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Question 1. A liquid is in equilibrium with its vapours in a
sealed container at a fixed temperature. The volume of the
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container is suddenly increased, (i) What is the initial effect
of the change on the vapour pressure? (ii) How do the rates
of evaporation and condensation change initially? (iii) What
happens when equilibrium is restored finally and what will
be the final vapour pressure?

Answer: (i) On increasing the volume of the container, the vapour
pressure will initially decrease because the same amount of vapours
are now distributed over a larger space.

(ii) On increasing the volume of the container, the rate of evaporation
will increase initially because now more space is available. Since the
amount of the vapours per unit volume decrease on increasing the
volume, therefore, the rate of condensation will decrease initially.

(iii) Finally, equilibrium will be restored when the rates of the forward
and backward processes become equal. However, the vapour pressure
will remain unchanged because it depends upon the temperature and
not upon the volume of the container.

Question 2. What is K, for the following reaction in state of
equilibrium?

250,(g) + O,(g) == 250,(g)
Given: [SO,] = 0.6 M; [O,] = 0.82 M; and [SO,] = 1.90 M

Answer:

250,(g) + O,(g) == 2504(8)
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50 L aamyx(a9m)
© 7 [S0,F[0,] (©6M)x(06M)x(0.82M)
12.229 M = 12.229 L mol!

Question 3.

At a certain temperature and total pressure of 10° Pa, iodine vapours contain 40% by volume
of iodine atoms in the equilibrium 1,(g) === 2I (g). Calculate K _ for the equilibrium.

Answer:

According to available data:
Total pressure of equilibrium mixture = 10°Pa

40

Partial pressure of iodine atoms (I) = 755 (10° Pa) = 0.4 x 10° Pa

: . 60 5
Partial pressure of iodine molecules (I,) = 100 > (10" Pa) = 0.6 x 10° Pa

I (g) - 21 (3)
(0.6 x 10° Pa) (0.4 x 10° Pa)
0.4 x10°Pa)?
K =re ol )" - 967 x10"Pa

Poop (0.6 x10°Pa)

Question 4. Write the expression for the equilibrium
constant for each of the following reactions

(i) | ~ 2NOCl(g) == 2NO(g) + Cl(g)

(if) 2Cu(NO,),(s) ~= 2CuO(s) + 4NO,(g) + O,(g)
(iify CH,COOC,H,(ag) + H, O()) == CH,COOH(aq) + C,H.OH (ag)
(iv) Fe** (aq) + 30H (aq) <= Fe (OH), (5)

(v) L(s) + 5F,(g) ~= 2IF, (1)
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(iv)

()

o - [CuORINO,@I'[0x(3)]
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o NO@T[CLE)]
© [Nocg)f

= [NO,(2)I* [04(8)]
¢ [Cu (NO3)2{5)]2 2(8) 2(8)

_ [CHE_CDOH(HQ ]] [C 2 Hs DH(ﬂq)]
‘ [CH;COOC,H;(a9)][H,0())

K

_ [CH,COOH(ag)][ C,HsOH(ag)]
[CI_IE. COOC,Hs ("“?]]
o [FeOM)] 1
" [Fe@p)][OH @g)]  [Fe (ag) [[OH (ag)]

L0 20

K = =
© LEIRET  [REF

NCERT 11th Chemistry Chapter 7, class 11 Chemistry Chapter 7

solutions

Question 5. Find the value of K, for each of the following
equilibria from the value of K

(a) 2NOCI (g) ==~2NO (g) + Cl, (3) ; K, = 1.8 x 10 atm at 500 K
(b) CaCO; (5) ==CaO (s) + CO, (3); K, = 167 atm at 1073 K.

Answer:

€IindCareer
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K and K_ are related to each other as K = K, (RT)A2
e value of K . can be calculated as follows:

(a) 2NOCI (g) == 2NO (g) + Cl,
= 1.8 x 1072 atm,
A™ = 3-2=1;R=0.0821litre atm K' mol™ ; T = 500 K
- K& (1.8 %1072 atm)

© (RT)™®  (0.0821LatmK™ mol ! x500K)'

= 4.4 x 107 mol L
(b) CaCO, (s) == CaO (s) + CO, (g)
Kp = 167 atm, A" =1

R = 0.0821 liter atm K mol! ; T = 1073 K
¢ o K _ (167 atm)
© (RT)™  (0.0821Latm K™ mol™ x1073K)!
= 1.9 mol L!

Question 6. For the following equilibrium, K =6.3 x 10'* at
1000 K. NO(g)+0, —>NO,(g) + 0.(g) Both the forward and
reverse reactions in the equilibrium are elementary
bimolecular reactions. What is K, for the reverse reaction?

Answer:

For the reverse reaction K .= % = m%ﬁ =159 x 10715

Question 7. Explain why pure liquids and solids can be
ignored while writing the value of equilibrium constants.

Answer: This is because molar concentration of a pine solid or liquid
is independent of the amount present.
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No. of moles N Mass
volume volume

Molar concentration =

x Density

Since density of pure liquid or solid is fixed and molar mass is also
fixed. Therefore molar concentration are constant.

Question 8. Reaction between nitrogen and oxygen takes
place as follows:

2N, (8) + 0,(3) ~—=2N,0(g)

If a mixture of 0.482 mol of N, and 0.933 mol of O, is placed
in a reaction vessel of volume 10 L and allowed to form N,O
at a temperature for which K, — 2.0 x 10?7, determine the
composition of the equilibrium mixture.

Answer: Let x moles of N,(g) take part in the reaction. According to
the equation, x/2 moles of O, (g) will react to form x moles of N,O(g).
The molar concentration per litre of different species before the
reaction and at the equilibrium point is:

IN,g) + O,8) == 2N,O(g)

. . 0.482 0933,
Initial mole/litre: _ —_—
x
0933-—
e : 0.482—x 2 x
Mole/lit t . point: &
ole/litre at eqm. po m 10 10

The value of equilibrium constant (2.0 x 107%7) is extremely small. This
means that only small amounts of reactants have reacted. Therefore, is
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extremely small and can be omitted as far as the reactants are
concerned.

Applying Law of Chemical Equilibrium K = _[NowT

“ N, (SJT [0,(3)]
2

5) :

10 0.01 x

7 = _
20107 0.432}2 § (0.933 ) 21676 x 10
( 10 10

2 = 43352 x10% or x=6.6x10%
As x is extremely small, it can be neglected.
Thus, in the equilibrium mixture
Molar conc. of N, = 0.0482 mol |
Molar conc. of O, = 0.0933 mol L
Molar conc. of N,O = 0.1 xx =01 x 6.6 x 107 20 mol L1
6.6 x 1002 mol L

o

NCERT 11th Chemistry Chapter 7, class 11 Chemistry Chapter 7
solutions

Question 9. Nitric oxide reacts with bromine and gives
nitrosyl bromide as per reaction given below:

2NO (g) + Br, (g) <= 2NOBr(3)

When 0.087 mole of NO and 0.0437 mole of Br, are mixed in
a closed container at constant temperature, 0.0518 mole of
NOB, is obtained at equilibrium. Determine the
compositions of the equilibrium mixture.

Answer: The balanced chemical equation for the reaction is:
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According to the equation, 2 moles of NO (g) react with 1 mole of Br,
(g) to form 2 moles of NOB, (g). The composition of the equilibrium
mixture can be calculated as follows:

No. of moles of NOB, (g) formed at equilibrium = 0.0518 mol (given)
No. of moles of NO (g) taking part in reaction = 0.0518 mol

No. of moles of NO (g) left at equilibrium = 0.087 — 0.0518 = 0.0352
mol

No. of moles of Br, (g) taking part in reaction = 1/2 x 0.0518 = 0.0259
mol

No. of moles of Br, (g) left at equilibrium = 0.0437 — 0.0259 = 0.0178
mol

The initial molar concentration and equilibrium molar concentration
of different species may be represented as:

2NO (g) + Bry(g) ————— > 2NOB,(g)
Initial moles 0.087 0.0437 0
Moles at eqm. point: 0.0352 0.0178 0.0518

NCERT 11th Chemistry Chapter 7, class 11 Chemistry Chapter 77
solutions

Question 10.
At 450 K, K; = 2.0 x 10 par? for the equilibrium reaction:

250, (g) + O, (g) =250, (3) ‘
What is K_at this temperature?

@‘II IV dl GG


https://www.indcareer.com/schools/ncert-solutions-for-11th-class-chemistry-chapter-7-equilibrium/
https://www.indcareer.com/schools/ncert-solutions-for-11th-class-chemistry-chapter-7-equilibrium/

@II IV Wwdl TGl

Answer:
K = K (RT)*8orK_ = 5 ik (RT)"8
A © @D v
K =20x10"bar?!;R=008 LbarK'mol!;T=450K; A" =2-3=_-1

K. = (2.0 x 10" bar!) x [(0.083 L bar K™ mol™) x (450 K)]~ (1),
7.47 x 10" mol™! L = 7.47 x 1011 M1

NCERT 11th Chemistry Chapter 7, class 11 Chemistry Chapter 7
solutions

Question 11. A sample of HI (g) is placed in a flask at a
pressure of 0.2 atm. At equilibrium partial pressure of HI
(g) is 0.04 atm. What is K|, for the given equilibrium?

2HI (g) == H,(g) + 1, (g)

Answer:
pHI = 0.04 atm, pH, = 0.08 atm; pl, = 0.08 atm
K - pH; xpl, _ (0.08 atm) x (0.08 atm) - 40
y Ph (0.04 atm) x (0.04 atm) ™

NCERT 11th Chemistry Chapter 7, class 11 Chemistry Chapter 7
solutions

Question 12. A mixture of 1.57 mol of N,, 1.92 mol of H, and
8.13 mol of NHis introduced into a 20 L reaction vessel at
500 K. At this temperature, the equilibrium constant K, for
the reaction

N, (3) + 3H, (3) <= 2NH, (g) is 1.7 x 102
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Is this reaction at equilibrium? If not, what is the direction
of net reaction?

Answer:

The reaction is: N,(g) + 3 H,(g) == 2NH,(g)

Concentration quotient (Q ) = [NHS}Z _ (8.13/20 mol L")
1 /7 IN,J[H,]  (157/20mol L) x (192 / 20 mol L)}
= 2,38 x 10°

The equilibrium constant (K ) for the reaction = 1.7 x 102
As Q_# K_; this means that the reaction is not in a state of equilibrium.

Question 13. The equilibrium constant expression for a gas
reaction is,

_ [NH,]'[O, ]
¢ [Nnol'[H0f

Write the balanced chemical equation corresponding to this
expression.

Answer: Balanced chemical equation for the reaction is 4
4 NO (g) + 6H,0(g) == 4 NH, (g) + 5 O,(g)

Question 14. If 1 mole of H,0 and 1 mole of CO are taken in a
10 litre vessel and heated to 725 K, at equilibrium point 40
percent of water (by mass) reacts with carbon monoxide
according to equation.

@II 1V WwCiil GG
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4 NO (g) + 6H,0(g) == 4 NH, (g) + 5 O,(g)
Calculate the equilibrium constant for the reaction.
Answer: Number of moles of water originally present = 1 mol
Percentage of water reacted =40%
Number of moles of water reacted = 1 x 40/100 = 0.4 mol

Number of moles of water left = (1 — 0.4) = 0.6 mole According to the
equation, 0.4 mole of water will react with 0.4 mole of carbon
monoxide to form 0.4 mole of hydrogen and 0.4 mole of carbon
dioxide.

Thus, the molar cone, per litre of the reactants and products before the
reaction and at the equilibrium point are as follows:

HO@ + COE) = H, () *+ COg)

1 1
Initial moles/litre 0 10 0 .0
Mole/litre at the equilibrium point
1-04 06 1-04 06 0.4 04
10 10 10 10 10 10

Applying law of chemical equilibrium,

_ H@IICO0,)] _ (%”“’1 L ] X (% mol L—IJ

FOWNICOW ™ (08 1118 oy 1)

Equilibrium constant (K )

@‘II IVN\dil TCI
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NCERT 11th Chemistry Chapter 7, class 11 Chemistry Chapter 7
solutions

Question 15. What is the equilibrium concentration of each
of the substances in the equilibrium when the initial
concentration of ICl was 0.78 M?

2ICIg) ==1,(g) + Cl,(g); K = 0.14

Answer:

Suppose at equilibrium, the molar concentration of both L, (g) and Cl, (g) is x mol L™
2ICIg) =— 2(g + Clz{g

Initial molar conc. 0.78M 0
Eqn. molar cone. (0.78 - 2x)M x x
_ [L@IICLE] _ _()x()
c [ICI (g)°] (0.78 — 2x)?
X = (014)V/2=0374 or x=0374(0.78 - 2x)
(0.78 = 2x)

0.292
. - 0.74 1.748x = 0292 :x = —— = (.167
0.292 — 0.748x or x 748

X

[ICI] = (0.78 - 2 x 0.167) = (0.78 — 0.334) = 0.446 M
[1,] = 0167 M ; [CL] = 0.167 M

NCERT 11th Chemistry Chapter 7, class 11 Chemistry Chapter 7
solutions

Question 16. K =0.04 atm at 898 K for the equilibrium
shown below. What is the equilibrium concentration ok C,H;
when it is placed in a flask at 4 atm pressure,and allowed to
come to equilibrium.

C,Hg(g) === C,H,(g) + H,(g)

@‘II IV dl GG
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Answer:

The €juilibrium in the reaction is:

GHgg) = G I};(S) + Hﬂzfﬂ)

Initial pressure: 4 atm
Eqn. pressure: (4 - p) atm p atm p atm
K = PanXPr e P
P Pc,H, (4-p)
PP =004(@4-p) or pP+004p-016=0

(-0.04) +,/0.0016 - 4 (-0.16)
P= 2

_ (-0.04)+08 _ 076 _
= 5 5 =
Equilibrium pressure or concentration of C,H, = (4 — 0.38) = 3.62 atm.

0.38

NCERT 11th Chemistry Chapter 7, class 11 Chemistry Chapter 77
solutions

Question 17. The ester, ethyl acetate is formed by the
reaction of ethanol and acetic acid and the equilibrium is
represented as:

CH,COOH() + C2H50H()——-> CH,COOC.H (1) + H,O()

(i) Write the concentration ratio (concentration quotient) Q
for this reaction. Note that water is not in excess and is not a
solvent in this reaction.

(ii) At 293 K, if one starts with 1.000 mol of acetic acid and
0.180 mol of ethanol, there is 0.171 mol of ethyl acetate in
the final equilibrium mixture. Calculate the equilibrium
constant.

@II 1 Wwdlil GG1h
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(iii) Starting mth 0.50 mol of ethanol and 1.0 mol of acetic
acid and maintaining it at 293 K, 0.214 mol of ethyl acetate is
found after some time. Has equilibrium been reached?

Answer:

(i) The concentration ratio (Concentration quotient) Q_ for the reaction is:

_ [CH,CO0C,H5 (D] [H,0()]
¢ = [CH,COOH()][C,HsOH(!)]

(11) CH,COOH(I) + C,H,OH(l) ==CI—13CDOC H,()+ H D{I}
Initial molar conc. 1.0 mol U ]8 mol
Molar conc. at (1-0.171) (0.18 — 0.171) 0. 15"1 mol 0. 1?‘1 mol
equilibrium point = 0.829 mol = 0.009 mol
Applying Law of Chemical equilibrium,

= [CH,COOC,H;](I)[H,0() |
¢ [CH,COOH(!) ][ C,H;OH(1)]
(0.171 mol) % (0.171 mol)
(0.829 mol) (0.009 mol)

(iii) CH,COOH(l) + C,H;OH(l) ==CH,COOC,H.(I) + H,O(I)
Initial molar conc. 1.0 mol 0.5 mol 0.214 mol 0.214 mol
Molar conc. at 1.0-0.214 0.5-0.214
equilibrium = (0.786 mol = 0.286 mol

_ ICH;COO0C,H; ()] [H,0()]
Qe = {CH,COOH(1)] [C,H;OH()]
_ (0.214 mol) x (0.214 mol)

" (0.786 mol) (0286 mol)

Since Q. is less than K, this means that the equilibrium has not been
reached. The reactants are still taking part in the reaction to form the

products.

e*ll IV\adl ©CI
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NCERT 11th Chemistry Chapter 7, class 11 Chemistry Chapter 7
solutions

Question 18. A sample of pure PCl, was introduced into an
evacuated vessel at 473 K. After equilibrium was reached,
the concentration of PCl, was found to be 0.5 x 10" mol L. If
K.is 8.3 x 10 what are the concentrations of PCl, and Cl, at
equilibrium?

Answer: Let the initial molar concentration of PCI, per litre = x mol
Molar concentration of PCl; at equilibrium = 0.05 mol

.. Moles of PCl, decomposed = (x — 0.05) mol

Moles of PCl, formed = (x — 0.05) mol

Moles of Cl, formed = (x — 0.05) mol

The molar conc./litre of reactants and products before the reaction
and at the equilibrium point are:

PCl, == PC, + Cl,
Initial moles/litre x 0 0
Moles/litre at eqm. point 0.05 (x —0.05) (x - 0.05)

Equilibrium constant (K) = 8.3 x 10~ =0.0083
Applying Law of chemical equilibrium,

[PCI;1[Cl,] _ (x=0.05)x(x—0.05)
K, = [PCls] 0.0083 = 0.05
(x - 0.05)> = 0.0083 x 0.05 = 4.15 x 10~*
(x — 0.05) = (4.15 x 107%)/2 = 2037 x 102 = 0.02 moles
x = 0.05+ 0.02 = 0.07 mol
The molar concentration per litre of PCl, at eqm. = 0.07 - 0.05 = 0.02 mol
The molar concentration per litre of Cl, at eqm. = 0.07 — 0.05 = 0.02 mol.
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Question 19. One of the reactions that takes place in
producing steel from iron ore is the reduction of iron

(IT) oxide by carbon monoxide to give iron metal and Co,

FeO(s) + CO(g) ——>Fe(s) + Co.(g) ; K, = 0.265 atm at 1050
K

What are the equilibrium partial pressures of CO and Co, at
1050 K if the initial pressures are: P, = 1.4 atm and P, =
0.80 atm?

Answer:

FeO(s) + CO(g) == Fe(s) + CO,(3)

Initial pressure: 1.4 atm 0.8 atm
_ Pco, _ (0O8atm)
Q= e (Ldatm) - %7

Since Q,>K,(0.265), this means that the reaction will move in the
backward direction to attain the equilibrium. Therefore, partial
pressure of Co, will decrease while that of CO will increase so that the
equilibrium may be attained again. Let p atm be the decrease in the
partial pressure of Co,. Therefore, the partial pressure of CO will
increase by the same magnitude i.e., p atm.

@II 1 Wwdlil GG1h
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(0.8 - p) atm; p(g) = (1.4 + p) atm

Po, _ (08-p)atm _ (08-p)
Pco (L4 +pjatm , (14+p)

Pco,

At equilibrium, Kp =

_ (08-p)
or 0+265 - {14+p}

0371+ 0265p = 08-p or 1.265p=0.8-0.371 =0.429
p = 0.429/1.265 = 0.339 atm
(Peoeq = (14 +0.339) =1.739 atm

(Pco, ],3q = (0.8 - 0.339) = 1.461 atm

Question 20.

Equilibrium constant K for the reaction, N, (g) + 3H, (g) == 2NH, (g) at 500 K is 0.061.
At particular time, the anaylsis shows that the composition of the reaction mixture is:
3.0 mol L of N, ; 2.0 mol L™ of H,; 0.50 mol L™ of NH,. Is the reaction at equilibrium?
If not, in which direction does the reaction tend to proceed to reach the equilibrium?

Answer:

The given reaction is:
N,(g) + 3H,(g) == 2NH,(g)
According to available data.
N, = [3.0]; H, = [2.0] ; NH, = [0.50]

[NHy()?  _ [050P* _ 025
N,(I[Hy ()" [30][20° 24

Since the value of Q_ is less than that of K, (0.061), the reaction is not in a state of
equilibrium. It will proceed in the forward direction till Q_becomes the same as K.

Q = = 0.0104.

Question 21. Bromine monochloride (B,Cl ) decomposes into
bromine and chlorine and reaches the equilibrium:

e‘ll IVN\dil TCI
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The value of Kc is 32 at 500 K. If initially pure B,Cl is
present at a concentration of 3.3 x103mol L*what is its
molar concentration in the mixture at equilibrium?

Answer: Let x moles of B,Cl decompose in order to attain the
equilibrium. The initial molar concentration and the molar
concentration at equilibrium point of different species may be
represented as follows:

2BrCl () == Br,(g) + ClL(g)

Initial moles/litre 0.0033 0 0
Moles/ litre at eqm. point 0.0033 — x x/2 x/2
Applying Law of chemical equilibrium, K, = % 32 = (:{{ ;)3’; {_x :; f]
On. taking the square root, 5.656 = (00:!+32—x'_}
m = 1131 or 12.31;:%(103?_ . x= % = 0.003

. Molar concentration of BrCl at equilibrium point = 0.0033 - 0.003
= NNNNT mnal T-1 = 2 3¢ 104 mal T-1

Question 22. At 1127 K and 1 atmosphere pressure, a gaseous
mixture of CO and Co, in equilibrium with solid carbon has
90.55% CO by mass.

C(s) + CO,(g) == 2CO(3)

Calculate K, for the reaction at the above temperature.

Answer:
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Step I: Calculation of K_ for the reaction
Let the total mass of the gaseous mixture = 100 g
. Mass of CO in the mixture = 90.55 g
Mass of CO, in the mixture = (100 - 90.55) = 9.45 g

90.55g
No. of = —— =
o. of moles of CO (28g mol ) 3.234 mol
No. of moles of CO, = _'iq = .215 mol
(44g mol ™)
. (3.234 mol) (3.234 mol)
i = xlatm = ——88= -
Pco 1n the mixture (3234 +0215) a (3.449 mol) x 1 atm = (0.938 atm
) ) (0.215 mol)
Pco, I the mixture = mo—u x 1 atm = 0.062 atm
C(s) + CO,g) == 2CO(g)
Eqm. pressure 0.062 atm 0.938 atm

p’CO _ (0.938 atm)?

v~ pCO, | (0062atm)  ‘419am
Step I Calculation of K. for the reaction.
K = K
[ {RT)L\ﬂg
K, = 1419 atm, R =00821LatmK!mol?, T=1127K;A8=2-1=1

X (14.19 atm)
¢ (0.0821Latm K ! mol ') % (1127 K)?

= .46

NCERT 11th Chemistry Chapter 7, class 11 Chemistry Chapter 7
solutions

Question 23. Calculate (a) AG™ and (b) the equilibrium
constant for the formation of No, from NO and 0, at 298 K

NO(g) + 1/2 0,(g) == NO,(3) where
AFQ (NO,) = 52.0 kj/mol, dpe (NO) = 87.0 k]/mol, &fGe (O,) = 0 kjfmol,
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Answer:

Step L. Calculation of AG®
AG® = AG® (NO,) - [A,G®(1/20,)]
= 52,0 - (87 + 0) = — 35 k] mol!
Step II. Calculation of K,
AG® = —2303 RT log K,

AG® (-35x10%] mol )

T2303RT  2.303x(8.314 k] mol 1) x (298 K)
Antilog 6.314 = 1.36 x 10°.

log K. = =6.134

KE‘

Question 24. Does the number of moles of reaction products
increase, decrease or remain same when each of the
following equilibria is subjected to a decrease in pressure bp
increasing the volume?

(i) PCl, () == PCly(g) + Cl,(g)
(i) CaO(s) + CO,(g) == CaCO,(s)
(iif) 3Fe(s) + 4H,0(3) === Fe,0,(s) + 4H,(g)

Answer: (i) Pressure will increase in the forward reaction and
number of moles of products will increase.

(i1) Pressure will increase in backward reaction and number of moles
of products will decrease.

(iii) The change in pressure will have no effect on the equilibrium
constant and there will be no change in the number of moles.

Question 25. Which of the following reactions will get
affected by increase in pressure ? Also mention whether the
change will cause the reaction to go to the right or left
direction.

@II 1 Wwdlil GG1h


https://www.indcareer.com/schools/ncert-solutions-for-11th-class-chemistry-chapter-7-equilibrium/
https://www.indcareer.com/schools/ncert-solutions-for-11th-class-chemistry-chapter-7-equilibrium/

@II IV\dl ©CIH

(7) CH, (g) + 25,(g) == CS,(g) + 2H,S (g)
(i1) CO,(g) + C(s) == 2CO (g)
(iii) 4NH, (g) + 50,(g) === 4NO(g) + 6H,0(g)
(iv) C,H, (g) + Hy(g) == C,H, (g

(v) COCl, (g) === CO(g) + C1, (g)
(vi) CaCO, (s) === CaO(s) + CO,(g)

Answer: Only those reactions will be affected by increasing the
pressure in which the number of moles of the gaseous reactants and
products are different (n, # n,) (gaseous). With the exception of the
reaction (1); all the reamaining five reactions will get affected by
increasing the pressure. In general,

e The reaction will go to the left if n,> n,.
e The reaction will go to the rightif n, > n, .
Keeping this in mind,

(i) Increase in pressure will not affect equilibrium because n, = n, = 3.

(i1) Increase in pressure will favour backward reaction because n, (2) >
n, (1)

(iii) Increase in pressure will favour backward reaction because n,, (10)
>n, (9)

(iv) Increase in pressure will favour forward reaction because n,, (1) <
n, (2)

(v) Increase in pressure will favour backward reaction because n,, (2) >

n,(1)
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(vi) Increase in pressure will favour backward reaction because n, (1)
> 1, (0).

Question 26. The equilibrium constant for the following
reaction is 1.6 x 10°at 1024 K.

Find the equilibrium pressure of all gases if 10.0 bar of HB,
is introduced into a sealed container at 1024 K.

L

H,(8) + Bry(g) == 2HBr(g)

Ans.

Step L. Calculation of K- :
H, (g) + Bry(g) === 2HBr(g)
K, = KRDM =K RT) - (1A, =2 -2 = zero)
= K_=1.6x 10
Step IL. Calculation of partial pressure of gases
2HBr(g) == H,(g) + Bry(g)

Initial pressure 10 bar Zero Zero
Eqm. pressure (10 - P) bar P/2 bar P/2 bar
K ‘= pH, x pBr, or 1 _P/2xP/2 _ p?
P p*HBr 1.6x10° (10-P)? 4(10-P)*
p? ( 1 J”z 2(10 - P)
- : = or ———~ = (1.6x10°)1/2
On taking square root; 200757 = \1ex10°) & P ( )
i = 4 x10%
20-2P = 4x10°P or P(4x10*+2)=20
or = 20 _ 2. 0.050 bar
(4004+2) 402

pH, = 0.025 bar; pBr, = 0.025 bar: pHBr = 10 — 0.05 = 9.95 bar = 10.0 bar.

NCERT 11th Chemistry Chapter 7, class 11 Chemistry Chapter 7
solutions
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Question 27. Hydrogen gas is obtained from the natural gas
by partial oxidation with steam as per the following
endothermic reaction:

CH, () + H,0(g) == CO(g) + 3H, (g)

Write the expression for Kp for the above reaction

How will the value of K, and composition of equilibrium
mixture be affected by:

(i) increasing the pressure, (ii) increasing the temperature,
(iii) using a catalyst?

Answer: The expression for K, for the reaction is:

o _ (pCO)x(pH,)°
» = (pCH,) % (PH,0)

(i) By increasing the pressure, the number of moles per unit volume
will increase. In order to decrease the same, the equilibrium gets
shifted to the left or in the backward direction. As a result, more of
reactants will be formed and the value of K, will decrease.

(ii) If the temperature is increased, according to Le Chatelier’s
principle, the forward reaction will be favoured as it is endothermic.
Therefore, the equilibrium gets shifted to the right and the value of K,
will increase.

(iii) The addition of catalyst will not change the equilibrium since it
influences both the forward and the backward reactions to the same
extent. But it will be attained more quickly.

NP NWW.INACAICE om NOO0 N [1-SolutionNs-1or- N-Cia
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Question 28. What is the effect of:
(i) addition of H, (ii) addition of CH,OH
(iii) removal of CO (iv) removal of CH,OH

On the equilibrium 2H, (g) + CO(g) == CH,0OH(g)

Answer: (i) Equilibrium will be shifted in the forward direction.
(ii) Equilibrium will be shifted in the backward direction.

(iii) Equilibrium will be shifted in the backward direction.

(iv) Equilibrium will be shifted in the forward direction.

Question 29. At 473 K, the equilibrium constant K_ for the
decomposition of phosphorus pentachloride (PCl,) is 8.3 x
1073, if decomposition proceeds as:

PCI, (g) == PCl,(g) + Cl,(g) ; AH = + 124.0 kj mol™,

(a) Write an expression for K, for the reaction

(b) What is the value of K. for the reverse reaction at the
same temperature.

(c) What would be the effect on K, if
(i) More of PCl;is added (ii) Temperature is increased.

Answer:
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, _ [PCL(@)IIC,L(9)]
(a) The expression for K_ = [PCls (3)]

. "= PCl;5(g) -
(b) For reverse reaction (K)) = [PCL @IICL@] _ 83 x107

= 120.48

(¢) (i) By adding more of PCl, value of K, will remain constant because
there is no change in temperature.

(ii) By increasing the temperature, the forward reaction will.be
favoured since it is endothermic in nature. Therefore, the value of
equilibrium constant will increase.

Question 30. Dihydrogen gas used in Haber’s process is
produced by reacting methane from natural gas with high
temperature steam. The first stage of two stage reaction
involves the formation of CO and H, In second stage, CO
formed in first stage is reacted with more steam in water gas
shift reaction.

CO(g) + H,O(g) === CO,(g) + H,(g)

If a reaction vessel at 400°C is charged with an equimolar
mixture of CO and steam so that P., = PH,O = 4.0 bar, what
will be the partial pressure of H, at equilibrium? K, = 0.1 at
400°C.

Answer:
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Let the partial pressure of hydrogen (H,) at equilibrium point = p bar
CO(g) + HO) == CO fg) + H:{S}

Initial pressure: 4.0 bar 4.0 bar
Eqm. pressure:  (4-p)bar (4 -p) bar p bar p bar ,
Pco, * P, (p bar) x (p bar)
= - 01 =
% % reoxpuo O (4—p) bar x (4 - p) bar

{4;‘»‘ )2 = 01 or (fl’;p) = (0.1)/2 = 0316
..._p -
p = 0316(4-p) or p=1264-0316p
1316 p = 1.264 - 2264
Bl6p = 1. or P= 71316 = (.96 bar

Question 31. Predict which of the following will have
appreciable concentration of reactants and products:

(a) Cl(g) ==2Cl(g); K. =5x 103
(b) Cl,(g) + 2NO (g) ~=2NOCI () ; K. = 3.7 x 108
(c) Cl,(g) + 2NO,(g) ==2NO,Cl (3); K_ = 1.8.

Answer: Following conclusions can be drawn from the values of K, .

(a) Since the value of K, is very small, this means that the molar
concentration of the products is very small as compared to that of the
reactants.

(b) Since the value of K_ is quite large, this means that the molar
concentration of the products is very large as compared to that of the
reactants.

(c) Since the value of K, is 1.8, this means that both the products and
reactants have appreciable concentration.
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Question 32.The value of K_ for the reaction 30.(g) —>20,(g)
is 2.0 x 107°° at 25°C. If equilibrium concentration of 02 in air
at 25°C is 1.6 x 10%, what is the concentration of O,?

Answer:

30,(8) == 204(g)

[0,] [0,)
K = 2 20x10°%0) = — 3 ___
T To,F GO 1oy
or [0,)? = (2.0 x 10°%) x (1.6 x 10°2)?
[O;)% = 8192 x 10 or [O,] = (8.192 x 107%)1/2 = 2.86 x 1072 M.
Question 33.

The reactien CO(g) + 3H,(g) === CH,(g) + H,O(g) is at equilibrium at 1300 K in a 1L flask.
It also contain 0.30 mol of CO, 0.10 mol of H, and 0.02 mol an O and an unknown amount
of CH, in the flask. Determine the concentration of CH, in the mzxture '1'713 equilibrium

mnsh‘mi‘ K, for the reaction at the given temperature is 3. 9{1‘

Answer:

CO(g) + 3H,(g) == CH,(g) + H,0(g)
According to available data

K = [CH‘]x[HE?] or 3.90 = [CH4]><[{].023]
©  [COIx[H,] [0.301x[0.1]
(CH,] - (3.9}x(t:(ti}33}2>}<m.u01) 585 X102 M
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Question 34. What is meant by conjugate acid-base pair?
Find the conjugate acid/base for the following species:
HNO,, CH, HCIO, , OH", CO,*, S*

Answer: An acid-base pair which differs by a proton only (HA———>
A~ + H") is known as conjugate acid-base pair.

Conjugate acid:HCN,H,0,HCO, ,HS".

Conjugate base:NO,~,ClO,~,0,~

Question 35. Which of the following are Lewis Acids?
H.O,BF,, H" and NH*,

Answer: BF,, H" ions are Lewis acids.

Question 36. What will be the conjugate bases for the
Bronsted acids?HF, H,So, and H,Co,?

Answer: Conjugate bases: F-, HSO~, , HCO™,.

Question 37. Write the conjugate acids for the following
Bronsted bases:

NH,, NH, and HCOO"
Answer: NH,, NH,* and HCOOH

Question 38.The species H,0, HCO,”, HSO,” and NH, can act
both as Bronsted acid and base. For each case, give the
corresponding conjugate acid and base.

Answer:

@II 1A Wwil Wl


https://www.indcareer.com/schools/ncert-solutions-for-11th-class-chemistry-chapter-7-equilibrium/
https://www.indcareer.com/schools/ncert-solutions-for-11th-class-chemistry-chapter-7-equilibrium/

@II 1 Wil GG

Conjugate acid Species Conjugate hase
oy A e
- . r _H e e
‘.[-{zms +H i HG‘J; _— {-:EE;. :
150, | o e
H[-I,;. . NI"I:} . > 'rmfz."" A ;

Question 39. Classify the following species into Lewis acids
and Lewis bases and show how these can act as Lewis
acid/Lewis base?

(a) OH ions (b) F (¢c) H* (d) BCl,

Answer: (a) OH™ ions can demate an electron pair and act as Lewis
base.

(b) F-ions can donate an electron pair and act’as Lewis base.
(c) H* ions can accept an electron pair and act as Lewis acid.

(d) BCl, can accept an electron pair since Boron atom is electron
deficient. It is a Lewis acid.

Question 40. The concentration of hydrogen ions in a
sample of soft drink is 3.8 x 103 M. What is the pH value?

Answer: pH=-log[H*] =-1log(3.8x103)=-10g3.8+3=3—
0.5798 = 2.4202 = 2.42

Question 41. The pH of a sample of vinegar is 3.76. Calculate
the concentration of hydrogen ion in it.

Answer: pH = —log[H"] orlog [H*] = — pH = — 3.76 = 4.24
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.-.[H*] = Antilog 4.24 = 1.738 x 10*=1.74x10-4 M

Question 42. The ionization constant of HF, HCOOH and
HCN at 298 K are is 6.8 x10%4,1.8x10%and 4.8 x 10
respectively, Calculate the ionization constant of the
corresponding conjugate base.

Answer: For F, K, =K,,/K,=10™/(6.8 x10%) =1.47X10" = 1.5 X
107,

For HCOO-, K, =10™/(1.8 x10%) = 5.6 x 10™
For CN-, K,=10"/(4.8 X 107) = 2.08 x 10

Question 43. The ionization constant of phenol is 1.0 x 10™°.
What is the concentration of phenolate ion in 0.05 M
solution of phenol? What will be its degree of ionization if
the solution is also 0.01 M in sodium phenolate?

Answer:

CH,OH == CH.O +H"

Initial 0.05M
After disso. 0.05-x xx
2
XXX N x
K = =1.0x 10 (Given) or —— =1.0x101°

7 005-x
or ¥*=5x10"2 or x=22x10°%M
In presence of 0.01 C.H.ONa, suppose y is the amount of phenol dissociated, then at
equilibrium

0.05

[C;H,OH] = 0.05 -y ~ 0.05,
[C,H,O] = 0.01 +y=001M, [H']=yM
0.01
K = 0N _ 1.0 x 1071? (Given) or y=5x101
" 0.05
_y _5x10" _
= =0z S
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Question 44. The-first ionization constant of H,S is 9.1 x 103,
Calculate the concentration of HS™ ions in its 0.1 M solution
and how will this concentration be affected if the solution is
0.1 M in HCI also? If the second dissociation constant of H,S
is 1.2 x 1073, calculate the concentration of S>*under both
conditions.

Answer:
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To calculate [HS]
H,S == H" + HS

Initial 01M
After disso. 01-x x x
=01
r®x '
KH=—DI—=9.1><10‘5 or ¥*»=91x10"7 or x=954x 1075,

In presence of 0.1 M HCI, suppose H,S dissociated is y. Then at equilibrium,
[HS]=01-y=01[H]=01+y=01[HS]=yM

0.1x
K, = my =91x 10 (Given) or y=91x10°M
To calculate [Sé‘]

K
$H++HS-; [_]B—‘_;_‘H‘?_H‘I'*_SZ—
For the overall reaction,

HS == 2H* + &*
K = K, x K, =91x10®%x12x10"%=1.092 x 102

_[HPS*)
K= TS

In the absence of 0.1 MHCl, [H'] =2 [S%]
Hence, if [S*] = x, [H'] = 2x

2 2
% = 1092 x102 or 4x3=1.092 x 102 = 273 x 1024
3logx = log 273 — 24 = 24362 - 24
log x = 0.8127 - 8 = 88127,
or x = Antilog 8.8127 = 273 x 102 = 6.497 x 10 = 6.5 x 10~ M.

In presence of 0.1 M HCI, suppose [S*] = y, then
[HS] = 01-y=01M, [H']=01+y=01M

0.1)2
K, = {;—1Xy=1.09><10‘2“ or y=109x10YM.

Question 45. The ionization constant of acetic acid is 1.74 x
1075, Calculate the degree of dissociation of acetic acid in its

m/
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0.05 M solution. Calculate the concentration of acetate ions
in the solution and its pH.

Answer:
CH,COOH == CH,COO" +H'
_ [CH,COOJH'] | [H'P
K. = T[CH,COOH] ~ [CH,COOH]
or [H'] = JK,[CH,COOH] = ,/(174x10°)(5x10?) =933 x 10*M
[CH,COO] = [H]=933x10*M

pH = —log (9.33 x 107%) = 4 — 0.9699 = 4 — 0.97 = 3.03

Question 46. It has been found that the pH of a 0.01 M
solution of an organic acid is 4.15. Calculate the
concentration of the anion, the ionization constant of the
acid and its PK,.

Answer:

HA =— H* _
pH = —log [H*] or log[H"]=-415=585
[H*] = 708 x10°M=7.08 x 105 M
[A7] = [H*] =7.08 x 10°M
[H*][A] (7.08x107)(7.08x107°)
- = = 5.0 x 10”7
= = T [HA] 1072 )

K. = —log K, = - log (5.0  107) = 7 - 0.699 = 6.301

1}

Question 47. Assuming complete dissociation, calculate the
pH of the following solutions:

(a) 0.003 M HCI (b) 0.005 M NaOH (c¢) 0.002 M HBr (d)
0.002 M KOH
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(@) HCl + ag » H* + CI', .. [H] = [HCI] =3 x 10> M, pH = - log (3 x 107%) = 2.52
(b) NaDH +aq — Na* + DH'
- [OH] = 5x10°%M, [H*] =1071/(5 x 10%) = 2 x. 1072 M
pH = —log (2 x 107'%) = 11.70

()HBr+aq > H"'+Br, .~ [H']1=2x10°M,pH=-log(2x10% =270
(d) KDH +aq —» K"+ OH,
[OH*] = 2x 103 M, [H*] =10 /(2 x10%) =5 x 10712

o

pH = -log (5 x 1071?) = 11.30

Question 48. Calculate the pH of the following solutions:
(a) 2g of TIOH dissolved in water to give 2 litre of the solution

(b) 0.3 g of Ca(OH), dissolved in water to give 500 mL of the
solution

(c) 0.3 g of NaOH dissolved in water to give 200 mL of the
solution

(d) 1 mL of 13.6 M HCl is diluted with water to give 1 litre of
the solution.

Answer:

@*II IV\adl ©CI


https://www.indcareer.com/schools/ncert-solutions-for-11th-class-chemistry-chapter-7-equilibrium/
https://www.indcareer.com/schools/ncert-solutions-for-11th-class-chemistry-chapter-7-equilibrium/

@Illﬂ\—dl <Ci

- 2g 1
— = 3
(a) Molar conc. of TIOH (204 +16+1) g mol" 0 X oL 452 x10° M
[OH7] = [TIOH] =452x10°M
[H*] = 104/ (452 x103%) =221 x 102 M
pH = —log (221 x 1071%) = 12 — (0.3424) = 11.66

0.3 1
(b) Molar conc. of Ca(OH), = 0+ 3Ii}l)ggm¢1 X e

Ca(OH), —» Ca2+ +20

=811 x10° M

[OH7] = 2[Ca(OH),] =2 x {8.11 x 10 M = 16.22 x 10*M
pOH = - log (1622!1[)‘3} 3-12101 =1.79
pH = 14-179 =12.21
03¢ 1
- X = 2
(c) Molar conc. of NaOH 0gmol”  02L 3.75 x 10“M
[OH7] = 3.75x 102 M
pOH = -log (3.75 x 107%) = 2 - 0.0574 = 1.43

pH = 14 - 1.43 =12.57
@MV, =MV, . 136 M xImL=M, x1000mL .. M, =136 x102M
. [H*] = [HCI] = 1.36 x 102 M, pH = - log (1.36 x 1072) = 2 — 0.1335 ~ 1.87

Question 49. The degree of ionization of a 0.1 M bromoacetic
acid solution is 0.132. Calculate the pH of the solution and
the PK, of bromoacetic acid.

Answer:
CHE{'Br) COOH =— CHE(Br}CDD‘ + H*
Initial conc. C 0 0
Congc. at egm. C-Ca Ca Ca

Ca . Co Co? R
= = o~ = 2 - 3
T Tl = Tog = O =01 (01322 =174 x 10

pK, = —log (1.74 x 107%) = 3 — 0.2405 = 2.76
[H] = Ca=01x0132=1L32x102M
pH = -log (1.32 x 10%) = 2 - 0.1206 = 1.88
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Question 50. The pH ofo.005 M codeine (C,sH,,NO,) solution
is 9.95. Calculate the ionization constant and PK;,

Answer:

Cod + H,O == Cod H"+ OH"
pH = 995 .. pOH =14 - 9.95 =4.05, ie., —log [OH]=4.05
OH]=8913 x10°M

or log [OH] = —~4.05=595 or
[CodH*][OH™] _[OH]* _ (891x107)*
Ky = [Cod] = [Cod] ~ 5x100 % x10°

- log (1.588 x 10) = 6 - 0.1987 = 5.8

1]

pK,

NCERT 11th Chemistry Chapter 7, class 11 Chemistry Chapter 77

solutions

X
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e Chapter 3-Classification of Elements and Periodicity in
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e Chapter 4-Chemical Bonding and Molecular Structure
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