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INTRODUCTION - Honours 2016 
 
This booklet is intended to provide an overview of the research activities within the 
School of Chemistry and to give you an indication of the Honours projects that will be 
offered in 2016. You are encouraged to study these and to speak with the research 
supervisors. This research project makes up 75% of the final mark for the Honours year, 
with the other 25% from the coursework component which runs in first semester. 
 
Current third year students are eligible to do Chemistry Honours (Clayton) in 2016 
provided that they fulfil the entry requirements and that a supervisor is available. 
 
Students will be allocated to supervisors and projects on the basis of their third year 
results and their preferred projects. Great care is taken to ensure that all students are 
treated equitably and where possible that they are be allocated to the area and 
supervisor of their choice. 
 
All Honours candidates must discuss prospective projects with at least four supervisors 
before choosing their preferred project. They should then select at least three potential 
supervisors and projects in order of preference. The application forms – one for Honours 
entry which is from the Faculty of Science, the other is the project nomination form which 
is from the School of Chemistry – are both available on the School of Chemistry web 
page. 
 
Please note that the project descriptions are quite short, and more comprehensive details 
can be obtained when speaking to supervisors. 
 
We look forward to seeing you in the Honours course next year. Please contact me if 
you have any questions about the Honours year! 
 
 
 
 
Assoc. Prof Mike Grace 
Honours Coordinator 
(Room G25c/19 School of Chemistry, 9905 4078, email: Michael.Grace@monash.edu 
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Professor Phil Andrews 
Room No. 121N, Building 23, Tel: 9905 5509, email: phil.andrews@.monash.edu 
 
This document will give you an idea of the type of research we are undertaking within my group.  

If you have any further queries, please do not hesitate to contact me (details above). 

More information on my research can be seen at: 
http://monash.edu/science/about/schools/chemistry/staff/Andrews.html 

 
Combating multi‐resistant bacteria with metal complexes (Bi vs Fe vs Ga) (with Prof. Ross Coppel 
and Dr. Paul Crellin, Dept of Microbiology) 
In tackling the continued growth in multi-resistant bacteria and the increasing rate of antibiotic resistance, 
this project focuses on the development of bismuth(III) compounds which show high activities against 
common and resistant strains of bacteria (eg MRSA, VRE). Read more: Chem. Eur. J., 2014, DOI: 
10.1002/chem.201404109. 
 

Development of new bismuth‐based anti‐Leishmanial drugs  (with Dr Lukasz Kedzierski, WEHI and 
Melbourne University) 
Leishmaniasis is a parasitic infection prevalent in the developing world. Current frontline drugs are based 
on Sb(V) compounds which show severe side-effects and  for which resistance has begun to appear. This 
project focuses on developing and testing new bismuth compounds as more active and less toxic 
alternatives. Read more: Dalton Trans., 2014, 43, 12904 – 12916. 
 

Bismuth‐precursors  for  antimicrobial  organic‐inorganic  hybrid  materials  (with Prof. Michael 
Mehring at Technical Universität Chemnitz) 
This project investigates the formation of novel bismuth(III) complexes which have high antimicrobial 
activity and their incorporation into functionalized polymeric frameworks. The antimicrobial activities of 
the new materials and their potential as ‘clean surfaces’ will be assessed. Read more: Eur. J. Inorg. Chem., 
2014, 4218 - 4227. 
 
Targeting  Novel  Chiral  Heterobimetallic  and Metallocyclic Main  Group  Complexes  (with  Dr. 
Victoria Blair) 
This project investigates the synthesis and full characterization of novel chiral hetero-di-anionic and hetero-
bimetallic complexes of alkali metal, and d or p-block elements (Zn, Cu, Al, Ga, In, Sn, Sb). The  second 
part will utilise dilithiated chiral allylamides as precursors to a new and unique family of chiral  hetero-
di-anionic metallocycles. Requires inert atmosphere handling techniques. Read more: Organometallics, 
2012, 31, 8135–8144. 
 
Development, efficacy and mode of action of new bismuth anti‐cancer drugs   (with Dr. Carolyn 
Dillon, University of Wollongong) 
The aims of this project are the synthesis of bismuth complexes with increased potency towards ovarian 
and bowel cancer cells, and identifying promising candidates for animal testing using chemical stability 
monitoring and cell culture screening. Read more: J. Inorg. Biochem., 2014, 135, 28–39. 
 
Targeting Helicobacter pylori: overcoming antibacterial resistance with bismuth drugs  (with 
A/Prof Richard Ferrero, Monash Institute for Medical Research) 
H. pylori is the bacterium responsible for gastritis, duodenal and peptic ulcers and stomach cancers.  This 
project focuses on the synthesis of novel bismuth compounds which are highly active against the 
bacterium, and investigating their mode of action.  Read more: Chem. Eur. J., 2013, 19, 5264 – 5275.  
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Professor Stuart Batten 
Room No. 121C, Building 19, Tel: 9905 4606, email:  stuart.batten@monash.edu 
 
This document will give you an idea of the type of research we are undertaking within my group.  
If you have any further queries, please do not hesitate to contact me (details above).   

More information on my research can be seen at: 
http://monash.edu/science/about/schools/chemistry/staff/sbatten/index.html 

Coordination Polymers and Supramolecules 
We are designing and making coordination polymers (sometimes also known as metal-organic 
frameworks, or MOFs) and supramolecular species for a variety of interesting applications, 
including adsorption of gases such as hydrogen (for hydrogen fueled cars) and carbon dioxide 
(greenhouse gas capture), long or short range magnetic ordering, molecular switching (for 
information storage or molecular sensing), and as new materials for molecular separations.  
We are pursuing a number of approaches to this including:  
New classes of bridging ligands in which the bridging length can be controlled by the presence or 
nature of e.g. group I or II metals (Chem. Commun., 2009, 5579).  
Large (3 nm in diameter) spherical supramolecules (or 
‘nanoballs’) (Angew. Chem. Int. Ed. 2009, 48, 2549 & 
8919; ChemPlusChem 2012, 77, 616) which show a 
large variety of properties. For example, they can 
switch between two magnetic spin states. The change 
may be induced by change in temperature or, as a 
series of experiments in Bordeaux, France showed, 
irradiation of light. The molecular packing also creates 
cavities within the solid state, and thus the crystals will 
readily absorb solvent vapours, hydrogen, and CO2. 
Finally, the nanoballs also show catalytic activity. 
Incorporation of amine groups into porous MOFs in 
order to increase the selectivity of CO2 sorption over 
other gases, such as N2. This is part of a large multi-
institutional program focused on developing MOFs for 
“real world” CO2 capture. 
Porous MOFs for the chromatographic separation of molecules based on size, chirality or other 
chemical features. Surprisingly little work has been done in this field, and we are currently 
exploring this potential in depth (Chem. Commun. 2014, 50, 3735). 

 

Chemistry of Small Cyano Anions  
We have been investigating the chemistry of small cyano anions (Chem. Commun. 2011, 47, 
10189). They have shown some remarkable chemistry, including the synthesis of a large range of 
transition metal and/or lanthanoid clusters which may have applications as single molecule 
magnets, interesting new coordination polymers and discrete complexes showing unusual packing 
motifs and ligand binding modes, new hydrogen bonding solid state networks, nucleophilic 
addition of alcohols and amines across the nitrile groups to give new anion families, and the 
production of ionic liquids containing either the free anions or even metal complexes of the 
anions. The versatility and range of applications of these simple anions is unprecedented. 
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2 μm

Dr Toby Bell 
Room G32C, Building 23S, Tel: 69905 4566, email: toby.bell@monash.edu 
 
In the Bell Fluorescence Laboratory, we apply advanced fluorescence based techniques to answer 
questions in materials science and biochemical physics. In particular, we study materials at the 
ultimate level of resolution, as single molecules, to detect hidden events and distributions. 
Application of single molecule detection allows us to perform super-resolution imaging and break 
the diffraction limit of light to reveal previously obscured details, even inside cells.  

More information on research in the Bell Fluorescence Lab can be found at: 
 www.super-resolution.org.au 

 

DNA structure and chromatin architecture:  

How 6 billion ‘letters’ of DNA double helix fold up and compact 
into the nucleus of a cell yet remain available for transcription, 
replication and repair is one of the great mysteries of life. This 
project will use ‘click-chemistry’ to label DNA and chromatin 
(compacted DNA) in cells and apply super-resolution imaging to 
identify the DNA conformations present (e.g. the postulated 30 
nm fibre) in chromatin. 

Visualising microtubules in 3D:  

Microtubules (MTs) are part of the cell’s cytoskeleton and are involved in 
many cellular processes. Integrity of the MT network is vital to cell health 
and function. We have recently shown that the rabies causing virus ‘bundles’ 
MTs and antagonises the innate interferon response, leading to cell death. 
This project will develop 3D super-resolution methods to image the MT 
network in transfected cells in 3D. 

Super-resolution imaging using FRET:  

Förster Resonant Energy Transfer or FRET operates over a sub 10 nm 
distance. This project will investigate using chromophores such as quantum 
dots and fluorescent proteins to undergo FRET to perform super-resolution 
imaging in cells. This approach will greatly increase the range of cellular 
targets available to super-resolution imaging. 

Quantifying orientation in FRET at the single molecule level: 

The orientation of the donor and acceptor molecules in FRET can strongly 
affect the efficiency – up to a factor of 4 - but has never been shown directly 
in single molecules. This project will visualize emission dipoles of single 
molecules doing FRET by ‘defocussed imaging’ and simultaneously 
measure FRET efficiency, correlating these two quantities in single 
molecules for the first time.  

Watching single molecules react: 

This project will study single naphthalene diimide 
(NDI) molecules undergoing reaction with simple 
amines in order to reveal for the first time, what 
happens at the single molecule level in a substitution 
reaction. The reaction will be monitored by a 
change in colour (spectral shift) of the fluorescence 
when a mono-substituted NDI (yellow) reacts with amine to give the di-substituted product (red). 
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Dr Victoria Blair 
Room No. 243, Building 23, Tel: 99020907, email: victoria.blair@.monash.edu 
 
Dialkyl Mn(II) and Mg reagents: metallation, addition and magnetic potentials (with Prof. R. 
Mulvey, University of Strathclyde, Glasgow, UK) 
Synthetic chemists searching for new chemical reagents 
are being increasingly seduced by the charms of 
organomanganese(II) and magnesium compounds. Part 
of their appeal lies in their superior stability to rival 
transition metal organometallics and their ability to 
function both stoichiometrically and catalytically.  
 
This project will initially investigate the synthesis and 
full characterisation of a series of novel Mn(II)/Mg(II) 
utalising the sterically bulky bis[trimethylsilyl)methy] 
[{M(CH2SiMe3)2}∞] M = Mn or Mg complexes, derived from various substituted ketones, amine 
and phosphide substrates. These novel complexes will be further studied by variable-temperature 
magnetisation (where applicable) measurements allowing a structure-magnetic relationship to be 
established. Requires inert atmosphere handling techniques See:V. L. Blair, L. M. Carrella, W. 
Clegg, J. Klett, R. E. Mulvey, E. Rentschlet, L. Russo, Chem. Eur. J. 2009, 15, 856. 

Alkali-Metal Mediated Manganation: senergic deprotonation and cross-coupling in one pot! 
(with Prof. R. Mulvey, University of Strathclyde, Glasgow, UK) 

Recently we have contributed a new synthetic aspect to organomanganese(II) chemistry under the 
description Alkali-Metal Mediated Mangantion (AMMMn). Here accompanied by an alkali metal 
in a structurally defined mixed-ligand molecule, Mn(II) can perform direct metallations of 
aromatic compounds including benzene, toluene and ferrocene to name a few.  This project will 
investigate the scope and limitations of AMMMn towards insitu cross coupling reactions with a 
wider range of aromatic substrates including xylenes, substituted ethers and heteroaromatics both 
with and without the presence of a Pd-catalyst generating unsymmetrical biaryls from a one pot 
reaction. Requires inert atmosphere handling techniques See;  V. L. Blair, W. Clegg, B. Conway, 
E. Hevia, A. R. Kennedy, J. Klett, R. E. Mulvey, L. Russo, Chem. Eur. J. 2008, 14, 65.  
 
From Nitrogen to Phosphorus adventures 
Despite their widespread use in organic synthesis, the structural chemistry of Group 1 metal 
amides continues to spring may interesting and unexpected surprises, adopting a plethora of 
aggregation states and structural motifs highly dependent on solvent and Lewis base choice. While 
the majority of solid-state and solution studies on metal 
amides produce few surprises, in recent years, we have 
demonstrated that anion rearrangements, unexpected 
additions, cleavage reactions and unusual structures can 
result even from simple and commonly used chiral and 
achiral amines. In this project we will make the transition 
into metal phosphide analogues of these amide 
complexes uncovering the similarities and differences a 
little ‘P’ can make. (Not for the weak nosed these 
complexes will be smelly) Requires inert atmosphere 
handling techniques 
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Figure 1 Mn(II)-amido trimeric complex and its magnetic
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Professor Alan Chaffee 
Room No. 223N, Building 23, Tel: 9905 4626, email: alan.chaffee@monash.edu 
 
My group undertakes applied chemistry research on topics that are, in some way, related to 
biomass and fossil fuel utilization. For example, new approaches to the preparation of industrial 
chemicals, specialty liquid fuels (eg, jet fuel), road bitumen, coke for steel making, and specialist 
high surface area active carbons are being developed in ways that minimize energy losses (and, 
hence, CO2 emissions). The group also investigates the capture of CO2 emissions by adsorption 
and, once captured, its transformation back into useful products by heterogeneous catalysis. In 
doing so, innovative new materials such as mesoporous silicas, metal organic frameworks (MOFs) 
and ionic liquids (ILs) are employed as adsorbents, catalysts and/or solvents. These novel 
materials are often sourced from other research groups within the School. Molecular modeling 
tools are also frequently applied in these studies, so that experiment and theory inform each other.  

More information on my research can be found at: 
http://monash.edu/science/about/schools/chemistry/staff/CHAFFEE.html 

http://www.monash.edu.au/research/profiles/profile.html?sid=1828&pid=3063 

Turning Carbon Dioxide into Fuel 
Waste CO2, when combined with ‘renewable H2‘ (eg, from 
photovoltaic water splitting) over appropriate catalysts, leads to 
reduced C1 products (eg, formaldehyde or methanol). Methanol 
can be used directly as fuel in petrol engines or be dehydrated to 
dimethylether, a diesel fuel substitute. Nanoparticulate catalysts 
of varying metal cluster size, supported on high surface area 
mesoporous substrates, will be investigated to determine structure-activity relationships. 

Chemicals from Biomass (with Dr Emma Qi) 
This project will make use of CO2, both 
as a supercritical fluid in its own right 
and as one component of a novel series 
of recyclable ionic liquids (known as 
DIMCARBs) to selectively extract 
discrete chemical classes (phenols, 
carboxylic acids, aliphatic or aromatic hydrocarbons, depending on the conditions used) from 
various forms of biomass and/or coal. With biomass, this approach offers a renewable alternative 
to deriving these fundamental chemical feedstocks that are now mostly supplied from the 
petroleum industry. 

Capturing Carbon Dioxide from Air (with Dr Greg Knowles) 
Prior work in the group has identified amine-based adsorbents that have 
the ability to reversibly capture and release CO2 at concentrations (~15 
wt%) and temperatures typical of the flue gas from power stations. 
Another approach to controlling CO2 in the atmosphere could be to adsorb 
it directly from air at atmospheric concentration (~400 ppm). This project 
will prepare and evaluate new adsorbent formulations for this purpose 
involving high surface area mesoporous silica as a support material. 
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Professor Philip Chan 
Room No. 222, Green Chemical Futures, Building 86, Tel: 9905 1337, email: phil.chan@monash.edu 
 

If you have any further queries and the possibility of future collaborative research placements at the 
University of Warwick (UK) through the Monash-Warwick Alliance, please do not hesitate to contact me 
(details above). More information on my research can be seen at: 
https://www.monash.edu/science/schools/chemistry/our-people/staff/professor-philip-wai-hong-chan 

Development of Sustainable Catalytic Strategies For Natural Products Synthesis 
and Drug Discovery 
Works in our laboratory are focused on the development of operationally straightforward and 
sustainable strategies of broad utility to synthetic organic chemistry. We are interested in the 
application of these novel stereoselective catalytic methodologies to the construction of bioactive 
natural products and as practical synthetic tools for the assembly of complex molecules of current 
biological and materials interest.  
 

For example, we recently established a method to prepare tricyclic bridged heptenones and 
hexenones efficiently from gold(I)-catalyzed double cycloisomerization of 1,11-dien-3,9-diyne 
benzoates (Scheme 1a, Rao, W.; Susanti, D.; Ayers, B. J.; Chan, P. W. H. J. Am. Chem. Soc. 2015, 
137, 6350). The suggested reaction pathway provided only a handful of examples of divergence in 
product selectivity achieved by fine-tuning the steric nature of the ligand of the Au(I) catalyst. In 
the field of C–H bond activation, we recently developed a method to prepare -acyl--amino acid 
and 2,2-diacyl aziridine derivatives efficiently from Cu(OTf)2 + 1,10-phenanthroline-catalyzed 
amination and aziridination of 2-alkyl substituted 1,3-dicarbonyl compounds with PhI=NTs 
(Scheme 1b, Ton, T. M. U.; Tejo, C.; Tiong, D. L. Y.; Chan, P. W. H. J. Am. Chem. Soc. 2012, 
134, 7344). By taking advantage of the orthogonal modes of reactivity of the substrate, control in 
the divergence of product selectivity was realized. In collaboration with researchers at the 
University of Macau and Hong Kong Baptist University, we also recently reported a synthetic 
method to prepare 3a,6-methanoisoindole esters efficiently by gold(I)-catalyzed tandem 1,2-
acyloxy migration/Nazarov cyclization followed by Diels-Alder reaction of 1,4,9-dienyne esters 
(Susanti, D.; Liu, L.-J.; Rao, W.; Lin, S.; Ma, D. L.; Leung, C. H.; Chan, P. W. H. Chem. Eur. J. 
2015, 21, 9111). In this study, one example was found to inhibit binding of tumor necrosis factor-
 (TNF-) to the tumor necrosis factor receptor 1 (TNFR1) site. 
 

 
Scheme 1. Sustainable synthetic strategies for preparing (a) -acyl--amino acid and 2,2-diacyl 
aziridine derivatives, (b) 2,4a-dihydro-1H-fluorenes, and (c) 3a,6-methanoisoindole  
esters 
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Assoc Prof Perran Cook  (co-supervised by Assoc Prof Mike Grace) 
Room No. G25a, Building 23, Tel: 9905 54091, email: perran.cook@.monash.edu 

More information on my research can be seen at: 
http://monash.edu/science/about/schools/chemistry/staff/cook/ 

Since the industrial revolution we have doubled the rate at which bioavailable nitrogen enters the 
biosphere.  My research looks at what happens to this nitrogen. 

The role of cable bacteria in the nitrogen cycle 

In 2012, a new form of life, cable bacteria, was 
discovered that can oxidise hydrogen sulfide (eq 1) and 
transport electrons to the sediment surface where oxygen 
is reduced to water (eq 2).   

H2S + 4H2O  SO4
2- + 10H+ + 8e-  (eq 1) 

4H+ + 4e- + O2  2H2O      (eq 2) 

We have found these organisms in the Yarra River 
estuary and believe they also play a role in the nitrogen 
cycle.  This project will study whether cable bacteria play 
a role in the nitrogen cycle 

Figure 1 shows sediment colonized by cable bacteria.  
Oxidation of hydrogen sulfide (grey zone) leads to the 

dissolution of iron monosulfides (black zone) liberating Fe2+ where it diffuses to the sediment 
surface and is oxidized forming an orange iron oxydroxide layer at the sediment surface. 
 
The role of worms in the nitrogen cycle 
Worms have a major effect on oxygen distribution and nutrient cycling in the sediment through 

the creation and ventilation of extensive 
burrow networks (Fig 2). This enhances 
processes such as denitrification, which 
remove bioavailable nitrogen from the 
biosphere. This project will investigate 
whether rates of nitrogen removal in 
sediments are influenced by burrowing 
polychaete worms in the Gippsland Lakes. 
We postulate nitrogen removal is linked to 
the availability of iron which is increased in 
the presence of burrowing worms.   
 

Figure 2. Show the oxygen distribution associated with a polychaete burrow network 
 
Stable isotopes as tracers of nitrogen sources and cycling in seagrass beds 
Nitrogen is thought to be the key nutrient controlling seagrass productivity in Port Phillip Bay.  
Understanding where nitrogen comes from is therefore critical to managing the health of the Bay. 
The ratios of 15N/14N is increasingly being used to trace nitrogen sources and cycling. We have 
observed a large range of 15N/14N ratios within seagrasses collected from Port Phillip Bay, 
currently this large variation is not well understood. This project will investigate the 15N/14N ratios 
of NH4

+ using a newly developed method to better trace nitrogen sources in Port Phillip Bay. 
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Professor Glen Deacon 
Room No. 136C, Building 19, Tel: 9905 4568, email: glen.deacon@monash.edu 

For more information, see: www.chem.monash.edu.au/staff/deacon.html 

Rare earth elements (Group 3-Sc, Y, La and the lanthanoids Ce - Lu) 

Rare earths are currently seen as the strategic materials of the 21st century. with considerable 
international concern over the Chinese domination of the supply of separated elements. Our group 
provides fundamental knowledge to underpin industrial developments in the area.  Australia has 
abundant rare earth resources which have been mainly neglected despite their widespread uses, 
e.g. ceramic supports for exhaust emission catalysts, alloy magnets in all car engines, and catalysts 
for artificial rubber production.  Potential applications include green corrosion inhibitors (below).  
Their metal-organic chemistry is a major new frontier and is generating great excitement, for 
example in the discovery of new oxidation states.  We are particularly interested in high reactivity 
rare earth organometallics (Ln-C), organoamides (Ln-NR2) and aryloxides (Ln-OAr), and have 
developed unique synthetic methods to obtain them.  Features of these compounds include low 
coordination numbers and extraordinary reactivity including C-F bond activation, the most 
resistant carbon-element bond. To prepare and structurally characterize the compounds represents 
a major challenge.  The program involves extensive international collaboration.  Some 
specific projects follow: 
1. Heterobimetallic complexes (with Prof. Peter Junk (JCU) and Dr David Turner) 
2. Phosphidolanthanoid complexes – a bridge to unusual oxidations states (with Dr 

A. Stasch and Prof. Peter Junk (JCU)) 
3. New Approaches to Metal-Based Syntheses (with Prof. Peter Junk (JCU) and Dr 

Andreas Stasch) 
4. Green Corrosion Inhibitors (with Prof. Peter Junk (JCU), Dr David Turner and Prof. 

Maria Forsyth (Deakin University)) 
5. New Materials Derived from Small Cyano Anions  (with Prof. Stuart Batten) 
6. Platinum Anti-Cancer Drugs (with Prof. Alan Bond, A/Prof Bayden Wood) 
7. Carbon-fluorine activation with reactive rare earth complexes (with Dr Andreas 

Stasch and Prof Peter Junk) 

Novel recent structures 

 

 

 

 

 
 Project 1 Project 2 Project 3 
 

Some recent papers 
Angew. Chem., 2009, 121, 1137-1141; Angew. Chem. Int. Ed., 2009, 48, 1117-1121; Eur. J., 2009, 15, 5503-5519; 
Chem. Commun., 2010, 46, 5076-5078; Chem. Comm., 2011, 47, 10189-10210; Chem. Comm., 2012, 48, 124-126; J. 
Inorg. Biochem., 2012, 115, 226-239; Chem. Eur. J., 2013, 19, 1410-1420; Organometallics, 2013, 32, 1370-1378; 
Chem. Eur. J., 2014, 20, 4426-4438; Inorg. Chem., 2014, 53, 2528-2534; Chem. Commun., 2014, 50, 10655-10657; 
Eur. J. Inorg. Chem., 2015, 1484-1489. 
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Dr Alison Funston 
Room No. G32B, Building 23, Tel: 9905 6292, email: alison.funston@monash.edu 
 
This document will give you an idea of the type of research we are undertaking.  If you have any 
further queries, please do not hesitate to contact me (details above).   

More information on my research can be seen at: 
http://monash.edu/science/about/schools/chemistry/staff/funston.html 

Description of Project Areas  
When matter is divided into tiny, tiny particles, that is, into crystals of nanometer sizes (1 nm = 1 
 10-9 m), its physical properties can change. We are interested in the changes to the optical 
properties, or colour. For example, very tiny spheres containing only 1000’s of gold atoms are red 
due to a phenomenon known as the localized surface plasmon resonance.  
The colours of nanoparticles can be controlled by: 
Changing the size or shape of the crystal; Changing the environment of the 
crystal; Bringing two or more nanocrystals into close proximity. 
The nanocrystals have potential applications in nanoscale energy transfer (with 
metal nanocrystals acting as nanoscale optical fibres), sensing, colour responsive 
coatings for glass, solar photovoltaics and in medicine in the areas of drug delivery and cancer 
therapies. 
 

Our research involves synthesis and investigation of the optical properties of nanocrystals. We 
investigate the mechanism of growth of nanocrystals, making use of electron microscopy (TEM 
and SEM). We use dark-field microscopy and scanning near-field optical microscopy to determine 
the optical properties of single nanoparticles and single nanoparticle superstructures, assembled 
using chemical linkers (eg DNA) or via physical methods.  
 

  
Dark-field microscope image (spots      Nanostructure fabrication - nanoparticles     Nanoparticle assembly (scale bar  
of colour are single gold nanocrystals) as miniature optical fibres      250 nm) 

Potential project titles include: 
Elucidating the Growth Mechanism of Nanorods and Nanobars (Nanoscale Gold Bullion!): 
Understanding nanocrystal growth, the ultimate form of crystal assembly, will allow fine control of the 
nanocrystal optical properties – many questions remain unanswered!   

Metal Nanoparticles and Nanowires as Nanoscale Optical Fibres: Metal nanowires are able to 
transport energy below the diffraction limit of light. This project will investigate how the three-dimensional 
shape of the nanowire changes the efficiency of the energy transport. 
Detecting and Switching Energy Transfer on the Nanoscale: Investigation of the control of light 
(energy) transport through nanoscale structures, including switching transport on or off. 

Changing the Colour of Nanoparticles: Nanoparticle Coupling: Assemblies of nanocrystals have 
optimal characteristics for many applications. This project aims to make, understand and use these. 
Stabilising Interfaces with Unusual Nanoparticles (with Dr Rico Tabor) 

How does the Atomic Level Nanoparticle Shape Influence its Colour? (with Prof J Etheridge) 

Defocussed Wide-field and Super-resolution Optical Imaging of Nanocrystals (with Dr Toby Bell) 
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Associate Professor Mike Grace 
Room No. G25c (Water Studies), Tel: 9905 4078, email: michale.grace@monash.edu 
 

These projects can be modified to suit the interests of the student – from physical, analytical and/or 
environmental chemistry and biogeochemistry through to aquatic and/or restoration ecology. A project 
is available for students who wish to combine synthetic and environmental chemistry. 
 
Assessing the impacts of pharmaceuticals on aquatic ecosystem processes 

         
Awareness of the effects of common pharmaceuticals on organisms (insects, fish) living in streams and 
lakes has slowly emerged over the last decade. Despite their prevalence in urban waterways, there has been 
almost no published research on how these pharmaceuticals can affect rates of fundamental ecosystem 
processes. Work in our group has shown that some of these chemicals can have dramatic effects. This 
project will use novel pharmaceutical diffusing substrates and bioassay techniques to investigate effects of 
common drugs like antibiotics, mood modifiers, painkillers and antihistamines on a range of fundamental 
ecosystem processes including photosynthesis, respiration, biomass accrual and denitrification in urban 
waterways.  
 
Constructed wetlands – environmental benefactors or villains? 
This project will examine the extent to which wetlands 
around Melbourne generate greenhouse gases (GHGs) 
including CH4, N2O and CO2. The prevailing wisdom is 
that wetlands must be beneficial for the environment as 
they are designed to remove nutrients and other 
pollutants from stormwater in urban creeks. However, 
previous work in the Water Studies Centre has shown 
that under a range of relatively common conditions, 
wetlands can also generate significant quantities of 
GHGs. This project will measure rates of GHG 
production in several wetlands around Melbourne and 
develop understanding of the key wetland characteristics 
and conditions that control production. Links with 
nitrogen cycling will be explored. Experimental work 
will involve field measurements and laboratory 
mesocosm (sediment core) investigations. 
 

 

Developing luminescent probes to determine levels of environmentally relevant  
ions and reactive oxygen species 

with Dr Kellie Tuck 

Please see Kellie’s project descriptions for more information. This project is ideally suited to a student with 
interests in both synthetic and environmental chemistry.  
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Professor Milton T. W. Hearn 
Room No. 214, Building 23, Tel: 9905 4547, email: milton.hearn@monash.edu 

Current research focuses on sustainable Green Chemistry and its 
application in analytical chemistry, waste valorization, protein 
purification, synthetic chemistry and the development of bioactive 
compounds. Students who join the Hearn group will enjoy excellent 
supervision and state of the art laboratories in the new Green 
Chemical Futures precinct. Selected research areas are listed below 
and students are encouraged to contact Milton Hearn for further detail.  

Green analytical chemistry 
This research explores the use of new chromatographic modes 
including aqueous normal-phase chromatography for the 
separation of polar organic compounds e.g. pharmaceuticals, 
metabolites, nutraceuticals and natural products. The overarching 
aims are to develop methods for improved separations and 
reduce the use of organic solvents associated with traditional 
modes of chromatography in order to minimize the 
environmental footprint of analytical chemistry laboratories.  

Smart polymers 
This program focuses on developing smart polymers for the 
selective capture of valuable bioactive compounds from 
agricultural waste, for the fabrication of biosensors with 
application in medicine and as novel chromatography 
materials. The design of novel smart polymers typically 
involves a combination of molecular modelling, NMR 
spectroscopy, molecular imprinting, polymer synthesis and scanning electron microscopy. 

Green synthetic chemistry 
The development of synthetic methods that eliminate or minimise the 
formation of waste by-products and the use of hazardous solvents, reagents 
and processes is crucial to sustain the chemical and pharmaceutical 
industries. In this regard we explore the use of catalysis and microwave 
energy for more efficient synthesis, and flow chemistry for safe and 
practical synthetic processes. The molecular targets range from important 
synthetic building blocks to commercial pharmaceuticals. 

Green protein purification 
Bacteria, yeast and mammalian cells are used as expression systems to produce 
various protein-based therapeutics. One of the major contributors to the high 
cost of these medicines is their purification from host cell proteins. This 
project aims to develop novel, low molecular weight affinity chromatography 
ligands to reduce the number of purification steps and the cost of production. 

Synthesis of bioactive compounds 
This area of research includes the synthesis of analogues of the natural product 
rosmarinic acid as platelet aggregation inhibitors for treating stroke and heart 
attack. The synthesis of novel anti-cancer drugs based on small molecules that 
selectively disrupt glucose-based biosynthesis in cancer cells is also an area of 
interest. 



2016	Honours	Projects	 Page	16	
 

Professor Cameron Jones 
Room No. 110, Building 23, Tel: 9902 0391, email: cameron.jones@monash.edu 
Group website: www.monash.edu/science/research-groups/chemistry/jonesgroup 
 
Modern Main Group Chemistry 
In the past 10 years remarkable progress has been made in the chemistry of very low oxidation 
state and low coordination number s- and p-block compounds.  It is now possible to prepare and 
investigate the fascinating reactivity of compounds that were thought incapable of existence until a 
few years ago. The fundamental and applied aspects of this area are rapidly expanding in the Jones 
group (see group website for further details). Representative examples of the many potential 
Honours projects that are available within this exciting area are as follows: 
 
Low oxidation state Main Group systems: replacements for transition metal catalysts. 
In recent years "trans-bent" compounds containing multiple bonds between two p-block metal(I) 
centres have been stabilised by ligation with extremely bulky alkyl or aryl substituents (R).  These 
include the remarkable heavier group 14 analogues of alkynes, viz. REER (E = Si, Ge, Sn or Pb).  
In this project you will prepare examples of related bulky amido substituted "metalynes" (see 
picture), and related compounds, and explore their use for the reversible reductive activation of 
H2, CO2, NH3, ethylene etc.  If this can be 
achieved, the exciting possibility exists to use 
such compounds as replacements for expensive 
and toxic transition metal catalysts in numerous 
industrial processes; and for the conversion of the 
Greenhouse gas, CO2, to useful chemical products 
such as methanol. 
see: (i) J. Am. Chem. Soc., 2014, 136, 5283; (ii) J. 
Am. Chem. Soc., 2012, 134, 6500; (iii) J. Am. Chem. Soc., 2011, 133, 10074; (iv) Nature, 2010, 
463, 171. 
 
Stabilisation and application of complexes of Group 2 metals in the +1 oxidation state.  
It has previously been only possible to prepare compounds 
containing the Group 2 metals (Be, Mg or Ca) with the metal in the 
+2 oxidation state.  Recently, we have reversed this situation with 
the landmark preparation of the first thermally stable compounds to 
contain Mg-Mg bonds (e.g. see picture).  The formal oxidation state 
of the magnesium centres in these compounds is, therefore, +1. As a 
result, these species are highly reducing, a situation which has lent 
them to use, in our laboratory, as specialist reagents in organic and 
organometallic synthetic methodologies.  You will further explore 
this potential, in addition to examining the possibility of preparing 
the first dimeric calcium(I) compounds. Furthermore, you will 
examine the use of such systems as soluble models to study the 
reversible addition of dihydrogen to magnesium metal (yielding MgH2). This poorly understood 
process is of great importance for future hydrogen storage technologies which will be essential for 
viable zero emission vehicles powered by fuel cells. The activation of other gaseous small 
molecules (e.g. CO2, N2, NH3 etc.) will be investigated at high pressure (ca. 200 atm.) with the aid 
of high pressure sapphire NMR tube technology developed in the Ohlin group at Monash. 
see (i) Science, 2007, 318, 1754; (ii) J. Am. Chem. Soc., 2015, 137, 8944; (iii) Chem. Sci., 2013, 4, 
4383; (iv) Nature Chem., 2010, 2, 865; (v) J. Am. Chem. Soc., 2014, 136, 5283; 
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Professor Steven Langford 
Room No. 259C, Building 23, Tel: 9905 4569, email: steven.langford@.monash.edu 
 
Supramolecular chemistry takes the best of the bio-inspired science disciplines and uses them to 
study the development of emerging technologies in the materials sciences and related disciplines. 
My group’s research focuses on organic-based supramolecular systems.  We combine the elegance 
of organic synthesis with state-of-the-art physical and analytical techniques to make new and 
exciting systems that function as a result of some form of stimulus.  These techniques include 
electrochemistry and fluorescence spectroscopy.   
 
We are a highly collaborative group with partners in many countries overseas and well as at 
Monash (Toby Bell, Jie Zhang, Phil Chan, Chris McNeill (Engineering), Xike Gao (Shanghai 
Institute of Organic Chemistry), Luca Prodi (Bologna, Italy), Lyle Isaacs (University Maryland), 
Zong-Quan Wu (Hefei University of Technology), Walid Daoud (City University HK), Bakri 
Bakar (UTM)).  Our projects reflect the creativity and innovation of modern chemistry and aim to 
solve significant problems in the following areas of science: 
 

 Photosynthetic mimicry 

 Disease detection 

 Organic field-effect transistors (OFET) 

 Sensors and logic gates 

 Molecular machines and devices 

 Motor Neuron Disease (MND) 

 
 
Below are a list of our more recent papers and the topics we cover.  If you are interested in 
combining your chemistry knowledge for a well-rounded research training experience, come 
and talk to me about what might be possible.  
 

1. Chem. Commun. 2011, 47, 1494-1496. 

2. Org. Biomol. Chem. 2012, 6045-6053. 

3. Chem. Phys. Phys. Chem., 2013, 15, 1177-1187. 

4. J. App. Poly. Sci. 2013, 128, 1828-1833. 

5. Chem. Commun. 2013, 49, 5061-5063. 

9. Org. Biomol. Chem., 2013, 39, 6744-6750. 

10. Asian J. Org. Chem., 2014, 3, 619-623. 

11. J. Mat. Chem. A., 2014, 2, 18005-18011 

12. Dyes and Pigments, 2015, 112, 290-297. 

13. Chem. Euro. J., 2015, 21, 4133-4140. 

7.   J. Chem. Phys. 2014, 140, 164710. 

8.   J. Med. Chem., 2014, 57, 6316-6331. 
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Associate Professor David W. Lupton 
Room No. 238 Bld. 23 South ; Tel: 9902 0327, email: david.lupton@.monash.edu 

More information can be gained from David and http://users.monash.edu.au/~dwlupton/index.html  
We study the discovery of catalytic reactions focusing on understanding the how and why of 
these processes.  

Organocatalysis 
Arguably the newest area of 
reaction discovery focuses on the 
use of intirely organic materials 
for the discovery of catalytic 
reactions. We have been active in 
the area of organocatalysis since 
2009, exploiting a range of 
nucleophilic carbenes to enable 
new chemical reactions. Central 
to many discoveries are the acyl 
azolium shown (A) and more 
recently the sulfonyl azolium (B)v (Figure 1). For 2016, efforts will focus on (1) expanding this 
family of reactive intermediate with new none acyl analogs thereby enabling new reaction 
discoveries and (2) exploiting conformational and electronic changes as a mechanism for reaction 
discovery, intrigued (?) ….come by to discuss further.  
Key references: 1) see references in figure 1; 2) For a review see Ryan, S. J.; Candish, L.; Lupton, D.W. Chem. Soc. Rev.. 2013, 
42, 4906 

Studies in Complex Target Total Synthesis  
Parallel to our studies in reaction 
discovery we have undertaken a number 
of projects in total synthesis. These are 
possible by the strategic implementation 
of key transformations.  Many targets 
are being investigated, and could form 
the basis for an honours project, shown 
are three recently completed targets and 
some molecules of interest (Figure 2). 
Key references: 3) Gartshore, C. J.; Lupton, D. W. 
Angew. Chem. Int. Ed. 2013, 52, 4113; 4) Candish, L.; 
Lupton, D.W. Org. Lett. 2010, 11, 4836 

Catalysis with Chiral High Nucleophilicity Phospines (with Dr Joel Hooper) 
In this project we will exploit our experience with NHC catalysis (see project 1) and develop a 
new family of organocatalysts with enhanced electronic tunability and flexible chirality. It is 
invisgaed that these new catalysts will allow new frontiers in organocatalysis to be realised.  

Radical Cation Catalysis (with Dr Oliver Hutt, CSIRO); Computationally Driven 
Reaction Design (with Dr Chris Thompson, Monash); Studying the Properties of 
Carbenes (with Prof. Herbert Mayr, LMU, Munich); Redesigning Enzymatic Processes 
(with Dr. Colin Jackson, ANU). 
A number of collaborations exist that can be developed into honours projects for 2016.  
A few key collaborators are listed above, as are the areas of collaboration. 
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Professor Doug MacFarlane 
Room No. 134, Building 23, Tel: 9905 4540, email: douglas.macfarlane@monash.edu 
 
This document will give you an idea of the type of research we are undertaking within my group.  
If you have any further queries, please do not hesitate to contact me (details above).  More 
information on my research can be seen at: www.chem.monash.edu.au/ionicliquids 
 
Solar Fuels (with Dr Xinyi Zhang) 
Hydrogen is one of the ideal fuels for the future but needs to be generated in some sustainable 
way.  Solar cells capable of directly splitting water into hydrogen and oxygen are one approach to 
this.  The materials which support the photolysis of water are the key to a viable process.  It is 
relatively easy to find materials which will work, but the challenge is to develop materials that will 
do so at high efficiency.  We have recently claimed the world record for solar to fuel efficiency. 

At Monash we are developing semiconductor 
materials capable of  harvesting photons at 
wavelengths around 450nm and below. The 
project will expand this range of materials 
and test them in prototype cells to quantify 
their catalytic performance and lifetime. One 
of the key aspects of this is the interaction of 
the electrode material with the electrolyte and 
the project will investigate a number of 
electrolyte types. The project will suit 
someone with interests in materials or energy 
chemistry. 
 

Bonke et al Energy and Environmental Science (2015), Li et al Adv Energy Materials (2015) 
 
Synthesis of Novel Ionic Liquids (with Dr Mega Kar) 
 
Organic salts based on the FSO2-N-SO2F anion have 
recently been shown in our group to have some very 
unusual solvency properties, especially for metal cations of 
interest in batteries. In this project we will explore the 
chemistry of FSO2

- based anions more broadly - a very 
large family of new compounds is possible from this simple 
starting point. This project will suit someone interested in 
ionic liquid synthetic chemistry, with some physical and 
spectroscopic property measurement work to aid in 
understanding the behaviour of these new salts. 
 

Protic Ionic Liquids for CO2 Capture (with Dr Katya Pas) 
We are developing novel ionic liquid systems having high capacity for CO2 capture, and able to 
do so at relatively low energy cost.  The origins of the lower energetics of the uptake and release 
lie in modulation of the basicity of the amine base involved. We are synthesizing and testing these 
ionic liquids, as well as carrying out high level quantum calculations of their interaction with CO2. 
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Professor Philip Marriott 
Room No. G04, Building 23, Tel: 99059630, email: Philip.Marriott@.monash.edu 
 

This document provides an idea of the type of research we undertake in my group.  If you have 
further queries on these or related projects, please do not hesitate to contact me (details above).   

More information: http://www.monash.edu/science/schools/chemistry/our-people/staff/marriott 

 

General area of project interests 
The Marriott Group specialises primarily in Analytical Chemistry, and specifically Separation Science / 
Chromatographic methodology, supporting by a broad repertoire of applications studies. We develop new 
methods in GC, including comprehensive two-dimensional GC (GCGC), and multidimensional GC 
(MDGC), using a range of specific detection technologies, including mass spectrometry. We study 
ultrahigh resolution separations, unusual processes in GC, and extend the chromatography analysis to 
complex samples. Recently, two GC- triple quadrupole MS systems were delivered; we have access to a 
GC-Q-TOFMS, and cold EI. These transform our studies, and with our MDGC research we now lead the 
world. 

 

Description of Example Project Area(s)   
Profiling, Chiral analysis, or Interconversion Studies in 
essential oils (EO): Chiral compound analysis can be used to 
authenticate the source of EO and to check for adulteration of 
the oil (e.g. lavender); we recently completed a study to 
authenticate Melaleuca oils. Studies in this area include (i) 
methods for authentication of Manuka honey and fingerlime, 
which is a joint study with the Royal Botanic Garden; and (ii) 
the study of a unique interconversion process [A] in myrrh, 
frankincense, agarwood and similar oils using a novel hybrid 
multidimensional GC method; we will develop and apply this 

new technology.  
  
Novel interconversion-reaction processes in gas 
chromatography: Interconverting molecules lead to fascinating 
peak shapes in GC [B]; we will investigate a number of 
interconverting model compounds including essential oils to 
derive fundamental properties based on molecular fitting 
equations.  
 
Studies in Ionic Liquid & Metal Organic Framework (MOF)-
based stationary phases: MOF and IL phases [C] offer a number 
of unique properties for separations in gas chromatography; GC 
columns will be prepared in this project and be evaluated 
according to their ability to provide separation performance 
unlike the usual retention mechanisms of other GC phases. 
 
Studies in soft, hard and cold ionisation in GC-MS analysis: 

The use of the correct ionisation process in GC is critical for 
precise and accurate identification of compounds through 
library searching. New types of presentation methods such as 
GCxMS with soft ionisation (e.g. CI [D]) give intriguing 
possibilities. We will apply a range of ionisation methods – hard 
EI, soft CI, & cold EI to investigate new applications and novel 
presentation formats for GC-MS analysis with an aim to 
identification and quantitative analysis.  
  

[C]Construct MOF GC phases; 
target molecular interactions 

[B]Interconversion in GC gives 
unusual shapes; calculate E 

   

[A]2D GC of myrrh oil showing 
on-column interconverting peaks   
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[D]Fast GCxCI-MS (2D plot) 
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Associate Professor Lisa Martin 
Room No. 157, Building 23S, Tel: 9905 4514, email: Lisa.Martin@.monash.edu 

This page will give you an idea of some of the research we are undertaking within my group. Also, have a 
look on my research page: http://monash.edu/science/about/schools/chemistry/staff/martin.html 

Bioinspired Chemistry: Many of the global challenges that now face us and in the future are in 
biomedical science; however the solutions to these problems require an understanding and 
knowledge of molecular and electronic properties. The Martin group draws on these tools for 
applications in both medicine and new materials. Some projects are below, or contact Lisa. 

Redox Proteins – structure & function (with Dr Alexandr Simonov) 
(i)  Investigation of the electron transfer pathways for redox 

proteins is essential for our understanding and application of these 
biomolecules in new technologies and importantly their wide 
applications.  New approaches to the immobilisation of redox active 
proteins in a pseudo-physiological surface aids in gaining important 
understanding of these proteins and how they participate in a 
‘vectorial’ pathway will be found.  

(ii) The synthesis of steroids requires multiple hydroxylation 
steps by cytochrome P450 enzymes (P450’s). Although P450’s are 
part of a larger family of enzymes, we have discovered that some of 
these enzyme achieve this function through kinetic modulation of the transfer of electrons to the substrate. 
How general this type of reaction might be in P450 transformations, is not known.  This project will 
explore some of these reactions using proteins immobilised at an electrode so that the rate of electron 
transfer can be gleaned.  Martin et al., Evolutionary comparisons predict that dimerization of human 
cytochrome P450 aromatase increases its enzymic activity and efficiency, J Steroid Biochem. Mol. Biol. 
(2015), in press. 
 
New semiconducting charge transfer materials for novel applications  
(with Prof. Alan Bond) 
Novel semiconductors can be prepared from combinations of redox cations and anions with accessible 

redox states, e.g. tetrathiafulvalene (TTF) and 7,7,8,8-
tetracyanoquinodimethane (TCNQ). In this example, the 
product has metal-like conductivity, although the cation/anion 
are both organic. We have developed an electrosynthetic 
approach to the preparation of these materials with metal and 
non-metal cations. One novel example, is the amino acid 
cation, proline that forms charge-transfer complexes with the 
TCNQ monoanion. We have prepared the first amino acid 
TCNQ complex and as seen in the X-ray crystal structure of 
this biomaterial it has a sophisticated three dimensional H-
bonding structure in which the semiconducting properties arise 
from the -stacking of the TCNQ units. This project offers the 
chance to explore other biomolecular derivatives with TCNQ 
([cation][TCNQ]) and also TTF derived materials with novel 
anions, such as photoactive polyoxometalates. The new 

charge-transfer materials provide an opportunity to explore physicochemical properties and their potential 
applications. This project offers enormous scope and the chance to develop skills in electroanalytical 
methods, microscopy and X-ray crystallography  
Qu, et al., (Pro2H

+)2(TCNQ.-)2·TCNQ: an Amino Acid Derived Semiconductor, Angew. Chem. Int. Ed., 
(2011) 50, 1-5. 
  

 
Protein electrochemistry on CNTs. 

X‐ray  crystal  structure  of  a  semi‐
conducting  charge  transfer  material 
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Emeritus Professor Keith S. Murray  
Room No. 171S, Building 23, Tel: 9905 4512, email: keith,murray@.monash.edu 
 
This document will give you an idea of the type of research we are undertaking within my group.  
If you have any further queries, please do not hesitate to contact me (details above).  More 
information on my research can be seen at: 
http://monash.edu/science/about/schools/chemistry/staff/murray.html 
 
Synthesis and Magnetostructural Investigations of Mononuclear and Polynuclear 
Spin Crossover Compounds of Iron and Cobalt 
(Co-Supervisor: Dr. Stuart Batten) 
 
Spin crossover centres are a well-known form of an inorganic electronic switch, for which a 
variation of temperature, pressure or light irradiation leads to a change in d-electron configuration 
(high-spin to low-spin) often accompanied by a change in structure, colour and magnetism. The 
project involves synthesis, structure (including the synchrotron) and magnetic measurements. 
Future applications of such materials are in “switchtronic” materials. A typical recent paper is one 
by Dr Wasinee Phonsri who is a post-doc in our group; it involves Fe(III) complexes with large 
‘steps’ in the spin transition. D.J. Harding et al. Dalton Trans. 2015, 44, 15079 (see Figure below). 

 
 
Synthesis, crystal structures and physical properties of ‘spin-coupled’ Mn, Fe and 
M-Ln ‘metallosupramolecular’ cluster compounds  
(Co-Supervisor: Dr. Stuart Batten)     
 
This project involves the synthesis, structures and properties of new, large clusters of Mn, and of 
f-block-only or mixed d-block/lanthanide combinations, that display “quantum effects” (single 
molecule magnets, SMMs); with possible future uses in “spintronics”/molecular computers). 
Work by Dr Stuart Langley’s (recent Post doc fellow) and K.R. Vignesh (IITB Mumbai-Monash 
PhD) has revealed excellent SMM features in mixed {Mn2Ln2} clusters. [Figure Mn – pink; Gd – 
green; La – orange] 
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Dr Andy Ohlin 
Room No. 119 Building 19, Tel: 9905 1403, email: andy.ohlin@.monash.edu 

Aqueous geochemistry and reaction dynamics of inorganic clusters 
Geological processes happen on geological time scales. As a consquence the use of simulation and 
modeling is often necessary to predict the behavior of e.g. minerals under specific conditions. 
However, these predictions will only be reliable if the quality of our models is sufficient. Because 
such models are used to predict everything from what happens when uranium waste is stored for 
millenia to how groundwater wells will be affected by industrial spills, it is a topic of more than 
just theoretical importance. 
 

 
Our research explores the interfaces between solids, solutions, molecules and gases 

 
Minerals are mainly extended metal oxide structures, which makes them difficult to study. On the 
other hand, discrete metal oxide clusters, such as polyoxometalates, can serve as models. Because 
they are discrete and well-defined structurally, the behavior of a cluster can be resolved to a much 
higher level of detail, allowing us to finally understand how minerals react on a molecular level. In 
addition, many of the metal oxide materials we study are known to be active catalysts in 
environmentally important reactions such as water splitting and carbon dioxide activation, and 
some are known to be bio-active, including having anti-viral properties. 

In our group we can offer projects involving synthesis of new clusters, investigation of catalytic 
properties and/or the study of reaction dynamics using heteronuclear NMR methods. 

If this interests you, please contact me (see above for details) or visit  
http://monash.edu/science/about/schools/chemistry/staff/ohlin/index.html and 
http://users.monash.edu/~andyo/ 
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Professor Tina Overton 
Room No. 135A, Building 19, Tel: 9902 9281, email: tina.overton@monash.edu 
 
This document will give you an idea of the type of research we are undertaking within the 
Chemistry Education Research Group.  If you have any further queries, please do not hesitate 
to contact me (details above).   

More information on my research can be seen at:  
http://www.monash.edu/science/schools/chemistry/our-people/staff/professor-tina-overton 
 
In the Chemistry Education Research Group we are interested in investigating how 
undergraduates learn chemistry, how we can help them achieve the best outcomes possible and 
how we can inculcate skills that will help make them eminently employable. We are engaged in a 
range of projects, some examples of which are given below, but projects can be tailored to meet 
the interests of individual students. You might like to consider a project with us if you are 
interested in expanding your skills and your horizons or interested in education at any level, but 
particularly in universities. The research skills that you will develop will be useful inside or 
outside of science employment. 
 
A creative guide to creative problem solving 
There is much research evidence that problem solvers can be described as either ‘experts’ or 
‘novices’. We are interested particularly in how undergraduate chemists solve complex or open-
ended problems and we have identified some features of expert and novice problem solving. Can 
we help ‘novice’ problems solvers to become ‘expert’ by designing interventions and ‘training’? 
Do individuals solve problems differently form groups and what can we learn from them?  
 
Attitudes to learning science: Do they matter?  
There has been much research on attitudes to science and of learning science. We aim to bring 
these together to develop a tool to probe chemistry students’ attitudes and beliefs about learning 
chemistry and to see whether this has an impact on their performance or on their career 
aspirations. The project involves designing and assembling questionnaires and tools and 
administering it to chemistry undergraduates in Monash, and at other institutions. Analysis will 
look for correlations with attitudes to careers and performance in the subject.  
 
Employable Monash graduates 
What skills and qualities do new science graduates need to success in the workplace? Who is best 
placed to identify those skills, employers of the new graduates themselves. What can Monash 
learn about graduate employability from talking to employers and recent graduates and how can 
we embed business awareness and personal skills into an already crowded curriculum?  
 
Using laboratory experiences to prepare undergraduates for industry 
Traditional undergraduate laboratory experiences lead students through recipe-like activities 
which have little opportunity for investigative or creative outcomes. University laboratory 
experiences seldom mimic the contexts found in industry where scientists work on complex 
problems which need speedy solutions whilst considering drivers such as economics, safety, 
manpower, logistics and environment. Can we reimagine undergraduate laboratories in chemistry 
to deliver a meaningful curriculum in which students tackle authentic and interesting industry- 
based investigations, thus motivating them to learn and prepare them for the word of work?  
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Dr Ekaterina (Katya) Pas 
Room No. 126, Building 23, Tel: 9905 8639, email: katya.pas@.monash.edu 
 
This document will give you an idea of the type of research we are undertaking within my group, 
Monash Research Computational Chemistry Group.  If you have any further queries, please do not 
hesitate to contact me (details above).   

More information on my research & other potential projects can be seen at: 
https://vera125.its.monash.edu.au/cms/about/ 

Studying radical reactions in ionic liquids (with Prof. Michelle Coote, ANU) 
Ionic materials consisting entirely of ions have been branded “designer” solvents of the future due 
to tunable nature of their properties. Our collaborator Prof. Coote has shown (Nature Chem. 2013, 
5, 474 & J. Am. Chem. Soc., 2013, 135, 15392) the electrostatic field can stabilize radicals. In our 
group we have been designing ionic liquids that can stabilize radical species that are unstable in 
organic solvents, thus opening up a wide opportunity for radical-driven chemical reactions in ionic 
liquids. In this project you will design ionic liquids that may stabilize aryl and nitroxide radicals. 
You will also predict activation energies of chemical reactions involving these radicals. You will 
also be able to test your predictions in the lab.  

Development of new force fields for predicting properties of ionic liquids (with Prof. 
Ed Maginn, University of Notre-Dame, USA) 

In our recent work (Phys. Chem. Chem. Phys. 2014, 16, 7209) we 
showed that despite ionic nature of ionic materials dispersion 
interactions were extremely important in governing their 
thermodynamic and transport properties. The current strategy for 
predicting properties of ionic liquids lies in utilising classical force 
fields in combination with the molecular dynamics (MD) approach. 
Currently available force fields for ionic liquids lack predictive 
power mainly due to inaccurate description of dispersive forces. In 
this project you will develop reliable force field(s) by modifying the 
well accepted Lennard-Jones potential to reproduce dispersion 
interactions in ionic liquids obtained with our newly developed 
method (J. Chem. Theory Comput., 2014, 10, 3111 & 2015, 11, 
3610).  These new force field(s) will then be tested in real-time MD 
simulations. 

Application of newly developed SCS-types methods for studying interactions in 
biological systems (with Dr Craig Morton, St Vincent’s Institute of Medical Research) 
Our group have recently developed a series of computational chemistry methods for robust and 
accurate calculations of intermolecular interactions in peptides and proteins such as - stacking 
between aromatic rings, Watson and Crick hydrogen bonding. In this project you will apply these 
methods to studying energetics in real biological systems and contrast predicted results with 
topological approaches such as “Molecular Docking” that are currently used for the drug design. 
You will explore relationship between the molecular shape of the drug and the predicted strength 
of intermolecular interactions between the drug and targeted enzyme paving the way towards a 
robust computer-aided drug design. 
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Associate Professor Tony Patti 
Room No G01 17 Rainforest Walk (S6 Foyer), Tel: 99051620, email: tony.patti@monash.edu 
 
1. Lignocellulose Biomass Projects   
Various project options are available involving the examination of selected biomass waste streams 
(e.g coffee grounds) to evaluate their potential for producing valuable chemical feedstock 
compounds, organic fertilisers and soil additives. Extraction with various solvents types and 
chemical reactivity of different isolated fractions will be investigated. Previous studies, resulted in 
different product outcomes, based on reaction conditions and substrates used. e.g 5-
hydroxymethyl furfural and levulinic acid derivatives can be produced from carbohydrate 
fractions..    

                                     
                                 Levulinic Acid                                       5- hydroxymethyl furfural                                                        
Lignin Depolymerisation (see entry under Dr Kei Saito) 
Lignin, a stable and insoluble polymer, composes 30 % of wood tissue and is a significant 
component in many plants.. This project will investigate the depolymerization of lignin derived 
from biomass, leading to potential useful building blocks for biodegradable polymers. 

 
Soil Organic Matter, Soil Carbon Sequestration, Organic-based Fertilisers and Soil Fertility 
(with Prof Roy Jackson and Dr Vanessa Wong) 
Understanding the role and dynamics of soil organic matter (SOM) in soils is critically important 
in maintaining soil fertility, water retention and nutrient cycling. SOM plays an important function 
in the long-term sequestration of carbon. This area of investigation allows a number of projects to 
be undertaken, including an evaluation of soil amendments on soil physicochemical and biological 
properties; fertilizer potential of nutrient enriched biomass waste streams; chemical composition 
of litter inputs in forested areas and its decomposition/transformations in soil.  
 
Catalytic Wet Air Oxidation (CWAO) (with Prof Leone Spiccia) 
The development of benign, versatile catalysts that can be used for both selective oxidations 
and/or capable of decomposing organic contaminants is needed for various applications. Catalysts 
comprising of manganese and cerium oxides mixtures show both redox and photocatalytic 
activity. This project will explore the applications of  MnCeOx catalysts in selective oxidations 
such as that shown below. 
 

                                       
 
Novel biocompatible choline-based ionic liquids and their clay nanocomposites 
Quaternary ammonium systems based on the cholinium cation are extremely useful with many 
practical applications (eg disinfectants, surfactants, antistatic agents). This project seeks to 
examine the properties of a series of choline-like quaternary ammonium salts based of 
ethanolamine derivatives of the type [R3-nN(CH2CH2OH)n]

+ X- and their ability to form clay 
nanocomposites for controlled release applications.  
  

 

97% yield 



2016	Honours	Projects	 Page	27	
 

Professor Patrick Perlmutter 
Room No. 155S, Building 23, Tel: 9905 4522, email: patrick.perlmutter@monash.edu 

Our group’s research interests cover a wide range of disciplines all involving the design, synthesis 
and evaluation of smart molecules. Programs include total synthesis, synthetic method 
development, chemical biology, medicinal chemistry and new technologies.  More information on 
our research can be seen at: www.chem.monash.edu.au/staff/perlmutter/index.html.  We have 
active collaborations with many groups locally in Medicine, Engineering and Science at Monash, 
LaTrobe Univ. (as well as interstate (ANSTO) and overseas (Univ. of Oxford, UC San Diego, 
Univ. of Hyderabad, Shanghai Institute of Organic Chemistry and South East University in 
Nanjing China). 
 

Project Our group is very heavily focused on designing, synthesizing and evaluating new 
molecules.  Shown below is a selection of targets which are on-going in our group.  If any of these 
interests you please make a time to meet with me and we can discuss the project in more detail.  
Aside from synthesizing target molecules, we develop new chemistry as part of the synthetic 
design.   
 

 
  

In addition we have programs in areas as diverse as asymmetric catalysis (collaboration with 
groups in China), new chemical reactor technology (based on Surface Acoustic Waves – 
collaboration with RMIT University). new polymer chemistry (in collaboration with a local 
company) and self-assembling fibres and gels (see image below). 

 

 
  

!
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Professor Andrea Robinson 
Room No. 114C, Building 19, Tel: 9905 4553, email: andrea.robinson@monash.edu, 
http://andrearobinsongroup.com 
 

This document will give you an idea of the type of research we are undertaking within my group. If you 
have any further queries, please do not hesitate to contact me (details above). 

Catalysis 
 

Our group has a long standing interest in catalysis, particularly when it is applied to asymmetric 
synthesis, natural products and peptidomimetics. We are currently interested in the synthesis of 
new ligands and catalysts, developing efficient tandem catalytic processes for organic 
transformations and industrial feedstocks, solid supported catalysts and the application of 
catalysis to bioactive targets and natural products. The development of new catalysts to perform 
catalysis in water are of particular interest. Recent targets are shown below (a) with associated 
synthetic strategy (b). 

  
 

Cyclic peptides 

 
Nature uses cyclisation to protect peptide backbones from proteolytic cleavage. Unstable cystine 
bridges can be replaced with non-proteinaceous dicarba linkages. Using tandem catalytic 
sequences and specially designed non-proteinaceous amino acids, we have developed a way to 
control the formation of multiple dicarba-bridges. We have several projects examining the 
preparation of carbocyclic derivatives of naturally occurring cystine containing molecules, 
including biologically active peptide neurotoxins, cyclotides and somatostatin derivatives. 
Structural characterisation of new peptidomimetics is performed in collaboration with Prof Ray 
Norton (Monash Parkville) and biological testing is performed by an established biological team 
including Dr Sof Andrikopoulos (U of Melb) and Dr Briony Forbes (Flinders). 
 

Surface coatings from renewable resources  
Metathesis of highly viscous alkenes and alkynes is challenging due to slow diffusion of the 
catalyst through the medium. The products, however, are commercially valuable (e.g. surface 
coatings) and the starting monomers can be acquired from renewable plant sources. This project 
will examine the design and synthesis of new lipophilic catalysts and living catalyst systems to 
aid resin penetration.  
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Dr Kei Saito 
Room No. 213, Building 23, Tel: 9905 4600, email: Kei.Saito@monash.edu 

Green Materials 

Green chemistry is an academic field in chemistry that is concerned with the design of safe processes and 
products. Our projects will focus on developing new synthesis and production methods for novel 
sustainable/environment benign materials based on the principles of green chemistry by understanding 
naturally occurring mechanisms that can be extrapolated to synthetic systems using polymer, 
supramolecular, catalyst, and nano chemistry. If you have any further queries, please do not hesitate to 
contact me (details above).  More information on my research can be seen at: 

http://monash.edu/science/about/schools/chemistry/staff/saito/ 
 
Self-healing Polymers (Co-Supervisor: Prof. George Simon, Material Engineering) 
    Our group is working on creating smart 
polymeric materials for coatings, films, 
adhesives that have the ability to repair damage.  
We will investigate thermal and photo self-
healing epoxy and acrylic resin using several 
cross-linkers with reversible units. This project 
will involve aspect of organic synthesis, 
polymer synthesis and polymer characterization techniques. 
 
Developing a Novel Polymer Recycling System 

Reversible polymers are polymers in which bonds can be easily 
broken. Most conventional polymers are structurally irreversible 
because their monomer units are connected by strong covalent 
bonds. Reversible polymers have a reversible bond within their 
structure that can be formed from the monomer units and cleaved 
back to the monomer units by heat or light. Such novel polymers 
are of interest because of their potential applications as recyclable 
environmentally benign materials, photo-resists, and biomedical 
materials.  This project will investigate novel polymerization methods and also a novel polymer recycling 
method using the principles of green chemistry.  
 
Lignin Degradation and its Biomass Application (Co-
Supervisors: Assoc. Prof. Tony Patti) 

Lignin, which composes 30 % of wood tissue, is produced by the 
oxidative polymerization of phenol derivatives catalyzed by laccase, an 
enzyme in nature. Lignin is known as a stable and insoluble polymer 
and the disposal and recycle of lignin has been a big resolved issue for 
industries. This project will focus on lignin degradation and fine 
chemical production from lignin. 
 
Ionic Liquid Polymer Syntheses (Co-Supervisors: Dr. Jie 
Zhang) 

Ionic liquids (ILs) are generally defined as organic/inorganic salts with a melting point lower than 
100 °C which present a good chemical and electrochemical stability, low flammability, negligible vapour 
pressure and high ionic conductivity. Although originally, most of the research and industrial activities 
related to ILs were associated to their applications in green chemistry. Combining ILs with polymer 
electrolytes offers the prospect of new applications e.g. in batteries and fuel cells, where they surpass the 
performance of conventional media such as organic solvents (in batteries) or water (in polymer electrolyte 
membrane fuel cells), giving advantages in terms of improved safety and a higher operating temperature 
range. We will focus on developing and synthesizing IL polymers and applying those as electrode. 
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Professor Leone Spiccia 
Room No.133C, Building 23, Tel: 9905 4626, email:  leone.spiccia@monash.edu 
Some of the research we are undertaking in my group is described below. If you have any queries, 
please contact me (details above).  More information can be found at:  

http://monash.edu/science/about/schools/chemistry/staff/spiccia/ 
Renewable Energy Projects 
Growing concerns about the impact of climate change and diminishing reserves of some fossil 
fuels are driving a push to develop renewable energy sources. Our projects focus on the 
conversion of solar energy into either electricity or fuels.  

Dye sensitised solar cells (DSCs). DSCs are viable alternatives to ‘classical’ photovoltaics which 
have a nanostructured oxide semiconductor film, coated with a photoactive dye, and an electrolyte 
containing a redox couple as key components. We are applying new non-toxic redox couples in an 
effort to improve the efficiency and stability of DSCs (Nature Chem., 2011, 3, 211; Angew. 
Chem., 2015, 54, 3758). Projects are available in Transition metal complexes as novel DSC redox 
mediators; and Metal iodide-based perovskite solar cells. These new devices have taken the 
renewable energy field by storm, rapidly reaching efficiencies of 20%, and the Monash renewable 
energy group has been at the forefront of international developments in this field (Angew. Chem, 
2014, 53, 9898). 

Solar Hydrogen. We are interested in 
devices that utilize sunlight to produce 
hydrogen through the splitting of water 
into hydrogen fuel and oxygen (a by-
product). For example, by combining a 
highly active catalyst with a light 
absorbing dyes devices can be created 
(Figure) which uses only sunlight to 
oxidize water (JACS, 2010, 132, 
2892). Honours projects are available which seek to develop efficient water splitting and CO2 
reduction catalysts, and to integrate them into full devices. In addition, we would like to examine 
the biogenic manganese oxides formed by various bacteria as potential water oxidation catalysts.   

Biological Inorganic Chemistry (Collaboration Drs B. Graham, MIPS, and H. Stephan, 
Helmholtz Centre Dresden-Rossendorf) 
Nanomaterials combining photoactive molecules with radioactive metal complexes and/or MRI 
contrast agents offers tremendous opportunities for the developing of effective diagnostics and 
therapeutic agents (Adv. Mater., 2011, 23, H18-H40). We are developing nanoparticles capable of 
the multimodal imaging of cancer via a combination of positron emission tomography (PET), 
magnetic resonance imaging (MRI) and fluorescence imaging. Projects are available which aim to: 
prepare magnetic iron oxide or light up-converting nanoparticles and to decorate them with 
molecules facilitating their entry through the porous vascular 
structure of cancer cells, and macrocyclic ligands allowing the 
introduction of a radioisotope (e.g., 64Cu) and/or photoactive 
complexes for fluorescence imaging (see Figure, JACS, 
2012, 134, 20376). And explore the membrane permeability of 
new biomolecules and nanomaterials, an important 
consideration when developing new pharmaceuticals 
(collaboration with A/Prof LL Martin).  
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Dr Andreas Stasch 
Room No. 252, Building 23, Tel: 9905 5442, email: Andreas.Stasch@.monash.edu 
 
With our research topics in molecular inorganic and organometallic chemistry, we aim to discover 
fundamentally new compound classes including those with elements in rare oxidation states, 
unusually bonded fragments and rare metal hydride species. These generally show novel 
structures, have unseen properties and as a consequence often show a unique reactivity. 

Main group chemistry with iminophosphorane and phosphinoamide ligands 
The development of new ligands for the access to novel, unusual complexes plays a pivotal role in 
discovering new functionalities and reactivity. Very recently, we have prepared new 
diiminophosphinate ligands that typically form very stable and sterically demanding complexes 
and allowed us to synthesize novel metal(I) dimer complexes, see picture. In this project you will 
design and synthesize a range of iminophosphorane (PV) and phosphinoamide (PIII) ligands and 
study their chemistry with a range of main group elements. The products are typically well 
crystallizing and generally allow easy separation and structural 
characterization. The central P atom enables facile study by 
31P NMR spectroscopy. Your project includes the synthesis of 
new compounds with elements in unusual oxidation states and 
rare molecular fragments, and to study their further reactivity 
towards a range of organic and inorganic molecules. 

Synthesis, structure and reactivity of molecular group 1 metal hydride complexes 
The ionic hydrides of the alkali metals, LiH, NaH, KH etc., are widely used laboratory reagents, 
but they are insoluble due to their high lattice energies and as a consequence have a relatively low 
reactivity. Soluble, well-defined metal hydride complexes of the alkali metals are very rare despite 
their potential importance for synthesis, catalysis and hydrogen storage. Recently, we have 
presented a convenient route to well-defined and hydrocarbon-soluble LiH clusters, e.g. see the 
picture for a (LiH)4-type complex, prepared via 
organometallic synthesis. The presented complexes undergo 
hydrolithiations and other reactions with organic substrates. 
The goal of this project is to stabilize new types of soluble 
group 1 metal hydride complexes, possibly yet unknown 
molecular KH complexes, investigate their properties and 
reactivity, including the study of catalytic systems. 

Reactivity studies of dimeric magnesium(I) compounds and related magnesium(II) 
hydride complexes (with Prof. Cameron Jones) 
We have previously prepared the first stable magnesium(I) compounds with the general formula LMgMgL, 
see picture left. These easy to synthesize, ‘bottleable’ and hydrocarbon-soluble reduced magnesium 
complexes can act as very selective reductants for organic and inorganic substrates. We have also studied 
closely related magnesium(II) hydride complexes (right) 
that are capable of Mg-H addition to many substrates. 
Both compound classes previously showed highly 
unexpected reactivity. In your project you will study the 
comparative reactivity of both dimeric magnesium(I) 
compounds and related magnesium(II) hydride complexes 
towards a range of organic, organometallic and inorganic substrates (incl. small molecules and gases), and 
will develop new stoichiometric and catalytic reactions. 
The project titles are only possible examples; please come in for a chat to discuss your interests. 
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Dr Chenghua Sun 
Room No. 253, Building 23, Tel: 9905 9916, email:chenghua.sun@monash.edu 
 
This document will give you an idea of the type of research we are undertaking within my group.  
If you have any further queries, please do not hesitate to contact me (details above).   

More information on my research can be seen at: 
http://monash.edu/science/about/schools/chemistry/staff/chenghua-sun.html 

Computer-Aided Catalysts Design for Clean Energy 
We aim to design high performance catalysts for energy conversion and storage, including solar 
fuels, fuel cells, lithium batteries and hydrogen storage. Different from traditional catalyst design, 
our design is guided by extensive computational calculations, particularly working on the 
following projects: 
 
Catalysts for CO2 capture and conversion 
This project aims to search novel catalysts to adsorb and convert CO2 to hydrocarbons as usable 
fuel. The basic idea is to learn from nature – green plants and algae can convert CO2 to 
hydrocarbons through photosynthesis. Through computational calculations, we will investigate 
how plants and algae work and further design new catalysts. 
 
Catalysts for hydrogen production 
This project aims to search novel catalysts to split water as oxygen (O2) and hydrogen (H2). Both 
O2 evolution and H2 evolution will be studied, and hundreds of candidates will be examined again 
established criteria by computational screening, with new catalysts identified and recommended 
for lab synthesis and tests. 
 
Catalysts for better fuel cells 
Developing low-cost and highly stable catalysts for fuel cells is of great importance. This project 
aims to design new catalysts for H2 and methanol fuel cells based on computational searching. We 
are particularly interested in bio-inspired catalysts and low-dimensional structures with well-
defined surface chemistry. 
 
 

      
 
Learn from Nature. Starting from hydrogenases, novel catalysts can be designed on carbon 
nanotubes for the production of hydrogen. Computational calculations can help us for this.  
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Dr Rico Tabor 
Room No. G24b, Building 23, Tel: 9905 4558, email: rico.tabor@.monash.edu 
 
This document will give you an idea of the type of research we are undertaking within my group.  
If you have any further queries, please do not hesitate to contact me (details above).   

More information on my research and recent publications can be seen at: www.ricotabor.com  

The chemistry of functional colloids, smart surfaces and nanomaterials 

We are researching a range of topics in fundamental and applied colloid chemistry, including: 
- Responsive materials that change their properties due to an internal or external stimulus 

such as pH, light or magnetic/electric fields. 
- Novel optical techniques for exploring gel formation, nano-scale liquid films and 

functional surfaces.  
- Nanomaterials for functional colloids – controlled surface chemistry, sensing substrates, 

capsules, liquid crystals, etc. 

Some examples of possible projects are provided below. Projects can involve synthesis, analysis, 
visits to large-scale facilities including the Australian Synchrotron and OPAL reactor, Lucas 
Heights, NSW. To find out more specific information, please get in contact. 

Smart fluids for energy – Emulsions that can be controlled by 
external and internal stimuli such as electric fields, heat, 
pressure and pH are big business in energy and resources 
industries – oil, gas, mining, etc. You will develop new 
materials that have properties tailored to specific stimuli, using 
surfactants and polymers that can respond to their environment. 
These will help make more efficient processes for recovering 
energy resources in an environmentally conscious way. 

 Stabilising interfaces with unusual nanoparticles (with Dr Alison Funston) – Recent advances 
in nanoparticle synthesis have resulted in a remarkable range of 
geometries in materials as noble as gold or as ubiquitous as silver. 
Rods, cubes, plates, triangles and prisms of all kinds are now 
possible, each with unique assembly properties. You will make these 
particles and explore how they orient and arrange at interfaces, to 
make new photonic surfaces and 3D materials. 

The impact of CO2 on water behaviour (with A/Prof Perran Cook& 
A/Prof Mike Grace)  – We are hyperaware of the effects of CO2 as an 
atmospheric gas and its acidifying properties as a solute in the ocean. 
However, CO2 and the complex carbonic acid equilibria that result also 
have fascinating effects on the stability of bubbles and droplets. This 
impacts the behaviour of the oceans and the generation of atmospheric 
aerosol in unknown ways. Make a fundamental contribution to this field. 

Making new graphenes (with Dr Brendan Wilkinson) – The unique 
properties of graphene make it appealing for many applications in materials, 
electronics, sensing, etc. However, by covalently functionalising graphene 
sheets with chemical groups, new materials can be made for biomaterials, 
coatings and devices. You will synthesise totally new graphenes for targeted 
applications in surface functionalization for defence and medical application. 
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Professor San Thang 
Room No. 261, New Horizons Building. Tel: 9545 2490; Email: san.thang@monash.edu 

More information can be obtained by contacting me (details above) or through my web page 
http://www.monash.edu/science/schools/chemistry/our-people/staff/professor-san-thang  
Our research group is interested in advancing certain aspects of the Reversible Addition-
Fragmentation Chain Transfer (RAFT) polymerization, a process discovered by CSIRO scientists 
(Moad, Rizzardo and Thang) in 1998, which has the potential to become the method par 
excellence with its versatility, effectiveness and industrial friendliness for producing a wide range 
of specialty polymers of well-defined architectures. Ref: Macromolecules, 1998, 31, 5559-5562. 
Reversible Addition-Fragmentation Chain Transfer (RAFT) Process 

 
The following projects offer an exceptional opportunity to undertake a 
fundamental study on RAFT process, organic and polymer chemistry, molecular biology and 
microscopy.  

Functional Bio-inspired RAFT-derived polymeric micelles 
or colloids for targeting and tracking (with Dr T. Bell & Dr R. 
Tabor Chemistry; Dr T. Hinton, CSIRO Health & Biosecurity)In 
this project, we will explore the use of synthetic RAFT-derived 

functional bio-inspired nanomaterials (polymeric micelles or colloids) as novel and ideal carriers 
to immobilise and effectively deliver payloads to the cytoplasm of particular targeted cells while 
enabling the retention of biological activity of these biomolecules and gain a detailed 
understanding of the transport of these therapeutics carriers throughout the entire endocytosis 
process using imaging techniques.  

RAFT polymerization using universal (switchable) RAFT agents in room temperature ionic 
liquids 

The universal (switchable) RAFT agents recently developed by Moad, Rizzardo and Thang have 
allowed the synthesis of block copolymers by RAFT from two distinctive types of monomers, 
namely, more-activated monomers and less-activated monomers become possible and materialized 
In this project, the student will unveil the unexpected outcomes or benefits of utilizing ionic 
liquids (green solvents) during RAFT polymerization of some polar monomers. 
 
Block and star shaped RAFT copolymers: High throughput synthesis and multidimensional 
chromatographic analysis (with Dr G. Moad & Dr C. Guerrero-Sanchez, CSIRO Manufacturing) 
Block and star copolymers are conveniently produced by RAFT polymerizations and have found 
widespread application in biomedical (Biomaterials, 2012, 33, 7631-7642; Nanomedicine, 2014, 
9, 1141-1154), electronics and nanotechnology fields.  High throughput methods allow the facile 
synthesis of libraries of unique structures to probe biological and other activities.  However, 
establishing the purity and composition of these materials remains a challenge.  

Design, Synthesis and Characterization of Novel RAFT Agents (with Dr G. Moad & Dr E. 
Rizzardo CSIRO Manufacturing; Prof A. Robinson & Dr B. Wilkinson, Chemistry) One of the big 
challenges in RAFT polymerization is the design of RAFT agents which possess broad 
applicability and desired functionality and can be prepared by an economical viable synthesis. In 
this project, the student will explore the activity of existing and novel RAFT agents in polymer 
synthesis. Macromolecules, 2012, 45, 5321-5342; Macromolecules, 2013, 46, 9181-9188  
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Dr Chris Thompson 
Room No. 135B, Building 19, Tel: 9905 9362, email: chris.thompson@monash.edu 

This document will give you an idea of the type of research we are undertaking within my group. 
If you have any further queries, please do not hesitate to contact me (details above).   

More information on my research can be seen at: 
http://monash.edu/science/about/schools/chemistry/staff/.html 

In the Chemistry Education Research Group we are interested in investigating how 
undergraduates learn chemistry, how we can help them achieve the best outcomes possible and 
how we can inculcate skills that will help make them eminently employable. We are engaged in a 
range of projects, some examples of which are given below, but projects can be tailored to meet 
the interests of individual students. You might like to consider a project with us if you are 
interested in expanding your skills and your horizons and interested in education at any level, but 
particularly in universities. 

Project Areas include: 

Student Perspectives of Atoms and Molecules 

This project will explore undergraduate chemistry students’ ability to visualise atoms and 
molecules at the submicro scale, and they capacity to represent this imagined reality. Educators 
often take for granted that the pictures in the minds of students’ is consistent with theirs, however 
research shows this is routinely not the case. This project will specifically explore students’ 
perceptions, and their ability to describe their hands-on experiments by representing the same 
chemistry at the submicro scale on paper. 

Employable Monash graduates 

What skills and qualities do new science graduates need to success in the workplace? Who is best 
placed to identify those skills, employers of the new graduates themselves. What can Monash 
learn about graduate employability from talking to employers and recent graduates and how can 
we embed business awareness and personal skills into an already crowded curriculum?  

Using laboratory experiences to prepare undergraduates for industry 

Traditional undergraduate laboratory experiences lead students through recipe-like activities 
which have little opportunity for investigative or creative outcomes. University laboratory 
experiences seldom mimic the contexts found in industry where scientists work on complex 
problems which need speedy solutions whilst considering drivers such as economics, safety, 
manpower, logistics and environment. Can we reimagine undergraduate laboratories in chemistry 
to deliver a meaningful curriculum in which students tackle authentic and interesting industry- 
based investigations, thus motivating them to learn and prepare them for the word of work?  

The effectiveness of inquiry-oriented learning in undergraduate science – perceptions versus 
reality (co-supervisor Dr Gerry Rayner, School of Biological Sciences) 

Inquiry-oriented learning (IOL) involves students in the design, framing of hypotheses, and the 
analysis, interpretation and presentation of experimental data. Alongside problem solving and 
critical thinking, inquiry provides a strong nexus between teaching and research. Despite a wealth 
of research, the student perspective has been largely overlooked, particularly for large enrolment, 
first year biology and chemistry units. This project will involve evaluation of IOL-type activities, 
and gathering of student perspectives for these activities compared to traditional recipe-type 
practicals.  
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Dr Kellie Tuck 
Room No. 250S, Building 23, Tel: 9905 4510, email: kellie.tuck@.monash.edu 
 
This document will give you an idea of the type of research we are undertaking within my group.  
If you have any further queries, please do not hesitate to contact me (details above).   

More information on my research can be seen at: 
http://monash.edu/science/about/schools/chemistry/staff/tuck/ 

and http://www.kellietuckgroup.com/ 

Environmental and Biological Sensors (in collaboration with Assoc. Prof. Mike Grace 
(Chemistry) and Dr Bim Graham (MIPS)) 
We are interested in the design, synthesis and analysis of luminescent sensors for the detection and 
quantification of analytes in environmental and biological samples. A particularly attractive and 
exciting feature of our sensors is the ability to carry out measurements where a short delay is 
introduced between excitation and detection of the emitted luminescence. This enables avoidance 
of initial short-lived background fluorescence and hence the luminescent signal depends only on 
the concentration of the probe and the target analyte. Figure 1 shows the ‘turn-on’ luminescence 
when the analyte of interest binds. Our current work is focused on developing novel zinc sensors 
however there is scope to develop sensors to detect other analytes of interest. Projects in this area 
will involve synthesis and subsequent analysis of sensors. 

 
Figure 1: Luminescent output in the A) absence of analyte. B) presence of analyte. 

Medicinal Chemistry (in collaboration with Assoc. Prof. Peter Duggan (CSIRO) and Dr 
Adam Meyer (CSIRO)) 
Our work in this area investigates the development and synthesis of small molecules that have the 
potential to be new analgesics or anti-cancer drugs. We are developing mimics of a peptide found 
in the toxin of a cone snail (Figure 2 A); projects in this area will involve the synthesis of 
analogues of known potent compounds. Figure 2 (B and C) shows some of our recent findings in 
this area. We are also investigating the synthesis of small molecules that are designed to inhibit an 
important protein/protein interaction. This protein/protein interaction stops cancer cells dying and 
compounds that inhibit this interaction are potential anti-cancer drugs; projects in this area will 
involve the synthesis of compounds designed to inhibit the protein/protein interaction.  

 
Figure 2: A) Image of the backbone of the peptide of interest. B) Testing of two synthesized compounds 
vs the peptide. C) Fraction of blocked channels when 100 μM compound is added. Compounds that 
block the Cav2.2 channel are potential analgesics. 
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Dr David Turner 
Room No. 123, Building 19, Tel: 9905 6293, email: david.turner@monash.edu 
 
This document will give you an idea of the type of research we are undertaking within my group.  
If you have any further queries, please do not hesitate to contact me (details above).   

More information on my research can be seen at: 
http://monash.edu/science/about/schools/chemistry/staff/turner.html (follow link to personal site) 

Description of Project Area(s) 
All research projects in my group are concerned with aspects of crystal engineering and 
supramolecular chemistry.  Our research primarily aims to design porous coordination polymers - 
materials that resemble nano-scale scaffolding - which will be able to selectively store, sense or 
separate small molecules.  All projects involve (i) the synthesis of organic ligands that will be able 
to bridge between metal atoms to construct the framework and which will possess additional sites 
for supramolecular interactions, (ii) synthesis of coordination polymers and/or coordination cages, 
(iii) structural characterization by X-ray crystallography (typically involving the Australian 
Synchrotron) and (iv) analysis of the physical properties of the materials for 
separation/storage/sensing where appropriate. 
Current project areas include: 

- Chiral coordination polymers for separation.  Using quite simple bis-amino acid ligands, 
we have been able to construct several coordination polymers that are able to provide 
resolution of racemic mixtures in small-scale liquid chromatographic experiments. 

- Heterotopic ligands in acentric frameworks. From a crystal engineering perspective, it is 
a challenge to create acentric or chiral frameworks using achiral precursors. We have 
adopted a strategy using low symmetry ligands to try and target such materials. 

- Amine-based materials for CO2 capture (with Stuart Batten).  By including amine groups 
within the ligands, we aim to create materials with an enhanced selectivity for carbon 
dioxide with potential application in post-combustion capture. 

- Coordination cages.  In addition to coordination polymers, we are also interested in 
forming discrete cages that are able to trap small molecules inside. 

 
Links to recent papers and more information about recent projects and results can be found on my 
website (http://users.monash.edu/~dturner). 
 
 

           
 
Left: A chiral coordination polymer used for resolution of racemates (Boer et al., Chem. Eur. J., 
2014). Right: A small cage-type complex (Hall et al., RSC Adv., 2014). 
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Dr Brendan Wilkinson 
Room No. 237, Building 23, Tel: 9905 58387, email: brendan.wilkinson@monash.edu 
 
Below is a list of potential honours projects on offer in our group for 2016. Our research is 
strongly interdisciplinary and includes organic synthesis, analytical chemistry and physical 
chemistry. If you have any further queries, please do not hesitate to contact me (details above).   

More information on my research please see: 
http://monash.edu/science/about/schools/chemistry/staff/wilkinson.html 

 
Supramolecular self-assembly and stimuli-responsive carbohydrate materials 
 
Our group works at the interface of organic synthesis, bioorganic chemistry and physical 
chemistry. We focus on supramolecular self-assembly processes in water to derive advanced, 
biocompatible materials with potential biomedical applications.   

 Stimuli-responsive carbohydrate and glycopeptide amphiphiles.  
 Dynamic covalent chemistry and molecular evolution. 
 Self-assembled glycodendrimers and their biomedical applications – drug delivery, 

vaccines, bacterial anti-adhesives.  
 

Photocontrollable Janus glycodendrimers: 
Multivalent carbohydrates are ubiquitous in nature and are 
essential mediators of biological processes including 
microbial infection, inflammation, fertilization, immune 
regulation and cancer. In this project you will synthesize 
and characterize a family of self-assembled, light-
responsive nanomaterials that mimic natural carbohydrate-

protein binding events, with a view of designing new probes and therapies for bacterial infection 
and cancer.  

Self-assembled glycopeptide antifreeze agents 
(with Prof. Robert Ben, Ottawa): Antifreeze 
glycoproteins (AFGPs) are naturally occurring, 
biocompatible materials that have attracted considerable 
interest in the food and biomedical industries, for example 
as anti-spoiling agents and tissue cryoprotectants. You will 
synthesize and characterize a completely new class of 
synthetic AFGP that self-assemble in water to mimic the 
secondary structure of naturally occurring AFPGs. This 
will enable access to new, synthetically accessible and stimuli-responsive cryoprotectants.   

Dynamic carbohydrate surfactants (with Dr Rico Tabor): 
Carbohydrate-based surfactants (CBS) have found widespread 
industrial use and are readily obtained from renewable 
resources. In this project, you will develop a new strategy for the 
high-throughput synthesis and screening of a family of light-
controllable CBS in water. This project will establish important 

structure-function relationships and a new synthetic tool for the discovery of responsive, 
biocompatible soft matter with potential biomedical and technological applications.  

  

UV

Vis
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Associate Professor Bayden Wood 
Room No. G24A, Building 19, Tel: 9905 5721, email: bayden.wood@.monash.edu 
 
Biospectrosocpy, an emerging field within the spectrosocpic exmainatiuon of living tissue or body 
fluids, combines information from physical sciences with advanced computational analysis in 
order to shed new light on biological processes. This field is at the cutting edge of chemistry and 
biology research, continulaly developing knowledge about the structure and activity of biological 
molecules. Cruscially biospectroscopy has the potential to revolutionise clinical diagnostic 
processes, fulfilling the constant demand for new technologies that can identify diseases to a high 
level of objectivity, sesnitivity and specificity.  
 
Operating in this context, the Centre for Bioepctroscopy, located in the School of Chemistry, has 
flourished over the course of the past decade. With its broad range of state-of-the-art equipment, 
strong roster of multidiscipline staff and robust collaborations with othe rresearchers, the world 
class Centre is driving the devlopment of biophysics and biotechnology. 
 
The Centre of Biospectrosocpy, is dedicated to solving biomedical problems using vibrational 
spectrosocpic techniques including FTIR and Raman imaging spectroscopy, Attenuated Total 
Reflection spectroscopy, portable hand held Raman and FTIR spectrometers and near-fleld 
techniques including Tip Enhacend Raman Spectroscopy and nano-FTIR. We have a number of 
different research themes that broadly fall under the banner of vibrational diagnostics and 
monitoring. Specific research areas inlcude malaria diagnosis and treatment, dengue fever, cancer 
diagnsosis, sepsis diagnosis, HIV, HBV, HCV, IVF, stem cell research, heart disease, liver 
disease, phytoplankton studies, aquatic wet land studies and fundamental studies of how light 
interacts with matter. If you are interested in any of these research themes plase feel to contact me 
to discuss the specifics of the various projects. 
 

More information on my research can be seen at: http:// 
monash.edu/science/about/schools/chemistry/staff/wood/ 
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Dr Jie Zhang 
Room No. 118, Building 23, Tel: 99056289, email:jie.zhang@monash.edu 
 
This document will give you an idea of the type of research we are undertaking within my group.  
If you have any further queries, please do not hesitate to contact me (details above).   

More information on my research can be seen at: www.chem.monash.edu.au/staff/zhang 

Electrocatalytic activation of small molecules for energy applications 
 

 
 
The main focus of this project is to develop nanostructured catalysts for electrochemical activation 
of small molecules in the important processes, such as water splitting, carbon dioxide reduction 
and alcohol oxidation, for energy conversion and storage. If you are interested in this project and 
would like to know more details about it, please feel free to talk to Dr Zhang directly.  
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Dr Xinyi Zhang  
Room No. 242, Building 23, Tel: 99024619, email: xinyi.zhang@monash.edu 
 
This document will give you an idea of the type of research we are undertaking within our group.  
If you have any further queries, please do not hesitate to contact me (details above).   
 
Nanoporous hierarchical membranes for solar-driven conversion of CO2 to 
fuels (with Professor Douglas Macfarlane) 
 

 
 

 
 
 

Depletion of our fossil fuel reserves and increasing CO2 emissions from fossil fuel combustion are 
two of the most serious concerns facing humanity today. The logical solution is to use renewable 
energy (eg. solar, wind etc). We are developing advanced catalysts based on nanomaterials for solar-
driven conversion of CO2 to fuels, therefore converting a pollution problem (CO2 emissions) into a 
fuel source.   
New materials hold the key to fundamental advances in energy conversion and storage. Porous 
materials with hierarchically ordered porosity, namely, macropores in combination with mesopores, 
are of particular interest because macropores allow access to large guest molecules and an efficient 
mass transport through the porous structures is enabled while mesopores enhance the active surface 
area. The aim of the proposed project is to design and fabricate novel classes of nanoporous 
hierarchical membranes with fully controlled geometry and structure. Photoelectrochemical cells 
based on nanoporous hierarchical membranes will be developed and used for solar-driven conversion 
of carbon dioxide into liquid fuels and valuable chemicals under ambient conditions. 

 


