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THEORETICAL STUDY OF ENDOHEDRAL FULLERENES M@Cg, (M = Li, Na or K)

IN PERIODIC BOUNDARY CONDITIONS
M. H. Gafour, K. Sail, G. Bassou, A. Haouzi, and N. Maloufi

CTpyKTYpHBIE 1 3N1EKTPOHHbIE CBOWCTBA 3/1EKTPOHENTPANbHbBIX 1 3apsiXkeHHbIx coeanternii MQCgo (M = Li, Na,
K) paccunTaHbl ¢ nomoLlbto Teopun hyHKLNOHANA 31EKTPOHHON MIOTHOCTU C NEPUOANYECKUMU FPAHUYHBIMY
ycnosusmu. [na Ka>k[oro N3 BeLLEeCTB onpefefieHa CTPYKTYpa C MUHUMANbHONI sHeprueii. AHanus cTpyKTypbl
NOKa3bIBaeT, 4TO reomMeTpuyeckasi hopMa 3HA034PaNbHbIX (DYIIEPEHOB He SIBNSIETC NAEaNbHO CPeprYEecKOii.
[ns nepuoguyecknx rpaHudHbix ycnoeuii Tonsko K n K+ pacnonaratotcs B ueHTpe dynnepeHa, B To Bpems Kak
Li n Na cmelleHbl oT LeHTpa cooTBeTcTBeHHO Ha 1.53 1 0.89 A. Ananus 3acenennoctn Mannnkena nokasbisaer,
410 cBsizb M—Cgg MOXeT BbITb NONHOCTLIO NOHHOW B ciny4dae nHkancynsauum K nnan Na n 4actuydHo moHHoii gnsi
Li. Ons Bcex coepuHeHniA paccHMTaHbl SHEPrMU HaWBbICLLEN 3aCE/IeHHONR KnacTepHol opbuTtanu, HauHu3wel
cBoboaHO knacTepHoli opbutanu u BenuyuHbl weneii. [poBegeHo cpaBHeHUe 3TUX BEIMHUH C W3BECTHLIMM
U3 NTepaTypbl 3HaYeHUsiMu. Pe3ynbTaThbl, NofyyYeHHble C UCMONb30BAaHNEM MNEPUOAUYECKUX FPAHUYHBIX YCN0-
BUWIA, MOKa3bIBalOT, 4TO WCMOJIb30BaHHas B Haleli paboTe Mogesnb NOAXOAWT A/t U3YHEHUS SHA03APabHbIX
dynneperoB. Hawm pesynbTaThl COrnacytoTcst He TOIbKO C MOJYHYEHHBIMU C MOMOLLbIO APYruX TEOPETUYECKNX
BbIYMCAEHUI, HO U C pe3ynbTaTamu skcnepumernToB no Cgo. K TOMy ke ucnonb3oBaHHasi Mofenb NO3BOAU-
Nla CKOPPEKTUPOBaTb BennynHbl weneil ans coeguHernii MQCgo (M = Li, Na, K), kotopble mMoryT 6biTb B
JajibHelilleM NCNoNb30BaHbl UCCNELOBATENAMMU AN U3YHEHUS OPYTUX SJEKTPOHHbLIX CBONCTB.
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TORJIEKTPUIECKON IHEPIUU. ITO 0OYCIOBIEHO XOPOIIIH-
MU CBOHMCTBAMHI STUX MATEPUAJIOB, TAKUMH KAK HA3KAS
CTOMMOCTb, MAJIbI BEC, IPOCTOTA TIPOU3BOJICTBA U COB-
MECTUMOCTD ¢ TUOKUMHE MOJTIOXKKAME GOJIBIIIOTO Pa3Me-
pa [1,2]. Kpome TOro, 9T MATE€PHUAJILI IPEICTABJISIOT
JIeIIeBBI 1 Bce 00/1ee SKOHOMUYHBIA UCTOYHUK YUCTOI
sueprun [3,4]. Ilpoussomubie dymnepena Cgy obmana-
JOT YHUKAJIbHBIMEA XapaKTE€PUCTUKAME, HAIIPUMED HU3-
KAM BOCCTAHOBHUTEJBLHBIM IIOTEHIUAIOM, HEM3MEHHON
CTPYKTYPOI, XOpolei cTabuIbHOCTHIO, U OOHAPY K-
BAIOT HEIJIOXYI0 CIIOCOOHOCTH TPUHUMATH 3JIEKTPOHBI
npu (POTOUHIYIIUPOBAHHBIX MPOTIECCaX TePEHOCa 3apsi-
nma [5—7]. Marepuasner Ha ocHOBe (DYy/UIEDEHOB MOTYT
OBITH UCIIOIB30BAHBI B (DOTOITEKTPUIECKUX YCTPONCT-
Bax [8-10], B obsracTu ssekTpoHnKy [11-13] u MequImH-
cKux mpusoxkenuii [14,15].

B Tteuenme mocmemnnx jger KO3I(pOUIMEHT I0JIe3-
uoro pejicrus (KIT) opranudeckux ¢orossieMmenToB
(ODY) GricTpo poc u npesbicui 3Hadenue 10 % [16,17].
KIT/T dorosnemMeHTOB MOXKHO 3HAYUTE/IHHO TIOBBICUTH
myTeM MOJM(MUKAIMA CTPYKTYPhI Y3KOIIEIEBbIX TOJIH-
MepOB p-THIA B KOHCTPYKIwn yerpoiicts [18]. C apyroit
CTOPOHBI, KOJIMIecTBO noryomaemoro QP cera cuib-
HO 34BUCHT OT BEJWYMH (DYHJAMEHTAJBHBIX SHEPreTH-
gecknx (Gap) m onrndeckux (Gop) mesneil JOHOPHBIX
MmaTeprayos [19]. B srux opraHmueckux MmarepuaJiax
SHEPreTUYEeCKas Ie/Ib COOTBETCTBYET DA3HUIE SHEP-
Ui HAMBBICITIEN 3aCEIEHHON MOJIEKY/ISIPHON opOuTaII
(HOMO) u HamHu3mIeH cBOGOIHOM MOJIEKYJISIPHON Op-
6urasnu (LUMO) [20,21]. DHeprun o6enx norpaHnIHbIX
opburaseit, HOMO u LUMO, urpaior omnpeiesronty o
POJIb B 3KCILIYATAIIMOHHBIX XaPAKTEPUCTUKAX COJTHET-
Heix OPD. PakTUYecKH, MOAXOJAIAs PA3HOCTD SHEP-
ruit mexx;ry HOMO u LUMO joHOpHBIX ¥ aKIenTop-
HBIX MATEPHUAJIOB TMO3BOJISIET JOCTHYb MAaKCHMAJBHOM
3P PHEKTUBHOCTH 3aPSOBOTO PA3JIEICHUs], YTO YBEJIU-
qusaer KIIJI Bcero ycrpoiictsa [22,23].

1t TOro 9To0BI ONPEIE/IUTh B3AUMOCBA3b MOJIEKY-
JIIPHOII CTPYKTYDPBI M ONTO3JEKTPOHHBIX CBOWCTB 3H-
JTO3PATBHBIX METAIOMYILIEPEHOB, MOXKHO UCIIOJIB30-
BaTh MeTOJbl KBaHTOBOH xumun [24]. deranbHoe n3y-
YEHNE 3JIEKTPOHHBIX CBOHCTB MOJIEKYJISAPHON CHCTEMBI,
takoit kak M@QCgg, Tpedbyer yuera 3bdeKTOB 3I€KT-
ponnbix Koppesganuii [25]. [penebpexkenne srumu 3¢-
dekTaMu BIMAET HA PE3yIbTATHI BLIYUCICHUNA SHEPT A
nausbicuieil 3acesennoil (HOCO) u Hamnusmeil Hesa-
cesrernoit (LUCO) kiacTepabix opouTasieil u sHepreru-
YeCKOU IIeJIu.

HecmoTps na To, uTo Meto Xaptpu — Poka He yIu-
TBIBAET JJIEKTPOH-IJIEKTPOHHBIX B3aUMOJEHCTBUN, WX
MOKHO YYE€CTh B BBIYUCJEHUSIX, UCIOJb3Ysl JIOMOJHN-
TeabHble MeToabl. OHAKO 3TH METOABI IPUBOIAT K

GOJIBIIIOMY POCTY BPEMEHH BBIMUCJICHUHN, UTO JIeIaeT X
Hed(PHEKTUBHBIMU U OIPAHUYUBAET BO3MOXKHOCTH UX
[IPUMEHEHUs] K CJIOYKHBIM CHCTEMaM, IT0JIOOHBIM HU3Y-
qaeMoit B HacTosIeit pabore. B aToit pabore MbI uc-
[IOJIB30BAJIN ISl BBIMUCIEHUH TEOPUI0 (DYHKIMOHAIA
ssekrponHoil wiorHoctu (DFT), mockosbky oHa Jyd-
e yIUTHIBAeT OOMEHHbBIE W KOPPEISITUOHHbIE 3] dek-
TBI JIEKTPOH-3JIEKTPOHHOTO B3ammojeiictus. Kpowme
toro, DFT u Teopust pyHKIMOHAA, 3aBUCSINETO OT
Bpemern (TD-DFT), apisorcs naunbosiee dacto wuc-
[TOJIb3YEMbIMYM METOJ[AMU [JIsi BBIYUC/IEHUSI OPOUTAJIb-
HBIX SHEPTUil COIPSIKEHHBIX CUCTEM, KOTOPbIE TPEOYIOT
YMEPEHHBIX 3aTPAT HA BHIYHCJICHUS.

WuTrepecHble CBONCTBA, a TaK¥Ke MHOTOYHCIEHHOCTD
NPAKTUYECKUX IPUMEHEHUI, BKJIOYAOMUX (HOTO-
JIEKTPOXUMHUYECKNAE COJIHEYHBIE 3JIeMeHTHl [26, 27],
MOCTOSIHHYIO MaMATh Ha OPTaHUYIeCKUX TPaH3UCTOPAX
[28] ¢ wucnonbzoBanmem LiQCgp, CBEPXIPOBOANMOCTH
B KQCg( [29] u sreuenne 370KaveCTBEHHBIX OIyXOJI€il
¢ nomompio Na@Cgy [30], 3anoxuiu unTepec K wuc-
creoBaHusM  (DYIIEPEHOE €  WHKATICYJTUPOBAHHBIMU
MIEJIOYHBIMA METAJIJIAME. B IIPeIIecTBYIOMHX UCCTIe-
moBaHusx [29, 31-42|, MOCBAIIEHHBIX SHI09IPAJbHBIM
MeTaIoMyILIepeHaM, UCIOJIb30BAJIUCH HEIEPUO e~
ckue rparnunble yeaosust (HIITY). Hacrostmas pa6ora
MOCBANIEH TEOPETUICCKUM HCCJIEJIOBAHUAM CTPYK-
TYPHBIX U 3JIGKTPOHHBIX cBoicTB (ystepenos Cgy ¢
MHKAICYIMPOBAHHBIMYA ATOMAMH INEJOYHBIX METAJLIOB
(Li, Na wm K) ¢ nucrmosp30BaHMEM TEPUOANIECKIX
rpaHngHbIx yesaosuii (ITTY).

B nacrosmieit pabore cpaBHUBAIOTCS CTPYKTYPHDBIE
u 3JeKTpoHHbIe cBoiictBa O®D MQCg), paccuuTaH-
mele ¢ ucnoiab3oBanueM 1IT'Y u HIIT'Y, ana toro uro-
OBl OIPENESINTh, KaKasd M3 JIBYX MOJIesieil JiydIine co-
OTBETCTBYET IKCIIEPUMEHTAJIbHBIM JaHHBIM. [lo 3Toit
[IPUYUHE MBI TPOBOMIA PACUIETHI, UCIIOIb3Ys TPUOJIU-
JKEHHYIO K PeajbHOCTH MOJEIb, B KOTOPOI yUUTHIBaA-
I0TCSl BHY TPUMOJIEKYJIIDHBIE B3anMoeiicTeus. Paccun-
TaHHBbIE HAMU (PU3UIECKUE TAPAMETPbI, & UMEHHO JHED-
reTudecKast Mejlb, BeJIMINHBI 3aPsI0B 1 SHEPrusi B3au-
MOJZEHCTBUASL MOI'YT OBITH HUCIIOJIB30BAHLI B JAPYTUX UC-
CJIEIOBAHUSIX.

Hackosibko HaM U3BECTHO, MCCJIEIOBAHUS IHJIOI/I-
PaJbHBIX MeTaJIIODYIIIIEPEHOB ¢ ucosb3oBanueM 1Y
BBIIIOJIHEHBI HaMM BIEepBble. B 3T0it pabore MbI jie-
MOHCTPUPYEM IPUMEHUMOCTh U 3D HEKTUBHOCTH TAKO-
r0 TOJXOJIA JJIT PACYETOB CTPYKTYPHBIX U SJIEKTPOH-
HeIX cBolicTB OPD MQCy.
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2. METOAUKA PACYETOB

MeToapl KBAHTOBOM XUMHH OKA3aJUCh TTOJIE€3HBIME
JLJIST CO3/IAHMS] HOBBIX MOJICKYJISPHDIX / COIEPIKAIIUX [0
JINMEPBbI MATEPUAJIOB U JIJIsl TIOHUMAHUST UX (DYHKIHO-
Hupoatus B OO0 [43]. Meromuka DFT [44, 45] as-
JIFETCsl COBPEMEHHBIM U YHUBEPCAJbHLIM HHCTPYMEH-
TOM MCCJIEJIOBAHUSI MOJIEKYJISIPHBIX U TBEPIOTEIbHBIX
CTPYKTYP, HANDPABJICHUN DEAKIUl, TEPMOXUMUIECKUX
CBOMCTB, JMIIOJBHBIX MOMEHTOB, CIIEKTPOCKOINYECKO-
ro OTKJIMKA U MHOIHMX JAPYTuX cBoiicTs [46]. B macros-
1eii paboTe MbI BBIIOJTHUIIA UCCJIET0BAHUS C TIEJIBIO OIl-
TUMHU3AUUA CTPYKTYDPbI SHI03/IPAJBHBIX (DYJLIEPEHOB,
COJIEPKAINIX WHKATICYJTMPOBAHHBIE ATOMBI, UCIIOJIb3YsI
DFT c tpexmapaMerpudeckuM 0OMeHHBIM (pyHKITHOHA-
joMm Beke (B3) coBMeCTHO ¢ KOPPEIAIMOHHBIM (DYHK-
monasiom (LYP) [47-50] (B3LYP), a rakxe ¢ 6a3uc-
upiMu Habopamu 6-31G(d,p) u 6-31+G(d,p). Yrobsr
HOATBEPAUTDL CTAOUIHLHOCTD IOJLyY€HHBIX COEAMHEHUIA,
JIJISL BCEX ONTUMU3UPOBAHHBIX CTPYKTYDP ObLI BBIIOJIHEH
YJaCTOTHBINA aHaJIN3.

OkazaJjioch, uto pacuersl ¢ III'Y xopormo mpejcka-
spiBatoT mapamerpel HOMO, LUMO wu sneprerude-
CKYIO IEJIb CONPSIZKEHHBIX nouMepos [51-53]. Bee Bhi-
YUCJIEHUS BBIIOJHSINCH ¢ ucnoiab3oBanuem [ITY masa
opHOoMepHOro (1D) coyuast u dyHKIHOHANA OOMEHHO-
ro B3auMojieficTBug B 0000IIEHHOM TPAUEHTHOM IIPH-
6mmkennu (GGA) B dopme Perdew—Burke-Ernzerhof
(PBE) [54,55]. OnrumMusanust ¢ ucniosb3osarueM I[TIY
BBIIIOJIHAJIACH 63 KaKuxX-iub0 OrPAHUYEHHI 110 CUM-
MeTpuH. B pacuerax MCHOIB30BAJCH ITAKET MPOTPAMM
Gaussian 09 [56]. Busyanusanus cTpyKTYp BBIIOJIHS-
Jack npu nomon nporpaMmmbl Gauss-View 5 [57].

3. PE3VYJIBTATHI 11 OBCY2KJEHUE

3.1. CTpyKTypHBIE CBOMCTBa

3.1.1. T'opu3oHTaANBHBIA U BEPTUKAJIBHBIN
AuaMeTpbl KapKaca

Ha masanpbHOM 3Talle KOHCTPYUPOBAHUE 3IHIOI-
PAJbHBLIX (DYIIEPEHOB BBIMOJHSIOCH ITyTEM IMOMEIIE-
HUsl ATOMOB INEJIOYHBIX METAJIOB B IIEHTD (ysuiepe-
Ha ¢ moMmompio mporpaMmbl Gauss-View [57]. Onrn-
MU3AIASA CTPYKTYP HMPOMCXOAMIA C HUCIOJIH30BAHUEM
HIITY u dyukmunonana B3LYP ¢ 6azucuabivmu mHabopa-
mu 6-31+G(d,p). 3aTeM BBIIOJHAIACH HOCIIELYIONIAL
ONTUMM3AIHS IOy YeHHBIX CTPYKTYP ¢ momorbsio 1Y
u PBEPBE-byukunonana [54, 55| ¢ 6a3ucHbIMU Ha-
6opamu 6-31G(d,p) u 6-31+G(d,p). Bece Borauncienus
BBIIIOJIHSICH 63 HAJIOXKEHUST OTPAHMYCHU Ha CIIMHBI
9JIEKTPOHOB.
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Puc. 1. lopusonTanshbiii (Ry) v BeptukansHbii (Ry) gua-
meTpbl Ceo

e Ve +@ +@
LiT@Cg, Na"@Cy, KT@Cy,
Puc. 2. CrpykTypbl u3y4aembix COEAWHEHWI, ONTU-
MU3NPOBaHHbIE C  UCMoAb3oBaHMeMm HasucHoro Habopa

B3LYP/6-31+G(d,p) (ans HNIY)

TopusonTanbhbii (Rpy) u BeprukadbHbI (Ry)
JMaMeTpbl  M300pazkeHbl Ha pHUC. 1, a pe3yJbTaTbl
pacYeToOB ITHX JMAMETPOB I BCEX ONTHMHU3UDPO-
BAHHBIX CTPYKTYD IPHBEJEHBI 1.
MH3HDOBAHHBIE ~ CTPYKTYPBI ~BCEX  HCCJIEIOBAHHBIX
coenuaennit ¢ wucnosb3oBanueM HIITY  wm3o06paxke-

B TabJ. Onrn-

Hbl Ha pPHUC. 2, a CTPYKTYPHI, OINTUMUIUPOBAHHBIE
¢ wucnomns3oBanneMm I[II'Y n UPBEPBE/6-31G(d,p)
umn UPBEPBE/6-31+G(d,p), wuzobpaxKeHbl cOOT-
BeTCTBeHHO Ha puc. 3 u 4. erajgpHoe paccMoTpenue
ONITUMU3UPOBAHHBIX CTPYKTYP IO/ITBEPIK/IAET,
reoMerpuyeckas (hbopMa IHI0IPAIbHBIX (DYJLIEPEHOB
HE SBJISIETCS UIEAJBHO CHEpPUIeCcKOil  aHaJOTHY-

q9T0

HO pesymbraTaM paborer [58] mus dymnepena Cgg.
CorlacHO HAIIUM BLIYUCJICHUSIM, BBIIOJIHEHHBIM C
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Tabnuua 1. FopusonTanshbiii (Re) v BepTukanshbiii (Ry) anametpsl komnnekcos MQCgg, BbINUCNEHHbIE C NCMOB30Ba-
Huem 6asncHoro Habopa UPBEPBE/6-31G(d,p) ans MY (a), 6asucroro Habopa UPBEPBE/6-31+G(d,p) ans NIV (b)
n HITY, B cpaBHeHun c pesynsTaTtom gpyroii paboTsi

MacC Ru/Ry
60 I'Y-a [I'Y-b HIITY Jpyrue paboTb
Li@Cg 7.13/7.11 7.07/7.18 7.10/7.12 -
Li+@QCyg, 7.18/7.07 7.07/7.18 7.11/7.10 -
Na@Cgo 7.15/7.13 7.15/7.14 7.10/7.13 -
Na+@Cy, 7.15/7.13 7.15/7.13 7.11/7.11 -
K@Cgo 7.15/7.14 7.16/7.15 7.11/7.14 -
K+taCy, 7.12/7.12 7.16/7.15 7.10/7.11 -
Cso 7.14/7.08 7.17/7.15 7.10/7.10 6.5-7.5/6.5-7.0 [57]

Puc. 3. CTpykTypbl nsy4aembix coeguHeHuli, ONTUMU3NPOBAHHBIE C UCNONb30BaHWeM basucHoro Habopa PBEPBE/6-31G(d,p)
(mns NTY)

ucriosipzoBanneM HIITY, BesnmdmHbl BepTHKAJIBHBIX
JIMaMeTPOB SHI03IpaJibHbIX dysuiepernoB MQCg Je-
KaT B guarasone ot 7.10 qo 7.11 A, a TOPU30HTAJIBHBIX
JauaMeTpoB — B jauanazone ot 7.10 jgo 7.14 A. Takum
00pa30oM, 3TH JUAMETPBI HECKOJIBKO OTJIMIAIOTCS OT
nmamerpa dymepena Cgo, pasroro 7.10A. C momo-
IBI0 IMPOCBEYUBAIONMICH 3JIEKTPOHHOU MUKPOCKOIINNA
Boicokoro paspemenus (HRTEM) muamerp Ry dyn-
nepena Cgo 6bu1 m3mepen [58] B nmamazone ot 6.5 1o
7.0 A, a nquamerp Ry — B nmamazone oT 6.5 110 75A
[57]. Bouio omnpegeneno, yro cpemuuii guamerp Cgo
HaxXoJuTcsd B juara3one or 6.8 mo 7.0 A. Uz nammux
BBIUUCJIEHUI CJIeJlyeT, 9TO 3HAYEHUsI JIuaMeTpoB Ry u
Ry, maitnenubix ¢ ucnoib3oBanueM [TV, bosbire, gem
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COOTBETCTBYIOIINE 3HAUYCHUS TUAMETPOB, HAWIEHHBIX C
ucriosib3oBanuem HIITYY.

3.1.2. ITosio>keHue aToMa MeTajJla BHYTPHM KapKaca
dynnepena Cgo

CTabuabHOCTD SHI03IPAJIBHOIO (yJlIepeHa 3aBu-
CUT OT HECKOJIbKHX IapaMeTPOB CTPYKTYphL. B wact-
HOCTH, BUJ] HHKAIICYJTMPOBAHHOTO aTOMA, U €ro IO0JI0XKe-
HUE UTPAIOT ONPEJIEJISIONIYI0 POJIb B PABHOBECHOM CO-
crosgann MQCgg, a Takyke B BeJIMINHE SHEPIUU B3aU-
MozeiicTBrs MeTa—dysuieper. B tabs. 2 mpuBomsaTcst
paccTostHust d MeXK/1y MeHTpoM (Dy/IepeHa U UHKAICY-
JINDOBAHHBIMU HEATPAIHLHBIMIA ATOMAME U MOHAMU IIIE-
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Puc. 4. CTpyKTypbl n3y4aembix COeMHEHUNA, ONTUMU3NPOBaHHbIE C nCnosb3oBaHuem basucHoro Habopa PBEPBE/6-31+G(d,p)
(gns MIY)

Tabnuua 2. Pacctosinue d mexay ueHTpom dynnepeHa

N LWENOYHBIM METasJIOM, BblYNCIEHHOE C UCMOJIb30Ba-

Huem BasucHoro nabopa UPBEPBE/6-31G(d,p) ans

Mry (a), 6asucroro Habopa UPBEPBE/6—31+G(d,p)

ans MY (b) n HMTY, B cpaBHenun ¢ pesynbtaTamu
apyrux pabor

d, A

M@Coo0 Py Iy b[aIry Jlpyrue paGoTb
Li@Cg | 1.52 | 1.53 | 1.55 1.58 [58]
Li+@Cg, | 1.51 | 1.53 | 1.52 1.40 [33]
Na@Cgo | 0.89 | 0.89 | 0.01 |0.89 [33], 0.87 [36]
Na+@Cg,| 0.90 | 0.89 | 0.00 [0.66 [35], 0.83 [28]
K@Cgo | 0.00 | 0.00 | 0.00 0.00 [33]
Kt@Cg, | 0.01 | 0.00 | 0.01 -

sgounblx MetasuioB M. Ha puc. 5 3Tu nannble moka3aHbl
B rpauvIecKOM IIPeICTaB/ICHAN.

Ha puc. 5 mokazaHbl CMeITEeHNsT ATOMOB IIEJTOIHBIX
merastoB M ot nenrpa Cgg, BBIYUCIEHHBIE C HCIIOJIhb-
soBanneM IIT'Y u 6Gasucubix nHaGopos UPBEPBE/6-
31G(d,p) u UPBEPBE/6-31+G(d,p), a Takxe ¢ uc-
nosb3oBanueM HIITY ¢ 6asucubivm nabopom B3LYP /6
31+G(d,p).

CornacHo TaHHBIM Ta0JI. 2, TOC/Ie ONTUMU3AIIHN JH-
nosapasibaoro ¢ymiepena ¢ HIIT'Y atombr kanms u Ha-
TpUsT B 3JIEKTPOHEHTPAJIBHOM M MOHU3UPOBAHHOM CO-
CTOSIHAAX paciojaraiorcsa B mentpe Kapkaca Cgo. Om-
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Paccrosmue, A

2.0

1.5F

1.0r

0.5

ot
2 13 3 = 2 =
O @) O @) @) @)

Puc. 5. (B ugete onnalin) CMmeweHne LwWeno4Horo Mme-

tanna M ot ueHTpa kapkaca Cgo C wcnonbsoBaHu-
em basucHbix  Habopos  UPBEPBE/6-31G(d,p) ans
nry (1), UPBEPBE/6-31+G(d,p) ans NIy (2) u

UPBEPBE/6-31+G(d,p) ans HITY (3)

Hako Li u LiT cMemmeHbl OTHOCHTEILHO IEHTPa COOT-
BeTCTBeHHO Ha 1.55 m 1.52 A, KaK XOpOIIIO BHUJIHO U3
puc. 2. B pabore [59] npu momon DFT 6e3 nasokenust
JIOIIOJTHUTEIbHBIX OTPDAHUYEHHH U3y Ya/IICh PA3JIMIHbIE
n3omepbl LiQCgy B 9/1eKTPOHEATPATHLHOM COCTOSTHUY U
ObLI0 HalileHO, 9TO B Hambojee CTAOMIBHOM COCTOS-
nnu Li pacrosaraercs Ha paccrogauu 1.58 Aor IIEHTPa
Kapkaca.
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ITpu ucnosnbzosanuu pacueros ¢ IITY (puc. 3 u 4)
rompko K mw KT pacmonaraiorca B menTpe dyiuiepe-
HA, 9TO COIJIACYETCs C PE3YIbTATAMU ITPEJIBILYIIUX BbI-
YHUCJIeHNH, uMmeromumucs B sareparype [34]. 3 Ha-
X BBIYUCJICHUN CJIE/IyeT, YTO HATPUI CMEIIEeH OTHO-
cutenpHO IeHTpa Ha (.89 A, uro corjiacyercs co 3Ha-
gernem 0.66 A st cocrostans Nat@Cgo ¢ MuHIMAIID-
HOIl sHeprueil, nojaydyenusiM B pabore [36] Ha ocuoBe
pacueroB HF /6-31G. B eme oxnoit Henasueii pabore
MOJIyYEHO 3HAYEHUE 0.83 A ¢ ucnosb3oBauem pacue-
roB B3LYP/6-31G(d) [29]. dnst 9T0ro ke KOMILIEK-
ca B pabore [37] 610 Haiineno suagenne 0.87 A ¢ uc-
[OJI30BAHUEM IIOJYIMIIUPUYECKON CEKYJIAPHOU MOoJie-
qu Pariser—Parr—Pople. Haubosbiee cmerenne pac-
cuprano gna LiT@Cgy B cilydae ONTHMHU3AIME C IHO-
mompio UPBEPBE/6-31+G(d,p). PasroBecHoe 1010~
xenue Li BayTpu Cgo CMeIeHO Ha pacCTOsIHUE 1.53A
OT IEHTPa KapKaca.

Crabunuzanust komiiekcoB M@Cgy mnpoucxoaur
Gstarofapsi KyJIOHOBCKOMY B3aMMOJIEHCTBHIO, KOTOPOE
3ABUCUT OT BEJIMYUHBI 3aPsIIa U OT PACCTOSTHUS MEXKTY
[EHTPaMH MHKAIICYJIMPOBAHHOIO aToMa (MOHA) M Kap-
kaca Cgo. [Ipu aTOM onTuMasibHAS TO3UIAS ATOMA, Me-
tajuta B kKapkace Cgg COOTBETCTBYET MUHUMAJILHOM O~
TeHnmaIbHOI sreprun. CorsacHo JaHHBIM TalJI. 2, pac-
CTOSTHUST MEXK/Ty MeTasndeckum aromoM u Cgy yMeHb-
MAIOTCS B CJIELYTIONIEH MOC/Ie0BATEIbHOCTH:

d(Li,LiT) > d(Na,Na™) > d(K,K™).

DTO O3HAYAET, YTO PACCTOSAHUE d YMEHBIAECTCH C POC-
TOM TOJITPU3YEMOCTU BHECEHHOro aroma. [Ipu cmere-
HUAU BJIOJIb CTOJIOIA IIEPUOINYECKON CUCTEMBI JIEMEH-
TOB BHU3 TOJISIPU3YyEMOCTh yBemauBaercs. HekoTopsre
ABTOPBI CUMTAIOT, YTO FKCIIEHTPUIHOE PABHOBECHOE TI0-
sgoxkeare aromoB Li m Na MOXKXHO OOBSICHUTH CHJION,
JefCTBYIONEl CO CTOPOHBI IIOJIAPU30BAHHOI IIOJIOCTHU
Ha BHeCeHHBbIN aroM [60,61].

3.2. DJIeKTPOHHBIE CBOMCTBAa

3.2.1. DHeprus B3aumoeiicrBus meTasii—Ceo

QytepeHbl B3aUMOAEHCTBYIOT ¢ MHKAIICYJINPOBAaH-
HBIMH aTOMaMU IIOCPEJICTBOM CHJI, UMEIONINX HEKOBa-
JIEHTHYIO IIPUPOJLY, JUCIIEDCUOHHBIX U 3JIEKTPOCTATHIIe-
ckux cui [62]. B Ta6s1. 3 npuBesieHbl SHEPIUU B3aUMO-
neiicrBust Ey,; dynnepena ¢ metasutamu. Ha puc. 6 stu
JIaHHBIE IIPEeJICTaBJIEHB] I'paduieckn.

Oueprust B3anuMoieiicrBust E;,; paccuuTbiBajgach ¢
ncros3oBanreM HIITY u cympamosekysspHOro mo/i-
XOJla C y4eTOM yPaBHOBEIINBAONIEH IIONIPABKH K OITHO-
Ke cynepnosuipn GasucHbix Habopo (BSSE) [63]. K
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Tabnuua 3. ODHeprus  B3aumogeincTeus  Eint
Mexay uwenodnbim  Metasnom u Cgp, BblHMC-
NeHHass C  WUCMoNb3oBaHWeM basucHoro Habopa

UPBEPBE/6-31G(d,p) ans MNI'Y (a), 6a3sucHoro Ha-
6opa UPBEPBE/6—31+G(d,p) ans MY (b) n HATY,
B CPaBHEHMM C pesyabTaTamu Apyrux paboT

Einta 3B
M@Cgo i .
I
[ITY-a|TITY-b|HIIT'Y Py
paboTHI
LiQCgy | —2.17| —1.63 | —1.13 —1.73 [39]
Lit@Cg | —2.17 | —1.63 | —4.09| —2.00 [39]
Na@Cgg | —1.63 | —1.36 | —0.54 —0.9...—1[38]
Na+@Cg,| —1.36 | —1.36 | —3.31 | —1.47 [38]
KQCgy | —1.90| —1.63 | —1.26 —
K+@Cg, | —2.17 | —1.90 | —3.09 -
Eint’ aB
0
........1
r —e— 2
1tk 3

72_
-3r
74_
2 13 3 13 2 13
O Q O @) O Q
Puc. 6. (B wuBete oHnaiiH) DHeprus B3auMopelicTBus
wenoyHoro metrasma M wm Cgp € mcnonbsoBaHM-
em  basucHbix  Habopoe  UPBEPBE/6-31G(d,p) ans
Mry (1), UPBEPBE/6-31+G(d,p) ana MY (2) w

UPBEPBE/6-31+G(d,p) ans HITY (3)

COXKAJIEHHIO, B IporpaMMHOM Iakere Gaussian nya
cayaass IIT'Y ypaBHOBemmuBaroIias MONpaBKa HE pe-
anmsosana. Ilo sToff mpuumHe 3Ta IOIpaBKa BHOCH-
JIACh BPYYHYIO IIOCTIEe OITUMU3AINH C HCIOIb30BAHUCM
danTomHBIX aromos Bq [64] ¢ oObraHBIME Ga3UCHBIME
GYHKIMSAMA U y3JIaMUi HHTETPHPOBAHNUSI, HO JIUIITEHHBIX
3apALOB fAJIEP U TIEKTPOHOB.



M. X. Tacpyp, K. Caun, I'. Baccy, A. Xaysuc, H. Manycn

MITP, vom 158, Beim. 4 (10), 2020

CorjlacHO TIOJIy9eHHBIM HaMU pe3yJIbTaTaM, BCe
KOMIIJIEKCHI SIBJISIOTCs 00J1ee CTaOUIbHBIMUA, I€M B CJIy-
qae cBOGOIHBIX MOJIEKYT Cgy M OTIEIBHBIX aTOMOB, a
SHEPIrUM X B3aUMO/IeiCTBUs oTpuriareabubl. Ha puc. 6
MTOKA3aHbl SHEPTUH B3AMMOJIECHCTBUSI, PACCINTAHHDIE C
ucniosibzopanueMm 1TV u HIITY. Ilpuuwnna ux pasiau-
qusl COCTOUT, MO-BUANMOMY, B TOM, UYTO B PE3YIbTATHI
pacueros c¢ IIT'Y nmaer BKJIaJT MEKMOJIEKYISTPHOE B3a-
UMOJIeiCTBYE, KOTOPOE HE YUUTHIBAETCS B pacderax C
HIITY.

SHayeHUs] PHEPIUU B3aUMOJENHCTBUS, PACCUNTAH-
Hble Hamu ¢ ucnoJib3oBanueM [IT'Y u 6a3ucHbIX HAOO-
poB 6-31G(d,p) (cm. Tabi. 3) HAXOHATCA B XOPOLIEM
COTJIACHU CO 3HAYEHUAMU, IPUBEJICHHBIMU B JIUTEPATY-
pe [39,40]. Duepruun B3aumoneiicTBust Ein: s Bcex
kommiekcos MY QCg,, paccaurannsie ¢ HIIT'Y, apis-
10TC 00Jiee OTPUIIATEILHBIME, €M COOTBETCTBYIOIINE
sueprun kKommekcoB M@QCgg. D10 03HAaUaeT, 4TO WH-
Kancynamus Katuona MT Gosee BobIrogma smepreTumde-
CKU, YeM MHKAIICYJIAINsT aroMa M.

3.2.2. 3apsig MHKANCYJIMPOBAHHBIX METAJIJIMNYECKAX
YaCTHI],

B meckosbkux paborax [32, 33, 38] mokazano, 4ro
zapsan aroma K mimm Na, nHKAICyImpoBaHnHoro B ¢yii-
JiepeHe, 030K K +1, B TO BpeMs Kak 3apsf aroma Li
MeHblIe. Ananus 3aceseHrocTr Masnkena (tabi. 4)
[TOKA3bIBAET, 9TO HAUOOJIBINNE 3HAYEHHS, [TOJIyIaeMble
npu ucnosb3oBanny 6asucHoro Habopa 6-31+G(d,p) u
IIT'Y, cocraBasitor +1.04 st Na, +1.02 mrst K, a jurst
Li manbosbinee 3nauenne cocrasiser +0.50. Corac-
HO 3TUM pesysbraram, cBsa3b M—Cgy MOKeT ObITH TOJI-
HOCTBIO WOHHOW B cily4yae WHKarcyaupoBanusa K wim
Na, KorJia OHU TIEJIMKOM OT/IAI0T CBOU BAaJIEHTHBIE 3JIEK-
TpoHbl Kapkacy Cgg, WM 9aCTHYHO MOHHON B CJIydae
Li. B obmmiem caydae B 9HI09/IpaILHBIX METALIOMDYILIE-
peHax MPOUCXOJUT Mepejada 3JIEKTPOHA OT BHYTPEH-
HEro MeTaJIJIMYecKOro aToMa Kapkacy ¢yianepena. 3-
BECTHO, YTO OHU HAXOIATCS B JIEKTPOHHOM COCTOSTHIH

M+ac; [65,66].

3.2.3. HOCO, LUCO u BeJUYUHbI 9HEPreTUIeCKUX
eJien

st paccMaTpuBaeMbIX COEJMHEHUil BAyKHO IIPO-
anasusuposars 3HadeHnss HOCO (HauBbICIIE 3aHs-
Thie KaacrepHble opourasm) u LUCO (HanaM3mMmE CBO-
60/IHbIe KIaCTePHBIE OPOUTAJIN ), IOCKOJIBKY 9TO [103BO-
JIZET TOHSTDH CBOMCTBA BO3OYKICHUN HA KAYECTBEHHOM
YPOBHE U BO3MOYKHOCTD 3JIEKTPOHHOTO UJIH JBLIPOIHOTO
rpancmopra [24]. Kpome Toro, sHeprermueckast mesb
(Gap), KoTOpas OnpeseaeTcs KaK Pa3HOCTb yPOBHEH
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Tabnuua 4. 3apsig gy VMHKaNCyAMPOBaHHOIMO LLENoY-
HOrO MeTanna, BbIYUC/IEHHbIN C Mcnonb3oBaHnem ba-
3ncHoro Habopa UPBEPBE/6-31G(d,p) ans NIV (a),
6a3ucHoro Habopa UPBEPBE/6-31+G(d,p) ans NIy
(b) w HATY, B cpaBHeHnn ¢ pesynbTaTamn Apyrux pa-

6ot
M@Ce, Qv K

[ITY-a | TI0Y-b | HIITY | PYTHe

paboThI

Li@Cgo | +0.45 | +0.32 | +0.50 | +0.58 [31]
Lit@Cg | +1.00 | +1.00 | +1.00 -
Na@Cgo | 10.68 | +1.04 | 10.54 | +1 [31,32,37]
Na+t@Cp, | +1.00 | +1.00 | +1.00 -
KQCg | +0.83 | +1.02 | +0.61 | +1 [31,32,37]
K+@Cg, | +1.00 | +1.00 | +1.00 -

sueprun HOCO u LUCO, gBJisieTcst BazKHBIM IIapaMeT-
pPOM, OT KOTOPOIO 3aBHCHUT 3JIEKTPHUYIECKasT TPOBOJIU-
MocTh Marepuaja. Besmannsr suepruit HOCO, LUCO
U SHEPreTUYEeCKUX IeJIeld HMCCIeLyeMbIX COeIUHEeHU
MIPUBE/IEHBI B TA0J. 5, & HA pUC. 7 OHU MOKA3aHbI Ipadu-
JecKu. BeJIMuuHbI 3THX MapamMeTpoB, pacCIUTaHHbIE BO
Bcex 6a3uCHBIX HAOOPaX, MTPAKTUYECKH OJIMHAKOBBI JIJIs
Na@Cgp u KQCgg Kax myist caydasi 3JIEKTPOHENRTpasIb-
HBIX aTOMOB, Tak U Jijist ciaydas uoHoB. CorjiacHo pe-
3yJIbTATAM, IPUBEJIEHHBIM B TabJI. 5, 3HAYCHUS Y POBHEIH
sueprun HOCO u LUCO gyt Cgp XOPOIIO BOCIIPOM3-
BojisTest B pacderax ¢ [IT'Y u UPBEPBE/6-31G(d,p).
CoorBercrylomnue 3uHadenns: paBubl 5.80 n 4.17 3B.
DT pe3yIbTATH OJM3KHU K IKCIEPUMEHTAILHBIM 3HAE-
HusiM sHepruii ypoaeit HOMO u LUMO st Cgg, KO-
Topble paBHbl coorBercTBeHHO 6.1 1 4.3 3B [67]. Cpas-
nusast sueprun HOCO u LUCO wnzydaembIx HAMHU CO-
eJmHeHnit ¢ cooTBeTcTByoNUME 3HeprusaMu Cgg, MOXK-
HO 3ameTuTh, uTo 3Heprun LUCQO Bo3pacrtarmoT B pac-
qeTax ¢ obonmMmu OasvCHBIMU Habopamu. UTo KacaeTcs
suepruii HOCO, To oHu BO3pacTaloT IIpu pacderax ¢
6asucabiM Habopom UPBEPBE/6-31G(d,p) u, naobo-
POT, YMEHBINAIOTCS IPU pacueTax ¢ 6a3uCHbBIM HAOOPOM
UPBEPBE/6-31+G(d,p).

Borauciennsle c UCIIOJIb30BAHHEM 6a-
BUCHBIX HabOpOB UPBEPBE/6-31G(d,p) u
UPBEPBE/6-31+G(d,p) Beam4umbl  9HEpreTHde-

ckoit menu Cgp, paBHBIE coOTBeTCTBeHHO 1.63 1
1.70 3B, xopomo corjacyoTcd ¢ 3IKCIEePUMEHTATHLHO
U3MEPEHHBIMHU 3HAYEHUSIMU, KOTOPbIE JIeXKAT B JIAala-
zone Mexkry 1.60 u 1.85 3B [68]. g pacaeros ¢ HIITY
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Tabnuua 5. Beanuunnsl HOCO, LUCO v snepretudeckux weneli komnnekcos M@QCgg, BbIYUCAEHHbIE C NCMOIb30BAHNEM
6a3ucHoro Habopa UPBEPBE/6-31G(d,p) gns MY (a), 6asucrHoro Habopa UPBEPBE/6-31+G(d,p) ans MIY (b), &

CPaBHEHUWN C pe3yNnbTaTaMu ApPYyrux pa60T

Mac HOCOs, 5B LUCOs, B lens, 3B
% | IlY-a | OIY-b | II'V-a | IICY-b | OI'V-a | HTV-b HIITY
Li@QCgo —5.31 —5.61 —4.06 —4.42 1.34 1.19 0.82 [41]
Li+@CG_O —5.31 —5.61 —4.08 —4.42 1.23 1.19 2.66 [31]
Na@Cgg —5.49 —5.79 —4.04 —4.36 1.45 1.43 0.82 [41]
Nat@Cy | —549 | —579 | —4.04 | —4.36 1.45 1.43 2.74 [31], 2.73 (68|
K@Cgq —5.50 —5.79 —4.05 —4.36 1.45 1.43 —
K+QCy, | —550 | —578 | —4.05 | -4.36 1.45 1.43 2.76 [31], 2.72 [68]
2.90 |31], 1.67 [40
Ceo —5.80 —b5.57 —4.17 —3.87 1.63 1.70 N 87[[41]i 579 {68}7
2Ev °B 4. BAKJTIIOYEHUE
] 3
-3 2 4
B 3T0it paboTe MbI H3Y4YUJIN CTPYKTYPHBIE U 3JIEKT-
—4r T T T T TeT -y ponmble cBoiicTsa dysiepenos Cgg ¢ MHKAICYIMPOBAH-
5= %Ef Eﬂf SIE ElE ElE EIE E HBIME aToMaMH IresiouHbix Meraiiios (Li, Na mmm K),
NI NI RIE o WCIIOJIB3YsT TEOPUI0 (DYHKIIMOHAIA, SJIEKTPOHHON ILIOT-
51 T woctu (DFT) ¢ IITY. UccnenoBanue cTpyKTYPhI IOKA-
OS O% b% '08 O% O% ‘08 IO% O% O% IO% b% O% O% 3bIBaeT, 4TO (hopMa KapKaca SHJI03IPATLHOTO dyJLIe-
gepPPrggee g S o9 peHa He ABJfeTcs UealbHo cdepudeckoit. Biaronaps
I s I =z 2 R OIITUMU3AIMU CTPYKTYPBI TUX COCJUHEHUN [OJIY YeHbI

Puc. 7. (B ugete oHnaiit) dneprun LUCO (1), HOCO (2),

a TakXKe SHEPreTNHECKME LN, BbIHNCIEHHbIE C NCMONb30Ba-

Huem MY un 6asucHbix Habopos UPBEPBE/6-31G(d,p) (3) un
UPBEPBE/6-31+G(d,p) (4)

GoJiee BBICOKHE 3HAYEHHUS IHEPreTUIecKOoil e (B
nuanasone Mexiy 2.72 u 2.90 5B) 6buim HaiineHs! Bo
MHOTUX paboTax, UCIOMbL3YIoNux Gpyukinonas B3LYP
[32,42,69], a B pabote [41], B KOTOPOIi HCIIOIBL30BAJICS
dyurmuonas PBE, nns Cgg 6bLIO OJIyYeHO MeHbIllee
3HaveHne HepreTudeckoit menu 1.66 3B.

MOXKHO 3aMETUTh, YTO UHKAICYJISAIUS ATOMOB IIe-
JIOYHBIX MeTajuioB B dyiuiepene Cgg NPUBOIUT K
YMEHBIIIEHUIO BBIYUCJIEHHON BEJIMYIUHBl SHEPreTHYe-
CKOW IIeJIN, IPX 3TOM HaubOJbIui 3 MEKT Moy IaeT-
cs as coeannenus LiQCgg. Paznunune Besimann 1medieit,
paccunuTaHHbIX ¢ ucnosb3oBanueM 1Y B narmeit pabo-
Te U MOJIYYeHHBIX ¢ nucnosab3osanneM HIII'Y B apyrmx
Teoperndeckux paborax (32,41, 69], MOKHO 00bACHUTD
BasKHOCTHIO MEXKMOJIEKYJISIPHBIX B3aUMOJIEHCTBUM, KO-
TOPBIE MPOSIBJISIOTCS B ITEPUOINIECKOM CJIydae.
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CcTabUIbHBIE (POPMBI, ITO OBLIO MPOBEPEHO TIPHU TTOMO-
Y BUOPAIMOHHOI'O aHa/IM3a (OTCY TCTBUE MHUMBIX Yac-
ror). HezaBucumo oT HCII0/Ib3yeMoil B pacyerax Mojie-
Jm, B IeHTpe dysiepeHa pacrosaraiorcesa Toiabko K u
K™T. HaTpuit u TuTHi CMeIleHbl OT IIEHTPa KapKaca Co-
orsercrBenno Ha 0.89 u 1.53 A. Anajus 3acejeHHOCTH
MauiinkeHna MOKA3bIBAET, YTO HAMJIYUIIUN pPE3yIbTaT
JlaeT HCIosib3oBanue Gaszucuoro nabopa 6-31+G(d,p)
¢ IIT'Y, npu koropom nosry4datorcs 3apanst +1.04 aisa
Na, +1.02 gma K u +0.50 nans Li, xopormro corya-
CyIOIUECst C Pe3yJbTaTaMU [PEIbLIYIINX HUCCIIeI0Ba-
Huit. MbI TakzKe IPOJAEMOHCTPUPOBAJIN, YTO WHKAIICY-
sisitiust pysnepenom Cgo JIUTHEM, HATPUEM WJIH KaJIHEM
MPUBOJIAT K YMEHBIIEHUIO 3HEpreTrniecKoil mesm. Han-
GoJibitiast BeauuuHa 3 dekra gocruraercs 1ist LiQCg
Ipyu pacdyeTax C HCIOJb30BaHHEM 0a3uCcHOro Habopa
UPBEPBE/6-31+G(d,p). Beraucsiennsle HamMu ¢ uc-
[I0JIb30BAHUEM Pa3HBIX 6A3MCOB 3HAUYEHUS IHEPTEeTHYIE-
ckoit mesn Cgo (1.63 1 1.70 5B) xoporno cornacyorcst ¢
IKCIIEpUMEHTATbHBIM 3HadYenneM 1.67 3B B cpaBmenun
C JIDYTEMY TEOPETUIECKUMH PabOTAMU.



M. X. Tacpyp, K. Caun, I'. Baccy, A. Xaysuc, H. Manycn

MITP, vom 158, Beim. 4 (10), 2020

B zakmodenne orMeTnM, ITO pacdeThl CTPYKTYPHI
dynnepena Cgo ¢ MHKAIICYINPOBAHHBIMYI HOHAMU U ATO-
MaMH IeJIOYHBIX METAJIJIOB, BBIIOJIHEHHBIE B PaMKaX
DFT c ucnomnzoBanumem IIT'Y, maror xoporno coria-
CYIOIUEeCcs C TeOpHUeil pe3yabTaThl: MO3UINA METAJIIOB,
JUaMeTPhl KapKaca, dHEPI'UU B3aUMOJIeCTBUS, 3aPSIIbI
MHKAIICYJIMPOBAHHBIX 4YacTull. Kpome Toro, snepreru-
qeckasi meib Cgg, BBIUMCJIEHHAS C HCIOJIB30BAHUEM
III'Y, cooTBeTCTBYET SKCIEPUMEHTAIHHOMY 3HAYUEHUIO.
Hosble HaiiieHHBIe HaMHW BEJIMYUHBI IIIEJIEH JIJIsd CO-
emunenuit MQ@QCgo, tme M = Li, Na, K, moryr 6pITH
MIPUMEHEHBI UCCTIeIOBATEIAMU JIJI OIPeJeSIEHUs JIPy-
TUX 3JEKTPOHHBIX CBOHCTB. Vcmo/sb30BaHHDBIN HaMU
IIOJIXOJT MOYKET OKa3aThbCsl IOJIE3HBIM IS IIpeJicKa3a-
HUS CTPYKTYPHBIX W 3JIEKTPOHHBIX CBOMCTB JIPYTHX
COeIMHEHN!I Ha OCHOBE (DYJIIIEPEHOB C IIEJIBIO CO3/IaHUS
HOBBIX MaTepUAaJIOB /ISl IPUMEHEHUsI B OPraHUIECKUX
doroanementax. Ucnonbzosanue meroga DFT ¢ TIT'Y
[IPUBOJUT K IIOJIyIEHHIO OOJIee JOCTOBEPHBIX PE3yJIbTa-
TOB Oj1arofapst 0oJiee PeaTuCTHIHON MOIETH UCCIETy-
€MO#l cuCTEeMBI.

BaarogapHoctu. 9ra paboTa BBIIOJHEHA B PaM-
KaX COTPYIHUYIECTBa MeXiy Jjaboparopusimu L2MSM
(Sidi Bel Abbés, Amkup) u LEM3 (Metz, ®pan-
1ust).  BBICOKONPOU3BOAUTENBHBIE BBIYUCIUTEIbHbIE
MOIITHOCTH OBLIM YACTUYHO IPEOCTABJIEHBI IIEHTPOM
EXPLOR, pacnosioxkenom B yHuUBepcurere Jlotapun-
run. ABTOpBI BbIpaxkaroT OJsarogapaocts Dr. Mu-
hannad Altarsha, cuemuaaucry o HayYHBIM BBIYHCIIE-
HUsIM B yHuUBepcuTere JloTrapuHrum, 3a MOMOIIL B Pac-
dJerax ¢ makerom mporpamm Gaussian.
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