
IB chemistry experiment: A comparison between strong and weak acids and bases

Aim:   

To investigate reactions of acids and bases and to compare the behaviour of strong and weak acids and bases.  

Safety alert


Dilute hydrochloric acid, sulfuric acid and nitric acid solutions are all corrosive and hazardous.  Use them with care.  

Sodium hydroxide solutions are also hazardous and need to be treated with care.

Wear goggles.  

Procedure

	Test
	

	1
	Use narrow range pH paper or pH probe to measure the pH of 0.01 mol dm-3 hydrochloric acid.  Repeat this using 0.1 mol dm-3 hydrochloric acid, 1 mol dm-3 hydrochloric acid and 1 mol dm-3 ethanoic acid.

	
	

	2
	Set up an electrical circuit with an ammeter to measure the conductivity of solutions. Put some distilled water into a beaker and measure the amps in the circuit.  Now repeat this with 0.01 mol dm-3 hydrochloric acid, then 0.1 mol dm-3 hydrochloric acid, 1 mol dm-3 ethanoic acid and finally     1 mol dm-3 hydrochloric acid.

	
	

	3
	Repeat 1) and 2) using aqueous sodium hydroxide instead of hydrochloric acid and 1 mol dm-3 aqueous ammonia instead of ethanoic acid.

	
	

	4
	Put a 2 cm depth of 1 mol dm-3 hydrochloric acid into a test tube and then add a small marble chip.   Repeat using 1 mol dm-3 sulfuric acid, 1 mol dm-3 nitric acid, 1 mol dm-3 ethanoic acid, 0.1 mol dm-3 hydrochloric acid and 0.01 mol dm-3 hydrochloric acid.  Compare the rates of reaction.

	
	

	5
	Put a 2 cm depth of 1 mol dm-3 hydrochloric acid into a test tube and then add a 1 cm piece of magnesium ribbon.   Repeat using 1 mol dm-3 sulfuric acid, 1 mol dm-3 nitric acid, 1 mol dm-3 ethanoic acid

	
	

	6
	Put a 2 cm depth of 1 mol dm-3 hydrochloric acid into a boiling tube and then add a small amount (just enough to see) of copper (II) oxide.  Warm the boiling tube gently until there is no further change.  Repeat using 1 mol dm-3 sulfuric acid, 1 mol dm-3 nitric acid, 1 mol dm-3 ethanoic acid.

	
	

	7
	Use a measuring cylinder to put 10 cm3 of 1 mol dm-3 hydrochloric acid into a small conical flask.  Add a few drops of phenolphthalein indicator to this.

Add 1 mol dm-3 aqueous sodium hydroxide from a burette, recording how much is required to produce a permanent pink colour.

Repeat using 1 mol dm-3 sulfuric acid, 1 mol dm-3 nitric acid, 1 mol dm-3 ethanoic acid, 0.1 mol dm-3 

hydrochloric acid and 0.01 mol dm-3 hydrochloric acid.  


Data collection 

Record the results of all 7 tests in a suitable form.

Data analysis

Test 1
1. Put the acids (with their concentrations) in order of increasing pH (lowest first). Use the animation “weak and strong acids/bases and pH” on “chemistryatdulwich” (for questions about pH – use custom solution to set concentrations) to collect a simulation set and compare it with your raw data. 

2. How does the pH value vary with hydrochloric acid concentration? 

3. The pH of a solution is derived from pH =  - log [H+].  Use this to explain your answer to question 2.

4. Most acidic solutions have a high [H+ (aq)]. Where do this large number of hydrogen ions come from? How do we call this process? 
5. Using hydrochloric acid, write an equation to show the process you have answered in question 4; you should also include water as a reactant in your equation.
6. The process referred to in questions 4 and 5 is an equilibrium process. “Hydrochloric acid is a strong acid whilst ethanoic acid is a weak acid” 

a. Explain what that sentence in italics means in terms of the equilibrium process.

b. How does the raw data in test 1 provide evidence that hydrochloric acid is a strong acid and ethanoic acid is a weak acid. 

c. Can you use the raw data collected in test 1 to estimate what percentage of the ethanoic acid is ionized?

d. Check some of your answers using the animation “dissociation in weak and strong acids”. 
Test 2
1. Why do acid solutions conduct electricity?

2. Explain why the electrical conductivity of the hydrochloric acid varied with concentration?
3. What does the amps value for ethanoic acid show about the acid?

4. Which raw data in test 2 could you use to compare hydrochloric acid and ethanoic acid? Explain your answer. 
Use animations on “chemistryatdulwich” such as “weak and strong acids/bases and pH” as there is a basic conductivity animation. The main one is “conductivity of strong and weak acids and alkalis”.

Test 3
In a similar way, explain the differences in pH and conductivity that you observe with various solutions of sodium hydroxide and ammonia.  You can again use the animations above to help you.

Test 4
1. Place all acid solutions in order of reactivity with the marble chips – most reactive first. Justify your order with your observations.

2. Write a balanced symbol equation for the reaction of each acid with marble chips including state symbols. 

Test 5
1.   Was the order of reactivity with magnesium the same as with the marble chip in test 4? Explain your 

      answer.

2.   Write a balanced symbol equation for the reaction of each acid with magnesium, including state 

      symbols. 

Test 6
1.   What features did the reactions of the different acids with the copper oxide all have in common?

2. Write a balanced symbol equation for the reaction of copper oxide with each acid, including state symbols. 

3. Summarise the reactions of acids that you have observed in tests 4,5 and 6. 

Test 7
1. Comment on your results of this test. 
2. This test is there to provide evidence against a common misconception regarding the neutralization of strong and weak acids. Can you identify the misconception?
