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Goal:  To demonstrate a technique or process for separating mixtures that is used by biologists, chemists, clinical scientists, and forensic scientists (detectives).  

Tn State Stds: 5PS1.4
Lesson Outline

I. A. What is a Mixture?

Explain to the students that there are 2 types of mixtures – homogeneous and heterogeneous.  And show examples of both.

Discuss methods used to separate mixtures.

B.
Making a Homogeneous Mixture
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.
Chromatography Using a Green Pen to separate a Homogeneous Mixture
Show students the proper procedure for setting up a chromatography experiment, using a 16 oz cup, a stick, green pen, and a paper strip. Each student pair will do this. 
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.

IV. Review
Materials

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


16-oz cups)


1 bag of colored balls

1
jar sand and iron filings and cow magnet

1
bag containing 1 125cc jar of blue water, 1 125cc  jar yellow water  (1/4 filled)
1
bag containing: 16 rolls of clear tape


1
bag containing 16 wooden sticks
1
bag containing 5 green pens
1 
bag containing 16chromatography strips with green  horizontal line  drawn 2 cm from the bottom of the strip
1
 bag containing 16chromatography strips (horizontal pencil line is drawn 2 cm from the bottom of the strip)

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

1
large bag containing 15 black pens labeled with suspects initials (PC, PS, JF or MM) 

16
prepared laminated chromatograms from the "guilty” person’s pen (PC)

16
prepared laminated chromatograms from the 4 different pens 

16
sheets of paper towel 
SET UPS FOR LESSON:   
While a VSVS member does the Mixing Colors demonstration:
1. Another member pours water into enough 16 oz cups to the marked level for pairs in the class, plus one for VSVSers to do demonstration
2. Remaining members will attach the chromatography paper already marked with the green pen to the sticks (see instructions on how to do this).
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.

Put the following vocabulary words on the board:

Mixture, chromatography, chromatogram, capillary action, forensic chromatography
Unpacking the kit:

1. What is a Mixture?

1 bag of colored balls, 

1 8 oz jar with sand/iron filings mixture and a cow magnet

B. Demonstration – Making a Homogeneous Mixture

1
bag containing: 1 jar blue water, 1 jar yellow water (each about ¼ filled)
II. Using Chromatography  to Separate a Homogeneous Mixture (using a green Pen)

Materials:
(1 set is for VSVS to use as demo)


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




5
 green pens

16 
chromatography strips that already have the green pen trace don the horizontal line AND prepared by VSVSers so that the paper is already attached to wood stick
II.Forensic Chromatography

Distribute the following materials to each pair:



1 piece of chromatography paper

1 16 oz clear plastic cup –students already have

1 stick – students already have, but the green chromatogram needs to be removed.

1 roll of clear tape


1 paper towel

Student pairs will need to share the black pens and tape

Distribute the 16 laminated chromatograms
1. What is a Mixture?

· [image: image1.emf]Mixtures are made up of two or more different elements or compounds which can be separated by physical means. 

· Show students the bag of mixed balls. Explain that each differently colored ball represents an element or compound.  

· The balls are not connected, so they are a mixture.  

· Examples of mixtures include salt in water, air, soil, and sand.  Mixtures can be made with any combination of phases of matter: solid in solid, (sand and iron filings), solid in liquid, (salt in water), gas in liquid (carbon dioxide bubbles in water) etc

· There are 2 types of mixtures: heterogeneous and homogeneous

· In heterogeneous mixtures, the substances are unevenly mixed and you can see them.
· In homogeneous mixtures, the different substances are evenly mixed so that you cannot see them. Mixing colored solutions is an example.
[image: image2.jpg]


A.
Demonstration: Using the magnetic property of iron to separate a heterogeneous mixture. 

Materials

   1 8 oz jar with sand/iron filings mixture and a cow magnet

Tell students to look at the jar of sand.
· Why do you think it is a mixture?  Because it contains different kinds of particles.
· Tell the students that sand is a collection of fragments of minerals, shells, fossils and organic matter.  Sometimes it contains iron in the form of magnetite, which is magnetic. This is called Ironsand and can be found worldwide.
· Ask students: Do you have any ideas how we can separate the iron from the sand?  With a magnet. Be sure to point out that the iron is magnetic and sand is not.  Also be sure to mention that separation by magnetism is a physical means of separation.
[image: image3.jpg]



· Tell students that you will use a cow magnet to separate the iron filings from the sand. 

· The cow magnet will already be in the jar.  Pull it out of the sand, and take it around the class to show the students the iron filings on it.   
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[image: image5.jpg]


B. Demonstration – Making a Homogeneous Mixture
Materials




1
bag containing: 1 jar blue water, 1 jar yellow water (each about ¼ filled) 

Hold the jars up so the students can see them. 






Ask the students:  What color do you get when you mix blue and yellow?  
 


Ask: "What will happen if you combine the 2 liquids?  Accept responses.
Pour the blue liquid the yellow liquid together and show students that the mixing of the blue and yellow liquids makes a green liquid.

Ask students: Is this a homogeneous mixture?  Why?  The blue and yellow liquids cannot be seen anymore.
Did a chemical change happen?  Or a physical change? (Physical).
II. Using Chromatography  to Separate a Homogeneous Mixture (using a green Pen)
Materials:
(1 set is for VSVS to use as demo)


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




5
 green pens
16 
chromatography strips that already have the green pen trace don the horizontal line, paper is already attached to wood stick
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.

Explaining: 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, starting with a green pen and then a black pen to help solve a crime. 
Show students:
· How the green pen was used to trace over the pencil line on the paper.
· How was the paper attached to the stick: 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. 
· The bottom of the paper should be in the water, BUT make sure the green line does not touch the water

PASS MATERIALS OUT TO PAIRS OF STUDENTS

· Each VSVS member will help students do this experiment 
· 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.
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.

Background – Adapt to your class.

The paper is the support in this experiment.  The solvent used (water in this case) has different degrees of absorption to the support.  The greater the porosity of the paper, the better the capillary action or wicking, and the faster the water will climb. As the water moves up the paper strip, it dissolves the water-soluble pigments of the green pen mark. Each pigment travels at a different speed depending on its solubility in water and its absorption on the paper. The color separation is called developing a chromatogram (a color pattern). Chromatograms can be used to match and identify substances in biology, chemistry and forensic labs.
A simpler explanation is that the solvent carries the pigment farther if the pigment is more water soluble.

III.  Forensic Chromatography



Tell students that:

· 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.  

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

· The same pen will always show an identical pattern of separation into its separate colors. This is because pens include a specific ink that has a specific mixture of pigments.
· This illustrates how scientists can use chromatography for analysis.

· 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”!

NOTE: - You can change the scenario, BUT you cannot make it gory, have anything to do with sexual stories, or upsetting to young 5th graders.

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 –students already have

· 1 stick – students already have, but the green chromatogram needs to be removed.
· 1 roll of clear tape

· 1 paper towel

· 1 black pen - 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.

· 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.  

· 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. 

· 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 16 laminated chromatograms prepared from the guilty person’s pen  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

IV. Review of chromatography
Adapt to your class:
In most of the variations of chromatography, a substance (ink dot, candy coating, leaf extract) is placed onto a support (paper strip).  A solvent (water, alcohol) is then added, which moves up the support because of capillary action.  As the solvent moves through the test substance, some of the test substance is dissolved in the solvent and carried up the support.  Different types of substances move different distances, which depend on their differences of solubility in the solvent and their absorption on the paper.  As a result, separation occurs.  This is always constant for a particular support and solvent.  Chromatograms of these substances are then compared with known chromatograms to identify the substances. 

REVIEW QUESTIONS

1.  Why does water move up the paper strip?


Answer:  capillary action

2.  In the separation of the green ink, the blue pigment moves higher (faster) than yellow pigment.  Why?


Answer:  The speed of movement of a component of a mixture, in this case colors, depends 



on its relative solubility in the solvent (water) and its relative strength of attachment



(absorption) to the paper. The blue pigment is more soluble (more attracted to water than



 to the paper) and less absorbent (less attracted to the paper) so it moves faster up the



 paper strip. 

References
1.  M. Sarquis and J. Sarquis, Eds., Fun with Chemistry, Vol. 2, pp. 3-8.

2.  J. Barer, Crime Lab Chemistry, Teacher’s Guide: Lawrence Hall of Science, University of California, Berkeley, CA.  

3.  D. R. Kimbrough, J. Chem. Educ., Vol. 69, p. 987, December, 1992.
Lesson written by   Dr. Melvin Joesten, Emeritus Professor, Chemistry Department, Vanderbilt University






Pat Tellinghuisen, Program Coordinator  of VSVS, 1998-2018, Vanderbilt University






Susan Clendenen, Teacher Consultant, Vanderbilt University






Dr. Todd Gary, former Coordinator of VSVS, Vanderbilt University
Chromatography Observation sheet

Name:________________________

Chromatography Part I: Separation of Green Colors

1.  What did the color change to when the yellow and blue solutions were mixed?

_______________________________________
2. What happened to the marker’s green color on the chromatography paper.

_______________________________________
3. What can you conclude about the green ink? How many dyes are used to give it its color?

______________________________________
4. Which color traveled faster?

_____________________________________
Chromatography Part II: Forensics Using Black Pens
5. Draw and label your results on the “chromatography paper” below.  Include the initials of the suspect’s pen on the diagram.


6. Is your chromatogram the same as those from other black pens?

_______________________________________

7. Whose pen was used to write the ransom note?

_______________________________________

Answers Chromatography Observation sheet

Name:________________________

Chromatography Part I: Separation of Green Colors

1.  What did the color change to when the yellow and blue solutions were mixed?

______green_________________________________

2. What happened to the marker’s green color on the chromatography paper.

______________separated into yellow and blue_____

3. What can you conclude about the green ink? How many dyes are used to give it its color?

___2 dyes___________________________________

4. Which color traveled faster?

_____blue________________________________
Chromatography Part II: Forensics Using Black Pens

5. Draw and label your results on the “chromatography paper” below.  Include the initials of the suspect’s pen on the diagram.


6. Is your chromatogram the same as those from other black pens?

________not all_______________________________

7. Whose pen was used to write the ransom note?

_________PC – Pam Chromatogram_______________

Instruction Sheet - Chromatography
I.  Introduction – VSVS team will set up demonstrations for experiment.
II. Chromatography Using a Green Pen


• Take the paper strip taped on wooden stick with the green pen already drawn on paper.


•Take the 16 oz cup 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.

Note:
The green line must not touch the water.  The color will wash away if this happens and the experiment will not work properly



• It will take about five minutes for the ink to separate. While you’re waiting, the


 VSVS team will explain capillary action. 


• When the VSVS team tells you it’s time to take your chromatography paper strip

 out, 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 your chromatogram on a sheet of paper towel.
III.  Forensic Chromatography

You will re-use your16 oz cup and stick from Part II (The same water can be used unless ink from the green felt pen colored the water – if this happened, ask one of the VSVS team members to give you fresh water.)

A VSVS team member will explain how chromatography will be used to determine which of four pens was used to write a ransom note.  

· Trace the pencil line with your 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 paperstrip.

· Mark the top of the chromatography paper near the stick with the  initials of your pen (PC, PS, JF, or MM).  
· Take the 16 oz cup that contains 30 mL of water and gently place the stick across the16 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.

· Wait about five or six minutes for development of the chromatogram.

· Lift the stick out of the cup and remove the chromatogram from the stick byvholding the paper near the taped end and sliding it off the stick.

· Place your chromatogram on a sheet of paper towel.

After the chromatograms are finished, the VSVS team will distribute some laminated chromatograms prepared from the guilty person’s pen. Compare this with yours to see whether the pen you tested was the guilty person’s pen

VII.  Review


Emphasize that a physical property of iron can be used to separate the mixture.





Share the following information with the students:


Cow magnets are used by farmers to protect the cow’s stomachs from being punctured by small pieces of baling wire or other bits of wire that cows might eat with hay.


Cows have four stomachs.  The cow magnet is placed in the first stomach to attract bits of wire in order to keep them from entering the other three stomachs. 


Farmers or veterinarians open a cow’s mouth and place the cow magnet down its throat into the first stomach. 


Cow magnets are available from farm supply stores, farmer’s co-ops and science supply stores.




















Your Notes

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


