
SOLUTIONS 



TYPES OF SOLUTIONS 



SOLUTION TYPES 

• Saturated 

• Unsaturated 

• Supersaturated 



UNSATURATED 



SATURATED 



SUPERSATURATED 



THE SOLUTION PROCESS FROM A 

MOLECULAR VIEWPOINT 



SOLVATION 

• Solute-solute 

interactions 

• Solvent-solvent 

interactions 

• Solute-solvent 

interactions 

An imaginary pathway for an endothermic 

solvation process. 



ENTROPY 
• Entropy is related to the number of available 

states a system has. 

• Everything, left to its own, will go in the direction 

that increases the entropy of the system. 

• This is the driving force in an endothermic 

spontaneous process (such as dissolving CaCl2 in 

water). 



LIKE DISSOLVES LIKE 

• Compounds that are similar in the type and 

magnitude of intermolecular forces they exhibit 

tend to be soluble in each other. For example, 

methanol and water. 

 

Methanol 



UNITS OF CONCENTRATION 



CONCENTRATION 

molarity (M) =
moles of solute

liters of solution
 

mole fraction of A =
moles of A

moles of all components
 

molality (𝑚) =
moles of solute

kg of solvent
 

Percent by mass =
mass of solute

mass of solution
× 100 

ppt =
mass of solute

mass of solution
× 1000 

ppm =
mass of solute

mass of solution
× 1,000,000 

 



EXAMPLE 

• Concentrated sulfuric acid is 98.0 % H2SO4 by 

mass.  Given that the density of concentrated 

sulfuric acid is 1.83 g/mL calculate the molarity 

and molality of concentrated sulfuric acid.  The 

solvent is water. 

18.3 M 

5.0 x 102 m 



WHY WE HAVE DIFFERENT UNITS OF 

CONCENTRATION 

• Molarity: Easy to measure volume of solution 

• Typically used for gravimetric analysis and 

titrations 

• Mole fractions 

• Typically used for gases and vapor pressures of 

solutions 

• Molality: Temperature independent (molarity isn’t, 

volume changes with temperature) 

• Percent by mass: Don’t need to know molar 

masses, temperature independent also. 



CONDITIONS THAT AFFECT 

SOLUBILITY 



TEMPERATURE 
• The solubility of a salt usually (but not always) increases with temperature 

 

 

 

 

 

 

 

 

 

 

 

 

• The solubility of a gas in a liquid decreases with increased temperature 



PRESSURE 
Does not affect the solubility of a solid or liquid 

Does affect the solubility of a gas – HENRY’S LAW 

𝑐 = 𝑘𝑃 

Here c is the molarity of the dissolved gas,  

P is the pressure (in atm) of the gas over the solution.  If there 

is more than one gas in solution then P is the partial pressure 

of that gas over the solution.   

k is a constant of proportionality, called Henry’s law constant.  

k depends on the gas/solvent combination and depends on 

temperature.  The units of k are mol/L∙atm. 

There is a dynamic 

equilibrium between 

the 

gas in solution and  

above it. 

Increasing the partial 

pressure of the gas 

above the solution 

increases the number of  

gas particles hitting the 

surface at any time, 

increasing the number of 

gas particles in solution. 



EXAMPLE 

• A curious chemistry student decided to determine the 

pressure of CO2 in the space above the liquid in a bottle of 

beer.  First she weighed the unopened bottle of beer.  It had 

a mass of 942.447 g.  Then she carefully removed the cap (it 

was a twist off cap) and let the carbon dioxide escape.  Then, 

she replaced the cap and reweighed the bottle of beer.  It 

weighed 939.102 g.  Then she carefully measured the volume 

of beer in the bottle, it was 454.82 mL.  Given that the 

Henry’s law constant for carbon dioxide in water is 3.6 x 10 -2 

mol/L∙atm, calculate the pressure of CO2 over the beer in the 

bottle before it was opened. 

4.6 atm 



COLLIGATIVE PROPERTIES 



COLLIGATIVE PROPERTIES: 

• Depend on the number of solute particles but not on the 

identity of those particles. 

• Include: 

• Boiling point elevation 

• Freezing point depression 

• Vapor pressure lowering 

• Osmotic pressure 

 



VAPOR PRESSURE LOWERING 

The vapor pressure of a liquid decreases when a non-volatile 

solute is dissolved in it. 

This is stated in Raoult’s Law: 

𝑃1 = 𝜒1𝑃1
𝑜 

(MEMORIZE) 

Here 𝑃1 is the partial pressure of the solvent over the solution,  

𝑃1
𝑜 is the vapor pressure of the pure solvent, and  

𝜒1 is the mole fraction of the solvent in the solution. 

 



VAPOR PRESSURE LOWERING 

If there is only one solute, then we can write: 

𝑃1 = (1 − 𝜒2)𝑃1
𝑜 

Or 𝑃1 = 𝑃1
𝑜 − 𝜒2𝑃1

𝑜 which can be rearranged to give: 

𝑃1
𝑜 − 𝑃1 = 𝜒2𝑃1

𝑜 

Or 

Δ𝑃 = 𝜒2𝑃1
𝑜 

(MEMORIZE) 

 



VAPOR PRESSURE LOWERING 
If  the solute(s) and the solvent are volatile, then Raoult’s law 

still applies, and we get: 

𝑃𝑇 = 𝜒𝐴𝑃𝐴
𝑜 + 𝜒𝐵𝑃𝐵

𝑜 

(MEMORIZE) 

Here 𝑃𝑇 is the total vapor pressure due to the solution. 

Any solution that obeys Raoult’s law is called an ideal solution. 



VAPOR PRESSURE LOWERING (WHY?) 

In general, a gas has more entropy than a liquid. 

The difference in entropy between a gas and a liquid is what 

drives vaporization (which is an endothermic process). 

A solute increases the entropy of a liquid (although not as much 

as being a gas does). 

The difference in entropy between a pure solvent and the gas 

phase is greater than the difference in entropy between a 

solution and the gas phase. 

Because of the decreased difference in entropy, there is a 

decreased tendency for the solvent molecules to vaporize, and 

thus a lower vapor pressure. 



EXAMPLE 

• The vapor pressure of pure methanol (CH3OH) at 25 oC is 

126.39 mmHg.  What is the vapor pressure of methanol in 

mmHg above a solution that is 75.00 % methanol and 

25.00% ethylene glycol (HOCH2CH2OH), by volume?  The 

density of methanol at 25 oC is 0.7918 g/mL and that of 

ethylene glycol is 1.1132 g/mL. 

101.8 mmHg 



BOILING POINT ELEVATION 
Boiling Point: Temperature at which the vapor pressure equals 

the pressure above the liquid. 

We just saw that adding a solute to a liquid decreases its vapor 

pressure. 

This means that in order to equal the pressure above the 

solution the temperature of a solution must be higher than that 

of the pure solvent. 

Solid line is pure  

solvent, dotted line  

is solution. 

Δ𝑇𝐵 = 𝐾𝐵 ∙ 𝑚 

KB = boiling point elevation 

constant, m is molality. 

MEMORIZE 



FREEZING POINT DEPRESSION 

A solute lowers the freezing point of a solution just as it raises 

the boiling point. 

Δ𝑇𝐹 = 𝐾𝐹 ∙ 𝑚 

MEMORIZE 

KF = freezing point 

depression constant, 

m is molality. 



OSMOSIS AND OSMOTIC PRESSURE 



OSMOTIC PRESSURE (𝜋) 

 

(MEMORIZE) 

M is molarity 

R = 0.08206 L∙atm/K∙mol 

T = temperature in K 

𝜋 = 𝑀𝑅𝑇 



ELECTROLYTE SOLUTIONS 

Colligate properties depend on the number of particles in solution. 

An electrolyte dissociates into ions (particles). 

NaCl(aq)  Na+(aq) + Cl-(aq) 

This is taken into account by the van’t Hoff factor i: 

Δ𝑇𝐵 = 𝑖𝐾𝐵 ∙ 𝑚 

Δ𝑇𝐹 = 𝑖𝐾𝐹 ∙ 𝑚 

𝜋 = 𝑖𝑀𝑅𝑇 



VAN’T HOFF FACTORS 

For a strong electrolyte, the van’t Hoff factor should be the 

number of ions in the compound.  However, it is usually less 

due to ion pairing: 



VAN’T HOFF FACTORS 

For a nonelectrolyte, the van’t Hoff factor is 1. 

Higher concentration solutions of electrolytes have a greater 

degree of ion pairing. 

Calculated and observed van’t Hoff factors for 0.0500 M solutions at 25 oC 


