More Than Meets the Eye?
Solutions Unit

Thanks to Toni Wereschuk
Teacher Notes:

This lab uses paper chromatography to demonstrate the use of the rule of thumb “like dissolves like” and polarity versus non polarity. Students will be required to determine if various markers are polar or non polar, and compare the various components with each in regards to polarity. Water soluble inks usually contain the polar molecule acetone; water insoluble markers usually contain the non-polar solvent hexane.
This lab focuses on part of the following curriculum objectives:

· C11-4-05: Discovering that “like dissolves like”

· C11-4-05: The relationship between polar and non polar substances

Preparation:

1. Have chromatography paper (or filter paper or coffee filters) cut into strips approximately the height of a 250 ml beaker (or large test tube) and just narrow enough to fit into the beaker without touching the sides.

2. Have amounts of ethanol (polar), hexane (non polar) and acetone (polar). Make sure there are enough for 6 beakers or large test-tubes per pair. Also have straws, pencils, rods or something similar and tape if needed to keep the paper from sagging into the beakers as it absorbs the solvent.

3. Have extra pencils, markers, and rulers in case students forget to bring some.

4. Have saran wrap, aluminum foil or watch glasses to cover the beakers.

Safety considerations:

The solvent fumes may cause irritation to the eyes or skin. Make sure students wear safety goggles and clothes that are not baggy. The permanent markers may stain clothing or skin.
Disposal:

The solutions can be rinsed down the sink with large quantities of water.
Reference Material:

1. Paper Chromatography by Sabrina Schmidtke; found online at peer.tamu.edu/podium_poster_presentations/Paper%20Chromatography%20Handout.doc
2. Polarity index; found online at http://macro.lsu.edu/howto/solvents/Polarity%20index.htm
3. Chromatography by Eric Burtson; found online at http://www.aai.org/committees/education/Curriculum/chromato.htm
4. Chem*2580 Lecture 4. Analysis of amino acids; found online at http://www.chembio.uoguelph.ca/educmat/chm258/lecture4.pdf
5. Analysis of the color of water soluble inks; found at http://wwwchem.csustan.edu/CHEM2000/Exp1/Bkg1.htm
Water Soluble Poly-N-Vinylamides: Synthesis and Physicochemical Properties by Yuri E. Kirsh; found at 
Pre-lab Questions:

1. Is water a polar or non polar molecule? Explain your answer. Students should be able to state that water is polar; that is, it has a charge because of bond dipoles slight positive charge and slight negative charge. These charges account for the ability of water to separate other polar molecules. 
2. What does water-soluble mean? Are water-molecule inks polar or non-polar? Explain. Students should have experience with using water to wash up after using this type of marker and connect this ability to the marker ink being polar as well.
3. Since permanent marker doesn’t wash off with water, are they polar or non-polar? Explain your answer. Again, students should connect this to the rule of thumb “Like dissolves like;” since water can’t wash up permanent marker, the marker ink is mostly likely non-polar.
More Than Meets the Eye?
Paper chromatography is a technique that can be used to separate components of mixtures such as blood, urine  and plant pigments so that scientists can analyze, identify and purify them. It is used in forensics as a way to identify and compare different items found at a crime scene. For example, if a ransom note is left in a kidnapping case, the sample can be separated by chromatography and compared to different markers or pens and their chromatograms. This may help police identify a specific pen or type of pen that then may be found at a suspect’s home.

Paper chromatography uses a stationary phase (chromatography paper, filter paper, coffee filters) and a mobile phase (a solvent). The filter paper keeps the mixture in place until the solvent dissolves it into solution and moves it up the paper. The solvent uses capillary action, which is the attraction of the liquid to itself. The solubility of the solution (solute in the solvent) depends on the components’ polarity and the solvent’s polarity. If they are both polar or both non-polar there will be attraction between solute and solvent. How much the mixture under analysis moves or separates depends on the make up of the molecules, especially how ‘heavy’ they are in terms of molecular mass.
Markers contain many color pigments that are dissolved in polar or non-polar solvents. The solvents evaporate easily (have a high vapor pressure) and thus the liquid solvent dries quickly to leave behind the pigment. We can separate out the pigments by using liquids that are similar in polarity to the solvent in the marker as molecules of similar polarity are soluble.

In this activity the following molecules are being considered. Look at the diagrams below of each molecule and suggest whether they are polar or non-polar. You should be able to explain why they are polar or non-polar. Remember when there is unequal sharing of electrons between two atoms a polar bond results. If the polar bonds in the molecule do not cancel out, the molecule will be polar. If the polar bonds do cancel out the molecule will be non-polar.
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Hexane: Polar or non-polar?
  [image: image3.jpg]


 [image: image4.jpg]









Ethanol: Polar or non-polar?
Lab activity:



             


 
You will use the concepts of polarity and paper chromatography to separate the colors of water-soluble and permanent markers.

Materials Required:

· 1 permanent black marker per group (hexane as a base)
· 1 water soluble black marker per group (acetone or ethanol as a base)
· 15 ml each of each of ethanol, hexane and water
· 6 beakers or large test tubes
· 6 pieces of wire
· 6 strips of chromatography paper, filter paper or coffee filter

· Water

· Ruler, pencil
Pre-lab Questions:

1. Is water a polar or non-polar molecule? Explain using an illustration and explanation.
2. What does water-soluble mean? Are water-soluble inks polar or non-polar? Explain.
3. Since permanent marker doesn’t wash off with water, are they polar or non-polar? Explain.
4. In making a black pen, what colors are blended together? 
Preparation:

· Label your 6 beakers or large test-tubes; 2 marked ethanol, 2-water, 2-acetone.

· Prepare your 6 strips of chromatography papers from the filter paper as demonstrated and make sure the bottoms just touch the bottoms of the beakers.
· To keep the papers from falling into the solvent, hold the chromatography papers so they are just touching the bottom of the beaker and push the wire through the paper to keep them in place
· Draw a line with pencil across the bottom of each strip, about 1 cm above the bottom

· Using the permanent marker place a large spot (about the diameter of a pencil eraser) from the markers along the pencil line of 3 of the strips. Pencil a P (permanent) at the top of the papers
· Do the same for the non-permanent marker. That is, put 3 spots on the remaining three strips and an N (non-permanent) on the top in pencil. 
· Place the strips into the solutions in the beakers, making sure the level of the solution is lower than the pencil mark. If it isn’t, you will have to empty out some of the solution and make a new chromatography strip

Observe the movement of the hexane, ethanol and water through the paper. What do you notice happens when the liquids come in contact with the spots? Make sure to talk about how far each color separated, what colors separated, and how long it took for them to separate.
· Record your observations in the chart that follows :

	
	Water
	Hexane
	Ethanol

	Water-soluble marker 

	
	
	

	Permanent marker 

	
	
	


· Allow the strips to develop until the solution front is about 2 ml from the top of the strip

· Remove the strips and dry them on paper towels. Circle the spots of colors and trace the top of the solution front

· Dispose of the solutions down the drain with lots of water
Observations:
1. Compare your six chromatograms.
a)  List the ones in which the inks did separate. You must list BOTH the nature of the marker (permanent or non-permanent) AND the name of the solvent. As an example, the permanent marker separated in…..)
b) List the ones in which the inks did separate. Again list both the type of marker AND solvent.

2. Explain, using the idea of ‘solubility’ why some markers separate in some solvents and not in others.
3. We use thru le ‘like dissolves like” in terms of polarity and solubility. Look at the polarity of each molecule and each solvent. Is this in fact what happened in this investigation?

4. By looking at what separated, how much and how far they separated, can you draw any conclusions about why some of the colors in the inks were carried further than the others? 

5. Research to find one practical application of chromatography. In this application, what is being separated and for what reason is it being separated?
