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Important constants

Plank’s constant, h = 6.626 x 10>*Js

Speed of light (in vacuum), ¢ = 2.998 x 10®ms’!
Rydberg’s constant, Ru= 1.0968 x10" m!

Mass of electron, me = 9.11 x 10-'kg

1 Angstrom=10""m

1J =1 kgm?s

Electronic charge, e =1.602 x 10°'°C

Permittivity, §,=8.854188 x 10"'2 C*/Im

Question 1 (30 marks)
a) Explain two assumptions of Bohr model of the atom (3 marks)

ii) Explain the aspect of the Bohr Theory that is considered unsatisfactory as a result of the

Heisenberg uncertainity principle (3 marks)
b) i)Calculate the shortest wavelength transition energy in the Paschen series (3 marks)
¢) Explain what you understand with the term ‘quantum theory’ (2 marks)
d) Sketch the orbitals in / =1 (3 marks)

e) ii) The normalized wave function for a particle in a box is given by ¥, - o Sm%x ; sketch

curves for the variation of ¥, and W»? for n=3 with x for a particle in a one dimension box for
O<x<a (4 marks)

f) i State three principles of Aufbau principle for filling of electron configuration (3 marks)

i1) Write the electron configuration for (2 marks)
D) iron
1) Aluminium ion

g) Show hybridization of Carbon in CH4 molecule (3 marks)



h) Account for the difference in melting points of Sodium chloride, 800°C and calcium chloride
il (4 marks)

Question 2 (20 marks)

n2n2

a) For a particle in a one dimension box, E,, = T

m=mass of particle, a= length of the box.

Calculate the energy difference between n=1 and n=2 levels for an electron confined to a one
dimension box having length 4x107%% m in joules (2 marks)

b) Identify the sub-shells in the possible combinations from the combinations below (3 marks)

Quantum nos. N |1 m; | Valence
Sub-shells

Seta 1 0 0

Setb 3 3 1

Setc 2 1 -1

Setd 3 2 2

Sete 3 1 0

Set f 2 0 1
¢) What is polarization of an anion (2 marks)
d) i) Define lattice energy (2 marks)
i) Determine the lattice energy of sodium chloride given; AH¢= -413 kJ/mole, AHsup = +109
kJ/mole, AHuiss=+119.5kJ/mole, AH~=+496 kJ/mole, AHEa= -350.5 kJ/mole (5 marks)
e) Why does ice float on water (2 marks)
f) State the effect of DeBroglie principle in development of quantum mechanics (4 marks)

Question 3 (20 marks)

a) What do you understand by ‘penetration effect’ (2 marks)
b)i) Define a period on a periodic table and state what d-block elements are (2 marks)
ci) Explain the trend in atomic radius and Z,f across period 3 elements (3 marks)

i) The atomic radius of sodium is bigger than its ionic radius while that of chlorine in the same
period is smaller than the ionic radius. Explain (4 marks)



iii) Explain trend in the ionic size of the isoelectronic ions of sodium, magnesium and aluminium
(2 marks)

d) Explain how electronegativity can be used to predict polarity on a molecule (3 marks)

¢) Explain the relationship between trend in electronegativity and metallic character down group
2 (4 marks)

Question 4 (20 marks)

a) Draw the Lewis structure for Ammonium ion (2 marks)
b) Draw the resonance structures for NO3” (3 marks)
¢) 1) Give three statements of the Valence Shell Electron Pair Repulsion Theory (3 marks)

i1) Use Valence Bond Theory to explain the difference in the shapes of water and PFs (4 marks)

d)1) Use the theory of hybridization to draw and identify the sigma and pi bonds in the molecule,
CH,CH2 (4 marks)

i) Explain why all the bonds in cyclopenta-1, 3-diene, C¢Hs are equal (4 marks)

QUESTION 5 (20 marks)

a) Explain why Phosphorus is able to form phosphorus pentachloride while nitrogen is not able
(2 marks)

b) Draw the orbital correlation diagram for homonulear diatomic molecules of Helium (3 marks)

¢) i) Using Molecular orbital theory explain the difference in the magnetism between; Ba, Cz
(4 marks)

i1) Write the ground state valence-electron configuration of He; (3 marks)
1i1) Calculate the bond orders in the molecules in Hez (3 marks
d) Comment on the ionization energy down group 2 elements (2 marks)

e) Calculate the effective nuclear charge on a 3p electron in a nickel atom (Ni=28) (3 marks)
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