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Titration curve: graph of pH vs. volume of titrant added

Each type of titration (SA-SB, WA-SB, WB-SA and Polyprotic acid- SB) has a uniquely shaped titration curve

Every titration consists of four regions:
1. The initial pH

2. Between the initial pH and the equivalence point: pH is determined by amount of solution not yet neutralized

3. The equivalence point: moles of acid = moles of base, leaving a solution of the salt produced in the acid-base neutralization

4. After the equivalence point: pH is determined by amount of excess titrant

Acid Hydrolysis: HA (aq) + H2O (l) 

H3O+ (aq) + A- (aq)  ,  Ka = [H3O+][ A-]









        [HA] 

Base Hydrolysis: B(aq) + H2O (l)

BH+(aq)  + OH-(aq), Kb = [BH+][ OH-]

                                                                                                 [B] 

Auto Ionization of Water: Kw = [H+][OH-]= 1.0 x 10-14

Cation Hydrolysis: A+ + H2O (H+OH-) 

AOH + H+        Acidic, Ka =[AOH][H+]

                                                                                                                    [A+]

Anion Hydrolysis:   B- + HOH 

  HB + OH- 

  Basic, Kb =[HB][OH-]

                                                                                                                      [B-]









  Strong Acid and Strong Base Titration (SA-SB)





AP Chemistry         Strong Acid and Strong Base Titration





Four main characteristics:


Low starting pH


Sharp change in pH near the equivalence point


Equivalence point at pH 7


Sharp rise in pH after equivalence point





Region 1: Initial pH: 0 ml of NaOH has been added. Only 50.0 mL of 0.1 M HCl present in the Erlenmeyer flask.


pH starts very low (here, pH = -log 0.100 = 1) because a strong acid is being titrated.


List the species present during this phase of titration.





Which species determine the pH?





pH Formula: 








pH: 





Region 2: Between initial pH and equivalence point: 12.5 mL of 0.1 M NaOH has been added to 50.0 mL of 0.1 M HCl.


As base is added, pH increases slowly, then rapidly as it approaches the equivalence point.


Before equivalence point, moles acid > moles base added; pH is determined by amount of solution not yet neutralized


Neutralization: Net moles of acid= Moles of acid- Moles of base- use ICF Chart to calculate neutralization. Remember, we use moles in ICF chart and use one way arrow to show a neutralization reaction.


Neutralization Reaction:  HCl (aq) + NaOH (aq) → NaCl (aq) + H2O (l)


			I


			C


			F





List the species present after neutralization.





Which species determine the pH?





pH Calculation: 


[H+]= Net moles of acid/ total volume


pH=      - log [H+]=                                  





Region 4: After equivalence point: 50.0 mL of 0.1 M HCl and 60.0 mL of 0.1 M NaOH


As base is added, pH rises rapidly, then continues to increase slowly.


Moles acid < moles base added


pH eventually approaches an upper limit as base is added; here at pH = 13 (-log [OH-] = 1).


Neutralization: Net moles of acid= Moles of acid- Moles of base- use ICF Chart to calculate neutralization. Remember, we use moles in ICF chart and use one way arrow to show a neutralization reaction.


Neutralization Reaction:  HCl (aq) + NaOH (aq) → NaCl (aq) + H2O (l)


			I


			C


			F


Species present after neutralization:





Which species determine the pH?





pH Calculation: 





pH=                                          












































Particulate level drawing





Region 3: Equivalence point: 50.0 mL of 0.1 M HCl + 50.0 mL of 0.1 M of NaOH


Reached when moles H+ = moles OH- added; here, at pH = 7 because only species present are H2O and the salt (Na+1 and Cl-1), which do not hydrolyze to produce an acidic or basic solution, and at V = 50.0 mL because MAVA = MBVB = (0.100)(.0500) = (0.100)VB


Endpoint: point at which an indicator changes color; an approximation of the actual equivalence point


	List the species present during this phase of titration.


Neutralization: Net moles of acid= Moles of acid- Moles of base- use ICF Chart to calculate neutralization. Remember, we use moles in ICF chart and use one way arrow to show a neutralization reaction.


Neutralization Reaction:  HCl (aq) + NaOH (aq) → NaCl (aq) + H2O (l)


			I


			C


			F


Species present after neutralization:





Which species determine the pH?





pH Calculation: 


pH=                                          












































Particulate level drawing





Particulate Level Drawing





Particulate level drawing





Equations and expressions related to Weak Acids, Weak Bases and Hydrolysis
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