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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 ...~
(powder X-ray diffraction!) = |
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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 )

lution atomic arrangement
oL 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
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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.
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The Rietveld method
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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

Rietveld’'s observations:

Well-resolved Bragg- peaks in his PND data had
the shape of Gaussian curves.
8000

—x2

fy:e

:

Intenstiy (counts)
3
i

:

The Gaussian curve

NNSP School Tartu 2017



 Developed as a technique for
structure refinement.

The Rietveld method
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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?




NNSP School Tartu 2017

OOOQ O

The Rietveld method

O

20

0000

20.0

20.5



NNSP School Tartu 2017

The Rietveld method
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The R|etveld method

The calculated profile gx; o

sZ L F, ¢(29 2940 3[dEwA+ ybackground

/

calculated
intensity in
point i
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The Rietveld method

The calculated profile

scale
factor

LKFK 2¢(2(9i — ZQK)pKA_I_ yibaCkground
K

/
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The Rietveld method

The calculated profile

/ Sum over all
Bragg peaks, -
K, that 7
1 20 T T T T T T T T T 1
contribute 20.0 205 21.0 215 220 225

with intensity
to point i
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The Rietveld method

The calculated profile

Lorentz = 1/(sind sin26) for powders
factor and

multiplicity

/ FK2¢(29i —ZHK)PKA+ y_background
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The Rietveld method

The calculated profile

9_ . ZHK ) PK A 4 y_background

The square modulus of
the structure factor for
Bragg peak K
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The Rietveld method

The calculated profile

The profile function

¢(29| - ZHK PKA-I- yibackground
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The Rietveld method

The calculated profile

background
i

preferred orientation
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The Rietveld method

The calculated profile

\ absorption

background
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The Rietveld method

The calculated profile

e van-an,

background
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Fitting the profile

The Rietveld method

calc _ SZ LKFK ¢(29 20 )P A+ ybackground

The parameters in y.°a¢ undergo a
least-square refinement to

minimize R,

Sl )

wp_
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The Rietveld method

The structure factor y = SZKJ L@qﬁ(za — 20, )P, A+ yPckround

FK2 _ Zbl ,627ri(f}.K) _ Zbl .627ri(hxi+kyi+lzi)
! i

The displacement factor

The square mean shift |
B — 872- of the atom from its 035

equilibrium position.
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The Rietveld method

The profile function Y =L LR P Ay ypiarond

| 2—\/ln 4-11’12(29 _ 291{)2
Gaussian: ¢(26; — 20k)gauss =
H\/E
H (or FWHM)
H varies with 26!

Caglioti equiation: H = vV(Utan? 0 + Vtan 8 + W)

FWHM (deg)
o

Refineable parameters
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The Rietveld method

The profile function Y =L LR P Ay ypiarond

2V In2 1
Hr 1+—(29 20,)?

Lorentzian: g[)(ZHi - 2HK)lortenz =

H
(or FWHM)

pseudo-Voigt: ¢(2€| - 2QK ) pseudo—Voigt — 1 * ¢Iorentz + (1_ 77) ) ¢gauss

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

Sample contributions to the profile function

/~1

AK

D cos 6 cos 6
/

average size of coherent domains)

Scherrer equation

Broadening due to particle size: f¢j,e =

Broadening due to strain: Bstrain = Betan 8 « tan 0
strain Mostly gaussian

H=+(Utan?6 +Vtan8 + W)
¢(29| — 2QK ) pseudo—voigt — 1* ¢Iorentz + (1_ 77) ) ¢gauss
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The Rietveld method

The Thompson-Cox-Hastings pseudo-Voiqgt

Sample independent! 1
S T— ,B oc
Hyauss = V(U|tan? 6 an 6 +@+ " os2 9) stze cos @
Mostly lorentzian
Hiorentz =X tan 8 + -~ Size-dependent
Strain-dependent Bstrain &< tan o

Mostly gaussian

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

Fullprof > GSAS

10000/(2_352) ~Hist 1 - Phase 1 (type 2)
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The Rietveld method

Joint exercise .
| oo PND (PUS)
Approximate model of Al,O4:
- Trigonal, space group R-3¢c § ™ [
« a~475A c~12.99A E
« Alin00~0.35
Oin~0.29 0 ¥
10 30 50 70 ;; “ 110 130

We want a more accurate structure model!
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e Ball 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

ThZalD4
1

'"Hat Dis Ang Prl Pr2 Pr3 Jbt Irf Isy Str Furth
3 4] 0 1.0 0.0 5.0
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s Powder Xtal Graphs Results Calc Macro

Import/iExport
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Nvk Npr More

Jbt = 0 : Rietveld
Jbt = 2 : Le Bail («profile matching)

0 10 -

LS Controls | Phase | Powder | Scaling | Profile | Constraints | Restraints | Rigid Body | MD Pref Orient | SH Pret)]

__ Selectahistogram | | History: |EXPGUI1251 1251 (3 changes) - 04/22/16 14:15:42‘
¥ 'wave

Title: |RT mod of Y(11BD4)3 PUS RT

Number of Cycles|6

Print Options (0) I

Convergence Criterion

.01 [T

Marquardt Damping

1.00

LS matrix bandwidth|0

Extraction
Method
1 2
Rietveld LI O
F(calc) Weighted « ¢
Equally Weighted ©

LeBail damping 7_—4” |Ex|ract Fobs ¥
3 (Phase #)
c - oc o
c ©c © ¢ ¢ € ¢ (Modelbiased)
# ¢ ¢ © ¢ £ { (LeBail methed)

-l

Help




Evaluating the fit

Z‘(I ‘obs" 1/2 IcaIC)llz‘

RF

S

i
Single crystal-like. But we don't
observe independent intensities

for overlapping reflections!

NNSP School Tartu 2017

b
MR XT

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

poor structure model.

R N

2 wp

Y TR, T )

exp i

Should be close to 1 when there are no
systematic errors in the model, but in
many cases that’s not possible.
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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,
=3.5% and }*=1.31.

NNSP School Tartu 2017

Evaluating the fit

Sl
MR XT

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

2 wp N

P TRy )

exp i

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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Conclusion

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

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

« Except for simple cases, it requires active
participation from the user. It’s not a black-box
technique!
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