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LaMNO,

« There is a LaMnO; example

(data/notes) using
representation analysis by
Juan Rodriguez-Carvajal.
See 2014 Magnetic Structure
Notes (also in this folder
“Tutorial_Magnetic_Structure
s_LaMnO3_Juan2014.pdf").

We will start from the same
.cif file used in the other
example and use the same
neutron data set. The k-
vector has been previously
found using k-search as k=
(0,0,0).

Tutorial on Magnetic Structure Determination and
Refinement using Neutron Powder Diffraction and

FuLLPROF

Juan Rodriguez-Carvajal
Institut Lave-Langevin, 6 rue Jules Horowitz, BP 156, 38042 Grenoble Cedex 9, France

Introduction

This document is a simple tutorial for wsing FULLPROF as a tool for deternuning magnetic
structures using neutron powder diffraction (NPD). The user of this document should know
the basic facts of magnetism and magnetic structures. It is supposed a good knowledge of
crystallography and some practice and basic knowledge of the structure of a PCR file (the
input control file needed for mumming FULLPROF). Magnetic symmetry considerations will not
be treated in detail here (it is assumed that the user has some lmowledge on that subject);
however, the available document: Symmerry and Magnetic Structures. by J. Rodriguez-
Carvajal and F. Bouree, that will be published in the Editions de Physique, treats largely the
subject from the point of view of the representation theory. This document will be referenced
hereafter as SMs. Some parts of the SMs text and the examples treated there have been faken
for the present futorial. A summary of the most important parts of SMS for this tutorial is
given in the appendix of this document. In FullProf there are many ways of writing PCR files
for treating magnetic structures; in this document we describe only the simplest ones.

Determination of magnetic stiuctures using the programs of the FULLPROF SUITE

The procedure for determining a magnetic structure using powder diffraction is relatively
simple. It can be summarnsed as follows:

1: Collect a NPD of the sample in the paramagnetic state (T = Tw orIc). Refine the crystal
structure using the collected data and get all the relevant stmctural and profile parameters.
Use FULLPROF and WINPLOTR. for doing this task.

2: Collect a NPD below the ordering temperature. Normally additional magnefic peaks appear
in the diffraction pattern. It is important to make a refinement by fixing all the structural
parameters, without putting a magnetic model in the PCR file, m order to see clearly the
magnetic contributions to the diffraction pattern. Get the peak positions of the additional
peaks using WINPLOTR-2006 and save them in a format adequate to the program E-SEARCH.

3: Determine the propagation vector(s) of the magnetic structure (See appendix for a
summary of the formalism of propagation vectors) by using the program K-SEARCH or by trial
and error with an additional phase in the PCR file treated in Le Bail Fit (LBF) mode (no
magnetic model). If there are no additional peaks and only an additional contribution to the
nuclear peaks is observed. the magnetic structure has as propagation vector k= (0, 0. 0).

see SMS of the appendix for more details). With the help of this program one can determine
the Shubnikov group and the appropriate magnetic symmetry operators, of, alternatively, use
directly the basis vectors of the irreps.

5: Solve the magnetic structure by using the symmetry information obtained in step 4 using
trial and error methods (5-1) or the simulated annealing (SAnn) procedure (5-2) implemented
in FULLPROF.

5-1: In the first case one has to medify the PCR file used m step 2 by adding an
additional magnetic phase by putting Jbt=1 (magnetic phase with Founer
coefficients/magnetic moments referred to the unitary basis along the unit cell axes), Irf=1
(only satellites will be generated). The best way to create such additional magnetic phase is fo
copy 1t ffom an already existing PCR file similar to that of the current case and modify it
using the symmetry information obfained in step 4. Run FULLPROF fixing nearly all
parameters, except the magnetic moments or the coefficients of the basis functions. and check
in the plots if the calculated magnetic peaks have intensities close to the observed ones. If not,
change the magnefic model (use another represenfation or other magnetic symmetry
operators) and try again In some cases fhus 1s enough to solve the magnetic structure. In case
this does not work use the method described in 5-2.

5-2: In the second case one has to modify the PCR file used in step 2 by adding an
additional phase in LBF mode (as for one of the options in step 3). This additional phase has
1o atoms and we have to put Jbt=2, Irf=-1 and Jview=11 The nuclear phase has to be
treated with fixed scale factor and structural parameters. This allows getting the purely
magnetic reflections in a separate file that can be used by FULLPROF in SAnn mode. This
method will be explained lately in detail

6: Refine the magnetic using the Rietveld method implemented in FULIPROF. Once the
magnetic model gives a calculated powder diffraction pattern close enough to the observed
one, we start the refinement phase. If we use the trial and error method (5-1) the refinement
step 1s just the confinuation of the previous step. If the simulated annealing method (3-2) was
used we have to translate the final solufion stored in an automatically generated PCR file to
the file for treating directly the powder diffraction profile.

The different steps described above and their order may be changed slightly depending on the
previous knowledge the user has on the sample. We will illustrate these steps with a very
simple case that may be useful for beginners in magnetic structure determination. We provide
together with this document the data files of this example as well as other data files and PCR
files corresponding to the examples treated in the SMS document.

Determination of the magnetic structure of LaMnO;.

Step 1:

We provide two powder difftaction patterns of LaMnQO; (F. Moussa, M. Hennion, I
Rodriguez-Carvajal, L. Pinsard and A Revecolevschi, Physical Review B 54 (21), 15149
(1996)) taken at the LLB diffractometer G4.2 with #=2.5¢ A_ The space group is G=Pbnm,

4: Once the propagation vector is defermined. use the program BASIREPS in order to get the = (he Cell parameters are a=5.53 A b=575 A and =768 A 150K (paramagnetic phase,
basis vectors of the irreducible tepresentations (i77eps) of the propagation vector group (Gp.  Ix=140K). The format of the data comesponds to Ins=6 in FULLPROF. The pattem
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PHYSICAL REVIEW B VOLUME 34, NUMBER 21 1 DECEMBER 1996-1

Spin waves in the antiferromagnet perovskite LaMnQ;: A neutron-scattering study

LOMNQO;: data format and magnetic peaks e st 3 et e

Laborataire Léon Brillouin, Centre d ' Etudes de Saclay, 91191 Gif-sur-Yvette Cedex, France

Starting files to find nuclear refinement, magnetic peaks and k-vector Laboratoie de Chimie des Soldes, Universs Pans Sud, 91405 Orsay Codes, France

(Received 17 May 1996)

As part of a general work on doped manganese perovskites, we have carried out detailed neutron-scattering

L N UCleor reﬁnemenT G nd d GTO for ] 50 K (no mog neﬁc BrO gg peG kS) : experiments on powder and single crystals of the othorhombic phase of undoped LaMnO,. The temperature

dependence of the sublattice magnetization has been determined in the antiferromagnetic phase (T, =139.5 K},

LO M n ] 50K n U C | eo r O n |y . pcr and the critical exponent is =028, well below that corresponding to a pure three-dimensional Heisenberg
- - antiferromagnet. We have measured the dispersion of the spin waves propagating in the highest symmetry

LO M n ] 50 K . d OT directions solving the problems related to twinning. The whole spin wave spectrum is well accounted for with

a Heisenberg Hamiltonian and a single ion anisotropy term responsible for the easy magnetization direction (b
axis). This term induces a gap of 2.7 meV at low temperature in the spin wave dispersion curve. An important

° N U C | eor reﬁ n e m e n-l- O n d d O.I-O for ‘l 50 K (n O m O g n e-l-lc Bro gg peO kS) : result is that the ferromagnetic exchange integral (J,=0.83 meV), coupling the spins within the ferromagnetic

basal plane (a.b), is larger by a factor 1.4 than the antiferromagnetic exchange integral (J=—0.58 meV)

LO M n 50 K_n U C | eG r_o n |y . pc r coupling spins belonging to adjacent MnO; planes along e. [S0163-1829(96)08545-1]
LaMn50K.dat
Format of the data file X 1= l ot mu l = i f i l =
Format of data file: _
1400
£ Free Fomat (Inst, 0] 0 0ld: DA [Inzt. 1) ° GEAS (TOF] [Inst 12) ’(‘n\ M O g n eTI C peo |<S 4 O LaMnlSOK.dat
D18, D20 (Inst. 3) £ DMC, HRPT P51 (Inst 8] © PANALYTICAL (Inst. 13 b D et R e At
o -
7 MLS [Inst. 4] " SOCARIM [Inet. 9 " Wariable Time [Inzt. 11] C
 GA1 NewD1B D20 Inst, 5]  WrSIGMA (Inst. 10) 1515 (Inst. 14) 5]
q  GSAS (Cw) " CIF -File Cancel | 5
¢
o
Data taken at G4.2 at LLB (A=2.59 A) o
o o ]
a=5.53 A, b=5.75 A and c=7.68 A. I
-
0
Pobnm (62) .
X ¥ Z Ccc. B Site 3
Lal -0.00630 0.04430 0.25000 1.000 0,800 ic c
Mnl 0.50000 0.00000 0.00000 1.000 0.480 ik H
01 0.072350 0.45850 0.25000 1.000 1.000 ic
02 0.72570 0.30380 0.03780 1.000 0.810 8 20 30 40 50 60 20 80 20 100
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LaMNO,

« This example will use the Bilbao Crystallographic Server (hitp://www.cryst.ehu.es/)
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.

OOOOOOO ’ EUTRON
ACTOR | SOURCE S. Calder, MagStr 2022, ORNL



http://www.cryst.ehu.es/

Ho,BaANIO;

e This example will use the Bilbao Crystallographic Server (http://www.cryst.ehu.es/)
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 mMCIF2PCR.

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

IIIIIII ’ NEUTRON
ACTOR | SOURCE S. Calder, MagStr 2022, ORNL



http://www.cryst.ehu.es/

Step 1: Creating mCIF file

« Go o Bilboa server:

http://www.cryst.ehu.es/

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

menu

ECM31-Qviedo Satellite
Crystallography online: workshop on the use and
applications of the structural tools of the Bilbao
Crystallographic Server

20-21 August 2018

News:

« New Article in Nature
07/2017: Bradiyn et al. "Topological quantum chemistry”
Nature (2017). 547, 208-205

New program: BANDREP
04/2017: Band representations and Elementary Band
representations of Double Space Groups.

» New section: Double point and space groups
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

°

o

o

°
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Contact us

bilbao crystallographic server

About us Publications How to cite the server

Snara-arann cummatry

Magnetic Symmetry and Applications

Group-Subgroup Relations of Space Groups

Representations and Applications
Solid State Theory Applications
Structure Utilities
Subperiodic Groups: Layer, Rod and Frieze Groups
Structure Databases
Raman and Hyper-Raman scattering
Point-group symmetry
Plane-group symmetry

Double point and space groups

Quick access to
some tables

Space Groups

Plane Groups

Layer Groups

Rod Groups

Frieze Groups

2D Point Groups

3D Point Groups

Magnetic Space Groups

S. Calder, MagStr 2022, ORNL



Step 1. Creating mCIF file
e Then select “MAXMAGN"

Contact us About us

Publications How to cite the server

Space-group symmetry

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
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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 LaMnO;). It is (0,0,0).

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

« [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 dafa of the paramagnetic phase will be included Naon-conventional setting
MAXMAGN provides the possible magnetic space groups that can be assigned to a 1-k

Flease, enter the label of the space group of the paramagnetic phase (parent group) b
commensurate magnetic phase assuming that the magnetic symmetry is a maximal

one. The space group of the paramagnetic phase (parent group) and the observed ‘ Flease, enter the propagation vector k-
propagation vector are reguired as input. Optionally, the parent paramagnetic structure
can be infroduced (by hand or by a cif file}. In this latter case the program provides the
constrains for the different possible symmetries and cif-like files can be produced. These

files permit the different alternative models to be analyzed, refined, shown graphically, 4 @ 1
transporied to ab-initio codes efc., with programs as ISODISTORT, JANAZ00S,

StrConvert, VESTA, etc. 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 possible.

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, 5.\ Gallege, E.S. Tasci, L. Elcoro, G. de la Flor, and M.1. Aroyo
Annu. Rev. Mafer Res. (2015), 45:13.1-13.32

which can be used to cite this program.
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Step 1: Creating mCIF file

 Choose .cif file (crystal structure only).
The one for this example is “LaMnO3.cif”

 Then upload the file.

e If you don’t have a cif file then have to fill out the details in “Option 2"
Bilbao Crystallographic Server =+ MAXMAGHN - Maximal magnetic space groups

Parent paramagnetic structure cif file

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

Choose File | LaMnO3.cif | Upload the file |

Mo space group provided. The space group indicated in the cif file will be tal

Bilbao Cry=tallographic Server
http:ffwwwe cryst.ehu es

%OAK RIDGE

National Laboratory
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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 seconds to run the calculations.....

Bilbao Crystallographic Server — MAXMAGH - Maximal magnetic space groups

Parent phase structure data: Magnetic Atoms

Farent space group: Frama (No. 62)
Lattice parameters (Angstroms and degrees);. a=5.72690, b=7.73650, ¢=5.55200, alpha=50.00, beta=90.00, gamma=590.00

Atoms; Please select the magnetic ones

Magnetic?

M Atom name Atom type  Wyckoff Position Coordinates

0.00000 0.00000 0.50000 &
45850 0.25000 0.07250

4 02 0 ad 0.30380 0.03750 0.72570

Bilbao Crystallographic Server
hitp: ffwwewecryst.ehu es

SPALLATION
NEUTRON
SOURCE S. Calder, MagStr 2022, ORNL
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Step 1
Creating
MCIF file

* The possible magnetic space groups
are displayed in grey.
White have zero ordered moments.

e To view magnetic structure and
export mcif file click on “Show" in last
column.
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Maximal subgroups which allow non-zero magnetic moments for ar least one atom are coloured

Maximal magnetic space groups for the parent space group Pnma (No. 62) and the propagation vector k = (0, 0, 0)

L0 T Systemalic absences
i o 1 o a [ MAGNEXT |
Pn'm'a’ (#62.449) ( R ) Tensor properties Sl
[Go03 s |
—
| MTENSOR |
—
| MTENSOR |
Show
, g 1 0 a MAGNEXT
Phma’ (#62 445) ( P11 ) Tensor properties Show
Go to a subgroup _
Alternatives (domain-related) | m
Do . Systematic absences
. T a @ : MAGNEXT
Pnm'a (#62.444) ( 5oz o1 ) Tensor properties Snow
Go to a subgroup _
Alternatives (domain-related) | [MTENSOR |
L0 T Systemalic absences
. T a @ : MAGNEXT
Pn'ma (#62.443) ( R ) Tensor properiies Sl
Go to a subgroup _
Alternatives (domain-related) | m
1 a a a
( s 1 3) — —
Go to a subgroup _
Alternatives (domain-related) s

S. Calder, MagStr 2022, ORNL



Step 1. Creating mCIF file: Check #2,3,4,8

Magnetic Structure

Selected magnetic space group: 2- Pr'ma’ (#62.448)
Setting of the parent group
Parent space group Prima (Me. §2)
Lattice parameters: a=5.72690, b=7 73650, ¢=5.55200, alpha=90.00, beta=90.00, gamma=90.00

[Go to setting standard (a, b, c; 0, 0, 0]]
[Go to an alternative setting]

| Estport dat= te MCIF fileVisualize || Go to 2 subgroup |

Atomic positions, Wyckoff positions and Magnetic Moments

N Atom New WP Multiplicity | Magnetic moment || Values of M, M, M,
(x,1/4.2 | 0.my,0) (+1/2,3/4 2+1/2 | 0.m,,0)
1| LalLa 0.04430 0.25000 0.99370 (30421 0.m,,0) (x+12, 114 2+112 | 0.m,, 0) 4
M, =[o-zooo0
(0,012 | my,m,.m) (1/2,0.0 | m,,m,,-mz) o
2 | Mn1 Mn 0.00000 0.00000 0.50000 (002,172 ) (112,112.0 |, ) 4 MM,.M,) M, = |0.00000
W, =0.co000
(14,2 [ 0.my,0) (+1/2,3/4 2+1/2 | 0.m,.0)
3| 010048850 0.250000.07250 (-%,3M4.-2 [ 0.my,0) (x+1/2,1/4 -z+1/2 | 0,m,,0) 4
(.2 | M my,m,) (12 -y 2+ 102 | mm,,-mo)
(Y22 | MMy M) (12, y+102,2+102 [ -m, m, m,)
4| ©200.30380 0.03780 0.72570 (%2 | My My, M) (5411242112 | M, m, -m2) g
[y =122 | -mymy-mg) (4102 y+102,241/2 | -my, my,m)

P . Systematic absences
1 | eams @62 449) ( FE - ) refm;es Sl
T Alternatives (domain-related)
1 a a a
!( g ; 2 g ) b
Alternatives (domain-related) I
1 a a a
RN o
Go to a subgroup
Alternatives (domain-related)
1 a a a
(2:: ¢ e
Go to a subgroup Sitarnstves (oo sied) MTEMSCOR
P T Systematic absences
5 Pnma' (#62 445) ( : 3 2 E ) Ten;;:ir::}E;m'ES o
R Altematives (domain-related) |
P T Systematic absences
G Pnm'a (#62_444) ( E ; 2 E ) Ten;;:‘;r:oE;;m'es il
| Botos subyroup, Alternatives (domain-relsted) |
P . Systematic ahsences
7 Fr'ma (#62.443) ( 3 ; E g ) Tea'es e
| Sotos subgronp, Alternatives (domain-relsted) |
1 i} i} 0
BN e

Go to a subgroup

Alternatives (domain-related)

MAGMEXT

MTEMSOR

All magnetic space groups allow
spins along either a,b or c.

Put values for Mx, My, Mz.

All give unique possible magnetic
structures. Since k=000 some are AFM
and some are FM.

S. Calder, MagStr 2022, ORNL



Step 1: Creating mCIF file: Check #2

 We will choose the allowed magnetic structure 2
(Pn’'ma’ (#62.448)) for this example,

 But all should be checked to ensure the solution is
uniquely correct or to determine equivalent
solutions.

e If none of the shown space groups work - go to a
subgroup
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Step 1. Creating mCIF file: Check #2

1 Prn'm'a’ (#62.449)
Go to a subgroup

1 a a a
0 1 0 o}
a a 1 a

5 Pnma’ (#62.445)
Go to a subgroup

1 0 0 1}
a 1 a a
0 0 1 o}

Systemalic absences
[MaGNEXT |
Tensar proparties

MTEMSOR

;
5

MTEMSOR

MTEMSOR

MAGMNEXT

;
5

MTEMESOR

Systematic ab
MAGMEXT
Tensar properfies
MTENSCOR

&

MCEeS]

Show

Show

Show

G Fnm's (#62 444)
Go to a subgroup

1 a a a
a 1 a a
0 0 1 o}

Systematic ab

MAGH

Tensaor properfies
MTENSCR

&

MCes]

5

Show

i Pri'ma (#62.443)
Go to a subgroup

1 a a a
0] 1 0] a
0 0 1 1}

EEEEEEE

Go to a subgroup

1 a a a
0 1 0 o}
a a 1 a

Alternatives (domain-related)

Systematic ab
MAGMEXT
Tensaor properiies
MTENSOR

i

M8

Showr

MAGMEXT

MTEMSOR

Show

Magnetic Structure

Selected magnetic space group: 2- Pr'ma’ (#62.448)
Setting of the parent group

Parent space group Pnma (No. §2)

Lattice parameters: 3=5 72680, b=7 73650, c=5 55200, alpha=90.00, beta=90 00, gamma=80 00

. N o
covamemaiate s 2, Click
Export data to MCIF file/\Visualiz Go to °
R export/view

Atomic positions, Wyckoff positions and Magnetic Moments

N Atom

Lat La 0.04430 0.25000 0.88370

(x 14210 ‘I . I n p Ut lcity | Magnetic moment | Values of My, My, M,
(3420 vda I ues fOr

ra

Mn1 Mn 0.00000 0.00000 0.50000

oSz magnetic

w

Q1 O 0.48850 0.25000 0.07250

x14ziom ) o m e ni.

(-x,3/4,-z | 0

i

(2 0 0.30380 0.03720 0.72570

(R W2 | My, my,m) (%12, 2412 | my,m,,-m;)
(1, y+102,2 | -mymy,-mz) (102, -y+102,2+112 | -my,my, m)
(%Y, | My, m, mz) (12,202 | m, m,,.-m.)
(Y= 12,2 | -mymy,-mz) (212 y+12 24102 | -m, my,m;)

We will choose the allowed magnetic structure 2
(Pn’'ma’ (#62.448)) for this example,

But all should be checked to ensure the solution is
uniquely correct or to determine equivalent

solutions.

If none of the shown space groups work - go to a

subgroup

S. Calder, MagStr 2022, ORNL



STep ] CreQTlﬂg mC”: flle mCIF file of the structure 2

Submit this mcif file to MVISUALIZE for 3D visualization of the estructure usi

mol: | Submit to MVISUALIZE

Download mCIF file: bcs_file.mcif

L] L] L]
 The mcif file is
s fext Below is non-editable, only cog
M #HEIFE_2.8 -
IS p Oye o it Created by the Bilbaoc Crystallographic Server

it http://www. cryst.ehu.es
i Date: @9/18/2819 21:39:22
# LaMnO3.cif

L]
e [1] This can be
_audit_creation_date 28149-18-849
d | d d b _audit_creation_method "Bilbao Crystallographic Server”
Own OO e y _citation_journal_abbrewv
. ) _citation_journal_wvolume
C | I C |<I n O n _citation_page_first
g _citation_page_last

bk . ° 1 _c.?‘tat.}nn_art'_c_e_ld
I m I _citation_year
. _citation_DOI
loop_
_citation_suthor_name

e [2] Magnetic structure ?

_atomic_positions_source_database_code_ICSD ¥

can also be visualized i —
by clicking “Sulbmit to e
MVISUALIZE S

_irrep_direction_type
_irrep_action
_irrep_modes_number
_irrep_presence
LI S A

TR I TR I TR

_exptl_crystal_magnetic_properties_details
i

i
_active_magnetic_irreps_details

i
k-maximal magnetic symmetry

i

_parent_space_group.name_H-M_alt 'N o . 82° -
_parent_space_group.1T_number 62
_parent_space_group.transform_Pp_abc ‘'a,b,c;8,8,8" -
OAK RIDGE HIGH FLUX | SPALLATION
i ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE S. Calder, MagStr 2022, ORNL




Step 1: Creating mCIF file

e MVISUALIZE lets MVISUALIZE: 3D Visualization of magnetic structures with Jmol

you quickly

C h e C |< ! ; Selectcell.. ¥ Export PNG Image
. MVISUALIZE Main Page Toggle Parent Cell ———
' I I O g n eTI C Toggle Standard Cell Save ZIP file
S'ITU C'I'U re Show/Hide File View Allﬂﬂg Axis... ¥ Show unit cell a.b.c
: Unit Cell Info Add 1 cell along x

Remove 1 cell along x

All / Magnetic Atoms Add 1 cell along y

Show/Hide Labels Remove 1 call along y

Add 1 cell along z

Larger | Smaller| Vectors
Remove 1 cell along z

Larger | Smaller| Atoms

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

=1 \y=1 |z=1

Choose supercell

Window Size
—— | —

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

from 0.75 |t |2.75 |A

Background Color ¥ Draw | Bonds| Polyhedra

Toggle Quality Delete | Bonds| Polyhedra
Center Clear all drawings

JSmol

We now need to go to Step 2

SPALLATION
NEUTRON

SOURCE S. Calder, MagStr 2022, ORNL

%OAK RIDGE
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HIGH FLUX
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LAMNOs,

e This example will use the Bilbao Crystallographic Server (http://www.cryst.ehu.es/)
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.

HHHHHHHH ’5PALLATION
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ACTOR | SOURCE S. Calder, MagStr 2022, ORNL



http://www.cryst.ehu.es/

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

Magnetic Symmetry and Applications

MGENPOS

MWYCKPOS

MNORMALIZER

IDENTIFY MAGNETIC GROUP
.

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

About us

Publications

Space-group symmetry

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

How to cite the server

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

S. Calder, MagStr 2022, ORNL



Step 2: Creating a pcr from an mcif file

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

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

Choose a structure file (mCIF format):

‘ Choose File | LaMnD3_cre..

1

[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
“LaMnb&0K.dat”

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE S. Calder, MagStr 2022, ORNL
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LAMNOs,

e This example will use the Bilbao Crystallographic Server (http://www.cryst.ehu.es/)
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 mMCIF2PCR.

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

OOOOOOO ’ NEUTRON
ACTOR | SOURCE S. Calder, MagStr 2022, ORNL



http://www.cryst.ehu.es/

Step 3: Refining the magnetic structure with Fullprof

e Pcrfile created contains a single phase with crystal structure and
magnetic ions described by a magnetic space group.

e The inifial downloaded pcr file calculates the pattern based on default
values.

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

« To do this we work down the Talbs 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.
For this example use values already refined for the nuclear phase
(LaMNS0K_nuclear_only.pcr)

HIGH FLUX | SPALLATION
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Step 3: Refining the magnetic structure with Fullprof

T Editor of PCR Files -

File Editor Tools Templates Help Exit

O a2 | W

2 .u!‘__E_' |Ci&p” I"ip” ‘ @| x

« Open pcrfile

o Select the format of the data file
Fullprof should refine.

« Patterns - Data file/Peak Shape
-2 D1A/D2B/3T12/G42

Patterns Informaticn

FullProf

' PCR
| fl Editor

Rt

fli
(il w' ]
] ’]v\___,,,.. ) || Lqﬁ \—— || !
= ===l 5 = =S I SSE
% lgﬁt_—._ﬁ@[:&;] I ..ﬂlflll&ﬁtlk—”g

il
il ||| / - f||;,u_

r Infarmation

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

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

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

Mumber of cycles, relaxation factors, access to
pattems and phases (gtoms and profile)

Constraints definitions, adding, deleting,

| modifying...

23, angles,
ints

r Information

Pattem: 1/1

Weight:l 1.0000

N

Data file/Peak shape

ses:
V5.

1

‘ Pattems '

General |

FNases

Refinement |
Constraints |
Box/Restraints |
Output |

"W Data Fie / Format | R

Tee Profile Data Information: Pattern 1

ement / Simulation | Pattem Calculation/Peak Shape I

Data File: ILaMnOE_c:'emed_from_Bilbao_mCIFZF‘CH

Browse... |

3 Format

* D1A/D2B/3T2/G42

" DMC/HRPD (F.5.1)

" Free Format (Zthetal, step, 2ThetaF) ( Varable Time X+ay Data

wo Axis Instrument, G41

™ Synchroton (DBWS Software)

XY, SIGMA (XYDATA)

" GSAS Format " XCelerator (PANalytical)
" D1B/D20 ¢ Socabim Software 1515 multi-bank nomalized
" D4/D20L ™ Synchroton (Brookhaven)

I 1| n.r1.n.r'1n1n| |15:45: 7

OKl

Caneel |

3, OAK RIDGE |51 sisiion
National Laboratory | REACTOR | SOURCE S. Calder, MagStr 2022, ORNL



Step 3: Refining the magnetic structure with Fullprof

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

[3] Select Neutron - CW

[4] Wavelength is 2.597 A

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

Tz Editor of PCR Files

File Editor Teols Templates Help Eat

I
*

IOk 2 @ Wi D

FullProf

. PCR :
\ il Editor ‘

f |
|| L‘M——m- \(” IL 'Il ﬁ'l || I
=it = “ﬂfﬁﬁl'ﬁ@ﬁ;*‘@

Patterns Information

r Information

o

r Information

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

General |

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

ﬁ»

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

Mumber of cycles, relaxation factors, access to
pattems and phases (stoms and profils)

Refinement |
Constraints definitions, adding, deleting, Constraints |
| modifying...

? .Sangles. Box/Restraints |

Pattem: 1/1 Weight: | 1.0000

Profile Data Information: Pattern 1

It

Simulation / Refinement Data

Data File / Format  Refinement / Simulation I Pattem Calculation/Peak Shape I

S5es8! Output
VS, . —I"

Data file/Peak shape ’
—

Background Type |

 X-Ray 3

‘ ¢ Neutron - CW (Nuclear and Magnetic)

Meutron = T et and Magnetic)

~ Pattem Calculation (X-Ray)
" Pattem Calculation (Neutron - CW)

~ Pattem Caleulation (Neutron - T.OF)

‘ |User Defined ~| A | 2597000
—— -

A, [ 2557000

(Lo £ 5[ 0pooo

S. Calder, MagStr 2022, ORNL



Step 3: Refining the magnetic structure with Fullprof

« Patterns> Background Type > Linear

Interpolation between .....
THIS IS ALREADY CHOSEN

T Editor of PCR Files

File Editor Tools Templates Help Exit

REEEI=ARE ¥

FullProf

BE e X

I 1
Title, type of job: Rietveld, Integrated Intensities,
Simulated Annealing, ...

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

e Unusual instrument background - Need to
import background values Background.bgr

T Editor of PCR Files

File Editor Tools Templates Help Exit

— Pt

MO 8 s @ Wi

FuliProf
. PCR

BE M e X

Information
Title, type of job: Rietveld, Integrated Intensties,
Simulated Annealing,

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

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

General
Pattems
Phases

| PCR
‘| | f Editor

Mumber of cycles, relaxation factors, access to

|
'l \ Il |‘ utm EMIS an I35es OMS an e Heiad
Ll Ml a a4 esmsEmRmse Lemee ]

T Refinement Information s

Cyeles of Refinement: | 1

r—Stop Criterium of Covergence
Forced Termination when shifts < | 0.02 x ESD

Others: | Mone ;I

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

( \ Il Editor
| _

Mumber of cycles, relaxation factors, access to
pattems and phases (atoms and profile)

Refinement |
Constraints |

Constraints definitions, adding, deleting,
modifying...

Relaxation Factors for Shifts

Atomic | 1.00 Anisotropic I 1.00  Profile I 1.00 Global I 1.00

Box/Restraints |
Output |

— Patterns Information
17

o Pattemn: 1/1 Weight: | 1.0000 Data file/Peak shape Reflections ordering
Pyng = Only at the first cycle {~ Each eycle I~ Bragg R-Factor excluding reflections limiting excluded regions
LaMn03_ Boc oo e | 9102019 [15:58:18
Pﬁﬂm1|:?—-"L|:E —"?I:E —"'-'I:E —-"flr?—"' Al ’I Phase.‘I:'EZ—:I:'EZ—}I:'EZ-——'I:'EZ-—TI:"EZ-—’:|: L4

Background Information

OK|

Linear interpolation between a set of Background Points: Pattern 1

Refinement weighting model
@ Least Squares

Initial |~ Background Mode

Background |
Instrumental |

Micro-dbsorption |

 6Loefficients polynomial function

" Maximum Likelihood

r Interpolation Method

12-Coefficients polynomial function

Origin of the polynomial I 30.0p0

Debyeike (12-coeff }+ polynomial functions (6-coefficients)  Unit Weights @ Linear Interpolation " Cubic Splines Interpolation

- Information

Number of Poirts: I—Gj

Reduction factor of number of data points: I D::I

s T Mumber of points taken for Fourier Fitter: I 0.0000 j

I
~
" 12-Coefficients Fourier-cosine series
r
r

Background File transformed by 4coefficients expression

2Theta I Courts | #
Browse.. | 1 2000] 000 Refine Al Mame
e ) o z 20000 100.000
+ Linear Interpolation between a set background points with refinable heights : 4ODDD| WOD.ODD'_
s 50.000] T00.000] Backup
g REents

" Chebychev Polynomial (24 coefficients)

ok |

D Background.bgr

Cancel

3, OAK RIDGE |51 sisiion
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Step 3: Refining the magnetic structure with Fullprof

e S
rc Editor of PCR Files o

File Editor Tools Templates Help Exit

« Add excluded

inl ltih In

AP

@ X

regions (see
nuclear pcr) T et e et e, Gt |

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

!

Phase name, type of calculations (JBT), ATZ, Phases I
contribution to pattems, symmetry, ...
Number of cycles, relaxation factors, access to Refinement I
pattems and phases (atoms and profile) sk
Constraints definitions, adding. deleting, Constraints I
modifying...
Fixing range of parameters, distances, angles, Box/Restraints I
magnetic moments and linear restraints
Patterns Information 1d phases: Outout
ices, BVS... 2
~ Information

;ﬁa‘n“e"&i:‘m Weight: | 1.0000

Data file/Peak shape I s 1 |Phases: 1

19/10/2019  |16: 7:40

Background Type

2

Excluded Regions

et

4 4 =] Xl »| Dl

Inttial Previous L Exclude Regions: Pattern 1

Low bound
0.00 5.00
130.30 132.00
160.00 [180.00

High bound

3, OAK RIDGE |51 sisiion
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Step 3: Refining the magnetic structure with Fullprof

« Make phase
conftribute 1o
refinement.

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

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

me=

File Editor

Editor of PCR Filec
sci Editor of PCR Files

Tools

Templates Help Exit

‘ v\ } .
e -
L
Pattern Contribution Information for Phase 1

Pattemn 1 |F23»r.¢-n~. 2| Pattem 3| Patterm 4 | Pattem 5 | Patiem & | Pattem 7 |

¥ Current Phase contributes to the pattern

VO g WBEBE %

@ X

(13 e
[ inrormation

— Type of Pattern

S 3

(" Pattern Calculation [X-Ray)

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

¢ Neutron (T.0.F)
Nuclear and Magnetic

(" Pattern Calculation [Neutron - Constant Wavelength)

~ Peak Shape

Thompson-Cox-Hastings pseudo-Voigt * Axial divergence asymmetry

¢ Codefil.shp " Globalshp

- Intensities

Reflection list: IAutomaticaIIy 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

I 0.0000

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

Factor for excluding reflections [ | < Factor * Sigmall] :

0K I Cancel I

Phace 1

nation on Phases

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

lNucIear and Magnetic phase 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

ld 4 =

Initial Previous

Symmetry I 2
Xl 2l M

Del Next Last

General

Pattems

Refinement
Constraints l
Output l

[1876/2018 [22:34:28

oK | Cancel |

S. Calder, MagStr 2022, ORNL



Step 3: Refining the magnetic structure with Fullprof

e |Instrumental
zero value
(See nuclear
refinement;
0.10686)

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

i Editor of PCR Files

File Editor Tools Templates

J YOk &

Help Exit
P ] 2¢2 @Q 4 ‘Ci
i~ Information

m= o :
s Refinement Information

Cycles of Refinement: I 1 ﬂ

Inﬁ

P

@

x

Title, tvpe of iob: Rietveld, Intearated Intensities,

Relaxation Factors for Shifts

— Stop Criterium of Covergence

Forced Temmination when shifts < | 0.02 » E.S.D.

Others: None :_I Atomic | 1.00 Anisotropic | 1.00  Profile I 1.00 Global | 1.00
— Reflections ordering

& Only at the first cycle " Each cycle ™ Bragg R-Factor excluding reflections limiting excluded regions

Pattem 1 I Pattern 2 I Pattern 3 I Pattern 4 I Pattern 5 l Pattem 4 | 'I

Refinement weighting model-
Background 2

=

* Least Squares
" Maimum Likelihood

" Unit Weights

Micro-Sbsorption

Reduction factor of number of data points: I 0 ﬂ 2_Theta

Phase 1 I Phase 2 I Phase 3 I Phase

EIKI

Atoms |
Cancel l

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

General l
Patterns |

Phases

=)

Box/Restraints |
Output |

Coefficients

Fatlens 118/ 6/2018  [22:41:49
[ ity SO el N e ATty IR i Y e =
Instrumental Parameters Refinement: Pattern 1
3 Refine Al | Findll |
Displacement Transparency Wavelength
0.000000 0.000000) 0.000000, Carcal | 0K I

S. Calder, MagStr 2022, ORNL



Step 3: Refining the magneti

 Copy values from nuclear pcr
for the instrumental profile
parameters.

NOTE: Magnetic space groups do
not use a propagation vector.
Instead the unit cell changes. For
k= (0 0 0) there is no change in
unit cell.

The orthorhombic space group
has b > a > c (converted from
Pbnm of nuclear example)

Delete vary mxmymz
This stops the moment
automatically refining.
But make sure to keep
track of allowed
moments.

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

C structure with Fullprof

External EAPCR Text Editor - [C:\Users\cri\DesktopiLaMnO3\LaMnO3_created_from_Bilbao_mCIFZPCR.pcr]

File Edit Search

OESA | EED

1]
t Excluded regions (LowT HighT) for Pattern# 1

a.88 c.ae
1308.38 132 .08
168.88 180.088
L]
H
3 tHumber of refined parameters
L]
* Zero Code Sycos Code sysin Code Lambda Code MORE —>Patt# 1
8108686 8.8 @.@0808 6.8 @.@e8086 8.8 @.@800800 a.8a
1]
* Data for PHASE number: 1 ==» Current R_Bragq for Pattern#t 1: a.88
L
Nuclear and Magnetic Structure of: /srufwww/bes_branch_www//bes/wuw/tmp//Latin03_  UARY nxmymz
1]
tHat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy $tr Furth ATZ Nuk Hpr Hore
4 8 eo6.00.81.8 18 B8 2 a 8 a.eep 8 7 ]

Pn'ma’' number:62. 448 <--Magnetic Space group symbol {BHS s
Transform to standard:
Parent Space Group: IT_number: 62

Transform from Parent:

* Hsym Cen H Clat H_Ant
L 2 ] ]

¥

* Symmetry operators

1 %,y,2,+1

2 x,-y+1/f2,z,41

X Y 2 Biso Occ H_type Spc/Fftype /Line below:Codes:s

Rz Ix 1y Iz HMagPh / Line below:Codes
H beta33 beta12 beta13 beta2?3 / Line below:Codes
Lai La 1 8 B.84438 8.25000 8.99378 8. 088078 8.50008 ] | u
a.08 a.aa 8.8a8 a.68 a.08
Mn1 HKN2 1 8 a.@paon 0.00000 a.50000 a.50114 a.50000 1 a

a.08 a.aa 8.8a8 a.68 a.08

A.000808 a.00000 8.00088 A aeaan a.00000 8.00008 <{-HagPar
a.8a oG8 L .08
Gan0n

[{] B._48858 8.258080 8.87258 B.62354
a.08 a.08 a.6e8 a.08 .He
1 8 8.303880 8.83780 8.725708 B.62354 1.80008
.08 a.0n a.an a.0n .00
o > Profile Parameters for Pattern # 1
* Scale Shape1 Bou str2 Str3 Strain-Hodel
3.8628 8.480088 8.080888 §.888088 8.8680888 8.488088 L]
8.88888 d.888 a.888 a.84aa 8.88a8 d.888
H 1] U ] b ¥ GauSiz LorSiz Size-Hodel
B.076778 -B.277888 8.398159 0.8482608 §.800608 §.8006008 §.0800008
a.008 a.00n a.p0n a.0808 a.008 a.008 a.000
t a b c alpha beta gamma #Cell Info
5.749681 7.669302 5.537057 90.800008 90.000008 90.8000008

8.006888 8.080888 8.08688 8.080888 8.080888 d.080008
t Prefi Pref2 Asy1 Asy2? Asy3 Asyh S L D_L
1.00008 0.00000 O.000600 O0.0600008 O.00000 O.00000 6.035080 6.82208
.08 a.6a g.08 a.aa a.68 a.88 a.6e8 .08
0F1 2Th2/TOF2 Pattern to plot
) 152.0088 1

S. Calder, MagStr 2022, ORNL



Step 3: Refining the magnefic structure with FuIIprof

e |In “Refinement”
-2 “atoms” input
thermal

parameters (0.3).

[1.2,3]

« Re(x), Rely),
Re(z) can all
contribute, so
should all be
checked.

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

T Editor of PCR Files —
File Editor Tools Templates Help Exit

o] R In
IV Ok 2 2 @ A B @)X
Title, type of job: Rietveld, Integrated Intensities, 3 I |
i ! Simulated Annealing, ... Snerd
FUIIPrO f Type of Pattems, profile, background, diffraction Pattems |
PCR geometry, user-given scattering factors ..
Phase name, type of calculations {JE'I'] ATZ, 1
Edj tor contribution to pattems, symmetry, ..
i Mumber of cycles, relaxation factors, access to
(| -1 i f" pattems and phases (atoms and profile)
I ’{ﬁ"Lv—ﬁullll‘—‘—l i{lll‘—l || i‘.lllllf
T Refinement Information
Cycles of Refinement: | T
— Stop Criterium of Covergence Relaxation Factors for Shifts
Forced Termination when shifts < | 0.02 x E5.D.
Cthers: _None LI Atomic I 1.00 Anisotropic I 100  Profile I 1.00 Global | 1.00

r— Reflections ordering
' Only at the first cycle " Each cycle

[~ Bragg R-Factor excluding reflections limiting excluded regions

Pattem 1 | Pattem 2 | Pattem 3 || Pattern 4 | Pattem 5 | Pattem A
Refine moments

Atoms Information: Phase 1

:CE‘QI Phase 4 I Phase 5 I Fhase & I :';l_’l

r List of Atoms

MNumber of Atoms: I 4ﬁ 3
Label | Myp | Mag. Rot. | Prog. V.. x| y | z B Occ B
Mom# 1 |lal |2 |1 = 0.04430] 0.25000] 0 030000 050000 FEDE FETE |
fom# 2 [Mal  [MMNZ |1 0 0.00000] 0.00000[ 0 I~ 0.30000 0.50000)— - |
fom# 3 |01 o 1 0 n.-taasnr 0.25000] 0 r n.emmr 0.50000)— =
PMom# 4 |02 0 1 0 naoe.anr n.namur 0.7 nammr 1.00000— Refine B_aniso |
>
Fix Al |
Imfy] ml | MPhase |
0.00000)— 0.00000] 0.00000 Cancel |
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Step 3: Reflnlng the magne’rlc stfructure with Fullprof

‘ " Editor of PCR Files

File Editor Tools Templates Help it

g YO & 2@ A

%5 4" @ x Refine scale and
e N—— laHice constants
FullProf r | meem=- o Set number
| ase name, type of calculations
|

1 gﬁﬁrﬁﬂ?&fﬂiéﬁﬁéﬁ °
PCR refinement
Ed.f tor contribution to pattems, symmetry
(i | Mumber of cycles, relaxation fact: CyC I es

_ﬂf pattems and phases (atoms and protile)

NOTE: Magnetic space groups do

~ not use a propagation vector.

H Coor Instead the unit cell changes. For
' Vmew k= (0 0 0) there is no change in

Forced Temination when shifts < I 002 x ESD.

Others: None LI Atomic lﬁ Anisotropic lﬁ Profile Iﬁ Global | 1.00 U nIT Cel | .

~ LaMnO3_created_from_Bilbao_mCIF2PCR REIETETHEL]

Copyright (c) 2002-2005. JGP - JRC

[~ Braga R-Factor excluding reflections limiting excluded regions

The orthorhombic space group
metlec el has b > a > ¢ (converted from
e | P e | Pbnm of nuclear example)

i Pattems
@1 C2 C3 C4 5 CE C7F
a b [ | alpha beta | gamma
CoMgisients 5749641 v 7669311 5.537108f% = 90000 90.000 Profile Micro-Structure |
FWHM / Shape Paral Parameters | Prefi i HKL Shifts | Further Parametersl
FWHM Parameters
u | v | w | G |
Coefficients 0076778 0.277888) 0338159 0.000000]
Shape Parameters
X | Y | sz |
Coefficients 0.048260] 0.000000] 0.000000) I~
™ Refine FWHM for second wavelength
U2 V2 w2
Coefficients — I I~
OAK RIDGE HIGH FLUX | SPALLATION
} ISOTOPE | NEUTRON
National Laboratory | REACTOR | SOURCE

S. Calder, MagStr 2022, ORNL



Step 3: Refining the magnetic structure with Fullprof

J T Editor of PCR Files

File Editor Tools Templates Help Exit

e Run the refinement. . EPEFLTY G

BE LY 0 X

e« Select the "LaMn50K.dat" neutron - The ol Rl Mogaed iestes. Gl _|
data file.

Load EditPCR  Mode Run Exit

=>» Expected : 6.26 1.8439
=> Conventiconal Rietwveld R-factors for Pattern: 1

o 8 — Ro: . ) .
= p: 20.3 Rwp: 18.8 Rexp: 8.89 Chiz: 4.47
M’ LE M I EH::IPL d Et => Global user-weigthed ChiZ (Bragg contrib.): 4.647

=> ———————— > Pattern# 1

=> Phase: 1

=> Bragg R-factor: 11.73

=> RF-factor : 8.587

=> Nuclear R-factor: 9.802
=> Magnetic R-factor: 16.54

1 m = ic R-f : 18.70
L4 Reflne en-l- I I IOdelS I I IOST Of -I-he => Nerﬁzieeig?niE;Zchaiin;tions and writing...
=>» Contribution to Yi for phase: 1
data well.

=> CPU Time: 2.750 seconds
=> 0.046 minutes

=> END Date:09%/10/201% Time => 17:09:26.646

Cycle: 10 ChiZ: 4.47 LaMnSOK.dat
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Step 3: Refining the magnetic structure with Fullprof

o List of files output

Mj LabnQ3_created_from_Bilbao_mCIFZPCR.out
T LaMnO3_created_from_Bilbac_mCIFZPCR.pcr
A LaMnO3_created_from_Bilbao_mCIF2PCR.prf L cHF
Mﬂ LaMnO3_created_from_Bilbao_mCIF2ZPCR.sum
@ LabnQ3_created_from_Bilbao_mCIFZPCR1.fst
& LaMnO3_created_from_Bilbao_mCIF2PCR1.mcif
D LaMnQ3_created_fram_Bilbao_mCIFZPCR.sub
4 LaMnO3_created from_Bilbac_mCIF2PCR1.vesta

1 FpStudio Ver-2.0

File Crystal Structure  Magnetic structure  Options  Help

o Check magnetic structure with .fst file
(Fpstudio) or .vesta or .mcif outputs.

e Values with errors in .sum file
Mn: M,=3.72(2) Ug

Moments along My and Mz are allowed, but if
refined give small values with large errors.
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