
Mass Transfer 
Engineering Adventures 

A Resource for K-12 Science and Engineering Teachers 
A Resource for Science Fair Project Ideas 
Prepared by the Heat & Mass Transfer Class (ChE 376) at Brigham Young University 
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Food Coloring Diffusion 
Five minute experiment that shows how temperature affects diffusion. Diffusion is applicable to 

engineering through mixing reactions among other applications. 

Resources Required 

1. Estimated Time: 3 min + any extra information desired for the topic
2. List of Materials and Estimated Cost.

● Hot, Cold, and Room temperature water
● Clear Glass or Plastic Cups (a larger height or water column allows for clearer

observations)
● Food Coloring (three Colors)
● Paper Towels (towel for clean up or spills)

3. Total Project Time:
2 – 3 min

Safety Precautions 

1. Be cautious with hot water; you may need a hot pad or gloves to handle if using boiling
temperatures.

2. If you are using a heating source be aware of electrical cords and heating surfaces.
3. Be careful not to spill the water.

Preparation Instructions 

1) Obtain the Necessary Materials

Purchase food coloring, plastic cups and paper towels as needed at a local grocery store. Plan 
how you want to heat and cool the water. This can be done with a hot plate, crock pot, or microwave, 
and ice.  

2) Prepare Handout and Practice the Demonstration

Prepare hot and cold water. If you obtain water from the tap you may need to give the water a 
few minutes to come to room temperature. Test the food coloring in the hot and cold water to make 
sure the temperature difference is large enough to see the contrast in the rate of diffusion.  

Demonstration Instructions 

1. Fill three cups with water: one with room temperature water, another with ice water, and the
last with hot to boiling water.  Make sure to let the water sit for a few minutes so that the
water is still by the time you add the food coloring.

2. Tell the students which glass is at which temperature.

3. Explain the basic concepts of diffusion (spreading/mixing of molecules).
4. Give an example of diffusion such as smelling homemade cookies (diffusion allows us to smell

them).
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5. Explain experiment and ask students to hypothesize in which temperature of water the food 
coloring will diffuse the fastest.

6. Place one drop of food coloring into each cup.
7. Observe.  The difference in rate of diffusion is most visible by looking at the middle of the cup,

not from the top.
8. Ask the students to evaluate their hypotheses based on their observations.

9. Discussion and conclusion.

10. Clean up.

Potential Discussion Questions 

1. Why did the food coloring diffuse faster in the hot water?  What is happening with the 
molecules? (At a higher temperature the molecules are moving faster).

2. What are some examples of diffusion that you see everyday? (Possible answers could include
smelling homemade cookies, smelling frozen pizza vs. a cooked pizza, etc.).

3. What could you do to the temperature of the food coloring to cause it to mix quicker? (Heat it
up).

4. When candy companies make their candy, what temperature would they want to mix it at? (A
warmer temperature to help it mix better).

Resources 

"Rate of Diffusion through a Solution."  Chemwiki. UCDavis, n.d. Web. 04 Mar. 2015. 
<http://chemwiki.ucdavis.edu/Physical_Chemistry/Kinetics/Rate_Laws/Reaction_Mechanisms
/Rate_of_Diffusion_through_a_Solution>.
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Cinnabears:Diffusion & Smell
This 10 minute experiment explains how mass rate of diffusion changes 

through different materials as well as at different temperatures. 

Resources Required

1. Estimated Time: 30 minute setup, 5-10 minute presentation
2. List of Materials and Estimated Cost:

 Cinnamon Flavored Gummy Bears (Cinnabears, $5-10)
 Reading/heat lamp with incandescent bulb
 Ice (minimum 1 lb) and a cooler
 Different containers

i. Ziploc bag (both light and heavy duty)
ii. Tupperware

iii. Paper Bag
iv. Plastic wrap / Saran wrap
v. 3 bowls

3. Total Project Time:
 35-40 minutes

Safety Precautions

1. Tape down the reading/heat lamp cord to eliminate tripping hazard.
2. To prevent burns, ensure students bring the cinnabears under the heat lamp up to their noses rather than

putting their noses by the heat lamp.

Preparation Instructions

1) Obtain the Necessary Materials

 Cinnabears can be found at most medium-sized or large grocery stores, and 1-5lbs cost $5-20. Wal-mart
sells 1lb packages of Cinnamon bears for ~$2. 1 lb is needed for the demonstration, the rest is for giving out
to students.

 A reading/heat lamp with an incandescent light bulb is preferred. An LED or CFL lightbulb will not produce
as much heat making the difference in smell less noticeable.

 Other materials (plastic bags, Tupperware, paper bags) can be found in most homes

2) Prepare Handout and Practice the Experiment

 Experiment Preparation
o To let the scent begin to diffuse through the containers, put 10 cinnamon bears in the ziploc bag, 

paper bag, and tupperware container an hour or two before the demonstration. After several 
hours, the cinnabears in the containers (especially the paper bag and heated container) will begin 
to dry out and should be replaced.

o For the temperature dependent experiment, place 10 cinnabears in each of 3 bowls then cover
them with Saran wrap.  Place one bowl in ice, one at room temperature, and one under a heat lamp
about an hour prior to the experiment for the temperatures to equilibrate.

o Set out bowls and containers where the students can see.
 Handout Preparation

o Images from the project poster should help with explaining diffusion and its applications



Experiment/Presentation Instructions

1. Introduce the topic. Ask questions such as, “Who has smelled a fast food restaurant or BBQ while down the
street?  Who has smelled Lysol or Febreeze after it was sprayed on another side of a room?  This is diffusion.”

2. “Diffusion of mass easily occurs through air, but do you think mass can diffuse through other solid objects?”

3. At this point, ask the students to make a hypothesis about if the cinnabears will diffuse through the solid
containers, and if so, which solids the cinnabears will diffuse through more easily.

4. You can tell which materials are more easily diffused through by how strong the cinnamon smell is on the
outside.  Have the students test their hypothesis by smelling the different containers.

5. Ask the students if they think diffusion will occur faster or slower depending on the temperature and ask them
to test this hypothesis.

6. You should see that the cinnabears diffuse faster through the thinnest ziploc bag and at warmer temperatures.

Discussion
The smell of cinnamon diffuses the fastest through the thin bag which is shown by it having the strongest smell 

of cinnamon. The cinnamon bears under the heat lamp have a stronger smell than the cinnamon bears on ice 
because molecules at a higher temperature move faster which contributes to faster diffusion. One application of 
these principles is in the storage of dangerous chemicals. According to this model, dangerous chemicals should be 
stored in thicker containers and at a relatively low temperature. 

Potential Discussion Questions

1. What would happen if we had two of the same containers with one having more cinnamon bears? Would
the container with more cinnabears smell stronger or the same? Why or why not?

2. What things without scent diffuse?
3. What happens to the cinnamon bears (or any food) as its smell escapes?
4. What is the best way to keep cinnabears fresh?
5. Why does heating up the cinnamon bears cause the smell to be stronger?
6. Where does the air go in a balloon after a few days if it can’t escape through the tied knot?

Fun Facts and Resources

𝐽 = 𝐷𝐴𝐵 ∗ ∇𝐶𝐴 

Diffusion flow (J) is equal to the gradient 

(operator ∇ ) of the concentration (𝐶𝐴) 

multiplied by the diffusivity (𝐷𝐴𝐵) of 

substance A through the medium B. 
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Diffusion and Temperature 

3 Minute experiment exploring the effect of temperature and density on mass diffusion. 

Resources Required 

1. Estimated Time: 1 minute to perform experiment
2. List of Materials and Estimated Cost.

● 2 baby food jars ($1.00)
● 1 large container, about the size of a pitcher ($3.00)
● Plastic wrap ($2.00)
● Food coloring, at least 2 different colors ($4.00)
● Water
● A couple rubber bands ($1.00)
● 2 larger jars or cups ($4.00)

3. Preparation time: 15 min

Safety Precautions 

1. Keep water away from any power sources. There is an electrical cord connected to 
the microwave. Be careful to not spill water near the outlet to avoid electrocution.

2. Water can be hot. We heat water as part of this experiment. Make sure to do test runs to know
how long the water needs to be microwaved to avoid dangerously hot water.

3. Consider taping down the power chord so nobody trips on it.

Preparation Instructions 

1) Obtain the Necessary Materials

Most of the materials are household items or can be found at a local grocery store. 

2) Prepare Handout and Practice the Experiment

If you have young kids or there are kids in the neighborhood they make for great audiences. 

Experiment Instructions 

1. Fill small jars with water, one hot one cold, and color them
with food coloring, each jar a different color.

2. The hot water should be heated up, as hot water straight 
out of the tap is not as effective. Also chilling cold water in 
ice or freezer will achieve better results.

3. Cover jars with plastic wrap with a hole about finger size in
the top.

4. At this point ask the student to hypothesize about what will 
happen as the jars are put into the larger container of 
water. Perhaps have them make a diagram.



BYU – ChE 376 – Hand’s On Demonstrations of Basic Heat & Mass Transfer Principles Page 2 of 2 

5. Test the hypothesis by putting jars in the larger container of water. To better see the results put
the two larger jars or cups in the water as stands for the small jars of colored water..

6. You should see the hot water spread out and up quite rapidly, while the cold water will spread
more slowly and head to the bottom of the container.

7. You will get better results by increasing the difference in temperature.

Discussion 

Results 
The results we found in our experiment is that the red dye (hot water) not only diffused upward as 

expected, but also that it diffused much faster than the blue dye (cold water). The upward release of 
the red dye was due to its lower density. The difference in density between the red dye and lukewarm 
water caused the hot water to ascend. The opposite holds true for the blue dye (cold water). The 
molecules had more restricted movement increasing the overall density of the blue dye. This caused the 
blue dye to sink to the bottom. 

In addition to the direction of each dye, there was a large difference in how fast the dyes diffused. 
The warm red dye had more movement in the molecules, so when a hole was punched in the film, the 
fast moving molecules escaped through the hole much faster. Again, the opposite held true for the 
cold water. The molecules are moving at a much slower rate and therefore didn’t escape nearly as fast 
through the hole in the plastic wrap.  

Applications 
Both parts of the experiment play large roles when it comes to industry and research.  A 

popular application for this principle is distillation columns. These concepts are also used daily in many 
industries worldwide with regards to pollution. Large refineries that release potentially harmful 
products into the atmosphere must be aware of the properties of these products as to avoid the 
particulates being more dense than the air and accumulating on Earth's surface where they can be 
harmful to the public. Oceanography is another example of a career that would use these principles 
regularly. Ocean currents are formed from a number of different sources, one of which being 
differences in temperature. Oceanographers use their knowledge of fluid properties to study and 
predict the behavior of happenings in the ocean, such as currents and waves. 

Potential Discussion Questions 

1. Where is mass transferring in the room right now?
2. Why can you smell a warm hamburger better than cold ice cream?
3. Can you explain why warm air rises, or in this case why warm water floats to the top?
4. What causes the colored water to seep out of its container even though the water is stationary?

Fun Facts and Resources 

Weather patterns are based on the motion of hot and cold air around themselves. 
Currents in the ocean rely on the temperature gradients of ocean location. 
http://study.com/academy/lesson/what-is-heat-energy-facts-calculation-quiz.html 
http://www.factmonster.com/dk/science/encyclopedia/heat-transfer.html 
http://www.weatheronline.co.uk/reports/wxfacts/Convection.htm 

http://study.com/academy/lesson/what-is-heat-energy-facts-calculation-quiz.html
http://www.factmonster.com/dk/science/encyclopedia/heat-transfer.html
http://www.weatheronline.co.uk/reports/wxfacts/Convection.htm
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