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Introductions to crystal structure 
using X-ray Diffraction methods 

Ian Robinson 
Brookhaven National Lab 

University College London 
School of Materials, TongJi 

+Als-Nielsen and McMorrow Book 
+Prof. Jeremy Cockcroft, UCL Chemistry
+Emil Bozin talk at ADD 2013 (Grenoble) 



Class Outline 

•  Crystal structure (using VESTA software) 
•  Surface diffraction and surface structure 
•  Powder diffraction methods 
•  Williamson-Hall analysis of size and strain 
•  Pair Distribution Function (PDF)  
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Generations of Synchrotron 

•  2nd: Storage Ring Dedicated to X-rays 
– NSLS Surface X-ray Diffraction    1987 

•  3rd: Undulators in “Straight Sections” 
– APS Coherent X-ray Diffraction    2001 
– NSLS-II    2015 

•  X-ray Free Electron Lasers 
– LCLS Ultrafast Coherent Diffraction   2008 
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X-ray Scattering vs Diffraction 
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Elements of Modern X-ray Physics 
Second Edition 

 
Chapter 5  

Kinematical scattering II: crystalline order 
 
 
 

Jens Als-Nielsen and Des McMorrow 
 
 
 

John Wiley & Sons Ltd 
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Chinese translation by Donglai Feng <dlfeng@fudan.edu.cn> 
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Rosalind Franklin 
Francis Crick 
James Watson 
1953 
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VESTA software: IrTe2 
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First UHV Experiments (1981) 

P. Eisenberger and W. C. Marra, 
PRL 46 1081 (1981) 
experiments done at SSRL 
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Diffuse Scattering from Si Wafer 

Unpolished wafer 40 microns removed 

N. Kashiwagara, J. Harada and M. Ogino, J. Appl. Phys 54 2706 (1983) 
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Surfaces in Dynamical Diffraction 
A. M. Afanas’ev et. al., Acta Cryst A40 352 (1984) 

Effect of 
etching seen in 
triple-axis 
measurement of 
rocking curve 
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Scattering of X-rays From Crystal Surfaces 
 S.R.Andrews & R.A.Cowley JPCM 18 6427 (1985) 
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Diffraction as a Surface Integral 

Annalen der Physik [5] 26 55 (1936) 

“Stacheln” 
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Crystal Truncation Rods (1986) 
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CTR as Convolution 
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CTR is Sensitive to Surface Structure 
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CTR is Sensitive to Surface Structure 
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Crystallography of Stepped 
Surfaces 
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Si(557) coated with Au 
R. Losio, et. al., Phys. Rev. Lett. 86 4632 (2001) 
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Phasing by a Single Heavy Atom 
H. B. Dyer, Acta Cryst. 4 42 (1951) 

Cysteinylglycine 
sodium iodide 

Patterson            Electron density 
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X-Z Patterson of Au/Si(557) 
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Comparison with STM 

7.0Å 7.3Å 5.2Å 
7.3±0.7Å 
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Cu(115) after Oxidation: STM 
S. Reiter and E. Taglauer, Surf. Sci. 367 33 (1996) 
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Cu(115) after 
Oxidation: X16A 

Don Walko, UIUC PhD 
Dissertation (2000) 

L=3 



(111) Surface of Diamond Lattice 
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(111) Surface of Diamond Lattice 
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Si(111) 7x7 buried under a-Si 
PRL 57 2714 (1986)  



Patterson: Dimer-Adatom-Stacking-Fault 
K. Takayanagi et al, Surf. Sci. 164 367 (1985) 
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DAS Model 
Si(111) 7x7 
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Si(111)7x7 1999 data 
Arunabha Ghose 
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Adatom Geometry 
Jim Ciston and Laurie Marks, Northwestern U 
J. Ciston et al, Phys. Rev. B 79 193302 (2009) 

e- e- 
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a) IAM-BCPA Anti-Bond feature difference 
map for an isolated Si-Si pair  

b) (110) slice through an unfaulted central 
adatom (DFT difference map) 
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Powder diffraction 
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Quartz powder pattern 
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Bragg-Brentano geometry 
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Powder instrument (JKC) 
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Bragg-Brentano Variations 
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Debye 
Scherrer 
method 
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Mortar and Sieves: 30-micron size 
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Size effect on lineshape 
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Flat Plate Sample Holders 
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Preferred orientation = texture 
hydrated cement phase Ca4Al2(SO4)O6.16H2O 
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left: flat plate holder 
right: capillary holder 



Tranparency: glucose example 
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Ideally imperfect 
crystal 
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Crystal systems 
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Systematic 
absences 
determine 
space  
group 
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Anisotropic Debye-Waller factors 
Tyrosine example 
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Scattering from array of unit cells 
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Interference sum over unit cells 
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Effect of Strain on Diffraction 
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G.K.Williamson and W.H.Hall 
Acta Metall. 1, 22-31 (1953) 
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Scherrer equation 
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Pair Distribution Function 























Summary 

•  Crystal structure (using VESTA software) 
•  Surface diffraction and surface structure 
•  Powder diffraction methods 
•  Williamson-Hall analysis of size and strain 
•  Pair Distribution Function (PDF)  

I. K. Robinson   X-ray diffraction  2017 


