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e To use free energy methods for disordered material discovery and
simulate reactions in materials
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The state of most materials ambient conditions

Transition state

e Most systems get
stuck in state ¢, at

Foom temperatu re
(300 K)

Barrier >> kBT

F(©)

Final state ¢,

e The energy barrier v
must be exceeded
for the change ¢
fromstate ¢, to
state the (g to
OCCUTr.

Initial state &,
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The free energy problem

Author: Raymond Atta-Fynn, PNNL

er >> kBT

\4

Help'\me !

I am stuck

Use an accelerated rare event sampling technique called metadynamics
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The metadynamics method

e |dentify a “good”
collective variables

e The system (i.e. atoms,
molecule, cluster, or solid)
is the “blue ball” in the
movie.

e Periodically add external
Gaussian bias potentials at
the current value of s
(think of water filling a
well to push the ball)

e Thissystem is “forced” to
visit new states

| Authors: R. Atta-Fynn, E. . Bylaska, W. A. de Jong
NWCHEM www.emsl.pnl.gov
www.nwchem-sw.org

Metadynamics 1 Gaussian Normal Dynamics

F(s) + Vg(s,t)

S
F(s)=Free energy along s

S

L
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The metadynamics method

e One can model all sorts of

physical and chemical t = 0.000 ps
processes ; ./ R 10 ——T—T— 71T
e Shown here isthe ~¢ 5 = 8t -
metadynamics simulation s E
of the deprotonation & [ER ]
- 7 S
reaction of a solvated } W = | ]
metal cation. )
= O
’? 3 N, T z2f :
L |
e The collective variablein r~ o~ 7 ol vy
this case is the H-O-H bond 08 1 12 141618 2 22
coordination of O with >
respect to H. U4t(aq) ---> [U(OH)1**(aq) + H30%(aq)
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Sketch of the 2020 summer project

e Apply metadynamics to search for new configurations of disordered
materials using well-chosen collective variables

e Use the metadynamics approach develop a standard protocol to
model high-quality atomistic models of disordered materials of
varying compositions.
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