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X-Ray Diffractometer 

(XRD) 

Diffraction 

 Diffraction: the various phenomena that are 

associated with wave propagation (e.g., 

bending and interference of waves) when the 

wave passes by an object that disrupts the 

wave.  

Diffraction of Visible Light 

 Visible light is diffracted by 

slits/objects that are 

spaced at ~ 500 nm 

(0.5μm) 

http://images.google.com/imgres?imgurl=http://shokabo.co.jp/sp_e/optical/labo/refref/030695.jpg&imgrefurl=http://shokabo.co.jp/sp_e/optical/labo/refref/refref.htm&h=600&w=800&sz=62&hl=en&start=30&um=1&tbnid=KVR6wezGKRWVRM:&tbnh=107&tbnw=143&prev=/images%3Fq%3Ddiffraction%26start%3D20%26ndsp%3D20%26svnum%3D10%26um%3D1%26hl%3Den%26rls%3Dcom.microsoft:en-us:IE-SearchBox%26rlz%3D1I7GGLJ%26sa%3DN
http://www.flickr.com/photos/7766474@N04/2724969808/
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X-Rays and Crystals 

 Spacing of atoms in a 

crystal lattice are in the 

order of 0.1 nm 

 X-rays have wavelengths 

in the order of 0.1 nm 

 X-rays are diffracted by 

crystals 

X-Ray Diffraction 

Bragg’s Law 

http://www-outreach.phy.cam.ac.uk/camphy/xraydiffraction/xraydiffraction_exp.htm 

Multiple d-Spacings 

http://images.google.com/imgres?imgurl=http://www.awindiamond.com/image/Anvils3.gif&imgrefurl=http://www.awindiamond.com/tw/02_products/Anvil.html&usg=__uRZ0HfHt4NCxS3jPBYERoUavUIg=&h=287&w=264&sz=42&hl=en&start=14&sig2=Hb18HX8BrNRHArchjVx9Bg&um=1&tbnid=HffO_L12j9XgqM:&tbnh=115&tbnw=106&prev=/images%3Fq%3Dx%2Bray%2Bdiffraction%2Bpattern%26hl%3Den%26rls%3Dcom.microsoft:en-us:IE-SearchBox%26rlz%3D1I7GGIT_en%26um%3D1&ei=QdH4Sr7vHoG4NZO00cEK
http://www-outreach.phy.cam.ac.uk/camphy/xraydiffraction/xraydiffraction_exp.htm
http://www-outreach.phy.cam.ac.uk/camphy/xraydiffraction/xraydiffraction_exp.htm
http://www-outreach.phy.cam.ac.uk/camphy/xraydiffraction/xraydiffraction_exp.htm
http://www-outreach.phy.cam.ac.uk/camphy/xraydiffraction/xraydiffraction_exp.htm
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X-Ray Diffractometer X-Ray Diffractometer 

XRD Patterns 

Quartz 

Calcite 

Relatively easy to identify single mineral samples, even in small amounts 

XRD 

and 

Clays 

Serpentine, 

var. Lizardite 

Serpentine, 

var. Antigorite 

Good for 

identifying 

microscopic 

crystals 
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Scanning 

Electron Microscope 

(SEM) 

Scanning 

Electron 

Microscope 

Schematic 

scienceinyoureyes.memphys.sdu.dk/Sem_en.php  

Electron-

Sample 

Interactions 

Electron-

Sample 

Interactions 

http://scienceinyoureyes.memphys.sdu.dk/Sem_en.php
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Secondary Electrons (SE) 

 Secondary electrons are 

produced by inelastic collisions 

of the electron beam with 

surface atoms 

 The incoming high-energy 

electron beam knocks 

electrons out of the shell of the 

atoms in the sample 

 The number of secondary 

electrons is controlled by the 

shape of the surface 

 Therefore high-resolution 

images of sample morphology 

can be created  

Electron-

Sample 

Interactions 

Back-Scattered Electrons (BSE) 

 When the beam of electrons hit 

the sample some electrons are 

elastically scattered by 

colliding with atoms 

 The larger the atom (higher 

atomic number) the more likely 

it is that it will be hit by an 

electron 

 Therefore higher atomic 

number atoms will scatter 

more electrons 

 Materials with higher atomic 

number look brighter on BSE 

images 

Electron-

Sample 

Interactions 
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Energy Dispersive X-Ray 

Spectroscopy (EDS) 

 Each element emits a 
characteristic set of x-
rays when their 
electrons are excited 

 Elements with higher 
atomic number emit 
x-rays with higher 
energy (shorter 
wavelength) 

 Therefore the energy 
signatures can be 
used to identify 
elements and their 
abundance 

Ilmenite: FeTiO3 


