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Before reading this chapter, the Teaching periods =16
Smdent must know the: Assessment periods = 03
» Charge concept. Weightage =14%

» Basics of Chemical reactions
» Basic structure of periodic table
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After reading this chapter, the Student will be able to:

Define Oxidation and Reduction in terms of loss or gain of oxygen and -

hydrogen. (Understanding)
Define oxidation and reduction in terms of loss or gain of electrons.

(Understanding)

Identify the oxidizing and reducing agents in redox reactions. (Analyzing)
Identify the oxidizing and reducing agents in redox reactions.

(Understanding)

Define oxidation state. (Remembering)

State the rules for assigning the oxidation numbers. (Remembering)
Determine the oxidation numbers of element of any atom in a-compound.
(Applying)

Describe the nature of electrochemical processes. (Understanding)

Sketch an electrolytic cell, with labels. (Understanding)

Identify the direction of movement of cations and anions towards respective
electrodes. (Understanding) |

List the possible uses of an electrolytic cell. (Understanding)

Sketch a daniell cell, with labeling. (Understanding)

Describe how battery produces electrical energy. (Understanding)

I
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7.0 Introduction to Electrochemistry

Electrochemustry is a branch of chemistry in which the conversion of
chemical energy into electrical energy and electric change produced by an
electric current are studied. The electrochemistry also deals with situations
where oxidation and reduction reactions takes place, but the direct charge
transfer in the form of electrons from one species to another is not the topic of
electrochemistry.

Electrochemistry is an important branch of chemistry and many
important topics like metallurgy of metals, analysis of chemical compounds,
battery operations, electroplating etc are discussed here.

7.1 Oxidation and Reduction

Oxidation and Reduction may be defined in many ways, these
definitions can be summarized in the following manner,

Oxidation: -

1) Oxidation is gain of oxygen

11)  Oxidation s loss of hydrogen

1)  Oxidationis loss of electrons

1v)  Oxidation involve an increase in oxidation state

Reduction may be defined as:

1) Reduction is loss of oxygen

ii)  Reduction is gain ofhydrogen

ii1)  Reduction is gainofelectron

1v)  Reduction involve a decrease in oxidation state

These point are further explained by the help of following examples.

In the extraction of iron (Fe) from its ore Iron oxide (Fe,0,), the

Processes of Oxidation and Reduction are:

Reduction

. ] :
| v !
i
i

Oxidation !
- o - o Y T ST ‘:_:.;&ml

As shown hér-e‘; 'Fe,O; 'iis}'e‘ducéd to Fe, and 'CO' is oxidized to 'CQ,',
because here it can be seen that from reducing species 'Fe,0;' the oxygen is
be@ng eliminated, while from the oxidizing species 1.€. the 'CO' the oxygen is

being added.
RSy s DT S T A,

-
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In the following case of ethanol,
The Ethanol (or Ethyl alcohol) is oxidized by loss of hydrogen.

CH,CH,0H, ———> CH;CHO,* H,,
| ! |

O\ld mon b\ losg of hvdx ogen

And in thls case of Ethanal (also called Acetaldehyde) the reduction
is brought about by the gain of hydrogens.

Reduction by gain of hydrogen

[ v |
Hy + CH;CHO, ——— CH,CH,OH,,

The modern View of explammg the Ox1dat10n and Reductlon processes

are in terms of electron ‘transfer
As described above the oxidation is loss of electrons, while Reduction

is the gain of electrons.

Reduction by gain of electrons
Jiae ¥
T M, e Cu Mo
o )

Oxidation by loss of electrons

~o=sraad

In this above example, the Copper (Cu) is being reduced to Cu from
Cu”, by gaining electrons, while Magnesium is oxidized to "Mg by the loss
of electrons.

Similarly in the following case (a), the Fe™ is oxidized to Fe” by the
loss of one electron, while in case (b) the reaction is reversed and the process
1s the reduction.

(a) ) Fet? Oxidaion , Fe® i1g

(b) Fe + 1] Reduction, po+2

7.2 Oxidation number/state and rules for assigning |

oxidation numbers.
The charge which an atom bears in a compound, molecules or ions 15
called its oxidation number; the oxidation number may be positive ornegativé

“J
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depending upon the clcclr(')ncgf-ltivilyof'an atom.

Following rules are applied to calculate the oxidation number.

The oxidation state of a free element is always zero. For example, 'O,

'C1,.'S,', and 'Si' have zero oxidation state.

i) The sum of the oxidation states of all the atoms or ions in a neutral
compound is zero.

iii)  The sum of the oxidation states of all the atoms in an ion 1s equal to the
charge ontheion,

iv)  The more clectronegative element in a substance is given a negative
oxidation state. The less electronegative one is glven a p051t1ve
oxidation state. 2
In the following table 7.1 common oxidation numbers of some

clements are written. A

1)

Group Elements

| Na, K etc. \

2 Mg, Ca, etc. '+7'§§3“‘

17 F, Cl, etc. Qgé erally '-1'

16 O \\) ) enerally -2

l H 0 +1 except in metallic

d f ~ hydride whereits
<~ oxidation number is '-1',

Table 7.1 Common oxid#on states of some Groups in periodic table,
The oxidation state of some elements are calculated in neutral
compounds are givcn below in the table 7.2:

Substance Ox1 dation Number Calculation bQXIdatloanugnbep ﬂf’
K fﬁ@w (E@@@ts ,,,,ag»‘
C_I;C},':» ~ Cr(n)+CI(-1)x3=0 Otm +3.. it
KMo, K(-I-l) FMn(n)+O(-2) X 4 = 0 Mn = +7 s
K,Cr,0, K(+ [)x2+ Cr(n)X2 + O(-2)X7 = 0 Cr = +5 -
e 170 oo W'ﬁ' .figﬁ :
Table 7.2: Oxidation numbers of selected elements in some cnmpounds,
2 ‘
——
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Calculate the oxidation number of 'N' in following:
(i) HNO, (i) NO, (iii) NOCI

7.3 Oxidizing and Reducing Agents
Substances that bring oxidation process are known as oxidizing agents,
Tn a broad sense, the oxidation, which is defined as the loss of electrons, 50 any
substance which brings loss of electrons or accepts electrons during the
chemical reactions is termed as the oxidizing agents, oxidants or oxidizers,
The oxidant removes electrons from another substance, and is thus reduced
itself. And because it "accepts" electrons it is also called an electron acceptor,
Oxidants are usually chemical substances with elements in high oxidation
numbers {e.g., H,0,, H,SO,, K,Cr,0,, Mn0O; , Cr0,, Cr,0; , 0sO,) or highly
electronegative substances that can gain one ot two extra electrons by
oxidizing a substance (O, F, Cl, Br).
The reducing agents are just opposite to the oxidizing agents.
The substances that have the ability to reduce other substances are said to be
reductive and are known as reducing agents, reductants, or reducers.
The reductant transfers electrons to another substance, and is thus oxidized
itself. It "donates" electrons itis also called an electron donor. Metals (Li, Na,
Mg, Fe, Zn, Al) can be used as reductants. These metals donate or give away
electrons readily. The hydrogen gas (H,) with a palladium, platinum, or nickel
catalyst can also be used as the reducing agent. These catalytic reductions are
primarily used in the reduction of carbon-carbon double or triple bonds.
Redox process 1s that the reductant transfers electrons to the oxidant.
Thus, in the reaction, the reductant or reducing agent loses electrons and is

oxidized and the oxidant or oxidizing agent gains electrons and is itself
reduced.

7.4 The Oxidation-reduction Reactions (Redox
Reaction)

As described earlier, the oxidation and reduction go side by side in a
reaction. A substance which oxidizes the other is itself reduced and vice versa.

e
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“(g) | (2) (g) j‘ (£)
Oxidation
i)  Another example is the reaction between the H, and F,
H,+F,— 2HF

“(g) (g) ()

Here, The H, loses two electrons, which are accepted by the F,
o L Sass GO H ool SH(@ sidation)

E, 28 =T (Reduction)

JH +2F —— 2HE,

H+F, ——> 2HE

29y e (g

As seen, the overall reaction results in the formation of hydrogen
fluoride (HF).

The redox reactions are very important to understand, both in research

and industrial applications, as most of reactions involve the transfer of

electrons from one species to the other, and are thus categorized as the redox

reactions. There understanding hence is used to increase the desired products
by suitable procedures.

1.5 The Electrochemical'Cell

Anelectrochemical cell is a device containing at least two electrodes in
the solution of an electrolyte, and here in this cell the oxidation-reduction
(Redox) reactions takes place.

_ The electrochemical cells are of two types, i.e.
) Electrolytic cell
) Galvanic cel]

These types are described in detail in the following pages, but let's first
“Nderstand the term electrolytes.

1.5.1

(Overall reaction)

The Concept of Electrolytes
. The electrolyte is a substance which is capable of conducting
“Uricity in its solution or molten state. The electrolytes are generally

=
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consists of ions which serve as the carrier of electrons and hengg
conduct easily the electric current. :

They may be further classified into strong electrolytes and Weak
electrolytes. T : |

The strong electrolytes are those which ionize completely in thej,
aqueous solution, e.g. NaCl, HCl, and NaOH etc are some strong electrolyteg

T H':O | - 1—
NaCl, ———> Na(aq)JrC(aq)

The weak electrolytes are those which do not ionize in greater extent,

¢.g. acetic acid.

(,H:,COOHUI + H:Oll\g CH3COOE—aq) +H302_4Cl)

The electrolytes although being composed ofrions do not conduct

electricity in the solid state because in solid state the mobility of ions is very
low. ‘

7.5:2 Electrolytic Cells ol

$ X D

An electrolytic cell is the cell that'contains a solution of electrolytes
and has heen fitted with two elec}éﬁés, anode and the cathode which are
attached with a source of direct current (DC). In this cell a non spontaneous
reaction takes place using the ;c‘lﬂf:eﬁ*ical energy and some products are formed.

In the clectrolytic cgﬁ when electricity is passed the ions present in the
solution are attracted towards the respective clectrode, i.e. anions towards
anode and cations teward cathode. The =

electrode that atiracts anions is called
ancde and the’ electrode that attract
cations is ealled cathode.

I case of the NaCl.the CI’ 10ns
move. towards the anode and loss
their electrons there. hence oxidation

“reaction oceurs here, while the Na” ions
moves toward cathode where reduction
reaction occurs, and Na" gains electron
yielding neutral products.
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The chemical reaction in this electrolytic cell are following:
NHC;L\‘: L oy A\U:J 0 {-:l_
Oxidation reactions at anode:
2y 55— ‘CI:G 1+ D8

Reduction reaction at cathode:
2Nag, +28 ——— 2Na,
Overall the whole process can be written as:

I N ElL‘CTTO'._\”J&‘ cell ANT 1
—I\aCl(Q‘\ Heat > 'I\a\'li v —22(g)

=

The electrolytic cells are very important. Theypare used in

electrorefining . process, through which high grade tnetais and other

substances are produced. These cells are alsoused in ciectroplating processes.

1.5.3 Galvanic Cells or the Daniell Celt

The Galvanic cell is also a type’ of (
electrochemical cell like the electrolyfic celis

but differs from that in the sensethat it is used
for the production of electri€ current or flow
of electron current frof the spontaneous
fedox reaction, This 'eell is also known as

Daniell cell or Voltaic cell, named after Luigi
Ualvani

This ‘Consists of two different metals
“onnected by a salt bridge or a porous disk
between the individual half-cells. A Galvanic

Cellis show in fi gure 7.2.

Luigi aly*ani 4
ltal\" a
Bom 177’%?—£hed 1798 ,
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Voltmeter +1. 10V |

Copper ‘
(Catbode)

Sal_l Bn_:igc_ .

A

*+2e +0.76V

» Cuy,+0.34)\ Zn iy, —

Cu®* +7nm-—,7n 8‘,,
Figure 7.2; A typics <’\¢\9\<\\H cell
&

In the Galvanic cell. the Zn mm}f has a high tendency to lose electrons
than Cu, as a result oxidation Teaction takes place at Zn electrode. The
clectrons flow from Zn elc..tmde through the extemal wire in the circuit to Cu
electrode. These electroms ar
copper atoms dcposxt\ﬁte clectrode. As a result of this electric current is
produced, Q

The reaction of this cell are shown here in following,

Zn,, \‘C Ly ( *+2es- (At the anode)

" Q‘\ Rcmn'm ~ .
C 4\ + 2Lg !:n ’L'.;“..‘v 7 Cu‘,) (At the cathOde)
' }’é/fhat the overall reactjon could be: :
Zn + Cuyt ==—> «n+Zn"

The cell voltage car be calculated as:

wll wad + Erc l
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alvanic cells are extensively used in the production of el ~ctricity
The , : |
through the chemical reaction and the lead——acid bafteries are base! on this
cell.
76 Electrochemical Industries

The Electrochemisiry occupies a great place 1n the life standards of

modern world. Every institution, whether it is a home cr a factory, utilizes the»

applications based upon the electrochemical instrumentations. For example,
the batteries, whether they are the conventional Lead-acid batteries {without

Positive Termina Negative Terminal

Electrolyte
}A'-;U" ivm
{Dhlute Suifuric

4 Acid)

e
rrotecnve

asmg

(b) Different D y Batteries

110

which no vehicle can run) or dry cells batteries or the
lithium batteries, (which provides the source of
electricity for the most of electronic equipments such
as the wrist watches, radios, and even the computers)
orthe most modern used the sealed batteries (to which
You are familiar in your rechargeable emergency
lights), all these are the direct result of the
tlectrochemical applications.

~ The electroplating methods, which are used
Widely for the prevention of corrosion. and also for the
fing looking of the objects (e.g. the gold and other

el : ; "
CClroplating) also use the electrochemical J
Plinciples, |

“
o
. P B S 1%
v \:_ e L % ,‘"4’\‘_' ..‘,
NIRRT D S "ﬂ'&‘ y X
Al T s A, ™
v
S _

o

>

A

‘ -
N

The process of electrolysis is also the important
e g )
*mple of the electrochemical application. This |

Rigure 7.4

|A Gold plated ormament

- e R
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process is frequently used in the preparation of many important compounds
and for the decomposition of many substances into simpler fragments.

7.6.1 Manufacture Of Sodium Metal from fused NaCl

The Sodium metal which holds an important place is obtained from its
common salt, the NaCl. This process is commercially performed in a
specialized electrolytic cell called Down's cell,

The Down's cell is shown in figure 7.5.

e —» Clyf) fet

[ |
; NaClis intro:duced in cel] where it melted, The electrxclty is passed
eelectrodes. Different reactions of the process are:

| Na Cl(s‘) ‘M—-) Ni(l(“ : Cl‘(hl) X [2]
Oxidation react/,ong a anode,

,_ (;\® > ,a “' Figure 7.5 Dn‘\n* cell

: L

thre
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. 3 2 Sraecid r
Rcé‘i}c[]\‘rﬂ reactian &t catnoae.

H ~ < \\ K QQ 3
INHG, H e o mhen L aNa,
Overall the whole process can be written as:
<t \\ gY l Y AN
\]Lls‘. T ‘.‘\1 ‘\51 (@) ‘*‘(1

As a result CL, s given out from the anode and multcn sodium 18

collected at the cathode.

7.6.2 Manufacture Oi\‘!OH from Brine
The NaOH or Caustic soda 1s a very important chemical and is used n
countless industries like in leather industry, in fabric mdubm“ m soap
industry, paper industry and many more. Y?*\’
[t 1s commonly known as Caustic soda and is mdus\létmllv prepared
from the electrolysis of brine (concentrated aqueous b()\l}tl()ll of NaCl) fn

Nelson's cell which is a specialized electrolytic cell. N

+Carb0nﬁ@6% 5

O3/
N/

NaCl

—
¢l

S

P AN 7

Moo EUTERNEIRINT AT SNBSS
e [/ 4 N -

(Cathode) }

Porous
asbestos |
lining |}

P ARSI S A7 I I B S £ o L o SLLRIT S ol 1P

Steam |

T A ey

S A s

T = Elgtaﬂ:?ﬁﬁalwns W“ ,
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some H.,O is also present which is reduced during the process and form OH

ions. Na"and OH combine and give NaOH.

The Nelson cell is shown in the figure 7.7.

During the electrolysis Cl, is given out at the anode, H, at the
cathode and NaOH is collected from the base of the cell.

Following reaction occur in the cell.

Faizstion. o

NaCl, o> Ny + Gl X [2]
At Anode

2 (aq) Oxidation C12 +/2}C(

2H,0+26 = =, H,+ 201
zy{+ +}®_ﬁ In the cell s 2NaOH

| 1
2NaCl) +2H,0p —=—2—  2NaOH .y +Cly(p) + Hy(q

The chlorine and Hydrogen produced here as by product and are filled
in cylinders, transported for marketing, while aqueous NaOH is dehydrated
and dried up, filled in bags and is sold in market.

7.7 Corrosion and its Prevention

Corrosion is the  term applied to metal rust caused by an
electrochemical process. Most of you are familiar with the corrosion of iron,
in the form of reddish brown rust. There are some other examples of corrosion

too, like the black tarnish on silver, and red or green corrosion that may appear
on copper and brass.

The corrosion involves the deterioration of essential properties in a
material. The corrosion is actually due to redox reactions that occur in the
presence of oxygen, moisture and acidic oxides i.e. CO, etc. corrosion
damages metals and converts into oxides and finally into hydroxides e.g. Fe is
converted into Fe,O,. nH,0 (rust). The corrosion causes a great damage to the
metal and other objects in the world costing billions of dollars every year, and
also causes accidents resulting in the loss of precious loss of lives.
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| Thé rusting'of iron chemically means the electrochemical reaction of
ron with oxygen and water to form Fe(OH),, Fe(OH),, or even Fe,O,.nH,O.
Chemically the corrosion of Iron is written as:
4Fe +3Q +HO ——> 2Fe O, .nHO_
N (Hydrated Ferric oxide)
You may have observed this rusting around yourself at many places,
the rusting of Iron which causes great loss of money and efforts can be

reduced by applying following operations.
. By painting the surface.

2. Bycoating the surface with a thin film of o1l or grease.
3. By electroplating iron with some non-corrosive metal such as nickel,
chromium, copper, etc.

» 4
7 ol N

Frgure 7.7 Rustin Iron

=M oA

1,12 Prevention of Corrosion
Each year billions of dollars are also expended to control the corrosion
Processes, mostof these processes involve following techniques.

) Coating

The coating is the most common and simple method for the prevention
of corrosion., In this method, the metal or the object which is to be prevented
from corrosion is coated with some material which seals it from the outer
Atmosphere: the most common coatings are done with the paints or grease,
this cut off the metal from atmosphere and reaction between the O, and the

Metalis prevented.
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ii) Electroplating

The electroplating, in which the metal which 1s bemg protected by
corrosion is electroplated by some substance which is resistant to corrosion,
e.g the ornaments are electroplated with the gold, or some objects with the
copper. This reduces the corrosion significantly.

iii) Alloys Forming

In this method, two or some time more metals are mixed to obtain a
mixture of these metals, called alloy, which is very resistant to corresion, e.g.
the steel is an alloy of iron, chromium and nickel, Brass is an alloy of copper
and zinc. These alloys are very resistant to corrosion. ‘

7.8  The Electroplating Process Qo |

The Electroplating is the process of coating ametal object with a thin
layer of another metal using the process \of i\elec:trolysis. Usually the
electroplated coating is about0.002 inch (0.0§£1m) thick.

Electroplating is carried out b)_f@,oﬁstructir_lg an electroplating cell in
which the metal to be plated acts Q,s\;fé’:c‘athode and the metal to be deposited
acts as anode, which is immersqgih?an aqueous solution of its salt.

During electrolysis following reaction occur.

AtAnode ) s L
M orp—> M 4+ 28 - (Oxidation)

M i 26 At Cathode = M

Reduction 4

(Reduction)

Eleqf;oplating is used to give metal objects a better appearance or to
protect them from corrosion, wear, or rust. Tab

pieces;-and jewelry are plated with gold ¢
attractive.

# There are several types of electroplating proccss_eé, élassiﬁed on the
basis of type of compound which is used for electroplat
these electroplating processes are described below:

“@“ |
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78.1 Electroplating of Tin

Tin is a malleable, ductile, highly crystailine, silvery-white metal. This
metal resists corrosion from distilled, sea, or soft tap water, but can be
attacked by strong acids, alkalis, and by acid salts.

Tin Plating is used extensively to protect both ferrous and nonferrous
surfaces. Metals plated using tin are useful for the food processing industry
since they are non-toxic, ductile and corrosion resistant. The excellent
ductility of tin allows a coated base metal sheet to be formed into a variety of
shapes without damage to the surface tin plating layer. Plating with Tin
provides sacrificial protection for copper, nickel and other. non-ferrous

metals, but not for steel.
During electroplating, a mixture of tin salts is dissolved in a water.
When an electric current is passed through water, the tin ions will be attracted
toametal object placed in the water, creating a permanent coating of tin.

- Sncl2 o =—— Sn(aq} +28l i)
At Anode Sn) —F Sn** +2é sy

At Cathode Sn(aq)+ze T Sn(q)

3 ; Stl'ip.
_ : of Tin
Strip - Metal
of Iron
Meta l ‘ 3:$ T]n
. 8 Chloride
‘.1",, Solution

<Figure: 7 g Electroplating of Tin and Tin plated cans
Tin platmg is an effective method of protecting base metals hke 1ron or

steel from rust and corrosion. While zinc plating can also be used to improve
corresion resistance, zinc is too toxic for food or medical applications, so tin
Plafing_ must be used for these types of projects. Tin plating also increases the

ductility of ametal object, making it easier to weld to another surface.
One potential drawback to tin plating is that it is not as effective as zinc
Plating, or galvanizing, when it comes to protecting materials from rust and

i4])

‘é
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corrosion. When galvanized metal is damaged or scratched, the zinc reacts
with the air to form a new protective coating. When tin plated metal is
damaged or scratched, the underlying metal is left exposed to rust and
corrosion. Tin is also a relatively soft metal, making it highly susceptible to
damage. This material cannot hold up under extremely cold temperatures, and
should notbe used in freezing conditions.

7.8.2 Zinc Plating

2+
(aq)

At Cathode  Zn %jq) e e A1l
Zinc plating is also an important plating process which involves less

hazardous chemicals than most other forms of plating; and is successfully
done in small shops and even athomes. LI

One of the most common uses for zinc plating

is to provide durable and inexpensive rust protection
for steel.

Another advantage of zinc plating is when

plated metal is damaged or scratched; the zinc reacts Fioure 7.0:
with the air to form a new protective coating. 7 e plg',gm'g

Zinc Plating (Fig.7.9) also protect and imprbve the appearance of

ferrous metals, (i.e. iron & steel) as a corrosion barrier, and is effective under
high humidity and moisture conditions. 2 '

7.8.3 Silver Electroplating | .
A AgNO; ) = Ag(yg) +NOj(yg
AtAnode  Ag——>Ag,, +18
At Cathode Ag?aq) et Ag(s)

At Anode Zn(s) e o900 7N sl

Silver is a white colored semi precious metal with
an:oxidizing property. Due to its property of high
electrical conductivity it is used in electronics and
semiconductor industries. Silver is also an excellent
conductor of heat and offers great solderability. It is Fig\,{[t: 7.10:
malleable and has a high degree of ductibility so it canbe Silver platied utensil

&

Scanned with CamScanner



| . . ’ P

iy bent into any shape and 1s hence preferred by jewelry and flatware industries
l forits decorative appeal. -
0 The silver also acts as an economically
I peneficial metal that may be put to good use for a
relatively cheaper price as compared to. other
yrecious metals like gold or platinum.
(Figure:7.10) . T

The most common usage of silver plating is
for ornamentation of jewelry, plates, cups,
rophies and medals. The process adds a perfect
polish to the surface on which the plating is done.

Silver plating improves solderability by
hardening. the surface and iIncreasing wear-
ability. It is also used to inhibit corrosion. The
plating helps in reducing friction and to improve
paint adhesion. It is good for altering
conductivity and provides a shield against
radiation,

Silver finds application in electronics as a replacement for gold, it is
Sometimes used for plating copper, as-its electrical resistance is lower.
Variable capacitors works best when silver plated.

Insilver clectroplating the common A g saltused is the AgNO..
'8.4 Chromium Electroplating

3 =2
Cl‘2 (SO4 )3(3) T 2cr(a;) + SO4(aq)
At Anode G == Cr(;f,) +3e

AtCathode  Cr}t+3¢ — Cry,

Figure 7.11;
Silver Plating Process

The chrome plating involves the

e]ec ; .
tr"Platlng of a thin veneer of chromium

Ogézra?? Underlying metal, Sorpetimes used for

4 zg Purposes, ghrome plating can also serve o
ating)ilsr Of.Drotectlon as 'we]l. Often, chr.ome Chromtium plated tay
ey, applied to metal objects when there is an

a . :
e OPportunity for corrosion to occur,
“1 4_

-
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This plating provides corrosion resistance, €ases cleaning procedures
increases the surface hardness and also offers a decorative shine.

Though differentiating between chrome plated surfacc? and othe;
polished surfaces is tough; yet it is possible as chrome plating is more
reflective, specular (gives mirror like reflection) and bluer than others.

Along with this, chrome plating also have some disadvantages e.g. it
costs relatively much higher then the zinc and tin plating, moreover it alsohag
some health effects, as Chromium VI is poisonous and causes e€ven @ancer,
The Chrome plating also produces some compounds which create
environment problems.

SUMMARY OF THE CHAPTER

&  Electrochemistry is a branch of chemistry that studies the reactions
which take place at the interface of an electronic conductor called
electrode. RN

& In the electrochemistry study of oxidation and reduction processes 1§
carried out. i

&  Oxidation is the process of adding oxygen, removing hydrogen or
removing electrons. AN e

<  Reductionisa process of adding hydrogen, removing oxygen or adding
electrons. Q;'«' |

. ) : 3 :

%  The apparent charge upon an atom in a compound is called 18
Oxidation staté or Oxidation number Remember it is gquilt
different from the valency which is the combing capacity of an ato?
or the number of unpaired electrons in an atom.

% Oxidation number of an atom /element is always zero when it is in fr¢¢
state. .

& QAN Oxidizing agent is the species that causes oxidation of anoth®

" species. -

%  Areducing agentis the species that reduces another species.

< Oxidation and reduction reactions involve migration of electrons i
one species to another species, these reactions always occur side

side. ~ 7 |

Collectively the oxidation and reduction reactions are cailed Red?”

reactions. ' 3L e TN G

7
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The cells where the chemical reaction uses or produces electricity are
called Electrolytic cells,

The electrochemical cells are of two types, one that uses electricity is

called electrolytic cells, in such cells electricity is used to breakup a

compound into its constituents.

Second type of electrochemical cells are those in which electricity is
roduced by chemical reactions, such cells are called Galvanic cellsgr

Daniell cells, the Lead-acid battery (car battery) is such type of cell.

Many important industries e.g electroplating, electrolysis etc are based

on electrochemical cells.

Many important compounds like NaOH, Sodium metal etc are

obtained by using electrolytic cells. :

Corrosion of metals is a redox reaction, which involves reaction of

metals with oxygen, moisture of air.

Corrosion can be reduced by or prevented by making alloys, by
palntlng or by electroplating processes

EXERCISE
Fill in the blanks with appropriate woxds.
1)  Reductionis the process whichinvolves............ of electrons.
i)  In the free state of an element, the oxidation state has always
............ value.
i)  The Galvanic cell PLodUCES!, .o sty using redox reaction.

Iv)  Coating withpaints prevents............. ;
V) Drycellsarealsoatypeof............ :

Vi) Electroplating brings both the ......... andresistanceto ...... :
Vf%) The food cans are electroplated with ............. .

Viii) - Caustic soda is industrially preparedby ............ cell.

X) - K,Cr,0.isa StTONZ .0 agent.

X) Collectively the oxidation and reduction processes are called
_ChUOSC the correct answer,
1) The Semiconductors are the species that:

| (a) conduct electricity easily :
T ———

.
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(b) do not conduct electricity casily

(¢) conduct electricity but not heat

(d) conduct heat but not electricity
1) Oxidation means:

(2) addition of electrons ~(b) removal of electrons
(¢) addition of protons (d) removal of protons
) Oxidation state is the:
(a) apparent +ve charge ~ (b) apparent —ve charge
(¢) apparent charge (d) not related with ¢harge
1v)  The electroplating prevents:
(a) oxidation (b) reduction

(¢) both oxidation and reduction
(d) neither oxidation nor reduction
v)  Steel is the alloy of: , ‘
() ron and mercury (bymercury and copper
(¢) iron and copper (d) iron, chromium and nickel
Q3. Answerthe following questions in$hort.
i) Define electrochemistry, Also state its importance,
i) Whatis oxidation? Hlustrate with an example,
i) Explain the term reduction with an example,
iv)  Drawasketch ofanelectrolytic cell, showing its different parts.
V) Whatarcoxidizing and reducing agents? Explain with example.
vi) - What is the difference between weak and strong electrolytes
explatnwith examples.
vi)  Whatis clectroplating? Also de
viii) “Whatis electrolysis? | :
iX) Describe importance of Al loy formation in industries.
X)  Explain why the food articles are packed in tin pl
- thanchrome plated cans,

seribe its importance,

ated cans rather

Q4. Answer the following questions with reasoning,
i) Differentiate between oxidation number
i) Howelectricity is produced from ¢
i)

and valency,

hemical reactions?

Fxplain how oxidation and reduction goes side by side in
chemical processes?
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Ql1.
Q12.

Q13.
Q14,

Explain how NaCl yields two different products i.e. Na-metal
and NaOH by the same process of electrolysis.
How you can prevent a piece of iron from corrosion?

iv)

V)
Distinguish between the oxidation and reduction processes?

What is the oxidation number? Describe the rules to calculate the
oxidation number.

Calculate oxidation number of Mn in KMnO,.

What do you know about the electrochemical industries? N
Whatis corrosion? How can you prevent the corrosion process & O

. Describe the working of an electrolytic cell, How Sodium vweml can be

9 O
purified by using electrolytic cell® D

What is the electrochemical cell? Discuss the dnhunt types of

electrochemical cells? @\’”‘
Discuss the importance of Caustic soda? {! w it is prepared on
industrial scale? a.;?\

How the electricity is prepared by chemlcal means?
Write a note on electroplating proces;

<O
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