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Beyond Hartree-Fock
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corr nonrel

_EHF

Weak or broken bonds involving a large occupation of antibonding
orbitals cannot be described by a single determinant.

Remaining correlation associated with the instantaneous short-range
electron-electron interactions.
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» CC wavefunction ansatz
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» Overall the KS orbitals are a good basis for qualitative
interpretation of molecular orbitals.

» Koopmans' theorem in DFT: the eigenvalue of the
uppermost occupied KS orbital equals the exact
ionization potential.

JACS 1999, 121, 3414; PRL 1982, 49, 1691; PRB 1985, 31, 3231
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BLYP etc popular in CHEM
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PBE Family
» PBE

Only satisfy conditions which are energetically significant.
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subsystem functional approach
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e.(r:[n]) = " (n(r))[X + (1 - X)y].

F-2(s) = (cs> + 1)/(cs>/F2 + 1), Linear Airy Approximation
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JacobiZ

Heaven of
Chemical Accuracy

+Unoccupied orbital information
+ EXplicit occupied orbital information
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+ Density gradient
+ Local density
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» Molecular DFT+U
CO on Rh(I11) surface
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» DFT-D3 Dispersion coefficients from (TD)DFT
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» vdW-DF
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Science, 321, 792 (2008)
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H atom with fractional spins
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» broken-symmetry open-shell calculation

Science, 321, 792 (2008)
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» Hartree
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» Hartree-Fock
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» GOWO
DFTA unocc orb, WWAVEDERA GO,WO0A F correction

» GWO
Iterating G and keeping W fixed to the initial DFT W,

» scGWO

Orbitals are updated as well
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» GW/scGW



Practical Approaches

» Use GOWO, GWO, or possibly scGWO on top of PBE, if
PBE yields reasonable screening for host

» Possibly try GOWO on top of HSE, if PBE is not
reasonable, slightly too large band gaps because RPA
screening is not great for HSE
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» Adiabatic connection technique

Hy=T+ 0} + AVee (where 0 < \ < 1) Hy|®[n]) = Ex|dA[n])
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VASP flow chart
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EDIFF = 1E-8
ISMEAR =0 ; SIGMA = 0.1

NBANDS = maximum # of plane waves
ALGO = Exact ; NELM =1

ISMEAR =0 ; SIGMA =0.1

LOPTICS = .TRUE.

ALGO = Eigenval ; NELM = 1
LWAVE = FALSE.
LHFCALC = . TRUE. ; AEXX=1.0

ISMEAR =0 ; SIGMA =0.1

NBANDS = maximum # of plane waves
ALGO = ACFDT

SIGMA = about 2 of DFT gap
NOMEGA = 16
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» HF N*

» Motivation

» complete neglect of differential overlap (CNDO)
» intermediate neglect of differential overlap (INDO)

» neglect of diatomic differential overlap (NDDO)
MNDO AMI PM3 PDDG



Extended Huckel Theory
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» SK Hamiltonian
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Slater-Koster Transformation

b [PRB 69,233101]



Slater-Koster Transformation
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NRL-TB

» Hopping term
hoR=(8 »*+f R 8 B & EF

» 1+12+4*10%2=93 parameters
» Moadified like-atom hopping term
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DFT Total Energy

» KS total energy
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» Two-order expression
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Density-Functional Tight-Binding

» On-site term

[E+ v [ ] ¢rl)ﬂfxr) 2 (9

» Hopping term
Mo =(F bF L ]| 1),

» Repulsive term: polynomial or spline
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Second-Order SCC-DFTB

» Population
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