Chem 131A:  Paper Partition Chromatography

Introduction:  Chromatography is a simple and rapid method for the separation of a mixture of compounds in a solution and a sensitive method for identification of each compound.  One or the basic principles underlying chromatography techniques is the very rapid partitioning of the various compounds (solutes) between two different immiscible phases: a stationary phase and a mobile phase.

For this paper chromatography exercise, the developing or irrigating solvent consists of a homogeneous mixture of ethyl acetate, formic acid, and water in a definite proportion (7:2:1).  Ethyl acetate and water are immiscible with each other but the addition of formic acid allows the two liquids to become mutually soluble within limits.  The chromatography paper is manufactured from nearly pure cellulose fibers.  Cellulose is a polysaccharide of glucose.  Other solvent systems such as 80% phenol/20% water are also excellent for amino acids.

When the chromatography paper comes into contact with the irrigating solvent, the water molecules will become attracted to the cellulose molecules.  Why?  This combination of cellulose and water is called the stationary phase.  The remainder of the irrigating solvent (not the water) is the mobile phase.  The components that are to be separated and identified will partition rapidly between the two phases.  Compounds that are more nonpolar will tend to be more "soluble" in the nonpolar mobile phase.

Solutions containing the compounds to be separate are applied near one edge of the paper and allowed to dry.  When the paper becomes wet with the irrigating solvent, the dry compounds must first dissolve in the solvent.  The nonpolar compounds will dissolve more rapidly in the mobile phase and consequently migrate across the paper at a faster rate than the more polar compounds.

The rate of movement of compounds across the paper for a given irrigating solvent system is dependent not only on partitioning properties, but also on the size and charge of each molecule since chromatography also involves physical movement of solutes through molecular size channels of the paper.

PROCEDURE:

1.  To avoid contaminating the chromatography paper, handle the paper near one corner whenever possible and never place the paper on bare table top but use paper towels.

2.  Using a clean ruler and a pencil (no pen) draw a line about 2 cm from one of the longer edges of the paper.   Starting from one end of the line, place lightly with a pencil, dots about 1-1.5 cm apart with the last dot at least 2 cm from the end of the line.  Label each dot with appropriate amino acid abbreviations.

3.  A solution of an amino acid (0.05M) or a mixture of amino acids (unknown) or purified tyrosine is applied as a small circle (5-6 mm diameter) with an L2 pipettor.  Pipette 1 ul of amino acid into the pipettor tip, touch against the side of the container to remove excess liquid from the tip, and then carefully apply to the appropriately labeled dot.  For solutions of known amino acids, only a single application will be required.  For the unknown amino acid mixture or tyrosine, several applications of the solution may be necessary since these solutions may be less concentrated than the knowns.

4.  To make multiple applications on the paper, the spot must be completely dry before the second, third, etc. application is to be made.  

5.  Put your name near the top edge of the paper. 

6.  A chromatography jar containing sufficient volume of the irrigation solvent to just cover the bottom is required.  The irrigation solvent is prepared by mixing together 28 ml of ethyl acetate and 12 ml of dilute formic acid solution.  Put any excess solvent into appropriate waste bottles.

7.  When all of the spots are completely dry, the paper is stapled into a cylinder.  Do not overlap the edges. 

8.  Place the paper cylinder carefully into the jar containing the solvent so that the cylinder does not touch the side of the jar.  Be certain that the spots are above the solvent.  Seal the jar making sure the lid has a plastic insert.  The system must be vapor tight since the solvent migration is dependent upon a solvent vapor saturated environment.

9.  The solvent "front" is allowed to migrate upward until it reaches about 1 cm from the top edge of the paper.  Do not open the jar to check the location of the solvent front.  Why?  This upward solvent migration will take between 1 to 4 hours, depending upon the solvent system.

10.  Remove the developed paper from the jar and hang it in the hood to dry.

11.  In another fume hood, spray the dried paper with ninhydrin solution.  Do not soak the paper.  The paper should be dampened uniformly; to hasten the development of color, the sprayed paper may be placed in a 100°C oven for about 2 minutes.  Do not lay the paper directly on the metal grid of the oven.

RESULTS:

1.  After the colored spots are fully developed, carefully outline each spot with a pencil.  In your laboratory notebook, note the shade, color, and relative size of each spot.

2.  To compare the relative distance of migration between each amino acid, the following ratio, Rf, is measured:


Rf = distance traveled by spot from center from point of application

        distance the solvent front has moved from point of application

3.  Tabulate your results.  Identify the amino acids in your unknown by comparisons with knowns.

4.  Did all of the amino acids produce the same color with ninhydrin?  Explain any differences.  What general relationship can be concluded between amino acid structure and Rf value?

