Salts, Neutralization, and Calculating Concentration and pH

OBJECTIVES:
6.  Identify the conjugate acid-base pairs in a given acid-base reaction.

7.  Explain the concept of neutralization and the composition of a salt.

8. Distinguish the overall, ionic, and net ionic equations for an acid-base reaction.

9.  State and explain whether salts form acidic, alkaline, or neutral aqueous solutions.

10.  Distinguish between aqueous solutions that are acidic, neutral, or basic using the pH scale.

11.  Identify which of two or more aqueous solutions is more acid or basic, using pH values.

12.  State that each change of one pH unit represents a tenfold change in the hydrogen ion concentration.

13.  Deduce changes in hydrogen ion concentration when the pH of a solution changes by more than one pH unit.

14.  Calculate hydrogen ion concentration, hydroxide ion concentration, pH, and pOH from specified concentrations. 

HA (acid) + H2O (base) ↔ H3O+ (conjugate acid) + A- (conjugate base)
The opposite product of an acid is the conjugate base.

· The conjugate base of an acid is the particle that remains after a proton has been released

· A conjugate base is everything that remains of the acids molecule after the proton is lost.

The opposite product of a base is the conjugate acid. 

· The conjugate acid of a base is the particle that is formed when a proton is acquired. 
· The conjugate acid is formed when the proton is transferred to the base.
	acid  +  base  ====>  conjugate acid + conjugate base

	                    HCl  +  NaOH  ===>       HOH          +         NaCl


Conjugate Acid-Base Pairs

	Conjugate
acid 
	Conjugate
base 

	H3O+ 
	H2O 

	H2O 
	OH- 

	H2SO4 
	HSO4- 

	HSO4- 
	SO42- 

	NH4+ 
	NH3 

	NH3 
	NH2- 

	H3PO4 
	H2PO4- 

	H2PO4- 
	HPO42- 

	HPO42- 
	PO43- 

	CH3COOH 
	CH3COO- 

	CH3NH3+ 
	CH3NH2 


The reaction of an acid and a base is a double displacement reaction and is called a neutralization reaction because the properties of both the acid and base are diminished or neutralized when they react.  In most cases, this reaction will produce water and a salt.  Because both acids and bases may be either strong or weak, four possible combinations of acid-base reaction may occur.  As long as one of the reactants is strong, the acid-base reaction goes to completion.  

Neutralization: From the Arrhenius definition, acids release H+ into solution and bases release OH-.  If we were to mix an acid and base together, the H+ ion would combine with the OH- ion to make the molecule H2O, or plain water:

	H+(aq)
	+  
	OH-(aq)
	 
	H2O


Salt – crystalline compound composed of the negative ion of an acid and the positive ion of a base and is neither an acid nor a base, it is neutral

Naming Salts

· Binary Acids:  salts end in ide (hydrochloric acid forms chloride salt)

· Ternary Acids: ic acids form ate salts, ous acids form ite salts, prefixes from acid remains in salt

· Hydrogen is generally named immediately before the names of any negative ions, and hydroxide immediately after the names of any positive ions (NaHC2O4 = sodium hydrogen oxalate, Pb2(OH)2CO3 = lead (II) hydroxide carbonate)
Strong Acid + Strong Base
Because both the acid and base are strong, they will completely disassociate into ions.  An overall equation shows each substance involved in the reaction, but not the ions, which are present in solution.  The best way to show the behavior of an acid-base reaction is to show the reactants and products as they actually exist in solution.  An ionic equation shows the substances involved as ions.  Spectator ions are present in the solution but do not actually take part in the reaction.  So why do we need them in the equation?  You don’t.  When ions common to both sides of the equation are removed from the equation, the result is called the net ionic equation for the reaction.  

EX: HCl + NaOH → NaCl + H2O  (overall equation)
H+ + Cl- + Na+ + OH- → Na+ + Cl- + H2O  (ionic equation)

H+ + OH- → H2O  (net ionic equation)
Strong Acid + Weak Base
Because the acid is strong, it will disassociate into ions, but the base is weak so it will remain, for the most part, as a whole molecule.  The salt in the solution will be present in the form of ions.  The pH of the new solution will be acidic, rather than neutral.  
Weak Acid + Strong Base
Because the base is strong, it will disassociate into ions, but the acid is weak so it will remain, for the most part, as a whole molecule.  The salt in the solution will be present in the form of ions.  The pH of the new solution will be basic, rather than neutral.  

Weak Acid + Weak Base
Because neither a weak acid nor a weak base has a strong tendency to transfer a hydrogen ion, transfer between the two may occur, but it is uncommon.  Reactions between a weak acid and a weak base generally do not play an important role in acid-base chemistry.  
Measuring Acids and Bases – pH
Under the Brønsted-Lowry definition, both acids and bases are related to the concentration of hydrogen ions present.  Acids increase the concentration of hydrogen ions, while bases decrease the concentration of hydrogen ions (by accepting them).  The acidity or basicity of something therefore can be measured by its hydrogen ion concentration.
Because of the range of solution concentrations, the range of possible concentrations of H3O+ and H+ in solutions of acids or bases is huge.  For example a 6M solution of HCl has an H3O+ molarity of 6M, but a 6M of HC2H3O2 has an H3O+ molarity of 0.01M.
The letters pH are an abbreviate for "pondus hydrogenii" (translated as “potential hydrogen” or “the power of hydrogen”) meaning hydrogen power as acidity is caused by the presence of H+.  The pH scale is a measure of acid/base strength, in which the concentration of H3O+ is used.  It is defined on a logarithmic scale using the molar concentration of hydronium ions (H3O+) in solution.  The range of possible H3O+ or OH- concentrations spans 10-14M to 1M.   The concentration of H3O+ is expressed in powers of 10, from 10-14 to 100.  For convenience, scientists choose to express the [H3O+] as pH, where
pH = - log( [H3O+] )

pH has been more accurately defined as pH = -log aH+ where aH+ is the hydrogen ion activity.  In solutions that contain other ions, activity and concentration are not the same.  The activity is an effective concentration of hydrogen ions, rather than the true concentration; it accounts for the fact that other ions surrounding the hydrogen ions will shield them and affect their ability to participate in chemical reactions. 

pH is a mathematical scale in which the concentration of H3O+ in a solution is expressed as a number of 0 to 14, which is easier to work with than a scale of 100 to 10-14.

A pH of 7 is considered "neutral", because the concentration of hydrogen ions is exactly equal to the concentration of hydroxide ions produced by dissociation of the water.  Increasing the concentration of hydrogen ions above 1.0×10-7 M produces a solution with a pH of less than 7, and the solution is considered "acidic". Decreasing the concentration below 1.0×10-7 M produces a solution with a pH above 7, and the solution is considered "alkaline" or "basic". 
As the pH decreases, the concentration of hydronium ions increases, and the concentration of hydroxide ions decreases.  Every one unit decrease in pH means a factor of 10 increase in the hydronium ion concentration.  For example, a pH of 3 has ten times more concentration of  H3O+ than a solution with a pH of 4.  
Logarithms and Antilogarithms (or Inverse Logarithms)
The common, or base 10, logarithm of a number is the power to which 10 must be raised to obtain the number.  For example, the common logarithm of 100 (written as log 100) is 2, because raising 10 to the second power gives 100. 
if x = 10y, then log x = y

For determining pH, use the equation

pH = -log[H3O +]    

For determining [H3O +], use the equation
[H3O +] = 10-pH 
pOH can be used when you know the [OH-] of a solution.

[H3O +] [OH -] = 1.00 x 10-14  

pH + pOH = 14

