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This chapter introduces you to thermochemistry, a branch of chemistry that describes the energy changes that occur during
chemical reactions. In some situations, the energy produced by chemical reactions is actually of greater interest to chemists than the
material products of the reaction. For example, the controlled combustion of organic molecules, primarily sugars and fats, within
our cells provides the energy for physical activity, thought, and other complex chemical transformations that occur in our bodies.
Similarly, our energy-intensive society extracts energy from the combustion of fossil fuels, such as coal, petroleum, and natural gas,
to manufacture clothing and furniture, heat your home in winter and cool it in summer, and power the car or bus that gets you to
class and to the movies. By the end of this chapter, you will know enough about thermochemistry to explain why ice cubes cool a
glass of soda, how instant cold packs and hot packs work, and why swimming pools and waterbeds are heated. You will also
understand what factors determine the caloric content of your diet and why even “nonpolluting” uses of fossil fuels may be
affecting the environment.
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This chapter will present a quantitative description of when the chemical composition of a system is not constant with time.
Chemical kinetics is the study of reaction rates, the changes in the concentrations of reactants and products with time. With a
discussion of chemical kinetics, the reaction rates or the changes in the concentrations of reactants and products with time are
studied. The techniques you are about to learn will enable you to describe the speed of many such changes and predict how the
composition of each system will change in response to changing conditions. As you learn about the factors that affect reaction
rates, the methods chemists use for reporting and calculating those rates, and the clues that reaction rates provide about events at
the molecular level.
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We introduced the concept of equilibrium in Chapter 11, where you learned that a liquid and a vapor are in equilibrium when the
number of molecules evaporating from the surface of the liquid per unit time is the same as the number of molecules condensing
from the vapor phase. Vapor pressure is an example of a physical equilibrium because only the physical form of the substance
changes. Similarly, in Chapter 13, we discussed saturated solutions, another example of a physical equilibrium, in which the rate of
dissolution of a solute is the same as the rate at which it crystallizes from solution.

In this chapter, we describe the methods chemists use to quantitatively describe the composition of chemical systems at
equilibrium, and we discuss how factors such as temperature and pressure influence the equilibrium composition. As you study
these concepts, you will also learn how urban smog forms and how reaction conditions can be altered to produce H, rather than the
combustion products CO, and H,O from the methane in natural gas. You will discover how to control the composition of the gases
emitted in automobile exhaust and how synthetic polymers such as the polyacrylonitrile used in sweaters and carpets are produced
on an industrial scale.
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Acids and bases have been defined differently by three sets of theories. One is the Arrhenius definition, which revolves around the
idea that acids are substances that ionize (break off) in an aqueous solution to produce hydrogen (H*) ions while bases produce
hydroxide (OH") ions in solution. On the other hand, the Bronsted-Lowry definition defines acids as substances that donate protons
(H") whereas bases are substances that accept protons. Also, the Lewis theory of acids and bases states that acids are electron pair
acceptors while bases are electron pair donors. Acids and bases can be defined by their physical and chemical observations.
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In oxidation-reduction (redox) reactions, electrons are transferred from one species (the reductant) to another (the oxidant). This
transfer of electrons provides a means for converting chemical energy to electrical energy or vice versa. The study of the
relationship between electricity and chemical reactions is called electrochemistry. In this chapter, we describe electrochemical
reactions in more depth and explore some of their applications. We start by describing how they can be used to generate an
electrical potential, or voltage; and discuss factors that affect the magnitude of the potential. We then explore the relationships
among the electrical potential, the change in free energy, and the equilibrium constant for a redox reaction, which are all measures
of the thermodynamic driving force for a reaction. Finally, we examine two kinds of applications of electrochemical principles: (1)
those in which a spontaneous reaction is used to provide electricity and (2) those in which electrical energy is used to drive a
thermodynamically nonspontaneous reaction.

By the end of this chapter, you will understand why different kinds of batteries are used in cars, flashlights, cameras, and portable
computers; how rechargeable batteries operate; and why corrosion occurs and how to slow—if not prevent—it. You will also
discover how metal objects can be plated with silver or chromium for protection; how silver polish removes tarnish; and how to
calculate the amount of electricity needed to produce aluminum, chlorine, copper, and sodium on an industrial scale.
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