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Teacher Background Information:

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:

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

· Acids feel harsh on the skin (i.e. they are corrosive).

· 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).

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

· Acids have a pH < 7.

· Acids can be strong or weak.

Properties of Bases:

· Bases have a bitter taste.

· Bases feel slippery and are caustic (i.e. they react with organic material).

· Bases have a pH > 7
.

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

· 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
View an animation of HCl reacting with NaOH at the website below:

http://www.csd99.org/mweber/chemistry/chemonline/acidbase_reaction.gif
pH Scale:
pH, (‘power’ or ‘potential’ of hydrogen), was first introduced by the Danish chemist Søren Sørensen.  It is defined as the negative logarithm of the hydronium ion, H3O+, concentration in a solution:
pH = -log [H3O+]
pH indicates the relative acidity or alkalinity of a substance on a scale of 1-14, with the neutral point at 7.  Values lower than 7 indicate the presence of acids and values above 7 indicate the presence of alkalis (bases).  For example, vinegar has a pH of about 3 and ammonia has a pH of about 11.

pH can be measured using various acid-base indicators or a pH meter.

A typical pH scale is shown below, with examples of common substances and their corresponding pH values:

The pH Scale
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The following websites allow you to test the pH of various substances like you actually would in a lab:

Test the 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
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Objectives: 
1. To identify acids and bases using pH paper and a pH meter.

2. To observe a neutralization reaction between a strong base and strong and weak acids. 

3. To observe reactions of acids with various metals.

4. To observe reactions of acids with various carbonates/bicarbonates.

5. To qualitatively and quantitatively test the conductivity of strong and weak acids and bases.
Instructions:

Complete the activities at each of the 8 stations below.

It may be that you will be assigned one station which you become responsible for and teach the class the outcomes.
Station #1: Measuring pH with pH Paper
Materials:
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mL 1.0 mol/L HCl (hydrochloric acid) in a 100 mL beaker
                         
25 mL 1.0 mol/L HC2H3O2 (acetic acid) in a 100 mL beaker
25 mL 1.0 mol/L NaOH (sodium hydroxide) in a 100 mL beaker
25 mL 1.0 mol/L NH3(aq) ( ammonia) in a 100 mL beaker
4 glass stirring rods



                                   
Red litmus paper

Blue litmus paper

Neutral litmus paper

pHydrion paper

Procedure:

1. Obtain a 100 mL beaker with 1.0 mol/L HCl and a glass stirring rod.  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 your observations.

	1.0 M HCl
	Blue litmus
	Red litmus
	Neutral litmus
	pHydrion

	Colour
	
	
	
	


2. Obtain a 100 mL beaker with 1.0 mol/L HC2H3O2 and a glass stirring rod.  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 your observations.

	1.0 M HC2H3O2
	Blue litmus
	Red litmus
	Neutral litmus
	pHydrion

	Colour
	
	
	
	


3. Which ion do HCl and HC2H3O2 have in common?  Which ion is responsible for the color change on pH paper?

4. Explain why a different result is achieved when testing the HCl and HC2H3O2 with pHydrion paper.  Explain your answer in terms of numbers of hydrogen (hydronium) ions. 

5. Obtain a 100 mL beaker of 1.0 mol/L NaOH.
6. Wet the stirring rod and touch it to each of the kinds of pH paper. Record your observations.  

	1.0 M NaOH
	Blue litmus
	Red litmus
	Neutral litmus
	pHydrion

	Colour
	
	
	
	


7. Obtain a 100 mL beaker of 1.0 mol/L NH3(aq)

8. Wet the stirring rod and touch it to each of the kinds of pH paper. Record your observations.

	1.0 M NH3
	Blue litmus
	Red litmus
	Neutral litmus
	pHydrion

	Colour
	
	
	
	


9. If the OH- ion is responsible for the color change observed when NaOH is applied to red litmus paper, why do you think NH3(aq) gives the same result if it does not have an OH- ion?
10. Show the equation of the dissolution of NH3(aq) in water.
11. 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.

12. Test tap water with each kind of pH paper.  Explain the result in terms of numbers of hydrogen and hydroxide ions.
	Water
	Blue litmus
	Red litmus
	Neutral litmus
	pHydrion

	Colour
	
	
	
	


13. 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? 
14. In what situations should litmus paper be used? In what situations should pH paper be used?
Station #2:  Measuring pH with a pH Meter
Materials:

50 mL 1.0 mol/L HCl in a 100 mL beaker

50 mL 1.0 mol/L HC2H3O2 in a 100 mL beaker
50 mL 1.0 mol/L NaOH in a 100 mL beaker

50 mL 1.0 mol/L NH3(aq) in a 100 mL beaker

4 eyedroppers

pH meter

Microplate

Procedure:

1. Obtain four 100 mL beakers with 1.0 mol/L HCl, 1.0 mol/L NaOH, 1.0 mol/L HC2H3O2 and 1.0 mol/L NH3(aq).
2. Place 10 drops each of HCl, NaOH, HC2H3O2 and NH3(aq) into separate wells in a clean microplate.

3. Record the pH of each solution with the pH meter.

	
	HCl
	NaOH
	HC2H3O2
	NH3

	pH
	
	
	
	


4. 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 (hydronium) and hydroxide ions present in each solution.
5. Calculate the [H+] and [OH-] of each of the four solutions in #1 above from the pH value.  Useful equations: [H+] = inv log (-pH) and [OH-] = Kw/[H+], where Kw = 1 x 10-14.
6. Which is a stronger acid? Hydrochloric or Acetic?  How do you know?  Explain in terms of the concentrations of hydroxide and hydrogen (hydronium) ions.
7. Which is a stronger base? Aqueous Ammonia or Sodium hydroxide? How do you know?

Station #3: Neutralization Reaction – Strong Acid/Strong Base
Materials:
Small Erlenmeyer flask
2 plastic pipets 

50 mL 1.0 mol/L HCl in a 100 mL beaker

50 mL 1.0 mol/L NaOH in a 100 mL beaker

Phenolphthalein indicator

pHydrion paper

pH meter

Procedure:

1. Obtain a small Erlenmeyer flask.

2. Obtain 2 plastic pipets and label as follows: HCl, NaOH
3. Obtain 1.0 mol/L solutions of HCl and NaOH in 100 mL beakers.
4. Transfer one pipet full of 1.0 mol/L HCl to the Erlenmeyer flask.  Draw a diagram showing the molecules present in the flask.

5. Add two drops of phenolphthalein indicator.  Write down your observations.  Indicators are used to tell us when we have added enough base to completely react with an acid.  

6. Fill the second pipet with 1.0 mol/L NaOH.  

7. Holding the pipet vertically, add the NaOH drop by drop, swirling after each small addition, and watch for a color change.  Record the number of drops added to cause a color change.  Draw a diagram showing the molecules present in the flask at this time.  
8. Predict whether the solution will be acidic, basic or neutral.  Also predict the pH value.
9. Test the pH with pHydrion paper and the pH meter.  Record your observations.  Was the pH value what you predicted?  Explain the discrepancy.
10. Write the reaction you performed including state symbols.  

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?  How would the number of drops of NaOH required to neutralize compare?
12. What is the net reaction of any neutralization reaction?
Station #4: Neutralization Reaction – Weak Acid/Strong Base

Materials:

Small Erlenmeyer flask
2 plastic pipets 

51 mL 1.0 mol/L HC2H3O2 in a 100 mL beaker

50 mL 1.0 mol/L NaOH in a 100 mL beaker

Phenolphthalein indicator

pHydrion paper

pH meter


Procedure:

1. Obtain a small Erlenmeyer flask.

2. Obtain 2 plastic pipets and label as follows: HC2H3O2, NaOH
3. Obtain 1.0 mol/L solutions of HC2H3O2 and NaOH in 100 mL beakers.
4. Transfer one pipet full of 1.0 mol/L HC2H3O2 to the Erlenmeyer flask.  Draw a diagram showing the molecules present in the flask.

5. Add two drops of phenolphthalein indicator.  Write down your observations.  Indicators are used to tell us when we have added enough base to completely react with an acid.  

6. Fill the second pipet with 1.0 mol/L NaOH.  

7. Holding the pipet vertically, add the NaOH drop by drop, swirling after each small addition, and watch for a color change.  Record the number of drops added to cause a color change.  Draw a diagram showing the molecules present in the flask at this time.
8. Predict whether the solution will be acidic, basic or neutral.  Also predict the approximate pH value.
9. Test the pH with pHydrion paper and the pH meter.  Record your observations.  Was the pH value what you predicted it to be?
10. Write the reaction you performed including state symbols.  

11. Explain the results of the pH test.   Do you think that the pH value would be different at this point if HCl was used instead of HC2H3O2?  How would the number of drops of NaOH required to neutralize compare?
12. What is the net reaction of any neutralization reaction?
Station #5: Reaction of an Acid with Carbonates/Bicarbonates
Materials:

50 mL of 1.0 mol/L HCl in a 100 mL beaker
Plastic pipet

5 metal scoopulas

Sodium bicarbonate
Sodium carbonate

Calcium carbonate

Magnesium carbonate

Potassium bicarbonate
Microplate
Splint 

Matches
Procedure:

1. Using the metal scoopulas, scoop a small amount of each carbonate and bicarbonate salt into separate wells of a plate.  

2. Using the 1.0 mol/L HCl pipet, cover the carbonate/bicarbonate material with acid and record your observations.  Be sure to indicate the relative rate at which the gas was being produced for each reaction.  Why might the rates be different?
3. Perform the test for CO2 by placing a lighted 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 with HCl.

Station #6: Reaction of an Acid with Metals

Materials:

Microplate
50 mL of 6.0 mol/L HCl in a 100 mL beaker

Eyedropper

Pieces (similar sized) of various metals (Mg, Fe, Cu, Zn) 
Forceps

Test tube

Splint

Matches

Procedure:

1. Obtain a microplate and the 6.0 mol/L HCl with an eyedropper
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. 

	Metal
	Mg
	Fe
	Cu 
	Zn

	Reaction 
	
	
	
	


4. Perform the test for hydrogen gas using the reaction of HCl with zinc (with teacher supervision): Have a test tube ready. Place a piece of zinc in the 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. Why might the reactivity of each metal be different?
Station #7:  Conductivity - Qualitative
Materials:


25 mL 1.0 mol/L HCl in a 100 mL beaker
                         

25 mL 1.0 mol/L HC2H3O2 in a 100 mL beaker
25 mL 1.0 mol/L NaOH in a 100 mL beaker


25 mL 1.0 mol/L NH3(aq) in a 100 mL beaker
Tap water

Microplate

5 Eyedroppers

Conductivity meter (as shown in diagram with light bulb connected to two electrodes; or, as in the homemade tester shown below:
Homemade Conductivity Meter


Materials for homemade conductivity tester: 
· 1 light emitting diode (LED) 
· 1 KOhm resistor
· 1 9 V-battery
· 1 battery connector
· 1 piece of fibre board or plywood
· 1 rubber band
· 3 pieces of wire
· Tape
Dip the open wire ends in different the different solutions to test if they conduct electricity.  The brightness of the light will show if the conductivity is high or low. 
Procedure:

1. Place 10 drops each of 1.0 mol/L solutions of HCl, NaOH, HC2H3O2 and NH3(aq) into separate wells in a clean microplate. Test each solution with the conductivity apparatus. 
	Solution
	HCl
	NaOH
	HC2H3O2
	NH3

	Conductivity (Rank) 1-4


	
	
	
	


2. Also test the conductivity of tap water.

3. Describe the relative brightness of the four solutions.  What does the level of brightness represent?
4. Based on your results, which substance (besides water) do you think would have the most H+ (H3O+) ions?  The least?

5. Based on your results, which substance (besides water) do you think would have the most OH- ions?  The least?

6. Which acid and base is considered strong?  Which acid and base is considered weak?

7. How does the strength of the acid or base relate to the level of brightness observed in the bulb?

Station #8:  Conductivity - Quantitative 
Materials:


26 mL 1.0 mol/L HCl in a 100 mL beaker
                         

25 mL 1.0 mol/L HC2H3O2 in a 100 mL beaker
25 mL 1.0 mol/L NaOH in a 100 mL beaker


25 mL 1.0 mol/L NH3(aq) in a 100 mL beaker
Tap water

Microplate

5 Eyedroppers

Digital conductivity meter

Procedure:

1. Place 10 drops each of 1.0 mol/L solutions of HCl, NaOH, HC2H3O2 and NH3(aq) into separate wells in a clean microplate. Test each solution with the digital conductivity meter. Record all values obtained.  Why is it important that the solutions are equimolar?

	Solution
	HCl
	NaOH
	HC2H3O2
	NH3

	Conductivity


	
	
	
	


2. Also test the conductivity of tap water.

3. Discuss the differences in conductivity observed between the four solutions.

4. Based on your results, which substance (besides water) has the most H+ (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.
7. Which acid and base is considered strong?  Which acid and base is considered weak?

8. How does the strength of an acid and base relate to the amount of ionization?
Acid Base Properties – A Station Lab
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