
ACID-BASE TITRATIONS________________________       H Ch 11 

"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 
 
 

strong acid or strong base titration overview 
classic Arrhenius neutralization reaction characterized by 
1. strong acid (base): 
2. strong base (acid) titrant: 
3. total ionic equation: 
4. net ionic equation (what is K?): 
5. titration curve – one  inflection point (equivalence point) 
 
 
 
 
 
 
 

weak acid or weak base titration overview 
weak acid (base) titrated with strong base (acid) characterized by 
1. weak acid (base): 
2. strong base (acid) titrant: 
3. total ionic equation: 
4. net ionic equation (what is K?): 
5. titration curve - two inflection points 
            half-equivalence point (perfect 1/1 buffer) 
            equivalence point, solution identical to conjugate 

base (acid) dissolved in wate) 
 
 



To find the pH as a function of added titrant develop the exact expression (systematic treat- 
ment) for the hydronium (hydroxide) ion in terms of the concentrations of titrant and analyte. 
 

SUGGESTION:  do not use the dilution factor method of Harris Equation 11-1 

Titration of a Strong Base with a Strong Acid, 11-1 
EX: 50.00 mL of 0.02000 M KOH titrated with 0.1000 M HBr.  

chemistry and equilibrium equations 
 

charge balance                                       material balance 

solve for [OH−] from  Kw  = [H3O+][OH−] 
 
 

governing equations 

base analyte: [OH−]2 − (FKOH − FHBr)[OH−] − Kw = 0 

 acid analyte: [H3O+]2 − (FHBr − FKOH)[H3O+] − Kw = 0 
without FHBr (or FKOH) term, equations are identical to systematic approach for strong base (or strong acid) 
dissociation 
 
Equations simplify since for most of the titration Kw can be ignored so that the monitored 
hydroxide (hydronium) ion concentration is just the stoichiometric excess concentration.  

base analyte: [OH−] − (FKOH − FHBr)  = 0 

 acid analyte: [H3O+] − (FHBr − FKOH)  = 0 

 
EX 1.  Determine the pH for the above example 

FIND EQUIVALENCE POINT 
a) before any acid is added 

 
 
 

b) when 3.00 mL of HBr is added 
 
 
 
c) at the equivalence point 

 
 
 
d) when 10.50 mL of HBr is added 
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Titration of a Weak Acid with a Strong Base, 11-2 
EX: 50.00 mL of 0.02000 M MES [2-(N-morpholino)ethanesulfonic acid, pKa = 6.27] titrated with 
0.1000 M NaOH. 

chemistry and equilibrium equations 
 
 
 
charge balance                                                 material balance 

solve for [H3O+] from  Ka 
 
 
 
 
 
governing equation 

K = [H3O+](FNaOH + [H3O+] − [OH−]) 
 a                 F    − (FNaOH + [H3O+] − [OH−]) 

[H3O+]3 + (Ka + FNaOH)[H3O+]2 − {(FHA − FNaOH)Ka + Kw}[H3O+] − KaKw = 0 
(without FNaOH  term, equation is identical to systematic approach for weak acid dissociation) 

Do not focus on cubic equation!  Ka expression simplifies in most of the titration (buffer region) 
as [H3O+] and [OH−] are far smaller than FNaOH and can be ignored.  Recognizing that FNaOH is 
just the concentration of conjugate base results in the normal buffer equation. 
 

EX 2.  Determine the pH for the above example 
FIND EQUIVALENCE POINT 

a) before any base is added 
 
 
 
b) when 3.00 mL of NaOH is added 

 
 
 
 
 

c) at the equivalence point 
 
 
 
 
 

d) when 10.10 mL of NaOH is added 
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Titration of Polyprotics, 11-4 (Review of Polyprotic Acids, 10-1 and 10-3) 

The titration of systems having more than one titratable acidic or basic group requires an 
understanding of an intermediate form.  We briefly encountered these when we surveyed polyprotic 
acids and will now return to the material in H Ch 10-1 and 10-3. 

Consider determining the pH of H2A, NaHA, or Na2A which are all part of a diprotic system 

Ka1                              H2A(aq)  +  H2O(l)   <=>   H3O+(aq)  +  HA−(aq) 

Ka2                               HA−(aq)  +  H2O(l)   <=>   H3O+(aq)  +  A2−(aq) 

1)  The pH of a solution of H2A, whose formal concentration is F, can be treated as if it were a 
monoprotic acid (x =[H+]). 

                 H2A(aq)  +  H2O(l)   <=>   H3O+(aq)  +  HA−(aq) 
EQ     F – x                                     x                   x                                   Ka1 = x2 / (F – x ) 

 
2)  The pH of solution of a salt containing the basic anion A2− (such as Na2A), whose formal 
concentration is F, can be treated as if it were a monobasic base (x =[OH−]). 

                  A2−(aq)  +  H2O(l)   <=>   OH−(aq)  +  HA−(aq) 
EQ     F – x                                     x                   x                        Kb1 = Kw / Ka2 = x2 / (F – x ) 

 
3)  The species HA− (as in a solution of NaHA) is an intermediate form as it can behave as an acid 
(Ka2 expression) or as a base  

                     HA−(aq)  +  H2O(l)   <=>   OH−(aq)  +  H2A(aq)                  Kb2 = Kw / Ka1 
(conjugate base of H2A in the Ka1 expression) and both its acidity and basicity must be taken into 
account.  A systematic approach to equilibrium addresses this.  We will accept the results of this 
derivation without going through the proof (analysis given on Harris p. 216) where it can be shown 
that, generally with K1 = Ka1 and K2 = Ka2   

 
 
 

However, if one started with a solution of NaHA where the salt dissociates into its ions Na+ and 
HA− in solution, then the principle species in solution would be HA− since the very small values 
of Ka2 and Kb2 insure that it has not reacted much.  Therefore, the equilibrium concentration of 
HA− can just be replaced by its formal concentration. 

 
 
 
 

Due to the very small value of Kw it is often found that Kw ≪ K2F so that the term with Kw can be 
ignored and we have 
 
 
 
Furthermore, if H2A is not too strong of an acid or the concentration of HA−, F, is not too dilute 
so that K1 ≪ F then    

[HA-] 
[HA-] 
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[H+] ≈ �𝐾𝐾1𝐾𝐾2 

or 
 
 
 

 
To determine the pH in any of the species present in a triprotic system you still have H3A treated as 
a monoprotic acid with Ka1 and A3− treated as a monobasic base with Kb1 = Kw / Ka3  

Ka1                         H3A(aq)  +  H2O(l)   <=>   H3O+(aq)  +  H2A−(aq) 

Ka2                         H2A−(aq)  +  H2O(l)   <=>   H3O+(aq)  +  HA2−(aq) 

Ka3                         HA2−(aq)  +  H2O(l)   <=>   H3O+(aq)  +  A3−(aq) 

H2A− is an intermediate form sandwiched in between Ka1 and Ka2.  Now there is another intermedi-
ate form HA2−.  Ιf one started with a solution of Na2HA where the salt dissociates into its ions Na+ 
and HA2− in solution, the principle species in solution would be HA2− since the very small values of 
Ka3 and Kb2 insure that it has not reacted much.  As done for the diprotic system, the equilibrium 
concentration of HA2− can just be replaced by its formal concentration. 
 
 
 
As for the diprotic, if Kw ≪ K3F and K2 ≪ F then  

EX 3.  What is the pH of a 0.050 F aqueous solution of NaHSO3?  For sulfurous acid Ka1  = 1.39 × 10−2, Ka2 = 
6.73 × 10−8 
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Titration of a Dibasic Base with a Strong Acid, 11-4 
EX:  10.00 mL of 0.100 M base a) (pKb1 = 4.00, pKb2 = 9.00) and b) nicotine (pKb1 = 6.15, pKb2 = 
10.85) titrated with 0.100 M HCl. 

chemistry and equilibrium equations 
 
 
 
 
 
 
          

 
 
 
 
 
       :B:         →       :BH+      →      BH2

2+ 
    point A              point C              point E 
 
 

        pKa1 = pKw – pKb2 = -log (1.01 ⨯ 10-14) – 9.00 = 5.00                      pKa2 = pKw – pKb1= 10.00 

 
 

EX 4.  Determine the pH for the above example       FIND EQUIVALENCE POINTS 
a) before any acid is added (point A) 

 
 

b) when 1.5 mL of HCl is added 
 
 
 
 

c) when 10.0 mL of HCl is added (first equivalence point, point C) 
 
 
 
 

d) when 15.0 mL of HCl is added 
 
 
 
 

e) when 20.0 mL of HCl is added (second equivalence point, point E) 
 
 
 
 

f) when 25.0 mL of HCl is added (excess strong acid) 

Cannot see second equival-
ence point of nicotine (b) 
since it is too weak of a base. 

1st  ½ EQ PT 

2nd ½ EQ PT 
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Principal Species (10-4) and Fractional Composition Plots (10-5) 

There are other ways of observing the effect of pH on a solution of an acid or a base.  We briefly 
encountered the principal species (predominant form) when we surveyed polyprotic acids and it may 
now be more meaningful in the context of polyprotic tritrations.  When used in conjunction with the 
Henderson-Hasselbalch equation, the principal species becomes even more apparent. 
 
 
 
 
 
 
 
 
Fractional compositions were introduced when studying weak acids and weak bases.  Their plots 
show how an acid (or base) systematically ionizes as the pH is increased by plotting the fractions of 
the various species present in solution.  The pKa’s are very apparent as the pH at which the fraction 
of the acid crosses the curve for the fraction of its conjugate base.     
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effect of Ka  and dilution upon end point detection 

As acid strength decreases 
or solution becomes more 
dilute the inflection at the 
equivalence point becomes 
less distinct. 

 
 
 
 
 
 
 
 
 

Finding the End Point with a pH Electrode, 11-5 (Lab Experiment H_Exp 7) 
use of derivatives 

 

end points given by 
1.  maxima of first derivative 
2.  where second derivatives pass through 
zero (generally requires drawing a straight 
line through two points on either side of zero 
to better determine the crossing point) 
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Finding the End Point with Indicators, 11-6 
indicators are weak acids or bases 

 
 
 

 
 
 
 

The Leveling Effect, 11-9 

The strongest acid (base) that can exist in a given solvent is the acidic (basic) autoionization species 
of the solvent.   
Leveling effect:  Acids stronger than the hydronium ion or bases stronger than the hydroxide ion 
have the same effective strength in water, that of a strong acid or a strong base, since the 
equilibrium lies so far to the right that it cannot be accurately measured.  In general all acids (or 
bases) stronger than the conjugate acid (or base) of the solvent have the same effective strength in 
that solvent and the solvent is said to have a leveling effect on those acids and bases. 
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