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Abstract — A chemical reaction is a process that leads to the chemical transformation of one set of
chemical substances to another. Classically, chemical reactions encompass changes that only involve the
positions of electrons in the forming and breaking of chemical bonds between atoms, with no change to
the nuclei (no change to the elements present), and can often be described by a chemical equation.
Nuclear chemistry is a sub-discipline of chemistry that involves the chemical reactions of unstable and
radioactive elements where both electronic and nuclear changes can occur.

The substance (or substances) initially involved in a chemical reaction are called reactants or reagents.
Chemical reactions are usually characterized by a chemical change, and they yield one or more

products, which usually have properties different from the reactants.
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INTRODUCTION

Chemical equations are used to graphically illustrate
chemical reactions. They consist of chemical or
structural formulas of the reactants on the left and
those of the products on the right. They are
separated by an arrow (—) which indicates the
direction and type of the reaction; the arrow is read
as the word "yields".

The tip of the arrow points in the direction in which
the reaction proceeds. A double arrow (=) pointing in
opposite directions is used for equilibrium reactions.
Equations should be balanced according to the
stoichiometry, the number of atoms of each species
should be the same on both sides of the equation.

More elaborate reactions are represented by reaction
schemes, which in addition to starting materials and
products show important intermediates or transition
states. Also, some relatively minor additions to the
reaction can be indicated above the reaction arrow;
examples of such additions are water, heat,
illumination, a catalyst, etc. Similarly, some minor
products can be placed below the arrow, often with a
minus sign.

Reactions often consist of a sequence of individual
sub-steps, the so-called elementary reactions and
the information on the precise course of action is part
of the reaction mechanism. Chemical reactions are
described  with  chemical equations, which
symbolically present the starting materials, end

products, and sometimes intermediate products
and reaction conditions.

Chemical reactions happen at a characteristic
reaction rate at a given temperature and chemical
concentration. Typically, reaction rates increase
with increasing temperature because there is more
thermal energy available to reach the activation
energy necessary for breaking bonds between
atoms.

Reactions may proceed in the forward or reverse
direction until they go to completion or reach
equilibrium. Reactions that proceed in the forward
direction to approach equilibrium are often
described as spontaneous, requiring no input of
free energy to go forward. Non-spontaneous
reactions require input of free energy to go forward
(examples include charging a battery by applying
an external electrical power source, or
photosynthesis  driven by  absorption  of
electromagnetic radiation in the form of sunlight).

Different chemical reactions are wused in
combinations during chemical synthesis in order to
obtain a desired product. In biochemistry, a
consecutive series of chemical reactions (where
the product of one reaction is the reactant of the
next reaction) form metabolic pathways. These
reactions are often catalyzed by protein enzymes.

Enzymes increase the rates of biochemical
reactions, so that metabolic syntheses and
decompositions  impossible  under  ordinary
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conditions can occur at the temperatures and
concentrations present within a cell.

The general concept of a chemical reaction has been
extended to reactions between entities smaller than
atoms, including nuclear reactions, radioactive
decays, and reactions between elementary particles,
as described by quantum field theory.

CHEMICAL REACTIONS AND
SIGNIFICANCE

THEIR

The elementary reaction is the smallest division into
which a chemical reaction can be decomposed, it
has no intermediate products. Most experimentally
observed reactions are built up from many
elementary reactions that occur in parallel or
sequentially. The actual sequence of the individual
elementary reactions is known as reaction
mechanism. An elementary reaction involves a few
molecules, usually one or two, because of the low
probability for several molecules to meet at a certain
time.

The most important elementary reactions are
unimolecular and bimolecular reactions. Only one
molecule is involved in a unimolecular reaction; it is
transformed by an isomerization or a dissociation
into one or more other molecules. Such reactions
require the addition of energy in the form of heat or
light. A typical example of a unimolecular reaction is
the cis—trans isomerization, in which the cis-form of a
compound converts to the trans-form or vice versa.

In a typical dissociation reaction, a bond in a
molecule splits (ruptures) resulting in two molecular
fragments. The splitting can be homolytic or
heterolytic. In the first case, the bond is divided so
that each product retains an electron and becomes a
neutral radical. In the second case, both electrons of
the chemical bond remain with one of the products,
resulting in charged ions. Dissociation plays an
important role in triggering chain reactions, such as
hydrogen—oxygen or polymerization reactions.

Most chemical reactions are reversible, that is they
can and do run in both directions. The forward and
reverse reactions are competing with each other and
differ in reaction rates. These rates depend on the
concentration and therefore change with time of the
reaction: the reverse rate gradually increases and
becomes equal to the rate of the forward reaction,
establishing the so-called chemical equilibrium.

The time to reach equilibrium depends on such
parameters as temperature, pressure and the
materials involved, and is determined by
the minimum free energy. In equilibrium, the Gibbs
free energy must be zero. The pressure dependence
can be explained with the Le Chatelier's principle.
For example, an increase in pressure due to

decreasing volume causes the reaction to shift to the
side with the fewer moles of gas.

The reaction yield stabilizes at equilibrium, but can
be increased by removing the product from the
reaction mixture or changed by increasing the
temperature or pressure. A change in the
concentrations of the reactants does not affect the
equilibrium constant, but does affect the equilibrium
position.

Reactions can be exothermic, where AH is negative
and energy is released. Typical examples of
exothermic  reactions are precipitation and
crystallization, in which ordered solids are formed
from disordered gaseous or liquid phases.

In contrast, in endothermic reactions, heat is
consumed from the environment. This can occur by
increasing the entropy of the system, often through
the formation of gaseous reaction products, which
have high entropy. Since the entropy increases
with temperature, many endothermic reactions
preferably take place at high temperatures. On the
contrary, many exothermic reactions such as
crystallization occur at low temperatures.

The speed at which reactions takes place is
studied by reaction kinetics. The rate depends on
various parameters, such as:

. Reactant concentrations, which usually
make the reaction happen at a faster rate if
raised through increased collisions per unit
time. Some reactions, however, have rates
that are independent of reactant
concentrations. These are called zero
order reactions.

. Surface area available for contact between
the reactants, in particular solid ones in
heterogeneous systems. Larger surface
areas lead to higher reaction rates.

. Pressure — increasing the pressure
decreases the volume between molecules
and therefore increases the frequency of
collisions between the molecules.

. Activation energy, which is defined as the
amount of energy required to make the
reaction start and carry on spontaneously.
Higher activation energy implies that the
reactants need more energy to start than a
reaction with a lower activation energy.

. Temperature, which hastens reactions if
raised, since higher temperature increases
the energy of the molecules, creating more
collisions per unit time.
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. The presence or absence of a catalyst.
Catalysts are substances which change the
pathway (mechanism) of a reaction which in
turn increases the speed of a reaction by
lowering the activation energy needed for the
reaction to take place. A catalyst is not
destroyed or changed during a reaction, so it
can be used again.

. For some reactions, the presence of
electromagnetic radiation, most notably
ultraviolet light, is needed to promote the
breaking of bonds to start the reaction. This
is particularly true for reactions involving
radicals.

DISCUSSION

Redox reactions can be understood in terms of
transfer of electrons from one involved species
(reducing agent) to another (oxidizing agent). In this
process, the former species is oxidized and the latter
is reduced. Though sufficient for many purposes,
these descriptions are not precisely correct.
Oxidation is better defined as an increase
in oxidation state, and reduction as a decrease in
oxidation state. In practice, the transfer of electrons
will always change the oxidation state, but there are
many reactions that are classed as "redox" even
though no electron transfer occurs (such as those
involving covalent bonds).

In complexation reactions, several ligands react with
a metal atom to form a coordination complex. This is
achieved by providing lone pairs of the ligand into
empty orbitals of the metal atom and forming dipolar
bonds. The ligands are Lewis bases, they can be
both ions and neutral molecules, such as carbon
monoxide, ammonia or water. The number of ligands
that react with a central metal atom can be found
using the 18-electron rule, saying that the valence
shells of a transition metal will collectively
accommodate 18 electrons, whereas the symmetry
of the resulting complex can be predicted with the
crystal field theory and ligand field theory.
Complexation reactions also include ligand
exchange, in which one or more ligands are replaced
by another, and redox processes which change the
oxidation state of the central metal atom.

Reactions can take place between two solids.
However, because of the relatively small diffusion
rates in solids, the corresponding chemical reactions
are very slow in comparison to liquid and gas phase
reactions. They are accelerated by increasing the
reaction temperature and finely dividing the reactant
to increase the contacting surface area.

In photochemical reactions, atoms and molecules
absorb energy (photons) of the illumination light and
convert into an excited state. They can then release
this energy by breaking chemical bonds, thereby
producing radicals. Photochemical reactions include

hydrogen—oxygen reactions, radical polymerization,
chain reactions and rearrangement reactions.

Many important processes involve photochemistry.
The premier example is photosynthesis, in which
most plants use solar energy to convert carbon
dioxide and water into glucose, disposing of oxygen
as a side-product. Humans rely on photochemistry
for the formation of vitamin D, and vision is initiated
by a photochemical reaction of rhodopsin. In fireflies,
an enzyme in the abdomen catalyzes a reaction that
results in bioluminescence. Many significant
photochemical reactions, such as ozone formation,
occur in the Earth atmosphere and constitute
atmospheric chemistry.

CONCLUSION

Chemical reactions are central to chemical
engineering where they are used for the synthesis of
new compounds from natural raw materials such
as petroleum and mineral ores. It is essential to
make the reaction as efficient as possible,
maximizing the yield and minimizing the amount of
reagents, energy inputs and waste. Catalysts are
especially helpful for reducing the energy required
for the reaction and increasing its reaction rate.

Some specific reactions have their niche
applications. For example, the thermite reaction is
used to generate light and heat in pyrotechnics and
welding. Although it is less controllable than the
more conventional oxy-fuel welding, arc welding
and flash welding, it requires much less equipment
and is still used to mend rails, especially in remote
areas.
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