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AUSTRALIA IS A LARGE COUNTRY—
greater in area than the United Stares—
and with a population of only abour 20
million people, so interactions over large
distances are important. This has been
recognized by the government through
the Australian Research Council (ARC),
which funds nearly all major rescarch in
Australia, apart from health and medical
research, which has a separate funding
organization. In 2004, the ARC estab-
lished a set of research networks, one of
which was the ARC Nanotechnology
Nerwork (ARCNN), the objective of
which was to enhance collaboraton and
information exchange in a large variety of
ficlds for the benefit of research produc-
tivity, The existence of ARCNN, which is
administered from the Australian Nation-
al University in Canberra, has made possi-
ble an overview of what is happening in
the field today.

The ARCNN presently has over
1,000 members distributed across about
200 research groups, though these
groups have broader interests in addition

Nanotechnology in Australia—
A Network of Interactions

The ARC Nanotechnology Network looks to enhance collaboration
and information exchange to benefit research productivity.

NEVILLE FLETCHER
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o n.‘n‘lnlcdlnu]u:.:,} as one of their
rescarch themes. The activity is spread
over many university campuses as well as
government research organizations such

as the Commonwealth Scientific and

Industrial Research Organisation
(CSIRO), the Australian Nuclear Science
and Technology Organisation (ANSTO),

and the Defence Science and Technology
Organisation (DSTO). Details can be

LETCHER

found on the network Web site at

www.ausnano.net. Research fields range

LE

from nanotubes and nanowires through

functional nanomaterials, to medical

VILLE FLETCHER

NE

The air-shower entry to a cleanroom at Aus-
tralian National University

applications such as imaging and drug
delivery and on to nanolasers and quan-
tum computing. Due to public concern
about safety issues, there is also an organ
ization, NanoSafe Australia, with mem
ber groups across the country, that
examines and reports on the possible
health risks of nanotechnologies

There are so many of these diverse
groups that it would be impossible to
describe their activities adequately here,
so we will focus on the many ways in
which the ARCNN is enhancing the
interactions berween them. A major fac
tor is by simply enabling communica
tion. Nerwork members can then find
out about others working close to their
field of interest and make arrangements
for access to specialized equipment as
described in the facilities register on the
network Web site, In the case of gradu

ate  students and early-carcer
The peaceful beauty of Melbourne, where ICONN2008 was held in February 2008. The Melbourne

: y ] researchers, the ARCNN provides travel
Convention Centre is also on the banks of the Yarra River. i A RS ;

grants to facilitate access to this
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equipment. In addition to such travel
within Australia, the network supplies
around 12 short-term overseas travel
fellowships to enable young researchers
to visit special facilities or research
groups in other countries. The coun-
tries visited have included the United
States, England, Germany, France,
Japan, Spain, and Ireland.

A more formal style of interaction
takes place in the form of workshops and
conferences. The ARCNN sponsors sev
eral workshops around the country cach
vear that deal with such topics as nanoin
dentation, nanocomposites, and molecu-
lar modeling at the nano scale. It is also

ICONN2008,

which was preceded
by a two-day
postgraduate
symposium, drew
more than

850 people.

involved in sponsorship of sessions at
more general conferences on materials
science, but the great events are the
biennial International Conference on
Nanoscience and Nanotechnology
(ICONN), held in Brisbane in 2006 and
Melbourne in 2008, with the next in the
series to be featured in Sydney in 2010,
These week-long conferences include
lectures by highly distinguished interna
tional scientists and local researchers and
have proved popular both with Aus-
tralians and many overseas visitors.
ICONN2006 attracted over 450 partici-
pants and ICONN2008, which was pre
ceded by a two-day postgraduare
symposium, drew more than 850 people.
A further growth in attendance is
expected for ICONN2010.

Since a major role of the ARCNN is
the fostering of interactions, a number
of the distinguished international speak-

ers traveled to universities in Australia

The Management Committee of the ARC Nanotechnology Network, meeting in 2007. Along with
senior representatives of major participating organizations, the Committee includes representa-

tives of students and early-career researchers.
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to discuss their work and to give further
lectures following each of these confer

The network has an annual series ences. The network also sponsors lec

ture tours by several other distinguished

Of hYOUﬂg N&ﬂOtBChﬂO]Ugy Ambassador international scientists during the year,
Awards” for graduate students working oingen.2 vt el o

g g are particularly relevant to their

In the ﬂangteChnOk}gy fleld research interests. International scien
tists interested in making contact with
Australian researchers are encouraged
to join the ARCNN, for which mem-
bership is free.

It is not only distinguished interna
tional scientists who are sponsored for
lecture tours. In addition, the network
has an annual series of “Young Nan
otechnology Ambassador Awards” for
graduate students working in the nan
otechnology field. The aim is that each of
these ambassadors will visit a number of
schools, generally in their state but some
times as far away as the remote Aborigi-
nal communities of the Northern
Territory, and give presentations about
nanotechnology. These visits have been
very successful and greatly welcomed by
the schools visited. The network has also
sponsored a nanotechnology topic,
“Nanotechnology— 1.1Lillg it to the peo

Loading a wafer into the MOCVD reactor at the Australian National University. ple,” on the immensely successful
Web site “NOVA—Science in the News”
(www.science.org.au/nova). It is organ
ized by the Australian Academy of Sci
ence and aims to bring science and
technology information to young people,
teachers, and the general community.

While the present group of ARC net
works has assured funding only to the
end of 2009, there will be carrvover
funds to support ICONN2010, with the
hope that some arrangement will be
made for continuation of what has
proved to be an extremely successful

100 nm project. Whether that happens or not,
the nanotechnology community in Aus-
tralia has now been brought together to
form a communicating whole and we
expect :__",TL"\'I.l '||'|li'l‘|:‘,'- to continue to

emerge from it.

100 nm

ABOUT THE AUTHOR

Neville Fletcher (neville fletccher@anu.edu.au
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is retired but still active in rescarch. He
A nanotechnology research project. (a) Gallium arsenide nanowires, each topped by a gold droplet previously served as foundation chairman
and growing upon a gallium arsenide substrate; (b)—(d) show top views of the cross sections of -

the wires of the ICONN Management Committee

from 2005 to 2007,
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Nanovic Nanotechnology in Australian site

Nanotechnology Education a priority at ICONNO8

At ICONNOS, held in Melbourne during the last week of February, 40 secondary school students from across
Victoria attended the international nanotechnology conference to experience nanoscience first-hand. Each student
earned their admission by submitting an essay addressing ‘What is nanotechnology and what can it do for
Australia?’.

The students were given the opportunity to try hands-on nanotechnology activities
including manipulation of shape memory alloys, hydrophobic effects and nanogold.
They attended plenary sessions of the Conference given by world leaders in
nanotechnology, including Clayton Teague of the USA National Nanotechnology
Coordination Office and Don Eigler, Nobel Laureate from IBM.

Students from St Helena Secondary College presented experiments, building on the
knowledge they gained through the SHINE nanotechnology elective. Andrew
Barras, a St Helena student said ‘I really loved today. It was fantastic to see the new
applications of nanotechnology emerging. I also really enjoyed playing with the
electron microscope — so simple to use’. Ashleigh Scanu, also of St Helena said ‘it
was really, really good. I liked that they invited high school students. We got to see
stuff that is normally reserved for adults who are already in the area’.

Nanotechnology Victoria recognized the winning essay entries with a certificate and
cash prize. Winners were:

Alex Newton from Southwood Boys’ Grammar School;

Christopher Eales from Emmaus College;

John Tellis from St John’s Greek Orthodox College.

Honourable mentions went to Andrew Barras from St Helena Secondary College, Brooke Driessen and
Laura Driessen from Tintern Girls” Grammar School, Kieran Iles from St Paul’s College (Altona) and
Danielle Anderson from Numurkah Secondary College.

The student day was followed by a teacher professional development day attended by 40 teachers, learning about
= nanotechnology demonstrations and experiments and participating in the
conference.

The Education Days were coordinated by Dr Kristin Alford from
Bridge8 and Francesca Calati of La Trobe University, together with
Assoc Prof Joe Shapter and Brent Banham from Flinders University, Ms
Caitlin Lewis from CSIRO Education and Prof Paul Mulvaney of the
University of Melbourne.

.-'\Llnh'.n“ii-] d

Alex Newton

Southwood Boys' Brooke Dri Laura and Driessen, Tintern Girls Grammar School
Grammar School
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Ingeniuty — Bridge 8

iconn 2008

ICONN2008: Melbourne Attracts Big Names in Nano 27 February, 2008

Filed under: Awareness, Events, Learning, Nanotechnology — sarahkeenihan @ 12:27 pm
Tags: nanotech, nanovic

Sarah: The ICONN2008 conference is the hot and happening place to be this week. As well as
over 700 registered Australian particpants, big international names in attendance include
Clayton Teague (National Science and Technology Conference, USA), Don Eigler (IBM
Amaden Research Center, USA) and Michael Gratzel (Ecole Polytechnique Federal de
Lausanne, Switzerland). Lots of talks have focussed on nanoelectronics, and the use of
nanotechnology to develop new methods for energy generation and storage. As an
immunologist in a past life, | have been particularly interested to hear about nano-vaccine
research of several Australian insitutions. Stay posted to receive more news and views from
ICONN2008!

http://bridge8.wordpress.com/

ICONN2008: “That IBM Guy” 4 March, 2008

Filed under: Learning, Nanotechnology, People — sarahkeenihan @ 8:09 pm

Tags: nanotech, nanovic, public nano

Sarah: As I blogged a few days ago, one of the guests at ICONN2008 was Don Eigler, IBM
fellow from IBM Almaden Research Center (USA). So who is Don? You might remember
some excitement amongst physicists and molecular scientists in the late 1990s when some IBM
guy managed to manipulate individual xenon atoms to spell out the word “I-B-M”. That guy
was Don Eigler. Don then and now works on extending human understanding of the physics of
atomic-scale structures and exploring the potential of atomic-scale logic and data storage
technologies. Don is remarkable not only for his capacity to dream big and make things happen
for IBM, but also for his willingness to participate in the scientific process at many levels. In
addition to delivering a plenary lecture at ICONN2008, Don inspired a whole new generation
of scientists by chatting to teenagers and their supervisors attending the conference student and
teacher nanotechnology teaching sessions. He provided simple and yet unpatronising
explanations of atoms, electron microscopy and data storage amongst other topics, and
willingly answered questions and posed for photos (we are such atomic celebrity junkies!).
Check out the nanovic news and events pages for more on Don Eigler and the ICONN2008
student/teacher sessions later this week.

Bridge8 acknowledges the support of Nanotechnology Victoria to attend ICONNOS.
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The Wiley-VCH journal ‘‘Advanced
Functional Materials’> publishes high
quality papers across the spectrum of
materials science but focussing on
breakthrough materials research that could
open up new applications and/or
demonstrate new scientific phenomena.
There are occasions when it is possible to
focus issues of the journal on areas of high
current interest, and ‘‘nanoscale materials
research’ is certainly an important area at
present. It is perhaps worth reflecting how
ubiquitous the field of nanomaterials has
become by noting that an ISI search of the
topic ‘‘nanomaterials’® up to 1990 gives
not one citation. From 1990 to 2008, there
are some 5,200 papers that involve the
topic of ‘‘nanomaterials’’. The case for
nanoparticles is even more dramatic. Prior
to 1990 there were some 130 papers on the
topic of nanoparticles (all in the 1980s) but
since 1990, there have been an astounding
73,000 papers published on the topic. Of
course nanoparticles and nanomaterials
were not discovered in 1990, and the terms
nanomaterials and nanoparticle were
coined in the 1980s to highlight the fact
that the research was focussed on the size
dependent properties of the materials.
Nevertheless, these data reflect the
extraordinary rise in interest in nanoscale
materials and nanoparticles over the last

two decades. )
This particular issue of AFM provides a

snapshot of some of the most active areas
of current research in nanoscale functional
materials. The contributions cover quite a
range of materials, as well as diverse
applications and functions. The common
point is that the key scientific
breakthroughs were announced at the
International Conference on Nanoscience
and Nanotechnology (ICONN) held in
Melbourne in February 2008, with some
800 participants, a conference supported by
the Australian Research Council and the
Australian Naotechnology Network
(http://www.ausnano.net)

AFM was represented at ICONN2008 by
Karen Grieve, the (then) deputy editor of
AFM and we are delighted that many of the
keynote speakers consented to publish their
resurlts as part of a special edition of AFM.
We also thank AFM and Wiley-VCH for
their support for the Conference and this
special issue, which highlights the work of
many early career researchers. As you will
see this collection of papers covers a
number of active areas, though it was
apparent at the meeting that there is an

increasing focus on nanoscale rods and
wires, which can now be fabricated both by
vapour deposition and through chemical
synthesis in solution. These materials are
being exploited for a variety of purposes.

Wang and colleagues discuss aligned
titania nanotubes and their use in energy
storage, while Joyce et al. explore the
synthesis of high purity GaAs nanowires.
They utilized gold nanoparticles formed in
solution as the catalyst for steering the
nucleation and growth of the wires. Gold
nanorods also feature in the work of
Staleva and Hartland. These authors used
time resolved spectroscopy to study the
vibrations of small metal nanostructures,
from which they could deduce the Young’s
modulus of these nanoscale materials. The
coherent osciliations excited by short laser

purlsed provide the pathway for the
dissipation of energy in metal nanorods and

nanocubes. Another curious aspect of gold
nanorods is the important role played by
halide ions in determining the particle
morphology during synthesis. Grzelczak et
al. show that the tip curvature can be
controlled by small amount of iodide ions.
This can be exploited to switch the rod to a
dumbbell shape, showing that the iodide
forces gold atoms to deposit preferentially
at the tips.

A completely different aspect of nanowire
research is the creation of ultra-strong
carbon nanotube fibres, using conventional
spinning, an idea now realised by Granero
et al. at the University of Wollongong.
Carbon nanotubes are also finding
biomedical applications due to their high
strength, low toxicity and the fact they can
be built into a wide range of architectures.
Firkowska and colleagues find that cells
can be grown directly on top of CNT
scaffolds, which opens up new approaches
to tissue engineering. A different approach

is exemplified by the work of Bocking and

utilized in medical applications. This
materials development is an essential step
towards bioelectronics.

The key to nanowire and nanorod
fabrication is anisotropic materials growth.
This is still a nascent field and there is little
understanding of the mechanisms that can
be exploited to drive directed growth of
materials. Zhang et al. show that helical
silica structures can now be synthesized
using achiral surfactant templating. New
analytical tools are required to investigate
the complex 3D morphologies produced by
methods such as surfactant templating.
Duke et al. describe the use of positron
annihilation spectroscopy to characterize
the sub-nanometre pore distribution in such
nanoschale silica structures. This provides
a new tool for characterizing the
architecture of materials on nanometer
length scales.

The development of metallic and semi-
conductor nanocrystals remains a central
research direction in many materials
laboratories around the world. At
ICONN2008, Tang et al. from Michigan
presented new results on cation substitution
reactions on colloidal CdTe, while
Ahrenstorf and colleagues from Hamburg
covered the nucleation and growth of NiPt
alloy particles and demonstrated that the
composition of these particles can be
systematically tuned. Jasieniak and
coworkers showed that core-shell
semiconductor nanocrystals can be
incorporated as defect layers into sol-gel
based waveguides, which suggests that
wet-chemical-based nanocrystal electronics
may be just around the corner. Finally, we
thank Professor Hyeon for his splendid
Feature Article on the applications of
silica-based particles to nanomedicine, one
of the most prominent and fastest growing
areas of materials research.

Happy reading!

Paul Mulvaney

Chair ICONN 2008

Advances Functional Materials
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Exclusive Briefing: Nanotechnology on the Radar

At a landmark event for the rapidly-emerging nanotechnology industry, a select group of the
nation’s leading commentators and businesspeople were given a briefing on the industry and its
issues high above Melbourne last on 28 February. The briefing gave them insights into the
topic, and stimulated discussion on the possible futures it may provide.

The briefing of senior news editors and business leaders at the Eureka Tower on Thursday 28
February was organised by the Australian Science Media Centre as part of its program to bring
science issues into the national consciousness. The Eureka Tower was chosen because the
building embodies the latest in construction and information materials, including The Edge, a
visual experience enabled by nanotechnology in the form of switchable glass.

The luncheon was introduced by Dr Robyn Williams, the ABC’s leading science presenter, and
addressed by some of the notable speakers from the international nanoscience and
nanotechnology conference held in Melbourne that week. Speakers and panelists included:

Dr Andrew Maynard from the Pew Center for Emerging Nanotechnologies (US);

Dr Peter Binks, the CEO at Nanotechnology Victoria;

Dr Diana Bowman of the Centre for Regulatory Studies at Monash University;
Prof Chennupati Jagadish, ARC Nanotechnology Network;

Assoc Prof Paul Wright of Nanosafe Australia and RMIT University.

Feedback from the briefing was unanimously positive, with participants commenting on the
understanding and insights they had gained on the field, and the caliber of the presentations
and discussions.

The ‘Nanotechnology on the Radar’ briefing was sponsored by The Australian Office of
Nanotechnology (DIISR) with

support from ARCNN, NanoVic

and Bridge8

Feedback from the briefing was unanimously positive, with participants commenting on the
understanding and insights they had gained on the field, and the caliber of the presentations and
discussions.

The ‘Nanotechnology on the Radar’ briefing was sponsored by The Australian Office of
Nanotechnology (DIISR) with support from ARCNN, NanoVic and BridgeS.
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LONG TERM VISITS

ARCNN supports the nanotechnology community by making funding support available to
postgraduate students and early career researchers (within 5 years of award of PhD degree)
for travel and accommodation expenses associated with Long Term Visits to research
Institutions within Australia. Up to $2,000 are provided for a maximum of three months for
travel and accommodation to a location(s) within Australia.

Mr Dinesh Kumar Venkatachalam (RMIT University) — visit to the
Electronic Materials Engineering Department at the Australian National
University

Dinesh is a PhD student and his research interests are, lon beam modification of materials,
Self-assembly of metallic nanoclusters in semiconductors and Selective synthesis of nanowires
for optoelectronic/sensing applications.

Purpose of Visit: The significant aim of this project is to develop a comprehensive model for
the growth mechanism of the spiral patterns of gold nanoclusters in silicon substrates produced
by Au implantation. The proposed experiments will help us gain more insights in the actual
melting process involved.

Firstly, I express my sincere thanks to the ARCNN (Australian Research Council
Nanotechnology Network) for supporting my long term visit to ANU. Also, I extend my thanks
to Professor Robert G Elliman and his group members for their scientific inputs, technical
support, enthusiasm and motivation to accomplish my research objectives. I also thank the staff
and student members of EME for their help and co-operation, which allowed me to finish my
experiments within the stipulated time frame.
The main purpose of this visit was to study and understand the initial growth stages of the
self-assembly of gold nanoclusters in Au implanted silicon substrates using a) Rapid Thermal
Annealing (RTA) b) Rutherford Backscattering Spectrometry (RBS), c¢) Cross-sectional
Transmission Electron Microscopy (XTEM) and 4) Field Emission Scanning Electron
Microscopy (FESEM). The implantation experiments were performed using both the Metal
Vapour Vacuum Arc (MEVVA) ion source at ANSTO and the low energy implanter at EME,
ANU. RTA experiments performed on the samples implanted using MEVVA ion source
helped us to catch the birth and initial growth stages of this unique self-assembly process. For
instance, Figure 1 shows the smooth transition in the surface morphology of the samples after
the completion of RTA at 540° C and 750° C for 30s. Similar experiments were performed at
temperatures above and below the Au-Si eutectic melting point to study the formation of this
self-assembly process. The high resolution micrographs recorded from FESEM of the
samples annealed at high temperatures revealed a new population (third generation) of gold
clusters of
(@) (b) the size
ranging
from 5-20
nm. These
clusters
were  not
observed in
the SEM at
RMIT
which uses
a LaB6 Filament.
Figure 1: Scanning electron micrographs showing the surface morphology of the Au implanted
silicon substrates after the completion of (a) 540 C for 30s and (b) 750 C for 30s.
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The glancing angle RBS measurements recorded before and after annealing at various
temperatures for very short times helped us understand the depth distribution of gold in silicon.
Our preliminary XTEM investigation showed the thickness of the shallow amorphous layer and
the gold distribution in the as-implanted MEVVA sample. Complete XTEM analysis is
however still pending. Based on our preliminary findings to date we are planning to
communicate the results from these studies to either Nature Materials or Nature
Nanotechnology.

We will be extending our studies on in-situ investigation of the formation of the Au-Si self
assembly process. In addition to this above mentioned investigation, we are currently designing
experiments to indent the thin amorphous layer of the as-implanted substrates using the low
load nanomechanical test system (Hysitron Inc.). We have performed preliminary experiments
to estimate the load required to scratch the thin amorphous layer without disturbing the
underlying substrate. If successful, this study will provide an opportunity to selectively control
the growth of the self-assembled gold nanoclusters.

Other Projects: During this visit, experiments were performed to selectively grow silica
nanowires using ion implantation as a seeding technique to seed catalyzing gold nanoclusters.
Silicon (100) substrates were implanted with Au ions at different doses using the low energy
implanter and subsequently annealed in a quartz tube furnace at high temperatures in Ar
atmosphere. The implanted region showed dense growth of long interwoven nanowires after
annealing at 1100° C for 60 min. The plane view TEM analysis showed that the nanowires
grow to diameters ranging from 20-100 nm. The length of the nanowires were observed to vary
about 50-100 um corresponding to an aspect ratio of up to 2500. In order to control the growth
rate of the nanowires, the substrates were annealed for short time periods at the same
temperature. The composition of the nanowires was measured with EDS and it was found to be
close to SiO,. The SAED patterns showed that the nanowires are amorphous in nature.
However, more experiments are needed to identify the growth process of these nanowires.

In summary, this long term visit allowed further investigation on some specific aspects of this
research such as

1) Understanding the initial growth stages of the self-assembled patterns

2) Role of “MEVVA macroparticles” in the formation on these patterns

3) Diffusion of gold in a-Si after rapid thermal processing

These investigations led to information to improve our understanding of the formation of these
unique self-assembled gold nanoclusters. Also, it has opened up new directions of collaborative
research in the areas of nanoindentation and their influence in self-assembly.

Apart from scientific learning, I particularly enjoyed the social events and dinners organized by
the fellow scientists and researchers at EME.

1) D.K. Venkatachalam, D.K. Sood, and S.K. Bhargava, "Spiral patterns of gold nanoclusters

in silicon (100) produced by metal vapour vacuum arc implantation of gold ions,"
Nanotechnology 19 (1), 0156051-0156058 (2008).







SHORT TERM VISITS

Funding support is also available to postgraduate students and early career researchers
(within 5 years of award of PhD degree) for travel and accommodation expenses associated
with Short Term Visits to research Institutions within Australia. Up to $1,000 is provided for
travel and accommodation to a location(s) within Australia.

Miss Christine Henry (Australian National University) — visit to the
University of Queensland.

Christine is a PhD student and her research interests are Colloid and Interface Science and
Drainage of nanofilms.

Details of proposed short term visit: Two week visit to the group of Professor Anh Nguyen,
BMA Chair of Minerals Processing, Division of Chemical Engineering, University of
Queensland. The purpose is to carry out work that is essential to her PhD.She plans to do a
series of experiments using Professor Nguyen\'s laboratory\'s Thin Film Balance to study thin
films of nonaqueous electrolyte solutions in air. Some part of her PhD has been investigating
ion-specific effects on bubble coalescence and thin film stability. Her work in this area to date
has largely been with dynamic bubble collision experiments, and studying single liquid films is
an important complementary approach. Ion-specific phenomena are relevant in any high-salt
system, including biological systems and minerals processing. Different salts have significant
effects on the stability of thin liquid films, and the Nguyen group has already demonstrated this
in water.

I visited Professor Anh Nguyen and group at the University of Queensland, Brisbane from 7-19
September 2008. The trip was successful. I used the thin-film balance in their labs to study thin
films in non-aqueous electrolyte solutions. Despite some problems with contamination, to
which this technique is highly sensitive, I managed to study two different solvents, with three
and two electrolytes respectively. The electrolytes were observed over a range of
concentrations. We are still in the process of analysing the data, an example image of which is
given in the figure below. It will certainly be helpful for my thesis, and we’re considering
whether the results are publishable as a stand-alone paper or in conjunction with other work.
The other aim of the trip was to start a possibly long-term collaborative relationship with
Professor Nguyen’s group. I think this was
achieved, as I worked productively with
some of the students and post-docs in
Brisbane, and even left them some of my
solvents and electrolytes so that they can
continue to explore this area. I am grateful
for the contribution of the ARCNN that
helped me to make this visit.
Figure. An image collected during
drainage of a circular thin film between air
interfaces, containing a thicker “dimple”.
The coloured interference fringes arise
from reflection at both film surfaces and
give information as to the thickness of the
film. The film is approximately 0.1mm in diameter, and less than 200nm thick at its thinnest
point. The solution here is formamide containing 0.20M lithium chloride.




Miss Yimeng Yang(University of Western Australia) — visit to the University
of New South Wales

Yimeng is a PhD student and her research interest is Effect s of environmental exposure on the
structure and properties for Si-based thin films for MEMS applications

Details of proposed short term visit: Destination: Australian National University for Atomic
Force Microscopy (AFM) training. Activties to be undertaken: 1) Undertaking knowledge
transfer on AFM techniques (sample preparation, colloid attachment, direct force measurement)
2) Conduct surface force characterization using AFM

REPORT ON RESEARCH EXPERIMENTAL ACTIVITY SPONSORED
BY ARCNN

The Activity

Time: 28/07/2008 to 07/08/2008

Place: Surface Analysis Laboratory
Solid State and Elemental Analysis
UNSW Analytical Centre
G61-63, Chemical Sciences Building, F10
The University of New South Wales
Sydney, NSW 2052

Contact: Dr Bill Bin Gong, b.gong@unsw.edu.au
Tel: (+61 2) 9385 4694
Fax: (+61 2) 9385 4694

Activity: X-ray photoelectron spectroscopy analysis on SiNx thin films.

The Experiment

The aim of the experiment is to quantitatively determine chemical makeup changes in PECVD
SiNy thin film, especially N loss, after low temperature annealing.
The results are shown in Figure 1.
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Figure 1 Depth profile for SiNcH, thin films annealed at elevated temperatures.

Important experimental data of chemical makeup of the films has been obtained to explain
internal stress changes and potentially to verify degassing hypothesis. Besides, oxidation
degree, oxidation kinetics, and element atomic ratios could also be extracted from these XPS
analysis data. These findings help to build up a better understanding on effect of heating on
structures and properties of SiNHy thin films.

Moreover, as hydrogen is an undetectable element for XPS analysis, hydrogen element

quantitative analysis is desired in farther study on verifying degassing hypothesis.

To sum up, it is a good opportunity to gain experiences and confidence in working
collaboratively with other research groups.




Miss E-Jen Teh (University of Western Australia) — visit to the Australian

National University
Miss E-Jen Teh will be visiting the Australian National University in 2009.

Mr Christopher Hall (Swinburne University) — visit to the Australian
National University

Christopher is from Swinburne University and his Postgrad research interests are : Ultrafast
spectroscopy of semiconductors. Specifically:-Coupling within asymetric double quantum
wells

-Properties of gradded barrier ZnO quantum wells,-Coherence in quantum dots,

Purpose of Visit - To obtain hands on experience with semiconductor growth processes and
grow an ensembly of samples for spectroscopic investigation.

SWIN Swinburne University of Technology, Hawthorn (Melbourne)

SWINBURNE

BU R Tevieen il Victoria, Australia

TECHNOLOGY
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Chris Hall

Postgraduate Student

CAOUS-Centre for Atom Optics and Ultrafast Spectroscopy
Swinburne University of Technology

Ph: 03 9214 4540

Re Report for ARCNN funded visit to ANU 157 to 5" September 2008

Purpose of Travel

The Australian Research Council Nanotechnology Network (ARCNN) funded visit to
Australian National University (ANU) was proposed for a multitude of reasons. Primarily our
objective was to obtain two sets of nanostructured samples for coherence studies at Swinburne
University’s ultrafast spectroscopy facility, though it is obvious that if it were possible to travel
to ANU to work with our collaborators and be involved with the sample growth process a range
of benefits would ensue.

The structures grown at ANU were two sets of Asymmetric Double Quantum Wells (ADQW)
with five samples in each set and a reference sample (Eleven samples in total). These simplified
quantum systems were designed to primarily investigated two topics:
- Specifically we intend to explore coupling mechanisms which should become apparent
by examining these distinctly different sample sets.
These simplified quantum systems will then be used to test newly developed phase
retrieval algorithms and new experimental procedures recently developed at the ultrafast
facility at Swinburne University to further investigate work detailed in our recent
publication (Davis et al, PRL 100, 227401(2008))




As these samples exhibit simplified properties, they will in fact act as a stepping stone to
exploring and interpreting more complex natural quantum systems. This work is intended to be
published.

Outside of merely acquiring the specific nanostructured samples there were also benefits in the
form of acquired knowledge and experience. At Swinburne I do not have access to any kind of
semiconductor growth apparatus, so travelling to ANU gave me physical access to this
specialized equipment and allowed me to:

Develop an understanding of the technical details involved in the MOCVD

semiconductor growth process

Experience working in a clean room

Experience working with harmful chemicals in a monitored environment

Having experience using this equipment and having a greater understanding go of the
processes involved makes me more employable as a career researcher in semiconductor
spectroscopy, The research team at CAOUS has also benefited from my visit as [ have
transferred some of the knowledge gained from my short term visit to ANU in a seminar I
prepared and presented.

Details of Visit:
My activities during my funded visit to ANU were as follows:
e Arrive at ANU Monday 1* September
e Four days were required for the growth of eleven samples with ANU’s Metal
Organic Chemical Vapour Deposition (MOCVD) reactor
e One day was required to characterise these samples with ANU’s
photoluminescence apparatus
e Depart ANU Friday 5™ September

Outcome Details:

Since my return to Swinburne, I have given a technical seminar detailing the MOCVD growth
process employed at ANU. On completion if current work in the ultrafast spectroscopy facility
these samples will be investigated, with subsequent publications expected.

Funding:
All of the funding required for this trip was sourced from ARCNN.

Publications:
All connection to these samples will be appropriately referenced as sourced with the aid of
ARCNN funding.




Mr Andrew Stephenson (University of Queensland) - visit to the University
of New South Wales

Report of Outcomes from ARCNN Travel Grant: Andrew Stephenson

This grant was awarded so that I could continue my studies on metal-mixed polymers. Metal-
mixed polymers are produced when a thinly deposited surface layer of metal is imbedded into
the polymer via an ion beam [1]. It has been shown that this process can produce a bulk sample
that has both metallic and superconducting properties [2]. Prior to the awarding of this grant I
only had access to liquid nitrogen cryostats. As such all of my work to date has been limited to
studying the metallic properties of these systems at temperatures above 77 K [3]. These funds
provided me the opportunity to use the low temperature electrical measurement facilities in the
School of Physics at the University of New South Wales. The aim of this visit was to measure
the superconducting properties of these materials, and focus on determining how the
superconducting properties depend on the various tuneable parameters involved in the
fabrication of the materials.

I am pleased to say that the experiments undertaken at UNSW went far better than we initially
hoped for. In total, 90 samples were prepared for/during this visit, which fall into three main
groups: thin tin/antimony films metal-mixed with a N* beam; thin tin/antimony films metal-
mixed with a Sn” beam and unimplanted tin/antimony films. Within these groups, the samples
varied in films thickness and orientation relative to the substrate structure and, for the metal-
mixed samples, they also varied in beam energy and dose.

The nitrogen implanted samples proved to be a great success. Having lost access to the implant
facilities used to make the original samples, we have been struggling to reproduce suitable
samples for further studies. These samples, implanted at the Crown Research Organisation in
New Zealand are the first to show a zero-resistance superconducting state since the original

samples in 2005. Furthermore, using these samples we have found new evidence suggesting
that the superconductivity in these metal-mixed systems is granular in nature.

This was the first time metal-mixed samples made using a tin beam have been studied (as
opposed to the nitrogen-beam processed samples investigated previously). We studied the
conductivity of these samples prepared with a variety of film thicknesses and implant doses and
found that we can obtain samples spanning the full range from metallic/superconducting
through to strongly insulating. As part of my measurements at UNSW, I have mapped out the
metal-insulator transition for this material in terms of its fabrication parameters, data which I
will supplement with higher temperature measurements, above 77 K, back here at UQ.

As stated earlier all of my previous work had been done at temperatures above 77 K, with the
most extensive analysis being on unimplanted samples. The measurements made on the
unimplanted samples at UNSW provide an invaluable link between the results of this trip and
those obtained previously.

Although only a preliminary analysis of the data has been carried out so far we are hopeful that
this trip will result in up to three papers, several substantial sections in my Ph.D. thesis, and
possibly one patent application related to the use of tin ion metal mixed samples for
temperature measurements.

[1] E. Tavenner et al., Syn, Met. 145, 183-190 (2004)

[2] A. P. Micolich et al., Appl. Phys. Lett. 87, 155203 (2006)

[3] A. P. Stephenson et al., cond-mat. arXiv:0809.4096 (2008)
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OVERSEAS TRAVEL FELLOWSHIPS

Opportunities for Five to six Overseas Travel Fellowships valued at up to $5,000 each are
offered every 6 months. This is a mechanism whereby Australian students and early career
researchers can visit overseas laboratories to gain new skills and training in this emerging field
of research. These fellowships are also offered for attending International Summer Schools of
minimum one week duration, or longer.

Applications are ranked and Fellowships awarded to the top 5-6 ranked applications.

Mr Anthony Musumeci (UQ) visit to Argonne National Labs, Chicago, USA

Anthony is a Postgraduate student and his research interests are materials science, nanomaterial
synthesis and characterisation, radiochemistry and nanotoxicolgy.

Purpose of visit: The main aim of my PhD project is the synthesis and characterisation of
tailored nanoparticles for nanotoxicological investigations. During my PhD I aim to synthesise
a range of different nanoparticle libraries of varying size and charge as well as develop novel
labelling methodologies to facilitate further biological studies. Currently, I have focussed on a
series of industrially relevant clay nanoparticles that are of opposing charge, being Layered
Double Hydroxides (LDHs, +ve charge) and hectorites (-ve charge). I plan to extend this to a
neutral inorganic metal oxide (i.e. TiO2) nanoparticle series, to facilitate a full range of
nanoparticle sizes and charges to be investigated. During my time at Argonne National Labs
(ANL) in Chicago, I plan to develop novel labelling methodologies for both LDH and titania
nanoparticle systems which will then be used in subsequent biological assays. Upon the
conclusion of my time at ANL, I hope to have another journal paper ready for submission to the
Journal of the American Chemical Society that will detail results obtained from the visit.

His application was supported by Dr Darren Martin from the University of Queensland and by
Dr Tijana Rajh from the University of Chicago.

ARCNN Overseas travel Fellowship report

Title of project: Tailored Titania Nanoparticle libraries for Nanotoxicological Investigations.
Host organisation: Centre for Nanoscale Materials, Argonne National Labs, Chicago, USA
Time of Visit: June 8, 2008 — September 5, 2008-09-24

Funding Support: $5000 ARCNN Overseas Travel Fellowship, $5000 UQ Graduate School
Research travel Grant

Research outcomes:

During the research travel many of the scientific objectives outlined prior to travel were
achieved. Primarily, I was successfully able to synthesise tailored libraries of TiO, nanoparticles
of different size and shape (i.e. TiO, nanotubes, nanorods and nanospheres). Experimental
protocols for synthesis of each shape of nanoparticle were developed and refined. These will be
used in laboratories at The University of Queensland to allow further studies concerning the
biological interaction of the nanoparticles to be accessed.

Figure 1: TiO2 nanoparticles of different morphologies; (a) nanospheres, (b) nanotubes and
(c) nanorods will enable further investigations into the effect of nanoparticle shape on
biological interaction.




Covalent functionalisation of TiO, nanoparticle surface with fluorescent marker molecules and
radioisotope encapsulating cage ligands was also investigated. The TiO, nanoparticles were first
derivatised with carboxylic acid groups through adsorption of dopac (3,4-dihydroxy-
phenylacetic acid) to under-coordinated TiO, surface sites. Linkage of marker molecules to the
TiO, surface was performed through the EDC/NHS coupling reaction between the amine-
derivatised marker molecule and carboxylic activated TiO, nanoparticles.

Additionally an interesting surface enhanced Raman spectroscopy (SERS) phenomenon was
observed upon analysis of TiO,-enediol ligand conjugates via Rama Spectroscopy. Detection
sensitivity of absorbed enediol molecules (i.e. dopamine, dopac, salicylic acid) absorbed onto
the TiO, nanoparticle surface was found to increase by ~1000-fold. This finding was explored
further and a brief manuscript has been written and will be submitted to the Journal of the
American Chemical Society (JACS).

Overall, the collaboration formed with researches from the Bionano Interfaces group at the
Center for Nanoscale Materials, ANL has proven very valuable and productive. Dr Tijana Rajh
has been invited to present a plenary lecture at the annual ARC Center of Excellence for
Functional Nanomaterials conference on the Gold Coast, Queensland (Nov 08).
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Figure 2; (a) Argonne National Labs, Chicago, (b) Nanobiointerfaces group with whom I
worked.

Future Work:

Further collaboration between Dr Rajh and research groups at AIBN and the Australian Nuclear
Science and Technology Organisation (ANSTO) on establishing the biological interactions of
Ti0, nanoparticles and potential biomedical applications of TiO,-radiotracer probe conjugates
has been established. I would like to take this opportunity to thank ARCNN for their generous
funding towards my travels. I believe that I have benefited immensely from this trip which has
undoubtedly enhanced the quality and progress of my PhD thesis.




Miss Glenna Drisko (Uni of Melb) visit to the National Atomic Energy
Atomic Constituent Commission Center Buenos Aires, Argentina

Glenna is a Postgraduate student and her research interest is Template synthesis of
mesoporous/macroporous materials

Purpose of visit: Environmental damage due to the presence of toxic and radiotoxic elements
is of great concern. A porous metal oxide is a material capable of recovering and containing
such species. As an example of cradle-to-grave methodology, these materials first act as a
selective adsorbent and then, after sintering, form the permanent encasement. Alternatively, if
the target metal is of commercial value, the porous metal oxides can be used to selectively
adsorb and later release the species of interest. Titanium, zirconium and magnesium oxides are
ideal materials for such applications because they are chemically inert, can be functionalized,
are stable in extreme pH environments and are stable to radiation. The aim of this project is to
synthesize metal oxides with high surface area and multi-scale porosity for use as adsorbents.
The surface of the inorganic matrix is functionalized with organic polymers to tailor metal ion
selectivity and increase the load capacity. These materials have a commercial value, but more
importantly can be of benefit to the health of the wider community and the environment.

Nanotechnology is at the frontier of adsorbent development. It is important to have nanometer
control over the pore size to balance high surface area with quick fluid diffusion through the
material. In addition, nano-scale control over mesopore diameter is necessary for the
incorporation of high molecular weight polymers and other macromolecules.

Glenna’s application was supported by Dr Rachel Caruso from the University of Melbourne
and by Associate Professor Dr. Galo Soler-Illia from the University of Buenos Aires.

ARCNN Overseas Travel Fellowship Report

Details of supervisor in Australia: Dr. Rachel A. Caruso, School of Chemistry, The
University of Melbourne

Details of supervisor at host institution: Prof Galo Soler-Illia, Department of Science,
University of Buenos Aires, Argentina

Project title: One-pot synthesis of hierarchically porous metal oxides through the phase
separation of poly(furfurylic acid)

Period spent at host institution: 20 Aug-1 Dec, 2008
Comments about the study overseas:

The objective was to develop a one-pot synthesis of hierarchically porous metal oxides using
polymer phase separation and this was achieved. Macropores (>50 nm) and mesopores (5-15
nm) were created in materials composed of silica, titania and a mixed titania zirconia.

Additionally, these materials were synthesized in bulk quantities and were monolithic, which
widens the applications for which these materials may be applied. There is currently only one
example in the literature of a one-pot synthesis of monolithic metal oxides with meso-
macroporosity, and the authors who reported such a material commented that they had no
control over the pore dimensions [Konishi, J.; Fujita, K.; Nakanishi, K.; Hirao, K. Chem.
Mater. 2006, 18, 6069]. In our work, we controlled pore size by using two templates, a phase
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separating polymer to create a large pore (~200 nm), and a self-assembling polymer to control
the formation of the nano-sized pore (5-10 nm). Although these two polymers seemed to
interact, making independent control over each pore dimension impossible, it was possible to
control both large (Figure 1) and small pore volume (Figure 2).

Figure 1. SEM images of the monolithic silica showing control of the macropore size by using
increasing amounts of phase separating polymer, poly(furfurylic acid) in the synthesis (left to
right).

Figure 2. Pore size
distribution in prepared
silica, showing the
effect of using different
amounts of self-
assembling block co-
polymer in the
synthesis. The dashed
line refers to a small
amount of block co-

) polymer, where the
14 16 18 solid line is an increased

Pore size (nm) quantity.

This work has furthered nanotechnology in that we were able to create nano-sized pores in the
presence of inorganic sol-gel reactions and a phase separating polymer. The mesoporosity must
be due to the self-assembling block co-polymer, as this porosity was not observed in the
absence of the block co-polymer. Such materials could be applied to the fields of optics,
catalysis, photocatalysis, separations and the controlled-release of pharmaceuticals.






