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* This example has files in the folder “Ho2Ba2NiO5_MagSpaceGroup”

* In the folder “Ho2Ba2NiO5_RepAnalysis” There are other example slides
that use the alternative representational analysis approach that will be
infroduced later in the week.

 These can be worked through to see how the different approaches are
applied to give the SAME magnetic structure.

o

Marme Date modified Type Size
Ho2BaZMi05_MagSpaceGroup 10/1/2022 2:19 PM File folder
HolBa2MiO3_RepAnalysis 10/1/2022 12:35 PM File folder
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Ho,BANIO: lagnetic structure
| | determination of Ho,BaNiO;
* This example will use the using FullProf Suite and SARAh

magnetic space group

approach to combine :
Fullprof with results from Ho,BaNiO,
the Bilbao . Orthorhombic ( Space group: Immm)
Crystallographic Server. a=3.764 A, b=5.761A, ¢,=11.336 A)
NiO; octahedra form chains along the a-axis.
&  HolBalMiOs Rephnalysis 3D Antiferromagnetic ordering at 7, ~ 93 K
g There IS d HOQBOI\“OS THE EUROPEAN
example using cmro
representation analysis . = o .
(SA RAh Clﬂd BOSII’ep) We R:E;ﬁ?osl(aa(::ﬂ%zrsetléayn?])t e magnenc ordering In the series
will 9o 100 to show fhe ooy Mom Wyck Ste  xa yb i
different approaches. e T e e D e
Ho 4 mm2 12 0 0.2025(4)
 Data and notes are i 22 mmm 0 0 O
included for you to fry T
both! A —
. OAK RIDGE |gnis | g™
National Laboratory | REACTOR | SOURCE S. Calder, MagStr 2022, ORNL




Details of this Ho,BaNIO. example

» Neutfron powder diffraction data collected
on D1B at the ILL at 1.5 K using A= 2.524 A

A4 WinPLOTR-2006 Version: 0.50-2012 _ O
o Flles InC|Uded In eXOmple |F| Plot Profiles Options Xspace Calculations Et-\rrl cations  Tools le
== A=A e W I | Per B3 % ©E EH FP Per 3 s | Bi AR ®

12-OCT-90 15:55:51 REGINOJUAN HoZ2BaMiO5 1 11039 11040

- Datafile: Ho2BaNiOS.dat |
_ Instrument resolution file: d1b _ill.irf

— Crystallographic Information File:
Ho2BaNiO5.cif

000000 . ) HoZEaNiOS._dat

DDDDDD

Intensity (arb. units)

DDDDDD

Mo om w4 3P B Q

40
Z2theta (deq)
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Ho,BaANIO:

o This example will use the Bilbao Crystallographic Server (http://www.cryst.ehu.es/)
and follow these steps:

- Step 1: Refine the crystal structure using FullProf
- Step 2: Determine the k-vector by indexing the magnetic reflections using k-search

- Step 3: Create test magnetic space groups using MAXMAGN on the Bilbao
Crystallographic Server. mcif file created.

- Step 4. Convert the mcif file into a .pcr file using mCIF2PCR.

- Step 5: Use the created .pcr file to fit the nuclear and magnetic neutron data
using Fullprof to determined the magnetic structure.

|SOTC0TPOER ’ Sgllﬁng)N S. Calder, MagStr 2022, ORNL



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

Ho,BaANIO;

o This example will use the Bilbao Crystallographic Server (http://www.cryst.ehu.es/)
and follow these steps:

— Step 1: Refine the crystal structure using FullProf

- Step 2: Determine the k-vector by indexing the magnetic reflections using k-search

— Step 3: Create test magnetic space groups using MAXMAGN on the Bilbao
Crystallographic Server. mcif file created.

- Step 4: Convert the mcif file into a .pcr file using mCIF2PCR.

— Step 5: Use the created .pcr file to fit the nuclear and magnetic neutron data
using Fullprof to determined the magnetic structure.
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http://www.cryst.ehu.es/

Step 1: Refine the crystal structure using FullProf

@ FullProf Suite ToolBar

° 1 | File S . ’
Open Fullprof Suite toolbar. T T T el et

ent selected file from TB

- 1. Select working directory with e

dato —

b F i I e > S e I eCc 1' WO I I( i N g A Information/tpcr/Correction/IRF Files . :

. y Reflections Files > Select Directory
directory... !
| C:\Users'or3'\Desktop\MagStr_2022_Calder\Fullprof_Comme
- 2. Browse to wherever your
alder, Stuar -

fo | d er i EneDri':.-'zh:I P:rsunal

1 H 02802 N io5_MOgS pO CeGrOU ' ; -I[-]:e[;r[i:ue - Dak Ridge Mational Labaratory

p" is located on your > 3 Dowrloads

computer and select “ok™ v I Deskiop

W Mag5tr_2022_Calder

— 3. Path on FP studio toolbar
should now be updated. This
helps with interacting with <
other features of Fullprof

FullProf Suite ToolBar o 0 %
File Prograrns Settings FP Dimensions Tools Edit Results Help

EY e

File: | Type: | Date: |'D'|.."'|'D.-'r2'|]22
SPALLATION

g(%ﬂgg“ S. Calder, MagStr 2022, ORNL

mupsn

ED
PGR

Elig;

e e Fullorof Commensurate_Ho2BalMi0O5_Calder\Ho2Ba2Mi05 MagSpacelbroynt Tt

Working Directory:
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Step 1: Refine the crys’rcl stfructure using FullProf

. K FullProf Suite ToolBar — O X
b 1 ° From FU”PrOf SUITe File Programs Settings FP Dimensions Edit Results Help
== | [ 4' 4' : Lo S
Toolbar open EAPCR. [55[1] B @ 7] 4 % "'*"' oW EHH Q
Working Directory: | C:\Users\cr9\Desktop)\Bilbao_Hog Code File: | Type: | Date: |z1mg/zc:z{:

« 2. Import crystallographic
information file by clicking
on “CIF>PCR"

o 3. Select the f||e T Editor of PCR Files
"HO2BANIOS.Cif” s cator oo

Templates Help Exit

1% 3G el

2l £ ar | 5 5 8

— Information

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 (atoms and profile)

Constraints definitions, adding, deleting,
modifying...

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

28 %) Output options for pattems and phases:
Reflection lists, Fourier, distances, BVS...

General

F'attems
F'hases Bilbao_Ho2BaNiO35_backup 9/21/2020 3:43 PM File folder
o _ RepAnalysis_2014 9/ 43 PM File folder
Fefinemen i@ «4 Ho2BaMiO5.cif 5/28/2014 5:08 PM CIF File

Congtraintz | 3
Bow/R estraintz |
COutput |

Copyright (c) 2002-2005. JGP - JRC
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Step 1: Refine the crystal structure using FuIIProf
Cif>PCR open a window to input

lelp  Exit

instrument and shows structural info. 2 & | W 52 75 B
* 1. Load the instrument resolution file [ e———
“d1o_illirf". NOTE: remove the full Prof e
pafh fo ].USIL keep “dib_ill.irf". If you R Simple Calculation Template
don’t and move the pcrfile fo a ' e | ra |
different directory (or share the pcr all | e | l@ ror. | | o | _a | s |
with someone else) it will create =EEY e
p rOblemS "_?jf' ,” 'g»—" ;_E " Default values
+ 2. Change “Type"” to “Neutron" for oo |
COHSTO nT WavelengTh Cell Parameters/ SpaceGroup lkoms Irrforrnationl
. 1i05\Ho2BaNiO5
* STOrTIng Ce" Parameters' Sp.qce l 3.756{'.)?}0a 5.73&100b 11.27749; S)O‘OOOalpha S)O.O()Dbaa 90.00[g)amrm3
Group and Atoms Information are I
Space Group: |Immm [~ Magnetic Phase
nOW |OOded. Number of total Operators: l_{}j i
* Note: occ = site multip./general o ey o 1
multip. Always check this has been
correctly calculated after importing
the .cif file. :
e 3. Hit "OK" 3 Cance

o —

S. Calder, MagStr 2022, ORNL




Step 1: Refine the crystal structure using FullProf

e 1. Save the changes.

 This should be done
whenever changes are
made in the GUI.

SPALLATION
NEUTRON
SOURCE

%OAK RIDGE

HIGH FLUX
) ISOTOPE
National Laboratory

REACTOR

Editor of PCR Files

File Editor Tools  Templates Help  Exit

0 e Y| 2 & B | W
1

FullProf
- PCR
i Editor

=
"

—_———

i

I

||
I]

Copyright (c) 2002-2005. JGP - JRC

Eihp“ Inhl:":r @/}I| x
— Information

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

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

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

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

Constraints definitions, adding, deleting,
modifying...

Fixing range of parameters, distances. angles.
magnetic moments and linear restraints

Output options for pattems and phases:

Reflection lists, Fourer, distances. BVS. ..

Pattems

Phases

Refinement

Constraints

Box/Restraints

Output

=
= |
== |
===
[bmrzms |
o]

ChUsers\cr®Desktop'\Bilbac_Ho2BaMNiO3\Hol2BaMiO3

Profiles: 1 |Phases: 1

21/ 9/2020  [16: 8:55

S. Calder, MagStr 2022, ORNL



Step 1: Refine the crystal structure using FullProf

“‘General” tab has refinement of powder
data as default. Can edit title as wanted.

=P -
B General Information

— Title

Bal Ho2 Nil1 05

r Caleulations

" Refinement/Calculation of a Powder Diffraction Profile

" Simulated Annealing Optimization (Integrated Intensities)

[~ Optimize calculations according to the particular options used in this Job

1. “Patterns” tab

e 2. Select the format of the data file

Fullprof should refine.

« 3. Patterns - Data file/Peak Shape

- DI1B/D20

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

T Editor of PCR Files

File Editor Tools Templates Help  Exit

" Refinement on Single Crystal Data / Integrated Intensty Data

5.4, Options | Cancel |

MO & s @ WiEED

FullProf
| PCR

i u'ﬁ%ﬂf; e

=S AU
B ; :

— s
i In;
@ X =
el
r Information -
Title, type of job: Rietveld, Integrated Intensities, @ I |
Simulated Annealing. ... cnere

geometry, user-given scattering factors ...

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

i pattems and phases (stoms and profile)

|| = N —
'I\T——:l' — Fixing range of parameters, distances, angles,

17 il 23 28 33 ar 4

Copyright (c) 2002-2005. JGF - JRC

magnetic moments and linear restraints
45 49
QOutput options for pattems and phases:

Reflection lists, Fourier, distances, BVS...

Type of Pattems, profile, background. diffraction Pattems

MNumber of cycles, relaxation factors, access to Refinement

= Constraints defintions, adding, deleting, Constraints

Box/Restrairts

Rl

Output

Patterns Information

Ho2BaMiO3_from_bilbac_ MAXMAGN

r Information

N

Pattem: 1.1 Weight:l 1.0000

e
P

Initi

i i
Data file/Peak shape | -

Data File / Format | Fcflement / Simulation | Pattem Calculation/Peak Shape

Data Fle:  |Ho2BaMNiQ5_Nuclear

Browse... |

r— Format

[ D'INDZEJ’BTZ}"G-ig " Two Ais Instrument, G41
" GSAS Format
&~ D1B/D20 Socabim Software
" Synchroton (Brookhaven)
¢ DMC/HRPD{P.S1) ¢ Synchroton (DBWS Software)

" D1A/D2E (Old Format) ¢ Free Format (Zhetal, step, 2ThetaF) ¢ Variable Time X+ay Data

XY SIGMA (XYDATA)
™ ¥Celerator (PANalytical)
1515 multibank nomalized

S. Calder, MagStr 2022, ORNL




Step 1: Refine the crystal structure using FullProf

o Patterns - Data file/Peak Shape
>Refinement/Simulation

e [1] Select Neutron - CW

« Wavelength is already set by irf
file, 2.524 in this example.

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

%OAK RIDGE

National Laboratory

T Editor of PCR Files

File Editor Tools Templates Help Exit

MO 2 2o WS DS

Information
Title, type of job: Rietveld, Intearated Intensities,

Simulated Annealing, ...

W Fu""Pro f | Type of Pattems, profile, background, diffraction
etry, user-given scattering factors ...
- pcr I -
] ‘ Ed'“ Patterns Information
Irformation 2

‘i | | | | L
::E{“tt_ii::‘-_':_f. [ II'I'—‘-“a?-,I'.llI\L__Z_J;_:_‘,J'! Pattem: 1/1 Weight:| 1.0000 Data file/Peak shape | J
%&1_—-—3 IS

Copyright {c) 2002-20

Ho2BaMiO5_from_bi

fttern Calculation/Peak Shape I

— Simulation / Refinement Data

" ¥Ray 1 " Pattem Calculation {%-Ray)

{~ Pattem Caleulation {Mevutron - CW)

" Neutron - T.0.F (Nuclear and Magnetic) " Pattem Calculation {Neutron - T.O.F)

— Wavelength

[UserDefined ~| 4 2.524 A 2524 (o4 4) [ 00000

Cancel |

S. Calder, MagStr 2022, ORNL



Step 1: Refine the crystal structure using FullProf

s Editor of PCR Files - o

File Editor Tools Templates Help Exit

. BREEEI=Ep T
e Check final tab: S

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

 Patterns - Data file/Peak Shape FullProf ﬂﬂﬁ' ‘ et Pt et s e

—>Pattern Calculation/Peak Shape ! | ng
i

[ | \ Information
Liﬂwuu 1 — eight:
%"Lﬁ___ ~ﬁ| | @Tﬁh;i-k Pattem: 11 Weight: [ 1.0000

?—_;—;:-—“.-’ S ll—
« Peak shape is already loaded from Tt
irf fi | e . B Profile Data Information: Pattern 1
Copyight c) 200220 poy File / Format | Refinement / Simul

Ho2BaMiO5_from_bil —Peak Shape

—

' Codefil SHF " Global SHF

— Scattering Variable
* 2Theta " T.OF. (microseconds) ™ Energy keV)

— Range

Theta_min: I 10.0000 Theta_manx: I 50.0000 Step: I 0.2000
Range of calculation of a single reflection in units of FWHM: I 8.0000

Incident beam angle at sample suface (2): I 0.000
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Step 1: Refine the crystal structure using FullProf

e Move 1o next tab down to
select background type

e Patfterns—> Background Type
Check “6-coefficient”

e Put origin of polynomial at 60
for this example.

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

T Editor of PCR Files

File Editor Tools Templates Help Exit

I 0ObW e s @ WREEE

Ji FullProf J |

I | Patterns Information

— et
% @ X
Information

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

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

" Information
Patter: 1/1 W’eight:l 1.0000
2| 14 4 = X B
17
Iitial Presvious Add Del Mext
Copyrigl

Data file/Peak zhape

Background Type ’
N

Excluded Reqions

Last Geomeatry/IRF |

General

.

Phazes

Refinement

Caonztraints

Bo=/Restraints

Output

[ = |
[ Fefom |
N
| Bardierein |
[ ma ]

|Jser Scatt. Factors |

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

{~ Background File transformed by 4-coefficients expression

Origin of the polynomial: I 50,000

Murnber of points taken for Fourier Filker: I u_ugugﬂ

" Interpolation by cubic splines

" Chebychey Polynomial (24 coefficients)

Browse. .. |

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

o ]

Cancel

/2018 |22:38:51

S. Calder, MagStr 2022, ORNL



Step 1: Refine the crystal structure using FullProf

I
>

File Editor Tools Templates Help Exit

* No further editing should be needed SRS PE T L
of the remaining “Patterns” tabs:

- Excluded Region I FullProf | |
Use with care, but can cut out background. | B |

Information

o
Patterr: 141 Wieight: | 1.0000 Data file/Peak shape
Conztraints
Background Type

Initial Previous Add Del Mt Last

Type of Patterns, profile, backaround, diffractio
b s ni.u-w\ n.n.-\u.n.-imn F-\nln-n

- Geometry/IRF
Populated by irf file.
Can add absorption if needed. Check
https://www.ncnr.nist.gov/resources/activati
on/
Note: if refining asymmetry then go to
“Corrections” fab and change “Peaks below ot e S G i

1

= [ TR

=

this 2Theta limit are corrected for asymmetry S
fo 180. This is not needed for this example. o R e
G eo m eiry/l R F ;’e{:::iiir:::&pmemﬁl Function) " Modified March's Function
— User Scatt. Factors s
This can be used fo add e.g. a form factor sttt e =
Th OT iS n ’ T TO b U | O Te d Fe:okr:::uwuthis ;r:a: Iirrl:are Zune:ed for asymmetry lm
Absorption comection (T.0.F)
[None: ~|
3 OAK RIDGE gt sstion
National Laboratory | REACTOR | SOURCE , ORNL

Cancel


https://www.ncnr.nist.gov/resources/activation/

Step 1: Refine the crystal structure using FullProf

PHASES tab

« Make phase
contribute 1o
refinement.

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

e Set peak shape
to "“Thompson-
Cox-Hastings
pseudo-Voigt”

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

me=
i

File

Editor

Tools

Templates Help Exit

JH0ObHY & 2 @ Wi

Pattern Contribution Information for Phase 1
Pattern 1 |F‘a)h}rﬂ 2| Pattein 2 | Pattem 4 | Pattemn 5 | Pattein & | Pattem 7 |

¥ Current Phase contributes to the pattern

— Type of Pattern

3 (" Pattern Calculation [X-Ray)

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

(" Pattern Calculation [Neutron - Constant Wavelength)

BE L e X

(13 e
[ inrormation

nation on Phases

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

INucIear and Magnetic phase L]

o calculate the weight

of the Phase: " Provided by user

@ Calculated automatically

I 0.00

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

Group symbol/number, symmetry

ors, basis functions, etc ﬂl 2
Ll
Add

Xl 2l b

Del Next Last

4 4

Initial Previous

General

Pattems

Refinement
Constraints l
Output

" [1876/2018 [22:34:28

- Intensities

Reflection list: ]Automatically 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
I 0.0000

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

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

[ox ]

Cancel I

S. Calder, MagStr 2022, ORNL




Step 1: Refine the crystal structure using FullProf

REFINEMENT tab:

o Setffing starting
values for
refinements

o Starting
background
value of 7000
(check data)

m¥ o . e
rcie Refinement Information

Cycles of Refinement: I 1 ﬂ

l Title, tvpe of job: Rietveld. Intearated Intensities,

~ Stop Criterium of Covergence

Relaxation Factors for Shifts

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

Others: None _v_l Atomic I 1.00 Anisotropic | 1.00  Profile | 1.00 Global | 1.00
- Reflections ordering

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

Pattern 1 I Pattern 2 I Pattern 3 I Pattern 4 I Pattemn 5 l Pattern _4 | 4 |

2

Instrumental |

Micro-Absorption I

~ Refinement weighting model —

& Least Squares
" Maximum Likelihood

" Unit Weights

Reduction factor of number of data points: I U:::i

Phase 1 | Phase 2 | Phase 3 | Phase 4 | Phase & | Phase 6 | P2 | »

6 Coefficients Polynomial Background: Pattern 1

T Ed —
File Editor Tools Templates Help Exit
> o ] 22 BIE A4 Cf, | 1
L 1V O bW a2 WREDE M e X
i~ Information

General |
Patterns |

Phases

Constraints |
Box/Restraints |
Output |

-
a

(e unt
$Ei

I
giit

HIGH FLUX | SPALLATIO

:

. |||||||I||||||||||||||||||||I'|'I'I'I'I'|'I'I'I'I'|'I'I'I'I'|'I'I'I'I'

ISOTOPE
REACTOR

NEUTRON
SOURCE

%OAK RIDGE

National Laboratory

15 24 33 42 S1 a0

do | d1 d.2 d.3 d.4 4.5 fine All
00 - 0.0000] 0.0000 0.0000 0.0000
Fise &l |
4.6 4.7 d.8 4.9 d.10 d.11
Coefficents I N
E d.12 d.13 d.14 d.15 d.16 d.17
3 ents I~ I I~ Cancel |
E d.18 d.19 d.20 d.21 d.22 d.23
é fients I~ I I~
e S Calder, MagStr 2022, ORNL




Step 1: Refine the crystal structure using FullProf

e Select “YRefinement” tab

. 0t T Editor of PCR Files — X
G g O I n U p d G Te y‘ | e Of File Editor Tools Templates Help Exit oy
° C : 2 by iy , !
R fo - E _I_” _I_: 5 jj\jm%‘gjﬁﬂ@ M b 525 XO %‘%a Pur X * -
I n n T;tle.:yp:d o:‘;;b: Rietveld, itegrate itenste. P . i
imulate ealing, ... 3
FUIIPrO f | Type of Pattems, profile, background, diffraction Pattems
(¥ . IR} ‘ geometry, user-given scattering factors ...
. Fro I I I R‘ Efl n < > I I l < E n-l- TO b Phase name, type of calculations (JBT), ATZ, 1 Phases
contribution to pattems, symmetry, ...
M M Number of cycles, relaxation factors,
select: Refinement>Profile sy I
° Con's'ty'rairls definitions,
s modifying... Profile P
3 Lr = = 3 : Fixing range of parameter
— — = = — = magnetic moments and lif
17 21 25 28 33 37 4 45 498
« Change scale to
. Reflection lists, Fourier, d|
Copyright (c) 2002-2005. JGP - JRC
C\Users\ch\Desktop\Bllbao Ho2BaNi05\Ho2BaNi05 P | — I :.mmlri ;734100|r|| 1?.277499|r{ abhaeo.ooolrll bdaso.ooolr‘| gm;o.ooo|r1
FWHM / Shape P: ymmetry F | Prefemed Orentation |
FWHM Parameters Refine Al
entm o Snce R ion Factors for | u | I v | | w | | G |
Forced Temination when shifts < | 0.10 x ES.D. Coefficients I DODDOOO'_| ooooooorl ooogoogrl °»°°°°°°r Fix All
Others: None LI Atomic [W
. — Shape Parameters Cancel
i ordering 3
X [ Y [ sz [
@ fi C RF: oK
e o Eese Cosflicerts 0.000000] 0.000000] 0.000000] H [ox ]
Pattem 1 I::z,,:_ﬂ, 7 I Pattem 3 I Pattem A I Pattemn 5 I pattem 4 | » Phase 1 I;‘” I~ Refine FWHM for second wavelength
oK | [ v [[ v [] w ]
i~ Refinement weighting model — —I Atoms I Coefficients | r | r I r |
(¢ Least Squares Background Cancel

" Maximum Likelihood Instrumental

€ Unit Weights

Micro-Structure l

Further Parameters

Micro-Absorption l

Reduction factor of number of data points: | 0 i’

G A e . ...--/

3, OAK RIDGE |grito| sesteron
National Laboratory | REACTOR | SOURCE S. Calder, MagStr 2022, ORNL




Step 1: Refine the crystal structure using FullProf

e 1. Can now run the refinement
Select the "Ho2BaNiO5.dat” data

- Note: we have not set anything to refine
yet. It is good to check your model is
close to the data and makes sense
before refining.

e 2. Refinement runs for the number
of cycles (in this case 5). You can
repeat this by pushing run until

“Normal end, final calculation and
wrifing...” shows rather than
“Convergence not reached”

%OAK RIDGE

HIGH FLUX
) ISOTOPE
National Laboratory

REACTOR

SPALLATION
NEUTRON
SOURCE

meo
roe ECiTor oTf FLUk

File Editor Tools Templates Help Exit

B=[=ENEREET ()

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

. General |
FullProf _

m FullProf Program

Load EditPCR Mod it
-

=>» Convergence reached at this C¥CLE !!!!: CYCLE No. 1
=» R-Factors: 40.8 53.3 ChiZ2: 0.412E+04 DW-Stat.: 0.2796 Patt#: 1
=> Expected : 0.830 1.6867
=> Conventional Rietwveld R-factors for Pattern: 1
=> Bp: 78.8 Rwp: 85.0 Rexp: 1.32 ChiZ2: 0.412E+4+04
=> Glocbal user-weigthed ChiZ (Bragg contrib.): 5333.
=» ———————— > Pattern# 1
=> Phase 1
=> CPU Time: 0.578 seconds
=> 0.010 minutes
=> END Date:21/0%/2020 Time => 16:43:22.521
T s = He 2 Eatl

S. Calder, MagStr 2022, ORNL



Step 1: Refine the crystal structure using FullProf

Profile Parameters: Phase 1 Pattern 1“ - - - ' -

T« Refinemel

Factors

 Now allow the following to refine to fit the
Stop Critel Coefficients 52,856V 0.0000)
nuclear crystal: -

Others: N (~ Cell Parameters

— Scale factor (Refinement>Profile) N e — e
— Lattice parameters - »
p Py/HM / Shape F b iy P, Preferred Orientation Refine Al |

(Refinement>Profile) N —

R U v W IG

— B O C kg ro U n d (* ,_ ?oefficienls 0.000000) 0.000000) 0.000000) n.umuua?—'
(Refinement>Background)

Fis &l |

— 2theta zero. (Refinement>Instrumental) - T T
Coefficent _EEEE¢ _D.DDDDF _D.DDDDW _u.m-mr _u.m-mr _u.m-mr M
[ | as | ] a7 || a8 || 48 || a0 [] ann || M
| Coefficents | =T =1 =T =T =T =1

» Can also fry fo refine atomic parameters
(but in this case data may not have '

enough reflections to be stable): F ert|  ren |

Refinement=>Phase tab=>Atoms L L

Coefficients 0.000000 v 0.0000000 0.000000 0.000000— ’ml
Checking the box turns the number blue to show they are set to refine.

oKk |

If they are red then they are constrained to refine with another parameter. I
. . . . Mumber of Atoms: I 5i’
Looking in the text of the pcr file shows refined parameters by codes
ending in 1. Label | MNiyp X F ¥ F z B k Oce Them. Fact. | ~
Those constrained have the same code e.g. 11 and 11 or 511 and 511. il Ho 050000 000009 0.20250)¥ 0.00000 025000 | lsctropic
Mom & 2 Bal Ba 0.500000 0.500000 0.000000 0.000000 11125[!4]'_ Isctropic
Mom # 3 il Ni 0.000000 0.000000 0.000000 0.000000 1}.1254]4]'_ Isctropic
%O AK RIDGE Il-gg?OFPLEUX f,.';ﬁ'}'ﬁﬁﬂm Mom# 4 |01 0 0.00000] 0.24140[w 0.14550[w 0.00000) ﬂ.ﬁm{mr lsatropic w
National Laboratory | REACTOR | SOURCE < >




Step 1: Refine the crystal structure using FullProf
Run refinement again

Editor of PCR Files

File Editor Tools Templates Help Exit

ECIE=E R AN B

BEe e/Xx

r~ Information

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

L 2 File
== & A7 47 ED  ED* s & D g o<
Constraints definitions, adding, deleting, Cansiraints _ﬂ ‘ E I:!g;‘ PCR PCR Jﬂ % m ‘ n @ ‘ . Bm;r[tfl’! % %ﬁlu

. Pregrams Settings FP Dimensicns Tools Edit Results Helg o

Title, type of job: Rietveld, Integrated Intensities, Gi 1 |
i Simulated Annealing. .. Sner
Fu”Pro f | Type of Pattems, profile, background, diffraction Pattems
etry, user-given scattering factors ..
\ PCR ﬂ\ e
. d Phas_e ngme.twe of calculations (JBT), ATZ, Phases |
Editor 1‘ contribLtion to pattems, symmetry, .. FullProf Suite ToolBar

S HEH @

nature of peaks.

E E;Z;Z;;%ec:nfeﬁ;a;e;?:e,::ssgé?;:ng\es. i stram| Working Directory: |c/\FullProf_Suite\Examples\ ' S CodeFile | Type: | Date: |24/09/2020
R -
Copyright (c) 2002-2005. JGP - JRC 170000 _ :
o Checkrefinement in WinPlotr
110000 S 3
« Several unindexed reflections (green tick g s ¢ T e
marks) that are magnetic. s W E
. . < 20000 = 4
- Ho in particular has a very large % oo |
magnetic moment. S oo £
o -70000 | 3
— In an experiment would perform
temperature dependence to check E
[}_ 10 20 30 40 50 60 70 80 ;[}
26 (%)
¥ OAK RIDGE | §6165 | o™
National Laboratory | REACTOR | SOURCE S. Calder, MagStr 2022, ORNL




Ho,BaANIO;

o This example will use the Bilbao Crystallographic Server (http://www.cryst.ehu.es/)
and follow these steps:

- Step 1: Refine the crystal structure using FullProf
— Step 2: Determine the k-vector by indexing the magnetic reflections using k-search

— Step 3: Create test magnetic space groups using MAXMAGN on the Bilbao
Crystallographic Server. mcif file created.

- Step 4: Convert the mcif file into a .pcr file using mCIF2PCR.

— Step 5: Use the created .pcr file to fit the nuclear and magnetic neutron data
using Fullprof to determined the magnetic structure.

LLLLLLLLLLLLLLLLLL
F,0AK RIDGE g | S
1 Labor: ACTOR | SOURCE

S. Calder, MagStr 2022, ORNL



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

Determine the k-vector crgaaae 7 R E (@ 55

=== o5ty | PCR PCR

Waorking Directory: Ch\Users\crf\Desktop\Bilbao_Ho2BaMiO54 Code File: Type: Date:  |21/08/2020

« Now the magnetic peaks need to be indexed to find the propagation vector that
defines the magnetic unit cell.

 Open the refinement .prf file using WinPlotr-2006 > File > Open Rietveld/Profile (*.prf)

« Select "Calculations”> “peak detection”>"enable” . After enabling, go again to
“Calculations”> “peak detection” > “insert peak”. After clicking on magnetic peaks, go
to “save peaks” to save them as “K-search format”. Run k-search.

CAWINDOWS\SYSTEM32Y,

File Plot Profiles Options Xs t. Applications  Tools Help i " .
= % % . 2 %w @} E'r)',,;? FP Chy WEW Bic Y f ﬁ ;;;;; by (J.R.C. I

FP
Per dio oF cee SEQ | gl

Input structural information

WinPLOTR-2006 Version: 0.50-2012

Ba1 Ho2Z2 Ni1 O5

o
Select magnetic peaks B input
140000 4 @ Heo2BaNios prs Title |Ea‘I Hoz Mit 05
Lattice Twpe
120000 - | mmm
2 Cell Parameters | 3786030 5734039 11.277499 90.000000 90.000000 90/
g 100000 Tal
olerance
. [TOF /2theta) 0.300 =( ©.5008 0.9060 0.5080)

% so000 - s =( ©.5000 ©.8000 ©.5008)

- K range -

2 [kxrnir, kxmas, ..] | 0005 0005 0005

5 60000 ]

g Mumber of Points | 100 100 100

g [Ma* Mb* M)

c 40000 |

= W avelength | 2 52400
[Cw] A D (TOF) C :

20000 ] h
(< ShotDutpt 7 LongDutpul €7 Nojoutpubiof intemediate calculati e =
. I I | [In-_.n..- art Dutpu ang Outpul o output of intermediate calculations k (0_5,0,0.5)
Iv Search only special k-vectors 0k | Cancel
10 20 30 40 50 &0 S. Calder, MagStr 2022, ORNL

2theta (deq)



Ho,BaANIO;

o This example will use the Bilbao Crystallographic Server (http://www.cryst.ehu.es/)
and follow these steps:

- Step 1: Refine the crystal structure using FullProf
- Step 2: Determine the k-vector by indexing the magnetic reflections using k-search

— Step 3: Create test magnetic space groups using MAXMAGN on the Bilbao
Crystallographic Server. mcif file created.

- Step 4: convert the mcif file into a .pcr file using mCIF2PCR.

- Step 5: use the created .pcr file to fit the nuclear and magnetic neutron data
using Fullprof to determined the magnetic structure.

LLLLLLLLLLLLLLLLLL
F,0AK RIDGE g | S
1 Labor: ACTOR | SOURCE

S. Calder, MagStr 2022, ORNL



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

Step 3: Creating mCIF file

 Now the crystal structure and k-vector have been determined the
magnetic structure can be found by festing model magnetic space

groups.
e This can be done in FullProf by creating a .mcif file from the Bilbao
Crystallographic Server.

OAK RIDGE HIGH FLUX | SPALLATION
% OOOOOOO NEUTRON S. Calder, MagStr 2022, ORNL

National Laboratory | REACTOR | SOURCE




Step 3: Creating mCIF file

 Go to Bilbao Crystallographic Server: http://www.cryst.ehu.es/

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

bilbao crystallographic server 2

Contact us About us Publications How to cite the server

< Quick access to
Snaca_arnnn cummatry some tables

Magnetic Symmetry and Applications Space Groups

Plane Groups

Group-Subgroup Relations of Space Groups

Layer Groups

Representations and Applications

ECM31-Oviedo Satellite Rod Groups
Crystallography online: workshop on the use and - - -
applications of the structural tools of the Bilbao Solid State Theory Applications Frieze Groups
Crystallographic Server
Structure Utilities 2D Point Groups

20-21 August 2018

3D Point Groups

News: Subperiodic Groups: Layer, Rod and Frieze Groups

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

Magnetic Space Groups
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

°

3, OAK RIDGE |grito| sesteron
National Laboratory | REACTOR | SOURCE S. Calder, MagStr 2022, ORNL




Step 3: Creating mCIF file
e Then select “MAXMAGN"

bilbao crystallographic server

Contact us About us Publications How to cite the server

Space-group symmetry

Magnetic Symmetry and Applications

MGENPOS General Positions of Magnetic Space Groups

MWYCKFPOS Wyckoff Positions of Magnetic Space Groups

MNORMALIZER Normalizers of Magnetic Space Groups

IDENTIFY MAGNETIC GROUP |dentification of a Magnetic Space Group from a set of generators in an arbitrary setting
BN520G Transformation of symmetry operations between BNS and OG settings

mCIF2PCR Transformation from mCIF to PCR format (FullProf).

MPOINT Magnetic Point Group Tables

MAG o

Maximal magnetic space groups for a given space group and a propagation vector

=l A {CSEF? ;ﬁg ﬁeEéjl :—I ?nt(E'iJISEI:'JIEESTEE‘t?ASP formats -- with magnefic information where available)
k-SUBGROUPSMAG 4\ Magnetic subgroups consistent with some given propagation vector(s) or a supercell
MAGNDATA J\ A collection of magnetic structures with portable cif-type files

MVISUALIZE 3D Visualization of magnetic structures with Jmol

MTENSOR 4\ Symmetry-adapted form of crystal tensors in magnetic phases

MAGNETIC REP. Decompaosition of the magnetic representation into ireps

Get_mirreps Irreps and order parameters in a paramagnetic space group- magnetic subgroup phase transition

HIGH FLUX
ISOTOPE
REACTOR

"
soﬁncg S. Calder, MagStr 2022, ORNL

%OAK RIDGE
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Step 3: Creating mCIF file

* [1] Need to have a propagation vector. This was determined using k-search in fullprof (to
be (0.5,0,0.5).

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.

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

Bilbao Crystallographic Server =+ MAXMAGN Help

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

Flease, enfer the label of The Space group of the paramagnetic phase (parent group)

2

MAXMAGN provides the possible magnetic space groups that can be assigned to a
1-k commensurate magnetic phase assuming that the magnetic symmetry is a
maximal one. The space group of the paramagnetic phase (parent group) and the | Flease, enter the propagation vector k:
observed propagafion vector are required 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 consfrains 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, transported to ab-initio codes efc., with

programs as ISODISTORT, JANA2006, StrConvert, VESTA, etc. These cif-like files
can also be submitted to the program MVISUALIZE, which allow 3D visualization of
magnefic 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.\ Gallego, E.S. Tasci, L. Elcoro, G. de |a Flor, and M.1. Aroyo
Annu. Rev. Mafer. Res. (2015), 45:13.1-12.32

which can be used to cite this program.

%OAK RIDGE | 158 | S8
National Laboratory | REACTOR | SOURCE S. Calder, MagStr 2022, ORNL




Step 3: Creating mCIF file

« Choose .cif file (crystal structure only).
The one for this example is “Ho2BaNiO5.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 Cryztallographic Server =+ MAXMAGH - Maximal magnetic space groups

Parent paramagnetic structure cif file

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

| Choose File | HoZBaMiOS5. cif | Upload the file |

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

Bilbao Crystallographic Server
http: e cryst.ehu es

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
SoURCE S. Calder, MagStr 2022, ORNL

%OAK RIDGE

National Laboratory




Step 3: 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 Cryztallographic Server —+ MAXMAGH - Maximal magnetic space groups

Parent phase structure data: Magnetic Atoms

Parent space group: immm (Mo, 71)
Lattice parameters (Angstroms and degrees): a=3.75603, b=5.73410, c=11.27750, alpha=20., beta=080., gamma=520.

Atoms: Please select the magnetic ones

Coordinates Magnetic?

M Atom name  Atom type  Wyckoff Position

0.50000 0.00000 0.20250 o

2 Bal Ea JC 050000 0.50000 0.00000
Nit Mi 23 0.00000 0.00000 0.00000 b
o o 4l 0.00000 0.24140 0.14950

] o2 O 2b 0.50000 0.00000 0.00000

Submit

Bilbao Crystallographic Server

http:ffwwew cryst.ehu es
¢ OAK RIDGE | ety | tiyon
National Laboratory | REACTOR | SOURCE S. Calder, MagStr 2022, ORNL




Step 3: Creatina mCIF file

Maximal magnetic space groups for the parent space group Immm (No. 71) and the propagation vector k = (1/2, 0, 1/2)

Maximal subgroups which allow non-ero magnetic moments for at least one atom are Cﬂ

l D 2 D
Gnm El mbgmp
Alternatives (domain-related)
Gnln El f.l.lbgrmp
Alternatives (domain-related)

Gnln El mbgrmp
Alternatives (domain-related)

Alternatives (domain-related)

* The possible magnetic space groups are displayed in grey

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

HIGH FLUX
ISOTOPE
REACTOR

S
SOII:IJRCE S. Calder, MagStr 2022, ORNL

%OAK RIDGE
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Magnetic Structure

Selected magnetic space group: 1- G2 (#15.90)

Step 3: Crea’ring MCIF file: Check #1

o
El
Sh
Alternatives (domain-related)
o] l D D
( = ) Sh
Gn foa subgruup
Alternatives (domain-related)
i) L
( = ) Sh
Gn foa 5ub-gr\c|up
Alternatives (domain-related)

-1 ] o lfi

Alternatives (domain-related)

e Only Ho can contribute to magnetic
sfructure.

« Spins only allowed along x and z (a-axis and
C-axis)

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

%OAK RIDGE

National Laboratory

Setting parent-like (2a, b, 2c; 0,0, 0)

Parent space group immm (Ne. 71)

Lattice parameters: 3=7.531210, b=5.73410, ¢=22.35500, alpha=50.00, beta=90.00, gamma=20.00

[Go to setting standard (a-c, b, 2a ; 0, 0, 1/2)]
[Go to an alternative setting]

| Export data to MCIF fileMisualize | | Go to a subgroup |

Atomic positions, Wyckoff positions and Magnetic Moments

New WP

Multiplicity

Magnetic moment

Values of My, M, M,

Ho1 Ho 0.25000 0.00000 010125

(1/4.0.z | m, 0mg) (1/4.0.-z | m,. 0.mg)
(01722104 | m, 0m,) (0,172 -z+1/4 | m, 0.m_)
{1/4.0,2+1/2 | -m,, 0 -m) (1/4.0,-z+1/2 | -m,,0,-m;}
(0,1/2,2+3/4 | -m,0,-m_} (0,12 -2+3/4 | -m,.0,-m_}
(3/4.0.z | -m,0,-my) (304,02 | -m,.0,-m}
(12072 z+1/4 | -m, 0 -m_) (1/2,1/2,-2+1/4 | -m.0,-m_)
(3/4,0.z+1/2 | m,.0.m) (34,0,-z+1/2 | m,, 0.m;)
(1/2.1/2z+3/4 | m,0.m_) (1/2,1/2,-2+3/4 | m, 0.m_)

16

(M,,0,M;)

ra

Ba1 Ba 0.25000 0.50000 0.00000

{1/4,1/2,0 | my,0.my) (0,0,1/4 | m,.0.m,}
(104 /202 | -m,,0,-m) (0.0,3/4 | -m, 0 -my)
(3041720 | -my,0.-my) (1/2.0,1/4 | -m,.0-m_)
(304,102,112 | my,0.mg) (102,034 | m,,0.m,}

w

Mi1 Ni 0.00000 0.00000 0.00000

(0,0,0 | 0.0.0) {1/4,1/2,1/4 | 0.0,0)
(0,012 0,0,0) (1/4,172.3/4 | 0,0.0)
(1/2,0.0 0,0,0) (3/4.1/2.1/4 | 0,0,0)

(1/2,0,1/21 0.0.0) (34,172,341 0,0,0)

(0,0,0)

=

01 0 0.00000 0.24140 0.07475

(Oyz | memymz) (0-y.2 [ my.-m,.m;)
(0.2 | -y my -my) (0-y,-2 | -m, -m, -m_}

(14 y+1/2z+1/4 | -mx,-m:,.-mz) (14 -y+12z+1/4 | -|1'1,‘_.m,.-mz}
(114 y+112 -z+1/4 | m,__;rn,.,_mz) (174 y+102 z+1/4 | m,,_m,\mzj
0.y z+1/2 | -m-my.-m) (0,-y.z+12 | -my.m,,-mg)
(0.y-2+12 | my-my, mg) (0,-y-2+172 | my my, my )

(14 y+1/2,2+3/4 | m,,_.my.mz} (104 -y +1/2 z+344 | mx,-my,mz}
(14, y+102,Z+304 | -my my, -my) (1/4,-y+1/2 -2+3/4 | -my-my,-m)
(12,42 | -y -, -m) (12,2 | -my iy, -my)

U2y, 2 | my-my mz) (12.-y.-z | m,m, m_}
(HAy+12. 2104 | mymy ) (34,-y+1/2 2+ 104 | my, -y, m)
(34 y+ 122414 | -mmy -my ) (34,4412 214 | -my -m,-m;)
(U2yz+12 [ mgmymz) (12 -y Z2+12 | my.-my, mg)

(V2 y-z+12 | -m, my -mz) (U2 -y -2+12 | -m,-m,, -m.)
(A Y+102, 24314 | -~y -2 (34.y+12 2304 | -m, my,-m)
(34 y+12,z+304 | my-m, m;) (34 y+ 12 -2+3/4 | m, m, m_)

w

02 0 0.00000 050000 0.25000

{0,1/2,1/4 | my,0.my) (1/4,0,0 | m,.0,m,}
(0,142,374 | -m, 0 -m_) (1/4.0 172 | -m,.0 -m_)
(102,172,144 | -m,,0.-m,) {3/4.0,0 | -m,.0.-m.)
(142,172, 34 | m,,0.m,) (3/4,0,172 | m,0.m;)




S

%OAK RIDGE

Magnetic Structure

tep 3: Crea’ring MCIF file: Check #2  =oommememercas

Parent space group Immm (Mo, 71)

o Latfice parameters: a=7.21210. b=5.73410, c=22 55500, alpha=%0.00, beta=90.00, gamma=20.00
n
| Show |
Gn tnasubgr\clup [Go to setting standard (a-c, b, 2a; 0,0, 0)]
Alternatives {domain-related) [Go to an alternative setting]
| Export data to MCIF file\Misuslize | | Go to a subgroup |
l _D 1. D D Sh
Altematives (domain-related) Atomic positions, Wyckoff positions and Magnetic Moments

Values of My, M,, M,

-l( _D l )l- " = o SN R
Gntnasubgmup (1402 | m.0 L

0.z | m,,0,m;) (14,02 | -m,,0.-m.}
Aliernatives (domain-related) (01222114 | my, 0.me) (007224174 | -my 0.-my)

(14,0, z+102 | -m, 0-mg) (1/4.0,-z+1/2 | m,, 0mz)
(0,172, z+34 | -m,,. 0.-m) (0.12,-z+3/4 | m,,0,m)
(34,02 | -m,.0,-mg) (34.0,-z | m,,0,mz)

(12, 12.2+1/4 | -my,, 0.-mg) (172,142 -z+1/4 | m,, 0,m,)
(3/4,0.z+1/2 | m,, 0m) (3/4,0,-2+1:2 | -m,. 0.-m)
(12,12 z+34 | my, 0m;) (V2.1/2,-z+3/4 | -m, 0-m;)

16 (M, 0,0;)

[y

= 5 m o ,E Ho1 Ha 0.25000 0.00000 010125

Alternatives (domain-related)

M, = 0.00000

M, =[000000 |

(1/4,1/2,0 | 0.0,0) (0,0,1/4] 0.0,0

(174 172 12 | 0,0,0) (0,0,3/4 | 0,0,0)
Ba1 Ba 0.25000 0.50000 0.00000 (304 12,0 0.0.0) (12.0.1/4 | 00.0) 3 -

ka2

« Both Ho and Ni can contribute to magnetic (34,1212  000) (172034 00.0)

_I_ _I_ (0.0,0] my,0.mg) (164,1/2,1/4 | -m,,0,-m})
structure. Nit Ni 0.00000 0.00000 0.00000 E:’g;ﬁ:xgi:g:;ﬂg?ﬁm:gzj 8 (M,,0.M;)
(1/2,0,1/2 | my,0.m) (34,1/2,3/4 | -m,.0.-m_}

[¥2]

« Spins only allowed along x and z (a-axis and (032 [y ) 032 ey )
. (09,2 | my-mym) (0,72 | mmy,my)
C-axiIs ) (14,y+1/2.2+1/4 | - -m,-m;) (114 y+12 2+114 | -m m, -m)
(U4 y+102.2+104 [ -my My -m ) (174-y+102,-2+1/4 | -my-m,, -m )
{0y z+172 | -y - -m) (0, 24102 | -my, m,, -mg)
(0y.-z+12 | -m, my,-mz) (0-y-Z+1/2 | -m, -m, -m_)

(N y+1i2, 234 | mymem;) (1/4,-y+1/2,2+3/4 | m,-m,m)
(1A y+102,-2+304 | my-mymg) (14172 2+304 | mymy, m; )
(172,92 | MMy, -mg) (172,42 | -mym,-m)

(U2y-2 | -mym,-mz) (12-y-2 | -m,-m,-m}
(Hay+12, 24104 | my.mm;) (34-y+12.2+1/4 | m-my,m)
(312 2104 | my-mymg) (3412 24104 | mymy m )
(12, y,2+1/2 | mymymg) (12,5, 2+1/2 | m,.-m,,m.)
(U2y-2+12 | My-mymy) (12.9-2+ 172 | mm,m,)
(3412 24304 | -my-m,-mz) (34 -y+ 172 234 | -my m, -my)
(34,y+1/2.z+3/4 | -mx,w,mz} (34 -y+12 -z+304 | -m,,.—m,,-mz]

4| O1C0.00000 024140 0.07475

(0,1/2,1/4 | 0.0,0} (1/4,0,0 | 0,0,0
SPALLATION (0,1/2.3/4 | 0,0,0) (1/4,0.1/2 | 0,0,0)
NEUTRON 02 © 0.00000 0.50000 0.25000 (12172174 | 0.0,0) (3/4.0.0 | 0.0.0) 8 -
SOURCE (102,172,304 | 0.0,0) (34,0112 ] 0.0,0)

HIGH FLUX
ISOTOPE
REACTOR

w
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Magnetic Structure

Step 3: Crea’ring MCIF file: Check #3 = anes

Parent space group lmmm (No. 71)

Latfice parameters: a=7.51210. b=5.73410, c=22.35500, alpha=50.00, beta=90.00. gamma=50.00
| Show |
[Go to setting standard (a-c, b, 2a ; 0, 0, 0)]
Alternatives (domain-related) [Go to an alternafive setting]
| Etport dsta to MCIF fileMisuslize | | Go to a subgroup |
( o 1. D 1] )
_ | Show |
Atomic positions, Wyckoff positions and Magnetic Moments
Alternatives (domain-related)

R

Values of My, M, M,

(1/4,0.2+112| 0,-m, 0} (1/4.0.-2+1/2| 0,m,,0)
(0.122+3/4| 0,-m, 0} (0.172.-7+3/4 | 0,m,,0)
(3/4,0.2| 0,-m,0) (3/4.0.-z | 0,m,.0)
(12,1722+1/4 | 0,-m,,0) (12,1/22+1/4 | 0.m,,.0)
(3/4,0.2+1/2| D,m, 0) (3/4,0 -2z+1/2 | 0.-m,,0)
(1/2,1/2.2+3/4 | 0,m,,0) (1/2,1/22+34 | 0.4m, 0}

-

Ho1 Ho 0.25000 0.00000 0.10125

1 ] o 1._,-'2

Alternatives (domain-related)

16 (0,0,,0

) Sh N Atom New WP Multiplicity || Magnetic moment
(1/4,02] 0,m, 0} (1/4,0,2 | 0.-m,0)
e e e (0,02.2+1/4| Dm,, 0) (0,12, -2+1/4 | .-m,,0)

)

MY =|0.00000

(1/4,1/2,0 1 0.0,0) (0,0,1/4 | 0.0,0}

(1741212 | 0,0.0) (0.0.3/4 | 0,0,0)
Bai Ba 0.25000 0.50000 0.00000 (304120 0,00) (120,14 0.00) 3

« Both Ho and Ni can conftribute to magnetic AT 121000 (1203% 000,

[E%]

S.I.rU C.I.U re (0,00 0m, 0){1/4.1/2,1/4 | 0,-m,.0)

(0.0.12 | 0.-m,,0) (154,12, 314 | 0.m,,.0)
(1/2.0,0 | 0.-my.0) (3/4.1/2,1/4 | 0.m,,0)
(172,0,172 | 0,m,, 0} (3/4,1/2,3/4 | 0.-m,.0)

8 (0,

La

Nit i 0.00000 0.00000 0.00000

,’!u]

MY =|0.00000

« Spins only allowed along vy (b-axis) 097y 1) 032 gy )
(0.y,-2 | -mymy, -m;) (0.2 | m,m, m;)

(14 y+1/2 24114 | -W-w-m) (14 -y+1/22+1/4 | mx.-m)._.mz)
(W y+102,-z+14 | my-my, mz) (14,3412 -z+1/4 | -my-my.-m;)
0,y.z+12 | -y -my.-m) (0. 2+ 102 | my-mym )
(00y-z+12 | my-my, mz) {0y -Z+12 | -m,.-m, -m_)
(14y+12.2+304 | mym,, mg) (1/4,-y+1/2,2+3/4 | -m,m,,-m_)
(14 =12 -2+304 | -my my-me) (14,-y+1/2,-2+3/4 | m, my,m)
(1252 | -y -y, -mg) (12,2 | my -m, m_)

(U2y-z | my-my,m) (122 | -m,-m,-m_)
(34y+122+1/4 | mym,, me) (34, y+102 2+ 174 | -mm,,-m_)
(34 y = V2 z+104 | -my,my -m) (34-y+12,-2+14 | my, mym;)
(12 y.z=12 | mym, my) (V2-yz+1/2 | -m,, my.-m,)
(12y-z#12 | -mymy-m;) (12-y-2+12 | m,m,m;)

(34 y+12 24304 | -y, -my -my) (34,-y+1/2,2+304 | my-my, m;)
(34 y+12 -z+3/4 | m-m,, m) (34, -y+1/2 -2+3/4 | -my.-m,,-m}

4 ©O10C0.000000.24140 0.07475

(0,1/2,1/4 1 0,0,0) (1/4,0,0 | 0.0,0}

HIGH FLUX | SPALLATION (0.1/2.3/4 | 0,0.0) (140,112 | 0,0.0)
%OAK RIDGE |HigH Frux| seaccan 5 || 02 00.00000 0.50000 0.25000 1141000 3400 000, 3 -
National Laboratory | REACTOR | SOURCE (12,702,304 | 0.0,0) (3/4,0,1/2 | 0,0.0]




Magnetic Structure

Step 3: Crea’ring MCIF file: Check #4 ey

Parent space group immm (Mo. 71)

0 Laffice parameters: a=7.51210. b=5.73410, c=22 55500, alpha=20.00, beia=90.00, gamma=20.00
n
Sh
Gn toa sub.gm,_.p [Go to setting standard (a-c, b, 23 ;0. 0, 1/2)]
Alternatives {domain-relsted) [Go to an altemative setting]
| Export data to MCIF file/visualize | [ Go to a subgroup |
] 1 n ]
( = ) Sh
Gn to Els-ubgrl:lup Atomic positions, Wyckoff positions and Magnetic Moments
Alternatives (domain-related)

Values of M,, M,, M,

R

) N Atom New WP Multiplicity | Magnetic moment
SI'I
| Goto a subgroup | (14,0, | 0,m,, 0} (1/4.0,-z | 0.m,.0)
Aliernatives (domain-related) 0.12,z+1/4 | 0.my, 07 (0,12,-z+1/4 | 0.m,,.0)

(1/4,0,2+112 | 0.-m,,0) (1/4,0,2+1/2 | 0,-m,,,0)
(0.172,2+304 | 0,-m, 0) (0,172, 2+3/4 | 0,-m,,0)
(3/4.02 0,-m,,0) (3/4.0.2 | 0,-m,,,0]
(112,02,2+174 | 0,-m,,0) (112,172, 2+1/4 | 0,-m,,,0)

Alternatives (domain-related) (3/4,0.z+1/2 | 0.m,,0) (3/4,0,-z+122| 0,m,. 0}
(12,1/2,2+3i4 | 0.m, 0} (1U2,1/2,-z+3/4 | 0.m,.0)

-

Ho1 Ho 0.25000 0.00000 0.10125 16 (0.0,

-1 ] o lfi

r!n]

MY =|0.00000

(1/4,1/2.0| 0,m,,0) (0,0,14 | 0.m,.0)
(174,112,112 | 0,-m,,.0) (0.0.3/4 | 0,-m,.0)
Ba1 Ba 0.25000 0.50000 0.00000 (304.172.0 | 0.-m, 0) (12,0, 1/4 | 0.-m, 0)

« Only Ho can contribute to magnetic (41212 ]0m,0) (12034 0,0

(3%}

S.I.rU C.I.U re (0,0,0 | 0.0.0) (1/4,1/2,1/4 0.0,0)
. - (0,0,1/2 ] 0,0,0) (1/4.1/2,3/4 | 0,0.0)
Ki1 Mi 0.00000 0.00000 0.00000 (12001 0.0.0) (3412 114 0.00) 8 0,0,0)

(1/2,0,1/2 ] 0.0.0) (3/4,1/2,3/4 | 0,0,0)

(4]

« Spins only allowed along y (b-axis) 0.2 my e 0.9.2 -y,

MMy, M) {0-Y.-Z | -y -m, -m)

(U4 y+ U2z 4104 | -my-my -my) (174 + U2 2+ 14 | my -m, my)
(U4 y+ 1224 | -mymy-mz) (14-y+ 12 -z+1/4 | my, my.m;)
(09,2412 | -my-my -my} {0, 2+1/2 | my-my.m;)
(02072 | -mymy -m;) (0.y.2+172 | m, m, m;)

(U4 y+122+304 | mymy, m) (174,-y+12,2+304 | -m,my,-mg)
(W y+12,-2+304 | my -mym) (14,-y+12,-z+304 | -m,,-my.-mz)
12yz | -my-m,-m} (12-y.2 | m,-m,m,)
(12y2 | -mym,m,) (12,y.Z | m,m,m;)

(M4 y+122+104 | my my, mz) (34 -y+1i2 24174 | -m,my,-mg)
(4 y+12,-2+104 | my -mym) (34,-y+12,-z+114 | -my,-my.-mz)
(W2yz+102 | mymy,mz) (U2-y.z+12 | -my,m,,.-m,)

(U2 y-z+102 [ my-my,mg) (12,-y-2+102 | -my-m,.-mz)

(34 y+ 12 Z+304 | -my -my, -mz) (34 -y+ 12 2+3/4 | my -my, m;)
(34 y+ 12 -2+304 | -mymy -mz) (34-y+ 12 -z+3/4 | m, my.m;)

4| 010000000 0.24140 0.07475

(0,172,174 | 0,m,,0) (1/4,0,0 | 0.m,.0)

(0.1/2.3/4] 0,-m,,.0) (1/4.0./2 | 0.-m,.0)
SPALLATION 5 | ©2 o 0.00000 0.50000 0.25000 (121214 | 0-m,.0) (3/4.0.0 | 0.-m0)

SOURCE (12112374 | 0,m,,0) (3/4,0 172 | Om, 0}

HIGH FLUX
ISOTOPE
REACTOR

%OAK RIDGE

National Laboratory




Step 3: Creating mCIF file

« MVISUALIZE lets
you quickly
check magnetic
structure.

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

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

Magnetic Structure

Selected magnetic space group: 4- C.2/m (#12.63)
Setting parent-like (2a, b, 2c ; 0, 0, 0)
Parent space group lmmm (MNe. 7T1)
Latfice parameters: a=7.51210, b=5.73410, c=22. 55500, alpha=20.00, beta=90.00. gamma=20.00

- (a-c, b, 2a ;0. 0, 1/2)]
[Go to an alteli petting]

Export data to MCIF filetVisualze

MCIF file of the s

Submit this mcif file to MVISUALIZE for 3D visualization of the estructure u#fig Jm

Download mCIF file: bcs_file. mcif
[The preview text below is non-editable, only copy-allowed]

. | Submit to MVISUALIZE

#\#CIF_2.@
Z Created by the Bilban Crvstzllooranhic Ssrver

MVISUALIZE: 3D Visualization of magnetic structures with Jmol

Select cell v
Toggle Parent Cell
Toggle Standard Cel

MVISUALIZE Main Page

View Along Axis... ¥

Show/Hide File
Unit Cell Info

All / Magnetic Atoms
Show/Hide Labels

Larger | Smaller| Vectors
Larger | Smaller, Atoms
Window Size

Bigger Smaller

Background Color ¥
Toggle Quality
Center

JSmol

help console Execute

Export PNG Image
Save PNG-3D
Save ZIP file

Show unit cell a,b,c
Add 1 cell along x
Remove 1 cell along x
Add 1 cell along y
Remove 1 cell along y
Add 1 cell along z
Remove 1 cell along z

x=1 [y=1 |z=1

Choose supercell

Draw bonds & polyhedra
Join|- ¥ |with|- ¥
from 075 |10275 |A
Bonds| Polyhedra
Delete | Bonds| Polyhedra
Clear all drawings

Draw

agStr 2022, ORNL



Step 3: Creating mCIF file:

 We will choose the allowed magnetic structure 2 (C.2/c (#15.90)) for this
example,

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

 If none of the shown space groups work =2 go o a subgroup

SPALLATION
OOOOOOO NEUTRON
ACTOR | SOURCE

S. Calder, MagStr 2022, ORNL



Magnetic Structure

S’rep 3: Creating mCIF file oo s ot

Group (BNS) Transformation matrix |[General positions| Properties Magnetic structure Setting parent-like (2a, b, 2c ; 0, 0. 0)

Parent space group {mmm (Mo. 71)

2. Clic k 1=7.51210, b=3.73410, c=22.35500, alpha=50.00, beta=90.00, gamma=50.00
export/view

| o0 2 subgrous |

| Goto 2 subgrous |
Atomic pos oments
. : N Atom New WP Multiplicity || Magnetic momeﬂ Values of My, My, M;I
{114,0.2 | m,0,m_) (14,02 | -m, 0.-m)
(0,142 24104 | m, 0,mg) (0,1/2,-2+1/4 | -my, 0.-m;)
(104,0.2+102 | -m.0.-my} {114,0,-2+12 | my,0,m)
: : I 1 | Ho1 Ha 0.25000 0.00000 0.10125 mﬂfﬁzf: : :x:g:x)m.m.-zﬂm M 0.m-) :
| | : ; (112,112 z+1/4 | -m,,0.-m_ Inpu‘l’
Alternatives {domain-related) (34,0 z+1/2 | m,, 0 m;) |
S yalyes for
(1/4.120] 00
. . 2 || Ba1 Ba 0.25000 0.50000 0.00000 E;ﬁ i ;rlzn| ma g n efIC
« We will choose the allowed magnetic structure 2 (C.2/c 812 001 moment |
(#15.90)) for this example 0012 m,0:m) )
. p ! 3 | NIt Ni 0.00000 0.00000 0.00000 ﬁfgyﬁ :ngi;}y;ﬁ;};i m:;mz; F |
(142.0,172 | m,,0.m_) (31417234 | -m,.0.-m_) v d
« But all should be checked to ensure the solution is 09 oy ) oy [y )
. . . . (0.2 | my-my.mz) (0.-y.z | mym, mg)
uniquely correct or to determine equivalent solutions. (1 11221 |-, -, ) (14 12 218 - )
(14, y+ 72,2414 | Mg My -mg) (114,-y+112,-2+114 | -my-my-m;)
(0.9, 2+12 | -my,-my,-mg) (0.-y.z+1/2 | -mymy,-m;)
(0y,-z+12 | -m, m, -} (0-y-2+12 | -m, -m, -m)
e If none of the shown space groups work - go to a PP Tl R
(1 y+ 12, 24304 | MM, my) (144.y+1/2.2+34 | mm, m)
SU bg roup 4| 010 0.000000.24140 0.07475 exz] -mx.-E-mz) (11242 | amym, ) ™ 32
(V22 | -y My -mz) (1722 | -my-my -my)
(A y+1/2 z+1/4 | mx.rn‘,,mzjl (3 -y+1/2 z+104 | rnx:-rny:mz)
(34 Y+ U2 2+ 04 | my-my, ) (34 -y+12 2+114 [ my, m, m;)
NOTE: In this case if Mx=Mz, when we run Fullprof it (V2 yeet | e 1y esti2 o
1 1 (34 y+102 24304 | -my,-m,, -m) (34 -y+12.2+3/4 | -m,m,.-m.)
may constrain them to remain the same, but here' NN i il SR gt i
there IS no symmetry requirement that Mx=Mz. It is 1207000 11900 000
given as (Mx,0,Mz) rather than (Mx,0,Mx). 5 | 02 0 0.00000 050000 0.25000 N im 000 aa 00 000 8
(112,112,3/41 0.0,0) (340,122 0,0,0)
OAK RIDGE | Hie# FLux | spaLLATION
%National Laboratory IRSEc.)Jr?rP;)ER gIgHEEEN S. Calder, MagStr 2022, ORNL




Step 3: Creating MCIF file  mcr fie of the structure 2

Submit thiz mcif file to M‘U‘]SIJiLIZE for 30 visualizatio : i !: | Submitto MVISLIALIZE |

e The mcif file is
displayed.

e [1] This can be

ACTF_ 2.8 . L MVISUALIZE: 3D Visualization of magnetic structures with Jmol
¥ Created by the Bilbao Crystallegraphle Server
¥ RLLp: S Crystoehu.es

|\

X

Date: 8971872849 1B:17:2

Selecicel v Export PNG image
/2 Toagie Parent Cel Save PNG-30
el r £ G

Ho2BaMioS . ci Topgle Snderi Call e

Along Axis v Show unt cel abc
n Cel knfo Add 1 cell along x

data_SyOhLaoh

_audit_creation_date 2819-18-29 —— w;_::‘s;;e::g-
OWI I O O e _audit_creation_method "Bilbao Crystallographic Server” ‘Showtide Labsls Ty
Larger | Smatier Al 9

Remove 1 cellalong 2 _

. . _chitatien_journal_abbrev g R— R
C | I C kl n O n _citatien_journal_wolume 3 ke 9 ‘f:m;wﬁ;
_citation_page First ? N
. . _citetion_page last ? Bigger | Smate
“bcs_file.mcif” cmomalten
. _cit O _year ? Sonds, Payhedra
_citation_DOI ? a0 38 Giawngs
loop_ hep | console Execute

W

* [2] Magnetic structure -

: : _atomic_positions_source database code IC5D 7
< :O n G SO e VISU G Ize _atomic_positicns_source olher [
M M [ M _transition_temgerature 2
y ‘ I ‘ I n g U I I I I O _experiment_temperature ?
R loop_
MVISUALIZE
_irrep_dimension
_irrep small dimension
_irrep direction_type
_irrep_action
_irrep_modes_number
_irrep presence
P 2 op 7?2 o2
We n OW n e ed _exptl_crystal_magnetic_properties_details
to q O to Ste p 4 _active_magnetic_irreps_detalls
k-naximal magnetic symmelry
_parent_space_group.name_H-M_alt "N o . TI1° i
_parent_space group.IT_number 71
%OAK RIDGE HIGH FLUX | SPALLATION parent_space_group.transforn_Pp_abe e, b,c;8,8,8° -
A ISOTOPE NEUTRON = = B
National Laboratory | REACTOR | SOURCE S. Calder, MagStr 2022, ORNL




Ho,BaANIO;

o This example will use the Bilbao Crystallographic Server (http://www.cryst.ehu.es/)
and follow these steps:

- Step 1: Refine the crystal structure using FullProf
- Step 2: Determine the k-vector by indexing the magnetic reflections using k-search

— Step 3: Create test magnetic space groups using MAXMAGN on the Bilbao
Crystallographic Server. mcif file created.

— Step 4: Convert the mcif file into a .pcr file using mCIF2PCR.

— Step 5: Use the created .pcr file to fit the nuclear and magnetic neutron data
using Fullprof to determined the magnetic structure.
QAKX RIDGE | efeie” | e

1 Labor S. Calder, MagStr 2022, ORNL



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

Step 4. Creating a pcr from an mcif file

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

bilbao crystallographic server

Contact us About us Publications How to cite the server

Space-group symmetry

Magnetic Symmetry and Applications

MGENPOS General Positions of Magnetic Space Groups
MWYCKPOS Wyckoff Positions of Magnetic Space Groups
MNORMALIZER Normalizers of Magnetic Space Groups

IDENTIFY MAGNETIC GROUP |dentification of a Magnetic Space Group from a set of generatoers in an arbitrary setting
BN . i Babgecn BMNS and OG settings
mCIF2PCR Transformation from mCIF to PCR format (FullProf).

MAGNEXT Extinction Rules of Magnetic Space Groups

MAXMAGN Maximal magnetic space groups for a given space group and a propagation vector
MAGMODELIZE Magnetic structure models for any given magnetic symmetry

STRCONVERT gﬁg;ﬁst tﬁeEéjl :! ?nt(glljlgwlggTEfE?ASP formats -- with magnefic information where available)
k-SUBGROUPSMAG 4\ Magnetic subgroups consistent with some given propagation vector(s) or a supercell
MAGNDATA A\ A collection of magnetic structures with portable cii-type files

MVISUALIZE 3D Visualization of magnetic structures with Jmaol

MTENSOR 4\ Symmetry-adapted form of crystal tensors in magnetic phases

MAGNETIC REP. Decomposition of the magnetic representation into irreps

Get_mirreps Irreps and order parameters in a paramagnetic space group- magnelic subgroup phase transition

HIGH FLUX
ISOTOPE
REACTOR

‘EIIEAI._I_IﬁATION
soﬁncgN S. Calder, MagStr 2022, ORNL

%OAK RIDGE

National Laboratory




Step 4. Creating a pcr from an mcif file

mMCIF2PCR: 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 FCR file is
intended for a simulation. The file can be then modified by hand for a refinement of the

Choose a structure file (mCIF format):

model.

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
“Ho2BaNiO5.dat”
AKX RIDCE 1ok’ | o™

S. Calder, MagStr 2022, ORNL



Ho,BaANIO;

o This example will use the Bilbao Crystallographic Server (http://www.cryst.ehu.es/)
and follow these steps:

- Step 1: Refine the crystal structure using FullProf
- Step 2: Determine the k-vector by indexing the magnetic reflections using k-search

— Step 3: Create test magnetic space groups using MAXMAGN on the Bilbao
Crystallographic Server. mcif file created.

- Step 4: Convert the mcif file into a .pcr file using mCIF2PCR.

— Step 5: Use the created .pcr file to fit the nuclear and magnetic neutron data
using Fullprof to determined the magnetic structure.

LLLLLLLLLLLLLLLLLL
F,0AK RIDGE g | S
1 Labor: ACTOR | SOURCE

S. Calder, MagStr 2022, ORNL



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

Step 5: Refining the magnetic structure with Fullprof

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

The initial 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 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 D1b at ILL. The irf file (dib_ill.irf) contains the required instrument
parameters.

NOTE: MOST OF THE PARAMATERS CAN BE COPIED DIRECTLY FROM
THE CRYSTAL STRUCTURE REFINEMENT DONE IN STEP 1. EITHER DO
THAT, OR REPEAT THE STEPS AS DETAILED IN THE FOLLOWING SLIDES

so 0 F‘ALL,?)TION
I T PE NEUTRON
ACTOR | SOURCE S. Calder, MagStr 2022, ORNL



Step 5: Refining the magne’rlc sfructure with FuIIprof

 Open pcrfile

« Load instrument parameters (irf file)
o Patterns > Geomeitry/irft-> d1b_ill.irf

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

T Editor of PCR Files
File Editor Tools Templates Help Exit

JM0H% a2 WRHEE M e X

Information
Title, type of job: Rietveld, Integrated Intensitiess

FullProf
. PCR

Simulated Annealing, ...

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

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

| |- Editor

r Informatian

14

Copyright (c) 2002-2005. JGP - JRC .
Initial

Ho2BaMi03_from_bilbac_MAXMAGH

Patterns Information

Pattem: 1/1 Weight I 1.0000 Data file/Peak shape |

Background Type |

o 2

Frevious

_IXI)JLIJ

B Pattern Diffraction Geometry Information: Pattern 1

i~ Diffraction Geometry

IB(agg-Brentano or Debye-Schemer Geometry

| Comections |

3 Instrumental Resolution Function

None
= (T, tan #+V7) tan &+,
=X tan8+7F feosé +E,
HE = (U, tan 8+V;) tans 8 +IF,
=(X284Y),28+Z,

H2 = (U, 28 +¥,)26 +,
H, =(X,26+7),28+7Z,

© List of 28, H,(26), H,(26)

. FWHM = U, tan® 8+ tan 8+,

n=1,+X, 28+5, (28]

{~ T.0.F p¥oigt * B+o-b exponentials (or * lkeda-Carpenter)

= &g above. but TOF wersus d-Spacing [J. Hodges)

S. Calder, MagStr 2022, ORNL



Step 5: Refining the magnetic structure with Fullprof

T Editor of PCR Files — *

File Editor Tools Templates Help  Exit

o Open pcrf”e YOW &2 @ WEEBE Y @ X

Title, type of job: Rietveld, Integrated Intensities, @ I |
Simulated Annealing. ... cnere

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

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

FullProf

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

MNumber of cycles, relaxation factors, access to Refinement |
pattems and phases (stoms and profile) nem

« Patterns - Data file/Peak Shape
rcnzr;m;tfdeﬂnmons.adding.deleﬁng. Constraints |

- DI1B/D20

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

QOutput options for pattems and phases: Output |
Reflection lists, Fourier, distances, BVS...

Patterns Information
Copyright (c) 2002-2005. JGP - JRC

Ho2BaNiO5_from_bilbao_MAXMAGN - Information

|F‘aﬂem: 11 Weight:l 1.0000

N

" D1A/D2E (Old Format) ¢ Free Format (Zhetal, step, 2ThetaF) ¢ Variable Time X+ay Data
o D'INDZEIBTZ'"Gﬂig  Two Axis Ingtrument, G41 XY SIGMA (XYDATA)

" GSAS Format ™ ¥Celerator (PANalytical)
+ D1B/D20 Socabim Software 1515 multibank nomalized
" Synchroton (Brookhaven)

" DMC/HRPD(P.S1) ¢ Synchroton (DBWS Software)

oK I Cancel

3, OAK RIDGE |grito| sesteron
National Laboratory | REACTOR | SOURCE S. Calder, MagStr 2022, ORNL




Step 5: Refining the magnetic structure with Fullprof

T Editor of PCR Files - b4

File Editor Tools Templates Help Exit

. DO A s e MBI e X
e Patterns - Data file/Peak Shape

Title, type of job: Rietveld, Intearated Intensities,

->Refinement/Simulation o ]F ‘ e
J

Type of Pattems, profile, background, diffraction

geometry, user-given scattering factors ..
‘ Ed'“ Patterns Information
‘. (i , Information

Pattem: 1/1 Weight: | 1.0000

e [3] Select Neutron - CW

« Wavelength will be set by irf file —— —

HoZBaNiO5_from_bi — Simulation / Refinement Data

" ¥Ray 3 " Pattem Calculation {%-Ray)

{~ Pattem Caleulation {Mevutron - CW)

" Neutron - T.0.F (Nuclear and Magnetic) " Pattem Calculation {Neutron - T.O.F)

— Wavelength

[UserDefined ~| 4 2.524 A 2524 (o4 4) [ 00000

caral |
SPALLATION
NEUTRON

HIG_IIj FPLEUX =
REACT SOURCE S. Calder, MagStr 2022, ORNL

REACTOR

%OAK RIDGE

National Laboratory




Step 5: Refining the maanetic structure with Fullorof

 Patterns—> Background Type
- 6-coefficient

e Select background type

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

T Editor of PCR Files —

File Editor Tools Templates Help Exit

IM0Ob% a2 WEEBE Y @ X
Information

Title, type of job: Ristveld, Integrated Intensities,
| Simulated Annealing, ...

General

»
Phazes |

i FullProf ﬂﬂ

I | Patterns Information

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

Murnber of points taken for Fourier Filker: I u_ugugﬂ
Erowse.. |

" Fourier Filtering

{~ Background File transformed by 4-coefficients expression

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

" Interpolation by cubic splines

" Chebychey Polynomial (24 coefficients)

0K I Cancel

S. Calder, MagStr 2022, ORNL



Step 5: Refining the magnetic structure with Fullprof

« Make phase
conftribute 1o
refinement.

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

 Peak shape
will be set by irf

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

3 (" Pattern Calculation [X-Ray)

(" Pattern Calculation [Neutron - Constant Wavelength)

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

nation on Phases

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

INucIear 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

- 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

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

Cancel |

S. Calder, MagStr 2022, ORNL




Step 5: Refining the magnetic structure with Fullprof

e L
sci Editor of PCR

 Files =

o Setfing starting
values for

refinements T i e st s G|

* S .I- O rTI n g i Cycles of Refinement: ,_1j] ﬂj

b O C kg rO U n d ~ Stop Criterium of Covergence — Relaxation Factors for Shifts chises ]-

V O | Forced Termination when shifts < | 0.02 » E.S.D. ‘
ues Others: None ~| Atomic [ 100 Anisotopic [ 100  Profie [ 1.00  Global [ 1.00

(1- h e S e C O n b e - Reflections ordering Canstraints |

f O U n d f r O m (" Dnly at the first cycle " Each cycle [~ Bragg R-Factor excluding reflections limiting excluded regions AE T I

NUC | eqr p h qase , Pattem 1 | Pattem 2 | Pattein 2| Pattem 4 | Patten 5 | Pattem <] »| T I
2

n O 'I'e m C i f2 p C r - Refinement weighting model —

File Editor Tools Templates Help Exit

R =LIPaREE AP R or

Ci& I"ﬁ

Per P

@ X

Phase 1 IF'ha:e I Phase 3 I Phase 4 | Phase 5 I Phase 6 I FAlr

6 Coefficients Polynomial Background: Pattern 1

'I' .| O O . | | & Least Squares . 3
p U S I n G " Maximum Likelihood Instrumental | | do | d1 d2 d_3 d_4 d_5 fine Al
fl e | d S. ) o : 00 ~ 0.0000) 0.0000 0.0000 0.0000
Unit Weights Nico Absoration I Fiw Al |
d_6 d7 d_8 d9 d_10 d_11
N OT E . C A N C O P Y T H E bn factor of number of data points: I_U::j fosicenis - N
L]
d_12 d_13 d_14 d_15 d_16 d_17
d.18 d_19 d_20 d.21 d_22 d_23
R E F I N EM E N T Coefficients I~ B
Q0K RIDGE [isras | Stsoi™ | \I‘ e S Calfer WagST 2072, ORI




Step 5: Refining the magnetic structure with Fullprof

e Instrumental
zero value
(See nuclear
refinement;
0.0895)

me - . ~D
rci Editor of PCR Files —

File Editor Tools Templates Help Exit

VO 22 o Wi

Ci& Inﬁ

P P

Information

I Title, tvpe of mh.BJgtyeld,lnteaLaletilnlensmes,_ General |

Patterns I

me o s
s Refinement Information

Cycles of Refinement: I 1 i-]

Stop Criterium of Covergence Relaxation Factors for Shifts
=l (

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

Others: None Atomic | 1.00 Anisotropic | 1.00  Profile I 1.00 Global | 1.00
Z : Constraints |
Reflections ordering

Only at the first cycle Each cycle ™ Bragg R-Factor excluding reflections limiting excluded regions Box/Reshaints |

NOTE: CAN COPY THE
VALUES FROM STEP 1 st 1| ot | ot 3| Fater# | Patieris | Pater L[] i Phase 1 | Phase 2 | Phase 3 | Phase 4 | Phase 5| Phase 5 | Pt L | oupt |
CRYSTAL STRUCTURE S remmmossmssy o | o= | e

REFINEMENT @ F:u.:ms(‘.? Glp ey b et e b ek

118/ 6/2018  [22:41:49

" Maimum Likelihood

" Uni i 3
Lot syeiclis Enraaatel (nstrumental Parameters Refinement: Pattern 1

Reduction factor of number of data points: I 0 ﬂ —2_Theta 3

= Refine Al | Findll |
Zero Displacement Transparency Wavelength
~ - Coefficients N 0084530 g 0.000000 0.000000 0.000000 Cancel I oK I

¢ OAK RIDGE | ety | tiyon = S
National Laboratory | REACTOR | SOURCE S. Calder, MagStr 2022, ORNL




Step 5: Refining the mggqne’ric sfructure with Fullprof

 Update “Scale” and
“Profile” parameters.

e SetU,V,W, X100

The irf file has values. NOTE:
in this data set the
magnetic peaks dominate
and with a limited Q range
the refinement is not stable
when profile parameters
refine. Keep fixed.

NOTE: Magnetic space
groups do not use a
propagation vector.
Instead the unit cell
changes. For k= (2 0 %)
the a and c-unit cell
values are doubled.

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

File Editor Tools Templates Help Exit

A¥0b% 22 @

A B3

W% 0 X

Title, type of job: Rietveld, Integrated Intensities,

| M . PCR
| '5“ }m Editor
‘ I

{

N FullProf

(11 Fi 4 |

{
m ‘

!

|
P =\

Simulated Annealing, ...

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

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

4 Number of cycles, relaxation factors, access tg
i | pattems and phases (stoms and profile)

= = Increase number of cycles
17 21 25 29 33 37 4 45 . ~ Relaxation Factors for Shifts y
2009
Forced Temmination when shifts < | 0.02 x E.S.D.
Others: None Atomic | 1.00 Anisotropic | 1.00  Profile | 1.00 Global | 1.00
Copyright (c) 2002-2005. JGP - JRC LJ i
Ho2BaNi05_from_bilbao_MAXMAGN [l kg
& Only at the first cycle " Each cycle ™ Bragg R-Factor excluding reflections limiting excluded regions
Phase 1 I:'z'-,— 2 I Phase 3 | Phase 4 I ase 5 | ase 6 If Al I s
Factors
cale Il Bfactor _MLI M’
Coefficient: 2.0000) | 0.0000j— [~ Pattems
S ——— CE Il et el s e
CeIIParame(ets“----lllIIIIII.....
. 2 b & [ | 2 -. L4 bet, I SIT | Micro-Structure
ic .. | 7.512100 5.734100 22554998] " | <“ 90.000) 90.000”
.
oy n at® Further Parameters
[ ™ pun
/ Shape Paramet ., SEEEEEEE ...u.w..‘
FWHM Pa | Refine Al |
u Vv w G
icients 0.000000) 0.0p0000— 0.000000) 0 M
e Parameters Cancel
X Y sz [ oKk ]
Coeffici 0.000000) 0.000000) DAOODOOOI_ -
™ Refine FWHM for
uz2 V2 w2
Coefficients r B

S. Calder, MagStr 2022, ORNL



Step 5: Refining the magnetic structure with Fullprof

T Editor of PCR Files - X
File Editor Teools Templates Help Eut

In “Refinement B PNV

-2 “atoms” input

e %

r Information
'I' h ermd | . . . 4 Eﬁhﬁﬁ;ﬁﬁﬂ?ﬁd' Integrated Intensities, General |
p G rO m e Te rs (O . 3 ) R Fu”Pro f Type of Pattems. profile. background. diffraction Pattems |
PCR geometry, usergiven scattering factars ...
[1.2,3] | | Editor Pra e e s 0 AT ] e
‘\ MNumber of cycles, relaxation factors, access to
| pattems and phases (stoms and profile)

Note that Re(x)
and Re(z) are set

m= - .
rce Refinement Information *

i Ik
I —I=gl =

. | — Cycles of Refinement: I_'H]i’
-I-O re fl n e . 17 21 25 e 33 37 M("}M 4 48 Stop Criterium of Covergence Relaxation Factors for Shifts
Forced Temination when shifts < | 0.02 x ESD.
This iS G defc U |.|. in Copyright. €) 2002.2005.JGA - JAC Others: None LI Atomic I 1.00  Anisotropic I 1.00  Profile I 1.00 Global I 1.00

Reflections ordering

files from mcif to HoZBaNi03 from bilbao MAXMAGN & oty s it e
pcr that we will

" Each cycle ™ Bragg R-Factor excluding reflections limiting excluded regions

Phase 1 |Fhzse 2 | F'I'.a?? | Phase 4 | Phase 5 | Phase & | P2 ¢

furn off in next  weun - .
S | id e Mumber of Atoms: I 5ﬂ 3 oms Ledm’sl
* Label | Mtyp | Mag. Rot. | Prog. V... X Y z B Qce ~ = e ]
Mom# 1 |Hol [JHO3 |1 0 0.25000] 0.00000] 0.10125 0.30000] 0.50000] Refine Postions | O B eiZ el e le i ol i e
Mom# 2 |Bal  |Ba |1 0] 025000 050000 0.00000 030000 025000 Refne 8 iso | rote | S
Mom# 3 N1 |MNIZ |1 0] 0.00000] 0.00000) 0.00000 030000 025000 = —l
o1 o 1 0] 0.00000 024140 0.07475 30000 1.00000) i |
:(“«tom H4 (I (I p — |: ¥ Refine B_aniso HKL Shifts | Further Parame%ersl
Fix Al |
Re eiy] = Impx] Imiy] k imfz] t= MPhase p
Aom #1 -00000[% 0.00000 5. 00000[% 0.00000 0.00000 0.00000 0.00000 Cancel |
Atom H3 7.00000)% 0.00000[— 7.00000)% 0.00000] 0.00000] 0.00000]— 0.00000[—
HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE S. Calder, MagStr 2022, ORNL




Step 5: Refining the magnetic

 Open pcr text file.

e Delete "VARY mxmymz” to
turn off automatically refining
moments.

e Turn off the refinement labels
11.0, 21.0, 31.0 and 41.0

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

i
T

ucture with Fullprof

File Editor Tools Templg Help  Exit

wl Ae2 SRS [
|%{D‘;}555%%| Der ipu|@)|><

File Edit Search

DExE®&q
H
H
4 tHumber of refined parameters
1]
t Zero Code SyGos Code Sysin Code Lambda Code WORE -»Patt# 1

0.088459 8.0 B.088008 8.8 B.080088 8.8 0.888000 a.688 a
H Background coefficients/codes for Pattern#t 1 (Polynomial of 6th degree)

70080.080 a.088 0.088 a.0e8 a.e8e a.o088
a.88 a.0a a.88 a.08 a.a8 a.88
1]
* Data for PHASE nunber: 1 ==» Current R_Bragg for Pattern# 1: a.88

Nuclear and Magnetic Structure of: /sru/www/bcs_branch_www//bos/www/tmp//Ho2Bal
L]

tHat Dis Ang Pri1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Huk Hpr Hore
13 ] B 6.8 6.8 1.8 18 [:] 2 [i] a a.8o08 ] 7 ]
L]
C_c2/c number:15.98 {--Hagnetic Space group symbol {BHS 6"“1 & number) |
Transform to standard: I h
Parent Space Group: IT_number: 71 e ete t IS to Stop aUtO

Transform from Parent:
* Hsym Cen H Clat H Ant
2 2 3 4

refinements of moments

t Centring vectors
8.58080 0.080068 0.50808
8.250808 8.500608 8.750008
8.750808 8.50068 8.25808
t Anti-Centring vectors
a.00000 a.aap0n a.50000
8.58080 0.00068 0.00888
8.25p80 0.50088 0.25808
8.7500808 8.500608 8.750008
* Symmetry operators
1 %,Y,Z,+1
2 -X,Y,-2Z,-1
L

tatom Typ Hag Uek X ¥ 2 Biso Occ N_type Spc/Fftype fLine below:Codes
* Rx Ry Rz Ix Iy 1z MagPh / Line below:Codes

t betai1 beta22 beta33 betai2 beta13 beta23 / Line below:Codes

Ho1 JHD 508088 B.0060080 a.18125 B.300088 a.50008 1 a8 #

a.an a.80 a.8a a.0a
-aaapn a.00860 a.80000 6.00008 6.006800 0.00808 <-HagPar
11.688 a.008 31.80 a.ae a.88 a.8a a.6a8
Ba 1 8 a.25888 58888 a_886888 a.3868688 8.25888 a a #

a.88 a.8a a.88 a.88 a.88
i1 HHIZ2 1 @ 8.00888 SEELT ] 8.800688 a.308068 8.25888 1 8 #
a.0n a.on a.a8 a.ee a.ae
1.008088 0.00008 1.000080 LT 6.60008 6.000008 6.00008 <{-MagPar

41.88 9.08 21.80 a.08 9.88 9.88 g8.08
0 1 8 8.800804 a.2h148 B. 87475 8.380088 1.88888 a 8 #
SE 8.808 8.88 8.88 a.08
il 1] B.500080 B.2508088 B.30008 B.250888 a 8 #
a.88 @.88 8.88 a.688 a.08
P > Profile Parameters for Pattern # 1
* Scale Shapei Bou St Str2 Str3 Strain-Hodel

Linel Coll NUM | INS

NL



T Editor of PCR Files T Editor of PCR Files
y File Editar Templates Exit

J¥0HW A0S WEEBE N

Tools Help

File Editer Tools Templates Help Exit

“ Refine background ¢ *

P, . e Simulated Annealing. ...

litle, type ot job: Hietveld, Integrated Intensities,
Simulated Annealing, p : | ! FuliProf Type of Pattems, profile, background, difraction Pattems

Ful’Prof (] | geometry, user-given scattering factors ..
Type of Pattems, profile, background, diffraction > R f I CR i

geometry, user-given scatterng factors ... e I n e s C q e q n . Phase name, type of calculations {JBT). ATZ,

PCR ditor | | contrbution to pattems, symmetry,

Phase name, type of calculations (JBT), ATZ, .

; ° B Number of cycles, relaxation factors, access to

Editor contribution to pattems. symmetry. a I C e C o n s a n s A ol ” h A paitems and phases (stoms and profie)

" Mumber of cycles, relaxation factors, access to il T Refi t Informati

, Dt i phessas ot and ey inem efinement Information

Constraints definitions, adding, deleting, N Irofile Parameters: Phase 1 Pattern 1

@ %

Tile, type of job: Rietveld, Integrated Intensies,

T Refinement Information etors for Shifts

Overall Bfactor
Cycles of Refinement: [ 10 =] g D000 |

r— Stop Criterium of Covergence Relaxation Factors for Shifts

Forced Termination when shifts < | 0.02 x ESD | | b | I E | |
& is 7512101 5734055 22.554598

Others: None Atomic | 1.00 Anisotropic I 100  Profile I 1.00 Global F‘ Pl -

[00  Anisotropic [100  Profile I 100 Global | 1.00

lgg R-Factor excluding reflections fimting excluded regions
6| palr
Prop. Vectors

Ca4 OC5 OF OF

Aen B oL In

B0 X

T, type of job: Retveld, Integrated Intensites,

Simulated Annealing. .. CenerS

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

r— Reflections ordering FWHM / Shape Parameters
" Oy at the first cycle " Each cydle I™ Bragg R-Factor excluding reflections limiting excluded regio FVIHM Faramaters

Coefficierts | 0000000 | 0.000000 | 0.000000)

o2

Profile I Micro-Structure
HKL Shifts I Further Paramsters

o3

Pattern 1 If ttem 2 | Pattem 3 4 5 = Phase 1 Ir--.-._ 2

Shape Parameters

Refinement weighting mode! Atoms | - | | X | v | sz | | |
0 DDDDDDL' [

¥ |east Squares Background Pitems | Cosfficients |

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

Number of cycles. relaxation factors. access
pattems and phases (atoms and profle)

™ Refine PWHM for second wavelength

| | u2 | ] V2 | ] w2
| Coefficierts_| || |

Refine Al | Forced Temination when shifts < | 0.02 x E.S.D.

Others: None ] Aomic | 100 Anisotropic [ 1.00

Refine moments

Refinement weighting model

b Coefficients Polynomial Background: Pattern 1

- Relaxation Factors for Shift

Coefficents 7000.0f% | - v 0 0000j | = 0000 - 0.0000 Profie [ 100 Global [ 100

I™ Bragg R-Factor exciuding reflections limiting excluded regions

Atoms Information: Phase 1

- List of Atoms

Number of Atoms: |_5:|

Label | Myp [ Mag. Rot. | Prog.v. X Y z B Occ ~
Mom# 1 |Hol |03 |1 b 0.25000) 0.00000) D101 030000 050000 Refine Postions
Momn 2 [Pl [Ba 0 o 025000 050000 0.00000] 030000 025000 Refne B 10
Momz 3 [NT_|UNZ [T 0 0.0000] 0.0000] 0.0000] 0.3000 0.2500 =
amnd 01 81 5.00000] 024140 00747 03000 7 00000) Refine B_aniso

< >

Rex] Rely] Relz] Im Imfy] Imfz] MPhase
H1 5.00000(v 0.00000| 5.00000V 0. 0.00000] 0.00000] 0.00000|

Aot 1.00000f% 000000 1.00000f% I~ 0.00000) 000000 000000

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE | NEUTRON

National Laboratory | REACTOR | SOURCE




Step 5: Refining the magnetic structure with Fullprof

T Editor of PCR Files

File Editor Tools Templates Help Exi

* Run the refinement. SRR LA e

» Select the “Ho2BaNiOb5.dat” S

geometry, user-given scattering factors ...

N e U .I.r O N d O -I-O fil e ) Phase name, type of calculations (JBT), ATZ, Phases

contribution to pattems, symmetry, ...

Pattems

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

[ Ho2BaNiO5.dat e —

Load EditPCR Mode Run  Exit

=»> Expected : 0.817 1.7538 ol
=» Conventional Rietwveld R-factors for Pattern: 1
=> Rp: g.02 Rwp: 8.99% Rexp: 1.31 ChiZ: 47.0
=> Global user-weigthed ChiZ (Bragg contrib.): 46.95
. => —————— > Pattern# 1
=> Phase: 1
L4 Reflnemen-l- mOdels mOST Of -I-he == Bragg R-factor: 2.715
=> RF-factor : 4.8e2
dOTO We”. == Nuclear R-factor: 3.119
=> Magnetic R-factor: 2.002
=> Pure Magnetic R-factor: 2.002

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

« Notice high chi2 (due to instrument > Contribution to ¥i for phave: 1
and background)

=> 0.018 minutes

=> END Date:09%/10/201% Time => 14:13:05.808

e But R-factor and Rf-factor low. .

Temperature: 1.42 Cycle: =2 ChiZ: 47 .0 HoZBaNiOS _dat

140000 —
1zZOo0000
100000

0000
3 S0000 H
40000 —
20000+

0 — (L [ B R}

—Z20000

20 20 40 50 &0 J0 20
Z2Theta
HIGH FLUX
ISOTOPE
REACTOR

SIEA%_IﬁATION
EGlIJJRCEN S. Calder, MagStr 2022, ORNL

%OAK RIDGE

National Laboratory




Step 5: Refining the magnetic structure with Fullprof

il Crystal Structure
dlEocEFgE

o List of files output 5 B o] o—> -
Mame % |
;‘.: Ho2BaMiO5_from_bilbao_MAXMAGN.pcr E pd
.::j Ho2BaMiQ5_from_bilbao_PMAXMAGMN.out i
. Ho2BaMiO35_from_bilbao_MAKMAGHN.prf f
ﬂ Ho2BaMiQ3_from_bilbao_PAKMAGN.sum £

ﬁ Ho2BaMiO3_from_bilbac_MAXMAGMNI fst
hj- Ho2BaMiO5_from_bilbao_PAXMAGHNT.moif

.= -
Iy,
1ol
I,
N

'0. .09 e
Q Ho2BaMiQ5_from_bilbao_PAXMAGMNT.mic """Iw,
QHDEEaNiGS_frDm_hiII;:IaD_MAKMAGM.5u|;:| 1'\."\‘.’" .
.::p,- Ho2BaMiO5_from_bilbao_PAXMAGHNT vesta " ’/‘l' /“

o
2N
\D3

o
LI\
e

LW 1K TN
2NLN
« Check magnetic structure with fst file 2% %
(Fpstudio) or .vesta or .mcif outputs. {Ifﬂﬁ

. . . et

* Values with errors in .sum file LG T

o=

N

)
L

Paa¥
2
=

J,
e

N

Ho: M,=0.11(6) Hg; M,=9.02(5) g
Ni: M,=0.7(1) Mg M,=-1.30(5) pg

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
SoURCE S. Calder, MagStr 2022, ORNL

%OAK RIDGE

National Laboratory




* In the folder “Ho2Ba2NiO5_RepAnalysis” There are other example slides
that use the alternative representational analysis approach that will be
infroduced later in the week.

 These can be worked through to see how the different approaches are
applied to give the SAME magnetic structure.

Marme Date modified Type Size
Ho2BaZMi05_MagSpaceGroup 10/1/2022 2:19 PM File folder
HolBa2MiO3_RepAnalysis 10/1/2022 12:35 PM File folder
%OAK RIDGE [16r5% | Seashenon
National Laboratory | REACTOR | SOURCE S. Calder, MagStr 2022, ORNL




