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Prelab

1. Circle which of the following ions will undergo hydrolysis reactions with water?

Sr2+
Na+
Cu2+
A13+ 
Fe3+
F-
Br -
NO3-
2. For those ions in question 1, which do undergo hydrolysis, write net ionic equations for the 

    hydrolysis reactions. Use the back of this page to show the reactions.

3. The Ka for HCN is 4.9 x 10-10.  Calculate Kb for CN-. Show your work.

4. HPO42- is the conjugate base of what ion? What is the conjugate base of HPO42-?

5. From what acid and base might the following salts have been prepared?

LiBr

NH4NO3
CaCl2
6. The pH of a solution is 8.0. Calculate the [H+] and [OH-]. Show your work.

7. Would the following solutions (0.100 M) be acidic, basic, or neutral? Justify with equations

    for ions undergoing hydrolysis. List the spectator ions (if any) that are present in each

    compound.

CuSO4
BaCl2
KCN

ACID-BASE PROPERTIES OF AQUEOUS SALT SOLUTIONS: HYDROLYSIS

Objective: To observe the changes in the pH of water which ionic compounds (salts} cause through hydrolysis reactions with the water and to use the ionization constants and coordination numbers to explain the results.

Introduction: Most salts are strong electrolytes and exist as ions in aqueous solution. Many ions are the conjugate bases of weak acids or conjugate acids of weak acids and react with water to produce acidic or basic solutions. These reactions are called hydrolysis reactions. 

Anions derived from strong acids do not undergo a hydrolysis reaction with water and, therefore, produce neutral solutions. Anions like CN- and CH3COO-, which are conjugate bases of the weak monoprotic acids, HCN and CH3COOH, react with water to form OH- ions and, therefore, are basic. Some intermediate anions from a polyprotic acid like H2PO4- may be acidic while others like HPO42- may be basic. Consulting tabulated values of Ka or Kb for that ion, allows one to predict the ion’s effect on distilled water solutions. 

Cations are acidic unless they are the cation from a strong base, in which case they are neutral and do not undergo hydrolysis with water. The ions of Group I metal are neutral and Group II metal ions (except Be and Mg) are generally neutral however the cations of most other metals do undergo hydrolysis. The formation of the aqueous complex ion is shown below. The ionization reactions of the complex ions in water cause the [H+] in the solution to increase, resulting in an acidic solution.

Coordination complex formation:

Fe3+ (aq)  
+  
6 H2O (l) 
(  
Fe(H2O)63+ (aq)
Lewis acid  

Lewis base      

Coordination Complex

Ionization reaction:

Fe(H2O)6 3+(aq) 
+ H2O (l) 
( 
Fe(H2O)5(OH)2+(aq)   
+ 
H3O+ (aq)
acid                      
base          

conjugate base           

conjugate acid

The hydrated metal ion acts as a source of protons:

M(H2O)n z+ (aq)  + 
H2O (l) 
 
(      M(H2O)(n-1)(OH) (z-l)+ (aq)
  + 
H3O+ (aq)
Where z is the charge on the metal ion and n is the number of hydrating water molecules or the coordination number.

The metal complex ion acts as a polyprotic acid and ionizes stepwise until the complex ion is neutral. The neutral complex is often insoluble. The stepwise dissociation of Al(H2O)63+ is shown below.

Al(H2O)63+ (aq)
+ 
H2O (l) 
 
(      Al(H2O)5(OH)2+ (aq)
+ 
H3O+ (aq)    Ka1
Al(H2O)5(OH)2+ (aq) + H2O (l) 
 
(      Al(H2O)4(OH)21+(aq)
+ 
H3O+ (aq)    Ka2
Al(H2O)4(OH)21+ (aq) + 
H2O (l) 
 
(      Al(H2O)3(OH)3 (s)
+ 
H3O+ (aq)    Ka3
The first ionization (Ka1) produces most of the hydronium ions and is the one generally written for the hydrolysis of the metal ion. The coordination number is usually twice the charge on the ion. The coordination number will be the number of water molecules present in the aqueous complex ion. The charge/radius value for Group 1 ions is small enough that they are not written as complex ions. As the charge/radius value of an ion increases, the acidity and the Ka of the complex ion increases.
Metal Ion 
Charge/Radius 
Ka 


n (Coordination No.)

Na+

1.0


negligble
Li+

1.5 
 

2 x 10-14
Ag+ 
 






2

Ca2+ 

2.1 
 

2 x 10-13
Mg2+ 

3.1 
 

4 x 10-12

4

Zn2+ 

2.7 


1 x10-9


4

Cu2+ 

2.8 


1 x 10-8

4

A13+ 

6.7 


1 x 10-5

6

Cr3+ 

4.8 


1 x 10-4

6

Fe3+ 

4.7 


2 x 10-3

6

Determining whether a solution of a salt will be acidic, neutral, or basic can be predicted on the basis of the strengths of the acid and base from which the salt was formed.

1. Salt of a strong acid and strong base. Examples: KBr, BaCl2
    Neither the cation nor the anion undergoes hydrolysis in water and the solution will be neutral.

2.  Salt of a strong acid and a weak base. Example: NH4Br

     The cation is the conjugate acid of the weak base and undergoes hydrolysis in water, increasing the [H3O+], decreasing the solution pH.


NH4+(aq)    +  
H2O (l) 
 
(      NH3 (aq)
 + 
H3O+ (aq)
3.   Salt of a weak acid and a strong base. Example: KC2H3O2
     The anion is the conjugate base of the weak acid and undergoes hydrolysis in water, increasing the [OH-], increasing the solution pH.


C2H3O2-(aq)    +  H2O (l) 
 
(      HC2H3O2 (aq)
 + 
OH- (aq)
4.   Salt of a weak acid and a weak base. Example: NH4F

     Both ions undergo hydrolysis with water. The pH of the solution is controlled by the relative

     extent to which each ion undergoes hydrolysis in water based on the Ka and Kb of the ions.


NH4+(aq)    +  
H2O (l) 
 
(      NH3 (aq)
 + 
H3O+ (aq)
Ka = 5.6x10-10

F-(aq)    
    +  
H2O (l) 
 
(      HF (aq)
 + 
OH- (aq)

Kb = 1.4x10-11
     Since the Ka for NH4+ is slightly larger than the Kb for F-, the solution will be slightly acidic.

4.   Salt of ion produced by the intermediate dissociation of a polyprotic acid: Example Na2HPO4
     The ion can act as an acid or a base in water. The pH of the solution is controlled by the

     relative extent to each reaction occurs, that is, on the Ka and Kb of the ion.


HPO4-2(aq)    +  
H2O (l) 
 
(     PO4-3 (aq)
 + 
H3O+ (aq)
Ka = 4.5x10-13

HPO4-2 (aq)    
    +  
H2O (l) 
 
(  H2PO4-1 (aq)
 + 
OH- (aq)

Kb = 1.6x10-7
     Since the Kb for HPO4-2 is larger than the Ka for HPO4-2, the solution will be basic.

Procedure: 
Do not touch the dropper to the well plate or any solution in the well to avoid contaminating the dropper solutions. Add a drop of universal indicator solution to each well in a white plastic well plate. If any of wells do not have the same color as the indicator solution, the well is contaminated and should not be used. Add 2-3 drops of each salt solution to separate wells. Estimate the pH of each of these salt solutions using the color chart. You will also test distilled water and boiled distilled water. Rinse the plate with hot water and dry the plate. 

List the ions undergoing hydrolysis and the spectator ions. Write net ionic equations for the ions undergoing hydrolysis. These reactions should show why the solutions of the ions are acidic or basic. Refer to the Ka and Kb values below to help you write these reactions.

ACID/BASE IONIZATION/DISSOCIATION CONSTANTS (Ka, Kb)

Ka:

NH4+

5.6 x 0-10
H3PO4

7.1 x 10-3
H2PO4- 
6.2 x 10-8
HPO42- 
4.5 x 10-13
HCO3-  
4.7 x 10-11
HC2H3O2 
1.8 x 10-5
HSO4- 

1.2 x 10-2
Kb:

HCO3- 

2.3 x 10-8
CO32- 

2.1 x 10-4

C2H3O2- 
5.6 x 10-10

F- 

1.4 x 10-11
PO43- 

2.2 x 10-2
HPO42- 
1.6 x 10-7

H2PO4- 
1.4 x 10-11
HSO4- 

1.0 x 10-17
SO42- 

8.3 x 10-13
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Record the color of the solution upon addition of the indicator and estimate the pH using a Universal Indicator color chart. List the ions undergoing hydrolysis and the spectator ions. Write net ionic equations for any hydrolysis reaction(s) that occur.

	Compound
	Color with Universal Indicator
	Approximate pH of the solution
	Ion(s) Undergoing Hydrolysis
	Spectator Ion(s)

	1. NaCl
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	2. Ba(NO3)2
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	3. MgCl2
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	4. AgNO3
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	5. KNO3
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	6. NaHCO3
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	7. Na2CO3
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	8. Na3PO4
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	9. Na2HPO4
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	10. NaH2PO4
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	11. ZnCl2
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	12. AlCl3
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	13. Al2(SO4)3
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	14. Fe(NO3)3
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	15. NH4Cl
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	16. (NH4)2SO4
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	17. (NH4)2HPO4
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	18. CH3COONH4
	
	
	
	

	Net ionic Hydrolysis Equation(s)


	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	19. (NH4)2CO3
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	20. CH3COONa
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	21. NaF
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	22. NaHSO4
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	23. Na2SO4
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	24. CuSO4
	
	
	
	

	Net ionic Hydrolysis Equation(s)
	
	
	
	

	25. HCl
	
	
	XXXXXXXXX
	XXXXXXXXX

	Write the Ionization Equation
	
	
	
	

	26. CH3COOH
	
	
	XXXXXXXXX
	XXXXXXXXX

	Write the Ionization Equation
	
	
	
	

	27. NaOH
	
	
	XXXXXXXXX
	XXXXXXXXX

	Write the Ionization Equation
	
	
	
	

	28. Distilled Water
	
	
	XXXXXXXXX
	XXXXXXXXX

	29. Boiled Distilled Water
	
	
	XXXXXXXXX
	XXXXXXXXX

	
	
	
	
	


Conclusions:  Summarize your conclusions based on the observations made in this lab. 

A. Formulate general statements about which ions are acidic, basic, and neutral. 

B. Discuss the effect of combinations of ions undergoing hydrolysis on the pH of the overall solution. 

C. Discuss the pH of solutions containing the intermediate ions of polyprotic acids.

D. Explain the difference in the pH between the distilled water and the boiled distilled water.
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