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Redox Reactions

REDOX REACTIONS
l |
Reduction l
Oxidation
Oxidation

' ]
Cut?2+7Zn — Cu + Zn*2
t t

Reduction
= Classical Concept
Oxidation Reduction

— Addition of O — Removal of oxygen

2M, +04 - 2M,0 Zn0+C—Zn + CO
— Removal of H — Addition of H

H,S+0 —->H,S+S C+2H, - CH,
— Removal of electropaositive — Addition of electropositive
Element Element

K:M,0,—->KM,O, 2H,Cly +5SnCly, — H,Cly +SnCl,
— Addition of electronegative Element — Removal of electronegative Element

FeCl, + Cl, — FeCl, FeCl, + H, — FeCl, + HCI

2 Modern Concept : - (Electronic Concept)

Oxidation Reduction

— Loss of 1 or more e~ — Gain of 1 or more e~
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Ag — Agte” Agte” - Mn™
Mn*? 5> M*" + 5e” Mn*" +5e~ — Mn™
M M2+ (H, - H,)e™ M*™1(H, -Hy)e™ —
ng>n, ny>ny
Fe™ -5 Fe™ + e~
— Increase in O.S. — Decrease in 0.S.

4F Oxidation Number

s Real or imaginary charge on bonded atom.
# Free atoms — Real Charge = ON
Na=0,Zn=0,Fe™ = +2,82%2=-2,8S=0

s+ Bonded atoms — Free the atoms, charge developed = ON

-1 +1 +1 -1
Eg., H—Cl H—O—H H—Q—0—H
H()Cl N N
N &P S @@@ ¢
-2
O
+1 -2 ||+2—2 +1
||+2 40 = -
0 S=+6
-2

Q. Determine Oxidation number of underlined atom in following species.
1. HNO; -5 1+x-6=0 = x=+5
2.FeO - x-2=0= x=+2
3.HS—>2+x=0=>x=-2
4. KMnO, -5 1+x-8=0=>x=+7
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Ky CrOy 5 24+x-8=0=x=+6

.H;PO, 5 3+x-8=0=>x=+5

.KCIO, - 14+x-8=0=x=+7

© X g & O

.03 5 x-6=0=>x=+6
10. NH; - x+3=0=>x=-3
11. Fe;0, %3x—8=0:>x=§, OS - +2,+3,+3
X a 3
(+2)Fe0  Fey03(+3)

13. H,SO0; - 2+x-10=0= x =+ 8 (X) x =+ 6 (max.) [2 ‘O’ in peroxide
bonds]

15. Hy,S,04 -5 24+2x-16=0=> x=+7 (X) x =+6 (max.)
16. NH/'NO;' 5 2x +4-6=0=x=1— 7 (x)

Xx+4=+1=x=-3, x—6=—-1=>x=+5

~ R AP
111qyarﬁm_0zx_—§(K +13)

== Note - Oxidation number can be fractional but Oxidation state “can not" be fractional.

18. N;H— 3x+1:0:>x:—%

H-N=N=N

19. CaOCl, > 2-2+2x=0=>x=0 orx=+1-1 (Oxidation State)
Ca™ +(OCl)~ +CI°

20. Cr,03 5> 2x-6=0=> x=+3

21. CrfO3 > x-6=0=> x=4+6
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22.Cr0; 5x-10=0=>x=+10(xX)x =+6 [Peroxide linkage in O]

23. H,0, 5 2x +2=0= x=-1

24. H;PO3 - 3+x-6=0= x=+3

25. Ba(H,PO,)y > 2+4+2x-16=0= x=+5
(H,PO,)” = +2+x-8=-1=x=+5

26. K;CrOg > 3+x-16=0=>x=13 (X) x=+5

27. Na(Ag(CN)y) —> 1+x-2=0= x=+1

28. K;[Fe(CN)g] > 3+x-6=0=>x=+3
xX—-6=—3=>x=+3

29. [Co(NH;)s]5(S04)3 > 2x+0-6=0= x=+3

30. Fe!’[Fe(CN)sls > (1) x=+3 (2) x—6=—4 = x=+2

# Rules for Determination of Oxidation Number
1. oxidation number = (0 for all Neutral atoms.

Eg, Zn, Cu, Na, S — ON =0

2. For ions, oxidation number = charge present.
Eg. O %= -2 Fe™ = +2, 8% = -2 NH} = +1,
CO5;=-2,0H = -1, 052 = — 2 (peroxide),
S0,% =-2,0; = —1 (super oxide), CN™ = -1

3. Bonded atoms
A. Homoatomic molecule :

oxidation number =(

Eg. H—H, Br,, Fy, Ny, O,, P,, Sg, Diamond, Graphite etc.
(0] (0]
B. Heteroatomic molecule :

4



More electro —ve ON = -1 —

Less electro —ve ON =+1

4. Co-ordinate Bond
A. If donor atom is less electronegative

k2 7/ =2
~ A B Eg. =N
+2 D) @\

0]

©

w.r.t. one bond

- (3] f2]
= A/%—»B Eg, C = O H—N=C
0 0 0 0 0O O
C. Between 2 same atoms :
0 +2
= A—— A E.g., /O
2 ) 74
’ % \0_2
[0]
S
SZ
!
Nag S9 Og NaO%S@O—Na Si—+6
1 Sy 2

— [T,

oppponanslis
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5. 1A group elements =+1 (ns)
(A group elements =+ 2 (ns?)

6. Hydrogen : (131)
General oxidation number =+1
But in metal Hydrides = —1

Eg., NaH  CaH,
11 42 -
-1
7. Oxygen : (2s22p*), General oxidation number = — 2

But in peroxide, 03> = 0 =—1

- 1
(n superoxide, O, = 0 =— 5

+1 -1

Eg, KO,, Bgl(oz)—2 = -1
+
with F, shows +ve

/F
0

E.g, OF
g 2 O

except

+1
-2
+1

8. Halogen : (ns’np®)
General ON = -1

But F =—1 (always)
Others (C, Br, () show variable ON.



== Variable Oxidation Number : [Max/Min]

i. For p-block elements

Maximum Oxidation Number = Number of valence e

Minimum Oxidation Number = Number of valence e — 8

/Max=+7
Eg,1. Cl Eg, HCl, CIF, ClFs

[2, 8, 7]\ Min = -1 @ @
H

Eg., 2. HBr, BrFy, BrFs, IF;, IF;, IF;

@@@@@@@

NH3 , N2H4, NHoOH, NsO,
: Max=+5 @D O & G
.g., 3. N

2, 5]\ Min = -3 NO, Ng903, N9O4, NoO;
@@ @ >

il. For d-block elements : [(n —1)d' Pns!~2]

Minimum Oxidation Number = ns e~ Number.

h@@m&iﬁ

Maximum Oxidation Number = ns e~ Number + (n —1) d unpaired e .

% Min = +2
E.g., 1. M, MnO, MngoOs, MnOg,

AN _
[3d5as2] Max=+7 @ @

MnO3, MnoO7

@ @
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Min = +2
- (3d€§s2) Max = +6 Fet2 | Fet3 — Practical
Min =+2
3. Cr

(3d54sl) ~ Max = +6
10. Oxidation number for neutral molecules (ligand) is O.

Eg. NH,, H,0, CO, NO, C,H:N etc.

¥ Glucose — O=C—H e@

HO—C—H-=>0 ® 0O
| *+ H—N=N=N

HO—C—H->0 @ @ @
|

HO_—C—H-0 EJ

EO0F-C—H=>0 . Kl3——K* +15

* NaS903 —— * CrOs :
} T‘ x=+10 (X) Cr = +6
2 NaO— ONa 50e6e— = 102+401
O || _ 2 peroxide B
Slz+6}+2 |\Cr |
822—2 _O/ \0_1
* Nag S406 gr) ?
x=2.5 é (\g Slz+5
S2=O
83:O
Sy=+5
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* H2SO5 * HZSZOS
+24+x+5%x(-2)=0 +2426+8x%X(-2)=0
G=v8 (x 20 =14
¢ [x=+7](X)
-2
O 2e—+ 12e—=14e— — 80
I (16e-)
H—0O—S—0—0—H 60 —» -2
2 | -t ! 20 ——1
_(:)2 Peroxide bonds =1
+2X1+x+3X%X-2 9 9
+2x-1=0 0 0O
=x=+6 | |
H—0O0O—S—0—0—S—0—H
-2 || -1 -1 || -2
0) 0]
-2 -2
*KgCI"OS

X = %3) = Period bonds.
X

3+6e” =9¢ — 80 =102+707" (x)

3+5e =8¢ — 80 = 807!

Ks +5 Cr—()_1 =[x =45

Stability Order : Oxide > Peroxide > Superoxide
Q. ldentify oxide, peroxide and superoxide in following molecules.

1. K,0 — Oxide.
2. H,0, — Peroxide.
3. PhO, — Oxide (Pb**)

4. KO, — Superoxide.
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5. BaO, — Peroxide.
Q. Calculate % of Fe™ ion in Fe4,0,.
Soi. FeO — 1:1

Fe;,0; > 2:3 = 067:1

100 O
200e™

2x +282 - 3x

—X
% Fet® =

2x + 282 — 3x
X

% Fe™

— 44 Fe
=2Xx+3%x(94 —x)
=200
=—-82= x =82

= g x100 =12.76%
94

=200
=82

=12.76%

Feg40100

Fe

VY

Fet+2
X

)
2x

Fet+3
94 — x
l
(94 —x)3

2
282 — 3x

= Oxidising Agent and Reducing Agent

2e~

+2 0 +2 0
E.g., CuSOy4(g) + Fe) — FeSOy(qq) + Cugy)
oxidation
or
oxidised
Reduction/Reduced

10
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Oxidising Agent/Oxidant

* Substance which oxidise the others but itself reduced.
# Substance which gain the e™.

* Substance which show decrement in its ON.

Reducing Agent/Reductant

# Substance which reduces the stress but self oxidised (loses the e™).
# Substance which show increment in its oxidation no.
Q. ldentify OA and RA in following Redox reactions.

Q. ldentify the following species behaving as only oxidant/only reductant both in redox
reactions.

1. HNOs —» N*° | 8. NHs > N3 7T
= OA = RA

2.HyS » S217 9. HsPO4 — P |
= RA = OA

3. H3PO3 — P*3 154 10. HC10, — CI*7 |
= Both = 0OA

4.HCl— Cr ' 17 11.S03 — S™6 |
= RA = 0OA

5. KMnO,4 — Mn*7 | 12. PH3 > P37
= 0A = RA

6. KoCroO7 — Crt6 | 13. HoO9 — 01 T l
— OA — Both .

7.HNOg—N*3 T | 14. PbOgy — Pb*4 |
= Both = 0A

Q. Which of the following substance cannot be oxidised by O 47

=1.H9 S 2. S09 3. H3POsg 4. KMnOy4
2 7 +4 7T +3 7 +7 T

sol. (4) KMnO,

= Balancing of a Redox Reactions :

11
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—2
= Cr207 +6Fe*? + 14 I|{+ — |2Cr+3 + 6Fet3 + 7H20|

—2+12+14=+24 6+18=+24

By Oxidation Number Method :
¥ Step 1 — Charge Balancing [Change only reactants coeff.)
¥ Step 2 — Atom balancing [First other atoms, then 0, H)
* Step 3 — Medium balancing

9
Eg., Cr9O7+ Fe2t+HT —— Cr3+ +Fe3+ + Hy0

Decrement in ON=3x2=6

+6 | 92 l
CrgO7 + Fe2t —— Cr3+ + Fe3+
Charge | . %@
balancing Increment in On = 1
9_
CrgO7 + 6Fe2t —— 2Cr*3 + 6Fet3 + TH20
+14H"
T2
| ¢+6
5U+4 + 2Mn04 - 5U02 + 2Mn+2 + 4H+
+2Hp0 | f (4H*+ 40H™ — 4H50)
15
40H™ 40H™

5U% + 9MnO4 + 40H ——— 5004+ 2Mn*2 + 2H0

T1x2
+3’ 10l+4
Q.2. KMnO4 + 5H9C904 + 3HoSOy —— 1K2804 + MDTSO4 + CO9
+8H,0

9 5 15

12
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/]\
1+5
Q. 5Ho0g + 19 2HIO3 + 4H502
| f
12

3H909 —— 309 (Balance these O differently)

13
| Basic v
+7

. - +4 )
Q. 2KMnO, + 3HsOg — 24U oMnOy + 309 + 2KOH + HyO -

| )
2 3 T1x2

2KMnO, + 3H,0, —22¢_ 9MnO, + 30, + 2KOH + 2H,0

T3[1+2] l
+2 +4
Q.3. KMnO, + 5FngO4 + HpSO,4 JK2S0, + BMnS0,4 + Fé5(S0,)3 + COy + Hz0

L |

6KMnO4 + 10FeC904 + 24HoSOy4 — 3K9S04 + 6MnSO4 +
24 96 5Feo(S04)3 + 20C09 + 24Ho0
160 124
12 + 24
| Double Oxidation | 60 + 40 + 24
160

+7 19 +3 +4 +5
Q. 61Mn04 + 5[ Fe(CN)G]—‘ —— 61Mn"“ + 5Fe"” + 3OC02 + 30NO3

188H™* ! I [ 94H,0
F +2
—le— / \
C+2 N—3
l —2e- X6 g 6
+3 =12e- —oe” X
Fe 9 € —486—
CO2 45" _
NOg

Total loss = 61e—

13
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4 188H*

= 61MnOj + 5[Fe(CN)g] 61Mn2* + 5Fe*3 + 30COq + 30NO3 + 94H50

11

| ]
+5 -2 +4

Q. AseSs + 4OHN03 — 2H3ASO4 + H2so4 + 40NOg + 12H0
| t

1200 18x5=40 8420+ 80 =108
40H 120 16H )
—924H

-1
Q. Brg + NaOH —— NaBr + NaBr03 + H9O

l1x2=2 T
T5x2=10

| | Disproportionation Reaction |

A

Bro + 5Brg + 12NaOH —— 10NaBr + 2NaBrOs + 6H20

\—/

110

= 6Bry, +12NaOH —— 10NaBr+2NaBrO 4+ 6H,0

= 3Brg + 6NaOH —— 5NaBr + NaBrOs3 + 3H20

J/ o) 5e— +5 _
1Br BrOs
o) -1
5Br TEe Br
112
o -3 +1
Q. P4 + NaOH + HO —— PH3 + NaH9PO9
| i
T4 +3+x-4=0
1P4 + 3P4 + 12NaOH + 12H2O —— 4PHg3 + 12NaHsPO9
1Pt PH3 | Lz !
T +1 T4

3P =3¢, NaH,PO,

14
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4P, +12NaOH +12H,0 — 4PH, +12NaH,PO,

P, + 3NaOH + 3H,0 — PH, + 3NaH,PO,

= Equivalent Weights of Oxidising Agents and Reducing Agents :

Molecular wt/Atomic wt

= E.q., wt of OA/RA =

n-Factor
n-Factor
|

! |

OA RA
Total no. of e~ gained by 1 molecule Total no. of e~ lost by 1 molecule

or or
Total decrement in ON wr.t. 1 molecule Total increment in ON wr.t. 1 molecule

Q. Determine the eq. wt of underlined species in following process -

1. iy O@ O@
KoCrgO7—— Crt3 M (|] (|]
W= — r r
—laxs 6 1N 1N
O O
M
W=—
6
2. 1
+7 | l+6 _ M
KMnO4 —— KoMnOy4 w= 1
M
W =—
1
3. 18
1, oM
HoS™ —— SO4 8

15



