18.4 Solving Problems Involving Weak
Acid Equilibria
* In a water solution of the weak acid, HA,
there are two sources of H;O™:
1. HA+H,0 & H;0" + A" (dissociation of HA)
2. H,O0+H,0 <> H,0"+ OH" (autoionization)
—[H;0'], = [A] and  [H;0"], =[OH]
—[H;0"] = [H,07], + [H,0"], = [A"] + [OH]

—If HA is not very dilute or very weak, the
autoionization can be neglected and [OH] << [A7]

= [H,0"] ~ [A] =x

 In water solution, the weak acid HA exists in
two forms — undissociated (HA) and
dissociated (A°)

HA + H,0 & H;0" + A"
— Cy, —total concentration of HA

— Cp, = [HA] + [A7]
= [HA]=Cyy - [A]=Cyy-x

— S0 [H,07]=x, [A]=x, [HA]=C,, -x

K = [H,0"][AT] _ X7
[HA] Cy-X

» Using equilibrium tables
— If he autoionization of water is neglected

— The quadratic equation can be solved for x in
order to determine [H;O0"] and pH

— If x 1s less than 5% of Cy,, x can be neglected in
the denominator (5% rule) — works if Cp, 1s
relatively large and K, is small (Cp /K, > 400)

K,=x'Cy, x=(K,Cpyy)"*= [H3O+]

[1 HA+H,0 © H,0"+ A" | _IH,0"][A’]
T [ Caa 0 0 ’ [HA]
o _ 2
i c |-x +x +x K, = X
a || e |Cyy-x x X Cui-Xx

Finding K, Given Concentrations or pH

Example: If the pH of a 0.20 M HCN solution is
4.95, calculate the K, of HCN.

— [H;0*]1=107H =104 =1.1x10°=x
> Cuen=020 — x<<5% of Cyen

[1HCN + H,0 & H;0" + CN"| . _[H,0"]ICN]

i 0.20 0 0 ‘ [HCN]
Cc |-x +x +x Ka _ x2 N xz
e 0.20-x X X Cucv =X Cyey

=K, =x*Chcy = (1.1x107)%/0.20 =16.3x10-1
[Note: Cyy /K, =0.20/6.3x10-10 = 3.2x108 >> 400]




Finding Concentrations and pH Given K,

Example: What is the pH of a 0.30 M HF
solution? (K, = 6.8x10 for HF)

[1|HF +H,0 <> H,O'+ F x = HO"IIF]

i 10.30 0 0 [HF]

2 2
c |=x +x +x K, = X Y
e 0.30-x X X Cur =X Cyr

- Cyr=030 — assumex <5% o0f0.30
= x=(K,Cyp)”=(6.8x10%x0.30)”=1.4x102=[H,07]
= pH = -log[H,0"] = -log(1.4x102) =/1.85 |

[Check assumption: (1.4x10-2/0.30)x100=4.8% < 5%]
[Note: C,/K, =0.30/6.8x10* =441 > 400]

Extent of Acid Dissociation
* Percent dissociation
HA + H,0 <> H,0"+ A
- Cyy = [HA]+[A] - [A]=~[H0]
— [A7] =x (dissociated form of the acid)

- +
A 100 = HsO 190 %

HA CHA CHA

% dissociated =

x100

»For a given acid, % dissociated decreases with
increasing the total concentration of the acid, Cp,

1C,. = V% dissociation

Example: Calculate the % dissociation for two

HF solutions with concentrations 0.30 and 3.0 M.
(K, = 6.8x10 for HF)

—For the 0.30 M HF from the previous example:

x=(K,Cyp)"=(6.8x10x0.30)"=1.4x102=[H;0"]
% dissociated = (1.4x102/0.30)x100= 4.8%

—For the 3.0 M HF similarly:

x=(K,Cyp)»=(6.8x10x3.0)"=4.5x102=[H;0"]
% dissociated = (4.5x102/3.0)x100=1.5%

= Increasing the concentration from 0.30 to 3.0 M
decreases the % dissociated from 4.8 to 1.5%

The Behavior of Polyprotic Acids

* Polyprotic Acids — can donate more than one
proton (H,SO,, H,PO,, ...)

— For a general diprotic acid, H,A

H,A + H,0 < H,0"+HA- K,
HA"+H,0 < H,0" +A” K,
_[H,0"|[HA] _[H,0°][A”]

al

[H,A] “ [HA']

» Almost all polyprotic acids (except H,SO,) are
weak in all stages of dissociation and become
weaker with each successive dissociation

Kal>Ka2>Ka3




Table 18.5 Successive K, Values for Some Polyprotic Acids at 25°C

Name (Formula) Lewis Structure* K Ko K3

Oxalic acid (HzC>04) H—3—C—C—O—H  5.6X107%2  54x107°
:ﬁ:
Phosphorous acid (HsPOs) H—;Q}T—jcj—a 3%1072 1L7x1077
H
:ﬁ:
Sulfurous acid (H,S03) H—O—s—0—H 14x1072  6.5%x107%
:ﬁ:
Phosphoric acid (H3POy) H—Q—T—Q—H 72x107%  63x107%  42x10713
:0—H
:ﬁ:
Arsenic acid (HaAsOy) H—@j—A‘s—Q—H 6x1073 1131077 3x10712
:0—H
:‘(‘):
Carbonic acid (H,CO3) H—§—C—8—H 45%10~" agxio~
Hydrosulfuric acid (H,S) H—§—H 9x10™% 110"

»The second and third dissociations are less
pronounced because it’s harder to remove an H*
from negatively charged ions

»Equilibrium calculations are greatly simplified by
neglecting subsequent dissociations since they
contribute negligible amounts of H;O"

Example: Calculate the pH and the concentrations
of all ionized forms for a 0.10 M H,PO, solution.
(K, =7.2x10%, K, = 6.3x103, K, = 4.2x10")

H,PO, +H,0 <> H,0*+H,PO, K,
H,PO, + H,0 < H,0" + HPO> K,
HPO,> + H,0 < H,0"+PO,*> K,

— Consider only the first dissociation to get the pH

H,PO,+ H,0 & H,O0"+ H,PO, x - HO"][H,PO;]
i| 0.10 0 0 “ [H,PO,]
¢l x +x el x’ . x’
e 0.10-x x x “0.10-x  0.10

— Assume x < 5% of 0.10
— x=(K,x0.10)%= (7.2x10-3x0.10)%4=2.7x10"
—Check assumption: (2.7x102/0.10)x100 = 27% >5%

—=The assumption is not justified — must solve the
quadratic equation

x?=K ,(0.10 — x) x?+K, x—-0.10K,=0
x?+7.2x103x - 7.2x104=0

| -7.2%10° +(7.2x10°)? + 4x7.2x 10"

- 2

= x = [H,0"] = [H,PO,] =[2.3x102 M

= pH = -log[H;0"] = -log(2.3x1072) =

— To calculate the concentrations of the other species,
use the [H;0"] and [H,PO,] from the 1% ionization

_[H,0"|[HPO] |

X =2.3x10"2

_ [H,0"][PO; ]

a2 [H,PO;] a3 [HPO? |
K ,[H,PO, . %2, 2
(HPO? | = [H, +04] _6.3x10 x2_32x10 _le3x10-*
[H,0"] 2.3x10
2- -13 -8
[Poi_]zKa3[HPO4]=4.2x10 x6.3x10 11x10~

[H,0*] 2.3x107




