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Examples of thermally activated phenomena 
include:



Chemical reactions

Examples of thermally activated phenomena 
include:



Chemical reactions

Diffusion in solids and at surfaces

Examples of thermally activated phenomena 
include:



Chemical reactions

Diffusion in solids and at surfaces

Glassy dynamics

Examples of thermally activated phenomena 
include:



Chemical reactions

Diffusion in solids and at surfaces

Glassy dynamics

Nucleation at first-order phase transitions

Examples of thermally activated phenomena 
include:



Chemical reactions

Diffusion in solids and at surfaces

Glassy dynamics

Nucleation at first-order phase transitions

Relaxation of macroscopic variables

Examples of thermally activated phenomena 
include:



Chemical reactions

Diffusion in solids and at surfaces

Glassy dynamics

Nucleation at first-order phase transitions

Relaxation of macroscopic variables

Protein folding 

Examples of thermally activated phenomena 
include:



Chemical reactions

Diffusion in solids and at surfaces

Glassy dynamics

Nucleation at first-order phase transitions

Relaxation of macroscopic variables

Protein folding 

...

Examples of thermally activated phenomena 
include:
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ẍ = !
∂U
∂x

= V !(x)V !! (x) ! kBTV !! !(x)



Finding the likeliest path

max
(
P [x(τ)]

)
∼ min

(
S[x(τ)]

)
S[x(τ )] =

! "
1
2

úx(τ )2 ! U(x(τ ))
#

dτ
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Find out orthogonal 
components of the forces:

F⊥(τ )→ F⊥i = F(x i) − t i(t i · F(x i))

Enforce MEP condition: ‖F⊥i ‖ = 0

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

xk+1
i = xk

i + λF⊥k
i

... or Broyden acceleration: xk+1
i = xk

i + J · F⊥k
i
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Sliding down
Path dynamics does not preserve inter-image distances

F
→

∆!x ∆!x = 0

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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Variable elastic constants

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

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.

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

ki =
1
2

[
k max + k min− (k max− k min) cos

(
π

Vi − Vmin

Vmax − Vmin

)]
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Climbing image NEB
A given image (xi) can be made to climb up-hill the PES once the 
climbing direction is specified. In the CI scheme the direction is 
given by the path's tangent:

The climbing image can be chosen on the fly as the 
image with the highest energy in the chain 
(CI_scheme=”auto”)

One or more pre-assigned images can be allowed to 
climb (CI_scheme=”manual”)

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

Fi = Fi − 2ti (ti áFi)
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XCrysDen
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