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Electrochemisiry

Electrolytic Cells and Electrolysis

In an electrolytic cell, the electrical energy is converted to chemical energy. The dissociation of an
electrolyte by the passage of electricity is called electrolysis.
Fore.g.when CuSO,solutionis electrolysed by Cu electrodes, Cuis deposited at the cathode and Cu?*ions
are liberated from the anode.

Quantitative Aspects of electrolysis — Faraday’s laws

1) Faraday'’s firstlaw
Itstatesthattheamountofsubstance depositedorliberated atthe electrodes (m)isdirectly
proportional to the quantity of electricity (Q) flowing through the electrolyte.
Mathematically, maQ
Or, m=zQ
Where zisaconstant called electrochemical equivalent (ECE).
Z =equivalentweight/96500
But quantity of electricity is the product of currentin ampere (I) and time in second (t).
ie.Q=1t Therefore, m= zlt
1Faraday isthe charge of 1 mole ofelectron oritisthe amount of electricity required to depositone gram
equivalent of any substance. Its value is 96500 C/mol.
Forthe depositionof 1 mole of Na, theamountofchargerequired=1F (SinceNa"+e — Na)
For Ca, Q = 2F (since Ca®" + 2e’— Ca)

2) Faraday’s second law

It states that when same quantity of electricity is passed through solutions of different substances,
theamountofsubstance deposited orliberatedisdirectly proportional totheirchemical equivalence.
Fore.g. when same quantity of electricity is passed through solutions of two electrolytes Aand B, then

Mass of A deposited = Equivalent mass of A

MassofBdeposited EquivalentmassofB

Products of electrolysis

The products of electrolysis depend on the following factors:



i) Thenature ofthe electrolyte: The electrolyte may be in molten state orinaqueous solution state.

e.g. if molten NaCl is electrolysed, Nais deposited at the cathode and chlorine is liberated at the anode.

NaCl — Na* + CI

Atcathode: Na*+e — Na
Atanode: CI'—%:Cl,+e’
If NaCl solution is electrolysed, we get H, gas atthe cathode and Cl, gas atthe anode.
NaCl solution contains 4 ions—Na", CI, H  and OH’
Cathodereaction:H +e — % H,
Anodereaction:ClI' —%Cl,+e”

NaOHisformedinthe solution.
i) Thetypeofelectrodesused:Iftheelectrodeisinert(e.g.Pt,gold,graphiteetc.),itdoesnotparticipate

inthe electrodereaction. Whileifthe electrode isreactive, italso participate inthe electrodereaction.

i) The different oxidising and reducing species presentin the electrolytic celland their standard electrode
potentials. Some ofthe electrochemicalprocessesareveryslowandtheydonottake place atlower
voltages. So some extra potential (called over potential) has to be applied, which makes such process
more difficult tooccur.

For e.g. during the electrolysis of NaCl solution, the possible reactions at anode are:
Cl (aq)—%Cly(g)+e™; E%ei=1.36V
2H,0(1)>02(g)+4H (ag)+4e™;  E’a1=1.23V
Atanode, the reaction with lower value of E%is preferred and so water should get oxidised in
preference to CI” (ag). However, on account of over potential of oxygen, the first reaction is preferred

and hence Cl, is formed at anode.
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