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Figure 2: The lattice constant dependence of band gaps of elemental semiconductors.
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Figure 1: Calculated band gaps of selected semiconductors.
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Table 1: The HOMO eigenvalues of selected molecules (GPAW [2]).
molecule GLLB-vs GLLB-B88 KLI∗ -exp. IP

H2 -16.207 -15.931 -16.1805 (TM)

LiH - 8.842 - 7.593 - 8.19

CO -12.117 -12.242 -14.85 -14.01

CH4 -14.266 -13.939 -14.78 -13.60

C2H4 - 9.377 - 9.206 -10.28 -10.68

H2O -12.094 -11.102 -13.73

benzene - 8.250 - 8.280 - 9.17

naphtalene - 6.696 - 6.854 - 7.83
∗ KLI values from JCP, 115, 5718

Conclusion

In GLLB approximation, to be such a simple and computationally light method

compared to O(N 6) scaling GW approximation for example, EQP
g is generally

suprisingly close to the experimental results, although Germanium is still predicted

to be a semimetal near the experimental lattice constant. This matching is also

somewhat unexpected especially since GLLB is an X-only approximation.

Compared to correlated EXX + RPA − OEP scheme, GLLB potential seems

to overestimate the KS-gap and underestimate the discontinuity. A compatible

correlation should, therefore, correct this misbalance only.

The Step in Potential due to The
Derivative Discontinuity

The GLLB potential naturally includes a derivative disconti-

nuity for non-metals, due to the change of HOMO reference

on addition of an electron. The discontinuity has the form

∆GLLB
x (r) = lim

α→0
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which, however, is not a constant function. To overcome this

difficulty, we use first order perturbation theory to evaluate a

step
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OEP–EXX and it’s Approximations

The exchange potential can be obtained using the Optimized

Effective Potential approach (OEP), or equivalently by indi-

rect evaluation of the functional derivative vx = δEx[ρ]
δρ(r) . In the

KLI-approximation a model potential is used such that

vx(r) = vscr,x(r) + vresp,x(r) (3)

≈ vs(r) +
N−1
∑

i=1

wi
|ψi(r)|2
ρ(r)

, (4)

where vs is the Slater potential (called the screening part

of exchange vscr,x, the Coulomb potential due to the ex-

change hole) and the latter term is called the response part

vresp,x ≈ wi
|ψi|2
ρ . In the GLLB approach [1], vs is approxi-

mated by GGA energy density by Becke, vscr,x(r) ≈ 2ǫB88(r)
ρ(r) in

order to increase effectiveness of computation. The response

part is approximated by an eigenvalue dependent expression

vresp,x(r) ≈ vGLLBresp,x (r) :=
N
∑

i=1
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√
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ρ(r)

. (5)

Due to the difference ǫref − ǫi, where ǫref is the HOMO-

energy, the potential preserves the self interaction free 1/r

asymptotic behaviour and potential gauge invariance. Due to
√, it also fulfills the exchange only scaling relation. Finally,

the coefficientKG is derived to describe the homogenous elec-

tron gas limit correctly.

Introduction

Conventional approximations for Kohn–Sham (KS) Density

Functional Theory often yield good energetics. In the com-

mon approximative interpretation of KS-eigenvalues as quasi-

particle energies, the KS-band gap EKS
g remains generally too

small.

The quasiparticle gap EQP
g , relevant in comparison with ex-

perimental ionization energies (IP) and affinities, is obtained

by adding the derivative discontinuity, that is

EQP
g = EKS

g + ∆xc, (1)

where

∆xc := lim
α→0

δExc[ρ]

δρ(r)
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