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CLASSICAL CONCEPT OF
OXIDATION AND REDUCTION
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OXIDATION

* Oxidation is defined as addition of oxygen or any <7 |

other electronegative component.

@ Or
"¢z, ° Removal of hydrogen or any other electropositive
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2H, + 0, > 2H,0

A
- I

H,S+Cl, > 2HCI+S
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REDUCTION
Z) i
® Reduction is defined as addition of hydrogen or any ¢
other electropositive component. J 3
Or

‘" *Removal of oxygen or any other electronegative

Companent.
‘:{8‘§ Fe— @;:r‘: &
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2H, +0, - 2H,0

A
4 N\
H,S+Cl, - 2HCI1+S
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OXIDISING AGENT

°*A substance which provides oxygen or anyyn

electronegative element is called an oxidising agent. @)
Or 4®
¥ *A substance which removes hydrogen or any other
~¢._ electropositive element is called an oxidising agent.
Vs
& _\-': ,{ |
~// oln the above examples, O_ and Cl act as oxidising
;i-f.é’* 2 2
A%/ agents.
m'z (¢ s o — a0 @ &
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REDUCING AGENT %
- |
*A substance which provides hydrogen or any @
! electropositive element is called a reducing agent. g
or
':,f‘-‘;:A substance which removes oxygen or any
B/ |

, electronegative element is called a reducing agent.
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NOTE

During a redox reaction:

* Areducing agent undergoes oxidation.

* An oxidising agent undergoes reduction.
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ELECTRONIC CONCEPT OF
OXIDATION AND REDUCTION
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OXIDATION

* Oxidation is the process involving loss of electrons.

REDUCTION
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OXIDISING AGENT

® An oxidising agent is a substance whose atoms gain

electrons.

REDUCING AGENT
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OXIDATION
[ A \
Zn+Cu’t > Zn*" +Cu
| 8 )
Y
REDUCTION

® Here Zn atom loses electrons while Cu?** ions gains electrons.
....,,,, * So Zn is oxidized and Cu?* is reduced.

/b ® Cu*is the oxidising agent and Zn is the reducing agent.
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OXIDATION HALF AND REDUCTION HALF REACTIONS ﬁr?

° Every redox reaction consist of two half cell 5
reactions. o

° They are oxidation half reaction and reduction half

reaction.

® Eg:- Reaction between Na and Cl.
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Na atom loses an electron to form Na™.

Na —> Na  +1e”

g Cl atom gains an electron to form CI~.

Cl+le —»Cl

Overall cell reaction (Redox reaction) is

Na+Cl— Na® +ClI”
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A chemical reaction in which both oxidation and

reduction reactions occur simultaneously is called

REDOX REACTION

a redox reaction.
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EXAMPLE-1 o
# A clean Zn strip is placed in a solution of CuSO, placed in j? |
a beaker. o
* The following changes are observed. &

* Zn metal starts to dissolve and as a result of this, its
mass decreases.

#* Cu metal starts to deposit.

# The blue colour of CuSO, solution begins to fade.

* The reaction proceeds with the evolution of heat.

-
b A
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CusSOylaq)

Cu’t +2¢” = Cu

Zn+ Cu®" = Zn?" +Cu

www.fppt.info



EXAMPLE-2
* A clean copper strip is placed in a solution of AgNO_keptina &)
beaker. {8
@ ° The following changes are observed.
2 ®* Copper strip starts to dissolve and as a result its mass
% decreases.

), ,i"“ * Silver starts to deposit.

® Blue colour of Cu?* ions appears.
1S ® Reaction proceeds with the evolution of heat.

www.fppt.info






N Cu— Cu’* +2e”

2Agt +2e” > 2Ag

Cu+2Ag" - Cu" +2Ag
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OXIDATION NUMBER OR OXIDATION STATE

r ]"" to the more electronegative element.

Oxidation number is defined as the charge that an atom

would have if both the electrons in each bond were assigned

=1
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RULES FOR ASSIGNING OXIDATION NUMBER

* Oxidation number of an element in the free or uncombined& )
state is zero. e

® The sum of the oxidation numbers of all the atoms in a neutral
molecule is zero.

®* The oxidation number of mono atomic ion is equal to the
charge onit.

® For polyatomic ions, sum of the oxidation numbers of all the

atoms in itis equal to the charge oniit.

p—
e — . o &
& &
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* Oxidation number of fluorine is —1 in all its compounds. _
° Oxidation number of hydrogen is +1in allits compounds =
® But in ionic hydrides the oxidation number is —1.

©¢y, ° Oxidation number of oxygen is —2.
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° In peroxides it is —1 and in superoxides it is -1/2.
(i.e., KO, ) '

®* Oxidation number of alkalie metals is +1.
* Oxidation number of alkaline earth metalsis +2.

* Oxidation number of halogens is —1.
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OXIDATION AND REDUCTION
IN TERMS OF OXIDATION NUMBER
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OXIDATION

° A chemical change in which there is an increase in _‘
&7y

oxidation number.

REDUCTION
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0 +2 +2 0
Zn + Cu’" > Zn?*" + Cu

®* Oxidation number of Zn increases from 0 to +2

and it is oxidized.

® The oxidation number of Cu decreases from +2

to 0 and itis reduced.

o
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OXIDISING AGENT

° A substance which undergoes a decrease in omdatlon

number. &3S |

REDUCING AGENT 4
@ \ °A substance which undergoes an increase in oxidation

; «~ nhumber.

® Eg:- In the above example, Cu* is the oxidising agent and

3./  Znisthe reducing agent.

F - ) - —— W- :F.', g . _
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OXIDATION NUMBER AND NOMENCLATURE

° In the naming of compounds of metals which exhibit variable f‘? |

valency, Roman numerals are used to indicate the oxidation

s number of the metal atoms. N
/ \o This system of naming is known as the ‘Stock System’.
;:;; ® According to the Stock System, the oxidation numbers are
fz:,' | indicated by Roman Numerals in brackets after the name of
j,-; the metal.
y a’:g§ g 2,
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Cu20 : Copper (I) Oxide
CuO : Copper (II) Oxide
Sn02 : Tin (IV) Oxide
SnO : Tin (II) Oxide

FeSO4 : Iron (II) Sulphate

FeO : Iron (II) Oxide

Fe>0s : Iron (III) Oxide

MnO : Manganese (II) Oxide
MnO: : Manganese (IV) Oxide
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CALCULATION OF
OXIDATION NUMBER
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Calculate the oxidation Number of Mn in KMnO,?

Let the oxidation number of Manganese = x
Let the oxidation number of Oxygen =-2x4=-8
Let the oxidation number of Potassium =+1
Therefore, oxidation number of Manganese =
+1+x-8=0
X=-1+8

X=+7
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Calculate the oxidation Number of Crin K,Cr 0_?

Let the oxidation number of Chromium = 2x
Let the oxidation number of Oxygen =-2x7=-14
Let the oxidation number of Potassium =+1x2=+2
Therefore, oxidation number of Chromium =
+2+2x-14=0
2x=-2+14
2X =+12

X =+6
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‘ Calculate the oxidation Number of Cin €0 *>?

Let the oxidation number of Carbon =x

Let the oxidation number of Oxygen=-2x3=-6

Therefore, oxidation number of Carbon =
X-6=-2
X=-2+6

X=+4
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a) S in SO:Cl2 b) Cl in HCIO4 c) S in HS ) S in HaS052~ 7

“ s 5 e) Sin S0.2- f) Clin ClO3 g) Cin CHy h) B in Na;B407

- i) Cin CsH1206 j) Brin BrF3 k) Cin CHsCl |) Fe in FeS04
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ELECTROCHEMICAL CELL OR GALVANIC CELL

An electrochemical cell is a device used for the «?@

conversion of chemical energy into electrical

& £55
) 11‘\3

~—°_  energy.

Eg:- Daniel Cell
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(Oxidation) (Reduction)

( zns0, L Cusl,

Zn(s) | ZnSO,(aq) || CuSO,(aq) | Cu(S)

-

www.fppt.info



N
®

* The Daniel cell consists of a Zn rod dipped in ZnSO, solution. .
° A copper rod dipped in copper sulphate solution. &)
* The two solutions are connected by salt bridge @&

°* The two electrodes are connected externally by a metallic wire
through a voltmeter.
* A potential difference is developed.

° Itis indicated by the stream of electrons flowing from Zn to Cu.
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® The cellis represented as, Zn | Zn* (| Cu** |Cu. i
®* Here oxidation takes place at the zinc electrode &)
g

® Reduction takes place at the copper electrode.
®* The ‘Zn’ electrode at which oxidation takes place is the anode
® The ‘Cu’ electrode at which reduction takes place is the

cathode.

-

N B
— &

www.fppt.info



CELL REACTIONS |

Anode reaction : Zn — Zn’" +2e”

Cathode reaction : Cu’' +2¢” — Cu

Overall reaction : Zn+ Cu’" — Zn?" +Cu

The flow of electrons from Zn to Cu produces a current in the
circuit.

www.fppt.info



SALT BRIDGE

* Salt bridge is a ‘U’ shaped tube.

° It contains a concentrated solution of an electrolyte like

KCl, KNO_, NH NO_ etc mixed with gelatin or agar-agar.
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FUNCTIONS OF SALT BRIDGE

=1

° It allows the movement of ions from one solution to |
other without mixing of the two solutions.

° It maintains the electrical neutrality of the solution.
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ELECTRODE POTENTIAL

The tendency of an electrode to lose or gain electrons
when it is in contact with its own ions in the solution
is called its electrode potential.

The electrode potential may be of two types.
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1. OXIDATION POTENTIAL ‘

The tendency of an electrode to lose electrons.

—_—
-—
—_—
—
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2. REDUCTION POTENTIAL ‘

The tendency of an electrode to gain electrons.
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STANDARD ELECTRODE POTENTIAL (E?) ‘ 5‘

The potential of an electrode under standard conditions S

‘i‘v i.e., 298K temperature, 1 atm pressure and 1M

S concentration is called standard electrode potential (E ?).
b ]
L7/
(s B - <.
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TYPES OF REDOX REACTIONS

1. COMBINATION REACTIONS
2. DECOMPOSITION REACTIONS

3. DISPLACEMENT REACTIONS

A+B—-C

C—-A+B

A+BC —->AC+B

4. DISPROPORTIONATION REACTION

p—
h o

-
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1. COMBINATION REACTIONS A

A combination reaction may be represented as »
A+B—C -

« Either A or B or both A and B must be in the =
% | elemental form.

-

>\

> C+0, - CO,
[® CH, +20, — CO, + 2H,0
@;;;/f "
T e o
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2. DECOMPOSITION REACTIONS

A decomposition reaction leads to the breakdown of a %

L Al
el

) |
compound into two or more components at least one of ®
‘'  which must be in the elemental state.

2H,0—22H, +0,
2 ONaH—252Na +H,

) 2KCI0; ——2KCl+30,
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Al decomposition reactions are not redox
reactions =

CaCO3 > CaO + CO2
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3. DISPLACEMENT REACTIONS @

In a displacement reaction, an ion or an atom in a &/

compound is replaced by an ion or atom of another ﬂ;ﬁ

element.

S
=5

'i&'a, i;\"\..j&,

@f % It may be denoted as X+YZ->XZ+Y

'g.
!.‘E.%

B
iy PI ]
9‘@

Qgi /ﬁ
L {/ </ Q@ &
e @% — S ﬁ_ : o
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A metal in a compound can be displaced by

another metal in the uncombined state.

CuSO, +Zn — Cu+ ZnSO,
Cr,05 + 2Al - Al,O,+2Cr
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| B. NON METAL DISPLACEMENT |

- The non metal displacement

j@’ redox reactions include

+.. hydrogen displacement and a

| rarely occurring reaction
E.!?f-;'/

?‘%;involving oxygen displacement.

2Na +2H,0 — 2NaOH + H,
Zn+2HCI - Zn(Cl, + H,
Mg +2HCl - MgCl, + H,

2H,0 +2F, — 4HF + O,
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4. DISPROPORTIONATION REACTION \'

In this reaction, an element in one oxidation state is@

/- simultaneously oxidized and reduced. -
&) One of the reacting substances always contains an
fg element that can exist in at least three oxidation states.

l:i\;f"l r

&
P Eg:- 2H,0, - 2H,0+0,
— A ) S ol g

www.fppt.info



-* BALANCING
OF REDOX REACTIONS
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1. OXIDATION NUMBER METHOD 4 k

® The various steps involved in this method are: #

® Write the skeletal equation representing the chemical &)

change. ﬁ

& g * Indicate the oxidation numbers of all atoms involved in
& \
¢ (e ) the reaction.

E.:h; ° Identify the elements which undergo change in

2&@ ~__oxidation number.

www.fppt.info



YK

® Calculate the change in oxidation number per atom.

-

® Multiply this number of change in oxidation number 2
with the number of atoms which are undergoing the

change.
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® Equate the increase in oxidation number of the reducing
agent with the decrease in oxidation number of the
oxidising agent.

® For this, the oxidising agent is multiplied by the change in
oxidation number of reducing agent and the reducing
agent is multiplied by the change in oxidation number of

oxidising agent.
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® Balance all other atoms except hydrogen and oxygen.

®° Finally balance hydrogen and oxygen atoms.

* For this, add H,0 to the side deficient in oxygen.

° In acid solution, add H* to the side deficient in hydrogen

atoms.

\-__;."7,“*- * In basic solution, add H,0 to side deficient in hydrogen atoms

and add equal number of OH ions on the other side.

o
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Example. 13.3. Balance the equation,
SnCl, + FeCl; ——SnCly +FeCl,

Solution:

I~ Skeleton equation is, SnCl, + FeCl;——SnCly +FeCl,
2. Denote the oxidation numbers.
2 -1 43 +4 -1 +2 -
SnCl, + FeCl; —> SnCly + FeCly
3. ldentify the element which undergo change in oxidation numbers
+2 +3 +4 +2



-y

Oxidation number of Sn in SnCl, changes from +2 to +4 while that of Fe in FeCl

to +2. Thus, SnCl, is the reducing agent and FeCls is the oxidising agent. 3 changesfrom 1
4_1. Calculate the change in oxidation number per formula unit of both oxidising and reducing agens
" O.N. increases by 2 - ~
+2 +3 +4 +2

SnCl, + FeCl, —— SnCl, + FeCl

|
‘—-~~— ON.decreasesbyl - ~— —

5. Multiply SnCl, by 1 and FeCl, by 2.

SnCl, + 2FeCly ——>SnCl, +2FeCl,

6. Balance all other atoms except H and O

SnCl, +2FeCl; —SnCl,, + 2FeCl,

7. Balance H and O atoms. This step is not required in this case since H and O are not involved.

. Balanced equation is SnCl, + 2FeCl; —— SnCl, + 2FeCl,



- 4 Y S

- Y% _ O g ﬁ,vz
2. |ION ELECTRON METHOD OR HALF REACTION METHOD ﬁ;
® The various steps involved in this method are @)

o
o)

%_  ° Write the skeletal equation represents the chemical change.

® Indicate the oxidation numbers of all atoms involved in the

iyl / ® Find the elements whose oxidation numbers are changed
S
%ﬂ’g ;@§ & §r7 -
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* Separate the redox reaction into half reactions.

° i.e., oxidation half and reduction half reactions.

* Balance each half reaction separately by the following steps.
® Balance all atoms other than hydrogen and oxygen.

® Calculate the oxidation number on the left and on the right.
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* Add electrons to whichever side is necessary, to make up

for the difference.

* Balance half reaction so that both sides will have the same
charge.

°* Add water molecules to complete the balancing of the
equation.

* Add the two balanced half equations.
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Balance the redox reaction

Cr0;~ +Fe™ +H* - Cr*** 4+ Fe*** 1 1,0

Solution : Step (1) Find the elements whose oxidation numbers ére changed,
+6 =2 +2 +1 +3- +3 | +i -2 ” s
Cr,0,  +Fe** + H* — Cr+++ + Fe+++ + H,O

In this, the oxidation number of chromium decreases from +6 to +3 i.

 the . ] €., Cr undergoes reduction
and the oxidation number of Fe** increases from +2 to +3 i.e., Fe™™ is oxidised to Fe*+*
Step (2) Separate the redox reaction into two half reactions |

The half reactions are:

Fe™™ 5 Fettt (oxiadation half)

CrO;~ > Cr™™™ (reduction half)



Step (3) Balance each half reaction separately

(a) Oxidation half reaction : peH - Fe*ﬂ

i. Balance all atoms other than O and H. In this, other atoms are already balanced.
ii. ~Calculate the oxidation number on both sides and add electrons to account for the difference.
In this, Ox:No on left is +2 and that on right is +3. To account for the difference add one electron
lo the right. Thus we get, . '
, Fe** > Fe**" +le”
ii. Balance the charge on either side
In this, charge is already balanced.
iv. Add Water: In view of oxygen and hydrogen being absent, this step is not necessary.

+4+4

(b) Reduction half reaction; Cr'207' ~=Cr

L. Balance all atoms other than O and H .
There are two Cr atoms on the left, but only one on right.

Therefore, Cr,0,” = 2Cr**"

Calculate oxidatioh number on both sides and add electrons to account for the difference. The
ox: no: of Cr on the left is +6 and on the right is +3. Each Cr atom must gain three electrons.

Since there are two Cr atoms, add six electrons on the left. Thus,

ii.



Cr,0,” +6¢” = 2CrttH
iii. Balance the charge on either side

Since the reaction is occurring in acid
positive chargg on one side or the other. The t
14H* will be added to the left. Thus,

Cr,0,” +14H" +6e” = 2Ce++

medium, H* ions will be added to account for the exy,
otal charge on the left is -8, on the right is +6. Therefor

iv. Add water to complete - t_h'-e balancing. Since there are 14H. atoms g
7 O atoms on the left side, add 7H,O on the right. Thus,

Cr,0, +14H* +6¢” =2Cr™" +7H,0 .

Step (4) Add the two half reactions together. Before doing this, multiply the oxidation half’ Teaction
by 6 so that electrons are balanced.

6(F e?* 5Fe 4+ le') - (oxidation half reaction)

Cr0, +6¢” +14H" - 2Cr*™ +7H,0 (reduction half reaction) .

6Fe’ +Cry0;~ +14H" +6¢” — 6Fe™" +2Cr™"" + 7TH,0+6¢”

ie., 6Fe'" +Cr,0, " +14H" - 6Fe"™ " +2Cr™ +7H,0 -

This is the balanced equa;tion.



Example 13.5 Balance the following redox reaction occurring in basic medium.

Zn+NOj — Zn"" + NH,"
Solution:
0 45 -2 +2 =3 4 ‘

Step 1) ¢ 7,4 NO; > zn*™ + NH,'

In this, Zn undergoes oxidation and NO3 undergoes reduction.
Step (2) : Oxidation : Zn —) Zn™*

Reduction : NOj — NH,*

Step (3) : Balance each half reaction separately as,
(a) oxidation half reaction:

Zn—Zn™t
i. Balance all atoms other than H and O: already done

ii. Add electrons to make up for the difference in oxidation number.

Zn—Zn*" 4 2¢”
iii. Balance the charges : already done |



iii. Balance the charges : already done

iv. No need to add water
Therefore, the balanced oxidation half reaction is,

, Zn—>Zn"" 4+2¢”
(b) Reduction half reaction :
NO3 — NH}

Balance atoms other than H and O: already done
Add electrons to make up for the difference in oxidation number. As the.oxidation number of

nitrogen changes from +5 to -3, there is a difference of 8 electrons.
% NOj +8¢” — NH}

Balance the charges: There are 9 negative charges on the left, on the right it is +1. As the reéction
is in basic medium add 10 OH" on the right. :

NOj +8¢~ — NH," +10 OH™
iv. Add water to complete balancing. - -

NOj +7H,0+8¢~ — NH, " +10 OH~

This is the balanced reduction half reaction. . L3
Step (4) Add the two half reactions. Before doing this, the oxidation half reaction is multiplied by 4

so that electrons are balanced.
4 (Zn—>2Zn"" +2¢7)

NOj +7H,0+8¢~ = NH; +10 OH™

. 4Zn+NOj +7H,0 — Zn"* +NH," +10 OH”

This is the final halanced eanation.
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