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Measurement of pH with
Indicators

Performance Goals

25–1 Prepare a set of pH indicator standards.

25–2 Measure the pH of an unknown solution by using indicators.

C H E M I C A L O V E R V I E W
Solutions of strong electrolytes such as strong acids and strong bases are
good conductors of electricity. This indicates a high concentration of ions.
In fact, strong acids and bases break into ions almost completely by either
of two processes. Dissociation is the term used to describe the release of
existing ions when an ionic compound dissolves, as in

NaOHðsÞ ! NaþðaqÞ þOH�ðaqÞ ð25:1Þ

Ionization is the process whereby ions are formed when a covalent com-
pound reacts with water, as in

HClðgÞ þH2Oð‘Þ ! Cl�ðaqÞ þH3OþðaqÞ ð25:2Þ

Even though the terms ionization and dissociation do not mean exactly the
same thing, they are closely related and are often used interchangeably.

By contrast, solutions of weak electrolytes, such as weak acids and
weak bases, are poor conductors of electricity. Because current is carried by
mobile ions, this indicates a low concentration of ions. We therefore con-
clude that weak acids and bases are only partially ionized in water sol-
utions. When acetic acid ionizes by reaction with water, equilibrium is
reached:

CH3COOHðaqÞ þH2Oð‘Þ @ CH3COO�ðaqÞ þH3OþðaqÞ ð25:3Þ

At equilibrium, acetic acid is only about 1 percent ionized, compared with
HCl, which is nearly 100 percent ionized, as shown by Equation 25.2.
Relatively few acetate (CH3COO�) and hydronium (H3O+) ions are present
at equilibrium, but unionized acetic acid molecules (CH3COOH) are in
abundance.

E X P E R I M E N T 25
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The acidity of an aqueous solution is a measure of the concentration of
the hydrogen (H+) or hydronium (H3O+) ion.

NOTE: The hydronium ion may be considered a hydrated hydrogen ion, H+ � H2O.

The H+ ion is easier to work with and will be used hereafter. It should be understood,

however, that this ion is hydrated in aqueous solution and does not exist as a simple H+.

A convenient way to express the low acidity of weak acids is to use the
pH scale. The pH of a solution is mathematically related to the hydrogen
ion concentration by the equation

pH ¼ �log½Hþ� ¼ 1

log½Hþ� ð25:4Þ

where [H+] is the concentration of the hydrogen ion in moles per liter. By
the mathematics of this equation, pH is the negative of the exponent of 10
that expresses the hydrogen ion concentration. For example, if pH ¼ 5,
then [H+] ¼ 10�5; and a solution whose pH ¼ 8 has a hydrogen ion con-
centration of 10�8, or [H+] ¼ 10�8.

Water ionizes into hydrogen and hydroxide ions:

H2Oð‘Þ @ HþðaqÞ þOH�ðaqÞ ð25:5Þ

At 258C, the ion product of water—the hydrogen ion concentration mul-
tiplied by the hydroxide ion concentration—is equal to 1.0 � 10�14, or

½Hþ� ½OH�� ¼ 1:0� 10�14 ð25:6Þ

If the ionization of water is the only source of these ions, it follows that
they must be equal in concentration:

½Hþ� ¼ ½OH�� ¼ 1:0� 10�7 ð25:7Þ

A solution in which the hydrogen ion concentration is equal to the
hydroxide ion concentration is said to be neutral. The pH of a neutral
solution is, by calculation, 7. If the hydrogen ion concentration is greater
than the hydroxide ion concentration, the solution is said to be acidic. In an
acidic solution, the pH is less than 7. This is because the negative exponent
of 10 decreases as the hydrogen ion concentration increases. [H+] ¼ 10�5

(pH ¼ 5) is a larger hydrogen ion concentration than [H+] ¼ 10�7 (pH ¼ 7).
Conversely, in basic solutions, the concentration of the hydroxide ion
exceeds the concentration of the hydrogen ion, and the pH will be greater
than 7. Note at this point that as the hydrogen ion concentration goes
down, the acidity decreases and the pH increases. The pH scale is illus-
trated in Figure 25.1.

Indicators are organic substances that impart to a solution a color that
depends on its pH. Ordinarily, the color will change gradually over a range
of about two pH units. In this experiment, you will use two different
indicators in a set of solutions of known pH. By comparing colors, you then
estimate the pH of an unknown solution.
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S A M P L E C A L C U L A T I O N S
Example 1

Calculate the pH of a 0.001 M HNO3 solution.
Because nitric acid is a strong acid, we assume that it is completely

ionized. Therefore,

½Hþ� ¼ 0:001; or 10�3 mole=L pH ¼ 3

Example 2

Calculate the pH of a solution that contains 0.01 mole of hydrogen ion
in 100 mL.

First, calculate [H+], always expressed in moles/liter:

0:01 mole Hþ

0:100 L
¼ 0:1 mole Hþ=L ¼ 10�1 mole=L

It follows that the pH is 1.

Example 3

Calculate the pH of a solution that is obtained when 25.0 mL of 2.0 M
HNO3 are diluted to 500 mL. Remember, nitric acid is assumed to be
completely ionized. First, calculate the number of moles of H+ present in
25.0 mL, or 0.0250 liter, of concentrated acid.

0:0250 L� 2:0 moles Hþ

L
¼ 0:050 mole Hþ

This many moles of hydrogen ions are present in the final volume, 500 mL.
Therefore, the [H+] is

½Hþ� ¼ 0:050 mole Hþ

0:500 L
¼ 0:10 mole=L ¼ 1:0� 1:0�1 mole=L

The pH of the diluted solution is 1.00.
Alternately, you can carry out a dilution calculation in a single step by

multiplying the original concentration by a dilution factor, the original
volume divided by the final volume:

½Hþ� ¼ 2:0 moles Hþ

LðconcÞ � 0:0250 L ðconcÞ
0:500 L ðdilÞ ¼ 0:10 mole Hþ=L ðdilÞ

Original
concentration

Dilution
factor

Final
concentration

Figure 25.1

pH scale

NeutralAcidic Basic

0 147
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P R O C E D U R E
1. Water Preparation Because carbon dioxide from the air dissolves in water, yielding an acidic

solution, we must remove all dissolved carbon dioxide from the water
used in this experiment. Place 350 to 400 mL of deionized water in a beaker
and heat it to boiling. Continue boiling for approximately 10 minutes,
cover the vessel with a large watch glass, and allow it to cool to room
temperature.

2. Preparation of Standard
Solutions

A. While the deionized water is being prepared, wash and label six test
tubes having a capacity of greater than 10 milliliters. Label them 1 to 6.
When the deionized water is at room temperature, prepare a set of
solutions as described in Steps B to F. Figure 25.2 is a schematic dia-
gram of the dilution procedure.

B. As accurately as possible, measure 5.0 mL of 1.0 M HCl into a 50-mL
graduated cylinder. Your 5.0-mL measurement will be more accurate if
you perform it in a separate 10-mL cylinder and then transfer the
solution to the larger cylinder. Dilute the 5.0-mL HCl solution to 50.0
mL, again very accurately, with the treated deionized water. Transfer
the contents to a small dry beaker and stir thoroughly with a glass rod.
Pour 10.0 mL of this solution into test tube number 1.

Figure 25.2

Dilution scheme

5.0 mL of 1.0 M HCl diluted to 50.0 mL

dilute to 50.0 mL

dilute to 50.0 mL

dilute to 50.0 mL

dilute to 50.0 mL

10 mL

10 mL

10 mL

10 mL

5.0 mL

5.0 mL

5.0 mL

T. T. No. 1

T. T. No. 2

T. T. No. 5

T. T. No. 6

Step B

Step C

Step D

Step E

Step F

10 mL 10 mL

T. T. No. 3 T. T. No. 4
5.0 mL
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C. Carefully and accurately measure 5.0 mL of the solution prepared in
Step B into a dry (or deionized-water-rinsed) 50-mL graduated cylin-
der and again dilute carefully to 50.0 mL with boiled deionized water.
Transfer to a clean, dry beaker, stir, and pour 10.0 mL into test tube
number 2.

D. Repeat the procedure, using 5.0 mL from Step C, diluting to 50.0 mL.
This time, pour 10.0-mL samples into two test tubes, number 3 and
number 4.

E. Dilute 5.0 mL of solution from Step D to 50.0 mL in the same fashion
and pour 10.0 mL into test tube number 5.

F. Finally, dilute 5.0 mL from Step E to 50.0 mL and pour 10.0 mL into test
tube number 6.

G. If you have not already done so, calculate the hydrogen ion concen-
tration and, assuming complete ionization, the pH of each of the sol-
utions you prepared. Enter the results on the work page.

H. To each of the test tubes numbered 1 through 3, add 2 drops of thymol
blue indicator and mix well with a glass rod. Be sure the rod is clean and
dry before placing it in each solution. Note the color in each test tube and
record your observations on the work page. From these observations,
estimate the pH range over which thymol blue changes color.

I. To test tubes 4 through 6, add 2 drops of methyl orange indicator and
mix in the same fashion. Again record the observed color in each test
tube, and estimate the pH range over which methyl orange changes
color.

NOTE: If the methyl orange indicator solution is too concentrated, you will see the

orange color of the indicator solution itself, regardless of what the pH is. Add only as

much indicator solution as is necessary to give a clearly distinguishable color in the

various test solutions, or dilute the indicator with deionized water and then add it to the

test solutions.

3. pH of an Unknown
Solution

Obtain one or more unknowns from your instructor. Pour 10.0 mL of the
first unknown into each of two test tubes. To the first test tube, add 2 drops
of thymol blue indicator; to the second, add 2 drops of methyl orange (see
note above). Mix thoroughly. Compare the colors of these solutions to your
‘‘standard’’ solutions. Basing your conclusions on the colors you observe,
estimate and report the pH of the unknown solution. Repeat for each
unknown.
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Name . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . . . . . . . . . . . . Section. . . . . . . . . . . . . . . . . . . .

Experiment 25
Advance Study Assignment

1. If a solution has a pH of 9.5, is it acidic or basic?

2. Calculate the pH of a 0.0001 M HCl solution. If you had an acetic acid solution of the same con-
centration, would its pH be higher or lower? Explain.

3. Steps 1B to 1F in the Procedure section describe a series of dilutions, beginning with 5.0 mL of 1.0 M
HCl. Step 1G asks you to calculate the hydrogen ion concentration and pH for each diluted solution.
Perform these calculations now and enter the results in the table below.

Test Tube [H+] pH Test Tube [H+] pH

1 4

2 5

3 6
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Name . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . . . . . . . . . . . . Section. . . . . . . . . . . . . . . . . . . .

Experiment 25
Work Page

Test Tube

Number

H+ Concentration

(mole/L) pH Indicator Color Observed

1

2

3

4

5

6

Unknown

No._____ XXX

Unknown

No._____ XXX

Unknown

No._____ XXX

Estimated pH range of color transition:

a. Thymol blue: ___________________________________

b. Methyl orange: _________________________________
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Name . . . . . . . . . . . . . . . . . . . . Date . . . . . . . . . . . . . . . . . . . . Section. . . . . . . . . . . . . . . . . . . .

Experiment 25
Report Sheet

Test Tube

Number

H+ Concentration

(mole/L) pH Indicator Color Observed

1

2

3

4

5

6

Unknown

No._____ XXX

Unknown

No._____ XXX

Unknown

No._____ XXX

Estimated pH range of color transition:

a. Thymol blue: ___________________________________

b. Methyl orange: _________________________________
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