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Chemical Pigments Experiment     Key Stage 3    Lesson Plan 

Scheme of work unit:
Chemical change.
Separation techniques (filtering) 

Elements, compounds and mixtures 
National Curriculum link:
Range and content of Science key stage 3    

Chemical and material behaviour
1. the particle model provides explanations for the different physical properties and behaviour of matter

2. elements consist of atoms that combine together in chemical reactions to form compounds
3. elements and compounds show characteristic chemical properties and patterns in their behaviour.
Learning outcomes:

Identify the various signs of a chemical reaction taking place during the formation of pigments. 

Decide what technique to use to separate the newly formed solid from the solution.

Explain the differences between compounds and mixtures.

Introduction notes:

· A pigment is a small particle that does not dissolve in water.
· Pigments can be natural or man-made. (examples of natural pigments are Lapis Lazuli (mineral), Cochineal (insect producing red pigment carmine), Annatto (plant used to produce red food colouring), Indigo (plant once used to produce the blue for jeans)
· A pigment is insoluble in the solvent; a dye is soluble in its solvent. 
· Malachite Green is a chemical that is primarily used as a dye.
When diluted, Malachite Green can be used as a topical antiseptic or to treat parasites, fungal infections and bacterial infections in fish and fish eggs. It is also used as a bacteriological stain
· Prussian Blue is a dark blue pigment used in paints and formerly in blueprints.
Despite being one of the oldest known synthetic compounds, the composition of Prussian Blue was uncertain until recently. The precise identification was complicated by 3 factors:
(i) Prussian Blue is extremely insoluble but also tends to form colloids (a suspension of particles in a liquid).
(ii) Traditional syntheses tend to afford impure compositions.
(iii) Even pure Prussian Blue is structurally complex, defying routine crystallographic analysis.
The chemical formula of Prussian Blue is Fe7(CN18)(H2O)x

Suggested Lesson Plan:

Starter

Chemical change and Separation techniques (filtering) 

Demo: Add a magnesium ribbon to a solution of hydrochloric acid. This could be used as a starting point to discuss the signs of a chemical reaction taking place in this case (effervescence, substance disappeared, exothermic reaction). Could be extended to other possible signs or these could be what the students have to find out in their practical (in the case of making pigments they will observe: change of colour, new substances formed and effervescence for Malachite Green)

Elements, Compounds and mixtures

Demo: Iron fillings and Sulfur mixture. Use magnets to separate. 

Same mixture heated (care must be taken. Sulfur dioxide fumes may trigger asthma attacks - use fume cupboard). Compounds are formed (iron sulfide) and the magnet cannot separate the iron from the sulfur anymore (use a weak magnet as it doesn’t work all the time). Discuss the differences between compounds and mixtures and changes in their properties .

Main Activity

Students follow the instructions and prepare three different pigments (Prussian Blue, Malachite Green and Cobalt Violet) by mixing the appropriate solutions. They then have to filter the suspension to separate the pigment. 
For each preparation it is very important that students use a different measuring cylinder for each solution to mix (or use one measuring cylinder but rinse it between each use). If they use the same dirty measuring cylinder, the colour change will occur in the measuring cylinder, hence reducing the wow factor of seeing the reaction in the beaker. 

Worksheet with practical instructions and questions 

Possible extension 1: 
Students could suggest how they could check that their answer to question 3 is correct. They would have to use different equipment (ie mix the solution in a test tube and add a bung to collect the gas or have a delivery tube in a different test tube. Then carry out a flame test). They would then confirm their prediction with results of the flame test.
Possible extension 2:  Elements, Compounds and mixtures

Students could identify the elements found in each solution they have used (given the formula) and how many of each element is in each molecule.  Gifted and talented could try to predict what new compounds are formed.

Plenary 

For topic Chemical change and Separation techniques (filtering)

Give a selection of examples to students. They decide (possible use of individual white boards) if a chemical reaction took place and why. If no chemical reactions took place, how would they separate the different components of the mixture obtained.

Example: tell them if I mix food dye and water is a chemical reaction taking place. They write “No, would use evaporation to separate food dye from water”. 

For topic Elements, Compounds and mixtures

Give 3 examples of elements, 3 examples of compounds, 3 examples of mixtures used in this lesson.

Resources required:
· Measuring cylinders (50mL)
· Beakers
· Funnels
· Filter paper
· Evaporating dish
· Conical flasks
· Solutions of: 

· Iron(III) chloride – FeCl3
· Potassium ferrocyanide – K4[Fe(CN)6]
· Copper sulfate – CuSO4.5H2O
· Sodium carbonate - Na2CO3
· Cobalt chloride – CoCl2.6H2O
· Sodium phosphate – Na2HPO4
Health and Safety

As with all chemicals they should not be swallowed.  

Cobalt chloride is a listed carcinogen by inhalation, and therefore this solution should be prepared in advance if the students were given instructions to prepare other solutions. Gloves should be worn to prevent skin contact. Safety glasses and lab coats should be worn at all times.

Making the solutions:
•
For Prussian blue 

· Iron (III) chloride solution FeCl3:  Dissolve 7g of FeCl3 in 250ml of water.
· Potassium ferrocyanide solution K4[Fe(CN)6] : Dissolve 8g of K4[Fe(CN)6] in 250ml of water.

      •
Malachite Green 

· Copper sulphate solution CuSO4.5H2O: Dissolve 6g of CuSO4.5H2O in 250ml of water. 

· Sodium carbonate solution Na2CO3: Dissolve 6g of Na2CO3 in 250 ml of water.
•
Cobalt Violet  

· Cobalt chloride solution CoCl2.6H2O: Dissolve 6g of Na2HPO4 in 250ml of water.

· Sodium phosphate solution Na2HPO4 : Dissolve 6g of Na2HPO4 in 250 ml of water.
Answers worksheet:

1. change of colour, new substance formed 

2. Effervescence/fizzing

3. The formation of carbon dioxide gas.  Malachite Green: 

2CuSO4 + H2O + 2Na2CO3  → Cu2CO3(OH)2 + 2Na2SO4 + CO2
4. Iron, Copper and Cobalt.
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Chemical Pigments Experiment
Key Stage 3

Introduction

A pigment is a small particle that does not dissolve in water. The light from the sun gets selectively absorbed by the pigment, and the colour reflected is the colour we see. This physical process is different from fluorescence, phosphorescence, and other forms of luminescence, in which the material itself emits light.  

Materials that humans have chosen and developed for use as pigments usually have special properties that make them ideal for colouring other materials. A pigment must have a high tinting strength relative to the materials it colours. It must be stable in solid form at ambient temperatures.

For industrial applications, as well as in the arts, permanence and stability are desirable properties. Pigments that are not permanent are called fugitive. Fugitive pigments fade over time, or with exposure to light, while some eventually blacken.

Pigments are used for colouring paint, ink, plastic, fabric, cosmetics, food and other materials. Most pigments used in manufacturing and the visual arts are dry colourants, usually ground into a fine powder. This powder is added to a vehicle (or matrix), a relatively neutral or colourless material that acts as a binder.

A distinction is usually made between a pigment, which is insoluble in the solvent, and a dye, which is either a liquid, or is soluble in its solvent. A colourant can be both a pigment and a dye depending on the vehicle it is used in. In some cases, a pigment can be manufactured from a dye by precipitating a soluble dye with a metallic salt. The resulting pigment is called a lake pigment. 

In this practical experiment, you will be making 3 different chemical pigments, Prussian Blue, Malachite Green and Cobalt Violet.


Practical
As with all chemicals they should not be swallowed.  

Cobalt chloride is a listed carcinogen by inhalation.

Gloves should be worn to prevent skin contact (pigments will stain).
Safety glasses and lab coats (aprons) should be worn at all times

There are 6 different solutions. Check labels when you mix them together!!

· Iron(III) chloride – FeCl3
· Potassium ferrocyanide – K4[Fe(CN)6]
· Copper sulfate – CuSO4.5H2O 
· Sodium carbonate - Na2CO3
· Cobalt chloride solution
· Disodium hydrogen phosphate – Na2HPO4
To make Prussian Blue:

1. Measure 50ml of potassium ferrocyanide and put it in a beaker.
2. Use a different measuring cylinder or rinse the one you have, and measure 50ml of iron chloride. 

3. Add this to the beaker containing the potassium ferrocyanide. 
4. Observe what happens.

5. Flute a piece of filter paper so that it fits into the funnel. Put the funnel into the conical flask.

6. Pour the solution into the funnel slowly.

7. If there is any pigment left at the bottom of the flask, use a little water and swirl around flask. Filter this solution too.

8. Leave the pigment to dry in the evaporating dish.
To make Malachite Green:

1. Measure 50ml of sodium carbonate and put it in a beaker.
2. Use a different measuring cylinder or rinse the one you have, and measure 50ml of copper sulfate. 

3. Add this to the beaker containing the sodium carbonate. 
4. Observe what happens.

5. Filter and dry by the same method as for Prussian Blue.

To make Cobalt Violet:

1. Measure 50ml of disodium hydrogen phosphate and put it in a beaker.
2. Use a different measuring cylinder or rinse the one you have, and measure 50ml of cobalt chloride. 

3. Add this to the beaker containing the disodium hydrogen phosphate. 
4. Observe what happens.

5. Filter and dry by the same method as for Prussian Blue.

Questions

1) What did you observe when mixing the two solutions to make Prussian Blue? 

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

2) What did you observe when mixing the two solutions to make Malachite Green that did not happened when you made the other pigments?

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

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

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

3) What caused this effect?

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

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

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

4) In the pigments, it is usually the type of metal that makes them coloured.
 Name the metals present in the 3 pigments you have made

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

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

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