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17.7: The Direction of Electron Flow and its Implications
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Figure 4. Applied potential augments the cell potential.

We can incorporate another potential source into the external circuit of an electrochemical cell. If we do so in such a way that the
two electrical potentials augment one another, as diagrammed in Figure 4, the potential drop around the new external circuit is the
sum of the potential drops of the two sources taken independently. The direction of electron flow is unchanged. An electron
anywhere in the external circuit is propelled in the same direction by either potential source. The effective potential difference in
the composite circuit is the sum of the potentials that the sources exhibit when each acts alone.
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Figure 5. Applied potential opposes the cell potential.

Alternatively, we can connect the two potential sources so that they oppose one another, as diagrammed in Figure 5. Now an
electron in the external circuit is pushed in one direction by one of the potential sources and in the opposite direction by the other
potential source. The effective potential difference in the composite circuit is the difference between the potentials that the sources
exhibit when each acts alone. In the composite circuit, the direction of electron flow is determined by the potential source whose
potential difference is greater.

This has a dramatic effect on the direction of the reaction occurring in the weaker cell. In the composite cell, the direction of
electron flow through the weaker cell is opposite to the direction of electron flow when the weaker cell is operating as a galvanic
cell. Since the direction of electron flow in the external circuit determines the directions in which the half-reactions occur, the
chemical reaction that occurs in the cell must occur in the opposite direction also. When the direction of current flow through a cell
is determined by connection to a greater potential difference in this fashion, the cell is called an electrolytic cell. Reduction occurs
at the negative terminal of an electrolytic cell. In an electrolytic cell, the cathode is the electrically negative electrode. The direction
of current flow in any cell can be reversed by the application of a sufficiently large counter-potential.

When a cell operates as a source of current (that is, as a galvanic cell), the cell reaction is a spontaneous process. Since, as the cell
reaction proceeds, electrons move through a potential difference in the external circuit, the reaction releases energy in the cell’s
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surroundings. If the external circuit is simply a resistor, as when the terminals are short-circuited, the energy is released as heat. Let
q be the heat released and let () be the amount of charge passed through the external circuit in a time interval A¢. The heat-release
rate is given by
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The electrical current is I = @ /At. If the resistor follows Ohm’s law, £ = IR, where R is the magnitude of the resistance, the
heat release rate becomes
g _
At
As the reaction proceeds and energy is dissipated in the external circuit, the ability of the cell to supply further energy is

continuously diminished. The energy delivered to the surroundings through the external circuit comes at the expense of the cell’s
internal energy and corresponds to the depletion of the cell reactants.
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When the chemical reaction occurring within a cell is driven by the application of an externally supplied potential difference, the
opposite occurs. In the driven (electrolytic) cell, the direction of the cell reaction is opposite the direction of the spontaneous
reaction that occurs when the cell operates galvanically. The electrolytic process produces the chemical reagents that are consumed
in the spontaneous cell reaction. The external circuit delivers energy to the electrolytic cell, increasing its content of spontaneous-
direction reactants and thereby increasing its ability to do work.

In summary, the essential difference between electrolytic and galvanic cells lies in the factor that determines the direction of current
flow and, correspondingly, the direction in which the cell reaction occurs. In a galvanic cell, a spontaneous chemical reaction
occurs and this reaction determines the direction of current flow and the signs of the electrode potentials. In an electrolytic cell, the
sign of the electrode potentials is determined by an applied potential source, which determines the direction of current flow; the cell
reaction proceeds in the non-spontaneous direction.
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