
Conjugate Acid-Base Pairs 
•  Whatever is left of the acid after the proton is donated is 

called its conjugate base. 
•  Similarly, whatever remains of the base after it accepts a 

proton is called a conjugate acid. 
•  Consider 

–  After HA (acid) loses its proton it is converted into A- (base).  
Therefore HA and A- are a conjugate acid-base pair. 

–  After H2O (base) gains a proton it is converted into H3O+ (acid).  
Therefore, H2O and H3O+ are a conjugate acid-base pair. 

•  Conjugate acid-base pairs differ by only one proton. 

HA(aq) + H2O(l)             H3O+(aq) + A-(aq)



Example – Identify the acid and the base in each equation, 
and identify each acid-base pair. 

1.  HNO3 + NH3 à NO3
- + NH4

+ 

2.  CH3COOH + OH- à H2O + CH3COO- 

 
Identify the acid and base for the reverse reaction in each 

example. 



Relative Strengths of Acids and Bases 
•  The stronger the acid, the weaker the conjugate base.  
•  H+ is the strongest acid that can exist in equilibrium in 

aqueous solution. 
•  OH- is the strongest base that can exist in equilibrium in 

aqueous solution. 





The Ion Product of Water 
•  In pure water the following equilibrium is established 

•  at 25 °C   

•  The above is called the autoionization of water. 

The Autoionization of 
Water 

H2O(l) + H2O(l)             H3O+(aq) + OH-(aq)
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•  In most solutions [H+(aq)] is quite small. 
•  We define  

•  In neutral water at 25 °C, pH = pOH = 7.00. 
•  In acidic solutions, [H+] > 1.0 × 10-7, so pH < 7.00. 
•  In basic solutions, [H+] < 1.0 × 10-7, so pH > 7.00. 
•  The higher the pH, the lower the pOH, the more basic the 

solution. 

The pH Scale 
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Other “p” Scales 
•  In general for a number X, 

•  For example, pKw = -log Kw. 
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•  Most pH and pOH values fall between 0 and 14. 
•  There are no theoretical limits on the values of pH or 

pOH.  (e.g. pH of 2.0 M HCl is -0.301.) 
 
Examples: 
1.  Consider a solution with [H+] = 6.2 x 10-3. 

•  Calculate the pH, pOH, and [OH-] 
•  Is this solution acidic or basic? 

2.  Consider a solution with pOH = 13.65 
•  Calculate the pH, [H+], and [OH-] 
•  Is this solution acidic or basic? 



•  Most pH and pOH values fall between 0 and 14. 
•  There are no theoretical limits on the values of pH or 

pOH.  (e.g. pH of 2.0 M HCl is -0.301.) 
 
Examples: 
1.  Consider a solution with [H+] = 6.2 x 10-3. 

•  Calculate the pH, pOH, and [OH-] 
•  Is this solution acidic or basic? 
pH = 2.21, pOH = 11,79, [OH-] = 1.6 x 10-12, acidic 

2.  Consider a solution with pOH = 13.65 
•  Calculate the pH, [H+], and [OH-] 
•  Is this solution acidic or basic? 
pH = 0.35, [H+] = 0.45, [OH-] = 2.2 x 10-14, acidic 



Measuring pH 
•  Most accurate method to measure pH is to use a pH 

meter. 
•  However, certain dyes change color as pH changes.  

These are indicators. 
•  Indicators are less precise than pH meters. 
•  Many indicators do not have a sharp color change as a 

function of pH. 





Strong Acids 
•  The strongest common acids are HCl, HBr, HI, HNO3, 

HClO4, and H2SO4. 
•  Strong acids are strong electrolytes. 
•  All strong acids ionize completely in solution: 

HNO3(aq) + H2O(l) → H3O+(aq) + NO3
-(aq) 

•  Since H+ and H3O+ are used interchangeably, we write 
HNO3(aq) → H+(aq) + NO3

-(aq) 



Strong Acids 
•  In solutions the strong acid is usually the only source of 

H+.  (If the molarity of the acid is less than 10-6 M then 
the autoionization of water needs to be taken into 
account.) 

•  Therefore, the [H+] of the solution is the initial molarity 
of the acid.  (pH = -log [H+]) 

Strong Bases 
•  Group 1 and soluble group 2 hydroxides are strong bases 

(e.g. NaOH, KOH, and Ca(OH)2).   

Strong Acids and Bases 



•  Strong bases are strong electrolytes and dissociate 
completely in solution. 

•  The pOH of a strong base is given by the initial molarity 
of the hydroxide ion.  Be careful of stoichiometry. 

•  In order for a hydroxide to be a base, it must be soluble.  
•  Bases do not have to contain the OH- ion: 

O2-(aq) + H2O(l) → 2OH-(aq) 
H-(aq) + H2O(l) → H2(g) + OH-(aq) 

N3
-(aq) + H2O(l) → NH3(aq) + 3OH-(aq) 

 



Examples:  Calculate the pH and pOH of each: 
      

1.  0.25 M NaOH 
2.  12.00 M HCl 
3.  6.00 M KOH 
4.  0.0050 M HNO3 
5.  6.5 x 10-12 M RbOH 
6.  0.10 M HClO4 



Examples:  Calculate the pH and pOH of each: 
      pH   pOH   

1.  0.25 M NaOH    13.40  0.60 
2.  12.00 M HCl    -1.08   15.08 
3.  6.00 M KOH    14.78  -0.78 
4.  0.0050 M HNO3   2.30   11.70 
5.  6.5 x 10-12 M RbOH   7.00   7.00 
6.  0.10 M HClO4   1.00   13.00 



 
•  Weak acids are only partially ionized (dissociated) in 

solution. 
•  There is a mixture of ions and unionized acid in solution. 
•  Therefore, weak acids are in equilibrium: 

Weak Acids 

HA(aq) + H2O(l)             H3O+(aq) + A-(aq)

HA(aq)             H+(aq) + A-(aq)
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•  Ka is the acid dissociation constant. 
•  Note [H2O] is omitted from the Ka 

expression.  (H2O is a pure liquid.) 
•  The larger the Ka the stronger the acid 

(i.e. the more ions are present at 
equilibrium relative to unionized 
molecules). 

•  If Ka >> 1, then the acid is completely 
ionized and the acid is a strong acid. 



Calculating Ka from pH 
•  Weak acids are simply equilibrium calculations. 
•  The pH is used to calculate the equilibrium concentration 

of H+. 
–  Write the balanced chemical equation clearly showing the 

equilibrium. 
–  Write the equilibrium expression.   
–  Use an ICE Chart 
–  Find the value for Ka. 



Examples:  Calculate Ka. 
1.  A 0.25 M solution of a hypothetical acid, HA, has a pH 

of 4.06. 
   3.0 x 10-8 

2.  A 0.10 M solution of acetic acid (CH3COOH) has a pH 
of 2.87.  
   1.8 x 10-5 



 
Percent Ionization 

•  Percent ionization is another method to assess acid 
strength. 

•  For the reaction 
 
 
 

HA(aq) + H2O(l)             H3O+(aq) + A-(aq)
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