Extra Titration Problems Answer Key
7125/24

1) Consider the titration of 100.0 mL of 0.100 M acetic acid (K, = 1.8 x 107°) with 0.100 M
NaOH.

CH;CO;H(aq) + OH (aq) — CH;CO, (aq) + H20(%)
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a) What is the pH of the solution when 90.0 mL of 0.100 M NaOH has been added to 100.0 mL
of 0.100 M acetic acid?

Step 1. First calculate the amounts of reactants before reaction (= concentration X volume)
and then use the principles of stoichiometry to calculate the amounts of reactants
and products after reaction. The limiting reactant is NaOH, so some CH;CO,H
remains along with the product, CH;CO, .

Equation CH;CO.H | + OH- =—— | CH;CO,~ | + | H,O
Initial (mol) 0.01000 0.009000 0

Change (mol) | —0.009000 —0.009000 +0.009000

After rxn (mol) 0.00100 0 0.009000

Step 2. The ratio of amounts (moles) of acid to conjugate base is the same as the ratio of
their concentrations. Therefore, you can use the amounts of weak acid remain-
ing and conjugate base formed to find the pH from Equation 17.3.

0.00100 mol
0.009000 mol

[H,0'] = MOLCHCOM ) (
mol CH3C02

pH = —log(2.00 X 10-%) = 5.70

)(1.8 X 107%) = 2.00 X 105 M



b) What is the pH at the equivalence point?
Step 1. To reach the equivalence point, 0.0100 mol of NaOH was added to 0.0100 mol of
CH5CO,H and 0.0100 mol of CH;CO,™ was formed.

Equation CH3;CO;H | + OH~ — | CH3CO,~ | + | H,O
Initial (mol) 0.01000 0.01000 0

Change (mol) —0.01000 —0.01000 +0.01000

After rxn (mol) 0 0 0.01000

Step 2. Combining the two solutions, each with a volume of 100.0 mL, results in a total
volume of 200.0 mL, so the concentration of CH;CO, ™ at the equivalence point is
(0.01000 mol/0.200 L) = 0.05000 M. Next, set up an ICE table for the reaction of
this weak base with water,

Equation CHsCO,~ + | HO | == | CH3CO;H | + | OH~
Initial (M) 0.05000 0 0
Change (M) =i +x +x
Equilibrium (M) 0.05000 — x X X

and calculate the concentration of OH™ ion using Kj, for the weak base.

_ [CHCOAHI[OHT] _  (x)(x)

Ki‘” = 5_56 x 10_10 =
1.8 X 10°5 [CH;C0; ] 0.05000 — x

K, for CH,C0,~ =

Assume that x is small with respect to 0.05000 M,
x=[0H]=5.27 X 1075 M and so the pOH = 5.278
pH = 14.00 — 5.278 = 8.72

c) What is the pH after 110.0 mL of NaOH is added?

Step 1. Following the equivalence point, CH;CO,H is the limiting reactant. After the
reaction, excess hydroxide ion remains as well as the product acetate ion.

Equation CH;CO;H | + | OH™ — | CH3CO,~ | + | HO
Initial (mol) 0.01000 0.01100 0

Change (mol) —0.01000 —0.01000 +0.01000

After rxn (mol) 0 0.00100 0.01000

Step 2. The solution contains excess OH™ from the unused NaOH. Additional OH~ produced
by CH;CO,~ hydrolysis is very small [see part (b)], so the pH of the solution after the
equivalence point is determined by the excess NaOH (in 210.0 mL of solution).

[OH~] = 0.00100 mol/0.2100 L = 4.76 X 1073 M
pOH = —log[0OH"] = —log[4.76 X 107%] = 2.322
pH = 14.00 — 2.322 = 11.68



2) Phenol, C¢H5s0OH, is a weak organic acid. Suppose 0.515 g of the compound is dissolved in
enough water to make 125 mL of solution. The resulting solution is titrated with 0.123 M NaOH.

(Assume K, for phenol = 1.3 x 10°).

CsHsOH(aq) + OH (aq) = CeHs0(aq) + H20(2)

a) What is the pH of the original solution of phenol?

b) What are the concentrations of all of the following ions at the equivalence point: Na*, H;0*,

OH~, and C;H;077?

¢) What is the pH of the solution at the equivalence point?
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3) You require 36.78 mL of 0.0105 M HCI to reach the equivalence point in the titration of 25.0
mL of aqueous ammonia. (K, of NH," = 5.6 x 10'%)

a) What was the concentration of NH; in the original ammonia solution?
b) What are the concentrations of H;O*, OH™, and NH,* at the equivalence point?

¢) What is the pH of the solution at the equivalence point?
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