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Invisible Ink       Key stage 3       Lesson Planning       

Scheme of work unit
Acid and alkali - pH scale - Indicators

National Curriculum link

Range and content of Science key stage 3    

Chemical and material behaviour
Elements and compounds show characteristic chemical properties and patterns in their behaviour. Use examples such as acids and alkalis.
Learning outcomes 

Identify acids and alkalis (properties and uses).

Classify solutions as acidic, alkaline or neutral using indicators. 
Compare the acidity and alkalinity of different solutions using the pH scale.

Predict what happens when acids and alkali are mixed (concept of neutralisation). 

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, with the generic formula HA[H+A-].

· 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.


Electrical Conductivity: Acids, while not usually ionic compounds are electrolytes.


Acids turn litmus paper red.

· Most commonly bases are thought of as a substance that can accept protons.

· Common examples are sodium hydroxide and ammonia. 
· Bases can be thought of as the chemical opposite of acids.

· This is because the effect of an acid is to increase the hydronium ion concentration in water, and the effect of a base is to reduce it.

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

· 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.


Electrical conductivity: Aqueous solutions or molten bases dissociate in ions and 
conduct electricity.


Bases turn litmus paper blue.

Suggested Lesson Plan:

Starter

Students find examples of acids and bases/alkaline substances at home. 

Use their answer to establish facts about acids and bases and to clarify any misconception. Both acids and bases can be dangerous (car acid/oven cleaner) and both can be used at home (vinegar/soap, toothpaste). It is the strength or concentration of the solution that makes a solution dangerous, not whether it is an acid or a base.
Main Activity

Pupils prepare an acidic solution (lemon juice) and an 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) which is used to reveal the message. 

Worksheet with practical procedure and questions to be given out. (Note that question 4 involves previous knowledge on elements and compounds/chemical reactions)
Possible extension: 

If time allows students could use the indicator to test the solutions from question 5. 
Plenary 
Discuss how antacid tablets work.

What could you try to put on a wasp sting (alkali) and on a bee sting (acidic) to relief the pain? Argue why it could work (neutralisation) and why it wouldn’t (unknown concentration and volume compared to the venom unlikely to achieve perfect neutralisation, venom has been injected under the skin and spread into the body via blood stream whilst vinegar or bicarbonate of soda are poured onto the skin.) (( link to Scientific Concepts- Critical analysis)

Resources required:
· Diced red cabbage
· Lemon
· Bicarbonate of soda
· Warm water
· Pestle and Mortar (or similar)
· Sieve
· Paper
· Plastic cups or containers
· Paint brushes
· Spotting tiles, pipettes and samples of Vinegar , Coca Cola, Deionised Water , Tap water, Soap, Lemon, Lime Water, Bleach  (for possible extension 1) 

· Filter paper and funnel (for possible extension 2)
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 use of other readily available materials as invisible inks. Explore which are acids and which are bases.

Use indicators to classify unknown solutions as acidic, alkaline or neutral.

Answers:

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

2. Acidic
3. Bases react with acids. A neutralisation reaction happens.

4. Vinegar – Acidic
Coca Cola – Acidic

Water – Neutral

Soap – Basic

Lemon – Acidic

Lime Water – Basic

Bleach – Basic

5. Use an indicator, e.g., Methyl Orange, or use Litmus paper.

6. HCl(aq) + NaOH(aq) → H2O(l) + NaCl(aq)
Invisible Ink Experiment


Introduction

Invisible inks are used to send secret messages. Typically a secret message is hidden within an ordinary letter and can be revealed by the receiver using a known procedure. A secret message has the advantage over a coded message in that people intercepting the mail would have no idea that a message was being sent. However, a plausible cover is needed to hide the secret message (a blank piece of paper would arouse suspicion!)
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).

Commonly acids and bases are used as invisible inks, and these are subsequently revealed by indicators. Indicators are chemical compounds which are different colours when in contact with either acids or bases. 

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 the message is revealed.

Practical

1. Squeeze some lemon juice into a container. 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.

2. 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 can reveal your messages.

3. 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. You should get a dark purple solution. This will be your indicator.

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


Questions
1- What is an indicator?

…………………………………………….……………………………………………………

…………………………………….……………………………………………………………

2- Is the lemon juice acidic or basic? 

...................................................................................................................................................

3- What happens when an acid and a base react together? What is the name of this reaction?

……………………………………………………………………………….…………………

………………………………………………………………………….………………………

4 - Next to each of these everyday items, write down whether they are acidic, neutral or basic:

· Vinegar
…………….

· Coca Cola 
…………….

· Water
…………….

· Soap
…………….

· Lemon
…………….

· Lime Water
…………….

· Bleach
…………….

5 - How could you test whether you were correct about them being acidic, neutral or basic?

…………………………………………………….……………………………………………

…………………………………….……………………………………………………………

6 - When neutralisation happens, water is produced. Write an equation for the reaction of sodium hydroxide with hydrochloric acid:

……………………………………….…………………………………………………………
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