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Density-functional theory (DFT) approaches have been used recently to judge the topological order of various
materials despite DFT’s well-known band-gap underestimation. Use of the more accurate quasi-particle GW
approach reveals few cases where DFT identifications are false positive, which can possibly misguide experimental
searches for materials that are topological insulators (TIs) in DFT but not expected to be TIs in reality. We also
present the case of false positives due to the incorrect choice of crystal structures and address the relevance of
choice of crystal structure with respect to the ground-state one and thermodynamical instability with respect
to binary competing phases. We conclude that it is necessary to consider both the correct ground-state crystal
structure and the correct Hamiltonian in order to predict new TIs.
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Three-dimensional (3D) bulk topological insulators (TIs)
have a band inversion, i.e., the s-like conduction band below
the (p,d)-like valence band at the time reversal invariant
momentum such as �. This order of bands is defined through
the inversion energy �i = εs − εp,d being negative (see
Fig. 1). Specifically, for normal insulators such as CdTe, �i is
positive, while for topological insulators such as HgTe, �i is
negative. The excitation gap defined as the energy difference
between the highest occupied state and the lowest unoccupied
state can be either zero [Fig. 1(b)] or positive [Fig. 1(c)]
even in TIs. When one truncates a 3D bulk TI to create a
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TABLE II. Calculated DFT, HSE06, and GW inversion energies �i and topological class (T, topological; N,
normal) for CuTl(S,Se)2. CH stands for chalcopyrite.

Inversion energy (eV) Topological status
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