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

• Single crystal – single crystal diffractometer; Mo - 0.71Å, X-ray beam - spot, point detector  

• Powder – powder diffractometer; Cu source - 1.54Å, X-ray beam - line, point detector 

SAMPLES AND CONFIGURATIONS

Single crystal Packed powder Smear mount (powder)
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SAMPLES AND CONFIGURATIONS

• Branching out with 2D (area) detectors, collimated beam (spot)  

 
GADDS 2D-PXRD (2004-2012)

Dedicated powder/polycrystalline 

2D-XRD system

Single crystal XRD systems with 

dual source – Cu/Mo or Cu/Ag

Venture SCXRD (2025- )

DUO SCXRD (2010-2025)
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11
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SAMPLES AND CONFIGURATIONS
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• Began to see many 

material types 10
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For PXRD consider:  

Data Evaluation/

Interpretation
Data

These components work together to produce the diffraction data.  

• software 

Sample 
(Preparation/Type)

Data Collection 
Parameters

Instrument 
Configuration

consider
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Sample 
(Preparation/Type)

Data Collection 
Parameters

Instrument 
Configuration

consider

For PXRD consider:  

Data Evaluation/

Interpretation
Data

These components work together to produce the diffraction data.  

• software 

Sample 
driven

Instrument 
driven

Application 
driven

Sample 
driven/limited

Instrument 
driven/limited

Application 
driven/limited

Perhaps 
Cost-limited



Instrument / Reciprocal 

Space information
Applications/Category Applications type of sample

(data dimensions) (general) (purpose or specification)

3D (single crystal) Structure Solution and Refinement single crystal only

Single crystal diffactometer phase identification (by unit cell) single crystal 

face indexing single crystal 

3D visualization 

Texture orientation (general)

pole figures

2D Micro-diffraction phase identification
single crystal, micro samples, 

samples in capillary, other

Crystalline properties % crystallinity

domain size

Residual Stress

Transmission phase identification, orientation, texture
low absorbing sample in capillary, organics, gels, 

films, liquid crystals, colloidal, micro samples, fibers

  X-ray Crystallography
   (At UBC Chem X-ray Facility)

Temperature/Atmosphere control phase change/ phase stability single crystal, powder, liquid crystals, film

1D (Bragg-Brentano) Phase Identification powder, films, solid materials, gels, other

Powder diffractometer

Modeling applications quantitative phase analysis powder (high quality sample required)

microstructure - size and strain powder (high quality sample required)

amorphous content, % crystallinity powder (high quality sample required)

indexing powder (high quality sample required)

structure refinement/solution powder (high quality sample required)

Low angle diffraction powder (packed)

Residual Stress isoinclinal solid

Grazing Incidence Diffraction (GID) phase identification thin film, surface of substrate

1D (parallel beam) X-ray Reflectometry (XRR) layer thickness thin film

Texture pole figures solid

phi scan solid, film

Rough or irregular surfaces phase identification sample with rough or irregular surface

Note:  this chart is a work in progress.
Small Angle X-ray Scattering (SAXS) Pore size

Size distribution

   (New to UBC Chemistry) Other Particle shape

Pair Distribution Function (PDF) nearest neighbour information

X-ray Crystallography 
(at UBC Chem X-ray Facility)

consider

For a given 

APPLICATION: 

• requirements 

specific to each 

of these 3 

categories must 

be met
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INSTRUMENT CONFIGURATIONS 

• A FEW ILLUSTRATIONS
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From:  XRD for the Analyst:  Getting acquainted with the principles.  Martin 

Ermrich and Detlef Opper, 2nd revised edition 2013, Panalytical GmbH

From Pecharsky and Zavalij.  Fundamentals of Powder 

Diffraction and Structural Characterization of Materials 



From:  XRD for the Analyst:  Getting acquainted with 

the principles.  Martin Ermrich and Detlef Opper, 2nd 

revised edition 2013, Panalytical GmbH

From:  Fundamentals of Powder Diffraction and Structural 

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

Reflection condition



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



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

GADDS – HI-STAR

Single crystal 

DUO - Cu Texture Powder

Grainy



17

line

Al foil (showing texture) 

111
200

220

increasing 2 

111

200
220

area

line

scaled down same scale
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POWDER – IN CRYSTALLOGRAPHIC LANGUAGE  
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“IDEAL POWDER” – A NOTE ON SAMPLE PREPARATION 

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

• 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 m 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., Louër, D., and Scardi, P.  “Rietveld refinement guidelines”, J. Appl. 

Cryst. (1999). 32, 36-50. 
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EXAMPLES FROM THE LAB – UBC CHEMISTRY DEPT.
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EXAMPLES – VARIABLE TEMPERATURE 
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IN-SITU TEMPERATURE EXPERIMENT

2-Theta - Scale

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

TTK-450

(CuK)

Scanned at a fixed elevated temperature 
• Powder diffractometer

◦ Bragg-Brentano configuration 
• X-ray - line focus, point detector 
• powder  
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IN-SITU TEMPERATURE EXPERIMENTS

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



Authors: Aditya Agrawal, Andrew R. Barron 

(old website) http://cnx.org/contents/517f8f37-f619-4408-a8b4-2ef8a53e8c29@2 

LIQUID CRYSTALS 

Categories Scattering / Diffraction
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Illustration by:  Aditya Agrawal, Andrew R. Barron 

367 K378 K

RT - crystalline

DUO SCXRD
• variable temperature 
• collimated beam (spot), 2D 

detector
• liquid crystals in a capillary

LIQUID CRYSTALS

UBC Chemistry 

experiment
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EXAMPLES – A SELECTION FOR TESTING 
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SAMPLES FOR TESTING – FOR OUR NEEDS 

1. NIST 1976 and LaB6:  intensity and resolution standards for Bragg-Brentano 

2. Geological sample (multi-phase mineral sample):  routine BB, Phase ID, Rietveld QPA

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 (sugar):  micro-diffraction for phase identification  

6. Thin film (Au on PET):  Grazing incidence XRD (parallel beam, 0D)

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

8. Silver behenate:  to check low angle data collection in 1D and 2D mode 

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 

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

0

5000

10000

Counts

Position [°2θ] (Cu K-α1)

10 20 30 40 50 60 70 80

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

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

Fluorescence results in:  

• Higher background 

• Lower signal to noise

Using adjusted detector 

discrimination settings

Powder diffractometer
• Bragg-Brentano configuration 
• powder in a standard holder 
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3.  FLUORESCENCE

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

DUO SCXRD 
• collimated beam 

(spot), 2D detector
• Ground sugar at 

the end of a glass 
fiber

• Phase identification  

Blue trace is 

the integration 

area
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5.  MICRO-DIFFRACTION DUO SCXRD
• collimated beam (spot), 2D detector
• mounted on a cryoloop

• Phase identification 
- 2 phases  
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4. GRAINY SAMPLE
10.  TRANSMISSION

Powder diffractometer
• Transmission, 2D 
• sugar b/w tape (just a test, 

reflection condition would 
work too)

Position [°2θ] (Cu K-α1)

15 20 25

C
o

u
n

ts

1600

3600

6400

10000
 251c transmission 2D 10-30 sugar b_w tape; Start: 10.0026; End: 29.9706; Step: 0.0260

 00-024-1977; Sucrose; C12 H22 O11; Monoclinic; a 10.868 - b 8.710 - c 7.761 - alpha 90.000 - beta 102.970 - gamma 90.000; P21

• Phase identification  

•  1D data integrated from 2D scan
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7.  MESOPOROUS SILICA

UBC sample 

Powder diffractometer

• Low angle set-up 

• Packed powder

https://www.ameslab.gov/node/13509

From Rigaku application note B-XRD 1008 (Elucidating the structure of mesoporous 

silica) http://www.rigaku.com/newsletters/mabu/july2016/app.note_xrd.pdf
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0

100

200

300
Counts/s

Position [°2θ] (Cu K-α1)

20 25 30

 PB 0.11ppc_rock 29-32 3sec; Start: 20.0150; End: 31.9850; Step: 0.0300

 002b BB rock; Start: 5.0131; End: 89.9811; Step: 0.0260

9.  SAMPLE WITH IRREGULAR SURFACE

Powder diffractometer 

• Bragg-Brentano configuration, 1D (navy scan)

• Parallel plate collimator was used, 0D (pink scan)

• Test for comparison purposes

Parallel beam geometry ensures 

that measured peak positions are 

insensitive to sample shift and 

sample roughness. (From 

Empyrean help manual)
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wet paste

dried 

13.  PASTE

Powder diffractometer (BB)
• Paste sample - couldn’t scan dry b/c of phase 

change upon dehydration 

dried sample 


