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Locating the MEP

Discretize the path
(chain of images):

Find out orthogonal

components of the forces:

Enforce MEP condition:

e.g. by path quenching
(steepest descent):

T — 1XE€E
X(T)— X
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t(r)— ti =
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Locating the MEP

Discretize the path T — iXe
(chain of images): x(T)— X
Xi+1 — X|

|xi+1 — x|

t(r)— ti =

Find out orthogonal FH(r)— F; = F(x;) —t;(t; - F(x;))
components of the forces:

Enforce MEP condition: IF-| =0

e.g. by path quenching xFHL = xk 4 \FLF
(steepest descent):

... or Broyden acceleration: Xkt —xk L J . FF
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Sliding down

Path dynamics does not preserve inter-image distances

Consequences

Many images are required to
represent a path

The images will eventually slide down
to the minima

(possible) Solutions

NEB inter-image distances enforced
with penalty functions

STRING inter-image distances enforced
with Lagrange multipliers
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Hannes Jonsson (1994 - 2000)

Represent the MEP with
discrete images of the system

Join images with springs

'- s
. ,;; . -
=

;”44’&

Project spring forces along /%fﬁf =
he path s
t e Pat -'..": .-II Iy [\ :' :. | \\L\S:_. s \:\. —

Project physical forces
normal to the path

Find the zero-force path

P P N O RO R B
04 05 06 07 08 09




Improvements



Improvements

3% Higher resolution around the saddle point:
variable elastic constants




Improvements

3% Higher resolution around the saddle point:
variable elastic constants

%k Accurate location of the saddle point:
climbing image




Variable elastic constants




Variable elastic constants

% The user specifies the minimum (k_min) and the
maximum (k_max) values of the elastic constants.




Variable elastic constants

% The user specifies the minimum (k_min) and the
maximum (k_max) values of the elastic constants.

3k Spring constants can be chosen so that springs are stiffer
where the potential energy is higher (k_max > k_min):
higher resolution around saddle points.




Variable elastic constants

% The user specifies the minimum (k_min) and the
maximum (k_max) values of the elastic constants.

3k Spring constants can be chosen so that springs are stiffer
where the potential energy is higher (k_max > k_min):
higher resolution around saddle points.

sk The value of the elastic constant for each image x. is
obtained by interpolating between k_min and k_max:

1 V; — Vo
— |kmax + kmin — (k_max — k_min) COS (7‘(’ : e )]

2 Vmaa? - szn
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Climbing image NEB

A given image (x,) can be made to climb up-hill the PES once the

climbing direction is specified. In the Cl scheme the direction is
given by the path's tangent:

F, = F; — 2t;(t; aF;)

3%k The climbing image can be chosen on the fly as the
image with the highest energy in the chain
(CI_scheme="auto™)

%k One or more pre-assigned images can be allowed to
climb (CI_scheme="manual™)

3k CI NEB should be used only after some plain NEB
optimisation steps
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