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The HSE density functional

(Heyd-Scuseria-Ernzerhof)
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Other DFT functionals as limiting cases:

asa—>0 or w =, HSE — PBE (Perdew-Burke-Ernzerhof)
as w — 0, HSE — PBEO (a=0.25)

What can be gained by varying a and w?
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Search in HSE space
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G3/99 formation enthalpies

1.0 ‘ 40
—— .
0.85 32
g6 28
g0 3
g ug
Lol ©
P~ Q
804 205
>
= 16
12
8
0.0 0.2 0.4 0.6 0.8 1o 46
range separation
BH42/04 barrier heights
1.0
‘J 9:5
0.8 8.5
7.5
a |
L
£ 0.6 —6.55
£ 8
o —5.58
o [}
804 =
Z 4.5
35
2.5
0.2 0.4 0.6 1.5
range separation
SC/40 band gaps
1.0 5.4
4.8
0.8 10
g 3.6
£0.6
@ 3
& 3
5;’0.4 2.4
<
1.8
0.2 1.2
0.6
0.22

0.0 0.2 0.4 0.6 0.8 1.0
range separation

Sandia National Laboratories

G3/99 ionization potentials
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G3/99 electron affinities
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“valley” of similar functionals,

“featureless” exchange!
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Balance of accuracy & cost
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Ayspos = 29%
a,... =31%
Agpore = 43%

A ppp =100%

% of short-range exchange:

Range of Fock exchange:

Wieos = 4.8A
a)gelSt =54A
short = 2 SA
wsX PBE — 1 2A
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Quality of Kohn-Sham eigenvalues

Quasiparticle theory = all eigenvalues are physical excitations
Generalized Kohn-Sham theory = just frontier eigenvalues (HOMO & LUMO)

(not necessarily KS in-practice!)
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QP rationalization of KS errors

-erf(or) 1

screened exchange, E(r —00) —
r 8(7")]" metallic long-range screening
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drdr' screened exchange energy

ESR HF(a))~_f

HSE HSE HSE
Etot (N - 1) Etot (N) —EHOMO model of error
vacuum doesn’t polarize vacuum does polarize in model Introduce similar vacuum polarization
to reduce Hartree energy screening of Fock exchange (PCM) to screen Hartree energy
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Screening correction

Quasiparticle theory = all eigenvalues are physical excitations
Generalized Kohn-Sham theory = just frontier eigenvalues (HOMO & LUMO)

(not necessarily KS in-practice!)

G3/99 ionization potentials
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G3/99 ionization potentials (HOMO)
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Conclusions

* Improvements to HSEOQG, just by fine-tuning
parameters that define HSE (either reduced

cost or better accuracy).

* Reduction of both cost & error still possible
with a new GGA functional compatible with
short-range Fock exchange (100% at r=0).

* Large but conditional DFT errors remain.
We need the physics of inhomogeneous,
environment-dependent electronic
response and dynamic screening.
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