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Science on the Shelves Project

‘Eggsperiments’ Activity Sheet

In this activity, you can:

lean how to test an for egg freshness

discover the secret to making a fresh egg float,

find ou how to shell araw egg and

lean what links eggshells, caves, kettle scale and add rain.

Please foll ow any safety instructions highlighted like thisin red.

Is your egg fresh?

There’s an easy way to tell if an egg if fresh ar not and you dan't
have to break it open either! Carefully lower your eggs into fresh
cold water using a spoon(you can dothisin the pan if you re aout
to bal them). If the eggs gay at the bottom they’ re fresh; if the eggs
float, however, they're stale and lkest avoided.

Make your fresh egg float

So, if afresh egg sinks, how can | make it float? (and no,leaving a
fresh egg long enough to go off doesn’t court!)

Y ou can make afresh egg float by dislving salt in the water first. In fact, you can doan
experiment to find ou how much salt you need to add kefore the egg floats. Use ameasuring
jug of water and seehow many tablespoors of salt you dsslve in the water before the egg
startsto float.

Water can oy hald upthingsif they are lighter than the
same amoun of water —water can oy hold upitself or any
stuff lighter than itself. Such stuff is described as being less
dense thanwater and it floats (for example, a piece of cork).
Alternatively, stuff heavier than water is described as more
dense thanwater and it sinks (for example, a win).

When a stale egg floats, it does o because the water is
hadingit up.If astale egg floatsin pue water it must be less
dense than the water itself, whil st afresh egg that sinks must be more dense than the water.
Can youthink why a stale egg would be lessdense than afresh egg?
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Eggsperiments

Floating and sinking eggs — the science bit

As an egg ages, the water inside the shell slowly evaporates andis replaced by air, or by any
gases that are produced as the egg rots (phew!). Many food poducts (vegetable, fruit, animal,
etc.) give off gases when they go off, and they often smell! Eggs have such adistinctive,
unpeasant smell when they go off that we talk about something “smelli ng like rotten eggs’
(spedal precaitions have to be taken at domestic waste tips to ded with the gases produced as
rotting setsin). Anyway, as the egg gets older it ends up with more gasinside and lesswater,
andthe gasislighter than the water. Overall, this makes the egg lighter and in fad lessdense
than water so that a stale egg floats.

Time for some more work for you: how doyou know that a gasis lighter than water?

Now to the fresh egg which does float in salty water! You're
probably getting the picture by now: afresh egg sinksin pue water
becaise it is more dense than the water, bu can float when the liquid
itself hasincreased in density. This happens when salt isdislved in
the water — the density increases and eventually exceels that of the
egg. You may have naticed yourself that it iseasier to swim in the
salty water of the sea @mpared with the water in a swimming pod
or freshwater lake. That's becaise the salty water helps you to float.

Further investigations

Can you think of anything else in the kitchen cupboards which would have the same dfed as
the salt? Which way up is the floating egg? Isit aways this way? Do you know why?

How to shell a raw egg

Try soaking your egg in vinegar! Place araw egg in aglass
cover it completely with vinegar and leaveit for a coupe of
days. Not that hard and neither is the egg — look how squeezy
ourswas! So what's going on? Andwhat'sit got to dowith
caves, kettle scde and acid rain?

By making some careful observations yourself, you can help
work out what's going on. For instance, what do you ndice
onthe surface of the egg as it sitsin the vinegar? (It might be
easier to seeif you wse colourless girit vinegar rather than dark brown malt vinegar.)
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What's happening to the egg shell? — the science bit

What you can seeare bubbles of the gas carbon dioxide. We
breahe out carbon doxide and the same gasis produced by
burning fosgl fuels, contributing to the greenhouse dfed.
But where has this carbon doxide cme from? The egg shell
itself + the hard shell is made of amateria called a
carbonate, which contains both carbonand oxygen atoms.

Carboretes can be anverted to carbon doxide when they
come into contad with materials known as acids. Vinegar is
an add (it'sadilute solution d acdic add) and it converts the carborete in the egg's sell to
moleaules of carbon doxide gas. Each molecule of carbon dioxide has one cabonatom
attached to two axygen atoms, which iswhy it is ssmetimes referred to using the molecular
formula, CO, (pronourced “seeohtwo”).

Ancther add you can find in a supermarket is citric agd (chemists and hane-brew suppiers
also sdl it). Thisisthe purified, crystalline add from citrus fruits, such as oranges, lemons and
limes. You can make aconcentrated solution o it in water that is gronger than the aetic acd
in vinegar. This dislves the egg shell more quickly, more cmmpletely and with less snell.
You can find ou more abou addsin ou adivity The Acid Test.

Eggshells, caves, kettle scale and acid rain

In limestone regions, the rocks are made out of aform of cdcium carborate (mainly a mineral
known as cdcite), which is smilar to egg shell. In fad, limestone rocks began their lives as
the shell s of marine organisms which acaumulated to huge depths at the bottom of prehistoric
oceans. Compressed into rocks over milli ons of years and raised upwards, they became the
familiar limestone landscapes of areas like the Y orkshire Dales and Cheddar Gorge. Like
eggshell then, limestone is attacked by acids and the role of add is played in this case by rain
water.

Rain water is addic because of the carbon doxide gasin the atmosphere (yes, that again!)
which dsslves dightly in the water to make aweak add called carbonic acid. The adion d
thisaad causes the limestone itself to dslve dlightly, releasing minerals into the water and
causing a number geologicd feaures typicd of limestone country such as caves, stalactites
and stalagmites. The formation d staladites demonstrates that the process of disslving
limestoneisreversible.
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Stalagmites and stalactites

Drops of water onthe ceiling of alimestone care mntain
dissolved limestone rock. As the drop hangs there, water and
cabon doxide gas dowly evaporate from it leaving a small
lump o limestone behind. Thisisthe exad reverse of the
processby which the limestone was dissolved initialy by the
rain water (carbonic agd). Ancther drop can now run dawvn
the lump and it too leaves behind a bit of limestone. Over
time, fingers of limestone grow down from the celling. In a
similar way, stalagmites begin to grow where the drips from
the caling hit the cave floor. Eventually a stalactite can meet a stalagmite to make apill ar.

Look into the bottom of your kettle!

Y ou can see this processin adionin your own homeif youlivein aregion with hard water.
Hard water is water with lots of minerals dislved in it and it usually originates from
limestone aeas in exadly the way described above. Heding hard water has the same dfed as
the evaporation processduring stalactite formation: it drives the water and carbon doxide
away from the disolved limestone, which is re-deposited as lid cdcium carborete.

If youlivein ahard water area, you orly need to lookinside
your kettle to seeyour very own limestone landscape!
Usualy limestoneis encrusted all over the dement, the

| hottest part of the kettle. This can make your kettle very
inefficient at baili ng water so someone in your house
probably cleans away this sde from time to time.

Using your knowledge of limestone, can you think what kind
of material would be used to achieve this? - N

Anadd, o course! Sinceyouwant to clean your kettle pretty
quickly you reed to use an add that is gronger than vinegar
but not so strong asto diswlve the kettle & well as the scde!

Many descding products make use of citric add as their adive ingredient. Y ou may also come
aaoss silifamic add used for the same purpaose. Both are white solids that can be dislved in
water to make acdic solutions. Descding products shoud be treaed with resped and carry
warnings abou handling and usage. When added to a kettle that has saled up,the cabon
dioxide comes off in adramatic, fizzing fashion. Y ou must keep clear, asthe bursting
bubblesthrow up fumesand acid dropsthat you mustn’t let near your skin, eyesor face
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It never rains, it pours

Rain water can also be aidic becaise of atmospheric
pallutionfrom cars, industry and power stations burning
fosdl fuels. These produce gases more acidic than carbon
dioxide, containing sulfur or nitrogen atoms in combination
with oxygen atoms. Rain which has become agdic owing to
such pdlutionis described as acid rain and hes a significant
eff ect onthe environment.

[

Because limestone reacts with adds it provides a means of tadling acid rain. Limestone can
be used as a scrubber in power station chimneys where it removes the acidic gases. However,
this produces even more cabon doxide which isa ancern because of its contribution to the
greenhowse dfed (rather than its aadity). In addition, the limestoneis produced and
transported (more carbon dioxide!) from huge unsightly quarries often in areas of outstanding
natural beauty such asthe Derbyshire and Y orkshire Dales.
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Science on the Shelves Project

‘Fun with Flour’ Activity Sheet

In this activity, you can:

lean how to make glue,

lean how to make paint,

lean how to make play dough and

lean how to make salt & water dough, all from flour!

Please foll ow any safety instructions highlighted like thisin red. Before trying out any of
these recipes you shoud have aresporsible ault on hand and this will probably be the person
whase kitchen you are using! Thisis even moreimportant if you are going to use arecipe that
involves cooking.

Youll naticethat there's often a version that requires cooking and ore that doesn't. In
genera, the cooked redpes producethicker, smoother products that are less prone to going
mouldy and smelly in ashort time. But even so, it's best to store dl productsin seded
containers or freezer bags in the fridge (donit forget to label them) and to make small
guantiti es freshly rather than large batches.

Flour and water glue, cooked

Boil 5 cups of water in a pan. Separately, in abowl, mix /4 cup o sieved flour witha aup d
cold water. Mix to asmoath consistency (this bit islike making custard or awhite sauce) and
when all the lumps have gone, add the mixture to the water in the pan. Gently bail, stirring
continually for 2-3 minutes until the mixture thickens.

Allow to cod before using.

Y ou can make athicker glue (that has the benefit of drying more quickly) by using 1 whole
cup o flour to every 3 cups of water.

Flour paste, uncooked

Mix 1/2 cup white flour and 23 cup water together to a paste with a aeany consistency. Add
water by the drop a flour by the teaspoonto improve cnsistency and help avoid lumps. A
few drops of peppermint oil have been suggested as a preservative, preventing the growth of
mould.
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Paint, cooked

Hea 1 cup of flour and 2 cups of water gently in a pan over alow hed with constant stirring
until thickened. Allow to cod. Mix in drops of food colouring until you get the desired colour.
You can scale up thisrecipe, dividing it into batches before alding different coloursto ead.

Play dough, cooked

First, you'll need to assemble the foll owing ingredients:

2 cups white flour,

2 cups water,

1 cupsalt,

2 tablespoors vegetable alil

1 tablespooncream of tartar,

1 teaspoonfood colouring (optional).

Stir al the ingredients together in a pan over medium hea until the dough beginsto pul away
from the side of the pan. Remove from the heat and all ow to cod. When cod to the touch,
knead the play dough for afew minutes. Make sureit's gored in an airtight container,
preferably in the fridge. Y ou can add afew drops of food colouring to make diff erent colours.

If youwant to try your hand at making silly putty as well as play dough, we have arecipe for
silly putty in ou Let's Get Physicd activity.

Play dough, uncooked

Y ou can prepare the play dough from the same recipe without cooking if you replace the 2
cups of water with 2 d baili ng water. This dill requiresthe utmost care and attention
from aresponsible adult. In this case, first sift the dry ingredients together. Separately, mix
the oil, water and food colouring together. Gradually add the hat liquid to the dry ingredients,
mixing with awooden spoon uriil a soft dough forms. When thisis firm enough and cod
enough, you can remove it and kread as above.
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Salt and water dough , uncooked

Thiskind d dough isideal for making decorations that you might
wish to detail further and keep.

Mix thoroughly 1/4 cup o salt, 1/4 cup d water, and 1cup o flour.
Work into avery smoath dough using awooden spoonand then your
hands. Use biscuit cutters and atable knife to cut out the shapes you
want. The dough will harden over 24 hous, after which it can be
painted or covered with ditter. If youwant to thread your decoration,
make sure you make ahole before the dough hardens!
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Science on the Shelves Project

‘Celery Rocks!” Activity Sheet

In this activity, you can:

lean how to dye apiece of cdery like astick of rock and then,
find ou what thistell s us abou how plants transport water.

How to make your celery rock
Bladpod rock, made from cdery?

WEell, na quite, but you can customise your own celery with stripes of colour
runnng aong itslength just like the lettering in astick of rock. It's best to use
ashort pieceof cdery with the leaves gill onand daceit in afew centimetres
of foodcolouring in water. Leave it for aday or so then carefully cut into the
cdery to see where the colour has reached.

Y ou could split the céery lengthways along the lower half and dace each sidein a different
colour to make your own multi -coloured cdery stick!

Here's one we did with red and green food colouring:

4 1) = WY g

{
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Celery Rocks!

The science bit — how plants transport water

One of the reasons that even wet summers can still endin drought is the efficiency of plants at
moving water from the groundto their upper reaches where it evaporates from the surface of
the foliage. The processis cdled transpiration and it's essential for moving water to all parts
of plants, even to the tops of thetall est trees. The experiment with astick of cdery reveds that
this happens through special tubes, cdl ed xylems, which take up the food colouring.

The processis accelerated by evaporation from the ceéery leaves and you can make it go even
faster by using a hairdryer onthe leares. Compare the rate & which the olour istaken up
between threecdery sticks: one with noleaves, one with leaves, and ae with leaves applying
ahairdryer. Using the hairdryer simulates a warm, windy summer's d ay when water in the
groundfrom arecent downpou can soonfinditself being transpired badk into the amosphere.

Y ou can imagine with the tall est trees that each water-carrying xylem contains a @ntinuots,
thin column o water over ahunded fed in length and reaching from the roots to the
uppermost leaves. The dfed of evaporation at the top d thetreeliterally pulls this column of
water upthetree The adility of these thin columns of water to be pulled in thisway + withou
bre&ing + is attributed to the spedal forces between the water moleaulesin theliquid; thisis
cdled capill ary action.
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Science on the Shelves Project
‘Go Green’ Activity Sheet

In this activity, you can:

lean what recycling isall abou,

discover why biodegradable padaging can be made from starch,
find ou the twelve principles of green chemistry and

try your hand at our recycling wordsearch.

Please foll ow any safety instructions highlighted like thisin red.

What is recycling?

"I've never understood why all those humans
get rid of all the tastiest bits!"

Most people ae familiar with recycling but often we forget it means more than just throwing
the oddempty can of pop or glasshbattle into arecycling bin. Recycling is a multi-stage
processwhich involves many people and many diff erent processes.

1. People mlled their recyclables and take them to colledion pants, or they sort
their recyclables for aregular doarstep coll ection.

2. Companies must sort and processthe materials colleded, clean them up and sell
them to manufadurers for reuse to make new products.

3. Finaly, people must want to buy the new products made from recycled materials.

Recycling isagreat thingto do, bu it still uses energy and itself produces waste. We can all
play our part in saving the eavironment by avoiding using excessve anounts of padaging
and aher disposable materiasin thefirst place, then reusing and recycling the remainder
where possble.

So, remember the 3 R's: Reduce Reuse and Regycle.
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Go Green

What can you do to help?

Y ou could try having awaste free lunch! Lunchtime can mean alot of waste: plastic and paper
bags, crisp packets, drinks cartons, yoghurt pats, napkins, etc.

Challenge your friends and teaders to have waste freelunches. If you work together you
could reduce lunchtime waste to almost nathing. Set your classwaste reduction targets and
write aquestionnaire to seehow much dsposable padaging and single serving products your
friends, parents and teachers buy. If you use an electronic questionreire, you could save even
more paper!

CocomdT
RECYCLIWG

Recycling plastics

Plastic is aman-made polymer, which isaredly long moleaule built from many small
moleaular units repeated and joined together. It can take upto 700years for plastic to
deampose and dsappear from our landfill sites or dumps. This makes the recycling of
plastics particularly important. Six different types of plastic have been designed to be
recyclable. If youlivein an areawhere plastics are recycled, youll need to be avare of the
numbered plastic recycling logos. We ill ustrate these below, together with what the diff erent
plastics can be used to make:
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Polyethylene terephthalate (PET)  for water and pop bittles

High-density pdyethylene (HDPE) for milk bottles

Polyvinyl chloride (PVC) for medical tubes, blood ba®

Low-density payethylene (LDPE) for plastic bags

Polypropylene (PP for ketchup bdtles, yoghurt pots

Polystyrene (PS for meat andfish trays

QRO

How many examples of each type of plastic can you find? Write down the kinds of things
made from each. Can you find any other plastic abbreviations?

Other types of waste — waste electronic equipment

Over 20 milli on computers becane obsolete in 1998 and orly 13% were recycled! Eledronic
circuit boards, batteries and the tube inside your TV set contain hazardous materials such as
lead, mercury and chromium. If nat dispased of properly, these toxins can lead ou of landfill
sites and be released into the environment. In just one year, over 50,000tonnes of valuable
materials were recvered from disposed eledronics for recycling and reuse £ including sted,
glass plastic and precious metals like gold.

So, rext time you ask for a new computer, stereo ar mobil e phore, where will your old ore
go? Can it berecycled? Do you redly need a new one?
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Digesting the facts about starch

In contrast to plastic, starch isanatural polymer increasingly used to make environmentally-
friendly padkaging materials. Starch consists of spiral chains of sugars and these chains can
break down into small sugar moleaules that dissolve in water. This natural breakdown, or
biodegradation, is acceerated by substances known as enzymes (we say it is enzyme
catalysed). The same digestion rocessbegins as soonas we put starchy food into ou mouths,
as sliva ontainsjust the right enzyme, amylase. You can find ou more abou enzymesin ou
adivity DIY DNA.

We can seethis processin adion wsing some iodine tincture. Thisis avail able from chemists
shops as an antiseptic for treaing minor wounds. You orly need avery small amourt andit is
chegp. Caution: the solution (in alcohol) isflammable. It will also stain skin and other
surfacesand it will sting on cutsor broken skin. Useit carefully, with a dropper to add
onedrop at atime.

Youcan prepare astarch solution to experiment with by baili ng some rice and retaining the
water (please ensure you have adult supervision when handling boiling water). Allow it to
coa and kee thetop helf of the liquid by pouring if off into a cntainer. Y ou can discard the
lower portion, which contains the larger starch particles.

Place dou 10-20 ml (1-2 dessertspoors) of your starch solutionin asmall glassand carefully
add oredrop d iodine tincture. What do you se€? Y ou shoud olserve the instant formation o
adeep bue mlour with deg blue bits of starch floating around.This colour is caused by
iodine moleaules trapped in the spiral amylose moleaules of starch, like our diagram below:

Now you can repeat the experiment, bu thistime add some salivafirst by rolli ng a mouthful
of water roundyour mouth for awhile and adding thisto your starch solution. Leave it for a
while before adding adrop d iodine solution. What do you seethis time? Y ou can experiment
by varying the anourt of saliva used and the time dapsed before testing with iodine. The
saliva ontains the anylase enzyme = what is it doing to the starch?

Further investigations

Y ou can test other foods (such as breals, rice grains and fruit) for starch by plaang them ona
saucer and adding adrop of iodine solution. Seeif salivareduces any blue/bladk staining.
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Twelve principles of green chemistry

Green chemistry is the pursuit of more environmentally friendy ways of making chemicas.
Here aetwelve principles which underlie green chemistry (don't worry, we dont exped you
to understand all the jargon, they just ill ustrate what kind d issues green chemists have to
think abou!):

Prevention
It is better to prevent waste than to clean it up after it isformed.

Atom economy
Synthetic methods $roud be designed to maximise the incorporation o all
materials used into the final product.

Reducing hazards
Wherever pradicable, synthetic methods $roud use and generate substances of
minimum toxicity to humans and environment.

Safer chemicals
Chemicd products shoud be designed to preserve efficacy of functionwhile
reducing toxicity.

Safer solvents/auxiliaries
Use of auxili ary substances (solvents, separation agents, etc.) shoud belimited,
and ke innocuous when used.

Energy efficiency
Energy requirements sould be minimised. Synthetic methods $houd use
ambient presaure and temperatures.

Renewable feedstocks
A raw material or feedstock shoud be renewable rather than depleting,
wherever technicdly and econamicdly practicd.

Use fewer steps
Unnecessary derivatisation (blocking group, potectior/deprotedion, temporary
modificaion d physical/chemicd processes) should be avoided wherever
possble.

Catalysis
Catalytic reagents (as sledive a possble) are superior to stoichiometric
reagents.

Pollution prevention
Analytical methods are needed to all ow for process monitoring and control prior
to the formation d hazardous substances.

Biodegradability
Chemicd products shoud be designed so that at the end d their functionthey
break down into innocuous degradation products and do nd persist in the
environment.

Acddent prevention
Substances and the form of a substance used in the chemical process $ioud be
chasen so as to minimise the patential of chemical acadents, including releases,
explosions andfires.

Adapted from Anastas, P. T.; Warner, J. C. ‘Green Chemistry: Theory and Practice , Oxford
Univesity Press New York, 1998.
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Recycling wordsearch

There ae lots of kinds of solid wastes that can be recycled. Do you alrealy recycle some of
theitemsonthislist? Try to find them in the grid below.

Iron Brass Zinc Lead Officepaper
Wood Tin cans Tyres Cars Aluminium can
Plastic Concrete Sed Leaves Motor oll
Copper Gold Metal Rags Newspaper
Paper Jars Glass
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This activity was used by us for Science Week 2003, the BBC Tomorr ow’ s World Roadshow in
July 2002 and athe BAYSday ‘Hands-on Science' event held at Imperial College, Londonin
March 2003.
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Science on the Shelves Project
‘DIY DNA’ Activity Sheet

In this activity, you can:

lean how to extrad DNA from akiwi fruit in your own kitchen and
use apinegpleto dscover abou enzymes.

Please foll ow any safety instructions highlighted like thisin red.
Extracting DNA from a kiwi fruit

DNA isthe padymer of life, storing the information that
makes all li ving things what they are, from us humans to the
humble kiwi fruit. It isfoundin the cdls of every living
thing, including those kiwi fruit! (If you're aurious abou the
term polymer, you can find ou more aou it in ou Go
Green adivity.)

The DNA molecule has a fascinating doulde-helix structure,
with two badkbore strands joined by pairs of moleaular
groups cdled bases.

Have alook at the drawing to the right, which ill ustrates the
basic structure of DNA. It isthe order of the bases that store
the information recessary to describe living things + you can
think of the bases as a bit like the lines of a computer
program.

fuﬁ arf
phosphate
backbong

It's difficult to imagine what asingle DNA molecule looks like asit's © small. However, we

can help you see abunch of red DNA with an experiment carried out in your kitchen to
extrad the DNA from akiwi fruit.
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DIY DNA

Materials —what you’ll need

A battle of methylated spirits,
some salt,

chegp washing-up liquid (concentrated
doesn't work as well),

kiwi fruit (preferably ripe),
someice,

some hat water,

asharp knfe and choppng board,
kitchen scdes,

ameasuring jug,

two bowls (one small, orelarge),
a saucepan,

afork,

asieve and

aglass

Method — what you need to do

1. Put the methylated spiritsinto alarge bowl of ice so it codls graight away
(seeFigure 1). Do not put methylated spiritsinto afridgeor freezer as
a spark could ignite fumes.

2. Mix of 259 salt and 8@y of washing-up liquid with 900n| water in a small
bowl. Stir carefully to avoid too much froth (Figures 2a and ).

Figure 1 Figure 2a Figure 2b
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DIY DNA

3. Ped akiwi fruit and chop finely. Using afork, mash the kiwi fruit into a
paste (Figure 3).
4. Put the kiwi paste into asmall bowl and add 100nl of the salt-detergent

mix from step 2. Sit thisin asaucepan of hot (not baili ng) water for 15
minutes (Figures 4a andb).

Figure 3 Figure4a Figure 4b

5. Pour the green paste through the sieve into a glass (Figure 5).

6. Drizzletheice ®ld methylated spirits down the side of the glass ® it
forms apurple layer ontop d the green kiwi paste. You will need an
equal amourt of methylated spirits and kiwi paste (Figure 6).

7. Youshoud see awhite string-like layer form in the glassbetween the

green andthe purple layers. Thisis your extraded kiwi fruit DNA £
congatulations! (Figure 7).

Figure5 Figure 6 Figure7
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DIY DNA

How does the DNA extraction work? + the science bit

DNA isfoundwithin the diromosomes inside the nucleus of the cell s that make up every
living thing, including your kiwi fruit. To extrad this DNA, we have to separate it from all the
other cdl parts. The picture below ill ustrates a aosssedion through a cell + the DNA we
want to extrad can be foundin the nucleus, at the very heart of the cell.

By choppng and mashing up the kiwi fruit, then leaving it in the salt and detergent mix, we
break open the cdl walls, cdled membranes. Thisletsall the cél contents out, including the
DNA. But the DNA is dill surrounced by paymers cdled proteins. Luckily, kiwi fruit
contain an enzyme call ed proteinase + this attadks and kre&ks up the proteins, freeng the
DNA.

The green kiwi paste now contains your freed DNA, bu also has all the other cdl stuff that
you have released. Pasgng it through asieve removes most of these unwanted hits. Then,
when you pou the methylated spirits ontop, the DNA turnsinto asolid, becaise it can't
stay dislved in the methylated spirits.

Y oumight get bubldes in between the purple and green layers. Thisis because of the different
temperatures of the two layers. It makesthe ar dissolved in the green layer come out as
bubHes!

This experiment relies on an enzyme in the kiwi fruit to uriock the DNA. Enzymes are
powerful polymer machines that help make things work faster (you can find ou more dou
enzymes below). Apples and aanges don't have enough of these enzymes to work with this
experiment, as the DNA won' be set free However, an onon dces!
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DIY DNA

How do enzymes work?

Enzymes caalyse (speed up) reactionsin living things + they oil the wheels of the madinery
of life! Each enzyme operates on a specific substance, call ed its substrate. They fit together
like alock and key, allowing only the @rrect combination.

Have alook at our diagram below. It shows an enzyme (E) catalysing the bregkdown of
ancther substance (S, the substrate) into two dff erent products (P). Catalysis occurs because
substance Sfits predsely into surfaceof the enzyme E, so thisreadionand no dhers are
speaded up.

Here aetwo simple experiments to show enzymesin adion. Youll need:
aripefresh pinegple,
atin o pinegple,
fruit jelly cubes (or ancther gelatin product),
3 small bowlsand aknife.

First experiment + fresh pineapple

1. Preparethejelly acwrding to the instructions on the padet.

2. Leaveit tocod andset inasmall bowl.

3. Oncethejely has set, cut a pieceoff the fresh pinegpple and daceit ontop.
4. Observe and record results.

Second experiment + fresh and tinned pineapple

1. Prepare enough jelly for two bowls, following the padket instructions.
2. Leaveto set intwo small bowls, one with a pieceof tinned pinegplein,
the other with pieces of the fresh pineapple in.

3. Observe andrecord results.
What's going on? + the science bit

There ae many types of proteins, al made up d units cadled amino acids. Altogether there
are 20 amino acids. They are linked in chains of different lengths and adersto make dl the
different proteins. Gelatin is a protein, which makes the jelly set; enzymes are aspedal type
of protein too and can be foundin the pinegple.

In the first experiment, when you dace achunk d fresh pinegpple ontop o thejelly, enzymes
from the pinegpple cdalyse the digestion d the gelatin in the jelly. Therefore, the chunkof
pinegple starts to sink into the jelly asits enyzmes help breakdown the gelatin.
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DIY DNA

In the second experiment, the jelly containing the tinned pinegople shoud set much more
eff ectively than the jelly with the fresh pinegople. Enzymes from the fresh pinegople ae
breaing down the gelatin that the jelly needsto set properly. With the tinned pinegople, this
doesn't seam to be aproblem. Can you think why?

It turns out that enzyme moleaules are sensitive to hea + their unique structures are destroyed

by heat and they are no longer able to function as catalysts. Most tinned foods are heat-treated
during pasteurisationto prolong their shelf life. In contrast to the fresh pineapple, the enzymes
in thetinned pinegople have been denatured (destroyed) by heat and can't assst in the

digestion d the gelatin protein.

This activity was used by us at the BBC Tomorr ow's World Roadshow in July 2002.
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Science on the Shelves Project

‘Supermolecules’ Activity Sheet

In this activity, you can:

discover how supermolecules get your washing up clean,
do an experiment to buld your own supermolecules and
use supermoleaules to make your own biue sky.

Supermolecules and your washing up

Washing up liquid contains detergent moleaules. These moleaules have avery spedfic
structure + with apolar head groupand along hydrophobc (water-hating) tail. When you
dissolve the detergent in water, it asseembles automatically to form a super moleaule. The
hydrophobc tail sinterad with ore another and want to hide from the polar water moleaules.
The charged head group,in contrast, wants to interad with the polar water moleaules. These
interadions cause the detergent moleaules to assemble into a sphericd supermoleaule cdled a
micell e, like the one in our diagram:

It is these giant micell es that make the washing up liquid work. Any oily, greasy substances on
your plate will want to goinside the micdle. Inside the micell e, the greasy substances can
avoid the paar water moleaules and interad instead with the long hydrophobic tail s of the
detergent. Using these supermoleaules, therefore, your plates will end upsparkling clean, as
the micdl es encapsulate dl the greasy waste. But dorit forget, detergents are not just for
washing up and you can find amore frivolous use for them in ou Soapy Science adivity.

Y ou dort only wash upwith supermoleaules + sometimes you even ed them! Many foods
contain bah al and water and somehow they have to mix in order to give asmocth tasty
product. In order to achieve this, moleaules cdled emulsifiers are alded. These enulsifier
moleaules form supermoleaules, rather like the micdles in washing up liquid, all owing the oil
and water to mix. Salad crean is a good example of a product containing emulsifiers. Egg
yolk can be used as a natural emulsifier.
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Supermolecules

Further investigations

How many different foods can you find in your kitchen that contain emulsifiers (look onthe
li sts of ingredients)?

What do the diff erent foods have in common?

Build your own supermolecules

To make your own supermoleaules, you'll need:

asmall clea plastic battle (asmall soft drink batleisided),
ameasuring jug,

some aoking ail (olive oil or sesame oil works well),
washing up liquid.

To buld your supermolecules:

1. Remove awy labels from the bottle so you can seeinsideit clealy.
2. Using ameasuring jug, measure 250ml of tap water into the battle.

3. Then add enough al to form athin layer ontop d the water. Thiswill be
abou 20 ml of oil (or 2 dessertspoorfuls). It is best if the il is coloured,
such as olive oil or sesame ail .

4. Shakethebattle and leave to settle. Youshoud clealy seethe oil floatingin
alayer ontop d the water.

5. Addasmall amourt of washing up liquid to the baottle. Shake well. What do
you olserve? There will be lots of bubdes and the oil shoud begin to mix
with the water, giving a cloudy solution. Thisis because the oil i s going
inside the micdl e supermoleaules you've made, which mix with the water.

Further investigations
How much washing up liquid doyou reed to get reasonable mixing of the oil and water?

Do dfferent brands of washing up liquid have different efficiencies?
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Blue sky research!*

It's an age-old guestion, bu just why is the sky blue? To investigate, why not creae some
blue sky in your kitchen? Y oull nead:

a dear plastic or glasscontainer, idedly square/rectangular & straight sided,

apowerful torch to pay the part of the sun,
asmall quantity of milk or powdered milk.

To create your blue sky:

1. Fill the container with tap water, then add avery small quantity of milk
powder or adrop d liquid milk.

2. Lookat the container from the side and gadually add a bit more milk urtil
you ndice abluish tinge reminiscent of the sky. Remember, you can aways
add a bit more milk but you can't take any out! Stir well.

3. Shinethetorch through and look at the cntainer from the side, at right angles
to thediredion d thelight beam. Then look dredly into the light beam from
the oppasite side of the container. It might help to close the artainsin the
room before you dothis.

4. Inead case, what do you naice? You shoud see ablue sky looking at the
container from the side; looking directly through the water at the li ght source
causesit to appear yellow or red depending upan the anourt of milk used.

5. Try adding alittl e bit more milk/powder and see what effed it has.
How does this work? + the science bit

Milk isan emulsion d fat droplets in water, stabili sed by protein moleales ading as
emulsifiers and forming supermoleaules. These droplets satter light; in the same way,
moleaulesin the @mosphere scatter light giving the gopearance of a blue sky.

White light from the sun, a thetorch, contains al the @lours of the rainbow. Certain colours
are scattered more than others + you can seethis as you view the container from diff erent
angles. Which colour is scatered the most and which the least?

Can you make a container sunset? + further investigations

It's even passble to set up and watch your very own sunset in atank! A few extra dhemicas
arerequired so why nat read abou Tyndall's experiment? Y ou can find ou more aou it
here: http://intro.chem.okstate.eduw/ChemSource/Sol utions/demo2.itml.

*By the way, blue sky research is geaulativework that isn't expeded to produceimnediate
benefits, but may one day lead to a scientific breakthrough.That day could be many decades
away!

This activity was used by us at the BBC Tomorr ow's World Roadshow in July 2002.
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Science on the Shelves Project

‘It's a Gas!” Activity Sheet

In this activity, you can:

lean how to make your own fizzy drinks,
lean how to make sherbet,

discover the easy way to inflate aballoonand
blow your top by making a rocket.

Please foll ow any safety instructions highlighted like thisin red.

How to make fizzy drinks

It's easy to make your own spedal Fizz Powder which, when added to drinks, makes them
fizzy. Youwill need:

citric agd crystals,

bicarbonrete of soda,

icing sugar.

Note that the dtric acid crystals must be food grade, which you can findin the baking
sedion d your supermarket, or get from chemists and hane-brew supgiers. To make some
fizz powder, here's what you need to da

1. Add 6teaspoors of citric add crystalsto 3tablespoons of bicarbonate of
sodain abowl.

2. Crush the mixture with a spoonto form afine powder.

3. Now add 2tablespoors of icing sugar, mix thoroughly and pu into adry
jar labelled FIZZ POWDER

4. To usethe powder, pu 2 teaspoorsinto aglassand fill it up with the still
drink of your choice.

How does the fizz powder work? + the science bit

The dtric acid reads with the cabonate in hicarbonate of sodato form carbon doxide gas.
These bubles of carbon doxide ae what make your drink fizzy. Y ou can find ou more éout
caboretesin ou Eggsperiments adivity.

Why not test the acidity of different drinks? + further investigations
Addateaspoon d bicarbonate of sodato half aglassof adrink (for example, grapefruit juice)

and helf aglassof adifferent drink (for example, orange squash). Whichever drink fizzes most
isthe more acdic!
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It's a Gas!

How to make sherbet

Using the same ingredients as the fizz powder you can also make sherbet! Simply foll ow steps
1 and 2abowe for the fizz powder, bu then add 4tablespoors of icing sugar instead. When
you pu the sherbet on your tongue, the dtric add crystals dissolve and react with the
bicaborate of soda. This produces bubles of carbon doxide gas, which cause the fizzy
feding on your tongue.

The easy way to inflate a balloon = without blowing!

"l know it’s cheap, plentiful and non -flammable
but there’s a drawback with this gas..."

Yes, you can inflate aballoonwithou blowing into it yourself! Youwill need:
vinegar,
baking soda,
abattle,
aballoon.

Here'swhat to da

1. Pour abou 20 ml of vinegar into the battle.
2. Put 2 teaspoors of baking soda into the ball oon.

3. Attadh the balloonaround the nedk of the battle, taking care nat to let any
baking soda fall i nto the battle (you may need some sticky tape to seaure the
balloon).

4. Oncethe balloonis sardy fastened to the battle, lift the ball oon so that the
baking sodaistipped into the battle. Sit back and watch the ball ooninflate!

What makes the balloon inflate? + the science bit

When you tip the baking soda out of the ball ooninto the battle, it mixes with the vinegar and a
chemicad readion produces cabon doxide gas. Asthe gas can't escgpe, the ball ooninflates.
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It's a Gas!

Use a rocket to blow your top!

"Not another Science on the Shelves rocket!"

WARNING! This experiment produces a high-speal projectile! Follow all highlighted safety
instructions and wear safety goggles.

Rockets and explosives function by generating huge volumes of gasin a short time. You can
creae your own rocket using citric aéd and baking soda. Y ou can also use vinegar and baking
soda, bu citric add is preferable because things don't take off urtil you add water and it's not
so smelly! Doing thisoutsideis also preferable asit makesa mess You will need:

asmall plastic phao film canister (translucent ones are best),

baking soda,

citric add crystals, or vinegar.

Here'swhat to da

1. Mix about a1/4 teaspoon d baking soda and citric add crystalsin the film
canister.

2. Addafew drops of water, quckly snap thelid into place ad stand clear. If
you use vinegar, pu the baking sodain first, then snap onthelid as soonas
you've put in afew drops of vinegar.

3. Thelid shoud bow off dramaticdly after a short time, bu be patient!

Never allow anyoneto look over thetop oncethe anisteris‘charged’. If it failsto go df
(asit does smetimesif there'sa small leak around thelid) or seemsto have failed, open
it very carefully keeping your facewell away.
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It's a Gas!

Why is the top blown off? £ the science bit

When the atric aad crystals and beking soda dislve in the water they react with ore another
producing carbon doxide gas. The presaure builds up inside the film container until the point
at which it can forcethelid off. Thelid then blows off and the presaureisreleased.

Can you control the explosion? + further investigations

Y ou can time how long it takes for the lid to come off and experiment with quantiti es, mixing
and so forth, urtil you can get the lid to come off after exadly one minute, say.

This activity was used by us for Science Week 2003, the BAYSdgy ‘Hands-on Sience' event
held at Imperial College, Londonin March 2003 andhe British Asociation Festival of
Scienceat Sdford in Sgptember 2003.
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Science on the Shelves Project
‘Let's Get Physical' Activity Sheet

In this activity, you can:

discover how to grow your own crystals and
lean how to make your own silly puity.

Please foll ow any safety instructions highlighted like thisin red.
Crystal growing

Growing crystalsis great funandit's easy too, though youll need some patience The eaiest
way to start isto grow Epsom saltsin adish. Dissolve atablespoon d Epsom saltsin five
tablespoors of water and stir until al the salt has dissolved. Pour the solution into a dark
coloured dish andleaveit on ore side to evaporate, preferably in the sunshine. As the water
evaporates youll see alovely crop d neealle-like crystals form.

With alittle more cae you can grow alarge single aystal.
Start by dislving as much table salt as you can in abedker
of warm water. When nomore salt will dislve, pou alittle
of the water into a saucer and leaveit in the sunto evaporate.
Salt crystalswill form. Noticethat they look qute different
to the aystals of Epsom salt that you grew in the same way.

Now, seled anicelarge aystal from thiscropand tie a
thread to it (tricky!). Suspend this threaded crystal in the
bedker of saty water by tying the thread to a pencil. If you
leave it to stand undisturbed for afew weeks alarge salt
crystal will form.

Seewho can grow the biggest crystal, bu dorit get as carried
away as our friendin the catoon You can try this with table
salt or with ather crystalline materials too, such as sugar.

Can you find any other crystals? * further investigations (i)

Look ou for crystals all aroundyou. At home, you can dften find some good examplesin
battles of wine. These ae aystals of tartaric add formed as the wine ages in the battle. You
will probably aso be famili ar with horey, which can be athick, clea liquid, or set and
opague. In set honey, the sugars have aystalli sed out. Out of doars, youwill seethat certain
kinds of rocks, such as granite, consist of milli ons of tiny crystalli ne particles.
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Let's Get Physical

Can you grow a crystal icicle? * further investigations (ii)

Now that you are really goodat growing crystals, why not have ago a growing a aysta
icicle? Youwill ned:

bicarborete of soda (baking soda),

apieceof wodl,

paper clips,

two glassjars,

a saucer.

The diagram below ill ustrates what you have to buil d:

First, make asaturated solution d bicarborete of soda andfill both jarswith it (you can make
this saturated solution by dissolving as much bicarborete of soda & you possbly canin some
water). Get a piece of wool and tie paper clips to either end. Suspend each end in the jars, with
asaucer under the thread and leare to rest. As the solution soaks up and along the wodl, it
drips out and leaves a aystal icicle behind.

How to make silly putty

" ... butthis silly putty looked just like a cake!"
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Let's Get Physical

To make silly putty, you will need:

PVA glue (15ml, or 3 teaspoors),
talcum powder (5 ml, or 1 teaspoon),
foodcolouring (afew drops),

water (25 ml, or 5 teaspoons),

Borax solution (5 ml, or 1 teaspoon),
aglasstumbler,

aplastic bag,

some paper towels.

Youcan buy PVA (payvinyl alcohd) glue from craft shops, and you may arealy have some
at home. Talcisoptional, bu it does sem to improve the dasticity of the silly putty. Borax
powder is readily avail able from pharmacies and hardware shops, but you must be areful
with it, asit is harmful when swallowed. Here's what you doto make your silly putty:

1. Meaurethe glueinto the tumbler (it doesn't have to be too exad). Abou
15ml (threeteaspofuls) is enough. The more glue you add the more silly
putty youll get.

2. Next add abou 25ml (5 teaspoors) of water to the tumbler and sprinklein
oneteaspoon d talc. Stir thoroughly with the spoon to mix the ntents of
the tumbler until you have asmooth grey paste. Bre& up any clumps of talc
that form at the sides.

3. Now add dops of the food colouring urtil you get the clour you want, but
be caeful not to add too much.

4. You nav have atumbler full of colourful, watery glue. It's time for the
magic ingredient: borax. Make aborax solution by stirring a hegoed
teaspoon d borax into aglassof water. Add ateaspoorful of thisborax
solutionto your tumbler of silly putty and stir. Oncethe borax ismixed in
thoroughly, take the spoon ou and pul the putty off it.

5. Work the solid materia with your hands for afew minutes. At first it will be
quite slimy, bu soonit will become smoaoth and dy. Have the paper towels
realy so you can wipe aiy colour and goo df your hands. Y ou should lay
out your plastic bagto proted thework surface Andthere you haveit -
silly putty. Now your only problem is putting the infernal stuff down!

Wrapped upin aplastic bag or in an airtight container, silly putty will keep for aslong as you
want it. If the putty dries out then adding a small amourt of water will t ake you back to the
messy stage again. If the silly putty gets onto fabric or carpet it can be removed with alittl e
vinegar foll owed by warm soapy water.

If youwant to try your hand at making play dough aswell as slly putty, we have some redpes
for play dough in ou Fun with Flour adivity.

This activity was used by us for Science Week2003, the BAYSdgy ‘Hands-on Sience' event
held a Imperial College, Londonin March 2003 andhe British Association Festival of
Scienceat Sdford in September 2003.
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Science on the Shelves Project
‘Red Hot, Cool Chemistry' Activity Sheet

In this activity, you can:

make your own ice a@eam using chemistry,

perform an eggciti ng experiment,

make your own thermometer,

find ou whether hot water freezes faster than cold and
find ou how hot is what.

Please foll ow any safety instructions highlighted likethisin red.

Using chemistry to make chocolate ice cream

"What a salesman!"

This must be one of the best uses of sciencein the kitchen! Youwill need:

1 tablespoon d cream,

2 tablespoors of milk,

1 tablespoon d chocolate powder,
ice awhbes,

salt,

two bowls: onelarge, one small.
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Red Hot, Cool Chemistry

Placethe aean, milk and chocolate powder into the small er bowl. Put abed of ice wbesinto
the larger bowl! and sprinkle with salt. Pressthe small er bowl into the salted ice. Add ancther
layer or two of ice and salt aroundthe small er bowl, then cover with ateatowel andleaveit to
sit. Stir theice aeam mixture every few minutes.

What's going on? +the science bit

Well, we dl know that water freezes at 0 °C, bu when we ald an impurity to the water, such
as slt, we can lower the temperature & which ice melts. Why not experiment by measuring
the temperature of the ice/water whil st making your icecream? This same principleis used
when we put salt on the roads in winter to make them safer to drive on.

Can you make water unfreezable? + further investigations

So, we know that adding salt stops water from freezng at the usual 0°C. We can investigate
this by adding some salt to water and putting it in the freezer. Using a thermometer, find hav
cold the water will get beforeit freezes. Does adding more salt alow it to goeven colder
withou freezing? (you may need to turn the freezer down, bu make sure you ask permisson!)
How low can you go?

Eggciting chemistry

Everybody knows that when you bal an egg it goes hard, but do you knov why? At what
temperature does it happen?

Here'sasimple experiment to find ou at what temperature the egg changes. All youll needis
akitchen and athermometer. Separate the white of an egg and add it to asmall pan o water
onthe stove. Heat gently, using the thermometer to find ou at what temperature the egg
white goes opaque (clue: it's abou 60°C). How accurately can you measure this?

Egg white is made of proteins: big, compli cated moleaules built i nto a very predse shape, like
adinosaur skeleton. Heaing the egg causes the protein to shake and eventually coll apse. The
temperature & which the egg goes hard is the temperature & which these proteins coll apse.

How to make your own thermometer

How dowe know how hot something is? An easy way isjust to test with your hand; but what
happens when it getstoo hd or cold to touch safely? For a scientist, being able to measure
temperature accurately is very important. Using some simple sciencewe can make a
thermometer! Y ou will need:

astraw,

some modelli ng clay or Blu Tad,

asmall clea plastic battlewith lid,

some food colouring.
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Red Hot, Cool Chemistry

Here'swhat you reed to da

1. Pour cold water into the bottle urtil itsabout 1/4 full. Add afew drops of
foodcolouring.

2. Make ahde nea thetop d the baottle andinsert a straw so that it dipsin the
water; make atight sed aroundthe straw using Blu Tadk or modelli ng clay.

3. Blow into the straw and make bubldes urtil the water rises halfway up.

4. With amarker pen, mark the level of the water in the straw; thisisroom
temperature.

Experiment putting your thermometer in ha and cold places! The thermometer works becaise
as the temperature rises, the ar inside the bottle expands and pushes the water up the straw. At
cooler temperatures, the ar in the bottle cmntrads and the water drops.

Mpemba and how hot and cold water freeze

Mpemba was a young African boy who worked in Tanzania making ice cream. He was
making the ice he needed one day when he naticed that hot water freezes faster than cold
water! None of the expert scientists would believe him but luckily one grown up, hs sience
teader, did. Together they managed to convincethe experts that Mpemba was right. Not only
that, but the experts named it the ‘Mpemba Effed’ after him. To this day, no-one really knows
why it happens.

You can try thisin your kitchen + just take some hat water from the kettle and some ld
water and pu them bath in the freezer. Kegy chedking them. Which ore freezes first? Does
the size and shape of the mntainer have an effed? Does the type of container used aff ect
which freezes first?

Temperature talk + how hot is what?

Have alook at our thermometer below. How much doyou think the temperature varies where
you live over aday, or between summer and winter, compared to these extremes?

This activity was used by us for Science Week2003 and & the BAYSday ‘Hands-on Sience
event held at Imperial College, Londonin March 2003.
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Science on the Shelves Project

‘Soapy Science' Activity Sheet

In this activity, you can:

find ou how detergents work,

cary out four bublde-making experiments,
explore surface tensionand

measure it by making your own buton kalance

How do detergents work?

Soaps and detergents are made from long moleaules that contain a head and tail . These
moleaules are cdl ed surfactants; the diagram below represents a surfadant moleaule.

The hea of the moleaule is attraded to water (hydrophili ¢) andthetall i s attraded to grease
and drt (hydrophobc). When the detergent molecules med grease on clothes, the talls are
drawn into the grease but the heals dill sit in the water.
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Soapy Science

The atractive forces between the head groups and the water are so strong that the grease is
lifted away from the surface The blob d grease is now completely surrounded by detergent
moleaules and is broken into small er pieces which are washed away by the water. You can
find ou more dou how detergents work in our Supermoleaules adivity.

The detergent moleaules also help to make the washing processmore dfective by reducing the
surfacetension of the water. Surfacetensionis the force which helps ablob d water ona
surface hald its $ape and na spreal out. The surfadant moleaules of the detergent breek
apart these forces and make water behave, well, wetter!

Making bubb les

BubHdes and soap films are made of athin layer of water, sandwiched between two layers of
soap moleaules. Y ou can make giant bubldes by mixing these ingredients together:

1litre of water (distill ed is preferable, but tap water will do),
15ml good quality washing-up liquid (we used Fairy),
10 ml glycerol/glycerine (from your supermarket's ceke-baking sedion).

Once youve made your bubHde solution, you can try our four experiments!
Experiment 1

Use your hands to make ahoopshape. Dip them in the bublde solution and How gently but
firmly. Using this method you shoud be aleto blow bubdes up to abou 60 cm in dameter!
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Experiment 2

Drynessnat sharpnessbregks bubldes. Blow alarge bublde then try putting your fingersinside
it. If your handiswet you can touch and even place your hand inside the bublde withou
bursting it! A soap bubbeisonly 1/500,00@h of acentimetrethick asit startsto pogd
Experiment 3

Make alarge hoop d string abou 1 metre in dameter andtie 4 small | oops at the rnersto
make hand es. Dip this into the soap solution and with afriend pul the handles apart to form a
giant soap film. Trying shaking one end and watch the wave travel along the film.

Experiment 4

Now try and make abubble dome, like our diagram below.

Wet atray or the kitchen work-surface with your buble solution. Using a straw, blow alarge
bubHle. Push the straw through the original bubde and How a small er one inside. Seehow
many small er bubldes you can makel!

Exploring surface tension

"The introduction of the Dr. Marten size 338
finally allowed Annie to walk on water"
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Soapy Science

Water has many unusual properties, ore of which isthe phenomenon d surfacetension. As
we said earlier, surface tensionis the forcethat prevents ablob d water on a surfacefrom
spreading out. Surfacetension all ows pondskaters and aher inseds to walk acosswater and
also alowsapinto float.

Y ou can demonstrate this yourself by taking abowl of water and floating a pin onthe surface.
Carefully add just one drop o washing-up liquid and seewhat happensto the pin. It shoud
sink immediately because the detergent moleaules break apart the forces halding the water
together. The pin isnolonger suppated and so sinks to the bottom!

Measuring surface tension * the Button Balance

Y ou can measure surface tension yourself by making your own buton kelance, like the one
used by the famous nineteenth century home experimentali st, Agnes Pockels. Y ou wil | need:

alollystick,

some nylon thread,

abutton,

some plasticing,

some graph paper,

apieceof card,

a aontainer to hdd the liquid to be tested.

Here's how to buld your button kalance

Y ou can set up the balancein ore of two ways, as shown in the diagram above. Y oull soon
find ou which ore works best for you. The lollystick is used for the lever and the nylon thread
has the advantage of not soaking up water and influencing the balance The pieceof card can
be suspended from the lollysick with the nylon thread to ad as a munterbalance pan. Small
squares of graph paper can be used as weights + you can weigh alarge number of whole graph
paper sheets and work out from this what ead small square weighs. To use your balance:

1. Balancethelever before you start, for example by sticking a piece of
plasticine onthe lollystick.

2. Raiseyour container of liquid upcarefully so that the button (rim
downwards) settles gently onto the surface. You shoud ndicethe lever tip
towards the liquid.

3. Depending onwhich design you have used, you either add small weights to
the cunterbalance pan or slide the wurnterbalance dong gradually urtil the
point where the button comes off the liquid surface. You can try to pu the
button badk onthe liquid surface just to ched that it is the weight that has
pull ed the button df rather than the act of dropping the weight into the
courterbalance pan (or sliding the murterbalance).
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4. For each measurement, you can record the number of squares of paper
required to remove the button from the liquid surface(or, convert thisto an
adua weight), or record the position d the sliding courterbalance dong the
graduated lever. Try repeating your experiment to seehow close together
the measurements are. How acairate do you think your balance is?

With your button belance, try measuring the surface tension d arange of liquids and
comparing them. For example: cold water, salt water, warm water and soapy water. Y ou can
also try changing the size of the button wsed or the material it is made out of.

This activity was used by us for Science Week2003 and & the BAYSday ‘Hands-on Sience
event held at Imperial College, Londonin March 2003.
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Science on the Shelves Project
‘The Acid Test' Activity Sheet

In this activity, you can:

find ou abou adds and hases,
discover how to make acabbage water pH indicator and
lean how to write seaet messages.

Please foll ow any safety instructions highlighted like thisin red.

Acids and b ases

What do lemons and vinegar have in common? They bath taste sour on your tongue. Thisis
because they are acids and adds taste sour. Bases are the oppasite of adds; they normally
taste bitter and feel soapy. Lots of washing powders are bases ( WARNING: Do not taste
these! ). Another word for abaseis an alkali and we say that bases are dkaline cmmpound.

Some properties of acids and bases are:

adds have asour taste,

adds are rrosive,

addslose their acidity when they are combined with bases and
bases feel soapy.

Acids can soundredly scary and some of them undoultedly are, requiring very careful
handing. As a precaution you should bewary of anything called an acid. However, there
are agreat many adds which are not only harmlessto us but are vital to ou survival.

Did you know that Vitamin C isanaher name for a form of
ascorbic acid? Youll find ascorbic acid together with
anaher naturally occurring acid — citric acid —in orange
andlemonjuice These are harmlesspartly because theyare
what's known as weak acids.

Acids react with bases and we&k acids only redly read with very strong bases. The problem
with strong acids and strong bases is that they are so strong that they can always persuade
even the weekest of bases or adds to read with them. There usually is mething aroundto
fill that role since d substances lie somewhere on a scde between being strong aads and
being strong bases. Most natural substances lie in the middle zone where they're neither
particularly acidic or basic.
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The Acid Test

Scientists use something cdled the pH scale to measure how addic or basic something is. The
pH scde measures addity in the same way that a millim etre scd e measures length, for
example. A low pH indicaes an acidic compound(an add), whilst a high pH indicaes abasic
compound(abase). Hereis anill ustration d the pH scde from O (strongly addic) to 14
(strongly akaline) showing how addic, or basic, some everyday things are:

Things that are neither acidic nor basic ae neutral and come in the middle of the pH scde +
for example, pure water in theill ustration above. Knowing whether something is aadic or
basic can be very useful. For example, wasp stings are dkaline but beestings are acidic. So if
you get stung you reed to pu bicarborete of soda on abeesting and vinegar on awasp sting.
Hair condtioner is dightly alkaline & shampootendsto be dightly addic, so any traces of
shampoocan be neutrali sed by the condtioner. What does this tell you about all-in-one
shampod’condtioners?

How to make an indicator solution

"It's really weird, if you eat a lemon after a red
cabbage, you completely change colour”
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The Acid Test

Spedal substances call ed indicator s are used to determine whether things are acidic or basic
by changing colour. Y ou can make your own indicator from ared cabbage and find ou which
things in your kitchen are addic and basic. To make your indicator solution, you reed to:

1. Cut thered cabbage up, put it into a saucepan and cover with bali ng
water. Please make sure you are supervised by an adult when
handling boili ng water.

2. Stir it aroundand then leave it to soak for 15 minutes.

3. Using asieve, separate the liquid from the cdbage pieces.

4. Keeptheliquidinan dd drinksbattle andlabel it clealy as INDICATOR.

To use your indicaor solution to test things (the acid test!):

1. Pour some of theindicaor solutioninto several jars and label them.

2. Write CONTROL on oreof the jar labels. A control isa apy of an
experiment in which you donathing. It is used to show that results are
dueto thetest and nd to your equipment, al owing youto doafair
experiment. Thisjar will be your control, so youwon't be adding
anything to it  it's there so you can compare it to the others.

3. Totheother jars of indicator solution, add afew drops, or bits, of the
things you want to test. For example: lemonjuice cola, vinegar, a
bail ed swed, washing up liquid, detergents, bicarbonate of soda,
shampoo and condtioner.

4. Observe any colour changesin the jars, compared with the @ntrol. You
can use this cabbage indicaor pH scale to determine the addity:

pH 2 4 6 8 10 12

coour [ [ L

red puple violet blue blue gree
green

Invisible ink

Y ou can even use the power of add and base dhemistry to write secret messages! Y ou can
write amessage in invisible ink by doing this:
1. Add ltablespoon d bicarborate of soda (baking soda) to a mug of water.

2. Dip a oottornrwoad budinto the mixture and wse it like apen to write your
message onto a piece of paper. Handy hint: try not to pu too much liquid
onto the mtton bud

3. When the paper is completely dry, rub ared grape over the message.
Handy hint: using a hair dryer speeds things up.

Can youwork out what's going on? Of the bicarbonate of soda and the red grape, which do
you think isaadic and which akaline?

This activity was used by us for Science Week 2003 and & the BAYSday ‘Hands-on Sience
event held at Imperial College, Londonin March 2003.
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