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editorial

Bucking the trend
In his piece about phlogiston on page 22
of this issue, Dave Sammut comments that
this theory embodies a flawed outcome but
a valuable process. Phlogiston proponents
supposed a theory that, unbeknown to
them, was a ‘mirror image of the truth’,
and later discoveries exposed it as such.
Architectural detail of
Montreal’s Biosphere,
former US pavilion at
Expo 67
iStock/Arbourphoto

It’s easy to scoff at such theories when
we’re tucked up comfortably almost
350 years into the future. Those who do
this risk denying themselves the chance to
take something of value from long-gone
intellectual labours.
Making an effort to understand the
context and circumstance of obsolete or
esoteric ideas can be a fruitful exercise,
and writer Edgar Applewhite Jr is a
remarkable example of someone who
invested significant time to do it.
Applewhite wanted to appreciate the
importance of synergetics, a theory of
architect, philosopher and inventor
Buckminster Fuller. In his book describing
their collaboration, Applewhite says:
He [Buckminster Fuller] has proposed all his life
to write a book attempting to describe all
physical and metaphysical experience in terms
of the tetrahedron. What I proposed was to help
him complete this task and to discover whether
I would become a convert in the process.

E.J. Applewhite Jr, Cosmic fishing: an account of
writing Synergetics with Buckminster Fuller,
1977

So began the shared thinking and
learning that culminated in Synergetics:
explorations in the geometry of thinking
(1975).
In the same spirit of open-minded
enquiry, the Buckminster Fuller Institute
writes:
If we can understand better the circumstances
in which Synergetics was written, we might find

successful collaboration with Applewhite,
Fuller’s junior by 25 years, is certainly in
keeping with that interest.
A self-confessed ‘taxophilist’ (he was
an intelligence officer for the CIA),
Applewhite wanted to capture Fuller’s
ideas on paper. As well as collaborating
with Fuller on Synergetics, he compiled
the Synergetics Dictionary, four volumes
comprising 22 000 cards that distilled
Fuller’s ideas. Over seven years, using
letters, books, audio cassettes and
Fuller’s papers, he used his typewriter
and his talent for indexing to create for
Fuller something quite unique – a
biographical catalogue of ideas. You can
see a gallery of his cards at
http://tensegrity.wikispaces.com/Synerge
tics+Dictionary.
Applewhite wrote several other books,
his last being Paradise mislaid: birth,
death and the human predicament of
being biological (1991), about life and
death as perceived by life scientists.
Although synergetics has not enjoyed
wholesale adoption, the shape that
embodies Fuller’s ideas – the geodesic
dome – is evident in playgrounds,
kibbutz and commercial pavilions, to
name just a few structures. And, of
course, chemists have tipped their hats
to ‘Bucky’ in the naming of C60.
Was Applewhite a convert in the end?
I think I’ll have to read Cosmic fishing to
find out.

more, better, easier ways to approach it.

www.bfi.org

On the BFI website, Applewhite notes
that Fuller enjoyed lecturing to ‘large and
youthful audiences’. Fuller’s intense and
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your say

Working towards the Chemical
Weapons Convention
The article written by John Webb and published in the May issue
(‘OPCW’s Nobel Peace Prize’, p. 20) states that I represented
Australia at meetings of industry representatives in Geneva. I
represented Australian industry on the ad hoc committee of the
Disarmament Committee of the United Nations meeting in Geneva
prior to the Government Industry Conference Against Chemical
Weapons held in Canberra in September 1989 and subsequent to
this event.
At the Canberra conference, conceived and organised by then
Foreign Minister Gareth Evans, I was the keynote speaker and
chairman of the industry forum that produced an industry
statement of total abhorrence to chemical weapons. This
statement was able to revive the moribund process in place in
Geneva where endless discussions on a rolling text had been
conducted for many years with little progress.
By involving industry, Evans galvanised the negotiations in
Geneva, which had been slowed down because the diplomatic
representatives were afraid of the impact of their work on their
national chemical industry and had not sought out the industry
position.
I was also the keynote speaker at the Regional Seminar on
Chemical Weapons, which was held in Canberra and was an
initiative of Prime Minister Hawke, who launched it in June 1988.
It was a gathering of 22 South-East Asian and South Pacific
countries to discuss the provisions of the draft Chemical Weapons
Convention and consider its regional implications. This regional
seminar led to an intensified regional dialogue to prepare for early
adherence to the proposed convention.
I was present at the signing of the Chemical Weapons
Convention by Australia and others in Paris, presided over by then
President François Mitterrand.
The article states that I was employed by Gibson Chemicals;
however, the name of the company was Gibson Chemicals Limited,
of which I was Managing Director and a Director of Gibson
Chemical Industries.
I make these comments to add to the total picture of the
process that was followed in arriving at a Chemical Weapons
Convention. I look forward to receiving Chemistry in Australia,
particularly in its new and more interesting format.

Ethics and remuneration

I particularly enjoyed the articles in the May issue on chemical
weapons, and the underlying ethical issues – of note, the line
‘perhaps it is time for a Hippocratic oath for chemists’. I have
alluded to this in the past, because on a personal and professional
level, the idea of chemists doing research work that is well
remunerated, but perhaps with a questionable end-use has never
sat well with me.
Chemists must ask themselves what they are doing when they
are carrying out research. In all of my chemical training (as
recently as the mid-1990s), there was never any mention by
academic or teaching staff of considering how research sat with
students in terms of ‘ethics’ or ‘conscience’; indeed, the only time
I ever heard it mentioned was if there was a crossover with
biological research involving living organisms. The idea of Codes
certainly has merit, but there should be more awareness of ethics
at the undergraduate level. It is almost as if students are left to
ask the question of themselves and make their own decisions with
respect to their own moral compass, if they ever do ask that
question.
I believe that particular members of those who worked on the
Manhattan Project, once they had seen what they had built,
deeply regretted what they had done. Some remarked that had
they known what a powerful force they were going to unleash,
they would never have built it in the first place. Unfortunately,
you cannot ‘un-discover’ something like that, and the
consequences only come to light afterwards.
The story on diazomethane was also appreciated; again, that is
the whole point as to why chemists should be better remunerated,
especially those who handle particularly dangerous substances
where there is no available alternative and/or the hierarchy of
control cannot easily apply.
Chris Embery MRACI CChem
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Tom Reynolds AM, FRACI CChem

Tom Reynolds was President of the Chemical Confederation of Australia
and the Chemical Specialties Manufacturers Association, not a senior office
bearer of ACIC as stated in the May issue. He was Managing Director of
Gibson Chemicals Limited and a Director of Gibson Chemical Industries.
Tom is a Fellow of the Institute: his postnominals were unintentionally
omitted in the article.

As your RACI member magazine,
Chemistry in Australia is the
perfect place to voice your ideas
and opinions, and to discuss
chemistry issues and recently
published articles.
Send your contributions
(approx. 400 words) to the
Editor at wools@westnet.com.au.
iStockphoto/Nick Redeyoff
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Researchers observe superheavy element 117

G. Otto, GSI Helmholtz Center for Heavy Ion Research

The periodic table of the elements is to get crowded towards its
heaviest members. Evidence for the artificial creation of element
117 has recently been obtained at the GSI Helmholtz Centre for
Heavy Ion Research, an accelerator laboratory located in
Darmstadt, Germany, where several atoms of the superheavy
element have been created and observed. The measured decay
properties match previous data, strengthening the case for
official recognition of 117 as a new element. New findings
obtained in the present work mark an important step towards
the capability to observe still more long-lived superheavy
nuclei, as expected to exist on the ‘island of stability’ of
superheavy elements.
The experiment was performed by an international team of
chemists and physicists headed by Professor Christoph
Düllmann. The team included 72 scientists and engineers from
16 institutions in Australia, Finland, Germany, India, Japan,
Norway, Poland, Sweden, Switzerland, the UK and the US. The
study was published in Physical Review Letters in May
(bit.ly/1lX0CBT).
Elements beyond atomic number 104 are referred to as
superheavy elements. The most long-lived ones are expected to be
situated on the island of stability, where nuclei with extremely
long half-lives should be found. Although superheavy elements
have not been found in nature, they can be produced by
accelerating beams of nuclei and shooting them at the heaviest
possible target nuclei. Fusion of two nuclei – a very rare event –
occasionally produces a superheavy element. Those currently
accessible generally only exist for a short time. Initial reports
about the discovery of an element with atomic number 117 were
released in 2010 from a Russia–US collaboration working at the
Joint Institute for Nuclear Research in Dubna, Russia.

In a powerful example of international collaboration, this
new measurement required close coordination between the
accelerator and detection capabilities at GSI in Germany and
the unique actinide isotope production and separation facilities
at Oak Ridge National Laboratory (ORNL) in the US. The special
berkelium target material, essential for the synthesis of element
117, was produced over an 18-month-long campaign. This
required intense neutron irradiation at ORNL’s High Flux Isotope
Reactor, followed by chemical separation and purification at
ORNL’s Radiochemical Engineering Development Center.
Approximately 13 milligrams of the highly purified isotope 249Bk,
which has a half-life of only 330 days, were then shipped to
Mainz University. There, it was transformed into a target, able
to withstand the high-power calcium-ion beams from the GSI
accelerator. Atoms of element 117 were separated from huge
numbers of other nuclear reaction products in the TransActinide
Separator and Chemistry Apparatus (TASCA) and were identified
through their radioactive decay. These measured chains of
alpha-decays produced isotopes of lighter elements with atomic
numbers 115 to 103, whose registration added to the proof for
the observation of element 117.
In the decay chains, both a previously unknown alpha-decay
pathway in 270Db and the new isotope 266Lr were identified. With
half-lives of about one hour and about 11 hours, respectively,
they are among the longest-lived superheavy isotopes known to
date. As unwanted background events are present in all
superheavy element experiments, the longer-lived an isotope is,
the harder is its reliable identification. The present experiment,
for which TASCA was significantly upgraded to better separate
unwanted background products and thus to allow more sensitive
identification of superheavy nuclei, proved that their reliable
identification is now
possible.
Element 117 is yet
to be named: a
committee comprising
members of IUPAP and
IUPAC will review these
new findings, along
with the original ones,
and decide whether
further experiments are
needed before
acknowledging the
element’s discovery.
Only after such final
acceptance, may a
name be proposed by
the discoverers.

View into the 120-metre linear
accelerator at GSI, which
accelerates calcium ions used to
produce new elements.

JOHANNES GUTENBERG
UNIVERSITÄT MAINZ
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Famous paintings help
study Earth’s past
atmosphere

Greek and German researchers have
shown that the colours of sunsets
painted by famous artists can be used to
estimate pollution levels in the Earth’s
past atmosphere. In particular, the
paintings reveal that ash and gas
released during major volcanic eruptions
scatter the different colours of sunlight,
making sunsets appear more red. The
results were published in March in
Atmospheric Chemistry and Physics
(bit.ly/1kVp0CI).
When the Tambora volcano in
Indonesia erupted in 1815, painters in
Europe could see the colours of the sky
changing. The volcanic ash and gas
spewed into the atmosphere travelled the
world and, as these aerosol particles
scattered sunlight, they produced bright
red and orange sunsets in Europe for up
to three years after the eruption. J.M.W.
Turner was one of the artists who painted
the stunning sunsets during that time.
Now, scientists are using his, and other
great masters’, paintings to retrieve
information on the composition of the
past atmosphere.
‘Nature speaks to the hearts and souls
of great artists,’ says lead author Christos
Zerefos, a professor of atmospheric physics
at the Academy of Athens in Greece. ‘But
we have found that, when colouring
sunsets, it is the way their brains perceive
greens and reds that contains important
environmental information.’
Zerefos and his team analysed
hundreds of high-quality digital
photographs of sunset paintings done
between 1500 and 2000, a period
including over 50 large volcanic
eruptions around the globe. They were
looking to find out whether the relative
amounts of red and green along the
horizon of each painting could provide
information on the amount of aerosols in
the atmosphere.
‘We found that red-to-green ratios
measured in the sunsets of paintings by
great masters correlate well with the
amount of volcanic aerosols in the

July 2014

Top: Digitally compressed paintings produced by colourist P. Tetsis at the island of Hydra in June 2010
during and after the passage of a Saharan dust cloud. The painting on the left features a more aerosolrich scene (more dust in the atmosphere) than the one on the right. Bottom: Digital camera photos of the
landscape. The pictures shown were taken halfway through the painting process.
P. Tetsis (paintings) and C. Zerefos (photos)

atmosphere, regardless of the painters
and of the school of painting,’ said
Zerefos.
Skies more polluted by volcanic ash
scatter sunlight more, so they appear
more red. Similar effects are seen with
mineral (desert dust) or man-made
aerosols. Air with a higher amount of
aerosols has a higher ‘aerosol optical
depth’, a parameter the team calculated
using the red-to-green ratios in the
paintings. They then compared these
values with those given by independent
proxies such as ice-core and volcanicexplosivity data, and found good
agreement. The results obtained validate
those of the team’s previous study,
published in Atmospheric Chemistry and
Physics in 2007.
To further support their model, the
researchers asked a famous colourist to
paint sunsets during and after the
passage of a Saharan dust cloud over the
island of Hydra in June 2010. The painter
was not aware of the dust event. The
scientists then compared measurements

of the aerosol optical depth made by
modern instruments with those estimated
from the red-to-green ratios of the
paintings and of digital photographs, and
found that they all matched well.
Since aerosols scatter sunlight, less of
it reaches the surface, leading to cooling.
The Tambora eruption, the largest in
recorded history, killed some 10 000
people directly and over 60 000 more due
to the starvation and disease during the
‘volcanic winter’ that followed. Aerosol
optical depth can be directly used in
climate models, so having estimates for
this parameter helps researchers
understand how aerosols have affected
the Earth’s climate in the past. This, in
turn, can help improve predictions of
future climate change.
‘We wanted to provide alternative
ways of exploiting the environmental
information in the past atmosphere in
places where, and in centuries when,
instrumental measurements were not
available,’ concluded Zerefos.
EUROPEAN GEOSCIENCES UNION
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CRCs ‘shocked’ by National Commission of Audit recommendation
The Cooperative Research Centres
Association was profoundly shocked by
the Commission of Audit’s
recommendation, announced on 1 May, to
abolish the CRC Program, rolling funds
into the Australian Research Council’s
Industry Linkage Program.
‘I can’t for a minute believe that
Government will take on this
recommendation’ said Chairman of the
CRC Association, the Hon. Tony Staley AO.
‘Cooperative Research Centres have very
clearly given the Australian taxpayers
outstanding value for money’.
‘It is very interesting that the
Commissioners have commented in
making this recommendation that the
ARC should take on longer funding
periods. That’s one of the features that
has made CRCs so successful – seven
years of funding to let researchers get on
with the job’.
‘The ARC could provide longer funding
periods but they can’t provide the other
major success factor of CRCs – the
cultural drive from industry to convert
research into innovation’.

Mr Staley said he and the CRC
Association’s CEO, Dr Tony Peacock,
recently had very useful discussions with
both the Government and Opposition in
Canberra. ‘No one gave a hint of knowing
anything that a recommendation like this
might be in the pipeline. I really believe
Ministers Macfarlane, Pyne, Dutton and
many others including the Prime Minister
have a good appreciation of how much
the CRCs have delivered. The Commission
of Audit clearly haven’t worked at the
level of detail to know that directing the
money through a granting agency like the
ARC would fundamentally change the
nature of the Program.’
The CRC Program was initiated by the
Hawke Government in 1990 and was
significantly expanded under the Howard
Government. Outcomes from the Program
have included the Day and Night Contact
Lens, the Hybrid Cochlear Ear Implant,
composite materials in the Boeing
Dreamliner ailerons, the Meat Standards
Australia Grading System for beef, vast
improvements in the management of
dryland salinity, the Universal Dig and

CRCs: government comment
The Australian Government is investing $186 million to extend four existing Cooperative Research Centres
and establish three new ones.
They will provide major benefits to industry and the community, in transport, health, data security and
agriculture.
CRCs work so well because they bring together world-class scientists and researchers with industry, the
community and Government to create opportunities and develop solutions for Australia, Australian
industries and the world.
The seven CRCs we have funded are industry driven and combine more than 130 organisations from across
Australia and internationally, including 60 industry partners in Asia, Europe and the United States.
CRCs are a truly joint effort, with a 20-year history of bringing the Government, researchers and industries
together.
All up, they have put more than $15.4 billion dollars of grants and participants’ cash and in-kind support
to work for Australia.

MINISTER FOR INDUSTRY, THE HON. IAN MACFARLANE,
AT SCIENCE MEETS PARLIAMENT IN MARCH

8 |

Chemistry in Australia

Dump system, which improved dragline
productivity for the mining sector by
20%, and the world’s most widely used
environmental management program for
hotels, among hundreds of new
technologies and services.
The Commonwealth Budget announced
on 13 May included a cut to the CRC
Program of $80 million over the forward
estimates. The current funding round will
not proceed as planned with only
continuing CRCs able to apply for funding
at the 3 July deadline. Funding for the
following two years of new CRCs will be
affected, but the extent is not yet clear.
The future of the Program will be
determined following the review already
scheduled to be conducted this year.
‘$80 million is a lot, and I feel terrible
for those people that have been working
so hard on the current funding round.
But no existing CRCs are affected,
including those in contract negotiations
following the last round. We have a major
review coming up and we need to
redouble our efforts again to demonstrate
the value of the Program,’ said Peacock.
Peacock pointed out that the
Government had to make some very
tough choices. ‘Obviously, I’d have
preferred no cuts. But I recognise that
the National Collaborative Research
Infrastructure Scheme and the ARC’s
Future Fellows scheme are really valuable
too, and they were without any budget.
So I’m glad resources were found for
them. Many of our partner agencies like
CSIRO and DSTO are going to go through
pain, and others have gone altogether.
The Government has to make these hard
decisions and our job is to make sure
CRCs continue to perform. Clearly the
Government wants to see effective
applied research working closely with
industry – no one is better positioned to
deliver that than the CRCs.’

COOPERATIVE RESEARCH CENTRES
ASSOCIATION
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Tracking time for
transactions

The time systems serving the international finance
markets can be as disjointed, confusing and
potentially as prone to error as a railway timetable,
but at the microsecond level. Scientists at the
National Physical Laboratory (NPL), the birthplace
of atomic timekeeping and home of UK time, have
come up with a way of addressing the time-inbanking problem.
Atomic time affects us all every day. Each GPS
satellite has atomic clocks on board that measure
time very accurately in order to calculate global
position, not only for providing directions but also
for landing planes and precision farming, among
many other applications. Atomic clocks
synchronise every mobile phone network to
manage the transfer from one cell to the next and
atomic time is required to synchronise computer
systems (for example, through the Network Time
Protocol) to enable emails and other transactions
online.
Time is critical in financial trading. The race to
be first is reliant on the speed of data transactions
between institutions and across stock exchanges.
Traders want to get their servers as close to the
stock exchanges as possible, to give them
microsecond advantage over their competitors.
It takes a human being between 300 and
400 milliseconds to blink an eye. Yet in
microseconds, traders can use sophisticated
algorithms to make millions of dollars. This is how
An atomic clock at the National Physical Laboratory in the UK
NPL
long it took to trade $28 million when information
was sent out by a media and information company
trades can be audited, functioning as a recognised standard to
to high-frequency trading networks 15 milliseconds early on 3
provide traceability and confidence.
June 2013. Having traceability back to a highly accurate time
In the 1950s, Louis Essen constructed the atomic clock,
standard ensures that high-frequency financial trades done in
Caesium Mk. 1, with fellow physicist John Parry, at NPL. This
microseconds across locations and stock exchanges can be
new clock kept time more accurately than any other in
easily audited and any wrongdoing quickly detected.
existence and eventually paved the way for redefining the
NPLTime® will deliver a precise time signal directly traceable
second in 1967, based on the fundamental properties of
to Coordinated Universal Time (UTC), the world’s official
caesium atoms, rather than the Earth’s rotation. NPL’s caesium
timescale for more than 50 years. This is formed by averaging
fountain, NPL-CsF2, the reference for the national timescale
the signals from more than 400 atomic clocks around the world
UTC(NPL) and one of the most accurate clocks in the world, is
(the most accurate one is at NPL and loses or gains only one
more than 300 000 times more precise than Essen’s clock from
second every 158 million years). UTC is based on 0° longitude,
which passes through Greenwich and connects UTC back to GMT. the 1950s.
NPL also carries out wide-ranging research in time and
To ensure that all trades are legal, data packets are time
frequency measurement, which aims to improve timekeeping
stamped as they move through different stock exchanges.
accuracy and its applications even further. A new service to
However, every stock exchange implements time in different
provide time over optical fibre links to financial institutions,
ways, which can make an accurate audit of trades difficult. In
telecoms companies and other organisations that need accurate
fact, in some cases data can appear to travel backwards in time
timing is currently being rolled out.
– as data is stamped as leaving a location before it is recorded
as arriving. NPLTime will guard against this and ensure that all
NATIONAL PHYSICAL LABORATORY
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Latest Australian Total Diet Study released
In May, Food Standards Australia New
Zealand (FSANZ) released the first phase
of the 24th Australian Total Diet Study,
which looked at Australian consumers’
dietary exposure to acrylamide and
aluminium.
FSANZ Chief Executive Officer Mr Steve
McCutcheon said levels of acrylamide in
Australian foods and beverages were
generally comparable or lower than those
observed internationally.
‘However, the estimated dietary
exposure remains in the range considered
to be of possible human health concern
by international expert committees,’
McCutcheon said.
‘FSANZ is working with industry to
look at ways to reduce acrylamide levels
in food, such as encouraging industry to
use enzymes that reduce acrylamide
formation.’
Acrylamide forms naturally in
carbohydrate-rich foods during hightemperature cooking, such as baking,

frying and grilling. It can also occur
through food-processing methods used to
enhance flavour and colour in snack
foods such as potato crisps.
Professor Ian Rae FRACI CChem,
Honorary Professorial Fellow at the
University of Melbourne, commented:
The formation of acrylamide when
carbohydrate foods are heated caused a stir
when it was reported a few years ago. There
was no evidence that linked the presence of
acrylamide in foods like French fries, potato
crisps, roasted meats and baked potatoes to
human cancers or genetic effects, and nothing
significant has since emerged from research
findings.
Taking it easy when it comes to these foods,
as regulators advise, has as much to do with
over-eating and obesity as it has with
acrylamide. The acrylamide is formed in
natural chemical reactions between food
components that also give us tasty browning
and crunchy texture. It’s a tough call, but ‘a
little of what you fancy’ is probably still the

The study also looked at aluminium
levels in the many foods that contain it
naturally as well as processed foods likely
to have additives containing aluminium.
Most foods had some levels of
aluminium, with the highest levels found
in cakes, pikelets and pancakes.
‘These results are consistent with
international findings and indicate that
most of the Australian population’s
exposure to aluminium is within
internationally recognised safe levels;
however, there was a slight exceedance
for 2–5-year-old high consumers,’
McCutcheon said.
‘It is unlikely that this slight
exceedance represents a public health
and safety issue; however, FSANZ is
investigating whether the current
permissions for aluminium-containing
food additives are still appropriate’, he
said.
FOOD STANDARDS AUSTRALIA NEW ZEALAND

way to go.

Smelting emissions escaping regulation

The ineffectiveness of regulatory authorities and inconsistencies
in pollution licensing of Australia’s lead smelting towns of
Mount Isa and Port Pirie are examined in detail in an article
published in April in Aeolian Research (bit.ly/SyJGHp).
In the article, Macquarie University environmental scientists
show how the license arrangements for the mining and smelting
operations in these cities permit massive emissions of the toxic
pollutants arsenic, cadmium, lead and sulfur dioxide.
In Port Pirie, the national standard for sulfur dioxide
emissions (1 hour) was exceeded 50 times in 2012, and recent
24-hour maximum lead-, arsenic- and cadmium-in-air levels
were 45, 42 and 36 times above recommended annual levels for
air quality.
At Mount Isa, the national 1-hour standard for sulfur dioxide
emissions was exceeded 49 times in 2012, and recent 24-hour
maximum lead-, arsenic- and cadmium-in-air levels were 25, 495
and 36 times above recommended annual levels for air quality.
‘These emissions escape regulation because of special
pollution arrangements in Mount Isa, which permit exceedences
until the end of 2016, and because the pollution measures are
based on an annual average value,’ said lead researcher
Professor Mark Taylor.
Air concentration emissions of arsenic, cadmium and sulfur
dioxide at Port Pirie are not included in the license
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arrangements for the smelter and therefore cannot be enforced.
With respect to lead-in-air, the atmospheric pollution measures
are based only on an annual average like Mount Isa, and as a
result, do not capture the massive short-term emissions.
‘In essence,’ said Taylor, ‘the companies running the smelting
operations in these cities have been granted a license to
pollute, which would not be acceptable elsewhere in the state.’
The data shows that not only are the emissions related to
elevated blood lead levels, but that respiratory health in each
of these towns is significantly worse than elsewhere in the
state. For example, 2007–2008 records show that the Port Pirie
City district area had hospital separations for respiratory illness
at a rate of 3774 per 100 000 population, compared with 2036
per 100 000 population for the remainder of South Australia. At
Mount Isa, hospitalisation rates (n = 109) were significantly
higher (80%) than for the rest of Queensland, and asthma
mortality rates (n = 5) were 322% higher than for the rest of
the state.
The human effects of exposure to massive arsenic-in-air and
cadmium-in-air concentrations have never been examined in
either city, but the preliminary evidence in this study suggests
that that the outcomes are highly likely to be adverse.
MACQUARIE UNIVERSITY
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New lab-on-a-chip overcomes
miniaturisation problems

University of New South Wales chemists have invented a new type of tiny lab-on-a-chip
device that could have a diverse range of applications, including detecting toxic gases,
fabricating integrated circuits and screening biological molecules.
The novel technique involves printing a pattern of minuscule droplets of a special
solvent onto a gold-coated or glass surface.
‘We use a class of “green” solvents called ionic liquids, which are salts that are
liquid at room temperature. They are non-volatile, so this overcomes one of the main
problems in making useful miniaturised devices – rapid evaporation of the solvents on
the chip,’ said Dr Chuan Zhao, senior author of the study.
‘The versatility of our chips
means they could have a wide
range of prospective functions,
such as for use in fast and
accurate hand-held sensors for
environmental monitoring, medical
diagnosis and process control in
manufacturing.’
The research is published in
Nature Communications
(bit.ly/1lWZ76J) (also see page
15) and was carried out by Zhao,
Christian Gunawan and Mengchen
Ge.
Lab-on-a-chip devices offer the
promise of faster reaction times,
reduced use of materials and high
UNSW
yields of product. However,
From left: University of New South Wales chemists Dr Chuan evaporation of solvents on the
Zhao, Christian Gunawan and Mengchen Ge
chip is a big problem because this
can affect the concentration of substances and disrupt the reactions. Attempted
solutions include containing the solvents within tiny channels or ‘walls’, and having
reservoirs to store extra solvent on the chip.
The ‘wall-less’ design – using non-volatile ionic liquids as solvents to fabricate a
microarray of droplets chemically anchored to the chip – has several significant
advantages.
‘Ionic liquids are designer solvents and have wide application. We can now carry out
many reactions or analytical procedures in ionic liquids at the micro-scale on a chip
with enhanced yields and efficiency,’ said Zhao.
‘These microarray chips can be easily produced in high numbers and are very stable.
They can survive being turned upside down and heated to 50°C and some can even
survive being immersed in another liquid. These properties will be important for
commercial applications, including storage and transportation of microchips.’
The droplets of ionic liquid are about 50 µm across (about half the width of a human
hair) and 10 µm high.
The researchers demonstrated several potential uses of the microarrays. They showed
that the tiny droplets can act as rapid, sensitive monitors for the presence of a gas, due
to their small volume. They also demonstrated that metal salts dissolved in the droplets
could be electrically deposited as microstructures, a technique that could be of use in
fabrication of integrated circuits.
Some biological molecules added to the droplets also remained stable and active,
opening up the possibility of using the microarrays for diagnostic purposes.
UNSW
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UN Labour Agency urges greater
control of harmful chemicals in the
workplace

While chemicals can be useful, necessary steps should be taken
to prevent and control potential risks for workers, workplaces,
communities and the environment, the United Nations labour
agency reported, marking the World Day for Safety and Health
at Work on 28 April.
‘Chemicals are essential to life, and their benefits are
widespread and well-recognised. What creates the dilemma are
the risks associated with exposure to these chemicals,’ the UN
International Labour Organization (ILO) said in its report for
the occasion (bit.ly/1mE96w9).
Chemicals pose a broad range of potential adverse effects,
from health hazards such as cancers and physical hazards such
as flammability, to environmental hazards such as widespread
contamination and toxicity to aquatic life, according to the
report. Many fires, explosions and other disasters result from
inadequate control of chemicals’ physical hazards.
This year’s theme for the Day, ‘Safety and health in the use
of chemicals at work’, was meant to highlight the benefits
achieved through the production and use of chemicals while
minimising workers’ exposure as well as the emission of
chemicals into the environment through national and
international action.
Nearly 5 million deaths and 86 million disability-adjusted
life years were attributable to environmental exposure and
management of selected chemicals in 2004, according to the
UN World Health Organization (WHO). These figures include
both occupational and non-occupational exposures, such as
indoor smoke from solid fuel use, outdoor air pollution and
second-hand smoke.
Given these challenges, ‘a coherent global response is
necessary to coordinate the continuous scientific and
technological progress, the growth in chemicals production and
changes in the organisation of work,’ ILO reported.
Among its recommendations, it urged new tools to provide
readily available information about chemical hazards and risk,
and associated preventive and protective measures.
The agency also highlighted the need for more effective
record keeping on effects resulting from exposure to chemicals.
For example, efforts to establish a connection between an
exposure to chemicals 20 years ago and a case of cancer today
have been hampered by lack of information about the effects
of chemical exposures.
It also noted that governments and organisations focus on
individual chemicals instead of risks from mixtures, which are
more common.
UNITED NATIONS

Call for action on harmful
preservatives in pet food
Continually feeding your cat pet meat runs the risk of exposing
them to a thiamine (vitamin B1) deficiency and its associated
serious health problems.
‘In this day and age, with the knowledge that pet food
manufacturers have, this is an entirely preventable condition,’
said Dr Anne Fawcett, companion animal veterinarian at the
University of Sydney’s Faculty of Veterinary Science.
‘Sulfite preservatives are added to some pet meats,
sometimes at very high levels, to mask the signs of
putrefaction, giving it a longer shelf life – but long-term
consumption endangers the wellbeing of our pets.’
Fawcett is lead author of an article on the issue, recently
published in the Australian Veterinary Practitioner. The paper
was co-authored by veterinarian Dr Ye Yao and pathologist
Richard Miller from IDEXX Laboratories.
Products sold as pet meat, pet mince or processed pet food
rolls, which continue to be very popular with pet owners, may
contain potentially harmful levels of sulfite preservatives.
Animals need thiamine to convert carbohydrates into energy
and it also plays an important role in the production of
neurotransmitters. It is not produced by the body so has to
come from food.
Tips to avoid exposing your pet to sulfides are:
• Avoid feeding pet meat high in sulfides and feed a premium
commercial tinned or dry food that complies with the
Australian Standard for Manufactured Pet Food.
• If you do feed pet meat, vary the types and brands to reduce
the overall dose of sulfides in the diet.
• If you wish to feed fresh meat, purchase meat sold for
human consumption as legislation precludes the addition of
these preservatives.
• Supplement your pet’s diet with natural sources of thiamine
such as pork, organ meats (such as liver, heart, brain and
kidney), or even yeast, but this does not protect against
thiamine deficiency if sulfites are contained in food fed at
the same time.
Clinical signs of thiamine deficiency vary between dogs and
cats, with more consistent and recognisable signs in cats. Early
signs of thiamine deficiency include vomiting, diarrhoea, loss of
appetite and depression. As the condition progresses, signs may
include impaired vision, a wobbly gait, head tilt or seizures. In
some cases, affected animals develop a cardiac syndrome and
die suddenly.
‘For vets this underlies the importance of taking a full
dietary history when treating an animal,’ said Fawcett.
‘It also highlights the need for vets to have a standard
reference of what are healthy levels of blood thiamine
concentration in cats and dogs – which does not yet exist.’
UNIVERSITY OF SYDNEY
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Chemical synthesis
of anti-thrombotic
proteins:
modifications matter
Hematophagous (blood-feeding)
animals, such as leeches and ticks,
are known to secrete peptides and
proteins with potent anticoagulant activities. An example is
hirudin P6, a 63 amino acid
protein produced by the medicinal
leech Hirudinaria manillensis,
which is known to possess potent
inhibitory activity against human
thrombin, thus facilitating blood
flow for the hematophagous
activity of the organism. Hirudin
P6 consists of an N-terminal
domain held together by three
disulfide bonds and an acidic Cterminal domain that is modified
at two residues: O-glycosylation of
the side chain hydroxyl moiety of a
threonine residue, and sulfation of
the phenolic side chain of tyrosine.
In a study led by researchers at the
University of Sydney, the effect of
the hirudin P6 sulfation and
glycosylation modifications on
anti-thrombotic activity was able
to be interrogated for the first
time (Hsieh Y.S., Wijeyewickrema
L.C., Wilkinson B.L., Pike R.N.,
Payne R.J. Angew. Chem. Int. Ed.
2014, 53, 3947–51). Specifically,
by using a combination of
carbohydrate chemistry, modified
amino acid synthesis, solid-phase
peptide synthesis and peptide
ligation chemistry, a library of
homogeneous, differentially
modified variants of the protein
was obtained through synthetic
means. The type of protein
modification was shown to
drastically modulate the thrombin
inhibitory activity of the protein,
with the most potent form
exhibiting picomolar inhibitory
activity against human thrombin.
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940 Professional IC Vario

High-performance ion
chromatography system

Metrohm has launched the 940 Professional IC Vario, the new
high-performance ion chromatography system for research
applications and routine use. The 940 Professional IC Vario is
Metrohm’s most versatile ion chromatography system yet.
Entirely modular by design, it enables unlimited configuration
possibilities and meets even the most challenging analytical
requirements.
Selecting from a complete set of components and
accessories, users have virtually unlimited possibilities to put
together any ion chromatography system they want. The
options are manifold:
• Suppression: sequential, chemical or no suppression
• Detection: conductivity, UV/vis, amperometric
• Gradients: high pressure, low pressure, dose-in
• Separation: columns of any base material, selectivity,
capacity and dimension (length and diameter)
Any 940 Professional IC Vario system can be extended and
upgraded with several versions of the new 942 Extension
Module Vario, the 943 Professional Thermostat/Reactor Vario,
as well as comprehensive options for liquid handling and
automation.
The 940 Professional IC Vario provides maximum reliability
of both the system itself and the analytical results produced.
It is self-monitoring; all system and method parameters are
permanently checked against the respective limits and
standards. Results can be traced back to every single step of
the analysis, including sample preparation, making users
perfectly prepared for even the toughest audits. The 940
Professional IC Vario is controlled by MagIC Net, the proven
Metrohm software for ion chromatography.
New features greatly increase ease of use. Based on the
new 941 Eluent Production Module, the 940 Professional IC
Vario enables inline preparation of eluents of any composition
and in any concentration.
Available in Australia and New Zealand at MEP Instruments;
for further information please phone (02) 9878 6900, email
info@mep.net.au or visit www.mep.net.au.
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An emerging hemi(acetal azolium)

While N-heterocyclic carbene (NHC) catalysis via the acyl azolium is
an established pathway integral to many reaction discoveries, the
chemistry of the related hemiacetal azolium (e.g. 1) has received
significantly less attention. Recent studies led by Dr David Lupton
at Monash University have demonstrated a novel olefin
isomerisation/intramolecular Diels–Alder reaction to avail a range
(16 examples) of bicyclo[2.2.2]octanes (2). Through mechanistic
studies, it is proposed that transient deconjugation of a,b,g,dunsaturated carbonyl compounds (3), by formation of the
hemiacetal azolium intermediate (1), allows this reaction to
proceed (Kowalczyk M., Lupton D.W. Angew. Chem. Int. Ed. 2014,
53, 5314–17). The utility of the bicyclo[2.2.2]octane products has
been examined, with reductive and oxidative ring opening providing
a number of heavily substituted cyclohexane products.

Calculating radical rates

As a consequence of the availability of kinetic data that became
available during the Free Radical Renaissance Period (1980s), radical
cyclisation reactions have grown to be among the most powerful
and adaptable tools in the synthetic chemist’s arsenal.
Unfortunately, these data have not been available for all classes of
radicals. In particular, kinetic parameters for acyl and oxyacyl
radicals have not been determined experimentally because of
difficulty preparing stable radical precursors appropriate for kinetic
studies. As a consequence, the literature is lacking critical kinetic
data for these useful radicals, and the few that exist are misleading.
The team of Professor Carl Schiesser and Dr Amber Hancock (ARC
Centre of Excellence for Free Radical Chemistry and Biotechnology,
University of Melbourne) has rectified this situation through the
application of high-level computational techniques to the
cyclisation of a series of 5-hexenoyl and 3-buten-1-yloxyacyl
radicals (Hancock A.N., Schiesser C.H. Chem Sci. 2014, 5, 1967–73).
To do this they used the G3(MP2)-RAD computational procedure to
model key structures involved in this chemistry, and were able to
calculate enthalpic and entropic components that ultimately led to
Arrhenius parameters. These data provide important information for
practitioners wishing to employ these radicals in synthesis.

Salt on a chip
Ionic liquids have many demonstrated
uses including electrochemistry, organic
synthesis and biological applications.
However, the use of ionic liquids on the
macro scale is often not efficient owing
to their poor mass transport properties, a
result of intrinsic high viscosities. The
group of Dr Chuan Zhao (University of
New South Wales) has demonstrated a
solution to this problem through
miniaturised ionic liquid systems, where
micro and nano scale ionic liquids
enhance the mass transport rate of
dissolved molecules and significantly

improve efficiency over macro systems
(Gunawan C., Ge M., Zhao C. Nat.
Commun. 2014, 5, 3744, doi:
10.1038/ncomms4744) (see also page
11). They developed a facile approach to
combine the non-volatile and versatile
nature of ionic liquids with micro-contact
printing to fabricate extremely small
ionic liquid drops and microstructures as
open, ‘wall-less’ micro-reactors and

sensors on a chip surface that can be
part of an electrochemical or
spectroscopic system. Their results
suggest that miniaturised ionic liquid
systems can be used to solve the
problems of conventional solvent
evaporation and slow mass transport in
viscous ionic liquids in lab-on-a-chip
devices, providing a versatile platform for
a diverse number of applications.

Compiled by Matthew Piggott MRACI CChem (matthew.piggott@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.

Aust J Chem
In the June issue of Aust. J. Chem., a paper by Alizadeh and coworkers (Tehran) describes a four-component reaction that
creates five new bonds in one operation. The reaction is
initiated by the formation of the malodinitrile anion, which
adds to the central C=O bond in ninhydrin (blue) in a
Knoevenagel fashion. Separately, the malonate anion adds to
the isothiocyanate (pink) to generate a ketene S,N-acetal.
Finally, the two intermediates thus formed react with each
other to form the [3.3.3]propellanes shown.

Lou and co-workers (Shanghai) used the Si-rich zeolite Y
crystals (ZY-C) as precursors to prepare zeolite Y nanosheets
(ZY-N). Ultra-thin faujasite nanosheets with intact zeolite Y
framework were formed. Notably, the prepared ZY-N nanosheets
were rich in hierarchical pores. The mechanism of formation of
hierarchical perfoliate pores is explained in terms of selective
breaking of Si–O–Si bonds under hydrothermal treatment. Large
surface area, pore volume and the presence of hierarchical
perfoliate pores endow the ZY-N with powerful mass transfer,
which is important in the catalytic cracking industry.

Khurana et al. (Delhi) report an efficient synthesis of novel
pyrazolo[1,2-a]triazole-1,3,5-triones. The reaction of aromatic
aldehydes with Meldrum’s acid affords 5-arylmethylideneMeldrum’s acid derivatives, which with 4-phenylurazole lead to
the pyrazolotriazoles shown. X-ray data are reported. The
reaction provides a protocol for the synthesis of libraries of
compounds with antibacterial and antifungal activity.
Curt Wentrup FAA, FRACI CChem (wentrup@uq.edu.au)
http://researchers.uq.edu.au/researcher/3606
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Fight and flight
WWI technologies

BY RAY H ODGES
A ND GEOF F RA EBEL
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Engine fuel mixes and materials
performance were critical to
flying during the Great War.

ittle more than a decade after
the first powered flight by the
Wright brothers,
developments made flying an
integral part of war defence strategies
for armed forces and the Allied
victory of World War I. This new
technology and the unique
advantages of the aeroplane spread
from initial trials with reconnaissance
to aerial combat and ground attack.
Reliability and flight characteristics
were both limited by materials
available for early planes and
presented challenges for engineers.
Available engine power was limited,
making lightweight structure essential.
This led to airframes made from
spruce spars and ribs and wings
covered with doped linen fabric. The
chemistry of glues for bonding the
wooden components and dopes for
the fabric involved many trials and
ongoing improvements. One typical
dope to stiffen, weatherproof and
shrink fabric was the highly
flammable nitrocellulose (known as
‘guncotton’); others were esters
(acetates) of cellulose. Casein was a
common glue used in construction of
the aircraft framework – this is a
generic name for phosphoproteins
derived mainly from cows’ milk (80%
of the protein).
Engines were powered by petrol
initially with low octane (a distillation
cut of C4 to C10 hydrocarbons typically
in the range 20–40 octane, depending
upon the source of crude oil). The
octane of the fuel was an unknown
property and tests for measuring
detonation or knock index were not
available. In 1916, Charles Kettering
and Thomas Midgley, working for
General Motors in the US, started

L
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World War I aeroplane engine
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testing with a single-cylinder variablecompression engine to compare
sources of fuels and various additives.
In 1918, Sopwith Camels were fitted
with longer connecting rods to
increase compression and raise
altitude performance. Pure benzene
was found to have high antiknock
properties but could not be used at
altitude due to freezing solid below
5ºC (typical air temperatures above
10 000 feet were less than –10ºC).
Pure ethanol was also found to give
high performance but this fuel gave
some 25% less range and added
significantly to take-off weight. Amines
and iodine were initial antiknock
possibilities, but it was not until 1921
that the antiknock benefits of tetraethyl
lead were discovered (Bill Kovarik,
Soc. Auto Eng., Fuels and Lubs. Div.
conf., Baltimore, 1994).
Much later, at the onset of World
War II, English chemist Stanley Birch
discovered aviation alkylate (synthesis
of iso-octane from butene and
isobutane, which are gases produced
during cracking of heavier crude oil
fractions). This advance gave piston
engines a much needed edge in
performance for combat flying and
became the standard fuel called avgas
for light aircraft. Since about 1950, jet
engines using avtur (aviation
kerosene) were developed and now
predominate, reducing avgas to less
than 1% of all aviation fuel sold.
Normal combustion of a fuel–air
mixture in the cylinder of an engine
takes place smoothly within a few
milliseconds after spark ignition.
Detonation is the spontaneous
explosive burning of the end gas after
normal ignition and sends shock
waves oscillating back and forth in the
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combustion chamber. Light detonation
gives a characteristic ‘pinging’ sound
from the engine. The onset to heavy
detonation is sensitive to compression
plus temperature combinations and
ignition advance. Once detonation
starts, rapid overheating follows where
increasing proportions of the end gas
detonate. This quickly escalates to
engine damage, giving bent
connecting rods, holed pistons and
seizure with total loss of power.
Adequate cooling was a critical design
feature to avoid destructive detonation
as manifold temperatures rose. At
altitude, the lower air temperatures
and pressure meant higher
compression ratios could be designed
to help retain power, but at sea level

Courtesy Biggles Biplane

During World War I, Britain manufactured
55 093 planes, with 22 171 still flying by
1918. In comparison, France produced 15 342,
Germany 20 000 and the US 15 000 (though
none of those flew in combat). Today,
Australia has about 10 000 light aircraft in
service (mostly Piper and Cessna), and these
are far less troubled by material and reliability
problems than the pioneering types.
The BE 2 pictured was one of 3500 built;
designed by Geoffrey de Havilland in 1912.
They served through to 1919 in various roles.
In Australian service, the BE-2c was flown by
1 Squadron, Australian Flying Corps in Egypt
and Palestine, and it was the first aircraft
with which the squadron was equipped.
Powered with a Renault engine and inherently
stable, they were very useful as an
observation and utility aircraft, but they were
no match for German Fokker monoplanes.

Postcard (circa 1912–13) of a BE-2c over the Royal Aircraft Factory,
Farnborough, run principally at the time by the Royal Engineers

pressure, particularly in a pursuit
scenario, any panic over-boosting
would lead to the rapid onset of
detonation.
With materials then available,
pistons, rings and cylinders expanded
at different rates and would seize if
cooling or lubrication was inadequate.
Hence, early engines were made with
excessive clearances and had a
shorter life than today’s versions.
Lubrication demands were often
inadequate with straight mineral oils
and as clearances were taken up,
piston scuffing (precursor to seizing)
occurred. The more polar castor oil
contained better surface active
components and, when flying, the
normally non-return lubrication system

At altitude, the lower air temperatures
and pressure meant higher compression
ratios could be designed to help retain
power, but at sea level pressure,
particularly in a pursuit scenario, any
panic over-boosting would lead to the
rapid onset of detonation.
18 |
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of rotary engines meant significant oil
by-pass occurred much to the
discomfort of pilots in the open
cockpits.
By 1916, up to 50% benzene was
being added to fuel to reduce
detonation. The Sopwith Camel with its
Clerget air-cooled rotary engine,
became frequently chosen. Its nine
cylinders were connected
symmetrically round the one master
rod and crank. In this rotary engine,
the crankshaft was fixed to the airframe
and cylinders rotated round with the
propeller to enhance cooling at
maximum power during the slow
speed of take-off. For trainee pilots,
this arrangement could be fatal. The
rotating mass created large
gyroscopic forces during take-off and
flight. It would swing to the left as the
tail was lifted and then the opposite
way when the nose rose during lift-off.
It was best for the pilot to anticipate
these characteristics and apply full
opposite rudder just before these
changes in attitude as it was invariably
too late to correct once a swing had
started. For level turns in flight either
left or right, pilots had to apply full
right rudder. If not applied, the nose
would pitch up during right turns,
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Damien Burke/Biggles Biplane

First post-rebuild flight of replica 1914 BE-2c, pilot Matthew Boddington, son of the replica’s original constructor, at the controls

lowering airspeed, and a turning stall
would lead to a spin. In these very
early days, spin recovery was
unknown. Turns to the left were
inherently safer: if the nose did drop,
then airspeed would stay above
stalling point. Circuits and landings
today are still normally to the left
because of this problem, even though
all modern engines rotate only the
crankshaft (and mostly in the opposite
direction). Many high-powered
engines still have cylinders arranged
symmetrically about the crankshaft,
but their cylinders do not rotate and
are called radial engines.
Some British planes were inferior to
German models such as the Fokker
triplane. This imbalance led to
innovations that often reversed the
situation and today we still benefit from
wartime rapid advances. (During
peacetime, however, authorities are
much more conservative: one of the
authors was delayed 10 years waiting
for approval for use of car petrol as an
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alternative fuel to avgas when
Australian supply problems occurred
in 1978–9.) Early pilots also faced
discrimination problems stemming
from the British elite class system of
the day – officers with a revolver or
rifle took the front seat and could shoot
in any direction, sometimes with
disregard of wings and even the pilot
(treated like a stagecoach driver). In
addition, the conditions were seen as
‘soft’ compared to trench warfare;
there was perceived cowardice when
fleeing in their underperforming
planes, and poor leadership. The
typical life expectancy of a rookie pilot
was two weeks. British planes were
slow to be fitted with interrupter gear
to allow bullets to be fired straight
ahead, through the propeller.
Fast-moving aircraft presented
problems for ground-based gunners,
and tracer ammunition became widely
used. Phosphorus was the key
ingredient; it was ignited by cordite
and known as ‘smoke tracers’, with an

effective visual range of 300 metres.
Another incendiary bullet called
‘Buckingham’ was used by early
British night fighters against Zeppelins
that were threatening the British Isles.
Their hydrogen-filled gas chambers
were susceptible to incendiary fire
compared to standard shot (solid
bullets), which would simply pass
through outer skins without ignition,
but the British Royal Flying Corps
forbade its use in air-to-air combat (a
violation of the St Petersburg
Declaration). Pilots had to carry written
permission for use of incendiary
ammunition and it could only be used
for shooting at the chamber envelope
itself.
Some of these events were well
portrayed in the historically accurate
BBC TV series Wings, aired during the
late 1970s.
Ray Hodges FRACI CChem, now retired, was an
Associate Professor at Monash University. Geoff
Raebel is editor of the Bomber Command Association
of Australia newsletter.
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Process safety
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across industry

Trish Kerin, director of the new IChemE Safety Centre (ISC),
explains what the centre hopes to achieve and why people in all
industries need to think about process safety.
What is process safety?
Process safety is about effectively controlling hazards,
wherever they might be, to prevent high-consequence, lowfrequency events. Process safety events usually have
multiple root causes that can result in large losses – of life,
environmental or financial. This is different from
occupational safety, which focuses on preventing the lower
consequence, higher frequency events, such as muscle
strains, lacerations and falls.

What is the IChemE Safety Centre
and what are you hoping to achieve?
We are an industry-led consortium, facilitated by IChemE and
comprising 11 subscriber companies across Australia,
although we are expanding globally. We began operations in
January 2014, following the initial concept some three years
earlier. Our objective is to share, analyse, develop and apply
knowledge to improve process safety throughout the processbased industries. Our focus is helping companies learn from
each other and share best practices.
Process safety leadership can be improved in industries in
addition to those that are process-based. We aim to do this by
bringing together companies from diverse industry sectors
that would benefit greatly from sharing knowledge.
Traditional process industries Other industries that will benefit
Oil and gas
Pharmaceutical
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Chemical

Mining and mineral processing

Utilities

Logistics and storage, maintenance and
design, pulp and paper, food and
beverage, specialty gases, waste
management
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How should process safety be
managed?
The management of process safety is about having a
disciplined framework focused on prevention and control of
process safety events. Control needs to be maintained at all
phases of a facility lifecycle – management applies from the
initial concept or exploration phase, right through to
decommissioning or abandonment.
The ISC considers six functional areas, or pillars
(pictured), as fundamental to safety. For complete
management of process safety, high-level leadership and
commitment across all six functional areas are vital. This
leadership underpins all pillars.

How does sound leadership support
process safety?
Leadership in fundamental research, knowledge and
competence in process safety is essential. Senior leaders in
an organisation must set the expectations and demonstrate
their commitment in everyday actions. Process safety
leadership underpins inherently safer engineering and
design and robustly engineered safety systems. It supports
and upholds the continued evolution of systems and
procedures for maintaining safer process operations. These
are sustained by best practice in the assurance of process
safety in a changing environment, taking full account of the
contributions of human factors, behaviours and external
influences. This shapes the prevailing culture in the
workplace and in society at large to build a common
understanding of risk issues. It also develops and utilises
new ways for cost-effective and sustainable risk reduction in
the process industries.
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How do you hope to engage
non-process industries?

Culture

Human factors

Assurance

Systems & procedures

Engineering & design

Knowledge & competence

Management of process safety

Leadership
iStockphoto/Kristisha07

Why is process safety important to
non-process industries?
Several recent and notable examples of process safety
incidents can be found outside the traditional processing
industries. The list below is not exhaustive and reflects only
the past three years. These incidents all involved root causes
relating to knowledge and competence, engineering and
design, systems and procedures, assurance, human factors
and culture.

Over many years, the language and communication
around process safety have become quite complex,
creating a seeming impenetrable field of work, deterring
employees – from directors to workers – from becoming
engaged. While the detailed aspects of safety
engineering, such as layers of protection analysis or
quantities risk assessment calculations, are complex, the
fundamentals of what process safety sets out to achieve
are quite simple. It is not acceptable to say that an industry
or activity is dangerous and therefore we should accept
losses of some sort. We must challenge that assumption!
We need to simplify the language and discuss process
safety in terms that people will understand. Given that
leadership is a fundamental requirement for effective
process safety management, we must learn to
communicate lessons and information in business-related
terms, so that directors can not only understand it, but take
action on it. Everyone deserves to get home safely, be safe
in their homes and consume or operate safe products.
Engineers over the past 40 years have developed
techniques and tools for understanding and managing
process safety in traditional process industries. It is now
more important than ever to share lessons learned across a
broader spectrum of industry and educate society to work
towards eliminating these types of incidents.
Trish Kerin commenced as director of the new IChemE Safety Centre in Melbourne
in January 2014. To find out more about the ISC or process safety, contact her at
safetycentre@icheme.org.

Recent process safety incidents
April 2014 – Sewol ferry capsizes and sinks off South Korean
coast; failures in knowledge and competence, engineering and
design, systems and procedures, safety culture and human
factors
March 2014 – Malaysian Airlines flight MH370 disappears;
failures in engineering and design, systems and procedures, and
human factors
Early 2014 – General Motors recalls 2.6 million cars with faulty
ignition switches; failures in engineering and design, systems
and procedures, assurance, safety culture and human factors
January 2012 – Costa Concordia is grounded and sinks off
Italian coast; failures in knowledge and competence, systems
and procedures, assurance, safety culture and human factors
January 2011 – Wivenhoe Dam floods Brisbane River; failures
in knowledge and competence, systems and procedures,
assurance, safety culture and human factors
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The grounded and sinking Costa Concordia, with lifeboats in the foreground
Wikicommons/Rvongher
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Joseph Priestley (1733–1804)
iStockphoto/SimonHS

Phlogiston
theory A grand prequel
BY DAVE SA MMU T

A long-since discounted theory
remains a significant backdrop for
some great science of its time.

read recently that during the long,
weary march back from his failed
Russian campaign in 1812,
Napoleon claimed to have
discovered the ‘fifth element’ … mud.
This may have been apocryphal, but it
put me in mind of another story.
I have to preface the story with my
ignorance. I’m an industrial chemist.
As a rule of thumb, if you give me two
pure chemicals and a large enough
vat, I could probably manufacture for
you a third, slightly impure, chemical.
So I’m writing here from that spirit of
wonder about the world that I would
hope drives us all in our scientific
vocation, as opposed to claiming any
specific expertise on my own part.
Years ago as a neophyte chemist, I
was delighted with phlogiston theory,
as put forward in concept by Johan
Joachim Becher in 1667 and later
named and elaborated by Georg Ernst
Stahl in 1703. The basic concept was
that materials that burned in air must
contain a substance, termed
phlogiston, which was released during
combustion.

I
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According to the theory, the
roasting of a metal (such as tin) gave a
‘calx’ of metal (metal oxide) plus
phlogiston. During combustion, that
phlogiston was released into the
atmosphere. Experiments at the time
then demonstrated that the addition of
phlogiston to the calx of a metal
brought about the reverse reaction. So
when charcoal or sulfur, considered to
be rich in phlogiston, were heated with
the calx of tin, the phlogiston was
transferred to the calx and the tin was
restored to its metallic state.
In theory, air as an element had only
limited capacity to absorb emitted

According to the
theory, the roasting
of a metal (such as
tin) gave a ‘calx’ of
metal (metal oxide)
plus phlogiston.

phlogiston before it became
‘phlogisticated’, and a burning candle
in a closed vessel would therefore go
out. Conversely, ‘dephlogisticated air’
had the potential to support
combustion. At a point in history prior
to the discovery of oxygen, or of air as
a mixture of gases, this is internally
consistent. Indeed, it is basically a
mirror image of the truth.
‘Phlogisticated’ air is denuded of
oxygen; ‘dephlogisticated’ air has its
full 21% complement.
The 18th century was an
inspirational period in chemistry.
Emerging from the four-element
theory of the universe, the chemistry
enlightenment had begun and a great
era of discovery was imminent. At the
beginning of that century, only a
handful of actual elements was known
– the ancient metals and non-metals
copper, silver, tin, gold, mercury, lead
and sulfur – and these were not widely
recognised as elements in themselves.
Bismuth and phosphorus were
‘modern’ discoveries, and carbon
hadn’t been isolated until the late 17th
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Breathing room
I couldn’t help but include some of
the science that led to the discovery
of the role of oxygen in life. Starting
with studies of mice, Priestly found
that the ability of air to sustain life
could be used up in respiration, but
that this property of air could be
restored using plants.
In 1774, Priestly isolated oxygen
from the decomposition of a ‘red calx’
of mercury (HgO), using a lens to
focus the sun’s rays. He went on to
discover that this new form of ‘air’
was better than ordinary air for both
respiration and combustion. He placed a mouse in a vessel in which it would
normally survive for about 15 minutes with ordinary air. This mouse ran about
for fully 30 minutes, and then having been removed apparently dead, was
revived when warmed (perhaps by one of the particularly energetically burning
candles in his new ‘air’).
Further experiments showed that this new air was between four and five
times better than ordinary air … and that Joseph Priestly wasn’t particularly
fond of mice.
iStockphoto/JamesBrey

century. This was an era ripe for
revelation.
Yet the experimental scientists of
the era were working under
extraordinary limitations. There was no
reliable source of heat for their
experiments. Control was often as
simple as the number of candles that
were applied to a vessel. Daniel
Gabriel Fahrenheit didn’t invent his
alcohol thermometer until 1709, nor
the mercury thermometer until 1714,
nor the measurement scale bearing
his name until 1724. And there was a
significant disconnect between
theoretical and experimental scientists,
with the former – somewhat
surprisingly to our modern eyes –
holding sway.
Phlogiston theory was dominant for
much of the 18th century, and
continued to be taught at Harvard until
at least 1788. Regardless that it was
wrong, I admire the self-consistency of
the theory. And notwithstanding that
there are now-obvious problems with
the theory, notably including that a
metal combusted in air will gain
weight rather than losing it (a fact that
was available to but ignored by
phlogiston theorists), I readily
acknowledge the limitations of the era.
This is particularly so when
experimental science as we know it
was still being developed.
Phlogiston theory provided the
context for some of the greatest
science of the era, for names that we
now laud as the founders of our
modern understanding.
Joseph Black’s groundbreaking
thesis, first published in 1754, showed
for the first time that air is a mixture of
gases and not a single substance.
Among his experiments, Black used
the ‘air’ released from mild alkalis
(carbon dioxide) to extinguish a
candle, showing that this was different
from ordinary air, but that it must be
present and dispersed in the
atmosphere. However, his work was not
widely accepted for several decades,
and so even approaching a decade
before Antoine Lavoisier’s English-

language publication of Elements of
chemistry in 1790, the prevailing view
was that there were only three gases:
‘air’ (not yet widely recognised as a
mixture of gases), ‘fixed air’ (carbon
dioxide), and ‘inflammable air’
(hydrogen, discovered by Henry
Cavendish in 1776).
Although only a part-time chemist,
Joseph Priestly discovered 10 gases,
including ammonia, sulfur dioxide and
nitrous oxide. Having the good fortune
to live close to a brewery (arguably
every chemist’s dream), Priestly had a

Phlogiston theory
was dominant for
much of the 18th
century, and
continued to be
taught at Harvard
until at least 1788.

ready source of deep beds of ‘fixed
air’ from the vats that he used for
experimentation. Sloshing water back
and forth between vessels with ‘fixed
air’, he found that he could produce a
sparkling drink, and with further
experimentation using chalk and
sulfuric acid, then dissolving the gas in
water under pressure, he produced
soda water. And as a Scot in a time of a
very healthy whisky industry, so was
born a drink that has graced
gentlemen’s clubs for more than two
centuries to follow.
Priestly’s most important gaseous
discovery was of course oxygen. Yet
Priestly described his experiments in
terms of phlogiston theory. And as late
as 1796, in his Experiments and
observations relating to the analysis of
atmospherical air, Priestly wrote that ‘In
all other cases of the calcination of
metals in air, which I have called the
phlogistication of air, it is not only
evident that they gain something,
which adds to their weight, but that
they likewise part with something.’
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The discovery that water is a compound of hydrogen and oxygen was made in the early 1780s. Lavoisier
demonstrated that iron reacts with water, releasing hydrogen. Engraving from ‘Schule der Chemie’ by Dr J.
A. Stöckhardt, Braunschweig, Vieweg und Sohn, 1857. Unidentified Author.
iStockphoto/gameover2012

A contemporary of Priestly, Carl
Wilhelm Scheele, was actually the first
to discover oxygen, but it was Priestly
who published first. However, in his
1780 Treatise on air and fire, Scheele
presented his reasoning within a
phlogistic framework. Primarily a
mineral chemist, Scheele went on to
be the first to identify a range of
elements and compounds, including
molybdenum, tungsten, barium and
tartaric, citric, hydrofluoric and a
range of other organic and inorganic
acids.
Similarly, Henry Cavendish’s
discovery of hydrogen as ‘inflammable
air’ was made through the reaction of
metals with acids. He believed that the
hydrogen was released by the metals

involved in the reaction, and that in
capturing the gas released he had
isolated phlogiston itself.
What I find fascinating about all of
this is not that the scientists of the era
were wrong on the subject of
phlogiston, but how they reasoned
their way through a series of
observations, and how, most
importantly, the scientific process of
careful experimentation, publication
and peer review ultimately guided the
collective footsteps of the scientific
community onto the ‘right’ path.
I believe that there is a valuable
lesson in this for today’s young
chemists. As scientists, we learn as
much from our mistakes as from our
successes, often more.

However laudable Antoine
Lavoisier’s achievements in chemistry,
it is worth noting that his Elements of
chemistry, which arguably augured the
death of phlogiston theory, introduced
its own erroneous ‘caloric’ theory.
Lavoisier, following careful
measurement of mass and heat,
reasoned that heat was a type of fluid
made of indestructible particles called
‘caloric’ that flowed from a hotter body
to a cooler body via pores. As a
precursor to kinetic theory and the
conservation of energy, caloric theory
held sway for another 50 years and
more.
This process of error and correction
has been repeated over and over.
Even in living memory, the geologic
science of tectonic plates has made
the transition from wild surmise,
bucking the prevailing theory, through
to established science. The theory of
anthropogenic climate change is
struggling with that same transition.
One of the truly great aspects of
science is that it is, at its best, empirical,
testable and repeatable. It is honed in
the fires of repeated scrutiny and
adjustment, hammered on the anvil of
peer review. Even the greatest scientists
in our memory were wrong about
something. As a scientist, I take great
pleasure in being wrong from time to
time. It’s part of a grand tradition.
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.

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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Peter Lehman

MUCS: Valda McRae
Memorial Lecture
On 2 April 2014, Professor Emeritus
Don Cameron FRACI CChem delivered
the Valda McRae Lecture to the
Melbourne University Chemical Society
(MUCS). Dr Valda McRae was a student
and long-term staff member of the
School of Chemistry, University of
Melbourne, who had a strong interest
in the history of the School. In recent
years Valda authored two books, one
detailing the history of the School from 1960 to 2000 and the
second, From chalk and talk to powerpoint, is an account of the
first 1000 meetings of MUCS. Sadly, Valda passed away in
January this year and the Valda McRae Lecture was proposed to
recognise and celebrate her contribution to the School of
Chemistry and MUCS over a period spanning seven decades.
Given her interest in the history of Chemistry at the University
of Melbourne, the MUCS committee thought it appropriate to
institute a lecture in Valda’s honour that would be delivered by
an eminent chemist able to offer a historical and personal
perspective on the development chemistry over his or her career.
As a colleague and friend of Valda McRae, Professor Don Cameron
was invited to present the first lecture at the 1025th meeting of
MUCS. The lecture was delivered to a packed Cuming Theatre in
the Chemistry Building at the University of Melbourne.
Professor Cameron’s lecture, entitled ‘What possible use can
NMR spectroscopy have for chemistry?’, reflected upon the way
organic chemistry had changed since the 1950s. In the lecture,
Professor Cameron pointed to three significant advancements
that have had a profound impact on the development of organic
chemistry in the last 60 years:
• the use of spectroscopic methods such as NMR to characterise
materials
• employment of chromatographic techniques that have
simplified the separation of compounds
• representation of the 3D structures of complex organic
molecules.
The lecture, which was enthusiastically received by the large
audience, also traced the history of Chemistry at the University
Melbourne.
In keeping with the historical theme of the afternoon,
Associate Professor Michelle Gee officially launched the
Chemistry Collection Virtual Museum at the conclusion of the
lecture. The virtual museum (http://museum.chemistry.
unimelb.edu.au) offers public access to items of historical
significance related to chemistry teaching and research at the
University of Melbourne. Following the close of the MUCS
meeting, a reception was held in the foyer of the Chemistry
building.
Brendan Abrahams MRACI CChem and Frances Separovic MRACI
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RACI Fellow wins
Frankland Award
Professor Cameron Jones FRACI CChem
was surprised to discover he had won
the Royal Society of Chemistry‘s
coveted Frankland Award, thus joining
an elite field of international scientists.
The award recognises outstanding
contributions to pure and applied
research in organometallic chemistry or
coordination chemistry. Jones was
recognised ‘For his many contributions
to new, fundamental main group and transition metal chemistry,
and in particular for the synthesis and reactivity of compounds
of the group 13 and 14 elements in low formal oxidation states.’
Jones, from the School of Chemistry, Monash University,
admits he was surprised at having won the award, given the
nature of its global status. ‘It was a great and unexpected
honour, especially given this award is open to inorganic
chemists from across the globe,’ he said.
When Jones looked at the list of previous winners of the
Frankland Award, he was impressed to see all the giants of the
field who have helped shape its direction over the past
30 years.
‘Being added to that list is nothing short of humbling.
Although Australia has a very strong tradition of organometallic
chemistry, when I returned to the country in 2007 my plan was
to introduce a new sub-area of this field that was rapidly
emerging in Europe and North America.
‘I think we have succeeded in that goal, and this
international recognition of our efforts will only help the
further development of our research ambitions into the future,’
he said.
Jones arrived at Monash in 2007 as an Australian
Professional Research fellow. He began his career after receiving
his BSc(Hons) degree from the University of Western Australia
before completing his PhD at Griffith University, Queensland.
This was followed by postdoctoral work at Sussex University and
a lectureship at the University of Wales, Swansea. He was then
appointed a readership at Cardiff University in 1998 before
being promoted to personal chair in 2002.
The Frankland Award is not Jones’ first international award.
It follows a litany of awards including the Main Group Chemistry
Prize of the RSC, UK, Senior Research prize of the Alexander von
Humboldt Foundation, Germany, and the RACI Burrows Award.
Most recently, in November last year, he was awarded the
RACI’s H.G. Smith Memorial Medal. ‘Winning such high profile
awards as the H.G. Smith Memorial Medal highlights a national
recognition of our research, while the international recognition
that comes with the Frankland Award further adds to that
recognition on an international level.’
MONASH UNIVERSITY
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Desmond (Des) Joseph Brown

Eminent organic chemist

Des was born on 16 December 1920 in Watersleigh in Sydney,
the second of two children to his parents Leslie and Lily. He
attended St Patrick’s College, Strathfield, and developed a lifelong devotion to the Catholic faith. He died on 1 July 2013,
aged 92.
He was dux and gold medallist at primary school, developed
an early interest in chemistry and established his own
laboratory at home. He also excelled in secondary school and
was subsequently awarded a Public Exhibition to attend the
University of Sydney.
During his undergraduate course (1938–41), Des was
awarded a Liversidge Scholarship and a Cox-Findlayson
Scholarship. He achieved a BSc with first class honours in
chemistry. In 1942, he was a research scholar at the University
of Sydney and from 1943 to 1945, he was a research assistant
to Professor J.C. Earl at the university and for a period at the
Australian Field Experimental Station at Proserpine in
Queensland. During 1945–46, he was a member of Professor
Adrien Albert’s Chemotherapy Group at the University of Sydney,
working on the synthesis and structure–activity studies of
antibacterial benzoquinolines and benzacridines. The MSc
degree was conferred on him in 1946. In that year he was
awarded a James King of Irrawang Travelling Scholarship and a
Rockefeller Grant for a postgraduate studentship at Imperial
College, London, where he undertook research on the synthesis
of new heterocyclic analgesic compounds. He was awarded the
PhD degree and the Diploma of Imperial College in 1948. He
received a Medical Research Council (Britain) grant and worked
(1948–49) at University College, University of London, on
pyrimidine and pteridine research.
In April 1949, Des was appointed a research fellow in the
Department of Medical Chemistry (initially located in London)
of the John Curtin School of Medical Research (JCSMR) of the
Australian National University (ANU). He was tenured as a
fellow in October 1949 and became senior fellow in July 1956.
He was promoted to reader in August 1961 and was Head of the
Medical Chemistry Group from 1974 until his retirement at the
end of 1985.
Des was awarded a DSc degree by the University of London
in 1961, the H.G. Smith Memorial Medal in 1964 and the
Archibald D. Olle Prize for Chemical Literature in 1997. He had a
long association with the RACI; he was made a Fellow in 1958,
was chairman of the Canberra Section in 1963, and chairman of
the Heterocyclic Chemistry Division (1968–70) and became an

Honorary Life Member in 2008. He was a Member of the Royal
Society of NSW (from 1943), a Life Member of the Royal Society
of Chemistry (MRSC) (previously The Chemical Society of
London) from 1945, and a Chartered Chemist (CChem). He was
also a member of the International Society of Heterocyclic
Chemistry from 1967, and was associated with the International
Society of Pteridinology from its inception.
Des was a renowned organic chemist and carried out research
particularly on heterocyclic compounds during most of his
working life. He authored and co-authored over 200
publications in this field with medicinal chemistry in mind. As
the major or sole author, he left a legacy of 12 comprehensive
monographs* on diazabenzenes and polyazanaphthalenes in the
Wiley–Interscience series The chemistry of heterocyclic
compounds. He was principal supervisor of 18 PhD students and
mentored many postdoctoral and research fellows from Australia
and overseas, and collaborated extensively with scientific
colleagues from across the world.

*The pyrimidines (with an essay by S.F. Mason), 1962, vol. 16, 774 pp.; The pyrimidines, supplement I (with a chapter by R.F. Evans and an essay by T.J. Batterham), 1970,
vol. 16.1, 896 pp.; The pyrimidines, supplement II (with a chapter by R.F. Evans and essays by W.B. Cowden and M.D. Fenn), 1985, vol. 16.2, 916 pp.; Fused pyrimidines
part 3, pteridines, 1988, vol. 24, 730 pp.; The pyrimidines, 1994, 2nd edn, vol. 52, 1509 pp.; The quinazolines, supplement I, 1996, vol. 55, 736 pp.; The pyridazines,
supplement I, 2000, vol. 57, 687 pp.; The pyrazines, supplement I, 2002, vol. 58, 557 pp.; The quinoxalines, supplement II, 2004, vol. 61, 510 pp.; Cinnolines and
phthalazines, supplement II, 2005, vol. 64, 481 pp.; The naphthyridines, 2008, vol. 63, 423 pp.; Cumulative index of heterocyclic systems (vols 1–64: 1950–2008), 2008,
vol. 65, 399 pp.
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After retiring formally from the JCSMR, he became a Visiting
Fellow in the Research School of Chemistry, publishing further
work and attending lectures and seminars. He eventually retired
in 2010 at the age of 90.
Des met his future wife Jan in 1946 at a University of
Sydney bushwalking group function. Jan joined him in London
in 1947, where they were married, and where their children
Michael, Julia and Paul were born. When the JCSMR building
was completed on the ANU campus in 1956, the Department of
Medical Chemistry moved from London to the new premises in
Canberra. The Brown family returned by sea to Australia in late
1956 and moved into the family home in Canberra in early
1957.
Des and his wife Jan provided a wonderful blend of the best
of art and science for their family with whom he shared his love

of classical music and opera. He always supported and
encouraged Jan in her artistic endeavours and wonderful
achievements. Jan (AM) is an artist, sculptor and art lecturer.
Des had a polite, quiet, welcoming, considerate and helpful
nature with an unusually sharp memory and mind, which was
still evident a day or so before he died. He will be sadly missed
by his wife Jan, their children, 19 grandchildren and 6 great
grandchildren. His colleagues, friends and those of the
international scientific community who knew him well will miss
him too. He will be remembered as one of the world’s eminent
scientists, and a kind and thoughtful gentleman.
An issue of the Australian Journal of Chemistry dedicated to
Dr Brown is contemplated.
Jan Brown, Paul Brown, Gordon B. Barlin FRACI CChem and Wilfred L.F.
Armarego FRACI CChem

Noel Cant

Catalysis expert
Noel Cant MRACI CChem, who died of cancer on 12 April 2014,
was born in 1940 in Western Australia, where he received his
secondary and tertiary education. Right through that – from
primary school to being a postgraduate in chemistry at the
University of Western Australia – he was a contemporary of
Bruce S. Middleton, who became a leading Australian scientific
policymaker and in the late eighties advised on Australia’s
space policy.
Dr Cant (as he had then become) went to Macquarie
University shortly after it ‘opened for business’ and was one of a
handful of young staff appointed to the School of Chemistry in
circa 1970 to teach and research physical chemistry. Others
appointed about then included Mike Batley (physical), Roland
Smith (physical), Lyall Williams (organic) and the late Merlin
Howden (organic). The School was headed initially by G.A.
Barclay, who died last year at age 90, and then by J.H. Green.
Barclay and Green both had their roots in Australia, and staff of
the School were to find themselves under a new regime when in
1976 Professor B.F. Gray was brought from England as Head of
School. That was when I first knew Noel: B.F. Gray brought me
from England a year later to the equivalent of a postdoc, so
Noel and I became colleagues.
Noel’s area of research was catalysis, and his distinguished
work enabled him to climb each rung of the academic ladder,
his promotion to a chair coming in 1991. He collaborated with
the late David Trimm at the University of New South Wales and
spent a good deal of time, by formal agreement, at the
University. On retirement, he joined the (by then lengthy) list
of emeritus professors in chemistry at Macquarie University and
had an office in the new building there.
I remember social conversations with Noel at morning tea,
including one of him describing how, when looking into buying
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a particular model of car, he discovered that the quotation from
the dealer was set up in such a way that the wheels were
classified as ‘extras’. For many years, he travelled to work from
his home in the Sydney suburb of Cheltenham in a VW Beetle
that had belonged to his father in Perth. Noel brought it to
Sydney across the Nullarbor once his father no longer needed it,
and it became the second car in the Cant family. When Noel
eventually decided that after 25+ years the Beetle should be
sold, he had responses to his advertisement from hundreds of
miles away, as ‘classic Beetles’ had a cult following by then.
These are all trivia, but as one becomes increasingly aware with
the passage of the years, such anecdotes are an important
element in recalling a late friend and colleague.
A devoted family man, Noel often talked of his family, for
example of how when they were in the US while Noel was on
sabbatical, his son acquired an American sports bike, which by
arrangement with the airline they were able to bring back.
Noel’s friends are naturally thinking of the family at this
difficult time. They are also thinking of Noel’s major
contribution to the chemical sciences in Australia. It is only
five or six years since I last saw Noel, and I am glad that there
was that opportunity for contact towards the end of his life,
decades after our being colleagues.
Clifford Jones FRACI CChem

Obituary guidelines

Obituaries for publication in Chemistry in Australia
should have an approximate length of 450 or 800 words
or less and can be submitted with an image to the Editor
at wools@westnet.com.au.
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Are we all scientific
experts now?
Collins H., Polity Press, 2014, soft cover,
144 pp., ISBN 9780745682044 $20.95

This is a small book, comprising
introduction, four chapters and a
conclusion, notes, bibliography
and index. It may surprise, even
shock, some scientists. Certainly,
it will make them think more
about public perceptions of
science.
Harry Collins is a founder and
long-time practitioner in the field
of ‘science studies’, which had its
beginnings in two older
disciplines, history of science and philosophy of science. To
this, he added his own discipline, ‘sociology of science’. Science
studies developed in three waves. In the first wave,
practitioners studied the way the scientific community was
organised and the way it worked, testing its knowledge against
a fixed world. But no one ever thought to challenge the
accepted pre-eminence of science, or that scientific ideas were
all good.
In the 1960s, the paradigm changed abruptly, following the
publication of a book by Thomas Kuhn called the Structure of
scientific revolutions. Thereafter, orthodoxy could be challenged,
and was. One of Kuhn’s theses was that certain new ways of
thinking had a revolutionary effect on the way scientists
interacted with the world. For one thing, it no longer served as

Interdisciplinary mentoring in
science – strategies for success

Olivero O.A., Academic Press, 2013, soft cover, 200 pp.,
ISBN 9780124159624, $40.95

What Ofelia A. Olivero desires above all else for us scientists is
that we embrace and enjoy the spoils of a fruitful mentoring
relationship at some point during our careers. More precisely,
the author of Interdisciplinary mentoring in science – strategies
for success would like us to be a part of and experience
mentoring relationships throughout our careers, from both the
mentor and the mentee perspective. Olivero is firm in her belief
that mentoring is essential for healthy, self-sustaining and
prosperous science-based relationships, especially in a
collaborative and interdisciplinary sense.
Personally, mentoring is a relatively new concept,
encountered during a graduate certificate of public sector
management. This topic was explored during our ‘Managing In’
unit, which also featured other ‘introspective’ and
‘understanding self’ topics such as emotional intelligence,
personality traits and tests (e.g. Myers–Briggs) and career
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a fixed point, or reference, as in the past. We are then
introduced to another field, the ‘sociology of knowledge’, which
studies how people arrive at their beliefs. In the 1970s, yet
another field emerged, ‘sociology of scientific knowledge’ (SSK),
upon which the growth of the second wave was based.
Arising from widely publicised scientific disasters, evidence
of manipulation of science and increasing media scrutiny, the
public became disillusioned with science and scientists, and
citizens felt a (misplaced) sense of empowerment (default
expertise).
The remainder of Chapter 1 elaborates examples
demonstrating that science ‘is not just one unified body of
thought and findings’. Chapter 2 discusses expertise and
experts, leading to a table (p. 62) that depicts ubiquitous,
specialist and meta-expertises and their subcategories.
By Chapter 3 we find ourselves in the third wave, which
seeks to reconcile the specialness of science with an accurate
portrayal of the world of science, by analysing the skills,
experience and expertises of its practitioners and presenting
evidence in better ways. Chapter 4 examines ‘citizen whistleblowers’ and consequences of their actions.
The conclusion re-examines four categories of expertise,
explaining when they apply. While scientists continue to be a
special group of people, ‘we are not all scientific experts now’! I
strongly recommend this book to all scientists.
Peter G. Lehman FRACI CChem

John Wiley & Sons books are now available to RACI members at a 20%
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 20% discount will be applied to your purchase at the end of the
process.

planning. While I appreciate
the merits of mentoring and
benefits it can provide, I’ve
not been able to put
mentoring into practice.
Olivero would likely admonish
me for the lack of followthrough. However, I’m not one
of her ‘non-believers’, since I
do acknowledge the merits of
mentoring; I just haven’t been
able to strike up a relationship
yet!
At the heart of successful
mentoring in Olivero’s
assessment is gratitude. She
argues, convincingly, that it’s
receiving gratitude that
motivates us to reciprocate in kind. We reciprocate not out of a
sense of obligation but because of how positive it makes us feel
to enrich another’s professional career. Exchange or transfer of

July 2014

gratitude between mentor and mentee thus underpins the
mentoring relationship.
Early on, Olivero draws distinction between conventional
academic relationships (e.g. vertical supervisor–student) and
genuine mentoring. To her mind, mentoring is not an imposed
relationship with personal agendas and time constraints.
Neither is it unequal in terms of participants’ career standings,
age, gender or other cultural or social attribute. Rather, true
mentoring involves at least two individuals who interact
horizontally and equitably, where information and ideas flow in
both directions for mutual benefit over the long term. For
mentoring to flourish, her key piece of advice is that a mentor
be as independent from the mentee as reasonably practicable,
so the most objective perspective can be applied to the
relationship. Feedback, in terms of setting, format and
frequency for example, is also a critical aspect of mentoring
that requires serious effort and attention.
Olivero identifies and persuasively argues that traditional
mentoring in a scientific setting, particularly an
interdisciplinary one, is not meeting the needs and aspirations
of mentors and mentees. While she singles out the conventional
supervisor–student relationship as one example of this, she also
notes that organisational ‘silos’ and lack of recognised
mentoring training materials and programs for sciences also
limit the potential to develop and sustain effective mentoring
relationships. The author draws on her own experiences
attracting and training prospective scientists, as a mentee and
mentor, and a drive to harness human diversity for scientific
gain. Olivero uses references sparingly but effectively, largely
from the social sciences. How teams form, communicate,
regulate and become self-sustaining (so-called ‘science of team
science’) is of particular interest to Olivero.
Another key and personal focus for Olivero is mentoring of
minorities and women. Mentoring is Olivero’s method of choice
to help us understand, appreciate, equip and integrate minority
players into cross-discipline science teams. She advocates that
inclusion and involvement of minorities and women is critical
to the success of interdisciplinary science. As in other aspects
of life, minorities and women face particular challenges in their
quest to be productive scientists. Olivero highlights several of
the more prominent obstacles (e.g. ‘imposter effect’) and offers
ways to overcome them. Her advice is that interdisciplinary ('I')
mentors make building a team with a diversity of cultural
attributes and capabilities a priority. She encourages mentors to
be culturally aware and sensitive in order to reap the most from
mentoring relationships.
The text’s highlight is the inclusion of several insightful
interview responses from learned medical science practitioners
with various degrees of mentoring exposure and experience.
Interview questions are designed to elicit responses that
support the text’s primary purpose, namely how to identify,
develop, implement and sustain effective mentoring strategies
and techniques for individuals and groups. Respondents are
forthright, open and honest with their feedback. You can
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quickly identify and verify in each respondent the mentor traits
and capabilities that Olivero introduces and discusses
throughout the text – a rather nice convergence. For practical,
‘road tested’ tips and advice concerning mentoring in a variety
of scientific settings, a reader could do much worse than
consulting just these interviews.
Olivero concentrates on defining, developing, applying and
managing interdisciplinary mentoring for ‘team science’ in the
text’s second half. While her mentoring focus is tailored to the
biomedical sciences, the inference is that mentoring criteria,
challenges and solutions are transferable. Olivero maps out the
traits of the ‘ideal’ I-mentor, an amalgam of coach, diplomat,
fixer and ambassador. One could be forgiven for thinking that
an I-mentor is akin to a superhero. Fortunately, her expert
interviewees confirm that such people do exist. She highlights
the critical role of I-mentor training and outlines how Imentoring might be applied to a real-life setting (e.g. obesity
epidemic). Olivero believes that I-mentoring is particularly
suited to our contemporary interconnected society where many
(human health) problems (e.g. diabetes, cancers) by their
nature span many disciplines and require intimate and effective
cooperation across these disciplines. She believes that major
scientific advancements are now more likely to stem from
groups or collaborations of scientists rather than from isolated
individuals. I-mentoring is one approach to help optimise group
dynamics and hence outputs.
For budding I-mentors, Olivero devotes one of the latter
chapters to describing how to create and sustain an Imentoring program in your organisation. Whingers, time
thieves, energy drainers and those with personal agendas need
not apply. She dabbles with synchronicity and ‘morphic
resonance’* to round out the book, which seems a neat way to
finish.
With its mix of theory, expert interviews, practical advice
and ‘mind opening’ exercises Interdisciplinary mentoring in
science – strategies for success is an accessible and useful text
for every aspiring and practising scientist truly interested in
changing the world through recognising and harnessing
diversity, accomplishing scientific goals through a team
approach (rather than as isolated individuals) and who has a
willingness to embrace mentoring practice. Olivero’s engaging
text works both as a valuable self-directed resource about
mentoring and on another level as a prompt for a great deal of
self-reflection, the challenging of well-established norms and
dogmas and a ‘recalibration’ about how we engage, involve and
practice interconnected science.
Damien Blackwell MRACI CChem
*The notion that communities may be connected and influenced by behaviours
and thoughts (‘morphic fields’).

Receive 25% off this and other Elsevier books at
www.store.elsevier.com (use promotion code PBTY14).
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food & cooking

Caramelisation: new science, new possibilities

For me, the epitome of stovetop alchemy is making caramel
from table sugar. You start with refined sucrose, pure crystalline
sweetness, put it in a pan by itself, and turn on the heat. When
the sugar rises above 160°C, the solid crystals begin to melt
together into a colourless syrup. Then another 10° or 20°
above that, the syrup begins to turn brown, emits a rich,
mouth-watering aroma, and adds tart and savoury and bitter to
its original sweetness.
That’s the magic of cooking front and centre: from one
odourless, colourless, simply sweet molecule, heat creates
hundreds of different molecules, some aromatic and some tasty
and some coloured.
How does heat turn sugar into caramel? In room-temperature
table sugar, the sucrose molecules are jittery but standing in
place, held still by the forces of attraction to their neighbours.
As the sugar heats up in the pan, its molecules get more and
more jittery, to the point that their jitters overcome the
attractive forces and they can jump from one set of neighbours
to another. The solid crystals thus become a free-flowing liquid.
Then, as the temperature of the sugar molecules continues to
rise, the force of their jittering and jumping becomes stronger
than the forces holding their own atoms together. The
molecules break apart into fragments, and the fragments slam
into each other hard enough to form new molecules.
That’s what I’ve thought for many years, along with most
cooks and confectioners and carbohydrate chemists: heat melts
sugar, and then begins to break it apart and create the delicious
mixture we call caramel.
And we’ve all been wrong.
It turns out that, strictly speaking, sugar doesn’t actually
melt. And it can caramelise while it’s still solid. So proved
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chemist Shelly Schmidt and her colleagues at the University of
Illinois (Lee J.W. et al. J. Agric. Food Chem. 2011, vol. 59, pp.
684–701, 702–12).
It’s dismaying to think that so many could be so wrong for
so long about such a basic ingredient and process! But it’s also
a rare opportunity to rethink the possibilities of the basic.
Here’s a plateful of possibilities.
Professor Schmidt’s group made their discovery when they
tried to nail down the precise melting point of sucrose. The
figures reported in the technical literature vary widely, and it
wasn’t clear why.
The melting point of a substance is the temperature at which
it turns from a solid into a liquid while maintaining its chemical
identity. When solid ice turns into liquid water, for example, the
molecules of H2O move fast enough to escape the attractive
forces of their neighbours, but they’re still H2O. And it doesn’t
matter how fast the substance heats up: the melting point is
the same. Ice melts at 0°C. Always.
After careful analysis, Professor Schmidt found that
whenever sugar gets hot enough to turn from a solid into a
liquid, some of its molecules are also breaking apart. So sucrose
doesn’t have a true melting point. Instead it has a range of
temperatures in which its molecules are energetic enough to
shake loose from their neighbours, and a range in which the
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molecules jitter themselves apart and form new ones. And these
two ranges overlap. Whenever sugar gets hot enough to liquefy,
it’s also breaking down and turning into caramel. But it starts
to break down even before it starts to liquefy. And the more
that sugar breaks down while it’s still solid, the lower the
temperature at which it will liquefy.
When we make caramel standing at the stove, we use high
heat to liquefy and then brown the sugar in a few minutes, and
the liquefying temperature can be upwards of 190°C. But
Professor Schmidt’s group found that when they ramped up the
heat slowly, over the course of an hour, so that significant
chemical breakdown takes place before the solid structure gives
way, the sugar liquefied at 145°C.
I made the caramelised sugars in these photos by putting
crystals and cubes in my gas oven at around 125°C, shielding
them with foil above and below to avoid temperature extremes
from the cycling heating element, and leaving them there
overnight and longer. In the large sugar crystals, which I got in
a Chinese market, it’s clear that breakdown and caramelisation
is fastest in the centre. That may be because the centre is
where impurities get concentrated as the crystals are made, and
the impurities then kickstart the breakdown process.
Caramel makers have long known that, as is true in most
kinds of cooking, the key to caramelisation is the combination
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of cooking temperature and cooking time. But the temperatures
have typically been very high, the times measured in minutes.
Now we know that you can caramelise low and very slow and
get something different. Sugar breakdown even occurs at
ambient storage temperatures, though it takes months for the
discolouration and flavour change to become noticeable. For a
manufacturer, this is undesirable deterioration. But for a cook
in search of interesting ingredients, it could be desirable
ageing.
In a follow-up to her initial scientific reports, Professor
Schmidt wrote in Manufacturing Confectioner (January 2012, pp.
79–89) that:
from a practical point of view, caramelization can be thought of as
browning of sucrose by applying heat for a length of time. Thus it may be
possible to better control the caramelization reaction by identifying the
time–temperature conditions that optimize the production of desirable
caramel flavors compounds, while minimizing undesirable ones.
Confectionery manufacturers and sugar artisans, armed with this new
scientific knowledge, may be able to push their craft in unforeseeable
directions.

For example: aged sugar, roasted sugar, caramel-centre
crystals. Let the pushing begin!
Harold McGee is the author of On food & cooking: the science & lore of the kitchen
(1984, revised 2004) and Keys to good cooking (2010). This article was first
published on his blog at The Curious Cook (www.curiouscook.com).
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RACI Members

Make the most
of your benefits!

You can enjoy exclusive free access to great benefits through your
RACI Member Advantage Benefit program, including:
Movie Tickets All major cinemas

Dining Assorted restaurants

Enjoy substantial savings on movie tickets, with prices starting from just $10.50

Great savings, including two for one meals, are available at a range of selected

per adult. To access your discount, pre-purchase your tickets online through the

restaurants throughout Australia and New Zealand. Visit the Member Advantage

Member Advantage website. Tickets available for Village, Hoyts, Event and more.

website for a full list of participating restaurants in your local area.

Packaged Tours Intrepid Travel

Insurance Services Wide range of cover options

Enjoy a 10% discount on all land tours through Intrepid Travel. Choose from over

Protect your family and your assets with a wide range of personal insurance services,

1,000 trips available in over 300 destinations worldwide. Browse your options

including health, income protection, life and more. Enjoy complete peace of mind

today via the Member Advantage website.

with reliable cover at great rates within the industry.

Groceries and Petrol Major supermarket chains

Lifestyle Experiences Adrenalin

Call 1300 853 352, or visit the website to order pre-purchased Coles & WISH gift

Enjoy a 12% discount on over 2,000 unique Adrenalin adventures across Australia

cards and enjoy a 5% discount! Cards redeemable at supermarkets, selected petrol

and NZ. Experiences include jet flights, swimming with dolphins, hot air balloon

stations and retail outlets, allowing you to save on your grocery and petrol bills.

rides, kayaking and more. Gift vouchers also available.

Please contact Member Advantage for further information:

1300 853 352 | info@memberadvantage.com.au | www.memberadvantage.com.au/raci

chemical furphies

Sunscreen ‘nanophobia’

Evidence on the safety of nanosunscreens shows they’re not posing
the risks portrayed by the press.
Fears over the safety of nanoparticles in sunscreens were sparked
by findings of photo-induced free radical degradation of coated
steel surfaces by nano-containing sunscreens (Barker P.J., Branch
A. Prog. Org. Coat. 2008, vol. 63, no. 3, pp. 313–20).
Headlines questioning the safety of nano-containing
sunscreens recurred in the media over the next few years: ‘Fears
over toxic sunscreens’, ‘Sunscreen cancer risk’, ‘Fresh concern
over nano-particles hidden in sunscreen’, ‘Teachers ban nano
sunscreens’. It was feared that nanoparticles would penetrate
the skin and cause harm.
Results of a 2012 federal government poll of 1000 people
showed that some Australians who had heard stories about
potential safety risks of nano-sunscreens were afraid to use
sunscreens that contained nanoparticles, while others felt it
was safer to use no sunscreen at all. With around 2000 people
in Australia dying from skin cancer every year, and 95–98% of
these cancers arising from sun exposure, it is vital that
unfounded concerns do not prevent people from using
sunscreen as part of their sun protection regime.
The furphies.org.au website tackles recurring myths and
misconceptions about chemical ingredients in everyday
products, with a page dedicated to the safety of nanocontaining sunscreens.
Nano-scale zinc oxide and titanium dioxide have been used
as highly effective broad-spectrum UV filters in some sunscreens
since the 1990s. They act as ‘inorganic filters’, scattering and
reflecting UV light. As is the case for many nano-scale
substances, zinc oxide and titanium dioxide display novel
properties compared with their bulk forms: they are transparent
on the skin, easier to apply, and provide better skin coverage –
and therefore better sun protection.
Furphies.org.au emphasises the key facts about nano-scale
ingredients in sunscreens: there is no evidence that these
ingredients penetrate the skin, or that they are toxic to the
body.
Considerable research on the skin penetration of nano-scale
metal oxides has been done, with most studies finding that
these ingredients do not move beyond the outer dead-cell skin
layer. A recent Australian study looked at the skin penetration
of isotopically enriched 68ZnO from two different sunscreens,
one with the nano-scale ingredient and the other with the bulk
ingredient. The researchers found that the overwhelming
majority of applied 68Zn was not absorbed through the skin, and
they were unable to tell whether the small amount of 68Zn found
in the body was from skin penetration by intact zinc oxide or
the zinc ion (Gulson B., McCall M., Korsch M. et al. Toxicol. Sci.
2010, vol. 118, no. 1, pp. 140–9).
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Another, very recent, Australian study has
demonstrated the human immune system’s ability to
o/djma
iStockphot
break down nanoparticles of zinc
oxide (James S.A., Feltis
B.N., de Jonge M.D.
et al. ACS Nano
2014, vol. 7, no.
12, pp. 10 621–
35). While
acknowledging the
limitations of their
study, lead
researcher Simon
James stated that ‘our study
demonstrates that the human
immune system has the right “equipment” to
remove any nanoparticles that somehow make it
through the skin – assuming some do at all’.
The body responsible for regulation of products whose
primary function is protection from UV radiation, the
Therapeutic Goods Administration (TGA), has been continuously
monitoring the scientific literature on the skin penetration and
toxicity of nano-scale titanium dioxide and zinc oxide in
sunscreens. The TGA’s latest report, Literature review on the
safety of titanium dioxide and zinc oxide nanoparticles in
sunscreens, published in 2013 (http://bit.ly/1nYhpUA),
reiterates confidence in both ingredients, stating:
several in vitro and in vivo studies using both animal and human skin have
shown that these NPs [nanoparticles] do not penetrate the underlying
layers of skin …

and that
… on current evidence, neither TiO2 nor ZnO NPs [nanoparticles] are likely
to cause harm when used as ingredients in sunscreens.

Indeed, the TGA is so confident of the safety of nanocontaining sunscreens that they considered the Australian
industry’s nano-labelling proposal – which would allow
consumers to identify nano-scale ingredients in cosmetic and
personal care products – to be unnecessary.
Furphies.org.au urges consumers to look at the weight of
evidence, trust Australia’s regulatory system and, ultimately,
weigh up any hypothetical risks about nano-containing
sunscreens against the very known danger of excessive sun
exposure.
In the words of Maxine McCall, leader of the CSIRO’s
nanosafety research program on the ABC’s PM radio program in
January, ‘the message that we must make clear is that we know
the dangers from being burnt by the sun, and the dangers of
using sunscreens, with or without nanoparticles, are
considerably less than getting severe sunburn’.
Jennifer Semple MRACI CChem is Education and Sustainability Manager at Accord.
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the early universe

The Hubble Ultra-Deep Field, revealing extremely distant galaxies in one of the deepest images ever taken

Cosmic symphony

They’re ordinary, everyday calculations – sound, pressure,
density. Until you try to apply them to something extraordinary
– the whole universe.
Just thousands of years after the Big Bang, in the infant
universe, everything we can now see was crammed into a tiny
volume. It was so hot and dense that if you had been around
then, it would have been like living in the interior of a star
(you wouldn’t have lasted long!), but a star that filled up the
entire universe.
And as in any dense gas, sound waves were propagating, but
the pressure was so high that sound was travelling at over half
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the speed of light. Recall that the higher the pressure, the
faster the sound waves (which is why sound travels more
quickly in water than in air) and back then the pressure was
being supplied by light. The early universe was so dense, and
the particles were so close together, that as soon as a photon
of light was emitted, it was absorbed again by the matter
nearby. That light not only drove a sound wave, it kept the
universe ionised. Protons couldn’t hold on to their electrons to
make atoms. The whole thing was a hot, ionised plasma, and
ringing like a high-sound-speed bell.
Fascinating … but why do we care? Well, you may have
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heard that we are all star-dust. The elements we use in our chemistry
here on Earth were born in the stars. The ‘star-like’ state of the early
universe was too transitory to make many elements – just helium from
hydrogen, mostly. But these sound waves created the density
fluctuations that would eventually become the galaxies in which stars
formed. You could call those early waves the seeds of stars.
This worked because as the universe expanded, the pressure
dropped, and eventually the gaps between particles became so large
that light could propagate virtually forever, and sound waves could
find nothing to bounce back off. That is the start of the transition
from the hot dense phase of the early universe, to the almost-vacuum
of the present day. And the funny thing is that where the sound waves
left residual peaks of high density is where galaxies would eventually
form.
When you have regions of high density, relative to neighbouring
low-density regions, then over time, gravity will cause the high-density
regions to grow and the low-density regions to empty out. Stuff falls
towards the places where there’s more mass. Now, the normal matter of
the kind that makes up you and me is not the only game in town.
We’ve discovered that there is also dark matter out there, stuff that
doesn’t interact with electromagnetism (so can’t have chemistry as we
know it). It made one pattern and the sound waves made another, and
the overlapping patterns from those two effects were the seeds that
formed the pattern of galaxies we see around us today.
Yes, you have that right. I’m saying that we can use the backyard
physics of pressures, temperatures and densities to predict that the
distribution of galaxies should harbour a periodic imprint left over by
early-universe sound waves. It may sound crazy, but several teams
around the world, including our WiggleZ Dark Energy Survey here in
Australia, mapped the distribution of hundreds of thousands of
galaxies, and that residual sound-wave pattern is exactly what we saw.
Every once in a while I have to stop, step back and remember how
amazing that really is.
So it seems the early universe wasn’t such an extraordinary place
after all. Our ordinary equations for the sound waves you’re hearing
right now applied to the early universe – they work! And when we look
for traces of those sound waves in the largest structures we know of in
the universe, they’re there. The extraordinary part of all this is how
well we understand it.
Associate Professor Tamara Davis is at the University of Queensland, and part of the ARC
Centre of Excellence in All-sky Astrophysics.
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Precious plating

I was in Canberra with my bicycle late last
December, enjoying rides around the lake and
taking in the exhibitions … particularly Gold and
the Incas at the National Gallery. One item
presented an interesting challenge to a retired
chemist: a copper pectoral plated in gold was
described as being ‘plated electrochemically’ –
dated 100 BCE to 400 CE. The very thin gold
surfaces of such items from pre-Columban America
seem more like modern electroplating than the
alternative gold foil methods. Electroplating is a
19th century technology discovered by Michael
Faraday. So how did the pre-Incan metallurgists do
it?
One method that preceded electroplating was
the use of a mercury amalgam of gold, with the
mercury being vaporised by heat to deposit a thin
plating layer of gold … an unhealthy process
widely used to adorn expensive domestic items in
18th century Europe. But the exhibited article
shows no traces of mercury and seems to have been
plated by the deposition of gold from a heated
solution. According to ‘Pre-Columban Surface
Metallurgy’ by H. Lechtman (Sci. Am. 1984, vol.
250, no. 6, p. 38) ‘electrochemical replacement
plating’ was common in Europe from Roman times
but hitherto unidentified in the Americas.
Lechtman and colleagues showed that the golddissolving properties of modern aqua regia could be
simulated in the pre-Columban Americas by a
solution of potassium aluminium sulfate, potassium
nitrate and sodium chloride. Gold is gradually
dissolved in this solution when heated. The product
is then neutralised by sodium bicarbonate and the
copper substrate is immersed in the solution and
gently boiled for a few minutes, resulting in a
copper piece covered with a thin plating of gold. It
seems that micro-electroplating occurs with the
variegated copper surface being covered by anodic
and cathodic centres, giving deposition of gold by
the overall reaction:
2AuCl3 + 3Cu → 2Au + 3CuCl2
The conquistadores of the 16th century
plundered much of the Incan gold and silver and
sent it to Spain, giving rise to inflation and
economic crisis in the 17th century. A moral there
for all resource booms!
Trevor McAllister FRACI CChem
(trevormc@internode.on.net) is retired and
enjoying life after science as a tour guide at the
Melbourne Museum and the State Library of
Victoria.
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… we can use the backyard
physics of pressures,
temperatures and densities to
predict that the distribution of
galaxies should harbour a
periodic imprint left over by
early-universe sound waves.
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technology & innovation

The new, new thing comes to the laboratory
Many of you will have heard of the Internet of Things. However, if
you head to the Wiki entry on the subject you may end up rather
confused. The one key point is the observation, in 2009, that the
internet was changing from an environment where most of the
data floating around originated with human intervention (e.g.
emails, photos, text messages) to one where a majority of the
data was automatically generated (e.g. sensors, RFID tags).
Another current trend is Big Data. This one refers to the fact
that databases around the world, particularly those generated by
devices conforming to the Internet of Things, are getting way too
big for old-school searching. Data Analytics is now a hot area of
internet R&D; it describes the new technologies that are used to
extract useful knowledge out of databases that are simply too
large and diverse to search with, say, simple keywords.
The final trend that is changing how we live and work is the
rise of ubiquitous Mobility of Internet Access through the use of
smartphones and tablets, together with Cloud Computing and Data
Storage. That is, we can access both communications to other
people and web services wherever and whenever we want. And yet
this capability is not in any way constrained by the size and
power of the devices that we use for this access; just the
opposite.

... these relatively new
technologies are compelling
us towards more complex and
productive work practices.
Combined, all of these relatively new technologies are
compelling us towards more complex and productive work
practices. Not everyone believes this, but the proof is that late
business adopters of these technologies are falling behind their
competitors. It is a case of adapt or become extinct.
Until now, much of the commercialisation of these new
technologies has been focused on consumer use. However,
business applications are now multiplying, especially as start-up
technology companies see opportunities to redeploy these
already-proven disintermediation technologies into new business
niches. It was only a matter of time before some of these
companies started focusing on the professional laboratory
environment.
By way of example, I will discuss three companies that are
introducing new products and services into the professional
laboratory environment. At the surface, these products are simply
making work more productive and efficient for laboratory
professionals and with lower costs for their employers. However, if
one delves deeper, these technologies represent a more
fundamental shift; more on this later.
Instrument Works, an Australian start-up company, has coopted the new Bluetooth low-energy technology to introduce a
battery-powered wireless sensor controller. Currently, the company
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sells controllers for pH and temperature measurement and will
soon add others to this list. By using this approach, users can
throw away their old pH meters and instead use their smartphones
to take these measurements. This has certain benefits of
portability, cost and even performance (the system allows for
auto-calibration and sensor health checks).
However, the real benefit behind Instrument Work’s efforts is
the free iPhone app called DataWorks. DataWorks automatically
detects the sensor controller and allows the user to control the
sensor remotely. This can be done manually or automatically. Data
can be stored in the cloud together with time and location
tagging. The app also allows the control of a number of thirdparty Bluetooth scientific sensors and the company hopes that its
easy and flexible app will eventually be a hub whereby laboratory
users focus their measurement taking and data management.
German company Labfolder has introduced a cloud-based
laboratory book. Designed for mobile device data entry, this
product takes the old lab-book online and into the cloud. Apart
from the archival benefits, this technology allows easy searching
and collaboration. In addition, data entry can be set up in reuseable templates. Laboratory managers, in particular, will
appreciate the immediate and direct access to their workers’
results. Data entry, however, unlike with the Instrument Work’s
offering, is mostly through a manual touch screen.
Labguru, from the US, is an even more sophisticated version of
Labfolder that incorporates, for example, R&D team tracking and
reporting, and access to materials databases and ordering system
from external suppliers. I suspect that the more complex these
systems become, the more of an effort it is to adopt them and
exploit their benefits across different types of laboratory
environments. This paradox is similar to the issues associated with
adopting new enterprise software solutions for business operations
and customer relations. However, over time we have seen certain
approaches, such as that of SAP, capture market leadership in
large corporations and the same is eventually bound to happen in
the professional laboratory data management environment.
Laboratories are awfully large generators of data. New
technologies, such as those described above, are helping to
automate data collection, storage and sharing; by doing so they
increase the productivity of individual laboratories. However, these
technologies also focus on the extraction of useful information
from the ever-accumulating mountains of laboratory data; it is
here that I expect sophisticated new technologies to make the
most impact. Today we are just at the beginning of this paradigm
shift in how businesses and research institutes use new
information technologies to extract value from their investment in
laboratories.
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. Ian has made a financial investment into Instrument
Works Pty Ltd, mentioned in this article.
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grapevine

Gadgets and gimmicks
Valley, Barossa Valley and Chardonnay! Certainly, there is now a
In 1995, the Australian wine industry released its Strategy 2025
continuing marketing push highlighting regional wines and foods.
with the claim that ‘by 2025, the Australian wine industry will
During my time at Charles Sturt University in Wagga Wagga, I
achieve $4.5 billion in annual sales by being the world’s most
participated in the annual Riverina Chefs competition, in which
influential and profitable supplier of branded wines’. The strategy
competitors had to prepare a meal using Riverina food and match
became the driving force for investment to the extent that the
each course with a regional wine. A weekend of eating several
industry reached 80% of its target by 2005 and actually exceeded
four-course meals did wonders for the body!
it in 2008. As an example of this rapid growth, during 2006 and
If we are to market regionality, we are at a major age
2007 a new winery opened every three days. Of course, the
disadvantage compared to old world countries. In my
inevitable happened – production exceeded demand and
February column, I mentioned the link between Henri IV
the major companies used heavy discounting to
and the wines of the Jurançon region dating back to
relieve the amount of wine in stock. At the same
around 1600. One of the more intriguing regional
time, the rising Australian dollar meant that
stories comes from the Somló region of Hungary
imports were cheaper, so the financial pressure
dating back to the 11th century. Tradition has it
caused many to leave the grape-growing and
that drinking Somló wines on the wedding night
winemaking scene.
will ensure a first-born son. The vines are grown on
One of the important marketing concepts
basalt soils and are consequently high in
that did come from this period of expansion
magnesium (think Epsom salts) and are extremely
was the value of branding. Without a doubt,
acidic (pH around 3.0). Some of my Hungarian
Jacob’s Creek showed the way, being at one stage
colleagues argue somewhat tongue in cheek that
the best-selling wine brand in the UK. This
magnesium is a cofactor for many enzymes, so
was followed by ‘yellowtail’ with its
maybe there is some physiological basis to the
massive impact in the US market in
claim. Certainly the Hapsburg emperors
particular. Note that the name is all in
favoured Somló wines.
lower case or SMS style, one factor that
Wine is often promoted as a lifestyle beverage
contributed to the brand’s success. Check out
and this was part of the Wine Australia’s Strategy
Blue ocean strategy: how to create uncontested
iStockphoto/PieraTammaroPhotoart
2025. This in turn has spurred a market for wine
market space and make competition irrelevant by
gadgets. Sally, our editor, recently put me on to The Curious Cook
Renée Mauborgne and W. Chan Kim (Harvard Business School
blog where gadgets including the wine wand for aeration and the
Press, 2005) if you want to find out more about the marketing
clef (key) du vin for rapid ageing are discussed and evaluated (see
strategy of Casella Wines and ‘yellowtail’. The success of the
www.curiouscook.com/site/2009/01/for-a-tastier-wine-the-nextJacob’s Creek and yellowtail brands meant that others, both here
trick-involves-.html). A rather interesting read.
and elsewhere, have tried to emulate the concept. Most have not
And now, wine is said to age better when exposed to jazz.
been successful, although I do like the ‘Arrogant Frog’ brand from
After a $200 000 research project, Chilean winemaker Juan
the south of France.
Ledesma is arguing that inserting speakers into barrels and
Australia and other ‘new world’ wine countries have the
playing jazz improves the palate structure of the wine. A different
advantage that production rules allow blending of wine and
style of music is required for say Malbec compared with Cabernet.
varieties across regions. For example, a Cabernet Shiraz wine from
Maybe there is a good project here for sonochemists, although my
south-east Australia with components from New South Wales,
colleague Dr Andrew Clark from Charles Sturt University says ‘as
Victoria and South Australia can be marketed. Until recently, when
we are arguing for molecular assembly processes in red wine,
we have had more extreme heat conditions late in the growing
maybe the jazz gets the assemblies up and a-boogie-ing!’.
season, vintage variation was small and so a consistent product
could be placed on the market each year. On the other hand, in
Europe (the ‘old wine world’), across-region blending is generally
Geoffrey R. Scollary FRACI CChem (scollary@unimelb.edu.au) was
not possible and regions are regulated in terms of the varieties
the foundation professor of oenology at Charles Sturt University
that can be grown.
and foundation director of the National Wine and Grape Industry
Centre. He continues his wine research at the University of
From about 2007 onwards, there was an increasing shift by
Melbourne and Charles Sturt University.
consumers to regional wines, pushed to some extent by
column, Paul Moritz raised the issue of climate impact on
environment
April
his
In
international wine writers. While our Australian regions are
grape ripening. Two recent articles address this issue in some detail. Leanne Webb and
reasonably well known in the domestic market, this is not always
colleagues have used a climatology approach to identify potential optimum sites
so elsewhere. When the Wine Australia UK representative carried
(Aust. J. Grape Wine Res. 2013, vol. 19, pp. 331–41) while Anne-Laure Lereboullet and
colleagues have described a ‘socio-ecological’ approach in a comparison of changing
out a survey of British consumers at the height of the Australian
viticulture strategies between Roussillon (France) and McLaren Vale (see Agric.,
wine industry’s success, the three best-known regions were Hunter
Ecosyst. Environ. 2013, vol. 164, pp. 273–85). Fascinating reading in both articles.
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postdoc diary

The alternative career
I was recently in a seminar entitled ‘How to get a job in the
pharmaceutical industry’. The room was packed with
postdoctoral researchers from one of the most prestigious
universities in Switzerland, and when the speaker asked ‘How
many of you would like to get a job in academia?’ fewer than
10% in the room raised their hands. Admittedly, there was a
little sampling bias given the title of the talk, but the small
number is staggering. Consider:
A PhD degree is excellent training in critical thinking and a
crash course in several skills crucial to an academic career such
as presentation and dissemination of your work, critical analysis
of published literature, authoring, publishing and reviewing
scientific papers and probing often esoteric questions to
previously unexplored depths. All of these skills are taught by
people in an academic career (professors) to people with
academic aspirations (PhD students and postdoctoral
researchers), training them to excel in an academic
environment.

... afters years of extensive
training in academic
research, I’m finding that I’m
underqualified (in the
management aspects) for the
jobs that I would like to do
and overqualified for the jobs
that I’m willing to do.
However, with the increasing number (per head of
population) of PhDs being granted annually and with more
professors staying longer in their positions, the proportion of
fresh graduates who can expect to land a tenure-track
professorship is shrinking every year. And so, across the offices
and labs of PhDs and postdocs, one can hear mutterings and
musings on finding an alternative career. After all, only
approximately 15% of bright, young PhD graduates will find a
career as an academic. And so, as the speaker pointed out to
the room, the academic career – the one we are all pouring our
hearts and souls into training for – is the alternative career.
Perhaps many PhD students do not realise this. Certainly,
from my experience, many of my peers just assumed that a
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postdoc position would be the next step once the ‘Dr’ prefix was
added to their names. But clearly things change once you have
embarked on a postdoctoral role. I was flabbergasted that some
of the most promising academic researchers (about 180 in a
room of 200) had decided that the academic path was not for
them. It seems an awful long way to go down the undergrad →
masters → PhD → postdoc → lecturer → professor path before
making an abrupt career change.
But I can empathise; I feel the same. A year and a bit of
postdoc-ing has opened my eyes to the less rosy sides of
academic life and I’ve begun to look for a non-academic job.
But it certainly isn’t an easy transition – afters years of
extensive training in academic research, I’m finding that I’m
underqualified (in the management aspects) for the jobs that I
would like to do and overqualified for the jobs that I’m willing
to do.
I’ve been in this situation before when I was looking for a
job after my Masters degree. The MSc is sometimes a bit too
large a hurdle for prospective employers. When I did eventually
get a job, my boss confessed to me that he wasn’t keen on us
university-types but HR liked me. He had a pre-conception that
we were concepts-smart but not lab-savvy. After a month or so
in the lab, I had convinced him that I wasn’t totally useless
and we ended up being good buddies. But his words always
stayed with me because I turned out to be an ideal candidate
for the job and would have been overlooked because of his bias.
PhD graduates are increasingly finding themselves in the
same position as me and there are some solutions that I’d like
to propose: to all the bright and eager students out there,
please consider your options before careening head-long into an
academic career. I have been advising every Honours student I
come across to first consider a year in industry before snatching
up those tempting PhD scholarships. PhD students, similarly,
would do well to consider a second degree – an MBA, perhaps –
or at least a few other courses that they can emphasise on their
CV should they choose to embark on the non-academic jobhunt. As I wrote in these columns a while back, I seriously
considered leaving academia before accepting this postdoc. I
went into my postdoc with my eyes open, having considered
other options and I would implore others to do the same.
But despite all of this, you may end up like me and the other
179 people in the seminar room looking for a ‘real’ job in an
industry. To this end, I would implore employers to consider
those highly qualified postdocs who come knocking on their
doors. We’re eager, hard-working individuals and not all of us
are disasters in the lab. Please give us alternative, prospective
employees a chance.
The author is both enjoying his postdoc experience and looking forward to a
change.
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letter from melbourne

First, catch your shark …
William Davies (1895–1966), a graduate
of the University of Manchester, studied
for his DPhil degree at Oxford with Robert
Robinson. In 1923, he was appointed to a
senior lectureship at the University of
Melbourne, where he was successively
promoted to associate professor (1936)
and professor of organic chemistry (1953). A
biographer described him as ‘irascible’ and that trait, together
with his idiosyncratic lecturing style, led us students to under-rate
‘old Bill’, as we referred to him, as a chemist.
I have been mining the School of Chemistry for items of
historical interest and Davies’ research, especially the rather
‘applied’ work, has caught my attention. For example, my article
about his vitamin A work was published recently in the Australian
Academy of Science journal Historical Records of Australian Science.
Having prepared himself by spending some time during 1934–5 in
the laboratory of Jack Cecil Drummond at University College,
London, Davies initiated a study of fish liver oils. He and his
students found that the sharks in southeastern Australian waters
had large livers that contained lots of oil that was rich in vitamin
A. Unlike the squeamish Sydneysiders, we Melburnians eat the
flesh of those sharks, euphemistically describing it as ‘flake’.
CSIR encouraged Davies in his studies and these became the
basis for import substitution when World War II deprived
Australians of access to cod liver oil. The industry grew rapidly
and as well as sustaining the local population, it made important
contributions to Australia’s war effort. Nicholas in Melbourne,
through their subsidiary Australian Fish Derivatives, and Faulding
in Adelaide were the major players, but some smaller firms became
involved as well. There was some vitamin D in the shark liver oils
but not enough to match the pharmacopoeia standard, so
synthetic material was added to the commercial ‘vitaminised oils’.
After the war, imports came roaring back, not all cod liver oil,
since South Africans in particular had developed a very efficient
fish liver oil industry. This led to a decline of the Australian
industry, although it persisted for some time, selling its products
into the poultry industry.
Davies also investigated the oil of the short-tailed shearwater,
Puffinus tenuirostris (also known as the mutton bird). Despite
earlier reports of its medicinal value, and the fact that it was
being sold in Victoria for the same purpose as cod liver oil, Davies
found that it was practically devoid of vitamins A and D, and
moreover was mostly a wax that had low nutritional value because
it would pass through an animal undigested.
Davies’ colleague Victor Trikojus, professor of biochemistry,
investigated rat liver oil and had it assayed for vitamin A by the
chief chemist at Australian Fish Derivatives, C.C. Kuchel. There was
vitamin A all right, but the oil apparently contained some
counter-factor that rendered it ineffective as a growth promoter.
Among the archival documents at the university, I found
comments that Davies had invented a new reagent for
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determination of potassium and that it was being marketed by
British Drug Houses (BDH). Davies first reported in a 1922
Chemical Society paper that the potassium salt of 6-chloro-5nitrotoluene-3-sulfonic acid ‘rapidly separates as colourless,
glistening scales when a solution of the sodium salt is mixed with
potassium chloride solution’. In the following year, he collaborated
with Herbert Davies (no relation, as far as I know) to explore this
unexpected finding. The solubility of the potassium salt in
100 grams of water was 0.235 and 0.405 grams, respectively, at
0° and 20°C, comparing favourably with that of the traditional
salt, potassium chloroplatinate (0.74 and 1.12 grams,
respectively) and potassium perchlorate (0.705 and 1.67 grams).
So far, so good, but was the reagent really on the market?
Trove revealed that the University of Tasmania held a 1936 copy of
The BDH book of reagents for ‘spot’ tests and delicate analysis, first
published in 1932. Emily Hilder kindly retrieved this from storage
and imaged the relevant bits for me. The reagent was listed in a
section entitled ‘Delicate Testing’, where it was claimed that it
would ‘detect 1 part of potassium in 2500 parts of water’ and give
quantitative results with 0.5% of theoretical values.
Another gravimetric method that I found in the literature made
use of a sparingly soluble cobaltinitrite (hexanitrocobaltite)
double salt, K3Na3[Co(NO2)6]2. A colorimetric method using
hexanitrodiphenylamine (dipicryl) was also used for determination
of potassium, and later the tetraphenyl borate salt. Of course
these methods have been swept away by instrumental methods,
including flame photometry and its big brother atomic absorption
spectroscopy, various forms of mass spectrometry, and X-ray
fluorescence (XRF).
Referring to Valda McRae’s history of the Melbourne University
Chemical Society, I find that Davies addressed the Society on
three occasions and although no records of what he said have
survived, I can guess from the titles that the matters I have
described above formed the content of two of those talks. The
first, in July 1931, was ‘Organic Reagents in Inorganic Analysis’.
The second, in May 1935, soon after he arrived back from Britain,
was just ‘Vitamins’. The third talk, given at about the time he
retired, was entitled ‘The School of Organic Chemistry’ and was no
doubt a retrospective of his four decades at Melbourne.
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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cryptic chemistry

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
Chemeca 2014

28 September – 1 October 2014, Perth, WA
www.icheme.org/chemeca2014

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

30 November – 5 December 2014, Gold Coast, Qld

www.asbic7.org

11th Australasian Aluminium Smelting Technology
Conference

6–11 December 2014, Dubai, United Arab Emirates

http://11aastc.com

RACI National Congress

7–12 December 2014, Adelaide, SA

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

congress-2014

Early Bird registration closes 1 August 2014
Advanced Materials & Nanotechnology (AMN7)

8–12 February 2015, Nelson, New Zealand

www.amn-7.com

35th Australasian Polymer Symposium

13–15 July 2015, Gold Coast, Qld
www.35aps.org.au
Pacifichem 2015

15–20 December 2015, Honolulu, Hawaii

www.pacifichem.org

iStockphoto/lestyan4

RACI events are shown in blue.

Coming up

Marking the INTERNATIONAL YEAR OF
CRYSTALLOGRAPHY

Across
1
4
9

10
11

12
13
16
17

19
22
24

26
27

28
29

Generous lager spilt. (5)

The old shrew we lost building the

Down
1

entrance. (9)

2

Gives off discharges. (5)

4

Softening, hardening. (9)
Introduce in quiet. (7)

Three glass is not important. (7)

Engineer starts erecting/demolishing: full

of life! (9)

3
5
6

Slick Spooner’s near female. (5)

7

New Dirigisme is just a bit wobbly. (9)

8

Riot or State turns. (7)

14

Transcend sounds of 40. (5)

Ester/aluminium reaction is telling. (7)
Indicates they possess the

instrument. (5)

15

Storage error vies for correction. (9)

17

a-Methylphenethylamine rate. (5)

20

Sit as clay model provides impetus. (9)

18
21

23
25

Tactile sensation from crystal

structure. (7)

Inclines to radical current. (5)
Balancing late in the day. (7)

Spooner’s insect characteristics include

salts of CF3SO3H. (9)
Correct privilege. (5)

Snoops around entorhinal cortex

class. (7)

Bull! Paper is in good form for removing

electrons. (9)

Deep inelastic scatterings first show

spectacle. (7)

Sterling capital. (9)

Amounts to cobalt melting point going

up. (9)

IR crate transport is unreliable. (7)
Coming after aluminium side. (7)
Proceeds and comes again. (7)
Smitten by gent. Indeed! (7)
Types orders. (5)

Periodically itch to ask each of the ones
indicated. (5)

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

FRANK EASTWOOD details the methods of Sir
John Monash during a battle of the Great War.
OLIVER JONES discusses pharmaceuticals and
personal care products in waste water.
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Exceptional innovator honoured 100 years on
Late last year, the Western Australian
scientist Dr Bob Becher was honoured as
an enthusiastic and exceptional innovator
at the Bob Becher Centenary Symposium,
to mark the 100th anniversary of his birth.
Dr Becher’s family, friends and former
colleagues gathered at the Australian
Minerals Research Centre to remember a
man ahead of his time, who was thinking
about sustainability before the term was
invented and who was one of life’s true
gentlemen.

Former WA chief scientist Professor
Lyn Beazley AO FTSE said Dr Becher, who
is best known for developing the Becher
process for converting ilmenite to
synthetic rutile (which is used to make
pigments), was a warm and wonderful
person who had a deep interest in the
environment.
‘He was very much an
environmentalist; one of the reasons for
developing the whole (Becher) process, I
understand, was his motivation to

Professor Lyn Beazley (right) presenting a commemorative frame to Bob’s daughter Wendy McCallum (left)
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minimise our impact on the environment
and protect it,’ she said.
Dr Becher was born on 11 December
1913, and his inventiveness and lateral
thinking led to him making an
exceptional contribution to minerals
research in Western Australia.
His development of the Becher process
in the 1960s to convert ilmenite to
synthetic rutile revolutionised mineral
sands processing. He also made
significant technical contributions to the
local brickmaking industry. The Becher
process arose from Bob’s idea that the
rusting of iron could be used to remove
this element from ilmenite (FeO.TiO2),
leaving behind synthetic rutile (TiO2) –
the feedstock for producing pigment
widely used in paints and plastics.
Dr Becher’s daughter Wendy McCallum
said her father struggled at school
because he was dyslexic but discovered a
love of science that continued until the
second he died.
She remembered Dr Becher as a man
who was always ‘full of what was
happening’ and had a huge thirst for
knowledge.
‘He always had some new ideas,
something he thought about what would
be happening in the world or what
somebody had discovered,’ Mrs McCallum
said.
Professor Beazley said she believed Dr
Becher would have enjoyed the
innovation within the WA resources
industry at the moment, such as 3D
geological modelling and the recent
discovery of gold particles in eucalyptus
leaves on trees growing above gold
deposits.
In the last line of an essay about his
life, metallurgist Bob Becher wrote that
his advice to young people was to ‘do
your best always, letting your mind run
free and mentally tread where no human
mind has trod before’.
Dr Becher died on 27 September 1997,
aged 83.
Sarah Lau and Cassie Paxman are at ChemCentre,
Western Australia.
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Royal Australian Chemical
Institute National Congress

Confirmed Plenary
Speakers

Professor Hubert Girault,
Ecole Polytechnique Fédérale
de Lausanne

Associate Professor
Alán Aspuru-Guzik,
Harvard University

Professor Katharina
Landfester,
Max Planck Institute

Professor Phil Baran,
The Scripps
Research Institute

Professor David Leigh,
University of Manchester

Dr Stacie Canan,
Global Health Division,
Celgene Corporation

Professor Daniel Nocera,
Harvard University

Professor Makoto Fujita,
The University of Tokyo,
Japan

Professor Greg Scholes,
University of Toronto

For the full biographies of confirmed speakers to the RACI 2014 National Congress please visit the
Congress website at www.racicongress.com

Participating Divisions
• Analytical & Environmental Chemistry Division

• Inorganic Chemistry Division

• Biomolecular Chemistry Division

• Materials Chemistry Division

• Carbon Division

• Organic Chemistry Division

• Chemical Education Division

• Physical Chemistry Division

• Colloid and Surface Chemistry Division

• Polymer Chemistry Division

• Electrochemistry Division

• Radiochemistry Division

• Industrial Chemistry Division

• Health, Safety & Environment Division

Key Dates

Scientific Program Themes

Call for Abstracts Opens 2 December 2013

• Synthetic Chemistry

Registration Opens 2 December 2013

• Fundamental Interactions in Chemistry

Abstract Submission Deadline 9 May 2014

• Advanced Materials

Notification of Acceptance of Abstract June 2014

• Chemical Health and Safety

Early Bird Registration Closes 1 August 2014

• Chemistry in Health

Accommodation Booking Deadline 30 September 2014

• Chemical Analysis and Sensing

Congress Dates 7-12 December 2014

• Community Engagement

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

