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[Abstract] Free energy calculations in solution are crucial to determine the thermodynamic
and kinetic properties such as temperature-dependent reaction energies and reaction barriers.
Although standard quantum chemical programs like GAMESS provide such a functionality,
the theoretical background partially adopts the ideal gas model. The authors’ group has
pointed out remarkable overestimation of rotational and translational entropies using the
standard technique and proposed an alternative called harmonic solvation model (HSM). The
HSM involves the explicit interaction between solute and cavity of polarizable continuum
model (PCM) in the frequency calculations. At present, the implementation of HSM adopts
the numerical Hessian based on the analytical gradients. Thus, the feasible size for the HSM
computation is limited to small systems. The present study proposes an approximate treatment
of HSM treating the solute as a rigid body. The formulation, implementation, and illustrative
applications are given.
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Table 1. Translational and rotational frequencies and entropies of a water molecule in water under 298.15 K and
1 atm conditions at the MP2/cc-pVTZ level, using IGM/CPCM, HSM/CPCM, and RB-HSM/CPCM.

Frequency [cm™] Entropy [J/mol/K]
Translation Rotation Strans+rot Svib
IGM — — — — — — 194.393 0.030
HSM 67.75 70.73 71.57 195,51 211.96 220.27 77.901 0.027
RB-HSM  65.89 69.72 70.80 178.98 182.52 192.02 81.231 —
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