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UNIT PROJECT 

Optimizing Toothpaste 

Walking down the toothpaste aisle at a grocery or drug store reveals an 

amazing variety of toothpastes. Before introducing a new toothpaste 

product, companies must design, test, and optimize the formula so that it 

performs well. Toothpastes are mixtures of different substances that are 

designed to yield these desired characteristics. An important criterion of 

some toothpastes is their ability to whiten teeth. Optimizing toothpaste 

mixtures involves testing different ingredients to determine which produce 

the best results for teeth whitening. Whitening mixtures often include 

substances that act as whiteners and other substances that act as 

abrasives to remove plaque deposits. 

You have just been hired as a chemical engineer by Brilliant Smiles, a new 

toothpaste company start-up. Their current toothpaste recipe is being out-

competed by other competitive commercial toothpastes. They believe if 

they make toothpaste with enhanced whitening abilities, they will sell more 

products. You are responsible for the research and development of 

toothpaste formulation for whitening capabilities. Your challenge is to 

develop whitening toothpaste that is more effective than the current recipe 

used by Brilliant Smiles and a competitor’s toothpaste. The cleaning ability 

should be measured by determining how effective the toothpaste is at 

removing coffee stains from ceramic tiles, which will serve as a model for 

stained teeth. One of the board members at Brilliant Smiles is worried that 

increasing the whitening power of the toothpaste will make the recipe foam 

more than customers want. In order to prevent additional safety testing, 

Brilliant Smiles also does not want to introduce any new ingredients into 

their toothpaste recipe. You must use the same ingredients, but can change 

the proportions to increase the whitening power. The toothpaste will not be 

tested on actual teeth for safety reasons. Stained ceramic tiles will be used 

as a model for teeth. 

DESIGN CHALLENGE  Develop a new toothpaste recipe that is more 

effective at cleaning stained ceramic tiles than the current Brilliant Smiles  

recipe and competitive commercial toothpaste. The toothpaste should be more effective at stain 

removal than the current recipe, and as effective or more effective than the competitive commercial 

toothpaste, without damaging the tile’s surface. 

MAKE A CLAIM 
What ingredients do you think are most important in providing whitening power to the toothpaste? 

What are some tradeoffs you might need to consider when optimizing the toothpaste recipe? 

  

  

  

  

  

  

  

  

MATERIALS  

• indirectly vented chemical splash 

goggles, nonlatex apron, nitrile 

gloves 

• antacid tablets, unflavored  

(10 g) 

• bag, plastic, sandwich-size 

• baking soda (10 g) 

• balance 

• cup (2) 

• digital camera 

• marker 

• paper towels 

• rolling pin 

• spoon 

• stopwatch 

• tile, ceramic, white, stained (3) 

• toothbrush (3) 

• toothpaste, commercial 

whitening 

• water in dropper bottle 
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SAFETY INFORMATION 

 Wear indirectly vented chemical splash goggles, a nonlatex apron, and nitrile gloves during 

the setup, hands-on, and takedown segments of the activity. 

 Immediately wipe up any spilled water on the floor so it does not become a slip/fall hazard. 

 Tell your teacher immediately if you spill chemicals on yourself, the work surface, or floor. 

 Never taste any substance or chemical in a lab activity. Do not place toothbrushes in your 

mouth. 

 Wash your hands with soap and water immediately after completing this activity. 

CONDUCT RESEARCH 
What are some substances used in toothpastes to whiten teeth? What role does each ingredient 

play? 

  

  

  

  

  

  

  

  

TEST 
Before you begin testing the original toothpaste recipe and the competitive commercial toothpaste, 

you must first make a batch of the original toothpaste recipe from Brilliant Smiles.  

1. Place two or three antacid tables in a sandwich bag. Seal the bag tightly. 

2. Break up the tablets by tapping on them through the bag. 

3. When the tablets are in pieces, put the towel over the bag and move the rolling pin back and 

forth over it, crushing the tablets into a fine powder. 

4. Keep adding tablets, breaking and crushing them until you have produced about 4 g of 

powdered antacid.  

5. Place the powder in a cup and label it Original Recipe. 

6. Add 2 g of baking soda to the cup. 

7. Mix in two or three drops of water. Stir with a spoon to make a paste. 

8. Wash and dry the spoon to be used later. 

In order to determine how to best optimize the toothpaste, you must first determine how well the 

current recipe whitens teeth. In your Evidence Notebook, develop a plan to test the whitening ability 

of the Brilliant Smiles toothpaste mixture and compare it to competitive commercial toothpaste. Use 

a coffee stained ceramic tile as a model for teeth. Write a data collection plan that outlines  

 any necessary safety procedures you will need to follow 

 how you will measure the degree of staining on the tiles (qualitative and quantitative data) 

and what your controls will be 

 how you will simulate a user that brushes their teeth twice a day 

 how many trials you will run (consider one trial to be one day of brushing) 
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 how long you will brush the tile during each trial 

 how you will organize your data 

 whether you will measure and document the whitening progress after each trial, or at the end of 

the experiment 

Have your testing procedure, data collection plan, and data table approved by your instructor before 

you begin testing.  

DEFINE THE PROBLEM 
Now that you have tested the original Brilliant Smiles toothpaste recipe and observed the results, you 

can now begin to consider the design challenge to increase the whitening power of the toothpaste. 

1. What is the problem your experimental design seeks to address? 

 ___________________________________________________________________________  

 ___________________________________________________________________________  

 ___________________________________________________________________________  

 ___________________________________________________________________________  

 ___________________________________________________________________________  

2. What criteria are required for a successful toothpaste design? Explain your reasoning. 

 ___________________________________________________________________________  

 ___________________________________________________________________________  

 ___________________________________________________________________________  

 ___________________________________________________________________________  

3. What are the constraints for this design problem? Explain your reasoning. 

 ___________________________________________________________________________  

 ___________________________________________________________________________  

 ___________________________________________________________________________  

 ___________________________________________________________________________  

OPTIMIZE 

1. With your group, brainstorm several possible ways that you can change the toothpaste recipe 

to increase the whitening power. What are the most important criteria and constraints? Are 

there tradeoffs you might need to make between components in the recipe to increase the 

whitening power? 

2. In your Evidence Notebook, create a decision matrix comparing the different recipes your 

team designed against your most important criteria. Weight each criterion based on its 

importance using a scale of 1–5 with 5 being the most important criteria. Then, determine 

how well each design meets each criterion. The scores for each design are multiplied by their 

respective weights, and the products are totaled. 

3. Using the information in your decision matrix, which of your toothpaste recipes is the best 

option to test first? 
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TEST 
Write a procedure and safety plan to develop your optimized toothpaste recipe. Your procedure 

should say exactly how much of each substance you will need to mix for your recipe. Have your 

teacher check your procedure before you begin. Then test your optimized toothpaste using the same 

testing procedure you developed for the other two toothpastes. 

ANALYZE 
Analyze your test results. Consider the following questions in your analysis:  

 How did your optimized toothpaste compare to the original toothpaste and the competitive 

commercial toothpaste recipe?  

 How did you measure success? 

 Were there any errors in your procedure or testing process that may have impacted your 

results? 

 How could you further optimize your design to make it an even better whitener? 

LESSON 1: INVESTIGATING MATTER AND ENERGY 
You have helped Brilliant Smiles formulate a new toothpaste recipe that has met FDA and ADA 

approval. The new toothpaste is ready for market. The company initially produces a small sample 

size of 500 tubes. Sales are successful, so the company produces 5000 more tubes. Word spreads, 

and these tubes sell quickly. Soon they need to produce 50 000 tubes to keep up with market sales. 

You developed enough toothpaste in your experiment to fill about  of a toothpaste tube. In your 

Evidence Notebook, calculate how much of baking soda and antacid powder will be needed to fill the 

500, 5000, and 50 000 tubes. Report your final answer in pounds. 

LESSON 2: IDENTIFYING PHYSICAL AND CHEMICAL PROPERTIES OF MATTER 
From your research, recall the various toothpaste-whitening substances based on their purpose. In 

your Evidence Notebook, brainstorm one category of whitening agents that would exhibit a physical 

property and another category that would exhibit a chemical property during brushing. 

Answer the following questions in your Evidence Notebook: 

1. How would you go about improving and optimizing the whitening capability of your 

toothpaste? How would you evaluate whether or not the results of the new tests improved 

whitening?  

2. Would it be a good or bad idea to change your method of testing when evaluating the 

whitening capability of a new toothpaste mixture compared to your current mixture? Explain 

your answer. 
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DRAW CONCLUSIONS 
Write a conclusion demonstrating your findings from your testing and optimization. In your 

conclusion, answer the following questions: 

Claim  How effective was your toothpaste mixture for whitening teeth? Did it perform better than the 

original toothpaste and the competitive commercial toothpaste?  

Evidence  Give specific examples from your data to support your claim.  

Reasoning  Explain how the evidence you collected supports your claim. Describe in detail the 

connections between the evidence you cited and the argument you are making. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

EXTEND 
The whitening ability of toothpaste is only one aspect of what makes a toothpaste recipe successful. 

They must also remove plaque and tartar without damaging tooth enamel. Brushing technique and 

the type of toothbrush used can also heavily impact how well teeth are cleaned. Flavor, color, and 

consistency can also be an important factor in selling toothpaste successfully. How could you further 

modify your toothpaste recipe and testing technique to address some of these other design criteria? 

COMMUNICATE 
Use evidence collected over the course of the project to determine whether your data was sufficient 

to answer the design challenge. Present your research to the class. Be sure to include the evidence 

you gathered, such as your decision matrix and images, to answer these questions: 

1. How did you determine which ingredient or ingredients are most effective for stain removal? 

2. How did you measure whitening effectiveness? 

3. On the basis of your evidence, how did you choose to optimize your toothpaste mixture?  

4. How did your optimized solution compare to the original Brilliant Smiles toothpaste and the 

competitive commercial toothpaste? 




