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ABSTRACT

The density functional theory (DFT) is employedystematically investigate the structural, elagtiermal properties, electronic
structure and chemical bonding nature of the ptedisuperhard tetragonal®O0; (t-B,CO,). The estimated values of the elastic
constants yield mechanical stability of this compauThe large values of bulk modulig),(shear modulus3), Young’s modulus
(E), Vickers hardnesd+), small Pugh’s modulus and Poisson’s ratio idgrtifs compound as a possible candidate for supgrha
material. The thermodynamic properties-&,CO, are predicted for the first time through the quzmimonic Debye model where
the lattice vibrations are taken into account. Vadations of bulk modulus, Debye temperature, gjgebeats, and volume
thermal expansion coefficient with temperature pregsure are successfully achieved for the firgt tiPredicted large values of
Debye and melting temperatures anticipate the pitigsf the strong microhardness of this compouRde analysis of electronic
density of states and Mulliken populations empleatie strong covalent bonding of B-C (B-O) atomécivitan be attributed to

the mechanism of superhardnessBiCOs,.
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1. Introduction

The growing uses of superhard materials (matewdls Vickers hardness exceeding 40 GPa) in indalstrses
stimulated the scientific community to synthesind design new superhard materials that are moréanézally,
thermally and chemically stable than pure diamohd Even though diamond is the hardest known nhtura
material with a measured hardness within 60 ~ 1P@ @ single crystal form [2], the practical apations of it
are limited due to its tendency to react with faanaterials, and oxidization in air at high tenapere. A
significant progress for searches of superhard niadgeby experiment involves diamond [8}1BN [4], BCs [5],
BgO [6], BGN [7-11] etc and first principles predictions inclutbet-BN [12], pct-BN [13], Z-BN [14], P-BN [15],
T-BN [16], cTe-BN [17], I-BN [18], O-BN [19,20], PbcaBN [21], B,;N4[22], M-BN [23], Z-BN [23], BCs-BN
[23] and NB [24]. Superhardness of materials formed by thegd Blements (B, C, N and O) is believed due to
their relatively short bond lengths and strong ¢ewvibonds. Vickers hardness of BN polymorphs rargsween

47 and 66.8 GPa. Ultra-incompressible phases (Boltulus with 350 ~ 430 GPa comparable to that afildind

of ~440 GPa) are also observed in the partiallyatant heavy-transition-metal borides Q§Bb], nitrides I\
and OsN [26], carbides OsC [27] and dioxides Fj@rO, and HfG[28] etc. In an attempt to search for new
superhard materials in contrast to the above meaticystems, the ternary B-C-O compounds renevtetian
during the last decade. Several materials suchs@g:8, 33 and BC; »d00.31[29] under high pressure and high
temperature, and single crystals of interstitisdg#s B(C,Q);55[30] belonging to the B—C—-O system have been
synthesized. Let al. predicted a potential superhard ternary materj@@with estimated hardness of 50 GPa
[31]. Recently, Wanget al found one stable ternary compounB,CO, in the B-C-O system with Vickers
hardness of 39 GPa [32]. Therefore, B-C-O mategals also be categorized into a new class of sapgrh
materials.
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