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Invisible Ink       Key stage 2       Lesson Planning       

Scheme of work unit:
Solid Liquid Gas/Solubility

National Curriculum link

Knowledge, skills and understanding    Sc3 Materials and their properties

Grouping and classifying materials

Recognise differences between solids, liquids and gases, in terms of ease of flow and maintenance of shape and volume. 
Separating mixtures of materials

How to separate solid particles of different sizes by sieving (the solid bits of cabbage are insoluble so students can use sieving to obtain the solution of indicator)

Some solids dissolve in water to give solutions but some do not (in this case bicarbonate soda in warm water - opportunity to discuss the effect of temperature on solubility as bicarbonate soda will dissolve better in warm water than in cold water, also opportunity to discuss saturated solutions. The indicator solution can also be filtered to show that the chemical which gives the solution its colour is soluble)
How to separate insoluble solids from liquids by filtering 

Use knowledge of solids, liquids and gases to decide how mixtures might be separated. 
Learning outcome:

Identify the correct separation technique to use in different situations and explain this choice using scientific knowledge, whilst investigating the properties of invisible inks.

Introduction notes:

· Commonly acids and bases are used as invisible ink, and these are subsequently revealed by indicators.

· Indicators are chemical compounds which are different colours when in contact with either acids or bases.

· Indicators are also used in chemistry to show when chemical reactions are finished.

· An acid is traditionally considered any chemical compound that, when dissolved in water, gives a solution with a pH less than 7.0

· Common examples include acetic acid (in vinegar) and sulphuric acid (in car batteries).

· Generally acids have the following properties:


Taste: Acids generally have a sour taste.


Touch: Strong or concentrated acids often produce a stinging feeling.


Reactivity: Strong acids react aggressively with or corrode many metals.


Acids turn litmus paper (an indicator) red.

· Bases can be thought of as the chemical opposite of acids.

· A reaction between an acid and base is called neutralisation.

· Bases react with acids to produce water and salts (or their solutions).

· Generally bases have the following properties:


Taste: Bitter taste


Touch: Slimy or soapy feel on fingers


Reactivity: Caustic on organic matter, react violently with acidic substances


Bases turn litmus paper (an indicator) blue.

· pH is a measure of the acidity or alkalinity of a solution. Aqueous solutions at 25°C with a pH less than seven are considered acidic, while those with a pH greater than seven are considered basic (alkaline). pH 7.00 is considered neutral at 25°C.
Lesson Plan:

Starter

Discuss the equipment list as solid/liquid/gas and recall properties of these. 

Contrast lemon/lemon juice. Discuss powders (could take the example of sand to compare) as solids. 

Main Activity

Pupils prepare an acidic solution (lemon juice) and a alkaline solution (bicarbonate soda) and write an invisible message on filter paper with these two solutions.
They then prepare the indicator solution (with red cabbage) used to reveal the message. 

Worksheet with practical procedure and questions to give out.
Extension: 

Students could explain why they didn’t use filtering to separate the cabbage from the solution.  Predict what would have happened if they did and explain why. If equipment is available, pupils can test if their prediction is correct. 

Answer: They actually could have used filtering but it would take longer and require more equipment. If filtering was used, the same solution of indicator would be collected as the coloured chemical is soluble in the water. 

Plenary 

Could use the extension as a discussion point and reinforce key words: soluble, insoluble and dissolving.
Resources required:
· Diced red cabbage
· Lemon
· Bicarbonate of soda
· Warm water
· Pestle and Mortar (or similar)
· Sieve
· Paper
· Plastic cups or containers
· Paint brushes
· Filter paper and funnel (for possible plenary/extension)
Health and safety

Care needs to be taken to ensure the water is not too warm as to scold the pupils.

Further Work

Investigate the difference between pigments and dyes. Dyes will dissolve fully in solution whilst pigments will not. Explore how these properties make them useful for different purposes.

Investigate the use of other readily available materials as invisible inks. Explore which are acids and which are bases.

Answers for worksheet:

1.
Indicators are chemical compounds which are different colours when in contact with either acids or bases.
2.
Lemon Juice – acidic, bicarbonate of soda solution – alkaline

3.
An ideal invisible ink should be easily made, hard to detect and easily and safely revealed. Invisible inks are normally non-greasy and not visible under UV light (a common screening method for post).
4.
In addition to indicators, heat can also be used to reveal messages. A substance applied to the paper burns at a lower temperature than the paper and the message is revealed.
Invisible Ink Experiment


Introduction

Invisible inks are used to send secret messages. Secret messages are hidden within an ordinary letter, and can be revealed by the receiver. A secret message prevents other people from reading the message, or even knowing it is there. A secret message should be used with a believable normal message in order to hide the secret message (a blank piece of paper would be suspicious!).

Invisible inks can be used as a fun way to communicate secretly with friends. An ideal invisible ink should be easily made, hard to detect and easily and safely revealed. Invisible inks are normally non-greasy and not visible under ultra violet light (a common screening method for post).

Commonly acids and bases are used as invisible inks, and these are revealed by indicators. Indicators are chemical compounds which are different colours when in contact with either acids or bases. With acids, indicators generally turn red, and with bases they generally turn a blue/green colour.

In addition to indicators, heat can also be used to reveal messages. A substance applied to the paper that burns at a lower temperature than the paper and so the message is revealed.

In this practical you will investigate making up solutions and then using them to create your own secret messages!



Practical

1. Squeeze some lemon juice into a container. 
2. In a different container dissolve some bicarbonate of soda with some 
warm water. Stir well – it does not matter if it is not completely dissolved.

3. Use different brushes to apply both the lemon juice and bicarbonate of soda solution to separate pieces of paper. It is important that you allow both to dry thoroughly before you reveal your messages.

4. Red cabbage contains a natural indicator which can be used to reveal 
messages. Mash the diced red cabbage and warm water in a pestle and 
mortar.  Sieve the mixture. You should get a dark purple solution. 

This will be your indicator.

5. Apply your indicator over the top of the messages you originally created using a paintbrush.

Questions
1) What happened when you applied the indicator to your pictures?

…………………………………………………………………………………………………………………………………………………………………………

2) What is an indicator?

…………………………………………………………………………………………………………………………………………………………………………

3)  Is the lemon juice acidic or basic? Is the bicarbonate solution acidic or basic?

……………………………………………………………………………………

4) What properties are required for a good invisible ink?

…………………………………………………………………………………………………………………………………………………………………………
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