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Lecture Plan

• General expectations
• Bonding in elemental solids
• Bonding in compound crystals



Bonding in elemental solids
Van der Waals bonding

Predominant among atoms with filled shells.

Induced dipole - induced dipole interactions originating from quantum fluctuations 
of electron density.
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Weak and short ranged. Usually an empirical repulsive term is added to account for 
P.E.P related effects at very short range.

Lennard-Jones potential
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Bonding in elemental solids
Van der Waals bonding

Interaction is isotropic. Therefore close-packed structures result. 
E.g. inert gases have F.C.C. structure



Bonding in compound solids
Ionic bonding

For many compound solids the bonding between component atoms (usually a metal 
and a non-metal) can be described by a complete transfer of electron between them. 

This gives rise to cations and anions in the crystal.

The crystal is then stabilised by balancing the attractive Coulomb interaction between 
cations and anions with the repulsive interaction between like charges.

This results in an ionic crystal.



Bonding in compound solids
Ionic bonding
Of course, in reality charge transfer is never complete and there is always some 
covalent nature.

�F = 3.98
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Pauling Electronegativity
Scale



Bonding in compound solids
Ionic bonding
Of course, in reality charge transfer is never complete and there is always some 
covalent nature.

• Polarity of bond can be assessed by the 
electronegativity difference.

• This is just a qualitative measure and offers no 
clear cut definition of ionic or covalent bond.

• Cannot differentiate between covalent and 
metallic bonding.

• Actual character requires quantum mechanical 
calculations.



Bonding in compound solids
Energetics of Ionic bonding

Thermodynamics of formation of ionic solid.

Na(g) + 5.15 eV —> Na+(g) + e-

Cl(g) + e- —> Cl- (g) + 3.62 eV
Na+(g) + Cl-(g) —> NaCl (g) + 5.74 eV

Na(g) + Cl(g) —> NaCl (g) + 4.21 eV

Formation of a NaCl molecule is exothermic.



Bonding in compound solids
Energetics of Ionic bonding

Thermodynamics of formation of ionic solid.

Na(g) + 5.15 eV —> Na+(g) + e-

Cl(g) + e- —> Cl- (g) + 3.62 eV
Na+(g) + Cl-(g) —> NaCl (s) + 8.13 eV

Na(g) + Cl(g) —> NaCl (s) + 6.60 eV

Formation of a NaCl solid is also exothermic. Even more so than just the molecule.
=> Cohesion as a solid is more energetically beneficial. 

Where does this extra stabilization in solid state coming from?



Bonding in compound solids
Energetics of Ionic bonding

Assuming complete transfer we can model ionic solids as periodically arranged 
cations and anions. This allows us to compute the potential energy due to 
electrostatic interactions alone.
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zi e= charge on ith ion
si = position of ith ion in unit cell
R = lattice vector
n = no. of atoms in a unit cell
N = no. of unit cells
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A is the Madelung constant.
For a binary ionic crystal with N ion pairs and d is 
the separation of the n-n pair.



Bonding in compound solids
Energetics of Ionic bonding

Madelung constant is purely geometrical (positive) factor decided by the lattice type.

Crystal 
type A

CsCl 1.7627

NaCl 1.7476

ZnS 
(blende) 1.6381

For the same A-B distance we expect CsCl structure to be 
more stable.

Actual ion-ion interaction is better modelled by 

V (r) =
B
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Where B, m are empirical 
parameters



Bonding in compound solids
Energetics of Ionic bonding

The stabilisation is improved by minimising repulsive interactions and maximising 
attractive interactions.

This can be achieved by bringing together unlike charges while keeping like charges 
apart. i.e. by maximising coordination number.

Clearly distances cannot be reduced beyond a point. This will decide the equilibrium 
lattice parameter.

This also means that we can associate some “sizes” with the interacting ions.



Bonding in compound solids
Favourable radius ratios
We assume that 
(a) cations surround themselves with as many anions as possible
(b)Cations and anions touch each other.
(c) Anions do not overlap
=> Cation-anion distance = a = ra + rc  
      Anion-anion distance = d ⩾ 2 ra 

Example, triangular coordination
d = a

p
3

(rc + ra)
p

(3) � 2ra

=) R =
rc
ra

� 2p
3
� 1 ⇡ 0.1547
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Bonding in compound solids
Favourable radius ratios

Similarly for tetrahedral coordination

d = a

r
8

3
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<latexit sha1_base64="7djEu4NXi/xiRv/SRKIZcDatIwY=">AAACHHicbVDJSgNBEO1xjXGLevTSGAQvDjNJIB6DXjxGMQtkhtDTqUma9Czp7hHDMB/ixV/x4kERLx4E/8bOctDEBwWP96qoqufFnEllWd/Gyura+sZmbiu/vbO7t184OGzKKBEUGjTikWh7RAJnITQUUxzasQASeBxa3vBq4rfuQUgWhXdqHIMbkH7IfEaJ0lK3UHZYoPeAxLfY6cMIO3IkVOr4gtC0nKWlLDu3sUPiWEQP2DJLpUq1WyhapjUFXib2nBTRHPVu4dPpRTQJIFSUEyk7thUrNyVCMcohyzuJhJjQIelDR9OQBCDddPpchk+10sN+JHSFCk/V3xMpCaQcB57uDIgayEVvIv7ndRLlX7gpC+NEQUhni/yEYxXhSVK4xwRQxceaECqYvhXTAdG5KJ1nXodgL768TJol07ZM+6ZSrF3O48ihY3SCzpCNqqiGrlEdNRBFj+gZvaI348l4Md6Nj1nrijGfOUJ/YHz9ALPPoG8=</latexit><latexit sha1_base64="7djEu4NXi/xiRv/SRKIZcDatIwY=">AAACHHicbVDJSgNBEO1xjXGLevTSGAQvDjNJIB6DXjxGMQtkhtDTqUma9Czp7hHDMB/ixV/x4kERLx4E/8bOctDEBwWP96qoqufFnEllWd/Gyura+sZmbiu/vbO7t184OGzKKBEUGjTikWh7RAJnITQUUxzasQASeBxa3vBq4rfuQUgWhXdqHIMbkH7IfEaJ0lK3UHZYoPeAxLfY6cMIO3IkVOr4gtC0nKWlLDu3sUPiWEQP2DJLpUq1WyhapjUFXib2nBTRHPVu4dPpRTQJIFSUEyk7thUrNyVCMcohyzuJhJjQIelDR9OQBCDddPpchk+10sN+JHSFCk/V3xMpCaQcB57uDIgayEVvIv7ndRLlX7gpC+NEQUhni/yEYxXhSVK4xwRQxceaECqYvhXTAdG5KJ1nXodgL768TJol07ZM+6ZSrF3O48ihY3SCzpCNqqiGrlEdNRBFj+gZvaI348l4Md6Nj1nrijGfOUJ/YHz9ALPPoG8=</latexit><latexit sha1_base64="7djEu4NXi/xiRv/SRKIZcDatIwY=">AAACHHicbVDJSgNBEO1xjXGLevTSGAQvDjNJIB6DXjxGMQtkhtDTqUma9Czp7hHDMB/ixV/x4kERLx4E/8bOctDEBwWP96qoqufFnEllWd/Gyura+sZmbiu/vbO7t184OGzKKBEUGjTikWh7RAJnITQUUxzasQASeBxa3vBq4rfuQUgWhXdqHIMbkH7IfEaJ0lK3UHZYoPeAxLfY6cMIO3IkVOr4gtC0nKWlLDu3sUPiWEQP2DJLpUq1WyhapjUFXib2nBTRHPVu4dPpRTQJIFSUEyk7thUrNyVCMcohyzuJhJjQIelDR9OQBCDddPpchk+10sN+JHSFCk/V3xMpCaQcB57uDIgayEVvIv7ndRLlX7gpC+NEQUhni/yEYxXhSVK4xwRQxceaECqYvhXTAdG5KJ1nXodgL768TJol07ZM+6ZSrF3O48ihY3SCzpCNqqiGrlEdNRBFj+gZvaI348l4Md6Nj1nrijGfOUJ/YHz9ALPPoG8=</latexit><latexit sha1_base64="7djEu4NXi/xiRv/SRKIZcDatIwY=">AAACHHicbVDJSgNBEO1xjXGLevTSGAQvDjNJIB6DXjxGMQtkhtDTqUma9Czp7hHDMB/ixV/x4kERLx4E/8bOctDEBwWP96qoqufFnEllWd/Gyura+sZmbiu/vbO7t184OGzKKBEUGjTikWh7RAJnITQUUxzasQASeBxa3vBq4rfuQUgWhXdqHIMbkH7IfEaJ0lK3UHZYoPeAxLfY6cMIO3IkVOr4gtC0nKWlLDu3sUPiWEQP2DJLpUq1WyhapjUFXib2nBTRHPVu4dPpRTQJIFSUEyk7thUrNyVCMcohyzuJhJjQIelDR9OQBCDddPpchk+10sN+JHSFCk/V3xMpCaQcB57uDIgayEVvIv7ndRLlX7gpC+NEQUhni/yEYxXhSVK4xwRQxceaECqYvhXTAdG5KJ1nXodgL768TJol07ZM+6ZSrF3O48ihY3SCzpCNqqiGrlEdNRBFj+gZvaI348l4Md6Nj1nrijGfOUJ/YHz9ALPPoG8=</latexit>

Source: Gersten and Smith



Bonding in compound solids
Favourable radius ratios

Ionic Radii (in pm units) of the most 
common ionic states of the s-, p-, and d-
block elements. Gray circles indicate the 
sizes of the ions shown; colored circles 
indicate the sizes of the neutral atoms. 
Source: R. D. Shannon, “Revised 
effective ionic radii and systematic 
studies of interatomic distances in halides 
and chalcogenides,” Acta Cryst. 1976, 32, 
751. Full radii data available at: 
http://abulafia.mt.ic.ac.uk/shannon/
ptable.php). 



Bonding in compound solids
Favourable radius ratios  

Source: Gersten and Smith

Predictions don’t always work.

A s s u m i n g p u r e l y i o n i c 
interact ions may not be 
correct.

Errors might also arise from 
uncertainties in ionic radii.

Real crystals will have mixed 
ionic-covalent character.


