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“I never teach my pupils; I only attempt to provide the conditions in which they can learn.” – Albert Einstein 
  
“Chemistry: Std. XI Volume - II” forms a part of ‘Target Perfect Notes’ prepared as per the new textbook. 
It focuses on active learning along with making the process of education more interesting and builds up the 
students’ knowledge quotient in the process. 
  
The subtopic-wise classified format for each chapter of this book helps the students to comprehend concepts 
easily. Every chapter begins with the coverage of all textual content in the format of Objectives, Question-
Answers, Give Reasons, Numericals, Short Notes, Diagram related questions and a host of other Objective and 
Subjective type of questions. The questions titled under ‘Use your brain power’, ‘Can you tell’, ‘Can you 
recall’, ‘Problems’ and various similar titles pave the way for a robust concept building. For the 
students to gain a better understanding of the concept lying behind the answer, ‘Reading between the 
lines’ (not a part of the answer) has been provided as deemed necessary. We have provided QR codes 
to access a video for a better understanding of the concept. 
 
While ensuring complete coverage of the syllabus in an effortless and easy to grasp format, emphasis is also 
given on active learning. To achieve this, we have infused several sections such as, Gyan Guru, Enrich Your 
Knowledge, Connections, Reading between the lines and NCERT Corner, and additional sections such as, 
Apply Your Knowledge, Quick Review, Important Formulae, Exercise and Competitive Corner. The following 
screenshots will walk you through the core features of this book and elucidate how they have been carefully 
designed to maximize the student learning. 

PREFACE 

Connections enables students to 
interlink concepts covered in different 
chapters.  
This is our attempt to enable students to 
comprehend the subject as a whole. 
 

                     
                         In chapter 10, you studied on 
ideal gas equation and significance of each term involved 
in it. 

Connections 

Gyan Guru illustrates real life 
applications or examples related to the 
concept discussed.  
This is our attempt to link learning to the 
life. 

GG - Gyan Guru

Solar balloon - powered by the sun!   
A solar balloon is a hot air balloon,
which uses the energy of light to float in
air. Usually, its envelope is covered with
a dark black material that absorbs solar 

Enrich your knowledge presents 
fascinating information about the 
concept covered. 
This is our attempt to create interest 
within the students about the concept. 

Enrich Your Knowledge 

Examples of Tyndall effect observed in everyday
life: 
i. Scattering of automobile headlight by fog and mist. 
ii. The light beam from the movie projector

becomes visible (appears bright) in the darkened  
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Reading between the lines provides for 
concept elaboration 
This is our attempt to help students to 
understand the underlying concept 
behind an answer. 

i. A chain reaction refers to a process in which 
neutrons released in fission produce an 
additional fission in at least one further 
nucleus. This nucleus in turn produces 
neutrons, and the process repeats. The 
process  may  be  controlled  (nuclear power)  

Reading between the lines 

Q.99. In drinking water treatment, often alum is 
added for the complete removal of suspended 
impurities. On complete dissolution, alum 
produces positive charge which neutralizes the 
charge on the suspended particles and thus, 
impurities are easily removed. 

Apply your knowledge includes 
challenging questions.  
This is our attempt to take students one 
step further and challenge their 
conceptual understanding. 

Apply Your Knowledge

NCERT Corner covers additional 
information from NCERT textbook 
relevant to the topic  
This is our attempt to bridge the gap 
between NCERT and State Board textbook, 
thereby helping students to prepare for 
National level competitive examinations. 

 
 
Organic reactions can be broadly classified into the
following types: 
i. Substitution reaction: 
 A  reaction  in  which  an  attacking  species  

NCERT Corner

Types of organic reaction:

Quick review includes tables/ flow chart 
to summarize the key points in chapter. 
This is our attempt to help students to 
reinforce key concepts 

Quick Review 

Classification of nuclides

Isotopes Mirror nuclei Nuclear isomers 

QR code provides access to videos that 
boost conceptual understanding. 
This is our attempt to facilitate learning 
with visual aids. 
 

[Note: Students can scan the adjacent QR code
to get conceptual clarity with the aid of a
relevant video.] 



SAMPLE
 C

ONTENT

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Mass defect, ∆m = ZmH + (A  Z)mn  m 
 
2. Total binding energy, B.E. = ∆m (u)  931.4 MeV 
 
3. Binding energy per nucleon, B  = B.E./A 

Important Formulae includes all of the 
key formulae in the chapter. 
This is our attempt to enable students to 
see all the important formulae in the 
chapter at a glance. 
 

Important  Formulae 

1. For the conversion of oxygen to ozone in the 
atmosphere, nitric oxide in gaseous phase acts as 
_______.                                   [MHT CET 2019] 

 (A) inhibitor  
 (B) heterogeneous catalyst 

Competitive Corner presents questions 
from prominent competitive exams 
based entirely on the syllabus covered in 
the chapter. 
This is our way of providing students a 
competitive edge. 

Competitive Corner 

The journey to create a complete book is strewn with triumphs, failures and near misses. If you think we’ve nearly
missed something or want to applaud us for our triumphs, we’d love to hear from you. 
 Please write to us on: mail@targetpublications.org  
 
A book affects eternity; one can never tell where its influence stops. 
 
 

Best of luck to all the aspirants! 
From,  
Publisher  

 

This reference book is transformative work based on textbook Chemistry; First edition: 2019 published by the Maharashtra State Bureau of Textbook 
Production and Curriculum Research, Pune. We the publishers are making this reference book which constitutes as fair use of textual contents which 
are transformed by adding and elaborating, with a view to simplify the same to enable the students to understand, memorize and reproduce the same in 
examinations. 
 
This work is purely inspired upon the course work as prescribed by the Maharashtra State Bureau of Textbook Production and Curriculum Research, Pune. 
Every care has been taken in the publication of this reference book by the Authors while creating the contents. The Authors and the Publishers shall not be 
responsible for any loss or damages caused to any person on account of errors or omissions which might have crept in or disagreement of any third party on 
the point of view expressed in the reference book.  
 
© reserved with the Publisher for all the contents created by our Authors.  
No copyright is claimed in the textual contents which are presented as part of fair dealing with a view to provide best supplementary study material for the 
benefit of students. 

Disclaimer 

Exercise includes subtopic-wise 
additional questions and problems 
This is our attempt to provide additional 
practice questions that involve 
conceptual application from the topics 
across the entire chapter. 

Exercise

15.1  Alkanes 
 
1. Define: Hydrocarbons. 
Ans: Refer  
 
2. Draw all the possible structural isomers of  
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Chapter No. Chapter Name Page No. 

10 States of Matter 1 

11 Adsorption and colloids 51 

12 Chemical Equilibrium 81 

13 Nuclear chemistry 111 

14 Basic principles of Organic Chemistry 146 

15 Hydrocarbons 202 

16 Chemistry in Everyday Life 264 

 Periodic Table 286 

 Electronic Configuration of Elements 287 

                                                 
 
 
 

CONTENTS 

Note: 1. * mark represents Textual question. 

 2. # mark represents Intext question. 

 3. +mark represents intext problems 

 4.   symbol represents textual questions that need external reference 

for an answer 
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Q.1. Can you recall? (Textbook page no. 174) 
 What are the types of the following changes?   
 Natural waterfall, spreading of smoke from burning incense stick, diffusion of fragrance of flowers 
Ans: Natural waterfall, spreading of smoke from burning incense stick and diffusion of fragrance of flowers are 

irreversible physical changes. 
 
Q.2. Try this. (Textbook page no. 174)  

Dissolve 4 g cobalt chloride in 40 mL water. It 

forms a reddish pink solution. Add 60 mL 

concentrated HCl to this. It will turn blue. Take 5 

mL of this solution in a test tube and place it in a 

beaker containing ice water mixture. The colour 

of solution will become pink. Place the same test 

tube in a beaker containing water at 90 C. The 

colour of the solution turns blue.  

 
Ans: Inference: The colour change of the solution from pink to blue is caused by the chemical reaction. On 

changing the temperature, the direction of the reaction reverses. This indicates that the chemical reaction is 
reversible. This activity is an example of a reversible chemical reaction. 

 The reaction can be written as: 

   Heat2+ 2
2 (aq) 46 (aq)Cool(aq)

Co H O +  4Cl CoCl   + 6H2O(l)  

 
Q.3. Can you tell? (Textbook page no. 174) 
 What does violet colour of the solution in the activity mentioned in Q.2 indicate? 

Ans: In the reaction, the reactant  2+
2 6

Co H O  is pink in colour and the product 2
4CoCl   is blue in colour. When the 

solution contains both the reactant and product, the resulting solution will appear violet. This indicates that 
the reaction has attained equilibrium (that is, the reaction proceeds in both the direction with equal rates and 
is a reversible reaction). 

Chemical Equilibrium 12
 

12.1 Introduction

Heat 

Cool 

 2+
2 6

Co H O

Test tube in cold water Test tube in hot water 

Pink Blue 

2
4CoCl 

12.1  Introduction 
12.2  Equilibrium in physical processes 
12.3  Equilibrium in chemical processes 
12.4  Law of mass action and equilibrium 

constant 
12.5  Homogeneous and heterogeneous 

equilibria 

12.6   Characteristics of equilibrium  
constant 

12.7   Applications of equilibrium constant 
12.8   Le Chatelier’s principle and factors   

altering the composition of 
equilibrium 

12.9  Industrial application 

Contents and Concepts
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*Q.4. Explain reversible reaction.  
Ans: Reversible reaction: 
i. Reactions which do not go to completion and occur in both the directions simultaneously are called 

reversible reactions. 
ii. Reversible reactions proceed in both directions. The direction from reactants to products is the forward 

reaction, whereas the opposite reaction from products to reactants is called the reverse or backward reaction. 
iii. A reversible reaction is denoted by drawing in between the reactants and product a double arrow, one 

pointing in the forward direction and other in the reverse direction (  or   ).  

 e.g. a. H2(g) + I2(g)   2HI(g) b. CH3COOH(aq) + H2O(l)    3 aqCH COO  +  
+

3 aqH O    
 
Q.5. Explain irreversible reaction. 
Ans: Irreversible reaction: 
i. Reactions which occur only in one direction, namely, from reactant to products are called irreversible 

reactions. 
ii. They proceed in only a single direction until one of the reactants is exhausted.  
iii. The direction in which an irreversible reaction occurs is indicated by an arrow () pointing towards the 

products in the chemical equation. 

 e.g. a. C(s) + O2(g) Burn  CO2(g)  b.  2KClO3(s)   2KCl(s) + 3O2(g) 
 

#Q.6. Calcium carbonate when heated strongly, decomposes to form calcium oxide and carbon dioxide.  
 (Textbook page no. 174) 

i. If this reaction is carried out in a closed container, what will we observe? 
ii. Consider this reaction occurring in an open system or container, what will happen? Can we obtain 

back calcium carbonate?  
Ans:  
i. At high temperature in a closed container, we will find that after certain time, some calcium carbonate is 

present. If we continue the experiment over a longer period of time at the same temperature, the 
concentrations of calcium carbonate, calcium oxide and carbon dioxide remain unchanged. The reaction thus 
appears to have stopped and the system has attained the equilibrium. Actually, the reaction does not stop but  

 proceeds in both the directions with equal rates. In other words, calcium carbonate decomposes to give 
calcium oxide and carbon dioxide at a particular rate. Exactly at the same rate the calcium oxide and carbon 
dioxide recombine and form calcium carbonate. Thus, in closed container, reversible reaction occurs.  

   
  
ii. At high temperature in an open container, the CO2 gas formed will escape away. Therefore, it is not possible 

to obtain back calcium carbonate. Thus, in an open container, irreversible reaction occurs. 

 Heat
3(s) (s) 2(g)CaCO CaO + CO   

 
Q.7. What is a closed system? 
Ans: A system in which there is no exchange of matter with the surroundings is called a closed system.  
 
Q.8. What is an open system?   
Ans: A system in which exchange of both matter and heat occurs with the surroundings is called an open system. 
 
Q.9. Why was calcium oxide used in theatre lighting? 
Ans: Calcium oxide (CaO) on strong heating glows with a bright white light. Hence, CaO was used in theatre 

lighting, which gave rise to the phrase ‘in the limelight’. 
 
Q.10. Internet my friend (Textbook page no. 175) 
i. Equilibrium existing in the formation of oxyhaemoglobin in human body 
ii. Refrigeration system in equilibrium 
Ans:  
i. Equilibrium existing in the formation of oxyhaemoglobin in human body: 
 Oxygen is transported in the body with the assistance of red blood cells. The red blood cells contain a 

pigment called haemoglobin. Each haemoglobin molecule binds four oxygen molecules to form 
oxyhaemoglobin. Thus, the oxygen molecules are carried to individual cells in the body tissue where they 
are released.  

 
Forward

(s) 2(g)3 s Backward
CaCO CaO + CO
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Chapter 12: Chemical Equilibrium

 The binding of oxygen to haemoglobin is a reversible reaction. 

 Hb + 4O2   Hb.4O2 

 When the oxygen concentration is high (in the lungs), haemoglobin and oxygen combine to form 
oxyhaemoglobin and the reaction achieves equilibrium. But, when the oxygen concentration is low (in the 
body tissue), the reverse reaction occurs, that is, oxyhaemoglobin dissociates to haemoglobin and oxygen. 

 Thus, an equilibrium exists in the formation of oxyhaemoglobin in the human body.  
 
ii. Refrigeration system in equilibrium:  
 a. Refrigeration system works on the principle of thermal equilibrium i.e., when a cold body comes in 

contact with a hot body then the heat flows from hot body to cold body until both the bodies attain the 
same temperature.  

 b. In the same way, a liquid (called as refrigerant) passes through the various compartments in the 
refrigerator and eventually lowers the temperature inside the refrigerator. This cycle is briefly 
described below:  

  Refrigerant flows through the compressor, which 
raises the pressure of the refrigerant. Next, the 
refrigerant flows through the condenser, where it 
condenses from vapor form to liquid form, giving 
off heat in the process. The heat given off is what 
makes the condenser "hot to the touch." After the 
condenser, the refrigerant goes through the 
expansion valve, where it experiences a pressure 
drop. Finally, the refrigerant goes to the 
evaporator. The refrigerant draws heat from the 
evaporator which causes the refrigerant to 
vaporize. The evaporator draws heat from the 
region that is to be cooled. The vaporized 
refrigerant goes back to the compressor to restart 
the cycle. In each of the heat transfer process, 
equilibrium is achieved (that is, heat given off is 
equivalent to the cooling achieved.) 

 
[Note: Students are expected to collect additional information about ‘equilibrium existing in the formation of 
oxyhaemoglobin in human body’ and ‘refrigeration system in equilibrium’ on their own.] 
 

*Q.11. Differentiate irreversible and reversible reaction. 
Ans:  
 

No. Irreversible reaction Reversible reaction 
i. Products are not converted back to reactants. Products are converted back to reactants. 
ii. Reaction stops completely and almost goes to 

completion. 
Reaction appears to have stopped but does not 
undergo completion. 

iii. It can be carried out in an open or closed 
vessel. 

It is generally carried out in a closed vessel. 

iv. It takes place only in one direction. It is 
represented by  

It takes place in both directions. It is represented 

by    

e.g. C(s) + O2(g)  CO2(g) N2(g) + O2(g)   2NO(g) 

 
 
 
  
Q.12. Explain liquid-vapour equilibrium with an example.  
Ans: Liquid-vapour equilibrium: 
i. Consider reversible physical process of evaporation of liquid water into water vapour in a closed vessel. 

Initially, there is practically no water vapour in the vessel. 
ii. When the liquid evaporates in the closed container, the liquid molecules escape from the liquid surface into 

vapour phase building up vapour pressure. They also condense back into liquid state because the container is 
closed.  

12.2 Equilibrium in physical processes 

Condenser

Heat released from 
the liquefication of 
the refrigerant. 

Evaporator 

Heat flowing in 
from the region 
to be cooled 

Flow of Refrigerant

Compressor (work in)Expansion valve 

Flow of Refrigerant

4 

3 

1 

2 
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iii. In the beginning the rate of evaporation is high and the rate of condensation is low. But with time, as more 
and more vapour is formed, the rate of evaporation goes down and the rate of condensation increases. 
Eventually the two rates become equal. This gives rise to a constant vapour pressure. This state is known as 
an ‘equilibrium state’.  

 In this state, the rate of evaporation is equal to the rate of condensation. 
 It may be represented as: H2O(l)   H2O(vapour)  

iv. At equilibrium, the pressure exerted by the gaseous water 
molecules at a given temperature remains constant, known as the 
equilibrium vapour pressure of water (or saturated vapour pressure 
of water or aqueous tension). The saturated vapour pressure 
increases with increase of temperature. 

 
 
 
 
 
 [Note: The saturated vapour pressure of water at 100 C is 1 atm (1.013 bar). Hence, water boils at 100 C 

when pressure is 1 atm.] 
 
Q.13. What is meant by the term ‘normal boiling point’ of a liquid? 
Ans: For any pure liquid at 1 atm pressure, the temperature at which its saturated vapour pressure equals to 

atmospheric pressure is called the normal boiling point of that liquid. 
 e.g. The boiling point of ethyl alcohol is 78  C i.e., the saturated vapour pressure of ethyl alcohol at 78 C 

is 1 atm (1.013 bar). 
    
Q.14. Give an example of solid-liquid equilibrium. 
Ans: A mixture of ice and water in a perfectly insulated thermos flask at 273 K is an example of solid-liquid equilibrium. 

 H2O(s)   H2O(l) 
 
Q.15. Try this. (Textbook page no. 176) 
i. Place some iodine crystals in a closed vessel. Observe the change in colour intensity in it. 
ii. What do you see in the flask after some time? 
Ans:  
i. The vessel gets slowly filled up with violet coloured vapour of iodine. 

After a certain time, the intensity of violet colour becomes stable. 

ii.	 After sometime, both solid iodine and iodine vapour are present in the 

closed vessel. Iodine crystals will be seen deposited near the mouth of 

the flask and violet coloured vapour will be filled in the entire flask.          

It means solid iodine sublimes to give iodine vapour and the iodine 

vapour condenses to form solid iodine. The stable intensity of the 

colour indicates a state of equilibrium between solid and vapour iodine.	

 I2(s) 
sublimation

condensation
  I2(g) 

Q.16. Identify the type of equilibrium in the following physical processes: 

i. Camphor(s)   Camphor(g)  ii.  Ammonium chloride(s)Ammonium chloride(g) 

iii. Carbon dioxide gas   Dry ice iv. Water   Ice 

Ans:   
i. Solid  vapour equilibrium  ii. Solid  vapour equilibrium 
iii. Solid  vapour equilibrium  iv. Solid  liquid equilibrium 
 
Q.17. Name two substances that undergoes sublimation. 
Ans: Camphor, ammonium chloride 

Solid iodine in equilibrium 
with its vapour 

Vapour

Water Water

Initially Later 

Water in a closed flask 
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Chapter 12: Chemical Equilibrium

Q.18. Try this. (Textbook page no. 176) 
i. Dissolve a given amount of sugar in minimum amount of water at room temperature.  
ii. Increase the temperature and dissolve more amount of sugar in the same amount of water to make a 

thick sugar syrup solution.  
iii. Cool the syrup to the room temperature. 
Ans: Observation: Sugar crystals separate out. 
 Inference: The sugar syrup solution prepared is a saturated solution. Therefore, additional amount of sugar 

cannot be dissolved in it at room temperature.  
In a saturated solution, there exists dynamic equilibrium between the solute molecules in the solid state and 
in dissolved state.  

 Sugar(aq)   Sugar(s) 

 The rate of dissolution of sugar = The rate of crystallization of sugar. 
 However, when it is heated, additional amount of sugar can be dissolved in it. But when such a thick sugar 

syrup is cooled again to room temperature, sugar crystals separate out. 
 
Q.19. Do you know? (Textbook page no. 177) 
 What is a saturated solution? 
Ans: A saturated solution is the solution when additional solute cannot be dissolved in it at the given temperature. 

The concentration of solute in a saturated solution depends on temperature. 
 
 
 
 
 
 
 
 
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q.20. Write a short note on chemical equilibrium. 
Ans: Chemical equilibrium: 
i. If a reaction takes place in a closed system so that the products and reactants cannot escape, we often find 

that reaction does not give a 100% yield of products. Instead some reactants remain after the concentrations 
stop changing. 

ii. When there is no further change in concentration of reactant and product, the chemical reaction has attained 
equilibrium, with the rates of forward and reverse reactions being equal.  

NCERT Corner

When a soda water bottle is opened, some of the carbon dioxide (CO2) gas dissolved in it fizzes out rapidly. 
The phenomenon arises because there is difference in solubility of CO2 at different pressures. There is 
equilibrium between the molecules in the gaseous state and the molecules dissolved in the liquid under 
pressure i.e., CO2(gas) =  CO2 (in solution)  
This equilibrium is governed by Henry’s law, which states that the mass of a gas dissolved in a given mass 
of a solvent at any temperature is proportional to the pressure of the gas above the solvent. This amount 
decreases with increase in temperature.  

Equilibrium involving dissolution of gases in liquids 

12.3 Equilibrium in chemical processes 

                                 Science of rock candy making!! 
  
Rock candy is a crystallized sugar confection.  
Water (a solvent) dissolves sugar (a solute) to form a solution.
Under normal conditions, a fixed amount of water can only
dissolve a fixed amount of sugar before it becomes saturated.
When making rock candy, you boil a sugar-water solution.
The heat increases the amount of sugar that the water can
dissolve to create a supersaturated solution. Such a
supersaturated solution is unstable, so when you cool the
solution, sugar crystals will come out of the solution and
attach to the string or stick dipped in the solution. 

GG - Gyan Guru
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iii. Chemical equilibrium at a given temperature is characterized by constancy of measurable properties such as 
pressure, concentration, density, etc.  

iv. Chemical equilibrium can be approached from either side of the chemical reaction. 
 
Q.21. Observe and discuss. (Textbook page no. 177) 
 Colourless N2O4 taken in a closed flask is converted to NO2 (a reddish brown gas).  
  
 
 
  
 
 
 
 
 
 
 
 
 
Ans: Observation: Initially, the colourless gas (N2O4) turns to reddish brown (NO2) gas. After sometime, the 

colour becomes lighter indicating the formation of N2O4 from NO2. 
 Inference: This indicates that the reaction is reversible. In such reaction, the reactants combine to form the 
products and the products combine to give the reactants. As soon as the forward reaction produces any NO2, 
the reverse reaction begins and NO2 starts combining back to N 2O4. At equilibrium, the concentrations of 
N2O4 and NO2 remain unchanged and do not vary with time, because the rate of formation of NO2 is equal to 
the rate of formation of N2O4.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[Note: For any reversible reaction in a closed system whenever the opposing reactions (forward and reaction) are 
occurring at different rates, the forward reaction will gradually become slower and the reverse reaction will 
become faster. Finally, the rates become equal and equilibrium is established.] 
 
Q.22. Discuss (Textbook page no. 177) 

i. Consider the following dissociation reaction: 
  
 
 
 
 The reaction is carried out in a closed vessel starting with hydrogen iodide.  
ii. Now, let us start with hydrogen and iodine vapour in a closed container at a certain temperature.  

 H2(g) + I2(g)     2HI(g)  

Colourless 
gas 

Violet 
coloured gas

     2HI(g)           H2(g)    +        I2(g) 

N2O4(g)        2NO2(g) 
Colourless Reddish brown 

N2O4 conversion to NO2 

Changes in reaction rates during a reversible reaction 
developing a chemical equilibrium. 

R
at

e 
of

 r
ea

ct
io

n 

Time 

Equilibrium 
achieved 

(rates are equal)

kr [N2O4] 

kf [NO2]2 

0 

Reverse 
reaction 

Forward
reaction 

Graph of forward and reverse reaction rates
(in terms of concentration) versus time 

for conversion of N2O4 to NO2 
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N2O4
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Time 
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Chapter 12: Chemical Equilibrium

Ans: 
i. Starting with hydrogen iodide: 
 Observations:  
 a. At first, there is an increase in the intensity of violet colour.  
 b. After certain time, the increase in the intensity of violet colour stops.  

c. When contents in a closed vessel are analyzed at this stage, it is observed that reaction mixture 
contains the hydrogen iodide, hydrogen and iodine with their concentrations being constant over time. 

 Inference: 
The rate of decomposition of HI becomes equal to the rate of combination of H2 and I2. At equilibrium, no 
net change is observed and both reactions continue to occur at equal rates. 

 Thus, the reaction represents chemical equilibrium. 
ii. Starting with hydrogen and iodine: 
 Observations: 
 a. At first, there is a decrease in the intensity of violet colour. 
 b. After certain time, the decrease in the intensity of violet colour stops. 
 c. When contents in a closed vessel are analyzed at this stage, it is observed that reaction mixture 

contains hydrogen, iodine and hydrogen iodide with their concentrations being constant over time. 
 Inference: 
 The rate of combination of H2 and I2 becomes equal to the rate of decomposition of HI. The reaction attains 

chemical equilibrium. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 

*Q.23. Explain rate of reaction. 

Ans: Rate of a chemical reaction: 
i. The rate of a chemical reaction can be determined by measuring the extent to which the concentration of a 

reactant decreases in the given time interval, or extent to which the concentration of a product increases in 
the given time interval.  

ii. Mathematically, the rate of reaction is expressed as:  

 Rate = 
   d Reactant d Product

=
dT dT

   

where, d[reactant] and d[product] are the small decrease or increase in concentration during the small time 
interval dT. 

 
*Q.24. Write statement for law of mass action. 
Ans: Law of mass action: The law of mass action states that the rate of a chemical reaction at each instant is 

proportional to the product of concentrations of all the reactants. 

12.4 Law of mass action and equilibrium constant

                                 Chemical equilibrium in nature!! 
 
 
Many chemical processes in nature also occur in reversible
manner and established equilibrium.  
For example, the formation of stalactite (a tapering structure
hanging from the roof of a cave) and stalagmite (a tapering
column rising from the floor of a cave) in limestone caves.  
These are the result of following reversible reaction. 

CaCO3(s) + H2O(l) + CO2(aq)    ( )
2+
aqCa  + 2HCO3

–
(aq) 

GG - Gyan Guru

When rain water saturated with dissolved CO2 seeps through limestone hills (composed
mainly of CaCO3), the forward reaction occurs in which some of CaCO3 (limestone) are
dissolved. 
The rain water that sieve through the rocks becomes saturated with Ca2+ and HCO3

– ions
causing the reverse reaction to occur. This deposits CaCO3 that eventually form the
stalactites and stalagmites. 
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Q.25. Explain the law of mass action and give its mathematical representation. 
Ans:  Statement: Refer Q.24. 
 Explanation: A rate equation can be written for a reaction by applying the law of mass action as follows:  
 Consider a reaction, A + B  C  

Here A and B are the reactants and C is the product. The concentrations of chemical species are expressed in 
mol L1 and denoted by putting the formula in square brackets. On applying the law of mass action to this 
reaction, a proportionality expression can be written as:  Rate ∝ [A] [B]  
This proportionality expression is transformed into an equation by introducing a proportionality constant, k, 
as follows:  
Rate = k [A] [B]  

 This equation is called the rate equation and the proportionality constant, k, is called the rate constant of the 
reaction. 

 
+Q.26. Write the rate equation for the following reactions:  
i.  C + O2  CO2    ii.  2KClO3  2KCl + 3O2  
Ans:  The rate equation is written by applying the law of mass action.  
i.  The reactants are C and O2  
 Rate ∝ [C] [O2]  

 Rate = k [C] [O2]  
ii.  The reactant is KClO3 and its 2 molecules appear in the balanced equation.  
  Rate ∝ [KClO3]2  

  Rate = k [KClO3]2 
 

*Q.27. Write an expression for equilibrium constant with respect to concentration. 

Ans: For a reversible chemical reaction at equilibrium, aA + bB   cD + dD 

 Equilibrium constant (KC) = 
   
   

c d

a b

C D

A B
  

 
Q.28. Derive the expression of equilibrium constant, KC for the reaction: 

 A + B   C + D 

Ans: Consider a hypothetical reversible reaction A + B   C+D.  

 Two reactions, namely, forward and reverse reactions occur simultaneously in a reversible chemical 
reaction. The rate equations for the forward and reverse reactions are:  

 Rateforward ∝ [A][B]  

	 Rateforward = kf [A] [B]  …. (1)  
 Ratereverse ∝ [C] [D]  

  Ratereverse = kr [C] [D]   …. (2)  
 At equilibrium, the rates of forward and reverse reactions are equal. Thus,  
 Rateforward = Ratereverse  
  kf [A] [B] = kr [C] [D]  

	 f

r

k

k
 = KC = 

  
  
C D

A B
  …. (3)  

 KC is called the equilibrium constant. 
 

*Q.29. Explain dynamic nature of chemical equilibrium with suitable example. 
Ans:  Dynamic nature of chemical equilibrium: 

i. Consider a chemical reaction: A   B.  

 KC = [B]/[A]  
 At equilibrium, the ratio of concentration of the product to that of the concentration of the reactant is 

constant and this is equal to KC.  
ii. At this stage reaction takes place in both the directions with same speed although the reaction appears to 

have stopped. Thus, the chemical equilibrium is dynamic in nature. Dynamic means moving and at a 
microscopic level, the system is in motion. 
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iii. For example, in the reaction between H2 and I2 to form HI, the colour of the reaction mixture becomes 
constant because the concentrations of H2, I2 and HI becomes constant at equilibrium.  

 H2 + I2   2HI 

Thus, when equilibrium is reached, the reaction appears to have stopped. However, this is not the case. The 
reaction is still going on in the forward and backward direction but the rate of forward reaction is equal to the rate 
of backward reaction. Hence, chemical equilibrium is dynamic in nature and not static. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

*Q.30. Relate the terms reversible reactions and dynamic equilibrium. 
Ans:   
i. Reversible reactions are the reactions which do not go to completion and occur in both the directions 

simultaneously.  
ii. If such a reaction is allowed to take place for a long time, so that the concentrations of the reactants and 

products do not vary with time, then the reaction will attain equilibrium.  
iii. Since, both the forward and backward reactions continue to take place in opposite directions in the same 

speed, the equilibrium achieved is dynamic in nature.  
 Thus, if the reaction is not reversible then it cannot attain dynamic equilibrium.   
Q.31. Show that the equilibrium constant of the reverse chemical reaction ( '

CK ) is the reciprocal of the 

equilibrium constant (KC).    
Ans: Consider a reversible chemical reaction:  

 aA + bB   cC + dD  

 The equilibrium constant, KC = 
   
   

c d

a b

C D

A B
  

 Consider the reverse reaction:  

 cC + dD   aA + bB, 

 The equilibrium constant, '
CK  is:  

 
a b

'
C c d

C

[A] [B] 1
K = =

K[C] [D]
   

 Thus, equilibrium constant of the reverse chemical reaction ( '
CK ) is the reciprocal of the equilibrium constant KC. 

 
 
 
 
  
 
 
 
 

Relation between equilibrium constant for a general reaction and its multiples: 
If we change the stoichiometric coefficients in a chemical equation by multiplying throughout by a factor then
we must make sure that the expression for equilibrium constant also reflects that change.   

e.g. A + B   C + D ; KC = [C] [D] / [A] [B] 

Now, for the reaction nA + nB   nC + nD ; '
CK  = [C]n [D]n / [A]n [B]n  = (KC)n 

Enrich Your Knowledge

A dynamic equilibrium can be compared with the equilibrium
of water in a reservoir, which is being simultaneously filled
and discharged.  
If the rate of water entering the reservoir is equal to the rate of
water flowing out of it, then the quantity of water in the
reservoir will remain unchanged and the level of water is
constant. Similarly, in chemical equilibrium, the forward and
reverse reactions proceed at the same rate and the
concentration ratio of product to that of reactant remains
constant. 

GG - Gyan Guru
An analogy to understand dynamic equilibrium 
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*Q.32. Write expressions of KC for following chemical reactions:  

i. 2SO2(g) + O2(g)   2SO3(g)  ii. N2O4(g)   2NO2(g) 

Ans: 

i. 2SO2(g) + O2(g)   2SO3(g)  ii. N2O4(g)   2NO2(g) 

 KC = 
 

   

2

3
2

2 2

SO

SO O
     KC = 

 
 

2
2

2 4

NO

N O
  

  
Q.33. Write equilibrium constant expressions for both forward and reverse reaction for the synthesis of 

ammonia by the Haber process.    
Ans: Synthesis of ammonia by Haber process: 

 N2(g) + 3H2(g)   2NH3(g) 

 Forward reaction: KC = 
 

  

2
3

3
2 2

NH

N H
  

 Reverse reaction: '
CK  = 

  
 

3
2 2

2
3

N H

NH
 

 
Q.34.  How are the equilibrium constants of the following pair of equilibrium reactions related? 

i. CO2(g) + N2(g) 
KC  CO(g) + N2O(g) ii. CO(g) + N2O(g) 

'KC  CO2(g) + N2(g)                             
Ans.  

i. KC = 
2

2 2

[CO][N O]

[CO ][N ]       ii. 
'
CK

 = 
2 2

2

[CO ][N ]

[CO][N O]  

 From (i) and (ii),     KC = '
C

1

K    

*Q.35. Derive mathematically value of KP for A(g) + B(g)   C(g)
  + D(g). 

Ans: When the concentrations of reactants and products in gaseous reactions are expressed in terms of their partial 
pressure, then the equilibrium constant is represented as KP. 

 
 For the reaction, 

 A(g) + B(g)   C(g) + D(g) 

 the equilibrium constant (KP) can be expressed using partial pressure as: KP = C D

A B

P × P

P × P
  

 Where PA, PB, PC and PD are equilibrium partial pressures of A, B, C and D respectively.   
Q.36.  Write KP expression for the reaction:  

 aA(g) + bB(g)   cC(g) + dD(g) 

Ans: For the given reaction, 

 KP = 
   
   

c d
c D

a b
A B

P P

P P
  

Q.37.  Can you recall? (Textbook page no. 180) 
 Write ideal gas equation with significance of each term involved in it. 
Ans: Ideal gas equation is PV = nRT. 
 where, P = Pressure of the gas    
   V = Volume of the gas 
    n = Number of moles of the gas   
   R = universal gas constant 
   T = Absolute temperature of the gas  

 
 
 
 
                                              In chapter 10, you studied on ideal gas equation and significance of each term
involved in it. 

Connections 
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*Q.38. Explain: Relation between KC and KP. 
Ans: Consider a general reversible reaction: 

 aA(g) + bB(g)   cC(g) + dD(g) 

 The equilibrium constant (KP) in terms of partial pressure is given by equation: 

 KP = 
   
   

c d
C D

a b
A B

P P

P P
  ….. (1) 

 For a mixture of ideal gases, the partial pressure of each component is directly proportional to its 
concentration at constant temperature.  

 For component A,  
 PAV = nART  

 PA = An

V
 RT 

 An

V
 is molar concentration of A in mol dm–3  

 PA = [A]RT        where, [A] = An

V
 

 Similarly, for other components, PB = [B]RT, PC = [C]RT, PD = [D]RT 
 
 Now substituting equations for PA, PB, PC, PD in equation (1), we get 

 KP = 
   
   

c dc d

a ba b

[C] RT [D] RT

[A] RT [B] RT
 

 KP = 
 
 

c+dc d

a+ba b

[C] [D] RT

[A] [B] RT
 

 KP = 
c d

a b

[C] [D]

[A] [B]
 (RT)(c+d)–(a+b) 

 KP = 
c d

a b

[C] [D]

[A] [B]
 (RT)n 

 But, KC = 
c d

a b

[C] [D]

[A] [B]
 

 KP = KC (RT)n 
 where n = (number of moles of gaseous products) – (number of moles of gaseous reactants) in the balanced 

chemical equation.  
 R = 0.08206 L atm K–1 mol–1 

 
[Note: While calculating the value of KP, pressure should be expressed in bar, because standard state of pressure 
is 1 bar. 1 pascal (Pa) = 1 N m–2 and 1 bar = 105 Pa] 
 

+Q.39. N2(g) + 3H2(g)   2NH3(g)  
 Write expressions for KP and substitute expressions for N2

P , H2
P  and NH3

P  using ideal gas equation. 

Ans: For the given reaction, KP = 
 

  

2

NH3
3

N H2 2

P

P P
  

 KP = 
2 2

3(g)

3 3
2(g) 2(g)

[NH ] [RT]

[N ]RT [H ] [RT]
  

 KP = 
2

3(g)

3
2(g) 2(g)

[NH ]

[N ][H ]
  

2

3

[RT]

[RT][RT]
 

 KP = KC  (RT)2 – (3+1)  
 KP = KC  (RT)–2 
  
[Note: The above question is modified to apply appropriate textual context, i.e., to indicate that students need to 
use ideal gas equation to derive expressions for N2

P , H2
P  and NH3

P .] 
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+Q.40. For a chemical equilibrium reaction  

 H2(g) + I2(g)   2HI(g), 

 write an expression for KP (and relate it to KC). 

Ans: For the given reaction, KP =  
  

2

HI

H I2 2

P

P P
 

 KP = 
2 2

(g)

2(g) 2(g)

[HI ] [RT]

[H ]RT.[I ]RT
  

 KP = 
2

(g)

2(g) 2(g)

[HI ]

[H ][I ]
  

2[RT]

[RT][RT]
 

 KP = KC  (RT)2 – (1+1)  
 KP = KC 

[Note: The above question is modified to include appropriate textual context, i.e., to indicate that students need to 
write KP expression and then derive its relation with KC using the equation: KP = KC(RT)n.] 
 
Q.41.  Write the relationship between KC and KP for the following equilibria:                                   

i. H2(g) + Br2(g)   2HBr(g)   ii. 2NOBr(g) 
  2NO(g) + Br2(g)  

iii. ClF(g) + F2(g)   ClF3(g) 

Ans: 

i. H2(g) + Br2(g) 
  2HBr (g) 

 KP = 
2

HBr

H Br2 2

(P )

(P ) (P )    KC = 
2

2 2

[HBr]

[H ][Br ]  

 KP = KC(RT)n 

 KP = KC(RT)0   [n = 2  (1 + 1) = 0]  

 KP = KC
                             [ (RT)0 = 1] 

ii. 2NOBr(g)  2NO(g) + Br2(g)
  

 KP = 

2
NO Br2

2
NOBr

(P ) (P )

(P )



      
 KC = 

2
2

2

[NO] [Br ]

[NOBr]  

 KP = KC (RT)n 

 KP = KC (RT)1   [n = (2 + 1)  2 = 1] 

 KP = KC (RT)  

iii. ClF(g) + F2(g)    ClF3(g) 

 KP = 
ClF3

ClF F2

(P )

(P ) (P )
       

 KC = 
3

2

[ClF ]

[ClF][F ]  

 KP = KC (RT)n   

 KP = KC (RT)1  [ n = 1 (1 + 1) = 1] 
 
Q.42. Write the expressions for KC and KP and the relationship between them for the equilibrium reaction,  

 2A(g) + B(g)      3C(g) + 2D(g)                                            

Ans: 2A(g) + B(g)      3C(g) + 2D(g) 

 KP = 
3 2

C D
2

A B

(P ) (P )

(P ) (P )




  KC = 
3 2

2

[C] [D]

[A] [B]  

 KP = KC (RT)n 

 KP = KC (RT)2   [ n = (3 + 2)  (2 + 1) = 2] 
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Q.43. Explain in short homogeneous equilibrium and heterogeneous equilibrium. 
Ans:  
i. In a homogeneous equilibrium, the reactants and products are in the same phase. 
 e.g. Dissociation of HI: 

  2HI(g)   H2(g) + I2(g) 

ii. In a heterogeneous equilibrium, the reactants and products exist in different phases. 
 e.g. Formation of NH4Cl: 

  NH3(g) + HCl(g)   NH4Cl(s) 

 
Q.44. Just think. (Textbook page no. 181) 

 Two processes, which are taking place in opposite directions are in equilibrium. How to write 
equilibrium constant expression for heterogeneous equilibrium? 

Ans:  
i. Equilibrium in a system having more than one phase is called heterogeneous equilibrium.  
 If ethanol is placed in a conical flask, liquid-vapour equilibrium is established.  

 C2H5OH(l)   C2H5OH(g)  

 For a given temperature,  

 KC =  

 

2 5 g

2 5

[C H OH ]

[C H OH ]l

 

 
 But [C2H5OH(l)] = 1 
	 KC = [C2H5OH(g)] 
 Thus, at any given temperature, density is constant irrespective of the amount of liquid, and the term in the 

denominator is also constant. 

ii. Similarly, consider I2(s)  I2(g) 

 KC = [I2(g)] 
iii. Thus, the expression for equilibrium constant does not contain the concentration of pure solids and pure 

liquids. That is because for any pure liquid and solid, the concentration is simply its density and this will not 
change no matter how much solid or liquid is used. Hence, the expression for heterogeneous equilibrium 
only uses the concentration of gases and dissolved substances (aq.). Solids are pure substances with 
unchanging concentrations and thus equilibria including solids are simplified. 

 
Q.45. The unit of Kc is different for different reactions. Explain this statement with suitable examples. 
Ans: Unit of equilibrium constant: 
i. The unit of equilibrium constant depends upon the expression of KC which is different for different 

equilibria. Therefore, the unit of KC is also different for different reactions.  
ii. Consider the following equilibrium reaction: 

 H2(g) + I2(g)   2HI(g)  

 KC =  
2

g

2(g) 2(g)

[HI ]

[H ][I ]
  

 
 Concentration is expressed in mol dm3. 

 Units of KC = 
3 2

3 3

[moldm ]

[moldm ][moldm ]



    

   = 
3 2

3 2

[moldm ]

[moldm ]



  

 As all the units cancel out, KC has no units. 

12.5 Homogeneous and heterogeneous equilibria
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iii. Consider the following equilibrium reaction: 
 N2(g) + 3H2(g)   2NH3(g) 

 KC = 
2

3(g)
3

2(g) 2(g)

[NH ]

[N ][H ]
  

 Unit of KC = 
3 2

3 3 3

[moldm ]

[moldm ][moldm ]



   

   = 
3 2

3 4

[moldm ]

[moldm ]



  

   = [mol dm–3]–2 
   = mol–2 dm6 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

+Q.46. Write the equilibrium constant expression for the decomposition of baking soda. Deduce the unit of 
Kc from the above expression. 

Ans: 2NaHCO3(s)   Na2CO3(s) + CO2(g) + H2O(g) 

 KC = 3 2(s) 2(g) 2 (g)

2
3(s)

[Na CO ][CO ][H O ]

[NaHCO ]
 

 The expression for equilibrium constant does not contain the concentration of pure solids. 
 KC = [CO2(g)][H2O(g)] 
  Units of KC = (mol dm3) (mol dm3)  
   = mol2 dm6 
[Note: Considering gaseous reactants and products, in this reaction, Δn = 2  0 = 2 
 Units of KC  = (mol dm3)Δn 
    = (mol dm3)2 
   = mol2 dm6 

 Thus, the units of the above reaction is mol2 dm6.] 
    
 
 
 
 
 
 
 
 
 
 
 
 

Enrich You Knowledge 

Determining the units of KC: 
Simplest way to calculate units of KC is difference between number of moles in the numerator and number of
moles in the denominator in the equilibrium constant expression.  

e.g. N2(g) + 3H2(g)  2NH3(g) 

Difference between number of moles = Δn = 2  (1+3) 
                 =  2 
 Units of KC = (mol dm3)Δn 
     = mol2 dm6 

NCERT Corner

It is very important to note at this point that the equilibrium constants are customarily given without units. 
Equilibrium constants can be expressed as dimensionless quantities if the standard state of reactants and 
products are specified. For example, the standard state of a pure gas is 1 bar and hence, a pressure of 5 bar in 
standard state is 5 bar/1 bar = 5 (i.e., a unitless quantity). 
Similarly, standard state for a solute is 1 molar solution and all concentrations can be measured with respect 
to it. The numerical value of equilibrium constant depends on the standard state chosen. Thus, in this system 
both KP and KC are dimensionless quantities but have different numerical values due to different standard 
states.  

Units of equilibrium constant
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Q.47. What are the characteristics of equilibrium constant? 
Ans: Characteristics of equilibrium constant: 
i. The value of equilibrium constant is independent of initial concentrations of either the reactants or products. 
ii. Equilibrium constant is temperature dependent. Hence, KC and KP change with change in temperature.  
iii. Equilibrium constant has a characteristic value for a particular reversible reaction represented by a balanced 

equation at a given temperature.  
iv. Higher value of KC or KP means more concentration of products is formed and the equilibrium point is more 

towards right hand side and vice versa. 
 
 
   

*Q.48. Mention various applications of equilibrium constant. 
Ans: Various applications of equilibrium constant: 
i. Prediction of the direction of the reaction 
ii. To know the extent of the reaction 
iii. To calculate equilibrium concentrations 
iv. Link between chemical equilibrium and chemical kinetics 
   
Q.49. Explain how equilibrium constant helps in predicting the direction of the reaction.   
Ans: Prediction of the direction of the reaction: 

i. For the reaction, aA + bB  cC + dD, 

 The equilibrium constant (KC) is given as: 

 KC = 
   
   

c d

a b

C D

A B
  

 where, all the concentrations are equilibrium concentrations. 
ii. When the reaction is not necessarily at equilibrium, the concentration ratio is called QC i.e., 

 QC = 
   
   

c d

a b

C D

A B
 

iii. By comparing QC with KC for a reaction under given conditions, we can decide whether the forward or the 
reverse reaction should occur to establish the equilibrium. 
a.   QC < KC: The reaction will proceed from left to right, in forward direction, generating more product 

to attain the equilibrium. 
 b. QC > KC: The reaction will proceed from right to left, removing product to attain the equilibrium. 
 c. QC  = KC: The reaction is at equilibrium and no net reaction occurs. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 [Note: The prediction of the direction of the reaction on the basis of QC and KC values makes no comment on 

the time required for attaining the equilibrium.] 

12.7 Applications of equilibrium constant 

Predicting direction of reaction 

QC 

KC KCQC 

QC 

KC 

Reactants  Products Reactants and Products
are at equilibrium. 

Reactants  Products 

12.6 Characteristics of equilibrium constant
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Q.50. Explain how KC can be used to know the extent of the reaction? 

Ans: Extent of the reaction: The equilibrium constant expression indicates that the magnitude of KC is: 
i.  directly proportional to the concentrations of the products. 
ii.  inversely proportional to the concentrations of the reactants. 
  a. Value of KC is very high (KC > 103): 

At equilibrium, there is a high proportion of products compared to reactants.  
Forward reaction is favoured.  
Reaction is in favour of products and nearly goes to completion. 

 b. Value of KC is very low (KC < 103): 
  At equilibrium, only a small fraction of the reactants is converted into products. 
  Reverse reaction is favoured. 
  Reaction hardly proceeds towards the products. 
 c. Value of KC is in the range of 103 to 103: 
   Appreciable concentrations of both reactants and products are present at equilibrium. 
 
 
 
 
 
 
 
 
 
 
 
 
   
Q.51. For the following reactions, write KC expressions and predict direction of the reactions based on the 

magnitude of their equilibrium constants. 

i.  2H2(g) + O2(g)  2H2O(g), KC = 2.4 × 1047 at 500 K 

ii.  2H2O(g)  2H2(g) + O2(g), KC = 4.2 × 10–48 at 500 K 
Ans: 
i. a. KC expression: 

   KC = 
2

2 (g)

2
2(g) 2(g)

[H O ]

[[H ]] [O ]
 

 b. For the reaction, KC = 2.4 × 1047 at 500 K 
   If the value of KC >>> 103, forward reaction is favoured. 
   Hence, the given reaction will proceed in the forward direction and will nearly go to completion. 
ii. a. KC expression: 

   KC = 
2

2(g) 2(g)

2
2 (g)

[H ] [O ]

[H O ]
 

 b. For the reaction, KC = 4.2 × 10–48 at 500 K 
   If the value of KC <<< 10–3, reverse reaction is favoured. 
   Hence, the given reaction will proceed in the backward direction and will nearly go to completion.  
Q.52. Can you tell? (Textbook page no. 183) 

 Comment on the extent to which the forward reaction will proceed, from the magnitude of the 
equilibrium constant for the following reactions: 

i.  H2(g) + I2(g)  2HI(g), KC = 20 at 550 K  

ii.  H2(g) + Cl2(g)  2HCl(g), KC = 1018 at 550 K 
Ans: 
i. For the reaction, KC = 20 at 550 K 
 If the value of KC is the range of 103 to 103, the forward and reverse proceed to equal extents. 
 Hence, the given reaction will form appreciable concentrations of both reactants and the product at equilibrium. 

KC 

The larger value of the equilibrium constant
KC, the farther the reaction proceeds to the 
right before reaching the equilibrium state: 

103 1 103Reaction proceeds 
hardly at all 

Appreciable concentration of  
reactants and products are 

present of equilibrium 

Reaction proceeds 
nearly to completion 

Very 
large 

Very 
small

Extent of reaction 



SAMPLE
 C

ONTENT

97 

 

  



Chapter 12: Chemical Equilibrium

ii. For the reaction, KC = 1018 at 550 K 

 If the value of KC >>> 103, forward reaction is favoured. 

 Hence, the given reaction will proceed in the forward direction and will nearly go to completion. 
 
Q.53. Use your brain power (Textbook page no.183) 
 The value of KC for the dissociation reaction: 

 H2(g)   2H(g) is 1.2 × 1042 at 500 K. 

 Does the equilibrium mixture contain mainly hydrogen molecules or hydrogen atoms? 
Ans: When the value of KC is very low (that is, KC < 103), then at equilibrium, only a small fraction of the 

reactants is converted into products. 
 For the given reaction, KC <<< 103 at 500 K. 
 Hence, the equilibrium mixture contains mainly hydrogen molecules. 
 
Q.54.  Describe how equilibrium constant can be used to calculate the composition of an equilibrium 

mixture. 
Ans: An equilibrium constant can be used to calculate the composition of an equilibrium mixture.  
 Consider an equilibrium reaction, A(aq) + B(aq)   C(aq) + D(aq)  

 The equilibrium constant is 4.0 at a certain temperature. 
Let the initial amount of A and B be 2.0 mol in ‘V’ litres. Let x mol be the equilibrium amount of C. 
Hence, we can construct a table as shown below: 

 
                                                                  A       +          B           C        +      D        

Initial (No. of moles) 2.0 2.0 0 0 

At equilibrium (No. of moles) (2.0 x) (2.0  x) x x 

Equilibrium concentrations 
 2.0

V

x
 

 2.0

V

x
 

V

x
 

V

x
 

 
 The expression for equilibrium constant can be written as:  

 KC = 
[C] [D]

[A] [B]
 

 4.0 =    
V V

2.0 2.0

V V

x x

x x



 


 

 Substituting the value of equilibrium concentration, we get 

 4.0 =  
 

2

2
2.0

x

x
 

 4  = 
 2.0

x

x
 

 2 = 
 2.0

x

x
 

 4  2x = x 

 x = 
4

3
 

 x = 1.33 mol 

  (2.0 – x) = 0.67 mol  

Therefore, equilibrium concentrations are 0.67 mol of A, 0.67 mol of B, 1.33 mol of C and 1.33 mol of D in 
V litres. 
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Q.55. Explain the link between chemical equilibrium and chemical kinetics: 
Ans: Equilibrium constant (KC) is related to rate or velocity constants of forward reaction (kf) and reverse reaction 

(kr) as: 

 KC = f

r

k

k
  

This equation can be used to determine the composition of the reaction mixture 
  

kf > kr kf  kr 

 KC is very large.             kf and kr have comparable values.  
 Kc is nearly one. 

 Reaction goes almost to completion.               Reaction never goes to completion. 

 If kf is much larger than KC, the reaction 
may be  irreversible (Reverse reaction is 
too slow to be detected). 

              Comparable concentrations of reactants  
and products are present at equilibrium. 

 
[Note: The equilibrium refers to the relative amounts of reactants and products and thus a shift in 
equilibrium in a particular direction will imply the reaction in that direction will be favoured.] 

 
Q.56. Internet my friend (Textbook page no. 183) 
 Collect information about chemical equilibrium. 
Ans: https://www.chemguide.co.uk/physical/equilibria/introduction.html 

[Note: Students can use the above link as reference and collect information about chemical equilibrium.] 
 
 
 
 

+Q.57. Equal concentrations of hydrogen and iodine are mixed together in a closed container at 700 K and 
allowed to come to equilibrium. If the concentration of HI at equilibrium is 0.85 mol dm3, what are 
the equilibrium concentrations of H2 and I2 if KC = 54 at this temperature? 

Solution: 
Given: [HI(g)] = 0.85 mol dm3  
  KC = 54 at 700 K 
To find: Equilibrium concentrations of H2 and I2 

Formula: KC = 
c d

a b

[C] [D]

[A] [B]
  

Calculation: Balanced chemical reaction: 

  H2(g) + I2(g)   2HI(g) 

  KC = 

2

(g)

2(g) 2(g)

HI

H I

  
      

  

  On substituting the values, 

  54 = 
2

2

2(g)

(0.85)

H  
  

 Equilibrium concentration of I2(g) = Equilibrium concentration of H2(g) 

  54 = 
2

2

2(g)

(0.85)

H  
 

  
2

2(g)H   = 
2(0.85)

54
 

  [H2(g)] = 0.11567 mol dm3  0.12 mol dm–3 
  [I2(g)] = 0.12 mol dm–3 

Ans: Equilibrium concentrations of H2 and I2 are equal to 0.12 mol dm–3. 

Solved Examples 
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Q.58. Calculate KC at 500 K for the reaction, 

 2HI(g)   H2(g) + I2(g)  if the equilibrium concentrations are [HI] = 0.5 M, [H2] = 0.08 M and [I2] = 0.062 M. 

Solution:  
Given: T = 500 K,  
  At equilibrium, [HI] = 0.5 M, [H2] = 0.08 M, [I2] = 0.062 M. 
To find: Equilibrium constant KC  

Formula: KC = 
c d

a b

[C] [D]

[A] [B]
   

Calculation: The above equilibrium reaction is given as 2HI(g) H2(g) + I2(g) 

  The expression of KC is 

  KC = 2 2
2

[H ][I ]

[HI]  
= 

2

[0.08][0.062]

[0.5]  
= 

0.00496

0.25
= 0.0198 

  KC = 0.0198 
Ans: KC at 500 K for the given reaction is 0.0198. 
 
Q.59. Calculate KC and KP for the reaction at 295 K, N2O4   2NO2(g) if the equilibrium concentrations 

are [N2O4] = 0.75 M and [NO2] = 0.062 M, R = 0.08206 L atm K1 mol1.            
Solution: 
Given:  R = 0.08206 L atm K–1 mol–1, T = 295 K 
  At equilibrium , [N2O4] = 0.75 M, [NO2] = 0.062 M 
To find: Equilibrium constants, KP and KC 

Formulae: i.  KC = 
c d

a b

[C] [D]

[A] [B]
 ii. KP = KC (RT)n 

Calculation: The equilibrium reaction is given as  N2O4(g)   2NO2(g) 

  The expression of KC is  

  KC = 
2

2

2 4

[NO ]

[N O ]
 

  KC = 
2[0.062] 0.003844

0.75 0.75
 = 5.13  103 

   KC = 5.13  103 

  KP is related to KC by expression: KP = KC (RT)n 

  where, n = numbers of moles of gaseous products  number of moles of gaseous reactants  

                                      = 2  1 = 1 

  KP = KC (RT)1 

  KP = 5.13  103
  0.08206  295 

  KP = 123.9  103 = 0.124  

Ans: KC and KP for the reaction at 295 K are 5.13  10–3 and 0.124 respectively. 
 

+Q.60. The equilibrium constant KC for the reaction of hydrogen with iodine is 54.0 at 700 K. 

 H2(g) + I2(g) 
kf

kr
  2HI(g)  

 KC = 54.0 at 700 K 
i. If kf is the rate constant for the formation of HI and kr is the rate constant for the decomposition of 

HI, deduce whether kf is larger or smaller than kr. 
ii. If the value of kr at 700 K is 1.16  103, what is the value of kf?  
Solution: 
Given: i. KC = 54.0 at 700 K 
  ii. kr = 1.16  103 at 700 K 
To find: i. Whether kf is larger or smaller than kr. 
  ii. Value of kf. 
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Formula: KC = f

r

k

k
  

Calculation: i. As KC = f

r

k

k
 = 54.0 

   kf is greater than kr by a factor of 54.0. 

  ii. kf = KC  kr = 54.0  (1.16  103) 

                      = 62.64  103  
Ans: i. kf is greater than kr. 

 ii. Value of kf is 62.64  10–3. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Q.61. State Le Chatelier’s Principle: 
Ans:  Statement: When a system at equilibrium is subjected to a change in any of the factors determining the 

equilibrium conditions of a system, system will respond in such a way as to minimize the effect of change. 
 

*Q.62. Explain Le Chatelier’s principle suitably with reference to change in concentration.   
Ans: Change in concentration: 
i. Consider reversible reaction representing production of ammonia (NH3). 
	 	N2(g) + 3H2(g)   2NH3(g) + Heat 

ii. According to Le Chatelier's principle, when H2 or N2 is added to equilibrium, the effect of addition of H2 or 
N2 or is reduced by shifting the equilibrium from left to right so that the added N2 or H2 is consumed. 

iii. The forward reaction occurs to a large extent than the reverse reaction until the new equilibrium is 
established. As a result, the yield of NH3 is increases. 

iv. In general, if the concentration of one of the species in equilibrium mixture is increased, the position of 
equilibrium shifts in the opposite so as to reduce the concentration of this species. However, the equilibrium 
constant remains unchanged.  

 
*Q.63. For the equilibrium, 
 BaSO4(s)  2+ 2

(aq) 4(aq)Ba + SO    

 State the effect of: 
i. Addition of Ba2+ ion ii. Removal of 2

4SO ion iii. Addition of BaSO4(s) on the equilibrium  

Ans:  
i. Addition of Ba2+ ion will favour the reverse reaction. (that is, equilibrium shifts from right to left). This 

increases the amount of BaSO4. 

12.8 Le Chatelier’s principle and factors 
          altering the composition of equilibrium

Le Chatelier’s principle: 
A reaction attains a state of equilibrium under a certain set of conditions (of temperature, pressure,
concentration and catalyst).  
In general, if we add more reactant, the system will react to remove it. If we remove a product, the system will
react to replenish it. Under these changed condition, new equilibrium will be established with different
composition from the earlier equilibrium mixture.  
The principal goal of chemical synthesis is to achieve maximum conversion of reactants to products with
minimum expenditure of energy. To achieve this goal, the reaction conditions must be adjusted.  
The qualitative effect of various factors on the composition of equilibrium mixture are described through the
Le Chatelier's principle. 
If a stress is applied to a reaction mixture at equilibrium, reaction occurs in the direction which relieves the
stress. Stress means any change in concentration, pressure, volume or temperature which disturbs the original
equilibrium. The direction that the reaction takes is the one that reduces the stress. For example, if you increase
concentration of the reactants, reaction goes in a direction that tends to decrease concentration. 

Enrich You Knowledge 
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ii. Removal of 2
4SO   ion will favour the forward reaction. (that is, equilibrium shifts from left to right). This 

decreases the amount of BaSO4. 
iii.  Addition of BaSO4(s) will not affect the equilibrium as the equilibrium constant expression do not include 

pure solids. 
 
Q.64. Given the equilibrium reaction, H2O(g) + CH4(g)   CO(g) + 3H2(g) 

 Using Le Chatelier’s principle, predict how concentration of CO will change when the equilibrium is 
disturbed by  

i. adding CH4 ii. adding H2 iii. removing H2O iv. removing H2  
Ans:  
i. Adding CH4: Adding CH4 will favour the forward reaction and the yield of CO and H2 will increase.  
ii. Adding H2: Adding H2 will favour the reverse reaction and the yield of CO and H2 will decrease. 
iii. Removing H2O: Removing H2O will favour the reverse reaction and the yield of CO and H2 will decrease. 
iv. Removing H2: Removing H2 will favour the forward reaction and the yield of CO and H2 will increase. 
 

*Q.65. What is the effect of adding chloride on the equilibrium? 

 AgCl(s) 
+
(aq) (aq)Ag + Cl-  

Ans: Addition of Cl ion will favour the reverse reaction, (that is, equilibrium shift from right to left) 
 This increases the amount of AgCl. 
 
Q.66. By using Le Chatelier’s principle, explain the effect of change in pressure (due to volume change) on 

the composition of equilibrium mixture.                                                                                                
Ans: Change in pressure: 
i. The change in pressure has no effect on the concentrations of solids and liquids. However, it appreciably 

affects the concentrations of gases. 

 From the ideal gas equation, PV = nRT    or     P = 
n

V
RT 

 P ∝ n

V  
 where, the ratio n/V is an expression for the concentration of the gas in mol dm3. 
ii. According to Le Chatelier’s principle at constant temperature, when pressure is increased, the equilibrium 

will shift in a direction in which the number of molecules decreases and when the pressure is decreased the 
equilibrium will shift in a direction in which the number of molecules increases. 

[Note: For a reaction in which decrease in volume takes place, the reaction will be favoured by increasing 
pressure and for a reaction in which increase in volume takes place, the reaction will be favoured with lowering 
pressure, temperature being constant.] 
 
Q.67. An equilibrium mixture of dinitrogen tetroxide (colourless gas) and nitrogen dioxide (brown gas) is set 

up in a sealed flask at a particular temperature. Observe the effect of change of pressure on the 
gaseous equilibrium and complete the following table: 

  
 Change in pressure Change in colour intensity Shift in equilibrium position 
i. Decrease in pressure ------- ------- 
ii. Increase in pressure ------- ------- 

Ans:   
 Change in pressure Change in colour intensity Shift in equilibrium position 
i. Decrease in pressure The colour darkness To the right, (the side with more molecules) 
ii. Increase in pressure The colour lightens to 

almost colourless 
To the left (the side with fewer molecules) 

 
Q.68. By using Le Chatelier’s principle, explain the effect of change in pressure for the following 

equilibrium:  
 H2(g) + I2(g)   2HI(g) 

Ans: As there is the same number of molecules of gas on both sides, change of pressure has no effect on the 
equilibrium. 

 
*Q.69. How does the change of pressure affect the value of equilibrium constant?  
Ans: The change of pressure does not affect the value of equilibrium constant. 
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Q.70. Explain the effect of change in pressure due to volume change of the following equilibria: 

i. 2NO(g) + Cl2(g)    2NOCl(g)  ii. 2NO(g)   N2(g) + O2(g)    

Ans:  

i. 2NO(g) + Cl2(g)   2NOCl(g)                

 In the forward reaction, the number of molecules decreases (3 to 2) and in the reverse reaction the number of 
molecules increases (2 to 3). 

 a. Effect of increase in pressure: According to Le Chatelier’s principle, when pressure is increased the 
forward reaction is favoured as the number of molecules decreases. Thus, when the pressure of the 
equilibrium system is increased at constant temperature by reducing the volume, the yield of NOCl 
increases.  

 b. Effect of decrease in pressure: When the pressure is decreased the equilibrium will shift from right to 
left. Therefore, the yield of NOCl will decrease. 

ii. 2NO(g)     N2(g)  +   O2(g) 

 As both reactants and products have equal numbers of moles (or molecules), there is no effect of change in 
pressure (due to volume change) on the composition of the equilibrium mixture. 

 
*Q.71. Explain Le Chatelier’s principle suitably with reference to change in temperature. 
Ans:  Change in temperature:  
i. Consider the equilibrium reaction, 
 PCl5(g)   PCl3(g) + Cl2(g) + 92.5 kJ 

ii. The forward reaction is exothermic. According to Le Chatelier's principle an increase in temperature shifts 
the position of equilibrium to the left. 

iii. The reverse reaction is endothermic. An endothermic reaction consumes heat. Therefore, the equilibrium 
must shift in the reverse direction to use up the added heat (heat energy converted to chemical energy). 

iv. Thus, an increase in temperature favours formation of PCl5 while a decrease in temperature favours 
decomposition of PCl5. 

 
 
 
 
 
 
Q.72. Explain the effect of change in temperature on the value of KC. 
Ans: 
i. The value of equilibrium constant is unaffected if temperature remains constant.  
ii. However, a change in temperature alters the value of equilibrium constant. 
iii. In a reversible reaction, one of the reactions is exothermic (heat is released) and the other is endothermic 

(heat is absorbed).  
iv.  The value of equilibrium constant for an exothermic reaction decreases with increase in the temperature and 

that of endothermic reaction increases with the increase in temperature. 
 
Q.73. Explain the effect of change in temperature on the following equilibria: 

 2CO(g) + O2(g)   2CO2(g)  + 564 kJ                                                                          

Ans:  
i. The forward reaction is exothermic and reverse reaction is endothermic. When the temperature of the 

equilibrium mixture increases, the equilibrium shifts from right to left in endothermic direction. Therefore, 
the yield of CO2 decreases at high temperature. 

ii. When the temperature decreases, the forward exothermic reaction is favoured. Therefore, the yield of CO2 
increases at low temperature. 

 Thus, the decomposition of CO2 into CO and O2 is favoured with increase in temperature, whereas formation 
of CO2 is favoured with decrease in temperature. 

[Note: Students can scan the adjacent Q.R. code to get conceptual clarity with the aid 
of relevant video.] 
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Q.74. By using Le Chatelier’s principle, explain the effect of addition of a catalyst on the composition of 
equilibrium mixture.                                                                                                      

Ans:  
i. When a catalyst is added to the equilibrium mixture, the rates of forward and reverse reactions increases to 

the same extent. Hence, the position of equilibrium remains unaffected.  
ii. A catalyst does not change the composition of equilibrium mixture. The equilibrium concentrations of 

reactants and products remains same and catalyst does not shift the equilibrium in favour of either reactants 
or products.  

iii. The value of equilibrium constant is also not affected by the presence of a catalyst.  
  
[Note: A catalyst does not appear in the balanced chemical equation and in the equilibrium constant expression.] 
 
Q.75. Consider an esterification reaction:  
  

 
 
 What will happen if H+ ions are added to the reaction mixture? 
Ans: H+ ions act as catalyst in the esterification reaction. Hence, the addition of H+ ions reduces the time for the 

completion of reaction. 
  
 
 
 
 
 
 
 
 
 
 
 
Q.76. Complete the following table that shows the shifts in the equilibrium position for the reaction: 
 N2O4(g) + Heat  2NO2(g) 

Change Shift  Change Shift 
Addition of N2O4(g) Right  Decrease in temperature ------- 
Addition of NO2(g) -------  Removal of NO2(g) ------- 
Increase in pressure -------  Decrease in pressure ------- 

Ans: 
Change Shift  Change Shift 

Addition of N2O4(g) Right  Decrease in temperature Left 
Addition of NO2(g) Left  Removal of NO2(g) Right 
Increase in pressure Left  Decrease in pressure Right 

 
Q.77. State TRUE or FALSE. Correct the false statement. 
i. The value of equilibrium constant depends on temperature.  
ii. If QC < KC, the reaction will proceed from right to left consuming more product to attain equilibrium.   
iii. Any change in the pressure of a gaseous reaction mixture at equilibrium, changes the value of KC.   
iv. In a reversible reaction, the reverse reaction has an energy change that is equal and opposite to that of 

the forward reaction.  
Ans:  
i. True 
ii. False 
 If QC > KC, the reaction will proceed from right to left consuming more product to attain equilibrium. 
iii. False 
 Any change in the pressure of a gaseous reaction mixture at equilibrium, does not change the value of KC. 
iv.  True 

CH3COOH(l) + C2H5OH(l)   CH3COOC2H5(l)   +   H2O(l) 

Ethanoic acid Ethanol WaterEthyl ethanoate 

i. When an inert gas is added to the equilibrium system at constant volume, the total pressure will increase
but the concentrations of reactants and products will not change. Hence, there is no change in equilibrium. 

ii. When an inert gas is added to the equilibrium system at constant pressure, the volume will increase.
Hence, the equilibrium will shift in a direction in which there is increase in number of moles of gases.
The value of K however does not change. 

NCERT Corner 

Effect of addition of inert gas on equilibrium position 
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Q.78. Draw the flowchart showing the manufacture of NH3 by Haber process. 
Ans: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
Q.79. Explain in short: The Haber process. 
Ans: Haber process: 
i. The Haber process is the process of synthesis of ammonia gas by reacting together hydrogen gas and 

nitrogen gas in a particular stoichiometric ratio by volumes and at selected optimum temperature and 
pressure. 

ii. The chemical reaction is: 

 N2(g) + 3H2(g)  2NH3(g) + Heat 
 The reaction proceeds with a decrease in number of moles (Δn = –2) and the forward reaction is exothermic. 
iii. Iron (containing a small quantity of molybdenum) is used as catalyst. 
iv.  The optimum temperature is about 773 K and the optimum pressure is about 250 atm. 
 

*Q.80. Write suitable conditions of concentration, temperature and pressure used during manufacture of 
ammonia by Haber process. 

Ans:  
i. Concentration: Addition of H2 or N2 both favours forward reaction. This increases the yield of NH3.  
ii. Temperature: The formation NH3 is exothermic. Hence, low temperature should favour the formation 

of NH3. However, at low temperatures, the rate of reaction is small. At high temperatures, the reaction 
occurs rapidly but decomposition of NH3 occurs. Hence, optimum temperature of about 773 K is used. 

iii. Pressure: The forward reaction is favoured with high pressure as it proceeds with decrease in number 
of moles. At high pressure, the catalyst becomes inefficient. Therefore, optimum pressure needs to be 
used. The optimum pressure is about 250 atm. 

 
Q.81. Can you tell? (Textbook page no. 188) 
i. If NH3 is added to the equilibrium system (Haber process), in which direction will the equilibrium 

shift to consume added NH3 to reduce the effect of stress? 
ii. In this process, out of the reactions (reverse and forward reaction), which reaction will occur to a 

greater extent? 
iii. What will be the effect on yield of NH3? 
Ans: 
i. If NH3 is added to the equilibrium system, the equilibrium will shift from right to left to consume added NH3 

to reduce the effect of stress.  
ii.  If NH3 is added to the equilibrium system, then reverse reaction will occur to greater extent. 
iii.  If NH3 is added to the equilibrium system, the equilibrium will shift in reverse direction and the yield of NH3 

will decrease. 

12.9 Industrial application 

N2 + 3H2    2NH3

The Haber process 

Nitrogen and hydrogen 

1:3 by volume 

450 C, 
200 atm, 

Iron 
catalyst 

hydrogen from 
natural gas 

nitrogen  
from the air 

Unreacted 
Gases 

 recycled 

Gases are cooled 
and ammonia 
turns to liquid 

Liquid ammonia 
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Q.82. Internet my friend (Textbook page no. 188)
i. Collect information about Haber process in chemical equilibrium.
ii. Youtube.Freescienceslessons: The Haber process
Ans:
i. https://www.chemguide.co.uk/physical/equilibria/haber.html

[Note: Students can use the above link as reference and collect information about chemical equilibrium
involved in Haber process.]

ii. Students are expected to refer ‘The Haber process’ on YouTube channel ‘Freescienceslessons’.

*Q.83. Activity:
Prepare concepts maps of chemical equilibrium. 

Ans: Students are expected to refer ‘Quick Review’ section of this chapter and prepare a concept map. 

Q.84. Consider the reaction P(g) + Q(g)   PQ(g). Diagram ‘X’ represents the reaction at equilibrium.

(white sphere = P, dark sphere = Q) 

  
i. If each molecule (sphere) represents a partial pressure of 1 atm, calculate the value of KP.
ii. Predict the change in equilibrium, when the volume is increased by 50 percentage.
Ans:
i. For the given equilibrium mixture:

Chemical species P Q PQ 
Partial pressure 4 6 7 

KP = PQ

P Q

p 7

p  × p 4 6
 


0.29

ii. Increasing the volume will shift the equilibrium position to the side with higher number of gaseous moles. In
the given reaction, the equilibrium will shift to the left (toward reactant) resulting in an increase in the
concentration of P and Q accompanied by a corresponding decrease in concentration of PQ. 

 Equilibrium in physical and chemical process:

Apply Your Knowledge

Quick Review 

Equilibrium in physical and chemical process 

 The requirement for the establishment of physical and chemical equilibria is that the
physical and chemical processes must be reversible. 

Physical equilibrium 
It is defined as the equilibrium established between two
phases of the same substance when the rates of forward
and reverse processes are equal.

e.g. H2O(l)   H2O(g)

Chemical equilibrium 
It is defined as the state of a chemical reaction at which the
rates of forward and reverse reactions are equal. 

e.g. N2(g) + 3H2(g)   2NH3(g)

Characteristics of chemical equilibrium 
 All the reactants and products are present at equilibrium.
 The reactants and products attain constant values of concentration known as equilibrium concentrations.
 Dynamic in nature.
 The position of equilibrium is not affected by a catalyst.
 The position of the equilibrium changes with change in concentration, pressure, volume and temperature.

X
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 Equilibrium constant: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Le Chatelier’s principle: 
 If an external stress is applied to a reacting system at equilibrium, the system will adjust itself in such a way 

that the effect of the stress is reduced. Here, stress is the change in concentration, pressure (volume) or 
temperature. 

 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 

 To predict direction of reaction. 
  QC < KC  the reaction 

proceeds from left to right. 
  QC > KC  the reaction 

proceeds from right to left. 
  QC = KC  the reaction is 

at equilibrium. 
 To calculate equilibrium

concentration. 
 To know the extent of

reaction. 
  KC > 103  reaction is 

nearly complete. 
  KC < 103  reaction 

occurs to a very small extent. 
  103 < KC < 103  both 

products and reactants are
present at equilibrium. 

 As a link between equilibrium
and chemical kinetics. 

Equilibrium constant 
 It is the ratio of product of equilibrium concentrations of products to the product of equilibrium

concentrations of reactants, with the concentration of each substance raised to the power equal to
its stoichiometric coefficient in the balanced chemical equation.  

 Temperature dependent. 
 Changes in concentrations of

reactants and products,
pressure and volume do not
alter the value of equilibrium
constant. 

 Expression of equilibrium
constant does not contain the
concentration of pure solids
or pure liquids. 

 A catalyst does not affect the
value of equilibrium
constant. 

 The expression for the
equilibrium constant and its
magnitude is dependent
upon the stoichiometric form
of the balanced chemical
equation. 

Equilibrium constant 
expressed in terms of 
molar concentrations 
(KC) 

 When concentrations 
of reactants and 
products are given in 
mol dm–3. 

 KC = 
   
   

c d

a b

C D

A B
 

Equilibrium constant
expressed in terms of
partial pressures (KP) 

 When the reactants
and products
involved are gases
and their partial
pressures are given.  

 KP = 
   
   

c d

C D
a b

A B

P P

P P
 

Characteristics Types Applications

Change in 
 concentration

 Increase in concentration of any of the reactants Shifts the

equilibrium to
  Forward direction 

 Increase in concentration of any of the products Shifts the

equilibrium to
  Backward direction 

Change in 
pressure 

Change in 
volume 

Catalyst 

 Increase in pressure Shifts the equilibrium

in the direction of
  Decreasing no. of gaseous molecules 

 Decrease in pressure Shifts the equilibrium

in the direction of
  Increasing no. of gaseous molecules 

 Increase in temperature Shifts the equilibrium

in the direction of
  Endothermic reaction

 Decrease in temperature Shifts the equilibrium

in the direction of
  Exothermic reaction 

 Increase in volume Shifts the equilibrium

in the direction of
  Increasing no. of gaseous molecules 

 Decrease in volume Shifts the equilibrium

in the direction of
  Decreasing no. of gaseous molecules

No effect on equilibrium as the catalyst will increase the rate of both
forward and backward reaction to the same extent.  S

tr
es

s/
F

ac
to

rs
 a

ff
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n

g 
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q
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Change in  
temperature 
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1. Rate equation: 

 For reaction, A + B   C, 

 Rate = k [A] [B] 
 where, 
 k is rate constant, 
 [A] and [B] are the concentrations of the 

reactants A and B respectively. 
 
2.  Relation between KC and rate constants of 

forward (kf) and reverse reactions (kr): 
 KC = kf / kr  
3. Equilibrium constant in terms of molar 

concentrations: 

 KC = 
c d

a b

C × D

A × B

      
      

 

 Where, [A], [B], [C], [D] are molar 
concentration of reactants ([A] and [B]) and 
products ([C] and [D])       

 a, b, c and d are stoichiometric coefficients of 
corresponding substances. 

 
4. Equilibrium constant in terms of partial 

pressure: 

 KP = 
( ) ( )
( ) ( )

c d
C D

a b
A B

P P

P P

´

´
 

 where, PA, PB, PC, PD are the equilibrium 
partial pressures of A, B, C, D respectively. 

 
5. Relation between KP and KC: 

 KP = KC (RT)n 
 where,  
 KP = Equilibrium constant in terms of partial 

pressure,  
 KC = Equilibrium constant in terms of molar 

concentration,  

 R = Gas constant = 0.08206 L atm K1mol1, 

n = Change in number of moles = number of 

moles of gaseous products  number of moles 
of gaseous reactants 

 
 
 
 
12.1 Introduction 
 
1. Define reversible reaction. 
Ans: Refer Q.4. (i) 
 
2.  Write any two points of difference between 

reversible and irreversible reactions. 
Ans:  Refer Q.11. 

12.3 Equilibrium in chemical processes 
 
3. Classify the following equilibria as physical or 

chemical equilibrium.  
i. I2(s)   I2(g)  

ii. C2H6(g) + Cl2(g)   C2H5Cl(s) + HCl(g)  
Ans: 
i. Physical ii. Chemical 
 
12.4 Law of mass action and equilibrium constant 
 
4. Explain how rate of a chemical reaction is 

expressed mathematically. 
Ans:  Refer Q.23. 
 
5. Write the KC expression for the following 

reactions: 
i. Ag2O(s) + 2HNO3(aq) 2AgNO3(aq) + H2O(l) 

ii. Ni(s) + 4CO(g)   Ni(CO)4(g) 
Ans: 

i. KC = 
2

3
2

3

[AgNO ]

[HNO ]
  ii. KC = 

 4
4

[Ni CO ]

[CO]
  

 
6. Write the equilibrium expression for KC and 

KP for the following reaction 
 A(g) + 2B2(g)   C(g)  

Ans: KC = 
2

2

[C]

[A][B ]
, KP = 

 
c

2

A B2

p

p p
   

 
7. How is KC related to KP in the following 

reaction? 
 H2(g) + I2(g)   2HI(g) 
Ans: Refer Q.40. 
 
12.5 Homogeneous and heterogeneous equilibria 
 
8.  What is homogeneous equilibrium? Give an 

example. 
Ans:  Refer Q.43. (i) 
 
9. Identify if the following reaction is 

homogeneous or heterogeneous. 
 C(s) + CO2(g)   2CO(g)  
Ans: Heterogeneous chemical reaction. 
 
10. Give the unit of KC for the reaction:  
 N2(g) + 3H2(g)   2NH3(g) 
Ans: Refer Q.45. (iii) 
 
12.6 Characteristics of equilibrium constant 
 
11. Mention any two characteristics of equilibrium 

constant. 
Ans: Refer Q.47. 
 
12.7 Applications of equilibrium constant 
 
12. How is the direction of a reaction predicted by 

comparing QC with KC? 
Ans: Refer Q.49. (iii) 

Important  Formulae 
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13. The equilibrium concentration for the system 
at equilibrium, N2O4(g)   2NO2(g) at 400 K 

are [NO2] = 0.210 mol L1 and [N2O4] = 
0.0359 mol L1. Calculate KC. 

Ans: KC = 1.228  
14. What is KC for the following equilibrium 

when the equilibrium concentration of each 
substance is [SO2] = 0.60 M, [O2] = 0.82 M 
and [SO3] = 1.90 M? 

 2SO2(g) + O2(g)   2SO3(g)  
Ans: KC = 12.2  
15. At equilibrium, concentrations of                  

N2 = 3.0 × 10–3 M, O2 = 4.2 × 10–3 M and                      
NO = 2.8 × 10–3 M in a sealed vessel at 800 K. 
What will be the value of KC for the reaction?  

 N2(g) + O2(g)   2NO(g)? 
Ans:  KC = 0.622  
12.8 Le Chatelier’s principle and factors   

altering the composition of equilibrium 
 
16.  Consider the following equilibrium, 
 C2H4(g) + H2(g)   C2H6(g) + 137 kJ 

 Predict whether the amount of ethane (C2H6) 
increases, decreases or remains the same when 
the equilibrium mixture is subjected to the 
following changes: 

i. Temperature is increased 
ii. Volume is decreased 
iii. H2 is added 
iv. Catalyst is introduced  
Ans:  
i. Amount of ethane decreases. 
ii. Amount of ethane increases. 
iii. Amount of ethane increases. 
iv. Amount of ethane formed remains unchanged.  
12.9 Industrial application 
 
17. Give optimum temperature and pressure for 

Haber process. 
Ans: Refer Q.80. 
 
   

*1. The equilibrium, H2O(l)   (aq)H  +  aqOH   

is _______. 
 (A) dynamic (B) static 
 (C) physical (D) mechanical  
2. Which of the following is the CORRECT 

expression of KC for  
 2NH3(g)   N2(g) + 3H2(g)? 

 (A) 
3

2 2
2

3

[N ][H ]

[NH ]
  (B) 2 2

3

[N ][H ]

[NH ]
 

(C) 2 2

3

[N ][3H ]

[2NH ]
 (D) 3

3
2 2

[NH ]

[N ][H ]
 

3. For the system 3A + 2B   C, the 
expression for equilibrium constant is _______.            

 (A) 
[3A][2B]

C
  (B) 

[C]

[3A][2B]
   

 (C) 
3 2[A] [B]

[C]
 (D) 

3 2

[C]

[A] [B]
 

 
4. The equilibrium constant value for the 

reaction: 

 2H2(g) + O2(g)   2H2O(g)  is 2.4 × 1047 

at 500 K. What is the value of equilibrium 
constant for the reaction:  

 2H2O(g)   2H2(g) + O2(g) ? 

 (A)  0.41 × 10–46 (B) 0.41 × 1047 
 (C)  0.41 × 10–48 (D) 0.41 × 10–47 

 
*5. The relation between KC and KP for the 

reaction A(g) + B(g)   2C(g) + D(g) is 
_______. 

 (A) KC = KP/RT (B) KP = 2
CK   

 (C) KC = 
P

1

K
  (D) KP/KC = 1 

[Note: The answer option (A) given in the textbook is 
modified so as to apply appropriate textual context. 
The value of Δn = 1, therefore, KC = KP/(RT)] 
 
6. For the reaction CO(g) + Cl2(g)   COCl2(g), 

KP/KC is equal to _______. 

 (A) 
1

RT
 (B) RT 

 (C) RT  (D) 1.0 
 
7. For which of the following reaction, KP = KC? 
 (A)  PCl5(g)    PCl3(g) + Cl2(g) 

 (B) N2(g) + 3H2(g)   2NH3(g) 

 (C) H2(g) + I2(g)   2HI(g) 

 (D) 2NO2(g)   N2O4(g) 

 
*8. When volume of the equilibrium reaction 

C(s) + H2O(g)   CO(g) + H2(g) is increased 
at constant temperature, the equilibrium will 
_______. 

 (A) shift from left to right 
 (B) shift from right to left 
 (C) unaltered 
 (D) cannot be predicted 
 

*9. For the equilibrium,  

 Cl2(g) + 2NO(g)   2NOCl(g) the 
concentration of NOCl will increase if the 
equilibrium is disturbed by _______. 

 (A) adding Cl2 (B) removing NO 
 (C) adding NOCl (D) removal of Cl2 
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10. For the equilibrium reaction 

 2NO2(g)  N2O4(g) + 60.0 kJ, the increase 

in temperature _______. 
(A) favours the formation of N2O4 

 (B) favours the decomposition of N2O4 

 (C) does not affect the equilibrium 

 (D) stops the reaction 
 
11. The following reaction occurs in the blast 

furnace where iron ore is reduced to iron metal:  

 3Fe2O3(s) + 3CO(g)  2Fe(l) + 3CO2(g) 

 Using the Le Chatelier’s principle, predict 
which one of the following will NOT disturb 
the equilibrium?     

 (A) Removal of CO   

 (B) Removal of CO2 

 (C) Addition of CO2 

 (D) Addition of Fe2O3 
 

*12. For the equilibrium, A   2B + Heat, the 

number of ‘A’ molecules increases if _______. 

 (A) volume is increased 

 (B) temperature is increased 

 (C) catalyst is added 

 (D) concentration of B is decreased 
 

13. Identify the CORRECT statement. 
 (A) Catalyst lowers activation energy for the 

forward and reverse reactions by exactly 
the same amount. 

 (B) The value of equilibrium constant 
decreases in presence of a catalyst. 

 (C) Catalyst affect the position of the 
equilibrium. 

 (D) Catalyst changes the equilibrium 
composition of a reaction mixture. 

 
14. The equilibrium constant for the reaction:  

N2(g) + O2(g)   2NO(g) is 4  104 at  
2000 K. In presence of a catalyst, the 
equilibrium is attained ten times faster. 
Therefore, the equilibrium constant in 
presence of catalyst of 2000 K is _______.    

           (A)  40  104 (B) 4  102 
 (C)  4  103 (D) 4  104

  
15. The rate of formation of NH3 can be increased 

by using catalyst _______. 
 (A) Fe + Co (B) Mo + Fr 
 (C) Fe + Mo (D) Fe + Mg 
 
      
 1. (A) 2. (A) 3. (D) 4. (D) 
 5. (A) 6. (A) 7. (C) 8. (A) 
 9. (A) 10. (B) 11. (D) 12. (B) 
 13. (A) 14. (D) 15. (C) 

 
 
 

1. Which one of the following conditions will favour maximum formation of the product in the reaction? 

 A2(g) + B2(g)  X2(g); rH = – x kJ                                                                                    [NEET (UG) 2018] 

 (A) Low temperature and high pressure (B) Low temperature and low pressure 

 (C) High temperature and high pressure (D) High temperature and low pressure 

Hint: H is negative, so the decrease in temperature will favour the formation of the product. The number of 
gaseous species decreases, so the increase in pressure will favour the formation of the product. 

 Hence, low temperature and high pressure will favour maximum formation of the product. 
 
2. The equilibrium constants of the following are: 

 N2 + 3H2   2NH3  ; K1 

 N2 + O2   2NO       ; K2 

 H2 + 
1

2
O2   H2O      ; K3  

 The equilibrium constant (K) of the reaction: 

 2NH3 + 
5

2
O2 

K 2NO + 3H2O, will be ________.                                                        [NEET (UG) 2017] 

 (A) K1
3
3K  / K2 (B)  K2

3
3K  / K1  

 (C) K2 K3 / K1 (D) 3
2K K3 / K1 

Answers to Multiple Choice Questions
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Hint: 2NH3  N2 + 3H2 ; 
1

1

K

 
 
 

3H2 + 
3

2
O2   3H2O; (K3)3 

 N2 + O2   2NO ; (K2) 

2NH3 + 
5

2
O2   2NO + 3H2O  

 K = 
1

1

K

 
 
 

 (K3)3  (K2) = 
 3

2 3

1

K K

K

3. A 20 litre container at 400 K contains CO2(g) at pressure 0.4 atm and an excess of SrO (neglect the volume of
solid SrO). The volume of the container is now decreased by moving the movable piston fitted in the
container. The maximum volume of the container, when pressure of CO2 attains its maximum value, will be
_______.                            [NEET (UG) 2017]
(Given that: SrCO3(s)  SrO(s) + CO2(g), sKp = 1.6 atm)

(A) 5 litre (B) 10 litre (C) 4 litre (D) 2 litre
Hint: SrCO3(s)     SrO(s) + CO2(g) 

 KP = CO2
p  = 1.6 atm 

 P1 = 0.4 atm, V1 = 20 L, T1 = 400 K 
 P2 = Kp = 1.6 atm, V2 = ?, T2 = 400 K 

1 1 2 2

1 2

P V P V

T T


Since T1 = T2, 

 V2 = 1 1

2

P V

P
= 

0.4 20

1.6



  V2 = 5 L 
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