Chemistry II-AP

Acid-Base Equilibrium

Problem Set #2 Solution Set

1.    C

      HF(aq)  ((   H+1(aq)  + F-1(aq)         KA  = 7.2 x 10-4


I   0.0500             0            0



R     - x                +x        +x


7.2 x 10-4   = (x2) / 0.0500 - x 



E   0.0500 – x       x          x


cannot ignore x because it ionizes 12%









must use the quadratic equation or graph it.



x  =  0.0057 M   = [H3O+1]

pH  = 2.25 although it didn’t ask for it.

2.    D

KH  =   KB   =    KW / KA  =    1.0 x 10-14  /  7.2 x 10-4   = 1.4 x 10-11
F-1(aq)   +   H2O(aq)  ((   HF(aq)    +    OH-1(aq)  



     I   0.050                                     0                   0



    R     - x                

      +x                +x


 



    E   0.050 – x  ~  0.050     
        x                   x



1.4 x 10-11  = x2 / 0.050 , then x = [OH-1] =  8.4 x 10-7 M,  pOH = 6.08,   pH = 7.92
3.    A

pH = pKA + log (Conj. B / A); since [F-1] = [HF], pH = pKA = 3.14
4.   The fluoride ion will react with the silicon dioxide (of glass), thus dissolving the bottle!

      [Remember that fluorine has a greater electronegativity than oxygen!]
5.    B
                    HF(aq)  ((   H+1(aq)  + F-1(aq)         KA  = 7.2 x 10-4


I       2.22             0            0



R     - x                +x        +x


7.2 x 10-4   = (x2) / 2.22  



E       2.22 – x       x          x


can ignore x this time.



x  =  0.040 M   = [H3O+1]


6.    E              % ionization = (0.040 / 2.22) x 100 = 1.8% 
7.    C

pH = pKA + log (Conj. B / A) = 3.14 + log [0.40 / (2.22 - .40)]   = 2.48
8.    A

the one with the smallest pKa (indicates the most dissociation)

9.    E

if pH = 4.70, then   [H+]  = 2.0 x 10-5 M 

                        KA  = [H+][A-1] / [HA]  
KA  = (2.0 x 10-5)2 / 0.10   



KA  = 4.0 x 10-9       pKA  = 8.40
10.   C

for a basic buffer,    pOH = pKB + log (Conj. A / B)



ammonia is E.R. (0.0150 moles);  HCl is the L.R (0.0100 moles).

                        leaves an excess of 0.0050 moles NH3 and produces 0.010 moles NH4+1


pOH = 4.74 + log ( 0.010 / 0.0050)   =  5.04;       pH = 8.96
11.   C

             HSO4-1  +  H2O  <===>   H3O+1  +  SO4-2

    
    I       0.010
                
   R         -x                                      +x           +x

                 
  E      0.010 - x                               x              x

                
 KA  = 0.012 so you cannot ignore x; this is a fairly strong weak acidic anion!!!



0.012  = x2 / 0.010 - x ;    x2 + 0.012x - 1.2 x 10-4  = 0
                 
 using the quadratic equation,   x = 0.0065 M
12.   C

HCl  pH = 3.22  [H+] = 6.03 x 10-4 M

                        NaOH   pH = 10.78,  pOH = 3. 22  [OH-1] = 6.03 x 10-4 M



with a 2:1 volume ratio of acid-to-base, 

                        there will be an excess of 6.03 x 10-4 moles of HCl, but in 3.0 liters total



[H+]excess = 6.03 x 10-4 mole / 3.0 liters =  2.0 x 10-4 M;   pH = 3.70
13.   C

pH = pKA + log (Conj. B / A);     4.35 = 4.74 + log X


X = 0.41 / 1
14.   D

only need to use the 1st ionization for this diprotic acid



        H2S(aq)  ((   H+1(aq)  + HS-1(aq)         KA  = 1.0 x 10-7


I       0.10                 0              0



R     - x                   +x           +x

1.0 x 10-7   = (x2) / 0.10  



E       0.10 – x          x              x

can ignore x this time.



x  =  1.0 x 10-4   M   = [H3O+1],  pH = 4.00


15.   D

@ the equivalence point,  moles OH-1 = moles HA  



= (0.0400 liter)(0.100 N)  = 0.00400 moles

                       0.00400 moles HA x 100.0 g/mole = 0.400 grams of acid in the sample



%  = (0.400 g acid / 0.500 g sample) x 100  = 80.0 %
16.   B

pH = pKA + log (Conj. B / A)    



@ the 25.0 ml mark, 0.00150 moles HA are still unreacted, and

                         0.00250 moles of the A-1 conjugate base have been produced.



5.20  = pKA  + log (0.00250 / 0.00150) ;     pKA  =  4.98
17.   D 
While both D and E are decent indicators, from the previous answer we know the 


pKA to be about 5, so the pKB for the conj. Base is about 9.



If you do a salt hydrolysis problem, the pH @ equivalence pt = 8.94, making D the 



better choice although E would be the better indicator from a practical viewpoint.

18.   C

[S-2]  = 2nd KA  = 1.3 x 10-13 

19.   E

pH = pKA + log (Conj. B / A);   4.00 =  3.14 + log [ (X / 42.0 g/mol) / (0.20 mole)]  



7.24  =  [ (X / 42.0 g/mol) / (0.20 mole)] ;   X =  61 grams NaF 
20.   B

[SO4 -2]  = 2nd KA  = 1.2 x 10-2  M    = 0.012 M
21.   C

Tricky question!  Since the concentration of the nitric acid is so small, the major source 



of the hydrogen ion is only the water itself, so the pH = 7.  [If you actually try to do a


            calculation, you will probably get a pH > 7 for an acid - wrong!] 
22.   E

KA = 7.5 x 10-3 = [H+1][H2PO4-1] /[H3PO4]   =  x2 / 0.020 - x    (cannot ignore x!)


x = 0.00906 M     pH  =  2.04 



[Can ignore the other two hydrogen from the other  anions.]
23.   E

a toughie!!!



remember that the [HPO4-1]  = 2nd KA  = 6.2 x 10-8  M since it is the dibasic anion.



HPO4-2   <===>    H+1   +   PO4-3


KA3 =  1.0 x 10-12   =  [H+1][PO4-3] /[HPO4-2 ]  = (0.00906)[PO4-3] /[6.2 x 10-8  ]     


[PO4-3] = 6.8 x 10-18  M

24.   E

[Remember that when “theoretical” substances are used in a problem, there is more 



than likely a “real” chemical that is being used.  In this case, it is HF.]


A) - false - small KA indicates that it only ionizes a small amount;



B)  write out the equilibrium expression, with uneven arrows;



C)  again, based on its KA value, it is not one of the six strong acids;



D) strong base / weak acid yields a basic salt pH > 7;



E) true statement.
25.   A

Both reactants are soluble, so only the acetate and the hydrogen react.  The hydrogen ion 



in a solution of hydrochloric acid exists as the hydronium ion.
