
IB CHEMISTRY         Measuring the potential difference in electrochemical cells
Aim

The purpose of this experiment is to construct electrochemical cells, and to measure the potential difference between the electrodes, noting the polarity.  

Introduction

You combine the following half-cells and measure the potential difference between the metal electrodes using a high-resistance voltmeter. 

	Cells
	Half-cells

	1
	Zn2+ (aq)  +  2e- (  Zn (s)
	Cu2+ (aq)  +  2e- (  Cu (s)

	2
	Ni2+ (aq)  +  2e- (  Ni (s)
	Cu2+ (aq)  +  2e- (  Cu (s)

	3
	Ni2+ (aq)  +  2e- (  Ni (s)
	Zn2+ (aq)  +  2e- (  Zn (s)

	4
	Mg2+ (aq)  +  2e- (  Ni (s)
	Zn2+ (aq)  +  2e- (  Zn (s)

	5
	Mg2+ (aq)  +  2e- (  Ni (s)
	Cu2+ (aq)  +  2e- (  Zn (s)

	6
	Mg2+ (aq)  +  2e- (  Ni (s)
	Ni2+ (aq)  +  2e- (  Zn (s)


When you measure the potential difference between the electrodes of each cell, the polarity of each electrode is indicated by the positive sign and negative sign on the voltmeter assuming the meter moves to the right or the value has a positive sign. If this is not the case switch the electrodes around. Thus, you can determine at which electrode electrons are needed as reduction takes place – the cathode -  and at which electrode electrons are released as oxidation takes place – the anode.  From this you can work out the direction in which the overall reaction proceeds i.e. the direction in which electrons flow. 

Requirements and materials

	· goggles

· strip of copper foil

· strip of zinc foil

· strip of nickel foil 

· magnesium ribbon

· emery paper

· 4 beakers, 100 cm3
· wires and crocodile clips
	· copper (II) sulphate solution, 1.0 mol dm-3 CuSO4 

· zinc sulphate solution, 1.0 mol dm-3 ZnSO4 

· nickel (II) sulphate solution, 1.0 mol dm-3 NiSO4 

· magnesium sulphate, 1.0 mol dm-3 MgSO4
· filter paper

· potassium nitrate solution, saturated, 3 mol dm-3 KNO3
· voltmeter


Safety alert

Copper (II) sulphate solution is harmful. 

Procedure

1. If necessary, clean each metal strip with a separate piece of emery paper.  Avoid cross-contamination of the metal strips.

2. Place each metal strip in a separate beaker.  Hold each strip vertically against the inside of the beaker.  Clamp the crocodile clip attached to a lead.

3. Pour about 60 cm3 of the appropriate salt solution into each beaker so that each metal strip dips into the solution of its own ions.  Make sure the crocodile clips keep dry.

4. Prepare a salt bridge by soaking a strip of filter paper in saturated potassium nitrate solution.  Let the surplus solution drain off by hanging the strip over the fourth beaker.

5. Connect the zinc and copper electrodes to a high-resistance voltmeter and complete the circuit with the salt bridge. 

6. If the reading on the voltmeter is negative, reverse the connections to obtain a positive reading.  Record the potential difference in the results table noting which electrode is positive (red) and which is negative (black).

7. Remove the salt bridge as soon as possible and throw it away.  Disconnect the voltmeter.

8. Repeats steps 4 to 7 for the other electrochemical cells.

