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Buffers are interesting things. An aqueous buffer has the ability to resist, for a time, changes in pH that are caused by the addition of strong acids or strong bases. Observing and measuring how this works are objectives of this investigation.
First, consider the components of a buffer. An aqueous buffer solution is composed of a weak acid and its conjugate base, or a weak base and its conjugate acid. If acetic acid is chosen as the weak acid, then the next step is to find its conjugate base. A salt of acetic acid, such as sodium acetate, serves this purpose.
The next consideration is the molar concentration of the buffer. Generally, a buffer is prepared by combining equal molar amounts of the species that will react with hydronium ions (H3O+) from acids and hydroxide ions (OH–) from bases. For the acetic acid/sodium acetate buffer, equal volumes of 0.50 M solutions of acetic acid and sodium acetate can be used. Higher concentrations make the buffer stronger, able to soak up more H3O+ or OH– ions.
Many commercial products are formulated to contain buffers. Buffers can be important for helping stabilize the activity of enzymes and proteins, as well as control the color and flavor of foods. Controlling pH is a very important factor in maintaining the physical, chemical, and microbiological stability of foods. To a lesser degree of importance, but interesting nonetheless, adding a buffer to a product like a powdered drink mix can help keep the flavor consistent when the various sources of water used with the drink mix may differ slightly in pH. 
In the Initial Investigation, you will gain experience using a pH sensor to conduct a titration of a weak acid, citric acid. Upon doing so, your instructor will offer a series of commercial products containing buffers. You will select two of these products and test their buffering abilities.
PRE-LAB ACTIVITY
1. Based on the description of a buffer in the introduction above, describe how to make a buffer using carbonic acid, H2CO3.
2. A buffer is made by mixing 60.0 mL of 0.50 M acetic acid and 40.0 mL of 0.50 M sodium acetate. What is the pH of the buffer solution?
3. What is the pH of the buffer solution from Question 2, after 2.2 mL of 0.20 M NaOH solution has been added?
INITIAL INVESTIGATION
In the Initial Investigation, you will practice testing a buffer by titrating a weak acid solution with a solution of sodium hydroxide, NaOH. Your instructor will provide the molar concentrations of the solutions. You will observe the progress of the titration and analyze the results.
1. Obtain and wear goggles.
2. Obtain about 25 mL of a citric acid solution. Your instructor will provide the concentration of the solution. Add 50 mL of distilled water to a 250 mL beaker. Measure out 10 mL of the citric acid solution into the beaker. DANGER: Citric acid solution, C6H8O7: Causes skin and eye irritation.
3. Launch Graphical Analysis. Connect the pH Sensor and Drop Counter to your Chromebook, computer, or mobile device. 
4. Lower the Drop Counter onto a Stir Station.
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5. Obtain the plastic 60 mL reagent reservoir. Close both valves by turning the handles to a horizontal position. Follow the steps below to set up the reagent reservoir for the titration.
a. Rinse the reagent reservoir with a few mL of the 0.10 M NaOH solution and pour the rinse NaOH into an empty 250 mL beaker.
b. Use a utility clamp to attach the reservoir to the Stir Station.
c. Fill the reagent reservoir with slightly more than 60 mL of the 0.10 M NaOH solution.
d. Place the 250 mL beaker, which contains the rinse NaOH, beneath the tip of the reservoir.
e. Drain a small amount of the NaOH solution into the 250 mL beaker so that it fills the reservoir’s tip. To do this, turn both valve handles to the vertical position for a moment, then turn them both back to horizontal.
f. Discard the drained NaOH solution in the 250 mL beaker as directed.
6. Calibrate the Drop Counter so that a precise volume of titrant is recorded in units of milliliters.
a. Click or tap the Volume meter and choose Calibrate.
· If you have previously calibrated the drop size of your reagent reservoir and want to continue with the same drop size, select Manual. Enter the drops per mL from your previous calibration. Select Apply and proceed directly to Step 7.
· If you want to perform a new calibration, continue with this step.
b. Place a 10 mL graduated cylinder directly below the slot on the Drop Counter, lining it up with the tip of the reagent reservoir.
c. Open the bottom valve on the reagent reservoir (vertical). Keep the top valve closed (horizontal).
d. Slowly open the top valve of the reagent reservoir so that drops are released at a slow rate (~1 drop every two seconds). You should see the drops being counted on the screen.
e. When the volume of NaOH3solution in the graduated cylinder is between 9 and 10 mL, close the bottom valve of the reagent reservoir.
f. Enter the precise volume of NaOH in the graduated cylinder.
g. Record the number of drops per mL for future titrations using this reservoir.
h. Click or tap Apply.
i. Discard the NaOH solution in the graduated cylinder as indicated by your instructor and set the graduated cylinder aside
7. Assemble the apparatus.
a. Insert the pH Sensor through the large hole in the Drop Counter.
b. Adjust the positions of the Drop Counter and reagent reservoir so they are both lined up with the center of the Stir Station.
c. Lift up the pH Sensor, and slide the beaker containing the citric acid solution onto the Stir Station. Lower the pH Sensor into the beaker.
d. Place a magnetic stirring bar in the beaker, and adjust the position of the pH Sensor so the probe will not be struck when the stirring bar is stirring.
e. Adjust the reagent reservoir so its tip is just above the Drop Counter slot.
f. Turn the Stir Station on so that the stirring bar is stirring at a fast rate.
8. You are now ready to perform the titration.
a. Determine an initial pH reading, before adding any NaOH solution.
b. For a more accurate titration, add NaOH solution in small increments, raising the pH of the mixture by about 0.15–0.25 units at a time, until you are near an equivalence point.
c. Near an equivalence point, it is good to add NaOH solution drop by drop.
9. Dispose of the reaction mixture as directed by your instructor.
Planning for the FINAL INVESTIGATION
Your instructor will provide you with several commercial products, all of which contain a buffer. After you’ve chosen two commercial products to test, check the label and confirm the ingredients that make up the buffer. Decide on a suitable concentration of NaOH sodium hydroxide and HCl solutions to use. A good starting concentration is 0.50 M, although another concentration may work better. Consider the following issues as you develop your plan:
· How will you use a titration method to measure the strength of the buffers?
· What are the defining graphical characteristics that show how a buffer works?
· How is a buffer’s behavior different from merely titrating an acid with a base?
· What is the best concentration of strong acid and strong base to use in your testing?
FINAL INVESTIGATION
As you carry out your approved plan, consider the following questions:
· What are the optimum number of data-collection runs needed to achieve the best data?
· What is the best method of sampling the commercial products to ensure that your samples are the most reliable representation of the product?
· How should the samples be handled and measured to achieve the best data?
ANALYZing results
When preparing your report, include
· A statement of the results: What is the buffering ability of the commercial products chosen by your group?
· A description of the procedure that you used in the investigation, including any changes that were made to the method that was used during the Initial Investigation
· An analysis of the graphs and supporting calculations
· Written chemical equations to show how the buffers in the products worked
Additional items to consider including in your report
· A comparison of your results with the results from other groups
· Recommended modifications to the procedure that would increase accuracy, save time, or ensure that liquids are handled more efficiently and safely
· A discussion of a buffer system discovered in a commercial product that worked best
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