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REBHS[ KBS, 5 CRAET STO-3G #4.
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Cao>Cah » CaoHy, Nb@Cjy , NbC5 , Nb@ CyoHy TRALMJLMTHEIR FE 1 H,K 1~6 54 H
TXJULRLE P89 L S 8, BB R F Mulliken #7775 .

B1 RURJLATHRE
(A) Co(Ta); (B) C5(Cs,)5 (C)Nb@Coy5 (D)NbCs55 (E)Coly; (F)ND@ CoHy

2.1 Cgu,Ch
Co(THARARILHF,I0MNATHF , BA=ZRKARARTF,BEFLBEN—HRETFicHkE
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CL), BENETHFRK,FANRF MR- MENEER. E-XEF (RS C(1)E
BHEN R MRETEZRKRF C(DEBEERM A MREF, XXFETHEFLERR
i,

F1 ColTa) LABE (om) M7 EF Mulliken B4} 75

Cao(Ta) BK ERAGE R
¢—C 0.1491 0.3891 C(I) 0.03246
¢—C 0.1413 0.4860 C(1) -0.01086
c—C 0.1519 0.3973 C(1II) 0.00002
c—C 0.1404 0.4891

Col TORIEEBH Cu(Ty)—H, HRE A, &, WA HH F 4351 5 4 9a,, 19, L8, HOMO,
LUMO ¥ i CHI2p%L 3B 4 A, , HOMO - LUMORE B 25 6. 6226V .

Co(THHRZ=XEFETF C(T),c(I),C(l) kB EFESHH 1.0032, - 0.0941,0.0465, 3%
EHNUNBETFEAD COLRERTF LB Co TP HEFEL MEHE, BREIN C(DE
TLE#EEAMNHREFEHR Coly, MM RER WA F T EBH CoHy M Co( Ty W F S
BB2r 319 5.662 F1 5.199¢V/atom, i 3k CoH, ERE . RITWITHE T Cif A 4 N NEFBRA
CoF a4 C(1) EFRIIM CuN,, BEIA, SREWR.

F2 CyoH, KLAS Y (nm) B8 EF Mulliken BB 5375

CaoHs i3S % gl : HL A
c—C 0.1523 0.3755 C(I) -0.0599
c—C 0.1407 0.4915 C(11) 0.0059
c—C 0.1516 0.3956 C(I) -0.0054
c—C 0.1405 0.4892 H0.0744

C—H 0.1092 0.3743

B T, SRR Co, B FANT,, 5 KA Jahn - Teller B2F . AFRHI CH7E Ty MFRHET,
HWALBBRE C TR M2A, B Ch, H HF SEBR AT B HBEHN Co(Ty) > Co(Cs,),Coh
(C3y) >Ci(Ty) MEHLESHBBETUBARX - R, Co(Ty), C(Cs,),Ch(Cs,),C
(TYWFHZEEREDFIN 5.199,5.134,5.074,5.069eV/ atom.

£3 Ch(Cy,)LASM (nm) EEAHE Mulliken BEHHMEARBTES K

2B BBE B B
38 1 R - gK 12 LT -

c—C 0.1493 0.3884 0.0541 0.9847 Cc—C 0.1520 0.39%64 0.0337 0.0019

¢—C 0.1414 0.4670 0.0713 0.1543 c—C 0.1401 0.4937 0.0305 0.0185
C—C 0.1456 0.4108 0.0214 -0.0225 c—C 0.1529 0.3934
c—C 0.1418 0.4825 0.0108 -0.0981 c—C 0.1386 0.5105
c—C 0.1444 0.4556 -0.0028 -0.1490 c—C 0.1517 0.3964
CG—C 0.1459 0.4404 0.0155 -0.0215 Cc—C 0.1363 0.5322
C—C 0.1418 0.4830 0.0221 0.1104




1066 A% ACTA CHIMICA SINICA 1998

2.2 Nb@Cj
HNERERRE Nb@Cyp ,Nb JRFALTF CoBHFL, BN TFH T, B, BFERA,
HOMO , LUMO 4} % %191, , 201, , ¥ B Nb A4 dSp ¥ 1 A C2p#L iH 4 & , HOMO - LUMO fE

BN 5.568eV.
F4 Nb@CHHLMBH () JH B FH Mulliken B 537

Nb@Cyh 'K HEHRE HL 3
—C 0.1433 0.4679 Nb 1.19288
c—C 0.1448 0.4525 C(I) -0.00955
c—C 0.1514 0.3959 C(1I1) 0.00445
c—C 0.1392 0.5113 C(UI) -0.00867

H17% 4 B Mulliken L7543 /i Al B ,Nb@ Cjh P IE BB AT EEEF7E Nb JRF L, Coo % L7
% -0.1929, %5 Nb b #R4r fi B AT 1] Coo B8 T . X A Pitzer! 2 %5 4 B ) HF @ Cs B9 45 248
o1, Pizer P S B H S R KW HI@ Cye'p HE FHIETH +0.16, Bl Cu%E L% 0.16 i
i HEBIANDOCGHF , FLHINEFEACI)EFARNMALESFLEENRN
0.1975nm, &8 Nb 5 CooBH —EMAH IR, A Nb JEFXF CoBHMEMAI M CoBh &K
BETSHOEELBEIAHELREH N MAF,C(OM C(MDMEFETFEHOERS
B/ T (45181 0.3216nm,0.2829nm 25 24 0.3184nm H1 0.2821nm) . 7 C( ) EFEEH L EER
W 0.2967nm 7&K 0.3004nm; M2 A KE,C(L),C(I1), C(I) ZHFEFHfir
¥ EAAETERSHHRAE, 25 H0.03246, — 0.01086,0.000027 24 — 0.00955,0.00445F0
-0.00867. M\ Cio(T4)Fi Nb@ Cyp 8931455 BE 73 HI 4 5.069€V/atom 1 4.771eV/atom K& 7
HERBEBETED Nb MAM CoEWRET . AXLE L ASHEBRRERTHBREERS
7. : :
2.3 NbC3

A S RBERR, X Jamold® ) SELH FXEHTLBERETE LB
B & BB NbC, (n >29),1aC,(n >35) (3L n HHH) WMALHEH MCS,_ Ik M@, (M
=Nb,La) BRaE — 56078 HLHAI R T NbCsh .

%5 NbCs(Cy,)B/LATSH (nm)  E WA B Mulliken B 575

®i ERAE ) £:3 S ERE R
Nb—C  0.2072 0.3406  Nb0.3811 ¢—C  0.1510 0.4160 €0.0292
c—C 0.1412 0.4695  C0.0683 C—C  0.1408 0.4870 €0.0281

C—C 0.1458 0.4080 C -0.0162 C—C 0.1521 0.3973
Cc—C 0.1450 0.4561 C 0.0079 c—C 0.1380 0.5138
c—C 0.1442 0.4547 C ~0.0109 c—C 0.1513 0.3972
¢—C 0.1459 0.4399 C 0.0016 ¢—C 0.1358 0.5354
C—C 0.1417 0.48224 C0.0157

ME3HEH,Co(C)FE—TRIET L B REFERFI K Y 0.9847) , XM E T £ 17 5%
ShaE By, BRBE O B MR B B 5 T8 Nb BURCTTE 8L NbCss 9 J 7, Nb BUR L B3t I
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TR EBAEWBINEE K, BT LA REHE /0.

HHEBINDCSH (C3 ) BAETA &, HHOMO X264, , BINb i 4d5s FMICHI2pHLE A K,
LUMO > 40e, Hi Nb #Y 4d5p F1 C2p #1318 41 5 , HOMO — LUMO BEBR K 5.4445¢V.

NbCsH Nb SHEHEMERN=A CEFERT =4 Nb—C 848, 8K 0.202m, B
J& 0.3406; N2 T K F , 5 Nb@ ChH AR, NbCsh HF Nb b B (¥ 2% 0.3811, A F A8 4
BB TEMREL.

NbCs , Nb @ Cjh 9 F- ¥ 455 B 4> % N4 .858eV/atom,4.771eV/atom, Cjy ( Ty) + Nb—>
Nb@ Cjp F1 Cgo( T4) + Nb— C—>NbCsh BILE A REST HIH - 7.129¢V Fl — 6.927eV . 45 1k HI i k& 1
JBUFF RL 4 NbCsh > Nb@Cip, X —HH LR 5L RBAUFH M MCS, _ L M@ G, L ERE ML R REM
ﬁ:ggh,s].

2.4 Nb@CyuH;

NI CoBENE &R FIRIMEER CoB RN, RIS —FHIRT Nb@CHy , it
B Nb @ Coo Hy I HL T4 'A;, HOMO ¥ 10e 138, B Nb 4d # C 2p #1141 AL, LUMO
J7104a,, HNbSsHIC2s2p, Hls% 18 4 5L, HOMO — LUMOBERR 257 .517eV . Fl Cyo M L,
Nb @CoH PEXRBMFEFEPLEBEE AT (44 51H0.3216nm,0.2967mm, 0. 2829 nm
284 0.3322nm,0.2983nm, 0. 2836nm) . M fif 42 fi K &, Nb LB #F K + 0.9994, Lk Nb@ Cy
Nb BIEH 7 ( + 1.1929) E/N;H LB FHN +0.1079, H CoH, P H EHBFF(+0.0744) E
KB CoELH —0.43100 8 MC,BML, SXBREFHEFEBRETERBNK
B(REE) HRINWEHAEN@CH LI AH, BEMHFAE (4H + Nb@ Cji—>Nb @ CyoHf
S5 6822.99eV) s FECoHY (Ty) P M AND, BEHRERIE[ND + CoHf (T;)>Nb@ CyuHy
Y48 -3.536eV];FECH T LMAND, FBHAM 8 EH, B EMER . [4H+ Nb+ CH (T~
Nb@ CoH, 454 HE 15.86eV]. 1% .7 SR 1213 B S R a9 b, 7T & WA & MSMER %

HEYHIRE L, Cof CoaH MR AL YE
£ 6 Nb@CyuH] KJLMBE (nm) . MR EF Mulliken BEF 75 .

33 Lt T B 1

c—C 0.1527 0.3793 Nb 0.9994

c—C 0.1414 0.4938 C(I) -0.0621

c—C 0.1531 0.3891 C(Il) 0.0032

c—cC 0.1414 0.4908 c(ll) -0.0092

C—H 0.1094 0.3723 H0.1079

F7T HEEBE) (HBA V)
BE * BE

4H + Cx— CyHl, 14.5 4H + Cip (Ty)— CyoHy (Ty) 19.399
Hf + Cy—~ Hf@Cy -0.408 Nb + C4(Ty)—~Nb@Csh -7.129
4H+Hf@(}ls—>' Hf@ CxH, 4.17 4H + Nb@ C—> Nb@ CyoHyf 22.99
Hf + CogHy— Hf@ CgH, ~10.8 Nb + CooHi ( Ty)— Nb@ CyoHy -3.536
4H + Hf + Cy— HI@ CxH, 3.76 4H + Nb+ Cj(Ty)— Nb@ CyoHy 15.86

* AR 12]PAHE.
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FXRABFUENLTE T ERRT Cyo, Nb@Ch, NoCsh RHEXEES Y, THHEREZH,
CoBE SR TyMARPA S, BER AN RE T WA N BER, BATUERANER
& YIND @ Cyp, . 7T LATE BRUSH 82 B AL & ¥ CaoHa , 38 AT RATE BN &t 51 8 BLAK & YIND @ Co Hy
,Cao £ B — A CJR F 4 7 LA B Nb R AR JE AR NbCyg . G 1 Cp EE NbC % 52 , NbCyj b
Nb@CHTE Hit 5LRER .
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Quantum Chemical Study of C,,Cy5,Nb@Cy ,NbCs;,Nb@ C,H,

GE Mao - Fa FENG Ji - Kang” Cui Meng Wang Su — Fan
TIAN Wei — Quan HUANG Xu - Ri LI Zhi - Ru
(The National Key Laboratory of Theoretical and Computational Chemistry
The Key Laboratory for Supramolecular Structure and Spectroscopy, Jilin University , Changchun , 130023 )

Abstract  Ab initio Hartree — Fock calculations were performed on the equilibrium geometries and
electronic structures of a series of endohedral , exohedral and endohedral — exohedral complexes of Cyg. The
Cao( T4) cage is found to have four unpaired electrons with a 3 A, open — shell ground state and have four
dangling bonds. C4( T3) behaves as a sort of hollow superatom with an effective valence of 4,both toward
the outside and inside of the carbon cage,so it is possible to form the endohedral metallofullerene Nb @
Cyp, exohedral complex CyH, and endohedral — exohedral complex Nb@ CyoH, from Cyg. From the values
of binding energies per atom, it’ s found that C4( 7y) is more stable than Cy( C3,), while Ch( Cs,) is
more stable than Cg ( T,) . In networked metallofullerenes NbCs , Nb is connected directly with three
carbon atom, forming three Nb — C single bonds with the Nb atom protruding from the surface of the
carbon cage. Our Calculated results show that C4 and Cgy are more stable than NbCs} , and NbCs is more
stable than Nb@ Cj) . The results are consistent with the experimental results. Through the comparison of
the Cyp series clusters with the Cyg and related compounds, we have found that there are many similarities
between Cy and Cyg. Our calculated results may shed light on other endohedral and exhedral complexes of
fullerenes and networked type metallofullerenes in general.

Keywords Nb@ Cg,NbCs , Nb@ CyHy , electronic structure



