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Theoretical study on the geometric structures and electronic

properties of Mg doped silicon clusters
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Abstract: The geometric structures and electronic properties of MgSi, (n=1~10) are studied by using the

Becke’s three-parameter exchange functional and Lee-Yang-Parr correlation functional (B3LYP) method

of the density functional theory (DFT) at the 6-311+G(d,p) set basis level. And several lower energy

geometric structures of the MgSi, (n=1~10) are obtained. The results show that the lowest energy

structures of the silicon clusters doped with only one magnesium atom can exist stably.
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Tab. 1  Average binding energies, second differences in
energy, fragmentation energies and the energy
gaps of the highest occupied molecular orbital
(HOMO) and the lowest unoccupied molecular
orbital (LUMO) of MgSi, clusters

Clusters Ey/eV NE /eV Ei/eV Ep/eV
MgSi 0. 5396 0. 8465
MgSi, 2.2259 0.7922 5.6175 1. 8460
MgSi; 2.8714 1. 0327 4. 8253 2.6294
MgSi, 3.0529 —1.8293 3.7926 1. 6805
MgSis 3.4778 1. 4787 5.6219 2.0441
MgSi; 3.5708 —0.2268 4.1431 1. 7657
MgSiy; 3.6688 0.1502 4. 3699 2.4808
MgSig 3.7283 —0.5927 4.2196 2.2563
MgSiy 3.8351 —0.0315 4. 8124 2.0351
MgSii 4. 0508 4. 8440 2.2664
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Tab. 2 Vibrational frequencies and infrared spectrum intensities of the MgSi, (n=1~10) clusters

127.2322(a)[8.4519], 226.9996(a)[3.6717], 243.3081(a)[5.80447], 304.3919(a)[1.4020], 432.7775(a)[0. 04767,

42.0694(a)[3. 62627, 92.6127(a)[3.6380], 155.3851(a)[14. 9357 ], 226.4511(a)[6.0140], 248.4045(a)[ 2. 8693 ],

70.4719(a)[[5. 79037, 75.6889(a)[0.0010], 155.1090(a)[0. 18397, 251. 3806(a)[11.0327], 273.0528(a)[6.5178],
273.8627(a)[[1.0334], 288.5294(a)[0. 2581 ], 344.0933(a)[0.8725],355. 3428(a)[4.5993], 366.2048(a)[0.0057],

81.7977(a)[0. 28977, 126.3905(a)[0. 0007, 137.6238(a)[2. 14547, 203.6714(a)[3. 02157, 216. 3648(a)[5. 95697,
233.6563(a)[11. 22807, 242.4929(a)[2. 94977, 309. 6754(a)[0. 09857, 312. 8509(a)[0. 18577, 313. 4336(a)[0. 00077,
345.8629(a)[0. 71267, 346.5279(a)[0. 08427, 367.5845(a)[12. 17927, 414.1665(a)[6. 31667, 418. 7136(a)[13. 1147]

182.0388(a)[1. 06967, 121.1719(a)[0. 01647, 154. 7264 (a)[1. 56357, 181.5580(a)[0. 84347, 192. 4313(a)[1. 22237,
214.2179(a>[2. 67527, 248.4062(a)[2. 10977, 256.1539(a)[0. 00327, 263.9752(a)[6. 35647, 269. 7565(a)[6. 79817,
285.0773(a>[0. 23877, 293.9351(a)[5. 13727, 321.2301(a)[0. 36187, 323.9547(a)[0.50247, 346. 8548(a)[2. 06197,

63.2562(a)[[1.4901], 72.1463(a)[ 2. 2414 ], 130.0333(a)[0. 7500, 142.7823(a)[3.0645], 152. 7457(a)[ 1. 2128],
189. 6688(a)[ 4. 4494 ], 194.8097(a)[0.4123], 208.7283(a)[0.0625], 236.5299(a)[9.5292], 240. 6865(a)[0.0282],
242.1927(a)[ 1. 54837, 265.5142(a)[4. 3339 ], 289.1208(a)[0.3950], 296.5221(a)[0.000], 311.2715Ca)[ 0. 75297,
323.6858(a)[0.2012],324.6836(a)[ 1. 3858], 374.1770(a)[3. 2542, 384.7544(a)[3.8048], 391.3176(a)[ 1. 6106,

78.9740(a)[1. 14437, 87.2273(a)[ 1. 72757, 104. 6058(a)[0. 11287, 140. 6102(a)[1. 06467, 146.5173(a)[0.9275],

165.1382(a)[1. 27497, 194. 6598(a)[0. 87477, 213.4523(a)[ 1. 14397, 218. 1512(a)[5. 22667, 241. 8679(a)[4. 56347,
244.7245(2)[ 1. 31987, 264. 7261(a)[ 1. 80077, 274.5371(a)[0. 69087, 297.0076(a)[ 1. 97617, 316.5668(a)[0. 41567,
318. 6821 (a)[ 1. 34827, 341.1205(a)[0. 93427, 349. 5946(a)[0. 96867, 353. 9813(a)[2. 41687, 380. 0828(a)[ 1. 73787,

31.7682(a)[2.0723], 84.0228(a)[3.4815], 103.9623(a)[2.9070], 133.6141(a)[2.1070], 153.2766(a)[4.4172],
187.5924(a)[2.2272], 191.7018(a)[2. 0846, 206.9024(a)[3.2032], 218.1046(a)[0. 25227, 235.2799(a)[13.1524],
244.3028(a)[2.9685], 250.7663(a)[0.5485], 255.8899(a)[1.5376], 257. 7846(a)[0.3728], 259.0126(a)[0.6635],

Clusters Frequency/cm ™ ![ IR intensity/(km/mol) ]
MgSi 309.8276(2)[0.0035]
MgSi; 183.8781(a")[0.0525], 330.9162(a")[14.5367], 507.4030(a")[19. 2428]
MgSi;
492.7915(a)[5. 1387]
MgSi;
252.8849(a)[0.0031], 324.4705Ca)[2.1778], 443.4728(a)[1.11027], 455.1 279(a)[10. 8560
MgSis
431.4026(a)[5.1625], 457.7998(a)[4. 2114 ]
MgSis
MgSi;
364.7586(a)[ 1. 7496, 428.6381(a)[4.6908], 491.3763(a)[9.6537]
MgSig
515.0962(a)[1.2823]
MgSig
403.9012(a)[6.6924], 418.7615(0)[5. 96457, 444.0950(a)[2. 9620], 469. 3348(a)[4.7329]
MgSiio

279.4399(a)[0. 3438], 287.0229(a)[1.5312], 299. 3442(a)[0. 69027, 311.7027(a)[0. 10357, 320.4129(a)[0. 0491],
327.4192(a)[2.1001], 341.1163(a)[ 1. 7383], 361.5331(a)[6. 1467, 383.7528(a)[9. 39947, 387.9038(a)[0.9604],
403. 6480(a)[8. 22297, 449.1851(a)[7.5092]
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