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	LEARNING OUTCOMES

	
	CCEA GCSE BIOLOGY: 2.1.1 - 2.1.9

	
	UNIT 2.1: Osmosis and Plant transport

	
	
	
	
	

	 
	LEARNING OUTCOMES
	PUPIL SELF-EVALUATION

	 
	Pupils should be able to:
	Good
	Average
	Requires Attention

	2.11
	Carry out investigations, collect data and draw conclusions to demonstrate the process of osmosis (across selectively permeable membranes) in plant tissue, to include:
	 
	 
	 

	 
	        the change in size and mass of plant tissue
	 
	 
	 

	 
	        the use of a microscope to identify changes in plant cell structure that occur in plasmolysed and turgid cells due to osmosis
	 
	 
	 

	2.12
	Explain osmosis as diffusion of water from a dilute solution to a more concentrated solution, through a selectively permeable membrane
	 
	 
	 

	2.13
	Explain how osmosis causes plant cells to become plasmolysed and turgid
	 
	 
	 

	2.14
	Understand the role of the cell wall in limiting the entry of water
	 
	 
	 

	2.19
	Understanding the effect of placing red blood cells in water, causing cell lysis.
	 
	 
	 

	2.16
	Use a potometer (bubble potometer and weighing method) to gain an understanding of the process of transpiration in plants.
	 
	 
	 

	2.17
	Define transpiration as evaporation from mesophyll cells followed by diffusion through airspaces and stomata;
	 
	 
	 

	2.18
	Investigate the factors affecting the rate of transpiration (wind speed, temperature, surface area and humidity); and analyse data collected to calculate the rate of transpiration
	 
	 
	 

	2.15
	Understand that plants use water for support, transport transpiration and photosynthesis
	 
	 
	 

	
	
	
	
	

	Terminology

	 

	
	
	
	
	

	UNIT TEST RESULT:                     %                 GRADE:
	
	
	

	PUPIL COMMENT


	TEACHER COMMENT






It is important that substances are able to move in and out of living cells.
In animal and plants cells, the cell membrane controls what enters and leaves the cell.  The cell membrane is SELECTIVELY PERMEABLE.
In plant cells there is also a cell wall.  This is fully permeable and plays no role in controlling what enters or leaves the cell.
Draw an animal and plant cell and label the cell membrane and cell wall.

Two important factors affect the movement of substances:
Size of the particles.  The cell membrane has small pores in it’s structure. Large particles cannot pass through.

Concentration gradient.  This refers to the balance of particles on either side of the membrane.  If the difference in concentration is great the concentration gradient is steep and substances will move quickly from the high concentration to the low concentration.
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Diffusion happens in various biological systems and most are adapted to allow it to happen at a rapid rate e.g. gas exchange in the alveoli and nutrient uptake in the ileum.
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In the diagram above only the water molecules move because the solute molecules are too large to move through the selectively permeable membrane.  Osmosis describes the movement of water molecules only.
Plant cells in different solutions

In Dilute solution (high water)

· There is more water outside the cell than inside.  
· Water will move into the cell down the concentration gradient, by osmosis
· The vacuole increases in size
· The cell membrane pushes against the cell wall due to the pressure of the water
· The cell is said to be turgid
[image: image11.wmf]
 The cell wall prevents too much water entering the cell so preventing the cell from bursting
TURGOR PRESSURE is very important as it gives the plant support
In non-woody plants it is essential in keeping the plant upright.
In Concentrated solution (low water)

· There is more water inside the cell than outside 
·  Water will move out of the cell down the concentration gradient by osmosis
· The vacuole and cytoplasm lose water and shrink
· At this point the plant may begin to wilt
If the cell loses too much water the membrane is pulled away from the cell wall and the vacuole shrinks.  The cell is said to be PLASMOLYSED.  Cells which become plasmolysed are unlikely to survive.
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ANIMAL cells in different solutions

In Dilute solution (high water)

· There is more water outside the cell than inside 
·  Water will move into the cell down the concentration gradient by osmosis 
· Because there is no cell wall the cells burst because pressure increases
· This is known as CELL LYSIS
In Concentrated solution (low water)

· There is more water inside the cell than outside 
·  Water will move out of the cell down the concentration gradient by osmosis
· The cell shrinks and becomes CRENATED
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[image: image15.png]Transpiration rates can also be measured using a weighing method
— weighing how much water a plant loses over a period of time.

transpiring plant

film of oil to prevent
evaporation of water
from flask

Describe how you would

use the weighing method to
compare the loss of water
from a pot plant in humid and |
in non-humid conditions.Your flask of water
answer should identify the '

variables you will keep

constant and any other

\ top pan

[ ] X balance

precautions you will make to
ensure you get valid results.

Figure 8.5 The weight potometer
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These changes would not happen to cells in a healthy body.
The concentration of our blood is carefully monitored and controlled by the brain and kidneys to ensure large volumes of water do not enter or leave our blood or other cells
How does the concentration of a salt solution affect the mass of potatoes?
App: cork borer, scalpel, measuring cylinders, specimen jars, white tile, balance, ruler

Method: 
1) Label 6 specimen jars : distilled water, 0.2M, 0.4M, 0.6M, 0.8M, 1.0M.
2) Add 20ml of each solution into a specimen jar and firmly stopper.
3) Using a cork borer, ruler and scalpel cut 6 solid cylinders of potato to 12mm long.
4) Slice each cylinder into 6 discs of approx. equal width and place each group on a piece of filter paper.

5) Weigh each group of discs, record in a table and place each group in one of the stoppered tubes.
6) Leave for 24hrs.
7) Remove each group of discs and pat dry with filter paper.

8) Reweigh and record results in the table.
9) Work out the percentage change in mass and plot results on a graph.
% change in mass =    mass after – mass before   X   100




     mass before
Results

Caption : _____________________________________________________
	Concentration of salt solution /M
	Mass of potato/g
	% change in mass

	
	initial
	final
	change
	

	0.0
	
	
	
	

	0.2
	
	
	
	

	0.4
	
	
	
	

	0.6
	
	
	
	

	0.8
	
	
	
	

	1.0
	
	
	
	


Interpretation of results


In which solutions did the potatoes gain mass?

​​​​​​​​​​​​​​__________________________________________________________________________________
In which solutions did the potatoes lose mass?

​​​​​​​​​​​​​​__________________________________________________________________________________
At which salt concentration did the potato neither gain or lose mass?
​​​​​​​​​​​​​​__________________________________________________________________________________
In terms of water molecules describe 

(i) a concentrated solution __________________________________________________________
(ii) a dilute solution ________________________________________________________________
The cell membrane is described as selectively permeable – it allows some molecules to pass through and not others. How might this affect what causes a gain or loss of mass of the potato discs?

​​​​​​​​​​​​​​__________________________________________________________________________________
​​​​​​​​​​​​​​__________________________________________________________________________________
What do you think caused the potatoes to gain mass?

​​​​​​​​​​​​​​__________________________________________________________________________________
​​​​​​​​​​​​​​__________________________________________________________________________________
Explain what must be happening at the concentration at which the potato neither gained or lost mass.

​​​​​​​​​​​​​​__________________________________________________________________________________
​​​​​​​​​​​​​​__________________________________________________________________________________
Evaluation:

What factors did you control in this practical?

​​​​​​​​​​​​​​__________________________________________________________________________________
​​​​​​​​​​​​​​__________________________________________________________________________________
Do you think your results are reliable? Explain your answer.

​​​​​​​​​​​​​​__________________________________________________________________________________
​​​​​​​​​​​​​​__________________________________________________________________________________
Were there any aspects of your experiment you would change to improve the validity?

​​​​​​​​​​​​​​__________________________________________________________________________________
​​​​​​​​​​​​​​__________________________________________________________________________________

Examining cells placed in water and concentrated sugar solution.

App: microscope slide and coverslip, scalpel, microscope, 2 specimen jars

Method: 
1) Peel the fine membrane from the inside of a red onion and cut into four 10mm squares.
                                       10mm


   10mm
2) Place 2 squares in a specimen jar containing 10ml of distilled water and 2 in a specimen jar containing 10ml of 1M sugar solution.

3) Leave for 20 minutes.

4) Remove and place on a microscope slide with a drop of the solution it has been immersed in.

5) Observe under low power and make a drawing of 3 cells.
6) Make notes on what you have observed.


Explain what happened to the cells in sugar solution using biological terms

​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
What prevents the plant cells from bursting when they take in lots of water?

​​​​​​​​​​​​​​____________________________________________________________________________________
You’ve seen what happens to cells in epidermal tissue when they lose water. How does a whole plant look when it is short of water? How does it change when you give it water? Try to explain these observations using the ideas above.

​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________
​​​​​​​​​​​​​​____________________________________________________________________________________

What do plants need water for?

Photosynthesis

·  Water is one of the raw materials needed for photosynthesis
· When water is in short supply the rate of photosynthesis is limited
· Support 

·  Water is needed to ensure plant cells remain turgid
· When water is in short supply the plant starts to wilt
· Transport

·  Mineral salts dissolve in water 
· They are then moved within the plant to cells which need them
Transpiration

· Much of the water that enters the leaves evaporates into the atmosphere
· The loss of water by evaporation is called transpiration.

Evaporation of the water takes place from the spongy mesophyll cells.  The water vapour diffuses through the air spaces and out through the stomata.  
This creates a slight shortage of water in the leaf which draws more water up from the rest of the plant which in turn draws more up from the roots.  Water travels in the xylem vessels.  The continuous flow of water through the plant is known as the transpiration stream.
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Reducing water loss

If a plant needs to reduce it’s water loss it can do so in several ways:
· Having a waxy cuticle: This reduces evaporation from the surface of the leaf.

· Stomata are open during the day to enable the exchange of gases.
· The guard cells can close the stomata if it becomes important to conserve water.

The potometer is a piece of apparatus used to measure water uptake of a shoot.  As water evaporates from the leaves the shoot takes up water from the apparatus.

It does not measure the rate of transpiration.  Some of the water taken up by the plant will be used in photosynthesis.  Some will move into cell vacuoles to support the plant.  
Therefore the volume of water transpired will not be the same as the volume taken in.
Setting up the potometer

The apparatus must be assembled underwater - to prevent unwanted air bubbles in the water column (xylem).
The apparatus should be sealed with vaseline - to prevent air leaks
The reservoir allows the apparatus to be reset – to enable replicates to be carried out or the effect of other environmental factors recorded.

The potometer can be used to test how environmental factors affect the rate of water uptake.  Conditions which increase the rate of evaporation will increase the rate of water uptake eg high temperatures or high wind speed.  Conditions which decrease the rate of evaporation will decrease the rate of water uptake eg humidity.
· High temperatures
This affects the rate of water uptake because it increases the evaporation from the leaf surface, as there is more KE
The potometer can be placed in different areas which have differing temperatures but there should be no  increase in light intensity or air movement.
· Wind Speed
This affects the rate of water uptake because it increases the evaporation from the leaf surface
A fan set at different speeds can be used to increase wind speed but it should not increase temperature.
· Humidity
This affects the rate of water uptake because it decreases the evaporation from the leaf surface
A clear plastic bag placed over the shoot can be used to increase humidity.
This decreases the concentration gradient between the leaf and the air
So less water vapour is lost.
· Leaf Surface Area
This is not an environmental factor but it does affect the rate of water uptake.
Leaves with a large surface area or a shoot with a large number of leaves will have a greater number of stomata.
This will mean there can be more diffusion out of the leaf and hence an increase in the rate of water uptake.
The Weight Potometer

· Find initial mass of shoot, water and container

· Leave for 24 hours

· Find final mass of shoot, water and container

· Calculate loss in mass

What is the purpose of the layer of oil on the surface of the water?
__________________________________________________________________________

· Calculate the rate of water loss by dividing the loss in mass by the time (water loss per hour).
· Repeat and average.
· Repeat the experiment with the shoot in a bag.
· Keeping the light intensity, temperature and shoot the same.
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Transpiration rates can also be measured using a weighing method

— weighing how much water a plant loses over a period of time.

transpiring plant

film of oil to prevent
evaporation of water
from flask

Describe how you would

use the weighing method to
compare the loss of water
from a pot plant in humid and
in non-humid conditions.Your
answer should identify the
variables you will keep
constant and any other
precautions you will make to

top pan
balance

ensure you get valid results.

Figure 8.5 The weight potometer

# Exam questions

1 An investigation into osmosis in potato cores was 2 The diagram shows a sugar solution separated

set up as shown in the diagram below. from water by a selectively permeable
membrane.
{ .
oty o water
sugar ! molecule
molecule ' o o
potato } selectively
core 1 g ) L s permeable
o membrane
beaker 1 beaker 2 beaker 3 o
0% sugar solution 8% sugar solution 18% sugar solution 1
a) Describe and explain what you would expect
a) Name two factors that should be controlled to happen over a period of time. (3 marks)
during the investigation in order to make it a by S . o ) o
- . ome pupils carried out an investigation into
fair test. (2 marks) ) p ‘p =
OSNOSIS 1N POtatocs.
b) How would you know 1f water had moved out The pupils cut 1dentical lengths of potato, each
of the potato cores during the investigation? 50 mm. at the start of the experiment.
(1 mark) They placed three into water and another

¢) In which beaker would you expect most water three into sugar solution.

to move out of the potato cores during the They left them for several hours, removed them.

investigation? (1 mark) dried the potato lengths and remeasured them.
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_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ _____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________
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The results are shown in the table.

%W

experiment
Length of Change in Iength/* Length of Change in
potato in mm | potato in sugar ! length/mm
water/mm solutlon/mrpwj_
5l + 1 49 — |
55 ; +5 B 44 _ 6
53| +3 45 -5
| Average change in Average change in ‘
‘length = 3mm |length = Xmm

i) Calculate the average change in length for
the potatoes in the sugar solution (X).
(1 mark)
i) Explain the results tor the potatoes in the
sugar solution. (2 marks)
iii) Suggest one factor that the pupils
should have kept the same during their

(1 mark)
iv) The diagram shows a cell from the potato

experiment.

at the beginning of the experiment.

cell wall

cell membrane

vacuole

nucleus

Draw how the same cell would look after
it had been 1n the sugar solution for several

hours. (3 arks)

3 A pupil carried out the tollowing investigation to

find a sugar solution which would prevent potato
chips gaining or losing mass.

Potato chips were weighed and placed in test
tubu containing a range of sugar solutions.

“ After 24 hours the chips were removed, dried
on a paper towel and reweighed.

The experiment was repeated three times for
each concentration ot solution.

Concentration fnitial | Final  Change %changelﬁ Average
of sugar mass/g | mass/g = in mass/g | in mass % change
solution in M ‘ (+/=) ¢ (+/=) © inmass
(Moles) T (+/-)
0 25 33 108
B 3340 407 2
o 20 25 +05 25
050 | 35 34 -01 28 —4
s 300 —or -m
e s o T
100 34 25 09 265  -33
32 20 —12 —375 |
14 09 -05 =357 |

a) Calculate:
i) the percentage change in mass for the first
chip in 0 molar sugar solution.
(2 marks)
ii) the average change in mass of the three

Show vour working.

chips in O molar sugar solution to the
(1 mark)
b) Why 15 it necessary to calculate the percentage

(1 mark)

nearest whole number.

change in mass for each potato chip?
c) Draw a graph of these results, showing
the average % change in mass against the
(4 marks)
Describe the trend shown by the results.
(1 mark)

i1} Use the graph to estimate the concentration

concentration of sugar solution.

d) i)

of the sugar solution which would prevent
potato chips losing or gaining weight.
(1 mark)
e) Suggest two ways in which this investigation
(2 marks)
The diagram shows cells from the potato chips

should be improved.

in the strong sugar solution.

= cell wall

cell
membrane

f) Describe and explain in detail, the appearance
of these cells.
In this question, you will be assessed
on your written communication skills,
including the use of specialist science
(6 marks)
79

terms.
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4 The diagram shows part of a leat and the pathway i) Give one precaution you should take
of water vapour through a leaf. when setting up this apparatus. (1 mark)

cuticle ii) Describe and explain how you could use
this apparatus to compare the rate of water
uptake for a plant shoot at two difterent
temperatures (20 °C and 30 °C).

In this question, you will be assessed
on your written communication skills
including the use of specialist science
terms. (6 marks)

b) The table gives one set of results obtained
using this apparatus.

xylem Temperature/°C ‘ Distance/mm moved by the |
| bubble after 10 minutes

20 | 6

!

phloem 30 12 \

The average rate of movement of the bubble
at 20 °C 15 0.6 mm per minute.

i) Calculate the average rate of movement of
the bubble at 30 °C.

Remember to include units in your

answer. (2 marks)
ii) Plants grown in warmer conditions wilt

a) Name parts A, B and C. (3 marks) quickly and need to be watered more

b) Look at the diagram. Explain the movement frequently than those grown in normal

of water along the arrow. (3 marks) room temperatures. _

Use the evidence from your calculations to

c) Explain how the cuticle and guard cells help account for this difference. (3 marks)
reduce the loss of water from the leaf.

(3 marks)

5 a) The diagram shows apparatus which is used to
measure the rate of water uptake in plants.

scale/mm

rubber
tubing

l\ v b b v gl b u|

J
allir bubble

capillary
tube
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Diffusion


The random movement of molecules                                                                                           from an area of high concentration to an area of low concentration





osmosis


The movement of water from an area of higher water concentration to an area of lower water concentration through a selectively permeable membrane








____________________________________





WATER CONCENTRATIONS ARE EQUAL INSIDE & OUT


WATER PARTICLES EQUAL





WATER CONCENTRATIONS ARE HIGHER OUTSIDE CELL


FEWER WATER PARTICLES 





WATER CONCENTRATIONS ARE LOWER CELL


MORE WATER PARTICLES 





____________________________________





____________________________________





Cells in sucrose solution			





Cells in water





cuticle





xylem





phloem





Guard cell





stoma





Air space





Palisade mesophyll





Spongy mesophyll





Lower epidermis





Upper epidermis





chloroplast





The distance the air bubble moves in a particular time is used to calculate the rate of water uptake
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