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Introduction

Limewater is the common name for a saturated solution of Ca(OH)2. A saturated solution of Ca(OH)2  (unknown concentration) will be titrated with HCl (known concentration) to the phenolphthalein endpoint. The Ksp of Ca(OH)2  will be determined from the resulting data under various conditions. 
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	Phenolphthalein is colourless in acidic solutions and pink in basic solutions. At equivalence point in this experiment, the pink solution will turn colourless.  




	Ca(OH)2(aq) + 2HCl(aq) → 2H2O(l) + CaCl2(aq)
	neutralization equation

	H+(aq) + OH-(aq) → H2O(l)
	neutralization net ionic equation

	
	

	Ca(OH)2(s) → Ca2+(aq) + 2OH-(aq)
	dissolution equation

	Ksp = [Ca2+] [OH-]2
	solubility product constant


Purpose

What is the Ksp of Ca(OH)2 at room temperature? How does changing the volume of Ca(OH)2  affect its Ksp at room temperature? How does temperature affect the Ksp of Ca(OH)2? 

Three trials will be performed to determine if the Ksp of Ca(OH)2 is affected by temperature and volume. The first trial will be the control. In the second trial, only the volume of Ca(OH)2 will be changed. In the third trial, only the temperature of Ca(OH)2 will be changed. 
Hypothesis 
Control: You will use 30 drops of Ca(OH)2 at room temperature. 
Condition #1: You will have the choice of using 40-60 drops of Ca(OH)2. Record the amount you decide to use. 

Condition #2: You will have the choice of choosing a temperature either below or above room temperature. The teacher will demonstrate how to set up ice water baths and sand baths to decrease and increase the temperature of Ca(OH)2 respectively. If heating, do not exceed 60°C. Record the temperature of the solution you choose using a thermometer.  
Table 1. Hypotheses for various conditions.
	
	Description
	Hypothesis (↑ or ↓)

	
	Initial Volume of Ca(OH)2 (drops)
	Temperature (°C)*
	Ksp

	Control
	30


	20
	n/a

	Condition #1
	_______

	20
	_______

	Condition #2
	30

	_______


	_______


*assume room temperature to be 20°C
Safety 

Calcium hydroxide is caustic and hydrochloric acid is corrosive; both can cause blindness. Wear goggles and a lab coat. Know the location of the eye wash station and how to use it in an emergency. Wash spills immediately with large amounts of water. All solutions (HCl and Ca(OH)2) should be poured from stock solutions into appropriately labeled beakers before beginning the experiment. The chemicals used in this experiment may be disposed of safely at the sink using large volumes of water. 
Materials

	50mL of saturated Ca(OH)2
	500mL beaker for ice water or sand bath 

	0.5mL of 0.5% phenolphthalein indicator 
	plastic transfer pipettes 

	50mL of 0.1 M HCl 
	6-well plate 

	distilled water 
	tooth picks

	500mL beaker (labeled “waste”)
	hot plate 

	100mL beaker (labeled “Ca(OH)2”)
	ice

	100mL beaker (labeled “HCl”)
	sand 

	250mL beaker (labeled “distilled H2O”)
	thermometer


Control Procedure: 

1) Select a plastic transfer pipette. Fill the pipette with distilled water and then squeeze dry into the waste beaker. Partially fill the plastic transfer pipette with a few drops of saturated calcium hydroxide. Swirl and expel in a waste beaker. 
2) Using the same pipette, carefully transfer 30 drops of calcium hydroxide to each of 3 wells in a 6-well plate. Add 2 drops of 0.5% phenolphthalein to each well. 
3) Discard unused calcium hydroxide solution into the waste beaker. Wash the pipette with distilled water and squeeze dry. Repeat several times. Fill again with distilled water and discard the water. 
4) Partially fill the plastic transfer pipette with 0.1M HCl. Swirl and expel into the waste beaker. 
5) Fill the plastic transfer pipette with 0.1M HCl. Add the acid to the first well drop wise, counting drops and stirring with a toothpick until the pink color disappears. The approach of endpoint is not as easy to see in this direction as when titrating from acid to base. You will be looking for a colorless spot over colored solution until you reach the endpoint. Record the number of drops required to reach this endpoint. 
6) Repeat this procedure for wells 2 and 3. Use the number collected for the first point to see when you are approaching the endpoint. Average the number of drops of HCl used for the 3 wells.
7) Check the data. All three titrations should agree within two drops of one another. If they do not, repeat the titration. Rinse your 6-well plate and pipette. 
Condition #1 Procedure: 

1) Repeat Steps 1-7 except in Step 2 add 40-60 drops of Ca(OH)2 to each of 3 wells. 
Condition #2 Procedure:

1) Repeat Steps 1-7 except use the cooled or heated Ca(OH)2 to each of the 3 wells. Work quickly to avoid returning the Ca(OH)2 from to room temperature.  

Clean all glassware with running water at the sink. Clean bench and wash hands. 

Record your Ksp values on the board by placing them in their respective columns (control, temperature, volume). Record the volumes and temperatures used. This will be the collective class data which you will analyze.

Observations 

Table 2. Observation table for control.

	
	Well #1
	Well #2
	Well #3
	Average

	Volume of Ca(OH)2 (drops)         
	30
	30
	30
	30

	Volume of HCl (drops) 
	
	
	
	


Table 3. Observation table for condition #1 (different volume).

	
	Well #1
	Well #2
	Well #3
	Average

	Volume of Ca(OH)2 (drops)         
	30
	30
	30
	30

	Volume of HCl (drops) 
	
	
	
	


Table 4. Observation table for condition #2 (different temperature).

	
	Well #1
	Well #2
	Well #3
	Average

	Volume of Ca(OH)2 (drops)         
	
	
	
	

	Volume of HCl (drops) 
	
	
	
	


Data Analysis 
Show your calculations for the control, condition #1, and condition #2.

1) Determine the average number of drops of HCl used. 
2) At equivalence point, the moles of H+ are equal to the moles of OH-. Determine the initial concentration of OH-. (hint: use drops as the unit for volume) 
nH+ = nOH-
CH+VH+ = COH-VOH-
3) Determine the concentration of Ca2+. 
Ca(OH)2 → Ca2+ + 2OH-
4) Determine the Ksp of Ca(OH)2.

Ksp = [Ca2+] [OH-]2
5) Determine the concentration of a saturated Ca(OH)2 solution in mol/L and g/L. 
 Discussion Questions 

1) A saturated solution of Ca(OH)2 is dilute. Explain this statement explaining any confusion that the statement seems to evoke. 

2) If the molar solubility of Ca(OH)2 is x mol/L, then the Ksp = 4x3. Show how this result is obtained. 

3) Predict whether Ca(OH)2 is more or less soluble in 0.1 M NaOH than in water. 

4) Why does NaCl rarely have a Ksp associated with itself?

5) What was the effect of volume and temperature of Ca(OH)2 on Ksp? Analyze using the class data and compare to the control.

6) What are some possible reasons for the differences between the experimental and literature values of Ksp? Suggest some ways to reduce the errors. (hint: minerals in tap water)
Literature Data
Solubility of Ca(OH)2 at 0ºC = 1.85 g/L 
Solubility of Ca(OH)2 at 20ºC = 1.60 g/L 
Solubility of Ca(OH)2 at 100ºC = 0.77 g/L 
Ksp of Ca(OH)2 at 25ºC = 4.7x10-6, 5.02x10-6, 5.5x10-6 (literature values vary)
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