The Magic of Chemistry


A collection of Chemistry Demonstrations

CHEMISTRY DEMONSTRATIONS

INTRODUCTION
Time spent setting up Chemistry demonstrations is well spent. I have put on a number of shows over the years for years 9 – 13 students and it has proved to have universal appeal and scientifically stimulating to young and old alike.

A chemistry show is not just entertainment. I have found that these demonstrations can be used...
· at the beginning of a chemistry unit to help foster interest in the subject

· to draw ideas/explanations/hypotheses from a class before a topic is covered

· as a reinforcement/extension after a topic is completed

· as an exciting way to demonstrate physical and chemical changes

· to demonstrate different types of reactions

The secret to a successful show is to be well organised. The key to this is to try out the demonstrations beforehand to make sure that they work.

The display could be organises in a variety of ways with a variety of props. It could be done as a continuous series of reactions with a question time at the end (or in the next follow-up period) or it could be done in an interactive way bit – by – bit.

Remember the sky is the limit as to how the show may be presented – you can put as much pomp and flair into the demonstration as you like – its over to you. I have also done the show using students in pairs or as individuals and they have performed the demonstrations themselves and had to explain to the rest of the class what was the science involved.

SAFETY REQUIREMENTS
It’s over to you to investigate the hazardous nature of the substances and equipment you are dealing with. Before doing any demonstrations, refer to the Laboratory Code of Practice and MSDS in your school. All students should be wearing safety glasses and lab coats and in experiments involving cryogenic substances gloves should be worn.
COLOURS

1
BUBBLING COLUMNS

What to do:
Fill two tall gas jars with water. To one, add about 1 g potassium chromate, K2CrO4 and to the other a few small crystals of potassium permanganate, KMnO4. Now add some dry ice, CO2 to each cylinder. This can be added at the beginning of the show for the first visual effect. A rapid bubbling is observed from the bottom of each cylinder. A variation on this would be to use a dilute sodium hydroxide solution containing phenolphthalein indicator - the pink solution would turn colourless.
2
WELCOME POSTER

Solution A:
0.1 mol L-1 ammonium thiocyanate, NH4SCN (0.8 g/l00 mL)

Solution B:
0.1 mol L-1 potassium hexacyanoferrate It (potassium ferrocyanide), 
K4Fe(CN)6.3H2O (4.2 g/ 100 mL) - must be freshly made!

Solution C:
0.1 mol L-1 iron III chloride, FeCl3 (16.2 g/100 mL)

What to do:
Paint your poster with solution A (turns red) and solution B (turns blue). Allow to dry (hair dryer for quick result) and apply a fine spray of solution C when required. Best results are obtained if solution B is not applied too soon before the show as its colour darkens with time.

Fe3+ + SCN- ( FeSCN2+
(red)

Fe3+ + Fe(CN)6 ( Fe(Fe(CN)6)
(Prussian blue)
3.
IODINE CLOCK

Solution A: 0.17 g potassium iodate in 100 mL water

Solution B: 0.5 g sodium sulfite, Na2SO3, 2.5 mL 3 mol L-1 sulfuric acid, H2SO4 and 40 mL 1% starch (1 g starch in 99 mL hot water) in 710 mL water. Solution B must be freshly made!

What to do:
Mix equal parts (e.g. 50 mL) of solutions A and B quickly, cover if desired and wait for the formation of the blue-black reaction complex after some time. Reaction times are affected by temperature and the concentration of reagents A and B and can be adjusted accordingly.


IO3- + 3SO32-  (  I- + 3SO42-

5I- + IO3- + 6H+  (  3H2O + 3I2

I2 + starch  ( blue-black complex

4
MYSTERY JUG
Solution A: dissolve 5 g iron III ammonium sulfate in 500 mL of water

Place about 0.1 g of each of the following substances in separate 100 mL beakers and dissolve each in a few drops of water. The beakers should appear to be empty to the audience.

1. potassium thiocyanate (red)
2. potassium ferrocyanide (blue)
3. barium chloride (white)

4. tartaric acid (green)

5. sodium hydroxide (amber)

What to do:
Place about 50 mL of solution A into each of the beakers.

5
GOLDEN RAIN

Finely grind about 5 g lead nitrate and 5 g potassium iodide separately and place in two separate capped containers.

What to do:
Place each of the solids in a container cap and throw simultaneously into a large beaker of water.

6.
MYSTERY WRITING
What to do:
Make a slightly alkaline solution using ammonia and add several drops of phenolphthalein. Use this to write on the whiteboard. The pink colour of the phenolphthalein will fade. If concentrated ammonia solution is wafted near the writing it will reappear. 
7
BLUE BOTTLE
Glucose (an aldehyde) in an alkaline solution is slowly oxidised by oxygen, forming gluconic acid: In the presence of sodium hydroxide gluconic acid is converted to sodium gluconate. Methylene blue speeds up the reaction, acting as an oxygen transfer agent. By oxidising glucose methylene blue itself is reduced and becomes colourless (formation of leucomethylene blue):

If there is a sufficient air in the system, leucomethylene blue is quickly re-oxidised and the blue colour of solution is restored. On standing glucose reduces the dye and the colour of the solution disappears. In dilute solutions the reaction takes place at 40 - 60 oC. In more concentrated solutions (as used here by us) the process occurs at room temperature.

Preparation.
Two one-litre Erlenmeyer flasks are half filled with tap water. 2.5 g of glucose are dissolved in one of the flasks (flask A), and 5 g of glucose in another (flask B).

What to do:
 Just prior to the show 2.5 g of sodium hydroxide (NaOH) are dissolved in flask A and 5 g of NaOH in the flask B. During the presentation approximately 1 ml of 0.1% solution of methylene blue is added into each flask and flasks are stoppered and shaken to dissolve the dye. The flasks are then set aside, and the blue colour of the solutions gradually disappears as glucose is oxidised by the dissolved oxygen. After the solutions became colourless the blue colour can be restored by shaking the flasks. This experiment can be “revisited” several times during the show.

8
HALLOWEEN REACTION

The demonstration is known as the `Old Nassau Reaction', a clock reaction which turns orange and then black (and has therefore also been named the `Halloween Reaction')

Preparation.
The following three solutions need to be prepared.

A. Make a paste of 4 g of soluble starch with a few ml of water. Pour onto this 500 ml of boiling water and stir. Cool to room temperature, add 13.7 g of sodium metabisulphite (Na2S2O5) and make up to 1 L with water.

B. Dissolve 3 g of mercury (II) chloride in water and make the solution up to 1 L with water.

C. Dissolve 15 g of potassium iodate (KIO3) in water and make the solution up to 1 L with water.

What to do:
Mix 50 ml of solution A with 50 ml of solution B. Then pour into this mixture into 50 ml of solution C. After about 5 seconds the mixture will turn an opaque orange colour as insoluble mercury iodide precipitates. After further 5 seconds the mixture suddenly turns blue-black as a starch-iodine complex is formed.  The second colour change (orange to black) is not normally expected by the audience and comes as a real surprise.

9
OSCILLATING REACTION
Preparation. Prepare three solutions as follows.

Solution A. Pour 400 ml of distilled water into a 2 litre beaker.  Wearing gloves pour 410 ml of 30% hydrogen peroxide into the water. Dilute the solution to one litre with distilled water.

Solution B. Place 43 g of potassium iodate (KIO3) and approximately 800 ml of distilled water in the second 2-litre beaker. Add 4.3 ml of concentrated H2SO4 to this mixture. Warm and stir the mixture until the potassium iodate dissolves. Dilute the solution to one litre with distilled water.

Solution C. Dissolve 16 g of malonic acid and 3.4 g of manganese sulfate (hydrate) in approximately 500 ml of distilled water in the third 2 litre beaker. In the 100-ml beaker heat 50 ml of distilled water to boiling. In a separate beaker mix 3 g of soluble starch with about 10 ml of water and stir the mixture to form a slurry (or the starch can be suspended in a little alcohol but in this case extra care must be exercised when pouring into the boiling water). Pour the slurry into the boiling water and continue heating and stirring the mixture until the starch has dissolved (1-2 minutes). Pour this starch solution into the solution of malonic acid and manganese sulphate and dilute the mixture with distilled water to one litre.

What to do:
Set a 1.5-litre beaker on the magnetic stirrer and place the stirring bar into the beaker. Pour 500 ml of solution A and 500 ml of the solution B into the beaker and adjust the stirring rate to produce a large vortex in the mixture. Then pour 500 ml of solution  C into the beaker. The initially colourless solution will become amber almost immediately. Then it will suddenly turn blue-black. The blue-black will fade to colourless, and the cycle will repeat several times with a period which initially lasts about 15 seconds but gradually lengthens.  After a few minutes the solution will remain blue-black.

10
RAINBOW TEST TUBES
What to do:
Place a series of test tubes ½ filled with water in a test tube rack. Add a few drops of universal indicator to each test tube. Add dilute HCl or dilute NaOH to the test tubes to produce a spectrum of colours.

11
RED CABBAGE INDICATOR

What to do:
Chop the cabbage into small pieces until you have about 2 cups of chopped cabbage. Place the cabbage in a large beaker or other glass container and add boiling water to cover the cabbage. Allow at least ten minutes for the colour to leach out of the cabbage. (Alternatively, you can place about 2 cups of cabbage in a blender, cover it with boiling water, and blend it.) 

Filter out the plant material to obtain a red-purple-bluish coloured liquid. This liquid is at about pH 7. (The exact colour you get depends on the pH of the water.) 

Pour about 50 - 100 mL of your red cabbage indicator into each 250 mL beaker. 

Add various household solutions to your indicator until a colour change is obtained. Use separate containers for each household solution - you don't want to mix chemicals that don't go well together!

12
SILVER MIRRORS
What to do:
Dissolve about 1 teaspoon glucose in 100 mL water.  Place about 20 mL 0.1 molL-1 AgNO3 in a clean boiling tube or small round bottomed flask. Add 1 drop NaOH and then sufficient NH3 solution to dissolve the grey ppt. Add about 5 ml of the glucose solution and warm in a hot water bath

13
PRETTY COLOURS 1 

What to do:
Dissolve about 3.5 g Rochelle salt (sodium potassium tartrate) in 30 mL water

Heat to about 90oC Add 10 mL of 20 vol hydrogen peroxide soln – note no reaction. Add enough CoCl2 solution to make solution distinctly pink

14
PRETTY COLOURS 2
What to do:
Make a pale orange solution of potassium dichromate. Add a few mL sulfuric acid. Add a few drops hydrogen peroxide and stir

15
WINE TO WATER

What to do:
Make a weak solution of potassium permanganate. Add a few mL H2SO4. Add a few mL hydrogen peroxide and stir

16
WATER TO MILK

What to do:
Dissolve 7.5 g hypo (sodium thiosulfate) in 150 mL water. Place about 50 ml of the hypo solution in a conical flask. Add about 5 mL of hydrochloric acid. Place the flask on a cross drawn of a piece of white paper. Time how long it takes for the cross to disappear.
17
GENIE OUT OF THE BOTTLE

PRODUCES NO2 -    MUST BE DONE IN A FUME CUPBOARD OR OUTSIDE

Place about 10 g sodium thiosulfate in a large conical flask. Add enough concentrated nitric acid to cover the crystals. Stand back. Reaction takes a few seconds to start. When the reaction is complete carefully tip the liquid contents out of the flask. Add several lots of water to wash excess nitric acid of the lump of spongy sulfur which remains in the flask.
POPS AND BANGS

18
HYDROGEN BALLOONS

What to do:
Fill medium to large balloons with hydrogen gas (cylinder) shortly before each performance. I prefer to tie them down to a retort ring on a retort stand. That way, students are not so sure what's in the balloons. A burning candle tied to the end of a stick (at least 1 m long) is used to explode them at convenient points during the show, preferably in a darkened room.

2H2 + O2 ( 2H2O + energy
19
COLLAPSING COKE CANS

What to do:
Place a few mL of water in an empty aluminium soft drink can. Heat the can over a Bunsen burner until the water is boiling. Holding the can in tongs quickly invert the can and ½ submerge in icy water

CRYOGENICS

20
LIQUID NITROGEN
Fill a 2 L wide-mouthed Dewar flask about two-thirds full with liquid nitrogen. This is the basis for a number of cryogenic demonstrations. Here are some suggestions:

(a)
BANANA HAMMER:
Freeze a banana on a meat skewer for at least 1 minute, then holding it with insulated gloves, use it to nail (e.g. galvanised clouts) the – ‘welcome’ poster onto a piece of softboard (etc). At the point the poster can be sprayed with the iron III chloride solution (a used Ajax bottle is an ideal to produce a fine spray).

(b)
BALLOONS:
Before the show, condense some balloons into the nitrogen and leave them sitting on the bottom. During the performance some more can be added and then all can be removed with tongs. It is particularly effective to remove a large, tied and twisted figure balloon.
(c)
RUBBER THINGS:
Place the end of a piece of hollow rubber tubing and an old squash ball on a string into the nitrogen and freeze. Use these to demonstrate changing physical properties.

(d)
FLOWER:
Freeze a flower such as a rose, chrysanthemum or carnation and shatter it in your hands.

(e)
MERCURY:
Freeze about one-third of a stoppered test tube of mercury (m.p. -39°C). Remove and invert.

(f)
WATER - Pour some liquid nitrogen into a beaker of water. You can add colour to the water first if you like to increase the effect.

(g)
EGG - Crack an egg in a fry pan and add the liquid nitrogen.
(h)
BUNGIE NAIL – Cut a tapered end on a piece of bungie cord about 5 cm long. Freeze the cord which can then be hammered into a piece of soft wood.
FIRES AND FLAMES
21.
BOILING WATER IN A PAPER BAG

What to do:
Apply your Origami skills to construct a paper boat in the shape of a cuboid. Place on a tripod stand with gauze, fill with enough water to cover the bottom and a few centimetres up the sides and heat underneath with a Bunsen burner on a blue flame. A piece of white 80 gsm photocopy paper should be ideal for the job.
22.
BURNING HANKY

Solution A: Mix 50 mL 95% ethanol and 50 mL water.

What to do: Thoroughly soak a cotton handkerchief in solution A. Hold the hanky in tongs, ignite it, allow to burn in a darkened room for 30 s. Extinguish the flame (fire extinguisher or suffocation), and note that the hanky is undamaged.
23.
GREEN SPONTANEOUS FIRE

Substance A: Weigh 4 g zinc dust into a dry phial.

Substance B: Weigh 4 g ammonium nitrate, NH4NO3, 1 g ammonium chloride, NH4CI and 0.5 g barium nitrate, Ba(NO3), into a separate dry phial.

What to do: When needed (and not before), pour A into the phial containing B, cap it and shake vigorously to mix. Pour the grey mixture onto a fibrolite (etc) mat. When wet fingers are shaken onto the pile, a green spontaneous fire erupts. Best observed in a darkened room. Produces a dense smoke, so best left to the end of the show.

24.
VOLCANO

What to do:
Make a conical pile of powdered ammonium dichromate on a fibrolite (etc) mat. Roll up a small piece of filter paper to serve as a wick (about 5 cm long). Soak the wick in ethanol and insert into the centre of the cone. In a darken room, light the wick which will ignite the orange powder. Note that the green reaction product (chromium III oxide) is potentially carcinogenic. This demo should not be carried out in the open classroom, although it may be done in a fume cupboard.
25
MAGIC FIRE - 1
What to do: 
Place about 5 g CrO3 in a mortar and grind to a fine powder. Drip ethanol onto the powder. The ethanol spontaneously catches fire.

26
MAGIC FIRE - 2

What to do: 
Make a small pile of KMnO4 on a heat proof surface. Add a few drops of glycerol or glycol. After a few minutes the pile will start to smoke and will catch fire.

27
BURNING METHS BOTTLE
What to do:
Place a few ml of ethanol in a large plastic bottle. Rinse the ethanol around inside the bottle and tip out excess liquid. Turn off the lights and place a match near the mouth of the bottle. A blue flame accompanied by a roaring sound will slowly travel down inside the bottle.

28
CANNED HEAT

What to do:
Make 100 mL of a saturated solution of calcium acetate. When this is poured into ethanol a precipitate forms. The precipitate can be squeezed dry to remove most of the water. It can then be ignited.

29
DEATH TO JELLY BABIES

What to do:
Heat about 2cm of potassium chlorate in a clean boiling tube behind a safety shield. When the potassium chlorate is all melted, turn off the burner. Drop in 1 jelly baby or similar and stand back. Potassium chlorate is a prohibited substance for use in school laboratories.
MISCELLANEOUS
30.
NYLON ROPE

Solution A: Place 5.8 g 1,6-diaminohexane and 2 g sodium hydroxide in 100 mL water.

Solution B: Dilute 2.3 g hexanedioyl chloride, ClCO(CH2)4COCl, to 50 mL with cyclohexane.

What to do:
Pour 25 mL solution A into a 100 mL beaker and then carefully pour in 25 mL solution B down the side of the beaker. Be sure that the layers do not mix. Using a pair of tweezers or copper wire carefully draw out the nylon film which forms at the interface of the two layers and wrap it around a piece of wood or cardboard. Keep winding the nylon thread onto the wood/cardboard until it runs out. A single strand up to about 12 m can be extracted.

31.
BLACK FOAM / SUGAR MONSTER
What to do:
Fill a 100 mL beaker about one-third full with powdered sucrose (table sugar), C11H22O11 and dampen it with water until a thick slurry is obtained.

Then add about 10 mL concentrated sulfuric acid. A black foam (solid) is produced which rises several centimetres above the top of the beaker. Note that sulfur dioxide may also be produced in this reaction.

32.
COLD BOILING WATER

What to do:
Place about 100 mL cold or lukewarm water into a 500 mL Buchner flask and stopper the flask. Attach the flask using pressure tubing to a water vacuum pump and lower the pressure in the flask. After some time, bubbles will appear on the bottom of the flask and the water will boil even though the water is cool or only warm to touch.
33
FOAMING SNAKES

Solutions of hydrogen peroxide are unstable and the H2O2 present in them slowly decomposes forming oxygen gas and water,

What to do:
Place about 20 ml of 30% (100 vol.) hydrogen peroxide into A 100 mL measuring cylinder. The add a couple of squirts of any washing-up liquid (using a small pipette). Place the cylinder in a large trough and drop some solid potassium iodide (approx. 1 g) into the liquid using a spatula. The solution begins vigorously to decompose and the froth of escaping oxygen can be seen rising in the cylinder. As the reaction progresses it also speeds up and soon the froth is pouring out of the jar. The reaction is exothermic and steam coming out the mixture is clearly visible. The colour of the froth is light brown because some potassium iodide is oxidised during the reaction with the formation of iodine.

Coloured foams can be produced easily by using food coloring.

34
GLOWING GERKINS
What to do:
Place a pickled gherkin between two electrodes. Turn off the lights and switch the power to the gherkin on. You can use different vegetables fresh or pickled
35
FILM CAN POPPER

Use a barbeque piezzo sparker to make a spark between 2 bared wires in a plastic film canister. Rinse the film canister with a few drops of meths. The lid will pop off when the mixture is ignited.
