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IMPORTAT PHYSICAL CONSTANTS
Planck’s constant, h 6.63 x 10-34 J/s
Electronic mass,m 9.11 x 10-31 kg

Electronic charge, e 1.6 x 10-19 C

Speed of light, C 2.9998 x 108 m/s

Reydeberg’s constant, R 1.09677 x 105 cm-1

Section A: This section contains ONE COMPULSORY question

Question 1 (Compulsory -30 marks)
a. Explain each of the following terms (7 marks)

i. Wave number
ii. Black body

iii. Energy quantization
iv. Absorption spectroscopy
v. jelly model of an atom

vi. Angular velocity
vii. Work function

b. Giving appropriate examples where necessary, outline the main classification of elements in
the periodic table. (6 marks)

c. Sketch the shapes of each of the following orbitals: (3 marks)
i. dz2

ii. dyz
iii. dx2-y2

d. starting from electronic configuration of Cu,
i. Write the electronic configuration for Cu2+ ions. (2 marks)

ii. Zinc, which is element number 30, is not always classified as a transition element yet
copper, which element number 29 is. Explain. (4 marks)

iii. Briefly discuss different types of chemical bonds. (8 marks)

Section B: This section contains FOUR questions. Answer ONLY TWO
questions.

Question 2 (Optional, 20 marks)
a. According to Max Born the symbol Ψ used to represent wave functions in wave mechanics do

not represent an amplitude function in the common sense used for ordinary waves but it is a
measure of probability of a mechanical event:

i. Briefly discuss the main assumptions of Bohr’s theory of atomic structure (4 marks)
ii. Explain the limitations of this theory (3 marks)
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b. The molecular orbital theory assumes that bonding is delocalised so that electrons belong to all
atoms in the molecule:

i. Draw an energy level diagram to illustrate distribution of electrons in the molecular
orbitals of the molecule NO. (6 marks)

ii. From the diagram, write the electronic configuration of NO- (2 mark)
iii. Calculate the

I. magnetic moments and (2 marks)
II. bond order of NO- (2 mark)

iv. State the magnetic properties of NO- (1 mark)

Question 3 (Optional, 20 marks)
a. In 1924 de Broglie postulated that every moving particle is associated with a wave:

i. Derive an expression for the relationship between the wavelength (λ) of the
associated wave and the mass (m) of the particle. (6 marks)

ii. Determine the momentum (P) and corresponding de Broglie wavelength of
electrons when the accelerating voltage is 56 V. ( 4 marks)

b. At 298 K for NaCl, lattice energy, U = +757.3 kJ/mol; electron affinity of chlorine, E.A. = -
348.5 kJ/mol; ionization energy of sodium, I.E. = +495.4 kJ/mol, dissociation energy of
chlorine, ∆Hdiss = +129.9 kJ/mol and sublimation energy of sodium, ∆Hsub = +08.49 kJ/mol.
Draw a Born-Haber cycle to represent this information and use it to calculate the heat of
formation, ∆Hf of NaCl. (10 marks)

Question 4 (Optional, 20 marks)
a. Discovery of photoelectric effect was one of the key developments in understanding the

structure of the atom.
i. With the aid of a diagram to illustrate, discuss production photoelectrons.

(4 marks)
ii. Briefly explain how the kinetic energy of photo electrons can be measured.

(4 marks)
b. Briefly discuss Heisenberg’s uncertainty principle. (6 marks)
c. Suppose the velocities of an electron (mass = 9.11 x 10-31 kg) and that of a rifle bullet (mass =

3.0 x 10-2 kg) were each measured with uncertainties of ∆V = 10-3 m/s. Determine the
minimum uncertainties in there positions according to the uncertainty principle. Comment
on the values of uncertainties for the two particles. (6 marks)

Question 5 (Optional, 20 marks)
a. Briefly discuss the properties of an acceptable wave function according to Max Born’s

interpretation of wave functions. (6 marks)
b. Work out and sketch the shape of d-orbitals for which the angular part of their wave

function is f = 3 co2θ – 1. (4 marks)
c. Briefly discuss different types of molecular orbitals (MOs). (6 marks)
d. Sketch the titanium dioxide crystal structure and use it to determine the formula of titanium

dioxide. (4 marks)

-END-
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LIST OF ELEMENTS


