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Chemistry 213

Experiment 3
TITRATION CURVES AND THE DISSOCIATION

CONSTANT OF ACETIC ACID
LEARNING OBJECTIVES
The objectives of this experiment are to . . .

· perform the experimental titration of HC2H3O2 with NaOH.

· analyze the titration data to determine the Ka for acetic acid.

BACKGROUND
In this experiment you will be issued a sample of an aqueous acetic acid (HC2H3O2) solution and a 25.00 mL portion will be titrated with standardized sodium hydroxide (NaOH).  Acetic acid is a weak acid and sodium hydroxide is a strong base.  The solution pH will be monitored using a pH probe connected to the LabWorks interface.  A graph of measured pH (y-axis) versus mL NaOH (x-axis) will be plotted.  This graph is a titration curve and has the general features shown in the upper part of Figure 1.

Titration curves for weak acids, such as HC2H3O2 ,  show an initial small rise in pH, but then lead into a region where the pH changes only slowly.  The solution composition here is a buffer and this part of the titration curve is the buffer region.  Eventually the pH climbs very sharply and produces an inflection in the curve.  Near the center of this inflection is the equivalence point, where the stoichiometric amount of base has been added.  At the equivalence point, moles of NaOH added equals moles of HC2H3O2 present since the reaction is 1:1 on a mole basis.  Past the equivalence point the pH again changes slowly as determined by the amount of excess NaOH.

Two important applications of titration curves are illustrated in this experiment.  The first is the quantitative determination of the molar concentration of the acetic acid solution.  This requires the location of the equivalence point and the titration curve is used to obtain this location.  The equivalence point is taken as the steepest point in the titration curve’s inflection.  To sharpen its location, a titration curve derivative plot is made as illustrated in the lower part of Figure 1.  The peak in the derivative plot corresponds to the point of steepest inflection and, with further scaling, provides a precise location of the equivalence point.
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Figure 1.  Titration and First Derivative Curves for the Reaction of HC2H3O2 with NaOH
The second important application of this titration curve is the determination of the dissociation constant (Ka) of acetic acid.  The key data needed are titration curve points located in the buffer region.  Three points are selected, occurring at approximately ¼, ½, and ¾ of the distance from the initial point to the equivalence point.  Each of these three points yields a Ka value from which an average Ka value is calculated.  

SAFETY PRECAUTIONS
If skin contact occurs with any solutions, wash the affected area thoroughly with soap and water.  Clean up all spills immediately.  Safety goggles must be worn at all times in the laboratory.

BEFORE PERFORMING THIS EXPERIMENT
You will need a LabWorks program capable of measuring pH, collecting titration curve data, and displaying the titration curve during the experiment.  

EXPERIMENTAL PROCEDURE

pH Probe Calibration 

Obtain a pH probe and connect it to pH/mV 1 on the interface.  Calibrate the probe by following the on-screen directions for calibration of pH1 and by using a pH 7 buffer.  Note that a pH probe should always be rinsed with deionized water and carefully patted dry before inserting into any solution, so as to avoid cross-contamination.

Experiment Program

The LabWorks program should graph pH versus time. Convenient ranges for this graph are pH=2 to pH=13 and 0 to 50 mL. Use the EZ program to create a program to read Keyboard on the x-axis (at the prompt you will type in the volume of NaOH added from the buret).  Read pH on the Y1 axis.  No delay.
Running the Experiment
Obtain, in a dry beaker, about 100 mL of an aqueous acetic acid solution.  Rinse your 25 mL pipet with this solution and pipet 25.00 mL into a 150 mL beaker.  Use a graduated cylinder to add about 50 mL of distilled water.  Add a stir bar and obtain a magnetic stirrer.  Rinse and fill your 50 mL buret with standardized NaOH to the 0.00 mL mark.

Position the acetic acid solution beaker on the magnetic stirrer.  Insert the pH probe.  Position the NaOH buret ready for titration.  Turn on the magnetic stirrer and adjust the stirring rate to a moderate speed (without splashing).

Start data acquisition. At the prompt type in zero since no NaOH has yet been added and hit the return key.  Add a small aliquot of NaOH and type the total volume of NaOH added to that point in the prompt box.  Continue until the pH has reached approximately 11.  Save your data and repeat two more times.
DATA ANALYSIS
1.  Use the LabWorks spreadsheet to view your titration data.  The volume readings should appear in column A, the pH reading should appear in column B.
2.  The next task is to create a data column for the derivative of pH with respect to mL NaOH.  This is done by selecting the derivative function and expressing it as DERIV(B1,A1).  

3.  Copy and paste the data into an Excel spreadsheet.  Graph each titration curve with volume on the x-axis.  The y-axis will have two plots, pH and the derivative of pH.  Scale appropriately.

4.  Enter the equivalence point NaOH volume (to the nearest 0.01 mL) on the report sheet.  Using this volume and the molarity of your standard NaOH solution, calculate the molarity of the original acetic acid solution (before dilution) as issued to you.  Carefully watch significant figures in this calculation.  Report your result on the report sheet and show your calculation.

5.  From your spreadsheet data, select three experimental points (volume in mL NaOH and pH) at ¼, ½, and ¾ of the distance between the initial point and the equivalence point of the titration and enter this information on your report sheet. These points are taken from the buffer region in which appreciable amounts of both acetic acid and acetate ion are present.  Using the three data points chosen, calculate three values of Ka for acetic acid.  Mark the points chosen on the titration curve printout.  Note that various factors (such as temperature variation, electrolyte effects, etc.) will cause considerable error in the Ka value.  Report the Ka values to two significant figures but expect one significant figure accuracy.  Finally calculate an average value for Ka.  Show your calculation for the first Ka value.

Hints for the Calculation of Ka
Recall that 
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To calculate Ka we need to know [H+], and 
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.   The concentration of hydrogen ion, [H+], is determined directly by measuring the pH since [H+] = 10-pH.  The ratio, 
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, is 3 at the ¼ distance where ¼ of the total acid is titrated and ¾ of the total acid is left.  The ratio, 
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, is 1 at the ½ distance where half of the total acid is titrated.  The ratio is 1/3 at the ¾ distance where ¾ of the total acid is titrated.

TITRATION CURVES AND THE DISSOCIATION

CONSTANT OF ACETIC ACID

Data Sheet

Molarity of the HC2H3O2 Unknown

Trial 1

Trial 2

Trial 3



mL NaOH at equivalence point
_______
_________
________



Molarity of standard NaOH

_______
_________
________


Calculated HC2H3O2 molarity

_______
_________
________



Average HC2H3O2 molarity

_______

Determination of the Ka of HC2H3O2 (Pick one titration curve)

	Data Point
	mL NaOH
	pH
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Average Ka value
____________





Literature Ka value
____________





from Appendix D





Percent error

____________



Attach all three titration curves. 
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Pre Laboratory Assignment

1. State the purpose of this experiment.

2. Briefly explain the outline of the procedure.

3. 25 mL of acetic acid solution of an unknown concentration was titrated to the equivalence point with 11.25 mL of 0.998 M NaOH.  What is the molarity of the acid solution?  The acid-base neutralization reaction is as follows:
HC2H3O2 +  NaOH  -> NaC2H3O2  + H2O
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