12-1.

12-2,

12-3.

101mL: [HY] = [le)“'m)

The equivalence point occurs when the quantity of titrant is exactly the stoichiometric
amount needed for complete reaction with analyte. The end point occurs when there
is an abrupt change in a physical property, such as pH or indicator color. Ideally,
the end point is chosen to occur at the equivalence point.

Va O 1 5 9 9.9 10 10.1 12
pH 13.00 1295 12.68 1196 1096 7.00 3.04 1.75

Representative calculations:

-14
OmL: pH = -log Ke -log []]"910—0 = 13.00

[OH]
LmL: [OHT = 75(0.100) 100 = 0.089 1M = pH = 1295

10mL: [OH] = [H*] = 107 M
0.1

9.08x 104M = pH = 3.04
13
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Consider the titration curve near the equivalence point. If we titrate strong acid with
strong base, the concentration of H* is close to 1% of its initial value when we are
99% of the way to the equivalence point (ie, when V4, = 0.99Ve). (This statement
would be exactly true if there were no dilution occurring. We will neglect dilution.)
If the initial acid concentration were, say, 0.1 M, then [H*] = 1% of 0.1 M = 0.001
M at Vp =0.99 V. The pH is —log(0.001) = 3, At 99.9% completion, [H*] =
0.1% of 0.1 M = 0.0001 M and the pH is 4. When the titration is 0,1% past the
equivalence point, [OH-] = 0.0001 M and the pH is —log(K/0.0001) = 10. The pH
Jjumps from 4 to 10 in the interval from Vg, = 0.999V, to 1.001 Ve. Even though the
concentration of H* hardly changes, its logarithm changes rapidly around the
equivalence point because [H*] decreases by orders of magnitude with tiny additions
of OH- when there is hardly any H+ present.



12-4.,

12-5.

12-6.

The sketch should look like Figure 12-2. Before base is added, the pH is
determined by the acid dissociation reaction of HA. Between the initial point and the
equivalence point, each mole of OH- converts an equivalent quantity of HA into A-.
The resulting buffer containing HA and A- determines the pH. At the equivalence
point, all HA has been converted to A~. The pH is controlled by the base hydrolysis
reaction of A~ with HO. After the equivalence point, excess OH- is being added to
the solution. To a good approximation, the pH is determined just by the
concentration of excess OH-,

If the analyte is too weak or too dilute, there is very little change in pH at the
equivalence point.

Vo O 1 5 9 9.9 10 10.1 12
pH 3.00 405 500 595 7.00 898 1096 12.25
Representative calculations:
Oml: HA = H*+ A x2 - 10-5.00 - 4

oL LA 0 To0— = 1050 = x=995x104M

= pH = 3.00
x

LmL: pHmpKa+log[[?A]j 5.00+ log § = 4.05
10mL: A + Hy0 = HA + OH 009329 - %‘;

100 . - X a

(76) 0100 - x oo = x=9.53x 106

= [ = &% = pH=898

10.1mL: [OH] =(1101}10{)) 9.08x 104 M = pH =10.96
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12-8.

12-12.

12-13.

12-14.

The titration reaction is HA + OH™ — A~ + H30. A volume of V mL of HA will
require 2V mL of KOH to reach the equivalence point, because [HA] = 0.100 M
and [KOH] = 0.0500 M. The formal concentration of A at the equivalence point

. v . .
will be [WZ—V](O.IOO) = 0.0333M. The pH is found by writing

A" + HO & HA + OH" x2 _ k- Kw _ 1.0x10-14
0.0333 - x X X 00333 -x = "®* T K, T148x104

= x=150x10M = pH =8.18

The sketch should look like Figure 12-9. Before base is added, the pH is
determined by the base hydrolysis reaction of B with HyO. Between the initial
point and the equivalence point, each mole of H* converts an equivalent quantity of
B into BH*. The resulting buffer containing B and BH* determines the pH. At the
equivalence point, all B has been converted to BH*. The pH is controlled by the
acid dissociation reaction of BH*. After the equivalence point, excess H* is being
added to the solution. To a good approximation, the pH is determined just by the
concentration of excess H*.

At the equivalence point, the weak base, B, is converted comopletely to the
conjugate acid, BH*, which is necessarily acidic.

Va 0 1 5 9 9.9 0 101 12
pH 11.00 995 900 805 7.00 502 3.04 175

Representative calculations:

OmL: B + H;0 = BH+ OH" x2 10n5.00 _
0.100 — x x . G100=x = 10 M =x=995x104M

[H+] =% = pH=11.00

Iml: pH = pKpp+ + log[_]?[%]*'_] = 9.00 + log % = 995

10mL: BH* = B+H+  x2 K, _ 6
100 0.0909 —x = Kb = x=953x10
Wd)(o.wo-x} X x

= pH=35.02

10.1 mL:[H*] =[%J(1.00) = 908x 104 M = pH = 3.04
A |
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12-18. Titration reaction: CN~ + H* — HCN
At the equivalence point, moles of CN~ = moles of H*
(0.100 M) (50.00 mL) = (0438 M) (V) = V. = 11.42 mL

(a) CN~ + H+ i HCN
Initial : 11.42 4.20 _
Final : 7.22 — 4,20

pH = pK, + log jz—-%% = 945

(b) 11.82 mL is 0.40 mL past the equivalence point.

[H+] =(%] (0438 M) = 2.83x103M = pH = 2.55

(c) At the equivalence point we have made HCN at a formal concentration of

(2%3) (0.100) = 0.0814 M.
- 2
0.0814 — x X . 00814 -5 = Ka = x="71x10

= pH = 5.15

12-19. The pH of the initial solution before base is
added is determined by the first acid
dissociation reaction of H2A. As base is
added, it converts HoA into an equivalent
amount of HA-. The buffer consisting of
HsA and HA- governs the pH. At the first
equivalence point, we have a solution of
"pure” HA-, the intermediate form of a
diprotic acid. The pH is determined by the

competitive acid and base reactions of HA".

Between the two equivalence points there is

a mixture of HA- and AZ-, which is another
buffer. At the second equivalence point, we have converted all HA- into A2+,
whose base hydrolysis reaction determines the pH. After the second equivalence
point, the excess OH- added from the buret is mainly responsible for determining
the pH, with negligible contribution from A2-.



12-23. V, 0 1 5 9 10 11 15 19 20 22
pH 11.49 1095 10.00 9.05 800 695 6.00 505 354 1.79

Representative calculations:

Kp1 2
OmL: B + H0 = BH*+ OH mj%j—x =10400=5 x=3.11x 103 M

0.100 - x x x K
pH = —Iog—;“i = 11.49
ol = Bl _ 9 _
lml: pH = pKpy+ + log BHY - 10.00 + log T = 1095
10 mL: Predominant form is BH* with formal concentration %‘% (0.100) = 0.0909 M

10-6.00 4+ 0.0909
= 1.00x 108 = pH =8.00

-6.00 10-10.00 -6.00 10-14.00
[H*] = ,\/10 10 (0.0909) + 10 10

LimL: pH = pKpu2+ + log oipd = 600+ log I = 695
z [BHY']

. 2+ 2

Oml:  BHZ & BHT + HY e = 10600 = x=2.88 x 104
Wo100-x x  x '
120 = pH=354

22 mL: [H*] =[L%—2)(1.00) = 1.64x 102M = pH = 1.79
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12-24, V¥V O 1 5 9 10 11 15 19 20 22
nH 2.51 305 4.00 495 6.00 705 800 895 1046 1221

Representative calculations:
OmL: HoA = HA +H* X 10400 s 3
0.100-x  x  x 0.100 - x =10 =x=311x10"M

= pH =2.51
. _ [HA] _ 1 _
1ml: pH = pK; + log (Al = 4.00 + ingg = 3.05
10 mL: Predominant form is HA with formal concentration (%}0. 100)

=0.0909 M.

[H*] = \/ 10-4.00 10-8.00 (0,090 9) + 10-4.00 1(-14.00
H 10-4.00 + 0.0909

=999 x 107 = pH=6.00



2_
1lml: pH=pKs + 1ogi[-}i_l] = 8.00+ log § = 7.05

_ "y = = 2
A2+HzorHﬁ +OH X = Kw o o288x104M

(120)(0 100) — ., 0083-xTK .
pH = -log Tw = 10.46

22ml: [OH] = []22)(100) = 1.64x102M = pH = 1221
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12-27. (a) Titration reactions:
HpNCHCOj + H* — HINCH2CO; Ve = 50.0mL
HINCH,CO; + H+ —» HINCHCOH Ve = 100.0 mL
At the second equivalence point the formal concentration of
HiNCH,CO,H is [50'0 ) (0.100) = 0.333 M

[50.0
HINCH,CO,H = HiNCH,COj; + H* X2 k- 000447 =
0.0333 - x x x 0.0333 —x '
x=102%x102M = pH=1.99

[HG]
[HoG*]
logi = 1.75, which is lower than the correct value at 100.0 mL. AtV = 101.0

(b) At Va3 =90.0 mL, the approximation gives pH = pK1 + log =235+

mL, the approximation gives [H¥] = [151 0](0 100) = 6.62x 104 M =

pH = 3.18, which is higher than the correct value at 100.0 mL.



12-36.

12-37.

12-47.

The quotient [HIn)/[In"] changes from 10:1 when pH = pKyry — 1 to 1:10 when pH
= pKgrn + 1. This change is generally sufficient to cause a complete color change.

The indicator has its acidic color when pH = pKyy, — 1 because Hln is the
dominant species. The indicator has its basic color when pH = pKypn + 1 because
In- is the dominant species. The color changes from the acidic color to the
intermediate color to the basic color as the pH rises through the range pKyy, — 1 to
pKHrn + 1. If the indicator is chosen correctly for the titration, this indicator pH
transition range coincides with the steep part of the titration curve. The color
change occurs near the equivalence point, which is the center of the steep portion of
the titration curve.

. 4,373
Grams ofclea.ncrmrated = (10.231 n 39.466}10'231 g) = 09003 ¢

mol HCI used = mol NHj3 present = (0.01422 L)(0.1063 M) = 1.512 mmol

1.512 mmol NH3 = 25.74 mg NH3

-2
with NHy =25 5078 5100 = 2.859%




