
 

 

 
How to use the voltage differences of a set of unknown half-cells to determine an electrochemical series?  

Introduction  
The electrochemical series is a list of half equations 

arranged in the order of their half-cell reduction 

potentials. (Penny Commons, 2017-2021, pg. 654) The 

Half-cell Potential (E°) is the tendency of a particular 

half-cell to participate in reduction reactions and is 

measured in volts (V). 
 
Half-cell Potentials are determined by measuring the 

voltage between a particular half-cell and a reference 

electrode. The voltage is a quantitative expression of the 

potential difference in charge between the electrodes of 

the half-cells. 
 
Half-cell Potentials vary with factors such as 

concentrations, pressure and temperature. Hence, for the 

standard electrochemical series, the Half-cell Potentials 

are measured in combination with the Standard Hydrogen 

Half-cell under standard conditions (temperature - 25°C, 

pressure - 101.325 kPa, concentration of solutions - 1.0 

M). Under nonstandard conditions, the electrochemical 

series is no longer valid and cannot be used to predict 

reactions. 
 
Aim: To investigate and conduct an experiment to 

determine the voltages between the Cu2+/Cu half -

cell and unidentified half-cells in order to construct an 

electrochemical series. 
 
Hypothesis: That the determined electrochemical series 

will differ from the electrochemical series measured 

under standard conditions.  

Reaction 

Standard Electrode 

Potential (E°) in volts 

 at 25°C 

Cl2(g) + 2e- ⇌ 2Cl-(aq) +2.87 
  

Fe3+(aq) + e-  ⇌ Fe2+(aq) +0.77 
  

Cu2+(aq) + 2e- ⇌ Cu(s) +0.34 
  

2H+(aq) + 2e- ⇌ H2 (g) 0.00 
  

Zn2+(aq) + 2e- ⇌ Zn(s) -0.76 
  

K+(aq) + e- ⇌ K (s) -2.93 
   
Figure 1: the order of half equations of the unknown species as they appear 

in the electrochemical series at standard conditions 

 
Variables  
Independent variable: the different chemical species 

(conjugate pairs) in the unknown half-cells 

Dependent variable: the voltage  
Controlled variables: same temperature, same 

electrolyte concentration, same multimeter 

 
Materials  
1x Copper strip  
1x Zinc strips  
3x Carbon rods  
1x identified half-cell:  

- 50mL 0.1 M Copper sulphate  
4x unidentified half-cells labelled B to E:  

- 50mL 0.1 M Zinc sulphate  
- 50mL 0.1 M Iron(III) nitrate, 0.1 M Iron(II) sulphate  
- 50mL 0.1 M Potassium chloride  
- 50mL 0.1 M Hydrochloric acid  

0.1 M Potassium nitrate  
5x strips of 2cm x 15cm paper towel  
5x 100 mL beaker  
2x wire leads with alligator clips  
Multimeter  
Steel Wool  
pH indicator paper  
Method  
1. Pour 50mL of 0.1M copper sulphate solution into a 100mL 

beaker 

2. Repeat step 1 for each of the unknown solutions B to E  
3. Clean copper and zinc strips with steel wool  
4. Place the copper strip in the 50 mL 0.1 M copper sulphate 

solution 

5. Place the assigned electrodes (see below) for the unknown 

half-cells in their respective solutions  
B - zinc electrode D - carbon rod  
C - carbon rod E - carbon rod  

7. Make a salt bridge by soaking a strip of paper towel in a 

beaker of 0.1M potassium nitrate solution, join the Cu2+/Cu 

half-cell with unidentified half-cell B using the salt bridge 

(see figure 1)  
8. Attach two wires to the multimeter and clip the end of one 

wire to the copper electrode. 

9. Record the voltage and identify the polarity of the unknown 

electrode in the results table (the positive terminal is 

connected to the cathode and the negative terminal is 

connected to the anode) 

10. Disconnect the leads. Remove and discard the salt bridge.  
11. Repeat steps 1-4 for the Cu2+/Cu half-cell and the other 

unidentified half-cells (A-D) 

12. Repeat the entire experiment two more times 

 
 
 
 
 
 
 
 
 
 

Figure 2: half-cells set up (University of Texas, 2013) 

 
Results  

 
Half-cells 

 
Voltage (V) 

   Polarity of 

     Unknown 

       Electrode 
        

  Trial 1 Trial 2 Trial 3 Average   
        

 Cu2+/Cu, B -1.037 -1.006 -0.978 -1.007  Anode 
        

 Cu2+/Cu, C +0.416 +0.417 +0.416 +0.416  Cathode 
        

 Cu2+/Cu, D +0.278 +0.323 +0.369 +0.323  Cathode 
        

 Cu2+/Cu, E +0.379 +0.409 +0.393 +0.394  Cathode 
       

      

 Observations    Determined solution(s) 
     

 Half-cell A was blue in colour   Copper sulphate 
     

 Half-cell B contained a zinc electrode  Zinc sulphate  
      

 Half-cell C was yellow in colour   Iron(II) sulphate  
 Carbon rod was used as an electrode  Iron(III) nitrate  
    

 Half-cell D had a pH of 6 (pH paper turned green)  Potassium chloride 
    

 Half-cell E had a pH of 1 (pH paper turned red)  Hydrochloric acid 
        

 
Graph 

 
 
 
 
 
 
 
 
 
 

 
To construct the electrochemical series:  
1. Place the half equations of the unidentified half-cells in which the Cu2+/Cu half-cell was 

determined to be the anode above the Cu2+/Cu half equation. 

2. Place the half equations of the unidentified half-cells in which the Cu2+/Cu half-cell was 

determined to be the cathode below the Cu2+/Cu half equation. 

3. To order the half equations above the Cu2+/Cu equation, place the half equations in an 

order such that the smaller the voltage, the closer it is placed to the Cu2+/Cu half 

equation. 

4. Repeat for the half equations below the Cu2+/Cu half equation. 

 
Discussion:  
In order to determine the electrochemical series of a set of unknown half-cells, 

the voltages of Cu2+/Cu, the standard half cell, and unknown half-cells were 
measured and compared.  
Quantitative results comprised of the voltages measured between Cu

2+
/Cu and unknown 

half-cells. These results were fairly consistent with no obvious outliers. Qualitative results 

were also obtained to determine the composition of the unknown half cells. In this way, 

the charges of the conjugate pairs of unknown species could be predicted for the 

constructed electrochemical series. However, the reliability of these results cannot be 

guaranteed due to their qualitative nature.  
The hypothesis was supported as the order of half-cell equations in the determined 

electrochemical series differed from that in the electrochemical series established at 

standard conditions. Using the standard electrochemical series, the expected positions of 

the D
+
/D and E

+
/E2 half equations is below the Cu

2+
/Cu half equation as Cu

2+
 is higher 

on the series (a stronger oxidant) than K
+
 and H

+
. However in both cases, the Cu

2+
/Cu 

half-cell was determined to be the anode and so the D
+
/D and E

+
/E2 half equations were 

determined to be lower on the newly constructed series.  
The differing order of half equations in the constructed electrochemical series 

was expected as the experiment was not conducted under standard conditions. 

Hence, the voltages measured would be expected to disagree with those 

calculated using the standard electrochemical series.  
The slight variation of the voltages measured within the three trials could be the 

effect of reusing the Cu
2+

/Cu and unknown half-cell solutions instead of discarding 

them after each trial. For instance the voltage measured for the Cu
2+

/Cu and B half- 

cells decreased with each trial - 1.037 V, 1.006 V and 0.978 V. The reuse of the 

Cu
2+

/Cu half-cell with each of half-cells C-E would have caused the concentration of 

Cu2+ to decrease as Cu2+ was reduced to produce Cu(s). In this instance, the 
decrease in cathode Cu2+ ion concentration would result in a decreased voltage,  
which was observed.  
A possible systematic error could have occurred when measuring 50 mL of solutions in 

the 100 mL beakers as the graduated markings were only approximates. Therefore the 

volume of electrolyte solution in the separate half-cells may have been inconsistent. In 

order to remove this discrepancy and improve the accuracy of results, volumetric 

equipment could be used to acquire more accurate volume measurements. Moreover, a 

possible random error could be the result of the fluctuating voltage readings on the 

multimeter. To account for this error and improve precision, the averages of the voltages 

measured were calculated.  

Reaction  Electrode Potential (E0) 

C
3+

(aq) + e
-
  ⇌ C

2+
(aq) Fe

3+
(aq) + e

-
  ⇌ Fe

2+ 
0.416 

   

2E
+
(aq) + e

-
  ⇌ E2(g) 2H

+
(aq) + e

-
  ⇌ H2(g) 0.394 

   

D
+
(aq)  + e

-
  ⇌ D(s) K

+
(aq)  + e

-
  ⇌ K(s) 0.323 

   

Cu
2+

(aq) + 2e
-
  ⇌ Cu(s)  0.00 

   

B
2+

(aq) + 2e
-
  ⇌ B(s) Zn

2+
(aq) + 2e

-
  ⇌ Zn(s) -1.007 

   

 
Figure 3: The determined electrochemical series: with the determined order 

of unknown half equations and their corresponding known half equations  
Conclusion  
It can be concluded that the order of half equations in the deducted 
electrochemical series differs from the electrochemical series measured at 
standard conditions. Therefore, the hypothesis is supported. 


