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Lesson Element

Unit 1: Science fundamentals

LO2: Understand reactions in chemical and biological systems

Understanding chemical reactions
Instructions and answers for tutors

These instructions cover the learner activity section which can be found on page 4. This Lesson Element supports Cambridge Technicals Level 3 in Applied Science.
When distributing the activity section to the learners either as a printed copy or as a Word file you will need to remove the tutor instructions section.
The activity

In this Lesson Element, learners will undertake some activities based on chemical reactions in biological systems. They will carry out a polymerisation reaction and investigate the rate of an enzyme-catalysed reaction.

Suggested timings

Activity 1: 1.5 hours

Activity 2: 1.5 hours
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Activity 1
Learners will investigate the rate of reaction of an enzyme-catalysed reaction.

A number of different reactions are possible, but the breakdown of fat in milk using a lipase is reliable and gives good results.

The pH of milk is around 6.6. As fat is broken down, fatty acids are produced, which will lower the pH of the milk. The fall in pH can be monitored using a datalogger.

Lipase from an appropriate source should be used. The optimum temperature should be determined before the experiment is carried out by the learners.

Apparatus requirements

· Milk, full-fat or gold top; allow 5 cm3 per learner per temperature

· Lipase solution, 5% (note that a lower concentration may be required; test this first)

· Boiling tubes

· Pipettes

· Datalogging equipment/software

· pH probe

· Water baths at a range of temperatures.

Learners can carry out the experiment at a range of temperatures, and calculate and compare rates of reaction by finding the initial gradient of the graphs. Graphs can be plotted manually from data or using the datalogging software.

A risk assessment must be carried out before any practical work is undertaken.

Activity 2
Addition polymerisation is difficult to demonstrate in the laboratory, or for learners to experience for themselves. The polymerisation of styrene could be carried out as a demonstration.

Condensation polymerisation, on the other hand, can be more straightforward. It usually has fewer or limited health and safety implications.

Learners will carry out a synthesis of starch using an extract of potato tuber, which should contain the enzyme phosphorylase.

Learners will extract phosphorylase from the tissue of a potato tuber.

The phosphorylase can be used to polymerise glucose-1-phosphate. The progress of the reaction is followed by testing the reaction mixture, at three-minute intervals, with iodine solution.

Apparatus requirements

· Potato tubers

· Glucose-1-phosphate solution, 1%

· Iodine solution, in potassium iodide

· Distilled water

· Scalpels 

· Centrifuge

· Centrifuge tubes

· Test tubes

· Mortars and pestles

· Spotting tiles

· Silver sand.

A risk assessment must be carried out before any practical work is undertaken.
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Lesson Element

Unit 1: Science fundamentals

LO2: Understand reactions in chemical and biological systems

Learner Activity

Understanding chemical reactions
In these activities, you will carry out some activities on chemical reactions.

In Activity 1, you will investigate the rate of a chemical reaction catalysed by an enzyme. You will process the data you collect to investigate and calculate the rate of reaction at different temperatures.

In Activity 2, you will carry out a condensation polymerisation reaction, based on the synthesis of starch.

Activity 1

You are going to determine the rate of a chemical reaction.

The reaction is the hydrolysis of lipids in milk:

	lipid
	+
	water
	→
	fatty acids
	+
	glycerol


As fatty acids are released, the pH of the reaction mixture will decrease.

You will monitor the reaction using a pH probe by datalogging.
Procedure

1
Use a pipette to measure out 5 cm3 milk into a boiling tube.

2
Place the boiling tube in a water bath at the required temperature. Allow the contents of the tube to reach that temperature.

3
Add 0.5 cm3 of the lipase solution to the boiling tube.
4
Place the pH probe of the datalogger (or electrode of the pH meter) into the boiling tube.

5
Start datalogging (or record pH readings every 30 s).

6
Continue datalogging or taking readings until the pH is stable.

7
Repeat using different temperatures.

8
Produce an appropriate graph of your results and determine the reaction rate at each temperature by calculating the gradient of the graph.

9
Draw conclusions, as far as you are able, about the optimum temperature of the lipase under investigation.

Activity 2
You are going to carry out a polymerisation reaction.

Green plants polymerise the glucose produced by photosynthesis into starch. Similarly, animals convert glucose into glycogen in cells of the liver.

The polymerisation can be simplified and summarised as follows:

	nC6H12O6
	→
	(C6H10O5)n
	+
	n-1H2O

	glucose
	→
	starch or glycogen
	+
	water


Where n = 500 – tens of thousands for starch; tens of thousands for glycogen

It is quite straightforward to synthesise starch in the laboratory.

Procedure

1
Cut three 1 cm cubes of potato tissue and grind them with some silver sand in a mortar. Do not include any skin. The grinding should be just sufficient to break up the potato tissue.

2
Add distilled water (3 cm3) and stir gently with a glass rod.

3
Transfer the liquid to two centrifuge tubes, being careful to balance them.
4
Spin the centrifuge tubes for 5 minutes.

5
Using a Pasteur pipette, transfer one drop to a spotting tile and test for starch with iodine solution. If starch is present, i.e. there is a blue colour, spin the tubes again.

6
Continue until there is no starch in the extract. The extract will contain the enzyme phosphorylase.
7
Transfer the supernatant liquid to a separate tube.

8
Set up two test tubes with 1% glucose-1-phosphate solution (1 cm3).

9
Add potato extract (1 cm3) to one tube; distilled water (1 cm3) to the second.

10
Remove samples from the tubes every three minutes and test for starch.

123 – This activity offers an opportunity for maths skills development.
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