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1 A water rocket is a type of model rocket that uses water as its reaction mass, powered by air 
pressure. 

• The rocket body is a plastic drinks bottle.

• Water is forced out of the bottom of the rocket by the pressure of the air inside the bottle, 
and exerts an upward force on the rocket.

• This upward force causes the rocket to shoot upwards at high speed. 

• The length of time the rocket is in the air depends on the air pressure and on the amount of 
water in the bottle.

• The maximum safe pressure which the bottle can hold is 700 kPa.

Some students are investigating how the pressure inside the bottle affects the length of time 
the rocket is in the air. They set up the water rocket as shown below.

They use the pump to increase the pressure inside the bottle and open the release 
mechanism to release the rocket when the air pressure has reached the required value.

(a) The students wrote up the method in their laboratory notebook as shown below.

Method

• We put some water into the bottle.

• We then pumped some air into the bottle and recorded the pressure in kPa.

• We released the bottle and timed how long it took for the bottle to return to the ground.

• Finally, we calculated the average time in the air for each pressure.

Pump

Pressure gauge 

Pressure hose

Plastic drinks bottle

Compressed air

Launch tube

Water

Launcher with
release mechanism
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(i) Their teacher said that the method outlined in their notebook did not give enough details.

Suggest three details that the students should include in their write-up.

1  ..................................................................................................................................................

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

2  ..................................................................................................................................................

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

3  ..................................................................................................................................................

 .....................................................................................................................................................
[3]

(ii) State two risks for this investigation.

1  ..................................................................................................................................................

2  ..................................................................................................................................................
[2]

(iii) State two safety precautions the students should take.

1  ..................................................................................................................................................

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

2  ..................................................................................................................................................

 .....................................................................................................................................................
[2]

(b) The students use a table to collect and process data. Draw a suitable table for the task in the 
space below.

You only need to complete the column headings.

[4]
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(c) The students plot a scatter graph and a bar chart of their results, as shown below.
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2 3 4 5 6

Time the rocket
is in the air (s)

Gas pressure applied to
the rocket (× 102 kPa)

Time the rocket
is in the air (s)

Gas pressure applied to
the rocket (× 102 kPa)

Fig. 1.1 Fig. 1.2

Explain why Fig. 1.1 is more suitable than Fig. 1.2 for displaying the results the students 
obtained.

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

 ................................................................................................................................................ [1]

(d) Use the data shown in Fig.1.1 to write a conclusion.

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

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

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

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

 ................................................................................................................................................ [3]
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2 Gel Electrophoresis is a method used to separate mixtures of DNA, RNA or proteins.  
Gel Electrophoresis produces a DNA fingerprint which is unique to each individual. 

DNA fingerprinting can be used to determine the parentage of a child.

(a) 
(i) A technician swabs cheek cells from the mother, the child and two possible fathers, and 

processes the swabs using a technique called PCR.

State what PCR stands for.

 ................................................................................................................................................ [1]

(ii) Explain why PCR is used for this type of investigation.

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

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

 ................................................................................................................................................ [2]

(b) After the PCR is completed, the technician uses gel electrophoresis to separate the  
fragments of DNA.

Fig. 2.1 shows the electrophoresis gel viewed from above.

The two electrodes are labelled X and Y.

Fig. 2.1

Child Mother Male 1 Male 2 Electrode X

Electrode Y 

Electrophoresis
gel

(i) Tick () the box which indicates the correct charge on Electrode X and on the DNA fragments.

Charge on Electrode X Charge on DNA fragments

negative positive

positive negative

negative negative

positive positive
[1]
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(ii) The fragments range in length from 200 bp to 1000 bp, where bp stands for base pair.

Identify the correct example of a base pair found in DNA.

Tick () the box.

Base pair

Adenine – adenine

Adenine – cytosine

Adenine – guanine

Adenine – thymine

[1]

(iii) Label the shortest fragment on the diagram in Fig. 2.1.

Explain your answer.

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

 ................................................................................................................................................ [2]

(iv) Children inherit half of their genetic material from their father and half from their mother. This 
means that half of the DNA fingerprint of a child is likely to overlap with that of their mother 
and half is likely to overlap with that of their father.

Use the DNA fingerprints in Fig. 2.1 to determine which male (1 or 2) is most likely to be the 
father of the child.

Explain how you reached your conclusion.

Most likely father  .........................................................................................................................

Explanation  .................................................................................................................................

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

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

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

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

 .....................................................................................................................................................
[3]
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(c) Give one other application for the use of gel electrophoresis in DNA fingerprinting.

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

 ................................................................................................................................................ [1]

(d) Chromatography is another important technique used by scientists to separate and identify 
substances in a mixture.

A technician analyses a mixture of two alcohols, pentan-1-ol and pentan-3-ol, by gas 
chromatography (GC).

The chromatogram is shown below.

Intensity

Time (min)

1.50 2.00 2.50 3.00 3.50

(i) The technician does not know which peak corresponds to which alcohol.

Outline how the technician could use GC to determine which peak is pentan-1-ol.

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

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

 ................................................................................................................................................ [2]

(ii) Explain how the technician would determine the proportions of each alcohol in the mixture.

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

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

 ................................................................................................................................................ [1]
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3 A transport company plans to reduce their carbon footprint by using biodiesel in their vehicles.

• Biodiesel can be made from waste cooking oil obtained from fast food restaurants.
• Waste cooking oil contains weak acids which must be neutralised before processing, by 

adding sodium hydroxide, NaOH.
• To determine how much NaOH is needed to neutralise the acids in the cooking oil, a small 

sample of waste cooking oil is dissolved in a solvent such as propan-2-ol and titrated against 
a standard solution of NaOH.

• The mass of NaOH required to neutralise the acids in a whole batch of waste cooking oil can 
be calculated from the result of the titration.

You will need to use the following equations in your answers to the numerical questions.

Number of moles
molar mass (gmol )

mass in g
= 1-

concentration inmol dm volume in cm#
Number of moles

3 3

=
-

1000

(a) First, a technician prepares 250 cm3 of a 0.0250 mol dm–3 standard solution of NaOH.

(i) Show that the molar mass of sodium hydroxide is 40.0 g mol–1.

 [1]

(ii) Calculate the number of moles of NaOH needed to make 250 cm3 of a 0.0250 mol dm–3 solution.

Moles =  ....................................................... mol [1]

(iii) Calculate the mass of NaOH required.

Mass =  ......................................................  g [2]

(iv) The technician dissolves the calculated mass of NaOH in water and makes up the solution to  
250 cm3.

Name the piece of laboratory equipment the technician should use to make up the solution.

 .................................................................................................................................................  [1]
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(b) The technician then does a titration to determine how much NaOH is required to neutralise the 
acids in a sample of the cooking oil.

The technician measures out 10.0 cm3 of the cooking oil into a conical fl ask and adds an 
equal volume of propan-2-ol. The technician titrates this against 0.0250 mol dm–3 NaOH using 
phenolphthalein as the indicator.

(i) The diagram below shows the titration set-up that the technician uses.

50

40

30

20

10

0
A

0.0250 mol dm_3

NaOH(aq)

B

10.0 cm3 of cooking oil 
dissolved in propan-2-ol 
plus indicator

Identify equipment A and B.

A ..................................................................................................................................................

B ..................................................................................................................................................
[2]

(ii) State the colour change of the phenolphthalein indicator at the end point of this titration.

From ................................................................. to ................................................................. [1]

(iii) Methyl orange is not a suitable indicator for this titration.

Suggest why it is not suitable.

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

 ................................................................................................................................................ [1]
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(iv) The table shows the results of four titrations completed by the technician.

Titre / cm3

20.30 20.15 20.10 20.15

Put  rings  around the results that are concordant.
[1]

(v) Calculate the mean titre that the technician should use in the calculation.

Give your answer to two decimal places.

Mean titre =  ..................................................... cm3 [2]

(vi) Use the mean titre to calculate the number of moles of NaOH required to neutralise the acids 
in 10.0 cm3 of oil.

Number of moles NaOH  =  ..................................................... mol [1]

(c) The transport company has six containers of this waste cooking oil.

Each container holds 20 dm3 of oil.

Calculate the mass of NaOH required to neutralise the acids in 20 dm3 of oil.

Give your answer to three significant figures.

Mass of NaOH =  ..................................................... g [4]
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4 Ultrasound and X-ray scanners can be used to create an image of structures hidden inside the 
body of a patient.

(a) Describe the differences between ultrasound and X-ray scanners.

In your answer refer to:

• how they work 

• which structures can be seen in the image created

• potential hazards which pose a risk to the patient.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ................................................................................................................................................ [6]
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(b) Electron microscopy can also be used to image diffi cult to view structures. 

Fig. 4.1 shows a scanning electron micrograph of the eye of a fl y.

Fig. 4.2 shows a light micrograph of the head of the same fl y.

The distance from A to B is shown on the electron micrograph and the light micrograph. This 
distance can be used to determine the width of the fl y’s eye.

Fig. 4.1              Fig. 4.2

(i) State two disadvantages of using electron microscopy, rather than light microscopy, for this 
type of study.

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

 ................................................................................................................................................ [2]

(ii) Measure the distance, in mm, between points A and B in Fig. 4.1 and Fig. 4.2.  

• Distance between A and B in Fig. 4.1.

 .....................................................  mm

• Distance between A and B in Fig. 4.2.

 .....................................................  mm
[1]

(iii) Calculate how many times greater the magnifi cation of the electron microscope is than the 
light microscope.

Magnifi cation =  .....................................................  times [1]

B
B

A
A

50 µm
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(iv) Use the line showing 50 μm in Fig. 4.1 to calculate the actual width of the eye.

Give your answer in metres and in standard form.

 ..................................................... m [2]

(c) Describe two differences between scanning electron microscopy and transmission electron 
microscopy.

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

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

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

 ................................................................................................................................................ [2]
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5 The sparks seen in a firework display are different colours because the fireworks contain 
different cations.

(a) State the colour of the sparks produced by each of the following cations.

Ba2+ ..............................................................................................................................................

Ca2+  .............................................................................................................................................

Li+  ................................................................................................................................................
[3]

(b) Some students are investigating the flame colours emitted by different cations. 

Describe how the students would do a flame test on a solid sample of potassium nitrate.

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

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

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

 ................................................................................................................................................ [2]
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(c) A firework manufacturer is using AES to find the cations used in fireworks produced by a 
competitor.

(i) State what AES stands for.

 ................................................................................................................................................ [1]

(ii) The image shows spectra for Mg, Al, Cu and Li and the competitor’s firework.

Mg2+

Al 
3+

Cu2+

Li+

Competitor’s
firework

Violet Blue Green Yellow Orange Red

State which two cations are in the competitor’s firework.

1 ..................................................................... 2 .................................................................... [2]

(iii) Justify your answer to (ii).

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

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

 ................................................................................................................................................ [2]

(d) The firework manufacturer also uses ICP-AES to identify cations.

Put a   ring   around two cations that ICP-AES can identify but AES cannot.

Ca2+                 Fe2+                 Mg2+                 Na+                 Pb2+

[2]
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(e) AES can be used to find the concentration of lithium ions in a solution of unknown 
concentration (solution T).

A technician uses the following steps to obtain a calibration graph.

Step 1  The technician prepares 100 cm3 of a solution containing 0.010 mol dm–3 of   
lithium ions. This is the stock solution S.

Step 2    The technician calculates the volume of solution S and the volume of water  
required to make 10 cm3 of four more solutions to complete the calibration. 

Step 3    The technician prepares the five solutions and places each one in turn (including the 
stock solution), in the AES instrument. 

Step 4     The intensity of light emitted by each solution is then measured. 

(i) Complete the table below to show the volume of solution S and the volume of water needed to 
prepare 10 cm3 of each solution.

Concentration of Li+ 
(mol dm–3)

Volume of solution S 
(cm3)

Volume of water 
(cm3)

0.01 10 0

0.008

0.006

0.004

0.002

 [2]
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(ii) The technician plots a graph of intensity (a.u) against concentration (mol dm–3) as shown 
below.

Intensity
(a.u.)

1.6

1.4

1.2

1

0.8

0.6

0.4

0.2

0
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01

Concentration (mol dm_3)

The technician then places the test solution T in the AES machine and notes that the intensity 
of light emitted is 0.7 a.u.

Use the calibration graph to determine the concentration in mol dm–3 of lithium ions in the test 
solution T.

Show your working on the graph. 

Concentration of lithium ions =  .....................................................  mol dm–3 [2]
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6 Some scientists are studying transformed roots to produce compounds that can be used as 
medicines.

Making transformed roots starts with injecting plant material with a bacterium that infects 
plants and causes them to produce only roots.

(a) The bacteria are firstly grown on an agar plate.

They are inoculated onto the agar surface by using a bacterial streaking technique.

Below is a photograph of an agar plate with the bacteria growing on it. 

The scientists are discussing the appearance of the agar plate.

(i) Join each of the scientists’ statements with the correct explanation for it.

Draw two lines only.

Statement Explanation

The plate is not contaminated. There is only one kind of 
colony.

We can get clones from this 
plate. There are single colonies.

There is a patch of agar with 
no colonies on it.

[2]

©  ResearchGate, researchgate.net. Item removed due to third party copyright restrictions. Link to material - https://www.researchgate.net/figure/Colony-morphologies-of-Agrobacterium-tumefaciens-genomic-species-G1-and-G4-on-1A-medium_fig1_287254020
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(ii) Describe the four steps followed by a scientist to streak bacteria onto an agar plate.

1  ..................................................................................................................................................

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

2  ..................................................................................................................................................

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

3  ..................................................................................................................................................

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

4  ..................................................................................................................................................

 .....................................................................................................................................................
[4]

(iii) The agar and agar plate must be sterilised correctly before and after use.

Complete the sentences.

Use the words from the list.

autoclaved dried flamed washed

The words may be used once, more than once or not at all.

The agar must be .............................................. before it is poured into the agar plate.

Following their use in the experiment, the agar and agar plate must be 

.............................................. .
[2]
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(b) After the bacteria have transformed the roots, the roots can be grown by tissue culture.

The image shows transformed roots growing on an agar plate.

(i) The sentences below summarise the method to create a tissue culture of transformed roots 
onto an agar plate.

Complete the sentences, using words from the list below.

The words may be used once, more than once or not at all.

autoclaving            cooling drying flaming wiping

1   Sterilise the surfaces inside a controlled air flow hood by ...................................... with 
ethanol.

2   Sterilise scissors by dipping into ethanol and then ...................................... .

3   Cut a 5 cm length of transformed root with the sterile scissors.

4   Sterilise the forceps by dipping into ethanol and then ...................................... .

5   Use the sterile forceps to transfer the length of root to a fresh agar plate.
[3]

© Paul Holmes, Ph.D thesis, University of Birmingham. Item removed due to third party copyright restrictions.
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(ii) The scientists are discussing the appearance of the transformed roots growing on the agar 
plate and planning future investigations. They draw three conclusions.

Draw a line to connect each conclusion with a correct explanation.

Conclusion Explanation

...work in a controlled air flow 
cabinet.

We know the agar dish is not 
contaminated because...

...the agar surface does not 
contain any bacterial colonies.

To prevent us contaminating 
the agar dish containing the 

transformed roots we should...

...grow the culture in a large 
room.

To transfer samples of the 
roots onto other agar plates we 

should...
...autoclave the roots.

... use the aseptic technique 
to surface-sterile the roots.

[3]

END OF QUESTION PAPER
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