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lonic Equilibria’in Aqueous Systems

19.1 Equilibria of Acid-Base Buffers

19.2 Acid-Base Titration Curves

19.3 Equilibria of Slightly\eoluble lonic Compounds
19.4 Egquilibria Involving Complex lons
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base pair where both species are present in appreciable
quantities in solution.

An acid-base buffer usually consists of a conjugate ayd-
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An acid-base buffer is therefore a solution of a weak aM

and its conjugate base, or a weak base and its \
conjugate acid.

\
Figure 19.2 The effect of adding acid or base to a buffered solution.
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A 100-mL sample of The addition of 1 mL of strong acid (/eff)
an acetate buffer is or strong base (right) changes the pH very
adjusted to pH 5.00. little.

The acetate buffer is made by mixing 1 M CH;COOH ( a weak acid) with
1 M CH,;COONa (which provides the conjugate base, CH;COO").
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A buffer works through the common-ion effect.

h

CH,COOH(ag) + H,O(/) == CH,COO-(aq) + H;0*(aq)

acetic acid ' acetate ion

If NaCH,COQO N added, it provides a source of
CH5COO- ion, and the equilibrium shifts to the left.
CH;COO~ is common to both solutions.
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he Effect of Added Acetate lon on the D 'sociation
cetic Acid \
[CH3COOH]; it [CH3CO01.4deq % Dissociation [H30*’j\\ pH
0.10 0.00 1.3 § 1.3x1 0-;’ 2.89
0.10 0.050 0.036 - 3.6x10-° 4.44
0.10 0.10 0.018 ° 1.8x10-° 4,74
0.10 0.15 0.012 1.2x10° 4.92
0 Ditsgeiatipn= bor o o

[CH;COOH]t



Figure 19.3 How a buffer works.

Buffer has more HA after Buffer has equal Buffer has more A- after
addition of H;0O". concentrations of A~ and HA. addition of OH~.
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H,O + CHyCOOH « Hy0* + CH,COO- | | CH;COOH + OH- — CH,COO- + H,0
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CH,COOH(aq) + H,0(/) == CH,COO0-(ag)i+ H;0*(aq)

[CH,;COO™][H;07] [CH,COOH)]
a = [H30+] = Ka X
[CH,COOH] [CH,COO]

Since K, is constant, the [H;0*] of the solution depends
on the ratio of buffer component concentrations.

. [HA] .
If the ratlo[— increases, [H;0"] increases.

_ [HA]
If the ratlo[A—_ decreases, [H;0*] decreases.
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The Henderson-Hasselbalch Equation

HA(aq) + H,O() == A‘(aq) + H;0%(aq)

— [H3O+][A_] [H3o+] — Ka X [HA]
) [HA] [A]
log[H;0"] = -logK Iog[[HA]]
- ;0% = - -
[A7]
[base]
PH=pK.*logl -
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Buffer Range

The buffer range is the pH range over which the buffer is
effective.

Buffer range is related to the ratio of buffer component
concentrations.

HA
The closer% is to 1, the more effective the buffer.

If the concentration of one component is more than 10 times
the concentration of the other, buffering action is poor. Since
log10 = 1, buffers have a usable range within + 1 pH
unit of the pK, of the acid component.
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Sample Problem 19.1 Calculating the Effect of Added H;0* or
OH- on Buffer pH

PROBLEM: Calculate the pH:

(a) Of a buffer solution consisting of 0.50 M CH;COOH and 0.50 M
CH;COONa

(b) After adding 0.020 mol of solid NaOH to 1.0 L of the buffer solution
in (a).

(c) After adding 0.020 mol of HCI to 1.0 L of the buffer solution in (a).

K, of CH;COOH = 1.8 x 10-°. (Assume the additions cause a negligible
change in volume.)

PLAN: We can calculate [CH,COOH],,; and [CH,COQO],,; from the
given information. From this we can find the starting pH. For(b) and (c)
we assume that the. added OH- or H,O* reacts completely with the
buffer components. \We write a balanced equation in each case, set up
a reaction table, and calculate the new [H;0O%].

SOLUTION: (a)
Concentration (M) CH,COOH(aq) + H,0(/) == CH,CO00-(aq) + H;0*(aq)

Initial 0.50 - 0.50 0
Change -x - +x +x
Equilibrium 0.50 - x - 0.50 +x X

Since K, is small, x is small, so we assume

[CH;COOH] = 0.50 —x = 0.50 M and [CH;COO]=0.50 + x=0.50 M

x = [Hi0*] = K, x ACHCOOH] 4 84405 0.50 = 1 gx10-5 M
[CH,COO] 0.50

pH = -log(1.8x10-5) =4.74

Checking the assumption:

1.8x10° M + 100 = 3.6x103% (< 5%; assumption is justified.)
050 M




(b) [OH ey = —2020MOL 6 520 M1 OH-
1.0 L soln
Setting up a reaction table for the stoichiometry:

Concentration (M) CH;COOH(aq) + OH-(aq) — CH;COO-(aq) + H,0(/)

Initial 0.50 0.020 0.50 -
Change -0.020 -0.020 +0.020 -
Equilibrium 0.48 0 0.52 -

Setting up a reaction table for the aeid dissociation, using new initial [ ]:
Concentration (M) CH;COO0H(aq) + H,0(/) == CH;C00-(aq) + H;0*(aq)

Initial 0.48 - 0.52 0
Change -X - +x +x
Equilibrium 048 — x - 0.52 +x X

Since K, is small, x is small, so we assume
[CH,COOH] =048 —x =048 Mand [CH,COO]=0.52 +x5052 M

x =[Hs0% = Ky x JoHsCOOH] 4 8x105x 048 = 4.7¢10-5 M

[CH,COO] 0:52
pH = —log(1.7x10) = 4.77

Addition of a small amount of base caused the pH to rise only
slightly, from4.74to 4.77.



0.020 mol
1.0 L soln
Setting up a reaction table for the stoichiometry:

Concentration (W) CH;,COO-(aq) + H,0*(aq) — CH;COOH(aq) + H,0(/)

(€) [H30%adged =

=0.020 M H,0O*

Initial 0.50 0.020 0.50 -
Change -0.020 -0.020 +0.020 -
Equilibrium 0.48 0 0.52 -

Setting up a reaction table for the aeid dissociation, using new initial [ |

Concentration (M) CH;COOH(aq) + H,0(/) == CH,;CO0-(aq) + H,0*(aq)

Initial 0.52 - 048 0
Change -X - +x +x
Equilibrium 052 -x - 048 +x X

Since K, is small, « is small, so we assume

[CH;COOH] = 0.52 —x = 0.52 M and [CH;COO-]=0.48 +x =048 M

x 2[H,0% = K, x LEHsCOOH] 4 8y406x 052 =5 gx10-5 i
[CHCO0 048

pH = —log(2.0x10-5) = 4.70

Addition of a small amount of acid caused the pHto drop only
slightly, from 4.74 to 4.70.
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