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INVESTIGATION OF STRUCTURAL AND ELECTRONIC
PROPERTIES OF SINGLE-WALLED CARBON NANOTUBES
ON THE BASIS OF A HYBRID FUNCTIONAL
BECKE 3-PARAMETER LEE-YANG-PARR (B3LYP)

Abstract: This work is devoted to the study of the structural and electronic properties of single-walled carbon
nanotubes from "the first principles" by the electron density functional method and the Hartree-Fock approximation.
On the basis of this method, quantum-chemical calculations of the energy minimum and the band gap of single-
walled carbon nanotubes were performed as a function of the chirality angle. It was shown that single-walled
nanotubes have both metallic and semiconducting conductivity. From calculations of the energy minimum, it has
been established that chiral single-walled carbon nanotubes have the most stable structure, rather than the "zigzag"
and "armchair" type. Although the nanotubes of the chair type (11.11) and the zigzag type (11.0), which are identical
in the chirality index, have the closest values of the energy minimum and the same number of atoms in the unit cell,
they differ in diameter, volume of the unit cell, and the chirality angle and, consequently, the types of conductivity.
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NCCJEIOBAHUE CTPYKTYPHBIX U JIEKTPOHHBIX CBOICTB
OJHOCTEHHBIX YIVIEPOJAHBIX HAHOTPYBOK
HA OCHOBE I'MBPUHOI'O ®YHKIINOHAJIA
BECKE 3-PARAMETER LEE-YANG-PARR (B3LYP)

Annoramusi: JlaHHas paboTa MOCBANICHA W3YYCHHIO CTPYKTYPHBIX M JICKTPOHHBIX CBOMCTB OJHOCTECHHBIX
VITICPOAHBIX HAHOTPYOOK «H3 MEPBBIX HMPHHIUIIOB» METOAOM (JYHKIHMOHANA 3NMCKTPOHHOH IUIOTHOCTH M MPHOIH-
skeHust Xaprpu-Poka. Ha ocHoBe maHHOTO MeTOAa OBLIM IPOBEACHBI KBAHTOBO-XHMHYCCKUE PACUCTHI MHHHMYMA
SHECPTrHM W INMPHHBI 3aNPEINCHHOW 30HBI OJHOCTCHHBIX YIJIEPOJHBIX HAHOTPYOOK B 3aBHCHMOCTH OT YIJa
xupanabHOCTH. [T0Ka3aHO, YTO OTHOCTEHHBIC HAHOTPYOKH MMEIOT KaK METALIMYCCKYIO, TAK W MOJIYIPOBOIHHKOBYIO




H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

mpoBoAMMOCTh. M3 pactueToB MEHHMYyMA 3HEPTHH YCTAHOBICHO, YTO HauOOIeE CTAOMIBHON CTPYKTYPOH 001anatoT
XHPaJIbHbIC OJHOCTCHHBIC YITICPOJHbIC HAHOTPYOKHM, HEXCIM THIA «3HI3ar» M «kpecnoy». [lokazaHo, YTO XOTS
HWACHTHYHBIC II0 WHACKCY XHPAJTbHOCTH HAHOTPYOOKH Tmma «kpeciao» (11,11) m tmma «3urzar» (11,0) mmeror
Hambojee OMM3KUE 3HAYCHISI MUHUMYMA 3HEPTHH U OJMHAKOBOC KOJIMYCCTBO ATOMOB B HIICMECHTAPHOM STUCHKE, OHU
PA3MMHAOTCA MO JHAMETPY, O0BEMY 3ICMCHTAPHOW SMCHKH W VIJY XHPATbHOCTH M, CICAOBATCIBHO, THIAMH
TIPOBOIUMOCTH.

KimoueBbie c/ioBa: yriepoaHbic HAHOTPYOKH, CTPYKTYPHBIC CBOHCTBA, 3JCKTPOHHBIC CBOMCTBA, (DYHKIMOHAT
3JCKTPOHHOU MJIOTHOCTH.

Beeaenne

Ha cerognamumii neHp OONBIIONH HHTEPEC HCCICAOBAHHS OJHOCTCHHBIX YIICPOAHBIX HAHOTPYOOK
(OYHT) cBs3aHO ¢ WX VHHUKATBHBIMH MCXAHHYCCKUMH, JICKTPHUCCKHUMH, MAarHUTHBIMH, ONTHICCKHUMU
cBolicTBaMH, O1aroJaps KOTOPHIM OHH MOTYT NPUMCHATECS B DICKTPOHHUKE (THOKHE AHMCIUICH, JATYHKH,
OBICTPOACHCTBYIOIUE M OSKOHOMHYHBIC JUOAB W TpaHsucropel) [1,2], B Megummue (eycHMC
OHKOJIOTHUCCKUX 3a0oneBaHui, OHocoBMecTUMbIC (YHKLMOHAIBHBIE TperapaTbl U Mapkepsl) [3-5], B
SHEPreTHKEe (CO3JAHHE COJHCYHBIX MAHCNCH, TOIUIHBHBIC 3ACMCHTHL, 3(P(CKTUBHBIA KaTOAHBIN
anekTpokaranuzarop)[6-8] u T.x. [ng ucmonb3oBaHUS YIACPOAHBIX HAHOTPYOOK B MEPCUHCICHHBIX
oTpacisx, TpeOyeTcs OOIIMPHOC MOHMMAHHME HX JJCKTPOHHBIX U CTPYKTYPHBIX CBOWCTB. UMEHHO 1uis
3THX IeNel KOMIIBIOTEPHOE MOJCIMPOBAHME M TEOPETHUCCKHE PACUETHl SABJIAIOTCA IOAXOMAIINMH
METOJaMH H3YUCHHSA XapaKTePHUCTHK HAHOMATEPHAIOB W HMEIOT HEMANIOBAXKHYIO POJIb B IPOIECCE
M3VYCHHSA CBOMCTB HaHOCTPYKTYp, B dacTHOCTH B YHT [9-16]. PacueTsl CTpYKTYPHBIX M 3IEKTPOHHBIX
CBOWCTB MPOBOASAT «U3 MEPBBIX NPHHLIUIOB) Kak B pamkax npudmmwkenns Xaprpu—Doxka (HF), tak u na
Teopun (QyHKIHOHANA 3nekTpoHHOH wiotHocTH (DFT), man rubpuaneix meronos (DFI/HF). B ocHoBe
HCTIONIb3YEMbIX METOOB JICXKHUT NPEACTABICHHC OJHOIICKTPOHHBIX BOTHOBBIX (YHKLHIN, KOTOPBIC B CBOIO
oUepeab BRIPAKAOTCS Yepe3 JOKATbHBIC Oa3ucHbIe PYHKIMHA Ha OCHOBE (PYHKLUI rayCCOBOTO THIIA.

Pacuetnl 1 00cy:kaeHHE pe3yIbLTATOB

B nannHo# pabote n1d U3YUCHHS CTPYKTYPHBIX U BJIICKTPOHHBIX CBOHCTB OZHOCTCHHBIX YIJICPOIHBIX
HAHOTPYOOK ObLIT HCIOMb30BaH ruOpuaHbIE MeTod. M3 mureparypHbix aaHHbIX [17-21] u3BectHO, uTO
HCTONb30BAHKEC THOPHIHOTO (PYHKIMOHATA JACT KAUYSCTBCHHOEC OMMCAHUE 3NCKTPOHHBIX U CTPYKTYPHBIX
CBOWCTB MECPUOIUUECKON CHCTEMBI (SHEPTHs ONTHMH3ALMH, AJWHA XUMHYCCKOH CBS3W, LIMPHHA
3ampelEHHON 30HBI U T.J.) COOTBCTCTBVIOIIME pE3yIbTaTaM SKCICPUMCHTANBHBIX H3MepeHHH. B
DFT/HF-BrruncieHusax ucnone3oBancs rudpugHsiii gyakiauonan Becke 3-parameter Lee-Yang-Parr
(B3LYP), rne oOMeHHas 3HEPrHs PacCUUTHIBACTCS HA OCHOBE TOYHBIX BBIMHCICHUH, MOTYYCHHBIX B
npubmwkeHnn MerogoM Xaptpu—Doka. B pacuerax amsa onmcanus 6a3ucHOro Habopa aToOMOB YITIEpoaa
Obi1  wcmonb3oBaH mncesponoTeHiman  Peintiger-Oliveiro-Bredowtriple-zetavalence +  polarization.
OnruMmuzanys reoMETPUN CTPYKTYPBI OAHOCTCHHBIX yriaepoaHsix HaHoTpyOok (OYHT) mposoamnace ¢
TOMOIIBEO MHHMMH3ALIHH [OJTHOM 3Hepruu (Tounocts 107a.u.).

B nmpouecce mposeneHus wuccnenoBaHun Obutn  paccMoTpeHbl cTpykTypel OYHT  pasnuunoit
XHPATBHOCTH, MAPaMeTPsl KOTOPbIX mpuseAcHH! B Tabmuue 1. Kak m3eectHo, OYHT xnaccuduumpyrores
Ha 3 tuna: «xpecnoy» (armchair), «3ursar» (Zigzag) u xupanbHbie (chiral), koTopsie pa3nuyarOTCs MO THITY
MMPOBOAUMOCTH B 3aBUCUMOCTH OT CTCTICHU XUPATbHOCTH (11,12).

Ha pucynke 1 npeacrasiaena ctpykrypa OYHT ¢ xoadduimentamu xupaasHocta n1=11, n2=11.
Kax BugHo m3 pucyska, crpykrypa HawotpyOku (11,11) mmeer xapaxrepnyio ¢opmy OVHT Tunma
«kpecno», B kKoTopeix ase u3 mectd C-C CBA3M B IEKCaroHE MEPICHAMKYIPHBI OTHOCUTEIBHO OCH
OVYHT. U3 nuteparypHEIX HCTOYHUKOB H3BeCTHO, 4T Bce OYHT THna «xpecio» MMEI0T METATTHYCCKY IO
mpoBoauMocTh. IlpousBeacHnbie pacueThl 3mekTpoHHbIX cBovictB OYHT (11,11) Tuma «kpecmo»
JCUCTBUTEIBHO MOKA3BIBAIOT OTCYTCTBHE 3ampellecHHOM 30HB (pucyHOok 2). 3HaucHmroo E=0
COOTBETCTBYET YpoBEHb Depmu.
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