Background

An acid is any substance that forms hydrogen ions (H+) in water. Acids typically taste sour, and react with metals (to form hydrogen gas) and carbonates (to form carbon dioxide). Acids can be strong or weak. In a strong acid, most of the molecules break up into H+ ions in solution. At the same concentration (the amount of one material in a certain volume of another material), strong acids produce more H+ ions than weak acids. A base is any substance that forms hydroxide ions (OHˉ) in water. A base tastes bitter and feels slippery. Bases can also be strong or weak. In a strong base, most of the molecules break up into OHˉ ions. At the same concentrations, strong bases produce more OHˉ ions than weak bases. Hydrochloric acid is a strong acid. Sodium hydroxide (drain cleaner) is a strong base.  A reaction between an acid and a base is called a neutralization reaction and produces water and a salt.  A salt is any ionic compound that can form from the neutralization of an acid with a base. A salt is made of the positive ion of a base and the negative ion of an acid. Scientists call cabbage juice an acid/base indicator because it will turn acids and bases different colors. Chemicals that do not change the color of the indicator at all, are called neutral.

Materials

Safety goggles, test tubes and racks, sample solutions, tape, dropper/pipette, 8 containers for sample solutions, cup with plain water, cup with cabbage juice

Procedure A

1) Label your test tubes, by using tape and pen, with numbers from 1 to 9. Make a data table showing the name of the solution to be tested, the number of the solution, the color change that occurs when adding the cabbage juice and whether the solution is acidic or basic.

2) Take your beakers to pick up about 25 ml of test solutions.  Be sure to mark beakers with the solutions name, immediately, so that you don’t get them mixed up.

3) Put 5 drops of cabbage juice in each test tube, in your test tube holders. Rinse the dropper in clean water.

4) Add 5 drops of each solution to be tested, to the respective numbered test tube. Be sure to rinse the dropper in clean water after each solution is used. Shake the test tubes gently to mix the solution and cabbage juice. After you add the test solution to the cabbage juice, wait about 5-8 sec and record the color of the solution. (After a few minutes, the mixture may continue to change color. Do not record this color change.)

5) Knowing that tap water is neutral (neither acid or base), hydrochloric acid is a strong acid and that sodium hydroxide is a strong base, and knowing what color these solutions turned the cabbage juice, classify your test solutions as an acid, a base or neutral.

6) Do not empty your test tubes after finishing this procedure. You will use them in procedure B.
Procedure B

Use the test tube solutions from Procedure A

1) Predict and write on your data sheet, what solution will change all of the solutions in the test tubes from procedure A to a green color. Does a green color represent an acid or a base? Try out your prediction. Be sure to add 5 drops of your predicted solution. If you do not find that your predicted solution turns all the other solutions green, your may need to add more than 5 drops. Keep track of how many drops/droppers you use as well as record all observations from your tests.

2) Predict and write on your data sheet, what solution will change all of the green solutions from step 1 above, to pink. Does pink represent an acid or a base? Try out your prediction. Be sure to add 5 drops of your predicted solution. If you do not find that your predicted solution turns all the other solutions pink, you may need to add more than 5 drops. Keep track of how many drops/droppers you use as well as record all observations from your tests.

3) With the water running, dump your test tube solutions into the sink, while running the water.  Rinse your test tubes with clear water and drain.

Procedure C

Use the test solutions from the beakers you gathered for Procedure A. You may need to make new labels for your test tubes. Read over the following procedure and label your test tubes appropriately.

1) Put 1 drop of acetic acid into a test tube. Put 5 drops of acetic acid into another test tube.

2) Add 4 drops of water to the test tube with 1 drop of acetic acid, to make the total number of drops in the test tube equal 5.

3) Now add 5 drops of cabbage juice to each of the test tubes. Record the degree of color intensity in each one.

4) Which test tube solution was more concentrated? Which test tube solution turned the most intense color? Record these answers in your data.

5) Now put 5 drops of cabbage juice in 4 different test tubes. Rinse your dropper.

6) Put 2 drops of citric acid solution in the first of these test tubes. Rinse your dropper and record the color.

Put 2 drops of 7 UP solution in the second test tube. Rinse your dropper and record the color.

Put 2 drops of acetic acid solution in the third test tube. Rinse your dropper and record the color.

Put 2 drops of muriatic (HCl) acid solution in the fourth test tube. Rinse your dropper and record the color.

Which acid solution gave the most intense color? The least intense color?

7) Dump the solutions in the test tubes into the sink while running the water.

Procedure D

Use the test solutions from the beakers you gathered for Procedure A. You may need to make new labels for your test tubes. Read over the following procedure and label your test tubes appropriately.

1) Put 1 drop of sodium hydroxide into a test tube. Put 5 drops of sodium hydroxide into another test tube.

2) Add 4 drops of water to the test tube with 1 drop of sodium hydroxide to make the total number of drops equal 5.

3) Now add 5 drops of cabbage juice to each of the two test tubes. Record the degree of color in each.

4) Which test tube was more concentrated? Which test tube turned the most intense color? Record the answer in your data.

5) Now put 5 drops of cabbage juice in 5 different other test tubes. Rinse your dropper and record the color.

Put 2 drops of sodium bicarbonate solution in the first test tube. Rinse your dropper and record the color.

Put 2 drops of salt water in the second test tube. Rinse your dropper and record the color.

Put 2 drops of antacid solution in the 3rd test tube. Rinse your dropper and record the color.

Put 2 drops of sodium hydroxide in the 4th test tube. Rinse your dropper and record the color.

Which base solution gave the most intense color? The least intense color?

6) Dump the test tube solutions into the sink while running water.

Procedure E

In this procedure, you will attempt to neutralize a base with an acid.

1) Put 5 drops of cabbage juice in four different test tubes.  Be sure to rinse your dropper whenever you use a new solution.

2) Put 10 drops of sodium hydroxide solution in each of these test tubes.

3) Count and record how many drops/droppers of citric acid solution it takes to neutralize the sodium hydroxide in the first test tube. (After 100 drops, if color has not changed, record greater than 100 drops in data.)
4) Count and record how many drops of hydrogen chloride solution it takes to neutralize the sodium hydroxide in the next test tube. 

5) Count and record how many drops/droppers of acetic acid solution it takes to neutralize the sodium hydroxide in the next test tube. (After 100 drops, if color has not changed, record greater than 100 drops in data.)
6) Count and record how many drops/droppers of  7 UP it takes to neutralize the sodium hydroxide in the next test tube. (After 100 drops, if color has not changed, record greater than 100 drops in data.)

Analysis/Questions

1) What color does cabbage juice turn in the presence of a base? An acid? When it is neutral?

2) In procedure B, which acid was most effective in turning all the bases pink? Which base turned all the acids green? What do you call this type of reaction?

3) In procedure C, which part of the procedure tested concentration of the solution? Which part tested strength of the acid? Explain your answers.

4) In procedure C, what acid was the strongest? How did you know?

5) In procedure D, which part of the procedure tested concentration of the solution? Which part tested strength of the solution? Explain your answers,

6) In procedure D, what base was the strongest? How did you know?

7) In procedure E, which acid was the strongest? How do you know? Does this test support your conclusion for procedure D, question 4 above?

8) In procedure E, which acid was the weakest? How do you know?

9) Knowing what is produced in a neutralization reaction (see background), write the chemical equation for combining an aqueous solution of sodium hydroxide (NaOH) with an aqueous solution of  hydrochloric acid (HCl).(Hint: this is a double replacement reaction) 

10) Attempt to put in order, from most acidic-to neutral-to most basic, the solutions you worked with. What criteria did you use in order to do this? (neutral should fall in the middle)
In your conclusion, state what you have learned about acids and bases from this lab. Use the short form lab write up as though this was all one lab. Data does not need to be typed but all other parts of the short form do need to be typed. I will base some of your lab grade on the data tables you use for each procedure. 
