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Combined Science BIOLOGY HT 2022  

BIOENERGETICS Q&A 

Q1. 
The graph shows the uptake of carbon dioxide and the release of carbon dioxide by a 
bean plant on a hot summer’s day. 

  

(a)     At which two times in the day did the rate of photosynthesis exactly match the rate 
of respiration in the bean plant? 

1. ______________________________     2. ______________________________ 

(1) 

(b)     The bean plant respires at the same rate all through the 24 hour period. 

(i)     How much carbon dioxide is released each hour during respiration? 

____________________________ arbitrary units 

(1) 

(ii)     How much carbon dioxide is used by photosynthesis in the hour beginning at 
3 pm? 

______________________________________________________________ 
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______________________________________________________________ 

Answer = ____________________________ arbitrary units 

(1) 

(c)     Over the 24 hour period, the total amount of carbon dioxide taken in by the bean 
plant was greater than the total amount of carbon dioxide given out by the bean 
plant. 

Explain, in detail, why this was important for the bean plant. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 5 marks) 

Q2. 
(a)     Respiration is a process which takes place in living cells. What is the purpose of 

respiration? 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(b)     (i)      Balance the equation for the process of respiration when oxygen is available. 

C6H12O6  +              O2  →            CO2  +              H2O 

(1) 

(ii)     What is the name of the substance in the equation with the formula C6H12O6? 

______________________________________________________________ 

(1) 

(c)     Oxygen is absorbed through the alveoli in the lungs. 

(i)      How are the alveoli adapted for this function? 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 
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(ii)     Name the gas which is excreted through the alveoli. 

______________________________________________________________ 

(1) 

(d)     (i)      What is the name of the process of respiration when oxygen is not available? 

______________________________________________________________ 

(1) 

(ii)     Describe the process of respiration which takes place in human beings when 
oxygen is not available and give an effect. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(3) 

(Total 10 marks) 

Q3. 
(a)     (i)      Complete the word equation for the process of aerobic respiration. 

Glucose      +      ______________      →      carbon dioxide      +      water 

(1) 

(ii)     Which organ removes carbon dioxide from your body? 

______________________________________________________________ 

(1) 

(b)     Use names from the box to complete the two spaces in the passage. 
  

carbon dioxide      lactic acid       nitrogen        oxygen       water 

Anaerobic respiration can occur when an athlete does vigorous exercise. 

This is because there is not enough ___________________________ in the body. 

The product of anaerobic respiration is ________________________________ . 

(2) 

(Total 4 marks) 
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Q4. 
A student investigates the rate of respiration in maggots. 

Figure 1 shows the equipment he uses. 

Figure 1 

  

(a)     Why does the student put the maggots on gauze? 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(b)     When maggots respire they take in a gas from the air and release a different gas. 

Solution A absorbs the gas released. 

At the start of the investigation the student records the distance of the water droplet 
from the bend in the capillary tube. 

Explain what happens to the water droplet as the maggots respire. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 
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(c)     The table below shows the results the student calculated. 
  

Temperature in 
°C 

Rate of 
respiration in 

units 

5 2.2 

10 3.5 

20 7.5 

30 8.4 

40 14.0   

The student uses his results to plot the graph in Figure 2. 

Label the x and y axis. 

Figure 2 

  

(1) 

(d)     How could the student find out if the result at 30 °C is anomalous? 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(e)     Suggest what the value at 30 °C should be to fit the pattern of the graph. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(Total 8 marks) 
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Q5. 
Respiration can happen aerobically or anaerobically. 

Respiration transfers energy from glucose. 

(a)     Draw one line from each type of respiration in human cells to the correct 
information. 

  

Type of respiration 
in human cells 

  Information 

      

    Produces ethanol 

      

Aerobic respiration   Uses oxygen 

      

Anaerobic 
respiration 

  Uses carbon dioxide 

      

    Produces lactic acid 

(2) 

(b)     The table below shows the amount of energy released by aerobic and anaerobic 
respiration. 

  

  
Energy in kJ transferred 

from 1 g of glucose 

Aerobic respiration 16.1 

Anaerobic 
respiration 

1.2 

Suggest why human cells might respire anaerobically, even though only a small 
amount of energy is transferred. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(c)     Yeast is used in the brewing and baking industries. 

Why is yeast used in these industries? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(Total 7 marks) 

Q6. 
This question is about photosynthesis and food production. 

(a)     How can oxygen production be used to show the rate of photosynthesis? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

Scientists investigated factors affecting the rate of photosynthesis in tomato plants. 

The tomato plants were growing in a commercial greenhouse in the UK during winter. 

The graph below shows the results. 

 

The percentage of carbon dioxide in the Earth’s atmosphere is 0.04% 

(b)     Name the factor that is limiting the rate of photosynthesis at point X. 

________________________________________________________________(1) 
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Farmers growing tomatoes commercially try to control the rate of photosynthesis and 
make maximum profit. 

A farmer can control the temperature and carbon dioxide concentration in a greenhouse. 

(c)     What is the minimum light intensity a farmer should use to get the maximum rate of 
photosynthesis shown in above graph? 

Light intensity = _______________ lux 

(1) 

(d)     The light intensity you gave in part (c) may not give the farmer maximum profit. 

Explain why. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(e)     Explain the results when the light intensity was 0 lux. 

Use the diagram above. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(4) 

(Total 10 marks) 
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Q7. 
The graph shows the effect of temperature on photosynthesis. 

  

(a)     Between which temperatures is the rate of photosynthesis fastest? 

________________ and ________________ °C 

(1) 

(b)     Suggest why the rate of photosynthesis stays the same between these two 
temperatures. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(c)     A greenhouse owner wants to grow lettuces as quickly and cheaply as possible in 
winter. 

          At what temperature should he keep his greenhouse in order to grow the lettuces 
as quickly and cheaply as possible? 

________________ °C 

          Explain your answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 6 marks) 
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Q8. 
(a)     Balance the following equation for photosynthesis. 

______ CO2  +  ______ H2O  →  C6HI2O6  +  ______ O2 

(1) 

(b)     Give two conditions necessary for photosynthesis apart from a suitable temperature 
range and the availability of water and carbon dioxide. 

1. _________________________________________________________________ 

2. _________________________________________________________________ 

(2) 

(a)     Plants have leaves which contain guard cells and palisade cells. Explain how each 
of these kinds of cell assists photosynthesis. 

Guard cells _________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

Palisade cells _______________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(d)     Glucose is a product of photosynthesis. Give three uses which green plants make 
of glucose. 

1. _________________________________________________________________ 

2. _________________________________________________________________ 

3. _________________________________________________________________ 

(3) 

(Total 10 marks) 
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Q9. 
(a)      Complete the equation for photosynthesis. 

  light 
energy 

____________ + ____________  ____________ + oxygen 

(2) 

(b)     Scientists investigated how temperature affects the rate of photosynthesis. 
The scientists grew some orange trees in a greenhouse. 
They used discs cut from the leaves of the young orange trees. 

The scientists used the rate of oxygen production by the leaf discs to show the rate 
of photosynthesis. 

(i)      The leaf discs did not produce any oxygen in the dark. 

Why? 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     The leaf discs took in oxygen in the dark. 

Explain why. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(c)     In their investigation, the scientists measured the rate of oxygen release by the leaf 
discs in the light. The scientists then measured the rate of oxygen uptake by the leaf 
discs in the dark. 

The graph shows the effect of temperature on 

•   oxygen production in the light 

•   oxygen production in the light added to oxygen uptake in the dark. 
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Use the information from the graph to answer each of the following questions. 

(i)      Describe the effect of temperature on oxygen production in the light. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 

(ii)     Explain the effect of temperature on oxygen production in the light when the 
temperature is increased: 

from 25 °C to 35 °C 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

from 40 °C to 50 °C. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 
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(d)     A farmer in the UK wants to grow orange trees in a greenhouse. He wants to sell the 
oranges he produces at a local market. 
He decides to heat the greenhouse to 35 °C. 

Explain why he should not heat the greenhouse to a temperature higher than 35 °C. 
Use information from the graph in your answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 12 marks) 

  

 

Q10. 
Photosynthesis uses carbon dioxide to make glucose. 

(a)     (i)      Complete the equation for photosynthesis. 

carbon dioxide + _____________  glucose + _____________ 

(2) 

(ii)     What type of energy does a plant use in photosynthesis? 

______________________________________________________________ 

(1) 

(iii)    Which part of a plant cell absorbs the energy needed for photosynthesis? 

______________________________________________________________ 

(1) 

(b)     The graph shows the effect of the concentration of carbon dioxide on the rate of 
photosynthesis in tomato plants at 20 °C. 
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(i)      What is the maximum rate of photosynthesis of the tomato plants shown in the 
graph? 

_____________ arbitrary units 

(1) 

(ii)     At point X, carbon dioxide is not a limiting factor of photosynthesis. 

Suggest one factor that is limiting the rate of photosynthesis at point X. 

______________________________________________________________ 

(1) 

(c)     A farmer plans to grow tomatoes in a large greenhouse. 

The concentration of carbon dioxide in the atmosphere is 0.04%. 
The farmer adds carbon dioxide to the greenhouse so that its concentration is 
0.08%. 

(i)      Why does the farmer use 0.08% carbon dioxide? 

Tick ( ) one box. 
  

To increase the rate of growth of the tomato plants 

 

To increase the rate of respiration of the tomato 
plants 

 

To increase water uptake by the tomato plants 

 

(1) 
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(ii)    Why does the farmer not use a concentration of carbon dioxide higher than 
0.08%? 

Tick ( ) two boxes. 
  

Because it would cost more money than using 0.08% 

 

Because it would decrease the temperature of the greenhouse 

 

Because it would not increase the rate of photosynthesis of the 
tomato plants any further 

 

Because it would increase water loss from the tomato plants 

 

(2) 

(Total 9 marks) 

Q11. 
Plants absorb light to photosynthesise. 

(a)     Complete the word equation for photosynthesis. 

 
(1) 

Light intensity affects the rate of photosynthesis. 

The diagram below shows some of the equipment used to measure the rate of 
photosynthesis. 

 

(b)     Describe a method to investigate the effect of light intensity on the rate of 
photosynthesis. 

Use the equipment in the diagram above and other laboratory equipment. 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(6) 

Algal cells photosynthesise. 

Scientists investigated the effect of light intensity on algal cells. 

The algal cells were placed in different light intensities. 

The table below shows the number of extra algal cells after two days. 
  

Light 
intensity in 
lux 

Number of EXTRA 
algal cells after two 

days 

0 no extra cells 

250 1.00 × 106 

500 1.65 × 106 

750 2.15 × 106 

1000 2.40 × 106 

1250 2.50 × 106 

1500 2.50 × 106 

(c)     The initial number of algal cells was 200 000 

Calculate the total number of algal cells after two days when the light intensity was 
500 lux 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

Total number of algal cells = ____________________ 

(2) 

(d)     Plot the data from the table above on the graph below. 

The first two points have been plotted. 

Draw a line of best fit. 

 
(3) 

(e)     Give two conclusions from the results. 

Use information from the table above. 

1. _________________________________________________________________ 

___________________________________________________________________ 

2. _________________________________________________________________ 

___________________________________________________________________ 

(2) 

(f)      Explain how an increase in temperature from 20 °C to 25 °C would affect the 
number of algal cells. 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(Total 16 marks) 

Q12. 
In this question you will be assessed on using good English, organising 
information clearly and using specialist terms where appropriate. 

Light intensity, carbon dioxide concentration and temperature are three factors that affect 
the rate of photosynthesis. 

How would you investigate the effect of light intensity on the rate of photosynthesis? 

The image below shows some of the apparatus you might use. 

  

You should include details of: 

•        how you would set up the apparatus and the materials you would use 

•        the measurements you would make 

•        how you could make this a fair test. 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 
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_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

_______________________________________________________________________ 

(Total 6 marks) 

Q13. 
A student investigated the effect of light intensity on the rate of photosynthesis. 

Figure 1 shows some of the apparatus used. 

Figure 1 

  

(a)  Name the gas produced by the pondweed in the light. 

___________________________________________________________________ 

(1) 

(b)  Describe one way the student could change the intensity of light reaching the 
pondweed. 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(c)  Describe how the student could use the apparatus in Figure 1 to measure the rate 
of photosynthesis. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

Figure 2 shows the student’s results. 

Figure 2 

  

(d)  What was the maximum rate of photosynthesis? 

Maximum rate = ____________________ arbitrary units 

(1) 

(e)  At which light intensity was light a limiting factor? 

Tick (✓) one box. 

  

200 lumens 
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600 lumens 
 

1200 lumens 
 

(1) 

(f)   Light intensity can affect the rate of photosynthesis. 

Give one other factor that can affect the rate of photosynthesis. 

___________________________________________________________________ 

(1) 

(Total 8 marks) 

Q14. 
A student investigated the effect of pond organisms on the amount of carbon dioxide in 
their surroundings. 

The student set up six boiling tubes as shown in the figure below. 

They were left for 2 days. 

Each boiling tube contained pond water with an indicator. 

The indicator was pink at the start of the investigation. 

•        If the amount of carbon dioxide in the water increased the indicator turned yellow. 

•        If the amount of carbon dioxide in the water decreased the indicator turned purple. 

  

(a)     What is the purpose of boiling tube A? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 
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(b)     In which boiling tube would the indicator be the most yellow after 2 days? 

Explain your answer. 

Boiling tube ______________ 

Explanation _________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(c)     The colour of the indicator in boiling tube C had not changed after 2 days. 

Suggest why. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(Total 6 marks) 

Q15. 
This question is about photosynthesis. 

(a)  What is the correct balanced equation for photosynthesis? 

Tick one box. 
  

C6H12O6 + 6O2 ⟶ 6CO2 + 6H2O 
 

O2 + H2O ⟶ C6H12O6 + CO2 

 

6CO2 + 6H2O ⟶ C6H12O6 + 6O2 

 

6O2 + 6CO2 ⟶ 6H2O + C6H12O6 

 

(1) 

(b)  What type of reaction is photosynthesis? 

Tick one box. 
  

Aerobic 
 

Endothermic 
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Exothermic 
 

Oxidation 
 

(1) 

A student investigated the effect of light intensity on the rate of photosynthesis. 

The diagram below shows the apparatus used. 

  

Sodium hydrogencarbonate solution releases carbon dioxide gas for the pondweed. 

This is the method used. 

1.   Place the pondweed at 5 cm from the light source. 
2.   Measure the rate of photosynthesis by counting the number of bubbles produced in 

1 minute. 
3.   Repeat with the pondweed at 10 cm and at 20 cm from the light source. 

(c)  Counting the number of bubbles produced in 1 minute is not an accurate way to 
measure the rate of photosynthesis. 

Suggest two ways the method could be improved to measure the rate of 
photosynthesis more accurately. 

1. _________________________________________________________________ 

___________________________________________________________________ 

2. _________________________________________________________________ 

___________________________________________________________________ 

(2) 

(d)  The LED light source does not get hot. 

Explain why it is important that the pondweed remains at a constant temperature. 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(e)  Light intensity can be calculated using the inverse square law: 

  

Where I is light intensity and d is the distance of the pondweed from the light source. 

The student placed the pondweed at 5, 10 and 20 cm from the light source. 

Explain how light intensity changes as the distance of the pondweed from the light 
source is doubled. 

You must include calculations in your answer. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(f)  The student’s results are shown in the table below 
  

Distance of the 
pondweed from the light 
source in cm 

Number of bubbles 
produced in 1 minute 

5 129 

10 31 

20 8 

Predict how many bubbles of gas would be produced in 1 minute if the pondweed 
was placed 40 cm from the light source. 

Give a reason for your prediction. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
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___________________________________________________________________ 

(2) 

(g)  Describe how the student could change the method to investigate the effect of 
carbon dioxide concentration on the rate of photosynthesis. 

You should include: 

•   how to change the independent variable 
•   two control variables. 

Use the diagram above to help you answer this question. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 14 marks) 

Q16. 
A student used a potometer to investigate the rate of water uptake in a plant shoot. 

Figure 1 shows a potometer. 

Figure 1 

  

As the shoot takes in water the air bubble moves. 
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The rate of water uptake is the distance the air bubble moves in a given time. 

This is the method used. 

1. Place the potometer in moist air at 25 °C 
2. Position the air bubble at 0 mm in the capillary tube. 
3. Record the position of the air bubble in the capillary tube every minute for 5 minutes. 
4. Repeat steps 2 and 3 with the potometer in different conditions. 

Table 1 shows the conditions used. 
  

Table 1 

Investigation Conditions 

A Moist air at 25 °C 

B Dry air at 15 °C 

C Dry air at 25 °C 

(a)  After investigation A the air bubble had moved part way along the capillary tube. 

Suggest how the student moved the air bubble back to 0 mm for the start of 
investigation B. 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(b)  Capillary tubing is very narrow. 

Explain why narrow tubing was used. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 
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Figure 2 shows the results for investigation A. 

Figure 2 

  

(c)  The cross-sectional area of the capillary tube was 0.8 mm2 

Calculate the rate of water uptake for investigation A in mm3/min 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Rate = ____________________ mm3/min 

(3) 
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(d)  Table 2 shows the results from investigation B. 
  

Table 2 

Time in 
minutes 

Position of air bubble in 
mm 

0   0 

1   6 

2 16 

3 22 

4 30 

5 42 

Plot the data from Table 2 on Figure 2. 

You should: 

•   draw a line of best fit 
•   label the line B. 

(3) 

(e)  Investigation C was carried out in dry air at 25 °C 

Draw a line on Figure 2 to show the results you would expect for investigation C. 

Label the line C. 

(1) 

(f)   The investigations were carried out in daylight. 

The air bubble would not move if the investigations were done in the dark. 

Explain why. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

(Total 13 marks) 
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Mark schemes 

Q1. 
(a)     7.15 to 7.45 am and 7.15 to 7.45 pm 

both required, either order 

accept in 24 hr clock mode 
1 

(b)     (i)      11 
1 

(ii)     32.5 to 33 

allow answer to (b)(i) + 21.5 to 22 
1 

(c)     any two from: 

•        more photosynthesis than respiration 

•        more biomass / carbohydrate made than used 

allow more food made than used 

•        so plant able to grow / flower 

accept plant able to store food 
2 

[5] 

Q2. 
(a)     to transfer / provide / give release energy 

or production of ATP / adenosine triphosphate (molecules) 

accept to give heat 
1 

(b)     (i)      C6H12O6 + 6O2 → 6CO2 + 6H2O 

accept any other 

n  :  6n  :  6n  :  6n  ratio 

do not credit if any other changes have been made 
1 

(ii)     glucose 

do not credit sugar / sucrose 
1 

(c)     (i)      any two from 

large surface 

thin (surface) 

moist (surface) 

(with a good) blood supply 
2 
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(ii)     carbon dioxide 

accept water vapour 

do not credit just water 
1 

(d)     (i)      anaerobic (respiration) 
1 

(ii)     any three from 

in mitochondria 

glucose decomposes / breaks down / reacts 

or glucose → lactic acid for (2) marks 

to give lactic acid 

or breathing hard 

or lactic acid → CO2 + water 

causing pain 

(leaving an) oxygen debt 

(quick) source of energy 

(but) less efficient than aerobic respiration 

accept less efficient than with oxygen 
3 

[10] 

Q3. 
(a)     (i)      oxygen 

do not credit air 
1 

(ii)     lung(s) 

do not credit blood or nose or windpipe alone but accept as 
a neutral answer if included with lungs 

1 

(b)     oxygen 
1 

lactic acid 

both words required 
1 

[4] 

Q4. 
(a)     (to) stop them falling in the solution 

or 

to stop them drowning (in the solution) 
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1 

(b)     Level 2 (3–4 marks): 
A detailed and coherent explanation is given of how the droplet moves, clearly and 
logically linked to the process of respiration. 

Level 1 (1–2 marks): 
Simple statements are made about movement of the water droplet, but any attempts 
at explaining the reason or linking the movement to the process of respiration are 
unclear 
and poorly structured. 

0 marks: 
No relevant content 

Indicative content 
•        water droplet moves towards the maggots / boiling tube 

Explanation: 
•        the oxygen in the boiling tube is used up in respiration 
•        (and) the carbon dioxide released from respiration is absorbed by 

solution A 
•        which causes a pressure difference 
•        so air is drawn into the tube 
•        bringing the water droplet with it. 

4 

(c)     x axis: Temperature in °C 

both needed for the mark 

y axis: Rate of respiration in units 
1 

(d)     repeat the experiment at 30 °C 
1 

(e)     10.5 

allow range 10.4–10.8 
1 

[8] 

Q5. 
(a)      
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an extra line from a LH box negates that mark 
2 

(b)     any one from: 

•        not enough oxygen present (for aerobic respiration) 
•        more energy required for exercise (than can be transferred by aerobic 

respiration) 
1 

allow named example for exercise 

(c)     produces carbon dioxide 
1 

produces ethanol 
1 

plus any two from: 

•        (carbon dioxide) makes bread rise 
•        (carbon dioxide) makes beer / cider / (some) wines fizzy 

allow for alcoholic drinks / named drink 
•        (ethanol) is the alcohol in beer / cider / wine / spirits 

2 

[7] 

Q6. 
(a)  measure the volume of oxygen produced in a given time 

or 

when more oxygen is produced in a given time the rate of photosynthesis is faster 

a reference to rate is needed 

allow gas for oxygen 

allow when oxygen is produced faster the rate of 
photosynthesis is faster 

ignore the faster the rate of photosynthesis, the 
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more oxygen is produced 

allow the slower the oxygen is produced the 
slower the rate of photosynthesis 

or 

less oxygen being produced in a given time, the 
slower the rate of photosynthesis 

1 

(b)  light (intensity) 

ignore temperature 
1 

(c)  20 000 (lux) 

allow answers in range 19 500 to 20 500 (lux) 
1 

(d)  there is a cost for heating the greenhouse 
1 

there is a cost for increasing the carbon dioxide in the 
atmosphere (of the greenhouse) 

allow there is a cost for lighting (in winter) 
1 

(therefore) the additional costs might exceed the (additional) sale price / profit 
or 
(additional) costs could not be recovered by increasing the sale price of the 
tomatoes 

ignore these additional costs would reduce profits 
unqualified 

1 

(e)  when there is no light there is no photosynthesis 
1 

(so) no oxygen is produced 
1 

(but) respiration happens (all the time) and oxygen is used 
1 

(therefore) the net / overall oxygen production is negative / - 2 (arbitrary units) 

do not accept an answer of -2 (arbitrary units) 

unqualified 
1 

[10] 

Q7. 
(a)     21.5 – 22 and 27 – 27.5 

for 1 mark 
1 

(b)     ideas of 
limiting factor / shortage of 
e.g. light / carbon dioxide / water / chlorophyll 

each for 1 mark 
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(allow 1 for ‘maximum / optimum rate of enzyme activity if no 
reference to limiting factors) (ignore denaturation) 

2 

(c)     21.5 – 22° C 

(allow first figure from answer to (i) so that no ‘double-
penalty but only if this first answer is 20 or greater) 

          maximum rate of photosynthesis / highest / fastest 

but related to flat part of curve 

          most economical heating / cheapest related to heating 

must relate to the temperature the candidate has given 

each for 1 mark 
3 

[6] 

Q8. 
(a)     6 6 6 

all required 

accept a ’6n 6 n n 6n’ version of the balanced equation 
provided it is correct in every detail 

1 

(b)     any two of 

•        (presence of) chlorophyll or (amount of) chloroplasts 

accept green leaves (or other green parts) 

•        (sufficient) light (intensity) 

•        (light) of a suitable wavelength 

any light other than green light 

do not credit Sun’s energy or sunshine or Sun 
2 

(c)     guard cells 

any two of 

          * control by osmosis 
* the movement of gases 

accept movement of carbon dioxide or oxygen or water 
vapour beware movement of CO2 out 

accept a diagram or description 

          * through the stoma 
2 

palisade cells 

any two of 

          * near the upper surface 
* contain (a great) many or more  chloroplasts 
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* (so) contain the most chlorophyll 
2 

(d)     any three of 

          * for respiration 
* conversion to (insoluble) starch 

          or to food store or to (other)carbohydrates 
* (conversion to) sucrose or to food store or to (other) carbohydrates 

          or polysaccharides 

do not credit just to grow or live 

or survive 

accept conversion to food store  

or to (other) carbohydrates once only 

          * (conversion to) lipids or fats or oils 
* (conversion to) amino acids or (plant) proteins or auxins or (plant) hormones or 
enzymes 

3 

[10] 

Q9. 
(a)     LHS: carbon dioxide AND water 

in either order 

accept CO2 and H2O 
allow CO2 and H2O 
if names given ignore symbols 

do not accept CO2 / H2O / Co / CO 
ignore balancing 

1 

RHS: sugar(s) / glucose / starch / carbohydrate(s) 

accept C6H12O6 

allow C6H12O6 
do not accept C6H12O6 

1 

(b)     (i)      light is needed for photosynthesis 

or 

no photosynthesis occurred (so no oxygen produced) 
1 

(ii)     oxygen is needed / used for (aerobic) respiration 

full statement 

respiration occurs or oxygen is needed for anaerobic 
respiration gains 1 mark 

2 

(c)     (i)      (with increasing temperature) rise then fall in rate 
1 
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use of figures, ie 

max. production at 40 °C 
or maximum rate of 37.5 to 38 

1 

(ii)     25 – 35 °C 

either  faster movement of particles / molecules / more collisions  
or particles have more energy / enzymes have more energy 

1 

or temperature is a limiting factor over this range 

40 – 50 °C 

denaturation of proteins / enzymes 

ignore denaturation of cells 
ignore stomata 

1 

(d)     above 35 °C (to 40 °C) – little increase in rate 
or > 40 °C – causes decrease in rate 

1 

so waste of money or less profit / expensive 
1 

because respiration rate is higher at > 35 °C 
or 
respiration reduces the effect of photosynthesis 

1 

[12] 

Q10. 
(a)     (i)      LHS = water 

accept H2O 

do not accept H2O / H2O 
1 

RHS = oxygen 

accept O2 

do not accept O / O2 / O2 
1 

(ii)     light / sunlight 

ignore solar / sun / sunshine 

do not allow thermal / heat 
1 

(iii)    chloroplasts 

allow chlorophyll 
1 

(b)     (i)      20 
1 
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(ii)     any one from: 
•        light (intensity) 
•        temperature. 

1 

(c)     (i)      To increase the rate of growth of the tomato plants 
1 

(ii)     Because it would cost more money than using 0.08% 
1 

Because it would not increase the rate of photosynthesis of the tomato 
plants any further 

1 

[9] 

Q11. 
(a)  carbon dioxide (+ water)  oxygen (+ glucose) 

both gases needed for the mark 

allow correct formulae 

words take precedence 
1 

(b)  Level 3: The method would lead to the production of a valid outcome. The key 
steps are identified and logically sequenced. 

5−6 

Level 2: The method would not necessarily lead to a valid outcome. Most steps are 
identified, but the method is not fully logically sequenced. 

3−4 

Level 1: The method would not lead to a valid outcome. Some relevant steps are 
identified, but links are not made clear. 

1−2 

No relevant content 
0 

Indicative content 
•   measure the distance between the pondweed and the light source 
•   count the number of bubbles or measure the volume of oxygen / gas 

produced 
•   (measure oxygen / gas produced) in a set period of time 
•   change the distance between the light source and the pondweed or use 

a different power lamp 
•   control colour of light 
•   control temperature using a heat screen / water bath 
•   use the same pondweed 
•   use the same length / size of pondweed 
•   control carbon dioxide supply 
•   idea of allowing time for pondweed to equilibrate 
•   repeat each test two or more times 
•   calculate a mean 

For Level 3 the method described must include; 
•   how the light intensity is changed 
•   the measurements needed to determine the rate of photosynthesis 
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•   at least one control variable 

(c)  1.65 × 106 = 1 650 000 
1 

(1 650 000 + 200 000) = 1 850 000 

or 

200 000 = 2.0 × 105 (1) 

(1.65 × 106) + (2.0 × 105) = 1.85 × 106 (1) 
1 

(d)  all points plotted correctly 

allow ± half a square 
allow 1 mark for 3 or 4 correct plots 
ignore extrapolation 

2 

correct line of best fit 
1 

(e)  increasing light intensity increases the number of (extra algal) cells 

do not accept as number of cells increases, light 
intensity increases 

1 

the increase in the number of (extra algal) cells plateaus at 1 250 lux 

allow the number of cells does not increase 
above 1 250 lux 

allow the number of cells is the same at 1 250 
and 1 500 Lux 

or 

the increase in the number of (extra algal) cells plateaus at 2.50 × 106 (extra algal) 
cells 

allow the number of (extra algal) cells does not 
increase above 2.50 x106 

1 

(f)  there would be an increase in the number of cells 
1 

(because) the rate of photosynthesis would increase 

allow (because) enzyme action increases 

allow (because) cells divide faster 

ignore temperature is a limiting factor unqualified 
1 

[16] 

Q12. 
Marks awarded for this answer will be determined by the Quality of Written 
Communication (QWC) as well as the standard of the scientific response. Examiners 
should also apply a ‘best-fit’ approach to the marking. 
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Level 3 (5–6 marks): 
A description of how the apparatus is used to measure the rate of photosynthesis at 
different light intensities is given. 

For full marks reference must be made to a control variable 
or 
repeats 

Level 2 (3–4 marks): 
A description of how the apparatus is set up 
and 
a description of how photosynthesis can be measured. 
or 
a description of how light intensity is varied 
or 
a control variable or any other relevant point 

Level 1 (1–2 marks): 
A partial description of how the apparatus is set up 
or 
a description of how light is supplied 
or 
a simple description of how photosynthesis can be measured. 
or 
a control variable 

0 marks: 
No relevant content. 

examples of the points made in the response: 
•        apparatus set up: 

– weed in water in beaker 
– light shining on beaker 

•        method of varying the light intensity–eg changing distance of lamp from plant 
•        method of controlling other variables 

– use same pond weed or same length of pond weed 
– temperature: water bath or heat screen 
– CO2 

•        leave sufficient time at each new light intensity before measurements taken 
•        method of measuring photosynthesis – eg counting bubbles of gas released or 

collecting gas and measuring volume in a syringe 
•        measuring rate of photosynthesis by counting bubbles for set period of time 
•        repetitions 

extra information: 

allow information in the form of a diagram 

[6] 

Q13. 
(a)  oxygen 

name takes precedence 

allow O2 

ignore O2 / O / O2 
1 

(b)  (use) a lamp / light (source) 
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1 

(and) move away and / or towards pondweed 

allow use different power ratings or use a 
dimmer switch 

allow change the opacity of the beaker for 2 
marks 

1 

(c)  count the number of bubbles 

allow measure the volume of gas collected 
1 

in a given time 

allow for 2 marks measure time taken to collect a 
specific number of bubbles 

1 

(d)  34 (arbitrary units) 

allow a value in the range 33.5 – 34.5 (arbitrary units) 
1 

(e)  200 lumens 
1 

(f)  any one from: 

•   temperature 
•   carbon dioxide (concentration) 
•   amount of chlorophyll 

ignore light (intensity) 

ignore heat 
ignore oxygen 

allow light colour / wavelength 
allow water 

ignore pH 
1 

[8] 

Q14. 
(a)     control 

1 

to check that the indicator colour does not change on its own 
or 
to check any changes in colour are due to the organisms 

1 

(b)     (tube) E 
1 

most carbon dioxide 
1 

(due to) only respiration occurring 
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allow no carbon dioxide used for photosynthesis 

allow 1 mark max if chose tube D and give a correct reason 
1 

(c)     the amount of carbon dioxide produced by respiration equalled amount absorbed for 
photosynthesis 

1 

[6] 

Q15. 
(a)  6CO2 + 6H2O ⟶ C6H12O6 + 6O2 

1 

(b)  endothermic 
1 

(c)  measure the volume of gas released 

allow use a measuring cylinder / capillary tube / 
(gas) syringe 

1 

increase length of time 

allow sensible length of time 

allow video the investigation so you could re-
count the bubbles later 

allow repeat the measurement at each distance 
several times and calculate a mean 

ignore references to using other distances 
1 

(d)  temperature affects rate of photosynthesis 
or 
temperature affects rate of bubble production 

allow correct description of effect of temperature 
on rate 

1 

(because) reaction / photosynthesis is controlled by enzymes 

allow high temperatures denature enzymes 

enzymes being denatured must be linked to high 
temperature 

1 

(e)  evidence of squaring for two distances that double: 
25 and 100 
or 
100 and 400 

1 

calculate 1/d2 for two distances that double: 
0.04 and 0.01 
or 
1/25 and 1/100 
or 
0.01 and 0.0025 
or 
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1/100 and 1/400 

allow 2 marks for these calculations without 
working 

ignore calculations for a third distance as long as 
two where the distance doubles are correct 

1 

(therefore as distance doubles) light intensity is quartered 
1 

(f)  2 (bubbles would be produced) 
1 

(as) very little light / energy for photosynthesis to occur 

do not accept no light 
1 

allow 2 marks for a quarter of the bubbles are 
produced as light distance doubles so 2 bubbles 
would be expected 

(g)  (independent variable) 
use different concentrations of sodium hydrogencarbonate solution 

allow three concentration values 

ignore different concentrations of carbon dioxide 
1 

(control variables) 

max 2 marks for control variables 

any two from: 
•   distance from light source 

allow light intensity 
ignore light unqualified 
ignore same lamp 

•   temperature of solution 
•   same plant 

allow type / size of plant 

•   time for plant to equilibrate 

allow time for plant to adjust to different solution 
ignore time unqualified 

2 

[14] 

Q16. 
(a)  opened and closed the tap (so water enters from reservoir) 

allow opened the tap (carefully / gently) 
1 

(b)  air bubble moves further (in a given time) 

allow air bubble moves faster 
1 

(so) resolution is improved 
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allow it is easier to see a small change (in volume) 

ignore is easier to measure unqualified 

allow measurements are more accurate 

ignore to make test more accurate 

ignore references to precision or validity 
1 

(c) 
an answer of 10.56 (mm3/min) scores 3 marks 

  

or 

13.2 (mm/min) 

allow tolerance of ±  square allow full marks from 
calculation from other correct pairs of readings 

allow value in range 13 to 13.4 for  only 

ignore  or 12.6 
1 

13.2 × 0.8 

allow their calculated value in the range from 12 to 14 × 0.8 
1 

10.56 (mm3/min) 

allow 10.6 or 11 
1 

(d)  points plotted correctly 

allow +/-  a square 

allow 1 mark for 4/5 correct plots 
2 

suitable line of best fit 
1 

(e)  straight line starting at 0,0 with a steeper gradient than A 
1 

(f)   no photosynthesis 

allow plants need light for photosynthesis 
1 

(so) stomata closed (as no carbon dioxide needed) 
1 

(so) no transpiration 

allow very little transpiration or little water lost 
1 

[13] 


