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Testing the Effectiveness 
of a Buffer
A buffer is an aqueous mixture of a weak acid and its conjugate base, or a weak base and its conjugate acid. A buffer has a very stable pH. When small amounts of an acid or a base are added to a buffer solution, the pH of the solution changes very little. In many chemical and biochemical systems, buffers are critical. Blood plasma, a natural example in humans, is a bicarbonate buffer that keeps the pH of blood between 7.2 and 7.6.
By design, a buffer is an equilibrium system. An example is a buffer prepared with nitrous acid, HNO2. The weak acid establishes an aqueous equilibrium as shown below:
HNO2 (aq) ↔ H+ (aq) + NO2– (aq)
The equilibrium constant expression is

To prepare a buffer system with nitrous acid, a conjugate base, such as sodium nitrite (NaNO2), is added. The resulting system is a mixture of HNO2 and NO2– ions. The nitrous acid molecule will buffer the addition of an acid and the nitrite ion from the conjugate will buffer the addition of a base.
A variation of the equilibrium expression above, called the Henderson-Hasselbalch equation, is a very good reference in preparing a buffer solution. For a nitrous acid/sodium nitrate buffer, the Henderson-Hasselbalch equation is shown below:

The pH range in which a buffer solution is effective is generally considered to be ±1 of the pKa.
In the Initial Investigation, you will prepare two acetic acid/sodium acetate buffer systems. After examining the factors involved in preparing these buffers and testing their effectiveness, you will design a buffer for a specified pH range as well as test its effectiveness; effectiveness will be assessed based on the amount of acid or base a buffer can absorb before the pH of the buffer solution falls outside a specified pH range.
PRE-LAB ACTIVITY
Use the Henderson-Hasselbalch equation to perform the following calculations. The Ka of acetic acid is 1.8 × 10–5. Review your calculations with your instructor before preparing the buffer solutions.
· Buffer A: Calculate the mass of solid sodium acetate required to mix with 100.0 mL of 0.1 M acetic acid to prepare a pH 4 buffer. Record the mass in your data table.
· Buffer B: Calculate the mass of solid sodium acetate required to mix with 100.0 mL of 1.0 M acetic acid to prepare a pH 4 buffer. Record the mass in your data table.
INITIAL INVESTIGATION
In the Initial Investigation, you will practice testing two acetic acid/sodium acetate buffer solutions by titrating the buffers with solutions of hydrochloric acid and sodium hydroxide.
1. Obtain and wear goggles.
2. Use the calculations from the Pre–Lab Activity to prepare 100 mL of Buffer A and 100 mL of Buffer B. WARNING: Sodium acetate solution, CO2CH3Na: May be harmful if swallowed. Causes eye irritation and mild skin irritation. 
3. Use a graduated cylinder to measure out 20 mL of the Buffer A solution into a beaker. Place the beaker on a Stir Station and add a stirring bar. 
4. Launch Graphical Analysis. Connect the pH Sensor and Drop Counter to your Chromebook, computer, or mobile device. 
5. Lower the Drop Counter onto a Stir Station.
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6. 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.
7. 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 8.
· If you want to perform a new calibration, continue with the next 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. Click or tap Apply.
h. Discard the NaOH solution in the graduated cylinder as indicated by your instructor and set the graduated cylinder aside.
8. 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 acetic acid solution onto the Stir Station. Lower the pH Sensor into the beaker.
d. If necessary, add additional distilled water to the beaker of buffer in order to immerse the tip of the pH Sensor. 
e. 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.
f. Adjust the reagent reservoir so its tip is just above the Drop Counter slot.
g. Turn the Stir Station on so that the stirring bar is stirring at a fast rate.
9. You are now ready to perform the titration.
a. Record the initial pH of Buffer A.
b. Start data collection. No data will be collected until the first drop goes through the Drop Counter slot.
c. Fully open the bottom valve. The top valve should still be adjusted so drops are released at a rate of about 1 drop every 2 seconds. When the first drop passes through the Drop Counter slot, check the graph to see that the first data pair was recorded.
d. Watch your graph to see when a large increase in pH takes place—this is the equivalence point of the reaction. When this jump in pH occurs, allow about 3 more milliliters of NaOH solution to be added.
e. Close the bottom valve of the reagent reservoir.
f. Stop data collection to view a graph of pH vs. volume.
g. Note the volume of NaOH that was used to increase the pH of Buffer A by 2 units.
10. Dispose of the reaction mixture as directed by your instructor.
11. Follow the necessary steps to test 20 mL of Buffer A with a 0.50 M HCl solution.
12. Follow the necessary steps to test 20 mL volumes of Buffer B with both 0.50 M NaOH and 0.50 M HCl solutions.
Planning for the FINAL INVESTIGATION
You will be given a set of substances and solutions to use in preparing a buffer solution of a specified pH. Evaluate the results from the Initial Investigation, and use this information to determine how to prepare the assigned buffer. Consider these following points:
· How much more effective was Buffer B than Buffer A?
· Which component of the buffer, the acid or the conjugate base, is more important in designing a buffer of a specific pH?
· What molar concentration of HCl and NaOH solution should be used to test your buffer?
Keep in mind that the manner in which you will evaluate your buffer is based on the amount of a strong acid or a strong base the buffer can “absorb” before it fails. A common effective range for a buffer is 1–2 pH units above and below the initial pH of the buffer solution. If you set the range as 2 pH units, for example, then a buffer with initial pH of 4.00 will have failed when sufficient strong acid is added to lower the pH to 2.00 or sufficient strong base is added to increase the pH to 6.00.
Ask your instructor if s/he will give you the parameters that define a failed buffer or if you will be given the liberty of specifying the point at which the buffer fails. 
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 most effective manner in which to conduct a titration to show the buffer at work?
· What is the best concentration of strong acid and strong base to best show the effectiveness of the buffer?
· 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: preparing a buffer of a specified pH and testing its effectiveness against a strong acid and a strong base
· 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
Additional items to consider including in your report
· A comparison of your results with the results from other groups preparing different buffers
· Recommended modifications to the procedure that would increase accuracy, save time, or ensure that liquids are handled more efficiently and safely
· A discussion of alternate formulas for preparing a buffer of similar pH
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