INSTRUCTOR INFORMATION



What is Energy?

What is Energy?
overview

In this experiment, students will learn about the difference between potential and kinetic energy and do research to find the source of energy that they use. They will determine the energy content (in J/g) of different fuels by burning a known weight of the fuel and capturing the heat released in a known mass of water in a calorimeter. They will compare these values to known values of common energy sources and think about reasons for choosing one fuel source over another.

related skills

· Change the data-collection duration and rate.
· Examine data and determine maximum and minimum data values.
Estimated time

We estimate that data collection for this experiment can be completed in one 45-minute class period. You may need to allow extra time for the Analysis and Extensions. 

equipment tips

1.
Alcohol burners, available from science supply companies, work well with alcohols or lamp oil. Instruct your students not to refill a hot alcohol burner.
2.
When using burners, which supply heat at a greater rate than candles, it is advisable to use 200 mL of chilled water instead of 100 mL.
3.
You can add sodium chloride to the alcohols to make the flames more visible. 
4.
Comply with all pertinent regulations concerning burning and open flames in the laboratory.
5.
Because of safety concerns, we recommend that methanol not be used in this experiment.
6.
Small soup cans work well as a container for the fuel. After removing the paper and top, place two holes, large enough to fit a stirring rod, near the top. Be sure to remove all sharp edges. Many teachers prefer to use aluminum beverage cans. 
7.
Mount the candles on small pieces of cardboard or index cards. The bases will catch candle drippings.


8.
HAZARD ALERTS: 

Paraffin wax: Hazard Code: D—Relatively non-hazardous.
Lamp oil: Moderate fire risk; moderately toxic by ingestion, inhalation, and skin absorption. Hazard Code: C—Somewhat hazardous.
Ethanol: Dangerous fire risk; flammable; addition of denaturant makes the product poisonous—it cannot be made non-poisonous; store in a dedicated flammables cabinet or safety cans. If a flammables cabinet or safety cans are not available, store in a Flinn Saf-Stor® Can. Hazard Code: C—Somewhat hazardous.
1-Butanol: Moderate fire risk; moderately toxic by inhalation and ingestion; eye irritant; absorbed by skin. Hazard Code: B—Hazardous.
2-propanol: Flammable liquid; fire hazard; slightly toxic by ingestion and inhalation.
Hazard Code: C—Somewhat hazardous.

The hazard information reference is: Flinn Scientific, Inc., Chemical & Biological Catalog Reference Manual, (800) 452-1261, www.flinnsci.com. See Appendix E of this book for more information. 

data collection and analysis tips

1.
Make ice water available and ensure all ice is removed from the water before it is used. Water initially at 4–5°C gives best results, because starting 17–19°C below and finishing 
17–19°C above room temperature tends to equalize heat exchange with the room.

2.
Because alcohol evaporates rapidly, the mass of the alcohol and burner should be determined immediately before and after use. To minimize the problem, burner caps should be on burners when they are not in use.
3.
If your students will be comparing their data, it is important that all groups use the same type of container. The calculations made by students do not take into account the change in temperature of the container or its specific heat capacity. If the containers are made of different materials, the data is not comparable.

answers to Preliminary questions

1.
Answers will vary. 

2.
Answers will vary.

2.
Household A (my house) used 1.54×1010 J of energy and my friend’s house (household B) used 1.61×1010 J.

	Household
	Amount of fuel used
	Energy used
(J)

	A (natural gas)
	14,300 ft3
	1.54×1010

	B (heating oil)
	110 gallons
	1.61×1010


SAMPLE RESULTS

	

	Trial 1

	Fuel used
	candle

	Initial mass of fuel (g)
	24.82

	Final mass of fuel (g)
	24.18

	Mass of fuel burned
	0.64

	Mass of empty can (g)
	40.44

	Mass of can plus water (g)
	139.96

	Mass of water heated (g)
	99.52

	Initial water temperature (°C)
	5.6

	Final water temperature (°C)
	41.2

	Change in water temperature (°C)
	35.6


PROCESSING THE DATA RESULTS

1.
(t = 41.2 – 5.6 = 35.6°C

2.
139.96 – 40.44 = 99.52 g water heated

3.
H = 35.6°C (  99.52 g X 4.18 J/g°C = 14,810 J gained

4.
24.82 – 24.18 = 0.64 g candle burned

5.
14,810 J / 0.64 g = 23,140 J/g

6.
Typical class averages are:


candle (paraffin wax)
23,000–25,000 J/g


lamp oil
16,000–18,000 J/g


ethyl alcohol
12,000–14,000 J/g


Actual values are about 42.0 kJ/g and 26.8 kJ/g for paraffin wax and ethyl alcohol, respectively. You may want to discuss factors causing the values obtained in this experiment to be lower than the actual values.

Answers to analysis Questions

1.
Answers will vary. Based on the sample data, candle wax has the greatest energy content, measured in J/g.
2.
Answers will vary. Based on the sample data, natural gas has the greatest energy content. 

3.
Other possible factors to consider in the selection of a fuel are convenience, cost, availability, burning efficiency, and renewability.

Extensions

1.
Answers will vary. A major factor contributing to the inefficiency of this experimental procedure is loss of heat to the air.
2.
Answers will vary. Other potential fuels include: butane, 2-propanol, and 1-butanol. Portable butane burners can be used as a butane source.
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