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Bonding in the solid state���
Intermolecular forces ���

Lecture 28	
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Bonding in Solids	

•  Solids: 4 

types: 
•  Metallic 

solids 
network of 
highly 
delocalized 
electrons. 

•  Ionic solids  
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Metal bonding	


Red, nuclei 
Grey, 
delocalized 
Electrons. 
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Bonding in Solids	

•  Covalent-network 

solids are joined by an 
extensive network of 
covalent bonds. 

•  Molecular solids are 
discrete molecules that 
are linked to one 
another only by van 
der Waals forces. 
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Bonding in Solids	


•  In crystalline solids 
atoms are arranged in 
a very regular pattern. 

•  Amorphous solids are 
characterized by a 
distinct lack of order in 
the arrangement of 
atoms. 
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Crystal Lattices	


 Lattice:  repeating pattern. 
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Crystal Lattices	


 Unit cell:  The pattern of space that repeats 
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Crystal Lattices	


 7.  three-dimensional 
llattices: 

–  Cubic 
–  Tetragonal 
–  Orthorhombic 
–  Rhombohedral 
–  Hexagonal 
–  Monoclinic 
–  Triclinic No five fold symmetry. 
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Crystal Lattices	


 For cubic lattice 
3 types: 
Primitive 
Body centered (lattice pt in 

center) 
Face centered (lattice pt. in 

middle of face) 
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Metallic Structure	


 The structures of many metals conform to 
one of the cubic unit cells.  
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Cubic Structures	
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Cubic Structures	
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Cubic Structures	
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Cubic structures	

 Determine number of atoms per unit 
cell: 
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Example problem	


•  A compound of 2 elements 
•  Crystal, body centered cubic lattice 
•  A atoms are on the corners of the cell and 

in the center  
•  B atoms on 4 edges and on 2 faces. 
•  What is the stoichiometry? 
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Close Packing	

Atoms touch each 

other in a 
crystal.   

 
Pack as tightly as 

possible. 
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Intermolecular Forces	


Attractions between molecules 
  not nearly as strong as atomic bonds 
  How “sticky” are molecules 
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Intermolecular Forces	


 Control important physical properties 
   boiling point 
  melting points,  
  vapor pressures  
  viscosity. 
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Intermolecular Forces	


 These intermolecular forces as a group are 
referred to as van der Waals forces. 
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van der Waals Forces	

•  Dipole–dipole interactions 
•  Hydrogen bonding 
•  London dispersion forces 
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London Dispersion Forces	

 While the electrons 
in the 1s orbital of 
helium would repel 
each other (and, 
therefore, tend to 
stay far away from 
each other), it does 
happen that they 
occasionally wind up 
on the same side of 
the atom. 
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London Dispersion Forces	

 At that instant, then, 
the helium atom is 
polar, with an 
excess of electrons 
on the left side and 
a shortage on the 
right side. 
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London Dispersion Forces	

 Another helium atom 
nearby, then, would 
have a dipole 
induced in it, as the 
electrons on the left 
side of helium atom 
2 repel the electrons 
in the cloud on 
helium atom 1. 
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London Dispersion Forces	

 London dispersion 
forces, or 
dispersion forces, 
are attractions 
between an 
instantaneous dipole 
and an induced 
dipole. 
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London Dispersion Forces	

•  present in all 

molecules 
•  polar or nonpolar. 
•  The tendency of an 

electron cloud to 
distort in this way is 
called 
polarizability. 



© 2012 Pearson Education, Inc. 

Factors Affecting London Forces	


•  Shape :  
•   long, skinny molecules (like n-

pentane) tend to have stronger 
dispersion forces than short, fat 
ones (like neopentane). 

•  This is due to the increased 
surface area in n-pentane. 
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Factors Affecting London Forces	

•  increase with 

increased molecular 
weight. 

•  Larger atoms have 
larger electron 
clouds that are 
easier to polarize. 
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Dipole–Dipole Interactions	

•  Molecules that have permanent dipoles are 

attracted to each other. 
–  The positive end of one is attracted to the negative 

end of the other, and vice versa. 
–  These forces are only important when the 

molecules are close to each other. 
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Dipole–Dipole Interactions	


 The more polar the molecule, the higher 
its boiling point. 
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Which Have a Greater Effect?���
���

Dipole–Dipole Interactions or Dispersion Forces	


•  If two molecules are of comparable size 
and shape, dipole–dipole interactions will 
likely be the dominating force. 

•  If one molecule is much larger than 
another, dispersion forces will likely 
determine its physical properties. 
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How Do We Explain This?	

•  The nonpolar series 

(SnH4 to CH4) follow 
the expected trend. 

•  The polar series 
follow the trend until 
you get to the 
smallest molecules 
in each group. 
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Hydrogen Bonding	


•  Special dipole–dipole  
•  when H is bonded to N, O, 

or F. 
•  Much stronger than normal 

dipole-dipole 
•  hydrogen bonds. 
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Hydrogen Bonding	

•  Arises from  high 

electronegativity of 
nitrogen, oxygen, and 
fluorine. 

Also, when hydrogen is bonded to one of those 
very electronegative elements, the hydrogen 
nucleus is exposed. 
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Intermolecular Forces Affect Many 
Physical Properties	


 The strength of the 
attractions between 
particles can greatly 
affect the properties of 
a substance or solution. 
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Physical properties	

•  Resistance of a liquid 

to flow is called 
viscosity. 

•  Boiling point/freezing 
point 

•  Heat of vaporization 
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Surface Tension	

 Surface tension 
results from the net 
inward force 
experienced by the 
molecules on the 
surface of a liquid. 
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Example;	

•  Arrange in order of increasing melting or 

boiling pt: 
•  propane (C3H8), water, hydrogen, sodium 


