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7.1: Introduction to Rotation
Molecules rotate as well as vibrate. Transitions between rotational energy levels in molecules generally are found in the far infrared
and microwave regions of the electromagnetic spectrum. A rotational spectrum of a simple diatomic molecule is illustrated in
Figure  and quantitative information about this spectrum is given in Table  near the end of this chapter. Notice that the
lines are nearly equally spaced and vary in intensity. In this chapter, we will see that the magnitude of the molecule's moment of
inertia causes rotational transitions to lie in these spectral regions. We also will learn why the lines are nearly equally spaced and
vary in intensity. Such spectra can be used to determine bond lengths, and even bond angles in polyatomic molecules.

Figure : The rotation spectrum of C O at 40 K.

To develop a description of the rotational states, we will consider the molecule to be a rigid object, i.e. the bond lengths are fixed
and the molecule cannot vibrate. This model for rotation is called the rigid-rotor model. It is a good approximation (even though a
molecule vibrates as it rotates, and the bonds are elastic rather than rigid) because the amplitude of the vibration is small compared
to the bond length.

The rotation of a rigid object in space is very simple to visualize. Pick up any object and rotate it. There are orthogonal rotations
about each of the three Cartesian coordinate axes just as there are orthogonal translations in each of the directions in three-
dimensional space; see Figures  and . The rotations are said to be orthogonal because one can not describe a rotation
about one axis in terms of rotations about the other axes just as one can not describe a translation along the x-axis in terms of
translations along the y- and z-axes. For a linear molecule, the motion around the interatomic axis (x-axis) is not a rotation.

Figure : Cartesian rotations of a chair. Rotations about the a) x axis, b) y axis and c) z axis.

In this chapter we consider the case of a diatomic molecule. Solving the Schrödinger equation for rotational motion will give us the
rotational energies and angular momenta, the wavefunctions associated with these energy levels and angular momenta, and the
quantum numbers that serve to label the energy levels, angular momenta, and wavefunctions. The quantum numbers appear
because of boundary conditions imposed on the wavefunctions.
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Figure : Rotation of a diatomic molecule about the x axis.

We will find that the energy of rotation is quantized. This quantization and the selection rules for spectroscopic transitions between
the various energy levels lead to the absorption lines seen in the rotational spectrum in Figure . The angular momentum also is
quantized, which means that only certain values of the angular momentum are possible, and, when some direction is uniquely
defined by an electric or magnetic field, only certain orientations of the rotating molecule in space are possible. This restriction on
orientation is called space quantization.

As you can see in Figure  and Exercise , the angular momentum vector for a classical rotating system is perpendicular to
the plane of rotation. The direction of the vector is given by applying the right-hand rule to the direction of rotation. The orientation
of a classical rotating diatomic molecule therefore is defined by the plane in which the internuclear axis lies during rotation or by
the direction of the angular momentum vector, which is perpendicular to this plane. The direction of the angular momentum vector
is called the axis-of-rotation. Angular momentum vectors are useful because they provide a shorthand way to represent the classical
motion of a rotating diatomic molecule. Given only an angular momentum vector, it is possible to reconstruct the direction and
plane of rotation in addition to the magnitude of the angular momentum, which is in turn a function of the reduced mass, bond
length, and angular velocity of the rotating molecule.

The material in this chapter is very important because the wavefunctions obtained by solving the Schrödinger equation for
rotational motion also will be used to describe the hydrogen atom in the next chapter. The hydrogen atom wavefunctions, in turn,
are the key to understanding atomic and molecular structure and chemical reactivity.

Figure : The angular momentum vector (M) for a rotating system is perpendicular to the plane of rotation, parallel to the axis
of rotation.

To visualize these different orientations and the axis-of-rotation, use your pencil to represent the internuclear axis of a diatomic
molecule, rotate it in different planes and align another pencil along the axis-of-rotation in each case.
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