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Abstract: This work reports the calculations of the physical properties of TiB, under high temperature
and high pressure using the first-principles method. The calculations include the structural parameter,
elastic constants, bulk modulus, band structure, phonon dispersion, thermodynamic properties. These
results are in agree well with other experimental and theoretical calculated values. By analyzing the E-V
curves, the phonon dispersion curve, and the density of states (DOS), we prove that TiB, is mechanical-
ly stable. From the results of B/G ratio and Poisson’s ratio, the brittleness behavior of TiB, is obtained.
On the basis of the quasi-harmonic Debye model, we calculate the Debye temperature ® and analyze the
temperature and pressure dependences of the thermal expansion. The volumetric specific heat is very
close to the Dulong-Petit limit at 1300 K. By analyzing the electron state density, it is found that TiB,
has metallic properties, the peak at Fermi level decreases, the pseudo gap widens, non-localization in-
creases and covalent bond is enhanced as the pressure increases. All these results have proved that the
crystal structure of TiB; is stable.
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Tab. 1 The strains used to calculate the elastic constants of
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Tab. 2 Calculated lattice parameters a and ¢ (A), cell vol-

ume per formula unit V, (A% , the bulk modulus

B, (GPa) and its first pressure derivative B,’ of

TiB;at p=0 GPa and T=0 K, together with other

theoretical and experimental results

a ¢ Vo By By

Theor.
Present work 3. 040 3. 240 25.78 250 3.83
Ref. [14] 3.015 3.222 25.4 245 3.88

Ref. [11] 3.0291  3.2195 25. 66 250. 6 3. 86
Ref. [2] 3.028 3.222 250. 8 3.85
Expt.

Ref. [32] 3.023 3.220 25.5 247 1.9
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Tab. 3 The elastic constants C; (GPa), bulk modulus B (GPa), shear modulus G (GPa), Yong's modulus E (GPa) of
TiB, at T =0 K and p =0 GPa, together with the experimental values and other theoretical results

Cn Ciz Ciz Cs3 Cy Ces B G E
Theor.
This work 652 57 102 443 262 297 250 259 578
Ref. [14] 626 68 102 444 240 279 245
Ref. [12] 650. 6 68.5 102. 1 461. 3 291.1 256. 4 262. 3 586. 8
Ref. [33] 652 76 115 461 259 288 262 256 579
Expt.
Ref. [34] 660 48 93 432 260 306 240 259 569
Ref. [35] 654. 5 56.5 98. 4 454. 5 263.2 299 250 262. 6 583.5
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