Experiment 
Buffer Capacity
Buffers are very important in chemical and biological systems. Many biochemical processes function within a narrow range of pH values. For example, human blood is buffered to maintain a pH of about 7.4, the pH at which hemoglobin and enzymes are active. If the pH were to change by just 0.1 pH unit, hemoglobin's capacity to carry oxygen would be lost. 
A buffer contains a weak acid and its conjugate base, or a weak base and its conjugate acid. In addition, buffers often contain other solutes such as nutrients, electrolytes, and/or various biomolecules. Two important characteristics of a buffer solution are pH and buffer capacity. A common measure of buffer capacity is the amount of acid or base needed to change the solution by one pH unit. 
Making a buffer with a specific pH value involves controlling the concentration of the acid and base components. For example, in this experiment you will prepare an acetate buffer. In this buffer, the acid component is acetic acid and the base component is the acetate ion. According to the Henderson-Hasselbalch equation, as long as the concentrations of these two components are equal, the pH of the acetate buffer will be equal to its pKa. 
 
There are several ways to control the pH of a buffer. One method is to start with one buffer component (either acid or base) and then gradually add the second component until the desired pH is reached. A second method is to use the Henderson-Hasselbalch equation to calculate the concentrations of acid and base components needed to produce a buffer with a specific pH.
In this experiment, you will prepare four buffers with varying buffer capacities. You will test the buffer capacity of each solution by titrating the buffer with a strong acid and a strong base.
Materials
LabQuest or computer interface
LabQuest App or Logger Pro
Vernier Tris-Compatible Flat pH Sensor
Vernier Drop Counter
60 mL reagent reservoir
ring stand and magnetic stirrer or Stir Station
stirring bar or Microstirrer
wash bottle
distilled water
utility clamp
(5) 250 mL beakers
(4) 100 mL beakers
50 mL graduated cylinder
10 mL graduated cylinder
pipettes and bulbs
0.1 M NaOH 
0.1 M HCl 
0.3 M acetic acid 
0.5 M acetic acid
Sodium acetate trihydrate, solid
Tris(hydroxymethyl)aminomethane, solid
Sodium phosphate dibasic heptahydrate, solid
Sodium phosphate monobasic monohydrate, solid
balance

HAZARD ALERTS
The chemical safety signal words used in this experiment (DANGER, WARNING, and N/A) are part of the Globally Harmonized System of Classification and labeling of Chemicals (GHS). 
Sodium hydroxide, 0.1 M, NaOH: WARNING: Causes skin and eye irritation.
Hydrochloric acid, 0.1 M, HCl: DANGER: Hydrochloric acid solution, HCl: Causes severe skin and eye damage. Do not breathe mist, vapors, or spray. May cause respiratory irritation. May be harmful if swallowed.
Acetic acid, 0.3 M, 0.5 M CH3OOH: CAUTION: Treat all laboratory chemicals with caution. Prudent laboratory practices should be observed.
Sodium acetate trihydrate, solid, NaC2H3O2•3H2O: WARNING: May be harmful if swallowed. Causes eye irritation and mild skin irritation.
Tris(hydroxymethyl)aminomethane, solid, H2NC(CH2OH)3: WARNING: Harmful if swallowed. Causes skin and serious eye irritation.
Sodium phosphate monobasic monohydrate, solid, NaH2PO4•H2O: WARNING: Harmful if swallowed. Causes skin and serious eye irritation.
Sodium phosphate dibasic heptahydrate, solid, Na2HPO4•7H2O: WARNING: Harmful if swallowed. Causes skin and serious eye irritation.
Procedure
Part I  Prepare buffer solutions 
1. Obtain and wear goggles.
1. Calculate the amounts of weak acid and its conjugate base that are required to prepare 100 mL of each buffer listed in the table. You will need to make the conjugate base for the Tris and Phosphate buffer systems using the available chemicals. The table lists the target starting pH and the weak acid concentration of each buffer system. The list of available chemicals can be found in the Material section.
	Buffer system
	Concentration (mM)
	Buffer system target pH

	Acetate 
	15
	4.8 

	Acetate 
	25
	4.8

	Tris
	50
	8.0

	Phosphate
	50
	7.2



1. Prepare each buffer solution in a 100 mL beaker and set aside for the titrations. 
Part II  Test the buffer capacity with HCl
3. Obtain approximately 100 mL of 0.1 M HCl solution in a 250 mL beaker.
4. Pour 50 mL of the buffer solution into a 100 mL beaker and save the rest for use in Part III. 
5. Connect the pH Sensor to LabQuest or computer interface. Lower the Drop Counter onto a ring stand and connect it to DIG 1. Choose New from the File menu.
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. 
Rinse the reagent reservoir with a few mL of the 0.1 M HCl solution and pour the HCl into an empty 100 mL waste beaker.
Use a utility clamp to attach the reservoir to the ring stand.
Fill the reagent reservoir with slightly more than 60 mL of the 0.1 M HCl solution.
Place the 100 mL waste beaker beneath the tip of the reservoir.
Drain a small amount of the HCl solution into the waste beaker so 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.
To set the drop rate, open the bottom valve on the reagent reservoir. Keep the top valve closed. Slowly open the top valve of the reagent reservoir so that drops are released at a slow rate (~1 drop every two seconds). After 10–15 drops have been released, close the bottom valve.
Discard the drained HCl solution as directed.
7. Assemble the apparatus.
1. Place the magnetic stirrer on the base of the ring stand if not using a Stir Station.
Insert the pH Sensor through the large hole in the Drop Counter.
Attach the Microstirrer to the bottom of the pH Sensor. Rotate the paddle wheel of the Microstirrer and make sure that it does not touch the tip of the pH Sensor. Alternately, use a magnetic stirring bar and take the same care in setting it up.
Adjust the positions of the Drop Counter and reagent reservoir so they are both lined up near the center of the magnetic stirrer.
Lift up the pH Sensor, and slide the 100 mL beaker containing the sample onto the magnetic stirrer. Lower the pH Sensor into the beaker.
Adjust the position of the Drop Counter so that the Microstirrer on the pH Sensor is just touching the bottom of the beaker.
Adjust the reagent reservoir so its tip is just above the Drop Counter slot.
Turn on the magnetic stirrer so that the Microstirrer or magnetic stirring bar is stirring at a fast rate without splashing.
8. You are now ready to conduct the titration.
1. Start data collection. No data will be collected until the first drop goes through the Drop Counter slot.
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. 
Continue watching your graph until the pH changes by 1 pH unit. Let the titration proceed for several more milliliters of titrant. 
Stop data collection, and then turn the bottom valve of the reagent reservoir to a closed (horizontal) position.
9. Store the run. 
In Logger Pro, do this by selecting Store Latest Run from the Experiment menu. 
In LabQuest App, you can store a run by tapping the file cabinet icon.
 
Dispose of the mixture as directed. Rinse the pH Sensor with distilled water in preparation for the next buffer solution.
10. Repeat the titration with the additional buffer solutions.
Part III  Test the buffer capacity with NaOH
11. Obtain approximately 100 mL of 0.1 M NaOH solution in a 250 mL beaker.
12. Discard any remaining HCl solution in the reagent reservoir and thoroughly rinse with DI water.
13. Rinse the clean reagent reservoir with a few mL of the 0.1 M NaOH solution and discard that solution.
14. Fill the reagent reservoir with 0.1 M NaOH.
15. Titrate the remaining buffer solutions with 0.1 M NaOH. Follow the same procedure as described in Steps 7–12 of Part II using NaOH instead of HCl.
Dispose of the mixture as directed. Rinse the pH Sensor with distilled water in preparation for the next buffer solution.
16. Save the data after titrating all the buffer solutions.
Data
Titration using HCl

	15 mM Acetate buffer 

	Titrant
	

	Initial pH
	

	Final pH
	

	Volume required to change buffer pH by 1 unit
	



	25 mM Acetate buffer 

	Titrant
	

	Initial pH
	

	Final pH
	

	Volume required to change buffer pH by 1 unit
	



	50 mM Tris buffer

	Titrant
	

	Initial pH
	

	Final pH
	

	Volume required to change buffer pH by 1 unit
	



	50 mM Phosphate buffer

	Titrant
	

	Initial pH
	

	Final pH
	

	Volume required to change buffer pH by 1 unit
	



Titration using NaOH.

	15 mM Acetate buffer 

	Titrant
	

	Initial pH
	

	Final pH
	

	Volume required to change buffer pH by 1 unit
	



	25 mM Acetate buffer 

	Titrant
	

	Initial pH
	

	Final pH
	

	Volume required to change buffer pH by 1 unit
	



	50 mM Tris buffer

	Titrant
	

	Initial pH
	

	Final pH
	

	Volume required to change buffer pH by 1 unit
	



	50 mM Phosphate buffer

	Titrant
	

	Initial pH
	

	Final pH
	

	Volume required to change buffer pH by 1 unit
	



Discussion
Considers these points when analyzing your data and preparing a lab report. 
Describe your method and show the calculations for preparing each buffer.
Describe a different method that you could have used.
Which acetate buffer had a higher buffering capacity and why?
To make a buffer with a higher buffering capacity, what changes could be made?
Provide examples of other buffer systems and their working pH range.
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