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Experiment 8 – Electrochemistry1 
 

PreLab:  Balance the following reaction in acidic solution: 
 
I–(aq)  +  MnO4–(aq)  à  I2 (aq)  +  MnO2 (s)  
 
Balance the following reaction in acidic solution: 
 
NO2–(aq)  +  Al (s) à  NH3 (g)  +  AlO2–(aq)  

 
Electrochemical Theory  
 
An electrochemical (or galvanic) cell, also known as a battery, is a device that produces an electric 
current as the result of an electron transfer reaction. Such electron transfer reactions are also known 
as oxidation-reduction, or redox, reactions. Electron transfer occurs as one substance is oxidized, 
or loses electrons, while another substance is reduced, or gains electrons.  For example, if a piece 
of zinc metal were immersed in a solution containing copper(II) ions, the zinc would spontaneously 
lose electrons while the Cu(II) would spontaneously gain electrons. This process can be expressed 
as two half-reactions that sum to yield the overall reaction: 
 

1st half rxn.      Zn (s)   à  Zn+2 (aq) + 2 e- 

 
2nd half rxn.    Cu+2 (aq) + 2 e- à  Cu (s) 

 
 overall net rxn.     Zn (s) + Cu+2 (aq) à Cu (s) + Zn+2 (aq) 
 
Any spontaneous redox reaction can be harnessed to produce electrical energy under the right 
conditions. The problem with simply dropping a piece of zinc metal into a solution of Cu(II) is 
that the electrons provided by the zinc move directly to the aqueous Cu(II) ions without doing any 
work. In order to create a useful battery, the two half reactions must be physically separated so 
that the electrons will flow through an external circuit as shown in Figure 1. A salt bridge is 
necessary for charge balance: in this case sulfate ions flow from the copper to the zinc 
compartment.  
 
 The electrochemical cell shown in Figure 1 can be represented by the following shorthand: 

 
Zn (s) çZn+2 (aq) çç Cu+2 (aq) ç Cu (s) 

 

                                                
1 Adapted from Chemistry The Central Science, Laboratory Experiments, 6th Edition, by J.H. Nelson and K.C. Kemp 
and Laboratory Inquiry in Chemistry by R.C. Bauer, J.P. Birk, and D.J. Sawyer. 
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In this type of “line notation”, the components at the site of oxidation (the anode) are listed on 
the left; at the site of reduction (the cathode), on the right; and central double vertical lines 
represent the salt bridge. A single vertical line indicates a phase difference. 
 
Electrons that are generated at the anode of an electrochemical cell are driven toward the cathode 
by a thermodynamic tendency called the electromotive force (emf), measured in volts. The emf is 
also called the cell potential and depends on both the identities of the substances involved in the 
redox reactions as well as their concentrations. By convention, the standard cell potential Eocell 
corresponds to cell voltages under standard state conditions- gases at 1 atm pressure, solutions at 
1 M concentrations, and temperatures at 25oC. 
 
The overall cell potential can be regarded as the sum of the two half-cell potentials: 
 

Ecell = Ecathode – Eanode (1) 
 
Half-cell potentials are assigned relative to a reference, the standard hydrogen half-reaction that 
by convention has a standard reduction potential of exactly 0.000 Volts: 
 

2 H+ (1 M) + 2 e- à H2 (1 atm)       Eored= 0.000 V 
 
Thus, creation of a voltaic cell that has the following half-reactions allows calculation of the Eox 
of Zn via the measured Eocell: 
 Zn (s) à Zn+2 (aq) + 2 e-  Eoanode =? 

 
 2 H+ (1 M) + 2 e- à H2 (1 atm)    Eocathode= 0.000 V 

 
                         net rxn: Zn (s) + 2 H+ (aq) à H2 (g) + Zn+2 (aq) Eocell= 0.76 V 
 
Equation (1) above allows calculation of the standard reduction potential of Zn as follows: 
 

Ecell = 0.76 V =  Ecathode – Eanode  = 0 V – (Eanode) 
 
Note that by convention, half-cell potentials are listed as reductions. Thus, 

Zn anode Cu cathode

NO3
–

Cu+2Zn+2

Voltmeter

NO3
–

Figure 1. Functional galvanic cell based on oidation of Zn and reduction of Cu+2
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 Zn+2 (aq) + 2 e-  à Zn (s) Eored= -0.76 V 
 
By measuring other standard-cell emf values containing the standard hydrogen half-reaction, we 
can establish a series of standard potentials for other half-reactions. 
 
 Cell potentials for product-favored electrochemical reactions are positive. The exact 
relationship between the Gibbs free energy and the cell potential is as follows: 
 

 DGorxn = -nFEo (2) 
 

where n is the number of electrons transferred in the balanced redox reaction and F is the Faraday 
constant (96,500 J/V-mol), the charge on a mole of electrons. Thus, to achieve a favorable free 
energy change (a negative value), the cell potential must be positive. 
 
 In part I of this experiment you will construct three electrochemical cells from unknown 
chemical components and measure their cell potentials. You will infer the identity of one of the 
metals from its physical characteristics and use its literature value for the reduction potential in 
combination with the measured cell potentials to calculate the unknown half-cell potentials (thus 
determining the identities of the unknown metals) and the equilibrium constants for the reactions.  
 
Experimental Procedure  
 
Part I. Construct an Electrochemical Cell 
 You will be provided with three unidentified metals labeled M1, M2, and M3 and three metal 
ion solutions, containing 1.0 M solutions of the corresponding metal-nitrate solutions [M1(NO3)?, 
M2(NO3)?, and M3(NO3)?]. Note that one of the metals is distinctly different in appearance from 
the others and should identifiable based on its physical properties. This metal will make a useful 
reference in identifying the other metals.  
 
1. You are provided 30 mL of 1.0 M M1(NO3)?,  1.0 M M2(NO3)? , and M3(NO3)? in separate 

50mL test tubes.  
 
2. You are provided with metal strips of M1,  M2 , M3  
 
3.  Measure approximately 1 gram of agar. Pour agar into a 250 mL beaker with 100 mL of 0.1 

M KNO3. Heat and stir until agar dissolves. Keep this solution stirring. Use solution to fill 
tubing to create salt bridges. The syringe is useful for filling the tubing. The cotton balls are 
necessary plugs for each end of the salt bridge. This should be enough agar to pour three salt 
bridges, one for each of the designated electrochemical cells.  

 
4. Invert a U-tube and fill it with the agar solution (via a syringe) before liquid cools. Insert cotton 

plugs into each end, leaving some cotton protruding from each end. Make sure that you have 
no gaps or big bubbles, which would seriously impede current. Keep cotton plugs in. Let salt 
bridge gel by placing it into a large beaker (to keep U shape). 

 
5. Use a U-tube as a salt-bridge to link the two half cells provided. 
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6. Insert the metal M1 strip into the tube of M1(NO3)? and the metal M2 strip into the tube of 
M2(NO3)?. Obtain a voltmeter and attach the positive lead (cathode) to one metal and the 
negative lead (anode) to the other metal. 

 
7. Read and record the voltage, current, and the temperature of the galvanic cell. If the voltage is 

negative, reverse the connection. Label a quick sketch of the battery to record which metal 
acted as the anode and which acted as the cathode. Do not remove the salt bridge.  Disconnect 
meter from galvanic cell. 

 
8. Construct the following batteries and repeat same steps completed for previous battery: 

M2 çM2+? (1M) çç M3+? (1 M) ç M3 
 

M1 ç M1+? (1M) çç M3+? (1 M) ç M3 
 
Data Analysis: 

• Use the literature value for the reduction potential of the pre-identified metal to 
calculate the reduction potentials for the unknown half-cells at room temperature. Do 
these values agree between the different galvanic cells? Which galvanic cell is the 
largest cell potential? What dictates the voltage of a galvanic cell? Summarize your 
findings for each of the cells with the proper line notation. 

 
• From the reduction potentials of the unknown metals, propose the identity of each. If 

one of your reduction potentials is very close to two literature values, you may wish to 
list both metals as possibilities. 

 
• Calculate DG for each of the 3 batteries. 

 
• Calculate equilibrium constant for the three reactions at measured temperature. 

 
Part II. Building a Zn-Air Battery 
 
Hearing aids require a compact power source that is environmentally safe because the average user 
of hearing aids will consume 250 batteries per year.  Historically, hearing aid batteries used Hg 
metal as the anode material resulting in significant Hg addition to municipal waste.  Today’s 
hearing aid batteries use Zn as the anode and oxygen from the air as the cathode2. 
 
Anode: Zn + 4OH− → Zn(OH)42− + 2e−     (E0 = －1.25 V) 
Fluid:  Zn(OH)42− → ZnO + H2O + 2OH− 
Cathode: 1/2 O2 + H2O + 2e− → 2OH−   (E0 = 0.34 V @ pH＝11) 
Overall: 2Zn + O2 → 2ZnO     (E0 = 1.59 V) 

                                                
2 https://en.wikipedia.org/wiki/Zinc–air_battery 
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Interestingly, Zinc–air batteries have higher 
energy density and specific energy (and 
weight) ratio than other types of battery 
because oxygen is one of the battery 
reactants. The cathode material, oxygen, 
comes from the air and is not packaged with 
the battery so you only need to store half of 
the reactants.   The Zn metal is suspended in 
an alkaline gel that provides hydroxide 
consumed at the anode and regenerated at the 
cathode.   Commercial batteries use a porous 
membrane that helps catalyze the reduction 
of oxygen.   We will use steel wool as the 
electrode for oxygen reduction. 

Procedure:    
1) Place a strip of Zn metal into a test tube with 1.0 M NaOH.    

2) In a second test tube place a roll of steel wool into a solution of 1.0 M NaOH.    
3) Using a voltmeter and attach the positive lead (cathode) to one metal and the negative lead 

(anode) to the other metal. 
 
4) Read and record the voltage, current, and the temperature of the galvanic cell. If the voltage is 

negative, reverse the connection. Label a quick sketch of the battery to record which metal 
acted as the anode and which acted as the cathode.  Disconnect meter from galvanic cell. 

 
5) Now let’s modify the cell.   Place a large strip of Zn metal around the outside of a 400 ml beaker.   

Create a roll of steel wool that will occupy over 50% of the beaker volume (we want lots of 
surface area for the oxygen reduction).   Wrap the steel wool in paper towels and insert into 
the middle of the beaker.   The steel wool should not be touching the Zn metal.   Attach the 
electrodes to the anode and cathode and then pour in 50 ml of 1.0 M NaOH.    

 
4) Read and record the voltage, current, and the temperature of the galvanic cell. If the voltage is 

negative, reverse the connection. In your notebook label a quick sketch of the battery to record 
which metal acted as the anode and which acted as the cathode.  Repeat your measurements 
after you have added two more 50 ml additions of NaOH (100 ml and 150 ml total). 

 
Data Analysis: 

• Calculate DG for the Zn-air battery. 
• What aspects of the battery determines the measured cell potential (voltage) 
• What aspects of the battery determines the measured current. 
• Assuming that you build a Zn-air battery with 0.1 g of Zn(s), how long could you run 

a hearing aid that requires a constant current of 1.0 milli amps. 
 

Figure 1. Schematic of commercial Zn-
air battery (reference 3) 
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Bonus:  We will have several LEDs available in lab.   One battery cell does not have enough 
voltage to light a LED.   Work with one or more other lab groups to get the LED to light.  Where 
else have you used a similar battery configuration? 
 

 
Laboratory Report:   Record all your observations, notes, calculations, and data analysis 
questions in your laboratory notebook.   Turn in your notebook at the last lab meeting. 


