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AESH AL E T EI R HgCp £ . 533 T M Td 2 T # R AE LA MHAL, 2T Td Xt
PRI b T #9252 . A A 3F R 1 (X Hartree-Fock J7 i & B AR HLE /) 67 5T Td #4 B 10
HECp 2], R FW HEC,FE=ZM AR FAKES, IMESKEHEES RN B F
HAEMBEFRESHEDMARL. Kb S=01, HC, TERHNIUEEH EF5KL% G
B BRI R, S=1 1,6 MRk C RTBHE Hs & BIESR. S=2 1, #5
CPMpn BHBEHEFER dpr ®.2—2 2RI, Td M HREMSEHER N
(Hfs) **3(C, ™% ), T B e T RA SRHEME, BT 88 R0 A HCREBRBE B e T 4L

PACC: 7125T; 7190; 6155; 6180
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1 3

SRR E G Co TRAREL, REELL 201 CpoHa 77 . T H S WL
KER, FHS5HEANY(CH,, CH,, CH,, C3Hg WL K CHs %) R BE A A ) MgCrp( M=
Ti,V,Zr M HE )& B4 T, HefEm e 8id Lk Coh i C—C T 4@
SHEETH, M LA CREFRE—ANBER, FHAEFEEE RS, @I e
o MCpo e BB X R UM 4MBRBESTREFER? B, AMIEHEE MC,
B B AL K BB S AR B, X MeCop 9 BT 45 HASAE . SR @ ML 3R 4
FHRBATHA, MEEREFERN SR, TNEEAER, AHEEE L.

BRT, B MgCy, BV SR BT 5T 25 2 76 38 40 05 T, 0 J5R AL 2 18 Ak 461 73 77 44 52 0 il 3R £
MeCpo Bl 5. B i b, A5G 5 Dy b AR D) Th ot B B 1871 Dy 33 BR800 Td %t #x
P67 2 o THIAL, I ST VEBFR TisCra, ZrsCe S & BB S E 1, 4 8
KB Td X FRYE R K958 5 ¥ 8 4F . Lin A Halll®T 38 1 ( Mg) ¥ (C37 )6 Td X ¥R 1tk 22 A A
B | 4@ F% P IR 41 7F 8055 2 9 Hartree-Fock (ROHF) 7 £ 8 ZreCpp & M0 45 B, I\ 0 % 4

*fEEE BRMNFE S (HHAET A96014) BT BY HIRE .
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M 12 A~ CETLL6 MK Z IR C, BT £ B DU T 1A% DU T 4 1 & B M 232 b, R 65 T8 i
36 A Zr—C f# . Benard % A\ R ASHE /5 A (CD FEFT S ZrsCrp, & B R B, 76 Td %t
WT, ZeC, FERMES, MARIEN R SNAREN L2 KRB S. £ XF
FARES B R B M Sk v B 5 ¥, 76 T M Td PR X AR 45 #4 F, i 3F IR %) B9 Hartree-Fock
(UHF) it % HizCy, 2 F1 19 H1L T g 2 5 45 A1 IE I 4> T 8138 (CMO) & $, 4K 5 % Fi Mulliken
FLAT 43 BT AT 1 4R 4 4038 (NBO) 77 v, BFC B A7 B S AR B WL, 45 R R B HigCp, 1 i i
M5 BES SHEMAMX, B SR, SHEBE N (Hf) **5(C, 7% "),.

2 %

KABHM KB ENAER S FHEFITEAR TSN BBRSRTE. ER,
EHABRBEAAEHRET,MEH RTHARRETEZ+ ABRER T, XA XRE) MM
BT HiE, % A Cowan-Griffin (4 XJ i “ — X" 47 & Gaussian B i £k #1l & F 205
#0814 v T HIH (65, 6p, 5d) W W ¢-Gaussian B4 . X C R T, %1 321G & THM.
EHMUTEER TS FARBIRS SK UHF 5.

T BT 4 0 B R ML R A0 R e B BB A L, X e UHF 3 51 4 T 5008 R B
47 Mulliken B35 4 #7, 3 F NBO 4 #7 1+ & 3k 52 8 4> F o).

NEMSyTHENTEY B L A ERENN IR T, X AkESN LHER, #
T mi, REHREEHSHNARBIRS SELEWE. 28 TEYHE Gaus-
sian94 B E L.
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B 1(a) b HIsCo i T X8R5 T B, 8 N HE R T4 A 4, 45 4 A HE M — AU T

@ T
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M1 HiCps T4 MR

1) M.].Frisch %, Gaussian 94, Gaussian Inc., Pittsburgh PA, 1995S.
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T Td 4549, BA RO Td S Ehe i 90 BEME—E, 6 X 24 C, 1T Hig EL
4, TS i (HE—C) 8t 5 Hfg 87 — 8, B T XK. B 1(b) % HfCy, i Td X
ATHE, 5 THERR64C, B TiER TdEMHTAESS Hi, 44.C, MM
A 5/ Td & Hi HE B8« 8, X B2 A B 36 R R E K HI—C {35,
JUT SRR AL L FRRF#AT : BB E TR 20, 49, 291 &, £1F UHF #
AN THES o MR o, RETERTSZMMER 7 (BaEERE), 5
FI ST AR, BREHE TR 20, o0, AV ER ik, EEAMA
KB THFRMABEAT 10 nm. £ 15 M AMESH S=1A, T F Td MR K4 TILA MR
WS # 1 AL E I HfCoo JLIT 45 4 5 # (nm)
FAX1LWLASE HERRA
WA T, A %M HF B8 E(HF). T

(Hf-Hf,) (Hf-C) (Hf-:C) (C-C) (Hf-Hf)
0.3115  0.2362 0.2093 0.1375 0.3218

%i;(:HF)  PE+ BE+ KE+ NN | (HHE) (HO-C) (HE-C) (CC) (HfHI
> 0.3389 0.2187 0.2180 0.1316 0.4804

AXF PE 4 BRW 5%, EE HH 7R H

¥, KE A F316k, NN & #%EHfF #2 DTAXHA S=0MEREBNSEME,

% E(HF) K K/ ke AR 0 E AF S TR KA LR (V)

EH.R2FHU TdHETH S=0 8 S Td T

RENSH BN D EEANEE. H 0 0.000 19.563

®2ARI, T HREHI R R X o o

HERT Td X HREHHERE, B X 2 057 20,362

Td XK HCo XA R BTRER N E . 3. 566 20 618

HOHTEERR Td X HRERKE X
BRATF TR, FHME, RFERTENSGSRAVER. XX, £ TdHHT,6 MG,
ERZHBMER, (H—OKRBEIERBEL C, TR pr BB RHASHI G5 RTEHK, FE
ZHRMABTEHRIRBENE, MERNERETR.

4 TAHBTHITHEERET#

4.1 REHEBMETFASHSH

RIFIHTAHRT, ARBIRS SHEMRTHFRFT BTHASHER. A% 3
840 : H Mulliken % J& #0707 i, R A DU 448 4 A HE; 77K %8BT, 10509 41 4
AHf, R THMCIRTHFF[ET, AHL, RENBRTH CRTES, XEERFAR, 0H
Mulliken 4 #7 77 76 J5 FR11). 17 B NBO fE B i 47 R 9, HE, f HE, BTk 2T 8K
Hf; M Hf, REM BB ARS STWEML, B8 MHI R TRENRTBHARET 4.5
ZA, A8 MHI R TR — AL 6 4 C, Buz R AERMGRE, o THBER N
(Hfs) **2(C,7%)6, 8 A HE B FI0 B M a F 3ok 27.5, 53CmR[6]4R tH 9 18 5 36 4~ H



113 BEES HCo, BB L MR T &M E A Lo EiT R 1865

TR, MERET.
#3 TAMHTARR SH, FRP&HETHETMBTAS

B Thy S Hf; Hf, C
0 0.339 -0.114 -0.075
Mulliken
2 1 0.384 -0.159 -0.075
§ 2 0.308 ~0.086 ~0.075
0 0.532 0.589 -0.373
R¥ 1 0.637 0.503 -0.383
2 0.457 0.654 -0.370
NBO
i - 1 0.243 0.078 -0.193
e 2 -0.292 0.339 -0.185
N 1 0.395 0.426 -0.191
Bl 2 0.749 0.315 -0.185
0 6504666p0.155d2467 6504516p0.245d2469 281.412p2497
Jﬁ? 1 650'576p0‘155d2'66 650'666])0‘275(12'62 281‘412p2'98
EE% 2 6504736p0.145d2469 6504436p0.215d2474 281.402p2497
. 1 6504306P0.085d1438 6504426P0.175d1435 280.712p1449
HA o $LIE 2 65" S16p0-08541.71 6 26p0-11541.35 2407091 48
- 1 650'276p0‘075dl'28 650'226])0‘105(11'27 280‘7021)1'49
B %L 2 6504226P0.065d0498 6504216P0.105d1439 280.7021)1449

WEFABKE, £ HCp, ™, C EF MM BFASN 25420, BEATRHS F B
feZe 4, T HE JR TR T A SR, LHR HESdUEN Ale e THHEM S
M. B4 T BRSKAZN, F HESd Uk A EA, U BRMES RO EX. B
R2H,BEESTHRSHEN, REeE ERRERL, RHRE SS225E, EHERA,
M $=0,1,2 i, AR B REEMRE BRI, Ui Td ALK HEC, FE=MIRES.

4.2 MEMEHIE

RA4FH TdHET, BlE $=0,1,2 K2 NBO 24 . fiR 4 R BN H
EAH, HCo M BRMRE . LA S=0 KRS T, HF 18 MiEHE, HhFH 6
MC—C)o 8, ®F 12 A (HL,—C) 8, B4 HE, 5 3 M &WEN CJR THRE, Mdn
M HEm, (H,—C) B THRE e, Hik, &£ S=0 i, Hi;C, R 36 Mttt
T, BB E r BFEHL BT RS MAR. F T4 MR THERBr ZAXMNEET. H
T+ Hf KR TaomE 6 MU HIE L HE, KR R4 ETERE 3 MM HE L B4
CRTHAEANMPBETFHARENANANE L. TR HIER CETF, MYEHLFA

MHF S=1K1HER,C ERRZHMR, C—CH=ZER, —MC—Clo B, AHIMNH
(ps—py)m BN p.n @. FE=MATFLHK(H—H) R, BEAFEH—C)R. HfsCp, /I
UERRNES M HI ETHHRNERER LT 6 MM C, BL. 5 S=1 LR K
B, E S=2MAERFEIH(C—CO - BHEEEH—COBBAZHA 1:2, RHFHS
CBTHFH(C—C)n TN M S Hf g, iRA D MAASFH, HE & TRMT d HiE
REZCETHp BT, B, (HI—C)BE T (d<p)n &. 55, RE 2 (HI—C)& K
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(Hf,—C) g, B4 Hf, R TR EZ A 4 MHI—CO) 8, XEHI—C)BWETH A
BRSNS, o TRAAHKEME. BT 6 ~C RF 124 &, Hit, HfsC, LTk 24
(HI—C) %, A5t §=2,3,4 Mt HRH, HI—C)BHH D> F 24 . XU H LB [6]R H
B Td B R AE & T HgCp 2 7.
#4 TAXNHTAFE SEEEES NBO 2 H4 R
BIE S ] R A/ % AL/ % #H

HI,:65(22.5)6p(6.8)5d(70.7)

, | EDHL—O) 1.906 HE,(22.4) + C(77.6) Coon(59 3720 40.7) 12
6(C—C) 1.958 C(50.0) + C(50.0) C:25(37.2)2p(62.8) 6
BD(Hf—Hf)  0.588 HE(50.0) + HE(50.0)  HE:65(34.3)6p(0.4)5d(65.3) 2

. | BDEL—HL)  0.154 HE,(50.0) + Hf,(50.0)  Hf,:6s(71.2)6p(8.9)5d(19.9) 2

# | BD(H—HL)  0.532 Hf(48.3)+HL,(51.7)  Hf,:6s(21.8)6p(1.9)5d(76.3) 12

. & c—0) 0.969 C(50.0) + C(50.0) C:25(24.8)2p(75.2) 6

x(C—C) 0.747(0.743)  C(50.0) + C(50.0) C:25(0.6)2p(99.4) 12

¢ | BD(HE—HL)  0.536 HE(50.2) + Hip(49.8)  Hi,:6s(23.7)6s(1.8)5d(74.5) 12

# | (c—C) 0.971 C(50.0) + C(50.0) C:25(24.8)2p(75.2) 6

8| (c—0) 0.753(0.746)  C(50.0) + C(50.0) C:25(0.9)2p(99.1) 12

. | BD(HI—HE)  0.547 Hf(46.4) + HE,(53.6)  Hf.65(24.0)6p(1.8)5d(74.2) 12

# | o(C—C) 0.969 C(50.0) + C(50.0) C:25(24.9)2p(75.1) 6

B\ -0 0.748(0.736)  C(50.0) + C(50.0) C:25(0.0)2p(100.0) 12
HE,:65(20.5)6p(1.9)5d(77.6)

BD(Hf—C) 0.643 Hf(31.3) + C(68.7) Cos(L.3)20(98.7) 6

2 6(C—C) 0.966 C(50.0) + C(50.0) C:25(24.4)2p(75.6) 6

gt x(C—C) 0.760(0.730)  C(50.0) + C(50.0) C:25(0.0)2p(100.0) 3
; HE,:65(9.1)6p(5.5)5d(85.4)

B | Bp(1)(HE,—C)  0.682 HE,(39.5) + C(60.5) 0. 01200100, 0) 9
HE,:65(5.8)6p(3.0)5d(91.2)

BD(2)(Hf,—C)  0.673 HE,(43.5) + C(56.5) G0, 02 100.0) 3

E:n(C—CYRMBHRE, AR —ER, BSHEI pa BAM, H— W (p—p)n BN,

B2 S=0,1,2 =MARSNERTEANEN > TERN BE(BHERES. KB
59X 2 Al Rydberg )B4 76 B, & 2 W 40, HE R 719 6s, 5d R #r 8138, 6p h Ryd-
berg BiLiE.C B T I BLiE % 2s,2p. S=0 i, HE; 19 5d $LEH RN T HE, B F. FiE K e
FRFELARR.CET 2p LEH B APA :2p., 2p.(p,). Wi, HE Al C A L& —
BHOE, BN(HE,—C) WM ENE. X S=1 %%, Hf, W sd BLiEH Rz kT Hf, JET,
CHI2p UEHHNAT S=0HA.CEFTERMKREIEMRT B R FHORBHIE, F
b, HE-C T ¥ i, {8 B (HE—HL,) . (Hf—Hf,) f1 (Hf,—Hf,) &, B (Hf,—Hf,) {9
NBO i BHiE 5 R BB ZIXFEHE. S=2 i, (HI—C)E »E=4KBHE, ©MNy
B RTF n(HE,—C) 84, n(Hf,—C)WBN ~(HE—C) . B2, HE2 WETH BN S
FHERBRERESAE, T AWM T HCph (H—C) R BRA.

LB B A AT BB . S=0 Bf, HfsCi, R FFE(C—C)o M (HE,—C) W A 8
FR e, S=1 i, REFTERAFTEHI—C)H#, 6 MRZ5% C, BT & Hfs £BAE
BEX SSINEARS, FEHI—OR, ERERZR G ETHTN pr BHIRE, 5
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Hf B d<p 8, F ik, (HE—C) 8 K H AN 24 A, T A 2 SCHR[6 ] TRA K 36 4.
HX, B4 Hf, ATEK 4 4 (HE—C) 8, 4 R B (Hi,—C)# ¥z £ T (Hf—C) #. 5 5,
(HI—CO)RBKBTHLET g BIE 47 S>1 1 HEC, o TR T S #ifE.

[ —6p I $=0 ™ _¢p oS-l e 1s=2
=" ] |
5.0
B - =
| —sd | =
. i =
0.0 =27"75d— L | — Sd—=
I —2p | s =2p
—--—6s L. =2 | ~6_,
gl @ =6 = 0 |
0 | (D (o) = ) (o) —4
> I | -+
S~ —_—
R _10.0f : ,"" |
|
| |
—2s | — -2
| —2s
-15.0F [t !
1 I [
| | |
~20.0 : : :
' B B
C i 1
Hf NBO C  Hf NBO C Tf NBO C

2 HECoMETERPEMS TERYE ——-HMH H A C # NBO

4.3 BFREESH

BM3ATdHBETARABRSHERNBRTRES ME. E 3 W&, S=0 8/, KT
W—Oo%ﬂGﬂ—OWﬁ Cor g sh, HAob b 8 TH A TMXNE, REERNE THIER
I, RSV THENFEFER, 2R, S=1,2 M, 4 THERZLAHL B RS
ERAIMSHER XRFERTHEENRAS, B2 R TRED MME 3 KHIEA R

5=2
o,
Ih th HM | dﬁﬁMm
oy ]
0
£ | s=1
=
o
: 1 [}
B IlI‘ [l l i,
8 I I Illl ||||'l It
5=0 Ahimia 1
1
! . !
I | l ll' I“II '"" "ln“l':l
-20.0 -15.0 ~10.0 50 - L

E/eV

3 TdHMHET,S=0,1,2 =M AkRSH HCprB TRRE DM
R EERE ;- - EBRER
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HTR—R. B THERESHRBREMRG B THER, FERNRETH, 4B TER

5E , 1B B2 B TE R 5 BE R AR, BRIk 2 THUE o Al T 3R R AL, BT RE R B BRI
ME3EAES, S=0N, TEENcBUEMFERRENNN B TE, SGREET

1B 5 oy 98 BE ¢ (HOMO) M1 B fif = 5438 (LUMO) B9 BE B[R] B K, E, 15 2.80 eV, W] LR

B A R B R B R R BB S=1,2 B, R T HFE(C—C)o @S5, T F
#(Hi—HD £ B #, (Hf—C)d<~pr &, 4R 2 HOMO L%, E, #/h, XFHEE K EH R
S BRI EES, Kb b 2@ EER A HE (9 5d $UE, @2 40, Sd #0E
REBRETHIEREZIIRET, BB dpr R d—drn @&, Hlt, IMHBFER IR E
B fE AL AR

5 & 4%

B EHEI N KT HECp B A A RB AT R D) N EF, Td Wik THE
HEEHHERT TR THRE. T TdoTHE, AR ERES HITLK B8RS
SEUIMR, Hh $S=0,1,2 =M ARSHREMETHRK, ™ S=2,3 MEREKENE
£, W Td B HCp BRI FFE =M iaEd. 2) @i iy R m o #r, KB Td MR
T Hi A5 64 C B uaRERMER, EREMAB TN 27.5, HEWHET K
(Hifg) **3(C, 7" ™). 3) NI IERE, C, BLHE S=0 B, BEZM BT, 1 S>0 H,
C, hRZRET, (HI—CO)REZEH(C—C)pr YT R 5 M HE i 5d $E S &1 ik, Kk
(Hf—C)BMBRHE K 12(S=0)F1 24( S7#0). HEF b, X S#0 HH, RFEH S>1
i, 4 H(HI—C)8, A E > T 24 M, BN KL R T(HIL,—C)8#, ek 3 BiES L,
ff HfsCpor T RF SRHEME . 4A) N T RE 2 F, Td X E HigCpo 0 TREBR E; BE B JE S
A4, KRB R TR RN T R, %4 HiC, R 2 H K.

R RMN K BT R = HHR.

[1] B.C.Gou,K.P.Kems, A. W.Costleman, Science, 255(1992), 1411.

[2] M. Feyereisen, M. Gutowski, J. Simons, J. Chem. Phys. ,96(1992),2926.

[3] M.Methfessel, M. V. Schilfgaarde, M. Scheffler, Phys. Rev. Lett.,77(1993),29.
[4] Du Youwei, Gu Gang, Zang Wencheng, Prog. in Phys.,15(1995),233(in Chinese).
[5] R.W.Grimes,].D.Gale, J. Chem. Soc., Chem. Commun., (1992),1221.

[6] Z.Lin,M.B.Hall, J. Am. Chem. Soc.,115(1993),11165.

[7] M.Benard, M. M. Rohmer, ]J. M. Poblet et al., J. Phys. Chem.,99(1995),16913.
[8] P.J.Hay, W.R.Wadt, J. Chem. Phys.,82(1985),270.

[9] A.E.Reed,L.A. Curtiss, F. Weinhole, Chem. Rev.,88(1988), 899.

[10] A.E.Reed,R.B. Weinstock, F. Weinhold, J. Chem. Phys. ,83(1985),735.



113 BEES HCo, BB L MR T &M E A Lo EiT R 1869

AB INITIO STUDIES ON THE ELECTRONIC STRUCTURES OF
METALLOCARBOHEDRENE HfC,, CLUSTER "

HUANG CHUN-HUI
( Department of Electronic Science and Applied Physics, Fuzhou University, Fuzhou 350002)
L1JUN-QIAN
( Department of Chemistry, Fuzhou University, Fuzhou 350002)
(Received 11 March 1998; revised manuscript received 11 May 1998)

ABSTRACT

Ab initio effective core potential calculations have been carried out on Hf;C,, metallo-
carbohedrene cluster. First, the geometries of the ground states have been optimized for structures of
T and Td-symmetry, respectively. It has been shown that the Td-symmetry structure is more stable
than T’s. Then Hf;C,, cluster with Td-symmetry is studied by unlimited Hartree-Fock method and
Natural Bonding Orbital analyzing. It has been found that there are three stable states of different
spins, which are related to the bonding mechanism, electronic configuration and structure of the elec-
tron energies. For S= 0, the Hf, atoms of the outer tetrahedron link the six ethylene-like C, units
through Hf—C polar covalent bonds within HfsC,, cluster. For $=1, six acetylene-like C, units are
adsorpted on the Hfg framework. For S= 2, some pr bonds on the C, units are found broken and
bonded with Hf atoms in d<—p= bond-type. Most of H—C bonds are of Hf,—C type. Furthermore,
it is found that the structure model of HfzC,, cluster with Td-symmetry is (Hfg) **3(C, %7 ),
which is ferromagnetic at the high spin states. Meanwhile, the distribution of electron energies also

changes with spin states.
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