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ABSTRACT

The structural properties of SiO, liquid at finite temperatures have been investigated by molecular dynamics (MD) 51mulat10ns
utilizing the Tersoff interatomic potential. During cooling process, the SiO, liquid structure quenched with a cooling rate of 1.0 x 10"
K/sec shows the traditional properties observed in the experiments. The coordination defects of system decrease with decreasing
temperature up to 17%. The SiO, glass quenched up to 1600 K contains defects consisting of the fivefold coordination of Si, and the
threefold coordination of O atoms. The calculated diffusion coefﬁments which are calculated by monitoring the mean-square
displacement of atoms drop to almost zero below 3000 K (< 107 em /sec) but has a fluctuations at low temperature. The structure
properties of SiO, liquid shows a significant dependence on the temperature during cooling process. Bond-angle distribution at around
120° originate from the O and Si atoms consisting of the over-coordinated O atoms.
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Fig. 1. Time dependence of the mean-square displacement for
(a) Si and (b) O atoms with temperatures. The linear fits
to the time behavior are shown by solid line.
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Fig. 2. Coefficients of self-diffusion for Si and O atoms vs
temperature during cooling process.
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Fig. 3. Radial distribution functions for Si0, liquid and glass at
finite temperatures.
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Table 1. Simulation Results for the Bond Lengths of SiO,
Quenched with a Cooling Rate of 1x10" K/sec at
Finite Temperatures. The Unit of Bond Length is A

5000 K 3600 K 2400K 1600 K
Si-Si 32 3.18 3.16 3.15
0-0 2.67 2.63 2.68 2.68
Si-O 1.67 1.66 1.65 1.65
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Fig. 4. The coordination defect of systems as a function of
temperature during cooling process.
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Fig. 5. Si-O-Si bond-angle distributions of SiO, at finite
temperatures. The cutoff distances to characterize each
bond are set at the first minimum position in partial
radial distribution function at each temperature.
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Table 2. Simulation Results for the Bond-angles of SiO, at Finite
Temperatures. The Unit of Bond Length is Degree

5000 K 3600K 2400K 1600 K
Si-Si-Si 59.75, 94.0 59.25, 98.0 59.0, 98.0  59.0, 98.0
Si-Si-O  19.0, 97.0 18.5, 103.25 17.5, 103.5 16.75, 104.0

Si-O-Si 143.0 144.75 145.0 145.25
0-0-0 58.75 58.75 60.0 59.25
0-0-Si 46.25 45.0 435 425

0-Si-0 102.5 105.0 108.75 108.75
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Fig. 6. Atomic configuration of the obtained coordination
defect in SiO, glass quenched with a cooling rate of
1x 10" K/sec at 1600 K.

Table 3. The Bond-angles and Bond Lengths of the Obtained
Coordination Defect Structure in Fig. 6

Bond length (A)

Bond-angle (deg.)

Si;-Si,-Sis 63.7 Si,-Si 3.07
Si,-Si;-Si, 579 Si,-Si 2.90
Si;-Si,-Si 583 Si-Si, 291
Si,-Sig-Sis 64.6 Si,-Sis 3.23
Si,-Sis-Si; 61.8 Si,-Si, 3.15
Sis-Si;-Si, 53.6 Si;-Sig 2.88
Si}-Siy-O, 324 Si,-0, 172
Si,-Sis-0, 32.8 Si,-0, 1.70
$i,-0,-Si 114.9
$i,-0,-0; 128.1
Si,-0,-Si; 116.8
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