Instructor 
Buffer Capacity
The experiments require the most recent version of the data-collection software. Updates can be found at www.vernier.com/downloads 
Related Skills
Conduct an acid-base titration using a Vernier pH Sensor and Drop Counter

Estimated Time
It is estimated that data collection and analysis can be completed in a three hour laboratory period. 
Instructor Notes
1. If time is available, have students prepare both the tris and phosphate buffer.
1. The target pH and buffer concentrations were subjectively chosen. 
1. The reference for the pKa values is CRC Handbook of Chemistry and Physics. 82nd ed. Boca Raton, Fl: CRC Press LLC, 2001.
1. The sample data reflect the buffer preparation with calculations using the literature pKa values listed in the table and do not take into account the ionic strength. The ionic strength of each buffer varies resulting in activities different from the concentrations. 
	
	pKa at 25C

	Acetic acid
	4.75

	Tris(hydroxymethyl)aminomethane
	8.07

	Phosphoric acid (pKa1)
	2.15

	Phosphoric acid (pKa2)
	7.20

	Phosphoric acid (pKa3)
	12.40



1. To calibrate the pH Sensor, see http://www.vernier.com/til/2442/
1. To calibrate the Drop Counter, see ww.vernier.com/manual/vdc-btd
1. There are several methods of preparing buffers.
The most common preparation method for a buffer solution is combining a weak acid with its conjugate base. 
The reverse can be done by combining a weak base with its conjugate acid.
Another option is to start with a weak acid and add half as many moles of strong base.
A buffer solution can also be prepared by starting with a weak base and adding half as many moles of a strong acid.
1. The acetate buffers demonstrate a buffer system with the same pH can have different buffering capacities. The tris buffer is an example of preparing a buffer starting with one component. The phosphate buffer is an example of preparing a buffer using both the acid and conjugate base. Using the provided materials, students can prepare the buffers using any method of their choice. 
1. Sample calculations for preparing the buffers. 
100 mL of a 15 mM acetate buffer, pH 4.8
Use the Henderson Hasselbalch equation to find the ratio of A– to HA.




Since [A–]/[HA] = 1.11, we can say that [A-]/[HA] = 1.11/1. In this case 
[A–] = 1.11 and [HA] = 1. 
Calculate the decimal fraction of each buffer component.
A– = 1.11/(1.11 + 1) = 0.53
HA = 1/(1.11 + 1) = 0.47
Find the moles of each component in the buffer.
0.015 M x 0.53 x 0.1 L = 7.95 x 10-4 moles of A–
0.015 M x 0.47 x 0.1 L = 7.05 x 10-4 moles of HA 
Calculate the volume of HA and mass A– required to make the buffer.
7.95 x 10-4 moles x 136.08 g/mol = 0.11 g of sodium acetate trihydrate
7.05 x 10-4 moles / 0.3 M = 0.0024 L of 0.3 M acetic acid
To prepare this buffer, measure the appropriate amount of each component and add DI to bring to volume.
100 mL of a 50 mM phosphate buffer, pH 7.2
Use the Henderson Hasselbalch equation to find the ratio of A– to HA.




Since [A–]/[HA] = 0.98, we can say that [A-]/[HA] = 0.98/1. In this case 
[A–] = 0.98 and [HA] = 1. 
Calculate the decimal fraction  of each buffer component.
A– = 0.98/(0.98 + 1) = 0.49
HA = 1/(0.98 + 1) = 0.51
Find the moles of each component in the buffer.
0.050 M x 0.49 x 0.1 L = 0.00255 moles of A–
0.050 M x 0.51 x 0.1 L = 0.00245 moles of HA 
Calculate the volume of HA and mass A– required to make the buffer.
0.00255 moles x 268.07 g/mol = 0.683 g of sodium phosphate dibasic heptahydrate
0.00245 moles x 137.99 g/mol = 0.338 g of sodium phosphate monobasic monohydrate 
To prepare this buffer, measure the appropriate amount of each component and add DI to bring to volume.

Sample Data
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Figure 1  Testing buffer capacity of a 15 mM acetate buffer with 0.1 M HCl

[image: C:\Users\enam\Desktop\VST\ChemBioEnv\Biochem\01 Buffers\Buffer Capacity\buffer_capacity_acetate_buffer_4 (1).png]
Figure 2  Testing buffer capacity of a 25 mM acetate buffer with 0.1 M HCl
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Figure 3  Testing buffer capacity of a 50 mM tris buffer with 0.1 M HCl
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Figure 4  Testing buffer capacity of a 50 mM phosphate buffer with 0.1 M HCl
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Figure 5  Testing buffer capacity of a 15 mM acetate buffer with 0.1 M NaOH 
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Figure 6  Testing buffer capacity of a 25 mM acetate buffer with 0.1 M NaOH
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Figure 7  Testing buffer capacity of a 50 mM tris buffer with 0.1 M NaOH
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Figure 8  Testing buffer capacity of a 50 mM phosphate buffer with 0.1M NaOH

Titration using HCl

	15 mM Acetate buffer 

	Titrant
	0.1 M HCl

	Initial pH
	4.97

	Final pH
	3.98

	Volume required to change buffer pH by 1 unit
	4.00 mL



	25 mM Acetate buffer 

	Titrant
	0.1 M HCl

	Initial pH
	4.97

	Final pH
	3.97

	Volume required to change buffer pH by 1 unit
	8.25 mL



	50 mM Tris buffer

	Titrant
	0.1 M HCl

	Initial pH
	8.08

	Final pH
	7.08

	Volume required to change buffer pH by 1 unit
	15.8 mL



	50 mM Phosphate buffer

	Titrant
	0.1 M HCl

	Initial pH
	7.21

	Final pH
	6.21

	Volume required to change buffer pH by 1 unit
	12.5 mL



Titration using NaOH 

	15 mM Acetate buffer 

	Titrant
	0.1 M NaOH

	Initial pH
	4.96

	Final pH
	5.96

	Volume required to change buffer pH by 1 unit
	2.60 mL



	25 mM Acetate buffer 

	Titrant
	0.1 M NaOH

	Initial pH
	4.95

	Final pH
	5.95

	Volume required to change buffer pH by 1 unit
	4.03 mL



	50 mM Tris buffer

	Titrant
	0.1 M NaOH

	Initial pH
	8.17

	Final pH
	9.16

	Volume required to change buffer pH by 1 unit
	13.6 mL



	50 mM Phosphate buffer

	Titrant
	0.1 M NaOH

	Initial pH
	7.18

	Final pH
	8.18

	Volume required to change buffer pH by 1 unit
	6.96 mL



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). Refer to the Safety Data Sheet (SDS) that came with the chemical for proper handling, storage, and disposal information. SDS can also be found online from the manufacturer. 
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.
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