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Introduction:

Calcium hydroxide is a soft white caustic powder used in making mortar, cements, calcium salts, paints, and petrochemicals.  It is also used in saltwater aquaria to make up kalkwasser/limewater solutions for reef tanks, and is used as a pH regulating agent.  Notice that calcium hydroxide is divalent and thus has twice the neutralizing power as molecules like NaOH that are monovalent.
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A Calcium Hydroxide Molecule:
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Calcium hydroxide is manufactured industrially by adding water to calcium oxide (quicklime) in a strongly exothermic reaction:

CaO(s) + H2O(l) → Ca(OH)2(s)


Calcium hydroxide, Ca(OH)2, is an ionic solid that is only slightly soluble in water.  
Solid Calcium Hydroxide:
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A calcium hydroxide solution is also referred to as limewater.  A saturated solution of calcium hydroxide has the solid in equilibrium with its ions as shown below:

Ca(OH)2(s)    ↔   Ca2+(aq)  +  2OH-(aq)
Recall that a saturated solution is a solution that contains the maximum amount of dissolved solute possible at a given temperature.  (The solution contains undissolved solute in equilibrium with the solution.)

Since calcium hydroxide is only slightly soluble in water, it is a difficult base to classify.  It is often assumed that since calcium hydroxide has a low solubility that it is a weak base.  But, don’t forget that it contains hydroxides ions, which automatically makes it a strong base!  In fact, the pH of a saturated calcium hydroxide solution is about 12.4.  Thus we can classify a saturated solution of calcium hydroxide as a dilute solution of a strong base.

A molecular view of a saturated solution of calcium hydroxide would look similar to the following, with clumps of undissolved calcium hydroxide at the bottom of the beaker in equilibrium with dissolved Ca2+ and OH- ions (although their would be twice as many OH- ions than Ca2+ ions):
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Note that the rate of dissolving is equal to the rate of precipitation in a saturated solution equilibrium.
In this type of equilibrium, the equilibrium constant is called the solubility product, and is represented by the symbol Ksp.  Whenever you see the symbol Ksp it refers to a solubility equation, written with the solid to the left of the equilibrium sign, and the dissolved products to the right. The Ksp for this reaction will be: 
Ksp = [Ca2+][OH-]2
(The solid state is not included in a Ksp expression since it is a pure substance and cannot be expressed as a concentration).
Note that substances that have a large Ksp value have a higher solubility (more dissolved ions); and substances with a small Ksp value have a lower solubility (few dissolved ions).  
Every substance that forms a saturated solution will have a Ksp.   However, for very soluble substances like NaCl, the value is so large that the concept is rarely used.  In low solubility substances, the value of Ksp is a useful quantity that lets us predict and calculate solubilities of substances in solution.  In this experiment you will collect the data that allows you to calculate the solubility of Ca(OH)2, and its Ksp value.

The concentration of hydroxide ions formed when Ca(OH)2 dissolves can be measured using the titration technique.  An acid-base titration is a process in which a measured volume of an acid or base is added to a reaction mixture until the acid-base indicator changes color.  In the procedure used in this lab, a dilute solution of HCl is titrated with a saturated solution of Ca(OH)2 to the endpoint of phenolphthalein.

A saturated solution of calcium hydroxide must be made fresh on the day it is to be used as any carbon dioxide that enters the solution will cause it to react to form a calcium carbonate precipitate (chalk), as shown in the first two pictures below:  

The equation is:      Ca(OH)2(s)  +  CO2(g)   ( CaCO3(s)  +  H2O(l)  


Interestingly though, the precipitate will redissolve if the concentration of carbon dioxide is high enough (see third diagram, above).

In this experiment, you will measure the volume of saturated calcium hydroxide solution required to neutralize a solution of known concentration of hydrochloric acid. The indicator used will be phenolphthalein.  From the volume of saturated calcium hydroxide used, you will be able to determine its concentration and thus its Ksp value.  

(*Note that this is the reverse of a normal titration procedure. Usually, the solution of known concentration in the buret is added to the unknown solution in the Erlenmeyer flask.  When using phenolphthalein as indicator, however, it is easier to see the color change from colorless to pink than pink to colorless and thus more accurate results may be obtained by using this particular method, where we are determining information about the substance we are titrating with, rather than the substance we are titrating).
Materials:
· Approximately 100 mL saturated calcium hydroxide, (Ca(OH)2) solution*

· Approximately 100 mL 0.050 mol/L HCl solution

· 2-50 mL Burets
· Filter paper 

· Funnel 

· 250 mL Erlenmeyer flask 

· 2-250 mL beakers 

· Phenolphthalein indicator solution

· Universal Stand

· Titration Clamp

· Distilled water

· 25 mL graduated cylinder

*If Ca(OH)2 is not available, simply add enough Ca metal to distilled water and react to make a saturated solution.  Smaller pieces of Ca will result in a faster reaction rate.  The reaction is:

Ca(s)  +  2H2O(l)  →  Ca(OH)2(s)  +  H2(g) 

Procedure:
1. Measure the temperature of the stock calcium hydroxide (limewater). (Why should you do this?) 
2. Set up a funnel, filter paper, and a clean beaker and filter about 100 mL of saturated Ca(OH)2 solution into a clean 250 mL beaker.   (Filter your solution as close as possible to the time it will be used, and do not let it stand around in the air for long periods of time to avoid any CO2 reacting with the Ca(OH)2 and forming chalk, CaCO3)).
3. Rinse the buret a couple of times with a few mL of the filtered Ca(OH)2 solution.  Then fill the buret to above its zero mark.  Open the stopcock briefly to allow any air bubbles to pass through.  (Why is this important?)  Record the initial volume of Ca(OH)2 in the buret to the nearest 0.05 mL.
4. Rinse a second buret a couple of times with the HCl solution.   Then fill the buret to above its zero mark.  Open the stopcock briefly to allow any air bubbles to pass through.  (Again, why is this important?)   Record the initial volume of HCl in the buret to the nearest 0.05 mL.
5. Measure 15 to 20 mL of HCl into a clean Erlenmeyer flask.   Record precisely the amount of acid used to the nearest 0.05 mL.  Add one or two drops of phenolphthalein solution.  Why is indicator required?  What is its function?   Then add 25 mL of distilled water to this solution.  What is the purpose of adding water?  Would the titration be different if 50 mL of water was added instead?
6. Record the initial colors of both the Ca(OH)2  and HCl solutions.  Also, draw diagrams of the flask and buret, showing the molecules present in each solution prior to the titration.

7. Gradually dispense some of the Ca(OH)2  solution drop-by-drop from the buret into the solution in the Erlenmeyer flask.  Swirl the flask constantly as the drops are added.  Note any color changes observed, and do so constantly as Ca(OH)2  is added to the HCl solution.  
8. As the Ca(OH)2  is being added to the HCl, what is happening at the molecular level?  Draw diagrams of the flask and buret at this point, showing the molecules present in each solution.  Also, symbolically write the equation for the chemical reaction that is taking place.

9. As the equivalence point is approached, a pinkish color will appear and dissipate more slowly as the titration proceeds.  Why does this occur?    Now add the Ca(OH)2 drop-by drop until the endpoint of the titration is reached (this is the point at which a very light pink color is obtained after 20 seconds of swirling the flask (see diagram below)).  
Why is it necessary to swirl for 20 seconds?
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Phenolphthalein indicator should be titrated to a very light pink endpoint.
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10. Record the volume of Ca(OH)2  required to reach the endpoint of the titration.  
11. At the molecular level, illustrate the species present in the flask at the equivalence point.  As the titration progressed, which chemical species increased in number and which decreased?

12.  Repeat the titration until 3 accurate trials have been completed.  The volumes of Ca(OH)2 required to reach the endpoint should agree within +/- 0.1 ml.

13.  Prepare a data table of your results, including the initial, final and total volumes of Ca(OH)2 used for each titration.

14. Write a balanced chemical equation for the reaction of HCl with Ca(OH)2.  Also write the net ionic equation and indicate which two species are undergoing a chemical reaction.  Which species are spectator ions?

Calculations:

1. Calculate the moles of H+ ions in the HCl solution:

mol (H+)  = Volume (H+)  x  Concentration (H+)

2.  Calculate the moles of OH- ions neutralized by the H+ ions in the titration:

mol (H+)  =   mol (OH-) at the equivalence point

3.  Then, calculate the concentration of the OH- ions:

Concentration (OH-) = mol (OH-) / Volume (OH-) used*
*Use either the volume of Ca(OH)2 from your best trial, or average the three best trials and use this average volume of Ca(OH)2.
4.  Using the concentration of OH- calculated in #3 above, calculate the Ca2+  concentration and the Ca(OH)2 concentration (remember that 1 mole of Ca2+ ions and 2 moles of OH- ions are produced for every 1 mole of Ca(OH)2 dissolving!)
5.  Substitute the concentrations of Ca2+ and OH- calculated above into the Ksp expression, and calculate the value of Ksp.

Ksp = [Ca2+][OH-]2
6. Compare your Ksp result with the actual Ksp value obtained from literature (and be sure to note the temperature given for the particular value of Ksp stated).  
7. What are some possible reasons for the discrepancies between the experimental and literature values of Ksp?  Suggest some ways to reduce the errors.

Additional Questions:

1.
Consult the literature for the solubilities of Ca(OH)2 in water as temperature varies. Explain (in terms of energy) the reasons for this trend.  

2.
Why is the hydroxide concentration squared in the Ksp? 

3.
Distinguish between the expressions dilute, concentrated, and saturated. Which could be at a condition of equilibrium?

Summary:
Recall that titration is a process of neutralization whereby an acid reacts with a base.  This allows information about an unknown acid or base solution to be determined.  An indicator is a weak acid that is placed into one of the solutions to determine the endpoint of the titration (the pH at which the indicator changes color).  The equivalence point of the titration is the point when the moles of H+ are equal to the moles of OH- in a titration.  
In this experiment, the solubility and the Ksp of calcium hydroxide was found by titrating a known concentration of HCl with a saturated calcium hydroxide solution to the phenolphthalein endpoint.  
The Ksp of Calcium Hydroxide by Titration of HCl with saturated Ca(OH)2
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NOTE:  Your teacher will demonstrate the titration technique before you perform the lab.  





A great titration simulation experiment (by Tom Greenbowe) can be performed as a demonstration, or as a lab before students perform their own “wet” lab.  See links below:  








� HYPERLINK http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/stoichiometry/acid_base.html ��http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/stoichiometry/acid_base.html�
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