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moles of A 

total moles in solution 
XA = 

Mole Fraction (X) 

• In some applications, one needs the mole fraction 

of solvent, not solute—make sure you find the 

quantity you need! 

solution of moles total

solutionin component  of moles
component offraction  Mole 



Solutions 

Molarity (M) 

• Because volume is temperature dependent, 

molarity can change with temperature. 

Molality (m) 

 Because both moles and mass do not change with 

temperature, molality (unlike molarity) is not 

temperature dependent. 

solution of liters

solute moles
Molarity 

solvent of kg

solute moles
 Molality, m
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Parts Solute in Parts Solution  
• Parts can be measured by mass or volume 

• Parts are generally measured in same units 

– by mass in grams, kilogram, lbs, etc. 

– by volume in mL, L, gallons, etc. 

– mass and volume combined in grams and mL 

• Percentage = parts of solute in every 100 parts solution 

– if a solution is 0.9% by mass, then there are 0.9 grams of 
solute in every 100 grams of solution 

• or 0.9 kg solute in every 100 kg solution 

• Parts per million = parts of solute in every 1 million 
parts solution 

– if a solution is 36 ppm by volume, then there are 36 mL of 
solute in 1 million mL of solution 
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Percent Concentration 
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Parts Per Million Concentration 
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PPM 
• grams of solute per 1,000,000 g of solution 

• mg of solute per 1 kg of solution 

• 1 liter of water = 1 kg of water 

– for aqueous solutions we often approximate the kg of the 

solution as the kg or L of water 

• for dilute solutions, the difference in density between 

the solution and pure water is usually negligible 
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Parts Per Billion Concentration 
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Using Concentrations as 

Conversion Factors 

• Concentrations show the relationship between the amount of 

solute and the amount of solvent 

– 12%(m/m) sugar(aq) means 12 g sugar  100 g solution 

• or 12 kg sugar  100 kg solution; or 12 lbs.  100 lbs. solution 

– 5.5%(m/v) Ag in Hg means 5.5 g Ag  100 mL solution 

– 22%(v/v) alcohol(aq) means 22 mL EtOH  100 mL solution 

• The concentration can then be used to convert the amount of 

solute into the amount of solution, or     vice- versa  
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Colligative Properties 

• Changes in colligative properties depend only on 

the number of solute particles present, not on the 

kind of the solute particles. 

• colligative properties are 

Vapor pressure 

Boiling point elevation 

Melting point depression 

Osmotic pressure  
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Vapor Pressure 

• Because of solute-solvent intermolecular 

attraction, higher concentrations of 

nonvolatile solutes make it harder for 

solvent to escape to the vapor phase. 

• Therefore, the vapor pressure of a solution 

is lower than that of the pure solvent. 
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Raoult’s Law 

PA = XAPA 

 where 

• XA is the mole fraction of compound A 

• PA is the normal vapor pressure of pure solvent 
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Boiling Point Elevation and 

Freezing Point Depression 

 Nonvolatile solute-solvent 

interactions also cause 

solutions to have higher 

boiling points and lower 

freezing points than the pure 

solvent. 
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Boiling Point Elevation 

 The change in boiling point is 

proportional to the molality of 

the solution: 

 

Tb = Kb  m 

 

 

 where Kb is the molal boiling 

point elevation constant, a 

property of the solvent. Tb is added to the normal 

boiling point of the solvent. 
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Freezing Point Depression 

• The change in freezing point 

can be found similarly: 

 

Tf = Kf  m 

 

• Here Kf is the molal freezing 

point depression constant of the 

solvent. 

Tf is subtracted from the normal 

freezing point of the solvent. 
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Boiling Point Elevation and 

Freezing Point Depression 

 Note that in both equations, T 

does not depend on what the 

solute is, but only on how many 

particles are dissolved. 

Tb = Kb  m 
 

 

Tf = Kf  m 
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De-icing of Airplanes is Based on 

Freezing-Point Depression 



Solutions 

Osmosis 

• Osmosis is the diffusion of water through a semi-

permeable membrane 

• Some substances form semipermeable 

membranes, allowing some smaller particles to 

pass through, but blocking other larger particles. 

• In biological systems, most semipermeable 

membranes allow water to pass through, but 

solutes are not free to do so. 
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Osmosis 

 In osmosis, there is net movement of solvent from the area 

of higher solvent concentration (lower solute 

concentration) to the lower solvent concentration 

(higher solute concentration). 
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Osmotic Pressure 

• The pressure required to stop osmosis, known as 

osmotic pressure, , is 

n 

V 
 = (    )RT = MRT 

where M is the molarity of the solution 

If the osmotic pressure is the same on both sides 

of a membrane (i.e., the concentrations are the 

same), the solutions are isotonic. 



Osmosis in Blood Cells 

• If the solute concentration 

outside the cell is greater than 

that inside the cell, the 

solution is hypertonic. 

• If the solute concentration 

outside the cell is less than 

that inside the cell, the 

solution is hypotonic. 

http://upload.wikimedia.org/wikipedia/commons/a/ab/Turgor_pressure_on_plant_cells_diagram.svg
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Theory of Osmosis 
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Fresh 

Water 

Sea 
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H2O 

Pressure 

Reverse Osmosis 

The Osmotic Pressure, π, is defined as: π = MRT 

For sea water, π is about 35 psi. 

Semipermeable 

Membrane 
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Reverse Osmosis  Nanofiltration  

Microfiltration  Ultrafiltration 
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Colloids 

• Suspensions of particles larger than individual ions or 

molecules, but too small to be settled out by gravity. 

• Particle size: 10 to 2000 Å. 
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Removal of Colloidal Particles 

• Sodium stearate is one example of such a molecule. 

• Removal process coagulation-filtration 

• Colloid particles are too small to be separated by physical 

means (e.g. filtration). 

• Colloid particles are coagulated (enlarged) until they can 

be removed by filtration. 

• Methods of coagulation: 

– heating 

– adding an electrolyte 


