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We have considered the structure of matter, and the changes in the structure of matter or chemical
reactions. But we neglected an important aspect of chemical reactions: energy changes accompanying
chemical reactions. Most energy produced in our modem society comes from the chemical reactions,
especially combustion of coal, petroleum, and natural gas. Even all-living organisms maintain their life with
the energy supplied by chemical reactions. In this chapter, we shall take a close look at the energy changes
that accompany chemical reactions, and we will see how to calculate the quantity of energy released or
absorbed by a reaction.

Almost all reactions absorb or release energy. What is the source of this chemical energy?

When you compress a spring, spring stores energy. The energy stored in the spring is equal to the energy
you supplied. When you lift your book you also store some energy into your book. Just as in these two
examples it is possible to store energy in substances in several ways. Whenever two attracting objects are
pulled apart, their energy (potential energy) increases. Whenever two repelling objects are pushed
together, their potential energy increases too. In atoms there are protons, neutrons, and electrons among
which there are attraction and repulsion forces. Because of these forces atoms possess potential energy.
On the other hand a molecule possesses kinetic energy because of its motion, such as vibrational motion,
rotational motion, and translational motion. Look at figure 8.1. We see that a substance has a specific
quantity of energy. If the total energy content of reactants is greater than that of products, heat energy
is released during the reaction. A reaction that gives off energy is called an exothermic reaction. The
combustion of coal is an exothermic reaction.
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If the energy content of the products is greater than that of the
reactants energy is absorbed during the reaction. The reaction in which
energy is absorbed is called an endothermic reaction. For example, the
decomposition of mercury (11) oxide at high temperatures is an example of

exothermic reaction.
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E 2Hg + Oy endothermic reaction

2 2HgO(S) +43.4 kcal b 2Hg(|) + Oz(g)

..; 43.4 kcal is| Recall that the reverse of an exothermic reaction is an endothermic
2 absorbed. reaction.

E 2Hg(|) + Oz(g) P 2HgO(5) + 43.4 kcal

5 2HgO As a general rule, chemical reactions leading to a more stable state is

exothermic, and chemical reactions leading to a less stable state is

endothermic reaction. ~ endothermic.

Problem: How many calories are needed to produce 1.12 liter of O, gas at STP from the decomposition of
HgO(S)?

Problem: Given the reaction 4NHgg) + 505 P 4NO(g) + 6H,O(q) + 216 kcal.
a) How many kilocalories are released when 1 mol of NH; is burned?
b) How many kcal are evolved when 4.48 L of NO at STP is produced?
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