
The Potential Energy Surface
(PES)

And the Basic Force Field
(continued)



Force-field Validation
• Assemble a body of experimental data (typically

structural and energetic in nature)
• Define an error function that balances what is

tolerable for errors in bond lengths vs. isomer
energies, for example

• Vary the parameters and functional forms of the force
field to minimize the error function

• Lock all the parameters and functional forms into
stone, give that set a name (e.g., “MM3”) and give it
to the world; try to keep it stable!!!!!

• The value of chemical intuition should not be
discounted throughout this process



Final Food for Thought
• Selection of a force field should be made based on

how similar one’s own molecule is to those used to
parameterize the force field

• By the harmonic approximation, force fields do better
near minima than they do far away from minima

• Once bonds are defined, they cannot break in a
harmonic force field, nor can new ones form; force
fields are bad for reactions, good for structures and
energies

• If you start with a bad guess structure, there is no
guarantee that the nearest minimum will be a
chemically meaningful one

• All of the issues above can be dealt with if they
become problematic, and this drives force-field
design



Food for Thought:  Sucrose
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There are 11 rotatable
bonds about which

every possible
conformation was

considered in
developing this relaxed
PES with MM3 (that’s
formally 311 energies

per point on the
surface…)
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Unknown Interpolation?
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Molecular mechanics
Available force fields

Force field Notes
MM2 Dipole electrostatics, fractional "-bond orders
MM3 As MM2, added cross terms etc (vibrations)
MMX PCModel, MM2 with additions for coordination complexes
MM2*, MM3* MacroModel, charge electrostatics, no ", but substructures
CFF Many cross terms, vibrations, automated parameterization
CVFF Originally diagonal, many patch-on cross terms
CHARMM Bio-oriented, diagonal, harmonic
GROMOS Bio-oriented, diagonal, harmonic
AMBER Bio-oriented, diagonal, harmonic, requires HF electrostatics
OPLS Nonbonded interactions, solvation
Tripos Sybyl and Alchemy, diagonal, harmonic
Dreiding Main group elements, rule based parameters
UFF All elements, rule based parameters
MMFF Based on high level ab initio, automated parameterization
…
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Summary, Molecular Mechanics

Fast method

Needs parameters

Structures

Conformational energies

Searching conformational space

Several methods

   – Main division: small organics or biomolecules

Compare and validate


