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SAMPLES AND CONFIGURATIONS

In the beginning... (of my XRD journey)... there was single crystal and powder

e Single crystal — single crystal diffractometer; Mo - 0.71A, X-ray beam - spot, point detector
e Powder — powder diffractometer; Cu source - 1.54A, X-ray beam - line, point detector




SAMPLES AND CONFIGURATIONS
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SAMPLES AND CONFIGURATIONS

* Began to see many
material types
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For PXRD consider:
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Instrument / Reciprocal
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INSTRUMENT CONFIGURATIONS

* AFEW ILLUSTRATIONS



From Pecharsky and Zavalij. Fundamentals of Powder
Diffraction and Structural Characterization of Materials

Figure 24. Debye-Scherrer setup with some diffraction cones

From: XRD for the Analyst: Getting acquainted with the principles. Martin
Ermrich and Detlef Opper, 2" revised edition 2013, Panalytical GmbH



Reflection condition | =»

!

Reflection,
flat sample

X-ray tube Detector
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Figure 17. Classical powder diffractometer setup in Bragg-Brentano geometry with components for

RS
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From: Fundamentals of Powder Diffraction and Structural

Characterization of Materials by V. Pecharsky and P. Zavalij, 2005

!

reflection measurements

From: XRD for the Analyst: Getting acquainted with
the principles. Martin Ermrich and Detlef Opper, 2™
revised edition 2013, Panalytical GmbH
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4.2.3 Parallel beam geometry

In a parallel beam geometry diffractometer (ideally equipped with an X-ray mirror
and a parallel plate collimator), sample height variations do no longer influence

the peak positions (see Figure 20). A disadvantage of this geometry is that a 1D
position-sensitive detector can not be used.

%ﬂﬂm

X-ray mirror X=ray mirror

+ detector

|

Figure 20. Parallel beam geometry and effect of sample height variation

. Polycrystalline sample
Polycrystalline sample yery P

From: XRD for the Analyst: Getting acquainted with the principles. Martin Ermrich and Detlef Opper, 2" revised edition 2013, Panalytical GmbH



Point Collimation: Line Collimation:

P

X-Ray Source X-Ray Source

From: The SAXS Guide: Getting acquainted with the principles. Heimo Schnablegger and Yashveer Singh, 5th edition 2024, Anton Paar GmbH



BEFORE WE CONTINUE:
+ WHAT DOES DIFFRACTION LOOK LIKE?
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WHAT DOES DIFFRACTION LOOK LIKE?

Detectors. area, line, point ; / .

Data collection:
« 3D - single crystal data collections
« 2D - polycrystalline applications, not necessarily loose powder
« 1D - traditional powder diffraction
o The goal is to have powder in random orientation so that all the
crystallographic planes have the same opportunity to diffract.

o “‘powder” — In crystallographic language
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Texture
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POWDER - IN CRYSTALLOGRAPHIC LANGUAGE

Powder & Ao

From Online Dictionary of Grystaliography

(Ar). Poudre (Fr). Pulver (Ge). Polvere (If). #37 (Ja). Polvo (Sp).

A powder is defined in EN 1330-11 (British Standards Institution, 2007) as a large number of crystallites and/or particles
(i.e. grains, agglomerates or aggregates; crystalline or non-crystalline) irrespective of any adhesion between them and
thus can be a loose powder (in the sense of common language), a solid block, a thin film or even a liquid. An ideal powder
is represented by a virtually unlimited number of sufficiently sized, randomly oriented and spherical crystallites.

Reference

» British Standards Institution (2007) BS EN 1330-11:2007 Non-destructive testing. Terminology. Terms used in X-ray
diffraction from polycrystalline and amorphous materials. London: BSI.
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“IDEAL POWDER” — A NOTE ON SAMPLE PREPARATION

e For Rietveld or modeling work you need to understand the sample and what makes an ideal powder

e Data should be representative and reproducible

Common issues:

* Graininess

« Particle statistics

* Micro-absorption

» Preferred orientation

« Sample Displacement
« Sample Transparency

“Ideal (flat plate) sample” for Bragg-Brentano configuration:

Micronized sample — 1-5 um size powder
Sufficient quantity — “infinite thickness” (understand condition of
constant volume)
Random orientation
- back-loading onto frosted glass or sandpaper can help
- spray-drying
Flat and smooth surface

Other: capillaries are an option if the XRD configuration allows

» Please find previous presentations on sample preparation so that you understand the issues.

McCusker, L.B., Von Dreele, R.B., Cox, D.E., Louér, D., and Scardi, P. “Rietveld refinement guidelines”, J. Appl.

Cryst. (1999). 32, 36-50.
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EXAMPLES - VARIABLE TEMPERATURE
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Scanned at a fixed elevated temperature
* Powder diffractometer
o Bragg-Brentano configuration
e X-ray - line focus, point detector
* powder

2-Theta - Scale (CuKo)
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IN-SITU TEMPERATURE EXPERIMENTS

DUO SCXRD (single crystal X-ray diffractometer)
e variable temperature experiment
e collimated beam (spot), 2D detector

—
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LIQUID CRYSTALS

Smectic C

(a) // A /
T VAL |
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Cholesteric I

i €+ I ey

/ 11/,
Categories Scattering / Diffraction

(old website) http://cnx.org/contents/517f8f37-f619-4408-a8b4-2ef8a53e8c29@2
Authors: Aditya Agrawal, Andrew R. Barron



LIQUID CRYSTALS

DUQO SCXRD
e variable temperature

e collimated beam (spot), 2D
detector

* liquid crystals in a capillary

(c)

e E

UBC Chemistry
experiment —»
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EXAMPLES - A SELECTION FOR TESTING
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SAMPLES FOR TESTING -— FOR OUR NEEDS

3. |Fe-bearing (Hematite + Goethite sample): check ability to limit fluorescence (Cu tube), QPA
4. |Grainy sample (sugar): check detector ability in 2D

5. |Micro-diffraction ( ). micro-diffraction for phase identification

6. [Thin film (Au on PET): Grazing incidence XRD (parallel beam, OD)

7. [IMesoporous silica sample: low angle Bragg-Brentano flat plate scan

8. |Silver behenate: to check low angle data collection

9. |Sample with rough/irregular surface: data collection from uneven sample (parallel beam)
10. Transmission (Au on PET, sugar)

11, Residual stress

12. X-ray Reflectometry

13. Film, sheet, fiber, gel, and liquid — can we collect data from these types of samples

14. Texture or Orientation

27

Reference for the following slides - the number in the title bar refers to what | was testing.




Powder diffractometer

3. FLUORESCENCE  Bragg-Brentano configuration

e powder in a standard holder

Counts

sample 3 as-rec (reg disc); Start: 5.0000; End: 89.9900; Step: 0.0300
sample 3 as-rec (limited discrimination); Start: 5.0000; End: 89.9900; Step: 0.0300

10000 —

Fluorescence results in
« Higher background
* Lower signal to noise

0o |

Using adjusted detector
discrimination settings

1=4

0 IIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII

10 20 30 40 50 60 70 80

Position [°20] (Cu K-a1)
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3. FLUORESCENCE

e photo electron
incident X—ray d

photon

X -ray fluorescence

https://www.bruker.com/en/products-and-solutions/elemental-analyzers/xrf-spectrometers/how-does-xrf-work.html
29



5. MICRO-DIFFRACTION
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5. MICRO-DIFFRACTION DUO SCXRD

* collimated beam (spot), 2D detector
* mounted on a cryoloop
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4. GRAINY SAMPLE
10. TRANSMISSION

Powder diffractometer e
* Transmission, 2D ] : — ’ K
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e sugar b/w tape (just a test, == lemmem el
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* 1D data integrated from 2D scan
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/. MESOPOROUS SILICA
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. d
« Low angle set-up 0 [
o T S 30000 |
PaCked pOWder Fig. 1: Unit cell with hexagonal structure @ || |
|
-E" 20000 .'l |
= Table 1: Relative lattice plane spacing E |
§ _5 when d, is taken to be 1 = 1Dunu-/ dz = 1.990 nm 1726 mm
B E d & d —’/\"L
5 & Calcurated 1 0.577 0.500 ﬂz !
T’ ? UBC Sample Sample 1 1 0.575 0.499 25( )
Sample 2 1 0.577 0.500 Fig. 2: X-ray diffraction patterns for mesoporous silica

' | ' From Rigaku application note B-XRD 1008 (Elucidating the structure of mesoporous
silica) http://www.rigaku.com/newsletters/mabu/july2016/app.note_xrd.pdf

Position [°20] (Cu K-a1)



9. SAMPLE WITH IRREGULAR SURFACE

Counts/s

300

200 —

100 —

Powder diffractometer

» Bragg-Brentano configuration, 1D (navy scan)
 Parallel plate collimator was used, 0D (pink scan)

002b BB rock; Start: 5.0131; End: 89.9811; Step: 0.0260
PB 0.11ppc_rock 29-32 3sec; Start: 20.0150; End: 31.9850; Step: 0.0300

. Quartz, syn; Si 02
B Albite; Na ( Al Si3 08)

 Test for comparison purpose
Parallel beam geometry ensur
n that measured peak positions

sample roughness. (From
Empyrean help manual)

insensitive to sample shift and]

S

S
are

Position [°20] (Cu K-a1)
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13. PASTE

Powder diffractometer (BB)
« Paste sample - couldn’t scan dry b/c of phase
change upon dehydration

wet paste

dried
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