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Comment from the President

Téna koutou katoa.

As | write this, our news is filled with details of the ravag-
es caused by Cyclone Gabrielle. To all our members who
have been affected personally, professionally or through
whanau, we send you our best wishes in recovering from
the flooding, loss of electricity and trauma. Kia kaha! Cer-
tainly, evidence for climate change is all around us these
days. As scientists, we are used to weighing up evidence,
employing models to simplify the complexities of nature
and factually communicating the outcomes resulting
from our studies. It can be surprising if others are not
on the same page. We need to address the challenges of
these times in ways appropriate to our audience.

| also want to acknowledge chemists who have been im-
pacted by job cuts. This causes great personal distress for
those who have lost their jobs and affects those who re-
main, with fewer staff to maintain function. Job losses in
STEM areas reduce our ability to function as a modern,
educated, technologically underpinned society, which is
sorely needed for the NZ economy to weather the cur-
rent and future storms.

The emergence of ChatGPT, and other Al communication
tools, is exercising those of us who are in the education
sector. On the positive side, such functionality can help
students and educators produce (generally) well-phrased
written material in an efficienct manner. For example,
this is what ChatGPT had to say when | asked about the
benefits of Al tools for educators:

“Al tools... can help to quickly generate ideas and content
for educational materials, saving educators valuable time
and effort. Al tools can assist in researching relevant liter-
ature and compiling data, which can be time-consuming
if done manually. They can also assist with grammar and
spelling checks, which can help ensure that educational
materials are high-quality and professional. Al tools can
be used to tailor educational materials to the needs of
individual learners, including personalized feedback and
assessments, as well as adaptive learning programs
that adjust to individual learning styles and abilities.
Additionally, Al tools can help to create more accessible
educational materials, such as text-to-speech functions
for visually impaired learners or translation functions
for non-native speakers. Finally, Al tools can help create
educational materials that are scalable and can be easily
adapted to meet the needs of larger audiences, including
the use of chatbots or virtual assistants to provide sup-
port and guidance to learners at scale.”
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"The emergence of ChatGPT, and other Al
communication tools, is exercising those of
us who are in the education sector."

ChatGPT produced this in a fraction of the time | would
have taken to formulate those ideas and get them onto
the page and, in my opinion, did a pretty good job. This
was ChatGPT’s second pass at the subject and might im-
prove upon further refinement of my prompts.

There are significant ethical problems arising when us-
ing this tool to produce written work that we claim as
our own. For education, this is creating challenges for as-
sessment of written work (and other creative exercises),
leading educators around the world to test out new ways
of assessing work, including embracing the positive as-
pects of Al tools. In the research arena, journals are de-
veloping different approaches to Al content, from those
forbidding any use of Al to those allowing writing that
has Al input as long as the extent is described and ac-
knowledged. Journalism, legal and other sectors are also
grappling with the implications of this technology.

On the horizon for NZIC, we have a new-look online
format for our journal Chemistry in New Zealand under
development. A working group headed by Vyacheslav
Filichev (Manawatu) has been planning the transition
to a fully online journal with click-through and interac-
tive functionality. We hope it will be in place by the end
of this year and look forward to engaging more strongly
with the community through this.
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For your calendars, please note that the next NZIC confer-
ence will be in 2024, hosted by Otago Branch. Exact dates
and location are under discussion so watch this space!
Additionally, Pacifichem will be back as a fully in-person
congress in Hawaii in December 2025 — there are some
further details in this issue. Pacifichem runs as a series
of overlapping symposia, most on highly specific areas of
chemistry, and the scientific programme for each is or-
ganised by a team from at least three different chemical
societies. Now is the time to be considering whether you
could co-organise a symposium and/or be a topic review-
er. Mark Waterland, our Pacifichem rep, is on the lookout
for reviewers. Having New Zealand-based symposium
co-organisers is likely to attract more NZIC members and
raise our profile. NZIC benefits financially from any mem-
bers who attend, so the more, the merrier!

A reminder that NZIC also benefits financially from mem-
bers publishing in the Royal Society of Chemistry journal
Phys. Chem. Chem. Phys. and the Asian Chemical Edito-
rial Society (ACES)/Wiley journals Chemistry — an Asian
Journal, Asian Journal of Organic Chemistry and Chem-

Letter to the editor

NanoMat. Do consider submitting research articles to
these quality international journals.

Finally, we are seeking a new Treasurer for NZIC. Our
current treasurer, Hamish McDonald (Hon. FNZIC), has
indicated his intention to retire from this position. We
are incredibly fortunate to have benefitted from his fi-
nancial expertise, wisdom and initiative over the past
4+ years. He led our transition to Xero’s financial service
and improvement in our accounting and auditing compli-
ance, as well as delivering vision, insight and experience
to the Executive group of NZIC, while also maintaining
the accounts. Hamish has done all this voluntarily and
from Australia — immense gratitude and thanks for such
commitment to NZIC! We are looking for someone to fill
this important role moving forward. Please get in contact
with Samantha at nzic.office@gmail.com if you would
like to know more, register your interest, or nominate
someone.

Naku noa, na
Joanne

Vyacheslav Filichev’s article, Chemistry in New Zealand
at your fingertips: results of a reader survey and future
direction of the journal (Chemistry in New Zealand, 2022,
86(4), 178-181), took me back nearly 50 years to when
an Auckland school teacher asked me if the NZIC could
help teachers by making available information on chemi-
cal processes in New Zealand.

The result of this was the production of Chemical Pro-
cesses in New Zealand in 1978, followed by a second
smaller volume in 1988, and then a second two volume
edition with 101 articles in 1998 (this is still on the NZIC
website and the master copy from which this was printed
is in the NZIC archives). A 1940 NZIC publication, Chemis-
try in the Development of New Zealand Industry 1940, is
the last article of the 2nd edition.

It is now 25 years since this 2nd edition was produced.
I think from memory we managed to give a copy of this
2nd edition to every secondary school in New Zealand.
From a historical viewpoint it is the most comprehensive
account of New Zealand’s chemical history.

I would like to suggest that SCENZ consider whether start-
ing on a 3rd edition would be a good idea. Most of the
122 contributors to the second edition will have either
retired or died so a new team would have to be found!
New or revised articles could be published on the NZIC
website as they are produced.

John Packer
Editor, Chemical Processes in New Zealand, 1978-98
(email: j.packer384@gmail.com)
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NEWS

B CANTERBURY

NEWS

The Canterbury branch has been
playing catch up with events that
were postponed due to Covid in
2022. Canterbury was particularly af-
fected in November and December
last year.

The 2022 AGM was finally held on
8 December and, as part of the pro-
ceedings, we were delighted to have
Professor Dame Juliet Gerrard give
her talk, “A front row seat — science
advice in emergencies” which had
been postponed numerous times
during the year.

On 2 February we were able to host
Associate Professor Michael Mucalo
in person to give his 2022 President’s
talk.

14 February saw 31 attendees at
the IUPAC Global Women’s Break-
fast. Professor Richard Hartshorn
welcomed everyone by zoom from
Auckland where he was stranded by
Cyclone Gabrielle. The cyclone also
meant that we were unable to li-
aise with any other branches for this
event. Professor Catherine Moran,
Deputy Vice-Chancellor - Academic,
talked about her journey in science
which was entertaining and thought
provoking and engendered a good
discussion.

CONGRATULATIONS

B We are delighted that Sarah Mas-
ters was promoted to Professor at
the end of 2022.

B Congratulations to the following
on their successful PhD completions:

Lily Hermanspahn: “Synthesis of
functionalised supramolecular as-
semblies” supervised by Professor
Paul Kruger.

68

Professor Catherine Moran addresses the Global Women's Breakfast event.

Chemistry Prize Winners 2022

NZIC Prize
(best overall 200-level grades)

Emily Tobbell and Adam Nolan

Haydon Prize — Chemistry
(outstanding 300-level grades)

Finlay Player

Ralph H Earle Jnr Seminar Prize
(best 2nd year PhD seminar)

Brooke Matthews

C E Fenwick Prizes in Chemistry Daniel Chong
(outstanding 400 grades)
C E Fenwick Prizes in Chemistry Jude Kalan

(best 400-level demonstrator)

Cuth J Wilkins Prize
(top MSc thesis student)

Michael Hutton

Dr Gregory S C Hii Prize in Organic
Chemistry

Toby McDonald

Jack Fergusson Prize
(excellence in 300-level chemistry
laboratories)

Finlay Player

Professor Jim Coxon
Graduate Prize in Chemistry

Alexandra Aves

Nathan Harvey-Reid: “Design and
synthesis of novel hybrid ultrami-
croporous materials for selective gas
capture and separation” supervised
by Professor Paul Kruger.

Pratik Solanki: “Lanthanide-doped
potassium yttrium fluoride nanopar-
ticles: spectroscopy, thermometry
and crystal field analyses” super-
vised by Professor Jon-Paul Wells
and Professor Mike Reid.

Sarah Masters.
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Zach Stueven: “Synthesis and biolog-
ical applications of anti-tuberculosis
compounds” supervised by Profes-
sor Rudi Marquez.

M Congratulations to Michele Klein
(supervised by Dr Jodie Johnston)
who won the student communica-
tor prize at the recent New Zealand
Institute of Chemistry conference in
Auckland.

M Congratulations to Rifana Irfan (su-
pervised by Professor Sarah Masters)
and Joel Schuurman (supervised by
Dr Paula Brooksby) who won prizes
at the Materials Cluster conference
held at the University of Canterbury
in December 2022. This is a particu-
lar achievement for Rifana who is an
offshore doctoral student and pre-
sented remotely at the conference.

B MANAWATU

NEWS

In staffing news, we welcome a new
lecturer in chemistry, Dr Tyson Dais.
Tyson will be working with magnetic
materials having recently completed
his PhD.

We also would like to acknowledge
the departure of Professor Paul
Plieger and Dr Karen Lyons. Paul has
resigned to take up a management
position at the Fonterra Research
and Development centre while Ka-
ren, following 19 years of service to
Massey University, has earned her-
self a well-deserved retirement.

B Shivangi Chourasia has joined the
Whitby group as a PhD student and
will be working on a project entitled,
“Reconfigurable Pickering emulsions.”

B Mohana Arul has joined the Telfer
group as a PhD student and will be
working on multicomponent met-
al-organic frameworks (MOFs).

M Victoria-Jayne Scott has completed
her MSc entitled, “Isophthalic acid
derivative metal-organic frameworks
for gas capture and separation” su-

pervised by Professor Shane Telfer.

Between 21-24 November 2022 six
members of the Manawatl branch
attended the NZIC conference held in
Auckland. Attendees included mem-
bers from the Filichev, Plieger, Row-
lands and Whitby groups.

On behalf of the Nucleic Acid Chem-
ical Biology group working on
APOBEC3 inhibitors, Emeritus Profes-
sor Geoffrey B. Jameson was invited
to present at the 4th International
Conference on Base Editing Enzymes
and Applications - Deaminet 2023
held in Palm Springs, California (22-24
January 2023). The talk was devoted
to “Structural basis of modified DNA
inhibitors that competitively restrict
DNA-editing activity of APOBEC3A.”

UNIVERSITY OF OTAGO,
DEPARTMENT OF
CHEMISTRY

Plant & Food Research
(PFR) is running nationwide
networking for early Natural
products chemistry at Oro-
konui.

Nigel Perry presented to sci-
ence teachers attending the
Otago University Advanced
School Sciences Academy
on “Taonga natural prod-
ucts: matauranga Maori and
chemistry.”

This was run at Orokonui
Ecosanctuary in combina-
tion with a walk to look at
the plants mentioned and
others, led by the excellent
science communicator Tay-
lor Davies-Colley. A highlight
for Nigel was seeing the
many kaka there up close —
one is photographed here,
shedding a tracking device!

B OTAGO

UNIVERSITY OF OTAGO,
DEPARTMENT OF CHEMISTRY

NEWS

Gordon Group

M Congratulations to Fatema
Ahmmed who graduated with her
PhD in December 2022 and is now
working with the Riddet Institute
in Palmerston North. Fatema’s PhD
covered analytical spectroscopy in-
cluding data fusion-based chemo-
metrics on aquaculture samples.

M Sara Fraser, Sam Harris and Keith
Gordon attended the NZIC confer-
ence in Auckland. §am presented
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his Honours work on twisted excited
states which he published late last
year (https://doi.org/10.1021/acs.
jpca.2c03380). Sara talked about
her work on detecting disease us-
ing multimodal spectroscopic tech-
niques (https://doi.org/10.1021/
acs.analchem.0c04963) and shared
Fatema’s research project on detect-
ing adulteration of marine derived
edible oils (https://doi.org/10.3390/
molecules27144534). Keith pre-
sented a talk on spatially offset low
frequency Raman spectroscopy in
which subsample materials may be
analysed non-destructively (https://
doi.org/10.1021/acs.cgd.1c01401)
and also presented some work on
long-lived excited states.

Sara was presented with the ACES
Early Career Award from the NZIC
recognising her excellent research
record.

B Jeremy Rooney presented the work
from his postdoc at the cyber marine
science excellence advisory group
meeting. Jeremy recently published
some of his work in Aquaculture
Research (https://doi.org/10.1111/
are.16120) with Daniel Killeen from
Plant and Food Research.

M Peter Remoto, Sam Harris and
Keith Gordon attended the 10th Ad-
vanced Materials and Nanotechnolo-
gy conference (AMN-10) in February.
Keith talked on excited state spec-
troscopy, Sam presented a poster
on new donor-acceptor compounds
and Peter gave a poster on dehydra-
tion kinetics in materials as probed
by low frequency Raman spectros-
copy. This work from his BSc (Hons)
was published last year (https://doi.
org/10.1021/acs.cgd.2c00121).

B Working with a team in Marine
Science led by Bridie Allen, Sara, Pe-
ter, Fatema and Keith contributed
to a paper highlighting the issues
of microplastics in fish species pub-
lished in Marine Pollution Bulletin
(https://doi.org/10.1016/j.marpol-
bul.2022.114121). This is part of
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Fatema Ahmmed with her daughter Maryam and supervisors Sara Miller and Keith Gordon

the new Ki uta ki tai Plastic Pollution
Research Theme started at Otago in
2022.

B Summer students Lia Heremia
and Samer Naji have been conduct-
ing work on a variety of projects. Lia
has been working on formulating hy-
drogels to be used in assessing pen-
etration depths for spatially offset
Raman spectroscopy as part of Sara
Miller’s Marsden and MBIE projects.

WELCOME

We welcomed visitors and
new colleagues to the Gor-
don-Miller lab in February.
Elina Harju and Teemu Tem-
burg from the Univeristy

of Helsinki (pictured) are
visiting the lab to under-
take Raman measurements
on cells. Georgina Shillito
(University of Jena) is visit-
ing to use the time-resolved
experiments to investigate
new photocatalysts.

Samer, having looked at rat brain
composition as a function of diet,
has also been helping researchers in
zoology look at microplastics in wa-
terways and aquatic species.

B Amir Sohail, MJ Punzalan and
Mitchell Chambers started their PhD
journeys in March.

M Peter Remoto has submitted his
MSc thesis.
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Hands On at Otago

After a year off due to COVID, the
chemistry department was again
involved in Otago’s Hands On at
Otago programme (which is now in
its 33rd year). About 400 Year 12
and 13 students spent a week on
campus, taking part in extended
project groups each morning during
the week, and then having ‘tasters’
of other subjects in the afternoons.
The chemistry department runs two
project groups, one studying natural
products chemistry, using caffeine
as a case study, and the other ex-
ploring the synthesis and properties
of silver nanoparticles. Along with
around 30 students who were in the
project groups, another 90 took part
in the taster sessions, where they
made and studied [Co(PPh3)2CI2].

Hands On at Otago provides a
fantastic opportunity to introduce
students to what chemistry is actu-
ally like as a subject and for them
to spend time with academics and
postgraduate students.
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B WAIKATO

NEWS

B Congratulations to Brendan Gill
(Fonterra) on being elected as a Fel-
low of the NZIC.

B Michael Mucalo gave his Presi-
dential address to the branch late
last year, which was well attended.

[ | A small but enthusiastic con-
tingent from Waikato attended the
NZIC conference in Auckland in No-
vember. The branch was ably repre-
sented by Lauren Gris in the student
oral paper competition with her talk,
“A chemical study of the predator-
prey relationships in nudibranchs.”

| As part of the IUPAC Global
Women'’s Breakfast event on 14 Feb-
ruary for female chemists and sup-
porters, a very enjoyable breakfast
was held at Jack’s Coffee Lounge in
Hamilton. This was one of nearly
400 events held in over 70 countries
and we were one of the very first
breakfasts to launch.

UNIVERSITY OF WAIKATO

B Daniel Reason successfully de-
fended his PhD on Process optimiza-
tion for the manufacture of medicinal
cannabis products. Daniel's research
was supervised by Megan Grainger
and Joseph Lane and was carried out
for Cannasouth where Daniel is now
employed full time.

B Brittany Jaine and Edie Thomas
(both supervised by Megan Grainger)
completed their  MSc(Research)
work. Their theses were entitled, “Ef-
fects of toxic heavy metals on Euro-
pean honeybee (Apis Mellifera) neu-
ronal cells” and “Characterisation of
the aroma profiles of New Zealand
monofloral honeys” respectively.

[ | Megan Grainger, along with
Dr Cathy Buntting (Director of Wilf
Malcom Institute of Educational Re-
search) and Dr Brent Wagner (School
of Education) spent Terms 3 and 4 in
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The Waikato contingent at the conference dinner. From left: Michael Mucalo, Michéle
Prinsep, Matthew Risi, Simon Winship and Lauren Gris. Absent: Sara Farahani, Jing Xu.

2022 working with a group of stu-
dents and teacher Whaea Oriana The Waikato NZIC branch
Tauranga to learn more about hon- committee for 2023 is as
eybees. This was part of a joint ven- follows:

ture with Professor Les Bailie (Car-

diff University) and Ysgol Pen Rhos Chairperson: Michael Mucalo
School students and teacher Jo Cudd Secretary: Brendan Gill
(Llanelli, Wales). The spot-a-bee app
(http://www.spotabee.buzz/)  was
modified for inclusion of New Zea-
land native flora to track the move-
ment of bees. One of the highlights
for the students was spending a day

Treasurer/Chemistry
Education representative:
Martina Pietsch Brown

Council delegate/Branch
editor: Michéle Prinsep

working with the university's porta- Student representative:
ble SEM, dissection microscopes and Amber Bell
light microscopes. Committee members:

Megan Grainger, Lauren Gris,
Kavitha Ranaweera, Matthew
Risi, Simon Winship

B After many years of valuable ser-
vice, both Bill Henderson and Meri-
lyn Manley-Harris retired from the

Hamilton Global Women’s breakfast attendees
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B WELLINGTON

VICTORIA UNIVERSITY OF
WELLINGTON

—SCHOOL OF CHEMICAL AND
PHYSICAL SCIENCES

NEWS

Dynamic Science Wellington

The School of Chemical and Physical
Sciences held a 2-day event called
‘Dynamic Science Wellington’ for
Year 12 and 13 high school students
who are passionate about chemistry
and physics.

The first day included a series of en-
gaging activities in the research labs
where the students gained hands-on
experience and insight into the cut-
ting-edge research within SCPS, fin-
ishing with some inspiring talks from
founders of start-up companies, who
are using their scientific expertise to
address global societal topics.

The second day started with a trip
to the Robinson Research Institute
and Ferrier Institute where the stu-
dents learned about where science
has a place in industry. They gained
an understanding of how chemis-
try and physics can contribute to
New Zealand'’s large scientific com-
munity allowing them to see where
a degree in chemistry and physics
can take them. They also interacted
with current undergraduate science
students, who shared some of their
experience at University. The day
ended with a fun and challenging
chemistry and physics escape room,
where the students had to use the
knowledge they gained throughout
the past two days to solve puzzles
and clues in order to break out of
the lab.

Dynamic Science Wellington was a
successful event that inspired the
students and got them excited to
further their studies in chemistry
and physics at Te Herenga Waka —
Victoria University of Wellington.

High school students attending the Dynamic Science Wellington eveflt
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Wellington NZIC Branch news

In December 2022, the NZIC Presi-
dent, Associate Professor Michael
Mucalo, gave his NZIC Presidential
Seminar to the Wellington NZIC
branch. This was followed by the
Wellington branch AGM with the
election of the new branch commit-
tee, and a handing over of the baton
to our new NZIC president Associate
Professor Joanne Harvey.

Student successes

Congratulations to Victoria Universi-
2023 Wellington Branch NZIC committee ty of We”ington students who have
won prizes at recent conferences:

B Lara Brown - best overall stu-
dent poster prize at the NZIC 2022
conference.

B Aditi Kumar - best student
poster at AMN-10, February 2023.

B Jake Hardy and Calum Gordon -
best student talk at AMN-10, Febru-
ary 2023.

B Emily Stephens and Andrea
O’Reilly - best poster at the MacDi-
armid Symposium.

Lara Brown receiving her best student poster prize at the NZIC 2022 conference After winning the Victoria University
of Wellington - Te Herenga Waka 3
Minute Thesis Competition, PhD stu-
dent Lucy Hughes qualified for the
3M Asia-Pacific competition where
she finished in the top ten.

PhD completions

Congratulations to Ferrier students

who have recently successfully com-

pleted their PhD examinations in

) 2022: Rudy Bundela, Mitchell Gan-

g, ] ley, Parastoo Khajeaian, Rose McLel-
&wMr .

lan, Michael Meijlink, Charlotte Page

3 Minute Thesis Competition 2022 §
G : and Yoan Preux.
Lucena Anne (Cucy) Hughies 4

For First PL f .
O o Rose McLellan’s exceptional PhD the-

s - sis was selected for the Dean’s list.

Lucy Hughes with her VUW 3MT certificate
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PhD student Sarah Draper demonstrating at the opening of Te Pa Harakeke

TE KAURU - FERRIER RESEARCH
INSTITUTE

New lab facilities opened at
Gracefield

Last year Minister Dr Ayesha Verrall
(then Minister of Science) opened
Te Pa Harakeke at the Gracefield In-
novation Quarter. These new labs
are occupied by some of Ferrier’s
researchers who welcomed the op-
portunity to give her a tour.

New Te Kauru - Ferrier Research
Institute Director appointed

On 1 February 2023 Professor
Gary Evans became the new direc-
tor of The Ferrier Research Insti-
tute. Professor Richard Furneaux
has been leading the group that is
now the Ferrier Research Institute
for the past 40 years, building the
Institute up to the powerhouse it
is today. Richard will still be part
of the Institute, but with much
more time to spend on the science

Callaghan Innovation - Te Kauru
joint NMR facility

Callaghan Innovation and Ferrier Re-
search Institute have purchased two
cutting-edge NMR spectrometers,
with one in use and the other being
installed soon. These 500 MHz spec-
trometers are equipped with the latest
technology, being up to 100 times fast-
er for some experiments compared to
previous generations due to advances
ininstrument sensitivity and the use of  New NMR suite at Gracefield Innovation
cryo-probe technology. Quarter

that he loves including delivery of
research solutions to clients.

Gary completed his PhD at Otago
and a postdoc at Oxford, UK, be-
fore joining the Institute as a FRST
Postdoctoral Fellow. For the past
4.5 years he has been the Chief
Science Advisor at MBIE. Gary’s
impressive publication and patent
record along with his recent ex-
perience in government Ministry

circles sets the Ferrier up well for Professor Gary Evans is the new director
the future. of Te Kauru - Ferrier Research Institute

~
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Pictured, Students and staff at Victoria University of Wellington celebrating the IUPAC Global Women’s Breakfast on 14 February.
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Carbohydrate catalysis - the biochemistry of enzymes in honey

SIMON WINSHIP

School of Science, Te Aka Matuatua, University of Waikato, Te Whare Wananga o Waikato
(email: simonwinship2000@gmail.com)

Keywords: honey, enzymes, biochemistry

Introduction

Over millions of years, honeybees
have mastered the art of creating
their own food that can be stored
for long periods of time. This is done
through a series of complex biochem-
ical reactions, where nectar and pol-
len are transformed into the sweet
and sticky mixture that we call honey.

Honeybees have some capability to di-
gest starches and oligosaccharides such
as sucrose and maltose, which make up
a significant portion of nectar composi-
tion. To make the honey product more
compatible for consumption, they
naturally produce a cocktail of enzymes
in their salivary glands. This concoction
is added to the pre-honey mixture as
the bees collect nectar through their
proboscis, the honeybee’s equivalent
of a mouth. After collection, the nectar
enzyme mixture is stored in the honey
stomach, a separate storage organ in
front of the actual stomach. Here, the
enzymes get to work converting the
nectar into something that more closely
resembles the honey we are used to.

Back at the hive, the worker bees will
regurgitate the mixture and pass it to
one another, aiding in the digestion
of sugars in the nectar. At this stage,
the pre-honey is 70% water and risks
fermenting if stored in its current
state. Bees employ a drying process
by spreading the honey out in cells
in the warm hive (Fig. 1.) and beating
their wings to encourage evapora-
tion. When it reaches 17-20% water,
cells are capped in the honeycomb
ready for consumption over the win-
ter months. The initial additions of
enzymes ensure that the honey can
be stored indefinitely without go-
ing off or being tainted by bacterial
growth.!

Fig. 1. “Inside the Bee Hive” Photo credit: Jean Beaufort (CC BY 2.0) (https://www.public
domainpictures.net/en/view-image.php?image=160442&picture=inside-the-bee-hive)

"While they have a significant
biological role in producing
honey, the benefit to humans
of these enzymes continues
beyond the production
process itself."

Honey is predominantly comprised
of sugar and water, with a small
fraction of 0.1-0.5% being made up
of proteins and enzymes.? Despite
their low quantity, they play a sig-
nificant role in the production of
honey. The main classes of enzymes
found in honey are amylases to con-
vert starch into maltose, invertases
to break down sucrose, glucose oxi-
dases to produce hydrogen peroxide
and catalase to regulate hydrogen
peroxide.>* Most enzymatic activity
is derived from the hypopharyngeal
gland of the honeybee, but catalase
has been shown to originate from

pollen. Royal jelly proteins are also
produced by the salivary glands.
These proteins are typically included
in royal jelly, which is fed to larvae
to encourage growth, but often end
up in honey.?* While the structure of
these enzymes have been deduced
in many other organisms, those de-
rived from honeybees are largely un-
known. However, utilising machine
learning, the program Alphafold can
predict structures based on their
amino acid sequence and similarity
to other enzymes in an exhaustive
database.®

While they have a significant bio-
logical role in producing honey, the
benefit to humans of these enzymes
continues beyond the production
process itself. Due to their sensitiv-
ity to temperature and pH, as well
as eventual degradation over time,
measuring the activity of these en-
zymes can be used to indicate the
quality of the honey. Fresher honey
will have higher enzymatic activity.
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Commercial assays for these en-
zymes use a variety of techniques.
The Phadebas test for the detection
of alpha amylase activity uses colori-
metric measurements to determine
quality. It incorporates a starch tab-
let that is cross-linked to a blue dye.
As the enzyme in the honey breaks
down the starch, the blue dye is re-
leased into the solution and its ab-
sorbance can be measured and cor-
related to a quality indicator.®

Invertase assays directly measure
the reducing sugars produced by in-
vertase: fructose and glucose. The
assay utilises a modified Fehling’s
test where aldehydes such as glu-
cose react with Cu? in an alkaline so-
lution. The level of reduced copper
is measured by titration of sodium
thiosulfate.”

Assays for glucose oxidase are per-
formed using fluorescence detection
of a red dye. When the dye encoun-
ters hydrogen peroxide in the pres-
ence of the enzyme, horseradish per-
oxidase, a highly colored product, is
formed and its fluorescence can be
measured and related to the activity
of glucose oxidase.?

Catalase activity can be measured
using UV spectrophotometry. When
a cobalt-bicarbonate reagent is add-
ed to a solution containing hydrogen
peroxide, the cobalt is oxidised from
Co* to Co*, which reacts with car-
bonate to form an intensely green
solution. The absorbance of this so-
lution is measured and is inversely
proportional to the catalase activity.
If there is high activity, there will be
less hydrogen peroxide and a lighter
green colour.®

Amylases

Nectar contains between 1%-20%
starch,’® with the branched amylo-
pectin predominating over the linear
amylose. Bees cannot utilise these
complex carbohydrates, so they use
amylase to break starch down into
more manageable maltose units.
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Fig. 3. Proposed reaction mechanism for the hydrolysis of starch in (A) alpha amylases
and (B) beta amylases. Reproduced from reference 12 under a Creative Commons CC
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The term diastase refers to alpha and
beta amylases collectively, with al-
pha amylase being the predominant
species. The predicted structure of
alpha amylase from the honeybee!!
is shown in Fig. 2.

The proposed reaction mechanisms
for the hydrolysis of starch by alpha
and beta amylases are shown in
Figs. 3A and 3B respectively.'? They
involve acidic glutamate and aspar-
tate residues which each play a role
as a nucleophile, proton donor and

transition state stabiliser. Firstly, the
anomeric carbon undergoes nucleo-
philic attack from the conjugate base
of one of the acids to form a stabi-
lised intermediate and a shortened
oligosaccharide. Then, through the
addition of water acting as a weak
nucleophile, the acid detaches and
another acid residue in its conjugate
basic form procures a proton from
the water, leaving a complete sugar
unit as the final product and the
acidic amino acids intact.
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Alpha amylases operate on alpha
sugars, featuring the nucleophile
above and the proton donor below,
whereas in beta amylases the loca-
tions of the nucleophile and proton
donor are reversed to enable action
on beta sugars.*?

Amylases have been extensively stud-
ied in humans, with their 3-dimension-
al structures characterised in many
situations alongside substrates, ligands
and inhibitors.’** However, structural
characteristics of amylases produced
by the honeybee (Apis mellifera) are
those predicted by the artificial intel-
ligence modelling system, Alphafold,®
based on the existing structures of oth-
er amylases.'* We know that calcium
and chloride play a significant role in
the overall structure of the enzyme.?
From human models, it has been de-
termined that amylases can be classi-
fied as metalloenzymes with calcium
being key to their stability. They bind to
a combination of carbonyl oxygens, an
acid residue and water molecules in an
8-coordinate geometry.* The allosteric
binding of chlorine has been shown to
encourage calcium binding. Addition-
ally, it induces changes to the confor-
mation of the active site, allowing it to
accept substrate. In particular, chlorine
attaches to three basic amino acids,
which become positively charged un-
der the correct conditions. This induc-
es glutamate to move into the active
site so it can participate in the hydroly-
sis of starch. For these reasons, the ac-
tivity of amylase is heavily dependent
on chlorine concentration.'”

Invertase

One of the primary components of
nectar is sucrose. This is split into
individual glucose and fructose units
by invertase. The structure of hon-
eybee invertase has not been deter-
mined but a plant invertase, deter-
mined by X-ray crystallography,® is
given in Fig. 4.

The suggested reaction mechanism
for the hydrolysis of sucrose by in-
vertase is shown in Fig. 5.%19

Fig. 4. Determined structure of invertase from Arabidopsis thaliana
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Fig. 5. Proposed reaction mechanism for the hydrolysis of sucrose in invertase

Like amylases, amino acids with acid-
ic side chains facilitate this reaction
as nucleophiles and proton donors.
The conjugate base of an acidic ami-
no acid is presumed to act as a nu-

cleophile and attacks the anomeric
carbon of the fructose subunit. The
nucleophilic attack pushes electrons
to the oxygen in the g?WCOSidiC bond.
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The oxygen attacks the hydrogen on
one of the acidic residues, creating
a molecule of glucose and a transi-
tion state of fructose bound to the
enzyme. Water is deprotonated by
the resultant negatively charged acid
group. The newly created nucleo-
phile attacks the anomeric carbon
of the bound fructose, breaking the
bond between the enzyme and the
fructose.’®?® Related to invertases
are sucrases but what distinguishes
these is that sucrases break the C1-O
bond to glucose, leaving the glucose
bound to the enzyme, rather than
the O-C2 bond to fructose.?®

Proteins are comprised of various
substructures, from helical second-
ary structures to molecular assem-
blies of quaternary structures. Inver-
tase is an example of an 8-subunit
quaternary structure classed as a
tetramer of dimers. To produce the
oligomer, the enzyme’s monomer
undergoes a two-fold rotation to
create a dimer and this dimer un-
dergoes a four-fold rotation creating
a tetramer of dimers. These protein
aggregates are stabilised by hydro-
gen bonding, disulfide bonds be-
tween cysteine residues and inter-
actions between residues of similar
hydrophobicity or hydrophilicity.!®?

Glucose oxidase

Many compounds have bactericidal
properties. The most well-known of
these is hydrogen peroxide, which
oxidises the cell wall, destroying
the structural integrity of the cell.
Additionally, acidity prevents bacte-
rial growth. For these reasons, bees
utilise an enzyme that facilitates
the production of peroxide and glu-
conic acid from glucose, available in
abundance in honey. This prevents
bacterial growth and aids in the
maintenance of quality in the honey.
2223 The predicted structure of glu-
cose oxidase from the honeybee?
is shown in Fig. 6. The predicted
mechanism for the oxidation of glu-
cose by glucose oxidase is shown in
Fig. 7.222325
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Fig. 7. Proposed reaction mechanism for the oxidation of glucose in glucose oxidase

In this reaction, the anomeric hy-
droxyl attacks an oxygen molecule.
This creates a trioxide intermedi-
ate. The outermost oxygen, carry-
ing a negative charge, bonds to the
H of the anomeric hydroxyl restor-
ing electron density to the positively
charged anomeric oxygen. Nitrogen,
from a histidine residue located in
the enzyme’s active site, removes
the anomeric hydrogen and thus be-
comes positively charged. The elec-
trons from the bond that was broken
shift to form a double bond to the
anomeric oxygen, liberating perox-
ide ion. The newly formed oxygen
nucleophile removes the hydrogen
on the positively charged nitrogen in
histidine. The result of this reaction

is glucono-1,5-lactone and hydrogen
peroxide. The lactone product is in
equilibrium with gluconic acid. In
the dehydrating honey environment,
the equilibrium favours the lactone,
only forming gluconic acid upon dilu-
ﬁon.22-23,25

For every oxidation reaction, there
is a converse reduction reaction. The
oxidation of glucose is supported by
a molecule called flavin adenine di-
nucleotide (FAD). It features the dou-
ble purine ring, adenosine attached
to a ribose sugar linked to a flavonoid
via a diphosphate. FAD is a coenzyme
utilised for its reducing potential and
its ability to accept electrons in the
form of hydride.?® Alongside glucose
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oxidase, it has been reported that a
small amount of glucose dehydroge-
nase exists in honey. Instead of using
oxygen for its oxidoreduction reac-
tion, it makes use of natural electron
acceptors such as pyrroloquinoline
quinone (PQQ).”

Catalase

Many organisms utilise chemical
signalling as an indicator of environ-
mental stress. One such example is
hydrogen peroxide. The enzyme cat-
alase is able to break down hydrogen
peroxide into water and oxygen, to
regulate levels in response to cellu-
lar stress.?® As hydrogen peroxide is
useful in preventing bacterial growth
in honey, catalase is not deliberately
added to honey by bees. However, it
ends up in the final mixture due to
a major component in the honey’s
composition - pollen.?®

Each pollen grain produces catalase
to regulate hydrogen peroxide as
a means of responding to external
pressures in order to protect the cell
which is required for reproduction.?”
As a result, catalase ends up in honey
as an unavoidable side effect of in-
corporating pollen into the mixture.
While levels differ depending on floral
origin, catalase activity has not been
observed to be high enough to sig-
nificantly reduce the amounts of hy-
drogen peroxide produced by glucose
oxidase.” The predicted structure of
catalase from honeybee® is shown in
Fig. 8. The proposed reaction mecha-
nism for catalase is shown in Fig. 9.3

At the centre of the active site sits a
heme group consisting of iron 4-coor-
dinate to a protoporphyrin ring. The
iron is in a 3+ oxidation state. One
of the oxygens in hydrogen peroxide
attacks the iron forming a peroxyl
intermediate with iron now in a 4+
oxidation state. Through the move-
ment of hydrogen, a water leaving
group is formed and removed, leav-
ing an oxygen double bonded to the
iron. The oxygen attacks one of the
hydrogens in another molecule of

Fig. 9. Proposed reaction mechanism for the decomposition of hydrogen peroxide by

catalase

hydrogen peroxide. This results in a
hydroperoxyl and the iron complexin
resonance between 4+ and 5+ oxida-
tion states.

The oxygen of the hydroperoxyl is at-
tacked by the iron forming a pseudo-
5-membered ring intermediate. This
rearranges to give water, which leaves,
oxygen, in its typical diatomic form,
and the heme group with iron back in
the 3+ oxidation state. The overall net
product of this reaction is one oxygen
and two water molecules for every two
molecules of peroxide. It is interesting
to note that the quaternary structure
of the enzyme is a tetramer with, es-
sentially, four active sites accounting
for efficient activity.3132

Conclusions

The addition of enzymes is essential
to making honey nutritional for bees
and storable for long periods of time.
Each enzyme plays one of a wide va-
riety of biochemical roles from the
hydrolysis of oligosaccharides to the
production and removal of hydrogen
peroxide. They utilise metals, elec-
tron carriers and structural features
to facilitate important reactions in
the production of the bee’s food.
Even though we cannot see or taste
them, without these biological cata-
lysts, we would not have the sweet
and sticky treat we call honey.

81



Chemistry in New Zealand January 2023

References

1.

10.
11.

12.
13.

14.

15.

Manawa Honey. The Wonder of How Bees Make Honey. 2020.
https://www.manawahoney.co.nz/the-wonder-of-how-bees-make-
honey/#:~:text=Bees%20make%20honey%20in%20a,honey%20
and%20finally%20storing%20it (accessed 03/12/2022).

Erban, T.; Shcherbachenko, E.; Talacko, P.; Harant, K. J. Nat. Prod.
2019, 82 (5), 1217-1226.

Rossano, R.; Larocca, M.; Polito, T.; Perna, A.M.; Padula, M.C.; Mar-
telli, G.; Riccio, P. PLoS One 2012, 7 (11), e49164.

Buttstedt, A.; Moritz, R.F.A.; Erler, S. Biol. Rev. 2014, 89 (2), 255-
269.

Skolnick, J.; Gao, M.; Zhou, H.; Singh, S. J. Chem. Inform. Model.
2021, 61 (10), 4827-4831.

Phadebas Honey Diastase Test Instructions for Use. 2021. https://

www.phadebas.com/wp-content/uploads/PHDT-IFU.pdf (accessed
10/11/2022).

Sigma-Aldrich Assay Procedure for Invertase. https://www.sigmaal-
drich.com/NZ/en/technical-documents/protocol/protein-biolo

enzyme-activity-assays/assay-procedure-for-invertase  (accessed
01/12/2022).
Abcam Glucose Oxidase Assay Kit. https://www.abcam.

com/glucose-oxidase-assay-kit-fluorometric-ab138884.
html#:~:text=The%20glucose%200oxidase%20assay%20

protocol,microplate%20reader%20at%20576%20nm (accessed
01/12/2022).

Hadwan, M. H. BMC Biochem. 2018, 19 (1), 7.

Tiedge, K.; Lohaus, G. Front. Plant Sci. 2018, 9, 622.

Alpha Amylase. UniProt. https://www.uniprot.org/uniprotkb

Q9U8X5/entry (accessed 25/01/2023).
Si Jie, L.; Oslan, S. Peer) 2021, 9, e11315 (accessed 26/11/2022).

Ramasubbu, N.; Paloth, V.; Luo, Y.; Brayer, G. D.; Levine, M. J. Acta
Cryst. D Biol. Cryst. 1996, 52 (Pt 3), 435-46.

Berman, H.M.; Westbrook, J.; Feng, Z.; Gilliland, G.; Bhat, T.N;
Weissig, H.; Shindyalov, I.N.; Bourne, P.E. Nucleic Acids Res. 2000,
28 (1), 235-42.

Bell, A. An investigation of low diastase activity in manuka honey.
MSc thesis, The University of Waikato, 2022.

16.

18.

19.

20.
21.

22.

23.

25.

26.

27.

31.

32.

. Glucose Oxidase. UniProt.

. Catalase.

Katz, A.K.; Glusker, J.P.; Beebe, S.A.; Bock, CW. J. Am. Chem. Soc.
1996, 118 (24), 5752-5763.

. Feller, G.; Le Bussy, O.; Houssier, C.; Gerday, C. J. Biol. Chem. 1996,

271 (39), 23836-23841.

Lammens, W.; Le Roy, K.; Van Laere, A.; Rabijns, A.; Van den Ende,
W. J. Mol. Biol. 2008, 377 (2), 378-85.

Lammens, W.; Roy, K.; Schroeven, L.; Van Laere, A.; Rabijns, A.; Van
den Ende, W. J. Exp. Bot. 2009, 60, 727-40.

Huber, R. E.; Mathison, R. D. Can. J. Biochem. 1976, 54 (2), 153-64.

Sainz-Polo, M.A.; Ramirez-Escudero, M.; Lafraya, A.; Gonzalez, B.;
Marin-Navarro, J.; Polaina, J.; Sanz-Aparicio, J. J. Biol. Chem. 2013,
288 (14), 9755-9766.

Bankar, S. B.; Bule, M.V.; Singhal, R.S.; Ananthanarayan, L. Biotech.
Adv. 2009, 27(4), 489-501.

Wohlfahrt, G.; Witt, S.; Hendle, J.; Schomburg, D.; Kalisz, H.M.;
Hecht, H.J. Acta Crysta. D Biol. Crysta. 1999, 55 (Pt 5), 969-77.

https://www.uniprot.org/uniprotkb

QouU8X6/entry (accessed 25/01/2023).

Kornecki, J.F.; Carballares, D.; Tardioli, PW.; Rodrigues, R.C.; Beren-
guer-Murcia, A.; Alcantara, A.R.; Fernandez-Lafuente, R. Cat. Sci.
Tech. 2020, 10 (17), 5740-5771.

National Center for Biotechnology Information (2022). PubChem
Compound Summary for CID 643975, Flavin adenine dinucleotide.
https://pubchem.ncbi.nlm.nih.gov/compound/Flavin-adenine-
dinucleotide (accessed 04/12/2022).

Ferri, S.; Kojima, K.; Sode, K. J. Diabetes Sci. Technol. 2011, 5 (5),
1068-76.

. Yang, T.; Poovaiah, B.W. Proc. Nat. Acad. Sci. 2002, 99 (6), 4097-

4102.

. Weston, R. J. Food Chem. 2000, 71 (2), 235-239.

UniProt. https://www.uniprot.org/uniprotkb

AOA7M7L745/entry (accessed 25/01/2023).

Meunier, B. In Comprehensive Coordination Chemistry Il (Eds.: Mc-
Cleverty, J.A.; Meyer, T.J.), Pergamon: Oxford, 2003, 261-280.

Hara, I.; Ichise, N.; Kojima, K.; Kondo, H.; Ohgiya, S.; Matsuyama, H.;
Yumoto, |. Biochem. 2007, 46 (1), 11-22.

82



Chemistry in New Zealand January 2023

Metallodrugs: a brief overview

MATTHEW C. RISI

School of Science, Te Aka Matuatua, University of Waikato, Te Whare Wananga o Waikato

(email: mrrisil4@gmail.com))

Keywords: metallodrugs, pharmaceuticals, cancer, coordination chemistry, platinum

Introduction

Cisplatin (1) is a simple square—pla-
nar metal complex which contains
two labile chlorine atoms and two
ammonia molecules coordinated
to a central platinum(ll) atom in a
cis configuration (Fig. 1). While cis-
platin was discovered in 1845, it was
not until its discovery as a cytotoxic
agent by Rosenberg et al. in 1965?
that the complex gained promi-
nence, soon becoming the premier
metallic based pharmaceutical drug
in the treatment of a variety of can-
cers. In 1990, the implementation of
cisplatin as a medication was linked
to an increased cancer cure rate of
75%, up from 10% prior to imple-
mentation of the drug.?

Cisplatin works in part by binding
to guanine and adenine residues on
DNA,? therefore inhibiting its repli-
cation® (Fig. 1). This mode of action
primarily targets fast replicating
cells such as cancer cells but also
the stomach lining and hair follicles,
leading to the common side effects
of hair loss and nausea. Other com-
mon side effects include bone mar-
row suppression, kidney damage,
numbness, electrolyte issues and
heart disease.* Cisplatin has also
been shown to harm the developing
fetus during pregnancy.

While potent toxicity is advanta-
geous for the treatment of cancer,
the non-selective nature of cisplatin
has created a desire for the devel-
opment of the next generation of
metallodrugs. Research in this area
now spans the entire transition met-
al block of the periodic table, in the
hope of finding treatments not only
for cancer but other diseases as well.

Cisplatin (1)

Fig. 1. Cisplatin and its binding to DNA

This review will give a brief overview
on metallodrugs, including their his-
tory and current research areas.

Versatility of metallodrugs

Metallodrugs contain three main
features of tailorability: the ligands
coordinating the metal, the metal
centre itself and its corresponding
oxidation state. These three fea-
tures contribute to the vast degree
of variation and versatility of the
compounds, making them much
more tailorable than their organic
counterparts. They also provide easy
modulation for specific targeting and
delivery mechanisms.

Ligands

Ligands are arguably the most impor-
tant aspect of the metallodrug struc-
ture. The coordination mode, the
geometry and the chemical proper-
ties of the ligand dictate not only the
macro physicochemical properties of

the resulting complex, but also the
mode of action and potential bio-
logical targets.> Ligands also provide
the simplest and most robust route
for tailoring the chemistry of the re-
sulting complex. The case of cis- and
trans-platin is a good example of
the importance of the ligand’s ge-
ometry. Both isomers contain labile
chlorine atoms which can undergo
exchange within the cell, allowing
the metal to coordinate as a bridge
to the guanine residues on DNA. The
trans isomer, however, is limited by
steric constraint, preventing it from
creating bridged complexation and
therefore lowering its overall toxicity
to sub therapeutically active concen-
trations.®”

Metals

Due to the success of initial platinum
based compounds, the majority of
early examples of metallodrugs are
based on platinum(ll) with the pri-
mary mode of actionjeing based on

\ 83



Chemistry in New Zealand January 2023

(I:Hs Na*
O/ _—~CH;| *HN=
NH \N
T N o a | c
, /Ru\ \Ru/
Ru cl Cl SN
/ l \P/\:N ‘ cl | @
al ?\ > N N
cl LN \jN ( } Z “NH
HN /
(2) (3) (4)
Fig. 2. Structures of RAPTA-C (2), NAMI-A (3) and BOLD-100 (4)
DNA binding. These complexes con-
tain a high amount of unfavourable 0
side effects which in most cases out- H, 5
weigh the high efficiency and cyto- HaN 0 N 0
toxicity of the drugs.® Due to this low \Pt/ \Pt/
selectivity, non-platinum metals have J/ \ / \
been extensively researched of late in HsN o) N 0 0
attempts to find more selective acting ) 2

drugs with reduced side effects while
maintaining cytotoxic efficiency.

Commonly studied metals include Ti,
Fe, Cu, Ru, Pd, Ag, Os, Ir and Au. Chief
among these is ruthenium since the
discovery of the biological activity
of the ruthenium complexes RAPTA-
C (2), NAMI-A (3) and BOLD-100 (4)
among others (Fig. 2).5!

Oxidation state

The oxidation state of the central
metal atom plays an important role
in not only the types of ligands that
can coordinate to the metal but also
in the geometry they occupy. Both
aspects have significant effects on
the chemistry of the complex, espe-
cially when considering the impor-
tance of the ligands, as discussed
previously. The ability of transition
metals to undergo redox related reac-
tions between stable oxidation states
has prompted research into metallic
based prodrugs.’*** These prodrugs
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Fig. 3. Structures of carboplatin (5) and oxaliplatin (6)

are able to be activated by redox pro-
cesses within the cell or by mecha-
nisms specific to the target which al-
lows the switching between oxidation
states and therefore the changing of
the coordination environment.'* The
ultimate goal of manipulating the oxi-
dation state is to increase the overall
selectivity of the drug or by increasing
its variation by the implementation of
new ligand binding sites.®®

Platinum(ll) and platinum(IV) based
metallodrugs

Besides cisplatin, other early
platinum(Il) based metallodrugs such
as carboplatin®® (5) and oxaliplatin?’
(6) (Fig. 3) have seen clinical success
against ovarian cancer and colon
cancer respectively. Both carboplatin
and oxaliplatin are considered second

generation platinum drugs,'® which
have aimed to improve toxicological
profiles and are often used in combi-
nation therapy with other drugs.

While slightly more selective than
cisplatin and with fewer side effects,
these second generation drugs suffer
from increased drug resistance, which
third generation drugs aim to over-
come.® The key structural characteris-
tics of platinum(Il) compounds are the
archetypal square-planar structure,
the cis configuration of the labile li-
gands and the presence of at least one
N-H group; the latter is important due
to the hydrogen-bond donor proper-
ties.” Platinum(IV) is also an attractive
contender for metallodrugs® as they
often offer greater stability allowing
for a great proportion of the drug to
reach the target intact. Satraplatin®
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Fig. 4. Structure of satraplatin (7)

(7) (Fig. 4), a platinum(IV) metallodrug,
has been known since 1993 but is yet
to receive FDA approval.

More recently, platinum(lV) com-
pounds have been investigated as
potential prodrugs.’*? Traditionally,
platinum(lV) prodrugs are synthe-
sised from their platinum(ll) precur-
sors by oxidative reactions followed
by additional ligands coordinating to
the newly available axial positions on
the octahedral platinum metal centre.
These newly introduced ligands are
often seen as the “payload” which are
released upon the inevitable reduc-
tion of platinum(lV) to platinum(ll)
(Fig. 5). This process has the added
benefit of stabilising the complex un-
til it has reached the target as well as
introducing the payload ligands which
increase the diversity of treatment.

Non platinum metallodrugs

There is no doubt that platinum
based metallodrugs have had a pro-
found impact on the treatment of

9
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Fig. 5. Post cell transfer payload (red) release via reduction of the platinum(IV)
prodrug to platinum(ll)

A | 'Ruthenium metallodrugs are attractive
et alternatives to platinum due to the
| A . . .
| different modes of action against

Ru cancer cells."
/| ~
X
(8) Fig. 6. Ruthenium piano stool structures (8)
?uetrri:icum (Fig. 6) are of considerable interest
piano stool with many reviews being conducted

structure (8)

cancer by chemotherapy, yet they
possess significant drawbacks. To
overcome these shortcomings, non-
platinum based compounds are be-
ing investigated?? and are already in
use or in clinical trials.?

Ruthenium(lll)

Ruthenium octahedral complexes
are a potential candidate for non-
platinum drugs. Known examples
include NAMI-A and KP1019 which
are both currently in clinical trials.?*

on their applications as metallo-
drugs.>>?’

For ‘example, the RAPTA class of
metallodrugs (Fig. 2),® bearing arene
“seats”, water soluble phosphines
and labile chlorines, provide exten-
sive room for variation. Ruthenium
metallodrugs are attractive alterna-
tives to platinum due to the different
modes of action against cancer cells.
While ruthenium based compounds
have been shown to bind to DNA,%®
they have also been shown to inter-
act with proteins,” opening avenues
for future drug discovery.

(9)

+

h/ \A/ \Ph

N\ ph

(12)

Fig. 7. Structures of auranofin (9), chloro(triethylphosphine)gold (10) and bis(diphenylphosphino)ethane (11)
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Gold(1)

Gold compounds are also attractive
avenues for metallodrug research.
Auranofin (9) (Fig. 7) is a clinical drug
used in the treatment of rheumatoid
arthritis*®® and has also shown prom-
ising results in the treatment of HIV,
cancer® and tuberculosis. Most re-
cently it has shown potential to inhib-
it the SARS-CoV-2 virus replication.®

Other gold phosphine complexes
have also been examined, such as
the chlorine analogue of aurano-
fin, chloro(triethylphosphine)gold®
(10) and also the gold complex of
bis(diphenylphosphino)ethane3*
([Au(dppe),]*Cl) (11) (Fig. 7). It is
thought that these gold complexes
act on DNA, RNA and protein synthe-
sis,® with some studies suggesting
mitochondria or enzymes to be the
target.*® Gold(l) as well as gold(lll)
continue to show potential for the
development of novel metallodrugs.

Alternative delivery mechanisms

Due to the large degree of structural
variation that metallodrugs possess,
many drugs have been produced thus
far for the treatment for a large array
of diseases. However, as these metal-
lodrugs suffer from poor targeting,
poor bioaccumulation or unpleasant
side effects, the most obvious remedy
to these drawbacks is the alteration
of metallodrug structure. This will
not only give the opportunity to im-
part the desired properties, but it will
also allow for the maintaining of the
desired efficiency and cytotoxic ef-
fects. An alternative approach is to
use compounds or structural motifs
that are already proven to be effec-
tive with a different delivery system
which can bypass the issue of poor
targeting and potentially reduce un-
wanted side effects.

Lipid based nanoparticles

One such example of an alternative
delivery mechanism is the employ-
ment of lipid based nanoparticles,’”**
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Fig. 8. Drug targeting via a carrier molecule

"These lipid nanoparticles have the advantage of
biocompatibility allowing the drug to easily traverse
the body to reach the targeted area while keeping the

compound inside stable."

a technique that has most recently
been used for the transport of mRNA
in COVID-19 vaccines. Liposomes,
consisting of bilayer spherical ves-
icles comprised of phospholipids,
hold an internal hydrophilic core.
This core can be used to contain pay-
loads such as metallodrugs.

These lipid nanoparticles have the ad-
vantage of biocompatibility allowing
the drug to easily traverse the body to
reach the targeted area while keeping
the compound inside stable. It also
allows for the transport of more hy-
drophobic drugs, increasing the range
of diversity. Some lipid based encap-
sulation methods have already seen
some clinical success, such as the
cancer drug liposome-encapsulated
doxorubicin.*

Smart delivery systems

Another potential method for over-
coming the limitations of metallo-
drugs is the employment of smart de-
livery systems. This method involves
the use of a carrier molecule, such as

a peptide, protein, antibody or hor-
mone.** These carrier molecules are
usually attached to the target drug
by a linkage molecule which is sepa-
rated by external stimuli, such as ion
concentration changes, protein dock-
ing or even by ultrasound (Fig. 8).
While proven success is limited, the
use of smart delivery systems for the
transport of metallodrugs is in its ear-
ly stages of research and represents a
promising direction for the field.

Conclusions

Metallodrugs continue to be an ac-
tive and important research field in
inorganic chemistry. These versatile
metal complexes have the potential
for an array of biological functions,
with compounds such as cisplatin
demonstrating their importance in
medicine. While metallodrugs suf-
fer from numerous downsides such
as unpleasant side effects and poor
selectivity, their versatility allows for
active research to overcome these
challenges.
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Introduction

The rare earth elements (REEs) are
a series of 17 elements consisting of
the 14 lanthanide elements, lantha-
num (La), cerium (Ce), praseodymi-
um (Pr), neodymium (Nd), promethi-
um (Pm), samarium (Sm), europium
(Eu), gadolinium (Gd), terbium (Tb),
dysprosium (Dy), holmium (Ho), er-
bium (Er), thulium (Th), and ytterbi-
um (Yb), as well as scandium (Sc) and
yttrium (Y).! The d-block element,
lutetium (Lu) is also included in the
lanthanide series and classified as a
REE.

The lanthanide elements, typically
defined by the gradual filling of the
Af electron shell across the series,
are generally most stable in their 3*
oxidation state, although for some
elements, 2* and 4* are also com-
mon.? Many of these elements are
vital components in much of our
modern-day technology, found in
smart phones, TV screens and more.
They are also essential in green en-
ergy technology, such as wind tur-
bines, solar panels and rechargeable
batteries used in electric vehicles.?

The extraction and separation of
these elements has long been a chal-
lenge due to the similar chemical and
physical properties of neighbour-
ing elements, as well as their abun-
dance in the earth’s crust. Despite
their name, these elements are quite
commonly found within the earth’s
crust but at such low concentrations
that the mining of these elements re-
quires the processing of large quan-
tities of material and produces large
volumes of waste.?
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"The US Department of
Energy, the European
Commission, and the British
Geological Society have

all recognised the REEs as
critical elements for the
future."

For most of their uses, REEs are
needed as single pure elements so
the separation processes are of high
importance. Traditionally, pyromet-
allurgical and hydrometallurgical
methods have been used for these
extractions. However, pyrometallur-
gical methods are energy intensive
and result in poor separations, while
hydrometallurgical methods often
require many separation steps with
large amounts of volatile organic sol-
vents and the production of harmful
acidic waste.*

Due to their technological impor-
tance, as well as their high supply
risk and the difficulty involved in pro-
cessing these elements, the REEs are
frequently listed on reports of criti-
cal elements, or element risk lists. In
fact, the US Department of Energy,
the European Commission, and the
British Geological Society have all
recognised the REEs as critical ele-
ments for the future.>” These lists
account for the production and recy-
cling rate, as well as the governance
of the elements (i.e. production rates
and the reserve size countries have
of certain elements).

With the growing demand for the
REEs, there is an increasing interest
in creating and testing greener meth-
ods for their separation. In chemistry,
“green” methods refer to those which
follow some or all of the 12 Principles
of Green Chemistry which help the
method become safer and more en-
vironmentally friendly. Some of the
principles most relevant to the sepa-
ration methods discussed in this ar-
ticle include the reduction or preven-
tion of waste, use of safer chemicals,
design of methods which are energy
efficient, use of chemicals which are
derived from renewable feedstocks
(such as plant-based sources) and the
prevention of pollution.?

In REE separations, green methods
may be designed by avoiding the
need for large amounts of solvents,
particularly harmful organic solvents,
and using extractants which are easi-
ly recycled, and which originate from
renewable and natural sources. In
this article, a small selection of green
separation processes which are be-
ing explored for the separation of
the rare earth elements will be dis-
cussed. The discussion will include
a brief overview of the use of ionic
liquids, biosorbents, and supercriti-
cal liquids in REE separations.

lonic liquids

lonic liquids (ILs) are defined as be-
ing pure salts with a melting point
below 100°C. However, it is typi-
cally those which are liquid at room
temperature (aptly named room
temperature ionic liquids) that are
of more interest and use.’ ILs have
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been praised as green alternatives to
harmful organic solvents due to their
unique properties including their low
volatility, low flammability, negligible
vapour pressure as well as their re-
cyclability. It should be noted that
while these qualities are common in
ILs, they are not characteristic of all
ILs, with properties varying greatly
depending on the cation and anion
making up the IL, and the way these
interact with each other.??

ILs can be designed and created for
specific applications through the
careful selection and functionalisa-
tion of the ions present in the IL.°
Functionalisation can be used to al-
ter the properties of ILs such as their
viscosity, melting point and hydro-
phobicity. This offers many advantag-
es and allows for a wider range of po-
tential applications of these unique
liquids, including uses as catalysts,™
electrolytes,*? corrosion inhibitors®
and as solvents and extractants in
separation methods.*

For the separation of REEs using IL
extractants, liquid-liquid extractions
are one of the most common meth-
ods used. Liquid-liquid extractions
are often simple to carry out, involv-
ing the mixing or shaking of an aque-
ous REE-containing layer and the or-
ganic layer containing the IL. In some
cases, it is possible to use a neat IL,
but an organic solvent is often re-
quired to improve the ease of mixing
of the two layers due to the viscous
nature of many ILs.

In the creation of ILs for REE separa-
tions, organophosphorus extractants
currently used in industrial separa-
tion methods can be used. For ex-
ample, 2-ethylhexyl phosphonic acid
mono(2-ethylhexyl) ester (P507) is
widely used in China to achieve high
purity REEs.' This success has seen
it used in a range of ILs for the same
purpose. For example, Shen et al.
tested the IL [N1888][P507] (Fig. 1)
in a sulfuric acid medium, achieving
separations of trivalent Tm, Yb, Lu

[N1888]

[P507]

Fig. 1. Structure of cation [N1888] and anion [P507] used for REE separations

"ILs can be designed

and created for specific
applications through the
careful selection and
functionalisation of the ions
present in the IL.9."

and Y from the lighter La, Gd and Tb
elements.’® Xu et al. also achieved
promising results using the same IL
mixed with a trialkyl phosphine ox-
ide mixture (TRPO), resulting in good
selectivity and extraction efficiencies
for some of the heavy REEs including
Yb and Lu which achieved extrac-
tion efficiencies greater than 96%."
These results, and many more, show
the potential ILs have in REE sepa-
rations, although difficulty is often
faced with the separation of neigh-
bouring REEs.

While liquid-liquid extractions ap-
pear to be the most common meth-
od for REE separations using ILs,
the immobilisation of ILs on solid
supports to create supported ionic
liquids (SILs) is also popular in sepa-
rations. SILs offer some advantages
over those used in liquid-liquid ex-
tractions. For example, SILs often
maintain the properties of the un-
supported IL which are important for
separations, while also reducing the
leaching of the IL into the aqueous

phase and requiring smaller volumes
of IL to complete extractions.®® In
some cases, the addition of a sup-
port has been reported to improve
metal separation.’®

Common supports used to cre-
ate SlLs include polymer supports,
silica supports and metal organic
frameworks, with different separa-
tion methods applied. In a column
chromatographic method aiming
to separate the REEs from other
metals present in NdFeB and SmCo
magnets, Avdibegovic and Binnes-
mans used a SIL phase, betainium
sulfonyl(tri-fluoromethanesulfony-
limide) poly(styrene-co-divinylben-
zene).®® This method achieved ex-
traction recoveries of 82% and 90%
for Nd and Sm respectively, as well
as high selectivities towards the tri-
valent lanthanide elements over the
divalent iron and copper also present
in the spent magnet leachate.

Biosorbents

Biosorbents offer another oppor-
tunity for green separations of the
REEs. These are naturally occurring
sorbents, which are derived from a
range of natural sources including
plants, fungi, algae and animals.”*
Typically considered for the removal
of heavy metals and other contami-
nants from wastewater, biosorption
refers to processes which remove
metal ions through passive bind-
ing to biomass ma'gials in aque-
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ous solutions.? With the trivalent
lanthanides generally behaving as
strong Lewis acids, they are found to
bind to groups with basic properties.
For example, Ln(lll) ions can strongly
bind to the electron donating oxygen
groups present in many biosorbents,
and may bind weakly to P and S ion
donor groups.?*

In recent years, biosorption methods
have been developed for the sepa-
ration of the REEs from nuclear and
electronic waste. These methods of-
fer advantages of being affordable,
simple and environmentally friendly,
and often result in high extraction
efficiencies and ease of recycling.
These sorbents are also generally
widely available and can be con-
sidered green due to their natural
origin, as well as largely being bio-
degradable. Furthermore, much like
ionic liquids, biosorbents can also be
immobilised to offer similar advan-
tages to SlLs.

Extraction and separation using bio-
sorbents typically involve a variety
of processes including absorption,
adsorption, ion exchange, complex-
ation, chelation, electrostatic inter-
actions and precipitation.?? These oc-
cur between the REE ion in solution,
and the functional groups found
bonded to the cell walls of bio sor-
bents. In fact, one of the advantages
of the use of biosorbents for separa-
tions are the functional groups which
are naturally found bonded to cell
walls, some of which are shown in
Fig. 2.2

One of the drawbacks often observed
in biosorbents for metal separations
is their low selectivity towards met-
als, owing to the range of functional
groups which are capable of extract-
ing a large range of metals.?* Howev-
er, similar to ILs, biosorbents are able
to be modified and functionalised to
improve their separation ability.® In
some cases, modification is required
to stabilise the biosorbent to ensure
it can withstand the conditions used
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Fig. 2. Functional groups found on some common biosorbents sources

"These methods offer
advantages of being
affordable, simple and
environmentally friendly,
and often result in high
extraction efficiencies and
ease of recycling"

throughout separation experiments.
In other cases, biosorbents are mod-
ified to improve separation perfor-
mance and ease of removal follow-
ing the extraction step.

Many examples of biosorbent modi-
fication can be found, particularly
those involving the modification of
chitosan. Chitosan (poly-B-(1->4)-2-
amino-2-deoxy-d-glucose) is a com-
mon biosorbent as it is abundant,
inexpensive, biodegradable, and has
low toxicity.”® Due to the nitrogen
and hydroxyl groups found in the
structure, it is also a good contender
for the separation of heavy metals,
including the REEs, as it acts an ef-
fective chelating agent. However,
modification is often required to

improve the stability of chitosan in
acidic solutions.

Further chemical and physical modi-
fications can also be carried out
to achieve better separations and
improve selectivity. For example,
Roosen and Binnemans created
functionalised chitosan polymers
with ethylenediaminetetraacetic
acid (EDTA) and diethylenetriamine-
pentaacetic acid (DTPA).** The goal
of this functionalisation was to de-
crease the solubility of the chitosan
in acidic aqueous solution, as well
as improve separation performance,
as both EDTA and DTPA have shown
good binding abilities with the lan-
thanide elements. The structures of
the EDTA- and DTPA- chitosan are
shown in Fig. 3.

Other methods of REE separations
using biosorbents have also shown
promising results. For example,
Dong et al. tested the performance
of spores of Bacillus subtilis PS533
and PS4150 for the removal of low
concentrations of Th(lll) from waste-
water.? Results showed 94% Th(lll)
removed within 30 minutes using
PS4150 spores with the amino, hy-
droxyl, methyl and phosphate func-
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tional groups all playing a role in the
extraction. High adsorptions of other
lanthanide elements were also ob-
served, indicating the potential of
the PS4150 spores for the wider ap-
plications of rare earth extractions.

In another application of biosorbents
for REE separation, Mohammadi et
al. tested the biomass, Magnetospi-
rillum magneticum AMB-1, for the
separation of La(lll) from aqueous
solution.?® This bacterium naturally
possesses magnetic qualities en-
abling easy removal of the biosor-
bent following extraction using an
external magnet. This biosorbent
achieved adsorption efficiencies as
high as 98.7% for Sc, with over 90%
of all other REEs adsorbed. While
biosorbents appear to show promis-
ing results for REE separations, the
main drawback appears to be their
low selectivity observed in many
applications including the examples
discussed here.

Supercritical fluids

Supercritical fluid (SCF) extraction
utilises fluids which have reached
supercritical temperature, that is to
say, they have been heated and com-
pressed above their critical tempera-
ture and pressure to a point where
they possess both liquid- and gas-like
properties.?” The use of supercritical
fluids for the separation of REEs has
been offered as another alternative
greener method to traditional sepa-
ration methods. SCFs offer many
advantages including their low vis-
cosity, fast mass transfer and ease of
removal of separated elements from
the SCF following extraction.?® These
properties can help increase the rate
of extraction compared to alterna-
tive liquid extractants. Carbon di-
oxide (CO,) is one of the most used
SCFs as it is known to be inert, inex-
pensive, renewable and abundant.
Furthermore, it does not require ex-
treme temperature and pressure to
reach critical conditions (T_= 31(, P_
=7.38 MPa).?

OH
o N
e
HO o}

EDTA-chitosan

OH

DTPA-chitosan

Fig. 3. Structure of chitosan modified with EDTA and DTPA

"While methods of SCF extractions are showing promising
results, it appears there is still work to be done to improve

their use in REE separations. "

Due to its structure, supercritical co,
alone is a poor extractant for polar
compounds and metal ions, includ-
ing the REEs. However, the addition
of CO,-soluble complex-forming
agents, such as tributyl phosphate
(TBP) in nitric acid, can produce good
extractions for the REEs as well as
simple back-extraction and recy-
clability of the CO,.”

Much like ionic liquids made for REE
separations, SCF extractions often
include the addition of common REE
organophosphorus extractants to im-
prove separations, with tributyl phos-
phate being one of the most widely
reported. In many methods involving
the use of sc-CO,, extraction occurs
through the mixing of the sc-CO, com-
plex with lanthanide oxides. The dis-
solving of the lanthanide oxides and
extraction of the lanthanides into the
sc-CO,-TBP phase in nitric acid can be
described by Eqg. 1 and 2 whereby the
Ln* ions are extracted through the

formation of a TBP complex as de-
scribed by Yao et al.*°:

Ln,0; + 6HNO; — 2Ln3* + 6NO;~ + 3H,0
(Eq. 1)

Ln3* 4 3NO,™ + nTBP — Ln(NO5);(TBP),,

(Eq. 2)

Following extraction, the removal
of the hydrophobic lanthanide com-
plex formed with TBP can be simply
achieved through the gasification of
CO, at atmospheric pressure which
results in the newly formed complex
being precipitated out. Following this
step, the CO, can be easily recycled
for further extraction cycles. Meth-
ods like this have achieved promising
results, with Shimuzu et al. reporting
extraction efficiencies as high as 99%
for the separation of Y and Eu from
waste fluorescent lamps.?° However,
in @ more recent study considering
the recycling of REEs from fluores-
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cent lamps, Zhang et al. discovered
that these results may only be viable
in synthetic mixtures due to com-
petition between the REEs and AP*
and Ca%* ions commonly found in
these waste materials.3* Therefore,
while methods of SCF extractions are
showing promising results, it appears
there is still work to be done to im-
prove their use in REE separations.

Conclusions

The rare earth elements are vital
components in much of our every-
day and green-energy technology,
but due to similarities in their physi-
cal and chemical properties, the
separation of these elements can be
challenging to achieve. The develop-
ment of greener separation methods
is important as demand for these
elements grow. In this article, green
REE separation methods involving
the use of ionic liquids, biosorbents
and supercritical fluids were briefly
discussed to show their potential in
the separation of the REEs.
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Chemistry in New Zealand at your fingertips: results of a teacher

survey and suggestions to consider
JAMES R. WRIGHT (email: wrightj2@awatapu.school.nz)

Introduction

The October issue of Chemistry in
New Zealand introduced the initia-
tive ‘Chemistry in New Zealand at
your fingertips’ (Chemistry in New
Zealand, 2022, 86(4), 178-181). This
aims to transform the current quar-
terly publication into an online plat-
form and has spurred motivation to
expand the audience to the wider
public. Teachers and students at sec-
ondary schools across the motu are
one such group that could benefit
from access to chemistry research
conducted in Aotearoa New Zealand,
to inform or be informed of the op-
tions in our own backyard but also
to improve teaching practice. Being
able to ‘see’ yourself in particular
professions can motivate students,
not only to engage with learning, but
hopefully to pursue careers in chem-
istry.

To focus our efforts on material that
is both well received and useful,
a survey was conducted in August
2022. The survey was sent out via
email to members of the Secondary
Chemistry Educators of NZ (SCENZ),
with approximately 10% of partici-
pants responding (28 of ~290). While

Table 1. Survey responses to Chemistry in New Zealand as an

online platform for teachers

How familiar is Chemistry in New
Zealand (CiNZ) to you?

(28 responses)

Would a SCENZ section within CiNZ be
attractive to teachers?

(28 responses)

@ Very Familiar

@ Familiar

@ You have heard of it

@ You have never heard of it

@ Yes
® No
@ Not bothered

acknowledging the low response
rate, the information gathered still
provides useful guidance as to the di-
rection for this platform to go in the
school space. The survey results are
summarised in Table 1.

Chemistry in New Zealand was rec-
ognised by 64% of those surveyed.
Around half of the high school teach-

ers surveyed are at least familiar
with CiNZ. The participants agreed
(85.7%) that having a SCENZ sec-
tion on the CiNZ website would be
attractive to teachers. With 21.4%
of participants not having heard of
CiNZ, there is an opportunity for
more engagement, and advertising
to an extent, if we provide a space
for secondary school content. Over-

Table 1 (cont). Survey responses to Chemistry in New Zealand as an online platform for teachers

(28 responses)

15
I Rank 1

0

Worksheets

nanoscale

B Rank2 [ Rank3 [ Rank4 [ Rank 5

Animations of concepts at the

What do you think would be most valuable to Teachers in a SCENZ section
(Rank 1 — highest priority; Rank 6 — lowest priority)

I Rank 6

Matauranga Maori Experiments using permitted

chemicals

Interactive online activities

Competitions

—

s 93
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all, there is support for CiNZ to be a
chemistry hub for educators, or at
least for one to exist.

When asked to rank a number of
suggestions that may be valuable to
each teacher surveyed, three out of
six suggestions were preferred over
the others. To process these results,
for each suggestion the scores were
weighted in each option by dividing
the population of each Rank (1 — 6)
by the rank number, and an average
score was calculated.

For example, for ‘Worksheets’:

6 1 5 10 3 3
GHo+s+,+-+)/6=196

The suggestions and their corre-
sponding scores are as follows:

Experiments using

permitted chemicals: 3.07
Matauranga Maori 2,97
Animations of concepts 2.54
Online interactive activities 1.99
Worksheets 1.96
Competitions 1.82

Therefore, a bank of experiments us-
ing chemicals permitted in second-
ary schools, followed by knowledge
or resources on Matauranga Maori
are the two most valuable.

A need for resources on experi-
ments could be due to a shortage of
chemistry-trained technicians and
the recent implementation of the
Safety and Science/Pitaiao docu-
ment. This document details lists of
chemicals that are ‘forbidden’ e.g.
aromatic amines and phenolic com-
pounds, in contradiction to the per-
mitted chemicals phenolphthalein
and fuchsine; those with ‘a greater
hazardous nature than educational
utility’ e.g. silver nitrate and potas-
sium dichromate, which are virtually
essential for teaching redox and pre-
cipitation reactions (osmium tetrox-
ide, chromium trioxide and hydroflu-
oric acid are also on this list that are
recognised as having ‘some educa-
tional use’); and lastly those with ‘a

94

online platform for teachers

Table 1 (cont). Survey responses to Chemistry in New Zealand as an

(tick all that apply)

(28 responses)

...relate to NCEA
\chievement Standards

relate to junior science

...relate to Matauranga
Maori

...relate to the new
Chemistry and Biology
Learning Matrix
...relate to chemistry
research happening in
NZ right now

In terms of the focus of these resources, would you like them to...

26 (89.7%)

19 (65.5%)

22 (75.9%)

20 (69%)

24 (82.8%)

20 3u

(28 responses)

Aside from curriculum learning, what other areas of need would be useful if
there was SCENZ section on this proposed CiNZ website? There are a few ideas
below (5), but please feel free to add others.

@ Advice on the disposal of chemical waste
@ Less expensive chemical suppliers

Where to locate school lab equipment
@ Advice about the storage of chemicals
@ How to purify chemicals that have 'gone off'
@ All of the above

Other suggestions

Careers and current NZ research (2)
Location of tried and tested teacher re-
sources (1)

Advice around implementing and complying
with the Safety in Science document (1)

hazardous nature but with potential
educational utility’ e.g. glucose. The
point being raised in this explanation
is that for inexperienced chemistry
teachers and technicians, adapt-
ing to this document requires some
guidance and this could provide an
opportunity for CiNZ.

As part of the NCEA change package
currently underway, Change 2 ‘Mana
Orite mé te Matauranga Maori’ or
‘Equal status of Matauranga Maori’
will be embedded as part of the
revised changes of the WNational

Certificate in Education Achieve-
ment (NCEA) but to what extent it
will appear in the science curricu-
lum is still to be decided. The high
score of Matauranga Maori prob-
ably indicates a lack of exposure to
Matauranga Maori by many educa-
tors, and/or the implementation of
the revised achievement standards
in chemistry and biology starting
in 2024. Having an online resource
may provide educators with the
confidence to prepare lessons in
this space, noting of course that
this would require consultation with
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Matauranga experts from iwi and
hapa.

Animations illustrating concepts at the
sub-micro scale, such as polarity, or
the attractive forces between particles
is also valuable. StudyPass® started to
release visually appealing graphical
content to explain some concepts but
due to lack of funding and interest in
what was a busy year for teachers, this
project will not continue. Content like
this, or links published onto the web-
site, could be useful in helping stu-
dents ‘see the unseeable’ and grasp
the concepts at NCEA Levels 2 and 3.

When asked for a preference on what
the focus of resources should be for an
online CiNZ, all the options provided
were favourable. However, there was a
higher preference for those pertaining
to the senior students (NCEA Achieve-
ment standards). What was pleasing
is that there is a preference for NZ
chemistry research, which aligns with
our work tailoring CiNZ articles for sec-
ondary school students. Matauranga
Maori was also highlighted once again.

The teachers were then asked what
other non-curriculum areas of need

would be useful and five sugges-
tions were provided. Advice on the
disposable of chemical waste was
popular, as the high costs of re-
moval, particularly for forbidden
chemicals or others such as lead and
organic residues, make it difficult
for schools. This can lead to the stor-
age and buildup of these chemicals
over years. Five teachers chose ‘All of
the above’ suggesting that teachers
need professional development or at
least resources relating the handling,
storage, treatment, and disposal of
chemicals, as well as where to pur-
chase less expensive chemicals.

Other than the pre-prepared sugges-
tions, those surveyed also suggested
highlights of research from recent
graduates and chemistry academics
within NZ, information linking chem-
istry to various career pathways,
information about upcoming pro-
fessional development and tailoring
content from Education in Chemistry
(RSC) to NCEA such as addressing
misconceptions, relevant practical
experiments and having a simple
and user-friendly experience. CiNZ
online has the potential to bridge

secondary school science learning to
tertiary and beyond.

Chemistry in New Zealand is a recog-
nisable platform and the survey re-
sults indicate that an online version
could be attractive as a resource to
help and educate teachers and stu-
dents alike. CiNZ would have an edge
if it included in-demand aspects such
as experiments using school com-
pliant chemicals, approved content
relating to Matauranga Maori and
animations to explain concepts at
the sub-microscale.

It would be beneficial to teachers
and students if CiNZ had content on
the work of recent graduates and
NZ research in general that is easy
to read for students and relates to
the curriculum. This could enable
students to see what’s available if
they pursue chemistry further. CiNZ
at your fingertips also has an op-
portunity to provide information on
how to handle, store, dispose and
possibly reuse chemicals for science
technicians. Lastly, by engaging the
public, chemistry within Aotearoa
New Zealand can literally be at their

fingertips.
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