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A quick look back

J. Appl. Cryst. (1969). 2, 65
A Profile Refinement Method for Nuclear and Magnetic Structures

By H.M. RIETVELD
Reactor Centrum Nederland, Petten (N.H.), The Netherlands

(Received 29 November 1968)
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A quick look back
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A quick look back

Corpus 1D: 60486565

The Cambridge Crystallography Subroutine

Library. Extended Mark 2 users manual

P. Brown, J. C. Matthewman - Published 1981
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What are the options todaye™

Citations in 2019 (Scopus) Total average citations per
year since publication

(Google)

REFINEMENT SOFTWARE
® FullProf m Jana2006 = GSAS = GSAS-Il mTOPAS = EXPO2014

REFINEMENT SOFTWARE
m FullProf Jana2006 GSAS GSAS-lI TOPAS

*Disclaimer: there are more



Jana2006 (V. Peftricek, M. DuSek and L. Palatinus)
Institute of Physics, Academy of Sciences of the Czech
Republic

Capabilities
Rietveld/Pawley refinement (magnetic structures) (XRD, ND, TOF)

Modulated structures refinement

Fourier mapping
Charge flipping

Monte Carlo / Simulated annealing

N
N FZU
Strain/size analysis

Indexing « Reliable

Stacking faults « Rather Simple

« Easy to link fo externals
« Wide tutorial base

* Free

Small-Angle scattering
Single-Crystal refinement
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FullProf (J. Rodriguez-Carvajal)
ESRF France

FullProf S

. t
ted intensity refinement:

Crystallographic tools for Rietvel hing & integrated s of
X-Ray and/or neutron data

Capabilities
Rietveld/Pawley refinement (magnetic structures) (XRD, ND, TOF)

Magnetic structure refinement

Fourier mapping
Charge flipping
Monte Carlo / Simulated annealing

Strain/size analysis

Indexing

Stacking faults

Small-Angle scaftering « Well-established
Single-Crystal refinement * OriginPro integration

* Free



FullProf

% FullProf Suite ToolBar
File Programs s FP Dimensions RunaScript Help
£ £, k ED ED*
reey

seot) ostmn | PCR PCR

Graph Data Analysis Gadgets ools Format W - x
DREDR FESEB wuk |1 LOUNt* =@E 0=
% Editor of PCR Files - SR BSE & BB

Working Directory: c:\FullProf_Suite\Examples\

File Edtor Tools Templates Help Exit
e — WK |[Zomura-p JBIU==<asA~E-M-A- [&-2~
W44 FullProf Program i ~|x!
Load EdtPCR Mode Run Bat k 9 (_J UNTITLED
=> CPU Time: 1.945 seconds ‘3 Folderl
=> 0.032 minutes

=> END Date:22/02/2019% Time => 14:26:42.893

Results for O

* | =] Graph1 20000 -9

Cycle:100

AU:ON Dark Colors & Light Grids 1:[ResultsforOri]"Results for Origin™!Col(




FullProf

3 FullProf Suite ToolBar

File Programs Settings FP Dimensions RunaScript He!p

= I 'SEHP(H

orking Directory: .c:\FuIIProf_Suite\Examples\

i

Code File:

Tools Templates Help Ext

FullProf |
PCR |

V

Editor |

Copynght [c) 2

Date: |24/08/2016

Information

Title, type of job;

ietveld, Integrated Intensities,
Simulated Anne. -

Type of Patterns, profile, background, diffraction
geometry, user-given scattering factors ...

Phase name, type of calculations (JBT), ATZ,
contribution to pattemns, symmetry, ...

Number of cycles, relaxation factors, access to
patterns and phases [atoms and profile]

Constraints definitions, adding, deleting,
modifying.

Fixing range of paramet
magnetic moments and ImP af

Output options for patterns and
Faurier

Profiles: 0 |Phases: 0 24/ 8/2016

16 16:41




GSAS-II (R. Von-Dreele and B. Toby)
Argonne Natfional Laboratory, US

Capabilities
Rietveld/Pawley refinement (magnetic structures) (XRD, ND, TOF)

Fourier mapping

Charge flipping

Monte Carlo / Simulated annealing

Strain/size analysis

Sequential refinement

Stable
Reliable
Quick

Simple °

Easy import/export Argon ne
Free NATIONAL

LABORATORY

Indexing

Combined refinement
Stacking faults

2D image data processing
Small-Angle scattering

Single-Crystal refinement




GSAS-

' Gsas-ll project: KNTTO.gpx

File Data Calculate Import Export | Selecttab Compute | Help

L]
=) Project: KNTTO.gpx 4 General Data | Atoms Draw Options | Draw Atoms  RBModels | Mappeaks = MC/SA  RMC | Texture | Pawley refleci b > 50 VOrIO bles

Notebook

Contrals Phase nam: Phase type: | nuclear | Space group: P213  []Modulated?

Covariance

Constraints efine unit cell:  Unit cell: a= | 9.87705 Vol =

, .
. beni [T ] » 4189 observations
Rigid bodies -
‘. Comments Isotope Mat. Abund. ~ | Nat. Abund. ~ | Nat. Abund. ~ | Mat. Abund. ™
N I
> .2 SECO

Default color Powder Patterns | Peak Widths

Pawley controls:[] Do Pawley refinement? Pawley dmin: ey Pawley neg. wt.
PWDR 10_120_5hours_KNTTO_normal_riet_01_X_Yobs.txt
Fourier map controls: Map typ | Reflection sets:| | Select reflection sets

obs
Charge flip controls: Reflection set e ection sets | Normalizing element e calc

bkg
diff
KNTTO

mulated Annealing controls: Reflection set from:

MC/SAwns 1 | [] MC/SARefineat 100 [éof ranges.
MC/SA schedule: | log | slape:
Annesling schedule: Starttemps[ 07 |Finaltemp[01 |Norals[20 |

<

Mouse RB drag/drop to reorder

Intensity

®' GsAs-ll project: KNTTO.gpx
File Data Calculate Import Export | Selecttab Edit Atoms Compute | Help

() Project: KNTTO.gpx 4| General | Data | Atoms | Draw Options | Draw Atoms | RE Models | Map peaks | MC/SA | RMC | Texture | Pawley reflect ¥
Notebook

Controls

Covariance ) 29 0.29412 1.0000 |3(111)
Ct‘ﬂstfﬂi"ts 0.06469  0.06469 1.0000 |3(111)
Restraints 064756 0.50264 1.0000 |1
Eﬁ';;:j’f;} Shoure KNTTL 076789 047451 020525 1.0000 1 FERTERE TRURUE FOUE E0 VEUO0EE DR TORREEE D000 EUETOED FREOE DURREER OO0 00 DR D a1
-1t AN 057924) 031457 0.26667 1.0000 |1

053174 0.55643) 0.20202 1.0000 1

062820 045912 027490 1.0000 |1
058724 0.58724) 058724 1.0000 |3(111)
085709 0. : 1.0000 |3(111)

P fa[Fa Fa 2

Background
Instrument Parameters

FSRS

Sample Parameters
Peak List



GSAS-Il: Rietveld refinement

obs

calc

bkg

diff
NaVPO4F
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Real-life case: refinement of e
SynChrO'l'ron d(]‘l‘(] (E|e‘|"|-r0) [ UL LU0 0D T NN 0O TN W N T 1 Y S S




SAS-II: 2D integration

NVP76_gf_17keV_x=65mm_35s_celll_cycling_4min_0009.tiff PWDR NVP76_gf_17keV_x=65mm_35s_celll_cycling_4min_0009.tiff Azm= 161.00(2)
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Integration



GSAS-II: sequential refinement

Powder Patterns | Sequential refinement | Covariance

Operando data processing

File Data Calculate Import Export | Columns/Rows PseudoVars ParametricFit SeqExport | Help

PWDR NVO44_pp_17keV_ A A B0 | [ | 0:b ‘ 0zc ‘ 0:Vol | #Scale )
PWDR NVO44_pp_17keV_ —
PWDR NVOR4_pp_17kel. NVO44_pp_17keV_x=65mm_30s_cell1_cycling_3min_0001_mccd_A182.fxye Bank 1 [} ! 003441 1271165 629707 1060430 848.833

PWDR NVOS4_pp_ kel ) 17keV_s  30s_celll_cydli 0002_mced A182.fxye Bank 1 631 -003114) 1271326 629758 1060679  849.210
PWDR NVOM_pp_17kel ) 17keV_s  30s_celll_cyl 0003_mced A182.fiye Bank 1 X 003624 1271267 620848 1060336 849192
PWDR NVO4_pp_17ke\.. _ 17ke Vs _30s_celll_cycli 0004_mced _A182.fiye Bank 1 X 009778 1270801 629767 1060079 848.391
PWDR NVO44_pp_T7keV._  17keV._s 0005_mced A182.fxye Bank 1 X 005071 1270778 629681 1060198 848.354
PWDR NVO44_pp_17keV._ ) 17keV.s  30s_cell1_cycli 0006_mccd A182.fiye Bank 1 620 007627 1270155 629650 1059744  847.533
PWDR NVO44_pp_17keV._ _17keV_ _30s_cell1_cycli 0007_mced_A182.fxye Bank 1 X 000458 1270059 629751 1059555 847455
PWDR NVO44_pp_17keV._  17keV._s  30s_celll_ 0008_mced A182.fxye Bank 1 X 1269641 629314 1059569 846,600
PWDR NVO44_pp_17keV._  17keV_s  30s_celll_cydli 0009_mced A182.fiye Bank 1 ! ! 1268734 629080 1058025 84448
PWDR NVO44_pp_T7keV_  17keV s _30s_celll_cycl 0010_mced_A182.frye Bank 1 X ! 1269314 628560 1060000 845710
PWDR NVO44_pp_17keV_ ) /3 \ 30s_cell_cycli 0011_mced A182.fxye Bank 1 . 12.69896  6.28204 10.60278  845.840
PWDR NVO44_pp_T7keV_ ) 17keV_s  30s_celll_cydli 0012_mced A182.fxye Bank 1 . . 1269667 627738 1060602 845319
PWOR NVOA4_pp_T7keV_ X /3 0013_mced_A182.fxye Bank 1 . . 1269850 626764 10.60497 844045
PWOR NVOA4_pp_T7keV_ 0014_mccd_A182.fxye Bank 1 X 1269800 626504 1061002 844185
PWDR NVO44_pp_T7keV_ 0015_mccd A182.fxye Bank 1 X 12.69610 625856 10.60999 843.063
PIWDR NVO44_pp_T7kel. 0016_mced A182.fiye Bank 1 . ! 1269140 625551 1061272 842.556
mg; ::m’;;ﬁ::’ 0017_meed _A182.fxye Bank 1 X 12.68631) 625276 1061649 842.147
PAWDR NYOS1_pp T7keY | in_0018 mccd A182.fxye Bank 1 X 1268391 625082 1061979 841988

1267083 624741 1061985 841263

PWDR NVO44_pp_17keV_
PWDR NVO44_pp_17keV_ 1267467 624304 240233

PWDR NVO24_pp_17kel.  17keV._s  30s_celll_cycl _mecd 4 X 1267360 624276 840,242
PWDR NVO44_pp_17ke\. ) 17keV_s  30s_celll_cydli _med 4 . ! 1267279 624047 10 840,153
PWDR NVO44_pp_T7keV. ) 17keV_s _30s_celll_cycli _meed 4 X ! 1266713 623671 104 £30.067
PWDR NVO44_pp_17keV._ _17keV_x=65mm_30s_cell1_cycling_3min_0024_mccd_A182.fxye Bank 1 X 1266565 623420 £38.959
PWDR NVO44_pp_17keV_ ) 17keV_x=65mm_30s_celll_cycling_3min_0025_mccd A182.fxye Bank 1 ! ! 12.65993 1 837.859
PWDR NVO44_pp_17keV_ ) 17keV_s  30s_celll_cyl i _mecd 4 X ! 1263654 6. ! 837,647
PWDR NVO44_pp_17keV_ ) 17keV_s _30s_cell1_cycli _meed | X 1265467 £37.389
PWDR NVO44_pp_17keV_ ) 17keV_s , 30s_celll_cycli  mecd J . 1265002

PWDR NVO44_pp_17keV_  17keV_s 305 i ) mccd . 1 1264785

PWDR NVO44_pp_17keV_ . : 1264811

PWDR NVO44_pp_17keV_  17keV. ey =l . 1264136

PWDR NVO44_pp_17keV_ - ) . 26210

PWDR NVO44_pp_17keV_

PWDR NVO44_pp_17keV_
PWDR NVO44_pp_17keV_
PWDR NVO44_pp_17keV_
PWDR NVO44_pp_17keV_

Parameter values

_meed 4 1263780
5mm_30s_cell1_cycling_3min_0034_mccd_A182.fxye Bank 1 E 12563675 836092
5mm_30s_celll_cycling_3min_0035_mccd A182.fxye Bank 1 . ! 12.62708| 6. ! 834,680
i 1262057| 6. ! 834,993
PWDR NVO44_pp_T7keV_ 126253 £34.895
Phases 1262267 833.555
- NaVPO40 L L _30s_celll_cydlir _meed . ] 1261940 6. . 833211
1261837 833.110
NVO44_pp_17keV_x=65mm_30s_celll_cycling 3min_0041_mccd_A182.fxye Bank 1 1671 006106 1261708 1062029 832234

& T T T T
Mouse R drag/drop to reorder Select column to export; Double click on column to plot datz; on row for Covariance 60 80 100 120

Data sequence number

156 powder histograms dataset A€d> 2QBDEAA< >AV <o >< X

A A

~ .| 5 m i n for Th e Wh O | e rU n press L to toggle lines, 5 to select X axis, Tto change titles (reselect column to show?)

NaVOHPO, vs. Na




GSAS-II: charge ftlipping

5 | Powder Pattems Test HEL phases | kryptonite

BEEB < > AV < =<

716 q

Generation of electron density map ldentification of the atoms and refinement

Tutorial: subversion.xray.aps.anl.gov/pyGSAS/Tutorials/CFjadarite



Topas Bruker/Academic
(A. Coelho and J. Evans), BRUKER

Capabilities

Rietveld/Pawley refinement (magnetic structures) (XRD, ND, TOF)
Fourier mapping

Charge flipping

Monte Carlo / Simulated annealing

Strain/size analysis

Sequential refinement

Indexing

Combined refinement ° ST(] b|e

Stacking faults ° Re“G b|e

Parametric refinement > very FGST!

Small-Angle scattering .
Single-Crystal refinement g LCII’ge dOTO proceSS|ng
Pair Distribution Function = CUSTO miza ble

Fundamental approach/ W/K, contamination/tube tails ot Prong MmMmad ble

Cloud computing using Amazon Web Services



TO PAS (in combination with jEdit)

/* Rietveld refinement comprising two phases */

xdd File_Name.xy
CuKa5(0.001) ' Five emission profile lines
Radius (217.5)
LP Factor(26_4) % TOPAS - [NVPTEGCSH free.xye] -

= File “iew Fit Launch Took ‘wWindow Help BEHDEDN *

Full_Axial_Model (12, 15, 12, 2.3, 2.3) DS DR dasrss vy BdE o P 0B x v MW M= e
Slit Width(0.1) =,

= [l angs dependent | B s
@] NWP7BGECSH free wye alianae cepepdant P E R i{ N
Dive rgence (l) Number of hkls generated for C:\TOPASS\sg\pnaZl.sg 919

Space group Pna2l is not centrosymmetric
Number of equivalent positions 4
Zero_Error (@' O) Background Loading atomic scattering factors from file atmscat.cpp
il Chebychev 0 Time 0.17 Rup 9.858 0.000 MC  0.00 0 B 1.000088 Chi
bkg @ 0 0 0000 o Loading C:\TOPASS\topas.inc

Loading C:\TOPASS\interface inc
STR (R-3C, "Corundum Al203") /X Bkg 1 Time 1.0l Rwp  9.856  0.000 MC 100.00 ¢ P 1.0000€8 Chi  38.197
Trigonal (@ 4.759, @ 12.992) vo+ azameser(s) close to limt(s).

Goniometer radii ——— 1.009 seconds ———
. . Secondary radius (mm) Check for LIMIT MIN and LIMIT MAX in Grid/Text
site Al z @ 0.3521 occ Al+3 beqg & e

Primary radius {mm)

. ; N T ! Launch Mode: C\TOPASdata\NaVPO4F synchiNVP7TEGCSH free_riet_01.inp
site O x @ 0.3062 z 0.25 occ eq X o

Capillary
scale @ 0.001 Add Structure prexeD

Add Peaks Phase Tube Tails Jl}ls

€8 L%y M) LoaSTA
Load CIF(s)
<

Axial Convolutions NI
Full Axial Mode!

Finnar =t =l

STR (Fm-3m, Fluorite)
Cubic(@ 5.464)
site Ca
gite F x 0.25 y 0.25
scale @ 0.001
CsS L(e, 100)

r _bragg 0

100.00 %

Figure 1
TOPAS example input file written in the INP script comprising readable 4 e

text. Keywords in green, macros in blue, refined parameters in red, L L LU 000D 0 RDLN 0000000 0L 00000 00N L 1
t . le 16 18 20 22 24 26 28 30 32 34 6 38 40 42 44 45 48 50 52 54 56 58 60 62 64 66 68 70 72 74 T8 78
comments 1n purp * | x=8.891497 | y=-2738.017 | d =6.66045

A. Coelho, TOPAS and TOPAS-Academic: an optimization program integrating computer algebra and crystallographic objects written in C++,
J. Appl. Cryst. (2018). 51




TO PAS (in combination with jEdit)

Fundamental approach to

/* Rietveld refinement comprising two phases */ (jiffrCJC:TiC)r1 F)rCDfHGB CjEBS(ZriF)TiCDFW

ukKa5(0.001) ' Five emis
Radius (217.5)

LP_Factor (26.4)

Full Axial Model (12, 15,
Slit Width(0.1)
Divergence (1)

bkg@ 0 00000
STR (R-3C, "Corundum Al203")
Trigonal(@ 4.759, @ 12.992)
site Al z @ 0.3521 occ Al+3 1 beg @ 0.3
site O x @ 0.3062 z 0.25 occ 1 begq @ 0.3
scale @ 0.001
Cs_L(e@, 100)
r bragg 0
STR (Fm-3m, Fluorite)
Cubic(@ 5.464)
site Ca occ Ca 1 begq @ 0.5
gite F x 0.25 y 0.25 z 0.25 occ F
scale @ 0.001
CS L(e, 100)

r bragg 0

Figure 1
TOPAS example input file written in the INP script comprising readable

text. Keywords in green, macros in blue, refined parameters in red,
comments in purple.

A. Coelho, TOPAS and TOPAS-Academic: an optimization program integrating computer algebra and crystallographic objects written in C++,
J. Appl. Cryst. (2018). 51




TOPAS: Magnetic Structure Refinement

LiFeP4-045-5K-magnetic 28.02 %

LiFePO, at 5K . » 'S



TOPAS: Symmeitry mode refinement

ISODISTORT: distortion

Space Group: 221 Pm-3m Oh-1, Lattice paramsters: a=3.76000, b=3.76000, c=3.76000, alpha=90.00000, beta=50.00000, garnma=90.00000
Default space-group preferences: monoclinic axes a(b)c, monoclinic cell choice 1, orthorhombic axes abc, origin choice 2, hexagonal axes, 556 standard setting

W 1a (0,0,0), O 3d (1/2,0,0)

Include strain, displacive ALL distortions
Reading CIF file...

Done.

Life example _
WO, refinement By W
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TOPAS: Exhaustive Symmetry Search

' A ‘ S pubs.acs.org/JACS

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

An Exhaustive Symmetry Approach to Structure Determination:
Phase Transitions in Bi,Sn,0,

: % / m
5 1
0 100 200 300 400 500 600 400 600 800 1000 1200

Subgroup number Number of parameters
1LDepartment of Chemistry, University Science Site, Durham University, South Road, Durham DH1 3LE, United Kingdom /
“Department of Physics & Astronomy, Brigham Young University, Provo, Utah 84602, United States

DOI: 10.1021/jacs.6b04947 /

Automatic search over 547 intermediate subgroups

James W. Lewis,'k Julia L. Payne,+ Ivana Radosavljevic Evans,+ Harold T. Stokes,i Branton J. Campbell,i

:i:,'J r
and John S. O. Evans (c)

0 300 500 40
Rank

Assisted with ISODISTORT Figure S. Final R,, values from refinements of the 547 candidate
models for a-Bi,Sn,0, against ~293 K X-ray and neutron diffraction

data. Individual panels are a-phase equivalents to those in Figure 4.
Candidate #152 (our best f-structure model) is marked with a red
circle, and candidate #88 (our best a-structure model) is marked with
a blue square.

https://community.dur.ac.uk/john.evans/topas_workshop/tutorial_exhaustive_symmetry.htm
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x-ray
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neutron J
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Figure 6. Final Rietveld fits for (a) #-Bi,Sn,0, and (b) @-Bi,Sn,0, models. Neutron data have been scaled and offset vertically for plotting. Neutron

data for d > 2.5 A are from the lower resolution 90° data bank. Inset to (a) shows X-ray fit in the region of the (4 8 0) and (0 8 8) reflections at d =
1.55 A, which would be unsplit for a metrically cubic cell. Structure insets are views down [0 1 0], key as in Figure 1.




TOPAS: Parametric refinement

Perc P21n  —a—
Ferc_Pb1 —_—
FPerc_Pc

Ferc /2 n o

Fi 1 o

P
erc_FP

k]
™
s ]
P
—
k]
(4]
¥
(0
4
=
=
2

2Th Degrees

200

Temperature (K)

G.W. Graham and J. Evans, Parametric Rietveld refinement, J. Appl. Cryst. (2007). 40, 87-95



TOPAS: Parametric refinement

T T

650 850 1050 1250 250 450 650 850 1050 1250 600
Refined Temperature (K) Refined Temperature (K) Refined Temperature (K)

Figure 8
Cell parameters from (@) independent and (b) parametric fitting of 871 and 435 data sets; closed points, warming; open points, cooling. (¢) The region
close to the phase transition. Data taken on warming are represented by squares; cooling data by circles; open symbols represent independent fitting;

closed symbols represent parametric fitting.

J. Appl. Cryst. (2007). 40, 87-95 Stinton and Evans + Parametric Rietveld refinement 93




TOPAS: Pair Distribution Function

pair distribution function (PDF) gives
the probability of finding an atom at a
40 60 ‘ \ \ distance ‘r’ from a given atom.

r (Angstroms)




Conclusions

A OO of
software

Refinement
schools

The Power
of Habilts

APPROACHES ARE LIMITED BY ONLY YOUR IMAGINATION

And by a bit of a knowledge on how to use tools...
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