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The Buffer in Lemonade

One important property of weak acids and weak bases is their ability to form buffers. A buffer is the combination of a weak acid and a salt of the weak acid. Acetic acid and sodium acetate are an example of this kind of buffer pair. Buffers resist changes in pH upon the addition of small amounts of H+ or OH– ions. The dissociation equation for acetic acid contains both of the buffer components, HC2H3O2 and C2H3O2–:
HC2H3O2(aq) 
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 H+(aq) + C2H3O2–(aq)

When a small amount of an HCl solution is added to the buffer solution, most of the H+ ions are removed when they react with acetate ions:

H+(aq) + C2H3O2–(aq) 
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 HC2H3O2(aq)

When a solution of NaOH is added to the buffer, most of the OH– ions are removed when they react with acetic acid molecules:

OH–(aq) + HC2H3O2(aq) 
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 H2O(l) + C2H3O2–(aq)

Buffers are incorporated into various consumer products to help control the effects of varying pH. The popular powdered drink mix used in this experiment uses a citric acid–sodium citrate buffer to “control acidity,” according to its label.

In this experiment, you will use a pH Sensor to monitor pH as you titrate a given volume of the commercial brand of lemonade drink. You will also titrate an unbuffered solution of 0.010 M citric acid and compare the results with the lemonade buffer system. This citric acid solution has about the same concentration of citric acid as the commercial lemonade.

MATERIALS

	LabPro or CBL 2 interface
	distilled water

	TI Graphing Calculator
	ring stand

	DataMate program
	2 utility clamps

	pH Sensor
	50-mL or 100-mL graduated cylinder

	0.01 M citric acid solution
	wash bottle with distilled water

	0.10 M NaOH solution
	250-mL beaker 

	lemonade drink
	magnetic stirrer with stirring bar (if available)


PROCEDURE

1.
Obtain and wear goggles.

2.
Use a graduated cylinder to measure out 40 mL of the lemonade drink and 60 mL of distilled water into a 250-mL beaker. CAUTION: Do not eat or drink in the laboratory.
3.
Place the beaker on a magnetic stirrer and add a stirring bar. If no magnetic stirrer is available, you will need to stir with a stirring rod during the titration.
4.
Plug the pH Sensor into Channel 1 of the LabPro or CBL 2 interface. Use the link cable to connect the TI Graphing Calculator to the interface. Firmly press in the cable ends.



Figure 1

5.
Use a utility clamp to suspend a pH Sensor on a ring stand as shown in Figure 1. Position the pH Sensor in the lemonade mixture and adjust its position so that it is not struck by the stirring bar.

6.
Obtain a 50-mL buret and rinse the buret with a few mL of the 0.10 M NaOH solution. CAUTION: Sodium hydroxide solution is caustic. Avoid spilling it on your skin or clothing. Dispose of the rinse solution as directed by your teacher. Use a utility clamp to attach the buret to the ring stand as shown in Figure 1. Fill the buret a little above the 0.00-mL level of the buret with 0.10 M NaOH solution. Drain a small amount of NaOH solution so it fills the buret tip and leaves the NaOH at the 0.00-mL level of the buret. Record the precise concentration of the NaOH solution in your data table.

7.
Turn on the calculator and start the DATAMATE program. Press 
 to reset the program.

8.
Set up the calculator and interface for the pH Sensor.

a. Select SETUP from the main screen.

b. If CH 1 displays PH, proceed directly to Step 9. If it does not, continue with this step to set up your sensor manually.

c. Press 
 to select CH 1.

d. Select PH from the SELECT SENSOR menu.

9.
Set up the data-collection mode.

a. To select MODE, press 
 once and press 
.

b. Select EVENTS WITH ENTRY from the SELECT MODE menu.

c. Select OK to return to the main screen.


10.
You are now ready to perform the titration. This process goes faster if one person manipulates and reads the buret while another person operates the calculator and enters volumes.

a. Select START to begin data collection.

b. Before you have added any NaOH solution, press [image: image4.wmf]ENTER

 and type in “0” as the buret volume in mL. Press [image: image5.wmf]ENTER

 to save the first data pair for this experiment.

c. Add 2.0 mL of NaOH titrant. When the pH stabilizes, press [image: image6.wmf]ENTER

 and enter the current buret reading. You have now saved the second data pair for the experiment. 

d. Continue to add 2.0-mL increments, entering the buret level after each increment. When the pH has leveled off between 10.5 and 11, press [image: image7.wmf]STO

 end data collection.


11.
Examine the data on the displayed graph to find the equivalence point—that is the largest increase in pH upon the addition of 2 mL of NaOH solution. As you move the cursor right or left on the displayed graph, the volume (X) and pH (Y) values of each data point are displayed below the graph. Go to the region of the graph with the largest increase in pH. Find the NaOH volume just before this jump. Record this value in the data table. Then record the NaOH volume after the 2-mL addition producing the largest pH increase.


12.
Store the data from the first run so that it can be used later. To do this:

a. Press [image: image8.wmf]ENTER

 to return to the main screen, then select TOOLS.

b. Select STORE LATEST RUN from the TOOLS MENU.


13.
Use a graduated cylinder to measure out 40 mL of 0.010 M citric acid solution and 60 mL of distilled water into a 250-mL beaker. Position the pH Sensor, beaker, and stirring bar as you did in Step 5. Refill the buret to the 0.00-mL level of the buret with 0.10 M NaOH solution. CAUTION: Sodium hydroxide solution is caustic. Avoid spilling it on your skin or clothing.

14.
Repeat Steps 10-11 of the procedure. Important: Add the same total volume of NaOH that you did in the first trial using the same number of 2-mL increments. Both lists of data must have the same number of points and the same volumes in order to be compatible for graphing in Step 16.


15.
When you are finished, dispose of the beaker contents as directed by your teacher. Rinse the pH Sensor and return it to the pH storage solution.


16.
A good way to compare the two curves is to view both sets of data on one graph. To do this:

a. Press [image: image9.wmf]ENTER

 to return to the main screen.

b. Select GRAPH from the main screen, then press [image: image10.wmf]ENTER

.

c. Select MORE, then select L2 AND L3 VS L1 from the MORE OPTIONS menu.

d. Both pH runs should now be displayed on the same graph. Each point of the first run (lemonade drink) is plotted with a box, and each point of the second run (unbuffered citric acid solution) is plotted with a dot.


17.
Print a graph of pH vs. volume (with two curves displayed). Label each curve as buffered lemonade or unbuffered citric acid.

Processing the data

1.
Determine the volume of NaOH added at the equivalence point for each trial. To do this, add the two NaOH values determined in Step 12 and divide by two.

2.
Calculate the number of moles of NaOH used in each titration. Which solution reacted with more NaOH when the equivalence point was reached?

3.
Examine the graph of each titration. How does the titration curve of the buffered lemonade compare to the curve of the unbuffered citric acid solution?

DATA TABLE and Calculations

	
	Lemonade
	Citric Acid solution

	Concentration of NaOH
	M
	M

	NaOH volume added before the largest pH increase
	mL
	mL

	NaOH volume added after the largest pH increase
	mL
	mL


	Volume of NaOH added at the equivalence point
	




mL
	




mL

	Moles NaOH
	




mol
	




mol
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