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Redox reaction
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Oxidation/reduction - Oxidation number
o

Oxidation: An increase in the oxidation number of the element in the given substance.
7
Reduction : A decrease in the oxidation number of the element in the given substance.
6@0&(/“’)“018 o\ o
Oxidising agent: A reagent which can increase the oxidation number of an elementin a
given substance. These reagents are called as oxidants also.
e@dof\o‘“(
Reducing agent: A reagent which lowers the oxidation number of an element in a given
substance. These reagents are also called as reductants.

Redox reactions: Reactions which involve change in oxidation number of the
interacting species



Justify that the reaction:
2Cu,0( + CuySig = 6Cu g + SO, is a redox reaction.

Identify the species oxidised /reduced, which acts as an oxidant and which acts as a
reductant.

ZCUZO(S) A Cuzs(s) — 6CU(S) it Soz(g)

We therefore, conclude that in this reaction copper is reduced from +1 state to zero
oxidation state and sulphur is oxidised from -2 state to +4 state.
The above reaction is thus a redox reaction.
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Fomons —> Fe' ™ Meunont — by’ @
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Stock notation = o pmic— Fe Mencmnic —> M
+
one —> (4
Cup? o

(u FWC -
Stock notation: According to this, the oxidation number is expressed by putting

a Roman numeral representing the oxidation number in parenthesis after the
symbol of the metal in the molecular formula.

> Aurous chloride as Au(I)CL Ao [ A — ( AuGCE)
» Auric chloride as Au(III)Cl,. = e
» Stannous chloride Sn(II)CI, > 4] Xt (= ’yﬁ y +3
» Stannic chloride Sn(IV)CI
N e 4\\\ €h+3 A _,_3 \_/
(A
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Fractional Oxidation Number 2 —

6+6+h = Db AR

/ _g\ 0= c C*=
Structure of C,0,

y (carbon suboxide)

/ O= Br — r—
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Structure of Br,O, (trlbromooctaoxidc) Structure of S,07- (tetrathionate ion)
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Types of Redox Reactions - Fombination reactions

Combination reactions: More than two elements or compounds combining to
form product is known as combination reaction.

Qedow | (2 0+ +,0 ﬁv(ﬂMOHB&\
/
Cot Oz - COyg
~ 4ot
o . Com\o‘\(\o\)(,\o\ﬂ %
v
3Mgs+ Ny Mg3Ny (s,
0

CHyn+ 20, €0yt 2H,0 (1)




Types of Redox Reactions 1 Decomposition reactions

Decomposition reactions: decomposition reactionlteads to the breakdown of a
compound into two or more components at least one of which must be in the

elemental state.

7

2H,0 7 2H; g+ Oyg
V)
2KCIO, 3 @S) + 30,

Note: All decomposition reactions are not redox reactions. For example, decomposition of calcium

carbonate is not a redox reaction.

R
CaC0, o Gal s+ 60,
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Types of Redox Reactions - Displacement reactions

Displacement reactions:In a displacement reaction, an ion (or an atom) in a compound
is replaced by an ion (or an atom) of another element.|ncert definition |

Displacement reactions fit into two categories:
» Metal displacement
» Non-metal displacement.




Metal displacement: A metal in a compound can be displaced by another metal

in the uncombined state provided it occupies a position higher in the activity series.
=

CuSOy,q) + Zn (5 = Cugy + ZnS0O,

e
V305 (g + 5Ca (o 2V + 5Ca0

=
Z TicT, o+ 2Mg (> Ti g + 2MgCl

Cr@l - Vw 2Cry,
PIETRU N
LR S

Application :In metallurgical operations for the isolation of certain
metals from their respective ores.




Non-metal displacement: The nonmetal displacement redox reactions
include hydrogen displacement.

All alkali metals and some alkaline earth metals (Ca, Sr, and Ba) which are
very good reductants, will displace hydrogen from cold water.

N

2Na + 2H,0, - 2NaOH +@

(

Cay + 2H,0,) - Ca(OH), (aq) @




Less active metals such as magnesium and iron react with steam to produce
dihydrogen gas.

Mg(s) it ZHZO(I, hot water ) - Mg(OH)z(s) e HZ(g)

Fe(s) + 2Hzo(g, steam) Mg(OH)z(s) + HZ(g)

Case-2:Displacement of hydrogen from acids .

=
Zn, + 2HCl,y = ZnCl,  + H; ()

~_lad)
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» The power of these elements as oxidising agents decreases as we move down
from fluorine to iodine in group 17 of the periodic table.

» Fluorine is so reactive that it attacks water and displaces the oxygen of water
0
» 2H,0 oy + 2F, ) = 4HF, + Oy

» It is for this reason that the displacement reactions of chlorine, bromine and
iodine using fluorine are not generally carried out aqueous solution.
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Disproportionation reactions : In a disproportionation reaction an element in one

oxidation state is simultaneously oxidised and reduced. o —)\ =
e e . .
The %omposition of hydrogen peroxide < H-0—o0o—|
SN G102
PH2,

2H,0, oy > 2 ,0q + oz(g) P~

e oy L R 2 (D=0

P, + 30H o + 3H,0, = PHy ) + 3H,PO," N
i L &
i > shnvetu | 4, PO, —
Sg5) + 12 OH" () ‘\‘S “@* 250556t 0100 gy 4 axD-
© c) -~
Cly (g + 2 OH" (= Cl0 + CI g+ H,0 ¢ Saakal

The hypochlorite ion (Cl1O-}foermed in the reaction oxidizes the colour-bearing
stains of the substances to colorless compounds. A=+ © V /W @
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Redox Reactions and Electrode Processes

Redox couple :
The oxidised and reduced forms of a substance taking part in an oxidation or

reduction half reaction.
This is represented by separating the oxidised form from the reduced form by a

vertical line or a slash representing an interface.
Zn%*/7Zn and Cu4*/Cu.

Zn/Zn?* || cu?t/Cu



Redox Reactions and Electrode Processes

Current flow G
Electron flow —> Switch

Oxidation Reduction
Zn—>7n" + 2e cu’’ +2¢—> Cu
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Reaction (Oxidised form + ne-

F,(8) + 2¢

Co*™ +¢

H,O, + 2H' + 2¢
MnO, + 8H' + 5¢
Au™ + 3¢

CL(g) + 2¢
Cr,0,* + 14H' + 6e
0O,(g) + 4H* + 4e
MnO,(s) + 4H" + 2¢
Br, + 2¢

NO, +4H" + 3¢
2Hg* + 2¢

Ag' + ¢

Fe™ + ¢

0O,(g) + 2H* + 2¢
L(s) + 2¢
Cu'+e

Cu* + 2¢
AuCl(s) + ¢
AvHrls >

2H* + 2e-

Pb* + 2¢

Sn* + 2¢

Ni?* + 2¢

Fe? + 2e

Cr* + 3¢

Zn* + 2e¢

2H,0 + 2¢

Al* + 3¢

Mg + 2¢

Na* +c

Ca* + 2¢

K'+e¢

Li‘t+e

—3 Reduced form)

- 2F
- Co**
— 2H0
—>» Mn* + 4H,0
— Au(s)
—> 2Cl
- 2Cr* + TH,O
— 2H,0
— Mn* + 2H,0
— 2Br
—> NO(g) + 2H,0
—> Hg *
—> Ad(s)
—> Fe?
— H,0,
- 21
—> Cul(s)
—> Culs)
- Ad(s) + Cl
—> Ag(s) + B
— H (g)
—> Pb(s)
—> Sn(s)
—> Ni(s)
—> Fe(s)
—> Cris)
—> Zn(s)
» H,(g) + 20H
—> Al(s)
—> Mgls)
—> Na(s)
—> Cals)
- K(s)
—> Li(s)

g strength of red

easin

Inc

ki

A negative E' means that the redox couple ts a stronger reducing agent than the H/H, couple.

A positive E- means that the redox coup

le 1s a weaker reducing agent than the HH, couple.

\




7.3.3 Redox Reactions as the Basis for
In acid-base systems we come across with a
titration method for finding out the strength
of one solution against the other using a
pH_sensitive indicator. Similarly, in redox
MUethod can be adopted
to determine the strength of a reductant/
oxidant using a redox sensitive indicator.
The usage of indicators in redox titration is
illustrated below:

(i) yIn one situation, the reagent itself is
intensely coloured, e.g., permdngandte

ion, MnO;. Here MnO

indicator. The visible end point in this case
is achieved after the last of the reductant
(Fe** or CO, ) is ()\l(]l%t’d and the first
lasting tmge of pi ‘

MnO, concentration as lowas 10° mol dm™
(10° mol L°'). This ensures a minimal
‘overshoot’ in colour beyond the equivalence
point, the point where the reductant and
the oxidant are equal in terms of their
mole stoichiometry. E~

(ii) If there is no dramatic auto-colour change
(as with MnO; titration), there are indicators
which are oxidised immediately after the
last bit of the reactant is consumed,
producing a dramatic colour change. The
best exanlpl(wy Cr,07", which
is not a self-indicator, but oxidises the
indicator substance diphenylamine just

_after the equivalence point to prodtice an

intense blue colour, thus signalling the

end point. -

(iii) There is yet another method which is
interesting and quite common. Its use is
restricted to those reagents which are able

to oxidise I ions, say, for example, Cu(Il):
2Cu~"(aqf 4l (aq) — Culll(s@l) (7.59)
This method relies on the facts that
iodine itself gives an intense blue colour with

starch and has a very specific reaction with

thiosulphate ions (S,0.,*), which too is a redox
reaction:

[(aq) + 2 S,07 (aq)—2I(aq) + S,0,*[aq) (7.60)

I, though insoluble in water, remains in
solution containing Kl as KI. .

On addition ol starch alter the liberation
of iodine from the reaction of Cu* ions-on
iodide ions, an intense blue colour appears.
This cglour dis: ; ;

is consumed by the thios hate ions. Thus,

the end-point can easily be trac and the

rest is the stoichiometric caleulation only.
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Which of the following is not an example of redox reaction ?

QO o0 b G B0
Q Fe;0; +3C0 +3c:o2
O &rf2xr s

o 7
y BaCl, + H,S0, — BaSO,}+ 2HCE %
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The more positive the value of E®, the greater is the tendency of the species to get
reduced. Using the standard electrode potential of redox couples given below find out

which of the following is the stronggsw_e_nt e N pion
E® value M;/Fe?; Fe?) = + 0. 7741,(s) (D= #+ 0.54; o B
X, CO +034 Ag/@fg\>_2+080V e
Jj / o \

° = o " g&mor\o&%% Ghedu ( an 7 p

B IO B B /:f*/?@ o
__(qlo?:\) +V2 % i e

Cu?* u — g




E® values of some redox couples are given below. On the basis of these values choose the
correct option.

E® values: Br,/Br- =+ 1.90; Ag*/Ag(s) =+ 0.80
Cu?*/Cu(s) =+ 0.34; I,(s)/I- =+ 0.54

° Cu will reduce Br-

Q Cu will reduce Ag

G Cu will reduce I-

e Cu will reduce Br,



auesion_ ~

Using the Standard electrode potential)find out the pair between which redox reaction

is not feasible. B ok

E® values{Fe3y/Fe?* = + 0.77; L{T + 0.54; o o
+0.7 o
Cu?*/Cu)= + 0.34{Agj/Ag=+0.80 V G @ A "
o e,ﬁ 04’ \gPﬂ —n@?( %\\0 \Q)} o’
° Fe3* and I- __> Lo —ve /
=P e DOS?Li‘/(a
Fe /| F€ (u M/
\l/ \1/ \J/




_ auestion JIINIC

o5
»/T ] sulpthtly with iodine and bromine in the reactions given below:
V255057 + 1, » 5087 + 217 ‘
/28,054 2Br, + 5H,0 - 250%™ + 2Br~ + 107
\”Whicﬁl of the following statemerrts justifies the above dual behaviour of thiosulphate?

N / 7 ’:4 ! 0 (}TB_
\\\\ /\\/ ><< i \‘\"L'{OJ r\\ A /// = t'e/}} | g ’*6
> S =V )
L. . e & &
0 Bromine is a stronger oxidant than iodine. > o——,) ,6@‘— O
A e
L = Q
4 .
e Bromine is a weaker oxidant than iodine. ﬁ) = 9//
X
| &, A
. . . \/: . */ B) — g = 6 ~ 5 - ) ﬁ ,__\_,0-———/’5
e Thiosulphate undergoes oxidation by bromine ; Y : Y
. . . A . 7 -
and reduction by iodine in these reactions.>»” ., ngi\/?g_) O O e
Rl e -

Bromine undergoes oxidation and iodine_ , )

. : : N\ 0
undergoes reduction in these reactions. |

2
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_aunrion ~

Which of the following arrangements represent increasing oxidation number of the

central atom?
MnOh@ —_’5111—6"9\%);):_’) [‘)\0@
£ K ke + & o %)
« Cr03, Cl03, Cr02~, MnOj; e E e
il _ . G s
— 5wt (-arg) = -2 3
Q €103, Cr02-, MnOj, CrO; Co, f /

e

CrO;, ClO3,MnO,, CrOz™ -
e ClO, —— =+ (-ax3)=-

32 »MnOg, CrO3, Cl03 Yoo ==

=15

e









