
Types of interatomic bonds in solids 

1. Crystals of inert gases 

(van der Waals forces)    

2. Ionic crystals  

3. Metals  

4. Covalent crystals  

5. Hydrogen bonds 



Вакс В. Г. - 

Межатомные 

взаимодействия 

и связь в 

твердых телах. 



Binding energies of various atoms of elements 



Melting point of elements 



1. Crystals of inert gases and van der Waals forces 

Interaction potential of a systems of charges is  

At R>>ri multipole moment 

expansion can be applied : 

First-order energy correction 

is zero for neutral atoms: 



1. Crystals of inert gases and van der Waals forces (2) 

Second-order energy correction is 

non-zero even for neutral atoms: 

Second-order energy correction comes from dipole-dipole interaction: 

Van der Waals interaction 

between neutral atoms is 

Lennard-Jones potential contains 

van der Waals force + hard core: 



Crystals with van der Waals binding 

Van der Waals binding is so weak, that helium remains liquid 

even at zero temperature! Other crystals of inert gases have 

very low binding energy and melting temperature. 



Crystals with van der Waals binding (2) 

Neglecting quantum effects, 

the total crystal energy is 

For face-centered 

crystal lattice 

Experimental interatomic distance in crystals 

Theory 

1.09 

Taking into account only the nearest neighbors, the minimizing of Lennard-Jones 

potential gives R0/=1.12. Minimizing the total energy, one obtains R0/=1.09.  

Cubic close-packed (fcc) crystal structure of the inert gases 

Ne, Ar, Kr, and Xe. The lattice parameters of the cubic cells 

are 4.46, 5.31, 5.64, and 6.13 A, respectively, at 4 K. 

In light elements the quantum kinetic energy is 

important, which increases interatomic distance  



Compressibility and bulk modulus of elasticity of 
crystals with completely filled shells  

The theory can be tested in an independent 

way, using bulk moduli of elasticity, defined as 
K= 

where V is the volume and p is the pressure. Compressibility is defined as the 

inverse of the bulk modulus of elasticity. At absolute zero, the entropy is 

constant, so that the change in energy U and the volume change accompanying it 

are related by the thermodynamic identity dU = —pdV, 

where 

At equilibrium and zero pressure for the equilibrium volume we get: 

=>  

Bulk modulus of 

elasticity~           : 



2. Ionic crystals 

Ionic crystals are made up of positive and negative ions. The ionic bond 

results from the electrostatic interaction of oppositely charged ions. 

The energy per molecule unit of a crystal of 

sodium chloride is 7.9 - 5.1-3.6) = 6.4 eV 

lower than the energy of separated neutral 

atoms. The lattice energy with respect to 

separated ions is 7.9 eV per molecule unit. 

All values on the figure are experimental.  

NaCl 

CsCl 



Общие сведения об ионных кристаллах 



Interatomic interaction in ionic crystals  

Interatomic potential in ionic crystals 

The electron shells of all ions of a 

simple ionic crystal correspond to the 

electron shells of inert gas atoms. 

Therefore, interatomic repulsion at 

small distances is very similar to them. 

The total energy of interaction 

of each ion with all others 

where ij  and 

where is the 

Madelung 

constant: 

The total energy of 

an ionic crystal 

and z - number of 

nearest neighbors 



Вычисление постоянной Маделунга 

Некоторые значения постоянной Маделунга, 

вычисленные для единичных зарядов ионов :  

Очевидно, что сходимость у этого ряда плохая.  



Bulk elasticity modulus of ionic crystals 

K= 

Bulk elasticity modulus  

Bulk elasticity modulus  

In equilibrium 

This relationship can be solved , using the experimental values of R0 

and the modulus of elasticity. For KCl we get 

В KCl R0 = 3,14A. Thus, the repulsion 

manifests itself in a region of size 0.3A. 

KCl crystal total energy 

(in experiment —7.397 eV) 



Metallic bond 

Metals are characterized by high electrical conductivity, and 

therefore it should be thought that a significant part of the 

electrons in the metal must be free in order to be able to move. 

Usually an atom has one or two free electrons. Electrons capable of 

participating in the phenomenon of conduction are called 

conduction electrons. In some metals, the interaction of ionic cores 

with conduction electrons makes a large contribution to the binding 

energy; however, a characteristic feature of the metallic bond is the 

decrease in the kinetic energy of the valence electron in the metal 

as compared to the free atom. 

Metallic bond energy is 



The metal energy weakly depends on the lattice structure 

and is determined by conduction electrons 

Charge density Energy 



Covalent bond 

Melting points are usually very high: 

Binding energy of several covalent crystals 



Covalent-bonded crystals are usually 

dielectrics. 

Energy-gap width at zero and room temperature: 



Hydrogen bonds 

An example of a hydrogen bond between 

fluorine ions in HF- A limiting case is shown 

when the bond is carried out using a proton. 

Since neutral hydrogen has only one electron, it must have one 

bond, allowing it to join with only one atom of another kind. 

However, it is known that under certain conditions a hydrogen 

atom can be connected by significant forces of attraction 

simultaneously with two atoms, thereby forming the so-called 

hydrogen bond between them. The energy of such a bond is 

about 0.1 eV. The hydrogen bond is believed to be mainly ionic, 

since it arises only between the most electronegative atoms, 

e.g. F, O and N atoms. In this limiting case the hydrogen atom 

loses its only electron and, giving it to one of the two atoms of 

the molecule, turns into a proton, which carries out the bond 

between the atoms. The small size of the proton does not 

allow it to have more than two atoms by its nearest neighbors; 

atoms are so closely spaced that in such a short spot more 

than two atoms cannot fit. Thus, the hydrogen bond is only 

between two atoms. 



Hydrogen bonds (2) 

The hydrogen bond is the most important form of interaction 

between H2O molecules and causes, together with electrostatic 

attraction, the electric dipole moments of the amazing physical 

properties of water and ice. The hydrogen bond limits the size of 

protein molecules and determines their usually observable 

geometric structure. It also plays an important role in such 

phenomena as, for example, the polymerization of hydrofluoric 

compounds and formic acid. It is essential for explaining the 

properties of some ferroelectric crystals, such as potassium 

dihydrogen phosphate (KDP), and plays an important role in 

molecular genetics, partly due to the possibility of such a process 

as the pairing of two helices of the DNA molecule. 

The hydrogen bond between organic 

bases, which is typical, for example, 

for a DNA molecule. 



Hydrogen bonds in DNA 

A DNA macromolecule consists of two parallel, 

unbranched polynucleotide chains twisted 

around a common axis into a double helix. Such 

a spatial structure is retained by a multitude of 

hydrogen bonds formed by nitrogenous bases 

directed inside the helix. Hydrogen bonds arise 

between the purine base of one chain and the 

pyrimidine base of another chain. These bases 

are complementary pairs. 

  


