[bookmark: _GoBack]SCH4U												November 2014
Review for Ksp

1.  What is the Ksp of PbCl2 if, in a **saturated solution of lead (II) chloride, the [Cl-] is 0.032 mol/L?

	                                        PbCl2(s)    Pb2+(aq)  +  2Cl-(aq)
                            [I]                            0                0
                            [C]                            +x             +2x
                            [E]                           0.016         0.032

**saturated solution  at equilibrium
2X = 0.32
X = 0.016

Ksp = [Pb2+(aq)] [Cl-(aq)]2
     = (0.016)(0.032)2
     = 1.6 x 10-5




2.  The solubility of calcium sulfate is **0.67 g/L. Calculate the Ksp for calcium sulfate.

	                  CaSO4(s)    Ca2+(aq)  +  SO42-(aq)
[I]                                      0                0
[C]             (-x)                 +  x              + x
[E]                                    0.0049      0.0049

Ksp = [Ca2+(aq)][ SO42-(aq)]
     = (0.0049)(0.0049) 
     = 2.4 x 10-5

**Solubility in mol/L is “-x” in the ICE chart therefore need to change 0.67 g/L to mol/L
X = (0.67/136.14) = 0.0049 mol/L




                  
3.  The solubility of copper (II) hydroxide is **1.8 x 10-6 g/100 mL. Calculate the Ksp for Cu(OH)2.

	               Cu(OH)2(s)       Cu2+(aq)       +          2OH-(aq)
[I]                                         0                            0
[C]             (-x)                 +1.8 x 10-7               + 2(1.8 x 10-7)
[E]                                     1.8 x 10-7                     3.6 x 10-7      

Ksp = [Cu2+][OH-]2
     = (1.8 x 10-7 )(3.6 x 10-7)2
     = 2.3 x 10-20
      
**Solubility in mol/L is “-x” in the ICE chart therefore need to change 1.8 x 10-6 g/100mL to mol/L
X = (1.8 x 10-6/97.57)/0.100L = 1.8 x 10-7 mol/L




4.  Calculate the calcium ion concentration in a saturated solution of calcium carbonate.

	                  CaCO3(s)    Ca2+(aq)  +  CO32-(aq)
[I]                                      0                0
[C]             (-x)                 +  x              + x
[E]                                       x                x

Ksp = [Ca2+(aq)][ CO32-(aq)]
8.7 x 10-9 = x2
    x = 9.3 x 10-5

Therefore [Ca2+(aq)] = 9.3 x 10-5 mol/L




5.  What is the solubility, in g/L, of calcium phosphate? Ksp for calcium phosphate is 1.2 x 10-26.

	                  Ca3 (PO4)2 (s)    3Ca2+(aq)  +  2PO43-(aq)
[I]                                              0                0
[C]             (-x)                       + 3x              + 2x
[E]                                             3x                2x

Ksp = [Ca2+(aq)]3 [ PO43-(aq)]2
1.2 x 10-26 = (3x)3(2x)2
    108x5 = 1.2 x 10-26
X = 2.6 x 10-6

Therefore solubility is 2.6 x 10-6 mol/L OR (2.6 x 10-6 mol/L)(310.18 g/mol) = 8.1 x 10-4 g/L




6.  Which is more soluble, calcium fluoride or silver chloride?

	**Need to calculate the solubility for each and then compare “x”

                                       CaF2(s)    Ca2+(aq)  +  2F-(aq)
                            [I]                            0              0
                            [C]        (-x)             +x             +2x
                            [E]                           x               2x

Ksp = [Ca2+(aq)] [F-(aq)]2
     4 x 10-11     = (x)(2x)2
     4 x 10-11     = 4x3
       X = 2.2 x 10-4

                AgCl(s)        Ag+(aq)  +      Cl-(aq)
[I]                                      0                0
[C]             (-x)                 +  x              + x
[E]                                      x                 x





	Ksp = [Ag+(aq)][ Cl-(aq)]
1.6 x 10-10 = x2
    x = 1.3 x 10-5

Since “x” represents the solubility, CaF2 is more soluble.




7.  The concentration of Ag+ in a saturated solution of Ag2CrO4 is 1.5 x 10-4 mol/L. Calculate the Ksp for Ag2CrO4.

	              Ag2CrO4(s)      2Ag+(aq)     +         CrO42-(aq)
[I]                                        0                           0
[C]             (-x)                 +1.5 x 10-4        + (1.5 x 10-4)/2
[E]                                    1.5 x 10-4             7.5 x 10-5

[Ag+] = 1.5 x 10-4
Ksp = (1.5 x 10-4)2 (7.5 x 10-5)
     = 1.7 x 10-12




8.  1.0 x 10-3 moles of Ba2+ are added with 6.0 x 10-3 moles of SO42- to make a 1 L solution. What is the nature of the solution?

	      BaSO4(s)               Ba2+(aq)  +       SO42-(aq)         Ksp = 1.5 x 10-9
[I]                                    1.0 x 10-3      6.0 x 10-3            

Q= [Ba2+(aq)][ SO42-(aq)]
     = (1.0 x 10-3)( 6.0 x 10-3) 
     = 6.0 x 10-6

Q > Ksp therefore the solution is a supersaturated solution.



9.  If 2.00 mL of 0.200M NaOH are added to 1.00 L of 0.100M CaCl2, will a precipitate form?

	Two products are formed: NaCl which is highly soluble and Ca(OH)2 which has low solubility. If a precipitate forms it will be calcium hydroxide.
Each solution added dilutes the other so concentrations need to be adjusted.

[NaOH] = [OH-]:
C1V1=C2V2
(0.200)(0.002) = C2(1.002)
C2 = 3.99 x 10-4M

[CaCl2 ] = [Ca2+ ]:
C1V1=C2V2
(0.100)(1.00) = C2(1.002)
C2 = 0.0998M




            Ca(OH)2(s)       Ca2+(aq)       +          2OH-(aq)
[I]                                    0.0998                3.99 x 10-4       

Q = [Ca2+][OH-]2
     = (0.0998 )(3.99 x 10-4)2
     = 1.6 x 10-8
Ksp = 1.3 x 10-6
Q < Ksp therefore a precipitate will not form




10.   How much precipitate of BaCO3 will form when 20.0 mL of 0.10 M Ba(NO3)2 is added to 50.0 mL of 0.10 M Na2CO3?

	                  BaCO3(s)         Ba2+(aq)  +          CO32-(aq)
[I]                                     2.86 x 10-2            7.14 x 10-2
[C]             (+x)                 -  x                             - x           Note: +x represents the amount of precipitate
[E]                                       2.86 x 10-2 -x     7.14 x 10-2 - x

[Ba(NO3)2] = [Ba2+]
     C1V1=C2V2
    (0.100)(20.0) = C2(70.0)
    C2 = 2.86 x 10-2M

   [Na2CO3 ] = [CO32- ]:
   C1V1=C2V2
   (0.100)(50.0) = C2(70.0)
   C2 = 7.14 x 10-2 M

Q>Ksp therefore a precipitate will form and the reaction will shift to the left

Ksp = [Ba2+(aq)][ CO32-(aq)]
1.6 x 10-9 = (2.86 x 10-2 –x)(7.14 x 10-2 – x)
 1.6 x 10-9 = 0.00204 – 0.100x + x2    Note that when the two constants are collected, 1.6 x 10-9 becomes    
                                       Insignificant; that is Ksp = 0
   0 = 0.00204 – 0.100x + x2               
   x = 2.86 x 10-2 or 7.14 x 10-2 – (too large)

Mass of precipitate formed = (2.86 x 10-2mol/L)(197.34 g/mol)(0.070L) = 0.395 g



11.  Consider #10. When equilibrium is reached, what will a) [CO32-] be?	b) [Ba2+] be?

	
[CO32-] = 0.0714 – 0.0286 = 0.0428M
Note: [Ba2+] appears to be zero but isn’t actually zero but very close to it. This is because the Ksp became insignificant in our calculation. We need to bring it back in to find the barium ion concentration.

1.6 x 10-9 = [Ba2+](0.0428)
[Ba2+] = 3.74 x 10-8M







12.  What mass of BaSO4 precipitate will form when 50 mL of 0.10M Na2SO4 is mixed with 50 mL of 0.20 M BaCl2?

	                BaSO4(s)         Ba2+(aq)  +          SO42-(aq)
[I]                                         0.10                 0.050
[C]             (+x)                 -  x                             - x           Note: +x represents the amount of precipitate
[E]                                       0.10 -x               0.050 - x

[BaCl2] = [Ba2+]
     C1V1=C2V2
    (0.20)(50) = C2(100)
    C2 = 0.10M

   [Na2SO4 ] = [SO42-]:
   C1V1=C2V2
   (0.10)(50) = C2(100)
   C2 = 0.050 M

Q>Ksp therefore a precipitate will form and the reaction will shift to the left

Ksp = [Ba2+(aq)][SO42-(aq)]
1.5 x 10-9 = (0.10–x)(0.050 – x)
     1.5 x 10-9 = 0.0050 – 0.150x + x2    Note that when the two constants are collected, 1.5 x 10-9 becomes    
                                      insignificant; that is Ksp = 0
   0 = 0.0050– 0.150x + x2               
   x = 0.050 or 0.10 – (too large)

Mass of precipitate formed = (0.050mol/L)(233.39 g/mol)(0.100L) = 1.2 g




13.  Calculate the molar solubility of BaSO4 in 	a) pure water		b) in 1.0 M SO42-.

	a)            BaSO4(s)         Ba2+(aq)  +          SO42-(aq)
[E]             (-x)                    x                     x
                                                           Note: -x represents the solubility
   1.5 x 10-9 = x2
    X = 3.9 x 10-5                        
     The solubility in pure water is 3.9 x 10-5 M.

 b)               BaSO4(s)         Ba2+(aq)  +          SO42-(aq)
[I]                                         0                       1.0
[C]             (-x)                   +x                      + x           
[E]                                        x               1.0 + x       Note: the sulfate will decrease the solubility of   
                                                               barium sulfate therefore x < 3.9 x 10-5 .This means
                                                              -x for sulfate will be insignificant

    1.5 x 10-9 = 1.0x
    X = 1.5 x 10-9
    The solubility of barium sulfate in 1.0M sulfate is 1.5 x 10-9M.





14.  Calculate the molar solubility of AgCl in a 1.0 L solution containing 10.0 g of CaCl2.

	               AgCl(s)   Ag+(aq)  +  Cl-(aq)
[I]                               0           0.18
[C]             (-x)            +x           +x       
[E]                               x          0.18 + x  This x will be insignificant. The common ion effect lowers the value of 
                                            X and x< 10-5.

Cl- is the common ion
[Cl-] from CaCl2 = (10.0/111.08) x 2 = 0.18  (since 2 Cl- in CaCl2)

Ksp = [Ag+][Cl-]
1.6 x 10-10= 0.18x
X = 8.9 x 10-10

Therefore the solubility is 8.9 x 10-10 mol/L.




15.  How many grams of CaCO3 will dissolve in 300 mL of 0.050 M Ca(NO3)2?

	              CaCO3(s)    Ca2+(aq)   +      CO32-(aq)
[I]                                0.050             0
[C]           (-x)                 +x                +x          
[E]                               0.050 + x         X        Note: x will be insignificant; i.e. 

Ksp  =  [Ca2+(aq)][ CO32-(aq)]
8.7 x 10-9 = 0.050x
X = 1.7 x 10-7
mass = (1.7 x 10-7)(100.09)(0.300) = 5.1 x 10-6g




16.  a) Calculate the molar solubility of MgF2.

b) Calculate the solubility of MgF2 in g/100 mL.

c) How many grams of MgF2 will dissolve in a 350 mL solution of 0.25 M NaF?

d) If 50 mL of 0.50 M solution of CaCl2 are added to 250 mL of a saturated solution MgF2, will a precipitate form? Ksp for CaF2 is 3.9 x 10-11. Show your calculations.

	                                       MgF2(s)    Mg2+(aq)  +  2F-(aq)
                            [I]                            0              0
                            [C]                          +x              +2x
                            [E]                           x                2x

Ksp = [Mg2+(aq)] [F-(aq)]2
     6.4 x 10-9     = (x)(2x)2
     6.4 x 10-9     = 4x3
       X =  1.2 x 10-3
a) Therefore the solubility is 1.2 x 10-3 mol/L
b) The solubility is (1.2 x 10-3)(62.31)(0.10) = 0.0075 g/L
                                       



                                      MgF2(s)    Mg2+(aq)  +  2F-(aq)
                            [I]                            0              0.25
                            [C]                          +x              +2x
                            [E]                           x           0.25 + 2x  Note: x<0.0012 since the common ion, F-, will reduce 
                                                                                         the solubility, making 2x insignificant

Ksp = [Mg2+(aq)] [F-(aq)]2
     6.4 x 10-9     = (x)(0.25)2
         X =  1.0 x 10-7 = solubility in mol/L
c) Solubility in g/350mL = (1.0 x 10-7)(62.31)(0.350) = 2.2 x 10-6g
d)
                                    CaF2(s)    Ca2+(aq)  +  2F-(aq)
                            [I]                        0.083     2.4 x 10-3
                           
Note:  Initial [F-] comes from the saturated solution from part a)
           Initial [Ca2+]:
           C1V1=C2V2
           (0.50)(50) = C2(300)
           C2= 0.083 

Q = [Ca2+][F-]2
    = (0.083)(2.4 x 10-3)2  = 4.78 x 10-7
Q>Ksp therefore a precipitate will form.
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