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1  Jupiter has more than 90 moons. 

Eleven of these moons were discovered in the 20th century. Their diameters are shown in the 
table below.

Moon Year of discovery Diameter (km)

S/1999 J1 1999 13

Metis 1979 40

Adrastea 1979 25

Thebe 1979 100

Leda 1974 15

Ananke 1951 30

Carme 1938 49

Lysithea 1938 35

Sinope 1914 35

Pasiphae 1908 50

Elara 1905 75

(a) 
(i) Use the data in the table to determine the mode, median and range of these diameters.

• mode =    .................................................

• median = .................................................

• range =   .................................................
 [3]

(ii) Use the data in the table to calculate the mean of the moon diameters.

Give your answer to the nearest whole number.

Mean = …………..………….................. km [1]
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(b) The data in the table can be compared across two time periods.

Six of the moons in the table were discovered between 1905 and 1951 and five after 1951.

Compare the diameters of the moons discovered between 1905 and 1951 with the diameters 
of the moons discovered after 1951.

(i) Identify the name of the outlier in the data for moons discovered after 1951.

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

(ii) Describe the trend in the data between the two time periods if the outlier is ignored.

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

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

(iii) Suggest an explanation for the trend.

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

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

(c) Elara was discovered in 1905. 

Elara has a radius, R of 3.75 × 104 m and a mass, M of 8.7 × 1017 kg.

The gravitational field strength, g at the surface of Elara can be calculated using the equation:

G
R
Mg 2= , where G = 6.67 × 10–11 N m2 kg–2

Calculate g.

Give your answer to 2 significant figures and state the units.

                                       g = ........................................ units ........................................ [4]
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(d) An image of Thebe taken by a spacecraft is shown below.

According to internet sources, the diameter of Thebe is 100 ± 4 km.

(i) Suggest how this value would be determined from the image.

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

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

(ii) Explain why there is uncertainty in the quoted value.

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



© OCR 2024 Turn over

5

PLEASE DO NOT WRITE ON THIS PAGE

Turn over for the next question

BLANK PAGE



6

© OCR 2024

2  Moths belong to a large order of insects called Lepidoptera. This order is divided into two 
groups: butterflies (Rhopalocera) and moths (Heterocera).

(a) Lepidoptera, Rhopalocera and Heterocera are terms used to classify living things.

Give two reasons why scientists use a classification system for living things. 

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

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

(b) A biology student is investigating insects classified as Lepidoptera.

The student finds a diagram on the internet which shows how to tell moths and butterflies 
apart by the shape of their antennae. 

The diagram is shown below. 

(i) Describe two features of the butterfly antennae that are different from the moth antennae.

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

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

(ii) Suggest two additions to the diagram that would improve the quality of the information.

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

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

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

 .....................................................................................................................................................
[2] 
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(c) The student investigates the possibility of designing a key to assist with identifying moths.

The table below shows descriptions of the larvae (caterpillars) of three different moths.

Arctia caja 
(garden tiger moth)

The larvae are extremely furry, the hairs being long. 
They are mostly black with reddish or ginger hairs at 
the sides. The tips of the long black hairs are white. 
As they grow larger, they moult several times until 
reaching full size at around 4 cm long.

Arctia villica
(cream-spot tiger moth)

The young larvae are very furry and are black in the 
early stages. The larvae will eat dandelion, nettle and 
many other wild and garden plants. 

Callimorpha jacobaeae
(cinnabar moth)

The larvae are black-and-orange banded and are 
found feeding on the flowers of ragwort during July 
and August.

(i) The garden tiger moth is also known as Arctia caja.

Explain the nomenclature used for Arctia caja.

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

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

(ii) The student needs more information to construct a key. 

What two pieces of further information are needed for Arctia caja to compare with the other 
moths? 

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

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

(iii) What three pieces of further information are needed for Arctia villica to compare with the other 
moths?

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

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

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

(d) A recent study concluded that the total number of moths in Britain decreased by 33% over the 
50-year period up to 2017. 

Explain why moths can be used as indicator species.

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

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



8

© OCR 2024

3  Amylase is an enzyme responsible for breaking down starch. 

The rate at which starch is broken down can be monitored in a laboratory by testing with 
iodine solution. If starch is present, iodine changes from orange-brown to blue-black.

A group of students is investigating how the activity of the enzyme amylase changes with 
temperature. They use the method outlined below.

1 Set up a water bath at 25 oC.
2 Add 10 cm3 of starch solution to a test tube, and 10 cm3 of amylase solution to another   
 test tube.
3 Place both test tubes in the water bath for 5 minutes. 
4 During this period, put one drop of iodine into each dimple on a spotting tile.
5 Pour the amylase into the test tube containing the starch and start a timer.
6 Immediately remove a sample of the starch-amylase mixture and add to a drop of iodine  
 on the spotting tile.
7 Remove a sample of the starch-amylase mixture every 2 minutes and add to another   
 drop of iodine on the tile.
8 Continue for 14 minutes.
9 Repeat the experiment at diff erent temperatures in the water bath, set at 30 oC, 35 oC,   
 40 oC and 45 oC.

Fig. 3.1 shows the results of the investigation. 

Fig. 3.1

Temperature (oC) Key:

Colour of iodine solution

       = blue-black

       = orange-brown

Time 
(mins) 25 30 35 40 45
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       = orange-brown
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(a) 
(i) Describe the trends in the results shown in Fig. 3.1. 

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

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

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

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

(ii) Explain three trends in the results shown in Fig. 3.1.

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

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

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

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

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

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

(b) The students use their results to determine the optimum temperature for the activity of 
amylase.

(i) Explain why the results only give an approximate estimate of the optimum temperature.

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

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

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

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

(ii) Suggest three modifications the students could make to the method to obtain a more accurate 
value for the optimum temperature. 

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

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

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

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

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

 .....................................................................................................................................................  
[3]
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(c) The students plot a graph of their results as shown below. 

(i) What information should the students include to complete their graph?

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

(ii) The students’ teacher says that a scatter graph would be more appropriate than a bar graph.

Explain why a scatter graph is more appropriate. 

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

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

(iii) The students decide to repeat the investigation three times at each temperature before 
constructing a scatter graph.

What three pieces of extra information should the students include to complete their scatter 
graph?

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

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

3  ..................................................................................................................................................
[3]
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4  Scientists are investigating the chemical reaction between sodium thiosulfate and a dilute acid. 

A precipitate is produced which makes the reaction mixture turn cloudy. 

(a) The scientists first investigate how the rate of reaction changes as the initial concentration of 
sodium thiosulfate is changed.

They use the following method.

Step 1: place a card with a cross on it under a conical flask.

Step 2: put 10 cm3 sodium thiosulfate solution and 40 cm3 water into the conical flask.

Step 3: add 5 cm3 of dilute acid. 

Step 4: swirl the flask and measure the time taken for the cross to become invisible when
 viewed from above.

Step 5: repeat the procedure using different volumes of sodium thiosulfate and water in  
Step 2.

The scientists' results are shown in the table.

Volume of 
sodium thiosulfate 

(cm3)

Volume of  
water (cm3)

% concentration
of sodium 
thiosulfate

Time taken for 
the cross to 

disappear (s)

          1    (s – 1
       time          

)

10 40 164

20 30 85

30 20 56

40 10 42

Complete the table by doing the following calculations:

• Calculate the % concentration of the sodium thiosulfate solution in the flask at the start of each 
experiment and record the values in the results table.

Use the equation:     % concentration =                   volume of thiosulfate                  × 100
                                 volume of thiosulfate plus volume of water  

• Calculate the value of     1     for each experiment and record each value in the table.
                                           

time

Record your answers to 2 significant figures. 

The value of     1     can be taken as a measure of the rate of reaction.
              time  

[3]
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(b) The scientists then investigate whether changing the initial concentration of acid affects the 
rate of reaction.

They follow the same method as in part (a) but use a different concentration of acid in Step 3.

The graph shows their results. 

(i) Draw the line of best fit.  
 [2]

(ii) Use the graph to estimate the time taken for the cross to disappear when the concentration of 
sodium thiosulfate is 70%.

Show your working on the graph. 

Time = …………..………….................. s [3]
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(c) The scientists make two conclusions from their investigations in (a) and (b):

Conclusion 1: the rate of reaction is directly proportional to the concentration of sodium 
thiosulfate.

Conclusion 2: the acid used in (b) is more concentrated than the acid used in (a).

Use the data from the table and the graph to justify both conclusions.

(i) Justification for Conclusion 1.

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

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

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

(ii) Justification for Conclusion 2.

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

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

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

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

(d) What four pieces of extra information must be included in the procedure in (a) to ensure that it 
is repeatable by other scientists?

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

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

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

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

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

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

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

 .....................................................................................................................................................
[4] 
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5  Iron is an important metal in the construction industry.

(a) Liquid iron is poured into a mould.

As the iron cools the arrangements of its atoms change. One arrangement is known as  
body-centred cubic (BCC) and the other is known as face-centred cubic (FCC). 

The magnetic property of the iron also changes as it cools. 

The graph shows how the structure of pure iron changes as it cools.
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Use the graph to describe how the structure of iron changes as molten iron cools down. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 ................................................................................................................................................ [6] 
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(b) Mild steel is an alloy of iron.

This alloy contains five elements in addition to iron. 

The table shows the relative amounts of the five elements in proportion to each other. 

Element Symbol Proportion (%)

Carbon C 37%

Silicon Si 25%

Manganese Mn 21%

Phosphorus P 16%

Sulfur S 1%

Complete the pie chart below using the following steps:

(i) Convert the percentages of carbon and silicon in the table to degrees.

Carbon = .................. o 

                                                                          Silicon = .................. o 
[1]

(ii) Draw the segments for carbon and silicon in the correct positions on the pie chart and label 
each segment of the pie chart with the correct symbol.

[2]
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6  Hydrogen peroxide (H2O2) is an active ingredient in some mouthwashes and in contact lens 
solutions.

A chemist determines the concentration of hydrogen peroxide in mouthwash by titration with 
acidified potassium manganate (VII), KMnO4.

5H2O2 (aq) + 2MnO4 
_   + 6H+  →  5O2 (g) + 2Mn2+ + 8H2O

                     Purple   Colourless

A 5.00 cm3 portion of mouthwash was transferred to a 100 cm3 volumetric flask and made up to 
the mark with water. 

10.00 cm3 portions of the diluted mouthwash were acidified and titrated against 0.020 mol dm–3 
KMnO4. 

(a) The titration is a redox reaction.

(i) Balance the half equation for the conversion of MnO4 
_  ions to Mn2+ ions.

MnO4 
_ 

 (aq)   +    …….H+ (aq)    +    …….e–    →     Mn2+ (aq)    +    …….H2O(l)                      
[1]

(ii) Is MnO4 
_ 

 (aq) oxidised or reduced?

Explain your answer in terms of electrons.

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

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

(iii) State the colour change at the end point of the titration.

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

(b) The mean titre was found to be 12.20 cm3. 

(i) Calculate the number of moles of KMnO4 in 12.20 cm3 of 0.020 mol dm−3 KMnO4.

Use the following equation in your calculation.

concentration inmol dm volume in cm#
Number of moles =

3 3-

1000

Number of moles KMnO4 = …………..………….................. [1]
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(ii) In this reaction 5 moles of H2O2 react with 2 moles of KMnO4.

Use this information to calculate the number of moles of H2O2 in 10.00 cm3 of the diluted 
mouthwash.

Number of moles H2O2 = …………..………….................. [1]

(iii) Calculate the concentration in mol dm–3 of H2O2 in the diluted mouthwash.

Concentration of H2O2 in the diluted mouthwash = …………..………….................. mol dm–3 [1]

(iv) Calculate the dilution factor and use this value to calculate the concentration of H2O2 in the 
original mouthwash.

Dilution factor =…………..………….................. 

Concentration of H2O2 in original mouthwash = …………..………….................. mol dm–3 
[2]



22

© OCR 2024

(c) Contact lens solutions contain ingredients such as hydrogen peroxide which sterilise contact 
lenses. 

The label on a bottle of contact lens solution says it is a 3% solution of hydrogen peroxide. 
A 3% solution means there are 3 g of H2O2 in 100 cm3 of solution. 

Calculate the concentration of H2O2 in mol dm–3.

Concentration of H2O2 in contact lens solution = …………..………….................. mol dm–3 [3]

(d) Some contact lens solutions contain sodium chloride solution to sterilise contact lenses.

The chemist decides to do a titration to determine the concentration of NaCl in a brand of 
saline contact lens solution.

The chemist titrates 10.0 cm3 portions of the contact lens solution against 0.100 mol dm–3 silver 
nitrate (AgNO3).

(i) What type of titration is this?

Put a   ring   around the correct answer.

Acid-base                Complexometric                 Precipitation                Redox                        
[1]                                 

(ii) The indicator for this titration is potassium chromate.

Describe what you would observe at the end point.

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

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

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

 



© OCR 2024 Turn over

23

(iii) The chemist obtained the following results.

Trial Accurate 1 Accurate 2 Accurate 3

Final burette reading 
(cm3) 17.95 35.75 17.70 35.50

Initial burette reading 
(cm3) 0.00 17.95 0.10 17.70

Titre (cm3) .................... .................... .................... ....................

Complete the results table to show the titre obtained for each titration and use the concordant 
values to calculate the mean titre.

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

(iv) The burette has an uncertainty of ± 0.05 cm3 in each reading. Calculate the percentage error 
in the first accurate titre.

% error = …………..………….................. % [2] 
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7  Fig. 7.1 and Fig. 7.2 both relate to discoveries made by the James Webb Space Telescope, 
the largest optical telescope in space.

Fig. 7.1 is an article published in the online newspaper The Independent in January 2023.

Fig. 7.1

Astonishing new Nasa image shows stars and planets as they form.

NGC 346, shown here in this image from NASA’s James Webb Space Telescope Near-Infrared 
Camera (NIRCam), is a dynamic star cluster that lies within a nebula 200,000 light years away.

A new image taken by the James Webb Space Telescope could show the very beginnings of planets. The 
vast, swirling new image shows a young cluster of stars known as NGC 346, located in the Small  
Magellanic Cloud or SMC. They are found more than 200,000 lightyears from Earth.

Scientists believe that conditions in that star cluster are similar to those in the early universe, when it 
was giving birth to new stars at a rapid rate.

The image allows scientists to look at that process as it happens, watching stars as they are formed. But 
it might also include planets – which would suggest that new worlds were forming earlier in the universe 
than scientists realised.

Fig. 7.2 shows part of a publication in The Astronomical Journal about discoveries made using 
the James Webb Space Telescope.

Fig. 7.2

THE ASTRONOMICAL JOURNAL, 165:14 (12pp), 2023 January                                              https://doi.org/10.3847/1538-3881/ac9f45
© 2022. The Author(s). Published by the American Astronomical Society.
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Abstract

Understanding planet formation requires robust population studies, which are designed to reveal trends in planet 
properties. In this work we aim to determine if and how different methods for selecting populations of exoplanets  
for atmospheric characterization with JWST could influence population-level inferences. We generate three  
hypothetical surveys   of   super-Earths/sub-Neptunes,  with   each   survey   designed   to   span   a   similar   radius-insolation
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(a) The two reports are designed for different audiences.

(i) Choose the intended audience (peers, public or scientific community) for the two reports and 
justify your answer.

Fig. 7.1

Intended audience  ......................................................................................................................

Justification  .................................................................................................................................

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

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

Fig. 7.2

Intended audience  ......................................................................................................................

Justification  .................................................................................................................................

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

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

(ii) Suggest one reason why it is important to publish scientific findings which are easily 
accessible to members of the public.

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

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

(b) Fig. 7.2 was published in a peer reviewed journal.

(i) State one advantage of peer reviewed publications.

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

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

(ii) Describe the process of peer review.

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

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

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

 ................................................................................................................................................ [3]
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(c) Use Fig. 7.2 to deduce:

(i) how many months it took to complete the peer review.

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

(ii) the number of institutions that collaborated on this work.

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

END OF QUESTION PAPER 
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