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Introduction

¸Most systematic errors in diffraction experiments 

are related to the characteristics, preparation 

and placement of the specimen.  Today we will:

ïDifferentiate and define those errors

ïPresent preparation techniques to minimize those 

errors

ïDiscuss different types of sample mounting strategies 

and trade-offs of various methods

¸Always remember the distinction between 

sample and specimen

¸ Footnote question: What is the difference between a 

random and systematic error?



Goals of Specimen Preparation

¸Overall Rule: The time and effort put into 
specimen preparation should not be more 
than is required by the experiment objective

¸Basic information in the diffraction pattern:
ïThe position of the diffraction peaks

ïThe peak intensities, and shape of peaks

ïThe intensity distribution as a function of 
diffraction angle

¸The utility of this information depends on both 
the experiment parameters and the sample 
preparation

¸Communicate with your ñclientò about the 
objectives of your experiment

¸Design your experiment to achieve those 
objectives



Specimens and Experimental Errors

¸ Axial Divergence: The X-ray beam diverges out of the plane of the 

focusing circle  

¸ Flat Specimen Error: The specimen is flat, and does not follow the 

curvature of the focusing circle.  

¸ Compositional Variations between Sample and Specimen

¸ Specimen Displacement: Position of the sample mount causes 

deviation of the focusing circle

¸ Specimen Transparency: Beam penetration into a ñthickò specimen 

changes diffraction geometry

¸ Specimen Thickness: Trade-offs between accuracy of peak positions 

and intensities  

¸ Particle Inhomogeneity: Can significantly alter diffraction intensities

¸ Preferred Orientation: Can produce large variations in intensity and 

limit the peaks seen.  



Beam Path from Source to Detector

Path from X-

ray source to 

detector is 

shown at right

Beam path:

¸ From horizontal source F to 

¸ vertical soller slits SS1 to 

¸ Divergence slit D5

¸ Specimen S (A=center of diffractometer circle) to

¸ Receiving Scatter slit RS to

¸ Receiving soller slits SS2 to

¸ scatter slit SS to

¸ Monochromator and Detector (not in picture)



Axial Divergence
¸ Detector sees the arc of the 

Debye ring not just the 

diffractions along the 2D 

diffractometer circle

¸ Leads to a notable peak 

asymmetry, particularly 

pronounced at low 2ɗ

¸ Axial Divergence error for 

Silver Behenate is shown at 

right

¸ Can be minimized by 

closely spaced soller slits 

(at the cost of reduced 

intensity)



Flat Specimen Error

¸ The extreme edges of the specimen lie on 

another focusing circle (rfô) which results in 

the overall diffracted intensity being skewed 

to a lower value of 2q.

¸ This is related to the divergence of the 

incident beam by the equation below where 

ais the angular aperture of divergence slit in 

degrees 

8.343

cot
2

2 qa
q -=D Div Slit 2qmin MoKa CuKa CrKa

0.25¯ 4.6¯ 8.86 19.24 28.58

0.50¯ 9.2¯ 4.45 5.61 14.35

1.00¯ 18.4¯ 2.22 4.83 7.18

2.00¯ 37.2¯ 1.11 2.42 3.59

4.00¯ 78.0¯ 0.56 1.22 1.81

The table at right shows 

specimen irradiation 

lengths (in mm) for a 

diffractometer of a 

particular radius (not ours)



Differences between Sample and Specimen

¸Grinding Effects
ïProblem: Excessive percussive grinding produces 

extremely small particle size Ą peak broadening

ïRemedy: Be careful (or use non-percussive 
grinding techniques)

¸ Irradiation Effects
ïInteraction with beam changes specimen

ïRare in inorganics; significant issue in organics 
and phases with poorly-bound H2O

¸Environmental Effects
ïStrain effects in materials at elevated temperature

ïChemical reactivity of specimen
¸ Sensitivity to water, air or other solvents 

¸ Usually reversible, sometimes not

¸ Systematically used as a tool in clay analysis


