Homework 5– Equation of State and Lattice Vibrations  Due November 17, 2006
1. Complete the steps not given in the lecture notes for the derivation of the quasi-harmonic thermal pressure.

2. For the NaCl structure, determine the lattice pressure, P(V), using a cohesive energy of the form:
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where the Madelung constant for the NaCl stucture is 1.7476 and r is the distance between the Na and Cl ions.

3. Brown (1999) gave the zero Kelvin compression curve for NaCl (Table 1) .   Fit the equation of state derived in question 2 to these data.  Does the theoretical EOS provide a reasonable representation?
4. An Einstein model for the density of states or frequency spectrum is a very simple but effective way to get a first approximation on how a heat capacity changes with temperature.  It’s equation is of the form C = x2 exp(x)/[exp(x) -1]2, where x=h(/kT.  The value of ( will help determine where the heat capacity curve changes from rising to nearly flat as temperature increases.  The Debye function is a secondary method that is very effective for simple materials such as metals.  The accompanying Excel spread sheet contains a table of the Debye heat capacity function Cv/3nR as a function of h(/kT.  The factor h(/k is also used to calculate the Debye temperature (the place where the heat capacity curve bends over to flatten out).  Before computers, it was often published in textbooks as an aid to calculating the Debye heat capacity.  Calculate the heat capacity from 0 to 1000 K for a compound with 5 atoms per unit cell, such as enstatite, using both of these functions.  Use a frequency of 500 cm-1 for both functions.  Note, using h=1.986 * 10-23 Joule – cm allows you to cancel the units correctly.   Plot these up together on a graph and answer the following questions.
(a) Describe the Debye model and explain how and why it differs from the Einstein model of one vibration in the spectrum.  How does this affect the heat capacity calculations.
(b) How would you expect the Debye model to differ from real heat capacity measurements for materials with many atoms per unit cell?

(c) Calculate Cp from Cv data from the Debye model calculations using 

( = 3.5*10-5/K and (=1.4, both held constant for the whole temperature range.  Plot this up and then explain why keeping ( and ( constant works well.
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