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Goal:   To have a short, hands-on activity that the VSVS team can use during their first visit to meet the class.  To demonstrate a technique or process for separating mixtures that is used by biologists, chemists, clinical scientists, and forensic scientists (detectives).  

Lesson Outline

I.  What is Chromatography?  

Explain to the students that chromatography is a process for separating mixtures.  In today’s lesson, paper chromatography will be used to separate water-soluble inks into their different colors, starting with the separation of green into blue and yellow.

II.
Demonstration of Procedure for Chromatography

Show students the proper procedure for setting up a chromatography experiment, using a 16 oz cup, a stick, green pen, and a paper strip.
III. Forensic Chromatography

Each pair does a chromatogram of one of the four pens to help determine which pen was used to write a ransom note.   After the chromatograms are finished, ask the students to compare their chromatograms with the chromatogram prepared from the guilty person’s pen to determine who is the guilty person.

Materials

3
plastic drink bottles filled with water (use to put water to the mark (about 25-30 mL) into the 


16-oz cups)


1
dropper bottle each blue and yellow food coloring
1
BAG containing:



1 
roll of clear tape



1
wooden stick

1
chromatography strip (stored in plastic bag to keep it dry, horizontal pencil line is drawn 2 cm from the bottom of the 12 cm long strip)

1
green pen

1
large bag containing:


16 sticks


8 rolls of Scotch Tape


10 black pens labeled with suspects initials (PC, PS, JF or MM) 


1 bag containing 16 chromatography paper strips


 


16
16 oz. clear plastic cups, marked at the 25 - 30 mL level

8
prepared laminated chromatograms from the "guilty” person’s pen (PC)

4 
prepared laminated chromatograms from the 4 different pens 

16
sheets of paper towel (1 roll will be good)

While one team member starts Part I, another should write the following vocabulary words on the board:

chromatography     chromatogram 
capillary action     
forensic chromatography
I.  What is Chromatography?

Explain to the students that chromatography is a physical way to separate mixtures.  
In today’s lesson, paper chromatography will be used to separate water-soluble inks into their different colors to help solve a crime. 
II. Chromatography: Demonstration

Materials:



1
16 oz. clear plastic cup with water to the mark (about 30 mL.)




1 
BAG containing


1 
roll of Scotch tape, 1 wood stick, green pen

1
chromatography strip* (stored in plastic bag to keep it dry, horizontal pencil line is drawn 2 cm from the bottom of the 12 cm long strip)


1 
green pen
Ask students: 
What colors mixed together result in green? blue and yellow
Show the students the green pen and tell them that the green is a mixture of blue and yellow inks.




Do the following demonstration to show the students how they will need to set up their chromatography experiment.
· Trace the pencil line with a green pen.

· Hold the paper strip so that the top edge of the paper is even with the top edge of the wooden stick.
· Tear a small piece of tape and tape the paper strip to the wooden stick so that the tape goes around the stick and is taped to both the front and the back of the paper strip.

· Take one of the 16 oz cups that contains 30 mL of water and gently place the stick across the 16 oz. cup so the stick and paper will not fall into the cup. The strip should hang free in the center of the cup without touching the sides.  Make sure the green line does not touch the water.

· As the water starts to go up the paper strip, show the strip to the students and tell them that this capillary action will help separate the colors.
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Explanation:
Liquids can climb up paper, string, and other substances through the process of capillary action.  The liquid moves upward through small pores, or capillaries, that are found in paper towels, filter paper, chromatography paper, and other porous materials; this is what makes these materials absorbent.   Scientists use this process to separate mixtures, including colors.

III.  Forensic Chromatography


· The same pen will show an identical pattern of separation into its separate colors. 

· This illustrates how scientists can use chromatography for analysis.

· Forensic scientists or detectives can also use the process of chromatography in their work. 

· Chromatography is used in crime labs to separate components of "clue” substances such as blood, ink, or other mixtures found at the scene of the crime.  

· Chromatography can be used to identify the pen that was used to write a ransom note.

Read or tell the following scenario to students and tell them they will use chromatography to

determine "Whodunit”!


The police (represented by Sam Suede, a hard-boiled police detective) have been called to the scene of a crime.  The scene is a chemistry laboratory, and a small vial of Solution X has been stolen.  A ransom note has been received, written in black ink, demanding one million dollars for the return of Solution X.  Through questioning, Sam Suede learns that rumors have been spreading that Solution X may be the long-awaited cure for the common cold!


Sam discovers that there are four prime suspects who all have a motive for committing

this crime.  They are as follows:

· Pam Chromatogram (Pen PC) 

· Mary Masonite (Pen MM)
· Patrick Street (Pen PS) 
· John Fingerprint (Pen JF) 

Sam has obtained a pen from each of these suspects and has a chromatogram that was made from the ransom note.  Sam needs your help in matching the suspect’s pen to the ransom note.  

Distribute the following materials to each pair:



· 1 piece of chromatography paper

· 1 16 oz clear plastic cup

· 1 stick

· scotch tape (to be shared between pairs)

· 1 paper towel

· Student pairs will need to share the black pens and tape

Each pair will follow the procedure demonstrated in Part II to obtain a chromatogram of one of the suspect’s pens.


Have each of the students do the following:
· Trace the pencil line with their black pen.

· Tear a small piece of tape and tape the paper strip to the wooden stick so that the tape goes around the stick and is taped to both the front and the back of the paper strip.

· Hold up a stick with a piece of chromatography paper taped to it to make sure the students know where to place the initials – at the top near the stick. Tell each student to mark the top of the chromatography paper near the stick with the initials on their pen (PC, PS, JF, or MM) with a pencil.  

· Take the 16 oz cup that contains 30 mL of water and gently place the stick across it so the stick and paper will not fall into the cup. The strip should hang free in the center of the cup without touching the sides.

· Wait about five or six minutes for development of the chromatogram.
After the chromatogram has developed enough so that the different colors can be identified, tell the students to:
· Lift the stick out of the cup and remove the chromatogram from the stick by holding the paper near the taped end and sliding it off the stick.
· Place the chromatogram on a sheet of paper towel.
Ask 4 students to describe the 4 different chromatograms.  The results can be put on the board, or shown to the class.  Emphasize that each pen has a unique chromatogram.

Distribute the 8 laminated chromatograms prepared from the guilty person’s pen (about 1 for every 4 students) and ask them to compare it to their chromatogram.  Identify which pen matches the results from the ransom note.  

Ask students: Who is the guilty person?  PC - Pam Chromatogram

Tell the students they can find this experiment plus 100 more on the VSVS web site (studentorgs.vanderbilt.edu/vsvs).  
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Note:  One of the VSVS team should pour water into enough 16 oz cups to the marked level for pairs in the class, plus one.  Also tear off enough sheets from the paper towel roll so each pair has one. 


Two VSVS members should do the set up while a third VSVS member does the demonstration in Part II.





Note: While you are waiting for the chromatograms to develop, tell your students that you will be coming three more times to teach them science lessons.  Discuss the importance of staying in school so that they will be able to attend college.  Answer appropriate questions about college life.








