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MP2 failure for large molecules: L7 dataset

140
120} 1
—~ 100" -
= : 1
5 80 Mp2 |
s |
% 60} ; GGG
40 MP3 1 e —
20, ] ,cp«
0 | ]
T w O O < a 0] < Cx,
o0 T 0] 0, ¥ o 0]
%) O Q
O
C2C2PD
CBH PHE GCGC C3GC C3A ,

&"

Divergence of Many-Body Perturbation Theory for Noncovalent
Interactions of Large Molecules

Brian D. Nguyen, Guo P. Chen, Matthew M. Agee, Asbjorn M. Burow, Matthew P. Tang, I | I

and Filipp Furche*

Amsterdam Institute
I for Molecules, V U
Medicines and Systems MD
Cite This: J. Chem. Theory Comput. 2020, 16, 2258-2273 I: IRead Online




Jacob’s Ladder of DFT
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VS HF AC/MPAC
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Strong coupling limit

e Exact results on the strong-coupling expansion of the
MPAC:
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Strong Coupling Limit in Practice

e QOur current functionals are crude
approximations based on the DFT ones
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Interpolations along the MPAC

* Directly approximating the MPAC using
information from both limits.

» SPL2: 4 fitted parameters on S22
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Explorative results: MAE for test-sets

Relative MAE wrt MP2
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Explorative results: MAE for test-sets
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Explorative results: Dissociation Curves
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Advantages and Outlook

* No D3/D4 correction are needed for NClI

* 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
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Weoo = Ea[p™ ] + Ex, build GGA’s for these two functionals

(so far approximated with DFT-like form)
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How to get the B: Semiclassics

* Burke derived Becke-88 of Ex using Thomas Fermi Scaling:
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How to derive the B?

* One can prove that the GEA2 of Eq[p| scales as:
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Relative Errors: Closed-shell atoms and ions
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Relative Errors: Closed-shell atoms and ions
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Profile Depedency B
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Advantages and Outlook

* No D3/D4 correction are needed for NClI

* 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 [F=ma iV ] 4
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