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For centuries, humans have put various items into their mittens and boots to help keep their fingers and toes warm when the weather outside was very cold. There are several different types of products advertised as “hand warmers” or “foot warmers.” Some of these products are designed to retain warmth from an exothermic chemical reaction or a physical change.
One type of hand warmer is composed of a tightly sealed and insulated packet within which there are two smaller packets. One packet holds a volume of water and the other packet holds a powdered solid. You twist or squeeze the packet, and then shake it a little to mix the materials. As the solid dissolves, it releases heat.
In the Initial Investigation, you will use a Temperature Probe to determine the temperature change of two substances as they dissolve in water. After completing the Initial Investigation, you will test several substances to determine which substance is the best hand warmer based on two factors: enthalpy of solution and cost
PRE-LAB Activity
1. When baking soda (sodium hydrogen carbonate) dissolves in water, the temperature of the water decreases and the dissolution is spontaneous. Explain how and why this happens in terms of bond breaking and bond forming behavior.
2. When washing soda (sodium carbonate) dissolves in water, the temperature of the water increases and the dissolution is spontaneous. Explain how and why this happens in terms of bond breaking and bond forming behavior.
3. Measuring the enthalpy of solution of a substance is performed in a device called a calorimeter. A simple calorimeter can be made from a foam coffee cup because it insulates well, holds a reasonable volume of liquid, and it is inexpensive. Conduct research to find a method for calibrating a calorimeter. In other words, find a way to determine the amount of heat that is lost to the calorimeter itself.
INITIAL INVESTIGATION
In the Initial Investigation, you will measure the enthalpy of solution of magnesium sulfate, MgSO4, to gain practice in setting up a simple calorimeter, fashioned from foam coffee cups, and using the best lab techniques to achieve accurate and reliable temperature readings. It can be difficult to accurately measure the temperature change that occurs when a solid dissolves in water because of the many ways heat can be lost, including heat lost to the calorimeter itself.
You may consider running an extra set of tests to calibrate your calorimeter. If so, use your answer to Pre-Lab Question 3 to calibrate your calorimeter.
1. Obtain and wear goggles.
2. Launch Graphical Analysis. Connect the Temperature Probe to your Chromebook, computer, or mobile device. 
3. Set up the data-collection program. 
a. Click or tap Mode to open Data Collection Settings.
b. Change Rate to 1 sample/s and End Collection to 300 s. 
c. Click or tap Done.
4. Nest a foam coffee cup into a 400 mL beaker. Add 50.0 mL of distilled water to the cup.
5. Measure out about 5 g of solid magnesium sulfate, MgSO4. Record the mass of your sample. WARNING: Solid magnesium sulfate, MgSO4: May cause damage to organs through prolonged or repeated exposure. Do not eat or drink when using this product. 
6. Immerse the tip of the Temperature Probe into the distilled water. Make sure the temperature of the water is stable and the probe is not touching the cup.
7. Start data collection. Collect water temperature readings for 10 seconds, to establish a baseline temperature, and then add all of the MgSO4 at once. Use the Temperature Probe to gently stir the mixture.
8. When the temperature readings reach a maximum or minimum value and level off, stop data collection.
9. Analyze the graph to determine the temperature change.
10. Dispose of the mixture as directed by your instructor.
11. Repeat the necessary steps to measure the temperature change of a new 5 g sample of magnesium sulfate dissolving in 100.0 mL of distilled water.
Planning for the final investigation
Discuss the results of the Initial Investigation with your group in order to formulate a plan to determine the best substance to use in a commercial hand warmer. Your instructor will assign your group a set of three substances to evaluate for use in a hand warmer. The substances you will be testing will be drawn from Table 1.
	Table 1

	Substance
	Formula mass
(g/mol)
	Cost per 500 g
($)

	Sodium carbonate, Na2CO3
	105.99
	6.25

	Calcium chloride, CaCl2
	110.98
	6.65

	Sodium chloride, NaCl
	58.44
	4.10

	Lithium chloride, LiCl
	42.39
	90.00

	Sodium acetate, NaCH3COO
	82.03
	14.50

	Ammonium chloride, NH4Cl
	53.49
	11.10


You will be given 15 g of each substance, thus plan carefully.
You will measure the enthalpy of dissolution for each substance. As you plan your Final Investigation, consider the following issues:
· What is the best way to evaluate cost effectiveness?
· A hand warmer should be warm, but not hot. How warm is too warm?
· A hand warmer has an optimum size (fits comfortably in a glove or mitten) which limits the amount of “stuff” you can use to generate and hold heat.
· Any product involving chemicals needs to be safe to use and not pose a disposal problem.
Hazard Alerts
WARNING: Solid anhydrous sodium carbonate, anhydrous, Na2CO3: May be harmful if swallowed. Causes eye irritation and mild skin irritation.
WARNING: Solid calcium chloride, CaCl2: Do not eat or drink when using this product—harmful if swallowed. Causes serious eye irritation.
WARNING: Solid sodium chloride, NaCl: May be harmful if swallowed. Treat as a non-food-grade chemical.
WARNING: Lithium chloride causes skin irritation, eye irritation, and respiratory tract irritation.
WARNING: Solid anhydrous sodium acetate, CO2CH3Na: May be harmful if swallowed. Causes eye irritation and mild skin irritation.
WARNING: Solid ammonium chloride, NH4Cl: Do not eat or drink when using this product—harmful if swallowed. Causes skin irritation.
final INVESTIGATION
As you carry out your approved plan, consider the following questions:
· What are the optimum number of data-collection runs needed to achieve the best data?
· What is the insulating efficiency of the coffee cup calorimeter for best temperature readings?
· How should the samples be handled and measured to achieve the best data?
analyzing results
When preparing your report, include
· A statement of the results: What is the best and most cost-effective substance to use as a hand warmer, of the substances assigned to your group?
· A description of the procedure that you used in the investigation, including any changes that were made to the method that was used during the Initial Investigation
· An analysis of the graphs and supporting calculations
Additional items to consider including in your report
· A comparison of your results with the results from other groups testing different substances
· Recommended modifications to the procedure that would increase accuracy, save time, or ensure that liquids are handled more efficiently and safely
· Recommended methods and necessary materials to construct a prototype hand warmer
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