Making Sulphur Dioxide

Student Handout

Purpose

1. To prepare sulphur dioxide.
2. To study the chemical properties of sulphur dioxide.
Background

Sulphur dioxide (SO2) is commonly used in food industry, paper manufacture and chemical production.  Despite its wide applications, it causes pollution to the Earth.  In this investigation, you will prepare sulphur dioxide and perform simple tests to study its chemical properties.

Task

1. Design experimental procedures and a setup for generating and collecting sulphur dioxide with the materials provided.  Draw a diagram for the setup.

2. List the chemical properties of sulphur dioxide.  Suggest tests with detailed procedure for these properties.

3. Seek advice from your teacher for your designed setup and procedures, the suggested tests and the corresponding safety precautions.

4. Perform the experiment and record your observations.

5. Prepare a report according to your teacher’s instruction.

Safety Precautions

Safety spectacles must be worn in the laboratory during experiment.  Handle all chemicals with great care. Avoid direct contact of chemicals with skin.  Dispose of chemical waste, broken glassware and excess materials according to your teacher’s instruction.  

Safety information on the chemicals used or produced in the investigation can be found in the Material Safety Data Sheet (MSDS).  Consult your teacher for details.
Avoid inhaling sulphur dioxide produced in the experiment.  Small quantity of reagents should be used in order to produce minimum amount of sulphur dioxide for investigation. Perform the experiment in a well-ventilated laboratory / fume cupboard.

Materials Available

For generation and collection of sulphur dioxide:
	Solid sodium sulphide (Na2S)
	Delivery tube

	Solid sodium sulphite (Na2SO3)
	Gas syringe (plastic, 50 mL)

	Solid sodium sulphate (Na2SO4)
	Gas jar

	1M sulphuric acid
	Blue litmus paper / pH paper

	Deionised water
	Bunsen burner

	Boiling tubes
	Droppers

	
	

	*Special items will be provided upon request


For testing the chemical properties of sulphur dioxide:

All common glassware, chemicals, and apparatus in chemistry laboratory are available on request in advance.
Questions for Further Thought

1. Can we collect sulphur dioxide by displacement of water?  Explain your answers.

2. Acid rain is a serious environmental problem in the modern world.  One of the substances causing acid rain is sulphur dioxide in the atmosphere.  How is sulphur dioxide emitted into the atmosphere?  How does it cause the formation of acid rain?

Making Sulphur Dioxide

Teacher Notes

In laboratory, there are three common methods to generate sulphur dioxide , namely (i) warming acidified sulphite solution, (ii) burning sulphur in air, and (iii) adding copper to concentrated sulphuric acid.  Since sulphur, concentrated sulphuric acid and copper are not provided in this investigation, students are expected to prepare sulphur dioxide using the first method.  Since the basic setup of the first method is quite simple, teachers can supply more apparatus and materials not listed in the student handout so that students have to think carefully and figure out the essential items needed for their own setup.
The chemical properties of sulphur dioxide will then be studied.  It is an acidic gas, a bleaching agent and a reducing agent.  Students will suggest and perform tests for these properties.  For example, they may observe its acidic property and bleaching property by bringing a piece of moist blue litmus paper or pH paper into contact with the gas, and test its reducing property with an appropriate oxidising agent. 

Curriculum Link
Section 6: 
Products from Important Processes


6.2 
Sulphuric acid and sulphur dioxide

Pre-Laboratory Talk

1. Remind students that if warming is necessary, it should be done gently.
2. Remind students to use as small quantity of reagents as possible.
3. Remind students not to inhale deeply the sulphur dioxide.

4. Remind students to clamp the gas syringe gently and do not point its end to anyone if it is used.

5. Remind students to record the observations.  

6. Let your students know about the format of their laboratory reports.

Time Required

Pre-laboratory talk: 10 minutes; Experimental design: 25 minutes; 

Performing experiments: 50 minutes; Preparing the report: one week.

Grouping

Four students in a group.

Some Acceptable Approaches
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Students may add solid sodium sulphite  into dilute sulphuric acid.  The solid may dissolve completely but it does not affect the result.  They may design a setup such as the one shown in Figure 1, in which the gas is collected with a gas syringe.
2. A moist blue litmus paper or pH paper may be used for testing the acidic property and bleaching property of sulphur dioxide.  The paper is expected to turn red and then white.

3. The reducing property of sulphur dioxide can be tested with an oxidising agent such as 0.1 M acidified potassium dichromate solution.  Upon reduction, dichromate ion  is reduced to chromium(III) ion and the colour of the solution changes from orange to green.

Remarks

1. Sodium sulphide should not be used in this investigation.  Upon treatment with acid, this compound will generate hydrogen sulphide instead of sulphur dioxide.  Should the students suggest using sodium sulphide, teachers should let them realise this is an undesirable reaction.

2. Sulphur dioxide is toxic by inhalation. It is irritating to the eyes and respiratory system. Do not allow asthmatics to smell the gas. Students should be reminded to place the reaction mixture inside a fume cupboard to remove any residual gases before cleaning.
3. Some students may confuse sodium sulphite with sodium sulphate, they may put sodium sulphate into diluted sulphuric acid.
4. It is better to arrange a discussion and planning session a week before the experimental session. Students should hand in their plans earlier so that teachers will have enough time to comment and approve, and laboratory technicians can also prepare the necessary materials in advance.
Laboratory Report
During the pre-laboratory talk, the students should be instructed to include some or all of the following items in their laboratory reports:
1. Title

2. Purpose

3. Apparatus and Reagents Used

4. Chemical Reactions Involved

5. Procedure

6. Observation 

7. Results

8. Discussion  (including possible source of errors and improvement of the experiment)

9. Conclusion

10. Questions for Further Thought

11. Supplementary Questions

Suggested Solutions to Questions for Further Thought

1. Can we collect sulphur dioxide by displacement of water?  Explain your answers.

Answer:


We cannot collect sulphur dioxide by displacement of water because it will dissolve into the water.

2. Acid rain is a serious environmental problem in the modern world.  One of the substances causing acid rain is sulphur dioxide in the atmosphere.  How is sulphur dioxide emitted into the atmosphere?  How does it cause the formation of acid rain?
Answer:


When sulphur-containing fuel is combusted, sulphur dioxide is formed and emitted into the atmosphere.  It will dissolve into the water in rain to form sulphurous acid, making the rain acidic.

Supplementary Questions

Teachers may discuss some of the following questions with students or let them work on these questions and write the answers in their laboratory reports.

1. In laboratory, there are three common methods to generate sulphur dioxide:

(i) warming acidified sulphite solution;

(ii) burning sulphur in air;

(iii) adding copper to concentrated sulphuric acid.

(a) For each method, write chemical equations for the reactions involved.

(b) For each sulphur-containing substances shown in Part (a), write down the oxidation number for the sulphur atom.  Hence, determine whether the sulphur-containing substance is an oxidising agent or a reducing agent in each reaction.

Answer:

(a)
(i)
SO32((aq) + 2H+(aq) ( SO2(g) + H2O(l)


(ii)
S(s) + O2(g) ( SO2(g)


(iii)
SO42((aq) + Cu(s) + 4H+(aq) ( SO2(g) + Cu2+(aq) + 2H2O(l)

(b) (i)
O.N. of sulphur in sulphite ion = +4; O.N. of sulphur in sulphur dioxide = +4


Sulphite is neither an oxidising agent nor a reducing agent in this reaction.


(ii)
O.N of sulphur = 0; O.N. of sulphur in sulphur dioxide = +4



Sulphur is a reducing agent in this reaction.


(iii)
O.N of sulphur in sulphate ion = +6; O.N. of sulphur in sulphur dioxide = +4




Concentrated sulphuric acid is an oxidising agent in this reaction.
2. A bleaching process may proceed by reduction or by oxidation.

(a) Suggest one chemical which bleaches by reduction and one by oxidation.

(b) Although reduction and oxidation are two reverse processes, there is a common action in these two types of bleaching process.  What is it?

Answer:


(a)
Chemical which bleaches by reduction: sulphur dioxide



Chemical which bleaches by oxidation: chlorine


(b)
The common action is the conversion  (by reduction or by oxidation) of the dye molecules into colourless species.

3. When a piece of filter paper wetted with acidified potassium dichromate solution is brought in contact with sulphur dioxide, the colour of the paper changes.  Write down the chemical equation occurring and describe the colour changes.  What property of sulphur dioxide is illustrated in this reaction?

Answer:


3SO2(g) + Cr2O72((aq) + 2H+(aq) ( 3SO42((aq) + 2Cr3+(aq) + H2O(l)


The paper is expected to change from orange (due to dichromate ion) to green (due to chromium(III) ion) in colour.

The dichromate ion is reduced to chromium(III) ion.  Therefore, this reaction illustrates the reducing property of sulphur dioxide.
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