Chemical Tests for Calcium Carbonate

Student Handout

Purpose
1.
To design and perform chemical tests for calcium carbonate.

2.
To show the presence of calcium carbonate in a variety of minerals and building materials.

Background

Calcium carbonate is the major constituent of many minerals such as limestone and marble.  It has been widely used as a construction material for buildings and statues. 

In this investigation, you will design and perform simple chemical tests for calcium carbonate.  You will also investigate which kinds of rocks and minerals contain calcium carbonate.

Task

1.
Design chemical tests for a solid sample of calcium carbonate.  Write down the step-by-step procedures, the expected observations, and the safety precautions.

2.
Consult your teacher of the feasibility of your proposed tests. 

3.
Perform the chemical tests.

4.
Record the observations of the experiment and collect the relevant data if necessary.

5.
Collect two types of minerals / building materials from your teacher and test for the presence of calcium carbonate using the above tests.

6.
Record the observations of the tests.
7.
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 the investigation can be found in the Material Safety Data Sheet (MSDS).  Consult your teacher for details.

Pay special attention when handling concentrated acids and Bunsen burners.  
Perform the experiment in a well-ventilated laboratory / fume cupboard.
Materials Available

	Calcium carbonate
	Platinum wire

	Concentrated hydrochloric acid
	Bunsen burner

	1 M Hydrochloric acid
	Conical flasks

	Boiling tubes / test tubes
	1 M Sulphuric acid

	Delivery tube
	Hydrogencarbonate indicator

	Limewater
	Glass syringe / PVC tubings

	Mortar and pestle
	2 samples of minerals / building materials

	
	

	*Special items will be provided upon request
	


Questions for Further Thought
1.
Apart from using as building materials, can you suggest one other application of calcium carbonate in our daily lives?
2.
How can you protect a marble statue from weathering?

3.
Do you think that the above tests are unambiguous for the identification of calcium ion (Ca2+) and carbonate ion (CO32)?  Are there any other ions which will give similar observations?

Chemical Tests for Calcium Carbonate

Teacher Notes

In this investigation, students will design and carry out simple chemical tests for calcium carbonate, which is a very common natural material.  Through this investigation, students will learn some of the characteristic chemical properties of calcium ion and carbonate ion, and the basic concept of qualitative analysis.  

Curriculum Link
Section 1: 
Planet Earth


1.3 
Rocks and minerals

Section 4: 
Acids and Alkalis


4.1 
Acids

Section 9: 
Detection and Analysis


9.2 
Detection of substances

Pre-Laboratory Talk

1.
Introduce the idea of “Qualitative Analysis” to students.

2.
Suggest students to verify their experimental results with appropriate control experiments.

3.
Remind students to take the necessary safety precautions. 

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

Time Required
	Introductory Session:
	Introducing the experiment to students, ask them to write down the experimental procedures and submit for approval

	Experimental Session:
	Pre-laboratory talk (10 minutes)
Experiment (70 minutes)

	Experimental Report:
	Hand in a report after one week

	Discussion and Presentation:
(optional)
	Follow-up discussion and presentation with a teacher’s conclusion at the end (80 minutes)


Grouping
Two to four students in a group.

Some Acceptable Approaches

1.
The calcium ion can be identified by the brick-red flame colour in the flame test.

2.
The carbonate ion can be identified by the reaction with dilute hydrochloric acid or by thermal decomposition.  Both procedures give carbon dioxide, which can be tested with limewater (which turns milky) or hydrogencarbonate indicator (which changes from red to yellow).

3.
Alternatively, accurate measurement of the volume of carbon dioxide evolved from thermal decomposition can further confirm the presence of carbonate ion.  Note that the reaction with dilute hydrochloric acid will give less accurate results as some of the carbon dioxide evolved will dissolve into the solution.

Remarks
1. Concentrated hydrochloric acid is corrosive and its vapour is very irritating to the respiratory system.
2. When the flame test is carried out, make sure that no inflammable materials are placed nearby.

3. Make sure that the platinum wire is sufficiently cleaned to avoid interference in the flame test.  For optimum results, dip the platinum wire into concentrated hydrochloric acid and put it into the flame.  Repeat this procedure until the wire gives a non-luminous flame.

4. Beware of sucking back of limewater if the carbonate is tested by thermal decomposition.

5. It is desirable to arrange a discussion and planning session a week before the experimental session. Students should hand in their plans early 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 sources of error and improvements of the experiment)

9.     Conclusion

10.
Questions for Further Thought

11. Supplementary Questions

Suggested Solutions to Questions for Further Thought

1. Apart from using as building materials, can you suggest one other application of calcium carbonate in our daily lives?
Answer:


Calcium carbonate can also be used to neutralise the acidic substances in soil and lakes due to acid rain.  It is also useful in the manufacturing of steel, paper, plastics, paints, and adhesives, etc.

2. How can you protect a marble statue from weathering?
Answer:


A statue made of calcium carbonate (or marble) can be protected from weathering by coating with wax or lacquer.

3. Do you think that the above tests are unambiguous for the identification of calcium ion (Ca2+) and carbonate ion (CO32)?  Are there any other ions which will give similar observations?

Answer:


The hydrogencarbonate anion, which also gives carbon dioxide when being heated or treated with acids, will interfere the interpretation of the carbonate test.

Supplementary Questions

Teachers may discuss the following question with students or let them work on this question and give the answers in their laboratory reports.

1.
The erosion of rock that due to chemical substances dissolved in rainwater is called chemical weathering.  Limestone suffers from erosion by the dissolved carbon dioxide in raindrops.  Explain the phenomenon.

Answer:


CaCO3(s) + H2O(l) + CO2(aq) ( Ca(HCO3)2(aq)


Carbon dioxide dissolves in raindrops giving carbonic acid, which reacts with calcium carbonate to give soluble calcium hydrogencarbonate.  Therefore, the limestone dissolves into the carbonic acid formed.

Related Websites

http://www.omya.com/ (accessed on 13/5/2002)

http://www.oase-uk.co.uk/expert/kohlendiox.html (accessed on 13/5/2002)

http://www.bbc.co.uk/schools/gcsebitesize/chemistry/geology/rockcyclerev2.shtml (accessed on 13/5/2002)
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