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Chapter 10

Acids and Bases
THE MAIN IDEA

^ The carbon dioxide from ancient atmospheres is captured within limestone sediments, such as those of the 
White Cliffs of Dover.

Acids donate protons and  
bases accept them.

As rainwater falls, it absorbs atmospheric carbon diox-
ide. Once in the rainwater, the carbon dioxide reacts 
to form carbonic acid, H2CO3, which, as we discuss in 
this chapter, makes rainwater naturally acidic. The acidic 
rain falls into the oceans, which happen to be basic 
because of the many alkaline minerals they contain. The 
carbonic acid of the rain reacts with the bases of the 
oceans to form salts, such as calcium carbonate, CaCO3. 
The consequence is the removal of massive amounts of 
atmospheric carbon dioxide, which is a notable green-
house gas. Furthermore, the calcium carbonate in the 
oceans is taken up by countless marine organisms that 

use this compound to form their protective shells. 
Upon death, the bulk of these creatures sink to the ocean 
floor, where over millions of years, their shells transform 
into a hardened rock known as limestone. Through geo-
logic processes, ocean floors can be lifted to become 
parts of continents. The rock beneath the Great Plains 
of the United States, for example, is made of an ancient 
limestone sea floor, as are the impressive White Cliffs of 
Dover, shown on this page. These rocks are full of the 
calcium carbonate fossils of the ancient sea creatures, 
who, quite literally, are made from the atmospheres of 
the Earth’s ancient past.

10.1 Exchanging Protons
10.2 Acid and Base Strength
10.3 Acidic, Basic, or Neutral
10.4 Buffers Resist pH Changes
10.5 Rainwater Is Acidic

10.1 Exchanging Protons

The term acid comes from the Latin acidus, which means “sour.” 
The sour taste of vinegar and citrus fruits is due to the pres-
ence of acids. Acids are essential in the chemical industry. For 
example, more than 40 million tons of sulfuric acid is produced 
annually in the United States, making this the number-one 
manufactured chemical. Sulfuric acid is used to make fertilizers, 
detergents, paint dyes, plastics, pharmaceuticals, and storage 
batteries, as well as to produce iron and steel. It is so important 
in the manufacturing of goods that its production is considered 
a standard measure of a nation’s industrial strength. Figure 
10.1 shows only a few of the acids we commonly encounter.
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Bases are characterized by their bitter taste and slippery feel. 
Interestingly, bases themselves are not slippery. Rather, they cause 
skin oils to transform into slippery solutions of soap. Most commer-
cial preparations for unclogging drains contain sodium hydroxide, 
NaOH (also known as lye), which is extremely basic and hazardous 
when concentrated. Bases are also heavily used in industry. Each 
year in the United States, about 10 million tons of sodium hydrox-
ide is manufactured for use in the production of various chemicals 
and in the pulp and paper industry. Solutions containing bases are 
often called alkaline, a term derived from the Arabic al-qali (“the 
ashes”). Ashes are slippery when wet because of the presence of 
bases such as potassium carbonate, K2CO3. Figure 10.2 shows some 
familiar bases.

^  Figure  10.2
Examples of acids. (a) Citrus fruits contain many types 
of acids, including ascorbic acid, C6H8O6, which is 
vitamin C. Vinegar contains acetic acid, C2H4O2, and 
can be used to preserve foods. Many toilet bowl

 Figure 7.5

Examples of bases. (a) 
Reactions involving sodium 
bicarbonate, NaHCO3, cause 
baked goods to rise. (b) 
Ashes contain potassium 
carbonate, K2CO3. (c) Soap is 
made by reacting bases with 
animal or vegetable oils. The 
soap itself, then, is slightly 
alkaline. (d) Powerful bases, 
such as sodium hydroxide, 
NaOH, are used in drain 
cleaners.

^

cleaners are formulated with hydrochloric acid, HCl. All 
carbonated beverages contain carbonic acid, H2CO3, while many also contain phosphoric acid, H3PO4.
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The Brønsted–Lowry Definition Focuses on Protons
Acids and bases may be defined in several ways. For our purposes, 
an appropriate definition is the one suggested in 1923 by the Danish 
chemist Johannes Brønsted (1879–1947) and the English chemist 
Thomas Lowry (1874–1936). In the Brønsted–Lowry definition, an 
acid is any chemical that donates hydrogen ions, H+, and a base is 
any chemical that accepts hydrogen ions. Recall that a hydrogen 
atom consists of one electron surrounding a one-proton nucleus. 
A hydrogen ion, H+, formed by the loss of an electron, therefore, is 
nothing more than a lone proton. Thus, it is also sometimes said 
that an acid is a chemical that donates a proton and a base is a 
chemical that accepts a proton.

Consider what happens when hydrogen chloride is mixed 
into water:

Hydrogen chloride donates a hydrogen ion to one of the nonbond-
ing electron pairs on a water molecule, resulting in a third hydrogen 
bonded to the oxygen. In this case, hydrogen chloride behaves as an 
acid (proton donor) and water behaves as a base (proton acceptor). 
The products of this reaction are a chloride ion and a hydronium 
ion, H3O+, which, as Figure 10.3 shows, is made by adding a proton 
(hydrogen ion) to a water molecule.

What is the Brønsted–
Lowry definition of an acid 
and a base?

READING CHECK
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When added to water, ammonia behaves as a base, as its 
nonbonding electrons (See Section 15.1) accept a hydrogen ion 
from water, which, in this case, behaves as an acid:

This reaction results in the formation of an ammonium ion and a 
hydroxide ion, which, as shown in Figure 10.4, is made by remov-
ing a proton (hydrogen ion) from a water molecule.

Figure 10.3 > 
The hydronium ion’s positive 
charge is a consequence of 
the extra proton this molecule 
has acquired. Hydronium ions, 
which play a role in many acid-
base reactions, are polyatomic 
ions, which, as mentioned in 
Section 6.2, are molecules that 
carry a net electric charge.

Figure 10.4 >
Hydroxide ions have a net 
negative charge, which is a 
consequence of having lost a 
proton. Like hydronium ions, 
they play a part in many acid-
base reactions.
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An important aspect of the Brønsted–Lowry definition is that 
it uses a behavior to define a substance as an acid or a base. We say, 
for example, that hydrogen chloride behaves as an acid when mixed 
with water, which behaves as a base. Similarly, ammonia behaves 
as a base when mixed with water, which, under this circumstance, 
behaves as an acid. Because labeling as an acid or a base depends 
on behavior, there is really no contradiction when a chemical such 
as water behaves as a base in one instance but as an acid in another 
instance. By analogy, consider yourself. You are who you are, but 
your behavior changes depending on whom you are with. Likewise, 
it is a chemical property of water to behave as a base (to accept H+) 
when mixed with hydrogen chloride and as an acid (to donate H+) 
when mixed with ammonia.

The products of an acid-base reaction can also behave as 
acids or as bases. An ammonium ion, for example, may donate a 

hydrogen ion back to a hydroxide ion to re-form ammonia and 
water:

Forward and reverse acid-base reactions proceed simultaneously 
and can therefore be represented as occurring at the same time by 
using two oppositely facing arrows:
When the equation is viewed from left to right, the ammonia 
behaves as a base, because it accepts a hydrogen ion from the 
water, which therefore acts as an acid. Viewed in the reverse direc-
tion, the equation shows that the ammonium ion behaves as an 
acid, because it donates a hydrogen ion to the hydroxide ion, which 
therefore behaves as a base.



© Conceptual Chemistry by John Suchocki

The Lewis Definition Focuses on Lone Pairs
The Brønsted–Lowry definition of acids and bases is restricted to 
molecules that can donate or accept protons. A more general defi-
nition of acids and bases was proposed in the 1930s by Gilbert 
Lewis, the same chemist who introduced the idea of shells to 
explain the organization of the periodic table as well as chemical 
bonding (Chapters 4 and 6). According to the Lewis definition, a 
molecule behaves as a base when it donates a lone pair of electrons. 
Conversely, a molecule behaves as an acid when it accepts a lone 
pair. So, while the Brønsted–Lowry definition focuses on the action 
of a proton, the Lewis definition focuses on the action of a lone pair.

Looking back to the previous examples of bases, we see that 
a lone pair of each of these bases is being donated to a positively 
charged proton, as illustrated here. Note how the curved arrows 
indicate the movement of electrons:

In this case, the water is behaving as a base, because its lone pair 
seeks out a positive charge (the proton), while the hydrochloric acid, 
HCl, behaves as an acid, because it accepts the lone pair.

Consider the formation of carbonic acid from water and 
carbon dioxide, as shown here:

C O N C E P T   C H E C K
Identify the behavior as an acid or a base of each participant in the reaction

CHECK  YOUR  ANSWER    In the forward reaction (left to right), H2PO4
- gains a hydrogen ion to 

become H3PO4. In accepting the hydrogen ion, H2PO4
- is behaving as a base. It gets the hydrogen 

ion from the H3O+, which is behaving as an acid. In the reverse direction, H3PO4 loses a hydrogen 
ion to become H2PO4

- and is thus behaving as an acid. The recipient of the hydrogen ion is the H2O, 
which is behaving as a base as it transforms to H3O+.
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This reaction starts as a typical dipole–induced dipole attraction 
between the oxygen of the water and the carbon of the carbon 
dioxide. As the carbon accepts electrons from the lone pair of the 
water, however, it begins to lose electrons to one of its two adja-
cent oxygen atoms. This permits the formation of a covalent bond 
between the water and the carbon dioxide, which then become a 
larger molecule (shown in brackets) with both a positive and neg-
ative charge. This molecule exists only briefly before transforming 
into the more stable non- charged product, carbonic acid, which, 
as we described at the beginning of this chapter, is responsible for 
the natural acidity of rainwater.

C O N C E P T   C H E C K
How is it possible for carbon dioxide, CO2, to behave as an acid when it has no hydrogen ions to donate?

CHECK  YOUR  ANSWER   Carbon dioxide behaves as an acid when it accepts the lone pair on the 
oxygen atom of a water molecule.

A Salt Is the Ionic Product of an Acid-Base Reaction
In everyday language, the word salt implies sodium chloride, NaCl, 
table salt. In the language of chemistry, however, a salt is an ionic 
compound commonly formed from the reaction between an acid 
and a base. Hydrogen chloride and sodium hydroxide, for example, 
react to produce the salt sodium chloride and water:

Similarly, the reaction between hydrogen chloride and potassium 
hydroxide yields the salt potassium chloride and water:

Potassium chloride is the main ingredient in “lite” table salt, as noted 
in Figure 10.5.

Salts are generally far less corrosive than the acids and bases 
from which they are formed. A corrosive chemical has the power to 
disintegrate a material or wear away its surface. Hydrogen chloride 
is a remarkably corrosive acid, which makes it useful for cleaning 
toilet bowls and etching metal surfaces. Sodium hydroxide is a 
very corrosive base used for unclogging drains. Mixing hydrogen 
chloride and sodium hydroxide together in equal portions, how-
ever, produces an aqueous solution of sodium chloride—saltwater, 
which is not nearly as destructive as either starting material.

^  Figure  10.5
“Lite” table salt substitutes con-
tain potassium chloride in place of 
sodium chloride. Caution is advised 
in using these products, however, 
because excessive quantities of 
potassium salts can lead to seri-
ous illness. Furthermore, sodium 
ions are a vital component of our 
diet and should never be totally 
excluded. For a good balance of 
these two important ions, you 
might inquire about commercially 
available half-and-half mixtures of 
sodium chloride and potassium 
chloride, such as the one shown 
here.
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There are as many salts as there are acids and bases. Sodium 
cyanide, NaCN, is a deadly poison. “Saltpeter,” which is potassium 
nitrate, KNO3, is useful as a fertilizer and in the formulation of 
gunpowder. Calcium chloride, CaCl2, is commonly used to de-ice 
walkways, and sodium fluoride, NaF, helps to prevent tooth decay. 
The acid-base reactions forming these salts are shown in Table 10.1.

The reaction between an acid and a base is called neutral-
ization. As can be seen in the color-coding of the neutralization 
reactions in Table 10.1, the positive ion of a salt comes from the base 
and the negative ion comes from the acid. The remaining hydrogen 
and hydroxide ions join to form water.

Not all neutralization reactions result in the formation of 
water. In the presence of hydrogen chloride, for example, the drug 
pseudoephedrine behaves as a base by accepting H+ from the 
hydrogen chloride. The negative Cl- ions then join the pseudoephed-
rine–H+ ions to form the salt pseudoephedrine hydrochloride, which 
is a common nasal decongestant, shown in Figure 10.6.

Because it is a salt, pseudoephedrine hydrochloride is much 
more water soluble than is the pseudoephedrine base, sometimes 
called the free base because it is “free” from ions. Because pseudo-
ephedrine hydrochloride is water soluble, it is readily absorbed 
through the digestive system, which means it can be taken orally.

C O N C E P T   C H E C K
Is a neutralization reaction best described as a physical change or a chemical change?

CHECK  YOUR  ANSWER   New chemicals are formed during a neutralization reaction, meaning the 
reaction is a chemical change.

Figure 10.6 >
Hydrogen chloride and pseudo-
ephedrine react to form the salt 
pseudoephedrine hydrochloride, 
which, because of its solubility 
in water, is readily absorbed into 
the body. Most pharmaceuti-
cals that can be taken orally are 
bases that have been converted 
to a salt form.

TABLE 10.1  
Acid-Base Reactions 
and the Salts Formed


