
Fundamentals of  Chemistry

CHEM 101

Chemical Kinetics

Dep of Sci. and Humanities
MIST, Mirpur Cantonment, Dhaka

Reach me at: mohebul@sh.mist.ac.bd ; +880 1685 231211

Lec. Mohebul Ahsan

mailto:mohebul@sh.mist.ac.bd


Chemical Kinetics

Chemical kinetics is the branch of chemistry that studies the rates and mechanisms of

chemical reactions. It involves the study of how fast chemical reactions occur and

how different variables such as temperature, pressure, concentration, and catalysts

affect the rate of reaction.

To understand & predict the behavior of a chemical system one must consider both

Thermodynamics & Kinetics

The word "kinetics" comes from the Greek word "kinētikos," which means "related to motion." 

Relationships between heat, energy, and work.



REACTION RATE

“The rate of reactions is defined as the change in concentration of any of reactant
or products per unit time.”

The rate of a reaction tells at what speed the reaction occurs.



REACTION RATE

For different stoichiometry, 

N2 + 3H2 ⇌ 2NH3

The rate of Consumption The rate of Production
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Reaction Rate: The time derivative of concentration (reactant or product) divided
by the appropriate stoichiometric co-efficient

The rate at which the H2 gets consumed is three times the rate of consumption of N2 and the rate of

production of ammonia is twice the consumption of N2



The Rate Law

The rate of a reaction is directly proportional to the reactant concentrations, each
concentration being raised to some power.

Thus for a substance A undergoing reaction,

An expression which shows how the reaction rate is related to conc. is called the rate law or rate equation.



Factors affecting rate of a Reaction



Factors affecting rate of a Reaction

• Surface area increases, area of contact between reactants increases - rate of encounter

between reactants increases - Rate increases

• Surface area of a solid can be increased by Sub-division i.e. dividing the bigger particles

in smaller

Surface Area of Reactants



Factors affecting rate of a Reaction

Orientation:

The molecules must collide in correct orientation in order for the products to be made:



Factors affecting rate of a Reaction

• As temperature increases avg K.E increases

• As avg. K.E increases, the particles move faster & Collision energy & Collision

frequency increases & hence Rate increases

Temperature



Factors affecting rate of a Reaction

Pressure



Factors affecting rate of a Reaction

Concentration

• Rate of “Homogeneous Reactions” is higher than the “Heterogeneous Reactions”

• Rate depends on the physical state of reactants , e.g. liquid/gaseous/solid

• Rate depends on the number of collisions or encounters between the reacting species

Nature of Reactants



Factors affecting rate of a Reaction

• A substance that increases the reaction rate without undergoing a chemical change

itself

• Provides an alternate reaction

mechanism faster than mechanism in

absence of catalyst

• Lowers the activation energy for a

chemical reaction

Catalyst



ORDER OF A REACTION

The order of a reaction is the sum of the powers of concentrations in the rate law.

Order of a reaction is an experimental Quantity



Molecularity of a Reaction



Molecularity of a Reaction



Molecularity of a Reaction

It is meaningless to give the molecularity of the overall reaction because it is made of several
elementary reactions, each, perhaps with a different molecularity. At best could be thought of as
: the number of molecules or atoms taking part in the rate-determining step.



Molecularity of a Reaction

Why High Molecularity Reactions are Rare ?

Most of the reactions involve one, two or at the most three molecules. The reactions involving four or
more molecules are very rare.

According to kinetic molecular theory, the rate of a chemical reaction is proportional to the number of
collisions taking place between the reacting molecules. The chances of simultaneous collision of reacting
molecules will go on decreasing with increase in number of molecules.

The reactions involving many molecules proceed through a series of steps, each involving two or three or
less number of molecules. Such a reaction is called a complex reaction and the slowest step determines
the overall rate of the reactions.



Order vs. Molecularity



ORDER OF A REACTION

A zero order reaction is one whose rate is independent of concentration.

ZERO ORDER REACTION

That means the rate does not vary with the increase or decrease in the concentration of the

reactants. Therefore, the rate of these reactions is always equal to the rate constant

Reactions wherein a catalyst is
required are generally zero
order reactions.



ORDER OF A REACTION



ORDER OF A REACTION

Graphs of Zero Order Reaction



ORDER OF A REACTION



ORDER OF A REACTION



ORDER OF A REACTION

Graphs of First Order Reaction



ORDER OF A REACTION



ORDER OF A REACTION



ORDER OF A REACTION

Graphs of Second Order Reaction



ORDER OF A REACTION



ORDER OF A REACTION



ORDER OF A REACTION

PSEUDO–ORDER REACTIONS

A reaction in which one of the reactants is present in a large excess shows an order different

from the actual order. The experimental order which is not the actual one is referred to as the

pseudo order.



Determining the ORDER OF A REACTION



Determining the ORDER OF A REACTION



Determining the ORDER OF A REACTION



Determining the ORDER OF A REACTION



Determining the ORDER OF A REACTION



Determining the ORDER OF A REACTION



Determining the ORDER OF A REACTION



Half Life of a Reaction

HALF–LIFE OF A REACTION

The time required for the concentration of a reactant to decrease to half its initial value.

In other words, half-life is the time required for one-half of the reaction to be completed. It is
represented by the symbol t1/2 or t0.5.

“Independent of the initial concentration”



Half Life of a Reaction

Half-Life of a Zero Order Reaction

From the integral form, we have the following equation,

For half-life, 
t = t1/2 and [A] =

[𝐴]0

2
= [A]0 – kt1/2

[𝐴]0
2

=> t1/2 = 
[𝐴]0

2𝑘
“depends on initial concentration”

A → Products

-
𝑑 [𝐴]0

𝑑𝑡
= k [A-x]0For zero order reaction, 



Half Life of a Reaction

“depends on initial concentration”



Half Life of a Reaction



Units of Rate Constant



Units of Rate Constant



Half Life of a Reaction
For the reaction,



Half Life of a Reaction



Numericals

For a certain first order reaction, t0.5 is 100 sec. How long will it take for the
reaction to be completed 75% ?

A second order reaction is 25% completed in 600 sec. How much time will
be required for the reaction to go to 75% completion.

50% of a first order reaction is completed in 50 minutes. Calculate the time
required to complete 90% of the reaction.



Theories of Reaction Rates

Absolute Reaction rate
Theory (Transition State
Theory)

Collision Theory



Collision Theory

Activation energy, Ea, that is the minimum
energy necessary to cause a reaction between
the colliding molecules.

A – A + B – B ⎯⎯→ 2A – B

• Only the molecules that collide with a kinetic
energy greater than Ea, are able to get over
the barrier and react.



Collision Theory

Proper Orientation

The correct orientation is that
which ensure direct contact
between the atoms involved in the
breaking and forming of bonds



Collision Theory



Collision Theory

Temperature Dependence of Reaction Rate and Arrhenius Equation

▪ We know that the kinetic energy of a gas is directly proportional to its temperature. Thus as the
temperature of a system is increased, more and more molecules will acquire necessary energy
greater that Ea to cause productive collisions. This increases the rate of the reaction.



Collision Theory

Calculation of Ea Using Arrhenius Equation

Thus if we plot the natural logarithm of k against 1/T, we get a
straight line. From the slope of the line, we can calculate the
value of Ea



Collision Theory

Limitations of the Collision Theory



Transition State Theory



Transition State Theory



Transition State Theory

Potential energy diagram for an exothermic and endothermic reaction

Which product is more stable ?



Transition State Theory

Activation Energy and Catalysis

We know that for each reaction a certain energy barrier must be surmounted.

• The catalyst functions by providing another 
pathway with lower activation energy, Ecat

A much large number of collisions
becomes effective at a given temperature.
Since the rate of reaction is proportional
to effective collisions, the presence of a
catalyst makes the reaction go faster,
other conditions remaining the same.

Although a catalyst lowers the activation
energy, the energy difference, ΔE, between
products and reactants remains the same.


