Gateway 125,126, 130
Fall 2006
Studio 13a p7

Studio 13a:  11/27/06  Buffers

1) What is a buffer?

2) How do you make a buffer solution of a given pH?

3) Will this buffer be better at buffering additional acid or additional base, or equally good at both?  

Reading:  17.1 p817-828

Group Roles:  A Leader; B Recorder; C Technician
Data/Fact Gathering:

What is a buffer?  

Buffer solutions are solutions which resist change in hydronium ion and hydroxide ion concentration (and consequently the pH) upon addition of small amounts of acid or base, or upon dilution. 
 

Why are buffers important?  

Their resistance to changes in pH makes buffer solutions very useful for chemical manufacturing such as fermentation processes, and for setting the correct conditions for the dyes used in coloring fabrics.
Buffers are essential for many biochemical processes.  Enzymes and other biological molecules contain groups of atoms that may be charged or neutral depending on pH, and whether these groups are charged or neutral has a significant effect on the biological activity of the molecule.  In all multicellular organisms, the fluid within the cell and the fluids surrounding the cells have a characteristic and nearly constant pH maintained in part by a hydrogen phosphate buffer.  This buffer system consists of dihydrogen phosphate ions (H2PO4-) and hydrogen phosphate ions (HPO42-).  In mammals, cellular fluid has a pH in the range 6.9 to 7.4, and the phosphate buffer is effective in maintaining this pH range.  A buffer of carbonic acid (H2CO3) and bicarbonate (HCO3-) is present in blood plasma, to maintain a pH between 7.35 and 7.45.

How does a buffer work?  

A.  Mixing up a buffer  
You may have noticed both of the biological buffer systems that were specified included an acid and its conjugate base.

1) For the phosphate buffer described above, which ion is the acid?  

2) Which ion is its conjugate base?
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Lactic acid (HC3H5O3, Ka = 1.4 x10-4) (Figure 1)and its conjugate base sodium lactate NaC3H5O3 can also be used to make a buffer.
3)  Write a chemical equation that illustrates what happens when pure lactic acid is placed in water.

4) What is the pH of a 0.1M HC3H5O3(aq) solution?
5) Write a chemical equation that illustrates what happens when solid Na C3H5O3 is placed in water

6)  What is the pH of a 0.1M NaC3H5O3(aq) solution?

7) Predict what happens to the pH of 1L or a 0.1M HC3H5O3(aq) solution when 0.1 moles of NaC3H5O3(s) are added.  Does the pH of the solution increase, decrease, or stay the same?  Explain.
8)  What is the pH of this solution?  (Hint:  Set up an ICE table.  Assume that you initially mix 0.1 moles of lactic acid with 0.1 moles of sodium lactated in enough water to make 1 L of solution.  To simplify your math, assume that the change in the concentration of lactic acid and lactate are insignificant.
9)  How does the pH relate to the pKa of lactic acid?
Use the computer simulation
 at http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/acidbasepH/pHbuffer20.html to measure the pH of the following lactic acid/ sodium lactate solutions.  To use the model: 
a) pick your acid and salt; 
b) choose their molarities (note that molarities are x10-1 or x10-2 ; a 0.1 M solution can be entered as 1x10-1 M or 10 x10-2 M); 
c) choose the volumes, and 
d) select the “insert probes” arrow on the pH meter.  Note:  the probes must be removed before making any solution changes.
10)  
a) 100 mL of 0.5M HC3H5O3(aq) / 100 mL 0.5M NaC3H5O3(aq)  pH =__________


b) 100 mL of 0.1M HC3H5O3(aq) / 100 mL 0.5M NaC3H5O3(aq)  pH =__________


c) 100 mL of 0.5M HC3H5O3(aq) / 100  mL 0.1M NaC3H5O3(aq)  pH =__________
11) Explain what causes the differences in pH of the solutions.  Use a chemical equation and LeChâtelier’s Principle in your explanation.

12)  Using the computer simulation, choose two solutions that when mixed will create 1.0 L of a buffer solution with the designated pH.  Record the concentrations and volumes of the acid/base and salts that you mixed.
a)  pH = 4.74  using acetic acid (HC2H3O2) Ka = 1.8x10-5
b)  pH = 5.00 acetic acid

c)  pH = 9.25 using ammonia Kb = 1.8 x10-5
d)  pH = 8.00 using ammonia

Observe that acid/conjugate bases and base/conjugate acid solutions can be mixed together in varying proportions to make buffers of varying pH.  One equation that chemist use to help in buffer preparations is the Henderson-Hasselbalch equaation.  pH = pKa + log ([A-]/[HA]) which is derived in Figure 2.
Figure 2:  Derivation of Henderson-Hasselbalch
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B.  How does a buffer work to resist changes in pH upon addition of acid or base?
A buffer solution contains both a weak acid and its conjugate base (or a weak base and its conjugate acid).                                           HA(aq) + H2O(l) ⇌ H3O+(aq) + A-(aq)
If acid is added, it initially reacts with A- (the strongest base) to form HA.  Then LeChậtelier’s principle applies as equilibrium is restored resulting in some dissociation of HA to reform its conjugate base A- and H3O+ (the strongest acid).  This restoration acts to limit the increase in H3O+ (decrease in the pH) from the added acid.  If base is added, it initially reacts with H3O+.  Equilibrium is reestablished by dissociation of HA to reform some hydronium ion, limiting the decrease in H3O+ (increase in pH) from the addition of base. (Figure 3)
Figure 3:  Depiction of a Buffer Solution
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One means of characterizing a good buffer is to evaluate its buffer capacity.  Buffer capacity is how much H3O+ or OH- a solution can tolerate and remain within a specified pH range. 

In this course, you will calculate buffer capacity in the following way:

BCa (buffer capacity for acid) = -Ca / pH

BCb (buffer capacity for base ) = Cb / pH

C is the amount of acid or base (in moles) added 

13)   Why is BCa set equal to negative Ca/pH ?

14)  Will the buffer that is most resistant to change in pH upon addition of base have a high BCb or a low BCb?  Why?

Question:  At which pH is the phosphate buffer optimal?

The class will make and study the phosphate buffer.  Each group will make a buffer solution using the phosphate salts Na2HPO4.7H2O (sodium phosphate dibasic heptahydrate), and NaH2PO4.H2O (sodium phosphate monobasic monohydrate).  The buffer solution should be 0.2 M total in salts and have a volume of 50 mL.  Each group will be assigned a target pH of 6.8-7.5.  

Ka values for phosphoric acid (H3PO4)

Ka1= 7.11 x 10-3
Ka2= 6.32 x 10-8
Ka3= 7.10 x 10-13
You will then determine the buffer capacities (BCa and BCb) of one of buffer solutions prepared by your classmates.

Hypothesis

15)  Which buffer do you predict will be best?  (Which will be the best at buffering acid?  Which one at buffering base?  Which will be the best overall?)  Explain.

Data and Fact Gathering 
Hint:  You need to determine the amount of both salts that you need to add (two unknowns.)  You have been given a total amount of salt to use.  You also know the Henderson-Hasselbalch equation (pH = pKa + log([A-]/[HA]).  Thus you have two unknowns and two equations and this leads to a “solution.”)

15)  Once you are done making up a buffer, switch with the assigned group.  For the buffer that your group receives, measure the pH and determine the buffer capacity using 0.1 M HCl and 0.1M NaOH over a change of at least 1 pH unit.  (Make sure to divide your sample in half so that you can measure BCa on one half and BCb on the other.)
pH  _________

BCa  _________

BCb  ___________
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Figure 1: Lactic acid
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�Buffer Solution � HYPERLINK "http://en.wikipedia.org/wiki/Buffer_solution" ��http://en.wikipedia.org/wiki/Buffer_solution� (accessed July 2006)


� Greenbowe, T. Buffer Tutorial Chem 178.� HYPERLINK "http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/acidbasepH/BuffertutorialSp03.html" ��http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/acidbasepH/BuffertutorialSp03.html� (accessed July 2006).
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