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

Day 12 (Wed 3/6/2002):
Chapter 6 

The Effect of Temperature on Equilibrium

Summary: This chapter goes well beyond Davies’ discussion to put all the concepts together from Chapters 2-5. The program used to produce the diagrams is KAB.EXE. It’s fun and very easy to use. There are six places you can click and drag: on the thermometer, to the left and right of each of the energy levels, and the temperature line on the lower graph. Try it! 

1. Equilibrium constants from Boltzmann distributions. The amazing thing is that all you have to do to model equilibrium is imagine a case where some of the lines of the Boltzmann distribution are “A” and some are “B.” Then the effect of temperature on equilibrium is to change the relative populations of A and B.

2. Two extremes. At very low temperature, particles are in the lowest levels, and if those levels are of A, then A will be “favored.” At very high temp, the particles tend toward even distribution among the levels, leading to the idea that the substance with relatively more energy levels “per unit of energy” will be favored at high temperature. 

3. Plots of K vs T . These graphs are very important, as they introduce a sort of graph that will be used throughout the book (and was mentioned at the beginning of Chapter 2). The key reference line is K = 1. I always make a point of drawing this line. Above it, products are favored; below it reactants are favored. 

4. Evenly spaced energy systems. When the levels are evenly spaced, one can prove mathematically the ideas presented qualitatively in this chapter. I wouldn’t focus on this in class—it takes too much time, but I encourage the interested student to look it over. Really, I think, a demo using KAB.EXE works much better for convincing students how it all works. 

5. Example cases. The point is that we can combine mean bond dissociation ideas from Chapter 5 with energy level spacing ideas from Chapter 3 to good effect to predict whether reactant or product will be favored at low or high temperature. 

6. The solid/liquid problem. Ah, now here is a grand problem. In melting and freezing there is no equilibrium constant. Understanding this one requires adding the surroundings (Chapter 4) to the puzzle, which involves introducing entropy (Chapter 7).

There is a web-based quiz at http://www.stolaf.edu/depts/chemistry/courses/toolkits/126/js/quiz that students can use to review this material. I fire it up the next day at the beginning of the hour to help students see if they’ve gotten it. For now, just use the “I’m a beginner” level. 

