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IpeauciioBue

CuMIo3uyM sIBIS€TCS yAOOHOM IUIOIMIAAKON IS MPEACTABUTENCH Pa3TuIHBIX
HalpaBJIeHUN €CTECTBEHHBIX HAyK, KOTOpbIE BKIIOYAIOT B Cce0sl XHUMHUIO U
($U3MKY U HE TOJIBKO UX, JUIsl 00CYXJACHUS aKTyaJbHBIX MEXAUCUUIIMHAPHBIX
npobsieM, CBSI3aHHBIX C pa3pabOTKONM M MPaKTUYECKUMH IPHIOKEHUSIMU
HOBeMux MartepuasnoB. s 0OCYKIeHHUs] OpUTHHAIBHBIX (yHIaMEHTaJIbHbIX
UleH, BO3HUKAIOIIMX Ha TMEPEKPECTKE XUMHH, (U3UKH, XUMHUYECKUX
TEXHOJIOTMM W HayK O MaTepuanax, BKJIIOYaOIUX B cedd Kak
DKCIIEPUMEHTAJIbHBIE HWCCJIEJAOBAHMS TaK W TEOPETUYECKHUE H3BICKAHUA,
HalpaBJieHHblE Ha IMOMCK M TNPAKTHUYECKYI0 pa3pabOTKy MaTepuajioB C
HEOOBIYHBIMH W/WJIM TIOJIE3HBIMH CBOMCTBAMM, MBI MPUIJIAIIAEM MPUHATH
ydyactTue B paboTe CHMIO3MyMa KOJUIEr, paOOTalIIMX HaJ pEelIeHUEM
nonoOHbIX 3amad. Cpenu pasHOOOpa3HBIX MAaTEepHAlIOB, KOTOpble OyayT
pPaccMOTpPEHBbI B MPUTJANICHHBIX U OTOOpAaHHBIX JOKJIagaxX, 0co00e BHUMaHHE
yZEJICHO CI0co0aM MOIy4eHUs U MOIU(UKAIIMYA TAKUM U3 HUX Kak:

rUOpUIHBIE BBICOKOYIIOPSAIOUYEHHBIE MaTEPHAIIbl — METAILII-OPTaHUYECKUE
kapkacHble (MOF) coenunenus u ux mnpousBojHble. K Hacrosmemy
Bpemenn MOF  3apexkomenmoBanmm ceOsS  Kak  MEPCICKTHUBHBIC
(yHKUHMOHAIBHBIE CHCTEMbl B TaKUX OO0JACTIX, KaK XpaHEHHE H
pasieylieHne  Ta30oB,  KaTajau3, JIIOMUHECHEHUUS W TPaHCIOPT
MEJINKaMEHTOB;

LEOJIUTHI, KPUCTAINIMYECKUE aTIOMOCUIIMKATHI, KOTOpbIE OJaroapsi CBOUM
YHUKAJIBHBIM CTPYKTYPHBIM, KHCJIOTHO-OCHOBHBIM U  OKHCIUTEIbHO-
BOCCTAHOBUTEJIbHBIM  CBOMCTBAM  LIMPOKO  MCHOJB3YIOTCS  Kak
reTepOreHHble KaTalu3aTopbl B HepTeXxumMuu, HedrenepepaboTke U
OprKaTaiuse;

WHTEPMETALTNYCCKAE  COCAUHEHUS  PEAKO3EMENbHBIX  3JIEMEHTOB,
KOTOpBbIE JEMOHCTPUPYIOT pa3sHooOpa3Hbie (U3WUYECKUE CBOICTBA,
OOyCJIOBJICHHBIE KOPPEIAIUAMUA MEKIYy CHJIBHO JIOKAIM30BaHHBIMH
MarHUTHBIMH MOMEHTAMH aTOMOB f-3JIEMEHTOB W JJICKTPOHAMU 30HBI
poBoAUMOCTH. COeMHEHUS ¢ YHUKAJIbHBIMA MAarHUTHBIMUA CBOMCTBaMU
HaXoOJsT CBOE TMPUMEHEHHE B  DOJICKTPOHUKE,  3allOMHUHAIOIIUX
yCTPOMCTBAX, CIUHTPOHUKE U JPYTHX 00IACTAX TEXHUKH;

OeTa-3aMelIeHHbIE METaUIONOPPUPHUHBI, KOTOPHIM OTBOJUTCS KIIOUEBas
pOJIb B MOJIEKYJISIPHOM JU3aiiHe (OTOCEHCHOMIN3ATOPOB IMPHU CO3JaHUU
BBICOKO?(P()EKTUBHBIX CEHCHOMIM3UPOBAHHBIX KPACUTENIEM COJHEYHBIX
AJIEMEHTOB Ha OCHOBE TETPAIUPPOIBHBIX COCANHEHU;

dhapMalieBTHYECKHE CyOCTaHITUU.



Jinis  nroboro  HOBOrO  TBEpAO(A3HOIO  MaTepuana, IOJIYYEHHOro B
71a00paTOPHBIX yCIOBUSX, €r0 MOJIHAS CTPYKTYpHAs XapaKTepu3alus BIIOTh 710
YCTAaHOBJICHHSI KPHUCTAJUIMYECKON CTPYKTYphl M €€ TOHKHX OCOOCHHOCTEH
ABIIACTCA  B@KHEWIIMM  3TaliOM  Tepel  W3TOTOBJICHHEM  OIMBITHBIX
MPOMBITIUICHHBIX  00pa3ioB. [loaTromy ocoboe BHHMaHHWE OyAeT YIACICHO
acTieKTaM CTPYKTYpHOM XapaKTepu3allud HOBBIX MaTEpHUajOB, KOTOpPHIE B
NEPBYIO OYepeab MOAPa3yMEBAOT pa3HOOOpa3Hble AUPPAKIMOHHBIE METObI —
MOHOKPHUCTAIIbHBIN PEHTTEHO-CTPYKTYPHBIH aHanms, MIOPOIIIKOBAs
MIMPOKOYTJIOBass ~ Oudpakuus C  HCIONB30BAHHE  PEHTTEHOBCKOTO U
CHUHXPOTPOHHOI'0 MU3JIy4YEHUH, a TAKKE HEUTPOHOB, U MAJIOYIJIOBOE pACCEIHUE
peHTreHoBcKuX Jydeil. [loMumo oOCyX)AeHHS aKTyalbHBIX 3aJad CO3JaHUS
HOBBIX MaTEpHaJOB B paMKaxX CUMIIO3MyMa MPECIEAYIOTCS U 00pa3oBaTeIbHbIC
[EeNM, TO3BOJISIONINE MOJOJBIM YYCHBIM OJIM3KO TIO3HAKOMHUTBCA C
dbyHIaMEHTAIBHBIME ~ TpoOJeMaMl  MaTepUAIOBEACHHUS, C  KOTOPBIMU
CTAJIKMBAIOTCS COBPEMEHHBIC HAy4YHbIEe KOJUICKTHUBBL. OpraHu3alMOHHBINA
KOMHUTET TPUIJIAIIAET MOJIOJABIX YYECHBIX, ACIIUPAHTOB U CTYIEHTOB MPHUHATH
ydyacTue B paboTe CUMIO3MyMa M IOJaBaTh 3asiBKUM HA BBICTYIUJICHUS C
COOCTBEHHBIMU KPATKUMHU YCTHBIMH JIOKJIa/laMU.

OpranuzaropaMu CHUMIIO3WyMa BBICTYINAIOT XuUMHUecKui (akyiaprer MI'Y
umenn M.B. JlomoHocoBa, MuHuCTepcTBO o0Opa3zoBaHusi u Hayku PO,
EBponeiickuii  koMmruiekc cuaxporpoHHoro wusnydeHuss (The European
Synchrotron Radiation Facility, ESRF).
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High resolution powder diffraction beamline ID22 -
new opportunities and achievements

Andy Fitch
ESRF, 71, Avenue des Martyrs, CS40220, 38043 Grenoble Cedex 9, France

The ESRF has operated a dedicated high resolution powder X-ray diffraction
beamline since May 1996 when BM16, built on a bending magnet source,
opened for experiments from the external user community. In March 2002 the
beamline was upgraded by moving to the ID31 undulator source, leading to a
significant increase in flux and brightness, and allowing the maximum photon
energy to be extended from 40 keV up to 63 keV. In December 2013, during
phase I of the ESRF’s extensive upgrade program, the beamline was moved to
ID22 and refurbished, allowing a further improvement in performance. 1D22
reentered user service in May 2014 in its standard high-resolution powder
diffraction mode. In June 2015 a Perkin Elmer medical imaging detector (41 x
41 cm®) was added, allowing the measurement of complementary data for pair
distribution function (PDF) analysis at energies of up to 80 keV, or for more
easily measuring powder diffraction patterns from poorly scattering or defective
samples of modest crystallinity, where angular resolution is less of a priority.

The talk will give an overview of the scientific program conducted on the
beamline. One of its strengths is the capacity to perform high resolution powder
diffraction at relatively hard photon energies; our standard operating energies
are 31 keV or 35 keV, allowing a wide range of samples to be studied in
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capillary geometry without concerns about sample absorption. Capillary
geometry reduces problems such as preferred orientation seen in flat-plate
reflection mode. Hard energy allows data to be collected to high O values for
PDF analysis, and at the K edges of heavier elements for anomalous scattering
studies to improve sensitivity to the specific anomalously-scattering element. A
range of sample environments is available, allowing measurements between
temperatures of =4 K to 1600°C. A glass-capillary gas cell allows samples to be
measured under gas pressures (such as H, or CO,) from 0 — 100 Bar. A sample-
changing robot accommodates up to 75 samples, and is compatible with the
sample temperature range of 80 K to 1000°C, allowing series of samples to be
investigated over a wide range of temperatures. The scientific program covers a
full range of sample types, from proteins studied via powder diffraction,
through to heavy-metal oxides and alloys. There is also a program to map
residual strain in surfaces, welds, and engineering components.

Corresponding Author
E-mail: fitch@esrf.fr.
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HGOHI/ITHBIC KaTaJn3aTopbl: CUHTC3, AKTHUBALIWI,
KaTaJn3 U IC3aKTUBAIlUA

N.N.UBaHoOBa

Mockosckuti 2cocyoapcmeernnbiil yuusepcumem umernu M. B. Jlomonocosa,
Xumuuecxuii chaxkyiomem, Mockesa, Jlenunckue copol, oom 1, cmpoerue 3,

119991

Hnemumym negpmexumuueckoeo cunmesa um. A.B.Tonuuesa PAH, Mockea,
Jlenuncxuu npocnexkm, 29, 119991

[leomuTbl — D3TO YHUKAJIBHBIA KJIACC COCIUHEHUHM C YIOPSIAOYEHHOMN
CTPYKTYpOii, oOpa3yrolieil TpeXMEepHYI0 CUCTEMY OJHOPOIHBIX MOpP, UMEIOIINX
MOJIEKYJIIpHBIE pa3mepbl. biarogapsi 0COOEHHOCTSIM CTPOEHUSI W T'€OMETPUU
Iop ATH Marepuajgbl MOTYT H30UpaTelbHO aJcopOMpOBaTH MOJIEKYJBI  C
COOTBETCTBYIOIIMMH pa3MEPaMH, a, CJIEAOBATENIbHO, CIOCOOHBI TMPOSBISATH
MOJIEKYJIIPHO-CUTOBBIE CBOWcTBa. B Hacrosiee Bpemsi u3BecTHO Oosee 225
CTPYKTYPHBIX THUIOB UEOJUTHBIX MOJIEKYJISIDHBIX CHT, IIO3BOJISIOLINX
BApbUPOBATH pa3MeEPhI MOp ¢ TOUHOCTHIO A0 0,1 M B unTepBane ot 0,3 no 1,2
HM.

Hapsiny ¢ MOJEKyJIsIpHO-CUTOBBIMH CBOHCTBAMH  IICOJUTHI  MPOSBIISIOT
MOHOOOMEHHBIE M  KaTaJlUTUYECKHE  CBOMCTBA, 00Jagal0OT  BBICOKOI
TEPMOCTAOMILHOCTHIO U KHCIIOTOCTOMKOCThIO. Kak karaim3aTopsl OHHM MMEIOT
HIUPOKUI CIEKTP MIPUMEHEHUS B HedTenepepabaTbIBatomeh
IMPOMBINIJICHHOCTH, He(pTe- ¢ Ta30XMMHUH, OpPraHUYeCKOM U  TOHKOM
OpPraHMYEeCKOM CHHTE3¢ M 3aHMMAIOT 0CcOo00€ MECTO CpeAau KaTaau3aTopOB
IeTEPOreHHO-KATATUTHIECKUX TTPOIIECCCOB.

B nacTosiiee Bpemsi B TUTEpaType HAKOIUIEHO OOJIBIIIOE KOJTUYECTBO CBEIICHUN
0 CTPYKType, COCTaBy M THUIAM aKTUBHBIX LEHTPOB  IECOJMTHBIX
KaTanu3aTtopoB. 110 THMy aKTUBHBIX LIEHTPOB UX MOXKHO Pa3[EIUTh HA YEThIPE
OCHOBHBIC TPYIIBI: OpPEHCTEAOBCKUE KHUCIOTHI, JILFOUCOBCKUE KHCIIOTHI,
OCHOBHBIE CHUCTEMbl U OKHUCIIUTEIbHO-BOCCTAHOBUTEIBHBIE ~ CUCTEMBI.
Bo3HukHOBEeHHE OpPEHCTENOBCKOM KHCIOTHOCTA Yy IICOJIUTOB CBSI3BIBAIOT C
3aMEICHIEM aTOMOB KPeMHHs Si'' B KPeMHe-KHCIOPOIHON PEIIeTKe Ha aTOMbI
amomuunss Al'" wiam  gpyrue TpexBaleHTHBIE SIEMEHTBL. JIBIOMCOBCKHE
KHCIIOTHBIC TICHTPHI 00pa30BaHbl KOOPIUHAIIMOHHO-HEHACHIIIIEHHBIMU aTOMaMU
Al, Sn, Zr u gap., KOTOpble MOTYT OBITh JIOKAJIW30BaHBI KaK B CTPYKType
MOJIEKYJISIPHOTO CUTa, TaK M B COEAUHEHUSIX BKJIIOUCHUS. OCHOBHBIC LIEHTPbI
BO3HUKAIOT B IIEJIOYHBIX U IIEJIOYHO3EMENIbHBIX (popMax 11€0auToB. B kauecTBe
TaKuX LIEHTPOB MOTYT BBICTYIaTh OCHOBHBIE aTOMBI KHUCJIOPOJA CTPYKTYpHI, a
TaKK€ 4YacCTUIIbl OCHOBHBIX OKCHUJIOB U THUJPOKCHUJIOB IICJIOYHBIX U
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IIEJJOYHO3EMENBHBIX ~ METAJIOB,  HAaxXOJAIIMECSs  BO  BHEPEIICTOYHOM
pOCTpaHCTBE. OKUCIUTEIBbHO-BOCCTAHOBUTENBHBIE CBOMCTBA CBS3BIBAIOT C
aTOMaMHU NEPEXOAHBbIX METAJIOB, BXOIALIMX B AHUOHHBIA WM KAaTUOHHBIN
COCTaB CTPYKTYpPBl, @ TaKX€ C pa3IUYHbBIMU COCAMHEHUSAMU BKIIKOYCHMUS:
YacTUI[AMU METAJUIOB, OKCHJOB, HMMMOOWIM30BaHHBIMH (EpPMEHTAMH WJIU
aKTUBHBIMU METAJUIOKOMIUIEKcaMHu. CHIla pa3iu4HbIX LIEHTPOB ONPENEIAETCS
UX CTPOEHHUEM, JIOKaJIM3aluell B CTPYKType LeoJiuTa U OMmKalliuMm
OKPYKCHUEM.

B nokmame OyayT paccMOTpeHBl OCHOBHBIE THITBI KAaTaJIM3aTOPOB HA OCHOBE
IIEOJTUTHBIX MOJICKYJISIPHBIX CHUT, MPOaHAIU3UPOBAHBI MEXaHU3MbI UX CHHTE3a,
aKTUBAllMY, KATaJIUTHYCCKOIO0 JCHCTBUA M  JI€3aKTHBAIUHM, OOOOIICHBI
OCHOBHBIE (DaKTOPBI, OINpPENCIAIONINE HUX KATAIUTHYECKYI0 aKTUBHOCTH U
cenekTuBHOCTh. Ocoboe BHHUMaHHE OyAeT YACICHO METOoJaM HCCIICIOBaHUs
IEOJIMTHBIX ~ KaTajlu3aToOpoB. byayT mpoaHaIM3UPOBAHBl  BO3MOXHOCTH
crnektpanbHbix MetojoB AMP, MKC, KP u VY®, MeronoB Ha OCHOBE
PEHTTEHOBCKOTO  M3JIyYCHHS, JJCKTPOHHOW  MHMKPOCKOIIMHM, a  TakKXKe
a7ICOpOIIMOHHBIX MEeTO10B. [Ipu 3TOM, OYIyT pacCMOTPEHBI TPAJAUIIMOHHBIC «ex
Situy» TIOIXO0Jbl K HCCICIOBAHHUIO CTPYKTYpPBI, COCTaBa U CBOWCTB IICOJUTOB U
HOBBIE “in Sit” METOIbI, TIO3BOJISIONINE OCYIIECCTRIATh MPSIMOE HAOIIOACHUE 3a
CHUHTE30M M KaTaJIM30M HEMOCPEJACTBEHHO B  XoJe Iiporecca. B
3aKJIIOYMTEIIPHOM  YacTH  JIOKJIaja  OyayT  OoOCYXACHBI  BO3MOXKHOCTH
HaIpaBJICHHOTO (OPMHUPOBAHUS CTPYKTYPbl W aKTHUBHBIX IIEHTPOB IICOJTUTOB
JUISL CO3/IaHMSI BEICOKOA()(PEKTUBHBIX KaTAJTUTHUYSCKUX CUCTEM Ha UX OCHOBE.

Aeémop 0121 nepenucku
E-mail: iiivanova@phys.chem.msu.ru.

bnazooapnocmu
PaGora BmimonHeHa 3a cuer rpaHta Poccuiickoro HayyHOro (QoHmaa
(mpoekt Nel4-23-00094).
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Crystallography with synchrotron light

Dmitry Chernyshov

Swiss-Norwegian Beamlines at the European Synchrotron Radiation Facility,
Grenoble, France

X-ray diffraction is a well established experimental technique which recently
celebrated its 100-year anniversary. Nevertheless, diffractometers are still
amongst the most-requested instruments at large synchrotron facilities. The
advent of fast and nearly noise-free pixel area detectors, in combination with
bright synchrotron light, opens up new opportunities for diffraction. The short
time of data collection enables kinetic experiments to be performed, and the low
background makes it possible for weak signals such as diffuse scattering and
satellite reflections to be detected.

Diffraction experiments with synchrotron light push classic crystallographic
techniques far beyond crystal structure determination, towards uncovering
microscopic mechanisms underlying a functional structural response. Modern
single crystal and powder diffraction experiments with synchrotron radiation
are illustrated with a series of examples [1]. Light-induced phase transitions,
diffuse scattering and structural disorder, determination of structural chirality,
and correlation diffraction techniques [2] are discussed with an emphasis on
synchrotron experimentation.

“‘ - o "‘.‘-f

Figure 1. A multipurpose synchrotron-based diffractometer PILATUS@SNBL
(left). An example of 3D map of diffuse scattering in magnetite (right).
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Most of the above examples has been studied at BMO1l beam line at the
European Synchrotron Radiation Facility. A short description of the
diffractometer and data processing tools developed at the beamline will also be
given [3]. I also show a large list of sample environment cell mostly developed
by users that cover a broad range of controlled external conditions. At the
moment, the multipurpose diffractometer PILATUS@SNBL is heavily
overbooked at the ESRF, in spite of the fact that it is installed on a bending
magnet source rather than an insertion device beamline.
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Unconventional superconductivity and other quantum
critical phenomena in strongly correlated f-electron
systems

Dariusz Kaczorowski

Institute of Low Temperature and Structure Research, Polish Academy of
Sciences, Wroctaw, Poland

Since the spectacular discovery of the phenomenon in 1979, advanced
experimental and theoretical studies on heavy-fermion superconductivity have
continued to be at the very forefront of modern condensed matter physics. This
is due to the special character of the superconducting state, which cannot be
described in terms of the conventional theory of superconductivity, as well as
due to a variety of unusual physical behavior observed in the normal state. The
microscopic nature of all these anomalous phenomena originates from strong
electronic correlations in metallic systems bearing localized magnetic moments.
In recent years, significant progress has been made in understanding the
fundamental mechanisms responsible for the simultaneous presence of
magnetism and superconductivity (by a number of decades considered as
entirely antagonistic). In consequence, the scenarios of competition, coexistence
or sometimes even interplay of the two cooperative phenomena have been
recognized. Nevertheless, a consistent universal theory of the heavy-fermion
superconductivity that might account for all its intriguing aspects is still lacking.
Furthermore, new experimental discoveries in the field often result in
identification of novel scientific challenges.

In my lecture I shall briefly review the basic concepts of the physics of strongly
correlated electron systems with the particular emphasis put on the formation of
heavy-fermion ground states, quantum critical phenomena and unconventional
magnetically-driven superconductivity. A historical overview of the main
discoveries made in the area will be supplemented with our own results,
recently obtained in our laboratories in Wroctaw. Finally, an attempt will be
made to address a few most challenging open questions in the relevant field.

Corresponding Author
E-mail: D.Kaczorowski@int.pan.wroc.pl.
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Phase formation, crystallographic relations and physical
properties in the (Ce,U)-Co-Ge and related ternary
systems

Mathieu Pasturel,' Adam Pikul,” and Olivier Tougait'

"Institut des Sciences Chimiques de Rennes, Chimie du Solide et Matériaux,
UMR CNRS 6226, Université Rennes 1, Campus de Beaulieu bat. 104, 35042
Rennes Cedex, France

*Institute of Low Temperature and Structure Research, Polish Academy of
Sciences in Wroctaw, ul. Okolna 2, 50-422 Wroctaw, Poland

Associating heavy transition metals to uranium and germanium leads to a rich
crystallochemistry and manifold physical properties of the so-obtained binary,
pseudobinary or ternary and pseudoternary compounds. The number of forming
(reported in the literature) ternary phases ranges from 0 in the U-Ag-Ge system
[1] up to 22 in the U-Co-Ge one [2]. Interestingly, none of them contains more
than 50 at.% U or more than 67 at.% Ge [2-7]. They crystallize in various unit
cells, from very simple ones - as small as AIB, (e.g. UCu;_Ge [7]) - to much
larger and complex ones - such as UszsFeyGes; [8] or UgFe,Geyy [9], reaching
cell volumes up to 3000 A’. Magnetic properties of those phases vary from
Pauli paramagnetism to hard ferromagnetism, and transport properties from
superconductivity to Kondo-like interactions. Among the most intriguing
behaviors one can mention the coexistence of superconductivity and
ferromagnetic order observed in UGe, [10], URhGe [11] and UCoGe [12], and
the ferromagnetic ordering evidenced in U,Fe;Ge despite very short U-U
distances in the latter system [13].

Within this contribution, a review of the phase formations and
crystallochemistry in the U-Co-Ge and Ce-Co-Ge phase diagrams will be
presented and discussed in terms of structural relationships, focusing e.g. on the
presence of uranium zig-zag chains, which are supposed to play an important
role in the previously mentioned superconducting ferromagnets [14]. A
correlation in terms of the relationship between chemical composition, crystal
structure and magnetic properties will be proposed. In particular, it will be
shown that most of the magnetically ordered compounds can be encountered
“close to” the U-Ge binary axis, while most of the transition metal-rich phases
exhibit paramagnetism oxide.
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UGe, U;Co,Ge, U;Co,Ge, UCo,Ge,

Figure 1. Structural relationship between 4 intermediate phases (over 22) in the
U-Co-Ge ternary system.
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Pa3BuTre U COCTOSIHUE DKCIIEPUMEHTAIBHBIX METO/IOB
PEHTTEHOCTPYKTYPHOU JTUATHOCTUKUA MATEPUAIIOB

I'.B.®DeTncoB

Mockosckuti 2cocyoapcmeernnbiii yuusepcumem umernu M. B. Jlomonocosa,
Xumuuecxuii ghakyromem, Mocxesa, Jlenunckue copol, oom 1, cmpoerue 3,

119991

OgHuMHM U3 OCHOBHBIX CPEJACTB HCCIEIOBAHUS M JUArHOCTUKU aTOMHOM
CTPYKTYpHhI, (a3oBOro cocraBa, MOpP(MOJOTMM 4YaCTUIl MU psAla JIPYTrux
CTPYKTYPHBIX 0COOEHHOCTEH Pa3IUYHBIX MaTepHUaIOB SIBIIIIOTCS
PEHTIeHOBCKUE AU(paKIMOHHbIE MeToAbl.  OHM [aBHO W C YCIEXOM
OPUMEHSIOTCS  JJI1  ONPEACNCHUS] CTPYKTYPhl KPUCTALUIMYECKHUX, YCIOBHO
KPUCTANIMYECKUX H aMOppHBIX MaTepuajoB, a TakXkKe s OIpeneleHus
pazMepa U (GOPMBI MHUKPOCKOIMMYECKUX U CYOMHKPOCKONMHMYECKUX YacTHII,
IpUYEeM KaK B TBEPJIOM, TaK U B )KHJIKOM COCTOSIHMHM. B GOJIBIIMHCTBE CilyyaeB
U3MEPEHHUS B 3TUX METO/IaX He TPeOYyIOT ClielUaaIbHON MOATOTOBKU 00Pa3oB U
MPOBOJSATCA MPU OOBIYHBIX YCIOBUAX HA OTKPBITOM BO3JyX€, YTO BBITOJHO
OTJIMYaeT MX OT MHOTUX JAPYrMX METOAOB KOHTPOJS M JIUAarHOCTHKU
IPUMEHSEMBIX B 00JIACTH COBPEMEHHBIX BBICOKOTEXHOJOTMYHBIX MaTepUaIoB U
HaHOCTPYKTYp [1].

UyBCTBUTENBHOCTh, CKOPOCTh M TOYHOCTh aHAJIM3a BEIIECTB PEHTICHOBCKUMU
TU(GPAKIMOHHBIMU METOJaMH 3aBHCHUT OT IJIOTHOCTH TMOTOKA PEHTTEHOBCKHX
(hOTOHOB MaAAONINX HA AHAIM3UPYEMBI 00pasell, T.. B 3HAUYUTEIHLHOU Mepe
OTIpeIeIIIeTCs IPKOCTHIO [(poTor/c/Mpa /Mm’(B omnoce 0.1%A)], rae A — wihHa
BOJIHBI, UCTOYHUKA peHTreHoBckux jyuen (PJI). besycnoBHo, pe3ynbTaT Takxke
CUJILHO 3aBUCUT €IIeé W OT XapaKTEePUCTUK JIETEKTOpa, KOTOPHIM
PErUCTpUPYETCS pacCesHHOE 00pa3loM U3JIyYEeHHE.

Jlonroe BpeMsi €IUHCTBEHHBIM MCTOYHUKOM PEHTT€HOBCKUX Jy4yed s
TU(GPaKIMOHHBIX M3MEPEHU CiyXuiu peHtreHoBckue TpyOku (PT), a
CrocOOOM  TOBBIIIEHUSI HMHTEHCUBHOCTHM WX U3JIYYEHHUS] — YBEIUYEHUE
anekTpuueckol wmomHoctd. PT He camble 3(Q(eKTUBHBIE T'€HEPATOPHI
MOHOXPOMATHUYECKUX PEHTT€HOBCKUX Jyuel aia audpakromerpun. B cuimy nx
KOHCTPYKIIMM W TpUHIMNA JCUCTBUS, a makxce NPUMUIMUBHOCTIU
MPAOUYUOHHO NPUMEHABWENCS 6 peHmeeHozpauu wenesou  OnmuKu,
uccienyemoro  obpasua gocturanu  menee  ~0.01%  reHepupyembix
PEHTIeHOBCKON TpyOKOH (POTOHOB, M TaKMM 00pa3oM B JI€JI0 IO HE OOJIbIIE
0.0003% moTpebisieMoil IIEKTPUIECKON MOITHOCTH. SIpKocTh m3nydeHus: Ko,
oobiyHoMt  PT  momHocthio 2.5 kBt HE  IIPEBBILIAET 10°
doton/c/mpa’/mMm*(0.1%A), u mpubmmsurensHo B 100 pas Bemme y PT ¢
BpaIIAlONIMMCSl aHOJOM MOIIHOCTBI0 okojo 20 kBt (puc. 1). anbHeiimiee
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MOBBIILICHUE SIPKOCTHU IIyTEM YBCIIMUYCHUS TOKA U HAIPSDKEHUSI HEBO3MOXKHO H3-
3a IMPENeIbHOM IUIOTHOCTU MOIIHOCTH, IPU KOTOPOW JOCTUIAeTCs TENIO0BOU
IpEes U JJIEKTPOHHBIM NMyYOK HAYMHAET PACIUIABIATH U UCHAPATH MATEPUAI
anona PT.

Wavelength (A) PucyHnoxk 1. Cpasuenue criekrpaibHOi
1240 124 1.24 SAPKOCTH HEKOTOPBIX UCTOUHHUKOB CU 310

! IIOKOJICHUS C Pa3HOM dHEPrUeH 3JIEKTPOHOB
(7 I'B u 1.9 I'5B) u nabopaTopHbBIX
PEHTTeHOBCKUX TPYOOK. BepTukanbHbIMH
auausiMu CuK 1 MoK 0603HaueHsl
cooTBeTcTBeHHO sipkocTh CuKol u MoK
JMHUHN U3ITy4eHUs] pEHTTEHOBCKUX TPYOOK C
BpAIIAIOIIMMCS aHOJOM MOIIIHOCTBIO 5-25
kBt. KBaspatamMu oTMe4eHbI IPKOCTU
xapaktepuctuyeckoro uznyudenus: CuKo

102

— 'l

1018
1016 |

1014 -

‘ —e
Bends !
v

12 [ —— 7 GeV 00BIUHOM oTHassHHOU TpyOKu 2.5 KBT C
107 F === 1.9 GeV 7 (Conventional XRT); MukpohokycHOi
- Liquid metaljet XRT B . TpyOku mMomHocThI0 50 BT (Microfocus
10| Mo K | XRT); GaKo mukpodokycroii tpyoxu 200
10 CuK | P y Py

BT ¢ ’KUIKOMETANTNUECKUM aHOIOM U3
crnaBa Ga-In (Liquid metal-jet). 3arenennas
108 L Conventional xRT W . ob6macts (Continuum) mupuHOii B 1Ba
MOPSIZIKA TIOKa3bIBACT SPKOCTH TOPMO3HOTO
U3JTy4eHHs PEHTTCHOBCKHUX TPYOOK: ¢

- Microfocus XRT % —

Spectral brilliance
[photons - s~ - mm™2 . mr2 . (0.1% bandwidth)™]

10° |
HETOIBIKHBIM aHOJIOM — HUKHSISI TPAHHUIIA; C
B BpALIAIOIIMMCS AHOJIOM — 3aT€HEHHBIN
104 | Continuum | POMEXKYTOK; ¥ MUKPO(OKYCHBIX
i PEHTTEHOBCKUX TPYOOK C BPALIAIOIUMCS
2 Ll Illld Ll lllll]] Ll Il]lJlI L LLLiLll aHOHOM - BerHﬂﬂ rpaHI/IHa' I[aHHI)Ie I/I3 [2],

10eV 100eV 1keV 10keV 100kev fig. 2-9 mu3 [3] fig. 9.3.
Photon energy

K cuactblo, nociae yCnenHbiX ONbITOB C MapasUTUYECKUM JIEKTPOMArHUTHBIM
U3JIyYEHUEM M3 CUHXPOTPOHHBIX HAKOMUTENbHBIX KOJIEL, MpeIHa3HAUYCHHBIX
JUISL yAEepKaHUST HA OpOUTE PENSITUBUCTCKUX OSJEKTPOHOB WM TMO3UTPOHOB,
MOSIBUJIACH aJIbTEpHATUBA PEHTTEHOBCKUM TpyOkam, u B 1980-e roasl Havamu
CTPOUTH CHEUHUAIU3UPOBAHHBIE UCTOYHUKU CUHXPOTpOHHOrO n3nyuenus (CU),
kinaccudunmpyemeie ceroans, kak uctounuku CU 2ro moxonenus [4]. Dto
U3JIyYEHUE ABUKYIIUXCS MO KPUBOJUHEUHBIM TPACKTOPHUSAM PEISTUBHUCTCKHUX
AJIEKTPOHOB €CTECTBEHHBIM O00pa30oM KOJUIMMHUPOBAHHOE B IYyYOK TIOYTHU
napasuielIbHbIX HAMPAaBJICHHBIX B OJIHY CTOPOHY JIy4eill B THICAYU U MUJUIMOHBI
pa3 mpeB30IIUIO MO SIPKOCTU U3IydeHue caMbix MouHbiX PT (cm. puc. 1). CU
CBOMMH CBOWCTBaMH U SPKOCTBIO YJIOBJIETBOPHIIO CaMbIE CMEJbIE TPeOOBaHUS
MPAKTUYECKA BCEX PEHTTEHOBCKUX IU(GPAKIMOHHBIX METOJOB M OKa3ajioCh
OYCHb  BOCTPeOOBaHO M  WCCIENOBAaHWW B XUMHH,  (DHU3UKE,
MaTepHUAIOBEICHNN, OMOJIOTHH, MEIUIIMHE ¥ MHOTUX JPYTHX 00JIACTAX HAYKU U
IPOMBIIIICHHOCTH. B mocnegnee necarwierne 20ro Beka Ha JTOM  Ke
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MPUHIIUINE B Pa3HBIX CTpaHAX MHUpPA HAYAJIOCh CTPOUTEILCTBO MCTOUHUKOB CHU
3ro nokoJieHus [4] ¢ 6ojiee ONTUMU3UPOBAHHBIMU HAKOMUTEIBHBIMU KOJIbIIAMU
¥ OOJIBIIIUM YUCIIOM KaHaioB BbIBoAa CU, SpKOCTh OTIENbHBIX U3NIydaTeseil B
koTopbix gocturiaa 10°° poron/c/mpr’/mMm*(0.1%A) 1 HECPABHEHHO TIPEB30MIIA
sapkocTh m3nydeHus aooeix PT (puc. 1). B mepBom necsatunetuu 21ro Beka
OBLIIM BBEJICHBI B OKCIUTyaTaIuio nepsbie A8a PJICO (peHtreHoBckue 1a3ephl Ha
CBOOOJTHBIX JIEKTPOHAX ), UCTOUHUKH KO2EPEHMHO20 U3Ny4eHusi C SPKOCThIO Ha
10 mopsiIKOB BhIIIE, 4YEM Y caMbIX sipKuX UcTouyHUKOB CU 3ro nokosnenus [2,4].
Ho cneuuanuszupoBanubie uctounnku CU u PJICD upe3BbpluailHO JOpOrH, HX
YUCJIO B MUpE NOKa He mpebimaer 70, a AOCTyll K HUM BECbMa OTPaHHYEH.
[TomaBsiroriiee OOMBITMHCTBO PEHTTEHOBCKUX MU(DPAKIIMOHHBIX MCCIIEIOBAHUN
OpPOBOAWIOCH W TOKAa TMO-MPEXKHEMY MPOBOAUTCS Ha J1abOpaTOPHBIX
mudpakToOMETpax ¢ PEHTTEeHOBCKMMU TPpyOKaMu B KaduecTBe uctouHuka PJI.

B Hawane 21ro Beka MOABWIMCH HOBBbIE yCTpoicTBa st padbotel ¢ PJI u
OPOU30ILIO  KapAUHAIbHOE  OOHOBIEHHE  MOJENEH  J1abopaTOpHOTO
PEHTTEHOBCKOTO 000pYAOBaHHUsA, KOTOPOE CHUJIIBHO PACHIMPUIO aHATTUTHYECKHE
BO3MOKHOCTH PEHTI€HOBCKUX AU(PpakToMeTpoB. B mepByro odepenp 3a cyer
nepexona oT o0suHBIX PT k MukpodokycueiM (aumamerp ¢okyca <100 Mkm)
YAAIOCh PE3KO (Ha MOPSA0K) MOJHATHh NPENEIbHYI0 MIOTHOCTh MOIIHOCTU Ha
aHOJI€ U COOTBETCTBEHHO SIPKOCTh M3JIyYEHUsI PEHTT€HOBCKUX TpYyOoK (puc. 1),
YMEHBUIUB IIPU 3TOM B COTHIO pa3 sHepreTuyeckue 3arpatel! Enie Ha nopsmok
yAAJIOCh  YBEJIWYUTh  SpKOCTh ucToyHMKa PJI  mocne  u3oOperenus
MukpogokycHoil PT ¢ xuakomeTasimyeckuMm aHoaoM [3], koTopas crnocoOHa
paboTaTh NPH IUIOTHOCTH MOIIHOCTH 3JIEKTPOHHOro myuka >150 kBt/MM°, mo
cpaBHeHHIO ¢ ~0.5 KBT/MM® y OGBIYHBIX OTHASHHBIX TPYOOK C HEMOIBIKHBIM
anojaoMm (puc. 1).

Odyenb OOJNBIION BKJIAJ B YJydllleHHEe HUCTOYHMKOB PJI u moBbIIEHUE
(YyHKUMOHANBHOCTH PEHTTEHOBCKUX JAU(PPAKTOMETPOB BHECIO CO3JaHUE
OTpa)kaTeJIbHOW PEHTI€HOBCKON ONTHUKHU AJiA 3(PPEKTUBHOW TPAHCIOPTUPOBKH,
bunabTpauuu M KouMMHpoBaHus mydykoB PJI. VMmenHo ona mno3Bosmia
UCIIOJb30BaTh ~ MajoMOUIHbIe MHKpo(dokycHsle PT B peHTreHOBCKHX
IU(PPaKTOMETpax, CHEJNaB HUX SAPKOCTh BbIIE SpKOCcTH MomHbIX PT ¢
BpallaoluMcsi aHoioM. J[o 3TOro Ha pPEHTreHOBCKUX IU(pakTOMETpax He
ObUIO HUKAaKOW ONTHKM KPOME KOJUIMMHUPYIOUIMX IIesed U TUu(paKkuOHHOIO
MOHOKPUCTAJIIBHOTO MOHOXpPOMAaTopa, KOTOpPbIE JHUIIb CHJIBHO ITOHMKAIU
MHTEHCUBHOCTh W3NyueHus reHepupyemoro B PT. Ha pyOGexe BexkoB ObLIO
HaJIaXXEHO IPOU3BOACTBO MHOTOCIOMHBIX TOHKOILJICHOYHBIX OTPaXKaTEIbHO-
UHTEP(OEPEHIIMOHHBIX  (POKYCHUPYIOIIMX  MOHOXpPOMAaTOpoOB, a  TaKke
MOHOKAIWUIAPHBIX U MOTUKANWUIAPHBIX CTEKISHHBIX KOJUIMMATOPOB IIOJIHOTO
OTpaXeHHUs  JJI1  OYUCTKHM,  MOHOXpPOMAaTu3alud,  (OKYCHPOBKM U
KOJUIMMHUPOBAHUS IIyYKOB PEHTIC€HOBCKUX Jydel. DTU ONTUYECKHUE YCTPOMCTBA
00Ja1ar0T BBICOKOHM MPOMYyCKHOM crtocoOHOCThIO (80-100%) 1 mupoKuM yriioMm
3axBaTa, MMO3BOJISIIOIIMM coOuparh nmoutu Bce PJI pacxopsiuecs KOHycoMm u3
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okHa MuKpopokycHoil PT u ¢opMupoBaTh M3 HHMX KOHLEHTPUPOBAHHBIN
napajuieNIbHbIA MyYOK HYKHOTO CEUEHHUsI IO SIpPKOCTH Ipuodmkarontuiicst k CU.

bbimu  co3maHbl HOBBIE THUIBI PEHTTEHOBCKUX JETEKTOPOB (JTUHEUHBIX U
JBYMEPHBIX KOOPJAMHATHBIX) C BBICOKOM KBAHTOBOW YYBCTBUTEIIBHOCTHIO,
BBICOKUM aMILTUTYAHBIM AYHEPreTUYECKUM pa3peuieHueM,
pPaIuallMOHHOCTOMKUX, UMEIOIIMX HU3KUX YPOBEHb COOCTBEHHOTO IllyMa H
OYCHb IMHUPOKUN AUHAMUYECKUN AMANa30H JJIs KaXKJI0ro nukcens. BrobdaBok k
TOMY, OJIaroaps pe3KOMy YCOBEPIICHCTBOBAHUIO KOMIIBIOTEPHON TEXHHUKHU U
METOJIOB Tepenayu U o0paboTKu MH(OpMaIuu, B MPOLECCH HU3MEPEHU U
aHayM3a ObLTM BHEJIPEHBI METOJIbI MATEMATUYECKOTO MOJIEITHUPOBAHUS CIIOKHBIX
cucteM. B pe3ynbrare peHTreHOBCKHE AU(PPAKTOMETPHI HOBEUIIIETO MOKOJIEHUS
10 TOYHOCTH HM3MEPEHUN, YYBCTBUTEIBHOCTA U MPOU3BOJAUTEIBHOCTH, CUIBHO
PEBOCXOAAT MPUOOPHI, BBIMYCKABIIMECS [aXe B TMOCICAHEE JIECATUIICTHE
IPOLLIOrO BEKa, NPUYEM HHOrAa MHOrokpaTtHo. C TakuM aHaJIUTUYECKUM
000pyI0BaHHEM CTaJI0 BO3MOXKHO B CBOMX Jiaboparopusix, a He B nentpax CU,
UCIIOJIb30BaTh METOMbl aHAIN3a, KOTOPbIE PAHbUIE MPEICTABISUIM B OCHOBHOM
aKaJIEMUYECKUI UHTEPEC, HO HE MOTJIM IIUPOKO MPUMEHSTBHCS U3-32 OTCYTCTBHS
TEXHUYECKUX BO3MOXKHOCTEH, HAIpUMeEp, U3MepeHue TudpakTorpaMm MoJIHOro
paccestHusl, UCCIEA0BaHUE CTPYKTYPbl TOHKUX MJIEHOK CKOJIB3SIIHNM ITy4yKoM. B
pa3bl  YCKOpWJIOCH BpeMsi cOopa JaHHBIX IS MOHOKPHCTAIBHOTO
PEHTTEHOCTPYKTYPHOT'O aHAJIU3a.
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PeHTreHoBcKast U 3JIEKTPOHHAsT TU(PAKITUS B
HCCJIE/IOBAHUSIX HAHOKPHUCTAIJIOB: CXOJCTBA U
pa3Iuus

JI.LA.AcJIaHOB

1 . .
Mockosckuiti cocyoapcmeennulil yHugsepcumem umenu M. B. Jlomonocosa,
Mockea, Xumuueckuii ghakyromem, Jlenunckue 2copul, oom 1, cmpoerue 3,

119991

Hcnonb3oBaHue peHTreHOBCKOM U JIEKTPOHHOM AUGpaKIUK AJISI UCCIICI0BaHUS
HAaHOKPUCTAIJIOB TPEOYET yueTa 0COOCHHOCTEN KaK10M U3 HUX. PeHTreHOBCKue
(GOTOHBI U DJIEKTPOHBI MO-PA3HOMY B3aUMOJIEHCTBYIOT C KPUCTAIOM: TEPBbIE
MIPUBOIAT B KOJIEOATEIHHOE IBUKEHUE PJIEKTPOHBI BCEX aTOMOB KpHUCTasia, 4To
BBI3BIBACT MOSIBJICHUE BTOPUYHOTO PEHTTEHOBCKOIO W3JIYUYEHHUSI, & DJICKTPOHBI,
o0JiajlatoIIre 3aps/ioM, PacCEUBAIOTCS Ha DJIEKTPOCTATHYECKOM IMOTEHIIHAIIE,
CO3/1aBa€MOM KaK »JJIEKTPOHAMM, TaK W sJpaMU aTOMOB KpHUCTauia. OTH
dbyHIaMEHTAIbHBIE PA3TUYHS IPUBOIAT K OTIIMYHUSIM BETUYHMH WHTCHCUBHOCTEH
OTPAKEHUN OT IUIOCKOCTEH KpucTaiuia hkl Ha 4YeThIpe MOpSAKA B IOJb3Y
ANIEKTPOHHOM TU(PaKIMK IPU MPOUYUX PABHBIX YCIOBUAX. OTIEIbHBIEC aCTIEKThI
KMHEMAaTH4YeCKOM W JUHAMHYECKOW Teopuid AUPpaKIuud KpaTko OyayT

Pucynox 1. DnexkrponHas Mukpockornust 2D-1nieonura: a) [I9M dotorpadus 2D neonuta; 6)
I[IOMBP ¢oro nieonura — crpenkoii oTMeueHbl 10 MEKIIIOCKOCTHBIX PACCTOSHUM; B)
KapTHHA 3JIEKTPOHHOM qudpakuuy; r) pedyastarel EDX ananmusa neomnura.
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Ha puc. 1 npexacraBiaeHbl u300pakeHHE HaHOKpHUCTaLia ueonuta ZSM-5 u
pe3yabTaThl €ro 3JIEKTPOHHO-MUKPOCKOMMYECKOr0 UccienoBanus. B nokmnane
COMOCTABJISAIOTCS MPHUMEPbl PEHTTEHOBCKOW W AJIEKTPOHHOM AM(pakuuii Ha
kpuctaimax CdS, CdSe, B-In,S;, nemoHcTpupyroye BO3MOKHOCTU KaxJ0TO
U3 JBYX METOJOB Ju(pakiuu; MNPpUBOAUTCS IUPPAKIMOHHAS KapTUHA,
NOJIyYeHHAs] HA CUHXPOTPOHHOM HM3JIyYEHHH; OOCYKJIAeTCsl BIUSHUE YCIOBUMI
CHMHTE3a Ha AU(PpaKUUOHHBIE KapTHUHbBI OOpa3lOB OJHOIO0 XUMHUYECKOTO
cocTaBa; 0OpalaeTcss BHUMaHUE Ha OTAEJIbHbIE 0COOCHHOCTH PEHTI€HOBCKOM U
ANIEKTPOHHOM AU paKIMy Ha HAaHOKpUcTaIax [2].
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PEHTreHOCTPYKTYPHBINA aHAINW3 — UHCTPYMEHT JAU3aiiHa
r'MOPUIHBIX MaTEPHUAIOB HA OCHOBE METaJLJI-
oprannueckux kapkacoB (MOF)

B.U.UcaeBa

1 . .
Hnemumym opeanuueckou xumuu umenu H.J[. 3enunckoeo, Jlenunckui
npocnekm, 47, 119991 Mockea, Poccus

2 . . .
Hayuonanvuwiii ucciedosamenvckuii mexnonro2uieckul yHugepcumem
“MUCuC”, Jlenunckuii npocnexkm, 4, 119991 Mockea, Poccus

Meron pentrenoctpykrypHoro ananuza (PCA) umeer ocoboe 3HaueHue s
pa3BUTUSI UCCIEIOBAHUM, CBA3aHHBIX C HOBBIM KJIACCOM KPUCTATUYECKUX
rUOpUIHBIX MaTepUalioB - MeTaul-opranuuyeckue kapkacoB (MOF, metal-
organic frameworks). MOF PEACTABISIOT coboii OPUCTHIC
KOOPJIMHALIMOHHBIE TIOJIMMEPBI, CTPYKTypa KOTOpPHIX OO0pa3oBaHa HOHAMU
METaJJIOB, COEIMHEHHBIX IOJUJCHTATHBIMU OpPraHUYECKHUE MOJIEKYyJaMu
(MOCTUKOBBIMM JIMTAHJAMU WA JIMHKEPAMH) B TPEXMEPHBIA Kapkac. OTH
HEOPraHWYECKU-OPraHUYECKUE  COCAUHEHUS  OTJIMYAIOTCS  YPE3BBIYAMHO
BBICOKOM MOPUCTOCTHIO U YIEIbHOM MOBEPXHOCTHIO, OOIBIIUM CTPYKTYPHBIM U
KOMITO3UIIMOHHBIM pa3HOOOpa3ueM U BO3MOKHOCTHIO PAIIMOHAJILHOTO JAM3aiiHa
Kapkaca. bmaromapss ~ yHUKaJbHBIM  CTPYKTYPHBIM U TEKCTypHBIM
XapaKTepUCTUKam MOF MPEICTaBIISAIOT cobo NEPCIEKTUBHbBIC
GyHKUIMOHATBHBIE MaTepHualbl IS XpaHEHUS W Pa3JeliCHHs Ta30B,
r€TEPOr€HHOr0  KarTaji3a,  HaIlpaBJICHHOW  JIOCTaBKU  JIEKAPCTBEHHBIX
penaparoB, CO3/JaHUsI CEHCOPHBIX YCTPONCTB U Apyrux cdep npuMmeHeHus. B
HACTOSIIIIEM COOOIIEHUH PACCMATPHUBAIOTCS ACTEKThI HMCIOJIB30BAHMS METOJA
IIOPOIIKOBOTO PEHTTEHOCTPYKTYPHOIO aHam3a (mPCA) JUISL
IeJIeHanpaBlIeHHOro cuHTe3a coeauHeHnii MOF u  HOBBIX THOPHIHBIX
MaTepuaioB Ha UX OCHOBE.

[lepBeiM sTanmom wuccnenoBanust oOpasma MOF mocne cuHTe3a sBIseTcCs
ompeneneHue, Kakas(ue) kpuctamumdeckas(ue) daza(pl) MPUCYTCTBYIOT B
MPOAYKTE PEaKIUM, a TAK)KE CTENEHb ero KpuctauimdHocTu. B cinyyae MOF, B
3aBUCUMOCTH OT cHoco0a NOJIy4EHHs OIPEIECICHHOIO0 COEAUHEHUS MOTYT
(dopmupoBaThCA pasziinyHble (a3bl JaHHOro marepuana. Ilpumepom sBisieTcs
meTaii-opranudeckuii kapkac MIL-53(Al), xoroperii otnuyaercs 3ddexTom
«JIBIXaHUSD WM CIIOCOOHOCTBIO K TUHAMUYECKHM (Da3oBBIM TpaHChOpMAITHIM,
HalpuMep, B MPUCYTCTBUM MOJSPHBIX MOJEKYJ ajcopOara Wiu TemIepaTypbl
okpy:karomen cpeabl. Hamu Obuto mokazano, uyTo (a3oBbIi COCTaB MaTtepuaa
MIL-53(Al) ompenensercs yCIOBHSIMH CHHTE3a: TPH IMOJIy4YeHUW oOpasia
TUIPOTEPMAIIBHBIM crocooom dbopmupyercs Y3KOIOpHUcCTas
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(uu3koTeMiiepaTypHas) (aza, a B ciyyae cuHTe3a ¢ npumenennem CBY-
aKTUBAIUU PEaKIMOHHON MaccChl oOpasyercs IIMPOKOTIOpUCTAs
(BpICOKOTEMITEpATypHast) MOAU(PUKALIMSL.

MeTrogoM pEHTreHOCTPYKTYPHOIO aHaJIu3a MOHOKPHUCTAId, a Ha4dhHAs C
Hayana 2000 rr, taxxke u3 naHHelX NPCA, ycTaHaBIMBAaIOT CTPOEHUE HOBBIX
METaNI-OpraHUYECKUX KapkacoB. Tak, METOIOM MOpPOUIKOBOM Audpakuuu
BBICOKOT'O Pa3pelieHusl ¢ UCIOJIb30BAHUEM CUHXPOTPOHHOIO HU3Iy4YEHUs! ObLIU
OIpeJeIeHbl CTPYKTYpPBI BIIEPBBIE CUHTE3UPOBAaHHBIX HaMH coennHeHnid MOF
U KOOPIMHAILMOHHBIX [OJMMEPOB C MNHUPUAMH-2,5-TUKapOOKCUIIATHBIMU
JIMHKEpaMH U HoHamu Zn” ",

Baxxubpim sTanom coznanus ruOpuaHbIX MaTepuanoB Ha ocHoBe MOF sBnsiercs
xapakTepuzanus ux CTpykTypbl Metogom NPCA. Ilpumepom sBigeTcs
HCCIIEJIOBAHUE T€TEPOTeHHBIX KaTaIM3aTOPOB B (JOpMe HAHOYACTHUI[ METAIIOB,
WHKancynupoBaHHbIX B MaTtpuibl MOF. Hamu ObulM CHHTE3MpPOBaHBI U
UCCIICJIOBAHBl HOBBIE TETEPOICHHBIE CHCTEMBI, NPEACTABISAIONIME COOOM
nanoudactuisl Pd, Co, Rh u Au, Hanecennnle Ha Hocutenu MOF usBectHoOM U
HOBOM CTPYKTYphl. OTH KaTaJiW3aTopbl OBUIM HW3YYEHBl B  PEAKIHUAX
TUAPUPOBAHMS, THIPOAMUHUPOBAHUS, THUAPOPOPMUIUPOBAHHMS U CHHTE3a
yraeBofoponoB  1no  @umepy-Tponmry. [Ins  omeHkw — CTaOMIBHOCTH
TeTEPOTreHHBIX CHCTEM, CTPYKTypa M (Da30oBBIi COCTaB METaI-OPTaHUYECKHUX
HOCHUTEJIEH MOCJIe BOCCTAHOBJICHHS aKTUBHOM (ha3bl, a TAKXKE MOCIIE MPOBEICHUS
KaTAIMTHYECKUX MPOIeccoB ObUIM ucciaeaoBanbl MeToioM MPCA. U3 maHHBIX
U3MEPEHUN TIOPOIIKOBOM JHU(paKiuu ObUIM OIpPEJCICHBl TaKXe COCTaB
KaTaJIM3aToOpoB (HAHOYACTHIIBI MeTajla, OKCHaIHas ¢asza), a TakKe IPOBeAcHA
OIlCHKAa pa3Mepa MMMOOWJIM30BaHHBIX HaHOYacTHI MeTauioB. C MOMOIIBIO
nPCA nmis psaa kaTanu3aTopoB ObUTa YCTaHOBJICHA JIOKAIM3AIUsS HAHOYACTHIT
METAJIJIOB Ha IOBEPXHOCTH M B 00BEME METAJLI-OPTaHMYECKON MATpHIIBI, a
TAK)KE€ HAJIMYHME B IIOPAaX «TrOCTEBBIX» MOJIEKYJ - NPOAYKTOB PEAKIHHU.
[lony4yeHHbIE  JaHHBIE  TO3BOJISIFOT ~ KOHTPOJMPOBAaTh  AKTUBHOCTH U
CEJIEKTUBHOCTb, B TOM YHCJE, MOJIEKYJISIPHO-CUTOBYHK), CHHTE3UPOBAHHBIX
Katanmu3atopos Ha ocHoBe MOF.
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Combined Neutron and Synchrotron Diffraction Study
of the Crystal and Spin Structures in Layered Two-
Dimensional Magnetic Materials

Alexander Kurbakov, Stanislav Podchezertsev, Artem Korshunov, and
Mariya Kuchugura

Petersburg Nuclear Physics Institute, NRC Kurchatov Institute, 188300,
Gatchina, Russia

Quasi-two-dimensional magnetism is one of the most enthralling topics of a
modern solid state physics. Reduced dimension gives rise to plenty of new
phenomena. One of the most intriguing case for 2D lattices is a hexagonal net
of magnetic ions in a layer. Frustrated interactions between second and third
neighboring spins and a quantum fluctuations as well leads to a large variety of
a possible ground states.

Fine examples of realization for such structures are mixed honeycomb oxides.
Such compounds have chemical formulas: A;M,TeOg and A3;M,SbOg, where A
is alkali and M is 3d-metal cations. The crystal structure of the compounds is
based on structural motives of the ordered edge-sharing mixed layers consisting
of magnetic M*" and nonmagnetic Te®" or Sb>* cations inside oxygen octahedra
alternating by A layers (left fig.). Magnetic ground state in these compounds
depend on the nature of cations, their spin, orbital and electronic states
determined by the local environment and also by a type of superstructure
ordering due to a complexity of in- and interlayer exchange interactions. Still no
adequate description between crystal structure and magnetic properties for such
compounds was established. The aim of a present work was to investigate
crystal and magnetic structures of Li3;Ni,SbOg and Na,Ni,TeOgs compounds with
the same 3d- ion, Ni, but with different alkali cations, distinct type of their
arrangement into the intermediate layer between the honeycomb layers and
various manner of the layers packing.

For Li;Ni,SbO¢ synchrotron diffraction experiment revealed a peak splitting
that finally allowed to identify true space group to be C2/m; additional diffuse
scattering indicating stacking faults presence was also detected. The basic
structural form for the related A,M,TeO4 compounds with M = Co, Zn, Mg is
a structure with the P6;22 (182) space group. However, it was found that the
Na,Ni,TeOg has the structure described by the space group P6y/mcm (193),
which assumes the exact arrangement of the atoms Te above Te and Ni above
Ni. Neutron diffraction pattern at room temperature for Na,Ni,TeO¢ revealed
an anisotropic peak broadening indirectly specifying that actually sample to be
a possible mixture of P63;/mcm and P6;22 politypes. The structure of Ni,SbOg
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and Ni,TeO4 honeycomb layers in both compounds containing magnetic ions
practically identical and difference consists in the number of alkali metal layers
within a unit cell and the packing of honeycomb layers along c-axis. Close to
90° values of Ni-O-Ni bond angles shows presence of weak ferromagnetic
inlayer interactions according to Goodenough-Kanamori rules; distorted O-Ni-
O bond angles indicate a trigonal crystal field presence at Ni sites.

Low temperature neutron powder diffraction revealed addition peaks associated
with magnetic scattering at 15 and 27 K for LizNi,SbOg¢ and Na,Ni,TeOq
respectively. Despite an essential difference in the crystal structure the specified
compounds exhibit that magnetic structures in ground state for both samples
can be considered as zigzag ferromagnetic chains coupled antiferromagnetically
in ab-plane. However, the type of the zigzag is different. Propagation vectors
are k=(1/2 1/2 0) for Li3;Ni,SbOg and k=(1/2 0 0) for Na,Ni,TeOq. For
Li;N1,SbOg ferromagnetic coupling for chains from adjacent layers was found,
revealing non-negligible interlayer interactions. Also at 7= 1.5 K Ni spins
demonstrates a certain tilt from the c-axis at Ty, aligning perpendicular to ab-
plane. For Na,Ni,TeOg increased ionic radius of alkali cation leads to weaker
interlayer interactions: ferromagnetic chains are coupled antiferromagnetically
in the layer as well, but no tilt for spin directions appearing with cooling was
found.

It can be concluded that in the Li;N1,SbOg¢ compound the interlayer interactions
along the c-direction are more significant than in Na,Ni,TeO¢ sample and they
have ferromagnetic nature, whereas in the sodium sample they are
antiferromagnetic.

Figure 1. Magnetic structures of LizNi,SbOg (left) and Na,Ni,TeOg (right) at
T'=1.5 K. The opposite directions of the spins of nickel ions are marked in
different colors. Magnetic unit cells are also shown.
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MHoroda3zHbie 00pa3ibl — YTO C HUMHU JIeJIaTh?

B.B.Yepnbiies, /JI.IO.KyabTnn

Mockosckuti 2cocyoapcmeentulti yHugepcumem umenu M. B. Jlomonocoasa,

Xumuueckuit haxynemem, Mockea, Jlenunckue 2opwi, oom 1, cmpoerue 3,
119991

Pabotas Hag co3manreM HOBBIX TBEpAO(DA3HBIX MAaTEPHANIOB, & €CJIU CMOTPETh
HIMpe — Haj TMOJYYEHUEM HOBBIX COEIUHEHUH, MCCIENOBATENSIM MOCTOSHHO
OPUXOAUTCS UMETh JIeJ0 ¢ MHOrogasHbiMu oOpasuamMu. OCOOEHHO 4acTo 3TO
CIIy4aeTcsl Ha HayaJbHBIX dTanax padoT, Korjaa euie He oTpaboTaHbl METOAUKU
CHUHTE3a M HE COBCEM fICHO, B KaKOM HAIlPaBJICHUU HAJI0 JBUTATHCS, YTOOBI
JOCTUTHYTH TOCTABJICHHOM 1IETM B pa3yMHBIE CPOKU. B Tex penkux ciydasx,
Korjaa (a3oBbI cOCTaB 00pasiia M3BECTEH, MOKHO MPUMEHUTH CTaHIAPTHBIN
pentrero-hazonsiii ananus (POA). POA Oyxer mone3eH u Toraa, Koraa Hapsy
C wu3BeCTHBIMU (a3zaMu o0Opaszell COACPKUT TOJBKO OJHY a3y ¢
HECYCTAHOBJICHHOM  KPUCTAJUIMYECKOM  CTPYKTYpOM —  MUCKJIIOYHMB U3
paccMoTpenusi TU(GPaAKIMOHHBIE TMHUKH OT W3BECTHBIX a3 MOXHO Oyner
COCPEIOTOYUTHLCS HA OTPEIETICHUN HOBOU CTPYKTYPHI.

Ho d4ro MOXHO caenaTh B TeX CilydasX, Korja oOpasell COJEpKUT JIBE
Heu3BecTHble (a3pl win Oonee? UM Kak OLIGHUTh KOJWYECTBO Pa3IUUHBIX
KpUCTAJUTMUECKUX (a3, coaeprkammxcsi B oOpasle, eclii BCe OHM HOBBIE U HE
Obun paHee omucaHbl? MOXHO TO pa3HOMY MBITAThCS OTBETUTh HA 3THU
BOMPOCHI, HO JTIOOOK OTBET OyneT coaepkaTh B cedbe (paszy o HeoOxXxoaumocTu
MOBTOPHBIX CHUHTE30B. J[eWCTBUTENBHO, B CEPUU CHHTE30B NPU PA3TUUYHBIX
YCIOBUSIX MHOTJA yJIaeTcsl MOIy4YuTh oaHo(a3zHOe coenuHeHue. B apyrux
ClIy4asix, CpaBHUBAs HECKOJBKO AH(PpPAKTOrpaMM, YyIaeTcs pa3OuTb Habop
MHOTOUYHMCIICHHBIX U(PPAKIIMOHHBIX MUKOB Ha HECKOJIBKO HAOOPOB, KaXIbI U3
KOTOPBIX MOXXHO CUMTATh MPHHAJICKALTIM OTACIBbHON KpUCTaTndecko (ase.

B Hamieit pabote 1o ONpENEICHUI0 HOBBIX KPUCTAUIMYECKUX CTPYKTYp U3
MOPOIIKOBBIX ~ AU(GPAKIUOHHBIX JaHHBIX MBI YacTO HWMEEM [IeJ0 C
MHOTO(a3HBIME oOOpasiiamu. PaccmaTpuBasi Hajaudme HECKOJNBKUX (a3 B
KaXJIOM KOHKPETHOM 00pa3siie Kak CBOMCTBO, BBITEKAOIIEE U3 €r0 MPUPObI U
OT KOTOPOTO HeJb3sl M30aBUTHCA, MBI CTapaeMcs MoaoOpaTh Takue METObI,
KOTOpbI€  TO3BOJISUIM  Obl HaM  MPOBOAUTH  MOJHYIO  CTPYKTYPHYIO
xXapakTepuzainuio Bcex HOBbIX (¢a3. [lomoOHbI moaxo ObLT MPUMEHEH HaMu
paHee npu onpeIeICHUN HOBBIX KPUCTAIITUYECKUX CTPYKTYP
neruiposnuanapocrepona [1] u Zn" METAJUI-OPraHUYECKUX KapKacoB [2]
(Puc. 1). B nmoxmane OyayT mpenctraBieHbl U JPYyrue€ MPUMEPHl yCHEUTHOMN
CTPYKTYPHOM XapaKkTepuszaluud MHOTo(a3HbIX 00pa3ioB, KOTOPbIE MOKa3bIBAIOT
HOBBIE TOTEHIIUAJIbHBIE BO3MOKHOCTH OPOIITKOBOM TU(PPAKIIUH.
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Pucynok 1. Cxembl pa3inyHbIX (a3, KpUCTALIMYECKUE CTPYKTYPbI KOTOPBIX
ObUIM yCTAHOBJICHBI IO MHOTO(a3HBIM CUHXPOTPOHHBIM AU(paKkTorpaMmam [2].
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DJIEKTPOHHO-TU(PAKIITMOHHBIE METO/IbI B
HCCJIEAOBAHUN CTPYKTYPBI TEPMOIJICKTPHUUECCKUX
IJICHOK BBICIIETO CHJIMIIM/Ia MapraHia

A.C.Opexms,1 T.C.KaMmmB,2 B.B.KiteukoBckas'

IHHcmumym kpucmannoepaguu um. A.B. ILlyonuxoea ®HUI]
«Kpucmannoepagus u pomonuxa» PAH, Jlenunckuii npocnexkm, 59, 119333,
Mocxkea

2 . . .
Tawxenmckutl 20cy0apCmeeH bl MeXHUYECKUll YyHugepcumen, yii.
Vuusepcumemcxas, 2, 100095, Tawkenum, ¥Y36exucman

ToHKME TUICHKH CUJIUIMAOB TMEPEXOJHBIX METAIJIOB, B TOM YHCJO BBICHIHUX
cumuuuaoB Mmapranna (BCM) yxe HaxomsT NpPUMEHEHHUE B COBPEMEHHOMU
MHUKPO- U HAHODJIEKTPOHUKE, ONTOSICKTPOHUKE, MUKPOCEHCOPUKE M APYTHX
o0slacTsIX COBpeMEHHOW TeXHHMKU. [loka3zaHa BO3MOXKHOCTh CO3JaHUS
IUICHOYHBIX TepMmoOaTapeil u Ipyrux TepmosnemMeHToB Ha ocHoBe BCM Ha
kpemHuu. OnHaKo pa3paboTka HOBBIX MPUOOPOB HA OCHOBE TUICHOK BBICIIETO
CUJIMIIMJIa MapraHia TpeOyeT ACTalbHOTO HM3Yy4YEHHUS MeXaHu3Ma HaudajbHOU
cTaauy 00pa30BaHMsl 3apOJbIIIEeH Ha MOJJIOKKE M JTAJBbHEHIIIETO pocTa MIICHKU
B YCJOBHUSAX BBIOPDAHHOTO JKCIEPUMEHTa, a TakKKe COBOKYITHOCTHU
TBep10(a3HBIX pEaKIUN, MPOTEKAIIUX B cucTeMe Mn/Si mpu MOBBIIMICHHBIX
TeMIeparypax. OKCIEPUMEHTAIbHBIX JaHHBIX O XUMHYECKOM M (Da30BOM
coctaBe TOHKUX TieHOK BCM kpailiHe mano, a UMEIonuMecs JaHHbIe JOBOJBHO
MPOTHUBOPEYMBHI, YTO MOKET OBITh CBS3aHO C Pa3HBIMU METOJAMU MOJYy4YCHUS
IJICHOK.

a) Si-nomc;KKa

[neHka BCM
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Pucynok 1. POM-u3o6paxenue nonepeyHoro ceuenus mieHku BCM na
Si-momyoxke (a), (6, B) npuMep UHAUIIMPOBAHUS TU(PPAKIIMOHHBIX KAPTUH OT
ek BCM (MnySi7) 1 Si-1ioj10’KKH COOTBETCTBEHHO.

39



KntoueBble goknagbl

B nactosimieit pabore MeTojlaMu pacTpoOBOM M MPOCBEUMBAIOIIEH AJIEKTPOHHOM
MHUKPOCKOIHUHU MPOBEJCH IETAJIbHbIA aHAIU3 MUKPO- U HAHOCTPYKTYPbI IUIEHOK
BCM, nonydaembix ¢  noMomipl0  AUG@Y3HOHHOTO  JIETHUPOBAHUS
MOHOKPUCTAJUIMYECKUX TMOJIOKEK KPEMHHUS MapaMy MapraHia B OTKa4YaHHOU
KBapieBor ammyse. MetonoM audpakuuu oOpaTHO PacCCESHHBIX SJIECKTPOHOB
MPOBEJICH OPUEHTAIMOHHBbIA aHanu3 rieHku BCM na kpemuuu. Ha puc. 1
IIPUBEJICH IMONepeyHoe cedyeHue IuieHkn BCM Ha nNoanoXke KpeMHUus U
XapakTepHbie AU paKkuuOHHbIe KapTHUHbI Kukyun. AHaIU3 CTPYKTYphl TPAHUIIBI
pasnena ruienka BCM/moasioxkka MpoBeeH METOJIaMU BBICOKOPa3pelIaroliei
[IPOCBEUMBAIOILIECH JJIEKTPOHHOM MHKpockonuu. IlokazaHo, 4Yro rpaHuua
paszena SBISETCA TMOJYKOIE€pPEHTHOW ¢ 0Opa30BaHMEM CETKU AMCIIOKAIIMMA
HECOOTBETCTBUS MEKIUIOCKOCTHBIX PACCTOSTHUM (puc. 2).

[443] Mn Si, 7

(110)Mn,Si;

/s

st

[101]S1 || [443] Mn,Si,

Pucynok 2. BPOM-u300pakeHre monepevyHoro CeYeHus TIeHKa
BCM/nomnoxka (a), punsrpoBannoe BPOM-u3o06paxkenue o pediexkcam
11-1g; 1 1-10p4si7 (6, B), mudpakrorpamMma puc. (a), moJIy4eHHass METOJIOM
obicTporo npeodbpazoBanus Oyprwe (T).

Aeémop 01s nepenucku
E-mail: andrey.orekhov(@gmail.com.

bnazooapnocmu
PaGota BrImonHEHA MpH (PMHAHCOBOW MOAJIEPIKKE CTHUICHIUU Mpe3uaeHTta PO
MoJIoAbIM yueHbIM U actiupanTam Ne CI1-1404.2016.1.

40



KntoyeBble goknagbl

HoBbie MHOTO(DYHKITMOHAJIBHBIE TPOU3BOHBIE
TETPANUPPOIBHBIX COCIUHEHUN

N.A.3amuiaankos,"” I/I.C..JIOHMH,1 F.B.HOHOMapeB,3 E.C.BeJmeB,1
I[.P.Bp:mHa,l’2 H.M.I(ypoqlmna,1 H.H.JIonuna,’ B.B.‘IepnblmeB,l’4
B.A.Tac])eeHKO4

IHHcmumym Quzuueckou xumuu u dnexkmpoxumuu umenu A.H. @pymxuna PAH,
Mockea, Jlenunckuti npocnexkm, oom 31, kopn. 4, 119071

2 . o
Mockosckuti mexnonocuueckuil yrueepcumem, Mncmumym moukux
xumuueckux mexnonoauti, Mockea, Ilpocnekm Bepraockozo, dom 86, 119571

3 . .
Hayuno-uccnedosamenvckuti uncmumym OUOMeOUYUHCKOU XUMUU UMEHU
B.H. Opexosuua, Mocksa, yn. [locoounckas, oom 10, cmpoenue 8, 119121

4 o o
Mockosckuii 2cocyoapcmeentulil yrugepcumem umenu M.B. Jlomonocosa,

Xumuueckuii hakynomem, Mockea, Jlenunckue copul, oom 1, cmpoerue 3,
119991

TerpanupposibHble COEAMHEHUS IUPOKO PACIPOCTPAHEHBI B IPUPOIE U UTPAIOT
BaXHEHIyI0 posib B Ipolecce (POTOCHHTE3a, a TaKKe BBITOJIHAIOT (DYHKLHIO
IIEPEHOca DJHEPruM M JJIEKTPOHOB. PaccMmarpuBaercs BO3MOXKHOCTh —HX
IPUMEHEHHUs B DHEPIeTUKE B KauecTBE MpeoOpa3oBarTeseil COTHEUHON IHEPTUH.
Oco0O€HHO aKTyaJbHO HCIOJIb30BAaHUE JIaHHOI'O KJIAcCca COEIMHEHHH IpHU
CO3/IaHMM HA MX OCHOBE HOBBIX (POTOCEHCHOMIU3ATOPOB JISI MEAMIIMHCKHX
neneid [1]. BricokoaddexkTrBHBIE OpraHMYECKHE KpacUTENH, KaK MPaBHIIO,
COCTOAT M3 JOHOPHOHM TIpyIIIbl, TETPANHUPPOJIBHOIO LIEHTPA U aKLUENTOPHOU
akopHOUM rpymnmbl. OHH HMMEIOT XECTKHE MAKPOUMKINYECKUE CTPYKTYPHI,
JEMOHCTPUPYIOT CHJIBHOE MOIVIOUIEHUE B BUAMMOW oOnactu. M3BecTHO, 4TO
Ui yBeandeHus 3 (HEeKTUBHOCTHU MOTJIONICHHS CBETa MOJIEKYJIaMU KPacUTENs B
OmmkHel MHpaKpacHON 001acTH HEOOXOJUMO BBEJCHHUE IH-COMPSIKEHHOTO
xpomodopa, CBS3aHHOTO C TETPANUPPOJIBHBIM KOJBIOM. bomee panHue
UCCJIEIOBAHMS [IOKAa3aldd, YTO MH-CONPSDKEHUE MO OETa-MOJOKEHUIO s
nopUPUHOB UMEET OrpaHUYEHHOE BIUSHUE HA CHEKTPbl MOrJIOLIEHHUS,
MO03TOMY HaWJIydlllasg CTpAaTervs MpeanojaraeT pacllupeHue MU-COMPSKEHUs
0 ME30-MOJIOKEHUSIM, B TO K€ BpeMsl ISl MOBBbIMIEHUS 3()PEKTUBHOCTU
dboToceHcHOUIM3aTOpa U CTadOUIM3AIMKA BO30YKJIEHHOTO COCTOSIHUSI MOJIEKYJI
Ha OCHOBE XJIOPO(UIUIOB HEOOXOJUMO BBEJIEHHUE CONMPSDKEHHBIX 3aMeCTUTENEH
BJIOJIb OCH Y MakpoIiukia (puc. 1).

B Hactosimieit pabore ObUIM MPOBENEHBI HCCIEIOBAaHMS, HalpaBJICHHbIE Ha
pa3paboTKy HOBBIX (POTOAKTUBHBIX MATEpUAJIOB, MOJYYEHHBIX MPU TOMOIIH
CEJIEKTUBHOM MOAU(PUKALIMH M€30-I10J10KEHUN B-3amerEHHbIX
ankunopdupnHos 1 Moxuduimu C3- u 13" monoxenns xnopoduna a.
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F 3

v
I

Pucynok 1. Hanpasnenust Mmoaupukanuyu mporu3BOIHBIX TOPHUPUHOB U
xJiopoduiia a, myTeM BBEACHUS pa3inuHbIX QyHKIMoHaIbHBIX rpymn (FG): a —
nop¢upHHbI, b — XJIOPUHBI.

[Tpn Momudukanuu mophupuHOB 0cO00C BHUMAHUE OBUIO YAEIICHO PEaKIIUN
dopmunupoBanus no Bumbcmeepy-Xaaky, kak Hambosee MEPCHIEKTUBHOM.
Takum oOpazoM Obul  MOJYyYE€H pAX  A30METHMHOBBIX  MPOU3BOIHBIX
metasokomiiekcoB  Ni(Il),  Cu(Ill), Pt(II), Pd(Il) wu Ru{l) ¢
OKTa’TUINOPGUPUHOM, IPOU3BOIHBIMU Me301noppuprHa IX U
konporioppupuHa I u II. Bein u3ydeH psa mpeBpalleHHi MONTyYEHHBIX
a30METUHOBBIX MTPOU3BOIHBIX.

JUia cuHTe3a mnpou3BOAHBIX Xjopoduwmia a no C3 MNOoNOKEHHIO ObUIM
ucnoiyib3oBanbl Pd-katanusupyemble peakuumum Kpocc-coueranus Cy3yku-
Musiypa, npu 3ToM ObUT MONYy4YeH psAJ MPOU3BOAHBIX coaepxamux B C3
IOJIO)KEHUU  pa3jMuHble  CONpPSDKEHHbIE  JOHOPHBIE M aKLUENTOpHbIE
3aMECTUTEIH.

Monudukamuo C13' MoToKeHHs NPOBOANIN C HCIONb30BAHUEM PEAKIHH
HYKJICO(PMIBHOTO TMPUCOCAMHEHHS] MO KETOHHOW Tpymme SK30IUKINYECKOTO
dbparmenta paznuuHbix HykiaeodwmioB. Ilpu 3TOM  ObUIM  TIOTYyYEHBI
COOTBETCTBYIOIINE MOHOMEPHBIC U JUMEPHBIC a30IIPOU3BOIHBIC.

Aemop 0na nepenucku
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CraTuctudeckas ¥ JOoKaJlbHas CTPYKTypa
1+
mouokpuctauios TICdX;:Bi'

IL.A.Jiicrpux-Leatep,’ I[.H.BTloanaz, E.B.XpaMOB,3 l“.M.Ky31,Muqua,1
B.B.Pri6akos,’ JI.FO.Yepusimoz,” B.H.Kopuak®

"Mockosckuii mexuonozuyeckui yuusepcumem, MUTXT, 119571, Mocksa,
np. Bepnaockozo, 86

2
Dedepanvroe 2ocydapcmaeerHoe b100xicemHoe yupescoenue Hayku Mucmumym
xumuuecxou ¢usuxu um. H. H. Ceménoea PAH

THUI] «Kypuamosckuii uncmumymy, 123098, Mockea, ni. Axademuxa
Kypuamosa, 1

4 o o
Mockosckuti 2cocyoapcmeennwlil ynugepcumem umenu M. B. Jlomonocosa,

Mockea, Xumuueckuii hakynomem, Jlenunckue 2opwl, oom 1, cmpoenue 3,
119991

’[Hseiiyapcko-Hopeexcckas cmanyus Eeponetickozo Llenmpa
Cunxpomponnoeo Hznyuenus 38000 I penobnn, Opanyus

CoenMHEeHNs, aKTHBUPOBAHHbIC MOHAMH Bi' ', 06Iagaromie CIocoOHOCTBIO K
s dextuBHON doTomoMuHecieHIun B OmmkHeM MWK-amamasone crekrtpa
(900-1600 HM), TEpCHIEKTUBHBI B ONTHYECKOM MPUOOPOCTPOCHUH JIJISI CO3TAHUS
HOBBIX TMEPECTPAUBAEMbBIX JIa3€POB U ONTHUYECKUX YCHIMTEICH H3IyUYCHHUS.
CBoiicTBa COECOUHEHUM C HOHAMH Bi'" saBucar or wux KOHLICHTPALlUA U
MECTOMOJIOKCHUS B KPUCTAUIMYECKOW CTPYKType, UYTO JI0 CHX IIOp HeE
ycTaHoBjIeHO. [{esb JTaHHOT0 UCCIEIOBAHUS - OIIPE/ICJICHUE PEaIbHBIX COCTABOB
MOHOKPHUCTAJIJIOB TICACL;:Bi'"" u  TICdL;:Bi'" u  coormecenuss wux ¢
ONTHYCCKIMH XapaKTEPUCTUKAMHU.

Kpucraimer TICdX;:Bi (X=Cl, I) mnonyuyensl wmerogoMm bpumxmena—
Croxbaprepa B xauecTBe MCXOAHBIX KOMIOHEHTOB HCIOJIB30BAINCH XJIOPUbI
(Moamnpl) TaIMs, KaaMHUs W BHUCMYTa, KyJa A00aBISUICS METAJUTMYECKUN
BucMyT. CopeprkaHrue BUCMYTa ONPEIEAI0Ch METOJOM MacC-CIIEKTPOMETPHUH C
UHIYKTUBHO-CBSI3aHHOW I1a3Moi. PentreHoctpyktypHbii  aHanmu3 (PCA)
TICdCl;:Bi u TICdI;:Bi npoBoawmiicsa na nudppaxromerpe “Enraf-Nonius” CAD-
4 u xpome toro, ansa TICdl;:Bi, u na cuaxporponnoit cranimu SNBL ESRF.
N3yuenue m3menpbueHHBIX B mopomok MoHokpucTaimioB TICdX;:Bi (X = Cl, 1)
Meronamu EXAFS u XANES BbINOJIHEHBI HA 3KCHEPUMEHTAIBHOW YCTAHOBKE
«CTM» Kyp4aTOBCKOr0 HCTOYHUKA CHHXPOTPOHHOT'O U3JIy4YEHUS.

Coenunenust TICACl; u TICdI; u30cTpyKTypHBI M KPUCTAJUTM3YIOTCSI B TIp. TP.

Pnma (Z=4). YTouHeHHe 3acCeleHHOCTH KpPUCTALIOTpapUUEeCKUX MO3UIUN

MO3BOJIMJIO BBISIBUTh BAaKaHCHM B TMO3MIUAX Taymus (puc. la), BHEApEHHBIC
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atompl Bi  u  Oe3gedextHrie mno3unuu  Cd u  woma  (xuyopa):
Tlo 7630(6)BlGi0.22706)Cdl3  (puc. la) wm Tlo.998(1)Bigiy0.0051)CdCl3, omnaxo ne
UCKJIFOYAETCs MPUCYTCTBUE MaJIOro KojudecTtBa HoHOB Bi B mo3unum TI:
(T1,B1)0.998(1)B1i)0.005(1yCdCl3) (puc. 16).

0990

i 0824 ‘ 0.622 ) oses
-/ 0005 ] o : ~g 0

0.790

Pucynok 1. Koopaunarmonnsie nosmaipsl (T1,B1)Clg (a), (T1B1;)Ig (6).

Anamms  Qypoee-Tpanchopmantel ocumnisanuii EXAFS na K-xpae Tl nmnsa
TICdCl5:Bi u pe3ynbraTtoB MojenupoBaHus okpykenus aroma Tl atomamu Cl
yKa3bIBaeT Ha BakaHcuu B no3unusix Tl, uro cornacyercs ¢ nanubimu PCA.

Momnokpuctramnel  TICdCl;:Bi  xapaktepusyrorcs  JABYMS  ONTHYECKUMU
nenrpamu (A~1025 um u A~1253 um), a TICdl;:Bi - ogaum (A~1175 um), 3a
KOTOPBIE OTBETCTBEHHEI, 110 BCEH BUAMMOCTH, BUCMYT B TO3ULUK Taus (Bir™)
1 Mexy3enbHble aroMbl BucmyTa (Bi;") mwis TICdCls:Bi u Mexy3elbHbIE aTOMBI
Bucmyta B TICdI;:Bi mnm accommarsl, B KOTOpble MOTYT BXOAWTH JIaHHBIC
TOYeUHbIe ACPEKTHI COBMECTHO ¢ BakaHcusamu B mosunmu T1 (V). Ilupokas
1oJjioca JIFOMHHECIEHIIMH, HETUI'POCKONUYHOCTh U JIETKOCTh IOJY4YEHUs
MoOHOKpucTamuyeckux  obpasmoB  TICdX5;:Bi  (X=Cl,]) nmemaer mux
PUBJIEKATEIBHBIM MaTEPUAJIOM IS MOTEHIIMAILHOTO NMPUMEHEHUs B 00J1acTH
(GhOTOHUKH.

Aemop 01s nepenucku
E-mail: gellina.poller@gmail.com.

bnazooapuocmu
ABTopbl  OnaronmapsaTr corpyanukoB IlIBeinapcko-HopBexkckolr  cTaHIuu
EBponetickoro Ilentpa Cunxporponnoro M3myuenus 3a moMoIis k padoTe.
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[IprMeHeHne peHTreHorpaduu 1 JIEKTPOHHOU
MMKPOCKOTIINM JIJISI N3YYEHUS HAHOKOMITIO3UTOB
auokcua tutana (IV)/meonutsl

Eaena I[OMop(mmHa,1 Taaunna KpaBuenko,' N'aauna Ky:*.anqua,1
Baagumup IIeprmleB,2 AHpapen Opex0B3’4

1 . .
Mocroeckuii Texnonoeuueckuti Yuueepcumem, Kagepoa mamepuanosedenus
U MexXHoI0cUU PYHKYUOHAIbHLIX Mamepuanos u cmpykmyp, Mockea, 119571,
Poccusa

2 . .
Mockosckuti 2ocyoapcmeenulil ynusepcumem umenu M. B. Jlomonocosa,
Xumuuecxuii ghaxkyromem, Mocxesa, Jlenunckue copul, oom 1, cmpoerue 3,

119991

3 . .
Dedepanvhulil HayuHo-uccredosamenvekull yenmp "Kpucmannoepagus u
gdomonuxa" PAH, Mocxkesa, 119333

'HHUI] «Kypuamosckuii uncmumymy, Mockea, 123182

Hanoxommnoszutret  HJT  (HaHO-AMOKCHUI ~ THUTaHA)/IEOJIUT  MPOSBISIOT
a7IcopOLIMOHHbIE, (POTOKATAIMTUYECKUE, OaKkTepUIUMAHbIE W JAp. CBOMCTBA,
MIPEBOCXOSIINE XapaKTEPUCTUKN JAHHBIX CBOMCTB MCXOJHBIX KOMIIOHEHTOB.
Xapaktepuctuku cBoiictB HJ[T/meonur ompeaensitorcs MpUpOION IEOJnTa,
moaudpukanuert HJT, cocTosHueMm (HaHOKpHUCTAUIMUECKOE WM amop(dHOe) U
mectononoxenneMm HJIT (Ha mOBEepXHOCTH 11€0JIMTa WIIK BHYTPH €0 KapKaca).

enp paboTel — TMNpUMEHEHHWE pPEHTreHOTpapUUYECKUX METOAOB A
OTIPEICIICHUSI OCOOEHHOCTEN KPUCTAIITMYECKOU CTPYKTYPhl U MUKPOCTPYKTYPBI
HJIT u nneonutoB B coctaBe HaHOKoMIo3uToB HI[T/meomwur.

HaHokoMIio3utbl mojlydeHbl METOAOM in  situ (moOaBieHHe IeojuTa K
peaknroHHON cmecu Bo BpeMmsa cuHTe3a H/IT cynmedaraeim metomom) [1].
Pentrenorpaduueckue U3MEPEHUS HCXOJHBIX KOMIIOHEHTOB u
HAHOKOMIIO3UTOB C WX y4acTHEM BbIMOJMHEHbI Ha nudpakromerpax HZG-4 u
Empyrean (CuK,); CHHXpOTpOHHbIE U3MEPEHUS 11€0JIUTa Y U HAHOKOMIIO3UTA
HAT/Y mnpoBemensl Ha cranmuu BbicOKoro paspemenuss [D22  (ESRF,
['peno6sb, Opanims).

[To naHHBIM TIOPOIIKOBON PEHTTeHOTrpaul BHISIBIECHBI OTIWYHUS B W3Y4aeMBIX
cuctemax  HJT/meonut, CcBUAETENLCTBYIONME O  Pa3HBIX  YPOBHAX
B3aumonericteuss  HJT m meomuroB. HAT B HJAT/Y npucyrcrByer B BuIE
HAaHOKPHUCTAJUIMYECKOr0 aHaras3a (pa3mep KpuUcTtaiiauToB 5.7 HM) (puc.la), uro
noaTBepxkAeHO MetogoM COM (pasmep Hanouactun ~10-55 HM), a B
HAT/MOR — amop¢noro anatasa (puc.10) (mo nanasim BPOM pasmep vactun
3-4 um; puc.1B), koTopbie B Buae chep pacmoioKeHbl MIPEUMYIIECTBEHHO Ha
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NOBEPXHOCTH LieonuTa. Habmromaemoe mnepepacnpeneneHie HWHTEHCUBHOCTU
OT/ICNIbHBIX OTpaxkeHui 11eoqutoB Y 1 MOR Ha nudpakrorpammax anatas/Y u
anataz/MOR (puc.1) cBugerenbcTByeT 00 HW3MEHEHMHM KPHUCTAJNIMYECKOM
CTPYKTYPBI LIEOJTUTOB MPU 00pa30BaHUM HAHOKOMIIO3UTOB, YTO MOJTBEPKICHO
MOJIHOMPODMIHLHBIM METOIOM.
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Pucynok 1. Jludgpaxrorpammbel HaHOKOMIO3UTOB aHata3/Y (a) u anaraz/MOR
(0); BPOM-u3o6paxenne anara3z/MOR (B).

Metonom PurBenbia HaWAEHO, YTO aTOMBl THUTaHAa HE BXOAST B COCTaB
neonutoB Y 1 MOR B HJ/IT/1ieonuT u B uX MOpbI, B KOTOPHIX HAXOASTCS TOJIBKO
MOJIeKyJbl BoJbl. CoJiepikaHne BOJBI B COCTaBE HAHOKOMIIO3UTOB aHaTas/Y u
anata3/MOR wMenpmie mo cpaBHeHuio ¢ wucxomgueivu Y u MOR, drto
00BsICHSIETCSI JAeTUApATAlel [EOIUTOB C MEPEXOJO0M MOJIEKYH BOJIBI U3 MOP
IIEOJIUTOB B aMOPHYIO 000JI0YKY HAHOYACTHUIT aHATa3a.

CoctaB W CTpyKTypHBIE OCOOeHHOCTH HaHOokoMmmo3utoB HJIT/meonut
CHOCOOCTBYIOT YBEIMYCHHUIO (POTOKATAIMTUUYECKOW AKTUBHOCTH (Pa3lioKeHHE
kpacutens MeO mon aeiictBueM YdD-00mydeHus: comoctaBumo y aHatas/Y u
anataz/MOR) u agcop6rmonHoi emxoctu (u3BnedeHue P(V) u3 BogHbIX cpef B
Oonbiieit crenenu y anataz/MOR) mo cpaBHEHHIO ¢ HICXOAHBIMH [IEOTUTaAMHU Y
u MOR.

Aemop 0aa nepenucku
E-mail: gal4onok-503@mail.ru.

bnazooapuocmu

PaboTa BhIMOSIHEHA TIpU MOJJAEPKKE TpaHTOB MuHHCTepcTBa 00pa3oBaHUs U
Hayku P® Ne RFMEFI61616X0069 u PODOU Ne 15-03-01289. Mbul
omarogapum ESRF 3a noctyn k craniuu ID22, skcnepument MA-3313.

Jumepamypa

(1) Domoroshchina E.; Kravchenko G.; Kuz’micheva G. Nanocomposites of
zeolite—titanium(IV) oxides: Preparation, characterization, adsorption,
photocatalytic and bactericidal properties. J. Cryst. Growth 2017, (In Press),
doi: 10.1016/j.jcrysgro.2017.02.001
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PeHTreH- u 3JaeKTpOoHAu(PPaKIIMOHHBIE UCCIICA0BAHUS
HAaHOKPEMHMS

A.C.bymmeseBa, B.H.3axapos, JI.A.Ac1anoB

Mockosckuti 2cocyoapcmeernnwiii yuusepcumem umernu M. B. Jlomonocoaa,
Xumuuecxuii hakyromem, Mockesa, Jlenunckue copol, oom 1, cmpoerue 3,

119991

Hanopa3smepHbiii KpEMHUM IPUBJIEKAET BHUMAHUE UCCIIEI0BATEIIEHN, IIOCKOJIBKY
Oylarogapsi CBOMM YHHUKaJbHBIM CBOMCTBAM MOXET OBITh MCHOJB30BaH IS
NOJIy4eHUs] TPUOOPOB (U3HUECKOM DIEKTPOHUKU, TaKUX KaK CEHCOPBI,
JIOTUYECKUE DJIIEMEHTHI, 3allOMUHAIOIINE YCTPOMCTBA, a TaKXKE CUCTEM JJIs
ONTORJICKTPOHHBIX M Ouojornueckux npumeHeHu [1]. OH Takke MOXKeT
CIIY>KUTh KOMIIOHEHTOM JUIsl CO3/laHus THOpUIHBIX MaTepuanoB [2]. [Tortomy
aKTyaJIbHOW HAYYHOU 3a/iayuell sBisgeTcs pa3paboTKa MEPCIeKTUBHBIX CIOCOOOB
MOJIyYeHHS] HAHOKPEMHHUSI, CTAOUIIM3UPOBAHHOTO PA3IMYHBIMU JTUTaH]IAMHU.

Cunres HAHOYACTHIL IIPOBOIVIIH nmyTeM BOCCTAHOBJICHUS
TETPAdTUIOPTOCUIIMKATA  METAIMYECKUM  HAaTpUeM B MPHUCYTCTBUU
1,3-numerunumuazonuii - woauna  (Z154-A3) 1nubGo  BOCCTAHOBJICHHEM
TeTpabpoMcuiIaHa AJIIOMOTHAPUIIOM JIMTHS B cepoyriepoae (Z156-A5) u B
1,2-numeTokcusTane  (C  MOCHEAYIOIIMM  KHUIISSYCHHUEM  JIUCIEPCUM B
cepoyriaepoje, Z155-A4).

OOpa3npl  OBLTM  MCCIEIOBAHBI METOJOM TPOCBEUYMBAIONICH AIIEKTPOHHOMN
mukpockonuu  ([I9M), XuUMHYecKHII COCTaB  OMNPENENsICA  METOJIOM
PEHTTEHOBCKOTO 3HEProJIuCepcHOHHOr0 Mukpoananusza (EDX). Ananus
ANIEKTPOHHON nudpakuu ¢ BeiOpaHHbIX obnacteir (SAED) mokazam, drto
MOJIyYEHHbIE B pe3ysbTaTe CUHTE30B Z155-A4 u Z156-A5 yactuilbl KpeMHUs
amop(dubl, Torma kak B oOpasue Z154-A3 mnpucyTCTBYyeT KpHCTaUTHYecKas
daza. I[lociie OTTOHKH pacTBOPHUTENCH TBEPAOE BEIIECTBO BHIACISUIOCH B CYXOM
KaMepe M MCCIEeI0BAIOCH TaKKe METOI0M peHTrenodasoBoro ananuza (PDA),
KoTopbiii moaTrBepaun pesynbTatel SAED. Pesynbratel POA nmns Z154-A3
npuBefeHbl Ha pucyHke 1. C Ienpro yaydlieHus KadecTBa AUQPPAKTOTpaMM
oOpa3zel JIOMOIHUTEILHO OTXKUTAJIU B KBApLIEBOW aMmyJsie MOJ BaKyyMOM IpHU
650°C B Teuenue 2 yacoB. B pe3ynbrare nojydeHsl JiBe 00JaCTU: C OPOIIKOM
CBETJIO-)KEJITOT0 U TEMHO-KOPUYHEBOIO LBETOB. BO3MOXKHO, 3TO CBSI3aHO C
IpaIMEHTOM TEMIIEpATypbl B II€YUM U, COOTBETCTBEHHO, HEPaBHOMEPHBIM
HarpeBaHveM oOpasia BIOJb Kamwuisipa. Judpakrorpamma CBETJION YacTu
oOpaslia aHajoruyHa MOJYYEHHOM 10 OTXKMra, 32 MCKIIOUYEHHEM IOBBIIICHUS
WHTEHCUBHOCTHU NMUKOB. B TO e BpeMs audpakrorpaMMa TEMHON 4acTH UMEET
JOTIOJIHUTENbHBIE THKHA, YTO MOXET CBHUJIETEJIbCTBOBATH O W3MEHEHUHU
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dazoBoro cocraa. Maentudukanus a3 okazanach 3aTpyJHUTEILHON, TaK KaK
AKCIIEPUMEHTAJIbHbIE JIaHHbIE HE COBNAJAIOT C HAOOPOM MEXKIUIOCKOCTHBIX
paccrostnuit Si-I, Si-III. BeposiTHee Bcero, B JaHHBIX HEPABHOBECHBIX YCIOBUSX
CUHTE3a ObLJI MOJYYEH MOJUTUI MO0 CMECh MOJUTUIIOB KPEMHUS, ONPEAEIIUTD
KoTopble nocpenctBoM KP-crekTpockonuu He yJanoch BCIEICTBHE CHIIBHOU
(boTOMOMHHECIIEHIIUU 00pa3La.

----- 0 OTKHUTa

rocJie oTxura (cBemias 00IacTh)

60000 | N g i o

!

50000

40000
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Pucynok 1. PesynbraTsl peHTrenodasooro ananmsa oopasua Z154-A3 (no u
MOCJIE OTXKHUTA).

UccnenoBana ¢dotomomunecuenus (PJI) obpasuos. [lpu gnmnHe BOIHBI
BO30yxnenust 365 um Habmomaercs DJI B o6mactu 400-700 am s Z154-A3,
Z155-A4 u Z156-AS5.

Aemop 0aa nepenucku
E-mail: albinabushmeleva@mail.ru.

bnazooapnocmu
Pabora mognepxkana PODU (rpant 15-03-06948) u IlporpamMmmoii pa3BuTHs
MI'Y umenun M.B. JIomoHOCOBa.

Jumepamypa
(1) Kumar V. Nanosilicon, /st ed. Amsterdam,; London: Elsevier 2008, 368p.

(2) Wang J. et.al. 3-Aminopropyltriethoxysilane-Assisted Si@SiO,/CNTs
Hybrid Microspheres as Superior Anode Materials for Li-ion Batteries. Silicon
2017, 9, 97-104.
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Poiib cocTaBa B MPOSIBICHUU CTPYKTYPHBIX
O0COOEHHOCTEH PeIKO3EMEIbHBIX CKaHI000paTOB
CEMEHNCTBA XaHTUTA

Hpuna Kayposa,' I'aauna Ky3smuuesa,' Bukrop Poiakos,’
Amnacracusi lllemaposa'

1
Kageopa mamepuanosedenus u mexnonocuu hyHKYuOHaNbHbIX MAMEPUANO8 U
cmpykmyp, Mockoeckuu Texnonoeuueckui Yuusepcumem, Mockea, 119571,
Poccus

2 . .
Mockosckuiti cocyoapcmeennulil yHusepcumem umenu M. B. Jlomonocoasa,
Xumuuecxuii ghakynomem, Mockea, Jlenunckue copol, oom 1, cmpoerue 3,

119991

PenxozeMmenbHbIE CKaHA000paThl cemeiictBa  xanthuta  RESc3(BO3)y
KPUCTAJUTU3YIOTCS B CTPYKTYpax ¢ mp. rp. R32 (cTpykrypa xanrura), C2/c u Cc
B 3aBHCHMOCTH OT COCTaBa MHCXOJHOW IIHMXThl W YCJIOBUH IOJXy4YEHUS
(Pucynok 1).

(a) (0) (B)
Pucynok 1. Counenenne KOOpAMHAIIMOHHBIX MOJHUSIPOB B CTPYKTYpax
cemeicTBa xantuta: np. rp. C2/c(a), np. rp. R32 (6), np. rp. P321 (B).

OTHOCHUTENbHAS JIETKOCTh NEPEeX0Aa CTPYKTYpPbl U3 OJHOW I'PyIIbl CHMMETPUU
B JIPYTyI0 ¢ MpuoOpeTeHueM (WM MoTepei) LEeHTpa CUMMETPUU HEpa3phIBHO
CBsI3aHAa C moTepel (Wiau MpUuoOPETEHUEM) JIa3ePHBIM KPUCTAILJIOM HEJTUHEWHO-
ONTHYECKUX CBOMCTB, YTO MpPEAONpeAeNsieT HEeOOXOIUMOCTh 3HAHUS CBSI3U
cocTaBa IOJIYYEHHBIX KpUCTAIOB ¢ uX cuMmmerpued. Lleab paboTel —
ONpENETICHNE pealbHbIX COCTABOB U cTpoeHUsI RESc3(BOs),.

Momnoxkpucramisl RESc;(BO;)y (RE = Ce (CSB), Pr (PSB), Nd (NSB))
nojiyueHsl MeToaoM Yoxpanmbckoro [l]. PeHTreHOCTpyKTypHBIA —aHaIu3
MUKpPOYACTeH KPUCTAIOB MPOBEAECH C HCIOJIb30BAHHEM MOHOKPHUCTAIBLHOTO
mudpakromerpa “Enraf-Nonius” CAD-4 npu komHaTHOM Temmeparype (MoK,
i AgK,, TpaguUTOBBII MOHOXPOMATOP, ( - CKAHUPOBAHUE).
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RESc3(BO;3), (RESB) o0pa3zyroT MOphOTPONHBIN psiji: COEAMHEHUs CEMENCTBa
xantuta (RE=La-Euc rre’ = 1.02 - 0.95A) 1 coeuHeHus, HE OTHOCAIIHECS
k Hemy (RE = Tb ¢ 11y’ = 0.92A). CSB kpucrammsyercss B mp. rp. C2/c
(Pucynoxk 1a). Kpucramiaet PSB u NSB umerot np. rp. P321 BHE 3aBUCUMOCTH
OT COCTaBa IIHUXTHI - PTI.ISC2.9(BO3)4 (PSB-II), RE1'25SC2‘75(BO3)4 (RESB-
1.25), NdSc;3(BO3)s (NSB-1.0) (Pucynok 1B), B cTpykType KoTOpoil noHsl RE
3aHUMAIOT  JIBE  TPUTOHAJIBHO-IPU3MATUYECKUE  TO3UIMH C  Pa3HbIM
conepxkanueM B HuX HoHOB RE u Sc, a He 0/iHY, KaK B CTPYKType XaHTHUTa (TIp.
rp. R32) (Pucynoxk 16).

[Tapametpsl stueiiku PSB Mano 3aBucsaT ot cocraBa mmxThl (PucyHok 2), 4ro
CBUJIETENIBCTBYET O Ounm3kux o0mux cocraBax (Pryo195¢o0s14))Sc3(BOs)s (PSB-
1.1) 1 (Pr.924S¢0.076(4))Sc3(BO3)4 (PSB-1.25), B otiinune ot NSB, 115 KoTOpbIX
COCTaBbl KPUCTAJLIOB, KaK M UX MapaMeTpbl SYECHKH, CYIIECTBEHHO pPa3IUYHbI
NdSC3(BO3)4 (NSB-IO) u (Ndo.glosCO_og()(zo))SC3(BO3)4 (NSB-125)

a, A

9.8401
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Eu Sm Nd Pr Ce La >Fu Sm Nd Pr Ce La
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Present work for RESB-1.0
Present work for RESB-1.1 - 8.0004
Present work for RESB-1.25
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9.8004
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9.780+
7.940

9.760+ 79204

9.740

094 09

Pucynok 2. CBs3b napameTpoB siueiku KpuctaiioB RESc;(BOs)4 (ip. rp. R32
u P321) ¢ panguycamu RE.

XapakTtep uzmenenus pacctosinnii RE-O B crpyktypax PSB u NSB otnnuaercs
(B ocobernoctu myisi NSB-1.25), uro 00ycCJIOBICHO IPYyTUM paclpeiesiCHHEM

Nd u Sc no npu3MaTuyecKuM MO3UILUAM CTPYKTYpPBI 10 cpaBHeHHIO ¢ Pr u Sc B
PSB.

Aeémop 01s nepenucku
E-mail: kaurchik@yandex.ru.

bnazooapuocmu
HccnenoBanne BRIMOJHEHO MpU (puHaHCOBOM noaepkke PODU B pamkax
HayuyHoro npoekrta Ne 16-33-00497.

Jumepamypa

(1) Kutovoi S.; Laptev V.; Matsnev S. Lanthanum scandoborate as a new highly
efficient active medium of solid-state lasers. Sov. J. Quantum Electron. 1991,
21,131-132.
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H3menenus napaMeTpoB IIEMEHTAPHOU TUYECHKU
0JIOBOCOZEpKaIero neosmra BEA nipu
BAKYYMMUPOBAHUH I10 TAHHBIM PEHTTEHOBCKOU
CUHXPOTPOHHOU AU(DPpAKIINU

A.B.SIkumoB,’' IO.F.KonﬂrnH,1’2 I/I.I/I.I/IBaHOBa,l’2 B.B.‘IeprlmeBl’3

1 . .
Mockosckuii 2cocyoapcmeennwlil ynugepcumem umenu M. B. Jlomonocosa,
Xumuueckuii ghaxynomem, Jlenunckue eopwt, dom 1, cmpoenue 3, 119991

Unemumym nepmexumuueckozo cunmesa umenu A.B. Tonuuesa, PAH, I'TIC-1,
Mocksa, Jlenunckuti npocnexkm, oom 29, 119991

I Unemumym gusuyeckori xumuu u 2nexmpoxumuu um. A.H. @pymxuna, PAH,
Mocxkea, Jlenunckuii npocnekm, 31, kopn. 4, 119071

OnoBocojepx aiiie I€OJIUTh, B OCOOCHHOCTH IICOJTUTHI CO CTPYKTYPHBIM
tuioM BEA (Sn-BEA), sBISIIOTCS BBICOKOAKTUBHBIMH M CEJIEKTHBHBIMU
KaTaJIN3aTOpPaMu IHUPOKOTO psAJia T€TepOreHHO-KaTaJTuTUYECKUX mpoieccos [1].
brnarogaps Hanu4HMiO B CTPYKType aTOMOB OJIOBA, M30MOPGHO 3aMEIaroIInx
KPEMHHUM, 3TH MaTepuajbl COBMEHIAIOT B cebe cBoiicTBa kucioT Jlpionca u
KAaTaJIM3aTOPOB HA OCHOBE METAINIOKOMILIEKCOB. OHAKO, B CBSI3U C TEM, UTO B
JUTEpaType OYeHb M0 MH(OpPMAIMKA O CTPYKTypE OJOBSHHBIX IIEHTPOB Ha
MOJIEKYJISIPHOM YPOBHE, OIPEEICHUE JIOKAIBHOTO OKPYKEHHUSI aTOMOB OJIOBa B
Sn-BEA — akryanbHas Hay4Has 3a1a4a.

CorylacHO JUTEpaTypHBIM JaHHBIM, aTOMbl OJIOBA, BCTPOEHHBIE B CTPYKTYpPY
LEO0JINTA, HAXOJATCA B LIECTUKOOPIAMHUPOBAHHOM COCTOSIHUM MPHU OOBIYHBIX
YCIIOBUSX, B TOM YHUCJE B KaTaIUTHYECKUX peakuusx. [Ipu BeliepKUBaHUU
oOpa3lia B BaKkyyMe€ IpH BBICOKOM TeMIEpaType aToOMbl OJIOBA CTAaHOBSTCS
YETBIPEXKOOPAMHUPOBAHHBIMU [2]. B CBSI3M ¢ 3TUM IIpU OTKauMBaHUU 00pa3LIoB
MOTYT HaOIIOaThCS U3MEHEHUS B ITapaMeTpax 3JIEMEHTApHOUN SYEHKH LIe0JInTa
BEA, koTtopsie, 0AHaKO, TPyAHO 3a(UKCHUPOBATH H3-3a MaJOTO KOJIWYECTBA
oioBa B cTpyktype (1 mac. %). OTU HU3MEHEHHUS OJHO3HAYHO CBSI3aHBI C
MEXaHU3MOM CMEHbI KOOPAMHAIMOHHOTO COCTOSIHUSI aTOMOB OJIOBa, KOTOPBIU
KaK pa3 W TnpeacTaBiser HauOoibiui uHTepec. OpHAKO W3-3a HUBKOU
MHTEHCUBHOCTU PEQIIEKCOB BO3HUKAIOT TPYAHOCTH MPHU OTCIEKUBAHUU MaJIbIX
U3MEHEHHUH, MO3TOMY /Jisi pEIIeHUs MOAOOHBIX 3aJad YacTO HCIONb3YIOT
PEHTI€HOBCKYIO0 CHHXPOTPOHHYIO ITU(PaAKIIHIO.

B nanHoit pabGore ObLIM 3aperucTpupoBaHbl JudpakTorpaMMmbl  00pas3IoB
Sn-BEA, cuHTE3MpOBaHHBIX M3 pa3IUYHBIX UCTOYHUKOB kpemHHs (TOOC u
KPEMHHUEBBIA TUAPOreNb) B THAPATUPOBAHHOM M JAETUIPATUPOBAHHOM
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(orkauanrom 1ipu 400°C) coctosiHuu. BBITO MOKa3aHo, YTO JETHAPATHPOBAHKE
00pa3loB NPUBOJUT K 3aMETHBIM M3MEHEHUSIM B JU(paKkTorpaMMme, Npu 3TOM
HaOJI0JAeTCsl Pa3HOHAIIPABICHHBIE M3MEHEHMsI MapaMeTpPOB 3JIEMEHTAPHOU
suediku. OOHapyXeHo, 4To i 00pa3loB, CHHTE3UPOBAHHBIX U3
terpasTokcrcuiiana (TO0C), a3tu uamMeHeHus 6osee sipko BeipaxkeHsl (puc. 1).
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Pucynok 1. Jludppaxrorpammel o6pazua Sn-BEA, cuHTe3upOBaHHOTO U3
terpasTokcucmwiana (TOOC) B kauecTBe HCTOYHUKOB KPEMHHUS B
TUAPATUPOBAHHON U JETUApaTUPOBAHHON (popme.
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Onpenenenrne KPUCTATUINYECKUX CTPYKTYP ONTHYECKU
AKTUBHBIX OPTaHUYECKUX KUCIIOT MO JIAaHHBIM
MOPOIIKOBOM TU(PaAKIIUU

A.A.JloGoBa,' B.B.Bece.nmscxm?l,2 B.I/I.I/IcaeBa,2 B.B.‘IeprlmeB1

1 . .
Mockosckuiti cocyoapcmeennulil yHugsepcumem umenu M. B. Jlomonocosa,
Xumuuecxuii ghakynomem, Mockea, Jlenunckue copul, oom 1, cmpoerue 3,

119991

2 .
Hnemumym opeanuueckou xumuu umenu H. J[ 3enunckozo, Mocksa,
Jlenuncxuu npocnexkm, 47, 119991

Merann-opraHu4ecKue  Kapkacbl  SIBIISIFOTCA  HOBBIMH  NEPCIIEKTUBHBIMU
MartepuajiaMi B MEJIUIMHE, B KauecTBE aJCOpPOCHTOB I pa3AciiCHUs u
XpaHEHUsI Ta30B, A TAKXE TETEPOTCHHBIX KaTaau3aTOPOB OPraHUYECKUX
peaKIuu.

OAHUM U3 OCHOBHBIX CTPOMUTENIbHBIX OJIOKOB METaUI-OPraHUYECKUX KapKacoB
aBigeTcss TepedTaneBas KucioTa. Mcmonb3yss KHUCIOTBI C  Pa3iu4yHbIMU
3aMECTUTEISIMA BO3MOXHO II0Jy4aThb METAUI-OPTAHUYECKUE CTPYKTYphl C
pa3IMYHBIMHA CBOWCTBAMM.

B unctutyte opranmdeckorr xumuu (MMOX PAH) cunTe3npoBaHbl TpU HOBBIX
KUCIOTHl (pHc.l), mJi KOTOPBIX NPOBEJEHBI MOPOIIKOBBIE PEHTICHOBCKUE
u3Mmepenus (puc.2).
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Pucynok 1. MoneKyibl CHHTE3UPOBAaHHBIX KUCJIOT.

Jns  xucnotel 1 ompeneneHsl IMapaMeTpbl siueiiku  (Tabn.l), mpoBeneHo
yTouHeHue meroaom Jle bana.

Taoauua 1. IlapaMeTpsl stYeliKu 1JI KHCJIOTHI 1

a, A b, A c, A B° Sp.gr.

13.9380 12.9003 | 9.9126 121.06 C2 (Ne5)

55



YcTHble goknaabl

intensity intE‘ﬂsh}'
230008= 1 : z
20000 E 000
17000 I L
o o 2000
11000 L
1 1K
B0 I

= bl

0 10 0 30 10 5 2 ] 5 5 2

:E ¥
[=]
TT Ty T
-

intensit
Q000 }I‘. T T T T

000

7000
&000)
5001
4000
3000
20008
10008
il

=T | UL LA LA LA LARE DMLY LAERA ERAEN A

fad
M

7 G 11

Pucynok 2. Jluppaxrorpammel Kuciaot (2 u 3 ObUIM U3MEPEHBI HA
cunxporponHoit craniuu ID22 (ESRF, I'peno0mw), 1 u3mMepeHa B HHCTUTYTE
(bu3nyecKoil XuMuu Ha AUPPAKTOMETPE empyrean).

[lo koopauHatam, yTouHeHHbIM MeTosoM PutBenbna B mporpamme Fullprof,
IIOCTPOEHA YIIaKOBKa MOJIEKYJI B 3JIEMEHTapHOU stuelike Juist KUcioThl 1 (puc.3).

a ¥ b o8

L.

Pucynok 3. YnakoBka MOJIEKYJ1 KACJIOTHI 1.

Jlist 06pasnoB 2 u 3 onpeeneHbl NapaMeTpbl SYEHKH U MPOBEEHO YTOUYHEHUE
metonom Jle baiina B nmporpamme MRIA, nomydeHo, uto obpaser; 2 coaepKuT
nBe (a3bl opropomOuueckoi cuaronnu. Kucnora 3 sBnsiercst oqnoda3HOM.
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Powder Diffraction with a Scanning 2D-area Detector
Using Synchrotron Radiation: Preliminary results

Dmitry Molodenskiy,' Sergei Sulyanov'’

"National Research Centre Kurchatov Institute, Akademika Kurchatova pl, 1,
123182, Moscow, Russia

*Institute of Crystallography and Photonic, Leninsky prospect, 59, 119333,
Moscow, Russia

First test experimental powder diffraction data for LaBgs NIST standard are
obtained on the synchrotron radiation (SR) beamline installed in Moscow
(Kurchatov Institute) on the source from a bending magnet. A standard optical
scheme with two horizontal mirrors and a sagittal focusing Si monochromator is
to be used. The goniometer provides the rotation of the CCD 2048x2048 area
detector (is planned to be exchanged by Pilatus 300K detector) in the vertical
plane to register maximum diffraction angles about 26 = 160° (Fig. 1). Also
separate rotation of the sample is provided around two horizontal axes (w, ).
The angular resolution is defined mainly by the angular projection of the sample
onto the detector plane and it is varied by choosing the sample-to-detector
distance up to 1 m. A series of reference 2D-area diffraction patterns from the
powder standard inserted into 200 um glass capillary was registered at different
detector rotation angles. The whole /(26) dependence can be obtained by
sewing the dependences calculated from 2D-area patterns registered at different
detector rotation angles [1,2]. Note, that the goniometer also includes additional

inclined yy-axis for single crystal measurements.
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Figure 1. The diffractometer with a 2D-area scanning detector.
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Preliminary Rietveld refinement results for LaBg NIST standard are quite good
with the Bragg R-factors less than 1% (see Fig. 2).
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Figure 2. The Rietveld refinement for LaB, standard. Wavelength A= 0.6810A..
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Structural changes upon low-temperature phase
transition in unsubstituted tetrahedrite Cu;»,SbsS3

Daria Nasonova and Andrei Shevelkov

Department of Chemistry, Lomonosov Moscow State University, 119991,
Moscow, Russia

Nowadays synthetic tetrahedrite, Cu;,SbsS;3, and its substituted analogs are
widely investigated as environmental-friendly materials possessing perspective
thermoelectric and photovoltaic properties [1, 2]. The peculiarities of their local
and extended structure strongly depend on the compositional changes and
together have a high influence on properties. Thus, the former should be
investigated accurately for obtaining materials with the required properties.
Despite comprehensive investigating of Cu;,SbyS;3, the problem of structural
changes during the low-temperature phase transition was still unsolved and their
influence on the functional properties is unknown.

Figure 1. Tetrahedrite crystal structure (left) and the structural changes during
phase transition (right).

In this work, synchrotron x-ray diffraction experiments were performed in order
to investigate the structural changes during the phase transition in unsubstituted
Cu,Sb,sSy5. It was revealed that the phase transition keeps the symmetry and
space group preserved and is connected with the concerted displacement of
certain atoms with a concomitant elongation of particular bonds in the crystal
structure (Fig. 1). The relationships between the structural changes and electron
and phonon spectrum of thermoelectric properties were found and will be
briefly discussed. Also presented will be the features of the local structure
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below and above the temperature of the phase transition investigated using the
combination of the PDF and EXAFS methods.
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Tporinbie ¢a3pl JIaBeca B TPEXKOMIOHEHTHBIX
cucreMax Co-Nb-Mn u Co-Nb-Re nipu 1200 K

HN.N.Penopaes, M.U.I'ycanosa, 3.10.Kepumos, B.B.YepHbiies,
E.M.Carocapenko

Mockosckuti 2cocyoapcmeernnbiii yuusepcumem umernu M. B. Jlomonocosa,
Xumuuecxuii hakyromem, Mockesa, Jlenunckue copol, oom 1, cmpoerue 3,

119991

KoGanbToBBIe CIUTaBBI UCIONB3YIOTCS B KAaueCTBE BBICOKOTEMIIEPATYPHBIX MU
MarHuTHBIX MarepuaioB. COBMECTHOE JISTUPOBAHUE ITUX CIUIABOB HUOOWEM U
pEHMEM TOBBIIAET MX KAPONPOUYHOCTHHIE CBOMCTBA, a JIETUPOBAHUE
MapraHileM W HUOOHMEM OKa3bIBaeT BJIMSHUE Ha MarHuUTHbIE cBoicTBa. Ilpu
MOJIyYEHUHU MaTepHajioB C 3aJaHHBIMM CBOMCTBAMH B MHOT'OKOMIIOHEHTHBIX
CUCTeMaX BO3MOXXHO 0OOpa3oBaHHWE HWHTEPMETAUIMYECKUX COCJIMHEHUH,
KOTOpbIE MOTYT KaK yJy4dllaTh, TAK U OKa3blBaTh HEraTUBHOE BO3JICHCTBHUE Ha
cBolicTBa MartepuasioB. OTHUMU W3 TaKUX COeIUHEHUN sBsitoTcs (a3nl JlaBeca,
KOTOpbIE HaxoHsT IPUMEHEHHME B KAauyeCTBE HAKONUTENIEeW Bojgopoaa H
KaTaJIN3aTOPOB,  OJHAKO  H3-32 CBOEH  XPYIKOCTM OHU  CHHUXKAIOT
YKapOIPOYHOCTHBIE CBOMCTBa CIUIaBOB. I10ATOMY MOMCK M CHHTE3 HOBBIX (a3
JlaBeca wWMeeT Ba)XHOE€ 3HAYCHUE TMPH CO3JaHUM HOBBIX MATEPHUAIOB C
3aJaHHBIMU CBOMCTBaMU. B CBSI3M ¢ 3TUM II€JIbI0 HACTOSIICH pabOThI SBIISICTCS
nouck TpoiHbIX ¢a3 JlaBeca B cucremax Co-Nb-Mn u Co-Nb-Re nipu 1200 K.

st cunte3a Tpoitabix (a3 JlaBeca B cuctemax Co-Nb-Mn u Co-Nb-Re 6wt
MOJIYyYEH PsiJ] CIUIABOB, UCXOJHBIMHU MaTepuajaMu JJisi KOTOPBIX ObLIN KOOAIBT
(99,99 mac. %), auodwmii (99,8 mac. %), mapranen (99,8 mac. %) u pennii (99,8
mac. %). CrijiaBbl TOTOBWIIM B IyTOBOM M€Y C HEPACXOIYEMBIM BOJIb(PPAMOBBHIM
3JIEKTPOJIOM B aTMocdepe aproHa ¢ MHOTOKpaTHbIM neperiaBoM. CIiiaBbl
TepMooOpabaTbiBaM B TEYaX AJIEKTPOCOMPOTUBIICHHUS B BaKyyMHPOBaHHBIX
kBapueBbix amnynax rnpu 1200 K B teuenne 500 wacos. [locie oTxura criiaBbl
3aKanuMBav B Boje. CruiaBbl MCCIEAOBAIM METOAAMHU PACTPOBOU DJIEKTPOHHOU
MUKPOCKOIIUU U 3JIEKTPOHHO-30HJOBOTO MHUKpoaHain3a Ha npudope «LEO
EVO 50 XVP» (Carl Zeiss), OCHAIIEHHOM 3HEProAUCIEPCHOHHBIM
ananuzatropoM «Inca Energy 450» (Oxford Instruments). Pentrenoda3oBblit
aHamM3 TMPOBOJWIM Ha TOpomKOBbIX audpaktomerpax EMPYREAN
(PANalytical, the Netherlands) (u3nyuenune CuKo, HUKeneBbI (QUIBTD,
munerinbli getektop X’ Celerator) u «/IPOH-4» ¢ ucnonszoBanuem CuKo -
usnydenusi. s mpoBeneHusi peHTreHoa3oBoro aHaiau3a 00pasllbl CIIaBOB
U3MENbYAIH 10 COCTOSIHUS MEJIKOJMCIEPCHOTO MOPOIIKAa B araTOBOM CTYIIKE.
Jlanee mOpOILIOK, 3amasHHbIA B BAaKyyMUPOBAHHYIO KBaplEBYIO aMIIyy,
BBIJICP)KUBAJICA B Me4ax dJeKTpoconpoTtuBieHus npu 873 K B Teuenue 1 yaca.
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Jnst mneHtudukanuu (a3 ¥ pacyera MapaMeTPOB PEIICTKH HCIOJIb30BAIH
nporpammHoe obecrieuenne STOE WinXPOW u FullProf.

B pesynbrare npoBeneHHbIx uccienaoBanui B cucreme Co-Nb-Mn mipu 1200 K
B onHo(a3zHoM crutaBe coctaBa Co68,0Nb28,0Mn4,0 (B at. %) oOHapy>KeHO
cylliecTBOoBaHHe TporHOM (a3pl JlaBeca co cTpykTypHbIM TuUnoM MgNi,
(npoctpanctBeHHas rpynna P6s/mmc, Ne 194) u napameTpamu pemieTku a =
0,47406(8) um u ¢ = 1,5456(3) um (Puc. 1, a). B cucreme Co-Nb-Re npu 1200
K B onnodasnom cruaBe coctaBa Co70,9Nb23,2Re5,9 (B ar. %) Takxke
oOHapy>keHa TporHas ¢asza JlaBeca, koTopas UMeeT CTpYKTypHbIi T MgNi, u
napameTpsl pemetku a = 0,4745(1) am u ¢ = 1,5469(6) um (Puc. 1, 6).
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Pucynok 1. Jludgpaxrorpammsl 0JHO(A3HBIX CIJIABOB COCTaBOB (B aT. %) (a)
Co68,0Nb28,0Mn4,0 u (6) Co70,9Nb23,2Re5,9 ¢ HaHeCcEeHHON TeOPETUIECKON
nudpakTorpamMmoint cTpykTypbl MgNi,.
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Kpucramnndyeckast CTpyKTypa HOBOTO TPOMHOIO
uHtepMmeTamanaa La,RuAl,
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119991

Tpoiinble uHTepMeraumueckue coeauHenuss (MMC) na ocHoBe P3M wu
NEPEXOAHBIX METAUIOB  SABISIOTCS  BaXXHBIMM  OOBEKTaMU IOHMCKAa U
UCCJIEIOBAHMUSI  YHUKQJIbHBIX  (PU3MYECKHMX  CBOMCTB,  TaKMX  Kak
TSKETOPEPMUOHHOE COCTOSIHHE, TSHKETOPEPMUOHHAST CBEPXIPOBOAUMOCTb,
(GayKTyaluu BaJICHTHOCTH, HEOOBIUHbIE MarHUTHBIE nepexobl. B cucreme La-
Ru-Al omwmcano cymecrBoBanne 6 MMC. B crTpykTypax Tpex H3 HHX
La;;Ru,Alg [1], LasRuAl; [2], LasRuzAl,[3] oOHapykeHbl HETHUIIMYHbBIC
(3aHMDKEHHBIE) PACCTOSAHUSA MeXMy atomamu La u Ru pasmeie 2.703, 2,805,
2,818 A, cootBercTBeHHO, a coemuHeHue LasRusAlj, [4] ob6mamaer
napaMarHUTHbBIM yrnopsiioueHueM. Llenpio naHHOM paboThl CTano MOJydeHue
HOBOro TpoiHOro wuHrepmetauaa La,RuAl, wu ycraHoBiaenue ero
KPUCTANIMYECKON CTPYKTYPhI TU(PPAKIIMOHHBIMU METOIAMH.

O6pazen; coctaBa LagRuypAly moydeH MeTonoM BBICOKOTEMIIEPATYpPHOTO
KUAK0(pa3HOTO CHHTE3a M3 4YUCTHIX 3neMeHTOB La (99.8%), Ru (99.96%), Al
(99.999%). [lonyuenuslii crnaB oTxkuranu npu temmneparype 530°C B TeueHue
Mecsilla B BaKyyMHUPOBAHHBIX KBapleBbix ammyiax. [locie orxura oOpasiibi
3aKajJuBajId B JIEAHON Boje. MOHOKpUCTAUT JAaHHOTO oOpa3lia MOJyYUTh HE
yAAJIOCh, MMOATOMY KPUCTAIIMYECKYIO CTPYKTYPY COCIUHEHHUS OMPEIENsid 10
MOPOIIKOBBIM JIAaHHBIM PEHTT€HOBCKOM TU(DpaKIIIH.

Nurepmeramnun La,RuAl, kpucramimzyercss B HOBOM CTPYKTYPHOM THIIE.
[TpoctpancTBeHnHas rpynna Cmcm ¢ apamMeTpaMu 3JIE€MEHTApHOU SYeUKU a =
20.7284(2) A, b =7.6949(1) A, ¢ = 5.8819(1) A, Z = 8, ¥* = 1.29. B ctpyKType
coenunennsi LaRuAl, (puc.l) MOXKHO BBIIEIUTh HECKOJBKO THUIIOB
dbparMeHToB, neprneHauKyIApHbIX HampasiaeHuto [100]. ATombl amoMuHHS U
pyTeHHs 00pa3yloT HEIJIOCKYI0 CETKY, OTPaHHMYECHHYIO MO 00€MM CTOpPOHaM
CJIOSIMH M3 aTOMOB JIaHTaHa. JTU (PparMeHThI YePEeAYIOTCS C INIOCKON CETKOM U3
aTOMOB aJTFOMHUHHSL.

OtnuuurensHOil  yepToil  cTpykTyphl LaRuAl, sBnAOTCS  HEKOTOpHIE
paccrostaus La-Ru (2.80 A), koTopble Kopoue, ueM CyMMa KOBaJE€HTHBIX
pamuycoB nantana u pytenus (2.93 A), a paccrosuus Ru-Al (2.54 A) 6nmsku k
CyMMe HX KOBaJIeHTHBIX paauycoB (2.49 A) (pucynox 1).

63



YcTHble goknaabl

o—@

—9 —6¢ 06 ' ¢

Pucynoxk 1. IIpoekuus snemMentapHoi ssueiiku coeannenus La,RuAl, na
II0CKOCTh XY.
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M3ydeHue peakiiuu METHUIOBOTO 3¢upa
nupodeodopOua a ¢ THAPAZUHTUAPATOM

E.C.Beasies,' U.C.JIonun,' A.B.Mopo3oBa,” B.B.Uepubinies,'”
I'.B.Ilonomapes’

]HHcmumym Quzuueckou xumuu u dnexkmpoxumuu umenu A.H. @pymxuna PAH,
Mockea, Jlenunckuti npocnexkm, oom 31, kopn. 4, 119071

2 . .
Mockoeckuii mexnono2uieckuii ynusepcumem, Hucmumym moHKux
xumuyeckux mexronozuti, Mockea, I[Ipocnexm Bepnadckoeo, dom 86, 119571

3 . .
Mockosckuii 2cocyoapcmeennblil ynugepcumem umenu M. B. Jlomonocosa,

Xumuueckuit haxynemem, Mockea, Jlenunckue 2opwvi, oom 1, cmpoerue 3,
119991

4 o o
Hayuno-uccnedosamenvckuti uncmumym OUOMeOUYUHCKOU XUMUU UMEHU
B.H. Opexosuua, Mocksa, yn. [locoounckas, oom 10, cmpoenue 8, 119121

B nacrosimieit pabote onucaHo M3yueHUE peakiui MEXIy METHUIOBBIM d(PUpPOM
nupodeodopbuna a u runpazuHoM. M3BecTHO, UTO MPOU3BOHBIE XJIOpOPHUILIA
@  JalT  COOTBETCTBYIOIIME  ME30COCAMHEHHS  MpU  J00aBJICHUU
TUJpa3suHrypaTra, 3a cyeT BoccTaHoBieHUs auumujaom [l1]. Kpome Toro,
HE3aMEIICHHbIE THUAPA30HBl OKHUCIAIOTCS Ha BO3AYXE WU TMOJ JACHCTBHUEM
JIPYTUX OKUCIUTENCH, JaBasi a3uHBI, YTO OCIOXKHIET 00pabOTKy U OYUCTKY [2].
st Toro 4toObl M30€kaTh OOpa3oBaHUs a3vMHaA HMCHOJb30BaM 10-KpaTHBIN
U30BITOK THUApA3WHTHApATa B peakiuu ¢ Mmetuinnupodeodopouaom a (1). B
ITUX YCIIOBUAX HAOJI0AIOCh MOJTHOE BOCCTAHOBJICHHE BUHWJIBHOW TPYMIIBI C
o0pa3oBaHMEM €IMHCTBEHHOTO MPOJyKTa — THAPAa30Ha METHJIOBOTO 3(dupa
mezonupodeodopbuna a (2) ¢ BeixogaoM 78%. YMEHBIICHHE KOJIMYECTBA
rUpa3uHa TPUBOAUIO K 0aTOXpOMHOMY CHBHUTY B criekTpe mnoriomenus (701
HM), HW3-3a oOpa3oBaHusi asuHa (4), BbIXOJ KoToporo mocturain 90% mpu
WCIIOJIb30BAHUH IKBUMOJISIPHBIX KOJIMYECTB peareHTOB (PUCYHOK 1).

conditions
CH,Cl,; 40°C

MeOz E

2:R=CH,CH, 4:R=CH,CH,
3:R=CHCH, 5:R =CHCH,

Pucynok 1. Peakius metuinoBoro a¢upa nupodeodopdbuaa a ¢
TUAPA3UHTHIPATOM.
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Ho6asnenue TOK npegorpaliaio npouecc ruJpupoBaHus, U rujpazox (3) u
a3uH (5) Obuln 00pa3oBaHbl B MPUCYTCTBUU KHUCIOTHL. CeleKTUBHOE
obpazoBanue coeauHeHuss (5) (Beixom 93%) ObBUIO  JIOCTUTHYTO €
ucronb30BaHueM | 3kB. rugpasunruapara u 1 skB. TOK, yTo conpoBoxanocs
XapaKTEpPHbIM H3MEHEHUEM B CIEKTpe TMOIJIOIIEeHMs, Trae Habaomancs
OaToxpoMubiii caBur Qy monocel 10 709 HM. CrpoeHHe NOCIEAHEro OBLIO
IIOATBEPKACHO €  WCIOJB30BaHWEM  Macc-crnekrpomerpun u - JMP
CHEKTPOCKONUHU, a JuIsi o0pa3na MOopoliKa C  BBICOKOH  CTENEHbIO
KPUCTAINIMYHOCTH, YCTAaHOBJIEHA CTPYKTypa C MCIOJIb30BAHUEM METOJA
MOPOIIKOBOM PEHTTCHOBCKON qudpakiuu (pUCyHOK 2).

JlanpHeWmas onTUMHU3alKs YCIOBUM pPEaKUWW II03BOJMJIA HAM HAWTHU
oTHomeHue ruapazunruapat/TOK (2:1), koTopoe obecneunsno oOpazoBaHUe
ruzpasona (3) ¢ npruemiIeMon CeIeKTUBHOCTHIO.

Pucynok 2. MouiekysipHasi CTpyKTypa COeIUHEHUS 5.

Aeémop 012 nepenucku
E-mail: cronse@yandex.ru.
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CUHTE3 U UCCIENOBAHNUE TETEPOMETAINYECKUX
komiiekcoB [LnNigala;,][Ln'(NO;);(OH)3;(H,O)] ¢
CEJICKTUBHBIM pacCIpeAciieHneM HOHOB P30

A.A.BuasioBa,’ I/I.C.)I(aanoBa,1 C.I/I.Ee33.y6013,2 IO.M.KHceJIeB,1
B.I[.I[onmemcol

1 . .
Mockosckuii 2ocyoapcmeenulii ynusepcumem umenu M. B. Jlomonocosa,
Xumuuecxuii haxkyromem, Mockesa, Jlenunckue copol, oom 1, cmpoerue 3,

119991
WOHX PAH umenu H.C. Kypuaxkosa, 119991, Mockea, Poccus

B Hacrosmiee Bpems o0co00e¢ BHHMAaHHWE TMPUBJICKAIOT TOJUSICPHBIC
3d-4f KOMIUIEKCHI, CaMOOPTraHU3YIOIIMECS W3 TMPOCTHIX «CTPOUTEIBHBIX
OJIOKOB»: HMOHOB TPEXBAJICHTHBIX JIAHTAHUIIOB U COJIEH d-METauioB C
AMHUHOKHCIIOTaMHU.

Panee nHamu oTpaboTaHa MeETOAMKA TOJYYEHHS] KAaTHOHHBIX KOMILJIEKCOB
[Ln{Ni(ala),}¢]’", ala = L-anarun. [Tpu 3ToM, 10 pe3yibTaTaM dJIEKTPOHHON
CHEKTPOCKONUHU TOIJIONIEHUSI OOHApy»EHO, YTO KOMIUIEKCHBIM KaTHOH
obpazyetrcss Tosnbko st Ln = La(Ill), Ce(Ill), Pr(Ill) u NdA(III). /lanubie
KOMILJIEKCHbIE KaTHOHBI YAAJIOCh BBIICIUTH B TBEpAYI0 (pa3dy B BUAE KaTHOH-
AHUOHHBIX COEIMHECHUN c MPOTUBOMOHAMHU [La(NOs)s]* 7R
[Ln'(NO;)5(OH)3(H,0)]>™ (Ln’ = Ce, Pr, Nd, Gd) npu no6asieHun n30bITKa
nutpara P33 k pactBopy, cozepkanieMy KOMIUIEKCHBIN KaTHOH.

[To pe3ynbraraM BBINOJIHEHHOTO HMCCIENOBaHUS ObUla BBICKA3aHA TUIIOTE3a O
pasIMYHON yCTOMYMBOCTH KOMIUIGKCHBbIX KatronoB [Ln{Ni(ala),}¢]’" B
3aBUCUMOCTH OT ILieHTpaibHOro uona P32. IlosTomy mens Hacrosiieit paboTh
3aKTI0YaNach a) B M3YYEHUU CTPYKTYPHBIX OCOOCHHOCTEW JaHHBIX KAaTHOH-
AHUOHHBIX COCAMHEHUN [UIl  BBIABJICHHS (DAKTOPOB, BIMSIONIMX Ha
CTAaOMIIBHOCTh KOMIUIEKCHOTO KaTHOHA, a Takke 0) B pa3paboTke moaxoaa K
HAIPaBJICHHOMY CHHTE3y COCJIMHEHHI C CEIEKTHBHBIM Pacpe/ieICHUEM HOHOB
Ln’" 10 KATHOHHBIM ¥ AaHHOHHBIM ITO3HIIHSIM.

Ha mnepBom »srame paboThl € MCHOJB30BAHUEM MACC-CIEKTPOMETPUU C
WHAYKTUBHO  cBsizanHou  1iasmod  (ICP-MS)  ompenenenst  oOmiue
KOHLIEHTpaluu P35 W HuUKens B PaBHOBECHBIX pAacTBOPAX H3YyYaeMbIX
KOMILIEKCOB HaJ TBEP/IbIM aJlaHMHATOM HUKeJsA. [loka3zaHo, 4TO KOHIIEHTpaluu
HE CBSI3aHHBIX B M3Y4Yae€MbIil KOMIUICKCHBIM KAaTHOH «CBOOOIHBIX) La3+, Ce3+,
Pr'" okasamich Hmke mpemena obOHapyxkenuss meroma. st Nd** cremens
cBaspiBanmss B kommieke  [Ln{Ni(ala),}¢]’" cocraBuma 90%, uro
CBUJICTEIHCTBYET O MEHBINEH CTaOMILHOCTH JAHHOTO KOMIUIEKCHOTO KaTHOHA
110 CPABHEHHIO C AHAJOTMYHBIMK KoMmiuekcamu La>’, Ce’ n Pr”.
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N3yueHne KpUCTAUIMYECKOM CTPYKTYpbl COCIMHEHMHM I10KAa3ajao0, 4TO HOH Ln’" B
KOMIUUIEKCHOM  KAaTHMOHE  HAaxOJUTCS  BHYTPHM  HKOCAdAPUYECKON  MOJIOCTH,
oOpa3zoBaHHOIl atromMamu kuciopona ¢parmenta {Ni(ala),}s. CynpamonexkynspHbIN
arperat {Ni(ala),}¢ oOmamaer AOCTATOYHO >KECTKOH CTPYKTYpOH, B pe3yJbTaTe
JaMeTp ITON MOJIOCTH HE W3MEHSETCS NMPU YMEHBIIIEHUH MOHHOTO pajyca B Py
La’", Ce’, Pr’", Nd** (puc. 1), 94r0 NPUBOANT K CHIDKCHHIO YCTOMYMBOCTH
KOMIUIEKCHOTO KAaTHOHA, M I HMOHOB, pAaCIOJIOKEHHBIX mpaBee Nd B pany
JAHTAHUJOB, JAaHHBIM KOMIUIEKC HE oOpa3yercsl. Y CTaHOBJICHHBIH (aKT MO3BOJIMI
BIIEPBBIC MOJYYUTh B TBEPAOM BHUJE COCTUHEHUS C pa3Nu4HbIMU P30 B KAaTHOHHBIX U
AQHUOHHBIX TTO3UIIUAX.
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Pucynoxk 1. Kommiekcubiit katnon [Ln {Ni(ala),}¢]*" (cre6a) u koMILIeKcHbIe

aunous! [Ln'(NO;);(OH);(H,0)* (nocepeoune) n [La(NO3)¢]* (cnpasa).

B anmone [La(NOs)s]’ HEHTpaTbHBINA HOH OKPY)KEH IIECTHIO OHACHTATHBIMH HATPAT-
ronamu, toraa kak Ce’", Pr'*, Nd*" u Gd** o6pasyror wactuuHo ruaponmsoBaHHbIC
aunonsl [Ln(NOs);(OH);(H,0)]’". B kpucTamiax, KOMIUICKCHBIC KATHOHBI M aHHOHbI
cBsI3aHbI TTocpeicTBOM BoOpoaHbIX N—H: O u O—H:--O cBs3eit, oOpasys MI0THYO
ynakoBKy. CHHTE3UpOBaHHBIC B pa00Te KATHOH-aHUOHHBIC COCMHEHHSI, COCPIKAIIIHEC
[Ln{Ni(ala),}s]" (Ln = La, Ce, Pr, Nd) u [Gd(NO;);(OH);(H,0)]*,
oxapaktepu3oBanbl Metojgamu PCA, POA, EDX u ICP MS. IlonyuyeHHble MOJIbHBIE
cootHoleHus P30 B koMiiekcax nokasanu, yto La u Ce HaX0aATCsl UCKITFOUUTENIBHO
B KaTuoHe, a Pr u Nd npucyTcTByIOT HE TOJILKO B KATHOHE, HO €IIIe ¥ B aHUOHE.

Ha BTOopoM sTame pa®oTel cuHTE3UpOBaHbl U ucciaeaoBanbl Mmetogamu PCA, POA u
ICP MS xommekchl [La{Ni(ala),}¢][Ln'(NO3);(OH);(H,O)], rme Ln’ = Nd, Sm, Eu,
Tb, Dy, Ho, Er, Tm, Yb, Lu. [Hoka3zano, uto B psgy P3D cocraB aHmoHa He
U3MCHSCTCS, B KOMIUIGKCHOM aHWOHe HOoH P30 HaxomuTcs B Oojiee THOKOM
OKPY>)KCHHUH, M B HCCIEIyeMOM Dpsily HOHOB HaOJIOAaeTCs 3aKOHOMEPHOE
YMEHBIICHHE pa3Mepa aHUOHA. Takxke, B CBSI3M C YMEHBIICHUEM HOHHOTO pajuyca
P35 Hnabnromaercst yMeHbllleHHE CTAaOMJIBHOCTH KOMIUIEKCHOTO aHHOHAa B CHITY
BBICOKOT'O KOOpAMHAMOHHOTO uymcia (ku=10), He XapaKTepHOro nJisi 3JIEMEHTOB
koHla psga P3D. OmnpeneneHHbie MoOJbHbIE OTHOIIeHHS P30 mokaspiBarOT, 4TO B
KOMIUIEKCax, coaepxamux La u Lu, La BXOAUT HE TOJBKO B COCTAaB KATMOHA, HO U B
COCTaB aHMOHA. B CBOIO odyepenb, 3TO MOXKET OBITh MOJE3HO TPH CO3JaHUHU
CMEIIAHHBIX JIAHTAHUAHBIX KOMILUIEKCOB, B KOTOPBIX OAHOBPEMEHHO MPUCYTCTBYIOT
JIBa WK O0Jiee pa3IUYHbIX JIAHTAHUAA B HEIKBUBAJICHTHBIX KPUCTAIOTPAPUUECKUX
MTO3UIIUSAX.

Aemop 0na nepenucku
E-mail: bilyalova555@yandex.ru.
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Nanoforms of Antimicrobial Drug Substance
Dioxidine: Cryochemical Synthesis, Physical Properties
and Crystal Structures

Olga Vernaya,1 Tatyana Shabatina,1 Vladimir Shabatin,1 Yulia Kuchina,2
Mikhail Melnikov,1 Andrew Fitch,3 and Vladimir Chernyshev1

"Department of Chemistry, Lomonosov Moscow State University, 119991,
Moscow, Russia

’N.E. Bauman Moscow State Technical University, 2nd Bauman Str. 5,
Moscowl05905, Russian Federation

3Eur0pean Synchrotron Radiation Faculty, B.P. 220, 38043 Grenoble Cedex,
France

*A.N.Frumkin Institute of Physical Chemistry and Electrochemistry RAS,
Leninskii prospect 63, Russian Federation

Development of a new commercial medicine is time-consuming and expensive,
and the major costs are caused by the pre-clinical and clinical research. Health
safety of the new drug is one of the top priorities, implying the need for
investigation of toxicity, optimal and maximal doses, and side effects that can
reveal themselves over decades and even generations. In that respect, obtaining
new medications from effectiveness-proven components can reduce the
research costs compared to investments into the development of novel drugs
from the scratch. The techniques of such drugs renovation include combination
of active pharmaceutical ingredients (API) from different medicines,
ingredients particle size decreasing and amorphization, co-crystal formation,
self-emulsification, pH-modification, complexation.

Nanoforms of antimicribial drug substance 2,3-bis-(hydroxymethyl)
quinoxaline -N,N'-dioxide with particles size varied from 50 till 300 nm were
obtained by cryochemical modification of the initial pharmaceutical substance
and were characterized by different physicochemical methods (FTIR, UV-Vis,
'H-NMR, DSC, TG and X-ray diffraction) and transmission electron
microscopy (TEM). It was established the identity of chemical nature of
dioxidine drug substance. It was shown the modification of crystal structure of
cryodioxidine forms. The existence of three polymorph crystal forms was
revealed for cryomodified dioxidine samples possessed by some thermal
activation processes — two anhydrous polymorphs: triclinic (T), monoclinic
(M), and hydrated form (H). Powder pattern of the cryomodified sample
indicates that it contains mainly amorphous phase, some amount of H-phase
and trace amount of M-phase.
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Taos
%

Figure 1. A portion of the crystal packing of two anhydrous dioxidine
polymorphs: T(a), M(b) and its hydrated form H (c).
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Cunres ruapazonoB Ni(Il)-koMmiekcoB Me30popMuI-
B-3aMernieHHbIX TOP(HUPUHOB

A.O.IlIknpaoBa,"” I/I.A.3aMlzl.ﬂauKOB,l’2 F.B.HOHOMapeB,3
H.M.Kypoukuna,' E.B.Manuna,” B.B.Uepubimes,"* B.A.Tadeenxo’

]HHcmumym Quzuueckou xumuu u dnexkmpoxumuu umenu A.H. @pymxuna PAH,
Mockea, Jlenunckuti npocnexkm, oom 31, kopn. 4, 119071

2 . .
Mockoeckuii mexnono2uieckuii ynusepcumem, Hucmumym moHKux
xumuyeckux mexronozuti, Mockea, I[Ipocnexm Bepnadckoeo, dom 86, 119571

3 . .
Hayuno-uccnedosamenvckuti uncmumym OUOMeOUYUHCKOU XUMUU UMEHU
B.H. Opexosuua, Mocksa, yn. [locoounckas, oom 10, cmpoenue 8, 119121

4 o o
Mockosckuti 2cocyoapcmeennwlil ynugepcumem umenu M. B. Jlomonocosa,

Xumuueckui ghaxynemem, Mockea, Jlenunckue 2opwi, 0om 1, cmpoerue 3,
119991

[Mannaauii-kaTaau3upyeMble PEaKIM MIHPOKO MCIOIB3YIOTCS IS MOJYYCHUS
HOBBIX (DYHKIIMOHAIM3UPOBAHHBIX MPOU3BOJHBIX MOHO- M OJIMTONOP(HUPUHOB,
oOjamalomux MPaKTHYECKH IOJIE3HBIMU cBoWicTBaMu [1].  BosbmMHCTBO
peakiuii CBSI3aHBI C COYETAHUEM TaJIOTCHONPOU3BOIHBIX MOPPUPHHOB C
pasNUYHBIMM ~ peareHraMu. B To ke BpeMs TMOJyYeHHE  MOHO-
ME30TaJIOT€HOMPOU3BOIHBIX B-3aMENIEHHBIX ANKUITOPGOUPHUHOB TPEICTABISET
coboii HempocTyro 3amady. [uapa3oHbl Me30(OpPMHIIINPOU3BOIHBIX  [3-
3aMENMIEHHBIX  aJKUIMOPGUPUHOB  MOTYT  CIYXKUTh  QJIbTEPHATUBHBIMU
COCTMHEHUSIMU JIJIS1 TIOTyYeHUsI Me30-(DYHKITMOHAIM3UPOBAHHBIX MMPOU3BOIHBIX
IIPY TIOMOIIIH PA3IMYHBIX PEAKIIUN.

B mnameit pabGore Obimm mosnydeHbl N-3amenieHHbie Tuiapa3zonsl  Ni(Il)
KoMIiekcoB  oktadtwianoppupura (OSII) wu  TterparTmiioBoro  sdupa
korporiopdupuna [ (KIII). Ha mepBom srtame mo peakiuu Bunbcmeiiepa —
Xaaka, nytem B3aumoneiictBust Ni(Il) xommiexkcos O3Il m KIII ¢ N,N-
aumetrindhopMaMuIoM U okcoxyopuaoMm ¢ocdopa (V) Obul modydeH Tak
Ha3bIBAEMBbIN «pochopHbIil  KOMIUIEKC»,  KOTOPBIA  THAPOIU30BAIIN
HACBIIICHHBIM PACTBOPOM alleTaTa HaTpHsl, IPU 3TOM ObUIM CHHTE3HPOBAHBI
COOTBETCTBYIOIIHE Me30()OPMUIIIIPOU3BOIHBIE MeTaonopbupuHo 2, 7
(cxema 1).

J11 mosTy4eHus TUAPA30HOB MPOBOIMIN PEAKITUI0 ME30(HOPMUTITIPOU3BOIHBIX C
COTBETCTBYIOUIMMHU TujpazuHamMu (cxema 1). B kaudectBe KaTtayimszaTopa
UCTIONB30BAIM  TPUPTOPYKCYCHYIO  KHCIOTy. B pe3ynpraTe peakuuu
IPOUCXOAMIO OOpa3oBaHWE THUAPA30HOB B BuAe cMecu E U Z — HM30MEpOB,
KOTOpBIE  pasfensanyd IpU  [OMOLIM  IpenapaTUBHOM  TOHKOCJIOMHOM
xpomatorpaduu.
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1P0CI3
P NHZR o
2 NaOAG NaOAc CF3000H
H,0

Cxema 1. CuHTE3 a30METHHOBBIX MTPOU3BOAHBIX KoMmIuiekcoB Ni(Il) ¢
OKTa’TUIINOPGUPUHOM U TETPA3TUIIOBBIM 3pUpoM KonponopdupuHa I.

CtpoeHue Bcex MOJYYEHHBIX COCIMHEHUN YCTAHOBJICHO C MOMOIILI0O METO0B
SAMP cnektpockoniuu 1D u 2D, NOESY, 570€KTpOHHOW CHEKTPOCKOMNHUH, a
Tak)ke macc-crekrpoMmerpuu. s Z-uzomepa coelMHeHus 9 yaanoch U3yuuThb
CTPYKTYPY IPH IOMOIIY PEHTTEHOCTPYKTYpPHOTO aHanusza (puc. 1).

Pucynok 1. ®parMeHT KPpUCTALIMYECKOU CTPYKTYPhI Z-U30Mepa
coeIMHeHus 9.
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Bnusaue QJICKTPOMAIrHUTHOI'O M3JIYUHCHHUS HAa CTPOCHHUC
HAHOKOMIIO3HUTOB B CHCTEME HaHO-aHaTa3/moJm-N-
BUHHWJIKAIIPOJAKTaAM

O.M.Tumaesa,' M.I1.YnuxaueBa,' I.M.Ky3bmuueBa,' B.B.Uepnbinies’

1 . .
Mocxkoeckuti Texnonoeuueckuu Ynusepcumem, 119571, Mockea, Poccus

2 . .
Mockosckuti 2cocyoapcmeennulii yHugepcumem umenu M. B. Jlomonocoasa,

Xumuueckuii haxkynomem, Mockea, Jlenunckue copul, oom 1, cmpoerue 3,
119991

CBoiiCTBa TMOJMMEPHBIX KOMIIO3UTOB 3aBUCSAT HE TOJBKO OT (DU3HUKO-
XUMUYECKUX CBOMCTB HAIlOJHUTENId M MAaTpULbl, HO M OT XapakTepa
B3aMMOJEHCTBUSA KOMIIOHEHTOB JIPYT C IPYTOM M BHEIIHETO BO3AeUCTBHs. Llenp
paGoTel — BbIsiBIeHHE 3¢ (deKkToB B cucteme HaHo-aHataz (HA)/momu-N-
BuHwikarnponaktam (IIBK) mox neiictBuem BHemiHux BozxaeiicTBuii. [IBK -
«yMHBII», OMOCOBMECTUMBIN MOIUMEP C TeMIepaTypoil (pa3zoBoro pasaeneHus
B obOnactu ¢Qusnonornueckux 3HaueHunn (33-34°C); wnanowactuisi HA
OPOSIBIISIIOT  PsiI  BaXKHBIX  (DYHKIMOHATBHBIX CBOMCTB: OaKTEpULIUIHBIX,
(doTOKaTATUTUYECKUX U JP.

Kommnosutst HA/IIBK40 mnonyuenst mexannueckuM mnepetupanuem (MII)
nopomkoB [IBK40 (u3menpuennas mienka [IBK40 u3 Beicymennoro npu 40°C
pactBopa IIBK) ¢ Hombifine N (nano-anartaz) (HA) (cnoco6 1) u
MeXaHU4eCcKkuM u3MesibueHueM (M) B BBICOKOAHEPTETHUYECKON IJIaHETapHO-
IapOBOM MENbHUIIE CMECH MCXOJHBIX KOMIIOHEHTOB (cnoco6 2). Y CTaHOBIICHO,
yto MII He oka3biBaeT BiusiHUe Ha ucxoaHbie komnoHeHTh (HA u T1BK40), B
ornmuue ot MU, xotopoe npuBogut k aecrpykuuu [IBK40 u popmuposanuto
amopduoit  ¢azbl TiO,(OH)xyH,O (y~1) u3z amopduoii obomnouku HA.
Haiineno, uro cunre3 HA/IIBK40 no cnocoby 1 npuBoaut k oOpa3zoBanuio HA
C IByMs pasHbIMH pasMepamu kpuctamutos (D,A): ¢ D~225-430A (tekcrypa
{h11}<110>) u D~27-64A (puc. 1a), a no cnocoby 2 06pasyroTcss KPUCTAILIUTEL
HA ¢ D~31-49A (puc. 16). MeHbllas BelMYMHA CPEJHUX PAa3MEPOB
Hanouactuly B HA/TIBK40 (cnoco6 2) cnocoOCTBYET YyBEIMYEHUIO COpOLUU
KpacHUTEIIsI METUJIIOBOTO OPAHKEBOTO HA MX MOBEPXHOCTH M yBennueHuto OKA
non jneiicteueM Y®d-o6myuenus. B 3aBucuMocTH OT crocoba MOTydeHHs
KOMIIO3UTOB HM3MEHSETCS KOJUYECTBO MOJIEKYJ] BOJIbI, NPUCOECIUHEHHBIX K
rereponukiaM [IBK40 BogopoaHOil CBSI3bIO.

Cremka HAaHOKOMITIO3UTOB Ha PEHTT€HOBCKOM mudpakTomMeTpe
PANalytical Empyrean (45kB) u CcuUHXpOTpOHE, B OTJIMYHE OT CHEMKH Ha
mudpaxkromerpe HZG-4 (40xB), npuBena K MOSBICHUIO HOBOT'O MaJIOyTJIOBOT'O
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orpaxenusi [IBK (Ha puc. 1 ormedeHo crpenkoi) u ymenblienuto @KA, uro
CBSI3aHO C JECTPYKLMEHN MOIUMEPA U €ro yHnopsJAOYEeHUEM. Y CTaHOBIIEHO, YTO
npeapicropus  [IBK40 Takke OKa3plBaeT BIUSHUE HA YCTOMYHMBOCTH
nonmumepHoir  1enu [IBK40 B  cocrae HA/IIBK40: npucyrcTBue
HU3ZKOMOJIEKYJISIPHBIX ~ (DpakUMii COBMECTHO C  BBICOKOMOJIEKYJISIPHBIMU
npensTcTByer aectpykuuu [IBK B cocraBe HAaHOKOMIIO3UTOB, 4YTO
MNOJATBEPKIAACTCS OTCYTCTBHUEM JIONOJHUTEIBHOTO MAJIOYTJIOBOIO OTpPaXKEHUs
[IBK ©Ha pgudpakrorpaMmax MOpu JACHUCTBUU PEHTICHOBCKOTO H3Iy4YEHUS
(mudpakromerp PANalytical Empyrean).

1200 4 500 +

1000 1004

800
= 300 1

ol | Y

200

400

100

200

0 2 30 4 s 6'; 10 2 30 10 50 60
26° 26°
Pucynok 1. JIudpakrorpammel HanHokommno3utoB HA/IIBK40, moiyueHHBIX

cnocobom 1 (a) u cnocobom 2 (6). I-nudpakrometp (40kB), 2-cHHXpPOTPOH.

PentrenoBckoe wu3nydeHue oOkaspiBaeT BiausHue W Ha HA B cocraBe
HA/TIBK40: mnpoucxoauT penakcamusi pa3MepoB KPHUCTAUIUTOB C HX
BbIpaBHUBaHUEM D~41-58A (cnoco6 1) n D~36-64A (cnoco6 2), ymenbleHne
BEJIMYMHBI MUKPOHANPSIKEHUs, U3MEHEHHE COCTaBa HaHO-aHaTa3za (M3MEHEHHUeE
konuuectBa Tpynn OH w©  meonuTHOW  BOIBI B HaHO-aHaTasze -
Ti10,.4(OH),,xnH,0, Brusroniero Ha mapamMeTpbl SUYCHKHN).

MuxkpoBonaoBoe wu3nyuenue (MBU) mpuBoautr k amopdmzamuum HA wu
nectpykuuu [I1BK40, kak 1 MU (paciuemienre 1-ro oTpaxkxeHus, 0TBEUYAIOLIETO
3a MOJUMEPHYIO IIeNb), HO B oTiau4re oT MU BiuseT u Ha MOJSPHYIO TPYHILY
(-N-C=0), Bxoz41ilyt0 B COCTaB T'€TEPOIMKIIA, CMEIas CBSI3aHHOE C HUM 2-0€
amop(HOe oTpakeHne B cTOpoHy Oombiux yrioB. Ilpu cunteze HA/TIBK
(rumpomm3z  TiOSO,xH,SO4xH,O coBmectHo ¢ [IBK m  MukpoBoiIHOBOI
00paboTKOI; cnocob 3) «paspyliaeTcs» MEePUOJIUYHOCTh MOJUMEPHBIX Ienen
(ucuezaetr 1-pIi MHUK) U MEHSAETCA COCTaB (3a CUET MOJIEKYJ BOJIbI) W/WIU
CTpOEHUE (B YACTHOCTH, BaJICHTHBIE YTJIbl) T€TEPOLIMKIIA.

Aemop 01a nepenucku
E-mail: gertrudejames@mail.ru.

bnazooapnocmu
Pabota BbInonHeHa pu pUHAHCOBON noaaepxkke MuHucTtepcTBa 00pazoBaHus
u Hayku PO (rpant Ne RFMEFI61616X0069).
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HoBbie TpOMHbIE TA/IUABI CTPYKTYPHOI'O CEMEKWCTBA
CeynRh313,Gay 12, (n1=0+6)

B.A.AB3yparoBa, C.H.Hecrepenko, A.U.Typcuna

Mockosckuii eocyoapcmeentulil yHugepcumem umenu M. B. Jlomonocosa,

Xumuuecxuii hakynomem, Mockea, Jlenunckue copul, oom 1, cmpoerue 3,
119991

B xone m3yuenust daszoBbix paBHoBecuil B cuctemMe Ce-Rh-Ga, Obuto ycTaHOBJIEHO
CyILIECTBOBaHHE 9 HOBBIX TPOMHBIX HMHTepMeTamumdeckux coenuHenuid: Ce,Rh;Ga,
CeRh,Ga, Ce4sRh¢Gas, CesRh|;Ga; (aBe wmoaudukanum), Ce,RhsGa; (aBe
moaudukaiun), Ce;RhgGa,;, u CegRhy3;Gay;.

MoHOKpHUCTaIIbl HOBBIX MHTEPMETAJUIUJIOB, IPUTOHBIE A1 cOopa TU(PaKIIMOHHBIX
JAHHBIX HAa MOHOKPHCTaJIbHOM Ju(pakTOMeTpe, ObUIM OTOOpaHbl JHOO C
MOBEPXHOCTH JIUTBHIX CIUIaBOB, JUOO OTHCIEHBI OT OTOXKEHHBIX OOpa3loB.
PeHTreHOCTpYKTYpHBIM 3KcnepuMeHT mpoBeaeH Ha nudpakromerpe CAD4 ¢
MCIIOJIb30BAHMEM MOHOXpoMaTu3upoBaHHoro AgKo- i MoKa- uznyuenus u STOE
STADI VARI PILATUS-100K (MoKa).

I- . ]. T l.—r] CoenuHEHHUsT OTHOCATCI K
“ . - (va
W. .1 ]..... I E] CTPYKTYPHOMY  CEMECHCTBY
S R CeraRhyGarian  (#=0+6).
. @
«® .o o o0pa3oBaHbl U3 OJHOTO CJOS
I' . } ]- ° I ¢ '] l . 'I
reKcaroHansHas . ® o° rar & COCJIMHECHUS Ce,Rh;Ga
BRIBR: I" 81 ]' . "\"I (cTpyKTypHOTO TUIA
Mg,Cu.Si — 1] e °: o
2 3 e @ ] QI H
i W W . -] . 3aMenieHHbIX (a3 aBeca
[ B L . . .
n CeCo;B, 1\1{1 < "I “ o 2 ‘l Mg,Cu;Si unu Mg,Ni3Si) u n
~ . - i
I: .W ]. . : Jf cmoes cocraa CeRh;Ga,
® le et v
I . .1 r= ! s (ctpyxtypHbIil Tun CeCo3B,).
I . 1 S T B 3aBucumocTH 0T THIIA a3kl
. @ -
le 7| = . Jlaeca cmos  Ce,Rh;Ga
= | ‘e 3 CoeIMHEHUN
e ]'.; % KPMCTAUIU3YIOTCS MO0 B
TpMreRanERAEY . e v | .o g reKcaroHaJIbHOU np.Tp.
BETBb: C . O
MgzNi3Si/ o« 2 . :] .. L" P63/mmc, HI/I6O B
. «® e o
+ ]. :I cs] e {e] TpuronansHOU rpynme R-3m.
@ L I L
n CeCo,B, {], ;I kK l. . Takum obpazom, BCE
“ .. L
(2 [<7 ]. g ik T0JTyYEeHHbIE COCTUHEHHUS
e L N ]
[ Jad] o g OTHOCATCS K JIBYM BETBAM
o s '. *. 8 TOMOJIOTHYECKOT 0 psna
oy T L * ol CepnRhzi3,Gapn: K
‘¢ - ‘ I reKCaroHaJIbHOW BETBU W/WIU
n=2 n=3  n=4 n=5 K TpUroHasibHOM (puc. 1).

Pucynok 1. [Ipoekiuu cTpyKTyp BII0JIb OCH b.
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B tabnuie 1 npencraBiieHbl CTPYKTYpPHBIE JaHHBIE MOJYUYEHHbBIX COSUHEHUN.

Coenunenust CesRh;,Ga; (n=3) u Ce,RhsGa; (n=4) mnpencraBieHbl Kak B
rekcaroHajibHoOM (%), Tak U B TPUTOHAJIBHOM (f) BeTBU cemeiicTBa. CoelMHEHUE
CeRh,Ga (n=1) monydeHo B TreKcaroHaJlbHOM BapuaHTe. Bce ocTanbHbIE
COCTMHCHMSI SIBJISIIOTCS TIPEACTABUTEISIMU TPUTOHAILHON BeTBH. UJieH psiia ¢
n=6 CegRhy;Ga;; popmanbHo cocrosiuuit u3 gparmeHToB TunoB Mg,Ni;Si u
CeCos;B,, yxe He omuceiBaeTca oOmei dopmynon CerRhz3,Gayoy,
MOCKOJIbKY B OHOM M3 cioeB mo3uiius Ga 3amemieHa Ha Rh. Kpome Toro, B
cioe Ce,Rh;Ga Bce Tpu mo3uniuu atomoB Ce, Rh, Ga pasynopsinouensl. Takum
obpazom, coequnenne Ce;Rh3Ga,; (n=5) sBiseTcs MociaeAHUM YJIEHOM psJia,
00pa3oBaHUE COCTMHEHUI C n>6 TIPEACTABIISACTCS MaJIOBEPOSITHBIM.

Taoauua 1. Kpucra/uiorpagpuyeckue XapaKTepUCTHKH COeIUHEHUM
Cey+nRh3.3,Gag12, (n=0+6)

Yucno cnoes [TapameTtpsr Pednexcer ¢ [>20(1)/
CeCo3B; Coemurenme | Ilp. rp. pentetku (A) Ry [TapameTpsl
n=0 Ce,Rh3Ga R-3m a=5.614(2) | 0.0245 188/11
c=11.932(5)

n=1 CeRh,Ga | P6s/mmc | a=5.556(3) | 0.0365 258/20
c=15.680(8)

n=2 Ce4RhoGas R-3m a=5.554(3) | 0.0408 556/30
c=34.98 (2)

n=3 t-CesRh;2Ga; | R-3m a=5.563(4) | 0.0488 362/32
c=46.36(6)

h-CesRhjxGay | P6s/mmc | a=5.597(3) | 0.0544 381/34
c=31.40(3)

n=4 t-Ce,RhsGas R-3m a=5.5743(8) | 0.0605 460/40
c=57.82 (2)

h-Ce,RhsGaz | P63/mmc | a=5.5923(12) | 0.0704 345/40

c=38.116(10)

n=5 CesRh3Gayy R-3m a=5.583(2) |0.0709 457/47
c=09.35(3)

n=6 CegRhy3Gagy | R-3m a=5.571 (3) | 0.0704 392/61
c=80.53 (3)

Aeémop 01s nepenucku

E-mail: snnest@gmail.com.
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Orta pabora mnojjaepxkaHa MwuHUCTEpCTBOM oOpa3oBaHus W Hayku PO
(rpant Ne RFMEFI61616X0069).

76




YcTHble goknaabl

Hydrogen bonding in hydroxypyridium salts

D.Yu.Grebenkin,' A.V.Mironov,2 V.A.Tafeenko,2 A.E.Oblezov,3
V.I.Kazey,' A.N.Boldyrev’

'Institute of Biochemical Technology and Nanotechnology, Peoples' Friendship
University of Russia, 10-2, Miklukho-Maklaya St., Moscow, Russia, 117198.

’Department of Chemistry, Lomonosov Moscow State University, 119991,
Moscow, Russia

3Woerwag Pharma LLC, Nab,. Ak. Tupoleva 15-22, Moscow, Russia, 105005
‘ExacteLabs Company, Nauchnyi proezd 20, Moscow, Russia, 117246

Y Skolkovo Institute of Science and Technology, Skolkovo Innovation Center, 5
Nobel Street, Moscow, Russia 143026

The synthesis of co-crystals containing active pharmaceutical ingredients (API)
is the promising way of drug modification. Besides, hydrogen bonding plays
essential role in chemistry and especially in biology and the most effective
intermolecular interaction for organic compounds. Thus, the study of crystal
structures with hydrogen bonding is essential for understanding of its nature.

6-Methyl-2-ethyl-3-hydroxypyridine (emoxypine) has a range of applications as
an antioxidant with antihypoxic, nootropic, neuroprotective action,
anticonvulsant and anxiolytic effects and its malate and succinate cocrystals are
used as drugs. Numerous salts of emoxypine were synthesized and reported, but
crystal structures with succinic acid [1,2] and N-acetyl-L-glutamate [3] only
were determined and reported.

New salt of emoxypine nitrate was synthesized and it’s crystal structure was
determined. Also a crystal structure of emoxypine fumarate [4] was solved and
refined.

The crystal structures of 6-methyl-2-ethyl-3-hydroxypyridine nitrate
(CngzNO)NO3 (I), fumarate (C3H12N0)2C4H204 (II), salicylate
(CgH]QNO)C7H503 (III) and orotrate (C8 H]QNO)(C5H3N204)*2H20 (IV) were
solved and refined from X-ray single crystal diffraction data (CuKa, (I)
a=4.6477(2) A, b=14.5906(9) A, c=14.5551(8) A, #=99.100(4)°, S.G. P2/,
Z=4, R/R,~= 0.033/ 0.047; (II) a=8.8293(3) A, b=13.4268(5) A, c=8.3893(3) A,
-96.303(3)°, S.G. P2,/c, Z=2, R/R,~ 0.034/ 0.049; (III) a=22.370(2) A,
b=11.5368(11) A, c=26.034(5) A, =115.282(15)°, S.G. P2,/a, Z=16, R/R,~
0.049/ 0.068; (IV) a=15.2514(8) A, b=17.7153(65) A, c=12.7508(6) A,
p=113.859(4)°, S.G. C2/c, Z=8, R/R,= 0.035/ 0.041). Structures I and II are
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built of infinite chains along ac diagonal of the unit cells formed by hydrogen
bonding between hydroxypyridium cation and corresponding anion. Each
fumarate anion is coordinated by four hydroxypyridium cations while nitrate
anoin is coordinated by two ions, leaving one oxygen atom in the nitrogen
group isolated. Structure III is built of rings, formed by four molecules of each
type, namely emoxypine and salicylic acid with one solvent molecule i-PrOH.
In structure IV hydroxopyrinium-orotate bands are linked in layers by two
water molecules.

Comparison with other known cocrystal structures of
6-methyl-2-ethyl-3-hydroxypyridine is presented.

Corresponding Author
E-mail: gredmitrij93@gmail.com.
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da3pl IEPEMEHOTO COCTABA Ang3+(2_x)/3 L1203 WO,
(R = La-Dy) ¢ HecopazMepHO-MOAYTMPOBAHHBIMU
IECJIMTOIIOI00HBIMU CTPYKTYypaMHu

B.A.Mopo3oB,' I[.B.I[eﬁHeKo,l B.I/I..JIa3opsnc,1 E.I'.Xaiiknna®

1 . .
Mockosckuiti cocyoapcmeennulil yHugsepcumem umenu M. B. Jlomonocosa,
Xumuuecxkuii haxkyromem, Jlenunckue 2copwl, oom 1, cmpoenue 3, 119991

2 o o
bavixanvcxuti uncmumym npupooononvzosanusi CO PAH, Ynan-Y03, Poccus

B crpykrypaom twne meenuta (CaWQ,) kpuctamiusyercs OOJIbIIOe YHCIIO
MoJIOAaToOB U BoJb(hpamaToB obmiel popmynbl 4B0,. 3amenienue B HUX A u/unu B

KaTHOHOB MPUBOJIAT K o0pa30BaHUIO COCIMHEHHUI cocTaBa
A4, A°),[(B°, B)Oy4], (4°, A’ = cepebpo, IIETOYHOH, MIEIOYHO3EMENIbHBIA METAILIT
umu P32, Bi; B’, B> = Mo, W), yacto 00iagaimmuXx BbICOKOM CTaOMJIBHOCTBIO U

XOpOILIUMHU ONTHYECKUMHU CBOMCTBaMH. Kpome CTeXHMOMETPUYHBIX IIEEIIUTOB C
COOTHOIIICHUEM KaTHOHOB W aHUOHOB (A’+A4°"):(B’04+B’’O4)=1:1, momy4deHsl ¢a3bl ¢
pPa3HBIM KOJMYECTBOM BaKaHCUIl B KAaTHMOHHOM MOJpeIleTKe, XapaKTepHU3YHOIIHeCs
oTn4yHbIM OT 1:1 cooTHomieHueM (A°+A4’):(B’O4+B’°0,). O6pa3oBaHue BakaHCU B
KaTUOHHOW TIOJIPEIIeTKE BMECTE C KATHOHHBIM YIOPSIOUYEHUEM SIBJISICTCS HOBBIM
napaMeTpoM JjIsi KOHTPOJISI CBOMCTB IHI€eTUTONoA00HBIX ¢a3. OgHako, OYeHb 4acTo
Ha pEHTTeHOrpaMMax KakK CTEXHOMETPUYHBIX WICCIUTOB, TaK U IIEEIUTOB C
KaTUOHHBIMH BaKaHCHUSIMHU, HAOIIOJAIOTCS CBEPXCTPYKTYpHBIE peduiekchl. Panee, Ha
npumepe AgsPrssMoQO, [1] mokazaHo, yTo HaOIIOJaeMble Ha PEHTIE€HOTrpaMMax
CBEPXCTPYKTYpHBIC OTPaKCHHS 00y CJIOBJICHBI 3+1)D HECOpa3MepHO-
MOJYJIHPOBAHHBIM  XapakTepoMm CTpyKTypbl. llo3anee QopmupoBanue a3
nepemeHnHoro cocrara (DIIC) NaxEu3+(2_x)/3MoO4 ¢ (3+1)D u (3+2)D necopa3mepHo-
MOJIYJTMPOBAHHBIM ~ XapaKTePOM CTPYKTYpbl OBIJIO YCTAaHOBJICHO B CHCTEME
Na2M004—Eu2(MoO4)3 [2, 3]

B mnHactrosmeit pabore ™eromoM TBepaodaszHoro cunresa mnoiyudeHol OIIC
Ag.R’ +(2_,6)/3WO4 (R = La-Dy) u u3yueHo BiIusiHHE OOpa30BaHUS U YMNOPSAOUYEHUS
KaTHUOHHBIX BaKaHCHM Ha UX CTPYKTYpy. MeTogamu mpocBEUUBAIOUIEH 3JIEKTPOHHOU
MUKPOCKOIIMM M PEHTTEHOBCKOW AM(PPAKIUU MOKAa3aHO, YTO CTPYKTYphl Bcex (a3
Ang3+(2_x)/3WO4 (R = La-Dy) ¢ x = 0.286 u x=0.200 aBisitOTCSI MOHOKJIMHHBIMU
(3+1)D HnecopasmepHo moaynupoBanHsiMu (Puc. 1 6,6). Ha pentrenorpammax
AgosRosWO,; HHKakUX JOMOJHUTENbHbIX pe(]ieKcoB, HE OIUCHIBAEMBIX B
CTaHJAPTHBIX ISl TETPArOHAJIBHBIX IIEETUTOB MPOCTPAHCTBEHHBIX Tpynnax (/4,/a u
1-4), e nabmoganocsk (Puc. 2a). Ognako, gaHHBIE SJIEKTPOHHON MUPPAKIUUA IS
AgosEugsWO, (Puc. la) cBUAETENbCTBOBAIM O TOM, 4YTO peajbHas CTPYKTypa
AgosRysWO, Tpebyer (kak u B cirydae a3 ¢ x = 0.286 u x = 0.200) npumeHeHUs
(3+n)D ¢opmanusma, u ABISETCS TaKkKe HECOpPa3MEPHO MOIYJIMPOBaHHOW. B To xe
BpEMsi, MOHOKJIMHHOE HCKa)XE€HHE ¢ OOJIbIIOE KOJUYECTBO JIOMOJHUTEIBHBIX
pediekcoB, mpexae BCEro B MajOyTrjoBOW 00JacTH, OTYETIMBO HAOIIOIACTCS MJIS
katuoH-nepuuutTHbIX Paz ¢ x = 0.286 u x = 0.200 (Puc. 26).
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Pucynok 1. [001] nuzo6pakeHust 31eKTPOHHOM TU(PpaKIIAN IS
AgEu 5.3 WO, (x = 0.5 (), 0.286 (6), 0.200 (s)).

Monynsauus B crpykrypax PIIC Angu3+(2_x)/3WO4 (x = 0.5-0.200) BO3HMKaET U3-32
YHOpSAJOUEHUS KAaTMOHOB M BAaKaHCUH B A-NOApPEIIETKE IIEETUTONOA00HOM
CTPYKTypBL. 3aMelieHHe KaTHOHOB Ag  Ha R°™ TPHBOZMT K MEPEKITIOUCHHIO
moaysiiuu ¢ (3+2)D na (3+1)D.
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Pucynok 2. ®parmeHThI peHTreHorpaMMAngu3+(2_x)/3WO4 (x =0.5 (a), 0.200 (6)).
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Additional Characterization of T Ternary Compound
Found in Cu-Pd-Sn and Au-Pd-Sn Ternary Systems

Maria Kareva, Alexander Yatsenko, Elizaveta Kabanova,
Galina Zhmurko, and Viktor Kuznetsov

Department of Chemistry, Lomonosov Moscow State University, 119991,
Moscow, Russia

A novel ternary t phase was formerly found in Cu-Pd-Sn and Au-Pd-Sn ternary
systems at 500 and 800 °C [1, 2]. In both the systems the phase exists at
Pd,Cu(Au):Sn=4:1 in Pd-rich region. Preliminary XRD investigation of
Pd67Cul5Sn18 sample gave the t cell parameters, as follows: a = 2.8795(2) A,
c=3.6181(9) A (c/a=1.2565; F(8) = 77.1). A set of reflections available from
T phase was indexed in a body-centered tetragonal unit cell (/4/mmm space

group).

In this work, structure type for the t phase was searched in ICSD-2011-1
database. Taking into account c/a >\2/2, the T structure can be described as In
structure type. Here Pd, Cu and Sn statistically take the only position [000].
However, T phase most probably can be an ordered In-based structure. Its tin-
homogeneity range is much less (~1 at.% Sn) than that of the FCC-elements
(Pd, Cu, Au), which is a feature of phases with ordered structures. The exact
structure type and atomic positions were impossible to determine, because
palladium and tin have nearly identical X-ray atomic scattering factors.

The structure model was refined by Rietveld method (Fig. 1). Peak profile was
described using pseudo-Voigt function, taking into account lines’ asymmetry.
X-Ray background was interpolated through 28 points. March—Dollase
approach was applied to describe the preferred orientation. Its parameter
accounted for 1.06 along [001], which means very weak preferred orientation.

Low Rg value implies that the chosen model satisfactory describes the X-Ray
diagram. High Rp and R, values are obtained due to low X-Ray background
and small peak number. Standard deviations are corrected according to the
serial correlations.
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Figure 1. Observed, calculated, and difference X-ray diffraction pattern of
Pd67Cul5Sn18. Details of X-ray Rietveld refinement of PA67Cul5Sn18: unit
cell parameters: a = 2.88033(3) A, ¢ =3.6192(5) A, goodness of fit y* = 4.66,
agreement R-Bragg factor Rg = 0.0535, agreement profile factor Rp = 0.127,
agreement value Ry, = 0.150 concerning weighted profile intensities, expected
value from counting statistics Rg = 0.0696.
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Investigations [1, 2, 3] of Cu-Pd-Sn system indicated the existence of a ternary
compound at Pd:Cu:Sn = 2:1:1. For this phase only cell parameters of the
orthorhombic unit were definitely determined; no structural characterization
was done.

A recent investigation of Cu-Pd-Sn ternary system at 500 and 800 °C [4]
revealed that at 25 at.% Sn exists a ternary phase, named t,. It was shown to
dissolve 9-33 at.% Cu at 500 °C and 12-36 at.% Cu at 800 °C. X-ray
photographs of Pd48Cu26Sn26 sample allowed the determination of t, space
group (Pnma). Unit cell parameters for 1, were, as follows: a = 8.980(3) A,
b=5.9234(16) A, c =4.5311(2) A.

In this work, initial set of atom positions for 1, compound was found by Monte
Carlo simulated annealing using FOX. The structure model was refined by
Rietveld method (Table 1, Fig. 1). Peak profile was described using pseudo-
Voigt function. As Pd and Sn have very close X-Ray atomic scattering factors,
their atom positions were distinguished by the stoichiometry of 1, compound,
(Pd,Cu);Sn.

Structure type for the 1, compound was searched in ICSD-2011-1 database,
however no prototype was found. So, the authors came to conclusion, that 1,
compound forms a novel structure type, (Pd,Cu);Sn.

Table 1. Atomic coordinates and isotropic displacement parameter for the
T, compound

Atom X y z Biso

Pd 0.6333(7) 0.5008(7) 0.8032(8) 2.53(7)
Cu 0.1188(6) 3/4 0.2082(8) 2.52(8)
Sn 0.6167(5) 1/4 0.2993(5) 1.61(6)
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Figure 1. Observed, calculated, and difference X-ray diffraction pattern of
Pd48Cu26Sn26. Details of X-ray Rietveld refinement of Pd48Cu26Sn26: unit
cell parameters: a = 8.992(1) A, b=5.9218(15) A, ¢ = 4.5366(16) A, goodness
of fit x> = 2.40, agreement R-Bragg factor Ry = 0.093, agreement profile factor
Rp = 0.060, agreement value Ry, = 0.083 concerning weighted profile
intensities, expected value from counting statistics Rg = 0.046.
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The present work is devoted to the study of the magnetic structure of layered
quasi-two-dimensional trigonal complex oxide MnSb,0O¢ by neutron powder
diffraction and the comparison of diffraction data with the results of the
measurements of the temperature dependences of magnetic susceptibility and
specific heat. Eventually it has been described the microscopic nature of the
magnetic ordering of the MnSb,0¢ antimonate.

Layered oxides of transition metals have attracted much attention recently since
they provide a playground for various strongly correlated phenomena. In a low
dimensional magnetic sublattice made up of magnetic-ion triangles, geometrical
spin frustration arises when the spin exchange between adjacent magnetic ions
is antiferromagnetic. Low-dimensional spin-frustrated systems frequently adopt
noncollinear incommensurate spin arrangements to reduce the extent of their
spin frustration.

Quite recently, MnSb,0g, a magnet with a chiral crystal structure and corotating
cycloidal magnetic structure, was predicted to be multiferroic with unique
ferroelectric switching mechanism [1]. We have discovered and synthesized a
new form of layered MnSb,O¢ [2], very different, according to its X-ray
diffraction pattern, from known layered multiferroic form mentioned above.
The MnSb,0¢ sample was characterized by Rietveld analysis of the neutron
powder diffraction patterns (Figure 1), magnetic susceptibility and specific heat
temperature dependence measurements.

The appearance of additional reflections related to the antiferromagnetic

ordering organization of the MnSb,0O4 sample at 7y below 8.5 K is clearly

visible on the low-temperature neutron powder diffraction patterns
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measurement by the SPODI neutron powder diffractometer at Munich,
Germany (Figure 1).
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Figure 1. Experimental neutron diffraction patterns of MnSb,Og

On the basis of mathematical processing of low-temperature neutron powder
diffraction data the model of spin ordering are constructed. Magnetic structure
is described by the propagation vector k=(1/3, 1/3, 1/5). The carried out analysis
of the spin interactions of resulting magnetic structure indicates that spin
exchange interactions is not determining factor leading to the superstructure. At
the same time the magnetic dipole-dipole interactions play important role in
forming the magnetic superstructure [2].
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Anodic aluminum oxide (AAO) films possess vertical cylindrical channels that
self-organize into a periodic hexagonal network upon film growth. The degree
of pore ordering into two-dimensional hexagonal lattice depends on many
experimental parameters such as the electrolyte composition, applied voltage,
etc. Recently, the influence of crystallographic orientation of Al substrate on the
positional, orientational [1] and longitudinal [2] order of the pores has been
found. Nevertheless, the mechanism of the self-organization of pores into an
ordered hexagonal lattice remains a topic of debate.

In the present study the AAO films obtained on single crystal substrates with
different crystallographic orientations were characterized quantitatively by
small-angle X-ray scattering (SAXS) technique. The diffraction experiments
were performed at the beamline BM26B “DUBBLE” of ESRF.

Al(110) Al(111)

Figure 1. Small-angle X-ray diffraction patterns recorded from AAO films,
obtained in 0.3 M sulfuric acid at 25 V (the interpore distance is 65 nm) on
Al(100), Al(110) and Al(111) substrates.
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Typical diffraction patterns are presented in Figure 1. The AAO porous film,
grown on Al(111) substrate exhibits a spot-like diffraction pattern with the 6-
fold symmetry and minimal mosaicity of porous structure. In case of substrate
with (100) orientation several rings with uniform distribution of intensity
indicate the incompatibility of the 4-fold crystallographic symmetry of the
underlying metal crystal and the hexagonal symmetry of the perfect AAO
structure. In case of the AI(110) substrate six broad maxima represent an
intermediate degree of the in-plane orientational pore ordering.

In order to observe the influence of the crystallographic orientation on the
longitudinal pore arrangement, a specially designed Al(100) single crystal with
the vicinal edges tilted from the (100) plane by 5° was used. It was shown, that
the grown direction of AAO channels is tailored by two competing factors: (i)
migration of ions under external electric field, which push it along the normal to
the Al surface; (i1) presence of stable crystal faces of (100) family, crossing of
which by the pore is energetically unfavourable due to hampered diffusion of
oxygen ions through dense atomic planes. Aforementioned factors lead to
coexisting of two preferable pore grown directions in AAO with disorientation
of about 0.3°. Moreover, pores growing in different directions during
anodization retain hexagonal domains with various in-plane orientations [3].
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PEeHTreHImarioCTuKa CTpyKTYPHOT'O COCTOSIHUS
MaTepHUaIOB Pa3IUYHOTO MIPOUCXOKIACHUS C 0COOBIMU
CBOMCTBaAMHU

JLLA.Anemuna, T.A.ExkumoBa, O.B.Cunoposa, A.B.KageroBa

Ilemposzasoockuii cocyoapcmeennwiil yuugepcumem, Ilempozasoock,
np. Jlenuna, 33, 185910

OpHoli M3 aKTyaJbHbIX MPOOJIEM MaTepuaJoBEACHUS SIBIIAECTCS BbISICHEHUE
CTPYKTYPHBIX OCOOEHHOCTEH M CBSI3aHHBIX C HUMM (PU3NYECKHUX CBOMCTB KaK
U3BECTHBIX, TAK W BIIEPBBIE CHUHTE3UPOBAHHBIX MarepuasioB. KomIuiekcHbIe
UCCJIEIOBAHUSI C IPUMEHEHHUEM PA3JIMYHBIX METOAMK: PEHTIeHANPPAKINOHHBIX
METOJOB, METOAOB MAaTEMAaTHYECKOTO MOJEIUPOBAHUA, CIEKTPOCKONUHU
KOMOMHAIIMOHHOIO  paccesiHusi CBETa, ONTHYECKOM U  CKaHUpYHOLEH
AJIEKTPOHHOM MHUKPOCKOIIMM IO3BOJISIIOT B MOJHOM MEPE ONUCATh CTPYKTYPY
MaTepHaJIOB, a TAKXKe MPOCIECINUTh BIUSHUE YCIOBUN CUHTE3a U MOJU(UKaIUU
MaTepuaioB Ha CTPYKTypHOe cocrtosiHue. IlapamnenbHoe onpeneneHue
ANEKTPOPU3NYECKUX  XAPAKTEPUCTUK  TMO3BOJSIET CBA3aTh  CTPYKTYpPHbIE
0COOEHHOCTH CO CBOMCTBAMH.

OObeKTaMu UCCIEI0BAHMS SBISIOTCA: 1) TEXHUUECKHUE 1EJUTI0NI03bI B UCXOTHOM
U MOAU(GUUHMPOBAHHOM COCTOSHHMSIX M HAHOIICJUIIONO3bI HAa HX OCHOBE;
BOJIOPOCIIEBAs KJIETYATKA W LIEJUTIOJI03bI, MOTYYEHHbIE U3 HEE; TOHKHUE TUICHKU
OaKTepHaAIbHON  LIEJUTIOJI03bI;, KOMITO3UIIMOHHBIE MAaTepHallbl Ha OCHOBE
LEJUIIOJIO3 PA3JIMYHOTO MPOUCXOXKICHHUS; 2) CIIOKHBIE OKCHJIBI: HUOOAT JIUTHUS,
JIETUPOBaHHbIN HedoTOpedpaKTUBHBIMU NPUMECSIMHU, HUOOATHI W TaHTAJIaThl
JUTUSL W HaTpusi M HX TBEPAbIE pPACTBOPBI, 3) OKCHUIBI METAUIOB U
MOJIYIPOBOJHUKOB B aMOP(HOM © HAHOKPUCTAUIMYECKOM COCTOSIHUAX;
4) MOJIEKYJISIPHbIE KOMITJIEKCHI T€TEPOIIMKINYECKUX COCTUHEHUN.

OnpeneneHbl  XapakTEPUCTUKU HAJIMOJEKYJISAPHOM CTPYKTYpPbl IIMPOKOTO
CIIEKTPa TEXHUYECKUX LEJUI0JI03, MOJYYECHHBIX M3 PAa3JIMYHBIX UCTOYHUKOB.
st MmomuUIIMPOBAHHBIX IIEJITION03, HAXOANIIUXCS B aMOP(HOM COCTOSHUU
paccUMTaHbl XapaKTEPUCTUKU ONMKHETO TOpAKA: KOOPAWHAIMOHHBIC YHUCIIA,
paguychl HW  pa3MBITHS  KOOpAMHAIMOHHBIX cdep. IIpocTpancTBeHHOE
pacmpeneneHue aToMOB B 00JacTH ONMKHETO YMOPSAOYEHHUS IOCTPOEHO
METOJIOM MOJIEKYJIIPHOW TMHAMHUKH.

MerogamMu  CHEKTPOCKOTMH  KOMOWHAIIMOHHOTO  pacCesHWs CBeTa U

MOJIHONMPO(HUIIBHOTO aHalu3a PEHTIeHOTrpaMM MOJMKPUCTAIIIIOB HCCIIEIOBaHA

IBOJIIOIUSL KPUCTALTUYECKON CTPYKTYphl KPHUCTAIJIOB HUOOATa JUTHUS TpU

JETUPOBAaHUM WX I[MHKOM B 00JacTH KOHIIEHTpAILMM, 3axBaTbIBarOLIEH
&9
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KPUTHYECKYI0. YCTaHOBJIEHO, YTO TMpU JETUPOBAHUU B HHOOATE JIUTHUS
BO3HUKAIOT Je(PEeKThl BHEAPEHUS IIMHKA B BAaKAHTHbIE B KOHTPYIHTHOM
KpUcTaJljie Mo3uluu JuTus. Kpome TOro, mpuUCyTCTBYIOT aHTUCTPYKTYpPHbIC
nedeKThl: HUOOWH B MO3UIIMYU JUTHA. B 00acTH KpUTHUUECKON KOHIICHTpAIluu
HAOJIIOIaeTCsl PE3KOE YMEHbBILIEHHWE [epUojia JJIEMEHTapHOW SYEHKU U
GbayKTyalluu MeEXaTOMHBIX pacCTOSHUN Kak B JedeKTHOH, Tak HU B
oe3nedexTHoN 00IacTsIX.

HccnenoBanre BIMSHUS ~ CBEpXOBICTPOM  3aKaJKM  paciylaBa  KepamHK
Lip.12Nag sgTayNb; O3 Ha UX CTPYKTypHOE COCTOSIHHE I1OKa3aJlo, YTO B OTIHYHUE
OT CTaHJAPTHBIX METOJIOB CHUHTE3a CBEPXOBICTpast 3aKayka B 00JacTH 3HAYCHUN
KOHIIEHTpaluu TaHTana > 0.5 mnpuBogUT K 00pa3oBaHuI0  OAHO(DA3HBIX
MaTepuaioB ¢ OPTOPOMOMUECKOM AlIeMEeHTapHOM sueiikoil. Bee uccnenoBannbie
KepaMUYeCKHe 00pa3lbl XapaKTePU3YIOTCS HAJIUYUEM CJIOKHOM TEKCTYyphl U
BBICOKMMH 3HAYECHUSIMUA MUKPOUCKAKEHUH.

Pentrenorpaduueckre ucciaeaoBaHus aMOpPQHBIX OKCHUIOB, MOITYYEHHBIX
aHOJIHBIM OKHCJICHHEM, U HAaHOKPUCTAIINYECKUX, MTOJTyYEHHBIX
IJIa3MOXMMHYECKAM CHUHTE30M U DJIEKTPOHHBIM HCIIAPEHHUEM, IO3BOJIAIIN
ONPENEIIUTh CTPYKTYPHBIE XapaKTEPUCTUKU W MPOAHAIU3UPOBATH PA3IUYHUE B
CTPYKTYPHOM COCTOSTHUU aMOP(PHBIX M HAHOKPUCTAITTMIECKUX 0OHEKTOB.

Meronamu IIOPOILIKOBOM nudpakToOMeTpUu OIIPELICIICHbI
KpUcTauiorpauueckue XapakTePUCTHUKA M aTOMHO-MOJIEKYJISIpHAsT CTPYKTypa
LEJIOr0 psAla TETEepOapOMAaTHUYECKUX COCIUHEHUM H HUX MOJIEKYJISPHBIX
KOMIUIEKCOB C MOHAMH Pa3JIMYHBIX METAUIOB, B YACTHOCTH: HUTPOAHWIIMHA,
MOJIEKYJISIDHBIX KOMIUIEKCOB N-OKCHJOB XWHOJMHA W METWIXHUHOJIMHA C
MOHAMM MEIM U LHMHKA, N-OKCHJA JIUMETWIAMUHOCTUPWI TNHUPUIAMHA C
JAHUTPATOM ypaHuia. B MONEKyJSIpHBIX KOMIUIEKCax N-OKCUAOB XWHOJIMHA U
METWIXUHOJIMHA KOOPAMHAILMOHHBIA MHOTOI'PAHHUK MOHA MEAU MIPEACTABIISIET
co0o¥l MpakTUYECKH TUTOCKHI KBaJpaT, a JiJIs MOHA IMHKA - TeTpadap. Hamuuune
METWIBHOW TPYyIIbl NPUBOAUT K H3MEHEHHK) OPUEHTAlUM JIMTaHJOB
OTHOCHUTEJIBHO KOOPJAWMHAIMOHHOTO MHOTOIPaHHHUKA METAJUIA MO CPABHEHUIO C
TAKOBBIM JIJISI MOJIEKYJIAPHBIX KOMILIEKCOB N-OKCHJA0B XUHOJIMHA.
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Germanoslicates is a class of molecular sieves with exceptional and promising
properties, related with their extra-large pore size (>7A) desirable in catalytic
proceeding of bulky substrates. The distinguishing feature of these materials is
coupled with structure directing role of germanium in zeolite and zeotype
synthesis. In particular, germanium is a structure director for double-four
membered rings (d4r) in zeolite framework. The presence of those cubic
subunits in germanosilicate structures allows formation of highly porous
materials, such as polymorph C of zeolite Beta — BEC. The main drawback of
germanosilicates is related to pure hydrolytic stability of Ge-O bonds under
action of acids, heat or even liquid water.

According to our recent results BEC could be stabilized by leaching of
germanium accompanied with incorporation of silicone atoms in framework
positions. Successful stabilization of BEC could be achieved via precise
investigation of isomorphous substitution phenomenon, based on structural
investigation of germanium distribution in d4r and other T-positions of the
lattice. Synchrotron XRD is an excellent tool to study germanium distribution in
zeolites, including migration of germanium during various treatments. Calcined
BEC is an excellent model for investigation of different degermanation routs.
Here we report for the first time the behavior of germanium upon silication of
calcined BEC monitored by synchrotron XRD, '°F NMR and SEM.

As-made BEC sample was calcined in air at 823K to eliminate organic cations
from porous system. Then calcined BEC was treated with (NH4),SiFg in order
to substitute part of germanium in framework. Table 1 summarizes synchrotron
XRD data on germanium population in various T-positions.
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Table 1. Synchrotron XRD data on germanium population in various
T-positions

) ) Si/Ge ratio in various T-positions
Si/Ge ratio by
Sample
EDX T1 T2 T3
As-made
BEC 2.3 1.13 4.00 15.67
Silicated BEC
at 343K 3.3 1.38 4.56 15.67
Silicated BEC
at 373K 3.5 1.17 5.67 0

Fluoride chemical shift is sensitive to local environment and in particular to
germanium content in d4r units. It is shown ’F MAS NMR spectra for silicated
BEC samples. Signal at -16.8 ppm develops at higher treatment temperature due
to creation of d4r units with 7 silicone atoms. SEM revels that crystal
morphology remains unchanged upon silication treatment at various
temperatures.
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Intermetallic clathrates form a widely studied class of compounds with
charmingly beautiful structures and useful thermoelectric properties. The
structure of recently discovered compounds A;CussAs;; (A = Sr and Eu) [1]
represents the main features of intermetallic clathrates. 6 out of 7 A atoms are
located in voids with huge coordination number - 20, while the rest one is in the
cubic site. Such structure complexity and high symmetry lead to the observation
of only two above mentioned compounds. The fact that Eu-based phase
represents quite an unusual ferromagnetic ordering below 17K has inspired us
to investigate stability borders of this structure in more detail. Possibilities of
substitution at the Cu sites were reported by us recently [2], while the current
report is dedicated to As substitution by Sb and its effect on the structure and
magnetic properties.

Figure 1. Projection of Eu;CugsAsy; unit cell along 001 direction.
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The border phases Eu;CuysAs,y; and Eu;CuyySbyss, as well as intermediate solid
solutions, were prepared via solid-state route from the elements at 700-800°C.
With increasing x in Eu;CuysAsy;.,Sb,, the cubic cell parameter increases almost
linearly from 16.6707(2)A for the arsenide to 17.4148(1)A for the antimonide.
Structures of several composition of the solid solutions, as well as of the new
antimonide compound, were refined from powder XRD data.

Although the general motif of prototype is retained, some distortions, associated
with (As/Sb)Cug cubic position, are observed and increase with the antimony
content. The Sb atom shifts from the center of the cube and occupancy of this
position decreases down to ca. 40%. This leads to splitting of surrounding Cu
site into two, Cu_1, Cu 2, with the last one occupied by ca. '/5. The off-
centering and occupancy of Cu_ 2 increase almost linearly with x in the
Eu;CuyyAs,;..Sb, solid solution. The largest cuboctahedral site is filled by
antimony first; the others are filled afterwards statistically by As and Sb. The
Sr;CussAsy3,Sb, 1s restricted to x < 3.

When passing from Eu;CugAsy; to Eu;CuyySb,ss, the magnetic ordering
temperature decreases first (due to geometrical reasons); the antimonide
remains paramagnetic down to 2K. This is possibly due to disorder in the
antimony sublattice.
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Nikon, the Patriarch of Moscow and all the Rus, was a legendary figure and a
reformator who splitted the Russian Otrhodox Church. In 1656 he founded the
Voskresensky (Resurrection) New Jerusalem monastery in the Moscow region,
it was a grandiose project of Nikon. The New Jerusalem became the incarnation
of his idea of the unity of the Orthodoxy over the world and the approval of the
Russian state as its center. It was conceived as a spatial icon of the Holy Land.
The ensemble of the monastery reproduces the Palestinian holy sites with the
places of the Jesus life, making this place a revered shrine and a place of God's
presence on Russian earth. The dominant of the monastery is the Resurrection
(Voskresenskiy) Cathedral, which is the world's only full-scale copy of the
Church of the Holy Sepulchre in Jerusalem. Nikon was buried in a sarcophagus
in the New Jerusalem monastery.

In 2012 during the major restoration works and archaeological investigations
the sarcophagus was revealed and opened [1]. It was made of alabaster which is
quite uncommon rock in the Moscow region, so a question about the stone
origin was raised. The first XRD study of this alabaster sample using a
laboratory powder diffractometer showed it was 100% gypsum
CaS0O4-2H,0 [2]. However it is obvious that the natural stone should contain
impurities and such impurities may vary in different mining sites. Thus we
decided to make a precision XRD measurement using the synchrotron beam
ID22 in ESRF, Grenoble, France.

A multi-phase Rietveld analysis was carried out using JANA2006 [3]. The unit

cell, background, profile parameters and atomic coordinates were refined for the

main gypsum phase. However the XRD pattern still contained some

unidentified peaks, which were isolated and indexed. Unit cell parameters of the
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second phase unambiguously corresponded to the mineral celestine SrSO,. Due
to the very small content of celestine it was included in the refinement with
fixed atomic coordinates and isotropic thermal displacement parameters.

The authors will continue investigations hoping to locate possible natural
sources of this stone sample. The most probable locations may be lower
Permian evaporites of Arkhangelsk Region (Severnaya Dvina and Pinega
rivers) or Nizhniy Novgorod Region (Pyana River), both places are related to
the Nikon’s life.
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AHanu3 CTPYKTYPHOTO COCTOSIHUSI aMOP(PHBIX U
aMOp(PHO-KPUCTATIINYECKUX BHICOKOAUCIIEPCHBIX
MaTepHUajoB MO PEHTIEHOTpaPpUUECKUM JaHHBIM

H.C.CkopuxkoBa, A./[.®odanos, JI.A.Anemnna, /I.B.Jlorunos,
0.B.Cuaoposa

@I'bOY BO I[lemposzasodckuil cocyoapcmeennsiii yHusepcumem, Duzuko-
mexuuueckuu uncmumym, Kapenus, e. I[lempo3zasoock, np. Jlenuna, 33, 185910

B pabGore 00001IeH ONBIT peHTreHOrpauyYEcKUX HCCIEeIOBAaHUNA aTOMHOM
CTPYKTYPBI BBICOKOJHCIIEPCHBIX MaTEPHAJIOB PAa3IMYHOTO COCTaBa, JAAIOIIMX
KApTUHY pAaCCEsHUSI C BBIPAKEHHON «PEHTreHOAMOP(HON» KOMIOHEHTOU
(kceporenmu Ha ocHoBe xkuakoro crekina (OKC); mexaHOAKTUBUPOBAHHBIE
Ca-Si-copepraniue MHUHEpasbl; LEJUTIOI03bl, YIJIEPOJHbIE HAHOMATepUalbl U

Ip.).

Ctoutr OTMETUTb, YTO [JIsi TIOJyueHus Oosiee MOJHOW uHpOpMaIU
pPEHTreHOrpaupoOBaHKUE >KEIATENbHO MPOBOJUTH B MaKCUMAIbHO OOJIBIIOM
YIJIOBOM MHTEPBAJIE U B TEOMETPUSAX HA OTPAXKEHUE U MPOXOKIAECHUE C LIENBIO
BBISIBIICHUSI aHU30TPOIIMU B KAPTUHE PACCEsIHUS, KaK B clly4yae, K IpUMEpPY, C
ucxomgHot IB wu wmepcepusoBanHoit II jgpeBecHbiMHM TesUTIONO3aMu  [1].
UccnenoBanne kceporeneir Ha ocHoBe JKC, MoAuUIIMPOBAHHBIX COJISMU
METAJJIOB MOKA3aJI0, YTO MCIIOJIb30BAHUE PA3IMYHOrO THUIA M3JIYyUYECHHS TaKKe
YBEIINYUBAET UH()OPMATUBHOCTh TU(GPaKIIMOHHOTO AKCIEPUMEHTA!
MHTEHCUBHOE paccessHue B 00JacTH MalblX YrioB, HaOJI0JaeMoe Mpu
MIPOBEJECHNUN IKCIIEPUMEHTA C UCIIOJIb30BaHUEM H3NyueHus: MoK, BbIsABIsIETCS
KaK JOTIOJIHUTENIbHBIN 1u(dy3HbIN MakcuMyM Ha uznydenuu CukK, [2].

[IpuMensieMblii aBTOpaMHM TIOJAXOJ OCHOBAaH Ha MCIOJIb30BAHUM METOJa
Yoppena-Ounbaka a9 aHaTU3a XapaKTEPUCTHK OJIMKHETO MOpsiaKa (paanychl
KOOPJIMHALIMOHHBIX cdep, MX [UCIEPCUU W KOOPAWHAIMOHHBIE 4YHUCIA),
pacCUMTAHHBIX W3 OKCIEPUMEHTAIbHBIX 3aBUCUMOCTE HMHTEHCUBHOCTH
paccestaust 1(S). B pabore npuBoasrcss 0COOCHHOCTH MPUMEHEHHS YKa3aHHOTO
METO/Ma ISl Ciy4ash CJIOXHBIX cucteM (OOJbIIOE YWCIO0 KOMIIOHEHT,
CTPYKTYPHBIE ¥ KOHIICHTPAIIMOHHBIE HEOJTHOPOIHOCTH). [[151 00BEKTOB TaKkoTo
pola  TIONYyYEHHBIE  XApPAKTEPUCTHUKUA  ONMIKHEro  TMOpSAKa  SIBJISIOTCS
YCpPEeIHEHHBIMU TI0 oOnydaemMoMy o0bemy. Wx aHamu3 MOXET [aTh
uH(popMaIuio 00 OTKIOHEHWH OT OJHOPOAHOrO cocTosiHusA. Hampumep, ecnu
pPa3MBITUS G; HE YBEIIMUMUBAIOTCS C POCTOM PaJUyCOB KOOPAMHAIIMOHHBIX c]ep
r;, ATO O3HA4YaeT, 4YTO XapakTep pAaCHOJIOKEHHUS aTOMOB B UCCIEIYEMBbIX
00BEKTaX OTJIMYAETCS OT TaKOBOIO B JKUAKOM (aze. AHamm3 Bce
COBOKYMHOCTH XapaKTEPUCTHUK OJIDKHETO TOpPSAKa TO3BOJSET BBISIBUTH
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Hajguyue (WM OTCYTCTBUE) CTPYKTYPHBIX HEOAHOpOAHOCTeH. B ciyuae c
MOAU(PUIMPOBAHHBIMU  KceporenssMu Ha ocHoBe JKC  cymiecTBoBaHue
HEOJHOPOJHOCTEH  ObLIO  MOATBEPXKICHO  METOJAAMH  KOMIIBIOTEPHOTO
MOJENUPOBAHUS U CKAaHUPYIOLIEH 3JIEKTPOHHON MUKpOcKonuu [2,3].

OTKJIOHEHUS 3HAYEHUW KOOPJMHALIMOHHBIX 4YHUCET (B MEHBIIYI0 CTOPOHY)
MOTYT CBHUJETEILCTBOBaTH O OOJBIIONW J10JI€ TOBEPXHOCTHBIX AaTOMOB,
UMEIOIIUX MECTO OBITh B MOJIOCTAX WM Ha MOBEPXHOCTU YJIbTPAAUCIEPCHBIX
YaCTHUIl. DTUM MOKHO OOBSICHUTh YMEHBIIICHUE YHCIIa KUCIOPOIHBIX cOceie y
aTOMOB  METa/UIOB, HaOJ0JaeMoe B pe3yJibTaTeé  MEXaHOAKTHUBAIIMHU
Ca-Si-coneprkaiyx MUHEpaJioB [4].

B paborte noguepkuBaeTcs, 4TO AJisi KOPPEKTHON MHTEPIPETALUU PE3YIbTATOB
DKCIIEPUMEHTAa HEOOXOJMMO YYHUTHIBATH CTEPUUYECKUE COOTHOILIEHUSA, T.€.
pe3ynbTaT JOHKEH ObITh KPUCTAJUIOXMMHUYECKU oOrpaBiaH. Takum oOpaszom,
MeTon Yoppena-OuHOaKka MOKET MPUMEHSTHCS VISl JIIOOBIX CHCTEM, OJJHAKO C
YBEIIMYEHUEM 4YHUCJa KOMIIOHEHT, a TakK€ IpPU HAIWYUUA B CTPYKTYype
HEOJHOPOJIHOCTEHN Pa3IMYHOI0 Xapakrepa, ero MH(POPMAaTUBHOCTh CHUXKAETCS.
JIaHHBII HEJOCTATOK C YCIIEXOM MOXHO KOMIIEHCHUPOBATh JOINOJIHUTEIbHBIMU
METOJAaMH, HalpUMEpP, TAKUMH KaK KOMIbIOTEpHOE MonenupoBanue, MYPP,
AJIEKTPOHHASI MUKPOCKOIIHS U APYTUMMU.

Aemop 012 nepenucku
E-mail: nielev@petrsu.ru.
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CopOnronnslie cBocTBa okcua rpadura (OI') u
MeMmOpaHbl U3 okcuja rpadura (OI'm) B cucteme
OI'/OI'M — Boga/MeTaHOJI/alleTOHUTPHII

E.A.lllnasieBa, /[.A.ActBanarypos, FO.JI.CiioBoxoToB, E.A.Epemuna,
M.B.Kopo6oB

Mockosckuti 2cocyoapcmeernnbiil yuusepcumem umernu M. B. Jlomonocosa,
Xumuuecxuii haxkyromem, Mocxesa, Jlenunckue copol, oom 1, cmpoerue 3,

119991

Oxcun rpadura u mMemMOpaHa Ha OCHOBE okcuja rpadura o0JafaroT pAioM
YHUKaJbHbIX cBoMcTB. Hampumep, okcun rpadura sBISE€TCS MNPEKYypCcOpoOM
nonyueHust rpadena. OaHako rpadeH, MOJyYeHHbIH TakuM oOpa3oMm, HUMeEeT
MHOXXECTBO J1€(DEKTOB, UYTO IUJIOXO CKa3blBaeTcsl Ha (YyHKLIHMOHAIbHBIX
cBoiicTBax rpadena. HemaBHo Obul NIpensiokeH CHoco0 CHUHTE3a OKCHJA
rpadura [1], HanpaBiIeHHBI HA YMEHbIIEHHE MOSBICHUS AE(PEKTOB B IIpoLiecce
cunte3a. MccnenoBanue cBocTB okcul rpaduta, MOTYyYEHHOTO UMEHHO TaKUM
CrocoboM, W CTaJo OJHOM W3 LieJiel mpeacTaBlieHHOW paboTel. MemOpaHa u3
okcuaa rpaduTa He MPOIMYCKAeT HEKOTOPhIE Ta3bl, TAKME KAaK TeJui, OKCH]
yriiepoJia Mpu OTCYTCTBUU BOJIbI B MEKIUIOCKOCTHOM MTPOCTPAHCTBE MEMOpAHBI.
OpHako, HAYMHAET MPOMYCKATh Ta3bl MPU CMAuMBAaHUM MeMOpanbl. [loaTomy
UCCJIeIOBAHUE COPOIIMOHHBIX CBOMCTB MeMOpaHbl M3 OKCHJA IpaduTa Takke
CTaJIO LEJbI0 HACTOSIIEH paboTHI.

B pesynbrare paboTsl 661 cuHTE3UpOBaH okcua rpadurta - [-GO (meton Typa)
u MemOpaHa u3 okcuga rpadura - [-GOm (Mmeton duibrpanuu). Metomom
P®A Obun monydensr gudpakrorpammbl cyxux [-GO u [-GOm, a Takxke
HACBIIICHHBIX BOJIOM, AallETOHUTPWIOM U MeTaHoioMm. Pe3ynbratel POA
(OllEHKa MEXIUTOCKOCTHBIX PACCTOSIHUI) OBLIM COMOCTABIEHBI C JAHHBIMH I10
copOIMu pacTBOpUTENEH OKCHIOM rpaduTa, MOTYyYCHHBIMU U30TMUECTUICCKUM
METO/IOM.

W3 mudpakrorpamMmm cyxux oOpa3loB MOXHO CJAENaTh BBIBOJ O OOJIbIIEH
KPUCTAJUIMYHOCTH MeMOpaHbl 10 CPaBHEHUIO C MOPOLIKOM OKCHAa rpadura.
Jly1 00pa3iioB, HACHIILIEHHBIX PACTBOPUTESIMU, IIPUBEICH YCIOBHBIN apaMeTp
— KOJIMYECTBO CJIOEB PACTBOPUTEINSI, COPOMPOBAHHOTO OKCUAOM TIpaduTa B
MEXIUIOCKOCTHOE MPOCTPAHCTBO C YYETOM pE3YyJbTaTOB M30MUECTUYECKOTO
skcrepuMenTa. C TOMOIIbIO HM30MMECTUYECKOr0 OSKCIIEpPUMEHTa I0Ka3aHa
OJIMHAKOBasi COPOIMOHHAsI CIIOCOOHOCTh OKCcHa rpaduTa, CHHTE3UPOBAHHOTO
no merony Typa, n okcuaa rpadura, CHHTE3UPOBAHHOIO IO METOLy Xammepca.
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HoBoe TpoitHoe coequHeHue T B cucreme Au-In-Pd:
KPUCTAUIMYECKAS CTPYKTYpA U pacOpeIeICHUE aTOMOB

E.A.Jltamkuna, E.I'.'KadbanoBa

Mockosckuti 2cocyoapcmeernnbiil yuusepcumem umernu M. B. Jlomonocoaa,
Xumuuecxuii ghaxkyiomem, Mockesa, Jlenunckue copol, oom 1, cmpoerue 3,

119991

CrutaBel Ha OCHOBE MAJUIAJIAS HAXOAAT HIMPOKOE MTPUMEHEHUE B CTOMATOJIOTUH,
MIOCKOJIbKY HETOKCHUYHBbI, 00JIaZal0T BBICOKOH KOPPO3HMOHHON CTOMKOCTBIO WU
JICILIEBJIE CIUIAaBOB HAa OCHOBE 30J0Ta. llanmnaaueBpie CriiaBbl 4YacTO JIETUPYHOT
VHJHWEM, JUId YJIY4YIICHUS MEXaHUYECKUX XapaKTEePUCTHUK, MOHWKECHUS
TEMIIEpaTyphl IaBiieHus. Kpome TOro mMHAMN NOpHUAaeT CIUlaBaMm Najliafgus
KEJNTHIN 1BET, HAIIOMUHAIOIMMNA 1BET 30510Ta. OHaKO, (pa30BbIe PABHOBECHUS B
TpoitHo# cucteMe Au—In—Pd 1o cux mop He u3yyanuce.

[Ipu wuccnenoBanuu TpoitHo#M cuctembl Au-In-Pd mpu 800°C ¢ momoribio
MUKpPOPEHTT€HOCIIEKTPAIBHOTO U PEHTIeHO(PA30BOr0 METOAOB aHAIN3a, Ha MPHU
comepxkaHuu uHAUS OT 22 a0 25 ar.% ObUI0 OOHApYy»EHO HOBOE TPOMHOE
coeuHEHUe, oOJamaroliee IMUPoKol obnacTteio TomoreHHoctu (puc.l). Ilo
MOPOIIKOBON JH(]paKkTOorpaMme YJaioch yCTaHOBUTh, YTO 3TO (aza HUMeeT
KyOHYECKYI0 CHMMETPHIO ¢ apaMeTpaMu sueiiku npumepHo 4,04 A,

30

50 60 70 80
at.% Au

Pucynok 1. O65actb roMOr€HHOCTH (Pa3bl T.

JUist yTOYHEHHS KpPUCTAJUIMYECKOW CTPYKTYphl T-Qa3bl ObuUIM OTOOpaHbI
MOHOKPHUCTAJUIBI M3 3 00pa3loB C pa3du4yHbIM COJEPKAHHEM 30J10Ta.
[TapameTpsl siueiiku ¢asbl onpenensuiuch Ha audpakromerpe Stoe Stadi Vari ¢
KOOpPJIMHATHBIM  TOJIyIPOBOJHUKOBBIM  JeTekropoMm  Pilatus 100K  wu
MukpogokycHoit megHoit Tpyokoit (CuKa A=1,54056). Mcnons3oBanue TpyoKu
C BBICOKOM yAENbHON MHTEHCUBHOCTBIO TIIEPBUYHOIO IIyyKa IO3BOJIUIIO
JIOCTOBEPHO YCTaHOBUTH Hanmuuue peduiekcos ¢ uuaekcamu (001), (011), (012),
(003), 4TO MO3BOJAWIO MPEANONOKHUTb, 4YTO T-pa3za CTPYKTypa HMEET
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IPOCTPAHCTBEHHYIO IPyIIy cUMMeTpuu Pm3(-)m OTHOCUTCS K CTPYKTYPHOMY
tuiy CusAu.

JlaHHBIE IO UHTEHCUBHOCTSAM pe(dIeKCOB OBLIM MOIYYEHBI C HCIOJIb30BAHUEM
mugpakromerpa Nonius CAD-4 ¢ rpaduTOBEIM MOHOXPOMATOPOM U TOYEUHBIM
CUMHTWUIALIMOHHBIM ~ JIETEKTOPOM, MOHOXPOMAaTU3UPOBAHHOE  M3IIy4CHUE
(AgKo wumu MoKa). IlompaBka Ha MOTrJOIIEHHWE BBOJWIACH TIOCHIE -
ckaHupoBaHua. OOpaboTka SKCHEPUMEHTAIBHBIX JAHHBIX BBINOJIHAIOCH C
UCIOJIb30BaHUEM MporpaMMmHoro ooOecrieuenuss WinGX, a yToyHeHHUE
CTpyKTypbl ¢ momomibio npoueaypsl SHELX. Pe3ynabTarsl yTOYHEHMS
npejcTaBlieHbl B Tabnauue 1.

Tabauuna 1. Pe3yabTaThl YTOYHEHHS KPUCTAVIHYECKUX CTPYKTYP
MOHOKPHCTAJJIOB 10 PEHTIeHAU(PPAKIIUOHHBIM JAHHBIM

Ne o6pazma 1 2 3
cocTaB Auspglngs 3Pdyso Auszz3Ing 2Pdyo s AuggIny; sPdss;
gagaMeTp AHCHIILT 4 0340(6) 4.0408(10) 4.0538(10)
R [I>206(1)]/ Ran 0.0272 /0.0275 0.0231/0.0335 0.0271/0.0421
WR(Fz)an / GoF 0.0847/1.199 0.0666 /1.029 0.0703/1.136
3acesIeHHOCTh Au:  0.006(10) Au: 0.118(5) Au: 0.160(8)
O3ULIUHA la

Pd:  0.994(10) Pd:  0.882(5) Pd:  0.840(8)
3aceleHHOCTh Au: 0.408(4) Au: 0.458(2) Au: 0.536(3)
MO3UIUHU 3¢

In:  0.311 In:  0.296 In:  0.287

Pd: 0.281(4) Pd: 0.246(2) Pd: 0.177(3)

CornacHO pe3yibTaram PEHTTCHOCTPYKTYPHOI'O MCCIEIOBAHUA, NO3ULUIO la B
KpucTamyeckon crpykrype CuzAu, 3aHHMAOT HE aTOMbl HMHAWSA, Kak
CJIEIOBAJI0 OXKHMJIaTh, MCXOAS M3 COCTaBa (a3bl, a aTOMBI Mautaaus. ATOMBI
VH]IMS] CTATUCTUYECKHU 3aCEIISAI0OT MO3ULMIO 3¢ BMECTE C NAIAUEM U 30JI0TOM.

Aemop 0aa nepenucku
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HoBrble nukinoneHTaHnpou3BoaHbIe KoMiuiekcoB Pd(II)
u Ni(Il) ¢ B-3amenieHpiMu noppuprHaMu

JI.P.3p3una,"”” U.A.3amunanxos,"” I'.B.ITonomapes,’ H.M.Kypouknna,'
E.B.Ma.JmHa,2 B.B.‘IepnblmeB,l’4 B.A.Tac[)eeHKO4

]HHcmumym Quzuueckou xumuu u dnexkmpoxumuu umenu A.H. @pymxuna PAH,
Mockea, Jlenunckuti npocnexkm, oom 31, kopn. 4, 119071

2 . .
Mockoeckuii mexnono2uieckuii ynusepcumem, Hucmumym moHKux
xumuyeckux mexronozuti, Mockea, I[Ipocnexm Bepnadckoeo, dom 86, 119571

3 . .
Hayuno-uccnedosamenvckuti uncmumym oOuomeouyurckou xumuu umenu B.H.
Opexosuua, Mockesa, yn. [locoounckas, oom 10, cmpoenue 8, 119121

4 o o
Mockosckuti 2cocyoapcmeennwlil ynugepcumem umenu M. B. Jlomonocosa,

Xumuueckui ghaxynemem, Mockea, Jlenunckue 2opwi, 0om 1, cmpoerue 3,
119991

®oronunamuveckass tepanusa (DJT) paka — 3T0 OauH U3 CaMbIX
NEPCHEKTUBHBIX U A(P(PEKTUBHBIX MOAXOAOB K JIEYCHUIO HE TOJBKO
3JI0KaY€CTBEHHBIX HOBOOOPA30BaHUM, HO M PA3JIMYHBIX KOXKHBIX 3a00JIEBaHUIA.
B kauectBe ®C 4dacto BBIOMpAIOT TPOUZBOAHBIC TETPANUPPOIHHBIX
coenunennit [1,2], Omarogapst uX yHHKaIbHBIM (POTOMU3MUIECKUM CBONCTBAM.
[TooTOMy MOMCK HOBBIX BO3MOXHOCTEH IS CEJIEKTUBHOW MonauduKanuu
Op(GUPHUHOBBIX MAaKPOIIMKJIOB C IIEJIBIO CO3/IaHUSI HOBBIX BBICOKO3((EKTUBHBIX
npenapartoB st OJT npencrasnser ocoOwlit uaTepec [3,4].

[Tyrem B3aumojaeicTBUsi Tak HaszbiBaemMoro “dochopHoro Komriekca”,
nojiygaemMoro in situ B peakiuu BunbcMmeliepa-Xaaka ¢ OEH3WIAMHHOM U
METHUJIAMUHOM, OBUIM  CHHTE3UPOBAHBl  A30METHHOBBIE  IMPOU3BOIHBIC
komriekcoB Ni(Il) u PA(Il) ¢ okrastunmopdupurom (O3I1) u TeTpasTUIOBHIM
spupom komponoppupuna [ (KIII). beimo mnokasano, 4to B ciydae
dbopmunupoBanus komruiekcoB Ni(II) u  Pd(II) ¢ OBIl obpasyercs
3HAYUTEIHHOE KOJNYECTBO MOphupuHOB 7 1 8.

brina mpoBeneHa peakius TepMOJIU3a MOJYYEHHBIX COCIMHEHUN B BakyyMe
(3-107 mm pr.ct.) npu Temmeparypax 230-250 °C. BbIIO YCTAHOBICHO, YTO HPH
TEPMOJIN3e a30METHHOBBIX Tpou3BoaHbIX KomiuiekcoB Ni(Il) u Pd(IT) ¢ OIII,
obpasytorcs mukinoneHTannopdupunsl 9-10. B cinydae peakinmn a30METHHOBBIX
npou3BoaHbIXx kKommuiekcoB Ni(II) m Pd(II) ¢ KIII o6pa3ytorcs cmech
coenquHenui 17-18 u 19-21.
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CtpoeHue BceX MOJIyYCHHBIX COCJMHEHUN YCTAHOBJIEHO C MOMONIBIO METOAO0B
AMP cnektpockoriuun 1D u 2D, NOESY, 31€KTpOHHOW CHEKTPOCKONHUH, a
TaKXe€ MacC-CIIEKTPOMETPUH (PUCYHOK 1).

1.POCI, N-R
DMF - »
ZNH R NH,-R .
CH2c|2 \
'o

3: M=Ni(ll) R= Me 7: M=Ni(l) 9: M=Ni(ll)
1: M=Ni(l 9
z M=P:1((I=) 4: M=Ni(ll) R= Bn 8: M=Pd(ll) 10: M=Pd(ll)
£ 5: M=Pd(Il)R= Me
6: M=Pd(I)R= Bn
> (o]

0™o
A 13 m=Ni()R= Me A 19: M=Ni(ll) R= Me
14: M=Ni(ll)R= Bn 17: M=Ni(ll) R= Me 20: M=Ni(ll) R= Bn
15: M=Pd(Il)R= Me 18: M=Pd(Il)R= Bn 21: M=Pd(ll) R= Me
16: M=Pd(ll)R= Bn

Pucynok 1. Cxema cuHTE3a a30METHHOBBIX ITPOU3BOIHBIX KoMITIekcoB Ni(Il) u
Pd(II) ¢ okTasTunmopuprHOM U TETPa3THIOBBIM dPpupom Kompornopdupuna .

MeToioM  pEeHTTeHOCTPYKTYPHOIO  aHajiu3a ObUI0 HU3Y4eHO CTpOEHHE
coequnenut 3, 16 u 19. Crpykrypa coeauHeHuss 3 TpeACTaBiIseT coOoi
komruiekc Pd(Il) ¢ mmockum mopdupuHoBeiM sipoMm. [[BoiiHas C=N cBs3b
uMeeT E-KOHpUrypanuio M OpTOTOHAJbHA T-CUCTEME MOpP(GHUPHUHOBOTO Spa,
YTO KCKIIIOYAET T-COMPSIKEHUE MEXy HUMHU. B KpucTaiie KaTUOH majiaaus
3aHUMAeT UEHTP I[ICEBIOCMMMETPUHU, KaK CIEJACTBUE pa3yNopsaoUueHuUs
METWJIBHBIX TPYNI B a30METMHOBOM (parMeHTe B JIBYX CHUMMETPUYHBIX
B3aMMOINPOHUKAIOMINX ToJIokKeHUsX. CTpykTypa coeuHeHus: 16 npeacraBiser
coboit kommuiekc Ni(Il), B koTopoM umeeTcsi iockoe mopGUpPUHOBOE SIPO C
OPTOTOHAJILHON HecomnpsikeHHOW aBoHOM C=N CcBs3bl0, KOTOpas UMmeeT Z-
KOH(MUTypaluio, TpU ITOM OCH3WIbHBIE (PArMEHTHl PACHOJIOKEHBI K
wiockoctu nopdupuHoBoro siapa moja yriaom 90°. Ctpykrypa coenunenus 19
npencrasinsger coborr komreke Ni(Il), B koTopoM wumeeTcss IUIOCKOE
noppupuHOBOE  SAAPO, A  AHHEJIMPOBAHHBIA  JIAKTAMHBIM  (PparMeHT
pacnonaraetcsi mox yriaoM B 90° K IUIOCKOCTH TMOP(PUPHHOBOTO  spa
(pUCyHOK 2).
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(a)

(b)

(©)

Pucynok 2. ®parMeHT KpUCTALINUECKON PEIIETKU: a - COEAUHEHUS 3,
b — coequnenus 16, ¢ — coequnenus 19.

Aeémop 01s nepenucku
E-mail: ch3coooh@yandex.ru.

bnazooapuocmu

JlanHast paboTta moanepkaHa MUHHUCTEpPCTBOM oOpa3oBaHusi U Hayku Pd
(rpantr  Ne RFMEFI61616X0069). Astopel mnpusHatensibl ESRF  3a
obOecrieueHne J0CTyna K CHHXPOTpOHHOW craHiuu [D22, skcrepumMeHT
MA-3313.
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Revision of FCC Phase Region in
Cu-Pd-Sn Ternary System

Maria Kareva, Elizaveta Kabanova, Galina Zhmurko,
and Viktor Kuznetsov

Department of Chemistry, Lomonosov Moscow State University, 119991,
Moscow, Russia

Cu-Pd-Sn ternary system is one of basic systems for creation of noble dental
alloys and corresponding solders. For dental application FCC solid solution (o),
based on Pd and Cu, is used. Intermetallic phases, which are in equilibrium with
a, can be present in such the alloys as dispersion strengthening additions.

Recently the Cu-Pd-Sn ternary was thoroughly investigated at 500 and 800 °C
up to 50 at.% Sn by the present authors in (1, 2); the focus was done on phase
equilibria between a solid solution and intermetallic phases. Nevertheless, there
is still some uncertainty in this region. So, several a-containing Cu-Pd-Sn
samples were additionally investigated at 500 and 800 °C by XRD (Cuk,),
SEM and EPMA.

At 500 °C the most unclear region was an equilibrium between a and CuPd
phase of. Additional investigation of Pd67Cul5Sn18 alloy revealed that a phase
region is divided into two parts by three-phase equilibrium o + 1, + CuPd (Fig.
1). Parameters of the phases are as follows: a=3.8506(14) A (0); a=2.8770(7)
A, c=3.6862(24) A (1)); a=3.0099(12) A (CuPd). Compositions of o. and CuPd
were rather difficult to determine, because of very small grain size. The o +
CuPd triangle side was drawn with regard to investigation results of
Pd45Cu52Sn3 alloy (1), which belong to the corresponding two phase region.

Pdy.Sn + Pdy.Sn + L+7-Pdg.Sn + L+Y-Pd,,,Sn

PdSn + PdgSn;  PdgSny + PdSny PdSny +£-CugSn

Cu, at.%

Figure 1. Isothermal section of Cu-Pd-Sn system at 500 °C.
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Position of a + t; + 1, triangle at 500 °C was refined upon investigation of
Pd50Cu33Sn17 sample. Its XRD revealed three phases: a (a=3.67318(16) A);
7 (a=2.8726(2) A, ¢=3.5339(11) A) and 1, (a=9.035(16) A, »=5.9314(4) A,
c=4.5350(2) A). EPMA allowed to determine the compositions of o and T, as
follows: Pd35.4Cu58.3Sn6.3 (a); Pd53.4Cu29.4Sn17.2 (t;) (Fig. 1). The
amount of 1, was too small to determine its composition.

At 800 °C phase equilibria with the participation of a solid solution were
reliably stated in (1), but the position of a + 1, + y-Cu;Sn triangle was not
definitely determined. XRD investigation of Pd40Cu40Sn20 sample revealed
that it belongs to this three-phase region. Cell parameters are: a=3.6422(3) A
(0); a=9.041(2) A, b=5.9176(15) A, c=4.529(7) A (1,); a=6.1977(21) A
(y-Cu3Sn). EPMA allowed to find compositions of two phases:
Pd7.3Cu89.1Sn3.6 (o) and Pd37.3Cu38.4Sn24.3 (y-CuzSn). As for 1, its
composition was apparently very close to that of y-CusSn (the difference didn’t
exceed 2 at.% Cu). XRD showed rather small content of 1, phase in comparison
to the rest two phases, so the composition Pd37.3Cu38.4Sn24.3 was assigned to
v-Cu;Sn, but not to t,.

Cu, at.%

Figure 2. [sothermal section of Cu-Pd-Sn system at 800 °C.
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HoBbIi1 MeXaHU3M camopraHu3aiuu (popMupoBaHUsI
HAHOTPYOOK M3 OKCHJA TUTAHA
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ZHHcmumym kpucmannoepaguu um. A.B. ILlyonuxkoea ®HUI]
«Kpucmannoepagus u pomonuxa» PAH, Jlenunckuii npocnexm, 59, 119333,
Mocxkea

ABTOpamu ObLIM PEII0KEHBI BAPUAHTHl MEXaHU3MOB CAaMOOPTIaHU3alUU POCTa
HaHOTPYOOK U3 amop¢Horo okcuna tutana (Ti0,). Panee ObL10 ycTaHOBJIEHO,
YTO Ha MOBEPXHOCTU TUTAHOBOI'O 3JIEKTPOJAA IPU aHOJHOM BO3ACHCTBUU MOTYT
00pa30oBbIBATbCSI HAHOCTPYKTYpPbl THIIA HAHOSYEEK M CBS3AHHBIX C HUMU
HaHOTPYOOK [1,2]. Bbuin mosydeHbl HAHOTPYOKM OKCHJA TUTaHA B YCIIOBHSX
aHOJAMPOBAHUSI TUTAHOBOW ¢onbru B HOHHOM xkuakocth BMIM-NTE, c
n00aBKaMU MPOIMUIICHIIUKOJS (00beMHOe oTHouieHue 1:1) mpu MOCTOSSHHOM
Toke. Ha mOBEpXHOCTM TUTAHOBOIO 3JIEKTPOAA MOCIE aHOJIWPOBAHUS BUIAHBI
YYaCTKH, Ha KOTOPBIX HMMEIOTCS TOJIBKO TIE€KCaroHajibHO YIHOPSI0YEHHbIE
CTPYKTYPBI, U YYaCTKH C BBIPOCIIMMH HAHOTPYyOKamMu. ABTOpBI MOJIAratoT, 4TO
IeKCAaroHaJIbHO YIOPSIIOYEHHBIE SYEHKH CIy’KaT MpeKypcopamu (MaTpuliaMHu)
JUIsl JalibHeHIero pocra HaHOTPYOOK. JndpakiMOHHBIN aHamu3 MoKa3al, YTo
TpyOKH UMEIOT aMOp(HYI0 KpPUCTALIMYECKYIO0 CTpyKTypy. Ha nudpakumsx,
MOJIYYEHHBIX OT OOJBIIMX o00JlacTel, HaOMoJaroTCcs ciaadbie pedieKchl OT
HAHOYACTHUII TJIATUHBI, YTO HAIJISJHO TOJTBEPXKAACTCS MPUBEICHHOW PSIOM
mudpakiuuei OT 3alIMTHOTO CJIOsl IJIATUHBI, HAHECEHHOH creruanbHo Ha [IOM
obpasell.

[IpennmoyTuTenbHbIA  MEXaHU3M JOKa3aH npu nomomu POM, IIOM,
TU(PaKIMOHHBIX METOJOB aHaju3a M BKJIIOYAET ISITh OCHOBHBIX cTaauil. Ha
NepBOM W3 HHUX NPOMCXOAUT OOpa3oBaHHWE HA TIOBEPXHOCTH THTAHOBOTO
AJIEKTPOJIa CaMOOpraHM3yIoIuXxcsa HaHosyeek [1]. Ha mocnenneit craguu
MPOMCXOJUT OTPBIB BBIPOCIICH HAHOTPYOKH OT MaTPUIbI-HAHOSYCHKH,
KOTOpPBIM MAET 1o cior amopdHoro okxcuaa turtana (IV) (pucyHok 1).
Camoopranuzamusi Cj0si HAHOTPYOOK TPOMCXOJIUT 3a CYET IEPBUYHO
BO3HUKIIKX (HAa TEPBOM CTAJAMHM) CaMOOPTraHMW30BAHHBIX T'€KCAroOHaJbHBIX
AYECK-MaTPHIl, KOTOPHIC M OMPEACIISAIOT OCHOBHBIE ITapaMETPhI (TOJILHUHY U IP.)
Oynymux HaHOTPpYOOK. B 3ToM mnpuHIMIUMadbHas pa3HUIA  MEXITY
MEXaHU3MaMH, HWMCIOIIUMHCS B OOJBIIOM KOJWYECTBE TEMATHYECKON
JUTEPATYpPbl, B KOTOPBIX, KaK MpPaBWIO, MNpPUYMHA CaMOOpraHU3allUM He
yKa3bIBaeTCs, a HadallbHas CTajus CHHTe3a TPYOOK 3aKIIovacTcs B
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00pa3oBaHUM TMOP B yXe CHOPMUPOBAHHOM CJIO€ OKCHAA MeTauia. ABTOPBI
CUMTAIOT, YTO TaKas IMOCIEAOBATEIHLHOCTh: 00pa30BaHHE HAHOSUEEK, a MOTOM
POCT OKCHJHBIX HAHOTPYOOK — MOXKET OBITh pacIliupeHa W Ha ApYyTHE
MeTautbl. O4eHb BaXKHBIN aCIeKT, B pab0Te UCITOIh30BaIacCh HOHHAS JKHUJIKOCTbD,
a 9TO HOBBIM  KJacC  DIIEKTPOJIUTOB-PACTBOPUTENICH,  3HAYUTEIHHO

Aemop 0aa nepenucku
E-mail: dkultin@general.chem.msu.ru.

bnazooapnocmu

pacmnpﬂ}omnﬁ BO3MOKHOCTH 3JICKTPOXUMHUUCCKOI'O SKCIICPUMCHTA.

Pucynok 1. [IDM-u3o0paxenus
HIOIIEPEYHOT O CEUCHMUS
HaHOTpyOOK  TiO,. Xopowo
BUJHO  NpopuiIn  MaTpul-
HaHOSYEHK u3 KOTOPBIX
MPOUCXOJIUT POCT HAHOTPYOOK.
JInst  HEKOTOpBIX  BBIPOCIIMX
HAaHOTPYOKOK BHJIEH pa3phiB C

HAHOSYECHUKOM. Ha CHHUMKE
MPOWUTIOCTPUPOBaHA

nocieansss  (mgaras) — cTagus
MPEI0KEHHOTO MeXaHu3Ma
caMOpraHu3aIuu pocta

HAaHOTPYOOK M3 OKCUJA THUTAHA.

HccnenoBanne ObUTO BBIMONHEHO Mpu moxanep:kke MunoOpHayku Poccun

(mpoext Ne RFMEFI61614X0012).
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®a3pr CosMe B TPEXKOMIIOHEHTHBIX CUCTEMAX
KOOaJIbTa C TYTOINIABKUMH MeTaiuiamu V u VI rpymi:
CUHTE3 U KpUCTAJUINYECKasd CTPYKTypa

P.X.Illaunog, J.F0.Kepumos, E.M.CJirocapenko

Mockosckuii 2cocyoapcmeentulli yHugepcumem umenu M. B. Jlomonocosa,

Xumuueckuii haxynomem, Mockea, Jlenunckue copul, oom 1, cmpoerue 3,
119991

OfHUM U3 MOAXOJOB MOJYYEHHUS AUCIEPCUOHHO-YIPOYHEHHBIX KOOAIbTOBBIX
CIUIaBOB  SBJIAETCS HCIIOJIb30BAaHWE B KAuyecTBE YHpPOUHsIomend (asbl
MHTEPMETAININYECKOTO COEMHEHUS, HAXOASAIIEroCsl B PaBHOBECUHU C TBEPABIM
pacTBOpPOM Ha OCHOBE KoOaibTa. MI3BECTHO, UTO B HHUKEJEBBIX CyNEpCILIaBaX
['TIK TBepablii HMKENEBBIM PACTBOpP YIPOUYHSETCA IAUCIEPCHBIMH YaCTHULAMU
dazer NisMe, rne Me = Al, Nb, Ta. ®a3a Ni;Al umeer kyOnueckyro pemerky
(ctpykrypubii Tun CuszAu), a ¢a3sr NisNb u Nis;Ta umeror oObemHO-
LEHTPUPOBAHHYIO TETPAroHaJbHYK pewerKy (cTpykTypHbii tun Al;Ti). B
JBYXKOMIIOHEHTHBIX CUCTEMaxX KOOaJIbTa C TyrolslaBkuMu Metamuiamu V u VI
rpymi, (a3pl ¢ YKa3aHHBIMU BbIIIE CTPYKTYPHBIMM THIAMHU OTCYTCTBYIOT.
OpHako, B psA€ TPEXKOMIIOHEHTHBIX CHCTEM KOOajlbTa C TYIrOIJIABKUMH
metauiamu V 1 VI rpynm Bo3MOXHO oOpa3oBaHue TpOWHBIX (a3 cocTama
Cos;(Mel,Me2), HaxoasmMXCsi B PaBHOBECMHM C KOOAJIbTOBBIM TBEPIbIM
PacTBOPOM IpHU TEMIEPATYpax FKCILTyaTaluu KOOAIbTOBBIX CILIaBOB. B cBsi3u €
ATUM IEJIbI0 HACTOSIIIECH paboThl ABsieTCs MOUCK TpoiHbIX daz Coz(Mel,Me2),
IOPEACTABIAIONIMX HMHTEPEC KaK BO3MOXHBIX KaHAMJATOB Ha  POJib
ynopouHsitomed ¢asbl, a TakkKe CUHTe3 JTUX (a3 u omnpeneneHue Hx
KPUCTALIMYECKOU CTPYKTYPBHI.

J1J1st BBITIOJIHEHMSI TTOCTABJIECHHOM LeM ObUIM CUHTE3UPOBAHBI 10 MSTh CILIABOB
no u3zokoHueHtpare 74 at. % Co B TpexkoMmoHeHTHbIX cucreMax Co-Nb-W,
Co-Ta-Mo, Co-Ta-W u Co-Mo-W. [lngd [npuroToBleHUS  CIUIABOB
ucnojb3oBasH Co (99,99 mac. %), Nb u Ta (99,8 mac. %), Mo u W (99,95 mac.
%). CraBbl rOTOBWIM B JYrOBOM MEYM C HEPACXOAYEMBIM BOJIb(PPAMOBBHIM
AJIEKTPOJOM B arMmocdepe aproHa ¢ MHOTOKpAaTHbIM TmeperuiaBoM. CruiaBbl
TepMoOoOpadaThIBaIM B Ie4Yax 3JIEKTPOCONPOTUBIICHHUS B BaKyyMHUPOBAHHBIX
kBapueBbix ammyinax B Tedenue 1000 gacoB mpu 1375 K. Ilocme otTxura
CrulaBel 3akanuBaiu B Boze. CIuiaBbl HCCIEOBaIM METOAAMH PacTPOBOMU
AJIIEKTPOHHOM MUKPOCKOIIUU M DJIEKTPOHHO-30HJOBOIO0 MHUKpOAaHAllM3a Ha
npuobope «LEO EVO 50 XVP» (Carl Zeiss), ocHaIeHHOM
HEProJAMCIEepCUOHHBIM  aHanu3zatopoM «Inca Energy 450» (Oxford
Instruments). Pentrenodas3oBblii aHaan3 MPOBOJWIM METOIOM IOPOIIKAa Ha
aBrogudpaxkromerpe STOE STADI-P B reomeTpun Ha MponycKaHUe, a TaKkKe
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Ha audpakromerpe «IPOH-4» ¢ ucnons3oBanuem CuKo,-uznydenus. s
NPOBENCHUST PEHTreHO0(pa30BOro aHaiM3a OOpasibl CIUIABOB  HATHPAIU
alMa3HbIM HANWIBHUKOM, a 3aTe€M H3MeNbyYajd B araToBOM CTYIKE [0
COCTOSIHUSL MEJIKOJAMCIIEPCHOTO TNOpolIKa. Jlanee NOopoILIOK, 3allassHHbIA B
BAKYYMUPOBAaHHYIO  KBapLEBYKD  aMIylly, BBbIAEpKHMBaJCSd B  Iedax
anekTpoconpotuienus npu 873 K B teuenue 1 waca. i nnenrudukanuu da3

U pacuera MapameTpoB PEIIETKH HCIOJIb30BAIM MPOTPAMMHOE OOecreueHue
STOE WinXPOW wu FullProf.

B pesynbrare mpoBENEHHBIX UCCIENOBaHMM OOHapyXeHO oOpa3oBaHME
TpoiinbiX ¢a3 npu 1375 K B Tpex TpexxkomnoneHTHbIX cuctemax Co-Nb-W, Co-
Ta-Mo u Co-Ta-W. Ycranosneno, uro (asza cocraBa Co74,0Nb21,0W5,0 (B ar.
%) umeet ctpykTypHbiid Tl Mg;Cd ¢ mapamerpamu pemerku a = 0,51188(2)
oM, ¢ = 0,41239(1) am (Puc. 1, a); ¢aza cocraBa Co74,0Tal0,0Mo016,0 (B ar.
%) umeet ctpyktypubiii Tun Mg;Cd ¢ mapamerpamu pemerku a = 0,5112(3)
oM, ¢ = 0,4129(3) am (Puc. 1, 6); daza cocraBa Co74,0Tal8,0WS8,0 (B at. %)
uMeeT CTpyKTypHbId Tunl BaPb; ¢ mapamerpamu pemerku a = 0,5146(1) uwm,
c=1,8861(3)am (Puc. 1, B). B koOanpbTOBOM YTy TPEXKOMIOHEHTHOU
cuctembl Co-Mo-W npu 1375 K tpoiinbix ¢a3 He oOHapyx eHO (pUCyHOK 1).

100.0
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jative Intensity (%)

Relative Intensity (%)
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Pucynoxk 1. Jluppaxrorpammel
0J1IHO(ha3HBIX CIUIABOB COCTABOB
(B at. %):

a) Co74,0Nb21,0W5,0;

0) Co74,0Tal0,0Mo16,0;

B) Co74,0Tal8,0W8,0.

k Ha pucyHke npuBeeHbl TaKKe
1 l l I l TEOpeTUYECKHEe TU(pakTOrpaMmbl
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crpykryp Mg3Cd (a, 6) u BaPb3 (B).
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Mertannonop@upuHbl UrparOT BaXKHEUINYI0 pOJb B KUBBIX OpraHU3MaXx,

SBIISASICh KJIFOUEBBIMU (dbparmeHTamu (bepMeHTOB, reMorio0uHa,
¢doTocuHTeTHUecKoro eHTpa [1]. PyreHneBbie KOMIIIEKCH MOPHUPUHOB TaKkKe
NIEPCIIEKTUBHBI B obnactu boTOoIMHAMUYECKOU Teparny,

(b OTORIEKTPOXUMHUUECKOTO MPeoOpa3oBaHus, KaTaausa u (porokaTanusa, u npu
MOJEIUPOBAHUU TPUPOJHBIX cucTeM [2,3]. OTAMYUTENBbHON OCOOEHHOCTHIO
PYTEHHEBBIX  KOMIUIEKCOB  MOP(UPUHOB  SIBISIETCS HMX  CHOCOOHOCTH
00pa3oBbIBaTh MPOYHBIE AKCUAJIbHBIE KOOPIMHALMOHHBIE CBA3H, C MOMOIIbIO
KOTOPBIX BO3MOKHO IIOCTPOEHHUE CYNPAMOJIEKYJIIPHBIX aHcaMOeil [4].

B nannoit pabotre OBLIO TPOBEACHO HCCIEIOBAaHHE B3aUMOJICHCTBUS
TeTpasTuiioBoro 3¢upa komnponoppupuna [ (KII) ¢ nogexakapOoHMIOM
pytenus B Toayose. OOHapykeHO 00pa30BaHUE JBYX Pa3IUYHBIX MPOIYKTOB -
komruiekcoB pyTenust ¢ KIII 2 u 3 (cxema 1), KoTopble M3y4eHBI METOJAaMU
Macc-criekrpomerpun, ICII, AMP, POA u TT'A.

MeTrosoM MOPOIIKOBOTO PEHTTEHOCTPYKTYPHOTO aHalu3a ObLIO H3Y4YEHO
CTpO€HHE KOMIUIeKca (2), KOTOPbIN MpEeACTaBIseT cO00 MOHOKapOOHWIbHBIN
KOMILIEKC TopduprHaTa pyTeHHs, CyIIECTBYIOIIHUI B BUIE KOOPAUHAIIMOHHOTO
noJiuMepa, O0Opa30BaHHOTO 3a CHET MEXMOJICKYJSIPHOM aKCHallbHOW CBSI3U
aTOMOB KHUCJIOPOJia KapOOATOKCHIIBHOU IPYIIIbl U pyTeHus. CTpyKTypa BTOPOTo
NOJIydeHHOro coeAuHeHus: (3) mpeamnosioxkeHa B BHUAE COOTBETCTBYIOUIETO
MOHOMEpa  MOHOKapOOHUJIBHOTO  KOMIUIEKca  mopdupuHaTa  pPyTEHUS.
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VYcTaHOBIEHO, YTO TMOJIUMMEPHBIA KOMIUIEKC 2 TpaHc@opMupyercs B
MOHOMEPHBIN KOMIUIEKC 3 IPU HATPEBAHUU B IUPUJIUHE.

oc Et (o]
Et =T
=N
o ~ R ug,,
+ ~ D fo)
L
O="0OEt

Ru3(CO)4p

OEt

L = H,0, Py, CO

o
<
— W

Cxema 1. [Tonyuyenue komruiekcoB pyrenus (II) ¢ TerpastunoBeim a3pupom
Korpomnopdupuna l.

TepmorpaBumeTpuueckuii  aHanu3 oOpaslloB  MOKa3ajd, YTO XapakTep
Pa3NOXKEHHUs] TMPOAYKTOB 2 W 3 CYIIECTBEHHO OTIMYACTCS: MOJUMEPHBIN
IPOJYKT MUHEpaIU3yeTcsl ¢ KapOOHU3AlMe OpraHnYecKord 4acTH, B TO BpeMs
KaKk TpoayKT 3 pasznaraercs C 0OOpa30BaHHEM JIETYYMX OPraHUYeCKHX
COEIMHEHUM, OCTaBJISIS JUIIb OKCHJT PYTEHHUS.

Aeémop 01a nepenucku
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Pd-Karanuzupyemast peakiysi Kpocc-COueTaHUs
Cy3yku-Musitypa B CHHTE3€ HOBBIX apUJIBUHUII
XJIOPUHOB

E.C.Beases,' U.C.JIonun,' F.JI.KOHCGMHKHH,Z B.B.qeprIIHeB,l’3
F.B.HOHOMap6B4

"Hnemumym usuyeckoii xumuu u snexmpoxumuu umenu A.H. @pymxuna PAH,
Mocksea, Jlenunckuti npocnexm, oom 31, kopn. 4, 119071

2 . .
Mockosckuti mexnonocuueckuil yrueepcumem, MHcmumym moukux
xumuyeckux mexnonoauti, Mockea, [Ipocnexm Bepnaockoeo, oom 86, 119571

3 . .
Mockosckuiti cocyoapcmeennulil yHugsepcumem umenu M. B. Jlomonocosa,
Xumuuecxuii ghakynomem, Mockesa, Jlenunckue copol, oom 1, cmpoerue 3,

119991

4 o o
Hayuno-uccnedoosamenvcxuii uncmumym 6UOMeOUYUHCKOU XUMUU UMEHU
B.H. Opexosuua, Mockea, yn. [locoounckas, oom 10, cmpoenue 8, 119121

brnaromapss cBOMM yHHKAadbHBIM CIEKTPAIBHBIM UM  DJICKTPOXUMUYCCKAM
CBOWCTBaM TPHPOAHBIC XJIOPUHBI MOTYT OBITH HMCIOJB30BaHBI B KA4YECTBE
($hOTOCEeHCHOUTU3AaTOPOB ISl MEIUIIMHCKUX IIeJIeld, CEHCOPOB PAa3IMYHOTO
HAa3HAUCHHWs, a TaKKe KaK AaKTHBHBIC DJJICMECHTBI COJHCYHBIX OaTapew.
Xnopohusuiel 001alal0T WHTCHCUBHBIM TIOTJIOMICHUEM B JJIMHHOBOJHOBOMU
obyactu BUAMMOro cBera (mosoca Q). Ee monoxkeHue B CEKTPE 3aBUCHT OT
JTUTIOJIBHOTO MOMEHTa TIEPEXOJHOTO0 COCTOSHUS BIOJIb OCH J, TIOITOMY
moaudukamus C3 MONOXKEHUS MO3BOJSET HACTPAWBATh ONTHYECKHUE CBOMCTBA
MOJICKYJIBI.

B Hactosmie#t paboTe Mpeano’keH HOBBIM MOAXOJ K CHHTE3y MPOU3BOJHBIX
NPUPOJHBIX XJIOPUHOB, COAEPKAIIMX apoMarhdyeckue 3amecturenu B C3-
MIOJIO’)KEHUH, C MCTOJIb30BaHUEM peakiuu Kpocc-coueTanust Cy3yku-Musypa.
KitoueBbIM coennHeHueM SIBISICA 3Qup OOpOHOBOWM KHUCIOTHI (3), KOTOPBIU
OBl moJydeH ucxons u3 Opomuaa mupodeodopduna a (1) [1,2]. Oanako
HAauMOOJBIIETO BBIXOJA PEAKIUU OOPUIMPOBAHUS YIAIOCh JTOOUTHCS MpHU
ucronb3oBanuu Zn-komiuiekcea (2) u PACl,(CH3CN), B kauecTBe kaTaauszaTopa
(pucynok 1). TlpennoskeHHbIN MOAX0] 3HAYUTEIBHO PACIIUPUI BO3MOKHOCTH
BUHUJIBHOM TPYIIbl [0 CPAaBHEHHMIO C paHEEe M3BECTHBIMU METOJIaMH,
OCHOBAHHBIMH Ha PEAKIUAX KOHJEHCAIMU TPYIHOIOCTYIHBIX MPOU3BOTHBIX
xJjiopoduiia d.
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Bopiny,
PdCI,(CH3CN),
Cs,COg3,
dppp
1,4-auokcaH
80°C

1« .. y-ocb

MeoOC” MeOOC
Zn(OAc), x 2H,0— 1: M=2H ‘M= H+[ - M=2H

MeOH/CH,CI, 2: M=Zn 4: M=Zn 6: M=Zn

gegeyelaels!

Pucynok 1. Cxema cunresa Zn-koMimiekca MeTiioBoro sdupa (E)-3%(4,4,5,5-
terpameTmii-1,3,2-muokcadoposnan-2-un)nupodeodopobuia a u ero
peakimoHHas crmoco0HocTh B Pd-kaTanusupyemoii peakiuu Cy3yKH.

CtpoeHre BceX TMOJYYEHHBIX COCIMHEHMH OBUIO TOJITBEPKACHO C
MCIIOJIb30BaHUEM Macc-criektpomerpun U SIMP cnekrpockonuu. Kpome Toro
KJIFOUYEBBIC UCXOHBIC COeMHEHHUS ObLIN HcciieoBanbl B EBponetickom LleHTpe
Cunxpotponnsix Uccnenosanuii (ESRF).

Aeémop 012 nepenucku
E-mail: cronse@yandex.ru.

bnazooapnocmu

Jlannast pabota moanepxkaHa MuHHCTEpCTBOM oOpa3oBaHus U Hayku P
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o0OecrieyeHne JocTyna K CHHXPOTPOHHOW craHuuu [D22, skcrnepuMeHT
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Study of Electronic Density for the Case of Silicon
Nanocrystals Stabilized with Phenyl and
Perfluorophenyl Ligands

Igor Kudryavtsev,' Valery Zakharov,1 Leonid Aslanov,1 Erkin Kulatov,2
and Yurii Uspenskii’

"Department of Chemistry, Lomonosov Moscow State University, 119991,
Moscow, Russia

’Prokhorov General Physics Institute of RAS, Vavilov street, 38, Moscow,
Russia

STamm Theory Department, Lebedev Physical Institute of RAS,
Leninsky prospect, 53, Moscow, Russia

Recently the series of syntheses of Si nanocrystals stabilized by different
ligands have been performed in different organic solvents [1]. As a result the
isotropic quantum dots have been obtained except the case when Si nanoparticle
was covered by perfluorophenyl ligands. In this case flat silicon nanoparticles
have been obtained. The size of these particles varied from 15 to 50 nm. Their
thickness evaluated with the atomic force microscopy was about 3.3 nm.

We used ab initio DFT calculations to investigate the geometries and electronic
structures of free standing perfluorophenyl stabilized 2D silicon structures in
order to see if such systems have promising electronic and optical
properties [2]. The interesting question is the difference in electronic density
configurations for the quantum dot (we take stabilization by phenyl ligands for
this case) and 2D structure cases.

Figure 1. Fragment of SiPh valence density in the film geometry.
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Figure 1. Fragment of SiFPh valence density in the film geometry.

In this report we present ab initio investigation of electronic density for these
two cases (see fig.1 and fig.2). We analyze the electronic density properties and
discuss the self-assembling mechanism in the perfluorophenyl case.
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BrnusHue neruaparannu Ha MOJ0KEHUE KATUOHOB
ne3us B cTpykType CsNaFAU(Y) o manHbIM
MOPOIIKOBOM TU(PaAKIIUU

O.A.Ilonomapesa, ' l'I.A.I(()u,1 B.B.‘IepHmmeB,1 W.N.NBanosa'”’

1 . .
Mockosckuiti cocyoapcmeennulil yHugsepcumem umenu M. B. Jlomonocosa,
Xumuuecxuii ghakynomem, Mockea, Jlenunckue copol, oom 1, cmpoerue 3,

119991

2
Hncmumym negpmexumuueckoeo cunmesa um. A.B. Tonuuesa PAH, Mockea

Pacripenenenue pa3auyHbIX KaTUOHOB B CTPYKTYpPE LEOJUTOB ONMPENENSIeT UX
a7IcCOpOLIMOHHBIE U KaTAIUTUYECKHE CBOMCTBA. [10CKONBbKY IIPU MPAKTUYECKOM
UCIOJIb30BaHUHU (POKA3UTOB BCerJa MPUCYTCTBYET Boja, OO B aTrmocdepe,
7100 B ChIPhE, TO HECOMHEHHBIN MHTEPEC MPEJICTABISAET U3YyUYEHUE U CPABHEHUE
JOKaNu3alMid  MOHOOOMEHHBIX  KaTHOHOB B  TUAPATUPOBAHHBIX U
nerunpatupoBanubix FAU(Y). B nanHoit pabore Merogamu MOPOILIKOBOM
Tu(pakli C CUHXPOTPOHHBIM H3JIYYEHHEM U »Na n ’Cs SIMP BMY 6b110
IPOBEICHO  MCCIENOBAaHWE  BJIUSHUSA  JETUJpaTallid Ha  IOJIOXKEHUE
MOHOOOMEHHBIX KaTHOHOB HaTpus u 1e3us B FAU(Y).

B kauectBe mcxomHoro oOpasma Obul BeiOpaH NaY ¢ Si/Al=2,4 co creneHbio
oOMeHa KaTMOHOB HaTpus Ha 1e3ud 66%, MOJYyUYEHHBIH YEeTHIPEXKPATHBIM
noHHbiIM oomeHoM B 0,1M CsCl. Ilo paHHBIM peHTreHO(TyOpPECIIEHTHOTO
aHaJu3a COCTaB »dJeMEHTapHOU suehku doxazuta (Nayy,Css34)AlseS11360350.
[Ipenm3voHHbIE  CUHXPOTPOHHBIE  M3MEPEHHUs  IOPOIIKOBOIO  oOpasia
POBOJMIN Ha CTaHIMU BBICOKOro pazpemienus [D22 B eBpormeiickoM LieHTpe
cunxporponHoro usnydeHuss ESRF (I'peno6ib, @pannust). O6pasiibl u3mepsiin
B oOmactu yrnoB 1 — 27° 20 ¢ marom 0.002° B moroke aszora (10 Gap) B
uHTepBaje Temmeparyp 25-350 °C ¢ HCHONB30BaHMEM  CIIEHMAJIbLHOM
npuctaBku [1]. s omnpeneneHus CTPYKTYPHBIX XapaKTEPUCTHUK 0OOpas3iioB
MPOBOAWIM YTOUHEHUE METOAoM PutBenbaa ¢ momomisio nporpammbel MRIA.
[Tpodummm nudpakIMOHHBIX MMKOB OMUCHIBAIA MOAUPUIIMPOBAHHON (yHKIIUEH
Bonta ¢ yuerom anusorponuu ymupeHus auHui. Hccinenosanus AMP
ocymiecTBisuM Ha mpubope Varian Unity Inova Plus AS500.

Dazosviii cocmas. Judppakrorpamma CsNaFAU(Y) nokaspiBaeT MpUCYTCTBHE
npuMecHBIX (a3 B HeOombux KonumdecTBax (< 1%). OgHoit mpumecHo da3zon
OKazaJjicsl MOJUTyUT, KPUCTAJUIMYECKAs] CTPYKTypa KOTOporo u3sectHa [2]. JIBa
OYCHb CJIAOBIX JAUQPPAKIMOHHBIX MHKA C MEKIUIOCKOCTHBIMU PACCTOSHUSMU
11.814 u 6.863 A npumamnexar HeycTaHOBIeHHOW (aze. Bce ocTanbHbIE
mu(dpaKkIMOHHBIE TTHKA Ha BCEX MU(PAKTOrpaMMaxX COOTBETCTBYIOT CTPYKTYpe
(doxaszuTa.
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Ymounenue cmpykmypuol. IlpocTpaHCTBEHHasi Tpylmna CHMMETPUM Kapkaca
doxazura — kybuueckas, Fd-3m, mapameTp s1eMeHTapHOi sueiikn a = 24.74 A.
[TapameTp 351€MEHTAPHOM SYEHKH MPU YBEJIMYEHUHU TeMmnepaTrypsl oT 25 no 100
°C yowBaer ¢ 24,730 mo 24,721, 4TO BEPOATHO CBA3aHO C JecopOIUeit
BEILIECTB, aICOPOMPOBAHHBIX U3 aTMOC(Ephl, MPU JadbHEUIIEM HarpeBaHUM J10
230 °C oH pacTer 3a cyeT TEIIOBOro paciuupenus 1o 24,749, a 3aTreM BHOBb
yoeiBaeT 1 npu 350 °C ero smauenme cocrtaBiser 24,732, 4TO MOXET OBITH
CBA3aHO C YAaJICHHUEM BOJbl M3 THUAPATHBIX OOOJIOYEK KATUOHOB HATPHUS U
nesus. [lo maHHBIM TUPPAKIMOHHOTO aHANIM3a B THIPATUPOBAHHOM oOpaslie
cozepKanochk 245 MoleKya BOjbl, Toraa Kak B HarperoM a0 350 °C - 79 na
AIIEMEHTAPHYI0 SYEHKY, YTO CBHUJETEIbCTBYET O TOM, YTO TOJHOMU
JEeruaparanuu Ipu 3TON TeMIiepaType He TOCTUTAETCS.

[To nanHbIM AUGPAKIUMOHHBIX H3MEPEHUN TIPU YBEIMYCHUH TeMIIepaTyphbl
Harpesa ruApaTupoBaHHoro obpasma ¢ 25 10 350 °C B Toke a30Ta 3aCeIeHHOCTh
KaTUOHOB HaTpud B no3uumu Sl yBenumuusaetcs ¢ 0,30 no 0,71, B mo3uuuu SIII
—¢ 0,0 7o 0,87, Torna Kak 3aceJeHHOCTh KaTuOHOB HaTpus B SI' u ue3us B SII u
SITI"y6siBaer ¢ 0,81 go 0,58, ¢ 0,58 10 0,40 u ¢ 0,16 70 0,09 cOOTBETCTBEHHO.
Hcxons U3 coxpaHeHus OanaHca XMUMHYECKOTO cocTaBa oOpaslia, BEpPOATHO, B
kpuctamiorpadpuaeckux nosunusx SIII, SI' u SII' maxonsTcs kKak KaTHOHBI
1e3usl, TaK U KaTHOHBI HaTpus. Ha ocHoBaHMU qudpaKIMOHHBIX U3MEPEHUN U
JaHHBIX »Na u **Cs SIMP BMY Mo0xHO 3aKJIFOYUTh, YTO IIPU JEryapaTanuu
KaTUOHBI HATPUSI MUTPUPYIOT HU3 COJAJIUTOBON SYEHMKM B TE€KCArOHAJIbHYIO
NpuU3My W OOJBIIYI0 TOJIOCTh, IPHU 3TOM KAaTHOHBI IIE3HMS M3 COJAIUTOBOM
SYCHKH MHUTPUPYIOT B OOJIBIIYIO TOJIOCTh M 3aHUMAIOT TaMm mosioxkenust SII u
SHI. Takum o6pazom, B CsNaFAU(Y) co crenenpto obmena 66% 1e3wuii
3aHUMAaeT BCE BO3MOJKHBIC KPHUCTALIOTPA(PUUYCSCKHE TO3UIUH B CTPYKTYpe
¢do’ka3uTa 3a UCKIIIOUCHUEM MO3HUINH SI B rekcaroHajabHOU Mpu3Me.
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Crystal and magnetic structure of manganites-
multiferroics Yb, Sr,MnO;

Eduard Bykov,'”? Alexander Kurbakov,l’2 Alexander Malyshev,2 and
Rushana Eremina’

'Department of Physics, Saint Petersburg University, St. Petersburg, Russia

2Pel‘ersburg Nuclear Physics Institute, NRC Kurchatov Institute, Gatchina,
Russia

E.K. Zavoisky Physical-Technical Institute, Kazan, Russia

The study of such a class of compounds as multiferroics provides a different
approach to both the theoretical description of magnetoelectric phenomena and
to the creation of more sophisticated and advanced technology: magnetic
memory and spin electronic devices, magnetic sensors, spin field effect
transistors, wireless energy transfer and etc. [1]. Many internal mechanisms of
the formation of the ferroelectric effect depend on the symmetry properties of
the system of atoms that form these compounds. For example, such fine lattice
parameters as the bond lengths and the angles between the atoms of a unit cell
greatly influence the nature of the polarization that arises. To describe the
phenomenon, it is important to accurately determine the crystal and magnetic
structures. For this purpose, methods of powder neutron diffraction can be used.

The typical multiferroics are manganites of rare-earth elements with the general
formula RMnOs;, which, depending on the ionic radius of the rare-earth element,
crystallize into a orthorhombic (space group Pbnm) or hexagonal structure
(P6s;cm). However, the increased interest in manganites was attracted after the
discovery of the effect of colossal magneto resistance in the doped compounds
R xAxMnOs; [2]. By changing the concentration x of the divalent element A, it
is possible to change the physical properties of manganites, since the system
then passes through a chain of phase transitions, where each phase has different
types of electronic, structural, and magnetic orderings.

The work contains results of a study of polycrystalline compounds of
manganites-multifferoics Yb, SryMnO; (x =0, 0.18 and 0.4). The processing of
experimental neutron diffraction by the Rietveld method indicates phase
separation in strontium- doped compounds: the initial hexagonal (P6;cm)
structure of the ytterbium manganite is only partially transformed into the
orthorhombic (Pbnm). The ratio of phases in the sample does not change with
temperature and depends only on the degree of doping x. Also, the magnetic
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structure in the P6;cm phases of all samples was described, it is an analog of
magnetic structure in undoped YbMnOs, Fig.1.

Figure 1. The magnetic structure in the hexagonal phase of Yb;_,Sr,MnO;,
described by one of the six possible irreducible representation I'4[3]. (a) The
magnetic structure is shown with all atoms, (b) only with magnetic manganese
atoms.
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