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Abstract:

By using first-principles plane-wave normconserving pseudopotential method of density functional

theory, the structures and thermodynamic properties of 3C-SiC were investigated. The calculated lattice parameters,

bulk modulus, the first order pressure derivative of bulk modulus, and elastic constants are consistent with the

experimental data and those calculated by others. Through the quasi-harmonic Debye model, Debye temperature and

heat capacity under different temperatures and pressures were successfully obtained. It is shown that when the

temperature is constant, the Debye temperature increases almost linearly with applied pressures, while the heat

capacity shows an opposite trend. The relative lattice parameters and relative volume, the bulk modulus, thermal

expansion versus temperature and pressure were also investigated.
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Fig.1 The variation of total energy with

primitive cell volume
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Tabal1 Calculated lattice parameters a, bulk
modulus By, the first order pressure derivative of
bulk modulus B and elastic constants C; at

the zero temperature and pressure
a/nm B,/GPa B, C,/GPa C,/GPa C,/GPa
0.30706 218 3.9 382 115 254

Present work

Calc.(Ref.[6]) 0.30815
Calc.(Ref.[8]) 0.30718 221.8 3.8 390 134 253
Calc.(Ref.[32]) 0.3040 232

0.3076 222
Calc.(Ref.[7]) 0.3816 219 3.3
Calc.(Ref.[2]) 0.308164 225.2 390 142.6 191.0
Calc.(Ref.[33]) 395 123 236
Calc.(Ref.[34]) 0.35117 223 420 126 287
Calc.(Ref.[35])  0.307167 219 390 134 253
Calc.(Ref.[36])  0.308299 210 384 132 241
Calc.(Ref.[37])  0.306651 218 385 135 257
Calc.(Ref.[38]) 0.3034 222
Expt.(Ref.[39]) 0.3083 224
Expt.(Ref.[34]) 0.308270 225 390 142 256
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Fig.2 The variation of relative volume V/V, with
pressure p
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Fig.3 Bulk modulus B, as a function of
temperature T at p=0 GPa
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Table 2 The heat capacity Cy (J-mol?-K™) and the Debye temperature @,(K) at various temperatures and

pressures
TIK Cy O, Cy O, Cy O, Cy O, Cy O,
p=0 GPa p=10 GPa p=20 GPa p=30 GPa p=40 GPa
300 31.39169 960.61 29.35999 1035.42 27.67151 1099.08 26.23253  1154.80 2498351  1204.55
600 44.13627 951.54 43.26702 1028.12 42.49886 1093.01 42.80572  1149.76 41.17471  1200.20
900 47.25508 942.52 46.82231 1020.39 46.43386 1086.34 46.07911 1143.88 4575134 1195.11
1200 48.40517 934.94 48.15184 1013.59 47.92279 1080.25 47.71236  1138.42 47.51689  1190.22
1500 48.94121 930.02 48.77744 1008.53 48.62791 1075.51 48.49049  1133.82 48.36196  1185.97
4.0 4.0 5 Dulong-Petit limit
@ ®) _ oo
3.3 35 O S
0GPa
3.0 3.0 40t
T 25t 20 GPa T 25 =
M < ¥ 30l o expt.
3 2.0t 40 GPa 320 = —=— 0GPa
=z = £ —2—20 GPa
T o1s) 60 GPg 1.5 = —*— 40 GPa
Lo 0 GPa Lo °
10}
0.5 05
00 ) ) ) ) ) 0.0 1 1 1 1 1 1 1 1 O 1 1 L L 1 1 1 1
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Fig.5 The thermal expansion versus temperature
and pressure
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Fig.6 The heat capacity at various temperatures
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