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Aqua Burn

Teacher Notes

Time Needed to Complete the Lab:  Total Time 3 hours (first two mini labs take half hour each)

Target Grade Level:  7th-12th grade depending on the complexity of extension activities

Objectives:

· To discover that hydrogen gas and oxygen gas are produced by electrolysis of water

· To recognize that hydrogen is a fuel and that energy is stored in a fuel

· To differentiate between the use of a battery and a solar panel to electrolyze water

· To discover how to maximize the production of electricity using a solar panel

· To understand that a fuel cell is a like a reversible chemical battery

· To understand that the fuel cell produces electricity in a two-step process

· To calculate power and efficiency of a fuel cell

· To recognize that no fuel is 100% efficient

· To discuss the pros and cons of using fossil fuels vs hydrogen fuel

Major Concepts:

· Electrolysis of water

· Solar Panels

· Alternative Energy

· Workings of a Hydrogen Fuel Cell

Pre Lab Preparation:

Each part of this lab can be performed separately and can stand alone.

Part A:  Electrolysis of Water

Assemble the Hoffman Electrolysis Apparatus according to manufacturer directions.  Prepare 2% sulfuric acid solution by measuring 363mL of distilled water into a 500mL beaker and adding 4mL of concentrated sulfuric acid carefully.  Stir and cool the solution before use.  Start the apparatus about an hour before the lab, so that sufficient hydrogen gas and oxygen gas are present to test with a lighter and glowing splint.  Use the electrolysis apparatus as a springboard to discuss the guiding questions before the lab.  For advanced students a comparison between galvanic cells and electrolysis could be added to the pre lab discussion.

Part B:  Maximizing and Measuring Electrical Power in a Solar Panel

Discuss the properties of silicon and heat the piece of silicon to 500C.  Connect the heated silicon to a conductivity probe to show its conductivity.  Lead into a brief discussion of solar cells.

Shine a flashlight beam at a white board and observe how the intensity of the beam changes with the incident angle of the beam before responding to the guiding questions before the lab.

Part C:  Building a Fuel Cell Model Car

Use only distilled water in the fuel cell apparatus, so that the proton exchange membrane is not destroyed.  Use a slide show to introduce the basic construction of a fuel cell, the two step process of electricity generation, and the chemical reactions involved.

Answers to Questions:

Part A:  Electrolysis of Water

1. The observations in #1 and #2 differ because the #2 set up had table salt which is an electrolyte and conducts electricity.

2. The smaller, faster forming bubbles are hydrogen gas and the larger, slower forming bubbles are oxygen gas.  

3. The formation of bubbles is an indication of a chemical reaction.  Testing the bubbles would reveal that water molecules have chemically decomposed into hydrogen and oxygen gas.

Part B:  Maximizing Electrical Power in a Solar Panel

1. Ampere is the unit of current.  A milliamp is one thousandth’s of an ampere.

2. The best orientation for the solar panel to the light source is a 90º orientation.

3. Answers may vary.  Aluminum foil or mirrors may be used to reflect and concentrate more light onto the panel.  Lenses may also be used to concentrate more light onto the panel.

Part C:  Building a Fuel Cell Model Car

1. The larger cylinder fills with hydrogen gas and the smaller cylinder fills with oxygen gas.  The ratio of the volumes reflects the ratio of hydrogen and oxygen in water, 2:1.

2. The car should run longer suspended in air rather than running on a surface.  The surface offers resistance in the form of friction which uses energy to overcome.

3. When the front wheels are angled, the car moves in a circle until the fuel is used up.

4. Electrolysis requires more energy.  The reverse reaction is inefficient.
5. When energy appears to be lost, the loss is in the form of heat.

Additional References:

· Silicon. July 2010 <http://en.wikipedia.org/wiki/Silicon>
· Solar Panels. July 2010 <http://www.solarpanelinfo.com/solar-panels/how-are-solar-panels-made.php>
· Electrochemical Cells. July 2010 <http://en.wikipedia.org/wiki/Electrochemical_cell>
Extension Activities:

· Calculate and Compare the efficiency of a the model car using solar energy, vs. a battery, vs. a fuel cell

· Compare and contrast electrolysis and an electrochemical cell.

· Develop a question that could be investigated using the fuel cell car.

· Design and write an experiment with the fuel cell car using the question as a springboard to develop a hypothesis

Vocabulary Definitions:

Current:  The flow of electrons with the symbol “I.”

Ampere:  The unit of electric current with a symbol “A.”

Voltage:  The electrical potential difference between two points with a symbol “V.”

Volt:  The unit of voltage with a symbol “V.”

Power:  The product of current and voltage.  The unit of power is “Watt.”

Angle of Incidence:  The angle between the incident ray and the normal at the point of incidence.

Catalyst:  A substance that increases the rate of reaction, but remains unchanged.

Anode:  The electrode where oxidation reaction takes place and where there is a loss of electrons.

Cathode:  The electrode where reduction reaction takes place and where there is a gain of electrons.

Electrolysis:  The decomposition of an electrolyte using electricity.

Electrolyte:  A substance that breaks up into ions in solution and then conducts electricity.

Photon:  A packet of light energy that has the properties of waves and particles.
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