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INSTRUCTIONS TO CANDIDATES

1. Answer Question 1 and Two questions in Section A and Two from Section B.
2. Each question should start on a fresh page and marks will be allocated as

indicated.

Question 1

(a) Briefly explain the following statements:

(i) Anions are bigger than the neutral parent atoms. [3 marks]
(ii) Cations are smaller than the neutral parent atoms. [3 marks]|
(b) Name the following compounds

(i) Na4[Ni(CN)s]

(ii) K3[Co(CN)sNO]

(iii) Kz[PtCIsN]

(iv) K2[Cr(CN)202(02)NHs3] [4 marks]
(c) Using the valence bond theory explain the bonding in C=0. [3 marks]

(d) Why does a Bonding Molecular Orbital have lower energy that the Atomic Orbitals
from which it is constructed? [2 marks]

(e) Describe the factors that affect the stability of coordination compounds. [5 marks]
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SECTION A: ANSWER ANY TWO QUESTIONS

Question 2

Consider H and He " in the ground state.

(a) Which of these two species will require more energy to remove the electron? Explain
your answer. [5 marks]
(b) Calculate the energy required to excite the electron from an atom of H in the ground

state. [5 marks]

(c) Calculate the energy required to excite the electron from a He " cation in the ground

state. [5 marks]
(d) Explain why we cannot calculate the first ionization energy for He. [5 marks]|
Question 3

(a) Describe Rutherford’s experiment that showed atoms consisted of a concentrated
positive charge with a high mass. Make sure you discuss the observations and the

conclusions drawn. [5 marks]|

(b) Draw and label a complete the valence molecular orbital energy level diagram for Na.
[6 marks]

(c) From the MO diagram write the valence orbital occupancy (i.e. electron configuration)

for N2. [2 marks]

(d) Using the MO diagram briefly explain the effect of adding or removing electrons to Nz.
[2 marks]

(e) Compare and contrast the Molecular Orbital Theory (MOT) and Valence Bond Theory

(VBT) in small molecules. [5 marks]

Question 4
(a) Explain how Heisenberg's uncertainty principle influences our understanding of the
structure of an atom. [5 marks]
(b) Briefly define the terms diamagnetic and paramagnetic, and describe an experiment
that would demonstrate whether a substance was diamagnetic or paramagnetic.

[5 marks]
(c) Briefly explain what is meant by the term “Pauli exclusion principle”. How does the

Pauli Exclusion Principle apply to electron configurations? [5 marks]
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(d) Draw diagrams to show the shapes of the five d orbitals. [5 marks]

SECTION B: ANSWER ANY TWO QUESTIONS

Question 5
Give a detailed account of the five factors that affect the crystal field splitting in

coordination compounds. [20 marks]

Question 6
Describe the Molecular Orbital Theory (MOT) and the Valence Bond Theory (VBT) in

coordination compounds. (20 marks]

Question 7

(a) Draw figure to show the splitting of d orbitals in square planar complex. [4 marks]

(b) Calculate the Spin only for a d® metal ion in octahedral, square and tetrahedral
complex. [8 marks]
(c¢) Explain the following terms.

(i) Primary valence

(ii) Secondary valence,

(iii) High-Low spin [3x 2 marks]
(d) Distinguish between homoleptic and heteroleptic complexes. [2 marks]|
END OF EXAMINATION
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PERIODIC TABLE OF ELEMENTS
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Constant Symbol Computational Value
Avogadro’s constant N 6.022x1023 mol-1
Planck’s constant h 6.63x10-34].s
h 1.603x1034].s
Rydberg constant R 2.18x10°18]
Universal Gas constant R 0.08206 L.atm/K.mol OR
8.314 ] /K.mol
Specific Heat Capacity (Water) s 4184 ]/g.°C
Speed of light in vacuum i 3.00x108 m/s
Faraday’s Constant F 9.648x10* C/mol
Electron charge e 1.602x10-19C
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