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Abstract

A spherically averaged intermolecular potential type Lennard-Jones is used within molecular dynamics simulation in order to

investigate the thermomechanical properties of silicon in the clathrates structures. This two-body potential describes well the

intermolecular interaction between Si34�/Si34 and Si46�/Si46. Results show that the diamond structure of silicon remains stable than

the clathrates ones, although the difference in energy is quite small. We have also found that the volume of Si34 and Si46 increases by

about 17% compared to silicon in the diamond structure. Several thermodynamics quantities are given for both materials.

# 2002 Elsevier Science B.V. All rights reserved.

Keywords: Chlatrates; Thermomechanical properties; Molecular dynamic

1. Introduction

The search for a direct energy gap materials based on

a group IV semiconductors has been stimulated in the

past few years by novel crystal growth techniques such

as MBE and laser crystallization. Theoretical efforts for

predicting group IV materials that are likely to have

direct gaps have been concentrated in four areas. The

first one is the investigation of materials where the cubic

symmetry is broken and the zone-edge states are folded

back to the center of the zone as in the models of porous

silicon [1,2], and Si�/Ge superlattices [3]. The second

area focuses on predicting the properties of IV�/IV

alloys with a diamond structure [4]. This in fact alters

the chemical and structural environment of the bulk

material in a uniform way. The third area is the

modifications of the electronic band structures of

tetrahedral semiconductors by closed-shell atoms at

the interstitial sites [5,6]. The fourth area is by lattice

expansion effects, rather by universal substitutional

insertion. Applying negative pressure could produce

more open structures [7,8]. However, it has not been

studied thoroughly. The other results to band gap

engineering has been the incorporation of large numbers

of impurity atoms, around which the elemental semi-

conductors atoms nucleate.

One particular class of structures that grow according

to this mechanism are the clathrate hydrate structure

[9,10]: Si34 and Si46. Both structures are cubic. Si34 is

derived from a packing of dodecahedra and hexakaide-

cahedra (16-hedra) in the ratio 2:1 and the average ring

size is 5.064. There are 4�/34�/136 Si atoms per face-

centered cubic unit cell, which has the same symmetry as

diamond (Fig. 1(a)). Si46 lattice is a simple cubic (sc)

lattice with a lattice constant near 10 Å and is shown in

Fig. 1(b). At each sc lattice point, a Si20 icosahedral

molecule is placed with another Si20 rotated 908 with

respect to the first, placed at the body center of the cube.

Each Si atom in the pentagonal dodecahedron is bonded

to three other atoms within the same dodecahedron. The

fourth bond is one of two types. The first type of bond

connect one Si20 unit with another. To make the solid

fully fourfold coordinated, a second type of bond is

formed by adding 12 atoms surrounding the Si20 ball.

The study of structural and thermodynamic proper-

ties of silicon in the clathrates structures are at present
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