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Solids

Definite shape and volume
Contain particles with strong attractive 
forces
Particles in a solid vibrate in a fixed 
position
Most solids are more dense than liquids 
(ice exception: not more dense than 
water)



Solids

Crystalline solids: solids with atoms, 
ions, or molecules arranged in an 
orderly, geometric shape

Unit cell: the smallest arrangement of 
atoms in a crystal lattice that has the 
same symmetry as the whole crystal



Solids

Amorphous Solids: a solid in which the 
particles are not arranged in a regular, 
repeating pattern
Forms when molten material cools 
quickly 
Examples: glass, rubber, and many 
plastics 



Liquids

Definite volume, no definite shape
Liquid particles have some freedom of 
motion and they can take the shape of 
the container
Attractive forces limit the range of 
the motion and keep the particles 
closely packed



Liquids

Fluidity: the ability to flow and 
diffuse; liquids and gases are fluids 
Due to attractive forces, liquids 
diffuse slower
Viscosity: Measure of the resistance of 
a liquid to flow and is determined by 
the type of intermolecular forces



Liquids

Surface tension: Property of the 
surface of a liquid that allows it to 
resist an external force, due to the 
cohesive nature of the molecules 
Stronger attractive forces = higher 
surface tension 
Water has a high surface tension due 
to the hydrogen bonds 



Liquids

Capillary Action: Upward movement of 
liquid into a narrow cylinder, or 
capillary tube
Cohesion: force of attraction between 
identical molecules 

  -The force between two water 
molecules 



Liquids

Adhesion: force of attraction between 
molecules that are different 

  -The force between water and the 
glass 

  -This is higher than cohesion forces 
for water 

  -Water climbs the walls of a graduated 
cylinder 



Gases

Kinetic Molecular Theory: describes the 
behavior of matter in terms of 
particles in motion



Gases

       Kinetic Molecular Theory
The gas particles are in constant, 
random motion
Particles move in a straight line until 
they collide with another particle or 
the container wall
Particles have elastic collisions…no 
kinetic energy lost



Gases

Pressure: Force applied per unit area 
The force is the result of gas particles 
colliding with the walls of the container
There is less air pressure at high 
altitudes because there are fewer 
particles present, since the force of 
gravity is less



Gases

Units of pressure
    1atm= 760 torr= 760 mmHg =
    101.325 kPa = 101325 Pa
Atm=atmospheres
mmHg=millimeters of mercury
kPa=kilopascals
Pa=pascals 



Phase Changes
Melting Point: temperature at which 
the solid and liquid phases can coexist
Vaporization: the process of particles 
escaping the attractive forces of a 
liquid to enter the gas phase 
Evaporation: when vaporization occurs 
only at the surface of a liquid

      -Requires energy, but occurs at any 
        temperature; higher temperature
        faster rate  
       



Phase Changes

Boiling Point: the temperature where 
the vapor pressure is equal to the 
atmospheric or external pressure
Sublimation: process by which a solid 
changes directly to a gas
Deposition: opposite of sublimation, 
process when a gas changes to a solid 

       



Phase Changes

Condensation: process by which a gas 
or vapor becomes a liquid

Freezing Point: temperature at which 
the liquid and solid phases can coexist 



Phase Changes



Phase Diagrams

Phase Diagram: a graph of the 
pressure vs. temperature

     -Shows which phase a substance 
       exists under different
       conditions         
     -Different for every substance
Freezing Point: temperature at which 
the liquid and solid phases can coexist 



Phase Diagrams

Triple Point: where all three phases of 
matter can coexist

   -All six phase changes can occur
    at this set of conditions
Critical Point: indicates the critical 
pressure and temperature above which 
the substances cannot exist as a liquid



Phase Diagrams



Phase Diagrams



Gas Laws

For a fixed amount of gas, a change in 
one variable pressure, temperature, or 
volume affects the other two
Standard Temperature and Pressure 
(STP): Set of standard conditions for 
experimental measurements to be 
established to allow comparisons to be 
made between different sets of data.



Gas Laws

STP for gases are
    -Pressure: 1 atm
    -Temperature: 0 ̊ C or 273 K



Ideal Gases

Ideal gas is a gas whose molecules 
occupy negligible space and have no 
interactions, and that consequently 
obeys the gas laws exactly
Ideal gases experience:

    -There are no intermolecular 
attractive or repulsive forces between 
particles or with their containers

     



Ideal Gases
Ideal gases experience:

    -Collisions are perfectly elastic.
    -The particles are in constant random 

motion
     -No gas is truly ideal, but most 

behave as ideal gases at a wide 
range of temperatures and 
pressures

    



Ideal Gas Law

Describes the physical behavior of an 
ideal gas in terms of pressure, volume, 
temperature, and amount
Formula: PV=nRT

   -P: pressure         V: volume
   -n: # of moles      R:gas law constant
   -T: temperature in kelvin



Ideal Gas Law

Gas law constant value:
-Depends on unit of pressure

   -R = 0.0821 L atm / K mol

    -R = 8.31 L kPa / K mol



Ideal Gas Law

Modifications
Use molar mass to use values with 
grams

   -m = mass   M = molar mass (GFM)
   -PV=nRT substitute n=m/M
        - PV = mRT/M
        - M = mRT/PV



Ideal Gas Law

Modifications
Rearrange formula and density can be 
included

  -M = mRT/PVsubstitute m/V = D 
      M = DRT/P

   - D = MP/RT


