
Chemistry 11  Chapter 16 Solutions 

 1 

Name: _________ 
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Block: _________ 

CHEMISTRY 11 
Homogeneous and Heterogeneous Mixtures 
16-1/16-2: 
Homogeneous Mixture:  

• the component substances in a mixture are uniform throughout the 
solution.  

• You cannot see the different parts.  
• These mixtures are called solutions. 

 
Ex. Salt water, air, alloys, alcohol and water 
 
Heterogeneous Mixture:  

• has an observable separation of component substances. 
 
Ex. Dirt and water, oil and vinegar 
 
Parts of a Solution 
 

• Solvent - substance present in the greatest quantity 
• Solute - component of less abundance 

 
Ex. 1:   
10% alcohol solution   
Alcohol = solute (10%)  
Water = solvent (90%)  
 
Ex. 2:   
70% alcohol solution 
Water = solute (30%) 
Alcohol = solvent (70%) 
 
Solutions can be in all three phases (solid, liquid, gas). 
 
Ex. Liquid – Solid     (saltwater) 

• Liquid - Gas             (carbonated water) 
• Liquid - Liquid           (alcohol and water) 
• Gas - Gas                (air) 
• Solid - Solid              (alloys) 
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Ex. Brass = copper + zinc 
Gold = gold +copper 
Sterling Silver = silver + copper 
Steel = iron + carbon 
 
Aqueous Solution: solution with water as the solvent 
 
- Solubility and Miscibility 
 
Unsaturated:  

• a solution that is able to dissolve more solute 
 
Saturated:  

• a solution that cannot dissolve any more solute 
 
At a given temperature, each solution has a fixed amount of solute that can 
dissolve in a solution. 
 
Solubility:  

• the amount of solute needed to make a saturated solution 
• Expressed as moles per liter (M or molarity),  
• or in grams of solute per 100 grams of water. 

 
How Soluble is Soluble? 

• Nothing is totally soluble or totally insoluble 
• A solute is "soluble" in a solvent if 0.1 moles can be dissolved in 1L of 

solution (0.1 M) 
• At the saturated point there is a dynamic equilibrium established 

between solute and solution. The solute that appears to no longer 
dissolve is actually still dissolving. But the dissolved solute is equally 
dropping out of solution and reforming the solid. 

 
Ex. Salt dissolves in water forming aqueous Na+ & Cl- ions. 
 
NaCl(s) <---->Na+(aq) + Cl-(aq) 
 

• At equilibrium, NaCl is dissolving at the same rate as the aqueous ions 
Na+ and Cl- are reforming to solid NaCl. Salt does not appear to be 
dissolving 

• The arrows indicate that the forward rate (>) = the reverse rate (<) or 
that equilibrium conditions are present 
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Factors Affecting Solubility and the Rate of Solution: 
I:  Solubility-how much of a given solute in a solvent 
II:  Rate-how fast a given solute dissolves in a given solute 
 

1. Change in temperature 
2. Mixing, which brings more solute in contact with solvent 
3. Crush solute to increase surface area exposed to solvent 

 
Miscible:  
Unlimited ability of the two liquids to mix: 
 

• If a solute and a solvent have complete miscibility, they have similar 
properties. 

• Like dissolves like: 
o Polar molecules dissolve polar molecules. 
o Non-polar molecules dissolve non-polar molecules (Particularly 

true if molecules are close in size). 
 
Ex. Water and ethanol mix in all proportions.  
Both are very polar.  
The positive end of one attracts the negative end of the other. 
 
o Non-polar substances have a uniform charge distribution and mix freely 
o Water (polar) will not mix with oil (non-polar) because water molecules will 
attract each other, not allowing non-polar oil molecules to come into close 
contact 
 
Immiscible:  
liquids that do not dissolve each other 
 
16-3 
Solvation 
Solvation:  
interaction between solvent and solute particles 
 
See Figure on back of Lab 16A: 
NaCl dissolves readily in water, producing Na+ and Cl- ions.  
Water molecules are polar. The positive end (blue = hydrogen) of the water 
molecules attract the negative Cl- ions away from the crystal. The negative 
end (red = oxygen) of the water molecules attract the positive Na+ ions. 
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* When the charged ions are surrounded by water molecules, they are said to 
be hydrated 
 

Name: ______ 
Date: ______ 

Topic:  Molarity vs. Molality 
 
molarity (M) = moles of solute/Liter of solution 
 
Molality (m) =moles of solute/Kilogram of solvent 
 
Note:  

• Molarity is per liter of solution. 
• Molality is per kg of solvent. 

 
• A 1M solution of NaCl is one mole of NaCl dissolved in enough water to 

bring the total volume to 1 liter. 
 

• A 1m solution of NaCl is one mole of NaCl dissolved in 1 Kg of water. 
(note do the 4 examples on page 446-447) 
 
Sample problem 1:  
What is the molality of a solution made by mixing 1.5g of CCl4 in 380g of 
Benzene? 
 
molality = mole of solute/1 Kg of solvent 
 
mole of solute = 1.5g CCl4 x 1mol CCl4         = .0097 mol 

                 154 g CCl4 
 
Kg solvent = 380g x 1 Kg = 0.380 Kg 

  1000g 
 
molality = 0.0097mol = 0.026m 

     0.380 Kg 
 
Sample problem 2:  
How many grams of solute are needed to prepare 500 g of a 0.50m solution 
of NaCl?                                   
Plan of attack: 
Grams of H2O ---> Kg H2O ----> mol NaCl ---> g NaCl 
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500 g H2O x 1 Kg H2O x  0.50 mol NaCl x 58.5 g NaCl = 15g 
               1000g H2O        1Kg H2O          1 mol NaCl 
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Name: ______ 
Date: ______ 

CHENISTRY 11-CHAPTER 16-SOLUTIONS 
Factors Affecting Solubility and the Rate of Solution: 
I:  Solubility-how much of a given solute in a solvent-degreee of 
solubility 
The solubility depends on 3 things: 

1. The properties of the solute and solvent 
• In most cases LIKE dissolves Like 
• Ionic compounds (polar) are generally soluble in polar solvents 
• Covalent compounds (non-polar or weakly polar) are generally 

soluble in nonpolar solvents 
 

2. Temperature 
• The solubility of a gas in water decreases with an 

increase in temperature - (0oC 4.89 mL of oxygen can 
dissolve in 100 mL of water; at 50oC 2.46 mL of oxygen 
can dissolve in 100mL of water).  

• The solubility of a solid in a liquid usually decreases with 
an increase in temperature  

• Generally, an increase in temperature will increase 
solubility. (Exceptions, when the solvation process is 
exothermic). 

 
• If the temperature of a saturated solution is lowered, 

there is an excess of solute in solution.  
 

• Some solutions will not precipitate.  
 

• If the solution contains more solute than normal, it is 
called supersaturated. Use of a seed crystal will cause 
excess solute to precipitate.  

 
• Heat of solution-Heat released or absorbed during 

solvation. 
 

• When a solute is added to a solvent, heat is either 
released (exothermic) or absorbed (endothermic).  
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3. Pressure-solutions involving only liquids and solids are not 
influenced to a large extent by pressure.  Solutions of gases 
in liquids are affected by pressure. 

• Henry’s Law:  Pressure and Gas Solubility 
• The mass of a gas dissolved within a liquid is proportional 

to the pressure upon the system. 
• Example: opening a carbonated drink   (Which has more 

dissolved oxygen gas? Mountain lake or sea level 
lake…why?) 

•  
II:  Rate-how fast a given solute dissolves in a given solute 

1. Temperature-higher temperature means a higher rate 
2. Rate of stirring:  Mixing, which brings more solute in contact 

with solvent 
3. Particle size:  Crush solute to increase surface area exposed to 

solvent 
 

Colligative Properties of Solution 
• Colligative Properties-properties that depend upon the number of 

solute particles and not the properties of the solute 
 

• Examples of colligative properties: Vapor pressure, osmotic pressure, 
boiling and melting temp. 

 
• If the solute is non-volatile, the vapor pressure of the solution will 

decrease. The non-volatile solute particles compete with volatile 
solvent particles. The drop in vapor pressure is directly proportional to 
the concentration of the solute. 

 
Boiling Point Elevation-molal boiling point 

• In order for the solution to boil, the temp. must be raised above the 
boiling temp. of the solvent to make up for the decreased vapor 
pressure. 

• Molal boiling point-Amount a one-molal solution of a non-electrolyte 
will raise the boiling point of a solution 

• a non-volatile solute depresses (lowers) the vapor pressure.  
• The addition of a non-volatile solute raises the boiling temp. The boiling 

temperature continues to rise, since the solvent boils away leaving 
more solute in the solution. 
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• The molal boiling point elevation constant for water is 0.52oC per molal 
solution 

 
Distillation: 
boiling off the solvent and then condense the vapor back to pure liquid. 
 
Freezing Point Depression: 

• The dissolved solute keeps the solvent particles apart, not allowing 
them to form a crystal.  

• A lower temp. is required to freeze a solution.  
• The freezing point is depressed and continues to depress as solution 

becomes more concentrated with solute 
• The molal freezing point depression constant is -1.86oC per molal 

solution 
 
Precipitation and Net Ionic Equations 
 
Molecular Equation: 
 
AgNO3 (aq) + NaCl (aq) →_________?     +   __________? 
 
(predict (above) the two products and states of matter using solubility chart) 
 
All of the compounds in the above equation are actually ionic compounds. 
Since they are written in their non-dissociated molecular form it is called a 
molecular equation.  
Since 2 new products are formed the reaction is a "double displacement" or 
metathesis. 
 
Ionic Equation: 
 
Ag+ (aq) + NO3

- (aq) + Na+ (aq) + Cl- (aq) ---> AgCl (s) + Na+ (aq) + NO3
- (aq) 

(Spectator ions are underlined) 
 
Spectator ions do not enter into the reaction but remain as ions on reactant 
and product sides.  
Remember…do not break apart the solid (s), or the insoluble molecule 
determined from the solubility chart.   
Also make sure to balance and show all charges. 
 
Net Ionic Equation (of above ionic equation): 
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Ag+ (aq) + Cl- (aq) --------> AgCl (s) 
 
The net ionic equation contains only the reacting species and product formed. 
Spectator ions are deleted. 
 
Precipitate: 
the insoluble solid that separates from a solution of ions.  
When 2 solutions of soluble ions are mixed and a precipitate forms, a new 
combination is formed. 
 
Write the molecular, ionic and net ionic equations for the following: ( Be sure 
to balance, show charges and states of matter) 
 
Example 1: Ca(NO3)2(aq)            +      Na2SO4(aq)   
 
Example 2: Pb(NO3)2(aq)                +      KI(aq)   
 
Dissociation:  
Process of a crystal or molecule decomposing into its component ions. 
 
Ionic Solid: BaCl2(s) +H20--->Ba2+(aq) + 2Cl-(aq) 
 
Polar Covalent Bond: HCl(g) +H20---> H+(aq) + Cl-(aq) 
 
Sample Problem: 
 
a) Write the equilibrium expression for FeCl3(s) 
 
b) If the concentration of the FeCl3 is 0.1 M, what is the concentration of 
each ion? 
 
Answer: 
 
a)FeCl3(s) >>>> Fe 3+ + 3Cl- 
 
a)0.1 M FeCl 3 = 0.1 M Fe 3+ = 3(0.1M)Cl- or, 3MCl- 
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Solubility Equilibrium 
 
Ksp = Solubility product- product of the concentration of soluble ions. 
 
AgCl(5) <-----> Ag+ +Cl- 
 
Ksp = [Ag+] [Cl-]...where: [Ag+] = moles Ag+/Liter 
 
[Cl-]= moles Cl-/Liiter 
 
 [ ]= concentration in moles liter 
 
 
A low Ksp means concentration of ions is low, and solubility is low.  
Use table 16-4 on page 459 for Ksp values of common ionic solids. 
 
 
Calculations of Solubility Using Ksp... 
 
Ksp = [Ag+] [Cl-] 
 
Since [Ag+] = [Cl-] from balanced equation 
 
X= [Ag+] = [Cl-] 
 
Substituting: Ksp = [x] [x] = [x]2 
 
From table 16-4: Ksp = 1.7 x 10-10 
 
Substituting: [x]2 = 1.7 x 10-10 
 
[x] = 1.3 x 10-5 M= [Ag+] = [Cl-] = [AgCl] 
 
Using Ksp values to predict if known concentrations of 2 ions will precipitate. 
 
* If product of the concentration of ions in solution is greater than the Ksp 
value for the ionic solid a precipitate will form. If the product is less than 
the Ksp value, no precipitate will form. 
 
Sample problem: A solution contains 0.0114 Ca 2+ ions and 0.0002 M S04 
2+ ions. 
a) What is the solubility product (trial ksp)? 
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b) Will a precipitate form? 
 
  
 
Step 1: Write a balanced reaction and Ksp expression. 
 
CaS04(s) <-----> Ca+ + S04-2 
 
  
 
Ksp= [Ca2+] [S042-] 
 
Step 2: Calculate the trial Ksp using the given concentrations. 
 
Trial Ksp= [0.01] [0.0002] = 2x10-6 
 
Step 3: Determine if trial Ksp > or < Ksp from Table 16-4. 
 
Ksp of CaS04 = 2.4 x 10-5 
 
 
Trial Ksp 2x10-6 < actual Ksp 2.4 x 10-5 
 
Therefore no precipitate. 
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Chemistry 11-Chapter 16 
Open Note Homework Quiz- 16-6 
 
Write dissociation Equations for each of the following solutions and then 
calculate the concentration of each ion in solution. 
 
a.  0.060M Fe2(SO4)3 
 
 
 
 
 
 
 
 
 
 
 
b.  0.42M Mg(ClO3)2 
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Chemistry 11-Chapter 16 
Pre-Lab Questions for Lab 16D-Solubility Trends and 
Precipitate Formation 
 
1.  What causes a precipitate to form? 
 
 
 
 
 
2.  For the following precipitation reactions write: 
a).  the balanced formula equation 
b).  the complete  ionic equation 
c).  the net ionic equation 
 
Reaction:   sodium carbonate (aq) and calcium chloride (aq) produces 
sodium chloride aqueous and solid calcium carbonate 
 
 
 
 
 
 
 
 
 
 
 
3.  What name is given to ions that do not participate in a precipitation 
reaction? 


