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4. Chemical Kinetics
• Introduction

• Average and instantaneous Rate of  a reaction

• Express the rate of  a reaction in terms of  change in concentration 

• Elementary and Complex reactions

• Molecularity and Order of  a reaction

• Rate constant

• Dependence of  rate of  reactions on concentration, temperature and catalyst

• Integrated Rate Equations for the zero and first order reactions

• Rate Constants for Zeroth and First order reactions

• Collision theory.



The only permanent   

thing in life is–

CHANGE





Things to note about a chemical reaction (change)

A → B

• Feasibility of  change 

• Extent to which change happens

• Speed of  change

Along with feasibility and extent, it is equally important to know the Rate and the factors 

controlling the rate of  a chemical reaction for its complete understanding.



Speed of  Reaction: Chemical Kinetics
The branch of  chemistry which deals with the Study of  Reaction Rates and their Mechanisms is  

called Chemical Kinetics. 

‘Kinesis’ → movement.



Why study chemical kinetics ?



Chemical Kinetics : Slow Reaction
• Diamond to graphite



Chemical Kinetics : Moderate Reaction
• Spoiling of  tomato

• Milk into curd



Chemical Kinetics : Fast Reaction
• Fire crackers

• Mixing of  Ink



Two Levels to study Chemical Kinetics
• At the macroscopic level, we are interested in Amounts Reacted or Formed and the rates of  their 

consumption or formation. 

• At the molecular level, the reaction mechanisms involving Orientation and Energy of  molecules 

undergoing collisions, are discussed.



Chemical Kinetics = Speed of  Car
Speed = Distance/Time



Rate of  Reaction
The speed of  a reaction or the rate of  a reaction can be defined as the change in concentration of  a 

reactant or product in unit time. 

i. the rate of  decrease in concentration of  any one of  the reactants, or

ii. the rate of  increase in concentration of  any one of  the products.

∆[R] = [R]2 – [R]1

∆[P] = [P]2 – [P]1

∆t = t2 – t1

Rate of  disappearance of  R =                                                           = – ∆[R] / ∆t

Rate of  appearance of  P =                                                           = ∆[P] / ∆t

Decrease in concentration of  R

Time Taken

Increase in concentration of  P

Time Taken



Instantaneous Rate of  Reaction

Reactants → Products



Units of  rate of  a reaction
Units of  rate are concentration time–1. 

For e.g. if  concentration is in mol L–1 and time is in seconds then the units : mol L–1s–1. 

In gaseous reactions, when the concentration of  gases is expressed in terms of  their partial 

pressures, then the units of  the rate equation will be Atm s–1.



Plotting the Curve
From the concentrations of  C4H9Cl (butyl chloride) at different times given below, calculate the average rate of  

the reaction:

C4H9Cl + H2O → C4H9OH + HCl

during different intervals of  time.

t/s                       0          50         100        150        200          300         400        700         800

[C4H9Cl]/mol L–1 0.100   0.0905   0.0820   0.0741    0.0671    0.0549    0.0439    0.0210     0.017



Practice: Write Rate of  Reaction
• Hg(l) + Cl2 (g) → HgCl2(s)

• N2(g) + 3H2(g) → 2NH3(g)

• 2HI(g) → H2(g) + I2(g)

• 5 Br– (aq) + BrO3
– (aq) + 6 H+ (aq) → 3 Br2 (aq) + 3 H2O (l)



Factors influencing Rate of  a Reaction

• Nature of  Reactants

• State of  Reactants

• Temperature

• Catalyst

• Concentration of  reactants



Factors influencing Rate of  a Reaction: Nature of  Reactant



Factors influencing Rate of  a Reaction: Nature of  Reactant

NaOH + HCl → NaCl + H20 (very fast)

Cu + O2 → 2CuO (slow)

Mg + O2 → 2CuO (fast)

Rusting or iron (slow)



Factors influencing Rate of  a Reaction : State of  Reactants

Na(s) + I2 (g) → NaI (Fast)

Na(s) + I2 (g) → NaI (slow)

Zn(powder) + HCl → ZnCl2 + H2 (Fast)

Zn(lump) + HCl → ZnCl2 + H2 (slow)



Factors influencing Rate of  a Reaction : Temperature

For every 10 rise in T, Rate of  reaction ‘doubles’



Factors influencing Rate of  a Reaction: Catalyst
• Improves reaction rate E.g. Enzymes

• Doesn’t get consumed in the reaction



Factors influ. Rate of  a Reaction : Concentration of  Reactants

(Fast)
(Slow)



Factors influ. Rate of  a Reaction : Concentration of  Reactants



Factors influ. Rate of  a Reaction : Concentration of  Reactants

(1 M)         (10 M)



Differential Rate Law
The representation of  rate of  reaction in terms of  concentration of  the reactants is known as 

Rate Law. 

It is also called as Rate Equation or Rate Expression.

Consider a general reaction: aA + bB → cC + dD

The rate expression for this reaction is

Rate ∝ [A]x [B]y

where exponents ‘x’ and ‘y’ may or may not be equal to the stoichiometric coefficients (a and b) 

of  the reactants.( Experimental). 

Rate = k [A]x [B]y

= k [A]x [B]y
- d[R]

dt



Rate Law
Rate law is the expression in which reaction rate is given in terms of  molar concentration of  

reactants with each term raised to some power, which may or may not be same as the 

stoichiometric coefficient of  the reacting species in a balanced chemical equation. 

For e.g:

2NO(g) + O2(g) → 2NO2 (g)

Rate = k[NO]2[O2]
1

Differential form : – d[R]/dt = k[NO]2[O2]
1



Rate Law : Examples
Reaction Experimental rate 

expression

1. CHCl3 + Cl2 → CCl4 + HCl Rate = k [CHCl3] [Cl2]
1/2

2. CH3COOC2H5 + H2O → CH3COOH + C2H5OH              Rate = k [CH3COOC2H5]
1

[H2O]0

Rate law for any reaction cannot be predicted by merely looking at the balanced chemical 

equation (theoretically) but must be determined experimentally.  

Why Rate Law?



Order of  a Reaction
In the equation :     aA + bB → cC + dD

Rate = k [A]x [B]y

x and y indicate how sensitive the rate is to the change in concentration of  A and B. 

• The sum of  powers (x + y) of  the concentration of  the reactants in the rate law expression is 

called the Order of  that chemical reaction.

• Order of  a reaction can be 0, 1, 2, 3 and even a fraction. 

• A zero order reaction means that the rate of  reaction is independent of  the concentration of  

reactants. E.g. 2HI(g) → H2(g) + I2(g) ;     Rate = k [HI]0 = k

• 1st Order reaction e.g. Radioactive decays  ;   Rate = k [A]1[B]0 or  k[A]0 [B]1 

• 2nd Order reaction : 3NO(g) → N2O (g) + NO2(g) ;  Rate = k [A]1[B]1 or  k[A]0 [B]2 or  

k[A]2 [B]0



Order of  a Reaction : Units of  rate constant
In the equation :   aA + bB → cC + dD

Rate = k [A]x [B]y

Where x + y = n = order of  the reaction

k = 
Rate

[A]x [B]y

Concentration

Time    (Concentration)n

1
= x    



Reaction Mechanism
• A balanced chemical equation never gives us a true picture of  how a reaction takes place 

since rarely a reaction gets completed in one step. 

• The reactions taking place in one step are called Elementary Reactions. 

• When a sequence of  elementary reactions (called mechanism) gives us the products, the 

reactions are called Complex Reactions.

KClO3 + 6FeSO4 + 3H2SO4 → KCl + 3Fe2(SO4)3 + 3H2O



Molecularity of  a Reaction
The number of  reacting species (atoms, ions or molecules) taking part in an elementary reaction, 

which must collide simultaneously in order to bring about a chemical reaction.

• The reaction can be unimolecular when one reacting species is involved. For e.g.

Decomposition of  ammonium nitrite.

NH4NO2 → N2 + 2H2O

• Bimolecular reactions involve simultaneous collision between two species. For e.g.

Dissociation of  hydrogen iodide.

2HI → H2 + I2

• Trimolecular or termolecular reactions involve simultaneous collision between 3 reacting species. 

For e.g. 

2NO + O2 → 2NO2

• The probability that more than three molecules can collide and react simultaneously is very small. 

Hence, Reactions with the molecularity three are very rare and slow to proceed.



Molecularity of  a Reaction : cont…
• Complex reactions involving more than three molecules in the stoichiometric equation must 

take place in more than one step.

KClO3 + 6FeSO4 + 3H2SO4 → KCl + 3Fe2(SO4)3 + 3H2O

• This reaction which apparently seems to be of  10th order is actually a 2nd order reaction. 

This means that this reaction takes place in several steps. 

• As the chances to win the relay race competition by a team depend upon the slowest person 

in the team, the overall rate of  the reaction is controlled by the slowest step in a reaction 

called the Rate Determining Step.

• For e.g. decomposition of  hydrogen peroxide which is catalysed by iodide ion in an alkaline 

medium.

2H2O2→ 2H2O + O2

(1) H2O2 + I– → H2O + IO–

(2) H2O2 + IO– → H2O + I– + O2



Note: For complex reaction, order is given by the slowest step and generally, molecularity

of  slowest step is the same as the order of  the overall reaction.

Order of  Reaction Molecularity of  Reaction

1.Experimental concept Can be determined by the elementary reaction

2. Equal to the sum of  powers of concentration 

in rate law 

Equal to the sum of  stoichiometric co-efficient of  

reactant of  elementary reaction

3. Order can be 0, 1, 2, 3, fraction or negative Always whole number. Generally 1, 2, 3.

4. First, second order, third order Unimolecular, Bimolecular, Trimolecular

5. Order is applicable to elementary as well as 

complex reactions.

Molecularity is applicable only for elementary 

reactions.



Integrated Rate Equations
• It is not always convenient to determine the instantaneous rate, as it is measured by 

determination of  slope of  the tangent at point ‘t’ in Concentration vs Time plot. 

• This makes it difficult to determine the rate law and hence the order of  the reaction. 

• In order to avoid this difficulty, we can integrate the differential rate equation to give a 

relation between Concentrations at different times and Rate constant.



Integrated Rate Equations : Zero Order Reactions
Reactants → Products

= k [R]0

k =

• Zero order reactions are relatively uncommon but they occur under special conditions. 

• Some Enzyme-catalysed reactions and Reactions which occur on Metal surfaces are a few 

examples of  zero order reactions.

• E.g.

- d[R]

dt

t

[R]0- [R]



Integrated Rate Equations : First Order Reactions
Rate of  the reaction is proportional to the first power of  the concentration of  reactant R.

=  k[R]

[R] = [R]0 e
-kt

E.g.

Rate = k [Ra]

- d[R]

dt



Half-Life of  a Reaction
The half-life of  a reaction is the time in which the concentration of  a reactant is reduced to 

one half  of  its initial concentration. It is represented as t1/2.

For a zero order reaction:

k =

t1/2 =

t

[R]0- [R]

[R]0

2k



Half-Life of  a Reaction
For the first order reaction:

t1/2 =

Note: For zero order reaction t1/2 ∝ [R]0. For first order reaction t1/2 is independent of  [R]0.

0.693

k



Pseudo First Order Reaction
• The order of  a reaction is sometimes altered by conditions.

• In the equation :     aA + bB → cC + dD Rate = k [A]x [B]y

• If  any of  the reactants, say A, is in large excess its concentration is going to be nearly 

constant, before and after the reaction.

• Rate of  the reaction becomes independent of  A. Rate = k’ [B]y 

• E.g. During the hydrolysis of  0.01 mol of  Ethyl acetate with 10 mol of  water. 

CH3COOC2H5 + H2O → CH3COOH + C2H5OH

• The concentration of  water does not get altered much during the course of  the reaction. 

Rate = k′ [CH3COOC2H5] [H2O] ;  [H2O] can be taken as constant. 

• The equation becomes Rate = k[CH3COOC2H5]  where k = k′ [ H2O] 

• This reaction behaves as first order reaction. Such reactions are called Pseudo first order 

reactions.



How to determine the order of  the reaction
i. Formula substitution 

ii. Graphical method

iii. Half-life method

• Formula substitution:

i. For Zero order : k.t = [R]0- d[R]

ii. For 1st order : 

• Graphical method

i. For Zero order : ‘ [A] vs t ’ is a straight line.

ii. For 1st order : ‘ ln[A] vs t ’ is a straight line.



Temperature Dependence of  the Rate of  a Reaction
• Tomato spoils faster  in warm weather.

• Refrigerator

• Weight loss due to fever 

• Decomposition of  N2O5.

• For a chemical reaction with rise in temperature by 10°, the rate constant is nearly doubled.

Temp t1/2

50 degree 12 min

25 degree 5 hrs

0 degree 10 days



Temperature Dependence of  the Rate of  a Reaction
• The temperature dependence of  the rate of  a chemical reaction can be accurately explained 

by Arrhenius equation.

k = A.e–Ea / RT

• A is the Arrhenius factor or the Frequency factor or Pre-exponential factor.

• It is a constant specific to a particular reaction.

• R is gas constant 

• Ea is activation energy measured in joules/mole (J mol –1).

Interpretation of  Arrhenius eq. :

• Arrhenius’ concept of  activation energy

• Collision theory

• Transition state theory



Activation energy

Reactants → Products

• Old bonds are broken and new bonds are formed. 

• To break bond energy is needed. 

• The minimum energy required – Threshold energy



Chemical kinetics : Activation Energy
Energy difference between Reactants & Products is ∆H. (If  +ive - exothermic, else endothermic).



Chemical kinetics : Activation Energy – Example
H2 + I2  → 2HI

• According to Arrhenius, this reaction can take place only when a molecule of  hydrogen and a 

molecule of  iodine collide to form an unstable intermediate. 

• It exists for a very short time and then breaks up to form two molecules of  hydrogen iodide.

• The energy required to form this intermediate, called activated complex (C), is known as 

Activation energy (Ea).

Ea = Ec - Ep



Kinetic Energy of  Molecules
• All the molecules in the reacting species do not have the same kinetic energy. 

• It is difficult to predict the behaviour of  any one molecule with precision.

• Boltzmann and Maxwell used statistics to predict the behaviour of  large number of  molecules.

• Increasing the temperature of  the substance increases the fraction of  molecules, which collide 

with energies greater than Ea. 



Arrhenius’ equation explanation
k = A.e–Ea / RT

• The factor e–Ea / RT corresponds to the fraction of  molecules that have kinetic energy greater 

than Ea.

• Taking natural logarithm of  both sides of  equation :

ln k = – Ea/RT + ln A

• Modifying further: 



Collision Theory of  Chemical Reactions
• According to this theory, the reactant molecules are assumed to be hard spheres and 

reaction is postulated to occur when molecules collide with each other. 

• The number of  collisions per second per unit volume of  the reaction mixture is known as

collision frequency (Z). 

A + B → Products

Rate = ZAB.e–Ea / RT

• The collisions in which molecules collide with sufficient K.E. and Proper Orientation, so as 

to facilitate breaking of  bonds between reacting species and formation of  new bonds to 

form products are called as Effective collisions.

• The proper orientation of  reactant molecules lead to bond formation whereas improper 

orientation makes them simply bounce back and no products are formed.

• Increase in Concentration & Temperature increases the probability of  effective collisions, 

and hence the reaction rate.



Probability factor in Arrhenius’ equation 
• To account for effective collisions, another factor P, called the Probability or Steric factor is 

introduced.

Rate = P.ZAB.e–Ea / RT

For e.g. Formation of  Methanol from Bromoethane depends upon the orientation of   reactant 

molecules.



Effect of  Catalyst
• A catalyst participates in a chemical reaction by forming temporary bonds with the 

reactants resulting in an intermediate complex. 

• This has a transitory existence and decomposes to yield products and the catalyst. 

• The catalyst provides an alternate pathway or reaction mechanism by reducing the 

activation energy between reactants and products and hence lowering the potential energy 

barrier.



Effect of  Catalyst : Cont…
• A catalyst does not alter Gibbs energy, ∆G of  a reaction. 

• It catalyses the spontaneous reactions but does not catalyse non-spontaneous reactions. 

• It is also found that a catalyst does not change the equilibrium constant of  a reaction 

rather, it helps in attaining the equilibrium faster.






