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TRO61: Chemical Sciences introduction
Welcome to the Chemical Sciences course in Trinity College.

Chemistry is a dynamic discipline that interfaces constantly with other disciplines. Chemists enjoy
analysing, synthesising, and designing new compounds and materials to solve modern societal,
medical, and environmental challenges. Chemists also engage in the creative process of developing
new models and theories to explain the workings of our natural world. As part of your degree, you
will learn core foundational principles of the chemical sciences but will also be introduced to new
areas of chemistry at the frontiers with biology, physics, medicine and computer sciences.
Importantly, we will help you acquire proficiency in technical methodologies while supporting the
development of effective professional communication skills that are essential for your future career,
whether you aspire to becoming a practicing chemist in industry or academia, or to working in
business, consultancy or social enterprises.

Formal Chemistry teaching in TCD commenced in August 1711 as part of the new School of Medicine
and is now delivered by the staff in the School of Chemistry. The TRO61 Chemical Sciences is a new
and highly flexible 4-year degree programme that allows you to tailor the focus of your degree
through selection of module combinations over the course of your entire undergraduate education.
Entry into TRO61 gives you the option to choose among five Moderatorships as exit routes, namely:

e Chemistry (C)

e Chemistry with Biosciences (CB)

e Chemistry with Molecular Modelling (CMM)
e Medicinal Chemistry (MC)

e Nanoscience (N).

Second year module choices recommended and/or required for completing each of the above
Moderatorships are discussed in this handbook.

Staff, Research and Facilities in the School of Chemistry

The School of Chemistry currently has 23 academic staff, 10 technical and attendant staff and 4
administrative staff. The School has an active research programme, with approximately 100
postgraduate students and postdoctoral researchers. They study a range of subjects such as organic,
inorganic, organometallic, physical, theoretical, medicinal, analytical, material, polymer,
environmental, and supramolecular chemistry. Research income is earned from national,
international and commercial sources and the School has held grants in all relevant research
programmes funded by the EU. The College also fosters an interdisciplinary approach to research,
with members of the School having strong links with colleagues in the physical, technological and
biological sciences both within College, nationally and internationally.

The main building includes two lecture theatres and four research laboratories. A suite of teaching
laboratories (the Cocker laboratories) provides facilities for the teaching of preparative inorganic and
organic chemistry. The Sami Nasr Institute for Advanced Materials (SNIAM) provides ca. 1500 m? of
accommodation for the School of Chemistry. This includes a Physical Chemistry teaching laboratory
and six research laboratories to house ca. 40 researchers. Computational Chemistry research is
housed in the Lloyd Institute on a multidisciplinary computational-science floor comprising
researchers from Mathematics, Physics, Chemistry and High-Performance Computing. In addition,
chemists play an important role in interdisciplinary research taking place in TCD’s research institutes:



(i) the Nanoscience Institute — The Centre for Research on Adaptive Nanostructures and
Nanodevices (CRANN), and (ii) the Trinity Biomedical Sciences Institute (TBSI).

As part of your degree, you will gain exposure to open ended research thanks to the support of
academic staff who work at the cutting-edge of science and through access to state-of-the-art
instrumentation. The school is well equipped for its research activities, having Agilent 400 MHz, and
Bruker 600 and 400 MHz high-field multi-nuclear NMR, FTIR, dispersive IR and UV-visible
spectrometers, high performance liquid (HPLC) and gas (GC) chromatography equipment, X-Ray
crystallography facilities with two single crystal small molecule X-Ray -diffractometers (scXRDs) and a
powder XRD (pXRD), Micromass LCTTM (TOF) mass spectrometer, thermogravimetric analysis and
differential scanning calorimetry, dynamic light scattering, several spectrofluorimeters for steady-
state and time-resolved fluorescence measurements, circular and linear dichroism, and a large range
of wave generators and potentiostats for cyclic voltammetry.

Professor Valeria Nicolosi
Director, TR0O61: Chemical Sciences Course



TRO61: Chemical Sciences overview and module selection
The second year will build on the material covered in first year, which will help decide on which

career path to follow. The second year is divided into Semester 1 (Michaelmas term) and Semester 2
(Hilary term) and you must select modules to the value of 60 credits for the year, with no more than
30 credits from Semester 1, and 30 credits from Semester 2.

In their SF year all students must take core modules for a total of 40 ECTS (20 ECTS per semester) as

follows:

Core Modules

Code Module Title Semester | ECTS
Mandatory Core modules (30 ECTS)
CHU22201 Chemistry 1 1 10
CHU22202 Chemistry 2 2 10
MAU22S01 | Multivariable Calculus for Science 1 5
PI1U22992 History, Philosophy and Ethics of Science 2 5
Students must select from the following (10 ECTS)#
CHU22203 Introduction to Medicinal Chemistry* 1 c
Or
MAU22S03 | Fourier analysis for Science* 1 5
and
CHU22204: Introd.uction to Environmental and Sustainable 5 c
Chemistry**
Or
MAU22S02 | Vector Calculus for Science** 2 5

* Students who take CHU22203 cannot take MAU22S03 ** Students who take CHU22204
cannot take MAU22S02
# To select Physics as an open module student must take MAU22502 and MAU22S03

Students will choose 2 additional modules among those open for the TR061 programme, for a total
of 20 ECTS (10 ECTS per semester).

Open Modules

Code Module Title Semester ECTS

BYU22C01 From Molecules to Cells 1 10

BYU22202 From Cells to Organisms 2 10
Or

PYU22P10 Physics 1 10

PYU22P20 Physics 2 10

It is important to note that open SF modules will require the student to have completed the
corresponding pre-requisites:

e BYU11101 module is a pre-requisite to Biology modules in SF year

e PYU11P10/P20 modules are pre-requisites to Physics modules in SF year




Open Module Choice Form

The module choice form is an online form and must be submitted by 4pm on Friday 19*" April 2024

Forms are available online via the following link: https://forms.office.com/e/QVu4dt5rsE

TRO61: Chemical Sciences
SENIOR FRESH MODULE CHOICES

Module Module Title Semester | Credits
Code
CHU22201 Chemistry 1 1 10 =
CHU22202 | Chemistry 2 2 10 e
MAU22S01 Multivariable calculus for Science 1 5 S
P1U22992 History, Philosophy and Ethics of Science 2 5 <§(
And
Pattern SF.1
CHU22203 Introduction to Medicinal Chemistry 1 5
CHU22204 Introduction to Environmental and Sustainable Chemistry 2 5
BYU22C01 From Molecules to Cells I 1 10
BYU22202 From Cells to Organisms 2 10
OR
Pattern SF.2
CHU22203 Introduction to Medicinal Chemistry 1 5
MAU22502 Vector Calculus for Science 2 5
BYU22C01 From Molecules to Cells Il 1 10
BYU22202 From Cells to Organisms 2 10
OR
Pattern SF.3
MAU22S03 Fourier analysis for Science 1 5
CHU22204 Introduction to Environmental and Sustainable Chemistry 2 5
BYU22C01 From Molecules to Cells Il 1 10
BYU22202 From Cells to Organisms 2 10
OR
Pattern SF.4
MAU225S03 Fourier analysis for Science 1 5
MAU22502 Vector Calculus for Science 2 5
BYU22C01 From Molecules to Cells Il 1 10
BYU22202 From Cells to Organisms 2 10
OR
Pattern SF.5
MAU225S03 Fourier analysis for Science 1 5
MAU22502 Vector Calculus for Science 2 5
PYU22P10 Physics 1 10
PYU22P20 Physics 2 10



https://forms.office.com/e/QVu4dt5rsE

Moderatorships

In the first and second year TRO61 students complete a course of study which will qualify them to
compete for a place in one of the following Moderatorships after their second year:

e Chemistry (C)

e Chemistry with Biosciences (CB)
e Chemistry with Molecular Modelling (CMM)
e Medicinal Chemistry (MC)

e Nanoscience (N)

The curriculum in the five Moderatorships is tailored and balanced to offer a general Chemistry
degree (C), a degree focusing on the application of chemical techniques and investigation of
chemical processes in biological systems (CB), a degree with greater emphasis on computational
methods in chemistry (CMM), a degree focusing on the synthesis and applications of drug molecules
for medicinal purposes (MC) and a degree with emphasis on the nanoscience and chemistry and
physics of advanced materials(N). Importantly, students should ensure that module choices over JF
and SF years fulfil the requisites to apply for a place in the preferred Moderatorship/s. The credits
dedicated to each discipline depending on module pattern choice are outlined below:

Pattern SF.1
fulfils requisites for
Moderatorships in

C, CB CMM, MC

Patterns SF.2-3
fulfils requisites for
Moderatorships in

C, CB, CMM, MC

Patterns SF.4
fulfils requisites for
Moderatorships in
C, CB, CMM, MC

Pattern SF.5
fulfils requisites for
Moderatorships in

C, CMM, N

30 ECTS Chemistry

25 ECTS Chemistry

20 ECTS Chemistry

20 ECTS Chemistry

5 ECTS Maths

10 ECTS Maths

15 ECTS Maths

15 ECTS Maths

5 ECTS History,
Philosophy and Ethics of
Science

5 ECTS History,
Philosophy and Ethics
of Science

5 ECTS History,
Philosophy and Ethics
of Science

5 ECTS History,
Philosophy and
Ethics of Science

20 ECTS Biology

20 ECTS Biology

20 ECTS Biology

20 ECTS Physics

The Table below summarises which SF module patterns fulfil requisites to apply for each of the five

Moderatorships.

Moderatorship pre-requisites

Nanoscience

Chemistry

Chemistry with Chemistry with

Biosciences

Molecular Modelling

Medicinal Chemistry

All 5 patterns

Patterns SF.1-4 All 5 patterns

Patterns SF.1-4

Pattern SF.5 only




Semester structure

TR061: Chemical Sciences

SEMESTER 1 — Michaelmas term

Monday 09 September 2024 - Friday 29 November

2024

SEMESTER 2 — Hilary Term

Monday 20 January 2025 - Friday 11 April 2025

CORE MODULES (Mandatory) — 20 per semester

CHU22201: Chemistry 1 10 |CHU22202: Chemistry 2 10
CHU22203: Intro to Medicinal Chemistry * g |CHU22204:Introto Environmentaland |
sustainable Chemistry *
MAU22501: Multivariable Calculus for Science 5 *MAUZZS()Z: Vector Caleulus for Science 5
MAU22S03: Fourier analysis for Science * 5 [History, Philosophy and Ethics of Science| 5
*Students who take CHU22203 cannot take *Students who take CHU22204 cannot take
MAU22503 MAU22502
OPEN MODULES (Optional): Students choose 10 credits from each Semester
Open modules (optional) Credits Open modules (optional) Credits
BYU22201: From Molecules to Cells 10 |[BYU22202: From Cells to Organisms 10
Or
PYU22P10: Physics 1# 10 |PYU22P20: Physics 2* 10

*To select Physics as an open module students must take MAU22S02 and MAU22S03
*Teaching term dates may be subject to change.

Change of OPEN modules

If, after a couple of weeks, a student feels that they have perhaps made the wrong choice of open
module combination, they should seek advice immediately from a Tutor, Course Director, or the
Science Course Office. It may be possible to change from one module to another within your course,
subject to permission from the Associate Dean of Undergraduate Science Education. Once a decision
has been made to change modules, it should be done quickly - it can be difficult to try to catch up
with work in a new module when more than two or three weeks of lectures have been missed.

If you wish to change your mind before term begins in September, you may resubmit the online form
with a subject line of "change of module choice" and a note in the form specifying "change of module
choice”. Online forms can be found via the following link: https://forms.office.com/e/QVu4dt5rsE

*All change of module requests must be submitted via the online modules form by Monday 30"

September 2024.



https://forms.office.com/e/QVu4dt5rsE

The European Credit Transfer Accumulation System (ECTS)

The European Credit Transfer and Accumulation System (ECTS) is an academic credit system based
on the estimated student workload required to achieve the objectives of a module or programme of
study. It is designed to enable academic recognition for periods of study, to facilitate student
mobility and credit accumulation and transfer. The ECTS is the recommended credit system for
higher education in Ireland and across the European Higher Education Area.

The ECTS weighting for a module is a measure of the student input or workload required for that
module, based on factors such as the number of contact hours, the number and length of written or
verbally presented assessment exercises, class preparation and private study time, laboratory
classes, examinations, clinical attendance, professional training placements, and so on as
appropriate. There is no intrinsic relationship between the credit volume of a module and its level of
difficulty.

The European norm for full-time study over one academic year is 60 credits. 1 credit represents 20-
25 hours estimated student input, so a 10-credit module will be designed to require 200-250 hours
of student input including class contact time, assessments and examinations.

ECTS credits are awarded to a student only upon successful completion of the course year.
Progression from one year to the next is determined by the course regulations. Students who fail a
year of their course will not obtain credit for that year even if they have passed certain component
courses. Exceptions to this rule are one-year and part-year visiting students, who are awarded credit
for individual modules successfully completed.
https://ec.europa.eu/education/resources-and-tools/european-credit-transfer-and-accumulation-

system-ects en

College registration

The Academic Registry issue an ‘Invite to Register’ email to all continuing students eligible to
register for the forthcoming academic year. This communication is issued via the my.tcd.ie portal
and your institutional (TCD issued) email address.

On receipt of the emailed invitation, you should log in to the my.tcd.ie to complete the registration
steps. All information regarding College registration is available at the following links:
https://www.tcd.ie/academicregistry/

https://www.tcd.ie/academicregistry/student-registration/



https://ec.europa.eu/education/resources-and-tools/european-credit-transfer-and-accumulation-system-ects_en
https://ec.europa.eu/education/resources-and-tools/european-credit-transfer-and-accumulation-system-ects_en
https://my.tcd.ie/urd/sits.urd/run/siw_lgn
https://www.tcd.ie/academicregistry/
https://www.tcd.ie/academicregistry/student-registration/

TRO61: Chemical Sciences - CORE Modules

CHU22201: Chemistry 1

Semester 1, 10 Credits

Contact Hours:

50 hours lectures and tutorials and 27 Labs hours.

Rationale and Aims: To provide core Inorganic and Organic Chemistry topics at an intermediate
level, which further develop the material covered in the JF year and are the basis for further detailed
studies in the Sophister years.

Content Layout

Teaching Topic
Week
1-4 (14 L) | Introduction to Molecular Orbital Theory

Transition Metal Coordination Chemistry

Atomic orbitals (s,p,d) as wave functions; their representation as enclosed
boundary surfaces and as radial distribution functions. The relationship of these
ideas to the Bohr model for atomic hydrogen. Relative energies of these
orbitals; orbital angular momentum in non-hydrogen-like atoms; penetration
and shielding.

Hybridisation of atomic orbitals and the hybrids associated with various
geometries; VSEPR treatment of molecular structures.

Bonding as the linear combination of atomic orbitals, including non-bonding
and anti-bonding interactions. Labelling of molecular orbitals as sigma, pi (g or
u), molecular orbital diagrams of homonuclear diatomic molecules of the first
and second row of the Periodic Table. Mixing of molecular orbitals and its effect
on the relative energies of the resulting molecular orbital diagram. Molecular
orbital approach for simple molecules including H,O, BeH, and BCls. Reactivity
of CO in terms of the molecular orbital energy diagram for this molecule.
Appreciation of the Molecular Orbital basis of the spectrochemical series.

Brief introduction - why study metal complexes?

What is a metal complex? Overview of concepts and definitions: Lewis Acid-
base concept.

Formation and stability of metal complexes: Complex formation and
dissociation; cumulative stability constants and trends; the 'chelate effect’,
factors affecting stability.

Classification of common ligands: Donor atoms and functional groups.
Multidentate and chelating ligands; stereochemistry and formation of chelate
rings.

Stereochemistry of metal complexes. Coordination numbers 2-6 and geometry
of metal complex; square planar, tetrahedral; trigonal bi-pyramid; square based
pyramid; octahedral; distortion of geometries.

10



e Electronic structure and properties of transition metal complexes: lonic vs.
covalent bonding models; crystal field theory; energy level diagrams in
tetrahedral - octahedral fields.

e Consequences and applications of orbital splitting: Electronic configurations of
metal complexes; crystal filed stabilization energies (CFSE); Factors effecting
Delta; spectrochemical series; HS and LS configurations; magnetic properties
and the spin-only formula.

e Electronic spectra of metal complexes: UV-vis. Spectra; interpretation of data;
Laporte and spin selection rules; extinction coefficients and wavelength; Jahn-
Teller effect.

4-5 (5L) Molecular Spectroscopy

e This course will focus on the major techniques employed in the identification of
chemical entities (although some are not spectroscopic techniques).

e Why is spectroscopy important?

e Nuclear Magnetic Resonance Spectroscopy (NMR): Nuclear spin, chemical shift,
shielding and spin-spin coupling. Both *H and **C NMR are covered. A brief
consideration of MRl is included.

e Ultraviolet Spectroscopy: Effect of m-conjugation.

e Infra-red Spectroscopy: Molecular vibrations, detection of characteristic
functional groups

e Mass spectrometry: Uses and application

e X-Ray Diffraction: How X-ray diffraction can be employed to aid structural
elucidation.

6-9 (12 L) | Introduction to Organic Synthesis

Week 7 e In-depth discussion of stereochemistry including definition of chemo-, region-

Study and stereoselectivity. Identification of stereoisomers and assignment of

week absolute configuration. Resolution of racemic mixtures. Biological relevance of
stereochemistry.

e Conformational analysis, including Newman projections diagrams.
Conformation of cyclohexane including chair, boat, twist-boat. Concept of allylic
strain.

e Introduction to carbohydrate chemistry and a discussion of common protecting
groups in organic chemistry.

e Applications of radical reactions in Organic synthesis.

e In-depth discussion of aldol, carbonyl and beta-dicarbonyl chemistry for the
formation of C-C bonds.

e Aldol and carbonyl chemistry.

e HSAB theory, the Michael addition reaction and Diels-Alder reaction.

10-12(9L) | e Aromatics

e Why is aromatic chemistry important? An overview of important drugs,
dyestuffs and polymers that are based on aromatic compounds.

e Recap: An overview of JF Aromatic Chemistry I: The structure of benzene and a
reminder of the mechanism of electrophilic aromatic substitution (EAS)
reactions.

11



How and why substituents on an aromatic ring influence the regiochemical
outcome of EAS reactions: How do electron donating groups and electron
withdrawing groups cause the substitution patterns that they do?

Nucleophilic Aromatic Substitution: Introduction to NAS and the differences to
EAS. The three different mechanisms of NAS and their use in synthesis.
Organometallic chemistry: Introduction to metallation reactions, directed
metallation as a method of controlled synthesis, metal catalysed coupling
reactions.

Synthetic considerations: How to plan successful synthetic strategies to prepare
aromatic compounds.

Other important aromatic systems: A brief look at some of the less common
compounds and their chemistry.

Aromatic chemistry in the body - a brief look at some important aspects
including biosynthesis, hormones, drug metabolism and the production of toxic
metabolites.

Tying it all together: An overview of the synthesis of an important aromatic
compound.

13

Student Revision/Study week — tutorials only

14

Student Assessments

Reading list/ Indicative Resources
e Organic Chemistry, by Jonathan Clayden and Nick Greeves; Publisher: OUP Oxford; 2 ed.
e Inorganic Chemistry, by C. E. Housecroft and A. G. Sharpe, PrenticeHall, 1 ed, 2001

Methods of Assessment
In-course assessment: 25% of Final Grade
Written Examination: 75% of Final Grade

Lab Hours =9 x 3 hours = 27 hours. Organic Chemistry (6 experiments), Inorganic (3 experiments)

Learning Outcomes

Discuss the trends in atomic orbitals and use these to explain trends in atomic properties.
Generate a set of molecular orbitals and an energy level diagram based on the principles of
molecular orbital theory.

Classify ligands and explain transition metal complex geometries.

Predict and explain the d-orbital splitting in transition metal complexes and its effects on the
geometry and electronic properties.

Identify and explain stereochemical features of organic molecules.

Describe strategies for controlled formation of stereochemical centres in organic synthesis.
Formulate reasonable retrosynthetic pathways for the design of simple organic molecules.
Explain the principles of standard organic spectroscopy techniques.

Determine information about the structure of unknown organic materials using spectroscopic

1.
2.

pw

LN,

data.

10. Categorise and explain the principle reactions of aromatic molecules.

12



CHU22202: Chemistry 2
Semester 2, 10 credits

Contact Hours:

52 hours lectures and tutorials and 27 lab hours.

Rationale and Aims: Chemistry 2 module consists of core Physical and Inorganic Chemistry topics at
an intermediate level, which further develop the material covered in the JF year and are the basis for
further detailed studies in the Sophister years.

Content Layout

Teaching
Week

Topic

1-4 (16 L)

Chemical Thermodynamics

Review (calculus based) of: First Law, Internal Energy and Enthalpy, Enthalpy as a
function of temperature: use of differentials, 2nd Law: entropy, entropy as a function
of temperature.

pV diagrams: isotherms and adiabatics, Carnot cycle, Engine efficiencies

3rd Law: limiting values of Cv and Cp, Residual entropy, Free energy functions,
Maxwell Relations

Chemical potentials and equilibria: The Chemical potential, activities, phase equilibria,
Gibbs phase rule, Clausius Clapeyron, Homogeneous equilibria, Van’t Hoff isochore
Chemical potentials in ideal solutions: Liquid vapour equilibrium, Henry’s law, Raoult’s
law, Liquid-solid equilibrium, ideal solubilities, colligative properties

Non-ideal systems: Non-ideal gases, Fugacity of a van der Waals’ gas, Mixture of gases

5-9 (14L)
7 study
week

Chemical Kinetics

Basic concepts: collisions and gas phase reactions, Boltzmann distribution, Rate
constant and Arrhenius equation, factors control rate

Chemical bond breaking and making, Morse potentials, forces on atoms, potential
energy surface, transition state, simple harmonic oscillator, quantisation

Description of chemical reaction Definition of rate, initial rate, reaction order, rate
constant, effect of concentration and temperature, experimental measurement
Derivation of integrated rate equations: zero, first and second order, graphical
analysis to evaluate rate constant, half life

Activated processes, activation energy, Arrhenius equation, evaluation of activation
energy, extension to other processes, diffusion, adsorption /desorption

Multistep reactions, rate determining step, reactive intermediates, reaction
mechanism, consecutive and competitive reactions, Simple reversible reactions,
quasi-equilibrium, quasi steady state, thermodynamic vs kinetic control, yield
Application of kinetics to catalysis (bio and surface), Langmuir-Hinshelwood,
Michaelis-Menten, adduct formation, turnover frequency

Unimolecular gas phase kinetics, reactions in solution, diffusion vs activation control.
Collision theory mean free path, collision frequency, activated complex theory, Eyring
equation, activation parameters, relationship to Arrhenius, interpretation of pre-
factor.

Kinetic isotope effect

9-12 (12L)

Structural Inorganic & Materials Chemistry
Introduction, Classification of solids, Degree of order in solids; Definition of terms:
Crystal structure, unit cell and lattice; Crystal systems; Structure of Metals and close

13




packing of atoms: hpc, fcc, bcc, primitive packing (alpha-Po), deviations from ideal
structures; phase transitions, Goldschmidt rule;

e Alloys and solid solutions, Interstitial phases (Hagg-Phases), Phase diagrams, Carbides,
nitrides and hydrides; Frank-Kasper and Laves phases.

e 8-N Rule and Elemental Modifications; Examples of this concept form Group 17, 16,
15 and 14 of the Periodic Table (12, S, P, As Bi, Po, C); Principle of maximum
connectivity, pressure homologue rule and examples (i.e. Sn); pressure distance
paradoxon; Binary diamond-type compounds with ZnS structure; Properties of these
materials (semiconductors); Temperature-dependences;

e Concept of interstices in close packings; AB, AB2, AB3-type structures; A2B3 oxides;
structures of normal and inverse spinels;

e Synthetic concepts to hybrid organic-inorganic materials that replicate the topologies
of purely inorganic default structures (reticular synthesis concept); properties of the
resulting solid state materials; zeolite-type materials;

e Extended 8-N concept (Bussmann-Klemm concept); Zintl Phases and Zintl clusters;
concepts to deduce the structures of these materials; clusters and electron counting.

e Physicochemical properties of solids (examples can include magnetic, ferro/piezo-
electric and mechanical properties)

e Introduction to nanostructured and nanocrystalline materials.

e Characterisation and synthetic techniques for solid materials;

13 Student Revision/Study week — tutorials only

14 Student Assessments

Reading list/ Indicative Resources
e The elements of physical chemistry by P.W. Atkins J. de Paula, 6 ed. OUP (2013),

e |norganic Chemistry’, C.E. Housecroft, A.G. Sharpe, 4th Ed, Pearson; 2012

e ‘Inorganic Structural Chemistry’, Ulrich Muller; 2nd Edition, Wiley, Weinheim, ISBN: 978-0-470-
01864-4

Methods of Assessment

In-course assessment: 25% of Final Grade.
Written Examination: 75% of Final Grade
Lab Hours =9 x 3 hours = 27 hours

Proposed practical’s

Inorganic (3 experiments), Physical Chemistry (6 experiments)

14




Learning Outcomes

1. Analyse and apply chemical kinetic principles to simple, multi-step reactions and complex
reactions.
2. lllustrate basic theory of chemical reaction rates.
3. Review and apply the laws of thermodynamics to the solution of problems in Physical
Chemistry.
4. Define the concept of ideal and non-ideal systems and the use of chemical potentials.
5. Understanding of the structural principles of inorganic molecules and solids using traditional
concepts, simple electron counting rules as well as modern approaches.
6. Understanding of systematic ordering of the recognized structure types, relationships among
them, and the link between structure and properties.
7. Basic understanding of selected characterisation techniques for solid materials.
Contacts
Module Coordinator: E-mail: nicolov@tcd.ie
Professor Valeria Nicolosi Phone: 01 896 4408
Coordinator Fresh Teaching E-mail: pnscully@tcd.ie
Dr Noelle Scully Phone: 01 896 1972
Administrative Officer E-mail: farrea25@tcd.ie
Ms AnneMarie Farrell Phone: 01 896 1726
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CHU22203: Introduction to Medicinal Chemistry and Bioinorganic Chemistry

Semester 1, 5 credits

Contact Hours: 30 hours lectures and tutorials

Rationale and Aims: To provide an introduction to aspects of medicinal chemistry and bioinorganic
chemistry that are essential to an understanding of the chemistry of therapeutic compounds and
metalloenzyme function in living systems. The student will learn basic concepts in
medicinal/pharmaceutical chemistry, how a drug exerts its action, how it can be optimised and the
different steps in the development of a drug. The student will also be introduced to the coordination
chemistry of metals in biology and to the spectroscopic techniques employed to study metals in
biology. A variety of metalloenzymes and their Chemistry will be discussed in detail. The course is
descriptive, but also includes considerable focus on inorganic reaction mechanisms. This section of
the module aims at exploring the coordination chemistry of metalloproteins while reinforcing
fundamental topics explored in the core CHU22201 module.

Content Layout

Teaching Topic
Week

1-6 (18 L) Introduction to Medicinal Chemistry:

Lecture 1: History of medicinal chemistry. What is medicinal chemistry? What is a
drug?

Lecture 2: Drug safety. The therapeutic index. How a drug exerts its activity? Main
phases of drug activity.

Lecture 3: Pharmaceutical Phase. Pharmacokinetic phase: ADME properties
(Absorption, Distribution, Metabolism and Elimination) of a drug. Absorption: types of
absorption and the role of the pKa and logP of a drug in its absorption.

Tutorial 1: pKa in drug absorption

Lecture 4: Pharmacokinetic phase, continuation. Distribution. Metabolism. Elimination
Lecture 5: Pharmacokinetic parameters: Lipinski rule of 5, clearance, bioavailability,
volume of distribution, elimination rate.

Lecture 6: Drug Toxicity. Pharmacodynamic phase. Targets: (phospho)lipids, proteins,
glyco-lipids/-proteins, nucleic acids.

Lecture 7: Drug-target theories. Drug-Target interactions (covalent bonds,
electrostatic, dipole-dipole, charge transfer, van der Waals, hydrogen bonds,
hydrophobic).

Lecture 8: How drugs interact with all possible targets considered: phospholipids,
protein receptors (agonism/antagonism).

Lecture 9: Protein as targets: enzymes. Different types of inhibition and inhibitors
(reversible inhibition, irreversible inhibition, transition state inhibitors).

Tutorial 2: Targeting enzymes: dihydrofolate reductase.

Lecture 10: Nucleic acids as targets. DNA binding (intercalation, alkylation, minor
groove binding). Guanine-quadruplexes.

Lecture 11: Drug discovery process: Design and synthesis steps. Identification of a
target. Finding a hit/lead compound: serendipity, high-throughput screening
(combinatorial chemistry, natural products).

Tutorial 3: Biological evaluation: dose-response curves.
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Lecture 12: Optimization process. Structural variations: pharmacophore and
bioisosterism

Tutorial 4: Pharmacophore and bioisosterism examples and salt forms.

Lecture 13: Computer assisted drug design. Molecular modelling: computational
methods (ab initio, DFT, molecular dynamics). QSAR: 2D and 3D. “Me-too” drugs.
Lecture 14: Drug development stages: Pre-clinical studies, Clinical phases (1, 2 and 3)
and Post-marketing control.

7 Study week
8-12 (12 L) | Bioinorganic Chemistry: Introduction to the natural roles metals play in Biology.

Lecture 1: Introduction to Bioinorganic Chemistry
Lecture 2: Spectroscopic Techniques in Bioinorganic Chemistry
Lecture 3: Photosynthesis - Photosystem Il - manganese, iron, magnesium in biological
water oxidation
Lecture 4: Dioxygen Transport - iron and copper, hemoglobin, myoglobin,
hemerythrin, hemocyanin
Lecture 5: Dioxygen Activation — heme- and nonheme iron oxidase, and mono- and
dicopper oxidases
Lecture 6: Electron Transfer - iron/sulfur clusters, ferrodoxins, cytochrome, aconitase,
blue copper
Lecture 7: Hydrogenases - diiron, nickel/iron, mononuclear iron
Lecture 8: Nitrogen Fixation and Bioinorganic Organometallics — Nitrogenase,
Cobalamin (Vitamin B12)
Lecture 9: Metals and Reactive Oxygen Species — Catalase, Superoxide reductase and
Dismutases, Metals in Alzheimer’s Disease
Lecture 10: Synthetic models in Bioinorganic Chemistry — synthesis and
characterization provide insights in enzyme function
Tutorials will be held after lectures 5 and 10

13 Student Revision/Study week — tutorials only

14 Student Assessments

Reading list/ Indicative Resources

Medicinal Chemistry:

e Lehninger principles of biochemistry. David L. Nelson and Michael M. Cox, 6 Edition, 2013.
McMillan Learning.

e Pharmacology. H.P Rang, MM Dael JM Ritter PK Moore, 5™ edition, Churchill 2003, Livingstone

editors

e Fundamentals of General, Organic and Biological Chemistry. McMurry, Ballantine, Hoeger,
Peterson, 8" edition, Pearson 2017.

e The Organic Chemistry of Drug Design and Drug Action. Richard B. Silverman, 2014 (3" Edition).
Academic Press

e An Introduction to Medicinal Chemistry, 5™ edition. Graham L. Patrick, 2012. Oxford University

Press

Bioinorganic Chemistry:

e |norganic Elements in the Chemistry of Life - An Introduction and Guide. Kaim, Schwederski.
Wiley-Blackwell — chapter-by-chapter direct link to lecture materials.

e The Biological Chemistry of the Elements: The Inorganic Chemistry of Life. Frausto da Silva,
Williams. Clarendon Press
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Bioinorganic Chemistry. Bertini, Gray, Lippard, Valentine. University Science Books
Principles of Bioinorganic Chemistry. Lippard, Berg. University Science Books

Proposed in course assessment/s:
A combination of paper assessment at the end of semester 1 (60%) and in course (40%) consisting of
a group assignment and individual homework assignments.

Learning outcomes:
On completion of this module the student should be able to:

12.

Identify what is a drug and how to assess its safety.

Identify the three main phases of drug activity: pharmaceutical, pharmacokinetic (ADME-
Absorption, Distribution, Metabolism and Elimination) and pharmacodynamics phases.
Predict drug absorption based on its pKa value.

Understand how a drug exerts its activity by identifying the interactions with its target.
Identify the different possibilities in the drug discovery process.

Have a good understanding of the different drug optimization processes/tools available.
Identify the drug development stages.

Identify common amino acids and small molecules that are ligands for metals in biology.
Identify spectroscopic techniques suitable to probe metal sites in biology.

. Predict/interpret catalytic cycles of metalloenzymes.
. Have a deep understanding of Mn, Fe, Cu redox chemistry and be able to relate that to biological

transformations.
Have a strong fundamental understanding of the natural roles trace metals play in biology.

Contact Details:

Module Coordinator E-mail: rozasi@tcd.ie
Professor Isabel Rozas Phone: 01 896 3731
Coordinator Fresh Teaching E-mail: pnscully@tcd.ie
Dr Noelle Scully Phone: 01 896 1972
Administrative Officer E-mail: farrea25@tcd.ie
Ms AnneMarie Farrell Phone: 01 896 1726
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CHU22204: Introduction to Environmental and Sustainable Chemistry

Semester 2, 5 credits
Contact Hours: 30 hours lectures and tutorials

Rationale and Aims:

To provide an introduction to aspects of environmental and green chemistry that are essential to an
understanding of chemical processes in environmental compartments and their impact on
ecosystems and/or animal and human health. The module will also introduce the student to
experimental methods of analysis and frontier methods for mitigating environmental impacts.

Content Layout

Teaching Week Topic

1-3(81L) Inorganic Environmental Chemistry and Green Chemistry

e Introduction to Environmental Chemistry

e The origin and distribution of the elements

e The Lithosphere: Important minerals and ores; soil and soil composition
e The Hydrosphere: Properties of water and speciation in aqueous systems
e Biogeochemical cycling: Nitrate, phosphate and carbon cycles

e Introduction to Green Chemistry

4-6 (9 1) Introduction to Nuclear and Toxic Elements Chemistry

e Introduction to Nuclear Chemistry: the different kinds of nuclear decay, kinetics,
mass loss and energy, half-life, effects of nuclear radiation on matter

e Applications of radioisotopes: radio-carbon dating, nuclear metals in medicine
(diagnostics and radiation therapy)

e Introduction to toxicity, HSAB principles and chelation therapy

e Toxic elements: general features, bioavailability, biomethylation

e Be, Al, Tl, Hg, Pb and Cd toxicity: sources, symptoms, mechanisms, treatment

e Nanotoxicology

e Therapeutic use of a toxic element: cisplatin for cancer treatment (DNA adducts,
side effects, resistance), other metal based anti-cancer drugs

7 Study week

8-9(61L) Instrumental Methods in Environmental Chemistry

e Analytical chemistry, quantitative vs. qualitative

e Fundamentals of spectroscopic methods

Separation methods

e Electroanalytical methods for environmental chemistry

10-12 (7 L) Introduction to Atmospheric Chemistry

e Introduction to atmospheric chemistry
e Ozone layer chemistry

e Photochemistry and SMOG

e Aerosols/micro-particles

e Energy and climate change

13 Student Revision/Study week — tutorials only

14 Student Assessments
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Reading list/ Indicative Resources

C.E. Housecroft and A.G. Sharpe, “Inorganic Chemistry”, Prentice Hall, 2001

G.W. vanLoon and S.J. Duffy, “Environmental Chemistry: A Global Perspective”, Oxford Press,
2000

M.S. Silberberg, ‘Chemistry....", McGraw-Hill, 2nd Ed., 2000, Chapter 24 for Nuclear Chemistry.
J. McMurry and R.C. Fay, ‘Chemistry’, Pearson, 4th Ed. 2004. Chapter 22 for Nuclear Chemistry.
W. Kaim, B. Schwederski and A. Klein, “Bioinorganic Chemistry -- Inorganic Elements in the
Chemistry of Life: An Introduction and Guide”, 2nd Edition, Wiley, 2013. Chap. 18 for
Radionuclides; Chap. 17 for Toxic Metals; Chap. 19 for Chemotherapy with cis-platin.

Colin Baird and Michael Cann, “Environmental Chemistry”, W. H. Freeman; Fifth edition, 2012.

Methods of Assessment
In course assessment: 25%
Written Examination: 75%

Proposed in course assessment/s:
A short (500-1000 word) essay and relevant problem based question on selected topics form the
module will be assessed.

Learning outcomes:
On completion of this module the student should be able to:

Explain the origin, distribution, and availability of elements in the environment.
Appreciate the impact of human activity on natural biogeochemical cycles and be aware of
measures to limit this impact.

Understand the main concepts of nuclear chemistry and discuss applications of nuclear
materials.

Discuss the bioavailability, toxic effects of poisonous metals and appropriate treatments.
Explain principles of chemotherapy and discuss the use of Pt complexes for cancer
treatment.

Explain and apply statistical tools used in the analysis of experimental data.

Describe physical principles and process behind common analytical techniques.
Understand the advantages and disadvantages of specific analytical techniques.
Understand the basic principles of atmospheric chemical processes such as those involved in
the ozone layer, photochemistry, SMOG, aerosols/micro-particles.

Contact Details:

Module Coordinator: E-mail: dunnepl3@tcd.ie
Professor Peter Dunne Phone: 01 896 4449
Coordinator Fresh Teaching E-mail: pnscully@tcd.ie
Dr Noelle Scully Phone: 01 896 1972
Administrative Officer E-mail: farrea25@tcd.ie
Ms AnneMarie Farrell Phone: 01 896 1726
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MAU22S01: Multivariable calculus for science
Semester 1, 5 ECTS credits

Contact Hours
11 weeks, 3 lectures and 1 tutorial per week

Lecturer
Prof Manya Sahni (msahni@tcd.ie)

Learning Outcomes

On successful completion of this module, students will be able to:
Werite equations of planes, lines and quadric surfaces in 3-dimensional space;
Determine the type of conic section and write change of coordinates turning a quadratic
equation into its standard form,;
Use cylindrical and spherical coordinate systems;
Write equations of a tangent line, compute unit tangent, normal and binormal vectors and
curvature at a given point on a parametric curve; compute the length of a portion of a curve;
Apply above concepts to describe motion of a particle in the space;
Calculate limits and partial derivatives of functions of several variables
Write local linear and quadratic approximations of a function of several variables, write equation
of the plane tangent to its graph at a given point;
Compute directional derivatives and determine the direction of maximal growth of a function
using its gradient vector;
Use the method of Lagrange multipliers to find local maxima and minima of a function;
Compute double and triple integrals by application of Fubini's theorem or use change of
variables;
Use integrals to find quantities defined via integration in a number of contexts (such as average,
area, volume, mass)

Module Content

Vector-Valued Functions and Space Curves;

Polar, Cylindrical and Spherical Coordinates;

Quadric Surfaces and Their Plane Sections;

Functions of Several Variables, Partial Derivatives;
Tangent Planes and Linear Approximations;

Directional Derivatives and the Gradient Vector;

Maxima and Minima, Lagrange Multipliers;

Double Integrals Over Rectangles and over General Regions
Double Integrals in Cylindrical and Spherical Coordinates;
Triple Integrals in Cylindrical and Spherical Coordinates;
Change of Variables, Jacobians

Module Prerequisite
MAU11S01 & MAU11S02
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Recommended Reading
Calculus, Late transcendentals by H.Anton, I.Bivens, S. Davies
Multivariable Calculus 7th ed. Early Transcendentals by James Stewart

Assessment Detail
This module will be examined in a 2-hour examination in Michaelmas term. Continuous

assessment will contribute 20% to the final grade for the module at the annual examination.

Contact Details:

Module Coordinator: MAU22S01 E-mail: msahni@tcd.ie

Professor Manya Sahni Phone:
Administrative Officer E-mail: undergrad_maths@tcd.ie
Ms Jennifer Murray Phone: 01 896 2423
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PIU22992: History, Philosophy and Ethics of Science

Semester 2, 5 credits

Contact Hours:
22 hours of lectures + 10 hours of tutorials

Module Personnel: TBC

Module Content

In this module, we will consider foundational issues in the philosophy of science. Topics to be
covered will include some selection of: the nature of scientific methodology, the variety of inference
methods used in science (and their benefits and drawbacks), realism and anti-realism, and the role
of values in science. By the module's end, students will be well situated to engage in further
independent study of the topics in philosophy of science that interest them.

Learning Aims

Students will: 1) gain a grounding in foundational issues in philosophy of science; 2) learn how to
critically assess theses in science and philosophy; 3) learn about how philosophy is relevant for, and
can contribute to, the practise of science; and, 4) gain the knowledge and skills requisite for
engaging in further work in the philosophy of science

Learning Outcomes

By the end of this course, students will possess an understanding of the core topics and ideas in the
area of philosophy of science (see module content for more information), as well as how to critically
engage with them. Consequently, they will be well-placed to: apply their knowledge in future
scientific work; and, branch out and engage in their own independently guided research into the
philosophy of science issues which interest them most.

Assessment

For 5 ECTS:

e 4x Written Responses of 750 words [25% each]

Module Website (See Blackboard)
Contacts
Module Co-ordinator: TBC

Executive Officer: Tania Panero Garcia (philosophy@tcd.ie)

23



TRO61: Chemical Sciences — OPEN Modules

BYU22CO1: From Molecules to Cells Il
Semester 1, 10 credits

Prerequisite: BYU11101
Module coordinator: Prof Emma Creagh, ecreagh@tcd.ie Phone: 01 8962539

Contact Hours: 34 hours lectures, 21 hours practicals

Module Personnel: E. Creagh, K. Mok, A. Khan, J. Hayes, D. Nolan, E. Day, M. Ramaswami, S. Martin,
M. Campbell, K. Roberts

Learning Aims:

This module aims to give students a detailed understanding of cellular structure, composition and
function. The molecular composition of organelles, the processes carried out in each organelle, and
how these processes are integrated in cellular function are presented in detail. Students are also
introduced to enzyme kinetics; cellular metabolism; DNA structure and replication, transcription and
translation; the regulation of gene expression; Mendelian inheritance and genetic disease. This
module also introduces students to virology — how viruses replicate, mutate, enter cells and take
over cellular processes during infection.

Module content:
Programme of lectures and practicals: four lectures a week, Monday at 13:00, Wednesday at 17:00,

Friday at 9:00 and 12:00, practicals Tuesday afternoons.

Lecture Topic Lecturer Practical
Introduction to the module E Creach
“From Molecules to Cells” ' g
Cell structure & intracellular transport E. Creagh Practical 1. Solutions
& Dilutions
Cell cytoskeleton | E. Creagh
Cell cytoskeleton Il E. 