
Basic Principles of Battery 
 

The electrochemical series 

Different metals (and their compounds) have different affinities for electrons. When two 

dissimilar metals (or their compounds) are put in contact through an electrolyte, there is a 

tendency for electrons to pass from one material to another. The metal with the smaller affinity 

for electrons loses electrons to the material with the greater affinity, becoming positively 

charged. The metal with the greater affinity becomes negatively charged. A potential 

difference between the two electrodes is thus built up until it balances the tendency of the 

electron transfer between the metals. At this point the potential difference is the equilibrium 

potential: the potential at which the net flow of electrons is 0. 

The electrochemical series represents the quantitative expression of the varying affinity of 

materials relative to each other. In an aqueous electrolyte the standard electrode potential for an 

electrode reaction is expressed with respect to a reference electrode. Conventionally this is the 

H2/H+ cell, with reaction: 

H+ + e  ½ H2 

 

 

What is a battery? 

A battery is an electrochemical cell that converts chemical energy into electrical energy. It 

comprises of two electrodes: an anode (the positive electrode) and a cathode (the negative 

electrode), with an electrolyte between them. At each electrode a half-cell electrochemical 

reaction takes place, as illustrated by the figure below. 



 

 

 



Discharge 
Electrode 1 is an anode: the electrode is oxidised, producing electrons. Electrode 2 is a cathode: the 
electrode is reduced, consuming electrons. In the fully charged state, there is a surplus of electrons on 
the anode (thus making it negative) and a deficit on the cathode (thus making it positive). During 
discharge, electrons therefore flow from the anode to the cathode in the external circuit and a current 
is produced. Therefore in simple terms batteries work as electron pumps in the external circuit, 
preferably with only ionic current flowing through the electrolyte. The electrical potential difference 
between the cathode and the anode, which can drive the electrons in the external circuit, is 
called electromotive force(emf). Once all the active material at the cathode has been reduced, and/or all 
the active anodic material is oxidised, the electrode has effectively been used up, and the battery 
cannot provide any more power. It can then be either disposed of or preferably recycled if it is a 
primary battery, or recharged if it is a rechargeable (secondary) battery. 
If the anode were zinc and the cathode were copper the half reactions would proceed as follows: 

At the anode: Zn →  Zn2+(aq) + 2e–                  Eo = 0.76V 
At the cathode: Cu2+(aq) + 2e– → Cu               Eo = 0.34V 
Thus the total potential for this cell is 1.10 V. 

During use as a battery, discharge leads to dissolution of Zn at the anode and the deposition of Cu at 
the cathode. Such a cell is embodied in the Daniell Cell introduced in 1836. As a practical cell this 
required two electrolytes (typically zinc sulphate and copper sulphate aqueous solutions) to avoid 
polarisation. The electrolytes are separated from each other by a salt bridge or a porous membrane, 
which allows the sulphate ions to pass and carry the ionic current, but blocks metallic ions. The Daniell 
Cell is an effective battery but not practical for portability. More recently, however, the idea of using 
two separate electrolytes has been resurrected in the form of redox batteries. 
  

Charge 
When the cell potential is depleted the battery can be recharged. When a current is applied to the cell 
in the opposite direction the anode becomes the cathode, and vice versa. Thus electrode 2 that was 
oxidised upon discharge is now reduced and the electrode 1 that was reduced is now oxidised so the 
electrodes are returned to their former state, ready to be discharged again. 

This time the anode would be copper and the cathode would be zinc, and the half reactions would 
proceed as follows: 

At the anode: Zn2+(aq) + 2e–  → Zn             Eo = -0.76V 
At the cathode: Cu → Cu2+(aq) + 2e–          Eo = -0.34V 
The minimum potential required for charging will be 1.10 V, as this is the potential of the cell. In 
reality much higher potentials will be required to overcome the polarisation. 
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