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Diffusion and Membrane Permeability (ideal grades 5 through 12)

CONCEPTS:

Diffusion is a passive, spontaneous process involving the random movement of particles or 
molecules from an area of high concentration to an area of low concentration.

Equilibrium across a membrane occurs when the number of molecules is even on both sides, 
and there is no longer a concentration gradient.

Selective Permeability across a membrane can result in differing salt concentrations on either 
side of the membrane and will cause movement of water towards the side with higher salt 
concentration.

MATERIALS:

• Two Cups • Food coloring
• Ziploc Bag  • Dropper
• Tap water • Talboys 2 Block Analog Dry Block Heater
• 2mL tube containing corn starch    (S96605) & Double Solid Block
• Two gummy bears • Lab tape
• 15mL tube containing iodine • Gloves
• Timer • (2) 250mL beakers
• Straw

This experiment will discuss the chemistry concepts of Diffusion, Equilibrium and Selective 
Permeability in the context of biological systems. 

NOTE: This experiment will be done in multiple phases and will take an hour long class 
period with the final phase completed during the following class.
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Procedure
First Phase - Diffusion (estimated time 5 minutes)

NOTE: Preheat water before class. Place the Double Solid Block in the well of the 2 Block Analog Dry Block Heater. Place (2) 250mL beakers of water on 
the double solid block and heat at max temperature to steaming (not boiling).

1.  Have each group take out both cups, a tube of food coloring and a dropper. Have a member of each group come line up with one cup and add 
approximately 200mL of heated water. Another student from the group should fill the other cup with cool tap water.

2. Have students from each group drop 2 drops of food coloring into each cup of water at the same time.

3.  Observe what happens to the drop of food coloring. Be sure NOT to stir the water. One student in each group should start the stopwatch when 
the food coloring is dropped, and other students should record the time it takes for the food coloring in each cup to become evenly distributed 
throughout the cup. The drop should spread out from a single concentrated drop of color to eventually evenly color the entire container of water. This 
will happen rapidly at first and then slow down. Did the color in the hot or cold water diffuse faster, or did they take approximately the same time?

This is diffusion right before your eyes! The tiny colored molecules that make up the food coloring diffuse through the water from an area where they were 
highly concentrated to an area where there was previously no color. 

Second Phase - Equilibrium (estimated time 10-15 minutes) 

NOTE: You will need 6-20 students and Lab Tape or arranged desk/chairs as well as a timer.

1.  Set up the classroom such that you physically divide the class in half by arranging a row of desks/chairs or the lab tape down the middle of the 
classroom. However, leave enough room between desks/chairs that a student can walk through. NOTE: Make sure both sides are equally clear of 
obstacles, but choose a space in which the students will be sufficiently crowded.

2.  Place 6-20 students (depending on room size, but an even number is required) on one side of the room. Ask the students to extend out their arms 
and walk (slowly) around their half of the room without bumping into each other for 30 seconds, trying to remain as spread out and far away from each 
other as possible. They DO NOT have the option of crossing over to the other side. This is like a concentration gradient because one side of the room 
is more concentrated with students than the other side.

3.  Start the students on the same side, but now tell the students they have the option of crossing over to either side as they wish in order to spread out 
as much as possible. This time they have 60 seconds, and it may be helpful to stop when you observe equal numbers on both sides of the room. When 
time expired, were there a similar number of students on both sides of the room? Was this expected?

Molecules are constantly in motion and cross one barrier, come back, and cross over. Just because there is equilibrium doesn’t mean the molecules have 
stopped moving.

Let’s See Your Experiment in Action!
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Procedure (cont’d)
Third Phase - Selective Permeability/Tonicity (estimated time 15-20 minutes (plus overnight)

In this experiment we will explore samples of selective permeability and its effect on tonicity. We will be demonstrating selective permeability based on 
size selection. NOTE: Have a large beaker of water preheated to slightly hot (should just begin to steam) set up before class/the experiment utilizing the 
Dry Block Heater. This experiment will not work in the required time without steaming water.

1.  Each group should have a Ziploc bag and a 15mL tube containing iodine. (NOTE: The bag is a selectively permeable membrane, and 
starch + iodine = purple.) Pour the iodine into the bag and close it tightly, ensuring that the bag is fully sealed before use. Have one member from 
each group bring their cup to the front of the room. Fill the cup with hot water.

2.  Add cornstarch (in small Eppendorf® tube) to the water and mix until the starch is evenly distributed and dissolved. (NOTE: most of the starch will 
remain in suspension and not actually dissolve, so the solution should remain cloudy.) 

3.  Place the bag of iodine in the starch and wait a few minutes, occasionally tapping (not swirling) the cup to stir. Do you think the liquid will turn purple? 
Where, inside or outside the bag? What possible factors affect the speed of the reaction?

NOTE: The reaction will take between 2 and 20+ minutes depending on these factors (temperature, iodine concentration, corn starch concentration, the 
thickness of the plastic bag, etc.). If purple appears quickly, the students should continue to observe the cup as the lesson continues so the reaction can 
be observed to completion.

  Similar to molecules such as proteins and salts, water also moves across a membrane down its concentration gradient. The movement of water across 
a cell membrane is known as osmosis. Selective permeability can result in an increased concentration of larger molecules such as proteins and sugars 
on one side of the membrane since they are too large to pass through. Because the concentration of large molecules is higher on one side of the 
membrane, the relative concentration of large molecules on the other side is less and the overall solution is not at equilibrium. This will cause the influx 
of water from the less concentrated side over to the more concentrated side in order to equilibrate the concentration of the salt on both sides of the 
membrane.

  If the solution outside a cell has less solute (ions, salt particles, etc) than inside the cell, the solution is known as hypotonic solution, while a solution 
with more solute than the cell is hypertonic solution. A solution of equal solute concentration to the inside of the cell is an isotonic solution. A 
hypotonic solution will cause the cell to swell as water enters to move down its concentration gradient while a hypertonic solution will cause the cell 
to shrivel as water leaves.

4.  We will now use gummy bears to simulate the effect of a cell placed in a hypotonic solution. This will require overnight incubation in water to observe 
the full effect. Each group should place one gummy bear in a cup of cool tap water and another gummy bear in an empty cup for comparison. NOTE: 
Use COLD tap water for this experiment, warm water will dissolve away the gummy bear. What will happen to the gummy bear in water?

5.  The next class, have students slowly pour out the water so that the size comparison is not affected by diffraction of light by the water. What happened 
to the gummy bear? Did it grow or shrink, and did its appearance change? What caused the change in size? Is the water hypotonic, hypertonic or 
isotonic relative to the inside of the gummy bear? How does this determine the direction of water flow?

Let’s See Your Experiment in Action!
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What are your findings?

Let’s See Your Experiment in Action!

Sourced from: The Young Scientist Program | Washington University School of Medicine | Division of Biology & Biomedical Science | Diffusion and Membrane Permeability Teaching Kit. [online] 
Available at: http://ysp.wustl.edu/KitCurriculum/Diffusion/FinalTeacherHandoutDiffusionKit.pdf [Accessed 27 Jan. 2015].


