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Intensity / arb. units

X-ray Diffraction Pattern
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Crystallography
and the reciprocal

space
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Reciprocal Space
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Here there be dragons...
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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/



Ewald Sphere
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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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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

Fourier am-
220 The phase problem: (c) has the Fourier phases (-){ (z: gt("i (:1})l.e g
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Single Crystal Diffraction (SCD) @ TOPAZ

| R == i A
single crystal structure analysis and invesfigation [Select sample-
— Asingle crystal

Collect initial data:
Sample orientation & Sample quality
&Collection strategy

— A diffraction experiment

Data collection at insfrumen

Collect full data set:
Bragg & Diffuse scattering

Integrate raw intensitiele[ Correct, process raw
intensities Iy? to | Foul?

Reduce raw intensities Iy,
to |Fuul?
/

Data reduction &

Data processing

o f

at powerful computer
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o Data analysis Model building
Structure solution& refine for Crystal & &
magnetic Bragg (Phasing) Modeling of crystal & magnetic

R modulated diffuse ((Fp?))
/

Structure refinement for crystal & \ -

magnetic long-range discrete (Fy%)
/

Xiaoping Wang + Christina Hoffmann + Helen He + Zachary Morgan
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X-ray Laue Alighment X-tal X

(001) reflection lies 0.97
degrees out of plane. Horizontal
rotation is not relevant.

B Stereographic Projection
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Acta Cryst. (1967). 22, 457
Angle Calculations for 3- and 4- Circle X-ray and Neutron Diffractometers*

By WiLLIAM R. BUSING AND HENRI A. LEVY
Chemistry Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830, U.S.A.

(Received 13 June 1966)
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Data reduction — single crystal

Convert raw integrated intensities, /;, into relative
structure factor amplitudes, |Fl?.

Inii ~ |Fnial?

TOF Laue: Lorentz factor

Inki =k (A1) (1) AQQ) y(1) (Vs JV2) | Fral? ‘14/ sin? 0 ’
Constant Wavelength:
I =k (1) (1) AD) y(D) (V /Vc2)|Fhkl|2{/13/sin 20 J

k = scale factor
¢ (1) = incident flux spectrum
€(1) = detector efficiency as a function of wavelength A

A(LN) = sample absorption

¥(A) = secondary extinction correction
Vs = sample volume

V. = unit cell volume

F,; = structure factor

A = wavelength

h, k, 1, [Fyal?, Oenip), batch, 2, ...
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AS 87

Xiaoping Wang + Christina Hoffmann + Helen He + Zachary Morgan
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Absorption

[=1e"

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



Secondary Extinction

=
=

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



Structure Solution

Figure 3.18 (a) Difference Fourier and (b) maximum-entropy-method
maps of Tmy 19Ybg g1 Byz are created in (100), (010), (001) faces of the unit
cell. Electron density (g) in the layer of any given thickness is automatically
divided into several levels from gmin t0 ¢max, €ach of them is assigned to
a definite color from dark-blue over green to red. The values of g\g\ are
cut at the level gmax = 0.075% of the maximal gypm value to show fine
electron-density gradations in the thin layer. Difference electron-density
values are cut at £0.5 ¢/ A3 [56].

Crystal structures of dodecaborides: complexity in simplicity, Nadezhda B. Bolotina et al,
https://doi.org/10.1201/9781003146483
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Bulk Data Comes In
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Neutrons to the Rescue
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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 Enough™

Disadvantages

Can be hard to truly index k—
isit[340]or[005]?

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...
e Crystal growth is hard...



Questions?



NXS Lecture - Single Crystal
Diffraction - William Ratcliff
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Ewald Sphere
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How | 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...



YMn,O.

week endi
PRL 96, 097601 (2006) PHYSICAL REVIEW LETTERS 10 MARCH 2006

Ferroelectricity Induced by Acentric Spin-Density Waves in YMn,Os

L.C. Chapon,' P.G. Radaelli,'* G.R. Blake,' S. Park.* and S.-W. Cheong*

Journal of the Physical Society of Japan
Vol. 76, No. 7, July, 2007, 074706
©2007 The Physical Society of Japan

Spiral Spin Structure in the Commensurate Magnetic Phase of Multiferroic RMn,0s

Hiroyuki KIMURA®, Satoru KOBAYASHI', Yoshikazu FUKUDA, Toshihiro OSAWA,
Youichi KAMADA, Yukio NODA, Isao KAGOMIYA?, and Kay KOHN?

PHYSICAL REVIEW B 78, 245115 (2008)

Spiral spin structures and origin of the magnetoelectric coupling in YMn,O5

J-H. Kim,! S-H. Lee,"* S. I. Park.2 M. Kenzelmann,? A. B. Harris,* J. Schefer.® J.-H. Chung,’ C. F. Majkrzak.®
M. Takeda,” S. Wakimoto,” S. Y. Park.® S-W. Cheong,® M. Matsuda,” H. Kimura,’ Y. Noda,? and K. Kakurai’

PHYSICAL REVIEW B 79, 020404(R) (2009)

Incommensurate magnetic structure of YMn,0O5: A stringent test of the multiferroic mechanism

P. G. Radaelli,'? C. Vecchini,'? L. C. Chapon,' P. J. Brown,* S. Park,’ and S-W. Cheong’

Powder

xtal

Xtal+spherical polarimetry

Xtal+more representation analysis



PHYSICAL REVIEW VOLUME 73, NUMBER 38 APRIL 15, 1948

The Diffraction of Neutrons by Crystalline Powders

E. O. WoLrLaN anD C. G. SHULL
Oak Ridge Naiional Laboratory, Oak Ridge, Tennessee

(Received January 5, 1948)
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