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Experiment 11: Voltaic Cell Measurement
The objective of the Experiment
The objectives of this experiment are to construct five voltaic cells and find the 
measurements of the corresponding cell potentials, as well as compare these to the theoretical 
cell potentials.
The objectives of this experiment are to construct five voltaic cells and find the measurements of the corresponding cell potentials, as well as compare these to the theoretical cell potentials.
Introduction
A voltaic cell is a system in which reduction and oxidation processes occur spontaneously. The two reactions are set separately and connected through an external path (Khan et al., 2017). Each of the reactions forms a half-reaction of the cell. The reactions generate some electric potential that can be measure. This is the concept used in various has been used in the batteries.
In each cell, the potential can be predicted by the use of the standard reduction potentials. This is done using the formula.
Eocell = Eoreduction-Eooxidation
Most of the available potentials are taken in the standard condition, which is at 25oC, 1atm, and 1M concentrations for all solutions. This can never work in the normal reactions since they rarely occur at standard conditions (Kubov et al., 2017). Therefore, another formula was developed by Nernst as below;
E= Eo – 0.05916/n log10Q
Where E is potential at non-standard conditions, Eo is potential at standard conditions, n is the number of moles of electrons transferred, and Q is the reaction quotient.
In any reaction, no single cell can be used to determine the cell potential. Therefore two half cells are combined (Sato & Tatsumi,2017). Thus we cannot have a Cu2+|Cu cell being used but we can combine it with zinc electrode to get a complete cell as
Zn|Zn2+ ||Cu2+|Cu, whereCu2+ is reduced to copper metal and Zn is oxidized to Zn2+ions.
The complete reaction equation is as shown
Zn(s) +Cu2+(aq)                      Cu(s) + Zn2+(aq) 
If Nernst equation is applied to this reaction we will get the below equation for the cell involving Zn and Cu and their respectively ions.
Ecell = Eocell – (0.05916/2)log ([Zn2+]/[Cu2+])
Results
	cell
	Ecell measured
	Anode
	Eoox
	Cathode
	Eored
	Ecell calculated

	1
	155 V
	Pb
	0.13V
	Zn
	-0.76V
	-0.6389V

	2
	370 V
	Pb
	0.13V
	Cu
	-0.36V
	-0.2189V

	3
	350 V
	Zn
	0.76V
	Cu
	-0.36V
	-0.42V



Cell Equations:
Cell 1;    Zn2+ (aq) + Pb (s)                            Pb2+(aq)  +  Zn(s) Eo= -0.63v
Cell 2;    Cu2+ (aq)   +  Pb (s)                                 Pb2+(aq)   + Cu(s) Eo =-0.23v
Cell 3;    Cu2+ (aq)   +  Zn (s)                          Zn2+(aq)    + Cu(s) Eo = -0.4v
Calculations:
Ecell = Eocell – (0.05916/2)log ([Pb2+]/[Zn2+])
       = (-0.76—0.13)- (0.05916/2)log 0.2/0.1
       = -0.63-0.02958log 2
       = -0.63-0.02958*0.3010
      =-0.63-0.008903= -0.6389v
Ecell = Eocell – (0.05916/2)log ([Pb2+]/[Cu2+])
       = (-0.36—0.13)- (0.05916/2)log 0.2/0.1
       = -0.21-0.02958log 2
       = -0.21-0.02958*0.3010
      =-0.21-0.008903= -0.2189v
Ecell = Eocell – (0.05916/2)log ([Zn2+]/[Cu2+])
       = (-0.76—0.34)- (0.05916/2)log 0.1/0.1
       = -0.42-0.02958log 1
       = -0.42-0.02958*0
      =-0.42-0= -0.42v
Discussion
In all voltaic cells, oxidation takes place in the anode where there are most positive charges, while reduction occurs in the cathode where there is a high concentration of electrons (negative charges)
I this experiment Zn, Cu, and Cu are in the cathode in cells 1,2,3, respectively. Thus these are reduced to their respective metals. Pb, Pb and Zn are in the anodes of the cell 1, 2, 3 respectively thus they are oxidized to their respective ions.
The half equations of the reaction in cell 1 are as below
Zn2+(aq) + 2e-              Zn(s)         Eo = -0.76V
Pb(s)                      Pb2+(aq) + 2e-
In cell 2
Cu2+(aq) + 2e-              Cu(s)          Eo = -0.34V
Pb(s)                      Pb2+(aq) + 2e-     Eo= -0.13V
In cell 3
Cu2+(aq) + 2e-              Cu(s) 
Zn(s)                      Zn2+(aq) + 2e-
The calculated experimental potential is -0.6389Vfor cell1, -0.2189V for cell 2 and -0.42V for the third cell. This is a little different from the standard cell potentials, which a -0.63V, -0.23V, and -0.40V for cells 1, 2, and 3, respectively.
Therefore, the non-standard cell potentials are different from the standard due to the effect caused by these surrounding effects.
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