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A theory to estimate the free energies of aqueous solutions expeditiously from a single conventional molecular simulation
is proposed. Free energies are expressed as a function of the average internal energy and minimum energy by transforming
the problem to the unit interval and evaluating much of the expression analytically. The theory is illustrated by applications
to liquid water models and ionic solutes in water. The free energies of liquid water models (TIP4P, MCY-CI, and SPC/E)
are in excellent accord with the results from other methods (average error is less than 3%). The free energies of ions (Li™,
Na*, and CI') in water are reasonably good (average error is less than 20%), considering the approximation involved. Applications
to aqueous solutions of NaDNA in the presence of a simple salt indicate that the magnitude of the calculated free energies
are consistent both qualitatively and quantitatively with polyelectrolyte theory for counterion condensation.

Introduction

There is considerable current research interest in the numerical
calculation of the free energy of chemical and biomolecular
systems via molecular simulation.! Various methods such as
thermodynamic integration, perturbation method, and potential
of mean force calculations have been applied to this problem, all
of which to date involve a series of simulations, each of which are
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individually costly and time consuming. There is a critical need
for a theoretically robust and computationally efficient algorithm
for free energies in which the result can be obtained much more
rapidly. We explore herein the possibility of obtaining accurate
estimates of free energy from a single conventional simulation.

The essence of the proposed procedure is a renormalization to
the unit interval, whereby the configurational energy is trans-
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