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Advanced methods of

molecular dynamics

1. Monte Carlo methods

2. Free energy calculations

3. Ab initio molecular dynamics

4. Quantum molecular dynamics

5. Trajectory analysis

Indirect methods for ∆G
1.Thermodynamic integration

2. Free energy perturbation

3. Umbrella sampling

4. Potential of mean force

5. Other methods for speeding up sampling:

Metadynamics, replica exchange,

annealing, energy space sampling, +



2

Reaction coordinate

Generalized coordinate 

useful, intuitively appealing, but be careful

Examples:

• dissociation: AB  ->  A  +  B

• Proton transfer: A-H+B ->  A+H-B

• Ramachandran angles, radius of gyration,..

Gas phase vs. condensed phase, 

Does solvent play a role, or should be its degrees of freedom 

integrated out?

Reaction coordinate

String method for collective variables to obtain a family of 

approximate isocommittor surfaces

What is a good reaction coordinate?

Committor concept:

Process that takes us from A to B

p
B
(r)+ probability that a trajectory initiated

from a configuration r with velocities sampled from a Maxwell-
Boltzmann distribution will arrive in state B before state A

For transition state: p
B
(r) = 0.5

Histogram test of the quality 

No analytical expression
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WHAM
Unbiasing procedure of umbrella sampling:

Umbrella potentials                        biased probability distributions

Glue distributions together to obtain full probability distribution:

under constraint

Minimize statistical error in the distribution

Radial distribution function

Assuming pair additivity of potential energy, all thermodynamic 

functions can be expressed as function of g(r).

Related to experimental structure factor.

e.g. mean potential energy:
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Potential of mean force
w(r) defined as:

as n particle quantity:

mean force acting on particle j:

integral of mean force volume entropy correction

Rate theory
Transition state theory:

Rate constant is a function of reduced mass, barrier height, 

temperature

No recrossings => upper limit

If tunneling important, real rate constant can be larger

From thermal equilibrium of particles inside reactant well:

Taking into account unstable normal mode frequency of TS
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Rate theory
The influence of “bath” degrees of freedom

Reactive flux method

Stochastic approximations based on Langevin or generalized 

Langevin equations.

All complexity of the bath is encapsulated in random force and 

friction.

LE

GLE

Transmission coefficient κ:

Lead to Kramers and Grote-Hynes transmission coefficients


