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Unit 2, Homework No. 2: Acid-Base Equilibria and Solubility - SOLUTIONS
[image: image7.jpg]766 Chapter 17  Additional Aspects of Acid-Base Equilibria

EXAMPLE 17-8 Calculating Points on a Titration Curve: Weak Acid Titrated with a
- Strong Base

What is the pH at each of the following points in the titration of 25.00 mL of 0.100 M HC,H;0, with 0.100 M
NaOH?

(a) before the addition of any NaOH (initial pH)

(b) after the addition of 10.00 mL 0.100 M NaOH (before equivalence point)

(c) after the addition of 12.50 mL 0.100 M NaOH (half-neutralization)

(d) after the addition of 25.00 mL 0.100 M NaOH (equivalence point)

(e) after the addition of 26.00 mL 0.100 M NaOH (beyond equivalence point)

Analyze
Titrations between weak acids and strong bases or strong acids and weak bases have four regions of interest.
The first is the initial pH, which we calculate in the same way we would calculate the pH for a solution of a
weak acid or weak base. The second is the buffer region; the third is the hydrolysis region; and the fourth is
beyond the equivalence point.

volve (@) '{é’g )in=iti2a;3 9[‘H3O+] is obtained by the calculation in Example 16-6 (page 712). pH = —log(1.3 X
(b) The number of millimoles of CH3COOH to be neutralized is
25.00 mL X~ mml";(in"COOH = 2.50 mmol CH;COOH
At this point in the titration, the number of millimoles of OH™ added is
10.00 mL, x 21% Ilmr;‘zl O 100 mmol OH"

The total solution volume = 25.00 mL original acid + 10.00 mL added base = 35.00 mL. We enter this
information at appropriate points into the following setup.

Stoichiometric Calculation;

CH;COOH + OH™ — CH,COO™ +  H,0
initially present: 2.50 mmol - —
add: 1.00 mmol
changes: —1.00 mmol ~1.00 mmol +1.00 mmol
after reaction:
mmol: 1.50 mmol 1.00 mmol
concns: 1.50 mmol/35.00 mL =0 1.00 mmol/35.00 mL
0.0429 M 0.0286 M

Equilibrium Calculation: The most direct approach is to recognize that the acetic acid—sodium acetate solution is a
buffer solution whose pH can be calculated with the Henderson—Hasselbalch equation. Use of that equation is justified
for two reasons: (1) The ratio: [CH3COO™]/[CH3COOH] = 0.0286/0.0429 = 0.667 (satisfying the requirement on
page 754 that it be between 0.10 and 10), and (2) CH3COO™ and CH3COOH exceed K,(1.8 X 107° ) by the factors
1.6 x 10%and 2.4 X 10%, respectively (satisfying the requirement on page 715 that the factor exceed 100). So

[ 0.0286
H= +1 =474+ log—— =474 - 018 = 456
p pK, + log [HA] 474 10g0.0429 0.18 = 4
Simpler still would be to substitute the numbers of millimoles of CH;COO™ and CH;COOH directly into the
Henderson-Hasselbalch equation, without converting to molarities. That is,

[
pH = pK, + log [HA]

1.00 mmol/V"

=474 + log———————
1.50 mmol/V"

=474 — 0.18 = 4.56





2. The ionic strength of a 1:1 electrolyte is equal to its concentration, c. 

For a 2:1 electrolyte 
[image: image11.emf].
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 K2SO4 (aq) would have an ionic strength of 0.335 mol L-1 when its morality is 0.112 mol L-1.

3. Activity of Na3Fe(CN)6(aq) ( 3 Na+(aq) + Fe(CN)63-(aq)
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You need mean ionic activity coefficient. First determine ionic strength:
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Finally, putting this into the equation for activity gives a2 = 1.9 × 10-15 molL-1
[image: image8.jpg]17-4 Neutralization Reactions and Titration Curves 767

(¢) When we have added 12.50 mL of 0.100 M NaOH, we have added 12.50 X 0.100 = 1.25 mmol OH".
As the following setup shows, this is enough base to neutralize exactly half of the acid.

CH;COOH + OH™ -— CH;COO~ + H,0
initially present: 2.50 mmol — e
add: 1.25 mmol
changes: —1.25 mmol —1.25 mmol +1.25 mmol
after reaction: 1.25 mmol 1.25 mmol

Again, applying the Henderson-Hasselbalch equation, we get

[CH,COO™]
[CH;COOH]

25 mmol/V"
=474 + log——— o = 474 + log 1 = 474

1.
25 mmol/V"

(d) At the equivalence point, neutralization is complete and 2.50 mmol NaCH3COO has been produced in
50.00 mL of solution, leading to 0.0500 M NaCH3COO The question becomes, “What is the pH of 0.0500 M
NaCH3COO?” To answer this question, we must recognize that CH3COO™ hydrolyzes (and Na™ does
not). The hydrolysis reaction and value of Ky, are

pH = pK, + log

CH;COO™ + HyO == CH3COOH + OH~
Ky _1.0x 107

- —10
K, 18%X10° S 30

Kb=

With a format similar to that used in the hydrolysis calculation of Example 16-13 (page 726), we obtain
the following expression, where x = [OH™] and x << 0.0500.

[CHZCOOH] X x =
K = Tem,coo] T o000 -5 6 X 10 v
x2=28%x10"" x=[OH ]=53x10°M
pOH = —log(5.3 X 107%) = 5.28
pH = 14.00 — pOH = 14.00 — 5.28 = 8.72

(e) The amount of OH~ added is 26.00 mL X 0.100 mmol/mL = 2.60 mmol. The volume of solution is
25.00 mL acid + 26.00 mL base = 51.00 mL. The 2.60 mmol OH™ neutralizes the 2.50 mmol of avail-
able acid, and 0.10 mmol OH™ remains in excess. Beyond the equivalence point, the pH of the solution
is determined by the excess strong base.

~, _ 0.10 mmol OH™ ar
=~ ="2.0 X
[OH™] 51.00 mL 20 X 10°M

pOH = —log(2.0 X 103) =270 pH = 14.00 — 2.70 = 11.30

Assess

In this example the pH at the equivalence point is not 7 as it was in the strong acid-strong base problem. We
could have predicted this result before performing a single calculation. At the equivalence point, the princi-
pal species in solution is CH;COO™, the conjugate base of a weak acid (CH3COOH). Recalling that the conju-
gate of weak is weak, we conclude that CH;COO™ is a weak base and thus, the pH at the equivalence point
must be greater than 7.

PRACTICE EXAMPLE A: A 20.00 mL sample of 0.150 M HF solution is titrated with 0.250 M NaOH. Calculate
(a) the initial pH and the pH when neutralization is (b) 25.0%, (¢) 50.0%, (d) 100.0% complete. [Hint: What is
the initial amount of HF, and what amount remains unneutralized at the points in question?]

PRACTICE EXAMPLE B: For the titration of 50.00 mL of 0.106 M NH; with 0.225 M HC}, calculate (a) the initial
pH and the pH when neutralization is (b) 25.0% complete; (c) 50.0% complete; (d) 100.0% complete.
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D-H equation
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