


Before Proceeding further, we 

should learn about movement 

of Chemical Reactions.  

üReversible Reactions  

üIrreversible Reactions  



        Reversible Reactions  

A chemical reaction that results in an equilibrium mixture  
                         of reactants and products. 
For Example : 



Reactions  
üWhich proceed to completion in one direction only  
üIn which reactants are completely converted into 
    products in a certain interval of time 
 

         Irreversible Reactions  



  Q .  Find out reversible or Irreversible reaction in the  

           following reactions. 

A.  The formation and decomposition of ammonia 
B.   Neutralization between strong acid and strong base  

Answers 
A. The synthesis of ammonia from nitrogen and hydrogen is a reversible reaction 

and by changing the temperature and pressure of the reacting gases you can 
make the reaction go one way more than another, 

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

 

 



ÁEquilibrium is a state in which there are no observable  
  changes as time goes by. 

Equilibrium  



Chemical Equilibrium  
Chemical equilibrium  is achieved when: 

Ɇ the rates of the forward and reverse reactions are 
equal and  

Ɇ the concentrations of the reactants and products 
remain constant 

Constant 

Equal Rates 

Rate of Forward 
Reaction = Rate of 
backward reaction  
     k f[A] = k r[B]  
 
 

A B 



Recognizing Equilibrium  
To recognize equilibrium one must look for:  
ÇEqual Rates in both forward and reverse reactions 
ÇConstant Concentrations  

ÅWe recognize equilibrium by observing a constant macroscopic 
condition  
Ç Look at constant Pressure, Volume, or Temperature 



Real Life Example  
A Real life example of equilibrium is the rate of people entering is 

equal to the rate of people leaving.. 

BEACH OUTSIDE 
Lets 
GO!! Lets 

Leave! 



       A System at Equilibrium  
 

In a system at equilibrium, both the forward and reverse reactions are 
being carried out; as a result, we write its equation with a double arrow 
  

N2O4 (g) 2 NO2 (g) 

Once equilibrium is 
achieved, the amount of 
each reactant and product 
remains constant. 



Dynamic Equilibrium  
The net result of a dynamic equilibrium is that no change 
in the  system is evident. 

Apply 
Pressure 

Pressure applied to the system at equilibrium caused it to 
shift until a new equilibrium was established. 



Dynamic Equilibrium  

Evaporation 
Open System 
(No Equilibrium)  

Evaporation 

Liquid        Gas 
(No Equilibrium)  (No Equilibrium)  

Liquid        Gas Liquid        Gas 
(Equilibrium)  



Conditions that Apply to all Equilibrium Systems  

üEquilibrium is achieved in a reversible process when  
    the rates of opposing changes are equal. 
üThe observable properties of a system at equilibrium 
    are constant (color, pressure, concentration, and pH 
    level). 
üEquilibrium can only be achieved in a closed system  
Á     does not allow anything to escape or enter. 

üEquilibrium can be approached from either direction 
   (left to right, or, right to left).  
 



 Types of Equilibrium  

×  Solid ɀLiquid Equilibrium  
When a solid is heated it starts melting at a certain fixed temperature (melting 
point). At this stage even when the heating is continued, the temperature does 
not change until the whole of solid is converted into liquid. The state when 
solid and liquid phases of a substance coexist is called solid-liquid equilibrium.  
Solid-liquid equilibrium is described as,  
                                    Solid                                 Liquid 

 



× Liquid ɀGas(Vapour )Equilibrium  

 
This represents an equilibrium state and can be represented as: 
                                 H2O(l)                               H2O(g) 
At this stage, the system exhibits constancy in its pressure. Thus, at equilibrium, 
                        Rate of evaporation = Rate of condensation  
 
 
 
 
 
 
 
 
The conditions necessary for liquid gas equilibrium are: 
ɆThe system must be a closed system because the amount of matter must remain 
  constant. 
ɆThe system must be at constant temperature. 
ɆThe visible properties of the system must not change with time. 
 
 

                                              

 

 



×   Solid ɀ Gas (Vapour )Equilibrium  

ÁWhen substances get sublimated, the solid gets converted into vapour  
   without passing through the liquid phase.  
 
ÁSublimation thus involves solid vapour equilibrium.  
 
ÁOn cooling the vapours, the solid is given back. This equilibrium is obtained 
  in closed systems only. 
 
ÁExamples of solid-vapour equilibrium are, camphor, iodine, ammonium  
   chloride etc.  
 
                              NH 4Cl (s)                              NH4Cl (g)  
  



× Equilibrium between a Solid and its  
     Solution  

ÁThis can be illustrated when we add a small quantity of sugar to about 100 ml 
   of water at 273 K.  
ÁThe sugar dissolves and if we add more sugar to this solution, it also    
   dissolves. Such a solution is said to be unsaturated.  
ÁHowever, if we continue adding sugar to the same amount of water at same  
   temperature, a stage is reached when no more sugar appears to dissolve.  
ÁAt this point the solution is said to be saturated because the concentration of 
   sugar in the solution becomes constant.  
ÁThis indicates that a state of equilibrium has been reached between the  
  undissolved sugar and dissolved sugar 
 
              Sugar (in solution)                              Sugar (Solid) 
 
Rate of dissolution of sugar = Rate of precipitation of sugar from the solution 



×   Equilibrium between a Gas and its  
      Solution  

ÁThis suggests that a state of equilibrium exists between the molecules in the 
   gaseous state and the molecules dissolved in the liquid. 
 
Á For example, when carbon dioxide is dissolved in soda water, the following  
   equilibrium exists:  
 
                         CO2 (gas)                               CO2 (in solution)  
 



Law of Mass Action  
According to this law ,  
Ȱthe rate of a chemical reaction is directly proportional  to 
  ÔÈÅ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÏÆ ÔÈÅ ÒÅÁÃÔÁÎÔÓȱ 
Consider the following reaction,  
 
                         aA + bB                         Products 
 
According to law of mass action, 
 
                    Rate of a reaction  ʂ  [A] a [B]b 

                    Rate of a reaction =k [A]a [B]b  

   
where k  =  rate constant  



Q. The rate law for reaction   A + 2B                               C + 2D  

        will be  
  

         (a) Rate = K[A][B]           (b) Rate = K[A][2B] 

 
         (c) Rate = K[A][B]2          (d) Rate = K [C][D]2/[A][B] 2 

Answer :  (c)  
 
Solution  :  
                  According to law of mass action ,  
                   rate of a reaction = K [A][B] 2  



Equilibrium Constant  

The equilibrium constant is a measure of extent to 
which a reaction proceeds to completion.  

ɆFor a general reaction  

 

  

the  equilibrium  constant  expression  is 

 

 

 

    where  Kc is the  equilibrium  constant . 
 

aA + bB(g)             pP + qQ

[][]

[][]ba

qp

cK
BA

QP
=



Further, if the reaction is a homogeneous gas phase 
reaction then the molar concentration of a substance is 
directly proportional to its partial pressure 'p' at constant 
temperature.  
 
In that case, the equilibrium constant is expressed in 
terms of partial pressure of the reactants and products. 
Such an equilibrium constant is denoted by Kp .  
 
Then similar to the above equation one can write  
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Predicting the direction of Reaction  

·By looking at the constant you can see how great the 
mixture of reactants or products are. 

 

Á If  kc >> 1          Equilibrium lies to the right  

Á If kc  << 1          Equilibrium lies to the left  

Á If kc    = 1          Equilibrium lies in the middle  

 

    Kc         1 



Q. What will be  the equilibrium constant  for  
     the following reaction  

              N2O4(g)                           2NO2 

Solution :  
                          Forward reaction: 

                                                      N2O4 (g)  ½½­ 2 NO2 (g) 

 

                                         Rate law: 
                                                             Rate = kf [N2O4] 

                         Reverse reaction: 
                                                         2 NO2 (g)  ½½­ N2O4 (g) 

 

                                        Rate law: 
                                                             Rate = kr [NO 2]

2 
     Therefore, at equilibrium 

Ratef = Rater 
 

kf [N2O4] = kr [NO 2]
2 

 



kf 
kr  

[NO 2]
2 

[N2O4] 
= 

The ratio of the rate constants is a constant at that temperature, and the expression 
becomes 

Kc = 
kf 
kr  

[NO 2]
2 

[N2O4] 
= 

Rewriting this, it becomes 



Relation between Kc and Kp 
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Q.1 The equilibrium concentrations for the reaction  

        between carbon monoxide and molecular chlorine 
        to form COCl2 (g) at 740C are [CO] = 0.012 M, [Cl2] 
        = 0.054 M, and [COCl2] = 0.14 M.  Calculate the  
         equilibrium constants Kc and Kp. 

CO (g) + Cl2 (g)                                    COCl2 (g) 

Kc =  

[COCl2] 

[CO][Cl 2] 
= 

0.14 

0.012 x 0.054 
= 220 

Kp = Kc(RT)Dn 

Dn = 1 ɀ 2 = -1 R = 0.0821 T = 273 + 74 = 347 K 

Kp = 220 x (0.0821 x 347)-1 = 7.7 

Solution :  



Q. 2. The equilibrium constant Kp for the reaction 

 
is 158 at 1000K.  What is the equilibrium pressure of O2 if the 
PNO  = 0.400 atm and PNO = 0.270 atm? 

2NO2 (g)                                   2NO (g) + O2 (g) 

Kp =  
2 PNO    PO 

2 

PNO   2 
2 

PO 
2 = Kp 

PNO 2 
2 

PNO   2 

PO 2 = 158 x (0.400)2/(0.270)2 = 347 atm 

Solution:  



                                        

                                        Things to Remember  
 
7ÈÅÎ ÓÏÌÖÉÎÇ ÆÏÒ ȰKcȱȟ ÙÏÕ ÄÏ ÎÏÔ ÈÁÖÅ ÔÏ ÕÓÅ ÕÎÉÔÓȟ ÆÏÒ ÉÎÓÔÁÎÃÅȡ ÍÏÌȟ  

   litres, or mol/l.  
)Æ Á ÐÒÏÂÌÅÍ ÓÔÁÔÅÓ ȰÍÏÌȱȟ ÔÈÅÎ ÙÏÕ ÍÕÓÔ ÄÉÖÉÄÅ ÔÈÅ ÎÕÍÂÅÒÓ ÏÆ ÍÏÌ ÂÙ ÔÈÅ 

   ÌÉÔÒÅÓ ÔÏ ÏÂÔÁÉÎ ȰÍÏÌȾÌȱȢ 
Pure liquids and solids are not included (this is in relation to the subscript 

   of each chemical compound, (l) and (s)). 
If the coefficient (either a, b, c, d) is 1, do not write it as a superscript  

   number in the general equilibrium reaction formula, as it is understood to  
   already be there. 
)Æ ÔÈÅÒÅ ÉÓ ÏÎÌÙ Ϋ ÐÒÏÄÕÃÔ ÏÒ ÒÅÁÃÔÁÎÔ ×ÈÅÎ ÃÁÌÃÕÌÁÔÉÎÇ ȰKcȱȟ ÒÅÐÌÁÃÅ ×ÉÔÈ Á  

    1. 
If a problem states that products or reactants are initially a number, do  

   ÎÏÔ ÕÓÅ ÔÈÅÓÅ ÎÕÍÂÅÒÓ ×ÈÅÎ ÄÅÔÅÒÍÉÎÉÎÇ ȰKcȱ ÏÒ Á ÐÒÏÄÕÃÔ ÏÒ ÒÅÁÃÔÁÎÔȠ  
ÙÏÕ ÍÕÓÔ ÏÎÌÙ ÕÓÅ ÎÕÍÂÅÒÓ ×ÈÅÎ ÉÔ ÓÔÁÔÅÓ ÔÈÁÔ ÔÈÅÙ ÁÒÅ ÁÔ ȰÅÑÕÉÌÉÂÒÉÕÍȱȢ 



Reaction Quotient  
Á Is computed using the current concentrations or pressures, not 
   the equilibrium ones.  
Á Denoted by Q. 
 
For the general reaction  
 
           aA(g) + bB(g)                         cC(g) + dD(g) 
 
the reaction quotient at any time is expressed as  
 
                     Q = (pC)c(pD)d/ ( pA)a(pB)b 

 

  where p is the partial pressure .  
 
 
 



Reaction Quotient and Equilibrium  

                     Constant  
ÁIf Q <  Kc the reaction needs to proceed to 

              the right to achieve equilibrium 

 

ÁIf  Q > Kc the reaction needs to proceed to 

              the left to achieve equilibrium 

 

ÁIf Q = Kc the reaction is at equilibrium 

 Kc           Q 



Q. For the given reaction if Conc. at any time  is  given as                                                                         
                                                                         , then find in  
     which direction the reaction will proceed ? If Kc= 100. 
 

[NH 3] = 0.15M, [N2] = .0020, [H2] = .10  

               3H2   +  N2                                                2NH3  

[NH3] = 0.15M, [N2] = .0020, [H2] = .10  
Q =  ____(.15)____ 

(0.0020)(0.10) 

=1.1 x 10 

2 

3 

4 

Q <  kc therefore the reaction will proceed to the right  

Solution :  



Rules for writing Equilibrium constant Expressions  

Write a balanced chemical equation. 

ÅMake sure that the reaction is at equilibrium before you write a  

  chemical equation. 

Write an equilibrium expression. 

ÅTo write the expression, place the product concentrations in the  

  numerator and the reactant concentrations in the denominator. 

ÅThe concentration of  any solid or a pure liquid that takes part in the 

   reaction is left out. 

ÅFor a reaction occurring in aqueous solution, water is omitted. 

Complete the equilibrium expression. 

Finally, raise each substanceõs concentration to the power equal to the 

substanceõs coefficient in the balanced chemical equation.  



Q. What is the equilibrium constant for the  
        following reaction ?  

Solution :  
The equilibrium constant may be written as: 
 

    By convention we write [H2O] = constant so that, 

 

The [H2O] term is merged with the equilibrium constant. 



Unit of Equilibrium Constant  

The unit of equilibrium constant (K) of a reaction depends 
upon the number of moles of the reactants and products 
involved in the reaction.  

   For a general reaction           A                       X + Y + Z + ΧΧΧ.. 
   Equilibrium constant is,  

 

         

Then the unit of the equilibrium constant are given by,     Unit of K = (mol/L) n     
 Where,    n = [Total number of moles of products] ɀ 
                         [Total number of moles of reactants]  

][

]][][[

A

ZYX
K =



Q. What will be the unit for the following reaction ?  

Solution :  Equilibrium constant for the above reaction is  

Note :   Here [PbCrO4]  is a solid , therefore there will be no use in equilibrium 
              expression , so  [PbCrO4]=1 



Manipulating Equilibrium Constants  

ÁThe equilibrium constant of a reaction in the reverse 
   reaction is the reciprocal of the equilibrium constant of 
   the forward reaction. 

ÁThe equilibrium constant of a reaction that has been  
   multiplied by a number is the equilibrium constant  
   raised to a power that is equal to that number. 

ÁThe equilibrium constant for a net reaction made up of 
   two or more steps is the product of the equilibrium  
   constants for the individual steps. 



Kc =     = 0.212 at 100̄C 
[NO 2]

2 
[N2O4] N2O4 (g) 2 NO2 (g) 

Kc =      
      
    = 4.72 at 100̄C 

[N2O4] 
[NO 2]

2 N2O4 (g) 2 NO2 (g) 

Kc =     = 0.212 at 100̄C 
[NO 2]

2 
[N2O4] N2O4 (g) 2 NO2 (g) 

Kc =     = (0.212)2 at 100̄C 
[NO 2]

4 
[N2O4]

2 2 N2O4 (g) 4 NO2 (g) 

Ex-1: 

Ex.2: 



Calculating Equilibrium Concentrations  

Á Express the equilibrium concentrations of all species in 
terms of the initial concentrations and a single unknown 
x, which represents the change in concentration. 

Á Write the equilibrium constant expression in terms of 
the equilibrium concentrations.  Knowing the value of 
the equilibrium constant, solve for x. 

Á Having solved for x, calculate the equilibrium 
concentrations of all species. 



Q.1. A closed system initially containing  1.000 x 10Ж3 M 

         H2 and 2.000 x 10Ж3 M I2 .At 448 C̄ is allowed to reach 
         equilibrium.  Analysis of the equilibrium mixture shows  
         that the concentration of HI is 1.87 x 10Ж3 M. Calculate Kc 

             at 448̄ C for the reaction  taking place,  which is 

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

Solution :  

First You should write what is given in the problem and then 
should go for solution step by step as follows . 



What Do We Know? 

[H2], M [I2], M [HI], M 

Initially 1.000 x 10-3 2.000 x 10-3 0 

Change 

At 

equilibrium 

1.87 x 10-3 



[HI] Increases by 1.87 x 10-3 M 

[H2], M [I2], M [HI], M 

Initially 1.000 x 10-

3 

2.000 x 10-

3 

0 

Change +1.87 x 10-

3 

At 

equilibrium 

1.87 x 10-3 



Stoichiometry tells us [H2] and [I2] decrease by 
half as much 

[H2], M [I2], M [HI], M 

Initially 1.000 x 10-3 2.000 x 10-3 0 

Change -9.35 x 10-4 -9.35 x 10-4 +1.87 x 10-3 

At 

equilibrium 

1.87 x 10-3 



We can now calculate the equilibrium 
ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ ŀƭƭ ǘƘǊŜŜ ŎƻƳǇƻǳƴŘǎΧ 

[H2], M [I2], M [HI], M 

Initially 1.000 x 10-3 2.000 x 10-3 0 

Change -9.35 x 10-4 -9.35 x 10-4 +1.87 x 10-3 

At 

equilibrium 

6.5 x 10-5 1.065 x 10-3 1.87 x 10-3 



ΧŀƴŘΣ ǘƘŜǊŜŦƻǊŜΣ ǘƘŜ ŜǉǳƛƭƛōǊƛǳƳ Ŏƻƴǎǘŀƴǘ 

Kc = 
[HI] 2 

[H 2] [I 2] 

=  51 

= 
(1.87 x 10-3)2 

(6.5 x 10-5)(1.065 x 10-3) 



DG0  and Equilibrium Constant  

ɆDG0 is the free energy change that accompanies a complete   
  conversion of all reactants initially present to products i.e. the  
  standard reaction  
Ɇbut equilibrium may be reached when most of the reactants  
  have been converted to products, or when hardly any have been 
Ɇthe free energy change that occurs with any other conc. or  
  pressures is DG (i.e. no superscript) 

DG = DG0  +  RT ln  Q 
at equilibrium, DG = 0  and \ Q = K 
   0 = DG0 + RT ln  K  (at equilibrium ) 
 
                DG0 = -RT ln  K 



              DG0  K                                Product Formation  
             < 0  > 1       products favored over reactants at equib . 
             = 0  = 1      at equilibrium [C] c[D] d ... = [A]a[B] b... 
             > 0  < 1      reactants favored over products at equib . 

DG0 < 0 DG0 > 0 



Q. If K = 1.8x10-10 for AgCl.  Calculate the ɣGo at 25 oC 
       in kJ/m.  
 
Solution :  
 
                                      ɣGo = - RT ln  K 
 
                      ɣGo =    - (8.31 J/mK )   x   (298 K)  x  ln  (1.8x10-10)   
 

                      ɣGo =    - (2.48x103 J/m)    x   -22.44 
 
                     ɣGo =   + 5.57x104 J/m       
 
                     ɣGo =  5.57x104 J/m  x  1kJ / 1000J  
 
                              =  55.7 kJ/m 



LE - CHATELIERõS PRINCIPLE  
The general rule that can explain the effect of changes in these 
parameters on the state of equilibrium was formulated by H. Le 
Chatelier  (1885), and F. Braun (1886) and is commonly called 
as Le Chatelier's principle.  
 
The principle may be stated as, 'if a system at equilibrium is 
subjected to a change in one or more variables such as, pressure, 
temperature, and/or concentration, then the equilibrium shifts 
in such a way so as to undo the effect of the change'. 
 
The Le Chatelier's principle is also called the 'principle of mobile 
equilibrium' . It is very useful in predicting qualitatively, the 
effect of change in the reaction variables on a system at 
equilibrium.  



Factors affecting Equilibrium  

Ç Concentration  
 
ÇVolume and Pressure  
 
ÇTemperature  
 
ÇCatalyst  



Changes in Concentration  

Change 

Increase concentration of product(s) left  

Decrease concentration of product(s) right  

Decrease concentration of reactant(s) 

Increase concentration of reactant(s) right  

left  

       aA + bB                                  cC + dD  

Add Add Remove Remove 

Shifts the Equilibrium  



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

Add 
NH3 

Equilibrium 
shifts left to 
offset stress 

For Example Consider the following 
reaction 


