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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

10.2 Acid and Base Strength

In general, the stronger an acid, the more readily it donates 
hydrogen ions. Likewise, the stronger a base, the more readily 
it accepts hydrogen ions. An example of a strong acid is hydro-
gen chloride, HCl, and an example of a strong base is sodium 
hydroxide, NaOH. The corrosiveness of these materials is a result 
of their strength.

One way to assess the strength of an acid or a base is 
to measure how much of it remains after it has been added to 
water. If little remains, the acid or base is strong. If a lot remains, 
the acid or base is weak. To illustrate this concept, consider 
what happens when the strong acid hydrogen chloride, HCl, is 
added to water and what happens when the weak acid acetic 
acid, C2H4O2 (the active ingredient of vinegar), is added to water.

Being an acid, hydrogen chloride donates hydrogen ions 
to water, forming chloride ions and hydronium ions. Because 
HCl is such a strong acid, all of it is converted to these ions, as 
shown in Figure 10.7.

Because acetic acid is a weak acid, it has much less of 
a tendency to donate hydrogen ions to water. When this acid 
is dissolved in water, only a small portion of the acetic acid 
molecules are converted to ions, a process that occurs as the 
polar O—H bonds are broken. (The C—H bonds of acetic acid 
are unaffected by the water because of their nonpolarity.) The 
majority of acetic acid molecules remain intact in their original 
un-ionized form, as shown in Figure 10.8.

What is one way to assess 
the strength of an acid?

READING CHECK
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Figures 10.7 and 10.8 show the submicroscopic behavior 
of strong and weak acids in water. Because molecules and ions are 
too small to see, how, then, does a chemist measure the strength 
of an acid? One way is by measuring a solution’s ability to conduct 
an electric current, as Figure 10.9 illustrates. In pure water, there 
are practically no ions to conduct electricity. When a strong acid is 
dissolved in water, many ions are generated, as indicated within 
the circle of Figure 10.7. The presence of these ions allows the 
flow of a strong electric current. A weak acid dissolved in water 
generates only a few ions, as indicated within the circle of Figure 
10.8. The presence of fewer ions means there can be only a weak 
electric current.

^  Figure  10.7
Immediately after gaseous hydrogen chlo-
ride is added to water, it reacts with the 
water to form hydronium ions and chlo-
ride ions. That very little HCl remains (none 
shown here) lets us know that HCl acts as 
a strong acid.

^  Figure  10.7

When liquid acetic acid is added to water, only a few acetic 
acid molecules react with water to form ions. The majority 
of the acetic acid molecules remain in their un-ionized form, 
which implies that acetic acid is a weak acid
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This same trend is seen with strong and weak bases. Strong 
bases, for example, tend to accept hydrogen ions more readily than 
weak bases. In solution, a strong base allows the flow of a strong 
electric current and a weak base allows the flow of a weak electric 
current.

C O N C E P T   C H E C K
According to the aqueous solutions illustrated here, which is 
the stronger base, NH3 or NaOH?

CHECK  YOUR  ANSWER   The solution on the right contains 
the greater number of ions, meaning sodium hydroxide, 
NaOH, is the stronger base. Ammonia, NH3, is the weaker 
base, indicated by the relatively few ions in the solution on 
the left.

^  Figure  10.9
(a) The distilled water in this electric circuit does not allow the bulb to light because the water contains practically 
no ions. The lightbulb in the circuit therefore remains unlit. (b) Because HCl is a strong acid, nearly all of its molecules 
break apart in water, yielding a high concentration of ions, which are able to conduct an electric current that lights 
the bulb. (c) Acetic acid, C2H4O2, is a weak acid. In water, only a small portion of its molecules break up into ions. 
Because fewer ions are generated, only a weak current exists, and the bulb is therefore dimmer.

What makes one acid strong 
and another weak? One 
factor involves the stabil-
ity of the negative ion that 
remains after the proton has 
been donated. Hydrogen 
chloride is a strong acid 
because the chloride ion 
is able to accommodate 
the negative charge rather 
well. Acetic acid, however, is 
a weaker acid because the 
resulting oxygen ion is less 
able to accommodate the 
negative charge.

FOR YOUR
INFORMATION
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Just because an acid or a base is strong doesn’t mean a 
solution of that acid or base is corrosive. A very dilute solution of a 
strong acid or a strong base may have little corrosive action because 
in such solutions, there are only a few hydronium or hydroxide ions. 
Almost all the molecules of the strong acid or base break up into 
ions, but because the solution is dilute, there are only a few acid 
or base molecules to begin with. As a result, there are only a few 
hydronium or hydroxide ions. You shouldn’t be too alarmed, there-
fore, when you discover that some toothpastes are formulated with 
small amounts of sodium hydroxide, one of the strongest bases 
known. The concentration of sodium hydroxide in these products 
is quite small.

On the other hand, a concentrated solution of a weak acid, 
such as the acetic acid in vinegar, may be just as corrosive as or 
even more corrosive than a dilute solution of a strong acid, such as 
hydrogen chloride. The relative strengths of two acids in solution 
or two bases in solution, therefore, can be compared only when the 
two solutions have the same concentration.

Aspirin is an acidic molecule, but not nearly as acidic as the hydrochloric acid, HCl, found in your 
stomach and used to digest food. So how is it that aspirin can cause damage to your stomach? 
Stomach acid is so strong that within this environment, aspirin is unable to donate its hydrogen ion, 
which means that it remains “un- ionized.” This un-ionized aspirin is nonpolar and water insoluble, 
which helps it to penetrate through the largely nonpolar mucous membrane that lines the stomach. 
After passing through this membrane, the aspirin finds itself in a less acidic environment, where it 
can finally donate its hydrogen ion. This lowers the pH of the submucous inner wall the tissues and 
even cause bleeding. The remedy, of course, is to swallow specially coated aspirin tablets, which 
delay the release of the aspirin until after it passes through the stomach.

FOR YOUR
INFORMATION


