Chapter 11 - Polyprotic Acid-Base Equilibria (continued)
Titration of Polyprotic Base with Strong Acid

12

11

1+

pH 7 +

4

&
+ PO
el

BUF

':"3'.:':.

Titration of 2 mrm of Ma2Co 3 with O 1 MHCH

WEAK BASE

FER

-

AMPHIPROTIC

o
e
“, /

-

=

CHM 320 Lecture 17 Chap 11

“..  BUFFER
':"3*3-(3.{)
_‘ = ':3'-:::-,:}{:'-'-
o
“, | WEAK ACID
. STRONG ACID
%, -
'3.:':'
, . . . . , , , “o o g
n g 10 15 20 25 30 35 40 45 =11
ril of 0.1 b HCI



Polyprotic Acids

H,A=HA + H*

_ _[H[HA]
Ky = “““E-I—-I;:ZA-\]“
HgA_: HAZ + H*
_ [H][HA?]
Ky = -—=--- : -I:I-Z-K'] _-
HA2= A3 + H*
__[HTIA~]
Kyg = ----[I-_-I'.A.\jij_
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Polyprotic Bases

A3 + HO=HA? + OH-
[OH-][HA]

Kp1 = T Kpr = Ku/Kes
HA2 + H,0 = H,A" + OH-
_ __[OH][H,A7] _
Kpz = [HAZZ] Kpz = Kw/Ke2

Kpz = -=ri 75377 Kps = Ku/Ka
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For most polyprotic acids, the K, values are fairly different
Indicating that there must be fairly large pH changes (2 or more
PH units) to dissociate the proton (H*) from the molecule.

So for a diprotic acid (H,A)...
At acidic pH values (pH < pK,,) , mainly the acidic form of the
molecule (H,A) Is present.

HA=HA + H* (K,)

At basic pH values (pH > pK_,), mainly the basic form of the

molecule (A=) is present.
AZ+ H,O = HA + OH (K, =K,/K,)

At intermediate pH values (pK,; < pH < pK,,), the
Intermediate form of the molecule (HA")is present.
HA = A2+ H* (K,,) AND
HA- + H,O = H,A + OH (K,, = K,/K,)
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How to calculate the concentrations of the
different forms of a diprotic acid.

At acidic pH values (pH < pK,,),

H,A=HA + H* (K,)
F-X X X

X2/ (F-%x) = K,

So.... [H,A]=F-x
HAT] = x
H*] = x

To find A2, recall that A2 is formed when HA- loses H*:

HA = A?2 + H* (K,) so [A?]=K_,[HA]/[H']
= Ky X/ x =K,
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At basic pH values (pH > pK_,),
A2 + H,O = HA + OH (K., =K, /K,)
F-Xx X X

X2/ (F-x) = K,; =K, /K,

So.... [A?]=F-x

HA] = X

OH] = x and [H*] =K, /[OH] =K, / X

To find H,A, recall that H,A is formed when HA- gains H*:
HA +H,0 = HA + [OH] (K., =K,/K,)
So [H,A] =K, [HA]/[OH] = K, x/x = K,
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At intermediate pH values (pK,; < pH < pK,,),

HA = A2+ H (Ky)
AND
HA- + H,0 = HA + OH  (Kp, = Ky/Kyy)

If [HA] = F, then
Kap = [A?] [H]/ [HAT] so [A?] = Ky, [HAT/ [HY]

Kyz = [H,A] [OH]/ [HAT so [H,A] = K, [HAT/ [OH]
= (Ky/Kyy) [HAT/ (K,/[H7]
=[HTT[HAT/ Ky

[H] =+ Ky KpF + K K,/ (K, +F) (see Harris pp. 207=208 for
derivation of [H™] equation)
NOTE: pH = (pK,; + pK,,)
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Polyprotic Acid

HA=H,A + H*

_ _[H][HAT]
K, = --=-m-gm--fooc
[HA]
H,A"= HAZ + HY
[H][HA?]
v [HA]
HAZ2= A3 + H*
o _ A
a3~ TTTIIA”
Dominant Species: [HA~]
acidic H?,ApKal H,A" PRz 2 PRas a3 basic
pH 1 pH 14
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Find the pH and the concentrations of H,SO, (sulfurous acid),

HSO,, and SO, in each solution (pKa, = 1.91, pKa, = 7.18):

a) 0.050 M H,SO,

b) 0.050 M NaHSO,

c) 0.050 M Na,SO,
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