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1 Mg,B, m=12n=1—4

/nm /o
14 14"
MgB 1 Ca, Mg-B 0.210
Mg B 2 Cs Mg-B 0.217
MgB, 3 Cs Mg-B 0.221 0.2234/0.2232 B-Mg-B 41.4 41.343/41.092
B-B 0.156
MgB; 6 C 1B-2B 0.156 3Mg-1B-4B 150.9
2B-4B 0.152
1B-3Mg 0.227
Mg B, 11 C 1B-3B 0.154 4Mg-1B-2Mg 110.2
2Mg-1B 0.222
MgB, 14 C 2Mg-1B 0.229 2Mg-1B-4B 146.3
1B-5B 0.157 1B-4B-3B 112.2
3B-4B 0.154
4B-5B 0.173
Mg, B 19 C 1B-3B 0.153 3B-1B-4Mg 157.0
1B-4Mg 0.228 4Mg-1B-5B 145.3
1B-5B 0.164
MgB, 25 Cs 3B-4B 0.154 4B-1B-6Mg 112.8
3B-5B 0.153 4B-2Mg-6Mg 79.7
1B-4B 0.169 1B-4B-2Mg 9.6
1B-5B 0.156 1B-4B-3B 105.8
4B-5B 0.182 2Mg-4B-5B 149.1
1B-6Mg 0.230 1B-5B-3B 113.4
4B-2Mg 0.231
Mg-Mg 0.286
* QCISD/6 - 311G™  CCSD T /ec-pVTZ
3.1. !
16
3.1.1. MgB Mg,B  MgB, 6 > 7 >
MgB Mg, B MgB, 1 5> 4 6 1
11 2 3 .MgB  Mg,B  3.1.3. MgB,
4 MgB, Mg, B,
1. 1
1 . 1 MgB, 1 18
14 Mg-B 2 19 10
1.0% B-Mg-B 0.14% QCISD/6- 1 111
311G” 0.75% CCSD T /ce-pVTZ B3LYP/
6-31G” . 11 >9 >8> 10 11
3.1.2. MgB; 1
MgB, 3.1.4. MgB,

2 . MgB,
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1. Mg B
3 112 13 14 20 16
1 115 Mg, B, 19
14 > > 16 > 18 > 20 > 17 19
12 > 13 > 15 14 1
1 3.1.6. MgB, ,
3.1.5. Mg,B; MgB, ,
Mg, B, 1
5 121 22 23 24
4 116 17 25 2 126
18 19 16 4 27 MgB, , Mg, B, B
2 1 Mg
2 120 . 5 B 22 23
Mg, B B 24 25 26 21
Mg 21 Mg-B
18 Mg B MgB, , 25 >
19 Mg B 22 > 24 > 23 > 26 > 21 > 27 25
16 Mg B 1
Mg B
17 Mg B 3.2.Mg,B, m=12 n=1—4
2 Mg,B, m=12 n=1—4
Freq em™! /IR KM/Mole /Raman A*/AMU
MgB 1 571.75/3.312/137758.622
Mg, B 2 102.08/45.057/2.524 297.83/0.041/9.289 630.40/0.004/2.827
MgB, 3 438.72/2.610/5.841 485.28/6.260/148.762 1125.80/47.320/676.292
MgB; 6 110.56/5.830/15.258 145.72/6.228/0.052  317.68/1.744/35.325 807.28/3.202/246.029 1028.10/3.165/171.696
1263.20/0.054/448 .207
Mg, B, 11 60.92/16.076/128.008 311.62/2.169/17.166 371.66/0.009/63.774 389.71/7.783/421.124 509.08/0.001/175.849 1143.10/
4.632/244.051
MgB, 14 109.13/1.830/0.310 125.50/14.834/10.931 279.56/0.337/93.615 359.73/4.006/30.636 590.81/186.997/346.393 891.07/
3.535/1.071 1157.50/28.800/229.118 1177.20/2.225/22.841 1277.5/132.167/18.806
Mg, B; 19 54.25/6.021/210.957 143.38/7.185/5.139 159.75/1.042/99.268 184.12/0.004/81.790 286.38/8.689/9.822 325.62/4.250/
0.385 766.12/48.799/1619.121 1052.80/39.051/38.071 1281.40/2.536/461.414
MgB, » 25 122.13/0.040/9.233 141.99/51.614/25.227 163.53/0.024/8.449 204.17/4.334/250.050 247.90/13.000/32.219 337.21/
0.006/22.022 339.23/11.491/40.788 437.66/50.461/211.417 708.95/7.036/237.421 1058.70/26.187/38.674 1159.50/
8.896/434.244 1291.01/19.443/166.956
B3LYP 6-31G" Mg, B, m = MgB, 3 438.72 485.28
12 n=1—4 1125.8cm™! 14 QCISD/6-311G”
426.1 459.1 1095.1 cm™' CCSD T /
. Mg, B, ce-pVTZ 438.1 447.1 1104.2cm™!
2 2 MgB, IR
Raman B-B
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Mg,B IR Raman Eg
MgB;, IR E,
1B Mg, B, m=12 n=1—4 VIE E, Ey
Raman 3 B E, 3.
Mg,B, IR B-Mg
3.4.Mg,B, m=12 n=1—4
Raman B-B
MgB, IR Raman 4 B3LYP 6-31G"
B Mg, B, IR NBO Mg, B,
Raman 1B-5B 4 Mg, B,
1B-3B 3B-5B Mg,B, IR . 4
1B 4B 2Mg 6Mg Raman Mg B Mg, B,
3B-4B
33.Mg,B, m=12 n=1—4 B B
Mg
VIE E, Eur B B Mg
E,
B3LYP 6-31G" Mg, B,
VIE B, Ey B 14 IB4B5B
3B Mg
VIE = By s By | 26 1B 4B 5B
o o 3B 2Mg 6Mg )
E, = HOMO - LUMO 2 Mg +0.586e— + 0.920¢
Eve,, Mg, B, Eve, B ~1.307e—
Mg, B; HOMO +0.197¢
LUMO MgB,
3 Mg,B, m=12n=1—4 VIE E, Egy  E,leV
MgB MgB, MgB, MgB, Mg, B Mg, B, Mg, B MgB,
1 3 6 14 2 11 19 25
VIE 6.55 7.03 7.04 6.78 6.27 6.04 5.86 6.71
E, 1.00 1.66 1.98 2.05 1.28 1.74 1.60 2.48
Egr 0.40 4.37 9.96 14.95 1.09 6.32 10.95 15.97
E,, 0.20 1.46 2.49 2.99 0.36 1.58 2.19 2.66
4 Mg,B, m=12 n=1—4 Qle
MgB 1 1B -0.77528 2Mg 0.77528
Mg, B 2 1Mg 0.65301 2B - 1.30668 3Mg 0.65367
MgB, 3 1B - 0.46008 2Mg 0.92014 3B -0.46007
MgB; 6 1B -0.77622 2B 0.02828 3Mg 0.71961 4B 0.02833
Mg, B, 11 1B -0.79730 2Mg 0.82040 3B -0.84468 4Mg 0.82159
MgB, 14 1B —0.48600 2Mg 0.61182 3B 0.12061 4B -0.12356 5B -0.12287
Mg, B; 19 1B -0.65171 2Mg 0.62893 3B 0.04633 4Mg 0.62866 5B -0.65221
MgB, » 25 1B —0.54623 2Mg 0.58609 3B 0.19738 4B -0.72358 5B -0.12849 6Mg 0.61483
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Qe — @y ~ + @y — @z~ + ay —ay 1"
3.5.Mg,B, m=12 n=1—4 Aa = XX vy 144 7z 77 XX
2
4
B3LYP 6-31G" Mg, B, |
= — o+ (., + " 5
3 4 B 5 Zl IQU.Z ﬂlZL BZLL
a Mgm Bn
Aa
a In 5 B
5 6
1
@ =3 ay + ay + ay 3
5 Mg,B, m=12n=1—4
axy axy Qyy axz QAyz QAzz a a In Aa
MgB 1 208.3364 0 208.3364 0 0 102.9797 173.2175 86.6088 105.3567
MgB, 3 78.9938 -17.9215 107.4422 0 0 98.8234 95.0865 31.6955 25.26666
MgB; 6 203.7997 0.0020 87.1661 -0.0005 -0.0000009 66.1854 119.0504 29.7626 128.4159
MgB, 14 299.3963 0.0122 85.1357 —-0.0036 —0.00002 70.2942 155.6087 31.1217 222.0537
Mg, B 2 384.8299 -19.3332 89.6877 0 0 88.4169 187.6448 62.5483 295.7796
Mg, B, 11 140.9086 —-71.5192  252.5058 -9.9322 25.4770 106.0396 166.4847 41.6212 132.5182
Mg, B, 19 475 .6860 -0.0061 170.5985 0.1708 -0.0196 112.1381 252.8075 50.5615 338.1295
MgB, » 25 250.2099 -12.3308 199.6778 0 0 104.5184 184.8020 30.8003 128.1304
6 Mg,B, m=12n=1—4
B Brxy By Pryy Bz Bryz Bryz Brzz Byzz B2z B
MgB 1 0 0 0 0 206721846  -0.228  202673.2726 0.024 0.0022 —148.4365 243118.214
MgB, 3 189.863 —253.4652 118.3143 -933.3225  —0.000004 0.00002 —0.000002 7.6736 -29.2214 0 —0.000004
MgB; 6 -48.569  -0.084  481.3375 0.032 0.6304 0.0002 -0.0017 02.2746 0.0073 -0.0857 0.3258
MgB, 4 -3896.7210 -2.2614 -%0.253%6 -0.71814 —0.3098 —-0.0002 -0.0717 -1055.9216  -0.397 -0.153% -0.3212
Mg B 2 —40.599%  —200.9035 31.1914 - 13.009% —0.0006 0.0002 0.00001 3.6844 -3.4135 0 —0.00035
MgB, 11 1715190 -935.9780 1011.24  1835.3828 85.2140 -100.292  860.348 23.5177 315.2154 341615  827.982
MzB; 19 3.7570 3003.5335 -0.3475 -73.3415 1.9526 4.849 -0.0039 0.0860 - 378.6417 0.1766 1.212
MgB, , 25 1797. 71124 592.0331 -230.4507 - 1583.346 0.0002 0.0001 -0.0003 428.4171 —330.4252 0 —0.0001
E. VIE E, Ew VIE E,
3.6.Mg,B, m=12 n =14 Egr £ § o .
E a /n VIE FE_
@ /n E, VIE E, r v
Mg,B, m=12 n=1—4 MgB, Mg, B,
2 Eg Mng Mgz B4
Mg,B, m=12 n=1—4 Ey a/n
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> 0.28]-m-F, | . MgB,
X 0.24] e [ S, °
LE“ 0. 20 r 2‘ é T . é . é — ; . 8| . . MgmBn B-B B_Mg
1
E 2] e VIE //-———""%\ .—/.__,‘__——l Mg—Mg 25
SR e B-B 0.153—0. 182nm
. S 1 2 3 4 5 6 7 8
g 421 o Eny —— . . . B-Mg 0.221—0.231nm Mg-Mg
LS 0 S — T T T — T T T T T 1 0 . 286nm . 19 MgB2
1 2 3 4 5 6 8
B-B 0.1782nm B-Mg
2 Mg,B, m=12n=1—4 0.2506 nm Mg-Mg 0.3086nm
1.MgB 2.MgB, 2.Mg, B,
3.MgB; 4.MgB; 5.MgB 6.Mg,B, 7.Mg,B; 8.MgB, B B
Mg
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Density functional theory study on the structure and properties
of Mg,,B, m=1 2 n=1—4 clusters”
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Abstract

Possible geometrical structures and relative stability of Mg, B, m =1 2 n =1—4 clusters are studied by using the
hybrid density functional theory B3LYP with 6-31G™ basis sets. For the most stable isomers of Mg,,B, m=1 2 n=1—4
clusters  the electronic structure  vibrational properties  bond properties  ionization potential  polarizability and
hyperpolarizability are analyzed. The calculated results show that most of the optimized Mg,,B, m =1 2 n=1—4 clusters
have planar structure the B-B and B-Mg bonds are coexisting in the cluster but the Mg-Mg bonds are infrequent in the clusters.
The bond length of B-B is about 0.153—0.182nm and that of Mg-B is 0.221—0.231nm. The outcome of population analysis
suggests that there is an electronegative center in the cluster the other B and Mg atoms with positive charge are located at apexes

of the cluster.

Keywords Mg, B, m=1 2 n=1—4 clusters density functional theory structure and properties
PACC 3640 7470
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