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Chapter 10

Acids and Bases
THE MAIN IDEA

Acids donate protons and  
bases accept them.

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

10.3 Acidic, Basic, or Neutral

A substance whose ability to behave as an acid is about the 
same as its ability to behave as a base is said to be amphoteric. 
Water is a good example. Because it is amphoteric, water has 
the ability to react with itself. In behaving as an acid, a water 
molecule donates a hydrogen ion to a neighboring water mol-
ecule, which, in accepting the hydrogen ion, is behaving as a 
base. This reaction produces a hydroxide ion and a hydronium 
ion, which can react together to reform the water molecule:

When a water molecule gains a hydrogen ion, a second 
water molecule must lose a hydrogen ion. So, for every one 
hydronium ion formed, one hydroxide ion also forms. In pure 
water, therefore, the total number of hydronium ions must be 
the same as the total number of hydroxide ions. Experiments 
reveal that the concentration of hydronium and hydroxide ions 
in pure water is extremely low—about 0.00000010 M for each, 
where M stands for molarity, or moles per liter (Section 7.3). 
Water by itself, therefore, is a very weak acid as well as a very 
weak base, as evidenced by the unlit lightbulb in Figure 10.9a.

How is a piece of paper con-
nected to a rock at the bottom 
of the ocean?

CONNECTIONS
CHEMICAL
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Further experiments reveal an interesting rule pertaining to 
the concentrations of hydronium and hydroxide ions in any solution 
that contains water. The concentration of hydronium ions in any 
aqueous solution multiplied by the concentration of the hydroxide 
ions in the solution always equals the constant Kw, which is a very, 
very small number:

concentration H3O+  x  concentration OH- = Kw = 0.000000000000010

Concentration is given in molarity, which is indicated by abbreviat-
ing this equation using brackets:

  [H3O+]  x  [OH-] = Kw = 0.000000000000010

The brackets mean this equation can be read as: “the molarity of 
H3O+ times the molarity of OH- equals Kw.” Writing in scientific nota-
tion, we have:

  [H3O+][OH-] = Kw = 1.0 x 10-14

For pure water, the value of Kw is the concentration of 
hydronium ions, 0.00000010 M, multiplied by the concentration 
of hydroxide ions, 0.00000010 M, which can be written in scientific 
notation as

  [1.0  x  10-7][1.0 x 10-7] = Kw = 1.0 x 10-14

The constant value of Kw is quite significant because it means 
that no matter what is dissolved in the water, the product of the 
hydronium-ion and hydroxide-ion concentrations always equals 1.0 
x 10-14. So, if the concentration of H3O+ goes up, the concentration of 
OH- must go down, and the product of the two remains 1.0 x 10-14.

C O N C E P T   C H E C K
Do water molecules react with one another?

CHECK  YOUR  ANSWER   Yes, but not to any large extent. 
When they do react, they form hydronium and hydroxide ions. 
(Note: make sure you understand this point, because it serves 
as a basis for most of the rest of the chapter.)

C O N C E P T   C H E C K
1. In pure water, the hydroxide-ion concentration is 1.0 x 10-7 M. What is the hydronium-ion 
concentration?

2. What is the concentration of hydronium ions in a solution if the concentration of hydroxide ions 
is 1.0 x 10-3 M?

CHECK  YOUR  ANSWER   1. 1.0 x 10-7 M, because in pure water, [H3O+] = [OH-].
2. 1.0 x 10-11 M, because [H3O+][OH-] must equal 1.0 x 10-14  =  Kw

Kw is an equilibrium con-
stant. As described in the 
previous chapter, an equi-
librium constant equals the 
concentrations of the prod-
ucts over reactants. You’ll 
notice that for this reaction 
the reactant is water. The 
concentration of water in 
water is about 55.5 M, which 
is huge compared to the 
super tiny concentrations of 
the hydronium and hydrox-
ide ion products. Because 
water’s concentration is so 
huge, any changes to it are 
insignificant, which is why, 
for Kw, it can be ignored. You 
may also recall that chemical 
equilibrium can be tem-
perature dependent, as is 
the case for water reacting 
with water. Strictly speak-
ing, Kw = 1 x 10-14 only at 
room temperature, 25°C. At 
higher temperatures, Kw gets 
larger. For example, at 40°C 
Kw = 2.9 x 10-14, which means 
the pH of neutral water is 
6.7. Congratulations for this 
super deep understanding 
of acids and bases.

FOR YOUR
INFORMATION
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Any solution containing an equal number of hydronium 
and hydroxide ions is said to be neutral. Pure water is an example 
of a neutral solution—not because it contains so few hydronium 
or hydroxide ions, but because it contains equal numbers of these 
ions. A neutral solution is also obtained when equal quantities of 
acid and base are combined, which explains why acids and bases 
are said to neutralize each other.

The balance of hydronium and hydroxide ions in a neutral 
solution is upset by adding either an acid or a base. Add an acid and 
the water will react with that acid to produce more hydronium ions. 
Many of these additional hydronium ions neutralize hydroxide ions, 
which then become fewer. The final result is that the hydronium-ion 
concentration is greater than the hydroxide-ion concentration. Such 
a solution is said to be acidic.

Add a base to water and the reverse happens. The water 
will react with that base to produce more hydroxide ions. Many 
of these additional hydroxide ions will neutralize hydronium ions, 
which then become fewer. The final result is that the hydronium-ion 
concentration is less than the hydroxide-ion concentration. Such a 
solution is said to be basic, or sometimes alkaline. This is all sum-
marized in Figure 10.10.

Why is pure water a neutral 
solution?

READING CHECK

<  Figure  10.10
The relative concentrations of 
hydronium and hydroxide ions 
determine whether a solution 
is neutral acidic, or basic. When 
these concentrations are equal, 
the solution is neutral. When 
the hydronium ion concentra-
tion increases, the hydroxide 
ion concentration necessarily 
decreases and the solution is 
acidic. Conversely, when the 
hydroxide ion concentration 
increases, the hydronium ion 
concentration necessarily 
decreases and the solution is 
basic.

C O N C E P T   C H E C K
How does adding ammonia, NH3, to water make a basic solution when there are no hydroxide ions 
in the formula for ammonia?

CHECK  YOUR  ANSWER   Ammonia indirectly increases the hydroxide-ion concentration by 
reacting with water:
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This reaction raises the hydroxide-ion concentration, which has 
the effect of lowering the hydronium-ion concentration. With the 
hydroxide-ion concentration now higher than the hydronium-ion 
concentration, the solution is basic.

The outer surface of hair is made of microscopic scale-like structures called cuticles that, like window 
shutters, are able to open and close. Alkaline solutions cause the cuticles to open up, which makes 
the hair “porous.” Acidic solutions cause the cuticles to close down, which makes the hair “resistant.” A 
beautician can control how long hair retains artificial coloring by modifying the pH of the hair-color-
ing solution. With an acidic solution, the cuticles close shut so that the dye binds only to the outside 
of each shaft of hair. This results in a temporary hair coloring, which may come off with the next hair 
washing. Using an alkaline solution permits the dye to penetrate through the cuticles into the hair 
for a more permanent effect. Congratulations for this super deep understanding of cosmetology. If 
you’ve studied Chapter 5, then that means you’ve got a handle on cosmology as well, which is quite 
the spectrum.

FOR YOUR
INFORMATION

The pH scale Is used to Describe Acidity
The pH scale is a numeric scale used to express the acidity of a 
solution. Mathematically, pH is equal to the negative logarithm of 
the hydronium-ion concentration:

   pH  =  -log[H3O+]

Note again that brackets are used to represent molar concentrations, 
meaning [H3O+] is read as: “the molar concentration of hydronium 
ions.” To understand the logarithm function, see the Calculation 
Corner: Logarithms and pH.

Consider a neutral solution that has a hydronium-ion con-
centration of 1.0 x 10-7 M. To find the pH of this solution, we first 
take the logarithm of this value, which is -7 (see the Calculation 
Corner on logarithms). The pH is by definition the negative of this 
value, which means -(-7) = 7. Hence, in a neutral solution, where 
the hydronium-ion concentration equals 1.0 x 10-7 M, the pH is 7.

Acidic solutions have pH values less than 7. For an acidic 
solution in which the hydronium-ion concentration is 1.0 x 10-4 M, 
for example, pH = -log(1.0 x 10-4) = 4. The more acidic a solution, 
the greater its hydronium-ion concentration and the lower its pH.

Basic solutions have pH values greater than 7. For a basic 
solution in which the hydronium-ion concentration is 1.0 x 10-8 M, 
for example, pH = -log (1.0 x 10-8) = 8. The more basic a solution, 
the smaller its hydronium-ion concentration and the higher its pH. 
Figure 10.11 shows typical pH values of some familiar solutions, 
and Figure 10.12 shows two common ways of determining pH 
values.

^  Figure  10.11
The pH values of some common 
solutions.
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^  Figure  12.12
(a) The pH of a solution can be measured electronically using a pH meter. (b) A rough estimate of the 
pH of a solution can be obtained with pH paper, which is coated with a dye that changes color with pH.


