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Solid State 
Solid state is characterised by structural rigidity and resistance to changes of shape or  

volume. Solids are broadly classified as crystalline and amorphous. Highly ordered atomic  

arrangement - means that the atoms in a mineral are arranged in an ordered geometric  

pattern. This ordered arrangement of atoms is called a crystal structure. In crystalline solids,  

atoms are bound tightly to each other in a regular geometrical lattice. 

A solid compound that does not have definite crystal structure is a said to be amorphous. 



Crystal 
❖ Defined as a solid material whose  

constituent atoms, molecules or ions are  

arranged in an ordered pattern  

extending in all three spatial dimensions. 

❖ A crystal is defined on the basis of  

microscopic arrangement of atoms inside  

it, known as crystal structure. Thus a  

crystal is a solid where atoms form a  

periodic arrangement. 

❖ A crystal structure can be thought of as  

an infinitely repeating array of 3D 'boxes'  

which are known as unit cells. 

❖ The unit cells are repeated infinitely in  

3D to give rise to crystal lattice. 



Lattice 
❖ The symmetry observed in crystals

 as exhibited is due to the ordered internal  

arrangement of atoms in a crystal  

structure, known as lattice. 

❖ In 2-dimensions a plane lattice consists of  

an orderly array of points. The array is  

defined by the spacing between points  

and the directions (or angles) between the  

points. Thus, the array can be reproduced  

by specifying the distance and angle to  

move from point to point. This is referred  

to as translational symmetry. 

❖ Crystals are made up of 3-dimensional  

arrays of  atoms.  Such  3-dimensional  

arrays are called space lattices. 



Space Lattice 
There are four important points about crystal lattices that are noteworthy for our study of  

crystals: 

 
1. A face is more commonly developed in a crystal if it intersects a larger number of lattice  

points. This is known as Bravais Law. 

In the plane lattice faces will be more common if  

they develop along the lattice planes labeled 1,  

somewhat common if they develop along those  

labeled 2, and less and less common if they  

develop along planes labeled 3, 4, and 5. 



2. The angle between crystal faces is controlled by the spacing between lattice points. 

The angle θ between the face that runs diagonally across the   

lattice and the horizontal face will depend on the spacing  

between the lattice points. The angles between faces, also  

known as interfacial angles, are measured as the angle 

between  the normals (lines perpendicular) to the faces. This 

applies in 3-  dimensions as well. 

 

Changing the lattice spacing changes the angular relationship.  

The lattice shown here has the same horizontal spacing 

between  lattice points, but a smaller vertical spacing. The angle 

φ  between the diagonal face and the horizontal face in this 

lattice  is smaller than in the first lattice. 



3. Since all crystals of the same substance will have the same spacing between lattice points  

(they have the same crystal structure), the angles between corresponding faces of the same  

mineral will be the same. This is known as the Steno's Law of constancy of interfacial angles.  

This stands true even if the crystals are distorted. 

Crystals of the same mineral 



4. The symmetry of the lattice will determine the angular relationships between crystal faces. 

In imperfect crystals or distorted crystals where the lengths of the edges or faces of symmetry  

related faces are not equal, the symmetry can still be determined by the angles between the  

faces. 

In this example, first diagram shows a perfect crystal with the symmetrically related faces  

having equal lengths. The second diagram shows a crystal built on the same lattice, but with  

distorted faces. Still angle between the faces in both the lattices remains same. 



Crystallographic Axes 

❖ 

❖ 

❖ 

❖ 

In order to orient the crystals and to refer to  

different directions and different planes within  the 

crystals a coordinate system is used which is  

based on the concept of the crystallographic  

axes. 

The crystallographic axes are imaginary lines  

that can be drawn within the crystal lattice.  

These will define a coordinate system within the  

crystal. 

For 3-dimensional space lattices, 3 or in some  

cases 4 crystallographic axes are needed that  

define directions within the crystal lattices. 

Depending on the symmetry of the lattice, the  

directions may or may not be perpendicular to 

one another, and the divisions along the  

coordinate axes may or may not be equal along  

the axes. 



Space Lattices and Unit Cell 
The "lengths" of the various crystallographic axes are defined on the basis of the unit cell. When  

arrays of atoms or molecules are laid out in a space lattice we define a group of such atoms as  

the unit cell. This unit cell contains all the necessary points on the lattice that can be translated to  

repeat itself in an infinite array. In other words, the unit cell defines the basic building blocks of  

the crystal, and the entire crystal is made up of repeatedly translated unit cells. 

 

In an ideal unit cell: 
 

1. The edges of the unit cell should coincide with the symmetry of the lattice. 

2. The edges of the unit cell should be related by the symmetry of the lattice. 

3. The smallest possible cell that contains all elements should be chosen. 



Space Lattices and Unit Cell 

❖ If the two dimensional plane lattices  

are systematically repeated one over  

the other, to allow for a translation  

vector in third dimension, a space  

lattice is formed. 

❖ The volume outlined by the lattice  

nodes is called the unit cell. The 

edges  of unit cell are parallel to the 

crystal  axes, identified as a, b, and c. 

❖ α is the angle between b and c, β is 

the  angle between a and c, and γ is 

the  angle between a and b. 

❖ Axes intersect at a point called origin. 

a. A plane lattice is repeatedly translated at distance c  

at angles α and β to form a repeating pattern in 

three dimensions. 

b. Crystal axes a, b and c are parallel to the edges 

of  the unit cell at angles α, β and γ. 

 
Unit Cell 



Five different plane lattices can be  

produced by simple translation in  two 

dimensions. These plane lattices,  

when translate in the third  

d i m e n s i o n , g i v e  r i s e  t o 

corresponding space lattices. 
 

Only five different plane lattices can  

be produced by the combinations of a  

and b and the angle γ. 

Square,  rectangle,

 hexagonal  oblique

 plane lattices have 

and  

node

s occurring at their corners only. These  

are called as primitive unit mesh. 

 

The diamond unit mesh has node  

occurring in its centre and thus is  

called as centered. 

a. Plane 

lattices 

b. Unit mesh 

γ#90° 



Bravais Lattices and Crystal Systems 
❖ The five plane lattices give rise to 14 different  

space lattices, also known as Bravais lattices. 

❖ 

❖ 

These 14 lattices are divided into 6 groups  

based on the shape of the unit cell. These  

groups are known as crystal systems. 

There are seven crystal systems, namely: 

tricl inic,  monoc l i n ic ,  orthorhombic ,   

hexagonal, trigonal, tetragonal and isometric  

(cubic). 

❖ Based on the lattice nodes the unit cell is of  

following types: 

1. Primitive (P): lattice points on the cell corners  
only. 

2. Body (I): one additional lattice point at the  
center of the cell. 

3. Face (F): one additional lattice point at the  
center of each of the faces of the cell. 

4. Base (A, B or C): one additional lattice point at  
the center of each of one pair of the cell faces. 

Triclinic (P) 

Monoclinic (P) Monoclinic (C) 



Orthorhombic (P) Orthorhombic (C) Orthorhombic (I) Orthorhombic (F) 

Tetragonal (P) Tetragonal (I) 

Hexagonal (P) Trigonal (P) 



Isometric (P) Isometric (I) Isometric (F) 

Crystal Systems Axial Lengths Angles Examples 

Triclinic a ≠b ≠c α,β,γ ≠ 90° Plagioclase, Microcline 

Monoclinic a ≠b ≠c β ≠90°  

α,γ= 

90° 

Gypsum, Orthoclase 

Orthorhombic a ≠b ≠c α,β,γ =90° Olivine, Andalusite, Aragonite 

Tetragonal a =b ≠c α,β,γ =90° Pyrolusite, Rutile, Zircon 

Isometric a=b=c α,β,γ =90° Halite, Garnet, Galena 

Hexagonal a1=a2=a3 ≠c α,β=90

°  

γ=120° 

Beryl, Graphite 

Trigonal a1=a2=a3 ≠c α,β,γ ≠ 90 Calcite, Cinnabar 


