The MacDiarmid Institute
Annual Report







The MacDiarmid Institute
Annual Report




MacDiarmid Institute

Introduction

Annual Report

2016

0.1

0.2

0.3

Out of the lab

Director's report
Chair's report

About us

1.0

1.1

1.2

1.3

1.4

1.5

1.6

Overview

Materials to combat climate change

— reinventing catalysts, one atom at a time
Tomorrow's computers

Every atom counts

Nanotech at the heart of medicine
Materials stars

Emeritus Investigators—enriching the work of others

Into the

marketplace

2.0

21

2.2

Overview
Bridging the gap—translating science info commerce

Mapping our spin-outs

21

26

33

38

4]

46

50

58



Into the
community

3.0 Overview 63
3.1 Extending our engagement—taking Karero to the next level 66
KV Reaching out to physics teachers 69
3.3 Enriching the PhD and postdoc experience 71
3.4 Honouring our origins—the Sir Paul Callaghan story 73
3.5 Students share their science—MESA 3-min video competition 74
3.6 MESA bootcamp—an adventurous academic experience 75
87 Clustering for impact 75
3.8 Building a new science audience —partnering with The Spinoff 75
3.9 The science of stuff used to make things 76
3.10 Discovering nanoscience 77
31 Internationally engaged 78

Into the metrics

4.0 Overview 79
4.1 Journal covers K
4.2 Awards 84
4.3 Funding successes 85
4.4 Financials 87
4.5 At a glance 88

4.6 Publications 94



MacDiarmid Institute Annual Report

2016

0.1

Director's report

Professor Thomas Nann

Director

When the MacDiarmid Institute was first conceived, it was with a vision of science
excellence; a vision that would bring together the best researchers in materials
science in order to create research of a standard and excellence beyond what could

be achieved by these researchers alone.

| don't know whether even Sir Paul Callaghan foresaw that the MacDiarmid Institute
would one day out-compete most of New Zealand’s universities and other research
organisations, as it has in the ‘Nature Index 2016’ by taking the fourth place in
New Zealand's Top 10 research institutions. But | know he'd be delighted. Research
excellence is part of our mandate and ‘punching above our weight’ is something the

MacDiarmid Institute has done for many years.

In 2016 we grew our international dimension with new MOUs and other
collaborations. The fact that we are a sought-after international partner is high

endorsement of our science.

Materials science naturally leads itself to high-tech spin-outs and so we map

the journey from the lab to the marketplace —Bridging the Gap’. We show how
MacDiarmid aoffiliated start-ups are making their way from the lab into the real world
of intellectual property, tech incubators, and the world of investors and how the

MacDiarmid Institute is supporting them along this journey.

It's no easy task keeping students interested in the physical sciences, yet a prosperous
New Zealand needs students keen to continue in these subjects through to university.
As you'll see we've expanded our public engagement into new and exciting

areas, another aspect of our work of which Sir Paul Callaghan would, | know,

be extremely proud.
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Chair's report

Dr Ray Thomson
Chair

2016 has seen the new leadership team settle into their roles. | have been pleased
to see the way the wider MacDiarmid Institute has supported them in this. The

New Zealand materials science community is small, but the Institute delivers scale,
making our researchers internationally competitive. | am encouraged by the efforts
of our Director, Thomas Nann, to encourage and foster research areas which

draw on the strengths of our investigators. And | am pleased to see so many of our
investigators receiving scientific awards at the highest level, in particular Marsdens
and the Endeavour Round, PreSeed Accelerator Fund and many more (see 'Funding

successes' on page 85).

Outside my pure Chair governance role my main interest and focus has been on the
commercialisation and industry engagement area, supporting Deputy Director Justin
Hodgkiss. We continue to make good progress with several new ventures entering
the tech incubator programme and with many others in the pipeline. Further down
the track, Cather Simpson’s Engender Technologies (using lasers to sort bovine sperm
by sex) is on the verge of significant international success. The introduction of the
Interface programme, which began late 2016 and will be launched in May 2017,
will see our investigators directly tackle industry problems, and is an encouraging

new initiative.

In the public engagement area our Deputy Director Nicola Gaston is overseeing the
continuing strong work that MacDiarmid has been leading as we encourage younger
students to get more interested in science, which is just so important in this rapidly

changing technological age.
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The MacDiarmid Institute for Advanced Materials and Nanotechnology is a

national network of New Zealand's top materials scientists. Materials science
underpins high-tech manufacturing. The Institute enables materials scientists to
collaborate between disciplines and across institutions. By spinning out new
companies and working closely with industry, the Institute drives a high-tech
economy, creating new intellectual property, jobs and wealth.

n
@ The Wacliiarmid |netilute
o At nergt Mool 1o M e b i o




1. Out of the lab.
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We have eight new Investigators—you’ll meet them on the following pages.

We also highlight researchers who are performing at levels impressive for
some so young. And most importantly, we celebrate our Emeritus Investigators
who have shaped and guided the Institute through excellent science and
mentoring and by transferring skills and knowledge to new generations of
MacDiarmid Investigators.



We

celebrate
this year—the

people of
the
MacDiarmid

Institute.
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Anyone will tell you the heart of a workplace is its people. Here at

the MacDiarmid, an ‘institute” without walls, we are defined solely

by our people—each a top researcher in the field of materials science
and nanotechnology.

We cannot say that the MacDiarmid Institute exists as it did when it was
set up by Sir Paul Callaghan in 2002. Nor would he want us to. As the
people have changed over the years, so has the Institute.

What hasn't changed is the fundamental culture that Sir Paul dreamed
of and brought to life 14 years ago. A culture of collaboration, of blue
sky research, of working together to create so much more than a small
research community could do on its own. A science culture which
partners with and feeds ideas and new technology into industry so that
all New Zealanders benefit from growth. In March an international
panel of scientists endorsed the MacDiarmid Institute as belonging
among the premier league of international materials institutions.

And in December, the Nature Index for Australia and New Zealand
ranked the MacDiarmid Institute alongside all universities as number
four of the top 10 research institutions in New Zealand (after the
universities of Otago, Auckland and Victoria).

The following pages give you a sample of just some of the science
stories that wouldn't have happened without the collaboration between

researchers and students that the MacDiarmid Institute makes possible.
Again—for 2016, this is the ‘“MacDiarmid difference.’



1.1

Reinventing catalysts, one atom at a time

Our planet is struggling on many fronts. Populations are booming, freshwater supplies are
polluted and deforestation is widespread. We're burning more fuel and using more energy than
at any other point in history, and poor air quality is heralding a global health crisis. But, across
the world, scientists are taking on these global challenges, and materials science lies at the heart
of some of their most innovative solutions. In particular, a class of materials called catalysts have
come to the fore in recent years; not because they're new, but because materials scientists are

completely reinventing them, one atom at a time.



The role of a catalyst is to speed up a chemical reaction. It does this by providing an alternative,

easier route for atoms to bind to one other in a controlled way. But catalysts themselves aren't
changed by that reaction, and only a tiny quantity of catalyst is needed to kick-start each reaction.
Because of this, catalysts are used in countless industrial applications, and are the basis of most of
the manufactured products we rely on.

But as Einstein’s famous quote tells us, we can't solve problems by using the same thinking we used
when we created them. That's where MacDiarmid researchers come in. They're designing a whole
host of low-cost, high-efficiency catalysts that could answer some of the biggest questions we're

facing, and they may just signal the start of a more sustainable age.
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Cleaning up

New Zealand's water quality was once the envy of the world, but the agricultural intensification of
more recent decades threatens to change that. The overuse of fertilisers, and increased quantities
of animal waste, have resulted in more nitrate entering our waterways than ever before. Nitrate
pollution in drinking water can be hazardous to human health, and because it promotes algal
growth, nitrate can also starve a lake or river of oxygen, leading to a loss of biodiversity and,

ultimately, death of the ecosystem.

Current denitrification processes are slow and energy-intensive, but Associate Investigator

Dr Anna Garden from the University of Otago is designing new nanocatalysts that could solve

this problem. “Catalytic denitrification is a particularly promising method because, in principle,

it could convert nitrate into harmless nitrogen, quickly and without generating dangerous
by-products,” she explained. Nanoparticles work well as catalysts because they have a high
surface to volume ratio—they‘re comprised of so few atoms that most of them are on their surface.
This makes them uniquely reactive, and much less material is needed to produce the same reaction.
But, with a virtually infinite number of compositions available, it is a challenge for lab scientists to

find the ideal catalytic nanoparticle for any given application.

Computer craft

So Dr Garden uses advanced computational techniques to screen thousands of candidate
materials, in order to identify those that display the highest catalytic activity. Collaborating
with Professor Egi|| Skélason from the University of Iceland, she is investigating the rate and
products of this catalytic denitrification on the nanoscale, in order to design more efficient
catalysts for cleaner water. In 2016 Dr Garden won a Marsden FastStart grant to work on
nanotechnology to clean up waterways. Dr Garden's goal is clear, “Ultimately, we're trying

to discover new catalysts that will help us move toward a more sustainable future.”

Principal Investigator and Massey University Professor Shane Telfer is also interested in cleaning
up the environment, but his work focuses on air pollution. Working with his colleagues at Massey
University, Professor Telfer has developed three dimensional metal-organic frameworks (or MOFs)

that can soak up carbon dioxide (CO,) from the smoke stacks of coal-fired power plants.

Sustainable vehicles

Because MOFs act like molecular sponges, they can also be used to store gases. Vehicles powered
by methane or hydrogen have been recognised as a more sustainable option than fossil fuels. And
using MOFs like those being produced by Professor Telfer could reduce the pressures needed to

safely store the gaseous fuels on-board, making these vehicles even more practical.

Dr Anna Garden
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Fueling the future

Sustainable fuel is the focus of other MacDiarmid Institute researchers too, including
Principal Investigator Associate Professor Geoff Waterhouse (University of
Auckland), Principal Investigator Professor Thomas Nann (Victoria University of
Wellington), Associate Investigator Dr Vladimir Golovko (University of Canterbury),
and Principal Investigator Professor Sally Brooker (University of Otago), and they've
taken inspiration from the sun. Photocatalysts are compounds that use the sun’s
energy fo accelerate a reaction. We've all heard of photosynthesis, where in the
presence of sunlight the light sensitive molecules chlorophyll helps plants produce
their own food. The most famous photocatalyst in industry is titanium dioxide, used in

everything from sunscreens to self-cleaning glass.

Photocatalysis is incredibly common in nature —light sensitive molecules allow us

to see, changing their shape in the retina when light hits them, and provide our skin
cells with a way to make Vitamin D, a vital ingredient in bone development. These
reactions are incredibly efficient, as Dr Vladimir Golovko explains, “Nature had
millions of years to perfect natural catalysts. They work with atomic precision to
make very specific biological products. Unfortunately, human civilisation has only
had decades to play with catalysts, so most of them are poorly defined. We want to

change that.”

So MacDiarmid scientists are developing a new breed of catalysts that will make it
easier to produce cleaner fuels. “In order to replace fossil fuels, we need to offer a
practical alternative for vehicles; one which makes the most of renewable energy
sources,” said Professor Nann. “With photocatalysts we can, in principle, convert

30% of the sun’s energy into fuel.”

Turning CO, into methane

With other teams focused on carbon dioxide (CO,) capture, Professor Nann,
Associate Professor Waterhouse and Dr Golovko are investigating how low-cost
photocatalysts could be used to turn this greenhouse gas into methane. This would not
only remove CO, from the atmosphere, but the resulting gas could be added directly
into the natural gas grid, providing power to homes without needing to alter the
infrastructure. Further down the line, these researchers also want to use photocatalysts

to extract hydrogen gas from water.




Inspired by nature

This is a question that's also keeping University of Otago’s Professor Sally Brooker
busy. She is looking into photo- and electro-catalysts to develop a bioinspired
approach to hydrogen production. Existing industrial catalysts used for this reaction
tend to be based on rare metals like platinum, and are inefficient. But nature has a

better solution—an enzyme called hydrogenase that relies on iron and/or nickel.

“Control of the metal centre is everywhere in naure —haemoglobin, the active iron-
containing protein in red blood cells, for example. Without the precise environment
that surrounds its iron core, you'd just get rust,” explains Professor Brooker. “The same
is true for catalysts—controlling the environment that the metal ions are in is absolutely
critical o their performance, so that is our current focus.” Their work on hydrogen
production is in its infancy, but early results from their international collaborations are

extremely promising, and look likely to have an impact on the hydrogen economy.

Professor Thomas Nann
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Plastic fantastic

Amongst all of the materials that we rely on in our modern world, arguably none have become
more ubiquitous than plastics. Used in everything from banknotes and lunchboxes, to car parts
and sewage pipes, their highly-tuneable properties have made them the go-to option for a range
of industries. But the bulk of today’s plastics are made from petrochemicals, which makes them
increasingly unsustainable. In addition, because many of them don’t biodegrade, their disposal
poses a major environmental hazard. So, alongside her hydrogen work, Professor Sally Brooker
and her team are investigating a catalyst-based approach to producing compostable bioplastics.
Their source material is corn, which contains large quantities of a compound called lactide.

With the aid of a suitable catalyst, single molecules of lactide building blocks join to form a long
chain, to produce polylactide, a biodegradable plastic that can be used in a host of products.

“We've had a lot of success so far—our international collaborators have shown that our catalyst is
hyper-active, which means it is very good at turning lactide into polylactide,” says Professor Brooker.
“But we still have questions to answer.” With competing catalysts already on the market, her aim
is to improve their catalyst even further. She’s also looking further ahead, towards biodegradable
co-polymers, made from two or more compounds. “This will be a much bigger challenge, but if we

get it right, industry will certainly stand up and take notice.”

Power up

Another key challenge for tomorrow’s changing energy landscape will be to match reliable

energy generation with storage. Professor Maan Alkaisi from the University of Canterbury thinks
that solar power will play a huge role in this. Photovoltaic panels installed on buildings across

New Zealand may be the best option for converting sunlight into electricity, but they're not all that
efficient. Professor Alkaisi has designed a nanopatterned surface that improves the efficiency of
commercial solar panels, by making it less reflective, and better at absorbing light. Its low cost and
scalability means that it could also lead to a new generation of transparent photovoltaics, integrated
directly into buildings. And for energy storage, Professor Alkaisi and other MacDiarmid researchers,
including Professor Thomas Nann and Dr Vladimir Golovko, are involved in designing a system

that combines a battery with a photocatalyst. In 2016, this team of MacDiarmid researchers from
the University of Canterbury and Victoria University of Wellington, won an MBIE Smart Ideas grant
for this work. “This work is only just beginning, but by bringing together the skills of scientists from
multiple disciplines, we feel optimistic and excited for its future.”

The state of our planet will require more than one answer to the question of energy security and
climate remediation. But with solutions like these being spearheaded by MacDiarmid researchers,
the future looks a little brighter.
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If we get it right, industry
will certainly stand up
and take notice.

Professor Sally Brooker

Professor Thomas Nann, Professor Sally Brooker, Associate Professor Geoff Waterhouse,
Dr Vladimir Golovko, Dr Anna Garden, Professor Shane Telfer and Professor Maan Alkaisi
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1.2
Tomorrow’s computers

When the first powerful computers began to appear during World War I, they were viewed
solely as military tools. No-one could have predicted that within 40 years, computers would
become so compact that you could fit one onto a desk. Fast-forward to today, and around 90%
of New Zealanders now own a smartphone; a computer that could outperform all of those early

machines combined, despite weighing less than 200 grams.

We can thank the rapid development of low-cost microelectronics for our ability to shrink computers
without compromising on their performance. But there could be a new revolution coming to

computing, and it is MacDiarmid Institute researchers who are leading the charge.

Quantum leap

No matter how sophisticated they may be, most of today’s computers rely on the same basic
mechanism—electrical circuits, each containing millions of tiny switches called transistors that flick
between on and off. Though seemingly simple, this binary system allows us to store and process

complex data as strings of ones and zeros, or ‘bits’.
And now quantum computers could extend our vocabulary even further.

Quantum computers rely on quantum bits (nicknamed ‘qubits’) that can have three possible states—
on, off, or both simultaneously. This weird effect, called superposition, exists only at incredibly low
temperatures—fractions of a degree above absolute zero—but it could increase our computing
power exponentially. Making qubits is a huge challenge, though. Even in silicon, the most widely-
used element in electronics, impurities can ruin a stable quantum bit. So MacDiarmid Principal
Investigators Dr Andreas Markwitz (GNS Science) and Dr Grant Williams (Victoria University

of Wellington) are working with MacDiarmid students, Prasanth Gupta and Konrad Suschke, along

with a team from the University of Melbourne to develop a brand new way to produce silicon qubits.

This work involves building a world-first—a compact, pure Silicon-28 ion source, which can be
used to implant quantum computing ‘islands’ into standard silicon wafers. This approach could
provide a reliable, scalable way to produce qubits that are stable enough for use in a wide range

of applications.

“For certain problems, such as molecular simulations and drug design, quantum computing might
well be a total game-changer,” said Dr Markwitz, who received a 2016 MBIE Smart Ideas grant
for this work. “If this work is successful it would lead to new computer chips that would be much
faster for certain kinds of problems, and would give New Zealand a significant share of the global

electronics market.”

21
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Superconductors

Silicon qubits aren’t the only contender for computing’s ‘next big thing”. In fact, another MacDiarmid
Principal Investigator, Associate Professor Ben Ruck, from Victoria University of Wellington is looking
instead towards superconducting logic. One of the challenges of conventional silicon circuits is that

as they re pushed harder, they dissipate increasing amounts of energy, as heat. That's why computers
employ fans—it helps to cool the circuits down. Scale that effect up to something the size of an internet

server farm, and you're facing an ever-growing energy bill.

Dr Andreas Markwitz

This work if successful would give
New Zealand a significant share of
the global electronics market.

Associate Professor Ben Ruck, Dr Simon Granville, Dr Franck Natali, Professor Joe Trodahl
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A new breed of materials

Associate Professor Ruck’s research aims to replace the conventional silicon transistors

with superconducting circuits. These have zero electrical resistance, so they don't

dissipate heat at all, making them many times more efficient than today’s computer chips.
Superconducting circuits could also promise greater processing power, thanks to the design
of their components. Although, like qubits, these circuits need low temperatures to operate,
this is not quantum computing. It's more like conventional computing that's being done with
a new breed of materials.

Associate Professor Ruck is collaborating with a number of the MacDiarmid researchers on
this work, including Principal Investigators and Victoria University of Wellington researchers
Dr Franck Natali, Emeritus Professor Joe Trodahl and Associate Investigator Dr Simon
Granville. And he's quietly confident about the future: “Silicon chips are fast approaching
their physical and economic limits, so there’s reasonably little doubt that superconducting
computing will become a reality,” said Associate Professor Ruck. “It won't be in your desktop
computer, but it will be invaluable to those sprawling data centres that we all rely on.”

Electric dreams

Tomorrow’s computers won't just get faster, though. They'll get smarter too. Unlike
conventional computers, the human brain is a master of complex tasks like pattern
recognition. It's this skill that allows us to learn from experience —we continuously recognise
and characterise objects and actions, and can recall them when needed. Part of this ability
comes from the way our brain is constructed—as a network of neurons connected by
synapses. For MacDiarmid Principal Investigator Professor Simon Brown from the University

of Canterbury, this provided inspiration for a new approach to computing.

PeO

Dr Grant Williams, Dr Andreas Markwitz, Professor Simon Brown, Dr Simon Granville,

Professor Joe Trodahl, Dr Franck Natali, Associate Professor Ben Ruck and Dr Natalie Plank
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Beyond ones and zeros

Called neuromorphic computing, it uses tiny circuits

to mimic the operation of the human brain. “We are
deliberately trying to replicate the structure of the brain,
so there are no ones and zeros here,” explains Professor
Brown, who received a 2016 MBIE Smart Ideas grant for
this work. “Instead, data forms a physical pathway across
the complex series of connections present in the chip,

similar to how memories are formed in the brain.”

Alongside Victoria University of Wellington Principal
Investigator Dr Natalie Plank and Postdoc Fellow

Dr Saurabh Bose, Professor Brown’s eventual aim is to
set up a commercial company to fabricate these chips.
While neuromorphic devices aren’t going to replace all
types of computing, they could have a huge impact on
image recognition—perhaps offering a route to real-time,
low power consumption data processing, on a chip small

enough to fit info your smartphone.
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Every atom counts

Look around you. If you can see it with your naked eye, it is part of the macroscopic world. This
world includes everything from the food you eat and the car you drive, to the furniture you sit on or
the building you are in. Humans have long been masters of manipulating materials at this scale, and
that's partly because the laws of physics behave themselves at this dimension—you can trust that a

metal will behave identically whether you use it to make a nail, or to hold up a skyscraper.

But that's not the case when things get very small. As first discovered in the 1980s by researchers
working with materials like silicon and carbon, if a material gets small enough, its properties

can change dramatically. This discovery kick-started the nanotechnology revolution, which
allowed us to design new materials with seemingly ‘impossible’ properties. That, in turn,

has given us a dizzying array of devices and products that we rely on, including efficient
medicines and longer-lasting batteries.

But even now, 30 years later, nanotechnology continues to throw up surprises. Recent discoveries
have proved that when atoms are arranged into precise groups called clusters, the addition or
removal of a single atom can entirely change the cluster’s behaviour. For example, a cluster

of seven atoms of gold is magnetic, while a cluster of six is not.

Atomic ingredients

This ability to tune a material’s properties, atom-by-atom, has captured the imagination of some

of the MacDiarmid Institute’s researchers, including Director and Principal Investigator Professor
Thomas Nann. Working with colleagues at Victoria University of Wellington, Professor Nann has
been using some of these tiny clusters as catalysts for renewable energy, and as markers for disease
detection. “Because their behaviour is directly linked to their atomically-precise structure, clusters
offer huge potential for producing materials with unique, desirable properties,” said Professor Nann.

“And we've only just begun to scratch the surface.”

Professor Nann and his team rely on biological matrices—DNA or peptides—to stabilise these metal
clusters, and this approach has proved to be the key to their early successes. But it comes with a

surprising technical challenge. Their clusters are so small that they are impossible to see with current
analytic techniques. “We can gather size and some chemical information from mass spectroscopy,”
explained Professor Nann, “but analytics-wise, that's where it stops. A large proportion of our work

1"

is dedicated to understanding exactly what we've got
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Collaboration is key

While these clusters are difficult to see, their properties are easy to test. And for that,
cross-discipline collaboration is a must. Alongside his colleague Dr Renee Goreham,
Professor Nann is collaborating closely with Dr Darren Day from the School of Biological
Sciences at Victoria University of Wellington to investigate how clusters could be used in

biomedical imaging.

New, non-toxic, biosensors

Many medical procedures such as MRI rely on a chemical contrast agent. The problem is that most
of these traditional contrast agents are very toxic. But clusters are not; clusters rely on a scaffold of
biological molecules, and are already therefore partially biocompatible and non-toxic. They can

also be made soluble in water.

And perhaps most importantly of all, they can be designed to have several specific properties

at once, potentially making them useful as a multi-modal contrast agent, or as a biosensor.

“Our research in this area is at the earliest of stages,” said Professor Nann, “but we've already

1"

had some exciting results, and we're looking forward to taking them further

A chemical playground

Where Professor Nann and his team use biological molecules to stabilise these clusters, Associate
Investigator Dr Vladimir Golovko from the University of Canterbury is using a chemical approach.

His research focuses on the controlled synthesis of metal clusters for biotesting, sensing and catalysis.

According to Dr Vladimir Golovko, “Clusters offer a beautiful playground for chemistry. Playing with

single atoms gives us the opportunity to design novel materials with precisely-defined properties.”

Catalysts play a vital role in the modern world. Take the catalytic converter, found in the exhaust
pipe of every modern car, as an example. As exhaust gas flows through it, particles of platinum
act as a catalyst to convert highly-toxic pollutants into less-damaging ones. It's a system that's been
ubiquitous in the automotive industry since the 1970s, but the catalyst itself is not well understood.
It works, but it's not all that efficient, and it's extremely expensive. Clusters could offer a way to
vastly reduce the quantity of precious metal required to catalyse a reaction—moving to just a few
atoms instead of thousands would reduce the cost, and might also lead to superior performance.
“There is fantastic synergy between our work, and that of Principal Investigators Dr Jonathan
Halpert at Victoria University of Wellington, and Associate Professor Nicola Gaston from the
University of Auckland,” said Dr Golovko “This feedback loop of prediction, synthesis and testing

has gotten us to a stage where our results, especially on gold catalysis, look extremely promising.”

29
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Develop the theory

Few areas of materials chemistry blend theory and experiment more productively than clusters.
And when it comes to understanding why clusters behave as they do, MacDiarmid Deputy Director,
Associate Professor Nicola Gaston, is leading the way. She is interested in understanding the

relationship between size and the development of particular materials properties in clusters.

“Historically, in materials science, experiments have come first,” said Associate Professor Gaston.

“But that's no longer the case, especially for clusters. Our ultimate goal is to develop an overarching
theoretical framework for the targeted design of these building blocks. The challenge with developing
such a theory is related to their size. Clusters may be very small when compared to macroscopic
materials, but they are very large compared to a single atom. Most existing computational techniques
aren’t designed to bridge this gap, which has led Associate Professor Gaston and her team to

investigate a ‘hybrid methodology’, which will allow them to achieve accurate results but for a wide

range of cluster size and species.

The MacDiarmid Institute umbrella connects these researchers from different disciplines and gives
them the opportunity to work together. “The nature of the research means that we're collaborating
with other MacDiarmid people looking at the same question, but from a different angle,” explained
Associate Professor Gaston. “Being part of the MacDiarmid team gives us the opportunity to meet up
and find out what others in New Zealand are working on in regard to clusters. And working at this

intersection, between physics and chemistry, is incredibly exciting.”
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Associate Professor Nicola Gaston

O00@

Professor Thomas Nann, Associate Professor Nicola Gaston,
Dr Jonathan Halpert, Dr Vladimir Golovko
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1.4

Nanotech at the heart of medicine

The pace of change in modern medicine has been staggering. Diseases that once killed millions
have now been eradicated, and treatments for diseases have never been more effective.

The 21t century comes with its own challenges, though—a higher life expectancy brings an
increased burden of age-related diseases. Global populations are growing, but so too is the
number of premature deaths caused by cardiovascular diseases and substance abuse. Into this
fray, doctors and medical researchers must go, but theyre not alone. Device manufacturers,
engineers and materials scientists are working to develop smaller, smarter, cheaper and more

reliable technologies, to answer some of the biggest questions facing future medicine.

Improved diagnoses

According to the World Health Organisation, the number of new cancer cases is expected
to rise by about 70% in the next two decades. So, there’s a growing need for new and
improved diagnosis techniques and treatments. MacDiarmid researcher and postdoctoral
fellow at Victoria University of Wellington, Dr Renee Goreham, is investigating a class

of materials that could make cancer easier to detect, and it starts with an MRI (magnetic
resonance imaging) machine.

MRI is one of our main diagnostic tools. It uses magnetism and radio waves to build up a
picture of a person’s internal organs, allowing radiographers to locate any signs of cancer.
It relies on a contrast agent, injected into the body, to improve visibility, and this is where
nanotechnology can help.

“The problem with the MRI contrast agents currently in use is that they have a low resolution,
which limits the minimum size of cancerous cells they can identify,” explained Dr Goreham.

“Theyre also toxic, so can cause serious side-effects to patients.” Dr Goreham's solution,
now funded by a National Science Challenge Seed grant, was to develop a contrast
agent made from nanoclusters of silver atoms. This non-toxic nanomaterial is predicted to
be responsive to magnetic fields, and it also fluoresces. Together, these properties make it
possible to analyse cancerous cells with multiple complementary techniques, increasing the
likelihood of an earlier diagnosis.

In addition, Dr Goreham is exploring the use of exosomes-tiny particles, continuously
produced by most cells in our bodies. Once thought to be trash carriers for cells, theyre
now known to be a vital communication tool, and one that researchers could make use of.

“We think that exosomes could be used to further increase the effectiveness of our nanocluster

contrast agent,” she said. “But looking further ahead, they could also be used to carry
molecules across the blood-brain barrier-a kind of biocamouflage drug delivery. If we
can do this, it could give us a new route to diagnosing and treating a range of diseases.”
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Bioelectronic devices

Improving diagnoses is also the focus of Principal Investigator Professor Jadranka Travas-Sejdic from
the University of Auckland. But rather than looking at imaging techniques, she is developing a new class
of biosensors made from novel polymers that can conduct electricity. Her focus is on the development of

hand-held, in-field detection systems for fast, direct electrical sensing of biological molecules.

Looking further ahead, they could
also be used to carry molecules across
the blood-brain barrier. If we can do
this, it could give us a new route to
diagnosing and treating a range

of diseases.

Dr Renee Goreham
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It might soun
like science-fiction,

but it's cominag.

Professor Jadranka Travas-Sejdic

Professor Jadranka Travas-Sejdic, Associate Professor Justin Hodgkiss,

Dr Jonathan Halpert and Dr Renee Goreham



Lab

“We're using these sensors for DNA diagnostics, which is an important tool in identifying infectious
diseases, genetic mutations, or inherited metabolic disorders,” said Professor Travas-Sejdic. “The
current technology is costly and time-consuming, and we want fo change that.” In collaboration
with Professor David Williams, the group is currently working on producing these sensors using
high-throughput printing technologies. And the next stage is fo test the printed devices with complex
body fluids.

Professor Travas-Sejdic and her team are funded by a 2016 Marsden grant to look further
ahead too-toward stretchable and self-healing electronics for use in health monitoring. They
are collaborating with microbiologists at Harvard Medical School to understand how such
electronic patches could be used in, for example, repairing cardiac tissue function. “It might
sound like science-fiction, but it's coming,” she explained. “Patches that could interface directly
with organs would allow us to monitor the health of vulnerable patients, or even stimulate

biological tissue directly. It is an emerging new approach to healthcare.”

Nano-sensing

For our Deputy Director, Associate Professor Justin Hodgkiss from Victoria University of
Wellington, nanomaterials can also make our roads and communities safer. Funded by an
MBIE grant, he is developing ultrasensitive analytical devices for real-time detection of the
drug methamphetamine; one for use in roadside tests, and the other for mapping substance

contamination in buildings.

The devices use precisely-designed DNA aptamers, also known as synthetic antibodies,
to rapidly recognise methamphetamine molecules from small, easy-to-take samples.
“The existing saliva test for methamphetamine detection is expensive, slow and prone to
showing false positives,” explained Associate Professor Hodgkiss. “And in order to identify
the production of the drug within our housing stock, samples currently need to be collected and
analysed off-site. Our new devices use nanotechnology to tackle these issues, reducing the cost
of tests, and making them faster and more reliable.” Medicine has long been a collaborative
pursuit. But these projects, and others like them, demonstrate the growing role that materials

science will play in its future. No sci-fi nanobots needed.
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Materials stars
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New Investigators

Penny Brothers

New MacDiarmid Principal Investigator and University of
Auckland Chemist, Professor Penny Brothers, is building novel
molecules as building blocks for light-absorbing components of

solar cells and magnetic materials.

Anna Garden

New MacDiarmid Associate Investigator and University of Otago
Chemist and winner of a 2016 Marsden grant, Dr Anna Garden,
is using computers to design nanomaterials for environmental

remediation.

Jonathan Halpert

Senior Lecturer in Chemistry at Victoria University of Wellington,
Rutherford Discovery Fellow and now new MacDiarmid
Principal Investigator, Dr Jonathan Halpert, is investigating new
nanomaterials for use in next generation solar cells, LEDs and

other optoelectronic applications.

Jenny Malmstrétm

New MacDiarmid Associate Investigator and University of Auckland
Chemical Engineer, DrJenny Malmstrém, was awarded a 2016
Rutherford Discovery Fellowship and Marsden Fast-Start to develop
artificial tissue surfaces to enable a deeper understanding of stem
cell regulation.

Carla Meledandri

Joint winner of the KiwiNet 2016 Emerging Innovator Award,
University of Otago Chemist and new MacDiarmid Principal

Investigator, Dr Carla Meledandri, is taking nanotech into the

world of dentistry.

Franck Natali

New MacDiarmid Principal Investigator and Victoria University
of Wellington physicist, Dr Franck Natali, is creating new memory

storage devices for tomorrow’s computers.




Lab

Geoff Waterhouse

New MacDiarmid Principal Investigator and University of Auckland
Chemist, Associate Professor Geoff Waterhouse, is developing
nanomaterials that catalyse the transformation of light energy into

chemical fuels.

Catherine Whitby

New MacDiarmid Associate Investigator and Massey University

Chemist, Dr Catherine Whitby, is using nanotechnology to understand

and improve the properties of emulsions in food and cosmetics.

Rising stars

Baptiste Auguie

2016 Rutherford Discovery Fellow, Victoria University of Wellington
Physicist and MacDiarmid alumnus, Dr Baptiste Auguie, is putting a
new twist on light-matter interactions with his research programme

on chirality at the nanoscale.

Renee Goreham

Postdoctoral Fellow in Professor Nann's group with strong links
to the MacDiarmid Institute, Dr Goreham won a 2016 NSC seed
grant to explore the physical properties of silver clusters for

medical applications.

Ben Mallet

2016 Rutherford Postdoctoral Fellow, University of Auckland
Physicist and MacDiarmid alumnus, Dr Ben Mallett, is seeking
to understand the love-hate relationship between magnetism,

superconductivity and charge order.

Nicholas Monahan

2016 Rutherford Postdoctoral Fellow, Chemist and MacDairmid
alumnus, Dr Nicholas Monahan, returned to Victoria University
of Wellington to shed light on how next generation solar cells

generate electricity.

39



rofessor Jeff Tallon




Lab

1.6

Emeritus Investigators

When it comes to science there’s often a focus on the ‘new’; the most current, the latest
(research, funds, efc). It can be easy to forget how success is built on the ongoing support

of others. Few of the achievements of the MacDiarmid would be possible without the people
who worked for years to grow and nurture the Institute. Many of them now stand as Emeritus

Investigators (El), guiding and mentoring those who are newer to the MacDiarmid.

Professor Jeff Tallon, Professor of Physics at Victoria University of Wellington, based at

the Robinson Research Institute sees the role of an El as one of piloting new MacDiarmid
Investigators in their research. “Over a period of time you acquire a pretty good grasp of the
breadth and range of issues and also the ability to bring disparate ideas and research together.
You can be a bit of a glue within the Institute. So I've done quite a bit of that in recent years—
linking up people | never would have before —chemistry, materials, nanotechnology, together

with my research field of superconductors.”

Professor Tallon has been with MacDiarmid right from its inception and wrote part of the original
bid with Sir Paul Callaghan. He says he has seen the difference the MacDiarmid made over
time. “The MacDiarmid breaks boundaries between institutions and disciplines. It has enabled
many disparate groups and research topics to somehow come together over the years. This
didn’t happen immediately; for the first six years everyone continued to do what they used to
do. But research slowly cross-pollinated. It's very rich now. It's a broad-based dynamic, based
not just on research, but reaching out to the public and schools. Both AMN7 and AMNS8 were
were terrific illustrations of this—there is terrific new stuff going on. Longevity gives this strength.

It would be a big step backwards to lose the dynamic that's been built up.”

He says he had a mentoring role right from the beginning but that this cemented in over

time. “At my stage the question is not how the MacDiarmid can be useful to me but the other
way around—what contribution can | make to enriching the work of others2 I've had my

time of benefit. It's really important now that | work to make a richer environment for others,
put students from different themes together with senior researchers in other themes. We as

Els have a responsibility to stretch the horizons of the younger researchers, especially students

and postdocs.”
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Professor Jeff Tallon

You can be a bit of a glue
within the Institute.




For MacDiarmid Associate Investigator and Robinson Research Institute scientist Dr Shen Chong,
having Professor Tallon as a mentor has been critical. “The sheer knowledge and experience
Jeff brings to my work is invaluable. He gives advice on my research and how to apply for
funding and how to run things in general. And because of his wider links he puts me in touch
with people | need to collaborate with, through the MacDiarmid.” Dr Chong, who won a 2016
Marsden grant for nanostructuring in iron-based wires for ultra-high current density, said that it
is great having Professor Tallon active within the Institute’s research theme ‘Tomorrow's Electronic

Devices'. “Jeff is still keen to give ideas and encourage the rest of us within the theme.”
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Emeritus Investigator Professor Simon Hall has similar views to Jeff Tallon’s. Simon offered to move to
El status in 2015 after changes to his role at Massey University. He still attends MacDiarmid Energy
theme meetings, sharing his ideas and thoughts about commercialisation of energy technology.
“Part of staying on as an El has got to be about contributing back. | definitely see myself having

a role within the broader Institute in terms of mentoring younger researchers.”

Four MacDiarmid Emeritus Investigators are in senior executive leadership positions within
New Zealand universities; Professor Richard Blaikie is Deputy Vice-Chancellor at the University
of Otago, Professor Jim Metson is Deputy Vice-Chancellor at the University of Auckland,
Professor Kate McGrath is Vice-Provost Research at Victoria University of Wellington and
Professor Simon Hall is Deputy Pro Vice-Chancellor of the College of Sciences at Massey

University. Professors Blaikie and McGrath are both former directors of the MacDiarmid Institute.

Dr Shen Chong

The sheer knowledge and
experience Jeff brings to
my work is invaluable.







MacDiarmid Institute




The MacDiarmid Institute advances science with an

endgame —real-world applications—from solar technology to medical
diagnostics. Our materials science and nanotech lends itself naturally to
hi-tech spin-outs. We support and grow commercial nous and capability
amongst our scientists to enable them to deliver these high-value business
opportunities to the New Zealand hi-tech economic sector.



v

Bridging the gap;

translating science
Into commerce




It's not an easy journey from the lab to the marketplace. But as Sir Paul Callaghan
identified, a thriving hi-tech economy needs top scientists in the workplace. Hi-tech
companies rely on the expertise of key researchers to grow the specialist technical
knowledge, ideas and capacity needed for a successful spin-out venture. It is
absolutely critical that scientists can build bridges from academia to industry, taking
with them the essential science knowledge and skills New Zealand needs for a high
technology economy. The MacDiarmid Institute set about making this happen.
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MacDiarmid Principal Investigator Dr Carla Meledandri runs a busy chemistry
lab at the University of Otago, specialising in nanoscale materials. Back in 2011
she and her collaborator, Dr Don Schwass from the Faculty of Dentistry, had

an inkling her research could lend itself to potential commercial applications
using nanosilver for dentistry. They could certainly see the need—over 40%

of New Zealand children have at least one filling by age five. But developing
ideas for the market didn't fit within her already full workload of research and

teaching, and entrepreneurship was a skillset she had yet to acquire.

Tech Transfer Office Award

Dr Meledandri says her first break came from a university Technology Transfer
Office (TTO) award. “We had all these ideas and no resources. So winning an
Otago Innovation Proof of Concept Award of $50,000 paid for a Research

Assistant and really helped us get started developing a series of products.”

Global market survey

Drs Meledandri and Schwass embarked on a world tour visiting dental
companies and discussing their technologies. “Our ‘market survey’ of dental
companies around the world, particularly in the US, helped us understand their
needs. We also learned a lot about the regulatory processes in other countries,

and this information was essential in focusing our research in the right direction.”

Pitching to angel investors

The next step was getting her work in front of investors and to this end
MacDiarmid Board Chair and angel investor Dr Ray Thomson supported her to
pitch to angel investors at Pitch on a Peak in Queenstown. (Pitch on a Peak is
detailed in the 2015 Annual Report.) “Ray Thomson, along with NZTE, helped
me refine my ‘pitch’ to key people in the investment community at Pitch on a
Peak in Queenstown. | had to develop a three minute speech that outlined the
problem and showed our solution. This gave me insight into the kinds of things

investors needed to know.”

Having met and talked with angel investors, and learning that investors required
further information, Dr Meledandri then teamed up with University of Otago
Professor of Periodontics and Dental Implantology Warrick Duncan to create

animal model studies.




Tailored design

While the animal studies were taking place, her team also began designing a product
that could be classified as a medical (rather than therapeutic) device. Dr Meledandri

says this was the point at which investors became interested.

“This was key—once we developed an actual filling material, that would be classed as
a medical device, investors really took notice. The medical device angle led to serious

interest from Powerhouse.”

Developing business skills

Dr Meledandri says she decided she needed more business skills and resources before

she could further develop her ideas.

“The MacDiarmid supported me on a Get Funded course in 2016, and TEC funded me
for an Entrepreneurship Workshop. Both of these courses helped me begin to think
like a businessperson. The next step for us will be to put a recent PhD graduate into

a company and the MacDiarmid Internship Programme will help us do this.”

National recognition

Dr Meledandri says being nominated by the MacDiarmid Institute for the KiwiNet
Awards in 2016 helped her further refine her pitch and put her in front of investors and
business media. She was joint winner of the Norman F. B. Barry Foundation Emerging
Innovator Award. Dr Meledandri also won a 2016 MBIE Smart Ideas grant for

this work.

Dr Carla Meledandri
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MacDiarmid Principal Investigator Professor David Williams is no stranger to the marketplace,
having developed and launched his first company Capteur Sensors and Analysers Ltd, in the UK
in 1992.

“Capture Sensors and Analysers made heated metal oxide sensors and was based on my research

at the UK Atomic Energy Authority, Harwell, and at University College London.”

His second company, Aeroqual, uses materials science to create new sensors for industry. “Aeroqual

is now a real success story employing 30 people and turning over $8 million a year,” he said.

(Aeroqual took the top award in the Most Innovative Hi-Tech Hardware Solution category at the

2016 NZ Hi-Tech Awards for its compact air quality monitoring station.)

Tech transfer support

Professor Williams’ third company, Air Quality Ltd, was established in 2013 and uses materials
science to create sensing networks that provide reliable data, for example, for vehicle fleet exhaust

emissions or wastewater treatment or carbon monoxide emissions.

“We're currently employing five people, mostly postdoctoral researchers. We've been able to do this
in part because of the MacDiarmid’s support for tech-transfer and funding for PhD students who then
go on to become employees in the company. Along with Aeroqual, Beca and UoA, we've just won

a new MBIE grant for high-density networks of urban air quality measurement instruments.

A fourth spin-out company, Orbis—Milk on a Disc, will provide farmers with information such as
the protein content and fat content of milk, and can also help them assess the health of the cow

regarding pregnancy, mastitis, nutritional status etc.

This originally came out of an E.T.S. Walton Visiting Fellowship from the Science Foundation Ireland
(SFI). I was also a principal investigator supported by the SFl in the Biomedical Diagnostics Institute
at Dublin City University. ‘Point of Cow’ was born there: the original was created by other Pls in that
Institute. Two years later | began working with Cather (MacDiarmid Principal Investigator and The
University of Auckland Professor Cather Simpson) and we secured University of Auckland funding
for some students to help move things along, and it wasn't long afterwards that investors suggested
we start a company. There had been MacDiarmid support for the diagnostics and fluid fabrication
right through.”



Meeting the money

“So our next step was to present to angel investors at Pitch on a Peak in Queenstown, and this is
something (MacDiarmid Chair) Ray Thomson pointed us to. Once we had Powerhouse on board,
we secured a Callaghan Innovation incubator loan, further private investment and more University
of Auckland funding. We have enough now to get going and are also connecting with Fonterra.

1"

Our next target is to produce a prototype some time in 2018

Professor Williams' potential fifth company ‘Spot Check’ is a collaboration with MacDiarmid Principal
Investigator Professor Jadranka Travas-Sejdic. Spot Check uses materials science to provide low-cost,

on-the-spot detection of DNA signatures of infectious and chronic diseases, and won the prestigious
Velocity 100k Challenge in 2016.

“Little clicks all kind of happened,” Professor Williams says. “I suggested to (Research Associate)
Nihan—try this—and she emailed back—"Sir it works!”. We now have a patent filed and the next
question is—how do we make an idea like this investment-ready2 UniServices is supporting us with

a couple of postdocs, and we have to now show investors that this is an investible proposition.”

Professor Williams says being part of the MacDiarmid Institute gave them a chance to try new things
out, without the need to write long and formal proposals, and the chance to talk within the Institute with

people who are interesting and good.

“With the MacDiarmid we have the chance to be part of a community where it feels ok and good to

take basic science out of the lab and make something work.”

Professor David Williams
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A chance conversation with an investor from the dairy industry led to Professor Cather Simpson
developing an award-winning start-up company which aims to revolutionise sperm sorting

for the dairy sector.

Back in 2010, at a business function, an investor outlined to her the problems facing the dairy
industry. As Professor Simpson recounts, she headed straight back to her lab and challenged
students to come up with solutions within 24 hours. One of the students’ ideas involved using
lasers to generate a force, a concept that became key to the technology behind the start-up
company. Professor Simpson then worked with Auckland UniServices and Pacific Channel
Ltd to form Engender in 2011.

“We'd never made a microfluidic chip before, never done any of these things, but by 2012 we
had a patent and were starting to secure investor funds to prove we could make a chip and
actually do this stuff. We then managed to show we could move sperm with light. By 2016
we were working with two of the world'’s largest artificial insemination companies, and we
secured a major fundraise of $4.5 million to bring the company through the last stage before

T S
real’ commercialisation.

Professor Simpson’s advice to other scientists wanting to take the commercialisation route is
to be flexible.

“My take home message is embrace flexibility. You've also got to be adaptive, persistent
and to say ‘yes’. Think—what skills do | have? Remember it's a tremendous amount of work,

so think what can | make this commercially feasible and still make it intellectually stimulating2”

Professor Cather Simpson



Marketplace

nersistent

Professor Cather Simpson

J % L

First place medal in AgTech at the Silicon Valley Forum Tech World Cup

Baldwins Researcher Entrepreneur Award at the 2016 KiwiNet Research
Commercialisation Awards and went on to the BNZ Supreme Award—for
overall excellence in all core areas of research commercialisation

AgFunder Innovation Award: 5 Most Innovative International Start-ups at
Series A and Beyond, Engender Technologies

TIN200 Most Promising Early Stage Companies Award (New Zealand)
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Professor Simpson, who is also involved in another company (Orbis Diagnostics with Professor
Williams) says that MacDiarmid Board Chair Dr Ray Thomson and Commercialisation Developer

Richard Pinfold has helped her navigate the commercial side of things.

“The MacDiarmid Insitute helped arrange key meetings after the Pitch on a Peak and from that we

had a visit from the head of the Enterprise Angel team.”

Professor Simpson won the Baldwins Researcher Entrepreneur Award at the 2016 KiwiNet
Research Commercialisation Awards and went on to the BNZ Supreme Award—for overall
excellence in all core areas of research commercialisation. She was also named a Ministry
of Primary Industries Champion for Engender and for Orbis and their Primary Growth Partnership

research on milk.

Professor Simpson says another success of the MacDiarmid Insitute is that it provides
opportunities for scientists in her area to be heavily networked. Plus there is commercial funding
support to help scientists develop a patenting strategy. Looking ahead, she welcomes the
MacDiarmid Insitute’s scheme to foster entrepreneurial spirit in its scientfists.

“l want to help our young scientists in particular to spin-out their own companies—create their own
jobs so they can leave the university. One of our most important products is our students—giving

them a path into business.”
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Product gains industry recognition and an
increased public profile. Potential to attract early
investment/ partnering with business mentors.

CloudSpec, led by two MacDiarmid alumni,

Dr Brendan Darby and Dr Matthias Meyer, and

by Principal Investigator and Victoria University of
Wellington Professor Eric Le Ru uses light to analyse
cloudy solutions, such as paint, wastewater, algae

Spot Check (a collaboration between Principal growth, bioliquids and foods and beverages (including
Investigators and The University of Auckland Professors beer and wine). With KiwiNet Tier 2 pre-seed
Jadranka Travas-Sejdic and David Williams), uses funding to validate their testing process with one
materials science to provide low-cost, on-the-spot of the key players in the New Zealand food and
detection of DNA signatures of infectious and chronic beverage industry, CloudSpec is working closely with
diseases, and won the prestigious Velocity 100k : investors and industry experts on the best business
Challenge in 2016. model going forward.
—
Q
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At a Get Funded workshop in 2016, MacDiarmid A Medical Dosimeter, being developed by
Principal Investigator and University of Canterbury Principal Investigator and Victoria University of
Professor Maan Alkaisi developed a pitch for Wellington researcher Dr Grant Williams, is an
investment for his innovation using nanopyramids optics-based device that accurately ensures the correct
on glass to trap light to make photovoltaic (PV) dose of radiation is given to cancer patients. Aiming
powered greenhouses for food production. He is now for the hospital radiotherapy market, Dr Williams has
collaborating with New Zealand and international an MBIE grant to develop advanced prototypes.

industry and is seeking government funding to take this

idea to the next stage.
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Start-up team works intensively with
a tech incubator to take the product
to market.

Auramer Bio Ltd is developing aptamers, new
antibodies made from DNA and designed to bind

to very specific targets. These can be made in a lab
rather than extracted from animals, produced quickly
and at a fraction of the cost. Aptamers can target
hormones for fertility treatment, or methamphetamine
for drug testing, etc. MacDiarmid Principal Investigator
and Victoria University of Wellington Associate
Professor Justin Hodgkiss is working with a tech
incubator to take this to the next step.

Principal Investigator and University of Otago
researcher Dr Carla Meledandri has developed

a specially formulated, non-staining antimicrobial,
silver nanoparticle formulation to arrest tooth decay Hi-Aspect Ltd, a company led by Principal
(dental caries) and make teeth more resistant to Investigator and Auckland Professor Juliet Gerrard,
recurrent infection. The product can be commercialised is healing skin with biomaterials—a new protein-based
to manufacturers, distributors and health insurance nanomaterial for use in skincare products and wound
companies. Dr Meledandri is working with a tech dressings. Professor Gerrard is working with a

incubator to take this to the next step. tech incubator to take this to the next step.

Principal Investigators and The University of Auckland Noble Bond Ltd uses nanogold in a boutique range

Professors Cather Simpson and David Williams of colours generated by surface plasmon resonance

have established Orbis Diagnostics Ltd. Orbis is effects, to colour wool for high-value international

developing an affordable disc in each dairy shed that
will tell farmers the protein and fat content of each
cow’s milk, and help them assess the health of the cow
regarding pregnancy, mastitis, nutritional status etc.
Orbis is working with a tech incubator and Pacific

Channel to take this to the next step.

luxury apparel and rug markets. It also incorporates
nanosilver entities into wool to impart antimicrobial
properties. The research and business development
is led by Emeritus Investigator and Victoria University
of Wellington Professor Jim Johnston. Noble Bond

is working with a number of UK and European
companies in its commercialisation pathway. Wools
of New Zealand Ltd has taken up a shareholding in
Noble Bond.
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Company is in secondary fundraise,
close to market, or in production.

Engender Technologies uses materials science plus
photonics to sort sperm for the dairy industry. Principal
Investigator and The University of Auckland Professor
Cather Simpson is perfecting these techniques in the
lab ahead of in vitro fertilization trials and then field
trials. Engender has secured major fundraising and
investment including from two of the world’s largest
artificial insemination companies. A second stage
capital raise saw Engender successfully complete

a $4.5 million fundraising.

Annual Report

2016

Air Quality Ltd established by Principal Investigator
and University of Auckland Professor David Williams
uses materials science to manufacture sensing
networks that provide reliable data, for example,

for vehicle fleet exhaust emissions or wastewater
treatment or carbon monoxide emissions. It currently
employs five people, mostly postdoctoral researchers.

oop|djeyiopy

Boutiq Science Lid is a spin-off company from
Victoria University of Wellington and the MacDiarmid
Institute, founded by former Principal Investigator
Professor Richard Tilley and operated by MacDiarmid
alumnus Dr Anna Henning. Boutiq aims to be a
leading supplier of unique nanoparticles to the
research science and engineering community, and
with assistance from Viclink Ltd, has expanded to
begin the commercialisation and manufacture of
nanoparticles for targeted biomedical applications.

Aeroqual, also established by Principal
Investigator Professor David Williams,
uses materials science to manufacture
new sensors for industry. The company
now employs 30 people and turns

over $8 million a year.



3. Into the community
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At the MacDiarmid Institute we're passionate about taking

science out of the laboratory and into the community. This has
been at the heart of the MacDiarmid from the very beginning,
built as it was on Sir Paul Callaghan’s vision of inspiring teachers,
students and communities.



We've
partnered with

Nanogirl,
the House of
Science and
others to
extend our
reach.




Community

As science teachers up and down the country will tell you, it's
easy enough to get kids to study a cute animal or plant a seed.
But when things get really, really tiny, and we enter the world of
nanoscience, where physics doesn’t behave the way you expect
it to, keeping kids interested is much more of a challenge.

It's a challenge the MacDiarmid Institute has risen to.

So we've continued to engage in ways that create a more
inclusive pipeline for the sciences and you'll read about this

on the following pages. In developing these partnerships,

we have been mindful that New Zealand'’s future needs students
inspired to continue in chemistry and engineering and physics as
well as biology. Students passionate in these subjects will carry
on to university where they may find themselves in the world

of nanoscience.

In all of these activities, we rely on the enthusiasm and initiative of
our researchers and students to do this work. We are incredibly
fortunate to work with the people we do.
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Extending our engagement
— taking Karero to the next level

House of Science and the Nanogirl show

Sometimes an idea comes along that is so successful that you want to take it to the

next level. This is what happened with the MacDiarmid Institute’s Korero with Scientists
workshops, where teachers and MacDiarmid scientists spend two hours exploring basic
physical science concepts like magnets, light, and acids and bases.

“We have had such consistently great enthusiastic feedback about Karero from primary school
teachers and early childhood educators over the past three years. And the MacDiarmid Investi-
gators really enjoy it too,” says MacDiarmid Deputy Director Associate Professor

Nicola Gaston.

She says the problem became —how to extend this popular workshop to greater numbers

of teachers (and therefore students).

“We ran successful workshops again in 2016 and the question clearly was—how do we build
on the resources we already have but take it to a bigger audience? How do we increase young
people’s engagement and involvement in physical sciences? There's obviously an appetite —the

teachers all report that the kids really get a kick out of the experiments we teach.”

Partnering with MacDiarmid Investigator Michelle Dickinson (A.K.A. Nanogirl) was one

obvious choice.

“We partnered with the Nanogirl Live Tour 2016. There is strong synergy between our efforts
towards increasing engagement and involvement in physical sciences, and Michelle’s work
on public science literacy and engagement. And it was a chance to get the resources we'd

developed for the Korero workshops out to a much bigger audience.”

The Nanogirl Live Show, Little Bang, Big Bang, toured seven centres nationally, playing to

a combined audience of 9,868. The MacDiarmid science sponsorship helped the Nanogirl
programme include free school visits (involving 10,491 students) in which the teaching materials
from the MacDiarmid Kérero workshops were used and distributed. 55% of the children in the

audiences at the shows and school visits were female, and 59% were from decile 1-5 schools.

Associate Professor Gaston said that another avenue to expand Karero became apparent in the
House of Science, which provides science resource kits and professional development to schools
and teachers. Science resource kits (colloquially known as ‘science boxes’) are designed to
engage students in hands-on science activities in the classroom. The kits comprise materials

and instructions for teaching at all levels throughout the primary curriculum.

“The MacDiarmid Institute will sponsor eight of these boxes to House of Science branches
throughout New Zealand,” Associate Professor Gaston said. “Our scientists are involved
with designing the experiments and training the teachers. It just means that the Kdrero materials
science experiments and teacher training can now go out on a much wider scale—to many more

parts of New Zealand.”
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House of Science CEO Chris Duggan said that having more science kits will mean the
programme can be extended to other regions. “We're thrilled about making the science
boxes available to other parts of New Zealand. We get such wonderful feedback from

teachers and students.”

Eight ‘MacDiarmid’ physical science boxes will be developed with resources involving
light, acids and bases and magnets and the other materials which have been used for the

Karero workshops.

Associate Professor Gaston says a vibrant future New Zealand needs people who understand
the physical sciences—physical chemistry and physics. “We are excited that these science
boxes will hopefully get kids interested in the physical sciences in particular. And Karero will
continue to inspire new approaches to outreach. “We'll continue to host workshops plus we

have some other exciting developments in our sights for 2017.”

In 2016 the lead investigators for the Kdrero programme were MacDiarmid Principal
Investigators Associate Professor Duncan Macgillivray (University of Auckland),
Professor Eric Le Ru (Victoria University of Wellington) and Professor Paul Kruger

(University of Canterbury).
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My dream is for every student to
have access to a physics teacher
who can inspire a life-long
passion for science in general
and physics in particular.

3.2

Reaching out to physics teachers

For most of us, teaching physics to anybody would be hard (if not impossible) at the best of times.
But imagine trying to teach physics to a class of Year 13 students if you yourself had little university

physics training.
Unfortunately this is the reality for more than half of New Zealand secondary school physics teachers.

And it is the problem the MacDiarmid Institute started to solve through its physics teachers’ workshops,

a popular hands-on programme for high-school physics teachers, run in 2015 and 2016.

“Only about one-third of physics teachers in New Zealand actually have a degree in physics,”
said MacDiarmid Principal Investigator and Victoria University of Wellington Professor Michele
Governale who, together with MacDiarmid Principal Investigator and Victoria University of
Wellington Associate Professor Ben Ruck, initiated the programme in 2015. “My dream is for
every student in New Zealand to have access to a physics teacher who can inspire a life-long
passion for science in general and physics in particular. Unfortunately this is not yet the case.”
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3.2

After successful workshops in Wellington in 2015 and in Auckland
and Dunedin in 2016 (the latter in collaboration with the Dodd-Walls
CoRE), it became clear to all involved that the programme needed

to expand to include all of New Zealand. The good news is it is now
being picked up by the New Zealand Institute of Physics (NZIP) and

taken nationwide.

Ahead of its nationwide debut, the programme has a new name —
‘Physics Matters—PD for Physics Teachers”. A pilot phase is hoped
to reach 200 teachers in 2017.

Longer term, Professor Governale and Associate Professor Ruck plan
to be able to offer three levels of workshops: Back to Uni, Physics Fit

and Fundamentals.

Associate Professor Ruck says that supporting the physics teachers

benefits not only the students, but the economy.

“Having enough graduates skilled in physics is a key component to
creating wealth through high-value manufacturing. We've seen how
these workshops give teachers the skills to inspire students to keep
on with the physical sciences. Now we're ready to do this on a much

bigger scale.”

Annual Report

2016
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3.3

Enriching the PhD and
Postdoc experience

Training PhD and Postdoctoral students is a big part of our work and in 2016 we initiated an annual

‘Spring Development Programme’, a multi-day student workshop.
Deputy Director Justin Hodgkiss explains.

“Our students were ending up with great science credentials but lacking key skills that would
influence their success post-study. We've initiated an annual workshop, rotating the themes
of Science Communication, Commercialisation and Leadership (including science in policy)

over three years.”

The first day was led by MacDiarmid Principal Investigator and Victoria University of Wellington
Associate Professor Justin Hodgkiss and MacDiarmid Postdoctoral researchers Dr Baptiste Auguie
and Dr Nick Monahan, and covered the fundamentals of effective technical science writing,

effective oral presentations, graphics and posters.

The second day was led by the Science Media Centre’s Dacia Herbulock and included talks
by Siouxsie Wiles on social media, Damien Christie on video and ‘real-life’ interviews with Ara

New Zealand Broadcasting School journalism students.

PhD student Felicia Ullstad says the programme was great. “The session by Dr Nick Monahan on
oral presentations was so inspiring | went and re-did my entire talk for a conference the week after.

| ended up with the prize for best student talk at the conference.”

The session by Dr Nick Monahan on oral
presentations was so inspiring that | went
and redid my entire talk—1 ended up with the
prize for best student talk at the conference.

Felicia Ullstad
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3.4

Honouring our origins—the
Paul Callaghan story

73

MacDiarmid Institute funding has been pivotal in helping bring about the first documentary
about Sir Paul Callaghan. Sir Paul, who established the MacDiarmid Institute and was the
Institute’s first Director, played a major role in New Zealand as a scientist, environmentalist,

public commentator, lecturer and mentor.

Director/producer Shirley Horrocks said the documentary will showcase

Sir Paul’s work and ideas.

| want to convey his life’s work, from his passionate advocacy of scientific research
and original studies on nuclear magnetic resonance through to his many ideas for
New Zealand as ‘a place where talent wants to live’, and his vision of our natural

environment as what marks our country out as unique in the world.”

Ms Horrocks said having met and worked with Sir Paul, she feels passionate about telling

his story to a new generation.

A film about Sir Paul must be as energetic and eloquent as he was himself. And while

remaining clear to a broad audience, it must also contain some real scientific substance.”

She says the idea of a documentary about Sir Paul has struck many other organisations

as a timely project and a valuable resource.

The MacDiarmid’s lead in contributing to it has so far been followed by seven
New Zealand universities, along with the Royal Society of New Zealand and the

Ministry of Business, Innovation and Employment.

We're looking forward to taking this first ever documentary about Sir Paul to all
sorts of audiences, hoping to keep his legacy alive and inspire a new generation of

young scientists.”



CATALYST

3.5

Students share their science
MESA 3-min video competifi

K

This year the MacDiarmid Emerging Students Association (MESA) challenged
MacDiarmid students and researchers to produce a three minute long video clip
presenting their research to the general public (on a level that could be enjoyed and
understood by a curious teenager). The panel of judges—Toby Manhire (The Spinoff),
Peter Griffin and Dacia Herbulock (Science Media Centre) and Nicola Gaston—

reviewed the videos.

These slides are taken from Hannah Davidson’s (University of Otago) winning video,
for what the judges said was a “wonderfully creative and accessible approach to a

challenging topic. We especially appreciated the clear conne drawn fo daily life,

the personality of the scientist being allowed to shine through
how her small piece of the puzzle fits in the broader context of
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3.6

MESA bootcamp—an adventurous
academic experience

The MacDiarmid Emerging Scientists Association (MESA) ran its fifth annual three-day
‘bootcamp’—an ‘adventurous academic experience in a remote location’ at the Forest and
Bird Lodge on Mt Ruapehu. This year the camp explored instrumentation and other advanced
equipment for new materials research. MacDiarmid Associate Investigator Dr Jenny Malstrém
joined the students and postdocs in a long weekend of intensive research. This year's

bootcamp focused on specialised equipment.

Advanced materials research relies heavily on specialised instruments for characterisation,
and the development of better equipment for measuring existing materials, instrumentation and

automation, photoluminescence spectroscopy, probing biological and materials interfaces.

3.7
Clustering for impact

The Cluster Symposium 2016 took place in Christchurch on 28-29 November 2016. The scientific
programme spanned full two days and included eight sessions on cluster-related science. Talks
covered experimental research in physics and chemistry as well as computational /theoretical

work in the areas of both fundamental and applied cluster science.

3.8

Building a new science audience —partnering

with The Spinoft

The Spinoff Science: We are delighted to have been able to help The Spinoff set up a science
section—for the chance to get lively-written science stories in front of The Spinoff’s young and
engaged (and growing) audience. The science section has also given us the opportunity to get some
well written and accessible stories on MacDiarmid hi-tech materials science and innovation—an area
of science not commonly read or understood by young New Zealanders—in front of this audience.
On launching in November 2016, The Spinoff science section contained 19 posts, which attracted

a total of 91,729 page views, with the average time spent on each page over six minutes.
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3.9

The science of stuff we use
to make things

In 2016 MacDiarmid Investigators again traveled to six regional centres in New Zealand to deliver
public science lectures. A Materials History of the World covered materials history both within western
science and from the perspective of indigenous Pacific materials heritage and culture and looked to
the future impact of materials science has on our lives. Based in part on research and slides generously
provided by Professor Richard Walter of the Department of Archaeology and Anthropology, University
of Otago, the lectures were held in Napier, Tauranga, Wanaka, Invercargill, Whanganui and Nelson
between July and September 2016. The lectures drew large crowds and feedback (through a written

exit survey) was consistently and overwhelmingly positive.

We thank our people —Dr Michelle Dickinson, Dr Franck Natali, Dr Catherine Whitby, Dr Geoff Willmott,
Associate Professor Duncan Macgillivray, Dr Natalie Plank, Associate Professor Nicola Gaston, Professor
Richard Blaikie, Dr Laura Domigan, Associate Professor Mark Waterland, Professor Penny Brothers,

Dr Vladimir Golovko.

MacDiarmid Emeritus Investigator and University of Otago Deputy Vice-Chancellor Professor
Richard Blaikie, who gave the lecture in Invercargill, said the content of the lecture resonated well

in the deep south.

“There's a connection to indigenous materials, especially in Invercargill, where we could talk about
the very important quarry sites in Bluff and the modern materials processes just across the harbour

at Tiwai Point.”
Professor Blaikie said he thoroughly enjoyed giving the lecture.

“I'm a Southlander so any opportunity to go to the fine city of Invercargill I'll jump on. And the Regional
Lecture Series sits with the philosophy of the Institute and also the broader objective of MacDiarmid
research in particular, where we have a culture of service; speaking about science —and materials

science in particular—is what we do.”

culture or service;
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The MacDiarmid team inspired
us, as Maori and Pacific youth,
to get out there and keep
discovering—the possibilities
are endless.

3.10
Discovering nanoscience

Our NanoCamp and DiscoveryCamp continue to attract high numbers of applications from Year 12
and 13 secondary students. This year, 10 times as many students applied for NanoCamp as there

were places, and four times as many as there were places for DiscoveryCamp.

The five-day all-expenses paid residential programmes deliver practical lab experience with
MacDiarmid Institute investigators. This year the programmes were run by Associate Professor Guy
Jameson (University of Otago), Professor Maan Alkaisi (Canterbury) and Professor Shane Telfer
(Massey University).




Perhaps one of the best validations for
our science is the number and calibre of
international scientists and universities
wishing to collaborate.

3.11
Internationally engaged

We have formal Memorandums of Understanding (MoU) with the Australian National Fabrication Facility and
the Centre for Convergent Bio-Nano Science and Technology in Australia and in 2016 signed an MoU with
the National Institute for Materials Science (NIMS) in Japan. We have several other MoUs in the pipeline.

All MacDiarmid researchers have strong and ongoing collaborations with international partners, including
with members of our International Science Advisory Board (ISAB), many of whom are based at Ivy League

universities and top research colleges and institutions around the world.
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4.

Journal covers

Nicola Gaston and coworkers

CATEMFSYSCITEM

‘Interaction of boron nitride nanosheets with model cell membranes’

ChemPhysChem 2016

Thomas Nann and coworkers
'SWCNT photocathodes sensitised with InP/ZnS core—shell nanocrystals’
Chem. C 2016

Sally Brooker and coworkers

‘Reversible quantitative guest sensing via spin crossover of an iron(ll) triazole’

Chem.Sci. 2016

Sally Brooker and coworkers

‘Non-porous iron(ll)-based sensor: crystallographic insights into a cycle of
colorful guest-induced topotactic transformations’

Angew. Chem. Int. Ed. 2016

Nicola Gaston and coworkers

‘Phosphine passivated gold clusters: how charge transfer affects electronic structure
and stability’

Phys. Chem. Chem. Phys. 2016

Carla Meledandri and coworkers

‘Size-selectable nanoparticle assemblies with magnetic anisotropy tunable

across the superparamagnetic to ferromagnetic range’

Chem. Commun. 2016

Sally Brooker and coworkers

'Di-zinc lactide polymerization catalysts: hyper-activity by control of ligand

conformation and metallic cooperativity’

Angew. Chem. Int. Ed. 2016




MacDiarmid Institute Annual Report

2016
84
Awards
Margaret Brimble NZ Association of Scientists Marsden Medal (Lifetime Achievement in Science)

Royal Society of Chemistry Australasian Lectureship
Michelle Dickinson Women of Influence Award for Innovation and Science
Nicola Gaston CMMSE Prize from the International Conference on Computational and

Mathematical Methods in Science and Engineering 2016. 'For work on the
properties of atomic clusters'

Vladimir Golovko The University of Canterbury Supreme Sustainability Award 2016

Guy Jameson Hill Tinsley Medal, New Zealand Association of Scientists

Jerome Leveneur Technology Valley Awards 2016, Outstanding Individual

Carla Meledandri Norman F.B. Barry Foundation Emerging Innovator Award at the 2016 KiwiNet

Commercialisation Awards
University of Otago Division of Science Industry Link Award 2016

New Zealand Institute of Chemistry Shimadzu Industrial and Applied Chemistry
Prize, 2016

Cather Simpson First place medal in AgTech at the Silicon Valley Forum Tech World Cup

AgFunder Innovation Award: 5 Most Innovative International Start-ups at Series

A and Beyond, Engender Technologies. TIN200 Most Promising Early Stage
Companies Award (NZ)

Named a Ministry for Primary Industries Champion for projects like Engender and Orbis
and Primary Growth Partnership research on milk

BNZ Supreme Award at the 2016 KiwiNet Research Commercialisation

Awards—for overall excellence in all core areas of research commercialisation

Baldwins Researcher Entrepreneur Award at the 2016 KiwiNet Research
Commercialisation Awards

Jadranka Travas-Sejdic, Winner The University of Auckland Velocity challenge
David Williams, and their
team 'SpotCheck'

Geoff Waterhouse Chinese Academy of Sciences International Cooperation Award for Young Scientists
for outstanding collaborative research with Professor Tierui Zhang

David Williams Aeroqual, a company co-founded by Principal Investigator Professor David
Williams, won the Endace Innovative Hardware Product Award at the 2016
Hi-Tech Awards for an air quality monitoring device
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4.3

Funding successes

2016 MacDiarmid Investigator (MI) Marsden winners

Ml Investigators

Dr Shen Chong
Victoria University of Wellington

Dr Anna Garden
University of Otago

Associate Professor Justin Hodgkiss

Victoria University of Wellington

Professor Eric Le Ru
Victoria University of Wellington

Dr Jenny Malmstrém

University of Auckland

Title

Nanostructuring in iron-based wires for ultra-high current density

A green approach to denitrification of water

The origin of UV photoprotection in the brown skin pigment eumelanin

Probing the optical absorption of molecules adsorbed on metallic nanoparticles

Nano-containers for signals to cells—when and where they are needed

2016 MBIE Smart Ideas grants awarded to MacDiarmid Investigators

Ml Investigators

Jadranka Travas-Sejdic & team
University of Auckland

Michelle Dickinson & team,
University of Auckland

Andreas Markwitz & team, GNS Science

Justin Hodgkiss & team,
Victoria University of Wellington

Simon Brown & team, University of Canterbury

Maan Alkaisi, Vladimir Golovko,
Thomas Nann, Aaron Marshall
University of Canterbury, Victoria
University of Wellington

Carla Meledandri & team
University of Otago

Title

Elastomeric, conductive and functionalised electrospun nanofibres for

high-performance anti-fouling microfiltration membranes

Fundamental redesign of percutaneous drains for effective drainage and
reduced infection

lon sources and silicon-28 islands for quantum bits

Aptamers for customisable analytical devices: application to methamphetamine
detection

A neuromorphic computer chip: computational hardware that works like the brain

Development of a solar redox flow battery for direct solar energy capture
and storage

"Silverbone"—Otago's nanosilver technology plus NZ-manufactured bone graft
produces unique antibacterial biomaterial
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2016 MBIE Research Programme grants
Ml investigators Title

Jim Johnston & team

Victoria University of Wellington enduring solution to the worldwide silica deposition problem

Keith Gordon & team

Capturing the true value of NZ meat: objective measurement of meat quality in
University of Otago

beef, lamb and venison
2016 Rutherford Discovery Fellowships
Dr Jenny Malmstrém, University of Auckland

Baptiste Auguié (MacDiarmid alumnus) Victoria University of Wellington

2016 Rutherford Foundation Postdoctoral Scholarships

Ben Mallett MacDiarmid alumnus (and now working with Principal Investigator Professor Cather Simpson), University of Auckland

Nick Monahan (MacDiarmid alumnus and now working with Principal Investigator Associate Professor Justin Hodgkiss) Victoria
University of Wellington

2016 KiwiNet $25k Emerging Innovator Awards

Dr Brendan Darby (MacDiarmid alumnus and now with Principal Investigator Professor Eric Le Ru), Victoria University
of Wellington

Dr Nick Monahan (MacDiarmid alumnus and now with Principal Investigator Associate Professor Justin Hodgkiss)
Victoria University of Wellington

Enhanced Geothermal Energy Recovery Through Nanotechnology: An innovative
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4.4
Financials 2016

2016
CoRE funding 4,518,755
Other funding (mainly interest income) 175,129
Total revenue 4,693,884
Salaries and salary-related costs
Director and principal investigators 603,362
Post Doctoral Fellows 405,415
Research/Technical Assistants 142,614
Others 317,825
Total salaries and salary-related costs 1,469,216
Other costs
Overheads 1,294,059
Project costs 741,787
Travel 416,674
Postgraduate Students 772,149
Total other costs 3,224,668
Total expenditure 4,693,884
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At a glance

Broad category Detailed category Year 2
Headcounts by category Emeritus Investigators 15
Principal Investigators 32

Associate Investigators 23

Postdoctoral researchers 18

Students 204

Total 292

Peer reviewed research outputs by type Journal articles 230
Book chapters 5

Conference papers 14

Total 249

Commercial activities To report for 2016
Patent applications 15
Patents granted 5
New spin-outs 3

Total 23
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Governance Representative Board

Dr Raymond Thomson
Chair of the Board

Mr Will Charles
General Manager, Tech Div,, Uni Services, University of Auckland

Professor Don Cleland
Head of School and Professor of Process Engineering,

Massey University

Dr lan Graham

Director Research, GNS Science

Professor Wendy Lawson

Pro Vice-Chancellor Science, University of Canterbury

Dr Wayne Ngata
Ministry of Education

Professor Vernon Squire
Deputy Vice-Chancellor, Academic & International, University

of Otago

Dr Geoff Todd
Managing Director, Viclink Limited, Victoria University of Wellington

Professor Mike Wilson
Pro Vice-Chancellor Science, Engineering, Architecture & Design

Victoria University of Wellington

Ex-Officio

Professor Thomas Nann

Director of the MacDiarmid Institute, Victoria University of Wellington

Associate Professor Nicola Gaston

Deputy Director Stakeholder Engagement, University of Auckland

Associate Professor Justin Hodgkiss
Deputy Director Commercialisation and Industry Engagement,

Victoria University of Wellington

Industry Advisory Group

Paul Adams
CEO, EverEdge IP

Simon Arnold
CEO
Arnold Consulting

Lewis Gradon
Managing Director and Chief Executive Officer
Fisher & Paykel Healthcare

Michael Mcllroy
Engineering Manager — Research & Development
Rakon Ltd

Greg Shanahan
Managing Director and Co-founder
Veriphi Ltd

Barbara Webster
General Manager, Business Development and Innovation

Scott Technology

International Science Advisory Board

Professor Sir Richard Friend
Cavendish Professor of Physics University of Cambridge,
Great Britain

Organic Optoelectronics

Professor Justin Gooding

Scientia Professor and founding Co-Director of The Australian Centre
for NanoMedicine School of Chemistry, University of New South
Wales Australia

Nano-medicine and electrochemistry

Professor Michael Kelly FRS
Prince Philip Professor of Technology, University of Cambridge, UK

Electro-optic materials and devices

Professor Jeffrey Long
Professor of Chemical & Biomolecular Engineering, UC Berkeley

Inorganic and solid state chemistry

Professor Daniel Nocera

The Henry Dreyfus Professor of Energy and Professor of Chemistry
MIT, USA

Catalysis, energy

Professor Teri Odom
Associate Chair of the Department of Chemistry

Designing structured nanoscale materials with exceptional properties

Professor Ivan Parkin
Professor of Physics and Head of Nanoscience Group UC San Diego
USA

Nanostructured, organic, magnetic and superconducting materials

Professor Thomas Schimmel
Research Unit Chair, Karlsruhe Institute of Technology

Scanning probe microscopy and nanolithography

Professor Michelle Simmons
Professor of Physics, University of New South Wales

Quantum physics

Professor Matt Trau
Australian Institute for Bioengineering & Nanotechnology
Deputy Director, The University of Queensland

Nanoscience, nanotechnology and molecular diagnostics

Professor David Williams
Chief Research Scientist and Laboratory Manager, Hitachi
Cambridge Laboratory, Cambridge, UK

Nano engineered electronic devices

Science Executive

Professor Thomas Nann
Director

Victoria University of Wellington

Associate Professor Justin Hodgkiss
Deputy Director, Commercialisation and Industry Engagement

Victoria University of Wellington

Associate Professor Nicola Gaston
Deputy Director, Stakeholder Engagement
University of Auckland
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Professor Keith Gordon

Science Leader: Materials for Energy Capture & Utilisation University of Otago

Professor Roger Reeves*

Science Leader: Materials for High Value Technologies, University of Canterbury

Professor Simon Brown*

Principal Investigator, University of Canterbury

Professor Jadranka Travas-Sejdic*
Principal Investigator Representative

University of Auckland

Professor Juliet Gerrard*
Principal Investigator Representative

University of Canterbury

Dr Simon Granville
Associate Investigator Representative

Robinson Research Institute

Professor Shane Telfer
Principal Investigator Representative

Massey University

Dr Geoff Willmott
Principal Investigator Representative

Callaghan Innovation

Mr Shaymal Prasad
MESA Chairperson
Victoria University of Wellington

* Partial year

MacDiarmid Emerging Scientist Association (MESA) 2016

Shyamal Prasad

Chair

PhD Student

Victoria University of Wellington

Leo Browning

Secretary & Treasurer

PhD Student

Victoria University of Wellington

Alex Nieman
PhD Student
University of Canterbury

Ankita Gangotra
PhD Student
University of Auckland

Cherie Tollamache
PhD Student
University of Auckland

Felicia Ullstad
PhD Student
Victoria University of Wellington

Harry Warring
PhD Student
Victoria University of Wellington

Annual Report

2016

Justinas Butkus
Deputy Director

Commercialisation and Industry Engagement

Kathryn Schroeder
PhD Student
Victoria University of Wellington

Madhuri Kumari
PhD Student
University of Otago

Matheu Broom
PhD Student
University of Auckland

Nina Novikova
PhD Student
University of Auckland

Parth Vashishtha

Industry Engagement

PhD Student

Victoria University of Wellington

Emeritus Investigators

Professor Blaikie, Richard, University of Otago

Dr Brown, lan, Callaghan Innovation

Professor Buckley, Bob, Victoria University of Wellington
Professor Davenport, Sally, Victoria University of Wellington
Professor Evans, John, University of Otago

Professor Hall, Simon, Massey University

Professor Johnston, Jim, Victoria University of Wellington
Professor Kaiser, Alan, Victoria University of Wellington

Dr Kemmitt, Tim, Callaghan Innovation

Professor MacKenzie, Ken, Victoria University of Wellington
Professor McGrath, Kate, Victoria University of Wellington
Professor Metson, Jim, University of Auckland

Professor Reid, Mike, University of Canterbury

Professor Tallon, Jeff, Victoria University of Wellington

Professor Tilley, Richard, University of New South Wales

Principal Investigators

Professor Alkaisi, Maan, University of Canterbury

Dr Allen, Martin, University of Canterbury

Professor Brooker, Sally, University of Otago

Professor Brothers, Penny, University of Auckland

Professor Brown, Simon, University of Canterbury
Professor Downard, Alison, University of Canterbury
Associate Professor Gaston, Nicola, University of Auckland
Professor Gerrard, Juliet, University of Canterbury
Professor Gordon, Keith, University of Otago

Associate Professor Governale, Michele, Victoria University of Wellington
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Dr Halpert, Jonathan, Victoria University of Wellington
Associate Professor Hodgkiss, Justin, Victoria University of Wellington
Associate Professor Kruger, Paul, University of Canterbury
Professor Le R, Eric, Victoria University of Wellington

Dr Markwitz, Andreas, GNS Science

Dr McGillivray, Duncan, University of Auckland

Dr Meledandri, Carla J., University of Otago

Professor Nann, Thomas, Victoria University of Wellington

Dr Natali, Franck, Victoria University of Wellington

Dr Plank, Natalie, Victoria University of Wellington

Professor Reeves, Roger, University of Canterbury

Associate Professor Ruck, Ben, Victoria University of Wellington
Professor Simpson, Cather, University of Auckland

Professor Telfer, Shane, Massey University

Professor Travas-Sejdic, Jadranka, University of Auckland
Professor Trodahl, Joe, Victoria University of Wellington
Associate Professor Waterhouse, Geoff, University of Auckland
Professor Williams, Martin (Bill), Massey University

Professor Williams, David, University of Auckland

Dr Williams, Grant, Victoria University of Wellington

Dr Willmott Geoff, Callaghan Innovation

Professor Zielicke, Ulrich, Victoria University of Wellington

Associate Investigators

Professor Brimble, Margaret, University of Auckland

Dr Bumby, Chris, Victoria University of Wellington

Dr Carder, Damian, Callaghan Innovation

Dr Chong, Shen, Victoria University of Wellington

Dr Dickinson, Michelle University of Auckland
Associate Professor Galvosas, Petrik, Victoria University of Wellington
Dr Garden, Anna, University of Otago

Dr Golovko, Vladimir, University of Canterbury

Dr Granville, Simon, Victoria University of Wellington
Professor Hendy, Shaun, University of Auckland

Dr Ingham, Bridget, Callaghan Innovation

Associate Professor Jameson, Guy, University of Otago
Professor Jameson, Geoff, Massey University

Dr Kennedy, John, GNS Science

Dr Leveneur, Jerome, GNS Science

Dr Lucas, Nigel, University of Otago

Dr Malmstrém, Jenny, University of Auckland

Dr Nock, Volker, University of Canterbury

Professor Smith, Kevin, University of Auckland

Dr Storey, James, Robinson Research Institute
Associate Professor Waterland, Mark, Massey University
Dr Whitby, Catherine, Massey University

Dr Wimbush, Stuart, Victoria University of Wellington

Postdoctoral Researchers

Anton, Eva, Victoria University of Wellington

Bose, Saurabh, University of Canterbury

Bradley, Siobhan, Victoria University of Wellington
Chen, Kai, Victoria University of Wellington
Domigan, Laura, University of Auckland

Dubuis, Guy, Victoria University of Wellington
Goreham, Renee, Victoria University of Wellington
Hammerschmidt, Luke, University of Auckland

Hilder, Tamsyn, Victoria University of Wellington
Kernreiter, Thomas, Victoria University of Wellington
Ludbrook, Bartholomew, Victoria University of Wellington
Maerkl, Juniji (Tobias), University of Canterbury
Medini, Karima, University of Auckland

Monahan, Nicholas, Victoria University of Wellington
Roy, Prathik, University of Canterbury

Soffe, Rebeccca, University of Canterbury

Weissert, Lena, University of Auckland

Yang, Hui, Massey University

Administration Team

Centre Manager, Jacqui FitzGerald, Victoria University of Wellington

Strategic Engagement Analyst, Vanessa Young, Victoria University of Wellington

Administrator, Sonia Hutton, Victoria University of Wellington

Research Engineer, Gary Turner, University of Canterbury

Students
Afsar, Saeedeh, PhD, Victoria University of Wellington

Agbenyegah, Gordon, PhD, University of Auckland
Ahmed, Zuned, PhD, University of Canterbury

Akers, Peter, PhD, University of Auckland

Amalathas, Amalraj Peter, PhD, University of Canterbury
Andrade, Isabela, PhD, University of Auckland

Ashmead, Helen, PhD, University of Canterbury

Alkas, Adil, PhD, Massey University

Al-Azri, Zakiya, PhD, University of Auckland

Al-Zeer, Mohammad, PhD, Victoria University of Wellington
Ashforth, Simon, PhD, University of Auckland

Ayedmir, Nihan, PhD, University of Auckland

Baek, Paul, PhD, University of Auckland

Bakker, Caroline, PhD, University of Canterbury
Banholtzer, Mortiz, PhD, Victoria University of Wellington
Baldhoff, Tobias, PhD, University of Canterbury

Baranov, Anton, PhD, University of Canterbury

Barnsley, Jono, PhD, University of Otago

Bell, Kalib, PhD, University of Canterbury

Bennington, Michael, PhD, University of Otago

Blackwood, Sebastian, PhD, Massey University
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Bhatia, Rishabh, PhD, Victoria University of Wellington
Baharudin, Lugmanulhakim, PhD, University of Canterbury
Bhugra, Vaibhav, PhD, Victoria University of Wellington
Bogunovic, Dijana, PhD, University of Auckland
Bourke, Levi, PhD, University of Otago

Broom, Matheu, PhD, University of Auckland

Brown, Gabriella, PhD, University of Otago

Browning, Leo, PhD, Victoria University of Wellington
Burke-Govey, Conor, PhD, Victoria University of Wellington
Butkus, Justinas, PhD, Victoria University of Wellington
Canever, Nicolo, PhD, Victoria University of Wellington
Cink, Ruth, PhD, University of Auckland

Chan, Eddie, PhD, University of Auckland

Chan, Jay, PhD, Victoria University of Wellington

Chan, Valentine, PhD, Victoria University of Wellington
Chan, Andrew, PhD, University of Auckland

Chen, Lida, PhD, University of Canterbury

Chaudhary, Omer, PhD, University of Auckland

Chen, Shuxiong, PhD, Massey University

Chen, Wan-ting, PhD, University of Auckland

Conroy, Frankie, PhD, University of Auckland

Cook, Michelle, PhD, Victoria University of Wellington
Cotton, Gemma, PhD, University of Otago

Couture, Pierre, PhD, GNS

Crump, Wayne, PhD, Victoria University of Wellington
Cryer, Mathew, PhD, Victoria University of Wellington
Damavanti, Mona, PhD, University of Auckland

Darby, Brendan, PhD, Victoria University of Wellington
Davidson, Hannah, PhD, University of Otago

Dosodo, Aubrey, PhD, University of Auckland

Du, Jinping, PhD, Massey University

Dykstra, Haidee, PhD, Massey University

Eakins, Galen, PhD, Victoria University of Wellington
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