Statistical Mechanics in Chemistry April 21, 2026

Problem set 8
Due May 5, 2026

1. Find in physicochemical tables the densities and sound velocities of
copper and diamond and compute their Debye temperatures based on
the formula derived during the lecture
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where v, is the sound velocity in the material and p is its atom-
number density (expressed as the number of atoms per cubic meter),
h = 6.626 x 1073* Jxs is the Planck constant, and kg = 1.3806 x 10~23
J/(molxK) is the Boltzmann constant.

Find the Debye temperatures determined experimentally and compare
with the calculated values. In each case state the source of the data.

2. Demonstrate that, in high-temperature limit, the expression for the
oscillation contribution to the energy of the crystal in the Debye model

Sp
T
9N]€B 4 .I'3
= U, T 2
U U—l—@?b /e’”—ldz (2)

becomes that corresponding to the Dulong-Petit law.

3. (Additional problem for inquisitive students.) Based on the equation
2, derive the expression for the molar heat capacity expressed in the
universal gas constant (R) units and make a plot of heat capacity in
T/Op. You will need to compute the integral numerically.

4. Demonstrate that the grand partition function = of a system of non-
interacting fermions with two energy levels with energies ¢; and e,
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where 8 = 1/kgT, A = exp (), p being the chemical potential of the
system, and N,,,, is determined by the requirement that one fermion
can occupy only one microstate, can be expressed as

E=[14 Xexp(—Pe1)][1 + Aexp (—fe)]

5. Repeat the derivation for a system of non-interacting bosons with 2
energy levels (note that in this case there is no restriction on N,.;).
The result should be

= =[1—Xexp(—Ber)] ' [1 = Aexp (—Be)] ™

Hint: Use the formula for the total sum of a geometric series.

April 21, 2026 Page 2



