Experiment 11

POTENTIOMETRIC ANALYSIS OF ACID IN SOFT DRINKS: COLA VS. UNCOLA

2 lab periods

Phosphoric acid is a common ingredient in cola drinks; it provides a taste that is both sweet and sour, but does not compete with other flavors. There is some variability in both the amount and composition of the acid in cola drinks. The composition is affected by the equilibrium

H3PO4 + OH-    (   H2PO4- + H2O

In this experiment, we will determine the H3PO4 and H2PO4- in a sample of cola drink using a potentiometric titration. We choose a potentiometric detection method over an acid-base indicator for two reasons: (1) the color of the cola obscures indicator changes, and (2) the use of a pH meter permits a more accurate location of the equivalence points in a titration than an indicator.

We will also determine the citric acid concentration in an “uncola” drink. Citric acid, which is also tribasic, is another common ingredient in many soft drinks. The acid dissociation constants for phosphoric and citric acids are as follows:

	
	Phosphoric acid
	Citric acid

	K1
	7.11 x 10-3
	7.44 x 10-4

	K2
	6.32 x 10-8
	1.73 x 10-5

	K3
	7.10 x 10-13
	4.02 x 10-7


From these data, it is clear that the constants for phosphoric acid are more than a factor 1,000 apart and three distinct endpoints can therefore be observed in a titration. In contrast, the citric acid constants are closer together and the titration has no definite breaks between the endpoints. Moreover, several of the citric and phosphoric acid endpoints are mutually close. It is therefore advisable to carry out this experiment with soft drinks that do not contain both phosphoric and citric acid. A possible choice is Coca Cola for the phosphoric acid determination, and Squirt for the citric acid determination. If you choose other brands, you should make sure from the ingredient panel that only one or the other of the acids is present. The drinks also should not contain lactic acid or aspartame (“Nutrasweet”) so do not choose diet drinks!)

The potentiometric response of the glass electrode is described by the equation:

Eglass  =  k - 0.059 pH

where k is a constant. Clearly, there is a simple linear relationship between the measured potential and the pH of the solution. For convenience, the pH meter is calibrated in pH units, so that the appropriate values can be read off directly.

You will calibrate the meter with pH 4 and 7 (or 10) buffers, following the instructions that are provided with the pH meter. Once the meter is calibrated, the pH of the H3PO4 solution is easily followed as a function of added NaOH.

At pH 10.5 - 11, the glass electrode begins to respond to other ions (mainly Na+ in this case) since so few H3O+ ions remain. This effect, which makes it appear that the pH is lower than it really is, is called the alkaline error.  Its occurrence makes it advisable not to carry the titration beyond pH 10.5, meaning that you will not observe the third equivalence point of phosphoric acid:

-              HPO42- + OH-    (  PO43- + H2O 
         

Prelaboratory Assignment

The phosphoric acid in a 100.00-mL sample of cola drink was titrated with 0.1025 N NaOH. If the first equivalence point occurred after 13.11 mL of base was added, and the second equivalence point occurred after 28.55 mL of base, calculate the concentrations of H3PO4 and H2PO4- in the cola sample.  (Hint: where would the second equivalent point have occurred if only H3PO4 were present?)

Apparatus
· stirrer and (large) stir bar

· pH meter and glass electrode

· two 250 mL beakers

· 50-mL buret

· 25-mL pipet

· 1000-mL bottle

· 25-mL graduated cylinder

· 1000-mL boiling flask

· stirring rod

· 400-mL beaker

· watch glass

Chemicals
· sodium hydroxide

· KHP

· cola unknown (e.g.,Coca Cola)

· uncola unknown (e.g.,Squirt)

· pH 4 and 7 buffers

· phenolphthalein indicator

Procedure
1. Standardize the pH meter with the buffers. See page 40 for procedure.

2.
Prepare a standard 0.10 N NaOH solution as described in Experiment 1 (using a KHP primary standard). For the titration, use your pH electrode in conjunction with the phenolphthalein indicator and compare the electrode response to the indicator color change. Add small increments of titrant, reading both the stabilized pH value and the total volume added after each addition. Initially, the additions should be large enough to cause pH changes of about 0.2 units. When the pH starts to change rapidly, reduce the size of the NaOH aliquots. As you near the equivalence point, the pH will change considerably upon the slightest addition of base. To develop the entire titration curve (pH vs. volume of titrant), you need to proceed somewhat beyond the equivalence point. The electrode response is going to be the principal indicator of the endpoint in this experiment, but you should observe that the indicator changes color at the point where the greatest pH change occurs (note this volume). Any difference is called the indicator error. It should be small. Stop the titration at pH 10.5.

3.
Add 100.00 mL of cola to a 250-mL beaker and cover it with a clean watch glass. Bring the solution just to boiling and keep it warm for five minutes. This expels the CO2 which otherwise would interfere with the titration of H3PO4. Cool the solution by placing ~200 mL of cold water in a 400-mL beaker and carefully resting the beaker with the cola in the cold water.

4. Rinse the electrodes. Refill the buret with the NaOH.

5. 
Place the glass electrode in the beaker. Add the stir bar and enough water to cover the electrode. Start the stirrer.

6.
Proceed with the titration of the cola solution as you did for the NaOH standardization (except that there is no indicator here). Expect two equivalence points, one near pH 4 and the other near pH 8.  Continue to pH 10.5.

7. 
Repeat steps 3-6 with the uncola. Now only one equivalence point should be found, near pH 6.

Calculations
1. Plot pH (ordinate, i.e, y-axis) vs. volume of NaOH (abscissa, i.e., x-axis) for the standardization and the two unknowns.

2.
Construct first-derivative plots for these titrations.  This is accomplished by plotting (pH2 – pH1)/(V2 – V1)  vs. (V1 + V2)/2, where V1 and V2 are two successive titration volumes (totals) and pH1 and pH2 are the corresponding pH values. These plots have peaks where the original graphs have inflection points (i.e. the end points of the titrations). Use them to estimate the equivalence points. 

3.
Calculate the molarity of the titrant.

4.
Use the equivalence point volumes obtained for the cola titration, along with the NaOH molarity, to calculate the moles of H3PO4 present.  Remember that at the first equivalence point one proton has been titrated, while at the second equivalence point, two protons have reacted. If your results show that Veq2 > 2 Veq1, then not only H3PO4 but also H2PO4- was in present in the drink (see Prelab Assignment). Calculate the concentrations of both.

5. 
Calculate the concentration of citric acid in the uncola.

Questions

1.
In the phosphoric acid titration, could Veq2 < 2Veq1?  Explain.

2. 
Assume that you could titrate to the third equivalence point of H3PO4.  What would be the relationship of Veq3 to Veq2 and Veq1?

3. 
What is the structure of citric acid?

4. 
How could CO2 interfere with the titration of H3PO4?

5. 
The glass electrode that you used appears to be a single device, while it is actually two electrodes. Explain.
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Name ______________________________

Determination of acid in soft drink

Purpose

Procedure

Explain the procedure used to prepare the cola and uncola samples.

Calculations

A. 
Titration of NaOH and KHP


Concentration of KHP: ________________ M

Volume of NaOH at equivalence point: ________________ mL


Concentration of NaOH: ________________ M

Plot pH vs. volume of NaOH for this titration. Use graph paper and label the equivalence  point.

B.
Data for titration of cola and uncola with NaOH


Make a table with the following columns:

	Vol. NaOH Added
	       pH
	    V2 – V1
	  pH2 – pH1
	 (V1 + V2)/2
	pH2 – pH1
  V2 – V1            


Plot the first-derivative plots using the above data.

C.
Results


Cola:
  volume of first equivalence point: _________ml;            pH: _________



  volume of second equivalence point: ________ml;         pH: _________



  molarity of H3PO4: _________M;        molarity of H2PO4-: _________M

Uncola:  volume of equivalence point: _________ml;                   pH: _________



   molarity of citric acid: _________M
