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Polyprotic Acid-Base Equilibria (Chapter 9)

Polyprotic - donate or accept more than one H*
e.g., HsPO4— can donate 3 H" ; triprotic acid.
H,CO3 — can donate 2 H*; diprotic acid.

Diprotic acid (H2A) (Sec. 9-1)
Stepwise hydrolysis:

HoA=H"+HA" Kai = [H'][HAT/[HA] HA + H0 = HyA + OH™ Kpz = [H2A][OH/[HAT]
HA = H + A*  Ka2 = [HJJA*J[HAT A* + H;0 = HA" + OH" Ky = [HATOH]/[A?]

Case 1: solution of H,A

Case 2: mixture of HA and HA™ (Sec. 9-2)
Case 3: solution of HA

Case 4: mixture of HA and A> (Sec. 9-2)
Case 5: solution of A

Case 1: Fully protonated form: e.g., a diprotic acid H,A

Example: Calc. pH of a 0.0100 M solution of carbonic acid. (H2CO3)
Kat = 4.45x107 and Kaz = 4.69x10™"

H,CO; = H" + HCO3
Initial:  0.01 M 0 0
Change -X +X +X
Equil: 0.01-X X X

Ka1 = [H*][HCO3)/[H.CO5] = X/(0.01M-X) = 4.45%10”"
X?/0.01M = 4.45x10”"

X =6.67x10° M = [H']

pH =4.176

HCO;y = H' + CO
Monoprotic calc 6.67x10°M 6.67x10°M  ?

Kaz = [H*[COs21[HCO3 ]

Ka2 = [C032-]
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Case 2: A mixture containing H>A and HA’
* If Kat/Kaz = 100, the 2" hydrolysis rxn can be neglected
» weak acid in the presence of its conjugated base = buffer

Example: Calc pH of a solution containing 0.100 M o-phthalic acid and 0.250 M
potassium hydrogen o-phthalate. For CgHs(COOH),, Kay = 1.12x107
and Kz = 3.91x10°

Ka1/ Kaz = 1.12x10°/3.91x10° =286 > 100
- can neglect the 2" hydrolysis rxn.

pH = pK, + 10g Cha./Choa = -log(1.12x107%) + log(0.250M/0.100M)
= 3.349

Case 3: Solution HA"
« HA is amphiprotic (accept and donate H")

HA™ = A2" +H' Kaz = [H'][AZ)/[HA]
HA™ + H,0 = H,A + OH Koz = [HoAJ[OH/[HAT

» The two equilibria occur simultaneously and both must be considered in
deriving an equation for calculating [H']:

[H+] _ KalKaZ[HA_]+KWKa1
- K, +[HA]

Example: Calc. pH of a 0.0250 M solution of sodium bicarbonate NaHCOs.
For HyCO3, Ka1 = 4.45x107 and Kap = 4.69x10™"

[H+] — KalKaZ[HA_] +KWKa1
K, +[HA]
1] = (4.5x107)(4.69x107")0.0250M + (1.0x10*)(4.5x107)
B (4.5x107)+0.0250 M

[H']=4.5¢x 10° M
pH = 8.334

If KaoF >> Ky, and Ka1<< F, then [H"]=4K K, =4.5x10°M
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Case 4: A mixture containing HA and A*

o If Kpt/Kpz = 100, the 2™ hydrolysis (Kpz)

can be neglected
« thus final solution consists of HA” and A> = buffer

Example: Calc. pH of a mixture of 0.10 M NaHCO3 and 0.20 M Na,COs.
For H,CO3, Ka1 = 4.45%x107 and Ky = 4.69%x107"

Mixture of HCO3 and CO5%, so buffer based on K
pH = pKaz + log Cco3z2-/Chcos-

= -log (4.69%10"") + log 0.20M/0.10M
=10.65
Case 5: A solution containing A*

* If Kp1/Kpz = 100, the 2" hydrolysis rxn (Ky2) can be neglected.
« only the 1% hydrolysis rxn needs to be considered in pH calc.

Example: Calc pH of a 0.150 M sodium oxalate solution (NaxC,04). For HyC204,
Ka1 = 5.60x107 and Kaz = 5.42x107°

A* + H,O = HA™ + OH
C2044 +H,0 = HC,04 + OH
Initial: 0.150 M 0 0
Change -X +X +X
Equil: 0.150 —x

X X

Kot = K/ Kaz = 1.0x107'%/ 5.42x10° = 1.85x107°
Kot = X * x/(0.150M — X) = 1.85x107"°
x%/0.150 = 1.85x107"°

or x=5.27x10° M = [OH]]
pOH = 5.278
pH =14 — pOH = 14 - 5.278 = 8.722
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Fractional Composition (o) — fraction of specific form of a molecule relative to all
forms of a molecule

1.0 _
For monoprotic acids: 0.9
o [A7] [A7] K, o8l
_ = = — = " E
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For diprotic acids: 01 L
o, = HAL_ HT 00, 5
AT R [HTP+K, [H]+K K,
— [HA_] — Kal[H+]
Opa- = = e "
F  [HJ+K,_ [H']+K K,
o — [AZ_] — KalKa2
AT F T [HTP+[H'IK, +K K,
Fumaric acid (Fig. 9-4)
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—  pK, =3.053
L pK, =4.494
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Example #1: For the diprotic acid, fumaric acid (HzA), pKa1 = 3,053, pKaz = 4.494, what
is the pH of a 0.050 M solution of HA . What is the pH? How much of
each protic species is present?

1 [K K HAT+K K,
[H]:\/ K, +[HA ]

. 107%°10****(0.050M) +1.0x107"*107* .
[H'] :\/ 0 1 0.050M =1.67x10" M
pH =3.78

[H']
aH A

A H P +K, [H]+K, K,

_ (1.67x107*)?
(1.67x107)2 10792 (1.67x107) +1030710*+*

B 2.79x10°
©2.79x10° +1.48x107 +2.83x10*

2.79x10°®
= SR 0137
2.04x10
K [H* 1.48x107
10— —— ul n . = 2 - =0.724
[H]P+K, [H']+K K, 2.04x10
8
K K, _284x10° o

R —— + - -7
A" TP +[HK,, +K, K, 2.04x10
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Triprotic Acids (H3A)
1.0 =

PO,
0.8

g
0.6 5
)

0.4 | =

|

|
0.2 :

|

|

:
2:0 12 14

! 10

pH
|
|
pKa3

The general form of « for the polyprotic acid

H,A is
[H*)”
3 oA = T
When pH > pKas, A~ is dominant
p PRa3 K][H+]n_]
When pH < pKa1, H3A is dominant g D .
KiKy...K[H*17~/
Oy, ;A= D

where D = [H*]” + K;[H*]" 7' + K;K,[HT]" 2
+ +K1K2K3"'Kn.

Approximations:

More H More
acidic P basic
Predominant — S o
H-.A H,A 2 3
form < e HA A
A { t
PK; PK> PK;

pH =1(pK; + pK)) PH =1 (pK; + pKy)
[HoA] = [HAZ] [HAT] = [A%]

[HaA] = [HA "] [HA™] = [HA®] [HA®] = [A™]



