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Chapter-7 Electrochemistry

INTRODUCTION o

Q.1  Define electrochemistry. (BWP 2016, LHR, GRW 2014, RWP 2017(‘ S0 2017 GH{K[B)
Ans: ELECTROCHEMISTRY .
Definition:
“The branch of chemistiy 'that_czals w:th 'the ! relatipnship '\ betwzen electricity and
chemical reactions is calleii electiochamistry ™

Q.2  Whataré the reactiors irvolvedin el%trocncmlstry’? (K.B)
Ans: REACTIONS INVOLVED

Electrocheiistry involves-uxidation and reduction reactions, which are also known as
IetiDX reactions. There are two types of redox reactions:
_| & “Spontaneous reactions
e Non-spontaneous reactions
Q.3 Differentiate between spontaneous and non-spontaneous reactions.
(BWP 2017, SWL, SGD 2016, LHR 2014, 16)(U.B)
Ans: DIFFERENTIATION
The differences between spontaneous and non-spontaneous reactions are as follows:
Spontaneous Reactions Non-spontaneous Reactions
Definition
e Spontaneous reactions are those which | ¢ Non-spontaneous reactions are those
take place on their own without an which takes place in the presence of an
external agent. external agent.

Example
e Reactions taking place in Voltaic and e Reactions taking place in electrolytic cells
Galvanic cell and corrosion process like electrolysis of fused NaCl to produce

Zn .+ CuSO,, ——>ZnsO, +Cu sodium and chlorine.
2NaCl—=5% 5 9Na + Cl,

current

INTRODUCTION
MULTIPLE CHOICE QUESTIONS

1. Oxidation and reduction reactions are also known as: (K.B)
(A) Redox (B) non-spontaneous ;
(C) Neutralization (D) Decompositics, 3 (1 A
2. Relationship between electricity and chemital resetionss sitdied in: <, | <K .B)
(A) Electrochemistry \ (B} Anglytivan coeristry, '
(C) Nuclear chemistry (L) Phawsical clhelsistry |

-amw a&”ﬂl'ﬁ?m_

Explair; dxidavion and ! reoumlon reactions on the basis of addition and removal of
|~ «drpgen and hiyten: (GRW 2014), (LHR 2014,16, FSD 2016)(U.B)
Bing:[ % [\ OXIDATION AND REDUCTION REACTIONS IN TERM OF LOSS
AN B OR GAIN OF HYDROGEN AND OXYGEN
Oxidation:
“Oxidation is defined as addition of oxygen or removal of hydrogen during a chemical
reaction”.
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(i)

(i)

Q.2
AnNs:

Reduction: .
“Reduction is defined as addition of hydrogen or removal of oxygen during a cher ..':al reactioni - |
Both of these processes take place S|multaneously ina reactv‘n [ ("2

Examples: ) . N[ 2,

Addition or removal of oxygen:
A reaction between zinc| okige janc ca bon .aknc pace b, thu removal of oxygen
(reductial ') rom 7ingoxida and 4d( ition cfuxvgea-(oxidation) to carbon.

’ZnO +41-—2Zn+CO,

A Feemoval of oxygen
| | — /‘)e(l'[, .
| Cliop

PZn0 + C ——  27n + Co,

L(Addition of oxygen (oxidation))—T

Addition or removal of hydrogen:
A reaction between hydrogen sulphide and chlorine takes place by oxidation of hydrogen
sulphide and reduction of chlorine. Hydrogen is being removed from H,S and added to chlorine.

H,S+Cl, —— > 2HCI + S

Removal of hydrogen
Oz
[l()]]

HS + Cl, —— S + 2HCI

L[Addition of Hydrogen (Reduction))—T

Explain oxidation and reduction in terms of loss or gain of electrons.
(LHR 2016 G-11, DGK 2017)(U.B)

OXIDATION AND REDUCTION IN TERMS OF LOSS OR GAIN OF ELECTRONS
Electronic Concept:

“There are many chemical reactions which do not involve oxygen or hydrogen but they
are considered redox reactions. To deal with these reactions, a new concept “loss or gazn
of electrons” is used called electronic concept”.

According to electronic concept of oxidation and reduct|on AN (T
Oxidation: “\ =~ NN e \ s
“OX|dat|on is loss ofelectrons by an) atom br unr AIBARRN -

—_ ’ ! '-1.__.. _>7r4 +‘7p_-'-"

e 2 |
», .'._ ..--\.-':-. . I-. tﬂtz\ > = +d + Ie

Reductior':

._-_u

“Relcuctior) 'S ain of eiectrons by an atom or ion”

\ .15'-' npies: 2H" +260 — H2

Cl, + 26 ———2CI
Explanation:
(Reaction Between Sodium and Chlorine)
A reaction between sodium metal and chlorine takes place in three steps.
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(i)

(ii)

(iii)

Loss of Electron by Sodium Atom:
First sodium atom losses an electron, to form sodium ion.

B NN N S

or NaCl

Na —— Na' +1l¢ (oxidation)
Loss of 1 clcg:lron \?\ ._
St N
) .
“Ma + — Y Ra + Cr
l——f ain of 1 Llutron (Reduction) )—T

f:%_gi[_of_:__ll*gtm.‘. uy Chlorine Atom:

Siraultereously, this electron is accepted by chlorine atom (reduction process), as chlorine atom
needs one electron to complete its octet. As a result chlorine atom changes to chloride ion.

Clg +lee ——— CI (reduction)

Loss of 2 electrons :
Dx;

2Na + ¢, —— 2Na’ +

Attraction Between Na" and CI” lons:

2CI

L{ Gain of 2 electrons (Reduction) J—T

or 2NaCl

Ultimately, both these ions attract each other to form sodium chloride. Complete redox
reaction is sum of the oxidation and reduction reactions between sodium and chlorine

atoms and it is represented as;
Na* + CI' ——— NaCl

7.1 OXIDATION AND REDUCTION

1.

SHORT QUESTIONS

Explain the term oxidation on the basis of electronic concept with an example.
(MTN 2016, RWP 2017 G-1)(U.B+A.B)

Answer give on pg # 232
Define redox reaction.
Answer give on pg # 231

(LHR 2017 G-1)(K.B)

7.1 OXIDATION AND REDUCTION

MULTIPLE CHOIC QUES

In an oxidation reaction electrons-are:

(A) Absorbed (B)icst = («) Chied! | |
In reductisr reaction-etectraps are: || 1\ |\ "

(A) Lost! | | - T (®) :alre.d\ ~{(C) Kept constant
Removal ot h} /dmgm ig called:

(7 |Oxic athm '\~ “{B) Reduction (C) Redox

e aldntion of oxygen is called:

(A) Redox
Cly, 26 52CI,
(A) Oxidation

(B) Oxidation (C) Reduction
is a an example of reaction:
(B) Reduction (C) Redox

AN (KB)
E) None of these
' (K.B)
(D) All of these
(K.B)
(D) lonization
(K.B)
(D) Catenation
(U.B+A.B)
(D) None of these
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Chapter-7 Electrochemistry

7.1 TEST YOURSELF )

Ans:

Ans:

Ans:

Ans:

How can you justify that a reaction between magnesium and-gxyaensis a F€iUnx
reaction, while the reaction shows only addition of oxvoer-faxidetipny? . | (U248}
2Mg + Gz —=-Z NigD

Assigning cxidation states:

wniors{l10sy Oizg

R J
/ r

2Mg+O0, 2Mg~?+20°

Reduction (Gain of 2e”

Reaction between magnesium and oxygen is a redox reaction instead of oxidation
reaction because in this reaction magnesium loses two electrons which is called oxidation
and oxygen gains two electrons which is called reduction.
A reaction between carbon and oxygen involved only addition of oxygen (oxidation),
but, it is called a redox reaction. Comment on this. (U.B+A.B)
REDOX REACTION
Assigning oxidation sates to the elements:
C°+0°,——>+C"0;
In this reaction, carbon has lost 4 electrons while O, has gained these 4 electrons. So in
this reaction oxidation and reduction occur simultaneously which is collectively called
redox reaction.
Oxidation and reduction proceed simultaneously. Explain, with an example.(U.B+A.B)
REDOX REACTION
Assigning oxidation states to the elements:
2H) +0) — 2H;'0?
In this reaction, hydrogen has lost 4 electrons while O, has gained these 4 electrons. So in
this reaction oxidation and reduction occur simultaneously which is collectively called
redox reaction.

Identify which of the followings is oxidation or reduction reaction. (U.B+A.B)
a. K ——K +le B —~ )
b Br+lee ————»Br- ) VL | 'I { AT
C. Cu——sCu2+2e () ' ' N
d AR
e Fo'? L= hme*ty o ..
ARLR ! OAIDATION OR REDUCTION REACTION
] K L K e Oxidation (Loss of electron)
' ﬂ) O Brele ——>Br Reduction (Gain of electron)
C. Cu——>Cu+2e Oxidation (Loss of electrons)
d. I — 1+ 1e Oxidation (Loss of electron)
e. Fe'? — >Fe*+1e"  Oxidation (Loss of electron)
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V.

Ans:

Vi.

Ans:

Vii.

Ans.

An element M reacts with another element X to form MX,. In terms of loss or gain
of electrons, identify the element which is oxidized and which is reduszu: —(i B}

IDENTIFICATION OF ELEMENT [
Consider the reaction: : '
M + X5 L \MIX |
In this reagtivn, “M” reicasés ave'elzctypng and beceriies “M 2 so oxidation reaction is:
V2 SRS M+ e
While “K daihy two eleci ens, SO reductlon reaction is
2X +2e” R 59X
So in this reaction “M” is oxidized and X is reduced.
How can you justify that the following reaction is not only an oxidation reaction but
also a complete redox reaction? (U.B)
FeO+CO —— Fe+ CO;,
REDOX REACTION
Assigning oxidation states to the elements:
Fe”0* + C*?0? ——Fe’ +C"0;’
In this reaction carbon has lost 2 electrons while Fe has gained these 2 electrons. So in this

reaction oxidation and reduction occur simultaneously which is collectively called redox
reaction.

Explain the term oxidation on the basis of electronic concept with an example.
(RWP 2017 G-I, MTN 2016)(U.B+A.B)
OXIDATION
“The loss of electrons by an atom or an ion is called oxidation ™.
Example:
Mg loses 2 electrons to oxidize Mg and form Mg*? ions:

Oxidation

Mg —241" 5 Mg*?+2e”

7.2 OXIDATION STATE AND RULES FOR ASSIGNING

OXIDATION STATE

Q.1

Ans:

Describe the rules for assigning oxidation . tates. |y [ & (I:x Ql)
(SWL, FSD, DGK, B\WP, 2018/ MTN, DCK, WP 2017\G} | (i, LR‘N 2017 G- 1)(U.B+K.B)
_=A_IQ°Q|_XQT_/~_ ER/
Definitic! '
“Oxida *“rl stafe ar oxloat.m I t.n%e '3 N ) is the apparent charge assigned to an atom

of an el ament i aint oiecule siin anion”

=, [Ty be pf) sitfve-Or negative or whole number or in fraction or zero.

1-x1l NEs les:
in HCI, oxidation number of H is +1 and that of Cl is —1.

Rules for Assigning Oxidation Numbers (O.N.):
(i) O.N. of Elements in Free State:
The oxidation number of all elements in the free state is zero.
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Q.1

Ans:

Q.2

Ans:

(ii) O. N. of Simple lons:

The oxidation number of an ion consisting of a single element is the sar": as the cRaige
on the ion. -

(iii) O. N. of Elements in Groups:

The oxidation number of differeni elements in\GrouprL iy +1,in GI OUp=2 is +2 and in
Group-13 is +3.

(iv) O.MN:. ¢f i ydroqeiis -

The ox.ﬁ ~+mn n lmbor of hydrogan.inrall i's (,umpounds is + 1 but in metal hydrides it is -1.

Tl pxic at cn e beu of oxygen in all its compounds is -2 but it is -1 in peroxides and
{-|/ " L\ -5
(vi) O.N of Electronegative Atom:
In any substance the more electronegative atom has the negative oxidation number.
(vii) O.N. of Neutral Molecules:
In neutral molecules, the algebraic sum of the oxidation numbers of all the elements is zero.
(viii) O.N. of Complex lons:

In ions, the algebraic sum of oxidation number equals the charge on the ion.

7.2 OXIDATION STATE AND RULES FOR ASSIGNING
OXIDATION STATE

SHORT QUESTIONS

What is meant by oxidation state? (K.B)
Answer give on pg # 235
Write any two rules for assigning oxidation number. (K.B)

RULES FOR ASSIGNIN XIDATION NUMBER
The rules for assigning oxidation number are as follows:
O.N of elements in Free State:
The oxidation number of all elements in the free state is zero.
O. N. of Simple lons:
The oxidation number of an ion consisting of a single element is the same as the charge
on the ion.

7.2 OXIDATION STATE AND RULES FOR ASSIGNING

In HCI oxidation numberof H is:= RRIERRERE (GRW 2014)(K.B)
A-1 (B) AN (C) + 2 ' (D) -2
Oxidatio: numhf‘ of all'the glementy in free stateis: (GRW 2016 G-1)(K.B)
(A) One=, | B Mo s = (C) Three (D) Zero
The oxidatior, numpe’ ¢f Srsup-1 elements is: (K.B)
@)L L B +2 (C)+3 (D) +4
VT Re diorztion number of hydrogen in metal hydrides is: (GRW 2016)(K.B)
) =1 (B) +1 (C) +2 (D) -2
The oxidation number of sulphur in H,SOy is: (GRW 2014)(U.B)
(A) +1 (B) +4 (C) +6 (D) +8
The oxidation number of oxygen in peroxide is: (K.B)
(A) Zero (B)-1 (©) -2 (D) +2
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7. The oxidation number of ‘N’ in HNQs is:

(LHR 2016 G-11)(U.B)

(A) +3 (B) +5 (©)-3 (D) +6 .

8. Oxidation number of chromium in K,Cr,0Oy is: (GRW 2015 GHT, /W, 2417 (541)(1.3)
(A) +2 (B) +7 ~iC) +14 ' DY+, -

9. The algebraic sum of oxidation namber n neutral ravlecules 1s; (K.B)
(A1 B)Z" (G0 [C)5

10. In ions the algebraic sum'ofioxigatior. n Jn)bm isequato: (K.B)
(A) loris™ (B)'Chaige Ve Aom (D) Molecule

11.  Oxidatisa huimber of chiorine m- X225 is: (GRW 2017 G-11, LHR 2017 G-I, RWP 2017 G-I)(U.B)

(A) +1 (Br+3

-1 (B) +1

NUMERICAL EXAMPLE

(C)+5 (D) +7

Orication nuranes oi oxygen in OF; is: (LHR 2016 G-I, RWP 2017 G-I1, FSD 2017 G-11)(K.B)

(C)-2 (D) +2

NUMERICAL EXAMPLE 7.1 NUMERICAL EXAMPLE 7.2

Find oxidation number of nitrogen in HNOQOs.

When oxidation numbersof H=+1 & O =-2.

(LHR 2014, 15, 16, GRW 2017 G-I)(U.B+AB)
NUMERICAL

Solution:

Given Data:

Oxidation number of hydrogen in HNOz=H=+1

Oxidation number of oxygen in HNO3=0= -2

To Find:

Oxidation number of N in HNO3z=?

Calculations:

HNO; = [O.N.of H]+[O.N.of N]+3[O.N.of 0]=0

[+1]+[N]+3[-2] =
+1+N-6=0
N-5=0

Result:

The oxidation number of N is +5 in HNO3

To find:
Oxidation numhvr bf chlf‘*""e Ifi k’CTO =
Calculations= | | \
KCIO3—[ONLfI +[;N01C]*3[JN oi U:O
L [ C] 8- ]0
URVERLN ' +1+Cl—6=0
SN Cl-5=0

Result:

O =-2. (SWL 2017)(U.B+A.B)
NUMERICAL

Solution:

Given data:

Oxidation number of hydrogen in H,SO, =H =+1

NUMERICAL EXAMPLE 7.3

Find out the oxidation number of chlorine in KCIO;. As O.N. of K =

NUMERICAL
Solution: -
Given data: R ALY B B -
Oxidation number of potassium in KCIOs= K = i 1 _ A N

Oxidation number of oxygen in IxCJO3 = "f- 2.

Oxidation number of Cl is +5 in KCIOs.

Calculate the oxidation number of sulphur
in H,SOy4, when O.N of H =+ 1 and O.N of

Oxidation number of oxygen in H,SO; =0 =-2
To find:
Oxidation number of sulphur in H,SO4 = ?
Calculations:
H,SO, = 2[0.N.of H]+[O.N.of S]+4[O.N.of O]=0
2[+1]+[S]+4[-2]=0
+2+S-8=0
S-6=0

S=+46

Result:
The oxidation number of Sis +6 in H,SO,.

+1 and O.N of O =-2.
(GRW 2014, SWL 2016)(U.B+A.B)|
. _ I
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7.2 TEST YOURSELF o
I. Find out the oxidation numbers of the following elements markzd in hold ' the
formulae: Bas (PO4)2, CaS0y, CU(N03)2, A|7(804)3. - Y [ i (U, 22702

Ans: NUMERICAIL,
Oxidation numbers of the elgmént are“aziculdted as ol /\ovys:

Bag (PO,)y:

I'/

2[CN.of Ba |+ 2[0.Nssi P|+8[O.N.of 0] =0
' 3[+2]+2[P]+8[-2]=0
+6+2P-16=0
2P-10=0
2P =10

CaSOy:
[O.Nof Ca]+[O.Nof S|+4[O.N.of O] =

[+2]+[S]+4[-2]=

+2+

wm
1
(00)

Cu (NO3),:
[O.N.of Cu]+2[O.N.of N]+6[O.N.of O]=0
[+2]+2[N]+6[-2]=0
+2+2N-12=0
2N-10=0
2N = +10
10

N=>—2
2

_ - LN +_Jl RS
2[O\N.of 721 +3| 2 N of 3] +12]CIN| 03 o= _o]
\ vV \ |\ 2les3[s]+12[-2] =0
' T = +6+35-24=0
. L —35-18=0
NN ' =35 =+18
' 18

5=
3

S=+6
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ii.
Ans:

iil.
Ans:

Ans:

In a compound MX3, find out the oxidation number of M and X. (U.B+A.B)
OXIDATION NUMBER OF M AND X : —
Compound = MX3 )
If we consider that the oxidation nurber oy Vi =+37
Then, [O.N. of M] + 3 [O.N.'lof X190 /" - \
1 (+#3) + 3IAN, ¢f X} = 0},
~ 3Q.FLofX] = -4
| LD of X] =3
[O.Nof X]=-1
Thus in a compound O.N. of M is +3 and that of X is -1.

Why the oxidation number of oxygen in OF; is + 2? (U.B)

OXIDATION NUMBER OF OXYGEN IN OF,
The oxidation number of oxygen in OF; is +2 because fluorine is more electronegative
as compared to oxygen. Therefore, fluorine will carry negative () charge while oxygen
will carry (+2) charge on it.
In H,S, SO, and H,SO,, the sulphur atom has different oxidation numbers. Find out
the oxidation number of sulphur in each compound. (SWL 2016)(U.B+A.B)
XIDATION NUMBER OF SULPHUR
H-,S:
2[O.Nof H]+[O.N.of S]=0
2[+1]+[s]=0
+2+S=0
S=-2

[O.N.of S]+2[O.N.of O] =
[s]+2[-2]=

S-4

S

0
0
0

+4

2[ONofH1JfONuf 3l [J\.Ofb]l Y [ (EQ
O\ 0 (e |
~ o~ VOV W Um0

S=+46

'_-.ﬁ\_-h-.elerﬁe,n't >¢'has oxidation state 0. What will be its oxidation state when it gains
thiree electrons? (U.B)

XIDATION STATE OF X
When an element X° gains the three electrons it will have oxidation state —3 such as:

X°+3e — 5 X3
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Vi, An element in oxidation state +7 gains electrons to be reduced to oxidation state +2.
How many electrons did it accept? . : (L'.m
Ans: OXIDATION STATE +7TO +2 [€,

When an element in oxidation state +7 gains-glectrons te-he reqi ICtd tq oxu‘itnr* a7
it will accept 5 electrons in |ts vala:rcs sheh as sown Ly thie \quauon

X her

Vii. If the oxidztion state of an ¢lamient changges fror 45 @ - 3 Hua it been reduced or
oxidizid? Howemiarry alegtrons are involves.in this process? (U.B)
Ans: - OXICATION OF FLEMENTS +5 TO -3

If the o idation 'stéte, of, an-<leinent changes from +5 to -3, then it will be reduced. In this
pr_m:( SS of tedusdson,

A® +8e— A’

| J VAR 7.3 OXIDIZING AND REDUCING AGENTS

Q.1  Explain oxidizing and reducing agents with the help of suitable examples. (U.B+A.B)
Ans: Oxidizing Agent:

“An oxidizing agent is the species that oxidizes a substance by taking electrons from it .

OR

“The substance (atom or ion) which is reduced itself by gaining electrons from other

substance is also called oxidizing agent .

Examples:

¢ Non-metals (O,,C/,,F,) are oxidizing agents because they accept electrons being

more electronegative elements.

e Strong acids like HNO3, H,SO, etc.

Reducing Agent:

“Reducing agent is the species that reduces a substance by donating electron to it ”.

OR

“The substance (atom or ion) which is oxidized by losing electrons to other substance is

also called reducing agent .

Examples:

Metals are good reducing agents like:

e Zinc

e |ron

e Aluminum etc.

Explanation:

(i) Reaction Between Zn and HCI:

Let us discuss a reaction of Zn metal with hydrochloric acid:

Zn(s) +2HC»€(aq) —)ZﬂCéz(aq) Hz(g)- ) =0 | IH ’ o

The oxidation states or oxidation numbers 'n‘ aII the ut-).ns cx ions n tr |f e%tlu ) 'a.t
indicated below -

J VoV e & -]v .- Y\ KOXW 101.\\

/

o VAW Nz T o —— [zaT] ot + H
NI .._I . reduction/

Let us find the atoms, which are oxidized or reduced or whether there is a change in their
oxidation state. It is indicated as follows: In this reaction, zinc is oxidized and acts as a
reducing agent. Hydrogen is reduced and acts as an oxidizing agent.

Zn+ H\,c O s’ FCﬂ +F' )

CHEMISTRY-9 240



Chapter-7 Electrochemistry

. .
= . B e
]

(i1)_Reaction Between H and O:
In case of formation of water from hydrogen and oxygen gases redr‘,\ reaction-takas
place as follows: .

2H,q F9 — 12, Clg

ZHO' 3, ——-;')l" FlCr’"

In this reaction, H.is gxidizea.ard acts 'as'are reawcing agent. O is reduced and acts as
an oxidizing anent

— = = = —

O has changed from zero oxidation
state to ~2 state by gaining eiectrons

O reduced
O behaves as oxadlzmg agent v\‘

H, |+ OU HHO_2

H has changed from zero oxidation state to
+1 state by loging two electrons

H oxidized

H behaves as reducing agent

7.3 OXIDIZING AND REDUCING AGENTS

SHORT QUESTIONS

Define oxidizing agent. Give example. (DGK 2016)(K.B+A.B)
Answer give on pg # 240

Define reducing agent. Give example.
Answer give on pg # 240

Calculate oxidation number of sulphur in CaSO,. (DGK 2017)(U.B+A.B)
Answer give on pg # 239

7.3 OXIDIZING AND REDUCING AGENTS

(SWL 2017, GRW 2016 G-1)(K.B+A.B)

MULTIPLE CHOICE QUESTIONS

In the redox reaction between Zn and HCI the oxidizing agent is: (U.B+A.B)
(A) Zn (B) H* ©cr (D)H _ .
Chemical reaction in which oxidation state of one or more substances chanfc arc calleu WOy,
(A) Hydrogenation _{(B) OX|dat|nn .cau‘lm [ | - ' -
(C) Redox reaction ] (& Lalﬂn mon '
The substance which reducas Ise, f 15 [called: Y — (U.B)
(A) O |df4mu luent ”%) <=\d|-@m~g\19 /I ((‘) _Iectrolyte (D) lonic compound
Non-metals, ai: | _ (A.B)
3 (I/\\ Fedtcihy. 9ge.|[s ) (B) Oxidizing agents
) electronegative elements (D) BothBand C
Good reducing agents are: (A.B)
(A) Non-metals (B) Metalloids (C) Halogens (D) Metals
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6. Oxidizing agent is a substance which: (U.B)
(A) Oxidizes itself and reduces other (B) Oxidizes itself and nx_‘g'ize_s ather -
(C) Reduces itself and oxidizes other —D) Reduces-is€if and, leqluggsnther

_!mmnvn"_

In the followmg reaction, how car/you ]LS ify tl at't, »Sisox/aized and SO is reduced. (U.B+AB)
- SQp+2h:S \—- » 2H;0 + 35

Ans: - H.S OXIGZES AND SO, REDUCED ELEMENT
In this reaCtion, hydrcaen'is'removed from H,S, therefore H,S is oxidized while oxygen is
teznoved frera-50;,, therefore SO, is reduced to S.

lir,! | “The reaction between MnO, and HCI is a redox reaction written as balance
chemical equation. (U.B)

MnO; + 4AHCI —— MnCl; + 2H,0 + Cl,

Find out:

(A) The substance oxidized. (U.B+A.B)
(B) The substance reduced. (U.B+A.B)
(C) The substance which acts as oxidizing agent. (U.B+A.B)
(D) The substance which acts as reducing agent. (U.B+A.B)

Ans:  Assigning oxidation states to the elements
Mn**O7 + 4H"CI" —— Mn**CI7 + 2H>*0? +CI}
(A) CI" is oxidized
(B) Mn** iis reduced
(C) MnO;, is oxidizing agent.
(D) HCl is reducing agent
iii. The following reactions are redox reactions. Find out the element which has been
reduced and the element which has been oxidized? (U.B+A.B)

(@) Zn+CuSO4 ——— > ZnSO,4 + Cu
(b) Cu+2AgNO; ——— Cu (NO3), + 2Ag
(c) HS+Cl, —— 2HCI+ S
Ans:
(@) Zn° +Cu**s0;?——2Zn"SO;? +CU°
Zn is oxidized and Cu is reduced. P RS
(b) Cu®+2Ag"NO;" — Cu™ ( Nf_);l)2 Faace T Y 0™
Cu is oxidized and Ag is rtdtceﬂ AREARI\RRENE
() HAS\ CIS o 2 8|
Sis oxuuedtld i) redu.ced \ :
(\2 Why the foilowing rieaction s not a redox reaction? Explain with reasons? (U.B)
\ANADH+ HCH——— NaCl + H,0

N J % ARST TaisTis an example of neutralization reaction rather than a redox reaction because in acid

base reactions acid reacts with a base to form salt and water more there is no change in
oxidation number of any of the specie.

Na"O?H" + H"'ClI"*——>Na"Cl™" +H;’0?
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7.5 ELECTROCHEMICAL CELLS .

Q.1

Ans:

What are electrochemical cells? Explain the concept of electrolytss
(GRW 2014, PWE047,FSD 2916,17)(U), %+' i
ELECTROCHEMICAL CELL '

“Electrochemical cell is a-5 'stem in‘whicii tvi electrdes are dlpoej in the solution of
an electrolyte or molten mass

Electrecirémical cel is an zncrgy storage-device-m which either a chemical reaction
takes p#2c2 by using vle“lru cuirert (eiectrolysis) or chemical reaction produces
electricicurrens.

Tynes oF eleistiidctermical cells:

li)E etretytic cells

¢i1) Galvanic cells or Voltaic cells

(i) Electrolytic cells:

The type of electrochemical reaction in which a non-spontaneous chemical reaction
takes place when electric current is passed through an electrolyte is called an
electrolytic cell.

Examples:

e Down’s cell

e Nelson cell etc.

(ii) Galvanic cells or Voltaic cells:

The type of electrochemical cell in which a spontaneous chemical reaction takes place
and generates electric current is called Galvanic or Voltaic cell.

Example:

e Daniel cell

e Drycell

CONCEPT OF ELECTROLYTES
Definition:
“The substance which can conduct electricity in their aqueous solution or molten state
is called electrolyte ”.
Electrolytes are classified into two groups depending upon their extent of ionization in
solution.
(i) Strong Electrolytes
(if) Weak Electrolytes
(i) Strong Electrolytes: .
“The electrolytes which ionize almost completely in solutlon and RrEUUCE, MOFE=ITS))
are called strong electrolytes . — LT

Examples: - i N e Rk (¢ AT
Strong electrolytes are agqucous sou!'z.;-u:)nc V) Ndul NaQiH and I-‘ZSO4 etc;
NGOH(S) = rla + Q_H

(ii) ﬂ’@j_E_L"QEQ_Y_: ies- \
“The eizctiolytas whichiionize, to_a w’all extent when dissolved in water and could not
produce more' mm gre calladweak electrolytes .

3 Exdrplés:

Acztic-acia (CH3COOH), and Ca(OH); when dissolved in water, ionizes to a small

extent. These are good examples of weak electrolytes. Weak electrolytes do not ionize

completely. For example, ionization of acetic acid in water produces less ions:
CH3COOH(|) + H20(|) EEm— CH3COO_(aq) + H3O+(aq)

As a result the weak electrolyte is a poor conductor of electricity.
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NON-ELECTROLYTES (LHR 2017 G-I, 11)
“The substances, which do not ionize in their aqueous solution and de-not allnw e

current to pass through their solutions, are called non- electrolvtns I«

Examples:
e Sugar solution
e Benzene !
Q.2  Whatis Plem olys1s" Writz ainole o1 elecirolytic cells IMTi52017, DGK 2017, GRW 2016 G-11)(U.B+A.B)
.JD -
How cén'a naiy- . por.taneo Jsireaction be carried out in on electrolytic cell? Discuss
in cetail. || ) . (Ex-Q.3)(U.B+A.B)
LA BN ] - ELECTROLYSIS
\| S Cefnition:

“The chemical decomposition of a compound into its components by passing current through
the solution of the compound or in the molten state of the compound is called electrolysis .
Example:

Electrolysis of NaCl into Na and CI.

Electrolytic Cell:

“The type of electrochemical cell in which a non-spontaneous chemical reaction takes
place when electric current is passed through the electrolyte, is called an electrolytic
cell .

Example:

Down’s cell, Nelson's cell.

Construction of an Electrolytic Cell:

An electrolytic cell consists of a solution of an electrolyte, two electrodes (anode and
cathode) that are dipped in the electrolytic solution and connected to the battery.
Anode:

The electrode connected to positive terminal is called anode.

Cathode:

Electrode connected to the negative terminal is called cathode.

Working of an Electrolytic Cell:

When electric current is applied from battery, the ions in the electrolyte migrate to their
respective electrodes. The anions, which are negatively charged, move towards the anode
and discharge there by losing their electrons. Thus oxidation takes place at anode.
While cations, which are positively charged ions, move towards cathode. Cations gain
electrons from the electrode and as a result reduction takes place at cathode. -

|4, -

I » 1 L " | l. p . 1 1 .-\.__ . .-..:
-~ Battery - BT AR L =ad B

i i ; _ L | L
Y !-.lt-‘Ct._'( lyvic'zed ‘ o
— ; i '--L ) Y '.."___':_J - .

1 T ; Y
L (A1 “ | 1 =
! L K |1 |1 ! - -
L) 1 )

W T Y | . o | o Nat  Na'|Na
J| W Anode| o o Cathode
O
Ccl Na*

Figure: Electrolytic Cell
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Q3

Ans:

Example: (Electrolysis of fused sodium chloride):

When fused salt of sodium chloride is electrolyzed the followmg reacticrs take-place
during this process. . [

lonization Reaction: - | |

NaClg == Na' =, CI -
Oxidation Reaction at Anpag;
Hh 28y ————\Cn()
Reductjon Reactinn at Carhode:-
2Na" -+ 26 ——>2 Na
j-:ga;rgu [2eaction:
2Na'+ 2" ———>2Na
2Clgyy —— Clyg + 2¢
2Na* + 2CI'———2Na+Cl,
Discuss the electrolysis of water.
(Ex-Q.4)(DGK 2017, MTN 2016, SGD 2017, GRW 2017 G-I, LHR 2016 G-1)(U.B+K.B+A.B)
ELECTROLYSIS
“The chemical decomposition of a compound into its components by passing current through
the solution of the compound or in the molten state of the compound is called electrolysis .
Electrolysis of Water:
Extent of lonization of Water:
Pure water is a very weak electrolyte. It ionizes to a very small extent. The concentrations
of hydrogen ions (H*) and hydroxide ions (OH") are both at 107 mol dm™ respectively.
When a few drops of an acid are added in water, its conductivity improves.

4H,0,,, —2%9—>4H;, +40H,

(aq) (aq)

Working:
When an electric current is passed through this acidified water, OH™ (anions) move
towards positive electrode (anode) and H* (cations) move towards negative electrode
(cathode) and discharge takes place at these electrodes. They produce oxygen and
hydrogen gases respectively at anode and cathode.

Pl;hnu m
/ eleqrm es

- .-"I:'\-'.I.

Battery .

Anode B+, 7 Cathodé 5= - .

&

Figure: Electrolytic Cell showing Electrolysis of water

Oxidation Reaction at Anode:
4OH‘(aq) —>2H,0

() TOqq +4€
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Reduction Reaction at Cathode:
4H(*aq) +4e ——4H

4H£g)—\2‘-|

@

29)
Overall Reaction:

24 —>32g)1—2H

Discuss 1" e consf. uutmn ahd Werkmq ')f d ‘eel ity WhICh electr|C|ty is produced.
(Ex-Q.5)(MTN, DGK 2016, FSD 2017)(U.B+A.B)

Bimy OR

"Wha | is meant hi “aivanic cell? Write construction and working of Daniel’s cell.@.B+A.B)

I\ - GALVANIC CELL

“The electrochemical cell in which a spontaneous chemical

reaction takes place and generates electric current is called

Galvanic or Voltaic cell .

Examples:

e Daniel cell

e Drycell

Introduction:

A. Volta (1745-1827) was an Italian physicist known especially | A votia (1745-1827)

N

for the development of the first electric cell in 1800. was an Italian physicist
CONSTRUCTION AND WORKING OF DANIEL’S CELL known especially for
(A) Construction: the development of the

first electric cell in

Galvanic cell consists of two cells, each called as half-cell, 1800

connected electrically by a salt-bridge. In each of the half-
cell, an electrode is dipped in 1M solution of its own salt and connected through a
wire to an external circuit.

(i) Left Half Cell (Oxidation half-cell):

The left half-cell consists of an electrode of zinc metal dipped in 1 M solution of zinc
sulphate.

(i1) Right Half Cell (Reduction half-cell):

The right half-cell is a copper electrode dipped in 1M solution of copper sulphate.
(iii) Salt Bridge:

“Salt bridge is a U-shaped glass tube. It consists of saturated solution of strosg

electrolyte supported in a jelly type material. The ends of the U tL'ueuaru sealen mlh a" L)

porous material like glass wool . | NN o

Function of the Salt Bridoe; :__} VATV VLAY e

e It keeps, the solutiong (_.f twL hié If cell< neufral By prévi-':'ihg a pathway for
ml;rcuon nf&om - )

o .
o It pm\ndec el corlta tbeI welentwo half ceIIs

.,.___-‘-.

|| 1¢-Z17 metal has tendency to lose electrons more readily than copper. As a result

oxidation takes place at Zn-electrode. The electrons flow from Zn-electrode through
the external wire in a circuit to copper electrode. These electrons are gained by the
copper ions of the solution and copper atoms deposit at the electrode. The respective
oxidation and reduction processes going on at two electrodes are as follows:
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Q.5

Ans:

Half Cell Reaction at Anode (oxidation):

Zn —>Zn(aq) +2¢e” I
Half Cell Reaction at Cathode (reductiol )_
| Cu2 76" kU
@) )

Overah-G alvanlr >Reactian is rnimgf' riese tivg half-cell reactions:
2"y +Cuy

As aresilticf rﬂdo,t IPP.,tuun electrlc current is produced.

: L . ) Voltmeter )
e /\ ¢
&P
= +
Anode L salt bridge Cathode
(Oxidation) . (Reduction)

Zn Bl Cu (

ZnSOy CuS04
Zn(s) + 2¢” . Zn’ Cu®' +2¢"— ( u(s)

Figure: Daniel’s Cell

Uses:
The batteries which are used for starting automobiles, running calculators and toys
etc. work on the principle of Galvanic cell.

What is the difference between electrolytic and galvanic cell?
(LHR 2015,2016 G-I, SGD, GRW 2016, RWP 2017 G-I, FSD 2017 G-11)(U.B)

DIFFERENTIATION
The differences between electrolytic cell and galvanic cell are as follows.

Electrolytic Cell Galvanic Cell

Nature of Cell — . )

It consists of one complete cell, connected It consists_ 6f-hz0 “half Cﬁ|l° Lom\ehq..,
to a battery.

thrc,uuh"a'sat_['brii‘iga.' (e

Anode hu? n)nsm /e charg\ \ul |Ie wm‘imdel 1_e- I-\node has negative charge while cathode

= | _._-,.I_',_'._ | = K

NI Conversion of Energy

has negatl /e Mal gﬂ. \ - has positive charge.

Electrical energy is converted into|e Chemical energy is converted into
chemical energy. electrical energy.
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Reaction !
e Current is used for a non-spontaneous | ¢ Redox reactions take jpile “ptntarlmu | ]
chemical reactions to take a place. ~and produse-Electis cuirent: /
= GULVIES
e Down’s cai!. . |\« Dariici cell
e Nelsoncef | I\ 7y L - |&" DryCell

H'-FII“\

SHORT QUESTIONS

2.1 What are electrochemical cells?
(LHR 2015, FSD, RWP 2016, DGK 2017, SGD 2016,17, GRW 2017 G-11)(K.B)
Ans:  Answer give on pg # 243

Q.2  Name the types of electrochemical cells? (K.B)
Ans:  Answer give on pg # 243

Q.3  What s an electrolytic cell? (K.B)
Ans:  Answer give on pg # 244

Q.4 What is Galvanic or Voltaic cells? (SGD 2017 G-11)(K.B)
Ans:  Answer give on pg # 246

Q.5 What happens at cathode in the galvanic cell? (BWP 2016)(U.B)
Ans: REACTION AT CATHODE IN GALVANIC CELL

In galvanic cell, reduction take place at cathode as

+2 -
Cuy, t2¢ —>Cu

7.5 ELECTROCHEMICAL CELLS
MULTIPLE CHOICE QUESTIONS

1. Formula of hydronium ion is: (K.B)
(A) H” (B) OH" (C) H30" (D) None of these

2. An example of non-electrolyte is: (GRW 2017 G-1)(K.B)
(A) Glucose (B) HCI (C) H,SO, (D) Hof‘Og =11

3. An example of weak electrolyte is: (LHR 2016 G-1/5£:2017 C I(4 3),'
(A) NaOH (B) CH3COOH (1C) HaSQur . % (D‘ I‘:ia!‘ St

4. During electrolysis which reacticn TakP° wlc.c= atanagle? | T (K.B)
(A) Catenation (B) 3x1d?t.'n ' (C) Roducuun " _(I?.v) Addition

5. Which-on? i3 condugior?, | u ' (K.B)
(A) Naj=tialére {E) Rerali rhwv - (C) Plastic (D) HCI

6. Which of e fellewing a5 oud electrolyte? (K.B)

. _ﬁ'/.\;)..I‘JaC' Vi T(B) HaS04 (C) NaOH (D) All of these

J inaien cell spontaneous chemical reaction takes place?  (GRW 2014, LHR 2016)(K.B)
(A) Electrolytic cell (B) Galvanic cell (C) Nelsons cell (D) Downs cell

8. Types of electrochemical cells are: (GRW 2014)(K.B)
(A) 2 (B) 3 © 4 (D)5
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9. Spontaneous redox reactions produce current in: (K.B)
(A) Voltaic cell (B) Electrolytic cell (C) Galvanic cell (D) BotnA ang-C :
10. During the formation of water from hydrogen and oxvgen-y “hich ohe i th? foliovyins
does not occur? - ' -, (U.B)
(A) Hydrogen has oxidizesi " . —. (B, Cxygenihes recuced
(C) Oxygen.qgain electron || (L) Hydrogen-nehave ks oxidizing agent
11.  Whichk oig of the-aliewing is.nct an piactrolytic cell? (K.B+A.B)
(A) Dowri’: coil ‘B) Galvariczeii (C) Nelson’s cell (D) Both Aand C
12. In Zn-Cu galvanis cely, Zn is dipped in: (K.B)
(:/:“ ;.;.ﬂSO_A{Jq) - (B) Zn (NOg)z(aq)
|0 ME)YCuSOaag) (D) Both A and B
13. In Zn-Cu galvanic cell Zn is used as: (K.B)
(A) Cathode (B) Anode
(C) Electrode (D) All of these
14.  InZn+Cu* > Zn*+Cu,Znis: (U.B)
(A) Oxidized (B) Reduced
(C) Neutralized (D) Decomposed
15.  The electrolytic cell is made up of: (K.B)
(A) Cement (B) Glass
(C) Wood (D) All of these
16. Which one is strong electrolyte? (GRW 2016, RWP 2017 G-11, FSD 2017 G-1)(K.B)
(A) NaOH (B) Ca(OH);,
(C) CH3;COOH (D) H,0O
17. Which one of the following electrolytes produces less ions in water? (LHR 2014)(K.B)
(A) H.SO, (B) NaOH
(C) Ca(OH), (D) NaCl
18.  Which one of the following is not an electrolyte? (K.B)
(A) Sugar solution (B) Sulphuric acid solution
(C) Lime solution (D) Sodium chloride solution
19.  Which one of the following ionizes to a small extent in water? (K.B)
(A) Ca(OH), (B) NaCl — - '
(C) NaOH (D) HySO4 5 % | | N
20.  In electrochemical cell electrodes-are dippedim? T\ 7y T LY TkeB)
(A) Solute L S (B ShiVert! '
(C) Soluties TFARIRELE Waltsr-
21.  Electr'.city carmiot pa;: th! mu;h’k\ | S (K.B)
(A) Solild NaCl\ 4 4 4L L (B) Aqueous NaCl
() iolier NaTi | (D) Water
. mlm Dt 7.4 TEST YOURSELF
“1. < Why are the strong electrolytes termed as good conductors? (U.B)
Ans: STRONG ELECTROLYTE A CONDUCTOR

Strong electrolytes are good conductor because they are completely ionized in aqueous
solutions and produce more ions which helps in conduction.
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Ans:

Ans:

Sk m=mmtm'

Does non-electrolyte form ions in solution? (UB)
NON ELECTROLYTE

Non-electrolytes exist in the form of molecules. They do not form IGTiel an-splutior m( do

not allow the current to pass through their ssittions. -

What is difference between a strorig elecirolyie and!c waak ele"trc nye /
/(ESD 2016 s.=|: 2015, 17,\SWi_ 2016, MTN 2017)(U.B)

The differénces betaeen st Dnd elech rolyte . we '“electrolyte are as follows:

_______ Definition
o _The “elxctre Iyle \wh ionize  almost | @  The electrolytes which ionize to a small extent
o Il)u"tl Iy-in-agueous solutions and produce when dissolved in water and could not produce
' | _maie ions, are called strong electrolytes. more ions are called weak electrolytes.
Examples
e Strong electrolytes are aqueous | e Weak electrolytes are the aqueous solution of
solutions of I\@gl NaOH and H,SO,. acetic acid Ca(OH); etc.
NaOH,, —=—Na,, +OH,, CH,COOH,, +H,0,, —>CH,CO0", + H,0"
iv. Identify a strong or weak electrolyte among the following compounds. (LHR 2016 G-I)
CuSQy, H,CO3, Ca(OH),, HCI, AgNO; (U.B+A.B)
Ans: TRON RWEAK ELECTROLYTE
e CuSOqy: Strong electrolyte
e H,CO3: Weak electrolyte
e (Ca(OH),: Weak electrolyte
e HCI: Strong electrolyte
e AgNOg: Strong electrolyte
V. Which force drives the non-spontaneous reaction to take place? (U.B)
Ans: FORCE DRIVING THE NON SPONTANEOUS REACTION
Non-spontaneous reactions take place in the presence of an external agent. The external
agent are electrons that cause electricity. So, electric energy helps the non-spontaneous
reactions to proceed.
Vi. Which type of chemical reaction takes place in electrolytic cell? (U.B+K.B)
Ans: CHEMICAL REACTION INAELECTROLYTIC CELL
Non-spontaneous chemical reactions take place in electrolytic cell with the help of electricity.
Example: 2NaCl——2Na +Cl,
Vil. What type of reaction takes place at anode in electrolytic cell? — (U,'?*K.'é}'._ iy
Ans: REACTION AT ANODE e R
Oxidation takes place at anode in electrolyticcéll. Anpdeisa nogit ve V ( h:lr(‘iPJ e‘n*.sde -
2CL ‘=l—= ClyH2e | ) \
viii.  Why the positively charged electipag|is callledh anode'in e!ewolwt-“ cell? (U.B)
Ans: PA&_T*VZL‘ AEHARAZD EEECTRODE
The pou::‘»vvely (harged elecirbdeis Caded ancde In electrolytic cell because it is connected to
the p03| |vo +) Lnrml 1ay, of the hattery and anions move towards it for oxidation.
o By © 2C1 ———> 2Cl+2¢e
iX: ..' '-'|rr L'"e gle tro|y5|s of water, towards which terminal H* ions move? (U.B+A.B)
MOVEMENT OF H+ ION

[ YRS

In the electrolysis of water, H™ ions move towards the cathode and reduced to hydrogen

gas which is liberated.
2H" +2e” ——>H2(g)
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X.

Ans:

Xi.

Ans:

LNS:

In the electrolysis of water, where is the oxygen produced?
PRODUCTION OF OXYGEN
In the electrolysis of water oxygen is produced at anode.
40H ——— 2H;Dy) + Orgy 5 40~ 5 W | '
Towards which electrode-of the. electre.ytic, call| moyves he cutmns aﬂd what does
they do there? / (U.B)

(UB+AB)

[MOVEMENT CECATICNS

In the ‘glac rofytic-cell catrns cany. (+) civarge, they move towards the cathode and are
reduceaithigte. |

Such as:

AH" +4e——2H,

Ho'w the half cells of a galvanic cell are connected? What is function of salt bridge? (U.B+K.B)

CONNECTION OF HALF CELLS
The two half cells of the galvanic cell are connected by salt bridge.

Function of Salt Bridge:

e The function of salt bridge is to maintain the electric neutrality between the two half
cells of a galvanic cell and thus maintain the flow of ionic current.

e It provides a contact between two half cells.

7.6 ELECTROCHEMICAL INDUSTRIES

Q.1

Ans:

._fa:;..wqr';'@t_'.

How sodium metal is manufactured from fused NaCl?
(LHR, SGD 2016, GRW 2014, 16 G-1)(U.B+A.B)

MANUFACTURE OF SODIUM METAL FROM FUSED NACL

Principle:
On the industrial scale molten sodium metal is obtained by the electrolysis of fused
NaCl in the Down’s cell.

CONSTRUCTION AND WORKING
Construction and working of Down’s cell is as follows:

(A) Construction:
This electrolytic cell is a circular furnace. In the center there is a large block of
graphite, which acts as an anode while cathode around it is made of iron.

Cl, outlet

Inlet for
NaCl

Molten
NacCl

Liquid

Iron
screen

| -'"*' __— Camoa\(\ Aﬂde{
— 1 sourue

.i Fighrd: ')n wir's Cell for Production of Sodium Metal

L e

ions Present:

The fused NaCl produces Na and CI ions, which migrate to their respective electrodes
on passage electric current.

Separation of Electrodes:

The electrodes are separated by steel gauze to prevent the contact between the products.
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Q.2

Ans:

Chemical Reactions:

The CI” ions are oxidized to give Cl; gas at the anode. It is collectan"over the-an e
within an inverted cone-shaped structure while Na* are reaused ‘at| catr*urle and'racisen
Na metal floats on the denser maiten salt miixzorel from (iver2 it is céllectes in a S|de
tube. Following reactions fake riase dusing' the ‘elnd truI)sw of the molten sodium
chloride: /

lonizaticn ot [viotten NaCI

X maCI = @@ 2Na* + 2CI
Be_lgt_ior_' ar. '-\' .Cde (oxidation):

' 2CI' ——> Cl, + 26
Reactlon at Cathode (reduction):

2Na" +2¢ ——3 2Na

Overall reaction:

2NaCl ——— 2Na + Cl,
How can we prepare NaOH from brine on commercial scale? Discuss its chemistry
along with diagram? (Ex-Q.6)(U.B+A.B)
MANUFACTURE OF NaOH (CAUSTIC SODA)

Principle:
On industrial scale caustic soda, (sodium hydroxide) NaOH, is produced in Nelson's cell
by the electrolysis of aqueous solution of NaCl, called brine.

CONSTRUCTION AND WORKING OF CELL
Construction and working of Nelson’s cell is as follows:
Construction:
It consists of a steel tank in which graphite anode is suspended in the center of a U
shaped perforated iron cathode. This iron cathode is internally lined with asbestos
diaphragm. Electrolyte (brine) is present inside the iron cathode.

Graphite Anade

LI__ » M. gas out-let

Brine ‘___ ] F—‘*rf{ *’at =d 1 on "ath Ddt-.

Diaphragm {— ]

1 L i _' 1
_ .-'”-\.-. ) . L ‘” [‘“ A,.‘J_..__LJFODDIHQNEOH

4——— Steel Tank

\NaOd ’%oiLtii'n._.:- e
| T Catch Bas%n

| Figure: Nelson’s Cell for Production of NaOH

Working:
lons Present:

Aqueous solution of sodium chloride consists of Na*, CI", H and "OH ions.
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Chemical Reactions:
These ions move towards their respective electrodes and redox reactions take-place at-these
electrodes. When electrolysis takes place CI™ ions are dischargec-at.anone-asd Cl, ges rises
into the dome at the top of the cell. The I1"'ions are gitschargsd & (arhége a1id 3 gas
escapes through a pipe. e sodicim hyaroxicle s0.ution sleway percolates into a catch
basin. '
lonizauGrl 0y Brise:

2I4C o =—2Na" , +2CI

(aqj (ag)

2C|(aq> —>Cly, +

Reaction at Cathode (reduction):
2H,0+26" ——>H,, +20H"
2Na(+aq) +20H,, —>2NaOH

Overall Cell Reaction:
2NaCl

(ag)

+ 2H,0,,—> Hyg +Clyg +2NaOH

(aq) 2(9) 2(9) (aq)

7.6 ELECTROCHEMICAL INDUSTRIES

Q.1

Ans:

Q.2

Ans:

Q.3

Ans:

Q4

Ans:

SHORT QUESTIONS
Which solution is used as an electrolyte in Nelson’s cell? (K.B)
ELECTROLYTE INNELSON CELL
An aqueous solution of NaCl called brine is used as an electrolyte in Nelson’s cell.
How molten Na is manufactured on industrial scale? (A.B)
MANUFACTURING OF Na
On industrial scale molten sodium metal is obtained by the electrolysis of fused NaCl in
the Down’s Cell.
What is Brine? (K.B)
RIN
“Concentrated solution of NaCl is called brine ”.
Name the by-products produced in Nelson’s cell? (K.B)
BY PRODUCT IN NELSON CELL ;

co
m

Hydrogen gas (Hz) and chlorine gas (Cly) are the by-product of; T\Talson 5 Ueul \
2NaCl ,, +2H O—>|— +CI2+2N O

m."'uﬂ m&r}m

Anode )f _ov m’s,calliismadelupot: (LHR 2014)(K.B)

(A)teet |\ LY L 63) Copper (C) Zinc (D) Graphite
et rotysis of fused NacCl is done in the cell: (A.B)

1) Electrolytic cell  (B) Voltaic cell (C) Down’s cell (D) Faraday’s

Cl, gas is formed when CI" ions are: (U.B)

(A) Reduced (B) Oxidized

(C) Remained (D) Reacted with metals
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7.5 TEST YOURSELF —

Ans:

Ans:

Ans:

iv.

Ans:

Ans:

Anode of Down’s cell is made of a non- -metal. What-is itz penie? Wha lis-itie
function of this anode? : ' . 1 UB¥K.B)

Name of Nsn-metal:
In Dovin’s'celliatiode jsimide o gmphl e:
Functlcn_w_Lﬁr_%e_

C¥. lions ‘ger axiaized to give chlorine gas at the anode, so its function is to oxidize ClI™ to
Cllz.). Tne ClI™ ions are oxidized there and produce Cl, gas at anode.

2CI"—>Cl,+2¢"

Where does the sodium metal is collected in Down’s cell? (K.B)
LLECTION OF SODIUM METAL

In Down’s cell Na* are reduced at cathode and molten Na-metal floats on the denser
molten salt mixture from where it is collected in a side tube. Thus sodium metal is
collected at cathode in Down’s cell.

What is the name of the by-product produced in the Down’s cell? (K.B)

BY PRODUCT IN D ’S CELL
The name of by-product produced in the Down’s cell is chlorine gas.

2NaCl——>2Na + Cl,

Are anode of Down’s cell and Nelson’s cell made up of same element? If yes what is the
name? (U.B)
ANODE OF D i D NELSON CELL

Yes, anode of Down’s cell and Nelson cell are made of same element named as Carbon

(graphite).

What is the shape of cathode in Nelson’s cell? Why is it perforated? (U.B+K.B)
ATHODE 1 EL ’S CELL

Shape of Cathode:

In Nelson’s cell the cathode is internally lined with asbestos dlaphragm s U- Qha"eﬂ

and perforated. Y 2 (L

Why Perforated? ) AT WY -“ (

It is made perforated beceasse SOdl'“’-’:I hy uuoxme ¢ Io Nw percnlcte hrougn |t mto a catch

basin. j .

Whicki 10nu ave "'acnarced At cath i) Ne_:l'_s'm?é cell and what is produced at cathode?(U.B)
| DISCHARSE OF IONS AND PRODUCT

L4 4 4 L L LA

ﬂ__-l iciis are discharged at cathode in Nelson’s cell.
Product:
At cathode hydrogen (H.) gas is produced.

2H" +2e" ——H,,
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7.7 CORROSION AND ITS PREVENTION —

Q.1 What is corrosion? How iron gets rusted?
(FSD 2016, 17, SGD 2016, 17, DGK 2017, L R 2'»*5 SR 261F G\ N, 2755

OR
Discuss the redox reactich vaking-slace iz the, risting 'of irhniin Jetail. (Ex-Q.7)
Ans: (CREROSIDN
Definii *lo 1
“Corrotion\is 300w end, continuious eating away of a metal by the surrounding medium ",
Conglitions:

Carragivi-s a redox chemical reaction that takes place by the action of air and
iloisture with the metals.
Example:
The most common example of corrosion is rusting of iron.
RUSTIN F IRON
“Corrosion is a general term but corrosion of iron is called rusting. Formation of

hydrated iron oxide (Fe,O,.nH,0)at surface of iron is called rusting .

Conditions for Rusting:
The important condition for rusting is moist air (air having water vapours in it). There
will be no rusting in water vapours free of air or air free of water.
Process of Rusting:
(i) Anodic Region:
Stains and dents on the surface of the iron provide the sites for this process to occur.
This region is called anodic region and following oxidation reaction takes place here:
2Fe —— 2Fe”* +4¢
This loss of electrons damages the object.
(if) Cathodic Region:
The free electrons move through iron sheet, until they reach to a region of relatively
high O, concentration near the surface surrounded by water layer. This region acts
as cathode and electrons reduce the oxygen molecule in the presence of H* ions:
O,+4H" +4e ——2H,0
(iii) Provision of H" lons: - \
The H" ions are provided by the carbonic acid, which is fernet.bc aise-of | )re¢enr Gi
CO; in water. That’s why acidic medium’ aC“elo-rme‘ the/protéss of rxj§t..)g_, '
\H,O+20, < H)\ c'o ' '
- _ H/CO, =i M+ HCO;
The ovéve I1 rndo,. proccss i compisted without the formation of rust.
IR 0, + 4H" —— 2Fe*? + 2H,0

A J'I' W I.1e e’ formed spreads throughout the surrounding water and react with O, to

form the salt Fe,O3. nH,O which is called rust. It is also a redox reaction.

2Fe? +%o2 +(2+n)H,0—>Fe,0,nH,0+4H"
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Property of Rust Layer:
The rust layer of iron is porous and does not prevent further corros-s.. Thus usting
continues until all the piece of iron is eaten up. : -

=, ——

O from ail 5 . 1.+
e ol . dH)p L i, fronh an
H.O layver o ke AT e g A
N ML R i o D) P, il besd sl ol o f s = Loy pee] b e
S e R e e e e e Catho lic
ror - Anodic 5 2 . = region
regior: 1 A -
| e Fetametir e . | L % s + 4HT+ ae — 2H,O

Oxidaticn g Reduction

\_Figuie: Rusting of Iron

ol e e . — ———

D‘”C ribe tI ¢ m.etiiods for the prevention of corrosion. (SWL, SGD, RWP 2016)(U.B+A.B)

: CORROSION
Definition:
“Correction is a slow and continuous eating away of metal by the surrounding medium.
Example:

The most common example of corrosion is rusting of iron”.

METHODS FOR THE PREVENTION OF RROSION
(i) Removal of Stains:
The regions of stains in an iron rod act as the site for corrosion. If the surface of iron is
properly cleaned and stains are removed, it would prevent rusting.
(i) Paints and Greasing:
Greasing, polishing or painting of the surface can prevent the rusting of iron. With
development of technologies, modern paints contain a combination of chemicals called
stabilizers that provide protection against the corrosion in addition to prevention
against the weathering and other atmospheric effects.
(iii) Alloying:
“Alloy is a homogeneous mixture of one metal with one or more other metals or non-
metals. The process of formation of alloys is called alloying”.
Best Example:
The best example of alloying is the 'stainless steel’, which is a good combination of
iron, chromium and nickel.
Significance of Alloying of Iron: .
Alloying of iron with other metals has proved to be very successful technlctI & ag’*lnSt vsiie J SR
(iv) Metallic Coating: \ -
The best method for protection against tho et JSLO"I )T me*alo ol ouw* ] aC|d|c
conditions is coating the neta| AR W
Importance; SR B
It is th2 thostv 'idely*e.polieLj teqh icue! in_th#-fod industry where food is "tin-packed".
The corjtaineris ot _.ii"or" ére._(".oé'-ted with tin or chromium to give it a longer life.
Meigls Wsed foi: Metatlic Coating:

~Derrosion-resistant metals like Zn, Sn and Cr are coated on the surface of iron to

protect it from corrosion.

Methods of Metallic Coating:

e Physical methods

e Chemical method (Electroplating)
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Q3

Ans:

Discuss why galvanizing is considered better than tin plating? (Ex-LQ.8)(U.B+A.B)
OR —~

Describe galvanizing and tinning (tin coating) in detail.
GALVANIZING AN TIMNDL éT:‘M_

(A) Galvanizing (Zinc Cgating):

“The process of coatina a thin aa,/e ofizine pruiroiis datied galvu iizing.”

Proceds:

This proce> i4 carried put by, dinping a clean iron sheet in a zinc chloride bath and then

heating it. '\After 'this iren sheet is removed, rolled into molten zinc metal bath and finally

Ao

Advantage:

Advantage of galvanizing is that zinc protects the iron against corrosion even after the

coating surface is broken.

(B) Tin Plating (Tinning):

“The process of coating a thin layer of tin on iron is called tinning .

Process:

It involves the dipping of the clean sheet of iron in a bath of molten tin and then passing

it through hot pairs of rollers.

Advantage:

Such sheets are used in the beverage and food cans.

Disadvantage:

The tin protects the iron only as long as its protective layer remains intact. Once it is

broken and the iron is exposed to the air and water, a galvanic cell is established and

iron rusts rapidly.

Comparison of Galvanizing and Tin Coating:

Advantage of galvanizing is that zinc protects the iron against corrosion even after the

coating surface is broken. The tin protects the iron only as long as its protective layer remains

intact. Once it is broken and the iron is exposed to the air and water, a galvanic cell is established

and iron rusts rapidly. This is the main reason galvanizing is considered better than tin plating

1%,

/3448

7.7 CORROSION AND ITS PREVENTION o~

Q.1

Ans:

Q.2

Ans:

Q3

Ans:,

- .. y 3

“Ans.

Q.5

Ans:

SHORT QUESTIONS

What are the methods of metalliccoating? ! — 7\ e '(S\_er_, 'SWF" 201°1)(K . B+A.B)
Answer giveonpg #256 T\ =4 < WL VL

What is ad~antage of zir< ccating or ; *al-y anizing’| . _* -~ “(DGK 2010, SGD 2017 G-I)(U.B+K.B)
Answerciive Oripg.# 257 | \

Define foutiosion.| (A (LHR 2016 G-1)(K.B)
Ansiner U|v= on m 4 755

'_!Nm.r.t i3 rusting? (K.B+AB)
Answer give on pg # 255

Explain tin coating or tinning. (MTN 2017)(U.B+A.B)

Answer give on pg # 257
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7.7 CORROSION AND ITS PREVENTION -

MULTIPLE CHOICE QUESTIONSS

The formula of rust is: (LHF 2015)(K.B)
(A) Fe,03.nH,0 | ) (B, Fao003

(C) Fe (OH):. nH,O _ (D) FelQH!3

The most goinmsn example of ceriosicn is: (K.B+A.B)
(A) Chémical'dizcay . (B) Rusting of iron

(C) Fusting nf aluraibivm (D) Rusting of tin

\Wirach-me<iam accelerates the process of rusting? (U.B+K.B)
) Acidic (B) Basic

(C) Buffer (D) Neutral

The best method for preventing corrosion of metal exposed to acidic condition is:(.B+A.B)
(A) Alloying (B) Painting

(C) Greasing (D) All of these

Which one of the following metal is used for galvanizing? (K.B)
(A) Fe (B) Cu

(C)Cr (D) Zn

7.6 TEST YOURSELF

Ans:

What is the difference between corrosion and rusting? (MTN 2016, RWP 2017 G-11)(U.B)
DIFFERENTIATION
The differences between corrosion and rusting are as follows:

Corrosion Rusting

Definition

Corrosion is a general term used for all | ¢ Corrosion of iron is called rusting.
the metals.

Continuity

Corrosion of some metal may be stopped. \ e Rusting is the continuous process.

Nature of Reaction

e Itis redox reaction. \ e Itis also redox reaction. B _

ii. What happens to iron in the rusting process? K P —WIRB); \

Ans: IRON INRUSTING "\ W) [ /7 | e
During rusting Fe is oxidized to Fe‘gj-, that piied) througthyut the ‘surrpundisig reacts with
water and O, to form the halt (Fe:@sintd4,0) cailed rusy. \Dise'te'being porous the rusting
process-coitinuous Untii-the, whiols Liety of irory Is-eatemn up. '

iii.  Rustinigeompletesin(fiow: sty Tedak Feactions? (U.B+K.B)

Ans: | LUMEER OF REDOX REACTION OF RUSTING

.' ]_'. N\ '.

Risting }_:orri_o_l&tcs in 2 redox reactions given below:

2Fe*z+%02(aq)+4H(*q) — 2Fe*”?+2H,0

2Fe+2+%o2 +(2+n)H,0 - Fe,0,.nH,0+4H"
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iv.

Ans:

Vi.

Ans:

Vili.

Ans:

viil.

Ans:

iX.

Ans:

AA|1:;

Explain the role of O, in rusting? (U.B)
ROLE OF O, IN RUSTING . :
O, is necessary for rusting because in cathode region, the electreiis.relesscd-y iror,, ren 162
oxygen in the presence of H" ions to form water) Oxvgeiiadts as.an oxic zing agent.
O, = 4H" e =—52id,0 | Fe™
The Fe** " arsfurther oxndIth rol =t vmh then'comaine with oxygen to form rust.

ZFef +—O FAR +’>\'r O—>Feo .NH,O + 4H"

,La € thix ke it ] et 1C3 for protection of metal from corrosion. (U.B+A.B)

| . PROTECTION FROM RROSION

The best method for protection of metal from corrosion is the coating of highly resistant

metal. Corrosion resistant metals like Zn, Sn and Cr are coated on the surface of metal to

protect other metals from corrosion.

What do you mean by galvanizing? (LHR 2017 G-1)(K.B)
GALVANIZING

The process of coating a thin layer of zinc on iron is called galvanizing.

Advantage:
It has advantage that it resists corrosion even if zinc coating is broken.

What is the advantage of galvanizing? (K.B+A.B)
ADVANTAGE OF GALVANIZING
A big advantage of galvanizing is that zinc protects the iron against corrosion even after
the coating surface is broken.
Why tin plated iron is rusted rapidly when tin layer is broken? (U.B)
RAPID RUSTING OF TIN PLATED IRON

When tin layer s broken the iron is exposed to the air and water, a galvanic cell is

established in which iron acts as anode and rusts rapidly.

Name the metal which is used for galvanizing iron? (K.B)
ALVANIZING IRON

Zinc metal is used for galvanizing iron.

Q.1

Ans:

ELECTROLYTIC METHOD (ELECTROPLATI

What is electroplating? Write down procedure of electroolaf qg i (.;—.~,-Q-_9)(|__J..'§+,n..L_?.,,\:
LEQTRQP ATINQ o~ AN N[

N |

Definition: y -

“Electroplatlng IS deposm 1g of u'l” meta O/e ht nthm b" r.“:dn' af electrolysis”.
ble Ta‘v‘° r Ll § -

This pre Ueas i5us® dto A \

o DFOIEC *nutalf d'JamSt COI’I’OSIOH

b o merigue thelr appearance, shine and beauty

Principle:

Principle of electroplating is to establish an electrolytic cell in which anode is made of
the metal to be deposited and cathode of the object on which metal is to deposit. The
electrolyte is an aqueous solution of a salt of the respective metal.
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Q.2

Ans:

PROCEDURE FOR ELECTROPLATING
The construction of apparatus and procedure for electroplating is as f0||f‘v\IS
(1) Cleaning of Metal: o~ - .
In this process the object_to be cler tror\"*e( is cl=a1*d thr sana aria-washed with
caustic soda solution and mal'y f'ot aug hI A msiwd veith'water.
(i) Ari 00= )
The andde | 15 rede of he miet=2l, which is to be deposited like Cr, Ni.
(|| \ <,atnodv
il “-caihode is made up of the object that is to be electroplated like some sheet made
up of iron.
(iv) Electrolyte:
The electrolyte in this system is a salt of the metal being deposited.
(v) Electrolytic Tank:
The electrolytic tank is made of cement, glass or wood in which anode and cathode are
suspended. The electrodes are connected with a battery.
(vi) Passing of Electric Current
When the current is passed, the metal from anode dissolves in the solution and metallic
ions migrate to the cathode and discharge or deposit on the cathode (object). As a result
of this discharge, a thin layer of metal deposits on the object, which then pulled out and
cleaned.
Describe electroplating of Silver. (BWP 2017)(U.B+A.B)
ELECTROPLATING OF SILVER

Principle:

The electroplating of silver is carried out by establishing an electrolytic cell.
Anode:

The pure piece of silver strip acts as anode.

Cathode: _
The cathode is the metallic object to be coated such as spoon | -

Electrolyte: o AT NN [ (o o=
Both electrodes are dipped-iit siIver..Fiitr_ai‘;_"soﬂ_L'-Jti'r.)n..us_?'d es an .3Ié1‘,tr.JIyte.' '

Chemical Reactions: ARTRARLRS - U

When ithé EUSCHAE ,ASted TQrGaJQh ‘ha_ceit-the Ag® ions dissolve at the anode and
migrate; h vayis) tne catI’Cdc witere, they discharge and deposit on the object e.g.

~, 9D Tihe Lhennral réaction can be represented as:
L AtAnsde:

Ags) — > Ag @) + 1€
At Cathode:
Ag @ + 16 —>Agpy
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e ) g
Silver (ind _"'ﬂi ‘
; \ B & Opoo: -
—, Ry | Elel tlalyte—\ qr_ e plated

. '_ \Filtre, Electroplatmg of an Object

\szs,

T
Comman examples of silver plating are table wares, cutlery, jewelry and steel objects.

What is principle of electroplating? How electroplating of chromium is carried out?

(Ex-Q.10)(U.B+A.B)
ELECTROPLATING

Principle:

The principle of electroplating is to establish an electrolytic cell in which anode is made up

of the metal to be deposited and cathode of the object on which metal is to be deposited.

ELECTROPLATING OF CHROMIUM

Electrolyte:

The object to be electroplated dipped in aqueous solution of Cry(SO,)s containing a

little sulphuric acid. That act as an electrolyte.

Cathode:

The object to be electroplated acts as cathode.

Anode:

Anode is made of antimonial lead.

Chemical Reactions:

The electrolyte ionizes and provides Cr¥* ions, which reduce and deposit at cathode.

Electrolyte produces the following ions.

Cr, (SO, )y — 5 2Cr! +350%,

(aq) 4(aq)

Reactions at the electrodes are as follows.

At Anode: A
_ p— - .?__. % l' .-_-.- ) 1 ..‘-\.__ : .....
A0H" o —>2H, 00+ Qo 87 L[ (2.0~
At Cathode: u — o AL R |
““+& wﬂ—au '

Platmu G-f steei Wl*h NI 0| &,u ilr\s\t\ 1n1 then Cr platmq
For Draw tigel ccrnvnr |en(,° e steel is usually plated first with nickel or copper and then

_ll)w cliromitrabécause it does not adhere well on the steel surface. Moreover, it allows
“Jrloisure to pass through it and metal is stripped off. The nickel or copper provides

adhesion and then chromium deposited over the adhesive layer of copper lasts longer.
This type of electroplating resists corrosion and gives a bright silvery appearance to the
object.

CHEMISTRY-9 261



Chapter-7 Electrochemistry

Q4

Ans:

What is principle of electroplating? How electroplating of zinc and tin is carried out? (U B+A.B)
ELECTROPLATING '

1%,

Principle:

Principle of electroplating is,to establlsh & Gtht"O 'yuig cellin wihich ai .ude is made of
the metal to be deposited ai'd caiiiorle of the|¢bjact Cr whl ch'matal is to deposit. The
electro’y 'h ¥ in aauesus-solutiod of & saltof the-respiective metal.
El_=C *R’_u’ ATING OF ZINC

Cleanlr qiT ar_g_=t Mital

e arget nieta id cleaned in alkaline detergent type solutions, and it is treated with
acidt | inorder to remove any rust or surface scales.
Anode:
Zinc metal is used as anode.
Cathode:
The metal to be plated is used as cathode.

Electrolyte:

Aqueous solution of zinc sulphate (ZnSQO,) is used as an electrolyte.

Chemical Reactions:

When electric current is passed the zinc is deposited on the metal by immersing it in
a chemical bath containing electrolyte zinc sulphate. A current is applied, which
results in zinc being deposited on the target metal i.e. cathode.

At Anode:

ZIn——7Zn* +2e”
At Cathode:

Zn* +2e ——7n

ELECTROPLATING OF TIN

Cleaning of Target Metal:
The target metal is cleaned in alkaline detergent type solutions, and it is treated with acid, in
order to remove any rust or surface scales.
Anode:
Tin metal is used as anode.
Cathode: _
The metal to be plated is used as cathode. AN [
Electrolyte: - SN 7 PR =
Aqueous solution of tin sulphate o*\SO4')_is L'_se'j és Lwr" e;_éctrc' Iyte.' e
Cathode Material: VAL LD '
Tin is usuahiy electroptated ¢n s ..-et| Lw p!at mg the steer Into a cuntamer containing a
soluti¢n o tingseit. L™ \
Chemital\Res ctan» ' )

_ When an el =Clr'ccl current passes through the circuit, tin metal ions present in the
~q¢ittian deposit on steel.

At Anode:
Sn——>Sn%* +2e”
At Cathode:

Sn** +2e ——»Sn
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Q.5

Ans:

ELECTROLYTIC METHOD (ELECTROPLATING) o

Q.1

Ans:

Q.2
Ans:

S Atdtfoae:

What do you know about electrolytic refining of copper? (LHR 2017 G-1)(U.B+A.B)
ELECTROLYTIC REFININ E PPER - -

Impure copper is refined by the electrolytlc method in the elec‘fmly1 |c coils
Anode: :
Impure copper acts as anode.
Cathode:
A pureccoper plate acie as cathode |
Electrelyte:
Coppet, sy hhafe >o!u idn i water is used as an electrolyte.
!’155 tion_at\Angde: |

Yuidatiei-redction takes place at the anode. Copper atoms from the impure copper
!ose electrons to the anode and dissolve in solution as copper ions:

Cu —> Cu®* (ag) +2e°  (Oxidation)

Reaction at Cathode:
Reduction reaction takes place at the cathode. The copper ions present in the solution
are attracted to the cathode. Where they gain electrons from the cathode and become
neutral and deposit on the cathode.

Cu® + 26 — s Cu

(Reduction)

Net Result:

In the process impure copper is eaten up and purified copper atoms deposit on the cathode.
99.9% pure copper is obtained in this process.

Battery

)
Anode

)
Cathode

Impure
copper rod
Pure
Copper
Electrolyte

Figure: Refining of Copper in an Electrolytic Cell

SHORT QUESTIONS

In electroplating of chromium which salt is used as an el“nol _,Jn Py \_GR
Answer give on pg # - FULL
Write the redox reaction tsking placz: duu n0 elm tmp,atrno l of « hrom . (U.B+A.B)

_ EAQT|Q=QLL_L§4F_Q1A_J\LOF HROMI LM
DARTafeR xox\k——»zr. 1 +3507

At anoce:
\ 4OH(’aq) — 2H,0,+4e +0,

3+ -
Cragt3e —=Cry
Overall reaction:
Cr,(SO,),+3¢” —Cr,
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ELECTROLYTIC METHOD (ELECTROPLATING) o

1.

2.

MULTIPLE CHOICE QUESTIONS S

Stainless steel contains: , - (K.B)
(A) Nickel (B) Iran - (G} Chrpnaim (D) Aliof these
Depositing of one metal aivel the Gthig/ ty miens.of electroiysis |s: (K.B+A.B)
(A) Ceitadioh (Bj-Recacior, ‘(C Gaidation (D) Electroplating

-’\\\“\'& TEST YOURSELF

i 3‘_“.).

An

S.

P°f|| le electropiating? (GRW 2016 G-I, Il, RWP 2017 G-11, SGD 2017 G-11)(K.B)
Aeitripia ating is depositing of one metal over the other by means of electrolysis”.

Obiectives:

This process is used to:

e Protect metals against corrosion

e Improve their appearance, shine and beauty

How electroplating of zinc is carried out? (U.B+A.B)
ELECTROPLATIN FZIN

(A) Cleaning of Target Metal:

The target metal is cleaned in alkaline detergent type solutions, and it is treated with acid,

in order to remove any rust or surface scales.

(B) Concentration of Cell:

Anode:

Zinc metal is used as anode.

Cathode:

The metal to be plated is used as cathode.

Electrolyte:

Aqueous solution of zinc sulphate (ZnSQ,) is used as an electrolyte.

Working of Cell:

When electric current is passed the zinc is deposited on the metal by immersing it in a

chemical bath containing electrolyte zinc sulphate. A current is applied, which results in

zinc being deposited on the target metal i.e. cathode.

At anode:

Zn——>7Zn*" +2e =0
At cathode: M\ ATA W ' ol
\znErer—zn VL )
Which. muterlal Is useut0) make' cethodetir eiﬂurf‘platlng’? - (K.B)
= ,A |H()L~E FLL“C'ER,QD LATING

Some sheot, of any\ nenI ic-object to be electroplated is used to make cathode in
¢lect ophtlﬂ

' '_JNN, is‘the anode made up of a metal to be deposited during electrolysis? (U.B)

METAL IN MAKING ANODE
The anode is made up of a metal to be deposited during electrolysis, because, when the
current is passed, the metal from anode dissolves in the solution and metallic ions migrate
to the cathode and deposit on it.
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ANSWER KEYS

H

7.4\ QXIBATUON AND REDUCTION

l°H°H"H°H°

7.2 OXIDATION STATE AND RULES FOR ASSIGNING
OXIDATION STATE

BD 5 6
101112

7.3 OXIDIZING AND REDUCING AGENTS

a:H-H-'EH-°H° E

7.5 ELECTROCHEMICAL CELLS
2 3 =N 4 Sl D 6 D 7 B 8 A Bl D 10
11 g3 12 A 13 14 A gsE D 16 A 17 C 18 A EE 20

7.6 ELECTROCHEM

o B4 1T

?&mn\» HOR.ANBATS PREVENTION
R EC RN E

ELECTROLYTIC METHOD (ELECTROPLATING)
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EXERCISE SOLUTION o

4.

MULTIPLE CHOICE QUESTIONSIES

Spontaneous chemical reactions take plaze'in:
(GRW 2017 G-I, LHR 20*5-G-11, SCD.2017-G=il, BYVF 2017 eI, BWP 2016, G I, SGD 2016 G-I)(K.B)
(A) Electrolvtic cell (B) Galvantc cell (C) Neleoris-cedl, D) Down’s cell
Formaticly of waterrrom, hyurogen arid ox*,gen IS:
' _ (DSK2016, 17 G-11, BWP 2016 G-11, SWL 2016 G-1)(U.B+A.B)
(A) Rednxirractior, ' (3,-Acid-base reaction(C) Neutralization (D) Decomposition
\ 'mt h-ohelciihe followmg is not an electrolytic cell?
(RWP 2017 G-I, SWL 2017 G-I, BWP 2016 G-1)(K.B+A.B)
(A) Downs cell (B) Galvanic cell (C) Nelson's cell (D) Bothaandc
The oxidation number of chromium in K,Cr,0y is: (U.B+A.B)

(LHR 2017 G-I, GRW 2016 G-I, RWP 2017 G-I, SGD 2017 G-II, BWP 2016 G-I, SGD 2016 G-I, FSD 2016 G-I)

5.

10.

(A) +2 (B) +6 (C) +7 (D) +14
Which one of the following is not an electrolyte?
(LHR 2017 G-1, BWP 2017 G-11, SWL 2017 G-11, MTN 2016 G-I, RWP 2016 G-I)(K.B)

(A) Sugar solution (B) Sulphuric acid solution

(C) Lime solution (D) Sodium chloride solution

The most common example of corrosion is:(SWL 2016 G-I, SGD 2016 G-I, FSD 2016 G-1)(A.B)
(A) Chemical decay (B) Rusting of iron

(C) Rusting of aluminium (D) Rusting of tin

Nelson's cell is used to prepare caustic soda along with gases. Which of the following

gas is produced at cathode? (MTN 2017 G-I, SWL 2017 G-1, MTN 2016 G-1)(U.B)

(A) Cl (B) H (C) Os (D) Oz

During the formation of water from hydrogen and oxygen, which of the following
does not occur? (BWP 2017 G-1)(U.B)

(A) Hydrogen has oxidized (B) Oxygen has reduced

(C) Oxygen gains electrons (D) Hydrogen behaves as oxidizing agent

The formula of rust is: (FSD 2017 G-I, DGK 2017 G-I, MTN 2017 G-1)(K.R). 7~ .
(A) Fe,0,.nH,0 (B)Fe,0, 1A N (7 Wi
(C)Fe(OH), .nH,0 o \D) Fe( i)~ Y O, o=

In the redox reaction between Zn. Mnd HZl, e )x*dr7 nu aqeﬂt
! (I LR'7017 G-I, |-<\NP 2016 G-1)(U.B+A.B)

Az )\ N D) T \ \ \\ eyl (D) H

ANSWER KEY)|

RLE B |

s il B
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Ans:

Ans:

Ans:

EXERCISE SHORT QUESTIONS

Define oxidation in terms of electrons. Give an example. (RWP 2017 G

OXIDATION
“Oxidation is the loss of electron by-an atom Or-5 DN

Example:

4 —_——>_Z[:+2 4

2e .

Fel2 o [ 2Fe + e
Define 1 ea neti m in termy, ol Ins¢ or galn of oxygen or hydrogen. Give an example. (U.B+A.B)

REDUCTION

1He agdition of hydrogen or removal of oxygen during a chemical reaction.”

Examples:

Reduction

nemoval of oxym

nO+C

Zn + CO,

— 2
What is difference between valency and oxidation state?

DIFFERENTIATI

N

The differences between Valency and oxidation number or state are as follows:

Valenc

Oxidation Number

Definition

e It is the combining capacity of an | e
element in terms of the number of
hydrogen atoms with which the
element may combine.

It is the charge which an atoms of the
element has or appears to have when
present in the combined state with their
atoms.

Charge or Sign

e It is purely a number and hasno | e
plus or minus sign associated
with it. For example. Valency of
N in NH3 is 3 and that of H is 1.

It is always assigned plus or minus sing
except when it zero. For example
oxidation number of N in NHgz is -3 and
that of H is +1

4.

Ans:

Differentiate between oxidizing and reducing agents.
(GRW 2016,17 G-11, RWP 2017 G-I, MTN 2017, FSD 2016 G-11)(U.B)

DIFFERENTIATION
The differences between oxidizing agent and reducing agent are as follows-zg;

Oxidizing Agent

A species that oxidizes a substance b .
taking electrons from it, is coilei v
OXIdIZ'ﬁé‘ age nt '

J [ %] e They are more electronegative in

N -matals (O
i |(r\<|rll":m agents.

A spec esitlat reduces &L, Dstarce by
snaiing elentronio it is called reducing

- acent—

It is itself oxidized in a redox reaction

F PALe e[c.) are good

Metals (Fe, Cu, Na etc.) are good
reducing agents.

nature.

They are more electropositive.

Their oxidation number decreases.

Their oxidation number decreases.

JMIN 2016)(UB7 KB

(U.B)
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5. Differentiate between strong and weak electrolytes.
(FSD 2016, 17, SGD 2016, 17, SWL 2016+4TN 2017\ R}
Ans: DIFFERENTIATION |~

The differences between strong electrolyte arid weak J|c\,c.olyto are. as il ,,\A

i]ﬂ[lll’m‘&ﬁ‘i’!ﬂﬂ

____D"fﬂ’“_“n__

e The electelyted which~ iGnize Valinolt [\¢, “Tie =Itwo|ytes which ionize to a small extent
completely&+anuecus solutior:s ¢l predugs - ~when dissolved in water and could not produce
more ions, &e tailed trend el xrolyes. ‘ more ions are called weak electrolytes.

o T D Examples

L] Serd 10 Ulectrolytes are aqueous | ¢ Weak electrolytes are the aqueous solution of
" | ““solutions of N gl NaOH and I—_IZSO4. acetic acid Ca(OH); etc.

NaOH, 4"\'3 0 O CH,COOH,, +H,0, ——>CH,CO0", +H,0"
6. How electroplating of tin on steel is carried out? (U.B+A.B)
Ans: ELECTROPLATIN FTINONSTEEL

Electrolyte:
Tin is usually electroplated on steel by placing the steel into the container containing a

solution of tin salt.
Cathode:
The steel is connected to an electrical circuit, acting as cathode.
Anode:
The anode is made up of tin.
Working:
When electrical current is passed through the circuit, tin metal ions present in the solution
deposit on steel.
7. Why steel is plated with nickel before the electroplating of chromium. (U.B+A.B)
Ans: ELECTROPLATING OF CHROMIUM
The steel is usually plated first with nickel or copper then by chromium because it does
not adhere well on the steel surface. Moreover, it allows moisture to pass through it and
metal is stripped off.

8. How can you explain, that following reaction is oxidation in terms of increase of
oxidation number? (UB+AB) |
Al — Al +3e” ¢ '_ ' - A
Ans: OXIDATION NUMBER

Increase in oxidation number is calted oxic at 0F= O(ILGTICH 1u mer cf AI ueraes from
zero to + 3 thus it is an oxiuation rea i, Vo f

A’———»N* +3e

9. How U—lr} yOL L)ré\',e SO it g an %:Qatn.* redction with an example that conversion of
an ion 0 .m . iy an nxi catiof process? (U.B+A.B)

Ans: _ - Y : CONVERSION OF ION TO ATOM
= [ 4|, 2\ 'ereinn’ o anion into an atom is an oxidation process.

| J,I N Example:

When anions (negatively charged ions) lose electron, they are converted into atoms and
oxidized.

CI Oxidation CI + Ie—
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10.

Ans:

13.
AnNs:

Why does the anode carries negative charge in galvanic cell but positive charge |n
electrolytic cell? Justify with comments. e —{\B
NEGATIVE CHARGE ONANODE .« | [~ |
In Galvanic cell, electrons are lost by the ‘atyms. at anGde. plais witich mé'\es it icu‘fron
efficient therefore it carriesnegatize’ chaige. ir, electrelytis Celi, elegtrons are gained by
cations from anode which inakes 1 alecireh deficient the fafreit cerries positive charge.
Wherr ap th'-\ Pln:u gns How irem 7Zr) oleurmie iT Daniel's cell? (U.B)
F1 ECTECDE N DANIEL’S CELL DANIEL’S CELL
In Danigl &¢Il the electrans takes flow from Zn electrode (anode) towards the cathode
A le un'oficaeper through the external circuit.
Vli., ao electrodes get their names ‘anode’ and cathode in galvanic cell? (U.B)
ANODE AND CATHODE
In galvanic cell anode and cathode get their names depending upon the process taking
place on them.
Anode:
It is an electrode where oxidation takes places.
ZIn——7Zn"? +2e”
Cathode:
It is an electrode where reduction takes place.

Cu®?+2e—Cu

Voltmeter
Y N
v/

Anode ¢ salt bridge + Cathode
(Oxidation) (Reduction)

KCI

ZnSOy4

Zn(s) + 2¢"— Zn® Cu*' + 2¢"—= Cu(s)

Figure: Daniel’s Cell

What happens at the cathode in a galvanic cell? S \LIB)
REACTION AT CATHODE 4l GALVAMZ CELLY| | /) | o™

In galvanic cell, reduction takes pl; :lC(: at the, cy t 101e as) _
Cu, +7e —-_-—(u VL
Whick SL iut on. ls Gsed ag .'m ele@\rsol' UG m Neﬂso” s cell? (K.B)
' 'ELECTYROLYTE SN NELSON’S CELL NELSON’S CELL
An agqueous) SOJL'tlon of! Nzl called brine is used as an electrolyte in Nelson’s cell.

'. ._N ne the b) sroaucts produced in Nelson's cell’) (K.B)

BY PRODUCTS 1 EL ELL
Hydrogen gas (H) and chlorine gas (Cl,) are the by products of Nelson’s cell.

2NaCl, +2H,0,—> H,, + Cl,, +2NaOH,,

2(9) 2(9)
By-products Product
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16.
Ans:

17.
Ans:

19.
Ans:

20.
21.
Ans:

22.
Ans:

Ans:

(a)

w

(d)
(€)

Why galvanizing is done? (GRW 2016 G-11)(U.B+A.B)
GALVANIZING . —

The process of coating a thin layer of zinc on iron is called-gaivar| iZ\AG, “Galvar 12ing. i<

done to protect the iron agalnst corrosmq 2ven arter the requrtd c')aun{‘ surface is

broken. PN A

Why an "—uﬂ grill is painted'f; equznt L\ st (MTN 2017)(U.B+A.B)

RAINTING OF IRONGRILL 1RO GRILL

Iron gn'll g, pmted fraquently’ to protect it from rusting. Paint layer protect iron from

ateatlk ofmoistura-and oxygen.

Win G315 necessary for rusting? (U.B)

' RUSTING

O, is necessary for rusting because it acts as oxidizing agent. It accepts electrons from Fe

which is covered to Fe*? and then to Fe™. Oxygen combines with Fe*® to form rust

(Fe203.nH20).

The overall cell reaction for corrosion of iron is:

O, +4H"* @ T4e ——>2H,0(Y)
+2
2Fe” )t > 0, H(n+2)H,0 ,, ——>Fe,0,.nH O(s)+4H (@)
In electroplating of chromium, which salt is used as an electrolyte? (K.B)

ELECTROPLATIN FCr
Chromium sulphate with few drops of H,SO, acts as electrolyte in electroplating of
chromium.
Write the redox reaction taking place during the electroplating of chromium? (v.B+4.B)
In electroplating of silver, from where Ag + come and where they deposit? (U.B+A.B)
ELECTROPLATING OF SILVER
In electroplating of silver, Ag* ions come from anode while they deposit at cathode.
What is the nature of electrode used in electroplating of chromium? (K.B)
NATURE OF EL ECTRODE
In electroplating of chromium, anode is made of antimonial lead Whlle the object to be
electroplated acts as cathode. -

Describe the rules for assigning t“fz 0Xi qatlon statr, 1 )
Answer_gl‘ ci) of pg # 225a(Tynig' 7:.2)1 |

Find & \tha! ox.danun nuwb\em rf e underllned elements in the following
compounds, {1 0L (U.B+A.B)

D0,

A g\l\’)3
KMnO4
K.Cr,04
HNO,
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Ans:

2.

Ans:
3.
Ans:

Ay
. ":_"-|5I'r l

=

J.

Ans:

XIDATION NUMBERS OF UNDERLINED EL EMENT
(A) NazS204: -
2[O.N of Na]+[O.N of S]+4[O.N of O]=0 —_—
2[+1]+[S]+4[-2]=0 5 A\ TV OV
+2+5-8=0 v\ E R R R
S-6=U3
S=+61
(B) AgN Oy
\O N of £01+10. N ofN]+3[O N of O]=0
+1]+[N]+3[-2]=0
+1+N-6=0
N-5=0
N=+5
(C) KMnOy:
[O.N of K]+[O.N of Mn]+4[O.N of O] =
[+1]+[Mn]+4[-2]=0
+1+Mn-8=0
Mn-7=0
Mn =+7
(D) KngOﬁ
2[O.N of K]+2[O.N of Cr]+7[O.N of 0] =0
2[+1]+2[Cr]+7[-2]=
+2+2Cr-14=0
2Cr-12=0
2Cr=+12
Cr=+6
(e) HNO::
[O.N.of H]+[O.N.of N]+2[O.N.of O] =0
[+1]+[N]+2[-2]=0 |
+1+N_4=0 o il "-.. =y [ | w,
How can a non-spontanous reac 'ffm ne_ca-r”led .r)ut i an cleclr )lytlc cell" Discuss
in detall . g '
Answer g»e YnN-py #‘QM (T )pl N-i
Discusg the ehﬁ“tlo VSJS iof v”a{PI
Ansier ql\fe or pg'# 245 Topic 7.5)
IIJ Soliss, the Ceiistruction and working of a cell in which electricity is produced.

“Ahswer give on pg # 246 (Topic 7.5)

How we can prepare NaOH on commercial scale? Discuss its chemistry along with
the diagram.
Answer give on pg # 252 (Topic 7.6)
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6.

Ans:

7.

Ans:

8.

Ans:

9.

Ans:

‘-" iy
WS

a

ANS:

Q.6

Ans:

Q.7

Ans:

Q3

Ans:

Q.4

A_ns:_

-I'w-'

L™ \_ ) ‘
Ans:

Discuss the redox reactions taking place in the rusting of iron in detail.  (SGD 2017 G-I1)
Answer give on pg # 255 (Topic 7.7) : '
Discuss, why galvanizing is considered better than that cf+ia plating; )

Answer give on pg # 257 (Topic 7.7 ' '

What is electroplating? \Write dovi| prosadinie bf 2léctroplating? |

Answer giyeon pg # 262-(Elecfroiytic tetaod)

What izt princigle ot elvctruplaurwq Fisw electroplating of chromium is carried out?
Answer give on 'og\# 261 \(Elésirolytic method)

ABBITIONAL CONCEPTUAL QUESTIONS

2 |f|erent|ate between oxidation and reduction. (U.B)
DIFFERENTIATION
The differences between oxidation and reduction are as follows:

e Addition of oxygen e Removal of oxygen
e Removal of hydrogen e Addition of hydrogen
e Loss of electrons e Gain of electrons
Does aluminium rust? (Science, Technology and Society Pg. # 129)(U.B+A.B)
OR
Compare the process of corrosion of aluminium and iron. (U.B+A.B)

RUSTING OF ALUMINIUM
Aluminium corrodes but it does not rust. Rust refers only to iron and steel corrosion. A
very hard material aluminum oxide protects the aluminium from further corrosion.
In comparison to that when iron corrodes, its color changes and produces large red flakes
known as rust. Unlike aluminium oxide, the expanding and flaking of rust exposes new
metal surface to further rusting.
What is an alloy? Give an example? (GRW 2016 G-11)(K.B+A.B)

ALLOY
“Alloy is a homogeneous mixture of one metal with one or more other metals or non-
metals. The process of formation of alloys is called alloying .
Best Example:
The best example of alloying is the 'stainless steel’, which is a good comblnatlon of iron.
chromium and nickel. : -
Why steel is plated with nickel before the electroplating of chremizimi?(| J.F,‘+/-w. B) \
STEEL IS ELECTROPL ATED WITHNICEW.E -~ | ™ ™

The steel is usually platec-first with‘nickei o\ Gopper ihen by chrem)um Decause it does
not adhere well on the steel yurface. I/orbos ‘el it Q'so can‘ /s ‘oishure to pass through it
and meta} s strippea.off.

In elecs nplot ng of 'sitver, 1-fc%v.«.':‘-ere Ag ions come and where they deposit?

A (U.B)
Ag’ IN ELECTROPLATING

' 'Jr"é'il_act_'opiati'ng of Ag” (Silver) ions come from anode while they deposit at cathode. 1

What is the nature of electrode used in electroplating of chromium?  (K.B)
ELECTRODE IN CHROMIUM PLATIN

In electroplating of chromium, anode is made of antimonial lead while the object to be

electroplated acts as cathode.
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ERMS TO KNOW

Terms ’ Deflnltlons m&

Electrochemistry

The branch 2f chen.lsfry th:t-de.a!s Nl'fh Hie re.atiorish|p beiween
electricity &nd, clerriical rgacticns is.cailed plecirochemistry.

Spontaneous - Speitanenus ree ctiong ate dose which take place on their own without an
Reactions external egent
DN -'-:r;:J'vts_n sus’ | Non-spontaneous reactions are those which take place in the presence of
2easticns an external agent.

Oxidation Addition of oxygen, removal of hydrogen or loss of electrons.
Reduction Removal of oxygen, addition of hydrogen or gain of electrons.

The combining capacity of an element with other elements is called
Valency

valency.
Oxidation The apparent charge assigned to an atom of an element in a molecule or
Number ion is called oxidation number.

Oxidizing Agent

A specie that oxidizes a substance by taking electrons from it, is called
an oxidizing agent.

Reducing Agent

A specie that reduces a substance by donating electrons to it is called
reducing agent.

Electrolyte

The substances which can conduct electricity in their aqueous solution
or molten state are called electrolytes.

Strong
Electrolytes

The electrolytes which ionize almost completely in solution and produce_
more ions, are called strong electrolytes.

Weak electrolytes

3
=11 —'———.——'ﬁ\-'

The electrolytes which ionize ¥ a smsad! sxient’ whel d] saolw d i water
and could not prooug= mae ions are ca&]eu Ve k elec trOryleS

Electrolysis " |

[Nz idctretytic Cell

' oac"anu ourranth
\strate of th comisound is called electrolysis.

The cheiviical a2 \composwtmh ofia-con npound into its components by
al! tive: solution of the compound or in the molten

The type of electrochemical cell in which a non-spontaneous chemical
reaction takes place when electric current is passed through the
electrolyte, is called an electrolytic cell.
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Galvanic or
Voltaic Cell

The electrochemical cell in which a spontaneous chemical reaction
takes place and generates electric current is called Gaivanic ¢r Veita
cell. —T, ' RN

Anode

2

Anode is ar| electronzwhers-oxicatlon tekes'place. | |

Cathode

Brirz
! |

L

" —atiodz s dr elzatrece Wiiske reduction takes place.

_'Ccnce"ntrated solution of NaCl is called brine.

N NN A

‘Corrosion

Corrosion is slow and continuous eating away of a metal by the
surrounding medium.

Electroplating

Electroplating is depositing of one metal over the other by means of
electrolysis.

Galvanizing

The process of coating a thin layer of zinc on iron is called galvanizing.

Electrochemical
Cell

Electrochemical cell is an energy storage device in which either a
chemical reaction takes place by using electric current (electrolysis) or
chemical reaction produces electric current.

Salt Bridge

Salt bridge is a U-shaped glass tube. It consists of saturated solution of
strong electrolyte supported in a jelly type material. The ends of the U
tube are sealed with a porous material like glass wool.
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SELF TEST _

Time: 35 Minutes ] -, Maiks| 25
Q.1  Four possible answers (A), (B), (C) ang<{D) to eack-guestiori ark given, rArE e

correct answer. . A . L\ “7 (6%1=6)
1. Which one of the following 'S 10k an fle1 troI\ ic :cll’ =’ '

(A) Ddwit's delt : .\ ey Galvanic cell

(C) Nelsoals cell | | |\ |\ = (D) Both A and B
2. Tihe nost (‘em_'.“m'. example of corrosion is:
_ (AN, Rusting of tin (B) Rusting of aluminium
' ('C) Rusting of iron (D) Chemical decay of plastic
3. The formula of rust is:

(A) Fe(OH);3 (B) Fe(OH)3.nH,0

(C) Fe,03 (D) Fe,O3 nH,0
4. Which gas is produced in Down’s cell?

(A) Oz (B) Os

(C) H; (D) Cl;
5. Oxidation number of Sulphur in H,SO4:

(A) +6 (B) +4

(C) +14 (D) +7
6. Which metals are corrosion resistant?

(A) Zn, Fe (B) Ag, Au

(C) Sn, Cr (D) Cr, Hg
Q.2  Give short answers to the following questions. (5%2=10)
Q) Differentiate between strong and weak electrolyte.
(i) Write comparison of electrolytic and galvanic cell.
(i) What is salt bridge? Give its function.
(iv)  Define oxidizing agents. _
(V) Differentiate between valency and oxidation state. _ [ R
Q.3 Answer the following questions in-detail.| | — 7' LS Y 5ra=g)
(A) How can we prepare N{O! -l from brmr or corn'nen |a’ Jcrle fexplain working of

Nelson’s.(ell along witirthe uagiarl | (5)
(B) Whatig vke“trnlcung 1 \Vr te oéw\r Al procedure of electroplatmg 4)
Note: WA -

f -ﬁ’ AK =r|t° O duaudlans can conduct this test in their supervision in order to check the skill

ot students.
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