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

Day 18 (Wed 3/20/2002):
Chapter 10, Sections 10.1–10.6 

Free Energy

Summary: The statement that ΔSuniverse > 0 for a process to be observed, can be rewritten as ΔrS – ΔrH / T > 0, or ΔrH – TΔrS < 0, since T is always positive. That puts the expression in units of energy and suggests the definition of free energy: G = H – TS. THAT then suggests plotting G vs. T to see what happens. This turns out to be amazingly informative way to approach the subject. It goes beyond a strictly mathematical definition and allows an intuitive understanding of the role of free energy in equilibrium. 

1. The entropy change of the universe. Our emphasis on the most probable distribution leads to the idea that a “system+surroundings” that is not in the most probable distribution, given the opportunity, will progress naturally to one of the many microstates that are characteristic of the most probable distribution. Sure, there will be fluctuations, but the large number of particles involved in real chemical systems argues for those fluctuations being unobservable. The direction toward that most probable distribution is in the direction of increasing entropy (increasing thermodynamic probability) of the system and its surroundings. The connecting link is the heat transferred between the system and its surroundings. Thus, ΔSsur =  qsur / T = –ΔH / T, at least when pressure and temperature are kept constant.

2. Free energy. There is no particular need for another state function. But what free energy does is allow us to express a demand relating to the universe (that the entropy of the universe must increase) to a demand relating to the system alone (that free energy must decrease). Now rather than maximizing something (ΔrSuniverse), we are minimizing something (ΔrG). It’s all just a trick.

3. Graphs of G vs. T. The real message here is that although G is unnecessary, it turns out that it is quite convenient. It isn’t hard to rationalize what a graph of G vs. T would look like for any substance. Here H is the y-intercept (which, for a single substance is placed at an arbitrary position along the y axis). The slope is simply –S. The slope becomes more negative with increasing temperature, because as the temperature of a substance increases, particles are spread out over more energy levels (energy is distributed in more ways), and W increases. We use these graphs as another opportunity to emphasize the difference in phases. Melting, for example, always involves an increase in entropy of the system. 

4. Back to equilibrium. Most important, equilibrium is when ΔrG = 0. The entropy of the universe is maximized at equilibrium, and neither forward nor reverse reaction is favored over the other.

5. The “Low Enthalpy/High Entropy Rule.” This comes from Davies’s book. Notice that on a graph of G vs. T, at low temperature we are basically looking at enthalpy differences, while at high temperature, the –TS term takes over, and the lower curve will always be the one associated with higher entropy, S. 

