C. Y. Yeung (AL Chemistry)

F7 Essay Writing (Electrode Potentials)
Q.
Write an essay on electrode potentials.

Outlines:

(I)
What are electrode potentials?

(a)
associated with equilibria of redox systems (half cells):



e.g.  metal / metal ion system ; non-metal / ion system ; ion / ion system;

(b)
reactivity, tendency for reduction to occur (losing electrons) and potential difference;

(c)
the potential difference of a half cell cannot be measured alone, but a relative 
value 
could be measured with another reference half cell / reference electrode;

(d)
a standard hydrogen electrode [SHE] (in which the emf is defined as zero) is 
used as the reference electrode;
(II)
How are electrode potentials measured?


(a)
concentration, temperature and pressure affect the emf of SHE, and the standard 
electrode potentials are obtained under conditions of 298K, 1 atm and conc. of 1M.


(b)
set up a cell with SHE and a salt bridge of electrolyte (e.g. KNO3);

(c)
a potentiometer is used to measure the cell emf (maximum potential difference), and 
the sign of cell emf = polarity of the right hand electrode.
(III)
How are electrode potentials used? / Application of electrode potentials?

(a)
calculation of cell emf ;

(b)
prediction of reaction feasibility and limitations.
~ Sample Essay ~
An electrode potential is the difference in an potential between an electrode and its surrounding electrolyte.  It is always referred to a “zero point” defined by the potential of a reference electrode (e.g. standard hydrogen electrode).  Electrode potential is an important measurement in the realm of electrochemistry, and it is particularly useful in the prediction of the energetic feasibility of redox reactions as well as calculation of electromotive force (emf) of electrochemical cells.
What are electrode potentials?
Given a metal electrode in a solution that contains ions of that metal, there will be some tendency for the metal to shed electrons and go into the solution as ions.  The electrons will be left behind on the metal.  In a very short time, the metal electrode is surrounded by a layer of positive ions which tend to stay close as they are attached to the negative charge on the metal piece.  Some of them will be attached enough to “re-claim” their electrons and stick back on the metal electrode, i.e. the following dynamic equilibrium is established:
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(eqn. 1)
In this equilibrium, the rate at which ions leave the surface is equal to the rate at which they are joining it again.  Therefore, there are a constant negative charge on the metal surface, with a constant number of cations present in the solution around it.  Thus, a potential difference is developed between the metal electrode and the adjacent electrolyte.
The electrode potential of different metal / metal ion systems are not same as it is closely related to the metal reactivity.  For example, magnesium is more reactive than copper, so that Mg forms Mg2+ and gives out electrons more readily than Cu does.  From an equilibrium point of view,
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(eqn. 3)
the position of magnesium equilibrium lies further to the left than that of copper equilibrium.  Therefore, a greater potential difference will be observed in the case of magnesium since there is a greater difference between the “negativeness” of magnesium electrode and the “positiveness” of the solution around it.
How are electrode measured?

The potential difference between the metal and solution cannot be measured directly.  Instead, it is measured by comparison with a reference electrode: standard hydrogen electrode (SHE), the potential of which is defined as zero.  As the equilibrium position can be altered by changing temperature, pressure and concentation, the standard conditions of SHE are defined as 298K, 1atm and 1M H+ concentration.
In order to measure the electrode potential of an electrode system, SHE is connected with the electrode system to be studied.  These two systems are connected by a salt bridge so that the electric circuit is complete.  The salt bridge is made of a glass tube filled with potassium nitrate solution, and the ends are stoppered by cotton wool to avoid too much mixing of solutions.  For example, to study the electrode potential of Mg / Mg2+ ([Mg2+] = 1.0M) system, the following cell is set up:

Since magnesium has a much greater tendency to lose electrode than hydrogen does, there will be a much greater build up of electrons on the magnesium electrode than on the platinum wire.  Hence, there is a difference between the charge on the two electrodes, and it is measured by a potentiometer.  As the magnesium has greater amount of “negativeness”, the magnesium electrode is regarded as the negative electrode while the less negative SHE is regarded as the positive electrode.  By convention, the sign of cell emf (E( value) is equal to the polarity of the electrode studied.  Hence, the Mg / Mg2+ system has a negative electrode potential.
If the Mg / Mg2+ system is replace by Cu / Cu2+ system, SHE would then act as the negative electrode and the copper would act as the positive one, because copper has a lower tendency to give out electron than hydrogen.  Consequently, a positive E( value would be found for the Cu / Cu2+ system.
How are electrode potentials used??

In accordance to the previous examples, a cell emf could also be found if the Mg / Mg2+ and Cu / Cu2+ system are connected.  Due to the greater negativeness of Mg and Cu, magnesium serves as the anode (negative electrode) while copper serves as the cathode (positive one).  The electrode potentials of half cells could be used to determined the E( value of electrochemical cell by simple calculation:
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(eqn. 4)
Besides, electrode potentials are one way of measuring how easily a substance loses electrons.  Thus, it is possible to predict the feasibility of redox reactions from the corresponding electrode potentials: redox reactions with a positive 
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 value are energetically feasible.  However, apart from predicting the reaction feasibility, it is also noticeable that the 
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 value does not tell anything about how fast the reaction will happen unless kinetic information (e.g. activation energy) are given.  In addition, the prediction is only valid under standard conditions, i.e. 298K, 1 atm and 1.0M concentrations for all species.
In conclusion, the electrode potentials give us a way of comparing the position of redox equilibrium when substances lose electrons.  In the fundamental electrochemical studies of different elements and compounds, it surely offers helpful information for us to know more about their reactivity as well as potential towards reduction.  In addition to the calorimetric investigation of heat change of reaction, the electrode potentials is also a convenient tool for us to understand the relative energetic stabilities of substances.
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