
Introduction:

Acids ionize or dissociate in aqueous solution to produce hydronium ions (H3O+ (aq)).  The strength of an acid depends on the amount it ionizes or dissociates.  Strong acids ionize almost completely, while weak acids ionize to a lesser degree.

Examples:



Strong acid:     
HCl(g) + H2O(l)       →       H3O+(aq)      +     Cl-(aq)
Weak acid:

CH3COOH(aq)  +  H2O(l)     ↔   H3O+(aq)   +  CH3COO-(aq)
See animation below for illustration:

http://preparatorychemistry.com/Bishop_Water_frames.htm
Bases dissociate in aqueous solution to produce hydroxide ions (OH- (aq)).  The strength of a base depends on the amount it ionizes or dissociates.  Strong bases ionize almost completely, while weak bases ionize to a lesser degree.

Examples:



Strong Base:
NaOH(s)   →     Na+(aq)      +     OH-(aq)
Weak Base:
NH3(aq)  +  H2O(l)     ↔     NH4+(aq)  +  OH-(aq)
The properties of acids and bases depend on the presence of free H3O+ (aq) and OH- (aq) as the predominant ions in the solution. 

Properties of Acids:









1. Acids have a very sour taste (vinegar - acetic acid; lemons - citric acid).

2. Acids feel harsh on the skin (they are corrosive).

3. Acids react with metals, metal oxides, hydroxides, ammonia, carbonates (CO32-) and hydrogen carbonates (HCO3-).  (Note that some reactions of acids produce gases.  When H2 gas is produced, a pop is heard when a lighted splint is placed near the gas, whereas, when CO2 gas is produced, a lighted splint is extinguished).

4. Electric currents pass through acidic solutions and thus they are electrolytes.

5. Acids have a pH < 7.

6. Acids can be strong or weak.

Properties of Bases:


1. Bases have a bitter taste.

2. Bases feel slippery and are caustic (they react with organic material).

3. Bases have a pH > 7
.

4. Electric currents pass through basic solutions and thus they are electrolytes.
5. Bases react with compounds containing hydrogen ions [H+].

6. Bases can be strong or weak.

Neutralization reactions:

Neutralization reactions involve the reaction of an acid and a base to produce a salt (ionic compound) and water. 


Acid    +  Base     (    Salt   +   Water

 Example:      HCl(aq) +  NaOH(aq)     (     NaCl(aq)  +  H2O(l)  



(Net Equation:   H+(aq)   +   OH-(aq)   (   H2O(l))

(Net Equation:  Molecular View)
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See animation below for illustrations of a strong acid ionizing in water, a strong base ionizing in water and a neutralization reaction (including molecular, ionic and net ionic equations):

http://preparatorychemistry.com/Bishop_Water_frames.htm
Objectives: 

1. To see how pH paper and a pH meter can be used to identify an acid or base.

2. To observe a neutralization reaction. 

3. To observe reactions of acids and metals.

4. To observe reactions of acids and carbonates/hydrogen carbonates.

5. To test the conductivity of strong and weak acids and bases.

Materials:

Reagents

1. 1.0 M HCl and 6.0 M HCl

2. 1.0 M NaOH

3. 1.0 M HC2H3O2
4. 1.0 M NH3(aq)

5. Sodium bicarbonate

6. Sodium carbonate

7. Calcium carbonate

8. Magnesium carbonate

9. Potassium bicarbonate

10. Copper

11. Magnesium

12. Iron

13. Zinc

14. Phenolphthalein

15. Neutral, red, blue litmus paper

16. pHydrion paper

Glassware and other materials

1. Stirring rod

2. 4 50-mL Erlenmeyer flasks, stoppered

3. 1 100-mL beaker to hold test tube

4. Forceps

5. Spot plate

6. several plastic pipets 

7. 2 test tubes 

8. metal spatula

9. wood splint

10. conductivity apparatus

11. pH meter

Procedures:

Part A: pH 

1. Obtain a flask with 1.0 M HCl and a glass stirring rod

2. Wet the stirring rod with HCl and carefully touch the rod to each of the kinds of pH paper (blue, red and neutral litmus paper and pHydrion paper).  Record observations.
3. Obtain a flask with 1.0 M HC2H3O2 and a glass stirring rod.

4. Wet the stirring rod with HC2H3O2 and carefully touch the rod to each of the kinds of pH paper (blue, red and neutral litmus paper and pHydrion paper).  Record observations.
5. Which ion do HCl and HC2H3O2 have in common?  Which ion is responsible for the color change on pH paper?
6. Explain why a different result is achieved when testing the HCl and HC2H3O2 with pHydrion paper.  Explain you answer in terms of numbers of hydrogen ions. 
7. Clean your glass stirring rods and throw away used pH paper.  

8. Obtain a flask of 1.0 M NaOH.

9. Wet the stirring rod and touch it to each of the kinds of pH paper. Record observations. 
10. Obtain a flask of 1.0 M NH3(aq)

11. Wet the stirring rod and touch it to each of the kinds of pH paper. Record observations.
12. If the OH- ion is responsible for the color change observed when NaOH is applied to red litmus paper, explain why NH3(aq) gives the same result if it does not have an OH- ion.
13. Explain why a different result is achieved when testing the NaOH and NH3 with pHydrion paper.  Explain your answer in terms of numbers of hydroxide ions present.
14. Test tap water with each kind of pH paper.  Explain the result in terms of numbers of hydrogen and hydroxide ions present.
15. Place 10 drops each of HCl, NaOH, HC2H3O2 and NH3(aq) into separate wells in a clean spot plate.

16. Record the pH of each solution with the pH meter.
17. Explain the differences in pH observed between HCl and HC2H3O2 and between NaOH and NH3.  Explain your answer in terms of the numbers of hydrogen and hydroxide ions present in each solution.
18. Calculate the [H+] and [OH-] of each of the four solutions in #17 above from the pH value.  Useful equations: [H+] = inv log (-pH) and [OH-] = Kw/[H+], where Kw = 1 x 10-14.
19. Generally 

a.
acids turn litmus paper _________________ and bases turn litmus paper ________________

b.
If you put a piece of red litmus paper in a solution and it stayed pink would this be a good indication that the solution was acidic?  What if you used blue litmus paper?
c.
In what situations should litmus paper be used? In what situations should pH paper be used?
d.
Which is a stronger acid? Hydrochloric or Acetic?  How do you know?
e. Which is a stronger base? Aqueous Ammonia or Sodium hydroxide? How do you know?
The following websites allow you to test the pH of various substances like you actually would in a lab:

Test pH of various substances:

http://www.explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=432
Test pH of various substances using 4-color indicator paper (more accurate!):

http://www.explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=458
Part B: Neutralization Reaction

1. Obtain a test tube and a holder.

2. Obtain 2 plastic pipets and label as follows: HCl, NaOH

3. Transfer one pipet full of 1.0 M HCl to the test tube.  Draw a diagram showing the molecules present in the test tube.

4. Add two drops of phenolphthalein.  Write down observations.  Phenolphthalein is an indicator.  In acidic solutions it is one color and in basic solutions it is another color.  Indicators are used to tell us when we have added enough base to completely react with an acid.  

5. Fill the second pipet with 1.0 M NaOH.  

6. Add slowly, swirling after each small addition, watching for a color change.  Draw a diagram showing the molecules present in the test tube at this time.  Predict whether the solution will be acidic, basic or neutral.
7. Note the color change and test pH with pHydrion paper and the pH meter.  Record your observations.
8. Write the reaction you performed including state symbols.
9. What does neutralization mean and what is a neutralization reaction?
10. If the color change was very slight, what should the pH be?
11. Explain the results of the pH test.   Do you think that the pH value would be different at this point if HC2H3O2 was used instead of HCl?
12. What color is phenolphthalein in acid?  In base?
13. What are the two products of a neutralization reaction?
14. What is the net reaction of any neutralization reaction?

Part C: Reactions with Carbonates
1. Using the spatula scoop a small amount of each carbonate and bicarbonate salt into separate wells of a spot plate.  

2. Using the 1.0 M HCl pipet, cover the carbonate/bicarbonate material with acid and record observations.  Be sure to indicate the relative rates at which the gas was being produced.
3. Perform the test for CO2 by placing a lit splint above one of the reactions.  Record your observations.
4. Draw diagrams showing the molecules present in each of the reaction wells.
5. Write symbolic balanced reactions for each carbonate and bicarbonate salt and acid.

Part D: Reactions with Metals
1. Obtain a spot plate and a dropper of 6.0 M HCl

2. Place 1 piece of each metal (Mg, Fe, Cu, Zn) into separate wells using the forceps.

3. Drop 4-5 drops of acid into each well (one at a time) and record observations. 

4. Perform the test for hydrogen gas (with teacher supervision): Have a test tube ready. Place a piece of zinc in well.  Carefully cover the zinc with HCl and quickly place the test tube over the well.  When reaction has finished bring a lighted splint to the end of the test tube and observe.
5. Draw a molecular representation of each reaction well during the reaction.
6. Write balanced reactions for each metal reacting with HCl.
7. Explain why the reactivity of each metal was different.
Part E:  Conductivity

1. Place 10 drops each of 1.0 M solutions of HCl, NaOH, HC2H3O2 and NH3(aq) into separate wells in a clean spot plate. Test each solution with the conductivity apparatus. Why is it important that the solutions are equimolar?
2. Also test the conductivity of water.

3. Record all observations.
4. Based on your results, which substance (besides water) has the most H3O+ ions?  The least?
5. Based on your results, which substance (besides water) has the most OH- ions?  The least?
6. Explain your results using ionization equations for each acid and base.
Student Extension:

1. Design your own analysis of three unknown solutions by choosing the two tests that you think are the most effective in distinguishing an acid from a base.  You must justify the choice of your tests. Unknown solutions might include:  distilled water, rainwater, dilute lemon juice, carbonated drink, alcohol, diluted drain cleaner, bleach, Alka Seltzer™, milk, shampoo, etc.

2. An advertisement for a trivia game features the following question:  “Do pearls melt in vinegar?”  The “correct” answer given is “yes”.  Write a letter to the trivia company explaining why this is not the case.  Use the internet to research the chemical composition of a pearl.  Include a simplified chemical reaction demonstrating what is really happening with the pearl and vinegar.

3. The juice of the red cabbage leaf is a naturally occurring acid-base indicator.  Use the internet to research other naturally occurring pH indicators.

Summary;
Properties of Acids:









1.   Acids have a very sour taste (vinegar - acetic acid; lemons - citric acid).

2.   Acids feel harsh on the skin (they are corrosive).

3.   Acids react with metals, metal oxides, hydroxides, ammonia, carbonates (CO32-) and hydrogen carbonates (HCO3-).  (Note that some reactions of acids produce gases.  When H2 gas is produced, a pop is heard when a lighted splint is placed near the gas, whereas, when CO2 gas is produced, a lighted splint is extinguished).

4.  Electric currents pass through acidic solutions and thus they are electrolytes.

5.  Acids have a pH < 7.

6.  Acids can be strong or weak.

Properties of Bases:


7. Bases have a bitter taste.

8. Bases feel slippery and are caustic (they react with organic material).

9. Bases have a pH > 7
.

10. Electric currents pass through basic solutions and thus they are electrolytes.
11. Bases react with compounds containing hydrogen ions [H+].

12. Bases can be strong or weak.

Acid Base Properties
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