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Reaction Orders in Chemistry

The types of orders are zero-order, first-o

second-order, or mixed-order.

» A zero-order reaction proceeds at a constant rate.

> A first-order reaction rate depends on the concentration of one o
reactants.

» A second-order reaction rate is proportional to the square

concentration of a reactant or the product of the concentration of t

reactants.




Factors affecting reaction rate

Depending upon what substances are reacting, the react
varies. Acid/base reactions, the formation of salts, an
exchange are fast reactions. When covalent bond formation
place between the molecules and when large molecules
formed, the reactions tend to be very slow. Nature and strength
bonds 1n reactant molecules greatly influence the rate o

transformation into products




Nature of
Reactants

\

Concentration ‘
Factors Temperature
\ @ Affecting

Reaction
Rate

Presence
of Catalyst
N




Nature of Reactants

» Individual properties also affect
reaction rates.

»Reactants in Liquid and Gas phase

reacts faster than the reactants of
Solid.




The States of Matter




Effect of Temperature

» According to Kinetic Molecular Theory “as the
temperature increases, the average kinetic
energy of molecules also increases.

» It also increases the frequency of collisions.

» If the temperature of the reacting system is
increased, the reaction also increases.
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Effect of Concentration of Reactants

» If the concentration of the reactant is
increased the reactant particles
become more crowded.




Surface Area

» Is the exposed matter of a solid substance.
The rate of reaction of a solid substances is
related to its surface area.

» Smaller reactant particles provide a greater
surface area which increase the chance for
collision.

» The higher the surface area, the faster the
reaction rate.
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Presence of Catalyst

» A Catalyst is a substance that increase the
rate of reaction without being used up or
permanently changed.

» It lowers the activation energy.
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Molecularity

in chemistry 1s the number of molecules that come
to react 1n an elementary (single-step) reaction and 1
to the sum of stoichiometric coefficients of reactants 1
elementary reaction. Depending on how many molecu
come together, a reaction can be unimolecular, bimole

or trimolecular.




1- Unimolecular reactions

In a wunimolecular reaction, a single mol
rearranges atoms forming different molecules. Thi
illustrated by the equation A+B — P and is describe

by the first order rate law where [A] 1s the

concentration of species A, t 1s time, and kr is th

reaction rate constant.




An example of a unimolecular reaction,
the 1somerization of cyclopropane to prope

CH
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HC
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CH,

Unimolecular reactions can be explained by the
Lindeman mechanism.


https://en.m.wikipedia.org/wiki/File:Izomerization_of_cyclopropane.jpg

2- Bimolecular reactions

In a bimolecular reaction, two molecules collide
exchange energy, atoms or groups of atoms. This ¢

be described by the equation A+B—P

which corresponds to the second order rate la

Here, the rate of the reaction 1s proportional to the

rate at which the reactants come together.




An example of a bimolecular reaction 1s t

nucleophilic substitution of methyl bromide by hydr

CH3 Br+ OH — — CH30H + Br —

3- Trimolecular reactions

A trimolecular reaction 1n solutions or gas mixtures invol
three reactant molecules simultaneously colliding. Howe
the term trimolecular 1s also used to refer to three

association reactions of the type A+ B — M C




Where the M over the arrow denotes that to conserve
momentum a second reaction with a third body 1s requir
the initial bimolecular collision of A and B an energetically
reaction intermediate 1s formed, then, it collides with a M bo
a second bimolecular reaction, transferring the excess energy t

The reaction can be explained as two consecutive reactions:

1) 1A+B — AB % 2)AB*x+M — C +




These reactions frequently have a pressur
temperature dependence region of transition bet
second and third order kinetics.

For example, in hydrogenation with a metal catalys
molecular dihydrogen first dissociates onto the metal

surface 1nto hydrogen atoms bound to the surface.




Types of reaction
1- Zero order reactions

Zero-order reactions (where order = 0) have a constant rate
a zero-order reaction 1s constant and independent of the c

of reactants.
A - Product

T= O O a
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If the rate law is dX - K (a__x)n=
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2- First order reactions
A first-order reaction (where order = 1) has a rate pr
the concentration of one of the reactants.
A B + C
T=0 a a 0
T=7? a-X X X
d X =1
Rate = = K (a--x)n
dt
J 22 _ x qat
(a-x) 1
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Slop = AY/AX= k,
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CH:COOC:Hs + H20 + H* — CH3COOH + C:HsOH
SO:Cl: = SO: +Ch:
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