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

Day 16 (Fri 3/15/2002):
Chapter 9

Enthalpy and the Surroundings

Summary: So we have argued that ΔSuniverse should be positive for a process to be observed, because that represents going toward the most probable distribution. (Or, more precisely, if ΔSuniverse is positive, at least it means that the outcome is more probable than the starting point.) We have learned that it isn’t too hard to get at the entropy change for a reaction system, but we have to be careful to factor in the actual concentrations of reactants and products. The final piece of the puzzle is getting the entropy change for the surroundings. The trick here is to use qsur, which, under the conditions of constant external pressure, is –ΔH. (It would be –ΔU if the total volume were kept constant.) Notice that under these conditions the path is defined explicitly, so, effectively, q becomes a state function.

1. Enthalpy. All we are looking for is a simple way of getting at qsur. That’s because we know that for the surroundings, since there is no reaction going on, we have that ΔSsur = qsur / T.  By defining our path as “at constant pressure and temperature” we are all set: ΔSsur = –ΔH / T when the overall pressure is constant. Note that ΔH and ΔU are closely related, so we can think of ΔH as a measure of bonding changes in a reaction.

2. Standard enthalpies of formation. Here’s another opportunity to talk about bonding as a loss of energy for a system. Note that the standard reference state in this case is “elements in their predominant phase at room temperature.” This is a bit different from the standard reference for internal energy, U, which is “isolated atoms.” Using the elements makes life MUCH easier, and we don’t have to assume anything about how the atoms are actually connected in terms of single or double bonds. A great application of Hess’s law. This time it is the reactant arrow that is reversed. Several examples are given.

3. About Figure 9.2. This figure summarizes the main point of the chapter and ties in strongly with Chapters 5 and 6 . While ΔS for a reaction is relatively independent of temperature (OK, not quite*), ΔSsur is HUGELY dependent upon temperature. That “1/T ” term in how ΔH relates to the change in entropy of the surroundings is critical. At low temperature, the effect of dumping heat into the surroundings or extracting heat from the surroundings is the dominant factor in whether the predicted ΔSuniverse is positive or negative. This is consistent with the idea that ΔH is a measure of bonding. At high temperature, the ΔSsur term becomes much less important, and it is the ΔS term that dominates. That is, at high temperature it is the change in entropy of the system that is important. This is consistent with our idea that it is the spacing of the energy levels that is most important at high temperature. 

*That’s because the effect temperature on populations of products won’t ever be exactly the same as the effect of temperature on populations of the energy levels of reactants. But the effects largely cancel. In the next chapter we allow for this difference in effect to a certain extent.

