
Hand Warmer Design Challenge 

In this lab, your job is to find a suitable substance to use in a hand 
warmer. Some hand warmers work by mixing water with a 
substance inside a small bag. When the bag is squeezed, the water 
and the substance interact, releasing energy and heating up their 
surroundings. Hand warmers are popular with people who work 
outdoors and people who participate in winter sports or live in cold 
climates.  

 

Your job is to find the ideal substance that will meet certain criteria to produce the best hand 
warmer. You will be presented with 5 different substances which you will test and evaluate to 
decide which one would make the best hand warmer. You will need to perform experiments and do 
research in order to find which substance best fits the criteria provided. 

 

Calculating Change of Heat 

In the experiment portion of this project, you will be measuring the change of heat when water 
dissolves the substances. Measuring the temperature change is not the same as the change of heat, 
so we will need to use the formula used to calculate the heat which is: 

q=mcΔT 
In this equation, q is the change in heat (in Joules), m is the mass of water (ml of water), c is the 
specific heat capacity of water (4.184 J/°C·g), and ΔT is the change in temperature of the water in 
Celsius.  

Materials 

Styrofoam cups Water  Thermometer  Timer      Balance 

Graduated cylinder 

Substances   

Experiment Procedures 

1. Weigh 8-10 g of a substance on a digital balance using a weigh boat. Measure to the nearest 
0.01 of a gram. Record. 

2. Fill a Styrofoam cup with approximately 100 ml of water. Record to the nearest 0.1 of a mL. 
Record. 

3. Record and measure the initial temperature of the water.  
4. Mix in the substance and begin a timer.  
5. Observe the temperature change of the water.  
6. When temperature stops changing, stop the timer and record the final temperature and time 

required.  
7. Repeat this procedure for the other substances.  



Data 
 CaCl2 Na2CO3 NH4Cl NaCl NaC2H3O2 

Mass of substance (g)      

volume of water (mL)      

Initial Water Temp. (°C)      

End Water Temp (°C)      

Time (s)      

 

Calculated Change of Heat (in Joules, J) 
CaCl2 Na2CO3 NH4Cl NaCl NaC3H3O2 
     

 
Post-lab 

After analyzing the data, your group will choose a substance and create a short presentation 
discussing why that substance would, or would not, make a good hand warmer. The criteria for an 
efficient hand warmer includes: 

• The substance must produce the most heat per gram of the substance.  
• The reaction must happen relatively quickly.  
• The substance must produce the most amount heat for the least amount of money.  

• Your group should research information about: 
o Toxicity of the substance (skin irritant, eye irritant, etc.) 
o Environmental impact of the reactants and products.  
o Other uses found for the substance 

 
Presentation 

In your presentation, you are playing the role of a scientist trying to convince a company whether to 
use or ditch an ingredient for their product. You performed some tests and did some research and 
are now ready to present your argument to your boss.  

The presentation should: 

• Identify the substance your team chose to discuss.  
• Provide reasoning on whether the substance would be a good or bad ingredient. 
• Include evidence from your research and experiments (including calculations) and reasoning 

based on your evidence. 
• Discuss all the criteria provided. 
• Include a Works Cited page 
• Be around 3 to 5 slides long. 
• Be at least 4 minutes in length.  

Substance Cost per 500 g 
CaCl2 6.55 
Na2CO3 6.15 
NH4Cl 4.43 
NaCl 3.95 
NaC2H3O2 12.90 


