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Background 

Cells are the basic units of life.  When cells become damaged, or simply grow too old, and need to be replaced, 

they undergo division: mitosis and cytokinesis.  Also, when an organism grows in size, it’s due to the 

replication and reproduction of cells.  Large organisms are large not because they possess larger cells, but rather 

because they have more of the same, relatively smaller cells that even much smaller organisms have.  The basic 

reason for this fact is connected to diffusion. 
 

Diffusion is the process by which molecules move from an area where they are highly concentrated to an area 

where they are less concentrated.   So, as molecules move into cells, the manner by which they spread out to all 

areas of the cytoplasm is diffusion.  Nutrients and oxygen spread throughout the cell’s cytoplasm to the 

organelles that require them to function.  Waste products also move by diffusion to exit the cell – if they 

remained in the cell, they could build up and become dangerously toxic! 
 

In this experiment, you will use agar cubes (a dense, jelly-like substance) to which an indicator called 

phenolphthalein has been added.  Phenolphthalein turns pink in the presence of a base such as sodium 

hydroxide.  Thus the surface of the agar cubes will lose their pink color when put into an acidic solution (the 

opposite of a base).  The acid will continue to soak into and diffuse through the cube and gradually removing 

the pink color from the cube. 
 

Objective(s) 

 to observe the process of diffusion; acidic solution diffusing into agar cubes 

 to determine what limits the growth of cells 
 

Materials

 agar cubes, three sizes 

 400 mL beaker w/ acid 

solution 

 glass stir rod 

 plastic spoon (x2) 

 plastic knife 

 weigh boat 

 ruler 

 timer 

 paper towels 

Pre-Lab Questions 
Answer the following questions below on a separate sheet of paper.  You must either write out the questions, or 

include the questions in your responses.  Be sure to use complete sentences. 
 

1. What is phenolphthalein?  How does it work? 

 Use a ruler to recreate the Data Table below neatly on your lab paper, and be sure it is drawn 

approximately the same size 
 

Safety 
 

 

 

 

 

 

 

 

 

 

 

 

Procedure 
 

1. Obtain three agar cubes, one of each size.  Place them in the weigh boat and use the ruler to measure 

their dimensions to the nearest centimeter.  Record the dimensions in the Data Table. 

2. Calculate the total surface area, volume, and surface area-to-volume ratio and record those values in the 

Data Table as well. 

3. Use the plastic spoon(s) to carefully lower the three cubes, at the same time, into the acidic solution in 

the 400 mL beaker, making sure not to splash the solution.  Start the timer immediately. 

Limits to Cell Size 
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4. Let the agar cubes soak for 6-7 minutes.  Use the glass stir rod to gently stir the cubes in the solution.  

Do not poke at, or damage, the agar cubes. 

5. After the time has passed, use the spoon(s) to remove the agar cubes from the solution.  Remove the 

three cubes together – don’t allow any cube to remain in the solution longer than any other. 

6. Place the cubes in the weigh boat and gently blot them dry with a paper towel. 

7. Use the plastic knife to cut each of the cubes exactly in half. 

8. Measure the depth to which the pink color has disappeared in the agar to the nearest millimeter and use 

the measurements to complete the Data Table. 
 

Data Table 
 

Cube 
Dimensions 

Surface Area 
(cm

2
) 

Volume (cm
3
) 

Surface-to-
Volume Ratio 

Diffusion Depth 
(mm) 

Diffusion Rate 
(mm/min) 

      

      

      

 

Clean Up 

 rinse (no need to dry): glass stir rod, plastic spoons, plastic knife, weigh boat, ruler 

 trash: agar cubes, paper towels 

 everything else returned to its original location 
 

Results & Analysis 
Answer the following questions on your lab paper.  For actual questions, you must either write out the questions, or 

include the questions in your responses.  Be sure to use complete sentences and show your work for math problems. 
 

1. Make three, full-color, properly-scaled sketches of the cross-sections (cut-open view) of the three agar 

cubes.  Label the sketches with the dimensions and distances you measured. 

2. What was the diffusion depth for each of the agar cubes? 

3. What was the diffusion rate for each of the agar cubes? 

4. Imagine the agar cubes are cells containing organelles that are carrying out all the functions of life and 

they are spread all throughout the interior of the “cell.”  In order for the organelles to function properly, 

they require nutrients and oxygen, and wastes to be removed.  What “cell” would be most likely to 

survive? 

5. Why does diffusion limit how large cells can get? 

6. Imagine a perfectly-shaped cube of clay that has a volume of 1 cm
3
.  How could you alter the cube to 

increase its surface area of the cube, while maintaining the same volume? 


