AP Chemistry

Chapter 14
Acids and Bases

Section 14.1

Nature of acids and bases

· Acids taste sour

· Bases or alkalis taste bitter and feel slippery

Arrhenius Model of Acids

· Acids produce hydrogen ions in aqueous solutions

· HC2H3O2  +  H2O ((  H3O+  +  C2H3O2-
· Bases produce hydroxide ions in aqueous solutions

· NaOH  ((  Na+ +  OH-
· Limited to aqueous solutions
Bronsted-Lowry

· Acids are proton donors

· In the above example, acetic acid donates a proton, H+
· HC2H3O2(aq)  +  H2O(l)  ((  H3O+(aq)  +  C2H3O2-(aq)
· Bases are proton acceptors

· HC2H3O2  +  H2O ((  H3O+  +  C2H3O2-
· In the above, water is a base . . .

· Applies to reactions in the gas phase also
Hydronium Ion

· H3O+  

Conjugate acid-base pairs

· Conjugate base is the part left after the proton is donated.

· Conjugate acid is the species with the proton.
· HA (aq)  +  H2O(l)  ((  H3O+(aq) 
+   A-(aq)
Acid
        Base
       Conjugate acid
    Conjugate base
· Conjugate acid-base pair “juggle” the proton between them when equilibrium conditions have been reached.
· The reaction is a competition between the bases for the proton.
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Acid-Base Equilibrium

· Equilibrium expression for the dissociation of an acid is 

· Ka
· Acid dissociation constant

· Ka = [H3O+] [ A-]
               [HA]
Section 14.2 

Acid Strength

HA (aq) +  H2O(l)  ((  H3O+(aq) 
+   A-(aq)
     Acid           Base
       Conjugate acid
    Conjugate base
· Value of Ka
· Large values mean lots of dissociation = Strong acids

· Reverse reaction has a small K value

· Strong acids have weak conjugate bases

· Equilibrium lies to the right

· Small values mean small amounts of dissociation = weak acids

· Reverse reactions have large K values

· Strong bases

· Equilibrium lies to the left

· A strong acid has a weak conjugate bases and a weak acid has a strong conjugate base.
So for the dissociation of acetic acid, Ka = 1.8 x 10-5
HC2H3O2(aq)  +  H2O(l)  ((  H3O+(aq)  +  C2H3O2-(aq)
· Is acetic acid a weak or strong acid?

· Which species has the higher concentration, acetic acid or acetate?

Types of acids

· Diprotic acids have 2 acidic protons

· Example H2SO4
· First dissociation

· H2SO4  +  H2O  (( HSO4-  +  H3O+
· Second dissociation

· HSO4-    +  H2O (( SO4 2-  +  H3O+
· Most acids are oxyacids

· Organic Acids

· Carboxyl group,  -COOH
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Relative Base Strength

· The strength of the conjugate base inversely related to the strength of the acid.

· For example: HCl is a strong acid and dissociates by

· HCl +  H2O ((  H3O+  +  Cl-
· Cl – is the conjugate base.

· Because HCl is a strong acid, the conjugate base is very weak.  The acid dissociates to a very large degree, therefore the Cl- must not be very strong in attracting the proton.

· To determine the relative strength of a conjugate base, determine the relative strength of the corresponding acid and reverse the order.

Water as an acid and a base

· Water is amphoteric – it can act as either an acid or a base dependent upon the conditions.

· Kw = the ion product of water = [H+] [OH-] = 1.0 x 10-14
· In pure water [H+] = [OH-] = 1.0 X 10-7
· No matter what else in an aqueous solution, the Kw of water is always 1.0 x 10-14
· [H+]  x   [OH-]  = 1.0 x 10-14 ALWAYS at 25 oC
· In acidic conditions [H+] > [OH-]
· In basic conditions [H+] < [OH-]
· In neutral conditions [H+] = [OH-]
· Do calculations p. 630
Section 14.3  pH Scale

· pH = -log [H+]

· in a neutral solution [H+] = 1.0 x 10-7M, pH = 7.00
· SIGNIFICANT FIGURES RULE: the number of sig figs in the original number is equal to the number of DECIMAL places in the pH.

· pH increases as [H+] decreases

· pOH follows the same concepts as pH, just substitute [OH-]. 
· pK = -log K = 14
· pOH  +  pH  = 14
· Given pH, [H+] = 10-pH
· Do sample exercise p. 633
Section 14.4  Calculating pH of Strong Acid Solutions

· Determine major species present in solution
· Strong acids are considered to completely dissociate in water.

· Example: HCl

· For a significant concentration of HCl, the only source of [H+] is the acid.

· A 1.0M HCl produces 1.0M H+
· This pushes the ionization of water to the left

· The pH of the solution = -log 1.0 = 0

· For weak concentrations of strong acids, the autoionization of water must be considered.

· A 1.0 x 10-10 M HCl has a very small concentration and therefore the major contributor to the H+ concentration is from water, pH = 7.00.

Section 14.5  Calculating the pH of Weak Acid Solutions

· Must take into consideration

· Major species in solution

· Ka of the acid

· Kw of water

· Example: 1.00M HF,  Ka = 7.2 x 10-4
· Dissociation HF (( H+  +  F-
· Major species

· HF

· H2O

· Which is the stronger acid?

· HF has a larger Ka value and is the stronger acid

· The dissociation of HF will determine the pH of the solution

· Ka = [H+][F-]  =  7.2 x 10-4
·            HF

· Do ICE

	HF
	H+
	F-

	1.00
	~0
	~0

	1.00 – x
	X
	X

	~ 1.00*
	
	


· very little dissociation occurs

· Do the math . . . 

· X = .027 M

· pH = 1.59

