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20 • Electrochemistry 
2 0 . 3  –  2 0 . 4  V o l t a i c  C e l l s  a n d  C e l l  E M F  

Electrons spontaneously flow from one species to another—and through the wire from the anode to 
the cathode of a voltaic cell—because of a difference in potential energy, or a potential difference. 
The potential difference between two electrodes is measured in volts. One volt is equal to one joule 
per coulomb. 

 

The potential difference that drives electrons through the wire in a voltaic cell is called the 
electromotive force or emf. For a voltaic cell the emf is denoted Ecell and referred to as the             
cell potential. 

 

 

The value of a cell potential depends on what half-reactions are taking place in the two compartments 
of the cell. The cell potential measured under standard conditions, E°cell (25°C, 1 M concentrations, 
and 1 atm pressures), is the standard cell potential or standard emf. For the zinc and copper 
voltaic cell in Figure 20.5, E°cell is 1.10 V. That is for the reaction 

 

at 25°C, where the concentrations of copper and zinc ions are both 1 M. 

Such potentials can be measured experimentally, but many of them can be calculated from tabulated 
standard reduction potentials, E°red values. 

 



Table 20.1 gives some standard reduction potentials. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In order to calculate the value of E°cell for the Zn/Cu cell, we locate the pertinent half-reactions on the table. 
(Note that all of the half-reactions are tabulated as reductions, even though when two are coupled, one must 
occur in the reverse sense as an oxidation.) 

E°red = 0.34 V 

E°red = - 0.76 V 

  

We have already seen that in this cell, oxidation occurs at the zinc electrode, making it the anode. The copper 
electrode is the cathode.  

 

 

 

 



The more positive the standard cell potential, the greater the driving force for 
electrons to flow from the anode to the cathode. Because the cathode of a voltaic cell 
is always the half-reaction with the more positive (or less negative) standard 
reduction potential, the standard cell potential of a voltaic cell is always positive. 

 

The standard reduction potentials for the various half-reactions are measured against 
a standard hydrogen electrode (SHE). The half-reaction of interest and the SHE, 
both under standard conditions, are made into a voltaic cell, as shown in Figure 20.11, 
and the cell potential is measured experimentally. The standard potential of the 
standard hydrogen electrode's half-reaction is arbitrarily assigned a value of zero, so 
the measured potential corresponds to the half-reaction being evaluated. 

 

The standard reduction potentials in Table 20.1 can be used to compare the oxidizing power or reducing power 
of a substance. The more positive the value of E°red for a species, the more readily it undergoes reduction and 
the better oxidizing agent it is. As E°red becomes more 
negative, the species on the right side of the arrow 
becomes a stronger reducing agent. 

  

 

 

 

 

 

 

 

 



Voltaic Cell and EMF Questions 
 
1. A voltaic cell is based on the following two standard half-reactions: 
 

Cd2+(aq)   +  2e-      Cd(s) 
 

Sn2+(aq)   +   2e-     Sn(s) 
 
By using data in Appendix E, determine: 
 
(a) the half-reactions that occur at the cathode and anode 
 
 
 
 
 
(b) the standard cell potential 
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