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Unit 13 Notes:  Solutions (Ch. 15)

Solution:  homogeneous mixture with very small dissolved particles that do not scatter light.

Example:

Contrast with colloids and suspensions:

Colloids are homogeneous, but particles are larger and will scatter light (Tyndall effect).
Example:

Suspensions are heterogeneous and have the largest particles.  

Example:

2 parts of a solution:


Solute:   what gets dissolved (example:  sugar)

Solvent:  what does the dissolving (example:  water)

Solutions do not always have to be solids dissolved in liquids.

	Type of Solution
	Example
	Solute
	Solvent

	Gas in gas
	Air
	
	

	Gas in liquid
	Carbonated beverage
	
	

	Liquid in liquid
	Vinegar
	
	

	Solid in liquid
	Saline solution
	
	


Solubility:  A measure of the ability of a solute to dissolve in a solvent.  Represented with a numerical value.  Example:  the solubility of NaCl in water is 35.9 g/100 g water at 20oC.

“Like dissolves like” means that polar (or ionic) solutes will dissolve in polar solvents, and nonpolar solutes will dissolve in nonpolar solvents, but polar and nonpolar substances do not mix.  

	“Like dissolves like” combination
	Example

	Polar solute in polar solvent
	Sugar in water

	Ionic solute in polar solvent
	NaCl in water

	Nonpolar solute in nonpolar solvent
	Gasoline in oil


Note that water (polar) and oil (nonpolar) do not mix.  They are immiscible.  

Practice with “like dissolves like”:

· Benzene (C6H6) does not dissolve in water but it does dissolve in CCl4.

· Glucose (C6H12O6) does not dissolve in benzene but it does dissolve in milk.

· Water does not dissolve in carbon tetrachloride (CCl4), but it does dissolve in milk.

Using the above information, what you know about water, and the rule “like dissolves like,” label the following as polar (P) or nonpolar (NP):









___water        ___C6H6        ___CCl4        ___milk        ___glucose


Factors that increase rate of dissolving:  (how fast the solute will dissolve)

1.  Increase temperature


For most solid solutes, an increase in T increases solubility.  (direct relation)



Example:  more sugar dissolves in hot tea than in iced tea


For gases, an increase in T decreases solubility.  (inverse relation)



Example:  hot coke goes flat (CO2 comes out of solution)

2.  Increase surface area (smaller particle size = greater surface area)



Example: the amount of wrapping paper to wrap a box of Legos vs. how much it would take to 



wrap each Lego individually.  
3.  Increase agitation (stirring/shaking)



Example: Stirring a pitcher of Kool-Aid instead of letting the mix and sugar sit at the bottom
Terms used to describe a solution related to the solubility of the solute in the solvent:

Unsaturated:  more solute can still be dissolved at the given temp (the amount dissolved is less than the solubility)

Saturated:  no more solute can be dissolved at the given temp (the amount dissolved equals the solubility)

Supersaturated:  an unstable solution that has more solute dissolved than would be expected at the given temp (the amount dissolved exceeds the solubility)

2.  Pressure

Applies only to gases (dissolved in liquids).

An increase in P above the dissolved gas results in an increase in solubility.  (direct relation)

Example:  soda cans are pressurized to keep the CO2 dissolved.  Once they are opened and the pressure is decreased, they tend to go flat.

Precipitation Reactions

Precipitation reactions are a type of double replacement reaction.  Two solutions of ionic compounds are mixed.  One of the products of the reaction is an insoluble salt called a precipitate.   Solubility rules are used to determine the identity of a precipitate.
Solubility Rules for Ionic Compounds (Salts)  **no, you do not need to memorize this table!**
	Solubility (in water)
	    Compounds
	  Exceptions

	Soluble
	 Alkali metal (Group 1) salts
	 none

	
	 Ammonium salts (NH4+)
	 none

	
	 Acetates (C2H3O2 -)
	 none

	
	 Nitrates (NO3 -)
	 none

	
	 Chlorides (Cl -), Bromides (Br -),    Iodides (I -)
	 Compounds of Ag, Hg, and Pb

	
	 Sulfates (SO4 2-)
	 Compounds of Sr, Ba, Hg, and Pb

	********
	***************************
	***************************

	Insoluble
	 Carbonates (CO3 2-), Phosphates (PO4 3-), Sulfites (SO3 2-), Chromates (CrO4 2-)
	 Compounds of Alkali metal (Group 1) 

and NH4+

	
	 Sulfides (S 2-), Hydroxides (OH -)
	 Compounds of Alkali metal (Group 1) and  NH4+, Ca, Sr, Ba 


Write the products for these double replacement reactions and balance.  Then, using the solubility rules above, identify the precipitate by a subscript (s) for solid (insoluble in water).  All the other compounds should be marked with a subscript (aq) for aqueous (soluble in water).
Example:  AgNO3  +  LiCl  ( 

Practice:

1)  
Na2CO3  +  Ca(NO3)2 (
2)  
Pb(C2H3O2)2  +  Na2S  (  
3)
K3PO4  +  MgCl2  (
4) 
(NH4)2SO4  +  BaI2 (
Solution Concentration Calculations
1) Percent by Mass 

% by mass     = 
  mass solute   x  100

                    mass solution

Examples:

1.  What is the % by mass of NaHCO3 in a solution containing 20.0 g NaHCO3 dissolved in 600 mL water?  The density of water is 1.0 g/mL.

2) Molarity 

Molarity (M)     =  
moles solute

                                L solution

Examples:

1.  What is the molarity of a solution containing 0.50 mol glucose in 2.0 L solution?

2.  How many grams of NaClO are dissolved in 3.0 L of a 0.128 M solution?

3)  Dilution problems with molarity

Dilute:  a solution that contains a relatively low amount of solute particles for a given volume

Concentrated:  a solution that contains a relatively high amount of solute particles for a given volume

Sometimes in chemistry we need to make a more dilute solution from a more concentrated one.  
M1 V1  =  M2 V2
where M = molarity, V = volume
Example:  You have a 6.0 M HCl solution and you want to make a dilution so that you have 1000 mL of a 1.0 M HCl solution.  What volume of 6.0 M HCl will be required?  How much water will be required?  



Side note on dilution safety:  “Do what you oughta, add acid to wat-a.”
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