Electrolysis of Aqueous Copper(II) Chloride Solution

Student Handout

Purpose

1. To investigate the electrical conductivity of copper(II) chloride.
2. To study the products in the electrolysis of an aqueous copper(II) chloride solution.

Background

Ionic compounds consist of cations and anions in lattice structures.  Their electrical conductivity depends on their physical states (e.g. solid, liquid, or in aqueous solution).  When electricity is applied to aqueous solutions of these compounds, redox reactions may occur. This process, known as electrolysis, can be employed for electroplating and generation of pure gases such as hydrogen and oxygen.  In this investigation, you will study the electrical conductivity of copper(II) chloride.  You will also study the electrolysis of aqueous copper(II) chloride solution and the products generated in the process.

Task

1. Design and draw a simple circuit diagram to illustrate the electrical conductivity of copper(II) chloride in solid state and in aqueous solution.

2. Design a setup for the electrolysis of aqueous copper(II) chloride solution.  Draw the corresponding circuit diagram.  Suggest simple tests to study the properties of the products generated.

3. Draw diagrams or write scripts for the step-by-step sequence of the experiments based on the circuits designed in steps 1 and 2.

4. Seek advice from your teacher for your designed procedures and the corresponding safety precautions.
5. Carry out your tests designed in step 3.

6. Record the observations of the experiments.

7. Prepare a report according to your teacher’s instruction.

Safety Precautions
Safety spectacles must be worn in the laboratory during experiment.  Handle all chemicals with great care. Avoid direct contact of chemicals with skin.  Dispose of chemical waste, broken glassware and excess materials according to your teacher’s instruction.

Safety information on the chemicals used or produced in the investigation can be found in the Material Safety Data Sheet (MSDS).  Consult your teacher for details.

Avoid inhaling the gas produced in the experiments. Perform the experiment in a well-ventilated laboratory.

Pay attention to the electrical wiring and beware of short-circuit.

Materials Available
	Copper(II) chloride
	Wires with crocodile clips

	Deionised water
	Graphite rods

	100 cm3 Beakers
	Plastic stirrers

	Four 1.5 V dry batteries with holder
	Electrode holders

	Variable resistor
	Blue litmus paper / pH paper

	Ammeter / multimeter
	Test tubes

	Light bulb and holder
	Droppers

	
	

	*Special items will be provided upon request
	


Questions for Further Thought

1. Is copper(II) chloride an electrolyte?  Is it possible for a covalent compound to be an electrolyte?  If so, give an example to illustrate.

2. How can your setup for electrolysis be converted into one for electroplating of copper on small metal objects?

3. Explain why the electrical conductivities of ionic compounds depend on their physical states.

Electrolysis of Aqueous Copper(II) Chloride Solution

Teacher Notes

In this investigation, students will learn that mobile ions are responsible for electrical conductivity.  Therefore solid copper(II) chloride  cannot conduct electricity (it is composed of immobile ions), but copper(II) chloride solution can (copper(II) ion and chloride ion are free to move in solution).  Students will also learn about the concept of electrolysis and its applications through the experiment.

Students are requested to design a proper setup for the experiments using the materials available.  Teachers can supply apparatus and materials not listed in the student handout so that students have to think carefully and figure out the essential items needed for their own setup.

Curriculum Link
Section 2: 
The Microscopic World


2.5 
Structures and properties

Section 5: 
Chemical Cells and Electrolysis


5.5 
Electrolysis

Pre-Laboratory Talk

1. Introduce the concept of “electrical conductivity” to students.

2. Remind students to record the changes on the electrodes.  

3. Ask students to predict the products of the electrolysis and to suggest methods to identify them. 

4. Remind students not to inhale deeply any irritating gas (chlorine) produced in the electrolysis.

5. Remind students to avoid a direct contact of the two electrodes which will cause a short-circuit.

6. Let students know about the format of their laboratory reports.

Time Required
Pre-laboratory talk: 10 minutes; Experimental design: 25 minutes; 

Performing experiments: 50 minutes; Preparing the report: one week.

Grouping

Four students in a group.
Some Acceptable Approaches
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Students may design a setup similar to the one shown in Figure 1 to carry out the experiment.  They may insert the electrodes into copper(II) chloride powder and copper(II) chloride solution separately.  They may also insert the electrodes into deionised water for control measurement.
2. Students may prepare copper(II) chloride solution by dissolving a known amount of the solid into deionised water and then measure the conductivity of the resulting solution. In this case, students may be asked to calculate the concentration of the solution.
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Another approach is to start with deionised water.  A small amount of copper(II) chloride solid or a few drops of about 1 M copper(II) chloride solution are added into the water with the electrical conductivity monitored continuously.  Students should find that the conductivity of the solution increases when more and more copper(II) chloride is added.

4. The conductivity can be monitored qualitatively with a light bulb or quantitatively with an ammeter.

Remarks

1. Make sure that students use only the necessary amount of copper(II) chloride solid.  A copper(II) chloride solution of about 0.5M is appropriate for this experiment. Solution equal to or greater than 1.4 M is toxic. Solution equal to or greater than 0.15 M but smaller than 1.4 M is harmful. 
2. It may take several minutes before the products are observed. Chlorine is toxic by inhalation. Students should not be encouraged to inhale the gas directly. The amount of chlorine produced should not cause a hazard if the current flowing is less than 0.5 A and the experiment is stopped once the tests and observation are complete.
3. In the electrolysis experiment, students should find a brownish and shiny solid (metallic copper) deposited on the cathode. Students should also observe gas bubbles appeared at the anode. A smell of bleaching solution may also be detected.  When a piece of moist pH paper or blue litmus paper is brought near the anode, or put into the test-tube that contains the gas produced, the paper should turn red and then white in colour.

4. After the experiment, the deposited copper can be removed by sandpaper or by soaking the graphite electrode in dilute nitric acid for 2-3 hours.  The cleaned electrode is reusable.

5. It is desirable to arrange a discussion and planning session a week before the experimental session. Students should hand in their plans early so that teachers will have enough time to comment and approve, and laboratory technicians can also prepare the necessary materials in advance.
Laboratory Report

During the pre-laboratory talk, students should be instructed to include some or all of the following items in their laboratory reports:
1. Title

2. Purpose

3. Apparatus and Reagents Used

4. Chemical Reactions Involved

5. Procedure

6. Observation 

7. Results
8. Discussion  (including possible sources of error and improvements of the experiment)

9. Conclusion

10. Questions for Further Thought

11. Supplementary Questions
Suggested Solutions to Questions for Further Thought
1. Is copper(II) chloride an electrolyte?  Is it possible for a covalent compound to be an electrolyte?  If so, give an example to illustrate.

Answer:


Yes, copper(II) chloride is an electrolyte because its aqueous solution contains mobile copper(II) and chloride ions.  Also, it is possible for a covalent compound to be an electrolyte.  For example, gaseous hydrogen chloride is a polar covalent compound, but it ionises and forms hydrogen and chloride ions when dissolved in water.  Therefore, hydrogen chloride is also an electrolyte.

2. How can you modify your setup to carry out electroplating of copper on small metal objects?

Answer:


Replace the graphite cathode with a small metal object and the graphite anode with a copper foil.

3. Explain why the electrical conductivities of ionic compounds depend on their physical states.

Answer:


In solid state, the ions are immobile and they cannot transfer electrical charges from one location to another.  However, in molten state or in aqueous solution, the ions are free to move and hence electrical charges can be conducted.

Supplementary Questions
Teachers may discuss some of the following questions with students or let them work on these questions and write the answers in their laboratory reports.

1. In this electrolysis experiment, you will find that the ions from the ionic compound are converted into their elemental forms.  This is, however, not always the case.  For example, consider the electrolysis of sodium hydroxide solution using graphite electrodes:
(a) What is produced at the anode?

(b) Will the sodium ions be reduced at the cathode?  If not, what ions are reduced and what is produced?  How can sodium metal be produced by electrolysis?

Answer:


(a)
Oxygen gas is formed: 4OH((aq) ( O2(g) + 2H2O(l) + 4e(

(b)
No, sodium ions will not be reduced at the cathode since sodium is higher in the electrochemical series than hydrogen.  Instead, the hydrogen ions (coming from water) will be reduced to hydrogen gas: 2H+(aq) + 2e( ( H2(g)



Sodium can be produced by electrolysis of a molten sodium salt such as sodium chloride.

2. In this experiment, the graphite electrodes act as conductors to complete the circuit and provide surfaces for oxidation and reduction.  However, some electrodes may also participate in the electrolysis.  If two copper electrodes are used in the electrolysis of an aqueous copper(II) sulphate solution, what will happen at each electrode?  Write the half-equations for the changes involved.  What is the application of this setup?

Answer:


At the anode, the copper electrode becomes thinner: Cu(s) ( Cu2+(aq) + 2e(

At the cathode, the copper electrode becomes thicker: Cu2+(aq) + 2e( ( Cu(s)


This setup can be used for copper refining.

Laboratory Report

(Sample)

Title: Electrolysis of Aqueous Copper(II) Chloride Solution
Purpose:

1. To investigate the electrical conductivity of copper(II) chloride.
2. To study the products in the electrolysis of an aqueous copper(II) chloride solution .
Apparatus and Reagents Used:

Solid copper(II) chloride, deionised water, beakers, four 1.5 V alkaline batteries with holder, ammeter, connecting wires with crocodile clips, graphite rods, electrode holders, blue litmus paper, test tubes, dropper.
Chemical Reactions Involved:

CuCl2(s) 
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Cu2+(aq) + 2Cl((aq)  
Cu2+(aq) + 2e( ( Cu(s)

2Cl((aq) ( Cl2(g) + 2e(
Procedure:

Part (A): 
Testing of electrical conductivity of copper(II) chloride solid, deionised water and copper(II) chloride solution 

1. Copper(II) chloride solid was put into a beaker.  

2. Two graphite electrodes were connected to a battery holder and an ammeter in series.

3. The electrodes were inserted into the copper(II) chloride.

4. Four pieces of 1.5 V alkaline batteries were put into the battery holder.

5. The electrical current was recorded.

6. The electrodes were removed from the solid  and rinsed with deionised water.

7. Deionised water was poured into another beaker.

8. The electrodes were inserted into the deionised water.

9. The electrical current was recorded.

10. Copper(II) chloride solid was dissolved into the deionised water to make a 0.5 M solution.

11. The electrical current was recorded.

12. The electrodes were removed from the solution and rinsed with deionised water.

Part (B): 
Electrolysis of copper(II) chloride and identification of the products

1. 50 cm3 of 0.5 M copper(II) chloride solution was prepared and transferred to a 100 cm3 beaker.

2. The electrodes were inserted into the solution.

3. The electrical current was recorded and the changes on both electrodes were noted.
4. A piece of blue litmus paper was wetted with deionised water.  It was then brought near the anode.

5. The colour changes on the blue litmus paper were recorded.

6. The alkaline batteries were removed from the battery holder.

7. The electrodes were removed from the solution and rinsed with deionised water.

Observation:

1. The copper(II) chloride solid  and deionised water did not conduct electricity.

2. The copper(II) chloride solution conducted electricity.

3. During electrolysis, a brown and shiny solid was formed on the cathode.

4. During electrolysis, gas bubbles were formed at the anode.  The smell of bleaching solution was also detected.  A piece of wet blue litmus paper turned to red and then white when it was put near the anode.

Results:

1. Copper(II) chloride solid did not conduct electricity because copper(II) and chloride ions in the lattice are not mobile.  When copper(II) chloride solid was dissolved in water, copper(II) and chloride ions became mobile in the solution.  As a result, the aqueous solution conducted electricity.   

2. During the electrolysis, a brown and shiny solid was formed on the cathode.  The solid seemed to be a metal because of its shiny appearance.  Since the only metallic species in the solution is the copper(II) ion, it is most likely that copper(II) ions are reduced to metallic copper on the cathode surface.  The brown colour of the solid is consistent with thisexplanation.

3. Gas bubbles were formed at the anode.  When a piece of wet blue litmus paper was brought near the anode, the paper turned to red first, suggesting the acidic property of the gas.  The subsequent bleaching of the paper as well as the bleaching smell suggested that the gas produced was most likely to be chlorine, which could be generated from the oxidation of chloride ions in the solution.

Discussion:

1. The conductivity of an electrolyte solution varies with its concentration.  The higher the concentration, the higher the conductivity will be.  It is because at higher concentrations, there are more mobile cations and anions bearing electrical charges and moving from one place to another in the solution.

2. An ammeter can measure the electrical conductivity of the solution quantitatively.  Therefore an ammeter is preferred than a light bulb in this experiment.
3. Judging the nature of the solid deposited on the cathode by its appearance only may lead to a wrong conclusion.  To verify the proposition, the solid can be scratched out for further investigations such as physical measurements and chemical tests.

4. The gas produced at the anode can be collected with a test tube for chemical tests of chlorine for confirmation.  

Conclusion:

1. Copper(II) chloride solid does not conduct electricity.  However, it conducts electricity when dissolved in water.

2. During the electrolysis of aqueous copper(II) chloride solution, metallic copper is formed at the cathode and chlorine gas is produced at the anode.
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