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Tackling BSSE in periodic systems

Basis set superposition error (BSSE) occurs when the atom-centred
basis functions on nearby fragments “overlap” to increase basis set

size, leading to an artificially more favourable interaction between them.

The problem gets worse: &

= with large(r) systems, 0 ?
= with small(er) basis sets.

Figure 1. Atom-centred basis functions of atoms A and B b.

when a. far apart and b. in proximity. Adapted without
permission from:
https://docs.quantumatk.com/tutorials/dispersion_correctio
ns_and_bsse/dispersion_corrections_and_bsse.html.
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Solution #1: Plane-wave basis sets'
= Basis set is no longer atom-centred, so basis functions can’t overlap: no BSSE.
= |deal for periodic modelling as they converge very monotonically.
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= Systematically improved by increasing number of plane-waves considered.

* Need to ensure plane-wave energy cutoff is converged!

= Pseudopotentials required to describe the system, so core interactions are
frozen: reduces expense but adds an approximation.

= “Yacuum as expensive as atoms”.

= Available codes include CASTEP, Quantum Espresso, VASP, GPAW, NWchem.

Solution #2: Special basis sets
» Basis sets such as pob-TZVP-rev2 are designed to minimise BSSE.2

= Available in Crystal.

Solution #3: Geometrical counterpoise (gCP) correction

» Developed by Kruse and Grimme to minimise BSSE of periodic systems.3

= Depends on system geometry only.

= An “approximate, empirical correction scheme”, rather than the full counterpoise
correction: computationally inexpensive and works for intramolecular BSSE too.*

= Therefore, works well for periodic systems.

* Implemented in Crystal: °

emiss — incompleteness of target basis set,
exp(—a(Rap)?) Sag — Slater type overlap to normalise,

Egcp = 0 ) emiss Nyt — number of virtual orbitals,
AB /SABNngt- o and B — empirical parameters,

o — global scaling parameter.

" enmiss Values were computed by Grimme et al. for HF and B3LYP using various
basis sets. B3LYP e,,ss Values are largely insensitive to DFT functional, so they
can be used for all DFT. > Must specify basis set though!

= Should be used in combination with dispersion correction for best results
(cancel BSSE whilst maintaining correct long-range dispersion energy decay).®

= For a simple case combining D3 dispersion and gCP correction:
DFT
PBE-D3
END
GCP
METHOD dft/631gd
END
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