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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

10.4 Buffers Resist pH Changes

A buffer solution is any solution that resists large changes 
in pH. Buffer solutions work by containing two components. 
One component neutralizes any added acid, and the other 
neutralizes any added base. Buffer solutions can be prepared 
by mixing a weak acid with the salt of that weak acid, which, 
interestingly, is generally a weak base. An example is a solu-
tion of acetic acid, C2H4O2 (a weak acid), and sodium acetate, 
NaC2H3O2 (a weak base).

Any strong acid added to this particular buffer solution 
is neutralized by the sodium acetate, as shown in Figure 10.13. 
Similarly, any strong base added is neutralized by the acetic 
acid, as shown in Figure 10.14. So, a buffer works by containing 
both a weak acid and a weak base, each of which will neutralize 
any incoming material that might drastically alter the pH of the 
solution.

So, both strong acids and strong bases are neutralized 
by a buffer solution. This does not mean, however, that the 
solution’s pH remains unchanged. When NaOH is added to the 

How does a buffer solution 
work?
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buffer system we are using as our example, sodium acetate is pro-
duced. Because sodium acetate behaves as a weak base (it accepts 
hydrogen ions but not very well), there is a slight increase in pH. 
When HCl is added, acetic acid is produced. Because acetic acid 
behaves as a weak acid, there is a slight decrease in pH. What makes 
a buffer solution special is its ability to resist large changes in pH.

Many different buffer systems are useful for maintaining 
particular pH values. The acetic acid–sodium acetate system is good 
for maintaining a pH around 4.8. Buffer solutions containing equal 
mixtures of a weak base and a salt of that weak base maintain alka-
line pH values. For example, a buffer solution of the weak base 
ammonia, NH3, and its salt ammonium chloride, NH4Cl, is useful for 
maintaining a pH of about 9.3.

Blood has several buffer systems that work together to main-
tain a narrow pH range between 7.35 and 7.45. A pH value above or 
below these levels can be lethal, primarily because it causes cellular 

Figure 10.13 > 
Hydrochloric acid added to 
a solution containing acetic 
acid and sodium acetate is 
neutralized by the sodium 
acetate to form additional 
acetic acid and sodium 
chloride.

Figure 10.14 > 
Sodium hydroxide added to 
a solution containing acetic 
acid and sodium acetate is 
neutralized by the acetic acid 
to form additional sodium 
acetate and water.
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proteins to become denatured, which is what happens to milk when 
vinegar is added to it.

The primary buffer system of our blood is a combination 
of carbonic acid and its salt sodium bicarbonate, shown in Figure 
10.15. Any acid that builds up in the bloodstream is neutralized by 
the basic action of sodium bicarbonate, and any base that builds 
up is neutralized by the acidic action of carbonic acid.

The carbonic acid in your blood is formed as the carbon 
dioxide produced by your cells enters the bloodstream and reacts 
with water—this is the same reaction that occurs in a raindrop, as 
we discussed earlier. You fine-tune the levels of blood carbonic acid, 
and hence your blood pH, by your breathing rate, as Figure 10.16 
illustrates. Breathe too slowly or hold your breath and the amount 
of carbon dioxide (and hence carbonic acid) builds up, causing a 
slight but significant drop in pH. Hyperventilate and the carbonic 
acid level decreases by exhaling too much CO2, causing a slight but 
significant increase in pH. Your body uses this mechanism to protect 
itself from changes in blood pH. One of the symptoms of a severe 
overdose of aspirin, for example, is hyperventilation. Aspirin, also 
known as acetylsalicylic acid, is an acidic chemical that, when taken 
in large amounts, can overwhelm the blood buffering system, caus-
ing a dangerous drop in blood pH. As you hyperventilate, however, 
your body loses carbonic acid, which helps to maintain the proper 
blood pH despite the overabundance of the acidic aspirin.

<  Figure  10.15
Carbonic acid and sodium 
bicarbonate.

<  Figure  10.16
(a) Hold your breath and CO2 
builds up in your bloodstream. 
This increases the amount of car-
bonic acid, which lowers your 
blood pH. (b) Hyperventilate and 
the amount of CO2 in your blood-
stream decreases. This decreases 
the amount of carbonic acid, which 
raises your blood pH.
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To summarize the acid/base concepts presented so far, con-
sider the soil pH kit shown in Figure 10.17. Using a pH measuring 
kit, the farmer had found that the soil pH was unacceptably low. 
At this low pH, the soil contains an overabundance of hydronium 
ions. These hydronium ions react with alkaline nutrients of the soil, 
such as ammonia, to form water-soluble salts. Because of their water 
solubility, these nutrients in their salt form are readily washed away 
with the rainwater and as a result, the soil becomes nutrient-poor. 
The mechanism by which plants absorb whatever nutrients do 
remain in the soil is also disturbed by the soil’s low pH.

As a result of all this, most plants do not grow well in acidic 
soil. To remedy this, the farmer spreads powdered limestone, a form 
of calcium carbonate, CaCO3, which neutralizes the hydronium ions, 
thus raising the pH toward neutral.

Interestingly, the calcium carbonate reacts with the acidic 
soil to form carbon dioxide gas, which in the atmosphere helps to 
keep rainwater slightly acidic, which we describe next. This is the 
same gas that is generated by the cells of our bodies and that tends 
to acidify our blood. The blood pH, however, is kept fairly constant 
at around 7.4 because it is buffered.

^  Figure  10.17

Acidic soil tends to lose nutrients faster than alkaline soil, which is a reason for 
farmers to monitor the soil pH. Here the farmer has raised the pH by adding cal-
cium carbonate in a process known as liming. Perhaps too much lime was added?


