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1 Nay
/A /e fem” eV
a; b, a
B3LYP ¥ 3.227 101.7 13.0 116.3 127.7 0.98
B3PW9] 13 16719 3.276 85.2 38.8 100.0 133.7 0.90
BLYP 4 1520 3.262 180.0 20.2 90.8 136.5 1.04
LSDA 21— 3.130 84.2 42.6 113.1 146.7 1.33
MPW1PW91 '0-19 % 3.274 83.7 42.2 99.0 135.7 0.96
PBEPBE % 7 3.241 84.3 40.0 105.6 137.6 1.14
VSXC % 3.314 76.5 51.7 89.9 142.6 1.38
DV-LDA % 3.237 83 56 100 145 -
3031 3.257 79 48 87 140 -
6
3.
Si,
6.72eV
6 B3LYP 2.295A 3 3 6.72 Dy,
6.70eV 2.186A
1 82.3° 3 ' 6.70 C,,
Na 0.02eV.
DV-LDA
29 Gaussian03 * 34
6-311+G* . 1 PBEPBE > 1774 78 10
Na,
PBEPBE Na, Si, Si
0.03eV. B3LYP Si; . Si, HOMO LUMO m,
0.03eV 2 Si, Si Si, S,
1072 eV .
PBEPBE Na B o o
Mg PBEPBE
B3LYP .
Na Mg PBEPBE Si
B3LYP . 2 Siy
S Si,
34 1kcal/mol
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2
/A /eV
3S 3[’ 33 33
Na, 'S, o o, T, Gy T, O 3.091 3.0789 0.77 0.72
Mg, '3, o} o Oy Ty T O 3.503 3.891 0.14 0.0501
Al 33, o T 6, 0, T, 2.508 2.466 1.18 1.55
Siy s, o o o2 T T, 0, 2.281 2.246 3.06 3.21
P, 'S, o o & m, 0, 1.897 1.8934 4.75 5.033
S 35, o ot T o, 1.927 1.8892 4.08 4.3693
Cl, 's, o o o w1 o, 2.053 1.988 2.06 2.4794
Lis Bey B, G N; 0; F
2503 D.," 20.13 D"
025Dy, '0.73D.;," ?565D,, 124307 ' 4.33 Dy, 40.14 Cy,
21.25 Day, 3 0.8 €y, Y713 ¢, 01290 Dy, 7 8.7 Gy 7480 G, *0.64 Dy,
2 1.43 C,, ''1.38 Dy, 2 8.46 Dy, 13.74 D., *10.43 D, ' 574 C,, 2 1.38 C,,
Li, Be, B, G, N, 0, F,
'9.47 D"
50.66 D.y 10310 DyT AN G
''1.60 D.," 10.87 Dy" ' 5.28 Dy,
5004 puy D197 Duy” TILO0 Gy 538 Dy
3 1
S038 Dy ' 201G 1939 Doy A9 Dy 335 D
1 T 3
50877, 220 Dy 21021 T, 11.23 Gy, 3.7 G
1 1 T
S 1.4 Do, 5227 Dy, 310.95 D.., 11.56 T, 6.92 Dy,
''1.87 D, '236 D," *11.22¢," !'10.70 T, ''11.58 Dy, 1'7.09 D,y
32.01 Dy," 3 2.68 Dy, "'11.54 ¢,, 3 16.22 Dy," 3 12.93 D,," ' 7.69 Cy,
1216 C,," 32.86 Dyy 312,55 Dy, 3 17.27 Dy, P} 13.08 Cp," ! 8.44 Dy,
32.19 Dy, 32.89 D, ' 13.77 D" ' 18.42 Dy, 3 13.13 Cs 38.95 Cy,
12,53 Dy, Y419 1, 1'13.81 Dy, 3 19.12 D., ° 13.25 Gy, 39.40 D,, 1'2.76 D.,
Nag Mg Aly Siy Py S Cly
13.36 D..,"
2254 Dy, ' 6.14 D.," 3514 C,y,
40.11 Dy, 4273 D" 1 6.30 Cy,T 3540 C,, 40.14 D,
21.10 D, ' 0.33 Do, 43.03 C,, 1'6.70 C,, 25,66 Dy, ''5.70 Dy, 41.25 Dy,
2 1.14 Gy, 10.57 Dy, 2 3.19 Dy, 36.72 Dy, 2 6.84 Cy, 16.07 C,, 22.20 G,
Nay Mg, Al Siy P, S cl
34.13 Do,
3.4.19 Dy, 36.62 D"
50.10 Do, 54.44 T, 38.09 C,, '7.09D.,,"
5037 T, ' 4.61 D" 1'8.23 C,, 1'7.25 Dy,
31.25 Doy, 30.37 Dy, ''4.62 D" % 8.40 D.," 3} 8.52 Dy, ''7.34 p,,"
31.68 Dy, ' 0.53 Do, 1'4.65 C,, 1'8.35 T, ' 8.797 D, 1 7.61 Dy,
3 1.70 Dy, Y'0.57 D" '4.73 D" '9.22 ¢," 3 8.802 D" L' 7.75 Cs
"'1.72 D.," ' 0.80 C, ' 4.74 ¢y, 3928 Dy," 3 9.05 Dy 1'8.12 ¢y, 10.68 D,,"
34,92 Dy,
1'1.927 G, 1 0.86 D" % 4.97 DY 3 9.9 Dy, 1'9.07 ¢, 38.42 €, '1.02 Dy,"
1'1.928 D,, Y155 1, 3 4.98 Dy, ''10.87 D, Ll Ty, 1'8.44 C,, ''4.13 D.,

eV

T
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5 a
er/eV eszleV e4leV €3 — er/eV €4 —e3/eV €4 —2e5/eV a4 K 4K
Li 0.90 1.43 2.53 0.53 1.1 0.73 453.7 1615
Be 0.18 1.38 4.19 1.20 2.81 3.83 1560 2744
B 2.58 8.46 13.81 5.88 5.35 8.65 2348 4273
C 5.09 13.74 19.12 8.65 5.38 8.94 3823 4098
N 9.74 10.43 13.25 0.69 2.82 -6.23 63.15 77.36
0] 5.18 5.74 9.40 0.56 3.66 -0.96 54.36 90.20
F 1.38 1.38 2.76 0.00 1.38 0.00 53.53 85.03
Na 0.77 1.14 1.93 0.37 0.79 0.39 371 1156
Mg 0.14 0.57 1.55 0.43 0.98 1.27 923 1363
Al 1.18 3.19 4.98 2.01 1.79 2.62 933 2792
Si 3.06 6.72 10.87 3.66 4.15 4.75 1687 3538
P> 4.75 6.84 11.11 2.09 4.27 1.61 317.3 553.7
S 4.08 6.07 8.44 1.99 2.37 0.28 388.4 717.8
Cl 2.06 2.20 4.13 0.14 1.93 0.01 171.7 239.1
a € €3 &
b P es—e4=1.5¢V €5 —e3 — e, =1.02eV.
5
€, €3 &4 €3— €, €4 — €3 €4 — 26,
Li C Na Sie;—€, e4—€; €4—
5. 7 2e,

NOF Cle-e & -26

.P P,
P; €s
g5 — e, =1.50eV €5 — €3 — &, =1.02eV
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Optimum valence bond scheme theoretical study of small
clusters of elements in the second and
third row of periodic table *
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Abstract
Using optimum valence bond scheme which reduces the computation effort we study systematically the properties of the
critical structures critical points of small clusters up to four atoms of elements in the second and third row of the periodic
table. We also show the evolution process of the clusters from two atoms to four atoms. By examining the electronic structures of
all clusters we can understand why the four-atom clusters for specific elements can have three-dimensional structures with 7
symmetry. More interestingly comparing the variation of the binding energy of such small clusters with the melting points and
boiling points of corresponding pure element materials we can understand the effect of the critical structures in the melting and

boiling processes .

Keywords optimum valence bond scheme critical structure of clusters cluster first-principle molecular dynamics material
properties
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