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Course Title Course Contact Hours Credit unit
Number (CH) (CU) Year Level Pre-
Lec. Prac. requisite
Electrochemistry | CHEM 344 2 1 3 3 8 none

Course objectives: They are to

identify the following.

1. Types of conductor
2. Classification of electrolytic cells
3. Measuring EMF
4. Applications of electrochemistry
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Electrochemistry is a branch of physical chemistry deals with the interactions of
electrical energy with chemical species.
It is divided into two categories, namely

(1) production of electric current from chemical and

(i1) Chemical reaction occurs by the electric current.

1. Electrolytic and Non-electrolytic conductors

Electrical conductors or simply conductors:
Substances which allow the passage of electric current through them

(i) Metallic or electronic conductors (ii) Electrolytic conductors: non-electrolytes
Dndu:lor
—*E
-%Hﬁﬂ O"_& )—‘ ? ?
| |
Iéill
copper, silver, Aluminum Wask Ekectrolyte

Strong Electralyte
Non Electrolyte

aqueous solutions of acids, bases and salts sugar, glycerine, alcohol



Passing current I

* An electrolytic conductor (aqueous solution or fused electrolyte),

* Tworods or plates (electrodes) (metallic conductors) b -
* Battery. S | | by
o
* The electrolytic solution conducts electricity by the movement |
ytic s : ty by ! anode — — cathode
of charged particles called ions towards the respective — ) ,
.- JAIVE) (negative)
oppositely charged electrodes
0Xidation reduction
— ions electron loss { Aniane electron gain
‘------- \. '.. y ;.\ ' e Al 'u'-:“ H-I- ) E—,F H
Anion (-) Cation(+) catlons —
(positive)
X" =X +e Mt +e” - M° |
oxidation (de-electronation) reduction (electronation) electrolyte

Anode i Cathode l



Distinction betweenmetallic and electrolytic conduction

Metallic conduction

Electric current flows by movement of

electrons.
No chemical change occurs.

It does not involve the transfer of any

matter.

Ohm's law is followed.
Resistance increases with
temperature.

Faraday law is not followed.

increase of

Electrolytic conduction
Electric current flows by movement of ions.

lons are oxidized or reduced at the
electrodes.

It involves transfer of matter in the form of
ions.

Ohm's low is followed.

Resistance decreases with increase of
temperature.

Faraday law is followed.



Chemical decomposition of an electrolyte

HCl = H+ + Cl'\‘
Cathode Anode
HY+e~ — H Cl-—Cl+e”
2H — H, 2C1 —Cl,

(Reduction) (Oxidation)



Electrolytic Cells

Battery

o

Soutlon of electrolyte






Preferential Discharge Theory

the electrolysis of a solution of NaCl yields
H, at the cathode and
Cl, at the anode

less preferred” ions Na™ and OH form the base NaOH



ot _ff ofH"lonsarelowertlmNa 1ons.-’.,




(ii) Electrolysis of CuSO, solution using platinum electrodes:

CuS0, & Cu®* + S0%

H,0 & H* + OH" with CARBON ELECTRODES
At cathode At Anode
Cut* + 2™ - Cu 200" - H,0 + 0 + 2¢”
0+0- 0,
Deposit
* Cu* ions have lower discharge potential than H™ ions. ::;:Fg\

* OH ions are discharged at anode as these have lower g
discharge potential than SO_ ions.
* Thus, copper is deposited at cathode and oxygen gas 1s  positiveions

are attracted

evolved at anode. 1o the negative
electrode, qain

* The “less preferred” ions H* (from H,0) and 50:- RO  cvons s

are reduced

Theory diagram for the electiolysis of
COPPER(Hl) SULFATE SOLUTION

-1+
electrons

CuS0,) form sulfuric acid H>,SO, REDUCTION

-

(‘\f‘.

Method of colle

tng electrode

products ignored in this diagram

)

J

@4

netion _’

o

(chdoch

OXYGEN
g2s 0

bubbles on
/ surface

electiolyte
of dilute
copper
stilfate
solution

negative ions
are amracted
1o the positive
electrode, lose
electrons, so
are oxidised
OXIDATION



Electrolysis of Na,SO, solution using inert electrodes

Batiery
il 201111 iy
. (i
Na,SO, < 2Na* + SO%~ an?'tEE-l'.‘.'Edi J’I-wn&le:haﬁe
i . : b
H,O0 < H* + OH- — i ".Jf —
3 [
& Aqueousi Na,SO, _s‘ ¢
At cathode At Anode -':.I i = H {
W F—s0F | Nat—3 B
-:: s o s
H* + e~ — H 20H- — H,0 + O + 2e~ i i‘g-—ﬂH- B i
A, et
2H — H, O+ 0 - 0, Anode Cathode

* H" is discharged at cathode as H™ ions have lower discharge potential than Na™ ions.

* OH: ions are discharged at anode as these have lower discharge potential than SO,* ions.

* Thus, hydrogen is evolved at cathode and oxygen is evolved at anode, 1.e., the net reaction describes the
electrolysis of water. The ions of Na,SO, conduct the current through the solution and take no part in the
overall chemical reaction.



CuS0, © Cu?** + S0~ _.E_-_

At cathode, copper is deposited.

Cu*t + 2e™ - Cu

At anode, the copper of the electrode is oxidised to Cu*" ions or ions
solution dissolve equivalent amount of copper of the anode.

Cu » Cu** + 2¢”

or Cu - CuSO4 + 2e”

Thus, during electrolysis, copper is transferred from anode to cathode



‘ Electrolysis of silver nitrate solution using silver electrodes ‘

AgNO; & Ag™+ + NO;
At cathode, silver 1s deposited.

Calhode (),  Anpge (-1
Agt + e - Ag ‘ R S
Atanode, the silver of the electrode is oxidised to Ag"ions which go into the solution 0t i AL
: : : : pe + o=
or 10ns dissolve equivalent amount of silver of the electrode. 'E W ¢ j i . A
Ag - Ag'l' + e -S|I1.HNiﬂ'ﬂi¢$¢|lﬂiE.|ﬂ .
Ag + NO; © AgNO, + e
Some more examples of electrolysis
Electrolyte Electrode Cathodicreaction Anodicreaction
Aqueous acidified CuCl, 2* - - -

) Pt Cu + 2e — Cu 2C1 - Cl + Z2e
solution . ) ) : i
Molten PbBr, o Pb_ + 2e — Pb 2Br - Br, +2e
Sodium chloride solution Hg 2Na + Z2e — 2ZNa 2C1 = ClL + 2e
Silver nitrate solution Pt Ag+ +e —Ag 20H — % 0O+ HO + 2¢

. . . - - -
Sodium nitrate solution Pt 2H +2e — H 20H — ! 0 + HO + 2e
z 2 oz 2




Examples of electrolytic cells
| sthe

. Cl Na+. |

+
Molten NaCl

electrolysis of CuCly (copper electroplating



I/ Choose the correct answer
1. Electrolysis of acidified CuCl, on Pt electrodes give ( Cu—H,—-0,-Cl,) at cathode.
2. Electrolysis of acidified CuCl, on Pt electrodes give ( Cu—H,-0,-Cl, ) at Anode.
3. Thereaction done at cathode when acidified CuCl, is electrolysis

a) Cu’*t + 2e” - Cu

b) 2C1" — Cl, + 2e™

c) 2H+ +2e—— H

d) 20H™ > - 05 + H,0 + 2e

I/ Choose the correct answer
1. Electrolysis of acidified CuCl, on Pt electrodes give ( Cu—H,-0,-Cl,) at cathode.
2. Electrolysis of acidified CuCl, on Pt electrodes give ( Cu— H,—0,-Cl, ) at Anode.
3. Thereaction done at cathode when acidified CuCl, is electrolysis

a) Cu*t + 2e” — Cu

b) 2C1" - Cl; + 2e”

c) 2ZH+ + 2e—— H,

d) 20H™ — 0, + Hy0 + 2"



I/ Use the following Figure, Complete the following

1. Thecelliscalled .......cccornneee cell.

2. Positive ionsin the electrolytictankare ......... and.......... .
3. Negative ionsin the electrolytictankare ......... and ......... .
4. At Anode......... isevolved.

5. At Cathode........ is evolved.

Electralytic
fank

NaCl soln

ll/ Use the following Figure, Complete the following

the cell is called electrolytic cell.

Positive ions in the electrolytictankare Na* and H* .
Negative ions in the electrolytictankare OH and Cl- .
At Anode Cl, is evolved.

At Cathode H, is evolved.

SELE B Tt



«Complete

1.

I~

Electrochemical cells are composed of an ... and ... in two separate
solutions.

An electric current consists of a flow of ..... ...

The electrode where oxidation occurs is called the ........ and the electrode

where reduction occurs is called the .........
In electroplating, the object to be plated is made the .........

Complete

1.

Electrochemical cells are composed of an anode and cathode in two separate
solutions.

An electric current consists of a flow of charged particles (ions).

The electrode where oxidation occurs is called the anode and the electrode
where reduction occurs is called the cathode.

In electroplating, the object to be plated is made the cathode.



Which of the following is nof a strong electrolyte?

a) CH;COOH

b) NaClO;

c) KNO;

d) KCl

Complete:

1. The electronic conductance depends on ... S , -

2. The conductivity of electrolytic solution depends upon ... R :

Electrode A Electrode B

In the Figure -
1. ElectrodeAis called........... Where electrode Bis called ......... :

2. H;0is electrolyzedto ........ and ..o :

3. Atelectrode A, the reaction ... . Take place.
4, Atelectrode B, the reaction ... s, Take place.

5. Oxidation occur at electrode ....... Where reduction occur at electrode........ ...

HzO



o Products of electrolysis :

Products Reactions involved

Electrolyte

y Al Af At cathode At anode

cathode | anode
i |
Molten NaCl | Nametal | Cl, gas | Na) + e —> Na, Cl)y— ECllw +e
1 - 1
Aqueous NaCl H, gas Cl, gas HIOU}I te—> 5 HEL?} t OH(:“I] Cltmﬂ — EClgf_R] +e
, . 1

Dll. H?,SO'i HE gas 02 gas H{mﬂ +¢ —_— EH?'[E:I ZHEOH] H’ 02{3] + 4H3ﬂiﬂ + 48-
Conc. HiS0, [Hygas |S,0% |[H +e—> %Hﬂg, 2507, —> $,0%, + 26




