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Salts of strong bases and strong acids
Salts derived from strong bases and strong acids give neutral solutions because neither the cation nor the anion reacts appreciably with H2O.  

Consider an aqueous solution of NaCl, which is the salt of the strong base NaOH and the strong acid HCl. Sodium chloride is ionic even in the solid state. It dissociates into hydrated ions in H2O.

H2O ionizes slightly to produce equal concentrations of H3O+ and OH- ions.

NaCl (s) → Na+ (aq) +  Cl- (aq)
H2O (l) +  H2O (l) arrowrt.gif
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 OH- (aq) + H3O+ (aq)

We see that aqueous solutions of NaCl contain four ions, Na+, Cl-, H3O+ and OH-.
The cation of the salt, Na+, is such a weak acid that it does not cause a hydrolysis reaction with water. 
The anion of the salt, Cl-, is such a weak base that it does not cause a hydrolysis reaction with water. 
Solutions of salts of strong bases and strong acids are therefore neutral because neither ion of such a salt reacts to upset the H3O+/OH- balance in water.
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Salts of strong bases and weak acids
When salts derived from strong bases and weak acids are dissolved in water, the resulting solutions are always basic. This is because anions of weak acids react with water to form hydroxide ions. Consider a solution of sodium acetate, NaCH3CO2, which is the salt of the strong base NaOH and the weak acid HCH3CO2. It is soluble and dissociates completely in water.
				 NaCH3CO2 (s)  → Na+ (aq) + CH3CO2-  (aq)
H2O (l) +  H2O (l) arrowrt.gif
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 OH- (aq) + H3O+ (aq)
We see that aqueous solutions of NaCH3CO2 contain four ions, Na+, CH3CO2-, H3O+ and OH-.
The cation of the salt, Na+, is such a weak acid that it does not cause a hydrolysis reaction with water. 
The anion of the salt, CH3CO2-, is a conjugate base of a weak acid and reacts with water to cause a hydrolysis reaction according to the following:
	CH3CO2-   (aq)  +  H2O (l)  arrowrt.gif
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  HCH3CO2  (aq)  + OH- (aq)
As a result the concentration of OH- increases, resulting in a basic solution.








Salts of weak bases and strong acids
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When salts derived from strong acid and weak base are dissolved in water, the resulting solutions are always acidic. This is because cations of weak base react with water to form hydronium ions. Consider a solution of ammonium chloride, NH4Cl, which is the salt of the strong acid HCl and the conjugate acid of the weak base NH3. It is soluble and dissociates completely in water.
				 NH4Cl (s)  → NH4+ (aq)  +  Cl- (aq)
H2O (l) +  H2O (l) arrowrt.gif
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 OH- (aq) + H3O+ (aq)
We see that aqueous solutions of NH4Cl contain four ions, NH4+, Cl-, H3O+ and OH-.
The anion of the salt, Cl-, is such a weak basethat it does not cause a hydrolysis reaction with water. 
The cation of the salt, NH4+, is a conjugate acid of a weak base and reacts with water to cause a hydrolysis reaction according to the following:
		NH4+   (aq)  +  H2O (l)  arrowrt.gif

file_10.wmf

  NH3  (aq)  + H3O+ (aq)
As a result the concentration of H3O+ increases, resulting in an acidic solution.
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Salts of weak bases and weak acids
Salts of weak bases and weak acids contain cations that would give acidic solutions and anions that would give basic solutions. Will solutions of such salts be neutral, basic, or acidic? They may be any one of the three depending on the relative strengths of the weak molecular acid and weak molecular base from which each salt is derived.

Salts of Weak Bases and Weak Acids for Which Kb = Ka
The common example of a salt of this type is ammonium acetate, NH4CH3COO, the salt of aqueous NH3 and CH3COOH. The ionization constants for both aqueous NH3 and CH3COOH are 1.8 x 10-5. We know that ammonium ions react with water to produce H3O+.
NH4+ (aq) + H2O (l) arrowrt.gif
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  NH3 (aq) + H3O+ (aq) 			Ka=5.6 x 10-10
We also recall that acetate ions react with water to produce OH-.
CH3COO- (aq) + H2O (l) arrowrt.gif
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  CH3COOH  (aq) + OH- (aq) 	Kb = 5.6 x 10-10
Because these K values are equal, the NH4+ produces just as many H3O+ ions as the CH3COO- produces OH- ions. Thus, we predict that ammonium acetate solutions are neutral, and they are. There are very few salts that have cations and anions with equal K values.

Salts of Weak Bases and Weak Acids for Which Kb > Ka
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Salts of weak bases and weak acids for which Kb is greater than Ka are always basic because the anion of the weaker acid hydrolyzes to a greater extent than the cation of the stronger base.

Consider NH4CN, ammonium cyanide. Ka for HCN (4.0 x 10-10) is much smaller than Kb for NH3 (1.8 x 10-5), so Kb for CN- (2.5 x 10-5) is much larger than Ka for NH4+  (5.6 x 10-10). 

This tells us that the CN- ions hydrolyze to a much greater extent than do NH4+ ions, and so ammonium cyanide solutions are distinctly basic. Stated differently, CN- is much stronger as a base than NH4+ is as an acid.
NH4+ (aq)  +  H2O (l)  arrowrt.gif
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  NH3  (aq)  + H3O+ (aq)
	CN- (aq) + H2O (l)   arrowrt.gif
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 HCN (aq) + OH- (aq) 
 The second reaction occurs to greater extent therefore, the solution is basic. 
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Salts of Weak Bases and Weak Acids for Which Kb < Ka
Salts of weak bases and weak acids for which Kb is less than Ka are acidic because the cation of the weaker base hydrolyzes to a greater extent than the anion of the stronger acid. 

Consider ammonium fluoride, NH4F, the salt of aqueous ammonia and hydrofluoric acid.
Kb for aqueous NH3 is 1.8 x 10-5 and Ka for HF is 7.2 x 10-4. So the Ka value for NH4 + (5.6 x 10-10) is slightly larger than the Kb value for F- (1.4 x 10-11). 

This tells us that NH4+ ions hydrolyze to a slightly greater extent than F- ions. In other words, NH4+ is slightly stronger as an acid than F- is as a base. Ammonium fluoride solutions are slightly acidic.
NH4+ (aq)  +  H2O (l)  arrowrt.gif
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  NH3  (aq)  + H3O+ (aq)
F- (aq) + H2O (l)  arrowrt.gif
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  HF (aq) +  OH- (aq)
The first reaction occurs to greater extent therefore, the solution is acidic. 

Salts that contain small, highly charged cations
Each of these salts contains a small, highly charged cation and the anion of a strong acid. Solutions of such salts are acidic because these cations hydrolyze to produce excess hydronium ions. 

Hydrolysis of hydrated small, highly charged cations may occur beyond the first step. In many cases these reactions are quite complex. They may involve two or more cations reacting with each other to form large polymeric species

Consider aluminum chloride, AlCl3, as a typical example. When solid anhydrous AlCl3 is added to water, the water becomes very warm as the Al3+ions become hydrated in solution. The hydrated Al3+ ion will then cause the hydrolysis on one or more of the water molecules that have surrounded it.

The equation for the hydrolysis of hydrated Al3+ is written as follows.
	Al3+ (aq) + 6 H2O (l) arrowrt.gif
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 [Al(H2O)6]3+ (aq)
[Al(H2O)6]3+ (aq) + H2O (l) arrowrt.gif
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 [Al(OH)(H2O)5]2+ (aq) + H3O+ (aq)
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Salts of strong bases and strong acids
Salts derived from strong bases and strong acids give 			 solutions because neither the 			 nor the 		 reacts appreciably with H2O.  

Consider an aqueous solution of 		, which is the salt of the strong base        		 and the strong acid 		. Sodium chloride is ionic even in the solid state. It dissociates into hydrated ions in H2O.

H2O ionizes slightly to produce equal concentrations of H3O+ and OH- ions.




We see that aqueous solutions of NaCl contain four ions, Na+, Cl-, H3O+ and OH-.
The 		 of the salt, 		, is such a weak acid that it does not cause a hydrolysis reaction with water. 
The 		 of the salt, 		, is such a weak base that it does not cause a hydrolysis reaction with water. 
Solutions of salts of strong bases and strong acids are therefore neutral because neither ion of such a salt reacts to upset the H3O+/OH- balance in water.
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Salts of strong bases and weak acids
When salts derived from strong 			 and weak 			 are dissolved in water, the resulting solutions are always 			. This is because  		 of weak acids react with water to form 				 ions. Consider a solution of sodium acetate, 			, which is the salt of the strong base  		 and the weak acid 			. It is soluble and dissociates completely in water.




We see that aqueous solutions of NaCH3CO2 contain four ions, Na+, CH3CO2-, H3O+ and OH-.
The 		 of the salt, 		, is such a weak acid that it does not cause a hydrolysis reaction with water. 
The 		 of the salt, 		, is a conjugate base of a weak acid and reacts with water to cause a hydrolysis reaction according to the following:


As a result the concentration of OH- increases, resulting in a basic solution.








Salts of weak bases and strong acids
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When salts derived from strong 			 and weak 			 are dissolved in water, the resulting solutions are always 			. This is because  		 of weak 		 react with water to form hydronium ions. Consider a solution of ammonium chloride, 			, which is the salt of the strong acid 		 and the conjugate acid of the weak 			. It is soluble and dissociates completely in water.
			



We see that aqueous solutions of NH4Cl contain four ions, NH4+, Cl-, H3O+ and OH-.
The 		 of the salt, 		, is such a weak basethat it does not cause a hydrolysis reaction with water. 
The 		 of the salt, 		, is a conjugate acid of a weak base and reacts with water to cause a hydrolysis reaction according to the following:



As a result the concentration of H3O+ increases, resulting in an acidic solution.
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Salts of weak bases and weak acids
Salts of weak 		 and weak 		 contain 		 that would give  		 solutions and 		 that would give 		 solutions. Will solutions of such salts be neutral, basic, or acidic? They may be any one of the three depending on the relative 		 of the weak molecular acid and weak molecular base from which each salt is derived.

Salts of Weak Bases and Weak Acids for Which Kb = Ka
The common example of a salt of this type is ammonium acetate, 			, the salt of aqueous 		 and 			. The ionization constants for both aqueous NH3 and CH3COOH are 				. We know that ammonium ions react with water to produce H3O+.


We also recall that acetate ions react with water to produce OH-.


Because these K values are 		, the NH4+ produces just as many 		 ions as the CH3COO- produces  			 ions. Thus, we predict that ammonium acetate solutions are 			, and they are. There are very few salts that have cations and anions with equal K values.



Salts of Weak Bases and Weak Acids for Which Kb > Ka
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Salts of weak bases and weak acids for which 		 is greater than 		 are always  		 because the anion of the weaker 		 hydrolyzes to a greater extent than the cation of the stronger 			.

Consider NH4CN, ammonium cyanide. Ka for HCN (			) is much smaller than Kb for NH3 (		), so Kb for CN- (			) is much larger than Ka for NH4+  (			). 

This tells us that the CN- ions hydrolyze to a much 				 than do NH4+ ions, and so ammonium cyanide solutions are distinctly 			. Stated differently, CN- is much stronger as a base than NH4+ is as an acid.



 The second reaction occurs to greater extent therefore, the solution is basic. 
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Salts of Weak Bases and Weak Acids for Which Kb < Ka
Salts of weak bases and weak acids for which 		 is less than 		 are 	     because the cation of the weaker 		 hydrolyzes to a greater extent than the anion of the stronger 			. 

Consider ammonium fluoride, NH4F, the salt of aqueous ammonia and hydrofluoric acid.
Kb for aqueous NH3 is 			 and Ka for HF is 		. So the Ka value for NH4 + (			) is slightly larger than the Kb value for F- (			). 

This tells us that NH4+ ions hydrolyze to a 					 than F- ions. In other words, NH4+ is slightly stronger as an 			 than F- is as a 			. Ammonium fluoride solutions are slightly 			.



The first reaction occurs to greater extent therefore, the solution is acidic. 

Salts that contain small, highly charged cations
Each of these salts contains a small, highly charged 		 and the anion of a strong 		. Solutions of such salts are acidic because these 			 hydrolyze to produce excess 				. 

 			 of hydrated small, highly charged 		 may occur beyond the first step. In many cases these reactions are quite complex. They may involve two or more 		 reacting with each other to form large  				 species

Consider aluminum chloride, 		, as a typical example. When solid anhydrous 		 is added to water, the water becomes very warm as the 		ions become hydrated in solution. The hydrated 		ion will then cause the hydrolysis on one or more of the water molecules that have surrounded it.

The equation for the hydrolysis of hydrated 		 is written as follows.



