
Introduction 
X-ray powder diffraction (XRD) is a rapid analytical technique 

primarily used for phase identification of a crystalline material and 

can provide information on unit cell dimensions 

X-ray diffraction is important for: 

• Solid-state physics 

• Biophysics 

• Medical physics 

• Chemistry and Biochemistry 

 

X-ray Diffractometer 



History of X-Ray Diffraction 

1895   X-rays discovered by Roentgen 

1914   First diffraction pattern of a crystal 
made by Knipping and von Laue 

1915   Theory to determine crystal structure 
from diffraction pattern developed by 
Bragg. 

1953   DNA structure solved by Watson and 
Crick 

Now    Diffraction improved by computer 
technology; methods used to 
determine atomic structures and in 
medical applications 

The first X-ray 



X-Ray Powder Diffraction (XRPD) 

• More appropriately called polycrystalline X-ray diffraction, because it can 
also be used for sintered samples, metal foils, coatings and films, finished 
parts, etc. 

• Used to determine: 
– phase composition (commonly called phase ID)- what phases are present? 

– quantitative phase analysis- how much of each phase is present? 

– unit cell lattice parameters 

– crystal structure 

– average crystallite size of nanocrystalline samples 

– crystallite microstrain 
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How Diffraction Works 

• Wave Interacting with a Single Particle 
– Incident beams scattered uniformly in all directions 

• Wave Interacting with a Solid 
– Scattered beams interfere constructively in some 

directions, producing diffracted beams  

– Random arrangements cause beams to randomly 
interfere and no distinctive pattern is produced 

• Crystalline Material 
– Regular pattern of crystalline atoms produces regular 

diffraction pattern. 

– Diffraction pattern gives information on crystal 
structure 

NaCl 



How Diffraction Works: Schematic 

NaCl 

X-rays are produced when any electrically charged particle of sufficient kinetic energy is rapidly decelerated. 
Electrons are usually used for this purpose, the radiation being produced in an x-ray tube which contains a source 
of electrons and two metal electrodes. The high voltage maintained across these electrodes, some tens of 
thousands of volts, rapidly draws the electrons to the anode, or target, which they strike with very high velocity.  X-
rays are produced at the point of impact and radiate in all directions 



How Diffraction Works: Schematic 

NaCl 





























Application of XRD 







Crystallite: Crystallites are also referred to as grains. The areas where crystallites meet are known as grain 

boundaries. Polycrystalline or multicrystalline materials or polycrystals are solids that are composed of many 
crystallites of varying size and orientation.   







































Copper K-α is an x-ray energy frequently used on labscale x-ray instruments. 

The energy is 8.04 keV, which corresponds to an x-ray wavelength of 1.5406 Å. 

http://gisaxs.com/index.php/X-ray
http://gisaxs.com/index.php/X-ray
http://gisaxs.com/index.php/X-ray
http://gisaxs.com/index.php/X-ray_energy
http://gisaxs.com/index.php/Labscale
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Electron diffraction is the phenomenon resulting from 

the interaction between electrons and crystalline 

materials, producing a pattern of rings or spots that 

characterize the sample 

As the crystals are arranged at any angle, each crystal 

produces a diffraction pattern, and their 

diffraction patterns combine around 360° to form 

rings. 
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Q. Use Bragg law to find out the indices of the first three reflections in a powder 
diffraction pattern taken from a simple cubic crystal. 
 





PROBLEM 

NaCl shows a cubic structure. Determine a (Å) and the missing Miller indices 

( = 1.54056 Å). 

2 () h,k,l 

27.47 111 
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Powder diffraction data from known compounds have been compiled into a 

database (PDF) by the Joint Committee on Powder Diffraction Standard, 

(JCPDS) 

This technique can be used in a variety of ways 

The powder diffractogram of a compound is its ‘fingerprint’ and can 

be used to identify the compound 

‘Search-match’ programs are used to compare experimental diffractograms 

with patterns of known compounds included in the database 

Identification of compounds 



PDF - Powder Diffraction File 

A collection of patterns of inorganic and organic compounds 

Data are added annually (2008 database contains 211,107 entries) 



Outcomes of solid state reactions 

Product: SrCuO2? 

Pattern for SrCuO2from database 

Product: Sr2CuO3? 

Pattern for Sr2CuO3from database 

CuO2SrCO3 
2SrCuO

3CuOSr2
? 



































Q. 

Copper forms cubic crystals when an X-ray powder pattern of crystalline 
copper is taken using X-rays from a copper target with λ = 1.5405 Å, 
reflections are found at θ (degree) = 21.65, 25.21, 37.06, 44.96, 47.58. 
 
i) What is the type of lattice formed? 
ii) What is the unit cell length? 
iii) What is the density of copper ? 
 
Q. 
The edge of the cubic unit cell of lead is 4.92 Å. The density of lead is 11.55 
gm/cc. Calculate the smallest angle with respect to the incident beam at which 
constructive interference of X-rays of wavelengths 1.5418 Å would occur for 
110 planes of this crystal. 
 
Q. 
The X-ray diffraction pattern of a crystal is obtained using X-rays from a 
copper target and a certain reflection is found at 10.27o. With another metal 
target, the same reflection was found at 4.73o 

 Given the wavelength of the X-
rays from the copper target is 1.540 Å, calculate the wavelength of the X-rays 
from the other metal target and identify the metal. 



Q.1 The distance between a set of planes in NaCl is 564.02 pm. Using an x-ray source of 75 pm, at 

what diffraction angle (2) should peaks be recorded for the first order of diffraction (n = 1) ? 
 

Hint: To calculate the angle  from sin , the sin-1 function on the calculator must be used 

Q.3: Mark the TG/DTA peak of byproduct with respect to 

given weight obtained after decomposition of Calcium 

Oxalate?      

Q. 4: Calculate the particles size by using the following value?  

FWHM 



Q. 5. X-ray diffractometers are not used to identify the physical properties of which of the following? 
a) Metals 
b) Liquids 
c) Polymeric materials 
d) Solids 

Q.4: X-ray diffraction of copper, which has a face-centered cubic sturucture, is done using X-rays 

with a wavelength of 0.154 nm, one peak in the XRD pattern is at 2 θ = 43.2o 

 

What  are the miller indices for this peak? 






