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Serious disagreements between calculated and experimental  band gaps and other properties of semiconductors have been 
ascribed, unwittingly, to DFT. [AIP Advance 4, 127104 (2014)- open access].  It has been rigorously established that most of 
the disagreements stemmed from a misunderstanding or misapplication of DFT in electronic structure calculation.  

The conditions to be fulfilled by calculations that seek to describe correctly semiconductors and other materials with an 
energy or a band gap are the following. 

1. The calculations, as per both theorems of DFT, must keep the total number of particles constant. 
2.  The calculations must minimize the energy content of the Hamiltonian (i.e., the energy functional). 

The above second condition is generally not met by most DFT calculations in the literature. Indeed, most of these calculations 
judiciously select a basis set, perform self-consistency iterations to reach a stationary state, and assume the latter to be 
ground state while it is only one of an infinite number of stationary states. 
The statement of the second DFT theorem follows: 

>

For a given small basis set, self-consistency leads to the electronic charge density n’ and energy E’.  An Augmentation of the 
basis set by one orbital (exponential or Gaussian orbital) leads to another density n’ and an energy E’ lower (smaller) than the 
first!  Successive augmentations lead to the point where the energy is no longer lowered! When 3 consecutive calculations 
yield the same E, the first of them, as that E is truly or verifiably the ground state of the material. That calculation produces 
results with the physical content of DFT and that generally agree with experiment.  
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With the correct application of DFT, as described on the previous slide, there is no need to invoke a self-interaction 
correction or a derivative discontinuity correction. Further, there is no need to formulate ad hoc potentials that are not 
entirely DFT potentials, as they are not functional derivatives of an exchange correlation energy. 

With the correct application of DFT, the objectives of the Materials Genome Initiative (MGI) are within reach. 
Material
s

Poten
tial 

No. Ranges of Eg Experimental 
Eg

Our DFT Results 

w-BeO LDA 9 7.0 – 7.8 eV 10.24 – 10.63±
0.10 eV

10.3 eV12

GGA 11 6.99 – 9.50 eV
zb-BAs LDA & 

GGA
16 1.1 – 1.34 eV 1.46 - 1.46 ±

0.02eV
1.48 eV13

ZnSb GGA 4 0.03 – 0.2 eV 0.5 – 0.61 eV 0.56 eV14

rs-MgS LDA & 
GGA

12 2.208 – 2.794 
eV

3.14 – 3.73 eV 3.278 eV15

Zb-MgS LDA & 
GGA

10 3.10 – 3.60 eV 4.4 - 4.45 ± 0.2 
eV

4.43 eV16

Rs-MgSe LDA & 
GGA

12 1.5 – 3.82 eV 2.45 – 2.82 eV 2.49 eV17

FeS2 LDA & 
GGA

14 0.16 – 1.02 eV 0.73 – 2.75 eV 0.959 eV18

zb-BeSe LDA 10 2.23  - 2.475 
eV

4.0 – 5.5* eV 5.46 eV19

GGA 10 2.43 – 3.655 
eV

Material
s

Potent
ial 

No. Ranges of Eg Experimental 
Eg

Our DFT 
Results 

w-AlN LDA & 
GGA

11 3.9 – 4.78 eV 6.2 – 6.2 ±0.2 
eV 

6.28 eV20

w-CdS LDA & 
GGA

11 1.31 – 2.50 eV 2.26 - 2.52 eV 2.47 eV21

zb-CdS LDA 7 0.78 – 2.72 eV 2.37 – 2.42 
eV

2.39 eV22

CrSi2 LDA & 
GGA

13 0.21 – 0.38 eV 0.2 – 0.8 eV 0.313 eV23

zb-GaAs LDA 23 0.09 – 1.613 
eV

1.2 – 1.5192 
eV

1.429 eV25

GGA 14 0.206 – 1.419 
eV

SrTiO3 LDA & 
GGA

13 1.40 – 2.20 eV 3.10 - 3.25 eV 3.24 eV27

Zb-InAs LDA 20 -0.64 – 1.396 
eV

0.354 – 0.5 
eV

0.36 eV29

GGA 24 -0.61 – 0.56 
eV

h-BN LDA & 
GGA

16 3.7 – 5.95 3.6 – 7.1 eV 4.37 eV30

Potential refers to ab-initio LDA or GGA ones. No. is the number previous calculations whose range of Eg values is in the 
next column.  Results from our calculations possess the full, physical content of DFT and agree with experiment.  


