
Chapter 15
The Chemistry of Solutes

and Solutions



Solution Terminology
• Solute: one or more substance(s) dispersed in the solution
• Solvent: majority substance in a solution

Solute - Solvent Interactions



Types of Solutions



Miscible vs. Immiscible
• miscible - liquids that dissolve in each other

• immiscible - liquids that do not dissolve in each 
other due to differences types of interactions



“Likes Dissolve Likes”
• substances with similar noncovalent forces 

are likely to be soluble in each other
• solutes do not readily dissolve in solvents 

whose noncovalent forces are quite different 
from their own

• stronger solute-solvent attractions favor 
solubility, stronger solute-solute or solvent-
solvent attractions reduce solubility



Solubilities
of Some 
Alcohol



The Solution Making Process



Solution Terminology
saturated
• solution containing undissolved solute in 

equilibrium with the solution
unsaturated
• solution containing less than the maximum 

amount of solute
supersaturated
• solution containing more solute than is 

normally allowed



Types of Solutions



Supersaturated Solution



Heats of 
Solution



Hydration of a Sodium Ion



Water Dissolving An Ionic Solute



Solubility of 
Ionic 

Compounds 
and 

Temperature



Weight Percent
#g of solute

wt % =                            × 102

#g of solution

Parts per Million (ppm)
#g of solute #mg of solute

ppm =                            × 106 = 
#g of solution #kg of solution

#micro-L solute
ppm = 

#L of solution



Molarity

The number of moles of solute per liter of 
solution.

molarity M
moles of solute

M = 
liter of solution

units: moles/liter = M



Molality

• number of moles of solute particles (ions or 
molecules) per kilogram of solvent

#moles solute
m = 

#kilograms of solvent



Mole Fraction

#moles of component i
Xi = 

total number of moles

Mass Fraction



Comparison of Concentration Terms



Colligative Properties

• properties that depend on the number of 
particles not on the identity of the particles

Raoult’s Law

P1 = X1P1
o

• vapor pressure lowering



Vapor Pressure of
Pure Water vs. Sea Water



Vapor Pressure Lowering



Boiling Point Elevation

∆T = Tfinal - Tinitial

(∆Tb = bpsolution - bppure solvent)
∆Tb = kb x m
where kb => boiling point elevation constant

m => molality of all solutes in solution



Solvent Freezing



Freezing Point Depression

∆T = Tfinal - Tinitial

(∆Tf = fppure solvent - fpsolution)
∆Tf = kf x m
where kf => freezing point depression 

constant
m => molality of all solutes in solution





Colligative Properties
of Electrolytes

vpwater > vp1M sucrose > vp1M NaCl > vp 1M CaCl2

1 mole sucrose = 1 mole molecules
1 mole NaCl = 2 mole of ions
1 mole CaCl2 = 3 moles ions



Osmosis



Osmotic Pressure

Π = cRTi
where Π => osmotic pressure

c => concentration
R => gas constant
T => absolute temperature
i => number of particles per formula unit



Measuring Osmotic Pressure



Osmosis and the Cell



Normal vs. Reverse Osmosis
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