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MP2 failure for large molecules: L7 dataset



Jacob’s Ladder of DFT

Same Cost
Full Ex and MP2

Møller Plesset Adiabatic 
Connection Functionals
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DFT Hartree-Fock/MP
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• Exact results on the strong-coupling expansion of the 
MPAC:

Strong coupling limit
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Strong Coupling Limit in Practice

• Our current functionals are crude 

approximations based on the DFT ones

• What the future will hold:

build GGA’s for these two functionals

(so far approximated with DFT-like form)

Use this functional by making the approximation 

that there is 1e at the nucleus per atom
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Interpolations along the MPAC

Interpolation in the DFT context was first 

proposed by Seidl, Perdew & Levy [PRA 1999].

The idea was abandoned because of lack of size 

consistency
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Explorative results: MAE for test-sets



Explorative results: MAE for test-sets



Explorative results: Dissociation Curves

Black curve=CCSD(T)



Advantages and Outlook
• No D3/D4 correction are needed for NCI

• Contains full exact exchange and MP2 for the 
same cost as DH.

• Improving our functionals so that they:
– Are using exact properties from both limits fully



GEA/GGA for Eel
• Going back to GGA’s

• is bounded by                :

• Which has an accurate GEA (PC Model):

• GEA for           will have the same LDA (Wigner crystal)

• And the same form, since it has the same scaling as 



How to get the B: Semiclassics

• Burke derived Becke-88 of Ex using Thomas Fermi Scaling:

• When              the bulk of the density of
atoms becomes TF-like, which scales as:

• Where the reduced gradient gets smaller when N increases:

• And the same can be applied to 

Elliott, P.; Burke, K. Non-empirical derivation of the parameter in the 
B88 exchange functional. Canadian Journal of Chemistry 2009, 87, 
1485–1491.



How to derive the B?
• One can prove that the GEA2 of           scales as:

• This only works for TF-scaled densities not for neutral atoms
• We will extract the B as a function of N with

• Notice that B is profile dependent!



Results: Closed-shell atoms and ionsRelative Errors: Closed-shell atoms and ions

B=-0.0150578



Relative Errors: Closed-shell atoms and ions



Profile Depedency B



Advantages and Outlook

• No D3/D4 correction are needed for NCI

• Contains full exact exchange and MP2 for the 

same cost as DH.

• Improving our functionals so that they:

– Are using exact properties from both limits fully

– Have less or no fitted parameters

– Work for open-shell systems

– Test for other NCI/bonds
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