Gateway 125,126, 130
Fall 2006
Studio 9c p1

Studio 9c 11/3/06:  Equilibrium and Solubility
At the beginning of the semester, you were working under the assumption that all chemical reactions go to completion.  Now, it is time to revisit salts and solubility with a new understanding of equilibrium.  

Note:  A salt is an ionic compound composed of a cation and an anion.

Reading:  17.4-17.5 Common Ion Effect (p 837-843) 17.6 (p847-849) 

Group Roles:  A Recorder; B Reporter; C Leader
A-Dissolving salts
In studio 5c, you dissolved salts to make hot and cold packs.  For example:


NaCl(s)  →  Na+(aq)  +  Cl-(aq)  Hrxn = 4 kJ/mol

All of the salt you added to the water dissolved so these reactions could be described as going to completion.  Could you just keep dissolving  sodium chloride in water to generate all of the heat that you need?

Can the reaction go backwards? (Na+(aq)  +  Cl-(aq)  → NaCl(s)  (Hint:  What is that white film on your shoes or the sidewalk during the winter?)
You probably realize that the reaction can go forwards and backwards, but does this make it a case of equilibrium?  Sodium chloride (50.0 g) was added to a beaker containing 100 mL of water and the data in Table 1 was collected:
Table 1:  Concentration Data for Dissolution of NaCl as a Function of Time

	Time (s)
	Mass of undissolved NaCl (g)
	Mass of dissolved NaCl (g)

	0
	50.0
	0

	10
	40.5
	9.5

	20
	32.6
	17.4

	30
	25.5
	24.5

	40
	20.8
	29.2

	50
	18.6
	31.4

	60
	17.5
	32.5

	100
	15.8
	34.2

	140
	15.2
	34.8

	200
	15.0
	35.0

	300
	15.0
	35.0


1) Plot the mass of dissolved and undissolved NaCl (y-axis) as a function of time (x-axis).  Does the system reach an equilibrium?  Explain your answer.

2) If you have an equilibrium, write out the chemical equation along with its Keq.
3) A solution is described as saturated when no more solute will dissolve in it.  The saturation point is reached when ______ g of NaCl are dissolved in 100 mL of water.

4)  How would your plot differ for a more soluble substance such as sodium hydroxide, which is soluble to an extent of 42g/100mL?

5)  How would you plot differ for a less soluble substance such as calcium carbonate CaCO3 which is soluble to the extent of 9.3 x10-4g in 100 mL of water?
6)  Write the chemical equilibrium for the dissolution of calcium carbonate in water whose Keq = [Ca+2][CO3-2] and is known as a Ksp (solubility product constant).  
Chemists describe how much of a compound will dissolve in a given volume of water in two ways:

a) The molar solubility (s):  the number of moles of a compound that will dissolve in a liter of water to form a saturated solution. 


b) The solubility :   the number of grams of a compound that will dissolve in a liter of water to form a saturated solution.

7) Given the saturation point of sodium chloride, find its solubility and molar solubility.
8)  Given the saturation points of sodium chloride, sodium hydroxide, and calcium carbonate, calculate their Ksps. 
9)  You determined solubility rules in studio 8b.  Fill in the following statements:


Circle one:


Sodium chloride is considered a   soluble  insoluble salt.

Sodium hydroxide is considered a   soluble  insoluble salt.

Calcium carbonate is considered a   soluble  insoluble salt.


Fill in with <, >, or =

Soluble salts have a Ksp   ______   1.

Insoluble salts have a Ksp ______  1

10)  Can you obtain a concentration of 0.011 M hydroxide by dissolving Ca(OH)2    (Ksp 5.5 x 10-6) in water?  (Hint:  Write out the reaction and use an ICE table)   If not, then what is the maximum concentration that can be obtained?
11)  If you wish to increase the concentration of hydroxide in a saturated solution of Ca(OH)2 you could :
a) Add more solid Ca(OH)2
b) Add sodium hydroxide, NaOH (Ksp >>1)

c) Add magnesium hydroxide, Mg(OH)2 (Ksp = 1.2 x1011)

Explain which of these would work.
12 a) Look at the following table, and without doing a calculation, predict which compound of each pair would have the higher molar solubility.

Table 2:  Predicting Solubility
	Compound
	Ksp
	Higher Solubility Prediction
	Calculated Results

	CaSO4
CaCO3
	1.9x10-4

8.7x10-9
	
	

	CaF2

Ca(OH)2
	4.0x10-11

5.5x10-6
	
	

	CaCO3
CaF2
	8.7x10-9
4.0x10-11
	
	

	CaCO3
Ca3(PO4)2
	8.7x10-9
2.0x10-29
	
	


b) Now go back and do a calculation to determine the exact molar solubility of each compound.  
c) For he pairs where your predictions and calculations do NOT match, write out the equation for the dissolution reactions and take a close look at the stoichiometric coefficients. 
d) Generalize your result.  Under what circumstances can you use the values of Ksp to compare molar solubilities?

B-Precipitating salts
In other studios, you have used the precipitation of a salt as part of a quantitative analysis (measuring chloride in studio 8c) and as part of a qualitative analysis (verifying the limiting reagent through precipitation tests in studio 9a).  Precipitation of salts is also a very common means of removing contaminants such as metals from water supplies.  
13) Copper ions (Cu+2) can be removed by precipitation with iodate (IO3-).  What observations can you make about the stoichiometrey of this solid precipitate?

14) Can you add pure iodated ions to the water?  If not, how could you add the iodate?

15)  Write the equilibrium expression for the precipitation of copper iodate.  How is it related to the Ksp  of copper iodate?

16)  Assume that the precipitation reaction is carried out under stoichiometric conditions (i.e., for every mole of Cu+2 present, 2 moles of IO3- are added.  Under these conditions, what are the molar concentrations of Cu+2(aq) and IO3-(aq) once the solid has precipitated and the system has reached equilibrium?  Copper iodate has a Ksp = 7.4 x10-8
17)  What will be the equilibrium molar concentration of Cu+2 if you use a stoichiometric amount of sulfide ion (S-2) instead of iodate to precipitate Cu+2 out of solution (Ksp (CuS) = 9x10-36)?  Which of the two anions will most effectively remove Cu+2 ions from the solution?

18)  Water hardness (soap scum) is created when there is a high volume of calcium and magnesium ions in solutions.  These precipitate out soap causing soap scum.  One of the sources of calcium in natural water sources is calcium carbonate (CaCO3).  Write out the chemical equilibrium expression for the dissolution of calcium carbonate in water.
19) If you were to add calcium carbonate to water until you achieved a saturated solution, what would the concentrations of Ca+2 and CO3-2 be?  The molar solubility of calcium carbonate is 9.3x10-5 M.
20)  Below the saturation point, calcium carbonate dissolves in equal molar amounts in water.  Plot the following points on Figure 1 which shows the relationship between the concentrations of Ca+2 and CO3-2 in water. 

0.00 mol/L CaCO3 dissolved


0.25x10-4 mol/L CaCO3 dissolved

0.50x10-4 mol/L CaCO3 dissolved

0.75x10-4 mol/L CaCO3 dissolved
Draw a straight line connecting your points and the curve plotted.  At what point does your line intersect with the curved line?
Figure 1:  Relationship of Concentration of Calcium and Carbonate in Water.
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21) Choose a point in the region below the curve and estimate the x,y coordinate concentrations of Ca+2 and CO3-2.  Calculate the value of Q at this point and compare it with Ksp.  Will precipitation occur if the concentrations are in the region below the curve?

22)Choose a point in the region above the curve and estimate the x,y coordinate concentrations of Ca+2 and CO3-2.  Calculate the value of Q at this point and compare it with Ksp.  Will precipitation occur if the concentrations are in the region above the curve?

23) Consider a solution that is 3x10-4M in Ca+2.  Solid Na2CO3 is added to the solution to produce an initial concentration of 2x10-4M in CO3-.  
a) Where is this point on the plot?

b) What is the value of Q under these conditions?

c) Will precipitation occur?

d) Determine the equilibrium concentrations of Ca+2 and CO3-2 after stochiometric precipitation occurs.  (Hint:  ICE it. You know the initial concentrations, the relationship between the concentrations of Ca+2 and CO3_2at equilibrium, etc.)
24) Put the following solutions in order of solubility of CaCO3 in them:

1 x10-4 M Na2CO3  
pure water

3x10-4M K2CO3
2x10-4Ca(NO3)2
5x10-4M CaCO3.
	Lowest 

solubility
	
	
	
	Highest solubility

	
	
	
	
	


The shift in equilibrium position of a solubility reaction by adding an excess of one of the ions of the compound is called the common ion effect.
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