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Diffusion is the movement of molecules, at random, from one area to another.  Diffusion 
occurs when there is an unequal concentration of molecules in an environment, known 
as a concentration gradient.  These molecules have energy and are constantly in 
motion, bouncing off of each other and moving in random directions. In an area of 
high concentration, which therefore contains more molecules, the chances of collision 
are higher. Over time, the molecules distribute themselves equally throughout the 
environment; the rate at which this occurs being dependent on both the concentration 
gradient and the size of the environment.

To illustrate this, consider a natural gas leak. Natural gas, used in forced-air heating, 
is odorless. For safety reasons, a special chemical is added to natural gas, giving it a 
distinctly unpleasant smell.  If a home were to develop a natural gas leak, it may not 
immediately be noticeable unless one was in close proximity of the leak (area of high 
concentration). Over time, however, the molecules distribute themselves throughout the 
environment, alerting someone in another part of the home to leave the house and call 
for help.

Osmosis is a special form of diffusion. Osmosis is the diffusion of water across a 
concentration gradient. This is a very important concept to note.  Osmosis is always a 
form of diffusion but diffusion is not always a form of osmosis.  Another factor necessary 
for osmosis to occur is the presence of a barrier, known as a semi-permeable 
membrane, which will allow water molecules to cross but will not allow solutes 
(substances dissolved in the water) to cross.  Diffusion may involve movement across 
a membrane or it may not. Osmosis always involves movement across a membrane.  
Diffusion may involve the movement of water and/or solutes; osmosis only involves the 
movement of water.

The direction water moves during osmosis is dependent on the concentration of solutes 
on either side of the semi-permeable membrane.  The three key terms to understand 
when discussing osmosis are hypertonic, hypotonic, and isotonic.
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If two solutions differ in concentration, the solution with the higher concentration of 
solutes is said to be hypertonic (hyper- meaning greater or more).  The solution with the 
lower concentration of solutes is known as hypotonic (hypo- meaning less or under). If 
both solutions have the same concentration of solutes, they are said to be in an isotonic 
(iso- meaning same or equal) state.

To illustrate the concept, consider a simple solution of only water and sucrose 
molecules, separated by a membrane that allows water molecules to pass, but not 
sucrose molecules. The illustration below represents what happens when two solutions 
of differing concentration are separated by the membrane, the solution on one side 
having more sucrose molecules (hypertonic) and the solution on the other having less 
sucrose molecules (hypotonic):

Notice above that since the sucrose molecules cannot pass through the membrane, 
the water molecules pass from the hypotonic side to the hypertonic side in an attempt 
to create an equal ratio of water-to-sucrose molecules.  Also note that in the end 
result there is an increase of volume on one side of the system.  This is because the 
hypertonic side gained more water molecules as both sides eventually reached the 
same concentration. Remember, concentration is a ratio of solute to solvent.

= water molecule

= sucrose molecule

semi-permeable membrane

hypertonic sidehypotonic side
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Now look at the diagram below representing two solutions of equal concentration 
(isotonic) separated by the same membrane:

As illustrated above, just because two solutions are isotonic relative to one another 
does not mean that water molecules do not move across the membrane. Through 
random motion, water molecules move through the membrane equally in both directions, 
the result being that, over time, neither side of the system shows a net gain of water 
molecules.

Diffusion, Osmosis, and Cells

All living cells are surrounded by a membrane, called the plasma membrane. The 
membrane is vital for controlling what enters and exits cells.  The cell membrane is semi-
permeable, meaning that only certain molecules can pass freely across the membrane.  
In other words, the cell membrane is responsible for regulating what moves into and out 
of cells.

Both diffusion and osmosis are vital mechanisms for cell survival. Cells need to bring 
in nutrients or remove waste material (diffusion) and need to regulate water levels both 
within the cell and surrounding the cell (osmosis). While diffusion and osmosis are the 
focus of this investigation, it should be noted that these two methods are by no means 
the only processes in which materials may cross a cell membrane.

= water molecule

= sucrose molecule



Copyright 2008    Aldon Corporation Copymaster: Permission granted to make unlimited copies for any single school building.

Diffusion and osmosis are both forms of transport known as passive transport. The 
word passive is used because these forms of transport do not require energy to move 
the materials across the membrane.  As mentioned previously, materials naturally 
move in an attempt to balance the concentration of solutes and/or water, which in this 
case would be balance between the inside and outside of the cell.  The advantage of 
passive transport is that the cell, or organism, does not have to expend energy to meet 
a cell’s needs. The generation and storage of energy is vital to the survival of all living 
organisms.  Any energy expended in one process is less energy that may be available 
for another process.  Energy used must be replaced.  While saving energy is truly a 
benefi t, there are a couple of disadvantages to passive transport.

Firstly, passive transport can be a slow process. This is a cost of the fact that no energy 
is being employed.  If there was a higher concentration of nutrients outside of a cell than 
inside, and the cell needed the nutrients to survive, a passive process such as diffusion 
may not allow the nutrients to enter the cell as quickly as needed.  Secondly, sometimes 
removing a solute or water imbalance may harm a cell. Consider the following scenarios:

• If a cell has a high solute concentration within the plasma membrane and there is a 
high water content surrounding the cell, the process of osmosis would cause water to 
move into the cell.  As more water moves in, the cell expands and pressure is placed 
on the cell membrane.  Eventually the pressure may become so high that the cell 
bursts in a process called lysis.

• Conversely, if the solute level outside the cell is higher than inside the cell, osmosis 
will draw water from the cell and into the external environment. This causes the 
cell membrane to contract and the cell to reduce in volume. Eventually, the cell 
may completely shrivel and be unable to function properly. This process is called 
crenation.

Fortunately, cells can also engage in forms of active transport.  Active transport can 
cause solutes and water to move opposite the direction they would under passive 
conditions.  However, the expense is that moving materials in this fashion requires the 
input of energy.  While the goal of cells is to generate and store energy, having to use 
some of their energy is certainly preferable to cell death.  Again though, the primary 
purpose of this investigation is to examine passive transport in the form of both diffusion 
and osmosis.
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Materials Needed per Group

 2 pc. Dialysis tubing
 2 Plastic cups
  Electronic balance
  Small funnel
  Paper towels

Shared Materials

  1.0% Starch solution
  0.5M Sucrose solution
  Iodine/potassium iodide solution
  Distilled or deionized water

Safety

  Safety goggles
  Gloves
  Lab apron

1. Fill your plastic cup approximately ¾ full with distilled or deionized water.

2. Obtain one piece of dialysis tubing. Gently rub both ends of the dialysis tubing 
between your fi ngers to open the tubing.

Note to Students: Dialysis tubing is composed of cellulose, a derivative of plants.  The 
cellulose tubing contains microscopic pores.  In other words, dialysis tubing is a semi-
permeable membrane.

3. Tie a knot in one end of the dialysis tubing as close to the end as possible.

4. Using a small funnel, add enough 1.0% starch solution to the dialysis tubing to fi ll it 
about halfway (approximately 5ml).

5. Tie a knot in the other end of the dialysis tubing, again tying the knot as close to the 
end of the tubing as possible. Both ends of the tubing should be completely sealed 
(no starch solution leaking out).

Procedure

Part I: Diffusion
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6. Rinse the sealed tubing under the tap briefl y to wash away any starch solution that 
may have gotten on the outside of the tubing.

7. Set the sealed, rinsed tubing on some paper towels and gently blot dry.

8. Add one to two drops of iodine/potassium iodide to the water in your plastic cup and 
gently swirl to mix. The solution in the cup should be amber to light brown in color. If 
not, add one more drop and swirl again.

Note to Students: Iodine and some iodine compounds are often used to test for the 
presence of starch.  When iodine reacts with starch it displays a blue to purple-black 
color, depending on the amount of iodine and starch present. If no starch is present, the 
iodine will remain the same color.

9. Observe the color of the solution in the cup and the color of the solution in the dialysis 
tubing and record your observations in the Data Analysis section of the lab.

10. Note the time and place sealed dialysis tubing in the cup containing the water/iodine 
solution.

11. Continue to make observations every ten minutes for the next 30 minutes.  Be sure 
to note both the color of the solution in the cup and the color of the solution in the 
dialysis tubing.  Be sure to record your observations in the Data Analysis section after 
each observation.

12. After 30 minutes, record your fi nal observation.  Remove the dialysis tubing from the 
cup and dispose of all materials according to your instructor.
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1. Fill your other plastic cup approximately ¾ full with distilled or deionized water.

2. Obtain a second piece of dialysis tubing. Gently rub both ends of the dialysis tubing 
between your fi ngers to open the tubing.

3. Tie a knot in one end of the dialysis tubing as close to the end as possible.

4. Using a small funnel, add enough 0.5M sucrose solution to the dialysis to fi ll it about 
halfway (approximately 5ml).

5. Tie a knot in the other end of the dialysis tubing, again tying the knot as close to the 
end of the tubing as possible. Both ends of the tubing should be completely sealed 
(no sucrose solution leaking out).

6. Rinse the sealed tubing under the tap briefl y to wash away any sucrose solution that 
may have gotten on the outside of the tubing.

7. Set the sealed, rinsed tubing on some paper towels and gently blot dry.

8. After blotting the dialysis tubing dry, use an electronic balance to determine the mass, 
to the resolution of the balance, of the dialysis tubing containing the sucrose solution. 
Record the mass, in grams, in the Data Analysis section of the lab.

9. Note the time and place the sealed dialysis tubing in the cup containing the water.

10. Continue to make mass measurements every ten minutes for the next 60 minutes.  
Be sure to thoroughly blot the dialysis tubing dry before determining the mass with 
each measurement and place the dialysis tubing back in the cup immediately after 
taking each measurement.  Be sure to record all of your measurements in the Data 
Analysis section.

11. After 60 minutes, record your fi nal mass measurement. Dispose of all materials 
according to your instructor. Be sure to wash your hands before leaving the lab.

12. Using the blank graph in the Data Analysis section, graph your results of mass 
readings against time. You will have to determine the mass range to place on the 
y-axis and place time values on the x-axis.

Part II: Osmosis
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DATA ANALYSIS

Part I: Diffusion

Time Color Solution in Cup Color Solution in Tubing

Initial

10 Minutes

20 Minutes

30 Minutes

Part II: Osmosis
Time Mass (g)

Initial

10 Minutes

20 Minutes

30 Minutes

40 Minutes

50 Minutes

60 Minutes
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Questions

1.  Based on your observations for Part I, do you think diffusion was occurring? Explain.

2.  The solutions used in Part I had two solutes: starch in the dialysis tubing and iodine/
potassium iodide in the cup. Based on the results, do you believe iodine/potassium 
iodide was moving into the tubing, starch was moving out of tubing into the cup, or both? 
Explain.

3.  Based on the results for Part II, do you believe osmosis was occurring? Explain.
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4.  Do you think any of the sucrose diffused out of the dialysis tubing and into the cup? 
Explain.  (Hint: sucrose molecules have more mass than water molecules).

5.  Based on your graph from your results in Part II, did water move into the dialysis 
tubing at a constant rate? Explain the reason for your answer.

6.  If you cut a potato in half and placed a few drops of the iodine/potassium iodide 
solution on it, what do you think would happen?

7.  In the background information, the concept of cell lysis was discussed when osmosis 
caused a cell to take in too much water and eventually burst the cell. This is more of a 
risk for animal cells than plant cells. Why do you think this is?


