Unit 2: Homework No. 1
Date issued:

Friday, February 04, 2011
Date due back:

Friday, February 11, 2011, before 5 pm.
1. 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.

2. 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.

3. The vibrational frequency of NaCl (g) is 159.23 cm-1. Calculate the molar heat capacity at 1000 K.
4. Find and plot an expression for the partition function of a system with one state at zero energy and another state at energy E1. Write down the corresponding expressions for the probability Nn/N for both states. Plot the functions to show that the populations tend towards equality as T ( (.
5. 
Consider HCl gas molecules in a 100 mL flask at 25 oC. The fundamental vibration frequency is about 2900 cm-1 and the rotational constant for HCl is B = 10.59 cm-1. Calculate the following quantities for HCl: (a) The vibrational partition function; (b) The rotational partition function; (c) The translational partition function; (d) The total internal energy due to vibrational, rotational and translational internal energies in kJ mol-1.
6. 
What is the physical interpretation of the molecular partition function? The partition function for a monoatomic van der Waals gas is:
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where a and b are the van der Waals constants. Derive an expression for the energy of a monoatomic van der Waals gas and the molar heat capacity.
7.
Show that 
[image: image2.wmf](

)

a

h

T

mk

T

,

a

q

B

trans

2

1

2

2

÷

ø

ö

ç

è

æ

p

=

  in one dimension, and that 
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 in two dimensions. Use these results to show the <(trans> has a contribution of kBT/2 to its total value for each dimension.

8.
Answer questions 10, 11, and 41 from Chapter 17. Answer questions 17, 20 and 21 from Chapter 18.
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