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Chapter 11 Properties of Solutions 
 
DEFINITIONS 
 
Solution - a homogeneous mixture 
Solute - the lesser component 
Solvent - the greater component 
Electrolyte - substance which dissolves to form an electrically conducting 
solution. Electrolytes dissolve to form ions in solution, which carry the current. 
Strong electrolyte - electrolyte which dissociates 100% into ions. These include 
all soluble ionic compounds, and strong acids and bases. 
Weak electrolyte - electrolyte which dissociates into ions less than 100%. 
 
11.1 Solution Composition 
 

Percent by mass =  
mass of solute

mass of solution  x 100% 

 

Mole fraction (X)= 
moles of solute

moles of solute + solvent  

  

molarity (M) =   
moles of solute

volume of solution  

 

Molality (m) = 
moles of solute
kg of solvent   

 
EXAMPLE: Calculate the percent by mass, mole fraction, and molality of a 
solution prepared by dissolving 150 g HCl in 250 g water. 
 
SOLUTION: The percent by mass is 
 
400 g solution
150 g solute    x 100% = 37.5 % 

 
 
To calculate the mole fraction, we must first convert mass to moles: 
 

150 g HCl x 
1 mole HCl
36.46 g HCl   = 4.11 moles HCl 

 

250 g H2O x 
1 mole H2O
18.02 g H2O   =13.87 moles H2O 
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then the mole fraction is 
4.11

(4.11)+(13.87)  = 0.229  (a unitless quantity) 

  
The molality is 
 

m = 
4.11 moles

0.250 kg solvent  = 16.5 mol/kg 

 
Don't forget to convert the mass of solvent to kg. 
 
PROBLEM: Determine the percent by mass, the mole fraction, and the molality 
of a solution of 50.00 g C6H12O6 in 250 g water. 
(Ans.         16.7 %       0.0196        1.11 mol/kg) 
 
11.2  Energies of Solution Formation 
 
Like dissolves Like 
• solvent-solvent interaction 
• solute-solute interaction 
• solvent-solute interaction 
3-step process 
 1 - solvent molecules separate 
 2 - solute molecules separate 
 3 - solvent and solute particles mix 
 
Steps 1 and 2 absorb energy, step 3 usually releases energy 
 
Enthalpy of Solution ∆Hsoln = ∆H1 + ∆H2 + ∆H3 
 
Solution process is favored by an increase in entropy for the system - example, 
mixing of 2 ideal gases, ∆H = 0. 
 
11.3 Factors Affecting Solubility 
 
Structure Effects 
Hydrophobic (water-fearing) non-polar molecules are not likely to be water-
soluble 
Hydrophilic (water-loving) – molecules with many H-bonding sites 
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Pressure Effects 
Henry’s Law - gas solubility is directly proportional to the pressure of the gas 
over the solution. 
 P = kC 
If the gas reacts with the solution (i.e., NH3, CO2, O2 in blood) c will be much 
higher 
 
Temperature Effects 
 
Saturated Solution - maximum amount of substance is dissolved at a given T 
Unsaturated Solution 
Supersaturated solution - unstable 
 
see fig. 11.6, pg. 522, solubility vs T - solubility doesn’t change as ∆Hsoln 
 
Fractional Crystallization - separation o f a mixture into pure components on 
basis of varying solubility.  Works best if substance has steep sol vs. T curve or if 
amt of impurity is small 
 
Gas solubility and T - solubility always decreases with increasing T 
Thermal pollution - causes deoxygenization of water 
 
11.4 Vapor Pressures of Solutions 
 
Colligative Properties: depend on the number of solute particles present, and not 
on the nature of the solute 
 
Vapor-pressure lowering - The equilibrium vapor pressure of a liquid is achieved 
when the rates of evaporation and condensation are equal. When particles of 
solute are added, the rate of evaporation of solvent is diminished, simply because 
the number of molecules close to the surface is reduced. The vapor pressure of a 
component of a mixture is given by Raoult's Law: 
 
 PA = XAP°A where P°A is the vapor pressure of the pure substance 
   PA is the actual vapor pressure 
   XA is the mole fraction of component  
 
EXAMPLE: Determine the vapor pressure of a solution of 25.00 g sugar 
(C12H22O11) dissolved in 100.00 g water. The vapor pressure of pure water at 
room temperature is 23.76 mm Hg. 
 
SOLUTION: Sugar is a nonvolatile non-electrolyte, so the vapor pressure of the 
solution is the partial pressure of water by Raoult's Law. Determine the mole 
fraction of water: 
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moles sugar = 25.00 g x 
1 mole

342.43 g  = 0.0730 moles sugar 

moles water = 100.00 g x 
1 mole
18.02 g  = 5.549 moles water 

mole fraction (X) of water = 
5.549 mol

(5.549 mol)+(0.073 mol)  = 0.9870 

 
By Raoult's Law, P = XPo = (0.987)(23.76 mm Hg) = 23.45 mm Hg 
 
If the solute is non-volatile (has a negligible vapor pressure), then the total 
vapor pressure of the solution is just the vapor pressure of the solvent. If the 
solute is volatile, then the total vapor pressure is given by Dalton's Law of 
partial pressures: 
 

PA = XAP°A 
PB = XBP°B 
Ptotal = PA +PB 

 
A solution which obeys Raoult's Law is called an ideal solution.  ∆Hsoln = 0. 
Example: benzene and toluene. 
 

a

ideal behavior positive deviation negative deviation
Positive deviation occurs when unlike molecules are less strongly attracted to each 
other than are like molecules, thus, it is easier for molecules to escape the liquid 
phase.  ∆Hsoln > 0  Example, ethanol and water. 

 
Negative deviation occurs when unlike molecules are more strongly attracted to 
each other than are like molecules, thus, it is harder for molecules to escape the 
liquid phase.  ∆Hsoln < 0  Example, nitric acid and water. 
 
11.5 Boiling Point Elevation and Freezing Point Depression 
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a

temperature

solid

liquid

gas

 

Boiling-point elevation - The 
normal boiling point of a liquid 
is the temperature at which its 
vapor pressure is equal to 1 
atm. Since the vapor pressure 
of a solution of a nonvolatile 
solute is lowered, at its normal 
boiling point the vapor 
pressure will not yet be as high 
as 1 atm, and the solution will 
not boil. The relationship 
between boiling point and 
concentration for solutions of 
nonvolatile non-electrolytes is 
given by: 
 

 ∆Tb = Kbm where ∆Tb is the boiling point elevation 
   Kb  is the solvent boiling point elevation constant  
   m  is the molality of the solution 

 
Freezing-point depression - The solid-liquid equilibrium is also disrupted by the 
presence of a solute. The solid melts faster than the solution can freeze, causing 
the freezing point to be lower than normal. The concentration dependence is 
given by the equation 
 
 ∆Tf = Kfm where ∆Tf  is the freezing point depression 
   Kf  is the solvent freezing point depression 

constant 
   m  is the molality of the solution 

 
see table 12.2, pg 523 for Kf and Kb values 
 
EXAMPLE: Calculate the freezing point and boiling point of a solution of 17.50 g 
benzoic acid (C7H6O2) in 85.00 g benzene. 
 
SOLUTION: First calculate the molality of the solution: 
 

17.50 g x 
1 mol

122.13 g  = 0.1433 mol   m = 
0.1433 mol
0.08500 kg  = 1.686 mol/kg 

 
Kf = 5.12 deg kg/mol Kb = 2.53 deg kg/mol 
Tf = 5.5° Tb = 80.1° 
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Then     ∆Tf = Kfm = (5.12 deg kg/mol)(1.686 mol/kg) = 8.63° 
Tf = 5.5° - 8.63° = -3.1°    (the freezing point is lowered 8.6°) 
and     ∆Tb = Kbm = (2.53 deg kg/mol)(1.686 mol/kg) = 4.27° 
Tb = 80.1° + 4.27° = 84.4°    (the boiling point is raised 4.3°)       
 
11.6 Osmotic Pressure 
 
Osmotic pressure (π) - The apparent pressure across a semipermeable membrane 
caused by a concentration difference is called osmotic pressure. 
 

a

semi-permeable membrane

osmotic
pressure

 
 
 π= MRT where π  is osmotic pressure 
   M is molarity 
   R  is the gas law constant, 0.0821  L atm/mole K 
   T  is absolute temperature,  
    degrees K = C + 273 
 
EXAMPLE: Determine the molar mass of a polymer if a solution of 0.5000 g of 
substance in 500 ml solution has an osmotic pressure of 2.10 mm Hg at 27° C. 
 
SOLUTION: Osmotic pressure π = MRT. If R is given as 0.0821 L atm/mol K, 
then π must be given in atm,   

 2.10 mm Hg x  
1 atm

760 mm Hg   = 0.00276 atm 

 
and T must be degrees K = C + 273 = 300 K.  
 
Then M (molarity) is given by 

 M = 
π

RT = 
0.00276 atm

(0.0821 l atm/mol K)(300 K) = 1.12x10-4 mol/L   

moles of solute n=MV=(1.12x10-4 mol/L)(0.500 L)=5.61x10-5 mol 
 
Finally, n = (mass)/(molar mass), so  
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molar mass = 
0.5000 g

5.61x10-5 mol
  = 8910 g/mol 

 
PROBLEM: Calculate the boiling point of a solution of 32.00 g C10H8 in 200 g of 
carbon tetrachloride.        (Ans.          82.8°) 
PROBLEM: Calculate the osmotic pressure of a solution of 37.00 g sugar in 250 
ml of water at 25° C.         (Ans.          10.6 atm) 
 
11.7 Colligative Properties of Electrolyte Solutions 
 
∆Tb = iKbm, ∆Tf = iKbm, π= iMRT; 

i = van’t Hoff factor = 
# particles in soln

# formula units dissolved  

 
11.8 Colloids 
 
A colloidal dispersion or colloid is a suspension of tiny particles in a liquid or gas.  
It is not a solution even though it may appear homogeneous. 
 
Tyndall Effect – the scattering of light by particles in a suspension 


