

OBSERVING ELECTROLYSIS AND A FUEL CELL POWERED CAR

INTRODUCTION
Solar panels (“solar cells”) are examples of useful electrical technology, since they convert the sustainable energy of sunlight into electricity. However, we often need electrical power when sunlight is not available; for example, at night time. This means that we want to collect the sun’s energy with a solar panel and store it for later use. If a solar panel is connected to an electrolyzer (fuel cell), the energy of the sun can be used to split water (H2O), creating hydrogen (H2) and oxygen (O2) gases. The process of splitting a compound is called electrolysis. These gases can be stored in the fuel cell, and then used to make electricity when it is needed. The reactions involved are:
Energy + 2H2O →  2H2  + O2
2H2  + O2  →  2H2O  + Energy
The conversion of energy from one form to another is the principle behind any electrical generator, including solar panels, diesel or gas engine generators, hydroelectric turbines and fuel cells.  As demonstrated in this experiment, this technology offers an incredible potential solution to the air pollution problem.  This concept is already used by astronauts living in the space stations and traveling in the space shuttles.   Imagine producing electricity and being able to drink the by-product!
Over the last few decades, car companies have been working on fuel cell cars, producing several prototypes with impressive features.  Two auto manufacturers currently offer fuel cell vehicles, the Toyota Mirai and Hyundai Tucson.  Both are sold internationally and in California.  The Toyota Mirai car can travel 502 km (312 mi) on a full tank, and has a combined city/highway gas mileage of 66 miles per gallon.  This makes the Mirai one of the most fuel-efficient vehicles rated by the EPA.  The Honda Clarity fuel cell vehicle, which will become available by the end of 2017, is predicted to have even better fuel economy.  In addition to vehicles for personal use, several police and fire departments in the United States have fuel cell powered vehicles.  Some European towns have changed part of their public transportation bus fleet to fuel cell powered busses.  Locally, the Southeastern Pennsylvania Transportation Authority (SEPTA) in greater Philadelphia has received a 2.6 million dollar grant to purchase 25 fuel cell electric buses and fast charging stations.  In order to mass produce hydrogen fuel cell vehicles, the United States must invest in the installation of hydrogen fueling stations throughout the country.

NOTES ON SAFETY AND PROPER USE OF THE SOLAR PANELS AND FUEL CELLS:
· Caution: the work lamps get extremely hot.  Do not touch the surface of the lamp or stare into it.
· The solar panels are fragile.  Do not touch the surface of the solar panel, and use caution not to bend it.
· Do not place the work lamp closer than 20 cm (8 inches) away from the solar panel.
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URSINUS COLLEGE
· Use only distilled water to fill the fuel cells.  Regular tap water will ruin the fuel cell!!
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EXPERIMENTAL PROCEDURES

PART 1:  INVESTIGATING ELECTROLYSIS


1. Place the fuel cell upside down (numbers facing down) on a flat surface.  Remove the stoppers.
2. Pour DISTILLED water into both storage cylinders until the water reaches the tops of the small tubes in the center of the cylinders.
[image: ]
3. Tap the fuel cell lightly to help water flow into the area surrounding the membrane and metal current-collecting plates. 
4. Add more water until it starts to overflow into the tubes in the cylinders. 
5. Place the stoppers back onto the cylinders. Make sure no air is trapped inside the cylinder.
6. Turn the reversible fuel cell right side up.
7. Plug one end of the red patch cord into the red jack of the solar panel (1) and the other end into the red jack of the fuel cell (3).
8. Repeat step 7 with the black patch cord and the black jacks (2, 4).
9. Align the solar panel with the light source, keeping a minimum distance of 20 cm (8 inches).
10. Turn on the light.
[image: ]
11. Watch the top of the small tubes for about 30 seconds.  Does any water come out?  What do you think pushes the water out?  Continue observing and every two minutes record the amount of gas collected in each storage cylinder in the data table in Part 1 of this handout.

12. Let the electrolyzer continue working until all the water has moved into the upper portion of one of the cylinders. (With optimum lighting, it will take 8-10 minutes to displace all the water into the upper hydrogen cylinder.) 
PART 2:  USING A FUEL CELL TO POWER A MODEL CAR

Since the hydrogen cylinder in the fuel cell still contains a little more than 12 mL of hydrogen gas, we can use this fuel cell to power a model car.  In this part of the lab, we will mount the car on a block of wood and monitor the hydrogen consumption over time.  Then, in the next part of the experiment, we will allow the car to travel along the ground, and compare the rate of hydrogen consumption once the car must overcome friction on the road.  We will also calculate the gas mileage of the car in Part 3 of the experiment.

1. With the red and black terminals facing towards the front of the car, place the fuel cell into the notches on the model car until it audibly clicks into place.
[image: ]
2. Place a block of wood under the car base, so that the wheels of the car are free to turn.
3. Connect the red (positive) banana jack (1) with the red (positive) terminal (2) and the black (negative) banana jack (4) with the black (negative terminal) (3).  The car will start running.
[image: ]
4. Watch the level of gas in the hydrogen storage cylinder.  When the gas level reaches exactly 12 mL, start a stopwatch and record the volume of H2 at one minute intervals, until 10 mL of H2 have been consumed.  Record your data in the data table in Part 2 of the lab handout.

PART 3:  HYDROGEN POWER IN MOTION!


1. Repeat steps 1 – 10 of Part 1 in order to refill your fuel cell with hydrogen gas.  Each time that you refill your fuel cell, you should allow the solar panel to supply energy to the fuel cell until the hydrogen storage cylinder is filled to a little more than 12 mL.
2. Make sure that the area in which you will run your car is clear of obstacles (you need about a 4’ x 4’ area).  Position the car on the floor and turn the front wheels so that the car will run in a fairly small circle without hitting anything. 
3. Hold the car in your hand.  Connect the red (positive) banana jack with the red (positive) terminal and the black (negative) banana jack with the black (negative terminal).  
4. Allow the car to run until the hydrogen fuel level drops to 12 mL, then place the car on the ground and start your stopwatch.  One person should be prepared to count number of circuits the car travels in three minutes while another person operates the stopwatch.  
5. Allow the car to run for 3 minutes, then disconnect one of the patch cords so the motor stops.  Record, the volume of H2 fuel used and number of circuits travelled by the car.
6. Repeat this process at least once (preferably more).  As the car is moving, use a piece of chalk to mark the edges of the circle in which he car is travelling.  Use a meter stick to measure the diameter of the circle in several places.  Record this information in the data sheet.
[image: ]
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 REPORT FORM:  ELECTROLYSIS & A FUEL CELL MODEL CAR	NAME: __________________

PART 1:


	Time from Start (min)
	H2 gas vol. (mL)
	O2 gas vol. (mL)

	0
	
	

	2
	
	

	4
	
	

	6
	
	

	8
	
	

	10
	
	

	12
	
	




1.  During electrolysis, the overall reaction that occurs is 2H2O  2H2  +  O2.  Based on this equation, what is the expected ratio of hydrogen to oxygen gas produced during the reaction?
2.  What was the ratio of hydrogen to oxygen actually produced, based on the volumes recorded in the table above?  ___________  Do your results support your hypothesis in question 1?  Why or why not?


 PARTS 2 AND 3:

EXPERIMENTAL DATA:  Complete the tables below with data gathered from parts 2 and 3 of the experiment.
PART 2:  RESULTS AS CAR MOTOR RUNS ON WOODEN BLOCK
	Vol. of H2 remaining (mL)
	Elapsed Time (sec)

	12.0
	0

	
	60

	
	120

	
	180

	
	240

	
	300



PART 3:  RESULTS AFTER CAR HAS TRAVELLED FOR 3 MINUTES
	Trial
	Vol. of H2
Used (mL)
	Number of Circles
	Diam. of Circle (m)

	1
	
	
	

	2
(if time allows)
	
	
	



3.  The reaction that occurs when the fuel cell is powering the car motor is 2H2  +  O2    2H2O.  How does this equation compare to the equation that describes the formation of hydrogen gas, written in question 1? 
4.  Is the “exhaust” from a fuel cell powered car better for the environment than the exhaust from a traditional gas-powered car?  Explain your answer.
5.  What is the average volume of H2 gas consumed per minute when the car was mounted on a wooden block?  Show your calculations.
6.  What is the average volume of H2 gas consumed per minute when the car was travelling on the ground?  Show your calculations.
7.  Are you surprised by the extent of the difference between the answers to questions 5 and 6?  What causes this difference in amount of H2 fuel used per minute?
8.  Using your data, calculate the gas mileage for the fuel cell car in miles per gallon (mpg).  Note that 1 gal. = 3785 mL and 1 mi. = 1609 m.  Circumference = π(diameter).  Show all work.  
9.  How does your gas mileage (mpg) compare to the gas mileage of cars on the road today?  Why might the mpg appear significantly different?


Teacher Notes.

The Solar Panels are most fragile.  They must not be bent!

Make sure students do not place the artificial light source closer than 20 cm to the solar panel.

Distilled water ONLY must be used in the fuel cells.  Students must wash and rinse hands thoroughly before handling the fuel cell.  Unwashed and un-rinsed hands contain harmful ions.

Approximate time:
· 10 min to set up. 
· 10 min to charge the fuel cell (split water).
· 5 min to monitor H2 fuel consumption with car mounted on a wooden block.
· 10 min to charge the fuel cell a second time.
· 5 min to “race” the car.

Class is ideal for one block period, with plenty of time for extra trials. 

This lab can also be completed in a 50 min class period, if students work efficiently.  One way to save time is have students set up and begin charging the fuel cell immediately when class begins.  You will then have 10 minutes to discuss concepts as water is being split.  Having students read the handout in advance of the class is another recommended time saver.

Students can run their car in a circle, as described in this handout, in cases where space is limited (diameter of circle is about 36 inches).  Student often prefer to run their car in a straight line down a long hallway.  Either way, they can still measure the total distance that the car travels in 3 minutes.

Answers to Questions:

1.  During electrolysis, the overall reaction that occurs is 2H2O  2H2  +  O2.  Based on this equation, what is the expected ratio of hydrogen to oxygen gas produced during the reaction?

2:1

2.  What was the ratio of hydrogen to oxygen actually produced, based on the volumes recorded in the table above?  ___________  Do your results support your hypothesis in question 1?  Why or why not?

Usually observe 2:1 ratio.  Most likely source of error is the presence of a large air bubble in the fuel cell at the start of the electrolysis.

3.  The reaction that occurs when the fuel cell is powering the car motor is 2H2  +  O2    2H2O.  How does this equation compare to the equation that describes the formation of hydrogen gas, written in question 1?

It is the reverse reaction.

4.  Is the “exhaust” from a fuel cell powered car better for the environment than the exhaust from a traditional gas-powered car?  Explain your answer.

Traditional gas-powered cars produce a lot of CO2 (contributes to climate change), CO, SO2 (toxic gas), NO2 (brown smog) and volatile organic compounds.

5.  What is the average volume of H2 gas consumed per minute when the car was mounted on a wooden block?  Show your calculations.

Approximately 1 mL/minute is typical.

6.  What is the average volume of H2 gas consumed per minute when the car was travelling on the ground?  Show your calculations.
Typical is approximately 2 mL/min.

7.  Are you surprised by the extent of the difference between the answers to questions 5 and 6?  What causes this difference in amount of H2 fuel used per minute?

Car must use additional fuel to overcome friction of the road.

8.  Using your data, calculate the gas mileage for the fuel cell car in miles per gallon (mpg).  Note that 1 gal. = 3785 mL and 1 mi. = 1609 m.  Circumference = π(diameter).  Show all work.

[bookmark: _GoBack]
9.  How does your gas mileage (mpg) compare to the gas mileage of cars on the road today?  Why might the mpg appear significantly different?

Student calculations for miles per gallon often give a small number compared to traditional gas-powered cars.  This is because using volume for a gas is not a very appropriate way to measure actual amount of gas used (most of the volume of a gas is empty space!).  Calculations using mass of a gas used would be more appropriate.  Hydrogen is actually a very efficient fuel, yielding a tremendous amount of energy per mass, compared to other fuels.  Nonetheless, having students do the conversion in question 8 is worthwhile for practicing dimensional analysis, as long as the teacher also explains why the mpg may appear low compared to typical results (you want to avoid having students conclude that hydrogen-powered cars are not very fuel efficient!).
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