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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.
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
(2 marks)
b) An increase in the principal quantum number from n = 1 to n = ∞
corresponds to the ionization of an 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 

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

(3 marks)

c) 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
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of l and ml, and determine the number of atomic orbitals possible for n
= 3.

(3 marks)

d) 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)

e) 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)

f) Determine the ground state electronic configuration of P (Z = 15).
(3 marks)
g) Briefly discuss the following principles: The aufbau principle, The
Pauli exclusion principle, and The hands rule.

(6 marks)

h) 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.
(4 marks)
i) Calculate the energy associated with the first orbit of He+. What is the
radius of this orbit?

(3 marks)
(30 marks)
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Section B. Answer any TWO questions
Question 2
a) Using a diagram, demonstrate the boundary surfaces of the following
orbitals
i.

s orbital

(3 marks)

ii.

p orbitals

(3 marks)

iii.

d orbitals

(5 marks)

b) Using an illustration of a well labeled energy level diagram of
electron in the hydrogen atom, show the Lyman, Balmer and Paschen
series of transitions that occur for n = 1, 2 and 3 respectively.
(6 marks)
c) What are the frequency and wavelength of a photon emitted during a
transition from n = 5 state to the n = 2 state in the hydrogen atom?
(3 marks)
Question 3
a) Using the aufbau principal, that electrons fill orbitals from bottom up,
complete the following periodic table of elements by indicating the sblock elements, p-block elements, d-block elements, and f-block
elements.

(5 marks)
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d) Given the aluminum element with 13 electrons, describe its:
i.

spdf electronic configuration

(2 marks)

ii.

orbital box notation

(2 marks)

iii.

Core electronic configuration

(2 mark)

iv.

Energy level diagram for the electrons

(4 marks)

Question 4
a) Briefly discuss the limitations of the Bohr’s theory.
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(4 marks)

b) Using De-Brogile’s equation, determine the wavelength of a ball of
mass 0.1 kg moving with a velocity of 10 m s–1.

(4 marks)

c) Determine the mass of a photon with wavelength 3.6 Å. (4 marks)
d) Briefly discuss the Heisenberg’s Uncertainty Principle and its
significance.

(4 marks)

e) A microscope using suitable photons is employed to locate an electron
in an atom within a distance of 0.1 Å. What is the uncertainty
involved in the measurement of its velocity?

(4 marks)
(20 marks)

Question 5
a) Using well labeled diagrams, discuss four (4) types of inorganic solids.
(4 marks)
b) Briefly discuss the following bonding between inorganic molecules
i.

Ionic bonding

(4 marks)

ii.

Covalent bonding

(4 marks)

iii.

Dative bonding

(4 marks)

c) Briefly discuss the shapes of the following molecules
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i. NaCl
ii. H2O
iii. NH4
iv. CH4

(4 marks)
(20 marks)
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