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

Day 6 (Wed 2/20/2002):
Chapter 3, Sections 3.6-3.9

Energy Levels in Real Chemical Systems, Continued

Summary: I use this day to do some calculations in class and discuss the results. Exactly why are vibrational levels so much closer together than electronic levels? Remember, students won’t necessarily have incorporated the words “vibrational,” “rotational,” and “translational” yet. So any discussion is good. I think the real challenge is to picture what those energy levels represent, and how we can even begin to show the idea in black and white on a page in a book. Main points:

1. Reduced mass is important in vibration and rotation because those are the two that involve multiple atoms of similar mass doing something around a “center of mass.” Picture playing paddle ball. Anyone have one? Just you and the ball there. Notice that both move, but the smaller mass REALLY moves. Same for the H—Cl bond. Mostly it’s the H, but the Cl is involved, too. Note that in reality (something like Figure 3.5 on page 3.13)  the levels get closer and closer together. Point out that it’s not the frequency of vibration that changes, it’s the amplitude as energy is put in. Get them to sound out a nice steady tempo. Try a nice slow tempo with your two fists, then add energy and KEEPING AT THE SAME TEMPO, make the bond stretch. Then add more energy. This is really very dramatic. It doesn’t take long before you can imagine that bond just flying apart.

2. The action in vibration is over a pretty small distance—about 1/10 the distance of a typical bond for low-energy vibrations. Rotations involve considerably bigger distances because the entire molecule is tumbling. That leads to much more closely spaced energy levels for rotation than for vibration.

3. Translation is just amazing in its closeness of levels. It’s all due to the distance term, which is 8-10 orders of magnitude larger and squared as well. So here’s the point: We can use equations for more than just getting numbers. We can use them as a basis for understanding what is going on. This is a very new idea for most students. Professor, should I memorize this equation? Well, maybe, if it helps you remember what type of energy levels are more closely spaced and why. But don’t expect me to make you do that calculation on an exam! 

If you can get these points across, you have taught them something quite valuable, I think. It’s really the fundamental goal—to see through the math to the essence of the problem and to make those equations mean something. It’s a challenge for sure.

