Acid/Base Equilibrium 

Practice 2 Key
1. The Ka for is HF 6.8 x 10-4. Calculate [OH-] for a solution containing 0.32M NaF.

      F-      +   H2O ↔    HF    +   OH-
   I          0.32           ----           0              0         Kb = 1 x 10-14/ 6.8 x 10-4 = 1.47 x 10-11
  C          -x              ----            x              x     

  E     0.32-x           ----            x              x         1.47 x 10-11 = x2 / .32-x

                                                                            
x = 2.2 x 10-6 = [OH-]

2. Calculate the pH of a 0.0500 M NaOCl solution (a salt that dissociates completely to Na+ + OCl- in the aqueous phase). Show your work and clearly state any assumptions that you make. Show that you have verified the validity of any assumptions. (Ka (HOCl) = 3.0 x 10-8)
[image: image1.emf]
3. Order the compounds in each of the following groups from least acidic to most acidic.  Explain why.
a. H2O,  NH3,  HF

          HF   >   H2O   > NH3  

      acid strength increases across the periodic table

b.  HBrO3,  HBrO,  HBrO2                    HBrO3  >  HBrO2  > HBrO  

acid strength increases as the # of oxygen attached to the central atom

c.  H2O,   H2S,   H2Se                             H2Se  >  H2S  >  H2O
      acid strength increase down the periodic table

4. Predict whether aqueous solutions of the following acids will be acidic, basic, or neutral.

NaCl 
    NaF
       NH4NO3       CaCl2      NH4Cl         FeCl3      Cu(NO3)2
neutral         basic        acidic        neutral     acidic         acidic       acidic
5. Calculate the percent ionization of 0.10 M propionic acid (Ka = 1.3 x 10-5).


HPr     +     H2O     ↔     Pr-     +     H3O+
    I       0.10            ----                0                 0                   1.3x10-5 = x2 / 0.1-x

   C       -x               ----                +x              +x                         x = 1.14 x 10-3
   E       0.10-x        ----                 x                  x                        1.14 x 10-3/0.1  x 100










1.14%

6. Predict whether the pH of 1 L of a 0.10 M acetic acid solution increase, decrease, or remain constant when 0.050 mol sodium acetate is added.

An increase in the acetate ion will shift the equilibrium to the left and a decrease in [H3O+]. This will cause an increase in pH.

7. Calculate the pH of the solution in #6 before and after the addition of sodium acetate (Ka of HAc is 1.8x10-5).

Before:

HAc     +     H2O     ↔     Ac-      +      H3O+        

                I      .1
       -----                0                   0                  1.8 x 10-5 = x2 / .1-x

               C      -x                -----               +x                 +x                          x = 1.34 x 10-3
               E      .1-x             -----               +x                 +x                           pH = 2.87
After:

HAc     +     H2O     ↔     Ac-      +      H3O+        

                I      .1
       -----                0.05              0                  1.8 x 10-5 = x(0.05+x) / .1-x

               C      -x                -----                  +x               +x                          x = 3.6 x 10-5
               E      .1-x             -----               0.05+x           +x                           pH = 4.44
8. Consider the following buffer solutions.  

Solution #1:  0.30 M HC2H3O2 / 0.30 M NaC2H3O2

Solution #2:  0.20 M HC2H3O2 / 0.30 M NaC2H3O2

Solution #3:  0.30 M HC2H3O2 / 0.20 M NaC2H3O2
a.  Which solution should have the highest pH?



#2, the ratio of HA/A- x Ka gives [H+], larger [H+] = lower pH
b.  Which solution should have the greatest buffering capacity?


#1, the greater the amounts of the conjugate acid/base pair, the greater the buffer 
c.  Which solution should have the least buffering capacity when strong base is added?



#2, the one with the least amount of HA to react with the OH-
9. A buffer solution contains 0.250 M HF (Ka=6.8x10-4) and 0.250 M NaF.

a. Calculate the pH of the buffer solution.
	
	HF((
	H+ +
	F–
	Ka=        [ H+] [F–]           .
                [HF]
6.8x10-4 =       (0.250 M + x)x         .

                            0.250 M - x
x <<< 0.250 M
6.8x10-4  =       (0.250 M)x   .
                           0.250 M
x =6.8x10-4  M = [H+]
pH= 3.2 (to 2 sig figs because of Ka)

	I
	0.250 M
	0
	0.250 M
	

	C
	-x
	+x
	+x
	

	E
	0.250 M - x
	x
	0.250 M + x 
	


b. Calculate the new pH when 0.010 mol of KOH is added to the buffer solution described above. Assume that the total volume of the buffer is 1.000 L.

	
	HF +
	OH-
	(( F–  +
	H2O
	Ka=        [ H+] [F–]           .
                [HF]
6.8x10-4 =       (0.260 M + x)x         .

                            0.240 M - x
x <<< 0.240 M
x = 6.8x10-4  (0.240 M)  =   
           0.260 M

x = 6.2769 x 10-4 = [H+]       
pH=3.2 (to 2 sig figs because of Ka)

	# mol before rxn
	0.250 M
	0.010 M
	0.250 M
	
	

	change in # mol
	-0.010 M
	-0.010 M
	+0.010 M
	
	

	# mol after rxn
	0.240 M
	
	0.260 M
	
	

	
	
	
	
	
	

	
	HF 
	((
	H+ +
	F–
	

	I
	0.240 M
	
	0
	0.260 M
	

	C
	-x
	
	+x
	+x
	

	E
	0.240 M-x
	
	x
	0.260 M+x
	


