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Diffusion: Highs and Lows, Ins and Outs

Curriculum

The concept of diffusion fits into several areas of the Manitoba science curriculum.  Students' first formal introduction to diffusion is in Grade 8 science, at which time they should have some prior knowledge of the behaviour of particles from Grade 7.

This lesson would fit within the following Specific Learning Outcome, within the context of cell function:

Grade 8: Cells and systems

8-1-07 Describe the movement of nutrients and wastes across cell membranes and explain its importance. 

Include: osmosis, diffusion, selective permeability

Diffusion is involved in several units of Senior Years science, beginning with cell processes in Biology 30S (S3-2-05, -06), and continuing with body systems such as digestion (S3-3-11), respiration (S3-5-05) and excretion (S3-6-05), in which transport across biological membranes are discussed. 

Materials

Demonstrations

Spray perfume bottle

Rectangular glass vessel with tight-fitting divider

2 100ml beakers

Dialysis tubing

Ties or clips for dialysis tubing

Food colouring

Water

Open space in class for students to move around in

Activity

signs on strings for around the neck, labelled

10 - 'food colour' on one side, 'perfume' on the other

10 - 'water' on one side, 'air' on the other

Safety

Prior to using perfume or other scent for demonstration, ensure that no class members are sensitive or allergic to scents.

Instructional Sequence

This lesson will address simple diffusion of particles as a gradual spreading of particles from an area of high concentration to an area of low concentration.  The concepts of active/passive transport, selectively permeable membranes and osmosis will be covered in subsequent lessons.  Students will likely have some understanding of particle theory, and the main learning goals for this lesson are: that the random movement of particles in gases or liquids is responsible for diffusion, the idea of concentration gradients and that diffusion can occur across membranes such as those that enclose cells.  Students may have difficulty understanding the concepts of concentrations of particles in gases and liquids and the random motion of particles.  Key vocabulary (may be new to some students): diffusion, equilibrium, molecules.

Phase 1: Evidential

Four instructor-led demonstrations will show diffusion of gaseous particles, diffusion of particles in liquid and the diffusion of particles across a membrane.

Demonstrations

1 - Fill glass vessel with water, and add a few drops of food colouring.  Ask students to predict what will happen to the colour of the vessel if the water is not stirred.  Will the drop just stay intact, or will it spread out?  Will it spread out all over to make the colour uniform or will it stay darker where the food colour was added?  Allow 5-10 min before making final observation.  Eventually the colour would be homogenous.

2 - While waiting for food colour to diffuse, spray some perfume in the front corner of the room.  Ask students the same questions above.  Through questioning, lead them to the idea that the perfume behaves like the food colour.  Introduce the term particle to the discussions: particles of food colour spread out in the water (important: which is also particles), and particles of perfume spread out in the air which is also particles).  They do this because they like to move randomly around until they are evenly spread out.  Eventually the people in the back of the room would smell the perfume as it spreads around the room.

3 - Repeat the food colour demo with a divider splitting the vessel in two.  Add the food colouring to one side, mix, and ask students what will happen when it is removed.  Note that one side has a high concentration of food colour, and the other has zero concentration.  Remove the divider, and describe how it blocks particles from spreading across, but when removed it will allow the colour to spread.  Watch the spread of colour, asking students to describe the concentration on each side (high, low etc.).  

4 - For the last stage of the demonstration, fill the beakers, and add food colouring to one and mix.  Next, fill two sections of dialysis tubing: one with water, one with food colouring and secure both ends, showing students it is secured.  Explain that unlike the divider, the dialysis tubing is a membrane with tiny holes in it that only very tiny molecules can fit through: it is permeable.  Discuss other things that are permeable: a net, a strainer etc. and bring up the idea that cells in your body are also permeable.  For submission and evaluation at the end of class: ask students to write down  on a fresh sheet of paper their predictions of what will happen when the water tubing is submerged in the food colour beaker and the food colour tube is submerged in the water beaker.  They must write this out in terms of colour change in each tube and beaker, and in terms of what particles are moving across the membrane.  Submerge and leave for as long as it takes for the colour to be equal in the beakers and tubes.  

Phase 2: Psychological

The second phase of this lesson is a role-playing activity, where students will be particles, and act out the phenomena that they witnessed in the previous four demonstrations.  Students will form groups of the particles involved, decide between themselves what they will have to do if they were those particles, and act it out in front of the class.  Let them act it out and then correct any conceptual errors.

1 - act out the food colour in water.  Define an area in the class that will be the vessel.  Designate 10 students to be water particles, and give them labels saying 'water'.  10 other students will be particles of food colour, with labels also.  Give each group a couple of minutes to figure out amongst themselves what they will be doing.  Ask the 'water' students to distribute themselves in the vessel: they will need to figure out that they should be spaced around the vessel.  Before adding the 'colour' particles, remind students that water is made of particles, and particles are always in motion, so they should be evenly moving around the vessel.  Next, have the 'colour' students drop into the vessel.  Let them add themselves, and spread out as they saw in the demo.  Ideally, they will go in as a group, and move around until they are evenly distributed in the vessel.  Explain to the class that this is how the particles always are: they move all the time, and highlight the idea that the particles will spread out until they are evenly distributed: students should be spread out evenly and moving before ending.

2 - Act out the food colour in water with a barrier.  Put a row of chairs together across the vessel, tight so that no one can walk between them.  Explain that this is like the barrier, and that no particle can cross.  Again, give students time to organize, and have them act out what they saw in the demo.  Use this role play to enforce the idea that the particles are always moving and they will bounce off the barrier and the walls of the vessel, and nothing will cross the barrier.  Explain that the barrier is non-permeable, defining the word.

3 - Act out the food colour in dialysis tubing.  Recall the idea of a permeable membrane, and ask students what the row of chairs will look like if it is permeable.  Take time for student suggestions, and lead to the separation of the chairs so that students can fit through.  Allow time for students to organize, and have them act out the nature of the particles, remembering what they know from the first two role plays.  Ensure that the following is noted: some students will bounce off the chairs, but some will go through, based on their random motion.  Students should continue to move, and allow them to continue until an equilibrium is reached and colour particles are evenly distributed.  Students might stop when the sides are even, but explain that the particles are always going back and forth across the membrane.  Stop everyone, and take some time to explain the concentration gradient.  Put two colour molecules on one side, and 8 on the other, and have them act out what they think would happen.  Do this with some other number of divisions, and explain that the particles always want to go from the side where they are more concentrated to where they are less concentrated.  (Can be extended to selectively permeable if you narrow the gaps in the chairs).

4 - Act out the perfume in air.  Lastly, use role play to show how particles in air behave like the particles in water, and how they diffuse into the room.  Students flip their signs to be 'air' and 'perfume' particles.  Again, give time to organize, and then have them act out what happened to the perfume particles in the room.  Key points to highlight: air is made up of many particles, we are simplifying this by calling students 'air' particles.  Perfume is small particles or molecules that our noses can pick up.  They move through the room with motion like the food colour.  Challenge students by asking how fast the particles will go compared to the liquid.  Ask what would happen if you put a wall in the middle of the class (non-permeable).  How could you make that wall permeable?  Cut out a door.  (Can be extended to include selectively permeable if you discuss what a pet door would let through in the same situation).

Phase 3: Logical

Have students return to their desks. Examine the dialysis tubing experiments and have class write down their observations for each beaker underneath their predictions.  Discuss the results of each demonstration, referring to how the role plays illustrated each one.  

Provide notes on diffusion, relating throughout to role plays and demonstrations, and using diagrams:

Key points to cover: 

· Particles in liquids and gases are correctly called molecules
· Molecules in liquids and gases are in constant random motion.  They move around and bounce off of anything they come in contact with.

· Diffusion is the movement of molecules from an area of high concentration to an area of low concentration until the 'mixture' is even: this is known as equilibrium.  Diffusion is faster in gases than in liquids, because particles in gases move faster than particles in liquids.  Refer to food colouring demos and high/low concentration of colour, and explain how particles dissolved in water will behave the same way.  We call these molecules the solute, and they will behave just like the food colouring.

· High concentration: many molecules of solute in the surroundings

· Low concentration: fewer or no molecules of solute in the surroundings

· Particles will not cross a solid barrier: it is non-permeable, and the molecules will collide with it as they move.  Refer to vessel with barrier

· Membranes are barriers that are not solid: they are permeable.  Permeable membranes are thought of as having extremely tiny holes of various sizes. They will allow molecules to pass through if they can fit through the holes.  Refer to tubing demo.  

· Membranes are said to be semi-permeable or selectively permeable if they have holes that will let certain molecules through but not other molecules because they are too big.

· The cells in our body have selectively permeable membranes around them.  Many molecules, such as nutrients and wastes, can pass across these membranes by diffusion.  Using diagram, ask students to predict which way nutrients and wastes will move, volunteering answers

· nutrients are in a higher concentration outside the cell than inside it, so they will move in, where the cell can use them.  Refer to the tubing taking in food colouring.

· wastes produced by the cell are in a higher concentration inside the cell than outside it, so they will move out.  This is how the cell can get rid of the wastes it produces.  Refer to the tubing losing food colouring.

This lesson will be continued to include more on selective permeability and osmosis in subsequent lessons. 

Assessment

Students will discuss their observations from the dialysis tubing demonstration and predictions for homework.  They will submit their predictions, recorded observations and answer the following questions:

1. Were your predictions correct about what would happen in each beaker?  If they were not, provide the correct explanation for what you saw, describing what happened to the particles of food colouring.

2. Did the particles of perfume diffuse across the room faster, slower or at the same rate as the food colouring particles diffusing through the vessel of water?  Explain how you came up with your answer.































