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Activity 24:   Constructing electrochemical cells and measuring electrode potentials





Student worksheet














Questions


Suggest a reason why silver nitrate is not used as a 1.0 mol dm–3 solution.


Mg2+(aq)/Mg(s) can also be used as a half-cell. Suggest a problem that might be observed with this system.


What effect would it have on the value of the electrode potential for the half-cell?


What happens to the equilibrium between the silver ions and the silver atoms, Ag+(aq) + e– ⇌ Ag(s), as the solution is diluted?


What effect does this have on the value of the electrode potential for this half-cell?











From the examiner 


The appropriate form for your results is a table.


Record your results to an appropriate precision.


Remember to label the axes of your graph correctly and state the units in the appropriate format. 








Safety


Wear a lab coat, safety spectacles and disposable nitrile gloves, tie long hair back.











Data/diagram


Eө cell = Eө right-hand half-cell – Eө left-hand half-cell 


Eө Cu2+(aq)/Cu(s) = + 0.34#volts      





Figure 24
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Analysis of results


Use your results to find the standard electrode potential of the Zn2+(aq)/Zn(s) half-cell and the Pb2+(aq)/Pb(s) half-cell.


Find the electrode potential of the Ag+(aq)/Ag(s) half-cell for each concentration of silver ions.


Plot the electrode potential against concentration of silver and find a value for the standard electrode potential of the Ag+(aq)/Ag(s).





Procedure


The electrochemical cells are to be set up as shown in Figure 24. Each beaker represents a half-cell and is composed of a metal strip in a 1 mol dm–3 solution of the aqueous metal ions – except the solution of silver ions which is 0.1 mol dm–3. The metal strips are connected to a voltmeter and the electrical connection between the cells is provided by a salt bridge (a strip of filter paper that has been dipped in a saturated solution of potassium nitrate).


Clean the strips of zinc and copper using emery/sandpaper and set up a cell using 50 cm3 of each of the 1 mol dm–3 solutions of Zn2+(aq) and Cu2+(aq).


Measure and record the electrode potential of the Zn(s)/Zn2+(aq) and Cu2+(aq)/Cu(s) system.


Now try the following combinations of metal/metal ion half-cells and record the electrode potential in each case. Remember to clean the metal strips before use.


Zn(s)/Zn2+(aq) and Pb2+(aq)/Pb(s)


Pb(s)/Pb2+(aq) and Cu2+(aq)/Cu(s)


Zn(s)/Zn2+(aq) and Ag+(aq)/Ag(s)


Cu(s)/Cu2+(aq) and Ag+(aq)/Ag(s)


Dilute the silver nitrate solution to produce solutions which have concentrations of 0.05 mol dm–3, 0.01 mol dm–3, 0.005 mol dm–3 and 0.001 mol dm–3.


Use each of these solutions to make a silver cell and combine each one in turn with the copper half-cell to make electrochemical cells. Record the electrode potential for each concentration of silver ions.





Equipment/materials


50 cm3 1.0 mol dm–3 zinc sulfate solution (harmful)


50 cm3 1.0 mol dm–3 copper(II) sulfate solution (harmful)


50 cm3 1.0 mol dm–3 lead nitrate solution (toxic)


100 cm3 0.1 mol dm–3 silver nitrate solution (low hazard)


Saturated potassium nitrate solution (oxidising)


Distilled/deionised water


One strip of each of the following: zinc; copper; lead (toxic); and silver


Emery paper/sandpaper


Four 100 cm3 beakers


25 cm3 pipette


10 cm3 pipette


Pipette filler


Strips of filter paper about 12 cm long


Four 100 cm3 volumetric flasks


Voltmeter (20 volts) reading to 2 d.p.


Connection wires and crocodile clips











Objective				


Be able to construct an electrochemical cell.


Be able to measure the electrode potential of a selection of electrochemical cells.
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