Acid-Base Indicator

Materials

Red cabbage ice cubes (in freezer in teachers’ lounge, 2 trays per class)
Clear plastic cups (5 per group)
Water

Vinegar (acid)

Ammonia (base)

Tablespoon

Lecture

Ask students if they have ever heard of the words acid and base…let them raise their hands, and perhaps try to give definitions.  Explain that an acid solution has excess H+, hydrogen ions.  Can they think of any acids?  Vinegar is a common acid, and their stomachs are filled with a strong acid, hydrochloric acid.  The hydrochloric acid helps break down food during the digestion process.  Strong acids have more H+ than weak acids.  Explain that a basic solution has excess OH-, hydroxyl ions.  A weak base is baking soda while a stronger base is ammonium hydroxide, commonly called ammonia.  Stronger bases have more OH- than weaker bases.

When an acid and a base are mixed together, they form a neutral solution because the excess H+‘s react with the excess OH-‘s to produce H2O…water.  Water is a neutral solution, with neither excess H+ nor excess OH-.

How can you tell if a solution is an acid or a base?  Get answers from the class; someone will likely suggest tasting a solution.  Explain that this is a bad plan because strong acids and strong bases are poisons.  Explain that an indicator chemical is one that changes its appearance in acidic, neutral and basic solutions.  An indicator that is easy to make is the pigment that comes from red cabbage.  The name of this pigment is anthocyanin.  Note that many students love these big words, so spell the word on the board, and have students repeat it all together.  Explain that today we are using an indicator solution that will change its color when in acid, neutral and base solutions.

You should spend a little bit of time describing how the indicator solution is made.  Red cabbage is boiled in water which results in a purple solution of anthocyanin dissolved in water.  The anthocyanin water is then poured into ice cube trays, and frozen.  The indicator solution is not poisonous, but it would not taste very good…cabbage juice with no sugar.  Remind students that today they will be working with one poisonous solution, ammonia.  It is important that they do not taste anything today even though they will be working with solutions that look like they might taste good.
Methods

Give five plastic cups to each group.  Fill three of the cups half-full with water, and leave the last two cups empty.  Add 1 tablespoon (or slightly less, so there is enough for all groups) of vinegar to one cup, and have students label that cup acid.  Add 1 tablespoon of ammonia (or slightly less) to other cup, and have students label that cup base.  Remind students that AMMONIA IS POISONOUS, and that they should not drink it.  It smells terrible, so this should not be a big temptation!  Label the third cup (water only) as neutral.  Now, add 1 ice cube of red cabbage indicator to each of these three cups.  As the cube melts, it will change into very different colors: pink for the acid, green for the base, and purple in the neutral solution..  WOW, it is absolutely amazing!  This is a good day to bring a camera if you have one.  This is very dramatic.
The fourth and fifth cups are for experimentation.  Have them add a small amount of base solution (green) to one cup (fill about 1 cm).  Now have students slowly add acid solution (pink) to the cup, until neutrality is reached…use their neutral cup as a guide for the correct color.  Were equal amounts needed?  The ammonia is actually a much stronger base, so a larger volume of acid solution will be needed to reach neutrality.  Have students do the reverse experiment as well in the other empty cup, putting a small amount of acid solution in the cup, and using the base to reach neutrality.  This is an example of titration, where the H+ in one solution become equal to the OH- in the other solution.   Now, have students add more base; it turns green!  Let them play, but as cups get full, throw contents in sink to avoid spills.  Eventually, they will mix everything all up together, and this will give a bluish-green color.  Again, the slightly basic solution results because the ammonia is a stronger base than the vinegar, which is a weak acid. Keep walking around so that the science is not completely lost as they just enjoy this fun experiment.
Post-Experiment Review

If time permits, review the concepts of acid and base and how the indicator is used to show acid vs. base.  If titrations were successful, review this material as well.  Some groups will focus on titrations while others are just fascinated by the colors and how they change.  
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