Determination of the Dissociation Constant of Weak Acids

AP Chemistry

Background:

When a weak acid is dissolved in water, it breaks apart or dissociates to a slight extent.  A proton from the acid is donated to a water molecule.  The equations for the equilibrium and the equilibrium constant expression are as follows:

HA + H2O → H3O+ + A-
Ka = [H3O+][A-]
                                                        [HA]

where A- represents the anion of the weak acid.  For most weak acids, the percent of acid that dissociates is less than 5%.  The value of the equilibrium constant, Ka, indicates the extent to which the reaction occurs.  The greater the value of Ka, the stronger the acid, and the greater the amount of dissociation.

This experiment was designed to determine the Ka and pKa values for a number of weak acids.  If a solution contains equal concentrations of HA and A- the concentration terms cancel out in the Ka equation so that Ka = [H3O+] and pH = pKa.  You will prepare solutions in which the concentrations of acid and its anion are equal.  The value of the pH of the solution will then equal the pKa for the acid.  Some of the substances tested will be salts of diprotic acids that still contain an ionizable hydrogen.  For example, NaHSO4 ionizes in solution forming Na+ and HSO4-.  The HSO4- then reacts with water in the equilibrium: 

HSO4- + H2O ↔ H3O+ + SO42-

The value of Ka which is found when equal concentrations of HSO4- and SO42- are in solution, in this example, is Ka2 for sulfuric acid, H2SO4.

Materials & Equipment

Potassium hydrogen phthalate, KHC8H4O4 (Ka = 3.9x10-6, pKa = 5.41)

Unknown weak acid salts A, B, and C

~1.0 M NaOH solution and disposable pipet

Phenolphthalein solution, 1%, in dropper bottles

(2) 100-ml beakers

125-mL Erlenmeyer flask

25-mL volumetric pipet and 3-valve bulb

Stirring rod

LabPro, calculator, link cable, and pH probe

Universal pH paper and tweezers

Procedure

1. Measure out about 0.2 g of potassium hydrogen phthalate; it is not necessary to know the exact amount.

2. Measure precisely 50.0 mL of distilled water into a beaker, add the acid, stir to dissolve and mix well.  Obtain about 5 mL of 1.0M NaOH in another beaker.

3. Transfer 25.0 mL of the acid solution into an Erlenmeyer flask.  Add 3 drops of phenolphthalein solution to the acid solution in the Erlenmeyer flask, and then add NaOH solution dropwise while gently swirling the flask.  Stop adding the NaOH when the first pink color persists throughout the solution for at least 5 seconds.  At this point the beaker contains exactly one-half of the original acid, essentially all of which is in the undissociated form, HA. The flask contains an equal amount of the anion of the acid formed by neutralization. 

4. Pour the contents of the flask into the beaker and mix the solution. Using pH indicator paper and a pH meter, measure the pH of this solution.  Repeat the procedure for the unknown acid.

Disposal: All solutions may be washed down the drain, and used pH paper should go into the trash. 

Determination of the Dissociation Constant of Weak Acids

Name(s):

AP Chemistry







Pd: 1  2  3  4

Date:

Data: Create a data table to record the data from this lab.

Calculations:

1. Calculate the Ka of potassium hydrogen phthalate and your unknown acid.

2. Calculate the percent error of pKa of potassium hydrogen phthalate and your unknown acid, ____.

Discussion Questions:

1. Assume the acid dissociation constant for the acid salt NaHSO4 is to be determined. 

a. Write the chemical equation to show this salt ionizing in water.

b. Write the chemical equation showing the anion acting as an acid in water.

c. Write the equilibrium expression for the acid dissociation of the anion. 

d. Briefly explain the procedure for determining the acid dissociation constant using the expression for part c. 

2. Why is it not necessary to know the exact mass of the acid whose Ka is to be determined?

3. Why is it necessary to precisely measure the volume of distilled water used to dissolve the acid? 

