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Chapter 8.11 … 8.15 – Intermolecular Forces 
 

The study of molecular shape and polarity shows that some molecules have permanent partial charges. These 
charges are opposite in charge and they lead to substantial attractions between molecules. 
 

Intermolecular Forces 

 
Four types of Intermolecular Forces (IMF’s): 
 

1. Dipole-Dipole Forces:   
 

** Attraction between POLAR molecules **  
 
– Molecules are often rotating, but on average they align so that 

the charges attract each other 
– The positive end of one dipole attracts the negative end of the 

other 
 
 
  
  
 
 
 
 
 
 
 
 
 
 
 

2. London Dispersion Forces (also called induced-dipole forces) 
 

** Attraction between NONPOLAR molecules **  
 

Temporary fluctuations in electron position can cause a small dipoles to develop 
  

 
 
 No dipole Temporary, “induced” dipole 
 

RESULT: A momentary attraction between the dipoles of the molecules 
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 This is the only type of IMF’s between nonpolar molecules. Still, these temporary IMF’s can very seriously 
affect a substance’s physical properties. 

 The more electrons a molecule has  the stronger the London forces 

 Use molar mass as measure of size (generally, higher molar mass molecules have more electrons) 
 
Note: The term van der Waals forces is used to refer to either London/dispersion forces or dipole-dipole forces. 
 
 
 

3. Hydrogen “Bonds”: Super dipole-dipole attractions 
 

  ** Strongest kind of intermolecular force **  
 

 Despite the name, these are NOT bonds – they are just very 
strong dipole-dipole forces 

 

What does it take to get an H-bond attraction? 
 A very electronegative element on one molecule (only N, O, 

or F) 

 A very polarized hydrogen on another molecule – this means 
a hydrogen that is attached to an N, O, or F atom 

 
– Responsible for the relatively high melting and boiling points for water, bending and twisting in proteins, DNA, 

and other important biological molecules. 
 
Note: Hydrogen bonds are the strongest type of intermolecular forces between different molecules. But ionic 

and covalent bonds (inside of a single molecule) are still MUCH, MUCH stronger than hydrogen 
bonds! (They are 10 to 20 times stronger!) Remember, hydrogen bonds aren’t really “bonds” 

 
 
 

4. Ion – Dipole Forces 
 
Ions are charged particles, and they can also be attracted to dipoles. This occurs extensively when ionic 
compounds (like NaCl) dissolve in polar liquids (like water). This interaction will be covered in more detail in the 
section of solutions.  
 
Ex. 1:  Label the strongest type of intermolecular force between molecules in the following samples: 
 

A. London forces            B. Dipole-dipole forces         C.  Hydrogen bonds 
 
 
  _____ i.  CCl4 (a nonpolar molecule)  _____ iii. H2S (a polar molecule) 
 
  _____ ii.  NH3 (a polar molecule)   _____ iv. HCl (a polar molecule) 
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Ex. 2:  For each of the following, identify the type of bond holding atoms together in the  
    molecules and the type of intermolecular forces between the molecules.  
 

 
 

A: _____________________    B: ______________________ 
 

 
 
A: _____________________    B: ______________________ 
 

Ex. 3: Choose only ONE for the bond or attraction described for each below: 

A. ionic bond D. London (dispersion) forces 

B. polar covalent bond E. dipole-dipole forces 

C. nonpolar covalent bond F. hydrogen bond 

 

 _____ i. The bonds holding atoms together in a molecule of HF. 

 _____ ii. The bonds in a sample of AgBr. 

 _____ iii. The bonds holding two Br2 molecules together in Br2(l). 

 _____ iv. The bonds holding atoms together in an O3 molecule. 

H2O 

HCN 
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 _____ v. The bonds in a sample of AlCl3. 

 _____ vi. The bonds holding two I2 molecules together in I2(s). 

 _____ vii. The bonds holding H2O molecules together in ice. 

 _____ viii. The bonds in a sample of CuO. 

 _____ ix. The bonds holding two H2S molecules together in H2S(l). 

 
Ex. 3 Circle the molecule in each pair which experiences the stronger intermolecular forces  
  and explain why. 
 
  a.    N2    or     NO                     b.     H2S     or     H2O                  c.     Cl2    or      Br2 
 
 

STATES OF MATTER – Review  
 

Solids 

 Closely packed, vibrating particles 

 Regular, repeating pattern (lattice) 

 Have their own shape 
 
Liquids 

 Closely packed, moving particles 

 No regular packing pattern 

 Take the shape of the container 
 
Gases 

 Widely spread apart, moving particles 

 No regular pattern 

 Fill out the entire container/space 
 
 
 

Crystalline vs. Amorphous Solids 

 
Crystalline solids are made up of an ordered, repeating crystal lattice. 
Each particle is locked in place and vibrating (perhaps rotating too), but 
it is not free to move.  
 

    Examples:  Sugar, salt, iron, aluminum, dry ice, water ice, iodine 
 

Amorphous solids are solids, in the sense that particles are locked in 
place, but the particles are not ordered in any real sense.  
 

    Examples:  Jello, glass 
 
 

Crystalline    Amorphous 
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Three types of crystalline solids 
 
 

     

 
Anions and cations in a lattice Molecules in a lattice Metal atoms in a lattice 
 (metals and non-metals) (non-metal compounds) (metals only) 

 

MOLECULAR SOLIDS: Molecules held together by intermolecular forces 

 
Example -> Ice: Structure and Properties 

– The hydrogen bonds between water molecules are responsible 
for many unusual properties of ice and water. 

– Because of hydrogen bonds, the arrangement of H2O 
 molecules in ice leaves "holes" or empty space. 
– Note the hexagonal holes in the molecular-level  
 image for ice at the right.  

  Snowflakes have hexagonal symmetry because of the 
hexagonal holes in the molecular-level 
arrangement/structure of water molecules in ice! 

 
 

The density of ice (d=0.917 g/cm3) is lower than the density of liquid water (d=1.00 g/cm3). With all other 
substances, the solid is more dense than its liquid. 
– When ice melts, the H2O molecules fill in the holes, so liquid H2O is denser than ice. 

 

 

COVALENT NETWORK SOLIDS 
 

Covalent Network Solids: covalently bonded atoms forming a large network of indefinite size. In a sense, these 
are giant covalent molecules. 
 
(a) Graphite consists of covalently bonded carbon atoms that form layers of carbon atoms. 
(b) Diamond consists of covalently bonded carbon atoms that form such a network of carbon atoms in 3D 

tetrahedral structure. 

  Diamond is so hard because the covalent bonds between the carbon atoms must be broken to 
cleave or melt the diamond crystal. 
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IONIC CRYSTALS: A lattice of metal & nonmetal ions 

 
e.g. NaCl, MgO, CaBr2 
– 3D network of ions held together by electrostatic 

attraction = ionic bonds 

 high melting points, hard and brittle 
– conduct electricity only when melted or dissolved in 

solution  
 
       

METALLIC SOLIDS: Positive ions surrounded by a “sea of electrons”  

 
– electrons move freely throughout the metal  

  metals having high electrical conductivity 
– metals conduct heat, which is why most pots and 

pans are made out of metal  
– electrons can act as a “glue” to hold the metal atoms 

together  
– metals are malleable (can hammered into a thin foil) 

and ductible (can stretched into a fine wire) 
 
 
 
 
 
 
 
 
 
 
 

A single sheet of graphite is called 
graphene. Research into this 
remarkable substance garnered 
the Nobel Prize in 2010! 
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AMORPHOUS: solids lacking 3D arrangement of atoms 

 
Similar in appearance to liquids since they lack the ordered structure of 
crystalline solids 

 
Silica (SiO2): makes up sand and quartz  
 
glass:  optically transparent solid of inorganic materials cooled to a rigid but non-

crystalline arrangement of Si-O bonded atoms called quartz glass 
 

           
Ex. 1: Indicate the type of bonds or intermolecular forces that must be broken to melt the  
 following substances: 
 
  a. ice (water molecules in the solid state) 
 
 
  b. solid carbon dioxide 
 
   
  c. sodium chloride crystal 
 
 
  d. aluminum metal 
 
 
  e.  solid iodine 
 
 

Heating / Cooling curves for ALL solids -> liquids -> gases 

 
Example: Water 
 

 
 

Adding heat raises the temperature of 
any phase (solid, liquid, or gas) 
 
However, at a phase transition (e.g., solid 
 liquid), all of the added heat goes into 
changing the phase of the substance. 
 
Example:  
 
Adding heat to already boiling water 
does not raise its temperature past 
100⁰C. The energy just makes more 
steam. 


