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editorial

Thirty years and counting
Thirty years ago next month, Ian Rae’s ﬁrst Letter was
published in Chemistry in Australia. To mark this special
anniversary, the magazine recently presented to Ian a
compilation of tributes, Letters to Ian, written by some
colleagues and friends.
Although I have worked with Chemistry in Australia for the
best part of 20 years, until I began as Editor I knew Ian mainly
through his Letters, having the enviable occupation of being
paid to read them. My impression was of someone with an
insatiable interest in chemistry’s place in the world.
Since my editorship began nearly ﬁve years ago, Ian and I
have met regularly in person, having many fascinating
conversations at our magazine feature meetings. Ian gives his
time and advice for free, and with characteristic candour and
good humour.
Ian sometimes review manuscripts and published books, and
very generously lends me his books. His library is something I
have tried to conjure in my imagination – Ian, do you have
room for such mundane things as furniture in your house, too?
From the RACI’s royal charter, to the pope’s chemical
education and background information on our current war series
(coincidentally, the topic of Ian’s very ﬁrst Letter was gas
warfare – see p. 40), Ian always has some helpful advice or
knows the right people to add to what I like to call my ‘hit list’.
Assisting with my editorial about railway lamps, Ian asked his
wife to search for the requisite book when his post-surgery knee
would not contemplate stairs. I am very grateful to both of
them!
In his writing and in person, Ian is an astute observer, not
only in the scientiﬁc sense but also of people and
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characteristics. For me, his ability to populate his chemical
anecdotes with personality – turning science into stories – is a
strong distinction of his Letters. Along the same lines, one of
my continual editorial missions is to publish the ‘people part’ of
chemistry.
In her Letter to Ian, Doreen Clark comments, ‘It is easier to
be deep and narrow than to be broadly informed about the
place of chemistry in the world.’ What astonishes me is how
much Ian can tell me on a given topic, and at the same time
have ﬁngers in so many pies. Perhaps it’s because he roams
easily between industry and academia, in and outside his peer
group, and around the world. Receiving emails from Ian, I like
to see where his next ‘Cheers from’ might be: frequently Hong
Kong or Geneva, or perhaps Moscow or the odd wine-growing
region in France.
Ian, congratulations on 30 years of Letters. I am honoured
to be able to conclude the magazine with your contributions
each month, and I’d be delighted to see many more. I hope you
enjoy your Letters to Ian, along with its cheeky illustration (see
this month’s front cover).
PS: For those who would have liked to write a Letter to Ian
but haven’t had the opportunity, I’m sure he’d be delighted to
receive them. I have left some space at the back of the Letters
to Ian booklet for this purpose. To see a pdf version of Letters
to Ian, visit www.raci.org.au/chemaust.
Sally Woollett (wools@westnet.com.au)
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from the raci

From the President
Nominations are currently being sought from across the
membership for the various national awards offered by the RACI
(see p. 30). I strongly encourage all members to visit the RACI
website and look at the criteria for each award. If you think you
are eligible, or know of a fellow member who would make a
strong candidate, please consider submitting a nomination.
The RACI National Awards cover a range of activities,
recognising excellence in research, education and industrial
chemistry as well as service to the profession. One award that
the RACI has not received a lot of nominations for in recent
years is the C.S. Piper Award. This award recognises the best
published original research carried out mainly in Australia in
soil chemistry or the mineral nutrition of plants. Much of this
type of activity occurs in organisational units other than the
traditional chemistry department or school in Australian
universities, as well as in a variety of government research
laboratories. If you know of a member who works in either of
these ﬁelds, please encourage them to consider submitting a
nomination.
As part of a recent review of the RACI National Awards, the
Board has updated several criteria to make the awards structure
more streamlined and to ensure eligibility criteria are consistent
with antidiscrimination principles – especially for those awards
for early career chemists and other subsets of the general
membership base. Key changes include:
• The eligibility criteria for the Rennie Memorial Medal have
been revised in terms of number of years of research activity
post-PhD.
• The travel awards for postgraduate student members have
been reclassiﬁed as travel bursaries and will be administered
separately to the annual awards program. This should
provide postgraduate student members with greater
ﬂexibility in accessing this support.
• The Biota Award and the Organometallic Chemistry Award
have been formally repositioned as Divisional Awards
administered by the Medicinal Chemistry & Chemical Biology
Division and jointly by the Inorganic and Organic Chemistry
Divisions, respectively.
• The Green Chemistry Challenge Award has been retired.
Further details can be found on the RACI website.
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The RACI National Awards are designed to recognise
outstanding achievement by members irrespective of their area
of technical expertise or geographic locale. The RACI, through
the Divisions and Branches, offers a range of awards that relate
to these more specialised contexts. Division and Branch awards
are not administered centrally by the RACI National Ofﬁce. The
frequency of these awards varies (not all are made annually), as
do the closing dates and submission details. Full details of
these awards can be found on the various Division and Branch
web pages.
Readers of this column would be aware of the work over the
past three years to renew the RACI university course
accreditation process. The trial phase of the new accreditation
program has begun. Last month a workshop was held in
Melbourne to train accreditors, and accreditation visits will
soon commence. The trial institutions are preparing for the
accreditation visits. Thanks to all RACI members who have been
actively involved in getting us to this stage. I also thank
members who have contributed to the development of the
Chemistry Academic Standards Statement over the past three
years. I am particularly grateful for the leadership provided by
Professor Simon Pyke FRACI CChem (University of Adelaide) and
Dr Glennys O’Brien (University of Wollongong) in the detailed
consultative work they undertook associated with determining
how we might measure student learning outcomes in chemistry.
Simon has continued his leadership by managing the process of
training the ﬁrst tranche of RACI accreditors.
The accreditation trial has been designed to have university
site visits and subsequent accreditation reports ﬁnalised in time
for a review of the trial outcomes at the Australian Heads of
Chemistry meeting in Adelaide in October and the RACI
Assembly, also in Adelaide (as a precursor event to the
Congress), in early December. Learnings from the trial will be
integrated into the full roll-out of the new accreditation process
in 2015.
Mark Buntine FRACI CChem (president@raci.org.au) is RACI
President.
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Adapted from Fig. 1, Physical Review Letters, 2014, 112, 085501

Using colour for clues

The ability to locate and count small numbers of impurity atoms
could lead to advances in modern electronics and optical ﬁbre
communication networks.
In research published in Physical Review Letters (doi:
10.1103/PhysRevLett.112.085501), physicists from Monash
University, the University of Melbourne and TU Graz, Austria,
show that a method called spectrum imaging can be used to
measure atom concentrations at atomic resolution.
By using spectrum images to visualise where atoms are and
how they are bonded, scientists will gain further insight into
the properties of new materials. Spectrum imaging provides a
digital image encoding this complex information through
colour.
Co-author Dr Scott Findlay, of Monash University’s School of
Physics, said the technique could be a useful tool to
characterise new materials.

‘When probed with an electron beam, atoms give that beam
an energy spectrum in a way that is like adding colour. Distinct
atomic species add distinctive colours,’ Findlay said.
‘Imagine putting several open paint tins inside a waterfall.
With careful measurements on the pool below, one could
determine not just the colours but also the number of different
tins used. Type and number – that’s quantitative spectrum
imaging at low spatial resolution.’
However, precision analysis at atomic resolution is more
challenging.
‘Spectrum imaging at atomic resolution is more like a game
of pinball with different coloured, freshly-painted pins,’ Findlay
said.
‘If the ball ends up with ﬁve red, two blue and one green
paint spots, that doesn’t necessarily tell us the number of
differently coloured pegs present, just those that were hit on
the path the ball happened to take.’
Findlay said scanning an electron beam across the sample
allowed them to map the specimen structure but also provided
the information needed to untangle the problem.
‘With an understanding of how the electron beam interacts
with the specimen – how the ball bounces – we can establish
both the location of the atoms – the pins – and their species –
the colours,’ Findlay said.
‘The ability to map out the concentrations of different
atomic species at atomic resolution is a signiﬁcant step towards
developing new materials and technology.’
Findlay said more research was needed to develop the new
technique further.
MONASH UNIVERSITY
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Catalyst potential
for low-cost, clean
production of
methanol

Scientists from Stanford University, SLAC National
Accelerator Laboratory, and the Technical University of
Denmark combined theory and experimentation to identify
a new nickel–gallium catalyst that converts hydrogen and
carbon dioxide into methanol with fewer side-products than the
conventional catalyst. The results are published in the 2 March
online edition of Nature Chemistry (doi: 10.1038/nchem.1873).
‘Methanol is processed in huge factories at very high pressures
using hydrogen, carbon dioxide and carbon monoxide from natural
gas,’ said study lead author Felix Studt, a staff scientist at SLAC.
‘We are looking for materials than can make methanol from clean
sources, such as sunshine, under low-pressure conditions, while
generating low amounts of carbon monoxide.’
The ultimate goal is to develop a large-scale manufacturing
process that is non-polluting and carbon neutral using clean
hydrogen, the authors said.
‘Imagine if you could synthesise methanol using hydrogen from
renewable sources, such as water split by sunlight, and carbon
dioxide captured from power plants and other industrial
smokestacks,’ said co-author Jens Nørskov, a professor of chemical
engineering at Stanford. ‘Eventually we would also like to make
higher alcohols, such as ethanol and propanol, which, unlike
methanol, can be directly added to gasoline today.’
Worldwide, about 65 million tonnes of methanol are produced
each year for use in the manufacture of paints, polymers, glues
and biofuels. In a typical methanol plant, natural gas and water
are converted to synthesis gas (syngas), which consists of carbon
monoxide, carbon dioxide and hydrogen. The syngas is then
converted into methanol in a high-pressure process using a
catalyst made of copper, zinc and aluminum.
Once he and his colleagues understood methanol synthesis at
the molecular level, they began the hunt for a new catalyst
capable of synthesising methanol at low pressures using only
hydrogen and carbon dioxide. Instead of testing a variety of
compounds in the lab, Studt searched for promising catalysts in a
massive computerised database that he and co-author Frank
Abild-Pedersen developed at SLAC.
‘The technique is known as computational materials design,’
explained Nørskov, the director of the SUNCAT Center for Interface
Science and Catalysis at Stanford and SLAC. ‘You get ideas for new
functional materials based entirely on computer calculations.
There is no trial and error in the lab ﬁrst. You use your insight and
enormous computer power to identify new and interesting
materials, which can then be tested experimentally.’
Studt compared the copper–zinc–aluminum catalyst with
thousands of other materials in the database. The most promising
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By Mark Shwartz

Artist’s rendering of the nickel–gallium active site, which synthesises
methanol from hydrogen and carbon dioxide. Nickel atoms are light grey,
gallium atoms are dark grey, and oxygen atoms are red.

candidate turned out to be nickel–gallium.
Nørskov then turned to a research group at the Technical
University of Denmark led by Ib Chorkendorff, a co-author of the
research paper. First, the Danish team carried out the task of
synthesising nickel and gallium into a solid catalyst. Then the
scientists conducted a series of experiments to see if the new
catalyst could actually produce methanol at ordinary room
pressure.
The lab tests conﬁrmed that the computer had made the right
choice. At high temperatures, nickel–gallium produced more
methanol than the conventional copper–zinc–aluminum catalyst,
and considerably less of the carbon monoxide by-product.
‘You want to make methanol, not carbon monoxide,’
Chorkendorff said. ‘You also want a catalyst that’s stable and
doesn’t decompose. The lab tests showed that nickel–gallium is, in
fact, a very stable solid.’
While these results show promise, a great deal of work lies
ahead. ‘We’d like to make the catalyst a little more clean,’
Chorkendorff added. ‘If it contains just a few nanoparticles of pure
nickel, the output drops quite a bit, because pure nickel is lousy
at synthesising methanol. In fact, it makes all sorts of chemical
by-products that you don’t want.’
Nickel is relatively abundant, and gallium, although more
expensive, is widely used in the electronics industry. This suggests
that the new catalyst could eventually be scaled up for industrial
use, according to the authors. But to make methanol synthesis a
truly carbon-neutral process will require overcoming many
additional hurdles, they noted.
STANFORD UNIVERSITY
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Royal Society of Chemistry to award
CSciTeach
The Royal Society of Chemistry has gained a licence to award
Chartered Science Teacher (CSciTeach) status. This chartered
designation was ﬁrst developed in 2007 by the Science Council,
in partnership with the Association for Science Education
(ASE), as a specialist section of the Chartered Scientist (CSci)
register.
Jim Iley, Royal Society of Chemistry Executive Director of
Science and Education, said: ‘A strong teaching community is
crucial for nurturing the next generation of chemical scientists
and we are committed to further increasing our support
through professional development initiatives, networking
opportunities and campaigns.’
The CSciTeach professional qualiﬁcation will sit alongside
CSci and the well-established Chartered Chemist (CChem)
designation in the Royal Society of Chemistry’s portfolio of
chartered marks. It will also form an integral part of building,
supporting and recognising the community of chemistry
teachers within the Royal Society of Chemistry, be they in
primary, secondary or further and higher education settings.
Members at MRSC and FRSC level with a minimum of four
years’ teaching experience will be able to apply for CSciTeach
from April 2014.
ROYAL SOCIETY OF CHEMISTRY

New specialty amines plant for
Nanjing
BASF will build a new world-scale production plant to
manufacture specialty amines at its existing site in the Nanjing
Chemical Industry Park in China. The plant, which is scheduled
to come on stream in late 2015, will mainly produce
dimethylaminopropylamine (DMAPA) and polyetheramines
(PEA). The new plant complements existing facilities in
Germany and the US for DMAPA and PEA.
‘The investment is driven by the increasing consumption of
personal care products by the growing middle class in China
and in Asia,’ said Dr Guido Voit, Senior Vice President, BASF
Intermediates, Asia Paciﬁc. ‘Additionally, the development in
the construction, wind energy and coatings industries in China
and other emerging countries in Asia will continue to drive
demand for PEA.’
DMAPA is mainly consumed in the production of betaines,
which are used as co-surfactants in personal care products such
as shampoo and body wash. DMAPA is also used in dye-stuff
intermediates, lubricant additives, electroplating, coupling
agents for rubber and others.
PEA is an intermediate chemical for epoxy curing agents used
in the production of plastics, polyurea coatings, adhesives,
reaction injection moulding and wind blade composites.
BASF
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How soils control atmospheric hydrogen

Greg Cook and Chris Greening

University of Otago, New Zealand, researchers are helping to clear
up an enduring mystery regarding the composition of the Earth’s
atmosphere. They have discovered the microbial soil processes
that help ensure that the explosive gas hydrogen remains at trace
levels.
In recent decades it was found that around four-ﬁfths of all
hydrogen released into the air is rapidly removed through soil
activity, but exactly what is recycling it, and how, has remained
unclear.
Now, Otago scientists have shown that the soil bacterium
Mycobacterium smegmatis uses two special enzymes that can
efﬁciently scavenge hydrogen as fuel at very low concentrations.
They also found the bacterium ramps up these enzymes’ activity
when starved of its usual carbon-based energy sources.
The Department of Microbiology and Immunology researchers’
ﬁndings appear in Proceedings of the National Academy of Sciences
(doi: 10.1073/pnas.1320586111). Their discovery has implications
for improved understanding of global climate processes and for
developing new catalysts for hydrogen fuel cells.
Study lead author and Otago PhD candidate Chris Greening
says the ﬁndings emerge from a project led by Professor Greg Cook
investigating why the mycobacteria family, which includes
members causing TB and leprosy, have genes encoding
hydrogenase enzymes. Hydrogenases are well known for their roles
in anaerobic bacteria, but this is the ﬁrst comprehensive study of
these enzymes in an organism that requires oxygen to combust
their fuel sources.
‘Hydrogen scavenging is just one example of the ingenuity of
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Sharron Bennett

microorganisms. Bacterial metabolism is much more ﬂexible than
that of humans. While we rely on carbon sources such as sugars
and amino acids, many bacteria can use gases (e.g. hydrogen,
carbon monoxide) and even metals (e.g. iron, uranium) as fuel
sources for growth and survival,’ says Greening.
It now appears that M. smegmatis and several other species of
soil actinobacteria are demonstrating a metabolic ﬂexibility that
would provide a powerful advantage over other aerobic microbes
in soil ecosystems, he says.
‘High-afﬁnity hydrogenases allow these bacteria to harness
hydrogen to survive on when their standard carbon-based fuel
sources are absent. While hydrogen is at low concentrations in the
air, it is essentially a constant and unlimited resource. This means
that bacteria scavenging this highly dependable fuel source would
be especially competitive against other organisms in their volatile
environments.”
On a global scale, this activity leads to soil actinobacteria
serving as the main sink for atmospheric hydrogen. This in turn
inﬂuences the concentrations of other gases in the atmosphere,
including potent greenhouse gases such as methane and nitrous
oxide, he said.
Greening said that hydrogenases have additionally attracted
interest from researchers working to make dependable,
inexpensive hydrogen fuel cells a reality. ‘Developing a catalyst
that mimics the high-afﬁnity, oxygen-tolerant action of the
hydrogenases in M. smegmatis would provide an enormous boost
for this technology,’ he said.
UNIVERSITY OF OTAGO
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Chemical engineers mark
200 years of commercial gas
production
The ﬁrst commercial operation to produce and supply gas from coal
began in London, UK, just over 200 years ago. Chemical engineers
descended on Rotterdam, The Netherlands, in March, for the 12th
European Gasiﬁcation Conference, to celebrate this important
milestone and some of the latest technologies in low-carbon
energy production.
The Gas Light and Coke Company began supplying London with
gas manufactured from coal for street lighting on New Year’s Eve,
1813. It marked the start of the ﬁrst commercial gas production
and supply operation in the world. Up to eight million people in
London alone would eventually rely upon the technology to light
and heat their homes for well over a century.
Chris Higman of Higman Consulting GmbH and gasiﬁcation
specialist, said: ‘The possibility of extracting a ﬂammable gas from
coal by “distillation” – or pyrolysis as we would call it today – was
known from ancient times.
‘However, towards the end of the 18th century, the work of
pioneers like Minckelers, Murdoch, Lebon and Lampadius resulted in
viable and safe commercial gas production from coal.
‘Once developed, the technology soon spread across the world
with gasworks established in Baltimore, US (1816), Manchester, UK
(1817), Hannover, Germany (1825), and Rotterdam, The
Netherlands (1827).
‘Over two centuries later, gasiﬁcation continues to be an
important part of the world’s energy supply. It has endured despite
the emergence of
alternative sources of
iStockphoto/godrick
energy, lighting and
heating and evolved to
support industry
including fertiliser
production.
‘Today, gasiﬁcation
provides around a
quarter of the world’s
supply of synthetic
ammonia and about
one-third of the world’s
methanol. With an
estimated 750 gasiﬁers
planned or under
construction across the
world, the technology is
set to play a major part
for at least another
century.’
INSTITUTION OF CHEMICAL
ENGINEERS
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Chemical identification with
image analysis

During the manufacture of blends, the most important
ingredient (API, active pharmaceutical ingredient)
needs to be monitored to ensure it maintains its
potency and homogeneity. Differences seen in particle
size and shape may result in potential performance
issues. Manual microscopy and visual identiﬁcation of
the active particles within a blend can be timeconsuming, subjective and inaccurate, all of which
can lead to increased manufacturing costs by wasting
valuable company time and resources.
The release of the Morphologi G3-ID from Malvern
Instruments provides a unique capability to detect
foreign particles (0.5–1000 µm) or protein aggregates
and to show their chemical compositions and/or
structures. It combines automated static imaging with
chemical identiﬁcation of individual particles, using
Raman spectroscopy in one platform. Integrated dry
powder dispersion automates sample preparation for
repeatable and reproducible measurements of both
fragile and robust materials. The software enables
simple operation with automatic selection, targeting
and chemical classiﬁcation of thousands of individual
particles.
The combination of automated image analysis with
Raman spectroscopy in the Morphologi G3-ID can be
applied to increase both the accuracy and robustness
of these types of measurements by chemically
identifying and isolating the particles of interest
within a formulation, such as a topical cream.
Differentiation of morphologically similar APIs is
achieved through Raman analysis.
For further details, contact ATA Scientiﬁc Pty Ltd:
visit www.atascientiﬁc.com.au, phone (02) 9541 3500
or email enquiries@atascientiﬁc.com.au.
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New Merck Millipore catalogue 2014–2016
Buying from Merck Millipore, you can be assured of high-quality
industrial and laboratory chemicals. They are extremely safe and
reliable because they are developed with you, our customer. We
are never going to stop looking for ways to make things better.
To this end, we would like to present our new chemicals and
reagents catalogue Creating together. Chemicals & reagents
2014–2016. The more than 10 000 products contained within
include our chemicals and reagents, analytical chromatography
products, instrumental analysis range, bio-monitoring tools,
peptide synthesis products and lab water puriﬁcation systems.
To make searching easy, the chemicals are listed in
alphabetical order according to IUPAC (International Union of
Pure and Applied Chemistry). Also, quick search tabs are
included at the end for searching via formula, CAS number,
catalogue number and keywords.
Each chemical listed contains a wealth of information such
as product speciﬁcations, packaging sizes and types,
grade/application information, structural formula, general
chemical information, hazard and precautionary phrases, hazard
pictograms and transportation data.

For further information, visit www.merckmillipore.com. To
request a copy of the new Merck Millipore catalogue, phone
1800 335 571 or email catalogues.aus@merckgroup.com.

Anton Paar presents new Multiwave GO

Anton Paar’s new Multiwave GO introduces the best of both worlds: monomode and multimode.

Anton Paar’s latest innovation, Multiwave
GO, represents a masterstroke of
engineering. It is a routine digestion
system with an extremely lightweight
rotor for 12 vessels providing SMART
VENT technology.
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The newly designed DMC Directed
Multimode Cavity provides the best of
both monomode and multimode
microwaves. As in a monomode system,
the microwaves are directed directly to
the sample, providing highly efﬁcient

heating in a compact system. As in a
multimode system, up to 12 samples can
be digested in a single run.
For efﬁcient reaction control, the
internal vessel temperature of each
vessel is controlled via an IR sensor.
SMART VENT technology is the new
pressure-activated-venting concept that
enables precise and reliable pressure
control in each vessel. The overpressure
related to reaction gases is safely
released and removed by the system.
The main beneﬁts of SMART VENT are
the digestion of extremely high sample
amounts and the possibility of safely
digesting samples with different reaction
behaviours in the same run.
Based on the short digestion process
times provided by the TURBO heating and
cooling concept, a superior sample
throughput of up to 12 samples in
18 minutes is possible. Cooling times as
short as 8 minutes for a fully loaded
12-position rotor are possible.
For further information, visit
www.mep.net.au, phone MEP Instruments
on (02) 9878 6900 or email
info@mep.net.au.
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Hepcidin – what a catch!
Disulﬁde-rich peptides are an invaluable
source of stable, structurally well-deﬁned
molecules with diverse biological
activities. The synthesis of speciﬁc
disulﬁde bond regioisomers in a
controlled fashion presents a challenge
as complexity increases with the number
of disulﬁde bonds. Researchers from the
University of Queensland, and
collaborators in the US, have described
the completely regioselective synthesis
of the iron regulatory peptide hepcidin,
which contains four disulﬁde bonds
(Dekan Z., Mobli M., Pennington M.W.,
Fung E., Nemeth E., Alewood P.F. Angew.
Chem. Int. Ed. 2014, 53, 2931–4). In
addition, a regioisomer of hepcidin,
previously proposed as the native
structure, was prepared and shown to
have the wrong disulﬁde bond
connectivity. The work highlights the use

of regioselective disulﬁde bond formation
as a tool for removing the often-present
ambiguity of S–S connectivity
assignment in cysteine-rich peptides by
NMR spectroscopy. A key building block
for the syntheses was the newly

Seeing photocatalysis in a new light

Direct photocatalysis by plasmonic metal nanoparticles
supported on inactive substrates has drawn great interest since
the ﬁrst report from the group of Professor Huai-Yong Zhu of
Queensland University of Technology in 2008 (Angew. Chem.
Int. Ed. 47, 5353–6). In such photocatalysis, visible light
absorption by Au, Ag and Cu through localised surface plasmon
resonance is used to drive reactions at ambient temperature.
Non-plasmonic transition metal nanoparticles such as Pd, Pt, Rh
and Ir also absorb ultraviolet and visible light due to interband
electron excitation, but this phenomenon has been overlooked
in photocatalysis. Now Zhu and co-workers provide convincing
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developed ‘safety-catch’ S-4,4¢dimethylsulﬁnylbenzhydryl (Msbh)
protecting group for cysteine, which is
orthogonal to most other existing thiol
protecting groups used in peptide
synthesis.

evidence that non-plasmonic metal particles exhibit
signiﬁcantly enhanced catalytic activity when irradiated with
visible or UV light (Sarina S., Zhu H.Y., Xiao Q., Jaatinen E.,
Jia J.F., Huang Y.M., Zheng Z.F., Wu H.S. Angew. Chem. Int. Ed.
2014, 53, 2979–84). This ﬁnding illustrates that when metal
nanoparticles are irradiated with light, plasmonic excitation is
not the only mechanism by which catalytic activity can be
improved, a conceptual breakthrough that expands the
application of visible light enhancement to a wide range of
metals exhibiting diverse catalytic activity.
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Stable MX2 radicals (M = Ga, In or Tl)

The chemistry of the group 13 metals is
dominated by the +1 and +3 oxidation
states, while simple monomeric MII
species are only known to exist
transiently at cryogenic temperatures. As

part of an ongoing collaboration between
the groups of Professors Cameron Jones
(Monash University) and Simon Aldridge
(Oxford University), the ﬁrst examples of
group 13 metal(II) radicals, stabilised to

temperatures in excess of 130°C by bulky
and extremely nucleophilic boryl ligands,
have now been prepared (Protchenko
A.V., Dange D., Harmer J., Tang C.Y.,
Schwarz A.D., Kelly M.J., Phillips N.,
Birjkumar K.H., Jones C., Kaltsoyannis
N., Mountford P., Aldridge S. Nature
Chem. 2014, 6, doi:
10.1038/nchem1870). EPR spectroscopy
and computational analyses conﬁrm that
the group 13 metal complexes have
predominantly metal-centred spin
densities. The compounds undergo facile
and reversible one-electron oxidation and
reduction processes under both chemical
and electrochemical regimes. This
‘transition metal-like’ behaviour
highlights the potential low-valent group
13 metal complexes hold as catalysts in
organic synthesis, something that is
currently being explored by Jones’ team.

Efficient catalysis with main group
compounds
The ‘transition metal-like’ reactivity of low oxidation state main
group complexes has become well established in recent years,
and such compounds are now viewed as potential sustainable
replacements for homogeneous catalysts derived from
expensive, toxic and increasingly scarce noble d-block metals.
This potential has been demonstrated for the ﬁrst time by the
team of Professor Cameron Jones (Monash University). They
report that two-coordinate GeII and SnII hydride complexes,
stabilised by bulky amides (see November 2013 issue, p. 12),
efﬁciently and selectively catalyse the hydroboration of a
variety of unactivated, and often bulky, aldehydes and ketones
(Hadlington T.J., Hermann M., Frenking G., Jones C. J. Am.
Chem. Soc. 2014, 136, 3028–31). Catalyst loadings as low as
0.05 mol% are required to achieve quantitative conversions,
with turnover frequencies in excess of 13 300 h–1 in some cases,
rivalling that of all currently available transition metal
catalysts. The activity of the Ge and Sn catalysts is derived
from their unsaturated nature, which allows the hydroboration
reactions to proceed via a two-step migratory insertion/s-bond
metathesis pathway. Jones is currently investigating other
catalytic applications for main group compounds in organic
synthetic methodologies.
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Charge transfer with a squeeze
Solid-state ionic compounds are usually
thought of as consisting of ions with
well-deﬁned oxidation states, an
approximation that allows us to
understand their ‘crystal chemistry’ in
conjunction with concepts such as
effective ionic radius (IR), which shrinks
as an ion’s oxidation state increases. This
occurs gradually as electrons are removed
within a shell (e.g. IR(Ir3+) = 0.68,
IR(Ir4+) = 0.625, IR(Ir5+) = 0.57 Å).
However, removing the last electron from
a shell produces a more pronounced
change (e.g. IR(Bi3+) = 1.03, IR(Bi5+) =
0.76 Å). For a compound with a suitable
combination of cations, it should
therefore be possible to effect a net
reduction in crystal volume by
transferring an electron from one cation
to the other. Chemists from the
University of Sydney, and collaborators
from France and the UK, have now
described the ﬁrst observation of
pressure-induced charge transfers in 4d
and 5d compounds, Ba3+nBiM2+nO9+3n (n =

0, 1; M = Ir, Ru) (Huang Z., Auckett J.E.,
Blanchard P.E.R., Kennedy B.J., Miiller
W., Zhou Q., Avdeev M., Johnson M.R.,
Zbiri M., Garbarino G., Marshall W.G., Gu
Q., Ling C.D. Angew. Chem. Int. Ed. 2014,
53, doi: dx.doi.org/10.1002/
anie.201311159). The compounds show

~1% ﬁrst-order volume contractions
above 5 GPa, due to the large reduction
in the IR of Bi when the 6s shell is
emptied upon oxidation, compared to the
relatively negligible effect of reduction
on the IR of Ir or Ru.

A stable copper nanoparticle photocatalyst

Light-driven reactions catalysed by Au or Ag nanoparticles,
facilitated by localised surface plasmon resonance, have formed
the basis of the new and rapidly expanding ﬁeld of green
photocatalysis. Few studies on the photocatalytic performance of
Cu nanoparticles have been reported, even though they exhibit
strong localised surface plasmon resonance absorption in the
visible light range. The primary challenge for photocatalysis with
Cu nanoparticles is their chemical stability under the reaction
conditions, as they are easily oxidised to Cu2O or CuO in air.
Collaborative research from the groups of Professors Huai-Yong
Zhu (Queensland University of Technology) and Xiang-Yun Guo
(Institute of Coal Chemistry, Chinese Academic of Science) has
addressed this problem (Guo X.N., Hao C.H., Jin G.Q., Zhu H.Y.,
Guo X.Y. Angew. Chem. Int. Ed. 2014, 53, 1973–7). By preparing
Cu nanoparticles bound to graphene sheets, the metallic state is
stabilised and exhibits superior catalytic activity for the synthesis
of azo compounds from nitroaromatics under visible-light
irradiation. The lower-cost of plasmonic Cu nanoparticle
photocatalysts relative to those based on Ag or Au is important
for industrial synthesis. This work also highlights a new
application for graphene beyond electronics.
Compiled by Matthew Piggott MRACI CChem (piggott@cyllene.uwa.edu.au). This section showcases the very best research carried out primarily in Australia. RACI members
whose recent work has been published in high impact journals (e.g. Nature, J. Am. Chem. Soc., Angew. Chem. Int. Ed.) are encouraged to contribute general summaries, of no
more than 200 words, and an image to Matthew.
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Aust J Chem
The April issue contains a series of papers by participants in the 34th Australian
Polymers Symposium held in Darwin in July 2013.
In a review of structural characterisation of liver glycogen and human health,
Robert G. Gilbert and Mitchell A. Sullivan (Tongji School of Pharmacy, Huazhong
University of Science and Technology, Wuhan, China, and the University of
Queensland) focus on glycogen, a highly branched polymer of glucose, which acts as
a blood-glucose buffer. It comprises relatively small b particles, which may be joined
as larger aggregate a particles. The size distributions from size-exclusion
chromatography (SEC, also known as GPC) of liver glycogen from non-diabetic and
diabetic mice show that diabetic mice have impaired a particle formation, which
sheds new light on diabetes. SEC data also suggests the type of bonding holding b
particles together in a particles.
Greg Qiao and co-workers (University of Melbourne) report on peptide nanocoatings with tailored surface wetting properties, which were formed on a range of
organic (cellulose and cotton) and inorganic (glass) substrates via surface-initiated
ring-opening polymerisation of amino acid N-carboxyanhydride (NCA) derivatives. The
ﬁlm thickness, surface roughness and wettability can be tuned by controlling the
polymerisation time and the type of NCA derivative used (i.e. lysine or valine).
Qiao and co-workers also describe 16- and 32-arm star polymers synthesised using
poly(amido amine) dendrimers as multifunctional initiators for the ring-opening
polymerisation of e-Z-L-lysine N-carboxyanhydride (Lys NCA), followed by acid
deprotection to yield water-soluble cationic poly(L-lysine) (PLL) stars. Postfunctionalisation of the star polymers with poly(ethylene glycol) potentially
improved their biodistribution in vivo. Quantitative complexation of the star
polymers with siRNA-mimicking oligodeoxynucleotides was achieved at a nitrogen-tophosphate ratio of 5 (N/P 5). The boxes represent gel retardation assays.

In a paper on fungi unrelated to the polymer symposium, A.M. Beekman and R.A.
Barrow (ANU) review pharmaceuticals currently used in Australia that have their
origins in fungal metabolites, examining their origins and preparation, and place the
exploration of fungi for drug discovery in a historical context.
Pall Thordarson and co-workers (University of New South Wales) examine the
understanding of light harvesting, particularly in systems that exhibit an ultrafast
energy transfer mechanism known as quantum coherence. The ﬁrst design principles
for synthetic systems utilising quantum coherence are beginning to emerge. The
review will be of interest to researchers in the broad area of photovoltaics, the
synthesis of photo-active materials, and photosynthesis.
Curt Wentrup FAA, FRACI CChem (wentrup@uq.edu.au)
http://researchers.uq.edu.au/researcher/3606
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From chemical
warfare to peace
B Y M A DEL EINE SCH ULTZ AN D KIERAN LIM

Public outreach has
been recognised as
important to the
goal of ending
chemical warfare.
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ollowing the horrors of
chemical warfare in two world
wars (see box), and
devastating uses of chemicals
in the Vietnam War, the international
community worked to develop an
encompassing treaty to prevent the
use of chemical weapons. After
extensive work, the Convention on the
Prohibition of the Development,
Production, Stockpiling and Use of
Chemical Weapons and on their
Destruction, commonly known as the
Chemical Weapons Convention
(CWC), came into force in 1997.

F

The CWC requires member states
to declare and destroy chemical
weapons and provides for inspection
of facilities and investigation into
alleged use. Ratified by 190 countries,
it is administered by the Organisation
for the Prohibition of Chemical Warfare
(OPCW) (logo pictured).
In 2013, the OPCW received the
Nobel Peace Prize ‘for its extensive
efforts to eliminate chemical weapons’.
Notable in the official announcement
was the reminder that neither the US
nor Russia met the 2012 deadline for
destruction of their stockpiles of
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chemical weapons, although both have
made significant progress.
The OPCW has a close working
relationship with the United Nations
Organisation (UNO), but it is not an
agency of the United Nations. This
distinguishes it from bodies such as
the World Health Organization and the
International Labour Organization,
which are UNO agencies. An example
of the relationship is the OPCW-UN
Joint Mission to Syria, which is
currently overseeing the destruction of
Syria’s chemical weapons.
The CWC has three categories of
chemical. In Schedule 1 are
substances such as Sarin, Tabun and
their precursors that have no known
peaceful uses; production of over
100 grams of any of these compounds
must be reported to the OPCW.
Schedule 2 contains substances such
as thioglycol (mercaptoethanol) and
arsenic trichloride, which have some
legitimate uses but are either chemical
weapons or key precursors to
chemical weapons. The CWC requires
their manufacture to be declared and
they may not be exported to countries
that are not signatories to the CWC. In
Schedule 3 are compounds with largescale peaceful applications but also
chemical weapons potential. This last
category includes many starting
materials that are used every day in
laboratories, including phosphorus
trichloride, thionyl chloride and
triethanolamine. For Schedule 3
chemicals, the CWC requires
declaration of production of over
30 tonnes and inspection of plants. The
OPCW also monitors the chemical
industry to attempt to detect and
prevent new chemical weapons from
being developed, and to promote the
peaceful use of chemistry.
In July 2005, an invitational joint
IUPAC/OPCW Conference concluded
that for the work of OPCW to succeed
and be sustainable, engagement in
formal educational contexts and public
outreach was needed. To this end, the
Multiple Uses of Chemicals website
(http://multiple.kcvs.ca) was created as

May 2014

Poisonous gases in World War I

Chemical structures of poisonous gases used in World War I

Among weapons used on the battleﬁeld
in World War I, poisonous gases were
particularly disturbing because of their
silent, invisible and undirected nature.
The gases burned the mucous
membranes, and mustard gas also
penetrated clothing and burned the
skin, leading to intense pain and
disﬁgurement. In addition, massive
psychological damage was caused to
soldiers who were forced to ﬁght in the
possible presence of the gases.
The use of poisonous gas was partly
motivated by the stalemate of trench
warfare, during which soldiers did not
move for months on end. The French
ﬁrst deployed tear gas in 1914 (xylyl
bromide or ethyl bromoacetate). In
1915, the German army began using
chlorine, and soon both sides were
routinely using chlorine and phosgene,
both of which burn the lungs and lead
to intense pain and coughing. The

a joint project of IUPAC and the OPCW
through the King’s Centre for
Visualization in Science to inform
students, educators, policymakers and
the general public that the benefits of
chemistry are strongly linked to the
responsible use of chemical
substances. Many compounds have the
potential to be used beneficially for
health, industry and other purposes,
but also the potential to be used for
chemical weapons and other socially
undesirable ends. We, as members of
the chemistry and general science
communities, have a responsibility to
ensure the ethical use of chemistry,
while minimising its abuses, and to
promote the responsible use of
chemicals. The website, which was
launched in late 2013, has both

effects of phosgene were often not
observed until days after exposure.
Most of the deaths due to poisonous
gases (estimated at around 100 000 in
total over the course of the war) were
caused by these gases either alone or
in combination. Gas masks were
developed rapidly and in parallel with
the increased use of poisonous gas
during World War I. They increased in
effectiveness so that deaths from gas
attacks dropped.
The German army ﬁrst deployed
mustard gas in 1917 and again the
Allies soon followed suit. The effects of
mustard gas are internal and external
blisters, often leading to blindness if
the eyes are exposed. Being a liquid at
room temperature, mustard gas does
not dissipate, and many injuries were
caused when horses or soldiers
returned to a gassed area.

traditional and interactive resources
regarding the uses and misuses of
multi-use chemicals, and about the
importance of regulatory agencies
such as the CWC and the creation of
codes of conduct.
We spoke to the OPCW’s Alastair
Hay, Peter Mahaffy and Jonathan
Forman about the new website and the
Nobel Prize for their organisation.

How can or should the
chemistry community promote
this project to the public?

PM: We would like to see it promoted
as part of a broad discussion of the
responsible use of science. This was
highlighted in the OPCW Director
General’s Nobel Prize address, and
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education and outreach related to this will be a priority for
OPCW. The best way to succeed in getting this message
across will be if national societies, local universities in their
education of undergraduate and graduate students, and
professional associations partner with each other and with
OPCW to achieve this.
AH: By promoting chemistry in general. It is vital to talk
about the benefits of chemistry. And being adults we can
also talk about our mistakes, and where we have gone
wrong. By owning up to mistakes, we can correct these and
not repeat them. So no hiding things under the carpet!

What is the value of your project for chemists
who are not teaching chemistry?

AH: The material on the website introduces chemists (and
hopefully other scientists) to the range of options available
to chemists and to the myriad uses of chemistry. It illustrates
how choices are important and how they will affect one’s
direction of travel. On chemical weapons in particular, I
hope the site illustrates that it is not just chemists who will
be needed to make chemical weapons. Many other
scientists and engineers and weaponeers are needed to
make the weapons.
PM: The materials are meant to catalyse thinking on the
part of all professional chemists, students and the public,
about the choices we all must make about the responsible
use of chemical substances. The web materials don’t tell
people what to think, but rather engage with interactive
case studies and role-playing. We start with examples that
we think are particularly relevant to young people about
multiple-use substances, such as pseudoephedrine that can
easily be turned into crystal methamphetamine, the solvent
thiodiglycol that can be turned into mustard gas, and
opiates. After dealing with examples that connect to the
experience of our audiences, we draw parallels with the
misuse of substances in the production of chemical
weapons, and the responsibility we all have to ensure that
chemicals are not used for such purposes.

How has receiving the Nobel Prize affected the
OPCW’s work?

PM: The OPCW has worked so tirelessly over many years in
some very challenging places in our world, at both
scientific and political levels. It’s both exciting and
rewarding to be able to partner with them in support of

nurturing an education and outreach mandate – I think of
this as a third leg on the OPCW stool in achieving its overall
goal of working towards a world free of chemical weapons,
and one where chemistry and science are practised
responsibly.
AH: The OPCW is much more prominent and there is a far
greater interest in chemical weapons generally. Their use in
Syria has added to this renewed interest. I hope that in the
not-too-distant future, countries still outside the CWC will
sign up to it. I suspect that most of these will only consider
doing so once the current furore has died down and their
accession to the treaty will be a lower key affair.
JF: The Nobel Peace Prize has put OPCW in the spotlight,
giving the organisation a level of recognition and visibility it
had previously not known. The really great thing about this
is the recognition of the importance of the work OPCW has
been doing for so many years. It has also generated much
interest in who we are and what we do, resulting in many
requests to participate in meetings, engage in collaborative
projects, and be more publicly interactive.

What is OPCW’s message for the Australian
chemistry community?

JF: First, to thank the many members past and present who

have been involved with not only the activities of the OPCW,
but also the negotiations of the CWC itself. Over the history
of the organisation, Australian chemists have been members
of our Scientific Advisory Board (SAB) and its Temporary
Working Groups (including as chair person) and supported
diplomats and policy-makers as members of Australian
delegations to the OPCW. Science and the issues that need
scientific solutions do not change because of geopolitical
borders, and international cooperation for building trust
between nations is one of the pillars of the CWC; chemists
can help promote this ideal by collaborative science
projects on an international level. The OPCW encourages
Australian chemists to continue to be enthusiastic about
practising and communicating good science.

Madeleine Schultz MRACI CChem is currently in Heidelberg, Germany, on leave
from her position as senior lecturer in the School of Chemistry, Physics and
Mechanical Engineering at Queensland University of Technology. She has a
background in synthetic organometallic chemistry and is now active in the area of
chemical education research. Kieran F. Lim (
) FRACI CChem is an
associate professor in the School of Life and Environemental Sciences at Deakin
University. He has interests in science education, forensic chemistry and
spectroscopy. Kieran is the recipient of the 2011 Fensham Medal for Outstanding
Contributions to Chemical Education.
Typical compounds
in Schedule 1 (Sarin,
Tabun), Schedule 2
(thioglycol) and
Schedule 3 (thionyl
chloride,
triethanolamine) of
the Chemical
Weapons
Convention
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Alastair Hay OBE is Professor of
Environmental Toxicology at the
University of Leeds, England. He has
worked on chemical weapons related
issues for over 40 years, starting with
Agent Orange in Vietnam. Throughout
the 1980s, he campaigned against
chemical weapons and for a treaty,
which eventually became the Chemical
Weapons Convention (CWC). He has
been involved with the OPCW in many
ways since its inception, chieﬂy around
talking about the effects of chemical
weapons and how to investigate
allegations of use. His education work
on multiple uses of chemicals is a
natural development of this.

Peter Mahaffy is Professor of Chemistry
at the King’s University College
Edmonton, Canada, Co-director of the
King’s Centre for Visualization in
Science, and Past-Chair of IUPAC’s
Committee on Chemistry Education
(CCE). He ﬁrst became involved with
the OPCW as CCE chair in 2005. Through
this role and in partnership with
Alastair Hay, he has led and contributed
to many education and outreach
initiatives of the OPCW.

Jonathan Forman currently holds the
post of science policy adviser at the
Organisation for the Prohibition of
Chemical Weapons (OPCW). Dr Forman
received a PhD in chemistry from the
California Institute of Technology in
1996, after which he worked in and
consulted for a series of biotechnology
start-up companies developing
technologies for genomic, immunoassay
and cell capture applications. He has
been at OPCW (and away from Silicon
Valley) since March of 2013.

7th ASIAN BIOLOGICAL INORGANIC
CHEMISTRY CONFERENCE
Gold Coast, Queensland, Australia
30 November – 5 December 2014

CONFIRMED PLENARY LECTURERS
f
Greg Anderson (QIMR Berghofer Medical Research
Institute, Australia)

f
Peter Sadler (University of Warwick, UK)

f
Lucia Banci (University of Florence, Italy)

f
Jiangyun Wang (Institute of Biophysics, Academy of Sciences, China)

f
Shunichi Fukuzumi (Osaka University, Japan)
f
Wolfgang Lubitz (Max Planck Institute for Chemical Energy
Conversion, Germany)

f
A Dean Sherry (University of Texas, USA)
f
Anthony G. Wedd (The University of Melbourne, Australia)
f
Vivian Wing Wah Yam (The University of Hong Kong, China)

FOR MORE INFORMATION VISIT: www.asbic7.org
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OPCW’s
Nobel Peace Prize

The Australian chemical connection
B Y JOH N WEBB

hemists around the globe
had more than the usual
reasons to celebrate the
Nobel Prizes in 2013. In
addition to the annual Nobel Prize in
Chemistry, our scientific field
appeared also in the Nobel Peace
Prize with the award going to the
Organisation for the Prohibition of
Chemical Weapons (OPCW). The
OPCW, based in The Hague, was
established in 1997 to administer the
Chemical Weapons Convention
(CWC), the negotiation of which was

C
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concluded in the UN Conference on
Disarmament in Geneva in 1992.
The CWC was the first multilateral
treaty to provide for the destruction of
a complete category of weapons that
exist in large quantities in many
arsenals around the world and which
had recently been used in armed
conflict, while simultaneously
providing for the monitoring of nonproduction of new weapons. Thus, the
conclusion of the CWC represented a
major development for the
international community.

The Nobel award to the OPCW was
made at the very time that the OPCW
was supporting international efforts
through the UN to verify the use of
chemical weapons in Syria, a country
enmeshed in a protracted, ugly and
tragic civil war. The confirmed use of
chemical weapons in Syria and the
successful efforts to encourage Syria
to join the CWC are the latest in global
efforts to rid the world of chemical
weapons, a challenge that has
engaged a number of Australian
chemists and the RACI over recent
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Australian chemists number among those
in the international community working
towards an end to chemical weapons.

Signed and ratified
Acceded
Signed but not ratified
Non-signatory

decades. As early as 1989, the RACI
expressed strong support for the
CWC and, with Tom Spurling AM as
Past President of the RACI and then
President of the Federation of Asian
Chemical Societies, secured the
support for the Convention from this
regional Federation and its member
societies.
While chemical weapons are mostly
identified with the ‘gas attacks’ in the
trench warfare of World War 1, more
recent usage has been in the conflicts
of the Middle East, with Syria being
the latest. In the first UN Investigation of
Alleged Use of Chemical Weapons in
early 1984, an Australian chemist,
Peter Dunn AO, based at the DSTO
laboratory in Melbourne, was a
member of the UN team that
confirmed the use of chemical
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weapons in the protracted Iran–Iraq
war of the 1980s.
The team confirmed the large-scale
use of sulfur mustard (1,1¢-thiobis[2chloroethane], CAS number 505-60-2)
and Tabun nerve agent (ethyl N,Ndimethyl phosphoramidocyanidate,
CAS number 77-81-6).
Peter Dunn made several such
inspections to Iran and Iraq,
confirming the use of various chemical
weapons, revelations that provided
great impetus to efforts to finalise an
international treaty to ban chemical
weapons. Later, after the (first) Gulf
War, he led the first UNSCOM
inspection team to Iraq to plan the
subsequent destruction program to
deal with Iraqi stockpiles. He
recounted this experience in an article
in Chemistry in Australia (April 1997, p.
30). Amongst various honours, he was
awarded the Order of Australia (AO)
for service to international relations. An
Honorary Fellow of the RACI, his
obituary was published in Chemistry
in Australia (September 2000, p. 37).
The DSTO laboratory, an
appropriate source of Australian
expertise on defence against chemical
weapons, provided expert advice
during the negotiation of the CWC,
often with the support and expertise
provided by the Australian Chemical
Industry Council (a precursor of
PACIA), including in the conduct of
trial inspections at Australian chemical
industry plant sites to develop and

evaluate verification methodologies
that would subsequently be used by
the OPCW. In addition to S&T support
provided by DSTO’s Robert (Bob)
Mathews OAM, DFAT diplomat John
Gee AO, with his chemistry expertise
(undergraduate training in Tasmania
and PhD at Oxford), also played a very
important part in these early trial
inspections.
From the time of his appointment as
Foreign Minister in 1988, Gareth Evans
AC (but still to receive a qualification in
chemistry), played a key role in
pushing for the conclusion of the
CWC, including hosting the
Government Industry Conference
against Chemical Weapons in
Canberra in September 1989 (with
375 representatives from 66 countries,
representing about 95% of the world’s
chemical production capacity). This
event was strongly supported by
Australian chemists from DSTO, CSIRO
and, crucially, industry groups such as
ACIC. In particular, Tom Reynolds (of
Gibson Chemicals and a senior office
bearer of the ACIC) played a pivotal
role in the success of the Canberra
conference and subsequently
represented Australia at meetings of
industry representatives in Geneva.
In early 1992, DSTO (Mathews)
together with two DFAT officials and
international law expert Tim
McCormack from the University of
Melbourne, developed a draft CWC
Text that was presented to the
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Royal Australian Chemical Institute National Congress

Call for
Abstracts is
now open!
ABSTRACT SUBMISSION DEADLINE 9 MAY 2014
The RACI2014 Scientific Program Committee invites
authors to submit abstracts for presentation within any of
the RACI2014 symposia. Submissions are sought for oral
and poster presentations at the RACI National Congress
to be held from 7-12 December 2014 in Adelaide.
A stimulating scientific program is being planned with
plenary lectures, abstracts and thematic poster sessions.
Please read the abstract guidelines on the website for
full details including themes.
www.racicongress.com/abstracts
For the full biographies of confirmed speakers to the
RACI 2014 National Congress please visit the Congress
website at www.racicongress.com

Scientific Program Themes
• Synthetic Chemistry • Fundamental Interactions in
Chemistry • Advanced Materials • Chemical Health and
Safety • Chemistry in Health • Chemical Analysis and
Sensing • Community Engagement

Key Dates
Call for Abstracts Opens 2 December 2013
Registration Opens 2 December 2013
Abstract Submission Deadline 9 May 2014
Notification of Acceptance of Abstract June 2014
Early Bird Registration Closes 1 August 2014
Accommodation Booking Deadline 30 September 2014
Congress Dates 7-12 December 2014

Contact Us
RACI2014 Congress Secretariat
ICMS Australasia
GPO Box 3270, Sydney NSW 2001
Ph: +61 2 9254 5000 • Fax: +61 2 9251 3552
info@racicongress.com

Conference on Disarmament in Geneva by Evans in March
1992. The ‘Evans Text’, which was very much guided from
the input provided by industry officials in the 1980s, was
recognised as a major catalyst in the finalisation of the
negotiation of the CWC, and was seen as a major
diplomatic success by Australia as noted by Letts and
colleagues (Arms Control 1993, vol. 14, p. 311)
In 1993, John Gee started his work with the OPCW as
Director of the Verification Division of the Provisional
Technical Secretariat, a critical technical component in
implementing the Convention to remove chemical weapons.
He subsequently became the Deputy Director-General of
the OPCW in 1997, a post he held through to 2003. He has
been credited with playing a pivotal role in establishing this
new international organisation and its success in moving
towards universal acceptance of the Convention. In this
endeavour, he blended extensive experience of
international diplomacy (including his understanding of
Russia and fluency in the Russian language from an earlier
diplomatic posting to Moscow) and his chemistry expertise.
DSTO has continued to provide expert advice to the
OPCW since its inception. For example, Mathews served for
six years on the OPCW’s Scientific Advisory Board. The
Australian contribution continues with his former DSTO
colleague Dr Veronica Borrett, now based at Bio21
Melbourne, being recently appointed to this Advisory
Board.
Australia’s Department of Foreign Affairs and Trade
(DFAT) has responsibility for Australian foreign policy and
includes within its organisation the Australian Safeguards
and Non-Proliferation Office (ASNO). Of particular
relevance are the implications of the Convention on the
production, consumption, storage and trading of certain
chemical substances. The Department has recruited a
number of Australian chemists to ASNO: worthy of
particular mention is Josy Meyer (PhD in chemistry from the
University of Sydney), who has responsibility for ensuring
that Australian chemical industry and researchers are aware
and fully compliant with Australia’s obligations under the
CWC. These are legal obligations since Australia has
ratified the Convention in 1994 and passed enabling
legislation.
Cooperation between the RACI and DFAT has included
the joint sponsorship of a regional workshop in 2001,
‘International Chemical Weapons Convention: its
implications for the chemistry profession of South-East Asia
and the Pacific’. Over the years, Chemistry in Australia has
included articles on various aspects of chemical weapons
disarmament and chemical defence in order to keep
members informed.
Despite the success of the OPCW, challenges for the
CWC and OPCW persist, including keeping chemists aware
of their obligations under the Convention. One notable
effort is the website Multiple Uses of Chemicals developed
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to raise awareness of chemical
weapons issues, and hosted at
Edmonton, Canada. The website was
created by a research team at the
King’s Centre for Visualization in
Science led by Peter Mahaffy and
Alastair Hay (University of Leeds),
working closely with IUPAC and the
OPCW (see p. 16).
More generally, there remains the
question of codes of conduct (the RACI
has one, though I’m not sure how well
known or well used it is). On the
international arena, IUPAC’s project
with the OPCW to develop codes of
conduct in support of the Chemical
Weapons Convention, has been
outlined in this magazine (April 2012
issue, p. 24).
Perhaps it is time for a Hippocratic
oath for chemists, analogous to that for
medical graduates. As our science
continues to develop, the boundary
between ‘chemical weapons’ and
‘biological weapons’ becomes less
distinct. Guidance on biological
disarmament and related activities has
been provided by Annabelle Duncan
(formerly CSIRO).
Thus, a concerted approach,
including outreach and awareness-

The OPCW in The Hague, Netherlands
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The Nobel award to
the OPCW was
made at the very
time that the
OPCW was
supporting
international efforts
through the UN to
verify the use of
chemical weapons
in Syria ...
raising activities among chemists and
their biological counterparts, offers the
greatest benefit in supporting
disarmament of these weapons of
mass destruction.
While codes of conduct or a
Hippocratic-type oath, are no
guarantee that no scientists will work
on chemical or biological weapons,
they do offer crucial support to both
chemical and biological disarmament
and the fight against chemical or
biological weapons terrorism

(Mathews R. J., Webb J., in Biological
weapons reader, eds K. McLaughlin
and K. Nixdorff, Bioweapons Prevention
Project, Geneva, 2009, pp. 83–94).
Highly visible codes would make it
less likely that scientists will
inadvertently contribute to such
activity. For example, codes will
increase scientists’ awareness of the
types of chemicals used as chemical
weapon precursors and help them
notice any suspicious activity that
should be referred to the relevant
authorities.
As Siman and Hersh argue (Minerva
2002, vol. 40, p. 37) such codes
constitute an ‘educational imperative’
that would have all Australian chemists
supporting the efforts to rid our world
of the threat of chemical weapons, for
which the OPCW was awarded the
recent Nobel Peace Prize.
I wish to thank Tom Spurling,
Richard Thwaites and especially Bob
Mathews for providing key information
and critical comments.
John Webb FRACI CChem is Hon. Professorial Fellow
in Chemistry at the University of Melbourne and
Emeritus Professor at Murdoch University. He was a
member of the organising committee for the regional
workshop on the chemical weapons convention held
in Melbourne in 2001.
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Eureka

moments
Unexpected scientific results are
an opportunity for deeper
understanding, says Ray Hodges.
iscoveries by people doing
research stimulate their
brains to a type of
euphoria. It usually
happens when the prepared mind
mulls over a problem and then links
two lines of thought. Problems can
become an obsession and it is then
helpful to step aside for a time.
Research for my PhD went in cycles
(nominally a month) due to rotation of
equipment availability. The first week
was spent formulating and preparing
for a series of test experiments; then
followed an intensive week getting
results on the one and only mass
spectrometer. The third week involved
calculating and sifting through results.
Before the next cycle, I would often go
away for a week. This break was a key
to progress – when formulating the
next experiments, I could then better
spot oversights that hindered progress.
Some people say they work better
under pressure but for me, relaxation
often led to ‘breakthroughs’.
My early catalysis work involving
hydrogen–deuterium exchange was
summarised in a previous issue (May
2013, p. 22). A mechanism was
proposed involving a short-lived
intermediate between the aromatic
p-bonds and platinum. The presence
of this species was inferred from the
mass spectrometry results designed to

D
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look at the first 10% of approach to
equilibrium. Mostly, all six hydrogen
atoms in benzene were replaced
before dissociation. From the mass
spectrum, we calculated an M-value
called multiple exchange. The mass
spectrum for diphenyl at the 10% point
showed that one benzene ring was
mainly involved but some fully
deuterated peaks for both rings were
also formed. A logical extension I
trialled was with naphthalene, which
also has two rings but with a common
bond. Although steric hindrance
limited exchange in all α positions,
would the β positions give an M-value
suggesting two or four positions
exchange depending upon whether

one or both rings were involved at
the10% point? However, the mass
spectrum gave an M-value of one, i.e.
stepwise exchange. This result was
totally unexpected – when this
happens, a more fundamental
understanding is possible.
At the time, other priorities caused
an extended break before I returned
to fathom this finding. Looking at the
naphthalene Kekulé structures
suggested why naphthalene had
stepwise exchange (see diagram).
This was a Eureka moment for me. The
α–β bond has a higher bond order
when compared to the β–β bond and
complexing to Pt involved only one of
the four α–β bonds in the molecule for

Kekulé structures for naphthalene. All a–b bonds have higher bond orders (1⅔) than b–b bonds (12)

Initial mass spectra of D-labelled
benzene and naphthalene
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each encounter. The H–D exchange
occurred only at the β end of this bond
before dissociation. Multiple exchange
steps might have been taking place,
but these were always to the same
place and thus undetected. Polycyclics
such as pyrene with higher bond
orders were more reactive.
During my PhD work, I had found
some exchange in cyclohexane but
had trouble with the platinum salt
decomposing. When starting my
postdoctoral fellowship, a paper in
Russian (Shilov et al., Zhur. Fiz. Khim.
1969, vol. 43, p. 2174) reported small
amounts of exchange in methane but
again was very limited due to platinum
precipitation. With a colleague I met
with a language lecturer at the
university, who gave a verbal
translation of the paper into English.
Later when reflecting on this
publication, my colleague mentioned
casually: ‘It’s funny they needed
benzene present to get any exchange
in methane’. This was a point I had
totally missed when trying to follow the
heavily accented and broken English
translation, but the comment gave me
insight on how to get alkanes to
exchange better. In place of benzene, I
used a trace of pyrene with its higher
p-bond order to better stabilise the
platinum solution. This gave hundreds
of times the amount of exchange for a
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rewards were not so
profound and more in
applied areas such as
aviation fuels, keeping
ageing equipment in
working order,
innovative concepts
for teaching, inspiring
students and
colleagues,
implementation of
ideas and now
passing on these
findings.
Most of us do not
remember events
iStockphoto/leszekglasner
where stimulating
rewards shaped our
brains in early
childhood. Some events, however, can
range of alkanes. As outlined
still occur for mature adults and give
previously (May and July 2013 issues,
unforgettable memories. Besides these
pp. 22 and 24), photoelectron
Eureka moments, other events that
spectroscopy gave bonding
have equally or more stimulating
information that correlated with rates
effects for me include falling in love,
in alkanes. The observed M-values
being touched by the Holy Spirit,
were typically greater than one
(~1.5–2), suggesting alkanes also form harmonious music, and helping people
in need. We should all aspire to such
an intermediate complex although
experiences in our lifetimes no matter
much weaker than benzene.
what the cost.
As an undergraduate, I found
learning itself stimulating. When
Acknowledgments
progressing to research, however, the
euphoric feeling for these Eureka
Before concluding these articles, it
moments changed over time – the one
would be remiss of me not to thank two
with naphthalene felt as though I had
people (M. Dooley and D. Bingham)
discovered something earth-shattering who catalysed two of these Eureka
but at least it did confirm the
moments discussed here. In addition I
importance of p-bond complex
wish to thank RACI for valued editorial
formation. The insightful moment in the assistance (S. Woollett) and the
postdoc work with photoelectron
publishing of these chemistry
spectroscopy and ionisation potentials
highlights over the last few years. It is
gave a feeling more like ‘Aha – now I
hoped other members will contribute
can plan tests to keep me busy for a
some of their hard-won ‘pearls of
year’.
wisdom’.
My next research position was a
Ray Hodges FRACI CChem, now retired, was an
Associate Professor at Monash University.
stressful one, but at the bench a
mechanical mistake revealed a key for
analysing wires (April 2012 issue, p.
28) – this revelation gave a sense of
relief: ‘Praise the Lord – I won’t have to
struggle with this millstone anymore’.
The rest of my career mainly involved
tertiary teaching with much less
fundamental research. Thereafter,
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raci people

Stranks and the final six

The Inorganic Division award for outstanding PhD research performance
draws a talented crowd. How do the judges choose between them?
Jens Brose, University
of Melbourne (finalist)
My research focuses on copper
metabolism in human cells.
Copper is an essential, yet
toxic, element. Therefore, a
ﬁnely tuned balance exists for
its transport into the cell, its
distribution to various cellular
compartments and excretion.
A changing redox environment
in the cell controls the ability
of various enzymes to bind
copper and I am working to
understand how these systems
are connected.
In one of my projects I work on the expression, isolation and
analysis of the membrane protein hCtr1, which is the main entry
point for copper into the cell. The other project aims to
understand how copper is then transported to the trans-Golgi
network and how this transport is controlled.

Daniel D’Alessio, Curtin
University (finalist)

Curtis Ho, University of
Tasmania (winner)
Our study utilises alkylene-linked
bis(imidazole-2-ylidene) Nheterocyclic carbenes. This ligand
class allows for extensive structural
modiﬁcations to enable systematic
variations to conduct comparative
analysis and establish reactivity
trends based on structure. Singlecrystal X-ray diffraction is heavily
employed for structural analysis in
collaboration with density
functional theory computational
mechanistic studies.

Chanel Leong, University
of Sydney (finalist)
The endless increase in
atmospheric, anthropogenic CO2
has heighted concern about the
devastating effects of global
warming and, inevitably, climate
change. With urgency, research
has been diverted to the design of
new, high-surface area, porous
materials that are capable of
capturing and storing CO2 as an
immediate and short-term means
of reducing CO2 emissions. In my research, we have produced a
novel, redox-active metal–organic framework Zn(NDC)(DPMBI)
(where NDC = 2,6-naphthalenedicarboxylate and DPMBI = N,N′di-(4-pyridylmethyl)-1,2,4,5-benzenetetracarboxydiimide), which
exhibits selective CO2 sorption − the main greenhouse gas in ﬂue
gas streams. Moreover, the CO2 uptake is tuneable, with chemical
reduction of the redox-active DPMBI moiety, which gives rise to
the possibility of a new generation of gas sorbents that are
regenerated with an electrical swing approach.

Recent studies in lanthanide
cluster chemistry show a strong
tendency towards pseudo-spherical
geometries as cluster size
increases. My work involves the
synthesis of a new family of
tetrazolyl calix[4]arenes, and the
investigation of their coordination
chemistry with lanthanide ions.
Crystallisation of the metal
complexes has shown the
formation of some remarkable rodlike structural motifs with a high
aspect ratio. The key to this extraordinary behaviour is the
tetrazolato moiety, which supports these
structures through its bridging capabilities.
Don Stranks was a leading member of the Australian and international
Data suggests that both the number of
inorganic chemistry community. Prior to his appointment as Vice Chancellor of
tetrazole rings present on the calixarene and
the University of Adelaide, Don Stranks had been Professor of Inorganic
the speciﬁc lanthanide ion dictate the ﬁnal
Chemistry at the University of Adelaide and Professor of Inorganic Chemistry
structure of the complex. While lanthanide
at the University of Melbourne. The Don Stranks Awards commemorate his
clusters are being actively investigated for
substantial contribution to inorganic chemistry in Australia, and particularly
their promising light-emitting and magnetic
his nurture and encouragement of students. The 2013 awards were made at IC
properties, access to rod-like structures opens
13, the national conferences of the Inorganic Chemistry Division, in December.
up new areas for exploration.
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James Lewis,
University of Otago
(winner)
With nearly eight million
deaths in 2008, estimated to
rise to 13 million by 2030,
cancer is one of the leading
causes of death worldwide.
Drug delivery vectors are
currently being examined to
target chemotherapeutic drugs
to the site of the cancer,
leading to increased efﬁcacy
of treatment. In the Department of Chemistry, we have been
investigating the potential use of self-assembling metallosupramolecular architectures towards this end. Utilising
CuAAC ‘click’ chemistry, we have been able to append a
variety of functional groups, both organic and inorganic, to
dipalladium(II) cages capable of binding the anticancer
drug cisplatin, imbuing them with a variety of properties.
My PhD project revolves around investigating
fundamental chemical relationships between organometallic
complex structures and their reactivity, integrating such
knowledge into understanding how ligand structure
subtleties can inﬂuence palladium-mediated catalysis,
leading to increased catalyst activity or deactivation. Of
particular interest is base-assisted catalysis and identifying
possible reductive catalyst decomposition mechanisms,
which has also led to the discovery of a series of novel lowvalent palladium complexes.

Claire Weekley,
University of Adelaide
(finalist)
How is the chemical form of
selenium, an essential element
and popular dietary
supplement, related to its
biological activity? I used
synchrotron-based X-ray
absorption spectroscopy and Xray ﬂuorescence microscopy to
investigate the fate of different
selenium supplements in single
and bulk cells, in tissue sections and in bulk tissue. The
results conﬁrm that the chemical form of the selenium
supplement is intrinsically linked to its metabolism and,
ultimately, the speciation, distribution and activity of
selenium in biological systems. An unexpected result was
the discovery of an intriguing link between Se and Cu in
selenite-supplemented systems. Our results underscore
the need for a careful choice of Se supplements used in
laboratory experiments and in clinical trials.
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What the judges look for

Judging depends on the conditions of an award and the judging
process. It is always important to carefully read the conditions of any
award for which you apply, to make sure you are eligible, to make sure
your application is complete, and to make sure you emphasise in your
application any particular criteria speciﬁed for the award. The RACI
Inorganic Division’s Stranks Awards conditions are published on the
RACI website (www.raci.org.au/divisions/inorganic-chemistrydivision/division-awards), which also lists previous awardees. If one of
them is at or from your institution, it is often worthwhile to seek
advice from them or their supervisor.
The Don Stranks Award recognises ‘outstanding performance in
research within a current PhD candidature’ of a student member of the
RACI or an afﬁliated society (typically the NZIC). So, you must join
your society and it’s your performance in research that matters. How is
this determined? The application process is based initially on selfnomination when submitting an abstract for a poster to the biennial
divisional conference. Typically, at this stage, there will be about 130
applicants. These will be considered by the local organising
committee, who will choose the six ﬁnalists. So, your abstract (and its
title) really matters – it may not be read by all members of the
committee, and will probably be read only once. Keep it focused,
succinct, readable, engaging and self-contained (i.e. don’t expect the
reader to consult references) and make sure that what you consider
the highlights and impact of your work (i.e. what makes it
‘outstanding’) are obvious on ﬁrst (and likely only) reading.
Then we’re down to the six ﬁnalists, who will all be excellent
choices, any one of whom would be a worthy winner. Choosing
between them is a very difﬁcult task for the judges, who are then
forced to look for very small differences. Make sure you’re the last
person (or two for the Stranks Awards) standing – don’t give them
reasons to knock you out. For this award, you will be judged on your
oral presentation and your poster defence. The temptation is often to
include everything you’ve done. Even if it is all outstanding, pick the
best part and make it your story (it doesn’t matter by how much you
clear the bar, only that you clear it). You have a story to tell and the
telling must have impact. It may not be best related chronologically.
The arrangement and presentation of your content and your delivery
should be designed to draw your audience to your idea.
Practise (practise, practise) your talk, stick to the time and make
the presentation logical, engaging and interesting. The judges will
want to be convinced that your research performance is outstanding
and why, and will expect you to demonstrate your intellectual
command of the work and the context. Your expertise in the area often
comes out during questions and the poster defence. Think carefully
about each question and its answer. Try to be concise because this will
leave time for more questions, in turn demonstrating interest and
giving you the opportunity to strut your intellectual stuff.
Whether or not you win the award, learn from the experience and
be proud of your participation.
Anthony Masters FRACI CChem is in the Faculty of Science at the University of Sydney and
is a past secretary of the RACI Inorganic Division. He compiled these comments in
consultation with the judges for the 2013 Stranks Award.
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obituaries

Laurence Besley

Metrologist and role model
Dr Laurie Besley FRACI CChem was a distinguished Australian
scientist whose major contribution was in the national and
international development of measurement science, otherwise
known as metrology. Reliable measurement standards underpin
many aspects of daily life. Laurie made substantial
contributions with his research, leadership of national
institutions and international work in metrology. His personable
manner and aversion to self-promotion earned him the lifelong
respect and friendship of colleagues in Australia and around the
world, including the many students and young scientists he
mentored. He was also a devoted family man, a passionate
sports fan, an avid theatre goer and a music aﬁcionado.
‘He was a classmate whom we could look up to as an
example of excellence in every sense.’ And so the emails
expressing similar sentiments kept coming in, from all over the
world, as news spread about the passing of Laurie.
Laurence Michael Besley was born in Perth on 2 December
1946, the older of two children to Jack Besley, an accountant,
and his wife Pat. Laurie completed his high school at Trinity
College in Perth, graduating as dux and winning the Dr Simpson
Prize for most outstanding candidate in the WA Leaving
Examination of 1963. He graduated with ﬁrst class honours in
chemistry in 1968 from the University of Western Australia, and
then a PhD in physical chemistry in 1972. He moved to Sydney
with his wife Margaret and one-year-old son Simon in 1971,
where they later had a second son Matthew and daughter
Rowena.
Laurie’s ﬁrst job was with CSIRO in Sydney as an
experimental scientist, working on the physics of highly
accurate temperature measurement. Laurie’s early work in CSIRO
was to establish an international temperature scale and develop
special low-temperature resistance thermometers. His work was
of such standing that he soon became recognised
internationally as an expert in the ﬁeld. He presented at
international conferences and spent a year as a visiting
scientist at the Italian National Standards Institute in Turin
together with his young family. Laurie rose through the ranks in
CSIRO to achieve the highest level of Chief Research Scientist.
In the 1990s, Laurie applied his skills to establishing new
measurement standards for reference gas mixtures, and in 2002,
was seconded to be the Director of the National Analytical
Reference Laboratory. After Australia’s National Measurement
Institute (NMI) was formed, Laurie was appointed General
Manager of the Chemical and Biological Metrology branch. In
2007, Laurie was appointed NMI’s Chief Executive and Chief
Metrologist. In this role, which was arguably the crowning
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achievement of his distinguished career, Laurie oversaw the
introduction of the measurement discipline to Australian
biotechnology and nanotechnology activities, and the
introduction of a national system of trade measurement. He was
honoured by the Australian Federal Police for his contribution to
drug testing in Australia. These and other outcomes driven and
supported by Laurie will have lasting impacts on Australia.
Laurie was a leader in numerous ancillary professional
positions, nationally and internationally, and was held in
particular regard by the measurement institutes of the Asia–
Paciﬁc region for his pioneering work assisting the development
of chemical metrology. Around the time of his retirement, he
was honoured by being elected Chair of the Asia Paciﬁc
Metrology Programme, a role he planned to fulﬁl for a threeyear term while enjoying his time with his family and pursuing
his interests.
As one of his colleagues said: ‘Laurie is someone who made a
difference through his achievements in research, his
outstanding leadership and more importantly through his
generosity and humanity.’ Laurie was that rarest of people, a
serious intellectual totally without pretensions. Indeed he was
uniformly suspicious of pretension. It did not matter whether
Laurie was advocating NMI’s interests in Canberra, representing
Australia at APEC, playing at the Lindﬁeld bridge club,
passionately supporting the Sydney Swans, sharing his love of
books, Bob Dylan, theatre, food and wine with friends, or
playing with his grandchildren, he was always the same man – a
man of intellect, a man of compassion, a man of great good
sense.
Laurie was diagnosed with a particularly aggressive form of
oesophageal cancer in late 2012 and fought a courageous battle
as the disease spread.
Laurie will be commemorated with a new Western Australian
wattle species named after him – Acacia besleyi – with the
common name being the ‘Bes’ Wattle’, courtesy of Dr Bruce
Maslin, the Senior Principal Research Scientist of the WA
Herbarium. Bruce credited Laurie with ‘having a very positive
inﬂuence, providing a great role model and being a valued
friend’.
Laurie Besley was a loving husband, father and grandfather.
He is survived by his wife Margaret; his children Simon,
Matthew and Rowena; their spouses Karyn, Bella and Paul; nine
grandchildren; his mother Pat; sister Colleen and brother-in-law
Terry. Laurie’s father, Jack, passed away just three days after
Laurie at the age of 93.
Dr Peter Fisk and Yen Heng
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Joyce Eleanor Fildes OAM
Leading microanalyst
Joyce Fildes was born in
Balmain, Sydney, on 20
May 1921, the only
daughter of an English
father, Fred Fildes born in
Shefﬁeld, UK, and an
Australian mother, Eleanor
Elliott born in Maitland,
New South Wales. She died
on 15 November 2013,
aged 92 years.
Joyce was educated at
St Georges Girls’ High
School, Kogarah, NSW, where she learnt science at a time when
the parents of a group of girls who wanted to learn science had
to persuade the headmistress that the sciences could be as
ladylike as literature and languages. She graduated BSc from the
University of Sydney in 1942. Joyce was employed as a research
assistant in the Organic Chemistry Department (1942–4) and
then as a microanalyst in the School of Chemistry (1944–50),
working on the development of essential wartime drugs, and
largely teaching herself from the works of Fritz Pregl.
In September 1950, Professor Adrien Albert invited Joyce to
take up an appointment as microanalyst in the newly formed
Department of Medical Chemistry in the new ANU’s John Curtin
School of Medical Research (JCSMR), initially in London. She
was encouraged to research in microchemistry and advanced her
studies under the famous Dr Ronald Belcher, who was head of a
large Department of Analytical Chemistry at Birmingham
University. There she was awarded the MSc (1953) and PhD
(1956) degrees. She went to Canberra in 1956 as Research
Fellow in Medical Chemistry to establish microanalytical
laboratories in the new JCSMR building and was promoted to
Fellow (Microanalyst) in 1961. In addition to running a service
for the ANU and elsewhere, she carried out research in the use
of additive reagents in organic elemental combustion and
improved the Kjeldahl sealed tube procedure for nitrogen
determination. She adapted and improved methods in
commercial analysers based on gas chromatographic
determinations of C, H and N. These reduced sample size from
2–5 milligrams to 0.2-0.5 milligrams and decreased analysis time
considerably.
In 1973, the Microanalytical Service was transferred to the
new Research School of Chemistry, ANU, but Joyce remained
physically in the JCSMR where, with Reet Bergman, she
continued with C, H, N, P and S analyses, while analyses of
other elements and metals were performed in the Research
School of Chemistry. She retired at the end of 1982.
Joyce published numerous journal articles in microchemistry
including ‘The determination of phosphorus and sulphur, 1988,
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and additive reagents in organic elemental combustions’, 1970.
After she retired, she made numerous contributions to reference
publications in her ﬁeld. She published two chapters, by
invitation, in the reference book Quantitative trace analysis of
biological materials in 1988, and one in The John Curtin School
of Medical Research: the first fifty years, 1948—1998.
Joyce was a Fellow of the RACI and served in several of its
ofﬁces: ﬁrst as Chairman of the Canberra Section in 1975; then
between 1977 and 1983 as successively Vice-Chairman,
Chairman and Immediate-Past Chairman of the Institute’s
Analytical Division. Perhaps the major highlight for Joyce was
in 1980 when she served as the ﬁrst woman member of the
Institute’s Executive Council. She achieved 50 years of
membership in 2012.
Joyce had a long association with The Australian Federation
of Graduate Women, especially the ACT Association, serving as
its Fellowship Ofﬁcer, Vice-President, President and Honorary
Treasurer. She was a Charter Member of the Zonta Club of
Canberra and was President 1972–3. During her presidency, it
was a great honour for Joyce to be asked by the International
President to present charters to several clubs in New Zealand.
She was actively involved with the Management and Sales
Committees of the ACT Branch of UNICEF, which had an
established Zonta connection. She volunteered for the National
Trust, working in shop sales and guiding at Lanyon, a historic
homestead on the southern outskirts of the ACT.
Joyce was awarded the Medal of the Order of Australia on the
2000 Australia Day for services to the community, in particular
for services to women.
Joyce was a benevolent person, donating to many charities,
and generously made a donation to the John Curtin School of
Medical Research, which endowed the Joyce Fildes Honours
Scholarship in Medical Science in the ANU, College of Medicine,
Biology & Environment, and was admitted to the Emeritus
faculty.
Joyce delighted in theatre, art, classical and chamber music,
and supported many Canberra based galleries, museums and
musical institutions, including the ANU School of Music, and the
National Gallery of Australia. She enjoyed gardening, with a
special interest in native plants. She was passionately fond of
cricket from the time of her school days and played for the
university as a wicketkeeper. A pair of her cricket culottes
resides in the National Museum of Australia.
Joyce never married, and devoted herself to science and
helping others. She will be sadly missed by relatives and
friends.
Trudy Dunne, Reet Bergman and Wilfred L.F. Armarego FRACI CChem
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RACI National Awards
The National Awards recognise and promote the contributions and achievements of our members.
The awards cover a broad range of areas and are open to all members of the RACI. Some can be
applied for by the candidate; others have to be nominated by third parties.
• Leighton Memorial Award
•
•
•
•
•
•

H.G. Smith Memorial Award
Rennie Memorial Award
Cornforth Award
Masson Memorial Award
C.S. Piper Award
Applied Research Award

• Distinguished Contribution to
Economic Advancement
(Weickhardt) Award
• Fensham Award for Outstanding
Contribution to Chemical
Education

• Pearson Education/RACI Chemistry
Educator of the Year Award
• Centenary of Federation – Primary
and Secondary Teaching Award
• Citations – Contributions to
Chemistry & Chemical Profession
• Distinguished Fellowship Award

Membership renewals 2014–15

Full details of the awards and the eligibility criteria can be found at www.raci.org.au.

Membership renewal time is with us again. The Board had the difﬁcult decision of how to address the ﬁnancial
requirements of the institute while maintaining membership value.
Two fundamental changes are being made to cater for newly qualiﬁed postgraduate student members and primary
and secondary school teachers.
• School teachers will revert to concessional rates as was the case up to 4 years ago.
• Newly qualiﬁed postgraduate student full membership fees will be phased in over a 3-year period:
65% of full MRACI fees in year 1, 75% in year 2 and 90% in year 3.
On the income side of the equation, the institute is facing the ‘baby boomer’ syndrome as many members move into
the concessional category as they retire. This lowers the membership income but not the operating costs. After great
deliberation, the Board decided to increase membership fees by around 4% to help to balance the books.
The 2014 Membership fees will be:
FRACI/MRACI CChem
MRACI
Newly qualified PhD

$270
$235
$175

Concessional/Postgraduate/Schoolteacher$120
Associate
$95
Undergraduate student
$25

To renew your 2014–15 membership, go to www.raci.org.au and log in with your membership number and password.
Click on ‘View My Account’ under your log in, click on ‘My Memberships’ and follow the prompts.

Board elections

Do you want to get involved in the future direction of the RACI?
Do you believe the RACI can be improved for the membership?
Do you want to have your say?
You can have that opportunity by nominating for the Board positions due for re-election this year. The positions are:
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President Elect: a 4-year commitment with the individual taking over the presidency of the RACI in year 3
National Representative: a 2-year commitment, which is open to all full members nationally
Western Representative: a 2-year commitment, which is open to all full members in WA, SA and NT
Nominations close 30 June 2014 and elections will be held in September.
Nomination forms and instructions can be found at www.raci.org.au/document/item/1068.
Completed nomination forms can be emailed to robyn.taylor@raci.org.au or posted to the National Office.
The newly elected officials will take up office at the 2014 AGM in Adelaide during the RACI National Congress.

books

Chemistry II for
dummies

Moore J.T., John Wiley & Sons, 2012, softcover,
384 pp., ISBN 9781118164907, $29.99

This book is a sequel to Moore’s
Chemistry for dummies, which I
reviewed earlier (November 2011 issue,
p. 37). Basically, what I wrote there
about the For dummies series and
Chemistry for dummies is equally
applicable to this current book: it is a
well-written, educationally sound and user-friendly (informal,
chatty style) text, resident in the well-supported and modestly
priced Dummies stable. The book is also available as an e-text and
is supported with material available on the Dummies website
(www.dummies.com).
The ﬁrst section of the book revisits and revises the basic
material covered in Chemistry for dummies, including basic
mathematical concepts, atomic structure and bonding, the mole
concept and stoichiometry, solution properties and the gas
laws. All pretty straightforward, but necessary grounding
nonetheless.
The next section covers kinetics and equilibria, which the
author describes as the ‘real meat of Chemistry II’. I have to
say, in like vein, that the meat is well done, and the serving
generous, with just the right level of piquancy to the
accompanying sauce! The concepts covered in this section are,
indeed, the crucial building blocks on which chemistry depends:
lack of understanding the fundamental questions of ‘How far?’
and ‘How fast?’, results in chemical horizons that are blinkered
indeed.

The third section is entitled ‘A Plethora of Chemistry II
Concepts’. There is some thermodynamics, some
electrochemistry, and a chapter each on organic chemistry,
polymers and biochemistry. These are useful exemplars of the
preceding section of the book. Part IV presents descriptive
chemistry of petroleum, nuclear chemistry and chemistry in the
home and rounds out some ‘real world relevance’/applied
aspects of chemistry.
The ﬁnal, reasonably brief, section of the book is an
interesting mixture of tips on how to pass the course
(Chemistry II), a succinct summary of the key formulas needed
to do that, and a (hopefully inspirational) description of ‘ten
great chemistry careers’.
Overall, Moore’s book is well thought out and provides for a
sound introductory chemistry course. Readers who are
interested in chemistry but have limited knowledge and a desire
for more would ﬁnd this book worthwhile reading. Somebody
contemplating studying tertiary-level chemistry could consider
it useful pre-reading and/or revision material, particularly if the
study was preceded by a prolonged break from study: the book
is encouraging and motivating and covers a lot of important
concepts in an amiable fashion. It is unlikely to tap the school
or university markets, although it would be a quite adequate
basis for a university ‘service’ chemistry semester-long program.
It is excellent value for money. Some of the material on basic
mathematics, and tips on passing, merit study by a lot more
people than you might think! All in all, an enjoyable read.
R. John Casey FRACI CChem

John Wiley & Sons books are now available to RACI members at a 25%
discount. Log in to the members area of the RACI website, register on
the Wiley Landing Page, in the Members Benefits area, search and
buy. Your 25% discount will be applied to your purchase at the end of
the process.

Online indexes

The latest Chemistry in Australia indexes are now online.
Browse or search our archived back issues from 2003
onwards.
To view the latest indexes, visit www.raci.org.au/
resourcecentre/further-information/indexes.
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Russian minerals

From Russia with love

Dave trudged several kilometres through a driving snowstorm to
get a photo in front of the Russian Academy of Science. Totally
worth it, right?

combination of all of these factors (see box).
Recently, a new challenge was brought to me from
somewhere in the vast territories of the Russian Federation.
Australia has world-leading facilities for the development and
testing of new minerals processing technology. But each project
is individual, and sometimes local factors are such that it is
easier to cooperate with a laboratory closer to the site.
So it is that I ﬁnd myself sitting at a bench in a Soviet-era
former ‘institut’ building in St Petersburg, working with a local
team of scientists to ﬁnd a technological solution to this new
mineral challenge. Outside, the day is grey, a bit bleak, and
plenty cold in Australian terms (about
–5°C) – albeit that my new Russian
friends are complaining that it isn’t ‘a
real Russian winter’.
In Asia, a bench-scale experimental program to investigate a pre-treatment for
St Petersburg is one of the world’s
an arsenical gold concentrate has been successfully completed recently. If this
great
houses of chemistry. It was from
material were to be roasted according to conventional methods (for nonhere
in
the northern summer of 1869
arsenical gold concentrates), the resulting airborne arsenic trioxide would
that Dmitri Mendeleev ﬁrst published his
create an expensive exercise in environmental and safety hazard management.
Instead, we trialled a wet chemical leaching technique at atmospheric
periodic table of the elements (in the
pressure and low temperature, to convert the arsenic to stable scorodite
German periodical Zeitschrift für Chemie).
(FeAsO4). The process liberates the gold for subsequent gold extraction using
And to paraphrase the Royal Society’s
conventional technology and existing on-site equipment. Overall, the result was
web page on the topic: Why is Mendeleev
a neat, relatively inexpensive potential solution to the problem, with no airborne
considered to be the ‘father’ of the
emissions or liquid effluents.
periodic table while others are

One of the many joys of my job is that the mining industry calls
me to various far-ﬂung parts of the world. I am afforded the
great pleasure of visiting interesting places, and working
alongside people whose lives and experiences can be remarkably
different from my own, or surprisingly similar. And while no
mining site is ever pretty, at least when I’m travelling, the sites
are ‘not pretty’ in another language.
I am generally called in to solve problems with the
mineralogy of the ore or concentrate that is ill-suited to
conventional technology – due to environmental concerns,
logistics, metal recoveries, or cost, or indeed most often some

Neat solution for a concentrate
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considered to be also-rans? Because he
was right! Mendeleev’s work created a
predictive tool that both corrected errors
in the measurements of the day and
anticipated the properties of elements yet
to be discovered.
In keeping with this grand tradition,
the square and forbidding concrete
building in which I sit houses a
laboratory staffed with excellent
chemists, men and women who really
know their science, and who have been
remarkably quick to get up to speed with
the methods and theories of my speciﬁc
area of mineral chemistry.
During my visit, I watch my Russian
colleagues take to the endeavour with
enthusiasm and expertise. While the snow
falls outside, the atmosphere in this lab
is warm with pleasurable collaboration on
a shared problem. The facility is relatively
modern and clean (for a minerals lab),
with articles of bespoke equipment that
leave me just a little envious – no ageing
infrastructure here.
As a visitor to the lab, I am impressed
by the cohesiveness of the team, all of
the members working together with
evident goodwill, and everyone very
capable of multitasking across many skill
sets to balance a demanding workload.
Contrary to the grim stereotype of
Russian austerity and humourlessness, to
my delight the team laugh readily with
each other and at themselves … as well
as at my pathetic attempts to pronounce
even the basic greeting zdrastvuite.
Outside the laboratory, some of the
stereotypes actually do have a basis. The
old centre of St Petersburg is truly
beautiful. And the Russian roads are
chaotic – because even when the sovietera trafﬁc lights are green, they’re still
red.
I’ll head home conﬁdent that our work
can continue apace. The experience has
been entertaining, even enlightening,
and overall a true pleasure. So, until next
time, do svidanija.
Dave Sammut MRACI CChem is principal of DCS
Technical, a boutique scientiﬁc consultancy, providing
services to the Australian and international minerals,
waste recycling and general scientiﬁc industries.
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The Balmain colliery

A little over 30 years ago, New South Wales Premier Neville Wran famously said:
‘Balmain boys don’t cry.’ He was referring to his own upbringing in Balmain and its
reputation as a tough place. During his childhood years, there was an active
colliery at Balmain. Coal production ceased there in 1931 after more than 40 years.
However, methane was produced there until some years later. This is in
anticipation of current trends, where coal seam gas is an increasingly important
fuel.
According to a 2007 NSW government document (bit.ly/PqBis0), the same coal
deposit could have been accessed from places such as Neutral Bay, and there was
bore logging in Cremorne in 1890. Pressure from north shore residents and
businessmen led to the eventual location of the mine south of the harbour,
evidence that nimbyism was present in pre-Federation Sydney.
Similar events were also taking place in one region of the Old Country, where
coal was discovered in Kent. The Kent Coal Company operated from 1896 to 1920,
always on a precarious basis. The enterprise at Balmain was also precarious from
the start.
Conditions at the Balmain colliery were dismal. They included hazards from
methane as well as poor ventilation. The temperature was such that had water
been used to control suspended dust, the level of water vapour in the mine
atmosphere would have been restrictive. On a combined day-, afternoon- and
night-shift basis, each of the 245 miners was expected to produce 5.5 tonnes of
coal per day (bit.ly/1cvyEv4). After coal production ceased, there was very limited,
and unreliable, methane production at the mine. The peak year was 1944 when
over 3 million cubic metres of gas were produced.
Natural gas, unlike any solid or liquid fuel, is sold on a heat, not quantity,
basis, and benchmarks such as the US Henry Hub price use $US per million British
thermal units (BTU). Conveniently, one million BTU is equivalent (to within 1%) to
a gigajoule (109 J). If we assign a value of 37 MJ m–3 to the caloriﬁc value of
natural gas, then the gas produced at Balmain in 1944 would have released when
burnt:
3 × 106 m3 × 37 × 106 J m–3 × 10–9 J GJ–1 = 111 000 GJ (≡ million BTU)
The Henry Hub price in early 2014 ﬂuctuates around $US5.50 per million BTU, so
the entire gas yield from the Balmain colliery even in its most productive year
would have been worth a mere $US0.6 million at today’s prices.
The mine was only viable because the wartime closure of shipping routes that
brought reﬁned oil products to Australia meant that methane from the mine was
put to vehicular and industrial use. By 1950, the annual gas yield at the Balmain
site was worth £50, reﬂecting the availability of petroleum fuels and raising
questions about the mine’s viability. It terminated operations that year.
Methane in mines has been responsible for huge numbers of deaths among
miners. In addressing this point, the NSW Department of Primary Industries stated:
’The source of methane which had been a problem in coal mining operations [at
Balmain] has mainly been the face of freshly broken coal’ (bit.ly/PqBis0). This is
possibly an interpretive error. Once coal is broken, the new surface formed is more
reactive towards oxygen than is coal in situ in the mine. In reacting with oxygen,
coal so broken self-heats, thereby providing an ignition source for methane. This,
not any additional ‘source’ of methane, is the most probable reason for the hazard
with newly mined coal with its unweathered surfaces.
Clifford Jones FRACI CChem (j.c.jones@abdn.ac.uk), who worked in Australia over the
period 1978–95, is now a reader in the School of Engineering at the University of Aberdeen.
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Proteins to plastics: chemistry as a dynamic discipline
Chemistry is the most central of scientiﬁc disciplines and
underpins the physical, material and biological world.
Opportunities are abundant in the ﬁeld of chemistry, as most
major advances take place at the interface of two or more
disciplines and chemistry sits at the core of trans-disciplinary
research.
Most scientiﬁc research and development is collaborative and
global. For Australia to continue to be a prosperous nation,
post the mining boom dividends, we must create wealth
through invention and innovation, and we must view this
national wealth creation through invention and translation as a
global enterprise.
Chemistry started saving lives when pharmaceutical drugs
were invented. A catastrophic threat from disease in the future
will be presented by the strains of pathogens developing
resistance to antimicrobial drugs.
A safe and prosperous Australia will be one in which we
redouble our efforts to invent new antibiotics to kill common
bacteria as well as the drug-resistant strains of tuberculosis
that are emerging. It is not too fanciful to imagine a new class
of antibiotic using a delivery system that enters bacterial cells
carrying a built-in warhead that explodes and shatters the cell
wall, destroying the bacterium.
Many cancers are inﬂuenced by the way key proteins interact
in living organisms. In the future, we can expect to continue
seeing the development of anticancer drugs consisting of
molecules that inhibit certain protein interactions.
This is a completely new approach in the ﬁght against
cancer, as is the use of delivery systems based on specialist
polymers; these can carry the toxic anticancer drug speciﬁcally
to the required point of action where they recognise tumour
cells that can be destroyed on release of the drug while leaving
other non-tumour cells unaffected.
Response of cancer cells to chemotherapy varies from
individual to individual. Now it is possible to sequence the
human genes of individuals, and this is heavily dependent on
analytical chemistry techniques in combination with biological
approaches.
The ability to carry out genome sequencing cheaply and
effectively will depend on the invention of new techniques for
reading the genetic code on long chains of DNA. One promising
approach is the use of protein nanopores or custom-synthesised
porous macromolecular systems whose pores allow only DNA
chains to be threaded through.
As each base on the DNA passes through the pore it is ‘read’
by inbuilt optical or electrical nanodetectors/transistors that
allow the chain sequence to be recorded fast and efﬁciently.
Acquisition of these vast quantities of data and the ability
to correlate the information with disease states in humans will
depend on the close interaction of chemists with statistical
biologists and bioinformaticists (so chemists will need a good
mathematics training as well).
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These are the kinds of contributions that chemistry will make
to health care in Australia provided we invest now in training
and pathways for ideas to be converted into commercial
products.

Next generation electronics
In my own ﬁeld of polymers, chemistry in combination with
physics and materials science has revolutionised the way in
which we think of plastics.
There is now a whole emerging ﬁeld of ‘plastic electronics’ in
which specialised plastics (the so-called semiconducting
polymers) can replace the traditional semiconducting materials
such as silicon to serve as transistors, and as the active
material in ﬂat panel displays (TV screens, laptop and smart
phone displays) as well as numerous other ‘smart’ devices.
These materials are already in some of the largest colour TVs
seen last year at the annual consumer electronics show in Las
Vegas.
It will not be long before we are able to print ﬂexible solar
cells (just as we print another great Australian invention, the
polymer banknote) that can be sewn into clothing to serve as
cheap portable power sources for recharging mobile devices.
It is my dream that large area arrays will eventually provide
substantial amounts of renewable electricity for our nation.
Returning to transistors, just imagine a ﬂexible plastic inner
helmet lining full of transistors that can detect and monitor
brain function in real time when a sportsperson (such as a Test
cricketer or AFL player) receives a severe and damaging blow to
the skull.
We won’t be merely waiting to carry them off the ﬁeld when
they cannot say which day it is. We shall know instantly which
parts of the brain may not be functioning properly after the
injury. This is the ﬁeld of ﬂexible electronics that chemists will
invent.
There will be applications that will be life changing, just like
the change in our lives that happened with the emergence of
mobile devices in the past ten years. With appropriate
investment and a calculated risk, Australia can become a
‘Master of the Universe’ through clever chemistry.
What are the technologies that traditionally have made
Australia wealthy? Historically we have been a strong
agricultural nation. Good agriculture depends on many factors
including soil and climate conditions. Chemists will continue to
invent safe and efﬁcient herbicides and pesticides, but these
will in the future be integrated with genetically modiﬁed
organisms so that the speciﬁc threat will be defeated without
interfering with the surrounding ecosystem.
The mining industry has dominated recent Australian
exports. Extraction of the key chemical elements from ore
bodies employs the froth ﬂotation process initially developed in
Australia and researched by surface scientist Sir Ian Wark from
CSIRO.
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However, all mining industries employ vast quantities of
water. My vision for the future of chemistry is to develop a
water-free mining industry (as well as other chemical
manufacturing) that employs solid state chemical separation
processes perhaps in combination with supercritical ﬂuids such
as carbon dioxide or other benign solvents.

Energy and efficiency
That brings us to the topic of energy. Burning carbon-based
fuels to generate energy would not be so bad if we could
capture the resulting carbon dioxide efﬁciently and convert it
back into hydrocarbon products such as methane and diesel.
These are the two grand challenges for chemistry. Chemists are
working on capturing carbon dioxide from ﬂue gas emissions
using amine-trapping agents to form carbamates, but we have a
long way to go. This has to be 100% effective and the resulting
product has to be able to release the carbon dioxide into a
suitable storage without consuming too much energy.
Then we have to invent ways of turning the carbon dioxide
back into methane. This requires hydrogen and a superb catalyst
or electricity because in terms of an energy scale carbon dioxide
lies at the bottom of Mount Everest and methane is on the top.
The hydrogen will have to come from using sunlight
(photochemistry) and a catalyst to split water into hydrogen
and oxygen.
Humankind has not yet solved this, although Nature does it
through photosynthesis, surprisingly not very efﬁciently, but
certainly well enough to have sustained life on earth for
billions of years. Some challenge for chemists but we will do it!
We will only achieve these ambitions if we also recognise
the need to inspire young people in a broad-based science
education with an opportunity to become practising chemists.

Mark Buntine, Professor of Chemistry at Curtin
University
Chemistry’s ability to sustainably contribute to our quality of
life through a knowledge-based society depends critically on
our nation’s support for fundamental (or basic) research. It is
fundamental research – enquiry advancing our understanding of
the natural world for its own sake – that underpins high
technology advances in applied ﬁelds including the biomedical
and materials sciences.
Fundamental research has a long history of resulting in
unexpected technological advances. Basic research aimed at
developing radar technology during World War II led to the
development of nuclear magnetic resonance (NMR – a core
technique used by chemists to determine the structure of
molecules) and subsequently magnetic resonance imaging (MRI
– an increasingly used medical diagnostic technique).
In 1888, the ﬁrst reports of the unique properties of liquid
crystals appeared. The behaviour of these ‘strange’ compounds
remained a research curiosity until the 1970s when they found
their way into hand-held calculator displays. Nowadays, liquid
crystals have been designed and synthesised by chemists for
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widespread use in applications including heat sensors, tunable
light ﬁlters and switchable windows.
Theoretical predictions made by Einstein in the earliest years
of the 20th century led to the curiosity-driven development of
lasers in the early 1960s and their subsequent use as a research
tool in physics, chemistry and biology.
Today, lasers are a ubiquitous item found in the home and
ofﬁce (CD, DVD and Blu-ray players and barcode scanners),
medical procedures (eye and vascular surgery, cancer treatment
and tattoo removal) and numerous industrial processes (laser
cutting, welding, levelling and printing).
Chemistry is an exciting discipline that will continue to
make powerful contributions to Australia’s scientiﬁc, economic
and cultural advancement.
Supporting curiosity-driven research today is a critical
element in ensuring technological advances tomorrow.

Jenny Martin, ARC Laureate Fellow at University
of Queensland
The global human population will expand from around seven
billion to around nine billion by 2050. This growth will bring
enormous challenges – and also opportunities to a clever country.
How we tackle issues of, for example, shrinking energy
reserves, food security, climate change, quantum computing,
antibiotic resistance and ageing will depend on how we invest
in our smartest talent and how we value and support science –
particularly chemistry, the science of matter.
To develop a diverse economy for the future with high value
goods and services, we need to invest now in chemistry at the
interface with biology, physics and nanotechnology.
In this UNESCO International Year of Crystallography we would
also do well to celebrate Australia’s knowledge generators.
Crystallography, a ﬁeld of science that lays bare the very atomic
structure of matter, is so closely linked to chemistry that it has
claimed six of the Nobel Prizes in Chemistry since 2003.
Most Australians are unaware that crystallography was
pioneered in part by our ﬁrst Nobel laureate, Lawrence Bragg.
He was 25 when the honour was bestowed and remains the
youngest ever awardee. Moreover, crystallography boasts a rich
history of women pioneers, including two of the four women
Chemistry Nobel laureates.
Australia can no longer afford to rely on wealth generation
from what we dig out of the ground. Knowledge-based
industries for new fuels, foods, smart products and materials
will be essential for a strong, prosperous, healthy and secure
Australia. To get there, we need to think smart now. Most
importantly, we need to invest in all our best chemistry talent –
women and men – to ensure our competitive advantage. Our
future depends on it.
Andrew Holmes MRACI CChem is Melbourne Laureate Professor of Chemistry &
CSIRO Fellow at University of Melbourne. With Jenny Martin, ARC Australian
Laureate Fellow at University of Queensland; and Mark Buntine FRACI CChem,
Professor and Head of Chemistry at Curtin University. This article is part of the
Australia 2025: smart science series, co-published with the Ofﬁce of the Chief
Scientist. First published at The Conversation (www.theconversation.com).
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-critical-review-of-hdl-and-ldlmeasurement.pdf.
Broadly speaking, there are the ‘old
school’ methods that rely on the quite
empirical Friedewald equation, which
states that the concentration of
cholesterol in LDL particles is the total
blood molecular cholesterol minus the
cholesterol concentration in HDL
particles minus the triglyceride
concentration divided by five.
Traditionally, HDL particles are separated
from blood by chemical precipitation
using polyanions, sometimes combined
with divalent cations, to selectively
aggregate and render insoluble the lower
density LDL particles and other lipidcontaining components, leaving HDL
particles in solution. The quantitative
measures of total blood molecular
cholesterol, cholesterol in HDL particles
and plasma triglyceride concentration are
measured by enzymatic methods that
convert the target molecules in the
various whole blood and fractionated
samples, producing (typically) peroxide
that is in turn used to produce colour
responses in dyes, which are measured by
reﬂectance photometry.
The Friedewald equation is known to
fail when chylomicrons are present, or
when plasma triglyceride concentration
exceeds a certain level, or in patients
with dysbetalipoproteinemia or who
aren’t fasting. Elsewhere, it is inherently
error prone due to the empirical nature of
the equation and the concatenation of
errors from the individual measurements.
Then there are the newer methods
that directly measure molecular
cholesterol concentrations in the various
blood particles with ‘homogeneous’ (i.e.
whole blood) assays. There are many
variants on these new methods and they
typically rely on using direct
immunoseparation to bind and separate
the different types of lipid particles
(each having speciﬁc protein binding
units), followed by (for example)
selective lysing of the bound or unbound
lipid particles by detergents, and then
followed by enzymatic methods (as per
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The naming of the blood ‘cholesterol’
measurement, while partially
understandable since molecular
cholesterol concentration is one of the
things measured, is one of the strangest
efforts at nomenclature ever undertaken.
In the 1990s, I recall my mother, who
has elevated blood ‘cholesterol’, buying
margarine labelled as having ‘no
cholesterol’ but it was full of trans fat,
which generates ‘bad’ cholesterol (see
April issue, p. 36). The body makes all
the cholesterol it wants in the liver, and
the levels of the cholesterol molecule in
the blood have very little to do with how
much of the molecule is ingested in the
diet.
After considering the description that
follows, in future you might take blood
‘cholesterol’ measurements with a grain
of salt.
To start the measurement process, a
sample of blood is extracted from a
patient only under fasting conditions.
Just after a meal, blood cholesterol
levels are quite elevated, and the stated
goal is to measure background levels in
blood so that a measurement-tomeasurement comparison can be made on
a stable basis (noting well that this
ignores the fact that atherosclerosis
damage is most likely done during
repetitive peak concentration periods
after meals). The blood samples are sent
to a clinical lab where a number of
different techniques are used to measure
triglycerides, the total ‘cholesterol’ and
the various levels of cholesterol in the
various types of low- and high-density
lipoprotein (LDL and HDL) particles.
The methods used to measure all of
the critical blood elements that make up
‘cholesterol’ vary from clinic to clinic,
and each has its strengths and
weaknesses. Constrained by cost,
methods have been developed that all
suffer from major sources of imprecision
and inaccuracy. I don’t have space to
summarise all of the details of these
methods but a great review can be found
at http://www.sundiagnostics.us/wpcontent/uploads/2012/09/white-paper-a
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Molecular model of atorvastatin

the last paragraph) to measure the total
free molecular cholesterol in the sample.
These methods can be fully automated
and cost-effective but suffer errors
especially due to the accuracy and
precision of the binding processes.
There is ample scope for random and
statistical errors in these measurements
and the important point is to keep an
eye on long-term trends for changes.
However, if you change doctors, or your
clinical lab changes measurement
techniques, then you might see a jump in
your ‘cholesterol’ measurements that is
simply an artefact.
Note that there is no direct
measurement of the true quantity of
interest, the particle number of the
fraction of the smaller LDL particles. What
is measured is the approximate
concentration of cholesterol molecules in
the LDL and HDL particle fractions, and
treatment is usually based on the
cholesterol concentration in the LDL
particle fraction. The inherent assumption
is that LDL molecular cholesterol
concentration is a proxy for the number
concentration of LDL particles, which is
only (relatively) true if the particle size
distribution remains constant from sample
to sample, and also if the concentration of
cholesterol within each type of particle
remains constant. Also, since a proxy for
the total LDL particle concentration is
measured, another empirical assumption
creeps into this process that doesn’t make
much sense since it is known that the
smaller fraction of the LDL particles is
more problematic than the larger LDL
particle fraction.
Instead of being called blood
‘cholesterol’, this measurement could

May 2014

collections: WWI centenary

have been labelled ‘LDL particles’ or
‘LDL-to-HDL ratio’ or better still
‘unnatural fats’ and ‘reﬁned carbs’. In
this simple switch of nomenclature,
people would be alerted to what they
should be avoiding in their diets.
The evidence that some people can
live quite happily with high levels of
measured LDL cholesterol, or even high
ratios of LDL to HDL cholesterol, in their
blood suggests that the mechanisms for
atherosclerosis are quite complex and
possibly peculiar to individual diets,
lifestyles and genetic make-up. This
result might also be partially interpreted
by the over-simpliﬁed and error-prone
techniques for measuring blood
‘cholesterol’ components that are based
on multiple empirical relationships and
the implicit assumption that there is a
constant (over time) and uniform
(between people) relationship between
the fasting baseline and peak (after
eating, where most of the ‘damage’ is
done) measured concentrations of bad
blood constituents.
Today, the key question for anyone
with elevated LDL cholesterol levels or
high LDL-to-HDL cholesterol ratios in
their blood is ‘What should be done
about it?’ Clearly, the one key action is
to reduce dietary intake of reﬁned
carbohydrates and unnatural fats,
noting well though that this is pretty
hard to do in this era of industrialised
food. For people with a familial
deﬁciency in the LDL lipoprotein
receptor, the decision to take statins
might be easier to make, but for the rest
of us this is unfortunately an individual
choice that has to be made based upon
simplistic and error-prone measurement
techniques, inconclusive evidence and
over-simpliﬁed mechanistic
understandings, all in a very complex
ﬁeld of biochemistry.

Ian A. Maxwell
(maxwell.comms@gmail.com) is a
serial (and sometimes parallel)
entrepreneur, venture capitalist and
Adjunct Professor in Electrical and
Computer Engineering at RMIT
University, who started out his
career as a physical polymer chemist.
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100 postcards from the front line
(Top) Eliza ‘Lida’ Downey of Boulder, 1 July 1917

(Bottom) Jack Bonney (left), a miner from Kalgoorlie, admirer of Lida
and the most prolific postcard sender
Images provided by the Western Australian Museum, courtesy of Elaine Freeman

An extraordinary collection of postcards sent to a Boulder
woman from men serving on the front line during the
World War I have been the subject of detailed research by
history curator Stephen Anstey. Six soldiers serving in
the Australian Imperial Force (AIF) sent more than 100
postcards to home-nurse Eliza ‘Lida’ Jane Downey while
training or on active duty overseas. Lida was born in
1897 in Ballarat, Victoria, and moved to Boulder
around 1900, where her father worked as a shift
manager at the mines until he was killed in an
accident. Lida’s mother, Ellen, a trained midwife,
established a maternity hospital at 126/128 Hamilton
Street, Boulder. Lida trained as a home-nurse, but also
helped at the hospital.
Three of the soldiers were friends from Kalgoorlie–
Boulder, three were relatives and two were admirers.
Sadly, most were killed, wounded or medically
incapacitated while serving on the Western Front, and
Lida’s correspondence is missing, so it is not known if the
surviving men had any contact with her on their return to
Western Australia.
During the war, writing to troops was encouraged by the
government as a way of maintaining soldiers’ morale. The
men’s messages, while short and subject to censorship,
provide a glimpse of their lives during service and their
impressions of the countries in which they fought. The postcards themselves vary
from the sentimental, scenic and humorous, through to the patriotic and overtly
propagandistic. What these men endured is something current generations are
unlikely to ever experience and their sacriﬁce is something we should remember.
Kalgoorlie miner Jack Bonney was one of Lida’s admirers and the most proliﬁc of
the correspondents. Jack enlisted in the AIF in 1915, aged 22 and served on the
Western Front with the 12th Light Trench Mortar Battery from July 1916. He survived
the bloody battle of Pozieres but was hospitalised in England with a severe ear
infection caused by the appalling conditions in the trenches. He was repatriated to
Australia and discharged from the AIF, partially deaf, on 14 September 1917.
Another admirer, Bob Gay, was a miner from Boulder who lived in the same street
as Lida. He enlisted on 21 February 1916, aged 18, and served with the 44th
Battalion on the Western Front, suffering a ‘gunshot wound to the right foot’ at the
Battle of Messines in Belgium. Sadly, Bob was killed on the 29 September 1918
during ‘an arduous bombing match …’ in the assault on the formidable Hindenburg
Line.
Postcards were also sent by Private Alfred Thomas Baldock, a 22-year-old miner
from Boulder, who enlisted in 1916 and served largely with the 44th Battalion;
Driver ‘Joe’ Joseph Jackson, a grocer from Victoria Park, who enlisted at age 19; and
Lida’s cousin, Archie Ritchie, who enlisted in 1916 in Ballarat, Victoria, aged 18.
Stephen Anstey (Stephen.Anstey@museum.wa.gov.au) is History Curator and Ian MacLeod FRACI CChem
(ian.macleod@museum.wa.gov.au) is Executive Director, Fremantle Museums & Maritime Heritage at the
Western Australian Maritime Museum, Fremantle, Western Australia.
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Diazomethane and me
I’ve mentioned before how being a chemist brings you into
contact with unfriendly chemicals with fear-inducing names
such as hydroﬂuoric acid, dimethylphenyl phosphine and
triphosgene. For the most part, I’ve managed to avoid the more
dangerous ones by judicious choice of either reagents or
research. When avoidance was unavoidable, I mitigated the
risks by either minimising the quantities I handled or by asking
talented organic chemists to do the work for me while I
cowered in the ofﬁce. And so through a combination of
precaution and cowardice, I’ve dodged many a chemical bullet.
I’d like to take this opportunity to talk about one particular
bullet, which, unlike most others, seems to have an almost
boomerangy quality to it. It appears that dodging it once is not
quite enough.
In the second year of my PhD, I stumbled across a blog-post
entitled ‘How not to do it: diazomethane’. I heartily suggest
that all chemists read the blog and the comments that follow.
Much head-shaking and marvelling at the cowboy-ness of
synthetic organic chemists is bound to follow. I won’t spoil the
surprises, but the take-home message is that diazomethane is a
highly explosive gas with a tendency to go boom if you look at
it wrong. The recommended way to make it (no one is foolhardy
enough to ship it) is in specialised glassware and then use it
immediately. The gas has been known to explode on contact
with sharp corners in glassware – it is basically a yellow,
chemical version of the the Incredible Hulk.
No more than two weeks after reading this blog-post, I was
summoned into the ofﬁce by a cheery supervisor. ‘John’, he
said, ‘We’re getting an exchange student from Germany and I’d
like him to work on this project of coupling polymers together
using diazomethane.’
I blinked for a while and then replied: ‘Sure boss.’ (It never
hurts to be kind to a supervisor who may be trying to detonate
you). ‘I just have one question. Are we supposed to return the
student back to Germany in one piece or several?’
To elucidate the reason for my reluctance, I forwarded him
the blog-post on diazomethane and the Wikipedia article on the
stuff. Eight minutes later I was commissioned to design an
alternative project for the hapless German. This I did and I’m
happy to say that he and I are both hale and hearty today after
dodging that diazomethane bullet.
The next shot was ﬁred years later. It was a summer’s
afternoon and I was writing a proposal while my Swiss
colleague was preparing a plan for some of his PhD
experiments. At some stage, he presented me with what he was
planning to do in the next few months in the fumehood next to
mine and ﬁnished with the words: ‘And then I’m just going to
methylate this.’
All of a sudden my Spidey sense started tingling. ‘Methylate
how?’ I asked, a cold sweat creeping across my brow.
‘Diazomethane,’ was the cheery reply, ‘It’s a great
methylating agent.’
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Once again the blog-post was hastily emailed and once
again synthetic strategies were rethought. And thus the second
bullet from the diazomethane gun was deftly dodged.
I thought I was safe. Statistically, there is not going to be
another soul who is going to callously suggest they use this
nasty stuff in my vicinity again. And I was right. I have lived
the past few months diazomethane-free. But the gun had one
ﬁnal bullet left in the chamber and it was a doozy.
It was the winter solstice. The family had gathered round the
living room and I was regaling the folks with tales of my
bravery. Of how the young German and eager Swiss colleague
were sucking oxygen thanks to my paranoid intervention and
how the continent of Europe owed me a debt of gratitude for
preserving their young and reckless minds. My mother (who had
the misfortune to be a synthetic organic chemist in a previous
life) took aim and ﬁred: ‘Diazomethane – I’ve worked with that,’
she remarked nonchalantly.
My jaw hit the ﬂoor. Here I was proudly telling of how I
survived close encounters with triphosgene and ammonia while
she hardly found her grenade-juggling tale-worthy.
‘Tell me more,’ I said disbelievingly.
‘It was when I was pregnant with you,’ she replied. ‘We used
to make it everyday. Then, when I was three months pregnant, I
told my boss I wanted to stop. I was concerned for your safety.’
I’d never appreciated what a good chemist my mum was
until that day. That she would cheerfully work with such a
volatile compound while carrying the embryonic form of this
writer speaks volumes for her conﬁdence in her abilities and her
dedication to her job. While I am proud of my deft dodging, I
am in awe of the people who regularly work safely with these
ticking time bombs. Not only did my mum bravely face the
bullets, but she also adroitly snatched a few out of the air to
show them to her son several decades later. I may have dodged
a bullet or two but she is clearly the intrepid hero of the story
of diazomethane and me.
The author still cowers under the table every time a cheerful voice mentions
methylating something.
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grapevine

Oak and wine flavour
Oak belongs to the Quercus genus. The three types used in
winemaking are Quercus alba, Q. petraea and Q. robur, all
commonly called ‘white oak’. The advantage of white oak is that
it is essentially watertight, whereas ‘red’ oak is not. The US and
France have the largest growing stocks of oak suitable for
winemaking vessels, although eastern European countries are
now suppling good-quality oak. The contribution of oak aroma
to the ﬁnished wine is seen as an important aspect of
winemaking. I found 35 oak aroma descriptors in one resource.
The main components of oak are cellulose (45–50%),
hemicellulose (20–25%), lignin (25–35%) and tannins (5–
10%). To some extent, the oak forest determines the chemical
composition and winemakers will sometimes argue the
advantages of oak from one forest or another. However, oak is
promiscuous (it hybridises) and so if Q. petraea and Q. robur are
grown together, there is not complete differentiation of the
chemical composition. Régis Gougeon and colleagues from
Dijon used high-resolution mass spectrometry (FT-ICR-MS) to
identify speciﬁc oak forest markers and thus proposed what
they termed metabologeography (Chem. Eur. J. 2009, vol. 15,
pp. 600–11). There is some very smart analytical science in
their work.
Hemicellulose is a randomly branched polymer of various
sugars, and the initial breakdown gives a light creamy aroma
that becomes more like burnt toast as the temperature is
increased. The degradation produces furanic aldehydes,
including furfural (almond), 5-methylfurfural (grilled almond)
and 5-hydroxymethyl furfural (creamy toast/coffee).
Lignin is a complex polymer of phenolic compounds – the
major components are coniferyl alcohol and syringyl alcohol. Its
degradation during toasting produces a variety of phenolic
compounds, including vanillin and coniferaldehyde and
sinapaldehyde. Vanillin has its characteristic aroma while the
two aldehydes can potentially react with ﬂavan-3-ols to
produce coloured compounds. Temperatures up to 180°C or
more may be required for signiﬁcant production of vanillin. As
the toasting temperature increases, a smokey character is
produced that is linked to the formation of guaiacol, a volatile
phenolic compound.
The tannins in oak are mainly ellagitannins (see March issue,
p. 39). As the toasting temperature increases, the tannins are
broken down to ellagic and gallic acids. French oak has about
two and half times more extractable ellagitannins than
American oak and this may contribute to mouthfeel.
Oak lactones (cis- and trans-isomers of b-methyl-goctalactone) have created considerable interest in recent times.
They contribute to the vanilla aroma as well as adding coconut
notes to wine. The cis-isomer is perhaps more important from a
sensory perspective as its aroma threshold is much lower (cis
92 μg/L; trans 460 μg/L). American oak (Q. alba) apparently has
higher levels of cis-oak lactone than French oaks. Maybe think
about this when you next try a Barossa Shiraz. A recent article
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by Kerry Wilkinson and colleagues from the University of
Adelaide and Australian Wine Research Institute discusses
glycosidic precursors for the oak lactones (J. Agric. Food Chem.
2013, vol. 61, p. 4411).

Oak lactones: cis (left) and trans (right)

Traditional coopers (barrel makers) will hand-split the wood
into staves, which are then left to season (dry) for up to three
years. Seasoning affects chemical composition, especially the
tannin composition, as well as cost. For faster seasoning, the
staves may also be dried in kilns.
One of the important parameters in barrel preparation is the
toasting process, during which the partly constructed barrel is
placed over a ﬁre and charred. Toasting levels vary from light
(<150°C) through medium (150–190°C) to heavy (>190°C). It
is this process that is critical to the release of different aroma
and phenolic compounds.
While there is considerable magic and romance surrounding
the use of barrels, this comes at considerable cost. A topquality French oak barrique will cost in excess of $1000, adding
at least $3 per bottle, not a cost than can be accepted in a
sub-$10 bottle of wine. This had led to barrels from Hungary
and other eastern European countries ﬁnding their way into the
market in Australia, as these cost considerably less than the
French and American ones.
There are alternatives to barrels. For example, pieces of oak
(staves) with similar toasting levels to barrels can be placed in
a stainless steel tank for extraction of oak aromas and other
compounds. Of course, there is no oxygen ingress, so the
maturation that is driven by oxygen does not occur. The other
option is to use a Flexcube, designed with a speciﬁc oxygen
permeation rate, so both maturation and oak aroma release can
take place.
Oak chips have been used in Australia for some time during
fermentation and ageing. Chips were only recently approved for
use in Europe. And now it is possible to buy oak pieces in all
shapes and sizes. There are cubes, blocks, sticks, dominoes and
even chains of oak that are attached to a bung for direct
insertion into an old barrel. Perhaps the least expensive is oak
powder, which can be added to the barrel in infusion bags, just
like using a teabag.

Geoffrey R. Scollary FRACI CChem (scollary@unimelb.edu.au)
was the foundation professor of oenology at Charles Sturt
University and foundation director of the National Wine and
Grape Industry Centre. He continues his wine research at the
University of Melbourne and Charles Sturt University.
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letter from melbourne

Cyclopropane and anaesthesia
Having been exposed to a few of them in recent years, I have
been curious about anaesthetics – what they are, how they
work, and how they were discovered or invented. Most of the
historical writing is about the anaesthetics of the 19th century
– chloroform, ether and nitrous oxide – or the modern
ﬂuorinated substances, beginning with halothane, 1-bromo-1chloro-1,1,1-triﬂuoromethane. There are a few non-ﬂuorinated
ones, too, such as the injectable Propofol (2,6diisopropylphenol), that is in common use.
Anaesthetic research of the ﬁrst half of the
20th century seems to have escaped
attention, but I have been able to draw
on a recent article by Canadian
historian of medicine Delia
Gavrus, as well as
some of the
original

literature, to
bring you the story
of cyclopropane.
The chair of the Department
of Pharmacology at the University of
Toronto between 1910 and 1945 was a
local graduate who had extended his training in
Germany, Valyien (E.V.) Henderson (?–1945). His
earlier work did not involve anaesthetics, but he was drawn
into the ﬁeld by a colleague, W. Easson Brown, an anaesthetist
at Toronto General Hospital, who joined Henderson’s laboratory
in 1922. Brown’s incomplete work on ethylene, which did
possess anaesthetic properties, was ‘scooped’ by American
researchers, but he went on to investigate propylene, methane
and dimethyl ether. Henderson was drawn in to investigate the
toxic effects of propylene and nitrous oxide, and he hired a
young chemist, George Lucas, to work on these problems. Brown
noticed that propylene was affective and safe when freshly
prepared, but developed toxicity when it was liqueﬁed and
stored under pressure at room temperature in steel tanks.
Brown suggested that cyclopropane, an isomer of propylene
that had ﬁrst been prepared by Austrian chemist August von
Freund (1835–92) in 1882 would be an interesting subject for
research. The ‘cyclopropane’ prepared by Brown by reaction of
1,3-dibromopropane with zinc turned out to be a powerful
anaesthetic that showed no toxicity. It wasn’t just cyclopropane
they had prepared, however, since two other components were
present. One was propylene, which Brown removed by washing
the gas mixture with a permanganate solution. The remaining
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mixture was still anaesthetic, so Brown then removed the
cyclopropane by washing it with sulfuric acid. The remaining
gas, although they did not know what it was, possessed no
anaesthetic properties, so cyclopropane was implicated as the
active substance and this result was published in 1929. Unlike
propylene, cyclopropane survived unchanged when stored under
pressure in steel containers.
A number of deaths of patients under anaesthesia in
Toronto hospitals at about that time made doctors
unwilling to experiment with cyclopropane, so it
was left to Ralph M. Waters (1883–1979) of
the University of Wisconsin, to
champion the new gas and see it
introduced into anaesthetic
practice in 1933.
Henderson seems
to have lost

interest in
cyclopropane
but was happy to
provide details to Waters,
who had been in the audience
when Henderson and Lucas presented
their results at a conference in Toronto in
June 1929. Cyclopropane was used in the US over
the next decade, but toxic effects that appeared when
it was used in high doses, and the constant danger of
explosion in the operating theatre, made doctors cautious about
its use.
Perth anaesthetist Gilbert Reynolds Troup (1896–1962) is
credited with the introduction of cyclopropane to practice in
Australia, following a period he spent with Waters in the early
1930s. Another Waters disciple was Melbourne anaesthetist
Geoffrey Kaye (1903–86), who introduced new methods here,
one of them involving recycling the patient’s exhaled breath so
as to conserve the anaesthetic. Some carbon dioxide was
removed from and some oxygen added to the mixture for
recycling.
Kaye is remembered in the annual Geoffrey Kaye Oration to
the Australian Society of Anaesthetists and the Geoffrey Kaye
Museum of Anaesthetic History, at the Australian and New
Zealand College of Anaesthetists in Melbourne, where I was able
to inspect apparatus for the delivery of cyclopropane.
Ian D. Rae FRACI CChem (idrae@unimelb.edu.au) is a veteran
columnist, having begun his Letters in 1984. When he is not
compiling columns, he writes on the history of chemistry and
dispenses advice on chemical hazards and pollution.
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events

cryptic chemistry

HazMat 2014

14–15 May 2014, Melbourne, Vic.

www.fpaa.com.au/events/hazmat.aspx

Early Bird discount to 14 March
Biosensors 2014

27–30 May 2014, Melbourne, Vic.

www.biosensors-congress.elsevier.com
Shechtman International Symposium

29 June – 4 July 2014, Cancun, Mexico

www.flogen.org/ShechtmanSymposium
2014 International Biophysics Congress (IUPAB 2014)

3–7 August 2014, Brisbane, Qld

www.iupab2014.org

18th International Microscopy Congress (IMC 2014)

7–12 September 2014, Prague, Czech Republic

www.imc2014.com

7th Asian Biological Inorganic Chemistry Conference
(AsBIC-7)

30 November – 5 December 2014, Gold Coast, Qld
www.asbic7.org

RACI National Congress

7–12 December 2014, Adelaide, SA

www.raci.org.au/events-awards/raci-national-

The solution to each of the Across clues is a Chemistry 1 Down 17 Down.

Otherwise, the Across clues do not contain a definition.

congress-2014

Across

Registration opens 2 December 2013

6

Call for abstracts opens 2 December 2013
Abstract submission closes 9 May 2014
Acceptance of abstracts June 2014

1

Picked up and salvaged. (9)

9

A number in the threshold for

Early Bird registration closes 1 August 2014

10

Advanced Materials & Nanotechnology (AMN7)

12

8–12 February 2015, Nelson, New Zealand

www.amn-7.com

Pacifichem 2015

11

13
15

BO, S blend?! (5)
R1R2R3SiOH. (7)

Wise guys in bank taking photographs. (7)
Peer and match. (5)

Heliostat reflects conjugate bases of

RSH. (9)

2
3
4
5
6

targets. (7)

8

a- and b-glucose are prime selenium

17

Round 2 symposium proposals close 1 March 2014

19

SI base unit can lead astray. (7)

RACI events are shown in blue.

1

Further the first dedicated dentate. (7)

15–20 December 2015, Honolulu, Hawaii

www.pacifichem.org

Down

Use Reid reaction to make H2NCONHCOR

7

Consideration given in high-pressure

spectral studies. (7)

(C6H10O5)n chamber destroys louse. (9)
−CH=CH2 found to arise in spectrally
niveous crystals. (5)

Colour over past correspondent. (7)
New digital media lag at losing azo
compound. (7)

Stalls building one on a filled shell. (6,3)
Be past first. (5)

Untruths over gas catalysts for anabolic
processes. (7)

and RCONHCONHCOR¢. (7)

14

(R1=O)R2–N–N–R3R4 obtained from dried

(CH)2N(NH)CH extracted from Maize

16

Centres reelect parliamentarian, totally

23

Catch ground. (5)

17 and 18 Down Run from Poisson distribution

25

Cartier Tank is all over the place. (7)

18

21
24

26
27

Oil D. (9)

Jumble of lines regarding alkenes. (7)
Encountered rhenium measure. (5)

Passes for first laboratory Bessemer

converted. (9)

19

20
22
23

hay (mid-sized). (9)
basic. (9)

pays for the caps. (7,7)
See 17 Down.

Empty mechanical scene spoilt Mark
Twain. (7)

Notice channels formed by directly
combining pairs of molecules. (7)

In a lanthanide, time is passive. (5)
Organise holding of uranium

conference. (5)

Graham Mulroney FRACI CChem is Emeritus Professor of Industry Education at RMIT University.
Solution available online.
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Movie Tickets
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