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Density Functional Theory Study of Pure and Mixed Transition-metal Clusters:
Nbs, Cos and Nb:Co>

*
WANG, Xian LIN, MengHai ZHANG, Qian-Er
( Department  Chemistry, Xiamen University, State Key Labor @ory for Physical Chemisiry of Solid Swf aces, Xiamen 361005 )

Abstract The transitior-metal dimers Nby, Cop and diatomics NbCo have been calculated using density functional
theory. Their ground states were predicted to be > 2 , > 2} and *A, respectively. The tetramers Nbs, Cos and
Nb2Co2 have been discussed at UBP86 level. The results show that Nbs clusters have cmpact structures with high
symmetries, while Cos have distortion structures with low symmetries. Both of them have normal metal bonds. On the
other hand, mixed clusters Nb2Co2 have not only three and twe-dimensional structures, but also straightline
structures with the weak-strong alternant bonds. Two Nb atoms tend to bond each other, while two Co atoms tend to
dissociate. The multiplicities of tetramers follow the order of Nbs< NbyCox< Cos.
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2 (1.69%0.26) evl® (2%.8
+0. 54) an” 1 . 5s 10, s
21 3d ) 20, 1o, 3d:, 18,
2.1.1 SURF HF Ny #= Cop 1 3d2-7 : [12]
DFT Nb,  Coy UBPS6
R.. o, bl 1), 2.1.2 NbCo /\/é,ﬁ
UBPS6 Nby ’ Nb ) 55'4d*, o
. o UBPS6 ,d , 3d74% NbCo
Barden 12 UBPS6 * A core] (10)*(11*(20) *(18) *(25) '(30) ',
0.2175 nm, 2.97 &V, Mase 2
[}BP% (2.72930.001) &V ,
( 1o Nb
1 Nb, Cos Co d2 , 20 s ).
Table 1 Comparison of characters for the ground state of Nb, and Coa (5~ 9 ’
Method State Re/nm wo/em™ ! DJ eV 22 ’
Nb> UBP86 Y. 0.2144 455.343 4.689 ,
UPWII :Zg 0.2143 457. 172 5.986 UBPS6
UB3LYP L 0.2129 471,59 5.921
r.SpAl ' 3% 0.212 451. 05 5.03 ’ .
LDAL 322 0.208 an 5.8 2.2.1 Nby B
GGAlY Yo 0.210 a7 5.4 Nby ,
Fipt. T, 0.20789 24,8017 5240, 30! (1) (Ca). Ty 2
Co UBPS6 SYE 0,235 260. 888 1.673 10 (lar)?(2a) % 112)®(1e) %(21) ©. 2a)
UPWO1 A, 0.1989  398. 491 3.283 Nb s , d . la
UB3LYP SY: 0 0.2406  235.310 1.528 17 , d: , le 2
HE CIt®) Xy 0.256 240 — 23 ) L t
GGA™ Ay 0.201 342 2.26 o d ) s
UBSLYP' 2 °Xr  0.2438 223 1.58 . 2
UBPgd ™ X 0.2373 239 1.52 10 ’ A,
Fxpt. - —  2968+0.54" 1.69+0. 69
0. 2546 nm, 0.247 m" 0.253 nm!”!
1993 Nb, (0.2078 7, C, Ca
nm) (424.89 an™ ') 1B,
B R \ 0.212 mm, N ’
5.03 eV, 451.05 an™ ', Goodwin ! LSDA 0. 653 &V 1.550 &V. 9 Nb
0.208 nm (local) 0.210 nm ( nor local ) . 2 ,Nb , 4
UBP86 3 Z; ([ core] , Nhy
(17) %(10,)*(20,) %(16,) %) 1, 18, ,
4d s og s 10g Ss s 20g Nb [3,4,21]
4d.2. 0. 2144 nm ) 2.2.2 Cos M3
4.689 eV (5.230.30) ev!® Cos Nby ,
Co, Nb, : (2 Cos 36
) , Tq
HECI'® X, 0.256 nm; GGA!" \ Doy JahaTeller (JT) T,
> Ags 0.201 nm. 2 Cay, Co.
, UBP86 (302 S X ([ core] (10,)2 1, ( 2 No. 1),
(170,) % 175,) %(20,) '(18) *(18,) 3(10,) 1}, 1. 673 eV [19] . 0. 2206 nm,
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17th orbital 22nd orbital 23rd orbital

1 Nby
Figure 1 Diagrams for several bonding molecule orbital of the ground state Nby
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Figure2 Geometry structures of various Cos clusters ( bond angles a, dihedral angles ¢, bond lengths r/nm and Mulliken populations with

underline have been shown)
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Jr e . 9B1 s s
(No. 2 b= 142. 25, . No. 3 No. 7
, Co , . 13, U= 3 L, :
1, U=25W,  [19]
No. 3, No. 1 1. 088 eV. Coy 2 254, , DFT
s No. 4 slater ,
No. 5, 1 3. 2.2.3 AT BiLiE 24 R4 & NbyCo
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0.2949 nm ¢ ( Co —Nb—Nb—Co) 7 9. Nb—Nb Nb —Co . Nb—Nb
127. 695°, No. 4 s Mulliken 0.546 (No. 100  0.058 (No. 11),
Nb, Coa \ Nb —Co 0.859 (No. 10)  0.831 (No. 11).
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0. 848, , Nb —Co .6 .
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Figure 3 Geometry sructures of various Nhy Coy clusters ( bond angles a, dihedral angles ¢, bond lengths r/nm and Mulliken populations with

underline have been shown)
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Table 2 Comparison of characters for various Cos clusters

No. Structure Symmetry State AE®] eV Frequency @4 em™ !
1 Butterfly (o} HA 0. 000 94, 96, 196, 285, 287, 300
12 Butterfly Co, B, 0. 245 72, 150, 153, 178, 280, 328
3 T etrahedron Dy BA, 1. 088 148, 149, 151, 186, 188, 271
4 T etrahedion C, g 0. 272 27, 121, 144, 148, 186, 311
5 T etrahedon Cs B 0. 870 74, 115, 126, 154, 203, 270
6 Trapezium Cy, HA, 0. 190 40, 133, 191, 197, 266, 272
7 Rhombus Dy, PBy, 2. 312 105, 165, 167, 195, 277, 331
“AE VA (E= - 15.793x 10° eV)
3 NbCos
Table 3 Comparison of characters for various NbyCo, clusters
Total aomic chargeb Total atomic spin densityb 9
Structu State AE®/ eV Frequency @,/
ucture e e Nb CO Nb CO Yt‘q'llt‘n('y cm
1 Tetrahedron A, 0. 000 0.15 -0.15 0.23 1.77 96, 109, 176, 204, 206, 390
2 Tetrahedron B, 1.251 0.24 -0.24 2.04 0.96 125, 130, 140, 164, 187, 345
3 Butterfly 5A1 1.414 0.20 -0.20 1.00 1.00 67, 117, 144, 298, 312, 343
4 Butterfly B, 0.571 0.05 -0.05 0.91 2.09 68, 104, 108, 203, 217, 359
5 Rhombus 7Blu 0.761 0.13 -0.13 1.01 1.99 24, 107, 119, 151, 228, 373
6 Trapezium Y 0.952  0.05" 0.0 0.30') 2.220 55, 90, 151, 184, 241, 347
0.0 -005? 1512 0.201?
7 Trapezium 9%’ 1.441 0.04Y 0. 02M 1. 62MM 2,550 35, 143, 165, 196, 228, 336
0.07? -0.13?2  1.52 2.31?
8 Parallelogram 3B, 1.904 0.09 - 0.09 2.51 - 1.51 55, 88, 134, 152, 244, 260
9 Folded line SAg 2.230 0.11 - 0. 11 3.53 -1.53 41, 97, 132, 132, 206, 211
10 Straight line — 3. 046 -0.17 0. 17 1.12 1.88 46, 46, 50, 50, 183, 297, 354
11 Straight line — 3.481 -0.12 0. 12 2.36 1.64 26, 26, 67, 67, 180, 262, 268
“AE SAL(E= - 10.961 x 10% eV) b (1)(2) 3 Nb Co
, CO4 , —
s Nb Co d -1.36
2724 — —_— I
s ( C21/‘ 5 D 2h ) 212 AE — AE
> Y AE ==
i; -4.08 — —
2. Nby . s 1~ 5, 20 — —
o — — —_—
1 B -5.44 - _—
A1; Cog 9~ 13 R e —
— — — —_—
11 ; Nb, Co, } — —_—
-6.80 — — ——
s 5~ 9 s — — —
d , -8.16 1 —
3. , ; " Ne.t . Nes | Newo '
J Co, Nb,Co, Nb,Co, Nb,
’ (Trapezium) (Rhombus) (Straight-line) (Tetrahedron)
Nb Co
4 Co4, NbyCon Nby a ( AE =
4. . 4 C()4 Evmo= Enowo)
No. 6 Nb,Co, No. 5 No. 10 Nhy Figure 4 Energy level distributions of @ valence oibitals of Coy,
, a . NhyCos and Nby clusters
2 d 2
. d Co d
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