Example:Cs;FeCls-D,0

Refinement of Nuclear and Magnetic Structures on Single Crystal using FullProf
Cs;FeCls-D20O
Single crystal data collected at D9 diffractometer (ILL) with 1=0.841 A

Additional powder data collected at D1B diffractometer (ILL) with A=2.52 A to determine the
magnetic propagation vector.

The space group at low temperature is 12/c (a non-standard setting of C2/c, used for practical
reasons). The cell parameters at 20K (paramagnetic phase, Tn=6.5K) are a=17.05 A, b=7.352 A,
c=16.136 A, 5=89.95°.

The structural parameters are provided in the CIF file obtained from X-ray diffraction structural
determination.

A detailed explanation of this example can be consulted on DOI: 10.1103/PhysRevB.96.104428
This tutorial is divided in two parts:

A) Nuclear structure. From a partially known structure (determined by X-rays) + single crystal
neutron diffraction data:

e Create a PCR file with the structural information using Edit PCR
¢ Refine the positions of the light atoms which were not localized by X-ray diffraction

B) Magnetic structure. (Powder + single crystal neutron diffraction data)

e Use k-search and powder diffraction data to determine the magnetic propagation
vector
e Use Baslrreps to determine the possible magnetic models (magnetic structures)
e 3) Use single crystal data to refine the different magnetic models.
o Plot the results

A) Nuclear structure

1) Create aworking directory (don’t use space or special characters in the path).
a. Copy in this folder all the input files.

2) Create an initial PCR file.
a. Open the FullProf toolbar (clicking on the desktop icon)
b. Select the working directory. “file > Select working directory...”
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c. Locate the working directory and click on OK.

d. Click on the EAPCR icon, in the FP toolbar.
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Working Directory:  |Ci\Users\fabelo\Desktop\examplel|Run EdPCR\ CodeFile: [12300k-a

Type: [PCR

Date: [29/04/2019

e. Click on the cif to_pcricon in the EdPCR.
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f. Select the .cif file (RX.cif)

Select Neutron as source type, check that the unit cell and the space group correspond

with the provided at the beginning of this file. Check in the “atoms information” windows
that all is consistent with the provided CIF file. Check that the occupation is correctly

imported form the CIF file. Click on OK to exit.
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h. Save the PCR file (“Save as”). Rename the file with an intuitive name (in our case it
could be “nuclear.pcr”).

With these simple steps, you have already created an initial PCR file. The current PCR file
corresponds by default to a powder pattern calculation with a wavelength of 1.54 A and generic
instrument resolution parameters. In the next step we are going to modify all these parameters
using the program EdPCR. Advanced users can modify these parameters directly editing the PCR
file in plain text. A powerful text editor is highly recommended, we are going to use Notepad ++
which is freely distributed (https://notepad-plus-plus.org/download/v7.6.6.html).

3) Modify the PCR file according to the current example.

a. Click on General. You can modify the name (for example “Cs2FeCl5-nuclear”).
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D:\Hercules_2016\Nuclear_structure\cif_RX\RX Profiles: 1 Phases: 1 |20/4/2016 17:41:43

b. In“Calculations”, select “Refinement on Single Crystal Data / Integrated Intensity Data”
and click on OK.
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In the “Refinement/Simulation” tab, select “Neutron Constant Wavelength (Nuclear and
Magnetic)” and click “ok”
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Click on “Phases”
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Select “Structural Model” and click on “Contribution to Patterns”

- General Information on

Mare of Phase :  [# CRYSTAL DATA

Calculation:

Cosfficient to c| Maanetic Phase (Rietveld Method]
percentage of tMauetic Fhase vih magnetic moments in spherical mode (Fistveld Method]

Conirbuion to patterns, preferred Contibution to pauemgp
arientation direction, reflection st,
Space Group symbolnmber, symmetry Symmetry
aperstors, basis functions, etc
W 4 = X Dl D

Irilial Previous Add Del Nest Last

Cancel

Select again “Neutron Constant Wavelength (Nuclear and Magnetic)”. Under
“Intensities”, select “Integrated intensities” and click “ok” (N.B. The peak shape is not

used in single crystal work)
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Click on “Refinement’, set the cycles of refinement to

~10 and the Refinement

weighting model to the second one. Then click on “Atoms”
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Initially, we will let all the parameters fixed and the thermal parameters isotropic.
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Click “ok” twice to go back to the main window and save the modified PCR file. You can

visualize the PCR file in text format by clicking in the corresponding icon.
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T External EAPCR Text Editor - [Di\Hercules_2016\Nuclear_structure\cif RX\RX.pcr] 2 LE
File Edit Search
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COMM # CRYSTAL DATA -
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tHCY Eps R_at R_an R_pr R_gl Thmin Step Thmax PSD Sentd
12 8.18 1.60 1.808 1.00 1.08 1.0080 0.0820000 1508.0000 8.800 6.000
*
t
u; *Number of refined paranmeters 3
*
t Data Fn;; PHASE number: 1 ==> Current R_Bragg for Patternit 1: 6.80
]
& CRYSTAL DATA
t
*NHat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth aTZ Huk Hpr Hore
9 a 6 6.0 0.0 6.0 8 4 L] a L] a8.008 a a L]
t
I 2/c {--Space group symbol
*Atom  Typ X ¥ F4 Biso Occ In Fin H_t Spc /Codes
|[Fe1 Fe -8.12291 0.08428 -08.38479 B_u48164 1.6808p80 s} a [} [}
a.88 8.88 a.88 8.8 a.a8
c11 Cl -0.256%96 0.00746 -0.37442 0.63434 1.80000 8 ] L} L}
8.88 8.88 a.e8 a.88 a.a8
cl2 [H -0.18869 -0.20975 -0.48982 0.61865 1.008p080 8 a i} i}
(| g.00 8.88 a.80 a.80 a.080
cl3 [H 1 -8.11418  8.24914 -8.47111  8.57378 1.6808p80 s} a [} [}
a.a0 6.88 a.ea 8.8 a.a8
Clhs Cl -0.18572 0.21595 -8.26975 0.57117 1.80800 8 ] L} L}
06.00 6.88 8.80 06.00 a.80
C15 [H -0.11336 -0.23369 -0.27538 0.579087 1.008p080 8 a i} i}
g.00 8.80 a.80 a.80 a.080
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a.a0 6.88 a.ea 8.8 a.a8 i
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4) Now you can try to fit the experimental data: neutron_20K\CsFeCl5 20K.int

Initially there are no refined parameters and the initial model is far from fitting the experimental
data. You will need to refine/adjust some parameters carefully:

a. Try to refine the scale, if this is not possible, modify it by hand to bring your fit closer to
the experimental data (a value of Scale between 20 and 30 should be fine for this

Cyole: 12 Chiz2: o.00 C=sFeClS_Z20K_1.int
2s000
*
Zoo0o0 -
15000 -
10000
s000
o
—s000 -
oS 10 1s zZo z=s 30 35 a0 .as .50 .55 -go
sin (Theta) /s/Lambda
Cycle 1= ChiZ-= o_o0o0o caFaclS_zoK_l,iwnScale

_s50
sin(Theta) /Lamioda

.45 - 80



b. Open Vesta and plot the structure and the difference Fourier map

View of the initial crystal
structure model together
with the difference Fourier
Map (positive density in
yellow and negative
density in blue)

The bond can be edited in Vesta
in the Edit menu > Bond

The limits in the density map
can be modified in Vesta in
Properties > Isosurfaces >
Levels

c. Open the file filename.pks. This file contains the x,y,z coordinates and density obtained
from the Fourier map

Humber of Peaks = 3

Feak xfa v/ib z/c Oco Density
Pk 1 0.031%8 0.0412 0.5774 1.0000 1.0963
Pk 2 0.0335 0.0445 0.6725 1.0000 1.018%
Bk _3 0.0291 0.0025 0.8229 1.0000 -0.4879
Fk_4 0.2471 0.0280 0.1373 1.0000 -0.2784
Pk 5 0.1061 0.2229 0.0220 1.0000 -0.2451
Pk _& 0.1132 0.2177 0.2385 1.0000 -0.2217
Fk 7 0.1221 0.4%962 0.8764 1.0000 -0.2263
Pk & 0.0113 0.0286 0.8297 1.0000 -0.2225
Pk 5 0.1285 0.2526 0.4651 1.0000 -0.1975



d. Based on the densities from te .pks file, include the missing atoms in the initial model
you can do it in the text file or in EdltPCR)
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By plotting the structure, verify that the new atoms are in the good positions. Now the
fit should be close to the experimental data.

Refine the scale factor

Refine the x y z coordinates of the different atoms

Refine the isotropic thermal parameters of the different atoms

Refine the extinction parameter (this is very a sensitive parameter, if problems you can
fix all the other parameters before refining this one)

Transform the isotropic displacement into anisotropic starting from heavy atoms and
then following with the light ones

Verify the goodness of fit and check the crystal structure plotting it in Vesta

88
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A
/|
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} X
:

The final model should be
similar to this. The thermal
parameters are represented at
99 % of probability.

The sample was measured at
20K, which explains the small
size of the ellipsoids.




B)_ Magnetic structure

Determination of the magnetic propagation vector:

Single crystal: Powder:

e Explore the reciprocal space in e Compare patterns in paramagnetic
order to find new reflections phase and ordered phase
(magnetic reflections) e Select the positions of the magnetic

¢ Index the new reflections to obtain a reflections
compatible propagation vector  Index the possible propagation

e Measure a full set of magnetic vector using K_search program
reflections (included in FP)

Exercise:

1) Use K_search and powder diffraction data to determine the magnetic propagation vector

a. Open the powder patterns in WinPLOTR-2006 (both the paramagnetic and ordered
phases). The format is XYSigma.

.D WinPLOTR-2006 Véicm: ﬂ.SD-_;‘I,ﬂ Select data files to open M‘

|[File] Plot Profiles Options Xspace Calculations Ext. Applications Tools Help @j <« Hercules 2016 » Powder_data )

Open Pattern file (*.dat e o sea | Bt war | _
L i et A 2| . | Organize v Newfolder B - @
Open Rietveld/Profile file (*.prf) -

~ | 43 | search Powder data

Open Buffer file (* buf) “ Name . Date modified Type
Open Raw Data file (LLE: 32, g44) ] Cs-D1B-2Kdat /0720151842 DATFile
Open Numr File L) ] Cs-D1B-10K dat /10720151842 DATFile
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View Header Numor...

l Save Data as... 3

Save Buffer file.

PT.OTR—204¢( ~...

Quick View PRF EE Videos
WinPLOTR 2D Diffraction graphic

% Comput
WinPLOTR Generic Graphs ndows, Linux and Mac{ . o

&, TE1209700A (¢ 4 [ 0 ¥
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Print...

1. 2K BAS_gh.prf
2. <Empty> '
crsion: 0.50 June 2013
I 3. <Empty>
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Format of data file:
| Exit
@ Free Format Inst. 0] 01 D14 (Inst. 1) " GSAS (TOF) (Inst. 12)
_ © D1B, D20 (Inst. 3) 7 DMC,HRPT PSI (Inst.8] © PANALYTICAL fInst. 13)
© MLS (Inst. 4) " SOCABIM fInst. 9)  Variable Time Inst. 1]
" G41, NewD 1B, D20 (Inst. 5)  0rSIGMA lInst. 10) O IGIS (st 14) L
" D2B. 3T2. G42 Inst. 6] /  C G5AS [Cw) Cancel

b. Compare both patterns. The magnetic reflections are expected at low Q.
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c. The difference between both patterns will show the magnetic contribution
(Calculations > Difference)

-
L] Difference of profiles
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d. Show only the difference pattern and save

B

WinPLOTR-2006 Version: 0.50-2012

it (in .xys format).
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Plot

Options X space

Calculations _Ext. Ap

s Tools Help

Open Pattern file (*dat)

Open Rietveld/Profile file (* prf)

Open Buffer file ("buf)

Open Raw Data file (LLB: 3t2, g44)

Open Numor File (ILL)

Open ILL Instrument + Numors

View Header Numor..

Save Data as.

Save Buffe file.

Save Graphic into file...

Quick View PRF

WinPLOTR 2D

WinPLOTR Generic Graphs

Print..

Reset

1. DAHercules 2016\Powder_data\Cs-D1B-2K dat
2. DAHercules 2016\Powder_data)\Cs-D1B-10K dat
2,26 BAS g prf

4. <Empty>

5. <Empty>

Exit

FP Per 35 % & o (Bl | @ A 2| @ o [ X

Free Format File (.dat)
XY/ XYS Data File (xys)

|« Hercules 2016 » Powder data

Organize ¥ New folder

Name
i Libraries

[ Documents

& Music

(] Pictures
Subversion

B Videos

% Computer

30 a5 40 a5
?theta (deg)

55

&, TBL299700A (C:)
VA VERBATIM HD (D)

Date modified

No items match your search.

2 share de I

I

Type

File name: | differenceys|

Save astype: XY Pattern File Format ("agys)

(2 Hide Folders

e. Open again the difference pattern and select the magnetic peaks: Calculation > Peak
detection/Enable, an then again Calculation > Insert peak

Open Pattern e " da)

Open RutvalProfefl - pe)
Open Bufte i -5t}

Open Raw Dot i (LLE: 302, 544)
Open Humos File LL)

Open L Instument « Numors
View Header Numar.-

Save Data as, v
Save Bulfer fle

Save Graphic into fle..

Quick View PRF

WinPLOTR 2D

WinPLOTR Generic Graphs

Print.

Reset

L. Bi\Hrcules 2016 Povdes.dsts)Ca-D18-2Kst

2. Bi\Hercules 2016 Povdes_dsts)Ca-DIG-L0K det

|[File] Plot Profiles Options i space Caleulstions Ext. Applications Tools
HEA 2

Help
@ =%

Fil

Plot Profiles Options X space [ Caleulstions | Ext. Applications Tools

Help

Grganize =

o Favortes
B Desiacp
I8 Downloads
L Recent Places

G Libraries
=l Pictures

&) Subvession
H videos

1 Computer
& THLRGI00A (C5 - ¢

File name: difference.sys

Mame Date modéfied

|2 Co-D1B-2K.dat
[ Cr-D1B-10K.dnt
. differencexys

Multiply Y / Shift X / Normalize

at - Cs-D1B-10K.dat

» Enable
> Disabled

& | | & | R bt | & |\ Summation
Difference
: Difference
Average
18000 Apply Eff. Corr
o aifzesen Smoothing
16000 |
Profile fitting
5 e V| Peakdetection
H 12000 Background
H
s 10000 |
g
E 2000
3 s000 |
<
g
£ 4000 |
2000
o

Auto detection

tellites detect;

e sea [ B | B A 2| || X

2110/20151842
2171072015 18:42
20/04/2016 1438

File Plot Profiles Options Xspoce Calculstions _Ext. Applications Tools Help

o H | & fir B | o0 K| For B4 B BEBH PP P 33 20 &% sm | BR

: Difference of profiles: Cs-D1B-2K.dat - Cs-D1B-10K.dat

=1 AR R

18000 g diffezen
18000 |
12000 -

12000

Clearall
Insert peak
Delete peak

Save peaks

20 as 0

2theta (deg)

as

Intensity (arl

et d MO DQ

ORI SR

| Q

Pesks slocation: Insert peak

WA

%

B562 V= 14068

|




f. Save the selected peaks in k_search format

. Applications Taols _Help

7% Sea | B Bao2 @ om X

: Difference at - Cs-D1B-10K.dat

18000
16000
| Pprofilefitting »
14000 | v Peak detection v
12000 Background » Disabled
10000 Auto detection
8000 - (&
8000
- H 1B} Delete pesk
2000 ! Save pesks Free Format
° HY L 1. Y
3 Bl S giomi i, Jmtgrestsl | NaireeitsnS M Dicvol Format
2000 | Ito Format
4000 K Search Format
| Treor Format
| 14 1 1 20 2 2 26 28 0 32 ]
2theta (deg)
LU R 2 R Q

g. Fill the boxes with the crystallographic information: Data collected at D1B
diffractometer (ILL) with A=2.52 A; monoclinic space group 12/c (1 1 2/c 1); cell

parameters a=17.05 A, b=7.352 A, ¢=16.136 A, 5=89.95°.
£

'._.f,'. Input parameters for K SEARCH SRS S

Title | Differsnce of profiles: Cs-018-2K. dat - Cs-D7B-10K. dat

I¥ Search only special k-vectars

L. o

Save ss type: | k_search data file (".sat)

=

— 1

»

= Hide Folders

Lattice Type 112/C1 7 Save Satetites Data Fie D “crBE® AW - e
S| 1 Hercules 2016 » Powder_dats « [ T:
Cel Parameters  [17.016226 7.338481 16105190 30000000 S0.074058 900 |~ — -
Organize v New folder -
Tolerance -
[TOF/2theta) 0.200
K range
e, [ noos ooos ooos
Number af Paints | 100 100 100
[Ma* Nb* Nc¥]
“Wavelength 254 " Computer
i i |
5 shase_ds (\seshom\shares) R, - .
%" Short Output ™ Long Output " Mo output of intermediate calculations

h. Run k_search

=)

Running K_Search

[9! Do you want to run k_Search?

The most probable
propagation vector
is k= (0,0,0)

(The complete output
can be revised in the k-
search.kup file)

"B Ciwindows\system32\cmd.exe

=> Testing 9@ internal k-vectors
1 Jali]

EEEEEEEEEET]

Special k-vector solutio

List of the best 1@ solutions for 4 satellites

R—factor
7219239
288044
364122

L]
8.2560000
a. [5[s[5 )
a. [ulal]

a.
1.
1.
1.
1.
1.
1.
1.
2.
2.

5186685

A prohable solution is the

ecial kvector ks
The corpesponding R—factor a.7219

Total GPU-Time

CPU-how

Press <enter’> to finish

e

[T S NNNT- ]

B8.8008 ©0.A00A ©.B060>




2) Determination of the possible magnetic structures using Baslreps

ﬂ FullProf Suite ToolBar
File Programs Settings FP Dimensions Runa Script  Help

SR EAEH Y %

working Drectory:  [G:MLL\Experimentos|canadilasiSaskis)

Bl (o) [ [ 55 B )

Caode File!

Type:

7 &

a. For the Irreps calculation we are going to use Baslreps program. Click on the Baslreps
icon on the FP tool bar. Fill the information required: code of file, the working directory, the
nuclear space group and the propagation vector (in this case k=0). Remember that
magnetic moments are axial vectors. The number of magnetic atoms within the unit cell
can be provided explicitly or the program can calculate the different orbits using the space
group symmetry. In this case the space group is 112/c1 and the magnetic atoms is Fe atom

at a general position. The input is stored in the .smb file.

i Baslreps Gui
File Run Results Help Exit

D& Z8 2wl X

=& Basireps

Code of s | —

Irreducible representations of Space Groups
Basis functions of polar & axial vector properties

Working Directory: | P+\Heroules_201EABasiieps

Browse.

Brillouin Zone Label: |5

Title: ‘EsﬁZK
Spacefiroup [HM/Hall symbols) “ 1201
of generators separated by "
[Kvector  [nnom Jo.oo0a [o.0000 ]
 Polar Vector & fuial Vector I Use Full Physically lreps (PIR_data.tst]
I Mumber of Atoms: WE [ Ewplicit Sublattices [ Atoms in unit cell
[ombol [ wa [ wa [ 2 |-
Atorn 1 [Fe [orzies [osssooe02 [osras0 |

b. The list of the irreducible representations (all of them of dimension 1) can be consulted on
the extended output of Baslreps (*.bsr). There are 4 possible magnetic representations,
fromI'l to I'4.

. Baslreps Text Editor - [D:\Hercul

File Edit Scarch

DEA®Q @

=> Basis functions of Representation IRrep({ 1) of dimension 1 contained 3 times in GAMMA

SYHH x,y,2  -x,y,-z+1/2
Atons: Fe_1

BSU( 1, 1:8)Re ( 1 ©

BsU({ 2, 1: &):Re ( e 1 8 (
BsU( 3, 1: W):Re (B8 B

SYHH x,y,2
| Sk(1): (u,v,w)

SYMN -x,y,-Z+1/2
Sk(2): (-u,u,-u)

SYHH -x,-y,-2
Sk(3): (u,u,w)

SYMM x,-y,z+1/2
Sk{4): (-u,v,-w)

“*,-Y,-2Z
Fe 2
0

8

®,-Y,2+1/2
Fe

8) (
8 (
-1

77777 The Fourier coefficients are LINEAR COMBINATIONS of Basis Functions: coefficients u,u,u,p,q .

The general expressions of the Fourier coefficients Sk(j) of the atoms non-related
by lattice translations are the following:

Aton: Fe_1

Aton: Fe 2

Aton: Fe_3

aton: Fe_4

=> Basis functions of Representation IRrep({ 2) of dimension 1 contained 3 times in GAMMA

SYHH .9,z -x,y,-2+1/2
Atoms: Fe_1

BsU( 1, 1: &):Re ( 1 [ 0y (
BsU{ 2, 1: 4):Re ( (] 1 0 (
BsU( 3, 1: W):Re ( ] [ 0«

«
Lined Coll NUM | INS

4
L]
L]

TR, Y,2
Fe 2

K]
1
]

®,-Y,2+1/2
Fe

8) (
8 (
-1

-1 [l
8 -1
) ]

Fe_u
8) 1 [ 0)
0 [ 0
-1 (¢ [} L] 1

-08.1217 9.0045 -6.3745

8.1217 B.8045 B.8745

B8.1217 -8.0045 6.3745

-8.1216 -8.0845 6.1255

r

-.{may be complex?}

2

m




c. Baslreps gives also an output (*.fp) with a block for each IR, ready to be copied and pasted
into the PCR file. The different models should be tested against the experimental data

Output of BasIREPS for FullProf

The group of lines starting with the symbol of space groups and
finishing with the last keyword BASI, may be pasted into the PCR file

b ¥ 2 for site: 1
-> Fe_1 : -B8.1217  9.08045 -0.3745 - (x,y,2)
-> Fe_2 H 8.1217 0.8845 8.8745 = (-x,y,-z+1/2)
-> Fe_3 H 8.1217 -8.8845 8.3745 : (-x,-y,-2)
-> Fe_4 : -8.1216 -8.86845 B8.1255 = (x,-y,z+1/2)

=> Basis functions of Representation IRrep{ 1) of dimension 1 contained 3 times in GAMHA
Representation number : 1 for Site: 1
Number of basis functions: 3

————— Block-of-lines for PCR start just below this line

I -1 {--Space group symbol for hkl generation
* Hsym Cen Laue Ireps H_Bas
4 1 1 -1 3
* Real(B)-Imaginary{1) indicator for Ci
8 8 8
SYHH x,y,z
BASR 1 8 8 8 1 8 8 8 1
BASI 8 8 8 8 8 8 8 8 8
SYHH -x%,y,-z+1/2
BASR -1 8 8 8 1 8 8 8 -1
BASI 8 8 8 8 8 8 8 8 8
SYHH -x,-y,-z
BASR 1 8 8 8 1 8 8 8 1
BASI 8 8 8 8 8 8 8 8 8

SYHH x,-y,z+1/2

BASR -1 8 @8 a8 1 8 8 8-
BASI ©®& 8 8 B8 8 8 B8 8 @8
————— End-of-block of lines for PCR

=» Basis functions oF Representatlon IRrep( 2) of dimension 1 contained 3 times in GAMHA

3) Use of single crystal data to determine the magnetic structure

a. Modify the previous nuclear PCR file into a nuclear+ magnetic one (Jbt=10): Open EdPCR,
and under “Phases”, select “Nuclear and magnetic phase using spherical components” for the
type of calculation

@ FullProf Suite ToolBar

File Programs Settings FP Dimensions RunaScript Help

B B E S0 e R il 10 0 R 55 B ) S B ? @

working Directory:  G:{ILL{Experimentos|canadilasisaskia) Code Fils: Type: Date: |[27/03/2012

. Editor of PCR Files # ——— R ———
.

- o a - ]
File Editor Tools Templates Help Exit

J¥M0OkH 88 @ WEEEE " L el X

Infiarmation

Tille. type of obs Rietveld. Intemrated Intensilies, General
Simulated Amnealing, ..

Tupe of Pattens, profile, background, diffraction PaHems

' FuliProf
IF geameliy, user-given scattering factors

| | PCR Ph s o calouions (21), ATZ, Phase Informaton:Phase 1 N =
ase name. type of calculations e i
i h \‘ |‘ Editor m M ] contiibulion fo patters, symmely, .. TR
1 |
i ‘ __ Refinemen_|

General Information on Phases
Humber of cycles. relaation factors. access to

| HI \ patterns and phases [atorms and profle)

Name of Phase :  [Structural VARY wye
Constraints definitions, adding, deleting,  tonaeins | /
modiing. Calculatior:  [Muclear and Magnetic phase using spherical companents -]
Fiing rangs of parameters, distanoss, anglss, o —
magnetic moments and linear restraints = Cosffcient to calulate th ot
oefficient to calculate the weig
(utput optians for pattems and phases: Output percentage of the Phase: 1037.88 " Calculsted automaticaly & Provided by user
Reflection fsts, Fourier, distances, BVS =
Copyright (¢) 20022005, JGP -JAC '
Boihfirgge e ezl Cantibution to Paiterns
cuflk_nucl_DIB Profiles: 1 [Phases: 1 [12/8/2015 [16:53: CIAEIC e, R,

S pace Group spmbol/number, spmmelry Symmety
operators, basis functions, ot

Initial Previaus Add Del Mest Last

0K Cancel




b. In “Contribution to Patterns” select again “Neutron Constant Wavelength (Nuclear and
Magnetic)”. Under “Intensities”, select “Integrated intensities” and click “ok” (The peak shape is
not used in single crystal work)

Phase Infor hase 1

~ General Information on Pha Pattern Contribution Information for Phase _

Wemecifizes. | EETENTAIT [ Paten1 | Patem 2] Pattern 3 | Patiein 4| Patein s | Pattem | Patien 7 | I
Caleulation ¥ Curtent Phase coniibutes to the pattein
huo e Tope ol
Coefficient to ol ; ing sp ompanents 5
percsntags of {Lommensurate modulaisd erystal stucture L=l ST  Pattern Caloulation (< Ray]

' Neution [Constant Wavelengih] " Pattern Calculation (Neution - Constant Wavelengih

. Nuclear and Magnetic
Contrbuiion to pattems, prefencd Contibufion to Pattams A/ © Pati Cabulton Newton - T.0F)

orientation direction, reflection ist, " Neution [T.0F)

Mucl d M i
Space Group symbol/number, symmetry Ao et enditesn=te
operalors. basis functions, el

i Peak Shape

TR TR IS~ TR ST M 2

& Dodeishp € Globalshp
Cancel Rellection st [grated Intersiies =]

¥ Use special contral of parameters fer peak averlap, rejected reflections for curent phase
Brindley coefficient. [ 1.000

Global weight of the integrsted intensity data vs profil data 1.000

Facter for exchuding reflections [ | < Factor* Sigmafl) [ oom

Wwheights are divided by reduced Chi™2 of precedent cycle: 0000

Initial Frevious Add Del Next Last

Caneel

c. Back in the “Phase information” window, go to “Symmetry”.

Phase Information: Phase 1

[~ General Information on Pha:

Mame of Phase:  [Stiuctural VARY spz

Calculation,

Coefficient to of'=
percentage of

Contibution 1o pattemns, prefened Contribution to Patiems
orientation diection, reflsction list,
Space Group symbol/nurber, symmetry Sy /
operatars, basis funclions. elc
4 4 = X 2 B

Initial Frevious Add Del Next Last

Cancel




d. We will use the information obtained from Basireps (here below) to fill the different fields in the
“Symmetry Information” window

SYMM -x,y, -=Z+1l/Z Atom: Fe 2 0.1
Ski2): (u,-wv,w
SYMM -x,-y,-zZ Atom: Fe_3 0.1
Ski3): (u,v,w)
SYMM x, -y, z+1/2 Atom: Fe_4 -0.1

Ski4): fu,-v,w)

4) of dimension 1 contained 3 times in GAMMA
L

=» Basis functions of Representation IRrepi|

SYMM x,y,z  -x,y,-2+l/Z -x,-y,-z x,-y,s+l/Z

Rtoms: Fe_1 Fe_2 Fe_3 Fe_4
BsV{ 1, 1: 4):Re | 1 a [ 1 a [ -1 0 ay i -1 a al
BsV{ 2, 1: 4):Re | 1] 1 ot 1] -1 ol a -1 ot 1] 1 ah
BsV({ 3, 1: 4):Re | o a ES I o o R a o I o a -1

————— The Fourier coefficients are LINEAR COMBINATIONS of Basis Functions: coefficients u,v,w

The general expressions of the Fourier coe cients Ski(j) of the atoms non-related

by lattice translations are the following:

SYMM x,y.2 Atom: Fe_1 -0.1
Skil): (u,v,w)

SYMM -x,y,-z+1/2 Atom: Fe 2 0.1
Ski2): f(u,-v,wl

SYMM -x,-y,-2 Atom: Fe_3 0.1
Ski(3): (-u,-wv,-w)

SYMM x, -y, 212 Atom: Fe_4 -0.1

Ski4): {-u,v,-w)

e. In the “Symmetry Information” window the Symmetry Operators will be “User defined”. The
(nuclear) Space Group is | 1 2/c 1. The symmetry operators are 4 and can be taken form the
Basireps output.

Symmetry Information

Symmetry Inform:

Space Group Prapetties

Symmetry Operators:

Spacegroup

Laue Class: |1 -~

Mumber of Symmetry Operators: Il E

Symmely operalors | Magretio/Displacement Operators |

[ Centiosymmelriz Case

Hum Symmetry TR | Num Symmety R
I 1 |epz T 2 |weeetiz w
| 3 | T 4 |wyanrz N

TR=Time reversal associated to symmetty aperatar

r

$pace Group Properties
Symmetry Operators: [Liser defined |

112/C1

Spacegioup

Symmety operators Magnetic/Displacement Operators ]

Number of Wgnelic Rotation Malices [ ]| A
fior each symmetry operatar. E i) Holston (izsa F
7 0.000 H
2 0.000 o
3 0.000 -
Number of Atomic Displacement [ =
rotation matrices far each symmetry EI ) DiplACemen: (s B
opstator 3

Cancal

o | Cancel




f. After filling all the information, save and open the pcr file using a text editor or clicking in the
corresponding icon.

B —_
e rcnris o &

Eile Editor Tools Templates H Exit
JNObW i@ WHHEEE Y el X

Infarmation

Title, tupe of job: Rietveld, Integrated Intensities, Bemzrl
| N | Simulated Annealing, I

[ N | | o YO i

Now we have a PCR file with the magnetic symmetries included

=» Basis nctions of Representation IRrep( 4) of dimension 1 contained 3 times in GAMMA

SYMM =x,y,z -x,¥,-2+l/2  -x,-y,-z  x,-y.2)| Fle Edit Search

Atoms: Fe_1 Fe_2 D |3 o o Q =
BsV( 1, 1: 4):Re { 1 0 o) { 1 0 0 ( -
BSV( Z, 1: 4)1:Re ( 0 1 0t 0 -1 0t e e
BsV( 3, 1: 4):Re { o a 1) o o 14 tHMat Pcr HLI Rpa Sym Sho

B 1 8 -1 B8 8
t1pr Ppl Ioc Ls1 Ls2 Ls3 Prf Ins HK1 Fou Ana

8 8 1 8 4 B8 3 18 8 -4 B8 1-> Patt: 1
———-—- The Fourier coefficients are LINEAR COMBINATIONS of L
tNCY Eps R_at R_an R_pr R_gl

The general expressicns of the Fourier cosfficients .15 618 1.86 1.88 1.88 1.68

by lattice translations sre the following: .
42 *Number of refined parameters
SYMM x,¥, 2 !
Skil): (u,v,w) ¢ Data for PHASE number: 1 ==> Current R_Bragg for Pattern#f 1: @.08

Structural UARY xyz
SYMM -x,y,-=+1/2 N

SkiZ): f(u,-v,w) tHat Dis Ang Jbt Isy Str Furth ATZ2 Huk Hore
11 a a-18 -1 Li] a 1037 8765 a 1
SYMM -x, -y, -z tJui Jdi Hel Sol Mom Ter H_Domains

8 a 8 [i] a [i]

T8z (mu,mv,~w) tcontributions (8/1) of this phase to the 1 patterns
1
S0 x, -y, 2tls2 tIrf Npr Jtyp HNsp_Ref Ph_Shift for Pattern#t 1 b
Ski4): (-u,v,-w) 'O 1 1] [
! Pr1 Pr2 Pr3 Brind. Rmua Rmub Rmuc for Pattern#t 1
6.660 ©0.000 1.000 1.000 1.060 0.000 0.000
]
I 4 0/ 4 Sasfablagioup synbol
tHsym Cen Laue MagMat
4
1]
SYHH x,y,z

MSYM u,v,w,0.0
SYHM -x,y,-2+1/2
MSYHM u,-u,w,0.8
SYMM -x,-y,-Z
MSYM -u,-vu,-w,08.0
SYMM x,-y,z+1/2
MSYM -u,uv,-w,8.8
M

tatom Typ Hag Vek X ¥ 2 Biso Occ H_type
H Rm Rphi Rtheta Im Rphi Rtheta MagPh / Line
. hot 44 hnata99 hat 99 hat 49 hnat 49 hat a9 f 1inn hnlaw=Padnr

q | I 3

Linel Cokl MNUM | INS




f. The next step is to include the information related with the magnetic atoms into the PCR
file. You will need to click on “Refinement” and modify the atoms information (Phase 1)

"= Editor of PCR Files
= - -

Y ﬁ e

o S

le Editor Tools Templates Help Exit

]

MOk &

B s

| FullProf
| PCR

‘W‘ Editor

,“Iw |

=

Mﬂ

ﬁ“'\‘\
i

Copyight <) 2002-2005. JGP - JRC

Di\Test_NOMAD\numors_nomad_2015_08_03\distance_465_old_nose\nucl+ mag

NPTl
e g

@ X

Information

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

Type of Patiems
geometry,

Ph type of calcwlations [JBT), ATZ,
contibution to patterms, syrmmetry,

Mumber of eycles, relawation factars, access to
pattems and phases (atorns and prcfile]

General
Pattems

Fhesesl d |
H ermer

Constraints defintions. adding. deleting.
modiying

Fising range of parameters, distances. angles.
magnetic moments and lingar restiaints

Output options for pattems and phases:
Feeflection lists, Fourier, distances, BVS

Profiles: 1 |Phases: 2|

" Refinement Information

X
Cycles of Refinement: o=
Stop Crlerium of Covergence Relaxation Factors for Shits
Forced Temination when shifts < | 0.10 x E.S..
Others: Nene = | | Momic [100 Anisotopic [ 100 Frofle [1.00  Global [ 1.00
Reflections ordering
& Orly at thefist cycle  Eachayde I™ Bragg Rgfftior excluding reflections limiing excluded regions
patem 1 | | | | | Paten L« [ 2] Phase 1 | | | | | Phase | ol vl
Refinement weighting model Aroms Prop. Vectors
" Least Squares e ] Cancel T
& Maximum Lkelinood e (o elrA o) ecs e Ce €
£ Unit Weights Fole | Micro Stucture |
HKL Shits | Furher Parameters |
Reduction factor of number o data paints: | 0]

g. In the “Atoms Information” window:

- Transform first the B factors to isotropic and fix them.

- The Fe atom must be Ntyp: MFE3, i.e. M (magnetic) FE (iron) 3 (charge 3+).

- Mag.Rot. is the magnetic symmetry operator. If ther is more than one magnetic site, the
magnetic symmetry operators can be different for each site.

- Prog V. is a label for the propagation vector. Fullprof can work with more than one propagation
vector. In the present case with k= (0, 0, 0) this label should be zero.

- The coeffcients Re[m], Re[Phi] and Re[theta] are the adjustable parameters of the magnetic
structure using spherical components

Atoms Information: Phase 1
List of toms
| | Mumber of Atoms: 1 E|

Label | Nip | Mag Rot

Prog V. %

L A 2 _‘_ g _l s * | Refine Posiions |l
atom# 1 |Fel  |MFE3 |1 0 12165 0.00445w 037450 010453 1.00000) | & i
Atom# 2 |on[Ol 0 0 025607 0.00604[w 3776w 024047 1.00000) Refine B_isa \
Momb 3 |02 |0 o 0 010881 2121w 048555 0.33908] 1.00000)
AMomb 4 |03 [0 o 0 011239 0,240 047132 021642 1.00000] Psfine B_sniso
d = 0 Fis 4l
[ Relm [ Rernil [ [ metthet [ [ il [ [ wrnl [ [ eimhet [ [ WPnase [ -
Atom #1 [ 438955 | a0 o000 | 50.00000] | 0.00000] | 0.00000] [ 0.00000f | 0.00000f |
B11 B11/F1 B22 B11/F1 B33 B11/F1 B12 B11/F1 E -
Alom #10 00010 0.07187] 0.00206] 000710]
Atom #11 0.00225 [IEES 0.00154] 000021 el
« i




h. If the magnetic propagation vector was different from k= (0, 0, 0), it could be included in the
PCR by clicking in “Prop. Vectors”

Cycles of Refinement: (5] |

Stop Criterium of C ~Rielawation Factors for Shif
Forced Temination when shits < [ 010 & ES.D
Dthers: Citerion of Convergence is NOT applied (Frofile Matching Mode) +] somic [1.00  Anisclopic [ 100 Frofie [ 100 Global

Fieflections ordering
’V(-‘ Only at the firt cycle © Eachoycle I~ Bragg R-Factor excluding reflections limiting excluded regions ‘

Paltein 1 | Fattern 2 | Patiein 3 | Pattem 4 | Pattein 5 | Patiern +] Phase 1 Phase 2 | Phase 3 | Phase 4 | Fhase 5 | Phase & | g

~ Refinement weighting modsl Moms Piop. Vectors
@ Least Squares Backgiound o

© Masimum Likeihaod () (G el o)) S IR oo o) o)/
€ Unit Weights Frofile Micro-Structure

HEL Shifts Further Parameters

Micio absargtian |

Reduction factor of number of data points:

oK Cancel

i. Save and open the pcr file using a text editor or clicking in the corresponding icon. The parts
corresponding to the magnetic structure are highlighted below

(7 e e e DL
File Editor Tools Templates w Exit
T e @ WRHEEE Y e X

Infarmation
Title, type of job: Rietveld, Integrated Intensities, Ganeral |
| Simulated Annealing, ... I

l [ Y £ i

-
7. External EdPCR Text Editor - [DA\Hercules_2016\Magnetic_structure\2K_BAS_g4.pcr]

Il Eile Edit Search

DA | @9
b
*Nat Dis Ang| Jbt Isy|Str Furth ATZ2 Huk Hore
" a -18 -1 a 8 1837 8765 a 1
tJui Jdi Hel om Ter MN_Domains
a a 8 8 a a
*Contributions {8/1) of this phase to the 1 patterns
1
tIrf Hpr Jtyp MNsp_Ref Ph_Shift for Patternt 1
a a 8

* Pr Pr2 Pr3 Brind. Rmua Rmub Rmuc for Pattern#t 1 B
68.068 ©.088 1.8688 1.808 1.800 0.8608 ©.080

*

I 1 2/C 1 <--Space group symbol

*Nsym Cen Laue HMagHat
L] 1

t

SYHH x,y,z E

HSYH u,v,w,8.8
SYHH -x,y,-z+1/2
HSYH u,-v,w,8.8
SYHH -%,-y,-z
HSYH -u,-v,-w,B8.8
SYHH x,-y,z+1/2
MSYH -u,u,-w,08.8 b

*Aton  Typ Hag Uek X v 2 Biso Occ N_type Spc/Fftype /Line below:Codes
* Rm Rphi  Rtheta Im Rphi Rtheta MagPh / Line below:Codes
* beta22 beta33 betal2 beta13 beta23 / Line below:Codes
Fe1 18 -8.12165 0.00449 -8.37458 8.10459 1.80088 1 8 # Conn O FE 8 2.7
204 A0 24400 224 00 AR A_AA
4.38966 90.00000 90.80008 0.00008 0.00000 8.00888 8.0808600 <{-MagPar I
31.08 06.008 6.60 a.088 08.08 0.00 8.688
11 T T T 7 1.00000 0 0
331.6808 3u1.08 351.08 0.008 a.e8
c1z [H 1§ e 8 -0.18881 -0.21214 -B8.4859% 8.399086 1.00008 a a
361.080 371.08 381.08 0.008 a.e8
C13 [H 1§ e 8 -8.11239 8.24386 -0.47132 8.21842 1.00008 a 8 # Conn FE C1 8 3.4 -

Lineil Cokl [ [num | ms )




j- Run FullProf from the Toolbar (or from EdPCR). In principle, one should try the 4 possible
magnetic models. We will let you determine for yourselves which magnetic model is the correct!

(55 Fullprof Suite ToolBa

File  Programs  Seftings  FP Dimensions  Tools  Edit rt; Help

Sl PEEREST T
= Bepd Ped) | PCR “3“

,
s e g S

B“lr?p

Ea

Load EditPCR Mode Run Exit
= - > Pattern# 1 -
=> Phase: 1
=> RF2Z —factor : 4.691
=> RF2Zw-factor : 5.700
=> RF -factor : 3.563
= ChiZ (Intens) : €.830

=» Normal end, final calculations and writing...

=> CPU Time: 1.730 seconds
=> 0.029% minutes

=>» END Date:20/04/2016 Time =»> 11:57:33.522 E
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=in (Theta) /Lamkda

k. To plot the magnetic structure you can use either FP_Studio or Vesta

[ Fullprof Suite ToolBa TR

File  Programs  Seftings  FPDimensions  Tools  EditResults He\p
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B Fostudio Ver- % 2KBAS ghLmeif-VESTA
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