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  Bill Bryson Prize
 Show off your science 
communication 
skills

  Write all
about it 

Have you got a 
nose for news?

     Uranium hexafluoride

 The molecule that fuels the 
nuclear power industry

 Breaking Bad

 Can a crystal blow up a room?

 Low fat chocolate

Adding fruit juice for a 
healthier treat

In laboratories up and down the country there are 
chemists who have the misfortune to work with thiols. 
Some of these whiffy molecules have a stench so 
pungent, so disgusting, that they have been known to 
empty entire buildings when a few drops are spilled in 
the wrong place.

But why do thiols smell so bad? It doesn’t seem to make 

sense when you consider their structures (fig 1). Thiols 
are the sulfur analogues of alcohols – they look very 
similar, so what makes their odours different?

The answer is surprisingly complicated, and scientists 
are still arguing about it. It’s strange to think that smell 
remains a mysterious process. 

You would think that vision – which we understand 
quite well – would be a much more complicated sense 
than smell. But actually our eyes only have to detect 
one thing: photons (albeit with different wavelengths). 
Whereas our noses are chemical sensors: capable of 
identifying thousands of different molecules.

It’s strange to think that no one knows exactly how smell works.  
Josh Howgego explains the chemistry behind the puzzle.

Sniffing out an 
explanation 

Figure 1. Ethylene glycol 
(left) doesn’t have much 
of a smell, but ethane 
dithiol (right) gives off one 
of the strongest and most 
unpleasant stenches known
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In the 1970s the US 
psychologist Martha 
McClintock observed that 
women appeared to change 
their menstrual cycles when 
exposed to the sweat of 
other menstruating females. 
She hypothesised that 
pheromones were 
responsible, and the 
research led to the urban 
myth that women’s cycles 
can synchronise. Recent 
analyses, however, indicate 
there were errors in 
McClintock’s data.

know?
Did you 

Moths use 
pheremones to 
attract a mate

Smells of the past
Smell has an emotional power over us that the other 
senses can’t emulate. The scent of cut grass on a sunny 
day can transport us back to memories of childhood, and 
we are beginning to understand why smell can be so 
evocative. The brain’s olfactory bulb – the first port of call 
for impulses from the nose – has a direct neural link to 
the limbic system, the region of the brain that processes 
memory and emotions. In contrast the major nerves 
from all the other senses are routed via the thalamus for 
pre-processing before the information is fully interpreted. 
That might be because humans have evolved to use 
mainly sight and touch for day to day activities (and so 
these inputs need careful attention), leaving our sense of 
smell as a more instinctive and subtle guide.

Many animals use smell as a means of communication 
too. The chemicals that animals secrete as messages 
are called pheromones. They can be warnings of danger, 
or even hints that the sender is on the lookout for a 
mate. There is little evidence to suggest that humans 
use pheromones but scientists think our ancestors may 
have done because there are parts of our nose which 

are no longer connected up to the brain. These may 
once have been part of the vomeronasal organ (the part 
of the nose that detects pheromones), but we have lost 
the use of it during evolution.

Getting a whiff of the truth
But how do our noses detect chemicals anyway? Early 
in the 20th century scientists thought that olfactory 
receptors worked much like any other enzyme or 
protein: they have a well-defined three-dimensional 
structure and a specifically shaped cleft in the middle. 
Only molecules with a complimentary shape are able to 
fit inside the cleft, and so the idea became known as the 
‘lock and key’ theory, because of the shape-dependant 
way the receptor and small molecule fit together.

You can imagine the nose like a dungeon with hundreds 

of locked doors leading to the brain (an analogy 
that works quite well, given the dark and slimy nasal 
environment). When a molecule wafts into the chamber 
it can only unlock a specific door, and the passage it 
activates tells the brain the identity of the intruder.

But alas, the concept of olfactory receptors being 
like locks has seemed over-simplified for decades. 
Molecules that have similar shapes would be expected 
to open the same locks, but as we’ve already seen 
(fig 1), structurally related molecules can smell utterly 
different. On the other hand, it’s not clear how timberol, 
cedramber and ambrinol (fig 2) could unlock the 
same smell receptors when they have such dissimilar 
structures; yet all three smell very alike.

Shaking possible answers out
Luca Turin, a Lebanon-born biophysicist fascinated with 
the mechanisms of smell, came up with an innovative 
theory to explain all this in 1996. It’s not just the 
molecule’s shape that’s important, according to Turin, but 
also how it vibrates once inside the receptor’s binding 
pocket. If it oscillates in just the right way it encourages an 
electron to ‘jump’ from one part of the receptor protein to 
another (in a process called quantum tunnelling), and this 
sets off a nerve impulse. 

Turin’s theory can potentially explain the different scents 
of molecules with the same shape but different atoms. 
The vibrations of any given bond are decided not only by 
geometry, but also by the mass of the atoms at either end. 
Sulfur and oxygen are different sizes, so thiol and alcohol 
functional groups have different vibrational signatures.

Like all good theories, Turin’s made some predictions 
about smell that could be tested. One was that even 
subtle differences in atomic mass in similar molecules 
should result in odour variations. He stated, for 
example, that acetophenone and its deuterated 
analogue (acetophenone-d8) smell a little different (see 
'Subtle vibrations').

In 2001 scientists from Canada set out to check if this 
‘isotopes smell different’ rule would hold for a similar 
compound, benzaldehyde. They found that trained noses 
could distinguish regular and deuterated benzaldehyde 
quite easily. The two compounds smell similar (like ‘bitter 
almonds’), but not quite the same.

Figure 2.
Three structurally 
different molecules which 
all smell very similar

Timberol cedramber

ambrinol
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Find out more

Learn more about 

pheromones with this 

podcast from the 

University of Oxford: 

http://bit.ly/QWeXOQ
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Interestingly, when they tried varying the isotope of 
carbon in the molecule (from regular 12C to 13C) people 
could detect a difference less often. That adds up, 
because the percentage mass difference between 12C and 
13C is small, and would understandably affect the overall 
vibrations of the molecule less than the doubling of 
mass incurred when 1H is substituted with 2H. The results 
seemed to support Turin’s theory nicely.

But unfortunately this was not to be a case where the 
scientists all happily agreed with one another. In 2004 
another team of scientists looked at Turin’s claim about 
acetophenone and acetophenone-d8, and disagreed with 
him: finding that, in general, their test subjects couldn’t 
distinguish the two molecules.

Adding up to a big stink
They also looked at another prediction of Turin’s theory 
– that molecules can add up to produce smells which 
none of the individual molecules give off in isolation. 
The classic example is a 1:1 mixture of benzaldehyde 
and guaiacol. Looking at these molecules (fig 3), it 
is obvious that a mixture would contain the same 
functional groups as vanillin overall (aldehyde, methyl 
ether and phenol), but they wouldn’t add together to 

make something the same shape as vanillin (it would be 
nearly twice as big). Turin says that the 1:1 mixture does 
smell of vanilla though, adding that ‘the illusion is not 
perfect, but it is striking, because the vanilla character is 
absent from the components’.

The scientists then set out to test Turin's reports 
themselves. They asked a group of test subjects to 
rate vials containing guaiacol, benzaldehyde, and a 1:1 
mixture of the two on a scale from 1 (no vanilla character) 
to 13 (extremely vanilla). They tried the test at various 

concentrations, but at no point did 
the subjects find the 1:1 mixture 
more vanilla-like than either of 
the separate components. This 
apparently disproved another of 
Turin’s findings. The team ended 
their report of the study saying that 
‘molecular vibrations alone cannot 
explain the perceived smell of an 
odorous chemical’. 

To date, scientists still don’t 
agree on why similarly shaped 
molecules can smell so different, 
but we are certainly closer to 
the answer than we were before 
Turin’s hypothesis. His ideas may 
not be fully correct, but they have 
prompted people to ask some 
interesting questions that may 
eventually lead us to the answers.

Anosmia – the inability to 
smell – is more common 
than you might think with 
respect to specific 
chemicals. For example, 
asparagus contains methyl 
mercaptan, a thiol closely 
related to ethane dithiol 
(fig 1). Scientists think 
about 10% of people can’t 
smell this molecule, 
presumably because they 
are missing the requisite 
olfactory receptor. (For 
more information see 
http://bit.ly/VfDEHp).

know?
Did you 

Vanillin is extracted 
from vanilla pods 
– but can its smell 
be recreated from 
a mix of two other 
compounds?

The mass of the two atoms at either end of a chemical bond helps 
determine the frequency at which it vibrates. It’s a little like a 
guitar string; if the atoms are heavier, they pull the ‘string’ taut 
and the vibration occurs at a higher pitch.

An easy way to change the mass of atoms without changing the 
shape of the parent molecule is to use isotopes: atoms which 
have the same number of protons but a different number of 
neutrons. Turin stated in the 1990s that acetophenone-d8, which 
has all its protons (1H) replaced with deuterium (2H), smells 
slightly different from the natural, all-hydrogen analogue.

Subtle vibrations

acetophenone-d8

benzaldehyde-d6

vanillin

Figure 3 

guaiacol benzaldehyde

guaiacol + benzaldehyde
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In 2005, the RSC sent a 
copy of Bill’s book to 
every school in the UK. Bill 
donated all the money he 
made from those sales to 
start the Bill Bryson Prize.

Communication isn’t just 
words. It’s pictures and 
sounds too. Even empty 
space and silence can be 
used to communicate.

know?

forget

Did you 

Don't 

You don’t need to be an expert scientist to communicate 
science. Just look at Bill Bryson. He didn’t study science 
at university or work in a lab – he’s just a writer who 
thinks science is fascinating. And science should 
fascinate people, it’s full of important discoveries and 
exciting stories, but as Bill himself has said: textbooks 
often leave all that fun stuff out. 

So Bill decided to write his own book – A Short History 
of Nearly Everything, which explains science and the 
stories behind it in a way that’s easy to understand. And 
people loved it.

The Bill Bryson Prize gives you the opportunity to do 
exactly the same. The competition is open to school 
students everywhere and it’s a chance for you to show 
how good you are at explaining science. It’s not about 
how much science you know, but how well you can tell 
the story. 

Start researching
There are only two ‘rules’ for entries: they have to be 
about science (and the science must be accurate), and 
they have to be appropriate for the audience. Each year 
there’s a theme to help you decide what to cover. For 
2013 this is: How science keeps us healthy.

A good tip is to choose something that interests you – 
you have to use your enthusiasm to make your audience 
listen, to show them why something is exciting, why it 
excites you. If you don’t care, why should your audience? 
And, just as important, before you can try to explain 
something to someone you need to understand it 
yourself. So you may need to do some research – ask 
your teachers, or Google and Wikipedia. The RSC has lots 
of resources you can use too. 

Select your audience
The audience can be anyone except your own peers, so 
decide who you want to communicate with and think 

carefully about how to do it. Even within the 
same language, we communicate in different 
ways with different people. For example, if you 
talked to your grandparents using the words 
and phrases that your friends use, would they 
understand you? Possibly not (they may even 
be a bit shocked.) So you have to know your 
audience and keep them in mind at all times.

Be creative
Beyond those rules, the rest is up to you. 
Be as creative and imaginative as you like. 
There’s certainly no winning formula – since 
the competition first started in 2006, each 
year the winner has been something different: 
poetry, presentations, videos, animation and 
good old books have all won the prize. And 
of course this year’s winner, a cartoon, is 
different again (see p7). But although they 
have very different styles and formats, the 
winners do have something in common: clear 
explanations, interesting stories and a bit of 
creative flair.

Prizes!
The winners get £500 for their school 
and £100 to keep, but just entering the 
competition will give you valuable practice 
in developing your communications skills. 
And communication is a skill. Everyone does 
it every day, but being really good at it takes 
thought and imagination. Have you got it?

Philip Robinson invites you to enter the competition and 
show off your science communication skills 

Bill Bryson Prize 2013

Get cracking!

All you need to know about 

the 2013 competition and 

how to enter:

http://rsc.li/U7tvdy 

Send us your entry by 

31 March 2013
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If you’re interested in 
science communication, 
you could try entering the 
RSC’s Bill Bryson Prize for 
science communication 
(see opposite).

Science communication is 
about making science 
exciting and easy to 
understand. The 
University of Nottingham’s 
periodic table of videos is 
a great example of this: 
www.periodicvideos.com

more
Find out 

Write all about it

If you have a passion for science and a flair for 
storytelling, a career as a science writer might appeal 
to you.

After finishing university, James Mitchell 
Crow started working for the Royal Society 
of Chemistry and quickly worked out that 
life as a science writer appealed to him. ‘I 
got as involved as I could in writing news 
articles for Chemistry World,’ he says. 
Writing a feature article for the magazine 
in his spare time (and for free) gave him 
more experience and improved his chances 
of landing a job. ‘When a reporter role 
subsequently came up with Chemistry 
World, I was in a really good position to get 
it,’ he says.

Science reporter
‘Being a reporter involves keeping your ear 
to the ground, making as many contacts as 
possible, to spot interesting developments 
relevant to the chemistry community,’ James 
explains. ‘Then talking to people about the 
subject, and finally writing the article.’

James eventually left Chemistry World to 
join the features team at New Scientist, 
which was quite a change. ‘The audience 
is very different to Chemistry World; 
New Scientist readers are typically not professional 
scientists,’ he says, which means explaining the science 
in much simpler terms.

James now lives in Australia, where he is a freelance 
science writer. Freelancers are independent, self-
employed writers that work for lots of different 
publications. Freelancing gives James total control over 
the work he does, because he can choose when to work 
and what he wants to write. ‘As long as you can find an 
editor you can interest in a subject, then you can write 
about whatever you like, because you are not limited by 
the remit of a single publication,’ he explains.

Take a course
Another path into science writing is a university science 
communication course. Andrew Turley took the science 
communication masters at Imperial College London 
– a course that provides a broad overview of science 
communication, through a mixture of seminars, project 
work and work experience. For Andrew, the work 
experience is one of the most valuable parts of the 

course. His own placement involved procuring front 
news matter for the World Health Organization’s journal 
The Bulletin.

While doing this, Andrew applied for additional work 
experience – sending off his CV to various different 
publications. Soon after, he landed his first science 
writing job at the magazine Chemistry and Industry.

Andrew currently works for Chemistry World. ‘My role 
here is to cover what happens in the chemical and 
pharmaceutical industries globally. In practice that 
means writing and commissioning news items, as well 
as longer feature articles,’ he explains.

Be proactive
Andrew and James’ careers both demonstrate that 
being proactive is the key to breaking into this industry. 
For James, it was writing for free; for Andrew, it was 
speculative applications. But other routes include 
writing for student newspapers or doing student radio, 
and going online offers opportunities such as blogging 
or recording podcasts or videos. ‘20 years ago as a 
student if you wanted to do some writing you had to 
do it through the student newspapers,’ says Andrew. 
‘Today, there are so many opportunities that come with 
the web.’ 

Nina Notman finds out how chemists with a nose for 
news may enjoy life as a science writer

Are you a good 
communicator?

Pick something you 

learned at school and try 

to explain it to your family 

or friends. See if they have 

any questions. Can you 

answer them?

Illu
stratIo

n
 W

o
rk

s / a
la

m
y



6 | The Mole | November 2012 www.rsc.org/TheMole

Meet the 
characters

Find out more about the Bill Bryson Prize at 

http://rsc.li/U7tvdy and send us your entry by 31 
March

‘I’ve always drawn cartoons but not always in the right 
circumstances,’ says Jess Ham. Jess is telling me about 
her lifelong love of cartoons and drawing.  Her creations 
are most often found lurking at the back of her exercise 
books but this year they’ve been getting a lot more 
attention. Jess was chosen as the winner of the Bill 
Bryson Prize for science communication, and her comic 
creations are being noticed.   

The Bill Bryson Prize judges were impressed with 
Jess’ wit and her clear presentation of the science, but 
her talents haven’t always received such a positive 
response. ‘I was thrown out of the rainbow guides, 
aged five, for drawing a picture of a big angry toilet,’ 
she recalls. And at school, while her love of cartoons 
led her to study art for her GCSEs, she discovered to 
her frustration and disappointment that cartoons are, 
apparently, not art. ‘I thought that I might learn about 
drawing and that it might be a chance to be creative, 
but I was horribly wrong. I was even told that I would 
fail.’ She didn’t fail, but she didn’t go back either and 
art’s loss became science’s gain. Now, with a clutch of 
all-A science and maths A-levels, she’s about to start 
studying chemistry at the University of Oxford. 

Drawn to science
It was in Year 10, ‘when things started to explode,’ that 
Jess’ interest in science began to blossom and her 
irrepressible creativity soon became apparent to her 
teachers. ‘I’ve always done slightly odd homework. Not 
always comics. I once made a revision moth – a paper 
moth with revision notes all over it – and I’ve been known 
to write homework on toilet roll.’ This unusual approach 
to her work prompted Jess’ chemistry teacher to suggest 
that she should enter the Bill Bryson competition. So Jess 
took her chemistry characters Hazmat Cat, Agent Reagent 
and their companions out of the exercise book and off on 
a pun-laden adventure to the Olympic Games. 

Her latest piece (opposite) sees the intrepid chemists 
solving another puzzle with their analytical skills, this 
time in a water treatment plant run by the mysterious 
Count Spatula. ‘[The plant] is called Shitby Abbey 
because apparently Whitby Abbey was the inspiration 
for [Bram] Stoker’s Dracula,’ Jess is keen to point out. 
‘It’s not a comment on Whitby. Whitby’s a perfectly 
nice place.’

Early retirement
Producing her cartoons is a labour of love, says Jess, 
with hours of drawing and redrawing. And there’s 
a good deal of research involved too, which has 
to be carefully refined to fit. ‘I end up with loads of 
information and then I have to whittle it down to the 
bits that end up in the comic. A lot of it isn’t necessary 
but I want to make sure it’s all correct. Especially if it’s 
going to end up in a chemistry magazine.’ 

But after their sudden fame, the Flask in a Mask team 
might soon be heading into retirement when Jess heads 
to Oxford. ‘There’s loads of work to do, and then there’s 
meeting all the new people; I don’t think I’ll have the 
time to sit for hours and hours doing cartoons.’ Then, 
after a moment, she adds: ‘Mind you, I say that now. But 
I never learn...’

Find out more about the Bill Bryson Prize, the RSC's 
science communication competition, on page 4.

Philip Robinson talks to the creator of 
comic chemistry cartoons

Winner of the Bill Bryson 
Prize 2012

Jess Ham

Hazmat Cat – the best 
analytical chemist in 
Britain, and part of a 
long line of scientific 
cats; the most famous 
of which worked for 
Erwin Schrödinger. He is 
reported to have had 18 
half-lives and a loud μ.

Agent Reagent – 
Head of Flask in a 
Mask. Astute readers 
may observe that 
he has a head of 
variable height.

Heatproof Matt – a 
guy called Matthew 
who’s heatproof. 
(He’s also ginger, 
quite sensitive to 
biological washing 
powder and loves to 
visit his granny in 
Whitley Bay.)

Periodic Mabel – 
Mabel works part-
time for the Flask in 
a Mask organisation, 
and hence turns up, 
well, periodically. 
For some of the 
rest of the time she 
is a dinner lady, 
but otherwise her 
life is somewhat 
mysterious.
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Ethylene glycol
(1,2-ethanediol)

Once the 235U isotope has 
been separated, the 
leftover material is called 
‘depleted uranium’. This 
has a very high density 
and is used in armour-
piercing ammunition 
(among other things) 
though many countries 
are calling for this  
use to be stopped.

Did you 
know?

Imagine trying to separate two isotopes of an element. 
The only difference between them is that one is just 
a tiny bit lighter than the other. Now imagine that the 
isotope you want makes up less than 1% of the total 
number of atoms. 

That’s the problem facing anyone trying to make fuel 
for a nuclear reactor – or a nuclear bomb: uranium-235 
is the isotope required for the fission process that 
provides the energy for both nuclear bombs and power 
stations. Unfortunately, over 99% of natural uranium is 
the slightly heavier isotope uranium-238. 

Isotopic enrichment
So how can we increase the proportion of uranium-235? 
The answer is: with great difficulty! 

It all comes down to momentum. When you give a 
mixture of particles some energy – be they atoms, 
molecules or whatever – the heavier ones move slightly 

slower than the 
lighter ones. 
This is most 
pronounced 
for gases, so 
what we really 
need is a 
gaseous form of 
uranium.

But the boiling 
point of 
uranium is over 
4000°C, which 
makes it rather 
impractical 
to work with. 
Enter uranium 
hexafluoride: 

this is a crystalline solid at room temperature, and 
sublimes directly to a gas at a much more achievable 57°C. 

But uranium hexafluoride is not a particularly pleasant 
compound. Making it involves some pretty unfriendly 
chemicals: you have to use elemental fluorine, or nitric 
acid, ammonia and hydrofluoric acid. Not processes I’d 
be too keen to try in a hurry! And UF6 itself is corrosive 
to most metals. It also needs to be kept really dry. The 
slightest whiff of water and it breaks down. 

Spinning separation
But even with uranium hexafluoride, the task of 
separating the two isotopes is technologically 
challenging. The UF6 is fed into massive gas centrifuges, 
which accelerate the gas molecules to over 100 000 
revolutions per minute to separate them (the heavier 
ones move towards the outside wall of the centrifuge, 
whereas lighter ones stay nearer the middle). 

Because the difference in mass between the two 
molecules is so small, this process has to be repeated 
many times, so uranium enrichment facilities usually 
have hundreds or even thousands of centrifuges set up 
to feed from one to the next.

However, there are possible alternatives that could 
make uranium enrichment simpler and cheaper. One 
option is using a laser at just the right frequency to 
selectively excite and ionise only the UF6 molecules 
containing uranium-235. The charged molecules are 
then much easier to separate from the neutral ones 
containing uranium-238, using an electromagnetic field. 

But whether you use a laser or a centrifuge, and whether 
you’re trying to help solve the world’s energy crisis or 
destroy it in a nuclear war, you’re going to need some  
very brave and experienced (or very reckless) chemists 
to deal with the compound that makes it all possible in 
the first place.

Uranium-based fuel 
rods are loaded into a 
nuclear power station's 
reactor core. The reactor 
is immersed beneath 
the water and lifting 
machinery is used to 
raise and lower the fuel 
rods into the core

Magnificent molecules
Phillip Broadwith examines the molecule 
that fuels the nuclear power industry

In this issue: uranium hexafluoride
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In Breaking Bad,1 Walt is a high school 
chemistry teacher turned criminal 
producing amphetamine (crystal meth) 
to sell on the black market. At one 
point his partner, Jesse, gets swindled 
and beaten up by a psychopathic 
gangster called Tuco. Walt confronts 
Tuco and offers him some more 
crystals but insists on being paid 
immediately. Tuco starts to get nasty ... 
but Walt has a plan.

Bogus crystals
In anticipation of the negotiations 
not going to plan, Walt hasn’t actually 
given Tuco a bag of crystal meth 
but in fact crystals of 'fulminate of 
mercury' – a high explosive! He 
throws a crystal on the ground which 
detonates creating an almighty 
explosion. In the last scene, we see 
Walt walking victoriously from the 
smoking remains of Tuco’s office 
clutching a bag of money!

Could a small crystal of mercury 
fulminate really do so much damage? 
Mercury fulminate (or fulminate 
of mercury, as Walt rightly calls it) 
Hg(ONC)2 is a very unstable and 
explosive compound. Although first 
prepared back in 1800, because 
of its instability the crystal structure was only fully 
determined as recently as 2007. It is prepared by 
reacting mercury with nitric acid and then adding 
ethanol. The crystals are usually brown to grey (due 
to colloidal mercury) and large crystals are extremely 
unstable. Silver fulminate can also be prepared in a 
similar way but is too sensitive for commercial use, 
though some crackers and children's toy caps (eg Fun 
Snaps) sometimes make use of it.

A big bang…
Pressure changes, vibrations and shock can lead 
to detonation. The explosive properties can be 
demonstrated in the lab by hitting a very small crystal 
(ca. < 1 mm3) with a hammer. Detonation produces 
mercury vapour, carbon monoxide and nitrogen.

One explosion pathway could be:

Hg(ONC)2 → Hg + 2CO + N2

Walt’s crystals are transparent and 1000 times larger 
than the demonstration crystals mentioned above. If 
they could have been prepared at all without detonation 
they would have been very unstable to carry around but 
could indeed have created a very powerful explosion. 
Also, the shock wave would no doubt have detonated 
the other crystals in the bag on Tuco’s desk. I doubt 
there would have been such a great quantity of flames 
issuing from the explosion as you see in the film. Had 
Walt and Tuco survived the explosion, they would not 
have been able to hear for a long while!

Reference
1.  Breaking Bad, episode 6 of the first series DVD,

Sony Pictures, 2008

On-screen chemistry

Walter White, chemistry 
teacher turned criminal, 
produces crystal meth 
(amphetamine)

Primary explosives, like 
fulminate of mercury, 
are used as detonators 
for more stable 
explosives. Alfred Nobel 
used fulminate of 
mercury in blast caps for 
detonating dynamite.

know?
Did you 

Jonathan Hare investigates exploding crystals

Breaking Bad IV – can a little crystal 
blow up a room?
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Thorton's holds the 
current world record for 
the largest chocolate bar. 
Weighing almost six 
tonnes and measuring 
4 m square, it was created 
in honour of the 
company's 100th birthday 
last year. Guinness World 
Records adjudicators 
confirmed that it was the 
world's biggest chocolate 
bar (12 Oct 2011).

Did you 
know?

From left to right: Team 
members Tom Skelhon, 
Adam Morgan and 
Stefan Bon

Fruit juice has been used by scientists in the UK to 
replace up to half of the fat content from cocoa butter 
and milk fats in milk and white chocolate. Stefan Bon 
and his colleagues at the University of Warwick made a 
water-in-oil emulsion to replace the fat by adding fruit 
juices to chocolate formulations.

Cocoa butter gives chocolate its melt-in-the-mouth 
sensation and plays a crucial role in its texture, but 
manufacturers have been looking for ways to reduce 
its fat content. One way is to introduce air bubbles into 
the chocolate. This works for chocolate bars where the 

consumer expects large bubbles, but scientists have 
been trying to produce smaller bubbles, below 30 µm, 
to give a smooth sensation. Unfortunately, ‘air bubbles 
ripen really fast so they are more difficult to stabilise 
below 30 µm,’ says Bon.

Instead, Bon and his team encapsulated fruit 
juice within the chocolate formulation and 
compartmentalised the juice into droplets that fall 
below the 30 µm threshold value. ‘We used a water-
based system. Density-wise, the chocolate bar feels 
heavy. With air bubbles, the feeling would be light and 
consumers might think that they have been conned,’ 
says Bon. They introduced solid particles into the mix, 
which sit at the interface between the oil and water to 
prevent the two particle types from fusing.

No added sugar
‘Some people might say that if you take out the fat, 
you replace it with sugar because some commercial 
fruit juices have a lot of added sugar,’ says Bon. ‘But 
in a normal chocolate formulation, the manufacturer 
adds a lot of refined sugar and you can take that out 
so you don’t have to add extra sugar. So you reduce fat 
levels by up to 50% and you can tune your sugar level 
depending on what type of juice you use. If you use pure 
water with vitamin C, there is no sugar in there, so you 
completely drop your sugar level as well.’

As for how the chocolate tastes, ‘obviously if you put in 
50% fruit juice or 50% flat coke or coffee or whatever 
you want, then it will have a little bit of that flavour’, says 
Bon. ‘But we made a milk chocolate bar formulation 
with water containing a tiny bit of vitamin C and the 
taste was quite similar to ordinary milk chocolate.’

Fruit juice infused 
chocolate to reduce 
fat consumption
Elinor Hughes investigates healthy chocolate
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Watch how the test 
happened in real-time:
http://bit.ly/VD664v

Take a look inside the 
rocket system:
http://bit.ly/VD6eAR

action
See it in 

Ian Le Guillou experiences the Bloodhound rocket test

The Bloodhound hybrid 
rocket engine roars 
into life

What do you get if you cross a formula one engine, 
a pump from a cruise missile, 400 litres of hydrogen 
peroxide and 181 kilograms of rocket fuel? That’s 
what engineers from the Bloodhound supersonic car 
project were trying to find out in Newquay last month.

Building a car that travels over 1000 miles per hour is 
no easy feat and needs a lot of planning and testing 
to get it right. Last month’s test, carried out in a 
bomb-proof hangar on an RAF base, was the first 
test to put all the components of the rocket system 
together. It appears to have been a complete success 
with the rocket burning stably and more powerfully 
than expected.  The test has generated huge amounts 
of data, which the engineers will be looking through 
carefully to check that everything worked.

Breaking a world record
Next year, fighter pilot and current land speed record 
holder Andy Green will be driving Bloodhound SSC 
across the Hakskeen Pan in South Africa. Green is 
expecting a difficult drive: ‘I’m controlling all three 
engines … keeping the car straight, looking to get it 
to the right speed through the measured mile, shut 
down those engines and then I’ve got the air brakes, 
parachutes and the wheel brakes to sequence to 
make sure we stop exactly at the end of the 12 mile 
track. From a standing start, I’ll be at the other end 
two minutes later.’

The team are using a rocket that combines a liquid 
fuel and a solid fuel, known as a hybrid rocket. Solid 
rockets, like the one used on the space shuttle, are very 
stable but once they start burning they are impossible 
to stop if something goes wrong. This is not a major 
problem for the shuttle, because the rocket can be 
jettisoned easily, but this is not such a good choice for a 
car. The hybrid rocket gives much better control, as the 
driver can simply switch off the pump for the liquid fuel, 
shutting down the rocket.

Rocket fuel
The liquid fuel, hydrogen peroxide, is pumped through 
a silver catalyst which breaks it down into water and 
oxygen. This is a powerful reaction which raises the 
temperature to 600°C. However, the hydrogen peroxide is 
very unstable so it needs to be ultra-pure and the holding 
tank must be cleaned with nitric acid beforehand. Even 
a misplaced fingerprint could be enough to start the 
reaction unexpectedly.

Once the chamber reaches 600°C, the solid rocket fuel 
can ignite. This fuel is known as hydroxyl-terminated 
polybutadiene (HTPB), a highly stable rubber. You could 
hold a match to it and it wouldn’t burn. At 600°C and 
surrounded by oxygen it will burn readily, bringing the 
temperature in the chamber to 3000°C. The engineers 
were keeping a close eye to see if the HTPB burned evenly 
– a common problem with solid fuel. The fuel rod was 
finely tuned by Daniel Jubb, a self-taught rocket engineer, 
using the same techniques he uses for military systems. 
This means that they must be kept highly secret and can’t 
even be patented. 

Pushing limits
The Bloodhound system is the largest hybrid rocket of this 
kind in Europe and there are a lot more tests to complete 
as the engineers push it further towards its limits. Just like 
the test last month, the record attempts will be streamed 
live over the internet so that we can all see what the world 
looks like at 1000 miles per hour.

Successful rocket test 
for 1000 mph car 
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Puzzles

Submit your answers online at
http://bit.ly/612ans

by Monday 3 December.
A correct answer, chosen at random, will  

win a £25 Amazon voucher. 

September puzzle solutions and winners
The winner of the wordsearch puzzle was Chris Payne from Hereford. The 13-letter word 
was STOICHIOMETRY. The acrostic puzzle was won by Rebecca Murray from Lisburn.  
The 9-letter word was NEODYMIUM.

Wordsearch
Find the 36 words/expressions associated with the development of 
greener chlorine hidden in this grid (contributed by Bert Neary). Words 
read in any direction, but are always in a straight line. Some letters may 
be used more than once. When you have found all the words, use the 
remaining letters to make a 7-letter word.

AIR
ANODE
ATMOSPHERE
BRINE CELLS
BRINE ELECTROLYSIS
BRINE FEED
BUILD
CARBON DIOXIDE
CATHODE
CELL
COLOUR
EFFLUENT

ELECTRICAL ENERGY
ENERGY
EVAPORATION
FLOWS
GAS
HYDROGEN
HYDROGEN GAS
ION
MEMBRANE
MERCURY EMISSIONS
MERCURY FREE
ODC CELLS

OXIDATION
OXYGEN
PLANT DESIGN
RATE
REACT
SODIUM HYDROXIDE
STEAM
TECHNOLOGY
TITANIUM ANODE
TYPE
VOLTAGE
WATER

£25 of vouchers to be won S N O I S S I M E Y R U C R E M S

O A D R E D O N A M U I N A T I T

X T E P L A N T D E S I G N S S C

I M E C E S E N R I A E P Y T A A

D O F A G L O E E R U O L O C G R

A S E T A L X U A F L O W S D N B

T P N H T E Y L C U R E T A R E O

I H I O L C G F T T B U I L D G N

O E R D O C E F C E N E R G Y O D

N R B E V D N E N A R B M E M R I

T E C H N O L O G Y R E T A W D O

A B R I N E C E L L S T E A M Y X

N C O S E V A P O R A T I O N H I

O N A N H Y D R O G E N L L E C D

D G I E E E R F Y R U C R E M D E

E R S O D I U M H Y D R O X I D E

B Y G R E N E L A C I R T C E L E

Events
RSC ChemNet events are supported by 
an education grant as part of the Reach 
and Teach program funded by the 
Wolfson Foundation.

  Chemistry at Cardiff
21 November 16:30–19:30
What's it like to study at Cardiff University? 
Come and meet current students to find out. 
http://rsc.li/UgzUTl

   Scottish Water lab tour
27 November 14:30–16:30 
Visit the labs and find out about the work of 
scientists at Scottish Water
Riccarton, Edinburgh 
http://rsc.li/UgAuRc

   Careers with chemical science degrees
27 November 17:30–19:30
Find out about the range of opportunities 
available with a chemistry degree. 
Nottingham 
http://rsc.li/UgBtk4

   CSI Swansea
28 November 13:00–16:30
Swansea University, Port Talbot 
http://rsc.li/UgBXGW

  Chemistry – the perfect gift for 
Christmas

18 December 09:40–14:30
Glamorgan University, Pontypridd 
http://rsc.li/UgCby0

ChemNet ReAct question of the month
How does ozone protect us from the 
effects of the harmful UV radiation 
from the sun?
To access resources and find the answer to 
the RSC ChemNet ReAct question of the 
month, login with your MyRSC login details.

No MyRSC account? Register  
for free and click to the ReAct  
site from the ChemNet tab.  
http://my.rsc.org/chemnet

Discover more about chemistry
Free support and advice for all chemistry 
students through RSC ChemNet.
RSC ChemNet membership gives you:

 RSC ChemNet ReAct
Stuck with course topics? Ask our Dr ChemNet 
experts about tricky areas of your chemistry 
course, try our tutorials, find out exam tips 
and browse other students' FAQs.

  Careers advice
Access scientific careers publications – advice 
on topics such as writing personal statements 
will help you with your UCAS application form.

  MyRSC Online Chemistry Network
Join the RSC ChemNet discussion group and 
chat to other members, explore blogs and 
enter monthly competitions.

  Specialist information
Discover hundreds of stimulating resources on 
Learn Chemistry. Explore key chemistry topics 
through real-life contexts.

  Events
Attend events to meet other members in your 
area, find out about a career in chemistry and 
what university has to offer.

Join today at http://my.rsc.org/chemnet

To book a place on an 

RSC ChemNet event:

E: events@rsc.org

T: 01223 432340

or book online and find more 

info about all the events at:

www.rsc.org/chemnet

http://my.rsc.org/chemnet

RSC ChemNet


