Chem 131A: pH and Buffers Experiment

     This experiment is designed to review your background in pH and buffers and to expand upon it. The first section involves the titration of an unknown amino acid through its two equivalence points.  The equivalence point data will allow you to determine apparent pK values which you will correct for ionic strength and the molar mass of your unknown.  Further, you will examine how the amounts of the major species change along the titration. 

     The second section examines the effect of ionic strength on the pK of a weak acid.  The effect of ionic strength on the ionization of a weak acid is typically ignored in the classroom, as the computations are easier if it is not considered.  However, in the laboratory, neglecting such effects can lead to incorrectly prepared solutions.  This is a particular problem for biological solutions; as such solutions typically require ionic strengths of 0.1 or higher.  This section is designed to show you the effect and how it depends on the ionic strength.

     The last section of the experiment involves the preparation of a buffer and an examination of buffer capacity.  One of the most frequent laboratory protocols used in biochemistry/molecular biology is the preparation of buffers.  These buffers can be both organic and inorganic in nature.  Organic buffers have the advantage of having low conductivity and hence generate less Joule heating when used in electrophoresis.  In this very practical experiment, you will prepare a buffer of an assigned pH value. You will also determine the buffering ability as measured by the buffer capacity.  Buffer capacity defines the ability of a buffer to resist changes in pH.  The ability to resist pH change depends on the concentrations of the acid and conjugate base present.  In general, the more concentrated the buffer, the higher the buffer capacity, as more conjugate acid and conjugate base are present to react with any H+ or OH- added to the buffer.  The ability to resist changes in pH also depends on the pH of the buffer as compared to the pK of the weak acid used to prepare it.  At pH values below the pK, the buffer will have a higher buffer capacity for additional OH- than for H+, as the concentration of the conjugate acid will be higher than that of the conjugate base.  The reverse is true for buffers with pH values above the pK.  The further the pH is from the pK, the more extreme are the differences.  This portion of the experiment is designed to show the pH and buffer concentration dependence of the buffer capacity.  Working knowledge of this effect will help you design appropriate buffer systems for future work.

The objectives of the experiment are as follows:

1.  obtain a working understanding of titration curves

2.  understand how ionic strength affects pH and pK values

3. design your own buffer system and obtain a working understanding of buffer capacity.

EXPERIMENTAL:

A.) Potentiometric titration of unknown amino acid.

Using a sample of standard buffer, familiarize yourself with the operation of the pH meter and standardize the solution.  You will be given an unknown amino acid.  It could be any of the amino acids in any ionic form.  Weigh out about 400 mg of the unknown, recording the mass to the nearest milligram, and dissolve it in 20 mL of H2O.  Set up the electrodes of the pH meter, a magnetic stirring bar and stirring motor, and a burette as shown in Figure 1.  Take extreme care to see that the electrodes are not damaged by the stirring bar or by rough treatment.  Titrate the dissolved unknown sample with 2 M HCl, recording the burette readings and the pH at frequent intervals throughout the titration until solution reaches pH 1.0.  

Titrate a water blank (20 mL H2O) with 2 M HCl one drop at a time for the first 10 drops, two drops at a time until the solution reaches pH 1.0. Record the pH and volume of acid after each addition.

Dissolve another sample of the unknown (~400 mg) in 20 mL of H2O and titrate this sample with 2 M NaOH in the same manner as for the acid titration until the pH of the solution reaches 12.0.  Also titrate a water blank with 2 M NaOH to pH 12.0.

To determine the true titration curve of any substance, you must measure how much acid or base is consumed in titrating the solvent (water) to each pH and then subtract this amount from the total amount of acid or base consumed in reaching that pH.

For both the sample and the water blank, plot the volume of acid added versus the pH reached.  See Figure 2. 

From the graph of the original data, prepare a table like the one below listing the amount of acid required to reach each pH.  Then subtract the volume of acid required to bring the water blank to any pH from the volume of acid required to bring the sample to the same pH.  This difference represents the amount of acid consumed in the titration of the sample only.

From the data from your table, plot the pH versus the number of equivalents of acid needed to titrate the amino acid sample to any pH (see Figure 3).  

The number of equivalents of acid or base consumed in passing through one full inflection of a curve represents the quantity of acid required to titrate one ionizable group in the quantity of amino acid you have analyzed.  Using this relationship and noting the number of full inflections of your curve, calculate the molecular weight for your unknown.

The end point of the titration should be recognizable as the point at which the pH rises (or falls) sharply with the addition of titrant.  This point is usually most accurately determined from the titration of the amino acid with base.  Compare the molecular weighs obtained from the titration of each ionizable group.  How well do they agree?  Using the Henderson-Hasselbalch equation, calculate the pKa value of each ionizable group titrated.  What is the identity of your unknown?  Justify your conclusion by comparing the observed molecular weight and pKa values to those for all amino acids that might have been your unknown.  

B) Examining the effect of ionic strength on the pKa of a weak acid.

     Restandardize the pH meter with both pH 4 and pH 7 buffers.  Why is this necessary?  Obtain an appropriate amount of 5.00 M NaCl and fill your 25 mL buret.  Pipet a 20.00 mL aliquot of 0.100 M acetic acid solution into a 100 mL beaker, add a magnetic stirring bar, and then set up the titration apparatus as indicated in Figure 1.  Record the initial pH and then begin titrating.  You will titrate in 0.25 mL intervals for the first 2 ml and then in 1 mL intervals until a total of 6 mL of 5.00 M NaCl has been delivered.  Measure the pH after each addition of the NaCl solution.

     Thoroughly rinse out the buret with distilled water and then fill with boiled-distilled water.  Repeat the titration with water this time and use the same volume increments.  The water titration will serve as a control.

C) Preparation of a buffer solution and buffer capacity

Use any of the weak acids and bases, salts of weak acids and bases, which are on the shelf.  Some of the acids and bases may be hydrated, others may be concentrated.  Be certain to read and take down the information on the bottle.  You will have to know the density and percent composition, which is specified on the bottle.  Other reagents, which may be needed, are 0.200M HCl and 0.200M NaOH.  

You will be assigned a pH and need to make up 500 ml of a 100 mM solution using a single buffer system. (If you decide to use benzoic acid, make up 10 mM solution instead of 100 mM).

1.  Decide which reagents from the shelf you will need to make up your buffer.  Turn in the procedure (protocol) for the preparation of the buffer including the calculations in a neat, clear, organized and logical presentation.  The protocol should be such that any other student could make up this buffer following your procedure.

2.  After your procedure is checked, make up the buffer solution and check the pH and compare the experimental pH with the assigned pH.

3.  Remove 50 mL of this buffer and submit it to your instructor in a conical flask covered with parafilm.  The conductivity of the buffer will be checked.

4.  Take another 50 mL of this buffer and add acid or base to bring it to the exact assigned pH and calculate the miiliequivalents of acid or base needed for the 50 ml.

5.  Take another 50 mL of your prepared buffer and add 0.2 M NaOH until the pH changes 1 pH unit, repeat the process with 0.2 M HCl.  Note:  if your prepared buffer is at an extreme pH value, you will need to use only one titrant.  Record the milliequivalents of acid and/or base needed to change the pH 1 unit.

