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Plumed summary

A plugin for any MD code

Enhance sampling

Analyze your simulation





CLASSICAL 
DFT

THEORY OF 
PHASE 

TRANSITIONS

A taxonomy of collective variables

Variables based 
on bonding 

e.g. distance, angle, torsion

Variables based 
on contact matrices

Variables based on 
symmetry of 

coordination sphere

Variables based degree of 
homogeneity in system 
e.g. density gradient, 

Willard-Chandler surface

Variables based on 
machine learning

CVs

CHEMISTRY



Contact matrix

Fabio Petrucci

Chemistry is about 
bonding.  The contact 
matrix tells us about 

whether or not atoms are 
bonded.  Functions of 
this matrix are natural 
collective variables



Contact matrix

Reducible matrix - so reduce to block diagonal form to 
find clusters using e.g. DFS algorithm
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“Bonds” between molecules

Aij = �(rij)K(�ij) where K(�ij) =
X

k
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Molecule “bonding” in practise

Aij = �(rij)K(�ij) where K(�ij) =
X

k
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Symmetry functions

si =
X

i 6=j

f(rij)�(|rij |)
i

Basis of many cvs e.g: 

Coordination number 
Steinhardt Q4/Q6 etc 
Local Q4/Q6 
Cubic Harmonics

si =
X

i 6=j

f(rij)�(|rij |)g(�i ⇧ �j)



A variable for distinguishing solid/liquid

Cij = H(si)H(sj)�(|rij |)



The result



Surface tension

OK but what we 
need is the 

surface tension

Michele CeriottiBingqing Cheng



Classical nucleation theory

F (n) = �A(n) + µsln



With metadynamics 
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Driving nucleation

Show external movie
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Analysis
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Free energy always gives 
free energy relative to 
some reference state

Solid Liquid
ns nl

N = ns + nl

� = �sns + �lnl

Ensures zero surface  
excess for phi V 6= nsvs + nlvl



Classical nucleation theory

F (n) = �A(n) + µsln

Everything is written  
in terms of radius.  No 
contribution to volume 

from surface!!



But does it make a difference?
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This really does matter
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Conclusions

Collective variables are a tool for 
understanding simulation data.  Many are 
designed based on established theory

You need to think about the 
question you want to answer
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Filtering

Cij = H(si)H(sj)�(|rij |)


