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University Examinations 2017/2018  

THIRD YEAR, SECOND SEMESTER EXAMINATION FOR THE DEGREE 
OF 

BACHELOR OF SCIENCE IN CHEMISTRY 
 

SCH 3351:  STATISTICAL THERMODYNAMICS  
  
DATE: SEPTEMBER  2018          TIME: 2 HOURS 

INSTRUCTIONS:  Answer question one and any other two questions.  
 

USEFUL CONSTANTS  

Avogadros Constant= 6.62 x 10�� 
Planck ’s constant, h =6.6262 x 10����� 
Boltzman Constant K=1.3806 x 10��� 
                                    R = 8.314�	�
���
 
QUESTION ONE (30 MARKS) 

a) Briefly explain the following terms;  

(i)  Distribution         (2 Marks) 

(ii)   Most probable distribution      (2 Marks) 

(iii) Phase space        (2 Marks) 

(iv)  Complexation        (2 Marks) 

(v)  Canonical ensemble       (2 Marks) 

b) How many different ways can six molecules be allocated to three energy levels E1, E2 and 

E3 such that each level occupies two molecules.    (3 Marks)  

c) Calculate the complexation for 40 molecules into 6 boxes with arrangement 2, 1, 4, 6, 4, 

3          (3 Marks) 

d) Calculate the electronic partition function of chlorine atom if it is assumed that energies 

of the first and higher states are large.     (3 Marks) 
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e) Determine the translational partition function for neon gas when enclosed in a 1 cm3 cube 

at 25oC.(R.A.M Ne=20.179)       (5 Marks) 

f) The vibrational frequency of a species is 1.45 x 10
�Hz. Determine the vibrational 

contribution to the molar thermal energy of the species at 35oC.  (3 Marks) 

g) Define the term entropy from a statistical point of view.   (2 Marks) 

h) Determine the molar entropy of neon at one atmosphere pressure and 25oC .  

(R.A.M;  Ne = 20.179)       (3 Marks) 

        

QUESTION TWO (20 MARKS) 

a) Determine the rotational contribution to the entropy of one mole of ideal NO at 37oC 

when the bond length is 2.3 x 10�
�metres (R.A.M; N= 14.0067; 0 = 15.9994)(6 

Marks) 

b) Discuss three modes through which species in a system absorb energy. (6 Marks) 

c) Consider the molecules A and B, each having only one allowed energy level. That for A 

consists of al level of multiplicity 2; that for B, of multiplicity 3. The multiple energy 

level for B is 1200J����
 higher than that for A. determine the Gibb’s free energy ΔG 

between A and B and equilibrium constant Keq for the system at 25oC. ( 6Marks) 

d) Explain the equilibrium state in terms of macrostate and microstate. (2 Marks) 

QUESTION THREE (20 MARKS) 

a) Calculate the Gibb’s free energy change, ΔG and the equilibrium constant Keq mole of ‘B’ 

from one mole of ‘A’. A  molecule ‘A’ is characterized by a series of energy levels 

spaced by a constant amount 4000Jmol-1 and a molecule of ‘B’ by a similar series with a 

constant spacing of 8000 Jmol-1 above the lowest ‘A’ level and all levels are non-

degenerate.         (8 Marks) 

b) Given that ; 

������ = ����� !   
#!

  %&��     # %'()
#  and * = +, - .ln 1

2'3
4
 

Show that the equation of state for a perfect gas is PV= nRT  (10 Marks) 
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c) In how many ways can six distinguishable molecules be placed in three different energy 

levels with three molecules in the first level, two in the second and one in the third 

without any regard to the energy required.     (2 Marks) 

QUESTION FOUR (20 MARKS) 

a) Determine the rotational partition function for carbon monoxide at 27oC when the bond 

length is 1.131 710�
�m (RA.M; C = 12.011, O=15.9994)   (6 Marks) 
b) Determine the vibrational partition function for a species whose vibrational energy level 

spacing is 4.31 x 10���per molecule at 25oC. Comment on your answer( 4 Marks) 
c) The vibrational energy levels of HCl consists of an evenly spaced set with a separation of 

5.94 x 10�������AB��
-. If there are 10,000 molecules, in the ground state, determine 

the number in the first excited state 30 oC.     (4 Marks) 
d) A typical vibrational state energy level separation is 2.0 7 10���J per molecule. 

Determine the vibrational heat capacity, Cv of the species at 25oC  (4 Marks) 
e) Explain the term ‘thermal energy’ of a system.    (2 Marks) 

 

 


