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‘This article describes recent technical developments that have made the total-energy pseudopotential the

amost powerful ab initio quantum-mechanical modeling method preseatly available. In addition to present-
ing technical details of the pseudopotential method, the article aims to heighten awareness of the capal
ties of the method in order to stimulate its application to as wide a range of problems in a3 many scientific
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Cluster project

e Obtain the relaxed
cluster structures of

(Nb)n

e Calculate the IP as a
function of size

* Relaxation of ionic
positions
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The energy and elastic dipole tensor of defects in ionic
crystals calculated by the supercell method

M Lesliet and M J Gillant JPhysC (1985)

* “However, what we want is not this energy Earray in a
periodic array of defects, but the energy E of a defect in an
otherwise perfect infinite crystal.”

* “It seems likely that the dominant correction will be due to
the Coulomb interaction between the defects.”

* “If the repeating unit is large, we can treat this by a
macroscopic approximation, ... the Coulomb energy of a
periodic array of point charges Q with a neutralising
background immersed in a structureless dielectric.”

AE = AEmy + $aQ%gL .



Problem formulation
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Electrostatics only

Fixed density — isolated defect
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Periodic boundary conditions in ab initio calculations

G. Makov and M. C. Payne

e Results for atoms/molecules/clusters
* Neutral systems converge as O(L™)
* Charged or dipolar can converge as rapidly

» Results for condensed matter — e.g. charged point
defects

e Could converge as O(L>) with effective quantities —
dielectric constant, quadrupole moment
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Impacts

* First citation (1995)
* 1996

* Resta — Theory of polarization in PBC

e Car — Application to molecules, clusters, defects
e Payne — PBC, Applications

* Needs — PBC for QMC

* Improvements, testing, exceptions, application,
citation,...
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Periodic boundary conditions in ab initio calculations.
I1. Brillouin-zone sampling for aperiodic systems
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* How to sample k-points to accelerate convergence
of aperiodic systems due to defect band dispersion?
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