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BINDING IN SOLIDS 

Solids are fascinating: beauty & utility. 

A crystalline solids consists of a large number of atoms arranged in a regular array, forming a 
periodic structure. 

Ionic solids 

Many crystals formed by ionic bonding, where the dominant effect is the Coulomb interaction 
between the ions. Eg. NaCl crystal shown in Fig. 12.1. 

 

 

 

 

Each Na+ ion is attracted to the six Cl ions, with its attractive potential energy = − ,   
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where r = Na+-Cl separation distance,  & 푘 = . 

 

 

In addition, there are 12 Na+ ions at a distance √2 r from the Na+ that produce a weaker repulsive 
force on the Na+. 

Beyond these 12 Na+ ions, more Cl ions produce an attractive force. 

The net force of all these interactions is an attractive electric potential energy. 

푈 = −훼푘  ................12.1 

훼 is a dimensionless number called Medelung constant which value depends only on the particular 
type of crystal lattice or structure. 

e.g.  for NaCl structure  = 1.7476 

When the constituent ions of a crystal are brought close together, the electrons in closed shell begin 
to overlap which results in the repulsion between the closed shells due to: 

partly electrostatic in origin and partly a result of Pauli exclusion principle. 

This brings in the repulsive potential energy term into the expression for the total potential energy 

of the crystal,  i.e.   where m is an integer on the order of 10. 

The total potential energy per ion pair of the crystal is therefore given by: 

푈 = −훼푘 +    .....................12.2 

Fig. 12.2 is the plot of the total potential energy per ion pair of the crystal versus ion separation. 
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Uo is the minimum value at the equilibrium separation where r = ro. 

Uo  can be expressed in terms of ro & m: 

푈 = −훼푘 1−    .........12.3 Atomic cohesive energy 

The absolute value of Uo is called the ionic cohesive energy of the solid, which is the energy 
required to pull the solid a part into a collection of infinitely separated positive & negative ions. 

The measured ionic cohesive energy of NaCl is 7.84 eV per ion pair. 

The atomic cohesive energy is the energy required to pull the solid apart into a collection of 
infinitely separated neutral atom (e.g. Na & Cl for NaCl),   
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The atomic cohesive energy of NaCl per atom pair = +7.84 eV  5.14 eV + 3.16  eV = +6.31 eV 

Measured ionic cohesive energy for NaCl per ion pair = 7.84 eV 

Energy gained in going from Na+ to Na = 5.14 eV 

Energy supplied to convert Cl to Cl = 3.61 eV 

The atomic cohesive energy is an important comparative measure of the strength of the differently 
bonded solids. 

 Table 12.1 lists measured atomic cohesive energies per atom pair & melting points for a few ionic 
compounds. 

 

Some general properties of ionic crystals: 

1. Relatively stable & hard crystals. 
2. Poor electrical conductors because no available free electrons. 
3. Fairly high melting & boiling points since appreciable thermal energy must be supplied to the 

crystal to overcome the large cohesive energy. 
4. Transparent to visible radiation but absorbed strongly in the infrared region.  
5. Generally quite soluble in polar liquids such as water. The water molecules,  which has 

permanent dipole moment, exert an attractive force on the charged ions, which breaks the 
ionic bonds & dissolve the solid. 
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Covalent Solids 

Covalent bond is very strong. 

Solid carbon, in the form of diamond, is a crystal whose atoms are covalently bonded. 

Carbon has the electron configuration 1s22s22p2, it lacks 4 electrons w.r.t. a filled shell (2p6). 

Hence, each carbon atom in diamond bonds covalently to four other carbon atoms to form a stable 
closed-shell structure. 

Fig. 12.3 (a) Each carbon atom in diamond is covalently bonded to four other carbons at the corners 
of a cube & the four other carbons form a tetrahedron. (b) The crystal structure of a diamond 
showing the tetrahedral bond arrangement. 

 

 

The basic structure of diamond is called tetrahedral (each carbon atom is at the centre of a regular 
tetrahedron) & the angle between the bond is 109.5o. 

Other covalent crystals having similar structure: silicon & germanium. 
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Table 12.2 gives the properties of some covalent solids. 

 

*Since covalent atomic cohesive energies are given in eV/atom they should be multiplied by 2 for a 
proper comparison to Table 12.1. 

Note: the atomic cohesive energies are greater than for ionic solids, which accounts for the hardness 
of covalent solids. 

In general covalently bonded solids are: 

1. very hard 
2. have large bond energies 
3. high melting points 
4. good insulators since the electrons are tightly bound to the localized bond 

Many covalent solids do not absorb visible light & so appear transparent because the electrons are 
so tightly bound hence there is insufficient energy in visible light to raise electrons to excited state. 

 

Metallic Solids 

Metallic bonds are generally weaker than ionic or covalent bond. 

The valence electrons in a metal are relatively free to move throughout the material. 

There is a large amount of such mobile electrons in a metal, typically one or two electrons per atom. 
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The metal structure can be viewed as a lattice of positive ions surrounded by a ”gas” of nearly free 
electrons as modelled in Fig. 12.4. 

 

 

The binding mechanism in a metal is the force of attraction between the positive ions & the electron 
gas. 

Atomic cohesive energy for metals is in the range of 1 to 4 eV, smaller than the cohesive energy of 
covalent solids but still strong enough to produce strong solids as shown in Table 12.3. 

 

*Since metallic atomic cohesive energies are given in eV/atom,  they should be multiplied by 2 for a 
proper comparison to Table 12.1. 
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Visible light interact strongly with the free electrons in metals because these conduction electrons 
can move with large amplitude in the oscillating electric field of the light wave, both strongly 
absorbing the light wave & reradiating it. 

Hence, visible light is absorbed & re-emitted quite close to the surface of a metal which account for: 

1. the non- transparency to visible light &  
2. the shiny nature of metallic surfaces. 

In addition to the high electrical conductivity of metals produced by free electrons, the non-
directional nature of the metallic bond allows many different types of metallic atoms to be dissolved 
in a host metal in varying amounts. 

The resulting solid solutions, or alloys, may be design to have particular properties, such as high 
strength, low density, ductility & resistance to corrosion. 

 

Molecular Crystals 

A 4th class of binding can occur even when electrons are not available to participate in bond 
formation. E.g.  Saturated organic molecules (CH4) & inert gas atoms with closed electron shells. 

The weak electric forces at work in this type of bonding include van der Waals forces & arise from 
the attractive force between electric dipoles. 

Some simple molecules containing hydrogen, such as water, have permanent dipole moments & 
form relatively strong bonds known as hydrogen bonds.  E.g Ice is hydrogen bonded with a cohesive 

energy  0.52 eV/molecule. 

Actually hydrogen bonding involves more than dipole attractive force & may be considered a sort of 
covalent bond where protons are shared rather than electrons. 

Two molecules without permanent dipole moments also experience fluctuation-induced dipole-
dipole attractions but these van der Waals forces are much weaker. 

Such weak forces hold together many organic solids with comparatively low melting & boiling points, 
as well inert gas crystals. 

e.g. 1. Solid methane, with cohesive energy  0.10 eV/molecule & melting point of 91 K. 

        2. Solid argon, with cohesive energy  0.078 eV/molecule & melting point of 84 K. 

   


