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Geometric Structures and Magnetic Analysis of Manganese
Clusters Mns and Mng
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Xiamen University, Xiamen 361005)

Abstract Equilibrium geometries and electronic properties of transition metal clusters (Mns, Mng) have
been investigated by means of the relativistic density functional approach. Present results show that these
clusters exhibit rich structural varieties on the potential energy surfaces, while the spin polarization at each
site and the corresponding magnetic moments are highly sensitive to structures. For Mns cluster, the most
stable structure is trigonal bipyramid with spin magnetism of 3 pg, and Mng cluster has the most stable
structure of ferromagnetic octahedron with spin magnetic moment of 16 pig. The more stable isomers of Mns
and Mng correspond to different orientations of the atomic spins resulting from the interatomic exchange
coupling.
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Figure 1 Calculated equilibrium structures of Mns (in nm)
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Table 1 Comparison of characters for various Mnjs cluster
Structure Spin multiplet Bond length/nm (Mulliken population) EyingleV Frequency/cm’1
D3, 4 Ry 0.274 (0.08) 13 51.7(2), 103.4, 120.9
=AW R, 0.246 (0.19) ' 130.6(2), 140.5(2), 219.7
1 R 0.214(0.18) 105 131.5(2), 159.9, 166.3(2)
R, 0.243(0.17) ' 204.3(2), 213.1, 408.0
18 Ry 0.227 (0.10) 1o 152.4(2), 185.4(2), 210.1
R, 0.247 (0.20) ' 269.4, 357.7, 454.2(2)
20 Ry 0.248 (0.09) iy 119.2(2), 136.7(2), 197.0
R, 0.255(0.21) ' 215.0(2), 234.6, 304.7
- R: 0.256 (0.07) 103 113.3(2), 172.9(2), 183.4
R, 0.257(0.22) ' 216.3, 269.9, 600.7(2)
Gy, 1 R, 0.253(0.29) 35.7,81.6, 112.2
Fih R, 0.229 (0.27) —0.96 116.7, 158.7, 219.8
R; 0.180 (0.57) 2449, 260.1, 424.1
Ca 20 Ry 0.247 (0.26) 34.3,49.8,92.3
I 455 7 R, 0.253(0.21) —0.98 133.9, 160.5, 168.9
Ry 0.233(0.18) 206.9, 282.6, 537.4
R, 0.255(0.31) - o '
22 il g'ggg Eg'gjg 36.7,47.7,94.9
z ' —1.09 152.4,162.4,178.8
Ry 0249 (0.19) 198.8, 239.1, 239.1
R, 0.260 (0.28) - o '
C,, 24 R; 0.247 (0.32)
8.7,11.0,32.4
NRIR) ' '
s R, 0.260(0.32) —0.82 46.4,97.8,110.1
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148.8, 223.0, 265.1
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@ R,-0281

Ry =0.242

Dy,

R, =0239
Dy, Gy

K 2 Mng 1L 45 440 (nm)
Figure 2 Calculated equilibrium structures of Mng (in nm)
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Table 2 Comparison of characters for various Mng cluster

Bond length/nm

1

Structure  Spin multiplet (Mulliken population) Epind/eV Frequency/cm
o 1 R, 0.216 (0.25) —1.02 194.9(3), 377.2(3), 454.7, 490.7(2), 1599.7 (2)
! R, 0217 (0.23) —1.09 204.6(2), 279.1(2), 307.9(3), 371.0(3), 453.3
Da, 13 R, 0.242(0.10) 180 92.0(2), 112.7, 122.0, 130.7, 132.5, 146.7, 158.0(2), 196.2(2),
R, 0.281(0.13) ' 230.1
19 Ri 0.254(0.21) 101 81.9(2), 96.0(2), 192.2, 195.1, 206.9, 211.3, 297.7, 302.2,
R, 0.232(0.13) ' 347.3 (2)
21 R, 0.246 (0.18) 116 67.5(2), 184.3, 207.1, 235.5, 246.9(2), 336.4, 377.8, 388.8,
R, 0.238(0.17) ' 531.6(2)
C, 09 Ri 0.253(0.22)
R, 0.244(0.15) 180 ;26322), 116.7, 128.0, 132.4(2), 140.5(2), 142.7, 171.2, 210.2,
Ry 0.248 (0.14) '
13 Ry 0.282(0.10)
R, 0.244(0.13) 180 géléz),107.6,123.1,130.7,133.1,147.8,157.6(2),193.7(2),
Ry 0.241(0.13) '
17 R, 0.264 (0.20)
R, 0.235(021) 181 ;g.g(z), 117.4,119.0, 149.4, 183.4(2), 186.8, 194.3, 222.6(2),
Ry 0.241(0.18) '
25 Ri 0263 (017) 90.6(2), 106.3, 138.5, 141.4(2), 147.7, 197.5, 211.3, 281.2,
R, 0.269 (0.18) —1.37 450002
Ry 0.241 (0.22) '
Da ! Ry 0239(0.17) 65.5, 86.9, 102.8, 120.6, 129.0, 135.2, 136.8, 144.7, 162.5,
R, 0.252(0.21) —148 179.3, 191.3, 254.5
Ry 0.251(0.13) SIS O
13 Ry 0243(0.13) 88.7,91.1, 107.8, 120.0, 130.5, 132.6, 144.3, 156.4, 158.9,
R, 0.281(0.10) —150 192.1, 195.7, 230.4
Ry 0.242 (0.13) I S
17 Ry 0.236(0.20) 109.6, 111.3, 116.5, 149.4, 156.0, 158.3, 174.5, 198.6, 205.1,
R, 0.276(0.07) 1% 207.9, 208.1, 280.0
R; 0.237 (0.20) SRS AR
C, i 9 R 0.260 (0.14)
R, 0261 (0.14) 42.3,78.4,853, 89.8,123.7,141.8, 142.8, 148.0, 164.1,
Ry 0255 (0.21) —180 214.9, 218.3, 227.4
R 0.256 (0.07) eSS et
Rs 0.244 (0.13)
17 R 0.239(0.19)
R 0.279(012) 49.0, 61.0, 79.4, 95.5, 99.8, 133.9, 138.4, 141.2, 169.4, 219.1,
Ry 0.272(0.16) —1.27 235.7 3209
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Rs 0.244 (0.12)
Cs, 25 R, 0.269 (0.21) _
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Figure 3 Geometry structures of various Mng clusters (A/=spin
multiplicity)
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