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Fig. 1. (color online) Geometry of a-boron crystal

(left, primitive cell; right, conventional cell).
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Fig. 2. Potential curve of Lennard-Jones pair potential.
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Table 1. The structure of ideal a-boron crystal and the energy values for fitting.

1 2 3 5 6 7 8
r/0.1nm  1.66794  1.73951  1.77179  1.78590  2.00493 2.67563 2.86456 2.88371
E/eV —1.25309 —1.20153 —1.17964 —1.17032 —1.04247 —0.781154 —0.729635 —0.274788
AR 2L 0.5 1 1 1 1 5 2
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Table 2. Parameters of Lennard-Jones function for pair-wise many-body potential.

Ay By

Az Bo

282.899 26.2772

116712.0 405.917

F3 ORI LS IEAEE S (0.1 nm)

Table 3. Distances between the neighbor atoms for pair-wise many-body potential (0.1 nm).

r1 T2 T3 T4 5 r6 r7 T8
1.66794 1.73951 1.77179 1.78590 2.00493 2.67563 2.86456 2.88371
T4 WAL EBTE a; $H
Table 4. The a;; values for pair-wise many-body potential.
J 0 1 2 3 4 5

2.22102 x 107
5.52742 x 108
1.53604 x 1010
2.82153 x 10°
4.00035 x 103
7.44014 x 10°
7.30188 x 10

—2.07169 x 107
—5.31397 x 108
—1.49629 x 1010
—2.92329 x 10°
—5.06859 x 103
—1.12791 x 109
—1.14925 x 1010
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5.78618 x 10
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Fig. 3. Potential curve of pair-wise many-body potential.
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Fig. 4. Force curve of pair-wise many-body potential.
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Fig. 5. Radial distribution functions of the structures

corresponding to three interatomic potential functions.
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Fig. 6. Partial structure of the a-boron crystal, after simulation by Lammps using different

potential functions: (a) initial structure; (b) L-J-rn potential function; (c¢) L-J potential

function; (d) Tersoff potential function.
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Fig. 7. RDF curves of (a) under temperature 2000 K, after 100 time-steps (10 fs) MD simulation, then (b)

after energy minimization, by three different potential functions.
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Fig. 8. Partial structure of the a-boron crystal, after simulation under temperature 2000 K, after 100 time-steps
(10 fs) MD simulation: (a) L-J-rn potential function; (b) L-J potential function; (c) Tersoff potential function; then

after energy minimization, (d) L-J-rn potential function; (e) L-J potential function; (f) Tersoff potential function,

by three different potential functions.
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Fig. 9. RDF curves of (a) under temperature 2000 K, after 1000 time-steps (100 fs) MD simulation, then (b) after

energy minimization, by three different potential functions.
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Fig. 10. Partial structure of the a-boron crystal, after simulation under temperature 2000 K, after 1000 time-steps
(100 fs) MD simulation: (a) L-J-rn potential function; (b) L-J potential function; (c) Tersoff potential function, then

after energy minimization; (d) L-J-rn potential function; (e) L-J potential function; (f) Tersoff potential function,

by three different potential functions.
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Abstract

For a-boron, R3m group, Lennard-Jones (L-J) pair potential function is fitted, and a pairwise many-body potential
is constructed. For constructing both interatomic potentials, only the atomic average cohesive energy and geometric
information are needed. And the cohesive energy and geometry of a-boron crystal are calculated by first-principles
code Castep. The fitting procedure for the potentials is as follows. For L-J potential, the minimum of the function
is set to be located at the nearest neighbors. For the pairwise many-body potential, L-J potential is minimal, and
the form of the function is chosen as a piecewise function, which consists of the L-J function and polynomial function.
The minima of L-J potential are located at the distances between the different neighbors of atoms, and the potential
barriers are at the midpoints of the distances of the two neighbor minima. L-J potential, L.-J pair potential, and Tersoff
potential for boron are tested and compared with each other, by energy minimization method in molecular dynamics
(MD) simulation. The radial distribution function is used to analyze the structure obtained from the simulation results
obtained by using different potentials. The results show that the structure after minimization deviates significantly from
the initial crystal of a-boron by L-J potential, and final structure is consistent well with the initial ideal crystal, with
L-J potential used. The NVT ensemble is used in MD simulation, where the temperature is set to be 2000 K, and the
a-boron crystal experiences the thermodynamic evolutions for 10 fs and 100 fs, to obtain the deviated initial structures.
Then the minimization by MD simulation is made to test the three potentials, which also shows that the L-J potential

can give the much better result than the other two potentials.

Keywords: a-boron crystal, Lennard-Jones pair potential, pairwise many-body potential, molecular

dynamics

PACS: 34.20.Cf, 61.50.Lt, 61.66.—f DOTI: 10.7498/aps.64.103401

* Project supported by the National Natural Science Foundation of China (Grant Nos. 51474056, U1261120).

t Corresponding author. E-mail: haodalong218@163.com

103401-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.103401

	1引 言
	2模型和方法
	2.1 -B晶体电子结构计算
	Fig 1

	2.2 势函数拟合
	2.2.1 Lennard-Jones (L-J)对势[10]的拟合
	2.2.2 对势型多体势的拟合
	Fig 2
	Table 1
	Table 2
	Table 3
	Table 4
	Fig 3
	Fig 4


	3主要结果
	Fig 5
	Fig 6
	Fig 7
	Fig 8
	Fig 9
	Fig 10


	4结 论
	References
	Abstract

