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Exact Properties
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Exact Properties
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PE curve of Hy in RKS — static correlation / fractional spins
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Why poor? Mathematical form or approximate parameters?

How well does it perform when all three parameters are determined so as to
reproduce exact properties of the adiabatic connection?
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Strategy - determine accurate properties using Full Cl
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Strategy - determine accurate properties using Full Cl
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Strategy - determine accurate properties using Full Cl
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Then choose a, b, ¢ to reproduce these three quantities exactly.



Exc = Exc(a,b,c) = a+ (b/c)(l - w)

E= T+ VES + JF 4 Vi + Exc
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Exc = Exc(a,b,c) = a+ (b/c)(l - w)

E= T+ VES + JF 4 Vi + Exc

Discrepancy from FCI quantifies ability of AC form to describe H2 dissociation

Denote results AC1



Ly )
R

E / Hartree

|
=
T

—1.2




Ls )
e P ¥

E / Hartree

|
=
T

—-1.2

9/17



E / Hartree

0.1

0.2

03 04

05 06 07
\

08 09

10/17



E / Hartree
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Other 2 electron systems? He-isoelectronic series!
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Other 2 electron systems? He-isoelectronic series!
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Why do most improve, but three get worse from H™to Ne®*?

How do we achieve such high accuracy for large Z7?
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Why do most improve, but three get worse from H™to Ne®*?
How do we achieve such high accuracy for large Z7?

In the Z — oo high-density limit, the exact AC is linear
Wy = Ex + 2Ec,cL2A (Exc = Ex + EccL2)
As Z — oo, most of the AC forms exactly reproduce this.

But, three of the forms do not behave in this manner. They are the forms that
become less accurate from H to Ne®*.
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Conclusions

J. Chem. Phys. 126 244104 (2007)
J. Chem. Phys. 129 064105 (2008)

@ lllustration of how accurate W can provide insight into DFT

@ Simple AC forms can be very accurate for 2e systems, when exact input
data provided
@ Key role of GL2 energy in H, (R — o0) and He-series (Z — o0)
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