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Name _______________________________ Class __________________ Date_______________

Design a Cell
Comparing the Effects of Cell Shape on Diffusion Rate

Question What cell shapes are the most efficient at bringing in sub-
stances by diffusion?

Lab Overview In this investigation you will design your own cell
shapes, carve model cells from gel cubes, and test how rapidly a sub-
stance can diffuse throughout each model cell. Your team will then
design and make a model cell for a class “diffusion race,” in which the
cell with the largest ratio of mass to diffusion time wins.

Introduction You will use what you have learned about cell shapes
and diffusion to design a cell best suited for rapid diffusion. You will
carve your design from a blue agar cube. The agar cube is blue
because it contains the pH indicator bromothymol blue. When you
place your model cell into vinegar solution (a weak acid), acid will
slowly diffuse into the agar and change its color from blue to yellow.
You will observe the color change and record how long it takes the acid
to reach the middle of your cell model—when your model turns yellow
all the way through. This change will tell you how long it would take
for nutrients to travel all the way through your “cell” by diffusion. 

After designing and testing your first model cell, you will revise
your design and make a second model cell for the class “diffusion
race.” Your goal is to give your model cell a shape that will allow it to
change color quickly, while still having significant mass. The models
that change color fastest are those that have the largest surface
area/volume ratio. To win, your cell design must be the one that has
the greatest mass and changes color the fastest, measured as the
greatest value for mass per unit time (g/min). The winning cell also
must be in one piece and cannot have any holes that reach from one
side to the other.

Prelab Activity To prepare to design your own cell, first you will
calculate surface area and volume for three different-sized agar cubes.
Record your calculations in Data Table 1 on the next page. Then
you will observe which cube changes color the fastest when placed
in vinegar.

Objective to dis-
cover how cell size
and shape affect the
rate of diffusion into
a cell

Inquiry Skills
• observing
• making measure-

ments
• calculating
• formulating

testable 
hypotheses

• evaluating and
revising 
hypotheses

Time
• 45 min for Prelab

Activity
• 15–20 min for

Part A
• 15–20 min for

Part B
• 20 min for Analy-

sis and Conclu-
sions

Bromothymol blue
(also called bromthy-
mol blue) is a pH
indicator that is blue
at a pH higher than
7, and yellow at a pH
lower than 6. When
students place their
agar “cells” contain-
ing bromothymol
blue into vinegar,
they will see the blue
change to yellow as
the acid changes the
pH of the indicator.
This allows students
to time the rate of
diffusion.

Students should place the blue cubes in clear plastic cups, then pour in enough
vinegar solution to cover them. After about 10 minutes it should be obvious which
cubes will change color the fastest. See Alternative Materials and Advance Prepara-
tion to help you prepare for the Prelab Activity.
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60 Biology: Exploring Life

1. Which cube changed color the fastest? The slowest?

2. From the results of the Prelab Activity, what characteristic of cell
shape do you think is most important in enabling cells to obtain
nutrients and eliminate wastes efficiently?

3. From this activity, what factor(s) do you think might limit
cell size?

4. What happens to the surface area/volume ratio if you increase the
volume of a cell? If you decrease the cell surface area? Would
either of these approaches increase the rate of diffusion? Explain.

5. Consider other shapes for a cell besides a cube. What cell 
shape might increase the surface area and decrease the
volume? Explain.

Sample answers: Cell shapes could be flat, wavy, or have ridges carved into them.

The ratio must become greater for the rate of diffusion to increase.

ratio decreases; therefore neither of these approaches would increase the rate of diffusion. 

If you increase the volume of a cell or decrease the surface area, the surface area to volume 

for nutrients to diffuse in and wastes to diffuse out.

Cell size is limited by how fast diffusion can occur. In a very large cell it would take too long 

having a high surface area/volume ratio

Cube 1; Cube 3
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Length of Surface Area to 
Cube Side Surface Area* Volume** Volume Ratio***

Cube 1: 0.5 cm 1.5 cm2 0.125 cm3 12

Cube 2: 1.0 cm 6 cm2 1 cm3 6

Cube 3: 2.0 cm 24 cm2 8 cm3 3

*Surface area � length of a side � width of a side � number of sides
**Volume � length � width � height

***Surface area to volume ratio � surface area � volume

Data Table 1
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Materials

• agar cubes containing bromothymol blue (about 2 cm on
each side)

• plastic knife 
• paper or plastic plate
• plastic cup or beaker
• vinegar solution
• stopwatch or clock with second hand
• laboratory balance

Procedure  

Part A: Making and Testing a Model Cell

1. Work with your team to plan and sketch your cell design. Explain
why you designed it as you did. Give the design a name so you
can identify it in the data table.

2. Obtain a blue agar cube from your teacher. CAUTION: Wear
safety goggles, plastic gloves, and lab aprons while working with
the agar cubes.

3. Using the plastic knife, carefully carve the agar cube into the
shape you have decided on for your model cell. CAUTION: Han-
dle all sharp and/or pointed instruments carefully.

4. Using a laboratory balance, determine the mass of your model
cell. Record the mass in Data Table 2 on the next page.

5. Place your model cell into an empty cup or beaker.

6. Cover your model cell completely with the vinegar solution and
start the stopwatch. Or, if you are using a clock with a second
hand, record the start time in Data Table 2.

7. Watch your model cell closely. When it has turned completely
yellow, record the time in Data Table 2. Enter the elapsed time in
the data table.

8. Calculate the mass/time ratio (g/min) by dividing the mass of
your model cell by the time it took to turn completely yellow.
Compare this value with those of other groups in your class.

Student explanations will vary.
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Alternate 
Materials
Instead of bromothy-
mol blue, you can
use phenol red,
which starts out red
and turns yellow in
acid. Instead of agar,
you can use gelatin
(diffusion times will
be twice as long).
See the front of this
Laboratory Manual
Teacher’s Edition for
gelatin recipe. 

Advance 
Preparation

One day to 5 days
before the prelab
or lab
Make agar cubes.
Turn to the end of
the lab for instruc-
tions to make the
agar cubes.

Safety and 
Disposal 
Remind students to
handle sharp instru-
ments with care.
Remind students not
to eat or drink in the
laboratory. Remind
students to wear
gloves as the indica-
tor may stain skin.
Have students wash
their hands thor-
oughly after the lab.
Pour leftover vinegar
solution down a lab-
oratory drain and
flush with excess
water. Agar cubes
may be bagged and
disposed of in the
trash. 
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62 Biology: Exploring Life

Part B: Making Redesigned Model Cells for the “Diffusion Race”

While your model cell is changing color, part of the team can work on
one or more revised cell designs that you think could have faster diffu-
sion times. Repeat steps 1–8 of Part A to experiment with different
shapes until you find a design that will give you the greatest value for
mass/time.

When all the teams have tested their redesigned model cells, com-
pare mass/time data to find the winner of the class diffusion race.

Analysis and Conclusions

1. How did your team’s best model-cell design differ from others
you designed?

2. What were the characteristics of the model cell with the highest
mass/time ratio in the class?

3. Why do you think most cells are microscopic? What do you think
limits cell size?

nutrients and wastes can enter and leave the cell must be enough to sustain life.

Cells need to obtain nutrients and rid themselves of wastes at a fast rate. The speed at which 

were usually the winners.

Student answers will vary, but students will probably indicate that flat and curvy models 

Student answers will vary.
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Expected Results
The thinnest cells
change color the
fastest. Thin cells
with convolutions
are often the
winners.

Model Cell Start Time End Time Elapsed
Design Mass (If Using (If Using Time Mass/Time
Name (g) a Clock) a Clock) (min) (g/min)

“Squishy” 1.4 g 8:30 A.M. 8:38 A.M. 8 min 0.175 g/min

Data Table 2
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4. All of the cells shown below have approximately the same volume.
Circle the letter of the one with the largest surface area.

a.

b.

c.

5. Which one of the cells shown in Question 4 would change color
most quickly in the experiment you just performed? Explain.

6. Some of the cells in your body (such as the walls of small blood
vessels and the linings of air sacs in your lungs) are designed to
allow the quick passage of nutrients and gases. Which of the fol-
lowing shapes would you expect those cells to be? Explain.

a.

b.

c.

a. Nutrients and gases could quickly pass in and out of the cell because it is thin and flat.

b. It has the largest surface area-to-volume ratio.
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64 Biology: Exploring Life

7. When a cell is very thin, flat, or narrow, it can obtain nutrients
more quickly. What possible disadvantages might there be to
such a cell shape? (Hint: Think about how you handled the cells
you designed.)

Extension

An organism’s surface area to volume ratio also affects its ability to
retain heat. To determine how, design a simple experiment with the
following materials: three thermometers, a watch or clock, hot tap
water (about 50°C), and three square or rectangular plastic food-
storage containers with covers. The containers represent organisms
with different surface area-to-volume ratios. The containers should be
of different sizes, but made of similar materials. Discuss your hypothe-
sis and experiment design with your teacher before carrying out any
investigations. Write a report to explain your conclusions.

Sample answer: If cells become too thin, they may be too fragile.
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Extension
Experiments should
involve calculating
surface area to vol-
ume ratio, recording
the room tempera-
ture and water, then
recording the water
temperature in
steady time inter-
vals. Students
should discover that
organisms with the
greatest surface to
volume ratio lose
heat the fastest. Ask
students why it was
important that their
containers were
made of the same
type of material
(using containers
made of different
materials could be
an additional vari-
able that would
affect results).

To make agar cubes:
• Mix 15 g agar in 1 L of water.
• Boil slowly in microwave or hot water bath until agar is melted (granules will

disappear). Watch for and avoid boil over.
• Remove from heat. Add 0.1 g of bromothymol blue solid or several drops of bro-

mothymol blue solution and mix.
• If the mixture is not deep blue, add more bromothymol blue. If the mixture is

green or yellow, you will need to stir in dilute NaOH until it turns blue. Wear safety
goggles and gloves when handling NaOH solutions.

• Pour the agar into ice cube trays or a flat rectangular or square container. Let agar
harden at room temperature or in refrigerator.
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