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PROFESSIONAL LEARNING PROGRAMS  
College of Science, Health and Engineering (SHE) 

Professional learning for STEM educators 
La Trobe University is again offering science teachers in Victorian high schools a comprehensive suite of highly 
specialised Professional Learning Programs. Designed to upskill teachers at all career stages, the programs reinforce 
content knowledge and improve understanding of new technologies and tools in delivering Science, Technology, 
Engineering and Mathematics (STEM) education.  

Programs typically include an introductory lecture, practical workshops and interaction with practising scientists and 
researchers. Presenters address current educational and industry context, new initiatives, and global trends, with a 
practical emphasis on classroom relevance. Participating teachers return to their classrooms with fresh insights, 
renewed confidence, and new ideas, tools and techniques for communicating with their students. 

Subject 

 

Professional 
Learning Program 

Content Date  
Location 

Biology Cellular life for non-
biologists 

Participants explore the topic of cells from the basics through to the 
more complex elements of cell biology. Practical learning content 
includes getting the most from school microscopes and incorporating 
Information and Communications Technology (ICT) into microscopy. 

Friday, 12 June 
Bundoora 

Chemistry Cosmetic Chemistry This program is aimed at middle years science teachers and includes 
the chemistry behind and activities to create haircare products 
(shampoo and conditioner) and body care products (body wash and 
moisturising cream).  

Monday, 22 June 
Bundoora  

Chemistry Qualitative and 
quantitative chemistry 
techniques for non-
chemists 

A workshop designed to enhance the skills and confidence of middle-
years science teachers whose major discipline is not chemistry. The 
techniques covered can be adapted to many chemistry-based 
situations. 

Wednesday, 25 
November 
Bundoora  

Computer 
Science 

Teaching JAVA with 
Oracle Academy 

La Trobe academics and Oracle Academy professionals introduce 
object-oriented concepts, terminology and syntax and learn to create 
basic Java programs using hands-on, engaging activities.  

Friday 8 May 
Bundoora 

Engineering Arduino programming 
for wearable 
technology 

A guided workshop delivering an introduction to the Arduino 
programming environment and focusing on the construction and 
programming of a wearable device. The workshop provides information 
on software design, technical skills in a laboratory, and fundamental 
skills in electronics. 

Friday, 20 
November 
Bundoora  

Engineering 3D printing A workshop providing theoretical and hands-on access to 3D printing 
technologies. Participants learn about 3D printed part strength, 
finishing, joining and optimisation.  

Friday, 24 July 
Bundoora  

Physics Concepts in 
electricity for non-
physicists 

A practical workshop dealing with the key concepts of electricity, 
including those relating to energy changes in electrical systems. 
Designed primarily for non-physicist teachers of science, the program is 
consistent with the Australian National Curriculum. 

Friday, 11 
September 
Bundoora  

Psychology Neuroanatomy for 
VCE Psychology 
teachers 

A hands-on workshop for teachers and lab technicians that explores the 
basic structure and function of the central nervous system, focussing 
on VCE Area of Study 1: How does the brain function? 

Friday, 13 
November 
Bundoora  

Details - Duration: Full day (9:00 to 3.30) Cost: $250 (GST inclusive) Location: La Trobe University, Bundoora, Bendigo 

For further information and/or to register please contact: 

Madeline Toner, Senior Coordinator, Outreach Program P: (03) 9479 6516 E:  outreach@latrobe.edu.au 

Registration: www.latrobe.edu.au/outreach/she/professional-learning 

 



 LabTalk Vol 64 • No.1 • 2020   1

Contents

Volume 64• Number 1 • 2020

LabTalk  Vol 64 – No.1
LabTalk is the quarterly journal of 
the Science Teachers’ Association of 
Victoria Inc., which was founded in 
1943. Articles in this journal primarily 
cover issues and discussions related 
to the teaching and learning of 
science at Secondary School level.

LabTalk provides a means for 
communication between members 
and allows the sharing of ideas, 
perspectives, concerns and 
information with the aim of fostering 
co-operative efforts to improve 
science education.

Managing Editor 
Fiona Trapani,  
Penola Catholic College

Published by 
Science Teachers’ Association 
of Victoria Inc. 
5 Munro Street 
Coburg VIC 3058 
Telephone: 9385 3999 
Fax: 9386 6722 
Website: www.stav.org.au 
ISSN 0159-2033

Graphic design & typesetting  
STAV Publications

Advertising 
STAV Publications Officer 
Email: publications@stav.vic.edu.au

Printed by 
Allanby Press Printers 
1 Crescent Road 
Camberwell VIC 3124

Correspondence regarding this 
journal should be addressed to: 

LabTalk Managing Editor 
STAV 
PO Box 109 
Coburg VIC 3058
or email: admin@stav.vic.edu.au

Opinions expressed in this 
publication are those of the 
contributors, and do not necessarily 
represent the views of the 
Association.

All enquiries regarding permission 
to reproduce articles in this journal 
should be made to the Managing 
Editor, STAV.

© 2020 STAV

Contents
 Page Article Author

 2 From the editor ...........................................................Fiona Trapani

 3 President’s viewpoint ..........................................Alexandra Abela

  Features

 4 2019 STS Exhibition and Presentation Day .................................. 
   ......................................................................................Various Authors

 6 2019 STS Coordinator reports ...........................Various Authors

 13 2019 STS Student Entries ....................................Various Authors

 23 New Directions for STAV: Advancing Science and Technology  
  Education, 1990 -2004 ............................................Dr. Robert Roe

 30 The Vital Importance of Practical Investigations in Science 
   ......................................................................... Jenny Sharwood OAM

 32 Cities of the future: Imagination the limit as students build  
  STEM skills ................................................................. Amy Macintyre

 33 Real World STEM taking flight ........................................................... 
   .............................................. Jacinta Deylen and Bridget Hosking

 34 Hydrogen Bonding ............................................................................... 
   ........................ Nicholas Bui, Nimrada Silva and Hannah Clarke

 36 New Methods for Peptide Synthesis .............................................. 
   .........................................Alexandra Lakkis and Jackson Coombs

 38 Optimal decision making in bacterial chemotaxis .................... 
   .................Rakshan Chandu, Martin Nguyen and Jaidyn Sessa

 42 Mineral Alchemy: Geochemical processes with Tellurium ..... 
   ................................................ Connor Nguyen and Oscar LoMoro

 52 Investigating the strength of Chalcogen bonds between  
  Ebselen derivatives and Lewis bases to model their effect on  
  DNA-drug binding .............................Eric Lee and Jennifer Tran



 2   LabTalk Vol 64 • No.1 • 2020

Welcome 
to the 

first edition 
of LabTalk for 
2020. In this 
edition we 
welcome the 

new President of STAV,  Alexandra 
Abela. Her first President’s 
Viewpoint follows this editorial. 

As always this first edition of the 
year begins by looking back at 
the 68th Science Talent Search, 
with reports from each of the 
Science Talent Search section 
co-ordinators in 2019. I have 
been involved in many different 
ways in Science Talent Search 
over the last 20 years. Last year 
some of my own students entered 
and received a bursary for their 
Experimental Research. This was 
such an exciting achievement for 
them, from their self-designed  
investigation to their eventual 
receiving of their Science Talent 
Search medal and bursary cheque. 
It was also great professional 
development for me as I was 
involved in the Science Talent 
Search Judging Day for the Video 
entries at Parade College. It was 
interesting to see all the different 
projects students came up with 
to respond to the theme, and the 
way they presented, explored 
and explained their science 
understanding through these 
projects. 

Thanks to all of the section 
co-ordinators for their 
contribution to this edition 
of LabTalk. Reports contained 

From the editor
Fiona Trapani, Penola Catholic College

in this edition highlight 
outstanding entries from last 
year’s competition and also some 
hints and tips for those entering 
in 2020. A huge thankyou to Josie 
Crisara, Leonie Lang and Janice 
Teng for the work they do every 
year to ensure the Science Talent 
Search is an amazing experience 
for students and teachers alike. 

Included in this edition are 
examples of four bursary winning 
entries from the creative writing 
section of Science Talent Search. 
I hope you enjoy reading them. 
You may also want to share these 
samples with your own students 
to inspire them to enter their work 
in the 69th Science Talent Search. 
The 2020 theme for Science 
Talent Search is “Deep Blue: 
innovations for the future of our 
oceans”. This theme ties in nicely 
with the UN declaration of 2020 
as the International Year of Plant 
Health. This theme provides great 
scope for us as teachers of science 
to highlight the importance of 
plants in a balanced ecosystem, 
including the plant life in our 
oceans. 

Our issue continues with the 
fourth of Robert Roe’s history 
articles which share the changes 
in direction STAV took during the 
nineteen ninety’s. Rob presents 
the reformation of STAV through 
the organisational structure 
and the viewpoint of members. 
Another interesting insight into 
how our professional association 
is built on the committed vision 
and hard work of our teaching 
colleagues.

Jenny Sharwood OAM has 
provided an insightful article 
on the importance of practical 
investigations in our classroom 
practice. The need for students to 
develop practical skills through 
formative is highlighted, with 
some inspiring quotes and 
ideas to help us all maximise the 
most exciting aspect of science 
teaching- the practicals. 

This is followed by a focus on 
more student work which was 
completed as part of the CSIRO 
initiative ‘STEM Professionals in 
schools’. The student’s worked 
with mentors to conduct and 
report their research. I’m sure 
you will be fascinated by the 
investigations included in this 
issue.  

The issue closes with a review of  
Andrew Gregory’s book ‘Eureka! 
The birth of science’ provided 
by Dr Bill Palmer. The history of 
western science is explored in the 
book, and would make a great 
holiday read for teachers. 

I hope you enjoy reading this 
issue of LabTalk and encourage 
you to contribute something to a 
future issue. Perhaps you have an 
idea, resource or assessment task 
you would like to share? Maybe 
you have read a good science 
related book or found a great web 
resource or app? Perhaps you 
were inspired to try something 
you saw at one of the STAV 
conferences, tell us how it went? 
Please email publications@stav.
vic.edu.au with your contributions. 

Yours in science education, 
Fiona Trapani  ■ 
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Features
President’s viewpoint
Alexandra Abela, STAV President

It is with pride 
and pleasure 

that I present to 
you STAV’s first 
edition of Lab 
Talk for 2020. 
This edition 
celebrates 
excellence in 

science education across a diversity of 
learning areas in Science and STEM. 

You will notice in your readings, a 
strong and intentional emphasis 
on scientific inquiry, project-based 
learning, practical work and science 
communication. Some of the 
learning experiences are core to the 
classroom and school-based curricula; 
whilst others such as the Science 
Talent Search, having their origins 
in primary and secondary school 
classrooms, but transcend traditional 
boundaries when student learnings 
and messages around the importance 
of Science to everyday life, make 
their way directly into homes and the 
wider community. 

It was with pleasure that I 
attended the 2019 STS Exhibition 
and Presentation Day at LaTrobe 
University on Monday 28 October. 
The 68th Science Talent Search 
adopted the theme, ‘Destination 
Moon: more missions, more science’.  
In 2019, STS attracted over $35,000 
in bursaries and more than 3,200 
student participants. On presentation 
day, it was inspiring to experience 
how this cohort of students had 
connected with science beyond the 
classroom. The quality of the projects 
was outstanding. On the day 318 
Major Bursary Awards, 567 Minor 
Bursary Awards and 657 Distinction 
Medallions were presented. In the 
articles to follow, you will sample 
some bursary winning entries. 
I would like to congratulate all 
competing students and their 
passionate, dedicated teachers. A 
special thank-you must go to the STS 
Management and STS Committees, 
and to all the judges, sponsors 
and parents who supported this 
competition in 2019.

A side remark but a topical and 
important one, is that processes 
have been put in place to migrate 

to online judging processes across 
all categories, effective immediately. 
I encourage you to continue to 
complete your registrations, as 
the opportunities and support for 
learning both within and beyond 
the Science classroom are readily 
available and the quality is exemplary. 

STS is also one potential pathway 
to the BHP Foundation Science and 
Engineering Awards (BHPFSEA). 
The BHPFSEA and Indigenous STEM 
Awards represent a partnership 
between ASTA, the CSIRO and 
the BHP Foundation, and are 
widely regarded as the pinnacle 
of school science awards for 
inspirational students and teachers. 
Our congratulations extend to all 
student and teacher entrants across 
Australia in 2020; in particular, Hazel 
Glen College’s Matthew Story for 
winning Victoria’s nomination as 
its Teacher Finalist. Matthew has a 
rich history of exceptional service to 
the Science Talent Search and also 
to Science teaching more broadly. 
It was wonderful to catch up with 
Matthew at the awards ceremony 
in February; as was it to be able to 
view the student finalist’s projects, 
which covered a wide range of topics, 
from bush medicines, biomaterials 
and mobile technology, to robotic 
prosthetics and agricultural land 
management. 

Returning to this edition and the 
copy contained within, you will note 
that we have also branched out and 
included scientific literature produced 
by school student authors. The five 
groups of Year 11 students featured 
in this edition, attend Penleigh 
and Essendon Grammar School in 
Melbourne’s north western suburbs. 
The programs on which they write 
were bespoke student research 
placements facilitated by the school 
and CSIRO’s STEM Professionals 
in Schools Program. The students 
were supervised in university 
laboratories by leading scientists 
and mathematicians across several 
of Melbourne’s tertiary institutions. 
By including such student-authored 
articles in Lab Talk, we hope to bring 
you different insights into student 
learnings and reflections, generated 
by experiences in laboratories outside 

of the traditional school setting. If 
this inspires you to offer the same 
publication opportunities to your 
students, STAV would be very keen to 
hear from you. 

In summary, in each of the published 
articles, we are reminded of the 
critical importance of hands-on 
science and experimental work. 
As teachers of science, we well 
understand the role that practical 
work plays in improving theoretical 
understanding. But above all, I put 
to you that we value practical work 
and scientific enquiry as the primary 
pedagogical vehicles through which 
our students experience school 
science because they are able to (1) 
engage meaningfully, optimistically 
and authentically in the learning of 
Science and STEM, and (2) become 
adept practitioners in the key 
skill areas of practical technique, 
measurement, observation, data 
generation and analysis, and critical 
reasoning based on evidence. Add 
to this the collaborative and creative 
power of problem-solving, and 
the scope to develop attributes 
and dispositions such as resilience, 
perseverance and communication; we 
can be assured that as a community 
of practice, we are building our 
students’ capacities to manage 
change, sometimes stochastic, and to 
thrive in the 21st Century.

Practical work, hands-on enquiry 
and scientific reasoning must be 
found at the heart of any Science 
and STEM curriculum because the 
‘experiment’, no matter how large or 
small, gives science its identity and 
purpose. In uncertain times, there is 
cause for optimism and affirmation 
of the critical, complex, sophisticated 
role we play as teachers of science. 
I recommend to you this ‘bumper’ 
edition of Lab Talk and trust that you 
will be inspired by what is contained 
within.

My best wishes to you for the holiday 
break and for your return to the 
classroom in Term Two. 

Alexandra Abela

STAV President ■ 
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2019 STS Exhibition and Presentation Day

The 68th Science Talent 
Search by Leonie Lang
The date was Monday 28th 
October, 2019 and the location La 
Trobe University Union Hall. Over 
1000 students, parents, teacher 
and guests were gathering for the 
68th Science Talent Search (STS) 
Exhibition and Presentation Day. 

Professor Shaun Collin, Head of 
the School of Life Sciences, La 
Trobe University, gave the official 
opening welcome and he spoke to 
a hall filled with students, parents, 
teachers and sponsors as well as 
a huge display of the winning 
entries. 

Groups moved around the venue, 
examining the work students 
had completed and many had 
lengthy discussions about the 
scope and findings of the scientific 
explorations. This year, 3271 
students from 165 schools entered 
the STS, submitting 2327 different 
entries. 

Early in 2019, teachers in primary 
and secondary schools across 
Victoria began preparing their 
students for this competition. 
Using the 2019 STS Handbook 
that detailed the various sections 
of the competition, they assisted 
their students to begin their 
projects.  The theme for this year 
was Destination moon: more 
missions, more science. For 
students who chose the Posters 
or Creative Writing sections, the 
Handbook presented them with 
a number of different starting 
ideas. For the other sections – 

Experimental Research, Working 
Models, Inventions, Games, 
Computer Programs, Science 
Photography, Video Productions 
or Class Project (primary only) – 
students could choose whether 
to focus on the theme or develop 
a topic of their choice.  Some 
students used class time to work 
on their projects.  Others were 
supported by their families and 
worked mainly at home.

During May, teachers entered 
their students into the 2019 
STS Competition via the Web. 
From May to August, students 
continued working on their 
projects.  Once finished the entries 
were judged.  Essays and Research 
were entered online to STAV while 
all other entries were taken to a 
Special Judging Day at various 
venues around Melbourne. This 
was on Saturday August 3 for 
most metropolitan schools or 
Friday July 26 for Jewish schools. 
Teams of volunteer judges (mostly 
teachers) completed all judging.  
The students talked about the 
science they had discovered in 
their research while completing 
their individual or group projects. 
They clearly demonstrated their 
knowledge and passion about 
their open-ended activities.  For 
country students, all entries were 
entered online for judging, with 
a short video attached of the 
students explaining their project. 
All judges assessed entries and 
gave each student, written, 
positive feedback on their work.  
Then, through a moderation 

process, the winning projects were 
decided and allocated Major and 
Minor Bursaries.

Through the generosity of our 
sponsors, a total of $35,670 was 
awarded through 667 Bursaries.

Back at La Trobe University 
winning students received their 
awards at special presentation 
ceremonies after a short talk from 
a practising scientist or science 
educator. Many students had their 
photos taken with their sponsors 
after the award ceremony. 

Many students came locally from 
Melbourne but some, ranging 
from primary to upper secondary 
ages, travelled from long distances 
away. At the end of the day, 
students happily communicated 
their pleasure and satisfaction 
about the competition and 
promised to enter again in 2020.  

A final thanks to the many 
volunteers, teachers and STAV 
office staff who assist every year 
in the smooth running of the 
Exhibition and Presentation Day 
in addition to the months of hard 
work that leads up to this day. Well 
done and you have assisted many 
young people in their exploration 
and understanding of science. 

The 2020 Science Talent Search 
Handbook will arrive in schools 
early in term 1. Look out for 
it at your school and use it to 
continue to promote the ongoing 
engagement of students in 
science. Let’s make the 2020 
Victorian Science Talent Search 
even bigger and better! 
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Features

2019 Exhibition and 
Presentation Day Science 
Talent Search Report  by 
Josie Crisara
The 68th Exhibition and 
Presentation Day was hosted and 
sponsored by La Trobe University 
from the School of Science, Health 
and Engineering. The Science 
Talent Search Committee would 
like to thank La Trobe University 
for their support.

Our presenters for 2019 
encouraged students in 
their pursuit of science and 
congratulated students who won 
bursary awards.  We thank:

• Prof. Sarah Maddison, 
Swinburne University of 
Technology

• Dr Evan Robertson, La Trobe 
University

• Ms Linda Le, Note Printing 
Australia 

• Ms Lauren Story, The 
University of Melbourne

• Ms Tess Bacic, Halliburton

• Adjunct Assoc. Prof. Gale 
Spring, RMIT

• Mr James Kennedy, Sincerely 
Chemicals

• Dr Lindy Lumsden, 
Arthur Rylah Institute for 
Environmental Research

The Science Week theme of 
Destination Moon: more missions, 

more science was evident in the 
student work and displays. 

The work of the scientist is to 
research, create and communicate 
their findings, so that all can 
understand and students made a 
great effort in doing this through 
their work. 

Thank you to the many volunteers 
that make this competition 
happen, this includes the STS 
committee, teachers and sponsors 
who judged entries as well as the 
schools and their staff who hosted 
judging days. 

This year $35,670 was awarded 
to recipients of Major and 
Minor bursaries from sponsors 
and we thank them for their 
contributions.  Also a big thank 
you to the staff in the STAV 
office – in particular Janice Teng, 
STS project officer. These people 
answer school queries and ensure 
all is functioning well with the 
competition. 

Victoria’s 2019 Science Talent 
Search had a slight decrease in 
the number of entries compared 
to 2018 (from 2347 to 2327), total 
number of students in 2018: from 
3429, to 3271 in 2019. The number 
of schools entered decreased from 
173 to 165. There were 32 schools 
who were either new or returning 
to the STS Competition in 2019.

Congratulations to the Peter 
Craig School and Hugh McKnight 
Encouragement Award winners, 

whose awards were sponsored 
by STAV Publishing and The 
BHP Foundation Science and 
Engineering Awards. 

STS Peter Craig School Awards 
2019

Glendal Primary School

Holy Rosary School

Cheltenham Secondary College

Presbyterian Ladies’ College

STS Hugh McKnight 
Encouragement Awards 2019

Balwyn Primary School

Mentone Grammar School - 
Primary

Thornbury High School

Fintona Girls’ School – Senior 
Secondary

We look forward to the 2020 
theme of Deep Blue: innovations 
for the future of our oceans. 
■
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2019 STS Section Coordinator reports

Posters - Scientific 
Wallcharts – Junior and 
Intermediate Divisions
Section Coordinator: Diana 
Veremciukas

The Judging Day on Saturday the 
3rd of August succeeded due to 
the tireless efforts of 63 volunteer 
judges made up of primary, 
secondary and trainee teachers 
who worked from 8.00am to 
12.30pm non-stop.

A big thank you to Methodist 
Ladies College for the use of their 
facilities and to the teachers who 
helped set up the three rooms 
on the preceding Friday evening. 
Also, thank you to the parents/
staff that provided morning tea 
in the waiting area on Saturday, 
and the MLC senior students and 
Ms Judith Sise who were on the 
registration desk. Also thank you 
to the teachers who helped to 
load the posters into two cars after 
the judging.

The number of Junior entries 
received was one hundred and 
thirty-six, similar to last year’s total. 
Of the entries submitted, 16 won 
Major Bursaries, 32 won Minor 
Bursaries, 53 entries received 
a Distinction certificate and 30 
received a Merit certificate.

Sixteen Intermediate entries were 
received, similar to last year’s 
total. Of the entries submitted, 2 
won Major Bursaries, 4 won Minor 
Bursaries, 8 received Distinction 
certificates and 1 received a Merit 
certificate. STAV encourages more 

year 9 and 10 students to enter 
next year.

The favourite STS topic for 
entrants was “Colonising the 
Moon” at 40%. 

Next popular was “Lunar Farming” 
at 34%, then “Destination Moon 
– Technological Leaps” at 14%. 
Least favourite was “The Moon, a 
Jumping Off Platform to ...” at 4%.

Another 8% of entrants did a 
non-official STS topic for this year, 
which led to their posters losing 
marks.

Student posters discussed 
the technology like rockets 
needed to get to the Moon, 
the adverse conditions on the 
Moon associated with cosmic 
radiation, craters, volcanoes, 
micrometeorites, extremes of 
temperature throughout the day, 
the lack of gravity and the lack 
of water and air, the suitability of 
the Moon’s soil for plant growth, 
the use of lava tubes to aid travel 
on the Moon, the specialised 
spacesuits needed to survive on 
the Moon and the use of domed 
cities for living quarters and to 
grow crops.

Students are reminded that 
diagrams must be hand- or 
computer-drawn. These all 
need to be titled and parts 
labelled. Students should not 
glue photos, cut-out pictures or 
samples of matter to their posters. 
Diagrams should be referred to 
in the written information on the 
poster; for example, “see figure 1”. 
Diagrams can be graphs, tables or 

flow charts. Written information 
needs to be titled/headed for each 
relevant section of the poster.

Some students are still not fully 
laminating their posters when 
they have attachments, which 
leads to damage to the poster 
during cartage and storage. 
Students need to remember when 
accessing the internet to include 
the site, dates and times in their 
bibliography. The bibliography 
needs to be on the front of the 
poster so that it is visible when the 
poster is put on the wall.

Congratulations to all students 
who entered. Judges were amazed 
by the high standard of most 
posters. I am retiring as section 
coordinator at the end of this year 
and wish all students the best for 
their poster entries for next year’s 
topic. 

Experimental Research – 
Junior
Section Coordinators: Josie 
Crisara and Kate Scott

This year there were a number 
of interesting topics about 
which students completed an 
investigation. A creative analysis 
on a topic of interest is what 
judges are looking for.  Some 
students complete a tried ‘text 
book’ investigation and do it 
well, but their work may be 
lacking in creativity. Students 
need to remember that it is the 
experiment design that leads 
to a high quality investigation.  
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It is critical that students think 
through the controls in their 
experiment and keep it simple by 
not including too many variables 
which in turn makes it difficult 
to interpret results.  Students are 
usually presenting their results in 
tables and graphs, but sometimes 
we noticed that students did not 
repeat experiments to ensure 
consistency in results.

Students should undertake 
some library based research 
to ensure they understand the 
scientific and/or technological 
ideas behind the concept or idea 
they are investigating and then 
ensure they incorporate this in 
their introduction and, where 
applicable, in their discussion 
of results.  Most entrants used 
the correct format for their 
scientific report, but a few 
forgot to include references and 
acknowledgements.

Experimental Research – 
Intermediate
Section Coordinators: Jamie 
Astill and Ray Harvey

Congratulations to all students 
who entered the STS Experimental 
Research Intermediate Section 
2019!

Victorian students in year 9 
and 10 have showcased some 
amazing and original research this 
year, with over 80 entries being 
submitted.

Some examples of entries 
included:

• The study of sunspot activity

• The use of plant-based oil in 
bread to extend shelf-life

• Two projects involving 
fruit extracts, and esters 
for investigating their UV 
radiation absorption

• Modifying variables to 
successfully temper chocolate

• Novel designs for efficient fan 
blade rotation

• Correlations of hospital 
admission rates and the lunar 
cycle

• Worm diets to enrich soil

• Investigating crumple zones 
in cars

• Dehydration of food for use in 
space 

• Maximising protein content in 
yoghurt using different types 
of milks and cultures.

One student even made her own 
spectrophotometer and analysed 
blue sports drinks!

Make no mistake young scientists 
– ideas change the world! Such 
creative ideas and innovation 
from your bright minds is to be 
congratulated and encouraged! 

We know scientific research is 
exciting, but we also understand 
it’s a really tough gig. 

Not only did you need to come up 
with a novel idea, but you had to 
design a controlled experiment, 
repeat it many times for reliable 
results, keep accurate records, and 
then communicate your work in a 
well-presented report. 

You probably had no idea what 
your outcome would be, and how 
many of you have walked away 
from your investigations with 
more questions than answers? 

So, if you dared to enter STS this 
year and made it this far, then, 
students – we salute you!

The awards were allocated as 
follows, and we hope you were 
among the students who received 
one:

10% were awarded a Major 
Bursary

14% were awarded a Minor 
Bursary

13% were awarded a Distinction 
certificate

21% were awarded a Merit 
certificate.

Thank you to the teachers and 
school staff who volunteered their 
time as Judges to evaluate the 
submitted reports. Without these 
wonderful people, STS wouldn’t 
exist. 

I recommend students read 
their judging comments, as they 
provide valuable advice.

We would like to emphasize that 
students read the judging criteria 
in the STS Handbook and follow 
the guidelines.

At the beginning of your 
investigation, make your project 
original and necessary. The 
more unique and helpful to 
the community your project 
is, the better. Remember – one 
unique project that investigates 
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investigations are IB students. We 
look forward to your continued 
support in 2020 in further 
developing scientific literacy.

Games – All divisions
Section Coordinators: Leonie 
Lang, Damiano Lo Nigro and 
Lucy Cassar

Neil Armstrong said, “One small 
step for man, one giant leap for 
mankind.” What a giant step our 
Games Judging Day was. There 
is no better showcase of talent 
on display than students having 
fun playing games of their own 
devising about the science topics 
that interest them.

At the Games Judging Day at 
Wesley College, students enjoyed 
setting up their games and 
playing them with the science 
teachers who were the judges. 
We were also pleased to welcome 
student teachers from The 
University of Melbourne, who 
were mentored by the practising 
teachers. The judges used a 
rubric which closely followed the 
guidelines listed in the Science 
Talent Search Handbook.

This year 108 entries (representing 
over 150 students) were judged, of 
whom almost half were awarded 
bursaries. It is pleasing that 
teachers are making time available 
in the crowded curriculum 
for students to pursue very 
worthwhile projects such as STS.

The best entries were those 
that not only contained good 
science, but showed evidence that 
research was used to develop the 
game around finding solutions to 
real issues. 

a solution to help solving the 
tiniest problem, is better than a 
hundred unoriginal projects with 
predictable or known outcomes. 
So, be daring and help solve a real 
world problem.

And at the end, make your report 
shine! Please proof-read your 
report before you submit it to STS. 
Ask your parents or teachers for 
their feedback and advice, don’t 
forget to acknowledge this in your 
report. Neatness and consistent 
formatting are key, and remember 
– good communication is good 
science!

Congratulations again and thank 
you to everyone who entered.

Experimental Research – 
Open division
Section Coordinators: Janice 
Youl and Lakshmi Sharma

First, a big thank you to the 
teachers and judges who 
supported their senior students in 
this category. The feedback from 
our team of four judges is greatly 
appreciated.

While there were fewer entries this 
year, and a number of registered 
entries that were not submitted, 
we were impressed by the high 
calibre of 2019 entries. Many of 
the entries were topical issues of 
micro- plastics, global damage, 
solar cells and genetic splicing, 
which made for interesting 
reading. There were also new 
twists on more traditional 
investigations such as vitamin C 
titration.

The top eight entries were 
outstanding. The topics for the five 
bursary winners were:

• Spliceosome Component 65K 
in Splicing Introns in MAPK 
and Braf Genes

• Preparing and Analysing 
Prussian Blue

• Magnetic Damping

• Oxalic Acid in Rhubarb Leaves

• Oxidising Orange Juice.

Some of the entries are likely 
CSIRO CREST silver or gold 
entries and the work with a 
mentor, particularly for the 
research aspect, was evident. 
However, the students without a 
research scientist mentor also put 
immense effort into investigating, 
researching and writing up of 
reports. The judges commented 
on the efforts of all concerned.

Pieces of advice from judges that 
are worth repeating:

Rather than try to predict WHY 
something has happened, it is 
best to restrict your hypothesis to 
a prediction of WHAT will happen.

It is important to provide 
quantitative data rather than 
qualitative data.

Make sure you have completed all 
the requirements, including the 
Risk Assessment sheet.

For 2020 we encourage teachers 
to consider this competition 
for their students - great prizes.  
VCE students do complete Area 
of Study 3 reports, research 
investigations, which can easily 
be adapted to enter in this 
competition. The other group of 
students who complete scientific 

2019 STS Section Coordinator reports (continued)
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Although students entering the 
Games section are not obliged 
to follow the theme for the year, 
the topic of Destination Moon: 
more missions, more science 
was embraced enthusiastically 
by the students, with games 
such as: Moonopoly, Lunar 
Empire, To the Moon and Back, 
and Moon Mission Madness. 
Students also showed concerns 
about conservation issues 
with games such as Oh No! 
Orangutans, which touched on 
topics such as Deforestation. 
Other popular topics included 
bushfires, floods, earthquakes 
and especially climate change. It 
is very encouraging that students 
are applying real-life problems to 
their games, making them global 
citizens in the world of science. 

Tasks that promoted problem 
solving were highly regarded, 
whereas “luck” squares in board 
games and recall of trivial facts 
did not score well. Overall, the 
judges were very impressed with 
the creativity shown by students 
to produce eye-catching and 
innovative games that were 
original and fun to play.

All this was made possible by 
the generosity of many science 
teachers who encouraged their 
students to enter the Science 
Talent Search, guided their 
research of the science ideas 
and inspired them to express 
their creativity in many different 
ways. Many of these teachers also 
gave hours of their free time to 
judge the entries. We thank the 
parents for supporting their sons 
and daughters in preparing their 
entries, bringing them to the 

This year, more than 80 videos in 
the primary school sections and 
50 videos in the secondary school 
sections were judged on the 
morning.

We extend thanks to:

• Parade College – Bundoora for 
hosting us on the day

• Our wonderful volunteer 
judges and helpers on the day

• Parents and students for 
engaging in the competition

• Teachers for their 
encouragement and guidance.

We look forward to 2020 being 
another successful Science Talent 
Search in the Videos section.

Photography – All divisions
Section Coordinators: Sheba 
Gurm and Matt Story

This year the students in 
the primary section outdid 
themselves. The level of detail and 
the explanation that they gave for 
their photographs was definitely 
an eye-opener. 

It was a great pleasure to see 
the effort that was put into 
photographing scientific 
processes. 

The entries that won bursaries this 
year were well deserving. 

We would particularly like to thank 
the judges who took time off from 
their busy schedules and judged 
the entries diligently and in a 
timely manner. 

We would also like to thank Parade 
College for providing an excellent 
venue and facilities. 

venue and sharing with them the 
experiences of the day. 

We also thank the students who 
put so much work into completing 
their entries and brought them 
to be judged. They have achieved 
much learning about science and 
shared their learning with the 
players of the games and with the 
judges.

Videos – All divisions
Section Coordinators: Jennifer 
Cutri and Jason Smith

The Science Talent Search – Videos 
section proved to be another 
great success in 2019. On Saturday 
the 3rd of August, students 
eagerly presented their scientific 
videos to our volunteer judges.

Many videos focused on the 
topic of the Moon, given the 50th 
anniversary of the Moon landing. 
Well done to those students who 
took on the challenge and joined 
us on this journey. However, other 
topics of interest ranged from 
population, pollution, plastics and 
physical phenomena.

Congratulations to the bursary 
winners for submitting original 
and engaging videos, and clearly 
communicating not only their 
topic, but the way they captured 
and presented their videos. 
Students that possibly strive to 
be bursary winners themselves, 
next year or beyond, can note 
these winning qualities for future 
entries.

The judges avidly examined and 
critiqued students’ videos for their 
scientific and cinematic quality. 
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and inventions, still did not have 
a written report.  It was great to 
see students using manila folders 
as requested. However, they need 
to make sure that they attach 
their entry form to the outside 
and staple their report firmly to 
the inside. There were still models 
(very good models) without one 
or more working parts. In some 
cases, working parts were not 
related to the scientific principles 
being presented. There was 
no explanation of how these 
scientific principles were being 
demonstrated by the model or 
invention.

The following aspects of the 
Working Models and Inventions 
category that could be given more 
attention next year still apply:

Risk assessment – The risk 
assessment should be carried out 
before any activity to identify, 
eliminate or control the hazards 
and risks associated with the 
construction and use of their 
model or device.

Static vs Working devices – For 
both the Working Models and 
Inventions, the guideline states 
that the device should be 
‘working’. The moving or ‘working’ 
parts, should be an integral part 
of the model and demonstrate the 
scientific principle or concept.

Written report – Presentation of 
a report that does not follow the 
guidelines makes judging more 
difficult and, in some instances, 
disadvantages the student. 
Reports should be easy to access 
(manila folder), easy to identify 
(yellow entry face sheet), and easy 
to read. Diagrams should be neat 
and well labelled. There should 

be a photograph of the device. A 
sample format is available online 
for students new to writing a 
report for Working Models and 
Inventions.

Scientific principles – Students 
are reminded that this is a Science 
Talent Search and the device is 
the vehicle through which they 
are demonstrating their scientific 
knowledge. 

References and 
acknowledgements – Students are 
reminded that there is a correct 
way to record websites and print 
resources in their bibliography 
and references. This is explained 
clearly in the STS Handbook on 
page 23.

Many students are inspired by 
the year’s theme, but we would 
like to remind students that in 
Working Models and Inventions, 
they do not have to be limited to 
the theme. They can be creative 
as well as pursuing their own 
interests in any aspect of Science 
In fact, we prefer students to start 
off with a question for themselves 
concerning a current issue and 
how they would solve it for the 
Inventions section, or those who 
have an interest in how something 
works then investigate this to 
produce a Working Model.

Students are reminded that if 
they are re-entering a project that 
has been developed since the 
previous year, they must clearly 
show in their model/device and 
report all the new modifications 
and/or improvements made from 
their previous entry. This is also 
important if you are entering 
different aspects of your project 
into two sections in the same year.

2019 STS Section Coordinator reports (continued)

We look forward to seeing more 
entries in photography in the 
future.

Working Models and 
Inventions – All divisions
Section Coordinators: Janice 
Teng, Maureen Frith, Manju 
Mohandoss, Frances Sidari and 
Gregary Boyles

Congratulations to all the bursary 
winners of the Working Models 
and Inventions section. We know 
that many spent long hours 
making and refining their models 
and inventions, in order to ensure 
that they were performing to their 
satisfaction. This year there were 
30 Major Bursaries and 35 Minor 
Bursaries awarded in the Working 
Models section, and 9 Major 
Bursaries and 9 Minor Bursaries 
awarded in the Inventions section.

We would also like to commend 
all entrants into the Working 
Models and Inventions section, 
even those who were unable to 
complete their projects on time, 
as we appreciate the amount of 
effort and persistence required 
to achieve a working device from 
their design. Don’t give up, but 
have another go next year!

There are still quite a number 
of students not referring to the 
Science Talent Search Handbook, 
which sets out in detail the 
requirements for entering the 
competition. We recommend that 
students use this as a checklist 
so that they do not leave out 
important sections of their entry. 
Some entries, including those 
with excellent working models 
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We would like to thank Methodist 
Ladies’ College for hosting our 
Judging Day, including Miriam 
Beasy and all the staff and 
students who were essential in 
the set up and running of the 
day. Several volunteers from 
families of participating students 
have also been instrumental in 
assisting with Judging Day. Our 
appreciation and thanks also go to 
all the judges who provided time 
and expertise to listen and speak 
to our student entrants, giving 
them valuable feedback and a 
richly rewarding experience.

Computer Programs 
(Games and Simulations)
STS Section Coordinators: Blair 
Odom & Joseph Ghaly

Judging Day 2019 once again saw 
a staggering number of entrants 
for the Computer Programs 
section of Science Talent Search. 
The eager students came to 
showcase their programming 
skills using a range of software 
and demonstrating a vast array of 
science topics.

The enthusiastic judges 
thoroughly enjoyed learning 
from the students and had the 
challenging task of assessing each 
project against the assessment 
criteria to determine bursary 
winners. In the end, we celebrated 
individual successes, while 
identifying a number of entries as 
being worthy of high praise and 
recognition.

As always, our judges were 
impressed at the level of 
sophistication in both computer 

programming skills and scientific 
understanding that they observed 
when meeting with entrants. It 
was pleasing to see that students 
endeavoured to become experts 
in an area of scientific focus, rather 
than merely concentrating on 
creating a computer program. 
Well done to these students in 
particular!

We enjoyed conducting the day at 
a new venue this year, joining the 
Games section of the competition 
at the Prahran campus of Wesley 
College. We would like to thank 
Wesley for their gracious help in 
ensuring the day ran smoothly for 
everyone involved. 

We marvel at the expertise 
and dedication of our team of 
volunteer judges. Without the 
willingness to sacrifice a Saturday 
morning, their care and attention 
to detail, the students would not 
receive meaningful feedback for 
their hard work.

Thank you to the students for their 
considerable efforts and interest in 
furthering the cause and path of 
science. We hope this competition 
helps put you on the path (or keep 
you on the path) toward a bright 
future in some field of science. 

With sincere appreciation and 
wonder, we also acknowledge the 
incredible organisational skills 
of Janice Teng, at STAV, for her 
tireless efforts to ensure the event 
is successful each year. 

We look forward to 2020, when 
we will surely enjoy another 
incredible day celebrating 
scientific curiosity and computer 
programming!

Creative Writing – 
Intermediate Report
Section Coordinator: Lynden 
Fielding

In 2019, a team of eight judges 
assessed fifty-three Intermediate 
Creative Writing entries from 
twenty-three schools. In 
comparison to 2018, this was a 
twenty-six percent increase in 
the number of entries received, 
which was comparative to the 
2017 entry pool. Eight registered 
entries were not received. The 
overall standard of Intermediate 
Creative Writing entries was 
again consistently high in 2019 
and judging has continued to be 
very competitive. There were four 
allowed topics. The topic ‘The dark 
side of the moon’ was the most 
popular topics, followed closely by 
‘Dear moon: we’re staying…’ The 
‘Moonbots! They’re here…’ and 
‘Living on the moon, one surprise 
after another’ topics attracted 
about the same number of entries, 
which was much fewer than the 
other two topics.

Three Major Bursaries of $60 and 
fifteen Minor Bursaries of $50 were 
awarded, thanks to the generosity 
of sponsors and donors. Ten 
entries gained the Distinction 
award. The standard of entries was 
such that all other entries were 
awarded a Merit Certificate, with 
hardly an exception.

Key judging criteria discriminators 
for the award of a Major Bursary 
were again the integration of 
science ideas into writing, the 
amount of scientific content 
included in the writing, and 
originality and creativity. It is 
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2019 STS Section Coordinator reports (continued)

always important that students 
gain a thorough understanding 
of the section Guidelines page 
in the STS Handbook prior to 
commencing their writing project. 
The additional page on How 
to cite references and write a 
bibliography will alert entrants to 
the requirement to list both the 
date and time that they access 
websites. If students have this in 
mind from the commencement 
of their entry, then they should 
be able to fulfil this formatting 
requirement. Importantly, 
students can use the Entry 
guidelines as a self-assessment 
checklist prior to submitting their 
entry.

Well done to all the 2019 Year 
9 and 10 authors on their 
creative writing achievement 
and congratulations to all who 
achieved Bursary, Distinction and 
Merit Awards. The judging team 
from eight schools across Victoria 
is especially commended for using 
the online system of receiving 
entries for judging and entering 
comments and results. They 
did a sterling job of evaluating 
the entries using the judging 
criteria for Scientific Content 
and Presentation, and writing 
feedback comments for each 
entrant. We are most appreciative 
of their volunteer time and 

expertise, and careful judging. 
Thank you to all the learning 
area directors and coordinators, 
and Science teachers across the 
schools for their valuable support 
and encouragement of the 
students. We are also grateful for 
the involvement of parents and 
other mentors, which is invaluable.
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2019 STS Student Entries

My glasses are 
missing - I need them 
to read!
by Iliana Nicolaou
Creative Writing Intermediate

Panic sets in as I search the hut. 
My blurry vision certainly doesn’t 
help much, but I’m trying. Alas, 
they’re nowhere to be found.

Finally, I spot the black frames. 
Walking over, I pick them up, only 
to pause and look down at what 
they are resting on. Sliding my 
glasses onto my nose, I notice a 
book on the table, one I haven't 
read before - which would surprise 
anyone that knows what a 
bookworm I am. I gently pick it up 
and blow the dust off the cover. 
Cliche. And with that, I flip to the 
first page and begin to read.

'To the Moon.’

'On and off, for two or so years, 
scientists had been living on the 
moon for a few months at a time. 
Testing, researching, collecting 
data and information that 
would create this alleged eighth 
continent and manipulate it until 
it was fit and ready to contain 
human life. Crops, water and 
oxygen all needed to be supplied, 
and those were only the bare 
necessities. Protection from lethal 
UV rays was a requirement, not 
to mention clothing, basic shelter 
and human contact. As such, you 
can see how it wasn't the most 
irresistible invitation.’

My eyes widen in surprise. I know 
what this book is now, and why 

I've never seen it before. It’s my 
great-grandmother's old diary. The 
one she'd lost when she arrived. 
She thought it might have been 
lost while they were trying to 
widen the lunar caves to live in so 
too much radiation would be less 
of a threat, but she was never sure.

‘Reflecting on it, the concept 
of visiting such a place seemed 
almost impossible in the past. 
Although now, in the year 
2029, a lunar city has emerged. 
In 2019, the idea seemed so 
underdeveloped. Almost as if it 
was just at the interstellar cloud of 
its stellar life cycle, with so many 
prospects. What path would it 
take, would the journey lead to 
the eventual development of a 
black dwarf? Would an exciting 
super-gigantic adventure begin 
and lead us to a supernova 
experience? And then where 
would that experience lead us? 
The majestic development of 
a neutron star? Or the eternal 
condemnation of a black hole?

Oh, I must stop with the theatrics! 
But astrophysics just consumes 
me and the life cycle of a star was 
one of the first things that sparked 
my passion.

‘Back on track. The mere concept 
that the moon, in ten years, would 
be fit to live on sounded like a 
fairytale. A fairytale that has, 
evidently, transformed into reality.’

So that is where I get my dramatic 
flair from, my great-grandmother. I 
resume reading.

‘The original expeditions to the 
moon were all about mining. They 
mined for water; extracting it and 
splitting it into hydrogen and 
oxygen to create large reserves 
of rocket fuel for the First Lunar 
Movers (that is what they called 
us) in case of the need of an 
emergency evacuation. Many 
believed this would never work, 
however, here we are. About to 
take off in a rocket ship, as if this 
were a kid's fairytale. And this 
time, we only have a one-way 
ticket. It seems very unrealistic, 
too, if I'm being honest. We're 
going to the Moon. The large 
(small compared to the earth, 
but big compared to us humans) 
sphere of lunar rock that hangs in 
space as if by magic. Who knows 
how this will go?'

This is my history; the beginning 
of the first colony on the moon. A 
first-hand recollection and directly 
from my ancestor. I turn the page 
and eagerly keep reading.

'It has been a week since we 
arrived and the chosen cave 
has been mostly hollowed out. 
Aluminium, iron and titanium are 
only a few of the many minerals 
and elements that we’ve mined 
so far. In fact, there’s far more 
than we originally expected. It’s a 
borderline goldmine. Additionally, 
the few crops we've planted thus 
far appear to be flourishing along 
with our water tanks.

'In fact, maybe this will work. 
Maybe we can live on the moon. 
Sure, it took over ten years for us 
to gather the right resources and 
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information to be here in the first 
place, but it was obviously worth 
it in the long run, because we're 
here.

'Our routine consists of a lot of 
exercise. For two and a half hours 
a day we stretch, we run; strapped 
onto machines, we pedal...all in 
all, it's quite tedious work. It's 
vital, though, if we don't want our 
muscle mass to waste away. This 
is due to the microgravity that 
causes our body fluids to move 
around, lowering the amount of 
oxygen carried around the body, 
Astronaut study 101 (I always was 
a good student).’

Me too!

‘And exercising outside is 
impossible and something I sorely 
miss. Between the weight of 
the suits we must wear and the 
regolith that appears to blanket 
each and every crevice of this 
place, outside is not an option. 
This is what they told us would 
be one of our biggest challenges 
settling here, the regolith. It 
seems to infect everything; 
its tiny granules behaving like 
microscopic sandpaper, nestling 
into nooks and crannies and 
grinding away at our equipment, 
our suits, our doorways, 
everything. It takes its toll on all 
that it touches. so we must keep 
the exposure to our suits to a 
minimum. Outside escapades 
were strictly for working. 
Though, once we settled into our 
community, and finally felt that all 
was well, I borrowed/stole a suit, 
quietly went to the south entrance 
of the building, snuck outside and 
took a quiet little walk all on my 
own. It was beautiful.’

I notice with a disappointed frown 
that the next page is the last. I’d 
been so consumed by the journal 
that I’d not noticed time passing. 
Reluctantly, I turn to the final 
page...and instantly smile.

‘Dear Moon, we’re 
staying…’
by Saloni Patkar 9H

‘Dear Moon, we’re staying…’

Those words began echoing in my 
head. They were staying. STAYING. 
What did that mean? Were the 
humans going to stay on me 
forever? Were they going to treat 
me like they treated Earth? Or 
maybe they would be my friends 
because my heart was so filled 
with loneliness, as I watched Earth 
from far away. Only 12 humans 
had ever visited me, all through 
the Apollo missions. They had 
brought their flags and roaring 
machines which trampled all over 
me as they eagerly explored. But 
it has been over 40 years since my 
last visitor had left, I had almost 
forgotten how it felt...

I see it in the distance, a small 
flying object in the darkness, 
slowly but surely approaching.  
It’s coming.

The humans have mistreated 
my Mother Earth by carelessly 
destroying the land and using 
up resources whilst not caring 
about the consequences. Now 
they are facing the long overdue 
repercussion. While I have 
been spending my long days, 
that vary in length to average 
about a month of Earth days 
watching helplessly in horror as 

I orbit, the people of Earth have 
emitted dangerous gases into its 
atmosphere, destroying so much 
of its rare and precious flora and 
fauna and its beautiful, naturally 
occurring landscapes. The humans 
haven’t treated my Mother Earth 
very well. I’m scared of what my 
future will look like.

The Flames. The Dust. The big, 
loud thud. My heart pounds in 
fear and anticipation. The ground 
shakes. Apollo 11 had landed.

The humans need to stop this 
damage if they want their life on 
Earth to continue . Even being 
384,400 km away from Earth, the 
increased emissions caused by 
humans have affected me rapidly. 
Scientists measured that 3 metres 
below my surface, temperatures 
had risen by nearly 2 °C over a 
period of only six years since the 
first astronauts arrived. There are 
even supporting theories that 
the footprints of those astronauts 
have warmed me. Just as it is 
hotter on a sunny day in a black 
t-shirt than any other. There are 
claims that astronaut footprints 
have darkened my surface, 
making it more vulnerable to the 
heat. The humans must try to stop 
this damage as I am at great risk.

A moment passes and the hatch 
begins to open slowly and 
ominously . An eerie looking 
shadow emerges. Is that a human, 
I wonder?

My young, innocent soul is 
vulnerable to more destruction 
too. My atmosphere is so thin 
that it is technically considered 
as an exosphere. My climate is 
so harsh that it can vary from 

2019 STS Student Entries (continued)
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boiling to freezing depending on 
where the sun shines. I only have 
one-sixth of the gravity on Earth. 
Humans won't even be able to 
breathe on my surface without 
heavy protection suits. I am not 
as liveable as Mother Earth and at 
this rate, I am vulnerable to more 
destruction.

The human steps out. ‘That's one 
small step for man, one giant leap 
for mankind.’ He remarks gruffly.

I am important as I play an 
extremely crucial part in helping 
to sustain life on Earth. My 
gravitational force helps create 
tides on Earth. Tides cause tidal 
friction which helps make the 
days longer. I also help stabilize 
Earth’s wobble as it rotates on its 
axis, and without me, the Earth 
would wobble violently as it spins. 
Because of this, I can even help 
moderate the temperature and 
daylight hours. Scientific studies 
have also proven that I can affect 
animal behaviour and that most 
animals do have psychological or 
physiological links to my phases. 
However, despite all my hard 
work, I am constantly taken for 
granted. If I didn’t exist, many 
systems on earth would be very 
different . I AM IMPORTANT.

The human begins to explore my 
surface... I don't remember what 
happened next. It’s all a blur.

But, there is hope. Humans are 
taking a stand. They are making 
a change. Countries are uniting 
to take positive steps like the 
Paris Agreement to help lower 
their carbon emissions. More 
people are switching to electric 
cars and installing renewable 

energy systems in their homes 
and businesses. However, ALL 
the people of Earth must come 
together and fight for this united 
cause. They must look for the 
benefit of their planet and the 
universe over their own smaller 
benefits. They must start to look 
after their perfect planet Earth. 
If they continue to do this, they 
may be able to live on me. I don't 
mind the prospect of life on me. 
However, I want to warn humans 
that they should be careful, as I 
am vulnerable to climate change 
and other human enhanced 
phenomena too. But, there is 
hope.

The next moment, the hatch shuts. 
Just as quickly as they arrived, 
they are gone.

I promise I’ll be a good host. My 
beauty has been described as 
inviting, inspiring and soothing, 
even though my surface is 
covered in dead volcanoes, 
craters, and flowing lava. I have a 
light side which provides hope, 
and a mysterious dark side caused 
by the fact that it is never visible 
from Earth.

There have been a various range 
of conspiracy theories buzzing 
around Earth about aliens 
inhabiting my dark side. Maybe 
that’s why no one has visited me 
in the last couple of years. Maybe 
they are scared. But I promise I am 
not a threat. After all, I am Earth’s 
nearest celestial neighbour. I 
promise I’ll be a good host if you 
will be a good guest and treat me 
with the respect I deserve.

I see it in the distance, a small 
flying object in the darkness of the 

universe. It’s coming again, and 
I’m ready for it!

KEY SCIENCE IDEAS

The Moon’s Atmosphere 

On the moon, there's no air for 
humans to breathe, however, 
there is a very thin layer of gases 
on the surface of the Moon that 
can almost be an atmosphere, 
but is scientifically known as an 
exosphere. The exosphere was 
only recently discovered, and 
consists of some unusual gases 
like sodium which are not found in 
the atmospheres of Earth, Venus 
or Mars.

Gravity & Tides on the Moon

Gravity is a force that attracts all 
physical objects towards each 
other. The Moon has only one 
eightieth of Earth’s mass and 
therefore only one sixth of the 
Earth’s gravity. This also means 
that on the Moon, one would only 
weigh one sixth of their mass on 
Earth. Tides are the rise and fall of 
water level in the oceans caused 
by the combined gravitational 
pull from the Sun and Moon. The 
Moon’s gravity pulls the oceans 
towards it because  even though 
the Moon is so far away, it is large 
and close enough for its gravity to 
be strong enough to do this.

The Moon’s Surface

The surface of the Moon is 
covered in craters, erupted 
volcanoes and pools of hardened 
lava. Early in the course of the 
moon's history, the interior was 
able to produce volcanoes, that 
quickly cooled and hardened. 
There is also evidence of asteroids 
and it’s believed that lava also 
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burst from the crust when large 
asteroids broke through the 
surface.

The dark side of the Moon

The far or ‘dark’ side of the Moon 
is the hemisphere of the Moon 
that always faces away from 
Earth. The far side of the Moon 
has more visible craters whilst the 
side that can be seen from Earth 
has more hardened lava. The first 
photographs ever to be taken 
from the far side were in 1959 by 
the Soviet probe Luna 3, however 
there are claims that NASA took 
photos of the far side in the years 
following but aliens warned them 
to stop exploring the far side.

Missions to the Moon

There have been so many missions 
to space conducted by various 
countries, however there has been 
no mission to the Moon since 
1976, and research has shown that 
expeditions to the Moon have 
become quite dangerous and 
expensive. The first man on the 
Moon was Neil Armstrong through 
Apollo 11 on the 20th of July 1969.

Armstrong is famous for saying 
the quote ‘That's one small 
step for man, one giant leap for 
mankind,’ as he stepped on to the 
Moon.

Rising temperatures on the Moon

Studies conducted by NASA 
claim that Moon’s temperature 
increased by nearly 1.9 °C right 
after the first astronauts planted 
their flags there. The most likely 
theory explaining this is that the 
astronauts’ footprints darkened 
the surface of the Moon making 
it more vulnerable to the heat. 

This leads to the fact that humans 
most likely caused the rising 
temperatures on the Moon.

Human- enhanced greenhouse 
effect on Earth

Scientists have proven that 
humans have caused rising 
temperatures on Earth because 
of the excessive emissions of 
dangerous gases like carbon 
dioxide, nitrous oxide, methane 
and chlorofluorocarbons. The 
trapping of these gases in the 
atmosphere can lead to rising sea 
levels, melting ice caps, loss of 
animal habitats and many more 
large scale consequences. Many 
scientists have stated that they 
believe we should learn to look 
after our Earth before we colonise 
the Moon and this has been the 
basis of my creative response.
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Moonrise
by Bethany Orme
Creative Writing Intermediate

My name is Selene and I was never 
afraid of the dark.

Not afraid of the vast, black 
expanse of space. Not afraid of the 
deep craters on Earth’s satellite, 
the Moon, where sunlight has 
not reached in billions of years. 
Not afraid of the unknown. To 
me, hidden secrets were thrilling: 
mysteries waiting to be solved 
by someone brave enough, or 
someone foolish enough…

~~~

Unlike the other astronauts in the 
training program, I did not wish to 
go to Mars, a terrestrial world, or 
Jupiter, the largest Jovian world, 
or Pluto, the dwarf planet with 
its 18 degree elliptical orbit. No, I 
wanted to see all the moons and 
satellites of our solar system in 
person, beginning with Earth’s 
Moon.

As a child, I loved to sit at my 
bedroom window and watch the 
Moon rise, bulbous and yellow. I 
would gaze intently at its surface, 
imagining pictures in the dark 
and light areas. Some people 
see a face in the moon, others a 
rabbit. Viewed from the Northern 
hemisphere, the image is flipped 
upside-down but it is always the 
same side of the moon we see. It 
became my pet project:   delving 
into the Moon’s secrets. I learned 
about the process of tidal friction 
or tidal locking, in  which Earth’s 
gravitational pull slows down 
the rotation of the Moon so that 
it becomes equal to its orbit, 

explaining why only one side 
always faces Earth. This same 
rule applies to moons across the 
solar system - the only known 
exception being Hyperion, a moon 
of Saturn, that is affected by the 
gravitational pulls of Saturn’s other 
moons.

Hyperion was to be my next 
adventure, after I had done 
two things that no human had 
attempted before. I was in the 
team sent to land on the far side 
of the Moon and be there as 
it passed  through the plasma 
sheet of Earth’s magnetosphere. 
To accomplish that, we had to be 
there in the dark.

My searchlight pierced the 
blackness, revealing muted greys, 
contrasting with the stark white 
of our spacesuits. My friend Kieran 
and I were prepared with sturdy 
equipment, small containers for 
samples and enough oxygen to 
last four hours each.

We bounded away from the 
shuttle, bubbly with the joy of 
leaping far above the rocks and 
floating back down. Like small 
children, we dug our tiny spades 
into the Moon’s surface, grinning 
as if we had found treasure. It 
was perfect. In those precious 
moments, I felt I could conquer 
any  challenge that the universe 
could throw at me, I would be the 
astronaut to visit all the satellites 
of the solar system and I would be 
remembered for my courage. The 
universe had a different plan.

Billows of dust from the Moon’s 
surface clouded the air. Kieran 
and I saw the strange glow it 
made but dismissed it in our 
excitement. We thought that we 

were safe. Earth’s magnetosphere 
protects the life-filled planet from 
Galactic Cosmic Radiation and 
solar radiation from the Sun and 
we had landed during the 6 days 
the Moon’s orbit passes through 
Earth’s magnetotail. Mission 
control said that would give us 
protection from electrostatic 
charges collecting on the Moon 
dust and causing it to levitate. Just 
in case, our suits were specifically 
designed with an extra layer of 
ripstop liner, to decrease the 
likelihood of the silica-containing 
dust tearing through.

Chillingly, our instrument readings 
were now showing that the 
magnetotail was flinging electrons 
back onto the Moon’s surface. On 
the day side, UV photons would 
be knocking away the building 
electrons. However the night 
side had no defence against the 
accumulating high negative 
charge which was acting on the 
dust to raise a swirling, deadly 
cloud.

I tapped Kieran on the shoulder 
to get his attention and received 
a nasty static shock. Kieran 
coughed, rubbing at his neck and 
his eyes went wide as his Primary 
Life Support Subsystem (PLSS) 
alarmed. I made an executive 
decision: we needed to return to 
the shuttle, now.

We began running. Every few 
paces, I checked behind for Kieran, 
breathing deeply to control 
my ever-rising panic. Surely 
everything would be fine, the 
shuttle was only a few paces away.

A muffled crackle interrupted my 
thoughts.
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It was not like a scream, that 
would have been better, for this 
sound mixed easily with the cold 
silence of the barren landscape. 
I turned. The moon dust reared 
high, glowing eerily in the shuttle’s 
lights as it rushed towards the 
day side. I strained to see, then 
immediately wished I had not. The 
still, white lump could only be one 
thing.

Warm tears ran down my cheeks 
and the glass of my helmet 
became foggy. For a brief second, 
I squeezed my eyes shut. My 
friend, why did it have to be my 
only friend? I threw myself back 
and grabbed Kieran’s limp arms, 
dragging him towards the shuttle 
as my PLSS began to scream.

Hands pulled us back inside and 
stripped us of our suits. I gulped in 
the shared oxygen then reached 
desperately for Kieran. He was 
blue and utterly still. Snatching 
his suit, I could see the tubes from 
his oxygen tank were torn, ripped 
through by the abrasive moon 
dust.

I had been too slow. Kieran was 
gone.

The sharp particles that had 
covered our suits were now 
floating around the shuttle and 
would remain in my lungs for 
months. The horror of being 
partially responsible for a death 
would weigh down my soul 
forever.

~~~

My name is Selene and I am afraid 
of the dark.

The darkness conceals 
unimaginable things; terrors that, 

once seen, will penetrate even the 
happiest of moments. The dark is 
the lack of light, the space without 
brightness or knowledge of what 
is there and sometimes it is far 
better to never, ever illuminate 
that space.

When you next look to the sky in 
the depths of the night, remember 
- the Moon is beguiling but 
two-faced.

I cannot watch the moonrise 
anymore.

Appendix - Key Science Ideas
1. Planets, dwarf planets, moons and 

satellites are classified according to 
specific criteria. A planet is a body 
that orbits around a star and has 
removed other smaller objects from 
its orbit. Planets must also have 
hydrostatic equilibrium i.e. a great 
enough mass to form a rounded 
shape. In the Solar System, there are 
eight planets: Mercury, Venus, Earth, 
Mars, Jupiter, Saturn, Uranus and 
Neptune. 
A dwarf planet is a body too small 
to identify as a planet, since its 
gravitational pull is not strong 
enough to repel or attract other 
objects in its orbit. Some known 
dwarf planets are Eris, Pluto, Haumea, 
Makemake and Ceres. All the 
planets of the Solar system lie on 
the same plane, within less than a 
six degree inclination of each other. 
Pluto, however, has an 18 degree 
inclination and its orbit is not a 
constant distance from the Sun, as it 
passes closer than Neptune’s orbit at 
one point. 
A satellite is a body that orbits 
another (such as the Moon or 
man-made satellites orbiting the 
Earth). A moon is a body that 
revolves around a planet, without 
disrupting its natural orbit. Mass and 
size are not a factors in determining 
whether an object is a planet or 
moon since, for instance, Titan is 
larger than Mercury. 
A terrestrial world is classified by 
its spherical shape and solid, rocky 
surface. In our Solar  System, the 
terrestrial worlds are the four planets 
closest to the Sun (Mercury, Venus, 
Earth and Mars), the Moon, the 
four Galilean moons (Io, Europa, 

Ganymede and Callisto), one of 
Saturn’s moons (Titan), one of 
Neptune’s moons (Triton) and the 
dwarf plant Pluto. Terrestrial worlds 
do not always have an atmosphere. 
A Jovian world, as the name suggests, 
is “like Jupiter”. Jovian worlds are 
giant compared to the Earth, gaseous 
in nature and are referred to as gas 
giants. In our Solar System, the Jovian 
worlds are the four planets outside 
the Asteroid Belt: Jupiter, Saturn, 
Uranus and Neptune. These planets 
are not solid, as evidenced by the fact 
that their polar regions rotate at a 
slower pace than their equators.

2. The Moon rotates and is tidally 
locked with the Earth. 
The Moon completes an orbit of 
the Earth every 27.322 Earth days 
and the Moon rotates on its axis 
approximately every 27 days. The 
fact that these times match is due to 
a process called tidal locking, tidal 
friction or tidal synchronisation. The 
Earth’s gravitational pull warps the 
shape of the Moon to create “tidal 
bulges”. Earth’s gravitational pull then 
forces the closest tidal bulge into 
alignment with the Earth, slowing 
the rotation of the Moon to match its 
orbit. Additionally, the Moon slows 
the Earth’s orbit by a few milliseconds 
per century. The Moon also has an 
elliptical orbit, which means it is 
farther away from Earth and closer 
to Earth at different points. When it 
is further away, it rotates faster and 8 
degrees more of the Moon’s western 
side can be seen. When it is closer, it 
rotates slower and 8 degrees more of 
the Moon’s eastern side can be seen. 
Because of tidal synchronisation, only 
one side of the Moon is seen from 
Earth. This is called the ‘near side’ and 
the opposite is termed the ‘far side’. 
Sometimes the far side of the Moon 
is mistakenly called the dark side. 
However, when the moon is new, it is 
the near side that is in darkness and 
the far side that is illuminated by the 
Sun. When Selene visited the Moon 
in this story, the far side of the moon 
was in darkness because that is when 
it passes through Earth’s magnetotail. 
Other moons in the Solar System 
follow the same principle of tidal 
locking. The only known exception 
is Hyperion (one of Saturn’s moons), 
that cannot be tidally locked with 
Saturn because the gravitational 
pulls of Saturn’s other moons disrupt 
the connection, causing Hyperion 
to have an ever-shifting rotational 
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state. Pluto and Charon (one of 
Pluto’s moons) are the only mutual 
tidally locked pair in the Solar 
System. Because Charon is so large 
in comparison to Pluto, they rotate 
at the same speed around a point 
outside of Pluto’s mass and both 
always have the same “face” looking 
toward each other.

3. The dust on the Moon is abrasive and 
is a potential problem for explorers. 
The dust particles on the Moon 
are unlike the ones on Earth. They 
contain silicate, a substance found on 
planets with volcanic activity, which 
has caused lung disease in miners 
who have  inhaled it here on Earth. 
The lunar dust particles are small 
(some unable to be seen with the 
naked eye) and fine, yet sharp - unlike 
Earth’s dust, that has been smoothed 
into a rounded shape by wind, water 
and erosion. Some particles of the 
lunar dust are 50 times smaller than 
that of a human hair. Particles of this 
size could remain in a person’s lungs 
for months and long term exposure 
may result in toxic effects on the lung 
and brain. The lunar dust particles 
are extremely abrasive and can tear 
through space equipment, clinging 
onto material and tubing alike. 
Astronauts from the Apollo mission 
complained of sore throats and 
watering eyes because of the 
dust and returned to Earth with 
threadbare, shredded boots. 
The Lunar Horizon Glow is created by 
levitating dust along the boundary of 
the day and night sides of the moon. 
This levitation is due to the dust 
accumulating an electrostatic charge 
from solar wind, Galactic Cosmic 
Radiation or the plasma sheet of the 
Earth’s magnetosphere. 
Levitating moon dust poses a threat 
because it could be more easily 
inhaled and may be more likely to 
tear through equipment. 
Moon dust has some qualities that 
might be useful to explorers: it 
contains oxygen (which could be 
extracted) and it may be heated to 
produce bricks.

4. Electrostatic charges can cause lunar 
dust particles to levitate. 
Moon dust can gather an 
electrostatic charge from solar wind, 
Galactic Cosmic Radiation and the 
plasma sheet of Earth’s magnetotail. 
Solar wind is the primary source of 
the electrostatic charge because 
the moon only passes through the 

plasma sheet for a period of six days 
during an orbit  of the Earth. 
When exposed to solar wind, the 
UV light and X-ray radiation force 
electrons from the atoms of  the 
lunar dust, giving them a positive 
charge on the day side. These 
moon dust particles are repelled 
from the surface in a process 
called electrostatic repulsion and 
remain airborne for a  short while, 
before falling back to the surface 
and the process is repeated. This 
phenomenon is most common in the 
smaller particles of lunar dust, which 
can measure one micron or smaller. 
On the night side, solar radiation 
acts similarly but gives the dust a 
negative charge instead. Between the 
positive and negative charges, in the 
boundary between day and night, 
astronauts would witness a shifting 
glow as dust is pulled sideways and 
interchanged between the areas. 
When passing through the plasma 
sheet, the moon is thought to be 
bombarded with charged electrons 
more powerful than in the solar 
wind, which collect on the Moon’s 
surface to give it a negative charge. 
On the dayside, the build up of 
charge is thought to be limited, as 
the electrons would be knocked 
away by UV photons from the 
sunlight. However, on the nightside, 
the negative charge may spike over 
thousands of volts. This would again 
cause the dust to levitate. 
Additionally, it is speculated that the 
strongly negative moon dust on the 
night side would be attracted to the 

weaker negative charge of the dust 
on the day side, flowing over the 
boundary between the two sides to 
create the horizon glow. The plasma 
sheet moves backwards and forwards 
and thus the moon may pass through 
it multiple times during its orbit 
through the magnetotail, for varying 
time periods.

5. Earth has a magnetosphere that 
protects it from harmful cosmic 
radiation. 
The Earth’s magnetic field is 
produced by the churning, rotating 
movement of the Earth’s molten iron 
core, in a process called dynamo 
action. Iron is an electrical conductor 
and its movement, in addition to 
atoms becoming ionised, roaming 
electrons and the Earth’s rotation, 
mean that there are many electrical 
charges created in the outer core. The 
movement of these charges around 
the equator is thought to produce 
the Earth’s magnetic North and South 
Poles. The magnetic North pole of the 
Earth is near the geographical South 
Pole and vice versa. 
The Earth’s magnetosphere is 
formed by the reaction of solar 
wind (a stream of plasma from 
the Sun, mainly composed of 
electrons and protons) pressing 
upon Earth’s magnetic field. The 
magnetosphere protects the Earth 
from the solar wind, solar radiation 
and Galactic Cosmic Radiation. The 
solar wind creates the shape of the 
magnetosphere - a rounded end 
enveloping Earth’s day side (reaching 

Moonrise 

My name is Selene and I was never afraid of the dark.


Not afraid of the vast, black expanse of space. Not afraid of the deep craters on Earth’s satellite, 
the Moon, where sunlight has not reached in billions of years. Not afraid of the unknown. To me, 
hidden secrets were thrilling: mysteries waiting to be solved by someone brave enough, or 
someone foolish enough…


~~~ 

Unlike the other astronauts in the training program, I did not wish to go to Mars, a terrestrial 
world, or Jupiter, the largest Jovian world, or Pluto, the dwarf planet with its 18 degree elliptical 
orbit. No, I wanted to see all the moons and satellites of our solar system in person, beginning 
with Earth’s Moon.


As a child, I loved to sit at my bedroom window and watch the Moon rise, bulbous and yellow. I 
would gaze intently at its surface, imagining pictures in the dark and light areas. Some people see 
a face in the moon, others a rabbit. Viewed from the Northern hemisphere, the image is ßipped 
upside-down but it is always the same side of the moon we see. It became my pet project: 
delving into the Moon’s secrets. I learned about the process of tidal friction or tidal locking, in 
which Earth’s gravitational pull slows down the rotation of the Moon so that it becomes equal to 
its orbit, explaining why only one side always faces Earth. This same rule applies to moons across 
the solar system - the only known exception being Hyperion, a moon of Saturn, that is affected by 
the gravitational pulls of Saturn’s other moons. 


Hyperion was to be my next adventure, after I had done two things that no human had attempted 
before. I was in the team sent to land on the far side of the Moon and be there as it passed 
through the plasma sheet of Earth’s magnetosphere. To accomplish that, we had to be there in the 
dark.
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10 Earth radii away from the Earth) 
and a long tail on Earth’s night side 
(extending to 60 Earth radii from the 
Earth), called the magnetotail. In the 
centre of the magnetotail is what 
is called the plasma sheet, which 
the moon passes through when 
it is full, for a period of 6 days. The 
plasma sheet is 10 times hotter than 
solar wind, with two million degree 
Kelvin electrons compared to solar 
wind’s 140 thousand degree Kelvin 
electrons.
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Moldy Cheese Is 
Never Good To Eat.
By Ardhra Premaprasad

Creative Writing Intermediate

TOPIC 1: The dark side of the 
moon. 

After all the years of space 
exploration, it seemed as though 
everyone gave up. Throughout 
Felix’s childhood, she would often 
spend hours looking at the stars. 
The vast array of distant solar 
systems, within it the planets and 
stars. It reminded her constantly 
of her one dream. Felix’s dream 
throughout her childhood was to 
become an astronaut. The dream 
developed into a symbol of peace. 
She wanted to make people 
start believing again. Space was 
an anomaly, everything about 
it excited her. The stars, planets, 
black holes, quasars, nebulas and 
a vast array of beautiful things yet 
to be discovered.

YEAR: 2100

“Stephen Hawking discovered 
that Black Holes, are regions of 
space-time that allows no particles 
not even electromagnetic radiation 
to pass through.” She paused to 
take a breath. “Emits radiation 
causing the ‘hole’ to continuously 
lose its mass.” She looked up to 
see her mother. “Don’t read those 
books, we’ll get in trouble.” She said 
sternly. “But I like reading them!” 
Felix exclaimed. “Read in your 
head.” Her father softly spoke to 
her. She grinned back, whispering.

“I’m going to make people believe in 
science again! You just watch, Dad.” 
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Before he had been jailed, her 
father talked about those great 
people, people who believed, 
people who would go beyond 
the expectations of society. A 
hundred years later, people were 
charged with trivial crimes relating 
to scientific discoveries, her father 
being one. Science was decreed 
as a taboo subject. Talking 
about it, or having evidence of 
these fraudulent theories was 
an illegal act. People lost their 
freedom. Their rights as humans. 
Crime rates grew and people 
started valuing their own selfish 
objectives. They taught children 
about the necessities of how to 
live as constricted citizens. Rather 
than teaching them about the 
never-ending universe and its 
possibilities. Felix remembers 
being taught about the hoax 
moon landing and other, so called 
lies.

Her father on the other hand, 
would describe the universe and 
all its beauty. Of ancient science, 
of famous scientists who actually 
discovered. Living organisms, 
the Earth and the never-ending 
universe. Perhaps, with the 
technology they have now there 
could be a possibility to find other 
life forms in this vast expanse. 
If only, people never stopped 
believing in science.

“People used to say the moon 
was made from cheese, because 
of the large craters on its surface, 
making it seem as though it were 
holes in cheese, like the old moldy 
cheese.” She never seemed to 
please her school friends. She 
held the old book close to her 

chest as she continued talk 
animatedly. “What’s the moon 
made of then?” Her classmate 
asked, in a condescending tone. 
“The moon’s crust, is actually made 
of iron, calcium, aluminium, silic-.” 
Felix’s book was forcefully pulled 
from her grip. “What is this?” Her 
teacher’s shadow loomed over her, 
holding the historic book with her 
elongated hands. Felix paused, 
regretting what she was about to 
say next. “A book about the moon.” 
The rest was a blur of her parents 
getting called in, getting into 
trouble. And her father, later being 
imprisoned. She blamed herself 
for her father’s fate, even though 
he always reminded her that it 
wasn’t her fault.

YEAR: 2110

“I know that you still think that this 
is your fault, Felix. It was my choice 
to keep all of those books with me 
even after the law was passed.” He 
touched the glass that separated 
the two and smiled at her. She 
smiled back, looking directly at his 
face. He looked so tired and weary, 
she couldn’t help but think it was 
all her fault. For being so naïve.

YEAR: 2119

There was still hope. That people 
would believe in the universe 
again and start to question our 
existence. She wanted people to 
understand the needs of space 
exploration and wish for a time 
like, when Apollo 11 landed on 
the moon in 1969 and the start 
of the Voyager missions in 1977. 
The same desire as the people 
who launched the International 
Space Station in 1998, or the 

Mars Orbiter Mission in 2014. 
When people still believed. “As 
long as you believe in your dream.” 
Her father’s words recited in her 
brain, a chant that had gotten 
exponentially louder as she 
walked up those stairs. 

Now, she was going to face 
the world because of one new 
scientific finding. She had found 
a large space rock found to be 
from the dark side of the moon. 
Felix was the one who had found 
the large rock, illegally digging 
through the North Desert for 
months with her fellow science 
revolutionists, in order to find any 
scientific material from space. The 
government would destroy all 
traces of evidence if they were to 
find out about it. But Felix knew 
humans were curious by nature, 
to a fault. She just had to put the 
word out, may it endanger her 
own life. It would bring back that 
hope. She immediately published 
articles, both by her and historic 
scientists based on space. It 
wasn’t easy, but it was her only 
chance to make people believe 
again. The government had found 
out, but people were rallying in 
support for her. The general public 
had opposed the government, 
deeming them powerless. Sparing 
her from an unpleasant fate.

Cameras were everywhere, 
flashing incoherently. People who 
were talking, quietened down 
as they saw her walking to the 
podium. To the world who still 
believed, she was a saviour. Now, 
as she addressed the whole world 
about the new finding, she only 
wanted them to believe.
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YEAR: 2099

“Do you think the dark side of the 
moon, is made of moldy cheese. 
Cause we’ve never seen it?” A 
six-year-old Felix asked her father, 
full of excitement. “The moon is 
actually made of different chemical 
elements, like many other things.” 
He answered smiling at her. “If it 
were though. Would it be made of 
Moldy Cheese?” She questioned 
again, her father laughed. 
Dissatisfied she stomped away 
stating,

“But Moldy Cheese is Never Good to 
Eat!”

(Word Count: 997)

APPENDIX:
Space Rock: They are times a type of 

rock mainly made from debris of ice, dust 
and rock. They are a times called, small 
bodies. Larger space rocks are often called 
planetoids or minor planets. There are 
three types of space rock that have been 
identified, comets, rocks and asteroids. 
Comets are large rocks that have been 
seen to orbit around the sun. Known to 
have originated from a cloud of space rock 
that boarders the solar system, called the 
Oort Cloud or the Kuiper Belt. (Reference 
1).

Crater (IMPACT CRATER): A crater, 
specifically an impact crater is caused by 
the collision of high speed meteorite on 
the surface of a planet/moon. This impact 
creates a wide expanse of flattened or 
indented area cleared as a result of the 
force, of the meteor. The moon’s lack of 
a stable atmosphere, contributes to it 
being more prone to having space rock 
collide with it. Impact craters are a result 
of meteors crashing into its surface. The 
lack of erosional weather present on the 
moon, is why these craters are still visible 
to this day. (Reference 2).

Crust (of the moon): Much like the earth, 
the moon is made up of layers. Consisting 
of the crust, mantle and core. The moon’s 
crust however is covered with regolith, a 
substance made from dust, dirt and rocks. 
As opposed to soil, on the Earth. The 
moon’s crust is about 60 to 100 kilometers 

thick and has been constantly fractured 
because of the period of constant meteor 
collisions about 3.8 billion years ago. 
(Reference 3).

Living Organism: A living organism is 
a living being, for example humans and 
bacteria. Things are classified as living 
if they are, A) made of cells (units of 
life), B) if they can reproduce, through 
asexual or sexual reproduction. Thus, 
fully or partially replicating their own 
DNA and C) they can respond to catalysts 
from the environment, for example 
photosynthesis. Therefore, using these 
factors to grow. Humans are living 
organism because they are made of cells, 
eat, reproduce, use cellular respiration 
and so on. (Reference 4).

Space Exploration: The investigation of 
space through developed technologies 
such as crewed or un-crewed space 
crafts, space stations and satellites. 
As technology increased, so did the 
involvement in discovering what lies 
beyond the earth. Examples of such 
explorations are the Apollo 11 Moon 
Landing (1969), International Space 
Station Launch (1998) and the Mars 
Orbiter Mission (2014). (Reference 5).
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In part 4 of this article I explore 
the 1990’s Reforms of STAV 

Council’s organisational and 
management practices from the 
perspective of the institution and 
of the members.

From an Institutional 
Perspective
In 1968 Council accepted an 
invitation to join other scientific 
associations in setting up 
headquarters at The National 
Science Centre, Clunies-Ross 
House, Parkville. By 1992 rents 
at Clunies Ross were too high to 

allow expansion to accommodate 
STAV’s expanded services and 
publishing operations. After 24 
years Council accepted the offer 
of the Directorate of School 
Education to move to more 
spacious accommodation at the 
purpose built Statewide Resource 
Centre, Church Street, Richmond.  
Pennie Stoyles, STAV Education 
Officer (1992-93) and President 
of the Joint Council of Subject 
Associations of Victoria (JCSAV), 
writing in LabTalk explained the 
benefits “rent free accommodation 
and rooms for professional 
development activities and 
meetings are available … The 
staff is now working in a building 
where there are other associations 
such as the Computer Education 
Group of Victoria (CEGV) and 
the Victorian Association of 
Environmental Education (VAEE). 
… In this environment we can 
interact with other subject 
associations … sharing facilities, 
ideas and resources. … Our space 
consists of three large offices and 
a smaller storeroom. One office 
is used by STAV Publishing, one 
by the Professional Development 
section of STAV and the last is the 
main STAV office and reception. 
STAV now employs 5.6 effective 
full-time staff.” (LabTalk, Vol. 37, No. 
1, February 1993)

STAV had been coordinating 
partnerships not only with 
ASTA since its inception but 
also the joint Council of Subject 
Associations of Victoria (JCSAV), 
the peak body for all Victorian 

subject associations which was 
also located at the Statewide 
Resources Centre (SRC). At that 
time as a consequence of the 
Kennett Liberal National Coalition 
Government’s restructuring of 
the teaching service STAV was 
required to negotiate the details 
of the Service Agreement with 
the Department. Bob Maguire, 
Manager of the Department of 
School and Community Support 
Branch when addressing JCSAV’s 
August 1995 Council meeting 
said that the reality was that 
there would be no increase in 
funding (an end to the long-time 
arrangement which provided a 
seconded position to STAV of a 
field officer); instead there would 
be market competition for the 
funds available for servicing the 
Department’s priorities. This 
meant that each year negotiations 
continued between STAV and 
the Department to reach an 
agreement on the services STAV 
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would provide. STAV agreed to 
provide consultancy, professional 
development and course 
advice for the implementation 
of the Science component of 
the Curriculum and Standards 
Framework (CSF). 

Management understood that 
being financially reliant on the 
Department had the potential 
to weaken STAV’s primary 
accountability to its teacher 
members and was determined not 
to simply become a small business 
reliant on payment for services to 
Government.

STAV’S Organisational 
Structure and Distribution of 
Tasks and Responsibilities 
In 1990, following a 
comprehensive review of 
the financial practices and 
organisational structure of 
Council, a Committee structure 
was adopted. 

In 1994 John Anderton, ASTA’s 
immediate past president and 
ASTA’s National Professional 
development Project (NPDP) 
consultant visited STAV. John 
discussed with Management the 
prospect of STAV’s long-term 
viability; specifically focusing 
on the benefits of professional 
management practices and 
strategic planning. In October, 
Council agreed to monitor the 
performance of the existing 
committee structure and the 
delivery of major activities 
throughout the year. In 1994 
Council consisted of 18 
members, 5 Committees and 11 
sub-committees. 

• The Management Committee 
(President, Honorary 
Secretary, Honorary Treasurer 
and the two Vice-Presidents), 
was responsible for the 
management of any matters 
which arose between Council 
meetings. 

• The Membership and Marketing 
Committee was responsible 
for developing policies and 
strategies for recruiting new 
members and maintaining 
existing ones.  

• The Education Committee had 
oversight of all aspects of the 
professional development 
program except the DEET 
funded National Professional 
Development Program 
(NPDP), which had its 
own Project Officer. The 
sub-committees were Primary 
Science, STAVCON, Current 
Issues Working Party and the 
Computer Group.

• The Publications Committee 
had responsibility for the 

production of both LabTalk 
and Let’s Find Out.  

• The Competitions 
Management Committee 
(CMC) was responsible 
for the coordination of 
student activities which 
were authorised by Council. 
The sub-committees were 
the Science Talent Search 
(STS), the Victorian Science 
Drama Awards and the ASTA 
activities: Science Week, the 
Shell Fellowship Awards, 
the Earthworm Awards, the 
Spectra Awards and the 
International Science Camp.  

The 1996 Council resolved that 
the Education Committee or the 
Current Issues Working Party 
should prepare initial drafts of any 
intended policy or recommend 
changes to any existing policy, 
required by Management or 
Council. Policies needed at that 
time included STAV’S response 
to the 1996 Science LAP Test; 
STAV’s position on standards 
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and qualifications for teachers of 
science; STAV’s Science Education 
Awards and Life Membership: 
representing the Association’s 
collective voice of science 
educators in Victoria. 

Robert Roe, in his President’s 
Report (CONTACT, September, 
1996), informed members that as 
part of the restructuring process 
Council had approved the Mission 
statement: Advancing Science 
Education together with the nine 
goals which engendered the 
purpose of the association. 

The Association on behalf of its 
members will:

1. establish and maintain both 
financial and intellectual 
independence.

2. represent the collective 
voice of science educators in 
Victoria.

3. influence policy formation in 
matters relating to Science 
Education.

4. provide professional 
development for science 
educators.

5. support and maintain rural 
and special interest groups 
within STAV.

6. provide a range of resources 
and services to support 
science educators.

7. provide for and encourage 
student participation in a 
range of challenging science 
activities.

8. promote the importance 
of Science Education to the 
community.

9. recognize significant 
contributions by STAV 
members to Science 
Education.

The goals were published on the 
back cover of the journals, LabTalk 
and Let’s Find Out; on STAV’s 
website; and in the framing of 
STAV’s 1997 Annual Report.

As convenors and their 
committees continued to interpret 
STAV’S Mission Statement and 
goals in relation to their activities 
and practices, questions arose, 
clarifications were sought, and 
complexity emerged.  In 1997 a 
STAV Councillors Handbook – the 
Standard Operating Procedures 
(SOP) - was collated from the 
range of documents constitutive 
of STAV as a professional 
association and John Werry (Vice 
President Membership) in 1998 
conducted a training day for new 
councillors and later repeated 
the exercise in Tasmania (STAT) 
using NPDP funding. The NPDP 
had a limited life and by 2000 had 
gone the way of all Government 
projects.  

Secretariat and Management
After Pennie Stoyles the Education 
Officer moved to the newly 
established Scienceworks  in 1993, 
Meg Miller (Honorary Secretary) 
and Robert Roe (Vice President) 
in their LabTalk article (April, 
1995) foreshadowed the strategic 
change made in October 1997 in 
which the position of Education 
Officer was upgraded to Executive 
Officer; phasing out the position of 
Honorary Secretary. They describe 
the change to an Executive Officer 

style appointment in the Office 
as being required to coordinate 
STAV’s many activities and the 
work of councillors who continued 
to hold honorary positions, while 
employed full-time predominantly 
in schools and universities in 
science education.

“Julie Mills was appointed as your 
Education Officer in January 1994 
and has the responsibility for the 
day-to-day activities in the office.  
… Her position is not simply 9 
to 5, but after hours and some 
weekends. Julie provides a report 
of the month’s activities to each 
of the Management Committee 
and Council meetings and has 
regular briefing meetings with 
the Honorary Secretary, and 
committee and sub-committee 
Convenors.”

The Management Committee 
continued to be responsible 
for the operation of STAV 
as a financially sustainable 
not-for-profit Member Association. 
STAV had a turnover in excess of 
a million dollars at this stage and 
its financial responsibilities were 
handled by a qualified accountant 
under the direction of the 
Honorary Treasurer (David Trotter, 
February 1992- December 1996; 
Gary Bass, February 1997- October 
1999; Barbara Brook, December 
1999 - April 2001; Catriona 
Scott, June 2001 - October 2001; 
Roger Morgan, December 2001 
- October 2002) and subjected to 
an annual audit. The Committee 
was now dealing with a wider 
range of financial, employee and 
governance matters, including: 
financial and employee contracts; 
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financial and legal advice; as 
well as its accountability to its 
members.

Management, after consulting 
with Membership and Marketing 
nominated past councillors: in 
1996, Ian Reid, Eleanor Gregory, 
Anne Semple, Josie Crisara, David 
Lloyd and Helene Hiotis; in 1998, 
Terry Howard, Peter Martin, Meg 
Miller and David Trotter; and in 
1999, Colin Barry for Distinguished 
Service Awards. 

The Rise and Demise of STAV 
Publishing Pty Ltd
The Malcolm Report (1987) 
recommended STAV establish a 
publishing company. In 1988 STAV 
Council appointed Directors to 
the Board of STAV Publishing; and 
approved a $50,000 start-up loan. 
However, it was not until 1992 
that the appropriate legal and 
financial arrangements actually 
formed STAV Publishing Pty Ltd 
hereafter (“STAV Publishing”); 
as an independent company, a 
wholly owned subsidiary of STAV. 
The Association’s energies were 
now engaged in four interrelated 
activities: the Secretariat, 
Member Services, Professional 

Development and Publishing.

Unfortunately for the Publishing 
Board and successive Councils 
the expectation that STAV 
Publishing would generate for the 
Association a long term source of 
revenue from the on-going sales 
of high quality science materials 
to members was not realised.

Additionally, The Kennett 
Government’s ‘after school hours’ 
restriction placed on teacher 
Professional development; school 
rationalisation; and teacher 
Voluntary Separation Packages 
(VSP) impacted professional 
development and individual and 
school memberships, dramatically 
reducing STAV’s revenue.

STAV Council (1993 - 97) 
introduced specific measures to 
manage the Association’s financial 
affairs. These included negotiating 
The Service Agreement, accepting 
NPDP funding and   restricting 
STAV Publishing projects to those 
with guaranteed external funding. 
In November 1997 Council 
discussed the possible future of 
STAV Publishing, either to cease 
operations or be restructured, 
noting that the current Board 

is comprised only of teachers. 
Council decided that the Board 
of STAV Publishing should take 
responsibility for: the coordination 
and publishing of the Trial CAT 
exams; the investigation of 
further projects with or without 
a professional development 
component; and, the organisation 
of STAV’s current professional 
development programs. 

From the Perspective of 
Individual Members 
“STAV is not simply an institution, 
a building or even the mysterious 
Council. STAV is in fact a network 
of teachers of science… who 
are prepared to share their time, 
knowledge and expertise with 
others.” (1998 STAV annual report)

At the Heart of Every STAV 
encounter is a Human 
Experience  
Reflections I: Jim Hazen, an 
individual STAV member writing to 
STAV on his retirement

“I have been a career-length 
member of STAV and have found 
it to be a magnificent Association 
to be a member of. It has been a 
constant source of inspiration of 
support for me over the entire 36 
years. I taught science subjects 
in High Schools and Secondary 
Colleges in several different parts 
of the State.  

I greatly enjoyed serving as a 
Committee member of STAV at 
local branch level over many 
years. Firstly with the Gippsland 
Branch as Treasurer from 1964 - 
1966. Secondly as an organising 
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committee member of the 
Western District Branch from 
1970 - 1972; and lastly as part of 
the Geelong Branch Organising 
Committee from 1978 - 1990. I 
also greatly enjoyed encouraging 
my students to place entries in the 
local level and Statewide Science 
Talent Search competitions.  Many 
of my students … were thrilled by 
winning cash bursaries. On many 
occasions I was also privileged to 
judge entries – especially in the 
Research Sections in the Junior 
and Intermediate levels. It was   
fantastic to be ‘involved with 
STS’ - always very efficiently and 
enthusiastically run.

Throughout my teaching career 
I was a regular attender at 
conferences and seminars run 
by STAV. They were always great. 
Extremely well organised, always 
inspiring, and chock full of useful, 
down to earth information. STAV 
has been great to me over the 
whole of my career and I shall 
miss the good times spent at 
the conferences, seminars and 
meetings.

Please pass on my best wishes to 
all the present members of STAV 
Council. The Council has always 
done a fantastic job and I am sure 
it will continue to do so.”

(LabTalk, Vol. 41 No. 3 June 1997)

The Rise and Decline of STAV 
Branches
A meeting in 1955, called by 
Don Lugg, held at Yallourn High 
School, formed the first branch 
of STAV; the Gippsland Branch. At 
the inaugural meeting Don was 

elected branch secretary. To mark 
the occasion Don organised  for 
the large contingent of visitors 
from Melbourne and other 
regional centres a weekend 
excursion  to the many industrial 
sites as well as access to the newly 
constructed ‘modern’ secondary 
schools in the area. Within a year 
Geelong and Ballarat Branches 
were formed and the number 
increased to six by 1960; reaching 
12 in the 1980s with the names of 
the eleven Branches together with 
the Laboratory Technicians’ Branch 
being routinely listed on the inside 
back cover of LabTalk. 

By the mid-1990s The Membership 
and Marketing committee was 
concerned that most of these 
branches may be totally inactive, 
or involved only in the Science 
Talent Search. They discussed 
how STAV could offer practical 
support for country members who 
were interested in establishing or 
maintaining a STAV Branch in their 
area. 

In November 1995, STAV Council 
established the position of 
Branch Liaison Officer within 
the Membership and Marketing 
Committee. Successive Branch 
Liaison Officers,   Peter Martin 
(1995-96), Helen Sharrock 
(1997-98) and Angela Muscat 
(1999) visited many regional 
centres; providing Professional 
Development  activities to STAV 
Branches or networks of science 
teachers ; assisting individual 
members in these regions 
establish a local STAV Branch. 
At the beginning of 2000 there 
were nine active and accredited 

branches: Ballarat, Central Victoria, 
Geelong, Latrobe Valley, Mallee, 
Mid Murray, Werribee, Western 
and Wimmera; in addition to the 
Laboratory Technicians Branch. 
By 2005 the maintenance and 
establishment of branches, 
unique to STAV among subject 
associations was no longer 
considered an imperative by 
individual members.

Reflections II: Peter Martin, a 
future STAV President (1993-95) 
shares with readers of LabTalk 
(February 1991) how he 
discovered STAV:

“Back in the late 70s, as a young 
science teacher I became aware 
of an information bulletin called 
“CONTACT” which would be left 
on my desk about 3 weeks after 
it arrived in the school. After I 
had read it to see what great 
in-services that I had missed 
out on, I would return it to my 
science co-ordinator’s desk. 
There, I sometimes saw a copy of 
LabTalk, often still in its wrapper, 
and occasionally a smaller journal 
called ASTJ. It seemed that these 
publications were put out by STAV, 
who also produced an interesting 
booklet called the Science Talent 
Search Handbook. Not long 
afterwards, I taught my first Year 
12 class and discovered that STAV 
sold past exam papers as well as 
past exam paper solutions.

Like most teachers, I assumed 
that the journals, Science Talent 
Search, in-service activities and 
exam answers just ‘happened’. 
However, a chance meeting with 
the then STAV Executive Officer, 
Gary Stopar, showed me that, 
in fact, these things were the 
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result of a lot of hard work by a 
small group of dedicated science 
teachers. Intrigued, I sought 
out some of these teachers to 
find out why they put so much 
extra-curricula effort into science 
education. The vast majority 
enjoyed their science teaching, 
welcomed the opportunity to 
work with and share ideas with 
similar minded colleagues and 
gained considerable satisfaction 
from passing on their knowledge 
to others. … Impressed with all 
this enthusiasm, I joined STAV 
Council in 1980 and have been 
closely involved in a number of 
STAV activities ever since.”

(LabTalk, Vol. 35 No. 1 February 
1991)

Journal Editors: Volunteers 
Learning on the Job
One of the earliest services for 
STAV members was the holding 
of informal meetings: sharing 
ideas with those present and 
circulating minutes to members 
not in attendance. In 1956, a 
calendar of in-service events 
was published in the “Science 
Activities” newsletter, which 
was renamed LabTalk in 1957. 
Its main function was to report 
to members on the business of 
Council, and the branches, the 
University examiner’s reports 
and the advertising of science 
related in-service opportunities. 
In 1962 the use of ‘cardboard’ 
covers signalled the changed 
status from that of a disposable 
newsletter to that of a reference 
journal. Council’s decision in 
the early 1980s to purchase an 
Apple 2c, for general secretarial 

tasks, and an IBM compatible to 
support the administration of 
the Science Talent Search and 
word-processing of LabTalk meant 
the inevitable retirement of the 
well-used typewriter in the STAV 
office. 

David Lloyd, Co-editor of LabTalk 
(April 1991 – February 1995), 
writes in the August, 1994 issue of 
the journal about the changes in 
the production process:

“When my predecessor Peter 
Martin (April 1986 – February 
1991) took on the [voluntary] 
position of editor of LabTalk the 
journal was essentially produced 
with the aid of a typesetter. Peter 
would then spend many, many 
hours searching for “Typo’s” and 
arranging layout. … In 1991 
when I first started editing 
LabTalk with Eleanor Gregory 
(April 1991 – July 1993), many of 
our articles arrived as typed or 
handwritten manuscripts, often 
with only the odd rough diagram. 
… I pleaded for the articles to be 
on disk because … hand written 
manuscripts meant one of the 
editors would need to do the 
typing. … Today LabTalk is largely 
produced using QuarkXpress, the 
desk top publishing application. 
… In theory Meg Miller (August 
1993 – July 1996) and I could 
also use Quark and do much of 
the layout and Andrew could do 
the final integration of images 
and text. However, experience 
suggests that we are only 
amateurs and the final quality 
would probably suffer. … 

Two of my main interests are 
photography and technology 
so I was determined that we 

should try and obtain most of 
our material on disk and also 
that we should try and obtain 
better images and graphics. 
… I often startle my students 
because I bring a camera to class 
to get suitable photographs to 
accompany an article. … In recent 
years we have managed to obtain 
more quality images from our 
authors. … The most popular 
articles are by teachers with 
ideas or approaches to science 
that work in their classes. … We 
regularly appeal for articles, we are 
serious, keep them coming.”

In the STAV 1996 Annual Report, 
Enno Elterman, the Publications 
Committee Convener, stated “The 
Committee set itself the task of 
redesigning both LabTalk and 
Let’s Find Out.  … The new designs 
for both journals have been well 
received. … Both journals formed 
editorial committees that shared 
the responsibility around.”

From 1995 thru to 1998 the 
members of the LabTalk editorial 
team Peter Nelson, Dot Anikitou, 
Warren Fineberg and  Pennie 
Stoyles took turns being the 
journal editor with responsibility 
for producing 4 or 5 issues each. 
In 1999 the new Co convenors of 
the Publications Committee, Fiona 
Trapani and Keith Woodward 
had willingly taken on the huge 
challenge of producing LabTalk 
- even though they had no prior 
publications experience.

In 1999 the editors were: John 
Werry, Fiona Trapani, Keith 
Woodward, and Jo Saddler. In 
2000 John Werry, Dr Wan Ng, 
and Monash University Dip. 
Ed. Students, and Dr Wan Ng & 

New Directions for STAV - Part 4 (continued)
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Eleanor Gregory. In 2001-03 Dr 
Wan Ng. In 2004 Bob Aikenhead, 
and Enno Elterman.

Nearing the end of the 
nineteen-nineties and 
approaching the twenty-first 
century, six significant matters 
emerged that impacted on 
the direction of STAV’s future 
as a member association: the 
emergence of  Information and 
Communications Technology in 
Science Education; the viability 
of STAV Publishing Pty. Ltd; the 
merging of the duties and roles 
of the Education Officer and 

Honorary Secretary; the status 
of the Service Agreement and 
accommodation; the implications 
of the proposed GST on the 
work of STAV as a not-for-profit 
members organisation; and, the 
impact of ASTA’s role as the “peak 
body” for science teaching.

■

CALL FOR PHOTOS and  
DOCUMENTS FOR STAV ARCHIVES

Currently a History  
Celebrating STAV’s 75 year history is being written. 

If you have any old photos taken at any STAV events or documents  
that record any aspect of STAV’s work that we may copy and include in  

STAV’s historical archives please contact either:
Rod Fawns at rafawns@unimelb.edu.au  

or  
Dick Gunstone at richard.gunstone@monash.edu

and we will call you back as soon as possible.
The donors of any such materials will be acknowledged with  

the items in the archives.

Features
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made from, observing behaviour, 
making new substances, 
modelling, inventing . . .  Our 
classrooms are action-packed, not 
passive experiences!

"Education is not filling 
a pail, but the lighting 

of a fire!"
William Butler Yeats (1865–1939)

Our prime mission, of course, 
is to give our students every 
opportunity to do what Scientists 
do – that is, observe phenomena, 
propose their own explanations, 
hypothesise and predict, and 
design and perform and report on 
their own investigations. How can 
students possibly understand the 
thinking that underpins scientific 
enquiry or develop curiosity, 
skills and deeper understandings 
if they have not experienced 
hands-on scientific investigations 
themselves? 

Practical work also gives students 
the opportunity to see how the 
particular branch of science 
under investigation relates to real 
world applications and issues. 
Moreover, working together 
to perform experiments builds 
teamwork and communication 
skills, which are not only vital 
workplace skills but also critical to 
scientific discovery. Many scientific 
breakthroughs and inventions 
have only been possible because 
research scientists collaborated in 
multi-disciplinary teams. 

Students always learn far more 
effectively and are more engaged 
when what they are learning 

and experiencing is not only 
meaningful and relevant to 
them, but also simply fascinating! 
This is why reducing the time 
spent on practical work in order 
to trying to get through an 
over-packed curriculum, especially 
when student work has to be 
continually formally assessed 
throughout the year, is actually 
counter-productive.

Many scientific concepts and 
skills are much more effectively 
introduced, learned and 
reinforced by ‘doing’ rather than 
by merely being ‘told’. Moreover, 
working in small groups in the 
laboratory provides many more 
opportunities to discuss and 
clarify ideas and helps builds 
confidence. This does not need to 
take an excessive amount of time 
– not all practical investigations 
require formal reporting.  It 
is often far more effective to 
process, analyse and evaluate 
the findings of small group and 
class investigations and propose 
modified experimental designs 
and further investigations through 
lively class discussions. 

We must also recognise that 
performing experiments gives 
students valuable experience in 
taking suitable safety precautions. 
Without that training, they are 
likely to be in more danger in 
the world beyond the school! 
Moreover, there are many 
strategies that can help minimise 
risks. For example, often kitchen 
chemicals can be substituted for 
laboratory chemicals, especially in 

About the author
Jenny was a teacher of Science, 
Mathematics and Chemistry for 
over 26 years before becoming 
a full-time science writer. She 
has been the series editor and 
lead author of many science and 
chemistry texts and teacher guides 
and also written a wide range of 
other resources and presented many 
teacher workshops. She has been a 
writer and consultant for the VCAA  
and is an active member of the 
RACI, for which she writes a range of 
materials. Jenny is currently Chair of 
the RACI (Vic) Chemical Education 
Committee. 

The Vital Importance of Practical Investigations in Science
Jenny Sharwood OAM

"The whole art of 
teaching is only the 
art of awakening the 
curiosity of young 

minds"
Anatole France (1844–1924)

Science is unique among all the 
areas of human knowledge 

in that it is characterised by 
continually investigating and 
testing ideas that have arisen 
out of curiosity about and 
fascination for our world and 
beyond. It demands evidence, 
not just opinions. It demands a 
willingness to revise explanations 
and theories when new evidence 
comes to light and so can never be 
a static, fixed body of knowledge.   

The very nature of Science is 
what makes science teaching 
so exciting, challenging and 
satisfying. It is Science teachers 
who can open up the world to 
their students – doing things 
like discovering what things are 
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junior science experiments, and 
chemical reactions and processes 
can be performed on a very small 
scale under stereo-microscopes. In 
fact these can be far more exciting 
to watch! 

The Royal Australian Chemical 
Institute (RACI) is the peak 
Australian professional 
organisation of Chemistry and 
Applied Chemistry researchers, 
Chemistry consultants, Chemists 
who work in the chemical 
industry or in professional 
laboratories, Chemistry 
educators, Chemistry authors 
and laboratory technicians. It has 
many international partnerships, 
including with the International 
Union of Pure and Applied 
Chemistry (IUPAC), which is the 
only body that can accredit and 
name new elements, and the 
Royal Society of Chemistry (RSC).

The RACI (Vic) Chemistry 
Education Committee now runs 
teacher workshops at STAVCON 
conferences and an annual 
professional development day 
for Chemistry teachers, both of 
which offer hands-on practical 
experiences for teachers as well 
as booklets of ideas for practical 
investigations and classroom 
activities.  

Members of STAV are encouraged 
to apply to participate in our 
workshops and to access 
our practical investigations, 
including teacher guides, which 
are provided on our website 
copyright-free at:

https://www.raci.org.au/branches/
vic-branch/chemical-educa-
tion-group586

We look forward to establishing 
further initiatives in partnership 
with STAV this year. 

Jenny Sharwood OAM

MACE, FAIE, FRACI-CChem 

Chair, RACI (Vic) Chemistry Education 
Committee 

Member of STAV, Member of the 
Australian Society of Authors

For any enquiries please contact 
Jenny at: jennysharwood@
netspace.net.au

■

When viewed through the lens of a stereo-
microscope, the reaction between a small iron 
nail and a few drops of copper(II) chloride, 
CuCl2, produces tiny red crystals of copper 
metal that grow before the students’ eyes.  
This ‘Wow! factor’ cannot be replicated by 
merely watching a video-clip. And yet very 
little chemical is used and very little waste is 
produced.  
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Australia’s future – from major 
industry and business to 

our day-to-day lives – relies 
increasingly on the skills and 
advancements made in science, 
technology, engineering and 
maths (STEM). To meet this need it 
is a priority within the education 
sector to equip Australia’s young 
people with the skillsets and 
know-how to navigate scientific 
and technological advances. 

Students from Roberts McCubbin 
Primary School are busy doing 
just that, building their own 
mini STEM-centric cities, and 
in the process equipping 
themselves with skills in coding, 
programming, software and 
hardware design.

When preparing a technology 
subject aimed at year 5/6 
students, teacher Melinda Browne 
teamed up with Electronic 
Engineer Michael Best for extra 
support in its delivery. “Our 
program addresses outcomes 
from the Design and Technologies 
curriculum, and encourages 
sophisticated computational 
thinking skills, and the use of 
processes, techniques and digital 
systems to create solutions 
to address specific problems, 
opportunities or needs,” said 
Melinda.  “I wanted to boost my 
own skills in the space, as well as 
my confidence to deliver more 
challenging programs for my 
students.”

As an Electronic Engineer 
at CSIRO, Michael Best was 
well-placed to assist Melinda, 

and brought industry 
insights and a passion for 
electronic engineering 
to the class. “I personally 
enjoy showing the next 
generation a new STEM 
skill, and seeing their eyes 
light up when they discover 
a new thing,” said Michael. 
“Our plan for the year is 
for the students to build a 
smart town (STEM town/
city) using Micro:Bits and 
Arduinos, which requires 
coding, software and 
hardware programming. 
On day one the kids came 
up with their own ideas 
for what they wanted in their 
town, such as amusement parks, 
high rise buildings, autonomous 
transportation, or a lake with 
bridges. They had great fun 
designing and then building. This 
has the potential to just keep on 
expanding. The only limit is their 
imagination!” 

The elective subject is so popular, 
the eager students had to be split 
into two class groups. Melinda 
and Michael’s partnership came 
about as both were registered 
with CSIRO’s STEM Professionals 
in Schools program, which pairs 
STEM professionals with registered 
primary and secondary teachers 
to bring the Australian Curriculum 
to life. Each partnership is unique, 
flexible and ongoing so that a 
mutually beneficial arrangement 
can meet the teacher’s 
needs, while using the STEM 
professional’s individual expertise. 
Activities can range from hands 

Cities of the future: 
Imagination the limit as students build STEM skills
Amy Macintyre on behalf STEM Professionals in Schools

on experiments, guest speaker 
presentations, class activities, field 
trips, or simply mentoring (even 
remotely). 

The program is free to join, 
and is supported by a national 
network of locally based Project 
Officers who provide advice and 
support, including resources and 
networking opportunities so 
participants can get the most out 
of their partnership(s).     

Run by CSIRO, STEM Professionals 
in Schools is funded by the 
Australian Government 
Department of Education, Skills 
and Employment. Register 
today, or learn more by visiting 
the website:  www.csiro.au/en/
Education/Programs/STEM-
Professionals-in-Schools. 

Reference

1. Australia’s STEM Workforce, 
2016, Office of the Chief 
Scientist, page 3 ■
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It is fair to assume that many 
teachers will spend at least part 

of their STEM lessons explaining 
to students why a subject or 
principle is relevant not just for 
the next assessment task, but for 
application in workplaces and 
everyday life.

At Santa Maria College the 
young women in Year 10 have 
an opportunity to study a 
semester-long interdisciplinary 
elective unit called Physics 
Without Borders; a subject that 
has a very strong STEM focus 
and gives the students a taster 
of what physics involves not only 
within the classroom but more 
so in real life applications, and in 
developing technology. For Santa 
Maria College, one of the key 
connections made in delivering 
this unit was a STEM Professionals 
in School partnership with Air 
Traffic Controller Bridget Hosking, 
and Airservices Australia at 
Tullamarine Airport. 

Each year Bridget comes to the 
College early in the semester 
and presents information on 
the language of an air traffic 
controller, the units and 
calculations that are involved 
in ensuring safe air travel, how 
planes fly, and many other science 
and mathematical concepts that 
are involved in the aeronautical 
industry. As Bridget explains: 
air traffic control provides a 
context in which students 
can see how the theories they 
learn about in the classroom, 
like units of measurement and 
spatial reasoning, are applied in 

real-world scenarios. 

A few weeks into the 
unit, the students join 
Bridget at her workplace 
at Airservices Australia 
(Tullamarine Airport), 
where she organises 
several activities for 
the students to see 
and experience what 
an air traffic controller 
does, and where they can see the 
transferable links of knowledge 
between the STEM subjects 
involved and their real world 
applications. To date the highlight 
of the partnership was seeing 
the students try their hand in the 
air traffic control simulator. It’s 
rewarding to watch their faces 
turn from doubting their abilities, 
to smiles when they realise they 
understand and can complete 
some basic air traffic control tasks!

The feedback from students, their 
families and the staff involved 
with the partnership has been 
nothing but positive, and Santa 
Maria College has seen an 
excellent level of take-up and 
engagement in the subject every 
year since its inception, and many 
of the girls have indicated an 
interest in considering a possible 
career path in this area - which is 
an exciting outcome for Bridget 
as well! As a female air traffic 
controller, in a workforce where 
women comprise less than 15%, 
Bridget values the opportunity 
to answer the girls’ questions, to 
champion STEM and to make the 
field more accessible to them by 
sharing her own journey as just 

Real World STEM taking flight
Jacinta Deylen, Santa Maria College, Northcote, and Bridget Hosking, Airservices Australia

one example of where STEM study 
can take them. 

CSIRO’s STEM Professionals in 
Schools program pairs STEM 
professionals with registered 
primary and secondary teachers 
to bring the Australian Curriculum 
to life. Each partnership is unique, 
flexible and ongoing so that a 
mutually beneficial arrangement 
can meet the teacher’s needs, while 
utilising the STEM professional’s 
individual expertise. Activities can 
range from hands on experiments, 
guest speaker presentations, class 
activities, field trips, or simply 
mentoring (even remotely). 

The program is free to join, and is 
supported by a national network 
of locally based Project Officers 
who provide advice and support, 
including resources and networking 
opportunities so participants 
can get the most out of their 
partnership(s). Run by CSIRO, STEM 
Professionals in Schools is funded 
by the Australian Government 
Department of Education, Skills 
and Employment. Register today, 
or learn more by visiting the 
website:  www.csiro.au/en/Education/
Programs/STEM-Professionals-in-
Schools. ■
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The aim of the research being 
conducted throughout the 

week spent at Monash University 
was to form crystals containing 
short hydrogen bonds using 
the “cnaum” anion as part of a 
fundamental study trying to 
understand the exact nature 
and characteristics of these 
interactions. 

Hydrogen bonds are the 
electrostatic attractions between 
hydrogen bonded to a highly 
electronegative atom and another 
neighbouring electronegative 
atom. These atoms are typically 
oxygen, sulfur and nitrogen. 
Short hydrogen bonds are 
special instances of hydrogen 
bonding where the hydrogen 
is more evenly shared between 
two heteroatoms resulting in a 
stronger and shorter bond. This 
research aims to understand 
the nature of such bonds 
and understand its potential 
uses and implications by 
synthesising crystals containing 
such bonds to be analysed via 
x-ray crystallography. X-ray 
crystallography is a technique 
used to determine the molecular 
structure of a crystal. This is done 
by firing x-ray beams at specific 
angles at the sample to create 
a diffraction pattern specific to 
the sample that can be used to 
determine its structure. 

To investigate this bond, cnuam, 
an anion was produced and used 
to form crystals with ammonium, 
methylammonium, and 
dimethylammonium cations.

Method
To produce the precursor used, 
urea and cyanoacetic acid were 
added to a round bottom flask 
containing acetic anhydride. 
The reaction mixture was then 
heated at reflux for one hour and 
solidified before being cooled to 
room temperature. The solid was 
collected by vacuum filtration 
and washed with H2O to produce 
a white solid. The next step in 
the process was to produce a 
sodium salt of cnaum by reacting 
the precursor with NaNO2 in a 
solution with glacial acetic acid 
and H2O. The reaction mixture was 
again stirred and heated to reflux 
for an hour, which produced a 
transparent yellow solution which 
was vacuum filtered to leave a 
yellow solid behind, the sodium 
salt.

The sodium was replaced with 
silver to produce a silver salt of 
cnaum through the reaction of 
sodium salt with excess AgNO3 in 
50mL H2O. The mixture was stirred 
with minimal exposure to light, 
forming a yellow/orange solution. 
The solution was then filtered and 
the silver salt precipitate collected. 
The silver salt was divided into 
three masses and appropriate 
amounts of Ammonium chloride, 
methyl-ammonium Chloride and 
dimethyl-ammonium chloride 
were added to one division each 
to replace the silver cation. The 
AgCl was then precipitated out 
and the ammonium salts dried. 

To produce the cnaum crystals, 
each ammonium salt was then 
divided into six separate vials 
and was dissolved in one of 
the following solutions; methyl 
hydroxide, ethyl hydroxide, 
Acetone, Ethyl Acetate, 
Acetonitrile and THF, and allowed 
to crystallise overnight. The 
crystals produced were analysed 
using x-ray crystallography.

Results
Crystals were produced by 
the methyl-ammonium salt 
with MeOH, EtOH, acetone, 
acetonitrile and THF as well as 
by the Dimethyl-Ammonium salt 
with MeOH, EtOH, acetone, ethyl 
acetate, acetonitrile and THF. 
Ammonium salt did not produce 
any crystals. Only the dimethyl 
ammonium samples were found 
to display instances of the short 
hydrogen bonds that were trying 
to be created.     

In the model, the bond length 
of nitrogen and hydrogen of the 
dimethylammonium cation are 
measured to be 0.98 angstroms 
and 0.83 angstroms. These 
measurements show significant 
elongation of bond length which 
is due to the short hydrogen 
bond. The electronegative oxygen 
atom on the cnaum anion strongly 

Short Hydrogen Bonds
Nicholas Bui, Hannah Clarke and Nimrada Silva 
Mentored and guided by Dr David Turner and Mr Nick Kyratzis, School of Chemistry, Monash University Clayton.

Figure 1 Sodium salt (cnaum)
Figure 2 Short hydrogen bond between Cnaum 
and Dimethylammonium represented by the red 
dotted line
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attracts the hydrogen atom on the 
dimethylammonium to itself.

Discussion and Conclusion
The x-ray diffraction patterns 
were able to identity the electron 
density clouds of individual atoms 
and in turn the structure of the 
molecule. Through this we were 
able to identify the presence of 
short hydrogen bonds. 

Many crystal samples analysed 
contain silver cations in the crystal. 
This we surprising as mixing the 
silver salt with excess ammonium 
chlorides were designed to 
precipitate out all the silver ions 
in the form of silver chloride. 
The reason for silver cations in 
the end product is likely due 
to an underestimation in the 
solubility of sliver chloride. In our 
calculations, silver chloride was 
treated as fully insoluble but has a 
solubility of 1.26 x 10-5 M at 25 °C 
in water.

In the end, the experiment yielded 
one crystal sample with the 
desired short hydrogen bonds. 
The results showed a longer 
bond between the nitrogen and 
hydrogen of dimethylammonium 
which is associated the shorter 
hydrogen bond. 

The Experience – Nimrada
We went into it nervous, unsure 
and afraid of the workload, 
unfamiliar with university 
landscapes, and anxious about 
whether we could handle the 
task at hand. Two months later, 
we are proud to say that we did 
come out the other side, having 
made strong connections with 
the university, strengthened the 

bonds with our peers, 
and with a deeper 
understanding of what 
it means to be a part of 
STEM. Going into this 
project, we personally 
did not know what to 
expect, having never 
experienced ‘real’ STEM 
experiences before. All 
we knew were what the 

four words that the letters; S, T, E, 
M stood for. Although we did have 
an early love for science, we did 
not know how far it could take us, 
and how wide the field really was. 

During those five days, I learnt 
that STEM wasn’t just Science, 
Technology, Engineering and 
Mathematics. I discovered that it 
was much, much more. The PhD 
students we were introduced to, 
as well as the amazing Dr Turner, 
taught us that science wasn’t just 
about numbers on a page, or a 
chemical reaction gone right. After 
seeing the diligence with which 
the PhD students conducted 
themselves and the good humour 
they carried with them, even 
when their experiments didn’t 
go right, inspired us. The fact that 
they were willing to give up four 
years of their life into one area 
of study, inspired us. Their bright 
smiles day after day, inspired us. It 
changed our whole outlook on 

science, and what doing well in 
science meant. 

As the PEGS predecessors before 
us, had done a spectacular job 
at making crystals, we were 
put under quite some pressure 
the first day to reach the high 
benchmark they had set for us. So 
on the very first day, we decided 
to do everything ‘perfectly’, 
to add all the right amounts 
and stick meticulously to the 
method. However, our five days 
were anything but ‘perfect’, for we 
soon learnt that in the ‘real’ STEM 
world, there is no ‘perfect’ black 
and white method as there is in 
high school. Dr Turner (through 
example) showed us how science 
was just as messy as an art 
assignment, mixing and matching; 
guessing and checking, we learnt 
then that science wasn’t just  the 
objective, analytical subject we 
had always thought it to be. There 
was an art to it. 

Somewhere during those five 
hectic, messy, magical days, 
our love for science became a 
passion- for we realised then, 
that like most things in life, it 
was never about the crystal. It 
was about the journey and how 
much fun you had along the way. 
We will always be grateful for 
the STEM experience, because it 
solidified our dreams. Because 
when laughing alongside each 
other, trying to weigh the masses 
to the last decimal point or 
squinting hard not to overshoot 
the endpoint, we realised that 
we were having fun. And that 
was the most important thing 
for us. Finally feeling sure of our 
decisions to pursue STEM , and 
seeing a bright, happy future 
ahead. ■

Figure 3 Unit cell of crystal with short hydrogen 
bonds
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Our experience in the world of 
STEM prior to this program 

was limited. While encouraged 
in school, real life experiences in 
STEM fields are scarce. When the 
STEM Professionals in Schools 
program was announced, it felt 
like an opportunity too good to 
pass up. After the application 
process, successful candidates 
such as ourselves were grouped 
and assigned to a supervisor. 
For one week we were lucky 
enough to work alongside 
Dr. Craig Hutton’s team at the 
Bio21 Molecular Science and 
Biotechnology Institute, The 
University of Melbourne (“Bio21”), 
studying the chemistry underlying 
the synthesis and applications of 
peptides. 

For students like ourselves, 
seeking to find a potential career 
in STEM, our experiences proved 
invaluable.

Our time at Bio21 was something 
that could not be replicated in 
school. Placed in a professional 
working environment, surrounded 
by bright students and scientists 
from all over the world, we 
attained a great level of insight 
into the day to day processes of a 
research scientist. From working in 
the labs, to attending a progress 
meeting and producing our own 
scientific poster based on our 
research, we received a taste of 
life in the lab. Working with NMR 
machines, HPLC machines and 
mass spectrometers, we were 
also able to use a wide array of 
instruments that are simply not 

feasible to be used in an everyday 
school setting. In conjunction 
with the experiences we gained, 
we also gained a greater 
understanding of that which we 
were studying in school; from 
better knowledge of proteins 
and organic chemistry, to insight 
into the workings of HPLC and 
spectroscopy, our time at Bio21 
complemented our VCE studies 
well.

We were also presented with 
an excellent mentor in Varsha 
Thombare, our supervisor, who 
was always available to us if we 
had any questions pertaining to 
the work we were undertaking 
or the nature of studying and 
working in a research lab. 
She demonstrated the effort, 
persistence and passion that 
goes into research, as well as the 
constant mindset of working for 
the greater good; that is, how her 
research could positively benefit 
both individual communities 
and humanity as a whole. 
Furthermore, there were many 
other scientists and support staff 
working at Bio21 whom we had 
the pleasure of meeting, people 
from all around the world, young 
and old, pursuing their love of 
Science and STEM.

The complex nature of the work 
we studied was a stimulating 
challenge, and a good indication 
of what chemistry at the university 
level and beyond looks like. 
Moreover, the independent nature 
of our studies and the experience 
as a whole was good for our 

personal development, allowing 
us to live, albeit a much more 
diluted version of, the life of a 
STEM professional. 

The chemistry theory was 
understandably challenging 
but very interesting to learn. 
Over the course of the week we 
participated in the synthesis of a 
short chain linear pentapeptide. 
This was achieved through Solid 
Phase Peptide Synthesis (SPPS). 
To synthesise the peptide chain, 
we first had to attach the first 
amino acid, serine, to the solid 
support, chlorotrityl resin. This was 
performed by swelling the resin 
with dichloromethane (DCM) and 
then adding the first amino acid in 
the presence of the base, DIPEA, 
to deprotonate the carboxylic acid 
groups allowing attachment of the 
amino acid to the resin. To couple 
the remaining amino acids in the 
peptide sequence to the resin, we 
used the coupling reagent HATU 
which promotes the formation of 
amide bonds. We dissolved both 
the HATU and amino acid, in this 
case serine, in DMF and mixed it 
thoroughly before adding it to our 
resin to allow the amide bonds to 
form. 

We then cleaved the Fmoc 
protecting group that was 
present on the amino group 
of the amino acid to allow it 
to form an amide bond with 
the next amino acid. The Fmoc 
deprotection was performed 
using 20% piperidine, as Fmoc 
is sensitive to amine bases. This 
deprotection and coupling was 

New Methods for Peptide Synthesis 
Alexandra Lakkis and Jackson Coombs 
Mentored and guided by Prof Craig Hutton and Ms Varsha Thombare, School of Chemistry Bio21 Institute,  
University of Melbourne
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this case serine, in 
DMF and mixed it 
thoroughly before 
adding it to our resin to 
allow the amide bonds 
to form.  
 
We then cleaved the 
Fmoc protecting group 
that was present on the 
amine group of the 
amino acid to allow it to 
form an amide bond to 
the next amino acid. 
The Fmoc deprotection 
was performed using 
20% piperidine, as FMoc is sensitive to amine bases. This deprotection and coupling was 
repeated for the next four amino acids in the sequence, tyrosine, glycine, proline and serine. 
The final amino acid, alanine,x was then coupled with a thioamide bond as opposed to an 
amide bond. After the coupling of the final amino acid, the peptide had to be cleaved from 
the solid support.  
To cleave the peptide chain from the solid support, a very strong acid, trifluoroacetic acid 
(TFA), is used in conjunction with DCM. This left us with a linear pentapeptide which needed 
to be cyclised. To do this, we used DPPA and sodium carbonate.  
 
We would like to express our gratitude to Dr. Craig Hutton and Varsha Thombare for all of 
their work with us and welcoming us to Bio21. We would also like to acknowledge Ms. 
Alexandra Abela, who enabled us to participate in such an experience. 
 
Citations: 

- C. A. Hutton, J. Shang and U. Wille, “Synthesis of Peptides by Silver-Promoted 
Coupling of Carboxylates and Thioamides: Mechanistic Insight from Computational 
Studies,” Chem. Eur. J. 2016, 22, 3163–3169. 
http://dx.doi.org/10.1002/chem.201503753 

- C. L. Charron, J. M. Cottam Jones, C. A. Hutton, “Are aminomethyl thioesters viable 
intermediates in native chemical ligation type amide bond forming reactions?” Aust. 
J. Chem., 2018, 71, doi:10.1071/CH18198 

- M. B. Haskali, D. Denoyer, W. Noonan, C. Culinane, C. Rangger, N. Pouliot, R. 
Haubner, P. D. Roselt, R. J. Hicks, C. A. Hutton, “Sulfonation of Tyrosine as a 
Method to Improve Biodistribution of Peptide-Based Radiotracers: Novel 18F-
Labelled Cyclic RGD Analogues,” Mol. Pharmaceutics, 2017, 14, 1169–1180. 
doi:10.1021/acs.molpharmaceut.6b01062 
 

 

Reaction pathway 
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final amino acid, alanine was then 
coupled with a thioamide bond 
as opposed to an amide bond. 
After the coupling of the final 
amino acid, the peptide had to be 
cleaved from the solid support. 

To cleave the peptide chain 
from the solid support, a very 
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cyclised. To do this, we used DPPA 
and sodium carbonate. 

We would like to express our 
gratitude to Dr. Craig Hutton and 
Varsha Thombare for all of their 
work with us and welcoming us to 
Bio21. 

Citations:
- C. A. Hutton, J. Shang and U. Wille, 
“Synthesis of Peptides by Silver-Promoted 
Coupling of Carboxylates and Thioamides: 
Mechanistic Insight from Computational 
Studies,” Chem. Eur. J. 2016, 22, 
3163–3169. http://dx.doi.org/10.1002/
chem.201503753

- C. L. Charron, J. M. Cottam Jones, C. 
A. Hutton, “Are aminomethyl thioesters 
viable intermediates in native chemical 
ligation type amide bond forming 
reactions?” Aust. J. Chem., 2018, 71, 
doi:10.1071/CH18198

- M. B. Haskali, D. Denoyer, W. Noonan, 
C. Culinane, C. Rangger, N. Pouliot, R. 
Haubner, P. D. Roselt, R. J. Hicks, C. A. 
Hutton, “Sulfonation of Tyrosine as a 
Method to Improve Biodistribution 
of Peptide-Based Radiotracers: Novel 
18F-Labelled Cyclic RGD Analogues,” Mol. 
Pharmaceutics, 2017, 14, 1169–1180. 
doi:10.1021/acs.molpharmaceut.6b01062

■

Features



 38   LabTalk Vol 64 • No.1 • 2020

Optimal decision making in bacterial chemotaxis
Rakshan Chandu, Martin Nguyen and Jaidyn Sessa 
Mentored and guided by Dr Andriy Pototskyy, Department of Mathematics Swinburne University of Technology

Optimal decision making in bacterial chemotaxis 
Rakshan Chandu, Martin Nguyen, Jaidyn Sessa (guidance by Andrey Pototsky) 

Main definitions, symbols and notations 
Motility… 
Chemotaxis… 
 
Flagellum…  
Run-and-tumble 
motion… 
 

𝑉𝑉𝑉𝑉… 
𝜑𝜑𝜑𝜑… 
𝑉𝑉𝑉𝑉𝑥𝑥𝑥𝑥 … 
𝑉𝑉𝑉𝑉𝑦𝑦𝑦𝑦 … 
𝜎𝜎𝜎𝜎… 

 
Navigation 
error… 
 

The ability of a microorganism to move autonomously. 
The ability of a microorganism to adjust the direction of motion in response to the 
presence of chemicals. 
A tail-like filament that enables motile bacterium to swim. 
 
Type of random walk, associated with an alternating sequence of runs with a 
constant velocity, followed by tumbling and reorientation. 
The velocity of a bacterium during the running phase. 
Angle between the direction of motion during the running phase and the x-axis. 
Horizontal component of the velocity vector. 
Vertical component of the velocity vector. 
Angle 𝜑𝜑𝜑𝜑 is normally distributed around the favourable direction with standard 
deviation 𝜎𝜎𝜎𝜎. 
 
The navigation error is identified with 𝜎𝜎𝜎𝜎. 

 
Introduction. 
Motile microorganisms 
such as E. coli bacteria, 
can adjust the direction of 
their motion in response 
to the presence of 
chemicals and nutrients in 
the habitat. This is vital 
for their survival function, 
called chemotaxis, 
enabling the bacteria to 
find food, or to escape 

areas with high 
concentration of 
poisonous chemicals.  
The phenomenon of 
migration of living 
bacteria was first known 
since the 1880s thanks to 
independent discoveries 
made by German 
botanists and 
microbiologists Theodor 
Engelmann and Wilhelm 
Pfefferi. However, it was 

only much later in 1960s 
and 1970s seminal 
experimental studies of 
chemotaxis in E. coli 
emergedii. 
 
To understand the nature 
of chemotaxis, one needs 
to focus on the origin of 
the propulsion mechanism 
of a single bacterium. The 
body of an E. coli 
bacterium has several tail-

Figure 1 (left) Chemotactic motion of a bacterium, locating the target with high concentration of 
nutrients. (inset) Orientation angle 𝝋𝝋𝝋𝝋 and the velocity components 𝑽𝑽𝑽𝑽𝒙𝒙𝒙𝒙 = 𝑽𝑽𝑽𝑽𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝝋𝝋𝝋𝝋 ,𝑽𝑽𝑽𝑽𝒚𝒚𝒚𝒚 = 𝑽𝑽𝑽𝑽𝐜𝐜𝐜𝐜𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝝋𝝋𝝋𝝋. 
(right) Average time required to locate the target as a function of the error in the navigation 
process. Optimal regime is highlighted by the arrow. 
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like helical filaments, 
known as flagella. When 
the flagella are bundled 
and rotate counter-
clockwise, E. coli swims 
in a straight line at a 
speed of several micro-
meters per second. If the 
direction of rotation of 
flagella is reversed, the 
swimming is not possible 
and E. coli tumbles. By 
alternating the running 
and tumbling events, the 
bacterium undergoes the 
so-called run-and-tumble 
motion. In an isotropic 
solution deprived of any 
nutrients or chemicals, the 
duration of the running 
phase in E. coli, where it 
travels in a straight line, is 
typically several seconds 
and the new direction of 
swimming after each 
tumbling event is 
randomly selected. The 
resulting trajectory very 
much resembles a random 
walk, which consists of 
straight segments, 
connected at random 
angles.  On the time scale 
of many tumbling events, 
the path of a run-and-
tumble bacterium is 
similar to that of a particle 
that undergoes standard 
Brownian motioniii. 
 
The trajectory of a 
swimming bacterium 
changes dramatically if 
the habitat contains 
regions with high and low 
concentration of nutrients. 
Thus, it is well known 
that living 
microorganisms have an 
intrinsic ability to sense 

the concentration of 
nutrients or dangerous 
chemicals. They do so by 
utilising a special type of 
molecule on the surface of 
their body, called 
receptors. These receptors 
receive signals from the 
environment and transmit 
the information to the 
interior of the cell for 
further processingiv. 
However, due to a very 
small body size (the size 
of an E. coli bacterium is 
only a few micro-meters 
long), the receptor system 
is not capable of detecting 
the difference of 
concentration that occurs 
over the length of the 
bacterial body. Instead, 
the receptors’ system 
remembers and compares 
the values of 
concentration, recorded at 
two subsequent tumbling 
events. Based on these 
recorded values, the 
bacterium adjusts the 
direction of the next 
running phase so that it 
moves predominantly 
towards the higher 
concentration of nutrients. 
It is important to 
emphasise that a certain 
degree of error must be 
associated with this 
decision-making process. 
In fact, the preferable 
direction is chosen only 
approximately to prevent 
the bacterium moving 
back and forth in a 
straight line.  
Here we build a simple 
mathematical model of a 
chemotactic run-and-
tumble bacterium to study 

the effect of an error in 
the decision making 
process that enables the 
bacterium to find the 
region with the highest 
concentration of nutrients 
(target). We show that 
there exists an optimal 
degree of error that 
enables the bacterium to 
find the target in the 
fastest way possible. Too 
big of an error leads to a 
random walk trajectory in 
which case the target is 
only found by chance. In 
the opposite case of a 
purely deterministic 
decision-making 
algorithm, the target is 
never found, and the 
bacterium is moving back 
and forth in a straight line. 
 
Mathematical model. 
The bacterium undergoes 
a run-and-tumble motion, 
where it moves between 
two subsequent tumbling 
events in a straight line 
with a constant velocity 
𝑉𝑉𝑉𝑉. The duration of the 
running phase is fixed and 
is assumed to be 
independent on the 
concentration of 
chemicals. The direction 
of motion is given by the 
angle 𝜑𝜑𝜑𝜑, as shown in the 
inset of Fig.1 (left). 
 
The horizontal and 
vertical velocities are 
given by 𝑉𝑉𝑉𝑉𝑥𝑥𝑥𝑥 = 𝑉𝑉𝑉𝑉 cos𝜑𝜑𝜑𝜑 
and 𝑉𝑉𝑉𝑉𝑦𝑦𝑦𝑦 = 𝑉𝑉𝑉𝑉 sin𝜑𝜑𝜑𝜑  
respectively. In the 
absence of chemicals, the 
angle 𝜑𝜑𝜑𝜑 changes 
randomly at a tumbling 
event so that the previous 
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and the new directions of 
motion are independent. 
However, if a gradient of 
the chemicals is non-zero, 
the distribution of the 
angle 𝜑𝜑𝜑𝜑 is biased towards 
the direction of the 
maximum concentration. 
In what follows we 
assume the radially 
symmetric distribution of 
chemicals with the 
maximum concentration 
in the centre of a circular 
target, as shown in Fig.1 
(left). The bacterium 
compares the values of 
concentration recorded at 
two subsequent tumbling 
events and chooses the 
favourable direction of 
motion for the next run. 
To model this decision-
making, we assume 
normal distribution of 𝜑𝜑𝜑𝜑 
about the favourable 
direction with a standard 
deviation 𝜎𝜎𝜎𝜎 that controls 
the degree of randomness 
(error) in the navigation 
process, giving an 
expected value for 𝜑𝜑𝜑𝜑. 
 
Discussion and 
conclusion. 
We initially implemented 
this model in Matlab. 
However due to 
performance and time 
constraints, we switched 
over to a faster C++ based 
implementation.  
 
The motion begins at a 
point a fixed radius away 
from the target. 
Eventually the bacterium 
finds the target, as 
illustrated by a typical 
path (trajectory) in  

Fig.1 (left). The average 
time required to locate the 
target is shown as a 
function of the navigation 
error in Fig.1 (right). If 
the error is too big, the 
bacterium scans the 
environment in an almost 
random way.  
In this regime that 
chemotactic function is 
effectively absent. In the 
opposite case, when the 

error is too small, the 
bacterium makes one step, 
tumbles, and then moves 
along the straight-line 
back and forth between 
the first and the second 
tumbling points. In this 
regime the target is never 
found.  
Remarkably, there exists 
an optimal degree of 

randomness (error) in the 
navigation process, when 
the average time for the 
bacterium to locate the 
target is minimal.  
This optimal regime is 
highlighted by arrow in 
Fig.1 (right).  
In conclusion we remark 
that the ability of the 
bacteria to optimize their 
functions and behaviour is 
crucial for their survival. 

This ability is a direct 
manifestation of the 
evolution and adaptation 
process.  
 
Reflection. 
Throughout our 
experience at Swinburne 
University, we undertook 
a challenge that was not 
typical of the standard 

 
Figure 2. Primary C++ source code snippet used in computations 
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STEM curriculum. This 
wonderful opportunity 
was supplied to us by the 
STEM Professionals in 
Schools program, which 
enabled us to venture  
outside our comfort zone 
and develop an 
understanding of complex 
mathematics and 
computer science. The 
work experience week 
itself was gruelling. As a 
team, we cooperated with 
Dr. Andrey Pototskyy to 
fully immerse ourselves 
in the task at hand. He 
aided us by clarifying 
difficult concepts for us to 
better comprehend the 
task at hand. Our group 
would like to thank 
Swinburne University and 
Dr. Pototskyy for 
providing guidance to us, 
granting us use of their 
resources and for 
rewarding us with the 
invaluable opportunity to 
uncover new concepts of 
mathematics and 
computer science. 
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Mineral Alchemy: Geochemical processes with Tellurium
Oscar LoMoro and Connor Nguyen. Mentored and guided by Mr Owen Missen, School of Earth, Atmosphere and 
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Mineral Alchemy: Geochemical 
processes with Tellurium 
By Connor Nguyen and Oscar LoMoro (guidance from: Owen Missen) 
      PEGS        PEGS   Monash Uni & Museums Victoria 

Abstract 
We mimicked tellurium mineral transformations by combining powdered minerals along with 
H2O and H2O2 in teflon lined steel containers, then placing inside steel hydrothermal vials 
which went inside an oven. This was to mimic the dissolving and sometimes hydrothermal 
conditions that occur on and within the Earth’s crust to see what crystals can form. Products 
were analysed with the use of Scanning Electron Microscopy. 

Introduction 
Te is an unusual element with a cosmic abundance greater than that of any other element with 
an atomic number >40. Nevertheless, Te is one of the rarest elements in the Earth’s crust 
(0.4-10 ppb) and seawater (0.0009 ppb). It is thus 3-5 orders of magnitude less abundant than 
nearby elements in the periodic table, being rarer than platinum and gold. 
Earlier experimental studies have revealed that Au-Ag tellurides (calaverite, sylvanite and 
krennerite) transform under hydrothermal conditions into microporous gold and/or 
assemblages of Au/Ag tellurides. 
Experiments with Ag and Pb tellurides and sulphides, specifically hessite, galena and 
chalcopyrite, were undertaken to investigate the transforming effects of hydrothermal 
conditions. Under hydrothermal conditions, the samples were subjected to temperatures 
greater than 100 degrees Celsius in water for a day to mimic the mineral assemblage at Otto 
Mountain, California, one of the richest localities for secondary tellurium minerals. 
By varying the amount of reactants and oxidant (dilute hydrogen peroxide) in solution, the 
change in products was observed. Scanning Electron Microscopy and associated X-ray 
spectroscopy was then used to ascertain the physical and chemical structures of the samples. 
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Method 
Part 1 

1. The materials were set up with the sealed scale in front, teflon containers to a side and 
a spatula with the powdered minerals. 

2. The powdered Galena (PbS) was weighed out on a piece of filter paper. 
3. The powder was transferred to the teflon-lined steel container keeping track of the mass 

differences to ensure that the correct mass had been added to the sample. 
4. Steps 2 and 3 were repeated across each teflon container ensuring the correct mass for 

each experiment was followed. 
5. Steps 2 through 4 were repeated using specific masses of Hessite (Ag2Te) and 

Chalcopyrite (CuFeS2) as decided for each sample.  
6. Each teflon container was placed on the scale and a specific mass of Water (H2O) was 

pipetted into the sample, keeping track of mass differences with the scale.  
7. A further mass of Hydrogen Peroxide (H2O2) was pipetted into each container such that 

a total mass of 10g of liquid had been added to the samples. 
8. Teflon containers were placed inside Hydrothermal Vials that were sealed with wrench 

and vice and placed inside an Oven at 200ºC for two days. 
Part 2 

1. The samples were removed from the Oven after having been allowed to cool and opened 
inside a fume cupboard to ensure any gasses released were not inhaled. 

2. Samples of the liquid that any solids were contained within were taken using a pipette, 
syringe and syringe filter and labeled for further potential future testing. 

3. The contents of each sample were filtered via vacuum filtration and the filtered solids on 
the filter paper were kept and placed inside small glass vials. 

4. A few grains of each solid sample were placed onto a slide for S.E.M. analysis. Following 
the specific steps linked below. 

Mineral descriptions of reactants and expected products: 
Galena (PbS): 
Galena’s crystal structure is a cubic lattice where each Pb2+ cation is surrounded by 6 S2- 

anions. It is brittle, opaque and has a jagged fracture. Its crystal system is Cubic and it has a 
metallic lustre. 

Figure 1a. Galena sample viewed under light microscope                      Figure 1b. Crystal structure of Galena 
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Hessite (Ag2Te): 
Hessite’s crystal structure contains asymmetric co-ordination environments where Te2- anions 
are surrounded by 8 Ag+ cations and each Ag+ is surrounded by 4 Te2- . It is sectile (can be 
cut with a knife), opaque and has a smooth fracture. Its crystal system is monoclinic and it has 
a shiny lustre. 

Figure 2a. Hessite sample viewed under light microscope    Figure 2b. Crystal structure of Hessite 

Chalcopyrite (CuFeS2): 
Chalcopyrite’s crystal structure consists of CuS4 and FeS4 tetrahedra that are corner linked 
into one lattice. It is brittle, opaque and has a jagged fracture. Its crystal system is tetragonal 
and it has a sub-metallic lustre. 

Figure 3a. Chalcopyrite viewed under light microscope     Figure 3b. Crystal structure of Chalcopyrite 

Anglesite (PbSO4): 
Anglesite’s crystal structure is Pb coordinated by 120 sites. SO4 is tetrahedral and this 
forms an infinite framework. It is brittle, translucent and has a conchoidal (shell-like) 
fracture. Its crystal system is orthorhombic and it has a greasy lustre. 
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Figure 4a. Anglesite sample viewed under light microscope.                      Figure 4b. Crystal structure of anglesite 

Brochantite (Cu4SO4(OH)6): 
Brochantite has a layered crystal structure of octahedral CuO6 linked by SO4 tetrahedra and 
H-bonding. It is brittle, translucent and has a jagged fracture. Its crystal system is monoclinic 
and it has a sparkling lustre. 

Figure 5a. Brochantite sample viewed under light microscope.               Figure 5b. Crystal structure of brochantite 

Teineite (CuTeO3·2H2O): 
Teineite has a crystal structure consisting of a corner framework of trigonal pyramids of TeO3 

and square pyramids of CuO5 linked by Te-O bonds and H-bonds. It is brittle, translucent and 
has a conchoidal fracture. Its crystal system is orthorhombic and it has a vitreous lustre. 

Figure 6a. Teineite sample viewed under light microscope.                          Figure 6b. Crystal structure of Teineite 
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Results: 
Table 1: Composition of Samples 

 Galena Hessite Chalcopyrite H2O H2O2 

S1 0.0038g 0.0080g 0.0050g 10.0211g 0g 

S2 0.0038g 0.0109g 0.0052g 9.5062g 0.5021g 

S3 0g 0.0109g 0.0052g 9.4961g 0.4971g 

S4 0.0090g 0.0177g 0.0141g 9.4938g 0.5036g 

S5 0.0113g 0.0143g 0g 8.4604g 0.4939g 

S6 0.0098g 0.01833g 0g 10.0577g 0g 

Sample 1: 

The SEM images reveal the formation of 
secondary crystals of Anglesite (PbSO4), 

PbS(s) + 2O2(g) -> PbSO4(aq), 

along with copper Sulphide (CuS) and 
primary crystals: Silver Telluride (Ag2Te). 
As no hydrogen peroxide was added, large 
remains of unreacted Chalcopyrite, hessite 
and galena remained. 
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Sample 2: 

SEM images show the formation of 
radiating crystals of lead, tellurium and 
oxygen. Fish-bone structures were 
observed containing a 1:1:1 ratio of Pb, Ag 
and Te along with some O (more difficult to 
accurately determine the ratio). Due to the 
thin nature of the crystals, the exact 
composition was not determinable.  
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Sample 3: 

SEM images reveal the formation of the 
earthy compound Fe2O3 as well as small 
scattered crystals containing Te, Fe, Cu 
and CuO. Primary crystals of Silver 
Telluride formed. The ‘sea sponge’-like 
composite crystal composed of Fe2O3 is 
seen in figure S3.  

 

 

 

 

 

 

 

 

Sample 4: 

SEM images depict the secondary 
formation of Anglesite and platy crystals of 
Te, Fe, Cu, Pb and O. Iron oxides 
containing other elemental traces formed 
as well. 

 

 

  

Mineral Alchemy: Geochemical processes with Tellurium  (continued)
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Sample 5: 

SEM images reveal the formation of 
scattered needle-like crystals of Pb and S, 
probably anglesite. EDS shows that other 
crystals are made mostly from Ag (remnant 
Hessite and possibly smaller amounts of 
other resultant compounds).

 

 

 

 

 

Sample 6: 

SEM shows the formation of anglesite and 
other needle-like crystals of Pb, S, Te and 
O. Smooth faces of remnant PbS and 
Ag2Te were observed. 
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Discussion 

Scanning Electron Microscopy: SEM is a technique using a machine called an electron 
microscope, using the principle that electrons interact with the sample to produce signals that 
can describe its topography. The samples were mounted on carbon tape and inserted onto 
the  sample stage. A pump was used to create a vacuum, allowing the electron beam to be 
turned on to observe the specimen. Then electrons are fired onto the sample by an electric 
field, interact with the sample, then are scattered/deflected into a detector. 

 

Figure 7a) Structure of SEM 

The Back Scattered Electron (BSE) mode was used rather than the Secondary Electron (SE) 
mode to determine the approximate atomic weight and distribution of elements in the sample. 
Since BSE doesn’t provide the identity of chemical compound, Electro dispersive 
spectroscopy was used to supplement this limitation. BSE on this microscope achieves a 
relatively high resolution of 20 microns as seen in the results. 

Electro dispersive spectroscopy (EDS) is a technique associated with SEM that uses X ray 
generation to analyse the Infrared fingerprint of the crystals. After the sample is bombarded 
by electrons, the energy difference in the form of X-rays between the resulting higher electron 
state and the ground state can be measured. Thus, the chemical composition of the sample 
can be correlated with known fingerprints to ascertain possible elements present. 

Limitations:  

Limitations of using EDS arise with the use of it on 3D samples instead of 2D. With polished 
2D materials, the detector can more accurately characterise the elemental composition of 
compounds because the X-ray energy emitted from the bombardment of electrons mostly 
correlates to the topology of the sample. Thus, 3D samples are less accurate because the X-
ray energy emitted is scattered by the sample.  

Small crystals of products also make it more difficult to analyse a single compound in isolation.  

The laboratory conditions in which the samples were exposed to water above 100°C is only 
an approximation of the natural conditions of mineral assemblages. Whilst the high pressure 
and temperature was emulated in the hydrothermal vials, real environmental conditions are 

Mineral Alchemy: Geochemical processes with Tellurium  (continued)
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more unpredictable, containing a wider range of elements, inconsistent temperatures  and 
extremes which can form a variety of other crystals.  

Conclusion: 

Under hydrothermal conditions, the addition of galena, chalcopyrite and hessite with varying 
amounts of water and oxidant (hydrogen peroxide) resulted in the partial oxidation of primary 
minerals to form secondary crystals. These crystals were found to greatly vary in elemental 
composition and structure through analytical techniques of SEM and EDS. Thus, this 
preliminary research suggests that even slight variations in reactants and reaction conditions 
can result in a diverse multitude of compounds with varying structures and morphologies.  

Experience: 
This program was a very unique experience for us and something we will never forget. Science 
has always been a passion of mine and this program gave us a chance to experience it in the 
way it is researched at universities and gave us access to things we would never have 
imagined. The ability to work in a proper science lab, use an electron microscope and X-ray 
spectroscopy, and getting the opportunity to work inside the facilities of Museums Victoria 
were all experienced within a week. This is something that will advance our knowledge for 
years to come and we would personally like to thank those involved in getting us into this 
program. Thank you to Ms Abela for creating and running the program at PEGS. Thank you 
to Owen Missen, Monash University and Museums Victoria, and Monash School of EAE for 
hosting us for such an excellent program. We would also like to extend our thanks to the faculty 
at Museums Victoria for granting access to their amazing resources and facilities. This 
program is quite unique and we hope to host it for another group ourselves someday when we 
are in university. 
 
References: 

1. Christy, A. G, Mills, S. J., Kampf, A. R., Housley, R. M., Thorne, B. & Marty, J. The 
relationship between mineral composition, crystal structure and paragenetic sequence: 
the case of secondary Te mineralization at the Bird Nest drift, Otto Mountain, 
California, USA. Mineralogical Magazine 2016, 80(2): 291-310. 

2. Missen, O. P., Mills, S. J., Welch, M. D., Spratt, J., Rumsey, M. S., Birch, W. D. & 
Brugger, J., 2018. The crystal structure of cesbronite, Cu3TeO4(OH)4: a novel sheet 
tellurate topology. Acta Crystallographica B, 74(1): 24-31. 

3. Zhao, J., Brugger, J., Xia, F., Ngothai, Y., Chen, G. R. & Pring, A. Dissolution-
reprecipitation vs. solid-state diffusion: Mechanism of mineral transformations in 
sylvanite, (AuAg)2Te4, under hydrothermal conditions. American Mineralogist 2013, 
98(1): 19-32. 

4. Xu, W. N., Zhao, J., Brugger J., Chen, G.R. & Pring, A. Mechanism of mineral 
transformations in krennerite, Au3AgTe8, under hydrothermal conditions. American 
Mineralogist 2013, 98(11-12): 2086-2095. 

Features



 52   LabTalk Vol 64 • No.1 • 2020

Investigating the strength of Chalcogen bonds between Ebselen 
derivatives and Lewis bases to model their effect on DNA-drug binding
Eric Lee and Jennifer Tran. Mentored and guided by Prof Jonathan White and Mr Samuel Brydon, School of Chemistry 
Bio21 Institute, University of Melbourne

Investigating the strength of Chalcogen bonds between Ebselen 
derivatives and Lewis bases to model their effect on DNA-drug 

binding 
By Eric Lee and Jennifer Tran (guidance from: Jonathan White and Samuel Charles Brydon) 

 

  

AAiimm::  

 Overall: to synthesise a topical radioprotective drug, which will bind to the minor groove of B-DNA and 
protect healthy cells from nucleotide ionisation, while minimising cytotoxicity. 

Specific experiment: to synthesise co-crystal structures of ebselen derivatives and different Lewis bases and 
analyse them with mass spectrometry, x-ray crystallography and NMR spectroscopy to determine its structure and 
bonding, particularly the strength and viability of its Chalcogen bond with different DNA oligomers. 

 

AAbbssttrraacctt::  

 Radiotherapy is a treatment of cancer which uses ionising 
radiation to damage cancerous DNA enough to inhibit replication, 
thereby destroying those cancer cells. However, radiotherapy is not 
selective enough to distinguish between healthy and cancerous tissue, 
thus can have harmful mutative side effects. A proposed synergistic 
effect of radiotherapy and chemotherapy may help to alleviate this 
problem, by protecting healthy cells from the ionising radiation with so-
called ‘radioprotectors’. This research investigates the viability (balancing 
effectiveness vs cytotoxicity) of a range of B-DNA minor-groove binders 
inspired by Hoechst stains. Methylproamine, the initial lead, was 
determined to directly repair oxidative lesions, acting as a reducing agent 
for the ionised nucleotide through proton-coupled electron transfer 
along the length of DNA. Further research discovered that the 
benzimidazole moiety is the redox functional group, and its acidity is 
proportional to its radioprotective effectiveness. In this paper, the 
investigation of chalcogen bonding as nitrogen bioisosteres is evaluated, 
specifically on its strength, hence potential ability to bind to DNA. 

 

Methylproamine - Lead compound. 
Circled is the benzimidazole moiety to be 
experimented. 

MMeetthhoodd: 

Preparation of 4-pyrrolopyridine and 4-morpholinopyridine (DNA Oligomer): 
1. A round bottomed flask was weighed and the scale was calibrated.  
2. Around 0.5g of 4-chloropyridine was added. (Recorded exact mass = 0.635g Morph-, 0.784g Pyrrolo-) 
3. A slight excess (3 mole equivalents) of Morpholine was added (Record exact mass = 1.67g Morph, 1.6g Pyrrolo-) 
4. The flask was heated in an oil bath for several hours  
5. Na2CO3 and diethyl ether(solvent) was added 
6. The solutions were mixed by shaking the flask 
7. The tube was opened to allow CO2 gas and pressure to escape. 
8. Liquid-liquid extraction was performed as the two solutions separated due to different densities and solubilities. 
9. A vacuum was used to filter out impurities  
10. A rotary evaporator was used to isolate solid 4-morpholinopyridine/4-pyrrolopyridine 
11. Repeat experiment using Pyrrolidine instead of Morpholine (this changes the amount of mass of each substance 

required due to having a different Molar Mass) 

Methylproamine complexed with an AT 
rich DNA dodecamer 
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Preparation of co-crystal structures of Lewis bases and ebselen (For analysis with X-ray crystallography): 
1. Some 4-Morpholinopyridine was scooped out using a spatula and into a flat-bottomed tube.  
2. Ebselen derivative was scooped into a flat-bottomed tube (5mg). 
3. Enough dichloromethane was pipette into the tube with 4-Morpholinopyridine in order to completely dissolve 

it.  
4. The whole solution was pipetted into the tube with the ebselen derivative which dissolved after mixing. 
5. Petroleum (anti-solvent) was pipetted into a larger flat-bottomed tube until 1/8th full 
6. The smaller tube was placed into the larger tube and closed with a lid. 
7. It was left overnight to crystallise. 

 RReessuullttss: 

 
Following synthesis of both Morpholino- and Pyrrollopyridine, the heterocycles were characterised for purity and identity using 1H and 13C Nuclear 
Magnetic Resonance. 
Pyrollopyridine: Each of the 4 peaks correspond to one of the 4 H-environments. 

1. Chemical shift: Consistent with predicted molecule. The nuclear environment affects the specific resonance frequency of the nuclei - electron 
density shielding and presence/distance of electronegative elements (in this case the N and O drawing electron density so that the H-
environment is more susceptible to external magnetic field interaction 

2. Area: Each have the correct peak area, corresponding to the number of H in the environment 
3. Spin-spin coupling: Each have the correct multiplets, from the neighbouring H environments (following the rule of n+1 and peak size) 

The other peaks are comparatively small, demonstrating a pure substance. 
Therefore, the synthesised compounds are highly likely be pyrollopyridine and morpholinopyridine as expected. 
 

Melting Points (in °C) 

Pyrr - CN/Ebs 200.2-215.2 

Morpho - CN/Ebs 198.1-228.1 

Pyrr - Br/Ebs 199.2-209.8 

Morpho - Br/Ebs 213.5-215.4 

Pyrr -OEthyl/Ebs 144.8-149.9 

Morpho - OEthyl/Ebs 144.5-150.6 

The melting points were found with an automated melting 
point apparatus, which increased the temperature until there 
was visible melting. This is to characterise the compounds for 
future and external synthesis 
 

Orbitrap Mass Spectroscopy 
 

Observed Calculated 

Pyrrolopyridine 149.1075 149.1073 

Morpholinopyridine 165.1023 165.1022 

CN-ebselen 300.9875 300.9875 

Calculated is the molecular weight, accounting for discrepancy in the 
method of analysis. For example, the hard ionisation proton-transfer 
adds a H to the molecule in the process of ionisation, thus will add +1 
to the molecular weight. The observed and calculated data have a low 
variance, thus the compounds produced are highly pure and most 
likely to compound desired. 
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DDiissccuussssiioonn::  

 A chalcogen bond is related to a hydrogen bond, it is a type of sigma-hole interaction; however, the electron 
acceptor is a chalcogen (any element of group 16) with an antibonding orbital where electron density has been pulled due to 
the bonding of the chalcogen with another atom. The chalcogens form weaker bonds than the prevalent hydrogen bonds in 
the cell, thus are likely to diffuse more easily past the cell membrane, reducing the dose needed to be effective. (Note: 
Oxygen/Sulfur were not considered as their sigma holes are not positively-charged enough to significantly bond.) The results 
suggest that ebselen’s Se atom had a strong enough sigma-hole for chalcogen bonds to form, and its strength was 
proportional to the electronegativity of the molecule’s covalently bonded atoms, which would draw electron density towards 
the atom, making the sigma-hole more positive and a better electron acceptor. (Measure of electronegativity). First, each of 
the ebselen derivatives have a direct Se-N intramolecular bond, which will draw electron density away from the Se 
antibonding orbital upon bonding, thus increasing its electron accepting potential. Cyanoebselen demonstrated the strongest 
chalcogen bond for this reason. It had a length of 2.291 A and 2.299 A for pyrollo- and morpholinopyridine respectively, the 
shortest, therefore strongest, of each cocrystal. It also has the strongest electronegativity, drawing electron density from the 
intramolecular Se-N bond and decreasing the negativity of the sigma-hole; this allows the pyridine’s N to more readily donate 
their lone pair into the chalcogen bond, strengthening it. Accordingly, this trend continues in an almost perfect positive linear 
correlation, with bromoebselen (0.23 electronegativity, 2.412 A Chalcogen bond) then ebselen (0 electronegativity, 2.350 A 
Chalcogen bond) and finally ethoxyebselen (-0.27, 2.371 A Chalcogen bond). Notice that the ethoxy- group had an affinity to 
donate electrons into the intramolecular Se-N bond, thus increasing the energy of the antibonding orbital and the affinity of 
the pyridine to donate its electrons. The ethoxyebselen was so weak that it formed two different lengths in the same unit cell 
of the crystal, demonstrating the variance that is associated with the weak bond.  

Each of the chalcogen bonds were weaker than the intramolecular Se-N covalent bond (which were about 2 A) by 
about 30-40 pm; however within their Van der Waals radii as they were attractive enough to form a stable cocrystal. It is also 
synonymous (although theoretically slightly weaker than) a hydrogen bond which are generally ~1.5-2.5 Å in length. This 
finding may prove invaluable as a non-permanent interaction would allow normal biological functions to occur on DNA, while 
strong enough to protect the DNA (although the radioprotective potential was not directly observed with the new 
compounds).  

 In addition, the adjacent intramolecular Se-N lengthens with the strengthening of the chalcogen bonding, suggesting 
that the bond compensates strength from the other. 
However, it is important to note that these results do not necessarily correlate to any conclusive biological effects, as there 
are many more uncontrolled factors present in a cell. Additionally, this experiment doesn’t actually confirm if the ebselen 
derivatives can be incorporated into the drug or if it will bind to an actual metabolising DNA molecule. The ability to act as a 
reducing agent might have been lost with the substitution, or have some unforeseen cytotoxic effects. The only supported 
conclusion that can be drawn is specific to the conditions of the experiment, and general proofs of concept and trends that 
arose. Therefore, a lot of further investigation will be needed to explore the true effects in a living system, as part of an 
effective drug. 
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CCoonncclluussiioonn::  

 Radioprotectors are a relatively unexplored method of reducing the harmful effects of radiotherapy. This study has 
demonstrated the potential of DNA minor groove binders, inspired by Hoechst stains, as direct DNA protectors by acting as a 
sacrificial anode for an ionised nucleotide. The lead compound was originally found to have a limited therapeutic window for 
effectiveness : cytotoxicity. Thus, further experimentation was performed, replacing the benzimidazole moiety with an ebselen 
derivation for its chalcogen bonding potential. The chalcogen bond acts a bioisostere of the hydrogen bond in the 
benzimidazole functional group. The results found that cyanoebselen formed the strongest chalcogen bond between the drug 
and the DNA oligomer, however a different functional group could be used to maximise its effectiveness and reduce its 
cytotoxicity. However, this research is extremely preliminary and any real biological effects are yet to be seen. In addition, 
other functional groups in the drug have not yet been experimented for beneficial variants, and further research is needed 
before any real and effective drug can be developed and concluded. 

 EExxppeerriieennccee::  

 Overall, our limited time at Bio21 Institute with Professor White and Sam Brydon was very inspiring and educational. 
We finally learnt what it truly means to be in the elusive field of ‘research’ and the years of dedication it takes to solve unique 
problems at the boundary of scientific knowledge. The perpetual process of trial, understanding the chemistry, failing, then 
going back to the drawing board feels amazing, like it’s an undiscovered road in a journey of experimentation. I think it was also 
interesting to see the process and strategies used to characterise the reactions; how influential analytical techniques, like NMR, 
mass spectroscopy and x-ray crystallography, are in helping to understand what is actually going on at the molecular level. It is 
almost a bridge between mounds of raw data, and the derivation of theories found in our school textbooks. Thanks to the 
excitement and learning we did in that short week, plan to pursue careers in research, and hopefully help the scientific 
community just as the team at Melbourne Uni are. 

 

Sample of crystal structure Morpholino-
Cyanoebselen co-crystal 

 

Pyrollopyridine-Ethoxyebselen unit cell post-olex2 refinement. (Note: The two different structures, 
representing two possible lengths of the weak chalcogen bond in a unit cell) 

Pyrrolopyridine-Bromoebselen unit cell post-olex2 refinement 
(Note: The teal bond is the chalcogen bond) 

Literature Cited: Thomas, F 2017, Synthesis and evaluation of novel heterocyclic systems for radioprotection, Thesis, School of 
Chemistry University of Melbourne, Melbourne. 
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PROFESSIONAL LEARNING PROGRAMS  
College of Science, Health and Engineering (SHE) 

Professional learning for STEM educators 
La Trobe University is again offering science teachers in Victorian high schools a comprehensive suite of highly 
specialised Professional Learning Programs. Designed to upskill teachers at all career stages, the programs reinforce 
content knowledge and improve understanding of new technologies and tools in delivering Science, Technology, 
Engineering and Mathematics (STEM) education.  

Programs typically include an introductory lecture, practical workshops and interaction with practising scientists and 
researchers. Presenters address current educational and industry context, new initiatives, and global trends, with a 
practical emphasis on classroom relevance. Participating teachers return to their classrooms with fresh insights, 
renewed confidence, and new ideas, tools and techniques for communicating with their students. 

Subject 

 

Professional 
Learning Program 

Content Date  
Location 

Biology Cellular life for non-
biologists 

Participants explore the topic of cells from the basics through to the 
more complex elements of cell biology. Practical learning content 
includes getting the most from school microscopes and incorporating 
Information and Communications Technology (ICT) into microscopy. 

Friday, 12 June 
Bundoora 

Chemistry Cosmetic Chemistry This program is aimed at middle years science teachers and includes 
the chemistry behind and activities to create haircare products 
(shampoo and conditioner) and body care products (body wash and 
moisturising cream).  

Monday, 22 June 
Bundoora  

Chemistry Qualitative and 
quantitative chemistry 
techniques for non-
chemists 

A workshop designed to enhance the skills and confidence of middle-
years science teachers whose major discipline is not chemistry. The 
techniques covered can be adapted to many chemistry-based 
situations. 

Wednesday, 25 
November 
Bundoora  

Computer 
Science 

Teaching JAVA with 
Oracle Academy 

La Trobe academics and Oracle Academy professionals introduce 
object-oriented concepts, terminology and syntax and learn to create 
basic Java programs using hands-on, engaging activities.  

Friday 8 May 
Bundoora 

Engineering Arduino programming 
for wearable 
technology 

A guided workshop delivering an introduction to the Arduino 
programming environment and focusing on the construction and 
programming of a wearable device. The workshop provides information 
on software design, technical skills in a laboratory, and fundamental 
skills in electronics. 

Friday, 20 
November 
Bundoora  

Engineering 3D printing A workshop providing theoretical and hands-on access to 3D printing 
technologies. Participants learn about 3D printed part strength, 
finishing, joining and optimisation.  

Friday, 24 July 
Bundoora  

Physics Concepts in 
electricity for non-
physicists 

A practical workshop dealing with the key concepts of electricity, 
including those relating to energy changes in electrical systems. 
Designed primarily for non-physicist teachers of science, the program is 
consistent with the Australian National Curriculum. 

Friday, 11 
September 
Bundoora  

Psychology Neuroanatomy for 
VCE Psychology 
teachers 

A hands-on workshop for teachers and lab technicians that explores the 
basic structure and function of the central nervous system, focussing 
on VCE Area of Study 1: How does the brain function? 

Friday, 13 
November 
Bundoora  

Details - Duration: Full day (9:00 to 3.30) Cost: $250 (GST inclusive) Location: La Trobe University, Bundoora, Bendigo 

For further information and/or to register please contact: 

Madeline Toner, Senior Coordinator, Outreach Program P: (03) 9479 6516 E:  outreach@latrobe.edu.au 

Registration: www.latrobe.edu.au/outreach/she/professional-learning 

 



Science Teachers’ Association of Victoria Inc.

‘Advancing Science Education’

Vision
Is to develop a science community growing together through collaboration, professional 
learning supported by conferences, workshops and events, partnerships with industry and 
the wider community through STEM and other innovations.

Mission
To represent and advance the collective voice of science educators that will shape and 
influence policy in all aspects relating to science education. We are committed to offering a 
range of resources and services that will promote quality science teaching and learning.   
We provide opportunities for all students to become inspired, engaged and excel in activities 
that promote scientific literacy including: Science Talent Search, Science Drama and  
BHP Foundation Science and Engineering Awards.
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