Solving Acid-Base Problems
> T List the major species in solution.

> 2 Look for reactions that can be assumed to go to completion—for example, a strong acid
dissociating or H reacting with OH™.

"> 3 Fora reaction that can be assumed to go to completion:
a. Determine the concentration of the products.
b. Write down the major species in solution after the reaction.

> 4 Look at each major component of the solution and decide if it is an acid or a base.

> 5 Pick the equilibrium that will control the pH. Use known values of the dissociation constants for
the various species to help decide on the dominant equilibrium.
a. Write the equation for the reaction and the equilibrium expression.
b. Compute the initial concentrations (assuming the dominant equilibrium has not yet
occurred, that is, no acid dissociation, and so on).
Define x.
Compute the equilibrium concentrations in terms of x.
Substitute the concentrations into the equilibrium expression, and solve for x.
Check the validity of the approximation.
g. Calculate the pH and other concentrations as required.

o an

Although these steps may seem somewhat cumbersome, especially for simpler problems, they will
become increasingly helpful as the aqueous solutions become more complicated. If you develop the
habit of approaching acid—base problems systematically, the more complex cases will be much easier
to manage.

Calculating pH of Strong Acids-Bases
Sample Problems
a. Calculate the pH of a 0.10 M HNOs solution

b. Calculate the pH of a 1 x 10-1©M HCIO4 solution

c. 54 mL of 0.00125-M HNOs is mixed with 25.0-mL of 0.025-M HCI. What is the pH of the resulting sol'n?

d. What is the pH of a 25.0 mL of a 0.25-M solution of NaOH



Calculating pH of Weak Acids-Bases

TABLE 14.2 Values of K, for Some Common Monoprotic Acids

Formula Name Value of K,*
HSO," Hydrogen sulfate ion 1.2 X 1072
HCIO, Chlorous acid 1.2 X 1072 .
HC,H,ClO, Monochloracetic acid 1.35 X 103 o0
HF Hydrofluoric acid 72 X 1074 &
. . -, 2l
HNO, Nitrous acid 40 x 107* =
HC,H;0, Acetic acid 1.8 X 1073 g
[AI(H,0)¢]*" Hydrated aluminum(III) ion 14 X 107 e
HOCI Hypochlorous acid 3.5x 1078 8
HCN Hydrocyanic acid 6.2 %X 107" E
NH," Ammonium ion 56 X 107" =
HOC.H-« Phenol 1.6 X 10717
Lewis Conjugate
Base Structure Acid Equilibrium Reaction Ky
Ammonia (NH3) NH,* NH; + H,O = NH," + OH~ 1.8 X 10°°
Pyridine (CsH5N) CsHsNH* CsHsN + H,O = CsHs;NH* + OH™ 1.7 x 1077
Hydroxylamine " H3;NOH™ H,NOH + H,O == H3NOH" + OH™ 1.1 x 1078
(H,NOH) ‘i
Methylamine H P CH NH;CH;* NH,CHj + H,O = NH3CH;" + OH™ 44 % 107
(NH,CH3) 1
Hydrosulfide ion H—51 | H,S HS™ + H,0 = H,S + OH" 1.8 x 1077
(HS™) -
Carbonate ion HCO3~ CO3%” + H,O = HCO;™ + OH™ 1.8 X 1074
(COs*)
Hypochlorite ion HCIO CIO™ + H,O == HCIO + OH"™ 3.3 x 1077

(C107)

Sample Problems

a. What is the pH of 25.0 mL of a 0.250-M solution of acetic acid?

b. What the percent dissociation of a 0.325-M solution of formic acid?

c. Calculate the pH of a solution that contains 1.00 M HCN and 5.00 M HNO:z2.
Also calculate the concentration of CN-ion in this solution at equilibrium.



d. What is the pH of a solution where 25.0-mL of 0.25 M HNOs is mixed with 25.0-mL of 0.25-M HNO:2

e. What is the pH of a 0.25-M solution of NH3?

f. What is the pH of a mixture of 25.0 mL of 0.25M KOH and 25.0 mL of 0.25 M CH3NH2

Calculating Ka from percent dissociation

Sample 1:

Lactic Acid (HC3HsOs3) is a waste product that accumulates in muscle during exertion, leading to pain and
a feeling of fatigue. In a 0.100 M aqueous solution, lactic acid is 3.7% dissociated. Calculate the value of
Ka for this reaction.



