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

Day 14 (Mon 3/11/2002):
Chapter 7, Sections 7.7-7.12

Entropy and the Second Law—Day Two

Summary: Standard molar entropies allow us to calculate the change in entropy for a chemical reaction. The logarithmic nature of entropy allows us to sum up the entropy of a system as due to electronic, vibrational, rotational, and translational components. What this allows us to do is make some broadly useful generalizations relating to structure and phase. Building on Chapter 3, we can now quantify the effects of different energy level spacings. 

1. Standard Molar Entropies. W for a system depends upon the number of particles, the energy level separations, and the temperature. We define the standard state as for a mole of particles at 1 atm pressure (to take account of the changes in energy level separation for the translational energy of gases when the volume changes).  The standard state, expressed with a superscript o, does not include the temperature. Indeed, we also need to specify the temperature, because So has to change with temperature. 298 Kelvin is used in these tables.

2. Trends. The most important discussion today revolves around trends that can be extracted from the information in Table 7.1. Standard molar entropies increase in the order solid, liquid, gas for any real substance, For gases, increasing mass leads to increasing standard molar entropy. The atomic gases have relatively low standard molar entropies. One trend that is tricky to explain involves the unusually high standard molar entropy of O2. See page 7-11 for a summary of these trends.

3. Standard change in entropy for a chemical reaction. Notice that when this calculation is done, the “per mole” part cancels out. Again, I emphasize that writing ΔS for a reaction depends upon how the equation is written—exactly what coefficients are used. Sure, for some simple reactions, you might write “J/K per mole,” but that just begs the question, “Per mole of what?” and isn’t really defensible based on unit analysis. (The correct answer is, I think, “Per mole of reaction, whatever that means.”)

4. Another way to look at ΔS. The units “J/K” suggest that entropy changes have something to do with “heat per degree.” Indeed, for a reaction to be spontaneous, ΔS gives us the maximum amount of heat that can be extracted from the environment in the process of making the reaction happen at a specific temperature. A bit bizarre, perhaps…. Just an idea I had. Skip it if you care to.

