
Identification of White Solids (Short Version)

Student Handout

Background

You have learned various chemical tests for the identification of different ions and compounds.  In this investigation, you need to apply these knowledge and skills to identify three unlabelled white solids, which are known to be citric acid, sodium sulphate and sodium hydrogencarbonate.  
Purpose

To distinguish three known compounds by suitable tests.

Task

1. Draw a flowchart to show how you can distinguish the three white solids using the materials provided.  Propose additional tests to confirm the chemical nature of the solids.

2. Seek advice from your teacher for your designed procedures and the corresponding safety precautions.

3. Carry out the experiment and record your observations.

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

Safety Precautions

Safety spectacles and laboratory coat 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 this investigation can be found in the Material Safety Data Sheet (MSDS).  Consult your teacher for details.

Pay special attention when handling concentrated acids.
Materials Available
	1 M hydrochloric acid
	Wooden splint

	0.4 M sodium hydroxide solution
	Matches

	Concentrated hydrochloric acid
	Test tubes

	Limewater
	Washing bottle

	Magnesium ribbon
	Dropper

	Platinum wire
	Delivery tube

	Bunsen burner
	Spatula

	Glass rod
	Watch glass

	
	

	*Special items will be provided upon request
	


Questions for Further Thought

1. How can you distinguish sodium hydrogencarbonate from sodium carbonate?
2. Without using any other reagents, how can you identify sodium sulphate from the three unlabelled solids known to be citric acid, sodium sulphate and sodium hydrogencarbonate?

Identification of White Solids (Long Version)

Student Handout

Background

You have learned various chemical tests for the identification of different ions and compounds.  In this investigation, you need to apply these knowledge and skills to identify four unlabelled white solids. Three of them are known to be citric acid, sodium sulphate and sodium hydrogencarbonate, while the remaining one is an unknown compound. 
Purpose
1. To distinguish three known compounds from four unlabelled white solids by suitable tests.
2. To identify the remaining unknown compound.
Task

1. Draw a flowchart to show how you can distinguish the three known compounds using the materials provided.  Propose additional tests to confirm the chemical nature of the compounds.

2. Suggest a sequence of tests with detailed procedures to identify the remaining unknown compound.

3. Seek advice from your teacher for your designed procedures and the corresponding safety precautions.

4. Carry out the tests you suggested and record the observations.

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

Safety
Safety spectacles and laboratory coat 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 this investigation can be found in the Material Safety Data Sheet (MSDS).  Consult your teacher for details.

Pay special attention when handling concentrated acids and oxidising agents.
Materials Available
	1 M Hydrochloric acid
	Wooden splint

	0.4 M Sodium hydroxide solution
	Matches

	Concentrated hydrochloric acid
	Test tubes

	Limewater
	Washing bottle

	0.05 M Acidified silver nitrate solution
	Dropper

	0.2 M Acidified barium chloride solution
	Delivery tube

	Magnesium ribbon
	Spatula

	Platinum wire
	Glass rod

	Bunsen burner
	Watch glass

	
	

	*Special items will be provided upon request
	


Questions for Further Thought

1. How can you distinguish sodium hydrogencarbonate from sodium carbonate?
2. Without using any other reagents, how can you identify sodium sulphate from the three unlabelled solids known to be citric acid, sodium sulphate and sodium hydrogencarbonate?

Identification of White Solids
Teacher Notes

Before performing the investigation, students should learn various topics in the curriculum including the reactivity of metals, acids and alkalis, redox reactions, reactions of chlorine and sulphuric acid, and flame test, etc.  
In the long version, students need to use all those knowledge and laboratory skills to distinguish the three known compounds, namely citric acid, sodium sulphate and sodium hydrogencarbonate, out of four unlabelled white solids.  They also need to identify the chemical composition of the remaining unknown white solid, which can be set as potassium chloride or ammonium chloride. 

The short version is a simplified one without the unknown compound. Teachers can adopt either version for their students.
Curriculum Link
Section 4: 
Acids and Alkalis

4.1 
Acids

4.2 
Alkalis

Section 9: 
Detection and Analysis

9.2 
Detection of substances

Pre-Laboratory Talk

1. Ask students to propose a systematic approach to solve the problem.

2. Apart from the basic tests to distinguish the three known compounds, ask students to perform as many chemical tests as possible to confirm the chemical nature of the solids.

3. Remind students the corrosive nature of concentrated hydrochloric acid and avoid skin contact with acidified silver nitrate solution.

4. Let students know about the format of their laboratory reports.

Time Required

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

Performing experiments: 80 minutes; Preparing the report: one week.

Grouping

Four students in a group.

Materials Available
Known white solids: citric acid, sodium hydrogencarbonate, sodium sulphate
Possible unknown white solids for the long version: potassium chloride, ammonium chloride

For other materials, please refer to the corresponding section in the Student Handout.

Some Acceptable Approaches

1. Students may dissolve the white solids in deionised water and use pH paper to test the acidity of the solutions.  The one that is the most acidic is citric acid.  Teacher should be aware that aqueous ammonium chloride is also weakly acidic. It may give similar observations as citric acid.
2. The two known sodium salts can be identified by flame test.
3. The presence of sulphate ion can be identified by adding acidified barium chloride solution.
4. Students may add a dilute acid to the four solids separately.  Only sodium hydrogencarbonate will give a gas which can turn limewater milky. 

5. Students may use sodium hydroxide solution to test for the presence of metals ions.  The presence of certain cations such as zinc, calcium and aluminum ions can be eliminated if no precipitate is formed.
6. Students may show the presence of potassium ion in the unknown compound by flame test.
7. Students may add sodium hydroxide solution into the solid and heat the mixture.  If the gas evolved can turn moist red litmus paper blue, this can confirm the presence of ammonium ion in the unknown.

8. Students may also test the chloride ion in the unknown by adding acidified silver nitrate solution.  The appearance of a white precipitate can confirm the presence of chloride ions in the unknown.

Remarks

1. Teachers should decide how much clues are given to students in their planning stage. It depends on the ability of students and how far they are from the right track.

2. It is desirable 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, 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. How can you distinguish sodium hydrogencarbonate from sodium carbonate?
Answer:


Both aqueous solutions of sodium hydrogencarbonate and sodium carbonate are slightly alkaline.  However, the pH value of the carbonate solution should be higher than that of the hydrogencarbonate solution.  Alternatively, by adding the same volume of a dilute acid to equal number of moles of excess sodium hydrogencarbonate and sodium carbonate, hydrogencarbonate will give more carbon dioxide than carbonate. In a quantitative approach, we can add excess dilute acid to a known amount of the samples and measure the amount of carbon dioxide produced. For every gram of pure sodium hydrogencarbonate, 286 cm3 of carbon dioxide will be produced; whereas for every gram of pure sodium carbonate, 226 cm3 of carbon dioxide will be produced.
2. Without using any other reagents, how can you identify sodium sulphate from the three unlabelled solids known to be citric acid, sodium sulphate and sodium hydrogencarbonate?
Answer:


We can first prepare an aqueous solution of any one of the three unknown solids.  The other two solids can then be added to the solution separately.  If no gas is evolved for both solids, the solution is made from sodium sulphate.  On the other hand, if a gas is evolved when one of the solids is added, the remaining solid, which will not generate a gas, will be sodium sulphate.

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 the flame test, different metal ions show different colours.  How can you explain these phenomenon?

Answer:


The heat energy from a flame excites the valence electrons of the metal ions from the ground state to various excited states.  Electrons in the excited states are unstable and immediately return to lower energy levels with heat energy loses to surrounding and emission of light.  Different metal ions emit lights of different wavelengths.  Therefore, different flame colours are observed.

2. Flame emission spectrometer is a modern instrument for the determination of metals.  Explain the working principle of this instrument based on your understanding of the flame test.    

Answer:


In the flame test, different metal ions will give different colours in the flame.  The higher the concentration of metal ions in a sample, the higher the intensity of the flame colour will be observed.  Flame emission spectrometer uses a prism or grating to disperse the emitted lights and a photosensitive detector, instead of human eyes, to detect the emission at different wavelengths.  The spectrometer is therefore a very sensitive instrument and can detect the metal ions in a sample, qualitatively and quantitatively, at a much lower concentration.
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