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Methods and Tutorials – Single Crystal Diffraction 

 

Single crystal diffraction and magnetism  

▪ Background material: 

Piccoli P. M. B., Koetzle T. F., Schultz A. J.,“Single crystal neutron diffraction for the inorganic 

chemist - A practical guide”, Comments on Inorganic Chemistry, 28, 3-38 (2007). 

Michels-Clark T.M., Savici A.T., Lynch V.E., Wang X.P., Hoffmann C. M., "Expanding Lorentz 

and spectrum corrections to large volumes of reciprocal space for single-crystal time-of-flight 

neutron diffraction", Journal of Applied Crystallography, 49, 497-506 (2016).  

Sheldrick G. M., “Crystal structure refinement with SHELXL”, Acta Crystallographica Section 

C-Structural Chemistry, 71, 3-8 (2015). 

Petricek V., Dusek M., Plasil J., “Crystallographic computing system Jana2006: solution and 

refinement of twinned structures”, Zeitschrift für Kristallographie - Crystalline Materials, 231, 

583-599 (2016). 

Collin Broholm’s lecture on magnetic neutron scattering, online: 

http://cins.ca/docs/ss2013/lectures/Broholm.pdf 

Wills A. S., “A walk through of the maths behind Bertaut’s method of representational analysis 

of magnetic structures” 

Petricek V., Henriques M. S., Dusek M., “Solution and Refinement of Magnetic Structures with 

Jana2006”, Acta Physica Polonica A 130, 848-851 (2016). 

Wilson C. C., “Single crystal neutron diffraction from molecular materials”, World Scientific, 

2000 (book). 

Squires G. L., "Introduction to the Theory of Thermal Neutron Scattering", Cambridge 

University Press, 2012 (book). 

Lovesey S. W., "The Theory of Neutron Scattering from Condensed Matter Volume II", Oxford 

University Press, 1986 (book). 

 

https://doi.org/10.1080/02603590701394741
https://doi.org/10.1080/02603590701394741
http://dx.doi.org/10.1107/S1600576716001369
http://dx.doi.org/10.1107/S1600576716001369
http://dx.doi.org/10.1107/S1600576716001369
https://doi.org/10.1107/S2053229614024218
https://www.degruyter.com/document/doi/10.1515/zkri-2016-1956/html
https://www.degruyter.com/document/doi/10.1515/zkri-2016-1956/html
http://cins.ca/docs/ss2013/lectures/Broholm.pdf
http://fermat.chem.ucl.ac.uk/spaces/willsgroup/magnetic-structures/a-walk-through-of-the-maths-behind-bertauts-method-of-representational-analysis-of-magnetic-structures/
http://fermat.chem.ucl.ac.uk/spaces/willsgroup/magnetic-structures/a-walk-through-of-the-maths-behind-bertauts-method-of-representational-analysis-of-magnetic-structures/
http://przyrbwn.icm.edu.pl/APP/PDF/130/a130z4p08.pdf
http://przyrbwn.icm.edu.pl/APP/PDF/130/a130z4p08.pdf
https://doi.org/10.1142/4029
https://doi.org/10.1017/CBO9781139107808
https://global.oup.com/academic/product/the-theory-of-neutron-scattering-from-condensed-matter-9780198520290?cc=us&lang=en&
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▪ Tutorials and Manuals: 

Data reduction 

TOPAZ Introduction 

Neutron TOF Data Reduction for Modulated Crystals (TOPAZ)  

Instruction videos for Single Crystal data reduction (HB-2C data) 

Manuals for Single Crystal data reduction (HB-2C data) 

Data analysis 

SHELX Tutorials and Talks 

SHELX for neutrons George Sheldrick 

Refinement of small molecules against neutron data Xiaoping Wang   

GSAS & EXPGUI   GSAS/EXPGUI refinement example Xiaoping Wang 

GSAS-II Single crystal structure refinement with TOF data in GSAS-II Robert Von Dreele  

JANA 2006 Installation notes Vaclav Petricek and Margarida S. Henriques      

Tutorial A  CsLiSO4: Structure with pseudomerohedric 3-fold twinning 

Tutorial B  Y(PO3)3: Modulated crystal structure with crenel 

Tutorial C  DyMn6Ge6: A conical magnetic structure with k1 = (0, 0, 0) and k2 = (0, 0, 0.1651) 

Tutorial D  K2V3O8: Solution of (3+1)-dimensional incommensurately modulated structure with 

twinning (TOPAZ data) 

JANA 2020 Installation notes, Video Vaclav Petricek 

Tutorial example A1 for twinned crystal structure and subgroup transformation, Step-by-step 

instruction, Data, Video Vaclav Petricek   

Tutorial example A2 for disorder, split atom positions and restraints, Step-by-step 

instruction, Data, Video Vaclav Petricek 

Tutorial example B for solution and refinement of simple (3+1)d structures, Step-by-step 

instruction, Data, Video   Vaclav Petricek 

Tutorial example C1 for commensurate magnetic structure, Step-by-step instruction, Data, Video 

Margarida Henriques  

Tutorial example C2 for incommensurate magnetic structure, Step-by-step 

instruction, Data, Video Margarida Henriques 

https://neutrons.ornl.gov/sites/default/files/TOPAZ_Introduction_1.pdf
https://conference.sns.gov/event/182/attachments/349/2071/Neutron_TOF_Data_Reduction.pdf
https://www.dropbox.com/s/qlk99w6yqn8qobo/Single%20Crystal_for%20review.mp4?dl=0
https://www.dropbox.com/s/tqde08xfvfb93oq/Single%20Crystal%20quick%20guide_07232019.pdf?dl=0
http://shelx.uni-goettingen.de/tutorials.php
http://shelx.uni-goettingen.de/shelxl_for_neutrons.pdf
http://shelx.uni-goettingen.de/neutrons_SM_ACA2016.pdf
https://neutrons.ornl.gov/sites/default/files/GSAS_EXPGUI_Example.pdf
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/TOF%20Single%20Crystal%20Refinement/TOF%20single%20crystal%20refinement%20in%20GSAS.htm
https://conference.sns.gov/event/182/attachments/349/1904/Installation_notes_Jana.pdf
https://conference.sns.gov/event/182/attachments/349/1905/Tutorial_A_step_by_step.pdf
https://conference.sns.gov/event/182/attachments/349/1906/Tutorial_B_step_by_step.pdf
https://conference.sns.gov/event/182/attachments/349/1907/Tutorial_C_step_by_step.pdf
https://conference.sns.gov/event/182/attachments/349/1910/Tutorial_D_step_by_step.pdf
https://www.dropbox.com/s/y51vh6rl907pwz7/Installation_notes_Jana.pdf?dl=0
https://www.dropbox.com/s/31qenkqckxnqq77/5.Vaclav_JANA2020_Installation_Tutorial_Example_A1_CsLiSO4.mp4?dl=0
https://www.dropbox.com/s/z5ktgqrt9nygt0h/Tutorial_A1_step_by_step.pdf?dl=0
https://www.dropbox.com/s/z5ktgqrt9nygt0h/Tutorial_A1_step_by_step.pdf?dl=0
https://www.dropbox.com/sh/di4vu3obcl2iwbp/AAB7T8WCkoiCNfXylAHhlZuZa?dl=0
https://www.dropbox.com/s/31qenkqckxnqq77/5.Vaclav_JANA2020_Installation_Tutorial_Example_A1_CsLiSO4.mp4?dl=0
https://www.dropbox.com/s/c6k6opactphp5ca/Tutorial_A2_step_by_step.pdf?dl=0
https://www.dropbox.com/s/c6k6opactphp5ca/Tutorial_A2_step_by_step.pdf?dl=0
https://www.dropbox.com/sh/na63qd64rzzjymx/AADdqeJ-XweUQ3tRqlI0CnNza?dl=0
https://www.dropbox.com/s/v5ahjdn4v0lfol1/5.2_Vaclav_Tutorial_Example_A2_2021-08-02_11-49-16.mp4?dl=0
https://www.dropbox.com/s/wkhfi1kr3q2b0v3/Tutorial_B_step_by_step.pdf?dl=0
https://www.dropbox.com/s/wkhfi1kr3q2b0v3/Tutorial_B_step_by_step.pdf?dl=0
https://www.dropbox.com/sh/ztkf2lq9rvbijoi/AABkbqBuf8UAZKuo3SISCTkFa?dl=0
https://www.dropbox.com/s/k5wlkk0x13dr777/6.Vaclav_Tutorial_Example_B_YPO_Modulated_Structure.mp4?dl=0
https://www.dropbox.com/s/5qejz89xgai8vgq/Tutorial_C1_step_by_step.pdf?dl=0
https://www.dropbox.com/sh/jg1r53iijsvyr7p/AAByRQF2JI8obuz7fXOZH-qSa?dl=0
https://www.dropbox.com/s/ik0eczoe8cmfedu/9.Margarida_Tutorial_Example_C1_HoNi.mp4?dl=0
https://www.dropbox.com/s/s0sevjipgi7zm1y/Tutorial_C2_step_by_step.pdf?dl=0
https://www.dropbox.com/s/s0sevjipgi7zm1y/Tutorial_C2_step_by_step.pdf?dl=0
https://www.dropbox.com/sh/yihjmoqtyh2qp5v/AACfQ8JEWZIfQhxCKd73pCZOa?dl=0
https://www.dropbox.com/s/eurk3ffyv5nbpxu/10.Margrida_Tutorial_Example_C2_DyMn6Ge6.mp4?dl=0
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Tutorial example for bixbyite (TOPAZ data), Step-by-step instruction, Data Xiaoping Wang 

Tutorial example for commensurate magnetic structure Tb2Ir3Ga9 (TOPAZ data), Step-by-step 

instruction, Data Feng Ye 

ISODISTORT Instructions Branton Campbell 

ISOVIZ and ISOVIZQ Installers     

Tutorial Exercises 

FULLPROF  

Hands-on example Single Crystal, Commensurate Huibo Cao 

Hands-on example Single Crystal, Incommensurate Huibo Cao 

Bilbao Crystallographic Server Hands-on demonstration Manuel Perez-Mato 

 

▪ Software 

SHELX https://shelx.uni-goettingen.de/ 

Program package for the determination of small and macromolecular crystal structures.  

ShelXle https://www.shelxle.org/shelx/eingabe.php 

A graphical interface for SHELXL. 

Olex² Crystallography Software http://www.olexsys.org/Software 

Program package to solve, refine and finish small-molecule crystal structures using an intuitive 

user interface. 

JANA http://jana.fzu.cz/ 

Crystallographic Computing System for Standard and Modulated Structures. 

Structure solution and refinement of crystal / magnetic structures (CW and TOF neutron) 

JANA2020 http://jana-login.fzu.cz 
 

GSAS & EXPGUI https://www.ncnr.nist.gov/xtal/software/downloads.html 

Software package to fit structural models to x-ray and neutron diffraction data. It can be used 

with both single-crystal and powder diffraction data (Rietveld analysis). EXPGUI is a Graphical 

user interface to GSAS. 

 

GSAS II https://subversion.xray.aps.anl.gov/trac/pyGSAS 

https://www.dropbox.com/s/9qd5df6ybszjjeb/TOPAZ_JANA2020_Bixbyite.pdf?dl=0
https://www.dropbox.com/sh/o876hasee5ue7rq/AAAkCIV35UJDS7ibfHcB_NQIa?dl=0
https://www.dropbox.com/s/zwki5sswnbicixf/Jana2020_notes.docx?dl=0
https://www.dropbox.com/s/zwki5sswnbicixf/Jana2020_notes.docx?dl=0
https://www.dropbox.com/sh/j3cvovxohtwiuxb/AABuXJW_JUKXo-mjEIe9C62Ya?dl=0
https://conference.sns.gov/event/182/attachments/349/1938/Instructions_isodistort.pdf
https://conference.sns.gov/event/182/attachments/349/1948/isoviz-installers.zip
https://conference.sns.gov/event/182/attachments/349/1950/isotutorials.zip
https://conference.sns.gov/event/176/attachments/242/1939/Example5-Single_Crystal.zip
https://conference.sns.gov/event/176/attachments/242/1940/Example6-Single_Crystal.zip
https://conference.sns.gov/event/22/picture/51.pdf
https://shelx.uni-goettingen.de/
https://www.shelxle.org/shelx/eingabe.php
http://www.olexsys.org/Software
http://jana.fzu.cz/
http://jana-login.fzu.cz/login
https://www.ncnr.nist.gov/xtal/software/downloads.html
https://subversion.xray.aps.anl.gov/trac/pyGSAS
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Python project for determination of crystal structures using both powder and single-crystal 

diffraction with extensive visualization capabilities. 

FullProf https://www.ill.eu/sites/fullprof/ 

Crystallographic programs mainly developed for Rietveld analysis of neutron (constant 

wavelength, time of flight, nuclear and magnetic scattering) or X-ray powder diffraction data 

collected at constant or variable step in scattering angle 2theta. 

Isotropy Software Suite https://stokes.byu.edu/iso/isotropy.php 

A collection of software which applies group theoretical methods to the analysis of phase 

transitions in crystalline solids. 

SARAh http://fermat.chem.ucl.ac.uk/spaces/willsgroup/software/ 

Simulated annealing and representation analysis of magnetic structures. 

SpinWaveGenie https://github.com/SpinWaveGenie/SpinWaveGenie 

Library for simplifying linear spin wave calculations of magnetic structures. 

VESTA https://jp-minerals.org/vesta/en/download.html 

A three-dimensional visualization system for crystal and magnetic structure analysis. 

CCP14 Program repository http://ccp14.cryst.bbk.ac.uk/mirror.htm 

Collection of software for single crystal and powder diffraction.  

 

Diffuse Scattering   

 

▪ Tutorials and Manuals: 

Data analysis 

rmc-discord Tutorial examples for the refinement of magnetic, occupational and displacive 

disorder for single crystal in two and three dimensions 

Tutorial example for magnetic diffuse scattering (bixbyite, CORELLI data), Data, Video  

Zachary Morgan   

MANTID 3D-∆PDF Usage of DeltaPDF3D algorithm 

 

 

 

https://www.ill.eu/sites/fullprof/
https://stokes.byu.edu/iso/isotropy.php
http://fermat.chem.ucl.ac.uk/spaces/willsgroup/software/
https://github.com/SpinWaveGenie/SpinWaveGenie
https://jp-minerals.org/vesta/en/download.html
http://ccp14.cryst.bbk.ac.uk/mirror.htm
https://zjmorgan.github.io/rmc-discord/docs/tutorials
https://zjmorgan.github.io/rmc-discord/docs/tutorials
https://www.dropbox.com/sh/ztkk721gylgt1c4/AAB7m5B5FRd_E5IijunlUlG9a?dl=0
https://www.dropbox.com/s/duqeuiq0w02wcbp/13.Zach_rmc-discord_Bixbyite_tutorial.mp4?dl=0
https://docs.mantidproject.org/nightly/algorithms/DeltaPDF3D-v1.html
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▪ Software 

rmc-discord https://zjmorgan.github.io/rmc-discord/ 

An atomistic reverse Monte Carlo (RMC) refinement program for the analysis of diffuse 

scattering from disordered single crystals. 

Installation of software package, https://zjmorgan.github.io/rmc-discord/docs/installation, Video 

Zachary Morgan  

DISCUS_SUITE Diffuse program collection https://github.com/tproffen/DiffuseCode 

Diffuse scattering & defect structure simulation and refinement, including PDFs from n/X data. 

Javelin https://github.com/rosswhitfield/javelin 

Python program for X-ray and neutron single crystal nuclear and magnetic diffuse scattering 

analysis. 

YELL https://github.com/YellProgram/Yell 

Diffuse scattering interpretation using the X-ray 3D-∆PDF refinement. 

SCATTY https://joepaddison.com/software/ 

Ultrafast calculation of diffuse-scattering patterns from atomistic models. 

 

Protein Crystallography 

▪ Background material: 

Blakeley M. P., Podjarny A. D., “Neutron macromolecular crystallography”, Emerging Topics in 

Life Science 2, 39-55 (2018). 

Ashkar R., Bilheux H.Z., Bordallo H., Briber R., Callaway D.J.E., Cheng X.,. Chu X.-Q, Curtis 

J.E., Dadmun M., Fenimore P., Fushman D., Gabel F., Gupta K., Herberle F., Heinrich F., Hong 

L., Katsaras J., Kelman Z., Kharlampieva E., Kneller G.R., Kovalevsky A., Krueger S., Langan 

P., Lieberman R., Liu Y., Losche M., Lyman E., Mao Y., Marino J., Mattos C., Meilleur F., Moody 

P., Nickels J.D., O’Dell W.B., O’Neill H., Perez-Salas U., Peters J., Petridis L., Sokolov A.P., 

Stanley C., Wagner N., Weinrich M., Weiss K., Wymore T., Zhang Y., Smith J.C.,“Neutron 

scattering in the biological sciences: progress and prospects”, Acta Crystallographica Section D 

74, 1129-1168 (2018). 

Oksanen E.; Chen J. C.-H.; Fisher S. Z.,“Neutron Crystallography for the Study of Hydrogen 

Bonds in Macromolecules”, Molecules 22, 596 (2017). 

 

https://zjmorgan.github.io/rmc-discord/
https://zjmorgan.github.io/rmc-discord/docs/installation
https://www.dropbox.com/s/b3dc1m6zmfj1vbq/12.Zach_rmc-discord_softwre_installation.mp4?dl=0
https://github.com/tproffen/DiffuseCode
https://github.com/rosswhitfield/javelin
https://github.com/YellProgram/Yell
https://joepaddison.com/software/
https://doi.org/10.1042/ETLS20170083
https://doi.org/10.1107/S2059798318017503
https://doi.org/10.1107/S2059798318017503
https://doi.org/10.3390/molecules22040596
https://doi.org/10.3390/molecules22040596


6 
 

Fisher Z., Jackson A., Kovalevsky A., Oksanen E., Wacklin H., Chapter 1 – Biological Structures, 

in Exp. Methods Phys. Sci., Ed. F. Fernandez-Alonso and D. Price, Elsevier, 49, pp 1-75 (2017). 

Niimura N., Takimoto-Kamimura M., Tanaka I., “Neutron diffraction in studies of protein 

dynamics and functions Application of”, Encyclopedia of Analytical Chemistry: Applications, 

Theory and Instrumentation, 1-30 (2016). 

O’Dell W. B., Bodenheimer A. M., Meilleur F., “Neutron protein crystallography: a 

complementary tool for locating hydrogens in proteins”, Archives of Biochemistry and Biophysics 

602, 48-60 (2016). 

Golden E. A., Vrielink A., “Looking for hydrogen atoms: neutron crystallography provides novel 

insights into protein structure and function”, Australian Journal of Chemistry 67, 1751-1762 

(2014). 

Langan P., Chen J. C.-H., “Seeing the chemistry in biology with neutron crystallography” , 

Physical Chemistry Chemical Physics 15, 13705 (2013). 

Niimura N. and Podjarny A., “Neutron protein crystallography”, Oxford University Press. 250 pp. 

(2011). 

GluskerJ., KovalevskyA., HansonL., FisherZ., MustyakimovM., MasonS., ForsythT., 

LanganP.,“Using Neutron Protein Crystallography to Understand Enzyme Mechanism”, Acta 

Crystallographica Section D 66, 1257-1261 (2010). 

Adams, P. D.; Mustyakimov, M.; Afonine, P. V.; Langan, P.,“Generalized X-ray and Neutron 

Crystallographic Analysis: More Accurate and Complete Structures for Biological 

Macromolecules”, Acta Crystallographica Section D 65, 567-573 (2009). 

Blakeley, M. P., “Neutron macromolecular crystallography”, Crystallography Reviews 15, 157-

218 (2009). 

Langan, P., Fisher, Z., Kovalevsky, A., Mustyakimov, M., Valone, A.S., Unkefer, C., Waltman, 

M.J., Coates, L., Adams, P.D., Afonine, P.V., Bennett, B., Dealwis, C., Schoenborn, B.P.,“Protein 

Structures by Spallation Neutron Crystallography”, Journal of Synchrotron Radiation 15, 215-

218 (2008). 

Niimura, N., Bau, R., “Neutron protein crystallography: beyond the folding structure of biological 

macromolecules”, Acta Crystallographica Section A 64, 12-22 (2008). 

Blakeley M. P., Langan P., Niimura N., Podjarny A., “Neutron crystallography: opportunities, 

challenges, and limitations”, Current Opinion in Structural Biology 18, 593-600 (2008). 

https://www.elsevier.com/books/neutron-scattering-applications-in-biology-chemistry-and-materials-science/fernandez-alonso/978-0-12-805324-9
https://onlinelibrary.wiley.com/doi/abs/10.1002/9780470027318.a9550
https://onlinelibrary.wiley.com/doi/abs/10.1002/9780470027318.a9550
https://doi.org/10.1016/j.abb.2015.11.033
https://doi.org/10.1016/j.abb.2015.11.033
https://doi.org/10.1071/CH14337
https://doi.org/10.1071/CH14337
https://pubs.rsc.org/en/content/articlelanding/2013/CP/c3cp51760h#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2013/CP/c3cp51760h#!divAbstract
https://global.oup.com/academic/product/neutron-protein-crystallography-9780199578863?cc=us&lang=en&
https://doi.org/10.1107/S0907444910027915
https://doi.org/10.1107/S0907444909011548
https://doi.org/10.1107/S0907444909011548
https://doi.org/10.1107/S0907444909011548
https://doi.org/10.1080/08893110902965003
https://doi.org/10.1107/S0909049508000824
https://doi.org/10.1107/S0909049508000824
https://doi.org/10.1107/S0108767307043498
https://doi.org/10.1107/S0108767307043498
https://doi.org/10.1016/j.sbi.2008.06.009
https://doi.org/10.1016/j.sbi.2008.06.009
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▪ Tutorials and Manuals: 

Data reduction 

MaNDi https://github.com/neutrons/mandi_autoreduction_scripts 

Data analysis 

CCP4 CCP4 YouTube Channels  

Phenix Videos from Phenix workshops 

 

▪ Software 

CCP4 https://www.ccp4.ac.uk/ 

Software for Macromolecular X-Ray Crystallography 

Phenix https://phenix-online.org/ 

Software suite for the automated determination of molecular structures using X-ray 

crystallography and other methods. 

 

 

https://github.com/neutrons/mandi_autoreduction_scripts
https://www.youtube.com/channel/UCCZvYCcaPjqIAPo8lwhcSbQ
https://www.youtube.com/channel/UCCZvYCcaPjqIAPo8lwhcSbQ
https://www.ccp4.ac.uk/
https://phenix-online.org/

