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Each spot corresponds to Each spot corresponds to 
a different crystal planea different crystal plane



Schematic representation of a single crystal and its XRD 
pattern



40 grains



40 grains 200 grains

200 grains 

with preferred orientation





Crystal randomly oriented 

Diffracted intensity of the cones uniform only a part of the cone 
need to be recorded
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The Geometrical basis of powder XThe Geometrical basis of powder X--ray diffraction techniquesray diffraction techniques
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Euclid, proposition 21, Book III of The Elements:
The angles in the same segment of a circle are equal to one another
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Information Contained in a Diffraction PatternInformation Contained in a Diffraction PatternInformation Contained in a Diffraction Pattern

Peak PositionsPeak Positions
Crystal SystemCrystal System
Space Group SymmetrySpace Group Symmetry
Translational Symmetry Translational Symmetry 
Unit Cell DimensionsUnit Cell Dimensions
Qualitative Phase IdentificationQualitative Phase Identification

Peak IntensitiesPeak Intensities
Unit Cell ContentsUnit Cell Contents
Point SymmetryPoint Symmetry
Quantitative Phase FractionsQuantitative Phase Fractions

Peak Shapes & WidthsPeak Shapes & Widths
Crystallite Size (2Crystallite Size (2--200 nm nm)200 nm nm)
NonNon--uniform microstrainuniform microstrain
Extended Defects (stacking faults, antiphase boundaries, etc.)Extended Defects (stacking faults, antiphase boundaries, etc.)



Unit Cell DimensionsUnit Cell Dimensions

Al Pd

nλ=2dhklsinθd
hkl
= a

h 2 + k 2 + l 2
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Qualitative AnalysisQualitative Analysis

The powder diffraction pattern of a known phaseThe powder diffraction pattern of a known phase
should act as a fingerprint which can be used to identify thshould act as a fingerprint which can be used to identify the phase.e phase.

Computer searchComputer search--match algorithms are used to compare     match algorithms are used to compare     
experimental pattern with ICDD database of known compoundsexperimental pattern with ICDD database of known compounds

The International International Centre for Diffraction Data (ICThe International International Centre for Diffraction Data (ICDD)  DD)  
database contained over 60,000 entriesdatabase contained over 60,000 entries

Can be used for multiphase mixturesCan be used for multiphase mixtures

Can be used to identify polymorphic mixturesCan be used to identify polymorphic mixtures
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Quantitative Analysis Quantitative AnalysisQuantitative Analysis Quantitative Analysis

By measuring changes in the unit cell dimensions it is sometimesBy measuring changes in the unit cell dimensions it is sometimes
possible to determine composition through Vegards law possible to determine composition through Vegards law 
(i.e. Na(i.e. Na(1(1--x)x)KKxxCl)Cl)

Weight fractions of multiphase mixtures can be determined usinWeight fractions of multiphase mixtures can be determined using ag a
variety of methods, but the Rietveld method is the most covariety of methods, but the Rietveld method is the most commonlymmonly
used approach. used approach. 

Care must be taken when phases have significantly differentCare must be taken when phases have significantly different
densities or crystallite sizes densities or crystallite sizes 

With care, accuracy is typically within a few percent, andWith care, accuracy is typically within a few percent, and
the lower limit of detection can be less than 1%the lower limit of detection can be less than 1%



Structural Data from Powder DiffractionStructural Data from Powder Diffraction

Why not use single crystal methods? Why not use single crystal methods? 
••It may difficult to obtain a single crystal It may difficult to obtain a single crystal 
••Usable form of a material may be polycrystalline Usable form of a material may be polycrystalline 
••Problems with twinning or phase transitionsProblems with twinning or phase transitions

What types of structures can be analyzed? What types of structures can be analyzed? 
••Typically 5Typically 5--15 crystallographically distinct atoms 15 crystallographically distinct atoms 
••Good data may allow 50Good data may allow 50--75 cryst. distinct atoms75 cryst. distinct atoms

What type of data is best? What type of data is best? 
••High resolution is important (monochromatic and/or  High resolution is important (monochromatic and/or  
synchrotron radiation is best) synchrotron radiation is best) 

••Neutron data can be very useful for finding light atomsNeutron data can be very useful for finding light atoms



Limitations of Powder Diffraction for Structure DeterminationLimitations of Powder Diffraction for Structure Determination

The 3D set of diffraction spots obtained from a single crystal 
experiment is condensed into 1D in powder diffraction pattern. 

This leads to both accidental and exact peak overlap, 
and complicates the determination of individual peak intensities.  

Crystal symmetry cannot be seen directly from diffraction pattern.

Multiphase mixtures can be problematic. 

Preferred orientation can lead to inaccurate peak intensities. 



Steps to Structure Solution Steps to Structure Solution 

Index the diffraction pattern to determine
crystal system and unit cell dimensions 

Analyze systematic absences in order to determine space group 
(at least narrow the list) 

Whole pattern fitting to obtain accurate unit cell dimensions 
and peak shape parameters

Input approximate structural model

Allow atomic positions, occupancies and  displacement parameters
to refine in order to optimize the fit to the observed diffraction 

pattern (Rietveld refinementRietveld refinement)




