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Aqua Burn

Pennsylvania Academic Standards

Science and Technology:

3.2.10A:  Evaluate the nature of scientific and technological knowledge.

3.2.10C:  Conduct a multiple step experiment.

3.4.10A:  Describe and apply concepts about the structure and properties of matter.

3.4.10B:  Explain and analyze energy sources and conversions.

3.5.10D:  Assess the value of water as a resource.

3.8.10A:  Analyze the relationship between societal demands and scientific and technological enterprises

Mathematics:

2.3.8G:  Create and use scale models.

2.4.8D:  Combine numeric relationships to arrive at a conclusion.

2.5.8B:  Interpret results using precise mathematical language.

Reading and Writing:

1.2.8F:  Understanding the meaning of and apply key vocabulary words.

1.2.8G:  Demonstrate after reading understanding and interpretation of text.

1.6.8D:  Contribute to discussions.

Part A:  Electrolysis of Water:

Introduction

Electrolysis is the decomposition of an electrolyte (conductive solution) by passing electric current through the solution.  Electrolysis of water decomposes water into oxygen and hydrogen.

Demonstration:  Production of hydrogen and oxygen using the Hoffman Electrolysis Apparatus and 2% sulfuric acid solution.

Guiding Questions

1. From the demonstration, identify the electrode that produces hydrogen and the electrode that produces oxygen?

2. What is the test that detects the presence of hydrogen gas and the test that detects the presence of oxygen gas?

3. What is the ratio of hydrogen to oxygen in water?  How is the ratio visibly demonstrated during electrolysis?

Vocabulary

Cathode, anode, electrolysis, electrolyte, catalyst

Materials

goggles, 10cm x 5cm aluminum foil rectangles, 250mL beaker, 150mL distilled or deionized water, 1Tbsp table salt, 6Volt battery, clear tape and wires with double alligator clips, conductivity tester.

Safety

· Wear safety goggles in the lab.

· If you get any chemical in the eyes, flush them promptly and report it to your teacher.

· Report all breakages of glassware, and dispose carefully into designated container.

Procedure

· Roll the aluminum foil lengthwise around a pencil.

· Use a small piece of tape to hold the foil in a cylinder and slide the foil off the pencil.

· Flatten both ends of the cylinder to form an electrode.

· Attach the one end to one of the wires with the double alligator clips.  (Color does not matter here)

· Make another electrode following the above steps.

· Add 150mL of distilled water to the 250mL beaker.

· Bend the electrodes and hang them over the edge of the beaker.  Make certain that the electrodes do not touch each other.

· Before the next step, write down your hypothesis #1.  What do you think will happen when you connect the electrodes to the terminals of your battery?

· Test the water with the conductivity probe and record observation #1a.

· Connect your black electrode to the negative terminal on the battery and the red electrode to the positive terminal on your battery.

· Record observation #1b.

· Remove the electrodes from the solution and add one tablespoon of table salt and stir.

· Before the next step, write down your hypothesis #2.  What do you think will happen when you connect the electrodes to the terminals of your battery?

· Test the salt solution with the conductivity probe and record observation #2a.

· Replace the electrodes.

· Record your observations #2b.

· Disconnect the batteries from the electrodes.

· Save your electrolysis apparatus for the next lab.

Hypothesis #1

____________________________________________________________________________________________________________________________________________

Observations #1

a.____________________________________________________________________

b.____________________________________________________________________

Hypothesis #2

____________________________________________________________________________________________________________________________________________

Observations #2

a.____________________________________________________________________

b.____________________________________________________________________

Questions

1. Why is there a difference between observations #1 and #2?

2. Why are there smaller and faster bubbles produced near one electrode than the other?

3. What evidence did you have that water can be broken apart with electricity?  Is this a chemical reaction?

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

Introduction

Solar cells can be used in the place of a battery to transform radiant energy into electricity for the above electrolysis experiment.  The solar panel used in this experiment has solar cells connected in series and a halogen lamp is used to mimic sunlight.  Silicon in these cells is a metalloid and a semiconductor.  When warmed the silicon conducts electricity.  For the panel to conduct electricity, the solar panel has to be correctly oriented to maximize its electrical output.

Demonstrations:

· Heating Silicon to show conductivity 
· Intensity of a flashlight beam on a white board 
Guiding Questions

1. Hypothesize.  What might be the best orientation for the solar panel to the light source so that current generated in the panel is maximized?

2. Do the number of photons of light decrease with the angle of incidence?

Vocabulary

Photons, angle of incidence, silicon, power

Materials

solar panel, halogen lamp, ruler, red and black wires that plug the solar panel to the multimeter, multimeter, graph paper, angle measurement card, electrolysis appaaratus.

Safety

· Wear safety goggles in the lab.

· If you get any chemical in the eyes, flush them promptly and report it to your teacher.

· Report all breakages of glassware, and dispose carefully into the trash.

Procedure

· Using the solar panel and the red and black wires, connect the solar panel to the electrodes on the electrolysis set up from the previous experiment.

· Angle the light source so that it is facing forward.

· Place the solar panel 20cm from the light source.

· Turn the light on.  Angle the solar panel until you notice electrolysis of water.

· Record your observations.  Did the electrolysis proceed at the same rate at all angles?

· Disconnect the electrodes from the electrolysis apparatus and connect the solar panel to the multimeter with the dial set at 200mA.

· Use the angle measurement card provided to orient the panel at different angles and record the current in milliamps in the data table provided.

· Draw a graph of current vs. angle of incidence and find the slope of the graph.

Observations

Did the electrolysis proceed at the same rate at all angles?  ____________________

Data

	Angle of Incidence (º)

(x-axis)
	Current (mA)

(y-axis)

	0
	

	10
	

	20
	

	30
	

	40
	

	50
	

	60
	

	70
	

	80
	

	90
	


Calculations

Slope of Graph = Change in y

       Change in x

Questions

1. What is ampere and milliamp?

2. What did you find out about the best orientation for the solar panel to the light source?

3. What can you do to concentrate more light onto the solar panel?

4. What type of graph did you draw?  Predict what would happen to the current if the angle were increased to 100º and explain your reasoning.

Part C: Building a Fuel Cell Model Car:

Introduction

Hydrogen fuel cell cars function in a two step-process.  In the first step, the fuel cell uses the process of electrolysis of water to produce pure hydrogen gas.  In the second step, pure hydrogen gas recombines with oxygen in the reverse reaction to produce electricity and water as waste.

Fuel cell cars have many advantages over currently available fossil fuel powered cars.  Water as a raw material for electrolysis is cheap and easily available as opposed to using fossil fuels.  A fuel cell provides electricity more efficiently than burning fossil fuels.   Hydrogen as a fuel is environmentally friendly and produces water as a waste which is cleaner than burning fossil fuels.

Guiding Questions

1. The model car has an electric motor.  Can this electric motor be powered by a solar cell rather than a fuel cell?

2. Contrast the advantages of powering the model car with a fuel cell rather than a solar panel connected directly to the motor.

3. Is a fuel cell a battery?  Explain.

Vocabulary

efficiency, power, voltage, current

Materials

Fuel cell car building kit, distilled water, small Philips head screw driver, extra hose, and extra screws

Safety

· Wear safety goggles in the lab.

· Follow directions and use tools wisely.

Procedure

· Review pages 8-9 in the experiment manual which has an overview of all components.

· Assemble the vehicle using the directions on pages 19-20.

· Build the display stand using the directions on pages 23-25.

· Place your car on the floor and run your car on battery power by connecting the car according to the directions on page 27.

· Turn off the battery pack and place the car on the display stand.  Turn on the battery pack.

· Measure the voltage of the battery by connecting the multimeter to the battery as shown on page 27.  Turn the dial at 20mV.  Record your results.

· Remove the battery pack.

· Place your car on the stand and connect the solar panel directly to the motor.  Shine direct light from your lamp onto the panel according to the directions on page 29.
· Measure the voltage of the solar panel by connecting the multimeter to the solar panel as shown on page 29.  Turn the dial at 20mV.  Record your results.

· Remove the solar panel.

· Assemble the Fuel cell components onto the car using the directions on pages 30-33.  Use only distilled water.

· Set the car on the display stand.

· Use the battery pack to generate hydrogen fuel by following the directions on page 36.

· Record your observations of what you see happening in the tanks.  Time the electrolysis and record the time when done.

· Measure the electrolysis voltage while you wait for the tanks to fill.  Set the multimeter on 20mVolts.  While the gas is being produced, touch the black multimeter probe to the battery wire connection and the red probe to the red wire connection.  Record the electrolysis voltage.

· Disconnect the battery pack and connect the gas tank to the fuel cell as shown on page 37.  Start your timer and record how long it takes to stops running.

· Record your observations of what you see happening in the tanks. 

· Remove the car from the display stand and run the car on the floor until it stops running.

· Reconnect the battery or solar panel to generate more hydrogen.

· Run the car on the display stand and measure the operating voltage of the fuel cell.  Set the multimeter[image: image1][image: image2] on 20mVolts.  With the fuel cell running the motor, touch the black multimeter probe to the black motor connection and the red probe to the red motor connection.  Record the operating voltage.

Extension Activities (Record your observations after the questions):

· Investigate how long it takes for electrolysis to complete using a solar cell vs using the battery pack.

· Connect the solar panels in series and parallel and compare how long it takes for electrolysis.

Data

Calculations

Questions

1. Which cylinder contains hydrogen and which cylinder contains oxygen in the storage tank?  How can you tell?

2. Do you think the car will run longer suspended in air than running on a surface?  Test your hypothesis and report your findings.  Hint:  Refill the tanks before testing each run.

3. Describe the motion of the car when the front wheels were turned to the right or left.

4. Was more energy used to make hydrogen through electrolysis or recovered through the reverse reacti[image: image3.png]


on?

5. When energy is lost, and what form does this loss take?
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Battery voltage:


Solar Panel voltage:


Observations from electrolysis: 


Time for electrolysis using the battery pack:


Running time for car on hydrogen fuel:


Electrolysis voltage:


Operating voltage:








Fuel Cell Efficiency =  Electrolysis voltage


			    Operating voltage
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