Lecture IV

Path Analysis:
Finding the Mechanism
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Reaction coordinate, committor and all that
Transition state ensemble
Committor distributions

Likelihood maximization



Analyzing transition pathways

”It is nice to know that the
computer understands the
problem. But | would like to
understand it too.”

(E. P. Wigner)




Order parameter vs. reaction coordinate
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“Choosing an order parameter is an art”

J. Sethna




Order parameter vs. reaction coordinate




Committor
(aka p-fold, splitting probability)

pp(r,t) = Probability that a trajectory initiated at  relaxes into B
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Transition state ensemble

r is a transition state (TS) if PB (7") — PA (7")
PB ,
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TSE: Intersections of
transition pathways with
the pg=1/2 surface




Committor distributions
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Committor distributions
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Perfect reaction coordinate q(x): pe(z) = pBl9(z)]
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lonic dissociation in aqueous solution
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Constrained ensemble r=r*
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{ Structure of first
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Structural transformation in CdSe
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Transition state
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Critical nuclei
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M. Grinwald and C. Dellago, Nano Letters 9, 2099 (2009)



Nucleaton barrier - size dependence
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K. Jacobs, D. Zaziski, E. C. Scher, A. B. Herhold, and A. P. Alivisatos, Science 293, 1803 (2001)
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M. Grinwald and C. Dellago, J. Chem. Phys. 131, 164116 (2009)



From free energy to phase diagram

T=575 K, flat histogram sampling
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F. Wang and D.P. Landau, Phys Rev Lett 86, 2050 (2001)



Crystallization in Lennard-Jonesium
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liquid solid
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Lennard-Jones fluid
25% undercooling

BG=-In P(n)
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D. Moroni, P. R. ten Wolde, and P. G. Bolhuis, Phys. Rev. Lett. 94, 235703 (2005)



Structure of critical nucleus

critical nucleus  pgrow = Pshrink

Mandell, McTague, Rahman (1976)
J. D. Honeycutt and H. C. Andersen, CPL 108, 535 (1984); JPC 90, 1585 (1986)
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D. Moroni, P. R. ten Wolde, and P. G. Bolhuis, Phys. Rev. Lett. 94, 235703 (2005)



Ostwald’s step rule and other rules

Ostwald’s rule (1897)

“The phase that nucleates need not be the
stable phase, but the one that is closest in in
free energy to the parent phase ...”

Stranski and Totomatov (1930’s)

“The phase that nucleates is the one with the
lowest free energy barrier...”

Alexander and McTague (1980)

“On the basis of Landau theory, one would
expect the following crystal phases to form
easily from the melt:

1. hexagonal (2d)
2. icosahedral
3. bcc crystal

Wilhelm Ostwald (1853-1932)

“Only energy is real - believing in
atoms is like worshipping idols...”

AF>



Freezing - Finding the reaction coordinate
Gaussian core model

Gaussian pair interactions

o(r) = e exp[—(r/o)]
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Prestipino, Saijta, Giaquinta, Phys. Rev. E 71, 050102 (2005)
Lechner, Dellago, Bolhuis, Phys. Rev. Lett. 106, 085701 (2011)



Structural information

OUND

Lechner, Dellago, Bolhuis, Phys. Rev. Lett. 106, 085701 (2011)



Likelihood maximization

linear RC q(r) = Z @;qi(r) + ag
model pele(r)] = %(1 + tanh|q(r)])

likelihood L{es}) = ] pelatrs)] 1] (1= psla@:)))

r,— B r;—A
String method
* Non-linear RC
* RC is progress along string
« String is optimized to explain observed data y

B. Peters and B. L. Trout JCP125, 054108 (2006)
W. Lechner, J. Rogal, J. Juraszek, B. Ensing, and P. G. Bolhuis, JCP 133. 174110 (2010)



Best reaction coordinate for freezing
prestructured surface cloud
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Lechner, Dellago, Bolhuis, Phys. Rev. Lett. 106, 085701 (2011)



Size of largest crystalline cluster as RC?
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Optimizing the definition of crystallinity
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