®I3MKA I XIMISI TBEPJIOTO TUIA
T. 4, Ne 1 (2003) C. 62-67

YK 539.292

PHYSICS AND CHEMISTRY OF SOLID STATE
V.4, Ne 1 (2003) P.62-67

H.B. FJ’IOCKOBCBKal, B.B. Inb'l'H2, K. XaﬁHHiHFep3

IToBepxHeBa pesiakcaiisi Ta KOJUBAJIbHI XapaKTePUCTUKH KJIACTePiB
OKCH/ly MArHIiI0

! Incmumym meopemuunoi gizuxu in. M.M. boeonobosa HAH Vkpainu,

03143, m.Kuis, syr.Memponociuna, 146, e-mail: nglos

'oot.com

2 The Weizmann Institute of Science, 76100, Rehovot, Israel,
e-mail: ilyin@wisdom.weizmann.ac.il

3 Max. -Planck-Institute fiir Chemie (Otto.-Hahn.-Institute), 6500, Mainz, Germany,
e-mail: khh@mpch-mainz.mpg.de

YV Mexax mosipu3amiiHoi MOJIeNli HAMH BHBYAJach JHHAMIKA TPATKN HEUTPANbHUX KyOIdHHX KIIACTEPiB OKCHIY
MarHito, mo Mictiate 4, 8, 64, 216 Ta 512 ioniB. byma pospobieHa Ta peanizoBaHa MpoIEAypa 3HAXOKEHHS
piBHOBa)XXHOI KOH(QITypalii, IO JOCATAaeTECS B Mpoleci penakcanii kiaacTepiB. Bci mocmimkyBaHi KiacTepn
PETaKCyIOTh ,,BCepeanHy”’, HaOyBarOUH JEMI0 3a0KpYTIeHoi (JOpPMH, IPHUOMY i0HH MarHilo 3CyBalOThCS OLIbIIe, HiXK
ioHM KuCcHIO. EHepreTH4Hi BIACTUBOCTI IMX CHCTEM pO3MVISNAIMCh HAa OCHOBI PO3pPaxOBaHUX Yy3aralbHEHHX
YaCTOTHHX CIEeKTpiB. byja mpoaHasi3oBaHa 3ajie)KHICTh KOJHMBAIBHHX BIACTHBOCTEH KIacTepiB BiA iX po3Mipis.
OTpuMaHi 3Ha4€HHS T'YCTHHH KOJMBAJIBHOTO CIIEKTPa Y3rOJUKYIOThCS SIK 3 CKCIEPUMEHTAIBHUMH JaHUMH, TaK i 3
pe3yJbTaTaMu O04HCIIeHb, NIPOBEACHUX Y Mexax Mozeni Kemnepmana. Bracninok BpaxyBanHs edexry penaxcanil
MaKCHMyM KOJIMBAJILHOT T'YCTHHHU CTaHiB 3CyBa€Thcs B OiK OUIBIINX YacTOT.

KurouoBi ciioBa: knacrtep, penakcarisi, KOJIUBaJIbHI XapaKTEPUCTHKH.

KonuBanbHi Bi1acTHBOCTI aTOMIB TBEPAOTO TijIa, L0

BUSIBIIIIOTBCS. HA MIKPOCKOIIYHOMY piBHi, 1CTOTHO
BIUIMBAIOTh HAa  TEPMOJMHAMIYHI  XapaKTEPUCTUKHU
peuoBrHH.  CydacHI  €KCHEpHUMEHTAllbHI  METOAH

JIO3BOJISIFOTh OTPUMYBAaTH O€3MOCEpeHI0 iH(pOpMaIito
PO KOJMBaHHS aTOMIB sSIK B 00 €Mi, Tak i Ha MOBEPXHIi

3paska. 3okpema, JOCITIIKEHHS KOJIMBAJIbHUX
XapaKTepUCTHK  OKCHAY  MarHilo, MpoBeleHi  3a
JIOTIOMOTOI0 ~ METOJAY  HEMPYXHOT0  HEUTPOHHOTO

posciroBanHs [1,2], mokaszanu, 10 iICHYIOTh KOJHMBaHHS,
SKi MOXKYTh OyTH TIOB’I3aHi JIMIIE 3 PyXOM MTOBEPXHEBUX
atomiB. OKpemHii iHTepec SBISIOTH COOOI0 pE3yJbTaTH
BUBYEHHS MOCJIIIOBHOCTI KJIACTEPiB Pi3HUX PO3MIpiB, 110
BiZIOOpaXaloTh 3MIHM y AWHAMIYHUX XapaKTEPHCTHKAX
MpH TEepexoii BiA MaduxX CHCTEM 0 HEOOMeKeHOi
nmoBepxHi [3,4]. IHTepmperamis eKcIiepUMEHTaIBHOI
iH(popMarii, 6e3yMOBHO, IOTpeOye PO3pOOKH aeKBaTHOI
MOJIeTl B3a€EMOJiH, 110 BiAOYBalOThCS Ha ITOBEPXHI
OKCHJTy MarHifo.

Hamu BuBuamace JuHaAMiKa TpaTKH KyOidHHX
HEHTpabHUX KJIACTEPiB OKCUIY MArHII0, 10 MICTATh 4,
8, 64, 216 Ta 512 aromis. [{ns onucy B3aemonuiit y nux
cucreMax Oyina 3acTocoBaHa IOJIsipU3alliiHa MOJEIb
[5,6], po3pobnena Hamu panime. [leit migxin mK03BOIISE
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BpaxOBYBaTH 3HAYHY KOBQJCHTHY CKIAaIOBY €Heprii
B3a€EMOJIIi y MOJIEKyJ Ta, BOAHOYac, ToW (akT, mo B
00’€eMHOMY KpHUCTaJi OKCHAY MarHito 3B’ 130K IIPAKTHYHO
MTOBHICTIO 10HHUA.

Yern Ta nme Berre [3] mpomeMoHcTpyBamu, o
penmakcariisi TOBEpXHI Ma€ CYTTEBHHA BIUIMB Ha
KOJIMBAJIbHI ~ CIIEKTPH TIOBEPXHI KIACTEpiB  OKCHIY
MAarHifo; 1€ CTBEP/DKYEThCS TakoX y poborax [4,7].
Penakcauiiini edexTs MOBMHHI BpaxoBYBaTHCh NpHU
BUBYEHHI JMHAMIYHHUX BJIACTHBOCTEl MIKPOKPUCTAIIB,
OCOOJIMBO y BHIIAJKAX, KOJM BiTHOIICHHS TMOBEPXHI 10
00’eMy CKJIaJIa€ JOCUTH BEJIMKY BEJINYHHY.

Y HepenmakcoBaHOMY KiacTepi 10HM 3aliMaroTh
TIOJIOXKEHHSI, XapaKTepHi Ui 00’€MHOrO KpHCTaja, aje
Take pO3TAllyBaHHS HE BIAIMOBiNA€ CTATWYHINA piBHOBa3i,
OCKUIBKH KJIacTep Ma€ MEBHUH CKiHYeHHWH po3mip. s
TOTO 100 OTPUMATH PETaKCOBaHI ITOJOKEHHS 10HIB, MU
BUKOPHCTAIHM TOM (akT, M0 MOTEHINadbHA EHEPris
Kjactepa MiHIMajdbHA B PIBHOB2)XHOMY IOJIOXKEHHI,
OTXe, CUJIY, IO JII0Th Ha 10HU, JOPIBHIOIOTH HYIIIO.

Bupas s morenuianbHOi eHeprii @ kpucrana sk
(yHKIIT 3CYyBy YacTHHOK IIOJIA€ThCS Y HACTYIHOMY
BUTJISAII:



Tabmuus 1.

PenakcaniiiHuii 3cyB i0HIB y KilacTepax OKCHJIy Martito BiIHOCHO II0YaTKOBOI HE PEIaKCOBAHOI
KoHpiryparmii.

Koediuient £ penaxcauiitnoro 3cyBy juisi pi3Hux rpym ioHiB (0< k <1)

Yucino
1OHIB y KJactepi Ionu, o Ionwu, mo
Kyrosi ionn po3ramoBaHi Ha | posramoBaHi Ha | BHyTpimHi ioHH
peOpax KiacTepa | rpaHsix Kiacrepa

4 0,870 - - -

8 0,910 - - -

64 0,944 0,977 0,997 > 0,999
216 0,958 0,979 0,986 > 0,991
512 0,966 0,985 0,989 > 0,992

2
qD:GDO+Za—¢ula+lz&ulauf{,ﬁ+..., (1)
ou, T 25 au;,aaufc',[} o
3B

ne ®@o - moyYaTKOBE 3HAYEHHsI TOTEHI[IAJIbHOI €HEprii,
i

u . .
% - i{-Ta xOMIOHeHTa (X,y,Z) 3CYBY i0Ha cOpTy K , IIO

3HAXOJUTHCS Y MOJIOKEHHI 0. K IOpIiBHIOE | y BHITAAKY
i0OHa KHCHIO Ta 2 Ui i0Ha MarHip. SIK TOKa3yroTh
pe3yiapTaTH  OOCHIKEHb, Y  OUIBIIOCTI BHUIAIKIB
OoOMEXEHHS WICHAMH JpPyroro MOpsSAKYy (TapMOHIYHE
HaOMIDKEHHS) Y IIbOMY PO3KJIAZI € IIJTKOM BHITPABIAHHM.

3HaXO0HKEHHS penakcoBaHO1 PIBHOBa)KHOT
KOH(pirypariii kjacrepa 3BOIUTBCS IO PO3B’sI3aHHS
3amaui MiHimizarii ¢pyukuii ®. [Ipu BubOOpi BIAMOBIAHOTO
AITOPUTMY MM BUXOJWIM 3 KpPUTEPII0 TOYHOCTI
pe3ynpTary Ta IIBUAKOCTI 30DKHOCTI iTepaliifHOro
HpOLECy, IO BXJIIMBO JUI ONTHMI3alii 004nCIIIOBaIBHOT
npouenypu. byB 3acrocoBaHME MeTOA HAWIIBUALLIOTO
cnycky (auB. Hamp., [8]), KUl € TOPIBHIHO MPOCTHM 32
CTPYKTYpOIO MoOymoBH itepariiiHoro mpouecy. Llomo
e(eKTHBHOCTI IIbOTO METOAY, TO JUIS AOCTaTHBO IJIaIKUX
Ta ONYKIMX (YHKLIA (K y HAIIOMY BWIIQAKY) BiH
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Oyne Bim’eMHOI0, 1 HOBa KOHQIrypamis,
OTpUMaHa B pe3yiapTaTi 3CyBy IoHiB (2), Oyze
HaONM)KaTHCh IO  PIBHOBWKHOTO  MOJIOXKEHHSA. Y

NPOTWIICKHOMY BHUIAIKy 3IiHCHIOEMO IpOONEHHS Vv
JOKH HE BHKOHAEThCS BHIIE3rajaHa ymoBa. /Jliroun
TaKUM YMHOM, MU OTPUMAEMO iTepaliifHy npoueaypy, Ha
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Po3rnsiHeMO OCHOBHI  eTamu  peaii3aiii  IbOTro
merony. s Toro mo0 HaGMM3UTHCA 1O TOYKH, A€ 3
MEBHOIO TOYHICTIO BHMKOHYIOTBCSI YMOBH €KCTPEMyMY
¢ynkuii @, noTpiOHO pyxaTHCs BiJ JESKOI IMOYaTKOBOI
TOYKM Yy HampsIMKy cHajgaHHs QyHKOi{, ToO0TO Yy
HampsiMKy ~ cmycky.  IlounHaroun 3 00’eMHOI
KOH(}iryparii, 1e CWiu, IO Aif0Th HAa KOXXHUH i0H, HE
OPIBHIOIOTh HYIIO, 10HHM 3CYBAIMCh Ha HEBEIUKY
BiJICTaHB, IPOMOPIIIHY UM CHJIaM:
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1ie 03Ha4Ya€e HaOJMKEHHS 1O PIBHOBAXXHOI KOH(Iryparii.
Byno BusiBieHO, 1m0 yci OCITIPKYBaHI Kiactepu
penaKkcyoTh ,,BCEpeNUHy”’, TaK IO Kiacrep HaOyBae
JIEI0 3a0KpyTIeHol GpopMu; el pe3ysbrar 30iraeTbes 3
po3paxynkamu [4]. HaiimomiTHime 3CyBarOThCS KyTOBi
i0HH, Jami - Ti, IO PO3TAalloOBaHi Ha pedpax Ta pemira
MOBEPXHEBUX 1OHIB, 3CYB BHYTpIIIHIX 1OHIB IyXe
He3HayHuil. JlaHi 11010 3MiHH a0COJIOTHOI BEIMYHHHU
paniyc-BeKTOpiB 10HIB y KiacTepax HaBeaeHi y Tabm.l.
Koedimient k penmakcamiiiHoro 3cyBy IOpiBHIOE
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Puc.1. Y3aranpHeHHH 9aCTOTHHUIA CHEKTpP KiIacTepa OKCHAY MarHiro 3 64 aToMmiB.

BITHOIIEHHIO MOXYJIB  pajiyc-BEKTOPiB  IOHIB ¥y
penakcoBaHii Ta HEpEIaKCOBaHIi KOH(Iryparisx.

Edexr pemakcamii 0co0nMBO  BHpaXeHHH Yy
CHCTEMAX, IO CKJIAJA0THCS 3 MEHIIOr0 4YuCja 10HIB, Ta
MOCTIZIOBHO  3MEHIIYEThCS ~ MPH  MEPeXOodi [0
HaWOUIBILIOrO 3 JOCIIKYBAaHUX KJIACTEPIB, IO MICTHTh
512 ioniB. Tpeba TakoX BiJMITUTH, IO B 3arajJbHOMY
ion 3 Memmow nomspusoBHicTIO Mg®  penakcye
BCEPEIMHY CHUIBHIIIE IMOPIBHAHO 3 I0HOM 3 OUIBIIOO
nonspusoBHicTio 0. OBuMCIeHHs, BUKOHAH] y poGoTi
[7] mnst xpucraniB NaCl Ha ocHOBI 000JTOHKOBOT MOZETI,
Y3TrOJDKYIOTHCS 3 HAIIUMU IAHUMHU.

Hexaii po3ramryBaHHS 10HIB y KJIacTepi 3aJa€ThC Y
HACTYITHOMY BHIJISIIL:
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ae %" - piBHOBaXHE MOJOKEHHS i-TOrO ioHa copry K |
ﬁ; - BEKTOp 3CyBYy 10Ha BiTHOCHO IIOJOXCHHS
piBHOBarH.

PiBHSHHS pyXy y TapMOHIYHOMY HaONW)KEHHi, IO
BiAMOBiatoTh eHeprii cucremu (1), 3amncyroTbess TakKUM
YHHOM:
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JUHAMIYHOT MaTPHIIi.

Y HamoMmy BHIAIKy JAWHAMIYHA MATpULs Mae
OsouHy crpykrypy. s knacrepa, 10 CKIaJaeThes 3 n
i0HIB, i po3MipHICTH cTaHOBUTH 3nx3n. KoHtpoaem
NPaBUWIBHOCTI MOOYJOBY Li€T MaTpuLi € PiBHICTb HYJIEBI
CYMH €JIEeMEHTIB y KOXHil cTpiuni 610Ky [9]. 3 meroro
MOUIYKY BJIACHMX 3Ha4yeHb piBHSAHHA (7) AWHaMiyHA
MaTpuIls Oyna jiaronanizoBana metonoM Sko6i [10]. Ha
puc. I ta 2 300pakeHi pe3ynbTaTH PO3PaXyHKy 4YacTOT
BJIACHWX KOJIMBaHB I KiactepiB 3 64 ta 512 aromis.
OOuucineHHst  TYCTHHHU KOJIMBAJIHHOTO CIeKTpa
BUKOHYBaJINCh HAMU Ha OCHOBI JaHHMX HPO NMOTEHLIANbHI
KpHWBi, OTPHMaHi 3a JOMOMOTOI0 KBAaHTOBO-MEXaHIYHUX
MmeroniB ab initio [5,11]. Lli pe3ynabTraT y3roKyroThCs
AK 3 eKCIepUMEHTIbHUMHU Janumu [12], Tak 1 3
pe3yiabTaTaMd  pPO3paxyHKIB y  Mexax  Mojeni
Kemnepmana [3,4]. Baacnmigok BpaxyBaHHS e(dexTy
penakcalii, SK BHIUIMBa€ 3 pe3ynbTariB podoru [3],
MaKCHMYM T'YCTHHH CHEKTpa 3CyBaeThcs B OiK OLIbIIMX
4acToT. BukopucTaHi HaMu IOTEHII AT B3a€MOIIT
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Puc.2. Y3aragpHeHHH YaCcTOTHHH CIIEKTP KJIacTepa OKCHIy MarHito 3 512 aTowmis.
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Puc.3. Temneparypa Jlebast [uis cucTeM OKCHLy MarHiro 3 pi3HUM BMICTOM MTOBEPXHEBUX aTOMIB.
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MPHUBOAATH 10 MONAIBIIOTO 30iIbIICHHS YaCcTOTH, IIPH
SKIl CIIOCTEPIraeThCsi MakCUMyM po3noiny. Kpim toro,
NPy 3pOCTaHHI KUIBKOCTI YaCTHHOK Yy Kiactepi y
BUCOKOYACTOTHIA  00JlacTi  30UIBIIYETHCS — «XBICTY.
BigmiTHMO TakoK, IO BIJHOCHO OCHOBHOI 4YacTOTH
KOJIUBaHHS MOJICKYJd OKCHJY MAarHito, IO JOPiBHIOE
23,5-103 pan/c, MakcuMyM pO3IOJUTY T'YCTHH, SIK 1 BECh
YaCTOTHHUI CIEKTP, 3CYHYBCS BIIIBO, 0 TAKOX CBIIYUTH
Npo 3MiHy XapakTepy 3B’s3Ky B KilacTepi B NOpIBHSHHI
JI0 130JTIbOBAHOI MOJICKYJIH.

OTpuMaHi  YacTOTHI  CIEKTPH  JIO3BOJIAIOTH
po3paxyBaTu TEePMOAWHAMITHI XapaKTEePUCTHKHI
KjacTepiB. BemmumHa TEIJIOEMHOCTI TOB’s3aHA 3

JacToTaMHM TaKMM YHMHOM:

C, =k, Y xje" (" 1), (8)

. ho,
ne Ky - mocriiima Bomsumana , X, =———. [l
kT
BU3HAUEHHS  BEIMYMHM  TEIUIOEMHOCTI  LIMPOKO
BUKOPHCTOBYEThCsl HaOmwkenHs [lebas [9,13], sike
HPUBOIUTH 10 HACTYIHOT 3aJIeKHOCTI:
3
C, 4 T
— =’ |, ©)
6k, TN 5 T,

ne T - temmeparypa [leGasi, 10 BH3HAYAE TPAHMULIO

Y4aCTOTHOTO CIIEKTpa.

PesympraTin pospaxyHky Ttemmneparypu Jlebas mis
KJIacTepiB Pi3HOT BENMUUHHU 32 J01OoMOror (opmynu (9)
300paxkeHi Ha puC. 3. AHami3 OTPUMaHHMX Pe3yJIbTATiB
BKazye Ha Te, 110 BOHH € EKCTPAaIoJILie0
EKCIIepUMEHTANIbHUX JaHuX [12] s kimactepiB OUIbIINX
PO3MIpiB.
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Lattice dynamics of neutral cubic magnesium oxide clusters, containing 4, 8, 64, 216 and 512 ions, are studied in
the frames of polarization model. The procedure to find relaxed equilibrium configuration of the clusters has been
worked out and realized. All considered clusters relax “inwards” and become slightly rounded; the shifts of
magnesium ions are larger than oxygen ones. Energetic characteristics of these systems are studied on the base of
calculated generalized frequency spectra. Size dependency of vibrational properties of the clusters is analyzed.
Obtained values of vibrational spectrum density are in agreement with both experimental data and the results of

calculations within the Kellermann’s model. The peak of vibrational density of states is shifted to the high-frequency
region owing to the relaxation effect.
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