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Aromaticity of Transition-Metal Clusters
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Abstract:  The NICS (nucleus-independent chemical shift) values of steady structures of the transition-metal pure
clusters Nb,, Co, (n< 4) and binary transition-metal clusters Nb,Co, (x+y< 8) were calculated by using density functional
theory. The electronic configurations of Nb,, Co, (n< 4) and Nb,Co, (x+y< 8) conformations were analyzed, and
individual contributions of different orbitals to the NICS were discussed. The results indicated that s and p orbitals

contributed to o, 7r aromaticity of the clusters, and more importantly, d orbitals contributed to the § aromaticity of the
clusters.
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Table 1 Geometric structure of clusters Nb,, Co, (n< 4), and Nb,Co, (x+y< 8)
Clust No.  Structure (symmetry) Vinm
uster 0. ructure (symmetry Nb—Nb Co—Co Nb—Co
Nb; 1 isosceles triangle (C,) 0.240
0.225
Co; 2 isosceles triangle (C,) 0.206, 0.243
NbCo, 3 folded line (Cy) 0.201
Nb,Co 4 isosceles triangle (C,) 0.217 0.231
5 triangle (C) 0.220 0.228,0.270
Nb, 6 tetrahedron (T,) 0.254
7 rhombus (D) 0.254
Co, 8 butterfly (C,) 0.221 0.221
9 rhombus (Da) 0.229 0.256
Nb,Co, 10 quite tetrahedron (C,) 0.257 0.222
11 rhombus (D) 0.227 0.246 0.258
Nb,Cos 12 square pyramid (C,) 0.291 0.245 0.223
13 trigonal bipyramid (Cy) 0.232 0.224 0.224
NbsCo, 14 trigonal bipyramid (C,) 0.248 0.234
15 trigonal bipyramid (C,) 0.241 0.249 0.228
Nb;Cos 16 staggered trigonal prism (Cs) 0.256 0.236 0.234
17 distorted octahedron (C,) 0.256 0.234
Nb,Co, 18 octahedron (Da,) 0.337 0.234 0.236
19 quite octahedron (Cy) 0.256 0.234 0.236
Nb,Co, 20 corrugate shape (C,) 0.258 0.236
21 corrugate shape (C) 0.256 0.234 0.234
Nb,Co, 22 capped tetrahedron (Ty) 0.284 0.232
23 monocapped pentagonal bipyramid (C;) 0.280 0.242 0.237
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No.16 NbCoxCs No.17 NbyCox-C, No.18 Nh.Co,-Dy, No.19 Nb,Co,-C,
LA™
No.20 Nb,Co.-C,, No.21 Nb,Co.-C, No.22 Nb,Co,T; No.23 Nb,Co,-C.

E1 Nb, Co,(n<4)%1 Nb,Co, (x+y<8)/LTLIL L
Fig.1 The optimized geometries of clusters Nb,, Co, (n<4) and Nb.Co, (x+y<8)
The dark ball and empty ball correspond to Nb and Co atoms, respectively.
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2 Nb,, Co, (n< 4), Nb,Co, (x+y< 8)
NICS(0), NICS(1)
Table 2 The NICS(0), NICS(1) values and energies of
Nb,,Co, (n< 4) and Nb,Co, (x+y< 8)
Cluster No. S Symmetry 10°NICS(0) 10°NICS(1) E(a.u.)

Nbs 1 1/2 Cx 24.26 2254  -168.74
Cos 2 3/2 Cx -37.91 -57.77  -435.06
NbCo, 3 1/2 Ca 107.72 5527  -346.25
Nb.Co 4 312 Cx -678.49 -101.91  -257.52
5 5/2 C, 58.80 1747  -25751
Nb, 6 0 Ty 5.54 539.60 -225.07
7 1 Da, 87.82 4551  -225.04
Co, 8 3 C, 133.23 -12249  -579.97
9 5 Da 141.26 -10.22  -579.94
Nb,Co, 10 2 Ca -96.93 -18.99  -402.63
11 2 D 142.51 62.22  -402.55
Nb,Co, 12  1/2 Ca -119.05 -2355  -547.63
13 572 C, 64.61 65.00° -547.61
362.57°
NbsCo, 14  7/2 Co 33.10 -11.06  -458.87
15 372 C, 37.30 0.35*  -458.86
91.30°
NbsCo; 16 0 Ca -40.16 -154.35*  -603.85
- 60.00°
17 1 Ca -53.58 13240  -603.88
Nb.Co, 18 2 D -165.51 286.23  -692.74
19 1 Cx -39.10 19581  -692.76
Nb,Co, 20 3 Cy 12.96 735 -51521
21 1 C 33.99 -52.15  -515.19
Nb,Co, 22 0 Ty -151.11 -151.11  -805.30
23 0 C -62.50 7.18  -805.16

At is located up center 0.1 nm near Co atoms; °It is located up center 0.1
nm near Nb atoms; S: spin number
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Fig.2 Some molecular orbitals of Nb,Cos(C..,)
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Nb d , ) , , T

25* orbital 31¢ orbital 38* orbital
39* orbital 4F orbital 44* orbital HOMO(45* orbital

3 NbyCo; (C.) 855 FHIEE
Fig.3 Some molecular orbitals of NbCo, (C,,)

RO

25* orbital 31* orbital 32 orbital 33 orbital
-~ -~ o

! 1 ﬁ )

34* orbital 36* orbital 48* orbital HOMO(49* orbital)

E 4 Nb.Co, (D, )RR EHNEE
Fig.4 Some molecular orbitals of Nb,Co, (Dg,)

X R e

33 orbital 37 orbital 38* orbital 39* orbital
44% orbatal 48* orbital 58* orbital HOMO (60* orbital)

BE5 NbCo,(T)H5 a0 FHER
Fig.5 Some molecular orbitals of Nb,Co, (T,)
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