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Photo by Ante Hamersmit on Unsplash 

https://unsplash.com/@ante_kante?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/photos/gi1f13S1-64?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText










https://www.xtal.iqfr.csic.es/Cristalografia/parte_03-en.html



= Symmetry +Translation

https://www.google.com/url?sa=i&url=https%3A%2F%2Flhongtortai.com%2Fcollection%2Frutile-structure-of-tio2&psig=AOvVaw2Zmp_ydJWopYk-xDw1u6F1&ust=1691324082267000&source=images&cd=vfe&opi=89978449&ved=0CBAQjRxqFwoTCLibqay_xYADFQAAAAAdAAAAABAY







https://www.google.com/url?sa=i&url=https%3A%2F%2Flhongtortai.com%2Fcollection%2Frutile-structure-of-tio2&psig=AOvVaw2Zmp_ydJWopYk-xDw1u6F1&ust=1691324082267000&source=images&cd=vfe&opi=89978449&ved=0CBAQjRxqFwoTCLibqay_xYADFQAAAAAdAAAAABAY

https://en.wikipedia.org/wiki/Titanium_dioxide

https://next-gen.materialsproject.org/materials/mp-2657/#:~:text=TiO%E2%82%82%20is%20Rutile%20structured%20and,)%20Ti%E2%80%93O%20bond%20lengths.
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http://toutestquantique.fr/en/

http://toutestquantique.fr/en/
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Reciprocal Space
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Here there be dragons…

The Hunt-Lenox Globe, as transcribed by B.F. da Costa

https://www.theatlantic.com/technology/archive/2013/12/no-old-maps-actually-say-here-be-dragons/282267/
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Ewald Sphere
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http://www.robots.ox.ac.uk/~az/lectures/ia/lect2.pdf



http://goodwin.chem.ox.ac.uk/goodwin/TEACHING_files/l1_handout.pdf









http://www.photonic-science.co.uk/news/index.php?post/2013/04/29/LAUE-single-crystal-orientation-toolhttp://www.photonic-science.co.uk/news/index.php?post/2013/04/29/LAUE-single-crystal-
orientation-tool
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Here there be dragons…

The Hunt-Lenox Globe, as transcribed by B.F. da Costa

https://www.theatlantic.com/technology/archive/2013/12/no-old-maps-actually-say-here-be-dragons/282267/



Elementary Scattering Theory 
D.S. Sivia
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Structure refinement for crystal & 
magnetic long-range discrete (Fhkl

2)

Structure solution& refine for Crystal & 
magnetic Bragg (Phasing)

Reduce raw intensities Ihkl
2, 

to |Fhkl|2

single crystal structure analysis and investigation

– A single crystal 

– A diffraction experiment 

• Data collection at instrument

• Data reduction &

• Data processing 

    at powerful computer 

• Data analysis 

Single Crystal Diffraction (SCD) @ TOPAZ

Integrate raw intensities Ihkl
2

Model building 
& 

Modeling of crystal & magnetic 
modulated diffuse ((Fhkl

2)) 

Correct, process raw 
intensities Ihkl

2  to |Fhkl|2

Collect full data set: 
Bragg & Diffuse scattering

Collect initial data: 
Sample orientation & Sample quality 

&Collection strategy

Select sample..   

Xiaoping Wang + Christina Hoffmann + Helen He + Zachary Morgan





X-ray Laue Alignment X-tal X
(001) reflection lies 0.97 
degrees out of plane. Horizontal 
rotation is not relevant. 

Credit: Alenna Streeter, Boston College











Here there be dragons…

The Hunt-Lenox Globe, as transcribed by B.F. da Costa

https://www.theatlantic.com/technology/archive/2013/12/no-old-maps-actually-say-here-be-dragons/282267/



• Raw/measured integrated intensities – background 

• Volumetric data = diffuse scattering

• Convert to structure factor amplitudes from intensities: 

– Sample dependent corrections: 

• Absorption correction 

– Density, chemical composition, volume 

– Absorption coefficient

• Path length correction 

– Sample size, shape 

• Lorentz correction 

– Geometric or Lambda contribution 

– Instrument specific corrections: 

• Incident spectrum correction 

• Detector efficiency correction 

• Normalization 

• Scaling 

Isotropic scatterer
= vanadium correction

Xiaoping Wang + Christina Hoffmann + Helen He + Zachary Morgan

Integration and Corrections



Data reduction – single crystal 

k = scale factor  

𝜙(𝜆)  = incident flux spectrum  

𝜀(𝜆)  = detector efficiency as a function of  wavelength 

A() = sample absorption

y() = secondary extinction correction

Vs  = sample volume

Vc  = unit cellvolume

Fhkl = structure factor

𝜆 = wavelength

Convert raw integrated intensities, Ihkl, into relative 

structure factor amplitudes, Fhkl2.

𝑐𝐼ℎ𝑘𝑙 = 𝑘 𝜙(𝜆) 𝜀(𝜆) 𝐴(𝜆) 𝑦(𝜆) (𝑉𝑠 𝑉2)|𝐹ℎ𝑘𝑙|2  𝜆4 / sin2 /

𝐼ℎ𝑘𝑙   |𝐹ℎ𝑘𝑙|2

𝐼ℎ𝑘𝑙 = 𝑘 𝜙(𝜆) 𝜀(𝜆) 𝐴(𝜆) 𝑦(𝜆) (𝑉𝑠 /𝑉c 
2)|𝐹ℎ𝑘𝑙|2  

Constant Wavelength:

𝜆3/sin 2𝜃

TOF Laue:

h, k, l, |Fhkl|
2, (|Fhkl|2), batch, , …

Lorentz factor

Xiaoping Wang + Christina Hoffmann + Helen He + Zachary Morgan



Absorption

0

tI I e −=

https://www.ncnr.nist.gov/resources/activation/



Single crystal time-of-flight neutron diffraction, J Peters and W. Jauch, Science Progress 85 
(2002), pp. 297-317  

Secondary Extinction



Structure Solution

Crystal structures of dodecaborides: complexity in simplicity, Nadezhda B. Bolotina et al, 
https://doi.org/10.1201/9781003146483 



Intermission





How it starts?



Bulk Data Comes In

Physical Review B 78, 22514 (2008)





Neutrons to the Rescue

Physical Review B 78, 140504 (2008)



Guess and Check (Refinement)

Compare predicted intensities to data
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Powder Diffraction

Advantages

• You get the big picture

• Can get the propagation 
vector

• Avoids the muss and fuss of 
extinction

• It’s often Good EnoughTM

Disadvantages

• Can be hard to truly index k—
is it [3 4 0] or [0 0 5]?

• You average over all symmetry 
equivalent k at any particular 
Bragg angle

• You lose information in the 
powder averaging 

• No domain info

• No multi-k info

• Can be very hard to determine 
phase



Single Crystal Diffraction

Advantages

• Can fully determine k

• Can investigate domain 
populations

• Can apply probes (magnetic 
field, E-field, pressure, etc.) 
along a particular direction 
to see effect on magnetic 
ordering

Disadvantages

• Extinction

• Absorption depends on 
shape

• Reciprocal space is large…

• Crystal growth is hard…



Questions?





Here there be dragons…

The Hunt-Lenox Globe, as transcribed by B.F. da Costa

https://www.theatlantic.com/technology/archive/2013/12/no-old-maps-actually-say-here-be-dragons/282267/
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How I proceed

• Think about the problem
• Powder diffraction
• Think some more
• Try Representational Analysis (or Group theory)
• Single crystal diffraction
• Think a lot!!!
• Polarized diffraction
• Spherical polarimetry
• Think some more…



YMn2O5

Powder

xtal

Xtal+spherical polarimetry

Xtal+more representation analysis
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