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Ka of Known (Acetic Acid) and Ka of UNKNOWN ACID
In your previous chemistry course, you learned how to determine the concentration of an acid by adding a basic solution of known concentration and measuring the volume of the basic solution required to reach the endpoint. This procedure is called titration. The endpoint is the pint at which the indicator changes colour.

Purpose:

The purpose of this exercise is to identify an unknown weak acid by titration with a standard sodium hydroxide solution. The pH of the titration solution will be monitored using a pH meter; the obtained titration plot will then be used to determine the equivalent molecular weight and dissociation constant (Ka) of the unknown.
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This experiment consists of TWO parts 

Preparation of USE of the Buret

1. Clean out the buret and rinse 5 times with water
2. Pre-rinse buret with NaOH reagent solution
3. Use funnel for adding base to buret
4. “Bleed” air trapped below the stopcock from the buret.
Common Mistakes:

1. Air trapped below the stopcock
2. Forge to note initial reading of the buret before titration
3. Forge to put indicator into a flask
4. Impatience to get to endpoint

5. Powered acid incompletely dissolved and stuck high up on the sides of the flask.
PART I: PRELIMINARY EXERCISE: 
Prepare your BASE

1. Each team of four makes up their own jug1.5L of  0.185M NaOH in 2.0L pop bottle. Weight out the required mass of pellets. Add some distilled water into your pop bottle, and then add you pellets. Add the remainder of water to make up 1.5 L. Shake your solution to completely mix and dissolve the pellets. Label your jug.

2. Show your Calculations in your lab notebook (3 marks)
Standardization of your Base

1) You will be given a sample of strong monoprotic acid, hydrochloric acid – HCl, with an unknown concentration (0.24M). 
2) You will then prepare your 1.5L of 0.185M strong base using sodium hydroxide (NaOH). 

3) You will use this base to titrate 0.24M HCl to determine exact concentration of your base. You need to titrate until you get three consistent trials (i.e concentration of NaOH within 1% of each other). 

PART II: FINDING THE IDENTITY, Ka, and MOLAR MASS OF THE UNKNOWN WEAK ACID: 
YOU MUST COMPLETE POINT ONE AND TWO.

1) In part II you will be given an UNKOWN SOLID WEAK ACID. You will prepare a solution by dissolving some of your unknown (0.1-0.2 g) in 25 ml of water (add 2-3 drops of phenolphthalein) and then use your standardized base from PART I to titrate your known acid to determine the molecular mass (g/mol) of unknown acid.

a. Set up titration apparatus.
b. Measure mass of vial containing acid. Tare the balance (reset to zero)

c. Transfer (by tapping) a small amount of acid powder (0.1-0.2 g) from vial directly to Erlenmeyer Flask.
d. Measure the mass of acid vial; missing mass (i.e mass of sample) will appear as a negative number. (This is called “weighting by difference”)
e. Dissolve uknown acid in 25 ml of water.

f. Add 2-3 drops of phenolphtalein

g. Record initial volume of base in the burette.

h. Begin titration. 

i. Endpoint occurs when 1 drop results in an indicator colour change which persists for 30 seconds of swirling.

j. Record Final Volume of the base in the burette
2) You will use the same procedure as in PART 1 but you will monitor changes in pH as you titrate your acid with standardized base. 

a. Copy the table below into your LAB-notebook, to record your observations. Leave plenty of space. You will collect 15 to 30 sets of data, depending on the concentration of the acid.
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c. Set up titration apparatus.

d. Dissolve 0.1-0.2 g of uknown acid in 25 ml of water.

e. Add 2-3 drops of phenolphthalein

f. Place a pH probe and record the initial pH of the solution. Make sure that the glass electrode is immersed deeply enough to get an accurate reading. If necessary, tip the flask to one side. Place a sheet of white paper under the flask.

g. Measure intial pH of your acid solution

h. Begin titration. 
i. Add 2.0 mL of NaOH from the burette. Record the volume carefully, correct to two decimal places. Swirl the contents of the Erlenmeyer flask, then measure the pH of the solution.
j. Repeat step i until the pH rises above 3.0. Add 1.0 mL amounts until the pH reaches 5.0.
k. Above pH = 5.0, add NaOH in 0.2 mL or 0.1 mL portions. Continue to swirl the contents of the flask and take pH readings. Record the volume at which the phenolphthalein changes from colourless to pink.
l. Above pH = 11, add 1 mL portions until the pH reaches at least 12.
m. Wash the liquids down the sink with plenty of water. Rinse the pipette and burette with distilled water. Leave the burette tap open.

n. Then you will graph the data you collected and use graph and relationship pH=pKa at ½ equivalence point to determine the identity of your acid.  
Safety Precautions 
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Both HCl and NaOH are corrosive. Wash any spills on your skin or clothing with plenty of cool water. Inform your teacher immediately.

RESULTS

1) Data table showing all the data (i.e buret readings etc) for the best 4 results for PART I (standardization of base) with the average concentration of titration to 4 decimal places. (3 marks)

2) Data table showing all the data (i.e buret reading etc.) for the best 4 results for PART II (1) with the average MOLAR MASS of the uknown acid to 1 decimal place. (4 marks)

3) Data table showing all the pH values for PART II (2) (3 marks)

4) Graph (Plot a graph of your data, with pH on the vertical axis and volume of NaOH on the horizontal axis. Your graph should show a steep rise in pH as the volume of the NaOH becomes enough to neutralize all the UNKNOWN acid). Clearly show how your determined pKa of your acid. (3 marks)
(Make sure to include an explanation at the bottom of the graph which clearly state the significance of this graph)
ANALYSIS
1. Sample calculation for the preparation of 0.185M base (3 marks)

2. Sample calculation for the standardization of your base with HCl (4 marks)

3. One detailed sample calculation for the calculation of molar mass of uknown acid with phrases to explain. (5 marks)

4. Using the graph determine pKa value of the acid and then verify the identity of the acid using the online textbook (Appendix)  (3 marks)

5. Lab Result (If the Molar Mass is within 1% of actual Molar Mass full marks are awarded. Otherwise, marks taken off depending on the true % error.) (10 marks)

6. Lab Result (If the Ka value and Identity  of your acid within 5% of actual Ka full marks are awarded. (5 marks)

Discussion
1. Discuss value of standardization of BASE before titration. 
2. Discuss titration technique 

3. Discuss value of the pH graph)

4. Discuss at least THREE (absolute minimum) sources of error during experiment and suggest possible solutions 
Titration of Unknown Weak Acid
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