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CSIRO Polymeric Materials

We design and synthesise novel polymer compositions and architectures as ‘fit-for-function’ polymers.

DEVELOPING
HIGH-THROUGHPUT
POLYMER SCIENCE

FLOW
CHEMISTRY

SUSTAINABLE
MATERIALS

MOLECULAR
SCIENCE

Using the latest in flow
chemistry technology,
we can rapidly address
the synthesis and
scale-up development
of small molecules

and polymeric materials.

CSIRO is developing
innovative technologies
for the plastics industry
in market segments as
diverse as aerospace,
renewable energy

and packaging.

We conceive, design and
synthesise small molecules
with desirable properties
and functions.

High-throughput material
science will transform

the advanced materials
industry.

CONTACT US FOR FURTHER INFORMATION

Phil Casey, Program Leader, Polymers and Molecular Materials
+613 9545 2684

e phil.casey@csiro.au

w http://www.csiro.au/Organisation-Structure/Divisions/CMSE/Polymeric-Materials.aspx
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+613 9545 2176 t

enquiries@csiro.au
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Anton Paar

MEP —-Your Partner in Nanotechnology

In Australia and New Zealand

The new MCR-702 TwinDrive™
Rheometer

Now anything is possible.

For the first time in history one can per-
form rheological tests with two torque
transducers and drive units at once, in a
single instrument. The Twin Drive mode is
a game changer in the world of rheom-
etry, allowing unprecedented new test
methods.

Counter Rotating mode

e Both motors work as drive units
and torque transducers

e Both Searle and Couette modes
possible with cc geometries

e Counter-rotation for enhanced
rheo-microscopy

¢ Doubling the maximum shear rate

e Extensional rheology at low
torques

Enhanced Separate Motor Transducer
mode (STM)

¢ Upper motor as torque transducer
and lower motor as drive

* Both true strain control and true
stress control modes are possible!

Sydney
Brisbane
Melbourne
Adelaide
Perth
Auckland
Christchurch

The new SAXSpace

SAXS system with fully
automatic alignment

The new SAXSpace is a truly ground
breaking system for modular nanostruc-
ture analysis: SAXS, WAXS, GI-SAXS, Bio-
SAXS and much more.

What makes Anton Paar's SAXSpace
truly superior to any other existing
SAXS instrument is:

e jts fully automatic alignment
system — complex and time con-
suming manual alignment of the
X-ray beam is now a thing of the
past.

The SAXSpace also features True
SWAXS, now with an amazing 26
angle of up to 80° (yes! 80°).

MEP

instruments

The right chemistry.

SurPASS

Electrokinetic Analyser
for Solid Surfaces

The SurPASS from Anton Paar provides
the Zeta potential of solid surfaces and
gives insight into the charge and adsorp-
tion characteristics of solid-liquid inter-
faces.

Unsurpassed possibilities

e Streaming current / streaming
potential technique

e High sensitivity

¢ Integrated titration unit

¢ Time resolved measurements

e Adsorption analysis package

MEP Instruments Pty Ltd (Australia)
Tel. 1300 720 485 Fax 02 8899 5299
Email info@mep.net.au

MEP Instruments Ltd (New Zealand)

Tel. (+64) 09 912 1330 Fax (+64) 09 912 6892

Email info@mep.net.nz
Visit us at www.mep.net.au
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DAVIES
COLLISON
CAVE

INTELLECTUAL PROPERTY

JEOL

IP Café Sponsor - Davies Collison Cave

When you work with Davies Collison Cave, you join forces with the
largest patent and trade mark attorney firm in Australia. Our mission
is to protect the intellectual property that is so vital to your business
through providing specialist services relating to the procuring,
licensing, exploitation and enforcement of intellectual property
rights. Our people have industry experience and the technical and
legal skills to understand your business and protect your interests.

The firm continues to proudly sponsor, and to be actively involved
with the Australasian Polymer Symposium. Please visit us at the ‘IP
Café’ located in the trade display area where you can relax and enjoy
a complimentary real coffee! Some of our polymer specialist patent
attorneys will also be on hand to answer any IP questions that you
may have. Please also be sure to attend the “Polymers in Industry
and Translational Research” session being held in conjunction with
the scientific program.

www.davies.com.au

Poster Session Sponsor - Jeol

Established in Japan in 1949 JEOL is the global leader in high
performance electron microscopy, ion beam, e-beam lithography,
analytical instrumentation and technology solutions for scientific
and industrial R&D. Core markets include nanotechnology,
materials science and biological science. Innovative, sub-angstrom
developments enable customers to advance scientific, health and
manufacturing applications worldwide using the latest energy
efficient technology.

JEOL provides application specific solutions that advance the
customers’ diverse objectives — from routine analysis of organic
and inorganic specimens to breakthroughs in nanotechnological
development and semiconductor technology.

Driven by ever changing scientific requirements and advancements,
JEOL is ever expanding the development, manufacture and
applications of high-end scientific instruments on an international
scale.

www.jeol.com.au

34APS 7-10 JULY 2013
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Emerging Talent Sponsor - Phillips Ormonde Fitzpatrick

Phillips Ormonde Fitzpatrick (POF) is a full service intellectual
property firm offering a comprehensive range of services including
patents, trade marks, designs and IP research. POF’s professionals
have specialised expertise in Chemistry, Engineering, Biotechnology
and Electronics and have been helping clients protect their
intellectual property for 125 years.

www.pof.com.au

Invited Speaker Sponsor - ARC Centre of Excellence for Free
Radical Chemistry and Biotechnology

The ARC Centre of Excellence for Free Radical Chemistry and
Biotechnology (www.freeradical.org.au) was established in 2005
through the award of an Australian Research Council grant and
is a collaborative venture between the University of Melbourne,
the Australian National University, the University of Sydney
(incorporating the Heart Research Institute), Monash University
(incorporating the Monash Institute of Pharmaceutical Sciences),
the Queensland University of Technology and the University of
Wollongong.

The Centre’s goal is to further strengthen Australia’s leading role in
the field of free radical chemistry, expand the frontiers of free radical
chemistry and biotechnology at a fundamental level, and develop
advanced materials and technologies that will build and transform
our industries.

The Centre is home to over 180 researchers, drawing together a
unique grouping of fundamental chemists, medicinal chemists,
biochemists, biologists and materials scientists dedicated to the
understanding and application of free radical chemistry.

Organisations that are affiliated with the Centre include: BlueScope
Steel, Dulux Australia, PPG Industries Australia Pty Ltd, the Centre for
Cultural Materials Conservation, the Environmental Biotechnology
Co-operative Research Centre and the CSIRO, along with a range of
international partners.

www.freeradical.org.au

D

Cooperative Research Centre for

Polymers

Solutions for a better world

Invited Speaker Sponsor - Cooperative Research Centre for
Polymers

For over 20 years, the Cooperative Research Centre for Polymers
(CRC-P) has been carrying out collaborative polymer research in
Australia. It has developed new materials and processes that have
uses in a wide range of industrial applications. The organisations
that participate in the current CRC-P research activities work
collaboratively to address the CRC-P’s major challenge: establishing
Australian manufacturing as a leading provider and exporter of
products that meet emerging global needs in three areas - health
therapies and delivery, water and food security, and low-cost
solar energy — using enabling and sustainable advanced polymer
technology

www.crcp.com.au

Invited Speaker Sponsor - CSIRO

The Commonwealth Scientific and Industrial Research Organisation,
CSIRO, is Australia’s premier research organisation, and provides
scientific solutions to industry, governments and communities
around the world. Established in 1926, we are the single largest
employer of scientists in Australia, with more than 6500 people
conducting and assisting with scientific research at 57 sites.

Our Materials Science and Engineering division is host to a

diverse range of scientific capabilities ranging from stem cells to
superconductivity. As an international leader in advanced materials
and engineering, we combine the scientific disciplines of biology,
chemistry and physics with electronic, mechanical and software
engineering to provide advanced materials-based technologies to
Australian and international industries.

www.csiro.au/cmse
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Refreshment Break Sponsor - American Chemical Society

The American Chemical Society, the world’s largest scientific
society, publishes three leading journals in Polymer Science.
Macromolecules is the most cited journal in polymer science and
has a 2011 Impact Factor of 5.167 and Total Citations of 93,776.
Biomacromolecules is a high impact journal focusing on the
intersection of polymer and biological systems with a 2011 Impact
Factor of 5.479 and Total Citations of 21, 280. ACS Macro Letters
was introduced in 2012 as an all-Letters-format journal and has the
fastest time to publication in polymer science.

www.pubs.acs.org

Lanyard Sponsor - Australian Microscopy & Microanalysis
Research Facility (AMMRF)

The AMMREF is a national network of equipment, advanced
instrumentation and expertise in microscopy and microanalysis. It
is a joint venture between Australian university-based microscopy
and microanalysis centres providing nanostructural characterisation
capabilities and services to the Australian research community,
thereby enabling scientific discovery and innovation. It operates as
a collaborative facility accessible to all Australian researchers and
provides specialised online tools for improved training. It offers its
suite of sophisticated instruments to publicly funded researchers
on the basis of merit for a nominal fee and to industry-based
researchers for proprietary research at commercial rates.

www.ammrf.org.au

Treloar Prize Sponsor - CSIRO Publishing

CSIRO PUBLISHING operates as an independent science and
technology publisher with a global reputation for quality products
and services. Our internationally recognised publishing programme
covers a wide range of scientific disciplines, including agriculture, the
plant and animal sciences, health and environmental management.

Our product range includes journals, books and magazines. We
publish content in print and online, and our editorial standards and
production methods are at the forefront of e-publishing standards.

www.publish.csiro.au

E AMERICAN

Polymer
Chemistry

Symposium Supporter - American Elements

American Elements is the world’s manufacturer of engineered &
advanced materials with a catalog of over 12,000 materials including
rare earth metals, alloys, compounds and nanoparticles; high purity
metals, chemicals, semiconductors and minerals; and crystal-

grown materials for commercial & research applications including
automotive, aerospace, military, medical, electronic, and green/clean
technologies. American Elements maintains research and laboratory
facilities in the U.S. and manufacturing/warehousing in the U.S,,
Europe, China & Brazil. The complete catalog of advanced and
engineered materials can be found at americanelements.com.

www.americanelements.com

Media Partner - Royal Society of Chemistry

The RSCis the largest organisation in Europe for advancing

the chemical sciences. Supported by a worldwide network of
members and an international publishing business, our activities
span education, conferences, science policy and the promotion of
chemistry to the public. We publish a wide range of journals, books
and eBooks, databases and magazines. As part of the Royal Society
of Chemistry, we support the society’s vision: “To be foremost in
the world promoting and developing the chemical sciences for

the benefit of society”. We aim to foster and encourage the growth
and application of the chemical sciences by the dissemination of
chemical knowledge.

www.rsc.org/MaterialsA
www.rsc.org/MaterialsB
www.rsc.org/MaterialsC
www.rsc.org/softmatter
www.rsc.org/polymers

34APS 7-10 JULY 2013 9
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Trade Booth 1 - Davies Collison Cave

When you work with Davies Collison Cave, you join forces with the
largest patent and trade mark attorney firm in Australia. Our mission
is to protect the intellectual property that is so vital to your business
through providing specialist services relating to the procuring,
licensing, exploitation and enforcement of intellectual property
rights. Our people have industry experience and the technical and
legal skills to understand your business and protect your interests.

The firm continues to proudly sponsor, and to be actively involved
with the Australasian Polymer Symposium. Please visit us at the ‘IP
Café’ located in the trade display area where you can relax and enjoy
a complimentary real coffee! Some of our polymer specialist patent
attorneys will also be on hand to answer any IP questions that you
may have. Please also be sure to attend the “Polymers in Industry
and Translational Research” session being held in conjunction with
the scientific program.

www.davies.com.au

Trade Booth 2 - Agilent Technologies

As the world’s premier measurement company, Agilent offers

the broadest range of innovative measurement solutions in the
industry. Agilent is a market leader in providing tools for the
analysis of polymers by GPC/SEC, GC and FTIR. With a wide range
of instrumentation, unique columns, light scattering detectors, and
comprehensive software to cover the full spectrum of applications,
we can help you analyze your material, no matter how challenging.
All' backed by Agilent’s service guarantee.

Tel: 1800 802 402
Email: agilent_assist@agilent.com

www.agilent.com/chem

JEOL

@) SHIMADZU

Trade Booth 3 - Jeol

Established in Japan in 1949 JEOL is the global leader in high
performance electron microscopy, ion beam, e-beam lithography,
analytical instrumentation and technology solutions for scientific
and industrial R&D. Core markets include nanotechnology,
materials science and biological science. Innovative, sub-angstrom
developments enable customers to advance scientific, health and
manufacturing applications worldwide using the latest energy
efficient technology.

JEOL provides application specific solutions that advance the
customers’ diverse objectives — from routine analysis of organic
and inorganic specimens to breakthroughs in nanotechnological
development and semiconductor technology.

Driven by ever changing scientific requirements and advancements,
JEOL is ever expanding the development, manufacture and
applications of high-end scientific instruments on an international
scale.

www.jeol.com.au

Trade Booth 4 - Shimadzu

Shimadzu is a $3.5 billion multinational corporation with three

major divisions: Analytical and Measuring Instruments; Industrial
Machinery and Equipment; Medical Systems and Aircraft Equipment.
Shimadzu is one of the world’s largest manufacturers of analytical
instrumentation.

Several class leading instruments have been recently released
including :

« NEXERA X2 UHPLC system with 130mPa pressure capability, 0.0001
to 10ml/min flow rate range, lowest autosampler carryover, and now
additionally LPGE options to increase its versatility as an HPLC that
can use used for all applications

« LCMS-8040 Triple Quadrupole Mass Spectrometer with a 15,000 u/
sec scan speed, 15ms +/- switching and capable of 555 MRM's per
second without cross talk.

+ GCMS-TQ8030 Triple Quadrupole Mass Spectrometer with 20,000
u/sec scan, ability to collect 600 MRM'’s per second, and fast scan/
MRM for qualitative and quantitative information.

With these extraordinary performance capabilities Shimadzu has
coined the phrase: Ultra Fast Mass Spectrometry — Speed Beyond
Comparison.

www.shimadzu.com.au

34APS 7-10 JULY 2013 n
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Trade Booth 5 - TA Instruments

TA Instruments is world leading manufacturer of thermal analysis,
rheology and microcalorimetry equipment. Recently we added
new thermal conductivity, thermal diffusivity and heat capacity
analysers as well as range of dilatometers including a unique
optical dilatometer. We proudly offer the most sensitive Discovery
DSC, infra-red heated furnace based Discovery TGA, combined
and separate motor-transducer DMA and Rheometers. The
Microcalorimetry devices such as NanolTC, NanoDSC and TAM
analysers feature unmatched capabilities. Two models of Sorption
analysers allow to work within 0-98% RH range with high precision.
Company's reputation for high technology products, quality
manufacturing and unbeatable service support is why more
customers recommend TAl to their colleagues around the world.

www.tainstruments.com

Trade Booth 6 — Sigma Aldrich

Aldrich Chemistry is the world’s first choice for innovative chemistry
products. The Aldrich Handbook is the cornerstone of every
chemistry lab and our products are applied in every field of chemical
and materials research. Through our own in-house R&D as well as
partnerships with academia and industry, we are able to add over
1,000 new products to our offering every year. Science begins with
discovery — and chemistry begins with Aldrich. Visit us at booth 8.

Ph: 1800 800 097

Fax 1800 800 096

Customer Service Email: anzcs@sial.com
Technical Service Email: anzts@sial.com

www.sigma-aldrich.com

NETZSCH

Trade Booth 7 - Bestech Australia

The Analyzing & Testing business unit of the NETZSCH Group
develops and manufactures a complete high-precision instrument
line for thermal analysis and thermophysical properties
measurement. NETZSCH instrumentation is employed for research
and quality control in the polymer sector, the chemical industry,
the areas of inorganic and building materials, and environmental
analysis.

With innovative technological leadership and uncompromising
quality standards, NETZSCH is one of the world’s leading
manufacturers in the field. First-rate software has been highly
praised among experts, particularly in the area of evaluation (such as
reaction kinetics or multicomponent analysis), attests to NETZSCH’s
high degree of technical progress and warrants the superiority of
NETZSCH products and services.

Bestech Australia was founded in 2002 in Melbourne and is

now one of the fastest growing companies in Australia and New
Zealand; distributing world leading NETZSCH Analysing & Testing
instruments, providing quality customer service to local customers.

Bestech Australia also carries a full range of teaching aids and
programmes for electrical and mechanical engineering training
alongside with sensors, transducers, signal conditioners and
test systems for measurement of physical parameters like Leak,
Displacement, Tilt, Pressure, Temperature, Strain, Force, Torque,
Vibration, Viscosity, Level, Flow, Material Properties and Thermal
Analysis.

www.bestech.com.au

34APS 7-10 JULY 2013 13



Dear Colleagues,

On behalf of the Royal Australian Chemical Institute (RACI) Polymer Division, | welcome you to the
34th Australasian Polymer Symposium (34APS) here at Darwin Convention Centre in the Northern
Territory.

Over the years, the APS has developed a strong reputation for bringing together the latest
polymer research from top international and Australian polymer scientists. This year, we will again
welcome a number of leading Plenary and Keynote Speakers from around the world, and also a
very large number of contributors, to what promises to be another exciting forum.

I would like to extend a particular welcome to our invited speakers and to our delegates who
contribute to the success of 34APS through their presentations and posters. An especially warm
welcome goes to our delegates from overseas, who have travelled long distances to take part
in the meeting. Your participation and continuing support makes the annual symposium the
premier forum for the presentation and exchange of ideas on polymer research in Australasia.

We have compiled an exciting program covering all areas of polymer science and engineering,
including synthesis, characterisation, processing, modeling and materials. A large number of
sessions will also cover topics at the interface between polymer science and other disciplines
that address a range of important issues faced by our modern society, for instance in medicine,
energy and the environment. Such a varied programme shows how multidisciplinary polymer
science has become, and how collaborations across fields are the best approach to tackle today’s
challenges.

This year again, we have a busy social schedule, with a welcome reception on Sunday night at
the Darwin Convention Centre, the poster session on Monday night, a special student night on
Tuesday, ending with the symposium dinner on Wednesday night, being held at SkyCity Darwin.

Contributing to the success of 34APS are also all our sponsors and exhibitors, whose details you
can find in these pages. We are very grateful to them for their support. Please take the time to
visit and talk to all of our sponsors and exhibitors in the trade exhibition room throughout the
symposium.

For those who do not formally belong to the RACI and / or the Polymer Division, | encourage you
to join, become active and especially get on the Polymer Division mailing list, so you can keep up
with the goings on in our community. The Polymer Division champions our discipline in Australia
and internationally through conferences, regular meetings, lecture tours, etc. We also have a
number of awards for early career and established researchers, for which | strongly encourage
nominations. Please also visit our website for further information www.polymer.org.au.

14 7-10 JULY 2013 34APS

It is wonderful that you have all joined us to contribute to the exploration of ideas and exchange
of information in Darwin. | hope you enjoy the meeting and find it a great opportunity to discuss
science, build valuable relationships and start new ones.

We welcome you and look forward to your participation during the 34th Australasian Polymer
Symposium.

Dr Kevin Jack

34APS Convenor
Chair of the Polymer Division of the RACI

[
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Have you got protection for
your most valuable assets?

Ideas, inventions and other intellectual property are often an
organisation’s most valuable assets. At Phillips Ormonde
Fitzpatrick we have 125 years' experience assisting clients to
protect their intellectual property with patents, trademarks,
designs and IP law. Talk to us about how to identify and
protect these valuable assets. Talk to our polymer specialists
to find out how your valuable assets could be protected.

POF is proud to be a sponsor of the
34th Australasian Polymer Symposium.
pof.com.au

phone: +61 3 9614 1944

Grace Chan, Senior Associate
BSc(Hons) MIPLaw PhD

Patents Trade Marks

34APS 7-10 JULY 2013
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Unprofessional Conduct Declaration

The host organization for 34APS is the Polymer Division of the Royal Australian Chemical Institute.

Unprofessional conduct breaches the inherent principle of the RACI Code of Ethics (By-Law 26,
in particular section 26.2). It has no place at any time, especially at conferences or other meetings
of the RACI. Unprofessional conduct includes sexual harassment and discrimination in respect
to sex, race, creed and sexual preference or status. The unprofessional conduct may be verbal,
written or implied.

The Polymer Division of the RACI expect delegates and members to conduct themselvesin a
professional manner at all times. The Organising Committee in turn is committed to present and
manage 34APS in a professional way.

Substantive complaints against RACI members and other professional organisations will be
referred to the RACI Executive Council for action under By-Law 26 or for other recommended
action as appropriate.

AUSTRALIA’S LEADING
INTELLECTUAL PROPERTY FIRM

Davies

and leadership for over 130 years. Our intellectual property

experti

copyright and design protection, and related litigation and
commercial transactions.

Collison Cave has been serving clients with passion Ramon Tozer will be attending the Symposium, and he looks
forward to seeing you in Darwin.

se spans the areas of patents, trade marks, trade secrets, Please feel free to drop by the IP Café to ask him any questions

about IP-orsimply to have a complimentary coffee and a chat.

We are delighted to be a sponsor of and in attendance
at the 34th Australasian Polymer Symposium.

A

INTELLECTUAL F’ROPEPTY

Asia IP Law Awards — Australian Patent firm of the year
inthe 2012 by AsialP.

Australian Prosecution IP Firm of the Year 2012

by Managing Intellectual Property.

Ramon Tozer
E mail@davies.com.au
P+6139254 2777

DAVIES
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davies.com.au

RACI Polymer Division - an Outline

The Royal Australian Chemical Institute maintains a strong involvement in polymer science and
technology through the national Polymer Division, as well as through the RACI State Polymer
Groups, and a special liaison with the New Zealand Institute of Chemistry Polymer Group. The
Polymer Division concentrates on national and international activities, whilst the Polymer Groups
focus on local activities. The Polymer Division is coordinated by a standing committee — it is
elected at the General Meeting held at each Australasian Polymer Symposium; the Chairpersons
of the State Polymer Groups are ex-officio members of the Polymer Division Committee.

The RACI Polymer Division was formed in 1964 with the objective of advancing the theory and
practice of polymer science in Australia. Prior to this, the Polymer Group of the Victorian Branch
took the initiative, with a National focus, and was responsible for organising the first three
Polymer symposia in Australia. As a result, there is some debate as to which was the “first” APS,
with legitimate claims by the 1957 Adelaide, 1964 Mildura and the 1966 Canberra conferences.
Since the latter was the first conference following the formation of the Polymer Division, it has
been designated 1APS and used to number all subsequent Symposia. More information on the
history of the Polymer Division can be found at the Division web site (http://www.polymer.org.au/
index.php/home/history).

Even though the Polymer Division is part of a Chemical Institute, the Division has always looked
beyond the chemistry of polymers and takes a broader view to encompass chemical, physical,
engineering and industrial aspects of polymers. A feature of the Polymer Division’s activities has
been the participation of chemists, physicists, engineers, mathematicians and biologists with an
interest in polymers. Polymer Division meetings bring together industrialists and academic and
government polymer scientists and technologists from all over Australasia and from overseas.

While the most visible activity of the Polymer Division are the Australasian Polymer Symposia
(APS), which are held every 12-18 months, the Division is also the focal point for international
interactions and was a foundation member of the Pacific Polymer Federation, which brings
together scientists from Japan, Australia, New Zealand, United States of America, South East Asia
and many other Pacific nations. The first Pacific Polymer Congress was held in Hawaii in 1989,
followed by Japan in 1991, Brisbane, Australia in 1993, Hawaii in 1995, Korea in 1997, China in
1999, Mexico in 2001, Thailand in 2003 Hawaii again in 2005, Kobe in 2007, and Cairns, Australia
in 2009 and organized by the Australian RACI Polymer Division. The leadership demonstrated
in this area has resulted in the Polymer Division remaining a key entity in world polymer science
and has resulted in the cosponsorship of many conferences held around the world and the
encouragement of polymer science in developing Pacific Rim countries.

The Division is also a strong supporter of student development, the future of the Division,
through the subsidised attendance and participation at national conferences from early stages
of degrees. As a means of achieving this objective, the Division provides financial assistance to
postgraduate students to allow them to attend Polymer Division symposia and provides the
Treloar prizes at each APS for the best paper and poster presented by a polymer scientist under
the age of thirty.

34APS 7-10 JULY 2013
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Additionally, the Division is a sponsor and supporter of the Polymer Summer School (in
conjunction with the CRC for Polymers). It also fosters student development by subsidising travel
to related conferences and specialist symposia, usually in collaboration with the State Polymer
Groups.

The Division also sponsors a series of forums which are for and organised by Polymer Students.
The format includes students giving overviews of their own and of their group’s research, along
with talks by representatives of industry, academia and government. These forums enable
research students to interact scientifically and to start the networking that is an essential part of
effective science and technology. The absence of supervisors is a vital component for the success
of these meetings!

The Polymer Division provides a range of other services for the Australasian polymer community,
including a directory of Polymer Science and Engineering in Australasia, which lists scientists and
research establishments, and web pages providing information on polymer science activities in
Australia and New Zealand.

The RACI Polymer Division has a number of prestigious awards — see http://www.polymer.org.au/
index.php/home/awards. The most distinguished is the Australian Polymer Medal for eminence
in Australian Polymer Science. In 1992 the Australian Polymer Science & Technology Achievement
Award, now called the David Sangster Polymer Science & Technology Achievement Award, was
created to recognize the achievement of Australian polymer scientists while their careers are

still developing (age limit of 40). Citations are also awarded at Australasian Polymer Symposia for
significant service and contributions in any aspect of polymer science, technology or education.

There are also awards to encourage young polymer scientists. As already mentioned, Treloar
Prizes are awarded for the best presentations at each APS by scientists under the age of 30.

The inaugural O'Donnell Young Scientist Award was made at 21APS. This is for a PhD student

to undertake a short attachment to another University to perform research towards the PhD,
and is given in recognition of the longstanding support and encouragement of young polymer
scientists by the late Prof James O'Donnell of the University of Queensland. Prof O'Donnell’s
vision for polymer scientists in Australia provided many tangible benefits to young Australian
polymer scientists, such as reduced conference registration fees, travel subsidies and prizes. This
has resulted in increased student participation in the Division at all levels, and consequently in an
increased profile in the national and international polymer community.

In 2000 the Division initiated a lecture series aimed at bringing a prominent scientist to the major
polymer centres in Australia between APS meetings. It was decided to name the series after
David Solomon, recently of the University of Melbourne, in recognition of his long-standing and
continuing leadership in the Polymer Division. It was also deemed appropriate that he should also
be the inaugural lecturer of the series named after him.

A complete list of the activities and services is included in the Division’s webpage (www.polymer.
org.au). The Polymer Division welcomes suggestions of new initiatives and participation in the
organisation of them. Of greatest importance, at all of its meetings the Polymer Division provides
an excellent means by which professionals in the field of polymer science can extend their
scientific experience and interact with a large group of their professional colleagues.
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RACI Polymer Division

Chair

Dr Kevin Jack

Centre for Microscopy and Microanalysis
University of Queensland

QLD 4072

Phone: +61 7 3365 1143

Fax: +61 7 3346 3973

k.jack@ug.edu.au

Chair-Elect

Associate Professor Amanda Ellis

Centre for NanoScale Science and Technology
School of Chemistry, Physics and Earth Sciences
Flinders University, Room 203

Physical Sciences Building, GPO Box 2100
Adelaide SA 5001

Phone: +61 8 8201 3104

Fax: +61 8 8201 2905
amanda.ellis@flinders.edu.au

Past-Chair

Professor Sebastien Perrier

Key Centre for Polymers & Colloids
School of Chemistry, Building F11
The University of Sydney NSW 2006
Phone: +61 2 9351 3366

Fax: +61 29351 3329
sebastien.perrier@sydney.edu.au

Secretary

Professor Greg Qiao

Department of Chemical and Biomolecular
Engineering

The University of Melbourne Vic 3010
Phone: +61 3 8344 8665

Fax: +61 3 8344 4153
gregghg@unimelb.edu.au

Treasurer

DrLachlan Yee

School of Environmental Science and
Management

Southern Cross University

Lismore NSW 2480

Phone: +61 2 6620 3624
lachlanyee@scu.edu.au

Awards Coordinator

Dr Christopher Fellows
Department of Chemistry
University of New England
Armidale, NSW 2351
Phone: +61 2 6773 2470
Fax: +61 26773 3268
Chris.Fellows@une.edu.au
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RACI Polymer Division Standing
Committee 2012 - 2013

Professor Robert Burford
University of New South Wales
r.ourford@unsw.edu.au

Dr Stephen Clarke
Flinders University
stephen.clarke@flinders.edu.au

Professor Michelle Coote Aust. National
University
mcoote@rsc.anu.edu.au

Professor Wayne Cook Monash University
wayne.cook@eng.monash.edu.au

Dr Daniel Keddie CSIRO
daniel.keddie@csiro.au

Professor David Lewis Flinders University
David Lewis@flinders.edu.au

Dr Graeme Moad CSIRO
Graeme.Moad@csiro.au

Professor Michael Monteiro
University of Queensland
m.monteiro@ug.edu.au

Professor George Simon Monash University
george.simon@eng.monash.edu.au

Associate Professor Greg Russell
University of Canterbury
greg.russell@canterbury.ac.nz

Associate Professor. Greg Russell
University of Canterbury
greg.russell@canterbury.ac.nz

Dr Brian Hawkett University of Sydney
b.hawkett@chem.usyd.edu.au

Student Representative

Nathan Boase University of Queensland
nathan.boase@uqgconnect.edu.au
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NSW State Representative

Dr Marion Gaborieau

Nanoscale Organisation and Dynamics Group
School of Biomedical and Health Science
University of Western Sydney

Campbelltown Campus

Penrith South NSW 1797

Phone: +61 2 4620 3060, Fax: +61 2 4620 3025
m.gaborieau@uws.edu.au

Qld State Representative

Dr Kristofer Thurecht

Australian Institute for Bioengineering and
Nanotechnology

University of Queensl|

St.Lucia QLD 4072

Phone: +61 7 3346 3864

Fax: +61 7 3365 3833
k.thurecht@ug.edu.au

Victoria State Representative

A/Prof John Forsythe

Department of Materials Engineering
Monash University

Clayton VIC 3800

Phone: +61 3 9905 9609
John.Forsythe@monash.edu.au

SA State Representative

Dr Kristina Constantopoulos

School of Chemical and Physical Sciences
Flinders University

GPO Box 2100

Adelaide SA 5001

Phone: +61 8 8201 5541
kristina.constantopoulos@flinders.edu.au

NZIC Polymer Group

Professor Greg Russell
University of Canterbury
Christchurch, NZ

Phone: +64 3 364 2458

Fax: +64 3 364 2110
greg.russell@canterbury.ac.nz

RACI Polymer Division Meetings

Australasian Polymer Symposia

APS YEAR
1957
1963
1964
1966
1968
1969
1970

1971

1973

1974

1975

1977
1978
1980
1981

1982
1984
1986
1987
1989
1990
1992
1995
1996
1997
1999
2001

2002
2003
2004
2006
2007
2008
2009
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VENUE
Adelaide
Mildura
Mildura
Canberra
Canberra
Sydney
Canberra
Mildura
Broadbeach
Canberra
Terrigal
Tanunda
Surfers Paradise
Lorne
Blackheath
Canberra
Ballarat
Leura

Philip Island
Brisbane
Bendigo
Perth
Adelaide
Wollongong
Auckland (NZ)
Geelong
Beechworth
Armidale
Noosa
Adelaide
Rotorua (NZ)
Hobart
Melbourne
Cairns

Coffs Harbour
Hobart

DIVISION CHAIR

D OJordan

D H Solomon

B SHarrup

F W Ayscough (with 3rd Nat. Conv.)
D H Solomon (with Aust. Biochem. Soc.)
H J Battaerd (with 22nd IUPAC Conf.)
D O Jordan (with 4th Nat. Conv.)
MJJordan

JHO'Donnell

J HBradbury (with 5th Nat. Conv.)

I C Watt

PEMAllen

B A Bolto (with 6th Nat. Conv.)

CE M Morris

D F Sangster

D R G Williams (with 7th Nat. Conv.)
G B Guise

D H Napper

R A Shanks

DJTHill

E Rizzardo

G M Ferguson

HKToh

M Binns (Division Chair); G Spinks (Conf. Chair)
R Gilbert (Division Chair); R Cooney (Conf. Chair)
W D Cook

G Moad

TP Davis

A KWhittaker

D A Lewis

G T Russell

C Barner-Kowollik

GP Simon

(with PPC11) M Stenzel (Division Chair);
A Whittaker (Conf. Chair)

M Stenzel
S Perrier
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Other Symposia and Courses

YEAR
1968
1969
1971
1973
1975
1976
1977
1978
1979

1980
1981
1983

1984

1985

1986

VENUE
Melbourne
Sydney
Adelaide
Sydney
Melbourne
Warburton
Warburton
Sydney
Warburton
Leura
Melbourne
Melbourne
Melbourne
Melbourne
Melbourne
Melbourne

Canberra
Sydney
Melbourne

Melbourne

Sydney
Canberra

Melbourne

Melbourne

Sydney

Canberra

Sydney

Canberra
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TITLE

Australian Polymer Workshop

Residential Polymer Studies School

Tailor Made Molecules

Natural and Synthetic Fibres

Polymer Degradation

Polymer Degradation

lon Radicals in Growth and Development

Polymer Identification and Characterisation

Adhesion and Adhesives

Polymer Education

Adhesion Science and Technology

Polymer Materials Science

Structure Property Relationships in Synthetic Polymers
Transitions and Relaxations in Synthetic Polymers
Poly(Vinyl Chloride)

Patents in Chemical Industry and Research

(with Institute of Patent Attorneys)

Aust. Polymer Discussion Group: Free Radical Polymerization
Polymers as Materials

Polymers as Materials

Deformation, Failure and Strengthening of Polymers (with
Materials Engineering, Monash University)

Chemistry and Physics of Elastomers

Polymerization: Polymer Degradation

(Australian Polymer Discussion Group)

POLYMER 85: Characterisation and Analysis of Polymers
(with IUPAC, AAA, AATS)

Characterisation and Flow of Rheologically Complex Liquids
(with Chemical Engineering, Melbourne University)
Electrical, Optical and Acoustic Properties of Polymers
(with Physics, Macquarie University)

Polymerization: Mechanical Properties

(Australian Polymer Discussion Group)

Emulsion Polymers and Latexes

Brisbane Controlled Release Technology

(with Australian Pharmaceutical Science Association)
Polymerization: Kinetics & Mechanism

(Australian Polymer Discussion Group)

1987 Philip Island Thermal Characterisation of Polymeric Materials
Noosa Radiation Effects on Polymeric Materials
(with ACS Polymer Chemistry Division)
Sydney Copolymerisation (with 8th Nat. Conv.)
Canberra Polymer Spectroscopy (Australian Polymer Discussion Group)
1988 Melbourne Controlled Release: Science and Technology
1989 Brisbane Modern Methods for Characterisation of Polymers
(with Division of Analytical Chemistry)
Maui Pacific Polymer Congress
(organised by the Pacific Polymer Federation)
Honolulu Pacifichem
1991 Melbourne Polymer Materials Preparation, Characterisation, Properties
(@t POLYMER 97; with IUPAC, AAS, AATS)
Japan Third Pacific Polymer Congress
1992 Melbourne RACI 9th National Convention
Perth Polymers in Medicine
1993 Canberra Aust. Polymer Discussion Group: Polymer Networks
Brisbane 4th Pacific Polymer Congress
1994 Canberra Aust. Polymer Discussion Group:
Adhesion and Advanced Adhesives
1995 Adelaide RACI 10th National Convention (Thermal Analysis)
Kauai 5th Pacific Polymer Congress
1996 Wollongong olymer Reaction Engineering Workshop
Canberra Aust. Polymer Discussion Group: Polymer Toughening
1997 Canberra Aust. Polymer Discussion Group: Polymer Dynamics
Seoul 6th Pacific Polymer Congress
1998 Gold Coast Macro 98 (IUPAC World Polymer Congress)
1999 Coburn Thermal Charcterisaton of Polymers
2001 Beechworth Biomaterials (with Aust Society of Biomaterials)
2002 Armidale Living Polymer Radical Polymerisation

In addition, the Polymer Division has part sponsored the Radiation Chemistry Conferences
organised by the Australian Institute for Nuclear Science and Engineering, held at Lucas Heights
every two years from 1972.
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Australasian Polymer Students’ Forums
(http://www.polymer.org.au/index.php/home/activities/student-forum)

YEAR VENUE

1990 Mt Tambourine, QLD
1994  Cunningham’s Gap, QLD University of Queensland
1996  Stradbroke Island, QLD
1997 Avoca Beach, NSW University of New South Wales
1999  Old Clarendon Winery, SA  University of South Australia
2001 Lake Hume Resort, NSW University of Sydney

ORGANISING INSTITUION
University of Queensland

University of Queensland

Australasian Polymer Summer Schools
(http://www.polymer.org.au/index.php/home/activities/polymer-summer-school)

APS YEAR VENUE ORGANISING INSTITUTION

1 2000 Thredbo, NSW CRC for Polymers/Key Centre for Polymer Colloids
2 2001  Albury, NSW CRC for Polymers/Key Centre for Polymer Colloids
3 2002  Armidale, NSW CRC for Polymers/Key Centre for Polymer Colloids
4 2003  Albury, NSW CRC for Polymers/Key Centre for Polymer Colloids
5 2004  Wamberal, NSW CRC for Polymers/Key Centre for Polymer Colloids
6 2004  Sunset Cove, SA CRC for Polymers/Key Centre for Polymer Colloids
7 2006 Ballarat, VIC CRC for Polymers/Key Centre for Polymer Colloids
8 2007  Geelong, VIC. CRC for Polymers/Key Centre for Polymer Colloids
9 2008  Brisbane, QLD. CRC for Polymers

10 2009  Blue Mountains, NSW  CRC for Polymers

1 2010  Melbourne, VIC CRC for Polymers

12 2010  Wollongong, NSW CRC for Polymers

13 2011 Brisbane, QLD CRC for Polymers
7-10 JULY 2013 34APS

Sponsored International Scientists

1968

1970
1971
1972
1973
1974

1975

1976

1977

1978

1980

1982

K F O'Driscoll, State University of New York, Buffalo, USA
S Okamura, University of Kyoto, JAPAN

P Plesch, University of Keele, UK

P J Flory, Stanford University, USA

M B Huglin, University of Salford, UK

H Morawetz, Polytechnic Institute of New York, USA

M Nagasawa, Nagoya University, JAPAN

H F Mark, Polytechnic Institute of New York, USA

R L Whistler, Purdue University, USA

V T Stannett, North Carolina State University, USA

F W Billmeyer, Rensselaer Polytechnic Institute, USA

A M North, Strathclyde University, UK

R Takemoto, Osaka University, JAPAN

J Silverman, University of Maryland, USA

F R Mayo, Stanford Research Institute, USA

H Benoit, Centre de Recherches sur la Macromolecules, FRANCE
WO Statton, University of Utah, USA

M Swarc, State University of New York, Syracuse, USA

R B Seymour, University of Southern Mississippi, USA

Y Tabata, University of Tokyo, JAPAN

J P Kennedy, University of Akron, USA

D M Wiles, Canadian National Research Council, CANADA
R A Hochschwender, American Hoechst Corporation, USA
P D Calvert, University of Sussex, UK

W D Woolley, Building Research Establishment, Boreham Wood, UK
T T Tsuruta, University of Tokyo, JAPAN

G B Butler, University of Florida, USA

A N Gent, University of Akron, USA

W Schnabel, HahnMeitner Institut fuer Kernforschung, Berlin, GERMANY
D H Richards, Waltham Abbey, UK

C E Carraher, Wright State University, Dayton, USA

J E Guillet, University of Toronto, CANADA

C H Bamford, Liverpool University, UK

R D Haward, Birmingham University, UK

D Hull, Birmingham University, UK

R J Irvin, Queen’s University, Belfast. IRELAND

D O Hummell, University of Koln, GERMANY

G Kraus, Phillips Petroleum, USA

D B Wetlaufer, University of Delaware, USA

R Wuthrick, ETH, Zurich, SWITZERLAND

H Ruterjans, Goethe University, Frankfurt, GERMANY
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1983

1984

1985

1986

1987

A M North, Strathclyde University, UK

G Williams, University College of Wales, UK

R A Wetton, Loughborough University, UK

T Otsu, Osaka City University, JAPAN

G L Wilkes, Virginia Polytechnic, USA

T CWard, Virginia Polytechnic, USA

J E McGrath, Virginia Polytechnic, USA

C B Bucknall, Cranfield Institute of Technology, UK
A Chapiro, CNRS, Paris, FRANCE

A Peterlin, National Bureau of Standards, USA
H Brown, Case Western Reserve University, USA
G Williams, Aberystwyth University College, UK
RJ Young, Queen Mary College, UK

R A Pethrick, Strathclyde University, UK

J E Mark, University of Cincinatti, USA

C Berry, Carnegie Mellon University, USA

B Billingham, University of Sussex, UK

F Ciardelli, Universita di Pisa, ITALY

D T Clark, ICI Runcorn, UK

A E Hamielec, McMaster University, USA

H J Harwood, University of Akron, USA

R W Lenz, University of Massachusetts, USA

J L Koenig, Case Western Reserve University, USA
N Plate, USSR Academy of Science, USSR

J CRandall, Phillips Petroleum, USA

W H Stranes, Bell Laboratories, USA

T Saegusa, Kyoto University, JAPAN

J Economy, 113M, San Jose, USA

R Qian, Academia Sinica, CHINA

D Bassett, Union Carbide, USA

JRRobinson, University of Wisconsin, USA

J Heller, SRl International, California, USA

J Sohma, Hokkaido University, JAPAN

E A Turi, New York Polytechnic Institute, USA

K F O’Driscoll, University of Waterloo, CANADA
V Crescenzi, University of Rome, ITALY

P J Lemstra, Eindhoven University of Technology, NETHERLANDS
W F Maddams, BP Research and University of Southhampton, UK

0 Vogl, Polytechnic Institute of New York, USA
G N Foster, Union Carbide, USA
JK Gillham, Princeton University, USA
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1988

1989

1990

1991

J E McGrath, Virginia Polytechnic Institute and State University, USA
J M CFrechet, Cornell University, USA

H K Hall, University of Arizona, USA

V Percec, Case Western Reserve University, USA
DY Sogah, Du Pont, USA

R Asami, Nagoya Institute of Technology, JAPAN

G B Butler, University of Florida, USA

RE Cais, AT & T Bell Laboratories, USA

W M Culbertson, Ashland Chemical Company, USA
B Gordon, Pennsylvania State University, USA

H J Harwood, University of Akron, USA

D A Tirrell, University of Massachusetts, USA

JF Rabek, Royal Institute of Technology, SWEDEN
R Duncan, University of Keele, UK

D Williams, University of Liverpool, UK

E Tomlinson, CIBA Geigy, UK

Lord F S Dainton, Oxford, UK

W Schnabel, HahnMeitner Institute, GERMANY

V T Stannett, North Carolina State University, USA
J E Cardotte, Film Tec Corporation, USA

I M Ward, University of Leeds, UK

I Mita, RCAST, University of Tokyo, JAPAN

A F Johnson, University of Bradford, UK

D C Sundberg, University of New Hampshire, UK
CY Kim, Advanced Institute of Science and Technology, KOREA
S A McDonald, IBM Almaden Research Centre, USA
B Tighe, Aston University, UK

H R Brown, IBM, USA

M Fryd, Du Pont, USA

D O Hummel, University of Koln, GERMANY

M Kamachi, Osaka University, JAPAN

Z Li, Academia Sinica, CHINA

W J MacKnight, University of Massachusetts, USA
W F Maddams, University of Southhampton, UK
G Percival, Rohm and Haas, NZ

E Tsuchida, Waseda University, JAPAN

J M Vergnaud, University of SaintEtienne, FRANCE
A Abe, Tokyo Institute of Technology, JAPAN

J M G Cowie, HeriotWatt University, UK

F Candau, Institute Charles Sadron, FRANCE

A Eisenberg, McGill University, CANADA
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1992

1995

1996

1997

1998

W J Feast, Durham University, UK

A D Jenkins, University of Sussex, UK

E T Kana, National University of Singapore, SINGAPORE

H H Kausch, EPFL, Lausanne, SWITZERLAND

CY Kim, KIST, KOREA

J E McGrath, Virginia Polytechnic and State University, USA
T R Manley, Newcastleon Tyne, UK

E F Oleynik, USSR Academy of Science, Moscow, USSR

E M Pearce, Polytechnic University of New York, USA

R Qian, Academia Sinica, CHINA

R P Quirk, University of Akron, USA

I Soutar, Lancaster University, UK

N Spassky, University Pierre et Marie Curie, Paris, FRANCE
HW Spiess, Max Planck Institut, Mainz, GERMANY

M A Winnik, University of Toronto, CANADA

D R Williams, University of Wales, UK

K Friedrich, University of Kaiserslautern, GERMANY

H B Feng, Academia Sinica, CHINA

J Gerlock, Ford Motor Company, USA

J Gillham, Princeton University, USA

C Hoyle, University of Southern Mississippi, USA

T Jacobine, Loctite Corporation, USA

A Ledwith, Pilkington Technology Centre, UK

C CHo, University of Malaya Kuala Lumpur, MALAYSIA

M El Aasser, Lehigh University, USA

A German, Eindhoven University, NETHERLANDS

A Holmes, Cambridge University, UK

B O’Shaughnessy, Columbia University, USA

J Scrivens, ICI, UK

A Balazs, University of Pittsburgh, U.S.A. (with Polymer Blends CRC)
M Xanthos, Stevens Institute of Technology, U.S.A. (with Polymer Blends CRC)
M Sawamoto, Kyoto University, JAPAN

K Friedrich, Kaiserslautern University, GERMANY

D Bassett, UCAR Emulsion Systems, North Carolina, USA
A Halperin

JVlachopoulos, McMaster University, Ontario, CANADA
J Ebdon, University of Liverpool, UK

K Dusek, Institute of Macromolecular Chemistry, CZECH REPUBLIC
W Mormann, University Siegen, GERMANY

T Aida, The University of Tokyo, JAPAN

A C Albertsson, Royal Institute of Technology, SWEDEN
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T Asakura, Tokyo University of Agriculture and Technology, JAPAN
D CBassett, University of Reading, UK

A Bhowmick, Indian Institute of Technology, INDIA

N Billingham, University of Sussex, UK

M Bowden, R & D Olin Microelectronic Materials, USA

C Decker, Université de Haute Alsace - 3, FRANCE

J Economy, University of lllinois, USA

E T Denisov, Institute of Problems of Physical Chemistry RAS, RUSSIA
W J Feast, University of Durham,UK

J M Frechet, University of California Berkeley, USA

T Fukuda, Kyoto University, JAPAN

J L Gardette, Université Blaise Pascal, FRANCE

K Hatada, Osaka University, JAPAN

J N Hay, University of Birmingham, UK

A S Hoffman, University of Washington, USA

K Horie, University of Tokyo, JAPAN

T Kajiyama, Kyushu University, JAPAN

J Karger-Kocsis, Universitat Kaiserslautern, GERMANY

A R Khokhlokov, Moscow State University, Moscow, RUSSIA
CY Kim, Polymer Materials LabKIST, KOREA

A J Kinloch, Imperial College of Science, Technology and Medicine, UK
P J Lemstra, Eindhoven University of Technology, THE NETHERLANDS
0 Long, Malaysian Rubber Board, MALAYSIA

P A Lovell, University of Manchester and UMIST, UK

A G MacDiarmid, University of Pennsylvania, USA

C Macosko, University of Minnesota, USA

R H Marchessault, McGill University, CANADA

K Matyjaszewski, Carnegie Mellon University, USA

C K Ober, Cornell University, USA

N Ogata, Sophia University, JAPAN

Y Osada, Hokkaido University, JAPAN

J M Piau, Université de Grenoble, FRANCE

M F Refojo, Harvard Medical School, USA

E Rizzardo, CSIRO Division of Chemicals and Polymers

T Russell, University of Massachusetts, USA

S Russo, Universita di Genova, ITALY

J Schultz, University of Mulhouse, FRANCE

V P Shibaev, Moscow State University, RUSSIA

H W Siesler, University of Essen, GERMANY

RF T Stepto, UMIST and University of Manchester, UK

S Stupp, University of lllinois at Urbana-Champaign, USA
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J Sun, Changchun Institute of Applied Chemistry, CHINA

D N Theodorou, University of Patras, GREECE

Y Tabata, Japan Atomic Energy Commission, JAPAN

S E Webber, University of Texas, USA

R Weiss , University of Connecticut, USA

A Windle, Cambridge University, UK

H Winter, University of Massachusetts, USA

M Wulkow, Computing in Technology GmbH (CiT), GERMANY
1999 W Mormann, University of Siegen, Siegen, GERMANY

G Mitchell, University of Reading, UK

D Attwood, British Aerospace (Operations) Ltd, UK

C N Bowman, University of Colorado, USA

P Hodge, University of Manchester, Manchester, UK

F Horii, Kyoto University, JAPAN

M Jianbio, Nankai University , CHINA

D E. Kranbuehl, University of William & Mary, Virginia, USA

M Patel, IRC in Biomedical Materials, London, UK

G Russell, University of Canterbury, Christchurch, NEW ZEALAND

H Sautereau, Laboratoire des Materiaux Macromoleculaires, Lyon, FRANCE
2000 U Suter, ETH Zurich, SWITZERLAND

D N Theodorou, University of Patris, GREECE

A Windle, Cambridge University, UK

CHolm, Johannes Gutenburg University, Mainz, GERMANY
2001 A Balazs, University of Pittsburg, USA

J Gerlock, Ford Motor Company, Deerborn, M, USA

E Malmstrom, Royal Inzstitute of Technology, SWEDEN

R Metheson, DuPont Performance Coatings, Troy, Ml USA

A Matsumoto, Osake City University, JAPAN

W van Ooij, University of Cincinnati, USA

H Pasch, Deutsches Kunststoff-Institut, Darmstadt, GERMANY

S Pascual, Warwick University, UK

M Reading, Loughborough University, UK

S Rimmer, Sheffield University, UK

S Sheiko, University of North Carolina, USA

R Ruchards, Durham University, UK
2002 M Buback, University of Gottingen, GERMANY

S Brocchini, London University, UK

D Haddleton, Warwick University, UK

C McCormick, University of Southern Mississippi, USA

S Holdcroft, Simon Fraser University, CANADA

C Hawker, IBM, USA
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2003

2004

2006

M Monteiro, Eindhoven University of Technology, NETHERLANDS
C Bowman, University of Colorado, USA

K Anseth, University of Colorado, USA

C Bowman, University of Colorado, USA

J M Fréchet, University of California, USA

JF Gerard, INSA-Lyon, FRANCE

C Hawker, IBM, USA

J-1Jin, Korea University, KOREA

JLacoste, Universite Blaise Pascal, Aubiere, FRANCE

M Mackay, Michigan State University, USA

T McNally, Queens University, Belfast, UK

R Segal, University of Minnesota, USA

U Schelre, Institute fur Polymforschung, Dresden, GERMANY
M Terano, Japan Advanced Institute for Science and Technology, JAPAN
K Wooley, Washington University, St. Louis, USA

J Hedrick, IBM, Almaden Research Center, USA

A Hoffman, University of Washington, USA

J Mark, University of Cincinnati, USA

V Percec, University of Pennsylvania, USA

L Averous, University Louis Pascal, Strasburg, FRANCE

W Conley, Sematech, USA

D Graiver, Michigan State University, USA

F Groehn, Max Planck Institute for Polymer Research, GERMANY
A Adam Hitchcock, McMaster University, CANADA

M Owen, MMI / Dow, USA

V Schadler, BASF-ISIS Team, Strasbourg, FRANCE

M Textor, ETH Zurich, SWITZERLAND

D Tomasko, Ohio State University, USA

Y-Y Yang, University of Singapore, SINGAPORE

P Callaghan, VICtoria University of Wellington, NEW ZEALAND
B Charleux, Université Pierre et Marie Curie, FRANCE

D Haddleton, University of Warwick, UK

R Laine, University of Michigan, USA

G Parker, Wayne State University, USA

K Woodhouse, University of Toronto, CANADA

C Bowman, University of Colorado, USA

Prof. Mike Coleman, Pennysylvania State University, USA

S Fakirov, University of Auckland, New Zealand, and University of Sofia, BULGARIA
R French, DuPont Co., USA

T Fukuda, Kyoto University, JAPAN

E Harth, Vanderbilt University, USA
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K. Anseth, University of Colorado, USA
D. Hutmacher, National University of Singapore, SINGAPORE
I Lacik, Slovak Academy of Sciences, SLOVAKIA
Jvan Hest, University of Nijmegen, NETHERLANDS
J Barralet, McGill University, CANADA
2007 AH E Miiller, University of Bayreuth, GERMANY
CJ Hawker, University of California Santa Barbara, USA
A Ryan, University of Sheffield, UK
K Matyjaszewski, Carnegie Mellon University, USA
E Malmstrém, Royal Technical Institute Stockholm, SWEDEN
HD Maynard, University of California Los Angeles, USA
J Torkelson, Northwestern University, USA
P Vana, University of Gottingen, GERMANY
M Buback, University of Gottingen, GERMANY
D Taton, University of Bordeaux, FRANCE
A Buleon, National Inst. of Agronomic Research, FRANCE
J Wendorff, University of Marburg, GERMANY
S Perrier, University of Leeds, UK
G Russell, University of Canterbury, NEW ZEALAND
R Waymouth, Stanford University, USA
2008  V Abetz, Max-Planck-Strasse, GERMANY
A Balazs, University of Pittsburgh, USA
C Beatty, University of Florida, USA
C Bowman, University of Colorado, USA
P Coates, University of Bradford, UK
JDorgan, Colorado School of Mines, USA
K Haupt, Compiegne University of Technology, FRANCE
W Hayes, The University of Reading, UK
S Howdle, University of Nottingham, UK
M Leeson, IMEC Center, BELGIUM
K Loos, University of Groningen,NETHERLANDS
T McNally, Queens University, UK
T Nagamura, Kyushu University, JAPAN
B Ratner, University of Washington, USA
J Runt, Penn State University, USA
H. W. Spiess, Max-Planck-Strasse, GERMANY
M Stamm, Leibniz-Institut fuer Polymerforschung Dresden, GERMANY
2009 J M Fréchet, University of California, USA
T Ikeda, Tokyo Institute of Technology, JAPAN
S Chul Kim, National Academy of Engineering, KOREA
JYing, Institute of Bioengineering and Nanotechnology, SINGAPORE
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M Sawamoto, Kyoto University, JAPAN
and 120 invited keynote speakers

2011 T Aida, University of Tokyo, Japan
D Castner, University of Washington, USA
R Kaner, University of California, USA
K Landfester, Max-Planck-Institute Germany
C Ober, Cornell University, USA
T Russell, University of Massachusetts, USA
and 18 invited keynote speakers

2012 H Klok, Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland
H Maynard, University of California, USA
G Wallace, University of Wollongong, Australia
D Haddleton, University of Warwick, England
L Leibler, ESPCI, France
X Zhang, Tsinghua University, China
D Solomon, University of Melbourne, Australia
E Rizzardo, CSIRO, Australia
and 20 invited keynote speakers

JSM-7800F.
Ultra High Resolution
Scanning Electron Microscope

“Extreme Imaging Solutions”

Advanced tool for observation and analysis of fine details in
sensitive nano-materials at ultra low accelerating voltage

gjoe
I Se
a u{,rqq"q
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JEOL (Australasia) Pty. Ltd. B 5
www.jeol.com.au Fy . = ™ ™
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RACI Polymer Division Awards

BATTEARD-JORDAN Australian Polymer Medallists

(http://www.polymer.org.au/index.php/home/awards/batteard-jordan-medal)

1974 Prof D O Jordan, University of Adelaide
DrJ A J Battaerd, ICl Australia, Central Research Laboratory
1978 Dr D H Solomon, CSIRO, Division of Applied Organic Chemistry
1982 Prof J H O'Donnell, University of Queensland
1987 Prof D H Napper, University of Sydney
1992 Dr E Rizzardo, CSIRO, Chemicals and Polymers Division
1995 Prof R G Gilbert, University of Sydney
2000  Prof K Ghiggino, University of Melbourne
2006  Prof G George, Technical University of Queensland
2012 Dr G Moad, CSIRO

David Sangster Polymer Science and Technology Achievement Award

(formerly Australian Polymer Science and Technology Achievement Award)
(http://www.polymer.org.au/index.php/home/awards/sangster-award)

1992 Prof G Wallace, University of Wollongong

1995 Dr G Meijs, CSIRO Division of Chemicals & Polymers
1997 Dr G Spinks, University of Wollongong

2000 Dr A Whittaker, University of Queensland

2006  Prof F Caruso, University of Melbourne

2008  A/Prof M Stenzel, University of New South Wales
2009  A/Prof S Perrier, University of Sydney

2011 Prof M. Coote, Australian National University

TRELOAR Prize Recipients

(http://www.polymer.org.au/index.php/home/awards/treloar-prize)

The Treloar Prize was established in 1980 in recognition of the contributions to polymer
research and teaching by the late Dr F E (Ted) Treloar. The Prize is awarded for the best scientific
presentation(s) at an Australasian Polymer Symposium by a person less than 30 years of age;
usually there are separate awards for best oral presentation and best poster presentation.

1981 12 APS G Lichti, University of Sydney

1982 13 APS M Cuthbertson, CSIRO, Div. of Applied Organic Chemistry; jointly
P O’Sullivan, University of Queensland

1984 14 APS P J Feeney, University of Sydney; jointly
M R Hatswell, Albright and Wilson
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1986
1987
1987
1989
1990
1991
1992
1992
1993
1995

1996

1997

1998

1999

2001

2002

2003

2004

2006

2007

15 APS
16APS
8NC

17APS
18APS
Polymer 91
19APS
9NC
PPC3
20APS

21APS

22APS

Macro98

23APS

24APS

25APS

26APS

27APS

28APS

29APS

A Whittaker, University of Queensland

M E Adams, University of Sydney

A P Lang, University of Queensland

G M Spinks, University of Melbourne

H A Willis, University of Queensland

B R Morrison, University of Sydney

C Hawker, University of Queensland

P Pascal, University of Sydney

H A Willis, University of Queensland

M Monteiro, University of Queensland

B Fox, CSIRO Chemicals and Polymers

J Forsythe, University of Queensland

R Evans, CSIRO Chemicals and Polymers

P Dokolas, University of Melbourne

A Bishop, Monash University

CFellows, James Cook University

M Zammit, University of New South Wales
E Furness, University of New South Wales
D Kukulj, University of New South Wales
H Heuts, University of New South Wales

P Ghi, University of Queensland

L Yee, University of New South Wales

N Grigg, Queensland University of Technology
S Harrison, University of New South Wales
J Hutchinson, University of Melbourne

L Stanton, University of New South Wales
T Dargaville, University of Queensland

A Ah Toy, University of New South Wales

B Muir, Monash University

A Botella, INSA, Lyon

J Quinn, University of Melbourne

G Such, University of New South Wales/C.S.L.R.O.
R Joso, University of New South Wales

E Prime, University of Melbourne

G Smith, University of Canterbury

K Wong, University of New South Wales

J Wiltshire, University of Melbourne

L Connal, University of Melbourne
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2008 30APS T. K. Goh, University of Melbourne

D. Konkolowicz, University of Sydney

G. Johnston-Hall, University of Queensland
2009  31APS/PPC11 JKulis, University of Queensland

R Chapman, University of Sydney

2011 32APS John Moares, The University of Sydney
Vien T. Huynh, The University of New South Wales
2012 33APS Zhou Zhang, University of Melbourne

Adrian Sulistio, University of Melbourne
Wei Zhao, The University of Sydney

O’Donnell Young Scientist Award
(http://www.polymer.org.au/index.php/home/awards/odonnell-prize)

1996  JCampbell Monash University

1997  ECoen University of Sydney

1998  KLenghaus University of Melbourne

1999  BHaupt Australian National University

2000  SPrescott  University of Sydney / CSIRO Molecular Science
2004  LConnal University of Melbourne

2007 T Schiller Queensland University of Technology

2008  JHodgson  Australian National University

2011 John Moraes University of Sydney

Polymer Citation Recipients
(http://www.polymer.org.au/index.php/home/awards/polymer-citations)

The Polymer Division Citations were awarded for the first time at 16 APS. Up to three Citations
may be presented in any year at a national meeting of the Polymer Division. They are awarded for
significant contributions and service in any area of polymer science and/or technology.

1986 16 APS G B Guise, CSIRO, Division of Textile Industry

H J Ruddell, Telecom Australia

D F Sangster, CSIRO, Division of Chemical Physics
1987 8NC D Oldfield, DSTO, Materials Research Laboratory

I C Watt, CSIRO, Division of Textile Physics
1989 17 APS D R G Williams, University of Adelaide

CE M Morris, DSTO, Materials Research Laboratory
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1990

1991

1992

1992

1993

1995

1996

1997

1998

1999

2001

2002

2003

2004

2006

2007
2008

2012

18 APS

Polymer 91

19APS

9NCR

PPC3

20APS

21APS

22APS

Macro98

23APS

24APS

25APS

26APS

27APS

28APS

29APS
30APS

33APS
33APS

B A Bolto, CSIRO, Division of Chemicals and Polymers
R A Shanks, RMIT

D J T Hill, University of Queensland

P E M Allen, University of Adelaide

E Rizzardo, CSIRO, Division of Chemicals and Polymers

P Pomery, University of Queensland

P Burford, University of New South Wales

W D Cook, Commonwealth Department of Health
Z H Stachurski, Australian National University

T Chirila, Lions Eye Institute

K Busfield, Griffith University

G Moad, CSIRO Chemicals and Polymers

G M Ferguson, SCM Chemicals

J G Matisons, University of South Australia

G A George, Queensland University of Technology
Special Citation: B Guise, CSIRO

Special Citation: D Hill, University of Queensland
Special Citation: P Pomery, University of Queensland
Special Citation: D Oldfield, DSTO

A Whittaker, University of Queensland

N Edmonds, University of Auckland

H Toh, Sola Optics

G P Simon, Monash University

I Dagley, CRC Polymers

JHodgkin, CSIRO Molecular Science

E Senogles, James Cook University

T Davis, University of New South Wales

G Russell, University of Canterbury

J P A Heuts, University of New South Wales/University of Murcia
H Brown, University of Wollongong

Special Citation: D F Sangster, University of Sydney
B Hawkett, University of Sydney

D Lewis, Carl Zeiss Optical

C M Fellows, University of New England

CBarner-Kowollik,
University of New South Wales/Karlsruhe Institute of Technology

G. Spinks, University of Wollongong
Prof G Qiao, University of Melbourne
A/Prof M Stenzel, University of New South Wale
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CRC for Polymers Prize

(http://www.polymer.org.au/index.php/home/awards/crc-prize)

Speakers at 34APS

PLENARY SPEAKERS AT 34APS

Professor Cameron Alexander, University of Nottingham
Professor Kristi Anseth, University of Colorado

1994 M Singer, Monash University S )
1995 A Mayr, Monash University Dr Anna Balazs, University of Pittsburgh
1996 M Griffiths, Sydney University Professor Maria Forsyth, Deakin University
1997  JMcNicol, Australian National University Professor Axel Muller, Universitat Bayreuth
1998 B Muir, Monash University Professor Mitsuo Sawamoto, Kyoto University
1999  EDymke, University of Wollongong
2000 ) Castro, University of sydney KEYNOTE SPEAKERS AT 34APS
2001 S Angus, University of New South Wales Professor Luc Averous, Université de Strasbour
2002 K George, Queensland University of Technology . ' L J
2003 H Chaffey-Miller, University of New South Wales Professor Christopher Bowman, University Of Colorado
2004 K Varcoe Univers,ity of Queensland Professor Paul Burn, University of Queensland
2006 JHodgson, Australian National University Professor Neil Cameron, Durham University
2007 AJInglis, University of New South Wales Professor Paul Dastoor, University of Newcastle
K Tsang, Monash University Dr Cecile Dreiss, Kings College London
2008  JvanHensbergen, University of New South Wales Professor Bob (Robert) Gilbert, University of Queensland
J M Ren, University of Melbourne Leo Hyde, DuPont
2009  JTom, University of Sydney Dr Derek Irvine, University Of Nottingham
A Widjaya, University of Melbourne Professor Masami Kamigaito, Nagoya University
2010 S Passmore, University of Queensland 2010 Professor David Lewis, Flinders University
R Brooke, Flinders University Professor Zi-Chen Li, Peking University
2011 S Harris W'bf’W°( University of Melbourne Dr Jean-Francois Lutz, Université de Strasbourg
A Pearce, University of Queensland Associate Professor Shigeru Okamoto, Nagoya Institue of Technology
2012 S J Lam, University of Melbourne

Y Tang, Monash University

Solomon Lecturers

Professor Sebastien Perrier, Univesrity of Sydney

Dr Theresa Reineke, University of Minnesota

Professor Dr Holger Schonherr, Universitét Siegen
Professor Brent Sumerlin, Southern Methodist University

2000  Prof David Solomon, University of Melbourne Associate Professor Erica Wanless, University of Newcastle
2001 Prof Julia Higgins, DBE, Imperial College, UK Professor Yanlei Yu, Fudan University
2005  Prof Gerhard Wegner, MPI furr Polymerforschung, Germany
2006 Prof David Tirrell, California Institute of Technology, USA
2007 Prof Mitsuo Sawamoto , Kyoto University EMERGING TALENT PRESENTATIONS AT 34APS
2012 Prof Krzysztof Matyjaszewski Dr James Blinco, Queensland University Of Technology
Dr Cyrille Boyer, University of New South Wales
Bruce Guise Award Dr David Huang, University of Adelaide
Dr Jianyong Jin, University of Auckland
201 H Toh, Carl Zeiss

Dr Georgina Such, University Of Melbourne

The International Award for Promotion of
Australasian Polymer Science and Technology

2011 C Bowman, University of Colorado
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Speakers at 34APS General Program Structure

INVITED SPEAKERS AT 34APS Sunday 7 July

Prof Steven Bottle, Queensland University Of Technology 1200 — 1830 Registration Open

Dr Toen Castle, ANU 1330- 1500 Annual General Meeting — RACI Polymer Division

Dr Grace Chan, Phillips Ormonde Fitzpatrick 1600 - 1825 Conference Opening and Plenary Session
1830-2030 Welcome Reception at Darwin Convention Centre

Prof Suwabun Chirachanchai, The Petroleum And Petrochemical College, Chulalongkorn University
Dr Stephen Clarke, Mawson InsUniversity Of South Australia

Monday 8 July

0800 - 1700 Registration Desk Open
0820 -0930 Plenary Session

Prof Wayne Cook, Monash University
Dr Simon Corrie, The University Of Queensland

Dr Annette Dexter, The University Of Queensland 0930 — 1000 Morning Refreshments

Prof John Dorgan, CSM 1000 - 1215 Concurrent Sessions

Prof John Drennan, Centre For Microscopy And Microanalysis, University Of Queensland 1215-1315 Lunch

Prof Naba Dutta, University Of South Australia 1315-1530 Concurrent Sessions

Dr Natasha Evans, Victoria University Of Wellington 12’:;?): 112(1)2 égﬁiﬁ?;:f:li?::;ems

A/Prof Bronwyn Fox, Deakin University 1815 — 1945 Symposium Poster Session

David Francis, Qenos

Dr Christopher Garvey, Ansto Tuesday 9 July

Dr Didier Gigmes, Aix-Marseille University 0800 — 1700 Registration Desk Open

Dr Anja Goldmann, Karlsruhe Institute Of Technology 0820-0930 Plenary Session

Dr Anthony Granville, Centre For Advanced Macromolecular Design 0930-1000 Morning Refreshments

Prof Hans Griesser, University Of South Australia 10001215 Concurrent Sessions

Prof Qipeng Guo, Deakin University 1215-1315 Lunch .
1315-1530 Concurrent Sessions

Dr Angus Johnston, The University Of Melbourne 1530 - 1600 Afternoon Refreshments

Dr Geoffrey Johnston-Hall, Siemens Ltd Memcor Products 1600 - 1830 Concurrent Sessions

Prof Peter Kingshott, Swinburne University of Technology 1930-2030 Student Night

Dr Bronwyn Laycock, University Of Queensland

Dr Shih-Chun (Lawrence) Lo, University of Queensland WedneSday 10 JUIy

Dr David Nisbet, The Australian National University 0800 - 1600 Registration Desk Open

Dr Simon Puttick, The University Of Queensland 0820-0930 Plenary Session

Prof Namita Roy Choudhury, University Of South Australia 09301000 Morning Refreshments
1000 - 1215 Concurrent Sessions

Dr Kei Saito, Monash University 1215 - 1315 Lunch

Dr Greg Simpson, CSIRO 1315-1430 Concurrent Sessions

Dr Jim Thackery, Dow Chemical Company 1430 - 1450 Afternoon Refreshments

Dr Lars Thomsen, Australian Synchrotron 1450-1550 Plenary Session

Dr Kevin Thomson, Enterprise Connect 15501600 Symposium C(?nclusion . .
1830- 1100 Symposium Dinner at SkyCity Darwin

Dr George Vamvounis, The University Of Queensland
A/Prof Jeff Wiggins, University Of Southern Mississippi
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Symposium Information

Information for Presenters and Session Chairs

All Speakers will be asked to report to the Speakers Preparation Room to load their presentations
onto the symposium laptop. This must be done AT LEAST four hours before you are due to
present — this may mean the day before your presentation. An audio visual technician will be
available throughout the symposium. Please see the staff at the Registration Desk for further
assistance or directions.

Speakers are asked to introduce themselves to their session Chair during the break - at least ten
minutes before the session, if possible, to familiarise themselves with the room and equipment
and check that presentations are working.

Oral Presentations

Invited Plenary Presentations

Will be allocated 60 minutes presentation time, which includes 5 minutes for questions and
answers.

Invited Keynote Presentations

Will be allocated 30 minutes presentation time, which includes 5 minutes for questions and
answers.

Submitted Oral Presentations

Will be allocated 15 minutes presentation time which includes 3 minutes for questions and
answers to be held at the conclusion of each presentation.

To aid in the smooth running of the sessions, a bell will ring once - indicating the time for
guestions is approaching. At the second ring you should stop for questions.

Total Presentation Time  Warning Bell Second Bell - Question Time

15 Minutes 10 Minutes 12 Minutes
30 Minutes 20 Minutes 25 Minutes
60 Minutes 50 Minutes 55 Minutes

In order that the concurrent sessions remain aligned, all sessions must run according to the
program. Speakers who run overtime will be cut off by the session chair. It is the responsibility of
the session chairs to ensure that all speakers remain within their allocated presentation time.

Poster Presentations

Posters will be displayed in the Trade Exhibition Area during the symposium. There will be a
poster session on Monday 8 July from 1815 — 1945. At least one of the poster authors is expected
to be present adjacent to their posters to answer questions. Treloar Prize Applicants must be
present in person to answer questions during the poster sessions.
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Social Program

Welcome Reception

DATE: Sunday 7 July 2013

TIME: 1830- 2030

VENUE: Darwin Convention Centre — Exhibition Concourse

Held at the symposium venue, the welcome reception will be held in the Exhibition Concourse,
with a beautiful waterfront setting. This is quite befitting, as to the Larrakia people the harbour is
a place of connection where, for centuries, they have welcomed visitors while trading with other
indigenous tribes and Southeast Asian neighbours.

Symposium Poster Session

DATE: Monday 8 July 2013
TIME: 1815 - 1945
VENUE: Darwin Convention Centre — Hall 1

Poster authors will be available for questions and answers during this session and beverages will
be served.

Student Night

DATE: Tuesday 9 July 2013

TIME: 1930-2030

VENUE: The Precinct Tavern

ADDRESS: 7 Kitchener Dr, Darwin Waterfront

All students are welcome to The Precinct Tavern for Happy Hour and nibbles from 7.30pm -
8.30pm. After this time students will have access to “Trade out Tuesday” drink specials. This
special will give all students the opportunity to try different flavours of beer & cider at half the
price! Please note students must make their own way to the venue and bring their name badges
to receive drink specials.

Symposium Dinner

DATE: Wednesday 10 July 2013
TIME: 1830-2300
VENUE: SkyCity Darwin

The Symposium Dinner will be an open air event, with delegates enjoying dinner under the stars!
Become immersed in the natural beauty of the property and enjoy the surrounding tropical
gardens and spectacular ocean views.

TRANSFERS: Coaches have been arranged to transfer delegates to SkyCity. Please assemble
out the front of one of the below hotels by 1800. Coaches will depart by 1810
sharp.

Adina Apartment Hotel Darwin Waterfront- 7 Kitchener Dr, Darwin
Mantra On The Esplanade - 88 The Esplanade, Darwin
Mantra Pandanas - 43 Knuckey St, Darwin
Travelodge Mirambeena Resort - 64 Cavenagh St, Darwin
Return transfers back to your hotel will also be provided at the end of the dinner.
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General Information

Registration Desk Opening Times:  Sunday 7 July 1200 - 1800
Monday 8 July 0800 - 1700
Tuesday 9 July 0800 - 1700
Wednesday 10 July 0800 - 1600

Accommodation: If you have any queries relating to your accommodation booking, first please
see the staff at your hotel. Your one night deposit has been transferred to the hotel you have
selected - please confirm this on check in with your hotel. If you arrive 24 hours later than your
indicated arrival day you may find that you have forfeited your deposit.

Symposium Handbook & Name Badge: At the Symposium you will receive the handbook on
USB, plus hard copy pocket program. If you have pre-ordered a hard copy handbook you will also
receive this when you register. Each delegate will also receive a name badge upon arrival to the
Symposium. The name badge will be your official pass and must be worn to obtain entry to all
sessions and to social functions.

Social Program: The welcome reception, poster session and symposium dinner are included in
the cost of each full symposium registration. Social events ARE NOT included in the cost of day
registrations or for accompanying partners. Places for day registrants and additional guests for
these events may still be available at an additional cost. Bookings can be made at the symposium
registration desk subject to availability.

Conference Dinner Entry: All delegates who are registered to attend the symposium dinner will
receive a named sticker at registration. You MUST place your sticker on a table located on poster
boards at the registration desk. You must allocate yourself to a table no later than 10.00am
on Wednesday 10 July 2013.

Entry to Conference Sessions: It is suggested that delegates arrive at preferred sessions
promptly to ensure a seat. If sessions become full then delegates will not be allowed entry.

Messages: Messages can be left on the message board located near the registration desk. Please
check this board regularly as no responsibility can be taken to deliver messages personally.

Mobile Phones: As a courtesy to other delegates, please ensure that all mobile phones and
pagers are turned off or in a silent mode during all sessions and social functions.

Photographs, videos, recording of sessions: Delegates are not permitted to use any type of
camera or recording device at any of the sessions unless written permission has been obtained
from the relevant speaker.

Smoking: All venues are non smoking - no rooms are designated smoking rooms however
guests are allowed to smoke outside the venue.
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Speakers: Speakers will be asked to bring their presentations with them on a CD or USB stick,
then load their presentations in the speakers preparation room. This must be done AT LEAST four
hours before you are due to present — this may mean the day before your presentation. Please see
the staff at the registration desk for directions.

Special Diets: All catering venues have been advised of any special diet preferences you have
indicated on your registration form. Please identify yourself to venue staff as they come to serve
you and they will be pleased to provide you with all pre-ordered food. For day catering, there may
be a specific area where special food is brought out, please check with catering or Symposium
staff.

Prayer Room: A prayer room will be available for the duration of the symposium. Please see staff
at the registration desk for directions.

Disclaimer: The 34APS reserves the right to amend or alter any advertised details relating to
dates, program and speakers if necessary, without notice, as a result of circumstances beyond
their control. All attempts have been made to keep any changes to an absolute minimum.

The CRC for Polymers — Solutions for a better world

The CRC for Polymers (CRC-P) is a centre of collaboration excellence in
polymer research. For over 20 years, the CRC-P has been developing
advanced polymer materials which have been used in a range of Cooperative Research Certre for

industrial applications, addressing challenges and growing market Polymers

opportunities for innovative companies. Our partners are drawn from
Australian research organisations and universities, together with
manufacturing companies, end users and government research
organisations.

Currently, the major challenge being addressed by the CRC-P is to establish Australian
manufacturing as a leading provider and exporter of products that meet emerging global needs in
three areas:

e Health therapies and delivery;

e Water and food security;

e Polymer solar cells.

The CRC-P will build resilience into Australian manufacturing by improving sustainability and
increasing international competitiveness, product innovation, and jobs. The benefits that the CRC-P
will deliver include productivity gains, increased sales of Australian made products, high-skill high-
value manufacturing jobs, reduced carbon dioxide emissions and 40 broadly trained polymer

researchers.
CRC for Polymers (03) 9518 0400 WWW.crcp.com.au
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Symposium Program

1100-1300 Polymer Division Standing Committee Meeting
1330- 1500 Annual General Meeting - RACI Polymer Division

Plenary Session Waterfront Room 2/3
Chair: A/Prof Amanda Ellis
1600 - 1620 Welcome to the 34th Australasian Polymer Symposium

1620 - 1720 PL 1 - Synthetic polymers for pharmaceutical applications. Cameron
Alexander*, Francisco Fernandez-Trillo, Johannes Magnusson, Aram Saeed, Sebastian
Spain

1720-1820 PL 2 - Reconfigurable assemblies of active, auto-chemotactic gels. Pratyush
Dayal, Olga Kuksenok, Anna C. Balazs*

1820 - 1825 Closing remarks

Welcome Reception Darwin Convention Centre

1830-2030 Assemble in the Exhibition Concourse for canapés and beverages
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Symposium Program

Plenary Session Waterfront Room 2/3
Chair: Dr Lachlan Yee

0820-0830 Welcome and housekeeping

0830-0930 PL 3 - Dynamically Tunable Hydrogels and Their Biological Application. Mark
Tibbitt, Cole DeForest, Dan McKinnon, Kristi Anseth*

0930- 1000 Morning Refreshments and Trade Exhibition - Hall 1

Advanced Characterisation Waterfront Room 2/3
Chairs: Dr Marianne Gaborieau & A/Prof Shigeru Okamoto

1000 - 1030 M1.1/KN 1 - High Speed Video Observation of Giant Pickering Emulsion
and Colloidosome Droplet Interaction and Stability. Erica J. Wanless*, Kate
Thompson, Andrew Morse, Emma Giakoumatos, Grant B. Webber, Steven P. Armes,
Seher Ata

1030- 1045 M1.2 - Distribution of “smartness” of copolymers: Composition of block and
statistical copolymers by capillary electrophoresis. Patrice Castignolles*,
Adam Sutton, Emilie Groison, Akashdeep Singh, Joel Thevarajah, Maryanne Selim,
Emmanuelle Read, Valentina Naumovski, Kelvin Chan, Jean-Daniel Marty, Mathias
Destarac, Bernadette Charleux, Marion Gaborieau

1045-1100 M1.3 - Complex structures in branched polymers. Toen Castle* Myfanwy E.
Evans, ST. Hyde, Vanessa Robins

1100- 1115 M1.4 - Novel Applications of Nitroxides in Polymer and Materials Science.
James Blinco, John Colwell, James Allen, Kathryn Fairfull-Smith, Steven Bottle*

1115-1130 M1.5 - Imaging light emitting polymer films at high spatial and temporal
resolution. Xiao-Tao Hao*, Trevor A. Smith

1130- 1145 M1.6 - A comprehensive comparison of nanoparticle characterisation
instrumentation. Asa K. Jamting*, Victoria A. Coleman, Heather J. Catchpoole,
Maitreyee Roy, Jan Herrmann

1145-1200 M1.7 - Developing Profluorescent Nitroxide Additives as Probes for Polymer
Degradation: The Use of a Liquid Model for Polyolefins. Liam A. Walsh*, James P.
Blinco, John M. Colwell, Kathryn E. Fairfull-Smith, Graeme A. George, Steven E. Bottle

1200 - 1215 M1.8 - Development of fluorescent nanothermometers. Kai-Anders Hansen¥,
Kathryn E. Fairfull-Smith, Steven E. Bottle and James P. Blinco

Polymers in Therapy and Imaging Meeting Room 2
Chair: Dr Kristofer Thurecht

1000 - 1030 M2.1/KN 2 - Block Copolymer Drug Delivery Vehicles from a Combination of
RAFT and Anionic Polymerization Routes. Zachary Tolstyka, Swapnil Tale, Molly
Dalsin, Nilesh Ingle, Theresa M. Reineke*
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Symposium Program

1030 - 1045 M2.2 - Preparation of Polymeric Nanoparticles for Therapeutic Applications.
Cheuk Ka Poon* Owen Tang, Xin-Ming Chen, Carol Pollock, Brian S. Hawkett,
Sébastien Perrier

1045 - 1100 M2.3 - Size-exclusion chromatography of healthy and diabetic glycogen
reveals differences in their biosynthesis and biodegradation. Mitchell A.
Sullivan*, Torsten Witt, Prudence O. Powell, Eugeni Roura, David I. Stapleton, Robert
G. Gilbert

1100- 1115 M2.4 - Synchrotron X-ray imaging of gold loaded alginate microcapsules
in ex vivo rodents for cellular based therapeutic treatments. Xiaojuan Hao*,
Fengxiang Qie, Alberto Astolfo, Astrid Kibleur, Tianwei Tan, Tim Hughes

1115-1130 M2.5 - Hyperbranched Polymer-siRNA Conjugates: Advanced Polymeric
Carriers for Cancer Therapy. Aditya Ardana*, Andrew K Whittaker, Nigel McMillan,
Kristofer J Thurecht

1130-1200 M2.6/ET 1-Engineering Polymeric NanoParticles for Advanced Applications.
Qyrille Boyer*, Hien Duong, Jinna Liu, Michael Whittaker, Thomas P. Davis

1200 - 1215 Additional Question Time

Polyelectrolytes and Semiconducting Polymers Meeting Room 3
Chairs: Prof Maria Forsyth & Prof Yanlei Yu

1000 - 1030 M3.1 /KN 3 - Solution processable poly(dendrimers) for organic light-emitting
diodes. Paul Burn*, Wen-Yong Lai, Shih-Chun Lo

1030- 1045 M3.2 - Advanced Branched Macromolecules for Opto-Electronics. Shih-Chun
Lo*

1045 -1100 M3.3 - Synthesis and Properties Triphenylamine-cored Dendrimer
Semiconductors. George Vamvounis¥, Paul Burn

1100-1115 M3.4 - Polymeric lonic Liquids (PILS): Synthesis and characterisation of solid
polyelectrolytes for advanced energy applications. Thomas Bennett?, Kristofer
Thurecht, Idriss Blakey

1M15-1130 M3.5 - Well defined water-soluble conjugated polyelectrolyte with high hole
transport mobility. Johannes Brendel*, Gunter Hagen, Ralf Moos, Mukundan
Thelakkat

1130- 1145 M3.6 - Highly conducting yet processable graphene for polymers. Jun Ma¥,
Qingshi Meng

1145-1200 M3.7 - Novel electrospun polymer nanofibre/Organic lonic Plastic Crystal
Composite electrolytes. Patrick C. Howlett* Nahid Iranipour, Florian Ponzio, Jim
Efthimiadis, Jian Fang, Cara Doherty, Anthony F. Hollenkamp, and Maria Forsyth

1200-1215 Additional Question Time
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Polymers in Industry and Translational Research Meeting Room 1
Chairs: Dr Ramon Tozer & Prof Peter Halley
1000 - 1030 M4.1/KN 4 - Research Collaborations in Polymer Industry. Leo Hyde*

1030 - 1045 M4.2 - NanoConnect: Providing a Bridge between Industry and University.
Jonathan A. Campbell, David A. Lewis*

1045-1100 M4.3 - The Power of Collaboration - Commercialisation of a World First Polymer
Technology. David Francis* Predrag Micic, Brian Egan

1100- 1115 M4.4 - New Zealand Industry-Researcher Partnerships: The Materials
Accelerator Model. Ralph P. Cooney*, Mark P. Taylor

1115-1130 M4.5 - Industry Collaboration - why it’s important and how to do it. Kevin
Thomson

1130- 1145 M4.6 - IP Reform: How will it affect you? Matthew Fisher*
1145-1215 M4.7 - Commercialisation of Industrial Polymer Research. Chris Such*

1215-1315 Lunch and Trade Exhibition - Hall 1

Advanced Characterisation Waterfront Room 2/3
Chairs: Prof Andrew Whittaker & Dr Kevin Jack

1315-1345 M1.9/KN 5 - Photonic Crystals Formed in Semi-Dilute Solutions of Block
Copolymers and Application to Non-Linear Optical Devices. Shigeru Okamoto*

1345-1400 M1.10 - Chitosan and its conjugates for medical applications. Joel J. Thevarajah,
Danielle L. Taylor, Catherine Lefay, Patrice Castignolles, Marianne Gaborieau*

1400- 1415 M1.11 - Dynamic Nuclear Polarization solid-state NMR spectroscopy : A
valuable tool for functional polymer characterization. O. Ouari, T. Phan, F.
Ziarelli, G. Casano, F. Aussenac, P. Thureau, Didier Gigmes*, P. Tordo, S. Viel

1415-1430 M1.12 - Characterisation of Polymers using Modern Methods in Electron
Microscopy. John Drennan* Ron Rasch

1430- 1445 M1.13 - Solid State Deuterium NMR Study of Phenylene Ring Motions in Glassy
Epoxy Networks. Jianwei Tu, Luke O'Dell, Bronwyn Fox, Jeffrey S. Wiggins*

1445 -1500 M1.14 - Analysis of lamellar morphology of semi-crystalline polymers
using small angle scattering and the linear correlation function. M.P. Weir,
Christopher Garvey*

1500- 1515 M1.15 - Longitudinal and Transverse properties and molecular motions in
single aramid fibers. Judith Wollbrett-Blitz*, Alba Marcellan, Sébastien Joannés,
Anthony Bunsell

1515-1530 M1.16 - NEXAFS measurements of a high mobility semiconducting polymer
on the soft X-ray beamline at the Australian Synchrotron. Lars Thomsen*,
Christopher R. McNeill
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Polymers in Therapy and Imaging Meeting Room 2
Chair: Prof Martina Stenzel

1315-1345 M29 - Targeted Drug Delivery: Understanding Internalisation and Processing
of Nanoparticles. Angus P. R. Johnston*, Haiyin Liu

1345 -1400 M2.10 - Oral delivery of nanoparticles to the colon for targeting colorectal
cancer cells. Yiming Ma*, Allan GA Coombes, Kristofer J Thurecht

1400 - 1415 M2.11 - Guanylated Polymethacrylates as Potent Antibacterials with Low
Toxicity. Katherine Locock* Michl T, Griesser HJ, Meagher L, Haeussler M

1415 -1430 M2.12 - New chemotherapeutics via efficient complexation of gold(l)
compounds to glycopolymers. Samuel Pearson* Hongxu Lu, Martina H. Stenzel

1430 - 1445 M2.13 - Functional Hyperbranched Polymers for Prostate Cancer Theranostics.

Amanda Pearce*, Andrew K. Whittaker, Kristofer J. Thurecht

1445 - 1500 M2.14 - Development of a Multimodal Hyperbranched Polymer Imaging Agent.

Nathan Boase*, Idriss Blakey, Karine Mardon, Kristofer Thurecht

1500 - 1530 Additional Question Time

Photovoltaics and Energy Storage Meeting Room 3
Chair: Prof Paul Burn

1315-1345 M3.9/KN 6 - Water-based Nanoparticulate Organic Photovoltaics. Paul C
Dastoor*

1345 - 1400 M3.10 - Nanoparticle organic photovoltaics (OPVs): the effect of fabrication
method on nanoparticle morphology and device performance. Natalie P.
Holmes*, Matthew Barr, Syahrul Ulum, Prakash Sista, Kerry B. Burke, A.L. David
Kilcoyne, Mihaela C. Stefan, Xiaojing Zhou, Paul C. Dastoor, Warwick J. Belcher

1400 - 1415 M3.11 - Alcohol Soluble Conjugated Interface Materials for Organic Solar Cells
Menglan Lv*, Xiwen Chen, Ming Lei, Scott Watkins, Jin Zhu

1415-1430 M3.12 - Revealing the Nanomorphology of Organic Photovoltaic Polymer
Blends through Selective Dissolution. Yagi Tang*, Christopher McNeill

1430 - 1445 M3.13 - Self-assembled of MgH2 Nanoparticles @ MgH2 Nanotubes Linking
Architecture to Hydrogen Storage. Cyrille Boyer*, Eki J. Setijadi, Kondo-Francois,
Aguey-Zinsou

1445 - 1515 M3.14 /KN 8 - Role of Polymer Morphology in Organic Photovoltaics. David
Lewis*

1515-1530 Additional Question Time
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Polymers in Industry and Translational Research Meeting Room 1
Chair: Chris Such

1315-1345

1345 -1400

1400 - 1415

1415-1430

1430 - 1445
1445 - 1500
1500 - 1530

1530 - 1600

M4.9 /KN 7 - Investigation into the Mechanism of Microwave Induced Rate
Enhancements in Chain Growth Polymerisation. Nam Nguyen, Jaouad El Harfi,
Kamaruddin Mohd, Ed Greenhalgh, Georgios Dimitrakis, Sam W. Kingman, John P.
Robinson, Derek J. Irvine*

M4.10 - Challenges in the Development of MF/UF Membranes for the Global
Water Treatment Market. Geoffrey Johnston-Hall*

M4.11 - Engineering Thermoplastics for Inproved Self-Contained Breathing
Apparatus. Peter Trask, Sam Miller, John R. Dorgan*, Jay Hotchkiss, Clay Perbix, Laura
Hollingsworth, Christopher Thellen, Joann Ratto

M4.12 - Silicon and Polymer Microprojection Arrays for Circulating Biomarker
Capture from Skin. Simon R Corrie*, Mark AF Kendall

M4.13 - How Can You Patent When You Have Published? Grace Y N Chan*
M4.14 - Academic Research in Collaboration with Industry. Stephen Clarke*

M4.15 - Carbon nexus: opportunities for translational research in carbon fibres
and composites. Bronwyn Fox*

Afternoon Refreshments and Trade Exhibition - Hall 1

Bio-functional and Responsive Polymers Waterfront Room 2/3
Chairs: Prof Holger Schonherr & Dr Kei Saito

1600 - 1630

1630 - 1645

1645 - 1700

1700-1715

1715-1730

1730 - 1745

1745 - 1800

1800 - 1815

M1.17 / KN 9 - Precision Macromolecular Chemistry: Building Nanostructured
Materials One Molecule at a Time. Sebastien Perrier*

M1.18 - Azide-functionalized Poly-2-Oxazoline Brushes for Biomedical
Applications. Jasmin Biihler*, Sabine Gietzen, Karl Fischer, Manfred Schmidt

M1.19 - Polymers for Inorganic Scale Control: On the Edge of Glory. Christopher
M. Fellows*, Ali A. Alhamzah, Erica J. Smith

M1.20 - Influence of the architecture of thermosensitive copolymers bearing
phosphonated moieties on their physical properties in water. Alain Graillot*,
Sophie Monge, Denis Bouyer, Catherine Faur, Jean-Jacques Robin

M1.21 - Incorporating Indazoles into the Dopamine Self-Polymerisation
System. Anthony Michael Granville*, Matthew Peterson, Solomon Le-Masurier,
Khoon Lim, Penny Martens

M1.22 - Responsive macromolecular assemblies: sol / gel transition under pH
and temperature control. Elodie Siband, Yvette Tran, Dominique Hourdet*

M1.23 - Functional polymers for the design of nanoengineered polymer
capsules. Kristian Kempe*, Ka Fung Noi, Sher Leen Ng, Frank Caruso

M1.24 - Diffusion in Precisely-Structured Hydrogels of NIPAM. Huey Wen Ooi,
Hui Peng, Kevin S. Jack, Andrew K. Whittaker*
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Polymers in Therapy and Imaging Meeting Room 2
Chair: Dr Angus Johnston

1600 - 1630 M2.17 /KN 10 - Smart polymer-protein hybrids and sugar-responsive micelles.
Jennifer N. Cambre, Debashish Roy, Abhijeet P. Bapat, Hongmei Li, Ming Li, Priyadarsi
De, Brent S. Sumerlin*

1630 - 1645 M2.18 - Macromolecular Ruthenium(lll) Chemotherapeutics. Bianca M. Blunden*,
Hongxu Lu, Aditya Rawal, Martina H. Stenzel

1645 - 1700 M2.19 - Polymers for Imaging and Therapy. Kristofer J Thurecht*, Cameron
Alexander, Andrew K Whittaker, Nathan RB Boase, Daniel Coles

1700 - 1715 M2.20 - Intracellular Nitric Oxide Delivery From Stable NO-Polymeric
Nanoparticle Carriers. Hien T.T. Duong, Zulkamal M. Kamarudin, Rafael B. Erlich,
Yang Li* Mathew W. Jones, Maria Kavallaris, Cyrille Boyer, Thomas P. Davis

1715-1730 M2.21 - Study Of The Responsive Properties of Porous Silicon — Responsive
Polymer Composites With Applications in Drug Delivery. Roshan Vasani*,
Nicolas H. Voelcker

1730 - 1745 M2.22 - Enhanced cellular uptake of nanoparticles by synthetic peptides and
proteins. Martina Stenzel*, Yoseop Kim, Hongxu Lu, Yanyan Jiang

1745 -1800 M2.23 - pH-Responsive Star Polymer Nanoparticles as Selective 19F MRI
Contrast Agents. Kewei Wang?, Kristofer J. Thurecht, Hui Peng, Andrew K.
Whittaker

1800 - 1815 M2.24 - Magnetic Nanoparticles as Dual Chemotherapeutic Delivery and MRI
Contrast Agent. Johan Sebastian Basuki* Hien Duong, Lars Esser, Maria Kavallaris,
Thomas Paul Davis, Cyrille Boyer

Patterning and Photosensitive Polymers Meeting Room 3
Chair: Prof Paul Dastoor

1600 - 1630 M3.17 /KN 11 - Photocontrollable Liquid Crystalline Polymer Actuators. Zhen
Jiang, Jiu-an Lv, Ming Xu, Fuyou Li, and Yanlei Yu*

1630 - 1645 M3.18 - Bottom Up / Top Down High Resolution Lithography Utilizing Block
Bottle Brush Polymers. James W. Thackeray*, Peter Trefonas, Guorong Sun, Sangho
Cho, Corrie Clark, Stanislav V. Verkhoturov, Michael J. Eller, Ang Lee, Adriana Pavia-
Jiménez, Emile A. Schweikert, Karen L. Wooley

1645 — 1700 M3.19 - Behaviour of Lamellae Forming Block Copolymers Under
Nanoconfinement: Implications for Topologically Guided Self Assembly of
sub-10 nm Features. [driss Blakey* Imelda Keen, Han-Hao Cheng, Anguang Yu,
Kevin S. Jack, Andrew K. Whittaker

1700 - 1715 M3.20 - Light Responsive Lyotropic Liquid Crystals. Shuhua Peng, Qipeng Guo,
Patrick G. Hartley, Timothy C. Hughes*
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1715 -1745

1745 - 1815

M3.21/ET 2 - Modelling Nano-scale Structure and Energy Transfer in
Conjugated Polymers. David M. Huang*, Kyra N. Schwarz, Ming Chiu, Patrick C.
Tapping, Scott N. Clafton, Tak W. Kee

Additional Question Time

Polymers in Industry and Translational Research Meeting Room 1
Chair: A/Prof Derek Irvine

1600 - 1630

1630 - 1645

1645 - 1700

1700-1715

1715-1730

1730 -1745

1745 - 1815

M4.17 - RAFT - the development of a Polymer Platform Technology for
National Development and International Impact. Megan L. Fisher, Gregory W
Simpson*

M4.18 - TenasiTech - Development of a nanotech platform for medical and
industrial applications. Céline Chaléat* Darren J Martin

M4.19 - Exemptions to infringement : experimental use and regulatory
approvals. Richard Grant*

M4.20 - Polyhydroxyalkanoates from industrial wastes and mixed cultures:
Experience moving from the laboratory to technology prototyping. Bronwyn
Laycock*, Alan Werker, Monica Arcos, Steven Pratt, Peter Halley, Paul Lant

M4.21 - Leahy-Smith America Invents Act: Implications for Australian
Inventors. Donald Lewis*

M4.22 - Rapid Translation of Next Generation Composite Materials Through
Multi-Scale Modeling. Jeffrey S Wiggins*

M4.23 - Industrial Polymer Research: A 20 year journey from SME’s to
Multinationals to Spinouts, developing Packaging, Scaffolds, Drug Polymer
Conjugates and Renewable Chemicals and Polymers. Mike O’Shea* Gary
Peeters, Graeme Moad, Louis Kyaratzis, Yen Truong, Mark Hickey, Florian Graichen,
Heng Taing, Justine Jeffery, Ben Leita, Ramon Tozer, Simona Lavric

Poster Session Hall 1

1815 -1945

Refreshments will be served during the Poster Session
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Plenary Session Waterfront Room 2/3
Chair: A/Prof Idriss Blakey
0820 - 0830 Welcome and housekeeping

0830-0930 PL4-Novel solid state electrolytes - enabling future energy technologies.
Maria Forsyth*, Patrick C Howlett, Jenny Pringle, Wren Greene, Douglas R. Macfarlane

0930-1000 Morning Refreshments and Trade Exhibition - Hall 1

Bio-functional and Responsive Polymers Waterfront Room 2/3
Chairs: Prof Mitsuo Sawamoto & Prof Anna Balazs

1000 - 1030 T1.1/KN 12 - Tailor-made Polymers for Bacteria-Responsive Wound Dressings:
Fabrication, Characterization and Enzyme-Triggered Release. Simon Haas,
Katrin-Stephanie Tiicking, Stephan Handschuh, Holger Schénherr*

1030 - 1045 T1.2 - Enzyme mimics. Luke A. Connal* Ashley Davalos, Eric Pressly, Craig J. Hawker

1045 -1100 T1.3 - Well-defined Synthetic Transmembrane Pores using Cyclic Peptide-
Polymer Nanotubes. Maarten Danial* Sébastien Perrier, Katrina A. Jolliffe

1100- 1115 T1.4- Gelling of a short designed a-helical peptide under physiological
conditions. Annette F. Dexter*, Nicholas L. Fletcher, Kevin S. Jack

1115-1130 T1.5 - Multi stimuli-responsive bio-mimetic protein-polymers and their
functional conjugates. Naba K. Dutta* Rajkamal Balu, Namita R. Choudhury,
Christopher M. Elvin, Anita J. Hill

1130- 1145 T1.6 - Peptide-Based Complex Macromolecular Architectures: A Platform
Technology in Polymer Therapeutics. Shu Jie Lam*, Adrian Sulistio, Anton
Blencowe, Greg G Qiao

1145-1200 T1.7 - Photo-responsive reversible polymeric materials using dynamic covalent
bondes. Priscilla Johnston, Kei Saito*

1200-1215 T1.8- Role of Environment on the Secondary Structure of a Biomimetic Protein-
based Elastomer. Jasmin Whittaker* Namita R. Choudhury, Naba Dutta, C. M. Elvin,
A.J Hill

Platforms for Enhanced Biological Interactions Meeting Room 2
Chair: Prof Kristi Anseth

1000 - 1030 T2.1/KN 13 - Hybrid gelation processes in enzymatically gelled gelatin: impact
on nanostructure, macroscopic properties and cellular response. Cécile A
Dreiss*

1030 - 1045 T2.2 - Photodegradable microsphere templates for creating model alveoliin
PEG hydrogels. Katherine J. R. Lewis* Mark W. Tibbitt, Kristi S. Anseth

1045 -1100 T2.3 - Nano-bottlebrush Electrospun Scaffolds: Decoupling Cellular Cues in
3D. Andrew E. Rodda*, Francesca Ercole, Laurence Meagher, David R. Nisbet, Kevin E.
Healy, John S. Forsythe
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1100 - 1115

1115-1130

1130-1145

145 -1215

T2.4 - Synthesis, characterization and properties of biocompatible
poly(glycerol sebacate) pre-polymer and gel. Yuan Li*, Wayne D Cook, Cornelis
Moorhoff, Wen-Chao Huang, Qi-Zhi Chen

T2.5 - Presentation of bioactive signals to cells via self-assembling peptides.
Alexandra L. Rodriguez*, Richard J. Williams, Clare L. Parish, David R. Nisbet

T2.6 - Preparation of Superabsorbent Cross-linked Chitosan Hydrogels by
Various Type of Aldehyde Crosslinkers and Their Swelling Behaviour. Emil
Budianto®, Siti Prilia Muthoharoh, Noverra M. Nizardo

T2.7 - Surface Patterning for Biointerface Applications based on Colloidal
Crystals. Peter Kingshott*

Latest Developments In Polymer Synthesis Meeting Room 3
Chairs: Prof Per Zetterlund & Dr James Blinco
1000-1030 T3.1 /KN 14 - Novel Developments in Controlled Radical and Cationic

1030 - 1045

1045 -1100

1100 - 1115

1M15-1130

130-1145

1145 - 1200

1200 - 1215

1215-1315

Polymerizations via Dual Mechanisms. Masami Kamigaito*, Kotaro Satoh

T3.2 - Synthesis of Novel Trithiocarbonate and Allyl Sulfides and their
Application into the Advances in Covalent Adaptable Networks. Christopher R.
Fenoli*, Christopher N. Bowman

T3.3 - Quasi-block copolymer libraries on demand via sequential RAFT
polymerization in an automated parallel synthesizer. Carlos Guerrero-Sanchez*,
Lisa O'Brien, Colin Brackley, Daniel Keddie, Simon Saubern, John Chiefari, Graeme
Moad

T3.4 - The influence of domain segregation in ionic liquids upon RAFT
polymerisation mechanism. Simon Puttick* Adrienne L. Davis, Kevin Butler, Derek
J. Irvine, Peter Licence, Kristofer J. Thurecht

T3.5 - RAFT polymerization of phosphonated-based monomers: synthesis
of innovative (co)polymers and applications. Sophie Monge*, Alain Graillot,
Benjamin Canniccioni, Ghislain David, Jean-Jacques Robin

T3.6 - RAFT Polymerization of N-Vinyl Carbazole - An Intermediate Reactivity
Monomer. Graeme Moad*, Daniel Keddie, Carlos Guerreo-Sanchez

T3.7 - Tackling the Cross-termination Challenge in Radical Polymerization
Through the RAFT-CLD-T Technique. Pieter Derboven*, D. R. D'hooge, M.-F.
Reyniers, G. B. Marin, C. Barner-Kowollik

T3.8 - Novel RAFT-derived poly(fluorovinyl esters): Controlled synthesis and
enhanced CO2-philicity. Mathias Destarac*, Etienne Girard, Jean-Daniel Marty,
Thierry Tassaing

Lunch and Trade Exhibition - Hall 1
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Networks, Blends and Physical Properties Waterfront Room 2/3
Chairs: A/Prof Bronwyn Fox & Prof Rob Burford

1315-1345 T1.9/KN 15 - Using Chemical Reactions to Control Polymer Network Shape,
Topography, and Behavior. Christopher N. Bowman*, Christopher J. Kloxin,
Timothy F. Scott, Devatha P. Nair, Neil B. Cramer, Wayne D. Cook

1345 -1400 T1.10 - Blends of thermoplastics and thermosetting monomers. Wayne D.
Cook*, Arjulizan Rusli, George G. Liang

1400 - 1415 T1.11 - Block lonomer-Toughened Epoxy Thermosets. Qipeng Guo*, Shuying Wu,
Yiu-Wing Mai

1415-1430 T1.12 - Preparation of ordered monolithic structures by unidirectional freezing
and radical polymerisation. Emily F. Hilder*, R. Dario Arrua, Katharina Dihm

1430 - 1445 T1.13 - Dissipation and recovery of Nano-hybrid hydrogels. Severine Rose, G.
Agoda-Tandjawa, Testuharu Narita, Dominique Hourdet, Alba Marcellan*

1445 - 1500 T1.14 - The Effect of Matrix Polarity on the Properties of Poly(o-methoxyaniline)
- EVA Blends. Xiao Wang*, Ralph P. Cooney, Sudip Ray, Paul A. Kilmartin and
Jianyong Jin

1500 - 1515 T1.15 - Tough and self repairing ionic-covalent entanglement network
hydrogels of gellan gum and gelatin. Damian M. Kirchmajer* Marc in het Panhuis

1515-1530 T1.16 - Behaviour of pH-responsive sterically-stabilised latex particles at the
air-water interface. Olivier J. Cayre*, Peter Renvoize, Mark D'Souza Mathew, M.
Soyeb Manga, Timothy N. Hunter, Simon Biggs

Platforms for Enhanced Biological Interactions Meeting Room 2
Chair: A/Prof Cyrille Boyer

1315-1345 T2.9/KN 16 - Emulsion-templated Scaffolds for Tissue Engineering and 3D Cell
Culture. Neil R Cameron*

1345-1400 T2.10 - Photodegradable gelatin methacrylate hydrogels forimproved
cardiomyocyte alignment. KM Tsang, N Annabi, F Ercole, RA Evans, H Thissen, A
Khademhosseini, John Forsythe*

1400 - 1415 T2.11 - An Injectable Hydrogel System Incorporating Free or Covalently-Bound
Sulphated Polysaccharide for Intervertebral Disc Regeneration. Jessica Frith¥,
Donna Menzies, Andrew Cameron, Darryl Whitehead, Stan Gronthos, Andrew
Zannettino, Peter Ghosh, Justin Cooper-White

1415-1430 T2.12 - Characterisation of polyelectrolyte complexes and their distribution in
an alginate matrix. Robyn Aston*, Gwen Lawrieg, Lisbeth Gr@dndahl

1430 - 1445 T2.13 - Osteoblast Cytotoxicity Study of Plant-Derived Bio-Adhesive Polymer.
Shougo Kinugawa*, Sigian Wang, Shu Taira, Noriko Hiraishi, Daisaku Kaneko

1445 - 1500 T2.14 - Synthesis and characterization of biodegradable graft copolymer PCL-
g-Amylose. Wanli Fu*, Peter J. Halley, Andrew K. Whittaker and Kristofer J. Thurecht

1500 - 1530 Additional Question Time
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Latest Developments In Polymer Synthesis Meeting Room 3
Chairs: Prof Masami Kamigaito & Dr Grace Chan

1315-1345 T3.9/KN 17 - Sequence-controlled Polymers: Recent Progress and Promise.
Jean-Francois Lutz*

1345 - 1400 T3.10 - Preparation of Amphiphilic Block Copolymers with Various
Morphologies in one Pot Polymerization Reaction. Bunyamin Karagoz*, Lars
Essera, Cyrille Boyera, Tom Davisa

1400 - 1415 T3.11 - Using Orbital Conversion to pH Switch Nitroxide Mediated
Polymerization. Michelle L. Coote*, Ganna Gryn‘ova

1415-1430 T3.12- Equilibration of Trithiocarbonates During RAFT Polymerization. Algi
Serelis*

1430 — 1445 T3.13 - One-Pot RAFT/“Click” Chemistry via Isocyanates. Guillaume Gody*,
Thomas Maschmeyer, Sébastien Perrier

1445 - 1500 T3.14 - Thermally and Photochemically Induced Living Radical Polymerization
with Organic Catalysts. Atsushi Goto*

1500 - 1530 T3.15/ET 3 - Modular Design of Profluorescent Nitroxide-Based Sensor
Materials. Emily Simpson, Kathryn Fairfull-Smith, Steven Bottle, James Blinco*

1530 - 1600 Afternoon Refreshments and Trade Exhibition - Hall 1

Polymeric Composites and Nanocomposites Waterfront Room 2/3
Chairs: Prof Wayne Cook & Prof Chris Bowman

1600 - 1630 T1.17 - Void reduction mechanisms in vibration assisted consolidation of fibre
reinforced polymer composites. Zbigniew H Stachurski*

1630 - 1645 T1.19 - Graphene Oxide as a Novel Surfactant for the Preparation of Hybrid
Polymer Nanoparticles. Stuart C Thickett*, Siti Hajjar Che Man, Nur Yasmin Mohd
Yusof, Michael R. Whittaker, Per B. Zetterlund

1645 - 1700 T1.20 - Plasma polymers, nanocomposites and their applications. Kostya
Ostrikov*

1700-1715 T1.21 - Hollow Polymer Particles by Nano-Templating. Duc Nguyen*, Chris Such,
Brian Hawkett

1715-1730 T1.22- One-Dimensional Hybrid Silica Nanowires and Nanotubes. Markus
Mdullner* Thomas Lunkenbein, Josef Breu, Frank Caruso, Axel H.E. Muller

1730 - 1745 T1.23 - New surface treatments for carbon fibres to enhance fibre matrix
adhesion in composites. Claudia Creighton, Abdullah Kafi, Luke Henderson,
Linden Servinis, Xiujuan Jane Dai, Zhigiang Chen, Mickey Huson, Thomas
Gengenbach, Jeff Wiggins, Bronwyn Fox*

1745 -1800 T1.24 - Preparation and characterisation of poly(2-hydroxyethyl methacrylate)-
zeolite composite hydrogels. Rohan Holmes, Ivan Yordanov, Robert Burford*,
Tracey Hanley
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1800 - 1815 T1.25 - Hybrid Conducting Polymer-Carbon Nanotube Yarns. Javad Foroughi*,
G. M. Spinks, G. G. Wallace, R. H. Baughman

1815-1830 T1.26 - Supramolecular coBioNanocomposites Incorporating
Stereocomplexation. John R Dorgan*, Birgit Braun, Rodolfo Sosa, Laura
Hollingsworth

Platforms for Enhanced Biological Interactions Meeting Room 2
Chair: Prof Brent Sumerlin

1600 - 1615 T2.17 - Anti-Bacterial Conducting Polymers in Blends, Fibres, Colloids and
Layers. Ralph Cooney?* Simon Swift, Jianyong Jin, Paul Kilmartin, Adeline Le Cocq,
Sudip Ray, Marija Gizdavic-Nikolaidis, Karnika de Silva

1615-1630 T2.18 - Promoting engraftment of transplanted neural stem cells in the brain
using biofunctionalised scaffolds. David R Nisbet*

1630 - 1645 T2.19 - Using chitosan hydrogels to form biomimetic composites for artificial
bone. Natasha H Evans* Kathryn McGrath

1645 - 1700 T2.20 - On the importance of detailed surface characterisation of bioactive
coatings. Marek Jasieniak, Hardi Ys, Htwe Mon, Hans J Griesser*

1700 - 1715 T2.21 - Afacile approach to assemble PEG hydrogel particles. Qiang Fu*, Jiwei
Cui, Frank Caruso, Greg G. Qiao

1715-1730 T2.22- Macromolecular Ligands for Gadolinium MRI Contrast Agents: Effect
of Polymer Architecture. Yang Li*, Mariana Beija, Sophie Laurent, Luce vander Elst,
Robert N. Muller, Hien T. T. Duong, Andrew B. Lowe, Thomas P. Davis, Cyrille Boyer

1730 - 1745 T2.23 - Chitosan films grafted with peptides for stem cell culture. Danielle
Taylor*, Joel Thevarajah, Diksha Narayan, Catherine Lefay, Michael O'Connor, Patrice
Castignolles, Marianne Gaborieau

1745-1800 T2.24- New antibacterial surfaces: biomimetic black-silicon with dragonfly
wing nanostructures. J Hasan, HK Webb, G Gervinskas, S Juodkazis, VK Truong, DE
Mainwaring, X Duan, RN Lamb, V Baulin, GS Watson, JA Watson, Russell J Crawford*,
EP Ivanova

1800 - 1815 T2.25 - Bioinspired Phosphorylcholine Containing Polymer Fims with Silver
Nanoparticles Combining Antifouling and Antibacterial Properties. Adrian
V. Fuchs*, Sandra Ritz, Constanze Walter, Sabine Pitz, Volker Mailander, Katharina
Landfester, Ulrich Ziener

1815 -1830 Additional Question Time
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Latest Developments In Polymer Synthesis Meeting Room 3
Chairs: Prof Zi Chen Li & Dr Jean-Francois Lutz

1600 - 1630 T3.17/ET 4 - A Versatile Polymer Building Block Based On Trifluorovinyl Ethers
Chemistry. Jianyong Jin*

1630 - 1645 T3.19 - Assembly of free-standing polypeptide films via the synergistic
combination of hyperbranched macroinitiator, the grafting-from approach
and intermolecular cross-chain termination. Steven Harris-Wibowo*, Edgar H. H.
Wong, Adrian Sulistio, Stefanie N. Guntari, Anton Blencowe, Frank Caruso, Greg G.
Qiao

1645 — 1700 T3.20 - Stereoregular cyclic poly(methyl methacrylate)s: synthesis,
characterization and their unique supramolecular assemblies. Jing Ming Ren*,
Kotaro Satoh, Tor Kit Goh, Anton Blencowe, Kanji Nagai, Kenji Ishitake, Masami
Kamigaito, Greg Guanghua Qiao

1700 - 1715 T3.21 - Amphiphilic Micellar Films via ATRP-Mediated Continuous Assembly of
Polymers. Dr Edgar H H Wong*, Eun Hyung Nam, Martin P. van Koeverden, Stefanie
N. Guntari, Steven Harris Wibowo, Anton Blencowe, Frank Caruso, Greg G. Qiao

1715-1730 T3.22- Conducting polymer macroinitiators for surface-initiated ATRP. Lisa
Strover*, Jenny Malmstrém, Olivia Laita,Nihan Aydemir, J6hannes Reynisson, David E.
Williams, Margaret Brimble, P. Rod Dunbar, Jadranka Travas-Sejdic

1730 - 1745 T3.23 - Polypseudorotaxanes Made from Self-Assembly of y-Cyclodextrins
with Poly(N -isopropylacrylamide) End-capped Block Copolymers. Lan Jiang,
Lin Ye, Ai-ying Zhang, Zeng-guo Feng*

1745- 1830 Additional Question Time

Student Night The Precinct Tavern
1930-2030 Happy hour and drink specials available for students
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Symposium Program

Plenary Session Waterfront Room 2/3
Chair: Prof Sébastien Perrier
0820 - 0830 Welcome and housekeeping

0830-0930 PL5 - Self-Organized Multicompartment Nanostructures From New Triblock
Terpolymers. Axel H E Miiller*

0930- 1000 Morning Refreshments and Trade Exhibition - Hall 1

Surfaces and Interfaces Waterfront Room 2/3
Chairs: Dr Georgina Such & A/Prof Erica Wanless

1000 - 1030 W1.1/ET 5 - Smart Polymer Capsules with Synergistic Response to Biological
Stimuli. Georgina K Such* Kang Liang, Sylvia T. Gunawan, Sarah J. Dodds, Angus. P.
R. Johnston and Frank Caruso

1030 - 1045 W1.2 - Substrate-Independent Thermal Nanoimprint Lithography by Using
Mussel-Inspired Adhesive Polymer Layers. Hiroshi Yabu*, Yuta Saito, Masatsugu
Shimomura, Yasutaka Matsuo

1045-1100 W1.3 - Adhesion Improvement Of Poly(Dimethylsiloxane) Surface By Grafting
Of Poly(Butyl Acrylate) Chains. Omer Javed Chaudhary*, Jadranka Travas-Sejdic,
Emilio Calius, John Kennedy

1100- 1115 W1.4 - A Universal Approach to Growing Biological Fouling Resistant Coatings
from Polymeric Membrane Surfaces Using an Adhesive Polydopamine-
Mimetic Initiator. Amanda Ellis*, Kristina T Constantopoulos, Tawfiq Alghamdi,
Dmitriy Khodakov, Elda Markovic, Milena Ginic-Markovic

1115-1130 W1.5 - Chlorinated plasma polymers: “one-step” non-fouling polymer
coatings. Thomas D Michl*, Doran M, Valentin J, Vasilev K, Griesser HJ

1130- 1145 W1.6 - PDMS for Ethanol Pervaporation - A hydrophilic material? Rowan
Prangley*, Tony Vancov, Erica Smith, Chris Fellows

1145-1200 W1.7 - Stimuli-responsive materials from genetically engineered Protein-

polymer AN16. Rajkamal Balu*, N. K. Dutta, N. R. Choudhury, R. E. Lyons, C. M. Elvin,

R. Knott, A. J. Hill
1200 - 1215 Additional Question Time

Bio and Natural Polymers and the Environment Meeting Room 2
Chairs: Prof Bob Gilbert & Prof Neil Cameron

1000 - 1030 W2.1/KN 18 - Elaboration and properties of multiphase systems based on
thermoplastic chitosan. Prof Luc Avérous

1030 - 1045 W2.2 - Biobased polymer processing. Peter J Halley*, M Li, W-C Liu, RG Gilbert, F
Xie, S Mateyawa, TM Nicholson, RW Truss
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1045 -1100

1100 - 1115

1M15-1130

130-1145

1145 -1215

W?2.3 - Synthesis of glycerol-based oligomers: new materials and new
applications. Sophie Monge*, Phuoc Dien Pham, Vincent Lapinte, Sophie Monge,
Yann Raoul, Jean-Jacques Robin

W2.4 - Understanding starch degradation mechanism at multiple structural
levels during extrusion. Ming Li* Jovin Hasjim, Fengwei Xie, Peter J. Halley, Robert
G. Gilbert

W?2.5 - A Parameterized Model of Amylopectin Synthesis provides key insights
into the Synthesis of Starch. Alex Chi Wu*, Matthew K Morell, Robert G Gilbert

W2.6 - The influence of starch amylopectin molecular structure on the native
crystalline-amorphous lamellar structure. Torsten Witt* James Doutch, Elliot P.
Gilbert, Robert G. Gilbert

W2.7 - Hybridization of Chitosan and Inorganic Nanoparticles via Water-based
and Mild Reaction Conditions. Suwabun Chirachanchai* Sutima Chatrabhuti,
Jatesuda Jirawutthiwongchai

Latest Developments In Polymer Synthesis Meeting Room 3
Chairs: Dr Jianyong Jin
1000 - 1030 W3.1 /KN 19 - Multicomponent Polymerization for New Polymer Synthesis. Xin-

1030 - 1045

1045 -1100

1100 - 1115

1M15-1130

1130-1145

1145 - 1200

1200- 1215
1215-1315

Xing Deng, Lei Li, Yao-Zong Wang, An Ly, Fu-Sheng Du, Zi-Chen Li*

W3.2 - Biomimetic radical polymerization in nanoreactors: Exploiting
templating and compartmentalization. Per B Zetterlund* Ronan McHale, Stuart
C. Thickett, Joseph P. Patterson, Rachel O'Reilly

W3.3 - Synthesis of Hyperbranched Polymers via Thiol-Yne
Photopolymerization. Raphael Barbey*, Sébastien Perrier

W3.4 - Nano Emulsion Polymerization of Acrylamide at Phase Inversion Point.
Zohreh Abdollahi* M. Darestani, B. Hawkett, V. Gomes

W3.5 - Inverse Miniemulsion Periphery RAFT Polymerization as a Versatile Tool
to Synthesize Hollow and Loaded Polymeric Nanoparticles. Martina Stenzel*,
Robert H. Utama, Per B. Zetterlund

W3.6 - Synthesis of Cyclic Polysulfides: Controlled Ring-Expansion
Polymerization of Cyclic Tetrathioester with Thiirane. Hiroto Kudo*, Yuki Takeshi

W3.7 - RAFT Synthesis of CO2-responsive (Co)Polymers. Jing Yang Quek?*, Peter J.
Roth, Thomas P. Davis, Andrew B. Lowe

Additional Question Time
Lunch and Trade Exhibition - Hall 1
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Symposium Pro

Surfaces and Interfaces and Polymeric Composites
Waterfront Room 2/3
Chairs: Prof Naba Dutta & Dr Stuart Thickett

1315-1330 W1.9-“Click” Chemistry - a novel fabrication method for fabricating
microfluidic devices using thiol-ene polymers. Simon J M C Bou* Amanda V. Ellis

1330 - 1345 W1.10 - Modification of Carboneaous Nanomaterials using RAFT. Jessirie Dilag,
Amanda V Ellis*

1345 - 1400 W1.11 - Coating Graphene Oxide via RAFT-Mediated Emulsion Polymerization.
Vien T. Huynh* Duc Nguyen, Brian Hawkett

1400 - 1415 W1.12 - Functional (Bio)Surfaces for Reversible Coatings. Anja S. Goldmann®,
Corinna Preul3, Thomas Tischer, Andreas Walther, Leonie Barner, Michael Bruns, Hans
G. Borner, Christopher Barner-Kowollik

1415-1430 W1.13 - Self Healing Hybrid Coating for Harsh Environment. Jason Yu, Adrian
Guo, Ravindra Potrekar, Namita Roy Choudhury*, Naba Dutta

Bio and Natural Polymers and the Environment Meeting Room 2
Chair: A/Prof John Forsythe & Prof Suwabun Chirachanchai

1315-1345 W2.9/KN 20 - Biosynthesis-structure-property relations of hyperbranched
glucose polymers. Shang Chu, Robert G Gilbert* Cheng Li, EnPeng Li, Seila Sar,
Mitchell A Sullivan, Torsten Witt, Alex C Wu

1345 -1400 W2.11 - Stimuli responsive Elastin based Polymer Brushes as Biocompatible
Nano Carriers. Désirée Weller*, Jonathan R. McDaniel, Karl Fischer, Ashutosh
Chilkoti, Manfred Schmidt

1400 - 1415 W2.12 - A marine antifouling surface from bacterially biodegraded paraffin
wax. Anisul Asfar, Lachlan H. Yee*, Tim Charlton, Peter D. Steinberg

1415-1430 W2.13 - Novel renewable architectural coating. Cameron Tristram*, Jenny Mason,
lan Sims, Bradley Williams and Simon Hinkley

1430- 1450 Afternoon Refreshments and Trade Exhibition - Hall 1

Plenary Session Waterfront Room 2/3
Chair: Prof Greg Qiao

1450- 1550 PL 6 - Precision Radical Polymerization: Catalysis and Functional Polymers.
Mitsuo Sawamoto*

1550 - 1600 Symposium Conclusion

Symposium Dinner Skycity Darwin

1830-1100 Dinner and beverages served
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Synthetic polymers for pharmaceutical applications

Cameron Alexander,** Francisco Fernandez-Trillo,* Johannes Magnusson,” Aram Saeed and
Sebastian Spain.?

School of Pharmacy, University of Nottingham, Nottingham,NG7 2RD UK,
cameron.alexander@nottingham.ac.uk

Synthetic polymers have found a variety of uses in the biomedical context, ranging from
implant materials following surgery, through to carriers for therapeutic agents. Our interests in
polymers for pharmaceutical applications include synthesising new materials as drug, gene and
cell delivery agents,'™ and also polymers which can interfere in cell signalling processes.

A common feature for these polymers is their ability to exhibit different conformations or
architectures, either through specific synthetic constructions, or response to an external
stimulus. As a consequence, the polymers can bind a drug or cell under one set of conditions,
then release their cargo when the external environment changes or a stimulus is applied. A key
focus is the tuning of polymer behaviour to changes in biological surroundings which are
manifest in disease. Accordingly we have prepared polymers that alter their function in
response to temperature, pH, redox conditions or signalling / information molecules.
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nanoparticles polypeptides growth in bacterial
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polymer colloids
The talk will feature our recent data on a range of polymers designed for biomedical
applications.

References
1. Abulateefeh, S. R.; Spain, S. G.; Thurecht, K. J.; Aylott, J. W.; Chan, W. C.; Garnett, M. C.;
Alexander, C., Biomaterials Science 2013.
2. Soliman, M.; Nasanit, R.; Abulateefeh, S. R.; Allen, S.; Davies, M. C.; Briggs, S. S.; Seymour,

L. W.; Preece, J. A.; Grabowska, A. M.; Watson, S. A.; Alexander, C., Molecular Pharmaceutics 2012,
9 (1), 1-13.

3. Wang, W.; Liang, H.; Cheikh Al Ghanami, R.; Hamilton, L.; Fraylich, M.; Shakesheff, K. M.;
Saunders, B.; Alexander, C., Advanced Materials 2009, 21 (18), 1809-1813.
4. Xue, X.; Pasparakis, G.; Halliday, N.; Winzer, K.; Howdle, S. M.; Cramphorn, C. J.; Cameron,

N. R.; Gardner, P. M,; Davis, B. G.; Fernandez-Trillo, F.; Alexander, C., Angewandte
Chemie-International Edition 2011, 50 (42), 9852-9856.
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Name — Cameron Alexander

Title: Professor of Polymer Therapeutics

School of Pharmacy, University of Nottingham, Nottingham,NG7 2RD UK:
Phone: +44 115 846 7678 E-mail: Cameron.alexander@nottingham.ac.uk

Personal History:

Professor Alexander received degrees (BSc and PhD) in Chemistry from the
University of Durham, UK and carried out post-doctoral research at the
Melville Laboratory for Polymer Synthesis, University of Cambridge. He is a
Fellow of the Royal Society of Chemistry and has published more than 120
refereed articles. Research in his group centres on the synthesis of =¥

responsive/‘smart’ materials for biomedical applications. Recent papers have focused on cell signal
recognition, diagnostics and cell targeting (Angew Chem Int Ed. 2011 50, 9852 —9856. J. Am. Chem. Soc.
2010, 732 (15), 5336-5337; Adv. Mater 2009 21(18), 1809-1813, Angew Chem Int Ed. 2008 47 (26),
4847-4850, J. Am. Chem. Soc. 2008, 130 (33), 10852 - 10853), drug and gene delivery (Mol.
Pharmaceutics 2012, 9 (1), 1-13.J. Control. Release 2012 158, (3), 479-486. Bioconjugate Chem. 2011, 22
(2), 156-168)., and polymer-biopolymer conjugates (Polymer Chem. 2011 2, 1567-1578, Bioconjugate
Chem. 2010 21, 671-678).

Professor Alexander is the Director of the £2.5 million EPSRC Centre for Doctoral Training in Targeted
Therapeutics and Formulation Sciences, a partnership between the University of Nottingham, University
College London and seven leading pharmaceutical companies. He also is Principal Investigator for the UK

component of the Erasmus Mundus Joint Doctorate (NanoFar) in Nanomedicine
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Reconfigurable assemblies of active, auto-chemotactic gels
Pratyush Dayal ', Olga Kuksenok ' and Anna C. Balazs '

! University of Pittsburgh, Pittsburgh, PA 15261

Species ranging from single-cell organisms to social insects can undergo auto-chemotaxis, where the entities
move towards a chemo-attractant that they themselves emit. This mode of signaling allows the organisms to
form large-scale structures, with amoebas and E coli self-organizing into extensive multi-cellular clusters and
termites constructing macroscopic mounds. Notably there are few equivalents of such auto-chemotactic driven
assembly in the synthetic world. While researchers have devised a range of nano- and micro-scopic
self-propelled particles, hardly any exhibit auto-chemotaxis that leads to the formation of extended structures.
Though recent theoretical models provide insight into the auto-chemotaxis of a self-propelled walker and active
Brownian particles, these studies provide few guidelines for synthesizing specific materials that display
auto-chemotactic self-organization. The latter materials would open new routes for dynamic, reconfigurable
self-assembly, where self-propelled elements communicate with neighboring units and thereby actively
participate in constructing the final structure. Herein, we use computational modeling to show that
millimeter-sized polymer gels can display such self-sustained, auto-chemotatic behavior. In particular, we
demonstrate that gels undergoing the self-oscillating Belousov-Zhabotinsky (BZ) reaction not only respond to a
chemical signal from the surrounding solution, but also emit this signal and thus, multiple neighboring gel pieces
can spontaneously self-aggregate into macroscopic objects. These findings indicate that BZ gels can undergo a
form of “self-recombining™: if a BZ gel is cut into distinct pieces and the pieces are moved relatively far apart,
then their auto-chemotactic behavior drives the parts to move autonomously and recombine into a structure
resembling the original, uncut sample. We also show that the gels’ coordinated motion can be regulated by light,
allowing us to achieve selective self-aggregation and control over the shape of the gel aggregates, as well as
reconfiguration of the entire structure.

ANNA C. BALAZS
Professor
University of Pittsburgh, USA
Phone: +1-412-648-9250; Fax: +1-412-624-9639; E-mail: balazs@pitt.edu
Personal History:
2005- Distinguished Professor of Chemical Engineering
2001- Robert Von der Luft Professor
Research interests: theoretical and computer modeling of polymeric materials

34APS 7-10 JULY 2013

65



66

Dynamically Tunable Hydrogels and Their Biological Application
Mark Tibbitt"?, Cole DeForest'?, Dan McKinnon"’, Kristi Anseth"*>

"Department of Chemical and Biological Engineering, the *Biofrontiers Institute, and the *Howard Hughes
Medical Institute, University of Colorado, Boulder, CO 80303 USA

Methods for culturing mammalian cells in a biologically relevant context are increasingly needed to study cell
and tissue physiology, expand and differentiate progenitor cells, and to grow replacement tissues for regenerative
medicine. Two-dimensional culture has been the paradigm for in vitro cell culture; however, evidence and intuition
suggest that cells behave differently when they are isolated from the complex architecture of their native tissues and
constrained to petri dishes or material surfaces with unnaturally high stiffness, polarity, and surface to volume ratio.
As a result, biologists are often faced with the need for a more physiologically relevant 3D culture environment, and
many researchers are realizing the advantages of hydrogels as a means of creating custom 3D microenvironments
with highly controlled chemical, biological and physical cues. Further, the native ECM is far from static, so ECM
mimics must also be dynamic to direct complex cellular behavior. In general, there is an un-met need for materials
that allow user-defined control over the spatio-temporal presentation of important signals, such as integrin-binding
ligands, growth factor release, and biomechanical signals. Developing such hydrogel mimics of the ECM for 3D
cell culture is an archetypal materials engineering problem, requiring control of numerous properties on multiple
time and length scales important for cellular functions. New materials systems have the potential to significantly
improve our understanding of how cells receive information from their microenvironment and the role that these
dynamic processes may play in controlling the stem cell niche to cancer metastasis. This talk will illustrate our
recent efforts to advance hydrogel chemistries for 3D cell culture and dynamically control biochemical and
biophysical properties through orthogonal, photochemical reaction mechanisms'®. These photoactive hydrogels
afford unique user-defined manipulation of the extracellular microenvironment in real time, allowing dynamic for the
study and manipulation of cell behavior (Fig. 1).

Fig. 1 Directed cell motility within patterned hydrogels. A fibrin clot containing
NIH3T3 fibroblasts was encapsulated within a click hydrogel formulation.
Chemical channels of RGD, a cell-adhesive fibronectin motif, as well as physical
channels of arbitrary shape were created radially from the clot. The combination of
having physical space to spread, as well as chemical moieties to attach, were found
to be required to direct cell motility. By day 10, cells were found to migrate only
down physical channels that were functionalized with RGD. In particular, the cell
outgrowth was controlled in the presence of encapsulated human mesenchymal stem
cells and confined to branched photodegraded channels that were functionalized
with RGD. The regions of RGD-functionalization are depicted by dashed
polygons. The hydrogel is shown in red, F-actin green, and cell nuclei blue.
Scale bars = 100 um. [modified from (1)].

1 C.A. DeForest, K.S. Anseth, Nat. Chem. 2011, 3, 925-931.

A.M. Kloxin, A.M. Kasko, C.N. Salinas, K.S. Anseth, Science. 2009, 324, 59-63.

C.A. DeForest, K.S. Anseth. Angew Chem Int Ed Engl. 2012, 51, 1816-1819.

M.W. Tibbitt, B.W. Han, A.M. Kloxin, K.S. Anseth, J. Biomed Mater Res. 2012, 100A, 1647-54.
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Kristi Anseth B
Title: Professor and HHMI Investigator

University of Colorado at Boulder, USA:

Phone: +1-303-492-3147 Fax: +1-303-492-4341 E-mail: kristi.anseth@colorado.edu
Personal History:

1992 BS, Purdue University
1994 PhD, University of Colorado
1995-96 Postdoctoral Associate, MIT

1996-pres. Professor and HHMI Investigator, University of Colorado
Research interests: hydrogels, biomaterials, photopolymerizations, tissue engineering
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Novel solid state electrolytes - enabling future energy technologies

Maria Forsyth', Patrick C. Howlett' Jenny Pringle’, Wren Greene', and Douglas R. Macfarlané’

! Institute of Frontier Materials, Deakin University, 221 Burwood Highway, Burwood VIC 3125, Australia
% School of Chemistry, Monash University, Clayton VIC 3800, Australia
and ARC Centre for Electromaterials Science

Significant progress has been made, in recent years, in the development of solid state ionic conductors based
on polymer electrolytes, polymer gels, organic ionic plastic crystal materials and composites, driven by a
continued need for high conductivity solid state electrolytes for a range of electrochemical devices. The research
in this field covers many aspects including synthesis of new materials, fundamental understanding of the
structural and transport properties in these materials in both the pure state and as gels or composites, and the
development of these materials as electrolytes in devices such as lithium batteries, sodium batteries, dye
sensitised solar cells and fuel cells. ~ We will discuss the history and the advances of a number of novel solid
electrolytes and their future prospects in solid state device applications.

Some examples will include the design of new sodium ion conducting polymer electrolytes based on
polyelectrolyte copolymers and their self-plasticization by quaternary ammonium cations, new composite
materials based on organic ionic plastic crystals (OIPC) and dendrimers (Figure 1) as well as OIPC/ polymer
fiber electrospun mats. These latter composite electrolytes are easily formed into thin, flexible and
mechanically robust films which can have desirable properties for device applications.

Figure 1 An SEM image (upper) of an organic o Conduetivity P12BF4+ 10% LIBF4

ionic plastic crystal composite based on ethyl, o1 & Conrductivity F120F 4+ 10% LIEF4. +0,001mel Dendnimer
methyl pyrrolidinium tetrafluoroborate and a oo

dendrimer (hyperbranched bis MPA . - : =
polyester-64-hydroxyl, generation 4) composite 153 - - "

and ionic conductivity (below) of the composite
material compared with the pure OIPC. A
significant enhancement in conductivity can be
observed.
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Self-Organized Multicompartment Nanostructures From New Triblock Terpolymers
Axel H. E. Miiller

Institute of Organic Chemistry, Johannes Gutenberg Universitit Mainz, Germany
and Makromolekulare Chemie II, Universitit Bayreuth, Germany

Compartmentalization of nanostructures is an important issue since different compartments can have different
functions, e.g. loading of different payloads, such as drugs or inorganic nanoparticles. The self-assembly of
triblock terpolymers (also known as ABC triblock copolymers) in solution and in the bulk are ideally suited for
such a task. A typical example is polystyrene-block-polybutadiene-block-poly(methyl methacrylate). Compart-
mentalization can occur either in the corona or in the core.

We have prepared corona-compartmentalized nanoparticles (Janus spheres, cylinders, or disks) by crosslink-
ing domains in the bulk nanostructures of triblock terpolymers. These Janus micelles have superior properties as
interfacial agents, as stabilizers in emulsion polymerization, or as compatibilizers of polymer blends.!"!

We present a flexible route for the directed self-assembly of triblock terpolymers into multicompartment mi-
celles (MCMs) of different shapes and sizes, simply by choosing the right solvent conditions and solvent se-
quences. These MCMs can have spherical shapes, like hamburgers, clovers, or footballs. However, we can also
trigger the shapes in a way that they form worm-like structures with alternating compartments of, e.g. polysty-
rene and polybutadiene, with a corona of PMMA. The different compartments can be loaded with various nano-
particles.!?

We also demonstrate a novel, solution-based approach to Janus micelles by crosslinking the patches on a
spherical MCM. In contrast to our former bulk morphology approach this new approach for the first time pro-
vides soft Janus micelles with adjustable Janus balance, i.e. adjustable fraction of polymer chains forming one
face.l®! This balance is important, e.g., for their use as dispersants of carbon nanotubes.

A new miktoarm-star triblock terpolymer, having one arm each of polybutadiene, quaternized
poly(2-vinylpyridine) and poly(fert-butyl methacrylate (u-BVT) forms unusual assemblies in water. Depending
on the nature of the counterion of the
quaternized 2-vinylpyridine units, a multi-
tude of assemblies is formed, starting from
micelles over cylinders to woodlouse-shaped
assemblies of lamellae (Fig. 1).14

Figure 1. Self-assembeld structures of a
wu-BVT miktoarm star terpolymers in water
in dependence of the counterion

' A. Walther, A.H.E. Miiller, Sof Matter 4, 663 (2008).

2 A. H. Gréschel, F. H. Schacher, H. Schmalz, O. V. Borisov, E. B. Zhulina, A. Walther, A. H. E. Miiller Nature
Commun. 3:710 (2012).

3 A. H. Groschel, A. Walther, T. 1. Lobling, J. Schmelz, A. Hanisch, H. Schmalz, A. H. E. Miiller J. Am. Chem.
Soc. 134, 13850 (2012)

* A. Hanisch, A. H. Groschel, M. Fértsch, M. Drechsler, H. Jinnai, T. M. Ruhland, F. H. Schacher, A. H. E. Miil-
ler, submitted

Axel H.E. Miiller
Professor
Institute of Organic Chemistry, Johannes Gutenberg Universitdt Mainz, Germany
E-mail: axel. mueller@uni-mainz.de
Personal History:
1977 PhD, Universitit Mainz, Germany
1999-2012 Full Professor, Universitit Bayreuth, Germany
Since 2012 Fellow of the Gutenberg Research College, Universitit Mainz
Research interests: Synthesis and self-assembly of complex polymer structures
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Precision Radical Polymerization: Catalysis and Functional Polymers
Mitsuo Sawamoto

Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University
*Katsura, Nishikyo-ku, Kyoto 615-8510, Japan

Precision or living radical polymerization has been finding a steady and productive progress, to provide
versatile and user-friendly methodologies of polymer synthesis open to a wide range of scientists working
beyond polymer chemistry. Metal-catalyzed living radical polymerization (LRP) is not an exception (Fig.1),'
and this lecture will highlight some of the recent developments in our laboratories:

(A) Generalization of "dormant species" in precision control of chain-growth polymerization;

(B) "Green" catalysts based on Ru(II) and Fe(Il): super-active, abundant, and functionality-tolerant (Fig.2);'

(C) "Core-functionalized" star polymers: synthesis, catalysis, and molecular recognition (Fig.3);*

(D) "Sequence-controlled" multifunctional macromolecules: new strategies for sequence regulation (Fig.4).”

Metal Catalysts
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Figure 1. Metal-catalyzed LRP. Figure 2. "Green" catalysts for future LRP.
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Figure 3. "Core-functionalized star polymers. Figure 4. "Sequence controlled" macromolecules.

! Reviews: M. Sawamoto et al., Chem. Rev. 2009, 109, 4963—5050; Acc. Chem. Res., 2008, 41, 1120—1132.
2 T. Terashima, A. Nomura, M. Ito, M. Ouchi, M. Sawamoto, Angew. Chem. Int. Edit. 2011, 50, 7892-7895.
> M. Ouchi, N. Badi, J.-F. Lutz, M. Sawamoto, Nat. Chem. 2011, 3, 917-924.

Mitsuo Sawamoto
Title: Professor, PhD, Executive Member of the Science Council of Japan
Affiliation, Country: Kyoto University, Japan
Phone: +81-75-383-2600 Fax: +81-75-383-2601 E-mail: sawamoto@star.polym.kyoto-u.ac.jp
Personal History:
1979 PhD in Polymer Chemistry, Kyoto University
1980-81 Visiting Scientist, Inst. Polymer Science, University of Akron, OH, U.S.A.
1981-present Dept. of Polymer Chemistry, Grad. Sch. of Engineering, Kyoto University
Since 1994  Professor of Polymer Chemistry
Research interests: precision polymerization, metal catalysis, functional polymers
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High Speed Video Observation of Giant Pickering Emulsion and Colloidosome Droplet

Interaction and Stability
Erica J Wanless," Kate Thompson,’ Andrew Morse,” Emma Giakoumatos,’ Grant B. Webber,! Steven P. Armes,’

Seher Ata’

"Priority Research Centre for Advanced Particle Processing & Transport, University of Newcastle, Australia
Department of Chemistry, University of Sheffield, UK
*Department of Mining Engineering, University of New South Wales, Australia

The interactions of two 2-mm pendant oil droplets grown in the presence of an aqueous solution of latex
particles was observed using a high-speed video camera on a homebuilt coalescence rig.' The coalescence
behaviour was monitored as a function of oil type (n-dodecane versus sunflower oil) and adsorbed latex type
(poly(glycerol monomethacrylate)-stabilised polystyrene (Fig.1A)? versus lightly cross-linked
2-(tert-butylamino)ethyl methacrylate)®. Both latexes had previously been reported to be effective Pickering
emulsifiers, with the pH-responsive microgel character of the latter leading to rapid demulsification upon
exposure to acid. This pH response has been characterised here on giant Pickering emulsion droplets using the
coalescence rig. Colloidosomes had been reported as formed by both latexes in the presence of an oil-soluble
cross-linker [tolylene 2,4-diisocyanate-terminated poly(propylene glycol)]. The impact of this cross-linking
reaction on droplet stability was also followed on the coalescence rig (Fig.1B).

The damping coefficient of the coalescing n-dodecane droplets was found to increase in the presence of the
latex, confirming particle adsorption.* Coalescence times increased when the oil phase was changed from
n-dodecane to sunflower oil, because of the much higher viscosity of the latter oil. In addition, increasing the
adsorbed PGMAs-PS latex particle size led to longer coalescence times because of the greater distance
separating the oil droplets. Addition of PPG-TDI to the oil phase reduced the interfacial elasticity and
ultimately prevented coalescence through the formation of giant colloidosomes which were found to be stable in
contact for several hours without undergoing coalescence. Finally, evidence for cross-linker diffusion from one
pendant droplet to another was indicated by a visible filament connecting the two droplets upon retraction.

Figure 1. (A) Transmission electron microscopy image of 135 nm PGMA;-PS latex particles prepared by
aqueous emulsion. (B) High speed video images of latex coated sunflower oil droplets in aqueous solution in the
absence a of PPG-TDI cross-linker dissolved in the sunflower oil.

Coalescence of two giant Pickering emulsion droplets
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My research group is focused on the development of polymers for the delivery of drugs,
nucleic acids, and peptides. The intracellular delivery of nucleic acids offers unprecedented promise
for revolutionizing biomedical research and novel drug development. Likewise, small molecule drug
and vaccine development could significantly benefit from new materials that aid targeted delivery.
However, the polymeric delivery vehicle plays a central yet elusive role in dictating the efficacy, safety,
mechanisms, and kinetics of transport in a spatial and temporal manner. To this end, we have
developed several novel carbohydrate-containing polymers that have shown outstanding affinity to
encapsulate polynucleotides, drugs, and peptides into nanocomplexes and facilitate highly efficient
intracellular delivery without toxicity. We have utilized step growth polymerization techniques to
yield a comprehensive series of polycations that contain various mono-, di-, and oligosaccharide
moieties copolymerized with ethyleneamine units. In addition, we have recently created analogs of
these polymers via RAFT and anionic polymerization methods, allowing us to create a variety of block
copolymer architectures with saccharides and functional groups of diverse chemistries (hydrophobic,
cationic, and anionic units) in a highly controlled manner. To examine the intracellular mechanisms of
delivery, we have utilized live cell confocal microscopy imaging techniques to examine the
intracellular trafficking of the vehicles, which allows us to observe nanocomplex movement in a
spatial and temporal manner.

Figure 1. a) CryoTEM image of polymeric micelles formed with carbohydrate-based block
copolymers (scale bar = 100nm). b) Depiction of the core-shell structure of the nanocomplexes
(polymerized pendant carbohydrates form the shell in blue). ¢) 3D image of the polymeric
nanocomplexes (blue) trafficking near the nucleus (yellow) in a HeLa cell.

a)

1. L. Yin, M. C. Dalsin, A. Sizovs, T. M. Reineke, M. A. Hillmyer “Glucose-Functionalized
Serum-Stable Polymeric Micelles From the Combination of Anionic and RAFT Polymerizations”
Macromolecules, 2012, 45, 4322-4332.
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Solution processable poly(dendrimers) for organic light-emitting diodes
Paul Burn', Wen-Yong Lai', Shih-Chun Lo
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The discovery that phosphorescent materials can give rise to efficient organic light-emitting diodes
(OLEDs)' has caused an explosion of interest in the development of new materials. The majority of the effort has
focused on small molecule emitters, which are processed by evaporation under high vacuum. Although this has
been highly successful there are now concerns that the evaporation process might lead in some cases to the
deposition of degraded materials. In addition, processing by evaporation is best suited to small devices.

To take phosphorescent materials into the realm of large area displays and lighting it would be
advantageous to have solution processable materials. Phosphorescent dendrimers in which the phosphorescent
emitter is encapsulated within a dendritic architecture has proved to be a very effective method for forming thin
films for monochrome emission. Simple devices containing two layers, the emissive dendrimer layer and an
electron transport layer, have been reported to have external quantum efficiencies of 13% at usable brightnesses.”
However, the viscosity of such materials is not sufficient for them to be processed by methods such as ink-jet
printing.

To overcome this limitation we have been developing phosphorescent poly(dendrimers). We have found
that unlike previously reported copolymers containing small phosphorescent complexes it is possible to form
homopolymers in which every ‘monomer unit’ has a phosphorescent moiety attached (e.g., 1° and 2 in Fig. 1). In
the homopolymers with simple side-chain complexes the close proximity of the phosphorescent emitters was
found not to quench the luminescence in solution significantly, although in the solid state the intermolecular
interactions do lead to a dramatic reduction in the photoluminescence quantum yield. By using dendritic emitters
attached to the polymer backbone (e.g., 2 in Fig. 1) it was found that the homopolymer could be easily solution
processed to give devices with good performance.* In this presentation I will discuss the design principles for and
synthesis of poly(dendrimers), as well as their photophysical and device performance.

OR
Figure 1: Structures of solution processable phosphorescent homopolymers, 1) a polymer containing side chains

comprised of a small molecule iridium(IIl) complex and 2) a poly(dendrimer) with side-chains comprised of

iridium(III)-cored dendrimers; R = 2-ethylhexyl.
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Research Collaborations in Polymer Industry
Leo Hyde'
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The discussion around research is a great one but if this research has no utility in the world of business then of
what use is it.

A good question in my many years working with researchers in Australia and overseas this question has been
asked and in many instances and it often takes a person of vision to see the industrial utility of this research or
where it might lead in the industrial world.

In one project working with CSIRO a technology that allows the precise control of the molecular structure of
a chosen polymer was discovered by a team working with the industrial partner but the initial response was we
can’t use this technology because of the smell and colour, but over the next few years these issues were solved
and the technology is now being used in commercial applications from photoresists to house paint. It’s the
collaboration and knowledge from both sides each with their unique perspectives that really allows commercial
success. Its true one plus one is greater than two.

So it’s not just the research but the collaboration between researcher and commercial partner that leads to the
final positive result for all concerned.

Photonic Crystals Formed in Semi-Dilute Solutions of Block Copolymers and
Application to Non-Linear Optical Devices

Shigeru Okamoto

Department of Materials Science and Engineering, Nagoya Institute of Technology

The publication on the optical properties of three-dimensionally arrayed dielectric materials by Yablonovitch
and John in 1987 has stimulated many researches and inventions of optical materials for these decades. The
optical materials allow us to control light propagation that provide a new technology of optical devices', such as
low-energy consumption laser, high-speed computers, and so on. We have succeeded in fabrication of a photonic
crystal (PhC), representing a novel class of optical materials, via self-assembly of block copolymers (BCP) that
generally form one-, two-, three-dimensional periodic nanostructures, i.e., lamellar, cylindrical, spherical,
gyroids microdomains, etc®. Lattice spacings of the microdomain structures are dependent on molecular sizes of
BCPs. In order to obtain a large spacing on the order of wavelength of visible light, we should utilize BCPs with
ultra-high-molecular weight (UHMW) such as 10° g/mol. They, however, are highly entangled and hence too
viscous in bulk to attain structural equilibrium. In contrast, we have found that microphase separation is strongly
induced by solvent selectivity even in a semi-dilute solution on the order of several percent’ (Fig. 1). In these
solutions, BCP’s can easily reach structural equilibrium with high order because of their high mobility at such
low concentrations. In the vicinity of the boundary of lyotropic order-disorder transition, large grains with the
size of centimeters (Fig. 2) were obtained. The large grain gives a spot-like ultra-small-angle x-ray scattering
pattern (Fig. 3). These phenomena was successfully analyzed by computer simulation using “SUSHI*.

low-conc. solution
in a good solvent

Fig. 1 Microphase separation induced by selective solvent. Fig. 2 a giant grain in Fig. 3 2D USAXS of
a BCP solution. gyroid single grain

On the basis of this idea, we fabricated a laser resonator by mixing rhodamin
to the block copolymer solution with THF and water described above. The block
copolymers successfully inhibit the spontaneous emission of dyes induced in the
microdomain structures, and laser emission was generated as seen in Fig. 4 when
the green laser with the wavelength of 532 nm as a pumping light stimulated the
sample. Three-dimensional emission was observed because the sample have

gyroid structures with the trisoctahedral symmetry. Fig. 4 Laser emission
from  microdomain
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Water-based Nanoparticulate Organic Photovoltaics
Paul C Dastoor
Centre for Organic Electronics, University of Newcastle, Callaghan, NSW 2308, Australia

Recently, the fabrication of organic solar cells from water-dispersed nanoparticulate materials (solar paint) has
attracted increasing interest since it offers the potential of morphological control coupled with device processing
in the absence of an organic solvent. In this talk I will present our recent work on developing optimized
nanoparticulate organic photovoltaic (NP-OPV) devices from water-based polymer nanoparticle dispersions.

Our initial studies were focussed on blends of
poly(9,9-dioctylfluorene-co-N,N-bis(4-butylphenyl)-N,Ndiphenyl-1,4-phenylenediamine) (PFB) and
poly(9,9-dioctylfluorene-co-benzothiadiazole (FSBT). By controlling both nanoparticle morphology' and
inter-particle interactions it is now possible to build polyfluorene NP-OPV devices that are more efficient than
the corresponding bulk heterojunction devices. In particular: (1) the polyfluorene nanoparticle morphology is
suited to effective charge separation, (2) thermal treatment of the deposited layers results in improved
interparticle connectivity and effective charge transport, and (3) the optimal device thickness is a delicate
balance between the repair of layer defects and the creation of stress cracking in the nanoparticulate film?.
Moreover, the addition of calcium into the cathode structure results in a dramatic increase in open circuit voltage
and power conversion efficiencies (PCE) approaching 1% for water-based polyfluorene NP-OPV devices are
now possible®.

Poly(3-hexylthiophene) (P3HT):[6,6]-phenyl-C61-butyric acid methyl ester (PCBM) blends are the most studied
organic photovoltaic materials system and conventionally are processed into thin films via organic solvent based
routes. We have recently probed directly the structural motif of PZHT:PCBM NP-OPYV devices and have shown
how NP morphology determines device function. For this system, the unannealed NP-OPV devices exhibit the
highest efficiencies, with PCEs of 1.3 %. Scanning transmission X-ray microscopy (STXM) studies show that
annealing these devices leads to gross phase segregation and reduced device performance®. Finally, the
performance of nanoparticulate organic photovoltaic (NP-OPV) devices fabricated from poly(3-hexylthiophene)
(P3HT):indene-C60-bisadduct (ICBA) blends. These devices exhibit power conversion efficiencies of 2.5 %,
which is the highest so far reported for NP-OPV cells. Using STXM and thermodynamic modelling we show
that the improved performance is driven by the enhanced miscibility of ICBA in P3HT, which results in a more
efficient intermixed structure in the annealed devices®.

I K.B. Burke, et al., “Scanning transmission x-ray microscopy of polymer nanoparticles: probing morphology
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B. Vaughan, et al., “Effect of a Calcium Cathode on Water-based Nanoparticulate Solar Cells”, Applied
Physics Letters, 101, 053901, (2012).

S. Ulum, et al., “Determining the Structural Motif of P3HT:PCBM Nanoparticulate Organic Photovoltaic
Devices”, Solar Energy Materials & Solar Cells, 110, 43 — 48, (2013).
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Abstract

This presentation will report new work that builds on our initial studies concerned with defining the influence
that microwave energy has upon the mechanisms of chain growth polymerisations. This presentation will present
data from recent studies which were dedicated toward broadening the investigating into how the dielectric
properties of chain growth polymerisation systems produce significant rate enhancements for the polymerisation.
Furthermore, this dielectric property assessment will then be compared and contrasted to these materials actual
performance in polymerisation reactions conducted using microwave energy as a heating source.

The use of microwave energy as a heating source to drive chemical reactions has been well documented in
recent years, along with the numerous potential advantages offered by its use. These include rapid bulk heating,
good temperature homogeneity and selective heating. However, in many cases these reports have detailed the
outcomes of conducting the test chemistry in less than rigorous conditions, for example in commercially
available domestic multi-mode microwave apparatus. Unfortunately, processing in this way does not allow for
the true scientific/engineering effects that have lead to this observation to be identified, because the true
influence of the factors that can influence the reaction, cannot be decoupled from one another. In the particular
case of chain growth polymerization chemistry, the “high level” microwave effects that have been reported thus
far include accelerated polymerization rate, molecular weight differences and changes to reaction selectivity.
However, little work has been done to further investigate the exact microwave effects that are the root cause of
these observed phenomena. Many literature publications have simply claimed the influence of “non-thermal
microwave effects” to explain empirical results, without any further postulation on a possible mechanistic
explanation of the effects detailed. Thus it is still not completely clear, on a scientific basis, where in the overall
process the microwave energy is generating the changes observed.

This paper will report the results of our latest work targeted at defining the actual effects of applying
microwave energy to both free radical and ring opening based polymerization systems. Data from these reactions
will be presented that not only demonstrates the key benefits of applying microwaves to these systems but also
proposes the mechanistic aspects that are responsible for these observations. Furthermore, the conclusions from
these results will be supported by being cross-referenced to;

(a) the dielectric property predictions to assess if this method is correctly predicting the effects that

microwaves are having over the active species present in the polymerization.

(b) real time spectroscopic assessment of the progression of the key reactions that are involved in the

polymerisation mechanism.
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Role of Polymer Morphology in Organic Photovoltaics
David A. Lewis

Flinders Centre for Nanoscale Science and Technology
Flinders University, Bedford Park, South Australia

Organic Photovoltaics (OPVs) offer a number of interesting commercial opportunities around their ability to
be incorporated into buildings in an architecturally attractive way. However, before this opportunity becomes
reality, there are many challenges to be overcome including efficiency, cost and lifetime.

While the structure shown below appears simple, it is in fact an idealised cartoon suggesting sharp interfaces
which are potentially ideal for electron transport, but of course is not the reality. More importantly, diffusion
across these interfaces can destroy the device properties.

The most complex and studied layer is the active
layer, shown below using a blend of poly(3-hexyl
thioophene (P3HT) and phenyl-C61-butyric acid
methyl ester (PCBM). This layer partially phase
separates to form a bulk heterojunction (BHJ) which
has a complex morphology with a very high surface
area promoting charge separation and transport to
electrodes.

This presentation will describe a number of
initiatives being investigated to control the structure
of these devices and better understand the factors
limiting device lifetime.

One such approach is to effectively polymerise the

Glast Subetrate small molecule PCBM by attaching the active part, a

fullerene, to a polymer chain. The resulting

polymer has significantly less solubility in P3HT, providing alternate avenues to phase development of this layer.

In a second approach, while the structure can be created by a sequential series of processing steps, a hierarchy
of solvents and temperature profiles inherently limits the structure and performance of each layer. Lamination
offers the potential to optimise the structural development of each layer independently and then bring them
together to create the final device. Results of lamination at various interfaces will be presented.
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Precision Macromolecular Chemistry: Building Nanostructured Materials One Molecule
at a Time.
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Key Centre for Polymers & Colloids
School of Chemistry, The University of Sydney
NSW 2006
http://www.kepe.usyd.edu.au

Chemists are remarkably proficient at directing the synthesis of small molecules, but fine-tuning the
structures of large molecules, such as those found in polymers, is far more taxing. Despite many years of
research, the field of macromolecular engineering i.e. the preparation of large molecules with strict control over
their size and chemical groups has many mountainous challenges yet to overcome. Nature provides endless
examples of precisely engineered macromolecules; proteins, for instance, which contain amino-acid side-chains
that are accurately positioned, often in a way that determines the proteins’ roles. Synthetic chemists have tried to
recreate nature’s exceptional control over macromolecules, and in so doing they have designed new materials
with precisely defined structures, for use in applications ranging from materials to medicine.

The lecture will describe new synthetic paths to design macromolecules showing excellent control over
their topology and functionality. These synthetic macromolecules are then exploited to directly form functional
materials, or associated to biopolymers such as peptides to form natural / synthetic polymer conjugates. The
exploitation of these well-defined macromolecules for the design of functional nanostructured materials via
molecular self-assembly and self-organization will be discussed, with examples of applications in the material
and biomedical fields.

Figure 1. Examples of ordered arrays of core shell nanoparticles (left) and peptide / polymer conjugates
nanotubes (right).
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Smart polymer-protein hybrids and sugar-responsive micelles
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This presentation will discuss our results in two areas of responsive polymeric
nanomaterials. The first topic of the presentation will discuss glucose-responsive polymers
and their potential to be employed in the area of sugar-induced release of diabetes
therapeutics (Scheme 1). Boronic acid-containing block copolymers were shown to be both
pH- and glucose-responsive in aqueous media, which led to unique adaptive self-assembly
behavior. Polymeric micelles and vesicles constructed from these block copolymers were
capable of encapsulating model therapeutics and allowing their release upon an increase in the
surrounding glucose concentration.

The second topic of the presentation will describe the synthesis and characterization of
polymer-protein conjugates (Scheme 2). Specifically, block copolymer-protein bioconjugates
were prepared by grafting from proteins modified with reversible addition-fragmentation
chain transfer (RAFT) agents. Both maleimide-functional and activated ester-functional
RAFT agents were reacted with cysteine or amine residues, respectively, on model proteins to
afford protein macro-chain transfer agents that contained the RAFT agents immobilized via
their ~ R-groups. Polymerization of N,N-dimethylacrylamide (DMA) led to
poly(DMA)-protein conjugates that retained the thiocarbonylthio functionality necessary for
addition of a second block of poly(N-isopropylacrylamide). The resulting block copolymer
conjugates contained an outer hydrophilic block and an inner thermoresponsive block.
Cleavage of the block copolymers from the proteins and subsequent analysis suggested the
homopolymerizations and subsequent block copolymerizations were efficient and
well-controlled. Preliminary solution studies of the resulting block copolymer-conjugates
indicated the self-assembly behavior and bioactivity could be controlled by temperature
modulation.

Scheme 1

= o e

H
OH

Scheme 2

- rsponsve 3 ﬁﬁ‘
ne ’/u self-assembly
LN ’ ’ ’
RAFT % %{

RAFTagent monomer .
o e & &

N\"‘ block copolymer-protein
conjugates

80 7-10 JULY 2013 34APS

Photocontrollable Liquid Crystalline Polymer Actuators
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By incorporating azobenzene groups into the crosslinked liquid crystal polymers (CLCPs), large
deformations such as contraction and bending have been induced by light due to the photoisomerization of the
azobenzene chromophores. '™ Since light is an ideal stimulus for it can be localized (in time and space), selective,
and allows for remote delivery of energy, photodeformable CLCPs present an interesting opportunity to realize
soft actuators in microscope applications, such as full-light-driven motor, oscillators, and microrobots.>®
However, most of the photocontrollable CLCP systems were controlled by ultraviolet light which is not idea for
practical application, due to considerations of safety, power consumption and cost. Therefore, it would be
interesting and significant to develop photodeformable CLCPs which could be photo-regulated by a low energy
light, because it is more environment-friendly and causes less damage.”'® Upconversion materials, which are
capable of the conversion of optical radiation into light of a shorter wavelength, could be potentially utilized in
this regard. Recently, we incorporated upconversion nanophosphors which absorb near-infrared (NIR) light and
convert it to higher-energy photons in the UV and visible regions, into the azotolane-containing CLCP film and
succeeded in generating fast bending of the resulting composite film upon exposure to continuous-wave (CW)
NIR light at 980 nm."" Most lately, by the integration of platinum(II) tetraphenyl-tetrabenzoporphyrin (PtTPBP)/
9,10-bis(diphenylphosphoryl) anthracene (YN2)-containing upconverting rubbery polymer film with an
azotolane CLCP film (Scheme 1), we achieved a new photodeformable composite film driven by triplet-triplet
annihilation based upconversion luminescence (TTA-UCL). This composite film bent towards the light source
when irradiated with 635 nm light, because the generated upconverted blue YN2 fluorescence released from the
rubbery upconverting film triggered trans-cis photoisomerization of the azotolane units and an alignment change
of the mesogens in the CLCP film.
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Scheme 1. (a) Chemical structures and properties of LC compounds 1 and 2 used in this study. (b) TTA
multi-chromophore systems consisting of a sensitizer PtTPBP and an annihilator YN2.

! H. Finkelmann, E. Nishikawa, G. G. Pereira, M. Warner, Phys. Rev. E 2001, 64,061702.

2Y. Yu, M. Nakano, T. Tkeda, Nature 2003, 425, 145.

3T. Ikeda, J. Mamiya, Y. Yu, Angew. Chem. Int. Ed. 2007, 46, 506.

‘W, Wang, X. Sun, W. Wu, H. Peng, Y. Yu, Angew. Chem. Int. Ed. 2012, 51, 4644.

5 M. Yamada, M. Kondo, J. Mamiya, Y. Yu, C. J. Barrett, T. Ikeda, Angew. Chem . Int.. Ed. 2008, 47, 4986.
%K. M. Lee, H. Koerner, R. A. Vaia, T. J. Bunning, T. J. White, Soft Matter 2011, 7,4318.

7F. Cheng, R. Yin, Y. Zhang, C.-C. Yen, Y. Yu, Soft Matter 2010, 6, 3447.

8C.Li,F. Cheng, J. Lv, Y. Zhao, M. Liu, L. Jiang, Y. Yu, Soft Matter 2012, 8, 3730.

°R. Yin, W. Xu, M. Kondo, C.-C. Yen, J. Mamiya, T. Ikeda, Y. Yu, J. Mater. Chem. 2009, 19, 3141.
0F, Cheng, Y. Zhang Y, R. Yin, Y. Yu, J. Mater. Chem. 2010, 20, 4888.

"W. Wu, L. Yao, T. Yang, R. Yin, F. Li, Y. Yu, J. Am. Chem. Soc. 2011, 133, 15810.
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Tailor-made Polymers for Bacteria-Responsive Wound Dressings: Fabrication,
Characterization and Enzyme-Triggered Release

Simon Haas, Katrin-Stephanie Tiicking, Stephan Handschuh, Holger Schénherr

University of Siegen, Department of Chemistry & Biology, Physical Chemistry I, 57076 Siegen, Germany

In this contribution our recent efforts to exploit supramolecular assemblies of tailor-made polymers for
application in advanced wound dressings will be discussed. Nanocapsules obtained by the self-organization of
tailor-made enzyme-responsive block copolymers provide dual functionality in currently developed advanced
wound dressings as (i) indicator for wound infection with pathogenic bacteria and (if) in situ on demand
treatment against those pathogens. '

In general, the self-organization of amphiphilic block copolymers represents an interesting pathway to obtain
functional nanoscale structures, which can be controlled regarding size distributions and dimensions. Vesicles of
amphiphilic block copolymers belong to the class of polymeric, stimuli-responsive nanocarriers that are widely
discussed in the literature as promising drug delivery systems (Fig. 1). Due to their stable nature and versatile
properties, they can also be used as storage compartments of active compounds in other biomedical applications,
such as advanced wound dressings, where the release of antimicrobials and/or fluorescent markers as part of an
indicator system of bacterial infection represents a central mode of action.' The in situ detection and treatment of
infections in scald or burn wounds is not only essential for proper healing as well as the prevention of scarring,
but may contribute to reduce the spread of antibiotic resistance stemming from prophylactic administration of
broadband antibiotics. In this context we synthesized and investigated assemblies of novel amphiphilic block
copolymers, e.g. hyaluronic acid-block-E-polycaprolactone and hyaluronic acid-block-poly(lactic acid)
copolymers.”> Hyaluronic acid is the target for the enzyme hyaluronidase that is excreted by the bacterium
staphylococcus aureus. Hence in an infected wound covered with a capsule-containing dressing, the capsules are
opened by the bacterial enzymes, which signals selectively the infection and may allow the on demand-only
administration of potent antimicrobials. The synthesis, the detailed characterization and finally application of
these novel block copolymer vesicles in the detection of bacteria will be discussed. In addition,
bacteria-responsive biopolymer thin film systems will received attention.

Figure 1. (Left) Scheme of block copolymer vesicle, (middle) SEM and (right) fluorescence lifetime imaging
microscopy image of dye filled hyaluronic acid-block-poly(lactic acid) vesicles.

''J. Zhou, A. L. Loftus, G. Mulley G., A. T. A. Jenkins, J. Am. Chem. Soc. 2010, 132, 6566-6570.
2 S. Haas, Y. Chen, C. Fuchs, S. Handschuh, M. Steuber, H. Schénherr, Macromol. Symposia 2013, in press.

Hybrid gelation processes in enzymatically gelled gelatin: impact on nanostructure,
macroscopic properties and cellular response

Cécile A. Dreiss
Institute of Pharmaceutical Science, King’s College London, Franklin-Wilkins Building, 150 Stamford Street,
London SE1 9NH, UK

Hydrogels obtained from the chemical or physical association of macromolecules are an important subject of
materials science as they offer an ample array of design possibilities and have found in particular numerous
applications in biomedicine; they serve for instance as skin substitutes, adhesives, or drug delivery matrices.
Through the careful selection of macromolecules, the associations that maintain the hydrogels 3D network can
be selected and tuned. We report on hydrogels made from fish gelatin in the presence and absence of the
enzymatic cross-linker microbial transglutaminase (mTGase)'?.

Different types of networks were fabricated: physical gels, thermally-triggered and reversible, resulting from the
single-strand to triple-helices transition of gelatin; chemical gels, where gelatin strands are cross-linked by
mTGase, and hybrid gels, obtained from the combination of both processes, either contemporaneous or
sequential.

An array of techniques - rheology, small-angle neutron scattering, optical rotation and molecular dynamics - was
employed to connect the bulk properties with the nanoscale morphology of the gels, both as a function of
gelation time and at equilibrium. The study provides new insight into the synergism between mixed gelation
processes in hybrid gels. For instance, we find that triple-helices are able to guide covalent cross-linking, thus
resulting in more homogeneous networks, which reflects in stronger mechanical properties and, subsequently, a
higher metabolic activity in cell culture studies.

The systems reported here, based on a sustainable material and an enzymatic cross-linking process, are attractive
for biomedical applications, in particular tissue engineering. The type of multi-disciplinary approach proposed
here, where the architecture of the gels on the nanoscale, their mechanical behaviour on the macroscale and their
biological performance for cell regeneration are examined and correlated, is paramount to achieve a
comprehensive understanding of networks properties and rationalise the design of hydrogels with controlled
functional properties.

' F. Bode, M. A. da Silva, A. F. Drake, S. B. Ross-Murphy and C. A. Dreiss, Biomacromolecules, 2011, 12,
3741-3752
2 F. Bode, M. A. da Silva, P. Smith, C. Lorenz, S. McCullen, M.M. Stevens, C.A. Dreiss, 2013, Soft Matter,
submitted
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Novel Developments in Controlled Radical and Cationic Polymerizations via Dual

Mechanisms
Masami Kamigaito and Kotaro Satoh

Department of Applied Chemistry, Graduate School of Engineering, Nagoya University, Nagoya 464-8603,

Japan

Controlled or precision polymerization is a powerful tool for the synthesis of well-defined polymers, which
would work as high-performance and/or functional materials based on their controlled structures. Recent
progresses in controlled/living polymerizations via various mechanisms, including radical, ionic, coordination,
and condensation polymerizations, have enabled the precision synthesis of various polymers with controlled
architectures. However, there are still limitations in monomers prone to each polymerization mechanism.

We have been investigating precision polymerization
proceeding via radical or cationic mechanism in terms of
control of molecular weight, stereochemistry, and
monomer sequence. Recently, we found that novel
metal-catalyzed step-growth radical polymerizations, in
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1 M. Mizutani, K, Satoh, M. Kamigaito, Scheme 2

Macromolecules 2009, 42, 472-480.

2 K. Satoh, S. Ozawa, M. Mizutani, K. Nagai, M. Kamigaito, Nature Commun. 2010, 1, 6.
> M. Mizutani, K, Satoh, M. Kamigaito, J. Am. Chem. Soc. 2010, 132, 7498-7507.
4. Kumagai, K. Nagai, K, Satoh, M. Kamigaito, Macromolecules 2010, 43, 7386-7390.
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Using Chemical Reactions to Control Polymer Network Shape, Topography, and
Behavior

Christopher N. Bowmanl’s, Christopher J. Kloxinz, Timothy F. Scott® , Devatha P. Nairl, Neil B.
Cramer', Wayne D. Cook®

"University of Colorado Department of Chemical and Biological Engineering, Boulder, Colorado, USA
2University of Delaware Department of Chemical and Biomolecular Engineering, Newark, Delaware, USA
3University of Michigan Department of Chemical Engineering, Ann Arbor, Michigan, USA

*Monash University Department of Materials Engineering, Victoria, Melbourne, Australia

University of Colorado Clinical Professor of Restorative Dentistry, Denver, Colorado,USA

The ability to induce adaptive network behavior in traditional thermoset polymer networks in response to a specific
external stimuli in the immediate material environment has enabled simultaneous shape and topography control
within a covalently crosslinked polymer system. Here, two approaches to transform the shape, topography and
behavior of thermoset polymer network are investigated. In the first approach, a Covalent Adaptable Network
(CAN) thermoset thiol-acrylate polymer with exchangeable bonds upon exposure to light can undergo cleavage and
reformation in a manner that enables the crosslinked network structure to respond chemically to an applied stimulus
by continuously and locally deforming via polymer network connectivity rearrangement, which enables 3D control
of its geometry. ! In a second approach, a thiol-acrylate shape memory dual-cure polymer system is demonstrated to
have the ability to go from a temporary shape configuration to a permanent shape configuration on being exposed to
a specific temperature range.” Additionally, this network is demonstrated to simultaneously maintain the ability to
react further and achieve a second and final set of material properties via a photoinduced reaction. Such a two-stage
reactive polymer system that enables the achievement of two distinct and largely independent sets of properties
might be necessary for multiple stages in the life-cycle of applications such as shape memory polymers (SMP) based
sensors and actuators.

1.C.J. Kloxin, T.F. Scott, H.Y. Park, and C.N. Bowman, “Mechanopatterning on a Photoresponsive Elastomer,”
Advanced Materials, 23, 1977 (2011).

2. D.P. Nair, N.B. Cramer, R. Shandas, and C.N. Bowman, “Two Stage Reactive Polymer Network Forming
Systems,” Advanced Functional Materials, 22,1502 (2012)
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Emulsion-templated Scaffolds for Tissue Engineering and 3D Cell Culture
Neil R. Cameron’

'Department of Chemistry & Biophysical Science Institute, Durham University, South Road, Durham, DH1 3LE,
UK.

There are numerous routes described in the literature for the production of highly porous and permeable
polymer materials for use as, for example, catalyst supports, tissue engineering scaffolds and separation media.
However, many of these methods result in poorly defined materials with void sizes that are difficult to control
and limited connectivity. One method that has the ability to create well-defined porous polymers (foams) is the
so-called emulsion templating process, whereby a high internal phase emulsion (HIPE) is used as a precursor to
a porous material (Fig.1)!. The presentation will describe the preparation of HIPEs and the resulting porous
polymers (polyHIPEs) together with methods by which the morphology, properties and surface chemistry can be
varied. In particular, the use of photopolymerization methods as a means to prepare porous materials from
relatively unstable HIPEs will be presented”. Subsequently, the application of these materials as matrices for
tissue engineering and in vitro cell culture will be discussed.

Figure 1. SEM of typical polyHIPE material illustrating the key structural features.

!'S.D. Kimmins, N.R. Cameron, Adv. Funct. Mater., 2011, 21,211-225
2S. Caldwell, D.W. Johnson, M.P. Didsbury, B.A. Murray, J. Wu, S.A. Przyborski, N.R. Cameron, Soft Matter,
2012, 8,10344-10351
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Sequence-controlled Polymers: Recent Progress and Promise.
Jean-Frangois Lutz'

"Precision Macromolecular Chemistry, Institut Charles Sadron UPR22 CNRS, 23 rue du Loess, Strasbourg,
France

Synthetic polymers do not exhibit controlled sequences of monomers as biological macromolecules do (Fig.
1). However, ordered comonomer sequences could open interesting technological avenues in synthetic polymer
science.” > 3 Surprisingly, very little research has been carried out during the last part of the 20™ century for
developing sequence-specific polymerization methods. Yet, for about five years, a renewed interest in the subject
has emerged. This growing field of research will be described in my presentation.

Biopolymers
o o
HOJ\/YU\OH
Restricted monomer Controlled primary
library structures
Controlled secondary
) and tertiary structures
Synthetic Polymers

Current limiting step

A
©\/ N BT AYA TR A

Broad palette of Random sequences
functional monomers

—P/I Amorphous random coils

Figure 1. Sequence-controlled macromolecules: a new level of complexity in synthetic polymer science.

Recent sequence-controlled approaches developed in our laboratory will be discussed.* 3 Moreover, the
advantages of the formed sequence-controlled polymers will be highlighted. For instance, the preparation of
complex macromolecular structures such as encoded chains, 1D macromolecular arrays or folded polymer
origamis will be presented.® 7+ ® Ultimately, challenges and future directions in the field will be analyzed.

! Giuseppone, N.; Lutz, J.-F. Nature 2011, 473, 40-41.

2 Lutz, J.-F. Nature Chem. 2010, 2, 84-85.

3 Ouchi, M.; Badi, N.; Lutz, J.-F.; Sawamoto, M. Nature Chem. 2011, 3, 917-924.

4 Pfeifer, S.; Lutz, J.-F. J. Am. Chem. Soc. 2007, 129, 9542-9543.

5 Zamfir, M.; Lutz, J.-F. Nature Commun. 2012, 3:1138.

% Schmidt, B. V. K. J.; Fechler, N.; Falkenhagen, J.; Lutz, J.-F. Nature Chem. 2011, 3, 236-240.
7 Chan-Seng, D.; Zamfir, M., Lutz, J.-F., Angew. Chem., Int. Ed. 2012, 51, 12254-12257.

8 Baradel, N., Fort, S., Halila, S., Badi, N., Lutz, J.-F. Angew. Chem., Int. Ed, Early view.
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Elaboration and properties of multiphase systems based on thermoplastic chitosan

Luc Avérous
BioTean/ECPM-ICPEES, UMR CNRS 7515, Université de Strasbourg, 25 rue Becquerel, 67087 Strasbourg
Cedex 2, France

In the last years, biopolymers have attracted great attention due to their large availability, renewability,
biocompatibility, and biodegradability'. It is for instance the case of chitosan, a linear polysaccharide consisting
of (1,4)-linked 2-amino-deoxy-p-D-glucan. It is a deacetylated derivative of chitin, which is the second most
abundant polysaccharide found in nature after cellulose. Chitosan has been found to be nontoxic, biodegradable,
biofunctional, and biocompatible in addition to having antimicrobial and antifungal properties, and thus has a
great potential for environmental (e.g., packaging) or biomedical applications. It is worth noting that, for
preparing chitosan-based materials, only solution casting or similar methods have been used in all the past
studies. Solution casting is known to have the disadvantage in low efficiency and difficulty in scaling-up towards
industrial applications. In addition, a great amount of environmentally unfriendly chemical solvents are used and
released to the environment in this method. The reason for not using a melt processing method like extrusion or
kneading in the past studies is that chitosan, like many other polysaccharides such as starch, has very low
thermal stability and degrade prior to melting. Therefore, even if the melt processing method is more convenient
and highly preferred for industrial production, its adaptation for polysaccharide-based materials remains very
difficult. While the processing issues of starch has been emphasised to some extent””, there has been very
limited focus on the melt processing of chitosan-based materials.

However, our recently published study’ has demonstrated the successful use of an innovative melt processing
method (internal mixer) as an alternative route to solution casting, for preparing materials based on thermoplastic
chitosan.

These promising thermoplastic materials, obtained by melt processing, have been the main topic of recent
international projects, with partners from different countries (see below”). For instance, multiphase systems
based on various renewable plasticizers have been elaborated and studied’. More recently, different
nano-biocomposites based on montmorillonite have been processed and analysed. The effects of nanoclay
content, organomodification, preparation method on the structure, properties, and biodegradation of the
plasticised chitosan-based nano-biocomposites have been examined.

(*) International partners: (i) CSIRO (Clayton-Australia): Dr. K. Dean, Dr. P. Sangwan, Dr. C. Way, Dr. X. Zhang; (ii)
Ecole Polytechnique de Montréal (Canada): Pr. M.C. Heuzey, Pr. A. Ajji, M. Matet; (iii) University of Queensland
(Brisbane-Australia): Pr. P. Halley, Dr. F. Xie; (iv) University of Strasbourg (France): Pr. L. Avérous, A/Pr. E. Pollet, Dr.
V. Martino

1 Yu L, Dean K, Li L. Polymer blends and composites from renewable resources. Prog Polym Sci. 2006,
31(6), 576-602.

2 Xie F, Halley PJ, Avérous L. Rheology to understand and optimize processibility, structures and
properties of starch polymeric materials. Prog Polym Sci. 2012,37(4), 595-623.

3 Avérous L, Pollet E. Biorenewable nanocomposites. MRS Bulletin. 2011, 36(09), 703-10.

4 Chivrac F, Pollet E, Avérous L. Progress in nano-biocomposites based on polysaccharides and
nanoclays. Mater Sci Eng, R. 2009, 67(1), 1-17.

5 Epure V, Griffon M, Pollet E, Avérous L. Structure and properties of glycerol-plasticized chitosan
obtained by mechanical kneading. Carbohydr Polym. 2011, 83(2), 947-52.

6 Matet M, Heuzey MC, Pollet E, Ajji A, Avérous L. Innovative thermoplastic chitosan obtained by

thermo-mechanical mixing with polyol plasticizers. Carbohydr Polym. Submitted
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Multicomponent Polymerization for New Polymer Synthesis

Xin-Xing Deng, Lei Li, Yao-Zong Wang, An Lv, Fu-Sheng Du, Zi-Chen Li

Key Laboratory of Polymer Chemistry & Physics of Ministry of Education,
Department of Polymer Science & Engineering, College of Chemistry,
Peking University, Beijing 100871, China

Isocyanide based multicomponent reactions (IMCRs) are very efficient atom-economical reactions that can
assemble three or more different components into one molecule in a one-pot process, and have therefore been
playing important roles in many fields."> Among the IMCRs, Passerini reaction, a three component reaction first
described in 1921, has been proved to be a powerful synthetic method that can yield an ester-amide linkage from
a carboxylic acid, an aldehyde and an isocyanide (Figure 1)."? It is thus quite advantageous to use this reaction
to prepare polymers with different architectures and functional groups in a very efficient and straightforward way.
Unfortunately, this highly efficient reaction has been overlooked for a long time in polymer synthesis; only until
quite recently, synthesis of polyesters by this reaction has been reported.> We extended the scope of Passerini
reaction in polymer science as a multicomponent polymerization method. In this talk, I will describe several
synthetic approaches to different functional polymers based on Passerini reaction. This will include linear
poly(ester-amide),* polyamides,’ star polymers,® graft copolymers, and photo-degradable polymers.

O O
+ Rsk RN — RL_O N,R“
o R'R?

o
R1JJ\R2 OH +*

Figure 1. General Passerini reaction
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Biosynthesis-structure-property relations of hyperbranched glucose polymers

Shang Chu"?, Robert G Gilbert"?, Cheng Li"?, EnPeng Li"?, Seila Sar'"?, Mitchell A Sullivan®™?, Torsten Witt"?,
Alex C Wu'?
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Glycogen and starch are hyperbranched glucose polymers with multiple structural levels, and are of major
importance for humanity. Our bodies synthesize glycogen as a glucose (blood-sugar) buffer. Starch, synthesized
by plants for glucose storage, supplies 50% of our food energy and is a renewable polymer with significant
current and potential uses in biomaterials. Both polymers have complex multi-level structures, the first three of
which are: Level 1, the molecular weight distributions of individual branches; Level 2, the multiple-dimensional
distribution describing the full branching structure of isolated molecules, and Level 3, which for starch
comprises the spatial arrangements of crystalline and amorphous regions in lamellae, and, for glycogen, the
distributions of smaller clusters of hyperbranched glucose polymer molecules (B particles) into larger
agglomerates (a particles, where the binding is probably through the protein glycogenin'). Starch comprises (1)
amylose, which is of moderate molecular weight and contains a few long branches, and (2) amylopectin, a
hyperbranched component of very high molecular weight; glycogen is similar to amylopectin except it is
randomly branched. Structural characterization involves diverse techniques: for Level 1, finding the molecular
weight distribution of the individual branches by enzymatic debranching followed by either fluorophore-assisted
carbohydrate electrophoresis or SEC; for Level 2, multiple-detector SEC and, for the larger molecules
(amylopectin and glycogen) where shear scission cannot be avoided’, multiple-angle laser light scattering
without size separation; and, for Level 3, X-ray and neutron scattering. Interpretation of the data so obtained in
turn requires new theoretical advances. Level 1 data for starch is fitted by a new theory’ which also shows that
there are genetic constraints on the enzymatic rate coefficients which can result in the crystalline starch
necessary for survival of the plant. This theory also provides a new means of parameterizing Level I data which
has provided a greatly improved way of understanding the relations between data such as (1) how Level 1
structure controls that of Level 3, and also (2) properties such as digestibility rate’, which is important for
human health, and (3) the suitability of barley varieties for making beer. It also shows how new crops can be
developed, either by conventional plant breeding or GM methods, which have starches with significantly
improved digestibility, of importance in prevention and management of obesity, diabetes and colo-rectal cancers.
Level 2 data for plants grown at different temperatures has suggested what constraints stop starch molecules
growing indefinitely: as with any branched polymer, while there are events which control the lengths of
individual branches, there are no obvious candidates for the whole molecule, but these new data suggest a steric
crowding mechanism. Level 3 data for glycogen has revealed new insights into the role of this molecule in
diabetes™, and suggests new types of drug targets for managing diabetes.

There are major challenges for polymer scientists in developing characterization techniques for Level 2, and in
developing quantitative theories for this complex, infinite-dimensional” structural level which relate biosynthesis
and biodegradation to structure, and structure to properties. The same challenges exist for complex branched
synthetic polymers.

! Sullivan, M. A.; O’Connor, M. I.; Umana, F.; Roura, E.; Jack, K.; Stapleton, D. L; Gilbert, R. G.
Biomacromolecules 2012, 13, 3805.

2 Cave, R. A; Seabrook, S. A.; Gidley, M. J.; Gilbert, R. G. Biomacromolecules 2009, 10,2245.

3 Wu, A. C.; Gilbert, R. G. Biomacromolecules 2010, 11, 3539.

4 Witt, T.; Doutch, J.; Gilbert, E. P.; Gilbert, R. G Biomacromolecules 2012, 13, 4273.

5 Syahariza, Z. A.; Sar, S.; Tizzotti, M.; Hasjim, J.; Gilbert, R. G Food Chem. 2013, 136, 742.

6 Sullivan, M. A.; Li, J.; Li, C.; Vilaplana, F.; Zheng, L.; Stapleton, D.; Gray-Weale, A. A.; Bowen, S.; Gilbert, R.
G. Biomacromolecules 2011, 12, 1983.
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Engineering Polymeric NanoParticles for Advanced Applications

Cyrille Boyer, Hien Duong, Jinna Liu, Michael Whittaker, Thomas P. Davis
Centre for Advanced Macromolecular Design (CAMD)
Australian Centre for NanoMedicine (ACN)
School of Chemical Engineering, The University of New South Wales, Sydney, NSW 2052, Australia

Email: cboyer@unsw.edu.au

Soft core-shell polymeric nanoparticles are an area of great research interest, due to their
potential advantages in the sustained and targeted delivery of therapeutic payloads. These systems
can offer significant improvements in the temporal and spatial control of drug delivery. In this talk
different polymeric nanoparticles that have been specifically designed to deliver anti-cancer drugs
and to image specific tissue, will be discussed. The first system presented will be based on pH- and
redox- responsive nanoparticles which are able to deliver different payloads in different cellular
compartments. The synthesis and the characterization of these nano-objects will be outlined in
detailed. As an example, the delivery of nitric oxide will be presented using these nanoparticles for
the treatment of liver fibrosis and neuroblastoma. We have also demonstrated synergistic effect
when we combine nitric oxide (NO) with chemotherapy drugs for the treatment in multi-drugs
resistance in cancer. In a second part of this talk, the synthesis of new hybrid organic/inorganic
nanomaterials, based on iron oxide, gold and gadolinium, will be reported for use as MRI contrast
agents. The effect of the architecture and the nature of polymers will be correlated with the
magnetic properties of these nano-objects. In addition, the polymeric shell of these nanomaterials
can be designed to conjugate with anti-cancer drugs. Finally, I will rapidly mention the use of
hybrid inorganic polymeric nanoparticles for the storage of hydrogen. In this part, I will present and
discuss on the synthesis of magnesium hydride (MgH;) nanoparticles stabilized and assembled
using functional polymer to yield a new generation of nanomaterials with remarkable hydrogen
storage properties.
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Modelling Nano-scale Structure and Energy Transfer i in ConJugated Polymers
David M. Huang', Kyra N. Schwarz', Ming Chiu', Patrick C. Tapping’, Scott N. Clafton’, Tak W. Kee!

!School of Chemistry & Physics, The University of Adelaide, SA 5005, Australia

The performance of organic electronic devices made from conjugated polymers is sensitive to the nano-scale
morphology of the polymers. But modelling the structural and electronic properties of conjugated polymers on
length scales that are relevant to device performance is challenging. This talk will discuss coarse-grained
computational models that we have developed to study the self-assembly (Fig. 1) of the nano-scale structure of
conjugated polymers and the impact of polymer structure on functional properties such as energy transport that
are important in devices like organic solar cells. The talk will focus on our studies of two widely used conjugated
polymers, poly(3-hexylthiophene) (P3HT)' and poly(2-methoxy-5-(2'-ethylexyloxy)-1,4-phenylenevinylene)
(MEH-PPVY, and will compare the computational results obtained with ultrafast time-resolved spectroscopic
measurements.
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Figure 1. Self-assembly of ordered P3HT nanostructures in anisole from coarse-grained molecular dynamics
simulations (different chains are coloured differently and only polymer backbones are shown for clarity).

! K.N. Schwarz, T.W. Kee, D.M. Huang, Nanoscale 2013, 5,2017-2027
2 M. Chiu, T.W. Kee, D.M. Huang, Aust. J. Chem. 2012, 65,463-471

Modular Design of Profluorescent Nitroxide-Based Sensor Materials
Emily Simpson, Kathryn Fairfull-Smith, Steven Bottle and James Blinco
ARC Centre of Excellence for Free Radical Chemistry and Biotechnology, Queensland University of Technology,
Brisbane, Queensland, 4001, Australia

Nitroxides are stable, kinetically persistent free radicals with a
number of unique properties. One of their recent applications is
to be covalently linked to a fluorescent moiety giving them the
ability to function as a switchable fluorometric probe.' The
capability of the nitroxide/fluorophore couple to act as a probe
arises from the nitroxide moiety’s capacity to efficiently quench
excited states both inter- and intra-molecularly. This presentation
will demonstrate the synthesis of polymeric scaffolds containing
multiple reactive functionalities that can be transformed
orthogonally to yield a polymer adorned with profluorescent
nitroxides. These materials can be utilised, in turn, to function
as fluorescent sensors for both chemical and physical changes.
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Figure 1. Representative example of the construction of profluorescent nitroxide-containing polymers (top
right) and a plot of fluorescence intensity at emission maximum over time when a profluorescent nitroxide
containing polymer is exposed to hydrazine hydrate as a model reductant (bottom).
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A Versatile Polymer Building Block Based On Trifluorovinyl Ethers Chemistry
Jianyong Jin

Polymer Innovations Laboratory, School of Chemical Sciences, The University of Auckland, New Zealand

Fluorine-containing polymers are one of the new and exciting research directions within the polymer science
programme at The University of Auckland. In the plastics world, fluorine- containing polymers represent a rather
specialised group of polymeric materials.' Their many attributes include remarkable thermal and chemical attack
inertness, solvent resistance and outstanding electrical properties. These properties offset their higher cost and
greater difficulty in processing than is the case for most other non-fluorinated thermoplastics.

Fluoropolymers are typically made from the free radical polymerization of fluorinated alkenes. Unlike those,
this talk introduces a unique kind of fluorinated olefin — aryl trifluorovinyl ethers- as building block to deliver
high performance polymers.? Polymers are prepared via thermally activated [2+2] cycloaddition of aryl
trifluorovinyl ether monomers.?>  The resulting semi-fluorinated polymer contains perfluorocyclobutane (PFCB)
ring structure (Scheme 1).
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Scheme 1. [2+2] Cyclo-polymerization of aromatic trifluorovinyl ether monomers.

Various macromolecular architectures such as linear, branched and cross-linked as well as a range of
functional groups can be prepared and incorporated by [2+2] cycloaddition of functional monomers containing
multiple aryl trifluorovinyl ether groups.® Initially developed for acrospace and microelectronics applications at
Dow Chemical, PFCB polymer technology can serve as a versatile materials platform for many industrial

applications, such as microphotonic®, optoelectronics® and membranes®®.
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Smart Polymer Capsules with Synergistic Response to Biological Stimuli.
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The design of ‘smart’ delivery systems with precisely tuned response to their environment is integral
to advances in areas such as biomedicine and energy. Self-assembled polymeric carriers have generated
significant interest for such advanced applications due to the ease and versatility of these approaches. One
important technique to design such carriers is the layer-by-layer (LbL) approach. The LbL technique is
based on the serial adsorption of species with complementary interactions and can be performed on a
diverse range of templates. Polymer capsules can be readily synthesised using this technique by assembly
on a sacrificial template and have demonstrated significant potential for use as delivery systems.' Recently,
we developed a new method to assemble LbL capsules based on combining LbL assembly with click
chemistry to allow the synthesis of single-component capsules with tailored properties.

Polymeric carriers that respond to pH are of significant interest for biomedical applications as the
internalization of such carriers typically occurs through acidic compartments of the cell, which have lower
pH then the blood stream (pH 7.4). One interesting pH responsive polymer is poly(2-diisopropylaminoethyl
methacrylate) (PDPA) as it has charge-shifting capabilities which correspond specifically within this pH
range. Herein the synthesis of charge-shifting carriers based on poly(2-diisopropylaminoethyl
methacrylate) (PDPA) will be presented.” The PDPA carriers have interesting properties for biomedical
applications as they shrink at physiological pH enabling efficient loading of a range of therapeutic cargo
but swell again below 6.4 when internalized into a cell. It will be demonstrated that PDPA carriers can be
designed to respond synergistically to multiple cargo eg. pH and redox, thus optimizing degradation
efficiency once at the targeted site. The degradation rate of these carriers can also be tuned by systematic
changes in crosslinking degree’ and by using specific enzyme cleavable components. This study provides
important fundamental insights into the use of responsive crosslinkers in such nanoengineered carriers.’

The responsive and modular nature of these materials provides exciting new opportunities for the design
of nanoengineered materials with customised properties for application in drug and gene delivery.

K. Such, A. P. R. Johnston, K. Liang, F. Caruso, Prog. Poly. Sci. 2012, 37, 985-1003.
iang, G. K. Such, Z. Zhu, Y. Yan, H. Lomas, F. Caruso, Adv. Mater. 2011, 23, H273-277.
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High Speed Video Observation of Giant Pickering Emulsion and Colloidosome Droplet
Interaction and Stability

Erica J. Wanless,' Kate Thompson,z Andrew Morse,> Emma Giakoumatos,' Grant B. Webber,' Steven P. Armes,’

Seher Ata®

'Priority Research Centre for Advanced Particle Processing & Transport, University of Newcastle, Australia
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The interactions of two 2-mm pendant oil droplets grown in the presence of an aqueous solution of latex
particles was observed using a high-speed video camera on a homebuilt coalescence rig." The coalescence
behaviour was monitored as a function of oil type (n-dodecane versus sunflower oil) and adsorbed latex type
(poly(glycerol monomethacrylate)-stabilised polystyrene (Fig.1A)* versus lightly cross-linked
2-(tert-butylamino)ethyl methacrylate)*. Both latexes had previously been reported to be effective Pickering
emulsifiers, with the pH-responsive microgel character of the latter leading to rapid demulsification upon
exposure to acid.  This pH response has been characterised here on giant Pickering emulsion droplets using the
coalescence rig. Colloidosomes had been reported as formed by both latexes in the presence of an oil-soluble
cross-linker [tolylene 2,4-diisocyanate-terminated poly(propylene glycol)]. The impact of this cross-linking
reaction on droplet stability was also followed on the coalescence rig (Fig.1B).

The damping coefficient of the coalescing n-dodecane droplets was found to increase in the presence of the
latex, confirming particle adsorption.* Coalescence times increased when the oil phase was changed from
n-dodecane to sunflower oil, because of the much higher viscosity of the latter oil. In addition, increasing the
adsorbed PGM As-PS latex particle size led to longer coalescence times because of the greater distance
separating the oil droplets. Addition of PPG-TDI to the oil phase reduced the interfacial elasticity and
ultimately prevented coalescence through the formation of giant colloidosomes which were found to be stable in
contact for several hours without undergoing coalescence. Finally, evidence for cross-linker diffusion from one
pendant droplet to another was indicated by a visible filament connecting the two droplets upon retraction.

Figure 1. (A) Transmission electron microscopy image of 135 nm PGMAs,-PS latex particles prepared by
aqueous emulsion. (B) High speed video images of latex coated sunflower oil droplets in aqueous solution in the

Coalescence of two glant Pickering emulsion droplets

5369

Filament formed as two giant colloidosome droplets are separated
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Distribution of “smartness” of copolymers:
Composition of block and statistical copolymers by capillary electrophoresis
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Most industrial (synthetic) and natural polymers are copolymers. Their composition plays a key role in their
properties: stability of emulsions, adhesion, degradability, digestibility etc. These copolymers do not have a
given composition for a given sample, but a distribution of compositions. The distributions of molecular weights
are commonly determined by SEC and used to understand polymer properties. This is not the case for the
distributions of compositions since no reliable and easy method allows this determination as a routine analysis.
We propose free-solution capillary electrophoresis (CE) as the method of choice for the determination of
distributions of composition. This CE method does not separate by molecular weight, in a way similar to liquid
chromatography in the critical conditions." We name the method capillary electrophoresis in the critical
conditions (CE-CC).

We successfully applied CE-CC to the characterisation of gellan gums” and grafting on chitosan®. We have
applied the method to various copolymers to determine their distributions of compositions. Copolymers of
methacrylic acid and styrene sulfonate were synthesized by nitroxide-mediated polymerisation® and the
evolution of the distribution of compositions with monomer conversion was monitored using CE-CC. The
CE-CC methodology developed with these “well-behaved” copolymers was applied to copolymers:
polysaccharides, whose solubility is a challenge for SEC. The distribution of degree of acetylation is studied in
chitosan, whose films and gels have a variety of biomedical applications’. The distribution of
glucose-to-mannose ratio is investigated in glucomannans by CE-CC to relate it to its digestibility properties®.
Finally CE-CC was applied to double hydrophilic block copolymers’ whereby the unreacted homopolymer is
quantified, and the distribution of molecular weights of each block is determined.
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Complex structures in branched polymers
Toen Castle', Myfanwy E. Evans®, S.T. Hyde', Vanessa Robins'
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Structure is an important determinator of material properties, on all length scales. However on small length
scales and in materials resistant to clear 3D experimental imaging - such as polymers - very little is known about
the complexities and subtleties of structures. Part of the problem is experimental, but a large contributor is the
lack of a firm theoretical foundation to provide a ‘library’ of structures for experimentalists to identify. I aim to
fill some of these theoretical gaps by describing, illustrating and categorising different modes of entanglement.

Polymers are composed of molecular chains which have the form of long and flexible filaments. A natural
language to describe the entanglement of the filaments comes from the mathematical discipline of knot theory.
Using these ideas, the topological linking of filaments with themselves and other filaments can be described as
knots and links. Unfortunately these ideas get a bit over-stretched when the filaments are anything except simple
loops or threads, i.e. if they branch or are fused to other filaments. So it’s more appropriate to describe such
structures as ‘embedded graphs’, which means that they are curves connecting the points where filaments
branch, or where two filaments attach.

A ‘ravel’ is an entanglement mode in embedded graphs such as those formed by branching and connecting
filaments. It doesn’t actually contain any knots or links, but nevertheless it is entangled. My coauthors and I
introduced ravels in 2008 ' (Fig.1a), and a ravelled chemical system was found soon after in a metal-ligand
complex (Fig.1b) >. Other structures do contain knots or links, and form simple entangled conformations
(Fig.1c).

To my knowledge these entanglements have not yet been discovered in polymer systems. I will present these
ravels and several other new entanglement modes related to ravels, and explain why they almost certainly exist
within polymeric systems. These entangling modes are valid for all sorts of polymers from biopolymers like

DNA to processed synthetic materials.
E © g

Figure 1. (a) Ravels with three and four strands. However you join up the dangling ends, there will be no knot
or link, but there will still be entanglement. (b) A ravelled metal-ligand complex, together with its simplified
structure, both from [2]. (c) A tangled cube (note the 8 corners and 12 edges) containing two interlinked cycles.
This structure is a reasonable synthesis target using DNA self-assembly methods.
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Novel Applications of Nitroxides in Polymer and Materials Science
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Polymer scientists will be familiar with nitroxides through their role in nitroxide-mediated controlled
polymerisation. Industrially however, another important use of nitroxides involves their critical contribution as
stabilisers to prolong the service-life of a range of polymeric materials. Most recently nitroxides have been
exploited as charge carrying agents in polymer batteries and dye sensitised solar cells. This presentation will
introduce some new applications of nitroxides in polymer and materials science and will describe our
development of polymeric poly-nitroxides, polymer synthesis through nitroxide exchange reactions and the use
of fluorescence and nitroxides as analytical tools to monitor polymer degradation.

Of particular interest is the use of nitroxides as additives in coatings, composite materials and epoxy resins.
We have shown that nitroxides incorporating fluorescent components (profluorescent nitroxides, or PFN’s),
when present in coatings, act as a monitor of the polymer’s degradation through exposure to environmental
stresses. This can be used to predict lifetime as well as highlight impact damage in composite materials. The
presence of PFN’s in epoxy resins on cure leads to significant incorporation of the nitroxide into the polymer
resin. This may be balanced through structural modifications of the nitroxide, but equally may be of value in
facilitating the synthesis of new hybrid polymeric architectures (Scheme 1) or as an indicator of cure
completion.
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Scheme 1. ROMP Poly-nitroxide reaction with epoxy resins or nitroxide-capped polymers to generate new
polymer brush structures
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Imaging light emitting polymer films at high spatial and temporal resolution
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The solid-state characteristics of light emitting polymers are the key factors that often govern the
performance of organic electroluminescence devices. Aggregates are readily formed in most conjugated polymer
films resulting in good charge transport via strongly interacting m-electron systems, but these aggregates also
likely induce inhomogeneous morphologies and emission quenching, and thereby affect device efficiency."
Determining the spatial scale of these inhomogeneities in conjugated polymer films on different spatial scales
from nanometres to many microns, and their effect on the dynamics of electron/hole transport, is necessary to
develop more efficient injection processes for high performance devices. Coupling ultrafast spectroscopic
methods with high spatial resolution optical techniques makes it possible to map the dynamics of the
photo-induced charge transfer/transport processes as a function of location in the film. We report here the
inhomogeneities in the morphology and fluorescence dynamics of thin films of the light emitting conjugated
polymers, on the sub-micrometre spatial and picosecond temporal scales using time-resolved scanning confocal
fluorescence imaging measurements.> *

Time-resolved scanning confocal fluorescence imaging measurements were performed on MEH-PPV films
deposited from solutions of various solvents. Fig.1 shows a fluorescence lifetime map and fluorescence decay
profiles corresponding to three representative locations on the map for a MEH-PPV film. The morphology of the
films, in particular, the presence of inhomogeneities in fluorescence decay behaviour on micro- and
sub-micrometre scales, is clear. These inhomogenieites are attributed to regions of various degrees of polymer
aggregation that contribute to, but are unresolvable in, the overall bulk spectral properties of the films. The
images were collected from typical regions in films containing what appear to be distributions of larger
aggregates, smaller aggregates, and largely nonaggregated regions, and the decay profiles shown are from points
that correspond to these differently sized aggregates (points A-C, respectively). The decays are clearly
nonexponential, and we have analyzed them in terms of multiexponential decay functions. The spatiotemporal
spectral behaviour observed resembles that of varying degrees of aggregation, from a level of “single-chain like”
regions (emitting to the blue with approximately nanosecond emission decay components) to highly aggregated
(short-lived, red emitting) regions, within the film morphology. The overall time-resolved behaviour was
sensitive to the degree of aggregation, which in turn was dependent on the solvent from which the film was cast.

Thin films of a water-soluble DPS-PPV, formed on silica substrates by a solvent-free friction transfer
technique, were highly aggregated producing “rods” of polymer aligned perpendicular to the drawing direction.
This “log-rolling” is in contrast with the reported
«r«  behaviour of most comparable polymers, which
cis  tend to align along the drawing direction. The
uir - photophysical behaviour of the friction-transferred
\\ film is also different compared with other film

o formation techniques of the same polymer. Friction
e transfer films would be expected to be more
- . favorable to aggregate formation within the
7T s polymer “rods” and therefore contain more

Fig. 1 Time resolved fluorescence imagz (11eft) for short-lived fluorescence species that enhance the

MEH-PPV thin films and the fluorescence decay profiles ﬂuf)rqscepce quenching, resulting in weaker
(right) recovered from the time resolved images. emission in the films.

A comprehensive comparison of nanoparticle characterisation instrumentation
Asa K. Jimting!, Victoria A. Coleman’, Heather J. Catchpoole!, Maitreyee Roy' and Jan Herrmann'

1Nanometrology Section, National Measurement Institute Australia, Lindfield NSW 2070, Australia

Accurate and reliable characterisation of nanoparticles is crucial for both industrial applications and
understanding their toxicological and environmental impacts. The most relevant material properties for such
studies include the number and/or mass concentration, chemical composition, particle size distribution,
agglomeration/aggregation state, surface charge and surface chemistry. Characterisation of these parameters in
nanoscale systems presents numerous challenges, including determining the appropriate quantities to be
measured for a given application, measurement of particle systems with complex size distributions, accounting
for matrix effects, and distinguishing naturally occurring material from engineered nanomaterials. No single
instrument is capable of addressing all of these requirements, so a combination of different measurement
techniques should be applied.

Here, a wide range of instrumentation for the characterisation of particle size and size distribution are
compared, including electron microscopy, dynamic light scattering, differential centrifugal sedimentation,
particle tracking analysis, asymmetric flow-field flow fractionation, micro-channel resonator, and electrical zone
sensing. The advantages and limitations of the various methods are discussed together with experimental results
highlighting the comparability of these techniques.
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Figure 1: Volume-weighted particle size distribution ¢3(x) of an aggregated polystyrene sample, highlighting the
size discrimination of differential centrifugal sedimentation. The insets show scanning electron microscopy
images of monomers, dimers, trimers, etc. of primary particles next to the corresponding features in g;(x).
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Developing Profluorescent Nitroxide Additives as Probes for Polymer Degradation:
The Use of a Liquid Model for Polyolefins

Liam A. Walsh," James P. Blinco," John M. Colwell,? Kathryn E. Fairfull-Smith,! Graeme A. George’ and
Steven E. Bottle'

'ARC Centre of Excellence for Free Radical Chemistry and Biotechnology, Queensland University of
Technology, Brisbane, Queensland 4001
2School of Chemistry, Physics and Mechanical Engineering, Queensland University of Technology, Brisbane,
Queensland 4001

Profluorescent Nitroxides (PFNs) have been shown to be sensitive probes for the early detection and analysis
of thermo-oxidative degradation in polyolefins.! The radical scavenging action of the nitroxide moiety in PFNs
leads to the formation of highly fluorescent species that can be detected at low concentration in a degrading
polymer matrix. Previously, we have employed polypropylene (PP) as a standard polymer for exploring the
applicati0121 of PFNs in studying polymer degradation due to PP’s well understood thermo -oxidative degradation
processes.

To be effective polymer degradation sensors, PFN probes should display an efficient nitroxide-dependent
fluorescence switch-off/switch-on capability, as well as possess sufficient chemical stability to survive within a
degrading polymer matrix. Comparing the library of existing and novel PFNs is crucial in determining which
PFNs make effective degradation probes. Issues that affect these comparisons include: the determination of
probe concentration within solid polymer samples, the variation in achievable doping concentration of PFNs, as
well as the differences in crystallinity and light scattering in PP from sample to sample. Currently, semi-
quantitative methods are employed to determine PFN concentration but total quantitation cannot be confirmed
in the solid state without lengthy sample preparation.

A liquid model system can circumvent the problems arising from a solid polymer matrix. Using a polyolefin
liquid that follows a similar degradation profile to polyolefins, such as PP, allows the determination of PFN
concentrations to be readily achieved using spectroscopic techniques. It also reduces the impact of sampling
issues that arise at later stages of degradation where cracking and crazing can interfere with spectroscopic
analysis. Using a liquid model also decreases the sample preparation required by techniques used for analysing
the degradation process. Such techniques include NMR, GPC, GC-MS and LC-MS.}

Paraffin oil is a simple, saturated hydrocarbon liquid that is inexpensive and readily available. In this study,
we chose this liquid as a model polyolefin and investigated whether solutions containing PFNs show similar
degradation sensing and stabilisation to that previously observed for PP under the same oxidative conditions.
This study will present results from paraffin oil liquid model experiments that may be used to evaluate existing
and novel PFNs under uniform conditions and concentrations.

''J. P. Blinco, K. E. Fairfull-Smith, B. I. Morrow, S. E. Bottle, Aust. J. Chem. 2011, 64, 373.
2G. Grynova, J. L. Hodgson, M. L. Coote, Org. Biomol. Chem. 2011, 9, 480.
3 J. Barret, P. Gijsman, J. Swagten, R. F. M. Lange, Polym. Degrad. Stab. 2002, 76, 441.
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Development of fluorescent nanothermometers
Kai-Anders Hansen, Kathryn E. Fairfull-Smith, Steven E. Bottle and James P. Blinco

ARC Centre of Excellence for Free Radical Chemistry and Biotechnology, Queensland University of Technology,
Brisbane, Queensland, 4001, Australia

Research on stimuli-responsive materials, a field prominently featuring polymers, has seen tremendous
growth over the last few decades. These smart materials respond to changes in their external environment, with
reversible changes in their physical structure. Such stimuli can be physical (e.g. light, temperature), chemical
(e.g. ionic, pH) or biological (e.g. enzymes, receptors) in nature. The ability to respond to stimuli in this way
(and ultimately tailor the response through synthetic design) makes such polymeric materials desirable for a wide
range of applications, many of them in the fields of bioengineering and biotechnology. One such application is in
the field of sensory materials. Developing new means of assessing temperature changes has been a focal point of
research for a long time with increased interest from the biomedical field.? Certain diseases, such as cancer,
manifest temperature changes, resulting in an increased demand for diagnostic tools.

This project aims to develop a new class of thermal sensor materials based on the switching of fluorescence.
For this purpose fluorophores are being tethered to fluorescence-quenching nitroxides via thermo-responsive
polymer linkage. The highly efficient fluorescence-quenching properties of nitroxides, which are persistent free
radicals, are well documented in the development of profluorescent nitroxides (PFN) as probes for redox states
and radical formation.*

This presentation will demonstrate that by combining controlled free radical polymerisation with orthogonal
“click reaction” it is possible to produce first generation thermal sensor materials that exhibit a fluorescence
change with changing temperature. It will also show the pathway being explored for next generation materials
that include other important features such as solubilising groups, reference fluorophore and cell-targeting
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Scheme 1. Cartoon representation of fluorescence switching by the polymeric nanothermometers.

).

! C. Pietsch, U.S. Schubert, R. Hoogenboom, Chem Commun 2011, 47, 8750.

2 I Hu, S. Liu, Macromolecules 2010, 43, 8315.

3 E. Cabane, X. Zhang, K. Langowska, C.G. Palivan, W. Meier, Biointerphases 2012, 7, 1.

41P. Blinco, K.E. Fairfull-Smith, B.J. Morrow, S.E. Bottle, Australian Journal of Chemistry 2011, 64, 373.
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Photonic Crystals Formed in Semi-Dilute Solutions of Block Copolymers and
Application to Non-Linear Optical Devices

Shigeru Okamoto

Department of Materials Science and Engineering, Nagoya Institute of Technology

The publication on the optical properties of three-dimensionally arrayed dielectric materials by Yablonovitch
and John in 1987 has stimulated many researches and inventions of optical materials for these decades. The
optical materials allow us to control light propagation that provide a new technology of optical devices', such as
low-energy consumption laser, high-speed computers, and so on. We have succeeded in fabrication of a photonic
crystal (PhC), representing a novel class of optical materials, via self-assembly of block copolymers (BCP) that
generally form one-, two-, three-dimensional periodic nanostructures, i.e., lamellar, cylindrical, spherical,
gyroids microdomains, etc”. Lattice spacings of the microdomain structures are dependent on molecular sizes of
BCPs. In order to obtain a large spacing on the order of wavelength of visible light, we should utilize BCPs with
ultra-high-molecular weight (UHMW) such as 10° g/mol. They, however, are highly entangled and hence too
viscous in bulk to attain structural equilibrium. In contrast, we have found that microphase separation is strongly
induced by solvent selectivity even in a semi-dilute solution on the order of several percent® (Fig. 1). In these
solutions, BCP’s can easily reach structural equilibrium with high order because of their high mobility at such
low concentrations. In the vicinity of the boundary of lyotropic order-disorder transition, large grains with the
size of centimeters (Fig. 2) were obtained. The large grain gives a spot-like ultra-small-angle x-ray scattering
pattern (Fig. 3). These phenomena was successfully analyzed by computer simulation using “SUSHI™*.
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Fig. 1 Microphase separation induced by selective solvent. Fig. 2 a giant grain in Fig. 3 2D USAXS of
a BCP solution. gyroid single grain

selective
solvent

On the basis of this idea, we fabricated a laser resonator by mixing rhodamin
to the block copolymer solution with THF and water described above. The block
copolymers successfully inhibit the spontaneous emission of dyes induced in the
microdomain structures, and laser emission was generated as seen in Fig. 4 when
the green laser with the wavelength of 532 nm as a pumping light stimulated the
sample. Three-dimensional emission was observed because the sample have

gyroid structures with the trisoctahedral symmetry. Fig. 4 Laser emission
from  microdomain

! “Photonic Crystals” ed. by J. D. Joannopoulos etc, Princeton University Press, 1995. sturctures

2'S. Sakurai, S. Okamoto, K. Sakurai, ed. by I. W. Hamley, Wiley & Sons Ltd , 2004,

pp. 127-158.

K. Tsuchiya, S. Okamoto et al., OPTICS EXPRESS,2008, vol. 16, No. 8, pp. 5362-5371.
* developed by the group of Professor Doi (http://www.octa.jp/OCTA/sushi_jp.html).

Chitosan and its conjugates for medical applications
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Chitosan is a biopolymer of increasing significance, as well as a renewable and sustainable material. It is
obtained from the partial deacetylation of chitin. Chitin is the second most abundant natural polysaccharide, as
main component of crab and shrimp shells, also a major waste product of the seafood industry. Chitosan is
increasingly used in biomedical applications such as tissue engineering and drug delivery, owing to its
biocompatibility, biodegradability, and non-toxicity. Its natural variability is the main restriction to its use, it will
only be overcome with proper characterization and possible chemical modification.

Solid-state NMR yields local information on their structure and dynamics of polysaccharides. Combined with
X-ray diffraction, revealed the molecular origin of the difference in mechanical properties of self-associated
chitosan films.! One-dimensional and two-dimensional solid-state NMR spectra revealed the interplay between
local molecular structure and molecular dynamics. Films cast from acidic aqueous solutions were compared
before and after neutralization; the role of the counter ion was investigated.

Chitosan is a copolymer of glucosamine and
N-acetylglucosamine (Figure). Precise average degrees
of acetylation were measured by quantitative 'H
solution-state NMR spectroscopy. To characterize the
heterogeneity of the chitosan polymer chains in terms of
degree of acetylation, a separation method is needed. We
report the first separation of chitosan according to its .
degree of acetylation using capillary electrophoresis in Figure. Molecular structure of chitosan.
the critical conditions. The heterogeneity of chitosan DA is the degree of acetylation (DA=1 for chitin).

DA
OH

samples in terms of composition (distribution of degrees
of acetylation) cannot be neglected contrary to an assumption commonly done in the literature.

The poor mechanical properties of chitosan compared to synthetic polymers is a drawback for some
applications. To overcome this problem, chitosan was modified by SGl-based nitroxide-mediated
polymerization (NMP) under heterogeneous conditions of methyl methacrylate or sodium 4-styrenesulfonate.”
ESR and free-solution capillary electrophoresis confirmed the synthesis of chitosan covalently modified with
SG1. The successful synthesis of the grafted copolymers was evidenced by solid-state NMR spectroscopy.

' C. Gartner, B.L. Lopez, L. Sierra, R. Graf, H.W. Spiess, M. Gaboricau, Biomacromolecules 2011, 12,
1380-1386

ZC. Lefay, Y. Guillaneuf, G. Moreira, J.J. Thevarajah, P. Castignolles, F. Ziarelli, E. Bloch, M. Major, L. Charles,
M. Gaborieau, D. Bertin, D. Gigmes, Polym. Chem. 2013, 4, 322-28

Shigeru Okamoto
Associate Professor:
Nagoya Institute of Technology, Japan:
Phone: +81-52-735-5273 Fax: +81-52-735-5273 E-mail: okamoto.shigeru@nitech.ac.jp
Personal History:
1992-1994 Research Fellowship for Young Scientists of JSPS
1994-2004 Assistant Professor at Nagoya Inst. Tech.
2004-2008 PI of 3D-photonic crystal project of JAXA
Since 2005  Associate Professor at Nagoya Inst. Tech.
Since 2007  Construction and steering committee member of AichiSR
Research interests: polymer physics, polymer structure, soft matter

7-10 JULY 2013 34APS

Dr Marion (Marianne) Gaborieau
Research lecturer
University of Western Sydney, Australia
Phone: +61 2 9685 9905 Fax: +61 2 9685 9915 E-mail: m.gaboricau@uws.edu.au
2005 PhD, Max Planck Institute for Polymer Research, Mainz, Germany
2005-2007 KCPC, University of Sydney, Australia
2007-2008 CNAFS, University of Queensland, Australia
20092010  Max Planck Institute for Polymer Research, Mainz, Germany
Since 2010  Research lecturer, University of Western Sydney
Research interests: structure and dynamics in polymers, polysaccharides, synthetic
polymers, solid-state Nuclear Magnetic Resonance (NMR),
size-exclusion chromatography, capillary electrophoresis

34APS 7-10 JULY 2013

105



106

Dynamic Nuclear Polarization solid-state NMR spectroscopy : A valuable tool for
functional polymer characterization

O. Ouari,' T. Phan,' F. Ziarelli’ G. Casano,' F. Aussenac,” P. Thureau," D. Gigmes, ' P. Tordo," S. Viel'

' Aix-Marseille Univ. & CNRS, Institut de Chimie Radicalaire (UMR 7273), 13013 Marseille, France
2Aix-Marseille Univ. & CNRS, Fédération des Sciences Chimiques de Marseille (FR 1739), 13013 Marseille,
France

3Bruker Biospin SAS, 67160 Wissembourg, France

Thanks to the spectacular take off of the so-called macromolecular engineering, advanced polymeric materials
are about to play critical roles in areas of major importance for society, such as energy, health, environment and
advanced technologies. Typically, comprehensive description of microstructure/properties relationships in
polymeric materials appears essential to better understand their macroscopic behavior. Such description ideally
requires exhaustive structural elucidation of the analyzed macromolecules. Unfortunately, to date, no direct
method is available to unambiguously characterize structural details in polymers of high (or even moderate)
molecular weight. In this context, NMR is typically regarded as one of the techniques of choice, but its
intrinsically low sensitivity precludes the elucidation of subtle structural or dynamic features in polymers.
Several methods have been proposed to enhance the NMR sensitivity, including Dynamic Nuclear Polarization
(DNP)." Recently, continuous technological and theoretical DNP developments have resulted in remarkable
solid-state NMR advances, which would have been totally difficult to achieve a few years earlier without DNP.
In this communication, we will present that, by capitalizing on recent advances in DNP polarizing agent design,’
high-resolution solid-state DNP NMR can considerably improve the characterization of functionalized
high-molecular weight polymers. Typically, we will show that by choosing appropriate polarizing agent and
sample preparation, polymer chain-end signals of both, living polystyrene samples (Fig. 1) obtained via Nitroxide
Mediated Polymerization (NMP) in presence of MAMA-SG1 and a poly(ethylene oxide) (PEO) diacrylate sample,
while hardly observable in conventional SSNMR, could be clearly identified in the DNP SSNMR spectrum due to
the increase in sensitivity afforded by the DNP setup (a factor ~10 was achieved here). Obviously this gain in
sensitivity opens up new avenues for the characterization of macromolecules and molecular compounds dispersed
in polymer matrix.

@ 5 {b) A\ "
{ .
e o SRBERI (LY ’\ A
1 T ER™ 18 G oo |I ] ::r/”l
. =2 L A ¥ e
T 10 e 1m0 S0 3 M D ope | W 150 e 170 WS B 8 40 29 pom

Cawityn chaomical shift Carbon chemical shift

Figure 1. °C CPMAS SSNMR spectra of a living PS sample (M, 13500 g mol™) obtained (a) without and (b) with DNP (at 285 and 105 K,
resp.). The sample in (b) was doped with 0.5 wt% bCTbK. In both cases 26624 scans were used and intensity scales are identical.

'A. W. Overhauser, Phys. Rev. 1953, 92, 411-415.

’D. A. Hall, D. C. Maus, G. J. Gerfen, S. J. Inati, L. R. Becerra, F. W. Dahlquist, R. G Griffin, Science 1997,
276, 930-932.

’A. Zagdoun, G. Casano, O. Ouari, G. Lapadula, A. J. Rossini, M. Lelli, M. Baffert, D. Gajan, L. Veyre, W. E.
Maas, M. M. Rosay, R. T. Weber, C. Thieuleux, C. Coperet, A. Lesage, P. Tordo, L. Emsley, J. Am. Chem. Soc.
2012, 134, 2284-2291.

Characterisation of Polymers using Modern Methods in Electron Microscopy
John Drennan' and Ron Rasch’

'Centre for Microscopy and Microanalysis, University of Queensland, Brisbane, Australia

Electron microscopy characterisation of polymer based materials has been developing through improvements
in sample preparation and handling, and new means of manipulating the image production by controlling the
energy of the incident electrons and the energy of the electrons used to produce the image. These combined
developments have opened up the characterisation of soft materials to resolution limits that have not been
previously possible.

Sample preparation techniques have been mostly borrowed from the biological science. Applying microtome
technologies, cryopreparation techniques such cryosectioning and rapid freezing to polymer samples, has
allowed a range of materials to be prepared and examined. In addition microscope technology has developed.
More sensitive camera systems allow examination at low dose, restricting beam damage. The microscopes can
also examine materials under cryogenic conditions which further preserves the structure during examination.

The modern in-lens scanning electron microscope can further expand the range of materials that can be
examined. Taking advantage of lowering the accelerating voltage with minimal loss in resolution and forming
the image by controlling the means of extracting the emitted electrons is providing a new dimension in
information available from polymer materials. Non-conducting materials can also be examined without having to
coat them. This opens the possibility on a wide range of materials which until know have not been able to be
examined. For example, subtle phase differences can now be visualised where the difference in composition is
minimal.

This paper will outline some of the latest developments in both sample preparation and imaging, by
providing examples of how the new techniques are improving our ability to understand the fine structure of
polymer and polymer composite materials.
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34APS 7-10 JULY 2013

107



108

Solid State Deuterium NMR Study of Phenylene Ring Motions in Glassy Epoxy

Networks
Jianwei Tu', Luke O’Dell, Bronwyn Fox’ and Jeffrey S. Wiggins'
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2[nstitute for Frontier Materials, Deakin University, Waurn Ponds, Victoria 3216, Australia

Network architectures in crosslinked glassy epoxy matrices control engineering properties such as modulus,
yield strength, fluid sensitivity, and etc. Epoxy materials containing bisphenol A units exhibit pronounced
sub-T,, relaxations as observed by various techniques including dynamic mechanical analysis, dielectric
spectroscopy, neutron scattering, and solid state nuclear magnetic resonance spectroscopy (NMR).
mechanical analysis, the principle loss peak typically spans over 100 degrees with maximum lying between -80
°C and -40 °C under a testing frequency of 1 Hz. The interpretation of the molecular origin of this principle
sub-T, relaxation has been an interesting area of research in polymer physics.
attributed this relaxation to either the motions of the phenylene rings1 or the motions of the hydroxypropyl ether
groups’ Jones and Inglefield have definitively shown through solid state deuterium NMR spectroscopy that both
motions contribute to the principle sub-T7|, relaxation process, with the phenylene ring n-flips occurring at lower

While some earlier work

In dynamic

Analysis of lamellar morphology of semi-crystalline polymers using small angle
scattering and the linear correlation function
Weir, M.P.', and Garvey, CcJ'
! Australian Nuclear Science and Technology Organisation,
Locked Bag 2001, Kirrawee DC, NSW 2232, Australia.

The linear correlation function (LCF) is a well-established tool for extracting structural parameters from
small angle scattering data from pseudo-one-dimensional systems such as lamellar semi-crystalline polymers.
Here we present a simple LCF routine to for small-angle-scattering data, useful for both small-angle x-ray
(SAXS) and small-angle neutron scattering (SANS) data, with a focus on simplicity of data formatting and ease
of use. We will present a short review of the use of LCF applied to SAXS and SANS data, covering issues of
optimum Q-range, interfacial models, background subtraction and possible artefacts using a case study of
UV-radiation-induced degradation in linear low-density polyethylene (LLDPE) films. Films of Dowlex 2045 G
LLDPE were aged for different periods in an accelerated UV aging environment and imaged on the Australian
Synchrotron SAXS/WAXS beamline'. The correlation function from the SAXS data was calculated as a function
of film age and shows that the lamellar long period decreases with age, while the lamellar thickness remains
roughly constant. Furthermore the interfacial width between the crystalline and amorphous regions decreases
with increasing age. The analysis is, provided that certain limitations are observed, suitable for the rapid analysis

temperatures and the trans-gauche isomerization of the hydroxypropyl ether groups at higher temperatures’.
Although there has been clear evidence on the correlation between the ring motions and the sub-T7, relaxation,
there have been debates over how phenylene ring n-flips induce mechanical relaxation, considering the
symmetry of ring flips which seem to involve no other atoms and cause no volume change®.

In this work, phenylene ring motions were studied by means of solid state deuterium NMR spectroscopy and
quadrupolar echo lineshape simulation in two crosslinked DGEBA epoxy networks cured with isomeric DDS.
Four samples with different deuterated sites were synthesized and the phenylene ring motions were interpreted as
a combination of zn-flips and small amplitude fast vibrations via simulation using a four-site jump model.
Lineshape simulation gave the rates and vibrational amplitudes of motion

as well as their distributions. The amine rings in the 3,3’-DDS system do 2T T 5DCEBAB 008

not e_xhibit large amplitude m_otions. The other threp ri_ng motiqns all S .
contribute to the sub-T, relaxations. The apparent activation energies for -4 el
epoxy ring motions in 3,3’-DDS and 4,4’-DDS systems are 55.2 kJ/mol = x"" oot
and 53.8 kJ/mol, respectively, and that for 4,4’-DDS amine ring motion is ~ =° -6 A P
62.3 kJ/mol. The cooperativity of the motions was calculated using g o~ -'i?‘j}/.
Starkweather method and the mechanical relaxation mechanism will be 8 -,;:.‘}""

discussed. The apparent activation energies for the ring flip motions were -

determined using the main correlation times from simulations according to 0 . . .
the Arrhenius relationship and the plot is shown in Figure 1 shows how 20 25 30 38
the slopes of linear fitting the activation energies E, of ring motions can be 1000/T (K)
obtained using this technique. Figure 1: Phenylene motions

T AN. Garroway, W.N. Ritchey, W.B. Moniz, Macromolecules 1982, 15, 1051-1063

2 G. Williams, D.C. Watts, Trans. Faraday Soc. 1970, 66, 80-85

3 J.F. Shi, P.T. Inglefield, A. Jones, M.D. Meadows, Macromolecules 1996, 29, 605-609
4 H. Kaji, K. Fuke, F. Horii, Macromolecules 2003, 36, 4414-4423

of large amounts of data, for example as the result of synchrotron measurements.

1. Hsu, Y-C., Weir, M. P, Truss, R. W, Garvey, C.]., Nicholson, T. M. and Halley, P. ]. A fundamental
study on photo-oxidative degradation of linear low density polyethylene films at embrittlement.
Polymer, 53 (12), 2012, 2385-2393.
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Longitudinal and Transverse properties and molecular motions in single aramid fibers
Judith Wollbrett-Blitz"*, Alba Marcellan’, Sébastien Joannés’, Anthony Bunsell’
'Laboratoire de Physico-Chimie des Polyméres et des Milieux Dispersés (PPMD) ESPCI— UPMC, Paris, France
2 Centre des Matériaux, Mines ParisTech, CNRS UMR 7633 BP 87, 91003 Evry Cedex, France

The para-aramid fibre is a high performance fibre mostly used in bullet-proof vest, wires or wheels
because of its good mechanical properties such as its high modulus (85 GPa), its good transverse resistance
conferred by its anisotropy or its high temperature resistance. The mechanical performance
of an aramid fibre is due to its different scales organisation: the primary (molecular structure
held by covalent bonds), the secondary (pleated sheets held by interactions) and the tertiary
structure (sheets stacked together). The longitudinal mechanical properties of a single
para-aramid fibre are far better known than its transverse ones and even though the |
molecular structure is well understood, the molecular motions are not'. The transverse
compression (called Brazilian test) has been done experimentally by different authors>? ,but Fig. 1: View from
they sometimes consider more than one fibre and did some assumptions such as isotropy or the camera of the
not considering the elasticity limit. This study is based on investigating the single fibre fiber
mechanical properties (mean diameter of 14 um), coupling longitudinal and transversal compression.
testings. Particular attention has been paid on the

T compliance before he sompresion Load|  transverse properties, focusing on dissipation

& | + compliance after the compression est processes. Developing an experimental setup4
o fiber compresion test (ordinary used for soft adhesives called the
*fber compression test 2 Micro-Tack), it has been possible to follow a
© fiber compression fest3 compression test; either one cycle load/unload or a
o fiber compression test 4

cyclic solicitation; and look at it from an upside
camera (Figure 1). The mechanical transverse
behaviour obtained from this experiment show, for
instance, a first cycle highly dissipative, similar
along a fibre (Figure 2) and leads to a softening in
subsequent cycles.
Fig. 2 : Compression test on four Finite element modelling (ZéBuLoN code) was the compression
points on a single fiber. used in support to this experimental investigation to ~test on the fibre.
give a relevant quantification of the transverse
elastic modulus and of the yielding stress. Compression tests were calculated assuming an anisotropic behaviour
(Figure 3). The elasticity domain is well represented but the plasticity domain is much more complex with the
contact area changing, the irreversible molecular motions and the disparity of the experimental results.

Displacement

This experimental study will be used to develop a multi-scale structural characterization in order to
reveal the transverse structure/properties relationship and further understand the structural parameters controlling
the dissipative mechanism.

' R. I. Young,D. Lu, Journal of Materials Science, 1992, 27, 5431-5440
2 S. L. Phoenix, J. Skelton, Textile Research Journal, 1974, 44, 934-940
3. Singletary, H. Davies, Journal of Materials Science, 2000, 35, 573-592

NEXAFS measurements of a high mobility semiconducting polymer on the soft X-ray
beamline at the Australian Synchrotron

Lars Thomsen', Christopher R. McNeill 2

! Australian Synchrotron, 800 Blackburn Road, Clayton Vic-3168, Australia
2 Department of Materials Engineering, Monash University, Clayton, VIC 3800, Australia

Being able to combine the optoelectronic properties of inorganic semiconductors with the processibility and
flexibility of polymers and small molecules makes organic electronics a highly attractive technology.! OFETs
(organic field effect transistors) in particular are one such area within organic electronics which exploits
carbon-based organic semiconductors like conjugated polymers as the active electronic medium. OFETs are
currently being developed for a variety of applications including low-cost, flexible electronic devices through the
use of high-throughput printed flexible thin film transistors. A key issue for the development and exploitation of
this technology is to understand the interplay between film microstructure and charge transport in order to
control interfacial molecular structure in solution-processed organic semiconductor films.> Organic
semiconductors tend to be significantly more disordered than their inorganic counterparts, with most
semiconducting polymers exhibiting complex, semicrystalline or liquid crystalline structure. Nevertheless,
highly-ordered solution-processable polymers with charge transport mobilities similar to amorphous silicon have
successfully been developed.® It is well-known that charge transport in an OFET occurs within the thin
accumulation layer that forms within the first few nanometres from the dielectric/semiconductor interface
making sensitivity to near-surface structure paramount. In this presentation results will be discussed where
synchrotron radiation, in particular Near Edge X-ray Absorption Fine Structure (NEXAFS) spectroscopy, was
used to probe the degree of order and measure the molecular orientation at the interfaces of P(NDI2OD-T2), a
high mobility semiconducting polymer. An update of the current status of the Soft X-ray beamline at the
Australian Synchrotron will also be given.

' SR. Forrest, Nature, 2004, 428, 911-918

’H. Sirringhaus, Adv. Mater., 2005, 17,2411-2425

3 I. McCulloch, M. Heeney, C. Bailey, K. Genevicius, I. MacDonald, M. Shkunov, D. Sparrowe, S. Tierney, R.
Wagner, W. Zhang, M.L. Chabinyc, R.J. Kline, M.D. McGehee, M.F. Toney, Nat. Mater., 2006, 5, 328-333
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Precision Macromolecular Chemistry: Building Nanostructured Materials One Molecule
at a Time.

Sebastien Perrier
Key Centre for Polymers & Colloids
School of Chemistry, The University of Sydney
NSW 2006
http://www.kcpc.usyd.edu.au

Chemists are remarkably proficient at directing the synthesis of small molecules, but fine-tuning the
structures of large molecules, such as those found in polymers, is far more taxing. Despite many years of
research, the field of macromolecular engineering i.e. the preparation of large molecules with strict control over
their size and chemical groups has many mountainous challenges yet to overcome. Nature provides endless
examples of precisely engineered macromolecules; proteins, for instance, which contain amino-acid side-chains
that are accurately positioned, often in a way that determines the proteins’ roles. Synthetic chemists have tried to
recreate nature’s exceptional control over macromolecules, and in so doing they have designed new materials
with precisely defined structures, for use in applications ranging from materials to medicine.

The lecture will describe new synthetic paths to design macromolecules showing excellent control over
their topology and functionality. These synthetic macromolecules are then exploited to directly form functional
materials, or associated to biopolymers such as peptides to form natural / synthetic polymer conjugates. The
exploitation of these well-defined macromolecules for the design of functional nanostructured materials via
molecular self-assembly and self-organization will be discussed, with examples of applications in the material
and biomedical fields.

Figure 1. Examples of ordered arrays of core shell nanoparticles (left) and peptide / polymer conjugates
nanotubes (right).

Selected Recent Publications

¢ Gody, G; Rossner, C.; Moraes, J.; Vana, P.; Maschmeyer, T. ; Perrier, S. J. Am. Chem. Soc., 2012, 134 (30),
12596-12603

¢ Chapman, R.; Jolliffe, K.A.; Perrier, S. Polym. Chem., 2011, 2011, 2 (9), 1956-1963

¢ Konkolewicz, D.; Gaillard, S.; West, A.G.; Cheng, Y.Y; Gray-Weale, A.; Schmidt, T.W., Nolan, S.P.; Perrier, S.
Organometallics, 2011, 30 (6), 1315-1318.

¢ Kakwere, H.; K.Y. Chun, C.; Jolliffe. K.A.; Payne, R.J., Perrier, S. Chem. Commun., 2010, 46,2188-2190

e Semsarilar, M.; Perrier, S. Nature Chem, 2010, 2, 811-820

¢ Konkolewicz, D.; Gray-Weale, A.; Perrier, S. J. Am. Chem. Soc., 2009, 131 (50), 18075-18077

e Kakwere, H.; Perrier, S. J. Am. Chem. Soc. 2009, 131(5), 1889-1895

Azide-functionalized Poly-2-Oxazoline Brushes for Biomedical Applications
Jasmin Biihler!, Sabine Gietzen,' Karl Fischer'and Manfred Schmidt

Unstitute of Physical Chemistry, Johannes Gutenberg-University, Mainz, Germany

The controlled delivery of genes and drug therapeutics are a vital aspect of modern medicine. Inspired by
naturally occurring polypeptides, poly-(2-oxazoline)s are excellent candidates for applications in the field of
drug and gene delivery as their structure is similar to natural polypeptides. These synthetic polymers thus offer
potential advantages to overcome current obstacles in drug and gene therapeutics in terms of cytotoxicity and
efficiency. Cylindrical polymer brushes have become increasingly popular because of their anisotropic character
and the recent results on the shape dependent endocytosis.

The synthesis of azide functionalized poly-(2-oxazoline) brushes offers a simple opportunity for further
modifications as conjugation of biologically active molecules like proteins, peptides or carbohydrates. Reduction
of the azide groups leads to amine groups at the end of each side chain, which offers another versatile route for
conjugation reactions and provides cationic charges for complex formation with DNA and siRNA.

In this work different Nj-functionalized poly-(2-oxazoline) brushes consisting of ethyl- and/or
isopropyloxazoline units were synthesized. According to literature 2-isopropyloxazoline offers a lower critical
solution temperature of around 37°C and 2-ethyloxazoline a transition temperature of around 70°C, depending
on the molecular weight, concentration and salt content. We choose these two monomers as they offer the
possibility to access control of the lower critical solution temperature in the range of 30°C to 70°C which might
be advantageous for applications in the biomedical field. The synthesized brushes were characterized by static
and dynamic light scattering as well as by AFM. The molecular weight of the different brushes lies in the range
of 3.6:10° g/mol and 6.8:10° g/mol. The hydrodynamic radius ranks from 42 nm to 25 nm. Figure 1 shows AFM
images of different Nj-functionalized poly-(2-oxazoline) brushes. Recently our group developed a new method
based on dynamic light scattering to determine the aggregation behavior of nanoparticles in human blood serum.
First experiments with the azide functionalized brushes show no protein absorption in human blood serum. Hence
cylindrical poly-2(-oxazoline) brushes may be promising candidates for various biomedical applications.

Further experiments focus on the reduction of the azide-groups. Two different reduction methods were tested
and the results will be presented. Finally the obtained amine functionalized brushes will be used in DNA or
siRNA complexation experiments.

Figure 1. AFM pictures (height) of poly-(2-oxazoline) brushes of different size and composition spin cast
from aqueous solution onto mica.

! K. Rausch, A. Reuter, K. Fischer and M. Schmidt , Biomacromolecules 2010, /7, 2836-2839
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Polymers for Inorganic Scale Control: On the Edge of Glory
Christopher M. Fellows', Ali A. Alhamzah"? and Erica J. Smith

'The University of New England, Armidale, NSW 2351, Australia
2Saline Water Desalination Research Institute, SWCC, PO Box 8328, Al Jubail 31951, Saudi Arabia

Scale formation from aqueous solution is a significant problem in many industrial processes, impairing

efficiency and necessitating costly shut-downs in processes as diverse as sugar milling and seawater desalination.

For many years low molecular-weight polyelectrolytes, such as poly(acrylic acid), have been used to inhibit
scale formation in aqueous solution. Three mechanisms that have been observed are chelation of scale-forming
cations, adsorbing to crystallites to act as dispersants, and adsorbing to crystallites to block growth sites. We
have found that the extent of inhibition of bulk crystallisation by poly(acrylic acid) in the calcium oxalate and
calcium carbonate scaling systems can be increased by incorporating end-groups of moderate hydrophobicity.'

We have been using Atom Transfer Radical Polymerisation (ATRP)? to prepare poly(acrylic acid) scale
inhibitors of known molecular weight and end-group functionality and applying them to investigation of
calcium carbonate, magnesium hydroxide, calcium sulfate and calcium oxalate scaling. In these systems we
have found dramatic effects on inhibition time,' crystal morphology and speciation,® and the balance between
heterogeneous and homogeneous nucleation.

This presentation will survey our current experimental work and molecular dynamics modelling on these
systems being carried out to investigate the hypothesis that polymers with structure encouraging them to be
edge-active under conditions where different charge densities are exhibited by different crystal surfaces will be
most effective in inhibiting scale formation (Fig. i).

Growing face Growing face
Growing
face
Face-active polymer Edge-active polymer

Figure 1. The Edge-Active Polymer Model for crystal growth inhibition

L' A.D. Wallace, A. Al-Hamzah, C. P. East, W. O. S. Doherty, C. M. Fellows, J. Appl. Polym. Sci. 2010, 116, 1165-1171
2 Q. Ma, K. L. Wooley, J. Polym. Sci., Polym. Chem. 2000, 38, 4805-4820
3c.p. East, A. D. Wallace, A. Al-Hamzah, W. O. S. Doherty, C. M. Fellows, J. Appl. Polym. Sci., 2010, 115,2127-2135.
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Influence of the architecture of thermosensitive copolymers bearing phosphonated
moieties on their physical properties in water
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The synthesis of thermosensitive copolymers bearing phosphonic acids moieties with different architecture is
described here. All copolymers have been synthesized from N-n-propylacrylamide (N#PAAm) as acrylamide
monomer leading to the thermosensitive properties of the copolymers. The incorporation of phosphonated
moieties was obtained by the copolymerization of the N#PAAm monomer with different phosphonated
co-monomers, the (dimethoxyphosphoryl)methyl —2-methylacrylate (MAPC1) and the diethyl
2-(acrylamido)ethylphosphonate (DAAmEP). From theses monomers, three different copolymers have been
synthesized. Two of them, P(NnPAAm-stat-MAPC1) and P(NnPAAm-star-DAAmMEP) have been obtained by
free radical copolymerization. P(NnPAAm-block-DAAmMEP) was obtained by a two-step RAFT polymerizations
process as already described in a previous paper’. Theoretical architectures of both statistical copolymers were
determined by measuring the reactivity ratios of both monomers couples, i.e. NnPAAm/MAPC] and
NnPAAm/DAAMEP. The diblock architecture of P(NnPAAm-6-DAAmEP) obtained by RAFT polymerization
have also been verified. For all copolymers, an additional hydrolysis step of the phoshonated esters into
phosphonic acid was achieved leading to three thermosensitive copolymers bearing phophonic acid moieties, the
P(NnPAAm-stat-,MAPC1) and P(NnPAAm-stat-AAmEPA) for the statistical copolymers and the
P(NnPAAm-5-AAmEPA) for the diblocks copolymer. The thermosensitive behaviour of these three copolymers
was evaluated (Fig.1). All three copolymers, characterized by the same amount of phosphonic acid moieties,
showed different thermosensitive properties which was linked to the copolymers architecture.

® P(NnPAAM-stat-AAMEPA) A  P(NnPAAm-block-AAMEPA) B  P(NnPAAm-stat-,MAPC1)

Transmittance (%)

15 20 25 30 35 40
Temperature (°C)

Figure 1. Thermosensitive behaviour of copolymers aqueous solutions (5 g.L™).
Finally, the sorption properties of all three copolymers for Ni** metallic pollution were evaluated in different
conditions which brought important information on the sorption mechanisms involved between the phosphonic

acid groups and Ni metallic pollution.

' A. Graillot, S. Monge, C. Faur, D. Bouyer, J.J. Robin, Polymer Chemistry. 2013, DOI:10.1039¢2py20720f.
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Incorporating Indazoles into the Dopamine Self-Polymerisation System

Anthony Michael Granville', Matthew Peterson’, Solomon Le-Masurier', Khoon Lim?, Penny Martens 2
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Since the seminal work of Messersmith and coworkers' into the mussel-inspired self-polymerization of
dopamine, research into this area of biomimetic polymers has ballooned. In this short five year span, over 100
articles relating to this dopamine polymerization and use can be found. Messersmith and coworkers were able to
show that a pH-buffered aqueous solution of dopamine would result in the spontaneous formation of a thin and
robust cross-linked polymer coating on an array of flat materials dipped into the solution." Furthermore, the
surfaces were capable of cell adhesion, multi-layer reactions through latent amine and hydroxyl groups on the
polydopamine coating, as well as microlithography imprinting. This work led to increased research efforts into
this area, where polydopamine coatings have been investigated for hollow nanocapsule generation”, biomimetic
surfaces’, and even living-cell encapsulation®.

However, it should also be noted that even though the mechanism for this reaction has been investigated, the
agreed upon system is still relatively illusive. One of the main commonalities between the proposed mechanisms
for this base catalyzed self-polymerization is the conversion of the catechol functional groups into quinone
structures, and thereby activating the adjacent aromatic carbon atoms for the polymerization process (Scheme 1).
It would appear that the nature of the fused indole ring plays very little into the formation of the quinone structure,
as derivatives in the 2 position of the indole have also been shown to abide by this mechanism. With this in mind,
we have begun to extrapolate this polymerization scheme to other compounds of similar structure to the
5,6-dihydroxyindole formed from the dopamine cyclization. If the driving force for this self-polymerization
mechanism is the base-catalyzed formation of the quinone structure, then this mechanism could be useful for the
aqueous polymerization of a wide range of compounds. One compound of particular interest is indazole
compounds, where the carbon in the 2 position of the indole (where crossliking occurs in Scheme 1) is replaced
with nitrogen. These indazole compounds have been shown to exhibit a large range of biological activities as
well as medical properties such as antimicrobial agents, anti-HIV agents, and ligands for ruthenium-based
chemotherapy agents. We’ve characterised their incorporation using solid state NMR techniques as well as
cytotoxicity evaluations.

oH Ho

HO,

Ho o
\.
-— -,
N N N N WAL
N N N

Scheme 1. Simplified mechanism of dopamine self-polymerisation and potential indazole incorporation.

H. Lee, S.H. Dellatore, W.M. Miller, P.H. Messersmith, Science 2007, 318, 426.

A. Postma, Y. Yan, Y. Wang, A.N. Zelikin, E Tjipto, F. Caruso, Chem. Mater. 2009, 21, 3042.

Q. Ye, F. Zhou, W. Liu, Chem. Soc. Rev. 2011, 40, 4244.

S.H. Yang, S.M. Kang, K.-B. Lee, TK. Chung, H. Lee, In.S. Choi, J. Am. Chem. Soc. 2011, 133,2795.
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Responsive macromolecular assemblies:

sol / gel transition under pH and temperature control.
Elodie Siband, Yette Tran and Dominique Hourdet
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Responsive polymers were prepared by copolymerizing a small amount of ionisable monomers, acrylic acid
(A) or N,N-dimethylaminopropylmethacrylamide (M), with N-isopropylacrylamide (NIPA). From differential
scanning calorimetry experiments, it is shown that the pH strongly influences the phase separation of these
copolymers (PNIPA-A and PNIPA-M) in water (temperature and enthalpy). At pH 7, when ionisable groups are
charged, both PNIPA-A and PNIPA-M remain soluble in water at all temperatures but their mixtures show a
phase separation above a critical temperature due to the formation of a reversible inter polyelectrolyte complex.

When PNIPA-A stickers are introduced as side-chains within a poly(acrylamide) backbone (PAM), pH and
temperature are still able to drive the association process at a local scale, giving rise to a sol/gel transition of
semi-dilute solutions (see Fig.1). At pH 7, while the graft copolymer PAM-g-PNIPA-A cannot self-assemble in
water, even at high temperature, the introduction of oppositely charged PNIPA-M is able to trigger the
self-assembling process in a very specific way (Fig.1).

The structure and the viscoelastic properties of these complex macromolecular assemblies are investigated by
small angle neutron scattering, DSC and rheology and their responsivity is discussed as a function of
environmental conditions.

()
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Figure 1. Responsive macromolecular assemblies in aqueous solutions.

'E. Siband, Y. Tran, D. Hourdet, Progress in Colloid and Polymer Science 2010, 137, 19-22.
2 E. Siband, Y. Tran, D. Hourdet Macromolecules 2011, 44, 8185-8194.
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Functional polymers for the design of nanoengineered polymer capsules
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The layer-by-layer (LbL) technique has found widespread use for the nanoscale engineered assembly of
materials, as it is simple, versatile and allows precise control over film properties such as thickness and
morphology. Recently, there has been emphasis on the development of biocompatible LbL capsules specifically
engineered to respond to specific stimuli for therapeutic delivery applications or as microreactors.

The preparation of LbL polymer capsules stabilized by "click chemistry" and/or highly efficient cross-linking
reactions is reported. For this purpose polymers with different side and end group functionalities were
synthesized and utilized for the design of responsive polymer capsules. The choice of the polymerization
technique or post-polymerization modification allowed the introduction of diverse functionalities, which allowed
the stabilization of the capsules using different approaches. The polymers obtained rendered the capsules
responsive to external stimuli such as pH, temperature and redox. This responsive behavior was exploited, e.g.
for the preparation of dual stabilized capsules with gateable permeability.

Diffusion in Precisely-Structured Hydrogels of NIPAM
Huey Wen Ooi, Hui Peng, Kevin S. Jack, Andrew K. Whittaker

Australian Institute for Bioengineering and Nanotechnology,
Centre for Microscopy and Microanalysis, Centre for Advanced Imaging,
The University of Queensland, QLD 4072 Australia.

Polymeric hydrogels have myriad applications many of which depend on an understanding of how molecules
diffuse through their structure. Diffusion is a complex phenomenon, and the observed rate of diffusion critically
depends on both the method and the time scale of observation. In the limit of infinitely short times the
solute/drug molecules diffuse in an unhindered manner, similar to Brownian motion is a pure solvent. At
progressively longer times there is an increasing probability that a solute molecule encounters an obstacle (e.g.
polymer chains), thus decreasing its overall rate of translational motion. The dependence of the rate of diffusion
of the solute on the diffusion (observation) time yields important information on the structure of the diffusive
medium, in this case the polymeric hydrogel. This has obvious implications for studies of drug release from
hydrogels, to give but one important example.

In this work we have examined diffusion of water and water-soluble probe molecules in hydrogels prepared by
a combination of reversible-deactivation radical polymerisation and 1,3-dipolar cycloaddition click chemistry. A
series of telechelic macromers of N-isopropylacrylamide were prepared using RAFT polymerisation and these
were crosslinked into three-dimensional polymers of infinite molecular weight using the copper-catalysed
azide-alkyne coupling reaction. The polymers were rigorously characterised by conventional and advanced
spectroscopic techniques to confirm a highly regular structure largely free of defects usually found in
conventional hydrogels.
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The structure of the hydrogels was further characterised by measurement of the coefficients of diffusion of
water molecules within the hydrogels using pulsed-gradient spin echo NMR. The rate of diffusion was found to
depend on the observation time, indicative of restricted diffusion; the polymer chains act as barriers to diffusion
and the observation of a plateau in the diffusion coefficient (Figure 1(A)) with increasing observation time
demonstrates the presence in the gel of an effective diffusive volume. The size of this diffusive volume is several
orders of magnitude larger than the polymeric mesh size, suggesting that the water molecules pass through a
large number of interconnected spaces defined by the hydrogel structure. Hydrogels of PNIPAM experience a
volume change close to the temperature of the lower critical solution temperature of equivalent linear chains.
Measurements of the diffusion coefficient as a function of temperature confirm a dramatic decrease in the
diffusive volume as the temperature is increased.
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Block Copolymer Drug Delivery Vehicles from a Combination of RAFT and Anionic
Polymerization Routes

Zachary Tolstyka, Swapnil Tale, Molly Dalsin, Nilesh Ingle, Theresa M. Reineke’
! Department of Chemistry, University of Minnesota, 207 Pleasant Street SE, Minneapolis, Minnesota, 55455

My research group is focused on the development of polymers for the delivery of drugs,
nucleic acids, and peptides. The intracellular delivery of nucleic acids offers unprecedented promise
for revolutionizing biomedical research and novel drug development. Likewise, small molecule drug
and vaccine development could significantly benefit from new materials that aid targeted delivery.
However, the polymeric delivery vehicle plays a central yet elusive role in dictating the efficacy, safety,
mechanisms, and kinetics of transport in a spatial and temporal manner. To this end, we have
developed several novel carbohydrate-containing polymers that have shown outstanding affinity to
encapsulate polynucleotides, drugs, and peptides into nanocomplexes and facilitate highly efficient
intracellular delivery without toxicity. We have utilized step growth polymerization techniques to
yield a comprehensive series of polycations that contain various mono-, di-, and oligosaccharide
moieties copolymerized with ethyleneamine units. In addition, we have recently created analogs of
these polymers via RAFT and anionic polymerization methods, allowing us to create a variety of block
copolymer architectures with saccharides and functional groups of diverse chemistries (hydrophobic,
cationic, and anionic units) in a highly controlled manner. To examine the intracellular mechanisms of
delivery, we have utilized live cell confocal microscopy imaging techniques to examine the
intracellular trafficking of the vehicles, which allows us to observe nanocomplex movement in a
spatial and temporal manner.

Figure 1. a) CryoTEM image of polymeric micelles formed with carbohydrate-based block
copolymers (scale bar = 100nm). b) Depiction of the core-shell structure of the nanocomplexes
(polymerized pendant carbohydrates form the shell in blue). ¢) 3D image of the polymeric
nanocomplexes (blue) trafficking near the nucleus (yellow) in a HeLa cell.

a)

1. L. Yin, M. C. Dalsin, A. Sizovs, T. M. Reineke, M. A. Hillmyer “Glucose-Functionalized
Serum-Stable Polymeric Micelles From the Combination of Anionic and RAFT Polymerizations”
Macromolecules, 2012, 45, 4322-4332.
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Preparation of Polymeric Nanog)articles for Therapeutic Applications
Cheuk Ka Poon’, Owen Tang’, Xin-Ming Chen?, Carol Pollock?, Brian S. Hawkett', Sébastien Perrier’

'Key Centre for Polymers & Colloids,
School of Chemistry, Building F11, The University of Sydney, NSW 2006, Australia
?Kolling Institute of Medical Research, Royal North Shore Hospital,
Pacific Highway, St Leonards, NSW 2065, Australia

Polymeric nanoparticle drug carriers have attracted great interest in therapeutics for their potential
applications in gene and drug delivery. The incorporation of polymers in therapeutics offers a promising route to
improve function and properties, such as enhancing cellular uptake of drugs across biological barriers, improving
solubility, pH and charges in cellular environment and therefore improving the drug biocompatibility and control
of drug release.

By employing surfactant-free RAFT emulsion polymerisation,> we have prepared 20-30 nm polystyrene
(PS) latex particles with narrow dispersities. The PS nanoparticles were stabilised by an amphiphilic diblock
copolymer, polyacrylamide,,-block-polystyrene, (PAAmy-b-PS,), which synthesis was mediated by the
amphiphilic chain transfer agent 2-propanoyl butyl trithiocarbonate (PABTC). The resulting amphiphilic diblock
copolymer self-assembled in water and formed micelles, which were evolved into PS particles via RAFT
emulsion polymerisation of styrene (Scheme 1). The surface of these polystyrene nanoparticles was
functionalised with Rhodamine B (RhB) to allow for tagging of the particles for in vivo tests on a mouse model.
The RhB-labelled PS nanoparticles were shown to be present in the blood circulation system and accumulated in
heart, lungs, liver and kidneys following intravenous injection.
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Scheme 1. Preparation of polystyrene latex particles stabilised by amphiphilic diblock copolymer.

' 0.C. Farokhzad and R. Langer, ACS Nano 2009, 3, 16-20.

2C. 1. Ferguson, R. J. Hughes, B. T. T. Pham, B. S. Hawkett, R. G. Gilbert, A. K. Serelis, C. H. Such, Macromolecules
2002, 35, 9243-9245.

3¢ Ferguson, R. J. Hughes, D. Nguyen, B. T. T. Pham, R. G. Gilbert, A. K. Serelis, C. H. Such, B. S. Hawkett,
Macromolecules 2005, 38, 2191-2204.

4E. Sprong, J. S. K. Leswin, D. J. Lamb, C. J. Ferguson, B. S. Hawkett, B. T. T. Pham, D. Nguyen, C. H. Such, A. K.
Serelis, R. G. Gilbert, Macromol. Symp. 2006, 231, 84-93.

>D. E. Ganeva, E. Sprong, H. De Bruyn, G. G. Warr, S. H. Such, B. S. Hawkett, Macromolecules 2007, 40, 6181-6189.
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Size-exclusion chromatography of healthy and diabetic glycogen reveals differences in
their biosynthesis and biodegradation.
Mitchell A. Sullivan”°, Torsten Witt" %, Prudence O. Powell"?, Eugeni Roura®, David I. Stapleton3, Robert G
Gilbert"?

'Tongji School of Pharmacy, Huazhong University of Science and Technology, Wuhan, Hubei 430030, China
’The University of Queensland, Centre for Nutrition and Food Sciences, Queensland Alliance for Agricultural
and Food Innovation, Brisbane, QLD 4072, Australia
3Department of Physiology, The University of Melbourne, Parkville, Victoria 3052, Australia

Glycogen is a hyperbranched glucose polymer with an assembly of linear chains of a-(1—4)-linked
D-glucose residues connected via a-(1—6) branching linkages. Glycogen comprises smaller glycogen B
particles (~ 10%7 Da) which can also form much larger rosettes denoted o particles'-.

The recent discovery® that these o particles are smaller and fewer in diabetic, compared to healthy, mouse liver
highlights the need to elucidate the nature of a-particle formation. It is postulated that the larger and denser o
particles are slower to degrade back to glucose, and thus would have a slower blood-sugar release than do 3
particles; this has ramifications for diabetes, which is uncontrolled release of blood glucose. Here we optimized
the conditions of size-exclusion chromatography by comparing glycogen dissolved in the different solvents,
aqueous and dimethyl sulfoxide, run through different column materials and pore sizes. This has resulted, for the
first time, in the separation of B— and c—particle peaks. This now allows much more detailed analysis of the
differences between healthy and diabetic liver glycogen. Also, by analysing mouse-liver glycogen at different
times in the feeding cycle, we were able to gain a much better understanding of the process of w-particle
formation.

Given the recent finding that & particles are most likely connected via proteinaceous linkages*, potential drug
targets may be explored that allow diabetic glycogen to form the larger & particles found in healthy liver.
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1) Sullivan, M. A.; Vilaplana, F.; Cave, R. A.; Stapleton, D. I.; Gray-Weale, A. A.; Gilbert, R.
G. Biomacromolecules 2010, 11, 1094.

(2 Takeuchi, T.; Iwamasa, T.; Miyayama, H. J. Electron Microsc. 1978, 27, 31.

(©)) Sullivan, M. A.; Li, J.; Li, C. Z.; Vilaplana, F.; Stapleton, D.; Gray-Weale, A. A.;
Bowen, S.; Zheng, L.; Gilbert, R. G. Biomacromolecules 2011, 12, 1983.

(4) Sullivan, M. A.; O'Connor, M. J.; Umana, F.; Roura, E.; Jack, K.; Stapleton, D. 1.;

Gilbert, R. G. Biomacromolecules 2012, 13, 3805.
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Synchrotron X-ray imaging of gold loaded alginate microcapsules in ex vivo rodents for

cellular based therapeutic treatments
Xiaojuan Hao'*, Fengxiang Qie"3, Alberto Astolfo®, Astrid Kibleur?, Tianwei Tan’, and Tim Hughesl

'CSIRO Materials Science & Engineering, Bayview Avenue, Clayton, Victoria 3168, Australia
2 Australian Synchrotron, 800 Blackburn Road, Clayton, Victoria 3168, Australia
3College of Life Science and Technology, Beijing University of Chemical Technology, Beijing, China

Cell based therapy has the potential to treat a wide range of diseases. One potential solution to enable
immuno-isolation of the transplanted cells is to encapsulate the cells in alginate matrixes (called microcapsules -
MCs). The aim of this project is to develop a non-invasive and simple technique that permits the tracking of the
position and integrity of the MCs when placed in laboratory animals. Information obtained from tracking the
MC:s will help guide best practice as encapsulated cells are being contemplated as clinical therapies, for example,
for treatment of insulin-dependent diabetes. The results of our preliminary experiments conducted at the IMBL
(Australian Synchrotron, Melbourne, Australia) and at SYRMEP (Elettra, Trieste, Italy) beamlines have shown
that gold nanoparticles (GNPs) are an attractive solution for capsules tracking if combined with X-ray computed
tomography (CT).

This work focuses on the preparation of GNPs modified with polymers synthesized by reversible
addition-fragmentation chain transfer (RAFT) polymerization. Poly((2-methacryloyloxyethyl) trimethyl
ammonium chloride)), a positively charged polymer, and poly (ethylene glycol), a non-charged polymer were
used as prepared, i.e. containing dithioester end groups. Alternatively, the RAFT end groups were cleaved off
affording the corresponding thiol-capped polymers. The various polymers were used to modify GNPs via either
electrostatic interaction or chemical assembly (thiol group absorbed to GNPs) (Figure 1). These
polymer-modified GNPs were then encapsulated in alginate MCs (~500 um) (Figure 2) in order to test their
ability to track alginate MCs within the body by X-ray imaging (Figure 3). X-ray imaging of encapsulated GNPs
modified with RAFT polymers is a promising methodology to track alginate capsules in situ that may be used as
drug delivery devices ! or to encapsulate cells for cell therapy (diabetes treatment) 2.
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Figure 1. RAFT polymer synthesis and modification of GNPs Figure 2. Synthetic route of GNPs loaded alginate MCs
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Figure 3. 3D rendering based on X-ray CT imaging of GNPs loaded alginate MCs.

' Y. Yan, G K. Such, A. P. R. Johnston, J. P. Best, F. Caruso. ACS nano 2012, 6(5), 3663-3669.
2 J. Matthias Lohr, R. Heuchel, R. Jesnowski, C. Wallrapp. Advanced Engineering Materials 2009, 11(8),
B129-B135.
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Hyperbranched Polymer-siRNA Conjugates: Advanced Polymeric Carriers for Cancer
Therapy

Aditya Ardana’, Andrew K Whittaker', Nigel McMillan’, Kristofer J Thurecht’

! Australian Institute for Bioengineering and Nanotechnology and Centre for Advanced Imaging, University of
Queensland, Australia
2School of Medical Science, Griffith University, Australia

The discovery of RNA interference which leads to efficient silencing of specific genes by double-stranded
RNA (siRNA) has opened up a revolutionary way of treating cancer-related diseases'. Nonetheless, in order for
it to be a viable and universal therapeutic option, a number of important issues must be first addressed. Of
particular importance is the poor in vivo stability of siRNA due to the presence of degrading enzymes (RNAse
and DN Ase) within the blood plasma. Additionally, efficacy of cell transfection is often compromised due to
poorly-designed carrier vehicles (or in the case of free siRNA, electrostatic repulsion from the cell membrane)>>.

To overcome all these difficulties, we wish to develop a wide reaching and broadly applicable platform
technology for the effective delivery of siRNA and complementary chemotherapeutics to cell-specific tissues
using charge-neutral hyperbranched polymers (HBPs). Due to large functional-group availability on
hyperbranched molecules, it is possible to covalently integrate all the modalities needed (therapeutic agents,
targeting ligands, imaging moieties etc.) in one molecule. This will make our non-viral delivery system an
ideal theranostic device (Figure 1).

In this presentation, a comprehensive structural analysis of our RAFT polymerised HBPs will be discussed.
We would also like to communicate various strategies for covalent attachment of siRNA to polymers, along with
other approaches that we have been developing in our group. This will include the development of efficient
intracellular release of the therapeutics (based on various linker chemistry). Our current work has demonstrated
that radical-induced reduction of trithiocarbonate end groups by using excess amount of
4,4’-Azobis(4-cyanovaleric acid) is the best method for introducing well-defined functional groups on our HBPs.
We have also successfully chain extended the polymers with pyridyl disulphide (PDS)-terminated PEG linkers.
We envisage that by extending the length of PDS groups away from the core of HBP, not only we can get higher
siRNA-HBP coupling efficiency via thiol-disulfide exchange reactions but also better extracellular protection for
the siRNA.
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Figure 1. 1) Schematic of hyperbranched polymer structure incorporating: siRNA and a representative
drug (taxols) tethered via cleavable linkages; imidazole-containing groups to facilitate endosomal
escape; segments for '°F MRI and; targeting ligands on the particle periphery — all of these are
protected within a PEG shell. 2) Cellular processes required for effective release of siRNA and
chemotherapeutic drug intracellularly

1.J. W. Gaynor, B. J. Campbell, R. Cosstick, Chem. Soc. Rev. 2010, 39 (11), 4169-84.
2.]. H. Jeong, H. Mok, Y. K. Oh, T. G. Park, Bioconjugate Chem. 2009, 20 (1), 5-14.
3.D. W. Pack, A. S. Hoffman, S. Pun, P. S. Stayton, Nat. Rev. Drug Discov. 2005, 4 (7), 581-93
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Engineering Polymeric NanoParticles for Advanced Applications

Cyrille Boyer, Hien Duong, Jinna Liu, Michael Whittaker, Thomas P. Davis
Centre for Advanced Macromolecular Design (CAMD)
Australian Centre for NanoMedicine (ACN)
School of Chemical Engineering, The University of New South Wales, Sydney, NSW 2052, Australia

Email: cboyer@unsw.edu.au

Soft core-shell polymeric nanoparticles are an area of great research interest, due to their
potential advantages in the sustained and targeted delivery of therapeutic payloads. These systems
can offer significant improvements in the temporal and spatial control of drug delivery. In this talk
different polymeric nanoparticles that have been specifically designed to deliver anti-cancer drugs
and to image specific tissue, will be discussed. The first system presented will be based on pH- and
redox- responsive nanoparticles which are able to deliver different payloads in different cellular
compartments. The synthesis and the characterization of these nano-objects will be outlined in
detailed. As an example, the delivery of nitric oxide will be presented using these nanoparticles for
the treatment of liver fibrosis and neuroblastoma. We have also demonstrated synergistic effect
when we combine nitric oxide (NO) with chemotherapy drugs for the treatment in multi-drugs
resistance in cancer. In a second part of this talk, the synthesis of new hybrid organic/inorganic
nanomaterials, based on iron oxide, gold and gadolinium, will be reported for use as MRI contrast
agents. The effect of the architecture and the nature of polymers will be correlated with the
magnetic properties of these nano-objects. In addition, the polymeric shell of these nanomaterials
can be designed to conjugate with anti-cancer drugs. Finally, I will rapidly mention the use of
hybrid inorganic polymeric nanoparticles for the storage of hydrogen. In this part, I will present and
discuss on the synthesis of magnesium hydride (MgH;) nanoparticles stabilized and assembled
using functional polymer to yield a new generation of nanomaterials with remarkable hydrogen
storage properties.
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Targeted Drug Delivery: Understanding Internalisation and Processing of Nanoparticles
Angus P R. Johnston,' Haiyin Liu'

"Nanomaterials for Biology Group, Department of Chemical and Biomolecular Engineeing
The University of Melbourne
Parkville, Victoria, Australia, 3010

Targeted delivery of drugs to specific cells in the body has the potential to revolutionise the treatment of many
diseases.! An emerging technique to deliver drugs is to immobilise the therapeutic inside a nanoparticle, whereby
the body is protected from potentially harmful side effects of the drug, while also preventing the drug from being
degraded by the body.

To engineer these ‘smart’, responsive materials, it is essential to understand how the nanoparticles interact
with cells. In particular, internalisation and processing of nanoparticles inside the cell plays a critical role the
effectiveness of the therapeutic response. Our current methods for evaluating internalisation have a number of
limitations. We present here a simple, high throughput method for determining the cellular uptake of a range of
materials that is independent of pH, compatible with a range of fluorophores, and does not interfere with cell
phenotyping or cellular processes. Using this technique, we have demonstrated that we can specifically examine
the internalisation of proteins and nanoparticles. We have demonstrated that the antibodies used to target
nanoparticles to specific cells play an important role in internalisation.”® To design effective nanoparticle
therapies the mechanism of nanoparticle internalisation must be understood to ensure the particles are
internalised and processed in the correct way.

By understanding how these materials interact with cells, we can precisely engineer the properties of
nanomaterials to help improve the treatment of diseases like cancer® and HIV.*

A. P.R. Johnston, G. K. Such, S. L. Ng, F. Caruso, Curr. Opin. Colloid Interface Sci. 2011, 16, 171.

A.P.R. Johnston, M.M.J. Kamphuis, G.K. Such, A.M. Scott, E.C. Nice, J.K. Heath, F. Caruso, 4CS Nano 2012, 6, 6667.
J.D. Mintern, C. Percival, M.M.J. Kamphuis, W.J. Chin, F. Caruso, A.P.R. Johnston, Adv. Health. Mater. 2013 in press
A.Sexton, P.G. Whitney, S.-F. Chong, A.N. Zelikin, A.P.R. Johnston, R. De Rose, A.G. Brooks, F. Caruso, S.J. Kent,
ACS Nano 2009, 3, 3391.
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Oral delivery of nanoparticles to the colon for targeting colorectal cancer cells
Yiming Ma', Allan GA Coombes’ and Kristofer J Thurecht!

! Australian Institute of Bioengineering and Nanotechnology, the University of Queensland, Brisbane, Australia
2School of Pharmacy, International Medical University, Kuala Lumpur, Malaysia

According to WHO, colorectal cancer has ranked the fourth leading cause of cancer-related death worldwide
in 2008, with 1.2 million new cases diagnosed and causing 0.6 million deaths'. Colorectal cancer is curable at
early stage during which cancer cells have not spread through the colon wall. But for patients diagnosed with
cancer metastasis, their 5-year relative survival rate is only 11.9%?2. The conventional chemotherapy has been
widely used to kill cancer cells and thus prevent cancer development. Anti-cancer drugs are often administered
via intravenous injection at high doses for a long time to maintain therapeutic concentration at tumor site.
However, its efficacy on colorectal cancer is far from satisfactory. Blood circulation transports drug to major
organs (e.g. liver, lung, heart and kidney), resulting in widespread distribution and consequently decreased drug
concentration in the colon with diverse side effects. Moreover, the colonic mucosa presents a barrier for drug
absorption and molecular efflux pumps in cancer cells decreases drug accumulation in cancer cells.

The problem of insufficient drug delivery to the colon tumor site could be improved by targeted delivery of
nanoparticle (NP) to the colorectal region for absorption by cancer cells. The specific delivery of small molecule
drugs to the colon has been widely investigated for topical treatment of local diseases. Various nanoparticles
have been studied for cancer treatment due to their ability to controlled drug release and ease of surface
modification to target cancer cells. Hence, the aim of our study is to protect NP release in the upper
gastrointestinal tract and deliver individual NPs to the colon for cellular uptake by cancer cells.

Hydroxypropyl methylcellulose (HPMC) is extensively used in the pharmaceutical science as a controlled
release agent. We investigated HPMC capsules as NP carriers to the colon, using Eudragit RS nanoparticles (130
nm in diameter) as model NPs. Eudragit L100 or alginate coating was applied to HPMC capsules, aiming to
improve capsule resistance to the upper gastrointestinal fluids. In vitro NP release studies in simulated fluids
indicated that Eudragit L100-coated capsules released 65% of the NP load in simulated colonic fluid (SCF). In
contrast, alginate-coated capsules showed more specific NP delivery, for releasing 75% of the NP load in SCF
(Figure 1). In collected colonic release samples, individual NPs could be detected by laser light scattering.

In conclusion, our results have shown that HPMC capsules could be a promising carrier for colon targeted
NP delivery.

Figure 1. In vitro RS NP release from coated HPMC capsules
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! Colorectal Cancer Incidence and Mortaliy Worldwide in 2008 Summary. World Health Organization. Available
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2 SEER Stat Fact Sheets: Colon and Rectum. National Cancer Institute. Available from:
http://seer.cancer.gov/statfacts/html/colorect.html. Accessed on21 Feb2013.
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Guanylated Polymethacrylates as Potent Antibacterials with Low Toxicity

Locock KES', Michl T?, Griesser HF, Meagher L' and Haeussler M’

!CSIRO Materials Science and Engineering, Bayview Avenue, Clayton, VIC 3168, Australia
’Jan Wark Research Institute, University of South Australia, Mawson Lakes, SA 5095, Australia

Host defence antimicrobial peptides (AMPs) are a promising lead in the search for novel antibiotics. Many of
these peptides have been shown to exhibit broad spectrum antibacterial ability, low toxicity toward human cells
and little susceptibility to currently known mechanisms of bacterial resistance'. Their use has been somewhat
limited, however, as proteins are typically pharmacokinetically unstable and large scale production costs
expensive.

Several AMP-mimicking polymers have been developed to overcome such issues. These polymers are able to
retain the essential facially amphiphilic secondary structure of AMPs, while being cheaper and easier produced
and chemically manipulated.

This study describes a novel class of AMP-mimicking polymers, guanylated polymethacrylates. The synthesis
of these polymers was achieved using Reversible Addition-Fragmentation chain Transfer (RAFT)
polymerization, followed by a base-catalyzed guanylation (Scheme 1). A range of random copolymers of
methylmethacrylate (MMA) and 2-guanidinoethyl methacrylate (2-GEMA) were produced, varying monomer
ratio (hydrophobic character) and polymer length. A number of these poly(MMA-GEMA) copolymers exhibited
potent antimicrobial effects (MIC = 10 pg/ml) against gram-positive strains of bacteria (eg. S. epidermidis) and
low toxicity towards human blood cells.

Data produced from this study will not only help to elucidate the structure-activity relationships governing
antimicrobial polymethacylates but may also reveal a lead for the development of novel agents to combat the
growing threat of antibiotic resistance.
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1 Hancock, R. E. W.; Sahl, H.-G. Nat Biotech 2006, 24, 1551.
2Yeung, A.Y.; Gellatly, S.; Hancock, R. W. Cell. Mol. Life Sci. 2011, 68, 2161.
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New chemotherapeutics via efficient complexation of gold(I) compounds to
glycopolymers

Samuel Pearson, Hongxu Lu, Martina H. Stenzel

Centre for Advanced Macromolecular Design (CAMD), School of Chemical Engineering, The University of
New South Wales UNSW Sydney NSW 2052 Australia.

Auranofin is a gold(I) complex which exhibits potent toxicity to several cancer cell types conferred by strong
and selective binding to the mitochondrial protein thioredoxin reductase.! However, the pronounced anti-cancer
activity in vitro does not translate into in vivo potency due to rapid ligand displacement reactions with serum
proteins.> We propose that amphiphilic micelles with pendant auranofin analogues in the core will shield the
drug from serum proteins and improve delivery to cancer cells. Our previous studies have demonstrated that a
block copolymer system containing deacetylated auranofin complexed to the core displays comparable potency
to the free drug itself against ovarian cancer cells.> In our most recent work, auranofin has been complexed to a
new glycopolymer block in a highly efficient reaction which generates very narrowly defined gold-polymer
complexes (Fig. 1a).
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Figure 1. a) SEC traces of macroRAFT agent, block copolymer, and block copolymer-gold complex (I to r);
b) Unstained TEM image of the self-assembled block copolymer containing gold(I) in the core.

A new glycomonomer containing a protected thiol was synthesised from glucose and polymerised in a
well-controlled fashion via RAFT polymerisation, indicating that the protecting group successfully eliminated
transfer reactions. Selective deprotection and attachment of an auranofin precursor to the exposed thiols
introduced auranofin analogues along the polymer chain with high complexation efficiency and no evidence of
cross-linking. Self-assembly of the block copolymers produced highly uniform spherical structures (Fig 1b) with
promising anti-cancer activity. Toxicity against an ovarian cancer cell line and its cisplatin-resistant variant was
found to depend on the hydrophobic (drug-containing) block length.

ls. Urig, K. Fritz-Wolf, R. Réau, C. Herold-Mende, K. Toth, E. Davioud-Charvet, K. Becker, Angew. Chem.
Int. Ed., 2006, 45, 1881

2 J.R. Roberts, J. Xiao, B. Schliesman, D. J. Parsons, C. F. Shaw, Inorg. Chem., 1996, 35, 424.

3 S, Pearson, W. Scarano, M. H. Stenzel, Chem. Comm. 2012, 48, 4695
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Functional Hyperbranched Polymers for Prostate Cancer Theranostics
Amanda Pearce,’ Andrew K. Whittaker'and Kristofer J. Thurecht'
! Australian Institute for Bioengineering and Nanotechnology
University of Queensland, St Lucia, QLD 4072, Australia.
amanda.pearce@uqconnect.edu.au

Prostate cancer (PC) is the most common neoplasm in men over 50, causing 3000 deaths each year in
Australia." Current imaging technologies for early detection of PC are generally not sensitive enough, and thus
there is great need for new technologies which allow simultaneous targeting of cancer cells, in conjunction with
drug delivery and enhanced imaging — this concept is often termed “theranostics”. Previous attempts to design
molecules that achieve all of these functions have largely been unsuccessful in vivo, due to issues such as poor
drug loading, poor imaging, and inefficient targeting.
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Figure 1. Reaction scheme leading to the final functional polymer.

Prostate Specific Membrane Antigen, (PSMA), is a protein that is highly overexpressed on the surface of
prostate cancer cells and can be targeted with small molecules, such as the glutamate ureas.> We therefore aim to
synthesise a hyperbranched polymer that combines a number of attributes: it is biocompatible; it can be imaged
using conventional scanners in vivo; it can target PSMA and be internalised within cancer cells and; it can
ultimately deliver a chemotherapeutic drug (e.g. docetaxel) to the tumour site in a controlled manner.

We demonstrate the use of RAFT polymerisation in the synthesis of a hyperbranched polymer comprised of
polyethylene glycol methacrylate and 10mol% Boc-protected hydrazide methacrylate monomer, with ethylene
glycol dimethacrylate as the branching agent. The PSMA targeting molecule is attached through a glutamate
urea-functionalised trithiocarbonate chain transfer agent. Following polymerisation the hydrazide monomer can
be deprotected to allow attachment of a docetaxel-derivative through a hydrolytically-degradable hydrazone
linkage.? The general methodology is outlined in Figure 1.

Preliminary results show that the PSMA targeting ligand has a high affinity for prostate cancer cells
expressing PSMA, as shown in Figure 1, and that the degradation of the hydrazone linkage in an acidic
environment occurs over 2 hours.

(1)Elsaesser-Beile, U.; Buehler, P.; Wolf, P. Curr. Drug Targets 2009, 10, 118.
(2)Murelli, R. P;; Zhang, A. X.; Michel, J.; Jorgensen, W. L.; Spiegel, D. A. J. Am. Chem. Soc. 2009, 131, 17090.
(3)Etrych, T.; Sirova, M.; Starovoytova, L.; Rihova, B.; Ulbrich, K. Mol. Pharmaceutics 2010, 7, 1015.
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Development of a Multimodal Hyperbranched Polymer Imaging Agent
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With the development of polymers for nanomedicine, it is important to be able to study and detect these
materials in vivo in order to fully understand their biological fate. While one single imaging modality that
combines the various attributes of high sensitivity, high resolution and high through-put is not yet clinically
available, it is possible to develop multimodal devices which combine the advantages of numerous modalities
into a single device.

Our group has recently developed hyperbranched polymer '°F MRI devices, which are able to provide high
resolution images, with high signal to noise ratio in vivo." Here we report on the further development of these
hyperbranched polymers to include fluorescent dyes for optical imaging and radioisotopic ligands for Positron
Emission Tomography (PET). In vivo optical imaging is a commonly used pre-clinical technique, due to its
relative low cost and high throughput capacity, but has drawbacks when moving to larger animal models or
ultimately into a clinical setting. PET imaging is highly sensitive (107" M), but increases the radiation burden on
patients and is also an expensive technique which requires access to a cyclotron. By combining these two latter
imaging modalities, we are able to undertake preliminary screenings on the targeting ability of our materials with
optical imaging, and then delve into more detailed experiments surrounding biodistribution of the polymer using
PET.

The hyperbranched nanoparticles in this work were synthesised using RAFT polymerisation.> A
trithiocarbonate RAFT agent was functionalised with an alkyne leaving group. This allowed for the attachment
of a N3-(PEG);-NHj linker-group by 1,3-dipolar cycloaddition to the periphery of the polymer. A commercially
available DOTA-NCS ligand was then coupled to the amine of the PEG linker. DOTA is a macrocyclic chelator,
which is commonly used in the literature for the attachment of Copper-64 for PET imaging.®> Cu® was chosen for
this work as it has a longer half life (12.7 hours), in comparison to other commonly used isotopes (‘*F: 110 mins,
'1C: 20 mins), which better matches the reported biological half life of polymers. Attachment of the ligands was
initially characterised by "H NMR analysis and preliminary studies of copper loading were performed using cold
Cu?" and analysed by atomic absorption spectroscopy. /R Dye 750 (LI-COR Biosciences) and folate targeting
ligands were introduced via coupling activated NHS-esters to the remaining amines on the PEG spacer.

Preliminary in vivo PET and optical imaging experiments have been performed using a subcutaneous
melanoma mouse model. Optical imaging experiments were performed on a Carestream MS-FX Pro imaging
station and were able to show uptake of the folate labelled polymers by the tumours. These results have been
corroborated with Cu® imaging experiments on an Inveon PET/CT scanner demonstrating the potential of these
materials as multimodal imaging devices.

~ N
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Figure 1. Synthesis of a hyperbranched polymer via RAFT polymerisation and functionalisation with DOTA
ligands, NIR dyes and folic acid, to produce a targeted multimodal imaging agent.

[€))] Thurecht, K. J.; Blakey, L; Peng, H.; Squires, O.; Hsu, S.; Alexander, C.; Whittaker, A. K. J. Am.
Chem. Soc. 2010, 132, 5336.

2) Liu, B.; Kazlauciunas, A.; Guthrie, J. T.; Perrier, S. Macromolecules 2005, 38,2131.

3) Wadas, T. J.; Wong, E. H.; Weisman, G. R.; Anderson, C. J. Curr. Pharm. Des. 2007, 13, 3.
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Smart polymer-protein hybrids and sugar-responsive micelles

Jennifer N. Cambre,’ Debashish Roy,’ Abhijeet P. Bapat,' Hongmei Li,' Ming Li,’
Priyadarsi De,’ Brent S. Sumerlin’*

! Department of Chemistry and the Center for Drug Discovery, Design & Delivery,
Southern Methodist University, Dallas, Texas 75275-0314, USA

’George & Josephine Butler Polymer Research Laboratory, Center for Macromolecular Science & Engineering,
Department of Chemistry, University of Florida, Gainesville, Florida, USA

This presentation will discuss our results in two areas of responsive polymeric
nanomaterials. The first topic of the presentation will discuss glucose-responsive polymers
and their potential to be employed in the area of sugar-induced release of diabetes
therapeutics (Scheme 1). Boronic acid-containing block copolymers were shown to be both
pH- and glucose-responsive in aqueous media, which led to unique adaptive self-assembly
behavior. Polymeric micelles and vesicles constructed from these block copolymers were
capable of encapsulating model therapeutics and allowing their release upon an increase in the
surrounding glucose concentration.

The second topic of the presentation will describe the synthesis and characterization of
polymer-protein conjugates (Scheme 2). Specifically, block copolymer-protein bioconjugates
were prepared by grafting from proteins modified with reversible addition-fragmentation
chain transfer (RAFT) agents. Both maleimide-functional and activated ester-functional
RAFT agents were reacted with cysteine or amine residues, respectively, on model proteins to
afford protein macro-chain transfer agents that contained the RAFT agents immobilized via
their  R-groups. Polymerization of N,N-dimethylacrylamide (DMA) led to
poly(DMA)-protein conjugates that retained the thiocarbonylthio functionality necessary for
addition of a second block of poly(N-isopropylacrylamide). The resulting block copolymer
conjugates contained an outer hydrophilic block and an inner thermoresponsive block.
Cleavage of the block copolymers from the proteins and subsequent analysis suggested the
homopolymerizations and subsequent block copolymerizations were efficient and
well-controlled. Preliminary solution studies of the resulting block copolymer-conjugates
indicated the self-assembly behavior and bioactivity could be controlled by temperature

modulation.
Scheme 1
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Macromolecular Ruthenium(III) Chemotherapeutics
Bianca M. Blunden “Hongxu Lu,’ Aditya Rawal,®> Martina H. Stenzel'
'Centre for Advanced Macromolecular Design, University of New South Wales, Australia
*The Cooperative Research Centre for Polymers
*Nuclear magnetic Resonance Facility, University of New South Wales, Australia

Ruthenium forms complexes that are useful for a wide variety of I,-'-—"{IH —NH
applications including catalysis, electronics, photochemistry, i & .|"J'H A
biosensors and anticancer drugs.'

NAMI-A and KP1019 are two anticancer ruthenium drugs that have
already entered clinical trials.” However, these low molecular
weight drugs have a number of disadvantages. They are
unprotected, degrade easily through a variety of mechanisms and do
not have targeting capabilities. Many of these problems can be
addressed by incorporating complexes, having anti-cancer activity,

into macromolecular polymer structures. cl N—"
o/
NAMI-A has completed Phase I trials and shown high selectivity Ru—cI
for tumour metastases,” and is thus a very promising candidate for ML \Cl
chemotherapy. We designed a macromolecular drug based on = i

NAMI-A by synthesising a polymer backbone containing imidazole HyC
units.* The rest of the complex could then be attached in a similar &
fashion to the synthesis of the small molecule NAMI-A.® Figure 1

shows the proposed homopolymer structure. Figure 1. NAMI-A Macromolecule.

Initial cytotoxicity results were

promising but difficulties with

solubility arose. The polymeric y

candidate was further improved by o
.. s N o

synthesising an amphiphilic .

polymer that could form micelles. NH |:>

Poly(ethylene glycol) methyl ether

acrylate was chosen as a suitable 7L°/
water-soluble block due to its z
biocompatibility and

hydrophilicity, while poly(vinyl
imidazole) was used to form the
core and drug component (Figure 2). Figure 2. Self-assembly of the Amphiphilic Block Copolymer.

'E. Antonarakis, and A. Emadi, Cancer chemotherapy and pharmacology. 2010, 66, 1-9.

°1. Kostova, Current medicinal chemistry. 2006, 13, 1085-1107.

’A. Bergamo, C. Gaiddon, J. Schellens, J. Beijnen, & G. Sava, Journal of inorganic biochemistry. 2012, 106, 9.
4M.Allen, S. Hemp, A. Smith, & T. Long, Macromolecules. 2010, 45, 3669-3676.

5T.Bora, M. Devi, & P. Gogoi, Transition metal chemistry. 1986, 11, 467-469.
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Polymers for Imaging and Therapy
Kristofer J Thurecht, Cameron Alexander, Andrew K Whittaker, Nathan RB Boase, Daniel Coles.

' Australian Institute for Bioengineering and Nanotechnology and *Centre for Advanced Imaging, The University
of Queensland, St Lucia, QLD, 4072, Australia
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The manipulation of the physicochemical properties of materials has long been used to tailor devices towards
a particular application. This is particularly true for applications in nanomedicine,! since the material must
ultimately be effective in the harsh physiological environment that is the human body — not to mention be
resilient to the stringent tests that it must be subjected to along the pipeline to clinical approval. Thus, the key to
designing an effective nanomaterial lies in the early stages of development where the role of chemistry is
paramount in determining the fundamental properties of the material. One area of nanomedicine where this holds
particular import is theranostics — these are materials that can provide a diagnostic response to targeted drug
delivery in vivo — since the two separate components (imaging” and therapy) must ultimately be complementary
in order to elicit a measurable “theranostic” response. This requires both a fundamental understanding of the
mechanisms that drive a certain physical response in a material, as well as the ability to generate the material
through efficient synthetic methodology to control the chemical properties.® Here, we discuss the properties of
hyperbranched polymers and show how they offer a unique solution to many of these problems: they are ideal
for this technology because they have the potential to combine many different functionalities (and hence
chemistries) into a single molecule; their structural non-uniformity, yet highly controlled size, volume and
intramolecular dynamics facilitates structural rearrangements not possible in many other theranostic analogues.

Here we demonstrate how RAFT chemistry can be used to introduce multiple functionalities within a
molecule that can subsequently be utilized for drug conjugation or application in magnetic resonance imaging
(MRI) by correct choice and placement of monomers. In this report we present the synthesis and characterisation
of such polymers and describe both in vitro and in vivo data on the application of these molecules as drug
delivery devices (both siRNA and chemotherapies) and as multimodal imaging agents (MRI, PET and
fluorescence).

In conclusion, hyperbranched polymers for drug delivery and imaging have been synthesised by a controlled
free radical technique with the overall aim of developing the field of polymer theranostics. Various ligation
technologies have been used to attach cell-targeting moieties, drug molecules and other markers to the molecule.
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Intracellular Nitric Oxide Delivery From Stable NO-Polymeric Nanoparticle Carriers

Hien T.T. Duong,® Zulkamal M. Kamarudin,* Rafael B. Erlich,*® Yang Li," Mathew W. Jones,* Maria Kavallaris,™"
Cyrille Boyer™ and Thomas P. Davis ™
* Australian Centre for NanoMedicine (ACN), School of Chemical Engineering; ®Children’s Cancer Institute
Australia, Lowy Cancer Research Centre, The University of New South Wales, Sydney, NSW 2052, Australia;

Nitric oxide (NO), which is produced by many cell types in the body, has been shown to be involved
in many physiological and pathophysiological processes. NO has been proven to play a vital role in
the relaxation of blood vessels, immune regulation, neurotransmission, and the inhibition of
platelet aggregation. Many diseases such as hypertension, atherosclerosis, and restenosis were
found to involve the NO deficiency.! The introduction of NO into the biological systems is,
however, challenging because of its gaseous state and high reactivity. Thus, the development of
compounds that can release NO in situ the cells, known as NO donors, is very essential. In fact,
there are two main classes of NO donors, namely diazeniumdiolates (NONOates) and
Snitrosothiols have been extensively studied.23 However, the clinical application of NONOates
has been limited by the potential toxicity of the parent compounds and carcinogenic secondary
nitrosamines by-product of NONOate metabolism. On the other hand, Smitrosothiols (RSNOs)
have been considered as a more desirable class of NO donors because they occur endogenously
such as Smitrosoglutathione (GSNO) or S-nitroso-L-cysteine.

In this study, we report for the first time a straightforward and versatile method to conjugate nitroso-glutathione
(GSNO) to polymeric nanoparticles with enhanced NO donor stability in aqueous media. The NO-release
half-life time was extended by a factor of 5. The NO-nanoparticles were non-toxic and could efficiently release
NO intracellularly. The application of NO-nanoparticles, in combination with cisplatin resulted in a synergistic
cytotoxicity to neuroblastoma cancer cells (by a factor of 5 over cisplatin application alone). In contrast, no
enhanced cytotoxicity was observed when dual NO/cisplatin administration was tested on a non-cancer cell line.
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Composites With Aps)lications in Drug Delivery
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Porous silicon (pSi) is a large surface area, biocompatible and biodegradeable form of silicon. The material
possesses a host of useful properties such as optical and photonic effects, which allow for detection of changes
within the porous layer. It is easy to functionalise and it is also possible to tune the pore diameters and porous
layer depth. As a result, this material has been extensively studied for application in several different fields such
as drug delivery, sensing, cell and tissue engineering, etc. pSi is of interest in the field of drug delivery, as the
ability to tune the thickness of the porous layer allows to optimise the loading while the ability to control the
pore size provides control over the release of the payload. Additionally, interfacing polymers with pSi provides a
good means to further control the release of the therapeutics. As an example, using responsive polymers can
impart stimulus-responsive behaviour to the release kinetics of the drug molecules, where the polymers act as
actuators to control the release.

Ethylene glycol methyl ether methacrylates (EGMA) are monomers that possess thermo-responsive
behaviour. The transition temperature of the monomer is dependent upon its molecular weight. For example,
diethylene glycol methyl ether methacrylate has a transition around 26°C while oligo(EGMA) (Mn = 300)
undergoes a transition at 65°C. Above the transition temperature the hydrated monomers collapse to form more
hydrophobic globules, which precipitate out of solution. An interesting property of EGMA monomers is that,
when randomly co-polymerised, the transition temperature of the resultant co-polymer, is dependent upon the
ratio of the two monomers incorporated into the polymer chain.

Herein, we describe the fabrication of pSi microparticles grafted with EGMA copolymers and the application
of these composites as drug delivery vehicles for use in wound dressings. We first use aqueous activators
regenerated by electron transfer-atom transfer radical polymerisation to produce EGMA copolymers with
physiologically relevant transition temperature (37°C) and a narrow transition range (Fig. 1). We then
demonstrate a method of grafting the poly(EGMA) based co-polymers with tuned transition temperature from
the pSi particle surface. The particles are characterised using infrared spectroscopy, x-ray photoelectron
spectroscopy and scanning electron microscopy. Following this, we demonstrate temperature-controlled release
of the fluorescent antibiotic levofloxacin, from these composites.

L1l
B39
[TE [T

LA L}
ah

dlrabsortisns (3.0}
o

e Transmal Lance

a0 [ L

L b
u;l W :II'!‘ i-\'. a3 » -1 L) Il :I.'|‘ iﬁ H !-\'l '!:!:

Tomperature {C) Temperature (i)
Figure 1. A) Percentage transmittance of a solution of poly(EGMA) copolymer with 20/80% ratio of
oligo(EGMA) monomer and diethylene glycol methyl ether methacrylate with narrow transition temperature

range. B) First derivative spectrum illustrating the transition temperature of 37 °C of the copolymer.

Enhanced cellular uptake of nanoparticles by synthetic peptides and proteins
Martina Stenzel, Yoseop Kim, Hongxu Lu, Yanyan Jiang

Centre for Advanced Macromolecular Design, University of New South Wales, Australia

Micelles are widely proposed for the controlled delivery of drug due to their core-shell structure and their
nanoscopic size." The delivery of drug-loaded micelles into the cell has always been a topic of interest* and the
enhancement of cell uptake was found to translate directly to enhanced drug toxicity.® The ability of several
peptides, called cell penetrating peptides (CCPs) or protein transduction domains (PTDs), to translocate across
the cell membrane into the cytoplasm and nucleus in an energy independent or receptor-independent manner has
been described vividly in literature. The improvement of cell uptake has been reported to be dependent on the
presence of arginine and not on the secondary structure. Although many peptides are easily available, we are

aiming at exploring synthetic alternatives, which are
probably commercially more viable. A range of studies
have shown that polymers with guanidine functionalities
can indeed enhance cellular uptake. This approach holds
great promise, although the potential toxicity of these
cationic groups needs to be considered.

In this work, we investigated a range of block
copolymer micelles using three different types of cationic
oligomers as potential cell penetrating moieties. Among
them, two of these oligomers are based on the guanidine
carrying amino acid arginine, but while one has a cationic
charge, the other oligomer has a zwitterionic structure
(Figure 1).2
Furthermore, we looked into alternatives to simple
PEG-based polymers coated with peptides. Albumin,
which is abundant in the blood stream has recently been
tested as small-sized drug carriers. Although the results
were promising, the real breakthrough was achieved when
albumin was processed into nanoparticles. Recently, a
new nano-formulation based on paclitaxel and albumin
was approved in the hunt for cancer. Inspired by this
work, we developed micelles coated with albumin. The
surface coated particles were found to enhance the
cellular uptake and leading to an increased activity of the
anti-cancer drug.
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pH—Responsive Star Polymer Nanoparticles as Selective F MRI Contrast Agents
Kewei Wang, Kristofer J. Thurecht, Hui Peng, Andrew K. Whittaker*
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Magnetic resonance imaging (MRI), a key diagnosis modality, has attracted considerable attention because of
its non-invasive and non-destructive properties as well as its capability to provide high resolution images
including three-dimensional images with intrinsic anatomic contrast.* So far, '"H MRI has been the dominant
imaging modality in routine clinical MRI. However, due to the large background signal arising from the
abundance of 'H in human tissue, it is often difficult for 'H MRI to generate unambiguous images and
discriminate tumour tissue from the surrounding normal tissues, especially in the early stages of disease.’ In the
past few decades, '’F MRI has been considered as a promising alternative because of the advantages of
negligible °F background in the living body, high gyromagnetic ratio, favourable sensitivity and high natural
abundance of '’F.*> A particular aim in the field is the development of imaging agents “responsive” to the in
vivo environment, for example changes in pH.

In this work, star polymers with a branched core and hydrophilic arms were synthesized via reversible
addition-fragmentation chain transfer (RAFT) polymerisation as responsive '°’F MRI contrast agents. The
branched core consists of 222-trifluoroethyl acrylate (TFEA, providing 'F NMR signal) and
2-(dimethylamino)ethyl methacrylate (DMAEMA, offering pH-responsive properties). The arms are comprised
of poly(poly(ethylene glycol) methyl ether methacrylate) (PPEGMA) brushes that form hydrophilic and
biocompatible shells around the cores. The structure and composition of the star polymers were characterised in
detail. Unimolecular nanoparticles were fabricated by direct dissolution of the star polymers in aqueous solution.
As shown in Fig.1, cryo-transmission electron microscopy (cryo-TEM) confirmed the pH-responsiveness of
particle size (25 nm at pH 6 and 5 nm at pH 9). '°F nuclear magnetic resonance ('°F NMR) also revealed that the
F signal intensity and spin-spin relaxation time (7,) were significantly dependent on the pH of polymer
solution, while the °F spin-lattice (7)) relaxation time remained constantly low at ~450 ms upon increasing the
pH above the pKa of the DMAEMA groups. These results indicate that these '°F detectable and pH-sensitive star
polymer nanoparticles are promising as '°F MRI 'smart' contrast agents for selective imaging.
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Figure 1 Spin-lattice (7) and spin-spin (73) relaxation times of star polymer nanoparticles in PBS. (Inset:
cryo-TEM images of the nanoparticles, scale bar = 25 nm)
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Over the past 20 years, superparamagnetic iron oxide nanoparticles (IONPs) have been studied
extensively as contrast agent in MRL' It is well known that high magnetic susceptibility of IONPs core provides
strong enhancement of transverse (T, and T,") relaxation in tissue regions where nanoparticles are localized.
Although there are several IONPs that have been clinically approved (e.g. Ferridex and Resovist) as negative
contrast agent in T,-weighted MRI, the colloidal stability of the nanoparticles remains a challenge, particularly in
biologically relevant media. Biocompatible polymers with anti-fouling properties such as polyethylene glycol
(PEG) or dextran have been coated on the surface of IONPs, in order to prevent aggregation and prolong their
blood circulation times."

The application of IONPs in MRI has generated considerable interest in their use as drug delivery
vehicles. Limiting the small particle size of IONPs core (< 200 nm) would be appropriate for cell internalization
and the integration of a chemotherapeutic agent on the surface of IONPs can be achieved by different strategies,
such as physical (electrostatic or hydrophobic) interactions and chemical linkage.” It is essential that the drug
remains encapsulated in the nanoparticles during blood circulation and after cell internalization the drug has to
be released via e.g. pH-responsive cleavable linkage. Polymers with specific chemical functionalities could be
utilized to conjugate or complex chemotherapeutics on the surface of IONPs, while at the same time impart
higher colloidal stability on IONPs. Main advantages of IONPs as dual chemotherapeutic delivery and MRI
contrast agent are that they can be used to track the distribution of the drugs in the body and they can be guided
to target sites using an external magnetic field.
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Fig. 1.: Doxorubicine functionalized magnetic nanoparticles as dual drug delivery and MRI contrast agents.

In this communication, we have prepared phosphonic acid bearing block co-polymers via RAFT
polymerization followed by the grafting ‘to’ IONPs and the conjugation of anti-cancer drug doxorubicin. (Fig.
1.).* These TONP coatings comprise of an inner layer of polymer with aldehyde pendent groups and an outer
layer of poly(oligo ethylene glycol acrylate).® Ultimately doxorubicin was conjugated via a cleavable imine bond
to the inner layer of these hybrid IONP/polymer nanoparticles. Different assays such as colloidal stability, T,
relaxivity, cytotoxicity, cell internalization (uptake) were performed on these doxorubicin functionalized
magnetic nanoparticles. Cell uptake and intracellular release of doxorubicin were demonstrated using FLIM and
confocal microscopy.
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Solution processable poly(dendrimers) for organic light-emitting diodes
Paul Burn' Wen-Yong Lai', Shih-Chun Lo

!Centre for Organic Photonics & Electronics, The University of Queensland, Queensland, Australia 4072

The discovery that phosphorescent materials can give rise to efficient organic light-emitting diodes
(OLEDs)! has caused an explosion of interest in the development of new materials. The majority of the effort has
focused on small molecule emitters, which are processed by evaporation under high vacuum. Although this has
been highly successful there are now concerns that the evaporation process might lead in some cases to the
deposition of degraded materials. In addition, processing by evaporation is best suited to small devices.

To take phosphorescent materials into the realm of large area displays and lighting it would be
advantageous to have solution processable materials. Phosphorescent dendrimers in which the phosphorescent
emitter is encapsulated within a dendritic architecture has proved to be a very effective method for forming thin
films for monochrome emission. Simple devices containing two layers, the emissive dendrimer layer and an
electron transport layer, have been reported to have external quantum efficiencies of 13% at usable brightnesses.”
However, the viscosity of such materials is not sufficient for them to be processed by methods such as ink-jet
printing.

To overcome this limitation we have been developing phosphorescent poly(dendrimers). We have found
that unlike previously reported copolymers containing small phosphorescent complexes it is possible to form
homopolymers in which every ‘monomer unit’ has a phosphorescent moiety attached (e.g., 1° and 2 in Fig. 1). In
the homopolymers with simple side-chain complexes the close proximity of the phosphorescent emitters was
found not to quench the luminescence in solution significantly, although in the solid state the intermolecular
interactions do lead to a dramatic reduction in the photoluminescence quantum yield. By using dendritic emitters
attached to the polymer backbone (e.g., 2 in Fig. 1) it was found that the homopolymer could be easily solution
processed to give devices with good performance.* In this presentation I will discuss the design principles for and
synthesis of poly(dendrimers), as well as their photophysical and device performance.

OR
Figure 1: Structures of solution processable phosphorescent homopolymers, 1) a polymer containing side chains
comprised of a small molecule iridium(III) complex and 2) a poly(dendrimer) with side-chains comprised of
iridium(Ill)-cored dendrimers; R = 2-ethylhexyl.
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Advanced Branched Macromolecules for Opto-Electronics
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Organic semiconducting materials have been playing a vital role in opto-electronics such as light emitting
diodes, solar cells, field effect transistors and photodiodes, which have been mainly dominated by inorganic
semiconductors (silicon, gallium arsenide, tellurium, etc). Unlike such environmental unfriendly inorganic
semiconductors, organic materials also offer many other advantageous such as lighter weight, cheaper in
synthesis and device fabrication, showing the great potential in replacing the inorganic counterparts, in particular
for disposable and flexible opto-electronic devices as well as critical components for next-generation high-end
organic electronics in such as Saumsung “Youm”, Apple “ iWatch”.

To facilitate fast, low-cost, room-temperature manufacturing purposes as well as large-size patterning by using
such as blade-coating or ink-jet printing, it is important that organic semiconductors will be solution processable.
In this presentation, we will describe our material design strategies for solution processable organic
semiconductors based on branched macromolecules that lead to optimised photo-electronic properties. We will
detail our synthesis methodology for these organic semiconductors, and preliminary device characteristics will
be also discussed.
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Synthesis and Properties Triphenylamine-cored Dendrimer Semiconductors

George Vamvounis and Paul Burn
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Optical and electronic devices containing a solution-processable organic semiconductor active layer have
shown rapid progress in terms of their charge mobility, light emission, and sensing properties. Organic
semiconductors have been primarily limited to molecular and polymeric based materials. One class of organic
semiconductor that has received little attention in electronics and sensing applications are electroactive
dendrimers. Dendrimers are branched macromolecules that are solution-processable (like polymers) and
monodisperse (like molecular materials), and can range in shape from being planar to spherical. In this
presentation, synthetic strategies to, characterization of, and device performance of electroactive dendrimers (Fig.
1) will be discussed. The effect of varying the dendrons, and surface functionality on the charge transport' and
explosives sensing®” properties will be discussed.

, Centre-emitting
, Dendron-emitting

Figure 1. First-generation triarylamine-cored dendrimers studied
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Polymeric Ionic Liquids (PILS): Synthesis and characterisation of solid polyelectrolytes
for advanced energy applications.
Thomas Bennett," Kristofer Thurecht,' Idriss Blakey*'

'The Australian Institute for Bioengineering and Nanotechnology

Tonic liquids (ILs) are a family of low melting point organic salts with a diverse range of chemical structures that
possess many interesting physico-chemical properties; they have minute vapour pressure, high ion conductivity,
high thermal and chemical stability, as well as being non-flammable.' The idea of incorporating an IL into a solid
polymer matrix has received much interest of late, because the gels that are formed combine the unique
properties of ILs with the physical and mechanical properties of a polymer.> * This is typically achieved by either
adding an IL to a pre-existing polymer matrix to form a polymer ionogel or by polymerising an IL monomer into
a polymeric ionic liquid (PIL). Unfortunately, the high cross-link densities or crystalline domains which provide
the mechanical support in these polymer matrices are inherently deleterious to the ability of the material to
transport ion or gas molecules at a high rate.* A promising solution to this issue is the incorporation of these
polymer/polymeric IL materials into block copolymer architectures with other non-ionic polymer species.
Through phase separation, the mechanical and transport properties of each block can be largely retained and
potentially tuned further by targeting different morphologies.™ ¢

We have taken several PS-b-PMMA block copolymers (BCPs) and added the ionic liquid EMIM NTf2 in
varying volume fractions to create a series of polymer ionogels. Each material was then cast into films and the
phase separation morphology was studied in depth with small-angle X-ray scattering (SAXS), scanning electron
microscopy (SEM) and differential scanning calorimetry (DSC) (Scheme 1). From this we have successfully
demonstrated that both the overall BCP morphology and the domain size of the phase separation can be
controlled by simply varying the volume of IL added. The ability to achieve various morphologies and domain
sizes from a single block copolymer has huge potential for application in systems ranging from ion transport to
templating.
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Scheme 1. Illustration of the BCP/IL ionogels we have synthesised and the morphologies we were targeting by
varying the block lengths and the volume of IL incorporated into the polymers.
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Well defined water-soluble conjugated polyelectrolyte with high hole transport mobility
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Water-soluble conjugated polyelectrolytes (CPE) find widespread applications in biosensors and interface
modifications for electronic devices, due to their solubility in aqueous systems or other highly polar solvents.
Furthermore, these properties make them of great interest for an environmentally benign processing of solar cells.
However, in most cases ion reorganization under applied fields and low charge carrier mobility impede the use
as active component in electronic systems. Here we present a new class of CPEs, which resemble the structure of
highly regioregular and narrowly dispersed poly(3-hexyl thiophene) (P3HT) in its backbone, but comprising
ionic groups attached to the side-chains. The synthesis comprises a controlled Kumada catalyst transfer
polymerization and a subsequent polymer analogous substitution to incorporate the ionic side-group.
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The polymer with negative sulfonate groups exhibits a remarkably high hole carrier mobility of 1.3 + 0.5 x
10" cm?/Vs calculated from the space charge limited current, which is superior to P3HT and among the highest
values reported so far. The underlying transport mechanism was examined by current (J) —voltage (V)
measurements and impedance spectroscopy. The former shows a quadratic dependence of J vs. V and a temporal
response of the current within microseconds, which does not alter with continuing measurement time.
Furthermore, no hysteresis was observed in the J-V plots, indicating the suppression of ion motion. The
impedance measurements result in one semicircle in the Nyquist plot, which is characteristic for a pure
semiconductor. UV-Vis absorption spectroscopy clearly reveals the formation of very small aggregates in
aqueous solution similar to crystalline poly(3-hexylthiophene), which are stabilized by electrostatic interaction.
This conformation can be maintained in the thin film enabling charge transport pathways. Thus we assume that
the regioregular chain conformation and the narrow molecular weight distribution promote the formation of
aggregates enhancing the charge transport throughout the whole material. In contrast to other CPEs, the
combination of the aggregated structure and sterical demanding counter ions suppress the ion motion and
reorganization, resulting in a pure semiconducting material.
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Figure 1. Left: current-voltage characteristics of diodes made on ITO and covered with gold as
counterelectrode. The thickness of the active layer was varied from 390 nm to 790 nm. Right: normalized
absorbtion spectra of the polymer in aqueous solution and in thin film (inset: image of the aqueous solution).
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Highly conducting yet processable graphene for polymers
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Since graphene fabricated by micromechanical exfoliation and chemical vapor deposition cannot suspend in
solvent, a graphene derivative—graphene oxide—has been developed and extensively studied for a wide variety of
applications [1-3]. Graphene oxide has to be reduced in most applications. For example, the thermal reduction of
graphene oxide in Ar/H, at 900°C for 0.5 h removed oxygen completely, producing an electric conductivity of
400 S/cm [4], far below 2000 S/cm — the electric conductivity of graphene produced by CVD [5].

Cost-effective fabrication plays a critical role in promoting the applications of graphene. Recently we have
developed graphene platelets (GnPs) by combining the thermal expansion of a commercial graphite intercalation
compound (GIC) in a common-purpose furnace with the sonication of the expanded product in solvent [6,7].
GnPs features (i) low cost at 1020 USS$/kg, (ii) covalently modifiable interface, which plays a critical role in
developing processable graphene in solution and matrixes, and (iii) a low thickness at 2—4 nm, far lower than
previous efforts which only achieved over 10-nm thick platelets [§—10]. Graphene has an in-plane conductivity
higher than copper but its through-plane conductivity is exceptionally poor, and this explains why graphite is
only a semiconductor. Therefore, it is indispensable to keep GnPs as thin as possible.

Urgent fundamental questions unresolved for GnPs include: (i) since the starting material in the fabrication
of GnPs is not highly oxidied, whether GnPs demonstrate a far higher electric conductity than the thermally
reduced graphene oxide, and (ii) it is not clear the exact effect of surface modification on the GnP conductivity .
Surface modification is inevitable in making GnPs processable in solvent or matrixes, but it coates an organic
layer on GnPs reducing the conductivity.

We in this study modified GnPs with two types of polyoxyalkyleneamine (M,, = 2000 g mol™): reactive
J2000 and non-reactive B200. A high electrical conductivity 1460 S/cm was found for GnPs. The modification
by J2000 increased the platelet thickness, because the two end-amine groups of each J2000 molecule can react
with the epoxide groups of adjacent platelets. Depending on the ratio of GnPs to solvent, the modified platelet
thickness ranged from 5 nm to over 20 nm. Thicker platelets showed a lower conductivity of 694 S/cm due to the
damaging effect of the poor through-plane conductivity. By contrast, the 5-nm thick GnPs demonstrate a
conductivity of 972 S/cm. The B200 modification made no change of the thickness and thus the modified GnPs
showed a similar conductivity to the unmodified platelets.
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Novel electrospun polymer nanofibre/Organic Ionic Plastic Crystal Composite
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Organic ionic plastic crystal (OIPC) solid-state electrolytes are promising materials for electrochemical
applications, particularly high energy density Lithium batteries. The OIPC ions exhibit long range order but also
possess orientational and/or rotational disorder which leads to relatively high ionic conductivity and plasticity.
They support fast Li ion transport inside their crystal structure and it has been reported that Li salt doping
enhances their conductivity. Importantly, their excellent electrochemical and thermal stability makes them ideal
candidates for improving safety aspects of high energy density Lithium batteries'>. However, in most cases the
ionic conductivity of OIPCs is too low for application on devices at ambient temperatures. It has been reported
that addition of nanoparticles to OIPCs could enhance the ionic conductivity depending on the type of the
nanoparticle and OIPC*’. In the current work, the use of an electrospun polymer nanofibre network as an
additive and mechanical support matrix has been investigated.

A general procedure for the preparation of the
composites is shown in Scheme 1. Where the
melting point of the OIPC is sufficiently low, i.c., at

temperatures where the polymer nanofibres do not J ::;

melt or decompose, the composite can also be — . ity R—

formed by melting and wetting of the nanofibre E——J l
network. The different preparative procedures result

in starkly different morphologies as shown in Fig.  Scheme 2 General procedure for the preparation of
1. polymer nanofibre/OIPC composites

The new composite materials are easily formed
and are thin, flexible, mechanically robust and
optically transparent. Initial studies investigating
the phase behavior and ionic transport properties of
the composites has revealed that the presence of the
nanofibres can enhance the ionic conductivity by up Ia
to an order of magnitude compared to the bulk L
materials. Figure 2 SEM images of sample cross-sections,

a) N-methyl-N-ethylpyrrolidinium bis(trifluoromethane

We will describe our current efforts to sulfonyl)amide/polyacrylonitrile composite ([C,mpyr]
understand the mechanism of conductivity [NTf;]/PAN) prepared by melt wetting,
enhancement and to control the interactions of  b) N-methyl-N-ethylpyrrolidinium tetrafluoroborate
various polymer fibres and OIPC matrices to polyacrylonitrile  ([Cympyr][BF4]/PAN)  composite
achieve improved composites for membrane prepared by solvent casting from acetone.
applications, including rechargeable lithium
batteries.
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Water-based Nanoparticulate Organic Photovoltaics
Paul C Dastoor
Centre for Organic Electronics, University of Newcastle, Callaghan, NSW 2308, Australia

Recently, the fabrication of organic solar cells from water-dispersed nanoparticulate materials (solar paint) has
attracted increasing interest since it offers the potential of morphological control coupled with device processing
in the absence of an organic solvent. In this talk I will present our recent work on developing optimized
nanoparticulate organic photovoltaic (NP-OPV) devices from water-based polymer nanoparticle dispersions.

Our initial studies were focussed on blends of
poly(9,9-dioctylfluorene-co-N,N-bis(4-butylphenyl)-N,Ndiphenyl-1,4-phenylenediamine) (PFB) and
poly(9,9-dioctylfluorene-co-benzothiadiazole (FSBT). By controlling both nanoparticle morphology' and
inter-particle interactions it is now possible to build polyfluorene NP-OPV devices that are more efficient than
the corresponding bulk heterojunction devices. In particular: (1) the polyfluorene nanoparticle morphology is
suited to effective charge separation, (2) thermal treatment of the deposited layers results in improved
interparticle connectivity and effective charge transport, and (3) the optimal device thickness is a delicate
balance between the repair of layer defects and the creation of stress cracking in the nanoparticulate film?.
Moreover, the addition of calcium into the cathode structure results in a dramatic increase in open circuit voltage
and power conversion efficiencies (PCE) approaching 1% for water-based polyfluorene NP-OPV devices are
now possible’.

Poly(3-hexylthiophene) (P3HT):[6,6]-phenyl-C61-butyric acid methyl ester (PCBM) blends are the most studied
organic photovoltaic materials system and conventionally are processed into thin films via organic solvent based
routes. We have recently probed directly the structural motif of PHT:PCBM NP-OPV devices and have shown
how NP morphology determines device function. For this system, the unannealed NP-OPV devices exhibit the
highest efficiencies, with PCEs of 1.3 %. Scanning transmission X-ray microscopy (STXM) studies show that
annealing these devices leads to gross phase segregation and reduced device performance?. Finally, the
performance of nanoparticulate organic photovoltaic (NP-OPV) devices fabricated from poly(3-hexylthiophene)
(P3HT):indene-C60-bisadduct (ICBA) blends. These devices exhibit power conversion efficiencies of 2.5 %,
which is the highest so far reported for NP-OPV cells. Using STXM and thermodynamic modelling we show
that the improved performance is driven by the enhanced miscibility of ICBA in P3HT, which results in a more
efficient intermixed structure in the annealed devices®.

! K.B.Burke, et al., “Scanning transmission x-ray microscopy of polymer nanoparticles: probing morphology
on sub-10 nm length scales”, Nanotechnology, 22, 265710, (2011).

A. Stapleton, et al., “A Multilayered Approach to Polyfluorene Water-Based Organic Photovoltaics”, Solar
Energy Materials & Solar Cells, 102, 114 — 124, (2012).

B. Vaughan, et al., “Effect of a Calcium Cathode on Water-based Nanoparticulate Solar Cells”, Applied
Physics Letters, 101, 053901, (2012).

* S, Ulum, et al., “Determining the Structural Motif of P3HT:PCBM Nanoparticulate Organic Photovoltaic
Devices”, Solar Energy Materials & Solar Cells, 110, 43 — 48, (2013).

S. Ulum et al., The Role of Miscibility in Polymer:Fullerene Nanoparticulate Organic Photovoltaic Devices,
Nano Energy, submitted, (2013).
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Nanoparticle organic photovoltaics (OPVs): the effect of fabrication method on
nanoparticle morphology and device performance
Natalie P. Holmesl, Matthew Barr, Syahrul Ulum', Prakash Sista’, Kerry B. Burke', A.L. David Kilcoynej
Mihaela C. Stefan’, Xiaojing Zhou', Paul C. Dastoor!, Warwick J. Belcher'

'Centre for Organic Electronics, University of Newcastle, Australia
2Department of Chemistry, University of Texas, Dallas, USA
3 Advanced Light Source, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA

Nanoparticle organic photovoltaics (OPVs) offer a low cost, renewable energy alternative that can be
manufactured from water-based inks. A disadvantage associated with conventional organic photovoltaics is that
the semiconducting polymers are limited in solubility to toxic, non-polar, organic solvents, such as chloroform,
meaning the printing step of OPV manufacture has associated occupational health, safety and environmental
hazards. Emerging developments in nanotechnology have presented a solution to this problem whereby the
polymer materials can be suspended in a non-solvent, such as water, by generating nanoparticles of the materials
via a miniemulsion process.

An added advantage of this process is that we are able to gain a superior level of control over the morphology
of the organic photovoltaic active layer, that is, a nano-scale level of control. Our research to date has shown that
this morphology is highly dependent upon the nanoparticle fabrication conditions in addition to post-film
deposition annealing treatments and polymer material properties.

We have fabricated nanoparticles from poly(3-hexylthiophene) (P3HT) and phenyl-C61-butyric acid methyl
ester (PCBM) via the Landfester' miniemulsion process. Once a miniemulsion is generated, chloroform is driven
off from the dispersed oil phase, the method and rate by which the chloroform is driven off affects the
morphology of the nanoparticles, which are commonly core-shell (Figure 1). This in turn affects the
performance of the nanoparticle organic photovoltaic devices due to charge transport mechanisms within the
active layer, and thus is a significant area of investigation for optimisation of device performance.

v
. @ |

Figure 1. Scanning transmission X-ray microscopy (STXM) percentage composition maps showing P3HT
concentration (a) and PCBM concentration (b) and matching transmission electron microscopy (TEM) image (c)
for unannealed P3HT:PCBM nanoparticles prepared by a fast chloroform evaporation method. All scale bars are
200 nm. The colour contrast is scaled such that light colours correspond to higher component concentrations.
Minima and maxima for the colour scale are black = 0 and white = 100%.

K. Landfester, R. Montenegro, U. Scherf, T. Giintner, U. Asawapirom, S. Patil, D. Neher, et al., Adv. Mat. 2002, 9,
651-655.

Alcohol Soluble Conjugated Interface Materials for Organic Solar Cells
Menglan Ly, L2 Xiwen Chen,lMing Lei®, Scott Watkins,", Jin Zhu®
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2Chengdu Institute of Organic Chemistry, Chinese Academy of Sciences, Chengdu, 610041, China
3Chemistry Department, Zhejiang University, Hangzhou, 310027, China

Combined with low cost, low weight and flexibility, organic solar cells (OPVs) are getting more and more
attractive as an independent energy source.' A conventional OPV includes an active layer sandwiched between
two electrodes. Light irradiates through a transparency tin-doped indium oxide (ITO) electrode and
photo-induced electron transfer takes place in the active layer from conjugated polymer (donor) to fullerene
derivative (acceptor), the charges dissociate at the donor-acceptor interface and move to the respective electrodes,
i.e. the hole moves to ITO anode and electron moves to the aluminum cathode. The improvements in device
performances are strongly depending on the improved processing conditions, and use of active materials and
interface materials as well. One of the most extensive studied areas at present is the donor materials. Polymer
solar cells based on conjugated polymer as donor blended with [6,6]-phenyl-C61-butyric acid methyl ester
(PCBM) as acceptor have achieved 9.2% power conversion efficiencies (PCE).”

Besides, the engineering of improved interface materials are of importance for highly efficient and stable OPV
devices and modules, since unadjusted interfaces limit or even drastically reduce the PCE. With the linear
polyfluorene bearing pendant amine as the cathode interfacial layer, Cao et al. obtained a high PCE, and Voc, Jsc,
FF and PCE are improved significantly.” The reasons behind are attributed to increased built-in potential due to
the interfacial dipole, improved charge mobilities, avoiding of Fermi level pinning between the metal cathode
and the acceptor in the active layer. Since three dimensional polymers have different densities of the pedant
functional groups on the polymer surfaces and thus the surface property may be different from the linear
analogues either in solutions or in condensed states,* we developed the 3D analogues with a spiro-fluorene unit
as cathode interfacial layers for OPVs. The performances are as good as with the linear ones or even better.’
Because of crosslinking, 3D spiro-fluorene polymers are very difficult to dissolve (in any solvent). So we change
the structure of it in order to resolve this problem, and we design a novel hyperbranched polymer.

At the same time, two PCBM derivatives with side chain attaching amine end group, PCBDAN and
PCBDANI, were designed and synthesized for the application of cathode buffer layer in PSCs. In comparison
with the traditional low workfunction active metal Ca cathode, both PCBDAN and PCBDANI cathode buffer
layer demonstrated identical or slight improved photovoltaic performance in the PSCs based on P3HT/PCBM,
P3HT/ICBA and PBDTTT-C-T/PC;BM. Due to remarkable improvement in efficiency, it encourages us to
explore further optimization of the materials and detailed updated results will be reported in the conference.

'R. Steim, F. R. Kogler and C. J. Brabec, J. Mater. Chem., 2010, 20, 2499-2512.

2Z. He, C.M. Zhong, S.J. Su, M. Xu, H.B. Wu and Y. Cao, Nature Photonics. 2012, 190.

L. Dou, J.B. You, J. Yang, C.C. Chen, Moriarty, K. Emery, Y. Yang, et al. Nature Photonics, 2012, 10.1038.
*Pu, K. Y., Liu, B. Adv. Funct. Mater. 2011, 21, 3408.

5Y. Chen, Z. Jiang, M. Gao, S. E. Watkins, P. Lu, H. Wang, X. Chen, submitted to Appl. Phys. Lett. . 2012, 100,
203304
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Revealing the Nanomorphology of Organic Photovoltaic Polymer Blends through

Selective Dissolution
Yagi Tang, Dr: Christopher McNeill !
! Department of Materials Engineering, Monash University, Australia

A significant fraction of the cost of commercial Silicon Solar panels comes from the photoactive materials
and sophisticated, energy-intensive processing technologies'. Therefore, in order to further develop the use of
sustainable energy, it is urgent to search for new photovoltaic materials with a cost-effective manufacturing
procedure. The huge potential of solution-processed bulk-heterojunction photovoltaic cells was first realised in
the mid to late 1990s>. This solar cells system utilizes a blend of semiconducting polymers or blend of a
semiconducting polymer with fullerene derivative as the photoactive layer. Such blend films are simply
processed by dissolving the two components in solution and depositing via solution-based processes such as
spin-coating or printing, greatly diminishing the cost of industrial manufacture®.

ia) By devcs by g oo

Fig. 1 Schematic diagram of the structure of a typical bilayer (a) and blend (b) organic photovoltaic devices

When light is shone on a polymer solar cell, an electron-hole pair is generated within the blend active layer.
For effective charge collection, the electron-hole pair — or exciton, has to be dissociated in to charges, a process
that is efficient at a heterojunction between the two blended materials. Subsequent to exciton dissociation the
charges then collected accordingly. A bilayer structure (Fig. 1a) allows unhindered movement of separated
charges; however the small exciton diffusion length (~ 10 nm) limits the efficiency of exciton dissociation. A
blended structure (Fig.1b) however provides combines a high interfacial with smaller domain size facilitating
efficient exciton dissociation and charge collection.

Exciton dissociation efficiency and charge carrier mobility are therefore two important processes influencing
the power conversion efficiency of organic photovoltaic devices. These factors are also strongly dependent on
the bulk morphology of active layer in OPVs. However, there still lacks a simple and effective method to
characterize the nanoscale bulk morphology due to the high chemical similarity of the components, especially
for polymer/polymer configurations. In this project we apply a technique named Temperature-Controlled
Selective Dissolution* (Fig.2) to reveal the nanostructure of two prominent photovoltaic blends — P3HT/PCBM
and P3HT/N2200, spin-coated from various organic solvents. Optical absorption results show that both N2200
and PCBM phases can be effectively extracted from their respective blends, leaving a P3HT-rich scaffold on the
substrate as imaged by atomic force microscopy. The use of different casting solvents is found to produce large
variations in the morphology of P3HT/N2200 layers while PSHT/PCBM films exhibit a good consistency.

-

Fig. 2 Schematic diagram showing the basic process involved in Temperature-controlled Selective Dissolution.

'A.C. Mayer, S. R. Scully, B. E. Hardin, M. W. Rowell and M. D. McGehee, Materials Today, 2007, 10, 28-33.
2 G. Dennler, M. C. Scharber and C. J. Brabec, Advanced Materials, 2009, 21, 1323-1338

3 F. C. Krebs, T. Tromholt and M. Jorgensen, Nanoscale, 2010, 2, 873-886

*B. Friedel, B. Ehrler, S. Hiittner and N. C. Greenham, Small, 2012, 8, 237-240.
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SELF-ASSEMBLED OF MgH, NANOPARTICLES @ MgH2 NANOTUBES LINKING
ARCHITECTURE TO HYDROGEN STORAGE
Cyrille Boyer,"" Eki J. Setijadi’ and Kondo-Francois Aguey-Zinsou’
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Hydrogen could be the ultimate energy carrier enabling energy security and global sustainability in this 21
century. Hydrogen is already central to our current energy systems. Indeed, hydrogen bonded to carbon
provides us with the so-called fossil fuels that have powered our industrial revolution. Unfortunately, a heavy
reliance on finite resources and the adverse effects of fossil fuels on global climate are now threatening further
development. In its purest form hydrogen has a high energy content (142 MJ.Kg™"), and therefore hydrogen has
naturally emerged as the only possible synthetic energy carrier with sufficient versatility to replace oil. However,
the effective storage of hydrogen in a compact manner remains the central difficulty for its widespread use.
Efforts over the last decades have targeted a range of materials capable of storing hydrogen with high density in
the form of a hydride, e.g. MgH,, NaAlH,, H;BNH; and LiBH,,' but the realization of successful strategies to
control and balance competitive thermodynamics/kinetics requirements for the effective storage of hydrogen
remains unanswered. Effective molecular control would only be feasible by manipulating the atomic
arrangements, i.e. building new storage materials from the bottom-up. However, the challenge with such an
approach is the lack of methods for: a) the controlled synthesis of nanosized hydrides and b) their controlled
assembly into larger functional systems providing efficient networks for hydrogen diffusion as well as stability
against nanoparticles sintering (to ensure long life cycling). Herein, we report a bottom-up method for the facile
production of MgH, nanoparticles and their assembly into a stable tertiary structure via confinement within

MgH, nanotubes (Figure 1A). A FR— wo U
(CH;}:CMgCl #@ - L ,m'a
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Figure 1. (A) Schematic showing the approach for the synthesis and stabilization of nanosized MgH, through self-assembly within
MgH, nanotubes. (B) SEM image of PSTN-MgH,. (C) TEM micrograph of PSTN-MgH, showing similar fibers assembled into larger
particles. (D) High-resolution TEM micrograph of the fibers revealing particles nanoconfined within tubes closed at both ends.
References
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Role of Polymer Morphology in Organic Photovoltaics
David A. Lewis

Flinders Centre for Nanoscale Science and Technology
Flinders University, Bedford Park, South Australia

Organic Photovoltaics (OPVs) offer a number of interesting commercial opportunities around their ability to
be incorporated into buildings in an architecturally attractive way. However, before this opportunity becomes
reality, there are many challenges to be overcome including efficiency, cost and lifetime.

While the structure shown below appears simple, it is in fact an idealised cartoon suggesting sharp interfaces
which are potentially ideal for electron transport, but of course is not the reality. More importantly, diffusion
across these interfaces can destroy the device properties.

The most complex and studied layer is the active
layer, shown below using a blend of poly(3-hexyl
thioophene (P3HT) and phenyl-C61-butyric acid
methyl ester (PCBM). This layer partially phase
separates to form a bulk heterojunction (BHJ) which
has a complex morphology with a very high surface
area promoting charge separation and transport to
electrodes.

This presentation will describe a number of
initiatives being investigated to control the structure
of these devices and better understand the factors
limiting device lifetime.

One such approach is to effectively polymerise the

Qs Sudvzwn small molecule PCBM by attaching the active part, a

fullerene, to a polymer chain.  The resulting

polymer has significantly less solubility in P3HT, providing alternate avenues to phase development of this layer.

In a second approach, while the structure can be created by a sequential series of processing steps, a hierarchy
of solvents and temperature profiles inherently limits the structure and performance of each layer. Lamination
offers the potential to optimise the structural development of each layer independently and then bring them
together to create the final device. Results of lamination at various interfaces will be presented.
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'Department of Materials Science, Fudan University, Shanghai 200433, China
“Department of Chemistry, Fudan University, Shanghai 200433, China

By incorporating azobenzene groups into the crosslinked liquid crystal polymers (CLCPs), large
deformations such as contraction and bending have been induced by light due to the photoisomerization of the
azobenzene chromophores. ' Since light is an ideal stimulus for it can be localized (in time and space), selective,
and allows for remote delivery of energy, photodeformable CLCPs present an interesting opportunity to realize
soft actuators in microscope applications, such as full-light-driven motor, oscillators, and microrobots.>*
However, most of the photocontrollable CLCP systems were controlled by ultraviolet light which is not idea for
practical application, due to considerations of safety, power consumption and cost. Therefore, it would be
interesting and significant to develop photodeformable CLCPs which could be photo-regulated by a low energy
light, because it is more environment-friendly and causes less damage.”'® Upconversion materials, which are
capable of the conversion of optical radiation into light of a shorter wavelength, could be potentially utilized in
this regard. Recently, we incorporated upconversion nanophosphors which absorb near-infrared (NIR) light and
convert it to higher-energy photons in the UV and visible regions, into the azotolane-containing CLCP film and
succeeded in generating fast bending of the resulting composite film upon exposure to continuous-wave (CW)
NIR light at 980 nm."" Most lately, by the integration of platinum(II) tetraphenyl-tetrabenzoporphyrin (PtTPBP)/
9,10-bis(diphenylphosphoryl) anthracene (YN2)-containing upconverting rubbery polymer film with an
azotolane CLCP film (Scheme 1), we achieved a new photodeformable composite film driven by triplet-triplet
annihilation based upconversion luminescence (TTA-UCL). This composite film bent towards the light source
when irradiated with 635 nm light, because the generated upconverted blue YN2 fluorescence released from the
rubbery upconverting film triggered trans-cis photoisomerization of the azotolane units and an alignment change
of the mesogens in the CLCP film.
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Scheme 1. (a) Chemical structures and properties of LC compounds 1 and 2 used in this study. (b) TTA
multi-chromophore systems consisting of a sensitizer PtTPBP and an annihilator YN2.

! H. Finkelmann, E. Nishikawa, G. G. Pereira, M. Warner, Phys. Rev. E 2001, 64,061702.
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Bottom Up / Top Down High Resolution Lithography Utilizing Block Bottle Brush Polymers
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ABSTRACT

This presentation covers a novel deterministic bottom-up / top-down approach to sub-30 nm photolithography using a film
composed of assembled block brush polymers of highly uniform composition and chain length. The polymer architecture
consists of a rigid backbone of polymerized norbornene, each linked to flexible short side brush chains. The resultant
‘bottle brush’ topology has a cylindrical shape with short brush chains arranged concentrically around the backbone, in
which the cylinder radius is determined by the number of monomers within the brush fragment, while the cylinder length is
determined by the degree of backbone polymerization. The modularity of the synthetic system allows a wide diversity of
lithographically useful monomers, sequencing, dimension and property variation. Sequential grafting of pre-synthesized
blocks allows for facile formation of either concentric or lengthwise block copolymers. Placement of brush chains of
different compositions along different regions of the cylinder, along with variation of the relative concentric and lengthwise
dimensions, provides mechanisms to align and control placement of the cylinders. These polymers are compatible with
photoacid generators (PAGs) and crosslinker functionality.

Our results are consistent with a model that the bottle brush polymers assemble (bottom-up) in the film to yield a ‘forest’ of
vertically arranged cylindrical block brush polymers, with the film thickness determined by the coherence lengths of the
cylinders. Subsequent imaging via ebeam or optical radiation yields a (top-down) mechanism for acid catalyzed
crosslinking of adjacent cylinders. Uncrosslinked cylinders are removed in developer to yield negative photoresist patterns.
Exposure doses are very low and throughputs are amenable to the requirements of EUV lithography. The imaging scheme
is shown in Figure 1. The limiting resolution with ebeam exposure is potentially about two cylinder diameters width (< 8
nm), with the smallest observed patterns approaching 10 nm. This presentation will show the impressive negative-tone
resist results. It will also cover key factors in optimizing performance such as resist thickness, film morphology and
variation in bottle brush dimensionality.

Vertically aligned

Post baking
Development

substrate substrate

Figure 1. Vertically-aligned bottle brush polymers imaged using negative-tone chemically amplified resist technology.
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Behaviour of Lamellae Forming Block Copolymers Under Nanoconfinement:
Implications for Topologically Guided Self Assembly of sub-10 nm Features.
Imelda Keen," Han-Hao Cheng,' Anguang Yu," Kevin S. Jack,! Andrew K. Whittaker'* and Idriss Blakey'*
"The University of Queensland, St Lucia, Queensland, Australia, 4072.

Block copolymers (BCPs) consist of at least two chemically distinct polymer chains that are covalently
linked. In an analogous fashion to immiscible solvents, the distinct functional polymers can undergo phase
separation into discrete phases, when the chains are immiscible, but because the blocks are covalently linked this
phase separation occurs on the nanoscale. The precise size and morphology of phase separated domains depends
primarily on the relative degree of polymerisation of each block, as well as the degree to which the blocks are
immiscible.

Without an external influence the morphology of BCPs is isotropic over large scales. However, when BCPs
are confined in thin films the interactions with the polymer-substrate and polymer-air interfaces strongly dictate
alignment of the morphology. By understanding the interactions of BCPs with surfaces and then tuning those
interactions, researchers are increasingly becoming able to control the orientation of phase separated domains
with respect to a substrate in thin films of BCP. Fig. 1 a) shows a SEM micrograph where lamellae are oriented
perpendicular to the substrate. In this case the BCP is polystyrene-block-polylactic acid (PS-b-PLA) and the
chemistry of the substrate has been tuned to be non-preferential with either of the blocks. This results in control
of morphology perpendicular to the substrate, but laterally the arrangement is random. This fundamental advance,
originally pioneered by Russell and co-workers, has paved the way for the development of directed self assembly
(DSA) of block copolymers, whereby patterns generated by top-down lithography techniques are used to control
the lateral orientation and/or placement of the phase separated domains.

An example of the DSA of PS-b-PLA is shown in Fig. 1 (b) and (c), where the lithographic features prepared
by extreme UV lithography (EUVL) direct the self assembly of PS-5-PLA lamella to be parallel to the printed
features. Depending on the degree of polymerisation of the block copolymers, the size of the phase separated
domains can be much smaller than what can be printed via optical lithography. For the example shown in Fig lc)
the domains have a width of approximately 9 nm. This ability to improve the hierarchical control of the phase
separated domains allows the creation of templates with densely patterned arrays, which are desirable for a
number of nanofabrication based applications, including pattern multiplication, magnetic storage media,
formation of nanowires, and contact hole shrinking/repair.

(a) Self Assembly - 7(cTDirected Self
Assembly

Figure X. Top down SEMs of (a) PS-b-PLA on a neutral surface showing lamellar morphology oriented
perpendicular to the substrate, which was confirmed by the GISAXS shown in the inset, where characteristic
Bragg rods can be obser