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C H A P T E R  5  G A S E S

C H A P T E R  1 0  L I Q U I D S  A N D  S O L ID S

States of Matter

Inter/Intramolecular Attractions.

Intramolecular forces These are forces within a 
molecule or polyatomic ion.
They are also referred to as bonding forces.
 These influence chemical properties.

Intermolecular Attractions (IMA).
These are forces between molecules, ions, or 
atoms.
They influence physical properties.

States of Matter

For a gas, the energy of attraction (IMA) is less 
than the energy of motion. The particles, 
therefore, are far apart.
For a liquid, the energy of attraction (IMA) is 
stronger, but KE allows for movement.  The 
particles, therefore, are closer, but with motion.
 For a solid, the energy of attraction (IMA) is 
greater than the energy of motion.  The particles, 
therefore, as arranged in a fixed, organized
pattern.

Types of Intermolecular Attractions.

Ionic attractions- very strong.  All ions are 
attracted to all opposite ions
Metallic attractions- very strong. Sea of electrons 
keep all nuclei tightly bound
Dipole/dipole attractions- weak.  The larger the 
difference in electronegativity, the stronger the 
attractions.  Larger molecules are more polarizable.
Hydrogen bonding- strongest dipole-dipole (still 
weak).  Occurs within an element that has Nitrogen, 
Oxygen, or Fluorine (NOF) bonded to Hydrogen.
London dispersion- weakest.  

London Forces

 These are short lived induced dipole dipole attractions 
between molecules that do not normally have a dipole 
moment 

 Through random motions, electrons end up unbalanced, 
then force other atoms/molecules into a similar state.

 As the electrons do constantly move, and will eventually 
end the dipole moment.  It is also fairly weak.

 Larger atoms or molecules (with more electrons) have 
stronger London forces.  With more electrons it is easier 
for the atom or molecule to have its electrons unbalanced 
and stay that way for an extended period of time.

 Iodine (I2) is a solid at room temperature.

Predicting the Type and Relative Strength of 
Intermolecular Forces.

In each of the following pairs, identify all the 
intermolecular forces present and select the 
substance with the higher boiling point:
MgCl2 or  PCl3
CH3NH2 or  CH3F
 CH3OH  or  CH3CH2OH
Hexane or cyclohexane
CH3Br  or  CH3Cl
CH3CH2OH  or  CH3OCH3
C2H6 or  C3H8

IMA in a mixture

Ion-Dipole Forces.
This occurs when an ion is attracted to a polar 
molecule.
Example: salt dissolved in water




Dipole-Dipole Forces.
This occurs between two polar molecules.
Example: (why like dissolves like) ethanol 
dissolving in water

Ion-Induced Dipole Forces

This occurs when an ion is attracted to a distorted 
nonpolar molecule.
The electron density of the nonpolar molecule is 
shifted as a result of a charged particle.
Example:
Fe2+ attracted to dissolved oxygen (O2) in blood.  
The iron induces a dipole in the oxygen molecule.
This attraction is important for oxygen transport 
in the body by hemoglobin.
People with an iron deficiency (anemic) have 
trouble with this oxygen transport because of this 
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Dipole-Induced Dipole

This occurs between a polar molecule and a 
distorted nonpolar molecule.
Example:
 Hydrogen chloride gas and argon.  The HCl is polar 

and induces the argon into a polar arrangement.

Induced dipole induced dipole

 These are just dispersion forces.

 Both molecules have their dipoles induced by each 
other

 Iodine is an example

Properties of a Liquid

Surface Tension.

Surface Tension

Surface tension is the energy required to 
increase the surface area by a given amount (in 
J/m2).
To reduce the instability of the entire substance 
at the surface, a liquid will reduce the number of 
particles exposed to the surface.
* The particles form a tight “skin” at the surface.
The stronger the forces between the particles in 
a liquid, the greater the surface tension.

Capillary action

Capillarity, capillary action, is the ability 
of a substance to naturally “rise up” a tube 
against gravity.
There is a cohesive force or attraction of 
the water molecules to each other and an 
adhesive force, attraction of the water 
molecules to the container.  
In this case, the adhesive force is 
stronger. 

In mercury, the cohesive force is stronger.

Viscosity

Viscosity is the resistance to flow of a liquid.
The viscosity of a liquid decreases with increasing 
temperature.
Molecular shape also plays a role in determining a 
liquid’s viscosity.
* Longer molecules have more contact points for 
attractive forces and have higher viscosities.

Crystalline Solids

Crystals have lattice structures made of unit 
cells.
A lattice is an array of points that forms a 
regular pattern.
A unit cell is the simplest arrangement of points 
that, when repeated in all directions, gives the 
lattice.
The coordination number of a particle in a crystal 
is the number of nearest neighbors surrounding it.

Simple Cubit
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Packing Efficiency

Packing efficiency is the percentage of the 
available volume of a crystal is occupied by 
“spheres.”
Simple cubic packing efficiency is 52% (48% 
unused space).  It is very rare
Body-centered cubic packing efficiency is 68%.  
It is found in Cr, Fe and all group 1 metals. 
Face-centered cubic packing efficiency is 74%.  
It is found in Ni, Cu, Pb.

Other types of packing methods

 There are several other methods of packing that 
don’t make a cube.

 Hexagonal Closest packing can also reach 74% 
packing efficiency.

 Mg, Zn and Ti use this style

Covalent Network Solid

These are giant molecules, meaning a diamond you 
can pick up is just 1 molecule.
Type of Bonding: Directional covalent bonds,
meaning atoms are in a fixed (nonmoving position)

Typical Properties: Hard, high melting point, 
insulator.
Diamond, sulfur, silicon, silicon dioxide

Covalent Network Solids

 These only form between nonmetals (carbon to make 
graphite or diamond, sulfur, silicon) or two nonmetals 
(silicon dioxide {glass/sand})

 The high melting point is due to everything being 
bonded together rigidly.

 These tend to have rigid structures due to this as well.

 One exception is graphite, it is soft because it is 
composed sheets that can slide by one another.

Semiconductor

 Semiconductors, like silicon, are still network solids 
but they are not as good of an insulator.  They are 
not great conductors either.  They are in between.

 Electrons can jump through slowly.

 Conductivity is increased by doping the 
semiconductors.

 N-type semiconductors have their conductivity 
increased by adding elements with more valence 
electrons than the host element.

 P-type semiconductors have their conductivity 
increased by adding elements with fewer electrons.

Transistors

 Transistors, incredibly important for modern 
electronics,  are made by connecting a p-type with an 
n-type semiconductor.

 N-type have extra electrons, p-type have “holes” for 
electrons to fill.  

 Electrons jump from n-type to p-type.

 If a charge is applied they revert to their original 
state.

 This gives the two states needed for binary code, 1 0.

 They can be made unbelievably tiny. 
 http://www.youtube.com/watch?v=IcrBqCFLHIY&feature=youtu.be

Noble Gases

Structural Unit: Atom.
Type of Bonding: London dispersion forces.

Typical Properties: Very low melting points.
Helium, Argon

Molecular

Structural Unit: Molecule.
Type of Bonding: Polar molecules- dipole/dipole 
interactions; Nonpolar molecules- London 
dispersion forces.

Typical Properties: Soft, low melting, insulator.
Water, carbon dioxide, nitrogen, oxygen

Ionic

Structural Unit: Ion.
Type of Bonding: Ionic.  Ionic bonds blur the line 
between bonds and intermolecular forces, because 
every single positive ion is attracted to every 
single negative ion around it and vice versa.  This 
is why ionic compounds are usually solids.

Typical Properties: 
High melting point, insulator.
Calcium chloride, copper sulfate
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Atomic Metallic

Structural Unit: Atom.
Type of Bonding: Nondirectional covalent bonds 
(meaning the atoms can slide around one another) 
involving electrons that are delocalized 
throughout the crystal.

Typical Properties: Wide range of hardness, wide 
range of melting points, conductor.
Iron, zinc

Odd Metal

 Mercury I is a polycation.

 It is found as Hg2
2+

 There are two mercury atoms covalently bonded 
together to make this ion.

 So mercury I chloride

 Hg2Cl2

Mixtures with metallic properties: These are 
called alloys.

Substitutional: structural substitution, where one 
atom replaces another
Brass- copper and zinc
Interstitial: where one atom fills in the spaces 
within the structure.  
Steel- iron and carbon
 Brass                                         Steel

Amorphous Solids

 They have an irregular lattice structure

Quantitative Aspects of Changes of State

The Heating-Cooling Curve.


Enthalpy for phase changes

 There are constant values for the enthalpy of a phase 
change.

 The energy required to go from solid to liquid is called 
the heat of fusion (Hfus).

 The energy required to go from liquid to gas is called 
heat of vaporization (Hvap).

 q = H n  

 For heating a substance, q = nCT or q = mc T 

Problem

 How much heat is required to heat 3.65 mol of ice at 
–15o C to steam at 165o C?

 Hfus = 6010 J/mol Hvap = 40,700 J/mol

 Cice =  38.09  Cwater =  75.3  Csteam =  36.8

 (heat to melting-15 to 0) (heat to melt) (heat to 
boiling 0 to 100) (heat to boil off) (heat to 100 to 
115)

 q =  3.65 (38.09) 15 + 3.65(6010) +3.65(75.3)100 + 
3.65(40700) + 3.65(36.8)65

 q = 209 kJ 

The Equilibrium Nature of Phase Changes

Liquid-gas equilibria.
This is viewed for a CLOSED CONTAINER in a 
VACUUM.
The rate of condensation = rate of vaporization.
Vapor pressure is the pressure exerted by a 
vapor in a closed system.
* Vapor pressure increases with temperature as 
the KE increases.
* Vapor pressure increases with weaker 
intermolecular attractions.


