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Research Projects in the Boskovic "Inorganic Molecular Materials" Group - 2019 
boskovic.chemistry.unimelb.edu.au 

Molecular materials with physical properties that can be controlled by external parameters, such as 
temperature, light or magnetic field are important synthetic targets because they form the basis of 
molecular devices. The miniaturisation required by technological advances in electronics makes the 
demand for such nanoscale devices inevitable.  Research in our group is focused on the exploration of 
different families of inorganic molecules that can display functionality arising from their electronic 
structure: single-molecule magnets (SMMs), valence tautomeric (VT), spin crossover (SCO) and 
redox-switchable complexes. We are particularly interested in complexes of 3d and 4f metals 

Research in our group involves organic and inorganic synthesis, crystallisation and crystallography, 
electrochemistry, magnetic and photomagnetic studies, NMR and EPR spectroscopy and inelastic 
neutron scattering.  We collaborate widely with numerous local and international collaborators, 
including for density functional theory and ab initio calculations on our compounds. 

(1) Valence tautomerism.1,2 Valence
tautomerism involves stimulated
intramolecular electron transfer between
redox-active ligands and metals.  The
most common example is the thermally
stimulated transition between low spin
Co(III)-catecholate complexes and high
spin Co(II)-semiquinonate complexes.
Projects will involve investigation of
discrete mono- and polynuclear Co
complexes, as well as coordination polymers.

(2) Redox-activity/switchability in lanthanoid complexes.3  We are investigating complexes
of redox-active lanthanoid metals (Ce(III/IV), Eu(II/III), Yb(II/III) with redox-active ligands
towards new redox switchable and valence tautomeric systems.

(3) Lanthanoid single-molecule magnets.4
Single-molecule magnets are molecules that can
retain magnetization at low temperature, as well as
display magnetization quantum tunneling.  Projects will
focus on the investigation of how the lanthanoid(III)
coordination environment correlates with the
mechanisms of magnetisation relaxation.

(4) Inelastic neutron scattering of metal complexes.5  We use INS at ANSTO to explore exchange
interactions and lanthanoid crystal field splitting or transition metal zero-field splitting.

References 
(1) Tezgerevska, T.; Alley, K. G.; Boskovic, C. Coord. Chem. Rev. 2014, 268, 23.
(2) Drath, O.; Boskovic, C. Coord. Chem. Rev. 2018, 375, 256.
(3) Fedushkin, I. L.; Maslova, O. V.; Morozov, A. G.; Dechert, S.; Demeshko, S.; Meyer, F.

Angew. Chem. Int. Ed. Engl. 2012, 51, 10584.
(4) Rousset, E.; Piccardo, M.; Boulon, M.-E.; Gable, R.; Soncini, A.; Sorace, L.; Boskovic, C.

Chem. - A Eur. J. 2018, 24, 14768.
(5) Vonci, M.; Giansiracusa, M. J.; Gable, R. W.; Van den Heuvel, W.; Moubaraki, B.; Murray,

K. S.; Yu, D.; Mole, R. A.; Soncini, A.; Boskovic, C. Inorg. Chem. 2017, 56, 378.



Photochemistry of fluorescent two-dimensional materials 

Dr. James A. Hutchison 

In the last decade it was discovered that when a material is thinned downed to a single 

layer, its properties can change completely. The most famous example is graphene, but a 

range of other 2D materials are now of huge interest in materials chemistry. These include 

the brightly fluorescent monolayers of transition metal dichalcogenides such as tungsten 

disulfide and tungsten diselenide (WS2 and WSe2). Despite being less than a nanometre 

thick, a single monolayer of WS2 can absorb ~15% of red light (near 600 nm) and fluoresce 

with high efficiency. However, the photochemistry of these monolayers has barely been 

explored. In this project, single monolayers of WS2 will be produced by the mechanical 

exfoliation (‘Scotch-tape’) method. Then simple thiolated organic molecules will be 

adsorbed to the monolayer surface. Finally fluorescence spectroscopy will be used to 

investigate photoinduced chemistry between the WS2 and the organic molecules. These 

hybrid monolayer/organic molecule materials have potential as devices for solar energy 

conversion or as photodetectors. 

 

Skills that will be developed during the project: 

-‘Scotch-tape’ method for delamination of monolayers and transfer onto substrates 

- Deposition of molecules on top of the monolayers by spin-coating or drop-casting 

- Optical microscopy techniques: Fluorescence imaging and spectroscopy 
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Metallic nanoparticles for ultra-sensitive microRNA detection towards 

disease diagnosis 

Dr. James A. Hutchison 

When light is shone on metal nanoparticles, the light can be trapped at the metal surface 

and travel along it. As the light is ‘concentrated’ at the surface, its intensity is enhanced over 

a billion times (this phenomenon known as a ‘surface plasmon’). If a molecule is placed at 

the surface of the particle, it can undergo strongly enhanced fluorescence, photochemistry, 

and Raman scattering. In this way, one can detect trace amounts of a molecule of interest. 

In this project, films of silver nanoparticles will be synthesized by wet chemical methods and 

biomolecules of interest linked to the surface via thiol chemistry. Fluorescence and Raman 

microscopy will then be used to detect trace amounts of the biomolecules at the particle 

surface. Detection of short strands of RNA, microRNA, which are biomarkers for diseases 

such as cancer, will be targeted towards developing sensors for early diagnosis. 

 

Skills that will be developed during the project: 

- Wet chemical synthesis of metallic nanoparticle films 

- Deposition of biomolecules on top of the nanoparticle films by spin-coating or dip-coating 

- Optical microscopy (fluorescence and/or Raman imaging and spectroscopy) 

 

Reference: ‘Frequency Shift Raman-Based Sensing of Serum MicroRNAs for Early Diagnosis and 

Discrimination of Primary Liver Cancers’ Analytical Chemistry, 2018, 90, 10144. 

 

Schematic of light captured by, and 
propagating along, the surface of a silver 
nanowire towards molecular detection



Synthetic Chemistry of Peptides Assoc Prof Craig A Hutton 
 chutton@unimelb.edu.au 
 

NOVEL METHODS FOR PEPTIDE SYNTHESIS AND LIGATION  
 

We are investigating novel synthetic methods for forming amide bonds through development of a silver-
promoted coupling of thioamides and carboxylic acids. We recently employed this methodology to 
develop a novel peptide cyclization process that avoids common problems such as cyclodimerization 
and epimerization. Projects available include the synthesis of N-methyl cyclic peptides, which have 
improved drug-like properties such as increased metabolic stability and bioavailability, and the use of 
thioamides in native chemical ligation of peptides. 

 
 
Thombare. et al., Angew. Chem. Int. Ed. 2019, 58, 4998. 
Hutton et al., Chem. Eur. J. 2016, 22, 3163.  

Shang, et al., Aust. J. Chem. 2015, 68, 1854.  
Pourvali et al., Chem. Commun., 2014, 50, 15963.  

 
SYNTHESIS OF CYCLIC PEPTIDE NATURAL PRODUCTS 
 

Several projects involve the design of new, efficient synthetic routes to biologically active complex 
cyclic peptides such as celogentin C and teixobactin. Novel strategies for the stereoselective synthesis of 
unusual amino acids and efficient preparation of the side-chain cross-links present in these peptides are 
critical to their ultimate synthesis. 

 
 
Shabani et al., Org. Lett. 2019, 21, 1877. 
Brown et al., J. Org. Chem., 2015, 80, 9831.  

Cochrane et al., Org. Lett. 2012, 14, 2402.  
Li et al. Aust. J. Chem., 2010, 63, 438. 

 
RADIOLABELLED PEPTIDES FOR CANCER IMAGING (with Peter MacCallum Cancer Centre) 
 

We are developing new methods to incorporate the 18F-radionuclide into peptides for imaging of cancer 
by PET (positron emission tomography). A project is available to exploit our thioamide coupling 
methodology to reduce the number of steps required to radiolabel peptides. 

 
Haskali et al., J. Labelled Comp. Radiopharm., 2018, 61, 61.  
Haskali et al., Mol. Pharmaceut., 2017, 14, 1169. 
Charron et al., Tetrahedron Lett., 2016, 57, 4119. 
Haskali et al., J. Labelled Comp. Radiopharm., 2013, 56, 726.  
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Dr. Georgina Such  
Please contact gsuch@unimelb.edu.au for more information. 

 

Recent developments in polymer chemistry have allowed the synthesis of polymers with precise 

architecture and function. These materials can have applications in fields such as biomedicine, 

energy production or electronics. The Functional Materials (FM) group are interested in the 

design of polymer nano/microparticles that respond intelligently to variations in stimulus (pH, 

enzyme concentration or light). We work with a range of collaborators to investigate responsive 

particles in applications from biomedicine, such as vaccine delivery, through to controlled 

release technologies for advanced manufacturing.  The following is a list of typical projects 

available: 

 

Designing Protein Functionalised RAFT Agents for the Synthesis of Protein-Polymer 

Conjugates. 

Protein-polymer conjugates are of interest for use in biomedicine as they combine biological 

functionality inherent in the protein with tunable properties made possible using synthetic 

polymers. Reversible Addition Fragmentation Chain Transfer (RAFT) is an important 

technique to make synthetic polymers that allows good control over composition and molecular 

weight. In this project we will modify a protein with functionality to initiate a RAFT process. 

We will then use this initiator to synthesise a new protein-

polymer conjugate using light induced RAFT 

polymerisation. 

 

Multi-Responsive Polymer Nanoparticles for Cell 

Trafficking 

To optimise nanoparticle delivery of drugs it is important to 

deliver cargo to the cytosol of a cell. This can be challenging 

as nanoparticles are commonly internalised into an acidic 

endosomal/lysosomal compartment and remain trapped. 

One strategy to cause escape from such compartments is 

synthesising nanoparticles that swell when the pH is decreased. In previous work we have 

shown we can design nanoparticles that swell by 150 % when the pH is decreased from pH 7.4 

to pH 6 using emulsion polymerisation. However, this 

mechanism does not allow drugs to be released effectively 

once in the cytosol. Therefore, in this project we will 

investigate synthesising particles that combine expansion 

and then disassembly to improve release of therapeutic cargo. The ability of these particles to 

migrate into the cytosol will be investigated in collaboration with Monash Institute of 

Pharmaceutical Sciences. 

 

Hybrid POM-Polymer Nanoparticles for Drug Delivery 

Polyoxometalates (POMs) have potential as new drugs as they effectively kill cells, however, 

to be useful in this application they need to be delivered specifically to a target site. Another 

limitation is their low biological stability when delivered independently. One strategy to 

improve their behaviour is to design hybrid materials by encapsulating them into polymer 

nanoparticles. In previous work our group, (in collaboration with Dr C. Richie) has 

demonstrated we can design pH responsive polymers that can chelate POMs and form 

nanoparticles. In this work, we will investigate the use of different chelating polymers to see 

the impact the chelating monomer has on nanoparticle behaviour and therapeutic activity. The 

self-assembly of these conjugates into stable nanoparticles will be optimised and their 

properties characterised. The therapeutic activity of the hybrid nanoparticles will also be 

investigated.  

Figure 1: Schematic showing drug 

loaded nanoparticles that expand and 

then disassemble to release cargo. 

mailto:gsuch@unimelb.edu.au


Application-driven Synthesis of Organic Materials 

Supervisor: Dr Wallace Wong, Senior Lecturer 

Location: Bio21 Institute (ARC Centre of Excellence in Exciton Science) 

Group Research Summary: My group is primarily involved in the synthesis of materials for 

applications in light harvesting, energy conversion and biological imaging. Our approach to 

research includes the following steps: 1. an application or problem is identified; 2. the design 

of new materials is conceived; 3. Compounds are synthesised and 4. the materials are tested 

and results are used to make improvements. This means a good understanding of synthesis, 

characterisation and applications is essential.  

Projects: 

1. Novel fluorophores for biological imaging

2. Fluorophores for luminescent solar concentrators and organic lasers

3. Organic dyes for triplet fusion (TF) upconversion



CHEM30013                 Research Projects

Prof. Evan Bieske
evanjb@unimelb.edu.au 

Project 1: Carbon Clusters – Chemistry meets Astronomy
This project is concerned with the structure and spectroscopy of small carbon clusters, some of which are 
known to be present in interstellar space, and which are suspected to be responsible for the diffuse interstellar 
bands (DIBs), a series of absorptions in the visible spectral range (λ=400-1000 nm) that occur when starlight 
passes through  interstellar gas clouds.  Despite 
intense efforts since the DIBs were first discovered 
by Annie Jump Cannon (1919)1 and Mary Lea Heger 
(1922),2 most of these DIBs have not been 
explained, although the consensus is that they are 
due to carbonaceous molecules. In a major 
breakthrough it was recently discovered that several 
of the bands are due to C60

+ (Buckminsterfullerene 
cation).3

You will use a new instrument (aka the Platypus) to 
make and spectroscopically probe other charged 
carbon clusters (Cn

+ and Cn
-) in the gas phase, 

attempting to see whether they are responsible for 
any of the other ≈400 unassigned DIBs. Targets will 
also include endohedral and exohedral metal-
fullerene clusters, clusters consisting of a metal 
atom either contained inside a fullerene, or attached 

on the outside (see adjacent figure). 

The target molecular ions will be created and probed in the Platypus instrument shown below.  Carbon 
clusters are generated in a laser ablation source, selected according to their shape and mass, trapped in a 
cryogenically cooled ion trap, before being exposed to a wavelength tunable laser beam to obtain electronic 
spectra that can be compared with astronomical spectra. 

Depending on your interests, the project can involve 
aspects of laser molecular spectroscopy, computational 
chemistry, mass spectrometry, or computer programming. 

[1] A.J. Cannon and E.C. Pickering, The Henry Draper
Catalogue 9, 10, 11, 288 (1919).
[2] M.L. Heger, Lick Obs. Bull. 10, 146 (1922).
[3] Campbell, E. K.; Holz, M.; Gerlich, D.; Maier, J. P.
(2015). "Laboratory Confirmation of C60

+ as the Carrier of
Two Diffuse Interstellar Bands". Nature. 523, 322–3
(2015)

Diffuse	interstellar	bands	(DIBs)		indicated	by	white	sticks.	

Buckminsterfullerene	and	endohedral	metal-fullerene	
clusters.			

The	Platypus	–	the	tandem	ion	mobility	mass	
spectrometer	with	cryogenic	ion	trap.			



Bioinorganic Chemistry Assoc Prof Guy N. L. Jameson 
guy.jameson@unimelb.edu.au 

REACTIVE INTERMEDIATES OF THE THIOL DIOXYGENASES 

Thiol dioxygenases add molecular oxygen to thiols to form the corresponding sulfinates. One of these enzymes, 

cysteine dioxygenase, has a critical role in cysteine metabolism. The oxidation of cysteine occurs at a non-heme 
mononuclear iron centre. We are exploring this reaction and trying to characterise reactive intermediates along the 
reaction pathway. 

Tchesnokov et al. (2016) Chem. Commun. 52, 8814-8817. 

LACTOPEROXIDASES 

Lactoperoxidases help us defend against antimicrobial attack by using hydrogen peroxide and thiocyanite (SCN-) 

to form the bacteriostatic molecule hypothiocyanite (OSCN-) but other molecules such as the antioxidant urate can 
also be oxidised. We are investigating differences in substrate specificity observed between lactoperoxidases from 

different organisms. The aim is to purify lactoperoxidase from goat milk and determine the kinetic parameters to 

compare with the bovine form. 

Seidel et al. (2014) J. Biol. Chem. 289, 21937-21949. 

IRON METABOLISM IN C. elegans (with The Florey Institute) 

Iron is the most abundant element on earth and nature takes full advantage of its varied chemistry. We are trying 
to understand the mechanism and timing of iron metabolism. We are using a model organism (the nematode C. 

elegans) to understand how iron is stored and reused in the protein ferritin. 

James et al. (2015) Chem. Sci. 6, 2952-2962. 



Prof Paul Mulvaney 

1. Incorporation of semiconductor nanoplatelets into polymer matrixes. We
will investigate the feasibility of using colloidal nanoplatelets (NPLs) as luminescent
materials in a solar concentrator or as a photon down-conversion material. A
crucial challenge is to optimise in-situ polymerisation of NPLs with e.g. methyl or
lauryl methacrylate (MMA/LMA) to form a dense, air-stable perspex matrix around
the NPLs, as well as optical and stability characterisation of the resulting NPL/perspex
composites. The project involves nanocrystal synthesis, electron microscopy (TEM)
and optical spectroscopy.

2. Silica coating of asymmetric semiconductor nanocrystals. Silica coating is an ideal
way to minimise photodegradation of nanocrystals. We willtest and
develop new methods to cover fluorescent CdSe/CdS nanorods (NRs) and
nanoplatelets (NPLs) with silica shells without degrading their shape or fluorescence.
These can then be dispersed into water for photostabilty and chemical stability
tests. The project involves, nanocrystal synthesis, luminescence spectroscopy and
electron microscopy (TEM).

3. Electrochemical Hole Indicators. Recent work at ACEx suggests that light can
create hot holes in metal particles that can split water into hydrogen and oxygen. To
prove this reaction occurs, we need to find an indicator with a clear color shift from
transparent to coloured following oxidation is desired. Phenylanthranilic acid is a
candidate. We will investigate the electrochemical properties of phenylanthranilic
acid with cyclic voltammetry, and show the indicator properties with UV-VIS
spectroscopy. Subsequently, it will be applied to prove charge transfer in systems
used for the photooxidation of water. The project involves electrochemistry,
photochemistry and some standard titration work.



CHEM30013 research projects, 2019

Trevor Smith, room 269,
trevoras@unimelb.edu.au

uml.chemistry.unimelb.edu.au

Our group investigates important chemical processes that occur on ultrafast time scales 
and at ultrasmall spatial scales using advanced laser and optical microscopy techniques.

• Synthesis and photophysics of “porphysomes” (with Prof. Jonathan White)

• Porphysomes are porphyrin-based nano-
vesicles comprising a porphyrin core 
conjugated to a phospholipid.. They have 
been suggested as a possible way of 
containing other materials.  The self-
assembly is driven by the respective 
solubilities of the porphyrin head group 
and the lipid chain. In this project we aim 
to synthesise new porphyrin-lipid molecules and investigate their self-assembly into porphysomes.  
We will characterise the photophysical properties of the 3D nano-vesicles in terms of the 
absorption and emission of the porphyrin moiety.  If time permits we may also investigate the 
inclusion of other emitting materials within the vesicles.

• Photophysical processes in coral-based fluorophores

• Many new fluorescent materials are found in nature e.g. fluorescent 
proteins.  Some of these exhibit interesting excitonic behaviour.  We 
will use steady-state and time-resolved fluorescence and absorption-
based spectroscopic measurements to investigate the photophysical 
properties of some new fluorescent chromophores, in this case, 
derived from corals from the Great Barrier Reef.  Time-resolved 
fluorescence imaging will also be used to probe the distribution of 
emitting species within coral samples.

• Investigating the effect of molecular aggregation on upconversion nanoparticles (with 
Ken Ghiggino & Siobhan Bradley)

• Upconversion is a photophysical process 
where two molecules can take two photons 
of low energy light and convert them into 
one photon with energy of twice the low 
energy value in one of the molecules. This is 
an intermolecular process which means that 
the upconversion yield is dependent on 
interactions between molecules. In this 
project we will investigate aspects of this 
relationship by making molecular aggregate 
nanoparticles of upconverting materials 
and investigating how the method of 
preparation of the nanoparticles (reprecipitation, miniemulsion) affects the morphology and thus 
the upconversion process.

214  E.  Huynh,  G.  Zheng

Figure  1  Schematic  of  different  porphyrin-lipids.  (A)  4:1  phospholipid:  porphyrin,  with  the  porphyrin  conjugated  to  the  acyl  chain
of four  phospholipids.  Reprinted  with  permission  from  [39].  Copyright  2002  John  Wiley  and  Sons.  (B)  2:1  phospholipid:  porphyrin,  with
the porphyrin  conjugated  to  the  head  group  of  two  phospholipids.  Reprinted  with  permission  from  [41].  Copyright  2009  Elsevier.  (C)
1:1 phospholipid:  porphyrin,  with  the  porphyrin  conjugated  to  the  glycerol  backbone  of  the  phospholipid.  Reprinted  with  permission
from [38].  Copyright  2011  Nature  Publishing  Group.

and  imaging  applications.  Nanoparticle  photonic-based
therapy  and  imaging  techniques  requiring  heat  generation
have  been  extensively  investigated  and  predominantly
utilized  inorganic  nanoparticles  [44—49]  since  organic
nanoparticles  do  not  strongly  interact  with  light.  How-
ever,  these  techniques  have  not  been  fruitful  clinically,

potentially  due  to  concerns  regarding  long-term  biodegra-
dation  and  in  vivo  clearance  [50].  Porphysomes  offer  a
promising  organic  alternative  to  inorganic  nanoparticles,  as
their  organic  nature  enables  them  to  be  biodegradable  and
non-toxic  even  at  extremely  high  concentrations  (1  g/kg
injected  dose)  [38,42]  and  yet  efficiently  absorb  light  at

Figure  2  Porphysome  nanovesicles.  (A)  Schematic  of  porphyrin-lipid  self-assembly  into  porphysome  nanovesicles.  (B)  Electron
microscopy image  of  porphysomes.  (C)  Absorbance  spectra  of  different  types  of  porphysomes  (red  —  bacteriochlorophyll  por-
physomes, orange  —  zinc  pyropheophorbide  porphysomes,  blue  —  pyropheophorbide  porphysomes).  (D)  Thermal  images  of  solutions
containing liposomes,  gold  nanorods  or  porphysomes  and  irradiated  with  a  673  nm  laser.  Reprinted  with  permission  from  [38].
Copyright 2011  Nature  Publishing  Group.

Schematic of the upconversion process:1 two molecules absorb low 
energy red light and undergo intersystem crossing to the triplet state. Two 
triplets on adjacent molecules can then undergo triplet-triplet annihilation 
allowing one of the molecules to emit high energy blue light

CHEM30013 research projects, 2019

Trevor Smith, room 269,
trevoras@unimelb.edu.au

uml.chemistry.unimelb.edu.au

Our group investigates important chemical processes that occur on ultrafast 
time scales and at ultrasmall spatial scales using advanced laser and optical 
microscopy techniques.  A few potential areas of research are listed below, but 
other projects can also be discussed:

• Synthesis and photophysics of “porphysomes” (with Prof. Jonathan White)

• Porphysomes are porphyrin-
based nano-vesicles comprising 
a porphyrin core conjugated to 
a phospholipid.. They have been 
suggested as a possible way of 
containing other materials.  The 
self-assembly is driven by the 
respective solubilities of the 
porphyrin head group and the 
lipid chain. In this project we aim to synthesise new porphyrin-lipid molecules and 
investigate their self-assembly into porphysomes.  We will characterise the 
photophysical properties of the 3D nano-vesicles in terms of the absorption and 
emission of the porphyrin moiety.  If time permits we may also investigate the 
inclusion of other emitting materials within the vesicles.

• Photophysical processes in coral-based fluorophores

• Many new fluorescent materials are found in nature 
e.g. fluorescent proteins.  Some of these exhibit 
interesting excitonic behaviour.  We will use steady-
state and time-resolved fluorescence and absorption-
based spectroscopic measurements to investigate the 
photophysical properties of some new fluorescent 
chromophores, in this case, derived from corals from 
the Great Barrier Reef.  Time-resolved fluorescence 
imaging will also be used to probe the distribution of 
emitting species within coral samples.  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Figure  1  Schematic  of  different  porphyrin-lipids.  (A)  4:1  phospholipid:  porphyrin,  with  the  porphyrin  conjugated  to  the  acyl  chain
of four  phospholipids.  Reprinted  with  permission  from  [39].  Copyright  2002  John  Wiley  and  Sons.  (B)  2:1  phospholipid:  porphyrin,  with
the porphyrin  conjugated  to  the  head  group  of  two  phospholipids.  Reprinted  with  permission  from  [41].  Copyright  2009  Elsevier.  (C)
1:1 phospholipid:  porphyrin,  with  the  porphyrin  conjugated  to  the  glycerol  backbone  of  the  phospholipid.  Reprinted  with  permission
from [38].  Copyright  2011  Nature  Publishing  Group.

and  imaging  applications.  Nanoparticle  photonic-based
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under relatively low-light aquarium conditions that it
lost its high concentrations of these pigments, with only
yellow-orange pigmented tips remaining unchanged.
The lack of FRET among FPs in this shade-acclimated
sample can therefore indicate a loss of the need for pho-
toprotection that occurred from a change of high light
reef to shaded aquarium conditions.

On the other hand, in reef-collected Acropora mille-
pora, FRET is quite significant, with up to 93% of the FPs
involved in FRET pairs. This is entirely consistent with
FPs being involved in photoprotection. The reduction in
both pigment concentration and FRET levels in aquar-
ium-grown samples also support this interpretation.

CONCLUSIONS

These preliminary experiments show clearly the
great potential high-speed, sensitive lifetime imaging
has for the study of the dynamics of molecular interac-
tions in both plant and marine invertebrate systems.
The LIMO system can produce lifetime images in sec-
onds, whereas the Becker & Hickl system requires sev-
eral minutes per frame, but gives enough detail about
the decay curve to enable multiexponent fitting. Both
are proving to be highly useful tools, and both offer
subcellular spatial resolution, something which has
been absent from previous lifetime measurements on
corals. In terms of studying the mechanics of coral pho-
tophysiology, FLIM offers powerful tools for investigat-
ing energy transfer between the multiple fluorescent
pigments. The evidence shows that even where two
pigments colocalize in the same granule, FRET may
not take place, yet in other cases the vast majority of

FP molecules are involved in FRET chains. In some
cases, even though multiple pigments are present in
single granules, specific pairings (506- and 514-nm pro-
teins in Euphyllia) are excluded. All these results
strongly support the idea of a sophisticated regulatory
mechanism operating at the molecular level.

In future experiments we propose to grow both
E. ancora and A. millepora under different light regimes
in the aquarium, and also to study reef samples from
different environments (preserved with RNAlater).
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Fig. 10. (a) Greyscale image and
(b) lifetime image of squash from
dissected shaft wall of E. ancora ten-
tacle. (c) Three-channel image of a
similar area. z, zooxanthellae (red
fluorescence); fp, fluorescent pig-
ments (green fluorescence). Green
dots associated with zooxanthellae
are algal accumulation bodies; blue
channel is reflection. (d) Histogram
of lifetimes from marked region in
(b). Nikon C1/LIMO, 603 water
immersion lens, NA 1.2. Acquisition
time 4 s.
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 Light Promoted Synthesis: Alkenes to Alkanes  

Supervisor: Dr Anastasios (Tash) Polyzos 

  

The hydrogenation of alkenes is one of the most fundamental transformations in organic synthesis with 
applications in pharmaceutical, agro- and fine chemical industries. Current strategies rely on the use of high 
pressure H2 gas which mandates elaborate experimental setups to mitigate the risks of using highly 
pressurized flammable gas. The development of alternative methodologies is therefore in high demand to 
allow access to pharma and agrochemical targets in a safe, reliable manner. One class of these targets is 
1,1-diarylethane derivatives which can be accessed through the hydrogenation of the corresponding 1,1-
diarylethylene.       
 
This project will address this challenge by establishing a new methodology for hydrogenation reactions. 
The synthetic methodology will be based on "visible light photocatalysis" which involves a radical- 
mediated mechanism using a commercial iridium photocatalyst and visible light. A range of diarylethane 
derivatives will be synthesized by visible light photocatalysed hydrogenation of the diarylethylenes shown 
below, including important pharmacophore and agrochemical targets.     
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

For further information email: anastasios.polyzos@unimelb.edu.au 



Bioanalytical Chemistry 

 

Prof. Gavin Reid (gavin.reid@chemistry.msu.edu) 

School of Chemistry, Bio21 Institute, University of Melbourne 

 

(Project 1) 

Illuminating the ‘Hidden’ Structural Complexity of the Lipidome with Advanced Mass 

Spectrometry 

 

A major goal of lipidomics is the systematic identification, characterization and quantitation of 

the multitude of individual lipid species that may be present within a biological sample of 

interest, in order to determine their functional role(s) in health and disease. However, current 

mass spectrometry (MS)-based strategies for lipidome analysis are not suited for the structural 

characterization of several categories of isomeric lipids (e.g., those differing only in their sites 

of unsaturation, or the sn-positions of their fatty acyl chains) [Rustam and Reid. Anal Chem. 

2018, 90 374-397]. To address these limitations, this project will explore the novel on-line 

coupling of Field Asymmetry Ion Mobility Spectrometry (FAIMS) [Shvartsburg, et al. J Am Soc 

Mass Spectrom. 2011, 22, 1146–1155] with 213 nm UltraViolet PhotoDissociation (UVPD) 

tandem mass spectrometry (MS/MS) [Ryan, et al. J. Am. Soc. Mass Spectrom. 2017, 28, 

1406-1419] for the comprehensive isomeric lipid structural analysis, and its application to 

quantitatively monitor alterations in isomeric lipid abundances in colorectal cancer. 

 

(Project 2) 

Evaluation of Paper Spray and DART – Mass Spectrometry for Rapid Drug Screening 

 

Various ‘ambient’ sampling techniques that allow direct ionization and introduction of analytes 

(e.g., drugs, or drug metabolites) for tandem mass spectrometry (MS/MS) analysis have been 

developed over the past decade. These include Paper Spray (PS) [Espy, et al. Anal Chem. 

2014, 86, 7712-7718.; Jett, et al. Anal. Methods, 2017, 9, 5037-5043.; Yang et al. Anal Chim 

Acta. 2018, 1032, 75-82.] and Direct Analysis in Real Time (DART) [Pavlovich et al. Mass 

Spectrom Rev. 2018, 37, 171-187.; Grange and Sovocool. Rapid Commun Mass Spectrom. 

2011, 25, 1271-1281.; Sisco et al. Forensic Chem. 2017, 4, 108-115.], where analysis is 

performed by extracting and ionizing analytes directly from samples deposited on a paper 

substrate (for PS), or by simply holding the sample in between the ionization source and the 

mass spectrometer (for DART). These techniques are attractive options for performing rapid 

drug screening e.g., directly or from samples obtained from surfaces wipes, or from biofluids 

such as urine, because they are fast (minutes per sample), simple (no sample preparation or 

separation prior to analysis), and highly sensitive. In this project, we will evaluate the utility of 

PS and DART-MS/MS for rapid drug screening applications within complex environmental 

matrices, and compare their analytical performance against conventional GC- or LC-MS 

methods. 
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O’Hair Research Group: Physical Organic Chemistry. 
 
Mission: To study reactive intermediates, understand novel structure and bonding motifs, 
design new catalysts and invent new reactions. We blend gas-phase experiments, DFT 
calculations and solution phase chemistry to achieve this. We generate a wide range of inorganic, 
organometallic and organic ions using using electrospray ionization (ESI) and then take advantage 
of multistage mass spectrometry (MSn) techniques to unmask reactive intermediates (via collision 
induced dissociation, CID) so that we can examine their reactivity via ion-molecule reactions (IMR). 
Knowledge gained is translated to the condensed phase. 
 
Project 1. What silver nanoclusters are formed for bis-(1,2-diphenylarseno)methane? 
Nanoclusters exhibit interesting structures and 
properties. ESI has emerged as a powerful tool to 
direct the bulk synthesis of coinage metal nanoclusters 
ligated by bis-(1,2-diphenylphosphino) ligands. In this 
project you will use ESI-MS to track the formation and 
identify the nanocluster products of the reaction of 
sodium borohydride with silver salts in the presence of 
bis-(1,2-diphenylarseno)methane. 
 
Project 2. Exploring the molecular tug of war: formation and reactions of transmetallation 
intermediates. 
Transmetallation is a crucial step in 
many catalytic cycles used in 
organic synthesis for the 
construction of C-C bonds. 
Surprisingly little is known about the 
intermediates and mechanism of 
these important reactions. We have discovered that metal complexes can be formed between 
anionic borates and metals via ESI and that these can undergo transmetallation. In this project, 
you will use experiments and DFT calculations to examine the transmetallation reactions between 
organotrifluoro borates and nickel and palladium complexes. 
 
Project 3. Inventing 
a new reaction for 
the synthesis of 
amides (with Paul 
Donnelly) 
Modern synthetic 
chemistry employs 
transition metal 
complexes to activate 
various organic 
compounds to 
promote or catalyse 
chemical bond 
formation. Palladium-catalysed cross-coupling reactions, which form C–X bonds (X = C, N, O, S 
etc.), have revolutionised synthetic chemistry. The amide functional group is arguably the most 
important structural motif in biology and chemistry. The formation of amides by the coupling of 
carboxylic acids with primary amines is one of the most widely used chemical reactions in modern 
synthetic chemistry, but suffers from poor atom economy. We recently invented a new reaction for 
the synthesis of thioamides. In this project, you will explore the related transformation for amides. 
 
Further info? Questions? Contact: rohair@unimelb.edu.au 
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[(L)M(RBF3] CID [(L)M(R)]     +  BF3

Key roles of RBF3    in synthesis, review:
Molander, J. Org. Chem., 2015, 80, 7837

++

RLxM M'Ly M = Ni, Pd; L = N or P ligands
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