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~ Redox Reaction

Learning Objectives

During the course of this chapter, you will be able to:
M know redox reactions.

™ illustrate the terms oxidation, reduction, oxidant and
reductant.

™ elucidate mechanism of redox reactions through elec-
tron transfer process.

M apply the concept of oxidation number for identifica-
tion of oxidant and reductant in a reaction.

M categorize different types of redox reaction.

™ balance the chemical equations using oxidation number
method and half reaction method.

o understand the concept of redox reactions in terms of
electrode processes.

INTRODUCTION

Redox reactions are those in which oxidation and reduction
take place simultaneously. Oxidizing agent can gain elec-
tron whereas reducing agent can lose electron easily. The
oxidation state of any element can never be in fraction. If
oxidation number of any element comes out be in fraction,
it is average oxidation number of that element which is pre-
sent in different oxidation states.

The equivalent weight of a species if acts as oxidant
or reductant should be derived by:
Eq. weight of oxidant or reductant

Mol. wt. of oxidant or reductant

~ Number of electrons lost or gained by one
molecule of oxidant or reductant

CLASSICAL IDEA OF REDOX REACTIONS -
'OXIDATION AND REDUCTION REACTIONS

Oxidation is the process involving increase in oxidation
state of one or more element while reduction is the pro-
cess involving decrease in oxidation state of one or more
elements.

Those reactions which involve increase in oxidation num-
ber and decrease in oxidation number simultaneously are
known as oxidation reduction or redox reaction.
The following reactions represent oxidation process
according to the limited definition of oxidation.
« Addition of oxygen:
2Mg + 0, — 2MgO
C+0,—CO,
» Removal of hydrogen:
H,S +Cl, = 2HCl + 8
4HI+ O, = 2[, +2H,0 .
« Addition of electronegative element:
Fe + S — FeS
SnCl, +Cl, = SnCl,
« Removal of electropositive element:
2Nal + H,0, - 2NaOH +1,

The following reactions represent reduction.
« Addition of hydrogen:
N, +3H, — 2NH,
H, + Cl, = 2HCI
« Removal of oxygen:
CuO+C—->Cu+CO
H,0+C - CO+H,
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. Addition of clectropositive clement:
CuCl, + Cu — Cu,Cl
HgCl, + Hg — Hg,Cl,

. Removal of electronegative clement:
2FeCly +H, = 2FeCl,+2HCI

REDOX REACTIONS IN TERMS OF ELECTRON
TRANSFER REACTIONS

De-electronation
« In oxidation process there is onc or more ¢'s are lost by
an atom, ion or molecule.
Examples:
(a) Zn—> Zn**+2¢”
M — M™ +ne”
(b) Sn*? — Sn*+(4-2) €
M — M*24 (n,—n,)e”
(c) CIr—>Cl+e”
AT A+ne”
(d) MnO;”— MnO,—+ (2-1)”
A= A™+ (n—n,)e”

Electronation
In reduction process, one or more €'s are gained by an
atom, ion or molecule.
Examples:
(a) Cut?+2e~ = Cu
(b) Fe¥ +(3-2) e — Fe*?
(c) O+2e — 0%
(d) [Fe (CN),J*~+ (4 - 3)e”—> [Fe (CN),I™*

Oxidant are those substances which:
«  Oxidizes others and reduces themselves.
«  Accepts electron, i.e., electron acceptors

)&/ SOLVED EXAMPLES =T

EANDEL

State which of the following reactions are neither oxida-
tion nor reduction?
(A) Na — NaOH
(B) Cl, = CI" +ClIO7,
(C) P,0,— H,P,0,
(D) Zn+H,S0, - ZnSO, +H,

“ SOLUTION: (C)

In the reaction P,0, — H 4P207
The O.S. of P in P,Oy is
2x+5(-2)=0o0rx=+45

The O.S. of P in H,P,0, is

«  Show decrease in oxidation State

o Acts as a lewis acid

Examples: All clectronegative clement like F ,

N, ,0 and Compounds which have effective c]emgn{

in' maximum oxidation state (E.g., KMnO,K,cr, o)
Reductant are those substances which: /

« Reduces others and oxidizes themselves,

« Donates electron, i.c., electron donors

«  Show increase in oxidation state

« Actsas a Lewis basc

« Some non-metals like, C, H, S

Examples: Some hydrides like LiH, CaH,, LiAIH, ¢

and compounds having effective element in mmlmum’

0.S. (E.g., PH;, NH;,....)

Competitive electron transfer reaction

Case 1:
If we will place zinc strip in solution of copper nitrate we

will observe that Zn being oxidized and converted into Zn?
while Cu*? gets reduced to convert in Cu as per the give

reaction.
Zn(s)+Cu?*(aq) — Zn**(aq)+Cu(s)

Case 2:
A strip of copper placed in silver nitrate solution will get

oxidized into Cu*? and will reduce silver from Ag+ to Ag.
Cu(s)+2Ag"(aq)—~>Cu?*(aq)+2Ag(s)

It is observed here that different metals are in com-
petition of releasing electron. This suggests to develops
table in which metals are sorted according to their ten-
dency to loose electrons. This table is called metal activity
series.

4(+D)+2(x)+7(-2)=0

2x=100r x=+5

Since there is no change in O.S. of P, hence, the
above reaction is neither oxidation nor reduction.

EXAMPLE 2

. = _/ :
Which of the following is not a redox reaction?

1 1
(A) B sL—H

(B) PCl; — PCL, +Cl,
(C) 2CuSO, +4KI - Cu,l, +2K,S0, +1,
(D) CaOCl, — Ca*? + OCI- + CI-

-
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Redox Reaction m

SOLUTION: (D)

In all the above reaction, except (D) there is change
in oxidation states of reactant and product atoms,
hence, they are all redox reactions. In reaction (D),
the oxidation states of the atoms of the reactants and

prodl}cts remain unchanged hence, it is not a redox
reaction.

FEAMPLE 3

Identify the substance acting as oxidant or reductant if
any in the following:

(A) AICI;+3K — Al +3KCl

(B) SO, +2H,S——> 3S+H,0

(C) BaCl, + Na,SO, —> BaSO, + 2NaCl
(D) 3I,+ 6NaOH — NalO; + 5Nal + 3H,0

SOLUTION:
In a conjugate pair, oxidant has higher Oxidation number.
(A) For AICL: AP+ +3e” — Al’;
oxidation AICI,
For K: K —— K+ + e and reductant K.
(B) For SO,: $* +4de”—— S
For H,S: S>” —> S+ 2e”
(C) No change in oxidation number of either of the

conjugate pair.
~. None is oxidant or reductant.

(D) For L;: Ig —> 21°* + 10e” and Ig +2e—>2I”

. L, acts as oxidant and reductant both.

EXAMPLESG
Evaluate equivalent weight of reductant or oxidant given
on left-hand side of each reaction:

(A) As,O,+5H,0 — 240 3+ 10H" +4e”
(B) MnO,+8H"+5¢"— Mn?* + 4H,0
(©) Cr,0% + 14H* + 66~ — 2C0"+ TH0
(D) C,03 —>2C0, +2¢
(E) FeC,0,—> Fe¥* +2C0, +3¢”

2_
(F) 2CuS0, +2e- —> Cuz +505

SOLUTION:

E = one molecular of reductant or oxidant or value

factor.

red./oxi.

Mol. weight of reductant or oxidant

Number of element sgained or lost

M
450, (AsY —2As™ +4e7)

(A) EAszoJ =

MMnO;

(B) Eppo; = (Mn"*+5¢” ——Mn**)

€607 (crt— 20 +6e7)

(C) ECrzoi' =

M o
cro? _
D) Ec g = —é—(c§+——>2c4++ 2¢7)
M
(E) EFCCEO‘ = FC3C104

(Fe2t+C37 — sFe+2Ct+3e)

MCuSQ,

(F) Ecyso, = (2Cu?**+2¢” ——Cu3)

EXAMPLE 5

Equivalent weight of FeC,0, during its reaction with
KMnO, is:
(A) M/3
(C) M/2

(B) M/1
(D) M/4

SOLUTION: (A)

Reaction of FeC,0, with KMnO, is,
5FeC,0, + 6KMnO, + 24H,S0, —> 3K,80, +
6KMnSO, + 5Fe(SO,), + 24H,0 + 10CO,

So, Fe is oxidized from +2 to +3

C is oxidized from +3 to +4

So, n-factor=1+2x1=3

Molecular weight

Equivalent weight =
n-factor

_M
3
EXAMPLE 6

Which of the following ion is spectator ion in the reaction
given below?

Zn + 2H* +2Cl-—> Zn** + 2CI" + H,

(A) Zn? (B) H*

(©) CI (D) None of these
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JCEA Chapter 8

SOLUTION: (C)
The species present in solution but does not take part
in the reaction is called spectator ion. It may be omit-
ted while writing the net ionic reaction.
Zn + 2Ht — Zn** +H,

EXA MPLE7

Which reaction does not represent auto redox or
disproportionation?

(A) CLL+OH —— CI' + ClO3 + H,0

(B) 2H,0,—— H,0+0,

(C) 2Cu*— Cu?* +Cu

(D) (NH,),Cr,0,— N, + Cr,0, +4H,0

SOLUTION: (D)
In auto redox or disproportionation, same element
is oxidized as well as reduced. In (A) Cl, (B) H,0,
and (C) Cu* is oxidized as well as reduced. In (D)
N is oxidized and Cr is reduced in one molecule of
(NH,),Cr,0, and thus, it is intramolecular redox.

E}m’“’LEB ) N
In which tnplet each species can act as ox1dant and
reductant?

(A) H,0,, HNO,, HCIO,
(C) HNO,, SO,, H,S0,

(B) HNO,, SO,, H,0,
(D) KMnO,, SO,, O,

SOLUTION: (B)

The species in which an element has oxidation num-
ber lying in between its minimum and maximum val-
ues can acts as oxidant and reductant both.

Minimum Maximum
0sS. O.S.
N**in HNO, -3 +5
$* in SO, -2 +6
O-inH, O -2 0

EXAMPLE §

— —

State the equivalent mass of each reactant and product In
following half-reactions:

(A) 2Cul, — Cu,I, (B) As,0, —— H;As0,
(©)HNO,—NO (D) KMyO, —— K,MnO,
(E) PH; ——H, PO,

SOLUTION:

(A) Ecy, = "1\1/1; Ecu, = %A
(B)Enyo, =73 Buaso, =7
(C) Epno, = % Eno = 'I;‘/I‘
(D) Exmno, = %II‘; Ex,mno, =7
(E) Epy, = %ﬂ H,PO, _1\64
EXAMPI.E 10

Calculate the equivalent mass of each oxidant and reduct.
ant in:

(A) KI+K,Cr,0,— Cr** + 3],

(B) Na,S,0, +1, —> Na,S,0, + 2Nal

(C) NO;—— N,

(D) FeSO, +KClO, —> KCl + Fe,(SO,),

(E) Fe;0,+KMnO, —— Fe,0,+ MnO,

(F) FeC,0,—— Fe3*+CO,

(G) Na,SO, + Na,CrO,—Na,SO, + Cr(OH),

SOLUTION:

M. mass of oxidant orreductant
No. of 'e' lost or gained by one

onidzmﬂreductant =

molecule of ' oxidant or reductant

(A) 21"—>I‘2’+2e E ¥=1%=166
66 +Crf* — 20 By o o =M =224
22y 6 6
(B) 282+ 5 5/2)+ . M _158 _ 48
2 4 + 28, ENazszog = T = T = 1

2¢” +13 —— 01", By == ===127
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(F)

_ lonic M. mass

(©) 106" +2N +—>NYE =
03 5

2 124
5

2 3+
(D) 2Fe” +——Fed* +2¢; Ereso, =

M

6e+CI’" ——CI"; Bygp, = 5

(©)

FeC,0, —Fe** +CO,

Fe?t — > Fe’ +e

CF ——2C* +2¢
FeC,0, — Fe** +2C* +3¢”

M 144
Efec,0, = Cr 48

S 58%* 4+ 2¢
M _126

By cn == =63
NaSO, = 5T
3e+Crft —Cr*t
M 162 . 55

Ey. ~n =
Na,CiO, =3~ 3

B2, CHECKYOUR UNDERSTANDING I

1. Which of the following acts as both oxidant and
reductant?
(A) HNO,
(B) HNO,
(C) Both HNO, and HNO, 5.
(D) Neither HNO, nor HNO,

2. Inthe reaction C,0,72 +MnO~, + H* — Mn*? + CO,
the reductants is:
(A) C,0,72 (B) H* :
(C) MnO~, (D) None of these

3. In the reaction Al + Fe,0, — AL,O; + Fe, what is
the total number of electrons transferred during the

change?
(A) 16 (B) 24 ©) 8 (D) 12

4. Select the nature or type of redox change in the fol- 7.
lowing reactions:

(A) 2Cut — Cu®* + Cu®
®) Cl,—> ClO~+CI”
(C) 2KC10, — 2KCl+30, 5.
(D) (NH,),Cr,0, ——> N, + Cr;0; + 45,0
(E) 10FeSO, +2KMnO, + 8H,SO,
——52MnSO, + 5Fe,(SO,); + K,S0, + 8H,0

(F) 5H,C,0,+2KMnO, + 3H,S0,
—>K,S0, + 2MnSO, + 10C02' + 8H20

Which of the following can be both oxidizing as well
as reducing agent?

(A) H, ®B) I,
(©) H,0, (D) All of these
. The number of electrons lost or gained during the
change,
Fe + H,0 — Fe,0, + H,
@2 @4 © 6 D) 8

The equivalent weight of the salt KHC,O,.
H,C,0,.4H,0 used as reducing agent is:

(A) Mol. wt./1
(C) Mol. wt./3

(B) Mol. wt./2
(D) Mol. wt./4
In a reaction, 4 mole of electrons are transferred to 1

mole of HNO,, the possible product obtained due to
reduction is:

(A) 0.5 mol of N,
(C) 1 mol of NO,

(B) 0:5 mol of N,O
(D) 1 mol of NH,
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JEE3 Chapter 8

9. Which species are oxidized and reduced in the fol-
lowing reaction?
FeC,0, + KMnO, y Fe - CO, + Mn?!
(A) Oxidized: Fe, € Reduced: Mn
(B) Oxidized: Fe Reduced: Mn
(C) Reduced: Fe, Mn Oxidized: C
(D) Reduced: C Oxidized: Mn, Fe
10. Which of the following is not intramolecular redox
reaction?
(A) (NH,),Cr,0, — N, + Cr,0, + 41,0

(B) 2KCIOy— 2KCl + 30,
(C) 21\111307 _ 4MnOZ + 3O2

(D) 2C10, + 5H,0, 225 2CI + 50, + 6H,0

11. Equivalent weight of Fe,O; in terms of its mol.
weight in the change Fe;0, —>Fe; 0, is:

(A) M (B) M2 (C) M/3 (D) 3M/2
12. Equivalent weight of N, and NHj; in the change N,

—NH, respectively is:

(A) 4.67,124 (B) 9.3, 124

(C) 4.67,5.34 (D) 5.34,4.67

13. Select the type of redox reaction from the following
on the basis of type of redox changes (a) intermolec-
ular redox; (b) intramolecular redox; (c) auto-redox.

If none, write none.

(A) CH,CHO X, ¢ H,CH,0H + CH,COONa

(B) Cr,02™+20H"— 2CrO3™ + H,0

(C) 2Mn, 0, — 4MnO, + 30,

(D) NO3 + H,S + H0 + Ht — NHj + HSo,
(E) Fe + N,H, —NH; + Fe(OH),

(F) 2KOH + Br, —>KBr + KBrO

(G) 2Cu* ——> Cu + Cu?*

(H) Ag(NH;); —2— Ag" +2NH;

() 5KI+KIO; + 6HCl —3I, + 6KCI + 3H,0

14. Identify the oxidized and reduced species in the fo|.
lowing reactions:

(A) CH,(g) +4Cl,(g) —>CCl (g) + 4HCl(g)

(B) MnO,(s) + C,H,0,(ad) —— Mn®* (aq)
+2C0,(g) + 2H,0()

(C) Laq) + 25,02 (aq)+S,0%"
— Cl,(g)+2Br (aq)

(D) 2C1" (aq) + sz (ag) — Cl,(aq)+2Br (ag)

o

OXIDATION NUMBER

Oxidation state of an atom is the charge present on an atom
when it is in combined state.

or

Oxidation state of any atom in any molecule or ion may be
defined as arbitrary charge assigned to that atom according
to some well-defined rules.

Some important points concerning oxidation number:
* No two elements have same electronegativity values.

S>C C>H
P>H ClI>N

e Element can have positive or negative oxidation
number.

* Oxidation number can be whole number, zero, or a
fractional value.

E.g., ’
Ni(CO), = 0.Sof Ni=0
N,H = 0.Sof N =-1/3
HCI = 0.S of Cl =~1

« Oxidation state of same element can be different in dif
ferent or same compounds.

E.g.,
HS = O.Sof S =-2
H,S0, = 0.Sof S=+4
H,80, = 0.Sof S=+6

Some helping rules for calculating oxidation number:
* In case of a covalent bond:
(a) For a homoatomic molecule,
A-A A=A A=A
brik g o dbe, As
00 00 o0 0
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(b) For heteroatomic molecule (EN of B > A)

A-B A=B A=D3
I U L
+1 -1 +2 -2 +3 =3

In case of coordinate bond (EN of B > A):
A—-A B> B A-B
N A
12 -2 42 242 =2

In case of ionic bond:
Charge on cation = O.S of cation
Charge on anion = 0.S of anion

E.g.,NaCl — Na* + CI”
l l
+1 -1
MgCl, — Mg+ 2Cl-
\: l
+2 -1

Oxidation number is zero in following cases:

(a) The element in its free state has zero oxidation
number. For example, oxidation number of Na,Cl,
Cu, I, O, etc., is zero.

(b) In homoatomic molecules, oxidation number of
atoms present is zero.

E.g., H,,0,,N,,P,,Sg=zero

(c) Element in any ofits allotropic form has oxidation
number zero.

E.g,C C S

(d) Oxidation number of all the components of an
alloy are zero.

Fluorine in all its compounds has oxidation number of —1.

I A and I A group elements are +1 and +2 oxidation
number.

Hydrogen in most of its compounds has +1 oxidation

number except in metal hydrides (=1).

S 0

Diamond’ "~ Graphite’ ~ Monoclinic? Rhombic —

E.g,
NaH LiH CaH, MgH,
AR A A A A A
+1-1 +1-1 +2-1 +2 -1

Oxygen in most of its compounds has —2 oxidation
number except in:

(a) Peroxides (0,2) — Oxidation number (0)=-1
E.g., H,0,, BaO,

(b) Superoxides (0,~!) — Oxidation number (0)==1/2
E.g., KO,
d

-1/2

(¢) Ozonide (O,™') — Oxidation number (0)=-1/3

E.g., KO,
\J
-1/3
(d) OF, (Oxygen difluoride)
F-O-F
\)
+2

(e) O,F, (dioxygen difluoride)
d

+1

Monoatomic ions have oxidation number equal to the
charge present on the ion.

E.g., Mg?* — Oxidation number = +2
The algebric sum of oxidation number of all the atoms
present in a polyatomic neutral molecule is 0.

E.g., H,SO,

If O.S of S is x then

2(+D+x+4(-2)=0

x—6=0

x=+6
E.g., H,S0O,

If O.S of S is x then

2HD+x+3(-2)=0

x—-4=0

x=+4
All the atoms in a polyatomic complex ion has the oxi-
dation number equal to the algebric sum of the charge
present on the ion.
E.g., SO}

If O.S of S is x then

x+4(-2)=-2

x—-6=0

x=+6
E.g., HCO,~

If O.S of C is x then

+l1+x+3(-2)=-1

x—4=0

x=+4
In complex compounds, oxidation number of some
neutral molecules (ligands) is zero. Example: CO, NO,
NH;, H,0.

Applications of Oxidation Number

To compare the strength of acid and base:
1

Oxidation Number
Strength of acid e« Oxidation Number

Strength of base o<
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JEER Chapter 8

* To determine the reducing and oxidizing nature of
the substances:
(n) The compound acts as an oxidizing agent, if effec-
tive element in a compound is present in maximum
an oxidation state,

E.g., KMnO, K,Cr,0, H,S0,
\J
+7 +0 +0
SO, H,PO, HNO, HCIO,
S " \ 2
+6 +5 +5 45

(b) The compound acts as a reducing agent, if the
effective element in a compound is present in min-

imum oxidation state.

PH, NH, CH,
l l l
-3 -3 -4

(¢) The compound can act as an oxidizing agent as well
as a reducing agent, If effective element in a com-
pound is present in intermediate oxidation state.

HNO, H,PO, SO, H,0,
i ool \
+3 +3 +4 -1

« Equivalent weight of compounds: The equivalent
weight of an oxidizing agent is that weight of an ele-
ment which accepts one mole of electrons in a chemi-

cal reaction.
(a) Equivalent wt. of an oxidant (get reduced)

K Molecular weight
" No. of electrons gained by one mole

In acidic medium,

6¢” + Cr,02" + I4H* —— 2Cr’* + TH,0

In this reaction, atom undergoing reduction is Cr.
Its oxidation state is decreasing from +6 to +3.
Eq. wt. of K,Cr,0,

_ Mol. wt. of K,Cr,0, _ Mol. wt.

- 3x2 T 6

6 electrons were gained by Cr,0,2- as indicated by
6 in the denominator that as it can be seen from the
given balanced equation

(b) Similarly equivalent wt. of a reducant:
Mol. wt.
~ No.of electrons lost by one mole

In acidic medium, C,0, —— 2CO, + 2e~
Total electrons lost =2

(¢)

—

So, eq. wt, = Mol wt

A compound may have different equivalent e
different conditions. Since, it depends upon
ber of etectrons lost or gained by that comp

Iy
Cny

Oy
that reaction. n
(i) MnOo,— Mn*? (acidic medium)
(+7) (+2)
Here, 5 electrons arc taken.
Mol. wt. of KMnO, 153
So, Eq., wt. = 5 =~?231

(ii) MnO,”— MnO, (neutral medium) or (W
alkaline medium)

+7) (+4)

Here, only 3 electrons are gained.
So eq., wt.

_ Mol. wt. of KMnO, _ 158

—=152.7
3

When alkaline medium is given in the questj
consider it as weakly alkaline medium.

(iif) MnO,~—— MnO,? (strong alkaline medium)

(+7) (+6)
Here, only one electron is gained.
Mol. wt. of KMnO,

So, eq. wt. = =158

1

§ KMnO, acts as an oxidant in every medium but wi

different strengths which follows the following ord

1 acidic medium > neutral medium > alkaline mediu

While, potassium dichromate acts as an oxidant 0
in acidic medium as follows:

Cr,0,2— 2Cr**

(2x6) —— (2x3)

Here, 6 electrons are gained.

Mol. wt. of K,Cr,0, _ 29421 _ 49
6 6

To find the possible molecular formula of ¢

pound: The sum of oxidation number of all the at

present in a compound is zero hence, the validity of
formula can be confirmed.

So, eq., wt.=
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Redox Reaction m

ock Notation

1e oxidation number state of a metal in a compound is
metimes expressed by putting a roman numeral repre-
nting the oxidation number in parenthesis after the sym-
1 of metal in molecular formula. Thus aurous chloride
id auric chloride are written as Au(I)Cl and Au(IINCl,
spectively. It is popularly known as Stock Notation.

)pes of Redox Reactions

* Intermolecular redox reaction: It is when both the
oxidation and reduction takes place separately in dif-
ferent compounds, then the reaction.

SnCl, + 2FeCl, — SnCl, + 2FeCl,

Sn*2—— Sn*™* (Oxidation)
Fe** —— Fe*? (Reduction)

* Intramolecular redox reaction or decomposition
reaction: It is when during a chemical reaction, oxi-
dation and reduction takes place in a single com-
pound, then the reaction is called intramolecular redox

reaction.
CI*502 CI*5 Qo
| Reduction T T
Oxidation

* Displacement Reaction: An atom or ion gets replaced
by another atom or ion.
X+YZ - XZ+Y
It is further classified as metal displacement and non-
metal displacement reaction.
e. g. Metal Displacement
+2 +6 -2 0 0

CuSO, (aq) + Zn (s) —> Cu (s) + ZnSO, (aq)

+2+6-2

e.g. Non-Metal Displacement
0 +1-2 +1-2+1 0
2Na (s) + 2H,0(1) — 2NaOH (aq) + H, (2)

* Disproportionation reaction: It is when both the
reduction and oxidation takes place in the same ele-
ment of the same compound, during the chemical

reaction.
H202 ——— HZO +1/2 02
o' 02 o°
Reductioﬂ
Oxidation

The Paradox of Fractional Oxidation Number

Sometimes, the oxidation number of a particular elemegt in
the compound is in fraction. Actually this fractional oxida-
tion state is the average oxidation state of element under

examination. This can be understood with structural param-
eters which reveal that element is present in different oxida-

tion states.
+2 0 +2

0O=C=C*=C=0
Structure of C,0, (carbon suboxide)

0
0] 0]
N\+6 +ll +6 /"
0) =/Br - Br* — Br\= (0]

o & o
Structure of Br, O (tribromooctaoxide)
0] 0]
ll+s o 0o s
"O—E—S*—S*=ﬁ2—0'
0 0

Structure of S,0%" (tetrathionate ion)

Balancing of Redox Reaction
Oxidation Number Change Method

In a balanced redox reaction, total increase in oxidation
number should be equal to the total decrease in the oxida-
tion number. This equivalence has provided the basis for
balancing redox reactions.

This procedure involves the following steps:

 Atom in oxidizing agent has been selected, whose oxi-
dation number decreases and indicates the electron
gain.

* Atom in reducing agent has been selected whose oxida-
tion number increases and indicates the electrons loss.

*+ Now, these two are cross multiplied, i.e., multiply oxi-
dizing agent by the number of loss of electrons and
reducing agent by number of gain of electrons.

* Number of atoms on both sides are balanced, whose
oxidation numbers change in the reaction.

* In order to balance oxygen atoms, H,0 molecules are
added on the side deficient in oxygen.

* Then number of H atoms are balanced by adding H*
ions to the side deficient in hydrogen.

Ton-electron Method or Half Reaction Method

The following steps are followed while balancing redox
reaction (equations) using this method.

* Equation is written in the ionic form.

* Redox equation is to split into two half reactions one
representing oxidation and the other representing
reduction.

* These half-reactions are then balanced separately and
then added by multiplying with suitable coefficients so
that the electrons are cancelled. Balancing is done with
the help of following sub-steps:
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.

(2) Al other atome ate balanced except Hand O

thY Then balance oxygen atoms by adding H,O(water)
mulecnles 1o the side deficient e ovypen I he
number of 0O molecules added are equal to the
deticiency of oxygen atoms

Hydrogen atoms ate balanced by adding 17 10ns
cqual 1o the deficiency i the side which s defi-

(w)

aent i hvdropen atoms

Charge 18 balanced by adding electrons to the side
which s iich i “ve chanpee, 1 e, deficient in electrons,
Number of electrons added are equal to the deticiency.
Number of electrons are equalized by multiplying
the half~equations with suitable coeflicients.
These half-equations are then added to get an equation
which 1s balanced with respect to charge and atoms.

1f the reaction medium is basic, OH™ ions are added to
both the sides of balanced equation, which is equal to
number of H* 10ns in balanced equation.

()

(c)

Acidic Medium:

L

Cr,0.% + C,0,7 — Cr* + CO,

Write both the half-reaction.

Cr,0,7" — Cr'  (Reduction half-reaction)

& () » CO,  (Oxidation half-reaction)
‘ﬂmm other than H and O are balanced.

C r.() » 2Cr™

C.0, 2 — 2C 0,

Ba lamc O-atoms by the addition of H,010 another side.
Lr,()- — 2Cr'*+ 7H,0

C.,0, 2% et 200,

BJ!JHLC H-atoms by the addition of H* to another side
Cr, ()H l4ll’———>2Cr"+7H:O

C O " — 2C0,

’\o.\ balance the (,h.u;:e by the addition of electron (7).
Cr,0. + 14 H* + 6¢” — 2Cr’* + 7H,0 (1)

C,0, — 2C0, + 2¢ (2)
Multiply equations by a constant to get the same number
of electrons on both side. In the above case, second equa-
tion is multiplied by 3 and then added to first equation,

Cr,0,% + 14 H* + 6e" ——— 200 + 71,0
3C,0,

25 6C0, + 66

Cr,077 +3C,07 4 14 H'— 200 4 6C0, +7H,0

Alkaline Medium:

Consider the reaction,

Cr(OH), +10,” —" 1" 4 C10?

Separate the two-half reactions,

CrOH), — CrO,"(Oxidation half reaction)

07— I (Reduction half reaction)

-

o O-atoms are balanced by adding ” ) ”"'ICLu[“

H,0 4 CrOl), » CrO?
10, v 3O

IR .||nm' are lnlnuul by adding H' to the Wch%
deficiency and add equal number of O iong
other side (. medium is known)
1,0+ Cr(OH), - Cr0,]
SO+ H,O 4 Cr(OH),
v SOH
or  SOH + Cr(OH), —— CrO;
10, + 611" y 1+ 31,0
1O, +6H" + 60OH — 7 + 3[[2()+ 60H-
or 10, +3H,0 — I +60H"

. (hnn,c is b \meul by adding clu,trons
SOH™ + Cr(OH); — CrO; +4H ,0 + 3¢
10, + 6H, O+6¢c —I° +3H O+(,OH-

. llrst Lqu.mon is multiplied by 2 and then add 5

ond to give
100H" + 2Cr(OH); — ZCrO +8H,0 + 6¢-

10, + 6l L,O+6e — I~ +3”~O - 60“'
Balanced half-reactions are added to give the comp|

balanced reaction.
40H" +2Cr(OH), +10,” — 5H20+2Cmf‘+r

+ SH*
’ (r(). ‘

+ 4”20

Redox Reaction as basis of Titrations:

The titration methods are adopted for determinatio
strength of reductant or oxidant by indicator whic
sensitive to redox reaction.

If indicator is used in KMnO, titirations, it i
acts as indicator. After the oxidation of last reduct
the visible end point is achieved.

If K,Cr,0, is used, it oxidizes the indicator &
stance just after the equivalence point produc
colour, hence can not be used as self indicator.

In iodometric and iodimetric titrations,starch(wh
produces blue colour) is used as indicator to det
whether I, reduces to 1~ or [~ gets oxidized to 1.

'REDOX REACTIONS AND ELECTRODE PROCESSE

When the oxidized and reduced forms of a substanc
taking part in an oxidation or reduction half reaction,!
known as a redox couple, It is represented by separating!
oxidized form from the reduced form by a vertical lln¢°
slash which represents an interface.

Electrode potential is the potential .uﬁou.ltcd“
cach clectrode. If the concentration of each species K
partin the electrode reaction is unity and the reaction is
ricd out at 298 K, then the potential of each electr
called Standard Electrode Potential, The electrode PO”"
of each electrode process measures the relative tenden®)
the active species to remain in the oxidized or reduced
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Redox Reaction m

Table 8.1 The Standard Electrode Potentials at 298 K. lons are present as aqueous species and H,0 as liquid;

gases and SO|IdS are shown by gands respectlvely

PT Ra AR T R SR Tn—— " Pre— Pl e s T TR T T T s e
Reaction (Oxidised form +ne” - Reduced form) /v
4 A i
: Fo(g) +2¢” —2F 2.87 £
o3 +e° o 1.81 i
b H,0,+ 2H" + 2¢" —2H,0 178 {
5\( MnO,”+8H* +5¢” —)Mn2++4h20 1.51 ;f
g4 Au3t — Au(s) 1.40 b
i — 4
; (1,(g) +2e —2Cr 1.36 i
i (r,0,2 + 14H* + 6¢° - 203 47H,0 1.33 b
b 02(g) + 4H" + 4e” —2H,0 o 1.23 i
| MnO,(s) +4H* + 26" > Mn2* + 2H.0 1.23 B !
i Br,+ 2¢” — 2Br 1.09
4 ~
;; NO, +4H" +3¢” — NO(g) + 2H,0 0.97 ;
2Hg?" +2¢° — Hg, 2 0.92 ]
d .
g Agt+e — Ag(s) 0.80 ¢
i S Fie 2 £ 0.7 i
: 2 L3, i : |
i 2 0,(g) +2H* +2¢” - H,0, o 0.68 i
i @ = N 2 ".
g g I(s)+2e Y g 0.54 j
H ‘S Cut+e — Cu(s) ‘s 0.52 }
= - £ i
3y = Cu? +2e - Cu(s) g 0.34 §
B [ e y
i S - @ ?
i ‘; AgCl(s) + — Ag(s) +CL > 0.22 :
a AgBr(s) +e” —> Ag(s) +Br” z 0.10 j
i ] 5 ¢
i 5:: 2H* + 26 —H,(9) K ::: 0.00 i
E‘a Ph2* +2e" — Ph(s) -0.13 |
3 Sn?+2e” —Sn(s) -0.14 g
: NiZ*+ 26" ) — Ni(s) -0.25 [
E Fo3*t 4+ 26" — Fe(s) -0.44 k
i 30 —Cr(s) -0.74 !
{ 702t + 267 —1n(s) -0.76 §3
i 2H,0 +2€” — HZ(g) +20H° -0.83 1
| AP+ 3¢ - Al(s) -1.66
MgZ* +2e” — Mg(s) b El
k » |
Nat+e — Na(s) =2.11 E
% a2t + 26" — (a(s) -2.87 !
; re —K(s) -2.93 t
e 240 M ;
£ R T B B B T D R e T T e A T T D B TR Al d

S SR 2 T R A LR ST

i
i
-

1. A negative E® means that the redox couple is a stronger reducing agent than the H’ /H couple.
2. A positive E® means that the redox couple is a weaker reducing agnent than the H /H couple.
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