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Under the rigid rotor harmonic oscillator (RRHO) approximation, the contribution of mode
K to the vibrational entropy is
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where the characteristic vibrational temperature O x = hvg/kp. However, this approximation
yields an infinite vibrational entropy at the limit frequency v — 0, which results in low-lying
modes caused by hindered or near-free rotation of single bonds not being properly treated. In
Grimme’s quasi-RRHO approximation [1], the vibrational entropy contribution of low-frequency
modes below the cutoff 14 is replaced with free rotor entropy,
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The effective moment of inertia is expressed as
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where B,, is the average molecular moment of inertia and ux = h/87%vk is the moment of
inertia for a free-rotor with the same frequency as normal mode K. Then, the vibrational
entropy is obtained by interpolating between the harmonic oscillator entropy and the free rotor
entropy, _
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where w(vg) is given by the damping function of Head-Gordon [2],
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By default, @ = 4 and vy = 100 cm™! are used. Therefore, the total vibrational entropy is
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where S;, S, and S, are translational entropy, rotational entropy, and electronic entropy, re-
spectively.

The quasi-RRHO approximation can also be extended to the calculation of enthalpy. In the
RRHO approximation, the contribution of vibrational mode K to the internal thermal energy
can be expressed as
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The vibrational internal energy modified by qRRHO approximation is [3]
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The enthalpy can then be calculated from the total electronic energy E, by including the
thermal correction Hduasi-RRHO

corr ?
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where E;, E,, and E,. are the contributions of translation, rotation and electronic motion to

internal thermal energy, respectively. Therefore, the Gibbs free energy with the quasi-RRHO

approximation is
quasi-RRHO quasi-RRHO quasi-RRHO
Gtot - Htot - TStot (1())
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