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4.2
Movement into and out of cells

A-Level Biology



Cell Membranes & Transport
Size and water

Surface area to volume ratio

For a cube of side L: SA
V =

6L2

L3
=

6

L .

As a cell grows, the ratio falls – so small or thin, flat cells exchange materials
fastest.

side L = 1
SA : V = 6 : 1

side L = 2
SA : V = 3 : 1

side L = 3
SA : V = 2 : 1

a bigger cube (or cell) has a smaller surface area : volume ratio



Cell Membranes & Transport
Size and water

Why size limits diffusion

the ratio as an object grows, volume rises as the cube of length and
surface area as the square

so a larger organism has a smaller surface area to volume ra-
tio

the consequence diffusion alone cannot supply a large organism, which is
why transport systems exist

the agar experiment
blocks of different sizes soaked in dye or acid – the small-
est, with the largest ratio, changes colour throughout first

estimating water potential
place plant tissue in sucrose solutions; the solution causing
no change in mass has the same water potential as the tis-
sue

Cut a cube in half and its surface area to volume ratio doubles. Villi, alveoli and root hairs
are all that trick applied.



Cell Membranes & Transport
Size and water

Cells in solutions

plant cell: turgid (water in) or plasmolysed (water out)

animal cell: bursts (haemolysis ) or shrinks – no wall to protect it

higher water
potential

(water enters)

lower water
potential

(water leaves)

plant cell

animal cell

turgid plasmolysed:
contents pull away

swells,
may burst

shrinks



Cell Membranes & Transport
Size and water

What a cell does in each solution

Higher water potential
In a solution of higher water potential – distilled wa-
ter , say – water enters. An animal cell bursts; a plant
cell becomes turgid.

Equal No net movement. An animal cell is normal; a plant cell is flac-
cid, and a soft plant wilts.

Lower water potential
Water leaves. An animal cell crenates; in a plant cell the con-
tents shrink and the membrane pulls away from the wall – plas-
molysis .

The cell wall is the whole difference: it cannot stop water moving, but it can stop the cell
bursting.



Cell Membranes & Transport
Size and water

What floats in the membrane

outside the cell

inside the cell (cytoplasm)

phospholipid

channel
protein

carrier
protein

glycoprotein
glycolipidcholesterol

Each phospholipid has a hydrophilic head and two hydrophobic tails,
so the bilayer forms with tails inward. Cholesterol sits between the tails, con-
trolling fluidity and adding strength; proteins act as channels, carriers and re-
ceptors; carbohydrate chains on the outside are for recognition.



A-Level Biology

Exercises 2.1·2.2
2 Practice
2.1 State whether each process is passive or active: simple diffusion·active transport·
osmosis ·exocytosis. [2]

2.2 A cube-shaped block has side 2 cm. Calculate its surface area, its volume, and its
surface area to volume ratio. [3]

3 Exam-style questions
3.1 Glucose enters a cell through a carrier protein, moving down its concentration gra-
dient, without using ATP. This is: [1]

A active transport
B facilitated diffusion
C osmosis
D simple diffusion

3.2 A red blood cell is placed in distilled water. What happens, and why? [1]

A it shrinks, because water leaves by osmosis
B it bursts, because water enters by osmosis
C nothing, because the cell wall protects it
D it becomes turgid, because water enters by osmosis
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Solutions
Each answer shows the steps, then the result.

2.1

• simple diffusion – passive; active transport – active; osmosis – passive; exocytosis –
active

2.2

• surface area = 6× 22 = 24 cm2; volume = 23 = 8 cm3; ratio = 24 : 8 = 3 : 1

3.1 B

• Through a protein and down the gradient with no ATP = facilitated diffusion

3.2 B

• Distilled water has a higher water potential, so water enters by osmosis and the cell,
having no wall, bursts (haemolysis)

3.3

(a)

• the smallest block has the largest surface area to volume ratio; so dye diffuses across a
relatively larger surface for the volume inside; and the diffusion distance to the centre
is shorter

(b)

• large organisms have a small surface area to volume ratio, so diffusion across the
surface is too slow to supply all the inner cells – they need a transport system

3.4

(a)

• find the solution that gives no change in mass; its water potential equals that of the
potato tissue

(b)

• water leaves the cell by osmosis; the contents shrink and the membrane pulls away
from the cell wall; this is plasmolysis

3.5

(a)

• SA : V = 3 : 1, 1.5 : 1 and 0.75 : 1. As SA : V falls, the time rises; halving the ratio
roughly quadruples the time, so the relationship is not simply proportional
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A-Level Biology

Exercise 3.2

2 Practice
2.1 State whether each process is passive or active: simple diffusion·active transport·
osmosis ·exocytosis. [2]

2.2 A cube-shaped block has side 2 cm. Calculate its surface area, its volume, and its
surface area to volume ratio. [3]

3 Exam-style questions
3.1 Glucose enters a cell through a carrier protein, moving down its concentration gra-
dient, without using ATP. This is: [1]

A active transport
B facilitated diffusion
C osmosis
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3.2 A red blood cell is placed in distilled water. What happens, and why? [1]

A it shrinks, because water leaves by osmosis
B it bursts, because water enters by osmosis
C nothing, because the cell wall protects it
D it becomes turgid, because water enters by osmosis
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A-Level Biology

Exercise 3.3 (a)

3.3 Agar blocks of different sizes are soaked in dye to model diffusion into cells.

(a) Explain why the smallest block becomes fully coloured fastest. [3]

(b) Explain why large organisms cannot rely on diffusion alone to supply their cells. [2]

3.4 Pieces of potato are placed in sucrose solutions of different water potentials and their
change in mass is measured.

(a) Explain how the results can be used to estimate the water potential of the potato
tissue. [2]

(b) A plant cell is placed in a solution of lower water potential than its contents. Describe
and name what happens to the cell. [3]
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A-Level Biology
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A-Level Biology

Exercise 3.3 (b)

3.3 Agar blocks of different sizes are soaked in dye to model diffusion into cells.

(a) Explain why the smallest block becomes fully coloured fastest. [3]

(b) Explain why large organisms cannot rely on diffusion alone to supply their cells. [2]

3.4 Pieces of potato are placed in sucrose solutions of different water potentials and their
change in mass is measured.

(a) Explain how the results can be used to estimate the water potential of the potato
tissue. [2]

(b) A plant cell is placed in a solution of lower water potential than its contents. Describe
and name what happens to the cell. [3]
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Solutions
Each answer shows the steps, then the result.
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active
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• surface area = 6× 22 = 24 cm2; volume = 23 = 8 cm3; ratio = 24 : 8 = 3 : 1
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• Through a protein and down the gradient with no ATP = facilitated diffusion

3.2 B

• Distilled water has a higher water potential, so water enters by osmosis and the cell,
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• the smallest block has the largest surface area to volume ratio; so dye diffuses across a
relatively larger surface for the volume inside; and the diffusion distance to the centre
is shorter

(b)
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A-Level Biology

Exercise 3.4 (a)

3.3 Agar blocks of different sizes are soaked in dye to model diffusion into cells.

(a) Explain why the smallest block becomes fully coloured fastest. [3]

(b) Explain why large organisms cannot rely on diffusion alone to supply their cells. [2]

3.4 Pieces of potato are placed in sucrose solutions of different water potentials and their
change in mass is measured.

(a) Explain how the results can be used to estimate the water potential of the potato
tissue. [2]

(b) A plant cell is placed in a solution of lower water potential than its contents. Describe
and name what happens to the cell. [3]
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A-Level Biology

Exercise 3.4 (a)
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Solutions
Each answer shows the steps, then the result.

2.1

• simple diffusion – passive; active transport – active; osmosis – passive; exocytosis –
active

2.2

• surface area = 6× 22 = 24 cm2; volume = 23 = 8 cm3; ratio = 24 : 8 = 3 : 1

3.1 B

• Through a protein and down the gradient with no ATP = facilitated diffusion

3.2 B

• Distilled water has a higher water potential, so water enters by osmosis and the cell,
having no wall, bursts (haemolysis)

3.3

(a)

• the smallest block has the largest surface area to volume ratio; so dye diffuses across a
relatively larger surface for the volume inside; and the diffusion distance to the centre
is shorter

(b)

• large organisms have a small surface area to volume ratio, so diffusion across the
surface is too slow to supply all the inner cells – they need a transport system

3.4

(a)

• find the solution that gives no change in mass; its water potential equals that of the
potato tissue

(b)

• water leaves the cell by osmosis; the contents shrink and the membrane pulls away
from the cell wall; this is plasmolysis
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A-Level Biology

Exercise 3.4 (b)

3.3 Agar blocks of different sizes are soaked in dye to model diffusion into cells.

(a) Explain why the smallest block becomes fully coloured fastest. [3]

(b) Explain why large organisms cannot rely on diffusion alone to supply their cells. [2]

3.4 Pieces of potato are placed in sucrose solutions of different water potentials and their
change in mass is measured.

(a) Explain how the results can be used to estimate the water potential of the potato
tissue. [2]

(b) A plant cell is placed in a solution of lower water potential than its contents. Describe
and name what happens to the cell. [3]
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A-Level Biology

Exercise 3.4 (b)
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Solutions
Each answer shows the steps, then the result.

2.1

• simple diffusion – passive; active transport – active; osmosis – passive; exocytosis –
active

2.2

• surface area = 6× 22 = 24 cm2; volume = 23 = 8 cm3; ratio = 24 : 8 = 3 : 1

3.1 B

• Through a protein and down the gradient with no ATP = facilitated diffusion

3.2 B

• Distilled water has a higher water potential, so water enters by osmosis and the cell,
having no wall, bursts (haemolysis)

3.3

(a)

• the smallest block has the largest surface area to volume ratio; so dye diffuses across a
relatively larger surface for the volume inside; and the diffusion distance to the centre
is shorter

(b)

• large organisms have a small surface area to volume ratio, so diffusion across the
surface is too slow to supply all the inner cells – they need a transport system

3.4

(a)

• find the solution that gives no change in mass; its water potential equals that of the
potato tissue

(b)

• water leaves the cell by osmosis; the contents shrink and the membrane pulls away
from the cell wall; this is plasmolysis

3.5

(a)

• SA : V = 3 : 1, 1.5 : 1 and 0.75 : 1. As SA : V falls, the time rises; halving the ratio
roughly quadruples the time, so the relationship is not simply proportional
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A-Level Biology

Exercise 3.5 (a)

3.5 Cubes of agar containing a pH indicator were cut to three sizes and placed in dilute
hydrochloric acid. The time for the acid to reach the centre of each cube was recorded.

Cube side /
mm

Surface area /
mm2

Volume / mm3 SA : V Time / s

2 24 8 40
4 96 64 150
8 384 512 590

(a) Complete the SA : V column, and describe the relationship between SA : V and the
time taken. [3]

(b) Explain the results in terms of the process by which the acid enters the agar. [3]

(c) Explain how this model helps to explain why large active animals need a specialised
gas exchange surface and a transport system. [3]

(d) State two ways in which the agar model is not a good model of a real cell. [2]
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Exercise 3.5 (a)

3.5 Cubes of agar containing a pH indicator were cut to three sizes and placed in dilute
hydrochloric acid. The time for the acid to reach the centre of each cube was recorded.

Cube side /
mm

Surface area /
mm2

Volume / mm3 SA : V Time / s

2 24 8 40
4 96 64 150
8 384 512 590

(a) Complete the SA : V column, and describe the relationship between SA : V and the
time taken. [3]

(b) Explain the results in terms of the process by which the acid enters the agar. [3]

(c) Explain how this model helps to explain why large active animals need a specialised
gas exchange surface and a transport system. [3]

(d) State two ways in which the agar model is not a good model of a real cell. [2]
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Exercise 3.5 (b)

3.5 Cubes of agar containing a pH indicator were cut to three sizes and placed in dilute
hydrochloric acid. The time for the acid to reach the centre of each cube was recorded.

Cube side /
mm

Surface area /
mm2

Volume / mm3 SA : V Time / s

2 24 8 40
4 96 64 150
8 384 512 590

(a) Complete the SA : V column, and describe the relationship between SA : V and the
time taken. [3]

(b) Explain the results in terms of the process by which the acid enters the agar. [3]

(c) Explain how this model helps to explain why large active animals need a specialised
gas exchange surface and a transport system. [3]

(d) State two ways in which the agar model is not a good model of a real cell. [2]
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A-Level Biology

Exercise 3.5 (b)

3.5 Cubes of agar containing a pH indicator were cut to three sizes and placed in dilute
hydrochloric acid. The time for the acid to reach the centre of each cube was recorded.

Cube side /
mm

Surface area /
mm2

Volume / mm3 SA : V Time / s

2 24 8 40
4 96 64 150
8 384 512 590

(a) Complete the SA : V column, and describe the relationship between SA : V and the
time taken. [3]

(b) Explain the results in terms of the process by which the acid enters the agar. [3]

(c) Explain how this model helps to explain why large active animals need a specialised
gas exchange surface and a transport system. [3]

(d) State two ways in which the agar model is not a good model of a real cell. [2]
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(b)

• The acid enters by diffusion down its concentration gradient; the rate of entry de-
pends on surface area, while the amount that must be supplied depends on volume;
in the large cube each unit of volume is served by less surface and the distance to the
centre is greater, so it takes far longer

(c)

• A large animal has a small SA : V, so its body surface cannot supply enough oxygen
for its volume of respiring tissue; the distance from surface to inner cells is also far
too great for diffusion alone; a specialised exchange surface supplies the area, and a
transport system covers the distance quickly

(d)

• The agar is not alive – there is no cell surface membrane, so nothing is selectively
permeable and there is no active transport; it does not consume the acid as a respiring
cell consumes oxygen, so no steep internal gradient is maintained

A-Level Biology • 4.2 Movement into and out of cells 8



A-Level Biology

Exercise 3.5 (c)

3.5 Cubes of agar containing a pH indicator were cut to three sizes and placed in dilute
hydrochloric acid. The time for the acid to reach the centre of each cube was recorded.

Cube side /
mm

Surface area /
mm2

Volume / mm3 SA : V Time / s

2 24 8 40
4 96 64 150
8 384 512 590

(a) Complete the SA : V column, and describe the relationship between SA : V and the
time taken. [3]

(b) Explain the results in terms of the process by which the acid enters the agar. [3]

(c) Explain how this model helps to explain why large active animals need a specialised
gas exchange surface and a transport system. [3]

(d) State two ways in which the agar model is not a good model of a real cell. [2]
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A-Level Biology

Exercise 3.5 (c)

3.5 Cubes of agar containing a pH indicator were cut to three sizes and placed in dilute
hydrochloric acid. The time for the acid to reach the centre of each cube was recorded.

Cube side /
mm

Surface area /
mm2

Volume / mm3 SA : V Time / s

2 24 8 40
4 96 64 150
8 384 512 590

(a) Complete the SA : V column, and describe the relationship between SA : V and the
time taken. [3]

(b) Explain the results in terms of the process by which the acid enters the agar. [3]

(c) Explain how this model helps to explain why large active animals need a specialised
gas exchange surface and a transport system. [3]

(d) State two ways in which the agar model is not a good model of a real cell. [2]
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(b)

• The acid enters by diffusion down its concentration gradient; the rate of entry de-
pends on surface area, while the amount that must be supplied depends on volume;
in the large cube each unit of volume is served by less surface and the distance to the
centre is greater, so it takes far longer

(c)

• A large animal has a small SA : V, so its body surface cannot supply enough oxygen
for its volume of respiring tissue; the distance from surface to inner cells is also far
too great for diffusion alone; a specialised exchange surface supplies the area, and a
transport system covers the distance quickly

(d)

• The agar is not alive – there is no cell surface membrane, so nothing is selectively
permeable and there is no active transport; it does not consume the acid as a respiring
cell consumes oxygen, so no steep internal gradient is maintained
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Exercise 3.5 (d)

3.5 Cubes of agar containing a pH indicator were cut to three sizes and placed in dilute
hydrochloric acid. The time for the acid to reach the centre of each cube was recorded.

Cube side /
mm

Surface area /
mm2

Volume / mm3 SA : V Time / s

2 24 8 40
4 96 64 150
8 384 512 590

(a) Complete the SA : V column, and describe the relationship between SA : V and the
time taken. [3]

(b) Explain the results in terms of the process by which the acid enters the agar. [3]

(c) Explain how this model helps to explain why large active animals need a specialised
gas exchange surface and a transport system. [3]

(d) State two ways in which the agar model is not a good model of a real cell. [2]
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Exercise 3.5 (d)

3.5 Cubes of agar containing a pH indicator were cut to three sizes and placed in dilute
hydrochloric acid. The time for the acid to reach the centre of each cube was recorded.

Cube side /
mm

Surface area /
mm2

Volume / mm3 SA : V Time / s

2 24 8 40
4 96 64 150
8 384 512 590

(a) Complete the SA : V column, and describe the relationship between SA : V and the
time taken. [3]

(b) Explain the results in terms of the process by which the acid enters the agar. [3]

(c) Explain how this model helps to explain why large active animals need a specialised
gas exchange surface and a transport system. [3]

(d) State two ways in which the agar model is not a good model of a real cell. [2]
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(b)

• The acid enters by diffusion down its concentration gradient; the rate of entry de-
pends on surface area, while the amount that must be supplied depends on volume;
in the large cube each unit of volume is served by less surface and the distance to the
centre is greater, so it takes far longer

(c)

• A large animal has a small SA : V, so its body surface cannot supply enough oxygen
for its volume of respiring tissue; the distance from surface to inner cells is also far
too great for diffusion alone; a specialised exchange surface supplies the area, and a
transport system covers the distance quickly

(d)

• The agar is not alive – there is no cell surface membrane, so nothing is selectively
permeable and there is no active transport; it does not consume the acid as a respiring
cell consumes oxygen, so no steep internal gradient is maintained
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