Note:  in many cases, I “keep” an extra sig. fig, and only round at the last step!
Chemistry II - AP

                             
      Aqueous Solubility Practice Test Answer Key        

1.   T  -  F   
A saturated solution is one in which all the solute (possible) has dissolved and some undissolved solute remains.

2.   T  -  F   The KSP of a substance is unaffected by temperature changes.

3.  B    How many grams of PbSO4 will dissolve in 4.0 liters of water?  KSP for lead sulfate = 1.6 x 10-8.

                 A) 1.3;      B) 0.15;     C) 5.1;      D) 0.046;      E) 0.50;       F) 0.038.


KSP = 1.6 x 10-8 = x2 ( x = MS = 1.26 x 10-4M


(4.0 L)( 1.26 x 10-4M) = 5.06 x 10-4 moles  ( 5.06 x 10-4 moles x 303.3 g/mol = 0.153 g 
............................................................................

 Given: 500.0 ml of 8.2 x 10-3 M Pb(NO3)2 and 125.0 ml of 4.2 x 10-4 M KI are mixed together.          

Assume that volumes are additive.    KSP = 7.1 x 10-9 for PbI2
4.  E    Predict the potentially precipitating ion product (QIP).



A) 5.5 x 10-7;            B) 1.1 x 10-13;        C) 3.3 x 10-13;          D) 1.0x10-19;           E) 4.6 x 10-11.

            [Pb2+]  =  (500.0mL)( 8.2 x 10-3 M) / 625.0mL =   0.00656 M                      

               [I-1]  = (125.0mL)( 4.2 x 10-4 M) / 625.0mL =     8.4 x 10-5 M                                      

              QIP = [Pb2+][I-1]2  =  [0.00656 M][ 8.4 x 10-5 M]2  = 4.6 x 10-11     

5.  T  -  F    Based on the given concentrations, a precipitate will form.

.....................................................................................

6.  D   Find the molar solubility of BaCO3 in 0.010 M Ba(NO3)2.   KSP = 8.1 x 10-9 for BaCO3.


A) 9.0 x 10-9;        B) 8.1 x 10-5;          C) 3.8 x 10-6;         D) 8.1 x 10-7;          E) 4.6 x 10-7.


8.1 x 10-9 = [Ba2+][CO3-2]  =  [0.010 M + x][ x]  ~ [0.010 M][ x] (  x = MS =   8.1 x 10-7 M     

7.  T  -  F       Because of its low charge density, the phosphate ion would be expected to be more soluble than the carbonate ion.

8.  C
In which of the following 1.0 M solutions would you expect cadmium sulfide, CdS, to be most soluble?

A)  NaCl;        B) NaOH;        C) HCl;        D) ethyl alcohol.





CdS(s)  +  2 H+  (  H2S(g)  ;  drives solubility to the right

9.   E
A saturated solution of M(OH)3 has a pH of 9.02.     What is the KSP of this compound?


 A) 1.3 x 10-14;        B) 1.1 x 10-38;        C) 3.3 x 10-38;        D) 1.0 x 10-19;          E) 4.0 x 10-21.


if pH = 9.02 ( pOH = 4.98 ( [OH-1] = 3x = 1.05 x 10-5 (  x = 3.5 x 10-6 M

KSP = 27x4  =  4.0 x 10-21
-2-

Note: For a saturated solution of hydrogen sulfide gas  = 0.10 M at 1.0 atm and 25oC    

      KA1,2  for H2S  =  1.3 x 10-20
10.   B
A solution at pH = 5.00 contains [H2S] = 0.100 M and  [Ni2+] = [Mn2+] = 0.0100 M.  


Given the KSP values:  NiS = 3.0 x 10-21;      MnS = 6.0 x 10-15.   It can be concluded that:

    
A) the sulfide ion concentration is 1.3 x 10-21;            B) both NiS and MnS would precipitate;
    
C) neither NiS nor MnS would precipitate;
D) NiS would precipitate; MnS would not;

    
E) MnS would precipitate; NiS would not.



Remember that for a saturated solution of H2S,  [H+1]2[S-2] = 1.3 x 10-21

if pH = 5.00 ( [H+1]  = 1.0 x 10-5M (  [S-2] = 1.3 x 10-11 M
               For NiS & for MnS          QIP = [M2+][S-2]  =  [0.0100 M][ 1.3 x 10-11M]  = 1.3 x 10-13     
             QIP is greater than the KSP for both compounds, so a ppt. forms for both. 
Without using any references, answer the next five questions.

11.  C
Which of the following salts would be predicted to be least soluble in water? 


A) silver nitrate;     B) sodium carbonate;     C) lead (II) chloride;    D) potassium sulfide;     


E) strontium acetate

12.   E
Which of the following salts would be predicted to produce a precipitate when reacted with sodium nitrate?   


A) silver acetate;       B) mercurous nitrate;        C) aluminum chloride;     D) potassium sulfide;   


E) none of these would produce a precipitate.

13. T - F   Magnesium sulfate is soluble while barium sulfate is not.

14. T - F   Both the hydroxide and the carbonate compounds of strontium are insoluble.

15. T - F   All sulfides except those of the IA and IIA elements and NH4+ are insoluble.

=====================================================================

16.  B
What is the molar solubility of AgCl in 0.80 M ammonia solution?


  KSP  =  1.2 x 10-12 for AgCl      KINST  =  6.8 x 10-8 for Ag(NH3) 2+1

A) 1.3 x 10-10;    B) 3.4 x 10-3;     C) 1.8 x 10-5;      D) 1.8 x 10-7;        E) 2.3 x 10-8.


AgCl(s)  +  2 NH3(aq)  ((  [Ag(NH3)2]+1  +  Cl-1

KC = KSP / KINST = 1.76 x 10-5  = x2 / [NH3]2  = x2 /[0.80 M]2  

                  x  = MS =  0.00336 M

-3-

17.   D
How many milligrams of Ni(OH)2 will dissolve in 5.00 liters of a solution containing 0.00400 grams of NaOH?        KSP = 1.6 x 10-14 for nickel (II) hydroxide


     A) 4.9;         B) 9.5;         C) 22;          D) 18.5;           E) 167;           F) 833;           G) 56.6


    [OH-1]  = (0.00400 grams / 40.0 g/mol) / 5.00 L  = 2.00 x 10-5M

     KSP = 1.6 x 10-14   =   [Ni+2][OH-1]2   = [Ni+2][ 2.00 x 10-5M]2   

                         (  [Ni+2] = MS = 4.0 x 10-5   (  (5.00 L)( 4.0 x 10-5 )(92.7 g/mol) = 0.0186 g   
18.  E
Which of the following compounds has the largest molar solubility in water?


A) lead (II) oxalate,  (KSP = 2.74 x 10-11);
      B) lead (II) chromate (KSP = 1.8 x 10-13)



C) silver phosphate, (KSP = 1.8 x 10-18);
        
      D) cupric carbonate, (KSP = 1.37 x 10-10);


E) cadmium hydroxide, (KSP = 1.2 x 10-14).




Typo in B – note the change of the exponent!




A) 5.2 x 10-6;        B) 4.2 x 10-7;         C) 1.6 x 10-6;         D) 1.2 x 10-5;      E) 1.4 x 10-5
The next three questions are related.
19.  B
A saturated solution of lead (II) iodate in pure water has a lead ion concentration of 4.0 x 10-5 mole per liter at 25oC.


Calculate the value for the solubility-product constant of Pb(IO3)2 at 25oC.


A) 1.6 x 10-11;        B) 2.6 x 10-13;          C) 6.4 x 10-14;           D) 6.4 x 10-9;           E) 2.3 x 10-8.


     KSP  =   [Pb+2][IO3-1]2   =  4x3  (  KSP =  2.6 x 10-13   

20.   C
Calculate the molar solubility of lead iodate in a 0.10-molar solution of lead(II) nitrate at 25oC.


A) 1.6 x 10-6;      B) 3.2 x 10-6;     C) 8.0 x 10-7;      D) 1.6 x 10-4;        E) 4.0 x 10-7.


     KSP  =   [Pb+2][IO3-1]2   =  2.6 x 10-13     =   [0.10][IO3-1]2   

                      (  [IO3-1]  = 2x =  1.6 x 10-6 M (  x = MS = 8.1 x 10-7M   

21.   E
To 333 milliliters of a 0.120 M lead (II) nitrate solution, 667 milliliters of 0.435 M potassium iodate solution is added.  Calculate the concentration of lead ions in the solution at equilibrium at 25oC.  Assume additive volumes.


 A) 2.6 x 10-13;       B) 3.3 x 10-7;         C) 8.5 x 10-10;        D) 1.5 x 10-12;          E) 5.8 x 10-12.





Pb2+      +      2 IO3-1      (    Pb(IO3)2(s)                               Pb2+      +      2 IO3-1      

         I     0.0400 moles     0.290 moles
                         LR                  ER
                                                         
              R    -0.0400             -0.0800




        - x                0.210 moles


  E

     KSP  =   [Pb+2][IO3-1]2  =  2.6 x 10-13  =   [x][0.290]2   

                       x = [Pb+2] = 5.9 x 10-12 M

-4-

22.   What molar concentration of fluoride ion [F -1] must be exceeded in order to just start precipitation of magnesium fluoride (MgF2) in a 0.050 M solution of magnesium nitrate?     KSP for MgF2  =  6.4 x 10-9

                  QIP  =   [Mg+2][F-1]2  =  6.4 x 10-9  =   [0.050][F-1]2   


                    [F-1]  =  3.6 x 10-4 M  
23. 
Given: when 3.00 grams of lanthanum (III) sulfate are added to 100.0 mL of water, only 4.05% of the solid will dissolve.  What is the solubility product constant for this salt?

        M.S.  = [[(0.0405)(3.00 g)] / 566.1 g/mol] / 0.100 L  = 0.00215 M

KSP = 108x5  = 4.92 x 10-12
24.     Sodium carbonate is added gradually to a solution that is 1.00 M in both Ca2+ and Mn2+.  What will be the concentration of  Mn2+ remaining in solution when calcium carbonate just begins to precipitate?


  KSP  =   8.8 x 10-11  for MnCO3          KSP =  4.8 x 10-9  for  CaCO3 








[CO​3-2] = 4.8 x 10-9M
           KSP  =   8.8 x 10-11  [Mn2+][CO​3-2] = [Mn2+][4.8 x 10-9]  ( [Mn2+] = 0.018 M

       ie. only 1.8% remains
25.    The KSP of a compound  M2X3 is 4.54 x 10-19.  What is the molar solubility of the compound?


KSP = 108x5  = 4.54 x 10-19    (  MS = x = 8.41 x 10-5M
