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Tran, Stelzl, and Blaha

not reflect the trends for finite systems, as mentioned in Sec. I11.
Thus, in order to provide to the reader of the present work a
more general view on the accuracy and applicability of the
functionals, a very brief summary of some of the literature
results for molecular systems is given below. To this end, we
consider the atomization energy of strongly bound molecules
and the interaction energy between weakly bound molecules,
for which widely used standard testing sets exist.

A. Atomization energy of molecules

The atomization energy of molecules is one of the most

J. Chem. Phys. 144, 204120 (2016)

TABLE V. Results from the literature (reference in last column) for the MAE

(in kcal/mol) on the S22 testing set.

Functional MAE Reference
LDA

LDA%0 23 48
GGA

PBEsol®? 1.8 48
PBE"? 2.8 48
RPBE”? 5.2 49
revPBE’! 5.3 27
BLYP?:% 4.8, 8.8 106, 48

10
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RESEARCH

RESEARCH ARTICLE

DFT METHODS

Reproducibility in density functional
theory calculations of solids
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The widespread popularity of density functional theory has given rise to an extensive range

the fundamental variable. Although this refor-
mulation is in principle exact, it is not fully known
how the interaction between individual electrons
should be transformed. As a result, the specific form
of the unknown part of the interaction energy, the
exchange-correlation functional, has been the focus
of many investigations, leading to a plethora of
available functionals in both solid-state physics
(15-19) and quantum chemistry (15, 20-23).
Onoe a particular exchange-correlation function-
al has been chosen, the mathematical problem is
completely specified as a set of Kohn-Sham equa-
tions, whose solution vields orbitals and energies
from which the total electronic energy can be
evaluated. A variety of such numerical solution
schemes have been implemented in different com-
puter codes. Comparisons of their performance
are much less frequent or extensive than those
of exchange-correlation functionals, however
(21, 24-29). One might reasonably expect that
because they solve the same equations, they all
produce similar answers for a given crystal
structure, but a glance at the literature shows
that this assumption is by no means always true.
Figure 1 demonstrates that even for a well-studied
material such as silicon, deviations between pre-
dictions from different codes (the “precision”) are
of the same order of magnitude as the deviation
from the 0 K experimental value (the “accuracy™)
(26, 30). Because all of the codes shown in Fig.
1 treat silicon at the same level of theory, using
the same exchange-correlation functional, they
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test systems

- structural diversity
all elemental crystals with fcc, bec, sc and diamond structure (12/8/6/4 neighbours)

- chemical diversity
all oxides X,0, X0, X,0;, X0,, X,0. and X0 (oxidation numbers +1to +6)

- bond diversity (validation?)
for each element an experimentally known binary metal, ionic and covalent compound
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properties

- formation energies
- band structures

- forces

- phonon frequencies
- magnetization
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methodologies

- hybrid-functional DFT
- meta-GGA DFT

- GW

- BSE

- RPA
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