Chemistry 09-106: Modern Chemistry Il Carnegie Mellon University

Lecture Notes S: Acid Base Chemistry VI
Titration of weak acids with strong bases

Titration of 25 mL of 1M acetic acid (HAc) with a solution of 1M NaOH

Titration of 1M Acetic Acid with 1M NaOH
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The process:
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mL pH [H30+] [OH-] [HAc] [Ac-] | [HAc]/[AcA]
0 238 | 4.17E-03 | 2.40E-12 | 9.96E-01 | 4.13E-03 | 2.41E+02
1 339 | 4.07E-04 | 245E-11 | 9.23E-01 | 3.89E-02 | 2.37E+01
2 3.7 2.00E-04 | 5.01E-11 | 852E-01 | 7.43E-02 | 1.15E+01
3 3.9 126E-04 | 7.94E-11 | 7.86E-01 | 1.07E-01 | 7.35E+00
4 404 | 9.12E-05 | 1.I0E-10 | 7.24E-01 | 1.38E-01 | 5.25E+00
5 416 | 6.92E-05 | 145BE-10 | 6.67E-01 | 1.67E-01 | 3.99E+00

75 439 | 4.07E-05 | 245E-10 | 5.38E-01 | 2.31E-01 | 2.33E+00
10 459 | 257E-05 | 3.89E-10 | 4.28E-01 | 2.86E-01 | 1.50E+00

12.5 476 1.74E-05 | 5.75B-10 | 3.33E-01 | 3.33E-01 | 1.00E+00
15 4.94 1.ISE-05 | 8.71E-10 | 2.50E-01 | 3.75E-01 | 6.67E-01

17.5 513 741B-06 | 135E-09 | 1.76E-01 | 4.12E-01 | 4.27E-01

20 536 | 437E-06 | 2.29E-09 | I.I1E-01 | 4.44E-01 | 2.50E-01
21 548 | 331E-06 | 3.02B-09 | 8.70E-02 | 4.56E-01 | 1.91E-01
22 563 | 234E-06 | 427B-09 | 6.38E-02 | 4.68E-01 | 1.36E-01
23 5.82 1.51E-06 | 6.61E-09 | 4.17E-02 | 4.79E-01 | 8.71E-02
24 6.14 | 724E-07 | 138E-08 | 2.04E-02 | 4.90E-01 | 4.16E-02
25 924 | 5.75E-10 | 1.74E-05 | 1.67E-05 | 5.00E-01 | 3.34E-05
26 1231 | 490E-13 | 2.04E-02 | 1.40E-08 | 4.90E-01 | 2.86E-08
27 126 | 2.51E-13 | 3.98E-02 | 7.00E-09 | 4.81E-01 | 1.46E-08
30 1297 | 1.07B-13 | 9.33E-02 | 2.80E-09 | 4.54E-01 | 6.17E-09
35 1324 | 5.75B-14 | 1.74E-01 | 1.40E-09 | 4.17E-01 | 3.36E-09
40 1338 | 4.17E-14 | 2.40E-01 | 9.33E-10 | 3.85E-01 | 2.42E-09
45 1347 | 3.39E-14 | 2.95B-01 | 7.00E-10 | 3.57E-01 | 1.96E-09
50 13.54 | 2.88E-14 | 3.47E-01 | 5.60E-10 | 3.33E-01 | 1.68E-09
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The starting point (0 mL of NaOH added)
HAc + H0 €> H;0' + A K,=1.76x 107

Initial: 1.0 0 0

Good Start: 1.0 0 0

Change: -X +X +X

Equil: 1.0 -x +X +X

Assume x<<1.0 1.0 +X +X
2

1.76 x 107 = 1"—0 x = ﬁ—|3o+]= 4.19x10° pH = 2.38

1 mL of NaOH added
Dilution: [HAc] = 1M (25/26) = 0.962M NaOH = 1M (1/26) = 0.0384M

HAc + OH" L b 2 H.O + AcC
Initial:
Good Start:
Change:
Equil:
Assume
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5 mL of NaOH added

Dilution: [HAc] = 1M (25/30) = 0.833M NaOH = 1M (5/30) = 0.167M
HAc + OH €> H,0 + A K=1/K,=1.79x10°

Initial: 0.833 0.167 0
Good Start: 0.666 0 0.167
Change: +X +X -X
Equil: 0.666 + x +X 0.167-x
Assume 0.666 +X 0.167
x<<0.167
176 x 109 = 2167 x = [OH‘] = 1.42x10"° pOH = 9.85 pH = 4.15

.666x

12.5 mL of NaOH added

Dilution: [HAc] = 1M (25/37.5) = 0.667M NaOH = 1M (12.5/37.5) = 0.333M
HAc + OH € HO + Ac  K=1/K,=1.79x10°

Initial: 0.667 0.333 0
Good Start: 0.333 0 0.333
Change: +X +X -X
Equil: 0.333 + x +X 0.333-x
Assume 0.333 +X 0.333
x<<0.333
176 x10° = 2333 x = [OH'] = 568x10"° pOH = 9.24 pH = 4.76

.333x
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24 mL of NaOH added

Dilution: [HAc] = 1M (25/49) = 0.510M

HACc

Initial: 0.510
Good Start: 0.020
Change: +X
Equil: 0.020
Assume 0.020
x<<0.020
176 x 10° = 240

.020x

25 mL of NaOH added

Dilution: [HAc] = 1M (25/50) = 0.500M

+ OoH €«>
0.490
0
+X
+ X +X
+X

Carnegie Mellon University

NaOH = 1M (24/49) = 0.490M

Ac  K=1/K,=1.79 x 10°
0

0.490

-X

0.490-x

0.490

x = [OH‘] = 1.39x10® pOH = 6.14 pH = 7.86

HAc + OH" €
Initial: 0. 500 0. 500
Good Start: 0 0
Change: +X +X
Equil: +X +X
Assume +X +X
x<<0. 500
1.76 x 10° = 0'5200

26 mL of NaOH added

Dilution: [HAc] = 1M (25/51) = 0.490M

NaOH = 1M (25/50) = 0.500M

Ac  K=1/K,=1.79 x 10°
0

0. 500

-X

0. 500-x

0. 500

x = [OH'] = 1.68x10° pOH = 4.78 pH = 9.22

HAc + OH" €«

Initial: 0.490 0. 510
Good Start: 0 0.020
Change: +X +X
Equil: +X 0.020 + x
Assume +X 0.020
x<<0. 020
176x10° = 2%

0.020x

50 mL of NaOH added

Dilution: [HAc] = 1M (25/75) = 0.333M

HAc
Initial:
Good Start:
Change:
Equil:
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NaOH = 1M (26/51) = 0.510M

Ac  K=1/K,=1.79 x 10°
0

0.490

-X

0.490 -x

0. 490

x = 1.39x 107 [OH'] = 0.020M pOH = 1.7 pH = 12.3

+ OH €

NaOH = 1M (50/75) = 0.667M

Ac K=1/K,=1.79 x 10°
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Assume

x<<0. 333

Reactions used:

Acid dissociation:

HAc + H,O €= H;0" + Ac K=Ks=176x10° (pKs=4.75)
Base hydrolysis:

Ac + H,O €= OH + HAc K=K, =K/K, =568 x107°
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Titration of 1M Acetic Acid with 1M NaOH
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