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Global hybrid functionals

a - Fraction of exact (Fock) exchange
app = usually GGA, sometimes meta-GGA

  +

Can be solved using OEP, but practically almost 
never is. Instead:

)()()];([)];([)1(ˆ)];([)(
2

1 2 rrrnvrnvaVarnVrV iii
sl
c

sl
xFHion  






 

Becke, J. Chem. Phys. 98, 5648 (1993)

- Hence the name “hybrid”…
- Just “mix and match” of Hartree-Fock and Kohn-Sham?
- Uncontrolled approximation to Kohn-Sham theory?
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The adiabatic connection theorem

Transition adiabatically from the many-electron system to the Kohn-Sham 
system, while retaining the density throughout

Harris & Jones, J. Phys. F 4, 1170 (1974); Gunnarson & Lundqvist, Phys. Rev. B 13, 4274 
(1976); Langreth & Perdew, Phys. Reb. B 15, 2884 (1977).  
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The adiabatic connection theorem (2)

Exc as the area under the Exc,λ curve!
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J. Chem. Phys. 98, 
1372 (1993).

A bad idea:

A better idea:

Approximate area under the adiaabtic
connection curve (trapezoidal rule)!
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Still not accurate enough for thermochemistry

Issues with the “half and half” hybrid functional

Exc,λ curve really linear?

Should we really mix correlation?
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J. Chem. Phys. 105, 
9982 (1996).

For n=4, DFA=PBE: The PBE0 functional !
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J. Chem. Phys. 98, 
1372 (1993).

Fit for thermochemistry: The B3PW91 functional
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Stephens, Devlin, Chabalowski, Frisch,
J. Phys. Chem. 98, 11623 (1994)

From B3PW91 to B3LYP

No parameter refitting, correlation readjustment
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Massively empirical hybrid functionals

Meta-GGA based family of hybrid functionals with 
varying degrees of exact exchange

36 parameters explicitly fit against extensive benchmark 
data

Can be highly effective for systems and properties that 
are chemically similar to those in the set 
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Range-separated hybrid functionals
Coulomb operator decomposition:

)(erf)(erfc 111 rrrrr   

Emphasize long-range exchange,  
short-range exchange correlation!

See, e.g.: Leininger et al., Chem. Phys. Lett. 275, 151 (1997)
Iikura et al., J. Chem. Phys. 115, 3540 (2001) 
Yanai et al., Chem. Phys. Lett. 393, 51 (2004)
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A. Savin, 
in Recent Advances in Density Functional Methods Part (1995).
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Short Range Long Range



Fully within the 
Generalized Kohn-Sham Scheme!
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Kronik, Stein, Refaely-Abrmason, Baer, 
J. Chem. Theo. Comp. 8, 1515 (2012).
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Generalized range-separation

Yanai et al., Chem. Phys. Lett. 393, 51 (2004) 
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Popular PBE-based choices (1)

α=0, β=1, γ=0.4 bohr-1 : LC-ωPBE
Vydrov & Scuseria, 

J. Chem. Phys. 125, 234109 (2006)

α=0.2, β=0.8, γ=0.2 bohr-1 : LC-ωPBE0
Rohrdanz, Martins, Herbert

J. Chem. Phys. 125, 234109 (2006)
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Popular PBE-based choices (2)

α=0.25, β=-0.25, γ=0.11 bohr-1 : HSE
Heyd, Scuseria, Ernzerhof

J. Chem. Phys. 118, 8207 (2003);
124, 219906 (Erratum, 2006).

HSE is a short-range exchange functional! Useful 
for the solid state!
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Other well-known empirical RSH 
choices

CAM-B3LYP:
α=0.19, β=0.46, γ=0.33 bohr-1 

Yanai, Tew, Handy
Chem. Phys. Lett. 393, 51 (2004)

Fit against thermochemistry. 
Not asymptotically correct!

ω-B97x: Massively empirical (16 parameters)

Chai & Head-Gordon, 
J. Chem. Phys. 128, 084106 (2008).

Improved theromchemistry and kinetics
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Double-hybrid functionals

B2PLYP: BLYP exchange-correlation components

Fitting: ax=0.53; c=1-b=0.27
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Fitting: λ=0.55

Scaling: λx=32/3-2
18

Leeor Kronik, WTC 2020



Double-hybrid functionals

B2PLYP: BLYP exchange-correlation components

Fitting: ax=0.53; c=1-b=0.27

Grimme, J. Chem. Phys. 124, 034108 (2006).
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ωB97M(2) 
A semi-empirical range-separated 

double hybrid

Mardirossian and Head-Gordon, J. Chem. Phys. 148, 241736 (2018).

Contains 14 empirical parameters

Performance for main-group chemistry database 
(4986 data points from 84 datasets)
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Local hybrids

Jaramillo, Scuseria, Ernzerhof, J. Chem. Phys. 118, 1068 (2003)

Maier, Arbuznikov, Kaupp, WIREs Comput. Mol. Sci. 2019;9:e1378
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Conclusions
•Hybrid functionals are a rigorous concept 
within GKS (or OEP).
•Zoo of functionals can be confusing, but most 
can be classified into global, range-separated, 
double, and (possibly local) combinations 
thereof.
•Can be massively, minimally, or non-empirical
•Useful 4th and 5th rung functionals! 
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