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AP® Chemistry

Indicators, pH, and Titrations
Objectives
Upon completion of this exercise, you should be able to

« determine the pH range of an acid-base indicator.

e use a titration curve to select an appropriate acid-base indicator for a titration.

{
Pre-Lab Questions

1. One day in lab a student discovered an indicator that is yellow at pH values 1-7, orange at pH 8,
and red at pH 9 and all greater values. What is the pK; of this indicator?
2. What is the pH range of this indicator?

3. The indicator neutral red has a pK; of 7.5 and a pH range of 7 to 8. Can this indicator be used in
the titration whose titration curve is shown in Figure 17 Why or why not?

4. The indicator bromphenol blue has a pK,, of 4 and a pH range of 3 to 5. Can this indicator be used
in the titration whose titration curve is shown in Figure 27 Why or why not?
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Figure 1: The Titration of a Strong Figure 2: The Titration of a Weak Acid

Acid with a Strong Base. with a Strong Base.

Procedure

1. Arrange two 24-well microplates so that there are 12 columns and 4 rows of wells. Place a piece of
white paper under the plates.

2. Place 1 mL of the pH 2 buffer solution in each well A1-D1. Place 1 mL of the pH 3 buffer solution
in each well A2-D2. In the same manner, fill the rest of the wells with the pH 4-12 buffer solution
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[image: image2.jpg]3. Place 1 drop of methyl red in each solution in row A. Place 1 drop of bromthymol blue in each
solution in row B. Place 1 drop of phenolphthalein in each solution in row C. Place 1 drop of Bogen
Universal Indicator in each solution in row D.

4. Record the color of the solution in each well in the figure.

5. Place 1 mL of each of the three unknowns in three empty wells. Add 1 drop of Bogen Universal
Indicator to each well.

6. Record the color of the three solutions and determine the pH of each solution by comparing these
colors to the indicator colors in row D.

7. Empty the contents of the microplates in a waste container and rinse the plates with water. Shake
the plates to remove excess water. Save one of these plates for Part II.

Laboratory Questions

1. What is the color of the acid form of methyl red? What is the color of the base form of methyl red?
What is the pK; of methyl red? Over what pH range is methyl red an effective indicator?

2. What is the color of the acid form of bromthymol blue? What is the color of the base form of
bromthymol blue? What is the pK of bromthymol blue? Over what pH range is bromthymol blue
an effective indicator?

3. What is the color of the acid form ofphenolphthalein? What is the color of the base form of
phenolphthalein? What is the pK, of phenolphthalein? Over what pH range is phenolphthalein an
effective indicator?

4. What are the pHs of Unknowns #1, 2, and 37

5. The pH sensitivity range of Bogen Universal Indicator is from pH 4-10. If a solution has a pH of 4
according to the Bogen Universal Indicator color chart, can you be certain that the pH is not 1, 2,
or 3? Why or why not?
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AP® Chemistry
Indicators, pH, and Titrations

Objectives
Upon completion of this exercise, you should be able to
* determine the pH range of an acid-base indicator.

* use a titration curve to select an appropriate acid-base indicator for a titration.

Pre-Lab Questions

Examine Figures 3 and 4. Phenolphthalein may used as the indicator in each of these titrations. Using
the pH ranges you determined for methyl red and bromthymol blue in Part 1, can methyl red or
bromthymol blue or both be used as the indicator in the titration of hydrochloric acid by sodium
hydroxide? Record your prediction. Can methyl red or bromthymol blue or both be used as the indicator
in the titration of acetic acid by sodium hydroxide? Record your prediction.

Procedure

1. Place a piece of white paper under the 24-well microplate.

2. Obtain a 1-mL plastic dropping pipet and notice that it has six graduations, two of which are
marked (0.5 and 1 mL). Cut off the tip of the pipet between the first and second graduations. Using
the pipet, fill three wells in the microplate with the sodium hydroxide solution.

3. Pipet 1 mL of the hydrochloric acid into a clean well using a 1-mL graduated or volumetric pipet
and add 1 drop of phenolphthalein.

4. Fill the pipet with sodium hydroxide from one of the wells and expel any air bubbles from the stem
of the pipet (the bulb need not be full of sodium hydroxide solution). While stirring the
hydrochloric acid with a small stirring rod, add sodium hydroxide dropwise until the indicator
changes color. Record the number of drops. Rinse the stirring rod with water and dry.

5. Repeat steps 3 and 4 using the other two indicators. Record the number of drops of sodium
hydroxide required to cause each indicator to change color.

6. Pipet 1 mL of the acetic acid into a ciean well using a 1-mL volumetric pipet and add 1 drop of
phenolphthalein.

7. While stirring the acetic acid solution with a small stirring rod, add sodium hydroxide dropwise until
the indicator just loses the color of its acid form. Record the number of drops. Rinse the stirring rod
with water and dry.

8. Repeat Steps 6 and 7 using the other two indicators. Record the number of drops of sodium
hydroxide required to cause each indicator to change color.
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Figure 3: The Titration of Hydrochloric Figure 4: The Titration of Acetic Acid
Acid with Sodium Hydroxide. with Sodium Hydroxide.
Laboratory Questions

-

Of methyl red or bromthymol blue or both, which indicator did you predict would be an effective

indicator for the titration of hydrochloric acid by sodium hydroxide? Do your results support your

prediction’* Why or why not? Support your conclusions with references to the titration curve, the
pH ranges of the indicators, and your results.

2. Of methyl red or bromthymol blue or both, which indicator did you predict would be an effective
indicator for the titration of acetic acid by sodium hydroxide? Do your results support your
prediction?* Why or why not? Support your conclusions with references to the titration curve, the
pH ranges of the indicators, and your results.

3. List three differences between a titration curve from a strong acid-strong base titration and a
titration curve from a weak acid-strong base titration.

4. Thymol blue is an acid-base indicator that has the same pH range as phenolphthalein. With
increasing pH, phenolphthalein turns colorless to pink whereas thymol blue turns yellow to blue.
Despite their similar pH ranges, phenolphthalein is used more often than thymol blue. Why?

5. The pK; of indicators may be determfhed as you did in Part I because the indicators change colors.
Describe how you would determine the pK, of a monoprotic acid, HA, whose acid and base forms
are colorless, using only a solution of the acid, a solution of sodium hydroxide of equal
concentration, and a drop of Bogen Universal Indicator Solution.

* If the numbser of drops of sodium hydroxide required to change the color of the other two indicators
differs from the number of drops required to change the color of phenolphthalein by more than 2 drops,
then that indicator is not an effective indicator for the titration.
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