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Introduction:
You are aware that sugar dissolves in water but oil does not.  What factors determine whether one substance will dissolve in another?   
A solvent is a substance that is capable of dissolving other substances and forming a homogeneous mixture called a solution.  The substance dissolved is called the solute and is the component present in the smallest amount. 
The dissolving process involves a consideration of the relative strength of three intermolecular attractive forces.  The type of forces between solute-solute molecules and solvent-solvent molecules must be considered.  These intermolecular attractions must be broken before new solute-solvent attractive forces can become effective.  A solute will dissolve in a solvent if the solute-solvent forces of attraction are great enough to overcome the solute-solute and solvent-solvent forces of attraction.  A solute will not dissolve if the solute-solvent forces of attraction are weaker than individual solute and solvent intermolecular attractions.  Generally, if all three of the intermolecular forces of attraction are roughly equal, the substances will be soluble in each other. 

This means that ionic or polar solutes dissolve in polar solvents, while non-polar solutes dissolve in non-polar solvents.  Polar and ionic solutes DO NOT dissolve in non-polar solvents and vice versa.

Remember that when applying the solubility rule: "Likes Dissolve Likes", that there are no absolutes and there are exceptions with a small amount of solubility possible. The rule is most useful when making comparisons between a series of compounds. 
The three intermolecular forces (listed in order of increasing strength) that determine which solute is soluble in a particular solvent are:

London Dispersion/van der Waal’s Forces are net attractive forces generated by temporary charge imbalances among molecules. Every molecule has these forces.  See example below:
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Dipole-Dipole Forces describe the interaction between molecules with dipole moments (positive and negative ends of the molecule).  Only polar molecules exhibit these forces.  See example below:
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Hydrogen Bonds are special bonds between an atom of hydrogen and either fluorine, oxygen, or nitrogen.  See example below:  
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	The bottom line:  A solute must have the same set of forces to be soluble in a particular solvent. Remember, like dissolves like!


In Part A of this experiment you will determine the solubility of a polar solute (glycerol), a non-polar solute (iodine), and an ionic solute (sodium chloride) in three different solvents: water, ethanol, and hexane.  Water is a highly polar solvent, ethanol is moderately polar and hexane is non-polar.  (Note that when two liquids are involved, the terms miscibility and immiscibility are used rather than solubility)
You will then analyze the data and answer a series of questions related to solubility and polarity. 

In Part B of this experiment your teacher will have a series of labelled beakers containing a variety of common solvents. Your teacher will attempt to dissolve sodium chloride (an ionic network solid), graphite (a covalent network solid), and sugar (a molecular solid) in each of these solvents.    

Part A:  Dissolving Polar, Non-Polar and Ionic Solutes in Three Different Solvents
Objective:

How does the nature of the solute and the nature of the solvent affect solubility? 

Materials:   
9 test tubes, 9 rubber stoppers, test tube rack 

3 mL glycerol, iodine, sodium chloride, 15 mL distilled water, 15 mL ethanol, 15 mL hexane 
Procedure: 

1.    Prepare a data table that will allow you to record your observations for each solute-solvent
       combination. (see below)
Data Table:

	Solvent \ Solute
	Glycerol
	Iodine
	Sodium chloride

	Distilled Water

	
	
	

	Ethanol

	
	
	

	Hexane

	
	
	

	2.   Place 5 mL of water in each of three test tubes.  Add 1 mL of glycerol to the first test tube, two small iodine crystals to the second and a few small sodium crystals to the third.  (CAUTION: Do not touch the iodine crystals!) Stopper all three test tubes, shake them vigorously, and allow them to stand for 1 minute.  Observe the contents of each test tube and record your observations. 
3.    Repeat Step 2 using ethanol instead of water.  (Is ethanol polar or non-polar?)
4.    Repeat Step 2 using dichloromethane instead of water. (Is dichloromethane polar or non-polar?)
5.    Record if the solute is insoluble, slightly soluble or very soluble in the particular solvent.  (Remember to use miscible and immiscible to describe the solubility of two liquids).



Data Analysis: 
1.   In which solvent is glycerol most soluble?  In which solvent is it the least soluble?
2.   In which solvent is sodium chloride most soluble?  In which solvent is it the least soluble?
3.   In general, in what type of solvent (non-polar, moderately polar, or highly polar) are polar solutes most soluble?  Explain why.
4.   In which solvent is iodine the most soluble?  In which solvent is it the least soluble?
5.   When interactions are weak, then the molecules can be easily separated from each other.  Predict whether a non-polar compound or a polar compound is more easily separated into isolated molecules.  Explain.
**Note that all the interactions are due to + and - charges attracting each other.

6.    What is the nature of the attracting charges in ionic compounds?
1. + and -

7.    What is the nature of the attracting charges in polar compounds?
  8.    Partial + and -

2. What is the nature of the attracting charges in non-polar compounds? 
3. Transient partial + and -

9.    What is meant by an induced dipole?
(Consider a sightseeing boat.  On average, the people may be relatively evenly spread out on the boat.  But at any given time, they may be more on the left or the right depending on what there is to see.  Electrons are like that in a non-polar compound.  On average, they're evenly spread out.  But at any given time, or in the presence of a charged/polar molecule, they may be more on one side than the other.  This is an induced dipole.)
9.  Draw 2 Br2 molecules, and show a moment in time when they have induced dipoles that cause them to be attracted to each other.
10.  Polar compound interactions are termed dipole-dipole because each already is a polar substance.  Draw 2 HCl molecules and show how they would be arranged when interacting.
11.  Water, and some other compounds, have strong dipole-dipole interactions called hydrogen bonds.  Draw 2 H2O molecules with a hydrogen bond between them.
Quiz:  which has a higher boiling point - CO2 or H2O?  what types of interactions are present in each?  Show your reasoning!

12. Ions interact strongly with polar compounds.  That is why salts, which are made of ions, can dissolve in water.  Draw a picture that shows how this occurs.
13. Which part of a water molecule is attracted to a cation (positive ion)?
14. Why won't non-polar compounds dissolve in water too?  Or why doesn't salt (NaCl) dissolve in hexane?  
Consider two groups of people - your friends, and your acquaintances.  In the absence of friends, you interact fine with acquaintances, but the attraction isn't strong.  When friends are around, then your interaction with them is so strong, that it excludes acquaintances.
Now consider two groups of molecules - other water molecules like yourself, and butanol molecules.  In the absence of other water molecules, you interact fine with butanol, but the attraction isn't strong.  When more water is around, then your interaction with that is strong, and so the butanol is excluded.
Do demo while describing

Thus, it is not so much that non-polar compounds can't interact with water as much as that the interaction of water with other water molecules (hydrogen bonds) is much stronger.
15.  Now explain why NaCl won't dissolve in hexane (a non-polar solvent) using a similar thought process.
17. Within each pair of compounds, pick the one more likely to be soluble (mix) with water.  Explain.
a)  NH3 (polar) and CH4 (non-polar)
b)  HCl (polar) and ICl5 (non-polar)
18. You observe that a substance dissolves in hexane but not in water.  What kind of substance do you think it is, polar or non-polar?  Explain.

19. Salt and sand are mixed together as solids.  Describe what happens at the molecular level, when you add water.

  20.  Could I have students design/plan/perform demos for:  polarity/charged rod; freezing point depression/ice cream; density/hot and cold; surface tension/paper clip + detergent; capillary action/capillary tubes; ∆H of condensation or evaporation/cooling; heat capacity/cooling; crush-the-can demo

4. The formula and molecular geometry of water is:

Is water polar?  Explain.Redo demo.
Optional (Demonstration):
Part B:  Dissolving Sodium Chloride (an ionic network solid), Graphite (a covalent network solid), and Sugar (a molecular solid) in a Series of Solvents.

Covalent network solids, such as diamond are huge extending structures which are held together by covalent bonds. Do you think solvent molecules could surround and disorder these substances? 

Ionic network solids are composed of charged atoms which also extend into huge structures. Many common solvents are partially charged because of their shape and the unequal sharing of electrons between different atoms. Water is an example of such polar solvents. The positive end of water can be attracted to the negative ions in ionic networks. Likewise, the negative end of water can be attracted to the positive ions. One by one, the ions in ionic network solids can be "plucked" away and surrounded by polar solvent molecules and dispersed randomly throughout the solution. Do you think that ionic network solids are soluble in non-polar solvents? 

Molecular solids are more difficult to distinguish by solubility because the individual molecules in these networks can either be polar or non-polar. As a general rule, "like dissolves like" meaning that non-polar molecules dissolve in non-polar solvents and vice versa.

Your teacher will have a series of labelled beakers containing a variety of common solvents. Your teacher will attempt to dissolve sodium chloride, graphite, and sugar in each of these solvents. Record detailed observations of the results, and write an explanation for each observation given your knowledge of solubility and solids. You probably don't know whether sugar (sucrose) is a polar or non-polar molecular solid. Make sure you describe how you can tell from the solubility results. 
Solvents used in Solubility Tests:
	Solvent


	Polar or Non-Polar

	Water

	polar

	Methanol

	polar

	Acetone

	polar

	Hexane

	non-polar

	Toluene

	non-polar

	Benzene

	non-polar


The following websites provide additional information about intermolecular forces and VSEPR theory so that students can have a better understanding of polarity.


Summary:
For a solution to form, the solvent molecules must overcome intermolecular attractions in the solute and find their way between and around the solute molecules.  At the same time, the solvent molecules themselves must be separated from each other by the molecules of the solute.  This is accomplished best when the attractions between the molecules of both components are similar.  If the attractions are sufficiently different, the strongly attracted molecules will cling together, excluding the weakly attracted molecules, and immiscibility will result.  Oil and water do not mix because the water molecules, strongly attracted to each other, will not allow the weakly attracted oil molecules between them.
The three intermolecular forces (listed in order of increasing strength) that determine which solute is soluble in a particular solvent are:  London Dispersion/van der Waal’s forces, dipole-dipole forces and hydrogen bonds.
Solubility and Polarity
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Intermolecular Forces:


� HYPERLINK "http://www.elmhurst.edu/~chm/vchembook/160Aintermolec.html" �http://www.elmhurst.edu/~chm/vchembook/160Aintermolec.html�


VSEPR Movie:


� HYPERLINK "http://www.lsua.us/chem1001/vsepr/WebExport/vsepr/ie5/index.html" �http://www.lsua.us/chem1001/vsepr/WebExport/vsepr/ie5/index.html�








Prior to performing this lab, show the following demonstration to students so they can have a visual of the “like dissolves like” concept.


Like Dissolves Like Demonstration (CCl4 and water with I2 and KmnO4 added):


� HYPERLINK "http://chemed.chem.purdue.edu/demos/main_pages/15.3.html" �http://chemed.chem.purdue.edu/demos/main_pages/15.3.html�


(You may also want to use the links at the end of this document to give students a better idea of intermolecular forces and VSEPR theory).








