
Chapter 16 
Solutions 

 
I. Solutions 

A.                  is a homogeneous mixture involving two or more pure 
substances. Its composition usually can be varied within certain limits. 

B.                   substance dissolved in the solution. 
C.                  the substance in which the solute is dissolved 

Example: Salt + H2O  
    H2O is the solvent  NaCl 
    Salt is the solute  Na+Cl- 

II. Types of solutions 
A. When two liquids are mixed they may 

1. Mix completely, forming a solution 
a. If this happens the two liquids are called                 liquids. 

(Mixable)  The two liquids mix completely in all 
proportions to form a solution 

2. The liquids do not mix and they form a heterogeneous mixture 
a. The two liquids are                     liquids.  The liquids do not 

mix 
Example: oil and water 
b. The less dense the liquid will be on top. 

III. Saturated, unsaturated and supersaturated solutions. 
A. Concentration 

1. The                         of a solution indicates how much solute is in a 
given amount of solvent. 

B. Saturated solutions: 
1. A solution that contains as much               as can be dissolved in 

the solvent by ordinary means.   
2. A                   solution is when a solution can take no more of a 

solute at a given                                          . 
C. Unsaturated solution: 

1. The concentration of solute is              than that of the saturated 
solution under the same conditions. 

2. Example – a cup of coffee with one teaspoon of sugar. 
D. Supersaturated: 

1. The concentration of solute is               than that possible in a 
saturated equilibrium solution under the same conditions. 

2. Such a solution is                 and will revert back to a saturated 
solution if a                     of solute is added.  The excess solute will 
crystallize out of solution. 

3.                 is an example of supersaturated solution of sugar. 
4. You can prepare a super saturated solution by                 the 

temperature of a                   solution and dissolving more solute in 
the solution and then cooling it back down to a cooler temperature. 



a. If crystallization does not occur at the lower temperature, 
you have a super saturated solution. 

E. Purification by crystallization: 
Crystallization is a method of purifying solids in which a sample is 
dissolved in a hot solvent filtered and cooled to induce crystallization of 
the purified solid. 

IV. Factors affecting solubility and rate of solution 
A.                       answers the question of how much of a given solute is in a 

given solvent depends on three factors. 
1. The properties of the solute and solvent 
2. Temperature 
3. Pressure – when dissolving gases in liquids 

B.                answers the question of how fast a given solute dissolves in a 
given solvent.  There are several factors that change the rate. 
1. Particle size of solute.               particles dissolve               . This 

is because small particles have                              . 
2. Rate of                   . Stirring faster will make something dissolve 

faster. 
3.                        . If you increase the temperature you increase the 

motion of the liquid causing the solute to dissolve faster. 
C. Properties of the solute and solvent. 

1. Like dissolves like.                            compounds are soluble in 
ionic and polar solvents.  This is why NaCl, which is an ionic 
bonded compound, dissolves in water which is a polar 
compound. 

2.                                   compounds are soluble in covalent and 
nonpolar solvents. Oil is nonpolar does not dissolve in water 
which is polar. 

D. Temperature and solubility.  As a general rule, solubility                  as the 
temperature                       . 
1. An exception to this rule is the solubility of                in liquids.  As 

the temperature                     , the solubility of the gas               .  
This means a cold soda does not go flat as quickly as a warm soda. 

V. Concentration of solution 
There are a number of ways to record concentration.  The most common method 
in this class will be                . 
A. Molarity (M) is equal to (Moles of              / Liters of              .) 

 
Example: If you have 46 grams of Na dissolved in 1 liter of water what is the molarity? 
  
46g x 1 mole Na = 2 moles Na  
 23 g Na    

2 moles Na = 2 mole / liter 
1 Liter of water 

    
 



Density of 
water 

Concentration of solution continued. 
 
Percent Solutions 
(Volume/Volume)  (Volume of solute/ Volume of  ) x 100 
(Mass/Mass)    (mass of solute / mass of   ) x 100. 

 
Example: calculate the percent by mass of NaCl.  16.0 g NaCl is dissolved in 80.0 g of 
water. 

 
Total mass of the solution = 16.0 + 80.0 g =    
 ⇒ (16.0 / 96.0) x 100 =  . 

 
Part per million (ppm) 

A. Is equal to (mass of the solute / mass of solution) x 1,000,000. 
B. This is a milligram of solute dissolved in a liter of solution. 
 

Example: a sample contains 3.5 mg of fluoride ions in 825 mL of water.  Calculate the 
ppm. 

 
3.5 mg F x 1.0 mL x 1 g sample x 1,000,000 =   
825 mL  g  1000 mg sample 

 
 

 
Molality (m) 

A. Moles of solute /    . 
B. This is not a practical unit in this class except when determining boiling 

and freezing point changes. 
 

VI. Colligative properties of solutions 
A. Properties of a solution that depends only on the                              of 

solute present in a solution and not on the actual identity of the solute 
particles. 

B. Boiling point elevation 
1. If you add something to water, it                  the boiling point of the 

water.  The boiling point increase can be determined by how much 
it is above normal.  

2. Δ Tb = change in boiling point = m x kb. 
kb =  molal boiling point elevation constant of the 
solvent. 
 Units: oC / molal solution. 

C. Freezing point depression. 
1. If you add something to water, it                    the freezing point of 

the water.  The freezing point depression can be determined by 
how much it is below normal.  

2. Δ Tf = change in freezing point = m x kf. 



 
kf =  molal freezing point elevation constant of the 
solvent. 
 Units: oC / molal solution. 

 
Example: Calculate the boiling point at 1 atm in oC of the following solution.  2.5 m 
sugar solution. (kb of sugar = 0.52oC  ) 
    m 
 

2.5 m sugar x 0.52oC  =    = Δ Tb 
 m 

 
  New boiling point = 1.3oC + 100oC =   
 


