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Integrated Science 

Sample SBA Task
 

Module C1: Water for Living 


Osmosis in living tissues
 
Student Handout (Version 1) 


Purpose 

To determine the water potential of potato tissues. 

Background 

When two solutions with different 
concentrations are separated by a selectively 
permeable membrane, osmosis takes place. 
Water will pass from the side with higher 
water potential to the side with lower water 
potential. 

When a plant tissue is immersed in a solution 
of higher water potential, water will enter its 
cells by osmosis. As the plant cells swell and 
become turgid, the plant tissue will increase in 
size. On the other hand, when the plant tissue 
is placed in a solution of lower water potential, 
water will leave its cells by osmosis. In this 
case, the plant tissue will decrease in size as 
the plant cells shrink upon losing water. 

For this activity, you are required to design and perform an experiment to determine the water 
potential of potato tissues using sucrose solutions of different concentrations. The water 
potential of the potato tissue will be expressed in terms of the concentration of sucrose 
solution. 

Apparatus and Materials 

 1 ml pipette 
 10 ml pipette 
 Pipette filler
 Cork borer 
 6 boiling tubes 
 Petri dish 
 Blotting paper 
 Sealing film
 Razor blade 

Ruler 
 Stopwatch 

1.0 M sucrose solution 
 Distilled water 
 Fresh potato 
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Sample SBA Task
 

Safety Precaution 

Handle the cork borer and razor blade with great care. 

Tasks 

1. 	 Use the given sucrose solution and distilled water to prepare a series of sucrose 
solutions of various concentrations. 

2. 	 Devise and conduct an experiment to determine the water potential of the potato tissue. 

Guidelines for Designing the Experiment 

1. 	 What biological process is being investigated in this experiment? 
2. 	 What is the independent variable in this investigation? How would you manipulate it? 
3. 	 What is the dependent variable? How would you measure it? 
4. 	 What other variables need to be controlled? 
5. 	 What are the precautions for this experiment? 
6. 	 What are suitable ways of recording the experimental results? 
7. 	 What further treatment of data is needed to find out the water potential of the potato 

tissue? 
8. 	 What assumptions are made in the determination of the water potential of the potato 

tissue? 
9. 	 What are the sources of error in making the measurements? Suggest ways of 

improvement. 
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Sample SBA Task
 

Module C1: Water for Living 


Osmosis in living tissues
 
Student Handout (Version 2) 


Purpose 
To determine the water potential of potato tissues. 

Background 

When two solutions with different 
concentrations are separated by a selectively 
permeable membrane, osmosis takes place. 
Water will pass from the side with higher water 
potential to the side with lower water potential. 

When a plant tissue is immersed in a solution of 
higher water potential, water will enter its cells 
by osmosis. As the plant cells swell and become 
turgid, the plant tissue will increase in size. On 
the other hand, when the plant tissue is placed in 
a solution of lower water potential, water will 
leave its cells by osmosis. In this case, the plant 
tissue will decrease in size as the plant cells 
shrink upon losing water. If the plant tissue 
shows no change in size when immersed in a 
solution, the water potential of the plant tissue is the same as that of the solution. 

In this experiment, potato cylinders of the same length are placed in sucrose solutions of 
various concentrations. The potato cylinders will either gain or lose water and the length of 
the potato cylinders will become longer or shorter. If there is no change in length, the potato 
cylinders are in a sucrose solution of equal water potential. The water potential of the potato 
tissue can then be expressed in terms of the concentration of sucrose solution. 

Apparatus and Materials 
 1 ml pipette 
 10 ml pipette 
 Pipette filler
 Cork borer 
 6 boiling tubes 
 Petri dish 
 Blotting paper 
 Sealing film
 Razor blade 

Ruler 
 Stopwatch 

1.0 M sucrose solution 
 Distilled water 
 Fresh potato 
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Integrated Science 
Sample SBA Task 

Safety Precaution 

Handle the cork borer and razor blade with great care. 

Procedure 

1. 	 Using the pipettes, pipette filler and boiling tubes, prepare sucrose solutions of various 
concentrations according to the table below. 

Concentration of sucrose solution (M) 
0 0.2 0.4 0.6 0.8 1.0 

Volume of 1.0 M sucrose solution added (ml) 0 4 8 12 16 20 
Volume of distilled water added (ml) 20 16 12 8 4 0 

2. 	 Cut 12 potato cylinders from the potato with the cork borer. Handle the cork borer with 
care. 

3. 	 Cut the potato cylinders into lengths of 5 cm with a razor blade. Be careful when using 
the razor blade. 

4. 	 Blot-dry the potato cylinders with the blotting paper. Then put them into a Petri dish 
and cover the dish. (When blot-drying the potato cylinders, be careful not to damage 
them by pressing too hard.) 

5. 	 Immerse 2 potato cylinders in each tube that contains sucrose solution and cover the 
tube with sealing film. 

6. 	 After 40 minutes, take out the potato cylinders, blot-dry them and measure their length. 
Calculate the percentage change in length using the formula below: 

final length - initial length% change in length 	 x 100%
initial length 

7. Tabulate your results and plot a suitable graph to find the water potential of the potato 
tissue. 

Questions for Further Thought 

1. 	 Besides measuring the length of the potato cylinders, what other parameter can you 
measure in order to determine the water potential of the potato tissue? 

2. 	 Suggest ways to shorten the time for attaining results in this experiment. 

Student Handout – C1 (Version 2) 
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Integrated Science 

Sample SBA Task
 

Module C2: Balance within Our Body 


Catalytic activity of enzyme
 
Student Handout 


Purpose 

To investigate the effect of temperature on enzyme activity. 

Background 

Most metabolic reactions occurring inside the body are catalysed by enzymes. One example 
is the breaking down of starch by amylase, which is a digestive enzyme present in saliva and 
pancreatic juice. 

In this experiment, starch is allowed to decompose in the presence of amylase under 
controlled conditions. The activity of amylase in the decomposition process will be tracked 
by measuring the time for the disappearance of starch in the reaction mixture. 

Apparatus and Materials 

 1 ml pipette 

 Pipette filler

 100 ml beaker 

 12 test tubes 

 Stopwatch 

 Thermometer

 Spot plate 


Droppers 

 Hot plate 


1% starch solution 

 Iodine solution 

 Amylase solution 


A water bath set at 40 oC will also be provided for the whole class. 

Safety Precautions 

Handle the hot plate and hot water bath with great care to avoid scalding. 
Do NOT spill iodine solution onto your clothes as it will leave a dark stain. 

Student Handout – C2 
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Integrated Science 

Sample SBA Task
 

Procedure 

1. 	 Add 1 ml of amylase solution to each of the test tubes A to F and 5 ml of starch solution 
to each of the test tubes 1 to 6. Allow the test tubes to stand in the beakers filled with 
water at various temperatures (water baths) as shown in the diagram below for about 10 
minutes: 

2. 	 Add the amylase solution to the starch solution and shake well. Start the stopwatch at 
the time of mixing. The mixtures should then be allowed to stand in their respective 
water baths. 

3. 	 At 2-minute intervals, transfer a drop of each mixture to the iodine drop on the spot 
plate. Note the first instant at which the blue-black colour does not appear, and record 
the time. 

Amylase and starch mixture 

Amylase 
Spot plate solution 

2-min intervals 

Starch 
solution 

Iodine drops 

4. Present your experimental findings in an appropriate way. 

5. Find out the temperature at which the amylase works best. 

Questions for Further Thought 

1. 	 Why does the dark-blue colour of the iodine mixture not appear as mentioned in Step 3? 
2. 	 What is the implication of the experimental findings on biochemical (metabolic) 

reactions within the body? 
3. 	 Account for the temperature dependency of the catalytic activity of enzymes in terms of 

chemical bonding and structure. 

References 

1. 	http://www.rsc.org/education/teachers/learnnet/cfb/enzymes.htm 
2. 	http://en.wikipedia.org/wiki/Enzyme 
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Integrated Science 

Sample SBA Task
 

Module C4: Chemical Patterns 


Passing electricity through everyday substances
 
Student Handout 


Purpose 

1. 	 To study the action of electricity on substances encountered in daily life, and hence to 
classify them as good or poor electrical conductors, and to find out substances which are 
electrolytes. 

2. 	 To conduct an electrolysis of an aqueous solution of sodium chloride, and to deduce the 
reactions occurring during the electrolysis. 

Background 

Substances can be classified as good electrical conductors or poor electrical conductors. For 
example, copper in an electrical cable is a good conductor while the plastic jacket is a poor 
conductor. 

Some substances only conduct electricity in molten state or in aqueous solution. These 
substances are called electrolytes. A typical example is lead bromide. Lead bromide is a 
crystalline solid at room temperature and does not conduct electricity. When heated to 
temperatures above its melting point (373 °C), lead bromide melts into a liquid and conducts 
electricity. When a pair of electrodes connected to a power supply is inserted into the molten 
lead bromide, chemical reactions occur and elemental lead and bromine are formed 
respectively at the negative and positive electrodes. Such a process of decomposition of 
compounds by electricity is known as electrolysis. 

In this experiment you will first examine the electrical conducting properties of some 
substances and classify them as good or poor conductors and find out which substance(s) 
is/are electrolyte(s). Secondly, you will conduct electrolysis on an aqueous solution of sodium 
chloride, identify the products liberated at the electrodes and deduce the chemical reactions 
occurring at the electrodes. 

Part I: Examination of the Electrical Conducting Properties of Substances and 
Identification of Electrolytes 

Apparatus and materials: 

Multimeter 
2 carbon rods 
Connecting wires 
Several small beakers (50 – 100 ml) 
Balance 
Measuring cylinders 
Distilled water 

carbon rods

multimeter

sample 

carbon rods 

multimeter 

Procedure: 

Student Handout – C4
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Integrated Science 

Sample SBA Task
 

1. 	 Assemble the electric circuit as shown above and measure the resistance of the 
substances in Groups A and B in Table 1 below using a multimeter. 

2. 	 Devise an experimental procedure for examining the electrical conducting properties of 
the substances in Groups C and D. Seek advice from your teacher on the design of your 
circuit before carrying out the experiment. (For the substances in Group D, you have to 
prepare a 5% aqueous solution for the experiment.) 

3. 	 Record your results in Table 1. 

Group of Substances Resistance (Ω) Good/Poor 
Conductor 

A. Solid substances Plastic ruler 
Stainless steel ruler 
Wood block 

B. Powder samples Sugar 
Sodium chloride 
Sand 

C. Liquids Water 
Cooking oil 

D. Aqueous solutions Sugar solution (5%) 
Sodium chloride 
solution (5%) 

E. Others (please 
specify) 

Table 1
 

Questions: 

1. 	 What is the relationship between the resistance and conductance of a substance? 
2. 	 Which substances in Table 1 are electrical conductors? 
3. 	 Which of these substances is/are electrolyte(s)? Explain briefly. 
4. 	 Find in your textbook or in any other reference material, the explanations for 

(i) 	 the electrical conducting properties of substances, and 
(ii) 	 the different behaviour of electrolytes and non-electrolytes with electric current. 

Student Handout – C4 
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Integrated Science 

Sample SBA Task
 

Part II: Electrolysis of an Aqueous Solution of Sodium Chloride 

Apparatus and materials: 

Balance 
 Measuring cylinders 
 Sodium chloride 
 Distilled water 

Electrolysis cell with graphite electrodes 
Power supply unit 

 Connecting wires 
 pH paper 
 Wooden splint 

Procedure: 

Warning: 	Toxic gases may be liberated in the experiment. It is recommended to carry 
out the experiment in a fume cupboard. Note the proper way of detecting the 
smell of gases. 

1. 	 Prepare 15% sodium chloride solution by dissolving 7.5 g of sodium chloride in 50 ml 
distilled water. Pour the sodium chloride solution into the electrolysis cell. 

2. 	 Set up an electric circuit for the electrolysis (see the photograph below). Ask your 
teacher to check your set-up before connecting it to the power supply unit. 

3. 	 Turn the knob of the power supply unit slowly until changes can be observed at the 
electrodes. Carefully observe what happens at the positive and negative electrodes. 

4. 	 Allow the electrolysis to proceed for some time until you have collected a sufficient 
amount of the gases liberated for conducting the tests below. 

Student Handout – C4 
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Integrated Science 

Sample SBA Task
 

5. 	 Conduct the following tests on the gases liberated at the electrodes and record your 
results in Table 2 below. 

When electrolysis starts to occur, voltage = __________ V; current = __________ A 

Test 
Gas liberated at 

positive electrode negative electrode 

Colour of the gas 

Smell of the gas 
Testing the gas with a moist 
pH paper 
Testing the gas with a burning 
splint 

Table 2 

Questions: 

1. 	 Based on the experimental results, deduce the gases liberated at the positive and 
negative electrodes. 

2. 	 Write chemical/word equations for the reactions occurring at the positive and negative 
electrodes. 

3. 	 What are the ions present in sodium chloride solution? Why is sodium metal not formed 
at the negative electrode in the electrolysis? 

4. 	 Draw cartoons/diagrams to account for the changes during the electrolysis of aqueous 
sodium chloride solution. 

Student Handout – C4 
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Integrated Science 

Sample SBA Task
 

Module C5: Electrical Enlightenment 


Do all conductors obey Ohm’s law?
 
Student Handout 


Purpose 

To investigate the relationship between the current flowing through a conductor and the 
voltage across it. 

Background 

When there is a voltage across a conductor, a current will flow through it and there is a 
certain relationship between the voltage and the current. In the 19th century, Ohm conducted a 
number of investigations on the current-voltage relationship and gave his results in a simple 
mathematical form that is now known as Ohm’s law. Resistance is a concept derived from 
this law. 

Nowadays, in devising an electrical appliance, from a simple circuit to a complicated 
electrical system, electrical engineers have to apply Ohm’s law in order to choose the most 
suitable devices for the proper and safe functioning of the final product. The use of low 
resistance conductors in electrical appliances can reduce the dissipation of electrical energy. 
This is the reason why scientists are still exploring low resistance conductors, such as 
superconductors, so that electrical energy can be utilised more efficiently. 

Apparatus and Materials 

 Battery box 
0 – 12 V a.c./d.c. power pack 
Rheostat 

 Ammeter 
 Voltmeter 

Switch 
Nichrome wire mounted on a wooden piece 
12 V light bulb 

Precautions 

Part A 
1. 	 Adjust the rheostat to make the current smallest at the start of the experiment. 
2. 	 While adjusting the rheostat to obtain different pairs of readings, do NOT allow a large 

current to flow through the nichrome wire. 
3. 	Do NOT touch the nichrome wire during the experiment. 

Part B 
1. 	 Start the experiment with a small value of voltage available from the power pack. 
2. 	Do NOT touch the light bulb during the experiment. 

Student Handout – C5 
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Integrated Science 

Sample SBA Task
 

Procedure 

A. 	 Measuring the current and voltage across a nichrome wire 

1. 	 Study the circuit diagram in Fig. 1, which is designed to 
investigate the relationship between the current flowing 
through a nichrome wire and the voltage across it. 

2. 	 Connect a circuit according to the circuit diagram shown in 
Fig. 1. 

3. 	 Vary the current flowing through the nichrome wire by 
adjusting the rheostat. 

4. 	 Record the ammeter and voltmeter readings. 

5. 	 Repeat Steps 3 and 4 to obtain more pairs of readings. 

A 

nichrome wire 

V 

Fig. 1 

6. 	 Tabulate your results and calculate the voltage/current ratio for each pair of readings. 

7. 	 Plot a graph of voltage against current. 

8. 	 Describe the shape of the graph and interpret the relationship between the current 
flowing through the nichrome wire and the voltage across it. 

B. 	 Measuring the current and voltage across a light bulb 

1. 	 The set-up in Part A will be slightly modified according to the 
circuit diagram shown in Fig. 2 to investigate the relationship 
between the current flowing through a light bulb and the 
voltage across it. 

2. 	 Connect a circuit according to the circuit diagram shown in 
Fig. 2. 

3. 	 Increase the voltage from the power pack at regular intervals. 

4. 	 Record the ammeter and voltmeter readings. 

5. 	 Repeat Step 3 and 4 to obtain more pairs of readings. 

12V power pack 

Fig. 2 

12V light bulb 

A 

V 

6. 	 Tabulate your results and calculate the voltage/current ratio for each pair of readings. 

7. 	 Plot a graph of voltage against current. 

8. 	 Describe the shape of the graph and interpret the relationship between the current 
flowing through the light bulb and the voltage across it. 

Questions: 

1. 	 Is there any difference in shape between the graphs plotted for Part A and Part B? If yes, 
then suggest reason(s) for the difference. 

2. 	 Suggest possible sources of error in this investigation and propose any improvements 
that can be made. 
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Sample SBA Task
 

Questions for Further Thought 

1. 	 You are advised NOT to allow a large current to flow through the nichrome wire when 
performing the experiment in Part A. Explain why. 

2. 	 Explain the results obtained in Part B using the particle theory. 
3. 	 Find out if there are any other conductors that do not follow Ohm’s law. 

References 

1. 	http://en.wikipedia.org/wiki/Electrical_conductor 
2. 	http://en.wikipedia.org/wiki/Nichrome 
3. 	http://en.wikipedia.org/wiki/Light_bulb 
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Sample SBA Task
 

Module C6: Balance in Nature
 

Composting bioreactor
 
Student Handout 


Purpose 

To investigate the effect of factors such as type, particle size and moisture content of compost 
materials on compost temperature. 

Background 

Composting is a way of recycling organic waste. In the process, complex organic matter is 
decomposed by microorganisms such as bacteria and fungi into simpler substances that can 
provide nutrients for plant growth. The end product, called compost, is a crumbly, 
earth-smelling, soil-like material. Heat is produced when microorganisms decompose the 
organic matter. Therefore, one way of monitoring the composting process is to keep track of 
the compost temperature. 

In composting, carbon-rich materials such as autumn leaves, paper, peat moss, sawdust, hay 
and straw, etc. are called ‘brown’ ingredients. As they enhance aeration in the compost pile, 
they are also known as bulking agents. The nitrogen-rich biodegradable waste that breaks 
down faster, such as fruit and vegetable peelings, coffee grounds, cut flowers and grass 
clippings, etc. are called ‘green’ ingredients. Decomposer organisms work best with a right 
mix of these materials. A rough guide is to use equal amounts of ‘green’ and ‘brown’. To 
produce quality compost, besides the right mix of materials, particle size, moisture content 
and aeration of the compost pile are also important factors to consider. 

In this experiment, you will build a mini compost system, the soda bottle bioreactor, and use 
it to study the effect of factors such as type, particle size and moisture content of compost 
materials on compost temperature. 

Apparatus and Materials 

2-litre soda bottles 
Small plastic container about 4 cm high 

 Styrofoam plate 
Nails for making holes 
Clear packaging tape 
Cutter 
Scissors 
Insulating materials such as sheets of foam rubber 
Fine-meshed screen or nylon stocking 
Long-stem dial / digital thermometer 
Vegetable/fruit scraps such as lettuce leaves, carrot or potato peelings, and apple 
cores or banana peels 
Bulking agent such as wood shavings, paper egg cartons, cardboard, and small wood 
chips 
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Sample SBA Task
 

Safety Precautions 

Handle the cutter, scissors and nail with great care. 
Wear gloves when handling compost materials. 

Procedure 

A. 	 Constructing a composting bioreactor 

1. 	 Use a cutter and a pair of scissors to cut off the top of the soda bottles along the dotted 
lines as shown in Fig.1. A bioreactor can be assembled by fitting the larger top piece (A’) 
tightly over the larger bottom piece (B) as shown in Fig. 2. 

Fig. 1 	 Fig. 2 

2. 	 Cut a disc of the diameter of the bottle from a styrofoam plate. Use a nail to make holes 
through the disc. 

3. 	 Fit the disc into the bottle, roughly 4-5 cm from the bottom, for 
holding the compost materials. 
(If your soda bottle is not indented at the bottom, you will need to 
make a support for the styrofoam disc. Make some holes in the 
sides and bottom of a small container and place it upside down in 
the bottle. This will form the support for the disc.) 

4. 	 Make air holes in the side of the bottle in the area below the disc 
Fig. 3(Fig. 3). Avoid making holes in the very bottom of the bottle. 

5. 	 Assemble the bioreactor pieces, making sure that there are sufficient air holes to allow 
aeration of the system. 

B. 	 Filling the bioreactor with compost materials 

1. 	 The bioreactor should contain vegetable/fruit scraps to provide nutrients for the 
microbes and a bulking agent to enhance aeration. Some examples of vegetable/fruit 
scraps and bulking agents are given in the table below: 

Student Handout – C6 
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Sample SBA Task
 

Nitrogen-rich materials (as 
nutrients for microbes) 

Carbon-rich materials 
(as bulking agents) 

Lettuce scraps Wood shavings 
Carrot peelings Small wood chips 
Potato peelings Paper egg cartons 

Apple cores Cardboard 
Banana peels Chopped straw 

2. 	 Cut the vegetable/fruit scraps and bulking agent into roughly 1 cm pieces. Soak the 
bulking agent in water until thoroughly moist, then drain off excess water. 

3. 	 Mix roughly equal amounts of vegetable/fruit scraps screen 
and bulking agent, then loosely fill the bioreactor. To 
ensure sufficient aeration, keep the mixture light and 
fluffy. 

foam 
4. 	 Put the top piece of the bottle on and seal it in place rubber 

with tape. 

5. 	 Cover the bottle mouth with a piece of screen or nylon 
stocking held in place with a rubber band. 

6. 	 Insulate the bioreactor by wrapping the bottle with a 
sheet of foam rubber, making sure not to block the 
ventilation holes (Fig. 4). 

C. 	 Monitoring the composting process 

1. 	 Take temperature readings of the central part of the compost mixture daily for three 
weeks. Record the ambient temperature as well. 

2. 	 Observe any change in volume and appearance of the compost materials. 

3. 	 Plot a graph of compost temperature (and ambient temperature) against time to obtain 
the temperature profile for the composting process. 

D. 	 Studying the effect of factors on compost temperature 

Design and carry out experiments using soda bottle bioreactors to investigate the effect 
on compost temperature of factors such as type, particle size and moisture content of 
compost materials. 

  Fig. 4 
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Sample SBA Task
 

Questions for Further Thought 

1. 	 What are the factors that affect the success of a composting system? 
2. 	 How can you tell when the composting process is completed? 
3. 	 What are the benefits of composting food scraps and garden waste? 
4. 	 What are the problems and social issues associated with the development of large 

community composting projects? 

References 

1. 	http://compost.css.cornell.edu/why.html 
2. 	http://compost.css.cornell.edu/soda.html 
3. http://www.lcsd.gov.hk/green/en/organic.php 
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Sample SBA Task
 

Module C7: Radiation and Us 


Ultraviolet (UV) protection of sunglasses
 
Student Handout 


Purpose 

To investigate the effectiveness of sunglasses in blocking ultraviolet (UV) radiation. 

Background 

Ultraviolet (UV) radiation is invisible rays from the sun. Brief exposure to UV radiation is 
beneficial in helping our body to produce vitamin D, which is important for maintaining 
healthy bones. However, excessive exposure to UV radiation may lead to health problems. As 
people nowadays are more concerned about the health hazards caused by UV radiation, the 
Hong Kong Observatory measures the ground UV intensity and announces the UV index of 
the day and its forecast for tomorrow through radio, television and on their website. Medical 
reports suggest that excessive exposure to UV radiation over a prolonged period may cause 
damage to our eyes. To reduce the harmful effects caused by UV radiation to our eyes, 
measures have to be taken to minimise the direct exposure of the eyes to sunlight. 

Wearing sunglasses is a precaution against UV radiation when engaging in outdoor activities. 
Most spectacle manufacturers claim that their sunglasses provide UV protection. Is the claim 
trustworthy? This experiment is to investigate how much UV radiation can be blocked by 
sunglasses. 

Apparatus and Materials 

1. 	 Different types of sunglasses (e.g. reflective/coloured coating, with UV protection 
label/no UV protection label, plastic lenses/glass lenses, low/high price, etc.) 

2. 	 Stand and clamp 
3. 	Ruler 
4. 	 UV lamp (to be used if the experiment is to be carried out indoors) 
5. 	UV sensor 
6. 	Datalogging interface 

Tasks 

1. 	 Identify the independent variable(s), dependent variable(s) and control variable(s) in the 
investigation. 

2. 	 State the aims of the investigation (e.g. to measure how much UV radiation can be 
blocked by sunglasses, to find out if there is a relationship between the colour of the 
lenses of sunglasses and the amount of UV radiation blocked, to find out whether 
expensive sunglasses have better UV protection, etc.) 

3. 	 Devise a set-up to show how you will carry out the investigation. 
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Sample SBA Task
 

4. 	 Write down the step-by-step procedure of the experiment, including any safety 
measures. 

5. 	 Carry out the experiment and record data accordingly. 

6. 	 Present the results and calculations. 

7. 	 Interpret and discuss the experimental results. 

8. 	 Suggest possible sources of experimental error and propose any improvements that can 
be made. 

9. 	 Write a report to present your findings. 

Safety Precaution 


Do NOT look directly at the UV lamp or the sun. 


Questions for Further Thought 

1. 	 Is it better to carry out this experiment outdoors under direct sunlight? 
2. 	 Is it more desirable to carry out this experiment inside the laboratory with sunlight 

being blocked by blinds or black curtains? 
3. 	 Is it dangerous to wear sunglasses of coloured lenses which do not block UV radiation 

effectively? Explain. 
4. 	 What are the chemicals commonly used in photochromic sunglasses to block UV 

radiation? 
5. 	 Is there any relationship between the colour of lenses and their effectiveness at blocking 

UV radiation? 
6. 	 Will you choose sunglasses with glass lenses or plastic lenses if your primary concern is 

blocking of UV radiation? 
7. 	 Can you think of any situation, other than being out in strong sunlight that requires 

wearing of protective eyewear to protect from UV radiation? 
8. 	 How would you modify the experiment to verify the claim made by some 

manufacturers that their umbrellas have UV protection? 

References 

1. 	http://www.weather.gov.hk/publica/gen_pub/uv_e.htm 
2. 	http://en.wikipedia.org/wiki/Uv 
3. 	http://en.wikipedia.org/wiki/Sunglasses 
4. 	http://www.allaboutvision.com/sunglasses/ 
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Module C8: From Genes to Life 


Extracting DNA from fruits
 
Student Handout 


Purpose 

To extract DNA from fruit samples such as strawberry, kiwifruit, banana and mango. 

Background 

Deoxyribonucleic acid (DNA) is found in all living cells. It is the hereditary material that 
carries information essential to life in all organisms. Because of its small size, it is impossible 
to see a single DNA molecule with the naked eye. However, under certain experimental 
conditions, it is possible to collect sufficient quantity of DNA to make it visible. 

There are several basic steps in extracting DNA from living tissues. First, the cell wall and 
membrane must be broken to release the nucleus, and then the nucleus must be opened to 
release the DNA. Once the DNA is released, it must then be precipitated out of the solution 
and isolated. 

In this activity, you will extract DNA from some fruit samples such as strawberry, kiwifruit, 
banana and mango, and examine the isolated DNA under the microscope. 

Apparatus and Materials 

 100 ml beaker 
 20 ml beaker 

Balance 
 Measuring cylinders 

Test tubes and rack 
Filter paper (coarse grade) 

 Filter funnel 
Droppers 

 Glass rod 
Stand and clamp 
Microscope 
Microscope slides and cover slips 
Plastic zipper bags 

 Bamboo sticks 
 Toothpicks 

Knife 
Sodium chloride (NaCl) 
Ice-cold 95% ethanol 
Methylene blue stain 

 Dishwashing detergent 
 Distilled water 

Ice 
 Strawberry (1, medium-sized) 
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Kiwifruit (1/2 with the skin and seeds removed) 

Banana (1/5 with the skin removed) 

Mango (1/5 with the skin and seed removed) 


Safety Precautions 

1. 	 Handle the knife with great care. 
2. 	 Avoid skin contact with methylene blue stain as it is harmful and can leave a blue stain 

on the skin. 

Procedure 

A. 	Extracting DNA 

1. 	 Prepare an extraction solution by mixing 1 g of NaCl and 5 ml of dishwashing 
detergent, and then adding distilled water to make up to 50 ml. Stir gently to avoid 
foaming of the solution. 

2. 	 Remove the green tops of a strawberry. Cut the strawberry into smaller pieces. 

3. 	 Place the strawberry pieces in a zipper bag, squeeze out air and seal the bag. 

4. 	 Squeeze and smash the strawberry with your fingers for about 3 minutes. (Be careful 
NOT to break the bag.) 

5. 	 Add 10 ml of the extraction solution to the strawberry in the bag. Squeeze out air and 
reseal the bag. 

6. 	 Knead the strawberry mixture with your fingers for about 2 minutes. 

7. 	 Set up the filtration apparatus. 

8. 	 Pour the strawberry mixture into the filtration apparatus and let it drip into a small 
beaker. 

9. 	 Transfer 4 ml of the filtrate into a clean test tube. Tilt the test tube and slowly add the 
ice-cold ethanol down the side of the tube until the test tube is about half full of liquid. 
The ethanol should form a layer on top of the strawberry extract. (DO NOT allow the 
two layers to mix.) 

10. 	 Place the test tube in the test tube rack and leave it undisturbed for 2 to 3 minutes. 
Observe what happens in the ethanol layer. 

11. 	 Dip a bamboo stick into the test tube where the ethanol and strawberry extract layers 
meet and gently rotate the stick. This will spool out the DNA. Make a careful 
observation of the spooled DNA. 

12. 	 Repeat Steps 2-11 with kiwifruit, banana or mango. 
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B. 	 Staining and observing DNA 

1. 	 Put the spooled DNA obtained in Step A11 on a clean microscope slide and gently 
stretch it apart using two toothpicks. Add a drop of methylene blue stain and cover with 
a cover slip. Carefully observe the DNA under the microscope. 

2. 	 Add 2 drops of methylene blue stain to the solution remaining in the test tube in Step 
A11. The DNA left in the test tube will be stained blue. (Control: Add 2 drops of the 
stain to a tube containing water only.) 

Questions for Further Thought 

1. 	 Why is it necessary to squeeze and smash the fruit sample in Step A4? 
2. 	 The extraction solution used in Step A5 contains detergent. What is the function of the 

detergent? 
3. 	 Why should ice-cold ethanol be used in Step A9? 
4. 	 Is the DNA extracted in Step A11 pure? What substance(s) might be attached to the 

DNA? 
5. 	 Why is DNA extraction important to scientists? State some of its applications. 

References 

1. 	http://learn.genetics.utah.edu/content/labs/extraction/ 
2. 	http://www.imb.uq.edu.au/index.html?id=66795 

Student Handout – C8 
page 3 of 3 

http://www.imb.uq.edu.au/index.html?id=66795
http://learn.genetics.utah.edu/content/labs/extraction


 

 

 
 

 

 

 

 

 

 

 
 

 

               
 
 

 
 

  
 

 

 

  

Integrated Science 

Sample SBA Task
 

Module E3: Chemistry for World Needs 


How cross-linking changes the properties of a polymer?
 
Student Handout 


Purpose 

1. 	 To prepare slime samples from polyvinyl alcohol (PVA) mixed with varied amounts of 
borax solution (a cross-linking agent), and investigate how the concentration of the 
cross-linking agent affects the flow of slime. 

2. 	 To investigate how a slime sample behaves when subject to an external force. 

Background 

Slimes belong to a kind of soft, moist, mucus-like material which possesses some adhesive 
property. One characteristic of slimes is that they dilate or expand rather than shrink when 
under pressure. The Slime, which is sold as a toy, is made from a vegetable gum (a 
polysaccharide) mixed with sodium borate (Na2B4O710H2O, also known as borax). Borax 
holds the polysaccharide strands together by cross-linking, which increases the viscosity of 
the material. 

In this experiment, you will make different samples of PVA slime by mixing polyvinyl 
alcohol with various amounts of borax, and compare their viscosities. From the experiment, 
you will realise the relation between the physical strength of a polymeric material and its 
degree of cross-linking. You will also investigate how the slime behaves when it is being 
compressed  or  stretched.  

Part I: 	 Testing the Effect of the Concentration of Cross-linking Agent on the Viscosity 
of a Slime 

Apparatus and materials: 

Measuring cylinders (10 ml, 100 ml)
 
Beakers (100 ml, 250 ml) 

Balance 


 Test tubes 

 Transparent plastic cup 

 Bamboo sticks 


Droppers 

Round plastic measuring spoon (5 ml) 


 Transparent plastic sheet 

 Stopwatch 


Ruler 

4% polyvinyl alcohol (PVA) solution 


 Borax powder 

 Distilled water 


Round plastic measuring spoon 
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Safety Precaution:
 

Wash your hands thoroughly after the experiment. 


Procedure: 


A. 	 Preparation of PVA slime samples 

1. 	 Prepare a 5% borax solution by dissolving 2 g of borax powder in 40 ml distilled water. 

2. 	 Prepare 10 ml each of 1%, 2%, 3% and 4% borax solutions by diluting appropriate 
volumes of the 5% borax solution with distilled water. 

Concentration of 
borax solution (%) 

Volume of 5% borax 
solution used (ml) 

Distilled water 
(ml) 

Final volume 
(ml) 

1 

102 

3 

4 

3. 	 Make a slime sample by mixing 10 ml of the given 4% PVA solution and 2 ml of 5% 
borax solution in a plastic cup. Stir the mixture vigorously with a bamboo stick until 
gelling is completed. 

4. 	 Remove the slime from the plastic cup and knead by hand to remove excess water and 
air bubbles. 

5. 	 Make the other slime samples by repeating Steps 3 and 4, using the 4%, 3%, 2% and 1% 
borax solutions. Use 10 ml of PVA solution and 2 ml of borax solution for each 
preparation. 

B. 	 Testing the viscosity of the slime samples 

For each of the slime samples made above: 

1. 	 Pack the sample into the plastic measuring spoon and then place the spoon with the 
slime side down on top of a transparent plastic sheet. Press the spoon firmly on the 
plastic sheet and cut away the residue that is squeezed out of the spoon. 

2. 	 Remove the spoon. Start the stopwatch and observe how quickly the slime spreads out. 
Do not disturb the slime. 

3. 	 After 5 minutes, measure the diameter of the slime using a ruler. Record the 
experimental data in the table below. 
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Concentration of 
borax solution (%) 

Diameter of the slime 
after 5 minutes (cm) 

1 
2 
3 
4 
5 

4. 	 Plot the diameter of the slime against the concentration of borax solution. 

Questions: 

1. 	 What happens to the mixture of PVA solution and the borax solution when it is stirred 
vigorously? 

2. 	 Which slime sample is the most viscous and which one is the least viscous? 
3. 	 Why is it necessary to remove excess water and air bubbles from the slimes before 

performing the tests? 
4. 	 Why is it necessary to have the slime samples for testing made into the same size and 

shape? 
5. 	 Should we perform the test on a piece of paper instead of the plastic sheet? Explain 

briefly. 
6. 	 How can we get a better measure of the diameter of the slime? 
7. 	 Does the degree of cross-linking of PVA slime increase or decrease with the 

concentration of the borax solution added? Explain briefly. 
8. 	 Apart from varying the proportion of borax in PVA slime, what other experiments can be 

done on the slime to study its viscosity? 
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Part II: 	To Investigate How a Slime Sample Behaves When Subject to an External 
Force 

Apparatus and materials: 

10 ml measuring cylinder 

 Transparent plastic cup 

 Bamboo sticks 


Plastic zipper bag 

 Hammer (or mallet) 


4% PVA solution 

5% borax solution 


Procedure: 

1. 	 Prepare a slime sample by mixing 20 ml of 4% PVA solution and 4 ml of 5% borax 
solution in a plastic cup. 

2. 	 Stir the mixture with a bamboo stick until gelling is completed. 

3. 	 Remove the slime from the plastic cup and knead it by hand to remove excess water and 
air bubbles. 

4. 	 Place the sample in a zipper bag and use a hammer (or mallet) to give the sample a 
gentle blow. Observe and record what happens. 

5. 	 Use a hammer (or mallet) to smash the sample with a sharp blow (TAKE CARE). 
Observe and record what happens. 

6. 	 Collect the slime sample from the zipper bag. Grab the sample with both hands, and pull 
it quickly. Observe and record what happens. 

7. 	 Grab the sample and pull it slowly with both hands. Record the length of the sample 
before it breaks into two halves. Repeat this step twice and report the longest length that 
is obtained. 

Observation: 

Step 4: hitting the slime sample with a gentle blow 

Step 5: hitting the slime sample with a sharp blow 
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Step 6: pulling the slime sample quickly 

Step 7: pulling the slime sample slowly 

The longest length obtained: __________________ cm 

Student Handout – E3 
page 5 of 5 


	TABLE OF CONTENT
	Task C1
	Task C2
	Task C4
	Task C5
	Task C6
	Task C7
	Task C8
	Task E3



