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

Day 11 (Mon 3/4/2002):
Chapter 5

Bonding and Internal Energy

Summary: We introduce Hess’s law here for two reasons: (a) They need it for lab, and (b) it applies to all state functions, not just enthalpy (where it is typically introduced). Probably the single most difficult thing for students is getting the sign right for ΔU. It’s just so tempting to use “products minus reactants” here. But that is not what Hess’s law says. Hess’s law says that the overall change in a state function is the sum of changes for each step in any hypothetically equivalent change. 

1. Hess’s law. The main point here is that there has to be a reference point X, usually just a hypothetical one, such as “sea level” or “isolated atoms.” Then going from A to B can be calculated as “A to X” plus “X to B.” The diagram is most useful here.  For internal energy, the reference is at the top of the diagram, where there are no bonds. It’s very important to understand that Hess’s law relates to the sum  of changes for the component steps, not the difference. 

2. Mean Bond Dissociation Energies. This is a great application of Lewis structures. Students feeling unsure about this should review the rules. There is a web-based quiz that may help at http://www.stolaf.edu/depts/chemistry/courses/toolkits/125/js/lewis. The key is to add up the bond dissociation energies of both reactants and products. Then, because the path “X to B” is going down in energy (making the bonds of products), we must remember to reverse the sign of the sum for products before adding it to the sum for the reactants.  I do NOT recommend using the form “sum for reactants minus sum for products.” That’s not Hess’s law. That’s just confusing, since all changes in state functions are related as “products minus reactants” not “reactants minus products.” Also, note that I always use the word “dissociation” between “bond” and “energy.” That’s to point out that bonds don’t have “energies” associated with them. 

3. The “High-Energy” phosphate bond. This is an opportunity to emphasize that bond creation always releases energy. So the term “high-energy bond” is worrisome at best and downright misleading at worst. That phosphate bond is weak, allowing the reactant ATP–3 to be at a “high energy” relative to products ADP–2 and H2PO4– . See Figure 5.6.

4. Computational chemistry. The point of this humorous section is that much better ways of estimating ΔU exist. 

5. Not done yet. The problem with using mean bond dissociation energies is that there’s no consideration of phases. Thus, melting, freezing, evaporating, and condensing all give 0 for ΔU by these calculations. Considerations of hydrogen bonding, ionic bonding, electrostatic forces, and the like all need to be factored in some how. (We’ll see how in Chapter 9, when enthalpy is discussed.)

