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Electrolysis Reactions

Oxidation and Reduction

Introduction

Electrolysis is defined as the decomposition of a substance by means of an electric current. When an electric current is passed
through water containing an electrolyte, the water molecules decompose via an oxidation-reduction reaction. Oxygen gas is gen-
erated at the anode, hydrogen gas at the cathode. The purpose of the electrolyte, such as sodium sulfate, is to provide ions that
will “carry” the current through the solution. Depending on the nature of the electrolyte, different reactions may take place at the
anode and the cathode during the electrolysis of an aqueous solution.
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Background

An electrolytic cell consists of a power source or a battery connected to two electrodes in a solution of an electrolyte. The
electrodes act as external conductors and provide surfaces at which electron transfer will take place. Electrons flow from the
anode, which is the site of oxidation, to the cathode, which is the site of reduction. The power source or battery serves as an elec-
tron “pump,” pushing electrons into the electrolytic cell from the negative pole and pulling electrons from the cell at the positive
pole. The negative electrode, where the electrons enter the cell, is the cathode. The electrons are “consumed” in a reduction half-
reaction at the ‘cathode. Electrons are generated at the anode, the positive electrode, via an oxidation half-reaction. The migration
of ions in the electrolyte solution completes the electrical circuit.

The following half-reactions occur in the electrolysis of water:
Oxidation half-reaction (anode) 2H,0() — 0,(g) + 4H*(aq) + 4de”
Reduction-half-reaction (cathode) 2H,0(1) + 2¢~ — H,(g) + 20H (aq)

Electrolysis of an aqueous solution may generate products other than oxygen or hydrogen if the electrolyte contains ions that
are more easily oxidized or more easily reduced than water molecules. The electrolysis of aqueous silver nitrate (AgNO,), for
example, produces oxygen at the anode and silver metal at the cathode. The products of the reaction demonstrate that reduction of
silver ions (Ag*) to silver (Ag) occurs more readily than reduction of water. The overall reaction is the sum of the oxidation and
reduction half-reactions:

Oxidation half-reaction (anode) 2H,0(1) = O,(g) + 4H*(aq) + 4e”
Reduction-half-reaction (cathode) 4Ag*(aq) + 4e — 4Ag(s)
Overall reaction 2H,0() + 4Ag*(aq) — O,(g) + 4Ag(s) + 4H*(aq)
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The purpose of this experiment is to identify the products obtained in the electrolysis of aqueous potassium iodide, copper(II)
bromide, and sodium chloride solutions. The electrolysis reactions will be carried out in a electrolytic cell consisting of a Petri
dish, a 9-V battery, and carbon (pencil lead) electrodes (Figure 1).

Al]igator clip

Figure 1. Petri Dish Electrolysis.

Pre-Lab Questions

1. Complete the following table summarizing the general properties of the electrodes in an electrolytic cell.

Electrode Oxidation or Reduction Sign of Electrode j

Anode

Cathode

2. Sodium metal is produced commercially by the electrolysis of molten sodium chloride. The by-product of the reaction
is chlorine gas. (2) Write the oxidation and reduction half-reactions for the electrolysis of molten sodium chloride. (b)
Identify the substance that is oxidized and the substance that is reduced. (c) Write the balanced chemical equation for the
overall reaction. -

to give sodium hydroxide and hydrogen gas. Would you expect to observe sodium metal in the electrolysis of aqueous
sodium chloride? Explain.

Materials
Copper(II) bromide solution, CuBr,, 0.2 M, 8 mL Battery, 9-V ’
Phenolphthalein indicator solution, 0.5%, 1 mL Battery cap with alligator clip leads
Potassium iodide solution, K1, 0.5 M, 8 mL Beral-type pipets, 3
Sodium chloride solution, NaCl, 0.5 M, 8 mL Paper towels
Sodium thiosulfate “waste beaker,” NazS203, Pencil lead electrodes, 0.9-mm, 2

3Min H,S0, (for disposal)
Starch solution, 0.5%, 1 mL

Petri dish, partitioned, 3-way
Stirring rod

Distilled water and wash bottle Wax pencil or marking pen
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Copper(Il) bromide solution is toxic by ingestion and may be irritating to the eyes, skin, and respiratory tract.
Phenolphthalein is an alcohol-based solution and is a flammable liquid. Keep away from flames and heat. The electrolysis reac-
tions will generate small amounts of gases. Do not breathe the vapors. Avoid contact of all chemicals with eyes and skin. Wear
chemical splash goggles, chemical-resistant gloves, and a chemical-resistant apron. Wash hands thoroughly with soap and water
before leaving the lab.

Procedure

1

10.
11.

12.
13.
14.
15.

Place the partitioned Petri dish on a sheet of white paper. Observe that the compartments or segments of the Petri dish are
labeled 1, 2, and 3. .

Carefully pour about 8 mL of 0.5 M potassium iodide solution into the first compartment of the Petri dish until the com-
partment is one-third to one-half full.

Add 3 drops of phenolphthalein solution and stir to mix.

Connect the battery cap to the 9-V battery. Carefully attach a “pencil lead” electrode to each alligator clip lead. Caution.:
Do not allow the electrodes to touch each other.

Hold the red (+) lead from the 9-V battery in one hand and the black (-) lead in the other hand. Keeping the electrodes as
far apart as possible, dip the pencil lead electrodes into the potassium iodide solution.

. Let the electric current run for 1-2 minutes while observing any changes in the potassium iodide solution. Record all

observations in the data table—be sure to indicate where changes take place (at the anode or the cathode). Refer to the
Background section and the Pre-Lab Questions for the properties of the electrodes.

. Remove the pencil lead electrodes from the electrolysis solution. Carefully rinse the electrodes with distilled water from a

wash bottle and gently pat dry on a paper towel.

. Add two drops of starch solution to the potassium iodide solution after electrolysis and record observations in the data

table.

. Carefully pour about 8 mL of 0.5 M sodium chloride solution into the second compartment of the Petri dish. Add three

drops of phenolphthalein indicator solution and stir to mix.
Repeat steps 5-7 for the electrolysis of sodium chloride solution. Record observations in the data table.

After electrolysis, add 3 drops of potassium iodide solution, followed by one drop of starch, to the sodium chloride solu-
tion. Record observations in the data table. ’

Carefully pour about 8 mL of 0.2 M copper(II) bromide solution into the third compartment of the Petri dish.
Repeat steps 5-7 for the electrolysis of copper(II) bromide solution. Record observations in the data table.
Remove the pencil lead electrodes from the alligator clips and disconnect the battery cap from the battery“

The electrolysis products may include dilute halogen solutions (chlorine, bromine, and iodine). Working in the hood, care-
fully pour the contents of the Petri dish into a waste beaker containing sodium thiosulfate solution. Sodium thiosulfate will
reduce the halogen waste products. Allow the beaker to stand in the hood overnight.
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Name:

Electrolysis Reactions

Electrolyte
(Salt Solution)

Observations

Anode ' Cathode

Potassium Iodide

Sodium Chloride

f

Copper(II) Bromide

Post-Lab Questions

1. The following oxidation and reduction half-reactions are possible for the electrolysis of potassium iodide solution. The

solution contains

water molecules, potassium ions (K*), and iodide ions (I7).

2H,0() — 0,(g) + 4H*(aq) + 4~ 2H,0Q0) + 2¢ — H,(g) + 20H(aq)

K*(aq) + e —

a. What product
dence from yo

b. What product
observations.

K(s) 2I(aq) — L(s) + 2e”

was formed at the anode in the electrolysis of potassium iodide solution? Explain, citing specific evi-
ur observations.

was formed at the cathode in the electrolysis of potassium iodide solution? Explain based on your

¢. Write the balanced chemical equation for the overall redox reaction in the electrolysis of aqueous potassium iodide.
Hint: Remember to balance the electrons!
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2. Using Question #1 as a guide: (a) Identify the products that were formed at the anode and the cathode in the electrolysis of
sodium chloride solution, giving the specific evidence for their formation. (b) Write the balanced chemical equation for the
overall redox reaction.

3. Using Question #1 as a guide: (a) Identify the products that were formed at the anode and the cathode in the electrolysis of
copper(IT) bromide solution, giving the specific evidence for their formation. (b) Write the balanced chemical equation for
the overall redox reaction.

4. Compare the product formed at the cathode in the electrolysis of copper(II) bromide solution versus that obtained in the
electrolysis of aqueous potassium jodide or sodium chloride. Explain, based on the reactivity of the metals.

5. (Optional) Consult a table of standard reduction potentials (E° ,): Determine the minimum voltage necessary for the elec-
trolysis of aqueous potassium iodide. Hint: E° ;; = E° , (cathode) — E°_; (anode)
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