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Introduction
Most salts are strong electrolytes and exist as ions in aqueous solutions.  Some ions, however, react with water to form either H3O+ or OH-.  Such a reaction with water is called hydrolysis.  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. Generally, these rules help us predict the nature of the solution:

       1.  Salt of a strong acid and a strong base yield a neutral solution, pH = 7 
       2.  Salt of a strong acid and a weak base yield a cation that hydrolyzes, forming H+ ions pH<7
       3.  Salt of a weak acid and a strong base yield an anion that hydrolyzes, forming OH- ions, , pH>7 
       4.  Salt of a weak acid and a weak base yield both ions that hydrolyze; the pH of the solution is determined by the relative extent (Ka, Kb) to which each ion hydrolyzes.
In this experiment, we will test the pH of water and of several aqueous salt solutions to determine whether these solutions are acidic, basic, or neutral.  In each case, the salt solution will be 0.10 M.  Knowing the concentration of the salt solutions and the measured pH of each solution will allow us to calculate Ka or Kb for the ion that hydrolyzes.

Materials

test tubes, test tube rack, graduated cylinders, stirring rods, 0.10 M solutions of the following:   

ZnSO4, NH4Cl, KAl(SO4)2, Na2CO3, NaCl, NaC2H3O2, Cu(NO3)2, CaCl2
pH indicators in dropper bottles: methyl orange, methyl red, bromthymol blue, phenol red, phenolphthalein, alizarin yellow R, 

Procedures
1.  Obtain a test tube rack and 6 test tubes.  Add approximately 5 mL of unboiled distilled water (dH2O) to each of the test tubes.  Add three drops of a different indicator to each of these six test tubes (i.e., one indicator per test tube) and record the colors on a data sheet.  From these colors and the data on Table 1 below, determine the pH to the nearest pH unit.

2.  Empty the test tubes and repeat Step 1, this time using boiled dH2O which has no CO2 dissolved in it.  

3.  Repeat the same procedures to determine the pH of the following 0.10 M solutions:

      
ZnSO4, NH4Cl, KAl(SO4)2, Na2CO3, NaCl, NaC2H3O2, Cu(NO3)2, CaCl2
Analysis
1.  From the pH values that you determined, calculate the hydrogen and hydroxide ion concentrations for each 0.10 M solution.  Calculate the Ka or Kb as appropriate.

2.  Define Brønsted-Lowry acids and bases.

3.  For each 0.10 M solution, write the net ionic equation for the hydrolysis reaction.

4.  Define the term salt.

5.  The Ka for HCN is 4.9 x 10-10.  What is the value of Kb for CN-?

6.  From what acid and what base were the following salts made: CaSO4, NH4Br, BaCl2.
Table 1.   Properties of Aqueous Acid‑Base Indicators at 25oC
Indicator          

pH range   
pKa  
Acid Form  
Base Form
methyl violet      
0.0‑ 1.6   
0.8  
yellow     
blue

thymol blue        
1.2‑ 2.8   
1.6  
red        
yellow

methyl yellow      
2.9‑ 4.0   
3.3  
red        
yellow


methyl orange      
3.1‑ 4.4   
4.2  
red        
yellow

bromocresol green  
3.8‑ 5.4   
4.7  
yellow     
blue

methyl red         

4.2‑ 6.2   
5.0  
red        
yellow

chlorophenol red   
4.8‑ 6.4   
6.0  
yellow     
red

bromothymol blue   
6.0‑ 7.6   
7.1  
yellow    
blue

phenol red        

6.4‑ 8.0  
7.4  
yellow     
red

cresol purple      
7.4‑ 9.0   
8.3  
yellow     
purple

thymol blue        
8.0‑ 9.6   
8.9  
yellow     
blue

phenolphthalein    
8.0‑ 9.8   
9.7  
colorless  
red

thymolphthalein    
9.3‑10.5   
9.9  
colorless  
blue

alizarin yellow R 
10.1‑12.0  
11.0  
yellow     
red

indigo carmine    
11.4‑13.0  
12.2  
blue       
yellow
