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Vast expanses of  ice at the Earth’s 
poles, including ice sheets and glaciers, 
play an important role in our planet’s 

climate. Glaciers are large rivers of  ice that 
flow down to the sea where they eventually 
melt, increasing sea levels and changing ocean 
currents which, in turn, can affect the climate.
Accurate knowledge of  how the ice flows 
and melts is crucial to predicting its future 
impact on climate and understanding climate 
change in the Earth’s past. “Ice and how it 
behaves is one major part of  the puzzle of  
how climate changes impact our environment 
as we know it,” says Sandra Piazolo, a 
geologist from Macquarie University in 
Sydney. “We need to know how fast the ice 
flows and how fast it melts.” 
Unlike river flow, the flow of  glaciers is 
complex and depends on many different 
factors, including how cool or hot the climate 
is. Speeds can vary from tens of  centimetres 
to tens of  metres a day. Key is the structure 

of  the ice on a microscopic scale that is 
invisible to the naked eye. Ice is made up of  
tiny crystals that vary in shape, size and the 
way they are packed together.  
Different microscopic structures result in 
different flow speeds and structure changes 
as the ice is pushed, pulled and squashed, 
under its own weight as it flows towards the 
sea. And to complicate matters, changes in 
structure vary according to the temperature 
of  the ice and how quickly the ice deforms. 
Piazolo is leading an international team of  
researchers including materials scientist 
Vladimir Luzin from the Australian Nuclear 
Science and Technology Organisation 
(ANSTO) that are attempting to understand 
these processes better. With Luzin’s 
expertise, the team are using a scanner 
called KOWARI at ANSTO. Named after a 
marsupial mouse, KOWARI uses a neutron 
beam and a phenomenon called diffraction 
to ‘see’ the microscopic structure of  crystal 

samples (see Explainer section on page 4). 
KOWARI is able to monitor the structure of  
the ice crystals continuously, while they are 
compressed and kept at low temperatures, 
mimicking the conditions in a polar 
glacier. The experiments are a world first. 
Previous experiments only took snapshots 
of  the crystals before and after the ice was 
deformed, leaving scientists to make  
educated guesses about what happened  
in between. 
The researchers have found that temperature 
and the rate at which the ice is compressed 
have a strong effect on the microscopic 
structure of  the ice and its flow.  More 
detective work is needed before the team  
can help improve the complex calculations 
used to predict climate, including identifying 
in a very precise way how these changes on 
the very small scale translate to different flow 
speeds in vast glaciers.  
– Jude Dineley

Neutrons help 
unlock icy secrets of 
climate change

Microscopic measurements of ice under pressure 
can help scientists more accurately predict climate 

Scientists in Antarctica 
examining ice samples

In The news

Ice under the 
microscope
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careers

As a crystallographer and 
instrument scientist at ANSTO 
in Sydney, Helen Maynard-Casely 

says she has the best job in the world, 
where no two days are the same. One 
day, you might find her collaborating 
with chemists to pioneer new renewable 
energy technology and the next, in her own 
research, investigating alien materials. “I 
can’t get bored,” she says. 
Neutrons and X-rays are the tools of  
Maynard-Casely’s trade. By firing these 
subatomic particles at crystals and 
measuring the diffraction patterns that 
result, she works out the structure of  
materials on an atomic scale and how those 
structures change in different conditions 
(see Explainer page 4).  
In her own experiments, Maynard-Casely is 
recreating the conditions found on Europa, 
Ganymede and Callisto, three moons that 
orbit Jupiter, the largest planet in our Solar 
System, whose surfaces are covered with an 
icy crust. It’s part of  a broader, global quest 
by scientists to build up a detailed picture 
of  planets and moons in our Solar System 
to work out if  they might support alien life. 
In an early effort by NASA, the unmanned 
spacecraft Galileo was launched almost 
25 years ago and travelled to Jupiter. It 
detected that the surfaces of  the moons 
are covered in ‘dirty’ ice that is a mixture 
of  water and other, unknown chemicals. 
Maynard-Casely is searching for likely 
chemical combinations in the lab. 
In work at the Australian Synchrotron in 
Melbourne, she made an educated guess 
of  what might be found in the ice, mixing 
sulphuric acid and water together. When 
she exposed the mixture to the pressures 

found a few kilometres beneath Europa’s 
surface - the equivalent to five elephants 
standing on a stiletto heel - a material was 
formed that has never been seen before on 
Earth. Using X-ray diffraction, Maynard-
Casely worked out the crystal structure.  
With an instrument called WOMBAT 
that is the most powerful of  its kind in 
the world, Maynard-Casely is conducting 
similar experiments using neutrons at 
ANSTO.  
“I’m trying to find out how strong these 
materials are and everything else about  
 

them, so that we can really improve our 
understanding of  these moons,” she says. 
Maynard-Casely says researchers are 
unlikely to run out of  experiments now 
that astronomers have begun to measure 
signals emitted by chemicals on distant 
planets outside the Solar System. These 
signals can hint at the likely composition of  
ice on other planets. “There’s going to be 
even more weird and wonderful materials 
for myself  and other scientists to go and 
explore,” she says.  
– Jude Dineley

“I’m trying to find out how strong these materials are and 
everything else about them, so that we can really improve 
our understanding of these moons.” 

Helen Maynard-
Casely
Instrument scientist
ANSTO

A job for the 
ice crystal 
detective
Helen Maynard-Casely investigates the 
properties of ice to recreate the conditions found 
on other Solar System bodies.
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In 1932, in a lab in England, physicist James Chadwick discovered 
the neutron, a tiny particle that was to change the way we look at 
materials. Together with protons and electrons, neutrons make up 
atoms, the building blocks of  everything around us that are over  
10 million times smaller than a grain of  sand.
While visible light allows us to see objects and people around us, 
neutrons enable scientists to ‘see’ the structure of  materials on 
the smallest scale. Specifically, they detect the way that atoms and 
molecules – groups of  atoms bound together to make a chemical 
compound - are arranged. This makes them an invaluable tool 
with a wide range of  uses, from the measurement of  ice crystals 
to improve climate predictions (see News story on page 2), to the 
development of  new drugs and materials.

Inventing a new science
None of  this would be possible without the revolutionary research 

of  father and son physicists, William Henry Bragg and William 
Lawrence Bragg, at the beginning of  the last century.
At that time, scientists had already made a curious discovery. When 
they fired a beam of  X-rays - a form of  high energy light that is 
invisible to the naked eye – at crystals such as ice or salt, the X-rays 
were diffracted – or scattered - like ping pong balls in very specific 
directions to form an intricate pattern of  spots behind the crystal. 
Nobody knew exactly why these patterns varied from material to 
material. That was until Lawrence Bragg, who was only 22 at the 
time, proposed that the variations happened because of  differences 
in the arrangement of  atoms in the crystals.
Crystals are a special form of  solid material where the atoms 
are packed in the same repeating pattern, layer upon layer, like 
tennis balls stacked in a box, in a structure known as a lattice. 
The spacing of  the layers and the shapes that the atoms are 
arranged in varies from material to material.

How scientists use 
neutrons to ‘look’ 
inside crystals

Super-small subatomic particles called neutrons can be beamed into 
crystals to reveal their structure.

explaIner

Click to see diffraction at work.
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Lawrence proposed that the distance between the spots in the X-ray 
diffraction patterns depends directly on the spacing of  the atomic 
layers. The equation he formulated, called Bragg’s law, describes this 
mathematically. Using Lawrence’s equation and a measuring device 
Henry had invented, father and son were the first to use diffraction 
patterns to detect the structures of  crystals on the atomic scale. In 
1915 they were awarded a Nobel Prize for their work and became 
Australia’s first Nobel Laureates. 
Seventeen years later, Chadwick discovered the neutron. Unlike 
X-rays, neutrons are particles, but in a quirk of  nature they can also 
behave like rays of  light and so when fired at a crystal, they behave 
in a similar way, scattering according to the arrangement of  atoms in 
the crystal. The diffraction patterns aren’t just used to work out the 
spacing of  layers in a lattice.  
 
 
 

They can also detect the composition of  a crystal lattice and the 
location of  individual atoms or molecules in the lattice. ANSTO’s 
KOWARI instrument can also detect how crystal structures change 
over time when a sample is heated, cooled, stretched or compressed. 
In the decades since its discovery, crystallography has revolutionised 
the way we understand materials. X-ray work by British biophysicist 
Rosalind Franklin led to the first image of  DNA, and the subsequent 
realisation of  its unique helical structure by Nobel winners Francis 
Crick and James Watson.
Today, crystallography underpins most of  our technological 
developments. We use crystallography in food science, to understand 
the structure of  starch and sugar to help create healthier cereals and 
bread; we use it to understand the interactions between proteins and 
cells to help understand the processes of  disease and to develop 
new medicines. In October 2012, NASA’s Curiosity rover used the 
technique to analyse Martian soil, revealing for the first time exactly 
what the sands of  another planet are made of. – Jude Dineley

explaIner

An image of scattered 
neutrons. Inset: Atoms of 
strontium arranged in a crystal 
lattice.
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Below: William Henry and Lawrence Bragg revolutionised our understanding 
of materials by using diffraction patterns to work out the structure of crystals 

at the atomic scales. Right: A gas pipe is examined on the KOWARI neutron 
scattering instrument at ANSTO.



6  Curiosity Files – Crystallography International Year of  Crystallography

 Literacy Tests word, text and visual knowledge. Includes 
activities such as reading, listening, viewing, speaking, 
writing and creating oral, visual, print and digital texts. 
Students access, understand, analyse and evaluate 
information to make meaning and express their ideas, 
emotions and thoughts.

Answer the comprehension 
questions related to the article.

 Numeracy Includes estimating, calculating, recognizing and using 
patterns and relationships. Students use fractions, 
decimals, percentages, ratios and rates. Students take 
measurements, interpret maps, diagrams, data and 
rare events.

Calculate the speed of glacier 
flow.

 Information and 
communication            
capability

Students use searches to locate, access and generate 
digital data and information. Students generate ideas, 
plans and processes, and communicate these via 
computers. They select and use hardware, manage 
data, understand social and ethical protocols, and 
understand the impacts of ICT.

Evaluate crystal formation videos 
using an excel spread sheet to 
record scores.

 Critical and 
creative thinking

Models the inquiry process. Students question, 
identify, clarify, organise and process information. They 
generate ideas, possibilities and actions, connect ideas, 
consider alternatives and seek solutions. Students also 
reflect on thinking (metacognition) and processes, 
apply logic and reasoning, draw conclusions, and 
evaluate procedures. Knowledge is transferred into new 
contexts.

Play a ‘Similarities and 
Differences’ game with terms 
used in the article.

 Personal and 
social capability

Students recognize emotions, personal qualities and 
achievements in themselves and diverse perspectives 
and relationships with and between others. They learn 
self management through working independently 
and learning how to express emotions appropriately. 
Students work collaboratively, make decisions, 
negotiate, resolve conflict and develop leadership skills.

Make crystals and reflect on the 
process.

 Ethical 
understanding

Students learn to recognize and explore ethical 
concepts. They examine reasons supporting ethical 
decisions, consider consequences of ethical decisions 
and reflect on ethical actions. Students examine values, 
rights, responsibilities and points of view. 

Weigh up the value to society of 
the applications of the various 
research projects carried out by 
crystallography.

 Intercultural 
understanding

Students recognize, investigate, explore, compare 
and develop respect for different cultural knowledge, 
beliefs and practices. Students empathise and interact 
with others. They reflect on intercultural experiences, 
challenge stereotypes and prejudices and mediate 
cultural differences.

Examine the Nobel Prize as an 
indicator of intellectual value on 
a global scale.

ToolkIT

General capabilities teacher toolkit
The Curiosity Files communicates current science research to encourage learning across 
all seven general capabilities. You can use The Curiosity Files in classrooms teaching 
English literacy, maths, science and technology, ethics, IT and communications, and HSIE. 
In the science classroom, this issue is most suited to the Australian Curriculum Sciences 
Year Level 9.
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1. Before reading the article, looking at the title and caption: “Neutrons help unlock icy secrets of climate change” and 
“Microscopic measurements of ice under pressure can help scientists more accurately predict climate change”. What do you 
think this article is about?

2. What is an atom? 

3. Identity the three subatomic particles that make up an atom.

4. How can ice crystals vary?

5. Which part of the atom is used to fire a beam at the ice crystals?

6. How do the different crystal structures affect the actual glacier that they make up?

7. Watch the video http://www.nationalstemcentre.org.uk/elibrary/resource/2081/diffraction-of-laser-light that shows how 
diffraction patterns can be made when a laser beam hits a thin wire. Summarise in your own words how a beam (laser or 
beam or neutron beam) can be diffracted off physical objects (wire or crystals) to produce specific patterns.

8. Why are scientists interested in glacier structure and behaviour in relation to climate change?

 Numeracy
Use the information in the text about the range of speeds of glacier flow (10 cm/day to 10 m/day) to calculate the range of 
speed of the glacier in kilometres per hour.

 Information and communication capability
If you had to choose one video to represent crystal formation, which would it be?

In order to judge the videos you may want to use criteria such as: Which is the most scientific? Which is the most engaging? 
Which is the most educational? Which uses images and text together most effectively? Use some or all of these criteria and 
at least two more of your own to judge the videos listed below.

Set up an excel file to list at least five different criteria which you can use to judge each of the videos below, as well as one 
other video about crystal formation that you have searched for and found by yourself.

1. www.youtube.com/watch?v=3Qasw7lb2UM - Seed crystals in super cooled water

2. www.youtube.com/watch?v=Jd9C40Svt5g – Time lapse photography of potassium chromate formation

3. www.youtube.com/watch?v=WQdXbf8huuQ – Making rock candy

4. www.youtube.com/watch?v=vt6YYFPsJT0 – Molecules of water forming crystals

5. www.youtube.com/watch?v=fd-hb2xzvZI – The snow flake scientist

Which video do you recommend and why?

 Critical and creative thinking
Cut out the following terms (or write them on separate pieces of paper) and place half in one in one box and the other half in 
a separate box.

Randomly, and without looking, take a word from each box and then describe how they are the same and how they are 
different. You can use the internet or a science text book to research these terms if you need some help. Alternatively you 
could play pictionary or charades to describe each term to the class.

Proton  Neutron                  Electron  Wave  Beam    Atom   
Molecule Crystal       Chemical compound  Physics  Physicist   X-rays

                                                                           Nucleus  Particle

 Literacy

sTUDenT aCTIVITIes



8  Curiosity Files – Crystallography International Year of  Crystallography

sTUDenT aCTIVITIes

 Personal and social capability
In pairs, dissolve sugar or salt in warm water to make a saturated solution (a solution where no more solid sugar or salt will 
dissolve). Place a piece of cotton string in the solution of dissolved sugar or salt. Leave overnight in a warm dry environment. 
Record your findings the following day.

When you have finished growing your crystals reflect on the working relationship between you and your partner. How did you 
help each other carry out this task? What were the benefits of working with each other compared to working alone? How did 
you divide up the parts of the activity between the two of you? 

 Ethical understanding
KOWARI, the neutron strain scanner instrument, has many applications in science research, some of which are described 
below. Imagine you are responsible for KOWARI and have had many scientists want to use KOWARI for their research 
projects. You consider the best approach to take is to allow the experiments with applications that provide the most value to 
society access to KOWARI first, followed by the next most beneficial applications and so on.

In the table below, rank the applications of Kowari from most valuable to society (1) to least valuable (5). Justify your 
responses in the right hand column.

 

Application of KOWARI Rank Justification of rank

Help to identify residual stresses in welds such as rails, pipelines, 
airplanes. 

Analyse stresses in coatings, such as:

• coatings that act as thermal barriers, - metal and 
ceramic layers that protect material from extreme heat such as 
car engines

• wear-resistant (don’t wear out easily) coatings such as 
those used on bolts in machinery and engine parts

• corrosion-resistant (don’t corrode easily) coatings that 
prevent rusting.

Identification of stress corrosion cracking due to extreme 
environments such as:

 – Heat + pressure (pressure pipes of power generators)

– Corrosive environment + stress (pipelines, steel reinforcement 
in concrete)

Identification of fatigue, crack growth and development in 
materials undergoing contact stress, structural components and 
load-bearing parts in machines.

Investigation of new materials such as shape-memory alloys that 
can return to their original shape after bending. Shape-memory 
alloys are used in medical and aerospace applications.
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sTUDenT aCTIVITIes

 Intercultural understanding
William Henry Bragg and William Lawrence Bragg won a Nobel Prize for Physics in 1915 for their work on x-ray diffraction 
which has lead today to the work carried out by Piazolo, Wilson and Luzin discussed in this article. The first Nobel Prize was 
awarded in 1901 and today winners across the six categories of physics, chemistry, physiology and medicine, economics, 
peace and literature are celebrated internationally. The Nobel Prize is often considered the most prestigious in the world as it 
is awarded for outstanding individual contributions. 

Examination of the nationalities of the prize winners since its inception, show an overwhelming number of winners from 
wealthy G8 countries such as the US, UK, France, Japan and Canada. There are an underwhelming number of Nobel recipients 
from developing countries. Why do you think this imbalance of nationality and Nobel Prize winners occurs? What does this 
imbalance say about cultural background and the public recognition of individual merit? Can the Nobel Prize be considered 
a reliable tool to examine the true distribution of intellectual power in the world, or is it susceptible to human bias and/or 
perception? If human perception or bias is present when deciding winners of the Nobel Prize, do you think there anything that 
can be done to readjust this international imbalance of winners? If so what can you suggest?

2014 International Year of Crystallography
The International Year of Crystallography commemorates exactly a century 
ago, when it was discovered that X-rays could be used to ‘see’ the structure 
of matter in a non-intrusive manner thanks to the work of William Henry 
Bragg, William Lawrence Bragg and Max von Laue.

The Australian Nuclear Science and Technology Organisation is home 
to much of Australia’s expertise in X-ray crystallography. Crystals are 
everywhere in our daily lives. In fact, you’ll be amazed at what they can do 
and how they aid us from being in our bodies and everywhere in nature, 
from bones to salt and sugar, and also to helping make new materials and 
technologies.

You can find out more about the ways crystallography is used in everyday research at an ANSTO Tour, or check 
out some of these great web resources:

•	 International Year of Crystallography website 

            http://www.iycr2014.org/

•	 ANSTO website on the IYC    

http://www.ansto.gov.au/AboutANSTO/News/ACS045714

•	 Helen Maynard-Casely’s blog look at a crystal a day! 

http://crystallography365.wordpress.com/
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