TSTC Electronic Structure Lecture 5

Hybrid DFT
E. [p]=C.E" [p]+E[p]+(1-C,)E/"
| Property | HF | Hybrid | _MP2 | CCSD(T) _

IPs and EAs +0.5 eV +0.2 eV +0.2 eV 10.05 eV
Bond
Lengths -1% +1 pm +1 pm +0.5 pm
Vibrational o o 8 -1
Frequencies +10% +3% +3% +5cm
Barrier —30-50% -25% +10%  +2 keal/mol
Heights
Bonc_j -50% +3 kcal/mol =1 +1 kcal/mol
Energies kcal/mol
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Manifestations of SIE in Chemistry
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So then we should include 100% HF exchange, right?

06% K + G6ac =2 HF-Lxe
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Example 1: Antiferromagnetism
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Theoretical Justification: Adiabatic Connection
In DFT, E,. contains more than just e-e interaction terms
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How do we get these extra kinetic energy terms?
Idea: Adiabatic Connection (Kﬁ)
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Adiabatic Connection Theorem:
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Korzdorfer, Sears, Sutton, Bredas JCP 135 204107 (2011).
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Dispersion Interactions
Weak, Long Range Correlation Effect:
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Three (Good) Ideas:
Double Hybrid DFT

E [p]=C.E®p]+CE [ p]+(1-C)E +(1-C.)EM

X

v’ Exploits good properties of ¥ theory
XCost of MP2

Atomic Partitioning of Density

P = Pyt Pyt Pet e

1J
Co = F[pl’pj]
v/Cheap, Density Based
XWhat about Cg? Or Three Body Dispersion?

Nonlocal Functionals

E.[p]= [ p(x)o(x.x,. p)o(r, )drdr,

v’Builds new physics into correlation functional
XDifficult to derive new functionals
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