S2 Separation of molecular degrees of freedom

The total kinetic energy of a molecular system of particles is given by
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where the sum runs over all atoms ¢ in the system, mass m; and v; being the mass and velocity vector of atom
1, respectively. The component of the kinetic energy associated with the center-of-mass motion translation of
the molecules is calculated as
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where the sum runs over all molecules J in the system, M; and v; being the total mass and translational
center-of-mass velocity vector, respectively. The rotational and internal kinetic energy is then simply the

remainder,
Kr+i = Ktot - Ktra 5 (3)

or
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This kinetic energy can be further separated into rotational and internal components [1|. The rotational
part represents the rotational kinetic energy of a hypothetical rigid body having the shape of the molecule in
the current configuration, whereas the internal part contains any deviation from the rigid-body behavior.
The instantaneous tensor of inertia of molecule J is defined by its components as
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where «, 8 € {z,y,z} with a # §, the components of r are {z,y, 2}, and r,1;; is the position of atom 4
relative to the center of mass of the molecule J it belongs to. The angular momentum L ; vector of molecule
J is given by

L= Zmirr+i,i X Vpiiis (6)
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and is related to the angular velocity vector w

LJ:lJ(.UJ. (7)

The rotational kinetic energy is then given by
1 1
Kot = 3 ZJ:W§LJ = 3 ZJ:W§1JWJ . (8)

The internal kinetic energy is then simply given by the difference between the rotational and internal kinetic
energy (Eq. M) and its purely rotational component (Eq. , namely

Kint - Kr+i - Krot . (9)
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