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14.8: Colligative Properties of Solutions
⚙ Learning Objectives

Explain what the term "colligative" means, and list the colligative properties.
Indicate what happens to the boiling point and the freezing point of a solvent when a solute is added to it.

 
People who live in colder climates have seen trucks put salt on the roads when snow or ice is forecast (Figure ), but why is
this done? It turns out that the addition of a solute lowers the freezing point of a liquid, a phenomenon called freezing point
depression. Freezing point depression is one the four different kinds of colligative properties of solutions. Colligative properties
are properties of solutions that depend only on the concentration of solute particles in a solvent, but not their identity. What this
means for the example above is that people in colder climates do not necessarily need salt to get the same effect on the roads – any
solute will work. However, the higher the concentration of solute, the more these properties will change.  
 

Figure : Workers manually spreading salt from a salt truck in Milwaukee, WI. (Michael Pereckas via Wikimedia Commons)

 
The four colligative properties of solutions are:

1. freezing point depression
2. boiling point elevation
3. vapor pressure depression (not discussed in this text)
4. osmotic pressure elevation

 
Freezing Point Depression 

The freezing point of a solution is lower than the freezing point of a pure solvent, which is why the phenomenon is called freezing
point depression. The freezing point of a substance is the temperature at which the liquid changes into a solid. At a given
temperature, if a substance is added to a solvent (such as water), the solute-solvent interactions prevent the solvent from
transitioning into the solid phase. The solute-solvent interactions require the temperature to decrease further (slowing the particles
down) in order to solidify the solution. 

Salt is placed onto roads and sidewalks in the winter to prevent water from freezing at the normal temperature of 0°C and, instead,
causing it to freeze at a lower temperature, sometimes as low as –10°C to –15°C. De-icing planes is another common example of
freezing point depression in action. A number of solutions are used, but commonly a solution such as ethylene glycol, or a less
toxic monopropylene glycol, is used to de-ice aircraft. Aircrafts are sprayed with the solution when the temperature is predicted to
drop below the freezing point. Yet another example of freezing point depression is the addition of antifreeze to a car radiator. This
prevents the radiator from freezing in the winter. Freezing water can cause an engine block to crack, since water expands upon
freezing.  

Freezing point depression is observed for any solute added to a solvent; the freezing point of the solution will always be lower than
the freezing point of the pure solvent (without the solute).  Thus, when anything is dissolved in water, the solution will freeze at a
lower temperature than pure water. 
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Figure : Comparison of boiling and freezing points of a solution (left side) with a pure liquid (right side). (Tracy Poulsen via
Flickr)

 
Boiling Point Elevation 

Pure water boils at 100°C at 1 atm of pressure. When table salt is added to water, the resulting solution has a higher boiling point
than pure water. Since the addition of a solute increases the boiling point, the colligative property is called boiling point elevation.
In the case of salt, the boiling point increases because the ions form an attraction with the water molecules that prevents them from
escaping as easily into the gaseous phase. In order for a saltwater solution to boil, the temperature must be raised above 100°C at 1
atm of pressure. Boiling point elevation is observed for any nonvolatile solute (one that does not evaporate easily) that is added to a
solvent; the boiling point of a solution will always be higher than the boiling point of the pure liquid. 

One such application of boiling point elevation is the addition of antifreeze to a car radiator. Interestingly enough, the term
antifreeze is rarely heard during the summer or in warmer climates. The term coolant is often used instead. When it comes to
vehicles, antifreeze and coolant are the same thing – they are the same chemical(s); it just depends on the season or whether a
person lives in a colder climate or warmer climate. While antifreeze/coolant will prevent water from freezing when the ambient
temperature is very cold, it will also prevent the water in the radiator from boiling over when the ambient temperature is very
warm. Should the water in a radiator and engine block boil away, it will cause the engine to overheat causing certain parts attached
directly to the engine to warp or gaskets to blow out.

 
Osmotic Pressure Elevation 

Before the final colligative property is introduced, a new concept needs to be presented. A semipermeable membrane is a thin
membrane that allows certain small molecules to pass through, but not others. A thin sheet of cellophane, for example, acts as a
semipermeable membrane (see Figure (a)). 
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Figure : Osmosis. (a) Two aqueous solutions of differing concentrations are placed on either side of a semipermeable
membrane. (b) When osmosis occurs, water molecules pass through the membrane from the dilute solution to the concentrated
solution until the two concentrations on either side of the membrane are the same. The pressure exerted by the different height of
the solution on the right is called the osmotic pressure. (CC BY-SA-NC 3.0; anonymous)

The semipermeable membrane is used to separate two solutions having the different concentrations marked. Curiously, this
situation is not stable; there is a tendency for water molecules to move from the dilute side (on the left) to the concentrated side (on
the right) until the concentrations are equalized, as in Figure (b). This tendency is called osmosis. In osmosis, the solute is
unable to pass through the membrane and remains on its original side of the system; only solvent molecules move through the
semipermeable membrane. In the end, the two sides of the system will have different volumes. Because a column of liquid exerts a
pressure, there is a pressure difference (Π) between the two sides of the system that is proportional to difference in height between
the two columns. This pressure difference is called the osmotic pressure.

Osmotic pressure plays an important role in biological systems because cell walls are semipermeable membranes. In particular,
when a person is receiving intravenous (IV) fluids, the osmotic pressure of the fluid needs to be approximately the same as blood
serum to avoid any negative consequences. Figure  shows three red blood cells:

A healthy red blood cell.
A red blood cell that has been exposed to a lower solute concentration than normal blood serum (a hypotonic solution); the cell
has plumped up as solvent moves into the cell to dilute the solutes inside.
A red blood cell exposed to a higher solute concentration than normal blood serum (hypertonic); water leaves the red blood cell,
so it collapses onto itself. Only when the solutions inside and outside the cell are the same (isotonic) will the red blood cell be
able to do its job. 
 

Figure : Osmotic Pressure and Red Blood Cells. (a) This is what a normal red blood cell looks like. (b) When a red blood cell
is exposed to a hypotonic solution, water passes through the cell membrane diluting the cell contents, potentially rupturing. (c)
When a red blood cell is exposed to a hypertonic solution, water passes from the cell to the surrounding solution, diluting the
hypertonic solution and collapsing the cell. Neither of these last two cases is desirable, so IV solutions must be isotonic with blood
serum to prevent deleterious effects. (Public Domain; Mariana Ruiz Villareal)

 
Osmotic pressure is also the reason you should not drink seawater if you’re stranded on a lifeboat in the ocean; seawater has a
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higher osmotic pressure than most of the fluids in your body. You can drink the water, but ingesting it will pull water out of your
cells as osmosis works to dilute the seawater. Ironically, your cells will die of thirst, and you will also die. (It is okay to drink the
water if you are stranded on a body of freshwater, at least from an osmotic pressure perspective.) Osmotic pressure is also thought
to be important – in addition to capillary action – in getting water to the tops of tall trees.

 
Summary 

Colligative properties are properties that are due only to the number of particles in solution, and are not related to the chemical
properties of the solute.
Freezing points of solutions are lower than the freezing points of the pure solvents.
Boiling points of solutions are higher than the boiling points of the pure solvents.
Osmotic pressure is caused by concentration differences between solutions separated by a semipermeable membrane, and is an
important biological consideration.
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