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SOLUBILITY

Chemical Bonding Lab

Pre-Lab Discussion:


"Like dissolves like" is an expression chemists use when discussing the solubility of substances. It means that, in general, non-polar substances dissolve in non-polar solvents and polar substances dissolve in polar solvents. (Ionic substances also dissolve in polar solvents.) What determines the polarity of a molecule? First, keep in mind that true molecules contain covalent bonds. (Ionic compounds are not molecular.) The polarity of a molecule is determined by the type of covalent bond (polar or non-polar) and by the arrangement of the bonds.


If all the bonds in a molecule are non-polar, the molecule is definitely non-polar. If all of the bonds in a molecule are polar, then the arrangement of the bonds determines the polarity of the molecule. If the bonds are arranged symmetrically, the positive and negative charges in the molecule will be evenly distributed and the molecule will be non-polar. If the bonds are not symmetrically arranged, the charges in the molecule will not be evenly distributed. One end of the molecule will be slightly negative, the other end will be slightly positive, and the molecule will be polar. 


Examples of the three cases just described are illustrated in the figure below. 
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As indicated, water molecules and carbon tetrachloride molecules both contain polar bonds. However, the bonds in the water molecule are not symmetrically arranged. As a result, the oxygen end of the molecule is slightly more negative than the hydrogen end, and the molecule is polar. The symmetrical arrangement of polar bonds in the carbon tetrachloride molecule produces an even distribution of charges, making it non-polar. 


In this experiment, you will investigate the solubilities of an ionic solid and a non-polar solid in liquids of different polarities. You also will investigate the solubilities of liquids of different polarities in each other. This experiment should lead to a better understanding of molecular polarities and the effects of polarity on solubility.

Purpose:

Relate solubilities of various combinations of substances to their molecular polarities. 

Safety:

Avoid inhaling the vapors of toluene and do not allow this substances to come in contact with your skin or eyes. Also, be sure there are no open flames in the lab during this experiment. Always wear safety goggles when working in the lab. 

	Equipment:
	
	Materials:

	test tubes, small (2) 
	
	Solids:

	graduated cylinder, 10-mL 
	
	copper(II) chloride (CuCl2) - ionic 

	test tube rack 
	
	iodine crystals (I2) - nonpolar  

	microspatula 
	
	Liquids: 

	stoppers (2)
	
	deionized water (H2O)-polar 

	
	
	toluene (C7H8)-nonpolar 


Procedure:

**There will be a waste chemical container in the fume hood. All chemicals in this lab are to be poured into this container for later disposal. Do not dump your test tubes in the sink.**

1.
Place two clean, dry small test tubes in a test tube rack. 

2.
Measure 2 mL of distilled water in a graduated cylinder and pour it into 
one of the test tubes. Using the level of the water in the test tube as a 
guide, add 2 mL of water to the second test tube also.

3.
Measure 1 mL of toluene in a graduated cylinder and pour it into one of 
the test tubes. Using the level of the toluene in the test tube as a guide, 
carefully add 1 mL of toluene to the second test tube also. Which liquid is 
on top? Record your observations in the data section.

CAUTION: Handle toluene with care. Do not breathe toluene vapors or allow it to come in contact with your skin or eyes. No open flames, as toluene is very flammable.

4.
To one of the test tubes, add one crystal of iodine. To the other test tube, 
add one heaping microspatula of copper(II) chloride. Carefully stopper and 
shake each tube for about one half minute. Allow the test tubes to sit for 
several minutes and record your observations. Properly dispose of all 
chemicals in the container designated for the purpose. Clean up your test 
tubes, stoppers, graduated cylinder, and microspatula with detergent.

Data and Observations:

Step 3 Observations: _______________________________________________

________________________________________________________________________________________________________________________________

Step 4 (Iodine) Observations:_________________________________________

________________________________________________________________________________________________________________________________

Step 4 (Copper(II) chloride) Observations:_______________________________


Conclusions and Questions:

Note: See the materials section of the lab to help answer the questions.

1.
As part of the introduction to the lab, toluene was added to a Styrofoam 
cup. What happened? What can you conclude about the polarity of 
Styrofoam?

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

2.
Did toluene dissolve in water? Relate this to the expression "like dissolves 
like."

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

3.
What type of bonding is present in iodine molecules? Is iodine a polar


molecule?

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

4.
In which liquid(s) used in this experiment was iodine soluble? Describe the 
polarity of each of these liquids. Relate the solubility of the iodine to the 
expression "like dissolves like." 

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

5.
What type of bonding is present in copper(II) chloride crystals? 

_______________________________________________________________

6.
In which liquid(s) was copper(II) chloride soluble? Explain your results. 

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

_______________________________________________________________

9.
Draw a sketch showing how an ionic solid is able to dissolve in water. Be


sure to include at least one positive ion and one negative ion. The sketch


should also show at least three water molecules around each ion and


should show the correct orientation of the water molecules as well.

Adapted from Kenneth Hannah—Newfane High School 2010

