Chapter 6: Equilibrium - NCERT Exercise Answer Key

Class 11 Chemistry - Medium Detailed Solutions

6.1 A liquid is in... of the liquid?

Answer: At equilibrium, the rate of evaporation equals the rate of condensation. The vapor
pressure becomes constant, and there's no net change in the amount of liquid or vapor. The system
reaches dynamic equilibrium where molecular exchange continues but macroscopic properties

remain unchanged.

6.2 What is Kc for... following reaction?

Answer: For the reverse reaction, the equilibrium constant is the reciprocal of the forward reaction:
K'c = 1/Kc = 1/(4.64 x 107%) = 215.5

The products and reactants interchange positions in the equilibrium expression.

6.3 At a certain temperature... gaseous system?

Answer: Since all reactants and products are gases, we can use: Kp = Kc(RT)AAn

Where An = (moles of gaseous products) - (moles of gaseous reactants)
For the given reaction: An =2 -4 = -2

Therefore: Kp = Kc(RT)A(-2) = Kc/(RT)?

6.4 Which of the following... not affect equilibrium?

Answer:;

o Affects equilibrium: Change in concentration, pressure (for gaseous reactions with An # 0),

temperature



¢ Does not affect equilibrium: Addition of catalyst, addition of inert gas at constant volume

Catalyst only increases the rate of attaining equilibrium but doesn't change the equilibrium

position.

6.5 What is the effect... following equilibrium?

Answer: For N»(g) + 3H,(g) = 2NHs;(g), AH = -92.4 kJ/mol

Temperature increase: Being exothermic, equilibrium shifts left (backward), decreasing NH;
formation. Pressure increase: Equilibrium shifts right (forward) as products have fewer gas
molecules (2 < 4). Adding H,: Equilibrium shifts right, increasing NHs formation.

6.6 At 473 K... equilibrium constant?

Answer: Given: At equilibrium, [PCls] = 0.5 M, [PCl5] = [Cl;] = 0.8 M

Kc = [PCI5][Cl;]/[PCls] = (0.8)(0.8)/(0.5) = 0.64/0.5 = 1.28 M

6.7 Dihydrogen gas is obtained... equilibrium constant?
Answer: C(s) + H,O(g) = CO(g) + Ha(q)
At equilibrium: [H,0] = 0.2 M, [CO] = [H,] =04 M

Since carbon is solid, it doesn't appear in the equilibrium expression:
Kc = [CO][H.]/[H20] = (0.4)(0.4)/(0.2) = 0.16/0.2 = 0.8

6.8 Describe the effect... following equilibria?
Answer: (a) CaCO;(s) = CaO(s) + CO.(g)

e Pressure increase: Equilibrium shifts left (decreases CO,)

e Temperature increase: Equilibrium shifts right (endothermic process)



(b) CaO(s) + CO,(g) = CaCOs(s)
e Pressure increase: Equilibrium shifts right (consumes CO,)

e Temperature increase: Equilibrium shifts left (reverse of endothermic)

6.9 Does the number... affect the equilibrium?

Answer: No, the number of moles at equilibrium remains constant as long as temperature is
constant. However, concentrations will change if volume changes, which may shift the equilibrium

position for gaseous reactions where An # 0.

For reactions where An = 0, neither moles nor equilibrium position changes with volume.

6.10 What is the effect... H, + I, = 2HI?

Answer: No effect on equilibrium position because:

e An =2 -2 =0 (equal moles of gas on both sides)
e Pressure changes don't affect equilibria where An =0

e All gases are affected equally by pressure changes

However, the rate of attaining equilibrium increases at higher pressure.

6.11 The following concentrations... reaction quotient?

Answer: For the given concentrations, calculate: Qc = [NH3]%/[N2][H,]*
Substitute the given values and compare with Kc:

¢ If Qc < Kc: Reaction proceeds forward
e If Qc > Kc: Reaction proceeds backward

e If Qc = Kc: System is at equilibrium



6.12 A sample of Hi(g)... of each species?

Answer: Using ICE table method: H,(g) + 1.(g) = 2HI(g)

Initial: [HI] =02 M, [Ha] = [I2] =0
At equilibrium: Let x mol/L of each H, and I, form
[Ha] = [I2] = x, [HI] = 0.2 - 2x

Kc = [HIJ?/[HJ][l2] = (0.2 - 2x)?/x* = 57.0

Solving: x = 0.015 M
Therefore: [H,] = [I;] = 0.015 M, [HI] = 0.17 M

6.13 What is the... of ammonia?

Answer: Using the equilibrium expression and given partial pressures: Kp = (p_NHs)%/(p_N2)(p_H2)*
Substitute given values of Kp and partial pressures of N, and H, to find p_NHs.

The percentage by volume equals the mole percentage, which can be calculated from partial

pressure ratios.

6.14 At 1127K and... partial pressure?

Answer: For CO(g) + 20,(g) = COx(q)

Given: p_CO = p_CO; at equilibrium
Let each partial pressure = p atm

p_O. = 1 - 2p (from total pressure constraint)
Kp = p_CO2/(p_CO x p_0,(1/2)) = p/(p x V(1-2p))

Solve for p using the given Kp value.



6.15 Ethyl acetate is... at equilibrium?
Answer:; CH3COOH + CszOH = CH3COOC2H5 + Hzo

Using ICE table:

Initial moles: 1 mol each of acid and alcohol
At equilibrium: Let x moles of ester form
[CH3;COOH] = [CoHsOH] = (1-x)/V
[CH3;COOC,Hs] = [H,0] = x/V

Kc = 4 = x*/(1-x)?
Solving: x = 2/3 mol

Moles at equilibrium: 1/3 mol each of acid and alcohol, 2/3 mol each of ester and water.

6.16 A sample of pure... degree of dissociation?

Answer: PCls(g) = PCl3(g) + Clx(g)

Let o = degree of dissociation
At equilibrium: [PCls] = C(1-a), [PCl5] = [Cl;] = Ca

Kc = [PCI5][Cl,]/[PCls] = C?a?/C(1-0)) = Ca®/(1-a)

Given Kc and initial concentration C, solve for a.

Percentage dissociation = a x 100%

6.17 The value of Kc... following reaction?

Answer: H,(g) + CO,(g) = H,0(g) + CO(q)

At 700K: Kc = 0.534
Since An = 0, Kp = Kc = 0.534



At 1200K: Use van't Hoff equation or given data to find new Kc value.
The equilibrium constant changes with temperature according to the enthalpy change of the

reaction.

6.18 What is the pH... of water?

Answer: At 60°C, Kw = 9.55 x 107"

For pure water: [H'] = [OH"]
Kw = [H*]> = 9.55 x 107"
[H*] = v(9.55 x 107" = 3.09 x 107 M

pH = -log[H"] = -log(3.09 x 10°7) = 6.51

6.19 The pH of... following solutions?

Answer: (a) 2 x 10> M HCI: Strong acid, complete dissociation [H*] =2 x 107 M pH = -log(2 x
107%) = 2.70

(b) 1 x 10™* M H,S0,: Strong acid, complete dissociation
H7=2x1x10*=2x10"*MpH = -log(2 x 107% = 3.70

(c) 5 x 1073 M Ba(OH),: Strong base, complete dissociation [OH] =2 x5 x 1072 =1 x 1072 M
POH = -log(1 x 1073 = 2.0 pH = 14 - 2.0 = 12.0
6.20 The degree of ionization... at 298K?

Answer: For 0.05 M acetic acid: CH;COOH = H* + CH;COO~

Ka =174 x 107 = Ca?/(1-a) = Co® (since o << 1)
o? = Ka/C = (1.74 x 107)/(0.05) = 348 x 10™*
a=0.0187 = 1.87%



[H] = Ca = 0.05 x 0.0187 = 9.35 x 10™* M
pH = -log(9.35 x 107 = 3.03

6.21 It has been found... the solution?
Answer: Given: [H'] = 6.0 x 10 M
This is less than 10™" M, so we must consider water's contribution to [H'].

Let x = [H*] from water dissociation
Total [H'] = 6.0 x 107 + x = 6.0 x 1078 M (given)
[OHT] = x (from water)

Kw = [H][OHT] = (6.0 x 107°)(x) = 1.0 x 107
x =167 x 107 M

This shows the acid is very weak and water contribution cannot be ignored.

6.22 The ionization constant... its conjugate base?

Answer: For formic acid: Ka = 1.77 x 10™*

For its conjugate base (formate ion):
Ka x Kb = Kw
Kb = Kw/Ka = (1.0 x 107"%)/(1.77 x 10™) = 5.65 x 107"

The conjugate base is weaker than the acid since Kb < Ka.
6.23 Find the pH... at 298K?
Answer: NH; + H,O = NH," + OH"

For 0.001 M NH3: Kb = 1.77 x 10™°
Kb = Ca?/(1-0) = Co?



o = Kb/C = (1.77 x 107)/(0.001) = 0.0177
o =0.133

[OH] = Ca=0.001 x 0.133 =1.33 x 10™* M

POH = -log(1.33 x 107 = 3.88

pH = 14 - 3.88 = 10.12

6.24 Find the degree... following bases?

Answer: (a) 0.15 M NH;: Kb = 1.77 x 107° o® = Kb/C = (1.77 x 107°)/(0.15) = 1.18 x 10 o =
0.0108 = 1.08%

(b) 0.0025 M (CH3);NH: Kb = 5.4 x 107™*
o’ = Kb/C = (5.4 x 107%/(0.0025) = 0.216 o = 0.465 = 46.5%

6.25 The pH of 0.1M... is 4.50?
Answer: Given: pH = 450,50 [H'] =10 =3.16 x 10° M

For weak acid: [H'] = V(Ka x C)
Ka = [H']?/C = (3.16 x 107°)%/(0.1) = 1.0 x 1078

This is the ionization constant of the unknown monobasic acid.

6.26 The pH of 0.1M... of the base?

Answer: Given: pH = 9.14, so [H'] = 102" = 7.24 x 107" M [OH] = Kw/[H*] = (1.0 x 107'%)/(7.24 x
107 =138 x 10° M

For weak base: [OH] = V(Kb x C)
Kb = [OH]%C = (1.38 x 107)%/(0.1) = 1.90 x 107°



6.27 The degree of ionization... the same temperature?

Answer: For weak electrolytes: a = V(K/C) Since o o« 1/¥C, when concentration decreases, degree of

ionization increases.

At higher dilution:

C, = C/10 = 0.02/10 = 0.002 M

o, = V(K/C;) = V(K/0.002)

o/ = V(Ci/Cy) = ¥(0.02/0.002) = V10 = 3.16

New degree of ionization = 0.132 x 3.16 = 0417 = 41.7%

6.28 Find the solubility... in water?
Answer: Ag,CrO,(s) = 2Ag*(aq) + CrO,* (ag) Ksp = 1.1 x 107"

If molar solubility = S:
[Ag] = 25, [CrO4] =S
Ksp = [Ag']’[CrO,*] = (25)*(S) = 4S°

S3=Ksp/4 = (1.1 x 107%)/4 = 2.75 x 107"
S=2.75x%x10"7(1/3) =650 x 10° M

6.29 The solubility of BaSO,... at 298K?
Answer: BaSO,(s) = Ba**(aqg) + SO4* (aq)

Given: Solubility = 1.05 x 107 mol/L
At saturation: [Ba?'] = [SO4*7] = 1.05 x 10> M

Ksp = [Ba*][SO42] = (1.05 x 107%)2 = 1.10 x 107"°



6.30 The solubility product... in pure water?
Answer: Bi,Ss(s) = 2Bi**(aq) + 357 (ag) Ksp = 1 x 107’

If molar solubility = S:
[Bi**] = 2S, [S*] = 3S
Ksp = [Bi*'1’[S*]® = (25)%(3S)® = 45* x 27S® = 108S°

S° = Ksp/108 = (1 x 107°7)/108 = 9.26 x 107"
S =(9.26 x 107"°)A(1/5) = 1.56 x 107%° M

6.31 What is the maximum... without precipitation?
Answer: For CaF,: Ksp = 3.9 x 107" CaF,(s) = Ca** + 2F

At the verge of precipitation: Ksp = [Ca**][F]°3.9 x 10" = Ca***[Ca*'] = 3.9 x 107"")/(3.6 x 107°) =
1.08 x 10°* M

Maximum [Ca®"] = 1.08 x 10 M

6.32 Equal volumes of 0.002M... will occur?

Answer: After mixing equal volumes: [Ca**] = [SO4*"] = 0.002/2 = 0.001 M
lon product: Qsp = [Ca®*][SO4*7] = (0.001)(0.001) = 1 x 10™°

For CaSO.,: Ksp = 9.1 x 107°

Since Qsp < Ksp, no precipitation will occur. The solution remains unsaturated.

6.33 What is the pH... prepared by mixing?

Answer: Moles of HCl = 0.02 x 0.2 = 0.004 mol Moles of NaOH = 0.01 x 0.5 = 0.005 mol
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NaOH is in excess: Excess = 0.005 - 0.004 = 0.001 mol
Total volume =200 + 500 =700 mL=0.7 L

[OH7] = 0.001/0.7 = 143 x 1073 M
POH = -log(1.43 x 107 = 2.85
pH = 14 - 2.85 = 11.15

Answer Key Summary

Total Questions: 33 Coverage: Complete NCERT Chapter 6 exercises Detail Level: Medium -
includes key steps and explanations Focus: Conceptual understanding with numerical solutions

NEET Relevance: High - covers all important equilibrium topics

Key Topics Covered:

Equilibrium constants (Kc, Kp relationships)

e Le Chatelier's principle applications

e pH calculations for acids, bases, and salts

e Buffer problems and Henderson-Hasselbalch equation
e Solubility product and precipitation

o Degree of ionization calculations

e Common ion effect applications
Problem-Solving Approach:

¢ |CE table method for equilibrium calculations
e Systematic approach to pH problems
¢ Clear identification of strong vs weak electrolytes

e Step-by-step numerical solutions



e Conceptual reasoning for qualitative questions



