Electrolysis of Water

Introduction:  


The decomposition of a compound into simpler substances by means of an electric current is called electrolysis.  During the electrolysis of water, electricity is passed through water, which then separates into its elemental components of oxygen and hydrogen.


Since pure water does not conduct electricity well enough to allow electrolysis to occur a reasonable rate, a catalyst is needed to speed up the reaction.  In this experiment, sodium carbonate in solution will be used to increase the rate of the reaction.  The sodium carbonate ionizes in water, much like NaCl, making the solution an electrolyte.

Pre-Lab Questions:

1.   What are the molecular formulas for water, hydrogen, and oxygen?

2.   Using these formulas, write and balance the chemical equation for the electrolysis of water.

3.   Using your chemical equation, how much hydrogen gas would you expect as compared with oxygen gas?

Setup:
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	Electrolysis Apparatus


Procedure:

□ 1. Fill a 250 mL beaker with the provided solution until the height (approximately 200 mL) is above the ends of the electrodes.  

□ 2. Fill both test tubes with the solution of sodium carbonate and cap them with the provided rubber stoppers, so that there is no air trapped inside the test tubes.  

□ 3. Turn them over into the beaker so that the stoppered end is below the level of the liquid.  

□ 4. Use a spatula to remove the stoppers allowing them to fall to the bottom of the cylinder.  Leave the stoppers on the bottom of the beaker.  Reason:  The stoppers will be needed to recap the test tubes after the electrolysis.  

□ 5. Work the test tubes over the electrodes without losing the solution.

□ 6. Plug in the battery eliminator with the power turned off.  Plug the end of the black lead into the black knob of the battery eliminator and the end of the red lead into the red knob of the battery eliminator.  Explanation:  The battery eliminator is a direct current power supply, it operates like a plugged in battery. Clamp one alligator clip to electrode A and the other to B.  

□ 7. Now switch the apparatus on (the little red light should light up) and adjust the voltage so that it is between 9 and 12 volts.

□ 8. Observe the apparatus and answer some of the lab questions until one of the tubes completely fills with gas.  

□ 9. Switch off and unplug the battery eliminator.

□ 10. Use the spatula to position the stoppers so that a test tube can be lowered onto them.  Without losing any gas, lower the test tubes onto the stoppers.

□ 11. Remove the stoppered test tubes and place them right side up in a test tube rack or small beaker.  
□ 12. Testing the gas:  Working with your partner, test the smaller quantity of gas with a glowing wood splint or toothpick.  Caution:  Point the opening of the test tube away from yourself, your partner, and everyone else when conducting this test.  

□ 13. Test the larger quantity of gas by placing a flaming toothpick to the opening immediately after removing the stopper.  Reason: If you do not do this immediately, the gas will escape and no reaction will be visible.  Caution:  Point the opening of the test tube away from yourself, your partner, and everyone else when conducting this test.

Questions:
1.   The black output on the battery eliminator is the negative lead while the red output on the battery eliminator is the positive lead.  Compare the volumes of gases obtained from the two leads.  From your answers to the pre-lab questions, can you figure out which lead corresponds to which gas?  Hint:  Compare the numbers of moles for hydrogen and oxygen that are predicted by the balanced chemical equation.

	Electrode
	How much of the test tube is filled?  ½, ¾, completely full
	Identity of the gas

	Red (positive)
	
	

	Black (negative)
	
	


2.   Which gas forms at the positive (red) lead and why?

3.   Which gas forms at the negative (black) lead and why?

4.   Write the balanced equation for the reaction of the larger volume of gas with oxygen in the air.

5.   Charged particles, sodium and carbonate ions, were needed to make the reaction faster.  What ions were present in the solution due to the sodium carbonate?

6.   Energy was put into the reaction to break water apart into hydrogen and oxygen.  What evidence showed that energy is released when water is formed from the hydrogen?

Extension:

□ 1. If time permits, repeat the collection of the gases.  When one test tube is half filled, turn off the power supply, switch the electrical leads, and turn the power back on.

□ 2. Collect as much of the mixture of gases as time will permit.  Carefully test the mixture with a burning splint.

Electrolysis of Water

Teacher’s Supplement

Objectives:

· Students should be able to write and balance the chemical equation for the electrolysis of water using the definition of electrolysis, the molecular formula of water, and the knowledge that hydrogen and oxygen form diatomic molecules.
· Students should be able to identify the products of electrolysis of water using the stoichiometry of the balanced chemical equation.
· Students should recognize and be able to explain that a catalyst is not consumed or permanently changed in a chemical reaction.
· Students should be able to write and balance the equation for the combustion of H2, knowing that combustion involves a reaction with oxygen.

· Students should recognize that the combustion of hydrogen is the reverse reaction of electrolysis.

· Students should be able to equate the energy consumed during electrolysis with the energy given off in combustion.

Prior Knowledge:

· Students will need to understand diatomic molecules and be familiar with common examples like hydrogen and oxygen.
· Students will need to know that an electrolyte conducts electricity through ion motion and that water is a poor electrolyte.
· Students will need to understand that oxygen is a reactant in combustion reactions.
Curriculum References:
1. State Goal 11

a. CAS B; CFS 5,7,8,14-15 

b. CAS C; CFS 6

2. State Goal 12

a. CAS C; CFS 3-4

3. State Goal 13

a. CAS D; CFS 1-4

4. CASE Blueprint

a. CS 2; SI 1, 7, 8

Unfolding of the Lesson:
Time constraints:


This lab will likely take an entire forty-five minute period to complete.  It would be inadvisable to split it between two days, since that would risk losing some or all of the collected gases.  If materials and a clear drawing of the apparatus are readily available, students should be able to accomplish the setup within the allowed ten-minute interval.  In addition, the reaction will occur at a significantly higher rate if the voltage is set at twelve volts instead of nine.  

	Activity
	Time (min)

	Class business
	5

	Student setup
	10

	Electrolysis
	20

	Testing the gases
	5

	Discussion and cleanup
	5

	Total
	45


Grouping:


Provided enough materials are available, consider dividing the class into groups of two.  This will allow all the students to remain active through most of the lab.  During the actual electrolysis, students are required to make three qualitative observations: the relative size, rate of ascent, and volume of gases produced.  These observations will only take a fraction of the time required for hydrogen to fill the test tube.  In addition to these observations, students may be directed to reevaluate their answers to the pre-lab questions, adding explanations based upon their observations.  

Tips:


The students should be warned not to remove the test tubes from the solution until they are firmly stoppered.  They must apply the splints to the opening of the test tubes immediately after removing the stoppers.  

Assessment:


During the lab, the teacher should ask questions that probe for understanding and guide reasoning.  Some examples include:

· What’s the point of using an electric current?

· How do you plan to get the stopper back on the test tube?

· Why does the splint ignite when it’s in oxygen?

Responses to questions such as these can be used in developing grading criteria for lab performance and participation, as the basis for future test questions, and as whole class discussion points.

Adjustments and Variations:
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