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Honours/Masters in Chemistry 

Academics in the Department of Chemistry carry out cutting edge research across all 

areas of modern chemistry, from synthesis through modelling and physical chemistry 

to analysis. During your Honours/Masters degree you will work in close collaboration 

with an academic researcher. You will have access to state-of-the-art equipment and 

instrumentation. Pursuing research at LTU allows you to merge research and course-

work in a professional, friendly and supportive environment. The Honours/Masters 

program provides students with their ‘first taste’ of research; it builds on skills          

acquired during your undergraduate degree while adding a new and valuable           

dimension. An Honours/Masters degree significantly enhances your career prospects 

and provides an opportunity to pursue a postgraduate degree (PhD) with a supported 

scholarship. 

Objectives 

 Extend students’ depth and breadth of knowledge in Chemistry. 

 Provide experience in different laboratory practices. 

 Plan and carry out experimental procedures. 

 Pursue an original research project. 

 

Skills 

 Learn and apply a range of practical chemical and analytical techniques required 

for research. 

 Plan and carry out experiments. 

 Develop effective time management skills. 

 Read and understand the technical literature, interpret results, and critically      

evaluate published data. 

 Develop the communication skills required to present to a scientific audience. 

WELCOME 



RESEARCH  
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The department is broadly defined by two themes: Molecular Design and Synthesis 

and Molecular Processes and Analysis. 

 

Molecular design and synthesis 

The research groups of Abbott, Barnard, Dutton, Smith and Wilson make up this theme 

which is primarily interested in synthetic chemistry that is supported by theoretical               

calculations. Research in this theme centres around medicinal chemistry and natural 

product synthesis; modelling of macromolecule confirmation and interactions; radio-

pharmaceutical chemistry; organometallic synthesis; crystal engineering. 

 

Molecular processes and analysis 

The physical, theoretical and analytical research groups of Hogan, Mechler, Potter, 

Robertson, Smith and Wilson form the molecular processes and analysis theme. This 

theme has a wide range of research interests such as electrochemo luminescence; 

biomembranes; biomolecule self-assembly; sensor and polymer membranes for envi-

ronmental applications; computer modelling of proteins, surfaces, nanomaterials and 

molecular complexes; optical spectroscopy of atmospheric and biological molecules.  

 

The Department is now entering an 

exciting new era as part of the       

Institute for Molecular Science 

(LIMS). LIMS will train the next    

generation of scientists with skills to             

facilitate the development of a robust 

scientific industry. The Institute will 

support, expand and extend the 

teaching and research work of the 

School of Molecular Sciences.       

Different disciplines (biochemistry, 

chemistry, genetics, molecular             

archaeology) will intermingle in shared work-spaces to achieve aims that would not be 

possible in traditional academic settings. Postgraduate students and postdoctoral     

scientists will work in an environment in which basic research findings are pursued, but 

also successfully translated into commercial products. Acting as a hub, LIMS will      

provide infrastructure for collaborative projects involving partners that include the CRC 

for Biomarker Translation and the ARC Centre of Excellence for Coherent X-ray         

Science. 
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FACILITIES  

 

In February 2013, Chemistry moved into the new LIMS building, a state-of-the-art      

facility with 10,000 sq m of usable space including 18 new research and support       

laboratories, an equipment barn, a 200 seat auditorium and approximately 3000 sq m 

of teaching facilities.  

 

Current equipment includes: 

 Atomic force microscope 

 Differential scanning calorimeter 

 Quartz crystal microbalance  

 Fluorescent microscope 

 Ellipsometer 

 Fluorimeter 

 IR / UV-Visible Spectrometers 

 HPLC 

 Mass Spectrometer 

 Single crystal X-ray diffraction 

 300 and 500 MHz NMR instruments. 

 Raman and IR microscopes 

 Thermogravimetric analyser. 

 



Chemistry students who obtain high grades in their third year examinations are invited 

to proceed to Honours/Masters in Chemistry, which is made up of advanced course 

work and an individual research project. The Honours/Masters program provides the 

opportunity to be involved in a research program at the cutting edge of science and 

provides training in research techniques and experience with contemporary research 

instrumentation and facilities. Most of the projects offered will overlap with several     

areas including: 

Analytical Chemistry; Medicinal Chemistry; Computational Chemistry; Molecular      

Modeling; Electrochemistry; Nanotechnology; Organic Synthesis; Organometallic 

Chemistry; Inorganic Chemistry; Bioinorganic Chemistry; Sensors Technology;        

Photoelectrochemistry; IR Spectroscopy; Luminescence Spectroscopy; X-ray Crystal-

lography; Environmental Analytical Chemistry; Forensic Science; Nanotechnology; 

Drug Design; Surface Science and Surface Analysis; Mechanistic Organic Chemistry; 

Stereospecific Organic Synthesis; Environmental Chemistry; Heterocyclic Chemistry.  

We frequently offer projects that are partly or wholly off campus in collaboration with 

external bodies such as the Environmental Protection Agency (EPA), the Department 

of Primary Industries (DPI), The Walter and Eliza Hall Institute of Medical Research 

(WEHI), CSIRO, Victoria Police Forensics Department and other universities. 

CHEMISTRY HONOURS/MASTERS 2014 
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Why do Honours/Masters? 

Honours/Masters in Chemistry adds a new dimension to the skills that you have        

acquired during your undergraduate years, enhances your immediate employment    

prospects and, more significantly, your future career potential.  

Each student undertakes a research project under the supervision of a member of 

staff, writes a thesis which explains the problem, outlines the research undertaken and 

the results obtained, and also attends advanced lecture courses and seminars. The 

introduction to research is a particularly valuable experience.  You will develop          

individual investigative skills, critical thinking and the ability to analyse experimental 

data. You will learn to evaluate scientific and professional literature, to articulate your 

knowledge and understanding in written and oral presentations and to work as part of 

a team. 

For these and other reasons, an Honours/Masters degree in Chemistry is highly       

regarded by prospective employers. The degree not only widens the range of          

employment possibilities, but it may lead to the opportunity to proceed to a              

postgraduate degree (MSc or PhD), with financial support from an Australian          

Postgraduate Awardl (APA) or other postgraduate scholarship. 

An Honours/Masters degree is a           

necessary requirement for proceeding to 

further research work in Chemistry, either 

in a private company, a research            

institution such as CSIRO or a University. 

Most employers give preference to      

Honours graduates, particularly for the 

more interesting, non-routine jobs.  Even 

in employment areas which do not utilise 

the specific scientific content, such as the 

Public Service, the value of the research 

training is nevertheless recognised.  

 

The employment prospects for those 

graduating with an Honours/Masters      

degree in Chemistry are, at the present 

time, excellent. All pass degree students 

should give serious consideration to      

undertaking the Honours/Masters year. 

 

 



Nanotechnology degree students are strongly urged to consider chemistry based     

Honours or Masters projects.  Interdisciplinary projects co-supervised by staff in other 

departments are also an exciting option.  Students taking the Bachelor of Science 

(Honours)/Master of Nanotechnology route may choose their final year Masters thesis 

topic (NAN5THA/B) from the projects listed here. See http://www.latrobe.edu.au/

chemistry/study-options/chemistry/postgraduate  for masters of nanotechnology course 

details. 

 

Students undertaking a Bachelor of Education should also consider the value added to 

their future teaching by being able to share their research experience with their         

students.  

 

Alternatively, students may be interested in completing a Masters degree (Master of 

Chemical Sciences or Master of Nanotechnology (see http://www.latrobe.edu.au/

chemistry/study-options/chemistry/postgraduate). The Masters degree does everything 

the Honours year does but at a deeper level and with an extra one or two semesters of 

study.  Entry requirements for the Masters degrees are similar to those for Honours.  

Students interested in these programs should consult the Honours Coordinator         

(Dr Adam Mechler).  

 

Entry requirements 

The requirements for entry into Chemistry 

Honours are a grade of at least 65% in 60 

points of third year chemistry and a third 

year average (120 points total) of at least 

60%. A student must have also completed 

all the requirements for a pass degree     

before enrolment in Honours is permitted. 

Those applying for entry to Chemistry     

Honours from tertiary institutions other 

than La Trobe must have third year results 

equivalent to those required of LTU        

students. As soon as examination results are available, all students who qualify for    

entry to Honours in Chemistry will be notified by letter and provided with further           

information about re-enrolment and the structure of the Honours year. Any student who 

does not receive a letter but believes they are eligible should contact the Honours     

Coordinator. 

 

CHEMISTRY HONOURS/MASTERS 2014 
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Choosing a project 

A  summary of  the  current  research activities   of  the  Chemistry academics for 2014 

are described in this booklet; see each member of staff for more details.  

 

In considering these offerings, students are  advised to maintain a broad range of     

interests in Chemistry, and are encouraged to discuss all of the projects which appeal 

to them with the members of staff concerned. It may also be useful to speak to current 

Honours and PhD students about their experiences and the project they are working 

on. Please note that no commitments regarding allocation to a particular project or   

particular supervisor can be made at this stage, as all offers must be approved by the 

Head of Department. Students are asked to nominate at least three choices of          

research areas in order of preference, (see final page of this booklet).  Projects will be 

allocated on the basis of these preferences, your results and the availability of places 

within each supervisors group. 

 

Further information on Chemistry Honours/Masters is available from the Honours      

Coordinator (Dr Adam Mechler) or any member of staff. 
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BELINDA ABBOTT 
Lecturer 

Medicinal Chemistry 
 
Room 620, LIMS1  
Phone: (03) 9479 2520  
B.Abbott@latrobe.edu.au 

Positions available: Two 

Medicinal chemistry involves the design, synthesis and development of the molecules 

we need in order to understand, prevent and treat disease. Research projects in       

medicinal chemistry primarily use the practical skills required for synthetic organic 

chemistry. Biological assays, by the student or collaborators, are used to study the 

structure-activity relationships of the compounds against the target. 

 

Fragment-based drug design of inhibitors of 

N.meningitidis DsbD 

Multi-drug resistant bacteria represent a significant 

public health threat. It is critical to develop new ways to 

treat bacterial infections which target pathways differ-

ent to those used by current drugs. Periplasmic        

Disulfide Bond (Dsb) forming enzymes catalyse the 

oxidative folding of many toxins and surface proteins 

required for virulence in a range of pathogenic bacteria 

including meningitis and gonorrhoea. This project aims to develop initial hits obtained 

from a screened library into higher-affinity ligands using the approach of fragment-

based drug design (FBDD). 

 

Inhibiting iron uptake by resistant bacteria 

Bacteria must be able to absorb iron from their environment for growth and survival. 

New molecules such as those shown (a-c) will be produced with the aim of inhibiting 

the synthesis of siderophores, which are the molecules essential for iron uptake. We 

are particularly interested in the inhibition of yersiniabactin found in E.coli and plague.  

 

mailto:M.Anderson@latrobe.edu.au
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Exploring the inhibition of PKA as a new        

therapeutic target for malaria 

Malaria causes much damage to the health of 

the developing world. Protein kinase A (PKA) 

has        recently been shown to be an important 

in the life cycle of the malaria parasite and may 

be an attractive target for inhibition. We are    

synthesising analogues of the isoquinoline     

compound A4 (shown) to test against PKA and 

obtain SAR information. 

 

Novel inhibitors of PI3-kinase – an enzyme       

important in cancer 

PI3-kinase inhibitors are of great interest due to 

their potential application in treatment of cancer 

and other diseases. Work in our group has        

resulted in novel potent pan-PI3K inhibitors with 

IC50 values of as low as 20 nM and we wish to 

further expand upon this series.  

 

Optimisation of pharmacokinetics by the           

synthesis of a Vitamin K-PNA conjugate 

Antisense therapy involves a molecule, such as    

peptide nucleic acid (PNA), “switching off” a       

disease-causing gene. We have shown that     

attaching a Vitamin K conju-

gate (shown) to PNA appears 

to    improve delivery of the 

PNA to cells. We would now 

like to make this compound on 

a   larger scale in order to have 

enough to administer it to a 

mouse model of amyotrophic 

lateral sclerosis (ALS), the 

common form of motor        

neurone disease. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Abbott Lab 
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PETER BARNARD 
Lecturer 

Organic and Inorganic Chemistry 
 
Room 624, LIMS1 
Phone: (03) 9479 2516  
P.Barnard@latrobe.edu.au 

Positions available: Two 

The synthesis and development of organic ligands and coordination complexes for    

medicinal and biological imaging applications is the main focus of the Barnard           

research lab. Organic and inorganic synthetic procedures in combination with a wide 

range of analytical techniques (NMR, UV/vis, fluorescence, mass spectrometry,         

electrochemistry and X-ray crystallography) are used for the generation and characteri-

sation of new compounds. 

 

Synthesis and studies of luminescent gold, ruthenium and iridium complexes of 

N-heterocyclic carbene ligands (with Dr Hogan and Dr Mechler)  

We are interested in the synthesis of new luminescent coordination compounds       

containing N-heterocyclic carbene ligands (NHCs). Previously, a fascinating class of 

luminescent dinuclear Au-NHCs were reported and studies show that the lumines-

cence is due to the short distance between the Au atoms. More recently we have      

developed a range of highly luminescent ruthenium and iridium complexes with NHC      

ligands. Current efforts are being directed at tuning the luminescent properties of these 

compounds and the conjugation of luminescent complexes to biomolecules (e.g. lipids 

and peptides) for use in biochemical studies. (For some recent articles on this work 

see: (1) Wedlock, L. E.; Aitken, J. B.; Berners-Price, S. J.; Barnard, P. J., Dalton Trans. 

2013, 42, (4), 1259-1266. (2) Barbante, G. J.; Francis, P. S.; Hogan, C. F.; Kherad-

kmand, P. R.; Wilson, D. J. D.; Barnard, P. J., Inorg. Chem. 2013, 52, (13), 7448-

7459.) 

 

 

 

 

Synthesis and coordination chemistry of amide containing molecules 

The amide or peptide functional group is critical to life as it provide the linkage between 

adjacent amino acid residues in proteins. Amides also display interesting coordination 

chemistry, where the nitrogen atom can deprotonate and coordinate to a metal ion. We 

are working on the synthesis of new ligands incorporating amide groups. A recent     

example of a triamidetriamine macrobicyclic cage ligand designed to form highly stable  
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metal complexes is shown. (For a recent article 

on this work see: Tan, K. V.; Dutton, J. L.;     

Skelton, B. W.; Wilson, D. J. D.; Barnard, P. J., 

Organometallics 2013, 32, (6), 1913-1923.) 

 

Radiopharmaceutical imaging agents for 

cancer diagnosis 

This is a collaborative project with the            

Australian Nuclear Science and Technology    

Organisation (ANSTO) involving the develop-

ment of new radiopharmaceutical imaging agents for the early diagnosis of cancer. A 

range of ligand systems are being used in combination with metallic radionuclides such 

as Tc-99m, Ga-68 and Cu-64. Technetium-99m is the most widely used radionuclide in 

medical imaging and a wide array of 
99m

Tc     

labelled compounds are currently used to       

image different organs and a number of          

diseases. As all isotopes of Tc are radioactive, 

new chemistry is often developed using Re and 

we have prepared a series of Re(I) complexes 

of NHC ligands and recently an NHC ligand has 

been labelled with 
99m

Tc (see radio-HPLC on 

right). 

 

Synthesis of new ligands using pericyclic reactions 

We are interested in the synthesis of ‘unsymmetrical’ heterobimetallic coordination 

compounds. Recently in our laboratory, using a stepwise synthetic procedure, the 

mixed silver / gold NHC complex was synthesised. In this project we will explore the 

use of pericyclic reactions (i.e. Diels    

Alder and 1,3-dipolar cycloadditions) for 

the synthesis of new ligands. One of the 

most well-known pericyclic reactions is 

the 1,3-dipolar cycloaddition of alkynes 

to azides to form 1,4-disubsituted-1,2,3-

triazoles, known as the ‘click’ reaction. 

This reaction is highly amenable to the 

synthesis of new asymmetric ligand    

systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Barnard Lab 
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JASON DUTTON 
Lecturer 

Inorganic Chemistry 
 
Room 617, LIMS1 
Phone: (03) 9479 3213  
J.Dutton@latrobe.edu.au 

Positions available: Two 

 

The Dutton research group is interested in fundamental studies into new structure and 

bonding for the elements contained within the p-block and d-block. We are currently 

working on a number of projects within this broad scope; projects of particular interest 

available for honours studies are detailed below. 

 

Generation of oxygen centred polycations and study of their interaction with 

transition metals 

The generation of late-metal oxo compounds 

(M=O) is a major challenge for transition metals 

beyond the Co group. This project will involve 

synthesis of some known and unknown ligand 

stabilized oxygen polycations (e.g. 1, 2). These 

reactive compounds will then be investigated for 

their ability to deliver the [O]
2+

 ion to late metals 

(e.g. Pd, Au; 3) as a new method of generating 

M=O bonds.  

 

Coordination chemistry at carbon 

This project will involve looking at carbon in a different light – as just another Lewis 

acidic p-block metal. Reaction of halomethanes with a variety of ligands in the        

presence of halide abstracting agents will generate carbon centred polycations (e.g. 4). 

These electron poor C(IV) species may be amenable to reduction giving some            

unprecedented C(II) compounds – dicationic carbenes (5). We will then investigate the 

coordination chemistry of these new carbenes with transition metals. 

 

 

 

mailto:M.Anderson@latrobe.edu.au
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Predicting new molecules (with Dr Wilson) 

Doing chemistry in a computer has many practical advantages over chemistry          

performed on the bench. Many more “reactions” can be probed and no waste is       

generated. Potentially highly toxic, explosive, or otherwise unstable molecules can also 

be explored in perfect safety. J. Dutton and D. Wilson have identified many s-, d- and p

-block projects of interest. In line with the interests of a student choosing this project, 

an appropriate system will be explored. This will consist of searching for stable new 

compounds using our chemical intuition, and then examining the bonding and potential 

properties of the molecules in silico. If desired (and practical) the student could also 

get in the lab and target the synthesis of some of the studied molecules. 

 

A student joining the Dutton research group can expect to become proficient in: 

1. A variety of inorganic (and some organic) synthetic techniques, including             

performing chemistry under an inert atmosphere using Schlenk and glovebox          

techniques. 

2. Analyzing new compounds using multinuclear NMR spectroscopy, as well as       

vibrational spectroscopy and mass spectrometry. 

3. Growing single crystals of new compounds for X-ray diffraction studies. Interested 

students may also be introduced to the solving and refining of their own X-ray           

diffraction data. 

4. Learning the basics of performing theoretical chemistry using the Gaussian         

program in order to predict molecular properties. Of course, a student taking on project 

#3 would become advanced in this area. 

 
Dutton Lab 
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CONOR HOGAN 
Senior Lecturer 

Analytical Chemistry, Electrochemistry and Sensors 
 
 
Room 614, LIMS1 
Phone: (03) 9479 3747  
C.Hogan@latrobe.edu.au 

Positions available: Two 

 

Research in our group is focused on expanding the bounds of Analytical Chemistry.  

We seek to develop new chemistries and new technologies which will result in           

exquisitely low detection limits, enhanced selectivity and miniaturised instruments 

which can be used in the real world outside of the laboratory setting. Read about our 

sensing research in Chemical & Engineering news at http://pubs.acs.org/cen/news/89/

i05/8905scene1.html and in the La Trobe Bulletin at http://

latrobeuniversitybulletin.com/2011/06/08/paper-sensor-and-a-mobile-camera-phone-

may-change-lives/. 

We are interested in developing and investigating materials which are electroactive, 

materials which are luminescent and often materials which have both of these        

properties simultaneously. For example one area of interest is in the synthesis and             

applications of highly luminescent Iridium and ruthenium complexes (with Dr Peter   

Barnard, La Trobe University). 

 

Cyclometallated Ir(III) complexes display an intriguing combination of luminescent and 

electrochemical properties. The electrochemi-luminescence (ECL) of these com-

pounds, where the excited state is formed by applying a suitable voltage, has recently 

been demonstrated to be quite exceptional. We have identified a synthetic strategy 

which allows us to quite easily vary the characteristics of these complexes by varying 

one or more of the ligands. For example  the  colour of  the  emission can be varied  

from green  to red. There is a vast  range of possibilities for novel, highly luminescent 

sensing molecules based on bis- or tris- cyclometallated complexes such as these.  

 

mailto:M.Anderson@latrobe.edu.au
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We will exploit the exceptional properties of the compounds we synthesise to form the 

basis of highly sensitive sensors for the determination of selected analytes such as   

codeine, morphine and β-lactam antibiotics.  See Dr Barnard’s section for more details. 

Recently, we have made very important discoveries in the area of voltage controllable  

luminescence colour, (see Angew. Chem. 2012, 124, 4430) The possibility of control-

ling emission colour electrochemically has enormous implications for sensor and light 

emitting   device technologies. We are seeking a motivated student who is interested in 

going on to PhD level, for a project in this emerging area with (in collaboration with Dr 

Paul Francis, Deakin University).   

 

Other project areas include Lab-on-a-Chip, Miniaturized Opto-electrochemical        

Sensors, Nanostructured interfaces for sensing and Mobile phone based diagnostics 

and biosensing. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Hogan Group 
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ADAM MECHLER 
Senior Lecturer 

Biophysical Chemistry/Nanochemistry 
 
 
Room 615, LIMS1 
Phone: (03) 9479 2524  
A.Mechler@latrobe.edu.au 

Positions available: Two 

 

The main research focus in the lab is using small molecule self-assembly to create 

nanostructures: biomembranes and peptide fibres (e. g. artificial silk) as well as trans-

membrane pores. Understanding the mechanism, the conditions and the driving force 

of the self-assembly is the main goal of the research. We use a range of state-of-the-

art instrumentation including atomic force microscopy that can image individual         

molecules, quartz crystal microbalance capable of measuring the mass of a monolayer 

of surfactants, and microcalorimetry for measuring the phase transitions of few           

micrograms of material. Collaborations offer an exposure to a range of related projects.  

Some of the broad research areas are outlined below. 

 

From soap bubbles to cell membranes: surfactant self-assembly 

Cell membranes are primarily two-dimensional self-assembled bilayer structures of 

phospholipids, held together by hydrophobic forces. These forces, and thus the      

structure and properties of membranes can be altered by varying environmental factors 

such as temperature, buffer salt             

concentration and the pH. We study 

the formation and the mechanical 

properties of biomimetic membranes, 

as well as some biosensing and      

biochemical applications. The figure 

shows an atomic force microscopic 

image of liposomes: water filled 

spherical membrane structures       

adsorbed to a surface. Some of the 

liposomes started to collapse and 

form flat supported membranes.  

 
 

 

mailto:M.Anderson@latrobe.edu.au
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Peptide self-assembly  

Some peptides and small proteins          

assemble into fibres, such as the amyloid 

beta peptides implicated in Alzheimer's          

disease. Others form transmembrane 

pores, or more complex nanostructures. 

We are involved in a range of projects      

designing and characterizing such       

structures. Atomic force microscopic       

imaging, quartz crystal microbalance 

measurements, ellipsometry, calorimetry, 

fluorescent microscopy are some of the methods used in this area, with plenty of       

opportunities for a motivated student. 

 

Raman spectroscopy of amino acids 

An important structural feature of polypeptides is the intra-and intermolecular                

H-bonding network. H-bonds typically form between an amine and an oxygen of the 

peptide bond. Obtaining direct spectroscopic information about H-bonds is not          

possible; Raman spectroscopy, however, is able to measure changes in the character 

of the N-H bond and thus it may be used to characterize the secondary structure of 

polypeptides. The project, in collaboration with Dr Evan Robertson, aims at exploring 

this possibility. 

 

Atomic force microscopy development 

AFM is an emerging method that is being   

continuously improved and redeveloped. 

Based on a recently provisioned patent, we 

established links with one of the lead AFM 

manufacturers, to develop a new generation of 

microscopes with much improved imaging     

capabilities for biomolecular interactions. The 

primary aim here is the design of a new AFM 

liquid cell, involving hands-on mechanic/

electronic work, with a component of physical 

modelling, in collaboration with a world leading 

group on piezoelectric microactuators. The 

figure shows an AFM measuring head.  
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IAN POTTER 
Senior Lecturer/Department Head 

Analytical and Environmental Chemistry 
 
 
Room 613, LIMS1 
Phone: (03) 9479 2574  
I.Potter@latrobe.edu.au 

Positions available: Two 

Our research in analytical and environmental chemistry is associated with the            

development of polymer membrane technology to prepare Polymer Inclusion         

Membranes (PIMs) and polymer-based microspheres as sensors for biological,         

environmental and industrial applications.  

 

Photosynthesis applications of an artificial leaf 

PIMs can behave as a transport medium for particular solutes by the appropriate 

choice of membrane components, in particular the polymer matrix, and the carrier       

molecule. This project involves the development of a PIM as an ‘artificial leaf’ for solar 

and fuel cell applications. The encapsulated chemistry in the PIM will mimic some of 

the important chemistry occurring during photosynthesis. The molecular scaffold of   

various methacrylate co-polymers will be investigated as sites to attach specific chem-

istry, such as ‘light-harvesting antenna’, and coordination and activation sites for CO2.     

Synthesis of model compounds of the important metal centres in photosystem II can 

also be a focus of this project. The 

ability of the PIMs to absorb and 

activate CO2 will be assessed by 

various instrumental techniques.  

 

Individual projects can be designed 

to accommodate student interests 

by varying the analytical and      

synthesis components such as. All 

projects will give students valuable 

exposure to a variety of useful     

laboratory skills that will enhance 

their employment and research    

opportunities.  
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Sensors for Endocrine Disruptor Chemicals (EDCs) using a molecular gate 

Molecularly Imprinted Polymers (MIPs) incorporate a size exclusion cavity to             

selectively accommodate a particular solute. Unfortunately, MIPs also non-selectively 

accommodate other similar sized molecules. This project will investigate the              

attachment of a ‘molecular gate’ with specific sensing chemistry to the MIP scaffold. 

This will act as an additional selective barrier at the opening of the molecular cavity 

and advance the development of sensors for high-priority Persistent Organic Pollutants 

(POPs). The extraction and sensing of Pharmaceutical and Personal Care Products 

(PPCPs) and agricultural chemicals (herbicides, etc) is an important priority for the    

remediation of environmental waters for domestic and agricultural use. Many POPs are 

known EDCs that can bioaccumulate in the environment and cause significant long-

term health issues. This project can be directed towards the synthesis of novel sensing 

reagents, like peptide mimics, to target particular EDCs. Instrumental methods will be 

used to investigate the absorbance, fluorescence or electrochemical response of the 

polymer encapsulated sensing chemistry.  
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EVAN ROBERTSON 
Senior Lecturer 
Optical Spectroscopy of Atmospheric and Biological Molecules 
 
 
Room 619, LIMS1 
Phone: (03) 9479 2583  
E.Robertson@latrobe.edu.au 

Positions available: Two  

 

Conformational shape of biomolecules 

The conformational shape of biomolecules, and their interactions with the surrounding 

environment including water molecules are critical to their functioning. Laser-based gas 

phase spectroscopy combined with ab initio calculations generates precise structural 

information on molecules such as neurotransmitters that provide a rigorous platform for 

understanding their behaviour and ultimately, rationalizing drug design. For example, 

some of my recent work has focused on nicotine, a flexible, chiral neurotransmitter with 

a host of pharmacological actions (including mitigation of Alzheimer’s and Parkinson’s 

disease), and its analogues.  

    

 

Clouds, climate, nanoparticles and spectroscopy 

Aerosols play a key role in our atmosphere, affecting the climate both directly through 

absorption and reflection of light, and indirectly by hosting chemical reactions and      

influencing cloud formation. The aerosol contribution to climate change remains the 

greatest area of uncertainty. Research to investigate the formation, composition and 

behaviour of aerosols is critical to improve the climate models. The group is involved in 

this research field via two main aspects: 
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(i) IR spectroscopy of icy nanoparticles.  

Infrared spectroscopy is important because it is widely used to monitor chemical      

species found in the atmosphere, and because interactions with IR radiation are crucial 

to earth’s energy balance. A specialised cooling cell with unique capabilities at the 

Australian synchrotron’s IR beamline has enabled us to measure the first far IR spectra 

of water ice nanoparticles. Such particles as are found in cirrus and mesospheric 

clouds on earth, and in non-terrestrial environments such as Mars, Titan and the inter-

stellar medium. 

 

 

(ii) Chemical characterisation of collected aerosol (Collaborator: Dr Melita Keywood, 

CSIRO Marine and Atmospheric Research Division) 

Secondary organic aerosols (SOA) are formed when volatile organic compounds       

undergo atmospheric oxidation leading to particle formation. At present there is a      

significant gap in understanding the composition of the smallest SOA particles (less 

than 300 nm). In collaboration with Melita Keywood we have been involved in         

characterisation of size selected aerosol samples collected from Australian sites using 

chemical analysis methodologies. 

  

High resolution synchrotron IR spectroscopy 

This work, also using a synchrotron source is conducted to obtain rovibrational proper-

ties of gaseous atmospheric molecules (allowing their IR absorption profiles to be    

modelled), and interstellar molecules (to aid in the identification of spectral lines found 

in radioastronomy). 
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Molecular modeling plays an integral role in the discovery and development of new 

drugs, being a key component in the process of structure-based drug design, in aiding 

in the identification of molecules in lead discovery, and in predicting pharmacokinetic 

properties. We utilize quantum-mechanical methods to understand enzyme mecha-

nism, molecular mechanical methods to explore the dynamics of proteins, and use a 

variety of tools to predict how molecules interact. We employ X-ray crystallography to 

determine the structures of complexes of proteins, polypeptides, and small molecules. 

 

Gating mechanisms in potassium channels 

Collaborator: Dr Jacqui Gulbis, WEHI 

Potassium currents across cell membranes are an    

essential part of electrical signalling in all cells. Ion    

permeation in potassium channels is gated in the      

selectivity filter as well as at the inner helix bundle.    

Recently we revealed a coupling between the gates 

that correlates rotation of the intracellular assembly 

with ion configuration in the selectivity filter and the 

conduction state. Using molecular modelling methods 

we study the role of the conformation of the               

intracellular assembly on the conductivity of these channels. 

 

Molecular modelling of insulin and IGF-1 binding to their receptors 

Collaborator: A/Prof Michael Lawrence, WEHI 

We are interested in understanding how insulin and insulin-like growth factor (IGF) bind 

to their receptors at the atomic level of detail. Whilst the structures of insulin, IGF and 

various components of their receptors is known, a structure of the complete complexes 

has yet to be determined. There exists, however, sufficient structural information to 

construct molecular models of these complexes. These models may provide insight 

into the mechanism of ligand-dependent signalling in insulin, or assist in the design of 

agonists of the IGF receptor (IGF-1R). Therapeutics targeting IGF-1R in cancer are    

under the intensive development by the pharmaceutical industry. 
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Functional analysis of the Toxoplasma Myosin driving tissue dissemination and 

host cell invasion 

Collaborators: Dr Chris Tonkin and A/Prof Michael            

Lawrence, WEHI 

Toxoplasma gondii, the causative agent of                  

Toxoplasmosis, is one of the world’s most ubiquitous 

human pathogens, chronically infecting 30-80% of the 

worlds’ population, and is a leading cause of congenital 

neurological defects, AIDS-related illness and blindness 

in some countries. Like all apicomplexan parasites,     

tissue dissemination and host cell invasion by T. gondii 

is pivotal to the establishment and persistence of        

infection and is therefore judged as a potential weak 

point that could be exploited to develop new therapeutic 

intervention strategies. Central to tissue dissemination 

and host cell invasion is gliding motility, a unique form of 

apicomplexan parasite locomotion, which is driven by the actinomyosin-based 

‘glideosome’. We will reveal how the glideosome produces the force required for move-

ment and characterise its critical features. Our work will provide a foundation in which 

to model novel drugs that could be designed to treat Toxoplasmosis. 

 

Bax pore formation 

Collaborators: Dr Adam Mechler, Dr Peter Czabotar, WEHI, Prof Peter Colman, WEHI 

The determining step in the mitochondrial pathway of apoptosis is the permeabilization 

of the outer mitochondrial membrane, and the concomitant release of pro-apoptotic 

factors such as cytochrome c, leading to a plurality of proteolytic events causing cell 

death. Mitochondrial outer membrane permeabilization (MOMP) is facilitated by        

proteins of the Bcl-2 family, Bax and Bak, both of which are able to permeabilize the 

membrane when activated. The command to activate MOMP is delivered by BH3-only 

proteins. Processes downstream of BH3 activation are considered ideal targets for the 

pharmacological control of apoptosis. Using computer simulations we will characterise 

the mechanism of the Bax oligomerization and membrane interaction, identify the      

features of the membrane permeabilizing form of Bax, and determine the process of 

membrane disruption. 
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My primary research area is biomolecular archaeology, and in particular investigating 

the preservation of biomolecules in archaeological skeletal tissue and how this affects 

the information they contain.  My most recent research has focused on the application 

of stable isotope analysis to ancient proteins (such as bone collagen and mummy hair) 

to investigate palaeodiet and environment.  Using Liquid Chromatography Isotope    

Ratio Mass Spectrometry (LC/IRMS) it is possible to do detailed investigation of       

ancient protein isotope ratios at the amino acid level. 

 

Analysis of mineralised proteins using liquid chromatograph isotope ratio mass 

spectrometry 

Isotopic analysis of ancient proteins can be used to make palaeodietary and palaeoen-

vironmental interpretations.  Ancient proteins survive in a variety of different materials 

such as semi-fossil archaeological bones and eggshells, palaeontological bones and 

shells or geological samples such as stalagmites.  This remarkable preservation is a 

result of the mineral fraction protecting the protein from biological and chemical degra-

dation.  In well preserved archaeological bones, collagen can survive in large amounts  
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as much as 20% by weight) and can easily be extracted in bulk and analysed.         

However, in many other materials (e.g. shells or stalagmites) only a small amount of 

protein is present in the sample (1% by weight) and after thousands of years of fossili-

sation even less protein remains.  In order to analyse these tiny amounts of fossil     

protein we need to develop and validate new extraction methods.  We must ensure 

that any new method is efficient and that it does not affect isotope measurements 

made on the amino acids and the paleoenvironmental interpretations made from them. 
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Our group uses computers to help understand the 

structures and properties of molecules and how 

molecules react - “doing chemistry” by computer. 

We have a focus on investigating molecules with 

unusual bonding situations; probing the                

fundamental properties of molecules and their 

many potential applications. The ability to predict 

the chemistry of molecules before making them is 

very important. The projects listed below provide 

some examples of available projects, although we 

are happy to discuss the many more exciting projects available in this field. Students 

will develop an advanced understanding of chemical structure and bonding, with the 

likelihood of publication of the research in an international chemistry journal. 

 

Predicting Chemistry – new molecules, new properties  

Carbenes are possibly the most important new class of molecules discovered in the 

last decade. Together with Dr Dutton, we have recently proposed a series of main-

group L-EE-L molecules (E = main group element, L = carbene, phosphine ligands), 

which are predicted to be stable with useful ch emical properties. These molecules 

have a donor-acceptor bonding form (like a metal coordination complex). Most of these 

have not yet been synthesized, although collaborators are working on this. We have 

current projects focused on (i) beryllium chemistry (see journal cover artwork pictured 

here), which is chemically poisonous but is perfectly safe on a computer!, (ii) the       

interaction of noble metals (Cu, Ag, Au) with donor      

ligands, (iii) LOL and POP type molecules, and (iv) the 

interaction of transition metals with carbenes. The field 

of main-group carbene chemistry is an exciting field with 

many new discoveries to be made. Research projects 

have a strong focus on understanding the bonding and 

properties of these systems. 
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Probing the bonding, reactivity and properties of metal 

complexes is an important aspect of our research. The 

development of organic light-emitting diodes (OLEDs) is 

a hot topic of chemical research, for which metal-based 

(eg. iridium, ruthenium) materials are ideal targets. This 

is a collaborative project with experimentalists               

(Dr Hogan, Dr Barnard). There are projects investigating 

non-linear optical (NLO) properties, including changes in 

the refractive index due to applied magnetic and electric 

fields, in a collaborative effort with researchers in          

Europe. Target systems include metallocenes 

(ferrocene).  There are projects focused on how accurate 

can we calculate energies and properties, which pushes 

the limits of computational chemistry methods. 

 

Modelling biomolecules 

We are investigating drug-biomolecule interactions that are important in the design of 

new medicines (collaboration with Dr Abbott). This project makes use of the new 

$100M Melbourne supercomputer, and is focused on (i) fundamental benchmarking of 

molecular mechanics methods, and (ii) drug design for protein kinases.  We also model 

gas-phase molecular properties of biologically important molecules (e.g. amino acids, 

neurotransmitters). Understanding the gas-phase structures of biological molecules 

links high-level computational methods with new experimental techniques 

(collaboration with Dr Robertson). Our group has significant experience in modelling 

amino acids in the gas-phase. One project is to investigate N-methyl amino acids as 

well as non-natural amino acids, for which there is limited experimental data. Of        

particular interest is the proton affinity – both the site of protonation and the energy of 

protonation. This is important, since N-methyl amino acids have useful therapeutic 

properties, but have not yet been investigated in the gas phase.  
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