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Titration
Acids and bases sometimes, but not always, react in a 1:1 mole ratio.
HCl(ag) + NaOH(ag) — NaCl(ag) + H,0(l)
1mal 1 mol Tmal Tmal
‘When sulfuric acid reacts with sodium hydroxide, however, the ratio is
1:2. Two moles of the base sodium hydroxide are required to neutralize one
‘mole of H,SO,.
H,50,(ag) + 2NaOH(ag) —> Na,SO,(aq) + 2H,0(l)
ol 2mol 1 mol 2mol
similarly, hydrochloric acid and calcium hydroxide react in a 2:1 ratio.
2HCl(aq) + Ca(OH),(aq) — CaCl,(aq) + 2H,0(])
2mol 1mol 1ol 2mal
‘You will notice in the preceding examples that the number of moles of
hydrogen ions provided by the acid are equivalent to the number of
‘hydroxide ions provided by the base. When an acid and base are mixed, the
equivalence pointis when the number of moles of hydrogen ions equals the
‘number of moles of hydroxide ions.

c]cnukpo it ) What is the equivalence point of a reaction between an acid
and a base?
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— Facts and Figures
Acids, Bases, and Curly Hair

Curly hair from a permanent wave involves  finsed to remove the excess base.Then a

an acid-base neutralization reaction. The  neutralizer is applied. The neutralzer is an
waving solution isbasic and has apHof  acid solution that has a pH range of 210 6.If
about 9.20.The active ingredient in the wav-  the har is exposed to the waving solution for
ing solution s often an ammonium com-  too long a period of time, the hair’stexture.

pound thatis applied once the hair has been  and appearance are damaged.

rolled. After aspecified time, the hairis

59299

Hydgroniumion  Kydroxide lon Water
Ho' o — e . e

The propertes of acids, bases, and sals help explain many diverse
‘henomena. The uscfulness of antacids,for example, depends on the pro-
cess of acid-base neutralzation. Farmers use a similar process to control
the pHof soil.

Figure 19:20 Inaneutralzaton
reaction, hydroniumions (H0°)
combine withhydroride ons
(OH") o form neutal water.
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You can determine the concentration of acid (or base) in a solution by
performing a neutralization reaction. You must use an appropriate acid-
base indicator to show when neutralization has occurred. As you can see in
Figure 19.21, the juice of the red cabbage is an acid-base indicator. In the
laboratory, phenolphthalein is often the preferred indicator for acid-base
neutralization reactions. Solutions that contain phenolphthalein turn from
colorless to deep pink as the pH of the solution changes from acidic to
basic. In slightly basic solutions, the

Figure 19.21 Red cabbage juice is
used as an acid-base indicator. As
the solution changes from highly
acidic to basic, the color changes
from red to violet to green to
yellow. Predicting Would the
yellow solution have a high or
lowpH?
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‘The steps in a neutralization reaction are as follows.

Figure 19.22 Thetitration of
an acid with a base is shown
here. @ A known volume of an
acid (plus a few drops of
phenolphthalein indicator) in a
flask is placed beneath a buret
filled with 2 base of known
concentration. ( Base s slowly
added from the buret to the acid
while the flask s gently swirled.
@ Achange in the color of the
indicator signals that
neutralization has occurred.
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Quick LAB

Indicators from Natural Sources

Purpose

To measure the pH of vari-
oushousehold materials by
using a natural indicator to
make an indicator chart.

Materials
knife
red cabbage leaves
1-cup measure
hot water
2jars
clean white cloth
teaspoon
tape
3 sheets of plain white
paper
pencil
ruler
10 clear plastic cups
white vinegar
(CH,COOH)
baking soda (NaHCO,)
household ammonia
dropper
various household items

procedure (B3 () B @d (3

1. Put 1 cup of finely chopped red cab-
bage leaves in a jar and add £ cup of
hot water.Stir and crush the leaves
with a spoon. Continue the extraction
untl the water is distinctly colored.
Strain the extract through a piece of
cloth into a clean jar.This liquid is your

Tape three sheets of paper end to end.
Draw aline along the center and label
itat 5-cm intervals with the numbers 1
to 14.This is your pH scale.

4. Pour your indicator to about 1-cm
depth into each of three plastic cups.
To one cup, add several drops of vine-
gar,to the second add a pinch of bak-
ing soda, and to the third add several
drops of ammonia.The resulting colors
indicate pH values of about 3,9,and
11, respectively. Place these colored
positions on your pH scale.

5. Repeat Step 4 for household items
such as table salt, borax, milk, lemon
juice,laundry detergent, dish deter-
gent,milk of magnesia, mouthwash,

toothpaste, shampoo, and carbonated
beverages.

Analyze and Conclude

1. What was the color of the indicator at
acidic, neutral, and basic conditions?

2. What chemical changes were responsi-
ble for the color changes?

3. Label the materials you tested as acidic,
basic,or neutral.

4. Which group contains items used for
cleaning or for personal hygiene?





