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from the raci

From the President

Welcome to the RACI 2019. It is with great pleasure that I am
writing this to you as the President and only the second female
President in the association’s 100-year lifetime.

As you all know, this year is the International Year of the
Periodic Table (IYPT). This year commemorates the 150th
anniversary of the establishment of the periodic table of
chemical elements. UNESCO describes IYPT as an opportunity to
reflect upon many aspects of the periodic table, the role of
women in chemistry, global trends and perspectives on science
for sustainable development, and the social and economic
impacts of this field.

Already the RACI has been celebrating the IYPT through and
taking the opportunities suggested by UNESCO. Many of our
members and their research have been highlighted in social
media posts with stories from the periodic table. Many states
also participated in the Empowering Women in Chemistry: a
Global Networking Event in early February. This event connected
women in chemistry around the world. On top of these
initiatives, Branches are planning a number of activities that
will also celebrate the IYPT at a local level.

All these initiatives support the strategic plan of the RACI.
At its November meeting, the Board reviewed the progress
against the plan, which is now into its third year. While there
has been significant progress, there is still much to be done.

For those who do not know me, I am not a practising
chemist. I have taken the leadership and management route for
my career and recently started working as the Director of Policy
for an industry association that advocates for the importance of
a vibrant pharmaceutical industry in Australia for the benefits of
Australian patients and their right to choice in health care and
medicines.

I can already hear some people saying that there is no
pharmaceutical industry in Australia. But what I have learned is
that Australia is a destination of choice for clinical trials and
research for companies. Australia has extraordinary talent in the
pharmaceutical sector, and many of them are chemists.

But, like me, many of our chemists chose a non-technical
career pathway. The RACI has a diverse membership, not only in
their discipline and sectors, being either technical or
management experts, but for being also at various career
points. This brings an amazing depth to our membership from
which we can all learn, but also a challenge in how we offer
value to all our members.

And my chosen career pathway is an example of this. How do
I get the best value for my membership when I do not align
with any Divisions or technical areas of the association?

My focus for the next two years as President is to build on
the work on the Strategic Plan that Peter Junk has led, in order
to increase membership value while improving and maintaining
a stable financial position for the organisation.

To managing expectations, these two objectives are going to
be challenging. As an organisation, we cannot keep doing
things the way we have been for the last 100 years. While there
is no intention of throwing out the baby with the bath water,
the Board and the Assembly do need to think differently to
identify new opportunities.

These two groups of membership leaders need to work
together and with the broader membership to build member
value. And the IYPT is a vehicle through which we can progress
the strategic plan.

The strategic plan has five pillars - membership attraction
and retention, relevance, internal structure, strategic partners,
and marketing and communications. All of these pillars are
critical in building a RACI for the next 100 years - to build an
institution that Australian chemical science professionals want
to be a part of because it exists to improve the quality of life
through leadership in the field of chemical sciences.

Vicki Gardiner FRACI CChem (president@raci.org.au) is RACI
President.
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your say

Some recollections of Emeritus
Professor Lloyd Smythe

I was sad to learn from Paul Hassad’s article (January/February,

p. 5) that Professor Lloyd Smythe has died. I was born just six
weeks after Lloyd, and we first met as first-year science students at
Sydney University in 1940, took our honours degrees in chemistry
at the end of 1943, and began MSc work the following year.

We MSc students were required to spend several hours each
week supervising the practical work of the large numbers of first-
year chemistry students, many of whom would never do any further
study of chemistry. We received a small payment for this, which of
course was very welcome, but most of us felt it represented time
taken from our own research. I remember that Lloyd seemed to be
the exception - in particular, he put a lot of effort into organising
the work on qualitative analysis, in which students were handed
‘unknown’ samples and had to identify them. A portent perhaps of
his later career in analytical chemistry?

Our ways parted when I left to spend two years (1946-8) at
University College London, after which I joined the CSIRO Division
of Chemical Physics in Melbourne, where for some 10 years I was
engaged in infrared spectroscopy. From 1958, I was busy exploring
the analytical applications of the atomic absorption spectrometer,
an instrument recently invented by my section leader, Alan (later
Sir Alan) Walsh. Lloyd, by now leader of the Analytical Chemistry
Group at the Australian Atomic Energy Commission, was an early
user of this technique, and so we came into contact again.

In later years, I was particularly interested in Lloyd’s work on
the lead burden of Sydney schoolchildren, as I was doing similar
work on the measurement of lead and other heavy metals in body
tissues, principally in connection with the mining and
metallurgical industries. Dr Haddad's account of Lloyd’s work on
the precision and accuracy of the newly introduced ‘Breathalyser’
when operated by those with limited training also struck a chord,
as we had a somewhat similar experience here in Victoria.

I retired from CSIRO in 1986, but was in contact again with
Lloyd when I accepted an invitation from him and the late Hugh
McKenzie (another contemporary of ours at Sydney University) to
contribute a chapter to a book that they were editing,
Quantitative trace analysis of biological materials (Elsevier, 1988).

When Lloyd and I began our careers in chemistry, there was
little recognition of analytical chemistry as an important branch
of the subject, in Australia or in the academic world. Like so many
others, I was delighted when in 2001 Lloyd was made a Member of
the Order of Australia ‘... particularly [for] the development of the
discipline of analytical chemistry’.

The excellent photograph of Lloyd in Dr Haddad's article
brought back vivid memories. Dr Haddad commented that Lloyd
was very much an ‘old school professor’ and was always formally
dressed. Yes, our generation belonged to the collar-and-tie
brigade - in fact, it wasn't until after I retired that I began to
wear open-necked shirts on a weekday!

Farewell, Lloyd!

John Willis FRACI CChem
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Defining ‘natural’ and ‘organic’

In the November/December 2018 issue (p. 40), Geoffrey
Scollary explores the use of the terms ‘natural” and ‘organic” as
part of the nomenclature of Australian wines. The term ‘natural’
in relation to foods has not been officially defined in any food
regulation jurisdiction in the world, including the USA, the UK,
the EU, Canada, Japan and, of course, Australia and New
Zealand. Many people have tried to create a definition, but so
far there has been no acceptance, so the term gets used
whenever and wherever the marketers see a commercial
advantage, without any enforcement agency being brave
enough to tackle this issue in a court.

The Australia Competition and Consumer Commission
attempted a definition but included a restriction that a natural
food should not ‘be interfered by man’, which on reflection, in
the case of wine, would prohibit the picking of grapes off the
vines by man or machine. Obviously, a nonsense, but this non-
enforceable definition has not been challenged.

‘Organic’ is used for certain prescribed practices in food
production and manufacture and is found to be acceptable by a
large section of the public and advantageous by food
growers/suppliers. I assume, as it is for me, this term is
completely anathema to most chemists, who understand the
real meaning of ‘organic’ and the misuse and lack of
understanding of this term in food. In reality, some other
expression should have been originally derived, but too late, we
chemists all over the world, protested too little.

Strangely, I would have thought that at least ‘organic’ foods
would have used only food additives that are ‘natural’ or have
some close relationship to a natural equivalent. However, once
again I have been misled because many food additives and
processing aids permitted by the Organic Standard
AS6000:2015, which is not legally enforceable, and permitted
within the strictly enforceable Australia New Zealand Food
Standards Code (ANZFSC), are synthetically derived. Some, at
best, might be called ‘nature identical’ - a term no longer
acceptable in Australian food standards.

For instance, organic wine is permitted to use potassium
metabisulfite (INS224 or E224), which has no natural
equivalent and is an entirely synthetic chemical. Incidentally,
Australian wine, but not New Zealand wine, is permitted by
ANZFSC to contain a very, very long list of food additives and
processing aids (about 70 substances). Most of them are not
permitted in the Organic Standard, but some of these
substances have a basis or equivalent in nature, while many do
not - a very confusing situation.

Overall, as chemists, learn from Geoff's wisdom and
knowledge in his regular column, forget the argy bargy above,
definitely ignore the pretentious wine writers/reviewers and
then partake in a glass of the wine that you select and enjoy!

Anthony Zipper FRACI CChem
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news

Harnessing light for a solar-powered chemical industry

ARC Future Fellow Associate Professor Daniel Gomez holding a disc covered in the nano-
enhanced palladium.

New technology that harnesses sunlight
to drive chemical reactions is paving the
way for a more sustainable chemical
manufacturing industry, one of the
globe’s biggest energy users.

RMIT University researchers have
developed a nano-enhanced material that
can capture an incredible 99% of light
and convert it to power chemical
reactions. As well as reducing the
environmental impact of chemical
manufacturing, the innovation could one
day be used to deliver technologies such
as better infrared cameras and solar-
powered water desalination.

The research addresses the challenge
of finding alternative energy sources for
chemical manufacturing, which accounts
for about 10% of global energy
consumption and 7% of industrial
greenhouse gas emissions. In the US,
chemical manufacturing uses more energy
than any other industry. In 2017, it

| Chemistry in Australia

accounted for 28% of industrial energy
consumption.

While photo catalysis - the use of
light to drive chemical reactions - is
growing in the industry, efficiency and
cost continue to be significant obstacles
to wider take-up.

Lead investigator Associate Professor
Daniel Gomez said the new technology
maximised light absorption to efficiently
convert light energy into chemical
energy.

‘Chemical manufacturing is a power-
hungry industry because traditional
catalytic processes require intensive
heating and pressure to drive reactions’,
Gomez, an ARC Future Fellow in RMIT's
School of Science, said.

‘But one of the big challenges in
moving to a more sustainable future is
that many of the materials that are best
for sparking chemical reactions are not
responsive enough to light.

‘The photo catalyst we've developed
can catch 99% of light across the
spectrum, and 100% of specific colours.
It's scalable and efficient technology that
opens new opportunities for the use of
solar power — moving from electricity
generation to directly converting solar
energy into valuable chemicals!

The research focused on palladium, an
element that’s excellent at producing
chemical reactions but usually not very
light responsive. By manipulating the
optical properties of palladium
nanoparticles, the researchers were able
to make the material more sensitive to
light.

While palladium is rare and expensive,
the technique requires just four
nanometres of nano-enhanced palladium
to absorb 99% of light and achieve a
chemical reaction. An average human
hair, for comparison, is
100 000 nanometres thick.

Beyond chemical manufacturing, the
innovation could be further developed for
a range of other potential applications,
including better night vision technology
by producing more light-sensitive and
clearer images.

Another potential use is for
desalination. The nano-enhanced
material could be put in salty water and
then exposed to sunlight, producing
enough energy to boil and evaporate the
water, separating it from the salt.

Gomez, who leads the Polaritonics Lab
at RMIT, said the new technology could
significantly increase the yield in the
emerging photo-catalysis sector, with
leading firms currently producing about
30 kilograms of product each day using
light as the driving force.

The research, with collaborators from
CSIRO, the Melbourne Centre for
Nanofabrication and University of
Melbourne, is published in ACS Applied
Energy Materials (doi: 10.1021/
acsaem.8b01704).

RMIT University

March/April 2019



Life cycle of sulfuripredicts
location'of valuable

ninerals

-

Dr Crystal LaFlamme (Laval, University of WA) and Associate
Professor Marco Fiorentini (UWA) collaborate to unravel the cryptic
link between the global sulfur cycle and the genesis of world-class
mineral deposits.

Researchers from the University of Western Australia and two
Canadian universities have applied a first-of-its-kind technique
that measures the long-term life cycle of sulfur, helping to
explain the preferential location of high-value mineral deposits
at the edges of ancient continents.

The study, in Nature Communications (https://doi.org/
10.1038/s41467-018-06691-3), charts the life cycle of sulfur
over hundreds of millions of years, from its origins as a volcanic
gas emitted into the primordial atmosphere and oceans, and all
the way throughout its journey across Earth’s deep crust.

Sulfur plays a critical role in a variety of fundamental earth
processes because it regulates the global climate, is essential to
the living cell, and is the primary molecule necessary to
transport and concentrate precious metals such as gold and
platinum.

The team, which included researchers from Canada’s
Université Laval and McGill University, initially set out to better
understand the behaviour of sulfur in the ancient Earth. During
the process, the researchers were able to create a technique
using sophisticated technology based at UWA that could help
explorers identify new mineral-rich provinces in Australia and
around the world.

Co-author Associate Professor Marco Fiorentini, from UWA's
School of Earth Sciences, said that the largest and richest
deposits of precious metals in Australia and on Earth were
generally associated with large concentrations of sulfur-rich
minerals.

The technique presents a new way to engage with the
minerals industry, helping them to explore vast areas of the
planet that may host valuable resources.

University of Western Australia
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Mapping elements at
nanometre scale

Researchers at the University of Manchester, the University of
Oxford and Macquarie University have translated a biological
technique to reveal atomic-scale chemistry in metal
nanoparticles. These materials are one of the most effective
catalysts for energy-converting systems such as fuel cells. This
technique will potentially reduce the cost of fuel cells used in
electric cars and reduce harmful emissions from conventional
vehicles.

The particles have a complex star-shaped geometry and this
work shows that the edges and corners can have different
chemistries, which can be tuned to reduce the cost of batteries
and catalytic convertors.

The 2017 Nobel Prize in Chemistry was awarded to Joachim
Frank, Richard Henderson and Jacques Dubochet for their role in
pioneering the technique of ‘single particle reconstruction’. This
electron microscopy technique has revealed the structures of a
huge number of viruses and proteins but is not usually used for
metals.

This Nobel Prize-winning technique has been built on to
produce three-dimensional elemental maps of metallic
nanoparticles consisting of just a few thousand atoms.

Published in Nano Letters (doi: 10.1021/
acs.nanolett.8b03768), the research demonstrates that it is
possible to map different elements at the nanometre scale in
three dimensions, circumventing damage to the particles being
studied. The new 3D chemical imaging method has been used to
investigate platinum-nickel metal nanoparticles.

‘Like “single particle reconstruction”, the technique works by
imaging many particles and assuming that they are all identical
in structure, but arranged at different orientations relative to
the electron beam. The images are then fed into a computer
algorithm, which outputs a 3D reconstruction’, said Professor
Sarah Haigh, from the University of Manchester.

Author Dr Thomas Slater added, ‘We are aiming to automate
our 3D chemical reconstruction workflow in the future’.

University of Manchester
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Low-cost catalyst for
light-activated radical

polymerisation

Radical chemistry has greatly affected
polymer science, allowing an increasingly
large diversity of polymers to be made
robustly and reliably. More recently, with
the development of reversible deactivation
radical polymerisation (RDRP), polymers
can be synthesised with controlled and
near uniform molecular weights, allowing
precision at the atomic scale. The
continual introduction of novel
photocatalytic radical chemistry into
existing RDRP processes has led to a
rapidly propagating area of polymer
research in recent years. The Polymer
Nanostructures Group at the University of
Sydney, led by Markus Miillner, has
recently introduced bismuth oxide (a
visible band gap semiconductor) as a
heterogeneous photocatalyst for
polymerisation by photo-induced electron
transfer (PET) that operates at room
temperature and with visible light
(Hakobyan K., Gegenhuber T.,

McErlean C.S.P., Miillner M. Angew. Chem.
Int. Ed. 2019, 58, 1828-32). Bismuth
oxide introduces favourable properties to
PET-RDRP, such as low toxicity, reusability,
low cost, and ease of removal from the
reaction mixture. Formidable control
normally associated with degenerative
chain-transfer polymerisations, such as
macromolecular design by interchange of
xanthate (MADIX) and reversible addition-
fragmentation chain-transfer (RAFT)
polymerisation, was observed.
Homopolymers and diblock copolymers
with differently activated monomers were
successfully synthesised, while the PET
process allowed excellent temporal control
of the polymerisations.

- -
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Altering photochemistry with static electric fields

It has recently been shown that static
electric fields can be used to catalyse
non-electrochemical reactions, opening
up a new approach to chemical catalysis.
Now, researchers at the Australian
National University have expanded
electrostatic catalysis into the realm of
molecular excited states. Using state-of-
the-art computational methods, they
have shown that static electric fields can
be used as an approach to modifying the
relative energies of different types of
excited state in a predictable and
significant manner (Hill N.S., Coote M.L.
J. Am. Chem. Soc. 2018, 140, 17800-4).
They showed that the energies of two

types of excited state with different
wavefunction symmetries can be altered
in opposite directions, providing the
ability to invert their ordering, in order
to enhance certain desirable
photochemical properties. These field
effects can be harnessed using carefully
placed charged functional groups (CFGs)
in the form of acids or bases, which can
be turned on or off by simple changes in
pH. These oriented electric fields could
allow the design and synthesis of a new
generation of highly efficient
photoactive molecules that may find
application in a wide range of industrial,
synthetic, and biochemical applications.

Relating structure and charge transfer in

electroactive MOFs

A key structural feature of
photosynthetic organisms such as purple
bacteria is a cofacially arranged photo-
reaction trap, often described as the
‘special pair. This cofacial system plays a
vital role in facilitating the conversion
of light to chemical energy, by
stabilising the photo-excited mixed-
valence radical state through a process
called intervalence charge transfer
(IVCT). This intriguing phenomenon has
been the focus of a number of
qualitative biomimicry studies using
discrete organic molecules, mostly based
on porphyrin derivatives. However,
quantitative experimental and
theoretical studies on model inorganic
systems have been limited. Recent
research led by Deanna D’Alessandro from
the University of Sydney with colleagues
Bowen Ding, Carol Hua and Cameron
Kepert has now demonstrated subtle
structure-function relationships that
govern through-space IVCT in metal-
organic frameworks (MOFs) with

o ._-1‘_::'

g
s B

cofacially aligned ligands (Ding B.,

Hua C., Kepert C.J., D’Alessandro D.M.
Chem. Sci. 2019, 10, 1392-400). This
work follows a previous report from the
same group that revealed a new
mechanism for charge transfer
interactions in MOFs (J. Am. Chem. Soc.
2018, 140, 6622-30). Uncovering
structure-activity relationships in MOF
materials that emulate processes in
natural systems, and establishing
methods for quantifying their charge
transfer properties, represents an
important advance in fine tuning solid-
state materials for device applications.

March/April 2019



Revealing the selectivity and mechanism of glycopeptide antibiotic

biosynthesis

The glycopeptide antibiotics (GPAs,
including vancomycin and teicoplanin)
are highly cross-linked heptapeptide
antibiotics that are assembled in a
modular fashion through non-ribosomal
peptide synthesis. The production of a
linear peptide precursor is followed by a
cyclisation cascade of three or four
cytochrome P450 enzymes that occurs
late in biosynthesis, with the exact
timing and peptide structure when cross-
linking occurs previously unclear.
Recently, Max Cryle and his group at
Monash University, working with German
collaborators, have shown that
differences in results from in vitro and in
vivo studies on these systems can be
explained by the surprising tolerance of
the final peptide-bond-forming domain
for altered peptide substrates

(Schoppet M., Peschke M., Kirchberg A.,

Accepts
various
peptides

Coordinates
crosslinking

Non-ribosomal
peptide synthesis

Cryle M.J. Chem. Sci. 2019, 10, 118-33).
The substrate tolerance displayed by this
domain during peptide biosynthesis has
important implications for the ability to
undertake biosynthetic redesign of such
systems via the incorporation of different

Teicoplanin A2-1

explains why the alteration of non-
ribosomal peptide synthetase assembly
lines in vivo can lead to the
accumulation of off-pathway
intermediates that are not normally seen
during wildtype biosynthesis.

Weibach V., Siissmuth R.D., Stegmann E.,

amino acid monomers. Furthermore, it

New dual-gold catalysis mode for enediyne cycloaromatisation

Dual-gold catalysis involving o,m-activation has emerged as an
important reactivity mode in homogenous catalysis. This
activation mode requires the presence of a terminal alkyne in
the substrate to form a gold acetylide. A new mode of o,7-dual
gold catalysis has now been discovered experimentally by
Christopher Hyland, Stephen Pyne and PhD student Farzad
Zamani at the University of Wollongong and supported by
computational and structural studies at the University of
Tasmania (Zamani F., Babaahmadi R., Yates B.F., Gardiner M.G.,
Ariafard A., Pyne S.G. Hyland C.J.T. Angew. Chem. Int. Ed. 2019,
58, 2114-19). This new method involves electronic
differentiation of two alkynes in a non-conjugated enediyne,
which enables selective formation of a gold acetylide at a
propiolic position. This leads to the formation a highly reactive
intermediate that contains both a vinylidene gold and allenyl
gold moiety in a single structure. This strategy allowed the
preparation of a range of biologically relevant and
enantioenriched isoindolinones. It is anticipated that this new
catalytic mode can be applied to a range of other cyclic
molecules.

March/April 2019
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Making difficult peptide bonds like a Pro—Pro
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proline-proline motif

Proline (Pro), the most conformationally predominantly responsible for the

rigid amino acid, is an essential secondary structure of collagen. Despite
component of protein secondary such prevalence and importance in
structure. Clusters of this unique cyclic nature, Pro-Pro junctions have eluded
amino acid, known as polyproline motifs,  construction by traditional chemical
are common features of protein ligation methods, owing to steric
sequences across all taxa and are congestion and electronic deactivation.

New sulfur hosts for better sodium—sulfur batteries

Limited resources of lithium mean that nanometre-sized transition metal clusters
lithium-based batteries will not be able decorated on hollow carbon nanospheres.
to meet increasing energy-storage These clusters are able to assist the

demands. Consequently, the price of Liis ~ immobilisation of sulfur and enhance the
expected to skyrocket. Room-temperature  conductivity and activity of sulfur
sodium-sulfur (RT-Na/S) batteries are a (Zhang B.-W., Sheng T., Wang Y.-X.,

promising alternative due to resource Chou S., Davey K., Dou S.-X., Qiao S.Z.
abundance (of both sodium and sulfur), Angew. Chem. Int. Ed. 2019, 58,
non-toxicity, low cost and the high 1484-8). They serve as

theoretical capacity of sulfur electrocatalysts to quickly reduce
(1672 mAh g™*). But, the dissolution of polysulfides into short-chain sulfides,
polysulfides into the electrolyte during thus improving the electrochemical
cycling causes a low reversible capacity performance of RT-Na/S batteries.

and fast capacity fade. Now, researchers Among these sulfur hosts, iron-based

led by Shi-Zhang Qiao at the University clusters exhibited excellent cycling QUL N

of Adelaide have designed a new class of  and rate performance for RT-Na/S
sulfur hosts for RT-Na/S batteries: batteries.

10 I Chemistry in Australia

polysulfide

Now, a team led by Rich Payne has
developed the first method to efficiently
access the challenging Pro-Pro motif
(Sayers J., Karpati P.M.T., Mitchell N.J.,
Goldys A.M., Kwong S.M., Firth N.,

Chan B., Payne R.J. J. Am. Chem. Soc.
2018, 140, 13327-34). A diselenide-
selenoester ligation reaction between a
trans-y-selenoproline dimer and a prolyl
selenoester was shown to successfully
forge the Pro-Pro peptide bond cleanly
and in high yield. Importantly, following
the ligation reaction, in situ
deselenisation of the y-selenoproline
moiety could be performed to provide
native Pro-containing peptides. To
showcase the utility of the technology,
two biologically relevant polypeptides
(submaxillary gland androgen regulated
protein 3B and the antimicrobial peptide
lumbricin-1) were synthesised in one pot
and with excellent overall yield. As an
invaluable addition to the toolbox of
chemical ligation methods, this
technology will provide unique access to
an abundance of previously intractable,
proline-rich polypeptide and protein
targets in the future.

Sulfur hosts

d

Fe nanoclusters
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Ligand design enhances photoluminescence of biocompatible metal

nanoclusters

f+——— Core Solvation ——{

Increasing emission intensity

Water-soluble metallic nanoclusters coated with biological
ligands such as peptides exhibit precise physical, chemical and
luminescent properties with a variety of biomedical and
industrial applications. But optimising these ultrasmall
materials remains a challenge due to limited understanding of
their atomistic and electronic structure and the origin of
photoluminescence. Researchers from the Materials Modelling
and Simulation group at RMIT University and the Stevens Group
at Imperial College London, UK, have combined molecular
simulations with experimental characterisation to reveal how
peptide ligands can be designed to modulate gold nanocluster
fluorescence (Lin Y., Charchar P., Christofferson A.J.,

Thomas M.R., Todorova N., Mazo M.M., Chen Q., Doutch J.,
Richardson R., Yarovsky I., Stevens M.M. J. Am. Chem. Soc.

proximal TYR "o
amino acids

."
P A

Saaat »

2018, 140, 18 217-26). Through systematic synthesis and
simulation of hexapeptide-protected gold nanoclusters, they
discovered that the photoluminescent emission intensity can be
tailored by controlling peptide-ligand composition (e.g.
N-terminal acetylation, electronegativity or
aromaticity/hydrophobicity) or by adjusting the environmental
pH. Classical molecular dynamics simulations accompanied by
electronic-structure calculations identified the peptide
conformation, interfacial water and ligand-core interactions as
major contributing factors to the enhancement of nanocluster
emission. The findings of this work provide key design
principles for understanding and maximising the
photoluminescence of metallic clusters through the exploitation
of biologically compatible ligands.

Compiled by David Huang MRACI CChem (david.huang@adelaide.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 David.
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A century and a half ago, a set of
symbols, carefully arranged in rows
and columns, was published. The
‘collection’ was incomplete and the
gaps hinted at undiscovered relatives.

he periodic table of the
chemical elements has
become perhaps the most
recognisable symbol of
chemistry. Printed on various
merchandise hoarded by chemists and
enthusiasts, the periodic table
proclaims passion for chemistry or the
sciences as a defining character trait
or, depending on who you ask, as
membership of the nebulous ‘nerd
club’. As pop culture has turned to
embrace science and other aspects of
this club, the symbolism of the
periodic table is no longer limited to
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the sciences, elevated instead into a
general sign of shared interests.
Google images is awash with
collections of boxes arranged in a
vaguely familiar shape, claiming to be
the periodic table of dragons, meat,
musical instruments, wrestling, magic,
dumbbells, epic reads, swearing,
cryptocurrencies, alcoholic drinks,
languages and more.

Most of these ‘periodic tables’
misunderstand or misrepresent the
nature of the original. Presenting the
periodic table as an inventory, most of
the imitations boil down to a collection

of all the things someone could think of
that belong to a certain category,
presented in boxes. The periodic table
of chemical elements is, however, part
of a much bigger and more complex
picture.

It's true that the periodic table does
act as a list of every known element.
Even this simple fact contains some
useful knowledge, because the need
to list or tabulate the elements follows
from an understanding that they are
somehow fundamentally distinct. The
question of how they can be
distinguished opens the gates to
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discussions of chemical and physical
properties, and their relations to
various configurations of subatomic
particles. The atomic number, atomic
mass and isotopes are fundamental
concepts to explore when determining
elemental identity, while the more
adventurous guides to the periodic
table may also wish to discuss the role
of radioactive decay in transforming
one element into another.

The shift to the next layer is subtle —
from ‘How are the elements different
from each other?’ to ‘How do the
elements relate to one another?’
However, it’s a significant distinction:
this is where we begin to lose the
creators of the periodic tables of
magic, meat and more. It is not
because Dmitri Mendeleev arranged
all the known elements in an
aesthetically pleasing manner that he
is remembered 150 years later.

That comprehensive list of the
elements described earlier is only fit
to be called a ‘table of the chemical
elements’. The periodic system, for
which the periodic table is named,
looks beyond the distinctions between
individual elements and considers
them instead as a continuous whole.
Looking at elements 1-118, this does
not appear so difficult, but to account
for continuity by ascending atomic
number, a list would be sufficient. What
is the function of the table? The
periodic system, as reflected in the
structure of the periodic table, reveals
elemental relationships: groups
(columns) of elements that perform
similar chemistry thanks to their
valency, and trends within periods
(rows) of elements in electronegativity,
lonisation energy, atomic radius and
more. The realisation that elements
belong precisely at their given location
on the periodic table because of their
relationships to the elements around
them is what unlocks an understanding
of the periodic table as an
indispensable tool. Because of this
property of the periodic table, much
can be inferred about the chemistry of
an element just by its position on the
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... Mendeleev
recognised that
there were gaps in
his knowledge and
accounted for
them.

table — patently untrue of almost all of
its imitations.

Although this United Nations
International Year of the Periodic Table
of Chemical Elements celebrates
Dmitri Mendeleev’s contributions to
the periodic table, the periodic system
was not a sole invention of his. The
concept of periodicity was first
contemplated by French chemist
Alexandre Beguyer de Chancourtois,
who noted that the atomic masses of
elements with similar properties
varied systematically. Yet, a placque
from the Royal Society of Chemistry at
his place of birth attributes instead the
‘discovery of the Periodic Law for the
chemical elements’ to English chemist
John Newlands, a contemporary of
Mendeleev’s, and another of the many
early chemists who sunk their teeth
into the problem of rationally
organising the elements. Newlands,
Mendeleev and German chemist Julius
Lothar Meyer all made attempts at
tabling the elements around 150 years
ago. This is a fact often forgotten in the
celebration of any historical scientist —
the romantic notion of an earth-
shattering Eureka moment by a single
genius, [ would venture, has never
actually been true.

Given his contemporaries — of
which surely only some are
remembered — working on the
problem, why is only Mendeleev
celebrated as the ‘father of the
periodic table’? Perhaps what captures

public imagination even today was his
role as elemental Nostradamus. Where
earlier attempts to table the elements
by John Newlands kept to a periodic
pattern only by occasionally cramming
two elements into a box, Mendeleev
recognised that there were gaps in his
knowledge and accounted for them.
Not only did his periodic table contain
spaces for as-yet-undiscovered
elements, he also confidently made
predictions on their properties,
including atomic mass, melting point,
valency and even the probable
method of discovery. As these spaces
began to be filled in the proceeding
years, these predictions proved
startlingly accurate, and Mendeleev’s
position in the canon of modern
chemistry was secured.

Of course, there have been many
refinements to this early work over the
years. Mendeleev’s original periodic
table is not the one we find on Google
images today. Noble gases didn't
appear on the table until 1904, when
William Ramsay received the Nobel
Prize in Chemistry (and Lord Rayleigh
the corresponding prize in physics) for
the discovery of this new class of
elements. Having had no way to
quantify the atomic number until
Henry Moseley’s work to measure
nuclear charge by X-rays in 1914,
Mendeleev and his contemporaries
also arranged the table by atomic
mass — although Mendeleev allowed
some exceptions in his table due to the
properties of the elements. Much later,
work on the Manhattan Project
prompted CGlenn Seaborg to propose
the inclusion of the actinide series,
while proceeding research in
radiochemistry eventually led to the
filling of the seventh period with the
unstable, mostly laboratory-made
transuranium elements.

History shows us that the
development of the periodic table has
been intrinsically linked with
fundamental advances in chemistry
since the 19th century. As Mendeleev's
predictions show, the periodic table
has been a map for the elemental
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World’s oldest periodic tab
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A periodic table chart discovered at the University of St
Andrews is thought to be the oldest in the world.

The chart of elements, dating from 1885, was discovered in
the University’s School of Chemistry by Dr Alan Aitken during a
clear-out. The storage area was full of chemicals, equipment
and laboratory paraphernalia that had accumulated since the
opening of the chemistry department at its current location in
1968. Following months of clearing and sorting the various
materials, a stash of rolled-up teaching charts was discovered.
Within the collection was a large, extremely fragile periodic
table that flaked upon handling. Suggestions that the discovery
may be the earliest surviving example of a classroom periodic
table in the world meant the document required urgent
attention to be authenticated, repaired and restored.

Mendeleev made his famous disclosure on periodicity in
1869; the newly unearthed table was rather similar, but not
identical to Mendeleev's second table of 1871. However, the
St Andrews table was clearly an early specimen. The table is
annotated in German, and an inscription at the bottom left -
‘Verlag v. Lenoir & Forster, Wien” - identifies a scientific printer
who operated in Vienna between 1875 and 1888. Another
inscription - ‘Lith. von Ant. Hartinger & Sohn, Wien" - identifies
the chart’s lithographer, who died in 1890. Working with the
University’s Special Collections team, the University sought
advice from a series of international experts. Following further
investigations, no earlier lecture chart of the table appears to
exist. Professor Eric Scerri, an expert on the history of the
periodic table based at the University of California, Los Angeles,
dated the table to between 1879 and 1886 based on the
represented elements. For example, both gallium and scandium,
discovered in 1875 and 1879 respectively, are present, while
germanium, discovered in 1886, is not.
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le chart at University of St Andrews

In view of the table’s age and emerging
uniqueness, it was important for the teaching
chart to be preserved for future generations. The
paper support of the chart was fragile and brittle,
its rolled format and heavy linen backing
contributed to its poor mechanical condition. To
make the chart safe for access and use, it
received a full conservation treatment. The
University’s Special Collections was awarded a
funding grant from the National Manuscripts
Conservation Trust for the conservation of the
chart in collaboration with private conservator
Richard Hawkes (Artworks Conservation).
Treatment to the chart included brushing to
remove loose surface dirt and debris, separating
the chart from its heavy linen backing, washing
the chart in de-ionised water adjusted to a
neutral pH with calcium hydroxide to remove the
soluble discoloration and some of the acidity, a ‘de-
acidification’ treatment by immersion in a bath of magnesium
hydrogen carbonate to deposit an alkaline reserve in the paper,
and finally repairing tears and losses using a Japanese kozo
paper and wheat starch paste. A full-size facsimile is now on
display in the School of Chemistry. The original periodic table
has been rehoused in conservation-grade material and is stored
in Special Collections’ climate-controlled stores in the
University.

A researcher at the University, M. Pilar Gil from Special
Collections, found an entry in the financial transaction records
in the St Andrews archives recording the purchase of an 1885
table by Thomas Purdie from the German catalogue of
C Gerhardt (Bonn) for the sum of 3 Marks in October 1888. This
was paid from the Class Account and included in the Chemistry
Class Expenses for the session 1888-9. This entry and evidence
of purchase by mail order appears to define the provenance of
the St Andrews periodic table. It was produced in Vienna in
1885 and was purchased by Purdie in 1888. Purdie was
Professor of Chemistry from 1884 until his retirement in 1909.
This in itself is not so remarkable, a new professor setting up in
a new position would want the latest research and teaching
materials. Purdie’s appointment was a step-change in
experimental research at St Andrews. The previous incumbents
had been mineralogists, whereas Purdie had been influenced by
the substantial growth that was taking place in organic
chemistry at that time. What is remarkable, however, is that
this table appears to be the only surviving one from this period
across Europe. The University is keen to know if there are others
out there that are close in age or even predate the St Andrews
table.

University of St Andrews
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explorers of the world, telling them
where and how to look. Even now, with
the seventh period completed by
oganesson, theoretical chemists are
considering how far the (debatable)
stability of superheavy elements can
stretch, and how these hypothetical
additions would fit into the periodic
system.

What is perhaps most frustrating
about the imitation periodic tables is
that basic information about the
periodic system and its significance is
quite easy to find and understand.
Chemists much more knowledgeable
than me will have noticed that I have
been terribly non-specific in
describing the construction and uses
of the periodic table. Even all this
information reaches only the second
layer of complexity, after all.

... there is still an
appreciable
elegance to being
able to put fences
around particular
sections of the
periodic table for
particular kinds of
chemistry ...

Peeling away the groups and the
periods, we enter a layer that may be
inaccessible to the non-chemically
inclined. Underneath the relationships
between elements with their
neighbours, we find a term by which
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inorganic chemists in particular
sometimes identify their area of
interest: the block. Although even the
most ardent defender of chemical
knowledge may concede that there is
no real benefit to a non-chemist being
able to name the blocks, there is still
an appreciable elegance to being able
to put fences around particular
sections of the periodic table for
particular kinds of chemistry — thanks
to chemical properties bestowed by
electronic orbitals.

It isn't my intention to detail what the
periodic table is and how it can be
used — only why it matters. The
periodic table quietly and succinctly
encompasses many of the principles
that make chemistry work. But wait,
there’s more, for it also represents
some of the core tenets of science: a
marriage of theory and experiment,
the periodic table embodies a rich
history of scientists probing the edges
of current knowledge. I wonder if,

150 years ago, Mendeleev could
imagine his periodic table growing
quite so far — and I wonder whether we
can envision the ways it could still
transform, 150 years hence?

The periodic table has become a
symbol of chemistry because in so
many ways, it is chemistry. In this
International Year of the Periodic Table,
we chemistry professionals have an
opportunity to spark the imaginations
of those previously dismissive of our
discipline. In 2019, let us not be the
silent central science, but instead
proudly proclaim our profession, and
that most of the modern world's
technological advances, food security
and medicines exist because of us.

Anna Ahveninen (anna.ahveninen@raci.org.au,
@Lady_Beaker) is communications officer at the
RACI.

New elements on show

In celebration of the International Year
of the Periodic Table in 2019, the RACI
has completed the Periodic Table on
Show with new artwork for elements
112-118. For enquiries on the updated
poster, contact Jane 0'Keefe at
jane.okeefe@raci.org.au.

The Periodic Table on Show was first
created to celebrate the International
Year of Chemistry in 2011 by

collaborations between 79 chemists and

38 printmakers with generous
sponsorship by Questacon and the
Australian Government Department of
Innovation, Industry, Science and
Research. Find out more at
raci.org.au/periodic-table-on-show.

Linda Abblitt

Linda Abblitt

Chemistry in Australia I 15



AanNadium

iStockphoto/asany

Where does the
periodic table of
elements end? Is
there a final
element, or are
ever-increasing
atomic numbers
possible?

BY COLIN A.
SCHOLES
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considered to end at the

largest stable element, lead

(atomic number 82). All
elements with higher atomic numbers
have unstable nuclei, because the
assembled protons become too large
for the strong nuclear force to hold
together. Hence, all those elements
with atomic numbers greater than that
of lead will eventually undergo
radioactive decay to reduce their
atomic number to 82 or less; as such,
these elements can be considered
transients. However, many of these
higher elements have half-lives
comparable to the age of the universe.
For instance, bismuth (atomic number
83) was considered stable, until in
2008 it was found to be very slightly
unstable with a half-life of
1.9 x10' years. This half-life is more
than a billion times longer than the
current age of the universe, and so
bismuth as an element may outlast the
universe. Similarly, the longest-lived
isotope of thorium (atomic number 90)

The periodic table could be

has a half-life of 1.4 x 10'° years and
will remain with us for billions of years
to come. The longest-lived isotope of
uranium (atomic number 92) has a
half-life of 4.5 x 10° years, followed by
plutonium (94, with a half-life of
7.9 x 107 years) and curium (96),
whose most stable isotope has a half-
life of 1.6 x 107 years. As atomic
number increases after curium, the
half-lives of elements rapidly reduce to
days and then minutes. Einsteinium
(99) at its most stable has a half-life of
1.3 years, while nobelium (102) has a
half-life of 2.8 hours and copernicium
(112) a half-life of 20 minutes. The
highest element currently recognised
is oganesson (118) with the isotope
produced having a half-life of
5 milliseconds. These elements are so
short-lived that they are not found
outside of high-energy particle
research institutes, and so are
considered only as curiosities.
However, the behaviour of the
larger elements points to the
possibility of an ‘island of stability’ in
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heavier elements on the outer reaches
of the periodic table. This island
corresponds to longerlived elements
and was first postulated to exist in the
1960s, based on nuclear shell models.
The concept is that superheavy
elements with nuclei of 108, 114, 120
and 126 protons, with around 184
neutrons, will have unique properties
that increase stability. This is because
these numbers of protons and neutrons
complete shells within nuclei, which
lead to very strong binding energies.

Furthermore, the superheavy
nature of these nuclei is expected to
deform the nucleus, with interesting
shapes such as a bubble with a hole in
the middle being adopted, which will
confer additional stability. This stability
is anticipated to provide those
superheavy elements with half-lives
long enough for them to exist outside
of a laboratory. Such shapes have yet
to be observed but the increase in
half-life in these large atomic number
elements as the neutron count
approaches 184 has been confirmed.

The hypothetical element
unbihexium-310 (126) is considered
one of the best candidates in the island
of stability because it will have both
126 protons and 184 neutrons — double
the magic number in terms of nuclei
shell theory — and will likely be long-
lived enough to have practical uses.
Theorists have suggested that these
superheavy elements should have
half-lives of minutes to days, with some
suggesting millions of years. If this
island of stability is confirmed, then it
will extend the periodic table into a
new row of elements and open the
further possibility of a second island of
stability existing when the atomic
number reaches 164.

Current superheavy elements are
synthesised by bombarding smaller
elements together in the hope that the
nuclei will ‘stick’ and create a higher
atomic number. For example,
tennessine (117) is created by
combining calcium (20) with
berkelium (97). These atom smashers
utilise magnetic fields to confine and
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speed up beams of atoms together.
Most collisions result in the atoms
ricocheting off each other, but every
now and then two nuclei combine to
form the bigger element. This
research takes a very long time —
Japanese researchers spent 553 days
over a nine-year period smashing
atoms to produce enough
copernicium to confirm its existence
(bit.ly/2MgZpYm).

Part of the problem in trying to
reach the island of stability is that
current technology is reaching its
limits and facing the problem of
neutron shortage. For the superheavy
elements to be long-lived, they require
more neutrons than can currently be
provided by smashing together

There is some
anecdotal
evidence that
superheavy
elements exist in
space, associated
with the
Przybyiski’s star ...

Przybylski’s star, in the Centaurus constellation (image shows Alpha Centauri (left) and Beta

elements with smaller atomic
numbers. This means that all
synthesised elements can be
considered neutron deficient, which is
contributing to their instability.
Researchers are struggling to develop
methods to add additional neutrons to
these processes, and until this problem
is overcome, all future superheavy
elements will fall short of the island of
stability.

There is some anecdotal evidence
that superheavy elements exist in
space, associated with the Przybylski’s
star (HD101065), 370light-years away
in the constellation of Centaurus. This
star has evidence of actinium,
americium and einsteinium within its
solar spectrum, while also being low in
iron and nickel. These elements are of
the actinides series and have half-lives
that are far too short compared to the
life of the star, so these elements
should have disappeared millions of
years ago. Hence, there must be a
mechanism within the star that is
constantly producing and replenishing
these actinide elements. One
possibility is the presence of
superheavy elements, given that their
decay sequence is expected to
produce actinides. However, probing
the star’s light for these superheavy
elements is extremely difficult because

Centauri), may contain superheavy elements. Skatebiker/CC BY-SA 3.0
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FIONA measures mass numbers of moscovium and nihonium

i

FIONA is a new system at Berkeley Lab’s 88-Inch-Cyclotron that enables direct mass number measurements of superheavy elements.

A team led by nuclear physicists at the US Department of
Energy’s Lawrence Berkeley National Laboratory (Berkeley Lab)
has reported the first direct measurements of the mass numbers
for the nuclei of two superheavy elements: moscovium (element
115) and nihonium (element 113).

They obtained the results (https://doi.org/10.1103/
PhysRevLett.121.222501) using FIONA, a new tool at Berkeley
Lab that is designed to resolve the nuclear and atomic
properties of the heaviest elements.

FIONA stands for For the Identification Of Nuclide A, with ‘A’
representing an element’s mass number - the total number of
protons and neutrons in an atom’s nucleus.

The mass number and atomic number of superheavy elements
have relied on the accuracy of nuclear mass models. So it's
important to have a reliable way to measure these numbers with
experiments in case there is a problem with models, noted Ken
Gregorich, a recently retired senior scientist in Berkeley Lab’s
Nuclear Science Division who worked closely with Jackie Gates,
who leads FIONA's mass-number-determination efforts, to build
and commission FIONA. For example, superheavy elements could
possibly exhibit unexpected nuclear shapes or densities of
protons and neutrons that are not accounted for in the models,
he said.

FIONA is an add-on to the Berkeley Gas-filled Separator
(BGS). For decades, the BGS has separated heavy elements from
other types of charged particles that can act as unwanted
‘noise’ in experiments. FIONA is designed to trap and cool
individual atoms, separate them on the basis of their mass and
charge, and deliver them to a low-noise detector station on a
timescale of 20 milliseconds.

In its early operation, FIONA was specifically tasked with
trapping individual moscovium atoms. ‘We have about a 14%
chance of trapping each atom’, Gregorich noted. So researchers
had hoped to capture a single measurement of moscovium’s
mass number per week.
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To produce moscovium, scientists at the 88-Inch Cyclotron
bombarded an americium target with a particle beam produced
from the rare isotope calcium-48.

There is a distinct looping signature for each atom trapped
and measured by FIONA. The trajectory of this looping
behaviour is related to the atomic mass-to-charge ratio - the
timing and position of the energy signal measured in the
detector tells scientists the mass number.

Ideally, the measurement includes several steps in the
particle’s decay chain: moscovium has a half-life of about
160 milliseconds. Capturing its energy signature at several steps
in this decay chain can confirm which parent atom began this
cascade.

In FIONA's first scientific run, researchers identified one
moscovium atom and its related decay daughters, and one
nihonium atom and its decay daughters. The measurements of
the atoms and the decay ch