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5.9: Energy in Chemical Reactions

In addition to changes in the distribution of mass among various chemical species that occur with chemical reactions, another
important participant in chemical reactions is energy. Chapter 15 defines and discusses energy in more detail. Here energy is
considered in the form of heat manifested by the movement of atoms and molecules and as chemical energy, which is energy
stored in chemical bonds in matter. The standard unit of energy is the joule, abbreviated J. A total of 4.184 J of heat energy will
raise the temperature of 1 g of liquid water by 1°C.

As an example of energy involved with chemical reactions, Consider what happens in a burner on a kitchen range fueled by natural
gas. The flame is obviously hot; something is going on that is releasing heat energy. The flame is also giving off light energy,
probably as a light blue glow. A chemical reaction is taking place as the methane in the natural gas combines with oxygen in the
air,

CH, +20, — CO, +2H,0 (5.9.1)

to produce carbon dioxide and water. Most of the energy released during this chemical reaction is released as heat, and a little bit as
light. It is reasonable to assume that the methane and oxygen contain stored energy as chemical potential energy and that it is
released in producing carbon dioxide and water. Common sense tells us that it would be hard to get heat energy out of either of the
products. They certainly won’t burn! Water is used to put out fires, and carbon dioxide is even used in fire extinguishers.

The potential energy contained in chemical species is contained in the chemical bonds of the molecules that are involved in the
chemical reaction. Figure 5.2 shows the kinds of bonds involved in methane, elemental oxygen, carbon dioxide, and water and the
energy contained in each. The bond energies are in units of the number of kilojoules (thousands of joules, kJ) required to break a
mole (6.02x1023, see Section 4.8) of the bonds (kJ/mol). The same amount of energy is released when a mole of a bond is formed.
By convention, energy put into a system is given a positive sign and energy released is denoted by a negative sign.

To calculate the energy change when a mole of methane reacts with oxygen as shown in Reaction 5.9.1, the difference is taken
between the sum of the energies of the bonds in the products and the sum of the energies of the bonds in the reactants. Examination
of Reaction 5.9.1 and Figure 5.2 shows the following total bond energies in the products:
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A similar calculation gives the total bond energies in the reactants
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Total bond energy in reactants = 1644 kJ + 988 kJ = 2632 kJ
The difference in bond energies between products and reactants is 3434 kJ - 2632 kJ = 802 kJ
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Figure 5.2. Bonds and their energies in the chemical species involved when methane burns in oxygen to produce carbon dioxide
and water.
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This calculation states that, based upon considerations of bond energy, alone, the energy released when 1 mole of CHy reacts with 2
moles of O, to produce 1 mole of CO; and 2 moles of H,0O, is 802 kJ. This is an exethermic reaction in which heat energy is
released, so it is denoted as-802 kJ. This value is close to the value that would be obtained by experimentally measuring the heat
energy released by the reaction, assuming all the reactants and products were in the gas phase. (A significant amount of heat energy
is released when vapor-phase water condenses to liquid. Highly efficient condensing gas furnaces capture this heat in a heat
exchanger where the water vapor in the furnace exhaust condenses to the liquid phase.) For the most part, therefore, the amount of
heat energy released in a chemical reaction, and the amount of potential chemical energy contained in the reactants is equal to the
difference between the total bond energies of the products and those of the reactants.
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