
6565

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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Molecular Dynamics



70Propagation

Ergodicity: time average = ensemble average

Stepwise integration
- Long steps     
- Reversible = conservation of energy
- No high derivatives
- Access to instantaneous velocities
- Metric: global error: long term error from integration



71Verlet Integrator

- Two Taylor expansions, one forward, one backward

- Add them up



72Verlet Integrator

- No instantaneous velocities: finite differences required
- Needs two past positions and initial boundary conditions

- Global error 
- Time reversible



73Velocity Verlet Integrator

- Like Verlet, explicitly calculate velocities via a half-step



74Edge Cases

- Initial velocities: flying ice cube
- Interfaces: thermalisation
- Ensembles

- NVT, NPT, NVE, …
- Periodic boundary conditions and minimum image convention



Density Functional Theory



Motivation 76

R. Van Noorden, B. Maher, R. Nuzzo, Nature, 2014.

Density Functional Theory extremely influential

1926: Schrödinger’s equation
1927: Thomas-Fermi
1965: Kohn-Sham



Recap

Known: Obtaining observables from quantum mechanics (Born-Oppenheimer)

1. System defines Hamiltonian

2. Solving Schrödinger’s equation yields wave function 

3. Operator yields observable
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property



Recap

System defines Hamilton operator
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Kinetic energy of the electrons

Coulomb nuclei-electrons

Coulomb nuclei-nuclei

Coulomb electrons-electrons

Resulting wave function   Impractical: 3N-dimensional!



Example

   Methane:  10 electrons
   Grid with 5 points along each dimension

   Wave function: 53 x 10 grid points  6 ZB 7 times ALL data 
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Core idea

Replace 3N-dimensional wave function      by a 3-dimensional electron density

E.B. Wilson: Same information!

80

P.O. Löwdin, Int. J. Quant. Chem. 1986. T. Kato, Commun. Pure Appl. Math., 1957.

Nuclear coordinates from local maxima

Number electrons:

Nuclear charges: Kato’s Theorem
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