
   LABORATORY
INVESTIGATION

Why Are Cells So Small? - Teacher Instructions
In this investigation students measure the rate of diffusion of salt from a series of  agar cubes of 

different sizes. The agar cubes model the transport of cellular substances into and out of the cell across a 
boundary membrane. Conductivity measurements show that the agar blocks with the largest surface 
area to volume ratio have the highest diffusion rates. 

Time  
One double laboratory period to run the investigation and to complete the analysis and any necessary 
data exchange between teams.

Vernier Equipment
Conductivity sensor, LabPro interface

                 
          
Materials
Per laboratory Team, safety goggles, laboratory apron, 500 ml. beaker, distilled water,scalpel, 5 agar 
cubes, calculator, metric ruler, rinse bottle. 
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Safety
Wear safety goggles at all times during the investigation.  Wipe up any spills of materials.

Preparations
1. Review the Vernier instruction manual for using and caring for the conductivity probe. 

2. Make sure the selector switch is set to the 0 - 200 range.

3. Prepare the agar agar cubes by dissolving 15 grams of agar and 1 gram of salt in 1 liter of 
distilled water. Bring the mixture to a boil and then pour into a dish to a depth of 2.5 
centimeters. When the agar has cooled and jelled cut the agar into 2.5 cm cubes. Each team will 
need 5 agar cubes. 

4. All glassware used during this laboratory must be dry and clean.  Beakers and graduated 
cylinders should be rinsed and dried before they are used.  The conductivity probe must also be 
rinsed in distilled water after each measurement is taken.

5. During data collection the probe should held by hand and moved to circulate water over the 
probe and over the agar cubes.   Failure to move the probe will cause erratic readings.  See figure 
1.

6. Students may not always make the connection between a real cell and the agar block 
simulation.  Help them associate the surface area of the cube with the cell membrane surface 
area and the volume of the contents of the cube with the cytoplasmic contents of a cell.  Help 
them see that the contents of the cell place a demand on the surface membrane for transport.  
Relate how demand may grow faster than supply as cell size increases.

7. Sample sets of test run data follow.  

                               

0.3103
0.2265

0.3123
0.4251

 0.55269.3 to 1.00.262.420.635

6.4 to 1.00.99    6.311.25 and 0.635
4.8 to 1.01.959.41.25
3.2 to 1.07.8252.5 and 1.25
2.4 to 1.015.637.52.5

Rate of Diffusion
microsiemens per 
centimeter/sec

Ratio surface/
volume

Volume 
cm3

Surface Area 
cm2

Agar Dimension 
cm

Table 1.  Cell Surface to Volume Relationships
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