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APW+Ho: energy derivative of order 1
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Check quality of basis by changing muffin-tin radius
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APW-+lo: energy derivative of order 1 & 2
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APW+Ho: influence of mutiin=tin ra
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atios of muttin-tin radil in compound cryst

bulk MoS2
-9696.1630 T T

-9696.1632

-9696.1634

-9696.1636

-9696.1638 |

-9696.1640 |

Etotal [Ha]

-9696.1642

-9696.1644

-9696.1646

-9696.1648 ! ! . !
0.5 0.55 0.6 0.65 0.7 0.75

S Mo
RMTIRMT




Each element has “personal” Ry1G., behavior
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) element has “personal” Ry1Gnhax ehavior
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Benchmark Set: 71 Elemental Crystals

[
ol symbol 194
hP4 hP2
nm nm

space group = C N 0 B Ne
166 194 166 194 205 12 15 225
hR9 hP2 hR36 hP4 cP8 mS4 mS8 cF4
nm nm Pea rson nm nm nm afm nm nm

| _Na Mg A s P S C A
166 194 225 227 64 166 64 225
hR9 hP2 (non-)magnetic cF4 cF8 0S8 hR3 0S8 cF4
nm nm nm nm nm nm nm nm

K Ca Sc Ti Vv Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
229 225 194 194 229 229 225 229 194 225 225 194 64 227 166 152 64 225
cl2 cF4 hP2 hP2 cl2 cl2 cF4 cl2 hP2 cF4 cF4 hP2 0S8 cF8 hR6 hP3 0S8 cF4

nm nm nm nm nm afm afm fm fm fm nm nm nm nm nm nm nm nm
Rb Sr Y Zr Nb Mo T Ru Rh Pd AQ Cd In Sn Sb Te ] Xe

229 225 194 194 229 229 194 194 225 225 225 194 139 227 166 152 64 225
cl2 cF4 hP2 hP2 cl2 cl2 hP2 hP2 cF4 cF4 cF4 hP2 ti2 cF8 hR6 hP3 0S8 cF4
nm nm nm nm nm nm nm nm nm nm nm nm nm nm nm nm nm nm
Cs Ba Lu Hf Ta W Re Os Ir Pt Au Hg T Pb Bi Po AL Rn

229 229 194 194 229 229 194 194 225 225 225 139 194 225 166 221 225
cl2 cl2 hP2 hP2 cl2 cl2 hP2 hP2 cF4 cF4 cF4 ti2 hP2 cF4 hR6 cP1 cF4
nm nm nm nm nm nm nm nm nm nm nm nm nm nm nm nm nm

K. Lejaeghere et al., Critical Reviews in Solid State and Materials Sciences 39, 1-24 (2014).
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H A-factors are shown in meV/atom He
0.000 0.000
Li | Be Amean= 0.008 meV/atom B |C|N|O|F | Ne
0.001 | 0.004 Amax = 0.041 meV/atom 0.003 | 0.002 | 0.001 | 0.007 | 0.015 | 0.004
Na | Mg Al | Si P S Cl | Ar
0.001 | 0.000 0.002 | 0.006 | 0.004 | 0.009 | 0.004 | 0.002
K |Ca | Sc | Ti \" Cr Fe | Co | Ni | Cu | Zn | Ga | Ge | As | Se | Br | Kr
0.003 | 0.012 | 0.002 | 0.003 | 0.015 | 0.008 0.009 | 0.011 | 0.016 | 0.018 | 0.009 | 0.004 | 0.002 | 0.018 | 0.022 | 0.004 | 0.002
Rb | Sr Y Zr | Nb | Mo | Tc | Ru | Rh Ag | Cd | In | Sn | Sb | Te I Xe
0.003 | 0.001 | 0.000 | 0.003 | 0.010 | 0.009 | 0.004 | 0.007 | 0.009 0.006 | 0.013 | 0.001 | 0.001 | 0.003 | 0.005 | 0.013 | 0.001
Cs | Ba W | Re | Os | Ir Pt | Au | Hg | T1 | Pb | Bi | Po | At | Rn
0.000 | 0.001 - 0.009 | 0.016 | 0.013 | 0.020 | 0.023 | 0.002 | 0.011 | 0.007 | 0.001 | 0.002 | 0.001 0.001
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Carbogno, Christian, et al. "Numerical quality control for DFT-based materials databases." npj Computational Materials 8.1 (2022): 69.
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Predicted error for
a general solid elemental solids
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Carbogno, Christian, et al. "Numerical quality control for DFT-based materials databases." npj Computational Materials 8.1 (2022): 69.
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Conclusion

= Second order energy derivatives in los help to make results more
independent of numerical parameters like linearization energies
and muffin-tin radii

* An element's “personal” RyrGnax D€havior of its error in total energy is
transferable to more complex compound crystals

» Tabulated Ry1tGmax. Of elemental solids can be used to make APW input
parameters more material independent

» AE = %2, N;AE; allows us to estimate numerical errors for arbitrary systems
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