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Unit 1

1 Cells
1  Animal, plant and bacterial cells 
2  Using a microscope to examine plant and animal cells 
5  Electron microscopes 
6  Stem cells 
7  Diffusion 
7  Multicelled organisms and specialisation 

2 Photosynthesis and plants
9  Photosynthesis 

  9  Photosynthesis experiments 
11  Limiting factors in photosynthesis 
13  Leaf structure 

3 Food and energy
16  Food tests 
16  Biological molecules 

4 Enzymes and digestion
21  Enzymes 
24  Digestion and absorption in the digestive system 
25  Commercial enzymes 

5 The respiratory system and cell respiration
26  Respiration 
27  The respiratory system 
30  Respiratory surfaces 

6 Coordination and control
33  The nervous system 
35  The eye 
37  Hormones 
39  The excretory system and osmoregulation 
41  Plant hormones 

7 Ecological relationships and energy flow
44  Fieldwork 
46  Competition 
46  Food chains and food webs 
47  Energy flow 
47  Pyramids of number and biomass 
49  Nutrient cycles 
52  Eutrophication 
53  Human activity and biodiversity 
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Unit 2

8 Osmosis and plant transport
  55  Osmosis     
  57  Transpiration     

9 The circulatory system
  61  Blood     
  61  Blood vessels     
  63  The heart     
  63  Exercise and the circulatory system     

10 DNA, cell division and genetics
  66  The genome, chromosomes, genes and DNA     
  67  Cell division     
  69  Genetics     
  75  Genetic conditions     
  75  Genetic screening     
  77  Genetic engineering     

11 Reproduction, fertility and contraception
  80  Reproduction     
  84  Contraception – preventing pregnancy     

12 Variation and natural selection
  86  Variation     
  86  Natural selection     
  88  Selective breeding     

13 Health, disease, defence mechanisms and treatments
  90  Microogranisms and communicable diseases     
  91  The body’s defence mechanisms     
  94  Plant defence mechanisms     
  94  The development of medicines     
  96  Antibiotics     
  96  Aseptic techniques     
  98  Non-communicable diseases     
100  Cancer     
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Photosynthesis
In photosynthesis plants make food (sugars and starch) using light 
energy. The light is trapped by chlorophyll in chloroplasts in plant 
leaves.

The word equation for photosynthesis is:

carbon dioxide + water → glucose + oxygen

The balanced chemical equation is:

6CO2 + 6H2O → C6H12O6 + 6O2

As photosynthesis requires (light) energy to work, it is an endothermic 
reaction.

Photosynthesis experiments
The glucose produced during photosynthesis is usually converted into 
starch for storage. One way of showing that photosynthesis has taken 
place is by showing that starch is present in a leaf.

This can be done using a starch test, as described in Table 2.1.

Table 2.1 Carrying out the test for starch

Step Method Reason

1 Put the leaf in boiling water This kills the leaf and stops further reactions

2 Boil the leaf in ethanol (alcohol) – this must be 
done in a water bath with the very hot/boiling 
water poured from an electrical kettle, as 
alcohol is flammable (Bunsen burners should 
not be used)

This removes chlorophyll (green colour) from 
the leaf

3 Dip the leaf in boiling water again This makes the leaf soft and less brittle (boiling 
in ethanol makes the leaf rigid)

4 Spread the leaf on a white tile and add iodine If starch is present, the iodine will turn from 
yellow-brown to blue-black

Exam tips

●l The chlorophyll is removed as it makes it easier to see any colour 
change with iodine.

●l If asked to give the colour change of a positive starch test make 
sure you give the actual colour change and not just the fi nal colour – 
if starch is present the colour change is yellow-brown to blue-black.

Before carrying out investigations into photosynthesis, it is usually 
necessary to destarch the plant. This involves leaving the plant in 
darkness (e.g. a dark cupboard) for 48 hours. This is necessary to make 
sure that any starch produced is only produced during the investigation.

Photosynthesis – a 
process in plants in which 
light energy is trapped by 
chlorophyll to produce food.

Endothermic reactions –           
reactions that require 
energy to be absorbed 
(taken in) to work.

Starch test – a test to show 
whether or not starch is 
present in a plant leaf. 

Exam tip

If plants were not destarched 
in these investigations 
the investigation would 
not be valid, as it would 
be impossible to say 
whether any starch 
present was produced 
during the investigation 
or was there before the 
investigation started.

2 Photosynthesis and plants
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You should carry out investigations that can show that light, carbon 
dioxide and chlorophyll are necessary for photosynthesis.

Showing that light is needed for photosynthesis
●l Destarch a plant.
●l Partially cover a leaf on a plant with foil.
●l Put the plant in bright light for at least 6 hours.
●l Test the leaf for starch (Figure 2.1).

Yellow-brown (no starch)

Blue-black (starch produced)Aluminium foilLeaf attached to
destarched plant

Paper clip to hold
foil in place

Hole cut in
centre of foil

Leaf removed
and tested
for starch

Figure 2.1 Experiment to show that light is required for photosynthesis 
to occur

The results show that starch is only produced in the parts of the leaf that 
received light – showing that light is necessary for photosynthesis.

Showing that chlorophyll is needed for 
photosynthesis
Some plants have leaves that are part green and part white. These leaves 
are described as variegated leaves.

●l Destarch a variegated plant.
●l Put the plant in bright light for at least 6 hours.
●l Test the leaf for starch.

The starch test will show that starch is only produced in those parts of the 
leaf that had chlorophyll (were green).

Showing that carbon dioxide is needed for 
photosynthesis

●l Destarch a plant.
●l Set up as shown in Figure 2.2 – the sodium hydroxide absorbs carbon 
dioxide from the air inside the plastic bag.

●l Leave the plant in bright light for at least 6 hours.
●l Test one of the leaves for starch.

A negative starch test will show that carbon dioxide is necessary for 
photosynthesis.

Showing that oxygen is produced
Using apparatus similar to that in Figure 2.3, it is possible to demonstrate 
that oxygen is produced in photosynthesis. 

The rate of photosynthesis affects the rate at which the bubbles of oxygen 
are given off, and this can be used to compare photosynthesis rates in 
different conditions. For example, by moving the position of the lamp it 
is possible to investigate the effect of light intensity on photosynthesis.

Elastic band

Clear plastic bag

Sodium
hydroxide
solution

Figure 2.2 Experiment to show 
that carbon dioxide is needed 
for photosynthesis
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Lamp

Bubbles

Oxygen

Water

Water
plant

Figure 2.3 Experiment to show that oxygen is produced during 
photosynthesis

Now test yourself
1  State why leaves are dipped in boiling water after the chlorophyll is 

removed during the starch test.
2  Name the chemical used in photosynthesis investigations to absorb 

carbon dioxide.
3  What is a variegated leaf?

Answers on page 102

Prescribed practical
Biology Practical 1.2 Double Award Science B1

Investigate the need for light and chlorophyll in 
photosynthesis by testing a leaf for starch

Limiting factors in photosynthesis
The environmental factors light, carbon dioxide and temperature 
all affect the rate of photosynthesis. If all three are present in sufficient 
quantities, the rate of photosynthesis will be at its optimum.

If any of these factors are at sub-optimal levels, the rate of photosynthesis 
will be reduced. A limiting factor is a factor that limits the rate of 
photosynthesis due to that factor being present at a sub-optimal level.

Exam tip

Light (to provide energy) and carbon dioxide (a raw material) are 
necessary for photosynthesis, so normally the more of these are 
present the faster the photosynthesis reaction takes place (up to 
a maximum). As temperature affects the rate of all reactions (e.g. 
through the speed of molecules diffusing and its effect on enzyme 
activity), it will affect the rate of the photosynthesis reaction.

Higher tier candidates need to be able to interpret data on limiting 
factors – typically in the form of graphs or tables. Figure 2.4 is a graph 
providing data on all three limiting factors. In this graph, lines A, B and 
C represent the rates of photosynthesis in three different regimes (A – low 
carbon dioxide and low temperature; B – high carbon dioxide and low 
temperature; and C – high carbon dioxide and high temperature).

Limiting factor – an 
environmental factor 
that limits the rate of 
photosynthesis due to that 
factor being present in too 
small an amount.
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Light intensity

In this region light is limiting
the rate of photosynthesis – if
the light intensity is increased,
the rate of photosynthesis
also increases

High carbon dioxide and
high temperature. Highest
rate due to higher carbon
dioxide, higher temperature
and high light

High carbon dioxide
and low temperature;
higher rate than A due
to extra carbon dioxide

Low carbon dioxide
and low temperature

*1

*2

A

B

C

Figure 2.4 Limiting factors in photosynthesis

At point *1 both carbon dioxide and temperature levels are limiting the 
rate of photosynthesis. At point *2 temperature is limiting the rate.

The relationship between photosynthesis and 
respiration
Hydrogencarbonate (bicarbonate) indicator is red in normal 
atmospheric (0.04%) carbon dioxide levels. It turns yellow in increased 
carbon dioxide levels but purple in decreased carbon dioxide levels.

Figure 2.5 shows how hydrogencarbonate indicator can be used to 
demonstrate the processes respiration and photosynthesis in plants.

A B C

A B C

Bright light

Set up

Tube B
covered with
light-proof foil

Tube C
partially shaded
with e.g. muslin

Pondweed

1 hour

Result

Figure 2.5 The effects of photosynthesis and respiration on gas 
exchange in plants
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Interpretation of results
●l In boiling tube A the rate of photosynthesis exceeded the rate of 
respiration, resulting in the concentration of carbon dioxide in the 
tubes decreasing and turning the indicator purple.

●l In boiling tube B there was only respiration taking place (the foil 
prevented photosynthesis). The carbon dioxide concentration in the 
boiling tube increased, turning the indicator yellow.

●l In boiling tube C both photosynthesis and respiration were taking 
place but the rate of photosynthesis was much reduced (due to the 
partial shading) – the rates of photosynthesis and respiration were equal 
and the amount of carbon dioxide used in photosynthesis was the same 
as the amount released in respiration. There was no change in carbon 
dioxide levels and the indicator remained red. The point at which the 
rates of photosynthesis and respiration are equal is referred to as the 
compensation point.

Example

Describe how to use hydrogencarbonate indicator to find the amount of light required to reach the 
compensation point (the point at which the rates of photosynthesis are equal) in pondweed.

Answer
1  Add a section of pondweed to hydrogencarbonate indicator in a boiling tube.
2  Add a bung.
3  Leave the pondweed for 20–30 minutes in a particular light intensity and check the colour of the 

hydrogencarbonate indicator.
4  Increase or decrease the light intensity by moving a lamp or using a dimmer switch and repeat step 3.
5  Repeat step 4 until the indicator remains red.

Leaf structure
Leaves are plant organs in which photosynthesis occurs. Figure 2.6 
shows a cross-section of a mesophytic leaf.

The epidermis – no chloroplasts

The palisade mesophyll layer – 
cells with many chloroplasts

The spongy mesophyll layer – 
cells with air spaces between
them and fewer chloroplasts
in each cell

Upper surface of leaf

 Intercellular 
space

Stoma 

Upper
epidermis

Lower
epidermis

Cell wall

Vacuole

Chloroplast

Nucleus

Cytoplasm

Cuticle – waxy layer prevents evaporation and acts as a
physical defence against microorganism infection

Lower surface of leaf Guard cellGuard
cell

Figure 2.6 Cross-section of a mesophytic leaf
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Exam tip

A mesophytic leaf is a typical unspecialised leaf – the plants have 
reasonable supplies of water, but not so much that they don’t need to 
have some adaptations to reduce water loss.

Leaves are highly adapted for light absorption and gas exchange, as 
summarised in Figure 2.7.

Adaptations for light absorption

•  Large surface area

•  Thin, transparent cuticle

•  Presence of many tightly packed 
    palisade mesophyll cells, end-on
   to the upper surface, with many 
    chloroplasts rich in chlorophyll

Adaptations for gas exchange

•  The spongy mesophyll cells have a large surface 
    area for gas exchange

•   The intercellular spaces in the spongy mesophyll 
    allow carbon dioxide to enter and oxygen to 
    leave the photosynthesising cells, which are
    mainly concentrated in the palisade layer

•   Stomata that allow carbon dioxide and oxygen to 
    enter the leaf; the guard cells can open and 
    close the stomatal pore – in many plants stomata 
    are open during the day and closed at night

Figure 2.7 Leaf adaptations for light absorption and gas exchange

Now test yourself
4  What is the function of the waxy cuticle in leaves?
5  Why do the epidermal cells at the top of the leaf have no chloroplasts?
6  What is the function of the intercellular spaces in leaves?

Answers on page 102

Exam practice
1 (a)  Give the word equation for photosynthesis.  [2]

(b) (i)  Name the chemical that absorbs light in plants.  [1]
(ii)  Name the cellular structures that contain this chemical.  [1]

(c)  Photosynthesis is an endothermic reaction. What is meant by the term ‘endothermic reaction’?  [1]
2 (a) (i)  Describe how you would destarch a plant.  [1]

(ii)  Why is it necessary to destarch a plant in a photosynthesis investigation?  [1]
(b)  Give one safety precaution necessary when carrying out a starch test.  [1]
(c)  Explain fully why leaves are boiled in ethanol when testing for starch.  [2]

3 Explain the changes in carbon dioxide level between the periods A and B in Figure 2.8. [4]
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A

B

Midnight Midday Midnight

Figure 2.8

➜
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