 SEQ CHAPTER \h \r 1ELECTROLYSIS OF WATER
Before working through this activity, review a few important facts.



Hint- You can remember this by keeping the consonants (reduction, cathode) and vowels (oxidation, anode) together. 

Purpose    The purpose of this activity is allow  visualization of  the redox reaction that occurs during the electrolysis of water. In the process of learning to recognize what happens at each electrode, you  will have an easier time understanding and remembering the half reactions.  Learn to write equations for the half reactions that occur at the anode and  the cathode during electrolysis of water. 

Materials
one 9 volt battery

2 leads with alligator clips at both ends (available at Radio Shack)

2 pencils, sharpened at both ends

petri dish

water 

10 mL of 1M Na2SO4  (142.1 g Na2SO4/ liter)

pH probe

wash bottle

CBL2

TI 84 calculator


Procedure
1.  Set up the electrolysis cell as shown.  The alligator clips should be clamped to the graphite tip (not the wood) of the pencils, which are sharpened at both ends. 

Pencil graphite is an excellent conductor and will serve as electrodes.  The 9V battery is the external power supply that will supply electrons for the reaction. A source of power is required for this reaction because the decomposition of water into hydrogen gas and oxygen gas is not a spontaneous reaction.

2. Pour 5 to 10 mL of  1M Na2SO4 into a petri dish.  The sodium sulfate solution consists of an inert, nonreactive  salt. The  purpose of the nonreactive salt is to  provide ions which will increase the conductivity of water .  

3.  Connect a pH probe to the CBL2 unit.  Turn the unit on. EasyData should auto identify the pH probe.  Rinse the probe, then lower it into the petri dish, making certain that the tip of the probe is immersed in the solution.  Record the initial pH of the solution.

4.  Lower the free ends of the pencils into the solution in the petri dish. You will be able to easily determine which electrode is producing hydrogen, because during the electrolysis of water,  twice as much H2 is produced as O2.  Remember that when water is reduced, H2 forms.  Therefore the lead  where the H2 forms is the cathode.

Look at the battery terminal to determine the sign of the cathode. Record the sign of the cathode in your data table.

Now examine the electrode where water is oxidizing and forming O2.  Make note of the sign of the anode in your data table.

5.  As water is broken down, H+ and OH- ions form along with H2 and O2 gas.  Move the cathode close to the pH probe.  Notice what happens to the pH.

Now, move the anode close to the pH probe.

(Recall that when an abundance of H+ ions are present, the pH will be below 7. If OH- ions are forming, the pH will be above 7.)  As you finish, stir the solution to mix it back up.  The pH should return to its original value, indicating that equal amounts of H+ and OH- form during electrolysis.  Record the final pH of the solution. 

6.  You can repeat the process using water in place of Na2SO4 (aq).  From this, you will learn that tap water is a surprisingly poor conductor of electricity compared to salt water. 

Data

gas produced 

(H2 or O2)
ion produced 

(H+ or OH- )
electrode and charge (cathode or anode, + or -)

reduction of H2O




oxidation of H2O






initial pH of solution

xxxxxxxxxxxxxxx
xxxxxxxxxxxxxxx

final pH of solution

xxxxxxxxxxxxxxx
xxxxxxxxxxxxxxx

Analysis of Results
At this point,  you should realize that  H2 gas is accompanied by the formation of OH- ions. As O2 is produced, H+ ions form.

Write skeletal half reactions:

At the cathode-             H2O  –>   H2 + OH-
At the anode-                H2O  –>   O2 + H+
Balance each half reaction. 

  At the cathode             2e- + 2 H2O  –>   H2 + 2 OH-
  At the anode-              2  H2O  –>   O2 +   4 H+ +  4e-
The cathode reaction must now be doubled so that the number of electrons gained matches the number lost .  Add the half reactions.  Simplify. 

overall reaction:        2 H2O  –> 2H2 + O2
Conclusion
1.  Why must an external source of power be used during electrolysis?

2.  Write the half reaction equation for the reaction that occurs at the cathode during the electrolysis of water.

3.  What two substances form at the anode during the electrolysis of water?

4.   How many electrons are lost or gained in the overall reaction during the decomposition of water? 

      

2 H2O  –> 2H2 + O2
5.   BTB (bromothymol blue) could be added to the sodium sulfate solution. BTB is an indicator that turns yellow in acid, blue in base and is green at a pH of 7.  Knowing this,  predict what color will be seen at the cathode during electrolysis.  What color will appear at the anode?

What colors would be seen at each electrode if the phenolphthalein were added?

6.  The electrolysis of distilled water is very slow.  Why does the addition of an inert salt speed up the process?

7.  When electrons are gained, the oxidation number decreases.  Explain.  

8.   Reduction is accompanied by the (loss, gain) of electrons. 

9.   True or False.  During the electrolysis of water,  O2 forms at the anode along with H+ ions.

10.  The charge of the cathode of an electrolytic cell is _________. 

Answers
1. To force this reaction (which is nonspontaneous) to occur, electrons must be pushed into the system.  The battery provides the electrical energy required to decompose the water into hydrogen gas and oxygen gas.

2.  The half   reaction that occurs at the cathode shows the reduction of water into hydrogen.

     2e- + 2 H2O  –>   H2 + 2 OH-
3.  At the anode, water is being oxidized.  This forms O2 (g) and H+ ions. 

4.   4 mole of e- are involved in the overall electrolysis reaction.

5.  If BTB where added to the sodium sulfate solution, the solution would start off green.  As electrolysis occurred, the solution surrounding the cathode would turn blue, indicating that OH- ions are forming.  The region around the anode would turn yellow, showing the presence of H+.

If a few drops of phenolphthalein were added to the sodium sulfate, the solution would start off colorless.  The area around the cathode would turn pink, but the anode would remain colorless. 

6.  Salt solutions contain ions.  Charged particles increase the conductivity of a solution3..

7.  When electrons are gained, the oxidation state of the substance being reduced will go down.

This happens because electrons carry a negative charge.  

8.  Reduction is the gain of electrons.

9.  True. 

10.  The substance with the higher (i.e. more positive) oxidation state is attracted to the cathode.  Thus, in an electrolytic cell, the cathode is negative.  

     Data

gas produced 

(H2 or O2)
ion produced 

(H+ or OH- )
electrode and charge (cathode or anode, + or -)

reduction of H2O
H2
OH-
cathode

oxidation of H2O


O2
H+
anode

initial pH of solution
close to 7
xxxxxxxxxxxxxxx
xxxxxxxxxxxxxxx

final pH of solution
close to 7
xxxxxxxxxxxxxxx
xxxxxxxxxxxxxxx

reduction-Oxidation numbers decrease during a reduction . 


 During the reduction of H2O, H2 is produced.  The oxidation state of hydrogen is reduced from (+1) to (0 ) in the process. 		


                        (+1)                   (0)


	       2 H2O   –> 2  H2 + O2	





cathode-   The electrode where reduction occurs is the cathode. Hydrogen forms at the cathode during the electrolysis of water.  





oxidation- The oxidation numbers will increase during oxidation.


                  During the oxidation of water, O2 is produced. 





                             (-2)                               (0)


	     2  H2O   –>    2  H2 + O2


anode-      The electrode where oxidation occurs is called the anode.
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