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Reference Electrodes

The reaction potential is measured with reference to a standard half-cell or
electrode. The hydrogen half-cell provides the basic standard, but in practice is
awkward to use. For this reason, several other reference half-cells have been
developed. Some of these reference cells are listed in the following table along

with their potential with respect to the hydrogen half-cell and location of use.

Half-Cell Potential Ref. Environment

SHE

(v)

Copper : Copper Sulfate +0.3160 Soil
Tenth Normal Calomel +0.3337 Laboratory
Normal Calomel +0.2800 Laboratory
Saturated Calomel +0.2415 Laboratory
Silver : Silver Chloride (0.1M KCI) +0.2880 Seawater
Silver : Silver Chloride (Seawater) +0.2222 Seawater
Silver : Silver Chloride (3.8M KCI) +0.1990 Seawater
Hydrogen 0 Laboratory
Zinc -0.7600 Seawater

1- Hydrogen Electrode (SHE)

The hydrogen electrode is used as a reference for electrode potential
measurements. Theoretically, it is the most important electrode for use in
aqueous solutions. The reversible hydrogen electrode in a solution of
hydrogen ions at unit activity exhibits a potential, which is assumed to be zero

at all temperatures.

The electrode consists of a platinum wire immersed in a solution (Fig. below)
containing hydrogen ions and saturated with hydrogen gas. Platinum is
immersed completely in aqueous arsenic free hydrochloric acid, and hydrogen

gas free from oxygen and carbon monoxide is bubbled to the platinum surface.
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hydrogen electrode cannot be maintained in oxidizing media. Second, if a
current is withdrawn from the electrode, the electrode acts as an anode because
of the ionization of gas molecules. Also, the electrode is fragile and delicate

to handle.

H,(g) at 1 atm ——=— |

Pt electrode

Pt wire =
5
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: .
Pt electrode —Th e e
H,(g) outlet /
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half-reaction at Pt surface:
2H*(ag) + 2e” = H,(q)

The electrode potential for hydrogen Ew, can be determined as follows:
2H" +2e =H,

[H*]?
[H,]

RT

where H+ is activity of hydrogen ions, and Hz is hydrogen partial pressure.

At one atmosphere pressure (Hz ), Ht =1, and E° 4+, = 0 by definition.

Therefore,
EH+/H2 = 0.059l0g[H+]1
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2- Silver-Silver Chloride Electrode (SSCE)

This electrode is composed of a silver wire coated with silver chloride and

immersed in a solution of chloride ions. The chloride equilibrium is given by:
AgCI=Ag* + CI’

The metallic silver reaches equilibrium with silver ions according to the

following reaction:
AgT+e=Ag
The overall electrode reaction is, therefore, given by:

AgCl+e=Ag+CI (Edgci/ag=0-25V)

™ AgCl

KCl, 3.5 mol dm™

/

The electrode potential, E4 ;¢ /4, » IS given by:

AgCl+e=Ag+CI

E — E© 2303 —]1 M
Ag/Agel = Eag/ager T 23031 p 100 T T
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[Ag] =1 and [AgCI] =1
Therefore,
Epg/aga = EXg/AgCl - wlog[(]l]
Orat 25°C

EAg/AgCl == EZg/AgCl —0.0592 log[Cl]
3- The Calomel Electrode (SCE)

It is the most commonly used reference electrode. It has a constant and
reproducible potential. The electrode basically consists of a platinum wire
dipped into pure mercury which rests in a paste of mercurous chloride and
mercury. The paste is in contact with a solution of potassium chloride which

acts as a salt bridge to the other half of the cell

ELECTRICAL
I, o Pt wire
A Paste of Hg, Hg,Cl,
N and saturated KCl

Small hole or
asbestos fiber

Saturated KClI

Ceramic frit

@CORROSION
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Hg,Cl,+2e=2Hg+2Cl~

E=0.241V

The electrode potential can be written as:

2.303RT 1
Ecalomer = E° + F log [Cl_]

Or at25C

ECalomel = EO —0.0592 log[Cl_]

The value of E° for the half cell reaction of calomel electrode is 0.241 V. Thus,

the electrode potential becomes:

Ecatomer = 0.241 — 0.0592log [CL7]

4- Copper-Copper Sulfate Electrode (SCCE)

This is a reference electrode which is easy, robust and stable. It is used mainly
in cathodic protection measurements, such as the measurement of pipe-to-soil
potential. It has a lower accuracy than other electrodes used for laboratory
work. It consists of copper metal placed in a solution containing copper sulfate
and copper sulfate crystals placed in a non-conducting holder with a porous
plug , fig below.
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The reaction of the Cu-CuSQO, half cell is
CU2+ + 26 = CU EOCuSo4/Cu = 030 at 25°C.

and the electrode potential;

ECu2+/Cu = EOCu2+/Cu + 0.0592 log [Cu]

5- Pb/PbClI E°=-0.33V

6- Zn/ZnCl, E°=-0.76 V

Convert from reference electrode

Este = Em + ERger.
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Examplel:

A potential of metal A is -0.17 Standard hydrogen electrode (SHE), determine
its potential verses Saturated calomel electrode (SCE), Pb/PbCl,, Cu/CuSQOs,,
ZnlZnCl,, Ag/AgCI.

Solution.:

Este = Em + Erer.

-0.17=E+0.24

E=-0.41 V (SCE)

So that:

Em=-0.17 + 0.33= 0.16 \V (Pb/PhCl,)

E=-0.17-0.3=-0.47 V (Cu/CuSOy)
E=-0.17 + 0.76 = 0.59 V (Zn/ZnCl,)

E=-0.17 - 0.25=-0.42 VV (Ag/AgCl)

Example 2:

The potential of metal B is (-0.68 SCE), determine its potential verses
Ag/AgCl, Pb/PbCl,, Zn/ZnCl,.

Solution

First of all, convert the potential to SHE
EsHe = Em + Eret.

Eshe=-0.68 + 0.24

=-0.44 V SHE
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 -044=En+025
E=-0.69V (Ag/AgCl)
-0.44 = Eq + (- 0.33)
E=-0.44 +0.33 =- 0.11 V (Pb/PbCl,)
- 0.44 = Eq + (- 0.76)

E=0.32 V (Zn/ZnCly)



