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Cr,WO,

« Thereis a Cr,WO, example (data/notes) using representation analysis
(SARAN/Basirep) and magnetic matrices (Fullprof).

« We will start from the same .cif file used in the other examples and use the same
neutron data set. The k-vector has been previously found using k-search (see other

Cr,WO, example in this workshop).

e This example will use the Bilbao server and follow these steps:
- Step 1: create an mcif file with MAXMAGN on the Bilbao Crystallographic Server.
- Step 2: convert that mcif file into a .pcr file using MCIF2PCR.

- Step 3: use the created .pcr file to fit the neutron data using Fullprof to
determined the magnetic structure.

so 0 F‘ALL,STION
I y PE EgﬁEEEN Magnetic Structure Determination Workshop, ORNL 2019




Step 1: Creating mCIF file

« Go to Bilboa server: http://www.cryst.ehu.es/

e Select "*Magnetic Symmetry and Applications” to open the drop-down

menu

bilbao crystallographic server

Contact us About us Publications How to cite the server

Snaca_arann eummatry

Magnetic Symmetry and Applications

Group-Subgroup Relations of Space Groups

Representations and Applications

ECM31-Oviedo Satellite

Crystallography online: workshop on the use and
applications of the structural tools of the Bilbao
Crystallographic Server

Solid State Theory Applications

20-21 August 2018 Structure Utilities

News: Subperiodic Groups: Layer, Rod and Frieze Groups

« New Article in Nature
Q7/2017: Bradiyn et ai. "Topalegical quantum chemistry”
Natare (2047). 547, 263-305 Structure Databases
» MNew program: BANDREP
04/2017: Band representations and Elementary Band
representations of Double Space Groups.

Raman and Hyper-Raman scattering

= New section: Double point and space groups Point-group symmetry
New program: DGENPOS

04/2017: General positions of Double Spacs Groups
New program: REPRESENTATIONS DPG
04/2017: Ireducible representations of the Double
Puoint Groups

New program: REPRESENTATIONS DSG
04/2017: Ireducible reprasentations of the Double
Space Groups

New program: DSITESYM

04/2017: Site-sy y induced ions of
Doutle Space Grouss

New program: DCOMPREL

04/2017: Compatibility relations between the
imeducible representations of Double Spaca Groups

o

Plane-group symmetry

°

Double point and space groups

o

o

°

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE | NEUTRON
National Laboratory | REACTOR | SOURCE

Quick access to
some tables

Space Groups
Plane Groups
Layer Groups
Rod Groups
Frieze Groups
2D Point Groups
3D Point Groups

Magnetic Space Groups

Magnetic Structure Determination Workshop, ORNL 2019



Step 1: Creating mCIF file
 Then select “MAXMAGN”

Contact us About us

Publications

Space-group symmetry

How to cite the server

MGENPOS
MWYCKPOS

MNORMALIZER

IDENTIFY MAGNETIC GROUP
BNS206 £

mCIF2PCR A\

MPOINT A\

k-SUBGROUPSMAG A\
MAGNDATA {\
MVISUALIZE £\
MTENSOR A

Magnetic Symmetry and Applications

General Positions of Magnetic Space Groups

Wyckof Positions of Magnetic Space Groups

Mormalizers of Magnetic Space Groups

Identification of a Magnetic Space Group from a set of generators in an arbitrary setting
Transformation of symmetry operations between BNS and OG settings
Transformation from mCIF to PCR format (FullProf).

Magnetic Point Group Tables

Maximal magnetic space groups for a given space group and a propagation vecior
Magnetic subgroups consistent with some given propagation vector(s) or a supercell
A collection of magnetic structures with transportable cif-type files

3D Visualization of magnetic structures with Jmol

Symmetry-adapted form of crystal tensors in magnetic phases

Group-Subgroup Relations of Space Groups

Representations and Applications

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

%OAK RIDGE

National Laboratory

Solid State Theory Applications
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Step 1: Creating mCIF file

* [1] Need to have a propagation vector. This can be determined using k-search in fullprof
(see other example for Cr,WOy). For Cr,WQ, it is (0,0,0).

e [2] Input the space group number of the crystal structure [136] (or choose from a list of all
space groups)- Note: if you have a cif file this step is not necessary.

o [3] Check the box “Structure data of the paramagnetic phase will be included”. This
allows you to input a .cif file.

MAXMAGN: Maximal magnetic space groups for a given a propagation vector and resulting magnetic structural models

+ Structure data of the paramagnetic phase will be included 2 Non-conventional setting

Please, enter the label of the space group of the paramagnetic phase (parent group)
MAXMAGN provides the possible magnetic space groups that can be assigned to a 1-k
commensurate magnetic phase assuming that the magnetic symmetry is & max<imal one. The space
group of the paramagnetic phase (parent group) and the observed propagation vector are required ‘ Please, enter the propagation vector k-
as input. Opfionally, the parent paramagnetic structure can be introduced (by hand or by a cif file).
In this latter case the program provides the constrains for the different possible symmefries and cif-

like files can be produced. These files permit the different alternative models to be analyzed,

refined, shown graphically, transported to ab-initio codes etc., with programs as ISODISTORT, Subrmit 1
JANAZ008, StrConvert, VESTA, efc. These cif-like files can also be submitted to the program

MVISUALIZE, which allow 3D visualization of magnetic structures with Jmol. A controlled descent

to lower symmetries is also possihle.

This program provides an alternative to the traditional representation method for the
parameterization of magnetic structures.

MAXMAGN tutorials:
Abbreviated tutorial: download
Extended tutorial: download
Last tutorial: download

Examples and further information can be found in the following paper:

J.M. Perez-Mato, S.V. Gallego, E.S. Tasci, L. Eleoro, G. de 13 Flor, and M.1. Aroyo
Annu. Rev. Mafer. Res. (2015), 45:13.1-13.32

% which can be used to cite this program.
“ , . RNL2019




Step 1: Creating mCIF file

%QAK RIDGE

Choose .cif file (crystal structure
only).

The one for this example is
HCr2WQoé.cif”

Then upload the file.

If you don’'t have a cif file then
have 1o fill out the details in
“Option 2"

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

ional Laboratory

Parent paramagnetic structure cif file

Option 1: Please submit a structure file (CIF format):

Option 2: Specify structure data by hand:

Space Group: 136 (Pd=/mnm)

Lattice parameters (Angstroms and degrees):
a=h= c= alpha=90 beta=00 gamma=90

Mumber of unigue atomic positions:

| Submit |

Magnetic Structure Determination Workshop, ORNL 2019



Step 1: Creating mCIF file

« The paramagnetic phase information is displayed.
- Select the magnetic atom(s). This case is Cr only.
— Push Submit. This may take a few minutes to run the calculations.....

Parent phase structure data: Magnetic Atoms

Farent space group: 136 (Pd=/mnm)
Lattice parameters (Angstroms and degrees); a=4.57100, b=4.57100, c=8.35300, alpha=90., beita=%0., gamma=90.

Atoms; Please select the magnetic ones

M Atom name Atom ftype Wyckoff Position Coordinates Magnetic?

1 W1 W 28 000000 0.00000 0.00000

4 02 0 g 030800 0.30800 0.33300
Submnit
¢ OAK RIDGE | ety | tiyon | -
National Laboratory | REACTOR | SOURCE Magnetic Structure Determination Workshop, ORNL 2019




Maximal magnetic space groups for the parent space group 136 (P4/mnm) and the propagation vector k = (0, 0, 0)

Step 1: Creating mCIF file g e e o

e The possible magnetic space groups
are displayed in grey

e To view magnetic structure and
export mcif file click on “Show™ in last
column.

e We will choose the final allowed

- B
magnetic structure (#58.395) for this gyl N = -
example, but all should be checked oo | ( 328 9)] =
to ensure the final model is correct or e — —
to determine equivalent solutions. |t (225 3 E—

o o 1
1 1
-1 1
1
1
1

1 1
-1 1

. OAK RIDGE | it | o™
National Laboratory | REACTOR | SOURCE Magnetc Structure betermination Worksnop, ORNL 2U1Y




Step 1: Creating mCIF file

e [1] The red values under
“Magnetic moment”
show allowed spin
directions. In this case
the spins can only be
along x orvy.

Magnetic Structure

Selected magnetic space group: 12- Pn'nm (#58.395)
Setting of the parent group
Parent space group 136 (P42/mnm)

Lattice parameters: a=4.57100, b=4.57100, c=8.685300, alpha=90_, beta=90., gamma=90.

o Tl'y VC1|U6 C1|Oﬂg X. [Go to setting standard (a, b, ¢ ; 0, 0, 0)]

2 [Go 1o an alternative setting]

° [2] Then Click “EXpOrT TO subgroup|

MCIF" file/Visualize

Atomic positions, Wyckoff positions and Magnetic Moments

N Atom New WP Multiplicity | Magnetic moment | Values of M, M,, M,
T W1 W 0.00000 0.00000 0.00000 (0,00]00,00(1/21/21/2]0,0,0) 2
{00z mx,my,{)) (1/2,1/2,z+1/2 | —mx,my;O)

2 || Cr1 Cr0.00000 0.00000 0.33300 (112.1/2,2+1/2 | mx;‘my;o) (002 ‘mx;‘my-ﬂ) 4
] (xx.0]0,0m;) (-x,-x,010,0-m;)

3 || ©1 0030800 030800 0.00000 (x+ 1124112112 | 0,0.my) (x+1/2,-x+1/2,1/2 | 0.0.-m,) 4 - -

] (x,x,z | my,my.m;) (-X,-X,Z | my,my,-m;)

(-X+1/2 x+1/2 z+1/2 | -mx,my;mz) (X+1/2 x+1/2 2+1/2 | -mx,myi-mz)
OAK RIDGE | | seaiamon 4| 020030800 0.30800 033300 | (45 xs1/2 24112 | my-my m,) (x+1/2,%+1/2,-2+1/2 | my-m, -m,) 8 -
%National Laboratory IRSEO.Q\TCO‘I'P()ER ggldggghl [ xx-Z| _mx'_mﬁ"’mz) (x-x-z| _mx‘_mY‘_mz} 19




Step 1. Creating mCIF file mCIF file of the structure ,

° The mC|f f||e IS Submit this mcif file to MVISUA]IjIZE for 3D visualization of the estructure using ..Im
displayed. : i

[The preview i sl - ; opy-allowed]
#\#CIF_2.0

1 # Created by the Bilbao Crystallographic Server
o [1] ThIS Con be # http://www.cryst.chu.es
# Date: 19/06/2018 24:11:35

downloaded by M
C “C ki N g on data_SyOhtAcR

_audit_creation_date 2818-86-19

bk M £ _audit_creation_method "Bilbao Crystallographic Server™
bcs_file.mcif

citation_journal_abbrev
citation_journal_wolume
citation_page first
citation_page_ last
citation_article_id
citation_year
citation_DOI

e [2] Magnetic structure
can also be visualized
by clicking “Submit to
MV'S UAL'ZE” Tcitaticn_author‘_name

_atomic_positions_source_dstabase_code_ICSD 7
_atomic_positions_source_other ?

o md mud mwd T e

aut

_transition_temperature 7
_experiment_temperature 7

loop_
_dirrep_id
_irrep_dimension

SPALLATION
NEUTRON

SOURCE Magnetic Structure Determination Workshop, ORNL 2019
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Step 1: Creating mCIF file

« MVISUALIZE lets
you quickly
check
magnetic

MVISUALIZE: 3D Visualization of magnetic structures with Jmol

. . Selectcell... * Export PNG Image
S_I_rU C_I_U re MVISUALIZE Main Page Toggle Parent Cell Sove PNGAD
* Toggle Standard Cell Save ZIP file
Show/Hide File ViE\E-ﬁltﬂgglﬁxi:--- v Show unit call a,b.c
ni ell Infa

Add 1 cell along x

Remove 1 cell along x
All / Magnetic Atoms

Add 1 cell along y
Show/Hide Labels

e But we will use
the
downloaded
mcif 1o fit data
using fullprof.

We now need to go to Step 2

Remove 1 cell along y
Add 1 cell along z
Larger | Smaller| Vectors

Remove 1 cell along z
Larger | Smaller| Atoms

X=1 |y=1 z=1

Choose supercell

Window Size
—— | —

Draw bonds & polyhedra
Bigger Smaller Join|- ¥ |with - ¥

from|0.75 |t0|2.75 A

Background Color v DOraw | Bonds| Polyhedra

Toggle Quality Delete | Bonds| Polyhedra
Center Clear all drawings

JSmol

help console Execute

SPALLATION
NEUTRON

SOURCE Magnetic Structure Determination Workshop, ORNL 2019
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Step 2: Creating a pcr from an mcif file

« Go back to the main page on server and open mCIF2PCR

%OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE
REACTOR

Contact us

About us

Publications

Space-group symmetry

How to cite the server

Magnetic Symmetry and Applications

MGENPOS

MWYCKPOS

MNORMALIZER

IDENTIFY MAGNETIC GROUP
.

MAGMODELIZE
k-SUBGROUPSMAG £
MAGNDATA 4y
MVISUALIZE £\
MTENSOR £\

General Positions of Magnetic Space Groups
Whyckoff Positions of Magnetic Space Groups
Mormalizers of Magnetic Space Groups

Identification of a Magnetic Space Group from a set of generators in an arbitrary setting

Transformation from mCIF to PCR format (FullProf).
Exiinction Rules of Magnetic Space Groups
Maximal magnetic space groups for a given space group and a propagation vector
Magnetic structure models for any given magnetic symmetry

Magnetic subgroups consistent with some given propagation vector(s) or a supercell
A collection of magnetic structures with transporiable cif-type files

3D Visualzation of magnetic structures with Jmol

Symmetry-adapted form of crystal tensors in magnetic phases

Group-Subgroup Relations of Space Groups
Representations and Applications

SPALLATION
NEUTRON
SOURCE

Solid State Theory Applications
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Step 2: Creating a pcr from an mcif file

MCIF2PCR: Transformation from mCIF to PCR format (FullProf).

L

Given a magCIF file, it produces a PCR template that can be used as
input for FullProf (the program mCIF_to PCR (FullProf) is used). By ‘ Choose File | bes_file_21132.meif
2

default the provided PCR file is intended for a simulation. The file can
be then modified by hand for a refinement of the model.

[1] Choose the mcif we just created through maxmagn

[2] Click convert

The file has been successfully converted.

Click to download it

This will convert the file and “Click to download it" will download the .pcr file

We will use this .pcr file in Step 3. Put it in the same folder as the data file
"Cr2ZWQO6_T4K.dat”

HIGH FLUX
ISOTOPE
REACTOR

SPALLI-\OTION
NEUTRON . . .
SGllJJRCE Magnetic Structure Determination Workshop, ORNL 2019
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Step 3: Refining the magnetic structure with Fullprof

e Pcrfile created contains a single phase with crystal structure and
magnetic ions.

The pcr file calculates the pattern based on default values.

We need to change the defaults in the .pcr file in the same way done for
the examples created from a .cif file.

To do this we work down the Tabs in the GUI
(General/Patterns/Phases/Refinement) and/or edit the text file.

 The values will depend on the instrument the data was collected on.
— This case is for HB-2A at HFIR measured with the 2.41 A wavelength.

HIGH FLUX | SPALLATION
% 0AK RIDGE | i et

National Laboratory | REACTOR | SOURCE Magnetic Structure Determination Workshop, ORNL 2019




Step 3: Refining the magnetic structure with Fullprof

Select the format of the data
file Fullprof should refine.

Patterns - Data file/Peak BEEET=AERE ™ F
Shape -2 X,Y.SIGMA (XYDATA) —

Title, type of job: Rietveld, Integrated Intensities,
' ' : : ; 4 Simulated Annealing, ...
Fu”Pro f ‘ Type of Pattemns, profile, background, diffraction )
i DAD ” geometry, user-given scattering factors ...

S ||| S W w ¥ .1 1
. type of calculations [JBT), ATZ, Phases |
o patterns, symmetry, ...
|
‘{cles, relaxation factors, access to Refinement |
phases (atoms and profile]
initions, adding, deleting, Constraints l

=
A £
s £ditor of FUR Flies -

General

Patterns Information

~ Information

Pattem: 1/1 Weight [ 1.0000 Data file/Peak shape
——— T |

Profile Data Information: Pattern 1

4 4] = X
Initial Previous Add “ Data File / Format | Refhement / Simulation | Pattern Calculation/Peak Shape

Data File: Ibcs_file_21 132

L

Browse... |

~ Format
" D1A/D2B (Old Format) ¢ Free Format (2thetal, step, 2ThetaF)  Cyad i 3

" D1A/D2B/3T2/G42  C Two Axis Instrument, G41

<" D1B (0Id Format) " (G5AS Format
" DIB/D20 " Socabim Software € 1515 multi-bank normalized
" D4/D20L " Synchroton (Brookhaven)

" DMC/HRPD [P.S.1.) € Synchroton (DBWS Software)

OAK RIDGE :-IIGH FLUX | SPALLATION
% SOTOPE | NEUTRON
National Laboratory | REACTOR | SOURCE Cancel |




Step 3: Refining the magnetic structure with Fullprof

e Patterns - Data file/Peak
Shape
2> Refinement/Simulation

e [3] Select Neutron - CW

e [4] Change wavelength to
user defined and 2.41 A

HIGH FLUX | SPALLATION
OAK RIDGE | g | sl
National Laboratory | REACTOR | SOURCE

Editar nf DCR Eilec
e Editor of PCR Files

File Editor Tools

Templates Help Exit

1 4Gk

el 2 @ MBS DD

Ai

ol

! Ci&p" In N

@ X

Information

Title, type of job: Rietveld, Integrated Intensities, General
Simulated Annealing, ..

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

(3N

|
| type of calculations (JBT), ATZ, Phases
patterns, symmetry, ...

i~ Information

Weight: I 1.0000

Pattem: 1/1

4 4 =

Initial Previous Add D¢

W™ Profile Data Information: Pattern 1

st Refinement / Simulation | §

Data File / Fol

Data file/Peak shape )

T —

httern Calculation/Peak Shape I

4=

cles, relaxation factors, access to

Refinement
phases [atoms and profile] :

efinitions, adding, deleting,

I

Constraints

~ Simulation / Refinement Data

" XRa

(' Neutron - Cw (Nuclear and Magnetic}

" Neutron - T.0.F [Nuclear and Magnetic)

3 " Pattern Calculation [X-Ray)

" Patten Calculation [Neutron - Cw)

" Pattern Calculation (Neutron - T.0.F.)

A

~Wavelength

4
PP User Defined ~| A4 [ 2410000 A [ 2410000 (I, 1) 1.0000

Cancel I

Magnetic Structure Determination Workshop, ORNL 2019



Step 3: Refining the maanetic structure with Fullorof

T Editor of PCR Files —

File Editor Tools Templates Help Exit

= & WEEBE %Y e x
e Patterns-> Background SR s g

General

»
Phazes |

T 2 6- fficient —
ype 2 6-coetficie ﬂ FullProf | | '

+ Select background type e

Type of Patterns, profile, backaround, diffraction
¥ i b E k.

" Information
sz (TG0 F R efinement |
PRI 161 g [ ata file/Peak. shape
= Caonztraints |
g Background Type ’
= —— s |
& -ISJ ! | - | 2; | ! | -NJ Ene Eox/Restraints
17
Initial Previous Add Del MNest Last Geometry/1RF | lutput |
) |Jzer Scatt. Factors |
Copyrigl

/2018 |22:38:51

Origin of the polynomial: I 50,000

" Debyelike [12-coeff. J+ palynammial functions [G-coefficients)
" 12-Coefficients Faurier-cosine serigs

¢ Fourier Filtering Mumber of points taken for Fourier Filker: I u_ugugﬂ

{~ Background File transformed by 4-coefficients expression

Browse. .. |

(" Linear Interpolation between a set backaround points with refinable heights

" Interpolation by cubic splines

" Chebychey Polynomial (24 coefficients)

HIGH FLUX | SPALLATION
%, OAK RIDGE | e | e o |
National Laboratory | REACTOR | SOURCE Cancel ation Workshop, ORNL 2019




Step 3: Refining the magnetic structure with Fullprof

« Make phase
conftribute 1o
refinement.

e [1] Phases—> [2]
Contribution to
Patterns—> [3]
Neutron
(constant
wavelength)

 Peak shape
should be
“Thompson-
Cox...."”

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE | NEUTRON
National Laboratory | REACTOR | SOURCE

x Editor of PCR Files

File Editor Tools

Templates Help Exit

\«.{,}\ Y OR% 2 2 MR EBE Y e X

(13 e
[ inrormation

Pattern Contribution Information for Phase 1
Pattemn 1 |P5Hem 2| Pattein 2 | Pattem 4 | Pattemn 5 | Pattein & | Pattem 7 |

¥ Current Phase contributes to the pattern

— Type of Pattern

(" Pattern Calculation [X-Ray)

(" Pattern Calculation [Neutron - Constant Wavelength)

(" Pattern Calculation (Neutron - T.0.F.)
¢ Neutron (T.0.F)
Nuclear and Magnetic

General

nation on Phases Pattems

ase |Nuclear and Magnetic Structure of: /srv/www/bes_branch_www//bosfwww/tmp/fbes_f

INucIear and Magnetic phase L‘

Refinement
Constraints l
Output l

o calculate the weight
5f the Phase: 2 I 0.00 & Calculated automatically " Provided by user

oution to patterns, preferred
ation direction, reflection list, ...

Group symbol/number, symmetry
ors, basis functions, etc

Symmetry I 2
Xl 2l M

ld 4 =

Initial Previous Del Next Last i [1 8/ 6/2018 IZZ: 34:28

- Intensities

Reflection list: ]Au\omatically generated from the Space Group symbol

[~ Use special control of parameters for peak overlap, rejected reflections for current phase

Brindley coefficient: | 0.0000
Global weight of the integrated intensity data vs profile data: I 0.0000
Factor for excluding reflections [ | < Factor * Sigmall] : I 0.0000

Weights are divided by reduced Chi*2 of precedent cycle: I 0.0000

0K I Cancel I

Cancel |

Magnetic Structure Determination Workshop, ORNL 2019



Step 3: Refining the magnetic structure with Fullprof

File Editor Tools Templates Help Exit

o Setting

: b 1M O e e BB E N e
starting values RE T e e e
-I: Or l Tr;l:l::nﬁab;ﬂielyﬁld,lntenmtedlntensitigx General

m¥ o . .
rcie Refinement Information

refinements
| Cycles of Refinement: | 1 _ Paters |
Phases | l

M ~ Stop Criterium of Covergence Relazation Factors for Shifts 4
. Start
O r I n Forced Termination when shifts < | 0.02 » E.S.D.

b G C |< r O U n d Others: None _v_l Atomic | 1.00  Anisotropic | 1.00  Profile | 1.00  Global | 1.00
g 3 : Constraints |
| - Reflections ordering
V O U eS " Only at the first cycle " Each cycle [™ Bragg R-Factor excluding reflections limiting excluded regions Bon/Bastiants I
Pattern 1 I Pattem 2 I Pattern 3 I Patterm 4 I Pattermn 5 I Pattem 4 | 4 |

Output |
2 6 Coefficients Polynomial Background: Pattern 1

- Refinement weighting model—
@ Least Squares ' ! 3

" Maximum Likelihood Instmantal | d_0 d_1 d2 d_3 d4 d_5 fine Al

Phase 1 lF‘h-a:e 2 I Phase 3 I Phase 4 l Phase & I Phase 6 I FAlr

0.0000j 0.0000 0.0000f 0.0000;
O Urit e
Unit Weights Nico Absoration I Fix &l |
d_6 d_7 d_8 d9 d_10 d_11
Reduction factor of number of data points: l_U::j Coefficents E B
d_12 d_13 d_14 d_15 d_16 d_17
Coefficients I~ I~ Cancel |
d_18 d_19 d_20 d_21 d_22 d_23
Coefficients I~ I I~
3 OAK RIDGE |15 s i . , =
National Laboratory | REACTOR | SOURCE Magnetic Structure Determination Workshop, ORNL 2019




Step 3: Refining the magnetic structure with Fullprof

e Instrumental
zero value.

e We know
this from
nuclear
refinement
done in
previous
example in
this school.

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE | NEUTRON
National Laboratory | REACTOR | SOURCE

me - . ~D
ree Editor of PCR Files

File Editor Tools Templates Help Exit

Cih

TN O &2 @ W

i~ Information

me o s
s Refinement Information

Cycles of Refinement: I 1 i-]

Inﬁ

P

@ X

l Title, tvpe of iob: Rietveld, Intearated Intensities,

Relaxation Factors for Shifts

Anisotropic | 1.00 P

— Stop Criterium of Covergence
Forced Temmination when shifts < | 0.02 » E.S.D.

Others: None _v_l

Atomic | 1.00

Global | 1.00

rofile I 1.00

— Reflections ordering

& Only at the first cycle " Each cycle

™ Bragg R-Factor excluding reflections limiting excluded regions

Pattern 1 I Patterm 2 l Patterr 3 l Pattern 4 | Pattern 5 I Pattern 4 | 'I Phase 1 l Phase 2 I Phase 3 I Phase

oK I
Atoms |

~ Refinement weighting model —

* Least Squares

4 | Phase & I Phase & I P4 I ’l
Prop. Vectors I

Bacaod 2 Cancel | Patterns

@ G 52 03 e

Instrumental Parameters Refinement: Pattern 1

" Maimum Likelihood

" Unit Weights

Micro-Sbsorption

QI @ - G

General l
Patterns I

Phases

Box/Restraints |
Output I

118/ 6/2018  [22:41:49

Reduction factor of humber of data points: I 0 ﬂ

~2_Theta 3

Zero isplacement

Transparency Wavelength

Refine Al |

Findll |

Coefficients J0.230000) 0.000000

0.000000f 0.000000

Cancel I

[k ]
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Step 3: Refining the magnetic structure with Fullprof

T Editor of PCR Files — x

e Update “Scale”
and “Profile”
parameters
U,V,W,X to those
shown

File Editor Tools Templates Help Exit
2 rg] 7en s oyt | O In: ‘ ‘
& ] j{j@%\gj ﬁ]@‘m{m}%ﬁ% 5" e X
r Information
Title, type of job: Rietveld, Integrated |ntensitias, General |
Simulated Annealing, ...
Type of Pattems, profile, backaround, diffraction Patterns |
geometry, user-given scattenng factors ..

Phaze name. type of calculations (JBT), ATZ,
contribution to patterns, spmmetry, ...

FullProf

Phazes

N Mumber of cycles, relaxation factors, access to
{ patterns and phages [atome and profile]

- ) .
Ta Refinement Information

Cucles of Refinement; I 1 :I

Profile Parameters: Phase 1 Pattern 1 elaxation Factors for Shift

Btomic I 1.00 Anizotropic I 1.00  Profile I 1.00 Global | 1.00

—Factors

Owverall B-factor
00000

Coefficients

[ Bragg R-Factor excluding reflections limiting excluded regions

r Cell Parameters

a b ® alpha beta gamma
Coefficients 4571000 4.571000) 8853001 30,000 90,000 90.0004

Phase 1 | Phase 2 | Phase 3 | Phase 4 | Phase 5 | Phase 5 | P

Atomns | Frop. Yectars |

1

FwHM / Shape Parameters  Aspmmetry Paral jentation J Pt
atlerns
PrdHI Parameters Refine Al | 2 C4 5 CF C7F
u W W G
Coefficients 0.440000[— -0.700000) 0.350000 0.000000) Fix All | Micra-Structure |
Shape Paramelrs Cancel | HEL Shifts | Further Parametersl
a ! =
Coefficients f0.040000)— 00000000 0.0000001 I~
[ Refine PwHM for secol =nath
2 W2
Coefficients — r | I~
¥ OAK RIDGE | §6165 | o™
National Laboratory | REACTOR | SOURCE Magnetic Structure Determination Workshop, ORNL 2019




Step 3: Refining the magnetic structure with Fullprof

e |n “Refinement
"> "atoms”
input thermal
parameters
(0.3).[1,2,3]

« Note that Re(x)
and Re(y) are
set to refine.

e This is a default
in files from
mcif to pcr
that we will
turn off in next
slide.

HIGH FLUX | SPALLATION
OAK RIDGE | g | sl
National Laboratory | REACTOR | SOURCE

Atoms Information: Phase 1

me
Il

File Editor

Editor of PCR Files

Tools

Templates

Help

Exit

b M Obw 22 @ W

[r,w‘] LR
P2} 525

FullProf

4

% 4

ti& lnh

Pur Per

X

Information

Title, type of job: Rietveld, Integrated Intensities,
Simulated Annealing, ...

General |
Pattems |
Phases |
)

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

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

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

Cycles of Refinement: | 1 :‘-‘

i~ Stop Criterium of Covergence

~ Relaxration Factors for Shifts

I 1.00 Anisotropic I 1.00

Global | 1.00

Profile | 1.00

i List of Atoms
iapbecfabouee: mj 3 Bragg R-Factor excluding reflections limiting excluded regions
Label | Ntyp | Mag. Rot. | Prog. V... bs N Z B Ocec
Mom# 1 w1 w1 0 0.00000] 0.00000f 0.0000 0.30000) 0.25000) wj baco 1 | Phase 2| Phs@ | Fhse ¢ | Phase 5 | Phsse| Fa Lo
Mom# 2 [cA |MCRz |1 0 0.00000 0.00000] 0.3330 0.30000] 0.50000) PR ' S 2 S ‘
Atom#t 3 |01 0 1 0 0.30800) 030800 0.00001 0.30000) 0.50000 Fr
Aom#t 4 |02 |0 1 0 0.30800) 030800 0.33300] 030000 fr_0ooooj~ Refe s I —]
< >
Fix Al | _ -
Refx] Refy] Refz] Im(x] Irly] Imfz] MPhase elia N el ekl N ks
Atom #2 1.00000f% 0.00000f¥ | 0.00000) 0.00000f 0.00000) 0.00000f 0.00000) Cancel | Profile l T |
HKL Shifts Further Paramelersl
B11/F1 B22/F2 B33/F3 B12/F4 B13/F5 B23/F6 F7
# I I I I~ I~ B B
# I~ B I~ B I~ B I~
# I~ I~ I~ I~ I~ I~ -
# I~ [ I~ I I~ I I~
< >




Step 3: Refining the magnetic structure with Fullprof

me R

Tz Editor of PCR Files — *
File Editor Tools Templates Help Exit

j j@@%\@ﬁ]@lm?ﬁﬂ}iii%

 Open pcr text file.

@\X

P:r :

File Edit

e Delete "VARY mxmymz" to
. . EEEEENY T RS
TU m Off au TO md TI Ccd | |y refl nin g ;__?fEf_fEE_fT?fE_TET?EEi___l__iif_ffEEETE_f:?fE??-fff_ffffffT‘_‘__IE______“;?_"____
moments.

Search

Nuclear and HMagnetic Structure of: /srufwww/bcs_branch_www//bes/fuww/tmp/ fbes_ £il
L

tHat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nuk Hpr Hore
4 i} 6808818 18 8 2 a ] a9.808 a 7 ]
. .
. '
Y TU rn Off 'I'he reflnemen'l' |O bels Pn'nm  number:58.395 <--Hagnetic Space group symbol (BHS symbol & number) Delete thIS to Stop aUtO
Transform to standard: 1
Pavent Space Group: . IT number: 16 refinements of moments
Transform from Parent:
. O n . . * Hsym Cen H Clat N Ant
8 a a a
4
t 3ymmetry operators
1%,y,2,+1
2 -x,-y,-z,-1
3 x,y,-z,+1
4 -x,-y,z,-1
5 —x+1/2,y+1/2,-2+1/2,-1
6 x+1/2,-y+1/2,-2+1/2 41
¥ x+1f2,-y+1/2,2+4172,+1
8 -®+172,041/2,241/2,1
L]
tatom  Typ Mag Uek h ¥ 2 Biso Occ N_type Spc/Fftype /Line below:Codes
H Rx Ry Rz Ix Iy 1z MagPh / Line below:Codes
H betaid beta22 beta33 beta12 beta13 beta23 / Line below:Codes
W 1 8 B.o0008 8. ao008 B.o0088 8.300080 8.250088 a 8

8.80 .00 8.80 0.00 8.08
8.68080 @.BOPAR  0.33300 0.30808 ©.50808 1 [
8.80 008 8.80 6.00 .08
1.00080 ©0.0000 Wg).08080  0.00OBR  0.00ABA  0.A0AEA  B.BPBRB <-HagPar
11.88 8.88 6.88 6.88 8.88 8.00
0 j.36800 0.30800 ©0.0060 0.30808 0.50808 8 @ #
8.80 .00 8.80 0.00 8.08
8.36800 B.36800 8.33300 8.30000 1.0008008 a 8
8.80 008 8.80 6.00 08.08
- > Profile Parameters for Pattern # 1
t Scale Shapei Bouw Str1 Str2 Str3 Strain-Model
2.8000 0.00008 ©.00080 0.800B0 0.80BA0  0.00600 ]
0. 008000 0.000 8.000 0.000 0.800 0.000
t u v u X Y Gausiz LorSiz Size-Hodel
8.4400808 -0_700080 0.350008 0.040060 0.806GGA 0.0AABOE  0_.008ABE 0
%OAK RIDGE |HigH FLux | spaLLATION 0.000 0.000 8. 000 0. 000 8. 000 0. 000 8.008
UTRON
National Laboratory | REACTOR | SOURCE Line:30 Col95 [ [num [ s




* Lambda1 Lambda2 Ratio Bkpos Wdt Cthm muR AsyLim Rpolarz 2nd-muR -> Patth 1
418660 2.410860 1.00088 60.0080 15.8600 O.0080 O0.8000 180.88 B.0088 ©.0800

ps BR_at R_an R_pr R_gl Thmin Step Thmax PSD Sent@
L4 o o Fa2 1.68 1.8 1.80 1.88 8.5008 8.8692037 128.6948 8.8e8 8.808
30 | z h
S-I-< > ° < E II III . -l- < ! I I IO I I< >-|-I< : 1 t Excluded regions (LowT HighT) for Pattern# 1
a.ae 2.88
° 130.00 180.00
.
structure with Fullprof '
L *Number of refined parameters
.
2 t Zero Code SyCos Code sysin Code Lambda Code HMORE ->Patt# 1
8.23008 6.8 0.80088 8.8 ©.08008 8.8 0.po0oBA g.ea @

’ dCRground coefficients/codes  FoF {Polynomial of 6th degree)
« Change to values circled to set up pcr file fo< 5 _________
refinement of crystal structure only first. ' : o e

Huclear and Magnetic Structure of: fsru/fwww/bes branch_www//bes/uww/tmp/fbes_ Fil
*

tNat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Mvk Hpr Hore
[ . M L Li] 8 6.8 8.8 1.8 18 Li] 2 Li] a F67 677 a ¥ a
e [1] NCY = number of refinement cycles : |
- " Fn'nm number :58.395 {--Hagnetic Space group symbol {BEHS symbol & number)
Transform to standard:
Parent Space Group: IT_number: 136

* [2] Refine background

* Hsym Cen

e [3] Make values under MCR2 zero to add no

“¥,mY,-2,-1

moment (only crystal structure) Lyt

=R 2 4172, -241/2 -1
R+1/2,-y+1/2 ,-z+1/2 1
Re1/2,-y+1/2,2+1/2,41

* [4] Refine scale, [5] a,b,c latftice constants vt i

tAtom  Typ Hag Uek b4 ¥ Z Biso Occ M _type Spc/Fftype fLine t
H Rz Ry Rz Ix Iy Iz MagPh / Line below:Codes

° Se'l' peak prOf”e VOlueS for [6] U,V,W,X Gnd [7] l.!n EEtaﬁ m:tazﬂz :‘?Eaa:l?]gn hffﬁéfm hega.'zlgaanh.?taa:.zgnagnung.ggtgg:[mdgs 8

S_L, D_L. Do not refine these yet since lattice e e B
constants may be off (i.e. peak positions not L

CorreCT). 02 1] 1 8 3:33633 B.3Bél3[1 B.33:;Bl] 3.39690 1.3[1693 a (LI 4

——————— Pattern # 1
4 3tr1 Str2 Str3 Strain-Hodel
8.0008008 0.00008 0.00008 a
8.888 8.088 8.088

6 i u ; ¥ Gausiz LorSiz Size-Hodel
0.440008 -0.7000080 0.350008 ©0.0400080 D.0AEEE8 0.00PEE0 0.8 8
0.000 0.000 0.000 §.809 0.000 0.000 0.000
4 ir T alpha beta gamma #iCell Info
5 4_571080 4.5718806  8§._853001 .006000 90.000800 906.000000 #
%OAK RIDGE HIGH FLUX | SPALLATION 1 1 1 8. a 6.6080008 6.88688 7
i ISOTOPE NEUTRON 4 Asy2 Asy3 Asyy S L DL
National Laboratory | REACTOR | SOURCE 1.80808 ©.P000A 0.00000 O0.00AR8 O.88888 0.000800 (p.P3388 0.633P8 9
a.00 0.08 0.00 a.00 0.08 0.00 .8a 0.0




Step 3: Refining the magnetic structure with Fullprof

° Run The reflnemen-l- J Editor of PCR Files

File Editor Tools Templates Help

« Select the e
“CrawO6_T4K.dat”

Title, type af job: Rigtveld, Intearated Intensities, General

neutron data file. T FuliProf | Simuated Anneaing,

et e r et e 4f | Type of Patternz, profile, backaground, diffraction Patterns

Exi

Eih Inh

Prr Prr

© X

e,
O
A

?.b geometny, Wsel-given scattenng factars .
e Cr2W06_T4K.dat

all

contribution to patterns, symmetry, ..

N - Phaze name, type of calculations JBT], AT, Phases

Load EditPCR Mode Run Exit

« Refinement capftures “

_

| => Calculation for pattern: 1 ~
f-l => Solving L.S. equations...
- 1] => Writing results for cycle 10
= -] => R-Factors: 14.% 20.5 chi2: 8.80 DW-Stat.: 0.3318 Patté: 1 £ brainit
most of the data we =(CEE—
. .-— => Conventional Rietveld R-factors for Pattern: 1
== L__' => Rp: 31.6 Rwp: 32.2 Rexp:  10.84 chi2: 8.80
P — => Global user-weigthed Chi2 (Bragg contrib.): 8.849
—1 = ————————-] > Pattern# 1 .
=] = rhase: 1 Bow/Restraints |
L = Bragg R-factor:  16.82
=> RF-factor : 18.81
17 => Conv. not yet reached -> [Max] Shift(Cell A phl patl)/(eps*Sigma)= -278.05 abs> 1
=> Normal end, final calculations and writing...
=> Contribution to Yi for phase: 1 Oukput

=> CPU Time: 4.047 seconds
=> 0.067 minutes

I:I:lp.lflnght [I:] => END Date:19/06/2018 Time => 13:15:42.082

bes_file_2113

Cycle: 10 ChiZz: 8.80 Cr2Woe6_ T4K.dat

[ior 62018 [12:50:18

3000 4

2500 4

units)

2000
1500
1000
50074 L
o "
LA

—500 —

Intensity (axzb.

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON 10 20 30 40 50 &0 70 80 20 100 110 120

SOURCE 2Theta nation Workshop, ORNL 2019

%OAK RIDGE

National Laboratory




Step 3: Refining the
magnetic structure with
Fullporof

e [1] Select the U,V,W,X to refine

e This improves refinement and
leads to convergence.

A FullProf Program

Load EditPCR Mode Run Exit

=> Bragg R-factor: 16.00
=> RF-factor : 18.48
=> Convergence reached at this CYCLE !!!!: CY¥CLE No. 4
=> R-Factors: 13.9 19.6 Chi2: 8.11 DW-Stat.: 0.3173 Patt#: 1
=> Expected : 6.89 1.8624
=> Conventional Rietveld R-factors for Pattern: 1
=> Rp: 28.9 Rwp: 30.8 Rexp: 10.82 chi2: 8.11
=> Global user-weigthed Chi2 (Bragg contrib.): 8.151
= ———————- > Pattern# 1
=> Phase: 1
=> Bragg R-factor: 16.00
=> RF-factor H 18.48

=> Normal end, final calculations and writing...
=> Contribution to ¥i for phase:

=> CPU Time: 2.250 seconds
=> 0.038 minutes

=> END Date:19/06/2018 Time => 13:19:14.804

Cycle: 4 ChiZz: 8.11 Cr2ZwWwoé_T4K.dat

3000

units)

2500
2000+
1500

1000 4
500 |
T

10 20 30 40 50

Intensity {(arb.

Huclear and Hagnetic Structure of: /srufwww/bcs_branch_www/fbes/uww/tmp/ fbes £il
L

t*Hat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Hvk Hpr Hore

I a A Aa.08.081.8 18 a 2 a a 767 .677 a ¥ a
H
Pn'nm number :58.395 <{--HMagnetic Space group symbol {BNS symbol & number)
Transform to standard:
Parent Space Group: IT number: 136

Transform from Parent:
t Nsym Cen N _Clat N_Ant

8 A ] a
H
t Symmetry operators
1 #,y,2,+1
2 -®,y,-Z,-1
3 #,y,-Z,+1
4 -%,y,z,-1
5 -+ 1/2,y+142,-2+4172 ,-1
G ®+172,-y+142,-2+172 ,+1
§ue1f2,-ye1/2,241/2,41
8 -xwe1/2,941/72,241/2,-1
|
tatom Typ Mag Uek b ¥ Fa Biso Occ H_type Spc/Fftype
H Rx Ry Rz Ix Iy Iz MagPh / Line below:Codes
H betai1 betaz2 beta3d3d betai2 betal3 beta23 / Line below:Codes
™ W 1 8 f8.08008088 f.80084 g.080008 g.3008008 g8.250808 A a #
a.88 68.88 a.a88 a.88 .88
Cr1 MCR2 1 8 f8.08008088 f.80084 8.33300 g.3008008 §.50800 1 a #
a.88 6.88 6.a80 a.88 a.e8
1.0008088 6.0808088 6.0808888 g8.800884 6.8880a g.08880a 8.88888 <-HagPar
a 6.88 6.88 a.88 a.88 a.88 a.88
01 0 1 8 6.30888 8.3088A 6.8880a g.30808 8.50808 8 a #
a.88 6.88 6.a80 a.88 a.e8
0z 0 1 8 6.30888 8.3088A 8.33308 g.3paea 1.86888 8 a #
a.88 6.88 6.a80 a.88 a.e8
t——— > Profile Parameters for Pattern # A
* Scale Shapet Bouv Str1 Str2 5tr3 Strain-Hodel

X ¥ Gausiz LorSiz Size-Hodel
8.440008 -0.700008 8.3500080 5) JSEYsTslils] 0.0000080 0.000000 g.0008000 ]
1 1 1 1 g8.088 g.00a g.008
alpha beta gamma #Cell Info

4. 582274 4 586748 8.856397 00.000000 90_.000000 90.000000 #
61.00000 31.000088 51.00080 0.0000808 8.00008 8.00000

* Prefi Pref2 Asyl Asy?2 Asy3 Asyh 5L DL
1.000080 A.00000 O0.00008 O.0000F O0.00000 O0.00000 O.83300 B.03300
a.0a a.88 a.0a a.88 a.0a a.88 a.0a 8.00

t 2Th1/TOFA 2Th2/TOF2 Pattern to plot
8.508 128.694 1



T Editor of PCR Files

|
*

T -

File Editor Tools Templates Help Exit

J80bY e WREBE MY 0 X

Step 3: Refining the magnetic

Title, type of job: Rietveld, Integrated Intensities, Ber=rl

) ' . . Simulated Annealing, ... z
S 1' rTUC 'l' ure wi '|' h F U | | p f@) f | F‘;g’;mf || e e somnd gtion s ;i
. - Editor Phase name, type of calculations [BT), ATZ, E—

e [1] Can now select the magnetic

moment to refine. (Either in GUI or text
file)

L]

Load EditPCR Mode Run Exit

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

Constraints definitions, adding, deleting, Constraints
modifying...

Fixing range of parameters, distances, angles, Box/Restaints
magnetic moments and linear restraints

il

2809 Output options for patterns and phases: Output
Reflection lists, Fourier, distances, BYS..

=> Bragg R-factor: 9.668 — Stop Criteriurn of Covergence Fielaxation Factors for Shit:
= RE-factor : 14.36 Forced Termination when shifts < | 0.02 % E.5.D

=> Convergence reached at this CYCLE !!!!: CYCLE No. 4 Others: Mone d Atomic I 1.00 Anizotropic I 1.00 Profilel 1.00 Global | 1.00
=> R-Factors: 9.93 12.7 Chiz: 3.41 DW-Stat.: 0.6310 Patt#: 1 )

=> Expected : X 6.89 1.8636 — Reflections ordering
=> Conventional Rietwveld R-factors for Pattern: 1
=> Rp: 20.9 Rwp: 20.0 Rexp: 10.80 ChiZ: 3.41 @ Only at the first cycle " Each cycle [~ Bragg R-Factor excluding reflections limiting excluded regions
=> Global user-weigthed Chi2 (Bragg contrib.): 3.418
=5 —————— > Pattern# 1
=> Phase: 1 Pattern 1 |F'attem 2 I Pattern 3 I Pattern 4 I Pattern 5 I Pattem 4 I ’I Fhasze 1 |Phase 2 I Phase 3 I Phase 4 I Phaze 5 I Phaze & I P4 I ’I
=> Bragg R-factor: 9.668
=> RF-factor : 14.3¢ 0K |
=» Normal end, final calculations and writing... Refinement weighting mode Atams | Frop. Wectars
=> Contribution to Yi for phase: 1 - e =
Atoms Information: Phase 1
=> CPU Time: 1.938 seconds
=» 0.032 minutes — List of Atam:
=> END Date:19/06/20185 Time => 13:22:15.777 Number of Atoms: [4
Label | Mtyp | Mag Rot | Prog V.. * N Z B Occ : .
Mom# 1 w1 |w |1 0 0.00000] 0.00000) 0.00000) 0.30000] 0. 28000] fetnelioslions
Cyele: a chiz - .41 CIroWOE TAK.dat Aom# 2 [Cn |MCRZ |1 0 0.00000] 0.00000) 0.33300) 0.30000] 0.50000] rilie
o Atom # 3 o1 0 1 a 0.308000 0.308000 0.000001 0.30000) 0.500000 =
- . Atomn B 4 02 [ 0.308000 0.308000 0.333000 0.30000) 1.00000) Riefine B_aniso
» 3000 S
g it Al
a Fie[x] Fely] Im[x] Im[y] Imfz] MPhaze
N Atom #2 1.00000)w 0.00000) 0.00000 0.00000)— 0.00000) 0.00000) 0.00000)
ﬁ am Cancel |
:
3 1
i)
.l
E E11/F1 B22/F2 B33/F3 B12/F4 B13/F5 B23/F6 F7 ~
b [ I~ I~ I~ I~ I~ I~ I~
& # I~ I~ I~ I~ I~ I~ I~
% ) # I~ I~ I~ I~ I~ I~ I~
10 zZ0 30 40 50 &0 70 80 90 100 110 120 o I~ I~ I~ = I~ I~ ™
ZTheta < >




Step 3: Refining the magnetic structure with Fullprof

 Check magnetic structure in .fst file SR

File Crystal Structure Magnetic structure Options Help

« Check moment size is reasonable NECRE

(~2ug/Cr) " Blaf4 ¢ »

e Refinement can be further
Improved by altering the thermal
parameters, asymmetry, more
background, atomic positions,
Zero, eftc.

WX L B0 T aBay

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON . . .
SOURCE Magnetic Structure Determination Workshop, ORNL 2019

%QAK RIDGE

ional Laboratory




