














  
 
 Periodic Box Simulation 
 (alanine dipeptide and 
 206 water molecules) 
  
  Stochastic Dynamics 

(576 trajectories of 
200 picoseconds each) 
 
Free Energies via 
Umbrella Sampling 
and 2D-WHAM: 
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Conformational Populations
               Alpha   Pass  Beta    Other
  

Amber ff94      68      5    26    1
Amber ff99      77    10    13    1
CHARMM27      46      2    52    0
OPLS-AA       13       9    75    3
OPLS-AA/L      23      8    65    4  

SCCDFTB (Amber)    27    16    48    9
SCCDFTB  (CHARMM)    33    14    48    4
SCCDFTB  (CEDAR)    27    12    61    0

AMOEBA (Polar Water)    29    16    54    1
AMOEBA (Fixed Water)    32    13    54    1























Recent Applications of Free Energy Calculations: 
 
(1) Uses in Force Field Parameterization 
 
(2) Validity of Free Energy Decompositions 
 
(3) Massive Sampling to Reduce Statistical Error 
 
(4) Computing Absolute Free Energies 
 
(5) Jarzynski’s Non-Equilibrium Work Method 
 
(6) Linear Interaction Energy Method 



Free energy cycle

• Thermodynamic energies are “state 
variables”

• Remember Hess’ law?  Products minus 
reactants

• Free energy cycles allow:
– separate complicated processes into 

tractable parts
– multiple ways to calculate energy
– validation



Example free energy cycle
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Free energy perturbation example

• Oostenbrink C, van 
Gunsteren WF.  Proteins 54 
(2) 234-246, 2004.

• Poly-chlorinated biphenyl 
binding to estrogen receptor

• “Fast” FEP on 17 
compounds

• Good agreement with 
experiment

• Insight into structural and 
dynamic aspects of ligand 
binding



GROMOS Liquid Densities



GROMOS Heat of Vaporization



GROMOS ∆Gsolv in Cyclohexane



GROMOS ∆Gsolv in Water

























Jarzynski’s Method






























