Thin Layer Chromatography of Ink
A homicide detective found a note behind the door of Dr. John Fischer’s apartment.  The note, which was written in blue ink, said:   

“Dear John,   I am writing to you because                   “

The note was never finished.  

Who wrote the note?  We do not know.  But each of the three suspects had a blue pen in her purse.  Your job as a technician in the forensic lab at the Evergreen State College will be to use Thin-Layer Chromatography (TLC) to determine if any of the inks match the ink found on the note.  

Thin-layer chromatography uses a thin film of silica gel coated onto a plastic strip, called a TLC plate.  This thin film of gel is called the stationary phase.  The ink to be separated into its constituent components is placed in a small spot at one end of a thin layer chromatography strip, and a liquid organic solvent (mobile phase) slowly moves up the plate using capillary action.  As the solvent moves up the strip, it carries with it the various components of ink.  Because each compound present in the ink has a different size, shape, and polarity, each compound will adhere to the stationary phase and dissolve in the solvent to a different extent.  These chemicals travel at different speeds up the stationary phase, and as they travel they separate.  Those chemicals in the ink that are more attracted to the solvent than to the stationary phase will move further up the paper than those that are more attracted to the stationary phase than the solvent.  The components of the test substance end up separated out according to how well or how poorly they adhere to the stationary phase.  The pattern formed by the visible bands of separated chemicals will be different for different mixtures of chemicals—i.e. for different brands of ink.  Modern inks are a mixture of different dye components.  These dyes can often be separated using thin-layer chromatography, and the resultant separation pattern (known as a chromatogram) provides a useful characteristic for comparing one ink to another.  
Calculating the Rf value
After a period of time, you will stop the flow of the mobile phase by taking the TLC plate out of the solvent.  The distance the compound moved relative to the distance the mobile phase moved is a characteristic of that compound known as the retention factor or Rf value.  
Rf = 
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Figure 1:  The figure below shows a TLC plate for a mixture consisting of 4 components with Rf values of about 0.05, 0.2, 0.5, and 0.9.  The distance from the bottom pencil line to the center of a substance spot is the distance the substance traveled. 
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Methods:

**The solvents we are working with today should go in the containers labeled “Waste” rather than down the drain.
All of your work for this experiment should be done in a hood.

1. Obtain a sample of the letter found at the crime scene.

2. Using scissors cut out the words in the note minimizing blank paper.

3. Place the pieces of paper in a shell vial.

4. Add 10 drops of ethyl acetate/ethanol (70/30 v/v) to the vial, and let it stand about five minutes to extract the ink from the paper into the solvent. 

5. Write the same words as the note found at the crime scene with each of the suspect’s pens on matching white paper (provided).

6. Cut out each note, minimizing blank paper, and place it in a different small shell vial.  Add 10 drops of ethyl acetate/ethanol (70/30 v/v) to the vial, and let it stand to extract the ink from the paper into the solvent, about 5 minutes. Observe any color differences in the liquids. 

7. Draw a horizontal line in pencil on a TLC plate about 1 cm from the bottom.  Write carefully to avoid chipping the TLC plate.  Also in pencil, write labels below the horizontal line for each of your inks (A, B, C, and E for evidence).  These labels should be evenly spaced along the bottom of the TLC plate.

8. Using a spotter, apply the extracted ink from one of the notes to the appropriate point on the pencil line on the TLC plate.  Apply a small amount of extract, let it dry, then apply a small spot again in the same place.  You’ll need to spot the TLC plate a total of 6-8 times until you have a small, but distinct, colored spot.  Let it dry thoroughly.  
9. Using a different spotter so as not to contaminate the different ink samples, repeat the above spotting procedure for the pen from suspect A, suspect B, suspect C, and the note found at the crime scene.  When the TLC plate is ready, you should have 4 different ink spots, evenly spaced along the pencil line approximately 1 cm from the bottom.

10. Hold the spotted plate along the side of a bottle containing the chromatography solvent.  Make certain that the level of solvent in the bottle will be below the ink on the TLC plate when it is placed inside the bottle, but that it will be close to the line.  If it is at too high a level, remove some solvent.  

11. Place the TLC plate in the bottle of solvent.  Cap the bottle, and be sure not to shake or move the container.  Let it stand until the solvent has moved to within 1-2 cm of the top of the TLC plate, about 15 minutes.  Do not let the solvent run all the way to the top of the TLC plate!
12. When the solvent is approximately 1-2 cm from the top of the TLC plate, remove it with a forceps, lay it on the bench in the hood, and make a mark on both sides of the TLC plate at the highest level the solvent reached (This is called the solvent front).  

13. Let the TLC plate dry completely.

Questions

· Compare the colored bands on the chromatograms.  In your lab notebook will want to qualitatively describe the similarities and differences you see between the different inks.  You and your partner will only have one TLC plate between you, so you will not both be able to put it in your lab notebook.  You can either scan your completed TLC, sketch it, or try to photocopy it.

· Compare the ink chromatograms from the 3 suspects and the note found in evidence.  Do the Chromatograms suggest that any of the inks have a common origin?  Which ones?

· For a more quantitative comparison, calculate the Rf value for each band by using the relationship  

Rf = 
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· Create a table and/or graph of the Rf values for the different inks.

· Can you determine conclusively that the inks are the same?  That the pens are the same?  What can you conclusively determine?

**This lab was adapted from a similar lab found in the Lab Manual for Richard Saferstein’s Criminalistics text, 9th edition, Prentice Hall, 2006.
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