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

Day 4 (Fri 2/15/2002):
Chapter 2, Sections 2.8-2.14

The Boltzmann Distribution

On hand: PC with WINTROPY.EXE ready to go. (Or http://www.stolaf.edu/people/hansonr/imt/intro/boltz) What these programs allow us to do is quickly see how energy is distributed in larger systems. WINTROPY.EXE will be used in lab for Experiment 5. 

Summary: The essential things to present today include: (a) When you have lots of energy in a system involving lots of particles, there’s no hope of even counting all the possible distributions, much less figuring out W for each. (b) The most probable distribution has a very interesting property that makes it possible to predict. (c) As for the H2/D2/HD equilibrium, as the number of particles increases, the probability of observing anything other than the most probable distribution is incredibly small. 

1. I like to start the day with the WINTROPY program, because it gets the point across about the geometrical series without getting temperature involved. I just give it 200 or so particles and 200 units of energy and go from there. I get the students involved in seeing the pattern. It’s interesting to pull out some calculators and get people to calculate ratios from one level to the next to the next. We quickly see that except for a few top levels that only have a few particles, the ratios are pretty similar. This TRULY is the essence of the Boltzmann law. Then I separate the levels to 2 units and try again. Interestingly, the ratios are now the square of what they were before. 

2. The point is that the most probable distribution has this interesting characteristic that, when the levels are evenly spaced, n1/n0 = n2/n1 = n3/n2, etc. (a geometric progression, like those Russian jars that have one inside another inside another….) 

3. The Boltzmann law allows us to relate these ratios to the energy level spacings in (in Joules) and the temperature (in Kelvin). Now you can play with temperature and see the effect. What happens if you double the temperature? What happens as T approaches 0? [There is a very cool relationship here when you take every other level as “reactant” or “product” but that will have to wait for later.]

4. Sections 2.11-2.13 have useful information, but I wouldn’t dwell on them. The proof in 2.11 is NOT something to get into in class, I think. The calculation of the population of the lowest level is interesting and useful for homework, but again not something particularly important. The calculation of the number of levels occupied in Section 2.13 will be used in Chapter 3, but if you dwell on it, they will think they have to know it.

Chapter 3 is a particularly difficult chapter because of all the math. Three days is barely enough time to spend on it, especially with the added Sections 3.9-3.13. I will suggest strongly that they give it a brief scan, then read the summary, Section 3.14, carefully. Only THEN go back and read the chapter more carefully. Still, don’t get too bogged down in the math.

