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Core practicals
These two sets of range bars
overlap, but as the graph is
a plateau at these points we
would expect this; this means we
do not necessarily have
reduced confidence in the
trend at these points
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Figure 16 As the graph reaches a plateau we can have confidence in this trend even
though the range bars are overlapping
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Core practical 6

Determine the water potential of plant cells.
CPAC 1a, 2a, 2b, 4a, 4b

Background

In this investigation you are required to determine the water potential of plant cells.

sa

Water moves across the plasma membrane by osmosis. Osmosis is the movement
of water molecules from a high water potential to a lower water potential across
a partially permeable membrane. Water potential is the potential energy of water
relative to pure water.
A plant cell placed in a solution with a lower water potential than the cell will lose
water and may become flaccid and plasmolysed. Plasmolysis is where the cytoplasm
shrinks and comes away from the cell wall. If a plant cell is placed in a solution with
a higher water potential than the cell it will gain water, swell and become turgid. An
animal cell placed in a solution that has a higher water potential than the cell will
burst as it does not have a cell wall. An animal cell in a solution that has a lower water
potential than that of the cell may become shrivelled (Figure 17).
Water potential can be calculated using the following equation:
water potential of a cell Ψ = osmotic potential (π) + turgor pressure (P)

The osmotic potential (π) is generated by the solutes dissolved in the water.
The turgor pressure (P) is generated by the cytoplasm pushing on the cell wall. As the
cell wall is rigid and inelastic it resists this pressure.
Practical assessment 35
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Skills Guidance
Hypotonic solution
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Figure 17 Effect of differing water potentials on animal and plant cells

Practical notes

In this investigation you will be using different concentrations of sucrose solution as the
external solute. These sucrose solutions will all have different water potentials (Table 5).
Water potential of
the solution/kPa
0
−680
−1450
−2370
−3510

sa

Concentration
of sucrose/M
0
025
05
075
10

m

Table 5 Water potentials of different sucrose solutions

The solutions with a lower water potential than the interior of the plant cells will
cause water to leave the cells by osmosis, leading to a decrease in mass of the plant
tissue. The solutions that have a higher water potential than the interior of the cell
will cause water to enter the cell by osmosis, leading to an increase in the mass of the
plant tissue.
When the water potential of the solution is equal to the water potential of the cells
then there will be no net movement of water, and hence no change in the mass of the
plant tissue.
By determining the water potential of the solution at the point where there is no change
in mass you will then know the water potential of the cells in the plant tissue sample.
You should ensure that the tissue samples have the same lengths, widths and
diameters. It will be difficult, however, to ensure that all the samples have the same
mass. As each tissue sample may be slightly different in mass, rather than using
absolute change in mass as your dependent variable you should use % change in mass.
This allows data from tissues with different masses to be compared.
36
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Core practicals
Focus on maths skills
Percentage change
Like fractions, percentages are part of a whole, but they are expressed in the
form of a number followed by the percentage symbol %, which means ‘divided
by 100’ or ‘out of 100’
To calculate percentage change, first find the change For example, if the mass
of a potato sample changed from 10 g to 8 g then the change is:
8 − 10 = −2 g
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Now divide this change by the original mass and multiply by 100:
−2
× 100 = −20%
10
change in mass = −20%

You will need to pick a range of different concentrations of sucrose solution. It is
unlikely that any of your concentrations will actually give no change in mass. By using
a wide range of sucrose solutions some will cause a decrease in mass and some will
cause an increase. By plotting these data on a graph the point of no change in mass
can be determined by finding the intercept point on the x-axis.

m

Focus on maths skills

Determining the intercept of a graph

% change in mass

sa

The intercept of a graph is the point where the graph crosses one of the axes
In exam questions you would normally be asked to find the intercept on the
x-axis To do this, either read off the x value at which the line or curve crosses
the x-axis or, if the crossing point is not shown on the graph, you may be able
to extrapolate from the line to find where it intersects the axis This is shown
in Figure 18 Here the intercept of the graph is approximately −1800 kPa This
means that the concentration of sucrose solution that would be predicted to
give no change in mass is −1800 kPa
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Figure 18 The effect of sucrose solution on the mass of potato cylinders
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Extension
An important follow-up investigation would be to make up a solution of the
concentration that was predicted to give no change in mass and test out this assertion.
If this concentration of sucrose solution does cause a change in mass, a small range
of concentrations around it could be tested to more accurately pinpoint the exact
concentration that gives no change in mass.
The investigation could also be repeated with different plant tissues to study the
range of different water potentials. This investigation could not be extended to animal
tissues due to their lack of cell walls and tendency to burst in solutions that have a
higher water potential than the interior of the cells.
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Core practical 7
Investigate the gas exchange system of a locust
CPAC 1a, 2a, 2b, 3a–3c, 4a

Background

This practical deals with dissecting insects. It is likely that you will be using locusts.
Locusts are invertebrates and display a very different morphology and physiology from
a mammal such as a human. Locusts are arthropods so have an exoskeleton (exterior
skeleton) made from the polysaccharide chitin. They also have segmented bodies and
segmented legs.

m

As locusts are insects they have wings and three pairs of segmented legs. Like all
insects they have an open circulatory system where blood (haemolymph) is pumped
around the body cavity by a simple tubular heart. Insects do not possess a respiratory
pigment (e.g. haemoglobin in humans) and oxygen is not carried by haemolymph.
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Insects instead have a tracheal gas exchange system that carries oxygen directly to all
parts of the body (Figure 19). The gases enter and leave through small holes in the
abdomen called spiracles. The gases then diffuse through tubes supported by chitin
called tracheae. The chitin ensures that the tracheae do not collapse due to pressure
changes. The tracheae then subdivide to form smaller tracheoles, which lead directly
to the insect’s tissues. The tracheoles are too small to see in the dissection. Oxygen
diffuses from the tracheoles and into the cells and carbon dioxide diffuses out of the
cells. The carbon dioxide then diffuses into the tracheae and then out of the spiracles.
The insect can ventilate by movement of its abdomen.
The spiracles can close to reduce water loss. This is a key adaptation of insects to
terrestrial life.
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Question 2 Plasma membrane permeability

Question 2 Plasma membrane permeability
Beetroot cells contain the red pigment betalain. The betalain is unable to pass
through the cell’s plasma membrane. Samples of beetroot were placed in
distilled water and heated to different temperatures. The beetroot was removed
from the samples and then the transmission of green light was measured in a
colorimeter. The results are shown in the table below.
Temperature/oC

Transmission of light/%
1
2
3
4

5

Mean
Standard
transmission/% deviation

98.6

99.0

100.0

96.0 96.0

30

87.5

89.8

79.0

85.6 89.2

86.22

3.89

40

75.4

67.0

78.2

76.5 33.0

66.02

16.96

50

46.4

53.5

49.3

45.0 47.4

48.32

2.94

60

18.4

26.0

22.4

21.0 23.2

22.20

2.50
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(a) Calculate the mean and standard deviation for 20°C.

(2 marks)

(b) Explain the standard deviation value for 40°C.

(2 marks)

(c) Describe the trend of the mean results. 

(1 mark)

(d) Explain the trend you described in part (c).

(3 marks)

(e) A similar pattern of results could be obtained using increasing
concentrations of an organic solvent such as acetone. Explain why.

(2 marks)

e

Student A

m

This question requires you to calculate and interpret standard deviation. Make
sure you can do this as it is one of the mathematical skills required in the A-level
biology specification.

(a) Temperature/°C Mean transmission/%
97.92

sa

20

Standard deviation
1.87

e

1/2 marks awarded The 20°C standard deviation value has been incorrectly
calculated and so the student loses a mark. This shows the importance of
checking all your calculations carefully. The mean value is correct so the student
scores 1 mark.
(b) The standard deviation is greater than the others because reading number
5 is much lower than the others so is probably anomalous.

e

2/2 marks awarded Student A has identified the standard deviation as much
greater than the other values and that reading number 5 is the cause of this, so
scores both available marks.
(c) As the temperature increases the mean transmission also decreases.

e

1/1 mark awarded This answer is correct and scores a mark.

Practical assessment 81
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Questions & Answers
(d) As the temperature increases the membrane becomes more fluid so the
transmission decreases.

e

1/3 marks awarded This is a simple answer so only scores 1 mark. It needed
further development, as in student B’s answer, to get the other 2 marks.
(e) Phospholipids are highly soluble in organic solvents so the phospholipids
dissolve when the solvents are added. This means that the betalain passes
out of the cell, decreasing the transmission.

e

2/2 marks awarded This answer scores both marks as student A explains the
effect of the phospholipids being soluble in the organic solvent.
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Student B

(a) Temperature/°C Mean transmission/%
20

e

97.92

Standard deviation
1.63

2/2 marks awarded Both values are correct.

(b) The standard deviation at 40°C is much greater than the others as the
transmission results at the temperature have a larger range.

e

m

1/2 marks awarded This is correct as far as it goes, but student B misses out
on the second mark because of a lack of detail. Rather than just stating that the
range is larger, the answer also needs to say why — reading 5 is much lower than
the others.
(c) As the temperature increases the mean transmission decreases.

sa

e 1/1 mark awarded The trend is straightforward in these data, so this simple
answer scores the available mark. If the data showed a clear drop then appeared
to plateau it would be important to describe each of these stages.
(d) As the temperature increases the membrane becomes more fluid so the
betalain is able to move out of the plasma membranes of the beetroot cells.
This decreases the transmission as the betalain absorbs the light. At higher
temperatures the proteins in the membrane denature, leaving gaps in the
membrane, so more betalain leaves, further decreasing the transmission.

e

3/3 marks awarded This is a good answer, which achieves full marks.

(e) Phospholipids are soluble in organic solvents.

e

1/2 marks awarded This answer scores only 1 mark. It is not developed
enough to get the second mark.
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Question 3 Enzyme-controlled reactions

Question 3 Enzyme-controlled reactions
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Mass of product formed/mg

The graph below shows the mass of product formed by an enzyme-controlled
reaction over time.

270
300
Time/minutes

(2 marks)

(b) Explain why these two values are different.

(3 marks)

(c) Explain the shape of the curve after point D.

(2 marks)

sa

(a) Calculate and derive the units for the rate of reaction between:
A and B
C and D

e Questions asking you to calculate rate are quite common in exams. It
is an easy calculation — the rate is found by dividing the mass of product
by the time taken to produce it. The units will be whatever the product or
substrate is measured in over the unit of time. The rest of the question is fairly
straightforward. The main issue with a graph that shows the change in product
over time is that students often mix this graph up with a graph that shows the
effect of substrate concentration on the rate of reaction.
Student A
(a) Points A and B: 12/30 = 0.4 mg min−1
Points C and D: 3/30 = 0.1 mg min−1

e

2/2 marks awarded The calculations and units are correct, for 2 marks.
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Questions & Answers
(b) The rate of reaction was faster at A–B than C–D. This is because C–D is
closer to the maximum rate of reaction.

e

0/3 marks awarded Student A has failed to understand that this graph shows
a reaction occurring over time, so incorrectly believes that the levelling out of the
graph represents a maximum rate of reaction.
(c) After point D all the active sites are full all the time. This means the
reaction has reached its maximum rate.
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e 0/2 marks awarded Student A’s answer reflects what can happen if you fail
to identify the type of graph you are being asked to look at. This student clearly
learned the shapes of the different rate of reaction graphs and the facts that
accompany them (the graph levels out due to all the active sites being full all
the time) and then has just reeled it off here. This single mistake has led to
student A only scoring 2 marks and underlines the necessity of not just learning
the specification content off by heart but really thinking about it and trying to
understand it.
Student B

(a) Points A and B: 12/30 = 0.4 mg min−1

m

Points C and D: 3/30 = 0.1 mg min−1

e 2/2 marks awarded Both rates are calculated correctly and the correct units
are given.
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(b) The rate of reaction was fastest at A–B as at this point there was a
large concentration of substrate so the enzyme concentration was the
limiting factor. At C–D the rate of reaction was slower. This is because the
concentration of substrate has decreased as it has been converted into
products. This means there is a reduced chance of a collision between an
active site and a substrate molecule and therefore less product is produced
per minute.

e 3/3 marks awarded This is an excellent answer that scores all 3 marks
available. There was 1 mark for explaining that A–B was faster due to there being
a large concentration of substrate at this point, near the start of the reaction.
Student B scores the other 2 marks by identifying that the C–D rate of reaction
is slower because some of the substrate has been converted to product so there
is less chance of a successful collision between a substrate molecule and an
active site.
(c) After point D the graph is flat. This means that the rate of reaction is 0 as all
the substrate has been converted into product.
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