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Polyprotic Acids and Bases – Intermediate Form

quadratic 0.1901 

base

acid

exact relation

for NaHA

REVIEW FROM FRIDAY



Polyprotic Acids and Bases – Intermediate Form

quadratic 0.1901 

[H+]2                                                                 => [H+] = (Ka1Ka2)½

=>  [HA-] = MHA- (FHA-)

this often needs to be checked

REVIEW FROM FRIDAY



Polyprotic Acids and Bases – Predominant Species

quadratic 0.1901 

H3PO4 2.148                     7.197                                     12.374                        

pH = pKa + log10
[B]
[A]

REVIEW FROM FRIDAY



Fractional Composition Diagrams, α versus pH

monoprotic acid, HA                                                  diprotic acid, H2A

REVIEW FROM FRIDAY



11-1  Strong Acid/Base
11-2  Weak Acid with Strong Base
11-3  Weak Base with Strong Acid
11-4  Polyprotic Titrations

no quiz next week

homework for week 14,15 
due dates next Wednesday 
and Friday

lab notebooks due next 
Wednesday in discussion 

Titrations__________________________H Ch 11

FIND EQUIVALENCE POINT FIRST

CORRECT MOLARITY AS TITRANT IS ADDED



Acid-Base Titrations

"Learn to recognize buffers!  They lurk in every corner of acid-base chemistry."

Acid-Base Titrations
Solution of a base of known concentration is added to an acid of unknown concentration 
(or acid of known concentration added to a base of unknown concentration)

titrant
titration curve
equivalence point half-equivalence point

pH > 7  titrating weak acid
pH = 7  titrating strong acid or base 
pH < 7   titrating weak base

endpoint



Acid-Base Titrations - Strong

strong acid or strong base titration overview

classic Arrhenius neutralization reaction characterized by

strong acid (base):

strong base (acid) titrant:

total ionic equation:

net ionic equation (what is K?):

titration curve – one  inflection point (equivalence point)



Strong Base Titrations
EX 1. Determine the pH for titration of 50.00 mL of 0.02000 M
KOH with 0.1000 M HBr.
EQ PT: nH+ = (MV)H+ = nOH− = (MV)OH− => Ve = VH+ = (50)(0.02)/0.1 = 10.00 mL

a)  before any acid is added  strong base

pH = 13.9956 + log (0.02000) = 12.2966 => 12.297

b)  when 3.00 mL of HBr is added  excess OH−

pH = 13.9956 + log {[ 50(0.02) - 3(0.1) ] / 53} = 12.116

c)  at the equivalence point [H+] = [OH− ]

Kw = [H+]2 => [H+] = √Kw => pH = ½ pKw = 13.9956/2 = 6.998

d)  when 10.50 mL of HBr is added  excess H+

pH = -log {[ (10.5)(0.1) - 50(0.02)] / 60.5} = 3.0827 => 3.083

pH = pKw – pOH,      pKw =
-log (1.01 ⨯ 10-14) = 13.9956 
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Weak Acid Titrations
EX 2. 50.00 mL 0.02000 M MES [2-(N-morpholino)ethane-
sulfonic acid, pKa = 6.27] titrated with 0.1000 M NaOH.
EQ PT:  nOH− = (MV)OH− = nH+ = (MV)H+ => Ve = VOH− = (50)(0.02)/0.1 = 10.00 mL

a)  before any base is added  weak acid:  K = x2/(F-x)

Ka = 10-6.27 = x2 / (0.02 – x) => [H+] = 1.04 ⨯ 10-4 => pH = 3.98

b)  when 3.00 mL of NaOH is added  buffer, pH = pKa + log [A−]/[HA]

pH = 6.27 + log {3(0.1) / [50(0.02) - 3(0.1)]} = 5.90

c)  at the equivalence point [OH− ] = [HA] → A−, weak base:  K = x2/(F-x)

Kb = Kw/Ka = x2/[0.02(50/60)-x], [OH− ] = 1.76 ⨯ 10-5, pH = 9.25

d)  when 10.10 mL of NaOH is added  excess OH−

pH = 13.9956 + log {[(10.1)(0.1) - 50(0.02)] / 60.1} = 10.22
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Acid-Base Titrations - Weak

weak acid (base) titrated with strong base (acid):

weak acid (base):

strong base (acid) titrant:

total ionic equation:

net ionic equation (what is K?):

titration curve - two inflection points

half-equivalence point (perfect 1/1 buffer)

equivalence point sol’n identical to conjugate base

(acid) dissolved in water)



Polyprotic Titrations (Mostly Treated as a Buffer)
H3A     →     H2A− →     HA2- →     A3-

1st EQ PT

2nd  EQ PT

3rd  EQ PT



Levelling Effect

conjugate bases 
stronger than OH-

acids stronger
than H3O+
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