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4.6: Energetics of chemical reactions
Energetics deals with the energies involved in chemical reactions. There are two types of energies: the first is related to
thermodynamics which is the energy released or absorbed when the reactants convert to the products, and the second is related to
the kinetics of the reaction, i.e., the energy that the reacting molecules must possess to surpass the energy barrier for conversion to
the products.

Reaction coordinate diagram 

The progress of the reaction versus energy graph is shown in Fig. 4.7.1. 

Figure : A reaction coordinate diagram for the reaction: . The green sphere is F , purple is
I , gray is C, and white is H. ∆G  is the activation energy, and ∆G  is the overall energy released or absorbed in a chemical reaction.

The starting point shows the energy level of reactants. Remember that every substance has internal energy which is manifested as
temperature. The molecules are moving around due to the internal energy and collied with other molecules. The collision between
the reactants is usually the first requirement for the reaction to proceed.

The F  ion in this example collides with the target H C-I from the side opposite to the C-I bond. The collision at an angle other than
180  to the C-I bond is less effective or ineffective in initiating the C-I bond breaking. So, the proper orientation of the reacting
molecules at the time of the collision is the second requirement.

After a properly oriented collision, the C-I bond starts breaking, the F-C bond starts making, and the energy of the system rises to a
maximum level where the bond breaking and making are about halfway. The specie at the maxima of the energy curve is called
activated complex or a transition state. The difference in energy between the reactants and the transition state is called activation
energy (∆G ). The reactants must have enough kinetic energy to surpass the activation energy barrier, which is the third
requirement for the reaction to happen. A summary of the basic requirements of a chemical reaction to happen is the following.

1. The reacting molecules collide with each other –the more frequent the collision, the faster the reaction.
2. The molecules should have proper orientation at the time of the collision –this factor varies from reaction to reaction.
3. The colliding molecules must have energy, in addition to the potential chemical energy, equal to or higher than the energy

of activation –the lower the activation energy, the faster the reaction.

The activated complex forms if the basic requirements are fulfilled. The activated complex rolls down the hill on the energy scale
and settles at the energy level of the products where the old bonds are entirely broken, and the new bonds are fully formed. The
graph of the reaction progress versus the energy, as in Fig. 4.7.1 is called the reaction coordinate diagram.
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Exothermic and endothermic reactions 

The energy absorbed or released in the form of heat at constant pressure conditions is called enthalpy change (∆H), which is almost
the same as the internal energy absorbed or released (∆G) in most of the reactions.

A chemical reaction that releases heat is exothermic. A chemical reaction that absorbs heat is an endothermic reaction.

Bond-forming is always exothermic, and bond-breaking is the opposite, i.e., endothermic, as illustrated in Fig. 4.7.2.

Figure : Bond forming releases heat, i.e., exothermic, and breaking the same bond absorbed the same energy, i.e.,
endothermic. Source: https://www.hiclipart.com/free-trans...alsen/download

In a chemical reaction, some bonds break, and some bonds form. If the bond-breaking absorbs less heat than the heat released in
the new bond making, the reaction is exothermic. The products are lower in energy than the reactants, and the ∆H is negative for
exothermic reactions. The opposite is true for an endothermic reaction, i.e., the bond-breaking absorbs more heat than the bond-
forming; the products are higher in energy than the reactants, and ∆H is positive, as illustrated in Fig. 4.8.3.

Figure : Reaction Coordinate Diagrams showing exothermic with products lower in energy than the reactants (left and middle)
and endothermic with products higher in energy than the reactant (right) reaction. It also shows that the reaction on the left is the
slowest due to the highest activation energy (∆G ), and the reaction in the middle is the fastest due to the lowest activation energy
(∆G ). Source: AimNature / CC BY-SA (https://creativecommons.org/licenses/by-sa/3.0)

An example of an exothermic reaction is the combustion of methane that releases heat used for cooking.

An example of an endothermic reaction is photosynthesis.

Note that the sign of ∆H is –ve for exothermic and +ve for an endothermic reaction. Sometimes, the energy is shown as a product
for exothermic reaction, and as reactant for edothermic reaction. For example, the above two creations may be written as:
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Figure : Cold Hot Pack used for medication. Source: Mamun2a, CC BY-SA 4.0 <https://creativecommons.org/licenses/by-
sa/4.0>, via Wikimedia Commons

The instant hot or cold packs used in hospitals are based on the heat of dissolution of salts in water, as shown in Fig. 4.7.4. The salt
and the water are in separate pockets in the pack. When the seal is ruptured, the salt dissolves in water and releases or absorbs heat.
The dissolution of CaCl  salt in water is an exothermic process that is the source of heat in a hot pack:

The dissolution of NH NO  salt in water is an endothermic process that is utilized to absorb heat in a cold-pack.

Factors that affect the rate of a chemical reaction 
The rate of a chemical reaction, i.e., the amount of a reactant consumed or the amount of a product formed per unit time, is
dependent on the energy of activation of the reaction —the higher the activation energy, the slower the rate of a reaction and vice
versa. A reaction requires collision between the reactant molecules, with proper orientation, and sufficient energy to surpass the
activation energy barrier.

Any factor that increases the rate of collisions, enhances the proper orientation or increases the kinetic energy of the molecules
causes an increase in the rate of reaction. The factors include concentration, temperature, and catalysts.

Effect of concentration of reactants 

The higher the concentration, the more frequent the collisions, and the faster the reaction, as illustrated in Fig. 4.7.5.

In the breathing process, oxygen (O ) binds with hemoglobin (Hb) in the lungs.

Hb(aq) + O (g) → HbO (aq)

Patients having breathing problems are given breathing masks with a higher concentration of oxygen than in the atmosphere to
increase the rate of oxygen binding with the hemoglobin.

Figure : Illustration of higher the concentration, the more frequent the collisions leading to faster reaction. Source: Sadi
Carnot / Public domain

Effect of temperature 

The kinetic energy of molecules at a given temperature follows Boltzman distribution, as illustrated in Fig. 4.8.6. Increased
temperature increases the average kinetic energy of the molecules which increases the fraction of molecules with more than the
activation energy.
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An increase In temperature increases the rate of chemical reactions—generally, a 10 C increase in temperature doubles the
rate of a chemical reaction.

Figure : Illustrating increased temperature increases the average kinetic energy of the molecules that increases the fraction of
molecules with more than the activation energy barrier (∆G ). Source: modified from “TDF / CC0”

Some practical examples of the use of this principle are the following. Storing foods in refrigerators at lower temperatures
decreases the rate of reactions resulting in longer life of the foods. Cooking foods in a pressure cooker increases the temperature
resulting in faster cooking than in an open pan. In some cardiac surgeries, the body temperature is lowered to 28 C to decrease the
rate of metabolism which decreases the oxygen demand so that the heart may be stopped temporarily for the surgery.

Effect of catalysts and enzymes 

The catalysts and enzymes increase the rate of reaction by decreasing the energy of activation of the reaction through an
alternate route, as illustrated in Fig. 4.7.7.

The catalysts and the enzymes do not consume in the reaction -they regenerate and repeat the action. Enzymes are the catalysts in
biochemical reactions. Enzymes also increase the rate of reaction by binding with the reactants and properly orienting them for the
reaction.

Figure : Effect of catalysts –When the catalyst is added, the activation energy ∆G  decreases. However, the energy absorbed
or released, i.e., ∆G  remains constant. Source: Bkell, Public domain.

This page titled 4.6: Energetics of chemical reactions is shared under a Public Domain license and was authored, remixed, and/or curated by
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