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Density-Functional Theory Study of the Structural., Stability and
Spectrum Properties for Mg,Si,(n =1~9) Clusters
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Abstract The possible geometrical structures of Mg, Si, (n=1~9) clusters are performed structural optimization
by using the density-functional theory (DFT) at the BSLYP/6-311G (d) level. For the lowest energy structures, the
stabilities and spectrum properties are investigated. The calculated results indicate that the most stable structures of
Mg, Si, clusters favor the three-dimensional structures when n—>3. The impurity magnesium atoms in the Mg, Si,
clusters can reduce the chemical stability of silicon cluster with small size. Mg, Si, and Mg, Si; are the magic
numbers. The number of the infrared vibrational peak for Mg, Si, cluster is only one, but the Raman vibrational peaks
are much more. The Mg, Si, cluster exhibits strong Raman activity at higher frequency band. On the contrary,
Mg Sis cluster has more Raman vibrational peaks and one infrared vibrational peak, it exhibits strong infrared activity
at the whole frequency band.
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Table 1 Vibrational frequencies (cm™ ') and IR spectrum intensities (km/mol) of the lowest energy structures

for Mg, Si, (n=1~9) clusters

Cluster

Frequency (IR intensities)

Mg, Si

Mg, Si,

Mg, Si;

Mg, Si,

Mg, Si;

Mg Sis

Mg, Si;

Mg, Sig

Mg, Si,

120. 0744 (a;) [0.00657], 226.1598 (b,) [11.6215], 293.3034 (a;) [0.1218]
42.5789 (a") [0. 62107, 126. 1619 (a’) [10. 06077, 185. 4137 (a’) [12. 90997,193. 1152 (a') [10. 37837,

320. 8064 (a') [14.75547],516. 2553 (a') [2.6839]
61.4700 (by) [2.21617, 110.3774 (a;) [7.90327, 142. 2884 (b,) [5.5115], 198. 2419 (a,) [6.34497,232. 3135

(a;) [0.0000],303.1294 (a;) [0.3912], 317.8722 (by) [11.4784], 356.8749 (b,) [34.1176], 387. 8401 (a;)

[0.0322]
70.3575 (a') [0.0428],77.4560 (a') [1.0837],158. 0346 (a") [0.0000], 237. 6134 (a’') [2. 82447, 279. 6855

(a") [8.81257,286. 3070 (a’) [24.44627,288. 8415 (a') [12.58787,310. 0066 (a") [0.00087,317. 2208 (a")

[5.11817,318.3446 (a') [2.21967,332.8517 (a') [0.5956],444. 6819 (a') [1.3826]
72.4314 (a') [0.20327,72.9122 (a") [1.84717,134. 9230 (a”) [0.09197, 144. 7654 (a’) [1.09897,149. 1761

(a') [6.70617,197. 9632 (a”") [3.78597,210. 3133 (a') [1.0928],266. 8711 (a') [0.4990], 285. 1671 (a’)
[0.46147,317.2703 (a") [6.31357,332.4650 (a') [6.87537], 353.8034 (a") [3.80637,354.1600 (a') [8.5174],

424, 2653 (a') [3.75317],469. 8608 (a') [27.2550]
53.4495 (b) [7.34997,55.5832 (a) [1.72087,80. 9832 (b) [3.09387], 124. 2355 (a) [1.3314],145. 8885 (b)

[2.3937],165.6097 (a) [9.0745].208. 3211 (b) [0.7032],229. 6043 (a) [1.8205],248. 1902 (b) [3.6121],
269. 0957 (a) [[7.5200],289.8045 (b) [1.2103], 301.2954 (a) [4.7167],331.0889 (a) [0.0827],349. 6593 (b)
[3.3426],358.2727 (a) [0.2869],382. 8135 (a) [0.9676],411.3259 (b) [3.1996], 412. 4404 (a) [3.5869]

56.9074 (a) [0.1555],83.0304 (a) [3.4341],116.0798 (a) [2.3827], 135.1382 (a) [0.4065],164. 6234 (a)
[3.0762], 167.7570 (a) [2.5303],170.3247 (a) [10.9295], 215.3551 (a) [3. 11107, 223.4220 (a) [1.6797].
234.2956 (a) [8.0198],241.6017 (a) [3.2684], 280. 6847 (a) [0.3817],284.2882 (a) [0.6588], 305. 4685 (a)
[6.72517,313.8212 (a) [0.1570],318. 8666 (a) [5.0938], 344.8794 (a) [6.5207], 363.4145 (a) [2.6202].,
367.2514 (a) [6.8565],468.5981 (a) [24.7505],540. 4575 (a) [1.6317]

65.2227 (a) [4.8065], 76.6022 (a) [0.1275], 95.7975 (a) [3.44937,100.4710 (a) [2.9398], 125. 1542 (a)
[14.8815], 128.5852 (a) [0.6548],168. 4541 (a) [0.8464],203.0332 (a) [3.1773], 217. 9553 (a) [3.4349],
223. 9683 (a) [0.00047], 250. 3719 (a) [0.64067,256. 4266 (a) [1.3710],271. 3200 (a) [4.8413], 289.5704 (a)
[13.61477,305. 5503 (a) [0.83887,307. 3344 (a) [0.0915], 348.2451 (a) [6.0200], 349. 8313 (a) [0.0096],
363. 4440 (a) [0.14867],379. 7866 (a) [3.48097,422. 6807 (a) [1.77427,438.8088 (a) [2.1042],461. 6569 (a)
[0.0179], 464.6316 (a) [0.1786]

58. 2487 (a) [0.30187], 75.6966 (a) [3.9334], 93.3930 (a) [4.6564], 118.7730 (a) [3. 08897, 124.4109 (a)
[0.39257], 140.6419 (a) [1.7770],140. 8823 (a) [0.0407], 148. 3631 (a) [3.6230], 162. 2375 (a) [0.1838],
189. 2666 (a) [4.7600], 204. 1193 (a) [0.32767, 219. 0462 (a) [6.67917],227. 0538 (a) [7.2204], 233. 6814
(a) [0. 42677, 252. 4494 (a) [3.79327],260. 8202 (a) [0. 29517, 261. 4693 (a) [6. 47127, 276. 3555 (a)
[1.0614],283.4125 (a) [2.9563], 296. 1060 (a) [0.59187,311.2307 (a) [0.4324],313. 8805 (a) [0.5880].
344, 1542 (a) [2.0388],363.9384 (a) [0.1944],437.2483 (a) [1.7508],487.5231 (a) [3.1185],494. 4757 (a)
[6.1421]
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464.6316,494. 4757 cm™ ", H X VL (1) £1 A 5k BE W A ZIAM 5 Hr 2O 1E R I8 4 Wk B 6k ik B B A
0.1218,2. 6839, 0. 0322, 1. 3826, 27. 2550, 3. 5869, 1618 A 4 5 A 2R B /D 0l 78 4 ) R AT B i
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