ATUIICHTIUKOS, coaepxaiiem 0,09 M NH4F, 0,09 M
CH3COONH4 u 1,2 M H20. Bepxuee (Us) u nmxnee (Uy,) HanpsikeHuss aHOAMPOBAHUS
obu 70 m 50 B, cootBercTBeHHO. I[lepekitoueHne HampsiKeHUs TPOUCXOIUIIO KaXK/Ible
0,175 K, 0,23 K unu 0,29 Ki B 3aBUCUMOCTH OT 3Tana aHOAUPOBAHUS, Ha KaXJIOM dTarle
npoBoauin 20 nepeximoueHuil HanpsokeHud. [locne 3aBepmenust cunte3a OKI' B Tom ke
AJIEKTPOJIUTE MPOBOJIUIIU TPABIEHUE MPU TOCTOSSHHOM HanpsikeHnuud 60 B. Bpems tpasie-
HuUs cocTaisio ot 0 10 60 MunyT. M3 cieKTpoB OTpaykeHust ObUTH ONPEEIICHBI OJI0XKEHUS
®33 ns kaxgoro @K suytpu OKI'. [Tepron ®K onpenensiau u3 JaHHBIX PaCTPOBOM AJIEK-
TPOHHOM MHKpOcKonuH. [lodyyeHHbIe 3aBUCUMOCTH KO3 UIeHTa A, BHIPA)KEHHOTO U3
ypaBHeHus nucriepcuu Ko mist s gextrBHOTO IoKazarens npenomineHus (Netr) [2], Ob1m
anmpOKCUMUPOBAHBI (PyHKIIUEH:

A(Qe U) =1+ gy - e7kute, (16)



e gso = 0,948 + 0,030 u kso = 0,03713 £ 0,0024 cm*Kn! mis U, = 50 B,
g70 = 0,927 + 0,035, k7o = 0,0470 + 0,0033 cm? K ! a1 U= 70 B.

Metogom U(L) ¢ mpuMeHeHUEM SKCIIEPUMEHTATLHOW 3aBUCHMOCTH A(Qe) B YCJIO-
BUSIX, ONTMCAHHBIX BhINIE, ObuTa momydeHa cepus OK ¢ 3aganuabivu ostoxxeHusimu 33 Ha
400, 600, 800, 1000, 1250 1 1500 HM 1 pONTYIIEHHOM MJIOTHOCTHIO JIEKTPUUYECKOTO 3apsia
B quanasoHe ot 29,08 1o 29,32 Ki/cm?, a Takke pasanuHBIM YUCIOM IepuoaoB. CHEKTphI
OTpaXCHUS MPHUBEJEHBI Ha pUCYHKE 1. OTKIOHEHHUE MOJIOKEHUS MAKCUMYMOB OTPaKCHHS
®33 ot 3a1aHHOTO 3HAaYeHMS He npeBbiaet 10%.
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Puc. 1. Cnexmpur ompasicenus @K AOT ¢ paznuunviv cneKmpaibHbiM NOJ0HCEHUEM
D33, oboznauenuvim (8 HM) HAO maxcumymamu D33.

Pabora BeimoHeHa ipu (prHaHCOBOM Moaaepkke rpanta PH® No 22-23-20193.

[1] G.A. Ermolaev, et al. Nanomaterials 9 (2019) 651.
[2] J. Singh. Optical properties of condensed matter and applications. John Wiley & Sons (2006).
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B nonynpoBOIHHUKOBBIX T'a30BBIX CEHCOpaX KaueCTBE YYBCTBUTEJIBHOIO Marepuaia
UCIIOB3YIOTCSI OKCUBI METAJIOB. OHUM M3 MOIMYJISIPHBIX MAaTEPUAJIOB JJIsl TAKUX CEHCO-
POB SIBJIIETCSl AUOKCHUJ] OJI0Ba, KOTOPHIMA, HECMOTPS HAa JOCTYIHOCTh M MPOCTOTY CUHTE3a,
MMEET Pl HEAOCTATKOB. YCTPaHEHUE HEAOCTATKOB MaTepHUaioB Ha OCHOBE SnO; OCyIIECTB-
JSI€TCS 32 CYET XMMHUYECKON MOoIu(UKaIMKM MaTephaia KaTaluTHYECKUMHU OoKcujamu. B
JAHHOU paboTe PaCCMOTPEHO BIMSHUE HA CEHCOPHBIE CBOMCTBA MaTepuaia MOAU(PUKALUN
JMOKCHUJIA 0JIOBA OKCUIAMU MapraHua.

Marepuainsl SnO,/MnOy ¢ aTOMHBIM cofiepkaHreM mapranna [Mn]/[Mn+Sn]: 0; 0.1;
0.25; 0.5; 1.0 u 1.5 at. % mosy4eHbl METOJIOM MPONUTKU okcuza ojosa (IV) cnupToBbIM
pactBopoM anetunaneronara mapranma (1) ¢ mocnemyromum OTKUTOM Ha BO3IyXe MPHU
600°C. Ilo naHHBIM paMaHOBCKOW CIEKTPOCKOIMUU U PEHTICHOBCKON AUGPAKIUU C BHYT-
pennuM craraaptoM (Ge) MOKHO CyIUTh 00 00pa30BaHUM OJHOM KPUCTATUTMUECKOHN (ha3bl
— TeTparoHaiibHoro SnO; u TBepaoro pactsopa SnO,-MnOy Ha ocHOBE SnO;. ITO MOKET
OBITH CBSI3aHHO C 3aMELIEHUEM B OKTadnpuyeckoi nmo3uuuu Sn(I'V) Ha BBICOKOCITMHOBBIN
Mn(III), koTOpBI UMEET HECKOIBLKO MEHbIINM B cpaBHeHUH co Sn(IV) noHHbIN paauyc.

CornacHo JaHHBIM PEHTIeHO(MITYOPECIIEHTHOIO aHaIl3a C MOJHBIM BHEIIHUM OTpa-
xeHueM cycrnensuil MarepranoB SnO; u SnO,/MnOy, MOKHO OTMETUTH, YTO COJEPIKAHHE
MapraHiia HECKOJIbKO HUKE 33JIaHHOTO MPU MPUTOTOBIIEHNH, YTO MOYKHO CBS3aTh C 0COOEH-
HOCTSIMU MeToAa Monudukanuu. KaprupoBanue Marepuana ¢ arTOMHBIM COAEPKaHUEM Map-
rania [Mn]/[Mn+Sn] = 1.5 ar. % MeTonOM SHEProAUCIEPCUOHHON PEHTTEHOBCKOM CIIEK-
Tpockonuu npu yBennueHun 1000 xpaT mokaszano, 4YTO pacHpenesieHUe MapraHiia OJIHO-
POIHO.

CeHcopHbIe CBOICTBA MaTepUajoB U3ydajH MO OTHOIIEHUIO K OEH30JTy B PEXKUME U3-
MEHEHUS TEMIEPATyPhl U [IUKIMYECKOM U3MEHEHUH COCTaBa ra3oBoil (a3bl. Benmnunny cen-
COpPHOTO CUTHAJIa paCCUUTHIBAIIN IO (popmyIe:

R = @ (1),
ra3

r1e Rguosn — COMPOTHUBIICHHE MaTepualia Ha BO3AyXe, Rr;; — COMpOTHBIICEHHE MaTepualia B
cpezie IeTEeKTUPYEMOro rasa.

IIpn paccMoTpeHMN TEMIIEPATyPHOU 3aBUCUMOCTH, XapaKTep KPUBOM I MapraHel-
COJEpIKAILMX MAaT€pUaIoB OTIMYAETCSA OT MOJYYEHHOW JJI1 YUCTOrO JUOKCHIA OJI0OBA MpU
temrieparypax Bbiiie 230 °C, npu NOHHKEHHOHN TeMIepaType BEIMYUHBI CUTHAJIOB PAKTH-
Yyecku He pazinuumsbl (puc.l, (a)). CencopHblii curdan st MarepuanoB ¢ Hu3kum (0.1, 0.25
u 0.5 at.%) conepkaHueM Maprasiia UMeIoT B CpeJHEM OoJIbIliee 3HaYEHUE, YEM MaTepHaIbl
¢ BbicokuM (1.0 m 1.5) comepkanueM MmapraHua. 3aBUCHUMOCTb BEJIMYMHBI CUTHAJIA OT



KOHLIEHTpaluu OeH30j1a MPaKTUYECKH JIMHEHHA B nuana3zone 0.25 — 2 M.1., mpuyeM 1o 3Ha-
yeHuro curHaia Marepuaisl SnO>/MnOy npeBocxonat HemoaupuipoBaHHsii SnO,, a Ma-
tepualibl ¢ HU3KkUM (0.1 1 0.25 at.%) comeprkaHrem Maprasiia OKa3bIBalOTCS IO CEHCOPHBIM
XapaKTepUCTUKaM Jiyuie MateprasioB ¢ BeIcOkuM (0.5, 1.0 u 1.5 ar.%) conepxanuem map-

ranma. (puc. 1, (0)).
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Puc. 1. (a) 3asucumocmo senuuunvi cuenana no omuouenuio k 2 m.0. CsHgs om mem-
nepamypuol cencopa, (6) 3asucumocms GeUUUHBL CEHCOPHO2O CUSHANLA OM KOHYEeHMpayuu
CsHs npu usmenenuu konyenmpayuu om 2 m.o. k 0,1 m.o.

Takum oOpazom, MOTUPHUITIPOBAHUE OKCUAAMH MapraHIia MPUBOAUT K YIyUIICHUIO
CEHCOPHOI0 OTKJIMKAa JMOKCHJA OJIOBAa IO OTHOIIEHUIO K OEH30Jy MpU TeMmIeparypax
320 — 410°C B quana3zoHe KoHIeHTparui 6enzona 0.1 — 2 M.JI. B CyXOM BO3IyXe.

Pabora Brinonnena npu ¢puHancoBoit nogaepxke rpanta PH® No 21-13-00111.



KaranuTnyeckne CBOMCTBA HAHO3UMOB «MCKRYCCTBCHHaA NMECPOK-
CHaa3a»: HA IIYTH K TEPAIINHA HOBOI'O NOKOJICHUA

IIneiinepman A.A.L, Komxosa M.A .2, Kapsikun A.A .2

L Xumuueckuil gaxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus,
2 @axynemem nayk o mamepuanax MI'Y umenu M.B. Jlomonocoea, 119991, Mockea, Poc-
cus

aleshneiderman@agmail.com

HaHo3umbl — HEOpraHnueckre HaHOYACTHUIlhI, 00Janaromme GepMEeHTHON aKTUBHO-
CTBIO, — CErOJIHA HAXOJST MPUMEHEHHE HE TOJbKO B OMOTEXHOJOTHH, HO U B MEJUIIMHE.
Mumetuku epMeHTa NepOKCHIa3bl, KATATU3UPYIOIIETO PEAKIINI0 BOCCTAHOBIICHUS TIEPOK-
cujia BOJIOpoa, CIOCOOHBI OKa3bIBaTh MPOTUBOBOCTIAIUTEILHBIN 23D (PEKT, CHUKASL yPOBEHb
akTUBHBIX (popM kuciopoaa (ADK) B kieTkax u TkaHsx. bojee Toro, B oTinuue ot dep-
MEHTa, HAHO3UMBI OCTAIOTCS CTA0OUJIbHBI, HE TEPSIs KAaTAIUTUUECKUX CBOMCTB, J1a’Ke B arpec-
cuBHOM cpene n3oniTka ADK.

BrICOKYyI0 KaTalTUTHYECKYI0 aKTUBHOCTh B CPAaBHEHUHU C JIPYTUMHU HAHO3MUMaMU Jie-
MOHCTPUPYIOT HAHOYACTHUIIBI Ha OCHOBe OepiuHckoi nazypu (bJI), cuHTe3npoBaHHBIE B
XOJIe peaKIny aKTUBAIIMKU Mepokcuaa Bogoposa [1]. [TokasaHo, 4To MepoKCHIa3HAsT aKTHB-
HocTh HaHouactuil BJI mo 100 pa3 Beimie, yem st HaHOo3uMOB CeO; u Mn3O,, npumense-
MbIX s mogaBiaeHus ADPK B tkansx. Urto, BeposTHO, 00yCIOBICHO, C OJHOM CTOPOHHI,
KOOp/IMHAIIUEH jKelle3a, O00HO0M reMy ePOKCHAA3bl, C IPYTroil — 10CTATOYHOM SJIEKTPOH-
HOM IPOBOJAMMOCTBIO MaTepHaia B BOOHBIX Cpeaax.

C ucnonp30BaHUEM MOAXOA0B CTAllMOHAPHON (PEPMEHTATUBHOM KMHETUKH OMpEse-
JICHBI 3HAYCHUSI KAKYIIEWCST KOHCTAHTBI CKOPOCTH peakiuu (K**) BocCTaHOBJICHUS TEPOK-
CU/ia BOJIOpOJA sl CyOCTpaTOB C pa3HbIMU PEIOKC MOTEHIMANaMU (0T KEATON KPOBSHOM
comu 110 3,3°,5,5 -rerpamerunoensuanna, E® (Sox/Sred) = 0.21 1 0.50 B cOOTBETCTBEHHO).
[Tokazano, uto K** 1 sHEpruM aKTUBAIIUY KaTAIN3UPYEMOW HAHO3UMAMU PEAKIIH, PACCUU-
TaHHBIE COTJIACHO YPABHEHUIO AppEeHMYyCa, 3aBUCAT OT MOTEHIIMANIa CyOCTpara: YeM HUXKe
NOTEHIMaJ cyOCTparta, TEM BbIlIE KaTaIUTHUYECKas aKTUBHOCTh HAaHO3UMa B peakuuu. [Ipu
ATOM MOJYYEHHbIE 3HAYEHUS SHEPTUH AKTUBALIMM 3HAYUTEIIbHO HUXKE, YEM JIJIsl U3BECTHBIX
B JIUTEpAType HAHO3UMOB, B CPABHEHUH C Hanbosee n3y4eHHbIMU HaHO3uMaMu Fe304 — 1o
S pa3 HUXKe.

[ToMumo 3TOTO, HCClIEIOBaHA KUHETUKA PEAKIIUK BOCCTAHOBJICHUS MTEPOKCHIA BOJIO-
poja Mpu KaTajausze HaHo3uMaMu pa3Horo pasMepa oT 30 go 360 um. ITokazaHo, 4TO 3aBU-
CUMOCTh K** 0T pa3Mepa HaHOYACTHUIIBI JINHEAPU3YETCs B OMIOrapu(pMHUCCKUX KOOPAUHA-
Tax ¢ TAHTEHCOM yTJia HAaKJIOHA OJM3KUM K 3. ITO yKa3bIBaeT HA BOBJICUCHHUE B KATAIUTH-
YECKYIO0 PEaKIIUI0 aKTUBHBIX IIEHTPOB KaK Ha MOBEPXHOCTU, TaK M B 00bEME HAaHOYACTHII.
Tak, ast HaHO3UMOB JraMeTpoM okoito 300 HM mory4eHHbIe 3HaueHus K Ha 3-4 mopsiaka
BEJIMYMHBI TPEBOCXOAT TAKOBYIO JUIsl PEPMEHTOB MEPOKCUIA3.

bnarogaps cBoei BBICOKOM KaTAIIMTUYECKOW aKTUBHOCTH M HU3KOM IUTOTOKCUYHO-
CcTU HaHOo4YacTUILILI Ha ocHOBe BJI 00aaarot OonpmnM nmoreHmaiom aid noaasieaus ADK.



Tax, Oblia mpoBezeHa HKyOanus kietok Makpodaro RAW 264.7 B Teuenue 3 4acoB B
IIATATEJILHOU Cpelie, COAEPIKAILEN HAaHO3UMBI. METOI0M ITPOTOYHOM IUTOMETPHUH C IETEK-
el (hyopecIieHITny TToKa3aHo, 9To yxke 10 Mkr/mi HaHo3uMOB Ha ocHoBe bJI mo3Bosser
Ha 65% cHusuth conepxkanue ADK B kierkax. [Ipu aTom Habmonaemblil 3¢ ekt ycunupa-
eTcs ¢ yBennueHneM konuentpauuu bJI mpu nnkyOaruu.

PaGora BemonHeHa npu puHAHCOBOM moanepxke rpanta PH® No 21-73-10123.

[1] Komkova M.A. et al. J. Phys. Chem. Lett. 12(1) (2021) 171-176.



Ceknug 3
HEOPTAHUYECKUE MATEPUAJIbBI



HNoHore/im HA OCHOBE JUOKCH/IA KPEMHHUSA: CTAOMJIBHOCTDH NPH
KOHTAaKTe ¢ BOJAHOU (a3oit

Bagymna A.O.}, Kornos C.J0.1?2
1 @Daxynemem Hayk o mamepuanax MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poc-
cusl,
2 Uncmumym obweii u neopaanuyeckoti xumuu um. H.C. Kypunaxosa PAH, 119071,

Mockea, Poccus

badulinaalexandra@yandex.ru

HNoHorenu — KOMIIO3UTHBIE MaTepUalIb, COCTOSIIIIUE U3 MOHHOM )kukocT (MK), um-
MOOMIM30BaHHOM B TBEPIOM MaTpHUIIE — SBJISIOTCS EPCIEKTUBHBIMU MaTepragiaMHu JJIsl UC-
MOJIb30BaHUS B AKCTPAKIIUU, B COCTABE JIEKTPOXUMHUECKUX YCTPOUCTB U T.1 [[puMenenune
MOHOTeJIeH B OOJBITMHCTBE CIIy4aeB CBSI3aHO C BOJIHOU (pa3oi B BHJI€ BOJIbI MJIU BJIarv BO3-
JIyXa, OJIHAKO BOIPOC CTAOUIILHOCTH B HEM paHee He ObLIT U3yYEeH.

B pab6ote nzyuen Bonpoc BeimbiBaHus MK B BoaHyto a3y u3 nonorens. B kauecte
MaTpUIlbl OBbLI HMCMOJIb30BaH 30y1b SIO;, MOJYYCHHBIH COTHIPOJIA30M THAPOGUIEHOTO
TMOS u rugpodo6HOoro MTMS B paznuyHBIX COOTHOIIEHUSAX. Takke ObUTH B3SITHI CTaH-

JApTHBIC MOHHBIC KHUIKOCTH Ha OCHOBE 1-OyTmi-3-metmin-umunaszonus [BMIM] ¢ rugpo-
¢bunsabM ([DCA]) u ruapododusiM ([ TFSI]) annonamu.

Brnepsblie pa3paboTaHa METOAMKA KOJTMUYECTBEHHOTO ONPEIEICHUS CTETIEHH BEIMbIBA-
Hus K u3 noHoresneil myreM HempepbIBHONM KOHAYKTOMETPUU BOAHOMU (ha3bl, B KOTOPOH
BBIJIEPKMBAJIM MOHOTENU. MeToarKa BAIMIUPOBAHA IIyTEM KonndecTBeHHOU SIMP-cnek-
Tpockonuu. OLEHEHA MOTPEUIHOCTh U3MEPEHUM OT CYTOYHBIX KOJIEOAHUN TemIeparypbl
oKpyxarorei cpenbl (~3%.).

B kauecTBe MCX0HOTO 00pa3la BhICTyNAT HOHOTENb C TUIPOPUIBHBIMA MaTPUILIEH
u MOK: TMOS-[BMIM][DCA]. Ha nepBom 3Tane ObUIM U3Yy4YE€HBI CIOCOOBI MOTYyUYCHUS
noHorenss myteMm renupoBanus 3018 SiO; B MK u mpomutku MoHOIMTAa M TMOPOIIKA
asporens [BMIM][DCA]. Haubonbmiee yaepskanue MK (14%) npu koHTaKTe ¢ BOJHOMN
¢dazoli COOTBETCTBYET 00pa3ily, B KOTOPOM T'eIMpOBaHKEe MaTpHIlbl mpoxoauio B XK (puc.
la).

[Ipu wWcrmoONB30BaHMM MATPUIBI C PA3IUYHOM  CTEpPEHBIO TUAPOPOOHOCTH
yCTaHOBJIEHO, uT0 00pasiel ¢ [BMIM][DCA] u Tepsitor 90% MK 3a 8 wacoB, 4To cTaBUT
10/ COMHEHHMS BO3MOKHOCTh MPUMEHEHHUSI MIOHOTEJIeH TAaKOr0 COCTaBa B BOAHOM cpejie (puc

16).

Jlns ymenbieHus: BeiMbiBanus VDK U3 noHoresnst B BOJIHYIO cpefy Obliia IpoBecHa
ONTUMM3ALIUS COCTaBa 00pa3loB, myTeM ucnoiab3oBanus MK ¢ ruapodoOHbIM aHMOHOM.
VYcranoneHo, yto 06pasiiel ¢ [BMIM][TFSI] nemMoHCTpUpyIOT HAMMEHBIIYIO CTETICHD BbI-
mbiBanusa MK u3 matpuist (72,8% - 47,5%) 3a 24 ydaca, cpei KOTOPBIX MaKCUMaJIbHOE
yaepxanue [BMIM][TFSI] (52,5%) B maTpulie moka3ain oOpasel] ¢ MaTpHulIeH, coepxKalien
50% MTMS-50%TMOS (puc 16).
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Puc. 1. a) ocmamox [BMIM][DCA] 6 uonozensix 8 sagucumocmu om memooa ux no-
JIyuenust; 6) ocmamox UOHHOU HCUOKOCIU 8 UOHOEAX PA3IUYHOU CMeneHu euopoghooHo-
CMU 8 3a8UCUMOCIU O BPEMEHU.

Takum oOpazoM, nansi ymeHblneHus BbIMbIBaHus WK w3 maTpuisl moHOrens,
HE00X0IMMO UCToJIb30BaTh rusipodoonyro VDK. B nanpHeliem mianupyercs pazpadoTka
HOBBIX CITOCOOOB yMeHbIIIeHHs BhIMbIBaHMs VDK B BoHYIO ha3y u3 HOHOTEIS.

PaGora BeImonHeHa npu puHAHCOBOM moanepkke rpanta PH® Ne 23-73-00028.

[1] Jean Le Bideau, Lydie Viaub, Andrer Vioux. Chem. Soc. Rev. 40 (2011) 907-925.
[2] Ewa Andrzejewska, Agnieszka Marcinkowska, Anna Zgrzeba. Polimery 62 (2017) 344-352.
[3] Stewart A. Forsyth, Jennifer M. Pringle, Douglas R. MacFarlane. Aust. J. Chem. 57 (2004) 113-1109.



IIpo3pauHble CTEKJIOKPHCTAIINYECKHE MATEPHAJILI B CHCTEMe
PbF,-B,0s, conernposannnie Er3*/Lu®*

byrenkoB JI.A., bakaeBa A.B., Pynuna K., [lerpoBa O.b.

Poccutickuti xumuxo-mexnonocuueckuti ynugsepcumem
um. I U. Menoeneesa, 125047, 2. Mockea, Poccus

dabutenkov@agmail.com

Oxcodropuansie crexnokpuctaumaeckue Mmatepuaibl (CKM) 00beIUHSIOT Ty dIlre
CBOMCTBA KPUCTAIUTMYECKUX (PTOPUAOB U OKCUIHBIX CTEKOJ U EPCIIEKTUBHBI JUIsl CO3aHUs
HOBBIX JIa3€pHBIX MaTepuaioB [1]. B CBUHIIOBBIX CHJIMKATHBIX U OOPATHBIX CTEKJI000pa3y-
IOLMX CUCTEMAX CTPEMSATCS KPUCTAJUIM30BaTh BHICOKOTEMIIEPATYPHYIO KyOHUuecKyto a3y
B-PbF; (Fm3m), aktuBupoBaHHyt0 penko3emenbHbiMu HoHaMU (RE). OaHako yacto Bblze-
JsieTCs HU3KOoTeMneparypHas pomoudeckas (asza a-PbF, (Pnma), B kotopyto RE He BcTpa-
uBatorcs [2]. Kpome toro, o-PbF, obnagaer nBymydenpenoMiaeHHEM, YTO OTPULIATEIBHO
CKa3bIBAaETCs Ha MPO3PAYHOCTH MaTepuana. Bo3moxHa rerepoBajeHTHAs CTaOMIM3aLIMs
BBICOKOTEMIIEpATypHOIl KyOuueckoil ¢asbl -PbF, TpexBaneHTHbIMH peaKko3eMeIbHbIMU
noHamu [3]. 15t 3TOro Ml JIerupoBaid UCXOAHbIE cTekia AByMs RE ¢ 6i1M3KkuMu HOHHBIMU
pajrycaMu, OJMH U3 KOTOpbIX He uMeet f-f mepexonos (Lu**) v BBIONHSAET TOMBKO QyHK-
1Mo crabuamsaropa Kyouueckoi (asbl, a gpyroii (Er’") urpaer pons LeHTpa TIIOMUHECIEH-
uuu. Panee Takol Moaxoj Mokasai CBOK 3(PPEKTUBHOCTh B CUCTEMAX, COJIETMPOBAHHBIX
Nd/La [2] u Eu/Gd [3].

B xauectBe 6a30Boif MmaTpuIlbl ObLIT BEIOpaH coctaB cTekiia 68 PbF,—32B,0s, B koTO-
pyto nob6asmsuiuck LuF; u ErFs B paznuuHbIX COOTHOLIEHUSIX. DKCIEPUMEHTAILHO OBLIO
OTIPE/ICJICHO, UTO ONTUMAIbHBIMU cooTHOIIeHUs MU RE sBistores 2 mon.% ErF; + 4 nu6o
6 Mo11.% LuF;. JlerupoBanue mMaTpuiibl MEHBIITUMH KOJIMYECTBAMU PEAKO3EMEIIBHBIX HOHOB
HE MPUBOJIUJIO K TIOJIHOM cTabuiuzanuu kpuctamumueckoit ¢assl B-PbF, B pesynbTaTe Tep-
MoobpadoTok (TO). IuddepenimanbHO-cCKaHUPYIOIAs KaJOPUMETPHS yKa3bIBaeT HA 3HA-
yuTeNbHOE BiMsIHUE 100aBOK RE Ha xapakTep KpucTaymmM3anuu CTEKOI, YTO TOITBEPKaa-
eTcsi peHTreHo(a3oBbIM aHanmu3oM. [Ipu 3TOM TeMmriepaTypbl CTEKJIOBAHMS U TIIABICHUS
MPAKTUYECKUA HE MEHSIOTCS.

CrexTpalIbHO-IFOMUHECHEHTHBIE CBOMCTBA MOMy4yeHHbIX CKM 3HauuTEeNnbHO OTIH-
4aroTcs oT cTéko-mpekypcopoB. B UK-obmacTu Ha mazepHoOM miepexoe M13p—M5» oHA
Er’" MHTEHCHMBHOCTH IFIOMUHECHEHIIMK BO3pacTaeT B 5 pas nocie TO. Crekrp nmperepreBaet
3HAYUTEIBHBIE U3MEHEHHUS — MPOSBIIETCS WTapKoBcKas cTpykrypa. B CKM B Buaumon
001acTH Ha XapakTepHbIX 3poueBbIx nepexonax “Hon — *Tisp, 2Hirn + *S3n — Hisn 1 *Fop
— I}5/, HAOIIOJAETCS MHTEHCHBHAS all-KOHBEPCHOHHAS JIFOMUHECLEHIUS. DTO 00bACHS-
€TCSl CMEHOM OKpYXEHUSI ONTHYECKUX LIEHTPOB 3pOus ¢ OKCOQTOPUIHOIO Ha (HTOPHUIHOE
IIPU KOHTPOJIMPYEMOW KPUCTAIUIA3ALMH, & TAKKE 3aIyCKOM MPOLIECCOB MEKUOHHOTO B3au-
mozneiicteust Er*-Er’*. Busyansno npospaunsie CKM yaanock HONYYHTh TOJBKO B TOM
cllydae, €Cliv 1O JaHHBIM PeHTTeHO(a30BOro aHain3a oTCyTCTBYeT (a3za a-PbF, ¢ mapasut-
HBIM  JIByJydemnpejIoMJICHHEM, a MPUCYTCTByeT TOJbKO  KyOmueckas  (asa,



COOTBETCTBYIOIIAsl TBEPAOMY pacTBopy Ha ocHoBe [-PbF,, oboramennomy RE, u ctekio-
¢aza. CeKkTpsI MOTJIOMICHHS MPEICTABIICHBI HA PUCYHKE 1.

TE 50 - 4 —_— 65PbF2-29BZO3-4LuF%-2ErF3 HMCXOJIHOE CTEKIIO
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Puc. 1. Cnexmpui nocnowenus ucxoonozo cmekia u npospaunvix CKM na e2o oc-
HOB8€, NONYYEeHHbIX NPU PA3IUYHBIX PEHCUMAX MePMOoOPabOmKuU.

Kaxk BugHO 13 pucynka 1, ysenumuenue Bpemenu TO npuBOIUT K CHUKEHUIO IIPO3pAY-
HOCTH MaTtepuajia B BUIUMON 00IacTH crieKTpa. Y MeHblieHue npo3paunoctu CKM o0y-
CJIOBJIEHO PEJIEEBCKUM PAaCCEsTHUEM Ha 00pa3yIoLUXCs U pa3pacTaloINXCs KPUCTAJUIUTAX.

Takum o06pa3zoM, B paboTe MPOAEMOHCTPUPOBAHO, YTO JJISI TIOJTHOM CTaOMIU3AIIN
Kyoundeckoit ¢asbl B-PbF; B cucteme PbF,—B,03—ErFs—LuF; HeoOxomumo BBOJIUTE HE Me-

Hee 6 M01.% RE. DT0 3HaueHHE HECKOJIBKO OOJIBINIE, YeM JJII CUCTEM, COJIETMPOBAHHBIX
Nd/La [2] u Eu/Gd [3].

PaboTa BeImonHeHa rpu (GUHAHCOBOM Moaiep ke MUHHUCTEPCTBAa HAYKH M BBICIIIETO 00pa-
3oBanus Poccuiickoit deneparuu, ['oczamanne FSSM-2020-0005.

[1] Deubener J., Allix M., Davis M.J., et al. Journal of Non-Crystalline Solids 501 (2018) 3-10.
[2] O.B. Petrova, D.A. Velichkina, M.P. Zykova, et al. Journal of Non-Crystalline Solids 531 (2020)
119858.

[3] Velichkina D. A., Runina K. I., Zykova M. P., Petrova O. B. Glass and Ceramics 78 (2021) 14-17.



Cunre3 u ucciaenosanue Cu- u Ce- coaepramux Karajinu3aropos
oxkuciaenuss CO
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Y Xumuueckuii paxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus,
2 Unemumym xamanuza umenu I K. Bopeckosa CO PAH, 630090, Hosocubupck, Poccus
3 Uncmumym opaanuueckoui xumuu umenu H.J[. 3enunckozo PAH, 119991, Mockea,
Poccusa

B Hacrosiiee Bpemsi 00JIbIIION UHTEPEC UCCIIeNOBaTEICH MPUBIEKAIOT CUCTEMBI Ha
ocHOBe okcu10B Menu U nepusi(IV) 3a cuer ux JOCTYIMHOCTH MO CPaBHEHUIO C KaTalln3aro-
paMu Ha OCHOBE OJIArOPOJTHBIX METAJIIOB, a TAK)KE OOJIBIIEH WIIM CPABHUMOM C HUMH aKTHUB-
HOCTBIO B PEAKIUAX OKUCIICHHUS.

B nannoit pabote monydanu u ucciegoBain oopasinsl coctaBa CeO,, CuO-CeO,, a
takxe CuO-Ce0,-S10,. B 006pa3iiax BappupoBaIl MacCOBOE COOTHOIIIEHUE OKCUIOB IIEpUs
u kpemuusa (m(CeO;):m(S10,) = 1:9; 3:7; 5:5), ucnonb3yeMblii TEMIUIAT U CIIOCOO €ro yma-
neHus (oTkuroM win npomsiBanueM 30 %-bim BoHbIM pacTBopoM H>O»). Jlis monydyeHus
HocuTtenei coctaBa CeO,-S10; B Ka4eCTBE TEMIUIATOB UCIOJIB30BAIIN OE€TA-LIUKIOACKCTPUH
U MOYEBHUHY (B MaccoBoM cooTHouieHuu B-L{/[:moueBuna = 1:3, maccoBas 1051 TemMIuIara

mTEMl'UI.

Wreyny. = ———— 100 = 60 %), a Takke TPOU3BOIHLHO METUIMPOBAHHBIN OeTa-11K-
' Meremnn. tMsi02

nonexctpud (RAMEB) (MaccoBas nons temmuiara 30 %). CuHTe3 MpOBOAMIIM ITyTEM BBEJIE-
HUS LIEpUs Ha CTaJIUU TeIe00pa30BaHUsl MU MPOMUTKOM MO BIaroéMKocTu. Takxke TeMriar-
HBIM METOJIOM C HCMOJb30BaHUEM LETWITPUMETHIAMMOHUN OpOMHIa CHUHTE3UPOBAIU
CeO,. Ha momyuennsie 06pasisl Ce0,-S10, u CeO, nanocunu CuO (maccosas noist 10 %)
MPOIMUTKOM MO BIAro€MKOCTH BOJIHBIM pacTBopoM Hutpata meau(Il).

CuHTe3upoBaHHBIM 00Opa3iaM npucBoeHsbl MHUPpsl: CSXxY, rae Xxx — MaccoBO€ COOT-
Homenue Ce0,:S10,; Y — tun ucnons3yemoro temiuiara: 1) R — RAMEB, 2) U — Gera-
UKJIOAEKCTPUH U MoueBHHA. J[J1s1 00pa3ioB ¢ HaHecEHHBIM okcuioM Menu(1l) k mmudpy B
KoHIIe fo0aBsieTcs cumBoi Cu; ynaneHue TeMiuiata npombiBaHueM 30%-bIM BOAHBIM pac-
TBOpoM H,0, 0003HaYAETCS «ox.

[Tomy4yeHHBIE HOCUTENN M KAaTaM3aTOPbl ObUIA MCCIIETOBAHBI CICTYIONTUMU METO-
namu: POA, repmorpaBumMerpudeckuii 1 qudGepeHnnanbHO-TEPMUUSCKUN aHATN3bI, PEHT-
TeHOCTIEKTpaIbHBIA MUKpoaHain3, COM, Hu3koTeMIiepaTypHasi cCOpOIusl a30Ta, U30TOM-
HBI OOMEH KHCTI0pOo/ia, KaTaTUTHYEeCKUEe UCTIbITaHus B peakimu okuciienus CO.

Ha pentrenorpammax Bcex oOpa3siioB, COAEPKALIUX OKCUJ KPEMHHUS, IPUCYTCTBYET
CUJIBHO Pa3MBIThIA MaKCUMyM B o0nacTtu 20 = 20-26°, coorBercTBytomuit Si0O,. C yBenu-
yenueM cojaepxkanust CeO; B oOpasue mann CeO, ctaHOBATCSA 00Jiee BEIPAKEHBIMH, B TO
BpeMs Kak UHTeHCUBHOCTH JiHUN CUO oTimuaercs cimabo. B ciayuae nanecenus CeO; mpo-
MTUTKOM 10 BIATOEMKOCTH TIOJTy9ar0TCsl HanboJiee 3aKpuCcTauTN30BaHHbIC 00pa3itsl. Paccun-
TaHHbIE BEJIMYMHBI oOOyacTell KorepeHTHOro paccesaus CeO; uMET Cleayromme



sHauenus: CS37R (3+0,2 um), CS55R (4+0,3 um), CS37U (7£0,9 um), CS37Uox (7£1 HM),
CS37RCu (3+0,3 um) , CS55RCu (4+0,6 am), CS37UCU (8+2 um) u CS37UCu (7£1 HM),

Jliist Bcex Hocutenel, a Takxe st oopasia CuO-CeO; Obln onpeieieHbl yaeabHas
IUIOIIAb TOBEPXHOCTH U 00NN 00BEM MOP, YCTAHOBJIIEHO pacIipe/iesieHre Mop 1Mo pa3Me-
pam. Hanbonsmmit quamerp nop Hadmonaercs y CS37U. s 06pa31oB, MoIyYeHHBIX BBE-
JIEHUEM IIepHs Ha CTaJluu TreneoOpa3oBaHusl, yleibHas MIONIalb MOBEPXHOCTH YMEHbBIIIA-
eTcs ¢ pocToM MaccoBoro conepxanus CeOs,

I[To pesynpTaram TeMIiepaTypHO-IIPOTPaMMHUPYEMOT0 H30TOTTHOTO OOMEHa KHUCIOpOo/a
YCTAaHOBJICHO, YTO CKOPOCTh M30TOMHOTO oOMeHa B pacuere Ha rpamm CeO, cpenu cepuu
Hocutener CuO-CeO, u cepun karamuzaropoB CuO-CeO,-Si0O, Onm3ka, HO HIDKE, YeM Ha
yuctom CeO; B 3-4 paza. CkopocTh U30TONMHOT0 ooOMeHa B pacuyeTe Ha rpamm CuO ms
CS37UCu, CS37RCu, CS19RCu 6mu3ka, HO Topasmo Hmwke, yem i CuO/CeO,. [ns
CS37R ckopocTh M30TOIMHOTO IMepeHoca B S10, Ha HECKOJILKO TOPSJIKOB BBIIIE, YeM IS
CS37U. Ha conepxanux CuO oOpasiax CKOPOCTh M30TOIMHOTO IepeHoca B Si0; cyie-
CTBEHHO BBIIIIE, YeM Ha HOCUTEJISIX, YTO MOKET OBITh BBI3BAHO OOJIbIIIEH CKOPOCTHIO OOMEHA
Ha rpanuiie CuO-SiO; o cpasHenuto ¢ CeO; - Si0;.

Meron COM-PCMA mnokasan, 4To Ha paBHOMEPHOCTb PACIPENEIICHNS] aTOMOB MEIH
B 00bEMe 00pa3IoB, MOTYYCHHBIX BBEACHUEM LIEPHUS HA CTAJNH Ieeo0pa3oBaHusl, CHIIBHO
BiusieT quametp nop. Ilo pesynbpraram KapTUPOBaHUS YCTaHOBICHO, YTO IS 00OPa3IoB C
HauMeHee paBHOMEPHBIM pacmpeneneHueM aromoB B 0obeMe, CS37UCu u CS37UCu, 06-
JacTy OOJbIIEr0 (MEHBIIETO) COIEPIKaHHS IEPHs COBHAAAIOT C OOJACTIMH OOJBIIETO
(MeHbIIEro) copep:kaHusi Melu. B CBsI3U ¢ 3TUM BBICKA3aHO HPEIINOI0KEHUE O BIUSHUU
pacnpezeneHusi aToMoB Lepus Ha pacnpenenenne CuO U ux B3aUMOJCIHCTBUM NPHU KaTa-
ause.

B moxpenbhoi peakiun okucienuss CO mnsa cucrem CuO-CeO,-Si0O;, momydeHHBIX
BBEJICHHEM IIepus Ha cTaauu reneobdpaszoBanusi, 100%-Has KoHBepcHs OblIa JOCTUTHYTA
JUTSI BceX 00pasIoB mpu Temmeparypax, He npepbimaromux 240°C. O6pasubr CS37UqCu u
CS19RCu oxazanuch CpaBHUMBI IO aKTUBHOCTHU € MPOMBITIIIEHHBIM 00pa3znoM ['TT, a 06-
paszibl CSS5RCU n CS37UCU nposiBuim 601€€ BEICOKYIO aKTHBHOCTH TIO CPAaBHEHHIO C HHAM.
CtouT OTMETHTh OCOOCHHO BBICOKYIO aKTUBHOCTH y obOpaszma CS37UCU, mns koToporo
100%-nas kouBepcus CO nabmonanace yxe mpu temmneparype 150°C. 3ameueHa 3aK0HO-

MEPHOCTh MEX/1y YBEINYECHUEM KaTaIUTUYECKOM aKTUBHOCTH 00pasiia U pa3MepoM €ro nop
it CS37UCuU, CS55RCu, CS37UqCu, CS37RCu.



Hosyyenne TepMUYECKHA CTAOMIBLHOU MOPUCTOM HeCylIeil OCHOBbI
IyTeM AHOJAHOI'0 OKMCJICHU AJTIOMUHUA B (pochHopHuCTOil KHCI0TE

Burkosckuii B.B.}, T'opneesa E.O.Y, Pocnsixos U.B.Y, Hanonsckuii K.C.12

YDaxyremem nayx o mamepuanax MI'Y umenu M.B. Jlomonocosa,
119991, Mockea, Poccus,
2 Xumuueckuti paxynomem MI'Y umenu M.B. Jlomonocosa,
119991, Mockea, Poccus

vitalyvitkovsky2003@mail.ru

[Topucteie ieHKH aHOAHOTO oKcuia amtoMuHUsS (AOA) HaXOIAT MKUPOKOE MPAKTHU-
YEeCKOe MPUMEHEHHE B KaYe€CTBE TEMILUIATOB JIJISl OJYYEHHsI OJHOMEPHBIX HAaHOCTPYKTYD,
(OTOHHBIX KPHUCTAJJIOB, HECYIIEH OCHOBBI JIJISl Ta30BBIX CEHCOPOB. Tepmuueckas oOpa-
00TKa MO3BOJISIET YBEJIMYUTh XUMUYECKYIO cTA0UIBbHOCTh AOA, 3a CUET Uero quana3oH BO3-
MO’KHBIX IPUMEHEHUH CyllecTBeHHO pacuupsiercsa. Docdopucras kucnora siBisercs Ma-
JIOU3yYEHHBIM NEPCIEKTUBHBIM AIEKTPOIUTOM JUIs noiydeHust AOA. OCHOBHBIMH €€ IIpe-
UMYILECTBAMU SIBJISIOTCS BBICOKAsI CKOPOCTh (DOPMHUPOBAHUS OKCHJIA U OOJbILINE 3HAYCHUS
paccTosiHus Mexy nopamu (Dint) ~ 400 uM u tuametpa nop (Dyp) > 100 HM, no3BossIIOIINE
paccUUTHIBaTh Ha BHICOKYIO TEPMHUECKYIO CTAOUIIBHOCTb.

B cBs3u ¢ 9TUM 11€71b10 JTAHHOM PaOOTHI SIBISETCS MOTyUeHHE MOPUCTHIX MIIEHOK AOA
B 1 M pactBope pocopucToil KUCIOTHI U UCCIIEJOBAHUE UX MOBEICHUS IPU TEPMHUUECKON
00pa0boTKe B MIMPOKOM JHaNa3oHe TeMIepaTyp.

B xone paboThl antoMuHKEBYIO (OJIBIY MOABEPragd MOTEHIMOCTATHYECKOMY aHOJ-
HOMy okuciieHuto B 1 M pactBope dhocdopuctoit kuciotsl (HzPO3) mpu nanpspxenusx 100
— 180 B u Tremnepatype ot 0 go 8 °C. Kaxy1iasicst sJHeprusi akTUBAILMU MIPOLIECCOB, MTPOTE-
KalolUX Ha JHEe Top, cocTaBmiia 67 + 1 kJ[>x/moinb. Hanbosee ogqHopoiHas yropsijoueHHas
nopuctas cTpykrypa popmupyercs npu Hanpsskenun 170 B u remnepatype 0 °C. Ipu atux
yCIoBUsIX cKOpocTh popmupoBanust AOA coctasiusier 17,5 mxm/u.

Ucxonubrit AOA siBisieTcst peHTreHoaMophHbIM MaTepuaioM. [Ipu Tepmudeckoit 06-
paboTke ¢ MakcuMaabHOU TemmepaTypoit 950 °C mponcxoauT KpUCTaUTU3aIUs PEUMYyIIIe-
cTBeHHO B y-¢a3zy Al,Os, a Taxke yactuuHasi kpuctaumusamnus B 6- u 0-Al,Os. Omxur ¢
MakcuMaibHoU Temreparypoi 1310 °C nmpuBoaut k o6pazoBanuio a-Al,Os.

C noMomibio pacTpOBOM 3MEKTPOHHOW MUKPOCKOIUHU ObUIM OINpeaeNeHbl TapaMeTphbl
CcTpYKTypsl 1eHOK. (i1 AOA, nonydensnoro ripu 170 B nociie anoaupoBaHusi: Ha BEpXHEN
IIOBEPXHOCTHU - Dp = 152 + 9 HM,
Dint =412 + 16 um, nopucrocts (P) = 12%; Ha HuxHel noBepxHoctH — Dp = 155 + 10 HM,
Dint =415 £ 30 um, P = 13 %. Ilocie TepMudeckoit 00pabOTKH ¢ MaKCUMaJIbHOW TeMIepa-
typoi 1310 °C mopucTast CTpyKTypa COXpaHsAETCsl, TEOMETPUUYECKHUE MapaAMETPBI ITOP U3MeE-
HSAIOTCS HECYILIECTBEHHO.

[Ipenen npounoctu u Moayib FOura ucxognoro AOA coctasuwiu 93 + 30 MIla u 15
+ 4 I'Tla, cooTBeTcTBEHHO. Y BenuueHue nopuctoctd AOA myTeM XMMHUYECKOT0 TPABIEHUS
CTEHOK Mop 10 66% MPUBOAUT K yMEHBLIEHUIO MEXAHUUECKUX XapaKTEPUCTHK B ~ 2,5 pasza.
Bnusinue ycnoBuii TepMuueckoit 00paboTKH Ha MEXaHHYECKHE CBOMCTBA MOKa3aHo B Ta0JI.
1. OTKuUT NPUBOJUT K HE3HAUUTEIBHOMY YXYIILIEHUIO MEXaHUYECKUX XapaKTEPUCTHK.



Taba. 1. 3asucumocmv nopucmocmu u Mexanuieckux c80UCME NOPUCTBIX NIEHOK
AOA om ycnosuti mepmuueckoi 0opabomku

Bes omKira OT1xur ¢ OTxur ¢
Tmax = 820 °C max = 1310 °C
[Topucrocts, % 14+1 15+1 17+£1
[Ipenen npounoctu, MIla | 93+ 30 37 +23 40 £11
Monayns FOnra, I'Tla 15+4 15+4 21 +11

Taxkum oO6pa3om, aHogHOE okucieHne amoMuHus B 1 M H3PO3 mo3BomsieT ¢ BEICOKOMA
CKOPOCTBIO (JOPMUPOBATH TEPMUUYECKHA U MEXAHUUIECKH CTAOMIIBHBIC TIOPUCTHIE CTPYKTYPBI,
MIPUTOAHBIC JIJIS UCTIOJIB30BAHMS B KAUYECTBE HECYIIEH OCHOBBI IS TEPMOKATATUTHYECKIX
ra30BbIX CEHCOPOB M TBEPIOOKCHIHBIX TOITUBHBIX 3JIEMEHTOB.

PaGora BemonHeHa npu GpuHaHCOBOM moanepxke rpanta HTU No70-2021-00270.



CencopHasi cucrema a4 dkcnpecc-aereknuu H.O, B BbIAbIXaE-
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1 @Daxynemem Hayk o mamepuanax MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poc-
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2 Xumuueckuil gaxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus,

leo.dubov@agmail.com

UccnenoBanue copepxanus nepokcuaa sogopoaa (H>O) B BeabIxaeMOM aspo3oJie
UMeEET 0COOYI0 BAXKHOCTh B KOHTEKCTE HCcleoBaHus Oose3Hel Jierkux. Jlerounsie 3a0ose-
BaHMS, TaKhe Kak OpoHxuanbHas actMa, XOBJI, mHeBMOHMM U JIeTOYHbIE UH(PEKIUHU, CO-
MPOBOXKIAOTCS MOBBIIEHUEM KOHIeHTpauuu H,O, npu HamTuyuu maToJOTHYECKUX U3Me-
HEeHUM. B MeUIIMHCKOM MPAaKTUKE UCTIONB3YETCS JNUTENbHBIN cOop (110 30 MUHYT) KOHACH-
caTa BBIJILIXaeMOT0 BO3/IyXa C AKCTpEeMaJIbHBIM oxXJaxkaeHueM (j1o -78° C), uto pa3dasiser
MOJTy4aeMblid KOHJIEHCAT BBIABIXaEMbIM IAPOM U 3aKOHOMEPHO MTPHUBOJAUT K CHUKECHUIO KOH-
HEeHTpaluii MeTaboauToB. Llenpto maHHONW paboTHI SABIETCS pa3paboTKa CEHCOPHOM CH-
CTEMBI aHaJIh3a a’pO30JiI B MOMEHT BbIJI0Xa 0€3 JOMOJHUTEIBHOTO OXJIaKICHUS.

B xauecTBe 0CHOBBI pa3pabaThIBa€MOM CHUCTEMBI UCTIONIB3YIOTCS DJIEKTPOXUMUYECKHE
CEHCOphI Ha ocHOBe OepnuHckoi na3zypu (bJI) kak Hanbonee ceneKTUBHBIE U YYBCTBUTEb-
HbIE B cBOoeM kinacce [1]. nsa koHaeHcauun BIABIXaeMOTro a3po30Jid Ha MMOBEPXHOCTh CEH-
copa ero MOKPBIBAIOT CIIOEM TBEPIOTO TMTPOCKOMUYHOTO AJIEKTPOJIMTA U MEMOpaHOl Ha
OCHOBE aMMHHpPOBaHHOTO okcuza rpadena (OI'). B ycnoBusx BinaxHoro Bo3ayxa Ol obec-
NIEYNBACT yJIABIMBAHUE U aKKYMYJIALIUIO a3PO30Jis 3a c4eT AP deKTa KanuuIIpHOH KOH/IeH-
caruu, 4To obecrneynBaeT MPOBOJIUMOCTD 2 pojia MeXay diekTpoaaMu. CoraacHO JaHHBIM
UKJIMYECKON BOJIBTAMIIEPOMETPUH, MaKCUMaITbHAs 3JIEKTPOaKTUBHOCTH bJI mocTuraercs B
Te4eHne 15 CexyHI MpOImyCcKaHHUs a’po30Jis, MPU 3TOM PACCTOSHHUE MEXKITY KaTOTHBIMU U
aHoaHbpIMU nukamMu camkaetrcs ¢ 0.3—-0.4 B no 50-150 mB.

B pa3paboTaHHOW CEHCOpPHOU cHCTEME B KaueCTBE aHAJIUTHYECKOTO CHUTHaja pac-
cMaTpUBajIu amrepoMerpuueckuii otk rpu 0 B oTHocuTenbHO XmopuacepeOpsHHOTO
AJIEKTPOJa CPABHEHUS. 3aBUCUMOCTh TOKA MTMKA IMHEWMHO 3aBUCUT OT CKOPOCTHU aHAJIU3HPY-
€MOTO0 MOTOKa a’p030Jisi, JOCTUTAsE HACKIIIEHUS TIpU cKopocTsax Boime 100 mut/c, cooTBeT-
CTBYIOIIUX CKOPOCTSIM, CO3/1aBA€MbIX MPU CIIOKOMHOM JIbIXaHUU YEJIOBEKA, YTO MO3BOJISET
UCIIOJIb30BaTh CUCTEMY B MOMEHT BblJj0Xa. JINHEHHBIN AMana3oH JAETEKTUPYEMBIX COAEp-
xanuii HO, B a3po3oie onpenensercs CKaykoM IMTOTEHIAAJIA: TIPU CKAadKe noreHnuana -0.7
B — ot 0.05 MmxM 10 0.5 MmxM, -0.6 B —oT 5 MkM 1o 20 MxkM. Takum o6pa3om, u3MeHsIs
CKa4OK IOTEHIIMala, MOYKHO YIPAaBIATh ITHANA30HOM JETEKTUPYEMBIX conepkaHui. Co-
[JIACHO JTAHHBIM CIEKTPO(OTOMETPUUYECKON NIETEKIIMU C MCIOJIb30BaHHEM (DepMeHTa Iie-
pokcuaasbl, kKoHueHTpauuu H,O, B BeIABIXaeMOM a3po30Je Bapbupyrorces ot 1 1o 10 MmxM,
IpPU 3TOM B BBIJIOXE KYpPSILIUX 10OPOBOJIBIEB KOHLEHTpAIUsi JOCTOBEPHO Bhbilie (B 2-3
pasza), ueM y HeKypsmux joaei. Takum o0pa3om, pazpaboTaHHas cucTeMa MOTEHIIMAIBHO



MOJKET OBITh MCIIOJIb30BaHa JIJI1 HCHHBA3UBHOTO 3KCIPECC-MOHUTOPHHTA BOCTIATMTEIBLHBIX
IPOIIECCOB B JIETKHX.

Pa6ota BeImonHeHa 1pu puHAHCOBOM moanepxkke rpanta PH® No Ne21-73-10123.

[1] Karyakin A.A. Advances of Prussian Blue and its analogues in (bio)sensors // Curr. Opin. Electrochem.
2017. P. 5.
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B npombIlieHHOM IPOU3BOJICTBE MOJUCTUPOJIAa (PEHUITAIIETUIICH SIBIIIETCS HEXella-
TEJIbHBIM KOMIIOHEHTOM CbIpb4 [ 1 ]. JlaHHBIN TpO1IecC B MPOMBIILICHHOCTH OCYILIECTBIISCTCS
KaTaJUTUYECKUM BOCCTAHOBJICHUEM AJIKMHA JO COOTBETCTBYIOIIETO ATKEHA Ha BEICOKOIIPO-
IEHTHBIX MaJJIQJUEBBIX CUCTEMaX, 4TO O0YCIaBIMBACTCS BBICOKOW afCOpOLMOHHON CHO-
COOHOCTBIO OJIArOPOIHBIX METAJUIOB K BoAopoAy [2]. B mociennee BpeMst oCTpO CTOUT 3a-
Jlaya 1Mo CHUKEHUIO COJIepKaHus 0JaropoJHOTO MEeTajlla B KaTallu3aTopax TUpUpPOBaHUS,
a TaKk)Ke UX IMOJIHAs 3aMeHa Ha HebJiaropoaHble MeTailTbl. HukeneBblie KaTaau3aTopbl BhI3bI-
BAaIOT MOBBIIICHHBIA HHTEPEC, MOCKOJIBKY OHHM 00J1a71al0T BEICOKOW aKTUBHOCTBIO U TIPUPOI-
HOM JOCTYIHOCTBIO, HO B TO K€ BPEMsI OHHM JEMOHCTPUPYIOT HU3KYIO CEIEKTHUBHOCTh. B
CBSI3U C 4eM, pa3paboTKa CEIEKTUBHBIX HUKEIIEBBIX KaTAIM3aTOPOB JIJIS MPOIIEcCca TUAPUPO-
BAHUS SIBIIICTCS AKTyaJbHOW 3a/1a4€ii COBPEMEHHOI'O KaTaJIn3a.

B nannoit paboTe HaMu OBLTM CUHTE3UPOBAHBI MOHOMETANINUECKUE HUKEIEBbIC Ka-
TaJMU3aTOPhI MEPCIEKTUBHBIM METOJIOM OcaxkJeHus B ycioBusix CBU-narpeBa, B KauecTBe
KaTaJIM3aTOPOB CPAaBHEHUS ObLIM MPUTOTOBJICHBI HUKEJIEBbIE KaTaIU3aTOPbl METOJIOM OCa-
XKIEHUS TEPMUUYECKUM THUIPOJIU30M MOUYEBUHBI M1 METOJIOM MPOMUTKH HOCUTENIS O BJaro-
eMkocTd. Meroauka ocaxenus: B ycnoBusix CBU-HarpeBa 3akiroyanach B CIEAYIOLIEM:
peaKkTop MPEeACTaBIIsLT COOOM MUKPOBOJHOBYIO T€4Yb, OCHAIICHHYIO YEThIPbMS Te(IOHO-
BBIMU CTaKaHAMU aBTOKJIABHOTO TUMA. B KaXplif cTakaH MOMEIaid MarHUTHYIO MEIIAJIKY,
a 3aT€M BHOCHUJIM BOJIHBIM pacTBOP MPEKYpPCOpa aKTUBHOTO METAJNIA, HOCUTEIh U MOUYEBHUHY,
BBICTYIAIONIYIO B POJU OCAJIUTENA. 3aTeM MOMEIAIN CTaKaHbl B MUKPOBOJIHOBYIO yCTa-
HOBKY ¥ mipoBoamiii cuHTe3 npu 92 °C, 0,9 Mlla B TeueHue 5 yacoB, pu 3TOM MOIIHOCTb
MUKPOBOJIHOBOTO M3inyuyeHus coctasisia 100 Br. Jlanee nmonydeHHy0 CyCIIEH3UIO ITPOBE-
PSUTH Ha TIOJTHOTY OCKJICHUS MOHOB aKTHBHOTO METAaJIJIa, ITOCJIE YeTro 00pa3iibl MPOMBIBAIIN
JTUCTUJUTMPOBAHHOU BOJION 2 pa3a, M MOCJe KaKJI0W MPOMBIBKU OCAA0K OTEIISUIN LIEHTPH-
dbyrupoBaHueM. 3aTeM MOJYUYEHHbIC KaTalM3aTOPhl CYUIWIU Ha POTOPHOM HCIApUTENIE C
nocneayomuM npokaiuanuem npu 300 °C B TeueHue 3 4acos.

[To pesynbpTatam peHTTeHO(A30BOTO aHAM3a CAENAIN BBIBO, YTO B 00pasiax, moj-
TOTOBJICHHBIX METOJOM OCaXKIACHHUS W METOJAOM MHKPOBOJHOBOTO HarpeBa, HaOJromaeTcs
obpazoBanue a3l GUIIOCHINKATA, a OKCHAHas (a3za meramia oOpa3yeTrcss B 00Opasliax,
MOJTyYE€HHBIX METOJIOM MTPOIUTKH.



AHanmu3 yensHOM MMOBEPXHOCTH 00Pa3IioB METOJIOM ancopOIuu-aecopoimu Ny mo-
Ka3aj, 4yTo A o0pasla, MOJTy4eHHOr0 METOJOM IMPOMMUTKH, HAOIIOAAeTCs CHUKEHHUE Sy
OTHOCHUTENIbHO UCXOAHOro HocuTens Si0Oz, 4TO MOKHO OOBSACHUTH OCaXIEeHUEM (a3bl OK-
cua Hukens BHyTpu nop SiO,. HampoTtus, ans 06pa3ioB, NOTYyYEHHBIX METOOM OCaX/Ie-
HUSl TEPMUYECKUM THAPOJIN30M U B ycioBusax CBY-narpesa, Habi0/1a10Ch 3HAYUTEIBHOE
YBEJIMYEHUE 3HAYECHUS Sy, HApsAy C yBEIUUYEHUEM 00beMa MUKPOIIOp. DTO siBJIEHHE ObLIO
BBI3BaHO, BEPOSITHO, CO3JJaHUEM JIOTIOJIHUTENBHBIX JePEKTOB B CTpYKType S10, u3-3a 06pa-
30BaHUS (PUILUIOCUIIMKATHOM (ha3bl.

CuHTe3upOBaHHbIE MOHOMETAJUIMUECKHE HUKEJIEBbIE KAaTalNu3aTOpbl ObLIA HCCIIEO0-
BaHbI B PEAKIIUU KUAKOPA3ZHOTO CEIEKTUBHOTO TUAPUPOBaHUs (heHUIIaleTUIIeHa ¢ 00pa3o-
BaHHEM CTHPOJIa B OTHOCUTEIBLHO MATKHX yciaoBusax peakuuu (T =120 °C, pHz = 1.5 Ml]a,
7= 1 yac). CpaBHEHHE METOIOB MOJTYYCHHUS HUKEIbCOACPKAIIMX KaTaTU3aTOPOB ITOKA3aJlo,
yT0 oOpasel, noayueHHblii CBU-aktuBanuei, signsercs 6omiee 3hPEeKTUBHBIM B THIAPUPO-
BaHUU (peHMIAIETUIICHA IO CTUPOJIa B OTJIMUKE OT 00pasiia, MOJy4YEHHOT'O B TEPMUUYECKUX
yCIOBUSX. 3a yac Obla mojiydeHa KOHBepcHs (peHumaleTuiieHa, paBHas 89.6% c CeJeKTUB-
HOCTBIO 0OpazoBanus ctupoiia 90.1%. B npucyTcTBuM KatanuzaTopa, MoJy4eHHOTO METO-
JIOM TEPMHUUYECKOTO TUIPOJIN3a, Oblla JOCTUTHYTa KOHBEPCHS 32 OJJMHAKOBOE BPEMS peaK-
uu Beero 65.1%. Cnenyer OTMETUTh, UTO HaHECEHHast (pa3a OKCUa HUKEJS, TOTy4YeHHAas
METOJIOM MPOIUTKH, SBJISICTCS MaJIOCEIECKTUBHON B THAPUPOBAHUU (EHUIIALIETHIICHA, 110-
CKOJIbKY Ha JIJaHHOM 00pa3iie OCHOBHBIM MPOJIYKTOM PEAKIIUU SBIISIICS TOOOUHBINA TPOTYKT
— 3TUIOEH301.

PaboTa BrInoTHEHA TP (PUHAHCOBOM MOEPKKE rpaHTa MUHHUCTEPCTBA HAYKHU U BBICIIIETO
obpazoBanusi PO, Homep npoekra 075-15-2021-591.

[1] M. Rahsepar, H. Kim, Journal of Alloys and Compounds 649 (2015) 1323.
[2] Z. Bian, S. Kawi, Catalysis Today 339 (2020) 3.



KepamMuka, njieHKH ¥ reTePOCTPYKTYPbI HA OCHOBE TBEP/IbIX pac-
TBOpOB CuCrixMgxO>

Weinmasep B., Kopcakos U.E.1?2
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[Ipo3paunblii TpoBOAALIMI OKCHI P-TUIA CO CTPYKTypoi aenadoccura CuCrOy,
JIETUPOBAHHBIA MarHueM JUIsl YBEJIMYECHUS KOHLICHTPALMU HOCUTEIIEH 3apsiaa, CUHTE3H-
POBIIM B BUJI€ KEPAMUKHU U TOHKHUX IIeHOK MeTogoM MOCVD. [lna nosyyenus rerepo-
CTPYKTYp CHayaja pa3padaTbIiBaju CIIOCOOBI MOIYYEHUSI HAHOKPUCTAJUIMYECKOTO TOKPbI-
st ZnO g panpHenmero ocaxaeHus mieHku CuCrO; ¢ UCIoap30BaHUEM THAPOTEP-
MaJIbHOTO CHHTE3A.

JIist osrydeHusl KepaMHYeCKHX TBEpIbIX pacTBopoB peareHThl Cu0, Cr,O; m
MgO nepetupaiiv B CTYIIKE U MPECCOBAIU B TAOJIETKH, KOTOPHIE 3aTEM CIICKAIH ITPH TEM-
neparype 1150°C Ha Bo3yxe 1 3aKaluBaIM B )KUJIKHUM a30T, YTOOBI HE JOMMYCTUTh OKHUC-
nenus Cu™d B Cu*?. Pentrenogasosslit ananus (POA) noaTsepana o6pa3oBaHKE OHO-
daszHoro TBepa0oro pacteopa. Msmepenue cornporusienus npu oxiaxaenuu g0 20 K ¢
MOCJEAYIOIIMM HarpeBaHUEM M0Ka3ajio, YTO KeEpaMUuKa JEMOHCTPUPYET MOTYyITPOBOIHHU-
KOBBIN THIT IPOBOAUMOCTH (puc.la).
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Puc. 1. a) Temnepamypuas 3a8ucumocms conpomuGieHUs Kepamuieckozo oopazya
CuCrxMgxOy; b) penmeenoepamma naenku CuCrO; (npucymcmeue amopghrnozo 2ano cés-
3aHO C HaIU4uem 8 oopasye CMeKIAHHOU NOOJIONHCKU).

[Tnenkn CuCrixMgxO, monydanu metogom MOCVD. Tlpekypcopsr Cu(Thd)a,
Cr(Thd)s u Mg(Thd), cMemuBaiu 1 OMEMIAINA B HCTIApUTEb. B TeueHUE peakiiuu npo-
JTOJKATENBHOCTHIO 30 MUHYT Ha MOUI0KKY Ipu Temrieparype 600 °C nmogaBanu aproHo-
KHCIIOPOJHYIO CMeCh MOJ JaBjieHueM okoio 10 mMOap, B pe3ysibTare yero mojyyanach
JIOCTATOYHO MpO3pavyHas TOHKas IUICHKa, KoTopas, corjiacHo PDA, npeacrapisiia coboit
onHo(da3HbI TBepbIA pacTBOp (puc.1Db).

Jlyist mosmydeHust TOHKOTo cjiost ZNO BOMHBIN pacTBOP alerara MUHKA PACTIBUISIIH
Ha CTEKJIIHHYIO IMOJIJIOKKY C MOMOIIbIO reHeparopa a3po3ois. [locie nmoacymmBaHus
pachbUIEHHOTO pacTBopa momtokKy HarpeBaiau npu 350 °C B reuenne 10 MUHYT, 9TOOBI



IPOU30IIIIa Peakius TepMonm3a ¢ oopazopanuem ZnO (puc.2a). [Iponecc HambLIeHUS
TIOBTOPSUTH HECKOJIBKO pa3s.

Jlist ruapoTepmanbHOTO cuHTEe3a K 0,2 M pactBopy arerarta nuHKa 100aBisiin 3%
pacTBop 3TMieHanaMuHa. CUHTE3 NPOBOAWIM B aBTOKIIaBe mpu temneparype 105 °C B
teueHue 1,5 4. B pesynbrare ObLI0 MOIYYeHO Mpo3pavHoe MokpeiThe (puc.2D). U3 maH-
HBIX PEHTTEHOBCKOM AM(PpaKIMK BUAHO, YTO KpUCTALIUTH ZNO pacTyT BIOJb HaIpaB-
aenus (002) (puc.2c).
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Puc. 2. (a) suo 3ampasounoco cnos ZnO 6 onmuueckuil MuKpockon, (32-kpammoe
yeenuuernue); (b) gpomoepaghus noxpvimus ZnO nocie 2uOpomepmaibHO20 CuHmesd. C)
penmeenozpamma nokpvimus ZnO nocie 2uopomepmaIbHo20 Cunmesd
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Puc. 3. PeHmZeHOZPCZMMbZ NJieHOK ZI’IO, NOJIYYEHHbIX npu USMEHEeHUU UHMEHCUBHO-

cmu pacnvlileHUuA a’3p030.Jia (a); U3MeHeHUU KOHYeHmpayuu ayemama YyuHKa (b), U3MeHEeHUU

8pemeHU pacnviienus (c).

W3 nosiy4eHHBIX PEHTTeHOrpaMM BUIHO (puc.3), 4TO HaIpaBJIEHUE POCTA HaHOYa-
ctul ZnO, ux pazMep U TONIIMHA MOKPHITHS 3aBUCAT OT KOHIIEHTPALIUU PACTIbUISIEMOTO pac-
TBOpA alleTara IUHKA, MHTEHCUBHOCTH U JUTUTEIbBHOCTH PACTIBIIICHUS a3PO30JIsl.



KOMHO3I/IIH/IOHH])I€ KepaaneCKne MaTepna.m)l B CUCTEME
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@axynremem nayk o mamepuanax MI'Y umenu M.B. Jlomonocosa,
119991, Mockea, Poccus

M.R.Kaimonov@yandex.ru

OnHa U3 UHTEPECHBIX MCCIEAOBATEIBCKUX 00JIACTeH B MEAUIITMHCKOM MaTepHaIo-
BCJICHHE CBS3aHA C Pa3padOTKON KOMITO3UIIMOHHBIX KEPaMHUYECKUX MaTepUaioB, IOJY-
yeHHBIX B cuctemMe Na,O-Ca0-Si0,-P,0s. buoctexio Bioglass 45S5 — naunboiee u3Bect-
HBII MaTepual B TAaHHOW CUCTEME, ITOKA3bIBAIOIITNN CITIOCOOHOCTD CBSI3BIBATHCS KaK C MST-
KHUMU TKaHSMH, TaK U ¢ KOCTHOM TKaHBIO B UCIBITAHMUIX in Vivo, 00J1aaeT HU3KUMHU Me-
XaHUYECKUMU XapaKTePUCTHKAMHI, OTPAaHUYHNBAIONITUMHU 00JIaCTh €T0 MpuMeHeHus. J[00aB-
aenue ¢ocharoB KaibIusi K OMOCTEKIY MPUBOJUT K CHHEPTeTHYECKOMY 3(PdeKTy, 4To
pacuupsieT TpaHUIlbl TpUMEHEHUs. Takue KOMIO3UTHI IEMOHCTPUPYIOT MPEBOCXOIHbBIC
pe3yJIbTaThl B UCIIBITAHUAX 1IN VItro U in Vivo, OJHAKO MOAXObl UX MOJYyYeHUSI SKOHOMHU-
YECKH 3aTPaTHBl U MHOTOCTaIUHBI. C IpyTroi CTOPOHBI, COBCEM HEMHOIO YJIeJICHO BHU-
MaHHUsI TIOJIYYEHHUIO U UCCIIEIOBAHUIO CBOMCTB KOMITO3UIITMOHHBIX KEPAMUUYECKUX MaTepH-
aJI0OB B KBa3MOMHAPHBIX CHCTeMaX, BXOAmmux B cucteMmy Na,O-CaO-SiO,-P;0s.

B nmanHo# paboTe ObLIM MCCIEI0BaHbI CBOMCTBA KOMITO3UITMOHHBIX KEPAMHUYCCKUX
MaTepuajoB, moiydeHHbIX B cucteme Na,O-nSiO; — Caz(POs),, (n =1, 2.87).

B paboTte ObuM MOATOTOBIIEHBI TOPOUIKOBBIE CMECH U BBICOKOKOHIIEHTPUPOBAHHBIE
cycneH3uu. [IopomkoBbie cMeCH ¢ Pa3IMUYHBIM MOJIbHBIM COOTHOIIEHUEM, BKIIFOUAOIIUE
nopoiok tpukanbinuiipochara (TKD) Caz(POs); m meHTarmapaT CUIMKaTa HaTPHS
Na,Si03-5H,0, ObL1M TOMOTEHU3HPOBAHBI B CPE/Ie alleTOHA C TIOCIICIYIOICH CYIKOM MpH
KOMHATHOM TeMrneparype B TeueHue 24 4. [[OMOreHn3upoBaHHbIE MOPOIIKHU ObLIIM OTIIPEC-
COBaHbI B Ta0JETKU pa3MepoM 12%3 MM, KOTOPBIE 3aTE€M MOJBEPraal TEPMHUIECKON 00pa-
6otke B nunTepBasie Temreparyp 500 — 1100°C. 13 BRICOKOKOHIIEHTPUPOBAHHBIX CYCITCH-
3Wi, BKIIOYArOIMUX nopomiok tpukanbiuidocdara (TKD) Caz(POs4), u BoaHbIN pacTBOp
CHJIMKATa HATPHs C CHIIMKATHBIM MoysieM n (SiO2/Na,O) = 2.87, Obutn mosrydeHs! mpe-
Kepamuueckue moiydadpukatsl B hopme 6amodex pazmepom 30x10%10 MM ¢ ucosib30Ba-
HUEM IJIacTHYecKoro GpopmoBanusi. OOpa3ibl KepaMUYECKUX MaTepUaIoB ObUIH MOJTyUEHBI
00KHUTOM MpeKepaMruyecKkux o0pasioB B auamna3one tremmnepatyp 500 — 1100°C.

B pabote Oblna u3ydena 3Boionus (pazoBOro cocraBa OT TeMIepaTypbl. Y CTaHOB-
JI€HO, YTO XUMHUYECKOE B3aMMOJCHCTBHE MEXAY KOMIIOHEHTAMU HAOIOMAaeTCs YXKe Tpu
temrneparype 500°C: B ciyyae MOPOIIKOBBIX cMecei popMHpyroTCs ABOMHBIE (ochaThl
Hatpus-kaiabius (NaCaPO,) u nBoiinble cunmukaThl HaTpus-kanblus (NasCasSigOss,
Na,CaSiO,), Torma kak mpu 00XHUIe MpeaKepaMHYECKHX 00pa3IioB (OPMHPYIOTCS IMpe-
UMYIleCTBeHHO JBoMHBIE dochaTel HaTpus-kaablus (NaCaPOgs). YBenuuenue temmnepa-
Typbl 10 1100°C npuBOIUT K ClieKaHUIO U (POPMHUPOBAHUIO KOMIIO3UIIMOHHBIX KEpaMHye-
CKUX MaTepuanoB. PopMUpOBaHUE ABOWHBIX (PocPaTOB HATPUA-KATIBIUS U IBOMHBIX



CUJINKATOB HAaTpUs-KaIbLUs 3aBUCUT OT conepxkannus TK®D: ¢ poctom conepxkanus TKD
bopMUPYIOTCS TPEeUMyIIeCTBeHHO ABOMHBIE (ocharel HaTpus-kanbiusa (B-NaCaPOq
u/nmn NazCag(POy)s).

Kepamuueckue marepuaibsl ocie TepMUdIecKoil 00paboTKH B AMama3zoHe TeMIepa-
Typ 500—-1100°C BrIItOYaTM OMOCOBMECTUMBIE (pa3bl, IIUPOKO U3YUYEHHBIC B JIUTEpATYypE.
Bo Bcex kepamudeckux oOpasmax, morydeHHbsix B cucreMe Na;O-nSiO; — Caz(POs)2, (n =
1, 2.87), npo4HOCTh Kak Ha M3TH0, TaK U C)KAaTHE COOTBETCTBOBAJA HIKHEMY IIpEICIy
MPOYHOCTHU TryouaToit koctu (2 — 12 MITa).

Takum  00pa3oM, HCCIICOBaHWE  MOJACIBHBIX  KBAa3HMOMHAPHBIX  CHCTEM
Na,O-nSiO, — Caz(PO.),, (n =1, 2.87), Bxoasuux B cuctemy Na,O-CaO-SiO,-P,0s, sBis-
eTCsI MEPCTIICKTUBHBIM HAIPABICHUEM B MEIUIIMHCKOM MaTEPHAIOBEICHHUU.
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PerenepatuBHbIN MMOAX0 CUMTACTCS MEPCIEKTUBHBIM HAIPAaBICHUEM IIPUMEHEHUS
OuomaTepuasoB, i€ aKLEHT C 3al0JIHEHUs Je(eKTa NOAXOASAINM ONOCOBMECTUMBIM UM-
IUTAHTATOM TIEpPEHECEH Ha OBICTPYIO pe30pOLKIo (pacTBOpEeHUE) OMOAKTUBHOTO MaTepuasa
U 3aMEHY €r0 HOBOM KOCTHOM TKaHbIO. J[J1s1 3TOro moaxojia XxapakTepHo TpeOOBaHUE YCKO-
pEeHHs IpoLecca MHTETpalMi U 3aMEHbl UMIUIAHTaTa HATUBHON KOCTBIO; 3TOMY CHOCO0-
CTBYET OCTCOMHAYLUPYIOMHIA 3((HEKT MaTeprana UMILJIaHTaTa, BBIIOJIHAIOIIETO POJIb MO-
PHCTOr0 aKTUBHOTO KapKaca. Y POBEHb K€ MPOYHOCTHBIX CBOWCTB CTAHOBUTCS MEHEE BaX-
HBIM, IIOCKOJIBKY BBICOKMI YPOBEHBb HATPY30K BO BpEMsI JICUEHUS MOKHO CKOMIIEHCHUPOBATH
BHEIIIHUMU ITOAIEPKUBAOIINMH yCTPONCTBAMU.

JIJist MOBBILIEHUSI OCTEOr€HHOr0 MOTEHILIMANa KapKaca MpejjiaraeTcsa BHEAPATh B €€
COCTaB HEOPTaHWYECKHUE MOHBI, 00IaIaAI0MINEe KOMIUIEKCHBIM OCTEOCTUMYIHPYIOIUM (-
(dbeKkToM U onpenesnsalre NoBeAeHUE MaTepuaa B mpolecce pe3opouuu B opranuzme. Oc-
HOBY TaKMX MaTepUaIOB COCTABIISIIOT XUMUYECKU MoaUuLinpoBaHHble hocdaThl KaabIUsl
B (JopMe MOPUCTOr0 KEPaMUUECKOI0 MaTpUKca: OHU pe30pOupyeMbl, THAPODUIBHBI U XO-
po11o aAcOpOUPYIOT OENIKH, IPOCTHI B CTEPUIIN3ALINN, PEHTT€HOKOHTPACTHBI. BKitoueHue B
CcOCTaB OMOKEpaMUKH MHUKPORJIEMEHTOB IMOMHUMO OCHOBHBIX MAaKpO3JE€MEHTOB (KaJbLus,
docdopa, kucaopoia) MO3BOIISIET a) CTAOMIM3UPOBATH BBICOKOTEMIIEPATYPHBIE TOIUMOP(P-
HbIEe MOJU(MUKAIIUU C HEOOXOAUMBIM YPOBHEM PE30pOIHH (T.€. CKOPOCTHIO MOCTYILICHUS
OMOXUMHUYECKHA aKTUBHBIX JIEMEHTOB B OpraHu3M), 0) IeJIeHANpaBICHHO AKTUBUPOBATH
MMEHHO T€ MPOIECChI, KOTOPbIE CBA3aHbI C pEreHepaleid KOCTHON TKaHU.

IIprumeHeHne BBICOKOOHTPONIMWUHON KEPAMUKH JJIsI TEPMOAUHAMUYECKON U KUHETHU-
YECKOW CTaOMIM3allMM BBICOKOTEMIEPATYpHOU (a3bl CIOKHOTO COCTaBa ¢ M30BITOUYHOMH
CBOOOHOM dHEpruel 00ecreynBaeT €€ XOpoIIyIo pe3opoIuto. TakuM 00pa3om, BOZMOKHO
OBICTPOE MOCTYIUICHUE COIEPKAIIMXCA B MaTepralie OMOaKTUBHBIX 3JIEMEHTOB B OPraHU3M
CO CKOPOCTHIO U 3P(HEKTOM, CPaBHUMBIM C () (PEKTOM OT MHBEKIIMH WM TIEPOPATHHOTO BBE-
JICHUS] paCTBOPUMOI (POPMBI JAHHOTO JIEMEHTA.

OCTEOKOHAYKTHBHBIE CBOICTBA MaTepuaia: COJEUCTBUE BPACTAHUIO KOCTH BHYTDb
maTepuaia, GopMUpOBaHHE CETKU KPOBEHOCHBIX COCY/I0B, OOECIeUeHUe aire3uu 1 MpoJiu-
(depannn KOCTHBIX KJIETOK, 00€CIIeUHBAETCS C TOMOIIBIO APXUTEKTYPhl B3aMMOCBA3aHHbBIX
MaKpoIop, co3ianHoi ¢ nomoirsio 3D-neyatu. Kpome Toro, Makpomnopsl KEpaMHUYECKOTO
KapKaca MO>KHO 3aIllOJJHUTh AKTUBHBIMU KYJIbTYypaMH KJIETOK MAlMEHTa ISl JOTIOIHUTEIb-
HOM CTUMYJISILUHA OCTEOr€HE3A.



Taxum 00pa3om, NpesIoKEeHbl OCTEOKOHTYKTUBHbBIE KEPAMHUUECKUE UMILIAHTAThI CO
cnenupuIecKkod MaKpOIOPUCTON apXUTEKTYpPOM, CO3IaHHON METOJIOM cTepeoauTorpadu-
yeckoit 3D-neyaT Ha OCHOBE CJIIOKHOTO COCTaBa BBICOKOIHTPONUUHBIX (a3 C OCTEOMHAYK-
TUBHBIMH 3JIEMEHTaMH. KaXXIblil 3JIEMEHT CI0KHOTO COCTaBa IPEIaraeMoro Marepualia
MMEET YETKO OIPEEICHHOE Ha3HAYECHUE.

CorjacHo JaHHBIM JUIATOMETPUH YIIOTHCHHE KEPAMHUKH HATCIbIIMHITHTHOTO CO-
craBa ((Ca, Mg, Sr, Na, K, Cu, Zn)7(POy4, SiO4, GeOy)s) compoBokaaeTcs ycaakoit 6 %,
CIeKaHue KepaMuku KapHOTHTHOro coctaBa (Ca, Mg, Sr, Na, K, Cu, Zn)s(PO,, SiOy,
GeQy)3), coaeprkaliero ToT ke Habop 3JIEeMEHTOB, AaeT 25 %, 4TO JOKHO 3HAYMTEILHO
CHIDKATh ee MPOYHOCTh. CIicueHHass KepaMUKa KapHOTUTHOTO COCTaBa COJCPIKUT OOJIBIIOE
KOJINYECTBO MUKPOTPEIIHH, YTO SBIIICTCS MPUUUHON €€ HU3KOM IPOYHOCTH.

CocTaBbl, OTBEYANOIIUE TOYKaM dKcTpeMyma Ha (azoBoi nuarpamme Caz(POg), —
CayGeOy: ynCThIli repMaHOKAPHOTHUT, a TAKXKE SBTEKTOUJIHBIN COCTAB MEXIy FepMaHOKap-
HOTHUTOM U T€PMaHNEBBIM HATreNbIIMHUITUTOM, TIPETEPIIEBAIOT OBICTPHIE IEPEXO Bl BEICOKO-
TEMIIEpaTypPHBII TJIa3€pUTHBIA TBEPBIM pacTBOp <> HU3KOTeMmIeparypHas (asza, 4To 3a-
TPYAHSET JUIsl HUX CTAOMJIM3AIMI0 METACTAOUIBLHOTO BBICOKOTEMIIEPATypHOU MOIUMOpdh-
HOUM MOU(UKAIMU MyTEM OBICTPOrO OXJIAKIEHUS BBUAY IPEUMYILECTBEHHO O0e3auddy3u-
OHHOTO XapakTepa Takux npesparienuid. [Tyrem Opictporo oxnaxaenus ot 1500 °C ynaercs
YaCTMYHO CTAaOMIM3MPOBATHh BBICOKOTEMIIEPATYPHBIA TBEP/BIM PACTBOP B IBTEKTOUTHBIX
cocraBax cucteM Caz(POy4); — CaxX0O4 (X = Si, Ge) cornacHo pe3yiabTataM peHTreHodaso-
BOro aHaiaus. PocT adpekTuBHOCTH cTaOMUIM3AIMN JIOCTUTACTCS YCIOKHEHUEM DJIEMEHT-
HOT'0 COCTaBa.

B skcnepumeHTax Mo pacTBOPEHUIO IN1a3epUTONOAOOHBIX MOPOIIKOB B MOJEIBHOM
cpene (JIMMOHHOM KHCIIOTE) MpU MOCTOSIHHOM PH = 5 mopoIku cMenIaHHO-KaTHOHHBIX U
CMEIIaHHO-aHUOHHBIX (HOChHaTOB-TEPMAHATOB-CUIIMKATOB KaJbIUs-HATPHUS 00JIaIal0T OT-
HOCUTEJIBHO MOCTOSIHHOM CKOPOCTBIO pacTBOpeHus (pe3opOuun). Jomst pacTBOPUBILIETOCS
Marepuaia COCTABIISIET OKOJIO 20%
3a 6 9acoB, UTO MO3BOJISIET MX PACCMATPUBAThH KaK MEPCIEKTUBHBIE MaTepUAbI IS Pe30p-
OMpYyEeMBIX KOCTHBIX HMILIAHTATOB.

PaboTa BrimonHeHa npu puHancoBoi noanepxke rpanta PH® Ne 22-19-00219.



CuHTe3 KAaTAJIU3aTOPOB NAPOBOIl KOHBEPCUM ITAHOJIA
HA OCHOBE CHJIMKATOB JIAHTAHA €O CTPYKTYPO anaTura

Jlonatun M.IO.}, ®énoposa A.A.L, Moposos 1.B.1, ®énoposa IO.E.?,
Kanycrun I'.1.3, Knotsko A.B.%, Illatanosa T.b.!, Epemees H.®.2,
Canosckas E.M.?, CagsikoB B.A.?

Y Xumuueckuii paxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus,
2 Uncmumym kamanuza umenu I K. Bopeckosa CO PAH, 630090, Hosocubupck, Poccus,
3 Uncmumym opaanuueckoui xumuu umenu H.J[. 3enunckozo PAH, 119991, Mockea,
Poccus

maksim.lopatin@chemistry.msu.ru

[TapoBast KOHBEpCHs ATaHOJIA SBIISETCA OCHOBOM OynyIIeil BOJIOPOJHON SHEPTETHKH,
II03TOMY ITOMCK Y IIOJyYEHUE KaTaIu3aTOPOB JaHHOW peakLuu IPEICTaBIsET COOOH aKTy-
anbHY10 3a1a49y. OJHUMH U3 IEPCIEKTUBHBIX KATaJIU3aTOPOB JAHHOTO MPOLECCA SBIISIIOTCS
cumkatel P33 co ctpykTypoit anaruta. Llenpio Haieid paboTsl ObUT CHHTE3 U UCCIIEA0BaA-
HUE€ HEJONMMPOBAHHOTO M JTONMPOBAHHBIX CHJIMKATOB JIAHTAHA CO CTPYKTYpOM amaTuTa C
HaHecEHHBIM Ha uX moBepxHocTh NiO.

CuHTe3 TPOBOIMIIA MOIU(MUIIUPOBAHHBIM 30JIb-TEJIh METOJIOM C HCIOJIb30BaHHEM
temriata. K npenapurensno yactTuaHo rugponnzoBanHomy B cpene 0.1 M HNO; tetpa-
9TOKCUCHIIaHy ObLI J00aBJICH BOIHBIN PacTBOp TEMILIaTa, a Takke HuTpaToB JanTaHa(lll)
U TOTAPYIOIIMX 3JICMEHTOB (ATFOMUHUH, *kee30, Maruui, Meap) (M(H20):m(Si02)=10). B
KauecTBE TeMIIaTa ObLIIM UCTIOIb30BaHbI B-1iukioaekcTpuH (B-CD) u mouesuna (U), komu-
YEeCTBO KOTOPHIX OBIIO PACCUUTAHO MO GopMyTIe w = —L=L™V__ . 1000 = 60%, rae mM(p-

mg_cp+mytmsio,
CD):m(U)=1:3. Ha Beicy1ieHHbIe 1 0TOxKEHHBIC TTpH 600°C (4 1) 00pasiisl MPOMUTKOM 1O
BIaroéMkoct ObUT HaHecEH HutpaT Hukess(ll), mociae yero oHM BHOBB OB OTOXOKECHBI
npu 600°C (2 4). B paboTe n3ydanoch BIUSHHE 3aMCIICHUS B MO3UIMH KPEMHHUS Ha
CBOMCTBa 00pa3110B, KOTOPHIE OBUIH UCCIIEAOBAHBI METOAAMHU TEPMHUYECKOT0 aHamu3a, POA,
PEHTICHOCIIEKTPATLHOTO MUKPOAHAIIN3a, HU3KOTeMIIepaTypHoi copOinu Ny ¥ M30TOITHOTO
oOMeHa KHCIIOpO/Ia, a TaKKe ObLTa M3ydYeHa KaTaTuTHICCKas aKTHBHOCTh 00pa3IoB B peak-
MU TTAPOBOM KOHBEPCHUU ATAHOJIA.

beutn monydensr o0pasiel coctaBa NiO/Lag 33Si55X05026-5 (0(Ni0O)=6.3 Bec. %, X =
Al, Fe, Mg, Cu, Al+Fe (momsHOe cooTHommeHue 1:1)), KoTopbie 0003HAYCHBI HH(pamMu
Buja LXSO, rne X oTpakaeT JOMUPYIOIIUI 37eMeHT. B paboTe ObLIO MOTYyUYeHO U UCCIIe-
JIOBAHO MSTh 00pa3IoB JOMUpPOBaHHOTO cwirkara jantana: LASO, LFSO, LMSO, LCSO,

LAFSO. JIs1 cpaBHeHHs Takxke ObLT osyueH oopaserr coctaBa NiO/Lag 33516026 ¢ muppom
LSO.

[lo pe3ynbpraraM TEpMUYECKOTO aHaIM3a, MPOBEAEHHOTO TMOCIE CYIIKH 00pasloB,
OBLJIO YCTAaHOBIICGHO, YTO 00pa3Ibl UMENH CXOJHBIN XapakTep pasnoxkenus: npu 60-200°C
HaOroMaNIoCh BeIeneHue Boabl, npu 180-400°C pasmaranuch OpraHMYecKe BEIIecTBa U
HAYMHAJIOCH PA3JI0KEHNE HUTPATOB JIAHTAHA W JOMUPYIONINX meMeHToB, nmpu 420-550°C
IIJIO OCHOBHOE PA3JI0’KEHNE HUTPATOB METAJLIOB.



AHanu3 TeKcTypsl 00pa3loB METOAOM HU3KOTeMIepaTypHoii copouuu Ny nokasan,
4TO BCe 00pasLbl ABIAIOTCS ME3OIIOPUCTHIMY M 001a1ak0T YAEIbHOM MIOIA/bI0 TIOBEPXHO-
ctu ot 7.5 M?/r ans o6pasua LFSO o 12.3 m?/r s o6pasua LSO.

Metox TemmepatypHO-IIPOTPaMMHUPOBAHHOTO WM30TOMHOTO OOMEHAa C HWCIOJIh30Ba-
aueM 80, mokasan, 4To It Bcex 00pa3oB HAOIIONANICS CXOHBIN XapaKTep ooMeHa. U30-
TOMHBIA 00MeH HaumHancs npu temrepatype 300°C. B mannoit obnactu ¢pukcupoBancs
JIBYXaTOMHBIN T€TEepOOOMEH, YTO, BO3MOKHO, CBSI3aHO ¢ OOMEHHOM peakiueil Ha (hparMeH-
tax NiO. B o6mactu 400°C HaunHaICS OJJHOATOMHBINA reTepOOOMEH, IIPEIOIOKUTEIBHO,
¢ yyacTtueM (pparMeHTOB CUJIMKaTa JIJAaHTaHa CO CTPYKTYpo amaruTa. Takke Oblia mpoBe-
JieHa olleHKa ko3 dunreHToB AudPy3un U UX cpaBHEHUE JIS Pa3HBIX 00pa3lloB METOI0M
TeMIIepaTypPHO-IIPOrPaMMUPOBAHHOIO H30TOIIHOTO 0OMeHa ¢ ucnonb3osanuem C80,.

OOpasupl ObUTH HWCTIBITAHBI B PEAKIIMU MMAPOBONM KOHBEPCHU ITAHOJIA TIPU COCTaBE
cMmecu 2 06. % EtOH + 8 06. % H,0 B He, Bpemenu kontakra 10 Mc u remneparype 600°C.
[lepen peakmmeil MPOBOAMIOCH BOCCTAHOBIEHHE 00PA3IOB BOAOPOIOM MPHU TEMIIEPAType
600°C. O6pazmer LSO, LASO, LFSO, LMSO, LAFSO pabotanu cTaOnuiaIbsHO ¢ KOHBEpCHEH
EtOH ot 84% mo 100% u BEIXO10M BOomopoaa oT 55% 1o 65%. Ilpu 3ToM OBUTO yCTaHOB-
JICHO, YTO JIONMPOBAHUE CHJIMKATA JIAHTaHA ATIOMHHHEM, XKEJIe30M U MarHueM IPUBOIUT K
YBEJIMYECHHIO CTENIEHN KOHBEPCHH U BbIXxoja Bojopoaa. Hanbonee s pexTuBHBIM OKazacs
obpasertr, comepsxarmmii xene30. O6paszerr LCSO paboran Mmeree a3 hexTuBHO, ueM oOpasern
HEJOMMPOBAHHOTO CHJIMKATa JIAHTaHAa CO CTPYKTYpOW amaTuTa, ¢ MaJCHUEM KOHBEPCHH
EtOH ot 88% 1m0 63% 3a 5 yacoB paboOTHI ¢ BEIX0JI0M Bojoposa oT 37% mo 47%. IIpoTeka-
HUE peakiuu napoBoit kouBepcur CO OKa3bpIBaJIO BIUSHUE Ha OONTUI BBIXO BOJIOpOAA U
cootHomerne Hy/CO (7+4,3). B kauectBe moO0YHOTO TIpOoIyKTa HAbOII01a710Ch 00pa3oBa-
Hue ~0.1% CHa.

PaboTa BrinonHeHa npu noaaepsxkke rpanta PH® No 22-72-10034, a Takxe OromKeT-
Horo mpoekta AAA-A21-121011390007-7 Uuctutyta karanuza umenu ['.K. Bopeckosa
CO PAH.



Maxkponopucras KepaMMKa Ha OCHOBe nmupogochara Kajabuus
NJI OMOMEUIUHCKOT0 IPUMEHECHUS

Mypaimko A.M.!, ®umumnmos 51.10.2

1 @Daxynemem Hayk o mamepuanax MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poc-

cusl,
2 HUU Mexanuxu MT'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus

murashkoam@my.msu.ru

Haunbouee nepcreKTUBHBIMU MaTEpHAIAMH JIJIs1 OCTEOIUIACTUKY SBIIAIOTCS OUOPE30p-
oupyembie MmaTepuaiibl. Kepamuka Ha ocHOBe upodocdara Kaablus MOKET ObITh PACCMOT-
peHa B KauecTBE TAKOTO MaTepuasa, HOCKOJIbKY OHA HE MPOSIBISIET TOKCUYECKOTO BO3/ACH-
CTBHUS Ha OpraHu3M, OMOCOBMECTHMA, a TAKXKe 00J1a1aeT ONTUMAIBHON CKOPOCTBIO pe30p0-
nuu. CymiectByer pyHaaMeHTaabHas IpodiieMa Mnpy NoJIy4eHUH TaKOW KepaMHKH, CBS3aH-
Hasi C HU3KOW NOJIBUKHOCTBIO UpodochaT aHHOHOB, BCIIEICTBUE YETO BOZHUKAET HEOOXO-
JUMOCTb B UCIIOJIB30BAHUHU CHEKAIOUINX 100aBOK. [l oOecrieueHus: mpoTeKaHus pereHe-
PALMOHHBIX MPOLIECCOB MaTepHall 10JKEH 00J1ajaTh CBI3aHHONW CUCTEMOM MakpoIop, Ko-
TOpasi MOXET ObITh MoJyuyeHa ¢ noMouibio 3D neuatu. Llenbio naHHON paboOTHI cTaNo co-
3/laHuE€ MaKpOIOPUCTOro OMOpe30pOUpyeMOro Matepraia Ha OcHOBE nupodocdara Kalb-
M C 3aJITAHHOW apXUTEKTYPOH.

[TnotHyt0 mupodocdaTHyro KEpaMUKy U3TOTaBIMBAIMU IyTeM (OPMOBAHMS MTOPOLI-
KOBOH cMecu B pacuére Ha KOHEYHBII COCTaB C pa3nu4HbIM cooTHommenuem Ca,P,07 u
CaNazP,0y, ¢ mocaenyromel TepM0O0OPaOOTKOM IPH PA3IMIHBIX TEMIIepaTypax. Makpormo-
PHUCTYIO KEPAMUKY MOJIyYaJId ¢ TPUMEHEHUEM oaxoA0B 3D nevaru.

VYcraHoBI€HO, UTO HaTpuiicoAep  auas 100aBKa MOJIOKUTEIBHO BAMSIET Ha Y dek-
TUBHOCTh TPOLIECCOB CIEKAaHUA NPH HU3ZKUX TEMIlepaTypax, OJHAKO IMPHU TEMIIEpaType
1000°C, HeoOXoaMMOM ISl yaleHusi OCTaTOYHOTO yriepoJa B Marepuaie, €€ BBEICHUE
IPUBOJUT K HEKOHTPOIUPYEMOMY POCTY KPUCTAIIIMTOB. JanpHelne uccieroBalus mnpo-
BOJMJIUCH C COCTaBOM Ha ocHOBe unctoro Ca,P,07, 17151 KOTOpOro HamIydIIue MpoYHOCT-
HBIC XapaKTEPUCTUKH U TFIOTHOCTH ObUTH TTONTy4deHbI ipu TeMiiepatype 1000°C (mpoyHoCTh
npu CKaTUu —
154 £ 17 Mlla, monyns FOnra — 9 + 2 I'Tla mpu mmotaocTH 10 95%). Y cTanoBieHo 6maro-
NPUSATHOE BIMSHHUE IBYX (PAaKTOPOB Ha MPOLECCHI CIIEKaHUs: MEJIKOTO pa3Mepa YacTHII MO-
poika chepudeckoil (Gopmbl, a TaKKe HAIUYUS MPUMECH, BHICTYNAIOLIEH B POJIM CHIEKal0-
el 1o6aBku. B Xxoje onTUMHM3aMM Mpolecca TEPMOOoOpadOTKU OBLIO MOKa3aHO, YTO
HamOoJiee MPOYHbI MaTepuan nosydaercs npu ooxure mpu 1000°C ¢ BbIAEPKKOM B Teue-
Hue 3 yacoB. PH BojgHOTO pacTBOpa B KOHTaKTE ¢ M3rOTOBJICHHOM mupodocdaTHOil Kepa-
MUKOM JISKUT B IMANa30He OT 6 10 6.2, 4TO SIBISETCS MPUEMIIEMbIM 7151 OMOMEIUIIUMHCKOTO
npuMeHeHus Marepuaia. [1o pe3yabTaram ucnbiTanuii in VIitro Bce npeiioxkeHHbIe KepaMu-
YeCKre MaTepUaibl IBJISIIOTCS OMOCOBMECTUMBIMH, OMOAKTUBHBIMU U HE OKA3bIBAIOT TOKCH-
YECKOT0 BO3/ICHCTBUS HA KJIETKU, IOMUMO 3TOT0, HA TOBEPXHOCTU KEPAMUKH HAOIIO1aeTCs
UX aJIF€3Usl U pacIlacTbIBAHUE.



B nporiecce neuatu Op1IM U3TOTOBIEHBI CTPYKTYPHI rupouaa U KenbBrHa ¢ 3a1aHHOMN
nopuctoctbio 70%. [Ipeanoxen pexxuM TepMooOpabOTKH, MPU KOTOPOM MPOUCXOIUT Yy Ia-
JIEHUE MMOJIUMEPHON COCTABIIAIOIIECH HalleYaTaHHOIO KOMIIO3UTa O€3 pacTPECKUBAaHUS MaTe-
puana. [Tomy4ueHHbIE CTPYKTYpBI 00Ja4aI0T TPOYHOCTHIO TIpH cxkatun 110 5 Mlla, momynem
FOnra 10 0.5 ['Tla npu MaKpOIOPUCTOCTH
70 £ 1 % n1 MUKpONOPUCTOCTH 10 7%, YTO MPUEMIIEMO ISl POBEAEHUS XUPYPTUUECKUX
orepanui.

Takum oOpa3zom B paMkax paOOThI MOJTy4Y€HA OCTCOKOHIYKTUBHAs MAaKpOIOPUCTAS
OMOCOBMECTUMAsI KEpAMHKA C JOCTATOYHBIMU MEXaHUYECKUMH XapaKTEPUCTHUKAMU, KOTO-
pasi moKasajia CBOM MEPCIEeKTUBLI B KauecTBE OMOpe30pOupyeMoro Marepuania st Meau-
IIUHCKOTO MMPUMEHEHUS.

PaGoTa BrimonHeHa npu purancoBoi noanepxkke rpanta PH® Ne 23-79-101083.



UccienoBanue 3aBUCUMOCTH (Pa30BOT0 COCTABA NMOPOIIKOB B CH-
creme MgO-CaO-P,0s ot ycs10BHil cUHTe3a 1J1s OJIydeHus: (a3bl
BUTJIOKHTA

Hopnarun.B.A. 1, Tony6uuxos.J[.0.%, Iytnges.B.1.1, 2

L @axynomem nayx o mamepuanax MI'Y umenu M.B.Jlomonocosa, 119991, Mockea, Poc-
cus
2 Xumuyeckuii paxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus

podlyagin.vova@mail.ru

BTopeiM 10 pacnpocTpaHEHHOCTH MHHEPAJIOM KOCTHOW TKAHU SIBISETCS BUTIOKUT
(Ca1sMg2H2(PO4)14). Hapsimy ¢ ruapokcHanaTuTOM OH HaXOMUTCS B KOJUTArCHOBOM Mart-
pHUKCE U UTPAET BXXHYIO POJIb HA paHHUX 3TAlax pa3BUTHsI KOCTHOU TKaHU. Ero Gmopesop-
OupyeMocTh, OMOCOBMECTUMCOTh, OMOAKTUBHOCTH JIENAIOT €r0 HACATbHBIM MaTepHaOM
JUIsL KOCTHBIX UMILIaHTaTOB. HecMoTps Ha 3TO, nmosiydeHrne YuCcToi (a3bl BUTIOKHUTA SIBIISA-
€TCS HETPUBUAIBHOM 33/1a4€i M3-3a €r0 TEPMOJUHAMHYECKON HEYyCTOMYMBOCTU. B manHOM
paboTe ObLIO OCYIIECTBICHO BapbUpOBaHUE MapaMeTpoB cuHTe3a B cucteme MgO-CaO-
P,Os mi1a momy4eHus mpoIyKTOB pa3HOTO cOCTaBa. B kauecTBe BapbHUpyEeMBIX MapaMeTPOB
ObLIM BeIOpaHbl: PH pacTBOpa, TemiepaTypa NpOTEKaHUsl CUHTE3a, U3HAYaIbHOE COOTHO-
[ICHUE KaTUOHOB KaJblius Maruus u ¢pocdar-anuona. Takum 0O6pa3om, 1IeNbI0 TaHHON pa-
OOTHI SIBIISIETCS MCCIIEA0OBaHNE 3aBUCUMOCTH (pa3oBOro coctaBa nmopomkos B cucreme MgO-
CaO-P,0s ot ycnoBuii cuHTe3a 1715 TTOJTy4eHUs (ha3bl BUTIOKHUTA.

JUtst onpeneneHyss Ka4eCTBEHHOIO0 M KOJMYECTBEHHOIO COCTaBa MBI MCIIOJIB30BAJIH
takue Metonl kKak POA (puc. 1) u EDX.
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Puc 1. Penmeenocpamma sumaoxuma

CooTHoIIEeHUE (1)33 B COCTAaBC IIOPOIIKOB OBLIO OIIpEACIICHO C MOMOIIBIO METOJAa KO-
PYHOOBBIX YHUCCJI.
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JloJiss MarHusi B BUTJIOKUTE ObLTa ONpeEesieHa ¢ MOMOIIbI0 MeToaa Berapaa ncxons
U3 BEIIECTB CO CTPYKTYpoil BUTJIOKHUTA. [IyTéM anmpokcumariy ObLI0 MOJYyUYEeHO BhIpaKe-

HUE JJIs1 JOJIU MarHusi B BUTJIOKUTE (puc. 2).
. Aa, B = (1 —x)a, + xap

° Whg = —4,3344d + 12,48957, rae d MeXIUTIOCKOCTHOE PaCCTOSTHUE
CaMOI'0 MHTEHCUBHOI'O MHUKA

w=-433443d + 12, 48957
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Puc 2. Annpoxcumayus 0anHvIx geujecms co CMpyKmypou 6UmI0KUmMa u cmeujeHue
yena ougpaxyuu

[TonydeHnHble YaCTUIBI MOTYT MOJYYUTh MOTEHIIMAIBHOE TPUMEHEHHE B KAUYECTBE HE-
OpraHMYECKUX HAMOJIHUTEIEH KOMIIO3UTOB HA OCHOBE MaTPUKCa U3 TEPMOIIIIACTUYHBIX 0-
JUMEPOB, TaKMX KaK TMOJMKANPOJIAKTOH WUIM TIONFJIAKTH, a TakkKe Uil (GOpMUPOBAHUS
ckaddonmoB MeToIoM cTepeonuTorpadudeckoit 3D meyaTu, st 4ero BaKHO MOJTyYEHUE
gacTull ¢ pazmepom 300-500 aM. Pazmep mory9eHHBIX YaCTHUI] OIIEHUBAJICS TT0 MUKPO(OTO-
rpadusM, MOJTyYSHHBIM Ha AJIEKTPOHHOM CKaHUPYIOIIEM MUKpOCKoTe (puc. 3).

Puc 3. Cuumox uwacmuy (POM)



Pa3padoTka Moe/ 1M OLleHKH TePMOJUHAMHUYECKON CTA0MIBHOCTH
KPUCTAIMYECKUX COeIUHECHUI HA TOCHHTETHYECKOM JTare

[MoTamnankos A.A.l, Mutpodanos A.A.l

Y Xumuueckuil gaxynemem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus

a.a.potashnikov@gmail.com

Hcrnonb3ys B3aMMOCBA3b MEXKy CTPOCHUEM BEILIECTBA U €70 CBOWCTBAMM, BO3MOYKHO
IIPOBOJUTH JOCHUHTETHYECKOE IPEACKA3aHUE CBOMCTB KPHUCTALNIMYECKUX COCIWHEHUHN C
MCIIOJIb30BaHUEM PA3JIMYHBIX PACYETHBIX METOAOB. TaKoM MOIXO0/ ITO3BOJIIET 3HAUYUTEIBHO
COKpPATUTh PAcXolbl Ha JKCHEPUMEHTAIBHYIK) MPOBEPKY THUIOTE3, W JAXE NpearaTbh
TUIIOTETUYECKHUE CTPYKTYPBI, MOTEHLIHUAIBLHO 00J1aJat01ue Hy KHbIMHA CBOMICTBaMU. OTHAKO
OH HMEET CYIIECTBEHHBIH HEIOCTAaTOK: OOJBIIYI0 YacThb MPEMJIOKEHHBIX CTPYKTYp
HEBO3MOKHO CUHTE3UPOBaTh B peaibHOCTH. [[09TOMY akTyanpHa npobieMa npencKkasaHus
TEPMOJMHAMMYECKON CTaOMJIIBHOCTH COEIMHEHUH, ISl KOTOPBIX €II€ HE CYIIECTBYET
HUKAaKUX OJKCIEpUMEHTalIbHbIX JaHHBIX [1]. Ilpm 3TOM, HEOOXOAMMOCTH OLIEHKH
3HAQYUTEIBHOIO YHUCIA THUIOTETUYECKUX CTPYKTYpP HAKIAQAbIBACT JOIOJHUTEIbHbIE
OTPaHUYEHMS HA HCIIOJIb3YEMBbIE BBIYMCIIMTEIBHBIE PECYPCHI, HE II03BOJIASA, HAIPUMED,
MCIIOJIb30BaTh KBAHTOBO-XUMUYECKUE PACUETHI.

JIns NEepBUYHOM OLICHKM CHUHTE3UPYEMOCTH BEIIECTBA MOXKHO HCIIOJIb30BaTh
SHEPTUI0 HaJ BBIMYKIOH 000JO0YKOM MOBEPXHOCTU MOTEHIMANbHOW 3Hepruu. [TockomabKy
dbopma BBHITTYKJIOH 000JIOUYKM 3aBUCUT HE TOJBKO OT CBOMCTB CaMOro BEIIECTBA, HO U €ro
OKPY’KE€HHS B XUMHUYECKOM IMPOCTPAHCTBE, KIACCHUECKUE METOJIbl MAIIMHHOTO 00y4YeHUs
JNAIOT HU3KYI0 TOYHOCTh MOJEJIMPOBAHMS HAXOXKICHUS COCIMHEHUM HA ITOBEPXHOCTH
BBIMTYKJION 000s10ukM . B nanHO paboTe paccMaTpuBaeTCcsi BOBMOXKHOCTh Y4€CTh CBOMCTB
coceneii  (MHBIMH CIIOBaMM, MOTEHIHMAIbHBIE IYTH PAa3J0KEHUS COEIMHEHHS) C
UCIOJIb30BaHUEM T'padOBbIX HEUPOHHBIX ceTelt [2].

B Hacrosimieit pabore Oblia MOCTpO€HA MOJIEIh MAIIMHHOTO OOYYEHHsI, KOTOpas
YYHUTHIBAET JIOKATHHOE OKPYKEHHE COSAMHEHUSI B XUMUYECKOM MPOCTPAHCTBE U IOCTUTACT
TOYHOCTH OMNpPENENICHUsT TepMOAMHAMUYECKON cTadmibHOCTH 97%. OMHAKO, MOCKOIBKY
TepMOJUHAMHYECKAs  CTaOWIBHOCTH  HE  SBJISAETCS ~ OJHO3HAYHBIM  KPUTEPHEM
CHUHTE3UPYEMOCTH BEIIECTBa, IMPAKTUYECKas MPUMEHHMOCTh TaKOro Kiaccudukaropa
orpanudeHa. J[yisi moucka CUHTE3UPYEMbIX COCTMHEHHUN MBI TIPOBEIM YTOYHCHHE MOJICIIH,
UCITIOJIB3yS] MH(POPMAIIMI0 O HAJUYMHM CTPYKTYpP B SKCICPUMEHTAIBHBIX 0a3ax JaHHBIX,
BoIOpaB cucrtemy Ti-Zr-Pb-O, mnepcrnekTUBHYH Ui IOWCKAa HOBBIX MATPHIl IS
UMMOOWIIM3AIIUN  PATUOAKTUBHBIX OTXOJOB. BBICOKME MEXaHWYECKHE CBOMCTBA 3THX
MaTepuajoB TO3BOJSIOT WCIOJIb30BaTh WX JJIA BKJIIOYCHUA OONydeHHOTO Zr B
MOJIMKPUCTAIUTMYECKON MaTpHILy AJi JOJITOCPOYHOTO XpaHeHus. [IpoBepka monenu Ha
TUIOTETUYECKUX M DKCIEPUMEHTAIBHO M3BECTHBIX COEIMHEHUSIX B JAHHOW CHUCTEME
nokazasia 67% TOYHOCTh MpECKAa3aHUsl CYIIECTBOBaHUS CTaOWJIbHOTO mnonumopda u
MO3BOJIMIIA TIPEJIOKUTH HOBBIE TTOTCHITMAIIBHO CTAOMIIBHBIC COCTMHECHMS.



Takum o00pa3om, OBLT TPEIJIOKEH TMOAXOA K OIEHKE TEePMOJIMHAMUYECKOM
CTAaOMIIBHOCTH HEOPTAaHUYECKUX KPUCTALINYECKUX coequHeHni. [IpeniokeHHpIid moaxo

TAKKC TOATBEPANII CBOKO IHPUMCHHMMOCTL IIYTCM HC3aBUCUMOI'O BOCIIPOU3BCACHUA
9KCIICPUMCHTAJIbHBIX JaAHHBIX.

[1] Korolev, V., Mitrofanov, A., Eliseev, A., Tkachenko, V. Materials Horizons, 2020.
[2] Reiser, P., Neubert, M., Eberhard, A. et al.. Commun Mater, 2022,
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Coznanue pe3opOupyeMbIX B OMOJIOTHYECKOM cpejie UMIUIAaHTATOB ISl JICUCHUS Je-
(eKTOB KOCTHOW TKaHU SIBJISIETCA aKTyaJIbHBIM HaIlpaBJICHUEM, YTO OOBICHIETCS POCTOM
KOJIMYECTBA OINEPALNil U HEIOCTaTKaMU CYLIECTBYIOIIMX METOA0B yedeHus [1]. MHTepec
MPECTABIIAIOT KEPAMUYECKHUE MaTepralibl HA OCHOBE ABOWHBIX (ochaToB MarHus-HATPHUS,
KOTOpbIE OyAYT XapaKTepu30BaThCsl 00Jiee BHICOKON CKOPOCTBIO PACTBOPEHHUS MO CpaBHE-
HUIO C IIUPOKO MpUMEHsieMbIMU (hocaTaMu KalblKs U YIYYIIEHHBIMA OMOJIOTMYECKUMU
cBorictBamu [2]. Llenbio qaHHOM pabOTHI ABUJIOCH MOJIyYEHHUE OMOKEpAMUYECKUX MaTepHa-
n0B coenuuenuit cucreMbl MQ3(PO4)2 — MgsNa(PO,)s Ha ocHOBe pe3yiIbTaToB aHaM3a (a-
30BBIX OTHOIICHUIN U U3MEHEHUSI MUKPOCTPYKTYPBI MOTYUYCHHBIX MaTEPUAJIOB.

JI1st TIOTyYeHnsT KEPaAMUIECKHX MaTEePHUajIoB UCIIOIb30BaIl CMECH Ha OCHOBE CHHTE-
3upoBaHHbIX MOpomkoB MQs(POs), u MgsNa(POs)s;. Cunte3 oprodocdara marHus,
Mgs(PO4),2, nmpoBoamnu TBepaodasieiM Metogom npu 1000°C u3 mopomkor MgO u
Mg2P.07. [Tupodocdar maruusi, Mg,P,O7, monyyanu TepMuuecKuM pa3ioKeHUEM CTpY-
Buta, NHsMgPO, 6H,0. CtpyBut Obl1 noayueH pactBopHbIM MeTooM 13 (NH4)2,HPO, 1
MgCl,-6H,0. JIoitHoii optodochar maruusa-Harpus, MgsNa(PO4);, cuHTe3upoBaIn H3
MgNaPO,4 u Mgs(PO4), TBepaodazubiM MeTo0M Tipu Temiieparype 1100°C [3].

Ha ocHoBe mosiy4eHHBIX JaHHBIX 00 ()a30BBIX OTHOIICHHUSIX B OMHAPHOW cHCTEME
Mgs(PO4)2 — MgsNa(POs)s, Obl10 TIOKA3aHO, YTO TIpU HarpeBaHuu cMeceit Boie 1000°C
npoucxoauT WHKOHrpyeHTHOoe MaBienue MgsNa(POg4)s, u oOpasyercs omHoda3HbI
Mg3(POs,), [4]. TToaTOMY cliekaHHe KepaMHYSCKHUX 00pa3lioB MPOBOIWIN IIPU TeMIIepaTy-
pax menbire 1000°C. C ucnonb30BaHUEM METOJIa PEHTTEHOCIIEKTPAIbHOTO MUKPOAHAIN3a
(PCMA) ObL1n Bicciie1oBaHbl 00J1aCTH TOMOTEHHOCTH JIJIs1 COIMHEHU OMHAPHOM CUCTEMBI

Mg3(PO4)2 - Mg4Na(PO4)3.

[TosyyeHHBIE KEPAMHUUYECKUE MATEPUAIIBI XapAKTEPU3YIOTCS IUIOTHOU CTPYKTYPOU U
OTHOCUTEIHHOM TIOTHOCTHIO BhINIe 80% mpu TepmMoodpadboTke mpu Ttemmeparypax 900 u
1000°C. Tlpu uccienoBaHUA MHUKPOCTPYKTYPHI MOJTYYEHHOW KepaMUKH, OBLJIO TIOKA3aHO,
YTO Kepamuka, cnieueHHas npu temmneparype 1000°C, xapakrepusyeTcsi pa3MepoM 3epHa
okoJio 3-6 MxM. TakuM 00pa3om, ccieayeMble KepaMHUiecKre MaTepuaibl B ONHApHOI cu-
creme Mgs(PO,), — MgsNa(PO4)3 MOTYT OBITH TIEPCIIEKTUBHBI JISI TATBHEHINIETO TIPUMEHE-
HUS JUTsI pETreHepaIiH MMOBPEKACHHBIX YUYACTKOB KOCTHOW TKAaHH.

Pabota BeinoaHeHa rpu puHAHCOBOM MoiepKke rpanta Ne 22-19-00219.



[1] J. Varghese, A. Rajagopal, S. Shanmugasundaram. Polymers 14(15) (2022) 3038.
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PeakumoHHO-CBA3aHHbIE MAaTEPHUAJIbI HA OCHOBE 3aMEIIEHHOI'0 OK-
TaKkaJbUueBoro ¢gocgara
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Haubonee nepcnekTHBHBIMU OMOMaTepUaIaMy JJIs HMIUIAHTATOB CIIyKaT OMope3op-
OupyeMble MaTepHalbl, TO €CTh T€, KOTOPhIE CIIOCOOHBI PACTBOPATHCS B CPEIEe MEKTKaHe-
BOI1 skuaKkocTH. K HUM OTHOCST, HarlpuMep, MaTepraibl Ha OCHOBE OKTaKalIbIIHEeBOTO (oc-
¢data (OK®). Crienryer OTMETUTB, YTO HEKOTOPBIE OPraHUYECKHE COEAMHEHMS], B OCHOBHOM,
TUKapOOHOBBIE KUCIOTHI, MOTYT BHEAPATHCA B CTpYKTypy OK®D, uTo criocobcTByeT ymyd-
HIEHUIO Onoerpaaanuu marepuana. OcoOblii HHTEpeC NPEICTaBISAIOT PEAKIIUOHHO-CBA3aH-
Hble MaTepuaisl (PCM), koTopble coYeTatoT B c€0€ BBICOKYIO PaCTBOPUMOCTD, XapaKTep-
HYIO JUIS IEMEHTOB U BBICOKYIO IIPOYHOCTh, CBOMCTBEHHYIO Kepamuke. Takum oOpasom, Lie-
JbI0 TaHHOM paboThI cTana pa3padorka Meroa noiayuyeHuss PCM Ha ocaoBe OK® u uccine-
JIOBaHHUE €r0 MEXaHUYECKUX U OMOJOrMUYECKUX XapaKTEPUCTHUK.

Jlns cuaTeza OK® ncnonb30Baiu IBYXCTaIUHHBIN ITOIX0 ¢ 00pa3oBaHUEM MaTepH-
ajia Ha OCHOBE OpyIIMTa B KQ4ECTBE MPOMEXYTOUHOH (a3bl. [Ipu ocyliecTBIeHUH TaKOTO
noaxonaa opymut cuaTe3upoBaiu u3 cmecu B-TKD u MKOM, koTopyto cripeccoBbIBAIIN B
HWIMHAPBI, & 3aTEM MMOMENIAIN B BOJy Ha 24 yaca. B nanbHeimeM, Noay4eHHbId MaTeprall
BBIJICPKUBAIIA HA NPOTsKEHUM | HsA, 3 nHeH, 7 nHer u 14 gHel B alleTaTHOM U CYKIUHAT-
HoM Oydepe npu pH = 7.5 u temneparype 40°C, pH =7 u 50°C, pH = 6.5 u 60°C ¢ o6pa-
3oBanneM OK®. beut npoBenen ananu3 crenenu kouBepcuu OK® u3 Opymmra B 3aBUCH-
MOCTH OT BPEMEHHU U TeMIIEpaTyphl, a TAKKe ObUIM MOJICUUTAHBI MTAPpAMETPhl KpUCTAILITNYE-
CKOH PEIIETKHU.

[To naHHBIM PacTPOBOW 3IEKTPOHHON MUKPOCKOIIUM IOCIIE TIEPBOM CTAAUU CUHTE3a
HaOJIOMA0TCsl 00pa30BaHKE KPYIMHBIX TUIACTUHYATHIX KPUCTAIIIOB, XapaKTEePHBIX It Opy-
IMTa, TOTJa KaK Ha BTOPOU cTaguu — popMupoBanue Menkux kpuctamwioB OK®. [pexen
MIPOYHOCTH TIPH CKATHH ISl MaTepuaia Ha ocHoBe OpymmTa u Ha ocHoBe OK® cocraBmi
10.7£2.6 MIla u 6.3+1.0 MIIa coorBerctBeHHO. Moayne FOnra: 1.1 + 0.3 I'Tla u 0.7 +
0.1T'TIa, uto mpuemMaEMO JJ1s1 MEAULIMHCKOTO MUCIIOJb30BAHUA.

[Tony4yeHHBIC MaTEpHUAITBI JEMOHCTPUPYIOT BHICOKYIO OMOaKTUBHOCTD, YTO TIOJITBEP-
YKIACTCS BBIMIAJCHUEM Ha MOBEPXHOCTH OOPA3I[0B MEJIKHUX KPUCTAIOB THAPOKCHAIIATHTA
u3 pactBopa SXSBF. 3nauenus pH u pCa, hbopmupyemoro B pacTBope MaTepuagiaMu JEKUT
B JIOITYCTUMOM JJIs1 OMOJIOTHYECKOTO MTPUMEHEHHS rarna3oHne. [loce moceBa KJIeToK Ha 1mo-
BEPXHOCTHh 00pa3IloB KOJUYECTBO JKUBBIX KIETOK Ha moBepxHOCcTH OK® Gombie, uem Ha
MOBEPXHOCTU OpPYIINTA, YTO CBUIETEIBCTBYET O MEHBIIIEH TOKCHYHOCTH JAaHHOTO MaTepH-
ana.



Taxum oGpa3om, ObIa pazpaborana meroauka monydeHuss PCM Ha ocHoBe OKO,
3aMeIICHHOT'0 aHMOHAMH STHTAPHOW W JIMMOHHOW KHUCIJIOTHI, U3y4YeHa TITyOnHA MPOTeKAHHS
pCaKIuy B 3aBUCUMOCTH OT BPEMEHH IPH PA3TMIHBIX TEMIIEPATypax, a TAKXKE MPOBEICHBI
YCTICIITHBIC MEXaHHYECKUE TECTBI U TECTBI
in-vitro.

Pa6ota BeImonHeHa mpu puHaHCOBOM moaaepkke rpanta PH® No22-19-00219



CuHTe3, XapaKkTepu3anusa U COPOLMOHHBIC CBOMCTBA JONMUPOBAH-
HbIX CJIOMCTBIX IBOMHBIX THIPOKCHI0B HA OCHOBE MATHUSA U AJII0-
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Crnouctsie nBoitHbie ruapokcuabl (CAI) — kiacc HEOpraHMYECKUX COSAMHEHUH C
obmeit popmynoit [M?*_\M>*+(OH),]x*(A™)wn'mH20, tie M?* u M3" - 1ByXBaJleHTHBIE U
TPEXBAJICHTHBIE HOHBI METAJIJIOB 00pa3yroIme OpycuTono100HbIe CIIoN, a A" MeKCIIOeBbIE
AHUOHBI, KOMIICHCUPYIOIINE 3apsi MOJIOKUTEIHHO 3apsHKEHHBIX CIOEB. C KaKIbIM TOJIOM
MOSIBJISIIOTCST BCe OOJbIe 00JacTeil MPUMEHEHUS NI CIIOMCTBIX TBOWHBIX THIPOKCHIOB,
YTO CBS3aHO C pa3HOOOpa3ueM UX COCTaBOB, JOCTYITHOM IIEHOM, MPOCTOTON CUHTE3a U CIO-
COOHOCTBIO JIETKO nepecTpanBaTh CTpykTypy. Hampumep, CI" HaxoasT npuMeHeHue B Ka-
yecTBe (DOTOKATATNU3AaTOPOB MJIsi PA3JIOKEHUST BOJBI, JIJISl MOJYUYEHUSI BOJIOpOA MO JIEH-
CTBHUEM BUIMMOTO CBETa, TAKXKE ceiiuac BeAyTCs pa3padOTKu B 0071aCTH NIPUMEHEHHS UX B
KaueCTBE MaTepUaJIOB JJIsl HKCTOUHHKOB TOKA U cylepKoHieHcaTopoB [1]. Kpome Toro, 3tn
MaTepHaibl UCTIOJIB3YIOTCS B KAUECTBE BHICOKOI(DPEKTUBHBIX COPOCHTOB MPOTUB OPTaHU-
YECKUX 3arpsi3HUTENICH U TSHKEBIX METaJUIOB.

JanHast paboTa ObLIa MOCBSAIIEHA CO3TAHUIO HOBBIX MAaTEPUAIIOB JIJIsi COPOITUU TaKUX
TOKCHUYHBIX METaIoB, kak Cu?*, Co?* u Ni?*. [lng 5Toro 6bU10 CHHTE3MPOBAHO U OXaPaKTe-
PHU30BaHO TpU 0Opa3la CIOUCTHIX ABOUHBIX TuApokcu1oB MgAl, CuMgAl u CrMgAl. Cun-
T€3 MPOBOJIWIA METOJAOM COOCAXJACHUS M3 HUTPATHBIX COJIEH B IIEIOYHON cpene, Mmocie
Yero 0CaJoK MOJIBEPTajcs CTApEHHIO, a Jajiee MPOMBIBAJICS U CyIIHICA. MeToIoM peHTre-
HO(a30BOI0 aHa/IM3a ObLIO MOKAa3aHO, YTO BCE 00pa3Lbl MPEICTABISAIOT COO0N KpUCTAIIIN-
yeckue ¢a3nl ruapotaabkuTa MgrAl(OH)7; BBeieHNE TOTTAHTOB ¢ OOJIBIITUM MO CPABHEHHIO
C 3aMellaeMbIM HOHOM PaJuyCcoOM MPUBOAMUT K YBEITUUYEHHUIO PACCTOSHUS MEXKIY CIOSIMHU.
Ha UK-cniektpax Habmogatorest muku, xapakrepusie st CII, comepkamux B MEXCI0e-
BOM IIPOCTpPaHCTBE HUTpaT-aHUOH. Ha ocHoBanuu nanusix COM ¢ EDX kapramu pacnpe-
nenenus s1eMeHToB U POIC mpoaeMoHCTpUpOBAHO paBHOMEPHOE paclpeaesieHue I0-
MaHTa B CTPYKTYpPE 00pa3IoB; 00pa3Ilbl MPECTABIISIOT COO0M YeTyKH, CTPYIITUPOBAaHHBIC
B KpYITHBIE 00pa30BaHUSI.

[IpoBeneHo uccnenoBaHre COPOIMOHHBIX XapaKTEPUCTHUK MOJyUYEHHBIX U OXapaKTe-
puzoBaHHbIX 00pa3noB C/II" (BappupyemMble TapamMeTphl: IPUPOIA U KOHLEHTpAIUs COpOU-
pyeMbIX HOHOB, pH 1 TeMIiepaTypa cpefibl, a TaKXe JUIUTEbHOCTh COPOLIMH); YCTAHOBIICHBI
ONTHMAaJIbHBIE YCIOBUS COPOLIUU.

ABTOp paboTHI BeIpaXkaeT OsarogapHocTh PecypcubiM nientpam CIIOI'Y: «Pentreno-
nupakIMOHHbIE METOJbl uccienoBanus», «Hanorexnomorumy», «MeTonbl aHamu3a co-
cTaBa BelecTBay U « PU3NUYECKHE METOIBI UCCIEAOBAHUS TOBEPXHOCTI.



[1] Qian Wang, Xiaofei Wang. Journal of Alloys and Compounds 937 (2023) 168396.



CuHTe3 ¥ McCiIe10BaHue KaPpOOKCUIATOB eBPONNs U Tepous, a
TaKKe KOMIIO3UTHBIX MATEPHUAJIOB HA UX OCHOBE JIJIsl BBICOKOTEM-
NepaTypHOH JIOMHUHECHEHTHONW TEePMOMETPUH
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Jlist uamepenus Temneparypsl B quanaszone 10 400°C HeoOxoauma Kak BO3MOKHOCTh
YAAIEHHOTO U3MEPEHUS TEMIIEPATYPbI, TAK U BBICOKAsi TOYHOCTh. HO OOIBIIMHCTBO U3BECT-
HBIX TEPMOMETPOB 00J1aJat0T HU3KOM YyBCTBUTEIBHOCTHIO UM HEYAOOHBI IPU U3MEPEHUU
TeMIepartyp ObICTPO IBUXKYIIUXCSI 00BEKTOB Masioro pazmepa. Hanbomnee nepcreKTMBHBIMU
MaTepuagamMu A1 OECKOHTaKTHOW JIFOMUHECHUEHTHON BBICOKOTEMIIEPATYPHON TEPMOMET-
puH ABJISOTCS KoopAuHanoHHbIe coenquHeHus (KC) TepOus u eBpomnusi, HOCKOJIbKY MatTe-
pHUabl HAa UX OCHOBE 00JIaJal0T PKOM JTIOMUHECIICHIIUEN C Y3KUMU IOJIOCAMH U C MTOCTO-
SIHHBIM TI0JIOKEHHEM I0JIOC, BBICOKON UYyBCTBUTEIBHOCTBIO U TEPMUUYECKOW CTAOUIIBHO-
cThi0. [TpH 3TOM B KauecTBE OTKIIMKA HA U3MEHEHUE TEMIIEPATYPbl MOKET OBITh COOTHOIIIE-
HUE Ham0oJiee MHTEHCHUBHBIX TOJIOC CHEKTpa JIOMUHECUEHUUU WM U3MEHEHUE BPEMEH
KU3HU BO30YKIEHHOTO COCTOSIHUS JaHTaHuAa. Beicokue temrepaTypbl TpeOyroT noa0op
TEPMOCTAOUIIBHBIX TIOMHUHO(OPOB, M TaK KaK TAKUE KOMILJIEKCHI ITPEICTABIIAIOT COOOH MO-
POILKH U U3 HUX CJIIOXHO MOJTYy4YaTh TUIEHKU, TO HAHECTH HA MMOBEPXHOCTh U YBEJIUYUTH CTa-
OMJIBHOCTh CO€IMHEHUI MOKHO TTPU MOMOIIH [TOJTMMEPHBIX MATPULL, IPU ITOM BBICOKOTEP-
MOCTaOUIbHBIX. TakuM 00pa3oMm, 1eJIbI0 JAaHHOU Pa0OThI SIBISIETCS BHIOOP SIPKO JTIOMUHEC-
[UPYIOIIMX COCIMHEHUN U MOJUMEPHBIX MaTpuil, ctabuibHbiX 10 400°C, a Takxke paspa-
00TKa METOAMKH IMOJIy4YEHHUS SIPKO JIIOMUHECLUPYIOIINX KOMIO3UTHBIX MaTeprajIoB Ha UX
OCHOBE JIJIsl BBICOKOTEMIIEPATyPHOI JTFOMUHECLIEHTHON TEPMOMETPUHU.

B kadecTBe 00BbEKTOB HCCIIeIOBAaHUS BEIOpaHbl TepMocTabuibHbIe 10 450°C GeH3o-
1,2,4,5-tetpa- u -1,3,5-TpukapOoKcuiIaThl eBponus U Tepous. Bce KoMIIeKehl ObLIH TIpe/I-
BapUTEIHHO 00E3BOKEHBI, TaK KaK KOOPAMHUPOBAHHBIE MOJICKYJIBI BOJBI BIMSIOT HA 3aBU-
CUMOCTh HHTCHCHBHOCTH JTJFOMUHECIICHITIHM OT TEMIIepaTypbl O0JIbIIIE, YeM BHYTPESHHUH TIe-
PEHOC PHEPTUH, YTO YMEHBIIIACT TUAITa30H YYBCTBUTEIILHOCTH CEHCOPA M OTPAHUYMBAET €TI0
1o Temrepatypsl neruapatanuu KC (okosio 100°C). st co3qaHus KOMIIO3UTOB ObLITU BbI-
OpaHbl XOPOUIO U3BECTHBIE MOJMMEPHI AKPWIOHUTPHI OyTanueH ctupod (ABS, ctabuiien
10 210°C), nonunaktua (PLA, crabunen no 150°C), nonuctupoi (PS, ctabunen no 160°C),
a TaKKe BBICOKOTEPMOCTAOWIbHBIC TpU (OTOOTBEPIKIAEMBIC TTOJTUUMHUIHBIC CMOJIBI
(P14050, P14072, P12050, ctabumibhbl 10 300°C) u noauumug P84 (ctaduien mo 500°C).

Bce 6en3on-1,2,4,5-tetpa- u -1,3,5-TpukapOokcunarsl 001a1af0T BBICOKO HHTEHCUB-
HOW JTIOMUHECIICHIIMEN KaK eBpOMHUsl, TaKk ¥ Tepous (puc.la), 1 UMEIOT BHICOKHE KBAHTOBBIE
BbIX0/bI 710 70%. Kpome Toro, HabmogaeTcst TemrnepaTypHasi 3aBUCUMOCTh KOMIUIEKCOB U
KOMITO3UTHBIX MaTE€pHaJIOB KAK 10 HMHTEHCUBHOCTH JIIOMUHECLEHLIUH, TaK U 110 BpEMEHaM



XKU3HU MoMuHecueHuu (puc. la). Cpenu Beiopanubix Matpun ABS, PLA, PS u ¢otoot-
BEPKJa€MbIe TTOJTUUMHUIHBIE CMOJIBI JIFOMUHECHEHIUIO MOJYYEHHBIX KOMIUJIEKCOB HE TY-
mat. [Ipu sTom nonuumuz P84 TymmT TIOMUHECHEHITNIO KOMIUIEKCOB, IO3TOMY ObLIa pas-
paboTaHa OpUrHHAJIbHAS METOMKA MOyUYEHHUsI KOMIIO3UTHOTO MaTeprasa Ha ero OCHOBE.

[To nanabIM PDA (ha3oBbIii cOcTaB KOMITJIEKCOB HE MeHseTCs. [1o qaHHBIM JIFOMUHEC-
[IEHTHON CIEKTPOCKOMUU KOMIIO3UTHBIE MaTepuaibl Ha ocHoBe 3 u3 7 matpui (ABS, PLA
u PS) mposiBisiioT TemiiepaTypHO-3aBUCUMYIO JitoMuHecHeHuio 10 160°C, a ¢potooTBep-
KJAEeMbI€ IMOJMUMHIHBIE CMOJIBI — TOIBKO 110 270°C. [Ipn 3TOM KOMIIO3UTHBIE MaTEPHUAIbI
Ha OCHOBe mojuumuga P84 o6ianaioT TemrepaTrypHO-3aBUCUMON JIFOMUHECHEHIIUEN 0
500°C, u Takxe cTabUIIbHBI Ha BCEM AMana3zoHe TeMieparyp. MccienoBanue nokasano, 4To
BpeMsi )KM3HU JIIOMUHECIIEHIIUU 00paTtumMo cHikaetcs ¢ 0.85 mc 10 0.25 Mc 17151 KOMIIO3UTa,
JOTIMPOBAHHBIM TeTpakapOokcuiaroM esponus, u ¢ 0.95 mc 10 0.35 Mc — TeTpakapOOKcu-
JaToMm Tepous (puc. 10).

Takum 00pa3oM, B Ka4eCTBE OCHOBBI BBICOKOTEMIIEPATYPHOIO JOMHHECIIEHTHOIO
tepmomeTpa 10 S00°C MoryT ObITh PEKOMEHAOBAHBI TETPAKAPOOKCHUIIATHI EBPONUS U TEP-
OMsl 1 KOMIIO3UTHBIE MaTepuaibl Ha ocHoBe noauumuaa P84 nu KC esponus u tepousi.
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Puc. 1. 3asucumocms epemenu scuznu momunecyenyuu a) Euy(btec)s u Thy(btec)s 6)
Euy(btec);:4P84 u Thy(btec)s;:4P84 om memnepamypuol npu nazpese 0o 500°C u oopamnom
OXJIAHCOEHUU.



In silico nu3aiin MaTpuI 1)1 KMMOOHIH3ANMH IIHPKOHHUS U3 pa-
AMOAKTUBHBIX 0TX010B
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3a mocieAHME MoJIBEKa MpodieMa yTHIN3aluY paJu0oaKTUBHBIX OTXOA0B IIpHoOpesna
OOJBUIYIO aKTyalbHOCTh. CyIIECTBYIOIIME MOAXOJbl K MX 3aXOPOHEHHWIO OCHOBAHbI Ha
IPUHIMIAX UCTIOJIb30BAHUS HECKOJIBKUX OapbepoB NIl HAAEKHOU 3alUThl. OJIMH U3 3THX
0apbepoB — UMMOOUIIM3AIMS OTPAOOTAHHBIX PAJAHOHYKIIUIOB B CIIELIMAIBHBIX MAaTPULAX.
OpnHako, TUPKOHUI, KOTOPBIN HIMPOKO MPUMEHSAETCS B MPOU3BOJCTBE TEIIOBBIIEISIOIINX
3JIEMEHTOB U TOIUIMBHBIX KaHAJIOB, CO3JAET CIOXKHOCTH B yTHJIM3AallMU 0TX00B. [lepcrek-
TUBHBIMUA MaTepHaIaMH JJIsl UMMOOWIIM3alUNA HUPKOHUS SBIISIIOTCS. OKCHJIHBIE K€pamMuye-
CKH€ MaTpulbl. B cOOTBETCTBUM C HOPMATUBHBIMU TPEOOBAHUSMHU, OCHOBHBIMU XapaKTe-
PUCTUKAMM TaKMX MAaTPHI] SIBISIOTCA UX MEXAHUYECKAsl IPOYHOCTh, YCTOMYUBOCTh K BO3-
JNEHCTBUIO BOJBI, PaAMALIMOHHAS U TEPMUYECKAsk CTOMKOCTh. [I[puMeHeHne MeTo10B MalnH-
HOT0 00YyYEHHUS MOXKET CYIIECTBEHHO OOJIErYUTh MPOLECC MOUCKA MOAXOAAIUX MaTepua-
JIOB JI71s1 TOCJIEAYIOLIETrO UCIIOJIb30BAaHUs B KAUECTBE MAaTPUIL Uil UMMOOWIN3ALUN paao-
aAKTUBHOTO LINPKOHHSI.

Takum 00pa3zoM, 1eIbI0 JaHHON paOOTHI SIBISIETCS MOUCK MEPCTIEKTUBHBIX OKCUTHBIX
MaTpHuIl JjIs UMMOOUIIU3AIMY IUPKOHMS C TTIOMOIIBIO METOJI0OB MAaIIMHHOTO O0Yy4YEHUSI.
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Puc. 1. 3asucumocme npeockazanuii mooeneii om DFT-pacuemnvlx 3nauenuil 0jis
mexaruyeckux ceoticme coeouneruti (CAO- cpeonss abconromuas owuoka, CKO — cpeonss
K8aOpamuyHas oumuoxa).

JIist 1OCTUKEHUs TOCTaBJIEHHON 1eau ObLIM pa3paboTaHbl U 00y4YEHBI MOJIETHU IO
IpeIcKa3aHuIo SHEPTUHU 00pa30BaHUs, TEMIIEPATYPhI IUIABJICHUS, MOJIYJISI CXKATHS U CIIBUTa
Ha ocHOBe apxutekTypsl CrabNet [1]. Moaenu criocoOHBI TIpeACKa3biBaTh MEXaHHUSCKUE

cBoiicTsa (puc. 1), sHepruto o6paszopanus [R? = 0.93] maTepuanoB u Temreparypy IaBie-
uus [R?=0.91].



C ucnonp30BaHUEM MOJYUYEHHBIX MOJENeH ObUT MPOBEAEH CKPUHUHT MO XHMHYe-
CKOMY IIPOCTPAHCTBY CTEXMOMETPUUYECKUX OKCHJIOB, COAEPIKAILNX IUPKOHUM U 1BA APYTUX
MeTajia. Pe3ysbrarsl pacyeToB ISl COCTABOB C HAWBBICIIMMY 3HAYCHUSAMH MEXAHUYECKUX
CBOMWCTB mpezcTaBieH B Tabuue 1.

Taba. 1. [lepcnexmuenvie mamepuanvl 051 UCNOIL308AHUS 8 KAYeCmee Mampuy OJisl
UMMOOUNUZAYUYU YUPKOHUS HA OCHOBAHUU NPEOCKA3AHHBIX 3HAYEHUN KTI0UeBbIX CEOUCMS.

Cocrasn Kum, I'Tla | Gy, I'Tla | Eform, 2B/aTom | T, K
ZrCr;Ni,O7 | 157 89 -2.35 1537
Zr(Niz03). | 171 77 -1.84 1644
ZrAl;Ni,O; | 163 76 -2.70 1639
ZrFes0p 166 74 -2.17 1721
ZrMn,Ni,0O7 | 143 81 -2.27 1423

JlanpHetimas paboTta mo TeMe npeanojaraeT CHHTE3 U UCCIICIOBAHUE MPEI0KEHHBIX
COEJIMHEHUMN.

[1] A. Y.-T. Wang, S. K. Kauwe, R. J. Murdock, T. D. Sparks. npj Comput. Mater. 7(77) (2021).



MopeanpoBanue XUMU4YeCKOM YCTOUYUBOCTH MATPHUILL
NI MMMOOUJIM3AUU PATHOAKTUBHBIX 0TX0/10B

Pynenko M.A., MutpodanoB A.A., EnnceeB A.A.
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B Hacrosimiee BpeMs aKTUBHO OOCYXAA€TCs BOIPOC 3aXOPOHEHMS PaIUOAKTUBHBIX
OTXOZI0B U MHO>KECTBO UCCIIEIOBAHUM HAIIPABIICHHO HA ITOMCK MAaTEPUAJIOB, IPUTOIHBIX JUIS
UCITOJIb30BAHUS B KQUE€CTBE CTAOMIIBHBIX MAaTpUll Il UMMoOmnu3auuu. [lpu pagnoaktus-
HOM pacIajie B MaTPUIIAX TPOUCXOAUT 3aMEILEHNE YACTH aTOMOB, BBICBOOOXK1aeTCs 00JIb-
110€ KOJIMYECTBO IHEPTHUH, NOSBIIIOTCS TPEIIUHBI, 4 TAKXKE MPOUCXOJIUT B3aUMOIECHCTBUE
JIOYEpPHUX MPOJYKTOB pacnaja ¢ BelecTBOM. Bee 3Tu GpakTopbl MPUBOAAT K pa3pyLIEHUIO
MaTpHI] ¥ BBIOPOCY PaIMOAKTUBHBIX BELIECTB B OKPYIKAIOIIYIO CPELY.

B pamkax paGoThl paccMaTpUBaINCh U3MEHEHHE 00beMa STUYSHKH M 3HAUCHHUE
MaKCHMaJIbHOM CHUJIbI, ACHCTBYIOIIEH HA aTOMbI, B KQUECTBE KPUTEPUEB JJIsl OLICHKU CTa-
OmnbHOCTH. bhlNia mpemoskeHa MeToIuKa JIjIsl MOJICTMPOBAHUS yCTOMYMBOCTH PaHOAKTHB-
HBIX MaTpUIl IPH 3aXOPOHECHHH, COIVIACHO KOTOPOM paccMaTpUBaIOCh MOCIEI0BATEILHOE
3aMelIeHUe aTOMOB CTPOHITUS Ha aTOMBI IIUPKOHMS, 00Opa3yIoIIHecs IIpHu ero 6eta pacriaje.

W3 6a3p1 manHbix materials project uz 135000 ctpyktyp Obl10 0TOOpano Gosee 30,
coJiepkaliuxX CTPOHUMH, ¢ FHEpruen Haja BbIyKJoi obonoukoi meHee 0.013B/atom. s
Ka)KJ101 ObL1a MOCTpOEHA cynepsiueiika pazMepoM 2x2x2, KoTopasi ONTUMU3HPOBAJIACH C UC-
10JIb30BaHueM TpadoBBIX HEMPOHHBIX ceTeit m3gnet [1] u chgnet [2]. 3atem mocnenoBa-
TEJIbHO 3aMEIAJIUCh ATOMbI CTPOHIIMS HA ATOMBI IUPKOHUS U ONTUMHU3UPOBAIACH MOJIyYEH-
Has reoMetpus. s kaxoii crenenun 3amerienust N/16, 10 pa3 Beioupanuce ciyyaiinsie N
aTOMOB JJI 3aMEILEHUs, ONTUMHU3UPOBAIUCH TOJIYUEHHbIE CTPYKTYPbl U PACCUUTHIBATIUCH
U3MEHEHHE 00beMa U 3HaY€HUE MaKCUMAaJIbHOW CUIIBI, IEUCTBYIOIEH Ha aToM. VX cpenHue
3HaueHus ObUIM BBIOpaHbI AJIs ONMCAaHUs JAHHOM cTeneHu 3amenieHus. C ucnojib30BaHueM
3aKOHA PaJIMOAaKTHBHOTO paclaja CTeNeHb 3aMelleHns Oblla MepeBeieHa B ro/ia, MpouIe/-
M€ ¢ MOMEHTa 3axopoHeHus (puc. 1).

Jl5ia cpaBHEHUS CTAOMIBHOCTH CTPYKTYP MEXKIY COOOM, I KaXK 0 ObLIIO BBIOPAHO
MaKCHUMaJbHOE M3MEHEHHEe 00beMa M3 BCEX Pa3IMYHBIX CTENEHEH 3aMelleHUs U MaKCH-
MajbHas cuia (puc. 2). HanMmenbiniee n3MeHeHne oo0bema, pu HU3KOM 3HaUY€HUHU CUJTBI, TIPU
sToM HaOmoaaetcs it mp-7006-SrNbO3, mp-510624-SrFeO3 u mp-5229-SrTiO3. Tak xe
OblJ1a paccyrTaHa MOrpelHOCTh MyTEM CPAaBHEHUS SKCIIEPUMEHTAIIBHOIO 00beMa STYEHKU U
PAaCCUMTAHHOIO ISl HE3aMEIIEHHOW CTPYKTYpHhI, kKoTopas coctaBuwia 2.9, 4.5 u 4.5% nns
SrTiOs, SINbO; u SrFeO3 cooTBeTcTBeHHO. Bee 3 coeMHEHUsT UMEIOT CTPYKTYPY TIEpOB-
ckuTta, a SITiO3 y)ke paccMaTpUBaJICS SIKCIICPUMEHTATOPAMH, KaK MaTPHIIA JIJIsl UMMOOWIIH-
3alMM PaAUOaKTUBHBIX 0TX0/10B. [loiydeHHbIe pe3yIbTaThl MO3BOJISIOT CYUTATH, YTO METO-
JIMKA MOKET OBITh UCIIOIB30BaHA JI1 MOICIMPOBAHUS XUMHUECKOW YCTOMYHMBOCTH MATPUIL
JUI. IMMOOMITU3aLlMU PaUOAKTUBHBIX OTXO/IOB.
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Puc. 4. Makcumanvrwvle uzmenenue oovema u cuia 0as psaoa CmpyKmyp.

PaboTa BeimoHeHa ipu prHAHCOBOM MToIep ke rpanta PH® Ne 23-73-30006.

[1] Chi Chen, Shyue Ping Ong. Nature Computational Science 2 (2022) 718-728.

[2] Bowen Deng, Peichen Zhong, KyuJung Jun, Janosh Riebesell, Kevin Han, Christopher J. Bartel and
Gerbrand Ceder. Nature Machine Intelligence 5 (2023) 1031-1041.

[3] E. K. Papynov, A. A. Belov, O. O. Shichalin, I. Yu. Buravlev, S. A. Azon, et al. Russian Journal of
Inorganic Chemistry 66 (2021) 645-653.



I'maporepmMaabHbIid CHHTE3 TIeHOK VO;
HA Pa3JIMYHbIX MOMJI0KKAX JJI ONTUYECKUX YCTPOUCTB
HUK-u TI'u- tmana3oHoB
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Juokcup Banagus npu 68°C nposBisieT cBepXObICTPhIN (Ha30BbIA MEpexon U3 Ju-
anekTpuueckoil M-¢assl B MeTasumueckyto R-¢asy. B xoae nanHoro npespaiieHus npouc-
XOJUT PE3KOE N3MEHEHUE AIEKTPUUECKUX, ONTHYECKUX U MAarHUTHBIX CBOMCTB MaTepHaIa.
Takue cBOMCTBA MO3BOJISIIOT OTHECTU TMOKCH BAHAIHS K IEPCIIEKTUBHBIM KaHIUIATAM IS
CO3/1aHUS MEPEKIIOYAIONINX 3JEKTPUUECKUX M ONTHUYECKUX YCTPOMCTB (TEPMOXPOMHBIE
«YMHBIE» OKHA, aMIUIUTyAHbIe MoayJsATopsl TT'- u UK-u3nyuenuns u nap.) [1, 2]. Paznuu-
HBIE YCTpOICTBa TpeOYIOT pa3paboTOK METOAMK MOJyuyeHus: MaTepuaaoB Ha ocHoBe VO, B
BU/IE TUICHOK Y TIOKPBITUN Ha pa3inyHbIX Hocutelsix. Hanbonee onTumManbHbIMU TS 38124
OINITUKU M ONTOYJICKTPOHHUKH SBISIOTCS MOTOKKHN U3 R-Al,O3 1 MOHOKpHCTAITUYECKOTO
KpeMHUS. BONBIIMHCTBO CyIIECTBYIONIMX TEXHOIOTHIA moy4deHus mieHok VO, 0CHOBBIBA-
I0TCS Ha IOPOTOCTOSIEM BAKYyMHOM 000pyI0BaHUU. BBUy IIMPOKHUX MPAKTUUYECKUX BO3-
moskHocTer VOy, ciocob morydeHus: MaTepuiia J0JKEH ObITh TOCTYIHBIM B PACIONOKEH-
HBIMH K MPOCTOMY MacIITaOupoBaHuio. JlJig 3TUX Lened moaAXoAsIT THOKUE B IPUMEHEHUN
pPacTBOPHbBIE TEXHUKH, B YHCIIE KOTOPBIX THIPOTEpMaIbHOE BO3jAeicTBUE. Tak, LEeNblo pa-
00THI cTana pa3zpaboTka crocoda MoydeHHs IICHOYHBIX MaTepranoB Ha ocHoBe VO, Me-
TOJIOM THAPOTEPMAIBHOIO CHHTE3a Ha moaaokkax u3 R-Al,O3 1 MOHOKPHUCTAILIIMYECKOTO
KPEMHHUS U U3YyUYEHUE UX CBOWCTB.

bruta npoBeieHa cepust IKCEPUMEHTOB MOIyYeHUs TUIEHOUHbIX MaTepuanoB VO, Ha
nomtoxkax u3 R-AL,O3 [l TeopeTHdecKkoi OIeHKH IMOTEHIIMANa POCTa IICHKH Ha MO/I-
JOXKKaxX KPEeMHHUS Pa3IMYHbIX OpUEHTAIMil ObLI MPOBEACH pacyeT 3HAaYEHUIl HEeCOOTBET-
CTBUS [TAPaMETPOB AJIEMEHTAPHBIX SUEEK IUIEHKH U MOII0KKHU. Ha ocHOBaHMM MOTy4YeHHBIX
JAHHBIX OBLIN PEaM30BaHbI SKCIIEPUMEHTHI OCAXKICHUS JUOKCHIA BAaHAAUSI HA MOHOKDPH-
crayuimdeckue nouiokku Si <111>, Si<100>, Si <311> ruaporepMaabHOTO CHHTE3a MPH
temmnepatype 180°C B reuenue 20 uacos. [IokazaHO, 4TO ONTUMATLHOM IS TOJTyIEHHUS TLIC-
HOYHBIX MaTEPUAIIOB B YCJIOBUSAX TMJIPOTEPMATBHOTO OTXKUTA CTaja Mouiokka Si <111>.
[ToMuMO KJIaCCUYECKOTO TEMIIEPATYpPHOTO OTKUTA B MeUH, ObljIa apoOupoBaHa cepust Mo-
CTOOPa0OTOK OKCHUIHBIX IJIEHOK MMITYJIbCHBIM JIa3€pHBIM M3JIyd4eHHEM. B xone paboTsl
BriepBbie Ha R-Al,O3 6511 peanuzosan nepeBoa VO,(B) B VO2(M;) da3y ¢ mOMOIIbIO UM-
MyJIBCHOTO JIA3€PHOTO M3ITy4YeHHs ¢ AnuHOM BoiHbI 1035 M. Taxke ycTaHOBJIEHBI ONTH-
MaJlbHbIE YCJIOBHSI JUIsl MpEeU3UOHHOTO (hopmupoBanus penbeda Ha nmoBepxHoctu VO, C
MOMOIIBIO TEXHUKH JIa3epHOTOo mucbMa. Pa3oBblil cocTaB U MOP(HOIOTHS MOTYYSHHBIX MO~
KpbITHil n3ydeHnsl metogamMu POA, KP-cnekrpockonuu u POM.


mailto:alina.alina.samoylova@mail.ru

Jlig u3y4deHHs! 3JIEKTPOXPOMHBIX CBOMCTB MOJYYEHHBIX IUICHOK Oblila MpOBEAEHA
HK-cnektpockomnusi B pexxume Au(p@Py3HOro oTpakeHus: B JUANa30HE OT KOMHATHOM 10
90°C. Tloka3aHo, uTo TIpu 00paTUMOM (ha30BOM TIEPEXOC TUIICKTPUK-METaUT HaOIroaa-
eTcs TS PMOXPOMHOE U3MEHEeHHE TUIeHKH: Tipo3paunoe st UK-uznydenns nokpertust VO,/
R-Al;O3; u VO,(M1)/Si<100> npu temnepatype 0mau3koit k 68°C craHOBSTCS HEMpo3pad-
HBIMU. J[OTIOTHUTENBHO 3JIEKTPUUECKHE CBOMCTBA MIIEHOK OBLIIM UCCIIEI0BAHBI C TTOMOIIBIO
YETHIPEXKOHTAKTHOTO METO0J1a U3MEPEHMSI SJIEKTPUUECKOTO COITPOTUBIICHUS.

JHanbHeiimas padota OyJeT MOCBAIeHa ONTUMH3AIMU YCIOBUU THIPOTEPMATBLHOTO
pocTa TMOKCH]Ia BaHA IS Ha MOAJIOKKAX MOHOKPUCTAJUIMUYECKOT0 KPEMHHUSI, B TOM YHUCIIE C
Oy(depHbIM cii0eM, U U3yYEHHUIO CBOMCTB MOJYYCHHBIX MAaTEPUATIOB.

[1] Ivanov A. V. et al. Ceramics International 46 (12) (2020) 19919-19927.
[2] Makarevich A. M. et al. Journal of Alloys and Compounds 853 (2021) 157214.



IHoxyuenne mopomkoB Cas(PO4)2X04 m CasNa(PO4)3X04 (X =
Si, Ge) MeT010M MOJTHMEPHOI0 TeJIb-CHHTEe3a
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1 Daxyromem nayk o mamepuanax MI'Y umenu M.B. Jlomonocosa, 119234, Mockea, Poc-
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B nocnennee BpeMs B 00J1aCTH JIEYEHUM KOCTHBIX J1€(PEKTOB MPOSIBISIETCS OOJIBIION
MHTEPEC K TaK Ha3pIBAEMOMY pereHepaTHBHOMY moaxoay. CyTh MOJX0/1a 3aKIII0YaeTCs B
HOJJIEPXKKE €CTECTBEHHOU PereHepaliy 4ejI0BEYeCKOr0 OpraHu3Ma ¢ MOMOIIBI0 UMILIaH-
TaTa, KOTOPBIN HE 3aMellaeT CO00H KOCTHYIO TKaHb, a PACTBOPSICTCS MIPU 3aBEPIICHUH Jie-
YCHUS U BBIBOJUTCS U3 OpraHu3Ma. B ¢BsI3M ¢ CX0XKECThIO 10 COCTaBY C OCHOBHBIM KOMIIO-
HEHTOM KOCTH — THJPOKCHANIATUTOM — B 3TOM HAIIPABJICHHH HCIIOIb3YETCs] OMOKEpaMHKa
Ha OCHOBE (ochaToB Kanbius. [lepcrieKTHBHBIM BBITISITUT UCIIOIb30BaHUE POCHATHBIX CO-
CTaBOB, cojepkamux Ouonorumdecku aktuBHbie Na, Si u Ge. B cBsi3u ¢ 3THM, LIENBIO BbI-
noJHseMoi paboTel ObLI0 moydeHue mopomkoB Cas(P04),X04 u CagNa(PO4)3XO4 (X =
Si, Ge), moTeHIHaNbHO MPUMEHUMBIX ISl CO3JJAHUST KEPAMUKY JIJIsl pereHepaiui KOCTHON
TKaHHU.

B xone paboTbl ObLII0 BBISICHEHO, 4TO TBepA0(Da3HbIil cHTe3 cocTaBoB Cas(PO4)2X04
u CagNa(PO4)3;X04 (X = Si mim Ge) MoXkeT ObITh MPOBEIEH MPU 00XKUTe MEXaHUUICCKUX
cmeceit Caz(POy),, CazX04 u CaNaPO,4 npu Temnepatype 1500 °C B TedeHne 3 4acoB ¢
UCIIOJIb30BaHUEM TUIATHHOBBIX THUTJICH.

[Ipu mpoBeneHUU mOMUMEpPHOTO Trenb-cuHTe3a coenuHeHnid Cas(PO4)2X0s un
CagNa(PO4)3XO4 (X = Si mimu Ge) ¢ UCMoIb30BaHHEM BBICOKUX KOHIIEHTPAIIUH COJICH mpe-
KYpPCOpPOB MOJUMEpHU3alls HAaYMHAJIACh MPEXKACBPEMEHHO MPEAMNOJIIOKUTEILHO MO HOH-
HOMY MexaHu3My. PaBHOMepHBbIi HarpeB rumporeneit 1o 1000 °C npuBoaun k oOpazoBa-
HUIO MUKpouactull ¢ pazMepoM 10 20 mMxM. [Ipu HCronb30BaHUMU TEPMUUYECKOTO MIOKA
(6bicTporo BHeceHus renst B HarpeTyro 10 600 °C meub) 00pa30BBIBAIMCH YaCTUIIBI Pa3Me-
poM He 00Jiee HECKOJBKHUX JECATKOB HAHOMETPOB. YBenuueHue coaepxanust N,N'-meTu-
JIEHOWCAKpWIaMHIa B COCTaBE TeJisl CHIDKAET pa3Mep 00pa3yronuXxcsl B XOJ€ ero 00xura
YaCTHII, YTO OOYCIIOBIIEHO YMEHbIIIEHHEM 00BhEMa Mmop B ceTke Tefist. C MOMOIIbI0 ToJIuMeEp-
HOT'O I'ejib-CHHTE3a BO3MOXKHO YMEHBIIIUThH pa3Mep YacTHI] OPOIIKOB, YTO MO3BOJIUT JI0-
OUTHCS OOJBIIEH IJIOTHOCTH U MMPOYHOCTH OMOKEpPAaMHUKH, CO3/IaBa€MOI Ha UX OCHOBE, UTO
HEO0OXO0IMMO JIs €€ UCIIOIb30BaHUs B UMILIAHTATaX.

B skcrnieprumeHTax no pacCTBOPEHUIO B JIMMOHHOM KHCJIOTE IIPU MOCTOSIHHOM pH = 5,
UMUTUPYIONIMX OMOJOTUYECKYIO Cpely MpU pe30pOILMU KOCTH B KUBOM OpraHU3Me, JOJIs
pactBopuBIHxcs mopomkoB Cas(P0O,),X04 u CagNa(PO4)3;X04 (X = Si mim Ge) cocras-
asiet 20% 3a 6 yacoB, UTO MO3BOJISIET pacCMATPUBATh UX KaK MaTepualbl 1Jisl pe3opoupye-
MO OMOKepaMUKH. Y CTAHOBIICHO, UTO BeInunHa pH pacTBOpa mocie rupoImn3a mopoInKa



CasNa(P0O,.);GeO,4 nanbonee 6mu3ka K (HU3HOIOTUIECKOMY, TIOITOMY JAHHBIM COCTaB B
OOJIbIIIEH CTEMEeHU MOIXOUT IS CO3JaHUsl PE30POUPYEMOro KOCTHOTO UMILIAHTATA.
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Asporeaun GeO2:Pro" nist Jl0MUHEeCHEHTHBIX PUMEHEHH I

XBomesckas JI.A.b 2, Becenora B. 0.2, Taittko O.M.?

LDaxynemem nayx o mamepuanax MI'Y umenu M.B. Jlomonocosa, 119991, Mocksa,
Poccus,
2 Uncmumym obweri u neopaanuueckoti xumuu um. H.C. Kypuaxoea PAH, 119991,
Mocxkesa, Poccus

khvoshchevskayaDA@my.msu.ru

JInoKkcu TepMaHus MIUPOKO MCIOJB3YETCS B ONTOAICKTPOHUKE OJIarogaps CBOMM
YHUKAQIBHBIM ~ DJICKTPUYECKUM W ONTHYECKUM  CBOMCTBaM.  XapaKTEpPUCTUKU
dotomomunecteHm GeO2 3aBUCAT OT TMPUPOABI KUCIOPOJHBIX JePEeKToB B oOpaslie,
Hampumep, ana asporenerd GeO» HaOm0ganach gpkas JTIOMHHECHEHIMS mpu 425 HM
(Aex=280 uMm) [1]. GeO2 MOXKET Tak)Ke BBICTYNATh B KAUECTBE MATPHIIbI JJIsI BBEIACHUS
pa3IMYHBIX JIOMAHTOB, YTO TO3BOJISIET TMOJydYaTh JIOMHUHO(POPH C JAHANa30HOM
BbicBeuuBaHus ot Y®-cunero o onmxHero MK nuamnaszona [2]. g JIFOMUHECIIEHTHBIX
IPUMEHEHU HEOOXOAMMO paBHOMEPHOE paciipe/ie]IeHHe BHEIPSIEMOro HOHA B MaTepHalle,
nostomy st moaydeHus GeO2:REE3* ucnone3yror 305b-reib MeTOABI, TPeOyroLIME
JOPOTOCTOSIINX peakTHBOB, Takux Kak Ge(OC2Hs)a.

B npencraBienHoit pabore Oblla HM3ydy€Ha BO3MOKHOCTBH IMOJYUYEHHUS! a’poresieu
GeO2:REE* ¢ ucmonb3oBaHUEM IBYX HOBBIX CHHTETHYECKHX MOAXomoB: (1) mpomurku
akBarenss  (NHas)sH(Ge7O16)(H20)x  pactBopoM comm  wmoHa-momanta B JMCO ¢
nocieayomum oTkuroM u (2) corenmpoBanue coneir GeCls u Pr(NO3)z B nmpucyTcTBUU
OpONMICHOKCHa. Bblin M3yueHbl 3aKOHOMEPHOCTH TPOLIECCOB T€IUPOBAaHUS B JaHHBIX
CUCTEMaX B 3aBUCHUMOCTM OT THUIA PAaCTBOPUTENS, KOHLEHTPALIUM PEareéHTOB M
KaTajau3atopa. BelIn moyueHsl 1 oxapakTepusoBansl asporein GeO2:Pr”,

Nnentuduxanuio Gpa3zoBoro cocraBa MnpoayKTa NpOBOAWIN C IPUMEHEHHEM METOa
P®A. Mopdomnoruto uzydanu metonamu bIT, nuknomerpun, POM, TIOM. Coxnepkanue
noHoB P33 onenuBanu meronom EDX. C ucnonp3zoBanueM meroza (1) ObLTH MOTyYEeHBI
o6pasuel ¢ Spor 10 300 MY/ M 0O6BEMHOM MOpHCTOCTBIO 96%. Pacuer mo momenn BJH
noKazaJl Hajauuue B oOpa3ax me30- u makpornop pazmepom 10— 100 um. Merox (1)
no3BoJisl BBeCTH A0 8§ ar.% P30 npu BappupoBaHMM KOHUEHTPALUWUHA MPONUTOYHOTO
pacTBOpa M IJIUTEIBHOCTH MPOIMUTKHU, OJHAKO MPHUBET K YACTUYHOU OJIOKMPOBKE TOp, a
nocie omkura npu 300°C Hapymiagach paBHOMEPHOCTh pacmpenesieHus P39 B oO0beme
MaTepuaja. Alsporend, nojaydeHnbie corenupoBanuem coseit GeCls u Pr(NO3z)s, umenu
YAENbHYIO IUIOIAAb  TOBEPXHOCTH 45 MYr, HO JEeMOHCTPUPOBAIU  OONBLIYIO
PaBHOMEPHOCTbH pacupeiesICHUs JOMaHTa.

boutn mpoananu3upoBaHbl COEKTPHI JIoMHHEcHeHIIuU B obnactu 350 — 800 um npu
JUTHE BOJHBI BO30Yyx1eHus 280 HM. B momydeHHbIX 00pa3iiax OTCYyTCTBOBAIA OMMCaHHAs
B JIUTEpaType nosuoca npu 425 HM, CIIEKTP JTIOMUHECIICHIINA UMET BUJl, XapaKTEPHBIN IS
GeO: BHE 3aBUCUMOCTH OT cojfiepkanus P303.

Pabota BeImonHeHa nmpu puHAHCOBOM moanepskke rpanta PH® No 22-73-10182.
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Marepuanabl SNO,/SiO; aj1s1 ra30BBIX CEHCOPOB, PA0OTAIOIIHNX BO
BJIAKHOM aTMocdepe

OmmakoB P.C., I'yceBa M.A., PymsiniieBa M.H.

Xumuuecxuii pakynomem MI'Y umenu M.B.Jlomonocosa, 119991, Mocksa, Poccus

rodion.eshmakov@chemistry.msu.ru

Jlnokcuy o0Ba sBISETCS HanboJiee IMMUPOKO UCIIOIb3YEMbIM UyBCTBUTEIbHBIM Ma-
TEPHUAJIOM JUISI TIOJYIPOBOJIHUKOBBIX Ta30BBIX CEHCOPOB PE3UCTHUBHOrO TUmNa. CeHCOpHbIE
MaTepuaibl Ha ocHOBe SNO; MI0X0 COXPaHSIOT CBOM paboyne CBOMCTBA MPH IKCILTyaTalluu
B aTMoc(epe ¢ BIaXKHOCTHIO, OJM3KOH K BIKHOCTH KOMHATHOTO BO3AyXa. TpaauIlMOHHbIC
CIoCOOBI pemieHus MpoOJIeMbl C HCTIOJIB30BAaHUEM OCYIIAIONMUX (PHIBTPOB CBSI3aHBI C
YCIIO)KHEHHEM KOHEUHOTO aHaTN3UPYIOIIEro YCTPOHUCTBA, OTOMY IPEACTABISIET HHTEPEC
CHUHTE3 MaTepuaia Ha OCHOBe MoauduimpoBaHHoro SNO,, 001amaromero BHICOKON dyB-
CTBUTEJIBHOCTBIO IpH paboTe BO BiakHOHM aTMocdepe. B xadectBe moaudukaropa mnep-
CIIEKTUBHBIM BBITJISIIUT aMOP(HBIA JTUOKCU]] KPEMHUS, U3BECTHBIN CBOEH BBICOKON BOJO-
HOTJIOTUTENIBHOM CIIOCOOHOCTHIO, IPUUYEM BIUSIHUE CLIOCO0A MOTyUEHUsI U BHECEHUS MOJIU-
¢bukaTopa Ha ceHCopHbIe cBoMcTBa MaTtepuana SNO,/SiO; u3ydeHbl HeTOCTATOYHO.

B nanHO#l pa®oTe ucclieJOBaHO BIIMSHUE CIIOCO0A CHHTE3a U BHECEHUs JUOKCHIA
KPEMHHUsS Ha CBOMCTBAa KOMITO3UTOB SNO2/SI0, ¢ aTOMHBIM COJIepyKaHUEM I10 IPUTOTOBJIC-
auto [Si]/[Si+Sn] = 15 at. %. Marepuains! ObLIH TOTYYESHBI TpeMs criocodbaMu: 1) mponuTka
KCepOoreJisi OJIOBIHHON KUCIOTHI CHUPTOBBIM pacTBOpoM TeTpasdTokcucuiiana (T20OC) ¢ no-
caeayromuM omxkuroM npu 600°C, 2) xkucnotHbiil ruaposu3 TOOC B cUpTOBO-BOIHOM
CYCIICH3WH KCEepOTeJsl OJOBSIHHON KUCJIOTHI MPU KUTITYEHUH C MOCIEIYIOIMUMHU yIiapuBa-
HUeM, CymKkoil 1 oTxkuroM npu 600°C, 3) kuciaotuslid ruaponan3 TOOC B ciupTOBO-BOIHOM
CYCIICH3HH KCEPOTelisi OJOBSHHON KHUCIOTHI NIPU HATPEBAHUH B THAPOTEPMAIIBHBIX YCIIO-
Busix ipu 150°C ¢ mocnenyromumu ynapuBanuem, cymkon v otxurom rmpu 600°C. B ycno-
BUSX, AHAJIOTHYHBIX crioco0y 2), Obu1 cunTe3upoBan SiOz. Omxurom npu 600°C kceporesst
OJIOBSIHHOW KMCJIOTHI NOMy4yanu HemoauuuupoBanHbiii SNO;. Mcnonp3yemblid ass moy-
YEeHHsI MaTEPHAJIOB KCEPOTellb OJIOBIHHOW KUCIOTHI MOTyYalld IO METOJy 30Jb-T€llb.

HccnepoBanne coctaBa MarepuaioB MeTogamMu pamaHoBckor u MK-criekrpockonuu
U PEHTTCHOBCKOM AU(PaKIMK CBUACTEILCTBYET O MPUCYTCTBUU B MaTepraiax SNO,/Si0;
aMop(HOro JUOKCHIA KPEMHHs, MPUYEM, COIJIACHO JTaHHBIM PEHTIeHO(IyOpECHEHTOro
aHaJM3a C MOJTHBIM BHEIIHUM OTpakeHueM, cozepxkanue [Si]/[Si+Sn] kpemuus B maTepu-
aje, oJay4eHHoM crocooom 1) cocrarisier 10+1 aT. %, a B KOMIO3UTaX, MOJy4aeMbIX CITO-
cobamu 2) u 3) 16+3 u 14+2 ar. %, coorBercTBeHHO. Kommo3utel SNO,/Si0O; npeacTaBisiioT
co00i1 MOPUCTHIE arperupoOBaHHBIC MUKPOMOPOIIKH C yAETHHON TUIOIIABI0 TTOBEPXHOCTH
110-145 m%r, 0OyclOBIIEHHON BBICOKOH yelIbHOM momanpo nosepxHoctu Si0O, (325
M?/r), a He SNO; (9 M%/T), 0 YeM CBUIETENLCTBYIOT JAaHHbIE CKAHUPYIOIEH 3IEKTPOHHOM
Mukpockonuu (COM, puc. 1) u u3mMepeHuit IIonaan NoBepxXHocTH no Mmetoay bOT.



(6)

Puc. 1. (a) COM-muxpogpomoepagpus xomnozuma Sn0,/SiO; (cnocob 3) npu ysenu-
yenuu 5 moic. kpam, (6) COM-muxpogpomoepagus komnozuma SnO/SiO; (cnocob 3) npu
yeenuuenuu 100 moic. kpam.

CeHcopnbie u3MepeHus npoBo M 1o otHoueHuto k CO (20 m.11.) npu Temrieparty-
pax 140-500°C u 3HaYeHUSX OTHOCUTEIHHOM BIAXKHOCTH aHanu3upyemon cmecu 0-86%.
IToka3zano, 4TO KOMIIO3HUTEI Sn0O,/SiO,
B CpaBHEeHUHU ¢ HeMoaubuinpoBaHHbIM SNO; 001a1a10T 6OJIBIIEH BETMYUMHON CEHCOPHOTO
curHaia no  otHomenutro k CO B o0mactd  BBICOKMX  TEMIIEpaTyp
(400-500°C), a Taxxe MMEIOT IBYKPATHOE IPEBOCXOJICTBO B BEIMYMHE CUTHAJIA ITPH JICTEK-
tupoBanuu CO Bo BinaxHoO# atMochepe nipu Temmneparypax 270-330°C (puc. 2).

—=— SN02-600 (a) - = SN02-600 (6)
4 —*—Sn02/Si02-1 (I/A) 4 —e— Sn02/Si02-1 (I/A)
—4—Sn02/Si02-2 (C/D) —a— Sn02/Si02-2 (C/D)
. —v— Sn02/Si02-3 (H/T) —v— Sn02/Si02-3 (H/T)
@ 3
QFE
g
D:m 2 -
n
w

CO, 20 m.4.
T 320°Cn CO, 20 m.a.
- T = 440°C
o T O0+——7—7——F—7——7—71 7
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
OTHOCUTENbHAA BNAXHOCTb, % OTHocKTENBHAA BNAXHOCTb, %

Puc. 2. (a) 3asucumocms genuuunst cuenana npu T=320°C no omnowenuro k 20 m.o.
CO om enasicnocmu ananuzupupyemotu cmecu, (6) 3asucumocms eiudUHbl CUSHANA NPU
T=440°C no omnowenuro k 20 m.0. CO om 81ax#CHOCMU AHATUZUPUPYEMOU CMECU.

Takum oOpaszom, B paboTe mokazaHo, yro Moaudukanus SN0, amopPHBIM THOKCH-
JIOM KPEMHHUS CIIOCOOCTBYET YJIYYIIEHUIO CCHCOPHOTO OTKIIMKA MaTepraa 1o OTHOIICHUIO
k CO npu pabote BO BIakHOM aTMOchepe, 0JTHAKO CITocod MoaudHUKAIMK MaTepralia 00JIb-
IIOTO BJIMSHUS HE UMEET.
PaboTa BeimonHena npu GurancoBoii momauepxkke rpanta PH® Ne 21-13-00111.
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CuHTe3, KPUCTAJUIMYECKAS CTPYKTYpa
U JIIOMUHECHEHTHbIE cBolicTBa proporpudropauneraros P39

Bontkos E.JI.Y, Benoycos F0.A.%, Jlepmontosa D.X.1, l'onuapenko B.E.2, Cremienko
AL, Aamaxosa A.J1.Y, Axmermmn JI.P.}, Crpensuos JI.A., 'masynosa T.JO.!

L Xumuueckui Gaxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus,

2 HayuoHanoHblil UCC1e008amenbCKull yHusepcumem «Bulcuias wkona SKOHOMUKUY,
101000, Mockea, Poccus

mr.boltkov@icloud.com

CHHTE3UpOBAaHO M OXapaKTEPU30BAHO HECKOJIBKO PsiioB (pTopoTpu(TOpaLleTaToB
P33. B ocHOBE KpUCTaUIMUECKOW CTPYKTYPhI KaXA0T0 U3 COEIUHEHUI — (PparMeHT, BIep-
BbIC MCCIICJIOBAHHBIN B Halllel labopaTopun — pomoogoaeka’ip LnsFs. Moubl Metania no-
MapHO COEMHEHBI ABEHAAAThI0 OUIEHTaTHBIMU TpU(pTOpaueraT-anHnoHamu (puc. 1). tu
COEIMHEHUS MPEJICTaBISIOT, BO-NIEPBbIX, (PyHIaMEHTAIbHBIA MHTEpEC AJIS KPUCTAIOXHU-
MUH, a BO-BTOPBIX, IPAKTHYECKUI HHTEPEC — MOIYYEHUE YCTONUMBBIX JIFOMUHECLIEHTHBIX
MaTEepUajIoB C BHIIAIONIMMUCS XapaKTEPUCTUKAMU (BBUY )KECTKOCTU CTPYKTYPbI U OTCYT-
CTBHUSI CBSI3EU-TYIIUTENECH).

B nannoii pabote mpoeMOHCTpUPOBAHA MOTEHITMATBHAS BO3MOKHOCTh CYIIIECTBOBA-
Hus pparmenta LngFg st mupokoro psaa gantanuaos (Pr— Yb). Mcnosbs3oBanne KaTHO-
HOB PAa3JIMYHBIX HIEJIOYHBIX METAJIOB MO3BOJIIET YHPABISATH PAa3MEPHOCTHIO 00pasyro-
muxcst coequaenuit (1D, 2D u 3D) (puc. 2). IIpoBepena u moareepxacHa BO3MOXHOCTD
WCIIOJIB30BaHUs TMOKCaHa JJisl 00pa3oBaHus MPOTSKEHHBIX CTPYKTYp (puc. 3).

[TokazaHo, YTO BBEAECHHE A30TCOJAEPKALIMX APOMATUYECKUX MPOTUBOMOHOB (IHUPH-
JIUH, aKpUIUH, (PEHAHTPOJIMH, XUHOJINH) MPUBOAMT, BO-NIEPBBIX, K 0Opa3zoBanuto 0D kpu-
CTAJUIMYECKUX CTPYKTYP, BO-BTOPBIX, B HEKOTOPBIX CIIy4asX — K 3allOJHEHUIO BCEX aKCH-
AJIbHBIX TO3ULUN MOJIEKYJIaMH TPU(DPTOPYKCYCHOM KHUCIOTHL. KpoMe Toro, Hanuuue B CO-
EAMHEHUSAX CONPSKEHHBIX CUCTEM YBEIMYHUBAECT EPBUYHBINA KBAHTOBBIN BBIXOJI JFOMUHEC-
LEHLUH.

[TponemMoHCTprpOBaHa BO3ZMOKHOCTH 3aMEIICHUS aKCHAJIBHBIX MOJIEKYJI TPU(PTOPYK-
CYCHOM KHUCJIOTBl Ha MOJIEKYJIbl MUPUANHA. DTO JOCTUTAETCsl MOCPEACTBOM PACTBOPEHHUS
COCIMHEHUN C apOMATUYECKUMH KaTUOHAMH U MOCIEAYIOUIEN KPUCTAIUIN3ALNUEN U3 TUPU-
nrHa. Mcronb30BaHUEe CMECH BOJIbI U MUPUIMHA MPUBOJIUT K 3AIIOJTHEHUIO AKCUATIBHBIX MO-
3UIUNA 00EMMH MOJIEKYJIaMH PAcTBOPHUTENCH, YTO MOXKET OTKPHIBATh MyTh K CEHCOPHOMY
MIPUMEHEHUIO 3TUX KOMILIEKCOB.

B oTcyTcTBHM KaTHOHOB MIEIOYHBIX METAJIJIOB U MPOTOHUPOBAHHBIX a30TUCTBIX OC-
HOBaHUWH HaOJII0JaeTCsl 00pa30BaHUE COCTMHCHHH, B KOTOPBIX HOHBI JIAHTAHU]IOB HE TOJIBKO
BXOJISIT B COCTaB POMO010/1eKa’ApoB LNgFg, HO 1 y9acTBYIOT B CBSI3BIBAHWHU TAKUX FOHUTOB
B 11en. BapeupoBaHue ycioBU CHHTE3a MO3BOJISET MOMyYaTh COSIUHEHUS, COMIepIKaIIie
Sp-rudbpuIM30BaHHbIC AaHUOHBI (DTOpA.



Puc. 1. Pombononekasapudeckuii cTpykTypHbIid hparmeHT LNgFg(TFA)12

1 Na,[Ln,Fg(TFA);,L,]

BeckoHe4Hble CAOM, ‘

@ CBA3QHHBIE CMAQMM B-A-B

OAAIACLO BOLOKLED e —

Puc. 3. ®parment kpucrammndeckoit ctpykTypbl Naz[EugFg(TFA)12(H20)4(1,4-dioxane)]

PaGora BeImonHeHa npu puHaHCOBOM noanepkke rpanta PH® No 22-72-10034.



dToporpudTropaneraTHbie kommaekcbl Mn, Co, Ni u Zn pa3znuu-
HOM Pa3MEPHOCTH HA OCHOBE TPeXbsiJIEPHBIX 0JI0KOB

Bysosepos M.E.}, 'maszynosa T.JO.}, Jlepmontosa D.X.%, I'onuapenko B.E.*4 BopoGsena
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LMTY umenu M.B. Jlomonocosa, 119991, Mocksa, Poccus,
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DTOpOLIEHTPUPOBAHHBIE KapOOKcuiaThl 3d-MeTajuioB — OTHOCHUTEIBHO MOJOJIO0M
KJIACC KOOPAMHAMOHHBIX COEAUHEHNH [ 1] cTpoeHrne KOTOPBIX aHAIIOTUYHO CTPOCHUIO OK-
COKapOOKCHIIATHBIX TPEXbAJEPHBIX KOMIUIEKCOB [2]. MIX u3yueHue B KauecTBE MpPEKypco-
POB AJIs MOJIYYEHUS PA3IUYHBIX (PTOPUAHBIX MATEPUAIOB, YIOOHBIX MOJEIBHBIX CUCTEM
JUISL U3yYE€HHUsI MATHUTHBIX B3aUMOJACWCTBUM, U YCTOMYHMBBIX BTOPUYHBIX CTPOUTEIBHBIX
onoxoB (BCB) m1st mosydeHus: KOOPAMHALMOHHBIX MOJMMEPOB, MPEACTABISET OOJBIION
uHTepec [3]. JlanHas paboTa npeAcTaBiISeT pe3yidbTaThl CUCTEMAaTHUYECKOIO U3yUEHUs CO-
CAMHEHUH, cofepKamux aHuOoHHbIA (PpparmeHT [M;(ws-F)(tfa)sLs], rne M — atom 3d-me-
tania, tfa — CF;COO, L — Monekyna «akcualibHOro» auranjia (puc. 1).

AKCUAAbHbBIM Atom 3d-
AUTAHA ; : METAAAA

-F, ueHt ,
H3 P . MocTrkoBbIN
QHUOHLLEHTPUPOBAHHOM
KApPBOKCUMAQT-MOH
KOOPAMHALMM

Puc.1. Cmpoenue mpexvsaoepnoco anuona [M;(us-F)(tfa)sLs] na npumepe coedune-
nus [K(Htfa)s] [Cos(us-F)(tfa)s(THF)s].

B niepBoit wactu paboThI H3y4anach yCTOWYUBOCTH (TOPOTPUPTOPAIIETATOB C TETPa-
ruapoypaHoM B aKCHAJIbHBIX MO3UIUAX K BapbUpoBaHuUio noHa 3d-meramia (Mn, Co, Ni,
Zn) u npotuBounHa (Li", Na*, K", NH4", N(CH3)4"). Bl10 ycTaHOBICHO, YTO B OJMHAKOBBIX
YCIIOBHSIX TIPOBEAEHUS cuuTe3a i noHoB Co*" 1 Ni** 00pasyercs BeCh psijl COEAUHEHMUI ¢
IIEPEYMCIIEHHBIMU IIPOTUBOMHAMM, TOTa Kak s Zn>" 1 Mn?" ynaercs mojy4uTh TOJNBKO
HEKOTOpBIE TPOU3BOJHBIC, COJEpPIKAIIHNE 1eJIeBOi (pparMeHT. DTO MOXKET yKa3blBaTh Ha



MEHBIIYI0 YCTOMYMBOCTH KOMILIEKCOB ¢ Zn>" u Mn?". O0bscHenue 5TuM (haKTam, Io-BH M-
MOMY, CTOUT UCKaTh B PA3JINUME JIEKTPOHHOTO CTPOEHHUSI HOHOB, & HE B UX pa3Mepax.

Bropas yactb paboThl ObLIa MOCBSIIEHA TOJIYYEHUIO KOOPAMHALMOHHBIX OJIUMEPOB
Ha OCHOBE M3ydaeMoro ¢parMeHTra W JUHKEepOoB mupasuHa (pyz) u 1,4-muokcana (dox).
Bbrb110 ycTaHOBIIEHO, YTO M3 KUCIBIX PACTBOPOB MOKHO MOJYYUTh COCAMHEHUS, COJEpKa-
1€ MPOTOHUPOBAHHYIO MOJIEKYJYy MHUpa3uHa B KadyecTBe KaTHOHHOro Jmranaa (Cos(us-
F)(tfa)s(py).Hpyz u Cos(us-F)(tfa)s(Htfa),Hpyz), a MeTogom conmbBoTpeMaibHOTO CHHTE3a
ObLJI TIOJyYeH YHUKAJIbHBIA HIECTUSACPHBIA MOJICKYJAPHBIN KOMIUIEKC cocTaBa [Nis(Ls-
F)(tfa)s(Htfa)(Hpyz)].(pyz). Kpome Toro, ObLIM MOMTY4YEHBI COCAMHEHHUS C MPOTSIKEHHOU
CTpyKTypoil —  1D-monusinepHble  COEIMHEHHMS C  BBIOpaHHBIMH  JIMHKEpaMu
([Na(Htfa)4][Cos(us-F)(tfa)s(dox):] 1 [Cox(tfa)z(pyz)(DMF)s(H20)2][Cos(pi3-
F)(tfa)s(Htfa).(pyz)(DMF)],, tne DMF — monekyna numetwindopmamuaa). Hanbompimmit
WHTEpPEC TPEACTABISACT KBA3UTPEXMEPHBI KOOPAWHAIMOHHBIM TOJMMEp IIMHKA
(IN(CHs)4][ZNn3(us-F)(tfa)s(pyz)15]), cocTosmmii M3 B3aUMONPOHHMKAIONIMX T'eKCAaroHab-
HBIX CJIOE€B, TOCTPOEHHBIX U3 (propkapOokcunaTHeix BCh u nupasuna (puc. 2.). Jlannoe
COCIMHEHHE 3a CYET HAJUYMs Y3KUX KAaHAJIOB M B3aUMOIPOHHUKAIOMIEH CTPYKTYPhl MOXKET
OBITh MEPCIIEKTUBHO KaK MaTepual JIsl XpaHEHUs BOAOpoa. Takke i1 HEKOTOPBIX MOy~
YEHHBIX COCTMHCHHUH ObUTA M3y4YeHbl MATHUTHBIE CBOMCTBA.

a) 0 Q °)

Gap 00 e O

N\

Puc. 2. Kpucmannuuecxas cmpykmypa ([N(CH3)4] [Zns(us-F)(tfa)s(pyz)1s]): a) unou-
8UOYVAILHBIL CIOU D) 83aUMONPOHUKHOBEHUE 08X CKPEWUBAIOWUXCSL CLOES.

PaGota BrinonHena npu punancoBoi noanepxke rpanta PH® Ne 22-72-10034.
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HoBble KOOpAMHALIMOHHBIE MOJIUMEPBI HA OCHOBE TpUdTOpaLeTa-
TOB U rTuaApokcorpudropaneraros P3J

Bbypnakoa M.A., YctioxkanunoB A.H., [{eimbapenko [[.M.

Y Xumuueckuii paxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockeéa, Poccus,

mariia.burlakova@chem.msu.ru

CuHTe3 U cTadmIM3auus NOJUSAEPHBIX KOMIUIEKCOB P30 3amaHHON apXHUTEKTYpHI
MOKET IIPOU3BOAUTHCS ITyTEM CAMOKOHTPOJIMPYEMOTO THAPOIIN3a OpraHndeckoit conu P30
B IPUCYTCTBUU OPTraHUYECKUX aMUHOB, KOTOPbIE CIOCOOHBI MPOSIBIIATH CBOMCTBA KaK Xella-
TUPYIOLLUX JIMTAHJIOB, TaK U CIa0bIX OpraHMuecKux ocHoBaHuil. Kpome toro, nobaBienue
K pacTBOpam KapOokcuiatoB P39 (Hanpumep, Tpu@TopaneratoB) aMuHOB (IUITUIIEHTpUA-
MHUHa, MOHOATaHOJIaMHHA U JIp.) IPUBOAUT K 0Opa30BaHUIO I'elieH, CoAep KaLUX MOJIUsAAEP-
HbIE ()parMEeHTHI Pa3IMUYHON apXUTEKTYpPbl U CIOCOOHBIX CIIYKUTh MaTpULIEH JUIsl CHHTE3a
KPUCTAJUIMYECKUX KOOPJAUHALIMOHHBIX MTOJIUMEPOB.

W3meHeHue ycinoBUH CAMOKOHTPOJMPYEMOrO THUAPOJIU3a MO3BOJISIET BOCIPOU3BO-
MO TIOJTy4aTh pa3InyHbIe KOOPIUHAITMOHHBIE COeTMHEHUSI. MHOTO0Opa3ue moJIMMEPHBIX
dbopm kapbokcuiatoB P33, yacTh U3 KOTOPHIX UMEET OJIM3KOE CTPOSCHUE U CIIOCOOHA K B3a-
UMOIIPEBPAILCHUAM, TIO3BOJISET MOJIy4YaTh MaTepHAIIbl C U3MEHIEMBIMU CBoMicTBaMu [1].

B pamMkax gaHHO# paObOTHI B YCIOBHUSIX CAMOKOHTPOJIUPYEMOTO THAPOIH3a MPU B3au-
MozercTBum TpudTopaneraroB P33 ¢ pactBopoM nustuiienTpuamuna (deta) Ha Bo3gyxe B
resieoopa3sHo MaTpuile ObUTH MOJTY4YeHbl HOBBIE KOOPIWHAIMOHHBIC MOJMMEPHI COCTaBa
{(detaH,).[Laz(tfa)s]2(CH3CN)s(H20)2}n, (detaHz)n[Lny(tfa)s]n (Ln = Pr, Nd, Sm u Eu) u
[Lna(OH)4(tfa)s(H20)4]n'nH,O (LN = Eu, Th-YDb, Y) u uszydens! ycioBust X COBMECTHOTO
obpasoBanus B cucteme deta-Ln(tfa)s. [TomyueHHbIe coeMHEHUS OXapaKTEPHU30BaHbI METO-
namu PCA, POA, TT'A, noiaHoro peHTreHoBcKoro paccessaus ¢ PDF-ananmu3om u UK-cniek-
Tpockonuu. [TokazaHo oHOBpeMEHHOE 00pa3oBaHUE THUAPOIN3OBAHHBIX U HETHUAPOIIH30-
BaHHBIX (JOPM B PacCTBOPE, KOTOPOE MOKET OBITh OMMUCAHO CXEMOM:

8 Ln(tfa); + 2 deta + 4 H,O — 4 [Ln(tfa)s]n + {Ln4(OH)4}8+ + 2 detaH,?* + 8 tfa”

PaGota BrimonHeHa npu purancoBoi nmoanepxkke rpanta PH® Ne 22-73-10089.
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CuHTe3, OnTHYECKHE U DJIEKTPOXUMHUYECKHE CBOMCTBA M JJIEK-
TPOHHAS CTPYKTYPa KpacuTeJied HA OCHOBE IUKJIOMETAJLJINPO-
BaHHBIX KoMILIekcoB RU(ll) ¢ 3amemenHbIMHA 1-0eH3MII-2-apHiI-5-
METHJI0eH3UMHUAa301aMH

Bepsyn C.A.%, Jlasposa M.A.Y, Mumypunckuii C.A.Y, Cuporun M.A.%, Jlomkenko B. /1.

! Xumuueckuii paxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus

stepan.verzun@mail.ru

[TomunupuauHoBbie KoMmiuieKehl pyTeHus (1) ncnonb3yrores Kak CeHCUOMIIN3aTOPBI
B siueiikax ['petuens, u 6aarogaps CBOMM JJOCTOMHCTBAaM (BbICOKKE KO3 (PHUIIMEHTHI TIOTII0-
LICHUS B BUIMMOM JIMAIIa30HE, MOAXO0JAIINE OKUCINTEIbHO-BOCCTAHOBUTEIIBHBIE ITOTEHIIH-
aJibl 17151 pabOThI STUEHKH ) TOKA3bIBAIOT HAWTyUIlIUe pe3ysbTaThl. OJIHAKO CTaHIapTHbBIE Kpa-
CHUTEIIH, COJIeprKalllie MOHO/ICHTATHbIE U30TUOIIMAHATHBIE JINTAH IbI, JI0BOJIBHO JIA0OUIIbHBI,
NO3TOMY BpeMs (PYHKIIMOHUPOBAHUS SUEHKH HEIOCTATOYHO JUISI UX KOMMEPUECKOIO HC-
10JIb30BaHUs. J{J1s NOBBIIIEHNS YCTOMYMBOCTH MOKHO BBECTH B KOMILJIEKC LIUKJIOMETAJIIN-
POBaHHBIN (parMeHT (MATUWICHHBIN HUKI C KOBAJEHTHOU CBSA3bI0 METAJLI-YIIEPO]), HO B
TO K€ BPEMS 3TO MPUBEAET K YXYALEHUIO (OTOPUINYECKUX XAPAKTEPUCTUK KOMILIEKCOB.
[ToaTOMy akTyanpHOM 3amadeil siBIseTCA pa3paboTKa METO0B HAMPABICHHOTO U3MEHEHUS
JIEKTPOHHOM CTPYKTYpPbI KOMILIEKCOB.

Panee nmpu uccnenoBanuu komiuiekcoB pytenusi(Il) ¢ 1-penmn-2-apundbenznmunazo-
aam# [ 1] MbI BBISSCHUJIM, UTO MTPU NOBBILIEHUH JOHOPHOCTH 3aMECTHUTENS B apUIIbHOM (par-
MeHTe OEH3UMUa301a MOSBISAETCS OOJIBIION BKIIAJl BHYTPUIIMTAHIHOTO TIEPEHOCA C apUIlb-
HOTO (pparMeHTa Ha aKUENTOPHbIA OEH3UMUAA30JIbHBINA PparMeHT nuranaa. JJanusii npo-
LECC SIBJISIETCS Mapa3UTHBIM JIJIsl pa0OThI SIMEUKH, U B KaUeCTBE Crioco0a petieHus 3Toi mpo-
OJ1eMBI MBI ITpeIJIaraéM BBECTH B O€H3MMUA30JIbHBIN (PparMeHT TOHOPHBINA 3aMECTUTEIb —
-CH3 rpynmy.

[Tonyuena cepust komruiekcoB pyTtenusa(ll) ¢ aumernnoBeiM 3dupom 4,4 -mukap-
0okcu-2,2 -ounupuanna (dmdcebp) u 1-06eH3un-2-apuin-5-MeTHIOCH3UMHUAA30IaMH C pa3-
JIMYHBIMU JJOHOPHBIMHU M aKIeNTOpHBIMU 3amectutensmu [Ru(dmdcbp),L]PFe, roe L = 1-
bernn-2-(4-R-pennn)-5-metnndenznmunaszon (R = -NO,, -H, -NMe,), 1-dbenunn-2-(3,4-R -
bennn)-5-metundenznmuaazon (R* =-OMe) [2].

ITonyueHHbIE TUTaHABI U KOMILIEKCH oxapaktepusosansl ‘H, 3C, COSY SIMP-cnek-

TPOCKOIIMEN U Macc-cieKTpoMeTpuen. MccnenoBaHo onTu4ecKoe MOIVIOIIEHNE, JIIOMUHEC-
ueHuus, omnpeneneHsl OBII  noilydeHHBIX  KOMIUIEKCOB, a TaKXe IPOBEJEH



PEHTTEHOCTPYKTYPHBIN aHaJIN3 MOHOKPHUCTAJNIOB HEKOTOPBIX U3 MOJIYYEHHBIX KOMILIEKCOB.
Oxa3anoch, 4TO BHEPEHHUE TOHOPHBIX 3aMECTUTENICH B apuiIbHBIA (PparMeHT MPUBOJIUT K
0aTOXpOMHOMY CABUTY MaKCUMYMOB IOTJIOIIEHUS U HCITyCKaHus. Bce momydenHbie coenu-
HEHUS MPoABIAIOT pocdopecuenuio B onmxaeit UK-o6mactu (800-950 HM), uyTO moaTBEp-
KJIEHO IyTEM PETUCTpAIMK KPUBBIX 3aTyXaHUS JIIOMUHECIICHIIUN MTPU KOMHATHOW TeMIe-
parype u ipu 77K (tadm. 1).

Tab6a. 1. Makcumymol ucnyckanus u 8pemsi HCu3Hu 8030YHCOEHHO20 COCMOAHUS (UZMEDPeH-
note npu 298K u 77K) u okucaumenbHo-60ccmaHogumenbHvle NOMeHYUAIbl NOJY4eHHbIX

KOMNJIEKCOo6.
R 7»em77 (hex) 1M Aem”™ (ex) HM | 777 (hreg) HC | 7208 (hreg) HC Eox, B
(M) (M)
“NO; 792 (580) | 852 (580) | 392 (850) | 12.3 (790) 0.46
H 840 (580) | 870 (550) | 191(840) | 9.0 (840) 0.29
OMe | 874(630) | 905(630) | 96 (860) | 3.8 (860) 0.17
‘NMe, | 862(580) | 896 (560) | 88(850) | 3.3 (850) 0.19

[IpoBeneHbl KBAHTOBO-XUMHUYECKUE PACUEThl COEAMHEHNUI B Tra30BoH (haze, COrIacHO
koTopbiM HCMO komruiekcoB mpeumyiecTBeHHO pactonoxeHa Ha N*N-nuranne. Bxian
d-op6uTtaneii pyrenns B B3MO ¢ yBenmnyeHHEeM JOHOPHOCTH 3aMECTUTEIIS YMECHBIIACTCS.
[Ipy yBenuueHWH TOHOPHOCTH 3aMECTUTENS B OCH3MMHAA30JIbHOM (pparMeHTe SHEpruu
B3MO n HCMO yBennuusarores, HO 111 HCMO 310 yBennuenue He3HaunTeNnbHO. BBee-
Hue akuentopHoro 3amectutes (NO,-rpymnmbl) 3HaunTensHo yBenuumio OBIT kommekca.
CpaBHEHHE NOJYYEHHBIX PE3YJbTaTOB ¢ AaHAJIOTMYHBIMU JAHHBIMU 110 CEPUU KOMILJIEKCOB
6e3 nonopHoi -CHj3 rpymnmsl B OeH3umMuga3onbHOM (hparmenTe [ 1] mokasano, 4To ee BBejie-
HUE MPUBOAMUT K HE3HAUUTEIHHOMY 0aTOXPOMHOMY CIABUTY MaKCHMYyMOB IOTJIOIIEHUS, a
TaKke npakTudecku He BinusgeT Ha OBII komriekcos.
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CHHTE3 U KPUCTAIMYECKHE CTPYKTYPbI HOBBIX IBOMHBIX CYJIb-
dartos (C5H14N2)[M(HzO)ﬁ](SO4)2'H20 (M = Mg, Mn, Cao, Ni, Zn,
Cd)
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Cynbdatrel MepexoJHbIX METaUIOB, TEMIUIATHPOBAHHBIE OPTaHUYECKUMHU KaTHO-
HaMHU, PEJICTABISIOT HHTEPEC, KakK O1arogaps CBOeMy HIMPOKOMY CTPYKTYPHOMY pa3HO00-
pa3uio, Tak ¥ B CHITY MOTEHITUATBHBIX (PU3NYECKUX CBOMCTB (Cpeu KOTOPHIX 0CO0O0 ClIeTyeT
OTMETHUTHh MarHuTHbIE). Cpesiu TaHHOTO OOJIBIIOTO CTPYKTYPHOTO CEMEMCTBA JIOBOJIHHO Jie-
TaJbHO U3Yy4EHBI CYJIb(aThl (a TaKKE UX CTPYKTYPHBIC aHAJIOTH — CEJICHAThI) MEPEXOHBIX
METAJIJIOB, TEMIUIATUPOBAHHBIE KATUOHAMU OPTaHUYECKUX THAMUHOB, B YACTHOCTHU, CXO/I-
HBIMU IO CTPOEHUIO MOJIEKYJIAaMU ATUJICHIUAaMMOHUS, MUNIEPA3UHUS U 2-METHIIMUIIEpas3H-
Hus [1-4]. B nanHo# paboTe KOMIUIEKCOM METOJIOB H3Y4YCHA CEPHSI H30CTPYKTYPHBIX CYJIb-
($haToB IBYXBAJICHTHBIX MEPEXOJAHBIX METAJJIOB (2 TaKK€ MarHus), TEMIUIATUPOBAHHBIX Ka-
THOHOM 1-metminunepasunus, ¢ oourer Gopmyioit (CsH1aN2)[M(H20)6](SO4)2-H0 (M =
Mg, Mn, Co, Ni, Zn, Cd).

KpucTaiisl HOBBIX COCIMHEHUH TOMYUYeHBI TPH U30TEPMUYCCKOM HCIIAPCHHUH Pac-
TBOPOB, COACPIKAIINX CyibdaT aByxBaneHTHoro metamia MSO4 (M = Mg, Mn, Co, Ni, Zn,
Cd), N-meTunnunepasuH U CEPHYIO KHCIIOTY, B3ATBIX B MOJbHOM cooTHOmeHHH MSOy :
CsH14N2 : HSO4 paBHOM 1:1:1. O6pa3oBaHue KpUCTAIOB HAOIIOAAIOCH uepe3 5 — 15 nuei
nocJie Hayana cuaTe3a. [1o TaHHBIM PEHTTEHOCTPYKTYPHOT'O aHAIIN3a, BHIMIOJIHEHHOTO C HC-
MOJIb30BaHUEM MOHOKpHCTanbHOro audpakrtomerpa Rigaku Synergy S (HyPix-merexrop,
MoKa-u3nydenne), yCTaHOBICHO, YTO BCE MPEICTABUTEIIN JTAHHOTO CEMEHCTBA N30CTPYK-
TYPHBI IPYT APYTY U KPUCTAJUIM3YIOTCS B MOHOKJIMHHOM cuHTOHUH (Tp. rp. P2;1/C). OcHOB-
HBIC KpUCTaUIOTparuecKue XapaKTEPUCTHKH (ITapaMeTphl SJIEMEHTAPHBIX SIUEEK), a TAKKE
pe3yJIbTaThl yTOYHCHHMS MPUBEACHBI B Ta0. 1.

OCHOBY KPHCTaJUTHYECKUX CTPYKTYP HOBBIX COCTUHCHUN COCTABISIOT U30JIMPOBAH-
ueie [M(H20)s]?*-oxTasaper u monekyisl (CsH1sN2)?*, KoTopble CBA3aHBI CUIBHBEIME BOJIO-
POJHBIMH CBSA3SMH, KaK MEKy co00ii, Tak u ¢ anHnoHHbIMU [SO4]* -TeTpasapamu. B otiu-
9re OT JBOWHBIX CyIb(}aTOB ITUICHIMAMMOHMS W MeTWiOeH3wIaMMonus [5], u anamno-
THYHO COCTUHECHUSM IUIEPA3uHMsI, B CTPYKTYpaxX U3yYEHHBIX COCIUHEHHN OTCYTCTBYIOT
MOCTHUKOBBIE CyJb(aTHbIE aHUOHBI. DTO MO3BOJISIET MPEANIOIOKUTE, YTO 00pa30BaHUE Me-
TaJUI-CyJIb(haTHBIX KAPKACOB HAOIIIOIAETCS TOJIBKO B CIy4ae CTPYKTYPHO HEKECTKUX KaTH-
oHOB. [IpuMedaTenbHO, YTO MOMBITKU MOTYUYEHHSI M30CTPYKTYPHBIX CEJICHATOB B TEX K€



YCJIIOBUAX IOKA HC YBCHYAJIUCh YCIICXOM, 4 HCOPraHNMYCCKasd U OPraHnvICCKasi KOMIIOHCHTBI
KPpUCTAJUIN3YIOTCA U3 PACTBOPOB IO OTACJIBbHOCTH.

Taoa. 1. [llapamempvr  onemeHmapHulx — A4eeK  HOBbIX — OBOUHbIX  CYIb(AMos
(CsH14N2)[M(H20)6](SO4)2-H20 u ocnosnvie pezyriomamer ymounenust cmpykmyp

M a, A b, A c, A B,° Rint, % | R1, % | WRy, %

Mg | 11.8949(3) | 10.0593(3) | 15.5712(4) | 98.715(2) | 2.52 | 4.42 5.31

Mn | 11.9397(2) | 10.1512(2) | 15.7209(2) | 98.946(2) | 2.94 | 4.17 5.59

Co | 11.8845(2) | 10.0457(2) | 15.5796(3) | 98.801(2) | 4.16 | 3.85 5.42

Ni | 11.8366(4) | 10.0072(3) | 15.5175(4) | 98.601(2) | 2.71 | 3.77 5.56

Zn | 11.8766(3) | 10.0625(2) | 15.6117(4) | 98.895(2) | 2.08 | 4.09 5.04

Cd | 11.9880(2) | 10.2300(2) | 15.8875(3) | 99.260(2) | 2.77 | 3.36 4.08

MYa0U (C5H10N2)[M(H20)6](SO4)2-H20 (M = Mg, Mn, Co, Ni, Zn, Cd)

[1] N.L. Nkhili, W. Rekik, H. Naili. Monatsh. Chem. 145 (2014) 931-936.
[2] D. ben Hassan, W. Rekik, H. Naili, T. Mhiri. Chem. Pap. 68(2) (2014) 220-216.
[3] M.H. ben Ghozlen, A. Daoud, H. Paulus, I. Pabst. Z. Kristallogr. Cryst. Mat. 209 (1994) 383-383.
[4] N.L. Nkhili, W. Rekik, H. Naili, T. Mhiri, T. Bataille. Arab. J. Chem. 10 (2017) S2509-S2517.

[5] O. Kammoun, T. Bataille, A. Lucas, V. Dorcet, I. Marlart, W. Rekik, H. Naili, T. Mhiri. Inorg. Chem.
53 (2014)2619-2627.

Puc. 1. Kpucmannuueckue cmpykmypuol HO8bIX 080UHBIX CYabhamos ¢ oowell pop-
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[IpoToHMpOBaHHBIE OPraHUYECKUE aMHUHBI SBISIOTCA 00pa3ylOIIMMH 3JEMEHTaMH,
TaK, KaTHUOH T'yaHUJIHHHMS CIIOCOOEH 00pa30BbIBATh HELIEHTPOCUMMETPUYHbBIE KPUCTAILITNYE-
CKHE€ CTPYKTYpbI, KOTOpbIE MOTYT 0O0JIafaTh BBICOKOW HEIMHEHMHO-ONTUYECKUMHU CBOM-
cTBaMH (HaIpuUMep, OPraHNIECKH TeMIUTaTUpOBaHHbBIE THOCYIb(aTrel aMmMoHUs (NH4)S203
[1] 1 stunenanamMmmonus (enH;)S;0;3 [2]). B pamkax paGoT Mo CHHTE3y HOBBIX COSAMHCHUN
ObUT TIONyYeH W CTPYKTYpPHO OXapaKTEepPH30BaH HOBBIM THOCYNIb(AT aMUHOTYaHUIUHUS

(CN4H7)28203 [3]

beciBeTHbie KpUCTAUIBI THOCYIb(aTa aMUHOTYaHUIUHUS TIOJIyYeHBI Yepe3 0OMeH-
HYIO PEaKIIHIO B pacTBope: ocanok BaS,03; MenneHHo 100aBisiics B HEOOIBIIOM U30BITKE
K ropsiaemy pactBopy (CNsH7)2SO,. Cycriensus HarpeBanach U mepeMeninBaiach B Teue-
HUE OJHOTO Yaca, a 3aTeM OXJIAKIEHHBIN PacTBOP JEKAHTHPOBAJICS U OCTABIISJICS HCIIA-
pATHCS TIPU KOMHATHOM TemmiepaTtype. [lopomikoBas nudpakToMeTprs IPOyKTOB PeaKIIuu
¢ ucnosp3zoBanreM Rigaku Miniflex Il (CuK,-u3iay4enune) mokasana, 4to THOCYIbGaT aMu-
HOTYaHUJUHUS SBIISIETCSA €TUHCTBEHHON MPUCYTCTBYIOMIEH (pa3oii.

BrInosiHeHHBIE PpEHTTEHOCTPYKTYPHBIC UCCIICIOBAHUS C UCIIOJIB30BaHUEM MOHOKPH-
craibHOoro audpakromerpa Rigaku XtaLAB Synergy S (HyPix nperekrop; MoK,-
U3JyYeHHUE) MTOKa3alli, YTO COCAMHCHHE XapaKTePU3yeTCs] MOHOKIMHHBIMHU MapaMeTpaMu
sleMeHTapHOH sueiiku: a = 12.8344(6) A, b = 13.9134(6) A, ¢ = 6.8757(3) A, B =
115.529(5)°; V = 1107.92(9) A3; p. rp. C2/m. KpucTannuueckas CTpyKTypa oIpejieieHa u
YTOYHCHA B aHU30TPOITHOM MPUOJIMKCHUHM ATOMHBIX CMEIICHUH 10 HTOTOBOTO 3HaueHue Ry
= 3.90% c ucnons3oBanueM 1361 | > 26(l). Bee aTombl Botopo1a ObUTH YCIIEIITHO JIOKAH-
30BaHbI Ha PA3HOCTHBIX KapTaX AJICKTPOHHOH TUIOTHOCTH.

Kpucrannuueckass CTpykTypa HOBOTO COECIMHEHUS MPEACTABIICHA IMapajuleIbHbIMU
IICEBOKOJIOHKAMH, UIYIIMMH BJIOJIb HANIPABJICHHS ¢ U 00pPa30BaHHBIMU aHMOHAMU S;03% 1
katuonamu CN4H;* (puc. 1). [Ipu 3TOM, coceiHre TICEBIOKOIOHKN OOBEAMHSIOTCS C TTIOMO-
IIbIO0 BOJIOPOJIHBIM CBsizeit (puc. 2). C apyroil CTOpOHBI, JaHHYIO KPUCTATUIMYECKYIO CTPYK-
TYPY MOKHO OTHCATh KaK COCTOSIIY0 U3 1BOMHBIX ciioeB cocTaBa [(CNsH7)2S,03].., koTo-
psie mapaienbHbl wiockocTu (001). Takue MosieKyJIspHbIE aHCaMOJIM BCTPEYAOTCS B POJI-
CTBEHHBIX CyJIb(oHaTax ryanuus [4].

Cnemyer oTMETUTH, 4TO 3ameHa ofnHOW NHy-rpynmbl B KaTuoHEe TyYaHUAMHHS Ha
NHNH,- rpymnmy ¢ oOpa3oBaHueM KaTHOHAa aMHUHOTYaHUAWHUS MPUBOJUT K TOSBICHUIO
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[EHTPa CAMMETPHUH B KPUCTAITTHYECKON CTPYKTYpe HECMOTPSI Ha TO, YTO OOIIasi CAMMETPHS
¥ CUMMETPHSI KATHOHHOTO ()parMeHTa CyIIECTBEHHO CHIKAIOTCH.
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Puc. 1. Kpucmannuueckas cmpyxmypa Puc. 2. BooopooHuvie cés3u mesxicoy aHu-
(CN4H7),S,0:s. onamu S,03% u kamuonamu CN4H7™.

PaboTa BrimonHeHa npu punancoBoi noanepxke rpanta PH® Ne20-77-10065.
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HoBble cMeIIaHHOMETAIMYECKHE KOMILJIEKCHI eBPONUS U Tepous
¢ TpudTop(B-IUKETOHATHBIM) JIUTAHAOM

Upanosa A.A.Y, Tonuapenko B.E., Benoycos 10.A.1

Y Xumuueckuii paxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockeéa, Poccus,

anna.ivanova@chemistry.msu.ru

[Tosryaensr kommutekcbl cocraBa [LnLs(H20),] m [LnL3(TPPO).], a Taxxke
[LnL2(NOs3)(TPPO)], Ln = Th, Eu (puc. 1), rue B kauecTBe Juranaa L Obu1 BeiOpan 4,4,4-
tpudTop-1-(pypan-2-un) Oyran-1,3-a1M0H, Tak Kak IHEPrUs €ro TPUILIETHOTO YPOBHS
(20500 cm?) GiM3Ka K SHEPrHU PE30HAHCHOTO ypoBHSA KaTHOHOB Tb3" (20400 cm?). Usy-
YEeHBI JTJIOMUHECIICHTHBIE CBOMCTBA MOJYUYEHHBIX COSAMHEHUI U MMOKa3aHO, YTO IBET JIFOMHU-
HECIIEHIIMU W BKJIAJl B AMUCCHUIO TIEPEXO/I0B TEPOUS M €BPOIHUS CYHIECTBEHHO 3aBUCST OT
TEMIIepaTyphl, UTO JeNIaeT MOTyUYeHHbIE OOBEKTHI MEPCIIEKTUBHBIMUA B KaU€CTBE JIFOMUHEC-
IIEHTHBIX TEPMOMETPOB.

JInst u3y4eHns: 0COOCHHOCTEH TEPMOMETPHUUECKOIO OTKIIMKA CHHTE3UPOBAIIN CEPHIO
oOpasioB ¢ Ln=ThyEu;, x =99.85, 99.7, 99.55, 99.4.

[Ipy momeITKE MOJYYUTh YUCTBIM MOHOMETAIUIMYECKUN KOMIUIEKC OKAa3ala0Ch, YTO
Jaxke HeOOJIBIION MPUMECH €BpOIUs, KOTOpasi MPUCYTCTBOBAIA B HUTpATe TepOus, 10CTa-
TOYHO, YTOOBI MOJHOCTHIO MOJIABUTH JTIOMUHECIIEHIUIO TEpOUs TP KOMHATHOW TeMIepa-
Type. OTHAKO P CHUKEHUH TEMITEPATyPhl 10 TEMIIEPATYPBI )KUJIKOTO a30Ta HaOII04anach
JKENTO-3€JIeHas IIOMUHECHEeHIUs HoHoB Th3 (puc. 2).
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Puc. 1. Kpucmannuuecxkas cmpykmypa komnaexca [TbL,(NO3)(TPPO)]



Puc. 2. Uzmenenue ysema momunecyenyuu komniexcos [LnLs(H20),]



CuHTE3 IOHOPHO-AKIENTOPHOM CTPYKTYPHI IJIS1 HCIO0JIH30Ba-
HHUSl B CEHCHOMJIM3MPOBAHHBIX KPACUTEJISIMM COJTHEYHBIX 0aTa-
pesix (DSSC)

Kanysxckas E.H.}, JIanumes 1.B.2, Jlynonocos 10.H.?3

YDaxyromem nayx o mamepuanax MI'Y umenu M.B. Jlomonocosa, 119991, Mocksa,
Poccusa

2UCIIM um. H.C. Enuxononosa PAH, 117393, Mockea, Poccus

$Xumuueckuti paxynromem MI'Y umenu M.B. Jlomonocosa, 119991, Mocksa, Poc-
cus

ximichkal991@mail.ru

B HACTOAIICC BPCM:A aKTHUBHO UCCIICAYIOTCA OPraHNu4CCKHC D-n-A XpOMO(I)OpBI B XH-
MHUHU MATCPUAJIOB. Ot XpOMO(i)OpI)I HCIIOJIB3YIOTCA B KaYCCTBC AKTUBHOI'O CJIOA B CeHCUOu-
JIN3UPOBAHHBIX KPACHUTCIICM COJIHCUHBIX 6aTape;1x.

B 1991 rony Obuta pazpaborana 3¢ dhekTrBHas CoTHEYHAas 0aTtapesi, KoTopasi HCIIOJb-
30Bajia KpacuTeab Ha OCHOBE KOMILJIEKCA PYTEHHs] Ha HaHOMOpHUCTOM noBepxHocTH Ti0Oy.
OpnnHako, U3-3a JOPOTOBHU3HBI U CJIO)KHOCTU CUHTE3a COEAMHEHUIN PYTEHUS, UCIIOJIb30BAHUE
TaKUX Kpacutenei orpannyeHo. C Ipyroil CTOpOHBI, EPBbINA UPUIUEBBIA (POTOCEHCUOMIH-
3atop B conHeuyHou 6atapee (DSSC) nasan Bcero 1% sddexkrrBHOCTH, a ssueiiku ['peruens
Ha OCHOBE KOMILJIEKCOB UPUIUS UMEIOT 3PPEeKTUBHOCTH Beero 2,5%.

s apdexTuBHOTO IpeoOpazoBanus 3Heprur B DSSC HeoOX0aAMMBbl OpraHUYeCKue
KpacuTeI, KOTOPbIE CIOCOOHBI IEPEHOCUTD JIEKTPOHBI B 30HY npoBoauMoctu Ti10;. On-
HAKO, U3-3a CJIIO)KHOCTH U JOPOTOBU3HBI CHHTE3a PYTEHHUS, UHTEPEC K METAJIICOAEPKAILIUM
CEHCHMOMIM3aTOpaM YMEHBILUJICS, U BMECTO HUX BCE OOJIbIIIEE BHUMAHKE YIETSETCS Opra-
HU4eCcKUM MaTepuanaMm. Hanbosee pacnpocTpaHeHHBIM 3J1EKTPOHOJOHOPHBIM (hparMeHTOM
B CTPYKTYpax XpoMO(OpOB SIBISIOTCS MPOU3BOIHbIE TpU(EHUTIAMIHA, KOTOPbIE MOKa3aIu
oTiinuHble xapakrepuctrku B DSSC ycTpoiicTBax.

B manHoii paboTe OBUT IPOBEICH CUHTE3 OPraHUYECKUX COMPSHKECHHBIX MOJIEKYIT J0-
HOPHO-aKIEITOPHON CTPYKTYPhI U H3yY€HBl TEPMUYECKUE U ONTHYECKUE CBOUCTBA TIONY-
YEHHBIX OJMroMepoB. [1]

TepMorpaBuMeTpUYECKUI aHAIHM3 TIOKAa3aJjl, YTO BCe 00pa3iibl UMEIOT BBICOKYIO Tep-
MHUYECKYIO0 CTaOUIBHOCTb.

Cornacuo nanabiM JICK o0a Matepuana siBistoTca Kpuctammudeckumu. DAB ne-
MOHCTPUPYET IHAOTEPMUUYECKUN (Pa30BbIil MEPEeXod, COOTBETCTBYIOIIUN TIABJICHUIO MPU
230 °C u obmeit Termoror rmasnenus (AH,,) 83 JIx/r, niass DABSO (ha3oBblii niepexos
HaOI01aeTCsl BhIE TeMIepaTypbl pasiioxeHus (MakcumyM 315°C u oOmiel TemioToun
wiaBienus 22,47 JIx/T).
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WccnenoBanust onTHUECKUX CBOMCTB Tokasanu, yto B DABSO, umeromum mo cpas-
Henuto ¢ DAB nonomuauTenbHbIN THO(DEH-CYIB(HOKCUTHBIN (hparMeHT, MUK MOTIIOMICHUS |
JIOMHUHECIICHIINY CABUTACTCS B IJTMHHOBOJIHOBYIO 00JacTh criekTpa. Ob6a coenquHeHus 00-
JIaIaf0T BEICOKUM KBAaHTOBBIM BBIXOJIOM JIFOMUHECIICHITHH.

Puc.1. @omoepaguu sewecms: cresa - N,N,N',N'-mempagenunougenun-4,4'-oua-
muna (DAB), cnpasa- N,N,N'N'-mempaghenunoubenzomuogen-3,7-ouamun-5,5-0uok-
cuoa(DABSO).

TarenbHOE UCCIEIOBAHNE CTPYKTYPBI U CBOMCTB TAKMX MAaTE€PUAJIOB IMO3BOJIUT BbI-
SIBUTh B3aMMOCBSI3U MEXAY HUMH, YTO JAcT BO3MOKHOCTH MPEICKa3bIBaTh pPa3IMYHbIC
CBOWCTBA U KOHCTPYUPOBATh MATEPUAJIBI C 3apaHEE 3aJaHHBIMHU [TAPAMETPAMM.

[1] Lee Kwang-Hoi,Kazuhide Morino,Atsushi Sudo, Takeshi Endo // 2011Polymer Bulletin 67(2):227-236



da3000pa3oBaHle B MEXAHOXUMHUYECKOM CHHTE3€ MOJUMEPHBIX
Tepedranaros P33

Kapnos U.A.%, IlsimGapenko JI.M.2

Y @HM MT'Y umenu M.B. Jlomonocosa, 119991, Mockeéa, Poccus,
2 Xumuyeckuii paxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus

ivan.kar2@yandex.ru

MexaHOXMMUYECKHI coc00 MOMyYeHUs] METAI-OpraHUYeCKUX KapKacoB IMpHUBIIE-
KaTeJIeH C TOYKU 3PEHUS IKOJIOTMYECKON 0€30MacHOCTH U MacIITabHUpyeMOCTH IpoIiiecca.
OnuH 13 BapuaHTOB CUHTE3a MOAPa3yMEBaeT MEXAaHUUECKYIO aKTUBALIMIO IPEKypcopa € Mo-
cienytoien 00padboTkoi pactBopurenieM. [Ipu 3Tom 3auacTyro pacTBOPUTEINb UTPAET YUCTO
BCIIOMOTaTENIbHYIO POJIb (YBETUYEHHUE MOABMYKHOCTH YaCTHII, yAAJIEHUE TOOOYHBIX MPOIYK-
TOB), OJTHAKO ATO HE BCET/a TaK.

JIJIsl TTOTydeHUsT METAII-OPTAaHNYECKUX KapKacOB MBI IMOJBEPTaid dKBUMOJISPHYIO
cMech THparta TepedTaata BeiopanHoro P39 ¢ tepedraneBoii kucioroit (H,BDC) mexa-
HUYECKOHM 00pabOoTKe B MAPOBOM METBHUIIE, TTOCIIE YeTO BBIACPKUBAH TTOJTyICHHBINA TTOPO-
ok B qumeTmiipopmamusie (DMF). Hamu ObuT yCITenTHO CHHTE3UPOBAH PSIJT METAJLI-Opra-
HUYECKUX mosumepoB oomiero cocrasa Lng(BDC)o(DMF)g(H20)3-3DMF, rae Ln — La, Ce,
Pr, Nd. JIo cux mop 3TH COeAMHEHUs ObLIM M3BECTHBI JIMIIb B BUJC OTACIbHBIX MOHOKPH-
CTaJJIOB, B TO BpeMsI KaK MCIOJIb30BaHHASI HAMU METOJIMKA MO3BOJISET MOTydaTh UX B MO-
POIIKOBOI (hopMe U B 3HAUUTEILHBIX KOoJIMuecTBax. Kpome Toro, /ist mpaseonuma JaHHas
¢aza BeIIeneHa BriepBbie. Hamu 061710 0OHAPYIKEHO, UTO HAYMHASL ¢ SM UCTIOJIb3yeMasi HaMU
METOJIMKa He MpUBOAMT K mosrydeHuto ha3el Lng(BDC)o(DMF)s(H20)3-:3DMF, uto mo3Bo-
JISI€T OLEHUTH 00J1aCTh KPUCTALIOXUMMUYECKON yCTOHYMBOCTU (pa3bl HavanoMm psa P30.

J11s1 BBIACHCHHSI KHHETUKA MEXaHOXMMHUYECKOTO CHHTE3a HaMH Obljla MpoBecHa ce-
pHs peHTTeHOAUGPAKIIMOHHBIX HCCIEIOBAaHUI COIEP)KMMOTO peakTopa B X0JIe MEXaHUYe-
CKOM 00pabOTKH B T€UEHHE PA3IMIHOTO BpeMeHu (puc. 1), a Takxke peHTreHo AP paKInoH-
HBIX MCCeI0BaHMH IN SitU B3anMOIECHCTBHSI MPOIYKTa MEXaHHUYECKOW 00pabOTKH C TUMe-
tundopmamuaoM (puc. 2). B pesynbrare yCTaHOBIEHO, YTO MEeXaHHUYecKas oOpaboTka
CMECH IPEKYPCOPOB MPUBOIUT K UX aMOpHU3AINH C TTOCIICTYIONIIM 00pa3oBaHUEM HU3KO-
KPUCTAJUTMYHOM TpoMexyTouHOU (a3zbl. [IpomexyTouHas daza Ha BO3ayXxe cTaOmiIbHA (HE
HAOJIFOTaeTCsl K3MEHEHUN PEHTIC€HOTPpaMMbl B TeueHue 30 MUHYT), OJTHAKO MPU KOHTAKTE C

DMF MPAKTUYECKHU MTHOBEHHO MEePEXOUT B UTOTOBYIO dhazy
Lng(BDC)o(DMF)e(H20)3-3DMF.

[Tony4deHnHble pe3yabTaThl MO3BOJISIIOT IPEATIONIOAKUTD, YTO OCHOBHAS CTPYKTYpa Kap-
Kaca coOupaeTcs HEMOCPEACTBEHHO B X0JI€ MEXaHNYECKOW 00pabOTKH, a MIPU KOHTAKTE C
pacTBOpPHUTENIEM MPOUCXOTUT OBICTPOE HACHILIEHUE KapKaca MOJIEKyJaMHu AUMeTuidopMma-
MUJa ¢ 00pa30BaHUEM UTOTOBOM CTPYKTYPBHI.

Oco0bIii HHTEPEC MPEICTABIISIECT BOIIPOC O POJIU TEPEPTATCBOM KUCIOTHI B TIPOIIECCE
CTpYKTypooOpa3oBanus. HamMu ObLTO MOKa3aHO, YTO XOTS CTEXHMOMETPHUS UTOTOBOH (hasbl



He TpeOyeT BBeAeHUs AOMONHUTENbHBIX Mosiekyld HoBDC, B oTcyTcTBHE TepedTaneBoi
KUCJIOTBI 00pa3yeTcst MPOIYKT, HEMHOI'O OTIMUarouiics no ¢asoBomy coctaBy. B ciydae
TepOus cuHTe3 6e3 TepeTaneBoil KUCIOTHI MPUBOIUT K PAJAUKAILHBIM U3MEHEHUSIM PEHT-
TeHOTPaMMBbI. DTO TO3BOJISIET MPEANOIOKUTH TEMILIATUPYIOLTYIO (PYHKIIHIO TepedTaneBon
KHCJIOTHI B X0J1€ MEXaHOXUMHUYECKOTO CUHTE3A.

— D mwH
20 MuH
A0 MuH
— 60 MuH
— B0 MuH
Mepej KOHTaKToM ¢ MDA

WHTEHCWBHOCTb, OTH. .

I
0 10 20 30 40 30 60
20

Puc. 1. Penmeenozpammol cooepircumozo peakmopa 6 xooe Mexamuyeckou obpa-
bomxu. 36€300uKamu ommeyeHvl NUKU, OMHOCAUUEC K mepedhmanesotl Kuciome.
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Puc. 2. Penmeenocpammul co0epiacuMo20 peakmopa 8 xo0e KOHmaxKxma ¢ pacmeopu-
meiem.

PaGora BemonHeHa npu puHAHCOBOM noanepkke rpanta PH® No22-73-10089.



IouTUINSA M KOJIOCCAIbHOE AaHU30TPOIHOE TEIUIOBOE paciuupe-
HHMEe B KPUCTAJIMYECKUX CTPYKTYPaX JBYMEPHbIX KOOPANHALM-
OHHBIX MOJJUMEPOB HA OCHOBE NMPONMUOHATA IIePUs

Kengun M.I1.12, Ilaynsckas M.J1.2, LisimOapenko JI.M.2

Y @axynomem nayx o mamepuanax MI'Y umenu M.B. Jlomonocosa, 119991, Mocksa, Poc-
cus,
2 Xumuyeckuil gaxynemem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus
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B Hacrosimuiit MOMEHT B Hay4HOI JIuTeparype 00JbII0oe BHUMAHHUE YAENAETCs KOop-
JUHAIIMOHHBIM COEMHEHUSIM PEIKOo3eMeNbHbIX aneMeHToB (P33, Ln), B TOM uucie Hu3-
muM anrdaTudeckuM KapOookcunaraMm. [[aHHble cOeUHEHUsT HAXOAAT NPUMEHEHUE B JH-
3aifHe KOOPAMHAIIMOHHBIX MMOJIMMEPOB BBUAY CKIOHHOCTH K OOpPa30BAHMIO MPOTSKEHHBIX
CTPYKTYp pa3iIM4HOM TOMoJOruu. B yacTHOCTH, B HeJaBHUX paboTax Hallel JabopaTopuun
OBLIO OTKPBITO CeMEHCTBO MOHOTHApaToB ponronaros (Prop) P32 [Lny(H,0).Props] (Ln
=Y, Ho—Lu) cnoucroro crpoeHust, IEMOHCTPUPYIOLIUX MOTUTUINIO U (Da30BbIE MTEPEXOIbI
[1]. bonee Toro, HemaBHUE PE3YIBTATHI CBUAETEIBCTBYIOT O CYIIECTBOBAHUU CXOKHUX CJIO-
UCTBIX CTPYKTYp CpPEIy MOHOTHUAPATOB MponuonatoB P30 mnepueBoii moarpymisr [2]; ciie-
JOBATEJIbHO, U3YYECHNE TOJUTUIINM IS TAHHOM MOJKIIacca COCAMHEHUN TaKXKe MpeAcTaB-
asiet uaTepec. [1oaToMy Lebio HacTosIIel paboThl ABJISETCS YCTAHOBJIEHUE KPUCTANIOXU-
MHUYECKUX OCOOCHHOCTEH JIJIs1 CIIOMCTOr0 MOHOTHIpaTa MporuoHaTa LepHs.

B pamkax pa0GoThl OBLIM CHHTE3UPOBAHBI KpUCTAIMYECKue (Ha3pl cocTaBa
[Cez(H20)2Props], xotopbie, coriacHO SKCIIEPUMEHTAIBHBIM JAHHBIM, IPEICTABICHBI
JIBYMsI MOJU(HUKAITUSIMH CIIOUCTOTO CTpOeHHUs (OTCIoAa M jJaiiee — o ¥ [3), 001aIaronuMu
UJCHTUYHON TOIIOJIOTHEH TTOJIMMEPHOTO CJIOS, HO Pa3IUYarONIMMHUCS B YIIAKOBKE TOCIE/-
HUX — TaKUM 00pa3oM, B JaHHOM CUCTEME HAOTFOJAETCS MOTUTHIHSA. JOMOTHUTEIBHO ObLTH
pa3paboTaHbl MyTH HAMIPABJICHHOTO CHHTE3a Ka)KI0TO U3 MTOJIMTHIIOB: TaK, OBICTPOE yrmapu-
BaHHWE PACTBOpa MPU HATPEBAHWM TPHBOJUT K O0OPA30BAaHUIO YHCTOTO O-TIOJUTHUIIA, B TO
BpeMs Kak MEJICHHAsI KPUCTAUTH3AIUs IPY KOMHATHOM TEMIIEpaType ¢ JadbHEHIITMM OCTa-
pPUBaHHMEM OCaJKa HaJl MATOYHBIM PacTBOPOM J1aeT -TIOJTUTHII.

HecMoTpsi Ha MAEGHTUYHOE CTPOEHUE MOJMMEPHBIX CJIOEB U OJIM3KOE MEXKCIOEBOE
paccrosaue (~11.1 A) npu HU3KUX TemmepaTypax, o- U B-HOIUTHUIIEI JEMOHCTPUPYIOT CY-
HIECTBEHHBIC PA3IM4YMs B TEPMUUYECKOM pacuiupeHud. COorjacHO JaHHBIM PEHTTEHOBCKON
nudpakiMy Ha TTOPOIIKAaX U MOHOKPHUCTAIIIAX MPHU MEPEMEHHON TeMIepaTrype, 00a mojm-
TUIMA XapaKTepU3yIOTCS AHU30TPOMHBIM TEIUIOBBIM PACHIMPEHUEM, BBIPAKAIOIIMMCS B
OBICTPOM YBEJIMYEHUU MEKCIOEBOIO PACCTOSIHUS MPU HATPEBAHUM U MEHBIIHNX TEIJIOBBIX
nedopmarsx BHYTPH CTPYKTYPHBIX CI10€B. JIFOOOTIBITHO OTMETUTD, YTO KPUCTAILT O-TIOJTH-
TUIIa JEMOHCTPUPYET HEMOHOTOHHBIN X0/ TEMIIEPATYPHOU 3aBUCUMOCTH MapaMeTPOB 3Jie-
MEHTApHOM SIYEHKU C XapaKTepHOUW aHOManuel B uHTepBajie temneparyp 190-210 K (puc.
1). AHanu3 riaaBHBIX KOMIIOHEHT TEH30pa TEIIOBOro paciupenus B auanazone 190-210 K
BBISIBIIICT KOJIOCCAJIbHBIE IIOJI0KUTEIIbHBIE (+899.4(5)



MK™?) u orpunarensusie (—427(3) MK™) nuneitnsie KTP, npesslnaromye TakoBbIE s
OOJBIMHCTBA U3BECTHBIX MAaTEPHAIIOB C aHOMAJbHBIM TETUIOBBIM pacmmpeHueM. Hampo-
TUB, TEIJIOBOE PACIIUPEHHUE [-TIOJUTHIA XapAKTEPU3YETCS MOCTEICHHBIM YBEIMYCHUEM
MEKCIIOEBOTO PACCTOSHUS 0€3 KaKUX-IN00 aHOMAaIUH.

X3 11.84 Interlayer separation [A]
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Puc. 1. Tennosoe pacuupenue kpucmaiiuueckou CmpyKkmypbl 0-noJIUMund. Hanpaes-
JIeHUs 2JIABHBIX OCell U UHOUKAMOPHASL NOBEPXHOCMb MeH30pa Menjio8020 pacuiuperus 0is
ouanazona memnepamyp 190-210 K u memnepamyphoie 3a8UcCuMocmu U30PAHHbIX CHPYK-
mypHsix napamempos 6 ouanazone 100-300 K.
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CornacHo pe3yJsibTaTaM KBaHTOBO-XMMHUYECKOTO MOJIEIMPOBaHUs, 00a MoJuTUna oo-
JajaroT OJIM3KUMU 3HAYEHUSAMHU SHEpPrum MexcioeBoro B3aumopehctBusi (Wen ~ 145
mJIx/m?) mpu 100 K, 01HAKO JaHHBIE 3HAYEHUS CYIIECTBEHHO CHIKAIOTCS TIPHU TTOBBIIIEHHH
temmnepaTypbl (Weon = 111 m 129 mx/m? mpu 300 K 1 o- ¥ B-HOIMTHIIOB COOTBET-
CTBEHHO). JIOTIOMHUTENBHO ObLIO MOKA3aHO, YTO CTPYKTYPHBIE CJIOM B KPUCTAILIE OL-TIOJIH-
THUIIA IPY HU3KUX TEMIIEPATypax HAXOAITCS B HAPSHKEHHOM COCTOSIHUM, a IPY HarpeBaHNUN
710 KOMHATHOW TEMITEpaTyphl JaHHBIE HAPSKEHUSI PEIaKCHPYIOT.

Takum 06pa3om, B paboTe YCTAaHOBJICHO CYIIECTBOBAHUE MOJUTUIIAU JJISI CIIOUCTOTO
MOHOTH/JIpaTa MpOIUOHATA LIEPUS, @ TAKKE BBISIBJICHO KPUTHUYECKOE BIMSHUE MOTUBA yIa-
KOBKHM CJIOEB HA TEMJIOBOE PACIIUPECHUE.

PaboTa BbinonHeHa Npu pUHAHCOBOM noaaep KkKke rpaHta PH® No 22-73-10089.

[1] Mikhail Kendin, Dmitry Tsymbarenko. Crystal Growth & Design 20 (2020) 3316-3324.

[2] Mikhail P. Kendin, Ruslan A. Gashigullin, Irina A. Martynova, Andrei A. Anosov,
Dmitry M. Tsymbarenko. Russian Journal of Inorganic Chemistry (2023)
doi: 10.1134/S0036023623700298.



Pa3Hoaurananble KOMILIEKCHI eBponusi-utrepous aiasa OLED c
JABOMHOU YMHUCCHEN

Kopaukos A.N.%, YTounukosa B.B.?

Y Xumuueckuii paxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockesa, Poccus,
2 @axynomem nayx o mamepuanax MI'Y umenu M.B. Jlomonocosa, 119991, Mocksa, Poc-
cus

andrey.i.kornikov@gmail.com

Koopaunaunonusie coenunenus (KC) nantaHua0B ABIAIOTCS EPCIEKTUBHBIMU Ma-
TepHUajJaMu JIsl SMUCCHOHHBIX CJIOEB OpraHUYeCKHX cBeTonsiydaromux auoaos (OLED).
Opnoii u3 pasBuBaromuxcsi oonacreit npumenenuss OLED sBnsieTcst myJibCOKCUMETpUS -
CHEKTPO(POTOMETPUUYECKOE M3MEPEHHE MYJIbCUPYIOMIEH KPOBU Ha JBYX Pa3HBIX JUIMHAX
BOJIH, IPH KOTOPBIX KOA((UIIMEHTHI MOTJIONIEHUS] TeMOTJI00MHA M OKCUTEMOTJIOOMHA 3HA-
yuTeNbHO paznuyarotcs. [lynecokcumerpus Tpedyer cozganuss OLED c smuccueil B BUaH-
MoM U B OmkHeM MK nuamnasonax, M HOHBI €BPONUS U UTTEPOUS SBISAIOTCS MOAXOIAIIIMU
KaHJUAaTaMU JJIs1 UCTIOJIb30BaHMsI B TAKUX CBETOAMOMAAX, TaK KaK OHU 00JIaAat0T Y3KUMHU
II0JIOCAMM JIFOMUHECLEHIIMM C UACATIBHBIMU U1l OKCUMETPUU JUIMHAMU BOJIH. Kpome Toro,
ucnoibs3zoBanue oumeramnueckux KC eBponus v uTTepOus MO3BOJIUT CO31aTh yCTPOUCTBO
C OJJHAM CBETOJIMOIOM BMECTO JIBYX, YTO YIIPOCTHT CTPYKTYpy ITyJbCOKcHUMETpa. Panee
Hamrel rpymmoit Ha ocHoBe KC EuggsYbo gs5(dbm)s;BPhen 6putn momyuensr OLED ¢ aBoii-
HOM AMUCCHEl, KOTOpbIE ObUIM MPOTECTUPOBAHBI B IPOTOTHIE IynbcumeTpa [1]. Ucxons u3
3TOr0, OBLIO MPEJIOKEHO U3YUUTh JTIOMUHECIICHTHBIE CBOMCTBA Pa3IMYHbIX Pa3HOJIUTAH/I-
HBIX KOMILIEKCOB €BPOIHS M UTTEpOUs, n3iydaronmx B kpacHoit u MK-ob0nactsax cnekrpa,
Uit monydenust Hanbosee dpdextrBHOoro OLED 115t mpuMeHeHus B MyJIbCOKCUMETPHH.

Jist BeIOOpa nuranaoB Obut cuHTe3npoBanbl KC Eu(L);Q u Yb(L)3Q, rae L — anu-
OHHBIN JUranj, Q — HeUTpaIbHBIN JUraH], U U3MEPEHBI X (HOTOTIOMUHECIICHTHBIE CBOM-
ctBa. Takum oOpa3oMm, it nofyueHus TBEPbIX pacTBopoB KC eBpomnus 1 uTTepOus B Ka-
YECTBE HEUTpaAIbHBIX JIMTaH0B ObLIM BbIOpaHbl THaAna3onopenantposvd (TDZP) u ((ok-
cubuc(2,1-penunen))ouc(mudpenundochun oxcun)) (DPEPO), cnocoOHbIe ceHCHUOMITU3H-
poBath moMuHecteHuo Eu®t. B kauecTBe aHNOHHBIX JIMTaHO0B OBLIH BHIOPAHbI THOEH30-
wiMetanat-(dbm), renountpudropaneronar- (tta’) u 6eHzonnTprdTOpaIIETOHAT-AHUOHBI
(btfa’) (Puc. 1), KC eBpomnus ¢ koTopbiMu 001a/1a10T () (PEKTUBHOM 3JICKTPOTFOMUHECIICH-
rel. OObeKTaMy MCCIIEIOBAHMS CTATM Pa3HOJIUTaHHbIe KOMIUTEKCH Eug o5Y Do 9s5(L)3Q, a
LEJIbI0 PabOTHI CTANIO N3YUYEHHE JIFOMUHECLIEHTHBIX cBOMCTB 3TUX KC u coznanue OLED Ha
UX OCHOBE.


mailto:andrey.i.kornikov@gmail.com

tta btfa

0)
Puc. 1 Cmpyxmypuoie popmynvt a) anuoHnusix u 6) HEUMPANTbHBIX TUSAHOO0S.

CocraB nonyueHHbix KC Obu1 onpegenén nanaeiMu POA, MK-cnekrpockonuw,
PCMA u SAMP-cniektpockornuu. KBaHTOBbIE BBIXOABI (POTOTIOMUHECHICHIIMA UTTEPOUS U
€BPOIHSI B MOJTYUYEHHBIX OUMETAIUIMYECKUX COeIMHEHUIX NocTuriu 1,2% u 36% cooTBeT-
CTBEHHO, YTO COM3MEPUMO C KBAHTOBBIMU BBIXOJIaMH MHIMBUAYAJIbHBIX coequHeHui. [1o-
ayuennbie KC Eug 05 Ybo os(L)3Q Obut mpoTectupoBansl B OLED, koTopbie npoaeMOHCTpH-
POBAJIM HHTEHCUBHYIO JIEKTPOTIOMUHECHICHIIUIO U B BUAMMOM, 1 B OmkHen MUK -o6macTu.
a TaK)Ke BBICOKHME 3HAUCHUSI IPKOCTH U SHEPTod(DPEKTUBHOCTU. APKOCTH ITEKTPOTIOMHUHEC-
e KC EugpsYboos(dbm);TDZP nocturna 500 KI/CM?, 4TO MPEBOCXOJIUT SIPKOCTh
OLED na ocHoBe EugosYbgos(dbm);BPhen, nonydennyio panee. Takum ob6pazom, KC
EUo,05Y Do 95(dbm)sTDZP siBiisieTcst mepcreKTUBHBIM COSIMHEHUEM ISl IPUMCHEHHI B OK-
CUMETpUU.

[1] Kornikov A.l. et al. // ACS Applied Optical Materials. (2023). 1. 7. 7.



HoBble ri1y0okune 3BTeKTHYECKUE PACTBOPUTEIH VI IKCTPAKIUHA
TeXHeuusa-99 B BUje neprexHerar-aHMoOHAa
U3 a30THOKHCJIBIX CpeJ

Jlekcuna Y.M. !, Illumos A.B.,> Matsees [1.11.}

L Xumuueckui Gaxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus,
2 Canxm-Ilemepbypackuii 2ocyoapcmeennviii ynuseepcumem, 199034, Cankm-Ilemepoype,
Hao Ynusepcumemcrkas, 7/9

uliana.m@leksina.ru

ATOMHas 3HEpreTHKa — 00IIMpHAs OTPACIIb, BKIIOYAIOLIAs B C€0s MPOLIECChl, HallpaB-
JICHHBIE Ha MOJYYECHHE DJICKTPOIHEPTUU U ATAIbI OOPAIICHUS C SAEPHBIM TOTUTMBOM OT J10-
OBIYM CHIPHS 10 YTUIN3ALKUU OTXO/I0B, KOTOPBIE B COBOKYITHOCTH Ha3bIBAIOTCS SIJIEPHO-TOM-
muBHbIM nukiioM (ATL). 3amkuyTeiil ATL, peanuzyemslii B Hale# cTpaHe, oipa3yMeBaeT
nepepaboTKy oTpadoTtasiiero sjaepHoro Tommba (OAT) u MOBTOpHOE HUCTIOIB30BAHHUE U3-
BJICYCHHBIX M3 HETO ypaHa M TUTyTOHUS, a TAaK)Ke pa3pabOTKy CTpaTeruil 0OpalleHus C BbI-
cokoakTuBHBIMU oTX07aMu (BAO), conepkamymu Bce ocTaibHbIe HAPAOOTAHHBIE B peaK-
Tope HYyKIUAbl. OCHOBHBIM METOJIOM, HCTIOJIB3yeMbIM B iepepadotke OAT, sBnsercs xua-
KOCTh-’KMJIKOCTHAs SKCTpakuus U B nepByro ouepeas [ITYPEKC-miporecc, B xo/1€ KOTOPOTo
OTAEJSAIOT ypaH U IUTyTOHUM JJISI ©X TOBTOPHOTO MCITOJIb30BaHMUSL.

OpnHoil M3 BaKHBIX HAa JAHHBII MOMEHT 337]a4 B pa3pabOTKe TEXHOJOTMH mepepa-
0otku u ppakuronupoBanust OAT sBusieTcs u3BneyeHne u3 pacTeopa rexueuus-99. Haxo-
JSICh B PACTBOPE B BUJIEC NIEPTEXHETAT-aHUOHA, JAHHBIA METaJl paclpOCTPAHAETCA 110 CXEME
pasnenenus aktuHUIO0B Kak B ITYPEKC-mpouecce, Tak u B mocieAyromux Ipoueccax
(bpakurOHUPOBaHUS BEICOKOAKTUBHBIX 0TX0A0B (BAO), on karanusupyet B IIYPEKCe Ta-
KM€ HeXeJaTeNbHbIe MpoIiecchl, Kak okucienue mrytonusi(11) u okucnenne qodaBnsemMoro
BOCCTAHOBHTEJIS, YeM CHJIBHO ocioxuseT mepepadotky OST[1l]. ExeromHo B peaktope
HapabartbiBaeTcsa 40 Kr TexHenusn-99, 0/HAKO €ro BHIJCICHUE HE PEaIM30BaHO HA B OJTHOM

U3 CYIIECTBYIOIIUX MM MEPCIEeKTUBHBIX mpolieccoB nepepadotku OAT u dpaxipoHupo-
Banus BAO [2].

B nanno# pabote ObUTM CUHTE3WPOBAHBI M UCCIIEIOBAHBI HOBBIE THAPOGOOHbIE TITy-
OOKHe IBTEKTUYECKHUE pacTBOpUTENr Ha ocHOBe TyaHuauHOBBIX (DPG, DPGAc) ocHoBa-
Huit, u npupoanbix (HEX, THY) coennnennii:



NH, /\/\/COOH

X HEX

NH;
k

" bpGAc CH3CO0

Puc. 1. Cmpyxmypnole popmynsl KoOMnOHeHmMOo8 21yOOKUX I36MEKMULECKUX pACmEopU-
meieti, akyenmopwl 6000poousix ceaseli. DPG — ougenuncyanuoun, DPGAc — oughenun-
2YAHUOUH ayemam, OOHOPbL 8000pooHbIX ceszell: HEX — eexcanosas kucioma. THY — mu-
MOIJL.

[TonyuyeHHbie r1y0OOKHE SBTEKTHUYECKUE PACTBOPUTEIN ObLIM TUIPOPOOHBI, Pa3oBo
CTAaOWIIbHBI U MPOSIBIISIM CTOMKOCTh K a30THOM KHUCIIOTE BIUIOTH A0 1M Mpu MOBBIIEHHON
temriepatype (65°C). B skcrpakimonsbix Tectax ['OP nmokazanu Beicokyto 3¢ (HEeKTUBHOCTh
U CEJIEKTUBHOCTb SKCTPAKIUH MTEPTEXHETAT-AaHUOHA U3 PA3JIMYHBIX CPEJl, @ TAKXKE paJraliy-
OHHYIO CTOMKOCTb IPU O0JIYyYEHUHU BHEIIHUM Y-u3iydenuem 1o 250 kI'p (puc. 2).

17 6| CgHy,COOH DPG 2/1
[E=c

7| CsH44,COOH DPGAc 1/1

50 100 150

MornoweHHas po3sa, kl'p

250

Puc. 2. 3asucumocmov ko3g@uyuenmos pacnpeoenenuss mexueyust Om no21oueHHol
003bl, macumaduposanue 6 cmenenu 10. Ucxoonas 6oonas ¢paza - 1 M HNO;, obvemnoe
coomnowenue gaz 6/o = 1, T = 65+1°C, spems koumaxma ¢az t = 5 muH.

Pabota BrimotHeHa ipu (prHAHCOBOM MOIepKKe rpanTa Poccuiickoro HayuHnoro ¢gona No
20-73-10076.

[1] TToroBa H. H., Tananaes U. I'., PoBusiit C. U., Mscoenos b. ®@. Venexu xumuu 72 (2003) 115-137.

[2] Leksina, U. M., Shishov, A. Y., Mulloyarova, V. V., Puzyk, A. M., Tolstoy, P. M., Vokuev, M. F.,
Matveev, P. I.Separation and Purification Technology 316 (2023) 123824.



CuHTe3 aMUH3aMellleHHbIX MPOU3BOAHBIX aHNOHA [BsHs]™

JlyxomkoBa A.A., lymsak A.T., [Tocematiiko E.E., CenuBanos H.A., I'ory6eB A.B.,
brikoB A.1O., KXwxun K.1O., Ky3nenos H.T.

HUncmumym obweti u neopeanuuecxou xumuu um. H.C. Kypnaxosa PAH, 119991, Mocksa,
Poccus

anya.lukoshkova@yandex.ru

B HACTOAIICC BPCMA YACIIACTCA oco0oe BHUMaHHE MarcpuajaM Ha OCHOBC COCIUHC-
HUM 6opa. Crout OTMCTUTDB, UYTO AOCTATOYHO IICPCIICKTHUBHBIMU B KAYCCTBC MPCAINICCTBCH-
HHKOB TaKHX MAaTCPHUAJIOB MOKHO paCCMATPUBATh aHHNOH [BgHg]_ N CI'0 3aMCIHICHHBIC IIPO-
HN3BOAHBIC [B3H7L] Panee 3aMCIICHHBIC ITPOU3BOAHBIC IIPUMCHAINChL B OCHOBHOM B Ka4dc-
CTBC CTPOHUTCIIbHBIX (I)paI‘MeHTOB I ITOJIYYCHUA Ooiee KPYIIHBIX KJIACTCPOB 60pa. HpI/I
9TOM BBICOKOC COACPKAHHUC BOAOPOOJAa B HCKOTOPLIX 3daMCIICHHBIX IIPOAYKTAX ITO3BOJIACT
pacCMaTpUBATDh UX B KAUCCTBC KOMIIOHCHTOB XUMHUYCCKUX dKKYMYJIATOPOB BOAOPOAA [1, 2],
a TAaK)KE CCJICKTUBHBIX BOCCTAHOBUTEJICH B OpPraHU4CcCKOM CHUHTC3C [3, 4]

Onun u3 Hanbonee 3p(HEKTUBHBIX METOJOB MOJYYEHHS 3aMEIIEHHBIX TPOU3BOIHBIX
anroHa [BsHs]™ ocHOBaH Ha peakuuu 3MEKTPOPHILHO-UHAYIIUPYEMOTO HYKICO(PUIEHOTO
zamenienus (EINS) [3, 4], npu sToMm B KauecTBe JIEKTPODUIHHBIX HHIYKTOPOB MOTYT BbI-
CTyHaTh rajoreHu sl MetauioB |1V rpynmsl.

B pesynbrate peakimuu EINS B anmone [BsHg]™ Obumn mosnydyeHs! mpoayKThl BHIa
[BsH7Nu] (Nu = THF, Diox, Et,NH, EtsN) u ucciaenosans merogamu MK- u IMP crek-
TpocKomuH. B KkauecTBe WHUIIMATOPOB MPOIECCa BHICTYMAIW XJIOpHABl MeTamioB IVHB
rpymmsr: Ti(IV), Zr(1V), Hf(IV). ITpu 3ToM ycTaHOBJIEHO, YTO B HEHYKJICO(DUIBHOM PacTBO-
putene xaopunsl Ti(IV), Zr(IV), Hf(IV) nepexoast B popmy komruiekcoB [M(BH4)x], a BbI-
XO/I IIeJIEBBIX IPOYKTOB He3HaUUTeNeH. A u3 HykieodpuibHoro pactBoputens (THF, Diox)
OBLIIM BBIICJICHBI U YCTaHOBJIEHBI METOJIOM PCA CTpYKTYpbI KPUCTAJUTMUECKUX COSTUHEHUN

TBA[MCIsTHF], TBA[MClsdiox] (M = Zr, Hf) (a6 1).

Taon. 1. Kpucmannoepaguueckue napamempor  ¢az TBA[Hf(diox)Cls] u
TBA[Zr(THF)Cls/, ycmanoenenuvie memooom PCA.

CoenuHeHne Ip.rp. | a, A b, A c, A Z
TBA[Hf(diox)Cls] | P-1 | 11.493(3) | 11.569(6) | 12.156(3) | 2

TBA[ZI(THF)CIs] | P-1 [ 11.199(15) | 11.582(14) | 12.70(2) |2

[IpennoxkeH HOBBIM METOJT CHHTE3a aMUH3AICHHBIX IIPOU3BOAHBIX YEPE3 B3AUMOICH -
ctBue anuoHa [BsHs]™ ¢ N-xopcyKIMHUMUIOM TI0 cXeMe, TPECTaBICHHON Ha PUCYHKE 1.
N-XJIOpCYKIMHUMU/T BBICTYIIAE€T B POJIM XJIOPUPYIOIIETO areHTa Ha MepBOM CTaAuM peak-
I[UH, MPU TOM oOpasyeTcss MoHoXJop3ameleHHoe mpousogaHoe [BsH7Cl]-, kotopoe B
nanpHeieM B3auMozercTryer ¢ amuHoM (Et;NH, EtsN) ¢ o6pasoBannem amuH3amerieH-
HbIX npoaykToB [BsH;NHEt;] u [BsH/NEt;]. Peakuus npoBoautcs B cpene Toiayosia npu
oxJyaxxaenuu 110 -50°C.
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Puc. 1. Cxema nonyuenuss amunzameweHHo20 npou3800H020 yepes Cmaour o0opaso-
8AHUSL MOHOXJIOP3AMEWEHHO20 NPOU3BOOHO20 8 Cpede MOJlY0d.

PaGora BblmonHeHa mnpu (¢uHAHCOBOM mnoaaepxkke MuHoOpHayku Poccun
B paMKax rocyaapctBeHHoro 3aganusg MOHX PAH.

[1] Moussa G. Moury R. Demirci U.B. Sener T.M.P. International Journal of Energy Research 37(8)
(2013) 825-842.

[2] Jensen S.R., Paskevicius M., Hansen B.R., Jakobsen A.S., Mgller K.T., White J.L., Allendorf M.D.,
Stavila V., Skibsted J., Jensen T.R. Physical Chemistry Chemical Physics 20(23) (2018) 16266—-16275.

[3] Drummond A., Morris J.H. Inorganica Chimica Acta 24 (1977) 191-194.

[4] Bykov A.Y., Razgonyaeva G.A., Mal’tseva N.N., Zhizhin K.Y., Kuznetsov N.T. Russian Journal of
Inorganic Chemistry 57(4) (2012) 471-473.



Bpomuanbie komiuiekceol SO(111) ¢ munmepazunom

JIbBoB A.IL.}, Beikos A.B.}, I'onuapenko B.E.?3, [llesenskoB A.B.!

Y Xumuueckuil Gaxynemem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus
2 @uzuueckuti uncmumym um. I1.H. Jlebeoesa PAH, 119991, Mockea, Poccus
3 Hayuonanonwiil uccie006amenbCckull ynueepcumem «Bvlcuias wkona s3koHoMuKuy,
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WHTepec K UCCIIeIOBAHUIO U MTOJTyYEHUE HOBBIX THOPHIHBIX TaJIOT€HMETAIUIaTOB 14-
15 rpynm (onoBa, CBHHIA, CYpbMbI, BHUCMYTa) BBI3BaH CTPEMJICHHEM 3aMEHUTH
3 peKTHBHBIE, HO TOKCHYHBIE ranoreHuabl cBuHIA(Il) B KauecTBe CBETOMOTIIOMIAOIINX
MaTepuasioB Ui  COJHEYHbIX d3neMeHToB [1]. Tlommmo 3Toro, TrHOpUIHBIC
raJJOreHOMETaJUIaThl 00JIAZal0T CETHETO-, MbE303JIEKTPUIECKIMU CBOWCTBAMH, Oiaroaapst
KOTOPBIM DPAacCMaTPUBAIOTCS B KaueCTBE NEPCHEKTHBHBIX MAaTEpHajoOB JUIsl YCTPOMCTB
XpaHeHUs U repeaayn nHpopManum, 00padoTku curHanos [2]. Takxke mo pe3ynbTaram psiaa
HenaBHUX paboTr [3-4] y npomsBomHbix cypbMbI(lIl), KOTOpBIE sBISAIOTCS HamMeHee
U3yYEHHBIMU OpPTraHO-HEOPTaHWYECKHMH TaJIOTeHOMETa/llaTaMi, Oblla OOHapykKeHa
NPUBJICKATENbHASl [TUPOKOIIOJIOCHAST JTFOMHUHECIICHIIHS, XapaKTEPU3YIOIIeeCss BBICOKUMHU
KBaHTOBBIMH BBIXO/IaMHU.

N3-3a cmocoOHOCTH 00pa30BBIBATH Pa3HbIC COCAMHEHHUS C PA3IUYHBIM CTPOCHHEM
AHUOHHOU MOJCTPYKTYPHI B 3aBUCUMOCTH OT TIPHPOIBI OPTAHUIECKOTO KaTHOHA U TAXKE TTPH
JIOBOJILHO HE3HAYMTEILHBIX M3MCHCHHSIX YCIOBHUU CHHTE3a CJIOKHO KOHTPOJHMPOBATH U
MpeICcKa3biBaTh CTPOCHUE MPOJYKTA, YTO BBIHYXKJAET CMECTUTh aKIEHT Ha OIpe/esieHre
XapakTepHbIX TUITOB aHnoHa [3]. JlaHHas paboTa MOCBSAIICHA TIOUCKY U U3yUCHHIO CBONCTB
HOBBIX OpOMHIHBIX KOMIUIEKCOB CypbMBI(III), B KOTOPBIX OpraHUYecKOil COCTaBIISIONIEH
SBIISIETCS KaTHOH 1,4-1ua3onukiorekcana (murmepasut, Pipe).

Cunte3 OpomoantumoHatoB(lll) mpoBoamics KkpucraumMzanueii W3  BOTHBIX
pactBopoB HBr, mpu 3TOM BapbupoBaNHCh KOHIIEHTpPAIUS KUCIOTHI M peareHToB. M3
KOHIICHTPUPOBAHHOTO PAcTBOpPa B HE3aBUCHUMOCTH OT COOTHOIICHHUS MPEKYPCOPOB OBLI
NOJIy4eH €IMHCTBEHHBIH KoMmiuiekc cypbMbI(lll), panee He omucaHHBI B JuTeparype —
(PipeH3)s(HsO)[SbBrg][SbBrs]2(Br)s-H20. B annoHHOM MoaACcTpyKTYype HOBOTO COCTUHCHUS
MOYKHO BBIIEIIUTH AUCKPETHBIE OKTasapsl [SOBIs]®, maps! kBagparHbix mupamun [ShBrs]%,
B KOTOPBIX KXKAas U3 IBYX IMAPAMHU]] CBOMM OCHOBAHHUEM HAIPaBJICHA K OCHOBAHHUIO COCE/I-
HEH, a TaKkKe H30JUPOBAHHBIC OPOMHUI-HOHBI. MEXIY COCCIHUMH MUPAMUIATHHBIMU
anronamu [SbBrs]> Bnepsbie 06HapykeHO HexapakTepHoe A rajorenoantuMonatos(l11)
OTHOCHTEJILHO KOpOTKOE paccrostaue Sh---Sb (puc.1), koTopoe, BEpOSITHO, MOXKHO OTHECTH
K c1a00My B3aHMOJICHCTBHIO.



BrOB

Puc.1 Hanpasnennvie Opye k Opyey keadpamuwie nupamuowt [SbBrs]*. Juemanyuu u
ONuHbL céA3€ll Ha PUcyHKe yKkasanvl 6 A.

B pasbaBieHHBIX pacTBOpax OpOMOBOAOPOIHOM KHCIOTHI OBUIO MOJYYEHO paHEe
U3BeCTHOE B tuTepartype coequderue (PipeH,)2[Sh,Brig]-2H,0 [5]. U3yduena TepmMudeckas
YCTOWYHUBOCTD (PipeH2)5(H30)[SbBr6][SbBr5]2(Br)4-HZO )54 (PipeHz)z[szBrlo]'2Hzo. s
HOBOT'O COCIMHEHHS OLICHEHA IIMPUHA 3alPEIEHHON 30HbI, KOTOpas cocraBuia 2,85 3B u
2,62 5B B IpsIMO30HHOM Y HENIPSMO30HHON MOJIENIA, COOTBETCTBEHHO.

CunTtes 6pomoantumMoHnatoB(l1l) Ob11 Takke mpoBenEH B 0€3BOAHOM cpefie, T/Ie B Ka-
YECTBE PACTBOPUTENISL BHICTyNaAN alleTOHUTpMI. M3-32 HU3KOW pacTBOPUMOCTU HMCXOJIHBIX
HABECOK PEareHTOB B XOJI€ peakluK ObUT 100aBIeH OpOMMI Kaus JJisl MOBBIIICHUS] KOH-
LEHTpaluu HOHOB BI" B pacTBOpe. 3HAUUTEIBHOTO YIIyUILIEHUS! PACTBOPUMOCTH MPEKYpPCO-
POB IpH JUINTEIHHOM KUIISTYEHUH PEaKIIMOHHOW cMecH He Habmonanu. OOHapyKeHbI 1B
HOBBIE (pa3bl, COCTaB KOTOPBIX YCTAHOBUTH ITOKA HE yAaIOCh. B monckax moaxosiiero Me-
TOJla CUHTE3a ObLIO TaK)Ke OMPOOOBAHO MCIIOJIb30BAHUE CMEIIAHHOM Cpefibl, COCTOSIILEH U3
CMECH alleTOHUTPHIIAa U BOAHOTO pacTBopa HBr. Takoil moixoa npuBOAUT K CMECH MPOAYK-
TOB, OOPA3yIOIINXCS B COOTBETCTBYIOLINX PACTBOPUTEIISAX MO OTAEIBHOCTH, I03TOMY J1aH-
Has cCXxema He ONTHMaJIbHA JIJIsl CHHTE3a HOBBIX OpoMHIHBIX KoMIuiekcoB cypbMbI(11l) ¢ mu-
nepa3uHOM.

Hacrosimas pabora yactuuno noanepxkana POOU, rpant Ne 21-53-50007.
1. Attique S., Ali N., Ali S., Khatoon R., Li N., Khesro A., Rauf S., Yang S., Wu H. Advanced Science
7(13) (2020) 1903143,

2.LiM., TengB.,Han S., Yang T., Li Y., Liu Y., Zhang X., Liu X., Luo J., Sun Z. CrystEngComm
21(24) (2019) 3740-3744.

3. Lin H., Zhou C., Tian Y., Siegrist T., Ma B. ACS Energy Letters 3(1) (2018) 54-62.

4. McCall, K.M., Morad, V., Benin, B.M., and Kovalenko, M. V. ACS Materials Letters 2(9) (2020)
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5. Bujak M., Siodtak D. Molecules 25(6) (2020) 1361.



HuxaoMeTautapoBanubie KoMIuiekchl Ir(111) ¢ :xecTknmu 1uden-
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HuxnomeTtamnupoBanHbie komiiekcesl upuausi(Ill), 6marogaps cBoei cTaOUIBLHOCTH,
ONTHYECKUM CBOMCTBAM U MIMPOKOMY MOTEHIIUATY UX MOJU(PUKAIUU SBISIOTCS MEPCIIEK-
TUBHBIMHU JIIOMUHO(POpPAMH, OJTHAKO HU3KHE KBAHTOBBIE BHIXObI JIFEOMUHECIIEHIIMU B 00JIa-
CTU JJIMHHOBOJIHOBOM 3MUCCHHU MPEMSTCTBYIOT UX aKTUBHOMY MPUMEHEHUIO [1].

OpHol U3 NpUYUH CHUKEHUS 3(P(HEKTUBHOCTU JIIOMUHECLEHIIUH SIBISIETCA 3HAYM-
TEJIbHBIM BKJIAJ O€3bI3Ty4YaTeIbHOW BHYTPUMOJIEKYJIAPHON KOJIeOaTenbHON pelaKkcalyi.
J1Jis ero yMeHbIIIeHHs TTpeIIaraeTcsl HCTOIb30BaHue JUOCH30XMHOJIMHOBOTO KapKaca B Ka-
YeCTBE YKECTKOTO MOJIMaPOMATUYECKOTO JIMTAHAHOTO (PparMenTa, 4To JOJHKHO MPUBECTH K
NOBBILICHUIO KBAHTOBOT'O BBIXOJa JTIOMUHECIIEHIIMH. B CBOIO ouepeib, BHEIPEHHUE JOHOP-
HBIX MOP(OIMHOBBIX (DPAarMEHTOB B IAHHYIO JIMTAHJHYIO CUCTEMY MO3BOJUT 3(h(PEKTUBHO
MOJIyJIUPOBATh JUIMHY BOJHBI SMUCCUH COOTBETCTBYIOLINX KOMIUIEKCOB.

B nanHoit pabote cHHTE3UpOBaHbI B AMOCH30(EHA3MHOBHIX JTUTAH A, C HE3aMeIICH-
HBIM TUOCH30()EHA3MHOM TOJIYYCHBI OUC-TTUKIOMETAINTAPOBAHHBIA XJIOPHUIHBIN TUMEp U
COOTBETCTBYIOITUH reTeposientuueckuii komruieke upuausi(l11) ¢ anermnaneronom B kaue-
CTBE JOMOJIHUTEIBHOIO JTUTAH/IA.

[TokazaHo, 4TO 3amMemnieHHbIN 3,6-TUMOPHOIMHOOEH30(EHA3UH TEMOHCTPUPYET (-
(eKTHUBHYIO JTFOMUHECIICHIIUIO (KBAHTOBBIN BBIXO B IUXJI0opMeTane — 57%) co 3HaYUTENb-
HBIM COJTbBATOXPOMHBIM 3 dexTom (puc. 1). UuTepecHo, 4To TMMEPHBIN KOMILUIEKC ¢ He3a-
MEIIeHHBIM qubeH30(heHa3nHoM nemouctpupyet y3kyio (FWHM — 40 uM) u cpaBHUTENBHO
WHTEHCUBHYIO (KBaHTOBBIH BbIX0/ B TONyoJsie — 30%) dhocdopecleHiinio, 4To HeXapakTepHO
JUTSL KJlacca Ouc-IMKIOMETAINTMPOBAHHBIX XJIOpUI0B. JJ1s 00bsICHEHUS! JAaHHOTO (PeHOMEHA
ObUIM TMPUMEHEHbl KBAaHTOBO-XMMHUYECKHE pACUYEThl: TIOJYYEHbl OLIEHKH JHEPruu
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TpaHUYHBIX OpOuTaNell U JUIMH BOJH (HOCPOPECICHIINN, PACCUUTAHBI 3JEKTPOHHBIE CIIEK-
TPBI TOTJIOIICHHUS.

——dbpz dimer
—— dbpz complex
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A, nm
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Puc. 1. 3kcriepumeHmMasbHele CIeEKMpbI N020WeHUA U AIMUHeCcUeHyuuU 014 X/0-
pudHo20 dumepa u cemeposaenmuyecko2o komnaexca Ir(lll) c Hesamew,eHHbIM ubeH30-
¢heHa3uHoMm.

[1] Y.Zhang, J.Qiao. Near-infrared emitting iridium complexes: Molecular design, photophysical
properties, and related applications. — iScience 2021, 24 (8), 102858.
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brnaronapst yaukanbHbIM GOTOYU3NYECKUM CBOMCTBA, TEPMOJAMHAMUYECKON 1 KUHE-
THUYECKOHM CTaOMIIBHOCTH IUKIOMETAIUTMPOBaHHbIe KoMIutekehl upuausi(111) Hamwmm mmpo-
KO€ MPUMEHEHHE B KaTaliu3e, B CCHCOPUKE, B KAYECTBE areHTOB JJIsi POTUBOOITYX0JIEBOM
Teparnuu 1 B Ka4eCTBE SIMUTTEPOB B CBETOM3TYUaIOIMUX quoaax. Kinaccuueckuii CHHTE3 Ouc-
rukiIoMetaumpoBaHHbIX kKomiutekcoB upuaus(111) suma [Ir(CAN)2(XMY)], rae CMN — nuk-
JIOMETAITUPOBAHHBIN TUTaHd, XY — BCIIOMOTaTe/IbHBIN, HAUNHACTCS C PEAKIINH ITUKIIOME-
TaJUTMPOBAHUS, MPOAYKTHI KOTOPOW OMHMCHIBAIOTCS KaK OuC-IIUKIOMETAUTMPOBAHHBIC -
MEpBI C IBYMS MOCTHKOBBIMH aTOMaMH XJjopa. M3y4eHnio TaHHOTO Kiacca COCTUHEHHM
yAeTsieTCsl He TaK MHOTO BHUMAaHHMS, 4aCTO 3TH COSIUHEHUS HE TOJIBEPTa0TCsI BCECTOPOH-
HEel XapakTepu3aluy B X0JI€ CHHTETHYECKOM YacTu paboThl. HecMoTpst Ha 3TO, U3ydyeHue
JTUMEPOB SBISICTCS] BAXKHBIM aCIIEKTOM JIJIST TTIOHUMAHUS TOTO, KaK CTPYKTypa KOMITJICKCOB
BIUsIET HAa poToU3nvecKre cBoicTBa (TOTJIONIEHUE U TIOMUHECIICHITNIO). Panee Obu1 mo-
JIy4YeH MOHOMEPHBIN
OUC-TTUKIIOMETAITUPOBAHHBIN XJIOpUL upuusi(111) Ha OCHOBE
1,2-nudennndenanTponMua3oia ¢ HecBoiicTBeHHOM reomerpueit s upuausa(l1)— tpu-
roHaipHOM Ounupamumoit [1]. Jlonroe Bpemsi CYMTAIOCh, YTO JAAHHBIA KOMILICKC CYIIe-
CTBYET TOJIbKO B OJIHOM BO3MOXKHOW (popMe — MOHOMEPHOM, HO B HACTOIIEH paboTe ObLI
BIIEpPBbIE 3aPUKCUPOBAH (PAKT COCYIIECTBOBAHHMS MOHOMEPHON M JTUMEpPHOU (OopM Kak B
pacTBoOpe, TaKk U B TBEPIOM BHUJIC.

C nomorsio cnekrpockonuu *H IMP nipu pasHbIX TeMIIEpaTypax ObLIO H3y4EHO MO-
HOMEP-IUMEPHOE PaBHOBECHE B pacTBOpE KOMIUIEKca B OeH3olie. B pe3ynbpraTe Obu1o ycTa-
HOBJICHO, UTO PABHOBECHE PEAKIIMU CMEIIAETCS B CTOPOHY 00pa30BaHUs [UMepa Mpy MOHU-
KEHUU TEMIIepaTyphl, MPU MOBBIIICHUH — MPEUMYIIECTBEHHO 00pa3yeTcsi MoHoMep. O6e
(dbopMbl OBLIIM TAaK)Ke BBIIEIEHBI B TBEPAOU (paze v oxapakTepu3oBaHbl ¢ momoibio PCA u
P®A. Bonee Toro, ynanoch 3apuKCUPOBATH OJJHOBPEMEHHOE CYIIIECTBOBAHHE B MOHOKPHU-
CTajule MOHOMEPHOT'O U IUMEPHOTO KOMILUIEKCOB.
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Puc. 1. a) Cnexmpur ' H SIMP xomnnexca npu pasuvix memnepamypax, b) Kpucman-
JudecKkas cmpykmypa oumepa u moomepa ¢ coomuoutenuu 1:1.

[1] Bezzubov, S. I.; Kalle, P.; Bilyalova, A. A.; Tatarin, S. V.; Dolzhenko, V. D. Chem. Eur. J. 2018, 24
(49), 12779-12783.
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Kommuiekebl mupazonaToB MeTaIUIoB 11 rpynmnbl MpUBIEKalOT HHTEPEC UCCIEN0BATE-
Jiei clIoCOOHOCTHIO 0OPA30BBIBATH CYIIPAMOJIEKYJISIPHBIE CUCTEMBI C pa3iudHbIMU (poTOodu-
3U4EeCKUMU CBOMCTBaMU. X (OTOIIOMUHECIICHIINS 3aBUCUT OT aTOMOB MeTallia, TeMIepa-
Typsl U pacTtBoputens. C Ipyroi CTOPOHBI, HA YMUCCHOHHBIE CBOMCTBA MUPA30JIaTOB Me-
TaJIJIOB MOXET BJIMATH B3aUMOJICUCTBUE C JOTOJHUTEIIbHBIM JIUTaHa0M. M3MeHneHnue 3ame-
CTUTENS B JIMTAHJIaX SBJISETCS OJHUM U3 MEPCIEKTUBHBIX MyTel HACTPOUKHU (oTOodu3nUe-
ckux cBocTB. [1,2] TpoiiHas CBS3b SBISIETCS MOCTHKOM, KOTOPBIH TO3BOJISIET COXPAHATH
CONPSIKEHUE B CUCTEME 110 CPABHEHUIO C COSAMHEHNEM HAMPSIMYIO C OMOIIBIO OJITUHAPHON
cBsi3u. Hamu ObLIM BIiepBbIE MOJTYUYEHBI 3aMEIIIEHHBIC MUPA30Jibl M0 peakiuu CoHorammpa:
3,5-mumetmin-4-(permmTuann)-1H-mupazon u 3,5-mudenmn-4-(permmtuann)-1H-mupa-
30J1. Briociie/iIcTBIM OBLIM CHHTE3WPOBAHBI KOMILICKCHI IUKIMUeckux mupasonatoB Ag(l),
KOTOPBIE B KPUCTALINYECKOW (hopMe MpeACTaBIAIOT coboi 1D-momuMepHyo CTpyKTypYy.
(Puc.1) bputa nzyyeHa JIIOMUHECIIEHIIMS KOMIUIEKCOB B TBEPAOM COCTOSIHUHM. OHU JEMOH-
CTPUPYIOT JIMTAHA-IICHTPUPOBAHHYIO SMUCCUIO U (ocopeclieHIInI0 n3-3a 3 deKrra Tsxe-
JIOTO aToMa.

R N R =
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Puc. 1. Cxema peakyuu nonyuenus komniexca u e20 KpucCmaiiudeckas Cmpykmypa.

Pabota BeimonHeHa npu GpuHaHCOBOM nogaepxkke rpanta PH® Ne 19-73-20262.

[1] J. Zheng, Z. Lu, K. Wu, G. H. Ning and D. Li, Coinage-Metal-Based Cyclic Trinuclear Complexes with
Metal-Metal Interactions: Theories to Experiments and Structures to Functions, Chem Rev, 120, 2020,
9675-9742.

[2] Olbrykh, A.; Titov, A.; Smol’yakov, A.; Filippov, O.; Shubina, E.S. Exploring the Interaction of Pyri-
dine-Based Chalcones with Trinuclear Silver(I) Pyrazolate Complex. Inorganics 2023, 11, 175
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[TonusinepHbie KapOOKCHIIATHI MEU, B KOTOPBIX MOHBI MEIU COEIMHEHBI MOCTHKO-
BBIMH JINTAHJIaMH, TIPEACTABIISIOT UHTEPEC C TOUKH 3PEHUS U3YUYEHUS SIBIICHUM BHYTPUMO-
JICKYJISIPHOTO MAarHUTHOTO OOMEHa M TOJYYEHHS MArHUTHO-CTPYKTYPHBIX KOPPEISIUi.
MarHutHO€ B3aUMOJICHCTBUE B TAKMX KOMIUIEKCAX MOKET OCYLIECTBIIATHCS MO PA3IMUYHBIM
MyTSIM Y 3aBUCUT OT KOOPJAMHAIIMOHHON F€OMETpUU MOoHA Menu, pacctosiHust Cu -+ Cu, ot
BaJICHTHBIX yTJIOB «MOCTHUKOBBIX» aTOMOB U JIJIMH CBSI3€H MEXIY HUMHU, OOIIEH MPOTIKEH-
HOCTHU METaJUI-JIMTAHTHOTO MOCTUKA. B OONBIIMHCTBE U3BECTHBIX U3 JIUTEPATYPhI COCTUHE-
HUW Meb HAXOAUTCS TeTParoHaIbHO-TTMPaMUIAJIbHON KOOPIUHAIINY, PEXKE B UCKaKEHHO-
OKTadI-pudeckoi (4 + 2), a emie pexe — B INIOCKO-KBaJApaTHOU kKoopauHanuu. CoyeTanue
KOOPJAMHAIIMOHHBIX BO3MOXKHOCTEN MEJIU U JIMTaH0B MTOPOK/IA€T BLICOKYIO BAPUATUBHOCTh
B CTPYKTYPHOM OTHOIIIEHUU — MOKHO TMOJIy4aTh COCMHEHUS KaK HAa OCHOBE M30JUPOBAH-
HBIX HIOHOB Me/IH, TaK U 3D-KapKacHbIE/TIPOTSIKEHHBIC CTPYKTYPHI.

CTpyKTypa rajoreHareTaTHbIX KOMIUIEKCOB 3aBUCHUT OT METOJAUKH cCHHTe3a. Hampu-
Mmep, aBTOpAMU [1] OBLT MOJIy4E€H KUCJIBIN TpUXJIOpaneTar MeIu
Cuy(CCI3CO0)4(CCIsCOOH); kunstuenrem okcugaa meau(ll) ¢ TpUxIOpyKCYCHBIMU aHTH/I-
PHUIIOM U KHCJIOTOU B Fe€NTaHe — CTPYKTYpa 3TOTO COSUHEHUSI COCTOUT U3 OUsIIEpHBIX (par-
MeHTOB Tuma «doHapuk». B cratbe [2] coolImaercs, 4To MpU B3aMMOJCHCTBUU OKCHIA
mMeu(ll) ¢ 30BITKOM TPUXJIOPYKCYCHOM KUCIOTHI B BOJJHOM PacTBOpPE 00pa3yeTcsl CoeIu-
Herne Cu(CCl3C0O0),(H20)s3, obnamaroiiee MOHOSACPHBIM MOJICKYJIIPHBIM CTPOCHHUEM.
[ToBbrierne pH peakimoHHO#N cMeCcH TPUBOINUT K YaCTHYHOMY THAPOJIU3Y MEH, B PE3YJIb-
TaTe Yero BO3MOXKHO 00pa30BaHMUE JOMOJTHUTEIBHBIX MMyTEH CBSI3bIBAHUS METAUIOIEHTPOB.
Tak, B Hameit crarbe [3] omuceiBaetcs coeaurenne Cuy(CCl;CO0);(OH)(H20)4-H20, ko-
TOpOE KPUCTAJUIU3YETCS M3 PACTBOPA, MOJYYCHHOTO M3 TEX )K€ PEarcHTOB, HO MPU HEIO-
cTaTke KHCIOThI. CTPYKTypa 3TOr0 COCTMHCHHS YHUKAIbHA U COCTOUT M3 MOJICKYJIIPHBIX U
IIEMOYCYHBIX (PparMeHTOB.

[Tpu paszbaBieHHUH PEaKIMOHHON CMECH B HEW HAYMHAIOT MpeobiagaTh MPOIECCHI
THJIPOJIN3a, a HE COJIbBATAIIMH, U U3 PACTBOPA 00Pa3yIOTCs KPUCTAUIBI HOBOT'O COCMHEHUSI
Cu3(CCl3C0O0),(OH)4, B xoTopom uonsl meau(1l) coequnsitores B ciiou uepes U;-OH- u y,-
RCOO-moctuku (puc. 1). ®aza Cusz(CCIl;COO0),(OH),s xpucTammsyercs B MOHOKIHHHOM
siueiike ¢ mapamerpamu a = 13.116(6) A, b = 5.685(3) A, ¢ = 9.468(4) A, p = 104.993(10)°,
np. rp. P21/c, Z = 2. B ctpyktype umeercs JiBa Kpuctamuiorpadhuiecku HEAKBUBAJIICHTHBIX
aroma meau Cul u Cu2.
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Puc. 1. @paemenm cmpyxmypor coedunenusi Cuz(CCl3COO)2(OH)4 (cresa) u «ou-
mepoly u3z nap amomos Cul, medxcoy Komopvimu 803ModceH cynepoomen (cnpasa). Tpu-
XJOPMEMUTIbHBLE 2PYNNbL CKPBLMBL,

CrpoeHue KOMIUIEKCOB TakOBO, 4TO d,2_,2 opduTanu napsl aromos Cul, coxepixa-

IIMe HECTIApEHHBIC ICKTPOHBI, HAITPABJICHBI B CTOPOHY [U3-THIPOKCH/I- MOCTHKOB, PaCIio-
JIOKEHHBIX B BepIuHax oomero pedpa. Yrox Cu-(OH)-Cu 101.2° mo3BossieT 0)kuaath Gpep-
POMarHUTHOE B3aUMOJICHCTBUE MEX Ty STUMH MarHUTHBIMH IIeHTpamMu. OTHaKO HCKaKESHUE
OCHOBaHWH TEeTParoHaJbHBIX MHPAMU MOKET HECKOJbKO CHH3UTh BEJUYHHY B3aUMOICH-
ctBus. OcranpHble TUTaHIHBIE MOCTHKH, CBA3bIBatolue atoMbl Cul u Cu2 yepes akcuaib-
HOE TIOJIO’KEHUE TTUPaMUJIbl, HE3HAYUTEIHHO BIUSIOT HA MATHUTHBIN OOMCH B COSMHCHHH.

Takum 06pa3omM, HaMu pa3paboTaHa METOJUKA MOIYYEHHUSI 0JHO(DA3HOTO MTOJUKPH-
cramnaeckoro obpasia HoBoro coeauHenus Cusz(CCl;COQ),(OH)4, moarBepxkaeHa ero
¢dazoBas 4MCTOTAa M YCTAHOBJIEHA KpUCTa/uinyeckas cTpykrypa. [IpoBeneHsl usmepeHus
TEMIIEPATYPHBIX 3aBUCUMOCTEN MarHUTHOM BOCIIPUMMYMBOCTH. XapaKTepu3alus ¢ IIOMO-
b0 TU(GPAKIIMOHHBIX U CIIEKTPAIbHBIX METO/IOB, & TAK)KE aHAJN3 TEPMUICCKON YCTONIH-
BOCTH TIOJIYYCHHOTO BEIIECTBA MPOBEACHBI B IICHTPE KOJJICKTUBHOTO MOJb30BaHmus MI'Y
nmenu M.B. JlomoHocoBa.

Pabora Brinonnena npu punancoroit noaaepxxke PH® rpant Ne 22-72-10034.
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19B-peitrponosaxsarnas tepamus (BH3T) npencrapiser co6oii EpCIEKTHBHBIN Me-
TOJ| JICUCHUS 3JIOKAYECTBEHHBIX 00pa3oBaHuil. JlaHHBIN METOJ OCHOBAaH Ha CEJIECKTUBHOM
pa3pyILIEHHH OMyXOJEBBIX KIETOK, B KOTOPBIX HAKaIIUBAeTCsl OOpcoiepKalluid mpenapar.
OaHUM U3 MOAXOA0B K TOMCKY HOBBIX MPENAPATOB SBIISECTCA UCIOJIb30BAHUE METOJ0B KOM-
OMHATOPHOW XMMUH, B YACTHOCTH, C MCIOJIb30BAHUEM PEAKLMIA KATATU3UPYEMOTO MEIbIO
a3u-aJIKUHOBOT'O LIMKJIONPUCOEINHEHUS (KIUK-PEaKIIUi).

Heabro paboTel cTano co3nanue 3PPEeKTUBHOTO METO/1a MOTYUYEHUs] OOpUIHPOBaH-
HBIX aMHUJIMHOB COJIEP>KAIUX AJIKUHOBBIM M a3UTHBIN (parMeHThl U U3yUYE€HUE MOJIEIbHBIX
KJIMK-PEeakluil ¢ ux yyactuem [1].

Haubonee ynoOHBIM METOAOM IOJIyYE€HHUSI HOBBIX MPOU3BOJHBIX K71030-00paTHBIX
AaHMOHOB SIBJIAETCA MOIU(DUKALINS IPEIBAPUTENILHO BBEIEHHOTO 3aMECTUTENS], B YACTHOCTU
HUTpUIUEBOrO [2]. BBeneHue aakMHOBOroO pparMeHTa Mo peakiui HUTPUIUEBOTO MPOU3-
BOJHOTO K1030-10J1€Ka00paTHOTO aHMOHA C MTPOMAPTUIIAMHUHOM XapaKTePU3yeTCsl BHICOKUM
BBIXOJIOM U HE TPEOYET CIOKHOU Tporeaypsl ourcTku (puc. 1).

® _=C .
NZ NH,CH,CCH

O -B-H @-B

Puc. 1. Cxema cunmesa arkuno8ou KOMROHEHMbI.

Beenenue asuno-rpymnsl CPaBHUTENIBHO 3aTPYAHEHO BBHUIY MAJIOW YCTOWYHMBOCTHU
HU3KOMOJIEKYJISIPHBIX a3u10B. Hamu ObLT MpesiokeH alnbTepHATUBHBIA METOJ] MOJIYYESHUS
a31J10-KOMIIOHEHTbI, OCHOBaHHBI Ha MOJyYEHUH OOPWIMPOBAHHOTO aMHJIMHA, COAEpIKa-
IIET0 MEeHJIAHTHYIO TUIPOKCHIbHYIO TPYIIY, U €€ JalibHelIleM npeodpa3oBaHuu. AHaI0-
TMYHO MPONapTUiiaMUHy, MOHOATAHOJAMUH JIETKO BCTYMAET B PEAKIIMIO C alleTOHUTPUIIb-
HBIM MPOU3BOIHBIM K1030-A0J1€Ka00pPaTHOrO0 aHMOHA ¢ 00Opa30BaHUEM MPOU3BOAHOIO, CO-
JIEpIKaIero CBOOOIHYI0 THAPOKCUIIBLHYIO Tpyny (puc. 2, cranus 1). s mpoBeneHust mpo-
1ecca HyKJI1eo(uIbHOrO 3aMEIICHUs TaHHOE TPOU3BOJHOE MPEBPAIalOT B COOTBETCTBYIO-
ee TO3WIbHOE TPOon3BOIHOE (puc. 2, ctamus i1). @parmenT -OTos SBIsIETCS JIETKO YXO5I-
II1M, YTO MO3BOJISIET MOJIYYUTh a3UA0-KOMIIOHEHTY MPSMBIM B3aUMOJEHCTBUEM C a3UA0M
HaTpus (puc. 2, cTaaus 1ii).
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Puc. 2. Cxema cummesza asuoo-komnowenmst, i = NH,CH,CH,OH;
il = TosClI, EtsN; iii = NaNa.

BTopbiM 3Tarmom paboThl CTajI0 U3YYCHUE MOJICIBHBIX KIIHK-PEAKIIHHI.
Cu(OAC);H,0

AscNa
= Bn N3

o-B-H e-B

Cu(OAc),H-0
AscNa
PhCCH

o-B-H B

Puc. 3. Cxema cunmesa npou3so00HbIX AIKUHOBOL (C8epXYy) U A3UOHOU (CHU3Y) KOM-
HOHEeHM NO KIUK-PeaKyuu.

=N

bru10 ycTaHOBIEHO, YTO MPU UCIOIH30BaHUN SKBUMOJIIPHBIX KOJUYECTB PEarceHTOB
HaOMogaeTcsi 00pa3oBaHUs 1IEJIEBBIX TPUA30JIOB C BBIXOJAMH OJU3KUMHU K KOJIMYECTBEH-
HbIM. Bce nonmydeHHbie TPOU3BOIHBIE OBUIH OXapaKTEPU30BaAHbBI C UCIIOIB30BAHUEM METO-
noB MmynbtusgepHon AMP u MK-cnekTpockonuu, Macc-ClIEKTPOMETPUN BBICOKOTO pa3pe-
mieHua. CTpoeHue psiia IPOU3BOAHBIX JOMOJIHUTENBHO NOATBEPKAEHO MeToiamu PCA.

PaboTta BeimonHeHa npu ¢GuHAHCOBOW moxaaepxke Poccuiickoro Hay4yHoro (oHa,
mpoekT Ne 21-13-00450.

[1] Koganei H. et al. New Journal of Chemistry 39(8) (2015) 6388-6394.
[2] Nelyubin A. V. et al. International Journal of Molecular Sciences 22(24) (2021) 13391.



CuHTe3 M M3yYeHHUEe JIOMUHECHEHTHBIX CBOMCTB KOMILJICKCOB IH-
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B nacrosiiee Bpemsi CyIecTByeT MHOKECTBO MaTEPUAJIOB, IPUMEHSIEMBIX B KAUECTBE
TEMIEPATYPHBIX JAaTYMKOB. M3MepeHue TemiepaTypsl ¢ MOMOIIBIO JTIOMUHECHECHIINH, 10
CPaBHEHUIO C TPATUIIMOHHBIMH METOAaMH, 00JIaJaeT PAIOM MPEUMYIIECTB: OBICTPBIM OT-
KJIMKOM, CITOCOOHOCTBIO paboThl C HAHOPa3MEPHBIMHU 00bEKTaMH, BU3yanu3anuei. OiHako
OO0JIBIIIOE KOJMYECTBO JIIOMUHECIIEHTHBIX TEPMOMETPOB OCHOBAHO Ha 3aBUCUMOCTH UHTEH-
CHUBHOCTH JIFOMHUHECUEHIIMY OJHOTO MEPEX0/1a, U3-3a YETO HA TOUHOCTh U3MEPEHUN MOMKET
BIIUSITh, HAIPUMEP, MOIIHOCTh BO30Y>KJEHUS WJIM KOHIIEHTpauus Aatduka. [Ipumenenue
CMEIIIaHHO-METAJUNIMYECKUX €BPONMUN-TEPOUEBBIX KOMIUIEKCOB MO3BOJISIET PEUIUTh TAHHYIO
npo0JieMy, MOCKOJIbKY ISl PETUCTPAIIMM CUTHAJA MCIOJIL3YIOT OTHOIIEHWE UHTEHCUBHO-
CTEH NePEX0A0B JIBYX METAILJIOB.

B pamkax jgaHHO# paboThI IO peakiuu B3aumoaerictus nmuBaiatoB P30 [Ln(Piv)s],
NpeBapUTEIILHO MOTYYCHHBIX IO H3BECTHOM MeToauke [1], ¢ TpudTanonamuaom (TeaHs)
B AIIETOHUTPWJIE CUHTE3UPOBAHbI pa3HOJUTraHAHblE KOMIUIEKCHI. [lo pesynpratam PCA,

PDA, TT'A, CHN-ananusa, HNCII-MC "
NK-criekTpocKonuu moaydyeHHbIE MOHO- U CMEIIAHHO-METaJUTMYECKHEe KOMIUJIEKCHI €BpO-
nus u Tepous COOTBETCTBYIOT JIBYM o01uM dbopmynam

[an(TeaHz)(TeaH3)(PiV)5]‘H20°CH3CN (EU, EUTbOZ) u [an(TeaHz)z(PiV)4] (Gd, Tb,
EuTbl19, EuTb68, EuTb85, EuTh95), rae nus EUTb## cMeliaHHO-METAIIMYECKUX KOM-
TIJICKCOB ## — MPOIICHTHOE CoAepKaHue TepOus 1Mo pe3yiabTaTaM aHanu3a. UHTepecHo, 4To
B IMOJIYYEHHBIX COCIMHEHUSAX TPUAITAHOJAMHUH BBICTYIAET B KAYE€CTBE XEJIATHO-MOCTHKO-
BOro aHmoHHoro auranjga TeaH; .

Meronamu TI'A u TepMmopeHTreHorpauu yCTaHOBJIEHO, YTO MPU HArpeBaHHUU
[Lny(TeaH2)2(Piv)s] Ha Bo3ayxe MPOUCXOIUT MPOTEKAHKUE JABYX IMOCIICIOBATEIILHBIX Peak-
1y ruaponusa (TeaH; + H,O = TeaHs + OH") ¢ oTmierienunem aByx mosekyin TeaHs npu
temneparypax 180-210°C u 260-300°C. B pesynbrate obpasyercs cmech [Ln(Piv)s] u
LNn,Os. ITpu narpesanuu [Lny(TeaH,)(TeaHs)(Piv)s]*H,O+*CH3CN BHauase mpoucXoauT OT-
nieruieHne MoJiekyn aneronutpuia (45-80°C) u Boasr (95-125°C), a 3arem mpoTtekaet pe-
aKIMs THIPOJIA3a C OTIICIUICHHEeM IBYX Mosiekys TeaHs; (220-255°C) u nanbHeiimee pas-
noxenue 10 LnyO3. 3yueHure TIOMUHECHIEHTHBIX CBOMCTB COEIMHEHUM €BpOMUS, TEPOUS U
MX CMENIAaHHO-METAJUIMYECKUX KOMIUJIEKCOB B Auana3zoHe temmeparyp ot 25°C go 300°C
MO3BOJIMJIO YCTAHOBUTH 3aBUCUMOCTb U3MEHEHUS! MHTEHCUBHOCTH JIIOMUHECLIEHIIMA HOHOB
P33 ot pa3noxeHus: BEIIECTB.



Jliis cMemanHo-MeTaunaeckux komruiekcoB EUTD19-EuTb95 mpu 200°C nabiro-
nmaetcsi peskuid poct (puc. 1) kosddummeHTa WHTEHCUBHOCTH JIFOMUHECIICHIIUN
(luminescence intensity ratio, LIR), KoTOpbIif paBeH OTHOIICHUIO aOCOTIOTHBIX WHTCHCHB-
HocTel mosoc momuHecueHuu esponusa (*Do—'F;) u tepbus (PDs—'Fs), u u3MeHeHuEe
I[BETa JIIOMHHECIICHITUY Ha KPACHBIHA.

Taxum oOpa3om, MOJyYEHHbIE CMEIIAHHO-METAININYECKHE KOMILJIEKCHI €BPOIUS U
TepOUsi MOTYT OBITh MCIIOJIB30BAHbI B KAUECTBE JATYMKOB JUIsl HEOOPATUMOM JTIFOMUHECILIEHT-
HOM TEPMOMETPUHU.
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Puc. 1. 3asucumocmo LIR om memnepamypwt st cmeutanHo-memaniudeckux Kom-

naexcoe a)EUTD68 u 6) EUTDI5, cmpenxamu o6o3naueno nanpasnenue uzmenenus mem-
nepamypbl 8 IKCHepUMeHme.

[1] D. Tsymbarenko, I. Martynova, D. Grebenyuk, V. Shegolev, N. Kuzmina. Journal of Solid State Chem-
istry 258 (2018) 876-884.



MopeanpoBanue NPOTOHHOM MPOBOIUMOCTH METAJIOOPraHuyYe-
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Merannooprannueckue kapkacHbie cTpykTypsl (MOK) — 3T0 Ki1acc nepCcrneKTUBHBIX,
MOTEHIIUAJIBHO TMOPUCTHIX MATEPHAIOB, MPOBOJUMOCTh KOTOPBIX MOAIAETCS TOHKOM
HACTPOMKE MyTEM U3MEHEHHS 00pa3yIoIUX KapKkac METaUIMYECKUX IIEHTPOB U OpraHuye-
CKHMX MoJIeKyJ (tuHKepoB) [1]. Bneuatistomiee pasHooOpasue mocaeAHNX YCIOKHSIET IKC-
NEePUMEHTANBHBINA TU3ailH U MPUBOJAUT K HEOOXOJIMMOCTH MPUMEHEHHUS OBICTPOICHCTBYIO-
HIEro MpeickazaTeIbHOTO MeTo/ia — MaluHHOTO 00yuenust (MO). Llens nanHo# paboTHI —
coznanue MO-Mojenen, mpeaHa3HauYCHHBIX 1JI1 IPOTHO3UPOBAHUS CBOMCTB AJIEKTPOIPO-
Bossmmx MOK. [l €€ qoCTHKEHUS TOCTABIICHBI CICAYIOIINE 3a/1a4l: TEHEpaLUs JOHOP-
HOM MOJIeNIU; CO3/IaHhe COOCTBEHHOM 0a3bl JaHHBIX MO MPOTOHHON MPOBOJUMOCTHU; MPE/I-
CKa3aHUe MPOBOJUMOCTH MOJICISIMU, TIOJTy9€HHBIMUA METOI0OM TpaHC(HEPHOTO O0yUEHHUS.

Hanbonee TounpiM MeTogoM MO B OIleHKE CBOMCTB METANIOOPTaHUYECKUX KapKa-
COB IMoKa3anu ceost rpadosbie HelipoHHbIE ceTh. C ncnoas3oBanueM 6a3bl JaHHBIX QMOF
[2] monmydeHa Mojenb, CIOCOOHAsT KOJIMYECTBEHHO MPEICKa3bIBaTh MIUPUHY 3aNpeléHHON
30HBI Eq Ha OCHOBE KPUCTAJUIMUECKOM CTPYKTYphI Kapkaca. CpeaHsis abconroTHast omroka
npezckasanuii cocrasuia 0.22 5B (ko>dpdunuent nerepmunanuu R? = 0.91).

Jlns oOyuenus Mojienel, mpeaHa3HaueHHBIX ISl MpeICKa3aHus MPOTOHHOM MPOBO-
JTUMOCTHU, UCTIOJIb30BAJIUCH SKCIIEPUMEHTAIbHBIEC TaHHBIE, U3BJICUCHHBIE U3 JTUTEPATYPHBIX
uctounukoB. HaGop mpeacTaBmisieT co0oil pe3ynbTaThl U3MEPEHUN MPOBOJUMOCTH (G) B
nuamnazone temnepatyp ot 20 o 100 °C — 816 uzmepenuit misa 95 ctpykryp. B kauecTBe
BXOJHBIX JTAHHBIX MOJIEJNIb MOJYYaET KPUCTAIUIMUECKYIO CTPYKTYPY, & TAKKE TeMIepaTypy
Y OTHOCHUTEJIBHYIO BJIAYXKHOCT.

B nensix noBblIeHUs HU3KOW MPEACKa3aTeNbHONW CIIOCOOHOCTH MOJIENEH, MOTyYeH-
HBIX IIPU IPSIMOM 00YyYEHUHU Ha MaJIOM (OTHOCUTENIBHO TPAJULIMOHHO UCTOIb3yeMbIX B MO)
Habope maHHbIX 0 npoBogumMoctd MOK, Obu1 mpuMeHeH MeTon O00y4YeHHs ¢ MEePeHOCOM
(TpancdepHoe oOyuenue). B taHHOM ciyyae OH 3aKJII04aeTcsl B UCIIOJIB30BAaHUU CIIOEB J10-
HOPHOM HEHpOoHHON ceTn (mpenckaspiBarolield Eg) B KauecTBe OCHOBBI ISl MOJEIH,



MpeTHa3HAYCHHOW 711 TPOTHO3UPOBAHMS MHOU (Pu3nyeckor BenudnHbl (G). OqHOBpEMEH-
Has ONTUMU3AIUs apaMeTPOB 00YUCHHUS U CpaBHUTEIbHAS OIIEHKA KaueCTBa MO/JIeIeH Mpo-
BOJIMJIACH METOJOM «BJIOKEHHOW» KpOcC-Baluaauu. JJaHHbIA METOJT OTJIMYAETCS TOYHOU
OIIEHKOM 0000I1Iaromniell cnocoOHOCTH MOJIEIEH, B YaCTHOCTH 3a CUYET ITOCIIEN0BATEILHOTO
TECTUPOBaHUS Ha BCEM MMeromieMcsi Habope AaHHbIX. Takxke mogoOHast cxema 00yueHus
MO3BOJIAET MCIIOJIb30BaTh IUCIEPCUIO IPEACKA3AHUNA TPOBOJAUMOCTH JIJISl OJTHOM M TOM K€
CTPYKTYPBI KaK KpUTEpU HAJIEKHOCTH npeckazanus (puc. 1, A). MeTpuku kadecTBa ajis
npenckaszanus In(o/(1 S/cm)): R? = 0.62, cpennss abcomorras omubka MAE = 1.4 (puc. 1,
B), 94TO COOTBETCTBYET MPUEMIIEMOI MOTYKOJINYECTBEHHOMN OLIEHKE IPOBOJUMOCTH.
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Puc. 1. A) Usmenenue xoagppuyuenma oemepmunayuu (R?) 6 3asucumocmu om ozpa-
HUYeHus: Ha pasopoc npeockazanuil;, b) I’ pagux koppernsiyuu npeockazaHublx MOOeIblo U
9KCNEePUMEHMANbHBIX 3HAYEHUL NPOBOOUMOCMU NPU ONMUMATILHOM 02PAHUYEHUU OUcnep-
cuu.

B pesynbrate paboThl ObuTa chopMupoBaHa 0aza JaHHBIX MO MPOTOHHON MPOBOIU-
MOCTH METAJJIOOpPraHUYecKnX KapkacoB. Ha e€ ocHOBe mocTpoeHa MOAENh MAIIUMHHOTO
00ydYCHHMS, OIEHUBAOIIAS YACIBHYIO MPOTOHHYIO MPOBOIUMOCTh METATIOOPTaHHISCKHUX
kapkacoB. [Imaaupyercs oOydeHne Mozenel Ha paciupeHHOM Habope JaHHBIX, YTO IMO3BO-
JIUT MPEICKa3bIBaTh IPOBOJUMOCTH MaTEPUAIOB C YUYETOM BKJIaJa MOJIEKYJ paCTBOPUTEIS.

[1] Safaei M. et al. Trends in Analytical Chemistry. Elsevier B.V. 118 (2019) 401-425.
[2] Rosen A. et al. Matter 4(5) (2021) 1578-1597.
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[TonusiiepHble KOMIUIEKCHI JIAHTAHOUIOB ¢ 3d-MeTa/ulaMu MPEICTABIISIOT HHTEPEC
KaK TOTCHIIMAIbHBIC MOJICKYJIIPHBIC MAarHETHKH, IPEKYPCOPBI IS ITOJTyUSHHS CMEIIaHHBIX
OKCH/IOB, JIIOMUHECIICHTHBIC MaTepuajbl. FI3BECTHO OOJIBIIIOE YUCIIO TAKUX KOMILJICKCOB C
HHUKEJIEM U MEJIbI0, TOTJa KaK KOMILJICKChI KOOAIbTa CJIOKHBI B TIOJYYCHUN U3-3a CKIIOHHO-
ctu Co(ll) k okuciIeHuIo B pacTBOpE.

[enbto HacToALIEH pabOTHI sSIBIIsIETCA pa3paboTKa MOIX0a K CUHTE3Y MOIUSAEPHBIX
KOMIUTIEKCOB KoOaibTa M JaHTaHOuIoB coctaBa [LNCos(AA)12](X); C aMuHOKHCIOTAMU
(AA- — WOH AMHUHOKHCJIOTBIL, X — HEOPTraHUYECKU aHUOH).
B HemMHOroumcieHHbIX paboTax, MOocBAMEHHBIX KoMminiekcam Buaa [LNCos(AA)12](X)n,
omucaH ONe-pot cuHTE3, KOTOPBIA XapaKTepHU3yeTcs UINTEIbHBIM BpeMEHEeM, 00pa3oBa-
HUEM TOOOYHBIX TPOJIYKTOB U HETIPEIICKAa3yeMOCThIO pe3yibTaToB [1, 2]. B nanHo# padoTe
IIPE/I0KEH HOBBIM CTyNEHUYATHIN MOIX0/I, COOTBETCTBYIOIINI CIEAYIOIEH cxeme:

Co(Y),, H20, NH3 ROH, Ln(Y), 3 X
H(AA) ————— Co(AA), nH,0 ——— [LnCo(AA) ;7" = [LnCog(AA) 1,](X), |
rae Y- =NOz; wm Cl; X" =PFq, ClIO4, CI, I, NOs, BFs; ROH = MeOH, EtOH, i-PrOH.

B Hamelt nabopatopyuu yCHemnHo NpUMEHSIOT JaHHYIO CXeMY JUIsl TOTYUYEHUs aHalo-
TUYHBIX KOMIUIEKCOB HUKEIA. Kaxk1as cTaaus CUHTE3a XapaKTEPU3yETCs BOCIIPOU3BOIUMO-
CTBI0, HEOOJIBIION MPOAOHKUTENIBHOCTHIO U BBICOKUM BBIXOJIOM IIEJIEBOTO MPOAYKTA.

J1J1st IepBO¥ cTaiuK CHHTE3a BEIOPAHBI T€ AMHUHOKHCIIOTBI, COJIM HUKEIIS C KOTOPBIMH
HEpPacCTBOPUMBI B Bojc (JICWIMH, W30JeHIWH, ¢eHnnananuH). [lokazaHo, 9TO COJIM KO-
oanbra(ll) Takxke oOnagarOT HU3KOM pacTBOPUMOCTHIO B H20, uTo mo3BOIsIET OBICTPO BHI-
nensate CO(AA), 13 pacTBOpa U TEM CaMbIM MPENATCTBOBATH OKUCICHUIO KOOAIbTA.

Ha BTOpO#i cTagnu cMHTE3a BaXKHYIO poJib Urpaet pactBopuMocts CO(AA), B criup-
tax. Uem Boitie pactBopumocth CO(AA),, TeM cubHEe paBHOBECHE B PEaKIIUU paspyliie-
HUS KOMIUJIEKCA CABUHYTO BIIPABO:

[LnCog(AA) 151> 2 Ln®* + 6Co(AA),

Tak, mis pactBopumoro B MeOH Co(lle), kommeke oopasyercs ¢ Ln = La, Ce, Pr, a mis
HepacTtBopumoro Co(Leu), — tonbko ¢ La.

C npyroi CTOpOHBI, KOOAIBT OKucsieTcss uMeHHO B popme CO(AA),, mosToMy YemM
BhIre pacteopuMoctb CO(AA), B ROH, Tem ObicTpee mpoTekaeT 3ToT npoiecc. Hampumep,
st Co(Leu), B 1-PrOH u MeOH yna€rcst momydnTh yCTOWYMBBIE K OKHCICHUIO PACTBOPEI
xommekca [LaCog(Leu)12]®, Torna xak pactopsi [LaCog(lle)12]** 6picTpo oxucnsiorcs.



AHnoH BimseT Ha pactBopuMocTh [LaC0s(AA)12](X); B ROH 1, Bo3MoXkHO, Ha KpH-
CTATMYECKYIO CTPYKTYPY, IIO3TOMY TOJ00p aHNOHA-OCAUTES IO3BOJISET ITOJIy4aTh MPO-
OyKTBI pa3Hoi Gopmbl: Hanpumep, B Metanose [LaCog(l11e)12](ClO4); obpasyercs B Buie
uropuateix kpuctawion, [LaCos(lle)i2](PFe)s — B BUIE MONMMKPHCTATNIMYSCKUX TIOPOIITKOB,
[LaCos(Leu)12](BF4)s — B BHIE KPYITHBIX MOHOKPHUCTAJIIIOB.

B pesynpTate onTUMU3ANMKM YCIOBHA CHHTE3a IOJYYEHBI CEPHH KOMILUIEKCOB
[LnCos(AA)12](X)s (LN = La, Ce, Pr; AA = Leu, lle, Phe; X =PFs, CI, BF4, ClO4~, NO3™
) oxapaktepusoBanubie Metogamu DCJ10, UK, POA, PCA u ICP-MS (puc. 1).

Puc. 1. Cmpyxmypa «oxmaszopuuecko2o» komnaexcrno2o kamuona [LnCos(AA)5]>*
(po306bim ysemom nokazarvl amomwvl Co, socénmoim — Ln).

Takum 006pa3om, B HACTOSIIEH paboTe MPEI0KEH HOBBIM CTYMEHYAThIN MOAXO0M K
MOJIYYCHHIO TeNTasIEPHBIX T€TEPOMETAITMUYECKUX KOMILJIEKCOB JIJAHTAHOUIOB C KOOAIBTOM
Y aMUHOKHCJIOTAMU U YCIIEIIHO PEAIU30BaAH IS NIOJIYUYECHUSI CEPUU KOMIUJIEKCOB C JICULIU-
HOM, U30JICUIIMHOM U (pEHUJIAJJAHUHOM.

[1] Komiyama Takashi, Igarashi Satoshi, Hoshino Yoshimasa, Yukawa Yasuhiko. Chemistry Letters 34(3)
(2005) 300-301.

[2] Jian-Jun Zhang, Sheng-Min Hu, Sheng-Chang Xiang, Long-Sheng Wang, Ya-Min Li, Hui-
Shuang Zhang, Xin-Tao Wu. Journal of Molecular Structure 748(1-3) (2005) 129-136.
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L UHX CO PAH, np. Jlaspenmvesa 3, 630090, Hosocubupck, Poccus,
2 HT'Y, ya. ITupozosa 2, 630090, Hosocubupck, Poccus

d.ushakovl@ag.nsu.ru

Mertann-opranuueckue kapkacel (MOK) npeactaBisitoT yHUKaIbHYIO MIIaTGOpMy
U pa3pabOTKU TBEPAOTENbHBIX JIOMUHECIIEHTHBIX MaTepUaioB, MOCKOJIbKY OHHU 00Jia-
JAIOT BBICOKOPETYJIIPHON MEPUOANYECKON PEUIETKOM B TONOJHEHHE K JOCTATOYHO Ipea-
CKa3yeMOW JIIOMUHECUEHIIUU TPU BBIOOPE MOIXOJALINX CTPOUTENBHBIX OJOKOB, a TaKKe
BAPBUPYEMOCTH UX IPOCTPAHCTBEHHOTO pacnoiokeHus B monumepe. MOK Ha ocHOBe J1aH-
TAHOUJIOB SIBJIAIOTCS OTJIUYHBIMU KaHIUJaTaMU JJI CO3JaHuUsl JIIOMUHECHIEHTHBIX MaTepHra-
JIOB, TaK KaK peKO3eMEeJIbHbIE METAJIIBI 00J1a/1al0T THTEHCUBHON MHOTOLIBETHOM JIFOMHHEC-
LHEHIUENH C JUIMTEIbHBIMH BPEMEHAMH >KU3HU BO30YXJAEHHOTO COCTOSHHSI U BBICOKUMU
KBaHTOBBIMH BBIXOJAMH. JTO OTKPHIBAET HOBBIE BO3MOXKHOCTH VISl TOJIYYEHUS IPOCTHIX U
JOCTYITHBIX JIIOMUHO(OPOB M TFOMHUHECIIEHTHBIX CEHCOPOB [1].

Coenunenus ¢ pparmentom N*—O~ (Hanpumep, N-OKCHIbI) TPEACTABIIAIOT HHTEPEC
kak auradabl B xumu MOK Gnaromgaps BBICOKOMY CpOJACTBY K HMIMPOKOMY HAOOPY MOHOB
METaJIOB M AJIEKTPOHEUTPATHHOCTH, IMO3BOJISIONICH IEICHAMPABIEHHO MOTy4YaTh KaTHOH-
HBIC MOJMMEPHBIE PEIIETKH, MPU ITOM IJIEKTPOHEUTPATHHOCTD SIBIAECTCS PEAKON 0COOCH-
HOCTBIO 11 O-JOHOPHBIX MOCTHKOB B XMMUU KOOPJIMHAIIMOHHBIX MOJMMEPOB. B maHHOU
paboTte paccMarpuBaroTcs ctpoeHue u cBorictBa MOKII, moctpoeHHbIx Ha ocHOBE 1,4-11-
azaounmkino[2.2.2 Jokran-N,N -muokcuma (0dabco) u BEICOKOIIOMHHECIIEHTHBIX KAaTHOHOB

Th¥* u Eu’". Bouin IOy YEHBI CIIEMYIOIIHE COEIMHEHUS;
(Hodabco)s[Ln(H20)2(NO3)4](NO3), (Tb-k; Ln¥* = Tb%*, Eu-k; Ln* = EU*);
[Ln(odabco)s](NOs)s-4.5H,0 (Th-m1; Ln¥* = Tb*, Eu-ml; Ln* = EU),;

[Ln(odabco)s]o[Ln(NO3)s](NOs)s-3H,0 (Th-m2; Ln®* = Th®", Eu-m2; Ln®" = Eu®").

Ln-Kk npeacraBisroT coOol moMMepsl U3 oprannyeckux katuonos (Hodabco)™, co-
CIMHEHHBIX BOJAOPOIHBIMU CBSI3IMHU B IIEMOYKH. B MEKIEIIOYESUHOM IIPOCTPAHCTBE PacIo-
noxeHbl akBaHuTpatHble KoMIuiekehl [LN(H20)2(NOs)s], a Takke cBOOOAHBIC HUTPATHI B
KadyecTBe MPOTHBOMOHOB (puc. 1, a). LN-m1 mpeacTaBistor coboi TpeXMEpHbIE MOPUCTHIC
MOK [Ln(odabco)s]** ¢ MOHOsIEPHBIM OKTa3IPUYECKMM METALIOLEHTpoM (puc. 1, 0) u
HEYIOPAA0YCHHBIMUA HUTPAT-aHHOHAMH B TIopax. LN-M2 UMEIOT aHaJIOTHYHBIA KOOPAUHA-
IIMOHHBIN KapKac, OJIHAKO COZCpXaT B CBOMX ITyCTOTaX KPYIHBbIC I'eéKCAHUTPATHBIE KOM-
miekchl nanTanounos, mpuueM [LN(NO3)e]® 3anuMaroT wenslii cioii mop, Yepemryomuiics
CO CJIOSIMH, 3aITOJTHCHHBIMH TOJIbKO TOCTEBBIMU HUTpPAaTaMu M BOjI0# (puc. 1, c).
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Puc. 1. Cmpyxmypwot Ln-k (a), Ln-m1 (b), Ln-m2 (c).

Kpucramideckue CTpyKTYphl TIOJYYEHHBIX COSTMHEHHUM ObLITM yCTaHOBJIEHBI METO-
JIOM peHTTeHOCTpYKTypHOro anainu3a (PCA), a ux uncroTa v cCTabUIbHOCTH MOATBEPKICHBI
MeTonamu peHtrenodazonoro ananuza (POA), snementnoro CHN, TepmorpaBumerpuye-
ckoro aHanu3a (TT'A) u UK-cnekTpockonuu.

Jlist 06pa3noB ObUIM MOJTYYEHbl U 00paOOTaHbl CIIEKTPHI BO30YKJIEHUS U SYMUCCHUH,
OBLIIM NTOJTy4eHbI KHHETUYECKUE KPUBBIE 3aTyXaHUs JIIOMUHECHEHIMU. [ annmpoKcumManuu
BPEMEHHBIX 3aBUCHMOCTEH 3aTyxanus smuccun LN-K u Ln-m1 ucnonp3oBanack MOHOIKC-
NOHEHIMaIbHast Moaenb. s LN-M2 mydire moaxoauT OM3KCIOHEHITHAIbHAS MOJIENb, YTO
00yCJIOBJIEHO HATMYUEM JIBYX CHIIBHO PA3IMYAIOIINXCA TUIIOB aTOMOB JIJAHTAHOUIOB B 3THX
COETMHECHUSIX.

Taou. 1. Bpemena scusnu pocopecyenyuu oopazyos.

O6pazenr | Bpewms xu3Hu, Mc
Th-k 1,26
Eu-k 0,409
Th-m1l 2.35
Eu-ml 2.10
Th-m2 6,4;: 0.5
Eu-m2 2,13; 0,38

Jliis EU-M2 6bu1H BBISIBJICHBI CEHCOPHBIE CBOMCTBA — TYIICHUE JIIOMUHECIICHIIUHU T10-

pOLIKA MOCJE €ro BBIACPKUBAHUS B COIMPTOBBIX PACTBOPAX MOJAWJA, HUTPUTA, XpoOMara U
JAXpoMmara.

Pa6ora BeimosiHeHa B pamkax roc3ananus (ITpoext Ne 121031700321-3).

[1] Rocha J. et al. Chemical Society Reviews 40(2) (2011) 926-940.



Anmudaruyeckue 1upochonueBbIe OCHOBAHUA KAK OCHOBA JKC-
TPAKIHOHHBIX CUCTEM /I U3BJIedeHus ypana(VI)

®domunbix A.IO.1, Matsees I1.11.1, bopucosa H.E.!

Y Xumuueckuii paxynomem MI'Y umenu M.B. Jlomonocoea, 119991, Mockea, Poccus

fominyhanna@bk.ru

AnepHo-tormuBHbld UK (ATIl) — mocienoBaTenbHOCTH ONEpaIUil IO TeHEpaIuu
AIIEKTPOIHEPTUM U3 SJAEPHBIX MATEPUAJIOB, B TOM YKCIJIE ypaHa. BaxkHEHIIMM acrekTom
ATL sBnsieTcsa nepepaboTka orpadoTasiiero sijpepHoro tTomusa (OAT), npencrapistomnas
€000 4acTh JKM3HEHHOTO IUKJIa MaTEepUaAJIOB aTOMHOM 3HepreTuku. V3BieueHne ypaHa u
wryToHus u3 pactBopoB OST mo3Bossier nmoBeicuth dhdexTuBHOCTs ATL ¢ SKOHOMMYE-
CKOM TOYKH 3PEHHUs, a TAKXKE ClIeNlaTh ero 0ojee HKOJ0rudHbIM. OCHOBHBIM CIIOCOOOM Tie-
pepabotku OAT Ha nannsii MomeHT sBisieTcs: [TYPEKC-niponiece, B X01e KOTOPOTro ypaH
U IUTyTOHUM IKCTparupyrot pacrsopom tpudytmidocdara (TbD) B kepocune. OcCHOBHbIE
HEJIOCTAaTKH JJAHHOTO METOJA CBSI3aHbI C MPUPOION UCTOIb3yEMOTO SKCTPAreHTa, KOTOPBII
MOJIBEPraeTcsi KUCIOTHOMY TUPOIU3Y U PAIUOJIN3Y, YACTUYHO PACTBOPUM B BOJIHOM (ase,
a TaK)Ke CKIIOHEH K 00pa3oBaHuio TpeTher (a3l [1]. s ycTpaHeHHs TepeurCICHHBIX He-
JIOCTATKOB B KaU€CTBE KCTPAr€HTOB aKTUBHO UCCJIEAYIOTCS MOHHBIE KUIKOCTH, TPEACTaB-
JSro1IMe cOO0M COJIM YETBEPTUYHBIX AMMOHHEBBIX WM POCPOHUEBBIX OCHOBAHMM. TeM He
MeHee, 3G GeKTUBHOCTH dKcTpakiuK ypana(V1) u3 a30THOKHCIIBIX paCTBOPOB MPH UCIOJb-
30BaHUU COCAMHCHMI JaHHBIX KJIACCOB JIOCTATOYHO HU3Ka [2,3].

C uenbto noseimeHus dddexkruBrocTr n3Bneuenus ypana(VI) B Hacrosieit padote
OblJla CUHTE3UpPOBAHA CEpHsl TEeTpaaTKUIAN(POCHOHUEBBIX OCHOBAHHM, OTIMYAIOIIUXCS
JPYT OT JIpyra JJIMHOW yTIEPOJTHOTO MOCTHKA MEX Iy atoMamu (ocdopa (puc. 1), a Takxke
OBLTH MCCIICZI0BAHbI X KCTPAKIMOHHBIC CBOiCTBAa oTHOCUTEIbHO ypaHa(VI1) u topus(1V)
B KauecTBe aHajora miytonus(1V).

' + + '
(C4Hg)3P P(C4Ho)s | 2Br (1)

Cszz/

(C4Hg)sP C4H9)3 2Br ()
\CI—IZ .

(Cy4Hg)sP.

C4H9)3 2Br  (3)
\CI—IQ .

Puc. 1. @opmynel rueanoos 1-3.



bruta uccnenoBana 3aBUCUMOCTh dPPeKTHBHOCTH dKcTpakiuu ypana(VI1) B Manbix
xoHneHTpanusax (10 M) ot koHueHTpanuu muraagos B quanazone 0,01-0,3 mMons/, B pe-
3yJIbTaTe YEro yCTAHOBIICHO, YTO KOA(DPHUITUEHTHI pacpeieICHUs IJIs JTUTaH/a CO CPSTHEH
JUTMHOM yTJIEpOAHOTO MOCTUKA (JUraH 2) Ha MOPSAI0K BBIIIE, YEM JJIsl OCTAIbHBIX COCIH-
HEHHI. AHAIOTUYHBIN pe3ybTaT Habmoaancs u npu 3xctpakuu Topusi(1V), mist koToporo
JUTaH 2 TakKe okazajics Hambosee 3(PeKTUBHBIM dKCTpareHToM. Jlanee mccimenoBaiu
SKCTPAKIIMIO MPH HACKIIeHHH opraHudeckor (aszsl ypanom(VI), mis dero nmpuroToBHIHN
pactBophl, coaepxaiue ot 0,025 no 1 M ypanunnurpara B 3 M a30THOM KUCIIOTE U DKC-
TparupoBajiu paBHbIM 00bEMoM 0,1M pactBopoB nurannoB 1-3 B ®-3. I[lonyuyennsie pe-
3yJbTaThl CBUJETEIBCTBYIOT O TOM, YTO COOTHOIIEHUE METAJUL:JIUTaH ] IPU OOJBIINX KOH-
HEHTpalUIX ypaHa JUIsl Juranaa 2 coctaBisieT 3:2, ogHako s aurasaoB 1 u 3 a¢gdexTun-
HOCTh DKCTPAKIIUU PE3KO CHUKACTCS IIPU KOHIIEHTpaluax ypana 6omuee 0,5 M.

JI1s ycTaHOBIICHHSI ONTUMAIbHBIX yestoBuit pasznaenenus ypana(V1) u topus(1V) Obuia
u3y4eHa 3eKTUBHOCTh SKCTPAKIIMHU TaHHBIX METAJJIOB B 3aBUCUMOCTH OT KOHIIEHTPALlUU
a30THOM KUCJIOTHI, OJJHAKO MaKCUMaJbHBIA KO3(QPUUMEHT pa3fesneHusl cCocTaBui 3,5, 4To
HEJOCTAaTOYHO IS TOTO, YTOOBI CYMTATH AKCTPAKIIHIO CEIEKTUBHOM.

C 1enblo OLIEHKU CTPYKTYPHBIX OCOOEHHOCTEH KOMILJIEKCOB, OOpa3yIOMIMXCs MPHU
HKCTPAKIIMU B OpraHudeckor (aze, ObUT MPOBEAEH Psijl CIEKTPOCKOMMYECKUX UCCIIEA0Ba-
Huid. HaumOosiee mokaszaTenbHOM OKa3ajlach paMaHOBCKas CIEKTPOCKOIMS, IMOKa3aBIlas
HaJM4yue MUKa, XapaKTEPHOTO i1 aHUOHHOI'O HUTPATHOTO KOMILIEKCA YpaHUia, TOJIbKO B
cinyyae ymranga 2. Takum 006pa3oM, MOXKHO MPEATNOI0XKUTh, YTO pa3IudHas IJUHA yTJe-
POTHOTO MOCTHKA MEXKTY MOJI0KUTEIHHO 3apsKeHHBIMU aToMamMu ¢ocdopa BIMSET HA Me-
XaHU3M U, COOTBETCTBEHHO, 3()(PEKTUBHOCTH IKCTPAKIIUH.

Pabota BeimonHeHa npu GuHancoBoi nmomuepxke rpanta PH® Ne 21-73-20138.

[1] Suresh A., Srinivasan T.G., Vasudeva Rao P.R. Solvent Extraction and lon Exchange 27(2) (2009) 258-
294,

[2] Landgren A., Liljenzin J.O. Solvent Extraction and lon Exchange 17(6) (1999) 1387-1401.
[3] Rout A., Ramanathan N. Journal of lonic Liquids 2(1) (2022) 100029.



I'uapoJIn3 Kak cnocod moJay4eHHus: 0JJMr0siAePHbLIX CTPYKTYP B CH-
creme TpudTopauerar Meau (11) — nupa3un — Boaa
Xnonkuna E.B.!, Tepemenxo JI.C.1, I'onuapenko B.E.?3, Moposos U.B.!

L Xumuueckuil gaxynemem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus,
2 Hayuonansuwvlii ucciedosamenvckuil yHueepcumem “Bulcuias wikona SKoHoMuxu”,
101000, Mockea, Poccus
Sdusuueckuil uncmumym um. I1.H. Jlebeoesa PAH, 119991, Mockea, Poccus

|.khlopkina@gmail.com

[TosrydeHbI M CTPYKTYpHO OXapaKTepU30BaHbI HOBBIC TpUTOpaIeTaTHBIE KOM-
wiekcel Meau ¢ nupasuHoM: 1D-[Cux(TFA)4(py2)], — 1 (tpukinunHas curronwus, P-1, a =
8.404(3), b = 8.468(3), ¢ = 9.056(5) A, a = 72.89(3)°, B = 62.376(18)°, y = 70.498(18)°) u
2D-[Cus(OH)2(TFA)s(H20)(pyz)2]n — 2 (TpukiuuaHas cuaronus, P-1, a = 9.4466(12), b =

9.5233(13), ¢ = 13.0202(15) A, a = 108.183(6)°, s
= 96.233(5)°, y = 93.455(6)°).

B crpykrype coemunenuss 1 comepxarcs
rpymnupoBku [Cuz(TFA)s] Tuna «xutaiickuii ¢o-
HapUK», KOTOPBIE CBSA3aHbI MOJIEKYJIAMHU NTUpa3HHA
B Oeckoneunbie menu (Puc. 1). Mosnekyisl nupa-
3WHA B CTPYKTYpe 2 CIOCOOCTBYIOT 00pa30BaHUIO
CJI0€B u3 MIEHTAMEPHBIX TPYIIHUPOBOK
[Cus(OH)2(TFA)s(H20)] (Puc. 2). 3a cuet Boo-

Puc. 2. Cmpoenue xomnaexca 1. POJHBIX CBsI3€U CJIOM OOBEIUHEHBI MEXKTY COOOM.
Amomol E u H ne noxazanoi. Kaxx1ip1il meHTaMepHbI (parMeHT COXKEPKUT TPU
KpUCTALTOrpapuyYECKU HE3aBUCUMBIX aTOMAa ME/TH,

OH 00Opa3oBaH AByMs TpeyronbHbIMU (pparmentamu {CusOH}, koTopeie coequHeHb! 001IeH
BepimHoi. [{enTpanpubiii atoM Mean Cu(l) HaxomwTcs B IIEHTPE CUMMETPUU M UMEET
c1a00 UCKAXKEHHOE OKTadIPUYECKOE OKPYKEHHE, B ClIydae JIBYX JIPYTHX aTOMOB peain3y-
€TCSI CWJIbHO MCKa)KEHHOE OKTa3IpUIECKOe (nnst
Cu(3)) 1 kBagpaTHO-ITUPAMUIAIBHOE HIIH

kBagpatHoe okpyxenue (Cu(2)). Taxas o -
nepeMeHHass koopauHamus aroma Cu(2) e\o"k\:\l “ ¢ P
00yCJIOBJIEHA ~ TEM, YTO  BEPLIUHY R ot }: TN ¢
nupamMubl 3aHuMaeT mosekyna HpO ¢ 3a- 7 . » ?
celleHHOCThIo 50%. P - ' j;\\é\:g&\&
Hanuuue B CTPyKType COCTUHEHUS s S P J% 2
TUAPOKCHIIBHBIX TPYIIT CBHICTEIBCTBYET ¢ e
3HAYMMOCTH THAPOJIM3a B CHCTEME TPH- ¢
droparerat
menu (II) — mmpasuH — Boja. Puc. 1. Cmpoenue xomnaexca 2.
CoeqrHeHne 2 TIOJTy4EHO Amomul F u H ne noxasanuwi.
KpHCTaJUIM3aluen u3 CUJIBHO

pa30aBIEHHOTO BOJTHOTO pacTBopa. B To BpeMs kak Ooiiee )KECTKHE yCIOBHS CHHTE3a, a
UMEHHO KHIITYEHUE KOHIIEHTPUPOBAHHOTO PACTBOPA C TEM K€ COOTHOIIECHHUEM PEarcHTOB



IIPUBOTUT K o0pa3oBaHMIO U3YYCHHOTO HaMH paHee KOMILTEKCa
{[Cu7(OH)s(TFA)s(H20)2(pyz)4]-4H20}, [1], B KOTOPOM CTEIIEHD THAPOJIHA3A BBIIIE, YEM B
ciydae COeIMHEHUS 2, 0 YeM CBUJICTEILCTBYET COOTHOIICHUE aTOMOB METU M THIPOKCHIIb-
HBIX Tpynn. Cxema CHHTe3a U B3aUMHBIC ITPEBPAILCHUS B CUCTEME MpE/ICTaBIICHbI Ha Puc.
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Puc. 3. Cxema npespawenuii 6 cucmeme Cu(TFA), — nupaszun — 600a

Takum 00pa3om, B HacTosLIEH paboOTe MPOAEMOHCTPUPOBaHA BO3MOKHOCTh U3MEHE-
HUS SIACPHOCTU 00pa3yOUIMXCs B U3Yy4aeMOll cUCTeMe KOMILJIEKCOB IyTEM BapbUPOBAHUS
YCJIOBUM CUHTE3a U, KAK CIEACTBUE, N3MEHEHUS CTEIICHH THIPOJIN3A.

PaboTa BeimonHena npu noauepxke Gonga PH®, rpant Ne 22-72-10034.

[1] Xmonkuna E.B., Tepemenko JI.C., 'oruapenko B.E. XXX Meowcoynapoonas nayunas xonge-
PpeHyusi CmyoeHmos, AcnupaHmos u Monoowix yuenvix "Jlomonocos-2023": Mockea: "MAKC Ilpecc”
(2023) 440.



I/Isyquue KOOPAUHAIMOHHBIX H MC/KMOJICKYJIAPHDBIX B3aMMO/leil-
CTBHUH B METAJUI-OPraHNICCKUX KapkKacax

Ilaynsckas ML, eim6aperko JI.M.1

Y Xumuueckuii paxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockeéa, Poccus,

shaulskaya.m@inbox.ru

B coBpemMeHHONH XUMHUHM pPa3pabdaTBIBAIOTCS BCE 0OJIEE CIIOXKHBIE MOJIEKYJISIPHBIE
CTPYKTYPBl B CBA3M C IOCTOSIHHO PACTYLIMM CIPOCOM Ha BBICOKO3((PEKTHUBHBIE, MHO-
royHKIIMOHAJIbHBIE U 3KOJIOTHYECKH Oe3omacHble MaTepuaibl. Cpear HUX 0co00 MECTO
3aHUMAIOT MeTaJI-opranndeckue kapkacel (MOF).

Hanuune 6onpimx myctot B cTpykType MOF npuBnekarenbHo aiis abcopOiuu pas-
JUYHBIX MOJIEKYJ1. CHHTE3 U XapaKTEPUCTHKA CYIIECTBYIOIIUX CUCTEM, a TAKXKe pa3paboTka
U MpeBapUTeNIbHAs TPOBEPKA HOBBIX M YJIYUIICHHBIX KaH/IUATOB-a0COPOECHTOB TPEOYIOT
CKOOPJIMHUPOBAHHBIX YCUJINH SKCIIEpUMEHTa 1 MojiesiupoBaHusi. COOTBETCTBEHHO, BaXKHOM
3a/1aueil CTAaHOBUTCS OIICHKA YHEPTUU B3aUMOICUCTBUS MOJIEKYJIBI-TOCTS C KapKacoM.

Ilenp HaAcTOsIEH pabOTBI — CpaBHEHHE IOIXOJIOB pacuéra KOOPAMHAIMOHHBIX U
MEXKMOJIEKYJIIPHBIX B3aUMOJICCTBUM JIJII METAJT-OPTaHUUYECKUX KAPKACOB HA TPUMEPE Ce-
MmeiictBa Ln-MOF u ux conocraBieHne ¢ 3KCIEpUMEHTaTIbHBIMHA JTaHHBIMH.

B pabote paccMarpuBanoch J1Ba pacu€THBIX METOAA OLEHKU YHEPTrUil KOOpUHAIHU-
OHHBIX U MEXMOJIEKYJISIPHBIX CBSI3€M — [10 MOJEIBHON PEAKIIUU U U3 TOTIOJIOTUYECKOTO aHa-
nu3a pyHKIUY pactpeneneHus JeKTPOHHOH MmI0THOCTH P(I) ¢ MPUMEHEHUEM KOPPEISIIUU
OcnuHo3bl-MonuHca-Jlekomra (Puc.1). O6e oLieHKH MTPOBOAMIUCH HA OCHOBE JJAHHBIX (CKa-
JspHBIX dHEepruit u p(r)), nomydeHHbIx U3 DFT-pacuéToB ¢ mepnoanueckuMu rpaHuYHBIMU
yCIOBHSIMHU. PacuéTel mpoBOAMINCH HA OCHOBE I'€OMETPHUM, MOJYYEHHBIX M3 PEHTIEHO-
CTpYKTypHOro aHanu3a. [I[pumeHeHne 000MX MOJIXO0J0B MMO3BOJISIET MOJHOCTHIO OXapaKTe-
pHU30BaTh CUCTEMY — SHEPTHUIO Ipolecca abCOPLUU-IeCOPOLIUY U YCTaHOBIIEHUE MTPUPOIBI
Y BEJIMYMHBI KOHKPETHBIX XUMUYECKUX B3aUMOICHCTBHIA.

Puc. 1. Cpesvt uz mononozuueckozo ananusa p(r) ons La-MOF. Kpacuvimu mapxe-
pamu 0603Hauenvl Kpumuieckue ceszegvle mouku (3, -1), cepvlmu TuHUAMU MPAeKmopuu
| Ip |, weprvimu tunusmu noxazamsi cesnzesvie nymu u SpaHUYbl AMOMHBIX OACCEUHO8.



J1Jist u3ydeHUs CTPYKTYPHBIX MIPEBPALICHUH, IIPOUCXOAIINX C KapKacaMu Py Harpe-
BaHWH, MBI TIPOBOAMIIN CEepHIO IN SitU MOJIMTEPMHUSCKUX PEHTTEHOBCKUX DKCIIEPHMEHTOB.
JlaHHBIE MTO3BOJISIOT OTCIICIUTH TEMITEPATYPhl OTIICTICHUS MOJICKYJI-TOCTCH, OIICHUTh MX
BJIMSTHUE Ha TpaHC(HOPMAIIUY CTPYKTYPBI, & TAKXKE TSI H30CTPYKTYPHBIX KapKACOB TI0 PSITY
naatanunoB ([(CHs):NH:z][Ln(bdc)2(DMF)](H20), Ln = La - Er) ynanocs Habr01aTh HH-
TEPECHYIO 3aBHCHMOCTh OT pajyca JaHTaHHWJA U CBSI3aTh C M3MEHECHHUEM TI€OMETPUHU
(Puc.2).

Pr-MOF

Er-MOF

QA7 QA

2

Puc. 2. Ilopowxosvie penmeenocpammot LN-MOF npu naepesanuu in situ ¢ omxpoi-
mom Kanuiispe.

OCOOCHHO UHTEPECHO OTMETHUTh, YTO HaM YAaJI0Ch U3YYUTh TEPMUUYCCKOE TOBEICHHUEC
MoHokpuctaibHoro oopasia Er-MOF (([(CH3)NH:][Er(bdc).(DMF)](H20)) u monyuuts
PST IPOMEKYTOYHBIX CTPYKTYP OT KOMHATHOW Temrieparypsl 10 430K — oTcineanuts mpo-
IIeCC OTHICTUICHHUS MOJICKYJIbI BOJIBI M KPYITHOM MOJIEKYJIbI AUMETHI(hopMaMuia.

Pabota BeimonHeHa npu GuHaHcoBoii noaaepxke rpanta PH® Ne 22-73-10089.



HoBble MUpUIUH-TTUPA30JdbHbIE KOMILIEKCHI cepedpa (1) ¢
oucochuHaMu: CUHTE3, CTPYKTYPA, GOTOTIOMUHECHEHIIM S

Sxosnes I'.B.12, Turos A.A.l, ®umunmos O.A !, llyouna E.C.1

L Uncmumym snemenmoopeanuueckux coeounenuii
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2 Boicuui xumuyeckuti koaneoac PAH (BXK PAH)
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CMenaHHOIUTaHHbIE KOMIUIEKCHI MeTaJIoB 11 rpynmnsl ¢ IpOM3BOJHBIMU OUIMPU-
nuHa/peHaTpoiMHa W XeNaTUpyrmuMu OucochuHamMu MOJIB3YIOTCS TMOMYJISIPHOCTHIO
BBUIy UX (QoTodusnueckux cBOUCTB [1]. [TupuanH-Mpa30bl SBISIOTCS COCAMHEHHUSIMH,
POJICTBEHHBIMU 2,2 -OMNUPUANHY, OJJHAKO OHM JIETYE CHUHTE3UPYIOTCS U MOAUDULINPY-
10Tcd. bonee Toro, B nenporonupoBanHoit popme (mupposibHblii NH) mogoOHbIie uransl
BBITIOJHSIOT POJIb MPOTUBOMOHA, YTO MO3BOJISIET OMYYaTh HEHTpaIbHbIe KOMILIEKCHI. bbITo
noka3ano, uto coiu Cu (1) oopasyrot komiutiekcsl coctaBa [(PyPzH)Cu(P-P)]BF; (puc. 1).
BapbupoBanue Ouchochuna m 3amectureneii B MUPa30JbHOM JIMTAHJE IO3BOJIET HE
TOJILKO U3MEHSTH TOJIOKEHUE IMUCCHH, HO U €€ 3P PeKTUBHOCTH [2, 3].

[Tonydensl 1 0XapakTEepU30BaHbl paHEE HEOMUCAHHBIE TUPUIUH-TIMPA30JIHHBIE KOM-
wiekcel Ag (1) (puc. 2), mpoBeneHo n3ydeHne uxX GOTOPU3NICCKUX CBOMCTB U YCTAHOBJICHA
3aBUCHUMOCTh YMUCCHH OT COJIbBATHOTO PACTBOPUTENS U CTEPUUYECKON HArPy3KU B KOOP/IU-
HAIMOHHOM cepe MeTaia.

/
R/ ) \N /
R,
HN—_N\®/
S) Cu__
BF, / R
W,
Puc. 1 Cmpoenue cmewannvlx kom- Puc. 2 Cmpoenue cunmesuposaniozo 6
niexcos M = Cu(l) xo0e pabomst komniexca Ag(l)

Pabota BemonHena npu GurancoBoii nmoauepxkke rpanta PH® Ne 22-73-10130.

[1] Housecroft C.E., Constable E.C. J. Mater. Chem. C., 10 (2022) 4456-4482

[2] Baranova K.F., Titov A.A., Smol'yakov A.F., Chernyadyev A.Y., Filippov O.A., Shubina E.S. Mole-
cules 26 (2021) 6869-6885



[3] Huang C.H., Yang M., Chen X.L., Lu C.Z. Dalton Trans 50 (2021) 5171-5176
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HoBble cMHTETHYECKHE AaHAJIOTH PUPOIHOT0 MUHepaJia cappady-
CUTA
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@OpyCTpUpPOBAHHbIE MATHETHUKU - IK30THUECKHE OOBEKTHI, IMPUBIEKAIOIINE K cebe
BHUMAaHUE YYEHBIX U3 MHOTHUX JlabopaTopuil Mupa. Takue COeqUHEHUsI MPEICTABISIOT HE
TOJILKO (DyHJaMEHTaIbHBIA UHTEPEC, HO U MPEAINOoJIaraloT UX BO3MOXKHOE NMPUMEHEHHE B
KBaHTOBBIX KoMmmbioTepax [1]. biaromaps oco0oMy BKIIFOYCHHIO MarHUTHBIX KATHOHOB B
HEMAarHUTHYIO NOJIPEHIETKY B TAKMX MaTe€pHaaX yAaeTcs TOCTUYb KOPPEISIUN OJIUKHETO
nopsjika. MaroHuTHoe MOBEJAEHUE MOJOOHBIX CUCTEM ONPENEISAETCS T€OMETPUE MarHuT-
HOM NOJPEIIETKH.

B HacTosmmii MOMEHT HET OOIIEH METOINKH CHHTE3a COCIUHECHUN C TOW WM UHOMI
TOIIOJIOTUEN PACIIOJIOKEHNS MAarHUTHBIA MOHOB B CTpyKType. Hakoruienne skcnepumeH-
TaJbHOTO MaTepHalia MO3BOJIUT 3aJI0KUTh OCHOBBI HAMPABJIEHHOTO CUHTE3a MOI00HBIX CO-
eauHeHnid. OTHOU U3 CTPYKTYP, B KOTOPOU MOYKHO 0KMAATh IK30THYECKOE MATHUTHOE T10-
BEJICHUE SBJIIETCS MUHEpa cappadycut coctaBa PhsCu(SeO3)4Cly [2].

B cTpykType cappabycruTa MarHUTHBIC KaTHOHBI MEIU CBSI3aHBI MEXKIY COOOM C TO-
MOIIIBIO JIBYX CEJIEHUTHBIX IpyI B oHOMepHbIe 1enoyku Cu-O-Se-O-Cu. B pamkax nan-
HOTO WCCIICAOBAHUS M3Y4aeTCs MOMCK ONTHUMAIIBHBIX YCIIOBUH CHHTE3a YHCTOTO o0Opasia
PbsCu(Se03)4Cly nms n3mepenunss MAarHUTHBIX CBOMCTB, a TAK)KE 3aMEHA CBHHIIA Ha CTPOH-
U, ¢ JATBHEHIIINM H3YYCHUEM U CPAaBHCHHEM MarHUTHBIX XapaKTEPUCTHK.

Kpucrasis 1ie/1eBbIX COeAMHEHUI OB MOIYYEHBI Ta30TPAHCIIOPTHBIM METOIOM M3
okcuaa ceunna (I1), cenenncroit kucnotsl u xiopuaa meau (1) ms PbsCu(Se03)4Cla, TBEp-
n0(ha3HBIM CHHTE30M B BaKYyMHPOBAHHOW KBapIIEBON aMITylie U3 O€3BOJHOrO XJIOPHIA H
cenienuTa cTpoHIus u 6e3Boanoro xiaopuaa meau (1) st SrsCu(Se0s3)4Cly. Kpucrammuue-
CKHE CTPYKTYpbl 00eux (a3 ObUIM pelIeHbl MO JaHHBIM MOHOKPHUCTAJIBHOU TU(PaKIUU.
PbsCu(Se05),Cls kpucrammusyercss B MOHOKIMHHOW — suciike ¢  IapaMeTpamu
a=24.895(5) 4, b=5.4058(8) 4, ¢ =41.323(8) 4, p=100.705(7)° mpocTpaHCTBEHHAas
rpymma C 2/c (Nel5), Z =12. SrsCu(Se03),Cls xpucrtammmsyercs B MPOCTPAHCTBEHHOM
rpymme P -1(Ne2) ¢ mapamerpamu a = 5.3736(5) 4, b = 12.6559(14) 4, ¢ = 13.6258(14) 4,
a =99.770(5) (7)°, f =90.139(3)°, y = 102.252(4)°, Z = 2.

B PbsCu(Se0s)sCls xatnon menm HaXOIWUTCA B CHIIBHOMCKQXCHHOM OKTadape
CuO4Cly, rre aToMBbI XJI0pa HAXOATCS B aKCHATBHBIX Mmo3utusax. OmpHako paccrosaus Cu-
Cl paBubl 2.613(6) A u 2.771(7) A, uTo MO3BONAET CUUTATH, YTO B COETMHEHUN TIPEICTAB-
JICHBI HE TOJILKO OKTadpbl, HO M IiakeTku Meau CuOs B SrsCu(Se0s)4Cly kaTron menu



HaxoauTcs B HckaxkeHHOM okTasipe CUuO4Cly, Tie aToMbl Xj10pa HAXOATCS B aKCHATBHBIX
no3unuax. OKpyKeHUsI CBUHIIA U CTPOHIIUS MPECTABISIOT COO0W BOCEMUBEPIITMHHBIC aH-
TUTIPU3MBI C PA3IMYHBIM COOTHOIIICHHEM KHCIOpOAa M XJIopa. ATOMBI celieHa 00pa3yroT
CEJICHUTHBIC TPYNIUPOBKH, KOTOPHIC JOIMOIHUTEIBHO CBS3BIBAIOT IMOJIMAPHI CBHHIA U
CTPOHIIUS B KECTKHE aXKypPHBIC MATPHUIIBI W3 TIOJUDAPOB CBUHIIA W CTPOHIIHMSI COOTBET-
CTBEHHO, & MEJIb CO CBOUM OKPY>KEHHEM 00pa3yeT B MOTYUYEHHBIX ITyCTOTAX IETOYKH.

Bo Bcex CappaOycHTOIOTOOHBIX CTPYKTYpPaxX MOKHO BBIJICIUTH IIEIH U3 TTOJHSIPOB
MeJId, KOTOpbIe 00pa3oBaHbl O0BEIMHEHUEM MTOIUAPOB Meau ¢ SeO3 rpymnmnaMu uyepes 00-
IIMEe aTOMBI KUCJIOPOJia. B 3THX Mmoiuaipax 3KBaTOPHAIBHBIE TIIOCKOCTH HAXOAATCS OTHO-
CUTEJIBHO JIPYT JApYyTa MO pa3HbIMH yIiIaMu B mernu. OKHUIaeTcs, 9TO 3TO OyIeT BIUATH Ha
MarHMTHOE MOBEJICHUE U3y4aeMbIX (a3.

Pabora BeimoHeHa mpu puHaHCOBOM moaaepkke rpanta PH® No 23-23-00205.

ABTOpBI BbIpaxkatoT OnarogapHocth npod. K.A. JIbICEHKO 3a COIeCTBHE B CTPYKTYPHBIX
UCCIIEIOBAHUSX.

[1] Mishra, S., Catarina, G., Wu, F. et al. Observation of fractional edge excitations in nanographene spin
chains. // Nature. 2021. Vol. 598,7880. P. 287-292.

[2] Gemmi, M., Campostrini, I., Demartin, F., Gorelik, T. E., & Gramaccioli, C. M. (2012). Structure of
the new mineral sarrabusite, Pb5CuCl4(Se03)4, solved by manual electron-diffraction tomography. // Acta
Crystallographica Section B Structural Science, 68(1), 15-23.



Ceaenur-xaopuabl FeLny(SeOs)sX, Ln=La, Ce, Pr, Nd, X=ClI, Br:
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B nocnennee BpeMst Ha0I1t01a€TCsI MOBBIIICHHBIA HHTEPEC K COSAMHEHUSM, MPOSIBIIS-
IOIIMM MarHUTHBIE CBOMCTBA HA aTOMAPHOM ypOBHE. B Takux BeliecTBax MarHMTHOE B3au-
MOJEHCTBHUE MPOUCXOIUT MEXKIY OTACIbHBIMU MOHAMHU WM WX TPYNIUPOBKAMH, KOTOPBIE
MOT'YT 00pa30BbIBATH IIEMHU, JEHTHI WJIM CIIOM pa3HoW reomeTpuu. [logoOHbIe BeliecTBa
Ha3bIBAIOT HU3KOPAa3MEPHLIMU MarHeTukamMu. OcoOblii MHTEpEC MPEICTABISIIOT BEIIECTRA,
B KOTOPBIX MarHuTHbIe 30-KaTHOHBI couetarorcs ¢ 4f-katmonamu. HemaBHo B uTepatype
NOABUIIOCH coobenue o nonydennu (assl FeNd,(Se03)4Cl, B koTopoii katnonst Nd** 06-
pasyloT uckaxkeHHyto cetky tumna lllactpu-Casepienna, a katuonsl Fe** — ceTky u3 Tpe-
yTroJabHUKOB [1]. MaruutHbie uaMepenus ajs 3Toi ¢assl mokazanu, uro 10 2K B coennne-
HUUW HE HaOJIOAaeTCsl MAarHUTHBIX YIOPSAA0YeHUH, ogHako npu ~6.7K Habmronaercs sipkuit
MUK Ha 3aBUCUMOCTH TEIJIOEMKOCTH OT TEMIIEPaTyphbl, YTO aBTOPHI CBSA3ATIU C BO3MOKHBIM
«CKPBITBIM» aHTU(EPPOMATHUTHBIM YIIOPSIOUCHUEM B MOJIPEIIETKAX.

[enbto Hamiei paboTh! siBisieTcs: mouck anainoroB (aszer FeNd2(SeO3).Cl ¢ npyrumu
P33 nns xnopuaos u 6pomuoB. [lpeanonaraercss U3y4UTh NPOTSHKEHHOCTD PSAJOB C TAKOU
CTEXMOMETPUEN B 3aBUCHUMOCTH OT aToma P33, u mpociieiuTh U3MEHEHUE CBOMCTB TaKUX

ba3.

CuHTe3 BeIM TUIPOTEPMATIbLHBIM M aMIyJbHBIM MeTonaMu. POA momydeHHBIX 00-
pasiioB mokasajn, uro ¢asa tuna Felny(SeOs)4Cl obpasyercs B ciiydae XJIOPUIOB IS
Ln=La, Ce, Pr, Nd. Cpenu Opomu10B oOHapyxeHa (pa3a TONBKO /I JaHTaHA.

Crpykrypsl Fela,(SeO3),Cl, FelLay(SeOs)4Br, FeCe,(Se0s3)4Cl Obltn u3ydeHbl Ha
MOHOKpHucTaiIax. IlokazaHo, yTo HOBbIe coenuHeHust U30cTpyKTypHBI FeNd,(Se0s3)sCl u
KPUCTALTN3YIOTCA B MOHOKJIMHHOM cuHTOoHMH. KoopanHanroHHble noaus3apsl P32 — ne-
catuBepmMHHUKHA LNO1g — CBSA3BIBAIOTCS B CIIOM Yepe3 CeJICHUTHBIC Tpynmbl. [lommaapsl
Keneza — TeTparoHanbHbie upamuasl FeO,Cl — Takke CBs3aHbI B CIIOM CEICHUTHBIMH
rpymmnaMy. B 3Tux cliosix MOKHO BBIIEIUTh CETKH U3 KaTHOHOB P30 u xkernesa (puc. 1).



Puc. 1. UckamceHHas cemka muna Lacmpu-CazepneHOa KAGmMuOHO8 /AAHMAHA
(cnesa) u cemKa u3 mpey2obHUKO8 KAMUOHO8 Xcene3a (crnpasa) e FelLaz(SeOs)4Cl.

Pentrenorpammel coequnenmii Fel.ny(SeO3),Cl (Ln = La, Ce, Pr, Nd) Obuti mpouH-
JMIIMPOBAHBI B IPEIooKeHHH aHajaoruu. B psy La — Nd 00beM siieMeHTapHOH sTueiiku
YMEHBIIIAeTCs B COOTBETCTBUU ¢ f-Coxatuem (puc. 2). B ciryuae OpoMHIOB 11O 3TOH MPUUKHE
00pa3syeTcst TOJIBKO COEIMHEHHE [T CaMOro KPyHmHOro katnoHa — La®*,
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ionic radius, A

Puc. 2. 3asucumocmo obwvema snemenmapnon suetiku gaz Fel.ny(Se03)4Cl om uon-
Hozo paouyca Ln**,

[1] Yaxin Xie, Zhangzhen He, Wanwan Zhang, Zhiying Zhao, Mengsi Zhang, Xing Huang. Journal of Solid State Chem-
istry 286 (2020) 121315



JlanbHUii MATHUTHBIH MOPSIOK B XJopuae peusi(V) u opommue
Boab(ppama(V)
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B coBpeMeHHO# (r3HKe KOHJIEHCUPOBAHHOTO COCTOSHUS OOJIBIION HHTEpEeC Mpe-
CTaBJIIET U3yUYEHUE CBOMCTB Ban-nep-BaanbcoBbIX MarHeTUKOB. B cOOTBETCTBUU € Teope-
Mot Mepmuna — Barnepa 2D u 1D I'eit3en6eproBckre CUCTEMbl HE MOTYT YIOPSAOUYUTHCA
py KOHEYHOU TemriepaTtype. Juckyccun o GopMUpPOBAaHUN MarHUTOYMHOPSJOUEHHOTO CO-
CTOSIHUS B TIOCIIeTHUX paboTax no Ban-nep-BaanbcoBbIM MarneTnkaM CBS3aHbl C yCTaHOB-
JICHUEM POJIM aHU30TPONUH, UTO cMelaeT (hokyc uHtepeca ot 3d MeTaioB K MpeICTaBuU-
tensim rpynn 4d u 5d. Onnako, mHorue noaoOHbIe BaH-nep-BaanbcoBbie cucTeMBbI, Kak
Hanpumep, MoS; u WSe; okazanuch HeMarouTHbl. Pekue ciyyan MarHuTHOrO OTKJIMKA B
coeauHeHusx ¢ 4d u 5d-meraninamu CBs3aHbI MPEUMYIIIECTBEHHO C HEUETHBIM YUCIIOM AJIEK-
TpoHOB Ha 4d/5d-meTaiax win kinactepax. Cpenu coenuHenuit 4d/5d-nepexoHbIX MeTal-
JIOB MOKHO HaWTH Psii CUCTEM, B KOTOPBIX HEYETHOE YHCIIO AJIEKTPOHOB (DOPMATIEHO MOKET
HaxoaAuThcs Ha d-opOutanu. TeopeTHdecku MpeACKa3aHO WIM SKCIEPUMEHTAIbHO MOKa-
3aHO, YTO HEKOTOPHIC M3 HUX 00JIaIaf0T MAarHUTHBIM OTKJIMKOM [1, 2]. B HacTosmei padote
MPEACTABIICH CUHTE3 U UCCIEAOBAHNE TEPMOJINHAMUYECKUX CBOMCTB ABYX IIPEACTaBUTEIIEH
Ban-nep-BaanscoBeix maraeruxos xnopuna penuns(V) ReCls (Re®, 5d%) u 6pomuaa Bob-
dpama WBIrs (W°*, 5d1).

Kpucramnmuueckas crpykrypa xjiopuaa penus(V) mpencraBiser coOOW AUMEpPHI
[Re2Clyo], cBA3aHHBIC MEXKAY COOOM raloreHHbIMY cBs3siMHU Ha pacctosiausax Cl---Cl B qua-
nazone 3.57 —3.72 A (yrael Re-Cl---Cl ot 138.4 10 165.0°) B TpexmepHslit kapkac [3] (puc.
1 a, 6). Cxoxum ctpoenuemM obisanaet u WBI's, OTITUYHBIM SBJISIETCS JIUILb B3aUMHOE pac-

MOJIOKEHHE TUMEPOB B CTPYKTYypeE [4].

CuHTE3 TaJIOreHUI0B MPOBOAWIIA TIPSIMBIM TaJIOTEHUPOBaHHEM MeTauioB mpu 700
°C. [lonyueHHbIE TUTPOCKOTTMYHBIE KPUCTAIIIBI OBLIIM OXapaKTEPU30BaHbl METOIAMHU PEHT-
T€HOBCKOM nudpariuu.

[IpoBeaeH KOMIUJIEKC MArHUTHBIX U TEPMOJIMHAMUYECKUX U3MEPEHUH, COTJIACHO KO-
TOPOMY MOKHO 3aKJIFOUUTh, 4TO coeauHenne WBIs sBiseTcs nepBbIM U3BECTHBIM (heppo-
MarHeTHKOM Ha ocHoBe Boiib(pama ¢ TC = 45 K, a mist ReCls npu noHmxkennn temmnepa-
Typsl 10 12.8 K Habmonaetcs antudeppoMarautTHoe ynopsaoueHne. OOMeHHbIE B3aMMO-
JEeHCTBUS 00YCIOBJIEHBI HATMUMEM MEXKMOJIEKYJIIPHBIX TAJIOT€HHBIX CBA3EH.



Puc. 1. lMpoekyua anemeHmapHoli a4eliku ReCls 8 nnokocmu bc (a); dumepeol [RexClio] (6).

Pabota BeimonHeHa npu GuHancoBoi noauepxke rpanta PH® Ne 22-72-10034.
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Cannsamos D.M.!, bapsimnukosa O.B.1, Maparaesa B.H.2, Jleitnexo 1.B., Tutkos B.B.%,
TConuaposa JI.A.2, Jlazopsak 5.1

Y Xumuueckuii paxynomem MI'Y umenu M.B. Jlomonocosa,
119991, Mockea, Poccus,
HUAY MU®U, 115409, Mockea, Poccust

e.m.gallyamov@gmail.com

CuHTEe3UpOBaHbl, 0XapaKTEPU30BaHbl U MCCIEA0BaHbl 00paslbl BYX cepUil Srigs.
15xIN(VO4)7 1 Srig5.1.5N(VO4)7:EU3*(1%), 0<X<7/6. Bce 0Opasiibl HONyUYEHBl CTAHAAPT-
HBIM METOJIOM TBEP0(a3HOIO CUHTE3a U3 OKCHJIOB U KAPOOHATOB COCTABJISIFOLIUX AJIEMEH-
toB. [lapamerpsl (@, C, V) aneMeHTapHOH sYeHKN OBLIH ONpEACIICHBI ¢ UCTIOIh30BAHUEM
metoja Jle beitnsg B mporpamme JANA2006 o naHHBIM PEHTTEHOBCKOM AU(PPAKIINH HA TTO-
pOIIIKaXx.

Oxkazanoch, 4To 00pa3Lbl MOKHO PAa3[eIUTh HA TPU TUIA: OAHO(A3HbIE TATbMUEPH-
TOMOAOOHBIE CTPYKTYPhI, OJHO(A3HBbIE BUTIOKUTOMOAOOHBIC CTPYKTYpHI, AByXdazHas
CMECh MaJIbMHEPUTONOA00HON U BUTIOKUTONOA00HOM CTpyKTYyp. s Bcex oOpasios, co-
JepIKaIX BUTIOKUTOTIONOOHYIO (ha3y 0OHAPYKEHO BhIpaXKEHHBIC HEIMHEWHO-ONITHYECKHE
CBOMCTBA, 3aMETHO MPEBOCXO/IAIINE KBAPIEBbIN TanoH. [ oHOMa3HBIX BUTIOKUTOIO-
JNOOHBIX CTPYKTYP MOJIY4YEHbI KEpaMUUECKHE TA0JIETKH U IPOBEIACHO UCCIIEI0BAaHUE AUITICK-
TPUUYECKUX CBOICTB, X 3aBUCUMOCTH OT TeMIieparypbl. OOHapyKeHbI TEMIIEPATYpPhI CErHe-
TO3JIEKTPUUECKUX (DA30BBIX MEPEXOJIOB, TPOBEAEHO UX COMOCTABIEHUE C JINTEPATYPHBIMU
JAHHBIMU. Y 00pa3IoB ¢ HEOOBILION T00ABKON €BPOMNUS U3yUYEHbI TIOMUHECIIEHTHBIE CBOM-
CTBa.

Takum 06pazom, pacumpeHa o0JacTh 3HAHUM O COEAMHEHUSX BaHAIATOB CTPOHIINUS;
U3y4eHa JIJIsl HUX KOPPEJsHUs COCTaB-CTPYKTYypa-CBOMCTBA; clieJaH BbIBOJ O BO3MOXKHOCTHU
MOJIyYeHUs] MaTEPUAJIOB HA OCHOBE 3TUX TBEPJIBIX PACTBOPOB.

Tab6a. 1. Humencuenocms cucnana ecenepayuu 6mopot onmu4eckol 2apMOHUKU 015
HOJIYYEeHHbIX 00paA3Y08.

Sr10,5-1,5xlnx(VO4)7, X 0 1/6 2/6 3/6 4/6 5/6 1 716
I'BI’ 0O |6 20 22 18 20 28 |4

PaGora BeimonHeHa npu ¢uHaHcoBoU moanepxkke rpanta PH® 21-13-00102 u B pamkax
rocyaapcTBEeHHOro 3ananHus "BemectBa n Martepuansl Juis obecriedyeHus: 0e30MacHOCTH,
HaJie)KHOCTH U dHeprodddexktuBHocTr" No AAAA-A21-121011590086-0.
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HNopatsl METAIOB NPEICTABISIOT OOJIBIION MHTEPEC, MMOCKOIBKY UMEIOT HUHTEpEC-
HbIE CTPYKTYphI, OOYCJIOBJIEHHBIE CBOCOOpA3UEM BXOJALIMX B MX COCTAB TPUTOHAIBHBIX
30HTHKOOOpPa3HbIX aHHOHHBIX Tpymil [103]°, B KOTOPBIX HEMOJEIEHHAs AIEKTPOHHAS Mapa
I°* BBICTYIAeT B KauecTBE CBOEOOPA3HOTO YETBEPTOrO JIUTAH/A, JOMOJHAIOIIETO [€OMET-
PHUIO KOOPAMHALMOHHOTO OKPYKEHHUS HEHTPAIBHOr0 KaTnoHa I°* 10 MCKaKeHHON mupaMu-
nanbHO#. Takke MPUCYTCTBHE B TAKUX COoeNMHEHUsX 3BeHbeB [103] 00ycnaBnuBaeT ux no-

TEHIIMAJILHOE MPUMEHEHKE B 001acT HenuHenHou ontuku (HJIO), mromMuHeceHuuy u T.1.
[1, 2].

B nannoii pabote npoBeaeH nouck nogaatos P390 ruaporepmanbHbBIM METOIOM B aB-
TOKJIaBaxX 00beMOM 18 MII ¢ TE(IOHOBBIM WM Napa-ToJU(EHOIOBBIM BKJIAJBIIIEM C HC-
II0JIb30BAaHUEM B KauyecTBE MCXOAHBIX KommoHeHToB LnFs (Ln=La, Sm, Yb, Eu), HIOz u
NH4NO:s. ITpouecc nposoaumu npu Temmneparype 250 °C, B Teuenne 72 4 ¢ nocieyromumm
MEJIEHHBIM OXJIQXK/IEHUEM PEaKIIMOHHOW CMECH 10 KOMHATHOM TeMiiepaTypsl. Bee koHeu-
HBIE 00pa3IIbl MPOMBITHI ATUIIOBBIM CIIUPTOM M BBICYIIICHBI HA BO3/IyX€ CO CJIa0BIM MOJ0TPE-
BoM. PDA meperepThiX MpOayKTOB Moka3aio, uro B La, Yb u Eu cucremax naGmronanocs
oOpa3oBanue U3BeCTHHIX (ha3. B cnydae camapueBoii cucTeMbl ObUIH MOJyYE€HbBI MOHOKPH-

crasl SM(103)3-HIOs3.

daxkT cymiecTBOBaHUs (Pa3bl yKa3aHHOTO COCTaBa JaBHO M3BECTEeH [3], oAHAKO uC-
I0JIb30BaHHBIA aBTOpaMu [3] METOJ CHHTE3a KHCIBIX HMOAATOB C 00Iel GhopMyIioi
LNn(103)3-HIO3, rae Ln = La, Pr, Nd, Sm, nyremM MeUIEeHHOTO HCIIAPEHUST PACTBOPHUTES U3
KHILIIIEro pacTBOpa B KOHIICHTPUPOBAHHOM a30THOM KHCIIOTE HE NMpHUBEN K (OPMHUPOBa-
HUI0O MOHOKPHCTAJIJIOB CaMapyueBOT0 TIPOU3BOJHOTO, M €0 CTPYKTYpa M XapaKTEPUCTUKU
JI0 HACTOSIIETO BPEMEHHU HEe OBLITN OIHMCAHBI.

Briepsbie Hamu onpezenieHa ctpykrypa Sm(103)3-HIO; metogom PCTA m oxapakre-
PHU30BaHbI €T0 OCHOBHBIC (PU3UKO-XUMHUUECKUE TTapameTpsl MeTogamu MK-cnektpockonuu
(puc.1) u EDX-ananu3a.

B paccmarpuBaemoit kpucramumdeckoir crpykrype Sm(103)s-HIO; (mp.rp. P2i/c,
a=10.4637(6) A, b=7.4629(5) 4, c=14.0174(13) A, Z=6) conepsxaTcs OUH KPUCTAIIOrPa-
dbuyecKu He3aBUCUMBIM aTOM camapusi, YeThIpe aToMa hoja, 12 aToMOB KUCIOpoa.

B n3y4eHHOH CTPYKType aTOMBbI CaMapusi HaXOIATCS B OKPYKEHUU 8 aTOMOB KHCJIO-
poza B IONMAAPE B BUJIE HCKAXKEHHOW KBAJIPATHOM aHTUNPU3MBIL. MlogaTHbIE TpyIIIIUPOBKU
CBSI3BIBAIOT Yepe3 o01ue aToMbl kKuciopoaa SMOg aHTUTIPU3MBI B TPEXMEPHBIN KapKac.
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Puc. 1. AK cnexmp noenowenus nonuxkpucmaniusecko2o Sm(103)3-HIO;.

UK criektp nomukpuctaumdeckoro SM(103)3-HIOs, orcusaTeiii B uaTepBane 400 —
4000 cm?, mpexacrasnen Ha puc. 1. [lupokas nomoca 3450-3500 cm u monocsl, meHTpUpO-
Bannble mpu 950, 1260, 1090 cm™, MOryT GBITH COOTHECEHBI ¢ BAaJIEHTHBIM KOJEOaHHEM

rpynmsl O-H, a nonocer B uatepsane 795 — 700 cm™ — ¢ BanenTHbiMu Konebanusavu 1-O B
10s.

Takum  oOpa3om, pacTBOp-pacIUiaBHBIM  METOJIOM  TOJIYYEHBI  KPUCTAILIBI

SM(I03)3-HIO3 u ycTanoBieHa ux cTpyktypa. [lomydeHHOE BEIIECTBO JUArHOCTUPOBAHO
metogamu POA, UK-cnexkrpockormu u EDX-ananu3a.

[1] Chun-Li Hu, Jiang-Gao Mao. Coordination Chemistry Reviews 288 (2015) 1—17.

[2] Mohamed B. Taouti, Yan Suffren, Olivier Leynaud, Djamal Benbertal, Alain Brenier, Isabelle Gautier-
Luneau. Inorganic Chemistry 54 (2015) 3608—3618.

[3] Nassau K., Shiever J.W., Prescott B.E. Journal of Solid State Chemistry 14(2) (1975) 122-132.
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B nanHoit paboTe Mbl pacCMOTpENM HEBAJICHTHBIE B3aUMOJICUCTBUS B COSAMHEHUSIX
reKCcaraJJoreHTEXHCHTATOB M MOJYYHJIM BOCEMb HOBBIX coenuHenuit tumna Cat,TcHalg, rie
Cat = TuMeTUIaMMOHUH, TETpaMETUIAMMOHUH, KOenHU, OEH30THA30JINIM, HHKOTHHAMU-
nui, mupasonuit, Hal = Cl, Br. [{ns1 HOBBIX coequHEeHUM ObUIH MPOBEICHBI MCCISIOBAHUS
SCXRD. B HEKOTOPBIX COETUHEHUSAX MPUCYTCTBOBAIH TAJIOTC€HU/I-AaHUOHBI U/WIIA KPUCTAII-
JU3allMOHHAs BOJA. B MoIyueHHBIX CTPyKTypax HauboJblee BIUsSHUE HAa (HOPMUPOBAHKE
CTPYKTYp M KPHUCTAJUIMYECKOW YMAKOBKM OKAa3bIBAIOT MOJIEKYJIBl KPUCTAJLIA3ALHOHHOMN
BOJIBI ¥ TAIOTeHUA-UOHBI. [Ipeanonaranock, 4To COEIUHEHUS TUITUIAMMOHUS U HUKOTH-
HAMUJA, CTPYKTYPbl KOTOPBIX HE COEPKAT IPYTMX UOHOB U COAEPKAT JOCTATOYHO CHJIb-
HbIC HEBAJICHTHBIC B3aMMOJCHCTBUS, JYUIIE BCETO CBSI3BIBAIOT I'€KCAraJIOTEXHETAThl. B
CTPYKTypax 0OHapy>KEHbI T-CTCHKUHT, aHUOH-T U TaJIOTeHHbIe B3auMoeicTBus. [Iporent-
HbIN BKaja B3aumoseiictBuii H---Hal/Hal---H nipu nepexone ot ¢propa k OpoMy B aHHOHAX
TcHalg?” ymenbniaercs, a BKJIaJ B3aMMOAEHCTBHIN IPyTUX TUIIOB yBeIn4uBaeTcs. Hanbons-
1ee pa3HooOpas3re B3auMOICHCTBHI B aHHOHAX HAOIIOMaeTCs A1 COSTMHEHUH KodernHa 1
nHukoTHHamuaa ¢ TcBrg?. B paGoTe paccMOTPEHBI IIPOLIECCH TEPMOJIN3a HEKOTOPBIX TIOJTY-
YCHHBIX HaMH, a TaK)Ke paHee M3BeCTHBIX coemuHenuii CatnTCHalg ¢ pasnuyHbIME KaTHO-
Hamu. [lokazaHo, 4To TepMUYeCcKas CTAOMILHOCTh COSIMHEHU 00yCIIOBIIEHA TOIBKO CBOM-
CTBaMH OPTraHMYECKOr0 KaTUOHA U HE 3aBUCUT OT IPUPO/IbI TaJIOreHa. Y CTAaHOBJIEHBI ITPEI-
TmoylaraeMble CTaauy mpouecca Tepmosnsa annona TcHalg? ™, cOmpoBOXAAIOIIErOCs BOCCTA-
HOBJICHHEM TexHerus: M — M*™ — M — M,


mailto:zagidullink@yandex.ru

Puc. 1. Acummempuunvie eOuHuYbl NOTYUEHHBIX COCOUHEHUI.

PaGora BeimonHeHa npu puHAHCOBOM noanepxke rpanta PH® No 23-73-01068.



I'a/I0reHOAaHTUMOHATHI Le3Hsi: TBepPAble PACTBOPbI

U (POTOIOMUHECHEHTHBIC CBOMCTBA B CUCTEME
CsBr-CuBr-SbhBr;

H6poxumoB M.M., Kamunos P.X., I'puropseBa A.B.

Mockosckuii 2cocyoapcmeennwiil ynueepcumem umenu M.B.Jlomonocosa,
¢axkynremem nayk o mamepuanax, Mockea, Poccus

ibrohimov-00@bk.ru

B cucreme CsBr-CuBr wusBectnsl Tpu coegunenus: CS,CuBr;, CsCu,Br; u
CsCuigBry. ®@aza CsCuigBry HecTabmipbHa MpU KOMHATHOM TEMITEpAType U pacnagaeTcs Ha
v-CuBr u CsCu,Brs. M3BectHo, uto ramoreHkynpathi(l) me3us CsCuxXs u Cs3CuXs mep-
CIIEKTUBHBI IJ1s co37anus (GOoToAaTUUKOB B OmkHeM Y D-auanazone Oyiarogapsi BHICOKOU
MOIBMYKHOCTH HOCHUTEJICH 3apsiia M BRICOKMM 3HAYEHUSIM BPEMEHH JKM3HU HEPABHOBECHBIX
Hocutenel 3apsana [1]. B padote [1] co3nanbl ruOkue GoTOAETEKTOPHI HA OCHOBE IaJOTeH-
KYIIPAaTOB C MCIOJIb30BAaHUEM LIEIIII0JI03HOTO HOCUTe . [lomydeHHble (OTOIETEKTOPHI Je-
MOHCTPHUPYIOT BBICOKYIO (POTOCEIEKTUBHOCTh M (POTOCTAOMIIBHOCTH MPHU OOJyYEeHHUH Ha
JUTMHaX BOJIH 254 uM, 365 aM u 405 HM.

N3 nutepatypsl [2] u3BECTHO, UTO (POTOJETEKTOPBI MOTYT OBITh CO3JaHbl U HA MOHO-
KpUCTaJIax cTadmibHOro OpomantuMonara CszShoBrg Ilpu cTraHmapTHBIX yCIIOBUSAX OHU
00J1aJ1at0T MPUEMJIEMBIMH XapaKTePUCTUKAMH YyBCTBUTEIHBHOCTH, OTHOCUTEIHLHO BHICOKHM
3HAQYEHUEM BHEIIHOTO KBAaHTOTO BbIX0J]a, ObIcTpas BpeMs gotooTkinka <0,2 mc. [lejabio
HAYYHO-MCCJIeI0BATEIbCKO padoThl sBisercs Cunres daszpr Cs,CuSbhBrs , uzyuenue da-
30BBIX IpeBpalieHuii B TpoitHoii cucreme CSBr-CuBr-SbhBr; u uccinenoBanme ux OnTHYE-
CKHX U (DOTOJTFOMHHECIICHTHBIX CBOMCTB.

B xone nanHoii paboThl OBUT IPOU3BEIEH CHHTE3 U aHAJIU3 CIIEKTPOB (poTOMFOMHUHEC-
IICHIIMY CJIOKHBIX TaJIOTeHUIOB B TpoiiHOM crcteMe CsBr-CuBr-ShBrs, (pazpe3 CsCu,Brs-
Cs3Sh,Brg) u 06pasmos ouHapHoii cuctemsl CuBr-SbBrs.

TBepaodaszuslii u retepoda3Hblii aMITyIbHBIA CUHTE3 UCTIOIB30BAJICS B KAUY€CTBE OC-
HOBHBIX IOJXO0JIOB MPU CHUHTE3€ KOMITO3ULIUN JABOWHBIX MEPOBCKUTOB, OMHAPHBIX OpOMHU-
JIOB, @ TAK)KE€ MPHU UCCIEAOBAHNHU PA3TUYHBIX OMHAPHBIX YYACTKOB B COCTABE 3TUX TPOMHBIX
cucteM [3].

[Tokazano, uro mpu 293K mmst cepum oOpasioB aBoiHOW cuctembl CSCu,Brs-
Cs3Sh,Brg xapakrepro nanuuue apyx nmuko ®JIC: nmpu 400 uM u npu 508 HM, 4TO MOXKET
COOTBETCTBOBATH (hoTomoMunecteHimu a3 Cs3Sh,Brg, CsCu,Br; u CuBr. Ilpu 77K moJo-
YKEHHUE MEePBOro MAaKCMMyMa MPAKTUUECKHU HE U3MEHSETCS, BTOPOM MaKCUMYM HabJt0/1aeTcs
npu 535 M. CornacHo JIUTEPAaTypHBIM JTaHHBIM, MAaKCUMyM 535 HM coorBeTcTBYeT DJI



daszer Cs3ShyBro. aTeHcHBHBIN MakcuMmyM pu 750 HM, BEPOSITHO, HE XapaKTepHU3yeT Ma-
TEpHaIbl, a IBJSETCS CIEACTBHEM KpaeBbiX 3(pdexToB. [losBneHue B ciekTpe oOpasia x =
0.97 makcumyma nipu 430 HM 111 00pasiia MOKET COOTBETCTBOBAThH pumMecH ¢asbl CUBT.

JlaHHBIE (OTOOMUHECIIEHTHON criekTpockonuu B cucteme CuBr-SbBr; coorset-
CTBYIOT IIPEICTABIICHUM O JIBYX(a3HOCTH MOJYyYCHHBIX 00pa3oB. MakcuMyM (pOTOFOMU-
HecueHiuu s gaszpl CuBr Habmogaetcs npu 440 HM, 11 da3el SbBrs3 mmupokuii Mmakcu-
MyM pu 390 HM.

Pabota BrInonHeHa npu noanaepxkke Poccuiickoro HaydHoro ¢onaa (mpoekt No 22-
23-00585)
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OnHYUM U3 IEPCHIEKTUBHBIX HANPABIECHUN COBPEMEHHOM HEOPTraHUYECKOW XUMHUH SIB-
asitorest 2D-maTtepuansl, o0agaonme YHUKAIbHBIMU (PU3MUYECKUMHU CBOMCTBAMHU OTHOCH-
TEJIHHO CBOMX 00BbEMHBIX aHaIOTOB. ToJibko B 2017 roy BriepBbIe Ya10Ch CHHTE3UPOBAThH
NByXMepHbIN peppomarnetuk [1]. JlaHHBIN Ki1acC COEMHEHUIM MOTEHIIMAIBHO UMEET IIH-
POKYIO 00JacTh MPUMEHEHUS B CIMHTPOHHMKE, OJHAKO HA JIAaHHBIM MOMEHT OHA CHJIBHO
OTpaHMYC€HA HU3KUMU TeMiieparypaMu Kiopu u HeyCTOMUYMBOCTHIO MHOTHUX COCIMHEHUHN Ha
BO3JIyXE.

B nanHoii paboTe cHHTE3MpOBaHbI clIouCThIe coequHenus FeAlLS, n FeAl,Ses, ompe-
JI€JIEHbI X KPUCTAJUIMYECKas U pealibHasi CTPYKTYpa, U3yUYeHbl MAarHUTHBIE CBOMCTBA. biia-
rojaps Hanuuuio Ban-nep-BaanbcoBbIx mmieneil BO3MOXHO MOTYy4YeHUE MOHOCIIOEB U3 00b-
E€MHBIX KpPUCTAJUIOB MTyTEM MPOCTON MEXaHUUYECKON IKChoTuaIuu.

AMIyabHBIM TBEpAOQA3HBIA CUHTE3 000MX 00pa3LOB U3 MPOCTHIX BEIIECTB MPOXO-
nun ipu 900°C B 1Be cTaaunu, Kaxkaas coctabisuia 5 qaeid. Pentrenoda3oBblii aHAIU3 TOI-
TBEpAWI OJJHO(PA3HOCTh coeMHEeHNI. NHaIumpoBaHue MO3BOIMIO ONPENETUTh MapaMeTphbl
KpHUCTaTNYeCKOH permérku (tadu 1.).

Taobn. 1. Kpucmannoepaguueckue napamempor FeAl,S, u FeAl,Ses, yemanosnennvie
10 OAHHBIM NOPOULKOBOU PEHM2EHOBCKOU OUDPaAKYULL.

CoenuHeHue IIp. rpynmna a[A] c[A]
FeAl,S, P3m1 3.65494(7) 12.0582(3)
FeAlSe, P3mL 3.83042(4) 12.7576(2)

[TomMuMoO 3TOTO, OBIIIO MPOBEJICHO YTOUHEHUE CTPYKTYPHI, IIO3BOJIMBIIIEE YCTAHOBUTH
COBMECTHYIO 3aCEJICHHOCTD MTO3UIINA aTOMaMH KeJIe3a U aTFOMHUHMS, KOTOPYIO MOKHO BBI-
pazuth popmymoit: M1 = 0.422(9)Fe + 0.578(9)Al; M2 = 0.289(4)Fe + 0.711(4)Al nnsa
FeAl,S; u M1” = 0.59(1)Fe + 0.41Al; M2’ = 0.206Fe + 0.794(5)Al nnsa FeAl,Ses, rae


mailto:kanibolotskiya@list.ru

M1 u M1’ — okrasgpuueckue, a M2 u M2’ — TeTpasapuueckue NO3ULUUU. DTH TaHHbBIE
OBLITM TIOTBEPKIACHBI MECCOAYIPOBCKON CIIEKTPOCKOTHUEH.

MeTo0M XMMHUYECKOTO TPAaHCHOpTa OBLIM MOJYYeHBI MOHOKpHUCTaUibl. Temmepa-
Typa ropstueit 30861 coctabisia 850°C, xonogHoit — 800°C. CuHTE3 OCYIIECTBISICS B Te-
yenue 14 nHeil. JIokanbHBI PEeHTIE€HOCTIEKTPANIbHBIA aHAU3 TOKa3ajl paBHOMEPHOE pac-
npezesieHHe AIEMEHTOB 10 OBEPXHOCTH U MOATBEPANI MIPENOoIaracMblii COCTaB.

Kpucrannsl cenenuaa ObIIM U3Y4EHBI C TOMOLIBIO MPOCBEUNBAIOIIEH 3JIEKTPOHHOM
MUKpockonuu. OKa3ajaoch, 4TO OHM MMEIOT MPEHMYIIECTBEHHYI0 opueHTauuto [001] u
CKJIOHHOCTH K 3aru0aHuio 1mo KpasM. J[aHHBII METOJ CMOT MOATBEPIUTH TPUTOHATIHHYIO
CUMMETPHIO CTPYKTYPBI U MOATBEPAUTH PE3YIbTaThl HHIULIUPOBAHUS.

N3ydeHpl MarHUTHBIE CBOMCTBA MOJIMKPUCTATUTMYECKOTO U MOHOKPUCTALITAYECKOTO
obpasia FeAl»S,. Temneparypa Kropu cocrasmnsier 8.6 K. JIuHus MarHuTHOTO rucrepesuca
Huxe 10 K (puc. 1) cBunerenscTByeT 0 heppoMarHuTHOM MPUPOJIE TaHHOTO oOpasia. Tem-
neparypa Beiica paBusiercs —187(1) K. D¢ dekTuBHBII MarHUTHBIMT MOMEHT COCTaBIISIET
4.93(1) uB/Fe, 4T0 MOJHOCTBIO COTIIACYETCS C JIUTEPATYPHBIMU JAHHBIMHU IS MATHUTHOTO
MOMEHTA JBYX3apsAITHOTO KATHOHA JKeJe3a.
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Puc. 5. Cnesa: macHummas 60CnpUUMYUE0CMb HOTUKPUCTNATTUYECKO20 U MOHO-
kpucmaniudeckoeo FeAlSs, usmepennasn 6 macnumuom none 10 mTn. Cnpaesa: namae-
HUueHHocms noaukpucmainna FeAlSs, usmepennas npu pasnvix memnepamypax.

Coenunenne FeAl,Ses okazanock mapamersHeTkoM npu Temreparype Boie 12 K.
O¢ddexTuHbI MarHuTHBIN MOMEHT: 4.99(2) uB/Fe, Temneparypa Beiica: -192(2) K.

PaboTa BrimonHeHa npu noaaepxkke Poccuiickoro Hayunoro ¢onnaa, rpant Ne 21-
73-10019.

[1] B. Huang, G. Clark, E. N. Moratalla, D. R. Klein, R. Cheng, K. L. Seyler, D. Zhong, E. Schmidgall,
M. A. McGuire, D. H. Cobden, W. Yao, D. Xiao, P. Jarillo-Herrero and X. Xu, Nature. 2017, 546, 270—
273.




HoBblii npeacraBuTeib ceMelicTBa rekcadoparoB: AgsBsO10Br

Kupees B.E.'3, Bonkos C.H.3, Yapkun J1.0.2%, Axcenos C.M.®

1 @Daxynvmem Hayk o mamepuanax MI'Y umenu M.B. Jlomonocosa, 119234, Mockea, Poc-
cus,
2 Xumuueckuii paxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockeéa, Poccus,
3 Jlabopamopus apkmuueckoii Munepano2uu u mamepuanogedenus Koibcko2o nayunozo
yenmpa Poccuiickoil akademuu Hayk, Anamumer 184209, Poccus,

Kvad2000@yandex.ru

Bbopatsl, 6i1aroapsi COBOKYIMHOCTA CBOMX CBOWMCTB, TEPMOJIUHAMUYECKOU yCTOWYH-
BOCTH, IIUPOKOMY JIMANA30HY ONTHUYECKOM MPO3PAYHOCTH, HAXOASAT CBOE MIPUMEHEHHUE BO
MHOTHX o0nacTsax. Kpome Toro, atu coenvHenus o0iagaroT Haubosee MUPOKUMHU Auarna-
30HAMHU OINTHYECKON MPO3PAYHOCTU MO CPABHEHUIO C JAPYTUMHU KJIACCAMH COEAUHEHHUM.
Y4uThiBas aCHMMETPUYHYIO CMEIIAaHHO-JIMTaHIHYI0 KOOPAUHAIINIO KaTHOHOB cepedpa, He-
YAUBUTEIIBHO, YTO OHHM JEMOHCTPUPYIOT CHUJIIBHO aHTapMOHUYHBIE TEIJIOBBIE KOJIEOaHUSI.
[Iupokwue uccnenoBanus cemerictea M3BsO10X, M = Na, Ag, K, Rb; X =Cl, Br, I, NO3 [1]
IPUBEIN K OTKPBITHIO OOJIBLIOTO YKCIia HOBBIX 0OPaTOB, B TOM YHCIIE€ 00JIaJal0IIUX XOPO-
MMM HEJIMHEHHO-ONTHYECKUMHU CBoMcTBaMH, Takux Kak K3BgO19Cl. Hamu ObL1 noydueH
HOBBIN MpeACTaBUTEb JaHHOTO cemeiicTBa, AQsBsO10Br [2], o koTopoM m molaeT peus B
JaHHOM pabore.

Crpykrypa AgsBsO10Br (puc. 1) o6pa3oBana B3auMOMPOHUKAIOUTUMH OOPOKHUCIIO-
POIHBIM KapkacoMm u3 rekcabopaTtHsix rpynm BsO13 1 Ag-Br kapkacom u3 monmdapos BrAge
(2.731-4.010 A), koTOpbIEe MOKHO ONIMCATH KAK HEMPABUILHbIE CEMUBEPIIMHHBIE TOIUIIPbI
C IByMsI YaCTHYHO 3aCeJICHHBIMHU TMO3UIUSAMHU aToMOB cepedpa (Ag4). CHilbHO BhIpakeH-
HBI aHTAPMOHHU3M B HEM, CKOPEE BCET0, UMEET KaK TMHAMUYECKOE, TaK U CTATUYECKOE MPO-
ucxoxaenue. Hekoropelie mo3uiuu cepedpa XapaKTepu3yrTcsi 0O4eHb BEICOKUMHU KOd(h(u-
[IUEHTAMU aHTapMOHHU3MA.
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Puc. 1. Kpucmannuuecxkas cmpykmypa AgsBsO10Br: (a) mpoekmus ab, (b) the 6opo-
KHCIOpOHbIH Kapkac [BgO10]%, u (¢, d) kapkaca [AgsBr]?*.

PaGora BeImonHeHa npu puHAHCOBOM noanepxke rpanta PH® Ne 23-73-10078.

[1] M. Mutailipu, K.R. Poeppelmeier, S. Pan, Borates: A Rich Source for Optical Materials, Chem Rev.
121 (2021) 1130-1202. https://doi.org/10.1021/acs.chemrev.0c00796.

[2] Sergey N. Volkov, Dmitri O. Charkin, Vadim E. Kireev, Valery L. Ugolkov, Maria G.
Krzhizhanovskaya, Nikita S. Tsvetov, Yulia A. Vaitieva, Sergey M. Aksenov, Rimma S. Bubnova. Solid
State Sciences 145 (2023) 107311.



Binsinue coctaBa miaBHei u nopomkoB Al,O3z-NaF-AlF Ha
CTPYKTYPY SMHCCHOHHBIX CIIEKTPOB IJIa3Mbl, (hopMHPYIOLIIETicst
NPH JIa3epHOH a0IAun

Kysuenos A.1.%, Tlonos A.M.}, IIponenxko I1.B.!

Y Xumuueckuii paxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus,

kuznetsovai@my.msu.ru

[IpoGiema ompenenenus coaepskanus okcuna amomuuus (AlO3) B pacruiaBax
NaF-AlF; mpu pa3nmuuHbIX 3HaUYeHUSX KpronuToBoro otHomeHus KO=NaF/AlF; sBs-
€TCsl aKTyaJIbHOM 3a7aueii, BOSHUKAIOIIEH MPU MPOMBIIIJICHHOM MOJYyYeHUU aTFOMUHUSL.
JlazepHo-uckpoBas amuccuonHas cnekrpockonusi (JIMDC) sBiseTcss nepcrneKTUBHBIM
METOJ/IOM KaK KaueCTBEHHOTO OOHAPYKEHHUsI KOMIIOHEHTOB, TaK U KOJIMYECTBEHHOTO aHa-
au3a. B 3ToM MeTo/ie MMITyIbCHOE J1a3epHOe M3ITydeHHe (POKYCHPYIOT Ha MMOBEPXHOCTh
oOpasia sl oJy4eHUsl TJIa3Mbl, B KOTOPYIO HCHapseTcsl Majioe KOJUYeCTBO oOpasia
(mopsimka 10 Hr). CrieKTpbl UCITyCKaHUS 3TOM MJIa3Mbl MOYKHO HCIOJB30BaTh JIJIsl TPOBE-
JICHUSI KAYECTBEHHOTO M KOJMYECTBEHHOro aHanu3a. Oanako mpoodiemoit JINIC sBs-
€TCS TIONCK CIIEKTPAIBHO YUCTHIX MTMKOB, C MUHUMAIBHBIM SIBJICHHEM CaMOIIOTJIOIICHHMSI.
[ToaTomy 1eabio paboThl OBLIO M3yueHHE BiHsIHKS cocTaBa miaBHer Al,Os-NaF-AlF na
CTPYKTYPY SMHUCCHOHHBIX CITEKTPOB TIa3Mbl, (POPMUPYIOIICHCS TpH Ja3epHOM aOIsAIuH.

JUist fOoCTHKEHUE MOCTaBICHHOM 1eIM ObUTM MPUTOTOBIIEHBI TECTOBBIN HabOp 00-
Pa3IoB, MPEICTABISAIOMNX COO0M cMecHu KpuosnTa ¢ rHo3eMoM ¢ KO=1,7, u coaepxka-
e 0 — 5 % (macc.) Al,O3 u ocHOBHOM HabOp 00pa3IoB ¢ nepeMeHHbIM 3HaYeHnem KO.
TouHble HABECKU KPUOJINTA, OKCUIA aJIIOMUHUSA, (TOPUIOB HATPUs U aJIFOMUHUS TIOMe-
1any B TpaduTOBbIE TUIJIM, HAIPEBAIHU 10 TEOPETUUYECKON TeMIepaTypbl IUIaBICHUS C
neperpesoM B 100 °C B teuennn 30 MuHyT. Il1aBHM 3akaiMBaiii HA BO31yX€, U3MEIIb-
YaJid, TOMOTEHU3UPOBAJIM, MOPOIIKH 3alpeccOoBaId B CTaJbHBIC IMIaiObl. YcpenHeHue
npoBoauiIH 110 50 ciekTpam, MoCae0BATEIbHO MOTYYEHHBIM B Pa3HbIX TOUKAX MOBEPX-
HocTH. [locie n3ydeHus: SJMHUCCUOHHBIX CIIEKTPOB ObLIM OOHAPYKEHBI HECKOIBKO CIIEK-
TpaJIbHBIX JIMANA30HOB, B KOTOPBIX MPOBOAMIA HCCIEAOBAHHE BPEMEHHOW 3BOIIOLUU
criektpoB: Al I (Hepe3oHaHCHBIN MyIbTUILIET BOIU3U 306 HM), MOHOOKCHIA aTFOMUHUS
AlO (cexBennus 0-0 3enenoit cuctems 486 Hm), Na I (Hepe3oHaHCHBIH ay0seT 616 HM).
bbun nogoOpaHbl ONTUMAIbHBIE YCIOBUS PETHCTPALIMA YMUCCUOHHBIX CIIEKTPOB ((PoKy-
CUpPOBKa, BpeMsi HabmoaeHus1). bbla u3yueHa BpeMeHHas 3BOJIOIUS MHTEHCUBHOCTEH
muHui atomoB Na, Al u monekyinsl AlO, a Takke UX 3aBUCUMOCTH OT MPOIEHTHOTO CO-
neprxanus okcunaa amomunus (Al1203) u apyrux 106aBok kak mnpu gpukcupoBanHom KO
paciuiaBa 3JeKTpOJUTa (TeCTOBBIA HA0Op), Tak M Mpu BapbupyemoM 3Hauennu KO (oc-
HOBHOM HaboD).

B pesynbrare paboTsl Oblia 0OHApYyKEeHA 3aBUCUMOCTh WHTEHCUBHOCTEH IHKOB,
OT cojiepkaHus 3aeMeHToB B cMmecH. Jlns mukoB Na m Al 3aBucHMOCTh TUHEHHAS, U


mailto:kuznetsovai@my.msu.ru

MaTpuIla ciiabo BIUSET Ha CHEKTphl. OHAKO MHTEHCHBHOCTH MOJEKYJSPHOM MOJIOCHI
AlO nmeer ClIO)KHYIO 3aBHCUMOCTB OT COCTaBa 00pPasIIoB.



®a3pl cTpykTypHbIX THIOB KoPtCls 1 Y4PdGai, B cucreme Sm-
Mn-Ga(Ge)
Kynpay A.H. !, Xananns P. A. 1, Bepuenko B. [0. !, Illesenskos A.B.!
L Xumuueckui gaxynomem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus,
alexanderkulchu@gmail.com

da3wl BHeApenus Ha ocHoBe RGas (R = Th-Lu) crpykryproro tunma AuCus — uHTe-
pecHBIE OOBEKTHI JIJIS UCCIICIOBAHMS BIUSHUE TOCTEBOTO aToMa Ha (PU3NYECKUE CBOIMCTBA
o0Opa3yrommxcsi CoeMHeHUI. BBeieHre mepexoHoro MeTaia MOKeT BIUSATh Ha MarHUT-
HOE YITOPSIOUCHUE MOIPEIICTKH PEIKO3EMEIBHOTO AJIeMEHTA [ 1], MPUBOAUTH K TOSIBIICHUIO
s (dexTa TITaHTCKOTO MarHETOCOMPOTUBIICHUS [2] Wi (HOPMHUPOBAHUIO ABYX MarHUTOAK-
TUBHBIX TIOJICUCTEM, YTO HaOIoaeTes B cirydae a3 ¢ Mn [3].

B nanHoit pabote ObIIM CHHTE3UPOBAHBI MOHOKPHCTAJUIBI HOBBIX a3 SMyMn;.xGas.
yGey (X ~0.1-0.3, y ~ 0.6-1.0) u SmsMnGay2yGey (y ~ 3.0-3.5), ycTaHOBIIEHBI HX KpHCTAI-
JMYECKUE CTPYKTYPHI M HMCCIICIOBAHBI MAarHUTHBIC CBOWCTBA. MOHOKPHCTAIIIBI IIEIEBBIX
¢da3 BeIpaMBAIA U3 PacIlaBa ¢ MCIOJb30BaHUEM HM30BITKA TAJUTHS B KadecTBe QuIroca.
CuHTe3 TPOBOJIWIM MO CTAaHAAPTHON aMITyJIbHOM METOJIUKE. AMITYJIbl OTKHUTAIU TPHU
1000°C ¢ nmocaenyromuM MeaieHHoM oxiaxaeaueM 10 600°C, Beigepxkkoit mpu 600°C u
3aKajsuIi B BOJIC.

Momnokpucramiel SmyMn;GagyGey (X ~ 0.1-0.3, y ~ 0.6-1.0) u SmsMnGay2.,Gey (Y
~ 3.0-3.5) MoryT OBITh MOJy4EHBI TOJBKO MpHU Hanuuuu GE B UCXOJHON CMecH, IpUuueM
mainoe cogepxanue Ge cnocodcTByeT 0bpazoBanuto ¢azsl SmyMni,Gas.yGey, a ero yBenu-
YeHUE B UCXOAHOM cMecH BeJleT K cTabmimzanuu ¢pazel SMsMnGayp.yGey. CornacHo pe3yiib-
TaTaM PEHTI€HOCTPYKTYpHOTrO aHanu3a, SmMoMn;.,Gas.yGey MoxxHO popManbHO onucath B
pamkax crpykrypnoro tuna KoPtClg (Fm3m, a~8.71 A), a SmyMnGaj2,Gey — B cTpyKTyp-
nom Tune Y4PdGas, (Im3m, a ~ 8.65 A). Kpucrannudeckue CTpyKTypsl 00eux (a3 ImoXoxKH
1 00pa3oBaHbI 3a cUeT BHeApeHUs aToMoB MN B okTasnpudeckue myctoTel Gas. B cimydae
SmyMn;.«Gas,Gey npakTruecku Kaxapiidi Bropoid oktasap (Ga,Ge)s 3amonnsiercss Mn, 06-
pa3ys rpaHelleHTPUPOBAHHYIO KyOMUECKYIO PEIIeTKy, B TO Bpems kak B SmasMnGay,.yGey
aToMbl MN BHEAPSIOTCS B KaxKbIi YyeTBepThIN okTadap (Ga,Ge)s, popmupyst 00beMHO-11eH-
TPUPOBAHHYO KyOHuecKyto pemeTky. Hamnuue Bakancuit Mn B SmyMn;.Gas.yGey (X = 0.3,
y = 0.9) npuBoauT K cMmemeHnto dactd atomMoB Ga/Ge u3 MCXOMHOIO IOJIOKEHHS II0
HaIpaBJICHUIO K MyCTOM Mo3ulinu. JlaHHOE CMeIIeHre MOYKHO HA0JII01aTh Ha KapTaxX dJIeK-

TPOHHOH IJIOTHOCTH, KOTOpast UIMEET BBITSIHYTYIO TPYIICBUAHYIO (GOpMy B paiioHe aroma
Ga/Ge (puc. 1).

E Mn
(Ga/Ge) -

Puc. 1. Kapra snextponHo# mi1oTHOCTH Bo3jie atoma Mn nipu z = 0.5,



WccnepoBanre MarHUTHBIX CBOMCTB MOKa3aj10, 4To 00€ (pa3bl AEMOHCTPUPYIOT HAJHU-
yue ABYX MarHUTHBIX mojacucteM: Mn u Sm, kaxkjast U3 KOTOPBIX UCIIBITHIBAET eppomar-
HUTHOE YIIOPsII0YeHHE, MPUYEM MopelieTka SM npu 6oJiee HU3KUX TeMriepatypax. boiee
BbICOKHE TemriepaTypbl Kiopu miist SmyMng 7Gas 1Geog (Ter = 318 K, Tz = 280 K) B cpas-
Henun ¢ SMyMnGageGess (Tcr = 143 K, Tez = 50 K) cBsi3aHo ¢ 00JIBIIAM COJIEpIKaHUEM
Mn B ¢aze, uTo mpuBoAUT K OoJee CHIbHOMY B3auMmojeicTBui0 Mn-Mn u BriusHUIO Ha
noapemnietky Sm (puc. 2). KospuuruBHas cuia, Hao00poT, Oojiee SBHO BBIpAXKEHA B
SmsMnGagsGes 4, uTO 00YCITOBICHO BBICOKON MarHUTOKPHUCTAIMYECKONW aHU3OTPOIHUEH
Sm (},L()Hc =230 mT s Sm4MnGag,GGe3_4 u },loHc =6.5 MT ma szMnojGas,lGeo,g).
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Puc. 2. TemnepartypHbie 3aBUCUMOCTA MArHUTHOM BOCTIPUMMYHUBOCTH JIJIS
szMno,7Ga5,1Geo_g )51 Sm4MnGa8,eGeg,4.

Pabora BeimonHeHa pu (puHaHCOBOM Moaaepkke rpanta PH® Ne 22-13-00006.

[1] Slater, B. R.; Bie, H.; Stoyko, S. S.; Bauer, E. D.; Thompson, J. D.; Mar, A. Rare Earth Chromium
Gallides RE4CrGai, (RE = Tb—Tm). Journal of Solid State of Chemistry 196 (2012) 409-415.

[2] Williams, W. M.; Moldovan, M.; Young, D. P.; Chan, J. Y. Synthesis, Structure, and Magnetism of
ThsPdGaz2 and ThsPtGai Journal of Solid State of Chemistry 178 (2005) 52-57.

[3] Kulchu, A.N.; Khalaniya, R. A.; Mironov, A. V.; Khrykina, O. N.; Verchenko, V. Yu.;
Stern, R.; Shevelkov, A. V. Impact of Ge doping on structural and magnetic ordering in RMnxGaz and
RaMn1xGaiyGey (R = Th, Dy; x <0.25, y = 1.0-3.3). Inorganic Chemistry 62 (2023) 13348-13361.



HoBble 0orarblie rajjanem HMHTECPMCECTAJINABI B CHCTEMAX
M-Ni-Ga (M = Ti, Zr)

Jlykauesa C.M.!, 3axaposa E.JO.!, Maxanésa A .JO.!, Kazaxkos C.M.%,
Banapy A.M.}, JIeicenko K.A., Kysnenos A.H. !

Y Xumuueckuii paxynomem MI'Y umenu M.B. Jlomonocoea, 119991, Mockea, Poccus

sofiia.lukacheva@chemistry.msu.ru

B cucremax M-Ni-Ga (M = Ti, Zr) nmosydeHbl MOHOKPUCTAUIBI IBYX HHTEPMETAILIH-
noB: Ti;NizGag u ZrNijy gsGas. O6a ramimaa OblId CHHTE3UPOBAHHBI METOJIOM BBICOKOTEM-
nepaTypHOro aMITyJIbHOTO CHHTE3a U3 M30bITKA rajuIHs.

PentrenoctpykrypHsiii ananus (audpaxrometp Bruker d8 quest, uznydenne MoKa)
nokasai, uto TipNisGag kpuctammsyercst B mp. rp. Cmmm ¢ nmapamerpamu a = 8.1338(9)
A b=12.3552(14) 4, c = 4.0535(5) A, Z = 2 (R, = 0.0490, wR, = 0.1265, GoF = 1.088).
CocTtaB mMHTEpMETAIIUAA MOATBEPKIAEH METOAOM JIOKAJIBHOTO PEHTIE€HOCIEKTPAILHOIO
MUKpOaHaiu3a (CKaHupyroumil 35ekTpoHHbli Mukpockon JSM JEOL 6490 LV). Takxe u3
IPOCTBIX BEIIECTB CHHTE3UPOBaH NoJIMKpUcTaumueckuii oopasen TiaNisGag. Kpucramm-
YecKas CTPYKTypa 3TOr0 COEIMHEHUS MOATBEPkKACHA MO JAHHBIM MMOPOIIKOBOU TU(paKInu.

Ti,NizGag (puc. 1a) kpuctamumszyeTcsi B COOCTBEHHOM CTPYKTYPHBIM THIE. Ero crpo-
€HUE MOXKHO MPEACTaBUTh B BUE CIOUCTON yaKOBKH MOJUA3APOB. B mepBom ciioe pacno-
JI0KEHBI HCKKEHHBIC KyOOOKTadIphl, KOTOphIe cocTosT n3 aroMoB Ga u Ni Bokpyr atoma
Ti, oHU CBs3aHBI MEXKIY CO00# 00IIeH rpaHblo. Bo BTOpOM Cll0e HAXOIATCS MCKaXKEHHBIC
KBaJ[paTHBIC MPU3MbI 13 aTOMOB Ga Bokpyr aroma Ni, KOTOpbIe TaKKe CBA3aHbI APYT C IPY-
roM o0muMH rpaHsiMu. TpeTuit ciioi aHAJIOTHYEH MEPBOMY CO CABUTOM OTHOCHUTEIEHO OCH
a Ha Y5. UeTBEPTHIiL CIION MOBTOPSIET BTOPOIl, HO € MOBOpOTOM Ha 180°.

Jlauubnii uHTepMeTaTUA uMeeT cxoactBo ¢ TINiIGas (ctpykrypubiii T HoCoGas
[1]), 3a Tem HCKITFOUEHUEM, YTO B HCKAKEHHBIX KyOOOKTa3Ipax OJHY M3 MO3UIUI 3aHUMAaEeT
HE TaJUIvii, a HUKEIb.

ZrNiy 0sGas kpucrammusyercs B uzBectHoM crpykrypHom turie ZrNiAls [2] (puc.
16): mp. rp 14mm, a = 3.9806(1) A, ¢ =14.2058(9) 4, Z = 2 (R, = 0.0268, wR, = 0.0817,
GoF = 0.963). OH ToX¢ MOKET ObITh MPEJCTABIICH B BHJIE CJIOCB U3 Pa3HBIX MOJUIIPOB. B
MIEPBOM CJIOE PACTIOTIOKEHBI KBaIpaTHBIE MPU3MBI, COCTOSIIINE U3 aTOMOB Ga BOKpYT aToMa
Ni, coequHEHHBIC IPYT ¢ APYroM OOIIMMHU TpaHsIMH. B ciieayrolem cioe HaxoasaTcst Ky0o-
oKTa’ApbI u3 atoMoB Ga BOkpyT atoma ZI. TpeTuii coil MOBTOPSET NEPBBIiA, a B Y4ETBEPTOM
KyOOOKTadIphbl CMEIICHBI Ha %2 110 OCH & ¥ Ha %2 1o ocH b.
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Puc. 1. Kpucranauueckue cTrpyktypbl Ti2NizGay (a), ZrNirosGaS (0).

B nannoii paboTte Takxke 0XapaKTepru30BaHO JIEKTPOHHOE CTPOEHHUE MOTYYEHHBIX CO-
eMHEHUN U XUMHUYECKasi CBA3b B HUX. KBAHTOBOXMMHUYECKHE PACUEThI 30HHOU CTPYKTYPbI
MIPOBOJMIINCH Ha YpoBHE Teopun GyHKinoHana mwiotHoctu (DFT) ¢ ucnons3oBanuem me-
Toza ncesnonoTeHnuanoB (PAW).

PaboTa BrimonHeHa npu noanaepxke POOU u Hemerkoro HaydHO-HCCIEA0BATEINb-
ckoro obmiectBa (rpant 21-53-12015 HHUO a).

[1] Belyavina N.N., Markiv V.Y.: Investigation of the Crystal Structure of the ScCoGas, Sc.CoGag Com-
pounds and its Analogues. Visnik Kiivs'’kogo Universitetu, Seriya Fiziki 21 (1980) 15-17

[2] Khan A.U., Bursik J., Grytsiv A.V., Pomjakushin V.Y, Effenberger H.S., Rogl P.: Crystal structure of
15-TiNi>—xAls (x= 0.48) and isotypic (Zr,Hf)Ni>-<Als-y. Intermetallics 19 (2011) 1340-1347



CuHTEe3, KPUCTALJINYECKOe CTPOEHHE M CBOMCTBA CJI0KHBIX IIe-
poBckutoB AEV1,W,03 (AE=Ca, Sr)

MassimeBa A.E.}, Uctomun C.5.Y, Boaramuu A.W.Y, OBuenkoB E.A.?, Bonkosa O.C.2,
dénoposa A.A.L, Moposos 1.B.!
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Cnoxubie mepoBckuThl coctaBa MB1.xB'xOs, (M-menounoid, 13- wim P3- anemenr,
B u B’ — d-anemenTsI) 1, B 0COOCHHOCTH, ABOWHBIC TEPOBCKUTHI (X=0.5) ¢ ynopsioueHHbIM
yepenoBaHreM aToMoB B 1 B’, Ha IpoTsHKeHUH MHOTHX JIET PUBJICKAIOT BHUMAHHUE UCCIIe-
noBatesiel Oyarogapsi CBOMM TEPCHEKTHUBHBIM (DYHKIIMOHAIBHBIM cBoiicTBam [1]. Llens
JaHHOU paOOTHI COCTOSIA B CUHTE3€, UCCIEI0BAHUU KPUCTAIUIMYECKOTO CTPOEHUS M HEKO-
TOPBIX CBOWCTB CJIOKHBIX IIEPOBCKUTOB Ha OCHOBE BaHA/IaTOB C YaCTUYHBIM 3aMEIIEHUEM
BaHazaus Ha Bonbppam AEV 1 W03 (AE=Ca, Sr, x=0 — 0.5). CBeieHHs 0 TaKHX IICPOBCKH-
Tax B JIUTEPAType OTCYTCTBYIOT, IIPH 3TOM TEOPETUUECKUN pacueT MpeICcKa3bIBaeT IJIs
IBOMHBIX IepoBCcKUTOB (X=0.5) cBOMCTBA N30MsTOpa C aHTH(HEPPOMATHUTHBIM YITOPSIIOUe-
HUeM [2].

OGpa3ipl OBLTM CUHTE3UPOBAHBI C MPUMEHEHHEM IUTPATHOTO METO]1a, TO3BOJISIO-
IIEro A00UTHCS BHICOKOW CTEMEHU TOMOTE€HU3AIMA KOMIIOHEHTOB IIPU OTHOCUTEIBHO HU3-
kux Temrneparypax. Oxcun Banaaus (V) u napaBojbpamaT aMMOHUSL pacTBOPSUIH MO OT-
JETBLHOCTH TIPU HEOOJIBIIIOM HAarpeBaHUM B BOJHOM PAacTBOPE JTUMOHHON KHMCIIOTHI, TIOCIIE
Yero pacTBOPHI CIMBAIU U JO0ABIISUIM HUTPATHI KAJIBIUS/CTPOHIIUS U aMMOHus. Jlanee npu
MTOCTOSTHHOM TTepEMENTMBAHNH TTOBHIIIAIN TeMIiepaTypy a0 170°C, mpu 3TOoM pacTBOp yma-
pHUBAJICS 10 BSI3KOW OJHOPOJHOM MAacChl M IIPU JAJIBHEMIIEM HArpeBaHuM pasnaraiucs. [Ipo-
JTyKThI TEpMOJIM3a HarpeBaiu B neun npu 450°C B TeueHUE CyTOK Ha BO3yX€E NSl yIaJICHUS
OCTaTKOB OpPraHMYECKUX BEUIECTB; MOJYYMBIIHUICS MPOAYKT TIIATEIBHO TOMOTE€HU3UPO-
BaJIi TIEPETHPAHUEM B CTYIIKE, 3aIIPECCOBBIBAIIA B TAOJIETKU U OTIPABHIIN B aTMOC(hEpHYIO
mydenbayto ieub «[IM-1800AB» a1 BOCCTaHOBUTEIHLHOTO OTXKUTA B aTMOC(epe aproHo-
BogopoaHoi cMmecu (5% Hy). TabneTku HarpeBanu g0 Temmeparypsl 1350°C, BeiaepxuBaiu
B T€UEHHE 3 4, a 3aTeM oxJaxaanu co ckopocThio 5°C no 900°C ¢ nmocienyommum OTKIT0-
YEHUEM TCUH.

CornacHo nanHbiM PDOA, Obutn nosydensl nepoBckutbl AEV1 W03, cTpykTypHO
poactBenHble BaHagatram AEVOs; ¢ npenensubiM ypoBHeM 3amenienust 0.25<x<0.3, uyto
ObLIO OATBEPKIEHO MeToIoM PCMA.

Tak Kak corjlacHO JUTEpaTypHbIM JaHHBIM B BaHagaTax AEV O3z MoxkeT HaOmoaaThCs
CYILLIECTBEHHBIN 1e(ULUT 10 KUCIOPOAY, CUIBHO BIUSAIOIINN HAa MPOBOJIUMOCTb 00pa3LOB
U apyrue puzndeckrne cBoicTBa [3, 4], momydeHHbIe 00pa3iibl ObLIN U3Y4YE€HBI METOIOM Tep-
MOTpaBUMETpUHU. B pesynbrare nx HarpeBaHusi Ha BO3AyXe ObUIO MOKa3aHO, YTO KOJUYE-
CTBO KHCIIOpOJa B oOpa3siax OJM3KO K cTexuoMerpudeckoMy cocrtaBy (Puc.1). B murepa-
Type ObLIM U3yUYeHbl CBOICTBA BaHAIaTOB, YACTUYHO 3aMEILEHHBIX Ha JaHTaH [5]. lanHbie
COeIMHEHUS 00J1aJal0T MOTTOBCKUM MEPEX0I0M — MPU YMEHBIIEHUH SHEPTUU MOTTOBCKUI



U30JISITOP MpeBpalaeTcs B mpoBoAHUK. [ToX0xKMMHI CBONCTBaMU MOTYT 00J1a/1aTh UCCIEAY-

eMBbIE CJIO’KHBIE TIEPOBCKUTHI HA OCHOBE BaHA/IATOB C YACTUYHBIM 3aMEIICHUEM BaHAIUS Ha
Bosb(pam (Puc.20).
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Pabota BeimonHeHa npu GurancoBoii nmomuepxke rpanta PH® Ne 22-43-02020.

[1] C.51. Ucromun, H.B. JIpickos, I'.H. Maso, E.B. Autunos. Russian Chemical Reviews 90 (2021) 644-
676.
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[3] Y. C. Lan, X. L. Chen, M. He, Journal of alloys and compounds 354 (2003) 95-98.

[4] 1. H. Inoue, K. Morikawa, H. Fukuchi, T. Tsujii, F. Iga, Physica B:Condensed Matter 194 (1994) 1067-
1068.

[5] F. Cintolesi, P. Ghigna, A. Lascialfari, G. Parravicini, Physical Chemistry Chemical Physics 5 (2003)
4691-4698.
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CHHTE3UpOBaHBI W WCCICJAOBAHBI pa3IMUHBIC CBOWCTBA TBEPIBIX PaCcTBOPOB
SrgIn(VO4)7 — SrePbsIn(VO4);. OTa cucTema OblIa MOTyYeHA CTAaHIAPTHBIM METOJIOM BBICO-
KOTEMIICPaTypHOTO TBEPA0(Pa3HOTr0 CHHTE3a C MPOMEKYTOUYHBIM YBEIUICHHEM IUIOMIAH
KOHTaKTa ITyTeM TOMOTECHHU3aI[UU B araTOBOU CTYIIKE.

OmnpeneneHsl mapaMeTpsbl STYEUKU 10 JaHHBIM MOPOUIKOBOM TU(pPaKIMK ¢ UCIOJIB30-
BanueM Metoja Jle beiins B mporpamme JANA2006 (Taba. 1).

[Tpu momoru peHTreHo(})a30BoOro aHaaM3a ¢ YTOUHEHHEM IIapaMeTPOB DJIEMEHTAPHOM
SYCHKN HAIUIA rpaHuiy HeogHodasHoctu (x = 2.75), mokazaHa MX BUTJIOKUTOINOIOOHAsS
CTPYKTYpa, OIPEIeICHBI IapaMeTPhl K 00bEM 3JIEMEHTAPHOMN SUEHKH 11 0HO(a3HbIX 00-
pasioB (nexkoTOpBIE u3 HUX IIPEICTaBICHBI
B TabsuIe 1).

Taba. 1. Illapamempol u 06vem s1emeHmapHol A4eluKu OJisk HEKOMOPHIX U3 NOJIYUEHHbIX
0bpazyos.

X a, A c, A vV, A3 Te, K | I'BI, en. kBapu. oT.
0 | 11.1547(4) |39.605(2) |4267.8(3) |949 |9

0.5 | 11.1755(3) | 39.614(1) | 4284.6(2) |902 |54

1 | 11.1799(3) | 39.645(1) |4291.3(2) | 855 |12

1.25 | 11.1836(4) | 39.648(1) |42945(3) |815 |8

MeTtonoM u3mepeHus CUrHajia reHepali BTOPON ONTUYECKOW MrApMOHUKH ITI0KA3aHo,
YTO HEJMHEWHas aKTUBHOCTh BCEX CHHTE3MPOBAHHBIX OOPA3IOB 3aMETHO MPEBOCXOAMT
KkBapieBsbiid dTajoH (Tabmuma 1). MeTogoM IUAIEKTPUIECKON CIIEKTPOCKOIUU MOKa3aHo,
YTO TemrepaTypa (pa3zoBOro nepexoja yMEHbIIASTCS MPU 3aMEIICHUN CTPOHIIUS Ha CBUHEI]
(Tabmauma 1).

Takum oOpa3oM, pacirpeHna 001acTh 3HAHHUIM O TBEPBIX PACTBOPAX BaAHAIaTOB CTPOH-
WS, U3y4eHa JI HUX KOPPEJISIIUs COCTaB-CTPYKTYpa-CBOMCTBA; CJeaH BBIBOJ O BO3MOXK-
HOCTH TIOJTYYEHHUsI MaTEpUaAIOB HA OCHOBE ATUX TBEPIBIX PACTBOPOB.

PaboTa BEITIOJIHEHA B pPaMKax rocyaapCTBCHHOI0O 3aJaHus "BCH.IGCTBa N MaTCpHaJIbl

Ui obecrieueHus: 0€30MacHOCTH, HaIeKHOCTU U 3HeprodapdextuBHocTH" Noe AAAA-A21-
121011590086-0.
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WNHuTepMeTaminapl NpeaCcTaBisioT cCOO0K NHTEPECHBIM U BECbMa aKTyalbHbIA 0OBEKT
UCCJIEI0BAHMUS, TIOCKOJIbKY OHU OTJIMYAIOTCS KaK IIMPOKUM Pa3zHOOOpa3ueM CTPYKTYp, TaK
¥ 9acTO HETPUBHAIHHBIMU KapTHHAMHU XMMHUYECKOH CBs3H. MeToa pocTa KpUCTAIOB M3
pacTBopa B paciuiaBe npesjaraeT 3PeKTUBHbBIN cIOCO0 MOUCKOBOI'O CHHTE3a MHTEpMETal-
JU0B, 0COOEHHO B CIIOKHBIX CHCTEMaX, 1€ MOJTy4YeHrue 0JHO(Pa3HbIX 00pa3lOB U YCTaHOB-
JIEHWE PaBHOBECU 3aTPYHEHO.

JlarHast paboTa JEMOHCTPHPYET BOZMOKHOCTH MTOMCKOBOTO CHHTE3a C UCIOIB30Ba-
HHEM CBHHIIA B KauecTBe urtoca. Tak B xoze uccienopanus cuctem Eu-Pt-X-P, roe X = 3d-
MeTasl, ObI0 0OHAPYKEHO HECKOJIBKO THUIIOB KPUCTAJIIIOB, COCTABBl KOTOPHIX HE COOTBET-
CTBOBAJIU 3aKJIaJIbIBAEMOM CTeXHOMETpuu. bojee Toro, B cOCTaB MOJIy4YeHHBIX KPUCTAIIIOB
BOIIIA MTOOOYHBIE DJIEMEHTHI, a Takxke (itoc. Takum 0O6pa3oM, B TaHHOM paboTe OBLIO MO-
JY4YEHO U CTPYKTYPHO 0XapaKTEPU30BAHO HECKOJIBKO HOBBIX TPOUHBIX TETPEITHUIOB.

[TepBblit U3 HUX — 3TO TPOMHOW TUIATHHUI-CUIMIK MapraHiia PtsMn,Si, momyden-
HBII KaK B BUJIE MOHOKPHUCTAJUIOB, TaK U B BUJI€ OJJHO()A3HOTO MOJUKPUCTAIIINUECKOTO 00-
pasua. Ilo JaHHBIM PEHTreHOCTPYKTYpHOro aHamusa PtsMnpSi (mp. rp. Pbam,
a=5.4355(3) A, b =10.5955(7) A, ¢ = 4.0024(3) A, Z = 2) xpucranusyercs B CTPyKTyp-
HOM THTie RhsGazAs, KOTOPBIN SBISETCS YIOPSAOYCHHBIM BapUAaHTOM CTPYKTYPBI THIIA
RhsGes (Puc. 1). Dto penkuii CTpyKTYpHBIi TUI, 1 PtsMnN,Si — nuis BTopoe TporiHoe co-
eJMHEHNEe, UMEIOIee TaKyl CTPYKTYypy. MarHuTHbIE U3MEPEHUs TTOKA3bIBAIOT, YTO B CO-
€AMHEHUN UMEETCS €IMHCTBEHHbI MAarHUTHBIN MIEPEXO0/l, OTHOCSIIUNCS, BEPOSITHEE BCETO,
K ¢peppumarautHomy yrnopsnouenuto. Pacuersr DFT npenckassiBator, uto PtsMn,Si siBiis-
€TCSl METAJUTHYECKUM MTPOBOTHUKOM. AHAIN3 XUMUYECKOH CBSI3U B IPSIMOM U OPOUTAITEHOM
MPOCTPAHCTBE MOKA3bIBACT HAJTUYHE JOKAUIM30BAHHBIX MAPHBIX B3aumMoAencTtBui Pt-Mn u
Pt-Si, yTo nemaet KapTUHY CBSI3W HECKOJIBKO HETPAAUIIMOHHOM SISl METAJUTMYECKOTO COEJN-
HeHusa. B ganHON paboTe Takke OBUTM TPEANMPUHSATHI MOMBITKH CHHTE3a COCTUHEHUS
PtsMn,Ge. MeToiom CrutaBieHus B JICKTPUUECKON TyTe ¢ TIOCIETYIOITUM TOMOTCHU3UPY-
IOLUM OTXKHUTOM YJAJIOCh MOJIYYUTh MOJIUKPUCTAIUIMYECKU 00pa3zel, nckomas ¢aza B KO-
TOPOM SIBJISIETCSI OCHOBHOM.

Emte oHO coenmuHeHmne, KPUCTAIIIBI KOTOPOTO ObLTH OOHAPYKEHBI B XO/I€ MIOMCKA HO-
BBIX YETBEPHBIX (HOCHHUIOB, — 3TO TPOMHOM IUTATHHUA-ILTIOMOU eBporus Eu,PtsPbs (mip.
rp. Cmc2;,a=4.6146(2) A, b =27.3082(12) A, ¢ = 7.5147(3) A, Z = 4). On sBnsiercs nep-
BBIM coenanHeHHeM B cucteme Eu-Pt-Pb u kpucrammsyercs B pacnpocTpaHEHHOM



CTPYKTYPHOM THUIIC Y 2Rh3Sns.
B cTpyKType maHHOTO COCAMHEHHUS aTOMBI ITATHHBI M CBUHIIA 00Pa3yIOT TPEXMEPHYIO CETh
{Pt5Pbs}, B moocTsx KOTOpO# pacmosaratorcs aToMmbl eBporus (Puc. 1).

B xozxe nmoucka aHaiora 1aHHOTO coeuHEHUs B cucteme Sr-Pt-Pb Obuin momydenst
KPHUCTAJUTBI IPyTroro coctara, SrPt;Pby. [To nanHBIM peHTTeHOBCKOM nupaKkiuu Ha MOHO-
KpUCTaJIaX 0OHApYKEHHOE COeIMHEHUE KPUCTAJUIU3YETCS B POMOMYECKOW CHHTOHUU (TIp.
rp. Pnma, a=19.411(5) A, b=4.5834(13) A, ¢ =7.6548(19) A, Z = 4) u oTHOCUTCS K
ctpykrypaomy triry NdRh,Sns, KOTOpBIH sBIISeTCs pOACTBEHHBIM s Thma Y2RhzSns
(Puc. 1).

Puc. 1. Dnemenmapnas siweiika PtsMn,Si 6 norusopuueckom npeocmasnenuu (ciesa),
Eu,PtsPbs (no yenmpy) u SrPt,Pb, (cnpasa).

KBanToBOoXrMHUUueckre pacy€Thl Il 000MX TPOWHBIX TUIATUHUI-TLTIOMOUIOB TIPEI-
CKa3bIBAIOT METAJUIMYECKUM TUI MPOBOAUMOCTH. JlaHHBIE COEIMHEHUSI TOCTPOEHBI HA OC-
HOBE KapKacoB W3 KoBaJeHTHHIX Pt-Pb u Pb-Pb B3aumoseiicTBuii, KOTOphIe XapaKTepusy-
IOTCS IOBOJILHO HM3KUMH 3HAYE€HUSAMU dHepruid. [Ipu 5ToM s Sr?* KoBaaeHTHOCTH BO B3a-
UMOJICUCTBUSX C KApKacOM OTCYTCTBYET, Toria Kak B cBa3s1x Eu-Pb Habmionaercs nanuaue
OYEHb MAJIONM KOBAJIEHTHOUN COCTABJISIOIICH.

Pabora BeimosiHeHa mipu puHaHcoBoi noanepxkke PODU u Hemenkoro HayuyHo-uc-
cienoBarenbckoro oomectsa (rpadt 21-53-12015 HHUO a).
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BypHoe pa3BuTHe 3KCIepUMEHTaIbHOM 0a3bl B KOHIIE JIBAJIIATOTO BEKa MPUBENIO K
nepecMoTpy (PU3MUECKUX CBOMCTB YK€ U3BECTHBIX MaTepuanoB. ClIeICTBUEM 3TOTO CTaI0
OTKPBITHE HOBBIX KBAHTOBBIX MaTEPUAJIOB, OJJHUM HU3 MPUMEPOB KOTOPBIX MOKHO CUUTATh
TOTIOJIOTUYECKHE H30JTOpbl. HeoObIuHbIE MPOBOMASININE MOBEPXHOCTH TOIMOJIOTHYECKUX
U30JIATOPOB MOTYT IIPUBECTH K CO3JAaHUIO HOBBIX CHMHTPOHHBIX WM MarHUTORJIEKTpUYE-
CKHUX yCcTpoHcTB [1].

B pabote [2] mpeacraBieHBl pacdeThl AJIEKTPOHHOW CTPYKTYPBI COCAMHCHUS
SrSnyAs; U3 KOTOPBIX CIEAYET, UTO TaHHBIA MaTepuan sBISETCS TOMOIOTHIECKH HETPUBH-
JIIbHBIM M MOKET MPOSIBIISATH CBOMCTBA TOMOJOTUYECKOr0o u3oniaropa. Ha naHnHbIii MOMEHT
CYIIECTBYET TOJILKO OJiHA pabO0Ta, MOCBSIIEHHAs CUHTE3y 3TOro coeauHenus [3]. st nans-
HEHIIEero n3y4yeHus: (PU3NUeCKUX CBOMCTB JAHHOTO MaTepHraia HEOOXOIUMO MOJIYYHUTh OJI-
HO(]a3HBII MOPOIIOK cocTaBa SISNAS; U BRIPACTUTH U3 HETO MOHOKPHCTAILI.

MeTonoM MeXaHOAKTHBAIIMU U3 JIEMEHTOB ObLI CHHTE3UPOBaH OJHO(DA3HBIN MOPO-
ok SrSn,AS;. KoMImoHeHTHl B BUE METAUIMYSCKON Ipodu u cTpyKku St (99,99%), Sn
(99,99%) u As (99,999%) B CTEXHOMETPUIECKOM COOTHOIICHHH 3arpyrKajid B pa3MOJIbHYIO
yanry. [Tocne nporecca MexaHOAKTUBALIMK B MEJIBHHIIE, TOPOIIIOK CITPECCOBANN B TAOJIETKU
U TEpMOOOpabOTaNIM B 3aMasiHHOM KBapIIeBOW aMITyJie B TeueHuu Henemnu. [lomydennsle Ta-
KM 00pa3oM MOJMKPUCTAIMNYECKHE 00pa3iibl ObUIM 0XapaKTePHU30BAaHBI C HCIIOIh30Ba-
HUEM PEHTreHo(a30BOTr0 aHaim3a. Bce mporiecchl, CBSI3aHHBIE C CHHTE30M MaTepHala,
KpOME€ OTKHUTa U MEXaHOAKTHBAIIUM, MPOBOJUIIN B MEpYaTOYHOM OOKce B aTMocdepe ap-
TOHa.

[Tocne aToro ObLT MPOBEAEH PEHTIEHO(DA30BBIN aHAIU3 C BPAILICHUEM MOTYYEHHOTO
MOJIMKPUCTAIUIMYECKOr0 o0pa3ua Uisi CHIATHS TEKCTYpbl MpU MOMOIIU AudpakTomMeTpa
Rigaku Miniflex 600. IIpeactaBnennsie Ha audpakTorpamme (puc. 1A) pediekchbl moaHo-
CTBIO COBNAAAIOT C peduiekcaMu, ykazaHnHbIMU B kapTouke COD Ne 1008735. CornacnHo me-
toay RIR (Reference Intensity Ratio) komugecTBo ¢azbr cocraiser 100 macc.%.

Metonom PutBenbaa ObLIM yTOUHEHBI MapaMETphbl SYEUKH KPHUCTAJUIMYECKOM pe-
IETKU MOJYYEHHOTO COEMHECHUS: a,b = 4,2015(12) A 151
¢ =26,759(8), Rp = 5,18%, wRp = 7,01%. O1u 3HaueHus COBNAJAOT C JIUTEPATYPHBIMU
mauabiMu COD Ne 1008735: a, b=4,204 A uc=26,728 A.
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MonudunrpoBanHbIM MeTofoM bpumkMmena u3 pacruiaBa ObUTH BBIpAIIeHBl MOHO-
KPUCTAJUTBl TOTIOJIOTHYECKA HETPUBHAIBLHOTO Marepuana SrSnyAS,. ITopormok omHobas-
HOTO MaTepuasia SrSnAS; 3aKiIa/ibIBaju B KBaplLIEBYIO aMITyJly, IOCJIE YEero €€ OTKaunBallv
JI0 OCTATOYHOTO JaByieHus aproHa 0,2 6ap u 3anauBajin. AMIyJIy HarpeBaju 10 Temrepa-
Typbl 850 °C u memnienno oxuaxaanu 10 S00 °C. B pesynpTate ObUTH MOTYy4YEHBI MOHOKPH-
CTaJIJIbl Pa3MEPOM /10 5 MM.

®a30BbIi U DJIIEMEHTHBI COCTAaB MOHOKPHUCTAJLIOB ObLT IOATBEPIKIACH peHTreHOda-
30BBIM aHAJIM30M M METOA0M dHeproaucrnepuonHnoi crekrpockonuu (3C) (puc. 1b). Co-
OTHOIIICHUE 9JIEMCHTOB B MOHOKPHCTAJLJIC COCTaBJISICT
Sr:Sn: As=0,954(6) : 2,154(6) : 1,891(7), uTo, c yueToM HEPOBHOCTEH U 3arps3HEHUN Ha
MOBEPXHOCTH, MOXKHO CUMTATh COOTBETCTBYIOIIUM COCTABY IICJIEBOIO COCTUHCHHMSL.

Taxum 00pa3oM B paMkax JaHHOW paOOThI ObLT CHHTE3MPOBAH OAHO(MA3HBIN MOJH-
KPUCTAITMYECKHUIA TTOPOIIOK SISN2AS; M BbIpalieHbl MOHOKPUCTAIIIBI 1IEJIE€BOTO COeIUHE-
HUS.

PaGora  BeimomHeHa  npu  (QUHAHCOBOM  mojnepxkke  rpanta POOU
Ne 21-52-12043, ¢ ucnons3oBanurem odopyaoanus LIKIT ®MAH.
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HuskopazMepHble MarHUTHBIE MaTepUaibl 10 CUX MOP SABJISIOTCS MaJOU3yYEHHBIM
KJ1accoM coerHeHnil. CucTeMaTnyeckoe U3yuyeHUe BIMSIHUS CTPYKTYphl M ITyTH OOMEH-
HOTO B3aMMOJEICTBHUS MO3BOJIMT PACIIMPUTH CyLIecTBYyIolue npasuia ['yaenada-Kana-
MOpU-AHIEpCOHA, KAUECTBEHHO OLICHNBAIOIME 3HAUYECHUE MTapaMeTpa OOMEHHOIO B3aUMO-
JNEUCTBUS B 3aBUCHMOCTH OT YIUIa MEKJy MATHUTHBIMU LEHTPAMU U CBS3BIBAIOIIMM HX JIH-
TaHJIOM.

OnHuM M3 KJIACCOB I CUCTEMATUYECKOTO MOKCKA HU3KOPA3MEPHBIX MATHETUKOB
SBIISIIOTCS CEJICHUTHI MEPEXOAHBIX METAJUIOB, B KOTOPBIX HAOIIOAAIOTCS KPOHKUTOIOA00-
HbI€ MOTHUBBI PACMOJIOXKEHUSI MarHUTHBIX UOHOB, T.€. OKTa3ipbl MLse, CBSI3aHBI MEXIY CO-
OOl IByMsl CEJICHUTHBIMU I'PYNIIAMU B HKBaTOPUAIbHON TNIOCKOCTH OKTa’apa. CelleHuTHasl
rpyIia, 00Jiaaroias CTepe0akTUBHON HETOETICHHOW MapOoil AJIEKTPOHOB, TOTOIHUTEIBHO
BHOCHT IOJIOCTU B CTPYKTYPBI, UTO 3aTPYyIHAET OOMEHHOE B3aUMOICHCTBUE MEXKIY MarHHUT-
HBIMH MOJICUCTEMAaMU HU3KOM pa3MEpPHOCTH (LIEMOYKH, IJIOCKOCTH).

B nmannoii paboTe OBUI CHHTE3WpPOBAH TPEACTABUTENh JAHHOTO Kiacca
Ba;Mn(Se0s3),Cl,, xpucTardeckas CTpyKTypa KOTOPOTro yke Obljia onpe/iesicHa B pabote
[1]. B ananmornunsix crpykrypax AE;M(S5e03),Cl, HabmrogaroTes CIMHOBBIE IEMOYKH C HE-
00bIYHBIM MoBeaeHueM XY -aHTH(eppoMarHeTukoB [2], olHaKO B HU3KUX TEMIIEpaTypax
PAKTHUYECKU BCE MOJOOHBIE BEIIECTBA UCIBITHIBAIN aHTU(EPPOMArHUTHOE YIIOPSJOUEHHE.

JlanHbIil 00pasern ObUT MOMYyYeH B pe3yJibTaTe THIPOTEPMAILHOTO chHTe3a mpu 220
°C B teuenue 7 mueit u3 xaopuaa mapranua (1) MnCl,-4H,0, kapbonara 6apust BaCOj3 u
ceneHucTon kuciaotel HySeO3 B crexnomerprieckoM cooTHotmeHnn 2:1:2. ABTOKIIaB 00b-
emoM B 11 My 6611 3anosiHeH Bojoi 110 10%, 9TO 1MO3BONMIO M30aBUTHCS OT MMPUMECH Kap-
OoHata Oapusi ¥ MONYyYNUTh YUCTHIA Topomiok Ba,Mn(Se0s),Cl, 61eaH0 po3oBoro 1Bera,
4TO KOCBEHHO MOTBEPKAAET CTeNeHb okucnenus Mn 2*, Kpucramumnyeckas CTpyKTypa JaH-
HOTO BellecTBa OblIa nmoaTeepkaeHa POA.

Jls aHanM3a MarHUTHBIX CBOMCTB JAHHOTO COCIMHEHUS OBLIM U3MEPEHBI TEMITepa-
TypHasi 3aBUCUMOCTh MAarHUTHOM BOCIPUUMYHMBOCTH U M0JI€Basi 3aBUCUMOCTh HAMarHu4eH-
HOCTH TIPU Pa3HbIX TEMIIepaTypax.
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Puc. 1. Cresa cmpyxkmypa Ba;Mn(SeO3),Cly, cnpasa memnepamypnas 3asucumocmo
MazHumuou gocnpuumuueocmu oopasya 6 none 0.1 Tu.

B xone aHanm3a KpUBBIX ObUIO YCTAHOBJIEHO, YTO COEMHEHUE HE HCTBITHIBAET Mar-
HUTHOTO ynopsanoueHus BIioTh 10 2 K. Oxgnaxo nipu 5.7 K HaOntoaercs KoppensiuuOHHbINA
MaKCUMYM, CBUAETENbCTBYIOMINI 00 aHTU(PEPPOMArHUTHON HU3KOPa3MEPHOI OJICUCTEME.
[Ipu orieHke BbICOKOTEMIIEpaTypHOU 00JIaCTH KPUBOM ¢ moMorbio 3akoHa Kropu-Beiicca
TIOJTy4CHHBIC TTApaMeTPhI CIIETKA 3aBBIIEHBI Leff = 6.171g (Lreop = 5.9218), a TemmepaTypa
Beiicca 0 paBna -12 K, yto noarBepxaaet npeodiananue aHTUGEeppOMarHiTHOTO 0OMeH-
HOTO B3auMozeicTBus. [Ipu nonbITke onucaTh JaHHYIO KPUBYIO MOJIEJBIO IIENOYEK CO CITH-
HOM 5/2, oTy4eHHbIN apaMeTp 0OMEHHOTro B3auMozeicTBus J coctaBui ~ -1.5 K.

Ha noneBoil 3aBUCMMOCT, HAMAarHU4Y€HHOCTU COEIMHEHUE HE BBIXOJIUT HA HACHIIIIE-
Hue B Sug npu 9 Tin, ogHako npu noJsie 5 Tin HaGMIOaE€TCS MAKCUMYM MPOU3BOIHOM, UTO
CBUJICTEIIBLCTBYET O CIIUH-(DIIOMN Mepexo/ie B JAHHOU CUCTEME.

Takum oOpazom, B JaHHOU paboTe ObUIO M3YUYEHO MOBEJECHHWE MAarHUTHOW MOJCH-
crembl Ba;Mn(SeO03),Cl; u ycranoBiieHo, 4To BIUIOTH A0 2 K B JaHHOM COEIMHEHUH HE
HaO0JII0/1a€TCsl MATHUTHOTO YIOPSIOYEHHUS MPU MTapaMeTpe 0OMEHHOTO B3aUMOJICUCTBUSA B -
1.5 K, uto ¢ yuerom Gombrioro crimaa Mn(ll) 5/2 sBnsieTcst OTHUM M3 HHTEPECHBIX MPUME-
POB ISl TAIBHEUIIETO aHaIU3a.

Pabora noanepxkana cpeactBamu rpanTa [Ipesunenta Poccuiickoit denepauun 1jis

TrOCyJapCTBEHHOM MOAMAEPKKHA MOJIOJBIX POCCUUCKUX YUYEHBIX — KaHAMIATOB HAYK 1O CO-
rnamennro Ne 075-15-2022-579.

[1] Lei Geng,, Z Kristallogr. NCS 2021; 236(4): 771-772

[2] Kozlyakova, E.S., Moskin, A.V., Berdonosov, P.S. et al. Quasi-1D XY antiferromagnet
Sr2Ni(Se03)2CI2 at  Sakai-Takahashi  phase diagram. Sci  Rep 11, 15002 (2021).
https://doi.org/10.1038/s41598-021-94390-3
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HecmoTtpst Ha TO, 4TO Cysib(paTHBIC aHUOHBI Yallle BCETO MPEICTaBICHbI N30JIUPOBAH-
HbIMU [ SO4]-TeTpasapaMu, KpUCTAUTMYECKUE CTPYKTYPBI CYJIb(PATOB OYCHb Pa3HOOOPA3HBI
10 CBOEMY CTPOEHUIO [1], a Hau4Ke TOMOJTHUTEIBLHBIX aHHOHOB MOXET 00ecreunBaTh 00-
pa30BaHUE CIOKHBIX AaHUOHOLEHTPUPOBAHHBIX MOIUAPUUECKUX KOMILIEKCOB [2]. [Tpupon-
HBIC U CHHTETHYECKHUE CYJIb(aThl IEPEXOTHBIX METAJIJIOB U, B YaCTHOCTH, ME/IU TAKXKE TIPH-
BJIEKAIOT MHTEpEC Oiarogaps CBOMM HHU3KOpa3MEpPHbIM MarHUTHBIM CBOMcTBaM [3]. B atoi
CBSI3U aKTyaJIbHBIM SIBJIICTCSI CHHTE3 HOBBIX CYJIb(ATOB MEH, XapaKTEPU3YIOIINXCSI MUHE-
panono00HBIMU CTPYKTYPHBIMU TUTIaMU. B HacTosie paboTe MolydeHbl KPUCTAIIIbI U
YTOYHEHA CTPYKTYypa HOBOro MeIHOro okcocyibgata me3ust CsgCuz1(SO4)200s.

Kpuctanibl HOBOro coeIMHEHUs MOMYYEHBI B PE3YJIbTaTe JIBYX BBICOKOTEMIIEPATYP-
HBIX MPOIECCOB:

- ipu oTxkure crexuomerpuueckoit cmecu Cs2SO4, CuSO4 1 CUO B MOJIBHOM COOTHOIIICHUA
1 :4: 1 B3anasHHBIX aMITyJax;

- [P HAarpeBaHUM CMECHU TE€X K€ PEareHTOB B MOJIbHOM COOTHOILIECHUH 2 : 4 : 3 B MOTOKE
BO3/lyXa, MPOITyCKAaeMOTr0 4epe3 KOHIICHTPUPOBAHHYIO COJISIHYIO KHCJIOTY (MMUTALUs Qy-
MapoJIbHOTO Ta30BOI'0 TPAHCIIOPTA).

Kpucrannuueckass CTpyKTypa HOBOTO COEIMHEHHUSI M3y4€Ha METOJIOM PEHTTE€HO-
CTPYKTYPHOI'O aHajM3a C MCIIOJb30BaHMEM MOHOKpHCTajdbHOro auppaxTomerpa Rigaku
XtaLAB Synergy S (HyPix nerextop; MoK,-u3nyuenwue). [lapameTpsl TPUKIUHHOHN 3Jie-
MeHTapHOH sueiiku: a = 16.1537(2) A, b = 16.21752) A, c= 16.7644(3) A, o =
116.5445(2)°, B =98.5945(1)°, y = 98.7695(1)°; V = 3763.52(1) A3; np. rp.: P-1. Kpucran-
JUYecKas CTPyKTypa OIpejesieHa U YTOYHEHa B aHU30TPOITHOM MPUOIMKEHUN aTOMHBIX
CMEIIIeHUH 10 uToroporo 3uaucHue R; = 4.14% c ucnoas3zoBanuem 16618 | > 3o(1).

Kpucrannmuueckas CTpykTypa HOBOT'O OKCOCYJIb(haTa MEIu U 11e3Usl MMPEJICTABIISET CO-
OOl HOBBINM CTPYKTYPHBIM THII, OCHOBY KOTOPOTO COCTABIISICT CIOKHBIA T€TEPOTIONUIAPHU-
YeCKUH Kapkac, o0pa3oBaHHbIN m3oaupoBaHHbIME [SO4]-TeTpasapamu u [CuOn]-mmomma -
pamu (N = 5 (TeTparoHalibHas nupamuaa), 6 (oOKTas’ap)), KPymnHbIE MyCTOTHl KOTOPOTO 3a-
MOJHEeHbI KaTuoHamu 1e3us (Puc. 1).
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Puc. 1. O0uuii Bua kpuctammnaeckoi cTpyKTypbl CsgCuz1(S04)200s.
['eTepononmsapudecKkuii Kapkac HOBOTO COSTUHEHHUS MOYKHO MPEJCTABUTh, Kak 00pa3oBaH-
HBII ABYMsI TUTIAMU CIIO€B, Yepeaytomuxcs BoJb Hanpasienus [001]. Tak, nepssiii A-croit
umeet coctaB {Cug(SO4)s} u pacmonaraercs Ha BbicoTe Z = 0, B TO BpeMs Kak BTOpoi B-
cioit umeet coctaB {CuUi3(S04)1205} 1 HaxomuTCs Ha BhicoTe Z = Y5, Hanuuue momonHu-
TEJBHBIX ATOMOB KHCJIOPOJIa BO BTOPOM CJIO€ MPUBOIUT K POPMUPOBaHHUIO ABYX TUTIOB O D-
KOMILJIEKCOB PeOCPHOCBI3aHHBIX aHMOHOLIEHTPUPOBAHHBIX TeTpadapoB: [O2Cus]-mumepos
1 [04Cuig]-TeTpaMepoB, KOTOPHIE MOTYCPKUBAIOT CIIOMCTHIA M MOTYJIIPHBIX XapaKTep KpH-
CTAJTMYECKON CTPYKTYpBI. TakuM 00pa3oM, NeTaIbHYI0 KPUCTALIOXUMUIECKYTO (hOpMYyITy,
OTPKAIONIYI0 BCE OCOOCHHOCTH CTPOCHHS, MOXHO 3amucaTh B Buae (Z = 1):
A{Cu16(S04)16}*{[04Cu10]2[O2CU6] (SO4)24}.

HHTepecHO TakKe OTMETHTh, 4TO MO0 XUMHUeCKOMY cocTaBy CsgCuz21(S04)200s5 (ko-
Topbiii MokHO TiepernucaTh B Bujae 4Cs,CusO(S04)s-CuO), HOBOE coemnHEeHUE OJIM3KO K
cyibpatapiv  muHepanaM  kpunroxanbluty  KoCusO(SOs)s W 1e3HoauMHTy
CsKCus0(S0y)s [4], a Takxke cuHTeTHYeCKOMY coeauHeHnio Rba,CusO(SO,)s [5].

Pabora BeimoHeHa pu puHaHCOBOM Moaaepkke rpanta PH® No20-77-10065.
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Mamkos I'. A., JIeicenko K. A, Mapkuna M. M.2, bepmonocos I1. C.!

Xumuueckuii paxynomem MI'Y umenu M. B. Jlomonocosa,
119991, Mockea, Poccus

2usuyeckuii paxynomem MI'Y umenu M. B. Jlomonocosa,
119991, Mockea, Poccus

grigorii.pashkov@chemistry.msu.ru

B pesynbTare ruapoTepManibHOTO CHHTE3a U3 XJIOPUIOB IIEJ0YHBIX METAJIOB M IIsi-
THUBOJIHOT'O CeJICHAaTa MeJIM IoJTydeHbl HOBbIe coeaunenus: M,CuSeO4Cl;, M =K, Rb; onpe-
JICTICHBI UX CTPYKTYPBI, HCCIICAOBAHBl MATHUTHBIE CBOMCTBA; IPOM3BOIUTCS XapaKTepu3a-
U1 METOAaMH HH(ppaKpaCHOU CIEKTPOCKOIIUU M TEPMHUUECKOIO aHAJIM3A.

Coenunenne K,CuSeO,4Cl; m3octpykTypHo MunHepaity xiaopotuoHuTy K,CuSO4Cly n
€ro CHHTETHYECKOMY aHaJIory, B TO BpeMs Kak B ciydae RD,CuSeO,4Cl, mporncxonut nouu-
KCHHE CUMMETPUU ¢ POMOUYECKOH 10 MOHOKIMHHOH (Tabi. 1), 4To mpUBOIUT K H3MEHE-
Huto pacctosiHuil CU—-CU B 11enovkax, COCTaBJIEHHBIX U3 PACHOJIO0KEHHBIX 3Ur3aroo0pa3Ho
wiaketok CuO,Cl; (puc. 2a) 1 OTBETCTBEHHBIX 32 MarHUTHOE MoBeaeHue [1].

Taba. 1. Cmpykmyphvie napamempui coedunenutl 6 cemeticmse no oanHvim PCA, a
makoice no tumepamypHuim oannvim [2, 3, 5].

napamerp | NazCuSO4Clz | K2CuSO4Cl Sté)fglz ;tgfgl'z R0C fs och
rpyrmnma Pnma Pnma Pnma P21/n C2/c
Z 4 4 4 8 4
a, A 7,0324(2) | 7,7320(15) | 7,7941(2) | 8,0701(3) 7,4645(7)
b, A 5,60540(10) | 6,078(1) | 6,1297(2) | 12,9474(5) | 16,0377(18)
c, A 16,0344(4) | 16,292(3) | 16,6644(5) | 16,9354(7) | 7,6580(8)
B,° 90 90 90 103,66(0) 116,33(6)
V, A3 632,07(3) 765,64 796,15(4) | 1719,50(12) | 821,68(15)
) Eﬁn;i A 3,56 3,78 3,81 3,93 3,97
ou—cu metcry 7,03 7,73 7,79 807:818 | 7,97, 8,04
nemnei, A
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Puc. 2. a) IJenu CuO,Cl,, sbimsanymsie 60oab ocu b. 6) Temnepamypnas 3asucumocmo
maenumnou socnpuumuusocmu M,CuSeO4Cl,, M = K, RDb.

CornacHO MarHUTHBIM u3MepeHusM (puc. 20, Tabn. 2) 06a MOIyYeHHBIX BEHIECTBA
ABJIAIOTCS [TapAMAarHEeTUKaMU, B TO BPEMs KaK B IPYTUX BELIECTBAX U3 DTOrO XKE CEMENCTBA
NpY HU3KUX TeMIlepaTrypax Hadmoaaercs ynopsgpouenue AM® xapakrepa [1, 4, 5]. Takum

00pa3oM, HECMOTpPsI Ha CTPYKTYPHOE CXOJICTBO, HaOIIOJaeTCs paziuuue (PU3NUEeCKUxX
CBOMCTB.

Tab6a. 2. I[lapamempor 3axona Kiopu-Beticca y(T) = y, + % o MaCuSeO4Cly, M = K,

Rb.
[TapameTp K2CuSO,Cl, Rb,CuSQO,4Cl;
%0, MOJIb ™! -1,07-10* -1,26-10*
C, K/moinb 0,41 0,42
Wodpdr> 1B 1,81 1,83
Wreops B 1,73 1,73
0, K ~0 ~0
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Hosble uaTepmeraiuabsl MoSh.xEx (E = Ga, Ge, Sn) cTpykryp-
Horo tuna OsGe;
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Cpeau OONBLIOTO YKCia UHTEPMETAUIMYECKUX COEAMHEHHH, SBIIIOMIMXCA METa-
Jamu, CYIIECTBYET HEOOJIbIIask rpyIa COeAUHEHUI, KOTOPBIE MPOSABISAIOT HEMETAIINYE-
CKHe CBOMCTBA. Takoe MOoBEJIEHHE YaCcTO MOKHO HA0JI01aTh B COCIMHEHUSIX, 00pa30BaHHbBIX
NEPEXOIHBIMU METaJlJIaMU U MeTaJjlonJiaMu P-6yoka. BzaumoeiicTBue pasHbIX 1O 3HEp-
MU U CUMMETPUM OpOUTae MPUBOAUT K PACKPHITHIO SHEPreTUUECKOM IIEeTU B 30HHOU
ctpykrype. [lonoxxenne ypoBHs PepMH, KOTOPOE B 3TUX COCAVMHEHUAX 3aBUCUT OT KOHIICH-
Tpaluy BAJICHTHBIX 3JIEKTPOHOB, YAaCTO OKa3bIBaeTCA BOJM3UM O0O0pa30BaHHOIO MUHHUMYMa
IJIOTHOCTH COCTOSIHUM. J[aHHBIE 0COOEHHOCTHU 3JIEKTPOHHOM CTPYKTYpPBI 3TOM TPYIIIBI WH-
TEPMETANIM0B ONPENETAIOT BhICOKHE 3HaUeHUs Kod(dduienTa 3eedeka, KOTOPbIN SABIIS-
€TCsl OJTHUM U3 OCHOBHBIX TMOKa3aTesIel TEPMOIJIEKTPUUECKON 10OpOTHOCTH MaTepuana [1].

HuTepmeramummyeckoe coenquHenrne MosShy He 00s1aaeT BhIpakeHHBIMU TEPMODJICK-
TPUUECKUMHU CBoO¥cTBamHu. [TyTem 3amemnienust yactu atomoB Sh Ha Te ymaercst 1oOUThCS
3HAYUTEJIBHOTO TOBBIIIEHUS TEPMODJIEKTPUUYECKONH JTOOPOTHOCTH JUIsl COEIMHEHUS
Mo03Sbs4Te1s [2]. Kpome Toro, B KauecTBe TEPMODIIEKTPHUSCKIX MATEPUATIOB PacCMaTpH-
BAIOTCS U JPyTHe 3aMEeIICHHbIC THUKTHIBI MouOaeHa (T1,M0),Sbs u (T1,M0),AS, cTpyk-
typHoro tumna 0sGe; [3].

B cucreme Mo-Sb HaGmromaercst cyliecTBOBaHHE €AMHCTBCHHON OMHApHOW (hasbl
Mo3Sb7, oqHaKo BEIIOJHEHHBIE HAMH CHHTE3BI B TPOHHBIX cucteMax Mo-Sh-E (E = Ga, Ge,
Sn), yka3eiBaroT Ha cymiecTBoBaHue (a3bl Ha ocHOBEe MoSb; (cTpykTypHbIit Tun OsGey), B
KOTOpPO# aTOMbI Sb 4acTHYHO 3aMeIeHbl Ha aTOMBI P-3JeMeHTa. Takoe TeTepoBaJICHTHOE
3aMEIICHHUE MPUBOIUT K YMEHBIIICHUIO KOHIICHTPAIIMU BAJCHTHBIX DJICKTPOHOB M CMEIIIC-
HUIO ypoBHA PepMU B MUHUMYM IUIOTHOCTH COCTOSIHUM B PACCUMTAHHOW HAMU 30HHOWU
cTpyktype MoSh;.

B nanHoi#i paboTe MBI cO00I1IaeM 0 HOBBIX KBa3MOMHAPHBIX HHTEPMETAIIINUYECKUX CO-
enuHeHnssx MoSb,Ex (E = Ga, Ge, Sn) u npencraBisieM UX CHHTE3, KPUCTAJUIMIECKYIO U
AIIEKTPOHHYIO CTPYKTYPHI.



Pa6ota BbimonHeHa npy (GUHAHCOBOMW MOAIEpKKe MHUHHUCTEPCTBA HAYKU U BBICIIETO
obpazoBanus Poccuiickoit deneparuu, rpant Ne 075-15-2021-1353.
[1] Likhanov M. S., Shevelkov A. V. Rus. Chem. Bull., 2020, 69, 2231-2255.

[2] Antonio P. Goncalves. Eur. Phys. J. B, 2014, 87.
[3] Derakhscan S. et al. Inorg. Chem., 2007, 46, 1459 -1463.
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B Hacrosiiiee BpemMsi OJJHUM U3 NEPEIOBBIX HANPABICHUN MCCICAOBAHUMN SBIISETCS
U3YYCHUE KPUCTATUIMYECKONU CTPYKTYPHI U (PU3MUECKUX CBOMCTB JIBYMEPHBIX MarHUTHBIX
MaTepUaloB, B YaCTHOCTH, CJIOUCTBIX XaJIbKOTCHUIOB TSOKENBIX Sd-MeTamoB. Ocoboe BHU-
MaHUE MPUBJIEKAIOT TEJUTYPHUIbL, TOCKOIBKY OHU JTEMOHCTPHUPYIOT CYIIECTBEHHOE OTIMYNE
OT CyJIb(HUIOB U CEJIEHUIOB, & UMEIOUIUECS JIUTEpPaTypHbIE JaHHbIE HEMHOTOYMCIIEHBI U
IPOTUBOPEUMBEL. MIHTEpec K Takoro poja MaTepuanaM BbI3BaH UX YHHKaIbHBIMH (pU3HUE-
CKMMH CBOMCTBAMH M NOTEHIIMAIBHON BO3MOKHOCTBIO CO3/IaHUS HA UX OCHOBE YCTPOMCTB
CIIMHTPOHUKHU HOBOTO nokojeHus. C pyHAaMEeHTaIbHONW TOUKHU 3pEHUS JaHHBIE COEIMHE-
HUS NPEJCTABISAIOT HHTEPEC B KAUECTBE MOJIEIBHON CUCTEMBI JJIs1 U3yUYE€HUSI XUMHUH U (DU-
3ukH B 2D mnpenene.

Cpenu Hanbosee U3y4eHHbIX NPECTaBUTENEH MOJ00HBIX MaTEPUATIOB MOXKHO BbIJIE-
TuTh TaFe1x €3 - TPOWHOM TEJUTYpHI CO CIOUCTON CTPYKTYpPOH, COCTOSIIEH 13 TodhpUpo-
BAHHBIX METAUIMYECKUX CJIOEB, KOTOPbIE€ OrPaHUYEHHbI aTOMaMH TEJUTypa M CBSI3aHbI
MEX Iy co00H TONIBKO cltabbiMu Ban-nep-BaanbcoBeiMu B3anMopaeictBusimu [1, 2]. anHoe
coenunenue spisiercst antudeppomarnetukom (Ty = 200 K) u o6mamaer MeTasImyecKum
TUIIOM MPOBOJUMOCTU. MHOTOYHCIIEHHBIE UCCIIEI0BAHMS €r0 MarHUTHBIX CBOWCTB MOKa-
3aJIM HATMYKME 3HAYUTEIIbHON aHn30Tponuu [3], a TaKKe pa3InIHbIi XapaKTep B3anMO IeH-
CTBHSI MArHUTHBIX LIEHTPOB BHYTPHU CIIOEB U Mexay ciosmu [4, 5]. [Ipeanosnaraercs, uto
anTudeppoMarautTHoe coctosinue B TaFeqx [ €3 mMeeT BUA BOJIHBI CIIMHOBOW TUIOTHOCTHU
[5].

NbFe1:xTes - enMHCTBEHHOE N3BECTHOE N30CTPYKTYpHOE TaFe .« Tes coeaunenue [6],
BIIEpBBIE MoydeHHoe Oosee 30 yieT Ha3zan, A0 CUX MOP HE MOJIYYHJIO CTOJb AETATbHOTO
u3yueHus. B Hacrosiei pabore ObutH cHHTE3UMpOBaHbI MOHOKpUcTaIbl NDFeiTes, ux
AJIIEMEHTHBIN COCTaB MOATBEPKIAEH METOJIOM JIOKATBHOI'O PEHTI€HOCIIEKTPAJILHOTO MUKPO-
aHanu3a. Y TOYHEHUE KPUCTATMYECKON CTPYKTYpbl MPOBOAWIM METOI0M PuTBenpaa mno
JAHHBIM TTOPOIIKOBOM PEHTT€HOBCKOW NU(paKIu NnepeTepThix KpucTawioB. N3mepenus
MAarHMTHOM BOCHPUUMYHMBOCTH M TOJEBOM 3aBUCHMOCTM HAMarHMYEHHOCTHU IOKA3aJH
HaJIM4Khe OCHOBHOTO aHTU(eppoMarHuTHOro nepexoda npu Iy = 179 K u BbeIpaxkeHHOTO
(dbeppoMarHuTHOro TUCTepe3nca, HabJII0AaeMOro IPU HU3KUX TEMIEpAaTypax B HEBBICOKUX
MarHuTHBIX noJisix. MccneqoBanue METOI0M MPOCBEYMBAIOIIEH 3JIEKTPOHHOM MHUKPOCKO-
UM TO3BOJIMIIO OOHAPYXUTh HEM3BECTHBIE paHee OCOOEHHOCTU CIIOKHOM JIOKAJIbHOM
ctpyktypbl NbFeiTes [7].



Puc. 6. Hccreoosanue nokanvrou cmpykmypol NDFeyTes memooom npoceeuusaro-
weti MUKPOCKORUU.
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OpTtodeppuThl peaKo3eMENbHBIX JIEMEHTOB C POMOMYECKH UCKaKEHHON EPOBCKUT-
HOU cTpykTypo# (0-REFeOs, mpoctpancTBennas rpymnmna Pnma) TepMoariHaMU4ecKu cTa-
OMJILHBI JUIS BCEX JIAHTAHHMIOB M UTTPHs. B 5Tol cTpykType noHbl Fe* okpyKeHbl 1ecThio
aromamu kuciopona [1]. Taxxke m3BecTHH rekcaroHanbHbie opTodeppurel REFeOs (h-
REFeO3, mpoctpancTBeHHas rpynna P6scm), sBisiroruecss MeTacTaOUiIbHON TOIUMOpd-
Hol Momudukanueii [1]. B ool cTpykrype nonsl Fe** Haxonsrcs B TpUroHansHo-6unmpa-
MUJATBHON KOOPIWHAIMU M OKPY>KEHBI MATHIO aTromMamMu Kuciopopna. [Ipumenenue h-
REFeO; kak matepuaina, mpuroJHOTo /I MPaKTHYECKUX MIPUMEHEHUH (HarpuMep, B Kade-
cTBE MyJIbTU(EPpOUKOB [2]), 3aTpyIHEHO, T.K. B 00BEMHOM BHUE IIPU HOPMAJIBHBIX YCIIO-
BUAX Bce opTodepputsl P31 kpuctanmusyrorcs B cTpykType 0-REFeOs.

I'excaronanbhbie ¢a3sl REFeOs; B Buje HaHOpa3MepHBIX YacTHL] ObUIA CHUHTE3UPO-
BaHbI [IUTPATHO-HUTPATHBIM MeTo1oM Aid RE = Lu — Dy, a taxxe nns komOunanuii RE-In
U DKBUMOJISIPHBIX MSATUKOMIIOHEHTHBIX cMeceit RE. B mporiecce cunTe3a 06pasiisl oTKuUra-
muck npu Temneparypax 600°C, 700°C, 800°C, 900°C u 1000°C. B pabote ycTraHoBI€Ha
B3aMMOCBSI3b MEXIy 0Opa3oBaHueM rekcaronanbHbix h-REFeO3 u pagnycom P39, temme-
paTypoi CUHTE3a, pa3MEPOM YaCTHLI, a TAKKE ITPOBEPEHA BO3MOKHOCTb BBICOKO3HTPOIIUI-
HOM cTaOWIM3aluy reKcaroHaIbHBIX (eppuToB P30.

[1o naHHBIM pEHTIeHOBCKOM Audpakuuy 00pa3LoB, NOTYYECHHBIX OTXKUIOM MpHU pas-
HBIX TEMIIEPATypax, MOKa3aHO, YTO IpPH MOBBIINIEHUU TeMIlepaTypsl B umHTepBasie 600-
1000°C ¢a3sr h-REFeOs; Bcex coctaBoB TpaHchopMmHpylOTCS B pomoOuueckue (aswl o-
REFeO3, uTo yka3blBaeT Ha YMEHbIIIEHUE YCTOMUYMBOCTU I'€KCarOHAJIbHOW MOAU(DUKALIMU
REFeO; ¢ pocrom Temneparypsl. [lonurepmuyeckas ycToMuMBOCTh (a3 rekcaroHaJIbHbBIX
¢eppuros h-REFeO; monmxkaercst ¢ pocToM HOHHOTO paauyca RE3*,

Eme ogHoit 3amadeit siBissiach MOMBITKAa MOJICIUPOBAHUS pajuyca JIOTEIHs B OPTO-
dbepputax 3a cueT mnap UTTEPOMU-UHAWN W TOJBMUU-UHJIUM, a TaKXe COCTaBOB
(Yb1aTmysEryaH01/4)0.835C0.17F€03 11 (Yb1/4TM1sEryaHO1/4)0.721N0.28F€03. Ha 0606m1atomeit
nuarpamme (Puc.1) mpuBeneH (a3oBbiii cocTaB i BCEX UCCIEAOBAaHHBIX B pab0OTE OpPTO-
dbepputoB. MonenupoBanre paaryca JIOTEIUsT KoMOnHaIme 6onee KpynHeix P35 u uH-
TUsl TIPUBOJIUT K YBEIWYEHUIO CTAOMIIBHOCTH TeKCAaroHaTbHOU (Da3bl MPU MOBBIMICHHBIX
Temmneparypax. MakcumanbHbiil 3G (GeKT cTabunmu3aluu reKcaroHaabHOW MOIU(pUKALUU
nosrydeH Jiist coctaBa (YbiaTMyaErysHO14)0.721N0 28F€03, 9TO CBSI3aHO ¢ ONTUMATBLHBIM CO-
Nep’KaHUeM WHIUS B IaHHOM cocTaBe. Bkiaa BHICOKOAHTPONUNHON cTaOuiIM3aluy B rek-
caroHalibHbIX opTtodepputax P32 He moaTBepK/IEH.
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Puc. 1. @azoswiii cocmas cunmeszuposannvix npu §00°C peppumos peoxkozemenbHulx
91eMeHmO8.
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BBuay Bce Ooubllieid HEXBATKM MCKONAEMBIX 3HEPrOPECYpPCOB B MOCIEIHUE TOJbI
OCTpPO BCTA€T BOMPOC O Pa3BUTHH IKOJIOTMYHBIX aJIbTEPHATHUBHBIX UCTOYHUKOB SHEPIHH.
AtomHbIe 3nekTpocTaHnK (ADC) npakKTUUECKU HE MPOU3BOIAT BHIOPOCOB 3arpsA3HSIIOIINX
BELLECTB B aTMOc(epy B X0O€ CBOEH 3KCIUTyaTalluy U BXOJAT B YUCIIO UCTOYHUKOB C CAaMbIM
HU3KUM 00beMOM BeIOpocoB COz. OHOM 13 BaxkHBIX ITpodiieM npu padote ADC saBisieTcs
3axopoHeHue oTpabdorasiiero saepHoro Tormsa (OAT).

Henrynuit siBAsieTCS BRICOKOPAAMOAKTUBHBIM 3JIEMEHTOM, KOTOPBIH BXOJIUT B COCTaB
OSIT. Ha cerogusiHuii 1€Hb OJHUM U3 BO3MOXKHBIX clToco00B 3axoponeHust OAT siBisieTcs
[IIyOMHHOE 3aXOPOHEHHUE B PA3IMYHBIX reosiornueckux popmanusx. s odecneuenus 0e3-
OTIAaCHOCTH TYHKTOB 3aXOPOHECHHUS HEOOXOIUMO MOHUMAHWE MHUTPAIMOHHOTO IOBEICHUS
PaIMOHYKIIMIOB Ha MOJICKYJSIpHOM ypoBHe. KapOoHaT-aHWOHBI M KaTHOHBI IIEIOYHO3e-
MEJIbHBIX METAJUIOB SIBIIIOTCS HEOTHEMJIEMBIMU KOMIIOHEHTaMHU MpUPOAHBIX cper. [lpu
ATOM Ha JIaHHBI MOMEHT B JINTEPAType OTCYTCTBYET MH(OpMAIUs O CTPYKTypax U CBOM-
ctBax kapOoHatoB Np(V) cMeIIaHHbIX C JBYXBAJICHTHBIMU KaTHOHAMH, B YACTHOCTH C Ka-
THOHAMU KajbIus. TakuM oOpa3oMm, 1eNbi0 padoThl CTall CHHTE3 CMEINIaHHOTO KapOoHaTa
HETNTYHUS C KaJIbIIUEM U UCCIIEIOBAHNE €r0 PACTBOPUMOCTH.

Cunre3 cMemanHbix kKapooHatoB Np(V) mpoBoauiu IByMs MyTSIMH: XUMHUYECKUM
ocaxaenneM u3 pactsopa Np(V) (10°M) B npucyrcTun katronos Ca®*, 1 METOIOM KaTu-
oHHoro oomena. B mepBom ciyuae k 0,1M pactBopy CaCl, nobasmnsiiu pactBop Np(V) mo-
cJie 4ero ycraHaBiauBaiu 3HadeHue pH~8. 3aBuCUMOCTh cTemneHn ocaxaeHus Np OT Bpe-
MEHH YyCTAaHABJIMBAIM C IIOMOINBIO JKHJIKOCTHO-CIUHTUJUIAIIMOHHON CIEKTPOMETPUHN
(OKCC). ns monHoro oOMeHa UCXOIHYIO a3y CIOUCTOrO CMEIIAHHOTO HATPUIl-HENTYHH-
€BOT0 KapOoHaTa CUHTE3UPOBAIN METOAOM XMMUYECKOTO ocaxieHus u3 pactsopa Np(V) B
n30bITke NaHCO3. TlomydyeHHbI 0CaioK OTIEISUIM OT PacTBOpa U MOMELIAIN B PACTBOP
0,1 M CaCl,. HagocamouHblit pacTBOp €XKeTHEBHO MEHSIU B TeueHue 5 nuei. [TonydyeHHbIe
TBepAble (a3bl ObUIM O0XapaKTEPU30BAHBl C TMOMOIIBIO PACTPOBOM AIEKTPOHHOU



MUKpPOCKONIUM W 3HeproaucnepcuonHoro a"ammza (POM/D]JIC), tepmorpaBuMerpuun
(TT/ACK), pearrenoBckoit nudpakiuu (POA) 1 cCIeKTpOCKOMUHA PEHTTEHOBCKOTO TOTJI0-
nienusa (XANES, EXAFS).

[To nanaeiM POM cmemannbie kapOoHaThl Np(V) UMEIOT TIacTUHYATYI0 MOP(OJIo-
TUI0, OPraHU30BaHHYIO0 B MUKPOLIBETKHU. B pe3ynbpTare 3KCEpUMEHTOB MO XUMUYECKOMY
ocaxaennio u3 pactsopa Np(V) B npucyrctBue Ca?* u kKaTHOHHOMY 0OMEHy OBLIU IIOJTY-
yeHbl JBe (a3pl, OTIMYAIOMHECS II0 CTPYKType, HO HMEIIUe o0y GopMyIry
CapsNpO2COs. [TomydueHnsie (ha3bl MPOMHANITUPOBAHEI.

Jlist uccnenoBanus nporecca pactsoperusi CaosNpO2CO3 u nocnenyroiero pacuera
MPOU3BEACHUS PACTBOPUMOCTH MPOAYKT PEAKIIMA HOHHOTO OOMEHA TOMECTUIIN B PaCTBOPHI
CaCl; ¢ pazmuuHO# HOHHOM cvitol ipu pH 5-7, mpeaBapuTEIbHO MPOIYB PACTBOPHI BO3IY-
XOM JIJIsl UX HACBIIICHUS YTJIEKUCIIBIM Ta30M. B mpoliecce pacTBOpEeHUs TPOBOAMIM MOCTO-
STHHBIN KOHTpoJIb 3HaueHui pH u Eh. Konnenrpamus Np B pacTBope HaJl 0caJIKOM OIpee-
nsmack merogoM JKCC. B TeueHne Bcero 3kCrnepuMeHTa KOHTPOIUPOBAIACH CTEIEHb OKHC-
JICHUSI HETITYHUSI B PaCTBOPE MPU MOMOIIIM KUJKOCTHOM AKCTpakuuu. B pesynprare ObLIN
MOJIy4eHBI 3aBUCUMOCTH KOHIIEHTPAIIMHU HENITYHUS B pacTBOpe HaJ ocagkoM CagsNpO,2CO;
OT 3HaueHus pH npu pa3IMuHbIX HOHHBIX CHJIAX PACTBOPA.

Pabora BeimoHeHa pu (puHaHCOBOM Moaaepkke rpanta PH® No22-73-10056.
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CTpyKTypHasT XHMHS TEJUTyPUT-TAJIOTEHUIOB (a TakKe OKCorajioreHmmoB) P30
OTIIMYAeTCsS O4YeHb OOJIBIUM pazHooOpasueM. OJHO W3 JOCTATOYHO MHOTOYHMCICHHBIX
CEMCHCTB (OPMHUPYIOT COCIUHEHUS CO CJIOHUCTBIMH CTPYKTypamu. OHH IOCTPOCHBI
YepeOBAaHUEM TCTPAroHAIbHBIX (Y POJCTBEHHBIX CCIICHUTOB — IICEBIOTETPArOHAIBHBIX )
cioes coctaBa [(Ln,M)12.x(ChO3)i12] (Ch = Se wim Te, M = Ln niu HEKOTOPBIE APYTHE OTHO-
WM JBYXBaJICHTHBIC KATHOHBI), KOTOPBIC YePEAYIOTCS KOO0 CO CIIOSMHU, 00pa30BaHHBIMH
raJloreHuI-aHnOHaMH, JHOO ¢ 0OoJiee CIOKHBIMH METaJUI-TAJIOTCHUHBIMUA ~ CJIOSIMH,
IIOCTPOEHHBIE 0 MOTUBY MakkuHaBuTa FeS (xarmonel Cu* mnm Zn?* 3amonHsioT 4acThb
TEeTPadAPUUECKUX IMYCTOT B JABOMHOM TaynoreHHOM cioe [1]), CsCl ([2]) mm NaCl ([3]).
OCHOBHBIM METOJOM IOJIYYCHHS TaKHX COCIUHCHHWH SIBJISCTCS KpPUCTALTU3AlUSA U3
pacTBopa B pacIUlaBe PEAKIIMOHHBIX COJIEBBIX (JIFOCOB, OHAKO BOCIPOM3BOJMMOCTH U
Ka4eCTBO KPUCTAJUIOB TEJUTYPUTOB MTOKA CPABHUTEIBHO HEBBICOKH [2, 3].

B nacrosmieit pabote moigydeHa cepus TeJUTYPUT-XJIOPHIOB 1 OPOMHUIIOB IIpa3eouma
(tabn. 1). VYBemuuenue cooTHomeHus Quroc:muxta ot 1:7 go 1:10 mo3Bommio
CYIIIECTBEHHO MOBLICUTH KaK BOCTIPOU3BOJIMMOCTh CHHTE3a U Kaue€CTBO KPUCTAJIOB.

Taoua. 1. Cocmaewl HobIX cOeOUHEHUU.

CocraB 1o 1aHHBIM Ri (all),
a, A c, A Ip. tp. | Rine | Ri, WR

PCTA PP Bint B WE | (R, (all)
3.12,

Pri1.5(Te03)12Css.5Bri6 16.2479(3) | 26.6336(6) | [4/mecm | 8.07 350 5.35,3.79
3.09,

Pri1.5(TeO3)12Ks sBris 16.1472(2) | 25.7068(3) | I4/mem | 6.71 | 77| 3.99,4.09
5.68,

Pri1.3(TeO3)12Rbes 3Bri6 16.1945(4) | 26.0087(5) | I4/mem | 9.79 795 7.94,7.51




Pr113(TeO3)12CssKo3Brig | 16.2545(2) | 26.5787(3) | I14/mem | 5.77 A; 15’ 5.46, 5.66
3.43,

Pr12(TeO3)12CdsClo4 16.1556(2) | 13.0122(0) | P4/nbm | 2.96 5135 3.83,5.39
2.86,

Pr11.5(TeO3)12Css.5Clis 16.0954(2) | 25.7495(4) | 14/mem | 3.09 431 3.18,4.36

Bce HOBBIE coemuHEHNST OTHOCATCS K IBYM MPOTOTHITHBIM CTPYKTYpaM, IOKa3aHHBIM
Ha puc. l. [IpumedarenbHO, YTO TpPU HCIOJIB30BAHWM B KauecTBe (IIOCOB cMecei
TaJIOTEHUIOB JIByX METAJJIOB COCTaB MPOJIYyKTa MOXET BKJIIOYATh JHOO OAMH, JHOO
HECKOJIbKO KOMITOHCHTOB. B 49acTHOCTH, Ipu uCHoidb30BaHuM ¢urocoB ¢ CdX;
HaOMoMaeTcsi oOpa3oBaHUE TOJBKO TEJUTypuUT-rajoreHusoB P30 — kanmus; npu
ucnosibzoBanuu QurocoB KX — CsX, HanpoTuB, UMeeT MeCcTO 00pa3oBaHHE KPUCTAIIOB
Haubosee CIIOKHOTO cocTaBa C ymnopsmoueHHbM —pacmpeneneaueM K* u Cs'B
KPUCTaJUIMYECKON CTPYKTYpE.

[(Ln,M),(TO,),.][M'X,c.,] [(Ln,M).,(TO,)..][M'X..]

[M'X,c.,]-slab [M'X,.]-slab

tenm)(0).tstab /AL P | titnm). 70y, siab
[M'.X, ]-slab

[M'X,c.,]-slab

[(Ln,M),(TO,),]-slab [(Ln,M),,(TO,), ]-slab

[M".X,]-slab

[M\X,q,]-slab

Puc. 1. Haubonee xapaxmepmvie cmpyKmypvl CILOUCHBIX MELLYPUM-2AI02eHUO08

P32 [3].

[1] M. Ben Hamida. Ph.D. Thesis, Universitdit Oldenburg, Oldenburg, Germany (2007).
[2] D.O. Charkin, S.N. Volkov, V.A. Dolgikh, S.M. Aksenov. Solid State Sci. 129(106895) (2022).

[3] D.O. Charkin, V.A. Dolgikh, T.A. Omelchenko, Yu.A. Vaitieva, S.N. Volkov, D.V. Deyneko, S.M.
Aksenov. Symmetry 14(2087) (2022).



ITouck CIOUCTHIX XaJbKOreHnA0B Mapranua MnA;B,
n MnyA;Bs (A=Al Ga, In; B=S, Se, Te)

Yepuoyxos M.B.}, Bepuenxo B.IO.% Borau A.B.%, Uepennnuenko K.A.*
L @axyromem nayx o mamepuanax MI'Y umenu M.B. Jlomonocosa, 119991, Mockea,
Poccus,
2 Xumuueckuil gaxynemem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus,
8 Uncmumym obweii pusuxu umenu A.M. Ipoxoposa Poccutickoii akademuu Hayx,
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* Kagpeopa gusuueckoti u xonnouonoi xumuu PI'Y ne¢pmu u 2aza um. I'voxuna, 119991,
Mockea, Poccus

chernoukhovivan@yandex.ru

Matepuaibsl Ha OCHOBE CIIOUCTBIX COEIMHEHUH 001a1at0T HA0OPOM MHTEPECHBIX (Hu-
3UYECKUX CBOWCTB, MPU 3TOM BO3MOXHOCTh AKTUBHOM MOAM(PUKAIIMH XUMHUYECKOIO CO-
cTaBa OJIOKOB MO3BOJISET KapIMHAIbHO MEHATh CBOWCTBA MaTepuasa Wi IPUBOIUTH K MO-
SIBJICHUIO HOBOTO (DYHKIIMOHAJIA, B CBSI3U C B3aUMOJIEUCTBUEM Pa3IMUHBbIX aTOMHBIX (hpar-
MEHTOB BHYTPH CIOUCTON MaTpuilbl. OOMEHHOE B3aUMOJIEHCTBUE MEXAY HOHAMH B TaKUX
MaTepHaax Mpu HEKOTOPBIX YCIOBUSAX IPUBOIUT K 00pa30BAHUIO JBYMEPHOTO MarHETU3Ma
B 00bEMHBIX (Pa3ax, B TO BpeMsl KaKk BO3MOKHOCTb TBEPAOTEIbHOMN AKCPOIUALUU ITO3BOJISET
NOJIy4aTh NEPCIEKTUBHBIE MIIEHOYHbIE MATHETUKH.

B nanno#t pabote mpou3BOAWIICA XUMHYECKUM MOUCK XaJIbKOT€HHUIOB C OOIIMMU
dopmynamu MnABs 1 MnABs (A = Al, Ga, In, B = S, Se, Te). Ctpykrypy CIOUCTBIX
MoIU(UKAIMA JAHHBIX COCIMHCHHH MOXKHO TMPEICTAaBUTh YCPEIOBAHHEM JIBYX OJIOKOB,
KKIBIH U3 KOTOPBIX OIPAHUYCH IO KPasM IJIOCKOCTAMHU U3 aHMOHOB XaJIbKOTCHOB. B miep-
BOM OJIOKe pacronaratorcsa katnonsl Mn*2, Bo BTopom — oauH n3 nonos Al*3, Ga*3, In*3,

B tekymem uccienoBaHuu MOMy4YeHBI 00pasiel ¢ OpyTtTo-hopmynamu MnAxBs u
Mn,A:Bs (A = Al, Ga, In, B = S, Se, Te), cpenn aux cimouctoic: Mn,Ga,Ss, MnAl,Sey,
anAIZSes, MnA|284, Mn2A|255, MnInZSe4, anln28e5. HonyquHe OI[HO(I)aBHI)IX 06p213LIOB
JTAHHOTO COCTaBa JOCTHUIJIHM 33 CUET Pa3IMYHBIX MOAUGBUKAIMN TPATAIUOHHOTO aMITyJIh-
HOTO cuHTe3a. [loka3aHo, 4TO CUHTE3UPOBAHHBIC COSTUHEHUSI KPUCTAITU3YIOTCS B CTPYK-
TypHBIX THIIaX MgAl,Ses, Mg, Al,Ses, Mnin,Ses, Mn;In,Ses. B OonbIIuHCTBE CTPYKTYD BCe
BU/IbI KATHOHOB PAaBHOMEPHO PaCIpeIeSICHbI 10 JOCTYIHBIM TO3UIUSAM, OJHAKO B YaCTH
coeMHEeHMI HAaOMo1aeTCsa NPEUMyIIECTBEHHOE pacnonoxenrne Mn*? B mosumusax ¢ okra-
SAPUYECKUM OKPYKEHHEM, B TO BpeMs KakK TETpadJApUUECKUe MyCTOTHI Yallle 3aroTHEHbI
Tpex3apsiAHbIM KaTHOHOM. J[71s1 mosmkpuctamundeckoro oopasua Mn,Ga,Ss uccnenoBanu
XUMHUYECKYI0 CTaOUIILHOCTh B BO3YIITHOM cpe/ie.

Pabora BrinonHena npu punancosoi noanepxke PH®, rpant No21-73-10019.



CuHTe3 M H3yYeHHe MATHUTHBIX CBOMCTB JIETHPOBAHHBIX K00AJIb-
TOM BAHAJATOB KAJbIHS CO CTPYKTYPOi anaTura

[Hapudymwima T.3., Kasun [1.E., BacunseB A.B.

Xumuueckuut paxynoemem MI'Y umenu M.B. Jlomonocosa, 119991, Mockea, Poccus

timsha.359@mail.ru

CoeauHeHust Co CTPYKTYpOH anaTUTa SBIISIOTCS MEPCIEKTUBHBIMU C TOUKH 3PEHHUS
CO3J]aHUsI MAaCCHBOB MOHOHMOHHBIX MAarHWTOB B HEOPraHUYECKON MaTpHIE Ha UX OCHOBE.
MOHOMOHHBIE MarHUThl NPEACTABIIOT UHTEPEC B KAYECTBE MOTCHIHAIBHBIX JJIEMEHTOB
CHUHTPOHHUKHU M KBAHTOBBIX KOMIIBIOTEPOB, a TaKXke JUIsl 0OecIeyeHUs] CBEPXIUIOTHOM 3a-
nucu uHopmaruu. s co3gaHusi MOHOMOHHBIX MarHUTOB HEOOXOAMMO BHEAPEHUE Hapa-
MarHUTHBIX MOHOB B KPHUCTAJUIOrpaUUYECKyIO MO3ULMIO C BBICOKOM aHMU30TPOIUEN Kpu-
CTaJUTMYECKOro NoJist. JIokanu3amus napaMarHuTHBIX HOHOB (-MEeTaioB (B YaCTHOCTH KO-
OasibTa) B reKcaroHajJbHBIX KaHajlaX CTPYKTYpbl PocaTHBIX TMAPOKCHATIATUTOB IET0YHO-
3€MEJIbHBIX METAJNIOB 00ECIEYNBAET BHICOKYIO AHU30TPOIUIO KPUCTAIUTMYECKOTO MOJIS, YTO
B CBOIO OY€peb 00ECIIEUNBAET BBICOKYIO MArHUTHYIO aHU30TPONHIO CTPYKTYpbI. [IpH aTOM
B T'€KCAaroHAJIbHBIX KaHanax o0pa3yroTcs TUOKCOKATHOHBI, MPOSIBISIOLIME CBOMCTBA MO-
HOMOHHBIX MaruuToB [1].

B nannoit pabote meToaoM TBepA0(pa3HOTO CUHTE3a MPHU PA3IMUHBIX TEMIIEpaTypax
BIIEPBBIC MTOJTYUEHBI JIETUPOBAHHBIE PA3JIMUHBIM KOJTUYECTBOM KOOAIbTa BAaHAIAThI KAJIbITUS
co cTpyKTypoii anmatuta obrer Gopmynoit Caio(VO4)s(OCox2H1-x)2, THe X BapsupyeTcs B
npenenax ot 0 mo 1. MeTogoM MOPOIIKOBOW PEHTIEHOBCKON AUGpaKIUU MOKa3aHO, YTO
MOJIy4eHHbIE 00pa3iibl B KaueCTBE OCHOBHOM (ha3bl COMEPIKAT BaHAIAT KAJIBIUS CO CTPYK-
TypOM anatura, JerupoBanHsiii Co, a B KaUeCTBE MPUMECEN COAEPKAT HE3HAUUTEIBHBIE KO-
mruectBa Caz(VOs), 1 CoO. Ipu Gonbiux conepkanusx Co HAOMOAAIOTCS CUIbHBIC U3-
MEHEHUs AUQpaKTorpaMM, 00yCIOBICHHBIC CKAXKEHUEM CTPYKTYpPbhI BCJIEJICTBUE BHEIpE-
HUs 6oJibioro koiandectBa Co B reKcaroHajibHbIE KaHalbl. I3MeHeHue CTPYKTYphI COIPO-
BOXK/IA€TCS MOHM)KEHUEM €€ CUMMETPHUH U MEePEX0/IOM €€ CHHITOHUU M3 T'eKCaroHajJbHOU B
TpUKIMHHYI0. CleayeT OTMETUTh, YTO JJIS JIETUPOBAHHBIN KOOATBTOM THAPOKCHATIATUTOB
Ha ocHOBe (hochaToB MOJOOHBIE UCKAXKEHUS CTPYKTYPhI HE HAOMIOAAI0TCA. AHAIM30M JIH-
dbpakrorpaMMm MeTo10M PuTBenbpaa NpoaeMOHCTPUPOBAH MOHOTOHHBIN POCT MapameTpa ¢
npu yBeandeHuu cojiepkanusi Co, 4TO CBUAETENLCTBYET 0 BHenpeHun Co B rekcaroHaib-
HbIE KaHaJbl, a TpU OoJbIINX cojiepxkanusax Co Mmoka3zaHo MmajeHue napamerpa a. Onpene-
neHo coaepxkanue Co B MOJIYYEHHBIX COSAUHEHUSIX. sl yTOUHEHUsI CTPYKTYpPbl MOJIyYEH
MOHOKpHUCTAILI JiernpoBaHHoro Co BaHajaTa KaJblMs CO CTPYKTYpPOU anatura.

[TonmyuenHas cepusi 00pa3LOB OXapaKT€pPU30BaHA METOJIOM CIEKTPOCKOIUHN KOMOU-
HAIIMOHHOTO paccessHus. CriekTpsl JerupoBaHHbIX Co 00pa3IoB copepkar MUK okoso 690-
700 cM™, MFHTEHCHBHOCTH KOTOPOTO BO3PACTAET C pOCTOM coaepkanus Co, CXOKHM C TaKO-
BBIM 11 pocdaTos [1]. Takxke Ha creKTpax BO3HHMKAET MUK 0Koyo 770 cM™, He HaGmomaB-
IIUAKCS 7S aHAJOTMYHBIX CHUCTEM Ha OCHOBE (hocdaToB KalblLus, HAJIUYUE KOTOPOTO



00yCJIOBIICHO, MTO-BUIUMOMY, CUIIBHBIM MCKOKEHHEM CTPYKTYPHI MPU OOJIBIIHMX COMEpKa-
augx Co.

MeTronamMu MarHUTOMETPUH B IOCTOSIHHOM MarHUTHOM MOJI€ MOKa3aHo, 4yTo Co B 1o-
JTY4YEHHBIX 00pa3liax UMEET CTEeHb OKUCICHUS 12, UTO COOTBETCTBYET MPEANOIaracMoMy
coctosgHHuI0 CO B reKCaroHaJIbHbIX KaHAJIaX CTPYKTYphl anaTtuTa. MeToaMu MarHUTOMET-
pUY B IEPEMEHHOM MAarHUTHOM I10JI€ MOKA3aHO, YTO ITOJYYECHHBIE COEAUHEHNS IEMOHCTPH-
PYOT UHAYLIMPOBAHHYIO [10JIEM MEJICHHYIO PEJIAKCALIMI0 HAMAarHUYEHHOCTH ¢ BEJIMYUHOU

Gapbepa nepeMarHMYuBanus oKoso 60 cm™, GIIM3KO0M K TAKOBOM IS aHAIOTUYHEIX Bocda-
ToB [1].

PaGora BemonHeHa npu puHAHCOBOM noanepkke rpanta PH® No 21-13-00238.

[1] Mikhail A. Zykin, Konstantin A. Babeshkin, Oxana V. Magdysyuk, Evgeny O. Anokhin, Walter
Schnelle, Claudia Felser, Martin Jansen and Pavel E. Kazin. Inorg. Chem. 56 (2017) 14077—14083.



Kpucrajuinyeckasi CTpyKTypa 4 MarHUTHbIE CBOMCTBA
RFeGe; (R - Sc, Ti, Hf)

[llyes H.B., Xanaunus P.A., Co6oneB A.B., IIpecusikos 1.A., Muponos A.B.,
[IleBenpkoB A.B.

Xumuueckuut paxynomem MI'Y umenu M.B.Jlomonocosa, 119991, Mockesa, Poccus

nikita.shuev@chemistry.msu.ru

WHTEepMeTAUINIECKHUE COCTUHEHUSI MHOTHE JCCATUIICTHS IPUKOBBIBAIOT BHUMAHUE
uccieoBaresnei 0aroaaps pasHoo0pas o UX GU3HYECKUX CBOMCTB M OTPOMHOMY CIICKTPY
KPUCTANTHIECKUX CTPYKTYP, B3aMMOCBSI3b MEXKIy KOTOPBIMH HE BCET/Ia yIaeTCs OIUCATh.
OnHOM W3 MaJIOM3YYCHHBIX TPYII HHTEP-METAUIMYCCKUX COCAMHEHUH OCTAOTCs (ha3bl
cTpykTypHoro tumna ZrCrSi; [1-3].

B xome paboTel HaMu OBLIT CHHTE3UPOBAH psij coequHeHUH ootiei hopmysl RFeGe,
(R — Sc, Ti, Hf) ¢ ncnonb3oBanneM ctanaapTHOU aMITyJIbHOM MeToauku. CoenuHenus ¢ R
— Ti u Hf monmyuwim B Bujie monmkpucTauimaeckux o0pasios, Toraa kak aius R — Sc npu
TIOMOIIM OJIOBa B KavecTBE (Iroca MOJyYHIn MOHOKpUCTaLibl SCFeGe, «Sny (x = 0.04).
YTouHEeHNE KPUCTALTMYECKON CTPYKTYPBI MOATBEPANIO UMEIOIINECS JTUTEPaTypHbIC TaH-
HBIC O IPUHAIICKHOCTH (a3 K cTpykrypHOMY THITY ZICrSi).

CHMHTE3MPOBaHHBIE 00Pa3Lbl MUCCIEN0BAIN METOIOM ° Fe Mecchbay>pPOBCKOM CIIeK-
Tpockonuu nipu Temnepatype 300 u 77 K. ITosryuyeHHbIE CIEKTPHl MOXKHO OMHUCATh B BUJIEC
OJIHOTO WJIU JABYX AyOJIETOB C COOTHOIIIEHWEM MHTEHCUBHOCTEW 1 : 2, 4TO COOTBETCTBYET
KpaTHOCTH mo3uiuii Fe. OTcyTcTBHE 3eeMaHOBCKOTO PACHICTICHUS YKA3bIBAET HA OTCYT-
cTBUE MarHuTHOTO yrnopsinouenus Boie 77 K. Ilpupona R-anemenTa okazbiBaeT 00JbII0E
BIMsSHUE Ha Bu criektpa. B psaay R — Hf, Ti, SC mpoucxoauT mocreneHHoe yMEHbIIICHUE
KBaIPYTOJILHOTO PACIIEIIIICHHUS, ”30MEPHOTO CIBUTA U PA3JINYMS B JAHHBIX BETUYHHAX JIJIS
JBYX MO3UIMH F€, 4TO MPUBOAUT K BBIPOXKICHUIO MBYX ay0setoB st R — Ti, Hf B oqun B
cnydae R — Sc. Marautaeie n3mepennst SCFeGe, SNy Takxke He TMOKa3aln SBHBIX MPU3Ha-
KOB MAarHUTHOTO YNopsiao4YeHus: npu temneparypax ot 4.2 no 300 K u HU3Ky10 HaMarHu-
yeHHOCTD (He Bbitre 0.025 nB) naxke npu HU3KOH TeMIepaType U BBICOKOW HANPSHKEHHOCTH
OJISI.

Pabota Brinonnena npu ¢punancoroit noaaepxxkke PH®, rpant Ne 22-13-00006.

[1] Apmomrok, N.I1., Cukupuna M., Akcenspya JL.I'., JIsicenko JI.A., I'magenmesckuii E.U. Kpucmanno-
epaghus 27 (1982) 1090-1093.

[2] J. Steinmetz, G. Venturini, B. Roques, N. Engel, B. Chabot and E. Parthé. Acta Crystallographica B 38
(1982) 51-57.

[3] G. Venturini, M. Meot-Meyer, B. Roques. Journal of the Less Common Metals 107(2) (1985) L5-L7.



XXI1 Beepoccuiickast KOHPEpeHIIUsT MOJIObIX YUEHBIX “AKTyaJbHbIE MPO-
0J1eMbl HEOPTAHUYECKOW XMMUM: JHeprus +

MPOBOJUTCS MPpU PUHAHCOBOM MOAIECPIKKE
MHUHUCTEPCTBA HAYKH U BBICHIET'O OBPA30BAHMUS POC-
CUMCKOM ®EJEPAIIUU

rpadT Ne 075-15-2021-1353 na peanuzamuio oTaelIbHLIX MeponpusaTuii dee-
pajbHOM HAYYHO-TEXHUUYECKON MPOrpaMMBbl Pa3BUTHSI CHHXPOTPOHHBIX U
HEUTPOHHBIX UCCIICIOBAHUN U UCCIIEA0BATEIbCKON HHPpaCcTpyKTyphl Ha 2019-
2027 rogpl
“Pazeumue cuHXpompOoHHbIX U HeUMPOHHBIX UCCIe008aAHUU U UHDPACMPYK-
MYypbl 0Jis MAMepuaios dHep2emuKky H08020 NOKONEHUs U De30NACHO20 3aX0PO-

HeHUA PAOUOAKMUBHBIX OMX0008"

HAYKA
W YHUBEPCUTETBI

T ® 4 MUHUCTEPCTBO HAYKM

TPOEKT : W BbICLUErO OBPA30OBAHMUSA
NS POCCUINCKOW ®EOEPALIN

Hammu cnoHcopbI:

TommuBHas komuauus Pocaroma « TBDJIy

Hentp HTU “LlenTp TEXHOJOTUN CHUKEHUS AaHTPOIIOTEHHOTO
BO3JEUCTBUA

OO0 CEPBUCIJIADB
AO CIIEKTPOCKOIIMYECKHUE CUCTEMbI

TexHHYECKYIO NOIIEPKKY OCYIIECTBJISIET
xkomnanusa MESOL


https://minobrnauki.gov.ru/upload/iblock/ec9/uopiv94sm7txg2ya837qlov0zzcxjckr.pdf
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https://minobrnauki.gov.ru/upload/iblock/ec9/uopiv94sm7txg2ya837qlov0zzcxjckr.pdf
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Cyxue repmMmeTuYHbIie NnepYyaToUyHblie 60KCbI
CNEKCTIbB
- ocHoBa n1060i coBpeMeHHOW XuMmmnuyeckoi, pusmnuyeckoii naboparopum
WM NPOU3BOACTBA.
OHu cobpanm B cBOEW KOHCTPYKLMM MNOC/NefAHUE JOCTUXXEHUA
byHAaAMEHTaNbHOW HAYKU U MHXXEHEPHOMW MbICAU.
B Hecko/bKO pas geweBsie eBPONEeCKUX aHa/Noros, OHMU CylWecTBeHHO
NPeBOCXOAAT MX MO KavyecTBY M CTOMMOCTMU o6cay>XxuBaHunA.
CoBpemeHHasn 3/ilemeHTHasa 6a3a, ceHCcOpHasa NaHesb ynpaB/JieHUs
cucTeMamMm OTKauykm, aBTOMaTU4YeCKUii 3anycK U pereHepauus NO3BOJAIOT
aBTOMaTusupoBaThb npouecc paborbl c 60kcomM No 3agzaHHOM NporpaMmme.
MHHOBauMOHHOEe co6cTBEeHHOEe NPOU3BOACTBO KOMMaHUM No3BoaneT
M3roraB/iMBaTb UX B N106bIX TUNOpasMmepax, C pas/iIM4HbIMMU
KOHPUrypaumamMmm LWAIO30B, COEAUHATbL MeXAay coboii, uHTerpmpoBaThb
BaKyyMHbie KaMepbl, Hanbli/iuTe/ibHble YCTAaHOBKU, MHEBMaTUu4Yeckue
CUCTeMbl, ONTUYECKOEe U 3/IeKTPOoHHOoe o6opyaoBaHue.

Ba3oBbie Tnnopaamepbl (MM) 6okcoB CINEKC b m cucremMm o4YnNCTKH
ClrEKC IrsCco:

1.04Ha cTopoHa (4Be CTOPOHBbI) 2 Nep4yaTkm ~ 1200%*760%*900
2.0g4Ha cTopoHa (4Be CTOPOHBbI) 3 Nep4YyaTku ~ 1500*760%*900
3.04Ha cTopoHa (4Be CTOPOHBbI) 4 nep4yarkm ~ 1900*760%*900

4.0,4nuapnan cCUCTEéMa ra3ooYmncTkKm
5.ABOﬁH8H CHUCTeMa rasooyYymncTkKm

=&

Paboune xapaKTEepHCTHKH:

~ 600*800*850

BJIOK NHTAHHA -220B (AC), 501
IIpeneqsHAsT MOIMHOCTH - 3000 Bt

Pab6oumnd ras - N2, Ar, He, naHepTHBI€E ra3bl
YopaBassomui ra3z - CKATHIH BO3AYX WIH HHEPTHLIH 1a3
PereHepanHOHHBIH ra3 - cMeCh pafo9ero ra3a ¢ BoaopoaomM
Conep>xanne BOAbBI H KHCJIOPOAAa - He O6ojee 1 ppm

NIPH CTaHAApTHEIX ycaoBasx (200C, 1 arv)

BakyymupoBaHue mJjro3a -0 100 Ila .

darauk cogepxxanus Boasl MITCHELL b ) (b —
daTank coaepxanus kucjaopoaa GNL-BS —== ol

PeanusoeaHHbIe NpoeKkmbi

— |

AO “CneKTpocKonuueckme cucrembl”
119071, r.MockBa, JIeHUHCKM npocnekKrT, 4 31
Ten/dbakc: +7 (495) 926-38-48
info@spectro-systems.ru
www.spectro-systems.ru
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BeAVLWMX MUDOBbLIX NboOU3BoAUTENIEN

Cnekrpockonus

obopydosaHue 0 monekynspHo,
amoMHol cnekmpockonuu u
PEHM2EeHOBCK020 aHanu3a

Mukpockonus

ONMUYECKUE MUKPOCKONBI,
MUKPOCNeKmMpogomomemps!

Xpomarorpacus
cucmembl 05151 2a3080U xpomamozpagpuu
u BAXX, npucmasku 0ns eeoda npob,
cneyuarnu3uposaHHble aHanu3amopa!

TepMoaHanus

npubopsI 07151 Kanopumempuu,
mepmMozpagumempuu U
MepPMOMEXaHUYECK020 aHanu3aa

KpuoreHuka

c8epxnposodsLLe MazHUMbI U
cucmembl UMEPEHUs (hu3UYeCcKUxX
ceolicme mamepuarnos
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