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	Chemistry: Precipitates



Summary: 

This activity is designed to demonstrate and provide an understanding of the principles of chemical precipitates to students. The combination of two homogeneous solutions forms a visible precipitate allowing for observation. The students will theoretically predict how much precipitate should form and then complete the experiment to determine the actual amount formed.

Standards:

	Texas
	National

	Science:

6-8.1 (A) Demonstrate safe practices during field and lab investigations

6-8.2 (A) Plan and implement investigative procedures

6-8.2 (B) Collect Data By Observing and measuring

6-8.2 (C) Analyze and interpret information to construct reasonable explanations

6-8.4 (A) Collect, analyze and record information to explain a phenomenon using tools including beakers, Petri dishes, meter sticks, graduated cylinders, etc.

	Science:

A: Science as inquiry, abilities necessary to do inquiry

E: Science and Technology, Abilities of Technological Design

F: Science in Personal and Social Perspectives 


Grade Level: 

· Target Grade: 6-8

Time Required: 1 day 


Activity Team/Group Size: 4 individuals
Materials: 

· Two beakers

· Ring Stand

· Filter Paper

· Funnel

· Tweezers

· Calcium Nitrate Solution

· Potassium Carbonate Solution

· Scientific Balance

· 100mL Graduated Cylinder 

· Petri dish

· Glass Stirring rod

· Goggles

Learning Objectives: 

· Homogenous and heterogeneous solutions

· Soluble and insoluble ions

· Gain experience in the laboratory 

· Answer questions using the scientific method

Lesson Introduction / Motivation: 
Pose the questions:  Have you ever tasted salt water? Could you see clumps of salt mixed with the water or was the solution uniform? How about sand water? Does sand or salt dissolve easier in water? Have you ever tried to mix metal with water? Did any dissolve? Chemistry is able to answer these questions and more and explain why.

Lesson Plan: 
This activity will guide students through the process of predicting how much precipitate should form from mixing two solutions of known concentration. The students will then measure and mix two solutions together and filter out the precipitate. They will then measure how much precipitate formed and compare this to the theoretical amount that they previously calculated. Explain to the students what a precipitate is and the difference between homogenous and heterogeneous solutions giving examples of each. Then, explain that carbonate is an ion that can only be soluble in water when it is combined with an alkali metal like lithium, sodium or potassium. This explains why when carbonate is mixed with calcium nitrate, the calcium replaces the potassium so that it is no longer soluble and will form a precipitate. Explain that a mole in chemistry is a unit for amount of substance if the students do not have previous knowledge. This interaction can be predicted by the given chemical equation. This activity should be performed in groups with each individual recording results and observations on their own worksheet.

Experiment: 

To predict the amount of precipitate that should form, let’s first determine the concentration of each solution and create a balanced chemical equation.

 Ca(NO3)2 (aqueous) + K2(CO3) (aqueous) ===> Ca(CO)3 (solid) + 2 K (NO3) (aqueous)

This equation shows that if we react 1 mole of Calcium Nitrate with 1 mole of Potassium Carbonate (on the left side of the arrow) it will produce 1 mole of Calcium Carbonate and 2 moles of Potassium Nitrate (on the right side of the arrow).

Explaining a mole:

A mole is simply the number 6.022 X 1023. So, in one mole of Na, sodium, there are 6.022 X 1023 atoms. In a mole of Cl, chloride, there are 6.022 X 1023 atoms. On the periodic table, the molar mass of Na is 28.99 grams so; this means that one mole, 6.022 X 1023 atoms of Na, weighs 28.99 grams. Looking at Cl, its molar mass is 35.45 grams so, one mole, 6.022 X 1023 atoms of Cl, weighs 35.45 grams. Combining these two elements to form NaCl, also known as table salt, results in a molar mass of 28.99 + 35.45 = 63.53 grams. This means that one mole of salt, 6.022 X 1023 atoms, weighs 63.53 grams.

If  there is one mole of Ca(NO3)2, 164.09 grams, and one mole of K2(CO3), 138.20 grams, then one mole of Ca(CO)3, 100.09 grams, will be produced. This means that if there is 1 mole of each reactant then 1 mole of product will be formed. If there is .5 moles of each reactant than .5 moles of product will be produced and so on.
In this experiment, 100mL of each solution are going to be mixed. Let’s say there is a 30% solution of Ca(NO3)2  mixed with a 50% solution of K2(CO3). This means that of the 100mL 30% is Ca(NO3)2 and since 1gm = 1mL, 30% of 100mL is 30 grams of Ca(NO3)2 and 70 grams of water. Now it is possible to find out the number of moles if the mass of Ca(NO3)2 is divided by the amount of Ca(NO3)2 in 1 mole. For this example 30grams/164.09grams per mol = .1828 moles. If the same is done for the K2(CO3) then 50 grams/138.2 grams per mol = .3618 moles. Since the reaction of calcium nitrate and potassium carbonate is 1 mole to 1 mole the most calcium carbonate that can be produced from mixing these two concentrations is .1828 moles. Since there are less moles of calcium nitrate than potassium carbonate the reaction will stop after it has used the .1828 moles that are available and there will be excess potassium carbonate in the solution. There are .1828 moles of calcium carbonate, if multiplied by the amount of grams per mole then we can conclude how much should be produced. Therefore .1828 moles of calcium carbonate times 100.09 grams per mol = 18.29 grams Ca(CO)3. 

Procedure:
1. Be sure to wear safety goggle throughout the experiment. Find the concentrations of each solution from the teacher and record them on the worksheet. Then, calculate the amount of grams and moles of each. Also calculate approximately how much calcium carbonate should be produced.

2. Gather the equipment needed for the lab and be sure everything is clean and dry.

3. Measure the mass of the Petri dish and record the value on the worksheet.

4. Measure 100mL of potassium carbonate with the graduated cylinder and pour into one beaker.

5. Clean and dry the graduated cylinder. Measure 100mL of calcium nitrate and pour into the empty beaker.

6. Carefully pour the potassium carbonate into the calcium nitrate solution. Observe what happens and record observations on the worksheet. Once all of the potassium carbonate has been poured, stir the mixture with a stirring rod. 

7. Place the filter paper in the funnel. If the funnel is conical fold the filter paper according to diagram 1 and place in the funnel.
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Diagram 1

8. Use the ring stand to hold the funnel and position it over the empty beaker. Next pour the mixture into the funnel and allow it to filter out the precipitate. 
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9. Once all of the precipitate has been filtered, use tweezers to take the filter paper and empty the precipitate into the Petri dish. Then, measure the mass and record the value on the worksheet. Perform the calculations to determine how many grams and moles of precipitate have formed.

10. Ask the teacher where to dispose of the waste properly. Clean and dry materials and place in the proper storage area.

11. Complete any remaining calculations and questions and return the worksheet to the teacher.
Lesson Closure:

Collect the worksheets from the students. Discuss the results with the students, possible sources of error and ways to improve the experiment. Emphasize homogeneous and heterogeneous solutions and how at first there were two homogenous solutions but, due to solubility rules, a non-soluble precipitate formed. 

Assessment: 
Walk around the classroom and make sure students are participating in the experiment and making observations. Grade the worksheet according to the answer key. As for the actual precipitate formed, results will vary so, as long as it is not enormously different than the theoretical value award credit.
Background and Concepts for Teachers: 

· Homogeneous solutions and heterogeneous solutions.

· Understand moles and conversion between units

· Experience with lab equipment 

· The Scientific Method 

Prerequisites for this Lesson: (Optional) 

· Prior exposure to the scientific method and using lab equipment.

· Prior lesson on homogenous and heterogeneous solutions

· Prior lesson on moles

Safety Issues: 

Wear goggles, aprons, gloves. Chemicals can irritate skin.
Other documents:
· Student worksheet 
· Student handout
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Please email us your comments on this lesson: 
E-mail to ljohnson@cvm.tamu.edu
Please include the title of the lesson, whether you are a teacher, resident scientist or college faculty and what grade you used it for. 
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