Redox Reactions -

Breath alcohol analyzers are brilliant pieces of technology that rely on the redox reaction.

The dniver's lungs' air is drawn into the test vial, which contains a reddish-orange mixture

of potassium dichromate, sulphuric acid, and silver nitrate. This mixture, together with the
ethanol from one's breath, constitutes a redox reaction system. The demarcation on the
knob aids police in determining whether or not a person is intoxicated.

Topic Notes

B Basic Concepts of Redox Reactions

m @g www.studentbro.in

Get More Learning Materials Here : &




BASIC CONCEPTS OF REDOX

REACTIONS

- TOPIC1

CLASSICAL IDEA OF REDOX REACTION,
OXIDATION AND REDUCTION

Redox Reaction

Redox reaction iz defined as the reaction in which
oxidation and reduction take ploce simultaneously All
these reoctiona are accompanied by energy transfer
in the form of heaot Light or electricitu

Oxidation

It is defined os the odditon of owgen or an
electronegotive element to o substance or the
removol of hydrogen/electropositve element from a
substance

For example.

Sm + 02@ - 502@]

In the above two reactions. the maognesium and
sulphur undergo oxidaton to form maognesium
oxade ond sulphur dioxade One more example of
oxidation is where removal of the electropositive
element is talang ploce:

2H3Sg = Oy —> 254 + 2H,0¢)
In the given reaction. the hydrogen is removed from

hydrogen sulphide and combimed with oxygen to
form water.

Reduction

Itz defined os the addmion of hudrogen/electropositive
element to o substance ar the removal of the axygen/

electronegative element from o substance
For example.

ZHgQ,,, — ZHg,,+0_

%+H1g;_n]'%+m@

In the fust reaction. the oxygen is removed from the
mercunc adde while in the second reaction, the
removaol of an electronegotive element that is chlorine
from the ferric chloride takes place.

- TOPIC2

REDOX REACTION IN TERMS OF
ELECTRON TRANSFER

According to the electronic concept every redox
reaction in terms of electron transfer containe two

steps which are lomown as holf-reactions

Oxidation Reaction

According to this concept. a haolf-reoction thart
involves the loss of the electrons is called an eddotion

reqgction

Reduction Reaction

According to this concept a holf-reoction that

involves the gom of the electrons ® colled o reduction
reaction

Redox Reaction

The reaction in which both holf-reactions. te. oxadation
reactions (loss of electrons) and reduction reactions
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(goin of electrons) occurning simultaneously is lmowm
as o redox reacton For example:

lpas of 2e” v

MNageQ 5 20a +200
| Gainof2e

| Loga of 2e” v
Nagr Opg ————>  2Na707
Gainof 2e A

In these reactons. the sodium loses two electrona thus
the holf-reaction = lonown os an oxidation reaction

and chlorine and oxygen goin two electrons thua
this holf-reacton is lonown as o reduction reaction. As

both the reactions are occurring simultaneouslu. thus
the reaction is lmown as the redox reacton
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Competitive Electron Transfer
Reactions

We understand this concept through an epermment

(1) Ploo= a stip of metallic zinc in an aqueous
solution of copper nitrate. After one hour

following changes will be noticed.

Blue onlour
RIS
diappearing
Zincrod >
dippedin - _1 o
Copper nitnate
solliun

Initiol etoge

lntenmediote stoge

(2) Suip becomes coated with reddish metallic
CcoOpper.

(3) Blue colour of the solution disappears.

(4) i hudrogen sulphide gos is passed through the
solution appearance of white ZnS can be geen in
maiang the solution alaline with ammonia.

Capper deposits
an the rod

Fincl stoge

Redax reaction bebween zinc and an aqueows 2olution aof copper nitrate

The reaction that tokes place in the oqueous solution
can be shown o=

Oxddotion half-reaction: Ing — Zn?® o) + 26"

Reduction half-reaction: Q.lz'w + 26— Qug)
Overall redox reactiorc

1a 2a .
Cu fag) = Zﬂ#) — Zn (2q) T CU‘;,
This @ how the reacton takes place

logs of elecvons = 0OXIDATION
v
21+ Odeg R
gainof elecvons = REDUCTION

Oxidising and Reducing Agent
Oxidising agent

The species in o reaction which goins electrons i@
colled an osxdising agent. They ore olso Ilown as
oxidants

Reducing agent

The speaes in o reaction which loses electrons is
colled o reduang agent They are also lonown as
reductonts

Example 1.1: Identify the redudng and oxidising
agents in the balanced redox reaction:

Cloeg + 2Br py) — 2007 pg + Bragyg
Ang. Oxdation holf-reactorc
2Br o — Bropy
Oxadation holf-reactione
Qopg — 207y

Hese Br loses an electron it is oyddised from Br™ to Bry;
thus. Br™ iz o reducing agent. Cl; gaina an electrone it
i@ reduced to CI: thus. (; s an oxidising agent.

"TOPIC3
OXIDATION NUMBER

It is the oxadaouton state of an element in 0 compound
which & the cdharge ossigned to an aotom of a
compound is equol o the number of electrons n
the valence shell of on otom that s goined or lost

completely or to a large by thot atom while forming
a bond in 0 compound.

Note: Oxadation number denotes the oxadation state
of an element in o compound.

[@ Important

= Srtock notation is the axdation number expressed by
putting a roman numeral reprezenting the aadotion number
in parenthesic ofter the symbol of the metal in the molecular
formula

cucnrane €9

(1) The owdouon number of an element n @s
elementary form is zero. For example. H5, 04 and
N-. They hove an exdadation number equal to zero.

(2) Inoesingle monoatomic ion. the oxddation number
= equal to the chonge in the ion For example.
Na® ion hae an oxidotion number of +1 and Mg**
ion has +2.

(3) Oxuygen has an omadation number -2 In i@ts
compounds.

(4) In mon-metaollic compounds of hydrogen-like HCL
H:S ond H,0 axdation number of hydrogen is

+1 but in metol hydrides. oxadation number of
hydrogenis -1 [LiH. NaH. CaH4l
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(5) In compounds formed by the union of metals
with non-metals, the metals hove positve

oadation numbers while non-metals hove
negabve oxidation numbers. For example In
NaCl Na hos o +1 oxidaton number while Cl
hos -1

(6) In o compound there are two non-metallic
atoms the atoms with high electronegotivity
are ossigned o negotve axadotion number while
other atoms hove o positive oxadation number.

(7) In neutral compounds. the algebroic sum of the
odadation number of all atoms in 0 compound &
equal to zero.

(8) In a polyotomic ion. the sum of the madotion
no. of all the atonne in the ion s equol to the net
charge on the ion

For example. in (C02)?". the sum of the oxidation
number of a carbon atom and three oxugen
atoms is equaol to -2

@ Important

= Thene are some exceptions where the axdotion =zaze
of axygen ic +2 In compounds such as peroxdes ke Na;O3
and H;0 ; the axddation number of oxygen [s -1

Oxadation number of oaygen = +2 kn OF

Oxidation number of axygen = =1 n O
Oxidation: The process in which the oxdaotion
number of an element increasea i called oxddoton

Reduction: The process in which the oxadotion number
of an element decreases i colled reduction

Redox reaction: The reaction which involves o change
in the oxadation number of the interactng epecies &
lnown oe o redox reaction. For example:

Go® +« SB7 —T 5 & + &
+6 +4 +3 +6
Biddiipiian
Chadaten

Oxidising agent: A reogent which can mcrease
the oxidotion number of an element in the given
substance These reagents are olso lcnown os oadonts.

Reducing agent: A reogent which lowers the

oxidation number of an element in a given substance
These reagents are called as reductants.

nﬁi} Important

-  Fractiona! Oxidation Number: Elemnents @z such do not
have any fractional o:ddotion numbers When the same
element [k imvolved in different bonding in a species their
actual axidation states ase whole numbersz but an average
of thees is fractionol Fractional ON. of a particular element
can be colculazed only Hwe now about the structure of the
compound or in which it i present For exampie. bn C;04
O=C=C=C=0

+2+0) 4
The average ON of carbon atom = E—gl = 2

ucnrene €9

Example 1.2: Case Based:

The oxadabion state of an atom (sametimes referred
to as the oxadation number) in a chemical compound

provides insight into the number of electrons lost and.
therefore. describes the extent of oxidation of the
atam. The oxidation state of an atom can be defined
os the hypothetical charge that would be held by
that atom & all of its bonds to other atoms were
completely ionic in nature. The oxddation state of an

atom is not regarded as the real charge of the atom.
In a chemical reaction. if there is an increase in the

oxadation state. then it s known as oxidation whereas
if there is g decrease in axadation state. it is lomown as
reduction

(A) The reactiom,
C’q@ &+ ZDH-faq} — CIO™ (agq) ¥ Cl-ruq] + H]_DW
represents the process of bleaching. Identify

and nome the species that bleoches the
substances due to their oxidising action.

(B) Identify the redox reactions out of the
following reactions and identify the oxidising
and reducing ogents in them.

(M 3HA g + HNO3,) — Clyg) + NOCl,) +
2H;0q
(@ HgCypag 2Klg) — Halyy) + 2KCQ g
(1) Fe;,03() + 3C0, ——= 2Fe(, + 300,
(O In which of the compounds sulphur will have
on oxidation state of +67

(ﬂ) Nu;S (b) Nﬂ15405
(l.'.) Nﬂlsc}g {d) NUJSD..

(D) Assertion (A): In the reaction between
potassium permanganate
and potassium lodide,
permongonate ions act as
oxidising ogents.

Reason (R): Oxidation stote of mangonese

changes from +7 to 2 during
the reaction.
(@) Both (A) and (R) are true and (R) is the
correct explanation of (A).
(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).
(c) (A)is true but (R) is false.
(d) (A) is false but (R) is true.

Ans. (A) Here. Q> = both oxdised and reduced in
OO~ and CT7, respectively. Since (™ connot
act os an oadising agent (OA) Therefore.
Cl; bleaches substonces due to osxadising
action of hypochlorite ClO™ ion.

B) () Writing the ON. of each atom. we get

3HCL + HNO3; — (5 + NOCL + 2H,0
Oxadation number of chlonne goes

from -1 (n HC) to 0 i this case (n Cl;).
As a result of the oxddation of CI"_HO
o reduang agent
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HNO3 functions as an omadising agent
because the ON. of N reduces from +5
(=1 HNO3) to +3 (in NOQI)
Thus. reaction () is. therefore. o redox
reaction
@ Hg(O,; + 2Kl — Hgl, = 2KQ
There iz no change in the ON. of any
of the atoma hence this is not a redox
reaction
(m) Fe;03+ 300 — 2Fe +300,
Fe;03 works as an oddising agent
because the ON. of Fe folls from +3 (in
Fe;03) to 0 (in )
CO works os a reduang agent because

the ON of C inreases from +2 (in CO)
to +4 (in CO,) As o result we have a
redox reactiorn.

(©) (@ NaSO.

Explanation: (g) Let the oxadaotion state of
sulphur in Na2S be x

+23+3x=0=x=-2
(b) Let the oxidoton number of sulphur in

No;S40g be x.

= 2+4x-12=0
=3 4x=+10
= x = 10/4
= 2= 428

]

Thus, the oxidation number of sulphur
in Na;S40g is +2.5.

(c) Let the axadotion number m Na;SO4

be x
Na; SO
= 2(+1)+x+(-2)=3=0
=3 2+x-6=0
= x = +4
Thus, the oxidation number of sulphur
in Na;S0O; is +4.

(d) Let the oxidation number of sulphur in
Na,S04 be x
= 2(+1)+x+(-2)=4=0
=5 2+x-8=0
= x=+6

(D) () (A) is rue but (R) is false
Bplanation: In the reacton between

potossium permangonate and potassium
iodide. potaossium  permanganate &
getting reduced where as potassiunn
iodide is getting oadised. Thus, potossium
permangonate is acting os an oxdising

agent where the omadation state of Mn
changes from 7 to +4.

+7 +4
WIID‘ +K]L:Mnﬂj +[‘|

B

(hddation state of Mn changes from
+/ w +4.

. TOPIC 4
TYPES OF REDOX REACTIONS

Combination Reaction

A reaction in which two or more substonoss combine
to form o single new aubstance is called a combination
reaction [t i@ also ltnown as o synthesis reacton

A=B—sAB
EN%-E-G@—} lNu(j.@

Decomposition Reaction

A reaction in which o compound brecizs down
into two or more simpler substances is called o

decomposition reaction. All decomposition reactions
are not considered as redox reactions.

AB—-> A +B
2NaHy — 2Nag) + Hay

Displacement Reaction

A reoction in which an ion or atom in o compound

is reploced by an ion or atom of another element
is called o displacement reaction. In general it &

repregented by the equation
X+YL-XZ+Y

ucnrene €9

The displacement reacton = divided mto two
categories

(1) Metal displacement

(2) Non-metaol displocement

(1) Metal displocement: In this wpe of reacton.
o metal in o compound can be displaced by

another metol in an uncombined state

Tid, ¢ EM%!L:TIM +2MgCl,,,
A
&:ij ¥ ZAlm ik g ALADE[.; + 2Crm

(2) Non-metal displacement: In this tpe of
reaction either @ metal or non-metal will displace

another non-metal of o compound present in the
FEaChon

Ca,, +2H,0, >Ca(OH), , +H,
Fe,, +QuSO, _ —FeSO, _ +Qu

Disproportionation Reaction

The reaction in which a single reactont is oxdised

os well os reduced is colled o Disproportionation
reaction or it can also be defined as the reaction in
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which the oxadotion state of an element i increased
or decreosed simultoneously. For such redox reactions.
the reacting species must contain on element that

lhas at leost three oxidoton states

-1 -2 0
2. > 2H,0 + 0,
reduction T
aadabon

In the given reaction the oxygen of hydrogen peroxade
i8 undergoing o disproportionation reacbon

0 = =1
A, + ZNoOH >NaCl+ NaClO + HO
r=ducton T
axadation

Example 1.3: Case Based:

The redox reaction that wwvolves simultaneous
oxidotion ond reduction of atoms of the some
element from one oxadation state (OS) to two different
oxidaltion states is known as a disproportionation
reaction. The disproportionation reaction © also
larown as the dismutation reaction. The reguirement
for a disproportionotion reaction to occur = the
element undergoing disproportionation should exhibit
a minimum of three different oxddation stotes and the
element must be less stable in a particular oxadation
state from which it can be both oadised as well as
reduced to relotively more stable oxadation states

(A) MnO} undergoes a

reaction in an acidic medium but MnO, does
not. Give reosomn.

disproportionotion

(B) Disproportionation means:

(o) only oxidation

(b) only reduction

(c) both, oxddation and reduction of a reactant

(d) neither oxidation nor reduction

The reaction e = - iman
“ example of: 000 = 0%+ 2%

(d) Oxidation reaction

(b) Reduction reaction

(c) Disproportionation reaction

(d) Decompaosition reaction

(D) A substonce which can be oxidised as well as
reduced easily is:

(@) HCl (b) C,0,
(c) HCIO, (d) HClO,
(E) Assertion (A): Thedecompositonofhydrogen

peroxide to form water and

oxygen is an example of a
disproportionation reaction.
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Reason (R} The oxygen of peroxide is in

-1 oxidation state and it is
converted to rero oxidation
state in O; and -2 oxidation
state in H;0.

(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A) is true but (R) is false.
(d) (A) is false but (R) is true.

Ans. (A) Disproportionation i a redox reaction in
which one mntermediote oddation state

compeonent wansforms into two higher
aond lower oxidation state compounds.

Manganese's oxidation states ranging from
+2 to +7  @ts various compounds. MnOZ
hos the momumum oxidation state of 7.
hence disproportionation is impossible. but

MnO?" has o +6 oxidation state. which can
be mddised as well as reduced.
(B) (c) Both. oddation and reduction of a

reactant
Bplanoto: In o disproportionaton
reaction. reactont will undergo both

oadotions os well as reduction
(C) (c) Disproportionation reaction

Bplanatiom: The reacuon 3ao,_, -

ao;

w20, & an example of dispro-

portion reaction as here ClO™ getting
oxadised as well as reduced ot the same

ome

(D) (c) HAOO3
Bgploanoton: HCIO5 will get both
oxidised and reduced ond thua will show a
disproportionate reaction it oon be shown
from an example:

QN incrneases by 2
I v
5 7

]
SHOO, —> 3HAO, + Q.+ 0, + HO

I i)

QN decreaspa by S5

(E) (o) Both (A) and (R) are ue and (R) &= the
correct explanation of (A).

Explanation: 2H;0,.. — 2H10@+02@
Here the oxygen of peroxide, which iz
present in the -1 state. is converted to zero
oadation state in O, undergoing oxidation
and decreases to —2 oxidation state n H;0
undergoing reduction Sa, it is an example of
o disproportionation reaction
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" TOPICS |
BALANCING OF REDOX REACTION

There are two methods to bolonece o redox reacton

(1) Oxdaotion number method
(2) Holf equotion method or ion-electron methaod

Oxidation Number Method

In this method the number of electrons lost in

oxadation must be equaol to the number of electrons
gained in reduction

Following rules are followed for balanang reactons
through the oxadation number method

(1) Write the seletal equation of all the reoctants
and products of the reaction

(2) Indicate the oadation number of each element
and identify the elements undergommg changes
oxidoton number.

(3) Equalise the increose or decease n oxadaotion
number by muloplying both reoctant and
products wundergoing a change in oxidaotion
number by o suitable ;nteger.

(4) Bolonce oll atoms other than H and. O then
balance the O atom by odding waoter molecules
to the side ehort of atoma

(5) In the case of ionic reactons

Acidic medium: First balonce O atoms by odding
H,0 molecules to the side defigent in atonns and
then balance H-otoms by adding H® ions to the
side defident in H-atomsa

Basic mediumn: Fret baolonce O atoms by adding
H,0 molecules to whaotever eide is defigent in
O atoma The H-atome are then balanced by
adding H-0 molecules equal in number to the
deficisncy of H-atoms and an equal number of
OH ions are added to the opposite side of the
equobions

Example 1.4: Permaongonote ion reacts with
bromide ion in bosic medium to give mongonese
dioxide and bromate ion. Write a bolonced lonic
equation for the reaction [NCERT]

Ang. Step 1: The ckeletal equotion =
MnO,_, +Br" _, —»MnO,  +BQ___

Step 2: Now oxadotion numbers for Mn and Br

al -8 e d a5
MnD;ﬂa a-BIi;] d.:rI"n.ll‘v‘f:'.lmﬂ+E§i.':l';ml

This indicates that the permangonote ion © the
oadant

Step 3: Calculote the inocrease and decrease of
madotion number. and maoke the increase equal
to the decrease

a7l -1 e d oS
ZMnD'wa-% — ZMan t&'ﬂm

ocnrene €9

Step 4: As the reoction occurs in the baosic

mediurm. and the ionic charges are not equal on
both sides. odd 20H" ions on the right to male

tonic charges equal
2Mn0Oy,_, +Br_; — 2MnO,, +BrO5, + 20H_,

Step 5: Finolly, count the hydrogen atoms and
add an appropriate number of water molecules
on the left side to ochieve o bolonced redox
reacton

EMnD'w +B]';m -:rH._IU' 3 QMHD:I‘J g Eh'ﬂ'm ¥ ZOH;aa

Limitation of the concept of oxidation number

According to the concept of madation number.

oadotion means on increase in oxddation number by
loss of electrons, ond reduction means a decrease in

omadoton number by the goin of electrons. However,

during oxidation. there is o decrease in electron
density while the increase in electron density around

the atom undergoes reduction

Half Reaction Method/lon-Electron
Method

In this method. the two holf equotions are bolanced

seporately and them added together to give a

balonced equation. Rule for balonong the equation:

(1) Write the skeleton equation ond indicate the
omadotion number of oll reactants and products.

(2) Fnd out the species which are madised and which
are reduced.

(3) Splt the skeleton equotion mito wwo half-
reactions. i=. owadaotion holf-reaction and
reduction half-reaction

(4) Bolonce the wwo holf-recction equotions

separately by the rules which are described
below

(@) Ineach half-reaction. first balance the atoms
of the elements which hove undergone o
chaonge in oxidation number.

@ Add electrons to whatever side is necessary
to maoke up the difference in oadotion
number in each half-reaction.

(5) In the acidic medium: H-atoms are balanced by
adding H* ions two the side deficient in H-atoma.

However. m the basic medium, H-otome are

balonced by odding H;O molecules equal in
number to the deficency of H-atomes and an

equal number of OH™ ione are included in the
opposite side of the equotion

(6) The two half-reactions are then muluplied by
suitable integers eo thot the total number of
electrons goined in ane half of the reaction s
equal to the number of electrons lost in the other
holf-reaction. The two holf-reactons are then
added up
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(7) To verify whether the equation thus obtamed =
bolanced or not the total charge on either side
of the equation must be equal

Example 1.5: Permaongonate (VII) ion, in bosic
solution oxidises iodide ion to produce moleculor
iodine ond mangaonese oxide. Write o baolonced
ionic equaotion to represent this redox reaction

[NCERT]
Ans. Step 1: Fesr write the skeletol ionic equotions
MOy (og) + I og) = MnO2g = by
Step 2: The two half-reactions are

T . 2 .0
Oxdidation haolf-reaction: IH_)IEM

Fr =4
Reduction half-reactorc Mnﬂ'qm] > Mnﬂ‘zmn

Step 3: To balance the | atoms in the acxadobion
half-reaction multply I" by 2

Er{mﬂ —3 |11:._-}
Step 4: To bolance the oxygen atoma in the

reduction holf-reaction. we aodd wwwo water
molecules on the nght side:

N‘HGE ) — MnDJﬁ} + ZHQOﬂ

To bolance the H atoms. we add four H® ans
on the leftc

Mn D‘qm +4"ri-|£=ﬂ ) Mnﬂ]m +3—l}Dm

As the reaction takes place ;m o bosic solution

thesefore. we odd four OH ions to both sides of
the equotion:

I'lu'lnl];[m_l+~“rl-?;mr:\‘-ﬁ--1-{)l-l;_a —:-Mnﬂm

+Z-BD. -;-44(}!-!;=J
Replace the H®* and OH" ions with water and
then the equation will be
MnOj3 (og) = ZHQDm —3 MHDJ#J 2 4D|'rw
Step 5: In this step, we balonce the chaorges of
the two haoif-reactions in the following manner

2!‘5:,;, —3 |1¢:} + 2e”

MnOj (o + 2H20g + 3™ MnOygy + 40H
Now to equalise the number of electrons.

multiply the oadotion holf-reacton by 3 and
reduction half-reaction by 2

2 MnQj oy + 4H0pg + 6" — 2Min0O,g) + BOH

Step 6: Add two holf~-reactions to obtain the
net reactons after canoczlling electrons on both
sides

Elgq_l+ ZMHD;‘:J +4!-1ij — 3‘11@ + EMMU]M
+8 DH‘w

Step 7: Finallu. chedk if the equotion is balanced
with respect to the number of atoms and

charges on both sides.
Redox reaction as the basis for Titration

In redox systems. the utrotion method can be
adopted to determine the strength of o reductant/
madant using a redox-sensitive indicator. The usage
of mdicators in redox titration is as follows

(1) The reagent itself is intensely coloured. for
exomple. permangonate ion acts oe the self-
mndicator. The visible endpoint, in this case is
achizved after the lost of the reductant Fe?® ar
Cr,0%) is oxidised and the first losting tinge of
pink colour appeors at o concentration as low as
107 mol dm™. This ensures a minimal ‘overshoot’
in calour beyond the equivalence point. the point
where the reductant and the oxidant are equaolin
terms of their mole stoichiometry.

(2) There areindicators that are oxddised immediately
after the last bit of the reactant is consumed.
producing o colour chonge. For example.
Cr207", which is not o self-indicator, but oxidises
the indicator substance diphenuylamine just after
the equivalence point to produce an intense blue
colour, thus eignalling the end point

(3) ks use is restricted to those reagents which are
able to axadise I ions souw for example CQu(ll):

EDJIE{“?] = 4[‘{@ —> Cuzlzw + IJEG'QJ
This method reliss on the foct thot iodine itself
gives an intense blue colour with starch and has
o very speahc reaction with thiosulphaote ions
S,0% which too is a redox reaction:

lj{mﬂ = 25101\3—'{@—} 2I'{m} + S.,Oig'(aq]

I, though insoluble in water remaineg in a solution

containing Kl as K4 In addition to starch after the
Eberation of iodine from the reaction of Cu?® ions on

todide ions. an intense blue colour oppears. This colour
disappeors os soon os the iodine is consumed by the
thiosulphaote ions. Thus. the end-point can eosily be
trocked and the rest is the stoichiometric calculoton
only.

- TOPIC 6
REDOX REACTION AND ELECTRODE PROCESSES

Redox reactions can be used in converting chemical
energy into electrical energy. The cells which can be
wsed for this process is lonown ae an elecrochemical
cell Let us discuss the role of redox reactiona in these
cells and some of ther important tenms.

ucnrene €9

A Golwanic cell or voltaic cell & o s=imple
electrochemical cell in which a redox reaction is used
to convert chemical energy into electrical energy. This
meaona electriaty can be generated with help of a
redox reaction in which axadation and reduction tale
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place in two eeparate compartments. Each of them
consists of o metollic conductor ond = dipped in o
suitable electrolytic solution of the same metol Here
the metallic rod octs os an electrode The solution of
electrolyte is lenown os half-csll and hotf-cell hos o
redox couple A redox couple is defined o= o solution
hoving reduced and oxdised form of o substance
together. talang port m oadaotion or reduction
holf-reaction It is depicted as M*" /M which ts oxidised
form/reduced form.

To prepare a Golvanic cell two haolf cells are
externally connected through o conducting wse

and internolly through a sclt bridge.

Current flooy €———
Eleevron floy ——— > S'i*"ﬁ':ﬂ

Oxdtlotion
Zn—=Zn o2

Reduction
Of + 2600

Galvenic Cell

When the swnitch s off. then there iz no reaction m
either of the beaker and no current will be drown in

metallic wires. As eoon as the switch s turned orc

(1) The electrons which are generated at the anode
will reach the cathode

(2) The electnow flows from one beaker to anaother
through a salt bridge. The current flows because
of the difference in potentiols of two redox
couples. This difference is lnown as cell potental
or electrode potential

Following reactiona will oocur:
Anodic axidation: Zngy — Zl'lfiﬂ -2
Cathodic reductionc 01;9 + 2e” — Cugy

Net reactiorr Zny + Q8- »Zn2 + Qug,
Thi= cell con be represented ox
an.znll. ll DJE‘IOJ

&3& Important

we (1) Electrochemical seres arrangement of E° reduction
of different electrodes n increasing arder of electvode
patential
(Z) Electrode potental The tendency of an electrode to
loze ar gain electrons is called electrode patential

G) Standard electrode potentials: a large number of
electrodes have been determined wsing standard
hydragen electrodes as the reference electrode. By

convention. the standard electrode potential (F°) of
the hydrogen electrode £ 0.00 volis

(4) A negative (F°) means that the redox couple k= a
stronger reducing agent than the H fHz couple

B) A positve () means that the redax couple & a
wearer reducing agent than the H*fH, couple)

COBJ ECTIVE Type Questions)

[ 1 mark ]

Multiple Choice Questions
i. The oxidation state of Cr in Cr(CO)g is:

(@) 0 (b) 2
() 2 (d) 6
Ans. () O

BExplanation: OO0 (carbonul) & a neutral igand.
hence oxdidation state of Cr in Cr(Q0)g is zero.

@ Related Theory

*= The lone or molecules bound to the cenbal atom/
fon in the coordinotion entity are called ligands
A reutral bgand = defined as a ligand that has o
meither positive nor negative charge

Z. The oxidation number of Mn is maxdmum in:
(@) MnO2 (b) KaMnO4
() MnaOg (d) KMnOg4
Ans. (d) KMnQOg4

ocnrcne €9

Explanation:
(o) MnO,
ON=x+2(-2=0
X =+4.
Mn oxadation state m MnO, s + £
U:I] K;MnDd
ON=2(1) +x+4(2) =0
x =<8,
Mn oxidation state m KsMnQOy4 s +6.
(© Mn30,4
ON =3x+4(2)=0
Ll
X=-= 3 .

8
Mn oxadation n Mnjﬂd S+ 5 .
[d] mﬂoa
ON=1(1)+x+4(-2)=0
X=4+/7,

Mn oxidation state m KMnO,4 i +7
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3. The oxidotion process involves:

Ans.

4.

Ans.

Ans.

@,

Ans.

Get More Learning Materials Here : &

(o) increase in oxidation number
(b) decrease in oxidotion number

(c) no change in oxidotion number
(d) none of the above

(a) increase in oxadation number

Explanation: The oxidaton proosss mvolies
the addition of oxygen or an electronegotve
element or removal of an Hfelectropositve
element loss of an elsctrons or increase in
oxdouon number.

Consider the following reaction:
xMnO4 + yC,0F = zH® — xMn?° + 2yC0,
+ zf2H,0

The values of x y and z in the reaction are,
respectively:
(a) 5,2 ond 16
(c) 2,5 and 16
(c) 25and 16
Explanations: 2Mn0j + 5C,0.~ + 16H° —

2Mn?® + 10003 + B8H:0
After baloncing the reaction we get
x=2Zy=5ondz=16.

(b) 2,5and B
(d) 5,2and B

« Which of the following reactions does not

involve in neither oxidation nor reduction?
(@) VO** 5Vv,0;  (b) Na— Na®

(© 0% Cr,0} (d) Zn?* >2Zn

© CO%— 20,07

Explanations: In VO?* — V,0, V is reduced
from +4 to +3 oxidation state.

In Noa — Na®. Na is oxidised from 0 w +1
axidotion state

In CrOog — Cr;O';r:. Cr remaine i the same
oxidotion state +6.

In Zn°? - Zn 7n i reduced from 22 w O
oxidotion state

In which of the following compounds, an
element exhibits two different oxddation
states?

(a) NH;0H (b) NHNO4
(c) NiH4 (d) NaH

[NCERT Exemplar]
(b) NH;NO;

Bwplanations: Actuallu NH/NO; is an ionic
compound whose ione are NHg; and NO;
where oxadotion numbers of nitrogen in the
two species are different and are shown
below.

NH,NO, == NH; +NO;

Now. in NH; oxidaotion number of H iz +1. Let
x; be the oxidation number of N in (NHY*®
Then x; +1 x4 =1

From here. xy =-3

7.

Ans.

Vi

el

&,

Ans.

ucnrcre €9

Alsg. in (NO1)” oxidation number of oxugen
s -2 Let x5 be the oxdadation number of N in

(NOa)™
Then x3—-2x3=-1
From here, X=%95

Hence. wwe find two different oxddotion numbers
of N n NHyNO4 They are -3 and +5.

Which of the following elements does mot
show a disproportionation tendency?

(@) Cl (b) Br
(c) F (d) |

[NCERT Bxemplar]
(c) F

Bplanation: CL Br and | can hove oxidation
states from -1 to +7. But oxadotion state of
F ia foced (~1) os it is the most electronegotive

element and does not lose electrons(except
in cose of HOF)L Hence. it does not show a

disproportionation tendencuy.

Cautlon

Except fluorine. halogens (s Brs |5) undergo
disproportionation in an alkaline medium.

Calculote the oxidation number of S in

H,SO,.

(a) +7 (b) <6

(o) -1 (d) «5 [Dikshal
(b) +6

BExplanation: In H;SO,. hydrogen eadsts in its
usual +1 state. and oxygen exists in its —2 stote
Let x be the oxidation number of sulphur in
sulphuric cad. Then we got

I1x2+x+(-24=0

2%X—E=D
x—8=0
x=06

So. sulphur exgsts in the + 6 oxadation state

Which of the following is not an example of
a redox reaction?

(@) CaCO4 — CaO + CO4
m}01+ﬂﬁ—+ﬂﬁ0

1
(c) Na + H;0 — NaOH « EHI

@ﬂhhth—éMMﬁrf%Cﬁ

(a) CaC03 —» Ca0+C0;,
WP efed od 4 444
BExplanation: CaC0O,~ Ca0 + Q0D

Here in this reoction. we can see thar there
is no chonge in the oxdidation number of any
spedes 0 it i not o redox reaction

o 0 2

0.+2H.—- 2H,0
Now in this reaction, oxidation number of
different spedes is changing o reduction and
oxadation both processes occur n the same
reaction o it is o redox reacton
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10.

11.

Ans.

A

-

12.
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(0] afl =1 ag-24a4 !E‘.i
Na + H0 - NE‘LDH-E-EI-E,

In this reaction. oxadation number of specees
changes so it s also o redox reaction
a3 @2 -1 0

MnQl, - MnCL+ 20,

Here. the oxdaoton number of Mn changes
from +3 w +2 and A changes from -1 to zero

80 it is olso a redox reaction
Hence. only option A is not a redox reaction as

thens is no change in the oxddation number of
RS spedes

Which is the correct stock notation for
maongaonese dioxide?

(@) Mn () O, (b) Mn (I) O,
(c) Mn (N O, (d) Mn (IV) O,
(d) Mn (V) O

Bplanation: Let x be the oxadation number of
Mn in MnO,. Since the overoll charge on the

complex = zero, the sum of oxadation stotes
of all elements in it should be equal to zero

Therefore.

I:—2(—2]=0
x-4=0
X = +4

Thus, the correct notation for mangonese
dimdde is Mn (V) O4.

Choose the correct option which is mot
involved in the process of oxidation of irom.

(a) Formation of Fe(CO)¢ from Fe.

(b) At high temperature, liberation of H,
from steam by iron.

(c) Rusting of iron sheets.
(d) Decolouration of blue CuSO4 solution by

iron.

(o) Formation of Re(00)¢ from Fe
Beplanation: Oxidotion number of Fe in
Fe(CO)g is zero. In both Fe and Fe(CO)c the

oxadotion etote of tron is zero. Hence. no change
n oxidotion number. While in the other three

options, there iz a change in oxadotion number.

Thus only option (o) doesnt involve the process
of oxddotion of ron.

Cautlon

Students might g=t confused benween addation
and reduction. On the bosis of oxdation number,
aiddation may be defined os a reaction in which
the axidation number of an element In an atom
molecule or ion incregses Reduction may be
defined a@= a reaction in which the aaddation
number of an element in an aton lon or molecule
decregses

The reduction potentiol of elementa M,
N and O are +#2A46V, -1.13V, and -3.13V

respectively. Which of the following order is
correct regarding their reducing property?

(a) O>N>M (b) M>0O>N
(c) M>N>0 (d) O>M>N

Ans. (@) O>N>M

Explanation: The electrode with a mare
negobve reduction potentiol value. iz o good
reducing agent and hos a more redudng
power.

@ Related Theory

=+ Flectrode potentiol k the rendency of an electrode
to loze or gain electrong [f the reduction tokes place

at the electrode. it i termed 6s reduction potential
A more negative walue of reduction potentlal of

an element signdiss a stronger reducdng agenc
A posipve value of reduction potential of an element.
algnifles a wealker reducing agent

Assertion-Reason (A-R)

In the following question (13-16) a statement

of ossertion followed by o statement of reason

is given. Choose the correct answer out of the

following choice.

(o) Both (A) and (R) are true and (R) is the correct
explanation of (AL

(b) Both (A) and (R) are true but (R) is mot the
correct explanation of (A).

(¢) (A)is true but (R) is false.
(d) (A)is false but (R) is true.

13. Assertion (A Oxidation-Reduction (Redox)
couple is the combination of
oxidised and reduced form of

a substance that is Involved
in Oxidaotion-Reduction half

cellL

Reaoson (R  Asin representation E°g,3s /¢ 20
and E°c,2¢/c,° are two Redox
couples. [Delhi Gov. QB 2022]

Ans. (c) (A) is rue but (R) is false
Explonation: Owxdation-Reduction (Redox)
couple iz the combination of oxidised and
reduced form of o substonce Here E%gg3:ppg2:
and E°q,2¢ jo,0. Fepresent reduction potentiol
volues.

14, Assertion (A H;SO4 caonnot act as a
reducing aogent.

Reason (R): Sulphur connot increocse its
oxidation state beyond +6.

Ans. (g) Both (A) and (R) are true and (R) is the
carrect explanation of (A)

Explanation: Maxamum oxddation state of S is

+6. it cannot exceed it Therefore, it cannot be

further oadised. Thus, H;SO4 cannaot act as a
reducing ogent

i5. Assertion (A In a redox reaction, the

oxidation number of oxidant
decregses while that of
reductant increases.

Reason (R): Oxidant goins electron(s) and
reductant lose electrons.
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Ans. (g) Both (A) and (R) are oue and (R) is the
correct explanabon of (A)

Explanation: During o redox reaction. the
oxidant gains electrons and is reduced. Hence.
s oxidation number decrecses also. the
reductant loses electrons and is oxadised. thus
its oxidation nunnber increases.

16. Assertion (A): The decompaosition
of hydrogen  peroxde
to form  water and
oxygen is an exomple
of disproportionotion
reaction.

The oxygen of peroxide is in
-1 ouidaotion state and it is

Reason (R)

converted to zero oxidation
state in O3 and -2 oxldation

state in H;0.
[NCERT Exemplar]
Ans. (g) Both (A) and (R) are bue and (R) is the
correct explonation of (A)
Explanation:
Ohadation
| |

a

HO, —> MO + 0
| |

Reducbon

Therefore. the above reacton i@ an example of
disproportionation reaction

(CASE BASED Questions (CBQSD

[ 4 & 5 marks ]

Read the following possoges and amswer the
questions that follow:

17. We take copper sulphate solution in a beaker
and put a capper strip or rad in it. Then an
another breaker put a zinc sulphate salution
and put a zinc rod or strip ;1 it Now reaction
takes place in either of the brearers and at the

mterfoce of the metal and its salt solution in
each beaker. both the reduced and osddised

forms of the same are present A typical
Galvanic cell iz designed to make use of the
spontaneous redox reaction bebween zoc

and cupric ions to produce an electric current.
This cell consists of a copper vessel In which

saturoted CuSO 4 solution is filled which acts as
a depolariser and dil. H;804 is filled which acts
os an electrolyte An amalgamated zinc rod =
immersed n ZnSOy In copper vessels, there is

a transparent loyer all around just below the
upper surface in which CuS04 oystals are kept

i contact with CuS0 4 solution due to this the
solution always remains saturated with ZnSO .

(A) Whaot is a redox couple and how to
represent the above experiment as a
redox couple?

(B) Exploin the observation of the above
experiment when the switch is in one
position. Which species will act as an
oxidont?

Ans. (A) Redox couple is defined as hoving together

the oadised ond reduced forme of o
substance talkdng part in an oxdaoton or

reduction half-reaction.
Zn?® [ Zn and Cu?* | Cw

(B) When the switch = in the off positon
no reaction tokea ploce in either of the
beakers and no cuwrrent flows through the

cucnrane €9

metallic wire. As soon as the switch iz in
the on position. we male the following
obsenvations

(1) The wransfer of electrons does mnot
take place drectly from Qu to Zn® but
through the metallic wire connecting
the two rods

(2) The electrioty from solution i one
beaker flows by the migration of ions

through the salt bridge The flow of
current is possible only when there

a potential difference between the
copper and zinc lnown as electrodes.

Reducton
f.r:a &3 a2 aB-3 I:}
QSO+ Zng, ZnSO o+ Cug
Oxadauon

Here CuS0,4 acts as an oxidont as it is aadising
Zn and is itself getting reduced.

18. The awdaotion number = the oxdotion state
This results in g number of cxadation numbers
denotes the oadation state of an element in
a campound. The oxdation statefmetal in a
compound s somebimes present according to
the notation given by German chemist Alfred
Stodc Which = lenown as stodk notation. The
axadation state of an atom does not represent

the ‘real” formal charge on that atom, or
any other octual atomic property. This is

particularly true of high oxidation states, where

the ionisation energy required to produce a
multiply positive ian © far greater than the

energies availoble @ chemical reactions.
Additionally. the oxidation states of atoms in

a given compound may vary depending on
the choice of electronegabtivity scale used in
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their calculation Thus the oxdotion state of
an atom n o compound = purely a formalbam

It is nevertheless important in understanding
the nomenclature conventions of inorganic

compounds  Alsp. several observations

regarding chemical reactions may be explained
at a basic level in terms of oxdation states

(A) The oxidation state of 'S’ in
KAWS0g2.12H,0 is:
(a) -2 ®) -1
(c) 2 (d) +6
(B) Name the rule in which oxidation number
will be denated in romon numbers.
(o) Stock notation
(b) EM.F
(c) Lewis dot rules
(d) Octet rule
(©) Choose the right option for with respect
to stock notation.
(@) NaCl— 2 = Na(il)Cl
(b) HaCl; - 1 = Hg()Cl,
(c) Al - 2 =Al(l)FR
(d) SiCly — 3 = Si(lNCly
(D) A reagent which can increase the

oxidation number of an element in the
given substance.

(a) Oxidation

(b) Reducing reagent

(c) Oxidising reagent

(d) Reductian

(E) Which of the following statements

regarding HClO4 and HCLO4 is true?

(@) The O.N. for chlorine in HClO4 has
increased in HCLO4

(b) The ON. of oxygen in HClO4 has been
decreased in HCLO,

(c) The ON. of chlorine in HOO4 has
been decreased in HCLO,

(d) The oxidation numbess for all otoms
are the some in both molecules

Ans. (A)(d) +6

Explaonaotion: Let the oxdaton number of
Sulphur be x in KALSO0g212H;0. Oxidation
no. of known elements are:

K=+1Al=:30=-2ZH=+1
+1+3+2x+4(-2)=0
+4+2x-16=0

2x=12
x =D
Hence the oxddaoton no. of S s +6

(B) (o) Stocc notation
Bgplonaotion: Stock notation = the oxadation
number ewpressed by putting o roman
numerol representing the oxadation number
in porenthesis after the symbol of the metol
mn the molecular formula

ucnrene €9

(O (b) HgQ; — 1 =Hg()A;
Exploanation: The oxdation number of

Hg in Hg(l; is 1. Thue occording to stadk
notation. it can be represented as

HgCl; —» 1 =Hg(),
(D) (¢) Oxadising reagent
Explanation: A reogent which can increase
the oddation number of an element in

the given substance is lomown as oddising
reagent

(E) (¢) The ON. of chlorine in HClO4 has been
decreagsed in HCIO4

Explonation:

(1) Atoms in elementol form hove an
oxidotion state of 0.

(2) Hologens are commonly gnen an
oxidation state of -1

(3) Hydrogen and olkali metols are
commonly given an oxidotion state of
+1

(4) Oxygen iz commonly given an
oxidation number of -2

We con assume that the hydrogens aond
oxuygens n the two compounds preserve
the some oxadation state by keeping these
criteria in mind. Yet. n HClOa, chlorine
= bound tw one less oxygen Comparing
HCO4 w HOO, the oxdation state of A
has therefore follen from +7 to +5.

19. Oxdaotion wos used to describe the addition of

oxygen to an element or a compound. Because

of the presence of dioxygen in the atmosphere
(-20%). Many elements combine with it and
this is the prinapal reason why they commonly
occur an the earth in the form of ther oxddes.
Osadation is the loss of electrons during a

reaction by a molecule. atom or ion. Oxidation
occurs when the oxadation state of a molecule.

atom or ion s increased. The opposite process

= called reduction. which occurs when there
= a gain of electrons or the oxidation state

of an atom molecule or wn deceases
(A) The oxidation process involves:

(o) Decrease in oxidation number

(b) Increase in oxddation number

(c) No change in oxidation number

(d) None of the above

(B) The addition of oxygen or electronegative
element to o substance:

(o) Reduction
(b) Oxidising agent
(c) Reducing agent
(d) Oxidation.

(C) Select the correct opton for oxidation
example.

(0) 2Mgy;) + Oz » 2 MgOy
(b) Zn?* | Zn ond Cu?*/ Cu.
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(€) Qu_, +2e" > Cuy

(d] Cr;O_a_m . ZAI{‘} —ﬂ} Al;O;m + ZCI"-‘J
(D) Which of the following may act both as
an oxidising ond o reducing agent?

(a) H,0, (b) MnO,
(©) SO, (d) All of these

Ans. (A) (b) Increase in oxadation number
Bplonation: Oxdotion @& thot procsss
which results in an ncrease of the madation
number.

(B) (d) oxdadation
BEcplonation: It is defined os the additon of

oajgen or an electronegabive element to
a substance or the removal of hydrogen/
electropositive element from o substonce

(O (@) 2Mgg) + O2¢y > 2 MgOg,

BExplonation: In this reaction the oddinon
of oxygen o mognesium took ploce wihich
represents oxadotion

(D) (d) All of these

BExgplonation: Al the given species can act
os both oxidising and redudng agents

-2 +6

H,0, MnO,

N =9 N\ 5

+5

SO, i

4 \\_
-2

@ Related Theory

= [f an element [ in it intenmediate oxidation state in
o compound. the compound can function both as an
axddising agent as well as a reducing agent as the
element can lnoeaze or decrease itz axddalion state

20. Ploce g strip of metallic zrc in an aqueous
solution of copper nitrate for about one hour.
We can observe that the strip becomes coated
with reddish metallic copper and the blue
colour of the solution disappears Formation
of Zn’*® ions among the product can eosily
judge when the blue colour solution due to
the Qu?* has disappeared. Redox reactions are

characterised by the actual or formal transfer
of electrons between chemical processes, most
often with one species undergoing owidation
(losing electrons) wihile anaother species
undergoes reduction The chemical species
from which the electron is removed is said to
have been oiddised while the chemical species
to which the electron s added ia said to have
been reduced

(A) Explain the redox reaction with the help
of an example.

(B) Bxplain the experiment with the help of
an equation.

(C) Why does the metallic zinc strip tum
reddish in colour?

Ans. (A) Redox reaction is defined os the reaction in
which oxidation and reduction take place

simultaneously
Raduction
HO l
/= + 30, > 2R=0,
Ouldation
(B) Oxadation holf-reaction:

Zng)— In*Yy + 2"
Reduction haolf-reaction:
Cu?* gy + 26" - Cuy

2a = sl 2
Cu =) T Zﬂ{ﬂ — 7/n e * %
loas of electrons = QXID/TION

| }

Zryy+ Qi > I+ Oy

| ]

galn of elactrons = REDUCTION

(O This i= because copper ions from copper
nitrate solution get reduced by accepting
electrons from zinc. This couses deposition
of copper on zinc metal strip which is red in
colowr.

(VERY SHORT ANSWER Type Questions (VSA))

[ 1 mark ]

21. The reaction:
Clj@ + 20H-[nq} o Clﬂ"ﬂq] + Cl” ag) ¥ H;O
represents the process of bleaching. Identi
and name the species thot bleaches the

substances due to their oxldising action.
[NCERT Bcemplar]

Get More Learning Materials Here : &
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Ans. Huypochlorite ton
Explanation:

(4] —Jad <13 <33 —a

Clzg +20MH . = Q-Dp;g "'H:D“ +0d
In this reacton, the ON of A mcreoses from 0
to 1 as well as decreagses from 0 to -1. So it
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22.

Ans.

25.

Ans.

26.

27.
Anas.

28.
Ans.

Get More Learning Materials Here : &

acts os both o reducing as well as an oxadising
agent. This ia an example of o disproporton
reaction. in this reaction ClO™ spedes bleaches
the substonce due to its oxdising action
Hypochlorite ions can decrease their oxadation
number from +1 o 0 or -1

The standard reduction electrode potential
of three metals: X, Y and Z are -1.2V, + 0.5V

and -3.0V respectivelu. Whot will be the
order of reducing power?

As we lcnow thot the higher the reduction
potential the lesser & redudng power and
wiCe werso.

Therefore. the reduang power will be Z>X>Y

23. Explain the application of redox reaction.

Ans. The redox reaction i@ used for electroplating
by applying o thin coot of o maoverial on
an object. in the production of gold-ploted

jewelleru
24, Calculate the oxidation number of S in H,S

Ans. Sum of the oxidation of atomas n

H.S =2(+1) +x

=2+x
But the sum of the owdotion numbers of
various atoms in HyS s zero.
Therefore, 2 + x=0o0rx=-2

Thus. ooddotion number of SmHSis-2

(SHORT ANSWER Type-l Questions (SA-I))

[ 2 marks ]

Nitric acid is an oxidising agent and reacts

with PbO but it does not react with PbO,.
Explain why? [NCERT Exemplar]

PbO i o basic oxide and simple aad basic
reaction takes ploce betwsen PbO and HNO,.

On the other hond. in PbO; lead is in +4
oxidotion state and cannot be oxidised further.
Therefore. no reaction takes place.

2Pb0 + 4HNO; — 2Pb (NO41); + 2H,0 (Aad
baose reacbaon)

Write formula for the following compounds:
(A) Mercury (1) chloride

(B) Nickel (Il) sulphate

(C) Iron (lII) sulphate

(D) Chromium (1Il) oxide

(A) HaQl,

(B) NiSO4

(O FexASO4n

(D) Gr;04

What is the fractionaol oxidation number?

When the some element is involved in different
bonding in o spedes, their octuol oxidotion
states are whole numbers but an owveroge of
these s froctonal This oadotion B known as
Fractional Oxadotion Number: Elements as such
do not have any fractionol oxddation numbers.
But in some cases, they sdast

Define standard electrode potential

Standaord electrade potential is o measurement
of the potential for equilibrium. There is a
potential difference betesen the electrode
and the electrolyte called the potential of the
elecrode. When unity & the concentration

of all the spedes involved in a half-cell the

electrode potential is known as the standard
electrode potental

@ Related Theory

== [Inder standard conditions. the standard electrode
potentlal occurs in an electrochemical cell say the

temperature = 298K pressure = Iatm, concentrotion
= IM The symbol E® cell” represents the standard
electrode potential of a cell By canvention the
standard electrade patentlol (F°) of the hydrogen
electrode ks O volts.

29, PbO and PbO; react with HCl according to
the following chemical equations:

() 2PbO + 4HO - 2PbCl, + 2H,0
ﬁ] Fh02 + 4HCL - ZPbCII + Cl.g + EH]D

Why do these compounds differ in their
reactivity? [NCERT Exemplar]

Ans. In reaction (). none of the atom’s oxidation
numbers changes. Therefore. it is not a redox
reaction. It is an acid-base reaction because
PbO is a basic oxade which reacts with HCl acd
The reaction (U) iz o redox reaction in which
PbO; gets reduced and octs as an omadising
agent

30. The following two reactions can occur during
electrolysis of aquecus sodium chloride
solution.

Na _ ¢e —aNawE’ =-2.71V

2H,0, + 26" >H_ +20H,_ ,F° =-0.83V

Which reaction tokes ploce preferentiolly
and whuy?

Ans. Since E° of H;0 is less negative than that of
No® ions. therefore. reduction of H,0 takes
place preferentiolly to evolve H; gos at the
cathode
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(SHORT ANSWER Type-Il Questions (SA-II))

[ 3 marks ]

31. MnO7 undergoes disproportionation reaction 33. Calculate the oxidation number of

Get More Learning Materials Here : &

in acidic medium but MnO, does not Give
remson [NCERT Bxemplar]

Ans. In MnO; . Mn = in the highest oxdation

state te. +7. Therefore it does not undergo
disproportionotion.  MnO, hos oxddoton
number +6 which can both be increcsed or
decreased. thusitundergoes disproportionation
os follows

al a7 al
IMNO> +4H" — 2Mn0; +MnO, + 2ZH,0

32. bplain with suitable reasons:

(A) Reaction FeSO g + Cugy) — CuSO )

+ Fe does not occur.

(B) Zinc can displace copper from agqueous
CuSO0y solution but Ag cannot

(O Solution of AgNO; wms blue wihen
copper rod is immersed in it

[Delhi Gov. QB 2022)

Ans. (A) The standard reduction vaolues for Fe?® and

Cu?® are given as
Enpalnﬂ:g =—044V
E“D_tlnnl_,= +034V

-~ As we lmow that a metal hoving o more
negaotive volue of E° can displace the metal
howing o less negobive or positive value of
E° from thew =alt solution. Sa. Cu cannaot
disploce Fe from FeSO4 solution

(B) The mnetal zinc (Zn) displaces copper (Cu)
from copper sulphate CuS0O, becouse zinc
i more reactive than copper. In contrast.
silver is not able to disploce copper from
copper sulphate CuS0O,4 because it = less
reactive than copper.

(O As we lmow thot a metol howing o more
negatve value of E° can displace the metal
hoving o less negative or positive value of
E® from e solt solution. So lets check thew
reduction potentals

E“ﬁ_g,m =0799V
Eachlnpd =+034V

Thus. Cu will disploce Ag from AgNO,
eolution and the colour of solution will turn
blue

Cu®? + AgNO3 — Cu(NO41); + 2Ag.

ocnrene €9

phosphorous in the following species.
(A) HPOT (B) PO
[NCERT Exemplar]

Ans. Let the oxadation number of phosphorous be x

Oxidaotion number of O atom =- 2

Oxidaotion number of Hatom =+ 1

(A) HPOZ—
+1l+x+(-2)x3=-2
+1sx-B8==2

x—5=-2
x=-2+5
xX=%+3

Thus. oxadation state of phosphorous = +3.

® POt
x+F2) x4 =-3

x -B=-13
r=-3+8
=5
Thus. wadation state of phosphorous m thas

case s +5.

S4. bxplain redox reactions on the baosis of

electron transfer. Give o suitable example.
[NCERT Exemplar]

Ans. When a redox reaction tales place. the species

which loses the electrons is undergoing an
oadotion reaction It therefore. acts os an
oadising agent or oxddant The speciea that
accepts electrons is undergoing a reduction
reaction and therefore it behaves as a
reductant. The obove-mentoned wansfer is
largely based on the relotive electronegotvity

difference between two interacting species.
The higher electronegative element accepts

electrons while on the other hand. the
electropositive element loses electrons. For
example:

2 Nﬂ{s}+ Hj(g} - 2 NEIH{;]
2 Nagy — 2Najy + 2e”
Hj@ +2e” JH-@

Here. from the above reaction it can be seen
thot sodium is oadised as it loosing two

electrons while hydrogen is reduced as it
accept two electrons. Therefore. it is a redox
Feaction
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(LONG ANSWER Type Questions (LA))

[ 4% & 5 marks ]

25. Explain different types of redox reactions
with exomples.

Ans. Different types of reactiorc

Combination reactions: A reacttan in which
two or mofe substances combine to form

a single new substance It © also lown as
synthesis reactions.
A+B—> AB

ENCI‘.;] + Gz@ - 2 NDG@

Decomposition reactions: A reaction in which
a compound breaks down into two or more
simpler substances.

AH—-s A+B
INaH jp ——2Na, +Hy

Displacement reactions: A reaction in which
an ion in a compound is reploced by an ion of
another element

X+YZ = XZ+Y

The displocement reaction is divided mto two
categones:

(1) Metal displocement

(2) Non-metal displocement

(1) Metal displacement: A metwl m o
compound can be displaced by another
metal in an uncombined state

TiCl g + 2Mo,; —— Ty, + 2MaCl
OrOgy = 284 — > ALO,, + 200,
(2) Non-metal displacement In this ype of
reaction. either o metol or non-metaol will

disploce another non-metol of o compound
present in the reaction

Cay +2H,0y — Ca(OH)g +Hyg

Disproportionation reactions: The reaction in
which a single reactant is oxidised and reduo=d.

2H.05 , = 2H O, + 04,
-1 -2 0
ZH.0, > ZH0, + 0,
+
reducton
axadobon

Q, +2NaOH — NaQ + NaQO0 + HO

ccnrene €9

0 -1 #1
Q.+ 2NaOH > No(l+ Na(C10 + H,0
A
reduction T
madation

ZJE. Bolonce the following equations by oxidation
number method:
CuO+NH, 2 CueN,eHO
K,MnO, + H,0 - MnO, ¢« KMnO, + KOH

Ans. QO+NH, - Qu+N, +HD
Let us observe the chemical equaton
.2 <3 o @
CuO+NH, - Cu+Ng +H,0
The oxidation mumber of copper decreases

from +2 to O and that of nitrogen increases
from -3 w 0.

To baolance. there should be three atoms of
copper and two atoms of nitrogen

3QuO +2NH,; - 3CQu+N, +H,0

To balance hydrogen and axygen
30u0 +2NH; — 3Cu+N, +3H,0
K-MnO, + H;O - MnO; + KMnO,4 + KOH

Let us observe the chemical equationc
LB =4 w7
K;MnO4 +H;0 - Mn0O; +KMnO, + KOH

The oxadabtion number of mangonese changes
from 46 to 4. in ane mole, and in the other
mole the omadation number chonges from
+6 to +7. 1 mol acquires two electrane while
the other lossea 1 electron To bolonce the
oxddaotion number of manganese. multply it by
5.4

2KoMnOg4 + HHO — Mn0O4 + 2KMnO4 + KOH
Further baloncing the equation. we hove

3KMnO, +2H,0 - MnO, + 2KMnO, + 4KOH

37. Exploin Galvanic cell
Ans. (1) A Galvanic cell or voltoic c2ll & o simple
elecrochemical cell in which o redox
reaction ia used to convert chemical energy
into electrical energy.

(2) This means electricity can be generated
with help of o redox reaction
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@) In which oadotion and reduction take place
m Ttwo eeparate compartments Eoch of

them consists of a metolbc conductor and =
dipped n o suntable electrolytic solution of

the some metol Here. the metallic rod acts
o8 an electrode The solution of electrolyte
= lown as half-cell and halfcell has a

redox couple
(4) A redox couple = defined os o solution

hoving reduced and oddised forms of a
substance together. taldng part in oxddotion
or reduction half-reaction.

(5) It = depicted as M*" /M i= eoxideed form/
reduced form.

(6) To prepare a Galvanic cell wo holf cells are

externally connected through o conducting
wire and internolly through o salt bridge.

Cureent loww €————
Electron floww — 5 Swfich

Oxddotion
ZnoZn s 2e

Galvanic C&l
Anodic oxidatior Zn > Zn“_ +2e”
Cathodic reduction: QU™ oy + 267 — Qg

Net reaction: 2y + QU™ = Zn"_ +Qu,
This cell can be represented os
anznll ll OJE.IDJ

Reduction
QU e2esCu

( NUMERICAL Type Questions)

38. Calculate the oxidation number of
(A) Cin CH,COOH
(B) All atoms in KClO4 (2m)

Ans. (A) Oxdation number of oxygen =-2

Oxadation number of oxygen =+ 1
Let oxdadotion number of carbon = x
x+0+(-2)+1)=0
x-3=0
x=1

B) The oxdaton number of K=+ 1
The oxidaton number of O = x

The oxidation number of O = -2

E-E-,IE-E:{}
xr-7=0
x=1

K=+1L0=-20=7)

35, Calculate the oxddaotion number of Sb atom
in Sb,0¢ (2m)

Ans. Sb;0¢ Oxuygen in common odde has an
oxadotion state of -2

Therefore. i x = the oxddoton number of Sb in
Sb;0¢ then

Get More Learning Materials Here: &

ucnrene €9

2xx+5x=(-2)=0

2x =10
10
= —
2
X =3

The oxadation number of Sbin Sb;0¢ =+ 5

40. Predict whether zinc reacts with 1M H;SO4
to give out hydrogen or not Given that the
standard potential of zinc is -0.76V. (2m)

Ans. To predict the reaction between zinc with
H;S0, E zinc reocts. then the following
reaction will take place:

Zn + H.S04 - ZnSO4 + Hy
ie Zn + 2H® > Zn?* + H,
By conversion the cell s represented as
Zn|zn®" || H® | H,
Standard EMF of the cell

Pa=E,, -F

=0-H076)= «0.76V
Since the EMF come out to be positive. Hence

the reaction tales ploce
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