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Molecular Polarity Demonstration
Background:
The polarity of molecules determines their behavior in many instances.  For example, the phase change temperature of molecular substances is determined in large part by the degree of polarity of the molecules and the resulting degree of attraction between these molecules.  Highly polar molecules have a strong attraction between their particles, and therefore tend to change from solid to liquid, or liquid to gas at higher temperatures than their non-polar counterparts of a similar molecular weight.  The miscibility of liquids is determined, for the most part, by the similarity in their polarity.  Thus the like dissolves like rule.  Polar molecules tend to dissolve in polar solutes, and non-polar molecules tend to dissolve in non-polar solutes. 

This demonstration will illustrate the like dissolves like rule.

Purpose:
The student will be able to:

· Use electronegativity to determine internal molecular dipoles, then use these dipoles to determine overall molecular polarity.

· Use molecular polarity to determine the solubility of pairs of substances.

Materials:
Safety goggles & chemical resistant gloves.  Student models of: water (two), ammonia, carbon tetrachloride, and an ionic crystal lattice (Other examples will do, the attempt is to have a polar solute, a non-polar solute and an ionic crystal lattice).  Also, samples of methylbenzene (toluene), distilled water, isopropyl alcohol, three thin-stem Beral pipettes, and three small test tubes.

Procedure:
1. For the ringer have the following on the board: Use Lewis diagrams to determine the polarity of the following molecules.  Give students time to complete the bell work.
a. Review, or have a student review the ringer, by drawing the Lewis structures on the board, and use them to determine molecular geometry then from this determine if the molecule is polar or not.  Be sure to emphasize bond angle and lone pair electrons.

2. Use the molecular models to illustrate solubility with water as the solvent.
a. Start by demonstrating hydrogen bonding between water molecules.
b. State the like dissolves like rule, and clarify by illustrating the solution of ammonia into water using the molecular models.  As part of this hold the model next to its diagram on the board so the students get the connection between the two dimensional illustration and the three dimensional molecule.

c. State the like dissolves like rule and clarify by illustrating that carbon tetrachloride will not dissolve in water.  Note that the attraction between water molecules is strong, and there is no attraction between water and carbon tetrachloride molecules, so if a carbon tetrachloride gets between two water molecules, the attraction between the water molecules squeezes the carbon tetrachloride out.
d. Illustrate the dissolution of the ionic crystal lattice by water using the models.

3. Place the structural formulas for isopropyl alcohol & methylbenzene on the board, next to the diagram of water.  Discuss the geometries, and the presence/absence of polarity.

a. Have the students hypothesize over the solubility of isopropyl alcohol in water.
b. Using a pipette fill a test tube about ⅓ full of water, then using another pipette carefully top off the test tube to about ⅔ full with isopropyl alcohol by gently letting is drain down the side of the test tube.  If this done gently enough, the two will not misc, with the less dense isopropyl alcohol floating on top of the water.
i. Walk around the room showing this to the students.  Then ask them what they think will happen if the test tube is shaken.  Shake the test tube and show the students again.

c. Have the students hypothesize over the solubility of methybenzene in water.

d. Using a pipette full another test tube about ⅓ full of water, then, using another pipette, gently pour methybenzene down the side of the test tube to about ⅔ full.
i. Show this to the students.  Shake and show around again.
e. Have the students hypothesize as to whether methybenzene will dissolve in isopropyl alcohol.

f. Using a pipette fill a test tube about ⅓ full of isopropyl alcohol, then, as before, fill the test tube to about ⅔ full with methybenzene.

i. Show around the room, shake and show again.

4. Discuss the differences in solubilities of the various combinations in terms of molecular polarity, by illustrating the internal dipoles of the molecules and the overall dipole of the molecules.
Teacher Companion Notes for Molecular Polarity Demonstration
Safety Notice:
It is assumed that the instructors presenting this material are trained in appropriate safety procedures in the chemistry laboratory, and that the students under their tutelage have been completely informed of the specific precautions to be undertaken for this laboratory and the general behaviors appropriate to the chemistry laboratory.  It is further assumed that instructors have familiarized themselves with the Material Safety Data Sheets (MSDS) for all the chemicals present in this laboratory, observe all the precautions that the MSDS indicates and have a copy of the MSDS on hand during the investigation.  Additionally, it is assumed that all appropriate safety gear necessary to an adequately equipped chemistry laboratory is present in the room in which the laboratory is taking place, the instructor and students are familiar with its proper use, and that this equipment is in excellent functioning order.

It is the instructor’s sole responsibility to insure the safety of the students and staff in the chemistry laboratory, and the individuals in the surrounding areas.  It further is the instructor’s sole responsibility to be fully informed of the regulations pertinent to their locale and to follow those regulations completely.  This applies to the proper use and disposal of chemicals in the laboratory, equipment in the laboratory, and training of the instructor and students as to procedures in the laboratory.


An excellent resource for MSDSs is Flinn Scientific: http://www.flinnsci.com/search_MSDS.asp .


The class room teacher takes sole responsibility for the safe conduction of this laboratory.

Please use caution with methylbenzene it is an experimental teratogen. Both methylbenzene and isopropyl alcohol are highly flammable; toxic by inhalation, skin contact or if swallowed.  Keep away from sources of ignition, take precautions against static discharge, and dispose of properly.  Use small test tubes and small quantities of methybenzene especially.  Wear appropriate safety equipment, and conduct all possible parts of the demonstration in a fume hood.  Keep a functioning flammable liquid fire extinguisher available until all materials are removed from the vicinity.
High School Content Expectation:
C4.4b: Identify if a molecule is polar or non-polar given a structural formula for the compound.
The students confuse internal dipoles with the molecular dipole.  Be sure to take time to cover the difference carefully and explain how the molecular dipole is as a result of the internal dipoles and molecular geometry using several examples.
Contact Information:

Please contact the author if it is found that the safety precautions are incomplete or inaccurate, factual information is inaccurate, or there are any modifications/augmentations that could improve this laboratory.  KingChemistry@comcast.net
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