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Kohn-Sham Equations(DFT)
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W. Kohn y L. J. Sham, Phys. Rev. 740 (1965) A1133




All the unknown terms below a carpet:
the exchange-correlation functional

o [ = 6E:cc
Local Density Approximation (LDA) Voe (7) 5n(7.0)

Solids can be often considered as close to the limit of the homogeneous electron gas

In this limit, effects of exchange and correlation are local in character
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Exchange-correlation energy of the homogeneous electron gas a function of
density Correlation:

Exchange:
analvtic calculated to great accuracy
formy with Monte Carlo methods

Generalized Gradient Approximation (GGA)

Provide required accuracy for DFT to be adopted by the Chemistry Community

Problem: does not lead to consistent improvement over the LSDA




Accuracy of the xc functionals
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LDA: crude aproximation but sometimes is accurate enough (structural properties, ...)

GGA: usually tends to overcompensate LDA results, not always better than LDA.




In some cases, GGA 1s a must: DFT
oround state of iron
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XC.Authors SIESTA

O CA (Ceperley-AIder) equivalent to PZ (Perdew-Zunger). Local density approximation. Ref:
Perdew and Zunger, PRB 23, 5075 (1981)

O PW92 (Perdew-Wang-92). Local density approximation. Ref: Perdew and Wang, PRB, 45, 13244
(1992)

O PBE (Perdew-Burke-Ernzerhof). Generalized gradients approximation. Ref: Perdew, Burke and
Ernzerhof, PRL 77, 3865 (1996)

O revPBE (Revised Perdew-Burke-Ernzerhof). Generalized gradients approximation. Ref: Y. Zhang
and W. Yang, PRL 80, 890 (1998)

O RPBE (Revised Perdew-Burke-Ernzerhof). Generalized gradients approximation. Ref: Hammer,
Hansen and Norskov PRB 59, 7413 (1999)

O WC (Wu-Cohen modification of PBE functional). Generalized gradients approximation. Ref: Z. Wu
and R.E. Cohen, PRB 73, 235116 (2006)

O PBEsoOIl (Perdew-Burke-Ernzerhof for solids). Generalized gradients approximation. Ref: Perdew
et al, PRL 100, 136406 (2008)

O LYP Generalized gradients approximation that implements Becke gradient exchange functional (A.
D. Becke, Phys. Rev. A 38, 3098 (1988)) and Lee, Yang, Parr correlation functional (C. Lee, W.
Yang, R. G. Parr, Phys. Rev. B 37, 785 (1988)), as modified by Miehlich, Savin, Stoll and Preuss,
Chem. Phys. Lett. 157, 200 (1989). See also Johnson, Gill and Pople, J. Chem. Phys. 98, 5612
(1993).




Kohn-Sham fails in strongly cor

CoO

in NaCl structure
antiferromagnetic: AF II
insulator

t,, splits into a,;, and e’

Both LDA and GGA find them to

be metals (although GGA almost
splits the bands)
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Accuracy of DFT for TM

Lattice parameters (A)

= 3d elements:

s PBE superior, LDA
much too small

= 4d elements:

LDA too small, PBE too large
» New functional
Wu-Cohen (WC)

Z.Wu, R.E.Cohen,
PRB 73, 235116 (2006)

EXp. LDA PBE WC
Co 2.51 2.42 2.49 2.45
Ni 3.52 3.42 3.52 3.47
Cu 3.61 3.52 3.63 3.57
Ru 2.71 2.69 2.71 2.73
Rh 3.80 3.76 3.83 3.80
Pd 3.88 3.85 3.95 3.89
Ag 4.07 4.01 4.15 4.07
Ir 3.84 3.84 3.90 3.86
Pt 3.92 3.92 4.00 3.96
Au 4.08 4.07 4.18 4.11

= 5d elements:

n LDA superior, PBE
too large



Treatment ot Exchange Correlation

Approximations for E,,

» LDA: ELPA — [f(p(r)d®r

> GGA: EG9 = [f(p(r). [Vp(r))d®r

» MGGA: EMSGA — [f(p(r),|Vp(r)|, V2p(r), t(r))d®r
» LDA+U: ELPA+U _ EIDA L £ E

» GGA+U: EGOA+U — FGGA 4 F _ Fy

» hybrid: EQ™! = EDFT + o (EFF — EDFT)
where
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Moditied Becke-Johnson Potential

= Becke-Johnson potential (J. Chem. Phys. 124, 221101 (2006))
n designed to reproduce OEP potentials in atoms
n lests for bandgaps in solids (Tran, Biaha, Schwarz, J. Phys. CM. 19, 196208 (2007)
glve only minor improvements over LDA/GGA gaps

= modified Becke-Johnson potential (F.tran and PB, PRL 102, 226401 (2009)
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Comparative Study

= LDA strongly T E C
underestimates 4| T &w, &
gaps e

= mBJ gives gaps )
of ,,GW quality"
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mBJ Gaps!

Solid LDA MBILDA HSE GyW, GW  Expt

= accuracy of a few tenth

Kr (Al] 6.'.-‘6 IO 83 11.6
Xe (A) 578 832 9.8
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= improves unoccupied =ik b kbbbl

SiC (B3) 135 azs 2,40“ 227 2885 240

bands BN (B3) 439 585 599" 610° 7.14%2 ~625
’ s

= nearly unchanged s U L AT

occupied bands

ZnS(B3) 184 366  349° 320° 4.15% 3.'3"
CdS(B3) 086 266 225° 206° 287° 242
AIN (B4) 417 = 555 581" 583
ZnO (B4) 0.75 268 2499 2517 388
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