PAPER CHROMATOGRAPHY LAB
INTRODUCTION/THEORY

The process of chromatography involves a means of separating mixtures of materials based on differences in migration rates among sample components.  All chromatographic methods have in common the use of a stationary phase and a mobile phase.  Components of a mixture are carried through the stationary phase by the flow of a gaseous or liquid mobile phase.  The time in which components flow differs with the interaction of each component with the stationary phase, leading to differences in time of travel.  Thus, parts of the mixture emerge at the other end of the stationary phase at different times (see figure 1).
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Paper chromatography makes use of a flat, relatively thin layer of material (such as filter paper) that is either self-supportive or is coated.  The mobile phase moves through the stationary phase by capillary action.  The theory behind how paper chromatography works is identical to column chromatography, but instead of packed columns the columns are flat media.


All important data from paper chromatography comes from movement of substances, particularly the distance moved by the component in question along the paper related to the overall movement of the solvent.  This can be represented mathematically by the retardation factor, Rf:

Rf = Ds/Df

where Ds and Df are the distances moved by the unknown component and solvent, respectively.  The lab that will be done following this discussion deals with paper chromatography techniques.  The goal will be to obtain Rf values for all unknown dyes in question (See figure 2 below).
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OBJECTIVE
The goal of this experiment is to show how ink can be separated into its component dyes by chromatography. This is an illustration of an important technique used in all chemical sciences.
PROCEDURE
I. Separation of Ink
1. Put a 50 mL of 0.1 M NaCl in a beaker or flask, so as to barely cover the bottom. Cover the flask with parafilm to allow the solvent vapors to saturate the air inside the flask. 

2. Cut a strip of filter paper about 15 cm long.  Mark the paper with a horizontal PENCIL line 2 cm from the bottom.

3. Place a 2 mm spot of ink from a black marker in the middle of the bottom line. With a PENCIL, label the strip with the BRAND of marker you used and the solvent, NaCl.

4. Place the paper with the spot down into the solvent.  The spot should not touch the solution in the bottom of your beaker/bottle!!!  The strip should also not touch the sides of the glassware.
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5. Remove the paper from the solvent when the solvent has advanced to within about 2 cm from the top of the paper.  MARK the top point that the solvent actually advances.

6. On a separate sheet of paper labeled DATA, both group members should trace their chromatograph, labeling all pertinent information.  Included in this should be the colors produced in the separation and the following distances:

a. Distance traveled by solvent in cm (a constant, Df)  

b. Distances traveled by the leading edge of the colored dyes (Ds) and  

c. Rf values  (Rf = Ds/Df)

 

7. Repeat the above using distilled water then with isopropyl alcohol in the beaker/bottle instead of salt water. Compare the color patterns produced with each solvent.

II. Radial Chromatography  (Refer to figure 3 for assistance in setup) 
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This part of the lab gives you and your lab partner an opportunity to be artistic.  Step 3 below is meant to follow figure 2, but you are permitted to make any distribution of dots around the center.  You can try to spell things, make a design, or whatever.  Be creative!

Each person can do a radial chromatograph if they want.  Two can be done simultaneously.
1. Cut a circular piece of filter paper into 8 pie shaped wedges.  These wedged shaped sections will serve as wicks.  Obtain a wedge and roll it into a cone.

2. Punch a pencil sized hole in the center of a second piece of filter paper.

3. Place a series of 6-8 one cm spots of water soluble ink (you may use any colors!) around the hole in the second filter paper.  The ink spots should be dark and concentrated.  On your data sheet draw a picture of your setup with the colors of markers that make up each dot.  We want to know the mixtures of colors that go into each color tested.

4. Roll up the paper wedge from part one and insert it into the hole in the filter paper.

5. Fill your Petri dish to within a few mm of the top.

6. Set the circle on top of the dish with the wick down in the water.  Watch what happens as the water spreads out over the filter paper.  Record all observations on your data sheet.

7. When the water has advanced to within 1-2 cm of the outside edge of the paper, carefully lift off the paper, remove the wick and place it on a new beaker to dry.  

8. Display your chromatograph proudly.

CALCULATIONS

Calculate the Rf values for both the ink/water and ink/alcohol systems in part I.  These calculations should be on your data sheet you made above.

QUESTIONS 
1.  (a) Why do the colored bands appear at different positions on the chromatography paper?  Discuss in terms of interactions between the dyes in the ink and the water.  

(b) Which colored dye from the ink from part I was most strongly attracted to the solvent?  Explain 

your choice.
2. How did the behavior of the dyes differ in the two solvents (water vs. alcohol)?  Explain.

3. Provide an example on how paper chromatography could be used in real life.

4. Name two other separation techniques used by scientists, describe how they work, and give a practical application.

5. Describe the mixtures of colors that go into some of the colors you tested (use part II for help).  Are there any colors that seem to consist of only one color?  What are they?

6. Different brands of pen create different separation patterns.  List some factors you would think would affect the separation patterns of different pens.
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