‘Learn on the Fly’ scheme

Molecular
Mechanics
(empirical,
fast)

Force-based hybrid approach (cf. QM/MM)

v Embedding relies on locality of forces,
=|nm in many covalent and metallic materials

v Get QM forces right on a moving region,
giving accurate trajectories
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e B '“ L @ ." Y Y7 v Add chemical complexity (or electronic effects)
YT Y INT T YT Y XY X near tip: wide range of chemomechanical
problems in reach

+ Temperature/free energy effects can be included

Quantum Mechanics

(accurate, slow) QUIP code:
https://github.com/libAtoms/QUIP
A. De Vita and R. Car, MRS Proc 491, 473 (1998)
G Csanyi et al. Phys. Rev. Lett. 93 175503 (2004)
JR Kermode et. al. Nature 455 1224 (2008)

N Bernstein et al. Rep. Prog. Phys. 72 026501 (2009)


https://github.com/libAtoms/QUIP
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Rare events using QM/MM Virtual Work

| i i e QM Use hybrid forces with NEB; fit splines to MM forces
F* = { QM : € MM forces F and displacements U, compute
.. energy differences via @

U(r)
AE(T):—/U(O) dX-F(X):—/ drg—f F(r)
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TD Swinburne and JRK, Phys. Rev. B 96 144102 (2017) W



