Assign oxidation no. to the elements underlined:

(i) NaH,PO,
(i) NaHSO,

(iii) H4£7)7

(iv) Ko MnO,

(v) CaQ,

(vi) NaBH,4

(vii)) HyS,O7

(viii) K Al(S04)3.12H,0

Answer:
(i) NaHs PO,

Let x be the oxidation no. of P.
Oxidation no. of Na = +1
Oxidation no. of H = +1

Oxidation no. of O = -2

+ s ox 22

NaH: PO,

Then,

1(+1) +2(+1) + 1(x) +4(-2) =0
1+2+x-8=0

x=+5

Therefore, oxidation no. of P is +5.
(i) NaHSO4

41 4132

NaHSO.

Let x be the oxidation no. of S.
Oxidation no. of Na = +1
Oxidation no. of H = +1

Oxidation no. of O = -2

Then,

1+1) +1(+1) +1(x) + 4(-2) = 0
1+1+x-8=0

X = +6

Therefore, oxidation no. of S is +6.
(i) Hy Py O7

+ x 2

H,P, 0

Let x be the oxidation no. of P.
Oxidation no. of H = +1
Oxidation no. of O = -2

Then,

4(+1)+2(x)+ 7(-2)=0
4+2x-14=0

2x=+10
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X=+5
Therefore, oxidation no. of P15 +5

(iv) KaMnOj
K, MnO.

Let x be the oxidation no. of Mn.
Oxidation no. of K = +1

Oxidation no. of O = -2

Then,

2(+1)+x+4(-2)=0
2+x%x-8=0

x=+6

Therefore, oxidation no. of Mn is +6.
(v) CaQ,

Ca0s

Let x be the oxidation no. of O.
Oxidation no. of Ca = +2

Then,

(#2) + 200 =0

2+2x=0

2x=-2

x=-1

Therefore, oxidation no. of O is -1

(vi) NaBH,

NaBH.

Let x be the oxidation no. of B.
Oxidation no. of Na = +1
Oxidation no. of H = -1

Then,

1+1)+ 1) +4(1) =0
1+x-4=0

X=+3

Therefore, oxidation no. of B is +3

(vi) Ha 59 O7

Let x be the oxidation no. of 5.
Oxidation no. of H = +1
Oxidation no. of 0 = -2

Then,

261+ 2(x)+ 7(-2)=0
2+2x—14=0

2x=+12

x=+6

Therefore, oxidation no. of S i1s +6



(vi) K Al(80,)2.12H50
H 3% fx2- Y + -2
KM[S{LJ JA2H,0

Let x be the oxidation no. of 5.
Oxidation no. of K = +1

Oxidation no. of Al = +3

Oxidation no. of O= -2

Oxidation no. of H = +1

Then,

1(+1) + 1(+3) + 2(x) + 8(-2) + 24(+1) + 12(-2) =0
1+3+2x—16+24-24=0
2x=+12

x=+6

Therefore, oxidation no. of 515 +6
OR

Ignare the water molecules because it is neutral Then, the summation of the oxidation no. of all atoms of
water molecules can be taken as 0. Hence, ignore the water molecule.

1(+1) + 1(+3) + 2(x) + 8(-2) =0
1+3+2x-16=0

2x:=42

x=+8

Therefore, oxidation no. of S is +6

2.Assign oxidation no. to the elements underlined:
(Kl

(i) HyS ,O¢

(i) Fe3 O,

(iv) CHyCH,OH

(v) CH;COOH

Answer:

(i) K1

Let x be the oxidation no. of .
Oxidation no. of K = +1

Then,

1(+1)+3(x)=0

1+3x=0

H=i—

i

Oxidation no. cannot be fractional. Hence, consider the structure of KI5,

In K Iy molecule, an iodine atom forms coordinate covalent bond with an iodine molecule.

K[t

Therefore, in K I3 molecule, the oxidation no. of | atoms forming the molecule Ts is 0, while the oxidation
no. of | atom which is forming coordinate bond is -1

(i) Hy S ,0¢



L -2
H2S0, O;

Let x be the oxidation no. of 5.
Oxidation no. of H = +1
Oxidation no. of O = -2

Then,

2+1) + 4(x) +6(-2)=0
2+4x-12=0

4x =10
xX= +2%
Oxidation no. cannot be fractional. Therefore, S would be present with different oxidation state in molecule.

(4] (4]

The oxidation no. of two out of the four S atoms is +5 while that of other two atoms is 0
{iii) Feq04

Let x be the oxidation no. of Fe.

Oxidation no. of O = -2

Then,

3x)+4(-2)=0

3x-8=0

xX=

walon

Oxidation no. cannot be fractional.

One of the three atoms of Fe has oxidation no. +2 and other two atoms of Fe has oxidation no. +3
F:EO.EE_.O,
() CH:CHyOH

€ HoO

Let x be the oxidation no. of C.
Oxidation no. of O= -2

Oxidation no. of H = +1

Then,

200 +4(+1) +1(-2)=0
2x+4-2=0

x=-2

Therefore, oxidation no. of Cis -2.
(v) CH3COOH

X+ ]
C,H.0,

Let x be the oxidation no. of C.
Oxidation no. of O= -2
Oxidation no. of H = +1

Then,

20+ 4(+1) + 2(-2)=0
2x+4-4=0

x=0

Therefore, averags oxidation no. of C is 0. Both the carbon atoms are present in different environments so



they cannot have same oxidation no. | heretore, carbon has oxidation no. ot +2 and _2 in U H3UUUH.

H (8]
ba 1
H=C={=0-—H
I
H

3. The reactions given below are redox reactions. Justify the reactions.

0 Cul) + Hy (g — Cug) + HaOy)

(i) FeaOy (,) + 3CO0(, — 2 Fe, + 3C0,

(ii}4 BCly () + 3 LiAlH, () — 2 BaHg ) + 3 LiCly,y + 3 AlCly ()
V2K + Py — 2K + F,

(V)4NH3 (g) + 502 (g) — 4N0(g) + ﬁHQO{g)

Answer:

() CuOyy + Hy ) — Cuiy) + H20(,

Oxidation no. of Cu and O in C'uQ is +2 and -2 respectively.

Oxidation no. of Hy is 0.

Oxidation no. of Cu is 0.

Oxidation no. of H and Q in HyO is +1 and -2 respectively.

The oxidation no. of Cu decreased from +2 in C'uQ to 0 in Cu. That is C'uQ is reduced to Cu
The oxidation no. of H increased from 0 to +1in Hs. Thatis Ho is oxidized to HoO

Therefore, the reaction is redox reaction.

(i) FeaO3 () + 3 CO(g] — 2Fe) + 3C0,

In the above reaction,

Oxidation no. of Fe and O in FleaO4 is +3 and -2 respectively.

Oxidation no. of C and O in CO is +2 and -2 respectively.

Oxidation no. of Fe is 0.

Oxidation no of C and O in C'Os is +4 and -2 respectively

The oxidation no. of Fe decreased from +3 in FlesQ3 to 0 in Fe That is FeeaOj is reduced to Fe
The oxidation no. of C increased from 0 to +2 in CO fo +4 in C'Q9. That is CO is oxidized to CO5.
Therefore, the reaction is redox reaction.

{ii}4 BCly @ +3 LiAlH, ;) — 2 BaHg ) + 3 LiCl,y + 3 AlCT; ()

the above reaction,

QOxidation no. of B and Clin BCl3 is +3 and -1 respectively.

QOxidation no. of Li, Al and Hin LiAlH, is +1, +3 and -1 respectively.

Oxidation no. of B and H in BaHg is -3 and +1 respectively.

Oxidation no. of Li and Cl in LiCl is +1 and -1 respectively.

Oxidation no. of Al and Clin AIC1; is +3 and -1 respectively

The oxidation no. of B decreased from +3 in BCl3 to -3 in BaHy. That is BClais reduced to By .
The oxidation no. of H increased from -1 in LiAIH, to +1 in BoHg. That is Li AlH 4 is oxidized to Ba Hg.
Therefore, the reaction is redox reaction.

W)2K + Fpy =+ 2K + F

In the above reaction,

Oxidation no. of K is 0.

Oxidation no. of F is 0.

Oxidation no. of K and F in KF is +1 and -1 respectively.



The oxidation no. of K increased from 0 in K to +1 in KF. That is K is oxidized to KF.
The oxidation no. of F decreased from 0 in F5 to -1 in KF. Thatis I is reduced to KF.
Therefore, the reaction is a redox reaction.

(V)4 NH, (g9 T 5 O3y = 4NO(G + 6 H2Oy

In the above reaction,

Oxidation no. of N and H in IV H3 is -3 and +1 respectively.

Oxidation no. of Qg is 0

Oxidation no. of N and O in NO is +2 and -2 respectively.

Oxidation no. of Hand O in HoO is +1 and -2 respectively.

The oxidation no. of N increased from -3 in N Hg to +2 in NO.

The oxidation no. of Qg decreased from 0 in Og to -2 in NO and Hs Q. That is Og is reduced.

Therefore, the reaction is a redox reaction.

4. Give the reaction of fluorine when reacts with ice:
HyO) + Py — HFg + HOFy

Give reason that the above reaction is redox reaction.

Answer:

Hy0) + Fyg — HE, + HOF,

In the above reaction,

Oxidation no. of Hand O in HoO is +1 and -2 respectively.
Oxidation no. of Fy is 0.

Oxidation no. of Hand F in HF is +1 and -1 respectively.
Oxidation no. of H, O and F in HOF is +1, -2 and +1 respectively
The oxidation no. of F increased from 0 in F5 to +1 in HOF.

The oxidation no. of F decreased from 0 in Og to -1 in HF.

Therefore, F is both reduced as well as oxidized. So, it is redox reaction.

5. Calculate the oxidation no. of chromium, sulphur and nitrogen in H350s5, Crg Og_ and NO3.
Give the structure for the compounds. Count for the fallacy.

Answer:

(i) Ha 505

Let x be the oxidation no. of 5.
Oxidation no. of O= -2

Oxidation no. of H = +1

Then,
21y + 1) +5(-2)=0
2+x-10=0

v =R



But the oxidation no. of S cannot be +8 as S has 6 valence electrons. Therefore, the oxidation no. of S
cannot be more than +6

The structure of Ha.SOj is as given below:
Now,

2(+1) + 1(x) + 3(-2) + 2(-1)=0
2+x-6-2=0

x=+6

Therefore, the oxidation no. of S is +6

(i) Cra 02~

Let x be the oxidation no. of Cr.

Oxidation no. of O= -2

Then,

2(x) + 7(-2) = -2

2x-14=2

x=+6

There is no fallacy about the oxidation no. of Crin C"rgO?’_
The structure of C?"QO?_ is as given below.

Each of the two Cr atoms has the oxidation no. of +6.

s} o
1l |

ey 3
O=ut o—0'tg

o o
I

(i) NO5
Let x be the oxidation no. of N.
Oxidation no. of O= -2
Then,
1(x) + 3(2) = -1
x—6=-1
x=+5
There is no fallacy about the oxidation no. of N in N Og.
The structure of N O is as given below
o
N b

o

Nitrogen atom has the oxidation no. of +5.

6.Give the formula for the given compounds:
(i) Mercury

(1l) chloride

(fi) Nickel (l) sulphate

(7ii) Tin (IV) oxide

(fv) Thallium (I) sulphate

(v} Iron (lli) sulphate

(vi) Chromium (Ill) oxide

Answer:



(1) Mercury (Il) chloride
HgCE2

(ii) Nickel (1) sulphate

NiS04

(iii) Tin (IV) oxide

S nOg

(iv) Thallium (1) sulphate
Tl S0,

(v) Iron (111} sulphate

FGQ(SO4)3

(vi) Chromium (1) oxide

Cry03

7.Give a list of the compounds where carbon has oxidation no. from -4 to +4 and nitrogen from -3 to
+5.

Answer:

The compound where carbon has oxidation no. from -4 to +4 is as given below in the table:

Compounds Onxidation no. of carbon
CH,Cly 0

HC=CH ]

ClC =CCl +4

CH,Cl -2

CHClI3, CO +2

H;C — CH, -3

ClyC — CCly 3

CHy -4

CCly, CO, +4

Compounds Oxidation no. of nitrogen
N, 0

N,H, -1

N, O +1

N> Hy -2

NO +2

NH; -3

NyOy +3

NOy +4

Ny Oy +5

8 Hydrogen peroxide and sulphur dioxide can act as oxidizing and reducing agents in the
reactions, nitric acid and ozone act only as oxidants. Why?



Answer:

In sulphur dioxide (SO9) the oxidation no. of S is +4 and the range of oxidation no. of sulphur is from +6 to
2.

Hence, SOy can act as reducing and oxidising agent

In hydrogen peroxide (Ho(9) the oxidation no. of O is -1 and the range of the oxidation no. of oxygen is
from 0 to -2. Oxygen can sometimes attain the oxidation no. +1 and +2.

Therefore, HaOs can act as reducing and oxidising agent.

In ozone (O3) the oxidation no. of O is 0 and the range of the oxidation no. of oxygen is from 0 to —2. Hence,
the oxidation no. of oxygen only decreases in this case.

Therefore, O acts only as an oxidant.

In nitric acid (A N (3) the oxidation no. of nitrogen is +5 and the range of the oxidation no_ that nitrogen can
have is from +5 to -3. Hence, the oxidation no. of nitrogen can only decrease in this case

Therefore, HIN O acts only as an oxidant.

9.Consider the following reactions:

(N6 CO;3 (g + 6 HaOpy — CsH120g (o) + 6 03 (y)

(ii) O () +H20q ;) — HaOpyy + 204y,

It is suitable to write the above equations as given below. Why?

(M6 CO0;yy + 12 HaOyy — CoH1205 (o + 6 HaOpy + 6 O3y
M O3 (g +H205 ) = H20) + Oy ) + Og(g)

Give a technigue to find the path of above (i) and (ii) redox reactions.
Answer:

(i)

Step 1

H50 breaks to give Hs and Os.

2000 - 2Hy () + Oz

Step 2 -

The Hs produced in earlier step reduces C'Os, thus produce glucose and water.
6CO;y(y) + 12 Hy(y) — CeH1aOg () + 6 HaOyy

The net reaction is as given below:

30 gy Oy %6

6 COQ (g) + 12 H2 (9 — CﬁH]QOﬁ (s) + 6 HQO(”

6 COQ (9) + 12 HQO{” — CﬁHuOﬁ (g) + 6 H2OU) + 6 02 (g)

This is the suitable way to write the reaction as the reaction also produce water molecules in the
photosynthesis process

The path can be found with the help of radioactive HyO instead of HyO

(i)
Step 1 :

O3 is produced from each of the reactants (g and HaOs. That is the reason Osq is written two times.

(4 breaks to form O3 and O.

[ P,



P £ .

Hy 05 reacts with O produced in the earlier step, thus produce Ha( and Oy

O3(9) = O3y + Oy

HyOy 1y + Ot — HaOpy + 02y

Hy0, ) + O3y — HaOpgy + Oy + Os ()

The path can be found with the help of H,03% or 038

10. AgFs is a compound which is unstable. Even if formed, the compound would act as a very
strong oxidizing agent. Why?

Answer:

The oxidation no. of Ag in AgFh is +2. But, +2 is very unstable oxidation no. of Ag. Hence, when AgF5 is
formed, silver accepts an electron and forms Ag™. This decreases the oxidation no. of Ag from +2 to +1. +1
state is more stable. Therefore, AgFs acls as a very sirong oxidizing agent

11. When there is a reaction between reducing agent and oxidizing agent, a compound is formed
which has lower oxidation number if the reducing agent is in excess and a compound is formed
which has higher oxidation number if the oxidizing agent is in excess.

Justify the above statement with three examples.
Answer:

When there is a reaction between reducing agent and oxidizing agent, a compound is formed which has
lower oxidation number if the reducing agent is in excess and a compound is formed which has higher
oxidation number if the oxidizing agent is in excess.

(i) Py and Fb are reducing and oxidizing agent respectively.

In an excess amount of P, is reacted with F, then PF} would be produced, where the oxidation no. of P is
+3.

Py (ezcess) T2 — PPy

If P, is reacted with excess of Fy, then PF}; would be produced, where the oxidation no. of P is +5.
Py + B (egoess) — PF

(i) K and Oq acts as a reducing agent and oxidizing agent respectively.

If an excess of K reacts with (g, it produces K5 O. Here, the oxidation number of O is -2.

4K (creess) + 02 — 2 Ka07?

If K reacts with an excess of Oy, it produces K» 9, where the oxidation number of O is —1.

2K + O3 (crcess) — KQOQ‘1

(i) C and O acts as a reducing agent and oxidizing agent respectively.

If an excess amount of C is reacted with insufficient amount of Oy, then it produces CO, where the oxidation
number of C is +2.

c (excess) + 0y —» CO

If C is bumt in excess amount of Oy, then CQy is produced, where the oxidation number of C is +4.
C+ 02 (excess) - CO2

12.How do you count for the following observations?

(f) Acidic potassium permanganate and alkaline potassium permanganate both are used as oxidants,
yert in the manufacture of benzoic acid from toluene we use alcoholic potassium permanganate as an

Aviddmnt VA2 Afviva » halanansd rardeav amiiavinm far tha ranntinm
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(fi) When concentrated sulphuric acid is added to an inorganic mixture containing chloride, we get
colourfess pungent smelling gas HCI, but if the mixture contains bromide then we get red vapour of
bromine. Why?

Answer:

(i) While manufacturing benzoic acid from toluene, alcoholic potassium permanganate is used as an oxidant
due to the given reasons.

{a) In a neutral medium, OH~ ions are produced in the reaction. Due to that, the cost of adding an acid or a
base can be reduced.

{b) K MnQ, and alcohol are homogeneous to each other as they are polar. Alcohol and toluene are
homogeneous to each other because both are organic compounds. Reactions can proceed at a faster rate in
a homogeneous medium compared to heterogeneous medium_ Therefore, in alcohol, K MnQ, and toluene
can react at a faster rate

The redox reaction is as given below:

Coor
+ 3\'1n01.,,4-| —_— @ + 2 MOy + HiOpp + OH_‘”‘,.

(i) When concentrated Hs S0, is added to an inorganic mixture containing bromide, firstly HBr is produced.
HBr, a strong reducing agent, reduces Ho S04 to SO» with the evolution of bromine’s red vapour.

CH3

2 NaBr + 2 Hy504 — 2NaHS0O,4 + 2 HBr
2 OBr + HQSO4 — B1'2 + SOQ —+ QHQO

When concentrated Ha SO, | added to an inorganic mixture containing chloride, a pungent smelling gas
(HCly is evolved HCI, a weak reducing agent, cannot reduce H9S04 to SO4_

2 NaCl + 2 HySOy — 2 NaHSOy4 + 2 HCI

13. Find the oxidizing agent, reducing agent, the substance oxidized and reduced for the given
reactions:

(17)2 AQB’."(S] + CﬁHﬁOQ (ag) —# QAQ{S) + 2HBT‘(aq) + CﬁH4OQ (aqg)

(1)

HCHOq) + 2 [Ag(NHy)l;,, + 3OH,, — 2 Agyy + HCOO,, + 4 NHy 4 + 2 HyOy)
~on 2

(i) HCHOq) + 2 Cudt, + 5 OH, — CupOy + HCOOy, + 3 HyOy,

() Ny Hy gy + 2 Hy0p q — -No i SE 200y

() Pby,y + PhOy () + 2 HaSO, oy — 2 PbSO, o + 2 HaOy

aq)
Answer:

()2 AgBry + CeHeOg (o) — 2 Ag() + 2 HBr,y + CeHyOg (4
CgHgO9 == Oxidized substance

AgBr == Reduced substance

AgBr ==0xidizing agent

CgHgOs == Reducing agent

(1)
HCHO”) + 2 [Ag(NHg)g]?;q} i 30H(ug) — QAQ(s) + HOOO&“;) + 4NH, (ag) T QHQO(U

HCHO == Oxidized substance

[Ag(N Hs3)2]* == Reduced substance

[Ag(N Hs)s|* == Oxidizing agent

HCHO=> Reducing agent

(i) HCHOy, + 2 Cu{?;'ﬂ + 50H;, — Cu0(,) + HCOO,, + 3 HyO
HCHO == Oxidized substance

Cu?t == Reduced substance

Cu?t == Oxidizing agent

HCHO == Reducing agent

FA AF T o8 TT N . RF . A TT N



vy Ivary (1) + 2 H2Ug (1) —+ IVa () + % Hau()
Ny H == Oxidized substance

H505 => Reduced substance

Hy05 == Oxidizing agent

Ns H, == Reducing agent

(V) Pbiy + PbOq () + 2 HaSOy aq) — 2 PbSOy (o + 2 H2Oy)
Pb== Oxidized substance

Pb(0y == Reduced substance

Pb0+ == Oxidizing agent

Pb == Reducing agent

14. Consider the given reactions:

2 Sgog-(aq} + Ly — 3403—(@

2— 8
5203 (aq) + 2 B‘r‘z ) + 5 HQO(I) — 2 504 (ag)

+ 20,

& hrp i+ 10 H('(';q)
Thiosulphate, the reductant, react differently with bromine and jodine. Why?
Answer:

The average oxidation no. of S jnSgOg_ is+2.

The average oxidation no. of S inS4Og_ is+25

The oxidation no. of S inSgOg_ is +2.

The oxidation no of § inSOi_ is +6

As Brs is a stronger oxidizing agent than Io | it oxidizes S of SgOg_ to a higher oxidation no. of +6 in
S02

As Is is a weaker oxidizing agent so it oxidizes S of Sgog_ ion to a lower oxidation no. that is 2.5 in S4O§_
ions.

Thus, thiosulphate react differently with Is and Brg.

15.Among halogens, fluorine is the best oxidant and among hydrohalic compounds, hydroiodic acid
is the best reductant.Justift this statement with the help of examples

Answer:
F} can oxidize Cl™ to Cly, Br™ to Brg, and I to I as:

Fg{ ) + 201(*3) — 21‘_‘(:“1} - Clz (g)

ag
Fg (aq) + QB?T@QJ —* 2F[;g] + B?’g ®
By + 2059 2 28y + B

But, Cls, Brs, and I cannot oxidize F'~ to Fh. The oxidizing power of halogens increases in the order as
given below:

I2< B?’2< C12<F2
Therefore, fluorine 1s the best oxidant among halogens.

HT and HBr can reduce HySO4to SOs, but HCland HF' cannot. Hence, HT and H Br are stronger
reductants compared to HCI and HF'.

2HI + Ha504 — Ih + 505 + 2 Ho0O

2 HBr + H9SO4 — Brs + 509 + 2 HyO

I~ can reduce Cut to Cu™, but Br~ cannot.

4, + 20t — Cusly(y) + Iy (ag)

Therefore, hydrochloric acid is the best reductant among hydrohalic compounds.
Hence, the reducing power of hydrohalic acids increases as given below:

HF< HCl= HBr<HI

16. Why does the given reaction occur?

1 +
Xe.Oﬁ( - QF@} - GH(M} — XeOy () + Fyyy + 3 HaOy,

ag)



What conclusion can be drawn about the compound N a4 XeOg ( of which X eOé_ is a part) from the
reaction?

Answer:
4 i 4
XeOy (ag) 3 2 F(aq} + 6 H(aq} — XeOz () + Fy + 3 HaOyp
The oxidation no. of Xe reduces from +8 in XeOé_ to +6 in XeOsy
The oxidation no. of F increases from -1in F' to 0 in F.

Hence, XeOg_ is reduced on the other hand F'~ is oxidized. As NH.2XEOg_ (or XeOé_) is a stronger
oxidizing agent compared to Fb, this reaction occurs.

17. Consider the following reactions:
(ii) H3 POy @y 2 CuSOy Gy + QHQO(I} — H3PO, (ag) + 2 C‘LL{S) + HsS0, @)

(iii)
CsHs;CHO() + 2 [Ag(NHa)l[,, + 30Hy, — CeHsCOO, + 2 Ag) + 4 NHy 4 + 2 HyOy

(iv) CeHsCHOy + 2 Cuf:q) + 5 OH(—aq) — No change is observed

What can you inference from the reactions about the behavior of Ag™ and Cult?
Answer:

Ag+ and Cu®t behaves as oxidizing agent in reactions (i) and (1) respectively.

In reaction (i), Ag™ oxidizes Cg HsCHO to C H;COO~

In reaction (iv), Cu®* cannot oxidize Cs HsCHO.

Therefore, Ag+ is a stronger oxidizing agent compared to Cu?t.

18. Balance the given redox reactions with the help of fjon — electron method

() MnO; Fadj £ I(-aq s MnOy () + Iy (s (Basic medium)

() MnO;3 (. + SOy (g — Afn%:q) + H,80; (Acidic medium)

aq)
(i) HyOy (o) + Fe%;) = Fef;J ) + HaOy) (Acidic medium)
() Cry 07 (ug) + SOy — Crily + SO, (Acidic medium)
Answer:

(i) MnO; g I{;q) — MnOy () + Ly

Step 1

The two half reactions are given below:

Oxidation half reaction: I,y — Iy (4

Reduction half reaction” MnO; — MnQOj

Step 2

Balance | in oxidation half reaction:

2oy = b

Add 2 e to the nght hand side of the reaction to balance the charge:
21(;';) = DIy + 2

Step 3

The oxidation no. of Mn has decreased from +7 to +4 in the reduction half reaction. Therefore, 3 electrons
are added to the left hand side of the reaction.

MnO + 3e = MnO; (4

4 (q)
Add 4 OH " ions to right hand side of the reaction to balance the charge

MnO + 3e — MnO, (aq) T 40H

4 (aq)
Step 4

There are 6 oxygen atoms on the right hand side and 4 oxygen atoms on the left hand side. Hence, 2 water
molecules are added to the left hand side.

MnO-, . + 2Hs0 + 3¢ — MnOs.. + 40H™



4 (ag) = - Ny
Step 5

Equal the no. of electrons on both the sides by multiplying oxidation half reaction by 3 and reduction half
reaction by 2

GI(W} —+ 3D + 6e

2 MnOy (g T 4H0 + 6e” —2MnO;(, + 8 OH(-aq]

Step 6

After adding both the half reactions, we get the balanced reaction as given below:

6‘{{;:1} -+ 2Mn0;(aq} + 4HQO[[) —+ 3L (s) + 2 MnO, (s) + SOH(aq]

5 2

(i) MnOZ (aq) + S0, G =* Mn(;ﬂ + HZSOZ
Step 1

Similar to (i), oxidation half reaction is:

S50, @ + QHQO“) — HSO; (ag) + 3H(qu} + 28(0‘]}

Step 2
Reduction half reaction is:

= 2
MnOy . + SH(L) +5e — Mn(:;} + 4 HyOy,

(
Step 3

Multiply the oxidation half reaction with 5 and the reduction half reaction with 2, then add them. We get the
balanced reaction as given below:

+ 2 o
QMROE{W) =+ 5502 (g) + 2H20m + H(uq) — 2Mn[:q) + 5H304(aq}

24+ 3+
{'HI} H202 (aq) + Fe(aq} — FE(@Q) + H2OU)
Step 1
Similar to (i), oxidation half reaction is:
24 3+ =
Fe(ﬂq] — Fe(aq) + e
Step 2
Reduction half reaction is:
HQO?{W} i QH{:Q) + 2e — 2HQO(I)
Step 3

Multiply the oxidation half reaction with 2 then add it to the reduction half reaction. We get the balanced
reaction as given below

2 3

(1) Cr5 Oy (o + SOy () — Criy + SO7
Step 1

Similar to (i), oxidation half reaction is:

505 () + 2HaO0q — SO, + 4Hly + 2¢
Step 2

Reduction half reaction is:

9 + = 3
C‘I"QOT( + 14 H[mﬂ + 6e — QC‘."‘;;) + 7 H0

aq)
Step 3

Multiply the oxidation half reaction with 2 then add it to the reducticn half reaction. We get the balanced
reaction as given below:

9i. 34 2
Cry Op(aq + 3805, + QH(J;q) — 20’"(@) + 380 Gy, HyOy,

19. Balance the given redox reactions with the help of jon — electron method and oxidation no.
methods. ldentify the reducing agent and oxidizing agent.

0P + OH{—uq} — PHy(, + HPO, T

iy NaH. oo + C10=. . & NOL . L (=



v raTTagg) 0TI ggg) 00 TIEG) 0 ST(g)
(fii) CIQOT () + H202 (aq) — CIOE (aq) + 02 (g) + H[Taq]
Answer:

(i) The Oxidation no. of P reduces from 0 in Py to—3in PH;3

The oxidation no. of P increases from 0 in Py to + 2 in HPO;. Therefore, Py behaves both as areducing
agent as well asoxidizing agent in the reaction

lon — electron method:

— The oxidation half reaction:
Py) —» HPO; i
— Balance atom P:
Py — 4HPO, (ag)
— Add 8 electrons to balance oxidation no.

Py — 4HPO; Gaf F 8e

—Add 12 OH "~ to balance the charge:

Py + 12 OH(;Q) - 4HPOQ_(W} + 8e”

— Add 4 H>0 to balance H and O atoms:

— The reduction half reaction:
Py = PHy (g
— Balance atom P:

0 —3
1:,'4 (s) = 4P Hg {g)

— Add 12 electrons to balance oxidation no.

Py +12e7 = 4 PHyy,

—Add 12 OH  to balance the charge:

Py +12e7 — 4 PHy(,) + 12 OH(;q}

— Add 12 HsO to balance H and O atoms

Py + 12Ha0q + 12e — 4PHy () + 12 OH(;?) — 2

— Now, multiply the equation (1) by 3 and equation (2) by 2. Then, after adding them, we get the balanced
redox reaction as given below:

5.&(5} + 12 Hgom + leofuq

2 (ag)
(ii)

ON, of N inereases by 4 per atom
+5 +2 =
NaHy + ClO3 (ay —= NOgy + Cligy

N —

g

CLN, of O deeresses by & per atom

The Oxidation no of N increases from -2 in Na Hy to —+2 in NO

The oxidation no. of Cl reduces from +5 in ClO5 to +-1in C1™.

Therefore, No H behaves as a reducing agent while CIOE behaves as an oxidizing agent in the reaction.
lon — electron method:

— The oxidation half reaction:

Malyq NGy

— Balance atom N:

NoHy gy — 2NO,

— Add 8 electrons to balance oxidation no

N2H4 o =¥ 2N0{9) + 8e



— Add 8 O to balance the charge:
N2H4 0] + 8 OH(_a.q) — 2 No(g} + 8e”
— Add 6 H50 to balance O atoms

NoHy ) + 8OHL, — 2NO, + 6 HyOq) + 8e

(1)
— The reduction half reaction:

ClO3 ) = Cliag

— Add 6 electrons to balance oxidation no.

CIO3 (ag) + 6e — CI[«q}

—Add 6 OH ions to balance the charge:

CIO;[M +6e — Cl[_mg + GOH(;I)

)
— Add 3 H50 to balance O atoms:

ClO7 .y + 3 HaOq + 6e~ — Cl, + 60H,, ——(2)

(

Now, multiply the equation (1) by 3 and equation (2) by 4. Then, after adding them, we get the balanced
redox reaction as given below:

3 N2H4 o + 4 CIOE[ — 6 NO(Q} + 4CE(M) + SHQOH)

ag)
Oxidation number method:
— Reduction in the oxidationno of N=2x4=§

— Increment in the oxidation no. of Cl=1x6=6

Multiply No H 4 by 3 and CIOE by 4 to balance the reduction and increment of the oxidation no. :
3N,H, o + 4 CIO§ g NO(Q) + C'I(—aq}

— Balance Cl and n atoms:

aq)
—Add 6 HoO to balance O atoms:

3N2H4 0 + 4 CIO§( — ﬁNO(g} + 4CE(¢Q} -+ GHQO“}

ag)

This is the required reaction equation

OON, of Cl decrenses by 4 per alom

& -1 +3 0
ChilOyy + Hy0g gy —= ClO: g + Oapy = W
ON of 0 inerouses by | per atain

(iii)
The Oxidation no. of Cldecreases from +7 in ClyO7to +3 in C105.

The oxidation no. of Qincreases from -1 in HaOg to 0in Oy

Therefore, HaOsbehaves as a reducing agent while C'laQ7behaves as an oxidizing agent in the reaction
lon — electron method:

— The oxidation half reaction:

M03 ) =+ Oz

— Add 2 electrons to balance oxidation no

0z =+ Qo + 28

—Add 2 OH~ to balance the charge:

H305 (ag) + 2 OH(—GQ} —+ O3y + 2

—Add 2 H50 to balance O atoms

HQOQ{QQ} + QOH(—NI} — 0Oy (gl QHQO(I) + 2e (1)

— The reduction half reaction:

— Balance Cl atoms:



— Add 8 electrons to balance oxidation no

Cly04 @ t 8e — ZCIO§ (ag)

—Add 6 OI  ions to balance the charge:

05207(9) + 8¢ — 20105(&?) + GOH(_W)

—Add 3 H50 to balance O atoms

CIQO-g (9) + 3H20m +8e — QCIOE o + SOH(—aq)

)

Now, multiply the equation (1) by 4. Then, adding equation (1) and (2), we get the balanced redox reaction
as given below:

Cly0, @ + 4 H2Oy (o) +2 OH(—W) — 2 CIOE,[W) + 403 + 5 HQOU}
Oxidation number method:

— Reduction in the oxidation no. of CloO; =4x2 =8

— Increment in the oxidation no. of HaOg =2x 1=2

Multiply HsO5 by 4 and Os by 4 to balance the reduction and increment of the oxidation no.

)
— Balance Cl and n atoms:
ClaOy () + 4 Hy0y (o) — 2CIO; gy + 405y

— Add 3 H50 to balance O atoms:

ClaO7(y) + 4 Ha0p (o) — 2 CIOQ(W} + 4 0y + 3 HaOp

—Add 2 OH and 2 H50 to balance H atoms:

ClaOy () + 4 Hy0g (4 2 OH(W) — 2Cl05 (ag T 405, + 5HaOp,
This is the required reaction equation

20.What information can be drawn from the reactions given?

(CN)a( + 20Hg, — CN., + CNO,

( ) + HQO“)

Answer:

The oxidation no. of Cin (CN)a, CN~ and CN O™ are +3, +2 and +4 respectively.
Let the oxidation no. of C be y.

(CN)2

2y-3)=0

Therefore, y =3

CN~



Therefore, y =2

CNO~

y—-3-2=-1

Therefore, y =4

The oxidation no. of C in the reaction is:

Oxidation no. of Cin (C'N)g is +3

Oxidation no. of Cin CN ™ is +2

Oxidation no. of Cin CNO~ is +4

We can see that the same compound is oxidized and reduced simultanecously in the reaction.

The reactions in which the same compound is oxidized and reduced i1s known as disproportionation reaction
Then, we can say that alkaline decomposition of cyanogens is a disproportionation reaction.

21. Mn** jon is unstable in solution and undergoes disproportionation to give Mn2+, MnO2, and H+
ion. Write a balanced ionic equation for the reaction.

Answer:
The reaction is as given below:
3+ 2+ +
_Mn[ag) — Mn(uq} + MnO, @+ H{gq}
The oxidation half reaction:
3
Mﬂ(:q) —* MTEOQ (s)
Add 1 electron to balance the oxidation no. :
3 E:
Mn(:g) — MnOy(,) + €
Add 4 H™ ions to balance the charge:
3+ = +
Mn[ag) — MTEOQ (s) + e + 4 H(aq)
Add 2 HoO to balance O atoms and H * ions:
3 _
Mﬂ.[:q) + QHQO(I} —r MTJ,OQ (s) + e 4+ 4 H{:g) 7(1)
The reduction half reaction
Mnd, - Mn?*
(ag) (aq)
Add 1 electron to balance the oxidation no. -
34 - 24
Mn[w) + e = Mn{uq) 2)
Add equation (1) and (2) to get the balanced chemical equation
3+ 24 +
2 Mﬂ(aq] + 2 H2OU) — Mﬂ.02 (s) + 2 Mn(aq} —+ 4 H(aq)
22.Consider the elements:
Cs, I, Ne and F
(i) Which element exhibit only negative oxidation no.?
(i) Which element exhibit only positive oxidation no.?
(fii) Which element exhibit both negative and positive oxidation no.?
(iv) Which element exhibits neither negative nor positive oxidation no.?
Answer:
(1) F exhibits only negative oxidation no. Thatis -1.
(i) Cs exhibits only positive oxidation no. That is +1
(iiiy | exhibits both negative and positive oxidation no. That is -1, +1, +3, +5 and +7.

(iv) Ne exhibits neither negative nor positive oxidation no. Thatis 0

23. It is said that chlorine is harmful in excess. To purify water, chlorine is used. Hence, it becomes
necessary to remove excess of chlorine from water for which, water is treated with sulphur dioxide.
Obtain a balanced equation for this redox reaction:

Answer:



The redox reaction is as given below:

9_
CIQ (s) + SOQ (ag) + HQO”} — CE{*W) + 504 (aq)

The oxidation half reaction:

9_
502 (ag) —F SO4 (aq)

Add 2 electrons to balance the oxidation no. :
2— o
SOQ (aq) =% 304 {aq) -+ 2e
Add 4 H™ ions to balance the charge:
2— + _
SOQ (aq) — SO4 (aq) -+ 4 H[aq) —+ 2e

Add 2 HyO to balance O atoms and H ™ ions

2— + =2
The reduction half reaction
Cly (y — C‘E(_aq)
Balance Cl atoms
Cly (s = 2 Cl(—aq)
Add 2 electrons to balance the oxidation no. :
Clyy + 26— 2 leuq} — (2
Add equation (1) and (2) to get the balanced chemical equation

) 2— +

CIQ (s) —+ SOQ (ag) + 2 HQO(I} syt Cl(uq} + SO4 (aq) + 4 H{u.q)
24. Answer the given questions referring to the periodic table:
(i) Which non — metals can show disproportionation reaction?
(i) Which three metals shows disproportionation reaction?
Answer:
One of the reacting elements always has an element that can exist in at least 3 oxidation numbers.
(1) The non — metals which can show disproportionation reactions are P, Cl and S.

(1) The three metals which can show disproportionation reactions are Mn, Ga and Cu

25. In Ostwald’s process for the manufacture of nitric acid, the first step involves the oxidation of
ammonia gas by oxygen gas to give hitric oxide gas and steam. What is the maximum weight of
nitric oxide that can be obtained starting only with 10.00 g. of ammonia and 20.00 g of oxygen?

Answer:

The balanced reaction is as given below:

4 NH, @ 9 0, (g) =4 NO(Q} + 6 H2O(9)

4 NHy3=4x179g=68¢

509=5%x32g=160g

4 NO =4x30g=120¢g

6 HoO =6x18g=108¢g

Thus, N Hy (68 g) reacts with Oa (209 )

Therefore, 10 g of N H3 reacts with % g=2353g0of O
But only 20 g of Qg is available.

Hence, Qg is a limiting reagent.

Now, 160 g of Oy gives 222X g of N = 15 g of NO.
Therefore, max of 15 g of nitric oxide can be obtained

26. Predict whether the reaction is feasible or not between the given elements.
M Fe?;} and I(-uq )

(mAg{J;q  and Cuyy

— s



(iii) Fe;[’;'q) and Cuy,)
(iv) Ag,) and Fef’:g,
(v) Bry (o) and Fe?;;}
Answer:

(i) Fe?;) and I(;q)

3 2
ZFE(;;) + 21—[;?) — ZFE{:;) + Ig{s)

Oxidation half reactlon:2f(;q) = Ly +2¢; E° = —0.54V
Reduction half reaction: [Fe?;;} +e — Fe?;'!)] X 2;; E° = +0.77V
2Fe + 21" — 2Fet + Ly E° = 4023V

(aq) (ag) T 2(a)n

E*for the overall reaction is positive. Therefore, the reaction between Fef:;} and I(;q) is feasible.
{ii) Aga;q) and Cu,)

2
2 Ag(;q) + Cugy — 2 Agiyy + Cu(;}

Oxidation half reaction: Cu(,) — Cu(?;) + 2 E° = —0.34V

Reduction half reaction: [Ag(:q} +e = Agyl x 2 E° = 40.80V
2+. —

2Ag(;q) + Cu(s) =¥ QAQ(_,J + Cu +, E° = +0.46V

E* for the overall reaction is positive. Therefore, the reaction between A_q(':q) and C'u,) is feasible
e
(iii) Fe(aq}and C’u(s]

3+ 2+ 2+
QFE{W) =N Cu(s) et X Fe(a) + Cu

(ag)
Oxidation half reaction: C'u(y) — Cu(?:;) + 2e; E° = —0.34V
Reduction half reaction: [Fe?:q} e =2 FE‘.?‘;SJ o2 {5 =] Ll
3+ 2+ 2+ . o __
QFE(W) + Cupy — 2 Fem - Cu(aq}, E° = 4043V

E° for the overall reaction is positive. Therefore, the reaction between Fe?a';)and C’u{s} is feasible

: 3
{iv) Ag{s) and Fe(;ﬂ

Agy + QFC?;] — Agi;q} + Fe[?:g,

Oxidation half reaction: A — Ag(':q) +lem = s
Reduction half reaction: Fef';'q} 1% Fe%:;_); I LG di
Ag) + Fe?:q) - Agi, + Fe?:;); B <NagY

E* for the overall reaction is positive. Therefore, the reaction between Ag(,} and Fe?:;) 1s feasible.

2
(v) Bry (4 and Fe{:;_)

Bry (g + 2Fe(2:q) g 9 B'r(aq) + 2 Fe?;;)

Oxidation half reaction: [Fe{?:q) — Fe?:q) + e x 2 E° = —0.77V
Reduction half reaction: Bry (o) + 2 — 2B"an)3 E° = +1.09V
Bry + 2Felt, — 2Br, + 2Fell, E° = —0.32V

E® for the overall reaction is positive. Therefors, the reaction between Bry (55 and Fe?:'q] is feasible.
27. Predict the products of electrolysis in each of the following:

(i) An agueous solution of AgN O3 with silver electrodes

(if) An agueous solution AgN Oz with platinum electrodes

(iii) A dilute solution of H> S0 4 with platinum electrodes

(iv) An aqueous solution of CuCly with platinum electrodes.

Answer:

(i) AgN O3 ionizes in aqueous solution to form Ag* and NO7 ions



On electrolysis, either Ag"’ ion or HyO molecule can be decreased at cathode. But the reduction potential
of Ag™ ions is higher than that of HaO.

Aga;q] + e — Agyy E° = +0.80V
QHQO(“ + 27 — Hg 0] -+ QOH(;Q}EQ = —0.83V

Therefore, Ag'*' ions are decreased at cathode Same way, Ag metal or H3(Q molecules can be oxidized at
anode. But the oxidation potential of Ag is greater than that of Ha0O molecules

Agiy — Ag(_ﬂqJ + e E° = —0.80V
QHQO(“ — Og{g] + 4H{:g) -+ 487;Ec = —123V
Hence, Ag metal gets oxidized at anode.

(il) Pt cannot be oxidized very easily Therefore, at anode, oxidation of water occurs to liberate Oy At the
cathode, Ag™ ions are decreased and get deposited

(i) Ha SOy ionizes in aqueous solutions to give H ™ and SOE_ ions.
+ 2
HySOy (o — 2 H(aq) + SO4(ﬂg)

On electrolysis, either of HaO molecules or H T ions can get decreased at cathode. But the decreased
potential of H* ions is higher than that of Ha( molecules

QH{_:;Q} 4+ 2e — Hg(g),ED = 0.0V
2 HQO(GQ) + 2 = H2 (@ L2 OH(;q] E° = —0.83V
Therefore, at cathode, H ™ ions are decreased to free Hs gas

On the other hand, at anode, either of HyO molecules or SOE* ions can be oxidized. But the oxidation of
SO‘%_ involves breaking of more bonds than that of Hy( molecules. Therefore, SOi‘ ions have lower
oxidation potential than HyO. Hence, Hy( is oxidized at anode fo free 05 molecules

{iv) In agueous solutions, CuCly ionizes to give Cu?t and CI~ ions as:

24 =
CuCly (g — Culty + 2Cl,

2+ —
CuCly (o — Cu{uq} + QCE{W)

On electrolysis, either of Cu®" ions or H50 molecules can get decreased at cathode. But the decreased
potential of Cu?™ is more than that of HaQ molecules

Cu(?;;) + 267 = Cugy, B° = +0.34V
HQO“) +2e — Hg(g) + 20H E° = —0.83V

Therefore, C'u?" ions are decreased at cathode and get deposited. In the same way, at anocde, either of
C1~ orH50 is oxidized. The oxidation potential of HyQ is higher than that of C'1~

2Cl(_qu] —+ CIQ (q) + 2e E° = +0.34V
2H20(“ — 02{9) + 4H{:q) e 487;Ec = —1.23V

But oxidation of H3O molecules occurs at a lower electrode potential compared to that of CI™ ions because
of over-voltage (exira voltage required to liberate gas). As a result, 1~ ions are oxidized at the anode to
liberate C'ly gas

28. Arrange the given metals in the order in which they displace each other from the solution of their
salts.

0 Al

(ii) Fe
(iii) Cu
(iv) Zn
v) Mg
Answer:

A metal with stronger reducing power displaces another metal with weaker reducing power from its solution
of salt.

The order of the increasing reducing power of the given metals is as given below
Cu=<Fe=Zn<Al<Mg

Therefore, Mg can displace Al from its salt solution, but Al cannot displace Mg. Thus, the order in which the
given metals displace each other from the solution of their salts is as given below: Mg =Al=Zn= Fe =Cu



29.The standard electrode potentials are given of the following elements:
Kt/K=-2.93v

AgT/Ag =0.80V

Hg*t/Hg = 0.79v

Mg /Mg =-2.37v

Cr¥+/Cr=-0.74V

Arrange these metals in their increasing order of reducing power.
Answer:

The reducing agent is stronger as the electrode potential decreases. Hence, the increasing order of the
reducing power of the given metals is as given below:

Ag=Hg=Cr=Mg=K

30. Depict the galvanic cell in which the reaction is:
+ 24

Zngy + 2 Ag(an — Zn(ﬂq) + 2 Ag(y)

Show the following:

(f) Which of the electrode is negatively charged?

(fi) Name the carriers of the current in the cell.

(fii) Write the individual reaction at each electrode.

Answer:

The galvanic cell corresponding to the given redox reaction can be shown as
2+ +

20121 ) 149 ) A9

(i) Zn electrode is negatively charged because at this electrode, Zn oxidizes to Zn2t and the leaving
electrons accumulate on this electrode.

(i) The carriers of current are ions in the cell.
(iii) Reaction at Zn electrode is shown as:
2. 0
Zn(,) = Zn(:q} + 2€
Reaction at Ag electrode is shown as

Ag(:q) + e —+ Agy



