Important Topics in Acid-Base Chemistry

Acid/Base Concepts and Definitions 

Arrehenius:  an acid increases the concentration of H+, [H+], in aqueous solutions.  

        Note: [H+] = [H3O+], i.e. the conc. of H+ is the same as the conc. of H3O+ in aq. sol.

HCl(aq) + H2O(l) ------> H3O+(aq) + Cl-(aq)


         a base increases the concentration of OH-, [OH-], in aqueous solutions.


Ba(OH)2(s)  ------> 2OH-(aq) + Ba+2(aq)

A strong acid completely ionizes (dissociates into ions), i.e. 1 mole of HCl completely ionizes forming 1 mole of H3O+ and 1 mole of Cl-.

A strong base completely ionizes (dissociates into ions), i.e. 1 mole of Ba(OH)2 completely ionizes forming 2 mole of OH-  and 1 mole of Ba2+.

A weak acid does not completely ionize which means that an equilibrium exists between the unionized acid and the ionized acid.

CH3COOH(aq)  +  H2O(l)              H3O+(aq) + CH3COO-(aq)

A weak base does not completely ionize which means that an equilibrium exists between the unionized base and the ionized base.

NH3(aq)  +  H2O(l)             OH-(aq)  +  NH4+(aq)


Brønsted-Lowry:  an acid donates a proton, H+, in a proton transfer reaction.



      a base accepts a proton, H+, in a proton transfer reaction.

HClO4(aq) + H2O(l) ------> H3O+(aq) + ClO4-(aq)

acid           base                  acid           base

HCO3-(aq) + OH-(aq)          CO32-(aq) + H2O(l)

acid            base                    base            acid

HCO3-(aq) + HF(aq)              H2CO3(aq) + F-(aq)

base            acid                    acid            base

Polyprotic Acids  

"many protons":   
H2CO3(aq)  +  H2O(l)               HCO3-(aq)  + H3O+(aq) 




HCO3-(aq)  +  H2O(l) 

 CO32-(aq)  + H3O+(aq)
How does one determine the favored direction of a Brønsted-Lowry acid-base reaction?

1)  Identify the acid-base conjugate pairs.


2)  Identify the weakest conjugate base of each pair.  Use the given table.


Weakest means Most Stable

3)  Choose the direction that forms the weakest conjugate base.

 NH4+(aq)   +  CH3COO-(aq)           CH3COOH(aq)  +  NH3(aq)

1)  A1                   B2                              A2                    B1

2)  B2 is weaker than B1 according to the given table .

3)  The favored direction is toward reactants, A1 and B2

NH4+(aq)   +  CH3COO-(aq)                 CH3COOH(aq)  +  NH3(aq)

Autoionization of Water, An Equilibrium

H2O(l)  +  H2O(l)           H3O+(aq)  +  OH-(aq)
K = [H3O+][ OH-]/[ H2O]2




[ H2O]2K  = [H3O+][ OH-]

Note the magnitude of Kw, what does it mean?
Kw = [H3O+][ OH-] = 1.0 x 10-14 at 25 ºC

In pure water, [H3O+] = [ OH-] = 1.0 x 10-7 M

A solution is acidic if [H3O+] > 1.0 x 10-7 M, neutral if [H3O+] = 1.0 x 10-7 M, and basic if [H3O+] < 1.0 x 10-7 M

pH (devised by a Dane named Sørensen while brewing beer)

pH = -log[H3O+]  Note, we are considering the pH of only aqueous solutions, so we use [H3O+], not [H+]

An aqueous solution has [H3O+] = 2.56 x 10-4 M, pH = -log(2.56 x 10-4) = 3.592

pH in aqueous solution ranges from 0-14. 

A solution is acidic if pH < 7, neutral if pH = 7, and basic if pH > 7

Ionization Equilibria for Weak Acids and Weak Bases

Acid:  H2S(aq)  +  H2O(l)               HS-(aq)  + H3O+(aq)
K  = [HS-][H3O+] / [H2S][H2O]

[H2O]K = [HS-][H3O+] / [ H2S] = Ka

Base:  NH3(aq)  +  H2O(l)               NH4+(aq)  + OH_(aq)
K  = [OH-][ NH4+] / [H2S][H2O]









[H2O]K = [HS-][H3O+] / [NH3] = Kb

Relationship between Ka and Kb
Ka x Kb = Kw

HA  + H2O               A-  + H3O+        K1 = ?


A-  + H2O              HA + OH-    K2 = ?


2H2O                H3O+   +  OH-   K3 = ?

Can you derive Ka x Kb = Kw  from the equilibria shown above?

Buffers

A buffer is a solution that is capable of resisting changes in pH when limited amounts of acid or base are added to it.

Buffers are either solutions of a weak acid and its conjugate base or a weak base and its conjugate acid.

Buffer solutions are identified by their pH and buffer capacity, i.e. the amount of acid or base that the buffer can handle before showing a significant pH change.  Typically the ratio of acid and conjugate base or base and conjugate acid is close to 1 (between 0.1 and 10).

Blood Buffer

H2CO3(aq)  +  H2O(l)               HCO3-(aq)  + H3O+(aq)

      weak acid                           conjugate base

Normality

A 1.0 N solution of HCl = 1.0 equivalent (Eq) of HCl / 1.0 L of solution

A 1.0 N solution of H2SO4 = 1.0 equivalent (Eq) of H2SO4 / 1.0 L of solution

What's an equivalent?  Well, 36.46 g of HCl or 49.05 g of H2SO4 each provides the same or an equivalent amount of H+ when dissolved in water.  Why?  36.46 g of HCl is 1.0 mol of HCl and this gives 1.0 mol of H+. 49.05 g of H2SO4 is 0.5 mol of H2SO4 and this provides 1.0 mol of H+.  Either substance gives 1.0 mol of H+ or an equivalent amount of H+.

Acid-Base Properties of Salt Solutions

Salts may be obtained by neutralizing an acid with a base in aqueous solution.  Given this neutralization the aqueous salt solution that is produced is generally considered neutral in terms of pH.  However, this is only true when a strong acid is neutralized with a strong base.

Consider an aqueous solution of NaCN:  NaCN(s)  ----->  Na+(aq)  +  CN-(aq)  

The pH of a 0.1 M solution of NaCN has a pH = 11.1.  How can this solution be basic?

The cyanide ion, CN-, unlike Na+, reacts with water:  CN-(aq)  +  H2O              HCN(aq)  +  OH-(aq)

Notice what happens here, the cyanide ion accepts a proton from water to form its conjugate acid, HCN, and hydroxide, the strongest base that exists in water.  It is this prescence of hydroxide that makes the salt solution basic.

The term for an ion that reacts with water to generate the conjugate acid and hydroxide or the conjugate base and hydronium is hydrolysis.

Consider an aqueous solution of NH4Cl: NH4Cl(s)  ----->  NH4+(aq)  +  Cl-(aq)

NH4+(aq)  +  H2O(l)                NH3(aq)  +  H3O+(aq)   This hydrolysis makes the salt solution acidic.

General Rules:

If a salt can be made from a strong acid and strong base, no hydrolysis occurs, the solution is neutral.

If a salt can be made from a strong acid and weak base, hydrolysis occurs, the solution is acidic.

If a salt can be made from a weak acid and strong base, hydrolysis occurs, the solution is basic.

If a salt can be made from a weak acid and weak base, both ions of the salt hydrolyze.  The salt solution is acidic if Ka of the cation is greater than Kb of the anion.  In other words the ion that reacts with water to the greatest extent will determine the pH.

Titration

A method for determining the acid concentration of a solution using a base solution of known concentration.  An indicator (like phenolphthalien) is used to identify the endpoint when moles of acid equal moles of base.  This method is also used for determining the base concentration of a solution using an acid solution of known concentration. 
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