
BUFFERS AND BUFFER CAPACITY

NAME:_______________________________________  PERIOD:____________

Prelab
1. A buffer solution is prepared that is 0.500 M CH3COOH and 0.700 M CH3COONa. What is

    the pH of the solution?  Ka of CH3COOH is 1.80 x 10-5. Show your work.

2. A buffer solution is prepared that is 0.300 M CH3NH2 and 0.500 M CH3NH3Cl. What is

    the pH of the solution?  Kb of CH3NH2 is 5.00 x 10-4. Show your work.

BUFFERS AND BUFFER CAPACITY


A chemical buffer is a two component solution composed of a weak acid and its conjugate base or a weak base and its conjugate acid. A buffer system will maintain a relatively constant pH over a certain range. The degree to which the buffer will maintain this relatively constant pH depends on the number of moles and concentration of the compounds in the original buffer solution and the number of moles of added acid or base. The pH of the buffer is a function of the Ka of the weak acid or the Kb of the weak base and the concentrations of the acidic and basic species present. 


For a weak acid-conjugate base buffer system, acetic acid, CH3COOH, and its conjugate base, the acetate ion CH3COO-1, will be used. The buffer is prepared by dissolving acetic acid and sodium acetate. The sodium ion is a spectator ion in the buffer system. The acetic acid is in equilibrium with its conjugate base as shown below:


CH3COOH (aq)    +   H2O (l)    (   H3O+1 (aq)   +   CH3COO-1 (aq)
Ka = 1.75x10-5
The equilibrium constant for the reaction is: 




This equilibrium expression can be rearranged to solve for [H3O+1] giving:




The [H3O+1] and the pH of the solution depends on the ratio of the concentration of the weak acid to its conjugate base. If the concentrations of the weak acid and conjugate base are equal, then [H3O+1] = Ka and pH = pKa. A buffer with a pH<7 is often prepared by choosing a weak acid with a pKa close to the required pH and adjusting the ratio of the weak acid to conjugate base to get that pH. This buffer mixture would be good at neutralizing both acids and bases since it has a significant concentration of both the weak acid and the conjugate base.


If a strong acid is added to the buffer, it will react with the conjugate base to produce the weak acid.

CH3COO-1(aq)    +   H+1(aq)   (   CH3COOH(aq) 

If a strong base is added to the buffer, it will react with the weak acid to produce the conjugate base.

CH3COOH(aq)    +   OH-1(aq)   (--(   CH3COO-19aq)   + H2O(l)
If the moles of strong acid or strong base added are small compared to the original moles of weak acid or conjugate base in the buffer, the ratio of the weak acid to conjugate base will change only slightly. The [H3O+1] will change only slightly so the pH will be relatively constant. If the moles of strong acid or strong base added are greater than the original moles of weak acid or conjugate base in the buffer, then either the weak acid or its conjugate base will be completely consumed and the [H3O+1] and the pH will change considerably. The buffer system will be destroyed. 


For a weak base-conjugate acid buffer system, ammonia, NH3, and its conjugate acid, the ammonium ion NH4+1, will be used. The buffer is prepared by dissolving ammonia and ammonium chloride. The chloride ion is a spectator ion in the buffer system. The ammonia is in equilibrium with its conjugate acid as shown below:


NH3 (aq)    +   H2O(l)   (   NH4+1(aq)    +   OH-1(aq)  

Kb = 1.75x10-5
The equilibrium constant for the reaction is: 



This equilibrium expression can be rearranged to solve for [OH-1] giving:




The [OH-1], and thereby the [H3O+1] and the pH of the solution depends on the ratio of the concentration of the weak base to its conjugate acid. If the concentrations of the weak base and conjugate acid are equal, then [OH-1] = Kb and pOH = pKb. A buffer with a pH>7 is often prepared by choosing a weak base with a pKb close to the required pOH and adjusting the ratio of the weak base to conjugate acid to get that pOH. This buffer mixture would be good at neutralizing both acids and bases since it has a significant concentration of both the weak base and the conjugate acid.


If a strong acid is added to the buffer, it will react with the weak base to produce the conjugate acid.

NH3 (aq)    +   H+1(aq)   (   NH4+1(aq)
If a strong base is added to the buffer, it will react with the conjugate acid to produce the weak base.

NH4+1(aq)    +   OH-1(aq)   (   NH3 (aq)   +   H2O (l)
If the moles of strong acid or strong base added are small compared to the original moles of weak base or conjugate acid in the buffer, then the ratio of the weak base to conjugate acid will change only slightly and both the [OH-1], and the [H3O+1] will change only slightly so the pH will be relatively constant. If the moles of strong acid or strong base added are greater than the original moles of weak base or conjugate acid in the buffer, then the weak base or its conjugate acid will be completely consumed and the [OH-1], [H3O+1], and the pH will change considerably. The buffer will be destroyed.

The buffer capacity of a buffer is defined to be the number of moles of strong acid or base that must be added to one liter of the buffer solution to change the pH by one pH unit.


In this experiment, the pH of several buffer mixtures will be measured. A fixed amount of a strong acid and a strong base will be added to distilled water and to several buffer systems. The change in pH will be determined.

Procedure:
For each of the following mixtures, measure and record the pH. Calculate the change in pH. The (pH is the pH of the solution after the addition of the water, acid, or base minus the pH of the solution before the addition. If pH meters or CBL units with pH probes are used, rinse the probe with distilled water into the waste beaker between samples. Gently blot off the water with Kimwipes. Empty and rinse the beakers between samples with tap water and distilled water.

1. Place 25.0 mL of distilled water in a 100 mL beaker. Measure the pH. 

2. Add 10 drops of 1.0M HCl to the beaker from No. 1 and swirl the beaker to mix the solution. Measure the pH and calculate the change in pH. Rinse the pH electrode with distilled water.

3. Place 25.0 mL of distilled water in a 100 mL beaker. Add 10 drops of 1.0M NaOH to the beaker and swirl the beaker to mix the solution. Measure the pH and calculate the change in pH. Rinse the pH electrode with distilled water.

4. Place 25.0 mL of a buffer solution that is 0.10M in CH3COOH and 0.10M in CH3COONa in a 100 mL beaker. Measure the pH. Rinse the pH electrode with distilled water.

5. Place 25.0 mL of a buffer solution that is 0.10M in CH3COOH and 0.10M in CH3COONa in a 100 mL beaker. Add 25.0 mL of distilled water to the beaker from No. 4 and swirl the beaker to mix the solution. Measure the pH and calculate the change in pH. Rinse the pH electrode distilled water.

6. Place 25.0 mL of a buffer solution that is 0.10M in CH3COOH and 0.10M in CH3COONa in a 100 mL beaker. Add 10 drops of 1.0M HCl to the beaker and swirl the beaker to mix the solution. Measure the pH and calculate the change in pH. Rinse the pH electrode with distilled water.

7. Place 25.0 mL of a buffer solution that is 0.10M in CH3COOH and 0.10M in CH3COONa in a 100 mL beaker. Add 10 drops of 1.0M NaOH to the beaker and swirl the beaker to mix the solution. Measure the pH and calculate the change in pH. Rinse the pH electrode with distilled water.

8. Place 25.0 mL of a buffer solution that is 0.010M in CH3COOH and 0.010M in CH3COONa in a 100 mL beaker. Measure the pH. Rinse the pH electrode with distilled water.

9. Add 10 drops of 1.0M HCl to the beaker from No. 8 and swirl the beaker to mix the solution. Measure the pH and calculate the change in pH. Rinse the pH meter with distilled water.

10. Place 25.0 mL of a buffer solution that is 0.010M in CH3COOH and 0.010M in CH3COONa in a 100 mL beaker. Add 10 drops of 1.0M NaOH to the beaker and swirl the beaker to mix the solution. Measure the pH and calculate the change in pH. Rinse the pH electrode with distilled water.

11. Place 25.0 mL of a buffer solution that is 0.10M in NH3 and 0.10M in NH4Cl in a 100 mL beaker. Measure the pH. Rinse the pH electrode with distilled water.

12. Add 10 drops of 1.0M HCl to the beaker from No. 11 and swirl the beaker to mix the solution. Measure the pH and calculate the change in pH. Rinse the pH electrode with distilled water.

13. Place 25.0 mL of a buffer solution that is 0.10M in NH3 and 0.10M in NH4Cl in a 100 mL beaker. Add 10 drops of 1.0M NaOH to the beaker and swirl the beaker to mix the solution. Measure the pH and calculate the change in pH. Rinse the pH electrode with distilled water.
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Data Table
	Beaker No.
	Solution
	Initial pH 
	Final pH
	Change in pH

	1
	Distilled water


	
	
	

	2
	Distilled water + 10 drops 1.0M HCl


	
	
	

	3
	Distilled water + 10 drops 1.0M NaOH


	
	
	

	4
	0.10M CH3COOH /0.10M CH3COONa


	
	
	

	5
	0.10M CH3COOH /0.10M CH3COONa + distilled water
	
	
	

	6
	0.10M CH3COOH /0.10M CH3COONa + 

10 drops 1.0M HCl
	
	
	

	7
	0.10M CH3COOH /0.10M CH3COONa + 

10 drops 1.0M NaOH
	
	
	

	8
	0.010M CH3COOH /0.010M CH3COONa


	
	
	

	9
	0.010M CH3COOH /0.010M CH3COONa +

10 drops 1.0M HCl
	
	
	

	10
	0.010M CH3COOH /0.010M CH3COONa +

10 drops 1.0M NaOH
	
	
	

	11
	0.10M NH3/0.10M NH4Cl


	
	
	

	12
	0.10M NH3/0.10M NH4Cl + 

10 drops 1.0M HCl
	
	
	

	13
	0.10M NH3/0.10M NH4Cl + 

10 drops 1.0M NaOH
	
	
	


Questions:

1. Compare the results from beakers No. 4 and No.5? Explain the results.

2. Compare the results from beakers No. 4 and No.8? Explain the results.

3. Is water an effective buffer? Explain your answer.

4. Is the 0.10M CH3COOH /0.10M CH3COONa solution an effective buffer? Explain your

    answer.

5. Is the 0.010M CH3COOH /0.010M CH3COONa solution an effective buffer? Explain your

    answer.

6. Is the 0.10M NH3/0.10M NH4Cl solution an effective buffer? Explain your answer.

7. Compare the results from beakers No. 6 and No.9? Explain the results.

8. 200.0 mL of 5.00 M HCOOH and 34.0g of HCOONa are dissolved in water and diluted to 

    1.00 liter. What is the pH of the solution? Ka of HCOOH is 1.80 x 10-4. Show your work.

9. 250. mL of 1.00 M (CH3)3N and 9.55 g of (CH3)3NHCl are dissolved in water and diluted to

    1.00 liter. What is the pH of the solution? Kb of (CH3)3N is 7.40 x 10-5.  Show your work.

CBL pH Probe Calibration and Data Collection
I. Set up the calculator and CBL for pH measurement:

1. Connect the CBL unit to the TI-83+ calculator with the unit-to-unit link cable using the I/O ports 

    located on the bottom edge of each unit. Press the cable ends in firmLy.

2. Connect the CBL DIN adapter to the end of the Vernier pH probe and plug the adapter into channel 1,

    CH 1, on the CBL unit. Plug the CBL voltage adapter into the bottom of the CBL

3. Turn on the CBL unit and calculator. The CBL system is now ready to receive commands from the

    calculator.

II. Calibration Procedure:


Make sure the CBL unit and the calculator are turned on. 

1. Press [PRGM] on the TI-83+. Using the arrow keys, highlight the program CHEMBIO. Press

   [ENTER].
2. (Display should read “prgmCHEMBIO”) Press [ENTER].

3. (Display should read “VERNIER SOFTWARE...”) Press [ENTER].

4. Select SET UP PROBES by using the arrow keys to highlight this choice. Press [ENTER]. 

   (If you get the ***Link Error*** message check all link connection and make sure CBL is turned on.

   Press [ENTER] and continue) 

5. The display should read “Enter number of probes.” You are using only one probe, therefore press [1] and

    [ENTER]. The CBL display should show three dashes.

6. You are using the pH probe, therefore, select pH. Press [ENTER].

7. You should have your probe connected in channel one, CH 1, therefore, press 1 and [ENTER].

8. The display should now show a Calibration Menu.  You want to select Perform New by using the 

    arrow keys to highlight this choice then press [ENTER].  The message “Use [CH View] Button on 

    CBL to Monitor Voltage When Stable Press CBL Trigger” will appear. 

9. Remove the pH probe from the storage bottle. Rinse the pH probe with distilled water and carefully 

    shake off the water. Place the probe in the standard solution pH 4.  When the voltage reading on the

    CBL is stable, press TRIGGER on the CBL. The probe is in the standard solution pH 4, enter

    [4] as the reference value in the calculator and press [ENTER].

10. Rinse the pH probe with distilled water and carefully shake off the water. Place the probe in the standard

     solution pH 10. When the voltage reading on the CBL is stable, press TRIGGER on the CBL. The 

     probe is in the standard solution pH 10, enter [10] as the reference value in the calculator and press 

     [ENTER].

11. The calculator should show the intercept and slope values of the calibration line. Press [ENTER].

12. You should now be back at the Main Menu display on the calculator. 

13. Place the pH back in the storage bottle until you are ready to take measurements. 

Note: You may want to check your calibration in the procedure above by reading the pH of a pH 7 buffer. If all your pH readings will be in the acidic range, calibrate with pH 4 and 7 buffers. If all your pH readings will be in the basic range, calibrate with pH 7 and 10 buffers.

III. Collecting pH data:

1. From the Main Menu,

     a. Select Collect Data. This takes you to the Data Collection menu. Press [ENTER].

     b. Select Monitor Input from the Data Collection menu. Press [ENTER].

     c. The message “Please allow system 10 seconds to warm up” appears. Press [ENTER].

2. Remove the probe from the storage solution. Rinse it with distilled water and dry it. Place the probe in the sample to be measured. Read the pH from the calculator or the CBL screen. Record the value in the Data Table. Rinse and dry the probe between solutions. Place the probe in the storage solution between samples.

3. After recording the pH of the solutions, press [+] on the calculator to return to the Main Menu.

4. Select Quit. Press [ENTER]. Rinse and dry the probe and place the probe in the storage solution.
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