Powder diffraction and
the Rietveld method
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Analysis of powder diffraction data

The fingerprint method

* The position and relative intensities of
Bragg peaks are unique for a
crystalline phase - a «fingerprint».

* «Automatic» identification of known
phases from databases (Coupled TwoTheta/Theta)
(powder X-ray diffraction!) - B

| PDF 04-007-0522 i O2 quartz-alpha Fe-doped brown, syn, o-5i 02 | Sficon Oxide
| PDF 00-034-0517 Ca Mg . F= ) | C 02 12 Dolomite. femoan
| PDF 01-071-5207 Fe 51.22 Pyrite, syn

3000000-]
7000000
5000000
£ 3
gmmm
40000003

3000000

2000030-]

1009030-

NNSP/SWEDNESS Neutron School 2021 e Com T AR



Analysis of powder diffraction data

Crystal structure determination

Find the size and

Indexing shape of the unit cell

Find the space
group or possible
space groups

Space group
determination

Find the approximate

Structure .

(- atomic arrangement
20 within the unit cell
Structure Make the structure
refinement model as accurate as

possible
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Analysis of powder diffraction data.

The Rietveld method

* Introduced by Hugo Rietveld in 1967

H. M. Rietveld, Acta Cryst. 22 (1967) 151
H. M. Rietveld, J. App. Cryst. 2 (1969) 65

* Revolutionized analysis of powder
diffraction data. Cited 16431 times.
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* Developed as a technique for structure
refinement.
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The Rietveld method

- Developed as a technique for
structure refinement.

The pre-Rietveld way
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The Rietveld method

- Developed as a technique for
structure refinement.
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The Rietveld method

- Developed as a technique for
structure refinement.
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The Rietveld method

Rietveld’'s observations:
Well-resolved Bragg- peaks in his PND data had

the shape of Gaussian curves.
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The Rietveld method

Rietveld’s observations:
Well-resolved Bragg- peaks in his PND data had
the shape of Gaussian curves.
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The Rietveld method

Rietveld’'s observations:
Well-resolved Bragg- peaks in his PND data had

the shape of Gaussian curves.
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The Rietveld method

- Developed as a technique for

structure reflnement
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Rietveld’'s idea:
Why not fit the
entire calculated
profile from the
model to the data,
Instead of just the
Integrated
Intensities?




The Rietveld method
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The Rietveld method
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The Rietveld method
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The Rietveld method

The calculated profile
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The Rietveld method

The calculated profile

ybackground
i

background
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The Rietveld method

Fitting the profile
calc _ SZ I—K FK ¢(29 29 )P A+ ybackground
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The parameters in y.ca¢ undergo a
least-square refinement to
minimize R,

10000
8000 |-
6000 -

4000 |-

Z " ( Obs Calc) 200(:) : | I . "

R = L e T B e

W _ 1 1 1 1
p \ ZW( ObS) 2000 20 © p[deg] 80 100

Intensity [arb. units]

NNSP/SWEDNESS Neutron School 2021



The Rietveld method

The structure factor y = s; L@mza — 20, )P, A+ yPackeround

2 2

27 1(hx +ky; +1z;)
i

|

sind .,
(=)

The displacement factor

The mean square shift
B — 872' of the atom from its s

equilibrium position.
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The Rietveld method

The DrOflle funCUOn yicalc — S; LK ‘FK 4 (ZHI — ZHK KA+ yibackground

2vln2 _41n2(23._ 20 )2 i
ian: ¢(26; — 26 = e HZ 70 7K
Gaussian: ¢ (26; K)gauss H\/ﬁ

| _>¢‘ H (or FWHM)

\
H varies with 26! | \
Caglioti equiation: H = V(Utan? 0 + Vtan8 + W) 26,

§——

FWHM (deg)
o

Refineable parameters
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The Rietveld method

The profile function y SZLK\FK\ B(26; — 20, )P Aty oo

2V In?2 1
Hm 1+—(29 — 20,)?

Lorentzian: ¢(20; — 20k)iortenz =

H
(or FWHM)

20
pseudo-Voigt: ¢(29| — 29K ) pseudo-Voigt — 11 ﬂorentz + (1_ 77) ) ¢gauss )

H=+(Utan?6 4+ Vtan8 + W) Fullprof: Npr =5
Refineable parameter GSAS: N.A.
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The Rietveld method

Sample contributions to the profile function

/""’1

AK

X
/D cos 6 cos 6

«Particle size» (volume-weighted Mostly lorentzian
average size of coherent domains)

Broadening due to particle size: B¢, = Scherrer equation

Broadening due to strain: Bstrain = Betan @ « tan 0
strain Mostly gaussian

H=+(Utan%60 +Vtanf + W)
¢(29| - 2QK ) pseudo-Voigt — 17~ ¢Iorentz + (1_ 77) ) ¢gauss
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The Rietveld method

The Thompson-Cox-Hastings pseudo-Voiqt

Sample independent! 1
T~ ,B »
Hyquss = V(U|tan? 6 ano +@+ — 9) stze cos 6
Mostly lorentzian
Hiorentz =X tan 8 + -~ Size-dependent
Strain-dependent Bstrain € tan b

Mostly gaussian

Fullprof: Npr =7
GSAS: type 2
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The (Thompson-Cox-Hastings) pseudo-Voigt

Fullprof > GSAS
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Figure 1. A demonstration of the effect of background on a Rietveld fit. Two
simulated fits are shown, where the models have the same discrepancies
from the simulated data and where the Bragg intensities and counting times
are equivalent. However, in case (a) no background is present, R,.,=23%
and )*=2.54, while in case (b), significant background is present, R,
=35% and }*=1.31.
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‘Evaluating the fit

Z Wi (yiobs . yicalc)2

pr_\ | Zi:Wi(yiObs)z

Most often used. But can be highly
influenced by factors that do not imply a
poor structure model.

R

Zz __wp R N

Should be close to 1 when there are no
systematic errors in the model, but in
many cases that’s not possible.



Evaluating the fit

R factors in Rietveld analysis: How good is good enough?

Brian H. Toby
BESSRC/XOR, Advanced Photon Source, Argonne National Laboratory, Argonne, Illinois

Powder Diffraction 21 (1), March 2006

In my experience, the most important way to determine
the quality of a Rietveld fit is by viewing the observed and

calculated patterns graphically and to ensure that the model
15 chemically plausible.
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The Rietveld method

Joint exercise o —— :
wn F PND (PUS)
Approximate model of Al,O4:
- Trigonal, space groupR-3¢c : ™
+ a~475A c~12.99 A :
- Alin00~0.35
0in ~0.29 0 Vs . n

10 30 50 70 80 110 130
26 (%)

We want a more accurate structure model!
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Le Bail refinements

«structureless Rietveld»

- Bragg peak posititions are caluclated from unit cell and space group,
but all intensities can vary freely.

- Good for checking the unit cell
- ... or to refine the profile parameter if the structure model is bad.

! Data for PHASE number: 1 == Current R Bragg for Pattern# 1: 10.63
____________________________________________ o File Options Powder Xtal Graphs Results Calc Macro Import/Export Help
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Conclusion

* Rietveld refinement is an effective technique to refine
crystal structure models against powder diffraction
data.

* It can also be used for guantitative phase analysis
and to extract microstructural information.

* It requires active participation from the user. It's not a
black-box technique!
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