
Acid / Base Properties of Salts 

n  Soluble ionic salts produce may produce neutral, 
acidic, or basic solutions depending on the acid-
base properties of the individual ions. 

n  Consider the salt sodium nitrate, NaNO3.  It 
dissociates into sodium and nitrate ions. 

n  Sodium nitrate produces a neutral solution because 
neither sodium nor nitrate reacts with water. 
  Na+   +   H2O             NaOH   +   H+  

  NO3
–   +   H2O           OH–   +   HNO3  



Weak Base Salt 

n  When sodium cyanide, NaCN, dissolves in water, it 
will produce sodium and cyanide ions. 

n  As we have seen before, Na+ does not react with 
water. 

n  However, CN– is the weak base conjugate of the 
acid, HCN. 

n  CN– will react with water to produce a basic 
solution. 

n  What will be the pH of a 0.50 M solution of NaCN? 



Weak Acid Salt 

n  When ammonium nitrate, NH4NO3, dissolves in 
water, it will produce NH4

+ and NO3
– ions. 

n  As we have seen before, NO3
– does not react with 

water. 

n  However, NH4
+ is the weak acid conjugate of the 

weak base, NH3. 

n  NH4
+ will dissociate in water to produce an acidic 

solution. 

n  What will be the pH of a 0.50 M solution of 
NH4NO3? 



Acid-Base Conjugates 

n  What is the pH of a 0.010 M pyridinium 
hydrochloride (C5H5NH+Cl-) solution if the 
Kb of pyridine (C5H5N) = 1.5 x 10-9 ? 



Salt with WA and WB Ions 

n  Sometimes salts have a weak acid cation and a 
weak base anion. 

n  In such a case, we must consider the relative 
strengths (Ka vs. Kb values) of the acid and base. 

n  Ammonium cyanide, NH4CN is such a salt: 

 NH4
+  +   H2O    ó   NH3   +   H3O+  Ka = 5.6 x 10-10 

 CN–   +   H2O   ó   OH–   +   HCN  Kb = 2.5 x 10-5 

n  The resulting solution would be basic because 
cyanide is a stronger base than ammonium is an 
acid. 



Amphiprotic Species  

n  Compounds that can either accept or donate a 
proton are called amphiprotic. 

n  Water is amphiprotic: 
  H2O(l)  +  H2O(l)  ó  H3O+

(aq)  +  OH–
(aq) 

n  The bisulfite ion, HSO3
–, is amphiprotic: 

  HSO3
–

(aq)  +  H2O(l)  ó  H3O+
(aq)  +  SO3

2 –
(aq) 

  HSO3
–

(aq)  +  H2O(l)  ó  OH–
(aq) +  H2SO3(aq) 

 



Salt with an Amphiprotic Ion 

n  What is the pH of a salt solution that is a 0.30 M 
solution of the salt potassium bisulfite? 



Salts with an Amphiprotic Ion 

n  Would you predict the following salts to be acidic, 
basic, or neutral when dissolved in water? 

n  Na3PO4 

n  Na2HPO4 

n  NaH2PO4 



Relative Strengths of Acids & Bases and Koverall 

 



Predicting the Net Direction of an  
Acid-Base Reaction 

n  Based on the relative strengths of the acids for the 
forward & reverse reactions, you can predict 
whether an acid-base reaction will be product- 
favored or reactant-favored. 

n  Consider: CH3CO2H  +  NH3  ó  NH4
+  +  CH3CO2

- 

 
weaker  

acid 
stronger  

acid 

n  Because acetic acid is a stronger acid than the 
ammonium ion, we would predict this reaction to 
be product-favored. 



n  Predict whether the following reactions are 
reactant-favored or product-favored: 

 HCN    +       F-        ó     HF      +     CN- 

 
 

  CO3
2-   +   H2PO4

-   ó   HCO3
-   +   HPO4

2-  

Predicting the Net Direction of an  
Acid-Base Reaction 



Acid Strength and Molecular Structure 

n  Acid Strength and bond energy follow opposite 
trends. 

n  Consider the halide series of acids: 
   

  HF   HCl   HBr   HI    
 

 Increasing Acid Strength (Ka)  
    
    Decreasing Bond Strength  
      (bond dissociation energy) 

 



Acid Strength and Molecular Structure 

Oxyacids 

n  Acid Strengths: 
  HClO4 > H2SO4 > H3PO4 

n  Cl is more electronegative than S and P. 

n  Cl better stabilizes the negative charge on the 
ClO4- anion.  This is called an inductive effect. 



n  Acid Strengths: 
  H2SO4 > H2SO3 

n  The sulfate ion has four oxygens which help to 
“spread out” the charge on the anion form of the 
molecule to more atoms – resonance stabilization: 

n  The additional oxygen is also stabilizing through 
inductive effects. 

Acid Strength and Molecular Structure 



Lewis Acids and Bases 

n  A broader concept of acids and bases than 
Arrhenius or Bronsted-Lowry is the Lewis 
definition. 

n  A Lewis acid is a lone pair acceptor – atoms, 
molecules, or ions with unfilled valence orbitals. 

n  A Lewis base is a lone pair donor – atoms, 
molecules, or ions with valence shell lone pairs. 



n  Formation of metal complexes in solution: 

 
n  Reactions of a non-metal oxide with water to form 

an oxyacid: 

Lewis Acid-Base Reactions 



n  The reaction of ammonia with an H+ ion to make 
ammonium can be considered a Lewis acid-base 
reaction.   

n  The reaction creates a coordinate covalent 
bond – a bond in which both electrons are 
provided by a single atom. 

Lewis Acid-Base Reactions 



n  Na2O(s) + H2O(l) à 2 NaOH(aq) 

n  MgO(s) + H2O(l) à Mg(OH)2(aq) 

Reactions of metal oxides to form bases 


