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It is well known that the exchange-correlation functional, energy cutoff, k-point mesh as well as
the smearing parameter etc. have a great impact on the elastic constants. Thus, it is necessary to
estimate the computational error introduced by these parameters when we perform the DFT
calculations. Generally, the frequently-used exchange-correlation functional can be divided as two
types: generalized gradient approximation (GGA) and local density approximation (LDA). Here we
mainly show the errors introduced by these two kinds of exchange-correlation functional, the
corresponding results are listed in Table S1. It is clear that the elastic constants, bulk modulus, shear
modulus, and Young’s modulus obtained by LDA are higher than those of GGA, which can be ascribe
to the well-known reason that LDA usually underestimates the lattice parameters and hence
overestimates the elastic constants and moduli. Moreover, the GGA applied in our present work is
the most popular and effective approximation to calculate the elastic constants for superhard
materials, and has been successfully applied in numerous previous works [1-7] when studying the
system containing B, C, and O. Thus, we here adopt GGA exchange-correlation functional.

Table S1. The convergence tests of exchange-correlation functional.

Exchange- k-Point

Correlation ° Cu Cs Cu Cs Co Cs Cs B G E
. Mesh

Functional

5x5x8 480.7 4525 268.7 260.3 1499 1292 -52.7 2476 217.6 504.9
GGA 6x6x9 481.0 451.7 268.6 2602 1495 129.2 -52.7 2475 217.6 504.9
7x7x11 480.8 4524 268.7 2603 1499 1293 -52.7 2476 217.6 505.0
5x5x8 514.6 4824 2932 2777 1664 1487 -60.0 271.2 231.7 540.9
LDA 6x6x9 514.6 4829 293.0 2775 166.6 148.6 -60.1 2713 231.6 541.0
7x7x11 5144 482.6 292.6 277.6 166.6 1485 -60.1 2712 231.6 540.9

We recalculated the single crystal elastic constants using different cutoff energy, k-point mesh,
and smearing parameter, and the obtained results are summarized in Tables S2 and S3. Clearly, the
elastic constants and moduli calculated by the higher criteria are almost independent with the cutoff
energy, k-point mesh and the smearing parameter, suggesting the accuracy and reliability of
our calculations.

Table S2. The convergence tests of cutoff energy and k-point mesh.

Cutoff Energy k-PointMesh Cu  Css Cu  Ce6 Crz  C Ce B G E
5x5x8 480.7 4525 268.7 260.3 1499 129.2 -52.7 247.6 217.6 5049
550 eV 6x6x9 481.0 451.7 268.6 260.2 149.5 129.2 -52.7 2475 217.6 5049
7x7x11 480.8 4524 268.7 260.3 1499 1293 -52.7 247.6 217.6 505.0
5x5x8 484.7 454.3 271.5 262.6 150.1 131.6 -53.4 249.8 219.2 508.7
650 eV 6x6x9 487.3 4544 2722 262.7 150.2 133.6 -54.5 248.3 2219 5129
7x7x11 484.2 454.3 272.3 262.6 149.1 130.1 -53.4 248.6 2196 508.9
5x5x8 480.8 452.2 268.7 260.4 150.1 129.1 -52.7 247.6 217.7 505.0
800 eV 6x6x9 482.8 452.8 269.1 261.2 148.7 129.2 -53.0 247.6 2183 506.1
7x7x11 480.7 451.9 268.6 260.2 1499 129.0 -52.7 2475 217.6 504.8
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Table S3. The convergence tests of the width of the smearing.

The Width of the Cu Css Cu Cess Cn C Cis B G E

Smearing in eV
0.05eV 481.0 451.7 268.6 2602 149.5 129.2 -52.7 2475 217.6 504.9
0.1eV 483.7 452.7 271.0 261.8 1489 130.7 -53.1 248.7 218.8 507.6
0.2 eV 483.7 4535 2704 261.1 1489 130.6 -53.0 248.3 218.6 507.0

In order to verify the accuracy of the ideal strengths results from stress-strain method, the lowest

ideal shear strength are calculated with the higher truncated energy of plane wave and the denser
grid of the Brillouin zone integration. Here, we chose the (001)[100] slip system as the test direction.
The calculated ideal shear strengths along (001)[100] direction with different truncated energy and k
points are listed in Table 54.

Table S4. The convergence tests of cutoff energy and k-point mesh for ideal strength calculations.

5x5x8 6x6x9 7x7x11
550 eV 27.5 GPa 27.5 GPa 27.5 GPa
650 eV 27.7 GPa 27.7 GPa 27.7 GPa
800 eV 27.3 GPa 27.3 GPa 27.3 GPa

Obviously, the higher truncated energy of plane wave and the denser grid of the Brillouin zone

integration have only slight impact on the ideal shear strengths along (110)[001] direction, supporting
that the calculations of ideal shear strengths in the present workare accurate and reliable. According
to above analyses, we believe that the conclusion that the tetragonal BsCOusis not superhard can

be trusted.
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