
How do atoms bond to form solids? 

Types of bonding: 
•   Van der Walls 

•   Ionic 
•    Metallic (delocalized) 

•    Covalent (direcAonal) 

The type of bonding in a solid is determined 
essenAally by the degree of overlap between the 
electronic wavefuncAons of the atoms involved 



Electronic configuraAons 



Types of Bonding 



fcc structure of inert gases 

Consider two inert gas atoms at 
a separation R apart.  The two 
atoms talk to each other by 
inducing a dipole moment.

Fluctuations will produce a 
dipole moment p1 producing a 
field E~ p1/r3. This polarizes 
the second atom with 
polarizability α-- p2=α p1 /r3 

and the potential is p2 .E~1/r6. 



Van der Waals Bonding 

At equilibrium (R=R0), 

€ 

U R0( ) = −2.15 4Nε( )

-- cohesive energy at T=0 

-- Lennard-Jones potential 



Ionic Crystals 

Electron density in NaCl: x-
ray data 

Picture showing the calculation of 
the Cohesive energy for NaCl.



Ionic Crystals 

In ionic crystals, it is not  
possible for the electrons  
to move about freely between  
ions unless a large amount  
of energy (~10 eV) is supplied 
 – it is not conducting. 
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Covalent Crystals 





Covalent Crystals 

Binding energy: 3.87 eV/atom 



Ionic vs. Covalent Bonding 



(localized) 
(valence electrons  
are free to move) 

Metallic Bonding



Metallic Bonding
A metal is a lattice of positive metal “ions” in a 
“sea” of delocalized electrons.  

 Metallic bonding refers to the interaction 
between the delocalized electrons and the metal 
nuclei.  

 The physical properties of metals are the result 
of the delocalization of the electrons involved in 
metallic bonding. 

  The physical properties of solid metals are: 
 Conduct heat  
 Conduct electricity  
 High melting and boiling points  
 Strong  
 Malleable (can be hammered or pressed out 

 of shape without breaking)  
 Ductile (able to be drawn into a wire)  
 Metallic luster  
 Opaque (reflect light)   E 



The Drude Theory of Metals 

How to describe  
metallic behavior? 



Drude Model 
‐‐ treat electrons as gas 

Mobile 
Light 
Negatively charged 

Immobile 
Heavy 
Positively charged 



Total number of atoms/mole: 6.022x1023  

Number of electrons/volume:     

€ 

n = Z 6.022×1023( ) ρmA

CalculaAons of electron density 

Mass density: ρm (g/cm3) 

Atomic mass: A  

Volume/electron:     

€ 

1
n

=
4πrs

3

3

€ 

rs : Radius of a sphere, with volume = volume/conduction-electron 



Hydrogen 
atom  

carrier concentration = 

€ 

rs > a0



The density of “electron gas” >> classic gas    

Drude Model Assumptions: 

• Travel in straight line, ignore e-e interactions 
   (i.e., independent electron approximation) 
• Ignore electron-ion interactions 
   (i.e., free electron approximation) 
• Collision instantaneously alters the velocity of an electron 
• The relaxation time (mean free time) is independent of electron  
   position and velocity 
• Achieve thermal equilibrium only through collision 



E 

DC Electrical ConducAvity σ  

vaverage 
Definition:  

€ 

J =σ E

€ 

E = 0⇒ vaverage = 0

€ 

E ≠ 0⇒ F = −e( )E⇒ vaverage =
−eE
m
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Electrical conductivity:  

€ 

σ =
ne2τ
m



Experimental Probe: 
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I= A J
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ΔV
L 

Resistance: 
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Resistivity: 



µΩ-cm µΩ-cm µΩ-cm 

Being a good metal, the resistivity should be in the order of  µΩ-cm 



1.  For solid H2, one finds from measurements that the 
Lennard‐Jones parameters are ε=50*10‐16 erg and 
σ=2.96Å.  Find the cohesive energy in kJ/mole of H2‐
do the calculaAon for an fcc structure. 

2.  Problem 1(a‐d) (page 26) (Ashcro]/Mermin) 

Homework today (due on Sept. 9, 2010) 


