

  

What Does a Buffer Do?
Purpose
       The purpose of this activity is to introduce buffers and demonstrate that a buffer is a system that resists a change in its pH.  During the activity, HCl (a strong acid) is added to water, drop by drop, while monitoring the pH.  The experiment is repeated, adding drops of HCl to a buffered solution composed of  H2CO3 and NaHCO3.  Although the buffer has an initial pH which is very close to that of water, the buffered solution has a very different response to the addition of acid.    

Materials
                   CBL2 system

                   TI-84

                   pH probe

                   2 beakers (100 mL)

                   magnetic stirrer

                   wash bottle

                   tonic water

                   1 M NaHCO3 solution (or 2.1 g of NaHCO3 in 25 mL of water)

       water


       1 M HCl in a labeled pipet or dropper bottle
Procedure

      Part I

1. Set up a calculator and CBL 2 unit.  Plug the pH probe into channel 1. Turn the calculator and CBL2 unit on. 
2. Press [image: image1.png]C APPS )



.  Go to EasyData.  Press [image: image2.png]C ENTER )



. 

      3.  Press [image: image3.png](File)



.   Select “1: New”.  Press [image: image4.png]C ENTER )



.  (This step allows the calculator to              auto- identify the pH probe and clears out old information from the lists.)

           Press the [image: image5.png]


key. Arrow down to “ 4: Selected Events” and press [image: image6.png]C ENTER )



.
4. Measure 50 mL of water into a clean beaker, add a magnet, and place the beaker onto a magnetic stirrer.  Rinse the pH probe off, then lower it into the beaker. 

      5.   Press the [image: image7.png](Start |



 key. When the pH has stabilized, press [image: image8.png](Keep |



.  (This will record 
the pH of the water.) 

      6.    Add 1 drop of 1 M HCl to the beaker.  When the pH has stabilized, press [image: image9.png](Keep |



.

7.  Add another drop of HCl.  When the pH is stable, press [image: image10.png](Keep |



.

8. Continue adding HCl, drop by drop, until a total of 5 drops has been added. (You will see 6 points on the display screen). Press [image: image11.png](Keep |



 after each drop so that the calculator records the pH. 

      9.   After the pH of the 5th drop has been collected, press [image: image12.png][ Stop |



.
     10.  In order for the calculator to store this data, press [image: image13.png][ Main |



.   Press [image: image14.png](File)



.  Arrow 
down to “5: Store Run”.  Press [image: image15.png]C ENTER )



.  (The data you collected will be moved 
from L2 to L3, making room for the next run to go into L2).  Press [image: image16.png]


. Select 
[image: image17.png](Start |



, then [image: image18.png]


.  The calculator is now ready to collect data for another run.
Part II

11. Create a buffer by combining 25 mL of tonic water (H2CO3) and 25 mL of baking soda solution (NaHCO3) in a beaker.  Add a magnet and place the beaker onto the magnetic stirrer. Rinse the pH probe, lower it into the solution, and clamp the probe in place. 

            Once the pH is stable, press [image: image19.png](Keep |



.
      The calculator will store the initial pH of the buffer.

      12. Add a drop of HCl.  Press [image: image20.png](Keep |



 to record the pH of the solution.  

Repeat, being sure to press [image: image21.png](Keep |



 after each drop, until 5 drops of acid have been 
added. (A total of 6 data points will show on the display screen).
13. Press [image: image22.png][ Stop |



.  To look at the two graphs simultaneously, press [image: image23.png](Adv )



.  Arrow down to “6: L2 and L3 vs L1”.  Press [image: image24.png]C ENTER )



. Using the arrow keys, [image: image25.png]


 and [image: image26.png]


, move from point to point on the water curve.  Generalize. What happened to the pH of the water as drops of acid were added?
            Now, use the arrow keys to move to and along the buffer curve.  Compare. What 
happened to the pH of the buffer as drops of acid were added? 

14. The data and graphs from this experiment can be saved by selecting [image: image27.png][ Main |



. 

      
Select [image: image28.png](File)



.  Arrow down to “3:  Save As”.   Type the name of the experiment (it 
is helpful to put the calculator into alpha lock) and press [image: image29.png]


.  Select [image: image30.png][ Quit )



.  
Select 
[image: image31.png]


 to leave the program.
15.  Tidy up your lab station. 


16.  When you are ready to look at your data again, go to [image: image32.png]C APPS )



 and open 
EasyData. If no interface is connected, select [image: image33.png](None



. Go to [image: image34.png](File)



.  Arrow down to 
“2: Open”.  Select your named file.  Press [image: image35.png]


. Press [image: image36.png](Graph)



, then [image: image37.png](Adv )



. Arrow 
down to “6: L2 and L3 vs L1”. Press [image: image38.png]C ENTER )



 to see a simultaneous display of both 
graphs. In order to view the data, you must quit EasyData.  The experimental 
data will be found by pressing STAT and looking at L1, L2, and L3. 


21.  You may be asked to  connect the calculator to a computer using a graph 
link cable. Using TI connect, get the graph and lists, then paste them into a 
word document.  Alternatively, you can transfer the data into LoggerPro. Print out 
a copy of the data tables and graphs for your lab report. 

Conclusion
1. Compare the graph of acid added to water to the graph of acid added to buffer.

2. Make a general statement in which you outline the qualities of a buffer.

Extension


Repeat the process, using 1 M NaOH in place of  1 M HCl.  

Note:   This activity serves to introduce the topic of buffers by allowing students to visualize how resistant buffers are to changes in pH.  It calls for students to prepare a buffer having a pH of 7 from common materials.   With this knowledge, the teacher can develop the concept of buffer consisting of a weak acid and weak base containing a common ion. This buffer system is of particular relevance since it is similar to that which maintains pH stability in the blood.
