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Fig. 1. The stable geometries stuctures of Coo tetramer clusters.
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Fig. 2. Ground-state structure and three kinds of

bonds of Cog tetramer.
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Table 1. The HOMO.LUMO.E; and AE of Cgg and
its polymer (eV).

Vi ZHE WHME Euono Euumo Eg AE

Coo WM& 1 C; —5.960 —3.737 2.223 12.583
Coo =HME 1 C1  —5.989 —3.839 2.150 7.234
Coo ik 1 C1  —6.270 —4.251 2.019 4.711

Cao 1 Cy  —5.889 —4.140 1.749 153.747
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&), CJ ¥ NBO F 2501 £ 2p #LiE, 2p i
) NBO HL i 43 A 7F 2.97 13.13 22 1] 1 3p #iE L
NBO HLff 7 AR AL &t C 71 2s
IR LT WA, 2p SEEUETS ] T AT, W C R
TR AT sp? A4k 1 H R 7 1A A7 1E 2k Ak,
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Table 2. The natural electron configuration (valence

electron)and charge of Co tetramer.

JRT HARETAE HLff /e

C1 C14 C24 C40  2s(0.90) 2p(3.12) 3p(0.02) —0.039
€2 C15 €23 €39 2s(0.92) 2p(3.12) 3p(0.02) —0.062
C3 C19 C22 C35 2s(0.93) 2p(3.08) 3p(0.02) —0.026
C4 C20 C21 C34 2s(0.94) 2p(3.04) 3p(0.01) 0.011
5 C17 €25 €37 2s(0.91) 2p(3.01) 3p(0.01)  0.061
C6 C7 C32 C33  2s(0.91) 2p(3.11) 3p(0.02) —0.037
C8 C9 C31 C38 2s(0.91) 2p(3.01) 3p(0.01) 0.072
C10 €16 €30 25(0.92) 2p(3.07) 3p(0.01)  0.004

C36 C56
C11 C18 C28 C29 2s(0.93) 2p(3.01) 3p(0.01)  0.038
C12 C13 €26 C27 2s(0.94) 2p(3.07) 3p(0.01) —0.025
C41 C44 C66 C74  2s(0.92) 2p(3.13) 3p(0.02) —0.069
€42 C43 C69 C75  2s(0.90) 2p(3.12) 3p(0.02) —0.037
45 C67 25(0.92) 2p(2.98) 3p(0.01)  0.089
C46 C52 C61 C77  2s(0.93) 2p(3.05) 3p(0.02)  0.013
C47 C53 C65 C80  2s(0.94) 2p(3.03) 3p(0.01)  0.023
€48 C51 C70 C79  2s(0.92) 2p(3.03) 3p(0.01)  0.043
C49 C58 C62 C76  2s(0.93) 2p(3.02) 3p(0.01)  0.030
C50 C68 25(0.92) 2p(3.06) 3p(0.01)  0.009
54 C60 C64 C73  2s(0.94) 2p(3.13) 3p(0.02) —0.090
C55 C59 C63 C71  2s(0.95) 2p(3.04) 3p(0.01)  0.001
C57 C72 25(0.95) 2p(2.97) 3p(0.01)  0.072
3.4 FHiEMR

7E I B3LYP/6-31 G J7 kA0 45 74 i) 44tk |,
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Fig. 3. The IR and Raman spectrum of Cgg tetramer

clusters.
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170.026, £ X Z J7 RAL R 5K B B f KA AE Cao
VU 2R AR 1K 1.909, Y Z J5 1A AR AL R 5k & 7 e K
{H N Coo =FRAKHI 0.024. Cop HEMHIMAL A TKE
11 P (o) il B T 50010 48 oy 384K, 58 B i o ok
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(IR 2R K B T SR R0, U W D 1] s A
HAR A8, BIRRRIR A 355 ) S A AR B ik 78
OGN K, £ Coo MY R AR S i K H, B
Coo VU ZARIS H1 37 5% 1) 57 AR Wi NLAE 58, Coo IR AL
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Table 3. Polarizability of the ground state structures of Cag and its polymer.

Ak z
Molecule
fo Oy Qg Qyy Oy Qs (a) (a) Ao
Caoo 156.077 0.000 0.000 179.044 0.000 152.294 162.472 8.124 25.073
Coo 51k 278.237 0.000 0.000 279.612 0.000 438.367 332.072 8.302 159.447
Coo =FAk 568.895 0.026 —0.007 568.882 0.024 369.194 502.324 8.372 199.335
Cao TR 902.358 —0.015 1.909 676.354 —0.018 464.424 681.045 8.513 379.342

3.6 HMAFMFRMNICS 534

My HFIERTEAIRZ, Hh A RE .
52 V5 B 7 1 R ML A 47 F2 (nucleus inde-
pendent chemical shift, NICS) /5%, &% H HLiL
G NG P UL K 1A% 2 A AR 4 A i R A
NICS i fE R T5 & i, BAREAETT &I, EE
TR I AR GIAO-B3LYP/6-31G 75
BT Coo PR RIS M T NICS . 723t
Hp, NICSIHIZH ik 75 ML E: AL E AN

T Coo WU RARK LT 0, M2 E B 7 EC AL E
D Hi4r B E 75 i 7 T BE 1411 o 38 1 ) 5 B BN
0.025, 0.050, 0.075, 0.100 nm 4b, THE L5 R L% 4.
M AT LA R R T EA2 B A(0.000 nm). 7
# B(0.025 nm). {7 & C(0.050 nm)~ £ & D(0.075
nm) A7 E E(0.100 nm) ¥4 7 4E, ¥ Coo VU R
B 77 B M NICS fH 48 E b 5 R R 7 5
23261 [HI 1Y) 2 LR 2 KT /), 12 R R
JF 7 B2 % VI, T 50T 4] 5% 25 4 (30 57
JEF 22 1811 o S Asc i, AR I 152 31 o 5 o AR

F4 Coo R NICS (A %S4
Table 4. The NICS and Thermodynamics parameters and NICS of Cag tetramer.

NICS/10~6

AHY/eV  Cy/Jmol~'.K—! §9/J.mol—1.K~!

Molecule
A B C D

Coo UMK —55.77 —48.60 —33.31 —20.05 —20.05

—627.6 153.7 168.2

K B3LYP/6-31G J7i%, fEIREEA 298.15 K.

R 1.01 % 10° Pa 926 T 1HEAF B[ Coo DU EE
PRIEZS B 10 58 B INEY Oy BN SO FIRRAE AR A

K AHO AR A, BRI HEAE BSOS AR F 4 AE A
P fgda e MR, 24 AHO NG RT, 20 A
7952 1) 5 N TROHA B B HL RV AR B (R 4 Ty = R e 1,
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Study on the structure and properties of fullerene Cy
tetramer”

Zhang Zhong-Shuo Zhang Xiu-Rong' Gu Jiang Ma Pan-Tao
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Abstract
The possible geometrical and electronic structures of fullerene Cyo tetramer are optimized by using the density
functional theory (b3lyp) at the 6-31G level. For the ground state structures of Cao tetramer, the stability properties,
natural bond orbits (NBO), the spectrum, the polarizability and the aromatic characteristics are analyzed. The calculated
results show: Cyg tetramer may be synthesized by [242] addition reaction of Cao carbon cages, which have good thermal
stability. Carbon atoms in Cag tetramer are in sp> hybridization and these atoms happen to have charge transfer. There
are a lot of vibration peaks in IR and Raman spectra of Cyo tetramer. The bonding interactions between atoms of Cag

polymer increase with increasing number of the carbon cages. The Cao tetramer has aromaticity.

Keywords: Cyy tetramer, structure and properties, density functional theory
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