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Our strategy

Research.
Discover.
Translate.
To build a sustainable energy future by
developing new ways to harness and
manipulate light.
The Australian Research Council (ARC) Centre of
Excellence in Exciton Science (ACEx) is a collaboration
between the University of Melbourne, Monash
University, RMIT University, the University of New
South Wales (UNSW) and the University of Sydney.
Together we work with national Industry Partners
– CSIRO (Commonwealth Scientific and Industrial
Research Organisation), the Reserve Bank of Australia
(RBA) and the the Australian Government’s Defence
Science and Technology Group (DSTG) – and are
proudly an ARC Centre of Excellence.

An international group of Partners contributes
expertise and opportunity for student advancement.
Our Centre’s International Partners are the Universität
Bayreuth, Shandong University, Chinese Academy of
Sciences at Chongqing Institute of Green and Intelligent
Technology, and University of California, Berkeley.
The Centre’s primary source of funding is the
Australian Research Council, through its Centres
of Excellence (CoE) program, which provides $4.5
million per annum. Our collaborating universities
also contribute a total of $1.3 million in cash per year.

Research

Research, discover and translate the way light energy is absorbed, transported and transformed in
advanced molecular materials.

Innovation

Drive innovative ways to transform and translate our research into impacts that benefit all Australians.

Leadership

Challenge, lead and engage our researchers, our partners, Australians and be sought out as experts in
our fields of research.

People

Recruit the best leaders, researchers and professional staff and continue to invest and contribute to
their skill set.

Governance

Demonstrate best practice through our research, governance, communications, translation, impacts
and outputs.
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Meet the scientist:
Dr Calum Kinnear

Materials chemist Dr Calum Kinnear is discovering
how to assemble nanoscale particles in complex
structures.
From opals to mother-of-pearl, nature is a
master at arranging tiny particles into complex
materials. We humans, on the other hand, are
‘truly terrible’ at it, according to Dr Kinnear.
‘We can maybe make some square arrays [of
nanoparticles], we can make hexagonal closepacked arrays, we can make random-packed
arrays,’ he said. ‘But we find it extremely difficult
to make more cool structures.’
Dr Kinnear, who splits his time between ACEx
at the University of Melbourne and CSIRO, where
he is a Postdoctoral Fellow in Manufacturing, is an
expert in the creation of single nanocrystal arrays.
‘We make a lot of materials within the centre
and at CSIRO, which are nanoscale in size…
and these are very difficult to address,’ he said.
‘You can’t really imagine putting two little wires
on either side of it and probing it just because
they’re too small.’
Instead, Dr Kinnear tries to make nanoparticles more feasible to study by placing them
in arrays. He uses electrostatic attraction to
deposit the particles exactly where he wants
them on a surface, making it easier to examine
at the spectroscopy, optical properties and
electrical properties of the material.

Dr Kinnear is also discovering how to build
more complex structures out of nanoparticles.
‘If we can do that then this opens up a huge
raft of applications from much better sensors to
metamaterial structures like cloaking devices,’
he said.
If Dr Kinnear and his colleagues can figure
out how to arrange metal nanorods in a
Stonehenge-like structure, for instance, it could
create a material so sensitive that it changes
its resonance if a single molecule lands on
it. His work could also find applications in
photovoltaics and quantum computing, and
he is working with the Reserve Bank to develop
new banknote security features.
Before moving to Australia, Dr Kinnear
studied in Scotland and Switzerland, and
worked in industry with Procter & Gamble.
Despite the incredible potential of his research,
he prefers to find excitement in the small wins.
‘If I’ve arranged these materials on a surface
and I go and look in the electron microscope and
they’ve got this beautiful pattern… this is quite
nice,’ Dr Kinnear said. ‘It’s the little successes of
the everyday experiment. When something
works – even if it might seem small in the big
picture – that’s what keeps you going.’

Above: Calum Kinnear at
work in the lab
Photo by Gavan Mitchell
Opposite page: Staff and
students at the Centre’s
Annual Workshop,
Melbourne Arts Centre,
September 2018
Photo by Gavan Mitchell
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Operations overview 2018

The Mulvaney research group – the Nanoscience Laboratory – and the Centre’s administration
moved in May 2018 into newly built laboratories on the 3rd floor of the University of Melbourne’s
Chemistry (Masson) Building. The 400 square metres of laboratories and offices, officially opened
by Professor Evan Bieske, Head of the School of Chemistry, were designed by Harmer Architecture
and constructed by Roubaix Projects. The fit-out cost around $2.5million and was generously
supported by the School of Chemistry, the Faculty of Science and the University of Melbourne.
The labs are home to around 20 staff and students working on the synthesis of new optical
materials, self-assembly at the nanoscale and spectroscopy of excitonic materials.

In 2018, Centre researchers continued work
across our three Themes – Excitonic Systems
for Solar Energy Conversion, Control of Excitons,
and Excitonic Systems for Security, Lighting
and Sensing – and now boast a sizeable team
of more than 150 staff and students. We
rely tremendously on the support from
our industrious professional staff in our
endeavours to keep this big team organised
and efficient. The Executive Committee met
regularly to ensure the smooth running of the
Centre, guided by both the Centre Advisory
Board and the International Scientific Advisory
Committee (ISAC).
In December our ISAC members (see p.66
for details) convened to assess the Centre’s
performance and to offer advice on future
directions. It was gratifying to have 11 of our CIs
give polished and professional presentations
on the research, achievements and plans of the
Centre. We thank our ISAC team: Professors Neil
Greenham (Cambridge), Marc Baldo (MIT), Elsa
Reichmanis (Georgia Tech.) and Hiroshi Masuhara
(University of Taiwan) for their input and counsel.
In May, the Centre’s administration moved
6

out of the University of Melbourne’s Bio21
Institute into the Masson Chemistry Building
on the University’s main campus (see caption).
Our RMIT node also settled into a new state-ofthe-art Centre of Excellence space, which they
share with two other Centres of Excellence –
Future Low-Energy Electronics Technologies
(FLEET) and Quantum Computation and
Quantum
Communications
Technology.
Hopefully there will be some exciting synergies
from having these centres co-located.
Throughout the year, research clusters
within the Centre have been switching to
SLACK as a communication tool for the
management research projects, with great
success. SLACK offers several benefits –
immediacy, lack of formality and ease with
which new team members can trawl through
previous communications around project
details.
In June, we held the first of our ACEx monthly
seminars, which bring together the five research
nodes of ACEx for one day each month. These
meetings are designed to embed the culture of
collaboration throughout the Centre and ensure

Photo by Gallant Lee Photography;
courtesy of Harmer Architecture
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that our research directions are cutting edge. At
the inaugural meeting at the University of Sydney,
we discussed our long-term aims, current technical
problems, designed entirely new experiments, and
even argued over the finer points of the properties
of excitons. In November we introduced to these
seminars, the Exciton Science Seminar Series. Each
seminar will host a high-quality researcher
to talk to attendees on key topics of exciton
science. Professor Ned Ekins-Daukes from
UNSW delivered the founding seminar at the
University of Melbourne. The seminars are held
as part of our face-to-face meetings and are
open to the public; they will alternate between
Sydney and Melbourne.
In 2018, the Centre began offering a work
experience program, whereby undergraduate
students or recent graduates work for 6–12
weeks to get a taste of ‘real scientific research’.
The first students in the program were Hamid
Solimaninejad (PhD graduate) and Niken Priscilla
(3rd year). Based at the University of Melbourne,
and supervised by Dr Pegah Maasoumi, they
were trained at the Melbourne Centre for
Nanofabrication. The second cohort of work
experience students included Angela Keyte, a
physics student at the University of Melbourne.
Throughout the year we had several
distinguished visitors, including Professor Kylie
Catchpole who delivered two International
Day of Light talks on ‘The Bright Future of
Solar Energy’ at two of our Melbourne nodes.
Partner Investigator Professor Jeff Neaton from
the University of California in Berkeley visited
in July to give both a keynote address at the
Australian Symposium on Computationally
Enhanced Materials Design as well as a seminar
to our researchers in Sydney and Melbourne.
On the research front, Chief Investigator
Tim Schmidt and his team from UNSW
collaborated with researchers at Ege University
in Izmir, Turkey to determine the abundance
of fat in space. They did this by working out
the proportion of grease-like, or aliphatic,
molecules in interstellar dust, with the research
published by 37 news outlets including CNN
News, Newsweek and The Guardian. CI Jared
Cole was also in demand from the media for his
Time Machine work in May (see p.36).
In October, Director Paul Mulvaney met with
Professor Misawa and his team at Hokkaido
University to establish a new collaboration
on using hot electrons to split water into
hydrogen and oxygen, and to demonstrate
nitrogen reduction to ammonia. He also
visited Professor Miyasaka and colleagues at
Osaka University and Professor Kohei Uosaki at

NIMS on a trip organised by our International
Scientific Advisory Committee (ISAC) member
Professor Hiroshi Masuhara. Since then the
Centre has recruited Dr Eser Akinoglu through
the Humboldt Foundation to start work on
plasmonic catalysis in collaboration with our
Japanese colleagues.
Our researchers also took advantage of the
international research opportunities offered
by the Centre; postdoc Dr Pegah Maasoumi
travelled as a volunteer to India with Pollinate
Energy to bring clean energy technologies, such
as solar lights, to people in poor and remote
communities. Another postdoc, Dr Anupama
(Anu) Sriniva, also went to India courtesy of
funding from the Melbourne–Pune Travel
Grant, which gives female STEM researchers
the opportunity to initiate collaborations
between the University of Melbourne and the
Indian Institute of Science and Educational
Research (IISER).
In September, just prior to our Annual
Workshop, we joined with the Wade Institute to
hold an Entrepreneurship Bootcamp (see pp. 33),
at which some of our brightest PhD students,
postdocs and researchers were introduced to
the fundamental steps in building a start-up
company. They learned how to validate business
ideas, met inspiring experts and were mentored
by entrepreneurship specialists and like-minded
entrepreneurs-to-be. We also carried out a ‘deep
dive’ on some of our emerging intellectual
property (IP) and commercialisable technology
through investor group Availer.
The Annual Workshop itself was a huge
success. Highlights included: a Welcome to
Country from Gheran Steel of the Boon Wurrung
Foundation; a discussion on IP management led
by Emma van Embden from Freehills and Fabian
Li from the University of Melbourne Research
Office; a session by Romney Adams on the world
of communications outside traditional highimpact journals; training in unconscious bias
and inclusive leadership; and an insightful look
at how research and family can be combined
as part of a successful science career. For more
details see pp.52–53.
The Centre has achieved much in 2018, its
second year of operation. Key pillars of these
achievements are the greatly increased number
of publications and presentations produced
by our staff and students this year: 83 scientific
papers published (see pp.41–43) and 88
presentations given at national and international
conference and seminars (see pp. 44–47). We look
forward to further successes in the year ahead as
we push to meet major Year 3 milestones.
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Director’s report

Photo by Gavan Mitchell

It has been a busy second year for the Centre and I am
proud to say that we are making strong progress in each of
our Research Themes:
• Excitonic Systems for Solar Energy Conversion
• Control of Excitons
• Excitonic Solutions for Security, Lighting and Sensing.
All three Themes are seeking to support Australians
in their transition to a sustainable and efficient energy
future. In this endeavour, we have been greatly assisted by
the creation of fully refurbished laboratory spaces at the
University of Melbourne and at RMIT. I would like to thank
both institutions for their generous contributions to the
Centre infrastructure.
Our talented and multi-disciplinary leadership group
of 15 Chief Investigators, 10 Partner Investigators and 12
Associate Investigators manage more than 130 graduates
and students, who continue to pursue research excellence in
an area of national significance. Sadly, with the retirement of
Chief Investigator Professor Yi-Bing Cheng in March, we have
lost a key member of our team. As one of our most prolific
researchers, and a world-renowned leader in solar energy
conversion, Professor Cheng is already greatly missed.
We continue to build and strengthen our relationships
with national Partners CSIRO, the Defence Science and
Technology Group, and the Reserve Bank of Australia. I
also spent time in 2018 with our International Partners in
Germany, the USA and China collaborating on a range of
projects, including new ‘colour kindle’ technology – low
power display screens that may eliminate that daily fear of
running out of power on your phone or laptop.
8

In September, 150 people attended our second Exciton
Science Annual Workshop at the Arts Centre in Melbourne,
the theme of which was Entrepreneurship and Research.
Entrepreneur Scott Watkins, Director of Overseas Business
at Kyung-In Synthetic Corporation, was a huge drawcard
and we thank him for his contribution to this successful
event (see pp. 52–53 for more details).
The Centre was privileged to have the International
Scientific Advisory Committee meet again in Melbourne
this December. Professors Neil Greenham (Chair), Hiroshi
Masuhara and Elsa Reichmanis stayed on to participate in a
research presentation from each of our 11 Platforms. I would
like to thank them, and fellow ISAC member Marc Baldo, for
their salient advice and thoughtful recommendations.
Last year we farewelled Professor Margaret Sheil as
Chair of the Centre Advisory Board, and early in 2018
we welcomed Professor Mark Considine, Provost of the
University of Melbourne, as our new Chair. We are honoured
to have Mark join the Centre in this role and value the
commitment and insights he and his fellow Board members
bring to our work.
The Centre is as strong as the people who work and
study within it: our 10 professional staff work tirelessly to
support our research work and that of our Partners. They
provide the glue that binds our distant nodes together and
I would like to thank them all for their support as we push
to make a sustainable energy future possible.
Professor Paul Mulvaney
Director, ARC Centre of Excellence in Exciton Science
March 2019
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Chair’s report

I am extremely pleased to have taken up the position
of Chair of the Australian Research Council Centre of
Excellence in Exciton Science Advisory Board in 2018.
Professor Margaret Sheil showed great leadership of, and
support for, the Centre in its start-up phase and I would like
to thank her for her contribution.
Now in its second year, the Centre’s motivated and
innovative team is collaborating to produce high-quality
publications and research. The exciting work being
undertaken by our researchers is helping to ensure a
sustainable energy future for Australia. Some of this
research is highlighted in the case studies on Dr Pegah
Maasoumi and PhD student Dorota Bacal. Dr Maasoumi,
an ARC Research Fellow in Flexible Electronics and Device
Fabrication, is based at our Industry Partner CSIRO. In her
role she facilitates collaboration between ACEx, CSIRO, and
the Melbourne Centre for Nanofabrication for a smooth
transition from academic ideas to industry products (see pp.
30–31). PhD student Dorota Bacal is currently researching
perovskite as a way of reducing the cost of renewable
energy and thereby contributing to alleviating the damage
wrought by climate change (see p.13).
Our alumni are also demonstrating they have the depth of
research training needed by external science organisations.
Dr Calum Kinnear, for example, is now a Postdoctoral Fellow
in Manufacturing at CSIRO, where he is printing excitonic
nanomaterials into active devices (see p.5).
It has also been a time of strengthening the collaboration
between our research nodes and for developing existing
and new research networks, nationally and internationally.
The value of the Centre lies in its unique ability to further
the building of a sustainable energy future by bringing

together five Australian universities – all with state-ofthe-art capabilities and highly regarded experts in their
field – with both skilled international research Partners and
experienced Partners in industry and government.
The ultimate success of the Centre depends on the people
within it. Director Paul Mulvaney and his interdisciplinary
teams of Chief Investigators have attracted the brightest
Research Fellows, support staff, and postgraduate and
undergraduate students from around the country and
overseas to explore innovative ways to turn light into
energy and energy into light.
In this endeavour they have my full support, and I look
forward to contributing to the further success of the Centre
in 2019.

Professor Mark Considine
Chair, Centre Advisory Board, ARC Centre of Excellence in
Exciton Science
March 2019
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What is an exciton?

An exciton is formed when a single particle of
light – known as a photon – is absorbed by an
atom. The photon causes an electron within
the atom to be ‘kicked up’ a level of energy,
leaving behind a positively charged hole.

Electron
Photon

Hole

This electron and hole pair is collectively known
as an exciton. The electron and the positive
hole are attracted to each other because of
their opposing charges.

+

Excitons are essential for the conversion
of light into electrical energy, such as in solar
power. In solar cells, excitons are created and
then the electron and the hole are ripped apart,
generating electricity. Excitons are also essential
for the conversion of electrical energy into
light, leading to a wide range of applications in
lighting, television displays and security.
The ARC Centre of Excellence in Exciton
Science’s research aims to control where
excitons go, what they do and how long they live
for. By controlling the position, interactions and
lifetime of excitons, the centre’s scientists hope
to unlock more efficient energy generation,
advanced light-emitting devices, new security
features, super-sensitive sensors and more.

–

Excitons are short-lived, typically existing
for only nanoseconds. When the electron and
the positively charged hole join, the original
atom is restored. The exciton vanishes and
the energy of the exciton is released as light.
The energy of an exciton can also transfer to a
neighbouring atom, creating a new exciton. In
this way, excitons can diffuse along a molecule
and move around. Although the concept of
an exciton originated in solid state physics,
and excitons were first observed in inorganic
crystals nearly 100 years ago, the term is often
used to refer to excited states in molecular
systems. However, strictly speaking the ‘oneelectron approximation’ that underpins the
concept may not hold as well.

–

+

Exciton
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Achievements in research
Platform 1.3: Perovskite phase
behaviour

Mixed organo-lead halide perovskites,
CH3NH3Pb(BrxI1-x)3, have been shown to
undergo phase segregation into iodide-rich
domains under illumination, which drastically
modifies the excitonic behaviour and presents
a major challenge to their development for
photovoltaic and light-emitting devices.
This case study is a cross-nodal collaboration
involving the groups of CIs Trevor Smith (UoM),
Udo Bach (Monash) and CSIRO.
Recent work suggested that phase-segregated
domains are localised at crystal boundaries, driving
investigations into the role of edge structure
and the growth of larger crystals with reduced
surface area. In this work a method for growing
large (30x30x1 µm) monocrystalline MAPb(BrxI1-x)3
single crystals was developed. This enabled direct
visualisation of the growth of nanocluster-like
iodide-rich domains throughout the entire crystal,
revealing that grain boundaries are not required
for this transformation. Narrowband fluorescence
imaging and time-resolved spectroscopy provided
new insights into the nature of the phasesegregated domains and the collective impact on
the optoelectronic properties.
The impact of this work was highlighted
with its selection for the front cover of the
prestigious journal Angewandte Chemie, and
expands on our understanding of excitonic
behaviour in this important class of materials
for photovoltaics.
Key publication
W. Mao, C. R. Hall, A. S. R. Chesman, C. Forsyth,
Y.-B. Cheng, N. W. Duffy, T. A. Smith & U. Bach 2018,
Visualizing phase segregation in mixed-halide
perovskite single crystals, Angewandte Chemie
Int. Ed. DOI:doi.org/10.1002/anie.201810193.

Platform 1.3: Structuring electrodes
makes all the difference

ACEx investigators from Monash and CSIRO
have worked together to demonstrate, through
careful microstructural engineering of electrode
interfaces, that high-efficiency inverted
perovskite solar cells can be readily achieved.
Inverted hybrid organic-inorganic lead halide
perovskite solar cells (PSCs) have achieved highpower conversion efficiency of more than 19%.
This value is still dwarfed by its conventional
counterparts that have achieved top record
efficiencies of more than 23%. The development
of hole-transport materials that optimise the
charge extraction and interfacial recombination
losses are considered efficient ways to improve

Figure 1: Time-dependent fluorescence spectra of light-induced phase segregation recorded in the
centre of a single mixed-halide perovskite microplatelet

Figure 2: Wide-field photoluminescence images of a mixed-halide perovskite single crystal in the I-rich
emission region (660–700 nm)

the performance of inverted PSCs.
NiO is a widely adopted hole-transporting
material, possessing reasonable hole mobility and
suitable energy-level positions to provide highefficiency solar cells. However, its use in inverted
PSCs has also typically resulted in relatively low
fill factors of devices, which arise from underlying
issues in the contact between perovskite and NiO
layers. We addressed this issue by employing a thin
mesoporous NiO scaffold formed via chemical
bath deposition as the hole-transporting layer.
This hole-transport material was found to improve
the performance of inverted mixed cation and
anion PSCs dramatically by enhancing the lightharvesting and charge transporting efficiencies.
11
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Optimised devices achieved efficiencies of up
to 16.5% with remarkable fill factors as high as
85%. These values are significantly higher than
for conventionally spray-deposited planar NiO
transport layers, which exhibit efficiencies up
to 14.5% and fill factors of only 73%.
Key publication
J. Sun, J. Lu, B. Li, L. Jiang, A. S. R. Chesman, A.
D. Scully, T. R. Gengenbach, Y.-B. Cheng & J. J.
Jasieniak 2018, Inverted perovskite solar cells
with high fill-factors featuring chemical bath
deposited mesoporous NiO hole transporting
layers, Nano Energy, 49:163–71.

Platform 2.2: Simulations of quantum
dot stability

Figure 3: Ligands switch between ordered and disordered phases, which controls quantum
dot stability

Platform 2.4: Cantilever mechanics

Key publications
T. Kister, D. Monego, P. Mulvaney, A. WidmerCooper & T. Kraus 2018, Colloidal stability of
apolar nanoparticles: The role of particle size
and ligand shell structure, ACS Nano, 12(6):5969–
5977, DOI: 10.1021/acsnano.8b02202.

Measurement of the force that two atoms
exert on one another has become routine
thanks to the development of the Atomic Force
Microscope. This case study reports a new
discovery from the Mathematics and Statistics
node at the University of Melbourne showing
that this measurement can be complicated
by the shape of the interatomic force law. The
research has been carried out by CI John Sader
(UoM) with collaborators Barry Hughes (Maths &
Stats, UoM), Ferdinand Huber and Franz Giessibl
(University of Regensburg, Germany).
The Atomic Force Microscope works by using
a highly sensitive cantilevered beam with an
anatomically sharp tip. By vibrating the cantilever
at its natural resonant frequency, researchers
can make ultrasensitive measurements of the
force that its tip feels. This is made possible by
the exquisite precision with which the resonant
frequency can be detected using conventional
electronics. As the cantilever’s tip approaches
another atom, the force it experiences changes
the frequency that vibrates the cantilever. This
frequency measurement must be converted into
a force – the primary aim of the measurement.
The new discovery by ACEx researchers shows
that the robustness of this conversion actually
depends on the shape of the measured force
curve. While some interatomic force laws work
very well, others can lead to issues in that the
measured force may not accurately represent
the true force.
This study developed a simple, new and
practical theory that guides researchers to
robust and accurate measurements. It is
expected to form the foundation of all future
interatomic force measurements and initiate
new investigations into the robustness of
dynamic force measurements.

D. Monego, T. Kister, N. Kirkwood, P. Mulvaney,
A. Widmer-Cooper & T. Kraus 2018, Colloidal
stability of apolar nanoparticles: Role of ligand
length, Langmuir, 34(43):12982–12989, DOI:
10.1021/acs.langmuir.8b02883.

Key publication
J. E. Sader, B. D. Hughes, F. Huber & F. J. Giessibl
2018, Interatomic force laws that evade
dynamic measurement, Nature Nanotechnology,
13:1088–91.

This case study highlights new insights
into the formulation of nanoparticle inks
for printing excitonic materials. It is a crossnode collaboration between the groups of
CIs Asaph Widmer-Cooper (USyd) and Paul
Mulvaney (UoM), and Professor Tobias Kraus,
an International Partner from the Institute for
New Materials in Saarbrücken, Germany.
Being able to keep nanoparticles stable in
solution is of vital importance for technological
applications, such as nanoparticle inks for
printing excitonic materials. One particularly
important class of nanoparticles are inorganic
cores coated with a layer of hair-like molecules.
This outer ligand layer is essential for keeping
the particles from randomly aggregating in
solution, but can affect the particle stability in
ways that cannot be explained using existing
theory. With a combination of experimental and
theoretical work, we have shown that surprising
behaviour, such as non-linear changes in
the agglomeration temperature and particle
spacing, can be attributed to a transition from
agglomeration driven by ordering of the ligand
shell (see Figure 3) to agglomeration dominated
by attraction between the inorganic cores.
This transition from shell to core-dominated
agglomeration also results in an inversion of
the effect of ligand length on particle stability.
Insights obtained from this work will help to
create more stable excitonic inks in the future.
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Meet the scientist:
Ms Dorota Bacal
Renewable energy engineer Dorota Bacal is
part of a revolution in solar cell technology.
Dorota Bacal is researching perovskite,
a recently discovered photoactive material
causing a buzz because of its potential to
replace silicon in solar cells. The ACEx PhD
student said perovskite solar cells are as
efficient as silicon on a laboratory scale but
much cheaper to produce. Where silicon needs
to be heated to extremely high temperature for
processing, perovskite only needs to be heated
to 100 degrees – like boiling water.
‘Perovskite solar cells have a potential to
bring down the price of solar cells significantly,’
she said.
Ms Bacal, who is from Poland, is part of a
Monash University team that is the only group
in the world successfully developing what’s
known as ‘back contact’ perovskite solar cells.
In traditional solar cells, you can see thin silver
stripes on the surface. These are electrodes, and
they’re essential to collect electricity. However,
the photoactive silicon under the electrodes
can’t be used because it’s shaded.
Ms Bacal and her colleagues are creating
solar cells with electrodes at the back, leaving
100 per cent of the photoactive surface in
use. In silicon solar cells, creating a pattern of
positive and negative electrodes on the back
that do not touch each other is both difficult
and expensive.
‘In our case [with perovskite], we create
electrodes… and then we just print on top the
perovskite material,’ Ms Bacal said.
Rather than being a single substance,
perovskite is actually a type of crystal structure
that can be built from different elements.
As well as the cost savings, Ms Bacal said
perovskite opens the door for a wide range
of innovative solar cell applications. That’s
because where silicon is quite fragile and needs
to be encapsulated behind glass, perovskite
can be deposited on a flexible substrate.
‘We are processing it from liquid, so you can
imagine that, in the future, it could be applied
directly to surfaces as a form of solar paint,’ Ms
Bacal said.
Perovskite can also be made semi-transparent,
so it could also be possible to have sheer, flexible
blinds on windows that generate electricity.
Ms Bacal is driven to take action on climate
change, and was invited to the 24th Conference
of Parties at the United Nations Climate Change
Conference in Poland in December 2018.

‘That was an amazing experience,’ she said.
‘You realise how broad this whole topic is…
how many people from different disciplines
you need to fix the climate change issue.’
Ms Bacal said it was really interesting to see
how policy experts, economists and scientists
approached the same problem. She believes
the best way she can help is to reduce the
cost of renewable energy through her work on
perovskite.
‘Every day as an engineer I can contribute by
improving the technology,’ Ms Bacal said.

Dorota Bacal at the UN
Climate Change Conference
in Poland

13

Core
Activities and
Research

Embedded dyes create
fluorescent structures
Photo by Gavan Mitchell
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Research themes
The Centre has three core Research Themes:
• Excitonic Systems for Solar Energy Conversion – research
into thin film upconversion devices, next generation
luminescent solar concentrators, artificial photosynthesis
and solution processed next-generation photovoltaics.
• Control of Excitons – coherent control of excitons,
high-throughput materials discovery, exciton dynamics at
nanoscale and multiscale studies and models of exciton
transport.
• Excitonic Systems for Security, Lighting and Sensing –
excitonic materials for security, light emitting devices,
photodetectors, sensors and synthesis of novel excitonic
materials.

Basic research capabilities underpin the Centre’s ability to
achieve its research goals. Our enabling capabilities are:
• Theory and modelling
• Materials and synthesis
• Spectroscopy and measurement
• Device designs and fabrication.
The table below outlines the Themes, Platforms, Theme
Leaders, Deputy Theme Leaders, Platform Champions and
Deputy Platform Champions for each. The three Themes
are then explained in detail, which sets out the Centre’s
research program structure.

Theme #

Theme title

Theme leader

Deputy theme
leader

Platform
Champion

Deputy Platform
Champion

Theme 1

Excitonic Systems
for Solar Energy
Conversion

Timothy Schmidt

Asaph
Widmer-Cooper

Platform 1.1

Thin film
upconversion devices

Timothy Schmidt

Ken Ghiggino

Platform 1.2

Next generation
luminescent solar
concentrators

Ken Ghiggino

Asaph
Widmer-Cooper

Platform 1.3

Solution-processed
photovoltaics

Jacek Jasieniak

Asaph
Widmer-Cooper

Theme 2

Control of Excitons

Platform 2.1

Coherent control of
excitons

Dane McCamey

Trevor Smith

Platform 2.2

High-throughput
materials design

Salvy Russo

Udo Bach

Platform 2.3

Excitons at interfaces

Alison Funston

Girish Lakhwani

Platform 2.4

Multiscale modelling

Jared Cole

John Sader

Theme 3

Excitonic Systems for Wallace Wong
Security, Lighting and
Sensing

Platform 3.1

Molecular sensors for
DSTG

Wallace Wong

David Neilsen

Platform 3.2

Flexible electronics

Anthony Chesman Paul Mulvaney

Platform 3.3

Novel security features
for the RBA

Timothy James

Paul Mulvaney

Platform 3.4

Organic polariton
laser

Girish Lakhwani

Wallace Wong

Girish Lakhwani

Jared Cole

Jacek Jasieniak
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Theme 1: Excitonic systems for
solar energy conversion
Grand challenge: To build
the ultimate excitonic lightharvesting system
Theme 1 involves spectral and spatial
manipulation of the solar spectrum, with
downshifting and up-conversion to compress
broadband sunlight into a narrow band
for efficient harvesting by next-generation,
solution-processed excitonic solar cells. This
Theme delivers new, light-harvesting concepts
and novel, full-spectrum materials for nextgeneration, low-cost, high-efficiency excitonic
light-harvesting devices.

Platform 1.1: Thin film excitonic
upconversion devices

Goal: To develop efficient photochemical
upconvertors based on triplet-triplet
annihilation in organic chromophores
Upconversion is a process that converts low
photon energy light to higher photon energy
light with numerous possible applications,
including solar energy. While high efficiencies
have been demonstrated in solution, for
engineering purposes a high-efficiency solidstate device is required. Platform 1.1 will
deliver high-efficiency, solid-state, thin-film
upconversion within four years, with solarrelevant efficiencies during the life of the
Centre. After four years, Platform 1.1 will have
demonstrated 45% internal quantum efficiency
under 10-sun equivalent illumination.
The two principal materials being employed
are nanocrystalline, inorganic semiconductors
and conjugated polymers, both of which
promise high, solid-state-triplet mobilities.
Our current aim is to employ organometallic
or semiconductor nanocrystals as sensitizers.
Other device-engineering level strategies
were outlined in the 2017 article by Laszlo
Frazer, Joseph K. Gallaher and Tim W. Schmidt,
‘Optimizing the efficiency of solar photon
upconversion’, ACS Energy Lett., 2(6):1346–54.
Key objectives
• F abricate and characterise upconverters
•C
 onstruct an apparatus to measure triplet
mobilities
•P
 rovide materials for upconversion devices
•P
 rovide theoretical analysis and simulations
of upconversion devices
16

Advanced spectroscopy setup
Photo by Gavan Mitchell
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Milestones achieved in 2018
• We have constructed a breadboard
upconvertor testing platform and used
it to characterise conjugated polymer
upconvertors
• Semiconductor nanocrystals (QDs) have
been synthesised and used to sensitise
upconversion

Platform 1.2: Next generation
excitonic solar concentrators

Goal: To deliver robust and efficient
materials and device geometries for
luminescent solar concentrators (LSCs) with
superior performance and spectral response
to existing devices
Key objectives
• Develop a ‘world’s best’ excitonic LSC device
with a flux gain (F) > 10 at a geometric gain
(G) = 50
• Produce organic/quantum dot/hybrid LSC
materials with large Stokes shifts
• Construct and characterise LSC devices
• Provide theoretical analyses and simulations
of LSC device geometries and performance
• Explore orientation and controlled assembly
of quantum rods and quantum dots for LSCs

Milestones achieved in 2018
• LSC device simulation (Monte Carlo)
programs from each node have been
compared on a common set of luminophore/
substrate data
• Molecular dynamics simulations of
fluorophore/substrate polymer interactions
and ab-initio calculations have been used to
explain fluorophore photophysics
• New energy donor-acceptor materials have
been developed, including aggregation
resistant fluorophores and selectively
oriented donor-acceptor pair
• 5 publications and 1 patent were produced
in 2018
• UoM students undertook a ‘deep dive’
with Availer to explore commercialisation
potential for LSCs
• Devices have been prepared and
performance evaluated; a flux gain of F =
1.14 at G = 5 was achieved, which meets the
Year 1 Milestone

Weijie Nie and Cameron
Ritchie discuss their work
Photo by Gavan Mitchell
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Graphic recording from the
Annual Workshop by Jessamy
Gee from Think in Colour

Platform 1.3: Full-spectrum high
efficiency excitonic solar cells

Goal: To develop advanced simulation,
characterisation and fabrication methods that
enable a complete understanding of the optical
and electrical processes occurring within new
and emerging solution-processed solar cells
This Platform is working with our key partner
CSIRO to accelerate the translation of specific
materials and device architectures towards
larger scale printing trials.
Key objectives
• Develop a suitable device-modelling
package to simulate various solar cell
architectures in 1D, 2D & 3D
• Develop a high-throughput characterisation
tool for photovoltaic devices capable of
fabricating and testing devices 10x faster
than with current conventional methods
• Understand and overcome the current Eeg-Voc
disparity and Jsc losses in spectrally tuneable
perovskite solar cells (PSCs) and organic solar
cells (OSCs)
• Demonstrate at least one new solar cell
concept that provides a unique benefit over
silicon solar cells
• Achieve a certified efficiency world record for
at least one emerging PV material
• Understand the physics and chemistry of

nanomaterial printing and coating processes.
• Translate at least one new material or device
architecture to large-scale printing trials
Milestones achieved in 2018
•A
 change in substrate configuration from
1 device per substrate to 4 has been
implemented, which increases the total
number of devices per batch from 8 to 32
•H
 alide demixing in grain-boundary-free,
monocrystalline, perovskite platelets has
been investigated, which currently limits
long-term device stability
• We have used facile, chemicalbath-deposited, mesoporous, NiO
hole-transporting layers in PV devices, which
exhibit record fill-factors of 86%
• We have introduced a novel, defect-tolerant,
back-contact architecture for solutionprocessed solar cells
•A
 new family of light harvesting materials
with the formula AgaBibIa+3b−2xSx has been
synthesised and their structural, optical and
photovoltaic properties studied
• We have developed a new scaleable
approach for fabricating Cu2ZnSnS4 and
Cu2ZnSnSe4, nanocrystals, as well as
mixtures of these. The new route works at
low temperature and results in materials
with negligible carbon impurities; this new
process has been patented in 2018
19
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Theme 2: Control of excitons

Grand challenge:
To control the four dimensions
of an exciton – Energy, Lifetime,
Position, and Spin/Polarisation
– for technological advancement
of exciton devices
The realisation of any excitonic device or
technology requires control over excitons. In this
Theme, we look to control the four dimensions of
an exciton: Energy, Lifetime, Position and Spin/
Polarisation. The outcomes of this Theme will
include new ways to coherently control excitons,
new excitonic materials, nanostructurecontrolled excitonic motifs and new theories of
exciton transport.

20

Platform 2.1: Coherent control of excitons
Goal: Develop excitonic logic devices using
coherent control of excitons to generate
precision states

To exploit excitons fully for advanced applications
– in areas such as optical molecular switching,
sensitive magnetometry, and spin-based logic
– coherent control over the quantum degrees
of freedom (phase, super-position and spin)
must be established.
In this Platform, we will coherently control
quantum excitonic phenomena using a range
of approaches including manipulation of spin
and optical polarisation with engineered pulse
sequences. This will provide coherent control
over how far, how quickly and to which location
an exciton can migrate within a material, leading
to applications such as excitonic logic gates. We
aim to advance this field by coupling theory,

PhD student Hamid Solimaninejad
at work in the lab
Photo by Gavan Mitchell
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made in collaboration with Professor Luis
Campos (Columbia University) and Professor
Matthew Sfeir (City University of New York).
• A unique acene dimer has been identified,
which exhibits rapid, singlet fission decay
with near-intrinsic, triplet exciton lifetime.
This allows us to decouple the otherwise
complicated relationship between the triplet
lifetime and the fission rate
• Mathematical algorithms have also
been developed for modelling ultrafast
spectroscopy data, in particular for
interpreting information gleaned from
heterodyne and fluorescence detected, twodimensional, electron spectroscopy. We have
performed quantitative comparison between
this new model and existing simulation
techniques using both semi-classical and
quantum calculations

The outcomes of this Theme will
include new ways to coherently
control excitons, new excitonic
materials, nanostructurecontrolled excitonic motifs and
new theories of exciton transport.

synthesis and advanced experimental methods
to investigate how we can gain control over
the behaviour of excitons in molecular and
semiconductor systems specifically designed
and synthesised for this purpose.
Key objectives
• Characterise coherence (generation, control,
decoherence mechanisms) in a range of
excitonic systems
• Develop models for predicting the properties
of exciton coherence and related phenomena
• Develop the design for a simple exciton logic
device that implements a logic function
based on the states of excitons
Milestones achieved in 2018
• A novel, singlet-fission dimer molecule has
been engineered, which can yield 100%,
spin-uncoupled triplets, a breakthrough

Platform 2.2: High-throughput
materials discovery

Goal: To discover a novel photovoltaic
material capable of enhancing or
outperforming silicon
Various materials have been investigated in recent
years for applications such as light-emitting
devices, photodetectors and sensors, and
photovoltaic devices. Many of these materials
have desirable properties such as high optical
absorption coefficient, tunable bandgap, high
PL quantum yields and long carrier diffusion
length. However, synthesis of many of these
structures can be constrained by the high cost
of base materials and the time-consuming
nature of complex synthesis procedures.
In this Platform we are developing a methodology that integrates computational modelling,
data mining and advanced chemical techniques
to decrease the timeline for synthesis of new
materials with tailored excitonic properties,
21
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combining computational materials design
with the latest materials synthesis techniques.
We will be applying these methods to initially
investigate different types of materials, each of
which show promising potential for optoelectronic and photonic applications. These are: (i)
low dimensional hybrid perovskite materials;
(ii) antimony chalcogenide photovoltaics; (iii)
ferroelectric oxide based materials; and (iv)
organic–inorganic hybrid materials.
Key objectives
• Develop a software toolkit for materials
design that will be able to combine machine
learning and materials modelling techniques
on new and existing material property
datasets to predict new photovoltaic/
excitonic materials with superior properties
for the conversion of light into current
• Develop an integrated high-throughput
materials discovery methodology to
decrease the timescale for discovery of new
excitonic materials by at least an order of
magnitude and provide reliable datasets for
machine learning interrogation
22

Milestones achieved in 2018
• We have developed a software package that
allows machine learning of band-gap data
and can predict band gaps for more than
30,000 compounds
• We have developed high-throughput
characterisation tools that enable the I-V
curves of 16 solar cells to be simultaneously
studied under AM 1.5G light irradiation

Platform 2.3: Excitons at nanoscale
interfaces

Goal: To identify key chemical and structural
molecular variables that underpin the
excitonic behaviour at nanoscale organic–
inorganic hybrid interfaces
Constructing a device from a single photoactive
molecule is the ‘Holy Grail’ in the miniaturisation
of molecular electronics. So far this has been a
distant dream due to difficulties in understanding
the fundamental nature of the exciton and
controlling its dynamics across organic–inorganic
hybrid interfaces. Exciton dynamics across hybrid
interfaces is highly complex and dependent on

David Nitneth in Smith and
Ghiggino laser laboratory
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molecular parameters that directly impact the
nanoscale morphology, spin polarisation, exciton
manifold and interfacial density of states. These
parameters are well below the diffraction limit of
light and not observable through conventional
bulk spectroscopic and imaging techniques.
In this platform, novel sophisticated optical
probes will be developed with a focus on
determining the key chemical and structural
molecular variables that underpin the
microscopic function in excitonic materials and
at hybrid interfaces, which has been challenging
at a bulk level. These studies will inform us about
the nature of excitonic behaviour at interfaces
and provide us with strategies towards the
realisation of single molecule devices.
Key objectives
• We have upgraded spectroscopic facilities
to include: (a) a new SNOM with 50 nm
spatial resolution and 2.5 ns time resolution
sensitivity; and (b) a structured illumination
microscope with ~ 200 ps time resolution
and < 100 nm spatial resolution
• Auger recombination and surface trap
recombination have been identified as the two
major competing mechanisms for fluorescence
blinking in quantum dots and 2D nanoplatelets
• We have developed a method to achieve 3D
assembly of discrete nanocrystals in high
yield using DNA linkers; these well-defined
high-fidelity, multichromophoric systems are
test-bed superstructures for investigation of
energy transfer
Milestones achieved in 2018
• We have upgraded spectroscopic facilities
to include: (a) a new SNOM with 50 nm
spatial resolution and 2.5 ns time resolution
sensitivity; and (b) a structured illumination
microscope with ~ 200 ps time resolution
and < 100 nm spatial resolution
• Auger recombination and surface trap
recombination have been identified as the two
major competing mechanisms for fluorescence
blinking in quantum dots and 2D nanoplatelets
• We have developed a method to achieve 3D
assembly of discrete nanocrystals in high
yield using DNA linkers; these well-defined
high-fidelity, multichromophoric systems are
test-bed superstructures for investigation of
energy transfer

Platform 2.4: Multiscale studies and
models of exciton transport

Goal: Develop the first general theory for
exciton dynamics over multiple length scales

the properties of single molecules and quantum
dots, with limited information on the crossover in
structural and optical properties at intermediate
length scales. Given the spatial and energetic
disorder (~100 meV) that is often observed at
mesoscopic length scales, structure–property
relationships become much more complicated
in devices and no universal theoretical insight
exists between morphology and device physics.
Overcoming this shortfall is critical towards the
optimisation of devices in areas ranging from
solar energy to sensing, lighting and security.
In this Platform, we will employ a combined
theoretical and experimental approach to
examine the interplay between electronic
coupling, spin and structure on exciton
diffusion and delocalisation in disordered
organic and hybrid materials on scales ranging
from the atomistic to the device level. To this
end, this Platform will develop multiscale
computational methods that can help
interpret and predict exciton behaviour from
the nanoscale to the device level. Specially
developed experimental techniques with
optical resolution down to 50 nm will allow
capture of spatial maps of both film topology
and excitonic processes, including diffusion
length and lifetimes.
Key objectives
• Develop and extend macroscale models to
incorporate information from ab-initio models
of organic and inorganic excitonic materials
•B
 enchmark complementary computational
techniques against each other to determine
the regimes of validity for each one and to
develop efficient simulation approaches
•D
 esign, fabrication and measurement of
multiscale ‘artificial excitonic transport’ as
a method of studying naturally occurring
excitonic transport in molecules or
nanostructures
Milestones achieved in 2018
• We have developed a general, tight-binding
code to compute electron transport through
atomistic models of nanostructures, comprised
of arbitrary materials in arbitrary geometries
• Variational method for solving the Boltzmann
equation have been developed, allowing the
use of spectral methods in highly accurate
solutions; this approach is complementary
to Monte Carlo methods already used within
the Centre
• A general code-base has been developed for
simulating ballistic quantum transport, in which
a range of techniques and algorithms has been
implemented in both Matlab and Python

The higher order structures that control the
optical and electronic properties of bulk films are
notably different from the structures that control
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Theme 3: Excitonic systems for
security, lighting and sensing
Grand Challenge:
To develop the first organic
polariton laser
Manipulation, detection and use of light
through excitonic materials are key concepts
that will enable a raft of future technologies. The
overarching mission of this Theme is to design
and create materials with properties specifically
defined for target applications that are relevant
to our Industry Partners – DSTG, RBA and CSIRO.
In 2018, the Centre has worked closely with our
Industry Partners and has achieved all significant
targets and milestones including developing new
materials for chemical sensing, fabricating blue
emitting quantum dot light emitting diodes, and
two new materials for document securitisation
have been synthesised. To meet our Grand
Challenge goal of building an electrically pumped
organic polariton laser, the Centre has identified
a class of highly photoluminescent and stable
organic dyes with appropriate properties to
demonstrate polariton lasing.

Platform 3.1: Excitonic materials for
chemical sensing

Goal: To develop materials that will enable
chemical detection at high speed, sensitivity
and specificity in a portable and robust device
There is a great need for portable and robust
chemical sensing devices in real-time applications
such as theatres of war, chemical and mining
industries, as well as for personal health and
wellbeing monitoring. However, achieving the
combination of fast and low-threshold detection
and high specificity in real-time devices remains a
significant challenge in the chemical sensing field.
In partnership with the Defence Science and
Technology Group, the Centre is in a unique position
to develop new materials with tailored excitonic
and chemical properties and contribute to DSTG’s
chemical sensing program. DSTG has previously
produced a portable colorimetric chemical sensor
device and is currently in the process of upgrading
various aspects of the technology with particular
focus on a photoluminescence-based response
system. This Platform brings together expertise
in photoluminescent materials, host–guest
chemistry, material nanostructuring and gas
flow modelling to aid in the development of this
next-generation chemical sensor.
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Key objectives
• Design and test new photoluminescencebased sensing systems
• Integrate new sensing system into DSTG
devices with improved sensitivity and
specificity outcomes
• Develop gas flow models and optimise
sensor device capabilities through device
and substrate structuring
Milestones achieved in 2018
• We have identified a list of focus targets in
collaboration with DSTG
• A comprehensive literature review has been
completed with sharpened focus on chemical
targets
• The first materials have been synthesised that
are capable of fluorescence turn-on sensing
• We have established new spectroscopic
analysis systems to examine chemical probes
with chemical simulants
• A gas flow system has been built for sensor
testing

Platform 3.2: Printed excitonic devices
Goal: To deliver solutions for future lighting
and display technologies

Thin film light-emitting devices have come
a long way since the first observations of
electroluminescence in organic diodes. Various key
developments – such as the use of phosphorescent
metal complexes and, more recently, thermally
activated delayed fluorescence materials – have
led to the commercialisation of the organic
LED technology in the form of ultra-thin, lightweight, high-resolution displays. However, many
fundamental questions regarding materials and
device design, particularly for applications that
require high efficiency, brightness and stability,
remain.
This Platform will deliver solutions for future
lighting and display technologies by developing
materials and devices beyond current efficiency,
brightness and stability limits with spectral
coverage from the ultraviolet to visible and IR
range. These next-generation light-emitting
devices will open up new architectures and
applications such as tunable lasers – the focus
of Platform 3.4. The key Industry Partner in
this platform is the CSIRO, which is providing
facilities and expertise support through its
flexible electronics laboratory. CSIRO’s printing

and device fabrication capability is essential for
positive outcomes.
Key objectives
• Develop a blue quantum dot (QD) lightemitting diode (LED)
• Develop a low temperature, flexible, blue
QD-LED
• Demonstrate the use of multi-exciton systems
to improve device efficiency and stability
Milestones achieved in 2018
• We have successfully completed the
fabrication of an LED based on blue-emitting
quantum dots, with full characterisation of its
lifetime and spectral properties
• We have identified the best QD processing
conditions and developed a ligand
exchange process, which leads to enhanced
performance of the QD-LEDs
• In-depth analysis of the electrical properties
of LEDs with different ligand systems has
revealed the key role of ligands and provided
a pathway for future device improvements

Above: PhD student
Gangcheng Yuan
operating microscope
Photo by Gavan Mitchell
Opposite page: Gallium
LEGO man keeping watch
over some luminescent
solar concentrators at The
University of Melbourne
Open Day
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Platform 3.3: Excitonic security
features

Goal: To develop excitonic security features
for the polymer banknote
Forgery is a major security problem in many
industries, with estimated costs in the USA
alone exceeding US$250 billion annually. For
example, counterfeit drugs are prevalent in
many countries and cause predicted monetary
losses of more than US$75 billion per annum,
with significant accompanying health risks to
consumers. Counterfeit banknotes are another
example of an area of major global forgery.
In this Platform, the Centre will create
novel nanostructured exciton materials and
develop the science and technology for
security applications. It will involve a strong
partnership with the RBA to develop unique
security features for banknotes, as well as
tags that can be used as unique identifiers for
food, pharmaceuticals and other opportunistic
markets. A key element of our investigation will
be the transduction of one input to another,
with some examples being chemical-to-optical
and optical-to-electrical transduction. The
Platform will evolve from simple transduction
mechanisms that probe the sensitising state
externally to systems that respond to a change
in the sensitising state directly.
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Key objectives
• To develop a new optical feature for the RBA
that can be detected through an existing
bank teller machine
• To create a unique optical identifier suitable
for identification of security documents that
is non-toxic, photostable and amenable to
printing at low temperatures
• To combine top-down and bottom-up
nanotechnologies to create unique optical
signatures
• To generate at least two potential anticounterfeiting features that make it to the
next RBA print trial in 2020
Milestones achieved in 2018
• Modelling of the optical and magnetic
properties of magnetic nanomaterials has
been completed
• Synthesis and encapsulation of magnetic
nanomaterials has been demonstrated
• We have tested a mechanically sensitive metalinsulator-metal proof-of-principle device

Platform 3.4: Organic polariton laser

Goal: To develop the first organic polariton
laser
The invention of lasers has led to a multitude
of technological developments including telecommunications, data storage, medicine and
many areas of analytical science.

Undergraduate Trent Ralph
with PhD students Gangcheng
Yuan and Arun Ashokan in the
Mulvaney lab at the University
of Melbourne
Photo by Gavan Mitchell
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Electrically pumped organic lasers remain
one of the ‘Holy Grails’ in optoelectronics, and
their development would launch a revolution
in low-cost, flexible display devices. To date,
however, even optically pumped continuous
wave solid state lasers using organic molecules
are yet to be realised. As the excitation pulse
width or frequency is increased, triplet states
are formed, which prevent stimulated emission
and thereby increase the lasing threshold often
leading to material degradation.
In this Platform, we are employing a
combined theoretical and experimental
approach for the realisation of an electrically
pumped polariton laser. Polariton lasing does
not require population inversion, instead
needing only strong coupling between the
exciton state and a cavity photon mode. Ultralow energy thresholds are, therefore, possible.
This pathway both increases the efficiency of
the device and limits thermal decomposition.
To this end, we will be investigating a range
of organic semiconductors to determine
parameters (e.g. lifetimes, Rabi splitting) that are
critical to demonstrate lasing, and to develop
a theory to identify different polariton modes
and characteristic stop-band. We will also be
investigating hybrid materials (e.g. Perovskites)
to identify strategies towards electrical injection.
Finding key industrial partner(s) will lead to
technology development, particularly through
the fabrication of high-precision optical cavities.

Key objectives
• Investigate photophysical properties of
existing light-emitting materials in optical
cavities
• Develop theoretical models that can
determine different polariton modes and
inform the design of new materials
• Identify champion materials for polariton
lasing
• Demonstrate electrically injected polariton
lasing at low energy thresholds
Milestones achieved in 2018
• We have built a robust and highly sensitive,
angular reflectometry set-up to identify
polariton energy levels and Rabi splittings
of different materials in varied types of
fabricated optical cavities
• We have improved several key nanofabrication
processes with staff at the Melbourne Centre
for Nanofabrication, as well as fabricating our
first multilayer Bragg Gratings
• We have identified a class of fluorescent dyes
with high PLQY (>70%), and Rabi splitting up
to 150 meV, making them ideal materials for
polariton lasing

Left: Triet Nguyen, a Scientia PhD
Scholar at UNSW, preparing
to undertake electron spin
resonance experiments on
excitonic materials
Right: Green light laser in the
Mulvaney lab
Photo by Gavan Mitchell
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Capabilities

The Centre has high-quality infrastructure for
materials characterisation, optical measurements
and high-speed computation. We aim to optimise
coordination of infrastructure to minimise
duplication of equipment and instrument
downtime, and to facilitate access for both ACEx
researchers and external users.
Theory and modelling
In 2018 the Centre was awarded another two
substantial supercomputer grant allocations,
for the 2019 calendar year. The first was
3 million CPU hours under the National
Computational Infrastructure (NCI) Flagship
Allocation Scheme, which awards grants to
projects identified by the NCI Board as being of
high-impact or national strategic importance.
We were also awarded 1.35 million CPU hours
under the Pawsey Supercomputing Centre
Energy and Resources Merit Allocation Scheme.
These two large supercomputer allocations,
along with the supercomputing resources at
each of the Centre’s node universities, mean
that we are well resourced to undertake the
substantial theory and modelling program
required by the Centre’s activities.
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Spectroscopy and measurement
This capability underpins the measurement of
the physical properties of excitons, including
energy, lifetime, transport and dissociation.
Spectroscopy and materials characterisation
is a major capability of the Centre, with a
majority of our research groups having some
spectroscopy expertise and equipment. We also
have several CIs who specialise in spectroscopy
and optical microscopy. As a result, the Centre
can investigate ultrafast exciton generation
across the UV, visible and near-infrared spectral
regions. We can undertake time-resolved and/
or spatially resolved detection of exciton
emission (photons), spin-state, transport and
exciton dissociation products; and examine
single molecule, solution and bulk materials.
New instrumentation in 2018:
• Angular reflectometry
• Gas flow spectrophotometry for chemical
sensor evaluation
• Magnetic field dependent spectrophotometry
• Transient absorption microscopy.
Key instrumentation includes:
• Laser excitation in the nanosecond to
femtosecond regimes across the ultravioletvisible-near infrared spectrum

Quantum dots solutions., in
which different colours are
emitted by different sized
quantum dots
Photo by Emma Donnelly
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• Time-correlated single photon counting
(picoseconds-nanoseconds)
• Visible/IR femtosecond transient absorption
spectroscopy
• Femtosecond fluorescence upconversion
• Femtosecond multiple pulse photon echo
spectroscopy
• Nanosecond flash photolysis
• Time-resolved fluorescence imaging;
• Total internal reflection fluorescence
microscopy
• Super-resolution optical microscopy
techniques
• Single molecule and nanoparticle
spectroscopy
• Confocal and dark-field microscopy
• Scanning near-field optical microscopy.
2018 highlights include:
• The range of optical microscopy methods
that we developed and used to investigate
ion migration in large, single crystals of
mixed halide perovskites.
Materials and synthesis
With the current knowledge of materials and
advancements in theoretical modelling, it is
now possible to design new structures and
produce compounds with desired molecular
properties. However, it is still a daunting and
unsolved problem to take a particular molecular
structure and predict the bulk properties
and functionality of that same material. This
‘gap’ in knowledge in material science is due
to the fact that bulk properties are derived
not only from the molecular properties but
also from intermolecular association and,
ultimately, macromolecular arrangement at
the nanometer to micron scale. The synthesis
capabilities within the Centre are being used
to push the boundaries of synthesis in areas of
quantum-confined inorganics, inorganic bulk
materials and organic assemblies, with the
expectation that new synthesis and processing
methods will be developed.
The Centre has the capability to produce materials in the three classes – organic conductors,
inorganic nanocrystals and perovskite films
– at appropriate scale requirements for applications. To facilitate the exchange of information
on materials, the Centre has created a materials
register. There are further plans to establish a
database of materials and their properties that
can ultimately be used in the data mining and
machine learning program for high-throughput
materials discovery.

2018 materials highlights include:
• A series of organic dyes with potential for
polariton laser application, highly fluorescent
and stable perovskite nanocrystals and single
crystal mixed organolead halide perovskites.
Devices and prototyping
The Centre is working on the development
of new energy-efficient devices and energy
storage structures such as solar cells,
luminescent solar concentrators, LEDs and
exciton up-conversion systems. The full
application potential of emerging excitonic
materials will be showcased and explored in
prototype devices. We are also working towards
novel device designs that are compatible with
low-cost fabrication techniques.
The integration of the multitude of excitonic
technologies developed by the Centre into
integrated third generation photovoltaics, such
as tandem solar cells and PV-integrated solar
concentrators and upconverters, will be a key
focus. In addition, the Centre is developing new
technologies with our key industry partners
– DSTG on chemical sensing, RBA on security
devices, and CSIRO on light emitting devices.
Key infrastructure for device fabrication
includes:
• Complete solar cell characterisation systems
(e.g. simulators, spectral response, a wide
range of impedance-based techniques and
stability testing)
• A wide range of printing and deposition
technologies (e.g. screen, spray, spin
coating, dip coating, sputtering and thermal
evaporation)
• Clean room access (class 100–10000) at
the Melbourne Centre for Nanofabrication,
CSIRO, RMIT facilities (including electron
beam lithography, focused ion beam
lithography, reactive ion etching and
nanoimprinting)
• A wide range of deposition methods
including electron beam evaporation, sputter
coating, electroplating and 3D printing
• Roll-to-roll printing and slot die coating
facilities at CSIRO.
2018 device highlights include:
• Demonstration of a printed large-area (G =
50) luminescent solar concentrator
• Improved stability of high-efficiency metal
halide perovskite solar cell with centimetre
device area
• Direct assembly of large area nanoparticle arrays.
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Meet the scientist:
Dr Pegah Maasoumi

Dr Pegah Maasoumi was a seven-year-old in the
Iranian city of Shiraz when she decided that
science was going to be her career. With no
child care available, Dr Maasoumi’s mother, a
medical doctor, would take her daughter to
medical conferences where she would listen
with fascination to the scientific discussions.
After completing an undergraduate degree
and a Masters in physics at Shiraz University, Dr
Maasoumi moved to Brisbane to undertake a
PhD, and is now an ARC Research Fellow in Flexible
Electronics and Device Fabrication at ACEx.
While her passion for science continues
unabated Dr Maasoumi has developed a new
interest in collaboration and commercialisation
of that science, which is fitting because her role
at the Centre is about just that – facilitating
research collaboration with CSIRO to promote
greater research commercialisation.
‘I’m the connection point between ACEx, CSIRO,
and the Melbourne Centre for Nanofabrication,’
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Dr Maasoumi says, ‘the person who starts the
communication between the organisations
to make the collaboration happen as soon as
possible. Because I am based in CSIRO, when
someone at the Centre contacts me to say “I want
to make this” or “I want to do this” but we don’t
have the capabilities here, I investigate CSIRO’s
capabilities to see if it’s possible. I then introduce
the researcher at ACEx to the appropriate person
at CSIRO and the collaboration starts.’
Dr Maasoumi says the two organisations
complement each other. ‘Scientists are
curious to examine new ideas, but not always
concerned with the practical application of
these ideas, while CSIRO is focused on goaloriented research with specific questions to
answer,’ she says. ‘Sometimes industry will come
to CSIRO and say, “We have this challenge and
we need help to find out how we fix it”. CSIRO
can then pass on these questions to ACEx or
other researchers to investigate.’

Dr Pegah Maasoumi with
local children in India while
volunteering for Pollinate
Energy in September 2018
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Such collaboration leads to a smooth
transition from academic ideas to industry
products says Dr Maasoumi. It also offers more
to ACEx researchers than simply access to
CSIRO’s extensive network of industry contacts.
‘CSIRO has a team of highly skilled technicians
who are often specialists in areas of need by
researchers. They also have specialist facilities
like a new flexible electronics laboratory and
large-scale printers for printing PV cells,’ says Dr
Maasoumi. ‘And if they don’t have what we need
they will refer me to other institutions like the
Melbourne Centre for Nanofabrication whose
facilities are excellent.’
CSIRO also provides training and mentorship
for scientists on how to approach and talk to
industry. Dr Maasoumi’s CSIRO supervisor is
Dr Anthony Chesman, convenor of CSIRO’s
nanomaterials and device team.
‘Collaboration is a key aspect of what I
do. One of my primary roles is to coordinate
collaboration between CSIRO and the Chief
Investigators working at ACEx to make sure
they have full access to our capabilities and we
can fulfil our role in translating their research,’
says Dr Chesman.
‘Our primary role is to act as a bridge between
industry, the marketplace and the universities,
which maybe have lower technology readiness
level ideas, and we try to translate those
ideas through to commercialisation,’ says Dr
Chesman. ‘We are experienced in working with
SMEs and larger companies so we make sure
that technology can be taken from the lab to
the marketplace.’
However, this sort of collaboration is not
without its problems.
‘Researchers and industry often have differing
objectives and timeframes, and industry doesn’t
always understand the timeframes and costs
involved in pure research. So the demands
that industry can put on academic partners
can be quite tight, and quite constraining.
And conversely academic researchers don’t
necessarily have the knowledge of their
commercial partners so there can be a difficult
mismatch in funding and timing.’
He says that patent issues have sometimes
been a source of friction, with industry often
having the right to patent first and even to
lock up the research, whereas academics
have a strong incentive to publish their work.
The collaboration with ACEx, however, is very
clear about the pathway to patenting. This

clarity around patenting and a greater valuing
of industry collaboration by the Australian
Research Council is making a difference.
‘The ARC’s greater emphasis on demonstrating
the real-world impact of research has meant
that if an academic has done research with
an industry partner that hasn’t resulted in a
publication, but has been implemented into
industry business practice, it’s actually a really
big tick. This has been a very clever switch by
the ARC,’ he says.

‘Scientists are curious to examine
new ideas, but not always concerned
with the practical application of these
ideas, while CSIRO is focused on
goal-oriented research with specific
questions to answer.’
ARC CEO Professor Sue Thomas agrees. She
says that collaborations between university
researchers and industry are critical in
ensuring that research outcomes and impacts
are delivered to the wider community, and
believes that the ACEx and CSIRO are on the
right track.
‘The Centre of Excellence has already
successfully initiated significant research
collaborations across several Australian
universities, the CSIRO and other Australian
and International Partner organisations. I am
confident that these research collaborations
will result in significant outcomes and benefits
to Australia’s energy and defence industries,’
says Professor Thomas.
Meanwhile Dr Maasoumi’s enthusiasm
for both science and industry collaboration
continues unchanged.
‘Brainstorming between these two
organisations is absolutely beautiful’, she
says. ‘We need scientists with passion to do
the research, passion to use the research
and passion to commercialise the research.
Collaboration won’t happen unless we have
people who are passionate to make it happen.’
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Entrepreneurship

One of the Centre’s core drivers is translating
research into commercially viable products
and services. We began our commercialisation
journey in 2018, with the aim of laying the
groundwork for our researchers to think, act
and be entrepreneurial. The Centre facilitated
this in a variety of ways.

Entrepreneurship Bootcamp

In September we partnered with the Wade
Institute, a leading centre for entrepreneurial
training programs located at the University of
Melbourne’s Ormond College, to run a start-up
sprint program or Entrepreneurship Bootcamp
for our postdocs and researchers. We then held
a twitter competition for our PhD and Masters
students, in which they had to explain – using
200 characters or less – why they should be
selected to attend.
Even though the responses were overwhelming, we were able to offer 45 researchers
and students a place at the Bootcamp. It was
an intense weekend that tested their entrepreneurial mind-set in a supportive and fast-paced
environment.
‘This event was very important to me in
teaching me how to build my business and
how to build my research into a business
stream.’ Dr Kalim Kashif (Monash)
‘I realised a lot of technology and a lot of
startups are not about science; it is about the
ethnology and how you can apply it to things. The
way I want to approach that in my future science
and research is that I want to build it around ideasbased research that solves problems in real life.’
Dr Susanne Seibt (UoM alumni, Germany)

‘It has been a really great weekend going
out onto the street, talking to people and really
seeing how an idea can be evolved over time.’
Dr Andrew Tilly (UoM)

Working with Availer

We engaged a more strategy-based entrepreneurial focus by taking on Availer as consultants
to audit our research and to determine if any has
the potential to be commercialised. The process
involved researcher interviews (at all levels from
Masters to Chief Investigators), a briefing on
how to conduct market research (with market
research completed by the researchers), and
then a ‘deep dive’ in which Availer explored the
ideas being pitched to them, probed for further
information and posed questions around viability.
Availer, which works closely with select
leading researchers and scientists to identify
technologies with global application that are
capable of being rapidly commercialised, were
impressed with the depth of the potential
start-up companies. In January 2019, Availer
submitted the ACEx Deep-Dive: Final Deep
Dive Analysis Report to the Centre’s Executive
Committee. Many thanks to Daniel Drumm and
Andrew Grant for their fascinating insights into
the world of commercialisation.
‘We as scientists really need to know the
desirability of the concepts we are working
on and if they are feasible and there’s enough
of a market for them. This helps us when we
are applying for grants and we are seeking to
engage with people outside to support us to
do what we love to do on an everyday basis.’
Dr Pegah Massoumi (UoM & CSIRO)

Above: Research Fellow Dr
David McMeekin (Monash)
with PhD students Elham
Gholizadeh (UNSW) and
Adam Surmiak (Monash) at
Wade Bootcamp
Photo courtesy of Wade Institute
Opposite: PhD student Ben
Tadgell talks up exciton science
at The University of Melbourne
Open Day
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Engaging with success:
Entrepreneur Dr Rebecca Yee

Biofuel Innovations co-founder Dr Rebecca Yee
is the first to admit her company began as a bit
of a hobby. Dr Yee and a friend from university
– fellow chemical engineer Dale Barnet – were
messing around making biodiesel in the back
of an uncle’s garage.
‘He used to brew his own beer and we
actually took that equipment and started
brewing our own biodiesel,’ she said. ‘You make
it in batches… with 20 litres you might as well
make 200 litres, with 200 litres you might as
well make 2000 litres. So it just kind of grew
and grew.’
Dr Yee, who presented at the Centre’s
Annual Workshop in 2018, received support
from the City of Greater Dandenong council to
build a plant in the area. She was brewing large
batches of biodiesel from used cooking oil, and
started talking to big oil companies. However,
Dr Yee found that if she wanted to scale up, her
real limitation was inputs.
‘There’s a reason why fossil fuel is such a big
thing – it’s because there’s just so much of it,’
she said. ‘If you want to have an alternative,
like cooking oil, that starts to become really
expensive. Each fish and chip shop has maybe
20–30 litres of oil per week… you start to need
hundreds [of shops].’
Instead, Biofuel Innovations pivoted to
creating biodiesel from algae. Dr Yee said 50
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per cent of algae is oil, which can be used to
make fuel, and 50 per cent is protein, which can
be used to make food. She said the company is
trying to figure out how to produce enough oil
and fuel to offset the amount of fossil fuels we
consume in Australia. The team also consults
on projects ranging from water treatment
systems to science communication.
For Dr Yee, perfecting a process in the lab
and making it commercially viable are very
different.
‘You can make anything in a lab really, you
can make fuel out of strawberries,’ she said.
‘But making it cost effective and making it
big… then you start to see a lot of different
challenges.’
Dr Rebecca Yee’s top advice for new tech
entrepreneurs:
• You might start with a lot of different business
ideas before you find one that works.
• It’s not enough to have the technology
figured out. You also need to be savvy about
your market, supply chain, finances and
partnerships.
• Build a team of people you can rely on, who
will not just follow instructions but run with
an idea and figure out how to achieve it on
their own.
• Listen to everybody. You don’t know what
you don’t know.

Dr Asaph Widmer-Cooper
and Dr Rebecca Yee (with her
daughter) speaking at the
Annual Workshop
Photo by Gavan Mitchell
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Communications and media

2018 was a busy year for communications
and outreach development that saw the
development of a Centre-wide Operations
and Implementation Plan to ensure that ACEx
is at the forefront of science communication
and engagement. Other initiatives included
upskilling Centre researchers and students in
media and communications, concentrating
resources in outreach to schools, and expanding
and developing the Centre’s social media
channels for greater dissemination of our work.

Public outreach

Outreach covered a range of activities and
events, including the Science exhibit at
Questacon, Dr Girish Lakwahni’s presentation
at the RACI Chemistry in the Pub Sydney and the
following activities.
FameLab – Talking Science
Postdoctoral researcher Dr Pegah Maasoumi
participated in the prestigious FameLab
Competition, which aims to get researchers
talking about their science to general public
audiences. This is an annual international
competition run by the British Council. Dr
Maasoumi was selected as a State-finalist and
then won a place at the national final held in Perth.
National Science Week
In August, ACEx connected to public audiences
in both New South Wales and Victoria at
National Science Week events. Professor Jared

Cole was a panellist in The Great Debate: The
Greatest Discovery Ever Made at the Royal Society
of Victoria. And our Director Paul Mulvaney was
an invited guest on a panel discussion at the
University of Melbourne’s Science Festival and
Open Day at which we also ran tours of our
laboratories. In Sydney, PhD students Lara Gillan
and Billy Papas from UNSW offered talks and
hands-on workshops at Moriah College.
Victoria Chemistry Teachers’ Professional
Development Day
In November Dr Calum Kinnear presented an
engaging lecture highlighting exciton science
and the real-life connections the Centre is
working towards to an audience of more than
150 science teachers.
Australian Science Communicators Conference
ACEx was a key sponsor of the Australian Science
Communicators 2018 Networking Event in the
second week of November. Hosted by Dr Karl
Kruszelnicki, it was a great opportunity for the
Centres of Excellence cohort to communicate to
the remarkable cross-section of those working
in the science industry. Held at the Powerhouse
Museum in Sydney, the theme for the three-day
conference was: Elevate, Engage, Collaborate.

Above left: Dr Pegah
Maasoumi presents at
Famelab
Photo courtesy of Famelab
Above right: Engagement and
Communications Manager
Emma Donnelly (far left)
at the Australian Science
Communicators Conference
Photo courtesy of Australian
Science Communicators
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Media and social media

•M
 onash on track for zero emissions, Mojo
News, 20 August 2018
• Windows of opportunity to harness
solar energy in infrastructure, Roads and
Infrastructure Australia, 25 May 2018
• S cientists invented a real-life flux capacitor,
but not for time travel, Engaget, 28 May 2018
•M
 ilky Way is full of space grease study finds,
CNN, 28 June 2018
• S pace is full of dirty, toxic grease, scientists
reveal, The Guardian, 28 June 2018
• The space between stars is full of greasy,
possibly toxic carbon, Gizmodo, 29 June 2018
• Turning red LEDs blue with upconversion, Wiley
Advanced Science News, 25 September 2018

Notable media stories in 2018
‘The universe is chock-full of filthy space grease’
– by Brid-Aine Parnell, Forbes, June 2018
‘This space grease is not the kind of thing you’d
want to spread on a slice of toast!’, says Professor
Tim Schmidt. ‘It’s dirty, likely toxic, and only
forms in the environment of interstellar space.’
June 2018 – Professor Tim Schmidt (UNSW)
Reach: 40.1 million

Interviews
• Timothy Schmidt, UNSW, ‘Backwards physics
experiment could help solar panels of the
future stop wasting energy from the sun’,
Newsweek, 29 January 2018
•G
 irish Lakhwani, USyd, ‘Sydney Nano Institute
and Indian Institute of Technology joint
workshop’ [in Hindi], SBS Radio, 1 May 2018
• Timothy Schmidt, UNSW, ‘Milky Way saturated
in ‘space grease’, astronomers discover’, ABC
Radio, 28 June 2018

Social media has been a focus throughout
2018 with the addition of LinkedIn to the
communications suite already in use – Twitter,
Facebook and Instagram. Over the year, Twitter
followers have increased from 221 to 361 with a
subsequent increase in the number of mentions.
In the final quarter of 2018, we developed
and implemented a Media Flowchart designed
to capitalise on any publications through strategy, planning and connection with established
media and PR teams located in each node
institution. This procedure was put in place to
alleviate reactive promotion of publications
once in the public domain.

‘Backwards physics experiment could help solar
panels of the future stop wasting energy from
the sun’ – by Sydney Pereira, Newsweek.com,
January 2018
Inefficiencies that plague solar panels are
partly holding back our use of them. But these
issues have been hard to eradicate in part
because they are hard to understand.
Professor Tim Schmidt (UNSW)
Reach: 14.3 million
Other media stories
• Working out why quantum dots blink,
Cosmos, 11 February 2018
• Quantum colour colour – See the world in a
new light, Questacon, 3 May 2018
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Media releases
•U
 NSW, ‘Pathway opens to minimise waste in
solar energy capture’, 22 January 2018
•U
 NSW, ‘Theoreticians finally prove that
‘curly arrows’ tell the truth about chemical
reactions’, 12 April 2018
•U
 NSW, ‘Grease in space’, 27 June 2018
• UoM, ‘Seeing and avoiding the ‘blind spot’ in
atomic force measurements’, 7 December 2018
•U
 oM, ‘Measuring forces between atoms that
don’t want to be measured’, 12 December 2018

Above left: Screenshot of
the news report ‘Milky Way
saturated in ‘space grease’,
astronomers discover’, ABC
News
Above right: Screenshot of the
article ‘The universe is chockfull of filthy space grease’,
Forbes.com
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Quick stats
Potential media reach for 2018

446.6 million
Website hits for 2018

16,412
Facebook – Likes

221 361

(January) to (December)
Instagram – Followers (December)

79

LinkedIn – Launched September 2018,
followers by December

49

Twitter – Followers

152 411

(January) to (December)

Communications and branding

A range of internal communication strategies
were developed and implemented to connect
Centre members and keep everyone up-todate with upcoming opportunities, events and
achievements.
Our official monthly newsletter was launched
in August with a mailing list of 169 recipients
that includes current Centre staff, students,
alumni and partners. It has been well received
and Centre members are now actively providing
news and writing articles. Tracking of analytics
shows that the average opening rate of the
newsletter is around 46%. Other ways in which
Centre members can connect include our SLACK
channel and a closed group Facebook page.
A range of branded materials was developed
in 2018 ensuring there is now a consistent
style and templates available for all our Centre
members to use when promoting their ACEx
work. The materials include logo lockups,
nametags, letterhead, with compliments
slips, certificates, scientific poster templates,
PowerPoint templates, soft cover notebooks,
hard cover notebooks, tote bags and pens.
These items add to those already in circulation
from 2017 (banners, keep cups, business cards,
keyrings and coasters).
ACEx branded materials.
Photo by Gavan Mitchell
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Partners

During 2018 the Centre continued to build on
its international and local partner networks.
With research programs underway, and
with research staff appointed and graduate
students enrolled, there were opportunities
to focus on establishing collaborative research
programs in priority areas for the Centre.
Examples of international activities during
the year included a strong presence from
researchers across nodes at key symposia and
conferences including a special symposium on
‘Characterization, Detection and Applications of
Excitons in Chemistry’ at the American Chemical
Society National Meeting (Boston), the Asian
Photochemistry Conference (Taipei), and the
International Conference on Nanoscience and
Nanotechnology (Wollongong).
Chief Investigators, postdoctoral researchers
and students undertook collaborative research
visits to our International Partners at Princeton
University and MIT in the USA, Shandong
University, South China Normal University and
Chongqing Institute of Green and Intelligent
Technology in China, and Ludwig-Maximillian
Universität München and Universität Bayreuth
in Germany. Our formal International Partners
in 2018 are listed below.
International Partners (contributing
expertise and opportunities for student
advancement)
• Chinese Academy of Sciences, Chongqing
Institute of Green and Intelligent Technology,
China
• Huazhong University of Science and
Technology, China
• Shandong University, China
• South China Normal University, Guangzhou,
China
• Universität Ulm, Germany
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• Universität Bayreuth, Germany
• University of California, Berkeley, USA
• International Partners (with Partner or
Associate Investigators)
• Ludwig-Maximillian Universität München,
Germany
• Universität Kassel, Germany
• Princeton University, USA
• University of Kerala, India
Centre Director Paul Mulvaney explored
new collaborations through visits to key
research laboratories in Japan including the
National Institute for Materials Science at
Hokkaido University and Osaka University.
During 2018, the Centre continued to
welcome a large number of international
visitors (see complete list on pp.39–40) for
collaborative research and training programs.
Members of the International Scientific
Advisory Committee – Professor Greenham
(Cambridge
University,
UK),
Professor
Masuhara (National Chiao Tung University,
Taiwan) and Professor Reichmanis (Georgia
Institute of Technology) – visited in December
to advise on progress with the Centre.
Industry Partners
Research programs also progressed with
translational partners of the Centre. These
include:
• CSIRO Manufacturing Flagship
• Reserve Bank of Australia
• Defence Science and Technology Group of
the Department of Defence.
Collaborative research with these partners
involves developing new excitonic materials
for flexible electronics, security devices and
sensors. Representatives from these partners
attended the Centre Annual Workshop held in
September 2018.

L –R: ACEx researchers Trevor
Smith (CI), Greg Scholes (AI),
Siobhan Bradley (Research
Fellow), Can Gao (student),
Bolong Zhang (student) and
Ken Ghiggino (CI) discuss the
research program at Princeton
University, USA, August 2018
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International visitors
Name of visitor

Visitor institution

Location of visitor institution

Rakesh Agrawal

Purdue University

West Lafayette, USA

Harry Atwater

California Institute of Technology

Pasadena, USA

Pengqing Bi

Shandong University

Shandong, China

Mischa Bonn

Max Planck Institute for Polymer Research

Mainz, Germany

Gregory Burgess

University of Birmingham

Birmingham, UK

Emory Chan

Lawrence Berkeley National Laboratory

Berkeley, USA

Kai Chen

University of Victoria Wellington

Wellington, New Zealand

Nathaniel Davis

University of Cambridge

Cambridge, UK

Robin Dolleman

Delft University

Delft, Netherlands

Yue Dong

Wuhan University

Wuhan, China

Kazimierz Drabczyk

Polish Academy of Sciences

Warsaw, Poland

Andreas Fery

Leibniz Institute for Polymer Research

Dresden, Germany

Yuki Fujita

Tohoku University

Sendai, Japan

Achille Giacometti

Università Ca’ Foscari Venice

Venice, Italy

Jean-Francois Guillemoles

Centre National de la Recherche Scientifique

Paris, France

Xioatao Hao

Shandong University

Shandong, China

Armin Heinemann

Universität Bayreuth

Bayreuth, Germany

Shunya Ito

Tohoku University

Sendai, Japan

Marion Krapez

École Supérieure de Physique et de Chimie
Industrielles

Paris, France

Jürgen Köhler

Universität Bayreuth

Bayreuth, Germany

Tae-Hyuk Kwon

Ulsan National Institute of Science and Technology

Ulsan, Korea

Jae-Joon Lee

Dongguk University

Seoul, Korea

Zhen Li

Wuhan University

Wuhan, China

Seth Marder

Georgia Institute of Technology

Atlanta, USA

Alex Martucci

University of Padova

Padua, Italy

Sarah Masters

University of Canterbury

Christchurch, New Zealand

Walter Merida

University of British Columbia

Vancouver, Canada

Clemens Müller

ETH Zürich

Zürich, Switzerland
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Name of visitor

Visitor institution

Location of visitor institution

Franck Natali

Victoria University of Wellington

Wellington, New Zealand

Jeffery B. Neaton

Lawrence Berkeley National Laboratory

Berkeley, USA

Dieter Neher

University of Potsdam

Potsdam, Germany

Adam Neuman

California Institute of Technology

Pasadena, USA

Weijie Nie

Shandong University

Shandong, China

Chandramouli Padmanabhan

IIT Madras

Chennai, India

Taiho Park

Pohang University of Science and Technology

Pohang, Korea

Elsa Reichmanis

Georgia Institute of Technology

Atlanta, USA

Simona Rosu

Georgetown University

Washington, USA

Michael Roukes

California Institute of Technology

Pasadena, USA

Sebastian Schellhammer

Technische Universität Dresden

Dresden, Germany

Gerd Schön

Karlsruhe Institute of Technology

Karlsruhe, Germany

Yannick Schön

Karlsruhe Institute of Technology

Karlsruhe, Germany

Yukata Shibata

Tohoku University

Sendai, Japan

Ron Steer

University of Saskatchewan

Saskatoon, Canada

Masaru Tachibana

Yokohama City University

Yokohama, Japan

Kevin Webb

Purdue University

West Lafayette, USA

Philip Wright

Newcastle University

Newcastle, UK

Peng Zeng

Chengdu University

Chengdu, China
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Ken Ghiggino, Light energy conversion in thin
film organic photovoltaic materials, Thin Films
Workshop on Interdisciplinary Technologies
(TFIW2018), Kasghar, China, 2 June 2018

Yi-Bing Cheng, Effects of dopants in hole
transport materials (HTMs) for perovskite
solar cells, 10th International Conference on
Hybrid and Organic Photovoltaics, Benidorm,
Spain, 28 May 2018
Yi-Bing Cheng, Interfacial engineering for
efficient perovskite solar cells, The 22nd
International Conference on Photochemical
Conversion and Storage of Solar Energy,
Hefei, China, 30 July 2018
Jared Cole, Electron transport inside
Josephson junctions: Moving beyond
the cartoon picture of barrier tunnelling,
International Workshop on Superconducting
Sensors and Detectors, RMIT University,
Melbourne, 26 July 2018
Jared Cole, Using qubits as a tool in
materials science: Unravelling the mystery
of two-level defects in amorphous solids,
International Conference on Nanoscience
and Nanotechnology, RMIT University,
Melbourne, 29 January 2018
Laszlo Frazer, Seeing the invisible plasma
with transient phonons in cuprous oxide:
Deducing phonon dynamics using the
phonon-to-exciton induced absorption
triggered by electron-hole plasma relaxation,
APS March Meeting, Los Angeles City
College, Los Angeles, USA, 28 March 2018

Stefano Bernardi, Evaluating classical
force fields for studying dissolution and
crystallisation of organometallic halide
perovskites, 2nd Australian Symposium on
Computationally Enhanced Materials Design,
International Convention Centre, Sydney,
Australia, 23 July 2018
Christian Blauth, Can nanoparticles be the
new efficient light-emitting material for blue
and UV?, The International Conference on
Nanoscience and Nanotechnology 2018,
The University of Wollongong, Wollongong,
Australia, 29 January 2018

Alison Funston, Symmetry breaking
and silver in gold nanorod growth, The
International Conference on Nanoscience
and Nanotechnology 2018, The University
of Wollongong, Wollongong, Australia, 1
February 2018
Alison Funston, Three-dimensional
tuning of the near-field in coupled metal
nanostructures, 23rd Australian Institute of
Physics Congress, The University of Western
Australia, Perth, Australia, 12 December 2018
Ken Ghiggino, Excitonic processes in
porphyrin-based photon upconversion
materials, 256th ACS National Meeting and
Exposition, Boston MA, USA, 19 August 2018

Ken Ghiggino, Ultrafast photochemistry
in organic semiconductor films and
nanoparticles, 27th IUPAC Symposium on
Photochemistry, Dublin, Ireland, 8 July 2018
Christopher Hall, Visualising phase
segregation in mixed halide perovskites,
2nd Sino–Australian Workshop on Advanced
Materials, Northwestern Polytechnical
University, Xi’an, China, 12 October 2018
Christopher Hall, Visualising phase
segregation in mixed Halide perovskites,
Asian Photochemistry Conference, Howard
Civil Service International House, Taipei,
Taiwan, 16 December 2018
Christopher Hall, Visualising phase
segregation in mixed halide perovskites,
Interdisciplinary Workshop on Thin Films
& Photonics and Organic Electronics
(TFPOE2018), Shandong University, Jinan,
China, 9 November 2018
Christopher Hall, Visualising phase
segregation in mixed halide perovskites,
Tohoku-Melbourne Day Down Under,
The University of Melbourne, Melbourne,
Australia, 8 November 2018
Qicheng Hou, Revealing the relationship
between design and performance of
back-contact perovskite solar cells with
honeycomb charge collecting electrode
authors, Asia Pacific Hybrid and Organic
Photovoltaics Conference, Kitakyushu
International Conference Center, Kita, Japan,
28 January 2018
Calum Kinnear, Heteroaggregation of
magnetic and plasmonic nanoparticles, The
International Conference on Nanoscience
and Nanotechnology 2018, The University
of Wollongong, Wollongong, Australia, 2
February 2018
Calum Kinnear, Thermally induced gold
nanocrystal transitions: Rod to ellipsoid
to cuboid to sphere, Gordon Research
Conference on Noble Metal Nanoparticles,
Boston MA, USA, 16 July 2018
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Mike Klymenko, Probing charge and energy
transfer across the HIOS interface by electron
transport in silicon nanowires, 23rd Australian
Institute of Physics Congress, The University
of Western Australia, Perth, Australia, 11
December 2018

Dane McCamey, Spin coherence and
dynamics of singlet fission in molecular
dimers, The 3rd Joint Conference of the
APES and IES Symposium, The University
of Queensland, Brisbane, Australia, 27
September 2018

Girish Lakhwani, Edge effects create barrier
to delocalisation in conjugated polymer
aggregates, Australasian Community for
Advanced Organic Semiconductors (AUCAOS)
Symposium 2018, Hahndorf, Australia, 3
December 2018

Dane McCamey, Spin coherence and
dynamics of singlet fission in molecular
dimers, 23rd Australian Institute of Physics
Congress, The University of Western Australia,
Perth, Australia, 12 December 2018

Laurent Lermusiaux, S4 O15 – Self-assembly
of gold nanoparticles into structurally
different tetramers using a single tetrahedral
DNA template, Gold 2018, Université Pierre et
Marie Curie, Paris, France, 16 July 2018
Linton Lin, Dipole-field-assisted charge
extraction in metal-perovskite-metal
backcontact solar cells, 2018 MRS Spring
Meeting and Exhibit, Phoenix Convention
Center, Phoenix AZ, USA, 4 April 2018
Linton Lin, Dipole-field-assisted charge
extraction in metal-perovskite-metal back
contact solar cells, Asia Pacific Hybrid
and Organic Photovoltaics Conference,
Kitakyushu International Conference Center,
Kitakyushu, Japan, 28 January 2018
Yawei Liu, A sphere-assembly model for
use in molecular dynamics simulations, 2nd
Australian Symposium on Computationally
Enhanced Materials Design, International
Convention Centre, Sydney, Australia, 23 July
2018
Yawei Liu, Modelling hard-rod suspensions
for use in molecular-dynamics simulations,
Statistical Mechanics of Soft Matter 2018,
Auckland, New Zealand, 6 December 2018
Jian Feng Lu, Molecular engineering in
perovskite solar cell, The 7th International
Young Scholars East Lake Forum (Wuhan) East
Lake International Forum for Outstanding
Overseas Young Scholars, Wuhan, China, 25
December 2018
Pegah Maasoumi, Organic light emitting
devices market R&D, products on the horizon,
The Centre for Organic Electronics Winter
School, University of Newcastle, Newcastle,
Australia, 25 July 2018
Wenxin Mao, Controlled growth of
monocrystalline organo-lead halide
perovskite and its application in photonic
devices, Asia Pacific Hybrid and Organic
Photovoltaics Conference, Kitakyushu
International Conference Center, Kitakyushu,
Japan, 28 January 2018
Ari Mayevsky, Geometry dependent plasmon
resonance mode evolution in crystalline,
faceted gold nanotriangle dimers, Gold 2018,
Université Pierre et Marie Curie, Paris, France,
15 July 2018
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Debora Monego, Ligand-mediated interaction
between colloidal nanoparticles, 2nd
Australian Symposium on Computationally
Enhanced Materials Design, International
Convention Centre, Sydney, Australia, 23 July
2018
Paul Mulvaney, Direct assembly of
nanoparticle arrays by electrophoretic
deposition, 255th ACS National Meeting, New
Orleans LA, USA, 20 March 2018
Paul Mulvaney, Potential-scanning LSPR
sensing with single and coupled gold
nanorods, International Conference on
Nanoscience and Nanotechnology, University
of Wollongong, Wollongong, 30 January 2018
Paul Mulvaney, Renewable energy – Finding
ways to innovate, Chongqing International
Conference on Talent Innovation and
Entrepreneurship 2018, Chongqing, China, 10
November 2018
Paul Mulvaney, Sedimentation of nanocrystals
in different solvents studied by analytical
ultracentrifugation, 255th ACS National
Meeting, New Orleans LA, USA, 20 March
2018

John Sader, Robustness of atomicallyresolved force measurements and a virtual
instrument to standardise the calibration of
AFM cantilever stress of atomically-resolved
force measurements and a virtual instrument
to standardise the calibration of AFM
cantilevers, 2018 MRS Spring Meeting and
Exhibit, Phoenix Convention Center, Phoenix
AZ, USA, 1 April 2018
John Sader, Robustness of measuring force
dynamically with a nanomechanical sensor,
The 15th Nanomechanical Sensing Workshop,
Incheon, South Korea, 28 June 2018
John Sader, Why does an inverted-flag flap in
a uniform steady flow?, ANZIAM Conference
2018, Hobart, 6 February 2018
Timothy Schmidt, Endothermic singlet
fission is hindered by excimer formation, 2nd
International Symposium on Singlet Fission
and Photon Fusion, Chalmers University,
Götheborg, Sweden, 16 April 2018
Timothy Schmidt, Endothermic singlet fission
is hindered by excimer formation, 256th ACS
National Meeting & Exposition, Boston MA,
USA, 19–23 August 2018
Timothy Schmidt, The role of the excimer
state in endothermic singlet fission, 10th Asian
Photochemistry Conference, Taipei, Taiwan,
18 December 2018
Timothy Schmidt, The role of the excimer
state in endothermic singlet fission,
Australasian Community for Advanced
Organic Semiconductors (AUCAOS)
Symposium 2018, Hahndorf, Australia, 4
December 2018

John Sader, A virtual instrument to
standardise the calibration of AFM cantilevers,
ISPM, Tempe AZ, USA, 9 May 2018

Timothy Schmidt, Triple-resonance laser
spectroscopy of protonated PAHs, 256th ACS
National Meeting & Exposition, Boston MA,
USA, 19–23 August 2018

John Sader, Autonomous propulsion of
nanorods trapped in an acoustic field, 21st
Australasian Fluid Mechanics Conference,
Adelaide Convention Centre, Adelaide,
Australia, 12 December 2018

Susanne Seibt, In situ investigation of
molecular self-assembly using microfluidics,
The International Conference on Nanoscience
and Nanotechnology 2018, The University of
Wollongong, Wollongong, 29 January 2018

John Sader, Autonomous propulsion of
nanorods trapped in an acoustic field, The
International Conference on Nanoscience
and Nanotechnology 2018, The University
of Wollongong, Wollongong, Australia, 29
January 2018

Susanne Seibt, Novel insights into the seeded
growth of gold nanorods – A SAXS study,
Gordon Research Conference on Noble Metal
Nanoparticles, Boston MA, USA, 16 June 2018

John Sader, Fluid-structure interaction
of metal nanoparticles, Noble Metals
Nanoparticles Conference GRC, South Hadley
MA, USA, 21 June 2018
John Sader, Robustness of atomicallyresolved force measurements and a virtual
instrument to standardise the calibration
of AFM cantilevers, 2018 IEEE/ASME
International Conference on Advanced
Intelligent Mechatronics, Auckland, New
Zealand, 9 July 2018

Ashish Sharma, Fluorescence decay pathways
sensitive to circularly polarised excitation,
The International Conference on Nanoscience
and Nanotechnology 2018, The University
of Wollongong, Wollongong, Australia, 29
January 2018
Trevor Smith, Basics of fluorescence imaging
and concepts of resolution, FCS2018 –
National Workshop on Fluorescence and
Raman Spectroscopy, Jawaharlal Nehru
University, New Delhi, India, 11 November
2018
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Trevor Smith, Basics of time-resolved
fluorescence and instrumentation:
TCSPC, FCS2018 – National Workshop on
Fluorescence and Raman Spectroscopy,
Jawaharlal Nehru University, New Delhi, India,
12 November 2018
Trevor Smith, Charge recombination in a highperformance organic photovoltaic material,
IUPAC Symposium on Photochemistry,
Dublin, Ireland, 9 July 2018
Trevor Smith, Fluorophores for mapping
molecular rotation and crowding using
fluorescence lifetime and anisotropy imaging,
Fluorescent Biomolecules and their Building
Blocks (FB3), Glasgow, UK, 3 July 2018

Wallace Wong, Methods towards well-defined
conjugated polymers, Organic18 – RACI
Organic Division National Conference,
The University of Western Australia, Perth,
Australia, 3 December 2018
Wallace Wong, New chromophores towards
air-stable solid state triplet-triplet annihilation
upconversion, The International Conference
on Technological Advances of Thin Films &
Surface Coatings, Shenzhen, China, 17 July
2018
Wallace Wong, Well-defined conjugated
polymers for energy conversion, Macro 2018
Conference, The University of Melbourne,
Melbourne, 5 July 2018

Trevor Smith, Photon pressure-induced
aggregation of polymers from solution,
FCS2018 – National Workshop on
Fluorescence and Raman Spectroscopy,
Jawaharlal Nehru University, New Delhi, India,
14 November 2018

Jared Wood, Self-assembly of nanorods
in polymer solution, The 9th International
Conference on Nanoscience and
Nanotechnology 2018, The University of
Wollongong, Wollongong, Australia, 29
January 2018

Trevor Smith, Structured illumination
microscopy, FCS2018 – National Workshop
on Fluorescence and Raman Spectroscopy,
Jawaharlal Nehru University, New Delhi, India,
12 November 2018

Jared Wood, Self-assembly of nanorods in
polymer solution, 2nd Australian Symposium
on Computationally Enhanced Materials
Design, International Convention Centre,
Sydney, Australia, 23 July 2018

Trevor Smith, Time-resolved and polarised
imaging of thin films using evanescent
wave-induced fluorescence spectroscopy
techniques, Thin Films Workshop on
Interdisciplinary Technologies (TFIW2018),
Kasghar, China, 2 June 2018

Jared Wood, Self-assembly of nanorods in
polymer solution, Statistical Mechanics of
Soft Matter 2018, Auckland, New Zealand, 6
December 2018

Trevor Smith, TIRF microscopy, multiphoton
microscopy, introduction to super-resolution
imaging, FCS2018 – National Workshop on
Fluorescence and Raman Spectroscopy,
Jawaharlal Nehru University, New Delhi, India,
11 November 2018
Andrew Tilley, Progress towards conjugated
polymer triplet sensitisers for photon
upconversion, Australasian Community for
Advanced Organic Semiconductors (AUCAOS)
Symposium 2018, Hahndorf, Australia, 5
December 2018
Asaph Widmer-Cooper, Connecting molecular
packing and dynamics to nanoparticle
interactions, Statistical Mechanics of Soft
Matter 2018, Auckland, New Zealand, 6
December 2018
Asaph Widmer-Cooper, Self-assembly
of matchstick nanorods at a solid-liquid
interface, The International Conference on
Nanoscience and Nanotechnology 2018,
The University of Wollongong, Wollongong,
Australia, 31 January 2018

Gangcheng Yuan, The blinking mechanisms
in colloidal quantum dots, 23rd Australian
Institute of Physics Congress, The University
of Western Australia, Perth, Australia, 11
December 2018
Bolong Zhang, Luminescent solar
concentrator: Colourful and transparent ‘solar
panel’, Materials Energy Institute Symposium,
The University of Melbourne, Melbourne,
Australia, 2 November 2018
Heyou Zhang, Chemical assembly of single
nanocrystals, 256th ACS National Meeting &
Exposition, Boston MA, USA, 21 August 2018
Heyou Zhang, Direct assembly of large
area, single, gold nanoparticle arrays
by electrophoretic deposition, The
International Conference on Nanoscience
and Nanotechnology 2018, The University of
Wollongong, Wollongong, 29 January 2018

Asaph Widmer-Cooper, Self-assembly of
patchy nanorods at an interface, 2nd Australian
Symposium on Computationally Enhanced
Materials Design, International Convention
Centre, Sydney, Australia, 23 July 2018
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A young boy coming to grips with science at the
Annual Workshop’s Science Family Fun Activities
Photo by Gavan Mitchell
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Education and training
ACEx is committed to providing ongoing support and opportunities for professional development and wellbeing. The
following lists some of the events that Centre members attended in 2018.
Venue

City

Name of event

Event type

Brisbane Museum

Brisbane

FameLab Semi-final training

Communications Training

Perth Museum

Perth

FameLab National Final

Communications Training

Equity in STEM for All Genders

Diversity, Equity & Inclusion

Online
The University of
Melbourne

Melbourne

Women in Science Network Launch
(WiSN)

Diversity, Equity & Inclusion

The University of
Melbourne

Melbourne

WiSN Seminar: Mitigating
Unconscious Bias in the Workplace

Diversity, Equity & Inclusion

RMIT University

Melbourne

Beyond Bias: How Difference Makes
Us Smarter

Diversity, Equity & Inclusion

The University of
Sydney

Sydney

Mental Health First Aid Course

Mental Health First Aid Course

Monash University

Melbourne

Chemical Engineering
Undergraduate Mentoring Program

Mentoring Program

Monash University

Melbourne

Women’s Leadership Shadowing
Program

Mentoring Program

Supervising Doctoral Studies

Professional Development

Online
Silverwater Resort

San Remo, Victoria

New Academic Leaders’ Induction
Program #1

Professional Development

Silverwater Resort

San Remo, Victoria

New Academic Leaders’ Induction
Program #2

Professional Development

The University of
Melbourne

Melbourne

The Melbourne Academy

Professional Development

Wade Institute of
Entrepreneurship

Melbourne

Wade Institute Entrepreneurial
Bootcamp

Professional Development

Cambridge University Cambridge, UK

Cambridge Advanced Leadership
Program

Professional Development

The University of
Melbourne

Melbourne

Organic and Biological Chemistry
Seminar Series

Seminar

Universität Bayreuth

Bayreuth, Germany

Bayreuth International Summer
School

Workshop

The University of
Melbourne

Melbourne

Introduction to Git and GitHub

Workshop

The University of
Melbourne

Melbourne

Introduction to Python & Pandas
Workshop (Python)

Workshops

The University of
Melbourne

Melbourne

Introduction to Linux and HPC

Workshop

The University of
Sydney

Sydney

Sydney Exciton Science Workshop

Workshop
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Venue

City

Name of event

Event type

Arts Centre

Melbourne

Exciton Science 2nd Annual
Workshop

Workshop

Monash University

Melbourne

Australia–China International
Workshop on Organic and
Nanocrystalline Luminescent
Materials

Workshop

Shandong University

Jinan, China

Interdisciplinary Workshop on Thin
Films and Photonics and Organic
Electronics

Workshop

The University of
Melbourne

Melbourne

Melbourne Energy Institute
Symposium

Workshop

Australian National
University

Kioloa, NSW

Quantum and Computational
Chemistry Student (QUACCS)
Conference

Workshop

The University of
Melbourne

Melbourne

Victorian ARC Centres and Hubs
Staff Professional Day

Professional Development

The University of
Melbourne

Melbourne

Inaugural Exciton Science Seminar
by Ned Ekins-Dauke

Exciton Science Seminar Series

Outreach to schools
ACEx understands the importance of engaging children in science, in particular to instil in them a fascination with the
creation of new sources of sustainable energy. Throughout 2018, Centre members were involved in programs specifically
designed to educate and inspire secondary school students and teachers about a sustainable future. We achieved this
through work experience programs, science lectures, National Science Week events and school visits (listed below).
Name of event

Venue

School

ACEx staff and students

Alice Springs School of the Air visit

The University of
Melbourne

Alice Springs School
of the Air/various
Northern Territory
secondary schools

Trevor Smith

John Monash Science School/Australian
Science Fair

Monash University

John Monash Science
School

Laszlo Frazer

Young Leaders Program at Trinity College,
University of Melbourne

Trinity College

Trinity College

Andrew Tilley

Bio21 Institute Work Experience Program

Bio21 Institute

Various

Andrew Tilley

University of Melbourne – Peking University
Environmental Challenges Winter School

Bio21 Institute

Emmaus College

Emmaus College

Emmaus College

Laszlo Frazer

Chemistry Research Experience for Teachers

The University of
Melbourne

Keilor Downs College

Trevor Smith

Chemistry Education Association November
Lectures

The University of
Melbourne

Various

Calum Kinnear

National Science Week

Moriah College, Sydney Moriah College
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Various

Andrew Tilley

Lara Gillan, William
Pappas, Emma Donnelly
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Equity, diversity and inclusion
In 2018 ACEx formed its first Diversity Working
Group to address the issues of gender
balance, diversity, inclusion and equity in
opportunity within the Centre. We believe
that the commitment to providing equal
employment opportunities, and a safe and
respectful workplace free from discrimination,
harassment, vilification or victimisation, is
imperative to creating a successful and highly
functioning Centre of Excellence.
Family-friendly opportunities
At the 2018 Annual Workshop, the Centre
provided support for ACEx students and
researchers with family accommodation and ran
Science Family Fun Activities for children and
partners who attended. Alison Funston, Asaph
Widmer-Cooper, Anu Srinivas and Rebecca
Yee participated in a panel session during
the Workshop on balancing the demands of
research and families, and the Centre invited Lisa
Annese, CEO of the Diversity Council of Australia,
to provide Inclusive Leadership training for all
our CIs, and Ming Johanson ran an Unconscious
Bias training for postdocs, operations staff and
PhD students. The Centre acknowledged our
families by welcoming them to join the ACEx
community in the final Workshop lunch.
In October 2018, Exciton Postdoctoral
Researcher Dr Anupama (Anu) Srinivas
travelled to Pune in India with funding from
the Melbourne–Pune Travel Grant, which gives
female STEM researchers the opportunity to
initiate collaborations between the University
of Melbourne and the Indian Institute of
Science and Educational Research.
‘It was wonderful to meet other female
researchers… to network and to talk about
our experiences and challenges as mothers. I
was able to find out about opportunities/
funding options available in India for female
early-career researchers. Additionally, my son
was able to thoroughly experience life in India
as well as its rich culture while sampling the
different varieties of scrumptious yet spicy local
food! I am extremely grateful to my parents and
parents-in-law for looking after my son while I
worked, which made my experience stress-free
and enjoyable for both of us.’
You can read more about Anu’s trip in the
ACEx newsletter.
Diversity Working Group
The Centre is committed to the principles
of equity, diversity and inclusion (EDI).
To operationalise this commitment, we
established the Diversity Working Group, which

met for the first time on 20 February 2018 for an
all-day meeting to discuss strategy. The Group
also met with experts specialising in attracting
and supporting diversity in candidates and
ways to promote ACEx’s commitment to EDI
in every aspect of the Centre. The first step in
this strategy involved developing the Exciton
Science EDI policy, which was endorsed by the
Executive Committee in July 2018. We are now
working to implement processes and actions
based on this policy.
Women in maths and science
ACEx aims to promote and encourage women
in maths and science, and in 2018 UNSW PhD
candidate Lara Gillan participated in the UNSW
Women in Maths and Science Champions
Program. This program supports female research
students and early-career scientists in becoming
science communicators and life-long advocates
for women in maths and science. At the University
of Melbourne, ACEx Postdoctoral Research Fellow
Siobhan Bradley attended the Women in Science
Network Launch and WiSN Seminar – Mitigating
Unconscious Bias in the Workplace.
As ACEx further develops its EDI programs,
it plans to learn from and leverage support
from within its home universities to ensure
a comprehensive and effective approach is
undertaken to make ACEx a supportive and
inclusive place for research.

Wallace Wong with his family
at the Family and Partners
Lunch on the last day of the
Annual Workshop
Photo by Gavan Mitchell
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Annual Workshop 2018
This year’s Workshop was held at the Victorian Arts
Centre on 24–26 September 2018, with a focus
on Entrepreneurship and Commercialisation.
We were treated to stimulating presentations,
fabulous poster sessions and the workshopping
of entrepreneurial ideas to take forward into
the future. Prior to the workshop, we held an
Entrepreneurial Bootcamp for postdoctoral
researchers with the Wade Institute (see p.33).
Boonwurrung man Gheran Steel gave
a Welcome to Country and set the scene
for the Workshop to be a place of respect
and celebration. This was followed by an
introduction from Director Paul Mulvaney on
the challenges of working together to create
our own future.
We heard from researchers on their
experiences in entrepreneurship. Scott Watkins
talked about his trajectory from Scientist at
CSIRO to Chief Marketing Officer at Kyung-In
Synthetic Corporation (Korea) to volunteer
Director of Pollinate Energy. He emphasised
the value of his transferable skills in problem
solving and communicating. Rebecca Yee
discussed co-founding her small business,
Biofuel Innovations (see p.34), and Pegah
Maasoumi reflected on her experience as a
volunteer for Pollinate in India.
There was plenty of opportunity for staff
and students to get to know each other, and to
get an overview of our research with Platform
updates, a CSIRO presentation and poster
sessions. Emma van Embden and Fabian Li
talked to us about patents, and Romney Adams
introduced us the world of communications
outside traditional high-impact journals. We
also got to hear more about our outreach work
and experience some training in unconscious
bias and inclusive leadership.
Andrew Grant, co-founder of Availer, a
company that specialises in the commercialisation of research, spoke about the tools available
to create start-up companies. Researchers then
had the opportunity to pitch their research to
Availer (see p.33).
The workshop also had a focus on diversity.
A panel on research and families featured
discussions on the challenges of balancing
work with family life. Partners and children were
welcomed at the lunch following this panel,
with the youngsters then participating in some
fun science activities before heading home.
Our Annual Workshop dinner was held on 25
September along with a trivia quiz, the results
of the Boss Baby photo competition, and the
presentation of our annual awards for publications
and posters (winners listed on opposite page).
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Publication awards
First prize:
Debora Monego, Thomas Kister, Debora
Monego, Paul Mulvaney, Asaph WidmerCooper & Tobias Kraus 2018, Colloidal stability
of apolar nanoparticles: The role of particle
size and ligand shell structure, ACS Nano,
12(6):5969–5977.
Second prize:
Jianfeng Lu, Xiongfeng Lin, Xuechen Jiao,
Thomas Gengenbach, Andrew D. Scully,
Liangcong Jiang, Boer Tan, Jingsong Sun,
Bin Li, Narendra Pai, Udo Bach, Alexandr N.
Simonov & Yi-Bing Cheng, 2018, Interfacial
benzenethiol modification facilitates charge
transfer and improves stability of cm-sized
metal halide perovskite solar cells with up to
20% efficiency, Energy & Environmental Science,
11:1880–1889.

Third Prize
Heyou Zhang, Jasper Cadusch, Calum
Kinnear, Timothy James, Ann Roberts & Paul
Mulvaney 2018, Direct assembly of large area
nanoparticle arrays, ACS Nano, 12(8):7529–7537.

Above: PhD students Jared
Wood (USyd) and Ashish
Sharma (USyd) undertaking
Unconscious Bias Training
with postdoctoral researcher
Dr Randy Sabatini (USyd)
Photo by Gavan Mitchell

Poster awards – Postdoctoral researchers
Stefano Bernardi
Siobhan Bradley
Laszlo Fraser
Randy Sabatini
Andrew Tilley

Opposite top: PhD students
Can Gao (UoM) and Debora
Monego (USyd) receive their
Student Poster Prizes from
Director Paul Mulvaney
Photo by Gavan Mitchell

Poster awards – Students
Can Gao
Julien Leoni
Wenxin Mao
Debora Monego

Opposite middle: Debora
Monego is awarded first prize
in the Annual Publications Prize
by Director Paul Mulvaney
Photo by Gavan Mitchell
Opposite bottom: An
enthusiastic response by
two young girls at the
Annual Workshop’s Science
Family Fun Activities
Photo by Gavan Mitchell
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Chief investigators

Professor Udo Bach
Monash University

Professor Yibing
Cheng
Monash University
(resigned April 2018)

Professor Jared Cole
RMIT University

Dr Alison Funston
Monash University

Professor Ken
Ghiggino
The University of
Melbourne

Associate Professor
Jacek Jasieniak
Monash University

Dr Girish Lakhwani
The University
of Sydney

Associate Professor
Dane McCamey
The University
of New South Wales

Professor Paul
Mulvaney
The University of
Melbourne

Professor Salvy
Russo
RMIT University

Professor John Sader
The University of
Melbourne

Professor Timothy
Schmidt
The University of
New South Wales

Associate Professor
Trevor Smith
The University of
Melbourne

Dr Asaph
Widmer-Cooper
The University of
Sydney

Dr Wallace Wong
The University of
Melbourne

Opposite: Jianchao Ge,
Masters student in the
Mulvaney lab
Photo by Gavan Mitchell

55

Our People

Partner investigators

The Centre currently has 10 Partner Investigators over its Industry and International Partner organisations.
Name

Organisation

Dr Anthony Chesman

CSIRO

Professor ChunLei Du

Chinese Academy of Sciences

Professor Greg Dicinoski

Reserve Bank of Australia

Professor Xiao Tao Hao

Shandong University

Professor Markus Lippitz

Universität Bayreuth

Dr Rebecca McCallum

Defence, Science and Technology Group

Professor Jeffrey B. Neaton

University of California, Berkeley

Professor Martin B. Plenio

Universität Ulm

Dr Fiona Scholes

CSIRO

Dr Jiang Tang

Huazhong University of Science and Technology

Spooky colours – Upconverters
can convert invisible infra-red
light into green light
Photo by Gavan Mitchell
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Associate investigators

ACEx currently has 14 Associate Investigators from our five nodes and International Partner organisations.
Name

Organisation

Professor Rebekah Brown

Monash University

Professor Dr Jochen Feldmann

Ludwig-Maximillian Universität, München

Associate Professor Daniel Gomez

RMIT University

Professor Susan Huelga

Universität Ulm

Dr Timothy James

Reserve Bank of Australia

Professor Heike Klüssman

Universität Kassel

Professor Anna Köhler

Universität Bayreuth

Dr David Neilsen

Defence Science and Technology Group

Professor Ann Roberts

The University of Melbourne

Professor Gary Rosengarten

RMIT University

Professor Greg Scholes

Princeton University

Dr Tim Schork

Monash University

Dr Ken Silburn

Casula High School

Professor K. George Thomas

Indian Institute of Science Education and Research, Thiruvananthapuram
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Postdoctoral researchers
ACEx currently has 46 postdoctoral researchers and two research assistants working across our five nodes.
Name

Title

Organisation

Dr Samira Aden

Research Associate

Monash

Dr Eser Akinoglu

Research Fellow, Plasmon Assisted Photoelectrochemistry

UoM

Dr Andre Anda

Research Officer, Quantum Physics, Atomic, Molecular and
Optical Physics and Theoretical Chemistry

RMIT

Dr Amir Asadpoor Darvish

Research Associate, Solid State Physics, Experimental
Physics, Materials Science

UNSW

Dr Stefano Bernardi

Postdoctoral Researcher

USyd

Dr Jamie Booth

Postdoctoral Researcher

RMIT

Dr Siobhan Bradley

Research Fellow, Spectroscopy of Excitonic Materials

UoM

Dr Debadi Chakraborty

Research Fellow, Computational Physics, Materials Physics
and Materials Science

UoM

Dr Martin Cyster

Research Fellow

RMIT

Dr Giovanni DeLuca

Research Fellow, Chemical Engineering

Monash

Dr Wei Feng

Research Fellow

RMIT

Dr Laszlo Frazer

Research Associate

Monash

Dr Sebastian Fürer

Postdoctoral Researcher

Monash

Dr Rugang Geng

Research Associate

UNSW

Dr Anu Gulur Srinivas

Research Fellow, Synthesis of Sensor Materials

UoM

Dr Akhil Gupta

Research Fellow, Light Harvesting Materials

UoM

Dr Christopher Hall

Research Fellow, Ultrafast Laser Spectroscopy

UoM

Dr Nastaran Faraji Ouch Hesar

Postdoctoral Researcher

UNSW

Dr Thilini Ishwara

Research Associate, Fabrication of Solid State Upconverter
system

UNSW

Dr Kalim Kashif

Research Fellow

Monash

Dr Calum Kinnear

Research Fellow, Single Nanocrystal Arrays

UoM

Dr Mike Klymenko

Postdoctoral Researcher

RMIT

Dr Daniel Ladiges

Postdoctoral Researcher

UoM

Dr Dongchen Lan

Research Fellow, Mesoscopic Transport

UoM

Dr Laurent Lermusiaux

Postdoctoral Researcher

Monash

Dr Wei Li

Postdoctoral Researcher

Monash

Dr Chang Liu

Research Fellow

USyd

Dr Yawei Liu

Postdoctoral Researcher

Monash

Dr Jian Feng Lu

Postdoctoral Researcher

Monash

Dr Igor Lyskov

Postdoctoral Researcher

RMIT

Dr Pegah Maasoumi

Research Fellow, Device Fabrication

UoM
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Researchers and students
in the Mulvaney lab

Name

Title

Organisation

Dr David McMeekin

Research Fellow

Monash

Dr Nastaran Meftahi

Research Fellow

RMIT

Dr Shyamal Prasad

Research Associate

UNSW

Dr Carolina Rendón Barraza

Research Fellow, Spectroscopy of Excitonic Materials

UoM

Dr Kevin Rietwyk

Postdoctoral Researcher

Monash

Dr Sonia Ruiz Raga

Research Fellow, Chemical Engineering

Monash

Dr Alain Rives

Research Assistant

UNSW

Dr Randy Sabatini

Research Fellow, Semiconductor Devices

USyd

Dr Gaveshana Sepalage

Research Fellow

Monash

Dr Jiangjian Shi

Postdoctoral Researcher

Monash

Dr Jingchao Song

Research Fellow

UoM

Dr Andrew Tilley

Research Fellow, Light Harvesting Materials

UoM

Dr Wenping Yin

Research Fellow, Excitation Energy and Electron Transfer in
Optoelectronic Devices

Monash

Dr Tian Zhang

Postdoctoral Researcher

Monash

Dr Xia Zhang

Postdoctoral Researcher

USyd

Dr Fei Zheng

Research Fellow

UoM
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Professional staff

Name

Title

Organisation

Sarah Mulvey

Chief Operating Officer

UoM

Monica Brockmyre

Engagement and Communications Manager
(until February 2018)

UNSW

Emma Donnelly

Engagement and Communications Manager
(from May 2018)

UNSW

Kathy Palmer

Finance Officer (until November 2018)

UoM

Johanna Monk

Operations

UoM

Brooke Bacon

Operations

RMIT

Sandra Pedersen

Operations (until September 2018)

Monash

Jenny Chen

Operations, (from November 2018)

Monash

Diana Londish

Operations

USyd

Piumika Perera

Operations

UNSW

Spencer Wong

Website

UoM
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Some of our operations
staff took a break from
communications and finances
to upskill at a cupcake
decoration workshop during
a team building day, April 2018
(L–R): Piumika Perera, Johanna
Monk, Sandra Pedersen, Cheryl
(Cupcake Central trainer), Sarah
Mulvey, Diana Londish, Kathy
Palmer and Brooke Bacon

Our People

PhD research students
ACEx currently has 64 PhD students studying across our five nodes.
Name

Supervisor

Organisation

Arun Ashokan

Paul Mulvaney

UoM

Ben Tadgell

Paul Mulvaney

UoM

Gangcheng Yuan

Paul Mulvaney

UoM

Heyou Zhang

Paul Mulvaney

UoM

Christian Blauth

Paul Mulvaney, Tadahiko Hirai

UoM, CSIRO

Cameron Ritchie

Paul Mulvaney, Jacek Jasieniak

UoM, Monash

Susanne Seibt (with Universität Bayreuth)

Paul Mulvaney, Stephan Förster

UoM, Bayreuth

Shahidan Muhammad Faris Shahin

Ann Roberts, Paul Mulvaney

UoM

Jesse Collis

John Sader

UoM

Joseph Johnson

John Sader

UoM

Eric Shen

John Sader

UoM

Yang Xu

Trevor Smith

UoM

Mayank Bhasin

Trevor Smith
Ken Ghiggino

UoM

Hamid Solimaninejad

Trevor Smith
Ken Ghiggino

UoM

Bolong Zhang

Wallace Wong

UoM

Can Gao

Wallace Wong, Trevor Smith

UoM

Riley O’Shea

Wallace Wong, Paul Mulvaney

UoM

Na Wu

Wallace Wong, Paul Mulvaney

UoM

Hugh Sullivan

Jared Cole

RMIT

Tyler Hughes

Salvy Russo

RMIT

David Ing

Salvy Russo

RMIT

Meredith Mahoney

Salvy Russo

RMIT

Anjay Manian

Salvy Russo

RMIT

Dorota Bacal

Udo Bach

Monash

Siqi Deng

Udo Bach

Monash

Abbas Eghlimi

Udo Bach

Monash

Masoomeh (Sarah) Eskandarian

Udo Bach

Monash

Qicheng Hou

Udo Bach

Monash

Linton Lin

Udo Bach

Monash

Qingdong Lin

Udo Bach

Monash

Rebecca Milhuisen

Udo Bach

Monash

Wenxin Mao

Udo Bach

Monash
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Name

Supervisor

Organisation

Adam Surmiak

Udo Bach

Monash

Boer Tan

Udo Bach

Monash

Yen Yee Choo

Yibing Cheng

Monash

Liangcong Jiang

Yibing Cheng

Monash

Shuai Ruan

Yibing Cheng

Monash

Wen Liang Tan

Yibing Cheng

Monash

Ali Ali

Alison Funston

Monash

Junhan Kong

Alison Funston

Monash

Bala Maddala

Alison Funston

Monash

Ari Mayevsky

Alison Funston

Monash

Anum Nisar

Alison Funston

Monash

Anchal Yadav

Alison Funston

Monash

Chun Kiu Ng

Jacek Jasieniak

Monash

Bin Li

Jacek Jasieniak

Monash

Hanchen Li

Jacek Jasieniak

Monash

Jize Lin

Jacek Jasieniak

Monash

Monika Michalska

Jacek Jasieniak

Monash

Jingsong (Jason) Sun

Jacek Jasieniak

Monash

Chujie Wang

Jacek Jasieniak

Monash

Tamader Alhazani

Dane McCamey

UNSW

Joanna Guse

Dane McCamey

UNSW

Minh Triet Nguyen

Dane McCamey

UNSW

Cameron Dover

Timothy Schmidt

UNSW

Elham Gholizadeh

Timothy Schmidt

UNSW

Lara Gillan

Timothy Schmidt

UNSW

Parisa Hosseinabadi

Timothy Schmidt

UNSW

William Pappas

Timothy Schmidt

UNSW

Julien Leoni

Girish Lakhwani

USyd

Ashish Sharma

Girish Lakhwani

USyd

Madhuranga Rathnayake

Asaph Widmer-Cooper

USyd

Debora Monego

Asaph Widmer-Cooper

USyd

Jared Wood

Asaph Widmer-Cooper

USyd
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Other students
ACEx currently has 15 Masters, 11 Honours and 30 undergraduate students over our five nodes.
Masters

Supervisor

Organisation

Alqatari Ahmed

Trevor Smith

UoM

David Nitneth

Trevor Smith

UoM

Claire Dawson

Paul Mulvaney

UoM

Jianchao Ge

Paul Mulvaney

UoM

Weijie Geng

Paul Mulvaney

UoM

Xuying Li

Paul Mulvaney

UoM

Hanbo Yang

Paul Mulvaney

UoM

Carl Belle

Salvy Russo

RMIT

Peijing Li

John Sader

UoM

Nicholas Liu

John Sader

UoM

Alexander Nunn

John Sader

UoM

Timothy O’Sullivan

John Sader

UoM

Tze Cin Owyong

Wallace Wong

UoM

Yee Wong

Trevor Smith

UoM

Yanchen Zhou

Girish Lakhwani

USyd

Honours/Honours equivalent

Supervisor

Organisation

Alex Baldacchino

Dane McCamey

UNSW

Dylan Dowling

Dane McCamey

UNSW

Yun Li

Girish Lakhwani

UoS

Dingchen Wen

Paul Mulvaney

UoM

Menxia Han

Jacek Jasieniak

Monash

Ruoxi Huang

Jacek Jasieniak

Monash

Yingyi Huang

Jacek Jasieniak

Monash

Victor Li

Jacek Jasieniak

Monash

Tong Xie

Jacek Jasieniak

Monash

Matthew Lucas

Jacek Jasieniak

Monash

Undergraduate
In 2018, the Centre hosted 30 undergraduate/vacation students across its five nodes.
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Structure, Governance
and Performance
Governance
Centre Advisory Board
Mark Considine (Chair)
Provost, The University of Melbourne

Marc Parlange
Provost, Monash University

Neil Greenham
Chair, ISAC

Tanya Ha
Science journalist

Scott Watkins
Director, Overseas Business, Kyung-In
Synthetic Corporation

Paul Mulvaney
Centre Director

Administration

Executive

Chief Operating Officer
Sarah Mulvey
Finance
Officer

Operations
staff

Translation

Centre Director
Paul Mulvaney

International Scientific
Advisory Committee

Deputy: Udo Bach,
Salvy Russo

Neil Greenham (Chair)
Elsa Reichmanis
Hiroshi Masuhara
Marc Baldo
International Links Director

Research Themes

Ken Ghiggino
Theme 1
Excitonic Systems
for Solar Energy
Conversion

Theme 2
Control of Excitons

Leader:
Timothy Schmidt

Leader:
Girish Lakhwani

Leader:
Wallace Wong

Dane McCamey

Deputies:
Ken Ghiggino, Jacek
Jasieniak, Asaph
Widmer-Cooper

Deputies:
Jared Cole, Salvy
Russo, Dane McCamey,
Alison Funston

Deputies:
Anthony Chesman,
Timothy James, Girish
Lakhwani

Engagement and
Communications Manager

Thin film excitonic
upconversion devices.
Next generation
luminescent solar
concentrators.
Solution processed
photovoltaics.

Coherent controls
of excitons. High
throughput materials
discovery. Excitons at
interfaces. Multiscale
studies and models of
exciton transport.

Molecular sensors
for DSTG.
Flexible electronics.
Novel security features
for RBA. Organic
polariton laser.

Theme 3
Excitonic Systems for
Security, Lighting and
Sensing

Outreach, Education and
Governance Director

Capabilities and Infrastructure
Theory and Modelling
Leader: Salvy Russo Deputy: John Sader

Materials and Synthesis
Leader: Jacek Jasieniak Deputy: Ken Ghiggino
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Boards and committees

The Centre is led by the Director, Professor Paul
Mulvaney, who is supported by an Executive
Committee, with oversight from both a Centre
Advisory Board and an International Scientific
Advisory Committee (ISAC). In addition, Chief
Investigators are assigned individual areas of
responsibility to ensure appropriate oversight
of critical Centre activities.

Executive Committee

The Executive Committee provides support to
the Director in the management of the Centre’s
activities. It has responsibility for all areas of
the Centre’s operation – including research,
administration, outreach, education and
engagement activities – and is composed of
the following members:
• Professor Paul Mulvaney – Centre Director
(The University of Melbourne)
• Professor Salvy Russo – Deputy Director &
Capability Leader (RMIT University)
• Professor Udo Bach – Deputy Director
(Monash University)
• Professor Timothy Schmidt – Theme
Leader, Excitonic Systems for Solar Energy
Conversion (UNSW)
• Dr Girish Lakhwani – Theme Leader, Control
of Excitons (The University of Sydney)
• Dr Wallace Wong – Theme Leader, Excitonic
Systems for Security, Lighting and Sensing
(The University of Melbourne)
• Professor Ken Ghiggino – International Links
Director (The University of Melbourne)
• Associate Professor Dane McCamey – Out
reach, Education and Governance Director
(UNSW)
• Ms Sarah Mulvey – Chief Operating
Officer (UoM).

During 2018 the Executive Committee’s
formal meetings transitioned from monthly
to quarterly (either in person or via video
conference), supplemented with ongoing
informal communication between meetings,
six of which were held during the year.

Centre Advisory Board

Providing the Centre Director with high-level
advice related to the management, operation
and strategy of the Centre, the Centre Advisory
Board comprises senior members of the
management, business, media and academic
communities. Membership in 2018 comprised:
• Professor Mark Considine, Chair (from 1
January 2018)
Provost, The University of Melbourne
• Professor Marc Parlange
	Provost and Senior Vice-President, Monash
University
• Dr Scott Watkins
	Director, Overseas Business, Kyung-in
Synthetic Corporation, South Korea
• Ms Tanya Ha
Science Journalist
• Professor Neil Greenham (ex officio, Chair,
International Scientific Advisory Committee)
	Deputy Head of Physics, University of
Cambridge, UK
• Professor Paul Mulvaney (ex officio, Centre
Director)
The Centre Advisory Board met on 31 July 2018.

ACEx Annual Workshop 2018
Photo by Gavan Mitchell
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International Scientific Advisory
Committee

Advising the Director on the scientific merit
of the Centre’s research programs, the
International Scientific Advisory Committee
reviews the Centre’s progress for the previous
year, benchmarks this against internationally
leading research organisations, and provides
advice related to future research directions and
operations.
The Committee consists of four eminent
members from the USA, the United Kingdom
and Taiwan:
• Professor Neil Greenham – Chair
	Deputy Head of Physics, University of
Cambridge, UK
• Professor Marc Baldo
	Director, Center of Excitonics
	Professor of Electrical Engineering and
Computer Science, MIT, USA
• Professor Elsa Reichmanis (from 1 July 2018)
	Brooke Byers Professor of Sustainability
	Georgia Institute of Technology, USA
• Professor Hiroshi Masuhara
	Chair, Professor of Applied Chemistry
	National Chiao Tung University, Taiwan.
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ISAC held face-to-face meetings in Melbourne
on 10 and 11 December 2018, in which they
had in-depth interactions with all Platform
leaders, as well as the Director and Deputy
Directors regarding the broader scientific
achievements and directions of the Centre.

Diversity Working Group

The Diversity Working Group was established
in 2018 to develop an equity, diversity and
inclusion strategy for the Centre. Director Paul
Mulvaney heads the Working Group, which
is comprised of CIs Dr Alison Funston and
Dr Asaph Widmer-Cooper and professional
staff member Ms Johanna Monk. The Centre’s
Diversity Strategy is well underway and new
initiatives are planned for 2019 (see p.51 for
more details).

ISAC members Professors Neil
Greenham, Eliza Reichmanis
and Hiroshi Masuhara with
Centre Director Paul Mulvaney
(3rd from left). Absent:
Professor Marc Baldo
Photo by Gavan Mitchell
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Financial summary
The Centre’s main source of funding is the Australian Research Council through the Centres of Excellence program.
The ARC provides ~$4.5 million per annum, and our five collaborating universities contribute ~1.3 million in cash
contributions each year.

Financial support
Financial statement
Income

2018

Forecast 2019

ARC Grant

$4,636,012

$4,584,715

Collaborating organisations

$1,303,650

$1,303,330

International Partners

$93,000

$50,000

Other – State Government

$61,287

–

$6,093,949

$5,938,045

$3,476,588

$3,774,000

Scholarships

$180,075

$548,000

Equipment

$325,413

–

Maintenance

$710,549

$823,000

Travel

$655,721

$383,000

Other

$257,893

$410,000

$5,606,239

$5,938,000

Total income
Expenditure

Salaries

Total expenditure
Surplus (deficit) for the reporting period
Carry forward balance from 2017
Balance 2018

$487,710
$4,625,719
$5,113,429

In-kind contributions 2017
Collaborating organisations

The University of Melbourne

$4,044,204

Monash University

$2,068,856

RMIT University

$839,753

University of NSW

$616,238

The University of Sydney
Industry Partners

CSIRO

$398,322

DSTO

$36,500

RBA
International Partners

$1,442,893

$132,592

Chongqing Institute of Green and Intelligent Technology –
Chinese Academy of Sciences

$60,000

University of California, Berkeley

$18,941

Universität Bayreuth

$281,580

Shandong University

$20,000
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Key performance indicators
Performance measure

Target 2018

Actual 2018

40

83

Books

0

0

Book chapters

2

0

35

51

Patents and IP disclosures

4

3

Patents granted

0

0

High impact publications

15%

27.7%

New citations to CoE outputs each year

350

403

Cumulative citations to CoE outputs

400

425

15

36

Plenary international conference presentations

1

1

Highly cited papers (top 1% in International Scientific Indexing)

1

1

National awards to staff, students or CIs

1

1

International awards to staff, students or CIs

0

0

Summer course in Solar Cell Technologies

1

0

Training course in Excitonics (or new postgraduate course)

1

1

Professional development in Gender Equity & Diversity training

1

1

Media training programs – Dealing with the Public & Science Communication Skills

1

1

CoE Annual Exciton Science Conference

1

1

Workshops/conferences fully funded

3

3

Co-sponsored/co-funded conferences/symposia/workshops/seminars

4

5

Postdoctoral researchers (at any one time)

30

46

Honours students (at any one time)

14

11

PhD students (at any one time)

50

64

Masters by research students

6

4

Masters by coursework students

2

11

Associate Investigators

13

14

Undergraduate students (Capstone subjects or summer vacation scholars)

10

30

Number of research outputs
Journal articles

Contributed conference presentations

Quality of research outputs

Invited or keynote international conference presentations

Number of training courses held by the Centre

Number of workshops/conferences held/offered by the Centre

Number of additional researchers working on Centre research

68

Structure, Governance and Performance
Number of postgraduate completions
PhD

0

0

MSc

4

7

Hons

6

6

Sponsorship program – Exciton Science Prize

1

0

Wade Centre for Entrepreneurship

1

1

Peter Farrell Cup

1

0

10

10

Co-sponsorship of events with Quantum Victoria, National Science Week, etc.

4

4

Early Career Researcher mentoring/training programs

2

2

CI Science Leadership programs

2

2

10

10

6

6

500/month

1367.67/month

20/month

81.5/month

News articles about the Centre

10

15

School visits

10

10

Exciton Science Prize entries

50

0

2

2

International visitors

25

47

Visits to international laboratories

40

46

New industry links

2

2

New Industry contracts or collaborations

1

1

New software codes for high-throughput materials discovery (publicly available)

0

0

Patent licences

1

0

Start-up companies

1

0

New grants from non-ARC sources (>$25K p.a.)

1

2

Sponsorship/participation in entrepreneurial training schemes (e.g. start-up
bootcamps)

2

1

Joint publications (between nodes)

6

13

10%

15%

Maximum male:female PhD & MSc student ratio

3:1

57:23 (2.47:1)

Maximum male:female postdoctoral researcher ratio

4:1

35:12 (2.92:1)

Number of mentoring programs supported by the Centre

Outreach program presentations

Number of presentations/briefings
Public talks
Government or industry briefings
Website hits
Twitter mentions

Number of new organisations collaborating with, or involved in, the Centre
New international linkages

Number of commercial-related outputs

Graduates entering renewable energy related industries or employment
Gender equity targets
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Activity plan
2019 marks the second full year of funding for the Centre of
Excellence in Exciton Science after our commencement on
1 July 2017. The Centre’s initial work focused on recruiting
talented postdoctoral Research Fellows and building up
instruments and equipment for some of the more complex
measurements. Our 11 Platforms have spawned numerous
ideas and although all were working well, some were small
and we saw extra synergy and collaboration benefits in
amalgamating them with larger Platforms. Therefore, in
2019, three of the Platforms are being amalgamated to
reduce the total number to eight as outlined below.
Theme and
Platform #

Theme and Platform title

Theme 1

Excitonic Systems for Solar Energy
Conversion

Platform 1.1

Thin film upconversion devices/LSCs

Platform 1.2

Solar cells and flexible electronics

Theme 2

Control of Excitons

Platform 2.1

Coherent control of excitons

Platform 2.2

Excitons at interfaces

Platform 2.3

Multiscale modelling

Theme 3

Excitonic Systems for Security, Lighting
and Sensing

Platform 3.1

Molecular sensors for DSTG

Platform 3.2

Novel security features for the RBA

Platform 3.3

Organic polariton laser

We have also been working with CSIRO and the
Melbourne Centre for Nanofabrication on improving our
nanofabrication capabilities and getting access time to
various supercomputing platforms to facilitate our theory
programs. In 2019, it is full steam ahead as the team tackles
the big challenges and milestones we have set.
Theme 1: Excitonic systems for solar energy conversion
While silicon-based photovoltaics will provide the basis
for most commercial solar energy, these systems can be
significantly improved by harnessing more of the near infrared part of the spectrum. Close to half of the useful energy
from the sun is not absorbed efficiently by silicon and a key
goal for Theme 1 in 2019 will be creating new materials
that better harness the near-infra-red (NIR) part of the
spectrum. This means discovering new, smaller bandgap
semiconductors but also continuing our push to improve
the process of photon upconversion. In upconversion, two
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low energy photons are absorbed and then emitted as a
single higher energy photon. Few systems can do this, but
the Centre has an ambitious program to drastically improve
molecular upconversion efficiencies.
In 2018, we made significant advances in luminescent
solar concentrators (LSCs). These devices are, as the
name implies, not solar cells, but are effectively lenses for
concentrating and guiding solar energy. Typically, they
are in the form of a thin polymer plate. Light is absorbed
through the large top surface and guided to the thin edges,
which are capped with a solar cell. The advantage is that a
much smaller amount of the expensive solar cell material
is needed. In 2018, the Centre made its first globally
competitive breakthrough, achieving a flux gain of 7 for a
surface ratio of 50. Effectively, this means we concentrated
the solar flux by a factor of 7, albeit with an LSC that had
50 times the area of the solar cells mounted on the edge.
Nevertheless, the low cost of LSCs makes these numbers
exciting and suggests such structures could be cost
competitive with traditional PV systems. In 2019, we aim to
produce the world’s most efficient LSC.
Like many solar energy groups, ACEx is also working
on printed perovskites with our Industry Partner CSIRO.
In 2019, under Platform 1.2, we aim to produce our first
larger scale printed perovskite materials and to be able to
estimate commercialisation costs. Platform 1.2 also covers
work on new materials, and we applied for two provisional
patents to cover new CZTS-based materials for printed, lowcost, non-toxic photovoltaics.
Theme 2: Control of excitons
The main goal of Platform 2.1 is to coherently control
quantum excitonic phenomena using a range of
approaches including manipulation of spin and optical
polarisation with engineered pulse sequences. In 2019, we
will continue our activities by constructing instruments
for the systematic study of excitons in magnetic fields,
under hydrostatic pressure and at cryotemperatures. These
experiments will push our understanding of exciton spin,
energy, polarisation and lifetime.
In 2018 under Platform 2.2, we began our ambitious
computational and theoretical efforts to create software that
can undertake high-throughput screening of material optical
properties. The goal is simply to be able to predict, in a matter of
hours, the optical properties of any material. This Platform will
continue in 2019 and we expect the first round of predictions
of new NIR solar materials to become available during the year,
which will give ACEx a leadership position in discovering new
solar energy materials. In 2019 we will consolidate our efforts
by amalgamating Platforms 2.2 and 2.4.
Platform 2.3 pushes research to the single molecule
level. Can we build devices from single excitons? Can
we push excitons around inside nanostructures? What
happens at interfaces? In response to discussions with our
International Scientific Advisory Committee, we altered our
approach slightly to focus on excitons at interfaces. This is
really the crucial field where work is moving as researchers

look to create hybrid devices and to interface molecules
to solid-state systems. In 2019, self-assembled excitonic
systems – polymers, nanocrystals, molecular aggregates,
plasmonic-excitonic systems – will be created to uncover
systematic rules about energy migration.
In 2018 in Platform 2.4, ACEx is working to develop
multiscale computational methods that can help interpret
and predict exciton behaviour from the nanoscale to the
device level. A crucial model system that we are be focusing
on in 2019 in the new Platform 2.3 is the tetracene-silicon
interface. There are urgent questions about the energetics,
and the dynamics of excitons migrating between molecules
and semiconductors. This model system will be investigated
in detail from the ab initio level through to device fabrication.
If organic materials can inject excitons into silicon, then there
is a great opportunity to improve silicon PV systems by better
exploiting NIR and UV parts of the spectrum.
Theme 3: Excitonic systems for security, lighting and
sensing
2018 was a productive year for Theme 3, in which we began
linking the Centre to Partners working on excitonic materials
and their applications. In Platform 3.1, we are working with
DSTG to develop new fluorescence-based materials for
detection of airborne contaminants including pesticides,
pollutants and toxic gases. This work has involved creating
test structures for studying molecules in gas flow and new
spectroscopy systems for detecting gasses. It also involves
an extensive synthetic effort designing new molecules for
fluorescence-based sensing. In 2019, we will test the first
materials synthesised by ACEx researchers.
Given their durability and anti-counterfeiting qualities,
Australia’s polymer banknote technology has become
the envy of the world. In 2019, under Platform 3.3, we will
continue researching and testing the three concepts we
have developed with our core Industry Partner the RBA,
with the goal of having one or more of these pass all stage
gates and go through to a formal banknote trial in late
2020. If successful, we will hand over the work to the RBA
at that point.
In 2018, we began a new program to create electrically
pumped organic lasers. Such lasers can, in principle, be
produced on computer chips (i.e., be miniaturised) and
will consume orders of magnitude less power. Our work
will involve simultaneous optical modelling of materials,
complex nanofabrication and sophisticated picosecond
spectroscopy, and will draw together the Centre’s multiple
nodes. In 2019, we aim to make our first device exhibiting
stimulated emission, a critical step towards realisation of a
true laser. This program has been amalgamated with our
work on LEDs in Platform 3.2 because of the overlap in
personnel and methodology.
Management and governance
With 47 postdoctoral researchers and 64 students already
placed within the Centre, the management of careers,
maximising staff potential and creating productive

workplaces is a major challenge for the ACEx Operations
team. The Centre continues to optimise its management
structure to allow for the changing composition in the
teams and to facilitate communication. The amalgamation
of three of the Platforms – to reduce the total number of
Platforms to eight – is primarily due to a convergence of
ideas and methods. It also enables us to increase critical
mass on crucial projects as they approach key milestones
throughout the year.
Importantly, we are also introducing a new governance
structure. The Executive Committee will be reduced in size
and will focus only on the administrative and financial
aspects of the Centre, while a new Scientific Committee will
oversee our scientific programs. Run by the eight Platform
leaders, its sole goal is to monitor and push the science. As
ever, our Centre Advisory Board and International Scientific
Advisory Committee act as sentinels over all our work.
The Centre’s risk strategy has been developed through
consultation with CIs, the Operations team and the Executive
Committee. At the inception of ACEx, we devised a Risk Register
to address potential risk areas, their impact and mitigation
strategies. The Centre then entered into a more dynamic
phase in 2018 evidenced by the ramping up of collaborative
research activities between different nodes and Industry
Partners, an influx of new members and the establishment of
new capabilities. For 2019 we have developed an improved
Risk Register that focuses on potential issues and solutions in
Research, Management, Translation and Outreach and in the
Environmental and Financial areas.
Outreach and communications
In 2018, the Centre focused primarily on establishing
a high-profile web presence, and our website received
more than 16,000 visits. Social media, a powerful way to
reach younger audiences, was also a focus and we added
LinkedIn to our communications suite of Twitter, Facebook
and Instagram. We attracted quite a lot of media attention
throughout the year, and will build on these knowledge
translation activities in 2019. We will also continue to
develop materials for university outreach programs and
feed into existing education and outreach activities such
as CSIRO’s Learning by Doing, National Science Week and
STEM in Schools. As a member of Science and Technology
Australia we will be supporting initiatives like Famelab and
non-profit renewable energy groups such as Pollinate, and
will be pushing for more influence with government.
In 2018, we used the Annual Workshop to introduce
staff and students to business entrepreneurship, mentoring
and leadership courses, and also looked at issues around
diversity, gender balance and communication. In 2019 our
focus is squarely on the science. The teams are in place, most
staff are hard at work and our main goal is to start hitting the
milestones we need to achieve as a true Centre of Excellence.
In December 2019, instead of a Centre Workshop, we will
hold our first Exciton Science Conference in which we will
showcase our achievements to an international audience. It
promises to be a busy year ahead.
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Acronyms

1D,2D,3D
1,2,3 dimensional
ACEx
ARC Centre of Excellence in Exciton Science
AI
Associate Investigator
AM
air mass
ARC
Australian Research Council
CEO
Chief Executive Officer
CI
Chief Investigator
CoE
Centres of Excellence
CSIRO
Commonwealth Scientific and Industrial Research Organisation
CZTS
Cu2ZnSnS4
DSTG	Defence Science and Technology Group (Department of Defence, Australian Government)
EDI
Equity, diversity and inclusion
IP
intellectual property
IR
infra-red
ISAC
International Scientific Advisory Committee
J-V curves
current-voltage curves
LED
Light-emitting diode
LSCs
luminescent solar concentrators
meV
millielectron Volt
MIT
Massachusetts Institute of Technology
NIR
near-infra-red
nm
nanometre
ns
nanosecond
OSCs
organic solar cells
PI
Partner Investigator
PLQY
Photoluminescence quantum yield
ps
picosecond
PSCs
perovskite solar cells
PV
Photovoltaics
QD-LED
Quantum dot-Light-emitting diode
RBA
Reserve Bank of Australia
SMEs
small to medium enterprises
SNOM
Scanning Near-field Optical Microscopy
STEM
Science, Technology, Engineering and Mathematics
UK
United Kingdom
UoM
The University of Melbourne
USyd
The University of Sydney
UNSW
University of New South Wales
USA
United States of America
UV
ultraviolet
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A young girl experiments with
colours at the Annual Workshop’s
Science Family Fun Activities
Photo by Gavan Mitchell
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