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Instructions:
1. Answer question 1 (Compulsory) in Section A and ANY other 2 questions in
Section B.
2. Candidates are advised not to write on the question paper.
3. Candidates must hand in their answer booklets to the invigilator while in the
examination room
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Section A, Answer all the questions (30 marks)
Question 1
a) Given the equation below, determine the Bohr radius of H atom at n =
1.

(2 marks)

Bohr radius (rn), rn 

 h 2 n 2
me e2

ε0 = permittivity of vacuum = 8.854 x 10-12 Fm-1
h=Planks constant = 6.626 x 10-34 Js
n = 1, 2, 3, ….describing a given orbit
me = electron rest mass = 9.109 x 10-31 kg
e = charge on an electron (elementary charge) = 1.602 x 10-19C
b) An increase in the principal quantum number from n = 1 to n = ∞
corresponds to the ionization of the atom and the ionization energy
can be determined from the equation below. Given that one mole of a
substance contains 6.022 x 1023 mol-1 particles, determine the first
ionization energy for H.
IE  E  E1 

(3 marks)

hc
1 1
 hcR( 2  2 ) Where h = planks constant; R =

1 

Rydberg constant for hydrogen = 1.097 x 107 m-1 or 1.097 x 105 cm-1;
c = 2.998 x 108 ms-1
c) The Schrodinger wave equation appropriate for motion in the x
direction is given by the equation below. But in reality, electrons
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move in three dimensional space. Write the appropriate form of the
Schrodinger wave equation satisfying this condition.

(2 marks)

d 2  8 2 m
 2 ( E  V )  0
dx 2
h

d) Given that the principal quantum number, n, is 2, and using the rules
that govern quantum numbers n and l, write down the allowed values
of l and ml, and determine the number of atomic orbitals possible for n
= 3.

(3 marks)

e) Discuss the possible sets of quantum numbers that describe an
electron in a 2s atomic orbital. What is the significance of the physical
significance of these unique sets?

(3 marks)

f) Confirm that the experimentally observed electronic configuration of
K, 1s2, 2s2, 2p6, 3s2, 3p6, 4s1, is energetically more stable than the
configuration 1s2, 2s2, 2p6, 3s2, 3p6, 3d1.

(3 marks)

g) Determine (with reasoning) the ground state electronic configuration
of P (Z = 15).

(3 marks)

h) Briefly discuss the following principles: The aufbau principle, The
Pauli exclusion principle, and The hands rule.

(3 marks)

i) Briefly discuss the difference between the Valency Bond Theory and
Molecular Orbital Theory.

(3 marks)
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j) Using a diagram explain the Lewis structure of Water.

(2 marks)

k) The bond dissociation enthalpies for nitrogen-nitrogen bond N2 and
[N2]- are 945 and 765 kJmol-1 respectively. Account for this difference
in terms of MO theory, and state whether [N2]- is expected to be
diamagnetic or paramagnetic.

(3 marks)

Section B. Answer any TWO questions
Question 2
a) Consider a particle that is undergoing a simple-harmonic wave-like
motion in dimension with the wave propagation along the x axis. The
wave equation is given by:   A sin

n x
And the quantized energy
a

levels can be calculated using the equation E 

k 2h2
n2h2

. The
8 2 m 8ma 2

resultant motion of such a particle is described by a series of standing
sine waves. Describe using a diagram the sine waves when n = 1, n =
2, n = 3 and n = 4. Give the wavelength of the wave functions and on
the same diagrams indicate the position of the wave when   0
(15 marks)
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b) The atomic numbers of He, Ne, Ar and Kr are 2, 10, 18 and 36
respectively.

Briefly

describe

their

ground

state

electronic

configurations and comment upon their similarities or differences.
(5 marks)
Question 3
a) Consider the formation of F2 molecule where the ground state
electronic configuration of F is [He]2s22p5, and the presence of the
single unpaired electron indicates the formation of an F – F single
bond. Discuss the resonance structures of this bond.
(4 marks)
c) Given the diagram below, briefly discuss bonding and anti-bonding
using the molecular orbital theory.
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(10 marks)

d) Briefly discuss the orbital interaction diagrams for the formation of
He2 and Li2 molecules from their atoms
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(6 marks)

Question 4
a) Use an example to describe how the distance between atoms can be
determined in a molecule using X ray diffraction patterns. (Use the
diagram below as a guide).

(14 marks)

a) The Born–Lande´ expression, U (0K )  

LA  z  z  e2
1
(1  ) , is the
4 r0
n

one that chemists tend to use in many chemical problems that involve
the use of estimated lattice energies, for example in hypothetical
compounds.

Often

lattice

energies

are

incorporated

into

thermochemical cycles, and so an associated enthalpy change can be
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calculated. Sodium fluoride adopts the NaCl type lattice. Estimate the
lattice energy of NaF using an Born–Lande´ expression.
Data required: L = 6:022 x 1023 mol-1; A= 1:7476; e = 1:602 x 10-19C;
ε0 = 8:854 x 10-12 Fm;-1 Born exponent for NaF = 7; Internuclear Na-F
distance = 231 pm

(6 marks)

Question 5
a) The dipole moment of a gas phase HBr molecule is 0.827 D.
Determine the charge distribution in this diatomic molecule if the
bond distance is 141.5 pm. (1 D = 3.336 x 10-30 Cm).

(5 marks)

b) Using the following data, estimate a value for D(Br-F): D(F-F) = 158
kJ mole-1, D(Br-Br) = 224 kJ mole-1, Xp(F) = 4.0, Xp(Br) = 3.0
(10 marks)
c) Predict the structure of XeF2

(5 marks)
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