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

Day 15 (Wed 3/13/2002):
Chapter 8

The Effect of Pressure and Concentration on Entropy

Summary: This chapter presents the essential concepts for understanding the origin of the rules for writing equilibrium expressions. Entropy is reduced when the pressure of a gas or the concentration of a solute are increased. (Really what we are looking at are volume effects, but it is more convenient to talk about pressures and concentrations than about molar volumes.) We find that the reaction quotient, Q, arises from a combination of logarithmic terms that are based on comparison with a standard state. Once again, it is important to emphasize that the “standard state” does not include temperature. Or, to put it another way, just saying something is in its “standard state” doesn’t say a thing about what temperature it is at. You still have to specify the temperature. Ideally, there would be two days to discuss this chapter. Do the best you can. We’re moving pretty fast here.

1. The volume effect on entropy. We present Einstein’s “gedanken” experiment for the effect of increasing the volume on thermodynamic probability, W, and from that on S. 

2. The entropy of mixing. Mostly, this section is for the instructor’s benefit. We’ve heard of this; if you want to introduce mole fractions, this is a time to do it. I pretty much skip it. 

3. Pressure and concentration effects. Using the ideal gas law or the definition of concentration, we can get rid of the volume ratio in the equation ΔS = nR ln (V2/V1). The purpose isn’t immediately obvious, but it has to do with our definition of standard state and our focus in chemistry on pressures and concentrations rather than volumes.

4. Entropies in relation to a standard state. Using a standard state as reference that puts a “1” in the denominator of the logarithmic term simplifies the picture but introduces a units problem. Technically, the units are still there, but of course no one shows them. “Px / atm” means, in effect, “Put the number for pressure, without its units.” It doesn’t take long before one gets tired of writing that “/ atm”! We drop it on page 8-12. 

5. Reaction quotients. For a reaction, we want ΔS, and ​the reactions quotient, Q, provides us a means by which we can get adjust the standard entropy, ΔSo, to give us the entropy change under the actual conditions of the reaction. 

6. Rules for writing Q.  These pop right out of the way ΔS comes from ΔSo. Seeing that all this comes from consideration of entropy ONLY sets the stage for the argument that all equilibrium is based on probability.

7. A bizarre calculation? You have to wonder why we would want to calculate the entropy change for a reaction while at the same time demanding that the concentrations of reactants and products are all constant. It’s definitely something to ponder. See page 10-5.

