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Supercooling curve

Boiling occurs when the vapor pressure equals

the external pressure.
Boiling can only occur in an open container. If the
container were sealed, the pressure would
constantly be increased by the heating,
preventing the vapor pressure from being able to
catch up. Eventually the container would burst.
The normal boiling point of a substance is when
the vapor pressure is 1 atm.

 Changes of state do not always occur exactly at the

boiling or melting point.
 Supercooling is to cool a liquid below it freezing

point. It happens if the liquid cools but does not
achieve the appropriate organization necessary to
become a liquid. At some point, it does get the right
organization and rapidly freezes.
 Superheating is when a liquid is heated above its
boiling point. This happens when there are no places
for the bubbles to form. Once it does boil, the liquid
tends to shoot out of the container.

Phase Diagrams

Water phase
diagram

Mixtures

Chapter 11

~Small but visible particles suspended or floating
in a gas or liquid (heterogeneous mixture)
Like a snow globe or dust or “shake before using”
 the particles are too big to float forever without
being stirred
 If a suspension sits, the particles will settle
 Can be filtered out


 Heterogeneous mixture- unevenly mixed
SOLUTIONS

Suspensions

substance (separation can be seen)
 Homogeneous mixture- evenly mixed substance

(no separation can be seen)
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Colloids

Colloids or Colloidal Suspension
 ~mixture that appears uniform unless under a





magnification.
Particles are a little larger than the wavelength
of light
Extremely light particles float almost
indefinitely.
Milk, blood, smoke
These can be separated in a centrifuge

A suspension contains very large particles that

settle out of solution.

A solution contains very small solute particles

that do not separate from the solvent.

A colloid contains intermediate particles (solute-

like) distributed throughout a dispersing (solventlike) substance.

Brownian motion measures the change in speed

and direction of colloidal particles because of the
action of the dispersing medium

Tyndall Effect

Solutions

 ~Scattering of light by a colloid or suspension
 Both a colloid and a suspension have particles larger

than the wavelength of light, so when light shines
through it should be deflected every which way.
 This will make the beam of light visible.

Types of Colloids

Physical vs Chemical change

 Particles are smaller than the wavelength of light.

 Ionic solutions are in a gray area as far as whether

 With solutions, no separation can be seen even

 Normally solutions are considered mixtures, just a

Therefore, it will not scatter light.

under a high powered microscope.
 Cannot be separated by any filter or by a centrifuge.
 Can be separated by boiling/ melting points.
 salt water, metal alloys, air

than are a chemical or physical change.
physical change. If the solute changes phase it is
easy to separate them.
 However, in order to make an ionic solution ionic

bonds must be broken.
 NaCl  Na+ + Cl-

Tyndall Effect

Parts of a solution

Particle size

 Solvent- what the substance is dissolved in
 Solute- what is being dissolved
 Water is called the “universal solvent”
 because it dissolves a lot of substances and is very

common.
 Water solutions are called aqueous.

 < 1 nm

1-1000 nm

>1000 nm

 nm is a nanometer or 1x10-9 m
Colloid/suspension

solution
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Mass and volume
 In a solution, mass is conserved, however, volume is

not.
 That is to say, the mass of a solution = mass of the
solute + solvent.
 The volume of a solution may not equal the volume
of the solute +solvent.

Example
 It is easy to think of sand and water (not a solution,

but it works for the general concept)
 If you mix a liter of sand and a liter of water you
get…
 A mixture that is more than one liter but less than 2
liters.
 Now this applies to solutions, if you mix 1 L of
water with .5 liter of Na2 CO3 the resultant solution
is more than 1 L but less than 1.5 L

Solution misconceptions
 Solutions don’t have to be a solid in a liquid.
 carbonated water is CO2 dissolved in water, streams

have dissolved O2 in them.
 The solvent doesn’t have to be water or even a
liquid.
 Alloys (two or more metals) are a solution as is air.
Several things dissolve in oils.

Coke v. Diet Coke
 Coke cans sink in water, diet coke floats.
 That means a coke can is more dense than water, diet

coke is less dense.
 Aluminum is more dense than water, but there is head
space, a little air pocket, at the top of the can.
 Diet Coke (and all diet beverages) use artificial
sweeteners like Nutrasweet.
 Nutrasweet is 200x sweeter than sugar, so you need to
dissolve less in the solution, making it less dense

Density of solutions
 Increasing the mass of the solution and not

increasing the volume comparatively will increase
the density.
 Dissolving solids into water almost always increases

the density.
 How much the density increases, depends on how

much is dissolved.

Gases
 Gases dissolved in water tend to decrease the density

of the solution.
 Again the volume of the solution does NOT increase

Liquids
 Liquids may increase or decrease the density of the

solution dependent on whether they are more or
less dense than the solvent.

anywhere near the volume of the gas + water, but it
does increase at a greater rate than the mass.

 Rubbing alcohol will decrease the density of a water

Definitions

Types of solutions

A solute is what is dissolved
A solvent is what it is dissolved in
Solubility/Miscibility is a measure of how easily

something dissolves in another substance

To be dilute means a small amount of solute per

solvent
To be concentrated means a large amount of
solute per solvent

solution, where acetic acid will increase the density
of a water solution.

Example

State of
Solution

State of Solute

State of
Solvent

Air, natural gas

Gas

Gas

Gas

Liquid

Liquid

Vodka, antifreeze

Liquid

Brass

Solid

Solid

Solid

Carbonated water (soda)

Liquid

Gas

Liquid

Seawater, sugar solution

Liquid

Solid

Liquid

Hydrogen in platinum

Solid

Gas

Solid
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Formation of a Liquid Solution

Steps in the Dissolving Process

1. Separating the solute into its individual

 Steps 1 and 2 require energy, since forces must

components (expanding the solute).
2. Overcoming intermolecular forces in the solvent
to make room for the solute (expanding the
solvent).
3. Allowing the solute and solvent to interact to
form the solution.
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be overcome to expand the solute and solvent.
 Step 3 usually releases energy.
 Steps 1 and 2 are endothermic, and step 3 is

often exothermic.
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Enthalpy (Heat) of Solution

Enthalpy (Heat) of Solution

of the solution is the sum of the ΔH values for
the steps:
ΔHsoln = ΔH1 + ΔH2 + ΔH3

the ion-dipole force is greater than the hydrogen
bonding in water.
volume, affects DHhydr.

* The trend down a group is to decrease DHhydr

because a larger ion means a larger radius
between particles, therefore less energy is
required to break the attraction.
* The trend across a period is to increase DHhydr
as charge increases.

absorbed) or a negative sign (energy released).

The Solution Process and the Tendency
Toward Disorder
Entropy is a measure of a system’s disorder.
Because the solution process occurs naturally,

which creates more disorder, entropy is
increased.

Steps 1 and 2 are DHsolute Step 3 is DHhydr

The charge density, the ratio of charge to

 ΔHsoln may have a positive sign (energy
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Heats of Hydration: Ionic Solids in Water.
DHsoln = DHsolute + DHhydr
DHhydr is always exothermic (negative) because

 Enthalpy change associated with the formation
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Steps in the Dissolving Process
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Saturation
 Saturated solution- solution that has all the solute

it can hold. If any more is added it will not
dissolve.
 Supersaturated solution- a soln. holding more
solute than it should
 A supersaturated solution is made by heating a
solution to dissolve more solute and then cooling
it.
 If you disturb a supersaturated solution the solute
will fall out of solution.

Temperature
Solubility increases with temperature if the

solution process is endothermic (DHsoln > 0).

Solubility decreases with temperature if the

solution process is exothermic (DHsoln < 0).

Generally, ionic solids increase their solubility in

water as temperature increases.

Generally, gases decrease their solubility in water

as temperature increases.
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Pressure
Pressure changes have little effect on solid and

liquid solubility.

Henry’s Law states that the solubility of a gas

(Sgas) is directly proportional to the partial
pressure of the gas (Pgas) above the solution.
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