CLASS 11 CHEMISTRY NCERT SOLUTIONS
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Redox Reactions \ Chapter

1. Assign oxidation numbers to the underlined elements in each of the
following species

(a) NaH,PQ,

Ans: P's oxidation number will bex.
We are aware of this.
Oxidation number ofNa= 4
Oxidation number oH= 1
Oxidation number ob= 2
FD(HX)( 3 NaH PQ
Then there's
1+) 2( B L) 4(+2) «
1+2 x 8 O
X= &

As a result, P's oxidation number-is
(b) NaHSQ
+D(HE)(

Ans: NaHSQ

Then there's

1+) A( B 1) 4(2) «



As a result, S's oxidation number+ie
(c) H,R,O,
Ans: H,P,0,
Then, there's
A(+1) 2K) F 2> C
4+2x 14 €
2x= 40
X= b
As a result, P's oxidation number is $+5$
(d) K,MnO,
Ans: Then, there's
2(+1) X 4 2% C
2+x 8 8
X= 6
As a result, Mn 's oxidation number-is
(e) CaG,
Ans:
Then, there's
+2) 2x) ©

2+2x 0



x=-1
As a result, O's oxidation number-is
(f) NaBH,
Ans: Then, there's
1(+1) AK) 4( 1- C
1+x 4 6
X= 38
As a result, B's oxidation number-s
(9) H,S,0,
Ans:H,S,C,
Then, there's
2(+1) #2) H 2» C
2+2x 14 €
2x=12
X= 6
As a result, S's oxidation number+is
(h) KAI(80,),.12H2C

Ans: KAl (SO,),.12H,0

Then, there's
1+1) 4A( 3) 2&) 8(+2) 24(4) 12( 2%
1+3 2 16 24 24 |

2x=12



X= 6
As a result, S's oxidation number+is

Because water is a neutral molecule, we can disregard it. The sum of all atoms in
the water molecule's oxidation numbers can then be considered as zero. As a result
of disregarding the water molecule, we now have

2. What are the oxidation numbers of the underlined elements in each of the
following and how do you rationalize your results?

(@) Ki,
Ans: In KI, K has an oxidation number (O.N.) of one. As a result, I's average

oxidation number isé.o.N, on the other hand, cannot be fractional. To determine

the oxidation states, we must first study the structurd of

An iodine atom makes a coordinate covalent link with an iodine molecul«in a
molecule.

1o 0o -1
K{I—I <«

As a result, the O.N. of the two atoms that make upIiihenolecule in aKi,
molecule is 0, whereas the O.N of the | atom that makes up the coordinate bond is

~1.
0 0
||+5 0 0 H+5
H 0 S S S 0 H
| |
0 0

Two of the four S atoms have an O.N.+&, whereas the other two have an O.N.
of O



ANs:

AnNs:

ANs:

(b) H,S,0,
Now, 2(-1) +4k) 6( 2> (
=2+4x 42 £

=4x=10

However, O.N. cannot be fractional. Hence, S must be present in different
oxidation states in the molecule.

The O.N. of two of the four atoms is and the O.N. of the other two atoms
is 0.

(c) F&Ou4

When the $O . N$. 0D is set to-2, the O.N. ofFe is found to be+2§.

O.N., on the other hand, cannot be fractional.

One of the three Fe atoms in this example has an O.N2,ofvhereas the other
two Fe atoms have an O.N. ef3.

FeO? Fe Q

(d) CH,CH,OH

X+1 2

C,H,O

2(x)+6(4) ¥ 2y
2Xx+6 2 8

X= 2

This molecule's two carbon atoms are found in two separate settings. As a result,
their oxidation numbers cannot be the same.



As a result, C has the oxidation states of -3 4nd -

W
H-C—-C-0-H

H H

(e) CH,COOH

Ans:

X+1 2

C,H,0,

20x)+4( 1) 2( 2 C

2x+4 4 €

x=0

The average O.N. of, on the other hand, is 0 . This molecule's two carbon atoms
are found in two separate settings. As a result, their oxidation numbers cannot be
the same.

In CH,COOH, C has the oxidation states e and-3.

O
!

S

N

Acetic acid

3. Justify that the following reactions are redox reactions:

(a) CuO(s)+ H (g) »>Cu(s)+ H O(c



AnNs:

AnNS:

Ans:

Ans:

Let's write the oxidation number of each element in the reaction as follows:
CuO(si H (g) »>Cu(s)+1 -

Cu 's oxidation number falls from2 in CuO to O in Cu, implying that CuO is
reduced tocCu. In addition, the oxidation number &f in H, increases from 0 to

+1 in H,O, indicating thatH, is oxidized toH,O0. As a result, this is a redox
reaction.

(b) Fe,Q, (sy 3CO(g)— 2Fe(s}y 3CO (
Let's write the oxidation number of each element in the reaction as follows:
Fe, O, (s} 3CO(g)— 2Fe(s} 3CO (

Fe 's oxidation number falls froms in Fe,Q, to 0 in Fe, implying thaFe, Q, is

reduced to Fe. The oxidation numberafon the other hand, increases fremin
CO to +4 in CO,, indicating thatCO is oxidized toCO,. As a result, the reaction in

guestion is a redox reaction.

(C) 4BCl,(g)+ 3LiAIH,(s) —2B,H, (g) +3LiCl(s) BAICL )

Let's write the oxidation number of each element in the reaction as follows:

4BCl, (g)+ 3LIAIH,(s) —2B,H, (g) +3LiCI(s) BAICL &)

The oxidation number o8 drops from+3 in BCI, to -3 in B,H, in this reaction.
BCl, is reduced toB,H, in this way. In addition, the oxidation number i8f in

LIAIH , increases te-1 in B,H,, indicating that LiAIH 4 is oxidized t®,H,. As a
result, the reaction in question is a redox reaction.

(d) 2K(s)+ E (g) 22K +F s
Let's write the oxidation number of each element in the reaction as follows:

2K(s)+ E (g) >2K +F {s

The oxidation number oK increases from 0 in te1 in $K F$ in this reaction,
indicating thatk is oxidized toKF. The oxidation number of, on the other hand,
decreases from 0 iR to -1 in KF, indicating thatr, is reduced tF.



As a result, the preceding reaction is a redox reaction.

() 4NH;(9)+ 50, (g) »4NO(g)+6H O(c

ANs:
Let's write the oxidation number of each element in the reaction as follows:

-3 4 0

4NH, (g)+ 50, (g) —¢ NO(g)+ 6H,0(g;

The oxidation number oN rises from-3 in NH, to +2 in NO in this case. The
oxidation number oo, drops from 0 inO, to -2 in NO andH,O, indicating that
0, is reduced.

As a result, the reaction in question is a redox reaction.

4. Fluorine reacts with ice and results in the change :

H,O(s)+ F; (9) -HF(g) +HOF(g

Justify that this reaction is a redox reaction.
Ans:

Let's write the oxidation number of each atom in the reaction above its symbol as
follows:

1 20 1. 12
H,O(s)+ E (9) —HF(g)+ HOF(g)

Here, we have observed that the oxidation numbe¥ wicreases from O i, to
+1 in HQF . Also, the oxidation number decreases from g ito -1 in HF. Thus,

in the above reactiors is both oxidized and reduced. Hence, the given reaction is
a redox reaction.



5. Calculate the oxidation number of Sulphur, chromium, and nitrogen in
H,SO,, CrOZ and NO;. Suggest structure of these compounds. Count for the

fallacy.
Ans:
+1 x 2
(i) H,SO,
2(+1) 4AK) 5 2 C
2+x 40 8
X= 8

S's O.N., on the other hand, cannot#se S has six electrons in its valence shell.
As aresult, S's O.N. cannot be greater than

The structure oH,SQ, is depicted in the diagram below.

H,S0s

HO™ || 4 4 #

2(H)+1(S) 4 (0) 2(Cin peroxy linkage2(+1) 4Ax) 3( 2 2(+1) «
2+x 6 2 C

x= 6

As aresult, S's O.N. is5.

(if)

X -2

Cr,0%

2)+7(2) =2



2x—14 = 2
X= 6

The O.N. ofcCr in Cr,0,* is not a fallacy in this case.

The structure ofr,0,> is depicted in the diagram below

:0: -{ @ &
|

N
00— (r—0—Cr— O

| I
t0: :Q:

Each of the twacr atoms here have an O.N. .
(iii) NO,

1(x)+3(2) =1

Xx-6 =1

X= b

The O.N. ofN in NO, is not a fallacy in this case.

The structure oNO, is depicted in the diagram below

-1

o
el .
:O;N—O:'l

The O.N. value of the N atom is +5.

10



6. Write the formulae for the following compounds:

(a) Mercury (1) chloride
Ans: HJCI,
(b) Nickel (I) sulphate

Ans: NiSO,

ANS: Slrdc) Tin (IV) oxide
(d) Thallium(l) sulphate
Ans: TLSO,

(e) Iron (lll) sulphate
Ans: Fe,(SQ),
() Chromium (lll) oxide

Ans: Cr,O,

7. Suggest a list of the substances where carbon can exhibit oxidation states
from —4 to +4 and nitrogen from-3 to +5.

ANs:

Substanceg O.N. of carbor

CH,Cl, |0
cic=ccl |+1
HC=CH |-1

11



CHCI,,CO | +2
CHCI, -2
cl,C-CCl, | +3
H,C-CH, |-3
CCl,,CO, |+4
CH, -4

The substances where nitrogen can exhibit oxidation states-8dm+5 are listed
in the following table.

Substanc¢ O.N. of carbor
N, 0

N,O +1

N,H, -1

NO +2

N,H, -2

N,O, +3

NH, -3

12



ANS:

NO, +4

N,O, +5

The oxidation number (O.N.) & in sulphur dioxidgSG,) is +4, while the O.N.
of S can range from6 to -2.

As a result, SO, can function as both an oxidising and a reducing agent.

The O.N. ofO in hydrogen peroxid¢H,0,) is -1, and the range ob.N. that O
can have is 0 te2. The oxidation values1 and+2 are also possible fap.

As a resultH,0, can function as both an oxidizing and a reducing agent.

As a result, in this scenario, the O.N. @fcan only drop. As a resulg, serves
solely as an oxidant.

The O.N. ofN in nitric acid(HNGQ,) is +5, and the range ab.N. thatN can have

is from +5 to -3. As a result, in this scenario, the O.N.ofcan only drop. As a
result, HNO, serves solely as an oxidant.

While sulphur dioxide and hydrogen peroxide can act as oxidising as well as
reducing agents in their reactions, ozone and nitric acid act only as oxidants.
Why?

The S atom in SO, has +4 oxidation number. The minimum and maximum oxidation
numbers of S are -2 and +6 respectively. Hence, in SO, S can increase and decrease its
oxidation number. Hence, SO, is an oxidizing agent as well as reducing agent.

The O atom in hydrogen peroxide has oxidation number of -1. The minimum and
maximum oxidation numbers of O are -2 and 0 respectively. Hence, hydrogen peroxide
Is oxidant as well as reluctant.

In ozone, O atom has oxidation number of 0. It can decrease its oxidation number to -1 or
-2 but cannot increase it. Hence ozone is an oxidizing agent.

In nitric acid, N has oxidation number of +5 which is maximum. N can only decrease its
oxidation number. Hence, nitric acid is an oxidizing agent.

13



9.  Consider the reactions:
() 6CQ, (g)+ 6H20() -G H, Q (ag)+ 60 (1
(b) O,(g9)+ H,0,(1) »H,0) +2Q (g
Why it is more appropriate to write these reactions as:
(a) 6CQ, (g)+ 12H O(l) > G H, Q (ag)+ 65 O(1) +602(

Ans: The H, produced in step 1 reducesO,, thereby producing glucose
(CsH.,0,) andH,0.

6CQ,,+ 12H, ;) »GH,Ox, +6H,Q .

Now, the net reaction of the process is givereaso,, — 2H,, + Oz(g)] <6

6CQO,,;+ 12H,, - G H, 04, + 6H,0,
6CO,+ 12H,0,,—> G H,0 i+ 6H,0, +6Q, ,

It is more appropriate to write the reaction as given above because water molecules
are also produced in the process of photosynthesis. The path of this reaction can be
investigated by using radioactiveO,, in place ofH,O

(b) O;(gy H,0,()— H,OW+ G (g

13



Ans: O, is produced from each of the two reactabtsand H,0,. For this reason,
0, is written twice.
The given reaction involves two steps. Fiigt,decomposes to forr@2 ando. In
the second stepH,O, reacts with the O produced in the first step, thereby
producingH,0 ando,

o

5@) > Oog) + Qg

H,0,+ Oy 2,0y, 40,
2H,0,, + Oy 2H, 0 405, 6y,

The path of this reaction can be investigated by using;’ or O

10. The compound AgF, is an unstable compound. However, if formed, the
compound acts as a very strong oxidizing agent. Why?

Ans:
Ag In AgF, has an oxidation state e. However,Ag 's oxidation state of2 is
unstable.

As a result, silver quickly takes an electron to creafe- wheneverAgF, is
formed. This helps to reduo®y 's oxidation state from2 to +1, which is a more
stable condition. As a resuldgF, is an extremely powerful oxidizing agent.

14



11.

ANns:

Whenever a reaction between an oxidizing agent and a reducing agent is
carried out, a compound of lower oxidation state is formed if the reducing
agent is in excess and a compound of higher oxidation state is formed if the
oxidizing agent is in excess. Justify this statement giving three illustrations.

When an oxidizing agent and a reducing agent react, a lower oxidation state
compound is formed if the reducing agent is in excess, and a higher oxidation state
compound is formed if the oxidizing agent is in excess. As an example, consider
the following:

(i) Reducing and oxidising agents, respectively,RrandF,.

When an excess d#, is treated withF,,PE is formed, with a positive oxidation
number (O.N.) forp.

However, if P, is treated with an excessive amounFgfPF, is formed, with a P.N.
of +5.

(i) O, is an oxidising agent, where#&sis a reducing agent.

K,O Is generated when an excesskofreacts witho,, with the O.N. ofO being
-2.

4K(excess¥y © — 2K (

When K reacts with an excess of,, however,2K,0, is produced, with the O.N.
of O being -

4K+0O,( excess )— 2K ¢
While C is a reducing agenq, is an oxidizing agent.

CO is created when an excess ©fis burned in the presence of inadequaje
with the O.N. ofC being+2

C(excess} O — Ci

If there is an excess @, in the combustion o€,CQ, is generated, with the O.N.
of C being+4

C+ 0O, ( excess )—» C¢

15



12.

AnNs:

How do you count for the following observations?

(@) Though alkaline potassium permanganate and acidic potassium
permanganate both are used as oxidants, yet in the manufacture of benzoic
acid from toluene we use alcoholic potassium permanganate as an oxidant.
Why? Write a balanced redox equation for the reaction.

(b) When concentrated sulphuric acid is added to an inorganic mixture
containing chloride, we get colorless pungent smelling gadcCl, but if the
mixture contains bromide then we get red vapour of bromine. Why?

(a) Alcoholic potassium permanganate is utilized as an oxidant in the
production of benzoic acid from toluene for the following reasons.

() In a neutral medium, OH- ions are produced in the reaction itself. As a result,
the cost of adding an acid or a base can be reduced.

(i) Because bothkmnO, and alcohol are polar, they are homogenous. Because
they a both organic molecules, toluene and alcohol are also homogenous.

In a homogeneous medium, reactions can proceed more quickly than in a
heterogeneous one. As a reswliynO, and toluene might react more quickly in

alcohol.

For the reaction in a neutral medium, the balanced redox equation is asfollo
CH;—CH,() #2MnQ, (alcoholic) —¢ H COO (alcoholic

+2Mn0, (s) +H,0() ©H @q)

When concentratedi,SO, is introduced to an inorganic bromide mixturBr is

generated at first. With the formation of red bromine vaper,, as a powerful
reducing agent, lowerd,S0O, to SO, .

2NaBr+ 2H,SQ —2NaHSQ + 2HBr2HBr +H SO —-Br S0 2H O (rembour)

When concentratedi, SO, is added to an inorganic combination with chloride, a

pungent-smelling gasKICI' ) is produced. Becaug&Cl is a poor reducing agent,
it cannot converH, SO, to SO,

2NaCl+ 2H,SQ —>2NaHSQ + 2H(

16



13.

Identify the substance oxidized, reduced, oxidizing agent, and reducing
agent for each of the following reactions:

(a) 2AgBr(s)+ GH G, (aq) — 2Ag(sy+ 2HBr(ag)+C H O (¢

AnNs:

AnNs:

ANs:

ANs:

Oxidized substance> CH.
Reduced substance AgBr
Oxidizing agent— AgBr
Reducing agent> C,H,0,

(b)
HCHO(@)+ 2 Ad( NH,), ] (aq) +30H (aq) —2Ag(s) +HCOO (ag) +4Ndg) 2HO(l)

Oxidized substance>» HCHO

Reduced substance>|Ag(NH,), | Oxidising agent—[Ag(NH,), | Reducing
agent— HCH

(C) HCHO(I)+ 2Cu* (aq) +50H (ag) —Cu O(s)+HCO (aq) +3H,0(1)
Oxidised substances HCHO

Reduced substance Cu*

Oxidising agent- Cu*

Reducing agents HGHO

(d) N,H,()+2H.,0, (I) — N,(g)+4H,0(1)

Oxidised substance N,H,

Reduced substance H,0,

Oxidising agent- H,0,

17



AnNs:

14.

Ans:

15.

ANs:

Reducing agent> N_H,
(e) Pb(sy+ PbQ (s)+ 2H SO (ag)— 2PbSO (s} 2H ¢
Oxidised substances Reduced substance PbQ,

Oxidising agent— PbO

Consider the reactions:
2SG (aqy L (5)>$ G " (ag) 2r (a
S,0/ (agy 2By ()+! H,0() > 2 SC; (agk 4Br (ag)+1 H'(aq)

Why does the same reductant, thiosulphate react differently with iodine and
bromine?

2SG gk L(s) -S4 (@a) +2! (aq

+2 2

S, G @g)+ 2Bt () +5H O ¥
2SG° ? @q)+ 4Br {aq) +10H faq

When compared to,, bromine is a more powerful oxidizer. BD,>, it oxidises
the s of S,& to a higher oxidation states.

In S,07 ,1, oxidises S frons,0; to a lower oxidation state of 2.5 . As a result, the
same reductant, thiosulphate, reacts with bromine and iodine in distinct ways.

Justify giving reactions that among halogens, fluorine is the best oxidant
and among hydrohalic compounds, hydroiodic acid is the best reductant

F, can also oxidizecl to Cl,,Br to Br, andito |,

Fagt 2Clg, 2R

2(aq) (aq)

+Cl(g]

P

2(aq)

+ 21 —>2F(aq) +l 2(s

(aq)

18



16.

ANs:

Cl,,Br,, andl,, on the other hand, are unable to conwetb F,. Halogens have an
oxidizing power of1,<Br, €I, K. Fluorine, as a result, is the best halogen
oxidant.

H,SO, can be converted t80, usingHI and HBr, but not withHCI or HF. HI and
HBr are thus more effective reductants thaz1 and HF

2HI+H,S0O, —l, $8Q, 2H,C
2HBr+H,S0O, —»Br +5Q L2HC

| can reducecu™ to Cu*once more, wherea& cannot.
Al +2CU" @Q) —CU, Ly Hayog

As a result, among hydrohalic compounds, hydroiodic acid is the best reductant.

Hydrohalic acids' reducing power thus grows in the ordetFof HCI HBr HI

Why does the following reaction occur?
XeQf (ag)+ 2F (ag)— XeQ (g)+,F (9)+3H O

What conclusion about the compoundNaxeQ, (of which XeQ{ is a part) can be
drawn from the reaction?

Because XeO;” oxidizes F and F decreasesxeO,", the stated reaction
occurs.

XeQf (aq)+ 2F (ag)— XeQ (g)+,F (g)+3H O

Xe 's oxidation number (O.N.) falls from8 in XeC{ to +6 in XeO,, while F 's
O.N. rises from-1in Fto O in F,

As a result, we can deduce thaetXeQ® is a more powerful oxidizer tham

19



17. Consider the reactions:

(@) H,PO, (ag)y 4AgNQ (ag)+ 25 O(l) —H PO (ag)+ 4Ag(s) +4HN@q)
(b) H,PO, (agy 2CuSQ (ag) 2H O(l) »>H PO (ag)+ 2Cu(s)+ H SQ)
(c) C;H.CHO()+ 2 Ag( NH;), [(aq) +30H (aq) —% H COO (aq)+ 2Ag(s) M {aq)

(d) C,H.,CHO(l)+ 2Cu* (aq)+50H (aq) - No change observed.

What inference do you draw about the behaviour of Ag* and Cu* from
these reactions?

Ans: In reactions (a) and (bpg*and Cu?, respectively, act as oxidizing agents.

18.

Ag+ oxidizes C,H,CHO to C,H.,COO in reaction (c), but Cu* cannot oxidize
C,H.CHO in reaction(d)

As a result,Ag+ is a more powerful oxidizing agent than*

Balance the following redox reactions by ion-electron method:

(a2) MnO (ag)}+ 1 (agq) ->MnQ (s)+] (s

Ans:Step 1: The following are the two half reactions involved in the given

reaction:

Half-reaction of oxidation ,,) -1,
Half-reaction of reductiomnO, (aq) —»MnO,

Step 2. We have the following equation for balancinm the oxidation half
reaction:

2F

) ™ lags)
To balance the charge, we agklto the reaction's RHS.

21,

(aq) > | 2(S)JrZe

20



AnNs:

ANs:

Step 3: Mn 's oxidation state has decreased from+7 to+4 throughout the reduction
half reaction.

MnQO, +3e” -»MnQ,,,

Step 4: Six O atoms are on the RHS and fouatoms are on the LHS in this
equation. As a result, the LHS is given two water molecules.

MnQO,,+2H,0 3" -MnQ,,,, #OH

Step 5: By multiplying the oxidation half reaction by 3 and the reduction half
reaction by 2 , we may equalize the quantity of electrons.

6l

(aq) > 3l 25+ 6€

2MnQO,” (agi 4H O +6e  —2MnQ +80H],,

aq)

Step 6: When the two half reactions are added together, we get the net balanced
redox reaction:

6l +2MNO, ;) #4H,0 -2MnO,,, 8OH,

4(aq)
(b) MnO (ag¢+ SQ (aq)— MA* (agit+ HSPO (a

If we repeat the processes from part (a), we get the following oxidation half
reaction:

SOz(g)+ 2HZO(|) —>HSQ (ag)+ 3I—*[aq)
And the half-reduction reaction is as follows:

We get the net balanced redox reaction by multiplying the oxidation half reaction
by 5 and the reduction half reaction by 2 , then adding them.

(C) H,O,(aq}+ F€" (g )—> F&" (ag) H O

Using the same techniques as in gayt we get the following oxidation half
reaction:

+ +
FE' ) = FE€ ot ©

And the half-reduction reaction is as follows:

21



Ans:

19.

ANs:

H,0,mq)+ 2H gy 1267 —2H,0,

(aq)

We get the net balanced redox reaction by multiplying the oxidation half reaction
by 2 and then adding it to the reduction half reaction:

+ 2F¢e’

(aq)

H,0 +2H o —2Fge) " 2H.Q

2(aq)
(d) Cr,0,> +SQ, (g) »Ct* (ag)+ SG ~ (a

Using the same techniques as in part (a), we get the following oxidation half
reaction:

SO+ 2H, 0y —SQq,, +4H,, -2€
And the half-reduction reaction is as follows:

Cr,O%,

7(aq

y+14H. , +6e” —<t a THQ,

We get the net balanced redox reaction by multiplying the oxidation half reaction
by 3 and then adding it to the reduction half reaction:

Cr202'7(aq)+ 3SQ,,, +2H., —QC?(;Q) 3S0 aag B Q

Balance the following equations in basic medium by ion-electron method
and oxidation number methods and identify the oxidizing agent and the
reducing agent.

Pus + OHuq —PH,, +HPQ,,

(a) The oxidation number of drops from 0 to-3 in P, and increases from O
to +2 in HPQ,. As a result,P, serves as both an oxidizing and reducing agent in
this process. lon-electron method:

The half-equation for oxidation is:
Prisy = HP Ol

The P atom is balanced in the following way:

22



Prs = 4HPG,,
The O.N. is balanced by adding eight electrons in the following way:
P, — 4HPQ,,,+ 8e
The charge is balanced by the additionzdH as follows:
P, +120H,,, —»4HPQ,,, +8¢
By adding4H,0, theH andO atoms are balanced.
P, +120H,, —4HPQ,, +4H Q, +8e ..
The half-reduction equation is as follows:
Pusyt PHyg)
The P atom is in a state of equilibrium.

By adding 12 electrons to the equation., it is balanced:

P t12e —4PH,

The charge is balanced by the additionzbH as follows:
Pst+126 —4PH, +120H,,
12H,0 is used to balance the 0 ardatoms as follows:

P +12HQ, +12e —xPH, +20H, (i

The balanced chemical equation can be found by multiplying equatiang (ii)
by 3 and then adding them.

SF,t12H,Q, +12HQ,, —8BPH, +2HPQ,

(b) NH, (1) +ClO;(aq) —NO(g) +CI (g;

23



ANs:

N s oxidation number rises frore in N,H, to +2 in NO, while CI 's oxidation
number falls from+5 in CIO, to -1 in CI".As a result,N,H, is the reducing agent
and CIO, is the oxidizing agent in this reaction.

lon-electron method:
The half-equation for oxidation is:
-2

N,H 0 = NO

The N atoms are balanced in the following way:

N,H, 5 — 2NO,

By adding 8 electrons to the oxidation number, the oxidation number is balanced:

N,H,, = 2NO,, + 8¢

80H ions are added to balance the charge as follows:

N,H,, +80H,, —2NO, +3€

4(1) (aq)

6H,0 is added to balance ti@e atoms as follows:

N,H,4+80H,

(aq)

—2NO,,, +6H,0 8¢

The half-reduction equation is as follows:

+5 -1

ClO 3(aq) — Cl ,

(aq)
By adding 6 electrons to the oxidation number, the oxidation number is balanced:

ClO,,,+6€ —Cl,

(aq)
60H ions are added to balance the charge as follows:

ClO;

3(aq)

+6e” —C|,, +60H

aq)

By adding3H,0 as follows, the O atoms are balanced.
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Equation | is multiplied by 3 and equation (ii) is multiplied by 4, resulting in the
balanced equation:

3N,H,,, — 6NO,

o+ 4Ck

16H,0,

aq)
Oxidation number method:

Total reduction inN oxidation number
N=2 4 8

Total reduction inCl oxidation number
Cl=1% 6

To balance the rise and decrease in O.N., multighy, by three andclo, by four.

3N,H,, — 4CIG;,,,—~ NOy+ Cl.

(aq;
The atoms ofN andcCl are balanced as follows:

3N,H, 4 — 4CIO; ,,— 6NO+ 4C|

(aq

6H,0 is added to balance tlee atoms as follows:

+ 4Cl

(aq)

3N,H,,, — 4CIO, ,,— 6NO

o) +6H,C

(aq
This is the equation that must be balanced.
(€) Cl,O; g+ HOsqy = ClO 1, 0., He.

2(ctr )

Ans: The oxidation number ofl decreases from7 in Cl,O, to +3 in ClO, and
the oxidation number ob increases from-1 in H,0, to zero inO,. Hence, in this
reaction,Cl,0, is the oxidizing agent and,0, is the reducing agent. lon-electron
method:

The half-equation for oxidation is:

H,05 00 = OOZ(g:

By adding two electrons to the oxidation number, the oxidation number is balanced
as follows:
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H,O0,q) > Oyt 2€

20H - ions are added to balance the charge as follows:

H,0, ..+ 20H,,,, —0, ., +2€

2(aq) 2(9) 2(9)

By adding2H,0, as follows, the oxygen atoms are balanced.

H,0,,,+20H, , =0

2(aq) 2(0) ag) P2H:05, 26 .0
The half-reduction equation is as follows:
The Cl atoms are balanced in the following way:

— CIO,

2(aq)

ClL,O

7(9)
By adding 8 electrons to the oxidation number, the oxidation number is balanced:

CL0,+8e —2CIQ,,

60H' is added to balance the charge as follows:

Cl,0,,, +86 —2CIO;,, +60H,

(aq

By adding3H,0 as follows, the oxygen atoms are balanced.
Cl,0,,+3H,0 86 —2Clq,,, HOH,, -.(i)

By multiplying equation (i) by 4 and adding equation (ii) toit, you can get the
balanced equation.

—2CIG,

2(aq)

40

2(9)

Cl,O;y+ 4H,0,,,, +20H

(aq)

5H,0,
Method for calculating the oxidation number:

The total number of oxidations has decreased, =4 2 8
The total number of oxidations has decrealdgd, =2 4 2

To balance the rise and decrease in the oxidation number, mudtiplyand O, by
4
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-CIG, ., +40

Cl,07yg +4H, 0, 2(aq) 2(g
The CI atoms are balanced in the following way:

C1,0, g+ 4H,0, ) —2CI0, ) +40,,

2(aq)

The O atoms are balanced by addargo in the following way:

C1LO, )+ 4H,0, o) —2CI0,,, +40,,, 8H.O

2(aq)

20H and 2H,0 are used to balance tieatoms as follows:

CL,O, g+ 4H,0,0g) +20H  —2CIO;,,, 4O

2(9)

5H,0

(aq)

This is the equation that must be balanced.

20. What sorts of information can you draw from the following reaction?

(CN), & 20H;

(@aa

— CNg.+ CNO,

(2aq) (aq)

+ HZO(i

Ans: The carbon oxidation numbers IiqCN),,CN ,CNOare +3, 2 and
+4respectively.

These can be found as follows:
Let x beC 's oxidation number.
(CN),

2(x-3) =0

SoX =3

CN’



21.

ANns:

The carbon oxidation number in various species is:
[CN],, +20H,,, —CN 4, ©CNO,,, H O,

In the preceding equation, the same chemical is being reduced and oxidized at the
same time. Disproportionation reactions are those in which the same chemical is
reduced and oxidized at the same time. As a result, the alkaline breakdown of
cyanogen can be considered a disproportionation process.

The Mn* ion is unstable in solution and undergoes disproportionation to
give Mn*,Mn0O,, and H+ ion. Write a balanced ionic equation for the reaction.

The following is a representation of the provided reaction:
3+ 2+ +
Mn* .y > Mn*",+MNO,, H

The half-equation for oxidation is:

+3
Mn®* (ag) = +MnO,;,

By adding one electron to the oxidation number, the oxidation number is balanced
as follows:

Mn* ., —>+MnO,, e

The charge is balanced by introducisg’ ions in the following way:
Mn* ., —+MnO,, ¥4H" e

2H,0 molecules are added to balance thatoms andH*ions as follows:
Mng, +2H,0 —>-MnO,, 4H" er .(i

T h e -redwudtiah equation is as follows:

3+ 2+
MN™ o) = MN* )
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22.

ANs:

Ans:

Ans:

Ans:

23.

By adding one electron to the oxidation number, the oxidation number is balanced:
Mn* ,+e~ -Mn®
Combining equations | and (ii) yields the balanced chemical equation:

Mn* ., +2H,0 —-MnO,, 2Mrf*(aq) 4H

(aq)

Consider the elements:
Cs,Ne, and F

(a) Identify the element that exhibits only negative oxidation state.
F has just a-1 negative oxidation state.

(b) Identify the element that exhibits only positive oxidation state.
Cs has a positive oxidation state of1

(c) Identify the element that exhibits both positive and negative oxidation
states.

Both positive and negative oxidation states are present in my body. It has the
following oxidation states:1, 4, 3 & and+7

(d) Identify the element which exhibits neither the negative nor does the
positive oxidation state.

Ne has a zero-oxidation state. It doesn't have any oxidation states, either
negative or positive.

Chlorine is used to purify drinking water. Excess of chlorine is harmful.
The excess of chlorine is removed by treating with Sulphur dioxide. Present a
balanced equation for this redox change taking place in water.

Ans:The following is a representation of the provided redox reaction:

Cly)+S0,,, HLO €I, $(3’4(ac
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24.

The half-reaction of oxidation is:
+4

SO, SG

4(aq)

By adding two electrons to the oxidation number, the oxidation number is

balanced:

SO,(aq) > SO yaq+ 26

The charge is balanced by introducing ions in the following way:

SOy —> SO g + 4H +2e

4(a0)

2H,0 molecules are added to balance thetoms andH+ ions as follows: The
charge is balanced by introduciagions in the following way:

SO,y + 2H,0, =S8 o, +4H 2€

The half-reduction reaction is as follows:

CIZ(S) —ClI;

(aq)
The chlorine atoms are balanced in the following way:

o Cl,,—Cl (aq)

By adding electrons, the oxidation number is restored.

Cl,, +26 —2C|,, ... (ii)

Combining equations | and (ii) yields the balanced chemical equation:

Clyy) + 2SO0,y +2H,0; —2Clay SO 4 4H

(aq 4(aq) (ac

Refer to the periodic table given in your book and now Ans: the following
questions:
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(a) Select the possible non-metals that can show disproportionation reaction.

Ans: One of the reacting compounds must always contain an element that can exist
in at least three oxidation states in disproportionation reactions.

(a) Because these elements can exist in three or more oxidation states,
disproportionation reactions can occur.

(b) Select three metals that can show a disproportionation reaction.

Ans: Because these elements can exist in three or more oxidation states,
disproportionation reactions can occur.

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 nitric 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 ?

Ans: For the above reaction, the balanced chemical equation is:

4ANH +502(g) —>4NO(g) +6HZO(Q)

3(9)
4x179g 5x32g 4 80g 6 %€

=68g =160g 420g 20¢

Therefore,68g of NH, reacts with160g of O,
Thus,10g of NH, reacts with

160x 10
of
og Y Q

23.53g of Q
However, there is onlg0g of oxygen accessible.

As a result,0, is the reaction limiting reagent (we used the amouno®fto
compute the weight of nitric oxide produced).

Hence,160g of O, gives120g of NO
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20.

ANns:

Ans:

120x 20

209 of O, gives g of N

Thus,15g of NO

As a result, you can get up 16g of nitric oxide.

Using the standard electrode potentials given in the Table 8.1, predict if
the reaction between the following is feasible:

(a) Fe' (aq and 1 (aq)
The reaction betweelRe" (aq) and | (ag) can be expressed as,

2Fq*;q)+ 21- >2Fé Gy T b

Half-equation for oxidation: 21" —»+l,,, 2e;E =054\ Half-equation of
reduction

[Fe" (aqy e >Fg,; k2E =077V
2F€" o+ 21" 52F8 [ +L B = 0:23)\

(aq)

The overall reaction has af of favourable. As a result, the reactionr#f* and
Is possible.

| aa)
(b) Ag*(ag) and Cu(s)

The reaction betweemg’(aq) and Cu(s) can be described as follows:
2Ag;,,+ Cu,, —2Ag,, +Cd "

Half-equation for oxidationCu,, — CU# + 2e ;B = 0.34)

Half-equation of reduction

[Ag'(ag)—> e+ Ag, o4 2E = 0.80V
2Ag+(aq)+ CU(S) —)ZAg(S) +CH : E  — 0146\
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Ans:

AnNs:

Ans:

The overall reaction has af of favourable. As a result, the reaction " (aq)
and Cu(s) is possible.

(c) FE" (aq) and Cu(s)
The reaction betweekRe" (aq) and Cu(s) can be described as follows:

2Fe" ,,+ Ca, —F&, +Cl,

(aq)

Half-equation for oxidationCu,, — CU*, + 2e ;B = 0.34

Half-equation of reduction

[F& gt e DFé( x2B =077V

©
2F€” + Cy,, —F&' +Cl i, ;B = 643

(aq)

(aq)

The overall reaction has & is favourable. As a result, the reactionref (aq)
and Cu(s) is possible.

(d) Ag(s) and Fe* (aq)

The reaction betweeng(s) andFe* (ag) can be described as follows:
Ag, +2Fe,, AT . FE
Half-equation for oxidationAg+ —Ag,,, €3E =080V

Half-equation of reduction

[Fe,+e —Fé ) 2B =077V
Ag . +2F€" , DAQ ) € B =0:03)

(aq)

The overall reaction has & is not favourable. As a result, the reactionagts)
and Fe’" (aq) is not possible.

(e) Br,,, and Fe* (aq)

(aq)
The reaction betweer,,,, andFe* (aq ) can be described as follows

Half-equation for oxidationBr,,+ 2F€* ,,, —2Br,, +2Fe"
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AnNS:

ANs:

Half-equation of reductior|:Fe* ,, —» Fe® (agy e [x 2E = 0.77

(aq
Half-equation of reduction

Br, .+26 —Br_ . = %09V

2(aq) (aq)’
Bloaq)+ 2FE" (o) —2Brlog +2F€ o B = 0:32)

2(aq) (aq aq) (aq)

Predict the products of electrolysis in each of the following:

(i) An aqueous solution & AgNO, with silver electrodes
The reaction betweeng andCu can be described as follows:

At the cathode, electrolysis can decrease eithgrions or H,O molecules.
However,Ag*ions have a larger reduction potential th&yo

Ag.; +€ —Ag.;E = 6:80V
2H,0, + 26 —H, +20H,,;E =083

As a result, at the cathodeg*ions are decreased. At the anodg, metal orH,0

molecules can also be oxidised. However, Ag molecules have a larger oxidation
potential thanH,0 molecules.

Ag., —>Agi,,+e B = 6:80\
2H,0,

,+26 —H, +20H, ;B =083

As a result, Ag metal oxidises at the anode.

(i) An aqueous solutionAgNO, with platinum electrodes

Pt is difficult to oxidise. As a result, at the anode, water is oxidised, releasing
0,. Ag*ions are reduced and deposited at the cathode.

In agueous solutions],SO, ionises to give

iii. A dilute solution ofH,, andSC, ions.
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ANS:

H,S0, 0= 2Hag+ SO

(agq (aq 4(aq

At the cathode, electrolysis can decrease eiti@ns or H,0 molecules.H*ions,
on the other hand, have a greater reduction potentialHf@mmolecules.

2H;,

(aq)

+2e” oH, ;B =0.0V

2H,0,+ 26 —H,, +20H,,;E 0.83"

Q)
As a resultH*ions are reduced at the cathode, releasingas.

The anode, on the other hand, can oxidise either $®p ions or two H,0
molecules.

However, whenso~, is oxidised, more bonds are broken than whej
molecules are oxidised.

As a result, the oxidation potential 8>, ions is lower than that ofi,O0. As a
result,H,0 is oxidised at the anode, releasibgmolecules.

(iv)An agueous solution ofCuCl, with platinum electrodes.

CuCl, ionises in agueous solutions to prodwé" and Cl-ions asCu* and
Cl-ions.

CuCl,,,, = CU* ,,,+ 2CI°

(aq)

Cu* ions or H,0 molecules can be reduced at the cathode during electrolysis.
Cu® on the other hand, has a greater reduction potentialHl@mmolecules.

Similarly, eitherCl-or H,0 is oxidised at the anode. The oxidation potential of
H,O is greater than the oxidation potentialQ@f.

2Cl.., —Cl,,+2€ ;B = 136\

(aq) 2(9)

2H,0,, — O,,+ 4H,

(21) He B =123\
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ANs:

29.

ANs:

However, due to over-voltage, oxidation O molecules occurs at a lower

electrode potential than that of ions (extra voltage required to liberate gas). As a
result, at the anode&l-ions are oxidised, releasirg, gas.

Arrange the following metals in the order in which they displace each
other from the solution of their salts

Al,Cu, Fe,Mg and zh

A metal with a higher reducing power displaces a metal with a lower
reducing power from its salt solution.

Al,Cu,Fe,Mg and zn are the metals in order of increasing reducing power. As a
result, we can conclude thatg can evictAl from its salt solution, while Al
cannot evictMg. As a result, the following is the sequence in which the supplied
metals displace each other from the solution of respective salts:

Mg>Al Zn PBe Cu

Given the standard electrode potentials,
K'/K= 293V,Ag*/Ag €.80V

Hg" /Hg— 0.7¢

Mg* /Mg= 237V GP'/Cr @74\

Arrange these metals in their increasing order of reducing power.

The stronger the reducing agent is, the lower the electrode potential. As a
result, the reducing power of the above metals is in ascending order:
Ag>Hg xXCr Mg K

Zn(s)+ 2Ad (aq) —ZA " (aq)+ 2Ag(s
takes place, further show

(i) which of the electrode is negatively charged,
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Ans:

(ii) the carriers of the current in the cell, and
(ii) individual reaction at each electrode.

The galvanic cell that corresponds to the given redox reaction looks like this:
Zn[an;q)ll AG iy }g

() Because zn oxidises © zn* at this electrode, the remaining electrons
concentrate on it, the Zn electrode is negatively charged.

(ii) lons are the current carriers in cells.
(i) The reaction at the Zn electrode can be represented as follows:

Zn,.. — Zn**

s) (aqy T 2€

The reaction at theg electrode can be represented as follows:
AQ’ . te A
(iv) CucCl, ionises in aqueous solutions to prod@z& andCl™ ions as:

CuCl,,, —> CU* ,,+ 2CI

(aq)

Cu* ions orH,0 molecules can be reduced at the cathode during electrolysis.

Cu” )+ 26~ >Cy,, B = 0.34

(aq)

H,0, +26 —H, +20H ;B =0:83)

Cu** ions are so reduced and deposited at the cathode.

The oxidation potential ofi,O is greater than the oxidation potential@f.
2Cl )+ Clyyy —2eE = 136\

2H,0

i+ Oy 4H , HAE B =123)

2(9)

However, due to over-voltage, oxidation &0 molecules occurs at a lower
electrode potential than that af ions (extra voltage required to liberate gas).
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30. Depict the galvanic cell in which the reaction
Zn(s) + 2Agd" (aq) — Zn?* (aq) + 2Ag(s) takes place, Further show:

(i) Which of the electrode is negatively charged?
(ii) The carriers of the current in the cell.
(iii) individual reaction at each electrode.

Ans: The galvanic cell in which the given reaction takes place is depicted as:
Zn(s)1Zn?* (ag)lIAg" (aa)IAg(s)

() The negatively charged electrode is the zinc electrode. It acts as an anode.
(ii) In the external circuit, the current will flow from silver to zinc.
(iii) Oxidation at anode: Zn(s)—Zn?*(aq) + 2&~

Reduction at cathode: Ag* (aq) + e —— Ag(S)

salt bridge

Zn(s)
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