
61Problem: Phase space overlap 61

- Two states: i, j
- NVT ensemble

Helmholtz                  Temperature               Partition       Phase space        Potential energy
free energy                                                   function

Example: hard spheres with different radii: close interaction never happens



62Problem: Singularities 62

Insert molecule in membrane: turn on interactions

Questions:
1. How to “turn on” interactions?
2. Why might that fail?
3. What happens if that fails?

https://dx.doi.org/10.1002/jcc.24711



63Problem: Hard potentials 63

- No matter the scaling: unbounded energy

- Unbounded energy: no reliable derivatives
- Question: Why is that an issue in 

molecular dynamics?
- Solution: soft-core potentials
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- Typical molecules: effective charges on each site + Lennard Jones

- Can be scaled independently
- Energies remain state function of parameters

- Caveat:
- If LJ is scaled: charges can get closer to each other. If charges are of opposite sign: 

trapping
- Therefore: electrostatics first, LJ second

- Question: Would separate paths be acceptable and if so, why?

Problem: Charges and Lennard Jones
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Linear pathway not necessarily efficient / rarely “effectively linear”
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Problem: Pathways
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- Avoid constrained/restrained configurations Why?

- Choose low-change path: large changes mean large derivatives Why is that bad?

- Change parameters to create effectively linear results

- Restrict number of intermediates (=mixed states)

- Beware electrostatics: keep net charge Why?

Problem: Pathways
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Consider NVT: 
Why is the free energy of solvation NOT simply the free energy differences with solute-solvent 
interactions turned off?

Problem: Pathways
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