Module-4: Electrode System and Electrochemical Sensors

Electrode System: Introduction, types of electrodes, overview of Nernst equation, reference

electrode-construction, working and applications of calomel electrode. Ion selective electrode-
definition, construction, working of glass electrode, determination of pH using glass electrode.
Construction and working of concentration cell and numerical.

Sensing Methods: Introduction, principle and instrumentation of colorimetric sensors; its

application in the estimation of copper in PCBs. Principle and instrumentation of
potentiometric sensors and its application in the estimation of iron in steel, conductometric

sensors; its application in the estimation of acid mixture in the sample.

ELECTRODE SYSTEM
INTRODUCTION
Electrochemistry is a branch of chemistry that deals with the relationship between
chemical energy and electrical energy and their inter conversions by means of redox reaction.

Some basic concepts of electrochemistry

1. Electrochemical cell: An electrochemical cell is a device that uses chemical reactions
to either produce electricity from chemical energy or use electrical energy to drive
chemical reactions. It consists of at least two electrodes (anode and cathode) in an
electrolyte solution, facilitating redox (reduction-oxidation) reactions, and can be
broadly classified into galvanic cells (which produce electricity) and electrolytic
cells (which use electricity to cause reactions).

2. Electrode: Electrodes can be defined as conductors that are used to make electrical
contact with a non-metallic part of the circuit (an electrolyte).

3. Anode: An anode is an electrode in electrical equipment that conducts electricity and
it is where oxidation reactions occur. In galvanic cell anode is positively charged.

4. Cathode: Cathode is an electrode in electrical equipment that conducts electricity and
it is where reduction reactions occur. In galvanic cell cathode is negatively charged.

5. Oxidation: The process by which a species loses electrons.




7. Reduction: The process by which a species gains electrons.

8. Electrode potential: The tendency of a metal to get oxidized or reduced when it is
placed in a solution of its salt. When a metal [M] is placed in a solution containing its
own ions [M™" ], then the metal may undergo either oxidation or reduction.

9. Ifthe metal undergoes oxidation, then the positive metal ions may pass into the solution.
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10. If the metal undergoes reduction, then the negative ions may get deposited over the
metal.
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11. Electrolyte: This is the material which provides ionic conductivity between positive
and negative electrodes of the cell.

12. Cell potential: Cell Potential is the difference in electrical potential between an

electrochemical cell’s two electrodes.

Overview of Nernst equation

The Nernst equation is used in electrochemistry to calculate the electrode potential of a
half-cell or an electrochemical cell under non-standard conditions (that is, when concentration,
pressure, or temperature are not at standard values).
It shows how the voltage (potential) of a cell changes with concentration of ions involved in
the reaction. General form Nernst equation is

E=E°—RT/nF InQ
Where: E= electrode potential under given conditions
E°= standard electrode potential
n=number of electrons transferred
R= gas constant

T= temperature (K)






















































