
 

X-ray diffraction 
X-ray diffraction by crystals is a phenomenon where X-rays scatter off the atoms within a 

crystal lattice, producing a diffraction pattern. This occurs due to the wave-like nature of X-

rays and the regular arrangement of atoms in the crystal. 

1. Brief overview: 

a) Incident X-rays interact with the crystal lattice. 

b) Atoms in the lattice scatter the X-rays, producing secondary waves. 

c) These scattered waves interfere with each other, resulting in a diffraction pattern. 

d) The pattern is characterized by bright spots or rings, indicating constructive 

interference. 

e) The diffraction pattern provides information about the crystal's structure, including: 

    - Atomic arrangement 

    - Lattice parameters 

    - Crystal symmetry 

    - Defects or imperfections 

2. X-ray diffraction is a powerful tool for: 

a) Determining crystal structures 

b) Analyzing material properties 

c) Studying crystal defects and imperfections. 

Q. Why instead of white light, X-rays are used in crystal diffraction? 

Ans. X-rays are used instead of white light in crystal diffraction for several reasons: 

1. Wavelength: X-rays have a much shorter wavelength  ( around 1Angstrom) than white light 

(4000-7000 Ȧ). This shorter wavelength allows X-rays to interact with the atomic structure of 

the crystal. 

2. Penetration: X-rays have higher energy and can penetrate deeper into the crystal, enabling 

the study of bulk materials. 

3. Scattering: X-rays are scattered by the electrons in the crystal atoms, producing a diffraction 

pattern. White light is scattered by the atoms as well, but the longer wavelength and lower 

energy result in a less defined pattern. 

Atomic and geometrical factors in crystal: 

In crystallography, understanding the atomic and geometrical factors in a crystal is crucial for 

analyzing the structure and properties of materials.  

1. Atomic Factors: 

Atomic factors relate to the nature and arrangement of atoms within the crystal lattice. These 

factors directly influence the crystal’s physical and chemical properties. 

Atomic Radius: 

 The size of the atoms influences how they pack in the crystal lattice. Larger atoms tend to form 

less densely packed structures, whereas smaller atoms can pack more closely. 

Electronic Configuration:  

The distribution of electrons in an atom, especially in the outermost shell, determines the types 

of bonds that can form and the resulting crystal structure. 

 



 

Coordination Number:  

This is the number of nearest neighbor atoms or ions surrounding a central atom/ion. It depends 

on the size and charge of the ions and dictates the arrangement of atoms in the crystal. 

2. Geometrical Factors: 

Geometrical factors refer to the spatial arrangement of atoms in a crystal, which is determined 

by symmetry, lattice parameters, and unit cell dimensions. 

Crystal Lattice: 

A crystal lattice is a three-dimensional arrangement of points in space, where each point 

represents an atom or a group of atoms. The geometry of the lattice is described by its unit cell 

parameters, including lattice parameters  

Unit Cell: 

 The unit cell is the smallest repeating unit in the crystal lattice that, when repeated in all three 

dimensions, forms the entire crystal. 

Packing Factor:  

The packing factor is a measure of how efficiently atoms are packed in the crystal. It is defined 

as the ratio of the volume occupied by the atoms to the total volume of the unit cell. Different 

crystal structures have different packing factors; for example, face-centered cubic (FCC) and 

hexagonal close-packed (HCP) structures have high packing efficiency. 

Lattice Energy:  

This is the energy required to assemble the crystal lattice from individual atoms or ions. It is 

influenced by the geometric arrangement of the ions in the crystal and is a key factor in 

determining the stability of the crystal. 

Brillouin zone: 

 The Brillouin zone is a fundamental concept in solid-state physics, describing the reciprocal 

space of a crystal lattice. 

The Brillouin zone is the smallest unit cell in reciprocal space, constructed by translating the 

Wigner-Seitz cell by all possible reciprocal lattice vectors. 

1. Reciprocal space:  

The Brillouin zone exists in reciprocal space, which is related to real space by a Fourier 

transform. 

2. Crystal symmetry: The Brillouin zone has the same symmetry as the crystal lattice. 

3. Electronic states:  

   The Brillouin zone describes the allowed electronic states in a crystal, including energy 

bands. 

4. Boundary: The zone boundary corresponds to the edge of the Brillouin zone, where 

electronic states exhibit unique properties. 

5. Importance: The Brillouin zone is crucial in understanding: 

    - Electronic band structures 

    - Phonon dispersion relations 

    - Optical properties 

    - Electron-phonon interactions 

 

 

 



 

Definition: 

The Brillouin zone is a fundamental concept in solid-state physics, describing the reciprocal 

space of a crystal lattice and playing a central role in understanding electronic and optical 

properties of materials. 

Single Crystal: 

A single crystal is a solid material where the atoms, molecules, or ions are arranged in a 

repeating pattern, called a crystal lattice, that extends throughout the entire material. This 

means that the crystal has a uniform structure and composition, with no grain boundaries or 

defects. 

Characteristics: 

a. Uniform crystal lattice 

b. No grain boundaries 

c. Single orientation of crystal axes 

d. Typically has a smooth, flat surface 

e. Optically and electronically homogeneous 

Examples: Quartz crystals, Silicon wafers, Ruby lasers 

Poly-Crystal (Polycrystalline): 

A poly-crystal, also known as a polycrystalline material, is a solid material composed of many 

small crystals, called grains, that are randomly oriented and bounded by grain boundaries. Each 

grain has a different crystal lattice orientation, resulting in a heterogeneous material. 

Characteristics: 

a. Multiple crystals (grains) with random orientations 

b. Grain boundaries separate the crystals 

c. Multiple crystal axes orientations 

d. Typically has a rough, irregular surface 

e. Optically and electronically heterogeneous 

 

Examples: Metals (like copper, aluminum), Ceramics, Polycrystalline Silicon (used in solar 

cells) 


