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GSAS-II: MODERN GUI
- 2 FRAME LAYOUT + CONSOLE

__ Main menu

R GSAS-I data trewm [=][E =] Submenu

File Data Calculate Import Export | Selecttab  Comnpemmmisimhmmm

= Loaded Data: C:\work\ GSASINEx ﬂ General I Data I Atoms I Draw Options I Diraw Atol

- Notebook ~
... Contrals Phase name: Phasetype: Space group: 1 Modulated?
.. Covari
P Refine unit cell: 2= | 6.82460 | b= [1330282 | c= [676340 | beta= [ 11T —~
 Restraints bersity (22| Data tabs
- Rigid bodies - -
- PWDR 11bmb_6231 fye Ban Elements Ma Si 4] E Li
- Comments Isotope Mat. Abund. ~ | Mat. Abund. ~ | Nat. Abund. ~ | Nat. Abund. ~ || Nat. Abund. ~
- Limits No. per cell 40 40 320 120 40
- B oS
—— — oo -
.. Instrument Parameters omwelg : ey : S— Data tree
- Sample Parameters Bond radii 210 152 1.09 1.18 1.76
- Peak List Angle radii 191 132 0.89 0.93 1.56
- Index Peak List
 Unit Cells List van der Waals radii| 2.27

= Phases

5----kryptonite Pawley controls: [ | Do Pawley refinement? Pawleydmin:PawleynEg-wt.: I Data WindOW

Fourier map controls: Map type: Reflection sets: | PWDR 11bmb_6231.fxye Bank 1 ~ || Select reflection sets |

Charge flip controls: Reflection sets: | PWDR 11bmb_6231.fiye Bank 1~ " Select reflection sets | MNormalizing element: Ne¢ o
£ >
< >

Plot & console in separate frames
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THE PLOTS - ADVAN

Powder profile — easy zoom
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350000

Powder Patterns: sucrose.gpx 300000

250000

ey press -

© 0 O

]
theta= 9,

431 = 363131 Intensity = 1177924

R

ZATION

2D Powder Image | Powder Patters

(e R o)

Powder Patterns: 250umNi.gpx

1200000

1000000

4 6 8

P00 B@E
2-theta= 10.089 d = 0.77911 Inte

Structure drawing

any plane

Contoured density thru

=1

¥ thetss 0476d= 1295772 pattemID = &2

§ 8§ § 8 & 8

Contour plot

Argonne &



ADVANCED VISUALIZATION IN GSAS-II:
NUMBERS AS PICTURES

Texture — sph. harmonics

pstrain for NaBenz

ustrain surface

5 Phase Data for NaBenz iy S & ol :
Edit  Help rokng - mwmen. s V) show coeff.>
Draw Texture. D Texture plot type: [Poke fgwe ) proecton tpe: [eqmloren =
- Pole figure 190 LR} Color scheme | Paired. -
Spherical harmonic coefficents:
© Mustran cwon 01w 0,0 018 cw2y  00% caoan 008
© Preferred orientation o6, 0088 08,0 008 20,0 00w 202 0287
— ot [ copy? | cz10,0 0035 c(12103 0.3%1 2,20 00% ct2,22) 0on
o (oot ot c22) 0.8 c1222 032 24y 008 c242) 04
[ Phase fracton: 1.0000 £ ci2e,0 0128 c1263 0162 czay 0002 ctzg 00
] C(140,0) 0.0 C14,10,1) 0.1% C(1412,1) 0.3 (14,141 0.2%
Size model: _m [T]LGmix 0.9128
[9) Cryst. sze(um): 0.782 . ] (142, 0.0%0 C(144,9)  0.005 c(146,9 .08 c148,) 0.005
= — cta0,) 0183 ca2n 03 caan 0408 ceon  0s8
tstron mode: [generaled ] [Gix 0.9937 : < sy 0w o o sy o ooy o7
[¥]s400 -0.00032 [@Isos0 0.27041 [V]s004 35.20847 T : P chan [oi%
[@s220 0.33593 [@]s202 5.23%% W02 23.16224 Ssmole onentaton sges:
- |- 0.00 ;  AS7 Sangleghi:  87.90
[@s301 0.0419 [@s103 8.42562 [@Is121 0.14472 152?80% [E Sample omege: I Sancle i
g " -“' 00o
3 0!
[FJo22 0.00000 [F]p33 0.00000 & "30'.;,50 f
n 10048000

200+ @R

phi= 87447, gam = -36.89, MRD = 0704

200+ @@

Key: 1 10 change cokors 0:aAZ10 - SrdAzdd 0003

QO+ «
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CONIC SECTIONS

Where is the incident beam on the detector?

Fit2D (& DataSqueeze) — assumes center of the diffraction ellipse - False
Analysis — G.P. Dandelin,

Noveaux memories de I’Academie royal de Bruxelles, 2, 171-202 (1822)
by Dandelin p.202

Q 3 Pag. 20z

Drawing

P1. VI

- Taken from Dandelin’s original paper
Fig. 1. Shows the 2 spheres in contact
with plane EA
« line SO is cone axis
« F&D are the ellipse foci on the plane
He refers to a work by M. Quetlet as
having previously made this construction
- source?

~ This is not something new!

Dandelin sphere construction used in
GSAS-II for image plate orientation
calibration




2D IMAGE CALIBRATION (REPLACE FIT2D)

Correct calibration for tilt

= Dandelin sphere construction (1822)

1] GSAST Plots

| 2D Powder Image |

Image y-axis, mm

Image x-axis, mm

HNOO+ - BOR < >AV << (X

Detector 2-th = 6.527deg, dsp= 0.948A, Q = 6.62487A-1, azm = 229.86deg, I= 168
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OFFSET & TILTED DETECTORS — AN EXAMPLE

n Irage Controls

Operations  Help

Type of image data: M
Mazx intensity

Min intensity U
Calibration coefficients
Beam center X -2,
Beam center Y 144
[T Wavelength 0.7
Distance 29]
[¥] Tilt angle 41,
Tilt rotation a0,
[] Penetration 0.0
Dark image :

Background image

Calibration controls:

Calibrant | LaB& SRMBG0a

Min ring /T 10.0

Sample goniometer angles:

== ]l=]
51 GSAST Plots (@] =] hyperbo|a
2D Powder Image
-
Al LaB6 test3 45deg-00000.tif
400 | TS oy e T
. 27000
350
24000
300 21000
E 250 7 GSAST Plots \ e =
W I 2D Powder Image ] Powder Patterns l \
E
T 200
= oM PWDR Al LaB6 _test3 45deg-00000.tif Wzm= 135.00
& :
+ + + 4£EH50 !
= 120 |
|
100 !
100 |
: - :
S0 et s E 80 |
" |
' |
0 iy i # i i : & o 3
50 100 150 200 250 300 350 400 |
Image x-axis, mm |
0 |
|
"3 = [
POO + - BEBR< >AV
—2 A i
Detector 2-th = 7.190deg, dsp= 5.806A, Q = 1.08219A-1, azm = |
10 20 30 I 50 60 70
26

ﬁoof@ni<>/\v<}><cx

2-thets = 11.400 d = 3.66258 q= 1.71551 sqrt(Intensity) =

64.75
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AFTER IMAGE PROCESSING IN GSAS-II = STAY IN
PROJECT FILE

| —
] GSASI Plots

" Powder diffraction analysis
» Small angle data analysis

PDF calculation (needs some
velopment & enthusiastic
users)

OO + - BEORB< >AV << :.m.ne\ (e @) =]

2-theta= 3473d= 178153 q= 3.52685 Intensity =191271.32 / i

ﬁ'OOﬁE.n.<>AV<>><GX

R =0.602A G(R) =615

o 00 ‘I‘ﬁﬁ.n.< > AV < < § ¥
= 000010675 Intensity = 16385 d = 58857, B 9 Al’gonneo




PEAK PICKING, FITTING & INDEXING

R| GSASTI Plots (o= | ==
J Powder Patterns I Peak Widths ]
PWDR 11bmb _8716.fxye Bank 1 Indexing — Coehlo algorithm
300 | | .
| | ]
e | (same as topas)
2501 , X -
| | |
I I I
I 1 I
1 1 1
200 | 1A
= | | |
= -
3 | | !
150 ! . .
g o | 1 Unit Cells List == =]
= ! ! ] Cell Index/Refine  Help
100}, X - Indexing controls: -
X X [ FIF | ™Maxmcmobs 4 2 Start Volume 25 Use M20/{(X20+1)?
| |
50| | ! i Select Bravais Lattices for indexing:
l l E | [T] cubicF ] Cubic-1 ] cubicf [ Triganal-R [ Trigonal/HexagonalP [| Tetragonall [ | Tetragonal-
| ]
[T orthorhombicF [~ Orthorhombic-I [~ Orthorhombic-C [~ Orthorhombic [ Monedinic-C MonodinicP [ Tridinic
Dl | I 11 T T T Cell Refinement: |
| | | L | =
2 3 4 Bl Bravais lattice Space group Zero offset 0,.0000 [T refine? [ | Super lattice? | Show hid positions
28
Unit cell: a = 1.00000 < b= 1.00000 = c= 1.00000 < vol = 1.000
B & < > |- 50.000 | beta= 20.000 | gamma = 90.000 2
2,076 d =11.40775 q = 0.55078 sqri(l Indexing Resuilt:

M20 | X2ﬂ| use‘ Bravais| a ‘ b ‘ I | alpha ‘ beta | gamma ‘ Volume ‘ I[eep‘
874,25 a P2fm 7.71409 8.65231 10.50844 90,000 77,017 90,000 703,82 I:l
874.25 o] I:I F2{m 7.71409 8.602581 10.80844 90,000 F7.017 90,000 J03.82 I:l
874.25 o] l:l P2jm 7.71409 B.66281 10.80844 90,000 102,983 90,000 J03.82 I:l
874,25 a l:l P2fm 7.71409 8.65231 10.50844 90,000 102,983 90,000 703,82 I:l
874.25 o] I:I F2{m 7.71409 8.602581 10.80844 90,000 102,983 90,000 J03.82 I:l
874.25 o} l:l P2/m 7.71409 8.60281 10.808344 90,000 102,933 90,000 703.82 D

27.33 10 D P2fm 771447 3.65989 10.80913 90,000 102,991 90,000 298,19 |:|

27.33 10 l:l P2jm 7.71447 3.66989 10.80913 90,000 102,991 90,000 298,19 I:l

5.31 10 ,_| P2m 7.71864 3.90344 10,80061 90,000 103.013 90,000 317,06 |_| AT
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STRUCTURE SOLUTION

Charge Flipping 3D & 4D

- Powder — Pawley refinement

250001 |

20000 | |
SSSSSSSSSS

Charge flip (NB: no symmetry)
Atom selection & identification

Argonne &



SEQUENTIAL PEAK FITTING — OBSERVATION
OF STRAIN = SNS VULCAN DIFFRACTOMETER

Detector — transverse planes

Load Sample: V4" stainless steel rod, 1 min
exposures over 13+ hrs
Neutron beam ~800 patterns
Cycle tension — compression loading

Load .| GSASI Plots
Detector — e

parallel planes _ PWDR1lgdaBank1

eE=]

5
=

One pattern —
single peak fits: 6 lines
Follow vs time & loading

-

Normalized intensity
3

10000 15000 20000 25000 30000 35000
TOF s

roO+- aba
TOF =18922.363 d = 1.15593 q = 543561

Intensity = 11542

12 Argonne &



| ~8OO TOF POWDER PATTERNS IN GSAS-II

~—
8-9 fast load cycles

I

— 1 Slow load cycle

S\ 2nd phase appears
(ferrite - BCC)
| Main peaks —
TOF =27765359 d = 159610:;: 370448 pattern ID = 306 W austenite - FCC

Do sequential peak fitting — 6 peaks + background

~1.5 min to complete!
13 Argonne &




SOME SEQUENTIAL PEAK FIT RESULTS
Lots to explore here — all within GSAS-II

B GSASII Plots (o=@ = 5] GSASI Plots (o=@ ==
| Ponder Patterns | Sequential refinement | Powder Patterns | Sequential refinement
34000 - - - - 450
L nt0
F intl
33980 ; [—[ int2
q_F 3 i -
33960 f f ' - E
@ [
E I |
g33940 [ 1
- r
3z |
= r r
s 33920 1
5 r
33900 \ & | o i'n |
33880 1
33860 : L : . 0 y
0 10000 20000 30000 40000 50000 0 10000 20000 ooo 40000 50000
Time Tim
PE— o =
nOo0O+ - @OA t0g+ /@BA/
press s to select X axis, t to change titles y / Prefs to select X axis, tto %ge titles

_ N [/ / /
Austenite 111 position A stenite 111, 200 & 210 intensity

NB: note misalignment of 111, 200 vs 210
Crystallite reorientation under load

Spikes (down) — beam dropouts
14 Argonne &




SMALL ANGLE SCATTERING - SIZE
DISTRIBUTION

P = Alumina polishing powder — bimodal
e particle size ~1600A & ~160A (not

log(SASD alumina data.dat)

o -
10t . 500A & 1um as advertised!)
107 | | D
107} \ =

| 1
7 10° | | ] GSAST Plots =E=]
g.., 10* | i l Powder Patterns ] Size Distribution ]
R
@ [ ! ) P
§ 10° : DORIRED Size Distribution .
S 1) | flt
10t | : Conorezs 1 GSASI Plots [e=@ =]
].Du i J Powder Patterns ] Size Distribution ]
0.0000020
10 | | log(SASD alumina data.dat)
10* 107 10° F T ‘
0.0000015
107
© 00+ &
0.0000010 10° +
q= 00001155
. 10°¢
d t 0.0000005 !
a a §,ﬁ 10° ¢
B
0.0000000 - 10 § 10°
DA g 102 -
roO+ - abB@ |
diameter = 32.332 f(D) = 247e-06 10
- - - 100 P : :
distribution ol ; i,
10t 107 107 10! 10°
oAl
POO+ - BAR < >AV o> X
diameter = 196.533 f(D) = 4.47e-06

— Argonne &



SMALL ANGLE SCATTERING — SEQUENTIAL
DATA ANALYSIS

Ludox colloidal silica from Aldrich — dilution range

1 Fit — hard sphere; log normal
distribution, size, mean, vol. fr.

A GSAST Plots

_Pnluder Patterns

Sequential result — find slope/intercept
3 GSAST Plots SlE)=]

I Powder Patterns ial refi

OO+ - B8O

q= 0.00011158 Intensity =

data rOO+ - AEM@ <

q= 000010222 Intensity =  19691d = ﬁ o ° 'I" @ . n . < > A V <> >< G X

press s to select X axis, t to change titles

One fit

16 Argonne &



INCOMMENSURATE STRUCTURES

Simple materials — ex. Na,CO,; C 2/m (a0g)0s super space group
M =(0.1833,0,0.3191)

B.] GSAST Plots

Powder Patterns

P00+ - EBOR<>AV <

2-theta= 10966 d = 216538 g = 2.90166 sqri{Intensity) = 17.75

NOO+ - WOR< >AVe>x (X

t= 1950 Ay= 0128 p= -9.981

17 Argonne &




INCOMMENSURATE STRUCTURES IN GSAS-

Chemical & magnetic — object: full structure analysis

= Import incommensurate cif & mcif files & draw them — example: Na,CO,

SC & powder data
collected at APS
Structure solution test
both with GSAS-II

= Incommensurate magnetic mcif file & draw them — example: B-Li,IrO,

Determined from SC x-ray
resonant diffraction (Diamond) &
neutron powder data (I1SIS)

18
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MAGNETIC INCOMMENSURATE STRUCTURES

Some examples:

DyMn Ge, — residual moment structure modulation

Argonne &



GSAS-II INSTALLATION




GSAS-II INSTALLATION
Search web for “GSAS-II” - only thing out there:

See GSAS-Il “home page” https://subversion.xray.aps.anl.gov/trac/pyGSAS.

* Includes
— Installation instructions — includes a 1-step for python/GSAS-II

— Tutorials - ~50 of these

21 Argonne &



https://subversion.xray.aps.anl.gov/trac/pyGSAS

GSAS-Il CAPABILITIES




GSAS-Il CAPABILITIES & EXAMPLES

Powder data

« 2D Images:
— calibration & integration - 1D patterns
— Direct strain fitting - 3 strain tensor elements*
1D patterns
— Peak picking & fitting*
— Indexing & space group selection - make new phase
Multidata X-ray/neutron, CW/TOF - all combinations possible

Structure solution
— Stochastic — Monte Carlo/Simulated Annealing
— Deterministic — Charge Flipping (3D & 4D)
Structure Refinement — Rietveld Method*
— Pawley refinement (needed for Structure Solution)
— (8+1) Incommensurate structures
— Constraints & restraints
— Rigid bodies (2 kinds)
— Texture Analysis = spherical harmonics*
Stacking Faults - DIFFaX simulations (NB: no refinement)

Pair Distribution Function - data transformation (e.g. make PDF)

* Can use Sequential Analysis - Argonne &




GSAS-Il CAPABILITIES & EXAMPLES
Single Crystal Data

Multidata X-ray/neutron - all combinations possible
Structure solution

— Stochastic — Monte Carlo/Simulated Annealing

— Deterministic — Charge Flipping (3D & 4D)
Structure Refinement —Levenberg-Marquardt least squares*

— (3+1) Incommensurate structures

— Constraints & restraints

— Rigid bodies (2 kinds)

— Merohedral & pseudomerohedral twinning

— Extinction (Gaussian/Lorentzian Primary & Secondary | & 1)
Stacking Faults = DIFFaX simulations (NB: no refinement)

* Can use Sequential Analysis

24 Argonne &




GSAS-Il CAPABILITIES & EXAMPLES

Small Angle Diffraction Data

= 2D Images:
— calibration & integration - 1D patterns

= 1D Small Angle Data
— Scaling to glassy carbon standard
— Size Analysis
« Maximum Entropy Analysis
 Total Non-negative Least Squares
— Model fitting — components*

 Particle shapes — e.g. spheres, disks, hollow spheres,...

* Porod scattering
* Bragg peaks

* Can use Sequential Analysis -

Argonne &



SEQUENTIAL DATA ANALYSIS

Multiple data sets — no maximum number

= 2D Images:
— Direct strain fitting - 3 strain tensor elements

= 1D patterns
— Peak picking & fitting
— Structure Refinement — Rietveld Method
— Small angle data — model fitting

» Results table
— Parameter plotting vs experiment variable (e.g.. Temperature)
— Parametric equation modeling & fitting

26 Argonne &




GSAS-II TUTORIALS




BEST WAY TO LEARN GSAS-II IS BY RUNNING
SELECTED TUTORIALS

Most major sections of the program are demonstrated by tutorial
examples — best for today is to pick one/two for now

Basic GSAS-II tutorials
= Starting GSAS-II describes how the user interface works

= Fitting laboratory X-ray powder data for fluoroapatite
= CW Neutron Powder fit for Yttrium-lron Garnet

= Combined X-ray/CW-neutron refinement of PbSO4
= Combined X-ray/TOF-neutron Rietveld refinement

28 Argonne &



https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/StartingGSASII/Starting%20GSAS.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/LabData/Laboratory%20X.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/CWNeutron/Neutron%20CW%20Powder%20Data.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/CWCombined/Combined%20refinement.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/TOF-CW%20Joint%20Refinement/TOF%20combined%20XN%20Rietveld%20refinement%20in%20GSAS.htm

MORE ADVANCED TUTORIALS

Parametric Rietveld fitting

= Sequential refinement of multiple datasets (prerequisite for next)
— Parametric Fitting and Pseudo Variables for Sequential Fits

Structure solution

= Fitting individual peaks & autoindexing (prerequisite for next two)
— Charge Flipping structure solution for jadarite
— Charge Flipping structure solution for sucrose

= Charge Flipping structure solution with Xray single crystal data

= Charge flipping with neutron TOF single crystal data

= Monte-Carlo simulated annealing structure determination

29 Argonne &


https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/SeqRefine/SequentialTutorial.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/SeqParametric/ParametricFitting.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/FitPeaks/Fit%20Peaks.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/CFjadarite/Charge%20Flipping%20in%20GSAS.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/CFsucrose/Charge%20Flipping%20-%20sucrose.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/CFXraySingleCrystal/CFSingleCrystal.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/TOF%20Charge%20Flipping/Charge%20Flipping%20with%20TOF%20single%20crystal%20data%20in%20GSASII.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/MCsimanneal/MCSA%20in%20GSAS.htm

MORE ADVANCED TUTORIALS (I1)

Stacking Fault Modeling

= Stacking fault simulations for diamond

= Stacking fault simulations for Keokuk kaolinite
= Stacking fault simulations for Georgia kaolinite

Image Calibration/Integration
= Calibration of an area detector

= |ntegration of area detector data
= Calibration of a Neutron TOF diffractometer

30
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https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/StackingFaults-I/Stacking%20Faults-I.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/StackingFaults-II/Stacking%20Faults%20II.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/StackingFaults-III/Stacking%20Faults-III.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/2DCalibration/Calibration%20of%20an%20area%20detector%20in%20GSAS.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/2DIntegration/Integration%20of%20area%20detector%20data%20in%20GSAS.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/TOF%20Calibration/Calibration%20of%20a%20TOF%20powder%20diffractometer.htm

MORE ADVANCED TUTORIALS (li1)

Small-Angle Scattering
= Small angle x-ray data size distribution (alumina powder)

= Fitting small angle x-ray data (alumina powder)

= |[mage Processing of small angle x-ray data

= Sequential refinement with small angle scattering data

Other
= Texture analysis of 2D data

= Rietveld Refinement detail:
— Fitting the Starting Background using Fixed Points

= Merohedral twin refinements

= Single crystal refinement from TOF data

= Scripting a GSAS-IlI Refinement from Python
= Strain fitting of 2D data

31
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https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/SAsize/Small%20Angle%20Size%20Distribution.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/SAfit/Fitting%20Small%20Angle%20Scattering%20Data.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/SAimages/Small%20Angle%20Image%20Processing.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/SAseqref/Sequential%20Refinement%20of%20Small%20Angle%20Scattering%20Data.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/2DTexture/Texture%20analysis%20of%202D%20data%20in%20GSAS-II.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/BkgFit/FitBkgTut.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/MerohedralTwins/Merohedral%20twin%20refinement%20in%20GSAS.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/TOF%20Single%20Crystal%20Refinement/TOF%20single%20crystal%20refinement%20in%20GSAS.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/PythonScript/Scripting.htm
https://subversion.xray.aps.anl.gov/pyGSAS/Tutorials/2DStrain/Strain%20fitting%20of%202D%20data%20in%20GSAS-II.htm

RIETVELD REFINEMENT - A SIMPLE EXAMPLE




AN EXAMPLE: FLUROAPATITE

Add atoms & do default initial refinement
— scale & background

B GSASI Plots

2-theta= 25645d= 347071 g= 1.81035 ]ntek'g = -831.10

N
= Notice shape of difference curve — position/shape/intensity errors

33 Argonne &




ERRORS & PARAMETERS?

» position — lattice parameters, zero point (not common)
- other systematic effects — sample shift/offset

» shape — profile coefficients — sample size/pstrain
(U, V, W, X, Y, etc. in GSAS-Il are instrument parms.)
» intensity — crystal structure (atom positions & thermal parameters)
- other systematic effects (absorption/extinction/preferred orientation)
NB — get linear combination of all the above
NB? —trend with 20 (or TOF) important

peak shift too sharp wrong intensity

e e

a — too small size - too large Ca2(x) — too small
Argonne &
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DIFFERENCE CURVE = WHAT TO DO NEXT?

B] GSASI Plots (== =]
PWDR FAP.XRA Bank 1
I I Phasles
+ || fap . . “ yy
| : _ Characteristic “up-down-up
) —>profile error
400 NB — can be “down-up-
H down” for too “fat” profile
u 2000}
R
A
—ZOUO—J
20 75 = = %
20
POO |+ BEBRA< >AV << X
2-theta = 39.657d = 227073 q = 2.76704 Intensity = -900.97

= Dominant error — peak positions? peak shapes - too sharp?
» Refine sample pstrain parameter next & include lattice parameters

=NB - EACH CASE IS DIFFERENT — no magic recipe

Argonne &
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RESULT — MUCH IMPROVED!
M

00

2-theta= 39443 d= 228256 q= z.msicvfntemny = 3959.59

* maybe intensity differences remain
—refine coordinates & thermal parms.

36 Argonne &




RESULT — ESSENTIALLY UNCHANGED

B GSASI Plots

Powder Patterns = Peak Widths

20000 S _ . PWDIR FAP.XRA Bi;?nk 1

15000
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Intensity

%))
=]
Q
=]

—5000
0

2I0 40 60 80 1(I}D 12ICI I 140
20
POO(+-rBa@BB< >AV o> X

2-theta= 8.970d= 985027 gq= 063787 Intensity = 1003.46

B Thus, major error in the initial model —
peak shapes & sample displacement/lattice parameters
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A USEFUL PLOT - COVARIANCE MATRIX

1 GSASTPlts =E=

Powder Patterns Covariance

Green: cov>0
Red: cov<0
Yellow: cov~0
Cursor
reports:

Cov or
value(esd)

on diagonal
Can be
zoomed!

P00 + - BEBR< >AV <> { ¥ Beware white
Q::dAz0 - OndAscd3: -0.136 i bands & nan:

Singularities!
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A FEW FINAL WORDS




“A Rietveld refinement is never perfected, merely
abandoned” (P. Stephens, 2000)

“Rietveld refinement is one of those few fields of
Intellectual endeavor wherein the more one does It,
the less one understands.” (Sue Kesson)

“A Rietveld refinement is done when you run out of
parameters” (R. Von Dreele)

Books:

Modern Powder Diffraction, Eds. J. Post & D. Bish
(1989)

The Rietveld Method, Ed. R.A. Young (1993)

Powder Diffraction: TheoBy & Practice, Eds. R.
Dinnebier & S. Billinge (2008)
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