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E E_:-;Eg:;_ﬂiili_l E.iJ\d;l: = Two-dimensional van der Waals compounds with magnetic ions on a honeycomb lattice are hosts 1o a variety
A500 - - - of exotic behavior. The magnetic interactions in one such compound, MnPSe., are investigated with elastic and
inelastic neutron scattering. Magnetic excitations are observed in the magnetically ordered regime and persist
to temperatures well above the ordering temperature, Ty = 74 K, consistent with low dimensional magnetic
A000 1 interactions. The inelastic neutron scatiering results allow a model spin Hamiltonian to be presented that
'I'.!-'.'Ih f includes dominant intralayer interactions of Ji, = 0.45 meV, b = 0.03 meV, Ji, = 0.19 meV, consistent with
theoretical predictions. Despite the quasi-2D behavior, appreciable interlayer interactions of J. = 0.031(5) meV
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E 3500 - . are required to model the data. No evidence for anisotropy in the form of a spin gap is observed in the data
=] 'E‘ collected. The measurements on MnPSe; are contrasted with those on MiaPS; and reveal a large increase in
= 3 the interlayer exchange interaction in MnPSe; that may stabilize the similar ordering temperatures in the bulk
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HB-2A: Powder
diffractometer at HFIR

Fast-neutron

fiter — 5

= Main shutter

Instrument
a2 Colimator shutter
(6', 16', 21", 31") y
Constant length & goniomeler \ \ =
« Constant wavelen goniomsiar \H n
g \ \ \

o Germanium monochromator . /A
eam
- ~90° take off angle for medium-high resolution stop Monochromator
— Variety of complex sample environments: 50mK, ' e

8 Tesla, pressure... Detector bank

a3 Collimators (6')
(44 3He tubes)

« Detectoris an array of 44 individual 3He tubes
- Low background and robust to magnetic field
- Covers ~2-150° in 20 through scanning detector

https://neutrons.ornl.gov/powder

Ge(hkl) | A (A) d o (A) ATTSING/A Flux (n/cm2s)
(113) 2.41 27.6 0.2-5.1 5 x 10
(115) 1.54 17.6 0.35-7.9 1x107
(117) 1.12 12.8 0.5-10.9 4x10¢
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https://neutrons.ornl.gov/powder

Details of this MnPSe; example

 Neutron powder diffraction data collected at HB2A, HFIR
e A=2.41 A. Collimation: open-open-21"

 Data at 15K (MnPSe3_HB2A_15K.dat) and 295K
(MnPSe3_HB2A_295K.dat)

e Sample in a vanadium can Name

o

e Instrument resolution file: hb2a_resolution.irf & | hb2a_resolution.irf

e MnPSe3.cif

ke MnPSe3_HB2A_15K.dat
ki MnPSe3_HB2A_295K.dat

e Crystal structure: MnPSe3.cif
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% 0AK RIDGE | i et

National Laboratory | REACTOR | SOURCE S. Calder, MagStr, ORNL 2022




MnPSe,

This example will use Fullprof and SARAN

http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

- 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 candidate magnetic models using SARAN
— Step 4. Refine the magnetic model and nuclear phase in Fullprof.

— Step 5: Visualize the magnetic model

TOTPoER ’ SouRcE S. Calder, MagStr, ORNL 2022

nal Labor:


http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

MnPSe,

This example will use Fullprof and SARAN

http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

— 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 candidate magnetic models using SARAN
— Step 4. Refine the magnetic model and nuclear phase in Fullprof.

— Step 5: Visualize the magnetic model
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http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

Step 1: Refine the crystal structure using FullProf

@ FullProf Suite ToolBar

 Open Fullprof Suite toolbar.
— 1. Select working directory with

R mn,sn..;
ent selected file from TB -

Input Control Files of

F’I
Input Data/Intensity Fifes

data |
“File>Select Working (REEE St - Sclect Dirctory
direc TOI')/ L I :::dﬂ ) | C\sers\eraDesktop|Fulprof_Commensurate_MnPSe3 Cal
- 2. Browse to wherever your v O This pC A
folder L e
“Ho2Ba2NiO5_MagSpaceGrou
p" is located on your s T o
computer and select “ok™ } iﬁg;;
- 3. Path on FP studio toolbar >[5 pocuments
should now be updated. This LA -

helps with interacting with
other features of Fullprof L D oo

FullProf Suite ToclBar

File Programs Settings FP Dimensions Tools Edit Results Help
-r f?
= [ ‘ M |1-3||,|| mupsn
: ey E ” -r -SEHH[H P CR T
Working Directo M illsers' crd\Desktop\Fullprof_Commensurate_ MnP5e3_Calder\ Code File: | Type: Date: |'I}2,"'I'D.."E'DEE
OAK RIDGE | it FLux | sPALLATION
%National Laboratory :RS&I'&%ER QISHEEN S. Calder, MagStr, ORNL 2022




Step 1: Refine the crystal structure using FullProf

FullProf Suite ToolBar

Programs Settings FP Dirensicns Edit Results Help

e 1. From FullProf Suite Fie P s
S0 B ) 659 5 KL o I Bl 22 1) 0 [

Bl ] s

® ® Oy By
15y 4 i =5y =5y
o v

@

Toolbar open EAPCR.
Waorking Directory: |C:\Users\crﬂ'\Desktop\Fullpr

ensurate_MnPSe3_Calder\

Code File: |

Type: | Date:  |02/10/2022

o 2. Import crystallographic 1
information file by clicking
on “CIF>PCR"

o 3. Select the file
“MnPSe3.cif”

Ta Editor of PCR Files

File Editor Tools Templates Help Exit

BCTST=TAFEFEEAT-E

— Information

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

Fu”PrOf Type of Pattems, profile, background, diffraction

| geometry, user-given scattering factors ..
. PCR | \

Editor

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

Mumber of cycles, relaxation factors, access to

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

I ‘l 1r.|f; # | i 1'1;' pattems and phases (atoms and profile)
| i Al i fll
_-_?.ll'l\llx':,:_._d;_"l-__.'ﬂlil'm'x‘u_:;-r|:.f_' il "||l.'t': ,','E:;—'- Constraints definitions, adding, deleting,
=== =3 difying...
=TIy (=
- .j:;_;,_-_-- J\.\_::_":_\:"Il'l_::i_:' ',;lf:_:-.;.,l 'E'_‘i_: Fixing range of parametgrs. distancgs. angles,
— L — e magnetic moments and linear restraints
17 il 25 28 33 ar 41 45 449
28 %) Output options for pattems and phases:

Copyright (c) 2002-2005. JGP - JRC

Reflection lists, Fourier, distances, BVS...

General

Fatternz

Phazez

Fefinement

Congtraintz

Bow/R estraintz

FREELE

COutput

o

o _15K.dat
lal MnPSe3_HB2A_295K.dat

S. Calder, MagStr, ORNL 2022



Step 1: Refine the crys’ral s’rruc’rure using FullProf

Cif>PCR opens a window to input L
instrument and show structural info. SCIE= %:l o o | M 252 S i

b %

e 1. Load the instrument resolution file

“hb2a_resolution.irf”. NOTE: remove
the full path to just keep “dib_ill.irf". If ﬂ S —
you don’t and move the pcr file to a : \| oy | Qe ) _tor ( | _a Sre
different directory (or share the pcr ' ﬂ ,}" D
with someone else) it will create _,_HML,_:& A
problems =
« 2. Change “Type” to “Neutron” for R ——
constant wavelength
et () 02 20052 3 b c alpha beta gamma
o Starfing Cell Parameters, Space CAUsers\c9\Desktop\Fullpl 1537000 J6307000  J19966000  [0000 000 12000
Group and Atoms Information are m 1 Soace Group: 73 R
Nnow |O(]ded, ;ﬁm Number of total Operators: [~
* Note: occ = site multip./general — — =
multip. Always check this has been
correctly calculated after importing .
the .cif file.
« 3. Hit “OK" 3 (= cancel |

S. Calder, MagStr, ORNL 2022




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

T Editor of PCR Files

File Editor Toglg

Ternplates  Help  Exit

il

I 1

- 1,':1" 1#:|| | | ! ‘IIHL rll.;-|!|"

I ‘-\.:—u-'\—ﬂ—d_"-":‘j1|:|llll ﬁrf'l'-“—j | "IIL!;:: |||I-I;'-'
Shie——==G R I===5
== A ===
===
oM s 29 3 IF M 45 49

Copyright (=) 2002-2005. JGP - JRC

&2zl @ W0 F

l!ihp‘:r Inip‘:r @/}I| x
— Information

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

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

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

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

Constraints definitions, adding, deleting,
modifying. ..

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

Output options for pattems and phases:

Reflection lists, Fourier, distances, BVS ..

General

Pattems

Phases

Refinement

Constrairts

Bow/Restraints

1A

Cutput

ChUsersher®DesktophFullprof_Cormmensurate_MnP5e3_Calder\MnP5e3

Profiles: 1 |Phases: 1

|2/10/2022 14 2:25

S. Calder, MagStr, ORNL 2022




Step 1: Refine the crystal structure using FullProf

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

uld ~ .
General Information

~ Title
{MnPSe3]

r Caleculations

% Refinement/Calculation of a Powder Diffraction Profile
¢~ Refinement on Single Crystal Data / Integrated Intensity Data

¢ Simulated Annealing Optimization (Integrated Intensities)

==

Cancel

5.4, Options |

[~ 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. X,YSIGMA (XYDATA).

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

T Editor of PCR Files

File Editor Tools

Templates Help Exit

] O e

&a @ W

l:ih Ini

Por Por

© x

r Information
Title, type of job: Rietveld, Integrated Intensities,

C:\Users\crd

—

FullProf

.
e
b 11 113

== 1& A==

; Patterns Information

Information

Pattemn: 1./1

Simulated Annealing. ...

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

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

I

N Mumber of cycles, relaxation factors, access to
f'” pattems and phases (stoms and profile)

Caonstraints defintions, adding, deleting,
A i

Phases |
Refinement |

Constraints |

N

Weigf'rt:l 1.0000

ement / Simulation | Pattem Calculation/Peak Shape

Data File: |C:\Users\crﬂ\Desk'top\FuIIprof_Commensurate_MnPSeS_CaIder\MnP5e3

r— Format
¢ D1A/D2B (Old Format)

" D1A/D2B/3T2/GA2
¢ DB {Old Format)
¢ DIB/D20

" D4/D20L

™ DMC/HRPD (P.51)

" Free Format (2thetal, step, 2ThetaF)

 Two Axis Instrument, G41
" GSAS Format

1515 multibank nomalized

" Socabim Software
™ Synchroton (Brookhaven)
™ Synchroton (DBWS Software)

Data file/Peak shape | '

ons

CF

ictors

Cancel |

S. Calder, MagStr, ORNL 2022

B



Step 1: Refine the crystal structure using FullProf

T Editor of PCR Files - b4

File Editor Tools Templates Help Exit

Js0bwla 2 @ Wi

Information

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

Patterns & Data file/Peak Shape FuliProf Imﬁ ‘ e
>Refinement/Simulation PCR |

] ‘ Ed'“ Patterns I|'|f|:|'m-eticn
|
‘.\‘l [/ Information 2
L; ) | ,||:_”_d ) ) —
%@I“L-;T?:::ﬁ II_‘!_%M:}E'HIEK_LW:H_J:’IE Pattem: 1/1 Weight| 1.0000 Data file/Peak shape | J
1] ° " Al eIl i ]
[1] Select “Neutron - CW (nuclear and Magnetic) =t
17 2LI
. o o o o Copyright {c) 2002-20 -
Wavelength is already set by irf file, 2.40862 in this | | S )
eXO m p | e . HoZBaNiO5_from_bi — 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 2.408620 A 2408620 ({04 00000
-OK Cancel
%OAK RIDGE HIG_IIj FPLEUX SIEA%_IﬁATION == _l
National Laboratory :RSSACQI'OR EGlIJJRCEN S. Calder, MagStr, ORNL 2022




Step 1: Refine the crystal structure using FullProf

%OAK RIDGE

e Check final tab:

o Patterns - Data file/Peak Shape
—->Pattern Calculation/Peak Shape

 Peak shape is already loaded from
irf file.

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

National Laboratory

s Editor of PCR Files

File Editor Tools Templates Help Exit

T OEY &2 @ Wi

Information

Title, type of job: Rietveld, Integrated Intensities,

Simulated Annealing, ...

FullProf
PCR

geometry, user-given scattering factors ..

4 ]

Type of Pattems, profile, background, diffraction

General |
)

Ed” Patterns Information

Copyright (c) 2002-20 Data File / Format | Refinement # Simula Pattemn Calculation,/Peak Shape

J: | [ | Information

: licu_uw‘; Hdl— . o

= ===l == | [Pattem: 1/1 Weight] 1.0000 Data file/Peak shape
== |
===cgjli=is == Background Type |

Ho2BaMiQ5_from_hbil —Peak Shape

T I'Ihompson-Co:—Hastings pseudo-Voigt * Axial divergence asymmetry ;I % Codefil SHP

" Global SHP

— Scattering Variable

& JTheta  TOF. {microseconds) " Energy (keV)

—Range
Theta_min: I 0.0000 Theta_max: I 155.0000

Range of calculation of a single reflection in units of FYWHM: I 8.0000

oo

Incident beam angle at sample surface ()

Step: I 0.0300

Cancel |

S. Calder, MagStr, ORNL 2022



Step 1: Refine the crystal structure using FullProf

T Editor of PCR Files — b

File Editor Tools Templates Help Exit

* Move fo next tab down to N0 S Y
select background type

e Patterns> Background Type PP oL A )

Check “6-coefficient”

 Irfarmation

Patter: 1/1 W’eight:l 1.0000

| l:ih Inh

Por Prr

@ x

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

F R efinement

Data file/Peak zhape

e Put origin of polynomial at 60

. % Backgiound Type |} Constiaints
for this example. = 4 =] X b B

Initial Previous Add Del MNest Last Geometry/1RF | lutput
) |Jzer Scatt. Factors |
Copyrigl

(bl

/2018 |22:38:51

Origin of the polynomial: I 50,000

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

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

{~ Background File transformed by 4-coefficients expression

Browse. .. |

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

" Interpolation by cubic splines

" Chebychey Polynomial (24 coefficients)

HIGH FLUX | SPALLATION
%, OAK RIDGE | e | e o
National Laboratory | REACTOR | SOURCE Cancel Calder, MagStr, ORNL 2022




Step 1: Refine the crystal structure using FullProf

T Ed - *

Exit

* No further editing should be needed LW PE YT Yl T
of the remaining “Patterns” - {1 .
“Geometry/irf": | FuiProf || e

"y @] %

- The irf fab is populated since we loaded the | emaion _ :
ﬁ | e L weight[1.0000 Data file/Peak shape |

Background Type |

Li

g

S| -

I=h ~ [T

— Corrections tab [3]

- 4. Ch(]ﬂge OsymmeTW TO ]80. |f ThiS iS kepT O BB Pattem Diffraction Geometry Information: Pattern 1
then you will get errors if you refine asymmetry. v—

IBragg-Brentano or Debye-Schemer Geometry LI

- 3

Extemal Comection of Integrated/Profile Intensities
' None " Linear Interpolation " Empirical Function

r Prefemed Orientation

— Con Odd Gbsorp fio n if n eede d. Ch e CI( (% Rietveld-Toraya (Exponential Function) " Modified March's Function
h TTDS..//WWW. n Cnr. n IS 1-. qo \//I'eSO UFC eS/OC TIVO TIO " March-Dollase Muttiaxial Function " March-Dollase Numeric Muttiaxial Function

—Others

n z Comection for iluminated area exceeding the Sample suface: I 0.000
Monochromator Polarization Comection (cos " 2ThetaMon): I 0.0000

Fraction of mosaic-crystal fransmission): 0.0000

Absorption Comection Coefficient (muR):

Peaks below this 2Theta limit are comected for asymmetry: 180.00 4
r— Absorption comection (T.O.F)
Mone LI
%OAK RIDGE HS|gH0FLux SPALLI-\OTION
ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE oK | Cancel 2



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

Step 1: Refine the crystal structure using FullProf

» No further e.d[’nng“should b”e needed N eaR I e R EBE Y eX
of the remaining “Patterns” tabs:
- Excluded Region | FultProt | | Ify.i”'i.ff? T
Use with care, but can cut out [—
bOCkground' i Patter: 1/1 wWeight: | 1.0000 Data ia/Paak shape i
E Background Type
ANTTRE TP QI ] 4 o |
— User Scatt. Factors I —
This can be used to add e.g. a form cone

factor that isn't fabulated

HIGH FLUX
ISOTOPE
REACTOR

SPALLng“ON
SOURCE S. Calder, MagStr, ORNL 2022
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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




Step 1: Refine the crystal structure using FullProf

m= T ot
rei Editor of PCR Files =

REFINEMENT tab:

File Editor Tools Templates Help Exit

. . b 1 VO s WD E " e X
d S@Thﬂg STOrTlng i~ Information

l Title, tvpe of job: Rietveld, Intearated Intensities. |
VO | U es for T Refinement Inforn n General

refl n e m e n TS i Cycles of Refinement: ,_1ﬂ ﬂj

Phases l
. ~ Stop Criterium of Covergence Relazation Factors for Shifts 1
* S -I-O rTl n g 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

background — =
| f 2 O O - Reflections ordering
V O U e O " Only at the first cycle " Each cycle [™ Bragg R-Factor excluding reflections limiting excluded regions Bon/Bastiants I

(C h e C |< d O TO ) Pattern 1 IPanem 2| Pattem 3| Pattem 4 | Pattem 5 | Pattem R Dutput |
2

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

6 Coefficients Polynomial Background: Pattern 1

i Refinement weighting model —
; Background 3
800 % K;g:i_(; r T —— [
700 | Instrumental | do I d1 d2 d3 d_4 d_5 fine Al
7 i 0 - 0.0000) 0.0000 0.0000) 0.0000
E Micro-Absorption Fix &l
=1
g 5007 == db d7 d8 d9 d_10 d 11 _J
] v
> 00 ohciata Pokks I_U ::j Coefficents I~ B
£ ] !
EEEE !"’.w 3 d12 d13 d 14 d15 d 16 d17
Coefficients I~ I I~ Cancel |
.
T d 18 d 19 d 20 d 21 d 22 d_23
1 20 Coefficients B B B
2theta (deg)
$OAK RIDGE gz | sssion s e
National Laboratory | REACTOR | SOURCE S. Calder, MagStr, ORNL 2022




Step 1: Refine the crystal s’rruc’rure using FuIIProf

e 1. Select “Refinement” tab IJ

again. Update “Cycle of
Refinement” to 5

« From “Refinement” tab
select: Refinement>Profile

« Change scaleto 1.0

e Note U, V, W, X are set to
zero. BUT, the values are

being read from the .irf file.

So if we refine these then
they add on to the irf
values.

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

Editor Tools Templates Help Exit

VORI L L e M

] 2
P2 5

%%‘C& Pur @‘:I‘ X

Ifarmatis
r

17 21 25 20 33 3 4
2009

Copyright (c) 2002-2005. JGP - JRC

C:\Users\cr9\Desktop\Fullprof_Commensurate_MnPSe

Forced Temination when shifts < | 0.10 x ES.D.
Others: Non
~ Reflections ordering
' Only at the first cycle (" Each cycle
Pattem 1 I:?_.»%,, 7 | Pattem 3 | Pattem 4 [ Pattem 5 l Pattem
Refinement weighting model —
% Least Squares Background
" Maximum Likelihood Instrumental
" Unit Weights R
Wicro-Absorption

Reduction factor of number of data points: 0 ﬂ

'i j FullProf ‘

pattems and phases (stoms and profile)

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

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

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

Number of cycles, relaxation factors, access tq

Pattems

1 Phases

ase 1 Pattern

General

alpha beta gamma
Coefficients 6,387000"- 6.387000( 19.996000( $0.000 90.000( 120.000/
[ FwHM / Shape P | Preferred Orientation |
FWHM Parameters Refine Al
u [ v w G
Coefficients 0.000000] 0.000000[ 0.000000[ 0.000000[ Al
Shape Parameters Cancel |
X | Y sz
oK
Coefficients 0.0DDDODII_ 0.000000( 0.000000(™ 58] —]
™ Refine FWHM for second wavelength
u2 V2 w2
Coefficients ™ ™ ™
!(71 G GO T S o o S s G

HKL Shifts I 2

Micro-Structure
Further Parameters




Step 1: Refine the crystal structure using FullProf

e 1. Can now run the refinement ! ST S -
Select the "MnPSe3_HB2A_295K.dat” L\ &
daiq | | | FullProf

— Note: we have not set anything fo refine o=

Information

Title, type of job: Rietveld, Integrated Intensities, G 1

Simulated Annealing, ... e
Pattems

| Type of Pattems, profile, background, diffraction

yeT. |T iS gOOd TO CheCk your mOdel iS :i gzﬁ:z:i 1:La ctveld i;g:ctors for Pattern: 1 e
=> BRp: 55.8 Rwp: €8.7 Rexp: 3.36 ChiZ2: 417.
Close 'I'O The dQTO Ond merS Sense => Global user—weigthid ChiZ ;Bragg contrib.) : 445.8
= ——————- > Pattern
before refining. il rtators 37.00
== RF-factor : 2z2.91
e 2. Refinement runs for the number of D Romcrore: Taocs s T iie TTlmiz: amre Thmeseat.t 0.1075  pave: 1
. . i> Expectec.i : ) 2;09 . 1.8561
cycles (in this case §). You can D e e e
=» Global user-weigthed ChiZ2 (Bragg contrib.): 475.0

repeat this by pushing run unfil e S
“Normal end, final calculation and : 2
writing...” shows rather than

=> CPU Time: 0.7%94 seconds

“Convergence not reached”

=>» END Date:02/10/2022 Time => 14:22:32.083

o Select yes to save. cocies & cmis air. rmeees_smen_cesw aee
If you're doing a refinement and the fit gets j 20007

worse then you can select “no™ and the " eooor
starting values will remain.

00000

00000

o
a— =Z000—
I.e_l Re-load PCR File? 1 u
k. * H [=
d | [
4

I e e e e e
| I ” i ‘.ﬂf L VG A ¥ S

: 20004 LJ
SPALLATION
NEUTRON Mo | 10 =20 =20 <40 E0O a0 sl j=Rw] =] 100 110 1=20
SOURCE 2Theta 2022

—

HIGH FLUX
ISOTOPE
REACTOR

%OAK RIDGE

National Laboratory




Step 1: Refine the crys’rol s’rruc’rure usin
 Open the .prf file to

check the fif.

B FullProf Suite ToolBar

Working Directory:

Settg

C:\Us...crd\Desktop\MagStr_2022_Calder\Fullpref_Commensu

nnnnnnn Tools

) ke e il

#SERRLH

FUllProf

rate_Cr2WO6

_Caldery,  Code File:

Date:  |01/10/2022

You might have to peme A
open the file after s esoution S0 :
clicking on the toolbar. | Zwwesaos o L e E
Or open it from the file i o | = e
drectly. oo | & @0 F
« The peaks are fit at B S8 Y o k{ ;
Sllghﬂy dlfferenT QTheTO s g ’ E- I e A | O O N O A R (A I‘\ 11 O _E
So need to refine the S0 E
lattice constants first. o0 |- .
Also scale is a bit off. o000 |- W é
NOITE: refine lattice oo b
constants before peak ’ 2 0 . e 1 e

shape parameters.

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

%OAK RIDGE

National Laboratory

S. Calder, MagStr, ORNL 2022




Step 1: Refine the crystal structure using Ful

Profile Parameters: Phase 1 Pattern 1

~Fa

ctors

 Now dadllow the following to refine to fit the  ————
nuclear crystal: = — T T T =T = =
| Cosficients | 6.387001[W | 6387001 1s5.ss6000f] 90.000[] 50.000]| T20.000] |
- Scale factor (Refinement>Profile) e I —
. FWHM Parameters g - - - M
— Lattice para meters oo | D.uumuull“ u_ml\r|| Dw1rl\ u.uuuuﬂu||l'1 _mn |
(Refinement>Profile) e - u
- Background e o

(Refinement>Background)
2theta zero. (Refinement>Instrumental)

Can also try to refine atomic parameters
Refinement>Phase tab—->Atoms

6 Coefficients Polynomial Background: Pattern 1

d_2

d_3

d_4

d_5

Coefficents

d_o
200,00

d_1
0.0000(v

0.0000

L

0.0000)v

0.0000

0.0000("

4.6 ‘_| d_7 |_|
= il

Instrumental Parameters Refinement: Pattern 1

4.3 ‘_|
=1

4.9 ‘_|
=1

d_10 ‘_| d_11
il

el

Refine Al |

Fix Al |
.

—2_Theta
- | Refine Al | FcAl |
« IfBis 0in atom information, putin 0.3 == T T T T oot | [5]

Checking the box turns the number blue to show they are set to refine.
If they are red then they are constrained to refine with another parameter.

Atoms Information: Phase 1

r List of Atoms

Looking in the text of the pcr file shows refined parameters by codes Number of Atoms: [~ 3]
ending in1. Label | Miyp X Y z B 0 Them. Fact [ Refne Fostions |
. EE bt Refine Positions

Those constrained have the same code e.g. 11 and 11 or 511 and 511. om# 1 [Wn1 v u_nuunm“v D.DnmllE D.mml‘E u_m|‘= ﬂaaaaalL' lsotropic e o |
Mom# 2 [P1 P 0.00000 [ 0.00000[W 0.44430[W 0.00000[— 0.33333 | lsotropic Refine B_iso |

AMom# 3 |Sel Se 0.33050 W -0.00160 (W 0.08180(W 0.00000( 1.00000| | Isotropic :
%OAK RIDGE | ticH FLux | spaLLaTioN Ml

k ISOTOPE | NEUTRON = 5
National Laboratory | REACTOR | SOURCE Fix All |
Anisotropic Thermal Factors / Form Factors




Step 1: Refine the crystal structure using FullProf

Load EditPCR  Mode Run Exit

=> Expected : 2.08 1.8701
M => Conventional Rietweld R-factors for Pattern: 1
e The refinement to the S eniz: 113
=» Global user—-weigthed Chi2 (Bragg contrib.): 12.73
. => - > Pattern# 1
295K data is now close .
L] => Bragg R-factor: 7.624
=> RF-factor : 6.833
=> Convergence reached at this CYCLE !!!!: CYCLE No. 2
=> R-Factors: 5.21 7.04 ChiZ: 11.5 DW-Stat.: 0.19837 Patt#: 1
=> Expected : 2.08 1.8701
=> Conventional Rietwveld R-factors for Pattern: 1
=> Bp: 12.3 Bwp: 11.8 Rexp: 3.49 Chi2: 11.5
. => Global user-weigthed Chi2 (Bragg contrib.): 13.06
* YOu can add in S
=> Phase: 1

=> Bragg R-factor: 7.624

refinements to the peak Tt R e s wrisin.
shape, since the sample - ozm. oo e

may add some
broadening beyond the

parameters loaded in

Cycle: 5 ChiZz: 11.5 MnPSe3 HBZA 2Z295K.dat

n
° ° ° 4
with the irf file -*
. 3
a
H
0
>
i
4
n
e
1]
o
R
o
%OAK RIDGE HIGH FLUX | SPALLATION 10 20 30 40 50 GO 70 80 90 100 110 120
National Laboratory | REACTOR | SOURCE Z2Theta




Step 1: Refine the crystal structure using FullProf

« Refinement 2> Profile> Refine U,V,W, X. Also refine asymmetry parameters.

Profile Parameters: Phase 1 Pattern 1

Profile Parameters: Phase 1 Pattern 1

— Factors
Scale Qverall Bfactor I
Coefficients 0.72543 W 0.0000| Scale Crwerall Bfactar
~Cell Parameters Coefficients 0.73343|w 0.0000
a b c alpha beta gamma —Cell Parameters
Coefficients £.378181|W 6378181 (W 20.016632|W 90.000( 90.000| 120.000|W
a b c alpha beta gamma
i 7. W 7 W W '
mew Paamctrs | rforod Ortaton| EEEns 6.378181]% 5.378181 | 20016632 90.000] 90.000] 120,000

— Reine Al | FWHM / Shape Parameters | ' referred Oriertation
Fix Al |

Refine All

Shape Werameters Cancel | s.L DL Fix Al |
= Coefficierts 0.000000] 0.000000]
Cancel |
[ Refine FWHM for second wavelengt
u2 V2 w2 i Asym3 Asymd
Cneffirients — — [l = Coefficients 0.000000{ 0.000000|W 0.000000 W 0.000000 v

* The refinement to the 295K data is now very

- At this point you should copy the pcrfile or @ ]
rename it so you can go back to this pointif . ..

the refinement crashes or you have issues. I see] . ii g g

2000 S E—
%OAK RIDGE

National Laboratory

SPALLATION
NEUTRON

SOURCE s S. Calder, MagStr, ORNL 2022

HIGH FLUX 10 20 30 a0 50 60 70 80 %0 100 110 120
ISOTOPE
REACTOR




Step 1: Refine the crystal structure using FullProf

e The previous steps were refining the crystal structure at 295K, where there
Wwas No long range magnetic order.

« We now want 1o refine the crystal structure in the magnetically ordered
region (15K).

 Then we will add on the magnetic phase based on that refinement in
steps 2 and 3.

HIGH FLUX | SPALLATION
% 0AK RIDGE | i et

National Laboratory | REACTOR | SOURCE S. Calder, MagStr, ORNL 2022




Step 1: Refine the crystal structure using FullProf

e Before refining the 4K data FIRST TURN OFF PEAK SHAPE REFINEMENTS.
Since the peaks shift with temperature, refining both the lattice constants
and peak shape may become unstable if all done at the same time.

- The peak shapes should not change with temperature (we're measuring
the same sample on the same instrument!)

— The lattice constants and structural parameters would be expected to
vary with temperature.

Factars Profile Parameters: Phase 1 Pattern 1
Scale Cwerall Bfactor
— Factors

Coefficients 0.76115|v 0.0000(

Tl Parameters Scale Qverall Bfactor
Coefficients 0.76115{v 0.0000(
b c alpha beta gamma
Coefficients 5.377378|lv 5377378} 20015086V 30,000 50.000| 120.000]% Cell Parameters
| b C alpha beta gamma
Preferred Orientation Coefficients 8.3??3?2“7 6.377378 (v 20.015066 v 50.000 90.000( 120.000 ™

5L | D_L
0.000000]T 0.000000]

Y 5Z

0.000000

0.000000

[ Refine FWHM for second wavelend

uz V2 W2

Asym1

Asym2

Asym3

Coefficients B r r 0.252470 0.097520 0445240
%OAK RIDGE HIGH FLUX | SPALLATION
ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE

S. Calder, MagStr, ORNL 2022



phase transition.

the following steps!

***Check in pcr text***

ALA Lo e Ci In
M 55 222 OB @ %
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 (JET), ATZ,
contribution to pattems, symmetry, ..

Number 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

COutput options for pattems and phases:
Reflection lists, Fourier, distances, BVS...

Copyright (c) 2002-200%. JGF - JRC

Ch\Usershord Desktop\Mag5tr_2022_Calder\Fullprof_Commensurate_Cr2WO6_Calder\Cr2W0O6 Profilest 1 |Phases: 1

« NOTE: New peaks are present at low angle. These are the
magnetic peaks. The structural model still captures the high
angle peaks indicating there is no observable structure

« So the poor fitis due to the magnetism, which we will fit in

« TURN OFF ALL THE REFINEMENT PARAMATERS.

ComMM Meutron diffraction study of the Tayer:
' Files => pat-file: , PCR-file: MnPsel
'Job Npr Nph Mba Nex Nsc Nor Dum Iwg Ilo Ia:
1 7 1 0 0 0 0 0 0 0 (
|
' Resolution file for Pattern¥ 1
hb2a_resolution.irf

'Ipr Ppl Ioc Mat Pcr Lsl Ls2 Ls3 NLI Prf Im:
0 0

1 0 1 0 4 0 0 I L
|
' Lambdal Lambda2 Ratio Bkpos wdt
2.408620 2.408620 0.00000 60.000 8,000
|
'NCY Eps R_at R_an R_pr R_g]l Thmin
5 0.10 1.00 1.00 1.00 1.00 5.52!

'Number of refined parameters

-0.09708 0.0 0. DDDDD 0.0 0.00000
! Background coefficients/codes for Patt:
— 174.138 -73.512 -30.456 4
0 oo 0 nn 0 nn

1/10/2022 |20 3:56

Step 1: Refine the crystal structure using FullProf
* Now refine the 4K data (MnPSe3_HB2A_295K.dat).

¥ FullProf Program

Load

Edit PCR  Mode

Run

Exit

=>
=>
=>

=>

=>
=>
=>

units)

Intensity (arb.

Expected : 2.13 1.8701

Conventional Rietveld R-factors for Pattern: 1

Rp: Z20.7 Rwp: 23.6 Rexp: 2.99 ChiZz: 62.2
=> Global user-weigthed Chi2 (Bragg contrib.): €9.77

=5 - > Pattern# 1

=> Phase: 1

=> Bragg R-factor: 14.90

=> RF-factor 5.701

Convergence reached at this CYCLE !!!!: CYCLE No. 2

R-Factors: 11.9 1e.8 Chiz: 2.2 DW-Stat.: 0.0797 Patt#: 1
Expected : 2.13 1.8701

Conventional Rietveld R-factors for Pattern: 1

Rp: 20.7 Rwp: 23.6 Rexp: 2.99 chiz: €z2.2
=> Global user-weigthed Chi2 (Bragg contrib.): 70.77

=3 > Pattern# 1

=> Phase: 1

=> Bragg R-factor: 14.9%0

=> RF-factor 9.701

Normal end, final calculations and writing...

CPU Time:

0.01% minutes

END

1.16% seconds

Cycle:

5

Date:02/10/2022 Time => 14:58:37.437

Chi2: 62.2 MnPSe3 HB2A 15K.dat

12000+

10000 A

80004

6000+

40004

A

10

20

30

40 50 €0 70 80 90 100 110 120

2Theta

S. Calder, MagStr, ORNL 2022



MnPSe,

This example will use Fullprof and SARAh

http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

- 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 candidate magnetic models using SARAN

— Step 4. Refine the magnetic model and nuclear phase in Fullprof.

- Step 5. Check the magnetic model

%QAK RIDGE

ional Laboratory

HslgHoFLux SPALLgTION
ISOTOPE NEUTRON
REACTOR | SOURCE S. Calder, MagStr, ORNL 2022



http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

WinPLOTR-2006 Version: 5.00-2012

File Plot Profiles Options Xspa B'- Applications Title |MI‘|PSE3|
=H & #lls W L TPer re 4 B PP

Intensity {(arb. units)

Determine the k-vector - igaaie o wmss

osiipey | PCR e

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.

Input parameters for K_SEARCH

& CAWINDOWS\SYSTEM32\cmd.exe

Lattice Type R-3

Cell Parameters | 6.35953 6.35953 19.91315 90.0000 90.0000 120.0000

Meutron diffraction study of the layered|

Tal
12000 + [ HMmPSe:.p== I‘FC?FF?‘;T‘lZ’[a} 0.300
[ ChiZ: 62.194¢6
K range
10080 -] ° . 0005 0005 0005
Select magndtic, pqd  femim=) |
8000 -]

/ Number of Pairts 100 100 100
(Ma® Nb* Nc*)

mieel 2.40862 : o 6. 8600000 )
8000 CW) / DRt 1(TOF) |
> The S0 5 the
4000 4 {* Short Output Long Output ™ No output of intermediate calculations Co cror 1s:

2000

I¥ Search only special k-vectors oK | Cancel > Powder diff ion ive wr if the R-factors for the so
Ve rform a full profile fitting and

LJ.L.\_A_L_M...AJL.AJ T

k=(0,0,0)

2theta (deg) S. Calder, MagStr, ORNL 2022

10 20 30



MnPSe,

e This example will use Fullprof and SARAh

http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

- 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 candidate magnetic models using SARAh

— Step 4. Refine the magnetic model and nuclear phase in Fullprof.

— Step 5: Visualize the magnetic model

%QAK RIDGE

HIGH FLUX | SPALLATION
i ISOTOPE [ NEUTRON
onal Laboratory | REACTOR | SOURCE

S. Calder, MagStr, ORNL 2022


http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

Step 3: Create candidate magnetic models using SARAN

« We will use the SARAN software that Wills Group

L]
I S We b b O S e d . SOFTWARE WEB SOFTWARE DOCUMENTS/PAPERS OTHER FERMAT-E SITES

° i Ni SARAh - Simulated A I dR tati
There is an example of refinint s > mutated Annealing and Representation
Cr,WQO, using the stand alone
software.

e Use the SARANh webrefine — Fullprof

e hitp://fermat.chem.ucl.ac.uk/spac
es/willsgroup/web-software/sarah-
refine-fullprof/

MNews - Feb 2022. The web version of SARAh Refine for FullProf has been released. It reproduces the core features of SARAR
Refine for Windows in a browser and has introduces new refinement ideas :

The SARAh suite is made up of 2 separate programs that perform symmetry calculations and mognetic structure analysis :

SARAh Representational Analysis -

Performs the calculations of Representational Analysis. These allow the determination of atomic displacements or magnetic
structures that can accompany a second-order phase transition. Qutput files includes a tailored summary with cut-and-paste tables
written in LaTeX. (Win%x, 2000, Vista and Windows 7) [1]

SARAh Refine -

Is an example of 3 'metaprogram’. SARAR refine was developed to add new functionality to the standard Rietveld programs GSAS,
FullProf and TOPAS, i.e. to allow them to refine magnetic structures in terms of the basis vectors (symmetry modes) generated by

OAK RIDGE HIGH FLUX | SPALLATION SARAR Representational Analysis and the calculations of group theory. [1]
) ISOTOPE NEUTRON ,
National Laboratory | REACTOR | SOURCE .. . NL2022



http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

Step 3: Create candidate magnetic models using SARAN

Help with technical settings and refinement strategies http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

Technical information: (ASW version Oct 2022 :-)

Most browsers have a default directory where thev save files. webSARAh-Refine works best 1f vou can select the location for each download. This wnll
enable vou to save the template magnetic phase per file to your current refinement directory or to edit a file by replacing it. If vou use more than one
browser, perhaps for compatibility or as part of your internet security, it mav be easiest to have one set to using a default folder and another that asks each
time for the download location.

Below are some settings for common browsers that turn on 'Ask where to save each file before downloading’

Google Chrome - 1) Click the menu icon (aka 3 dots) in the upper right corner of the Chrome window. 2) Select 'Settings’. 3) Scroll down and click
'‘Show Advanced Settings'. 4) Scroll down to the 'Downloads’ section and click 'Ask where to save each file before downloading’

Firefox - Mac: 1) Select 'Firefox' — Preferences’ from the menu bar. 2) In the General panel scroll down to Files and Applications’. 3) In Downloads
select "Always ask where to save files'

Firefox - Windows 11: 1) Click the menu button (the 3 line burger button) and select "Settings'. 2) In the General panel scroll down to Files and
Applications’. 3) In Downloads select 'Always ask where to save files'

Safari - Mac: 1) Select "Safari’ — Preferences’ from the menu bar. 2) In the General tab, click the dropdown menu next to ‘File download location'. 3)
Select 'Ask for Each Download'

SF’ALL:g”ON
SOURCE S. Calder, MagStr, ORNL 2022

%OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE
REACTOR



http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

Step 3: Create candidate magnetic models using SARAN

e Input the crystal structure
information. All we need is the

Space group Wills G
. Contact : Department of Cher
- Propggchon VeCTor 1aEW|etfr§aan ni?.gfpja erials p

Magnehc Ion pOSITIOh HOME SOFTWARE DOCUMENTS/PAPERS OTHER FERMAT-E SITES

SARAN webRefine — FullProf (beta version)

Two pieces of advice for using SARAh webRefine : 1. change your browser settings to allow you to select where you save downloads (and overwrite files), 2. when you click
<evaluate=, it will look like nothing is happening for a few seconds. Look in the tab ‘4. Help and Strategies’ for more information.

-Andrew (February 2022)

FOWERED 5Y

Wolfram

Space group - [{148:H, R -3:H, C 3i 2} v |
Propagation vector :

oo |
Crvstallographic coordinates in the form -

or Cu2 1/2 1/2-1/2

Mnl @ @ @.17521

SIEAI._I_IﬁATION
EIGHRCEN S. Calder, MagStr, ORNL 2022

%OAK RIDGE

HIGH FLUX
) ISOTOPE
National Laboratory

REACTOR




Step 3: Create candidate magnetic models using SARAN

e SARAN SARAh webRefine — FullProf (beta version)

p ro d U C es 'I'h e Two pieces of advice for using SARAh webRefine : 1. change your browser settings to allow you to select where you save downloads (and overwrite files), 2. when you click
<evaluate>, it will look like nothing is happening for a few seconds. Look in the tab '4. Help and Strategies’ for more information.

bOSiS VecTOrS' -Andrew (February 2022)

FOWERED 5Y

« These can be Wolram
viewed on the
We b p O g e 1. Conventional basis

vectors
(as projected)

e See next slide
for details

Method 1. Conventional analysis - as projected basis vectors

Select command (generate template for magnetic phase for per; edit per with magnetic phase present):

| 1. powder format v |[ 2. make template pcr v |

O Mal T, v T Mnl T4 vy
O Mnl T v,
0 Mnl T3 v,
T Mnl Ty
0 Mnl Ts v

(Your browser should be set to ask for the download location so the per file can be overwritten. Please look in '4. Help and strategies’ for an explanation’help )

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



Step 3: Create candidate magnefic models using SARAN

¥ .
n . 0. 3. [,: c-axis moment (FM
{| Mn! Do } - 1 X (FM) Most reflections
| have zero h or k.
2 ¥ : No change at
{ Mal 1) 0. 0. 3. } - [, c-axis moment (AFM) (110) Thif
2y 0. 0. -3, .

suggests spins in

o ab-plane.
{[Ma1 1) 15-0866025i 0.-1.73205: 0.} - [5: ab-plane moment (FM) Bulk
2) 1.5-0866025i 0.-1.73205: 0. meqsuremenfs

— indicated AFM
{{Mnl 1) 15-0866025i 0.-173205i 0. }- [.: ab-plane moment (AFM) and no FM.

2) -15+0866025: 0.+ 1.73205i 0.

Sotryl,and I,
first, but all

I's ¥
(| Ma1 1) 15+08660254 0.+ 173205 o. ) - [s: ab-plane moment (FM) should be
2) 1.5 +0.866025 0.+ 1.73205i 0. checked.

{{Mnl 1) 1.5+0866025i 0.+1.73205i 0. }- [,: ab-plane moment (AFM)

2) -15-0866025: 0.~ 1.73205i 0.

S. Calder, MagStr, ORNL 2022




Step 3: Create candidate magnetic models using SARAN

e There are different OpﬂOﬂS for the SARAh webRefine - FullProf (beta version)

Two pieces of advice for using SARAh webRefine : 1. change your browser settings to allow you to select where you save downloads (and overwrite files),

L]
m O g n e -I- I C p h O S e O U 'I' p U 'I' 2. when you click <evaluate>, it will look like nothing is happening for a few seconds. Look in the tab ‘4. Help and Strategies’ for more information.

-Andrew (February 2022)

- 1. add new phase to pcr —
- 2. make template pcr

This is similar to the older stand alone - Conentone bess _
SARAhA that creates the magnetic phase in (as profected

a text file that needs to be pasted into the Method 1. Canventional analysis - a5 projected basis vectors

pCf . S ee O Th er eX Om pl eS fOI’ Th IS Select command (generate template for magnetic phase for per; edit per with magnetic phase present):

. 1. powder format v |[ 1. add new phase tqftr v || Choose File | MnPSe3.per
1. add new phase to . _
- 3. edit pcr

O Mnl T; g, 2. make template por
3. edit per
() Mnl T, v,

« We'lluse 1. to add the new magnetic S

O) Mnl Ty,

phase directly fo the pcr file. LT

(Your browser should be set to ask for the download location so the per file can be overwritten. Please look in '4. Help and strategies'
for an explanation/help.)

« Choose the “MnPSe3.pcr” file from [subni |
STEP 1

¢ C“Ck SmeIT Gnd chin Choose The [1. powder format v [1. add new phase to per || Choose File | MnPSe3.per
“MnPSe3.pcr” file to overwrite it OwiTv, BNt

O MalT, v,
O Mnl T3y MnPSe3.per already exists,

¢ “MnPSe3.pcr” should now contain ] HL ooyountio eplcei
the additional magnetic phase SRl C o« Dw

Method 1. Conventional analysis - as projected basis vectors
backup 10/4/2022 9:03 PM File folder
Select command (generate template for magnetic phase for per; edit per witl it MnPSed.pcr 10/4/2022 9:24 PM PCR File

%OAK RIDGE :gg?oFPLEUX g:ﬁl}lﬁgﬂON (Your browser should be set to ask for the download location so the per file
National Laboratory | REACTOR | SOURCE S. Calder, MagStr, ORNL 2022




MnPSe,

This example will use Fullprof and SARAN

http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

- 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 candidate magnetic models using SARAN
— Step 4: Refine the magnetic model and nuclear phase in Fullprof.

- Step 5. Check the magnetic model

%QAK RIDGE

ional Laboratory

HslgHoFLux SPALLgTION
ISOTOPE NEUTRON
REACTOR | SOURCE S. Calder, MagStr, ORNL 2022



http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

covM Neutron diffraction stud{ of the layered compounds Mn P Se3 and Fe P se3

! Files => paT-file: , PCR-file: MnPse3

'Job Npr Nph Nba Nex Nsc Nor pum Iwg ITo Ias Res Ste Nre Cry Uni Cor Opt Aut
17 2 0 00 [} c 1 0o 0 00 0 1

1

! Resolution file for pattern# 1

o hbza_resolution.ir
o 'Ipr ppl Ioc Mat Pcr LSl Ls2 Ls3 NLI prf Ins Rpa sym Hk1 Fou sho ana
o1 01 0 4 00 310 0 0 0 0 0 0O
° '

! Lambdal Lambda2z Ratio Bkpos wdt Cthm muR AsyLim Rpolarz 2nd-muR -> Patt# 1
2 408620 2.408620 0.00000 &0.000 &.0000 0.0000 0.0000 180.00 0.0000 0.0000

L]
'N(Y Eps R_at R_an R_pr R_g] Thmin tep Thmax PSD Sent0

I 5 0.10 1.00 1.00 1.00 1.00 5.5250 0. 064983 155.0000 0.000 0.000
;

0 !Number of refined parameters
]

o
! Zero Code SyCos Code SySin Code Lambda  Code MORE ->Patt# 1
-0.09708 0.0 0.00000 0.0 0.00000 0.0 0.000000 0.00 O
! Background coefficients/codes for Pattern# 1 (PoTynom1aT of 6th degree)
174.138 -73.512 -30.456 47.758 0.000 . 000
A A St St S

! pata for PHASE number: 1 ==» Current R_Bragg for Pattern# 1: 0.0000
]

Neutron diffraction study of the layered compounds Mn P se3 and Fe P se3
]

INat Dis Ang Prl pr2 pr3 bt Irf Isy str Furth ATZ Nvk Npr More
3 0 00.0001.0 0 0 0 0 O 1936.726 0 7 0

e The SARANh web interface

tatom  Typ X Z Biso 0cc  In Fin N_t Spc /Codes
MNLl Mn U.UUUUU U UUUUU U 17521 0. SUUUU 0.33333 0 0 0 O

L] L]
0.00
directlv adds the maanetic f e o 0000 SCon0on’s. eadislo. 0000 .33 0 0 o0 0
0.00 0.00 0.00 0.00 0.00
sel se 0.32983 -0.01193 0.08193 0.30000 1.00000 O O O O
Nuclear phase
R > Profile Parameters for Pattern # 1 ----> Phase # 1
Ose ! Scale Shapel Bov Strl  5tr2  Str3  Strain-Model
o 0.8798522 0.00000 0.00000 0.00000 0.00000 0.00000 0

0. 00000 0.000 0.000 0.000 0. 000 0. 000
! u ' W x Gausiz Lorsiz Size-mModel
0.015521 -0.057189 0.020187 0.052448 0. 000000 0. 000000 0. 000000 4]

L]
0 00 0. 00 0. 00 0.00 0.00 0. 00 0.00
or representationa e et
G, 359528 G. 359528 19 913155 90 000000 90.000000 120 000000
0.00000 ©0.00000 0.00000 0.00000 O.00000 0 00000
! prefl Ppref2 Asyl Asy2 Asy3  Asyd

L]
: Y- oL Y S
0.00000 0.00000 0.25247 0.09752 -0.44624 -0. 16980 0 00000 0. 00000
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i a tor PHASE number: 2 == Current R_Bragg for Pattern# 1: 46.66

p h Gses Temp'\ate magnetic phase by sarah - web Representational analysis

INat Dis Ang Prl Pr2 pPr3 Jbt Ir"f Isy Str Furth ATZ Nvk Npr More
1 0 0 0.01.0 1 1936.726 1 7 0O

]
'
N U C | e O r R -1 <--Space group symbol
! Nsym Cen Laue Ireps N_Bas
2

! Real(0)-Imaginary(l) indicator for Ci
oo

« Magnetic NN

BASR l.5
BAST . 866

0 1.5 4]
1.732 0
s‘mm4/3—x,2/3—v,2,f3—z
0
0

-0.866 -1.732
BASR -1.5 -1.5 4]
BASI -0.866 -1. ?32 0.866 1.732

« NOTE: The scale for nuclear Rt ot g R B e, @ @ o Magnetic phase

Mnl MMM 5 l 0 0.17521 .30000 1.00000 0.000 0.000 0.000
° 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.000 0.000 0.000 0.000 0.000 0.000 0.00000
0.00 0.00 0.00 0.00 0.00 0.00 0.00
e > profile parameters for pPattern # 1 --——> Phase # 1
! Scale Shapel Bov Strl  Str2  Str3  Strain-Model
0. 8798522 0.00000 0.00000 0.00000 0.00000 0.00000 0

0.00000 0.000 0.000 0.000 0.000 0. 000
O WO S e e e ! u v W X Y Gausiz Lorsiz Size-Model
° 0.015521 -0.057189 0.020187 0.052448 0.000000 0. 000000 0. 000000 ]
D 00 0. DU 0.00 D 0o 0.00 0.00 0.00
! b alpha  bet gamma  #Cell Info
a. 359528 6. 359528 19.913155 90 000000 90.000000 120. 000000
0.00000 0.00000 0.00000 0.00000 O.00000 D DDDDD
! prefl Pref2 Asyl Asy2  Asy3  Asyd  5_|
0.00000 0.00000 0.25247 0.09752 -0.44624 -0. 16980 0 00000 0. 00000
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Propagation vectors:
. 0. 0. Propagation vector 1 S. Calder, MagStr, ORNL 2022
00000 0. 000000 0. 000000

o

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE




Step 4. Refine the magnetic model and nuclear phase in Fullprof

Magnetic phase

E Data for PHASE number: 2 ==» Current R_Bragg for Pattern# 1 46.66
L The bOSIS VeCTorS COn be 'i'emp'late magnetic phase by SARAh - web Representational Analysis
. o i .
seen in fhe magnetic 81060 50 20 T 28T I8 B0 (8580 AT G N e
!
!
phose' R -1 <--Space group symbo]
! Nsyg Ceg Laui Irepi N_Ba;
° |ﬂ 'I'h'S Cgse We |OOded ! EeSW (0)-Imaginary(l) indicator for Ci Litll :rﬁ 1||.|.||':|_
1
fWO: 8@ vl v, 3
Mnl Ty “ 15 0 0
Mnl rﬁWl ) , -0.8606 -1.732 0O
BASR -1.5 0 0
BASI 0.866 1.732 0
iAto 78 E;“‘ Occ Cc3
. . C C Mj;.r‘:
e TO glive these basis MRl MMN5S 1 0 0 0 0.17521 __303aem 00000 0. . 0.000
I 0.000 0.000 0000 cuauamilBEIRBIBnE 0. 00000 = ' 0-09
vectors mgganUde pUT | 0.00 01;(_1? .00 5;00 pies . gl()()“ 0.00 "
. o o R - _poii le Parameters Tl Pattern ----> Phase
: scal Sh 1 o0 strl str2 Str3 strain-Model
values in the coefficients I o000™ % 0B o Gt Dhoogd. 8 00060 o
u.o . . . . .
C] Gnd C2 ! u v W X Y Gausiz Lorsiz Size-Model
0.015521 -0.057189 0.020187 0.052448  0.000000  0.000000 0.000000 0
000 0.00 0.00 0.00 0.00 0.00 0.00
! b C alpha beta gamma  #Cell Info
6. 359528 6.359528 19 913155 90.000000 90.000000 120.000000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
! prefl Pref?2 Asyl Asy?2 Asy3 Asyd S_L D_L
0.00000 0.00000 0.25247 0.09752 -0.44624 -0.16980 0.00000 0.00000
| 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
| Propagation vectors:

0.000000 0.000000 0.000000 ORNL 2022




Step 4. Refine the magnetic model and nuclear phase in Fullprof

e Turn on C1 to refine in the pcr
text file.

e Also update the Mn ion o
MMNZ2 (this is magnetic Mn?*).

The form factor is selected by the
valaence state, so might vary slightly if
the valence label is wrong.

SPALLATION
NEUTRON
SOURCE

%OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE
REACTOR

femp1ate magnetic phase by Sarah - web Representational analysis
|

INat Dis ang prl pr2 pPr3 Jbt Irf Isy Str Furth ATZ Nvk Npr More
i ¢ 00,00,01.0 1 0 -2 0 0 1936.726 1 7 0O

|
I
R -1 <--5Space group symbol
' Nsym Cen Laue Ireps N_Bas
2 1 1 -1
' Real(0)-Imaginary(1l) indicator for Ci
00

SYMM X , Y , Z

BASR 1.5 0 0 1.5 0 0

BASI 0.866 1.732 0 -0.866 -1.732 0

SyMM o 4/3 - X, 2/3 - v, 2/3 - Z

BASR -1.5 0 0 -1.5 0 0

BASTI -0.866 -1.732 0 0. 866 1.732 0

I AT Oy Mag  Vek X Y z Biso 0cc c2 C3

! C5 ca c7 Cc8 c9 MagPh

M 0 0 0 0.17521 .30000 1.000 . 000 0.000
0.00 0.00 0.00 0.00 0.00 0.00 0.00

. 0. 000 0. 000 0. 000 0. 000 Q. 000 0. 0Og0n
0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
L > Profile Parameters for Pattern # 1 ----> Phase # 1
I Scale Shapel Bov Strl str2  Str3  Strain-Model
0.8798522 0.00000 0.00000 O,00000 0,00000 O.00000 0
0. 00000 0.000 0.000 0.000 0.000 0.000

! u W W X Y Gausiz Lorsiz Size-Model
0.015521 -0.057189 0.020187 0.052448 0. 000000 0. 000000 0. 000000
0. 00 0. 00 0.00 0. 00 0. 00 0.00 0. 00
! a b C alpha beta gamma  #Cell Info

6.359528 6.359528 19.913155 90.000000 90.000000 120, 000000
0.00000 0.00000 O0.00000 O.00000 O.00000 O.Q000O0
' prefl Pref2 asyl  aAsy2  Asy3  Asyd S_L D_L
0.00000 0,00000 0,25247 0,09752 -0.44624 -0,16980 0.00000 0O.00000
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
! Propagation vectors:
0 0 0 Propagation vVector 1

0. 000000 0. 000000 0. 000000
S. Calder, MagStr, ORNL 2022



Step 4. Refine the magnetic model and nuclear phase in Fullprof

 Refine the 15K data.

e This captures the magnetic
peaks well.

« Put the C1 back to zero and
refine C2. The fit is identical.

e These are related solutions.

 Try refining C1 and C2 (with the
constraint that they are equal).

o To improve the fit, fry refining
the peak shapes, background,
afom positions, thermal
parameters, efc

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

%QAK RIDGE

ional Laboratory

Edit P
——————————————————— ¥ 1
>
> gg £ : 9.407
> RF-factor : 6.532
> Phas 2
> Mag factor: 18.65
Converg ched at this C¥CLE !!!!: N 4
———————————— 8.59 11.2 hiz 27.4 W 0.1143 # 1
Expected 2.13 1.8572
=> Conventicnal Rietwve 1ld R-factors for Pattern: 1
Rp: 14.% WP 15.7 : 3.00 Chiz: 27.4
=> zlobal u weigthed Chi2 (Bragg b.) 31.12
=> ---——--—-> Pattern # 1
> Phase 1
> gg £ : 9.407
RF-factor 6.532
=> Phase: 2
=> Magnetic R-factor: 18.65

=> Normal end, final calculations and writing.. .
=> CPU Time: 2.662 secon ds
=> 0.044 minutes

=> END Date:02/10/2022 Time => 16:25:16.376

Cycle: 5 ChiZz: 27 .4 MnPSe3 HB2ZA 15K.dat

12000 H

10000 H

8000+

6000

4000

2000 4
i

—2000 ’ K \ v v v

10 20 30 40 50 60 70 80 S0 100 110 120
ZTheta

Intensity (arkb. units)

S. Calder, MagStr, ORNL 2022



MnPSe,
This example will use Fullprof and SARAN

http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

- 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 candidate magnetic models using SARAN
— Step 4. Refine the magnetic model and nuclear phase in Fullprof.

— Step 5: Check the magnetic model

%QAK RIDGE

ional Laboratory

HslgHoFLux SPALLI-\OTION
ISOTOPE NEUTRON
REACTOR | SOURCE S. Calder, MagStr, ORNL 2022



http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

Step 5: Check the magnetic model

e The model can be checked in FPStudio

FullProf Suite ToolBar

File Prograrms Settings FP Dimensions Tools Edit Results Help

FEEP LT R O EFY R il -

|C.\Users\crﬂ\Desktop\FuIIprof_Commensurate MnPSe3_Calder\ CodeFile: | 02/10/2022

orking Directony: Type: | Date:

e There are two .fst files, these are for the 2
phases. Open the magnetic phase (file
ending in 2.fst)

il FpStudio Ver-2.0

File  Crystal Structure
DS CHEF

B ofaf@ [x] »

Magnetic structure  Options  Help

In Fpstudio click on the drop-down mend
“Magnetic Structure” and select "List

S ' |
:.{Q I - =
magnetic moments” J*
: Y
Magnetic latti type : R
unit cell: 6. 3595 6.3595 19.9132 90.0000 90. 0000 120. 0000 m
o1 0 1 0o 1 [i4]
. O -
Magnetic k-vectors :
0.00000 0.00000 0.00000 % e il i et
Symmetry operations
o N S
u,v,w,0.0 R
mmmmmm 1 A
x y z Translation k MsYM m(a) m(b) m{c) F
0.00000 0.00000 0.17521 o
¢ o0, 0 O
1 1 3.34510 0.00000 0.00000 i
-

3.34510 0.00000 0.00000 3.34510
¢ o 1, O
1 1 3.34510 0.00000 O0.00000

3.34510 0.00000 0.00000 3.34510
1 1 3.34510 0.00000 0.00000

¢ 1, o O
HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

%OAK RIDGE

National Laboratory

M_WI MnP5ed.out
A MnPSed.prf
mj MnP5ed.sum
[E{ MnPS5e32.hkl
LLLLL « MnPSe3. per
@ MnPSe3 1 fst

Note the
assignment of
moments along
the a-axis is
arbitrary.
Symmetry allows
for any direction in
the ab-plane.
C-axis moment
should also be
checked.

S. Calder, MagStr, ORNL 2022



Step 5: Check the magnetic model

 The .mcif file output by Fullprof can be used to visualize the magnetic
sfructure in vesta

&» MnPSe3_15K_magnetic2.mcif - VESTA & MnPSe2_15K_magnetic2.mcif - VESTA

File Edit View Objects Utilities Help

abcabcc@tdOdt Faon(00]t § @ spes[0 |4 =%
IEETCT MnPSe3_15K_magnetic2.mcif

Structural models

File Edit View Objects Utilities Help

abcabccDt¥eolrt Step(']: + § e 5tep(px]:+ -t

k Tools  Style  Objects MnPSe3_13K_magnetic2.mcif

Structural models
[ [ Show models [ [ Show madels
[ Show det surface []Show dot surface
e e
Q  @etensstick Q  ©alonstick
O Space-filling () space-filling
& O Polyhedral df ) Polyhedral
: ) Wireframe : (O Wireframe
O stick O stick
Volumetric data \J
Volumetric data
. Show sections b ;
Show sections
Show isosurfaces

Surface colori Show isosurfaces
5 \u e Surface coloring
tyle

Style

Smooth shading

Smooth shading

Wireframe

Wireframe
Dot surface

Det surface
Crystal shapes

Show shapes

Crystal shapes

Style Stj};cw:hapes
Unicolor
Custom color Unicoler
b
Properties ae—=b Properties... h_. a
Boundary... || Orientation...
Boundary... || Orientation...

12 atems, 0 bonds, 0 polyhedra; CPU time = 3 ms
€4 atoms, 75 bonds, 25 polyhedra; CEU time = 4 ms

Output | Summary | Comment .

Output | Summary | Comment

e This is tThe published magnetic structure.

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




