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Structural evolutions and ground state energies of
Fe,Mo,, ,(n=0~38) and Fe,Mo,; ,(n =0 ~55) bimetallic clusters

ZHENG Qi-Qi, CHEN Xuan, CHENG Biao, DUAN Hai-Ming

(College of Physics Science and Technology, Xinjiang University, Urumqi 830017, China)

Abstract: The ground state structures and energies of (FeMo) , (m =38 and 55) clusters were systematically in-
vestigated by employing the genetic algorithm and molecular dynamics quenching method based on the semi em-
pirical Gupta — type many — body potential. Results show that, for Fe, Moy, _,(n =0 ~38) clusters, with increas-
ing of Fe atoms, Fe atoms preferentially occupy the surface of the cluster before occupying the interior, and the
ground state configuration of the cluster exhibits competition between the O, —like, the I, —like, and the disor-
dered structures. For Fe Moy _, (n =0 ~55) clusters, with increasing of Fe atoms, Fe atoms preferentially occu-
py the central position of the cluster, followed by surface vertices, edges, and subsurface layer, and the ground
state configuration of bimetallic clusters is mainly reflected by structural distortion based on the Mackay icosahe-
dron. Fe, Mo,,, Fe;;Mo,,, and Fe,;Mo,, can be viewed as the magic — number clusters. Our finding shows that
origin of magic numbers in bimetallic clusters cannot be explained by the commonly used average coordination
number and average bond length models of pure clusters, and it is more atiributed to the high structural symmetry
caused by component effects.
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A/eV B/eV » q ro/A
Fe - Fe 0.1184 1.5418 10.7613  2.0379  2.4824
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Table 2 Average binding energies and symmetries of Fe, Mosy;_, (n =0 ~38) clusters

Fe Mo gt eV XFRME Fe Mo feft/eV  XFRME Fe Mo fieht/eV  XIFRME
0 38 5.735 0, 13 25 5.070 C, 26 12 4.367 Cy,
1 37 5. 683 C, 14 24 5.013 G, 27 11 4.305 Cs
2 36 5.631 Co, 15 23 4. 960 C, 28 10 4.244 Cyy
3 35 5.579 C, 16 22 4.908 S, 29 9 4.181 C,
4 34 5.528 C 17 21 4. 852 C, 30 8 4.119 Co,
5 33 5.478 C, 18 20 4. 800 C, 31 7 4.057 Cy,
6 32 5.427 C, 19 19 4.749 C, 32 6 3.995 0,
7 31 5.377 C, 20 18 4.697 (of 33 5 3.929 C,
8 30 5.327 C, 21 17 4. 646 C, 34 4 3. 861 Cyp
9 29 5.277 C, 22 16 4.594 Cy, 35 3 3.792 Cy,
10 28 5.227 C, 23 15 4.542 C, 36 2 3.725 Dy,
11 27 5.177 C, 24 14 4.491 0, 37 1 3.653 Cyy
12 26 5.123 (o 25 13 4. 429 Cs, 38 0 3.583 0,

NIRATHE PR RIS MR AE, A SCHHR T
R B IRE AR B, AR
z -1y 2z (2)

n i
n “

i=1

<r>:%22r,} (3)

b Z AR i AR, n A
MR B, r RN EAER 0L j R R
By, N M EAERE 53 S8 R P IR R
A B AR B[R BE Y 1. 25 £k T v
HH IV 2 3 i - AH B A FH A AR 4%

VAL 7% 1) ~F- 24 T (5 B8ORS SRS 5 L A A
WUIRER, HARAT O 5 P 25 K A2 AL AR RS L
K1 454 Fe Moy, (n=0~38) %1 Fe,Moss_,(n=0

~55) 1R A P 5 1 OF- S5 C o7 BRI B, 81 2
AHE T HORRIXIR( T - VIX) 2 TR %
M E5H 7R K

XF T Fe, Moy, (n=0~38) A%, HE 1(a),
(c) AT, FE 225 46 i AL 0] 43 Sk O A~ B 78 X
fEn=0~3 0 (1 KX), HFE-YEMEREEA
Az, PR, BIRERR S JUT S5 1 34
26 0,451t (418 2 1 Fe, Moy Iron) 5 fEn=4~8
BFCINX), BRI R B ok AR
N T, B4 (A01E] 2 v FegMoy, 7R ), AH#ZE O,
SRR HAT- B A BN B A S B TS K A n
=9 ~13 W (MIX), FHRf 5 K9
K, PR T R R B R AR, (H R AR SR
IS L E5 MR, FUR R A2 I AR R 1Y %%

032005-3



542 % BT 5 5 F #Hh B F #H 553 3
3 FeMog,_,(n=0 ~55) BEHYTHIZE A B BT
Table 3 Average binding energies and symmetries of Fe, Moss_, (n =0 ~55) clusters

Fe Mo e eV XFFRbE Fe Mo b/ eV  XPFRTE Fe Mo figf eV XHFRME:
0 55 5.944 I, 19 36 5.245 C, 38 17 4. 467 G,
1 54 5.911 I, 20 35 5.204 C, 39 16 4.427 C,
2 53 5.876 Cs, 21 34 5.162 (of 40 15 4. 386 C,
3 52 5.842 Dsy 22 33 5.122 G, 41 14 4. 345 (oN
4 51 5.807 Cs, 23 32 5. 081 C, 42 13 4.304 C,
5 50 5.772 C, 24 31 5.039 G, 43 12 4.264 C,
6 49 5.737 C, 25 30 4.998 C, 44 11 4.218 C,
7 48 5.703 C, 26 29 4.957 G, 45 10 4.172 C,
8 47 5. 668 C, 27 28 4.916 G, 46 9 4.127 C,
9 46 5.633 Gy, 28 27 4.874 (of 47 8 4.080 C,
10 45 5.598 C, 29 26 4. 833 G, 48 7 4.034 (oN
11 44 5.563 Dsy 30 25 4.793 C, 49 6 3.988 C,
12 43 5.528 Cs, 31 24 4.753 G, 50 5 3.943 C,
13 42 5.493 I, 32 23 4.712 G, 51 4 3. 898 Cy,
14 41 5.451 Cy, 33 22 4.671 G, 52 3 3.853 Cs,
15 40 5.410 C, 34 21 4.631 G, 53 2 3.808 C,,
16 39 5.368 G 35 20 4.590 G, 54 1 3.763 Cs,
17 38 5.328 G, 36 19 4.549 G 55 0 3.718 I,
18 37 5.286 C, 37 18 4.509 C,
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Fig. 1 (a) (c) Average coordination numbers and average bond lengths of Fe, Moy, _,(n =0 ~38), and

(b) (d) average coordination numbers and average bond lengths of Fe, Moy, _,(n =0 ~55).
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