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4.4	Bioenergetics	Pupil	Checklist	



	
4.4.1 Photosynthesis  
 
4.4.1.1 Photosynthetic reaction 
 

Review  

Recall that photosynthesis is represented by the equation:  

carbon dioxide + water light glucose + oxygen  
J K L 

Recognise the chemical symbols: CO2, H2O, O2 and C6H12O6.  J K L 
Describe photosynthesis as an endothermic reaction in which energy is transferred from the 
environment to the chloroplasts by light.  J K L 
4.4.1.2 Rate of photosynthesis 
 

Review 
Explain the effects of temperature, light intensity, carbon dioxide concentration, and the amount of 
chlorophyll on the rate of photosynthesis.  J K L 
Measure and calculate rates of photosynthesis   J K L 
Extract and interpret graphs of photosynthesis rate involving one  limiting factor   J K L 
Plot and draw appropriate graphs selecting appropriate scale for  axes   J K L 
Translate information between graphical and numeric form.   J K L 
(HT only) Understand that these factors interact and any one of them may be the factor that limits 
photosynthesis.  J K L 
(HT only) Explain graphs of photosynthesis rate involving two or three factors and decide which is the 
limiting factor.  J K L 
Understand and use inverse proportion – the inverse square law and light intensity in the context of 
photosynthesis.  J K L 
Understand that limiting factors are important in the economics of enhancing the conditions in 
greenhouses to gain the maximum rate of photosynthesis while still maintaining profit.  J K L 
4.4.1.3 Uses of glucose from photosynthesis    
 

Review  

Recall that the glucose produced in photosynthesis may be:  

• used for respiration   
• converted into insoluble starch for storage   
• used to produce fat or oil for storage   
• used to produce cellulose, which strengthens the cell wall   
• used to produce amino acids for protein synthesis.   

J K L 
 

Recall that to produce proteins, plants also use nitrate ions that are absorbed from the soil.  J K L 

	
	
4.4.2 Respiration  
4.4.2.1 Aerobic and anaerobic respiration   Review  
Describe cellular respiration as an exothermic reaction which is continuously occurring in living cells. J K L 
Recall that the energy transferred supplies all the energy needed for living processes. J K L 
Recall that respiration in cells can take place aerobically (using oxygen) or anaerobically (without 
oxygen), to transfer energy.  J K L 
Compare the processes of aerobic and anaerobic respiration with regard to the need for oxygen, the 
differing products and the relative amounts of energy transferred.  J K L 
Recall that organisms need energy for:  

• chemical reactions to build larger molecules • movement • keeping warm.  
J K L 



Recall that aerobic respiration is represented by the equation:  

glucose + oxygen carbon dioxide + water  
J K L 

Recognise the chemical symbols: C6H12O6, O2, CO2 and H2O  J K L 
Recall that anaerobic respiration in muscles is represented by the equation:  

glucose lactic acid  
J K L 

Understand that as the oxidation of glucose is incomplete in anaerobic respiration much less energy 
is transferred than in aerobic respiration.  J K L 
Recall that anaerobic respiration in plant and yeast cells is represented by the equation:  

glucose à ethanol + carbon dioxide  
J K L 

Recall that anaerobic respiration in yeast cells is called fermentation and has economic importance in 
the manufacture of bread and alcoholic drinks.  J K L 
4.4.2.2 Response to exercise Review  
Recall that during exercise the human body reacts to the increased demand for energy.  J K L 
Recall that the heart rate, breathing rate and breath volume increase during exercise to supply the 
muscles with more oxygenated blood.  
 

J K L 

Understand that if insufficient oxygen is supplied anaerobic respiration takes place in muscles. The 
incomplete oxidation of glucose causes a build up of lactic acid and creates an oxygen debt. During 
long periods of vigorous activity muscles become fatigued and stop contracting efficiently.  
  

J K L 

(HT only) Understand that blood flowing through the muscles transports the lactic acid to the liver 
where it is converted back into glucose. Oxygen debt is the amount of extra oxygen the body needs 
after exercise to react with the accumulated lactic acid and remove it from the cells.  

J K L 

4.4.2.3 Metabolism   Review  
Explain the importance of sugars, amino acids, fatty acids and glycerol in the synthesis and 
breakdown of carbohydrates, proteins and lipids.  
 

J K L 

Recall that metabolism is the sum of all the reactions in a cell or the body.  J K L 
Understand that the energy transferred by respiration in cells is used by the organism for the 
continual enzyme controlled processes of metabolism that synthesise new molecules  J K L 
Describe metabolism as; 

• conversion of glucose to starch, glycogen and cellulose   
• the formation of lipid molecules from a molecule of glycerol and  three molecules of fatty acids   
• the use of glucose and nitrate ions to form amino acids which in  turn are used to synthesise 

proteins   
• respiration   
• breakdown of excess proteins to form urea for excretion.   

J K L 

	
	
	
	
	
	
	
	



4.4	Bioenergetics	knowledge		
	
4.4.1	Photosynthesis		
4.4.1.1	Photosynthetic	reaction	
Photosynthesis is the endothermic chemical reaction, which happens in the leaves 
of green plants.  
 
During this reaction, carbon dioxide and water are converted into glucose and 
oxygen. The reaction requires light energy, which is absorbed by a green substance 
called chlorophyll. 
 
Photosynthesis takes place in leaf cells. These contain chloroplasts, which are tiny 
objects containing chlorophyll. 

 
	

6CO2 + 6H2O  C6H12O6 + 6O2 

	
4.4.1.2	Rate	of	photosynthesis	
Four factors can limit the speed of photosynthesis: light intensity, carbon dioxide 
concentration and temperature. 

   
Without enough light, a plant cannot photosynthesise very quickly, even if there 
is plenty of water and carbon dioxide. Increasing the light intensity will boost the 
speed of photosynthesis. 



   
Sometimes photosynthesis is limited by the concentration of carbon dioxide in 
the air. Even if there is plenty of light, a plant cannot photosynthesise if there is 
insufficient carbon dioxide. 

   
If it gets too cold, the rate of photosynthesis will decrease. Plants cannot 
photosynthesise if it gets too hot. 
If you plot the rate of photosynthesis against the levels of these three limiting 
factors, you get graphs like the ones above. 
In practice, any one of these factors could limit the rate of photosynthesis. 
 

Chlorophyll Concentration 
 

The concentration of chlorophyll affects the rate of reaction as they absorb the 
light energy without which the reactions cannot proceed. Lack of chlorophyll or 
deficiency of chlorophyll results in chlorosis or yellowing of leaves. It can occur 
due to disease, mineral deficiency or the natural process of aging (senescence). 
Lack of iron, magnesium, nitrogen and light affect the formation of chlorophyll 
and thereby causes chlorosis. 
 
The role of light in photosynthesis can be investigated in several ways. In this 
experiment, a light is moved further from a photosynthesising plant to vary the 
light intensity the plant receives. The further the light moves from the plant, the 
fewer oxygen bubbles are produced by photosynthesis. 



 
 

A light source positioned at a distance from a photosynthesising plant 
The intensity of light at different distances from a light source can be described by 
the inverse square law. This states that the intensity of light is inversely 
proportional to the square of the distance from the source. This means that when 
the light is moved twice as far from the plant it will receive a quarter of the energy. 
 
Economics of greenhouses 
Farmers can use their knowledge of factors limiting the rate of photosynthesis to 
increase crop yields. 
This is particularly true in greenhouses, where the conditions are more easily 
controlled than in the open air outside: 
•   The use of artificial light allows photosynthesis to continue beyond 

daylight hours. Bright lights also provide a higher-than-normal light intensity. 
•   The use of artificial heating allows photosynthesis to continue at an 

increased rate. 
•   The use of additional carbon dioxide released into the atmosphere 

inside the greenhouse also allows photosynthesis to continue at an increased 
rate. 

However, the additional cost of providing extra lighting, heat and carbon dioxide 
has to be weighed against the increased crop yield and the extra income it will 
provide. The cost of should not exceed the additional income it generates for the 
farmer. 
In practice, the farmer will need to find the optimum growing conditions for the 
crop, given the costs of providing extra lighting, heat and carbon dioxide. 
Paraffin lamps have traditionally been used in greenhouses. Their use increases 

the rate of photosynthesis because as well as the light generated from the 
lamps, the burning paraffin produces heat and carbon dioxide too. 

	
4.4.1.3	Uses	of	glucose	from	photosynthesis		
The glucose produced in photosynthesis may be used in various ways by plants and 
algae. Glucose is needed by cells for respiration. However, it is not produced at 
night when it is too dark for photosynthesis to happen. Plants and algae store 
glucose as insoluble products. These include: Starch and fats and oils. 
Some glucose is used for respiration to release energy. Some is used to produce: 
  Cellulose - which strengthens the cell wall 
  Proteins - such as enzymes and chlorophyll 
        Amino acids – for protein synthesis 
Plants also need nitrates to make proteins. These are absorbed from the soil as 
nitrate ions.	
 



4.4	Bioenergetics	PPQ’s		
4.4.1	Photosynthesis		
Low	demand			
PPQ	1	

Q1.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. 

 

 
 
 

(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) 

 
 
 

(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) 
	
	
	



PPQ	2		

Q2.(a)     A student carried out the following investigation using a plant with variegated leaves. A 
variegated leaf has green and white stripes. 

The student: 

•        left the plant in the dark for 3 days to remove the starch 

•        fixed two pieces of card to a leaf on the plant 

•        left the plant in the light for 2 days 

•        removed the leaf from the plant 

•        tested the leaf for starch. 

Figure 1 shows how the two pieces of card were attached to the leaf. 
  Leaf without card   Leaf with card 

 

 

Figure 2 shows the same leaf after 2 days in the light.  
The leaf has been tested for starch. 

Figure 2 

 

Give two conclusions from this investigation. 

Tick ( ) two boxes. 

  Carbon dioxide is needed for photosynthesis. 
  

  Chlorophyll is needed for photosynthesis. 
  

  Light is needed for photosynthesis. 
  

  Water is needed for photosynthesis. 
  

(2) 



 

(b)     Scientists investigated the effect of light intensity on the rate of photosynthesis. 

Figure 3 shows the scientists’ results. 

Figure 3 

  
                                Light intensity in arbitrary units 

 
 
 

Describe the effect of increasing light intensity on the rate of photosynthesis.  
You should include numbers from Figure 3 in your description. 

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

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

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

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

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

........................................................................................................................ 
(3) 

 

(c)     At a light intensity of 250 arbitrary units, light is not a limiting factor of photosynthesis. 

(i)      What is the evidence for this in Figure 3? 

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

............................................................................................................... 
(1) 

(ii)     Give two factors that could be limiting the rate of photosynthesis at a light 
intensity of 250 arbitrary units. 

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

2 ............................................................................................................ 
(2) 

(Total 8 marks) 



PPQ	3		

Q3.(a)     Complete the word equation for photosynthesis. 
  

  carbon dioxide    +    water energy 
 

glucose    +    ..................................... 

 
(1) 

 

(b)     Draw a ring around the correct answer to complete each sentence. 
  

  (i) The energy needed for photosynthesis comes from 

light. 

osmosis. 

respiration. 
 

(1) 
 

  

  (ii) Energy is absorbed by a green pigment called 

chloride. 

chloroplast. 

chlorophyll. 
 

(1) 
 
 

  

  (iii) If the temperature is decreased the rate of photosynthesis will 

decrease. 

increase. 

stay the same. 
 

(1) 
 
 

(c)     Give three ways in which plants use the glucose made in photosynthesis. 

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

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

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

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

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

........................................................................................................................ 
(3) 

(Total 7 marks) 
 
 
 



Standard demand  
PPQ 4  

Q4.Plants absorb light to photosynthesise. 

(a)     What is the correct word equation for photosynthesis? Tick one box. 
  

  carbon dioxide  +  glucose     oxygen  +  water 
  

  glucose  +  oxygen     carbon dioxide  +  water 
  

  oxygen  +  water     carbon dioxide  +  glucose 
  

  water  +  carbon dioxide     oxygen  +  glucose 
  

 
(1) 

(b)     Figure 1 shows some of the apparatus that can be used to measure the rate of 
photosynthesis. 

  

The rate of photosynthesis in the pondweed is affected by different colours of light. 

Describe a method you could use to investigate this. You should include: 

•      what you would measure 

•      variables you would control. 

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

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

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

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

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

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

.....................................................................................................................................(6) 
 



 

(c)     A scientist carried out a similar investigation. 

Her results are shown in Figure 2. 

Figure 2 

  

The scientist said: 

‘Light stops being a limiting factor at a light intensity of 20 units.’ 

Give evidence from Figure 2 to support this statement. 

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

........................................................................................................................ 
(1) 

 
 
 

(d)     What could be limiting the rate of photosynthesis at a light intensity of 25 units? 

Give one factor. 

........................................................................................................................ 
(1) 

(Total 9 marks) 
 
 
 
 
 
 



PPQ 5  

Q5.          (a)     Photosynthesis is a process that takes place in green plants. 

(i)      What type of energy is needed for this process? 

.......................................................................................................................... 
(1) 

(ii)     What substance in the plant absorbs this energy? 

.......................................................................................................................... 
(1) 

 

(iii)     In which part of the plant cell does photosynthesis take place? 

.......................................................................................................................... 
(1) 

 

(iv)    Write a balanced chemical equation for photosynthesis. 

.........................................................  →  .......................................................... 
(3) 

 

(b)     Describe two ways you could speed up photosynthesis. 

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

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

..................................................................................................................................... 
(2) 

 

(c)     The diagram shows the outline of a cross-section of a leaf. Name cells 1 and 2 and 
describe how they are involved in photosynthesis. 

 

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

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

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

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

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

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

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

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

 
(4) 

(Total 12 marks) 



PPQ 6  

Q6.          A plant with variegated (two-coloured) leaves was left in sunlight for several 
hours.  Pieces of one of its leaves were then detached (removed) and tested for sugar.  The 
diagram below shows the results. 

 

 
 
 

Explain, as fully as you can, why the yellow region of the leaf had not produced sugar. 

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

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

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

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

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

............................................................................................................................................... 
(Total 2 marks) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



High demand  
PPQ 7  

Q7.          The diagram shows some plants growing in a greenhouse on a hot summer’s day. 

 

          Which one	of the following factors is most likely to limit the rate of photosynthesis at this 
time? 

•    carbon dioxide concentration  

•    light intensity 

•    temperature 

Factor ............................................................................................ 

          Explain the reason for your answer. 

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

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

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

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

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

............................................................................................................................................... 
(Total 4 marks) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 PPQ 8  

Q8.          (a)      Complete the equation for photosynthesis. 

  lightenergy 
......................... + .........................   ......................... + 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. 

 
 
 



 

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) 

 
 
 



(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) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 PPQ 9  
 

Q9.(a)    Complete the equation for photosynthesis. 

.............................. + water   .............................. + .............................. 
(3) 

 
 

(b)     The rate of photosynthesis in a plant depends on several factors in the environment.  
These factors include light intensity and the availability of water. 

Describe and explain the effects of two other factors that affect the rate of 
photosynthesis. 

You may include one or more sketch graphs in your answer. 

  

  

  

  

  

  

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

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

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

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

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

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

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

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

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

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

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

........................................................................................................................ 
(5) 

(Total 8 marks) 
 
 
 
 



 
4.4	Bioenergetics	PPQ	Answers	
4.4.1	Photosynthesis		
Low	demand		
PPQ	MS1		

M1.(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	

(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] 

 
 
 
 
 
 
 
 
 

 



PPQ	MS2		
	

M2.(a)     chlorophyll is needed for photosynthesis 
1	
	
	
	

light is needed for photosynthesis 
1	
	
	
	

(b)     increases 
1	
	
	
	

levels off / reaches a maximum / remains constant / stays the same / plateaus 
do not allow stops / stationary / peaks 
allow stops increasing 

1	
	
	
	

goes up to / reaches a maximum / levels off at (a rate of) 200 (arbitrary units) 
or 
levels off at 225 – 240 (light units) 

ignore references to other numerical values 
1	
	
	
	

(c)     (i)      higher light intensity does not increase rate of photosynthesis 
accept the graph stays level (above this value) 
allow stops increasing 
allow the rate of photosynthesis stays the same (above this 
value) 

1	
	
	
	

(ii)     any two from: 

•        carbon dioxide (concentration) 
•        temperature / heat 
•        (amount of) chlorophyll / chloroplasts 

allow water 
allow ions / nutrients 
ignore ref to surface area of the leaf 

2	
[8] 

 
 
 
 



PPQ	MS3		
	

M3.(a)     oxygen 
allow O2 / O2 
do not accept O2 or O 

1	
	
	
	

(b)     (i)      light 
1	
	
	
	

(ii)     chlorophyll 
1	
	
	
	

(iii)    decrease 
1	
	
	
	

(c)     any three from: 

•        for respiration / energy 
do not accept use energy for photosynthesis 

•        to make cellulose / starch 
accept named carbohydrate other than glucose 

•        to make lipid / fat / oil 
accept fatty acid / glycerol 

•        to make protein 
accept named protein / amino acid / named amino acid 

•        to build big molecules from small molecules / metabolism 
if no other marks awarded for making molecules allow 1 mark 
for growth / repair / new cells 

3	
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Standard	demand		
PPQ	MS4		

M4.(a)     water + carbon dioxide     oxygen + glucose 
extra box ticked negates mark 

1	

(b)     Level 3 (5–6 marks): 
A coherent method is described with relevant detail, which demonstrates a broad 
understanding of the relevant techniques and procedures. The steps in the method are 
logically ordered. The method would lead to the production of valid results. 

Level 2 (3–4 marks): 
The bulk of the method is described with mostly relevant detail, which demonstrates a 
reasonable understanding of the relevant scientific techniques and procedures. The 
method may not be in a completely logical order and may be missing some detail. 

Level 1 (1–2 marks): 
Simple statements are made which demonstrate some understanding of some of the 
relevant scientific techniques and procedures. The response may lack a logical 
structure and would not lead to the production of valid results. 

0 marks: 
No relevant content 

Indicative content 
•        description of how the apparatus would be used 
•        reference to control intensity of light / brightness 
•        use of ruler to measure distance of light from beaker / pondweed 
•        reference to varying colour of light or use of different filters 
•        plant releases gas / oxygen 
•        measure number of bubbles / volume of gas produced 
•        same length of time 
•        reference to control of temperature 
•        reference to control / supply of carbon dioxide in water 
•        do repeats and calculate a mean 

6	

(c)     rate does not increase further if light intensity increased beyond 20 
allow graph levels off after 20 

1	

(d)     any one from: 

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

allow number of chloroplasts 
1	

[9] 
PPQ	MS5	 
 

M5.          (a)     (i)      light or solar 
do not credit sun’s energy 
do not credit radiant 

1	

(ii)     chlorophyll 



1	

(iii)     chloroplast 
1	

(iv)    CO2 + H2O 
reactants identified (accept words) 

1	

         C6H12O6 + O2 

products identified (accept words) 
1	

         6CO2 + 6H2O → C6H12O6 + 6O2 

balanced equation 
1	
	

(b)     any two from: 

          increased CO2 concentration 

          increased water supply 

          increased temperature (up to a point) 
increased light intensity 

do not accept heat or warmth 

          altered light quality by less green or 
increasing other colours 

2	
	

(c)     any four points 

•        palisade (mesophyll) 

•        lots of chloroplasts or chlorophyll 
or main site for photosynthesis 
or absorb maximum amount of light 

•        guard cells 

•        CO2 in or O2 out or water vapour 
out 

•        controls size of stoma or pores in 
leaf 

allow stomata 
4	

[12] 

 

 

 

 

 



PPQ	MS6		
	

M6.          Does not contain chlorophyll which is needed to absorb light or energy 
each for 1 mark 

[2] 
	
High	demand		
PPQ	MS7	

M7.          carbon dioxide concentration 
1	

          since atmospheric concentration very low / value give e.g. 0.03% 
allow carbon dioxide used up 

1	

          temperature high 
allow if light chosen as a factor 

1	

          light intensity high 
allow If temperature chosen as a factor 

1	
[4] 

PPQ	MS8 
	

M8.          (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	
	
	
	

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] 

  



 
PPQ	MS9	

 

M9.(a)    LHS – carbon dioxide / CO2 

allow CO2 
ignore CO2 

1	

RHS 
in either order 

glucose / carbohydrate / sugar 
allow starch 
allow C6H12O6 / C6H12O6 
ignore C6H12O6 

1	
	

oxygen 
allow O2 / O2 
ignore O2 / O 

1	

(b)     any five from: 

•        factor 1: CO2 (concentration) 

•        effect - as CO2 increases so does rate and then it levels off or shown in a 
graph 

•        explanation:(graph increases) because CO2 is the raw material or used in 
photosynthesis / converted to organic substance / named egor(graph levels 
off) when another factor limits the rate. 

accept points made via an annotated / labelled graph 

•        factor 2: temperature 
allow warmth / heat 

•        effect – as temperature increases, so does the rate and then it decreases 
or shown in a graph 

allow ‘it peaks’ for description of both phases 

•        explanation:(rise in temp) increases rate of chemical reactions / more 
kinetic energy 

allow molecules move faster / more collisions 

or(decreases) because the enzyme is denatured. 
context must be clear = high temperature 

  
allow other factor plus effect plus explanation: 
eg light wavelength / colour / pigments / chlorophyll / pH / 
minerals / ions / nutrients / size of leaves 
2nd or 3rd mark can be gained from correct description and 
explanation 

5	
[8] 



4.4	Bioenergetics	knowledge	
4.4.2	Respiration	
4.4.2.1	Aerobic	and	anaerobic	respiration	
	
Cellular respiration is an exothermic reaction that breaks down nutrient 
molecules in living cells to release energy. This happens continuously in living cells 
and the energy transferred supplies all the energy needed for life processes. 
 
Aerobic respiration needs oxygen. It is the release of a relatively large amount of 
energy in cells by the breakdown of food substances in the presence of oxygen: 
glucose + oxygen → carbon dioxide + water 
C6H12O6 + 6O2 → 6CO2 + 6H2O 
 
Aerobic respiration happens all the time in animals and plants. Organisms need 
energy for chemicals reactions to build larger molecules, movement and keeping 
warm.  
  
Anaerobic respiration does not need oxygen. It is the release of a relatively 
small amount of energy in cells by the breakdown of food substances in the 
absence of oxygen. 
Anaerobic respiration happens in muscles during hard exercise: 
glucose → lactic acid 
 
Glucose is not completely broken down, so much less energy is released than 
during aerobic respiration. 
 
There is a build-up of lactic acid in the muscles during vigorous exercise. The 
lactic acid needs to be oxidised to carbon dioxide and water later. 
Anaerobic respiration also happens in plant cells and some microorganisms.  
Anaerobic respiration in yeast (fermentation) is used during brewing and 
bread-making: 
glucose → ethanol + carbon dioxide 
Ethanol is the alcohol found in alcoholic drinks like beer and wine. In bread-making, 
bubbles of carbon dioxide gas expand the dough and help the bread rise. 
 
4.4.2.2	Response	to	exercise		
During exercise, the muscle cells respire more than they do at rest. This means 
that: 
• Oxygen and glucose must be delivered to them more quickly 
• Waste carbon dioxide must be removed more quickly 
This is achieved by increasing the heart rate, rate of breathing and the depth of 
breathing. 
If there is insufficient oxygen anaerobic respiration takes place in the muscles. 
Incomplete oxidation of glucose causes a build up of lactic acid and creates an 
oxygen debt. During long periods of vigorous activity muscles become fatigued and 
stop contracting efficiently.  
 
The blood flowing through the muscles transports the lactic acid to the liver where 
it is converted back into glucose. Oxygen debt is the amount of extra oxygen the 
body needs after exercise to react with the accumulated lactic acid and remove it 
from the cells. 



	
4.4.2.3	Metabolism		

 

	

	

	
	
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



4.4	Bioenergetics	PPQ’s		
4.4.2	Respiration			
Low	demand		-	PPQ	1	

Q1.Respiration can happen aerobically or anaerobically. Respiration transfers energy from 
glucose. 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? 

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

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

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

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

...................................................................................................................... (4) 
(Total 7 marks) 



PPQ	2	

Q2.Some students investigated how exercise affects heart rate. 

The figure below shows their results. 

  

(a)     What was Student B’s resting heart rate? 

  Resting heart rate = ............................. beats per minute 
(1) 

 
 

(b)     The students started running at 2 minutes. 

What evidence for this is in the figure above? 

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

........................................................................................................................ 
(1) 

 

(c)     For how many minutes did the students run? 

Tick one box. 
  

    2 
  

    4 
  

    6 
  

  14 
  

 
(1) 



 

(d)     Student B is fitter than Student A. 

Use the figure above to give two pieces of evidence that support this statement. 

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

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

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

........................................................................................................................ 
(2) 

 

(e)     There are other changes in the body during exercise. 

Explain why these changes occur. 

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

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

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

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

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

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

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

........................................................................................................................ 
(4) 

(Total 9 marks) 
PPQ	3	

Q3.          Paula is training for a marathon. When she runs, her heart beats faster than it does 
when she is resting. Complete the sentences, using words from the box. 

blood                 breathe            carbon dioxide            glucose 
               heat           nitrogen         oxygen           respire 

 
 

          When she is running, Paula‘s muscle activity increases. To do this, her muscle cells 

................................................. at a faster rate to give her more energy. Her muscles need to 

be supplied with ........................................... and .................................................................... 

more quickly. Her heart beats faster to increase the flow of.................................................... 

which carries the products ................................................................................................ and 

............................................................ away from her muscles. 
(Total 6 marks) 

 



Standard	demand		
PPQ	4	

Q4.          Regular exercise is important, as it helps to maintain an efficient supply of blood to the 
muscles, the heart and the lungs. This is helped by an increase in the heart rate during 
exercise. 

          Explain why it is necessary for the heart rate to increase during exercise. 

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

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

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

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

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

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

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

............................................................................................................................................... 
(Total 4 marks) 

PPQ	5		

Q5.          (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) 

 
 
 

(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) 
	
	
	
	
	
	
	
	
	
	



	
PPQ	6		

Q6.          A student pedalled an exercise cycle at constant speed for 5 minutes. The student’s 
heart rate was recorded at one-minute intervals during the exercise and also during 
recovery. 

The results are shown in the graph. 

 

(a)     Describe, in as much detail as you can, the changes in heart rate between 0 and 14 
minutes. 

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

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

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

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

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

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

..................................................................................................................................... 
(3) 

 
 

(b)     How do arteries supplying the leg muscles alter the rate of blood flow through them 
during exercise? 

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

..................................................................................................................................... 
(1) 

 
 
 



(c)     Explain how an increase in heart rate helped the student during exercise. 

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

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

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

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

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

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

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

..................................................................................................................................... 
(4) 

(Total 8 marks) 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



High	demand		
PPQ	7		

Q7.          A student‘s breathing was monitored before and after vigorous exercise. The student 
breathed in and out through a special apparatus. The graphs show the changes in the 
volume of air inside the apparatus. Each time the student breathed in, the line on the graph 
dropped. Each time the student breathed out, the line went up. 

 



 
 
 

(a)     How many times did the student breathe in per minute: 

before exercise; ........................................................................................................... 

after exercise? ............................................................................................................. 
(1) 

 
 

(b)     On each graph, the line A – B shows how much oxygen was used. The rate of oxygen 
use before exercise was 0.5 dm3 per minute. Calculate the rate of oxygen use after 
exercise. 

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

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

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

Rate of oxygen use after exercise = ................................................. dm3 per minute 
(2) 

 
 
 

(c)     The breathing rate and the amount of oxygen used were still higher after exercise, 
even though the student sat down to rest. Why were they still higher? 

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

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

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

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

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

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

..................................................................................................................................... 
(4) 

(Total 7 marks) 
	
PPQ	8	

Q8.          (a)     The table shows an athlete’s breathing rate after the end of a race.  

          Use the information shown in the table to draw a line graph. 



     
(3) 

 
 
 

(b)     The bar charts show what happens in an athlete’s muscles when running in two races 
of different distances. 

 

 
 
 

(i)      Compare what happens in the athlete’s muscles when running in the two races. 

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

........................................................................................................................... 
(3) 

 
 
 
 
 
 



(ii)     Use the information in the box to explain your answer to (i). 

 

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

........................................................................................................................... 
(2) 

 
 
 

(c)     Explain why the athlete breathes at a faster rate than normal for two minutes after 
finishing a 100 metres race. 

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

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

..................................................................................................................................... 
(2) 

(Total 10 marks) 
	
PPQ	9	

Q9.Lactic acid production during exercise affects an athlete’s performance. 

Explain why lactic acid is produced during exercise. 

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

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

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

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

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

 
 
 

(Total 2 marks) 
	
	
	
	
	
	
	
	
	
	



4.4	Bioenergetics	PPQ	Answers	
4.4.2	Respiration			
Low	demand		
PPQ	MS1	

M1.(a)      

  
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	

	



PPQ	MS2	

M2.(a)     66 (beats per minute) 
1	
	
	
	

(b)     heart rate increased 
1	
	
	
	

(c)     4 
1	
	
	
	

(d)     any two from: 

•        resting heart rate was lower 
•        heart rate did not increase as much 
•        heart rate did not increase as fast 
•        heart rate returned to normal sooner 

2	
	
	
	

(e)     Level 2 (3–4 marks): 
A detailed and coherent explanation is given, which logically links changes in the body 
during exercise to reasons for these changes. 

Level 1 (1–2 marks): 
Discrete relevant points made. Links may not be made. 

0 marks: 
No relevant content 

Indicative content 

Changes: 
•        breathing rate increases 
•        deeper breathing 
•        (body) temperature increases 
•        sweating occurs 
•        muscle fatigue 
•        vasodilation 

Explanations linked to correct change: 
•        to provide more oxygen 
•        to remove carbon dioxide faster 
•        (as) more energy required 
•        (so) increased respiration 
•        (so) more energy transferred 
•        for movement or contraction of muscles 
•        some energy warms the body 
•        (sweating) cools the body down 
•        (by) evaporation of sweat 

4	
[9] 



 
 

PPQ	MS3	

M3.          (a)     respire 
1	

	
2	

blood 
1	

	
2	

[6] 
	
	
	
	
	
	
	
Standard	demand		
PPQ	MS4	

M4.          any four from: 

          more energy / respiration required 
accept it prevents / reduces anaerobic 
respiration or  less / no lactic acid 
reference to increase must be made,  
but only needed once, provided  
inference is clear for remainder of points. 
accept ‘delivered more quickly’ for ‘increase’ 

          increase oxygen uptake into blood (in lungs) 

          increase oxygen delivery to muscles 

          increase glucose delivery to muscles 

          increase removal of heat from muscles or increase delivery of heat to skin 

          increase removal of carbon dioxide from muscles 

          increase removal of carbon dioxide from blood (in lungs) 
[4] 

PPQ	MS5		

M5.          (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	

(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	

PPQ	MS6		

M6.          (a)     any three from: 

•        rose rapidly (during exercise) / use of approximate figures 



•        then more slowly (during exercise) 
accept rate (of increase) slows down 

•        to max 126 / at 5 minutes / end of exercise 

•        rapid fall (during recovery) or use of approximate numbers 

•        then less rapid fall / use of approximate numbers 

•        returned to resting rate (60 bpm) by 11 minutes 
3	

(b)     arteries dilate / widen 
accept muscle in wall relaxes 

1	
	
	
	
	
	
	
	
	
	
	
	
	
	

(c)      

 
4	

	
	
	
	
	
	
	
	
	
	
	
	



PPQ	MS7		

M7.          (a)     (before exercise) – 9 to 11 and (after exercise) – 12 or 13 
both correct 

1	
	
	
	

(b)     0.75 to 0.90 
ignore working or lack of working 

eg. 2.35 – 1.55 or  or other suitable figures 
for 1 mark 

2	
	
	
	

(c)     any four from: 

          still need to remove extra carbon dioxide 

still need to remove heat / to cool 

          (some) anaerobic respiration (in exercise) 

lactic acid made (in exercise) 

          oxygen needed to break down lactic acid or suitable reference to oxygen debt 

          lactic acid broken down to CO2  and water or lactic acid changed into glucose 
4	

[7] 
PPQ	MS8	

M8.          (a)      

•        appropriate scales (> halfway along each axis)  

•        all points correctly plotted to better than ½ a square 

•        lines carefully drawn  

          (allow point to point in this case) 

          N.B. 

•        no mark available for labelling axes 

•        allow either orientation 
for 1 mark each 

3	
	
	
	
	
	
	
	
	



(b)     (i)      ideas that 

•        energy transferred faster in 100m race 

          (not more energy transferred) 

•        carbon dioxide produced faster during 1500m race 
for 1 mark each 

         (allow more carbon dioxide produced) 

         correct reference to twice / half as fast in either / both cases 
for 1 further mark 

3	
	
	
	

(ii)      

•        respiration during 100m race (mainly) anaerobic 

•        respiration during 1500m race aerobic 

•        aerobic respiration produces carbon dioxide 

•        anaerobic respiration doesn’t produce carbon dioxide 
/ produces lactic acid 
any two for 1 mark each 

2	
	
	
	

(c)     ideas that 

•        there is an oxygen debt / more than normal oxygen needed 

•        lactic acid needs to be oxidised / combined with oxygen 
for 1 mark each 

2	
[10] 

  
PPQ	MS9	

M9.          insufficient / no oxygen available 
1	
	
	
	

for (just) aerobic respiration 

or 
respires anaerobically 

1	
	
	
	

[2] 
	


