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Collision thEOl‘y: is a chemistry model stating that for a chemical
reaction to occur, reactant particles must collide with sufficient energy
(at least the activation energy) and with the correct orientation .

What are the requirements for a reaction ?

1) Molecule should collide

2) Collide with sufficient energy
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Collision theory

ollision theory was developed by
—Max Trautz and William Lewis

Max Trautz &William Lewis
(1916-18)



http://www.google.co.in/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=QpKjAwRpxBkg4M&tbnid=HOaDV9nFcJc34M:&ved=0CAUQjRw&url=http://www.wikideep.it/esplorazioni-geografiche/&ei=OdzZU53QFcKwuASX_YHgCg&bvm=bv.72185853,d.c2E&psig=AFQjCNHQAY7JDBD9Fo4A_2dAefX5w-LKwA&ust=1406872926896805

CHEMICAL KINETICS

Collision theory

It is Based on Kinetic Theory of Gases

Assumptions of Collision theory...

Molecules are hard spheres

Reaction occurs when molecules collide

Collision theory
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Collision theory

Increase in temperature:> Average K.E. of the
ﬂ Molecule increases

Collision theory

Increases no. of collisions per unit time

This increases the rate only by

Hence the increase in rate of a reaction is not simply due to the
increase in collision frequency
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Collision theory

Rate depends upon :

1. Collision frequency

2. Effective collision

Collision theory
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\ 12 Collision Freguencz SZZ ‘

» The number of collisions that takes
place per second per unit volume of the
reaction mixture is known as collision
frequency (7).

In bimolecular gaseous

reactions, Z is of the
order of 1025 to 1028

Collision theory
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If all collisions are effective, the
reactions must be very fast

Collision theory

11 the collisions of the reacting species
—at a given temperature are not effecti

In actual practice, most chemical
reactions take much longer
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12. Effective collision ‘

The basic requirement of collision theory is
that the reacting species must collide.

Collision theory

Only a small fractions of
collision is effective

Effective collision Z> ti\l/lorehoi dequal to
reshold energy

Thus, the energy of collisions determines the possibility of a reaction

If the energy of the reacting
molecules is less , collisions will be
ineffective,
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PR

Threshold energy

» The colliding molecules should posses a| Collision theory
certain minimum amount of energy to give
products. This minimum amount of energy is
called Threshold energy.
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Requirements for a bimolecular reaction

1. Collision between reactant molecules
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Requirements for a bimolecular reaction

2. Energy requirement (activation energy)
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Requirements for a bimolecular reaction

3. Orientation of reactant molecules
AB + A,B—>AB, + A,

Effective collision

Reactants collision Products
Reactants collision Products




Requirements for a bimolecular reaction

3. Orientation of reactant molecules

H+5 -6
H—/C — Br+OH~
H

Improper s

orientation

proper

orientation

>

Ii+5§(>
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H— C Br OH- No products
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Potential energy barrier

Atoms require energy to overcome
repulsion between B and AC

B+AC—> B....... Adceaens C — BA+C
Reactants Activated Products
complex

K.E. of colliding particles is converted into P.E. in an Activated comple
— Transition state

Transition state = Potential energy barrie% Energy comes from
K. E. of colliding particles
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Potential energy barrier

Activated
complex
R Transition state
>
en
o
<P]
=
[<P]
=
T'E
:
(=]
o
Reaction coordinate

—>




CHEMICAL KINETICS

» Collisions with sufficient kinetic energy

» Collision with proper orientation

A =P.Zis called frequency or

[ Kk = P 7 e Ea/RT ] pre-exponential factor

P | = Steric factor or probability factor

This equation is written in the form of Arrhenius equation

[ k=A e—Ea/RT ]
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1. Which of the following affects the rate of reaction?

a) collision frequency

b) effective collision
cypbotha &b

d) none of these

MCQs




Comparison between high activation energy and low activation energy

Feature High Activation Energy Low Activation Energy
Requires a large amount of Requires a small amount of
Definition energy for reactants to energy for reactants to

Reaction rate

Temperature
effect

transform into products.

transform into products.

The reaction occurs slowly,
because few molecules have
enough energy to reach the
activation barrier.

The reaction occurs quickly,
because many molecules have
sufficient energy to react.

Strongly affected by
temperature — increasing
temperature greatly speeds up
the reaction.

Less affected by temperature
— the reaction is already fast,
so temperature has a smaller
effect.

Energy barrier
(Ea)

The potential energy barrier
is high.

The potential energy barrier
is low.

Examples

Rusting of iron,
decomposition of water.

Combustion of hydrogen gas,
neutralization reactions.




Comparison between Endothermic and Exothermic Reactions

Property Endothermic Reaction Exothermic Reaction
Definition Absorbs heat from surroundings | Releases heat to surroundings
Heat Flow Heat enters the system Heat leaves the system
Temperature of

. Decreases Increases
Surroundings
Energy of Products vs Products have higher energy Products have lower energy than
Reactants than reactants reactants
Enthalpy Change (AH) | Positive (+AH) Negative (—AH)

Eff fl i . . .
ect of Increasing Favored (reaction rate increases) | Opposed (reaction rate decreases)

Temperature
Exambples Photosynthesis, melting of ice, Combustion of fuel, freezing of
p decomposition of CaCQOs water, formation of H-O
Energy Diagram Reactants are lower; products Reactants are higher; products are

are higher in energy lower in energy
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Endothermic Reaction Exothermic Reaction

A % A ¥

Energy
Energy

net energy net energy
absorhed released

prrra A T

eaction Coordinate eaction Coordinate
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'Factors affecting reaction
rate

*Temperature

*Surface area

*Concentration of
reactants

»Catalyst




- Temperature

If the temperature is increased:

* the reactant particles move more
quickly
* the reactant particles have more
Kinetic energy
* the reaction rate increases
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TEMPERATURE
CONCENTRATION
APRESSURE

INCREASE

FASTER

>
RATE OF REACTION

=
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"~ Surface area

Larger surface area
would have a larger
space of collision

between particles of a
reaction.
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@ =Acid Particle 3 = Water Molecule @ = Magnesium Atom




CHEMICAL KINETICS

P
e

g

"Concentration of reactants

If the concentration is increased:

* the reactant particles become more
crowded

* there is a greater chance of the
particles colliding;

* the rate of reaction increases
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Low concentration = Few colisions  High concentration = More colisions
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Catalyst

Catalyst is a
substance that
makes a chemical
reaction faster.
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Catalyst Energy Diagram

Activate

catalyzed

ENErgy e

reactants

N
products

Reaction Progress =iy
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Example oo

Which would work faster: Aspirin in
powder form or aspirin in tablet form?
Explain why.

Answer: The aspirin would work faster
if taken in powder form because the
fact that it has been crushed increases
surface area. This will make more
frequent collisions and more frequent
collisions with proper orientation - which
will make the aspirin work faster.
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