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INSTRUCTIONS  

 The paper consists of two sections. 

 Section A is compulsory (30 marks) 

 Answer any two questions from section B (each 20 marks) 
 

 

SECTION A 

 

QUESTION ONE (COMPULSORY) (30 MARKS) 

 

(a)      (i)     State four limitations of valence bond theory (VBT)                                    (4 marks) 

    (ii)   Using the molecular bond theory (MO) explain the existence or non-existence of He2  

 molecule (He = 2)                                                                                                  (2 marks) 

      (b)    State the stringent five conditions a wave-function must satisfy to be acceptable.   (5 marks) 

      (c)   (i)  Calculate the shortest wavelength in Layman series and determine its corresponding   

   frequency.                                                                                                               (4 marks) 
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             (ii) Calculate de Broglie wavelength associated with an electron moving with a speed of 

          5.4 × 106 𝑚/𝑠                                                                                                   (2 marks) 
 

(d) Write down the time dependent Schrödinger (TDSE) for a 1-dimensional quantum problem. 

Clearly State the meaning of constants in your equation.                                           (3 marks)                                             

(e) The state of a free particle of mass m in a one dimension is described by the following 

quantum wave function:    

   

(i) Determine  A using normalization condition                                            (3 marks) 

(ii) What is the probability that a measurement of the particle’s position will reveal it 

to be in the range [0, a/2]?                                                                         (2 marks) 

(f)       (i) State Heinsenberg Uncertainty principle                                                   (2 marks)   

(ii) For a particle moving freely along the x-axis, show that the Heisenberg 

uncertainty principle can be written in the alternative form:  ∆𝜆𝛥𝑥 =
𝜆

4𝜋

2
   

                                                                                                                 (3 marks) 

SECTION B 

QUESTION TWO (20 MARKS) 

(a) State the electronic configuration of the following: 

(i) Co3+                           (ii)  Y                              (iii)   Ru                           (3 marks) 

(b)     Explain the trend and anomalies in the first ionization energies in the following period                                                                             

                                 (4 marks)  

(c) Draw the molecular orbital energy level diagram for NO and calculate the bond order of 

the molecule                                                                                                          (5 marks) 
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(d)  H80Br molecule was placed in a harmonic oscillator with a difference of 3.20 × 10−21 𝐽 

in adjacent energy levels. Calculate the force constant for the oscillator             (3 marks) 

(e) A particle in a one dimensional infinite potential well is in the n = 1 state. Calculate the 

probability when the particle is located in the range axa 75.05.0  where the width of 

the well is ”a” Recall the particle in a box wave function is 





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use: 
a

b


 ]                                                                                                            (5 marks) 

QUESTION THREE (20 MARKS) 

(a) (i) Define lattice energy                                                                                   (2 marks)                   

     (ii) Using Born Haber cycle calculate the lattice enthalpy of magnesium  

   chloride from  the following data. 

                                    Enthalpy of atomization of Mg(s) = 148 kJmol-1 

                                    First ionization energy of Mg(g) = 738 kJmol-1 

                         Second ionization energy of Mg(g) = 1451 kJmol-1 

                         Enthalpy of atomization of Cl2(g) = 122 kJmol-1 

                         Electron affinity of Cl-
(g) = -349 kJmol-1                                        (7 marks) 

                         Enthalpy of formation of MgCl2(s) = -641 kJmol-1  

(b)   Define the following:                                                                                                     (3 marks) 

(i) Molecular orbital 

(ii) Bonding molecular orbital (BMO) 

(iii) Anti-bonding molecular orbital (ABMO) 

(c) Explain why the first ionization energy of molecular oxygen O2 (1175 kJ mol-1), is lesser 

than the first ionization energy of O (1314 kJmol-1)                                                   (4 marks) 

(d) Determine the bond order and magnetic property of the following molecules  

(i) O2                                                                                                                                                                      (2 marks) 

(ii) N2                                                                                                                                                                      (2 marks) 
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QUESTION FOUR (20 MARKS) 

(a) Using a relevant example define orbital degeneracy                                           (2 marks) 

(b) A particle travelling in the negative x direction has a wave-function given by 

ikxex )(   

(i) Show that this wave function is an Eigen-function of the momentum operator and 

thus that the momentum is known exactly.                                                 (3 marks) 

(ii) What is the uncertainty in the momentum of the particle?                         (2 marks) 

(c) List the four quantum numbers and state their designations/functions in quantum 

chemistry                                                                                                               (8 marks)                                                                                                                                  

(d) Calculate the de Broglie wavelength of an electron in the first Bohr orbit in the hydrogen 

atom                                                                                                                    (5 marks)  

   

 

QUESTION FIVE (20 MARKS) 

(a) Using the VSEPR model draw and predict the molecular geometry of the following 

molecules  

(i)  SnCl2                                                                                        (4 marks)     

(ii)  AsCl5        

(b) Explain the trend in the first ionization energy in the third period of the periodic table 

                               (4 marks) 

(c) A diatomic molecule HX (X is an unknown atom) has a harmonic vibrational force 

constant 
510680.9 k g/s2. The harmonic vibrational frequency in wavenumbers is 

4143.3 cm-1. 

(i) Calculate the reduced mass of the molecule HX                                  (2 marks) 

(ii) Identify atom X                                                                                    (2 marks)  
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(d) Assume that you prepare a more general state that is a superposition of the first and the 

third stationary state so that )].()([)0,( 31 xiuxuAx   Assuming that the stationary 

states are normalized already, calculate the normalization constant .A               (5 marks)   

 (e) Sketch the radial distribution functions of 1s, 2s and 3s orbitals of hydrogen atom   

 on the same axis.                                                                                                     (3 marks)                                                                                                                                                                                                                                       
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