AP Chemistry Institute

Acid-Base Equilibrium

Problem Set

1.
Calculate [H3O+] for a 0.0500 M solution of HF.


A) 5.0 x 10-3 M;      B) 5.4 x 10-3 M;       C) 5.7 x 10-3 M;        D) 6.0 x 10-3 M;      E) 6.4 x 10-3 M.

2.
Calculate the pH of a solution that is 0.050 M in NaF.


A) 7.79;       B) 6.08;         C) 8.21;              D) 7.92;              E) 9.67

3.
What is the pH of a solution that is 0.050 M in HF and also 0.050 M in NaF?


A) 3.14;         B) 4.13;           C) 9.87;             D) 7.00;              E) 10.86

A solution in a bottle is labeled "HF, 2.22 mol/liter".  Use this information for the next 4 questions.

4.
Explain why you know that the bottle is not made of glass?

5.
What is the concentration of hydronium ions in this solution?

 
A) 7.2 x 10-4 M;      B) 0.040 M;       C) 2.20 M;        D) 1.6 x 10-4 M;      E) 1.5 M.

6.
What is the approximate percent ionization of HF in this solution?


A) ~ 0.5%;        B) ~1%;          C) ~ 0.1%;              D) ~5%;              E) ~2%

7.
What should be the approximate pH of the solution resulting from the addition of 0.40 moles of solid KOH to 1.00 liter of the 2.22 M HF solution?


A) ~1.5;               B) ~2.0;             C) ~2.5;             D) ~3.0;              E) ~3.5

8.
Given the following hypothetical acids, with pKa values, Which of these is the strongest acid?:


HP- (1.92);    HQ (10.33);     H2R (7.21);     H4Z+ (9.25);   and H2X (11.62)


A) HP-;         B) HQ;        C) H2R;        D) H4Z+;           E) H2X 

9.
If the pH of a 0.10 M solution of HA is 4.70, what is the pKa for this acid?


A) 7.30;        B) 6.60;         C) 4.40;          D) 5.60;               E) none of these.

10.
What is the pH of the solution obtained when 150.0 ml of 0.100 M NH3 is mixed with 50.0 ml of 

0.200 M HCl?
        
A) 9.26;             B) 10.98;             C) 8.96;                D) 10.26;             E) 9.56

11.
What is [H3O+] of a 0.010 M solution of NaHSO4?        


A) 0.0052 M;        B) 0.010 M;           C) 0.0065 M;             D) 0.0013 M;             E) 0.0032 M.

12.
2.0 liters of hydrochloric acid solution with a pH = 3.22 is mixed with 1.0 liter of a NaOH solution 

of pH = 10.78.  What is the pH of the final 3.0-liter solution?


A) 2.74;        B) 3.22;            C) 3.70;             D) 5.74;               E) 7.00

13.
What mole ratio of sodium acetate to acetic acid, pKa = 4.74, should be used in preparing a buffer solution having a pH of 4.35?       
A) 1.0 : 1.0;        B) 0.59 : 1.0;        C) 0.41 : 1.0;       D) 2.0 : 1.0;       E) 0.75 : 1.0

14.
What is the pH of a 0.10 M hydrogen sulfide solution?


A) 2.87;              B) 3.50;               C) 4.70;               D) 4.00;              E) 5.94
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The next three questions (15-17) refer to the following data:
A 0.500-gram sample of an impure monoprotic acid is known to contain, in addition to the acid, only inert ingredients.  The sample was dissolved in about 10 mL of distilled water and then titrated with a 0.100 M NaOH solution.  After 25.00 mL of the NaOH solution was added, the pH was recorded as 5.20.  The endpoint was reached upon the addition of 40.00 mL of the NaOH solution (total volume).  The pure acid was known to have a molecular weight of 100.0 g/mole.

15.
What is the percent acid (by weight) in the original sample?


A) 2.00%;               B) 4.00%;              C) 6.00%;              D) 8.00%;                E) 5.50%.

16.
What is the acid dissociation constant, pKa, for this acid?


A) 6.00;       B) 4.98;           C) 4.00;           D) 4.60;             E) 3.74

17.
Which of the following acid-base indicators would be suitable for detection of the equivalence point in this titration?


A) methyl orange (red--> yellow; pH 3.1 - 4.4);     
B) methyl red (red--> yellow; pH 4.8 - 6.0);


C) bromothymol blue (yellow--> blue; pH 6.0 - 7.6);    D) thymol blue (yellow--> blue; pH 8.0 - 9.6);


E) thymolphthalein (colorless --> blue; pH 9.3 - 10.5).

18.
What is the [S2-] in 0.10 M hydrogen sulfide? Ka1 = 1.3 x 10-8; Ka2 = 1.3 x 10-13

A) 1.3 x 10-18 M;    B) 1.3 x 10-8 M;     C) 1.3 x 10-13 M;     D) 1.3 x 10-15 M;     E) 1.3 x 10-15 M.

19.
How many grams of NaF (FW = 42.0 g/mole) would have to be added to 2.00 liters of 0.100 M HF in order to yield a solution with a pH = 4.00? pKa = 3.14

A) 300 grams;      B) 36 grams;       C) 0.84 grams;       D) 6.9 grams;      E) 61 grams.

20.
What is [SO42-] in 2.0 M H2SO4? Ka (HSO4-) = 1.2 x 10-2  

A) 0.20 M;      B) 0.012 M;       C) 0.40 M;       D) 1.0 x 10-7 M;      E) 0.040 M

21.
Calculate the pH of a 1.0 x 10-9 solution of HNO3.


A) 8.0;       B) 6.0;       C) 7.0;        D) 9.0;          E) 5.0

22.
What is the pH of a 0.020 M phosphoric acid solution?


A) 1.91;             B) 4.45;              C) 1.70;              D) 1.46;              E) 2.04

23.
What is the [PO43-] in the question above (#22)?


A) 5.3 x 10-14 M;    B) 1.2 x 10-17 M;     C) 3.5 x 10-16 M;     D) 2.8 x 10-20 M;     E) 6.7 x 10-18 M.

24.
If the Ka for HZ is 7.2 x 10-4, then it follows that:


A) HZ ionizes very extensively in water solutions;      B) H2O is a stronger base than Z-;


C) HZ is a stronger acid than H3O+;     D) a solution of NaZ should be neutral (pH = 7);


E) HZ should be formed upon mixing aqueous solutions of NaZ and HCl.

25.
What is the net ionic eqn for the rxn occurring when sodium acetate and hydrochloric acid are mixed?


A) H3O+  +  C2H3O2-  ---->  HC2H3O2   +  H2O;           B) HC2H3O2  ----->    H+     +   C2H3O2-;   


C) H2O  +   C2H3O2-  ----->    HC2H3O2   +   OH-;
      D) C2H3O2-  ---->  H+   +    C2H2O2-2; 


E)  HC2H3O2   +   OH-    ----->    H2O    +    C2H3O2-  

