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Protic Acids and Bases


In aqueous chemistry, an acid is most usefully defined as a substance that increases the concentration of H3O+ (the hydronium ion) when added to water. 


A base is a substance that increases the concentration of OH– when added to water.
BrØnsted-Lowry Acids and Bases

BrØnsted and Lowry classified acids as proton donors and bases as proton acceptors.  For example HCl is an acid, and it increases the concentration of H3O+ in water.






HCl + H2O  (   H3O+ + Cl–
Lewis definition of acids and bases:       (
Salts

Any ionic solid is called a salt.  Most salts are strong electrolytes.  This designation means that they dissociate completely into their component ions when dissolved in water.
Conjugate Acids and Bases

The products of any reaction between an acid and base may also be classified as acids and bases.
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Conjugate acids and bases are related to each other by the gain or loss of one H+
Autoprotolysis

Water undergoes self-ionization, called autoprotolysis, in which it acts as both an acid and a base.







H2O + H2O  (  H3O+ + OH–


or










H2O  (  H+ + OH–

The autoprotolysis constant for water is given a special symbol, Kw, where the subscript denotes water.








Kw = [H+][OH–] = 1.0 x 10–14 at 25°C


Protic solvents have a reactive H+, and all protic solvents undergo autoprotolysis

Example   (

What is the concentration of OH– if [H+] = 1.0 x 10–3 M?


[H+][OH–] = 1.0 x 10–14 



(1.0 x 10–3)[OH–] = 1.0 x 10–14


[OH–] = 1.0 x 10–11 M


As the concentration of H+ increases, the concentration of OH– necessarily decreases and vice-versa.

pH


To simplify the writing of H+ concentration, we define pH as pH = –log[H+]


A useful relation between the concentrations of H+ and OH– is

pH + pOH = 14.00


A solution is acidic if [H+] > [OH–] and basic if [H+] < [OH–]
Strengths of Acids and Bases

Acids and bases are commonly classified as strong or weak, depending on whether they react "completely" or only "partly" to produce H+ or OH–.

Strong Acids and Bases  (which are strong ? ()

By definition,  a strong acid or base completely dissociates in aqueous solution.

(see your 1202 texbook and identify 6 most common strong acids and strong bases)


What is pH of 0.10 M HBr?
pH = –log(0.10) = 1.00



What is pH of 0.10 M KOH?
pH = 14.00 + log(0.10) = 13.00
Weak Acids and Bases

All weak acids, HA, react with water by donating a proton to H2O:








HA + H2O ( H3O+ + A–  


or










HA  (  H+ + A–

The equilibrium constant is called Ka, the acid dissociation constant








Ka =  EQ \f([H+][A–],[HA])  

By definition, Ka is small for a weak acid


Weak bases, B, react with water by abstracting a proton from H2O:







B + H2O  ( BH+ + OH–  



The equilibrium constant is called Kb, the base hydrolysis constant







Kb =  EQ \f([BH+][OH–],[B])  

By definition, Kb is small for a weak base

Polyprotic Acids and Bases

Polyprotic acids and bases are compounds that can donate or accept more than one proton.



PO43– + H2O  ( HPO42– + OH–  

Kb1 = 1.4 x 10–2



HPO42– + H2O  ( H2PO4– + OH–  
Kb2 = 1.59 x 10–7



H2PO4– + H2O  ( H3PO4 + OH–  
Kb3 = 1.42 x 10–12
Relation between Ka and Kb


Ka • Kb = Kw for a conjugate acid-base pair in aqueous solution


For a diprotic acid, the relationship is



Ka1 • Kb2 = Kw 



Ka2 • Kb1 = Kw 


For a triprotic acid, the relationship is



Ka1 • Kb3 = Kw 



Ka2 • Kb2 = Kw 



Ka3 • Kb1 = Kw 

Example

The value of Ka for acetic acid is 1.75 x 10–5.  Find Kb for the acetate ion.


Kb =  EQ \f(Kw,Ka)   =  EQ \f(1.0 x 10–14,1.75 x 10–5)  = 5.7 x 10–10 

Weak-Acid Equilibria


The conjugate base of a weak acid is a weak base


The conjugate acid of a weak base is a weak acid



Weak is conjugate to weak
A Typical Weak Acid Problem

The systematic treatment of a weak-acid problem yields four equations and four unknowns


charge balance:
[H+] = [A–] + [OH–]


mass balance:
F = [A–] + [HA]       where F is the formal concentration of  acid


equilibria:

HA  (  H+ + A–
Ka





H2O  (  H+ + OH–
Kw

Assumptions when solving this type of problem:




[A–] >> [OH–]  [H+] ~ [A–]




Solving for [H+] so let [H+] = x


leads to the following:





[H+] = [A–] = x





[HA] = F – x

Ka =  EQ \f([H+][A–],[HA])  =  EQ \f((x)(x),(F – x))  =  EQ \f(x2,F – x) 
Example (

Calculate the pH of a 0.0500 M solution of o-hydroxybenzoic acid.  

Ka = 1.07 x 10–3


Ka =  EQ \f(x2,F – x)  


1.07 x 10–3 =  EQ \f(x2,0.0500 – x) 


x2 + (1.07 x 10–3)x – 5.35 x 10–5 = 0



x = 6.80 x 10–3
pH = –log(6.80 x 10–3) = 2.17


Occasionally, we can simplify the weak acid equation even further.  

If  EQ \f(F,Ka)  > 104, then x =  EQ \r((F)(Ka)) 
Example (

Calculate the pH of a 0.100 M solution of hypochlorous acid. Ka = 3.00 x 10–8

First using the standard weak acid equation:


Ka =  EQ \f(x2,F – x)  


3.00 x 10–8 =  EQ \f(x2,0.100 – x) 


x2 + (3.00 x 10–8)x – 3.00 x 10–9 = 0



x = 5.4757 x 10–5
pH = –log(5.48 x 10–5) = 4.26


Now, using the shortcut method:



Because  EQ \f(0.100,3.00 x 10–8)  > 104


x =  EQ \r((0.100)(3.00 x 10–8))  = 5.4772 x 10–5


pH = –log(5.48 x 10–5) = 4.26

Weak Base Equilibria

Kb =  EQ \f([BH+][OH–],[B])  =  EQ \f((x)(x),(F – x))  =  EQ \f(x2,F – x) 

(remember that in this case, x = [OH–]
Example (

Calculate the pH of a 0.0100 M sodium hypochlorite (NaOCl) solution.


Na+ + OCl– + H2O ( HOCl + OH–


Kb =  EQ \f([HOCl][OH–],[OCl–])    but there are no values for Kb

However, we can find Ka for HOCl and using Ka • Kb = Kw, we can calculate Kb.


Kb =  EQ \f(Kw,Ka)  =  EQ \f(1.0 x 10–14,3.0 x 10–8)  = 3.3 x 10–7



 EQ \f(x2,0.0100 – x)  = 3.3 x 10–7



x2 + (3.3 x 10–7)x – 3.3 x 10–9 = 0




x = 5.728 x 10–5



pOH = –log (5.728 x 10–5) = 4.24




pH = 14.00 – pOH = 14.00 – 4.24 = 9.76


As with the weak acid equation, we can simplify the weak base equation further.  

If  EQ \f(F,Kb)  > 104, then x =  EQ \r((F)(Kb)) 
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