
X-Ray Analytical Methods 

¸ X-ray radiography is used for creating images of light-opaque 

materials relies on the relationship between density of materials 

and absorption of x-rays.  Applications include a variety of 

medical and industrial applications.

¸ X-ray fluorescence spectrometry relies on characteristic 

secondary radiation emitted by materials when excited by a 

high-energy x-ray source and is used primarily to determine 

amounts of particular elements in materials.  

¸ X-ray crystallography relies on the dual wave/particle nature of 

x-rays to discover information about the structure of crystalline 

materials.

X-rays were discovered by W.C. Röentgen in 1895, 

and led to three major uses:



Uses of X-Ray Powder 

Diffraction

Radiation safety for users of X-ray diffraction

The generation of X- rays

The geometry of diffraction 

Braggôs Law

Basics of X-ray crystallography

Sample and specimen preparation techniques

Basic error analysis for X-Ray diffraction data

Basic material to be covered in this course:



Uses of X-Ray Powder 

Diffraction

Identification of single-phase materials ïminerals, chemical 
compounds or other engineered materials.

Identification of multiple phases in microcrystalline mixtures (i.e., 
rocks)

Determination of crystal structure of identified materials

Identification and structural analysis of clay minerals (an 
introduction by Dr. Dewey Moore)

Recognition of amorphous materials in partially crystalline 
mixtures

Analytical methods you should learn in this course:



Uses of X-Ray Powder 

Diffraction

Crystallographic structural analysis and unit-cell calculations for 
crystalline materials. 

Quantitative determination of amounts of different phases in 
multi-phase mixtures by peak-ratio calculations.

Quantitative determination of phases by whole-pattern 
refinement.

Determination of crystallite size from analysis of peak 
broadening.

Determine of crystallite shape from study of peak symmetry.

Study of thermal expansion in crystal structures using in-situ 
heating stage equipment.

Analytical methods that will be introduced in this course

but not covered in detail :



XRD for Dummies: 

From Specimen to analyzed 

sample with minimal math

Specimen vs. Sample ïAn important distinction

Mathematics is unavoidable when dealing with

x-rays and crystallography, but modern analytical

methods, software and computers can eliminate 

much of the tedium of calculations

Avoid ñBlack Boxò errors by understanding what

is going on in your analyses



The Bragg Equation 

where n is an integer

is the wavelength of the x-rays

d is the interplanar spacing in the specimen

is the diffraction angle (discussed later!)

The Bragg equation is the fundamental equation, valid 

only for monochromatic X-rays, that is used to 

calculate interplanar spacings used in XRD analysis.  

sin2dn



Diffractometer Components and Geometry



Our Scintag Diffractometer (Pt. 1)


