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Total Student Study Time: 

Overall the module is expected to involve students in approximately 150 hours of learning, 
including formal contact, personal study, coursework and assessment. The total formal 
contact is 22 hours of lectures and 10 hours workshops/tests. Homework exercises and 
online content are used to reinforce learning in this module.   

 

Module description: 

This module is designed to introduce first year students to fundamental principles 
underpinning physical and inorganic chemistry. The module will give detailed consideration 
to theories of atomic structure, and the nature of bonding in molecules and inorganic 
complexes.  

 

Aims: 

This module aims to provide students with knowledge of the fundamental concepts 
required to understand chemical bonding and to rationalize the structure of molecules. 
Emphasis is placed on developing understanding of concepts which can then be applied 
to more advanced topics in physical and inorganic chemistry. 
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Intended Learning Outcomes: 

Academic content: 

 Theories of atomic structure and chemical bonding, and methods for the 
rationalization and prediction of molecular structure. 

 
Disciplinary skills: 
At the end of this module students should be able to: 

 Describe and explain the electronic structure of atoms, with reference to the 
properties of individual atomic orbitals and the electronic configuration. 

 Rationalize and predict the bonding in molecules and the three-dimensional shape 
of molecules, using a variety of approaches, including Lewis structures, VSEPR, 
hybridization-models and molecular orbital (MO) theory. 

 Explain how various physical and optical properties of molecules and complexes 
can be influenced by the geometry and electronic structure. 

 
Attributes: 

 Acquire and apply knowledge relating to the principles and practices of physical and 
inorganic chemistry. 

 Produce analyses which are grounded in experimental evidence. 

 Apply analytical skills to investigate unfamiliar problems. 

 Conduct calculations in a confident and reliable manner. 

 

Assignments/Coursework: 

The coursework constitutes 20% of the final mark for the module. Coursework will include 
workshops and tests and may be supported by homework exercises. Coursework will be 
assessed throughout the duration of the module.   

 

Attendance and Late submission of work: 

Attendance is expected at all the scheduled sessions of this module.  Students who fail to 
demonstrate adequate attendance may be de-registered from the module. 
 
A clear deadline for the submission of coursework will be given for each piece of assessed 
work.  Any coursework which is submitted late may be marked, at the lecturers’ discretion, 
but the mark will be reduced according to a sliding-scale (see SBCS website). In no case 
will any credit be given after the model answers have been posted or otherwise discussed. 
. 

 

Assessment: 

A module mark of 40% or above is required to pass this module.   
 
Assessment methods: 
 
Assessment methods: Coursework (20%) and an examination paper in December (80%). 
 
Examination paper rubric: 
 

Answer all the questions in Section A and ONE question only from Section B. The total of 

marks available on the paper is 80, with Section A worth 55 marks and Section B worth 25 

marks. A detailed marking scheme is provided for you guidance. A data booklet is also 

provided, which may contain data and formulae relevant to the questions on this 

examination paper. 

 
 
Examination 2 hours. 
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Reassessment: 
Reassessment of this module is by synoptic reassessment. If a student’s aggregate mark 
is less than 40% at the first attempt, then reassessment at the next available opportunity 
will occur. The reassessment is in the form of a full examination (3 h). The reassessment 
mark is based only on the examination mark and is limited to maximum mark of 40 E. 

 

Learning and teaching methods: 

Two lectures per week, supported by assessed workshops, assessed tests and non-
assessed homework exercises. 

 

Syllabus Plan: 

Semester A.   Atomic & Molecular Structure 
 
Part 1: Atoms  

 Introduction to atomic structure, mass and atomic numbers  

 Hydrogen atom: concept of quantisation, orbitals (wavefunctions) and quantum 
numbers. 

 Atomic spectroscopy (hydrogen). 

 Multi-electron atoms: orbital energies, concept of degeneracy, radial distribution 
functions. 

 Ground-state electron configurations: Pauli exclusion principle, Aufbau principle, 
Hund’s first rule. 

 Atomic dimensions  (representations – ball and stick; space-filling etc.) 
 
Part 2: Bonding and Shape 

 Valence electrons and core electrons 

 Concepts of valence and oxidation states 

 Lewis structures: bonding pairs and lone pairs 

 Electronegativity and bond-polarity 

 Three-dimensional molecular geometries (linear, trigonal planar, tetrahedral, 
octahedral etc.) 

 Prediction of molecular shape using VSEPR theory 
 
Part 3: Diatomic Molecules 

 Molecular orbital description of bonding for H2. 

 MO energy level diagrams 

 Bonding in other homonuclear diatomics (up to F2 ) 

 Concepts in diatomic bonding:  -bonds, -bonds, bond order 

 Bonding in hetero-diatomics and the origins of bond polarity  
 
Part 4: Polyatomic Molecules: Hybridization Model 

 Hybridization approach to rationalizing bonding including sp, sp2 and sp3 hybrids 

 Illustrative examples of the hybridization model, e.g. H2O 
 
Part 5: Polyatomic Molecules: Molecular Orbital Theory 

 MOs as LCAOs 

 Symmetry-adapted combinations of AOs 

 Illustrative examples of MO theory/MO diagrams, e.g. H2O, BH3 

 Comparison with hybridisation model 

 Further examples of MO theory/MO diagrams, e.g. C2H4, butadiene (-orbitals) 
 
Part 6: Coordination Compounds 

 Concepts and terminology used in coordination chemistry. 

 Definitions of: a complex, a ligand, coordination number, coordination geometry. 
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 Examples of monodentate, bidentate and macrocyclic ligands.  

 Lewis acidity: theory of hard and soft acids, and bases. 

 Explanation of various types of isomerism, illustrated by examples. 

 Assignment of oxidation states of metals and d-electron configuration. 

 Basic concepts of crystal field theory (CFT)  

 Relative energies of d-orbitals in octahedral and tetrahedral crystal fields. 

 The effect of elongation of an octahedral complex along the z-axis. 

 Crystal field splitting diagram for a square planar complex. 

 Barycentres or centres of gravity, Pairing energy. 

 High spin and low spin complexes. 

 Factors affecting adoption of high or low spin in octahedral complexes. 

 Factors affecting the crystal field splitting parameter; effects on the colour and 
magnetic properties. 

 
Part 7: Molecular Symmetry 

 Symmetry operations 

 Point-groups 
 

 

 

Indicative Basic Reading List: 

 
For this module students should have access to textbooks covering both inorganic 
chemistry and physical chemistry.  Indicative examples include: 
 
A general first-year textbook such as: 
 
“Chemistry³: Introducing inorganic, organic and physical chemistry” A. Burrows et al. 
(Oxford University Press) 
 
or a combination of more specialised texts, such as the following: 
 
“Inorganic Chemistry” by C.E. Housecroft and A.G. Sharpe (Pearson Education Ltd) 
 
“Shriver and Atkins' Inorganic Chemistry”  P. Atkins, T. Overton, J. Rourke M. Weller, F. 
Armstrong.  (Oxford University Press) 
 
“Atkins' Physical Chemistry”, by P.W. Atkins and J. de Paula (Oxford University Press)   
 

 


