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Table 1.  Calculated and experimental value of lattice constants for ¢-BN and h-BN cells! .
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Fig. 1. Relationship between total energy and cell volume of ¢-BN and h-BN at 0 GPa and 0 K.
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Table 2.  Elastic constants, Debye temperature and average sound velocity of c-BN and h-BN at 0 K and 0 GPal?%:36:40-46],
Jik C/GPa Cp,/GPa Ci3/GPa C43/GPa Cy/GPa Op/K V. /m-=s! B G E B/G v
c-BN  SEER{H 820000 19010 48010 389407140
AICHE 82443 186.37 479.76  1929.94 11590.90  399.06  407.38 911.85  0.98  0.12
HAbHE 8233 18589 479831 176587 107830 40713 91085 0.9751% .12
82406 1930l 47613 403661 4040 0.9980%6 0.12030]
82014 19401 4770 375.923M11 409141 854.81141 0.97141 0.12141
815142 194042 4941421 1790042 38102 39842 0.957142
820143 194043 477183)
SCH(E 811H0 16910 (S 32040) 710l 26—335
h-BN 81144 169144 (S 2714 g4l
AICHE  925.98 212.04 2.26 29.83 5.95  424.94 2928.86  142.88  98.85 240.98 145  0.22
HAbi5 92710 223030 1136] 320 7136) 14500 100001 1.45130 0.22030
93012 21814 1142 29042 742 15812 104142 1.519142
141450 98l 23905l 1440651 (2204
923.48141 212.231461  2.561461  28.08146 4,064
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1 h-BN #B4F& 8 BRI, i — A A A

C11+2C12>0, Cu>0, Ci—Ci2>0; (14) — B W 7R . X TR I A DB A R 1)
ST B A B/ G, Ffi kM c-BN H1h-BN 1) B/ G #{E—EHIN,
O >0, Ci—Cia>0. Ci>0 B A ) P BORBAT. -BN Y B/ G 0.980

(C11+ C12) C33 —2CT5 > 0. (15)

i 2 AR AT, o BN il h-BN #1454

YRR E A, U] A —E 1 1R E
Pk, 4EICRENE (Hy) 5 B, G ZEKERN
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HV =2 <B2> .

TS h-BN f94E[CRE L[N 19.094 GPa, c-
BN FU4EECREE N 68.923 GPa, S5HASE 65 GPa
HHZEARK. AR EYE T LUH B/ G A9 K/ NS Ak
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SEMEPER R, i 2 WAL ¢-BN AT h-BN ¥4 fifi 4
ARE RIS, JAA G o OBt mT IR SRR A
Mo < 1/3 BATUCHZMEMEM R, #1352 AT BN
1 h-BN #RERatAEL X5 B/ G 1FIBEs R —3K.

FE 3 P AESE AR g B o T A
MIAEF U849 53 5M R TR TR T ¢ BN fil h-BN

(16)

(0 GPa) 3415 1.181(50 GPa), ifii h-BN W 1.445
(0 GPa) 34151 1.729(50 GPa). %34h, c-BN F1h-BN
FITARS LE v — ELIE I AR AR 17X — a5

mE 2 iR, BEE PRSI, BN Al h-BN
M SPER AL O HORE PSS Inn SR, X R
B ¢-BN Fl h-BN 1 A] FR4aPERE P i) v T A2 15
R, it BN & h-BN, ffiFF P AY4AS
1k Cy B SEt F  Y), IXUERH Cy X P Al
HHURK.
3.22 FFit

anAs B 1 E , A E , IR A TR 1SS
g %) 187 TE FR S AR 8 A1 52 8 S A B S 1O, o gl 2
Ve AN Z BT % Brillouin X AT — % %<,
s AR B, WP S5 TE AR TR
TR, B i 2 e i B IR e 2 A IRA. T
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#3 0KH, P %t BN Ml h-BN k%4t C;, B, G R

Table 3.  Effect of pressure on the elastic constants of c-BN and h-BN at 0 K.
P/GPa Cy,/GPa C1»/GPa Cy3/GPa C33/GPa Cu/GPa B/GPa G/GPa v
0 824.43 186.374 479.76 399.06 407.38 0.119
5 830.11 185.83 493.23 400.59 415.80 0.124
10 889.09 226.27 527.81 447.21 437.96 0.130
15 911.61 241.91 540.63 465.15 446.14 0.137
20 932.97 257.00 552.40 482.33 453.61 0.142
c-BN 25 954.49 272.25 563.79 499.66 460.89 0.147
30 975.51 287.24 574.81 516.66 467.91 0.152
35 996.42 302.42 585.82 533.75 474.82 0.157
40 1017.22 596.23 317.36 550.65 481.48 0.161
45 1037.37 332.13 606.51 567.21 487.92 0.166
50 1057.25 346.87 616.50 583.66 494.15 0.170
0 925.98 212.04 2.26 29.8 5.95 142.88 98.85 0.219
5 1031.35 249.81 5.35 63.99 8.14 176.61 112.09 0.228
10 1148.41 283.48 26.06 132.72 26.16 231.48 145.44 0.240
15 1200.62 306.01 39.36 160.84 34.24 256.67 158.80 0.244
20 1246.22 327.55 53.25 187.08 42.77 280.31 171.49 0.246
h-BN 25 1287.16 348.45 67.73 211.76 51.53 302.83 183.49 0.248
30 1320.57 372.62 82.18 236.37 60.42 324.77 194.15 0.251
35 1353.78 393.22 96.91 259.96 69.28 345.92 204.72 0.253
40 1385.71 412.37 111.71 283.31 78.45 366.65 215.30 0.254
45 1414.63 431.89 126.68 306.37 87.53 386.99 225.13 0.256
50 1445.81 447.45 141.74 328.44 96.53 406.75 235.27 0.258
1200 = 3.3 #HAh=x
& 900W
g sool Gy T2 R AR RTS8 07 Th BAT I R R
Dbt T RS RRIE TR P IR
ot - - - - . AR BU. I HAEFERLA 2 3153 - BN I Ik =
Pressure/GPa oo IR AL V/ VL RS Oy, TEFER
P JE Op MR R By F BB A% T TR
% 1200 Cu/( ¢ Cu BF, AR 2 T WS A TR AL GT(V, P, T) AT LA
§oof . - i
= 400
0 A a 4 o4 S — G*(‘/Y,P,T):E(V)+pV+A[@D(V),T],
0 10 20 30 40 50 (17)

Pressure/GPa

B 2 0K, K% c-BN i h-BN A9 5P 5 4500 5%
Fig. 2. Effect of pressure on the elastic constants of c-BN
and h-BN at 0 K.

1 c-BN 25 ¥ #9 Brillouin X A — I < B 75 T3
RAREA M B AL, XUl EA S FRGETE. )
W h-BN 2544, 7€ Brillouin XY K A F] M 5 XI5
W, A R T B, X UL h-BN A ANRRE, 1T
1 h-BN 7EZ R Z AL T AR,

Hob B (V) Fon A A S RE R, pV R E i
FRZ6AF, Op FRPETFRILE, AR ZIEZL A h
fiE, thFag

90p

—— +3In

A(Op.T) = nKT |~

(1 - e*@D/T> —DOp/T)|,  (18)

Hob D (0p/T) R EFFRIY, nFm ARy
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Fig. 3. Phonon spectrum and density of phonon states of c-BN and h-BN at 0 K and 0 GPa.
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HETLE, V/ VX PR BUER, Jf H P
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SRV - BN IEZRTG R BoE L 46, X 5 5
FRI AR 25 5 — B0

WA Oy J& RIS IS5, Btk
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TEREANAR W, B 0 K AN & AEAEAN, Oy BEE
P 3K/, (H8 N AR/, AR 5(b) BT LATE
A, B T R, Oy iR n % AR
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Fig. 4. The normalized primitive cell volume V/V; versus temperature (a) and pressure for the c-BN.
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Fig. 5. The heat capacity Cy versus temperature and pressure for the c-BN.
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Fig. 6. The thermodynamic expansivity « versus pressure (a) and temperature (b) for the c-BN.
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Fig. 7. The Debye temperature O, versus pressure (a) and temperature (b) for the c-BN.
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Fig. 8. The Griineisen parameter ~ versus pressure (a) temperature and (b) for the ¢-BN.
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Fig. 9. Band structures for ¢-BN (a) and h-BN (b) at 0 GPa and 0 K.
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Fig. 10. Density of states for c-BN and h-BN at 0 GPa and 0 K.
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Fig. 11. Complex dielectric functions of c-BN and h-BN at 0
K and 0 GPa.
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Fig. 12. Absorption coefficients of ¢-BN and h-BN at 0 K
and 0 GPa.
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Fig. 13. Reflectivity of c-BN and h-BN at 0 K and 0 GPa.
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Fig. 14. Refractive index and extinction coefficient of c-BN
and h-BN at 0 K and 0 GPa.
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Fig. 15. Loss function of c-BN and h-BN at 0 K and 0 GPa.
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Fig. 16. Conductivity of ¢-BN and h-BN at 0 K and 0 GPa.
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Abstract

On the basis of the density functional theory of the first-principles, we employ the plane wave
pseudopotential method and local density approximation to optimize the geometrical structure of cubic boron
nitride and hexagonal boron nitride; then we study their mechanical properties, electronic structures and optical
properties at zero temperature and zero pressure, and the thermodynamic properties at different temperatures
and different pressures. By means of geometry optimization, we systematically investigate the elastic constant,
bulk modulus, shear modulus, hardness and phonon spectrum for each of cubic boron nitride and hexagonal
boron nitride. The results show that both cubic boron nitride and hexagonal boron nitride are structurally
stable and brittle materials. Besides, cubic boron nitride is more stable than hexagonal boron nitride and it can
be used as a superhard material. However, the thermal stability of hexagonal boron nitride is poor. The research
results of electrical properties show that both cubic boron nitride and hexagonal boron nitride are indirect
bandgap semiconductors, and the localization of cubic boron nitride is stronger than hexagonal boron nitride.
The optical studies show that both cubic boron nitride and hexagonal boron nitride have good passivity to
incident light. The c-BN is more sensitive to the incident light in high energy region. Last but not least, the
thermodynamic properties of cubic boron nitride at high temperature and high pressure are also investigated.
The relationships of thermodynamic expansivity, heat capacity, Debye temperature and Griineisen parameter of
¢-BN with temperature and pressure are obtained. And the heat capacity of cubic boron nitride is found to be
close to the Dulong-Petit limit at high temperatures. In this paper the relevant properties of cubic boron nitride
and hexagonal boron nitride under high pressure are described theoretically, and a relatively reliable theoretical

basis is provided for relevant experimental research.
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