Chapter 11
Properties of Solutions
Chapter Objectives:  In this chapter, some of the physical properties of solutions will be discussed.  The fundamental questions about solution formation and which substances dissolve in one another will also be considered.

Reading:  Pgs. 511 – 540 (But ONLY sections 11.1, 11.2, 11.3, and 11.8)
Problems:  

PS 11-1:  Reading 11.1 and 11.2
Do problems:  pg. 543 (# 11, 13, 15, and worksheets)
PS 11-2:  Reading:  11.3 and 11.8

Do problems: pg. 5 (# 17 and worksheets)
You should be able to:
1. Know the difference between solute and solvent.

2. Know the definition of molarity.

3. Calculate the molarity of solutions and determine the amount of solute from the molarity.

4. Define mole fraction and be able to calculate it.

5. Relate intermolecular forces to solution formation and enthalpy of solution.

6. Describe the relationship between temperature and water solubility of ionic compounds and temperature and solubility of gases in liquids.

7. State Henry’s Law and know how to apply it.

8. Define a colloid.
9. Be able to read and use a solubility graph.
                                      Chapter 11 – Properties of Solutions
11.1 Solution Composition


A. Molarity
1.
Molarity( M ) =   __ moles   solute__




      
 
      liters of solution

B. Mole Fraction


1.
Mole fraction of component A = ΧA =   __nA__








                n(compound)
11.2 The Energies of Solution Formation


A. “Like Dissolves Like”



1. Polar molecules and ionic compounds tend to dissolve in polar solvents



2. Nonpolar molecules dissolve in nonpolar compounds

B. Steps of Solution Formation



1. Breaking up the solute into individual components (expanding the solute)




a. Endothermic

2. Overcoming intermolecular forces in the solvent to make room for the solute (expanding the
     solvent)




a. Endothermic



3. Allowing the solute and solvent to interact to form the solution




a. Often exothermic

C. Enthalpy (Heat) of Solution



1. ΔHsolution = ΔHstep1 + ΔHstep2 + ΔHstep3



2. ΔHsolution may have a positive sign or a negative sign



3. Enthalpy (Heat) of Hydration, ΔHhydration



a. Include ΔH of step 2 and step 3

D. Factors Favoring the Solution Process



1. Negative Value for ΔHsolution



2. Increase in entropy



3. For positive values of ΔHsolution, it is the increase in entropy that outweighs the increase in

                            energy and causes the solution process to occur
E. Electrolytes – a material that dissolves in water to give a solution that conducts an electric current.


a) strong electrolytes (produce a strong electrical current)



* strong acids



* strong bases



* ionic salts that dissolve completely


b) weak electrolytes (produce a weak electrical current)



* weak acids



* weak bases


c) nonelectrolytes – do not produce an electrical current when dissolved.



* sugars



* alcohols



*covalent compounds
11.3 Factors Affecting Solubility


A. Structure Effects



1. Polar (hydrophilic) dissolves in polar




a. Water soluble vitamins



2. Nonpolar (hydrophobic) in nonpolar




a. Fat soluble vitamins

B. Pressure Effects



1. Henry’s Law

a. The amount of a gas dissolved in a solution is directly proportional to the pressure of the gas above the solution

b. P = kC


(1) P = partial pressure of the gaseous solute above the solution


(2) C = concentration of the dissolved gas


(3) k = constant characteristic of a particular solution

c. Henry’s Law works best for dilute solutions of gases that do not dissociate or react with the solvent

C. Temperature Effects



1. Solids




a. Increases in temperature always cause dissolving to occur more rapidly




b. Increases in temperature usually increases solubility (the amount that can be


                            dissolved)



2. Gases




a. Solubility of gases always decreases with increasing temperature

D. Dilutions: Use M1V1 = M2V2
11.8  Colloids


A.  Colloidal Dispersions (Colloids)



1.  Tiny particles suspended in some medium



2.  Particles range in size from 1 to 1000 nm.


B.  Tyndall Effect



1.  Scattering of light by particles




a.  Light passes through a solution




b.  Light is scattered in a colloid

	Table 11.7  Types of Colloids

	Examples
	Dispersing Medium
	Dispersed Substance
	Colloid Type

	Fog, aerosol sprays
	Gas
	Liquid
	Aerosol

	Smoke, airborne bacteria
	Gas
	Solid
	Aerosol

	Whipped cream, soap suds
	Liquid
	Gas
	Foam

	Milk, mayonnaise
	Liquid
	Liquid
	Emulsion

	Paint, clays, gelatin
	Liquid
	Solid
	Sol

	Marshmallow, polystyrene foam
	Solid
	Gas
	Solid foam

	Butter, cheese
	Solid
	Liquid
	Solid emulsion

	Ruby glass
	Solid
	Solid
	Solid sol


Solubility Curves:  Show the temperature and at which certain substances dissolve in a given amount of solvent to make a saturated solution.
Saturated – the maximum amount of solute is dissolved.

Unsaturated – less than the maximum amount of solute is dissolved.

Supersaturated – more than the maximum amount of solute is dissolved (through heat and careful lab

                              procedures).
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Practice:

1.  How many grams of KClO3 can be dissolved in 100 grams of water at 50oC?

2. At what temperature could you dissolve 70 grams of NH4Cl in 100 grams of water?

3. Which compound is the most soluble at 10oC?

4. How much NH3 could you dissolve in 500 grams of water at 90oC?

5.  What kind of solution would you have if you dissolve 160 grams of KNO3 in 200 grams of water at 60oC?

6.  How much precipitate would settle out of solution if you cool a saturated solution of NH4Cl from 90oC to 70oC?
