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Undergraduate Research in the Discipline of Chemistry 
School of Environmental and Life Sciences 
 
There are a number of strong research themes in the discipline of chemistry in areas such as: 

• Energy storage 
• Medicinal Chemistry and Chemical Biology 
• Carbon nanomaterials 
• Smart surfaces and interfaces 
• Self assembled nanomaterials and drug delivery 

 
We encourage undergraduates to get involved in research throughout their degree. By doing so you 
will learn and develop skills in searching, selecting and retrieving information from scientific sources, 
skills in project management, experimental research skills as well as skills in presenting scientific 
information in a clear and concise manner, both orally and in writing.  These will provide you with a 
strong foundation for your future career, whether it be in the industrial, commercial or academic 
sector.  

There are three main ways to get involved in research: 

a) Summer research project: Short paid undergraduate research projects over summer. 
Scholarships are advertised each year 

b) SCIE3500: A 10-unit undergraduate course consisting of a research project under the 
supervision of an academic staff member. Assessment is based on a progress report, a 
research notebook, a final project report and an oral presentation. The course is open to third 
year students who have successfully completed at least 140 units and have a cumulative 
GPA of at least 5.0 and is offered in both semesters. Course outline link here. 

c) Honours research project: A full-year research project after completion of the Bachelor of 
Science or another cognate degree. A minimum GPA of 5.0 is required for entry into honours. 
Program handbook link here. 

 

This booklet contains a list of undergraduate research projects currently available in the discipline. 
Academics are listed in alphabetical order. In all cases you should discuss potential projects with 
prospective supervisors before trying to enrol or apply. 
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Dr Robert Chapman 
 
Polymer therapeutics and protein mimics 
 
Website: www.chapmangroup.org 
Contact email: robert.chapman@newcastle.edu.au 
 
 
I work on the use of high throughput polymerisation techniques to design 
polymer therapeutics, to control the folding of polymers into protein-like 

mimics, and to design polymers that will bind to proteins, enzymes and antibodies. I have expertise 
in a broad range of polymer chemistry, peptide driven self assembly, drug delivery, tissue 
engineering and in nanoparticle based biosensing. 
 

 
 
a) Macromolecular therapeutics by high throughput synthesis: Increasingly, new drug leads 
are arising from biomolecules (such as proteins, antibodies, and cytokines), because their size and 
complex structure enables them to communicate with cells in a way that small molecules are not 
able to. We are using a high throughput polymerisation method established in our lab to make 
synthetic mimics of proteins (called TRAIL) that can control cell fate by clustering protein receptors 
on their surface. Our technology enables the rapid generation of polymer libraries in very small 
volumes, and the screening of their biological activity. This project will involve high throughput 
polymer synthesis at UoN and collaboration with a PhD student based at UNSW for biological 
screening. 
 
b) Folding polymers to make synthetic proteins: The beauty and 
activity of proteins comes from their unique ability to fold into complex 3D 
shapes in solution – this allows them to form highly active and specific 
therapeutics and catalysts. Inspired by this we are designing ways to fold 
polymers into secondary structures, in order to make synthetic protein 
mimics. In this project we will do this by building nucleic acids and peptide 
nucleic acids (the binding components of DNA) into the polymer. We will 
use the high throughput polymer synthesis techniques established in our 
lab to study the effect of structure on the polymer’s ability to fold. 
 
c) Improved polymer flocculants for waste-water treatment: Most water treatment processes 
make use of positively charged (‘cationic’) polymers to flocculate contaminants and solids before 
filtration. Despite almost universal adoption these polymers don’t work very well, leaving large 
amounts of water in the sludge. We are designing polymer flocculants which work via a different 
mechanism of action, with the aim of improving performance and reducing the amount of flocculated 
solid that needs to be transported and disposed of. 
 
Techniques you will learn: NMR, chromatography (GPC), synthetic polymer & organic chemistry.  

Automated high throughput 
polymer synthesis
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Dr Sam (Xianjue) Chen 
 
Carbon materials and applications 
 
Website: https://research.unsw.edu.au/people/dr-xianjue-chen 
Contact email: sam.chem@newcastle.edu.au 
 
 
Sam’s research focuses on advanced nanomaterials, particularly through 
the development of new synthesis strategies, understanding of material 

structures and properties, and applications of multidimensional carbon materials including graphene, 
graphene oxide, fluorinated graphene, fullerenes, nanotubes, “diamane”, carbon foams, films and 
membranes, and relevant 2D materials.  
 
a) Making two-dimensional diamond (“diamane”): Carbon is arguably the 
most important element that provides the basis for life on Earth. The 
remarkable potential of low-dimensional carbons, including fullerenes, carbon 
nanotubes and graphene, have brought an entirely new era of carbon 
allotropes and defined their overwhelming scientific and technological 
significance. Looking into the future, several types of nano-carbon allotropes 
that have been theoretically predicted have not yet been experimentally 
achieved. This Honours project targets an exciting challenge of synthesising 
two-dimensional diamond (“diamane”) films through fluorination of graphite. 
The experimental realisation of such materials and understanding of their 
structures and properties is highly compelling at both fundamental and 
technological levels.  
 
b) Preparing graphene inside domestic microwave: We 
use microwave oven to cook/heat food. Do you know the 
same microwave can be used to prepare graphene (single-
layer graphite), a “superstar” material in many research 
fields of materials science and chemistry? This project 
involves the use of a microwave-induced plasma shock 
process (recently developed in Sam’s research group) to 
prepare various graphene materials in seconds, including simultaneously incorporating metal 
nanoparticles and heteroatom doping for many applications from batteries, electrocatalysis, to 
sensing.   
    
c) Converting coal into high-value products: Coal is the most used 
energy resource currently being consumed worldwide. Newcastle is 
the largest coal exporting harbour in the world. The opportunity of 
converting low-cost coal into high value-added carbon products rather 
than simply burning it will be of great significance for both Australia’s 
economy and environment. Although research has been performed on 
‘coal chemistry’, the nanometre-scale crystalline domains of coal 
containing graphene oxide and graphene quantum dots remain difficult 
to access. This project will investigate chemical methods of extracting 
these highly valuable nano-carbons from of different types of 
commercially available coals and to further explore their use of carbon nanomaterials in electrical, 
mechanical and optical applications.  
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d) 2D membranes for water permeation: Nanofiltration are 
membrane-based filtration processes that rely on the design of the 
new membrane materials and technologies that are low cost and 
energy efficient for water treatment. A new class of 2D membranes 
emerges with performance surpassing conventional membranes. This 
Honours project aims to develop new types of membranes composed 
of stacked/overlapped layers of atomically thin sheets for selective 
separation of water through permeation. The project will involve the 
fabrication of membranes, selective permeation of water through the 
membranes and understanding water transport and permeation 
properties through confined nanometre-scale geometries in the membranes. This interdisciplinary 
research will seek new solutions to lasting challenges in separation technology for filtrations of 
waste/contaminated water and seawater desalination.  
 
 
These projects are based on experiments in chemistry laboratory, which will require the use of 
various advanced microscopic and spectroscopic techniques at the Central Analytical Facilities 
(https://www.newcastle.edu.au/research/facilities/central-analytical-facilities) for material analysis, 
including transmission electron microscopy (TEM), scanning electron microscopy (SEM), atomic 
force microscopy (AFM), X-ray diffraction (XRD), Raman spectroscopy, X-ray photoelectron 
spectroscopy (XPS). Depending on the nature of research project, the candidate will be supported 
for training and accessing these instruments. 
 
I am open to discussions on other project ideas that you are interested. Please feel free to send me 
an email (sam.chen@newcastle.edu.au) or simply drop by my office in C216 Chemistry Building, 
Callaghan Campus. 
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Prof Scott Donne 
 
Electrochemistry and energy storage materials 
 
Website: https://www.newcastle.edu.au/profile/scott-donne 
Contact email: scott.donne@newcastle.edu.au 
 
 
My main research interests lie in the general area of electrochemistry, 
particularly on energy storage materials such as batteries, supercapacitors 

and fuel cells. In this area we focus on the preparation of new materials, and then evaluate their 
behaviour and performance under a variety of conditions. While this represents research in only a 
relatively focussed part of electrochemistry, I do also have significant experience in 
electrodeposition, the application of various electroanalytical methods, as well as in the study of 
corrosion. At present I also have a number of ongoing projects dealing with industrial chemistry. 
 
a) Advanced Supercapacitors: Modern electronic devices (e.g., consumer electronics and 
electric/hybrid vehicles) place considerable demands on their respective power sources, to the point 
where device efficiency is compromised. The inclusion of a supercapacitor has the potential to 
improve the specific power density and also cycle efficiency of all types of power source. We have 
recently made considerable advances in improving supercapacitor performance (e.g., 800 F/g for 
existing systems compared to >2000 F/g in our advanced materials). Projects in this area will be 
focus on both understanding the origin of this improved performance, as well as implementing these 
materials into prototype supercapacitors. This work is funded by CSIRO Division of Energy 
Technology and CAP-XX, and is also in collaboration with the Ecole Polytechnique de la Universitie 
de Nantes and National Taiwan University.  
 
b) Catalysts for Fuel Cells: Energy can be stored in many chemical forms, and hence used in many 
different ways. One way is in a fuel cell, of which there are numerous varieties. The cathodic reaction 
in all though involves reduction of O2 to H2O on the surface of a suitable catalyst. This is currently 
the limiting performance feature of all fuel cell technologies because of its slow reaction kinetics. 
This focus of projects in this area is to examine the factors that cause slow O2 reduction kinetics, 
and to then address these limitations with novel solutions. One particularly important aspect is to 
examine the role that adsorption plays in determining O2 reduction kinetics. This work is in 
collaboration with the Massachusetts Institute of Technology.  
 
c) Corrosion Phenomena in Electrode Materials: Corrosion is an electrochemical phenomenon 
that can have a devastating effect on all forms of infrastructure if it is not properly monitored and 
controlled. Projects in this area are focussed on understanding the corrosion phenomena that metals 
such as titanium and copper undergo, and then developing strategies to minimize their corrosion. 
Titanium, for example is used as the anode substrate in many modern high volume electrolysis 
processes, yet it is subject to corrosion and passivation which effectively destroys its performance. 
Similarly, copper is used as an earthing electrode in modern power infrastructure, in which case its 
corrosion and failure lessens the safety of such a network. Support for these projects comes from 
Energy Australia. 
 
d) High Performance Battery Systems: The backbone of energy storage in modern society is the 
battery. Of course many systems are commercially available, each having been developed to power 
a specific type of electronic device. The importance and extent of efficient energy storage will 
increase in the future due to the required move away from fossil fuel powered energy. Projects in 
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this area will focus on the development of advanced materials, and improving our fundamental 
understanding of the charge storage mechanisms various materials possess. Funding in this area 
comes from the CSIRO Division of Energy Technology (Li-ion systems), Duracell (advanced MnO2), 
Pure Energy Battery Systems (rechargeable MnO2), and Litronik Batterietechnologie (battery 
systems for implantable pacemakers).  
 
e) Hydrogen Production: Hydrogen has been variously described as the perfect fuel. It is abundant, 
chemically non- toxic, and it burns to produce non-toxic species. However, its main limitation to 
commercial uptake is its synthesis, since it requires more energy to produce hydrogen than what is 
returned upon its combustion. Projects in this area revolve around the use of the Hybrid Sulfur (HyS) 
Cycle for the large scale production of hydrogen. Using renewable energy inputs water can be split 
into its components through the use of a sulphur-based intermediate. Part of the HyS cycle involves 
an electrolysis step (SO2 oxidation to H2SO4), the efficiency of which is a significant limitation to the 
overall process. Therefore, our focus will be on developing an understanding of the oxidation 
mechanism, and developing new catalysts to facilitate its improvement. This work is in collaboration 
with the CSIRO Division of Energy technology.  
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Dr Khay Fong 
 
Self-assembled systems; Environmental microplastics 
 
Website: https://www.newcastle.edu.au/profile/khay-fong 
Contact email: khay.fong@newcastle.edu.au 
 
 
My research group has two streams – lipid self-assembly and 
environmental microplastics. 

 
Lipid self-assembly 
Drug delivery systems have been proposed as a “magic bullet” that health professionals might one 
day use to target diseases without harming healthy tissues. The aim of these systems is to localise 
drug delivery to diseased tissue at a specific time, protecting both the drug from being degraded in 
the body, and the body from systemic side effects from the drug. My research adds an extra 
element of control where she has created 
nanomaterials that can be selectively turned 
on – by heat, laser light, a change in pH and 
digestion – on demand. Having control over 
when the drug is released will provide health 
care professionals ultimate control over 
treatment plans of patients.  
What happens to the materials in the body? 
Your body contains thousands of 
biomolecules that can change the intended 
fate of nanoparticles when dosed. 
Understanding both the effect of native 
biomolecules on the drug delivery system as 
well as the effect of drug delivery system on 
physiological systems is essential for their 
realisation as on-demand treatments. 
 
Research projects: 
a) Protein Attachment to Nanostructured Lipid Sponges: Some lipids spontaneously self-
assemble into different nanostructures. Each nanostructure has unique properties which is 
determines their function in biological applications. Proteins interact with each structure differently 
and can be used as a matrix for the detection of different proteins. In this project, you will create 
nanostructured lipid systems, analyse them by physicochemical methods such as polarized light 
microscopy, small angle X-ray scattering and dynamic light scattering.  
 
b) On-Demand Lipid Systems: The overarching aim of this work is to develop novel nanomaterials 
for colourimetric detection of contaminants or biomacromolecules. Lipid cubic mesophases are 
thermodynamically stable, nanostructured gels formed by the self-assembly of amphiphiles in 
aqueous conditions. The amphiphilic nature of these materials means that a wide range of 
molecules, ranging in size, shape and hydrophilicity, can be incorporated. Additionally, the isotropic 
nature of this material makes it ideal to host and observe colourimetric molecules.  

 
@oreotheoread 
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Sulphate ions are a concerning pollutant in water and at high concentrations they are associated to 
health and ecological risks, including the mobilisation of heavy metals. To date, monitoring of 
sulphates concentrations relies on expensive and highly specialised techniques. Efficient sulphate 
sensing molecules, squaramides (Fig. 1, right) have been synthesised at USyd, however, they have 
limited solubility and therefore limited utility. By incorporating these amphiphilic molecules into cubic 
phases, this limitation can be overcome. 
The squaramide molecular sensors will be anchored into the interface of the cubic phases of 
monoolein (V2 Im3m) and phytantriol (V2 Pn3m). As the sulphate ions diffuse into the matrix, it is 
expected that they will bind to the squaramide molecule, resulting in a quantifiable visual (yellow à 
blue) response.  

  
Fig. 1 – (Left) schematic showing the nanostructure of the unit cells of the lipidic cubic phases 
formed by monoolein (Im3m) and phytantriol (Pn3m). In these nanostructures, water channels 

(blue) are separated by lipidic domains (yellow). (Right) molecular structure of the “squareamide” 
sulphate sensing molecules.  

 
Environmental microplastics  
The scale and environmental effects of microplastic pollution in our oceans is relatively unknown. 
We have teamed up with Sail and Explore Association, to raise awareness, quantify, and reduce the 
impacts of plastic pollution in waterways around the world.  
As part of SCIE3600, we are running a 4 week trip to Samoa in partnership with the Scientific 
Research Organisation of Samoa (SROS) and the Secretariat of the Pacific Environment Program 
(SPREP). If you are eligible, your trip will be financed by a scholarship from the New Colombo Plan. 
Contact UON global for more information. The trip will consist of two parts:  

1. Sailing and sampling: On the boat, participants will experience scientific and cultural 
exchanges through daily workshops on microplastics, and learn how to sample surface 
waters using a manta trawl system with the Sail and Explore Association. They will also 
experience life as crew. On land, students will be trained in the AUSMAP methodology to 
sample the shoreline with the aim of establishing a long-term monitoring program 
quantifying microplastics in Samoa. (2 weeks)  

2. In the laboratory at the National University of Samoa (NUS), participants will gain 
experience in microplastic sample preparation and analytical techniques including filtration, 
dissections, characterisation and microscopy. Students will critique Samoa’s “plastic 
footprint” and identify alternatives to plastic such as natural materials and/or behaviour 
changes. In this way, students will form a tangible connection to the country, as well as the 
contentious field of plastics research. (2 weeks) 

 
The research project @UON: 

c) From samples gathered by our collaborators or in Samoa, you will develop methods to 
identify and quantify microplastics using techniques such as infrared spectroscopy and 
microscopy. 
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A/Prof Clovia Holdsworth 
 
Molecularly imprinted polymers 
 
Website: https://www.newcastle.edu.au/profile/clovia-holdsworth 
Contact email: clovia.holdsworth@newcastle.edu.au 
 
 
I trained as a polymer chemist with considerable experience and 
knowledge in radical polymer synthesis with focus on polymer 

functionalisation  and the use of these synthetic methodologies for the synthesis of specialised 
polymers for various applications. One of my research interests is in the area of molecular imprinted 
polymers (MIPs), their utility as extractants and sensing materials and optimisation of synthesis and 
performance.  
 
a.) Molecularly Imprinted Polymers (MIPs): Molecular imprinting is an effective method of 
imparting highly specific and selective recognition sites in synthetic polymers. First, a molecule of 
interest (target) is used as the template and allowed to pre-associate with polymerisable (a 
molecule with a double bond) molecules (in situ imprinting) called the functional monomers. The 
degree of association between the monomer and the template (T) depends on their functionalities 
but mostly based on simple molecular interactions such as hydrogen-bonding. Secondly, the 
association between the template and monomer can be fixed in place by polymerisation in the 
presence of a huge amount non-interacting monomer (e.g. crosslinker), which can impart the 
robustness required for the polymer. Thirdly, the template is extracted from the monolithic or 
particulate polymer to leave behind a cavity containing binding sites that are oriented to 
compliment the functional groups of the template molecule and capable of rebinding the target. 
Molecular imprinting can also be achieved by post-polymerisation imprinting on a pre-prepared 
polymer, a technique that is very useful for the preparation of 2-D MIP films or beads.  
 
i) Preparation of MIP Nanofibres: This project will examine the feasibility of preparing molecularly 
imprinted polymeric nanofibres by electrospinning. Briefly, the template will be combined with a linear 
polymer in solution then electrospun. The resulting MIP nanofibers could be useful as specific filters.  
 
ii) Development of MIPs for Aldehydes and Ketones: This is a novel project that will tackle 
imprinting of aldehydes and ketones by utilising their characteristic reaction with hydrazines forming 
hydrazones. Work will entail literature review, design of polymerisable hydrazines/hydrazones and 
synthesis of MIPs. Extraction will depend on the reversibility of the reaction hence it is also necessary 
to study the kinetics of the formation and hydrolysis of hydrazones. Potential application of this MIPs 
is in fragrance industry. 
 
iii) Towards the development of a MIP-Based Biosensor: The project will involve the synthesis 
of MIPs for potential use as a recognition element for an optical biosensor. The MIP will be attached 
to an optical fiber – the signal transducer. The work will be divided into 2 sub-projects:  

• Preparation of MIP: MIPs selective to cyanobacteria compounds, e.g. microcystein-LR, will 
be prepared using controlled radical polymerization using commercially available atom-
transfer radical polymerisation (ATRP) initiator. Template rebinding and selectivity of the MIP 
will then be evaluated.  

• Functionalisation of the Optical Fiber Transducer: This project will involve functionalising the 
surface of an optical fiber with an atom-transfer radical polymerisation (ATRP) initiator 
moiety, a test polymerization reaction and possibly MIP attachment. 
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e) Preparation of Amphiphilic Copolymers for Extraction of Membrane Proteins: The challenge 
with the studies of membrane proteins is their extraction while preserving their native lipid 
environment. Styrene maleic acid copolymers (SMA) copolymers have been found to be successful 
in solubilising and stabilising the membrane proteins by encapsulation by forming SMA-lipid particles 
(SMALPs). Other polymer variants to form SMALP-like particles have also been studied. While the 
performance of the SMA copolymers could be optimised by controlling their lengths and composition, 
their efficacy is limited to near neutral pH. In this project, we will target copolymers with SMA-like 
properties which will potentially work at low pH. This project will involve synthesis of copolymers by 
radical polymerisation, molecular weight determination by size-exclusion chromatography and 
determination of copolymer composition by 1H NMR. Once the copolymers have been characterised 
and purified, their efficacy in stabilising lipids that contain membrane proteins will be tested. 
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Prof Adam McCluskey 
 
Medicinal organic chemistry 
 
Website: https://www.newcastle.edu.au/profile/adam-mccluskey 
Contact email: adam.mccluskey@newcastle.edu.au 
 
 
 
My primary area of research is in the medicinal chemistry / chemical biology space where my main 
focus is in the development of tool compounds, and drugs, targeting endocytosis.  The potential 
outcomes of our research include (but are not limited to) the development of new synthetic 
methodologies; the development of new drugs & the development of new tools for dissecting signal 
transduction pathways. 
 
a) Flow Chemistry / Medicinal Chemistry / Organic Chemistry: Traditional organic synthesis is 
conducted in a batch manner, i.e. small quantities of materials are mixed and heated for a standard 
period of time, and the product extracted and purified. Recent advances in flow technologies allow 
continuous production of novel materials. This technology has been introduced to the medicinal 
chemistry group at the University; it is currently the best-equipped flow chemistry laboratory in 
Australia. Reactions are conducted at higher temperatures and pressures, which has the effect of 
increasing reaction yield and compound purity, largely removing the more tedious aspects of 
compound purification. Students working in this area will develop new approaches to drugs spanning 
three research programs: anti-epileptic, anti-cancer and anti-parasitic drugs. This new technology 
requires subtle optimisation and students will be exposed to cutting edge equipment and ultimately 
be responsible for the development of new drugs and biological tools to a considerable number of 
our national and international collaborators.  
 
b) Medicinal Chemistry / Drug Design: Pain affects a substantial proportion of the world’s 
population.  It can typically be broken down into chronic and acute pain.  These pain issues can be 
short term and intense or similarly intense over a longer period.  As part of an on-going research 
effort our team has identified the internalisation of key receptor molecules as being critical to 
translation of the pain inducing signal into the sensation of pain.  Inhibition of this internalisation of 
the receptors is thus a potentially novel approach to treatment (and management of pain).  We have 
amassed considerable evidence that small molecule has efficacy in animal models of pain, e.g. crush 
injuries and migraine.  This is a major collaborative drug discovery and development effort drawing 
medicinal chemistry experience at the University of Newcastle (McCluskey), neurobiology and 
neurochemistry at the Children’s Medical Research Institute Westmead Hospital (Prof Phillip 
Robinson), partners in New York and San Diego with drug company partnering to translate these 
compounds into clinical use. Students working in this area will experience the full drug development 
cycle through synthesis and biological evaluation of new drugs. You will advance these drugs to the 
next stage of evaluation and potentially to animal studies in both Sydney and USA. During the course 
of your studies, you will be trained in the latest technologies associated with drug design and 
chemical synthesis (see Flow Chemistry above).  



Discipline of Chemistry | Undergraduate & Honours Research Projects 2021                       Page 13 
 

A/Prof Alister Page 
 
Computational chemistry 
 
Website: https://compchem.newcastle.edu.au/ 
Contact email: alister.page@newcastle.edu.au 
 
 
The computational materials chemistry group performs fundamental and 
applied research into self-assembly, complex systems and the structure 

and properties of material systems, using quantum chemical and molecular dynamics techniques. 
 
a) How do Nanotubes Grow? A carbon nanotube is a sheet of carbon atoms in a chicken wire 
pattern, rolled up into a cylinder. Although they are only ~1 nanometer in diameter, they can be 
several millimeters in length, are ~100 times stronger than Kevlar, and can transport ~1000 times as 
much electricity as copper wires. They can also be both electrically conducting and semiconducting, 
depending on how the carbon atoms in their structure are arranged. Development of future carbon 
nanotube-based technologies is currently prevented by our inability to synthesise particular carbon 
nanotubes selectively. This project will determine how selective carbon nanotube “growth” can be 
achieved, and will pave the way for the future development of carbon nanotube-based devices.  
 
b) Water Splitting Perovskite Materials: Hydrogen is a superior energy source due to its high 
energy density and the fact that it produces water as the only chemical product from combustion. 
One potential method for producing hydrogen is by splitting water, according to the stoichiometric 
equation 2H2O(l) →	2H2(g) + O2(g). Being able split water photocatalytically – i.e. using solar irradiation 
– is the ultimate goal of hydrogen energy technologies. Recently, a new class of photocatalysts – 
perovskites – have begun to show significant potential in this area. Perovskites are binary metal 
oxides with chemical structure ABO3, where a metal cation A occupies 12-coordinate interstitial sites 
within octahedral BO6 units. The aim of this project is to optimise new perovskite materials for 
photocatalytic water-splitting using computational chemistry.  
 
c) One-Dimensional van der Waals Heterostructures: Atomically-thin 2D materials (graphene, 
boron nitride, etc.) are the building-blocks of a new and exciting class of functional materials – 2D 
van der Waals (vdW) heterostructures. 2D vdW heterostructures are formed by ‘stacking’ multiple 
atomically-thin 2D materials. Each layer in the stack is held in place via interlayer vdW interactions 
with its neighbouring layers. 2D vdW heterostructures are the foundation of a new generation of 
nanoelectronics devices and applications. This project aims to translate the concept of a 2D vdW 
heterostructure to a single dimension, by understanding the structure and properties 1D vdW 
heterostructures - heterostructures composed of inorganic nanotubes held in place via radial vdW 
interactions – like a nanoscale coaxial cable. The project may also consider how such 1D 
heterostructures might be formed during chemical vapour deposition synthesis.  
 
d) Origins of Hofmeister Effects: In the late 1800s, Franz Hofmeister discovered that, while some 
salts would decrease the solubility of egg whites in water, others increased their solubility. This 
phenomenon is known as the Hofmeister effect. Despite its apparent simplicity, consensus over the 
origins of the Hofmeister effect still has not been reached. In the century since Hofmeister's 
discovery, the Hofmeister effect has been observed in a wide range of other dissolved solutes, from 
DNA, enzymes, surfactants and colloidal suspensions. This project will use molecular simulations to 
understand the origins of the Hofmeister effect and how dissolved salts influence the solvent 
structure and properties.  
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e) Chemical Methods for Cutting Graphene: Graphene is an atomic-scale chicken wire made of 
a single layer of carbon atoms. Graphene has remarkable properties – it is simultaneously the 
lightest, strongest and stiffest material known, but still conducts electricity roughly a million times 
better than copper wires. Current graphene production methods make native graphene “sheets” with 
widely varying dimensions. This limits the use of graphene in next-generation devices, such as 
flexible electronics, sensors, fuel cells and drug-delivery systems, because graphene sheet size and 
shape determine key physical properties. This project will determine new chemical methods that can 
be used to produce graphene sheets with specific shapes and sizes, towards enabling next 
generation graphene-based technologies.  
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Dr Michela Simone 
 
Medicinal and carbohydrate chemistry 
 
Website: https://www.newcastle.edu.au/profile/michela-simone 
Contact email: michela.simone@newcastle.edu.au 
 
 
 
 

DR SIMONE IS ON LEAVE AN UNAVAILABLE TO SUPERVISE PROJECTS AT THIS TIME 
 
My research interests lie under the broad umbrella of medicinal chemistry with a glycobiological 
spin!  I'm interested in both the fundamental and the applied levels. Research spans the synthesis 
and evaluation of novel classes of glycosidase inhibitors from carbohydrate starting materials, to 
molecular recognition and supramolecular chemistry, to synthetic methodology development. 
Recently I have also expanded into the area of bioinorganic chemistry primarily as relating to cancer 
research, application of ionic liquids to biological systems, and the field of renewable energy from 
chemical manipulations of biomass. 
 
a) Medicinal Chemistry / Glycobiology / Drug Design: Iminosugars represent an important 
category of glycosidase inhibitors and proven to possess therapeutic potential in the management 
and treatment of many medical conditions, including diabetes, lysosomal storage diseases, viral 
infections and cancer. The production of effective antiviral agents which work via novel modes of 
action is crucial in the management of diseases which evolves quickly and develop resistance to 
current treatments. We are working in the burgeoning field of glycomimetics and synthesizing 
classes of iminosugars as anti-viral agents which have potential to possess improved selectivities 
and potencies, as a result of the exploitation of novel modes of inhibitory action.  
 
b) Medicinal Chemistry / Glycobiology / Drug Design: We are currently developing novel families 
of compounds for evaluation as chemotherapeutics and cancer imaging agents in Neutron Capture 
Therapy. Paramount to this investigation is the study of the structure of these target compounds and 
intermediates. Apart from synthesis, this project requires a substantial amount of NMR and X-ray 
crystallography work.  
 
c) Medicinal Chemistry / Drug Design: The synthesis of glycosidase inhibitors for management of 
diabetes, lysosomal storage disorders and viral diseases is carried out on aromatic scaffolds with 
privileged structures. Short syntheses to small libraries of target compounds are followed by 
biological evaluations in a variety of biological contexts.  
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Prof Erica Wanless 
 
Polymers and Colloids at Interfaces 
 
Website: https://www.newcastle.edu.au/profile/erica-wanless 
Contact email: erica.wanless@newcastle.edu.au 
 
 
Colloid chemistry is a form of materials science particularly concentrating 
on mixtures, where particles of one or more insoluble material are 

suspended within a dispersion medium. Surface chemistry is closely linked to colloid chemistry due 
to a focus on how the surfaces of these particles affect the physical and chemical interactions 
between the particles and the medium in which they are dispersed. The science of surfaces and 
particles is essential to food technology, the creation of personal care and cleaning products, as well 
as the enhancement of mineral separation, biomedical and other industrial technologies. Erica and 
her team are expert in designing and testing surface modifications to particles, as well as measuring 
the behaviours of particles at the phase boundary in new and existing colloidal dispersions. 
 
a) Smart polymeric coatings: Polymer films can radically change the surface of a material while 
leaving the bulk properties of the material intact. The polymer surface coating controls the interaction 
with other objects through nanoscale forces. We will fabricate polymer films that contain an inbuilt 
molecular-scale switch from attractive to repulsive interactions, offering a means for dictating 
macroscopic character such as the wettability, adhesion or friction of a surface. Academic and 
industrial interest in these coatings is increasing rapidly, for potential application as low-friction 
coatings for confined parts or rheology modifiers. This project can have either a polymer synthesis, 
state-of-the-art physical chemistry characterisation (atomic force microscopy, ellipsometry etc), or 
materials engineering focus.  
 
b) Unravelling specific ion effects: Specific-ion effects (those that depend on ion identity rather 
than simply concentration) are ubiquitous in industrial and natural processes, from next-generation 
lithium-polymer batteries to the chemical pathways that facilitate energy transfer in our cells and 
underpin life itself. Much can be gained by improving our fundamental knowledge of ion specificity 
and in particular, how surfaces and solvents interact with ions to impact the properties of soft matter 
and colloidal systems. The aim of this project is to conduct surface chemical investigations into how 
the properties of surfaces and solvents influence specific-ion effects and build our knowledge to 
ultimately predict and harness these curious effects. You will join the group experimental effort which 
is being complemented by A/Prof. Page’s simulations aimed at understanding the origins of these 
fascinating phenomena.  
 
c) Electrostatic formation of liquid marbles: Liquid marbles are unique liquid-particle aggregates 
consisting of non-wetting particles coating and thus stabilising a liquid droplet core.  These novel 
materials have inspired a variety of proposed applications, including pollution and gas sensors, 
actuators and microreactors. Until now, however, liquid marbles have been prepared one by one 
thus limiting their production and application. This project will study the formation of well-defined 
particle-stabilised liquid marbles using a novel electrostatic process. The expected outcome is a 
robust, repeatable process that can in future be scaled up to bulk production. 
 
 
Three additional projects are available every year as part of the ARC Centre of Excellence for 
Enabling Eco-Efficient Beneficiation of Minerals led by the University of Newcastle. This Centre 
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has a mission to reduce water usage and power consumption via smarter, more efficient mineral 
separation technologies including reprocessing of tailing stockpiles. Erica’s role in this Centre lies in 
improving and optimising the adsorption of molecular and particulate components at the various 
interfaces that are the key to these technologies. 
 
d) Influence of hydrophobic particles on interfacial stability of emulsions and foams: Colloidal 
particles are alternative foam and emulsion stabilising agents to traditional surfactant molecules. In 
this project we will be investigating the interaction of foam bubbles or emulsion droplets using high 
speed video in order to understand the role that particles play in stabilising these interfaces. This is 
important to improving a range of technologies from collectors in mineral separation by flotation to 
emulsion binders in agglomeration processes. This project is a collaboration with Deakin University 
and the University of Queensland. 
 
e) Development of RAFT polymer collectors for selective flotation of specific minerals: This 
project seeks to design and develop novel RAFT-derived polymeric reagents as collectors for 
selective flotation of specific minerals. New polymers will be synthesised by collaborators at Monash 
University. At Newcastle we will characterise and quantify the adsorption of these new polymers at 
the phase boundary between various mineral surfaces with air and water in order to demonstrate 
selective and effective valuable minerals recovery. 
 
f) Application of responsive synthetic and bio-polymers through reversible switching from 
hydrophilic to hydrophobic confirmations: In this project, which is being conducted with 
colleagues at Melbourne University, we will investigate the potential to improve the dewatering 
process in mineral tailings using conformational changes in added polymers adsorbed to particles 
to reversibly induce hydrophilicity or hydrophobicity as required. In this way we will facilitate the 
recovery of process water, which results in the reduction of the impact of mineral processing on the 
environment and significantly reduces the risks in tailings dam failures. At Newcastle, our 
experiments will focus on characterising polymer adsorption on gangue minerals and the contact 
angle that results. 
 
 


