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Molecular Dynamic Simulation allows the calculation of the 
solvation of molecules  to be efficient, precise and accurate. 
Previously, the calculation of the solvation small molecules 
have been  replicated under various force fields, each with 
their set of parameters and buffers. New improvements in 
MD simulation has allowed many researchers to obtain a 
value close to the experimental free energy. Many of these 
studies claim that the error in their calculations are caused by 
the parameters of the force fields. However, this study 
proposes that the main problem lies within the sampling 
technique, and by improving the sampling in the simulation, 
the calculated free energy value will be closer to the 
experimental value. 
The free energy of small molecules can be calculated by 
simulation as the molecule moves away from a liquid state 
and  into a gas state, also known as desolvation.  The change 
of free energy between these two states is similar to the 
change of free energy in a ligand as it moves away from an 
aqueous solution and into the binding site of the protein.  
The importance of this study is that it supplements the 
information of the interaction of ligands and proteins. 

35 molecules were drawn using a software called, 
DiscoveryStudio  and uploaded to CHARMM-GUI.  
Antechamber was chosen to set up the GAFF (General Amber 
Force Field), and the molecules were solvated in an 
octahedral water box with periodic boundary condition 
buffers.  Then, the change of free energy is monitored as the 
molecule undergoes desolvation as the progression of 
lambda travels between 1 and zero. 
There are two barriers that must be overcome in the 
desolvation. Along the path of lambda, barriers can make 
regions inaccessible to sample and there can be barriers in 
the orthogonal space. To correct this, a bias is subtracted 
from the original potential energy function to flatten both 
barriers and sample the free energy along the order 
parameter and the orthogonal space. 
 

Figure A. Each mark 
on the graph 
represents a 
calculation of a 
molecule’s free 
energy through a 
desolvation 
simulation. A 
previous study used 
an OPLS force-field 
and the conventional 
technique. 
Figure B. The new 
calculation of the 
free energy plus the 
correction equals an 
amount that is 
contiguous to the 
experimental value.  

Figure D. Convergence of free energy.  
The smaller figure is  the zoomed 
picture of the flat line. Though the 
line is not completely flat, even the 
slightest change are miniscule. 

Figure E. Change of lambda. 
On the y axis, 1 is the 
solvated state and 0 is the 
gaseous state. Multiple 
round trips are made before 
the free energy is taken.. 

Figure C. The green line represents 
the average lambda.  The area under 
the curve is the calculated free 
energy. 

Root mean squared of Calculation: 0.8985 kcal/mol 
Room mean squared of Previous Study:  1.1124 kcal/mol 
This study’s concordance correlation: 0.937 kcal/mol 
Previous concordance correlation: 0.886 kcal/mol 
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   Conclusion  

Molecule Calculated  Previous Study Experiment 

C6H5NO2 -4.87 -2.61 -4.12 

C2H5NO2 -3.95 -2.75 -3.71 

C3H2F6O -4.07 -2.08 -3.77 

C3H5F3O -4.28 -3.13 -4.16 

C2Cl4 1.48 0.76 0.05 

C2Cl3F3 1.30 1.56 1.77 

C2H4BrCl -0.41 -1.15 -1.95 

C4H8Cl2S -2.18 -2.31 -3.92 

C2HBrF4 0.32 -1.29 0.52 

C2BrCLF3 0.39 0.59 -0.13 

C2H2ClF3 0.22 0.59 0.06 

C6H5BrO -6.25 -5.56 -7.13 

CBrF3 1.90 1.79 1.79 

CHClF2 -0.02 0.81 -0.5 

CH2ClF -0.11 0.10 -0.77 

C4H8S 0.02 -0.19 -1.43 

C2H6S 0.37 0.62 -1.54 

SH2 -1.15 1.01 -0.7 

C3H8S -0.26 -0.06 -1.05 

C6H6S -1.84 -0.75 -2.55 

CH3SH 0.22 -0.51 -1.24 

C4H10 2.60 2.54 2.08 

CH4 2.73 2.20 2 

C8H18 2.99 3.55 2.89 

C5H12 2.86 2.48 2.33 

C3H8S 2.670 2.42 1.96 

The enhanced sampling did allow for a more accurate 
calculation of free energy based on our lower RMSD and  a 
larger concordance correlation. This trend is expected to be 
seen with the rest of the 204 molecules of this study. 
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