Towards reliable
theoretical description
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Approximations in quantum chemistry

Increasing
computer
requirements

Increasing
accuracy
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Benzene example

MP2 binding energy of benzene
A kj/mol
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Data from G. J. O. Beran, Chem. Rev. 116, 5567 (2016).

Problems with convergence of parameters



Molecular solids — Precision

Lattice energy

Elatt = Esolid/ Z— Emolecule
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Molecular solids — Precision

Lattice energy

Elatt = Esolid/ Z— Emolecule

@ Periodic calculations.
@ Many-body expansion:

Esona = E 2ZAE1/ Z AEy+....
i>1 k>j>1

In both cases, it is often difficult to know that you are
converged.



Periodic calculations vs. many-body expansion

@ We directly compared lattice energies obtained with
many-body expansion using Molpro with periodic
calculations done with VASP

@ We used methane, methanol, ammonia, and CO,.

@ HF with CABS corrections, MP2 with F12 corrections —
AVTZ basis within 0.1% of AVQZ.

@ J. Hofierka, BSc. thesis
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@ Typically 10° — 10% dimers and 104 — 10° trimers.

@ Automatic generation of dimers and trimers, input
files, summing energies, ...

@ Automatic job submition, recognition of failure, ...



Periodic calculations vs. many-body expansion

HF (MBE) HF (PBC) MP2 (MBE) MP2 (PBC)

Methane 5.07 5.06 —-15.0 —15.1
CO, -3.8 -3.8 —-26.2 —-26.3
Ammonia -11.4 —-11.1 -23.9 —24.2
Methanol -18.4 —-18.1 -37.0 -36.8

Data in kd/mol



MBE components
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Methanol Hartree-Fock

Total trimer energy (kJ/mol)

Total trimer distance cut-off (A)



Periodic Hartree-Fock — Methane molecule

@ Slow convergence due to singular interaction with
periodic images.
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Periodic Hartree-Fock — Methane molecule

@ Slow convergence due to singular interaction with
periodic images.
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Periodic MP2 — Methane solid
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Periodic MP2 — Methane solid
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Periodic MP2 — Methanol solid
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Conclusions

@ To understand the accuracy of a method, we need
precise data (converged with parameters).

@ Much more difficult fo attain for correlated methods.

@ MBE and periodic calculations agree well for
methane and CO,, less for hydrogen-bonded
systems.

@ Avoiding HF singularity improves also the k-point
convergence MP2 energies.
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