Notes on teaching Chemistry 126 using Introduction to Molecular Thermodynamics
Bob Hanson

Day 5 (Mon 2/18/2002):
Chapter 3, Sections 3.1-3.5

Energy Levels in Real Chemical Systems; Electronic Energy

Summary: The main points of this chapter include: (a)  There are four relatively independent ways that real molecules can absorb energy: We speak of a molecule’s “electronic energy,” “vibrational energy,” “rotational energy,” and “translational energy.” (b) While quite different in terms of what’s going on, these energies have something very interesting in common: They all are related to some sort of “constraints.” In the equation describing the energy levels, there is a distance term, which shows up in each equation as 1/(some distance)2, and a mass term, which shows up as 1/(some mass). (c) For very understandable reasons, electronic energy levels are the furthest separated, followed by vibrational levels, rotational levels, and, finally, the incredibly closely spaced translational levels. 

1. The four forms of energy dispersal in molecules:

a. Electronic: The electron primarily is the actor here due to its very small mass relative to the nucleus. Due to the 1/m term, this sort of excitation requires way more energy than is generally available at any reasonable temperature. Result: at equilibrium, all molecules are found 100% in their “ground electronic state.”

b. Vibrational: defined as anything that moves one atom relative to another in a molecule. (So you must have at least two atoms.)  Mostly we think of bond stretching. In this case the masses are larger, and now the approximation that only the particle with the lesser mass moves is not good enough. We need reduced mass. In addition, the equation can be recast to refer to a force constant for the “bond.” Vibrational levels get closer and closer together as the energy increases, ultimately leading to dissociation and molecular destruction. (Thus, high temperature leads to chemical reactions.)

c. Rotational: a “tumbling” around a center of gravity—so again reduced mass is important. The masses are larger, and the levels are considerably more closely spaced. Hundreds of levels occupied at room temp. 

d. Translational: the ultimate in closeness of energy level spacing. It’s that 1/d2 term, where now d is on the order of cm or meters. Only gases here. That’s the essential point. Just unfathomably close energy levels.

2. Mostly new here is the idea that there are many different integer “quantum numbers”—we know about n, l, and m in terms of electronic orbitals for the H atom, but there are others. A little familiarity with the equations is all we are asking.

3. OK, so we get a little practice in this chapter with our calculators and with units. I wouldn’t illustrate more than one calculation in class. Mostly we are just going for the qualitative result that comes out of solving the equation, not the exact answer itself. This is a different approach most students are unfamiliar with.

