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Tloctynwia B pefakuvio 25 mapra 1997 r.

PaccuuraHa 30HHAS CTPYKTYPA JIMHEHHBIX UENOYEK MOJNEKYsa (YUIEPEHOB Kak
(DyHKUMS BEJMUMHBI MEXMOJIEKY/ISPHOTO MHTErpafna NepekphiTus w-dnektponos T, BO3-
pacTaHMe KOTOpOi O0YC/IOBJEHO YBEIMUEHMEM BHEIIHEro aasienns. Paccmatpusaiorcs
UenouKkH, CcocTosume u3 HeiTpansubix, Ceo, M 3apsxeHHblx, Cgy, Mmogekya. Iloka-
3aHO, YTO CYWECTBYET Pe3KMil Mepexo; MeTasi (WM Y3KO3OHHBIA MNOJYTDOBOAHMK) —
AMaMeXTPUK (C IIMPWHOM 3aNpEIEHHOM 30Hbl ~ 13B) ¢ yseanuenuem T'. Tlpeanoxensas
MOfEJIb NO3BONKET Onucath (GOPMMPOBAHME CTPYKTYP TBEPAOro Yriaepoza, COAEPXAuinX
HENMOYKHM KOBAJEHTHO CBA3aHHBIX MOJEKYn (ysiepeHa, ¢ PadiMuHbIMM TOJYNPOBOJHHUKO-
BbIMHM CBOWMCTBAMM, 3ABMCAILMMM OT OABJIEHUS.

PACS: 75.10.Jm, 75.30.Ds

JIuneitnpie HEenoukn @ysiepeHoB OBLITM HEOABHO OOHAPYXEHH B COCOMHEHMSIX
A;Ceo (A=K, Rb, Cs, Na,Cs, NapRb) [1-6]. B srux crpykrypax Habmonaror-
ca ¢asoBnie TEepexoabl ¢ M3MEHEHHEM CHMMETPHM KPHUCTA/LTMYECKOM peuweTku. B
opropomOuueckoit (aze paccCTOSHHE MEXAY LEHTPAMM MOJEKYJ BOOAb KPUCTAJIO-
rpaduueckoro BekTopa a cocrasiaser qumb 9.1-9.3A. TMpeanonaraercs, 4To B 3TOM
HANPABJICHUN MOJIEKYJH (yjepeHa o0pasylT MOJMAHMOHHYIO LENbh C KOBAJEHTHO
CBS3aHHBIMM MoJieKynamu Cg,. CuMTaercs, 4Yro moaMMepHas CBS3b B NOJMAHHOHHBEIX
A;Ceo uenoukax oOpa3syercs, eCqM CPegHsds TOYKA ABYX OMMXaiuux MapasieiabHBIX
IBOWHEIX CBSI3€H, NPUHALICKAIMX COCCAHMM MOJIEKYJaM, AOMANAET HA MEXMOJie-
KYJIIPHYIO OCb; 7-3JIEKTDOHHBIE OpOMTANIM ABYX OAMXAMIIMX Map aroMoB YIJiepoaa
00pasyroT MEXMOJEKY/ISPHOE MEPEKPHITHE. B mMOC/AEIHEE BPEMS MNOSBHIMCH COOG-
WIeHAsT O HAGIIONEHUH ONMHAKOBO OPMCHTYPOBAHHLIX JIMHEMHO TNOJMMEDPH3OBAHHBIX
HeHTpanbHEX Monekynl Ceo B TBepaod case. Taxme wnenouxu oOpasyworca B
aMOp(HHIX CTPYKTypax ¢y/IepuTa NpH BRICOKMX AABJICHMSX M TeMmeparypax [7-
10]. Herann mexanumsMa oOpa3oBaHMS NMOJMMEPHBIX LETMOYEK HEJOCTATOUHO XOPOLIO
HU3YYEHHI.

W3BecTHO, 4TO MONENb XECTKMX 30H IUIOXO OMMCHIBAET I/MEKTPOHHYIO CTPYKTY-
py coenmuHenvid TMnma A;Ceo (z=1,2,3,4), rme A - aroMnl MmMEJIOYHOTO METaNIa.
OnHOll M3 HOpPUUMH ITOTO MOXET SBAATBHCH 3JAEKTPOH-(DOHOHHOE B3aNMMOACHCTRHE.
3onHas CTPyKTypa (y/NIepuaoB OTPAaXKAET, MPEXAE BCETO, MOJEKYJSPHOE CTPOCHHE
BBICOKOCUMMETPHUHOH Cgo. Tak Kax TPeXKpaTHO BHIPOXACHHHIA t1,-YPOBEHEL (hOp-
MHpPYET 30HY NPOBOIAMMOCTH A,Cgo-COEMHEHNHA, TO NPUHIMIMAIBHYIO POJb 31eCh
nomxen wrpath 3pdekr Hdna- Teanepa [11]. '

BeruwcsieHns BHINOJHEHH B paMkax Moxend, npemnoxenHod Cy, Ilpuddepom
u Xeerepom (SSH) [12], B KOTOpOH paccMaTpuBAIOTCH "HEPECKOKH” T-3JEKTPOHOB
MEXAY COCEOHMMHM aTOMaMM YIJIEPOAA M JIOKAJbHOE JIEKTPOH-(OHOHHOE B3aMMOAEH-
ctBue B aguabarvueckoM npubimxeHnu. DToT moxxox Own mpuMeHeH B paGote [13]
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IS PacyeTa CreKTpa H30JMPOBAHHOM MOJIEKYJH (yJ/iepeHa, B KOTOPO Takxe Oml-
JIO TI0OKa3aHO, yro oOpa3oBaHMe ”MIMHHBIX” H "KOPOTKMX” CBs3€il MEXIZY aTOMaMu
yraepona HAa MNOBEPXHOCTH Mosiekyan Cgo MoXer OHTp ODYCJIOBJEHO 3JMEKTPOH-
tdoHourniM BaammopeicTeueM. [Ipexnonaraercd, YTO ¢-3/JEKTPOHB HE OKA3HIBAKOT
NpIMOro BAMSAHUS HA ONTHYECKHE W XMMUYECKWE CBOMCTBA, HO ODECTICUMBAIOT CBA3H
MEXAY aToOMaMM YIVIEPOAa HAa MOBEPXHOCTH Cgo, ONPEAESAs JHEPTUI0 YNpPYrou ne-
cdopmauun cBg3ei.

Panee mamu Gwuto cuenaHo obobmeHne 1ol Mozmend HAa Cryuail KpPHCTAasIOB
dymrepunos [11]. TloMMMO BHYTPHMOJECKYJISPHBIX O/JEKTPOHHHIX INEPEXOAOB, Obi-
/¥ BBEAEHH TAKXe MEXMOJIEKY/JIAPHHE NEPEXOAN MeXAy OMuXailiMMu aToMaMu
Ha cocegHux Mmoaekynax. OCHOBHAas ueAb AAHHOH paGOTH - M3yuyHTh NOBENEHHE
BaJICHTHOM, h,, H TPOBOAAWEH, 14, 30H B 33aBMCUMOCTH OT BEJAMUYMHBI MEXMOJe-
KYJASPHOrO HMHTErpaja NEPEKPHTUS AN HEUTPAJbHBIX JIMHEHHO-NIOJIMMEPU30BAHHBIX
Monekya Cego B amopdHol dase W AAY NONMAHMOHHHEIX UENOYEK B OpTopoMBuueckoi
(baae A;Ce0.

BsaumopeHcTBHE MEXNY LETOYKAMHM CUMTACTCH MAJIHIM, a MEPEHOC 3apsia ¢ aTo-
MOB IIEJIOYHOTO METa/Ula Ha MOJEKyJy MoaHeM. Kpome 3roro, M He yuMTHIBaeM
3NEKTPOH-JIEKTPOHHEIE Koppensauyuy. BaamMoneiicTBHE 3/MEKTPOHOB € MEXMOJIEKY-
JSPHBIMA KOMEOAHMAMM MAJO MO CPABHEHMIO ¢ BHYTPMMOJIEKY/ISDHBIM B3aUMOAEH-
CTBMEM, TaK KAaK Macca MOJEKYJH MHOro Oosbmie MaccW aroma yruepoga. SSH
raMwIbTOHHMAH 3ajaerca B dopme [11-13)

H = th + Hcl,cl-—phy (1)

Haepn = =3, 3. (t—apP)eitep, -T Y ™, +he, (2)

m <L'>s <mamn'>s

Hp = 53 3 (o) (3)

m <LU'>

3nece c;:‘,’f - ONEepaTop POXICHHUS JJEKTPOHA CO CIMHOM s HA [-OM aroMe YIJIepoaa,
OPHHAAIEXKAMEM MOJIEKYJie C MOPSAKOBRIM HOMEPOM m. T H t — MEXMONEKYAap-
HBI M BHYTPHUMOJICKY/IPHBIH HHTETPasinl "NEPECKOKA”, OnpeaenfscMble NepekphTHEM
T-9NEKTPOHHHX 06nakoB Gnuxaimmx aromos yraepoaa. Craraemoe, mponopumo-
HAJBPHOE «, OTPAaXacT 3aBMCHUMOCTh BHYTPHMOJIEKY/JSAPHOIO HMHTErpasa MEPEKPHTHS
OT M3MCHEHMS UIMHH CBA3H pfj, MeXay Oummxaiimumu aromamu yriepoma ! u U,
pacmoJIOXKEHHBIMI Ha MOJIEKYJE m, BCHEACTBME TPAHCASUMOHHON MHBAPHAHTHO-
ctH o[} = pip.. PacueTsl npOBONMMIMCH NMpU CAEAYIOIMMX 3HAUCHMSX MNApaMeTpoB:
t=2.13B, a=6.09B/A, x=52.55B/A? [14); T uamensnocs or 0.5t mo 0.9t
Panee B paGore [14] OnIM NpPHBENCHH pPE3yJbTATH PacyeTa SH-TEUIEPOBCKHX
WCKAXEHHM M pacnpefcsicHUs SMEKTPOHHON IUIOTHOCTH HA TMOBEPXHOCTH MOJEKY] B
LEMOYMKE B 33aBHCHMOCTH OT BEJMYMHB MEXMOJIEKYJSIPHOTO HHTErpasa MEPEKPHTHUS
T. B0 MOKAa3aHO, YTO CYIIECTBYET KDHTHYECKOE 3HaueHwe T, NpPH KOTOPOM
MPOHCXOAMT NEpPEpPacnpeAcJCHUE NIEKTPOHHOM IUIOTHOCTH HAa mnoBepxHocTH Cgo:
T/t =0.74 - npns HedirpanpHoit M T*/t = 0.68 — m1a 3apsXEHHOH IENOYEK.
JHepreTHYEeCKMEe XapaKTEPUCTHUKH BAJICHTHOM M IPOBOAMINEN 30H Kak (HPyHKUMH
BesuuMHN T A9 HEWTPAAbHOM M MOJHAHMOHHOM UENOYEK NPENCTABJACHH Ha puc. 1
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— MEXMOJIEKYJISPHBIA U BHYTPHUMONEKYNSPHbINA
MHTErpajibl TNMEPEKPLITHS «-31eKTpoHOoB. [loso-
ca ti, B JJIEKTPOH-BOJbTAaX — 30HA MNPOBOAM-
MOCTH, hy — BaJICHTHas 30Ha

4 2, cooTBeTCTBCHHO. Kak nas HENTpanpHOM, Tax M A1s MOJMAHMOHHON wLemel
TIOJIOXKEHHE BAJCHTHOM M TPOBOAALICH 30H 3aBUCAT HEMOHOTOHHBIM 06paszoM or T,
a MX WMpUHBI, OoCTaBasck y3kumu (= 0.5 - kak mna Ceo, TaK w ans Cgy), Majo
H3MEHSIOTCH. 30HHI, O/MXaiiMe K pacCMATPUBAEMBIM, C HUMH HE NEPEKPHIBAIOTCS
M OTAEJIEHBl OT HHX 3HEPreTHMYCCKMM HMHTEpBAa/JIOM nopsaka 13B s6aumsum T*. Tpex-
KDATHOE BHIPOXIEHHE ?1,-yPOBHS TMNOJHOCTBIO CHuMaerca. [Ipu T — T* mwupHHA
sanpemeHHoi 30HM A = 0.53B gna Ceo. s Cgy BajeHTHas 30Ha h, U 30HA
MPOBOAMMOCTH i1, CMBIKAKOTCS. Ilpu panbHedwem cOnuxenun Mosekysn (yBenu-
ueHun T') 3anpelieHHas 30Ha MEHSeTCd CKauykoM B Ttouke T* (A = 0.803B nnsa
HedTpanpHoit 1 A = 0.353B mns sapsxensoit uemouek). Ecau npoponxarts aanee
yBeqMuuBaTh T B YKA3aHHOM BHIIEC AMANA30HE, TO WIMPHHA 3aNpEMICHHON 30HBI
takxe Oymer ysenumumsaTbed. OmnucanHbiii 3hdeKkT ymenbmenus A npu T — T*
SBJACTCS CJAEACTBUEM ONHOMEDHOTO XapakTepa PpacCMAaTPHUBAEMBIX NEPHOTHUYECKHX
CTPYKTYp [PU HAJIMUYMM MHOTHMX CTENeHe#l CBOOOABI HA OJHOM y3/IE€ ONHOMEPHON
PELIETKH, TOrAa KAK CKAYKOOGpa3HOC W3MEHEHWE WUMPHHBI 3AMPEHICHHON 30HBI TpH
T =T* obycnoeneno spdexkrom SAua-Tennepa. CsszaB ysenmuenue napamerpa T
C BO3pacTaHMEM NABJIEHUS, ECTECTBEHHO CAE/NAThb BHIBOA O CYLIECTBOBAHHMHM TEPEXOAa
THIIA Y3KO30HHHA NOJIyNPOBOAHHMK-AMINEKTPUK TPH HEKOTOPOM AABJEHMH B TBEPIOM
Ceo. Pesxmit pocT IWMPHHBI 33ampeleHHOW 30HBI NPH JABJICHHUAX, OOMBIIMX HEKOTO-
pOro KPMUTMYECKOrO 3HAYCHHMS, YKA3bIBACT HAa BO3MOXHOCTb OOPa30BAHMS CHJIBHBIX
KOBQJICHTHbIX CBs3ed Mexmy wmojexynamum Cgo B uemnouke. Takum o6pasom, Mo-
Ae/b MO3BOJSET OmucaTh o6pa3soBaHME NMpPH BHICOKAX AABAEHUSAX CTPYKTYP TBEPAOTO
YIJIEPOAa C UEMOYKAMM KOBATCHTHO CBS3AHHBIX MOJIEKYJ (DyjnepeHa, obagaromux
Pa3IMYHBIMM TIOJYNPOBOAHUKOBHIMM CBOMCTBAMH. JTH CBOHCTBA MOXHO BapbUpO-
BaTh, MU3MEHAS AABJICHHUE,
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