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

Day 8 (Mon 2/25/2002):
Chapter 4, Sections 4.1-4.5, possibly 4.11

Internal Energy and the First Law: The Microscopic Perspective

Summary: Heat and work are essential concepts in the study of thermodynamics. The key point here is that they relate to processes rather than states.  Especially interesting is that there is a simple way of looking at heat and work in terms of energy levels and quanta. Heat is the energy transferred to a system that goes into moving individual particles from lower energy to higher energy levels. Work (at least in a PV sense) is the energy transferred to a system in such a way that the translational energy levels themselves are made further apart. There is a great demo here. Take a tank of CO2 with just the top of the dry ice maker attached (the venturi). Point the nozzle over the heads of the group and let ‘er rip. Pretty soon you will see “snow” falling in the room. What you have done is expanded a gas adiabatically (faster than there is time for energy transfer between molecules). The expansion leads to a decrease in the separation of translational energy levels without a decrease in populations. According to the Boltzmann law, this results in a decrease in temperature. (The energy is being transferred to the air molecules as they are pushed aside.) All of what is presented today can be illustrated using the WINTROPY program if desired.

1. We define internal energy (U) and introduce the idea of a state function. It doesn’t matter how you get from one state to another. This is pretty easy to see in terms of particles and energy levels. What does it matter which particles are moved first, as long as in the end we have the same distribution each time? 

2. Microscopic heat (q) and work (w). If you think about it, there are only two basic ways to change the internal energy of a system: Either move particles up to higher levels, or move the levels themselves. Some discussion needs to be made relating to the colloquial use of “heat” and “work.” These terms are very specific. Unfortunately, as a verb, “to heat” simply means “to raise the temperature of.” What’s new here is that applying work can also raise the temperature of a system without any heat involved. The classic example is a bicycle pump. It only takes a few pumps under pressure to make a bicycle pump rather hot. Yet no heat is involved. (Another demo?) This takes some getting used to. 

3. The natural expression of the above idea, that there are only two ways to increase the energy of a system, is the First Law of Thermodynamics, ΔU = q + w. Note that we’re using the more recent standard of w applied TO the system as positive.

4. If you have time, the engine description in Section 4.11 is interesting. Through a sequence of changes, the system is returned to its original state. Overall there is no change in internal energy, because U is a state function, but if you do the math, you find that heat is converted to work. 

