Unit 1: Homework No. 2
1. Consider the Lennard-Jones potential”
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Differentiate u with respect to r and obtain an expression for rmin in terms of (. Show that ε is the depth of the potential well.

2. Use the van der Waals equation to plot the compressibility factor, Z, against P for methane for T = 180 K, 189 K, 190 K, 200 K, and 250 K. Hint: Calculate Z as a function of molar volume and P as a function of molar volume, and then plot Z versus P. Comment on the graph in terms of molecular attraction.
3. Insoluble molecules and amphiphiles floating on the surface of water can be treated like a 2D gas system, especially if the surface concentration of these molecules is low. In fact this kind of system is important to biochemists who are interested in the organization of amphiphiles (e.g. lipid molecules) into 2D assemblies (e.g. membranes). It is possible to measure the “surface pressure” due to molecules present on the surface of water. This is done by measuring a quantity known as surface tension. The difference between the surface tension value with and without the molecules gives the surface pressure of the “film” ((). As an example, we will consider a thin film of n-pentanol floating at the air-water interface. The following surface tension values (() in milli-newtons per meter were measured for aqueous solutions of n-pentanol at 20 oC.  The surface tension of pure water is 72 mN/m.

	Bulk Concentration (M)
	0.02
	0.04
	0.06
	0.08
	0.10

	Surface tension (mN/m)
	60
	55
	50
	47
	45


The Gibbs adsorption equation can be used to obtain values of surface excess (() at various bulk concentrations (C). The surface excess is the 2D concentration of the molecules at the surface of the water, given by:
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Calculate the surface excess concentrations and the average area (() occupied by each adsorbed molecule for the given bulk concentrations (C). Plot surface pressure (() versus area for the adsorbed n-pentanol monolayer and compare it with the corresponding curve for an ideal gaseous film. You should say something about how the molecules are interacting.

Clue: the compressibility of the film is 
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. This should be equal to 1 at all surface pressures for an ideal gas.

4. Answer question 17.10 and 17. 11 from Chapter 17.

5. The boat conformation of cyclohexane lies 22 kJ mol-1 higher in energy than the chair conformation. Find the relative populations of the two conformations in a sample of cyclohexane at 20 oC. Calculate the partition function for cyclohexane, confining attention to the chair and boat conformations. Show how the partition function varies with temperature.

6. Because the electronic energy states are of the order 10-19 J apart, at room temperature most of the molecules are in the ground state. Show that the partition function qelec ( go, where go is the degeneracy of the ground state.

7. The vibrational frequency of NaCl (g) is 159.23 cm-1. Calculate the molar heat capacity at 1000 K.

8. Answer question 17.41 from Chapter 17.
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