Rotational Motion

Consider the rotation of the molecule AB. In the absence of external electric or magnetic fields, the potential energy is invariant with respect to the rotational coordinates;

rotational motion is isotropic (independent of spatial orientation). If the AB bond length

is assumed to be constant, i.e., independent of rotational energy, then AB is called a rigid

rotator. A quantum mechanical treatment of this simple (but not unreasonable) model

gives the eigenvalue expression

EJ = J(J+1)hcBe                                 (6)

where J is the rotational quantum number (J = 0,1,2,...) and Be is the rotational constant

(unit cm-1), which is equal to

Be = h/(82cIe)                                   (7)

Ie is a molecular constant called the moment of inertia, which for a diatomic molecule is

Ie = re

2, and and re are, in turn, the reduced mass, (see above) and the equilibrium

bond length of the molecule AB. Note that re is the internuclear separation for which x = 0

in equations (1) and (4) (i.e., the bottom of the potential well). For the general case in

which r is considered a variable, I = r2, and thus the rotational constant is a function of

r:

B = h/(82cr2)                                (8)

Notice that the rotational constant contains structural information about the molecule. In

fact, the determination of molecular structure can be achieved with high precision from

studies of rotational transitions, usually in the gas phase (microwave spectroscopy).

One complication that must be considered is that molecules are, in fact, not

perfectly rigid. If a chemical bond is weak enough so that the nuclei respond to increasing

rotational energy by moving farther apart) the molecule experiences centrifugal

elongation: re increases with increasing J. The rotational eigenvalues for the nonrigid

rotator are approximated by

EJ = J(J+1)hcBe - J2(J+1)2hcD        (9)

where D is called the centrifugal distortion constant. The effect of nonrigidity is to bring

the rotational levels closer together for higher energy states. Although, in principle, this complication is expected to alter the energy levels implied by 'the rigid rotator model, the effect is often very small and can be neglected. For example, D is typically several orders

of magnitude smaller than Be and therefore centrifugal distortion is significant only for very highly rotationally excited states (large J). D can be expressed in terms of Be 
