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Intensity
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A typical CW diffractometer (HFIR)

Monochromator:
 selects A.
« Control resolution.

Reactor

Single
wavelength

§| Detector
| at 26

=

. SAMPLE measures
A=2dsinB single Q
12004 HB-2A ' - . '- 5i Data
— Model
1000 - Difference -
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A typical TOF diffractometer (SNS)

De Broglie wavelength: A =h/mv =ht/mL
Bragg's law: A\ = 2d sin 6 = constant * t

Multiple
wavelengths

Moderator Chopper
Resolution
depends on
moderator and
{,.L, and 20 Det t
etector
{[ | axm
> measures
Q range 5 multiple Q
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A typical CW diffractometer (HB-2A, HFIR) A typical TOF diffractometer (POWGEN, SNS)
: I} A el B e

Vertical
field
magnet

Spin
| flipper

M Fast-neutron

1 fler =~ l"E Main shutter Ge(hkl) | A (A) QA Flux at sample
col Insgutr:lent (n/cmzs)
a2 Colimator shutter
616" 21 31) I (113) 0. 0.2-51 5 106 60 ’ 0.533 0.15 1.066 | 0.075 7.50 0.82 83.45 0
gagfgg:gr:‘a;: 60 ’ 0.800 0.27 1.333 | 0.134 8.00 0.76 46.88 1
(115) 1.54 0.35-7.9 1x107 60 ’ 1.500 0.97 2.033 | 0.485 | 13.00 0.48 12.95 2
Be;n (117) 1.12 0.5-10.9 4x108 60 ’ 2.665 2.13 3.198 | 1.070 | 21.00 0.30 5.87 3
stop Monochromator 60 ’ 4.797 4.26 5.33 2.140 | 38.00 0.17 2.94 4
tactor bank 03 cmrgs ®) Resolut|on.. 3 Resolution: best resolution Ad/d: 1x104
etector bani I . -
(44 *He tubes) best resolution Ad/d: 1x10 Dependent on wavelengths and d
4 Dependent on wavelengths and d
o i . 2018B POWGEN High Resolution
Collimation: 12'-31'-6 189 calculated: Measured: e 0.025
3- —— Ge(228) =094 A 141 =——open-31'-¢ * Si Moﬁm‘mr ~ Guide Section 0.020 -
— Ge (117) 2=1.12A 12 12'-31'- €' o ALO o Translation Table
. e (117) DS A T ] — 1216 -8 273 Bandwidth Chopper #1 & #2 | |;mmmmmmmem | S oos 5 -
g, —— Sl n=1seA o] —i2lse | g .
“:3 z o8 Ge (115); 2= 1.54 A M e i um,, ot )
E 0.6 Bandwidth Chopper #3 L= === === == = ’ o [T
1] 04 Primary Shutter - 0.000
' 0 6% 0 57| 0 d (A ¢ 8
0.2 | | | I ®HRCWLO.7 ® HRCWL 1.5 ® HR CWL 2.665
0 0.0

T3 5 7 8 111 1 2 3 4 5 6 1 &8
Q (= 4nsino /2) (A7) Q (= 4r sine /3) (A)




POWGEN Virtual Tour
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POWGEN : High Resolution Powder Diffractometer

' 1 i\ “characterization of the

crystal, magnetic and

local structure of novel

polycrystalline materials”

R
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POWGEN : High Resolution Powder Diffractometer
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POWGEN : ngh Resolutlon Powder lefractometer

Nedmim— | P — ,:_“—— - \ N > ~»z// & I /f
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o~ POWGEN Team

\\\\\\
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Cheng Li, AllCla Manjon Sanz, Melanle Kirkham,
Qiang Zhang, Thomas Proffen

N
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POWGEN : High Resolution Powder Diffractometer

ht
mlL

60 ’ 0.533 0.15 1.066 0.075 7.50 0.82 83.45 0
60 | 0.800 0.27 1.333 0.134 8.00 0.76 46.88 1 2mlL
60 | 1.500 | 0.97 | 2.033 | 0.485 [ 13.00 | 0.48 | 12.95 2 t.o.f.=d TSIHH
60 | 2.665 213 3.198 1.070 21.00 0.30 5.87 3
60 4.797 4.26 5.33 2.140 38.00 0.17 2.94 4 \,
Known from calibration, C
Resolution: best resolution Ad/d: 1x104
2018B POWGEN High Resolution
0.025 600 — —s— 1. PG3_42702-2_300K.d4T]
:é\ : —_— 2 PG3_427U472_IUK.dat:
0.020  am ; 500 :_ _:
2 oois _ _ ? o Intensity vs TOF (NOT 2theta!) E
o] = B n
E 0.010 * > : * - a8 f_ ‘f
® ° B ]
0.005 e T - Z_ _:
0.000 E E
0 2 4 6 8 wo |- .
d (A) L. _
®HRCWLO0.7 @ HRCWL 1.5 ® HR CWL 2.665 . L - : ]
Dependent on wavelengths and d Lof: (usec)
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POWGEN Peak Profile

Ni 222
ta=71965 ps

“Convolution of back-to-back exponential with linear
combination of Gaussian and Lorentzian (pseudo-Voigt)

V4

a : rise coefficient of exponential
— sharpness of leading TOF edge (larger = sharper)

$ : decay coefficient of exponential
— sharpness of trailing TOF edge

o . Gaussian contribution (larger = broader)

y : Lorentzian contribution (larger = broader)

1 1 1
7175 7200 7225 7250

TOF (us)

1
7275

Fig. 1. The observed and calculated Ni 222 diffraction line profile
from the BSS. Curve A is calculated from first term of equation (13),
curve B is calculated from second term, curve C is sum of 4 and B:
x observed values; the vertical line is the refined position of the Ni
222 reflection.

%, OAK RIDGE| 2 R. B. Von Dreele et al., J. Appl. Cryst. 15, 581-589 (1982)

‘. National Laboratory | SOURCE
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We will need...

Data
(40 K, 8 K)

%OAK RIDGE |spaLation

National Laboratory | SOURCE

15



Plot the data

FullProf Suite ToolBar

File Programs Settings FP Dimensions Tools Edit Results

E -ssnnn-l PCR Ef:;: M @

| Date:

Type: |23.|"09.r’21]21]

= PPlot  Profiles Options Xspace Calculations Ext. Applications Toels Help

% | PU' Pcr r' @ EE’;? FP Per 3‘.'; l?l[:l cFch 5Eﬂ|5§f_ | % E -';‘ f | ﬁ |RUET|X

2t Select data files to open X
& > v A T« (CoTeb013 XianghanXu > 40K v C Search 40K P
Organize v New folder =~ 13 0

~

(0 Name Date modified Type
v 32 ORNL Dropbox & backup 7/18/2026 12:58 PM File folder
7/20/2026 3:21 PM DAT File
> .dropbox.cach
o | background 7/20/2026 3:22 PM XY File
> & Danielle Yahne )
| PG3_55409-2-40K 7/18/2026 12:54 PM DAT File
> [l ThisPC
File name: [40I(_data +|  Input Data File v
Open |- Cancel

%OAK RIDGE |§zseanon

National Laboratory | SOURCE



Plot the data

FullProf Suite ToolBar

File Programs Settings FP Dimensions Tools Edit Results Hel p

E ' -SEHH[H EDM

PGR PCI{
|C:"'..Us..."'..[]'r::rphax (ORNL}\Refinements\FullprofuMyWork\AMoAs\exp688\Rb2Mo3As3\ Code File: |

Working Directory:

EI.I]pEHhh

l|-|—I

i) 55k WP | e X
| Date:

Type: |23.|"09.r’21]21]

s WinPLOTR-2006 Version: 5.10-2012

File Plot Profiles Options Xspace Calculations Ext. Applications Tools Help
= H |%|P¢J’ Pt F@?’P‘,’;g FP Per 3‘.‘; T e 5EQ|5§E|%E @ p|ﬁ |umr|>(

. Format of the data file b4 1
— Format of data file:

™ Free Format {Inst. 0) " Qld: D14 (Inst. 1) {7 GSAS (TOF) (Inst. 12)

" D1B. D20 (Inst. 3) = DMC, HRPT PS5 (Inst.8) " PANALYTICAL (Inst. 13)

7 NLS (Inst. 4) " SOCABIM (Inst. 3) ™ Variable Time (Inst. 11)

" G41, NewD18, D20 {Inst. 5) 1515 (Inst. 14) Ll

" D28, 372, G42 (Inst. 6) " GSAS (CW) " CIF - File Cancel |

¥ |

Data is a 3-column file:
TOF, Intensity, Intensity Error

%OAK RIDGE |§zseanon

National Laboratory | SOURCE



Plot the data

L WinPLOTR-2006 Version: 5.10-2012 — O X
File Plot Profiles Options Xspace Calculations Ext. Applications Tools Help

SH S KaML o M Pk OO EIFPPR o ool FEAL A |m| X

40K _data.dat
B _cdata.datc

RN B IR e

%OAK RIDGE | §raLLation

National Laboratory | SOURCE



Fit background

£ WinPLOTR-2006 Version: 5.10-2012
File Plot Profiles Options Xspac{ Calculations

@El&|hlhf|d§%|\&% ation
Difference
Multiply ¥ / Shift X / Normalize
Average

Apply Eff. Corr.
Smoothing

. Applications Tools Help

Profile fitting
Peak detection
Background

LI IS B 3R NN 2R e

— ]

X

Tesm Bk | EHEA LA | X

M 40K_data.dat

Auto detection
Clear all

Insert point
Delete point

Save background

%OAK RIDGE | §raLLation

National Laboratory | SOURCE



Fit backgroun

L WinPLOTR-2006 Version: 5.10-2012

— O X

Calculations . Applications Tools Help

ation 2’:55u|331|%.[§ﬂ|@|“*'|x

Difference

Multiply Y / Shift X / Normalize

File Plot Profiles Options Xspac

w @ | & | Fir Bt | oM 5K |

Average

Apply Eff. Corr.

Smoothing [ 40K_data.dat
Profile fitting ,
Peak detection i Background detect cong®

Background

Insert point

Delete point
Save background

3O L Q

%OAK RIDGE | §raLLation

National Laboratory | SOURCE



Fit background

4 WinPLOTR-2006 Version: 5.10-2012 = O X
File Plot Profiles Options Xspace Calculations Ext. Applications Tools Help
w B[ & Fir BN H[UN  Summation vesa Bk [EHEA 2@ |[m]| X

Difference

Multiply Y / Shift X / Normalize

Average

Apply Eff. Corr.

Smoothing [ 40K_data.datc

Profile fitting
Peak detection
v Background Enable
Disabled

Auto detection
Clear all

Insert point

( Save background )

=t 8O x D Q

;_VQOAK RIDGE | §pstarion

National Laboratory | SOURCE



Getting started with Fullprof

EYS FullProf Suite ToolBar

File Programs Settings FP Dimensions Tools Edit Results Help

4-'" J" Dzu M II-:I
EI.IJPEHhh
E . -ssnnn-l PCR PCR ﬁ e

Working Directory: |C:\Us...\Dropbox (ORML\Refinementsi\FullprofiMyWorkh AModsh expbl8\Rb2Mo3As3y Code File: | Type: | Date: |23.."'D9.."E'D2'D

#(,OAK RIDGE | spaLLarion

-National Laboratory | SOURCE



Select working directory

%

Frof Suite ToolBar

File Programs Settings FP Dimensions Tools

Edit Results Hel p

Select Working Directory...

Remowve current selected file from TB

Input Contrel Files of FPS

Input Data/Intensity Files

Ouput Files of FPS

Information/tper/Correction/IRF Files

Reflections Files

Exit

ED EDY
PCR PCI{

Select Directory

Ell]pEHhh

l|-|-I

C:\Users\2qy\ORNL Dropbox'Danielle Yahne'Danielle Yahne

X

MagPack_Windows_64b
v Mag5tr
2026
> Co5(Te03)4CI2
v | CoTe6013_XianghanXu |
3_bar_prime_8K
> 40K

CrSbSe3

IPTS_31206

IPTS_34411

OAK RIDGE | §pLLation

National Laboratory | SOURCE




Edit FP Dimensions

1

Y24 FullProf Suite ToolBar _ 0 %

File Programs Settings ‘ FPDimensinns’ Tools Edit Results Help

4-'" ..i-r EDt
ELI] EAnn I —_'F
E . ' ﬁﬂr oSERf PCR LCR ""” - o D] ) by x 2780
[ ] - - ._ﬁ S Fp— Draf Array
Working Directory: |C WUz, \Dropbox (ORMLVY E=- - Setting the dimensions of FullProf Arrays Type: | Date: |23ﬂ]9j31]21]

Maximum number of data poirts per pattem

Maximum number of reflections

Maximum number of free parameters

Maximum number of reflections contributing to a point

Fractional size of the windows reserved for wip 2k

Change to large number because POWGEN can detect large number of peaks

*,OAK RIDGE | spaLLarion

-National Laboratory | SOURCE



Using the PCR Editor

%

OAK RIDGE

O

L

123/09/2020

ot

Edit Results H-':Ip

Ell]p!ﬂrm

50 38 00 &

Working Directory: |C:\Us... {ORML)\Refinements\FullprofiMyWerk MagneticStructureSchoo\ErGO_TY Code File: | Type: | Date:

m* EnrD C

e Editor of PC 1=

File Editor Toocls Templates Help Exit

130w 2 2% be B lN."

Per

. X

T Fullprof Editor Files

TETT

r Information

Title, type of job: Rietveld
Simulated Annealing, ... ¢ ) ™ <

~

2026 > CoTebO13... ™ C

Type of Pattems, profile, B
| geometry, user-given scatyl

'Fi FullProf
. PCR
| | fi Editor i |

New folder

Phase name, type of calc|! A
contribution to pattems, sy . 3_bar_prime_8K Name

Organize v
Date modified

Mumber of cycles, relaxati I

pattems and phases (aton, ® &8 3_bar_prime_8K

Collabs

Constraints definitions, ad o 40K
modifying... .
‘ -+ CoTeb013_ICSD149502

Fixing range of parameter
magnetic moments and lin| ‘

v 32 ORNL Dropbox

Bl oyl e paﬂem; > .dropbox.cach

Reflection lists, Fourier, dig| s

> # Danielle Yahne

Copyright (c) 2002-2005. JGP - JRC
> [l This PC

=

File name: | * cif

Open v

Search CoTe6013_

7/20/2026 4:05 PM
7/20/2026 3:32 PM

7/18/2026 1:01 PM

T)*pé
File folde
File folde

CIF File

Crystallographic Input File 4

Cancel

SPALLATION
NEUTRON

National Laboratory | SOURCE



Importing CIF

%

OAK RIDGE | §pLLation

National Laboratory | SOURCE

' Simple Calculation Template

1

— Twe

| e 0

~ Instrumental Resolution File

( Import Files

—

(* Default values
" IRF File |
Cell Parameters/ SpaceGro
=1 19 [+
10.166000 10.166000 18.980939
Space Group: |R 3 [T Magnetic Phase

Number of total Operators: I_Q:I

Num

Symmetry

Phase

Cancel |




Importing CIF

Simple Calculation Template

%

OAK RIDGE

SPALLATION
NEUTRON

National Laboratory | SOURCE

— Type Import Files
Xeay Neutron | TOF. ( psci | CF Sheix || |
~ Instrumental Resolution File
(¢ Default values
" IRF File |
| Cell Parameters/ SpaceGroup Atoms Information
|
Name Type X Y Z B Occ
Aom #1  |Tel Te 0.82234 057097 0.73823 0.72561 1.00000
Aom #2  [Te2 Te 060483 0.50405 0.42402 0.64508 1.00000
Aom #3  [Co1 Co 0.66667 033333 057732 067113 0.33333 Site 6¢C
Aom#4 |01 0 0.66667 033333 0.74690 0.81326 0.33333 L.
Mom#5 (02 0 0.75610 0.53690 064114 0.89221 100000 / Gen. multlpllc:lty =18
Rx Ry Rz Ix Iz ase
Atom #1 |
Atom H2
Atom #H3
Atom #H4

OK

Cancel

Occ = site multiplicity / general multiplicity



Building PCR File

" Editor of PCR Files - X
File Editor Tools Templates Help Exit

MOk 2 2@ WRZEBE RN @ X

— Information

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

FUI’PrO f Type of Pattems, profile, background, diffraction
geometry, user-given scattering factars ... =
Phase name, type of calculations (JBT), ATZ, Phases |
contribution to pattems, symmetry, ..
Mumber of cycles, relaxation factors, access to Refmemenk |
pattems and phases (atoms and profile) nem
Constraints definttions, addin
modifying...

Fixing range of parameters, di
magnetic moments and linear

m= - -
ree General Information X

) IDesc:‘iptiw.re Title with Sample infa, maybe some experimental parameters like temperature or something
28 ¢ Output options for pattems a

Reflection lists, Fourier, distary

—Calculations
Copyright {c) 2002-2005. JGP - JRC
* Refinement/Calculation of a Powder Diffraction Profile
IC:"\U sersh 2y ORML Dropboxi\Danielle Yahne\Danielle Yahne's files\HE-24\MNM5_20254MnO_Fi | Profile
" Refinement on Single Crystal Data / Integrated Intensity Data OK |
™ Simulated Annealing Optimization (Integrated Intensities) 5.4 Ophions | Cancel |

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

%OAK RIDGE | spaLLarion

National Laboratory | SOURCE



Building PCR File

s Editor of PCR Files

File Editor Tools Templates Help Exit

1% O el

al & @ M 2 B

Title, type of job: Rietveld, Integrated Intensities,

FullProf
- - PCR
_ r | il Editor
I

I

Simulated Annealing, ...

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

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,

I | i I
gﬂ[ fiir-::f'-ﬁ{\",'y wﬁ\}—_‘_ﬁ,\ﬂ%ﬂ = |||I M:‘)\Eﬂ

- >
e %
— Information

Phases |

T Profile Data Information: Pattern 1

Patterns Information

— Information

Pattem: 1/1 Weight:l 0000

Copl

Initial Previous Add

JSJJJ_IXJ)JLIJ

< Data file/Peak shape |>|

Background Type

Excluded Regions

|
|
Geometry/IRF |
|

|ser Scatt. Factors

Cancel |

Data File / F@nemem ! Simulati:@'\ Calculation/Peak Shape

— Format

Data File: IC:\Users'\qu‘\OF{NL DropboxDanielle Yahne\Danielle Yahne's files'\Mag S5tr202640vitCo Browse... |

MA/D2B/3T2/G42
D1B (Old Format)

o
o

" D1B/D20
" D4/D20L
I

DMC/HRPD (P.5.1)

" D1A/D2B (Old Format)  Free Format (Zthetal, step, 2ThetaF) 1 Vag

= Two Audds Instrument, G41

{~ GSAS Format

” Socabim Software

" Synchroton (Brookhaven)

" Synchroton (DBWS Software)

FAMNahtical)
1515 muttibank nomalized

Cancel |

SPALLATION

% AK KIDGE NEUTRON
National Laboratory | SOURCE




Building PCR File

s Editor of PCR Files

File Editor Tools Templates Help Exit

MO 2 2 @ A

[rl'lP'] A A
I T

FullProf
| r | il Eggor ‘ |
| il

fl |
S Yy

M 1?”

RWE L™ @ X

— Information

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

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

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,

Patterns Information

— Information

Pattem: 1/1 Weight:l 1.0000

Copl

Initial Previous Add

JSJJJ_IXJ)JLIJ

< Data file/Peak shape |’|

Background Type

Excluded Regions

|
|
Geometry/IRF |
|

|ser Scatt. Factors

Cancel |

Phases

1 Profile Data Information: Pattern

Data File / Format  Refinement J'JSil'l'llJla'fiﬂ@C.aI::|.|Iz-.l’ciorL"PIE:.aI'; Shape : !

Simulation / Refinement Data

™ Meutron - CW (Nuclear and Magnetic)

% Meutron - T.O.F (Nuclear and Magnetic)

" Pattemn Calculation (¥-Ray)
" Pattemn Calculation (Neutron - CW)

" Pattemn Calculation (Neutron - T.O.F)

Wavelength

ILlser Defined vl

A [ o.oo00

4 [ 00000

(L4 5) [ 00000

OKl

Cancel |

SPALLATION

% AK KIDGE NEUTRON
National Laboratory | SOURCE




Building PCR File

s Editor of PCR Files

File Editor Tools Templates Help Exit

[rl'lP'] A A
I T

MO 2 2 @ A

FullProf
- - PCR ,
_ r | il Editor

I

| Y /
EEh.l. f;-?q::ﬁ""ﬁﬂn.v wn"x'"ivﬂ‘.::lbﬁ =i ||||M.';~%rll'

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

Eih Ini

Pur Pur

@ X

Simulated Annealing, ...

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

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,

Patterns Information

— Information

Pattem: 1/1 Weight:l 0000

Copl

Initial Previous Add

JSJJJ_IXJ)JLIJ

< Data file/Peak shape |>| |

Background Type

Excluded Regions

|
|
Geometry/IRF |
|

|ser Scatt. Factors

Cancel |

Phases

SPALLATION

% AK KIDGE NEUTRON
National Laboratory | SOURCE

T Profile Data Information: Pattern 1

Data File // Format I Refinement / Simulation ~Pattem Calculation/Peak Sh

Feak Shape
O.F. p-Vaigt * B4-B exponential

odefil SHP

" Global SHP

— Scattering Yariable

Range of calculation of a single reflection in units of FW

Incident beam angle at sample suface (3):

" 2Theta & T.0.F. [microseconds) " Energy keV)
— Range
TOF_min: 24000.0000 TOF_max Step: I 5.0000




Building PCR File

s Editor of PCR Files

File Editor Tools Templates Help Exit

MO 2 2 @ A

[rl'lP'] A A
I T

FullProf
- - PCR ,
_ r | il Editor
I

i
|

.y i
;_§|!||||| f;_“_‘_-‘:‘:’_‘:'.‘.‘#\“y _"ﬂ-'l IllL_a_:_v-ﬂ\::I'I‘;IV_::'I.I q ||||Mlll&grlll:i

RWE L™ @ X

— Information

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

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

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,

Patterns Information

— Information

Pattem: 1/1 Weight:l 0000

Copl

Data file/Peak shape

Background Type

IC:"\US |28/ 8/
_ISJ ! | | 5 | ! | _NJ Excluded Regions |
Imitial Previous Add Geometry/IRF |
User Scatt. Factors |
Cancel |
SPALLATION

Phases

% AK KIDGE NEUTRON
National Laboratory | SOURCE

Background Information

— Background Mode
" E-Loefficients polynomial function

" 12-Coefficients polynomial function

 Debyedike (12-coeff }+ polynomial functions (5-coefficients)
" 12-Loefficients Fourer-cosine seres

" Fourer Fitering

" Background File transformed by 4-coefficients expression

Origin of the polynomial: I 40.000

MNumber of points taken for Fourier Filter: I 0.0000 ﬂ

Browsze... |

+ Linear Interpolation between a set background points with reﬁnab@
e

" Interpolation by cubic splines

" Chebychev Polynomial (24 coefficients)

Cancel




Building PCR File

s Editor of PCR Files

File Editor Tools Templates Help Exit

1% O el

& & @ M g

- FullProf
- - PCR
_ r | il Editor

fl
i \‘ L 4 |
IO 10 D Fi
: |.|. = .[.'E“xfﬁﬁé;\i'«'ﬁ:ﬂ\fg

.I> f
I 1..|I
Eﬁ

WE L™ @ X

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

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

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,

Phases

Refinement

Constrairts

Patterns Information

— Information

Pattem: 1/1 Weight:l 1.0000

Copl

4 4 =]

Previous Add

(i 2

Initial

Data file/Peak shape

Background Type

Excluded Regions

Geometry/IRF |

Dl

|ser Scatt. Factors |

Cancel |

o=
[ ===
===

Box/Restraints

g
Outg Exclude Regions: Pattern 1

|

Number of excluded Regions: |_1i|

| [28/ 872025

Region

0.27000E+06

OK

¥ OAK RIDGE e

National Laboratory | SOURCE



Building PCR File

s Editor of PCR Files

File Editor Tools Templates Help Exit
30 & 2@ Wi

A A

- FullProf

- - PCR

_ r | il Editor
]

fli
| \‘ L i
N1 SR 1 O A
el

.I> f
I 1..|I

..

- >
e %
— Information

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

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

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,

Patterns Information

— Information

Pattem: 1/1 Weight:l 1.0000

Copl

4 4 =]

Initial Previous Add

Xl 2l Dl

Data file/Peak shape |

Phases

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

Refinement

Constrairts

Box/Restraints

Output

Background Type

Excluded Regions

-
Geometry/IRF

|ser Scatt. Factors |

Cancel |

SPALLATION

% AK KIDGE NEUTRON
National Laboratory | SOURCE

28/ 8/2025  [11:34:43




Building PCR

File

m-= R - — - - -
rce Pattern Diffraction Geometry Information: Pattgg

Diffraction Geometpy
< Brago-Brentano or Debye-Schemer Geometry

IRF lCnrrections ]

Imstrumental Resolution Function

" None

- HE = (T tan 8+V,) tan 8 +1F,
H, =X tan B+, feosB+ 2,

- HE= (U tan 8+F]) tan & +1F;
H, =(X,2841),26+Z,

. Hg = (U, 260 +7)) 20+,

H, =(X26+7),26+Z,

¢ List of 28, H,(28), H,(28)

Mame of IRF file:

. FWHM = 4JU,tan’ 8+ ¥ tan 8+,
B=7+X 26+ (26)

QT.O.F. p-Voigt * B+o-b exponentials {or * lkedaLCampenter)

~

|C:'-.Llsers'-2q1_.' YORML Dropbo Daniglle Yahne'.Danielle Yahrne's files'Mag St 20264 PG2

Browse...

QK Cancel

OAK RIDGE | fasssn

. National Laboratory | SOURCE

T Fullprof Input Files X
™ <« CoTeb013_X... > 40K Search 40K o ‘
Organize ~ New folder = - | o ‘
. 3_bar_prime_8K Name . Date modified Type ‘
5 CoTe6013_Xian o backup 7/18/2026 12:58 PM File folder
I -7« | PG2023A_HighRes_60Hz_b2_Ddep 7/18/2026 12:54 PM IRF File

v 3% ORNL Dropbox
.dropbox.cach

> 4 Danielle Yahne

M This PC

File name: ‘ PG2023A_HighRes_60Hz_b2_Ddep

Instrumental Resolution File

(o H)

Cancel




Building PCR File

" Editor of PCR Files - X
File Editor Tools Templates Help Exit

MOk 2 2@ WRZEBE RN @ X

— Information

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

FUI’PrO f : Type of Pattems, profile, background, diffraction

geometry, user-given scattering factars ...
I - PCR

R Phase name, type of calculations (JBT), ATZ, Phases |
| ‘i | || | Edjtor contribution to pattems, symmetry, ...
i I
i i Mumber of cycles, relaxation factors, access to |
” | ”- I| qu 1"{: # I'I: 1"“ pattemns and phases (atoms and profile) Refinement
i (SR i il _ il
: I.l. = -A:{ Ill_llé‘%ﬁ'i&__‘;_‘q,all'ivﬂf—:{.ﬁfg 1,'.{':_:_. ,','ll";': Constraints definitions, adding, deleting, Consiraints |
Patterns Information
Bou/Restraints |
— Information
) I— Output |
LT ILCE [ Data file/Peak shape |
Copl
Background Type | i
IC:"\US |28/ 8/2025 [11:34:43
_ISJ ! | [ ] | 5 | ! | _NJ Excluded Regions |
Initial Previous Add Del Next Last Geometry/IRF |
User Scatt. Factors |

Cancel |

¥ OAK RIDGE e

National Laboratory | SOURCE



Building PCR File

s Editor of PCR Files

File Editor Tools Templates Help Exit

A A
o A
A A

IO 2 2@ Wi

FullProf

Copyright {c) 2002-2005. JGP - JRC

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

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

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

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

Caonstraints 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 ..

- >
e %
— Information

Refinement

Constrairts

Box/Restraints

a1l

Output

IC:"\Users\Eq}r\GRNL Dropboxi\Danielle Yahne\Danielle Yahne's files\HB-2A\NNS_2025%MnO_Fi |Profiles: 1 |Phases: 1 |P_'8.." 8/2025 |'I1:34:43

SPALLATION

%OAK RIDGE | gpacan

National Laboratory | SOURCE

Phase Information: Phase 1

- General Information on Phases
Name of Phase : [CoTe6013

Calculation: ~ {Structural Model (Rietveld Method)

Coefficient to calculate the weight
percentage of the Phase:

| 6195.15

(" Calculated automatically (¢ Pro

Cottrtintopters)

Contribution to pattems, prefermed
orientation direction, reflection list, ...

—

et b Symety |
4 4 =/ X 2l D

Initial Previous Add Del Next Last

OK | Cancell




Building PCR File

F
Pattern Contribution Information for Phase 1

s Editor of PCR Files

File Editor Tools Templates Help Exit

[¥ Cument Phase contributes to the pattem

Pattemn 1 |:-,_ 3 | Pattem 2 | Pattem 4 | Pattem &

1% O el

g Wi B8

FullProf
I . PCR ,
| | Editor

f |
IIV'L A4
— | .ll \_,._\.,--.__||1I|I-.'--.,-._,-o-—-|'|||
|I|I'\—u| ﬂ}w_.:rl'k_—f-ﬁ' lﬂ
e ——

'y

fl

i

(| —— L

S k "u'“h__*“”::”_jr}af

]

)

—

17 21 25 28 33 a7 41
267

Copyright {c) 2002-2005. JGP - JRC

43

43

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

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

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

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

Caonstraints 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 ..

Muclear and Magnetic

* Meutron (T.O.F)
Muclear and Magnetic

— Type of Pattem
“a "M | @ ‘ X " X-Ray (" Pattem Calculation (X-Ray)
" Neutron (Constant Waw " Pattemn Calculation (Neutron - Constant Wavelength)
— Information

™ Pattemn Calculation (Neutron - T.OF)

& Codefil shp

= T —
= ..u.n.!-rp*

— Intensities

Reflection list: Iﬁu_rtumaticalhr generated from the Space Group symbal

IC:"\Users\Eq}r\GRNL Dropboxi\Danielle Yahne\Danielle Yahne's files\HB-2A\NNS_2025%MnO_Fi |Profiles: 1 |Phases: 1 [

Brindley coefficient: I (. D000

SPALLATION

%OAK RIDGE | gpacan

National Laboratory | SOURCE

[T Use special control of parameters for peak overap, rejected reflections for cument phaze

Global weight of the integrated intensity data vs profile data:

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

I L0000
I L0000

Weights are divided by reduced Chi®*2 afﬁn cycle: I (0.0000

Cancel




Refine the nuclear structure

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

~ FullProf
| . PCR

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

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

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

Ll A4
Ll _ F
SiEe=ESE| Constraints definitions, adding, deleting,
Lézl' LT:;'E-- || modifying...
—— =]
e 'ng\’ Fixing range of parameters, distances, angles,

magnetic moments and linear restraints

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

T Editor of PCR Files — X
File Editor Tools Templates Help Exit
] ¢ s ot | GE, In
J¥0HS &4 WiEEBE M"Y @ X
— Information

General |

Phases |

=D
—

Constraints |
=]
= |

Output

Box/Restraints

Copyright {c) 2002-2005. JGP - JRC

IC:"\Users\Eq}r\GRNL Dropboxi\Danielle Yahne\Danielle Yahne's files\HB-2A\NNS_2025%MnO_Fi |Profiles: 1 |Phases: 1 |P_'8.." 8/2025 |'I1:34:43

SPALLATION

%OAK RIDGE | gpacan

National Laboratory | SOURCE




Refine the nuclear structure - Import background file

m e .
e Refinement Information

— Stop Criterium of Covergence
Forced Temination when shifts < | 010 « ESD.

Cthers: None

Relaxation Factars for Shifts

;I Atomic I 1.00 Anisotropic I 1.00

Profile I 1.00

Global I 1.00

— Reflections ordering
& Only at the first cycle " Each cycle

— Refinement weighting model —
{* Least Squares

Pattem 1 |:— 2 I Pattern 3 | Pattem 4 I Pattemn 5 I Pattegg

Cancel

oK |
==

Phase 1 |:-'.=:-+L I Phase 3 I Phase 4 | f

Atoms |

— Pattems

[ Bragg R-Factor excluding reflections limiting exc g

Linear interpolation between a set of Background Points: Pattern 1

— Interpolation Method

% Linear Interpolation

™ Cubic Splines Interpolation

%OAK RIDGE | spaLLarion

National Laboratory | SOURCE

" Maximum Likelihood Instrumental | #1 €2 €3 €4 O35 — Information
 Unit Weights _ _ Profile | mi] | Number of Points: [ 10 :I
Mizro-&bzorption |
HKL Shifts | Furths 2Theta Counts
Reduction factor of number of data points: I 0 :I 1 0.000 0.000]"
2 0.000 0.000
3 0.000 0.000
4 0.000 0.000[

| Refine Al | Fix Al

@fﬂnm Background File

OK |

Cancel |




Refine the nuclear structure - Import background file

m e .
e Refinement Information

Cycles of Refinement: [ 20 :|

Relaxation Factars for Shifts

SPALLATION

%OAK RIDGE | gpacan

National Laboratory | SOURCE

(L J

" Cubic Splines Interpolation

Refine Al FcAl |

Import from Background File I

— Stop Criterium of Covergence
Forced Temination when shifts < | 010 « ESD.
Cthers: None ;I Atomic Iﬁ Anigotropic Iﬁ Profile Iﬁ Global Iﬁ
— Reflections ordering |
& Only at the first cycle " Each cycle [~ Bragg R-Factor excluding reflections limiting x =
Linear interpolation between a set of Background Points: Pattern 1
Pattem 1 |:-—._|'- }|:.='.- —I:' & 'I:".'.-:—-*' *I 'l Phase 1 |:-'33-:-.'_|:-':-3-:—?| -=3+—'|: ase
0K | Interpolation Method
— Refinement weighting model — Atoms | @ Linear Interpolation
{* Least Squares Background ' Cancel | ~ Pattems
" Maximum Likelihood Instrumental | @1 ©2 €3 4 OF — Information
 Unit Weights Profile | Mid Number of Points:l 62 :I
Mizro-&bzorption | —
HKL Shifts | Furth( 2Theta Counts
Reduction factor of number of data peints: I 0 :I 1 13517.680 52749
2 15141.094 47987(
3 22786.238 2704
4 26802.139 33.314|

Cancel




Refine scale & lattice parameters

m e .
e Refinement Information =

Cycles of Refinement: [ 20 :|

— Stop Criterium of Covergence Relaxation Factars for Shifts
Forced Temination when shifts < | 010 « ESD.
) - ) I— . . = e R R — e
e _Nnr‘le —I o AL [Saany 10 Profile Parameters: Phase 1 Pattern 1

— Reflections ordering

Factors 1 |
& Only at the first cycle " Each cycle [~ Bragg R-Factor excluding reflectiol |
| Overall Bfactor
Coefficients 5.0000]% 0.0000|"
Pattemn 1 |, 5 I Atz 3 | Pattem 4 | Pattemn 5 | Patiem |4 | r| ase 1 |— 2 | Phase 3 | Phas Cell Parameters
0K | > .
- o - _  —i— = - T — e a
e _ moms | [Cos@e | 10165000[¢ | 10166000[% | 189g1001[w 90.000] 90.000] 120,000
{* Least Squares Background | Cancel | | S —
= Maximum Likelihood rm— | | I FWHM / Shape Parameters Exponential Decay Parameters | Prefemed Orientation I
| FWHM Parameters
 Unit Weights = - f - . . Refine All
Mizro-&bzorption | Sig_2 Sig_1 Sig_D Z1
KL Shifs | . Coefficients 0.000000) 0.000000[ 0.000000[ 0.000000[ Fx A |
Reduction factor of number of data points: I 0 :I
Shape Parameters Canc
Bxtinc Abs1 Abs2
0K
Coefficients 0.000000]" 0.000000| 0.000000( o 4' |
[ Ref
u2 V2 w2
Coefficients I I I

%OAK RIDGE | spaLLarion

National Laboratory | SOURCE



Run refinement

" Editor of PCR Files
File Editor Tools Templates Help Exit

YOk 2 &

— Information

- PCR ,

W - FullProf
| Editor |||_

Copyright {c) 2002-2005. JGP - JRC

4" @

x

Title, type of job: Rietveld, Inf

HE4 FullProf Program
Load EditPCR Mode Run Exit

Simulated Annealing, ...

IC:"\U sersh 2y ORML Dropboxi\Danielle Yahne\Danielle Yahne's files\HE-24\MNM5_20254MnO_Fi | Profile

%OAK RIDGE | spaLLarion

National Laboratory | SOURCE

=> Conventional Rietveld R-factors for Pattern: 1
=> Rp: 28.4 Rwp: 30.4 Rexp: 1.66 chi2: 337.
T?peanaﬁenm:pmmh.baq => Global user-weigthed Chi2 (Bragg contrib.): 418.3
geometry, user-given scatter T — > Pattern# 1
=> Phase: 1
Phase name, type of calculat => Bragg R-factor: 9.747
contribution to pattems, symn => RF-factor : 20.02
=> Normal end, final calculations and writing...
Mumber of cycles, relaxation
paﬁaﬂsandphasesﬁﬂcmsa => CPU Time: 3.457 seconds
X - i => 0.058 minutes
Constraints definitions, adding
modifying... => END Date:20/07/2026 Time => 16:21:47.526
Fixing range of parameters, d
L ZLiEEL T i Ol Cycle: 20 chiz: 337. 40K data.dat
Output options for pattems a =
Reflection lists, Fourier, dista 3
o
L
a3
Q
H
[
>
)
o
n
o
]
n
[
H

20000 40000 €0000 80000 100000120000140000160000180000200000
TOF (usec)




Refine peak shape parameters

i Refinement Information =
Cycles of Refinement: [ 20 -
— Stop Criterium of Covergence Relaxation Factars for Shifts
Forced Temination when shifts < | 010 « ESD.
L _Nnr‘le ;I ik I 1.00 'Y Profile Parameters: Phase 1 Pattern 1
— Reflections ordering ~ Factors
& Only at the first cycle " Each cycle [~ Bragg R-Factor excluding reflectic
Scale Overall Bfactor
Coefficients 24761|v 0.0000[
Pattern 1 |:E'.'.-Z-"" 2 I Pattem 2 | Pattem 4 I Pattem & I Pattern 1 4 I ll ase 1 |:-'_=3-:-.-_ I Phaze 3 I Pha —Cell Parameters |
o il A a b c alpha beta gamma
[ e —l"ms Coefficients 10.127993|w 10.127993[% 18.945837|w 90.000] 90.000] 120.000[%

{* Least Squares Background | Cancel |

g I FWHM / Shape Parameters Exponential Decay Parameters I Prefemed Orientation

" Maximum Likelihood Instrumental |
FWHM P et
 Unit Weights _ _ e —— _ Refine Al |
Mizro-&bzorption | Gam_2 Gam_1 Gam_0 am_2
KL Shis | Coefiici r 0.000|% 0.000[% <l 0.000000 Fx Al |
Reduction factor of number of data points: I_ﬂj S — 4
Shape Parameters Cance
Extinc Abs1 Abs2
0K
Coefficients 0.000000] 0.000000|™ 0.000000( o -
. . . I_ Rafrna | e i swelenat
Lorentz function mainly represents the broadening = = —
Coefficients I - N

of the peak shape from the sample

%OAK RIDGE | spaLLarion

National Laboratory | SOURCE



Run refinement

" Editor of PCR Files - X
File Editor Tools Templates Help Exit

YOk 2 &

e %

— Information
Title, type of job: Rietveld, Integrated Intensities, ] |
Simulated Annealing, ... ks FullProf Program
Load EditPCR Mode Run Exit
Type of Pattems, profile, background —> conventional Rietveld R-factors for Pattern: 1
geometry, user-given scatteringfacty => rp:  20.0 Rwp: 18.8 Rexp: 1.66 Chi2: 128.
=> Global user-weigthed Chi2 (Bragg contrib.): 150.5
Phase name, type of calculations (J =; ;1_1 """" > Pa’;tem* -
3 ; =, ase:
contribution to pattems, symmetry, .. - Bragy R-factor: 17.15

i => RF-factor : 16.52
Mumber of cycles, relaxation factors] =» Normal end, final calculations and writing...
pattems and phases (atoms and prod

Constraints defintions, adding, deletf => CPU Time: 1.598 seconds
mnd'rF'_.'ing... => 0.027 minutes

§ ' => END Date:20/07/2026 Time => 16:36:56.373
Fixing range of parameters, distance

magnetic moments and linear restraiJ

Cycle: 20 CchiZz2: 128 . 40K_data.dat

Output options for pattems and pha
Reflection lists, Fourier, distances. B 800

700+
600

IC:"\U sersh 2y ORML Dropboxi\Danielle Yahne\Danielle Yahne's files\HB-2A\NMNS_20254MnO_Fi | Profiles: 1 . 500+
400

Copyright {c) 2002-2005. JGP - JRC

units)

(ark

200

200
100 -}

IR AR e e
—100

Intensity
o

20000 40000 60000 80000 1000001200001400001€0000180000200000
TOF (usec)

%OAK RIDGE | spaLLarion

National Laboratory | SOURCE



Refine atomic positions

%

OAK RIDGE | §pLLation

National Laboratory | SOURCE

i Refinement Information =
Cycles of Refinement: [ 20 -
— Stop Criterium of Covergence Relaxation Factars for Shifts
Forced Temination when shifts < | 010 « ESD.
Cthers: None ;I Atomic I 1.00 Anisotropic I 1.00 Profile I 1.00 Global I 1.00
— Reflections ordering |
¥ Only at the first cycle " Each cycle [™ Bragg R-Factor excluding refli Atoms Information: Phase 1
r— List of Atoms
Pattem 1 |:L-— 2 I Pattem 3 | Pattem 4 I Pattem 5 I Pattemn 4 I Il Phaze 1 |:---33, ] I Number of Atoms: |_3:]
OK | Label | Meyp X Y z B Oce Them. Fact. ( Feine Postions |3
— Refinement weighting model — Atoms | Mom# 1 |Tel Te 0.82234]v 0.57097| 0.73823[% 0.72561| 1.00000|" | isotropic | -
B e Background | Cancel | Mom# 2 [Te2  |[Te 0.60483% 0.50405|% 042402[% 0.64508[ 1.00000]" [ Isotropic Refine B_iso |
[ Aom# 3 ol |Co 066667 paaufv|  os77le 0671137 [ 0.33333] | isatropic _
 Maximum Likelihood etrumental U1 (T2 o3 Aom# 4 |01 0 0.66667|% 0.33333|% 0.746%0|% 0.81326] 033333 | Isotropic M !
nstrumenta |
Fix All
" Unit Weights Profile | Anisotropic Thermal Factors / Form Factors
Micro-Absarption | B11/F1 B22/F2 B33/F3 B12/F4 B13/F5 B23/F6 F7 |
. | 0K
Reduction factor of number of data points: I 0 :I & r I B r T L L 4|
# I I~ I r N I I
# I I~ n (i o r (
Special Form Factors
SASH-Type | Matrix i=1 j<2 i= N.Coeff. | Indices | #1 w | m | s | s | sz
# Spherical I
Spherical
Spherical




Run refinement

s Editor of PCR Files

File Editor Tools Templates Help Exit

YOk 2 &

FullProf

I . PCR ,
11 | Editor

Copyright {c) 2002-2005. JGP - JRC

e %

— Information

Simulated Annealing, ...

Title, type of job: Rietveld, Integrated Intensities,

General |

Type of Pattems, profile, backaground, diffra
geometry, user-given scattering factars ...

Load

WE4 FullProf Program

EditPCR Mode Run Exit

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

pattems and phases (atoms and profile)

Caonstraints definitions, adding, deleting,
modifying...

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

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

Mumber of cycles, relaxation factors, accesg

=>
=>

IC:"\Users\Eq}r\GRNL Dropboxi\Danielle Yahne\Danielle Yahne's files\HB-2ANMNS_20254MnO_Fi | Profiles: 1 |Phase

%OAK RIDGE | spaLLarion

National Laboratory | SOURCE

Conventional Rietveld R-factors for Pattern: 1
Rp: 19.8 Rwp: 18.6 Rexp: 1.65 Chi2: 126.
=> Global user-weigthed Chi2 (Bragg contrib.): 148.1
=> - > Pattern# 1

=> Phase: 1

=> Bragg R-factor: 16.97

=> RF-factor 16.50

Normal end, final calculations and writing...

CPU Time: 4.195 seconds

0.070 minutes

END Date:20/07/2026 Time => 16:39:24.550

Cycle: 20 ChiZ2: 126. 40K_data.dat

-~ 800

n

i 700

A

g &00

a

. 500
A 400 4

]

~ 300

> 200

? |

o 100

n

g

1] ° 1L R LR L L A

4 .

o —100

H

20000 40000 0000 80000 100000120000140000160000180000200000

TOF

(usec)




Refine isotropic thermal parameters

i Refinement Information =
Cycles of Refinement: [ 20 Make sure you check the results!
— Stop Criterium of Covergence Relaxation Factars for Shifts SOmetImeS B reflneS negatlve, Wthh
Forced Temination when shifts < | 010 « ESD. . .
_ o is not physical.
Cthers: None ;I Atomic I 1.00 Anisotropic I 1.00 Profile I 1.00 Global I 1.00
— Reflections ordering |
¥ Only at the first cycle " Each cycle [™ Bragg R-Factor excluding refli Atoms Information: Phase 1
List of Atoms
Pattem 1 |:— 2 | Pattemn 3 | Pattem 4 | Pattem 5 | Pattern |4 I 'l Phase 1 |:-'-.=:-+ Z Number of Atoms: I_s:l
OK | Label | Meyp X Y z B Oce Them. Fact.
— Refinement weighting model — Atoms | Mom# 1 |Tel Te 082234 057097v 0.73823[w 0.72561] 1.00000] | isotropic I 1
& Least Squares Background | Cancel = Mom# 2 [Te2  |[Te 0.60483% 0.50405|% 042402[% 0.64508[ 1.00000]" [ Isotropic l
a 4' Pattems Atom # 3 Col Co 0.66667 |V 0.33333|v 0.57732(v 067113 0.33333| | Isotropic ;
 Maximum Likelihood etrumental U1 (T2 o3 Aom# 4 |01 0 0.66667|% 0.33333|% 0.746%0|% 0.81326] 033333 | Isotropic M !
nstrumenta |
Fix All
" Unit Weights Profile | Anisotropic Thermal Factors / Form Factors
Micro-Absarption | B11/F1 B22/F2 B33/F3 B12/F4 B13/F5 B23/F6 F7 |
. | 0K
Reduction factor of number of data points: I 0 :I & r I B I T L L 4|
# I I . I - ™ I
# I I I ™ I ™ N
Special Form Factors
SASH-Type | Matic | j=1 j<2 i= N.Coeff. | Indices | #1 | #2 | w3 | a4 | &5 | =
# Spherical I
Spherical
Spherical

%OAK RIDGE | spaLLarion

National Laboratory | SOURCE



Run refinement

s Editor of PCR Files

File Editor Tools Templates Help Exit

Make sure you check the results!

YOk 2 &

1|cy s,

Pur Pur

@ X

Sometimes B refines negative,

— Information

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

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

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

Mumber of cycles, relaxation factors, access to

1r.:’|= lﬁﬁ pattemns and phases (atoms and profile)
u_,__vqj\pg:jgﬁ Caonstraints definitions, adding, deleting,
— modifying...
Q:::E?;_ |Ej
R ﬂj U i .
e l,‘_ Fixing range of parameters, distances, angles,
- : : —_ magnetic moments and linear restraints
17 21 25 28 33 a7 41
28 ¢ Output options for pattems and phases:

Reflection lists, Fourier, distances, BWS .

which is not physical.

General |

Wk FullProf Program

Copyright {c) 2002-2005. JGP - JRC

IC:"\Users\Eq}r\GRNL Dropboxi\Danielle Yahne\Danielle Yahne's files\HB-2A\NNS_2025%MnO_Fi |Profiles: 1 |Phases: 1

SPALLATION

%OAK RIDGE | gpacan

National Laboratory | SOURCE

Load EditPCR Mode Run Exit
=> Conventional Rietveld R-factors for Pattern: 1
=> Rp: 13.3 Rwp: 13.4 Rexp: 1.65 Chi2: €6.1
=> Global user-weigthed Chi2 (Bragg contrib.): 77.71
= ———————— > Pattern# 1
=> Phase: 1
=> Bragg R-factor: 7.273
=> RF-factor 7.093
=> Normal end, final calculations and writing...
=> CPU Time: 9.449 seconds
=> 0.157 minutes
=> END Date:20/07/2026 Time => 16:40:45.360
Cycle: 20 ChiZ2: 6.1 40K _data.dat
- 800
n
i 700
A
s 600 —
a
. 500
3 400 -
L}
~ 300
>t 200
$ |
o 100
n
q
1] o LR AT e A
x —-100
H

20000 40000 60000 80000 100000120000140000160000180000200000
TOEF (usec)




Save refinement as & refine nuclear structure at 8 K

IC:"\Users\Eq}r\GRNL Dropboxi\Danielle Yahne\Danielle Yahne's files\HB-2ANMNS_2025\MnO_Fi | Profiles: 1 |Phases: 1 |28/ 8/2025 ﬁ

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

" Simulated Annealing Optimization (Integrated Intensities)

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

4 Opiors |

T Editor of PCR Files — W .
T Fullprof Files (PCR) X |
File Editor Tools |gpEs Help Exit
o . ™ « CoTe6013_XianghanXu > 3_bar_prime_8K Search 3_bar_prime_8K P
3 S Mz es i Yy @
j ﬂ Q % | @ | pELC {p’q)} AR SN Per Per @ x Ot = New folder =< ") |
— Information > . .dropbox.cach Name ) Date modified Type Size ‘
- ni @ backuy 7/20/2026 4:05 PM File folder
Tile. type of job: Rietveld, Integrated Intensities. A i< : .
o e et > I This PC /] CoTe6013_8K 7/20/2026 4:49 PM PCR File 8K8|
FUI’PrO f | Type of Pattems, profile, background, diffraction B L ‘I
geometry, user-given scattering factars ...
I - PCR i |
. Phase name, type of calculations (JBT), ATZ, Phases | File name: | CoTe6013 8K v
A ‘i | || | Ed,f tor | _ | contribution to pattems, symmetry, .. i Save a5 type: [Fullprof Inpist File »
‘ | |
i Mumber of cycles, relaxation factors, access to Refmemenk l
g | | pattems and phases (atoms and profile) |
| f'l ! A Hide Folders Save Cancel {
= o g | = Caonstraints definitions, adding, deleting, Conrants | . >
= modifying...
Fixing range of parameters, distances, angles, Box/Restl ™ General Infor X |
magnetic moments and linear restraints —_
7 . Ttle
Output options for pattems and phases: Outp
Reflection lists, Fourier, distances, BVS ... IC°TEGO13 K
Copyright {c) 2002-2005. JGP - JRC Calculations

Cancel

SPALLATION

%OAK RIDGE | gpacan

National Laboratory | SOURCE




Save refinement as & refine nuclear structure at 8 K

" Editor of PCR Files - X
File Editor Tools Templates Help Exit

MOk 2 2@ WRZEBE RN @ X

— Information

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

FUI’PrO f Type of Pattems, profile, background, diffraction
geometry, user-given scattering factars ...

- PCR

Phase name, type of calculations (JBT), ATZ, Phases
contribution to pattems, symmetry, ..
Mumber of cycles, relaxation factors, access to 4

pattems and phases (atoms and profile)

Caonstraints definitions, adding, deleting, Conrants
modifying...

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

17 21 25 28 33 a7 41 43 49
28 ¢ Output options for pattems and phases:

Reflection lists, Fourier, distances, BWS . Output

ali

Copyright {c) 2002-2005. JGP - JRC

IC:"\Users\Eq}r\GRNL Dropboxi\Danielle Yahne\Danielle Yahne's files\HB-2A\NNS_2025%MnO_Fi |Profiles: 1 |Phases: 1 |P_'8.." 8/2025 |'I1:34:43

%OAK RIDGE | spaLLarion

National Laboratory | SOURCE



Refine nuclear structure at 8 K

— PR -—

| Linear interpolation between a set of Background Points: Pattern 1

Interpolation Method

SPALLATION

%OAK RIDGE | gpacan

National Laboratory | SOURCE

i Refinement Information = i ¢ Linear Interpolation " Cubic Spines Interpolation
i~ Information
C of Refinement: 20= =
ycles inem I :I | | Number of Points: |_62j
— Stop Criterium of Covergence Relaxation Factars for Shifts
2Thet Count
Forced Termination when shits < [0.10 x ESD. ! - = | Refnedl | Fix A
1 13517.680) 52607
Cthers: None ;I Atomic I 1.00 Anisotropic I 1.00 Profile I 1.00 Global I 1.00 2 19141094 28569
3 22768.027 N C D
~ Reflections ordering - 50513 Import from Background File
& Only at the first cycle " Each cycle [~ Bragg R-Factor excluding reflections limiting excluded regions
oK Cancel
Pattem 1 |:-— 2 I Pattem 3 | Pattem 4 I Phase 1 |:-'-.=:--:-.'_ I hase 3 I Phase 4 | Phase 5 I Phase GI pPA I ’I 4' 4'
ok | a
~ Refinementt weighting model — &l Tt Importing Background File X
0 Back d
{* Least Squares ackgron ’ Cancel |  Pattems
N « CoTeb013_XianghanXu > 3_bar_prime_8K C Search 3_bar_prime_8K pel
" Maximum Likelihood Imstrumental | #1 €2 €3 C4 ©
Organize v New folder =~ [1 o
" Unit Weights 5 - Profile | N
Micro-Abzorption | 1 5 3_bar_prime_8K Name Date modified Type Size
HEL Shifts | 57 CoTe6013 _Xian: & backup 7/20/2026 4:05 PM File folder
Reduction factor of number of data points: I 0 :I |(«~ﬂ BG.2K 772072026 4:04 PM BGR File 3KB
v~ 3% ORNL Dropbox
b .dropbox.cach
> 4+ Danielle Yahne
> [l ThisPC
File name: |BG_BK ! ~| Background Input File N




Refine nuclear structure at 8 K

m e .
e Refinement Information

Cycles of Refinement: [ 20 :|

— Stop Criterium of Covergence

Forced Temination when shifts <

010 x ESD.

Cthers: None

Relaxation Factars for Shifts

Atomic I 1.00 Anisotropic I 1.00

Profile I 1.00

Global I 1.00

— Reflections ordering

& Only at the first cycle

" Each cycle

[~ Bragg R-Factor excluding reflections i

Only refine lattice parameters — keep
scale & peak shape parameters fixed

Pattem 1 | Pattem 2 | Pattem 3 | Pattem 4

— Refinement weighting model —
{* Least Squares

™ Maximum Likelihood

™ Unit Weights

Background |
Ingtrumental |
Mizro-&bzorption |

Reduction factor of number of data points: I 0 :I

Cancel

oK |
==

Phase 1 |:-'._=:_‘:.:- 2 I

Atoms |

— Pattems

w1 2

HKL Shifts |

Profile Parameters: Phase 1 Pattern 1

SPALLATION

%OAK RIDGE | gpacan

National Laboratory | SOURCE

Factors
o Scale Overal Bfactor
Coefficients 23414 0.0000(
r~Cell Parameters
b c alpha gamma
Coefﬁcig 10.127827|v 10127327 ¥ 18.947807|v 90.000/ 90.000] 120.000{V
_ e
I FWHM / Shape Parameters Exponential Decay Parameters | Prefemed Orientation I
FWHM Parameters Rdil"le Nl
Gam_2 Gam_1 Gam_0 Gam_2
Coefficients 5767 10.078 0.000000[ 0.000000]— Fx Al
Shape Parameters Cancel
Extinc Abs1 Abs2
Coefficients 0.000000] 0.000000( 0.000000] o
|— Refine |
U2 V2 w2
Coefficients I [ N




Refine nuclear structure at 8 K

m e .
e Refinement Information

Cycles of Refinement: [ 20 :|

— Stop Criterium of Covergence
Forced Temination when shifts <

010 x ESD.

Cthers: None

Relaxation Factars for Shifts

Atomic I 1.00 Anisotropic I 1.00

Profile I 1.00  Global I 1.00

— Reflections ordering
& Only at the first cycle

" Each cycle

[ Bragg R-Factor excluding reflections limiting exclided reinns

Can also refine atomic positions and
thermal parameters

Atoms Information: Phase 1

Pattermn 1 |:'-— 2 I Pattemn 3 |

{* Least Squares
™ Maximum Likelihood

™ Unit Weights

— Refinement weighting model —

Reduction factor of number of data points: I 0 :I

Background |
Ingtrumental |
Mizro-&bzorption |

Phase 1 | Phase

Atoms

hasl List of Atoms

Number of Atoms: 3 :I

— Pattems
1

Profile |
HKL Shifts |

(]

3

%OAK RIDGE

National Laboratory | SOURCE

SPALLATION
NEUTRON

Label Ntyp X Y Z B Occ Them. Fact r Refine Positions r
‘ Atom # 1 Tel Te 0.82310|v 0.57135|v 0.73814|W 0.27775|% 100000 | Isotropic
Atom # 2 Te2 Te 0.60479|% 0.50442 % 0.42382|v 0.25680|v 1.00000( | Isotropic Refine B_iso
e Atom # 3 Col Co 0.66667|v 0.33333|v 057739|v 0.50000 v 0.33333( | Isotropic
Aom & 4 01 (¢} 0.66667 |V 0.33333|% 0.74674|% 0.48272 v 0.33333( | Isotropi MI
ropic
Fix Al
Anisotropic Themmal Factors / Form Factors 3
B11/F1 B22/F2 B33/F3 B12/F4 B13/F5 B23/F6 F7 —
i I~ I . I I ™ B
% B B B - B - B ok "]
# r [ I = N N N
# ™ . I l_ I ™ .
Special Form Factors
SASH-Type | Matrix j=1 j=2 j=3 N.Coeff. | Indices #1 #2 #3 H4 H5 H6
# Spherical
Spherical
Spherical

)




Refine nuclear structure at 8 K

" Editor of PCR Ff
File Editor Tools plates Help Exit

IO 2 2@

FullProf
| | PCR

Copyright {c) 2002-2005. JGP - JRC

5| % @ %

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

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

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

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

Caonstraints 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 |

Phases |
Refinement |
Constrairts |

IC:"\Users\Eq}r\GRNL Dropboxi\Danielle Yahne\Danielle Yahne's files\HB-2A\NNS_2025%MnO_Fi |Profiles: 1 |Phases: 1

|28/ 8/2025 [11:34:43

%OAK RIDGE | spaLLarion

National Laboratory | SOURCE

T Output Information
—~PCR Input File
PCR Update: |Overwrite PCR File LI V¥ Classical Output Format for a Single
—Output Files

[ Summary of refined parameters (RPA)

< ¥ Crystallographic Information File (CIF)

[ List of Symmetry operators on file (SYM)

I General Output Information  Pattems Output Information | Phases Output Information |

Output Information Fie {OUT) | Simulated Difraction Fie (SIM) | Summary Parameters Fie (SUM) |

[~ Only Information from the last cycle is printed

Cormelation Matrix Ouput: INone LI Pattems

il -1-0-1-1-1-
Reflection list is written before starting cycle Lo
Comected profile intensities are written (|
Merged reflections list is written - rr
Cal. and Obs. profile intensities are - rr
Cal. and Obs. integrated intensitie: Al e
List reflec. from second wavelength i I rrir

OK | Cancel |




Refine nuclear structure at 8 K

s Editor of PCR Files

File Editer Tools Templates

Help Exit

1% O el

— Information

i
oM

“”H;“:ﬁl.*‘:?' T

—

—"‘—_r

l'\“_T"

"‘H%:":,_fﬂ—:il%u

Copyright {c) 2002-2005. JGP - JRC

17 a| 25 ] 33 ar H

267

5| % @ %

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

General |

Type of Pattems, profile, background, diffraq”

WE+ FullProf Program

EditPCR Mode Run Exit

geometry, user-given scattering factars ... =

=>
Phase name, type of calculations (JBT), AT| =
contribution to pattems, symmetry, ..
Mumber of cycles, relaxation factors, accesq
pattems and phases (atoms and profile) -

Caonstraints definitions, adding, deleting,
modifying... =>

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

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

IC:"\Users\Eq}r\GRNL Dropboxi\Danielle Yahne\Danielle Yahne's files\HB-2A\MNNS_2025%MnO_Fi | Profiles: 1 |Phases

%OAK RIDGE | spaLLarion

National Laboratory | SOURCE

Conventional Rietveld R-factors for Pattern: 1
Rp: 21.1 Rwp: 16.1 Rexp: 1.42 chi2: 129.
=> Global user-weigthed Chi2 (Bragg contrib.): 155.5
= ——————— > Pattern# 1
=> Phase: 1
=> Bragg R-factor: 30.94
=> RF-factor : 7.116
Normal end, final calculations and writing...
CPU Time: 4.156 seconds
0.0€9 minutes
END Date:20/07/2026 Time => 17:08:15.686
Cycle: 20 chiz: 129. 8K data.dat
)
i 700 4
ol
[ 600
a
. 500 4
]
" 400 i
s 300 - $
> 200
” 3
o 100
n L
q o) 1
] L1 LR L A |
fi -
o —100 )
H

20000 40000 &©0000 80000 100000120000140000160000180000200000

TOF (usec)




Identify magnetic peaks for k-search

File Plot Profiles Options X spa

= H | S| P B2 B B S

L WinPLOTR-2006 Version: 5.10-2012 _ 0 %
|culations  Ext. Applications  Teools  Help

R EYARIEES

2 Select PRF files to open X
- > v M T « CoTe6013_Xi... » 3_bar_prime_8K v C Search 3_bar_prime_8K ye
Organize v New folder =~ 0 0

Name Date modified Type
v 32 ORNL Dropbox & backup 7/20/2026 4:05 PM File folder
N dropbox.cach CoTe6013_8K 7/20/2026 5:10 PM PICS Rules File
> 4 Danielle Vahne
> [ This PC
File name: | CoTe6013_8K ~ | Input PRF File (*.pr) v
| Open q Cancel

|

%OAK RIDGE | §raLLation

National Laboratory | SOURCE



Identify magnetic peaks for k-search

2 WinPLOTR-2006 Version: 5.10-2012 - O X
File Plot Profiles Options Xspace Calculations Ext. Applications Tools Help
n,"ﬂ|§|f.[ﬁ(|ﬂhm|lﬂk§2{ Summation ',';Smlegf_|%am‘ﬂ'|m|m1|x

Difference

Multiply Y / Shift X / Normalize
Average

Apply Eff. Corr.

Smoothing

o CoTe€013_BK.
Profile fitting Chi2: 129.12

Peak detection Enable
Background Disabled

Auto detecti
Satellites
Clear all
Insert peak
Delete peak
Save peaks

Moo 8 MO Q

%OAK RIDGE | §raLLation

National Laboratory | SOURCE



Identify magnetic peaks for k-search

i WinPLOTR-2006 Version: 5.10-2012 _ O X W

File Plot Profiles Options Xspace Calculations Ext. Applications Tools Help

w B & Fir B | o VW M | Per B M BRI PP S5 0 S s Bk [EEA 2| @ e | X

Zoom in on a magnetic peak
and left click in the center -
repeat for clear magnetic peaks
(not too many though!)

CoTe€013_B8K.
Chi2: 125.12

&, WinPLOTR-2006 Version: 5.10-2012 o o x

File Plot Profiles Options Xspace Calculations Ext Applications Tools Help

w B[R Bt | D (P B BRI FP R B N (B [ EER 2 A X

CoTe€013_BK.
Chiz: 125.12

et M Q

feowm o B[O Q
|Pealrsallocatiom Insert peak N= 929 X= 24162.3203 = -1360 calculation

%OAK RIDGE | §raLLation

National Laboratory | SOURCE



Save magnetic peaks for k-search

L WinPLOTR-2006 Version: 5.10-2012 _ 0 x

File Plot Profiles Options Xspace Calculations Ext. Applications Tools Help

@ﬂl%lﬁthﬁlﬂyﬁlkﬂ% Summation fe SEQ Bgf_‘%‘ly|m|um|x

Difference

2% Input parameters for K_SEARCH X

Multiply ¥ / Shift X / Normalize Te  [CoTe60138K Chi2129.1214

Average g I._R >

Apply Eff. Corr. Cell Parameters  [110.12693 10.12693 18.34718 50.0000 90.0000 120.0000
Smoothing Tolerance
IZOD0.00
= CoTe€Ol3_B8K. {Boaes
tt Chi2: 129.12
rofile fitting . fonde max,..) | 0005 0005 0005
Peak detection Enable
Number of Points
Background Disabled (Na- b+ Ne) 100 100 100
Wavelength I 22591.99219
Auto detection R LDRiIoR
Satellites detection (" Shot Output  (+ Long Output " No output of int
Clear all [V Search only special k-vectors OK | Cancel |
Insert peak
Delete peak
Save peaks Free Format r )
Running K_Search

Dicvol Format
Ito Format

K_Search Format
Treor Format Do you want to run k_Search?

PREEIE R RIS ey

%OAK RIDGE | §raLLation

National Laboratory | SOURCE




K-search results: k=(0,0,0)

C:\FullProf Suite\k search.exe X - v

=> List of the best incommensurate 10 solutions for 4 satellites

Kx Ky Kz R—factor
.000000 .000000 .000000 .114003
.500000 .000000 .1256000 .306919
.000000 .000000 .000000 .753740
.000000 .000000 .000000 .753740
.000000 .000000 .000000 .753740
.500000 .125000 .125000 .799968
.125000 .125000 .125000 .966458
.250000 .500000 .250000 .061625
.500000 .250000 .250000 .062767
.500000 .500000 .1256000 .168536

loNoNoNoNoNoN SN oNoNol
[cNoNoNoNoN NoNoNoNol
FRFROOODODOOO®

0
0
1
0
0
0
0
0
0
0

The best commensurate solution is the special kvector ks =( ©0.0000 0.0000 ©0.0000)
The corresponding R—factor is: 0.1140 to be compared with incommensurate R-factors

Powder diffraction may give wrong results even if the R-factors for the solutions are "good"
The best way to verify the solutions is to perform a full profile fitting and look for mismatches
Total CPU-Time
CPU-seconds:
CPU-minutes:

CPU-hours

Press <enter> to finish

3 OAK RIDGE |}

. National Laboratory | SC




Input into SARAh

SARAN - web Representational Analysis

This is the web page for a new web-based version of SARAh-Representational Analysis. Its code is inspired by the windows programme but has been entirely rewritten. Itis still in a

development phase and please contact me if you find problems or have suggestions. | hope that you like it; | think that it is pretty cool. One piece of advice - when you click evaluate,
it will look like nothing is happening for a few seconds.

-Andrew (June 2018)

T Wolfeam

Space group :

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

000

Crystallographic coordinates with each moment carrying atom on a separate line :
e.g. Cu21/21/2-1/2

Col ©.66667 ©.33333 ©.57732

— ﬁ
SPALLATION

%OAK RIDGE | gpacan

National Laboratory | SOURCE




SARAhh Results

I'y  y I; y
Col 1) 00 3 Col 1) 00 3
2) 0 0 3 2) 0 0 -3
I3y Iy g
Col 1) 1.5-0.866025i -1.73205i 0| || |Col 1) 1.5-0.866025i -1.73205i 0
2) 1.5-0.866025i -1.73205i 0 2) -1.5+0.866025i 1.73205i 0
I's v I's v
Col 1) 1.5+0.866025i 1.73205i 0| || |Col 1) 1.5+0.866025i 1.73205i 0
2) 1.5+0.866025i 1.73205i 0 2) -1.5-0.866025i -1.73205i 0
magcot = 1TV @ 1Y @ 1TY @ ITY @ 1Ty @ 1T

%OAK RIDGE | spaLLarion

National Laboratory | SOURCE



SARAhh Results

0.12 T T r
I'y I v From magnetic e
Col 1) 00 3 Col 1) 0 0 3 susceptibility, I, is the PR Pov
- . : 5] 13742137,
2) 0 0 3 2) 0 0 -3 most likely solution —%006 b= 1000 O
20,
£
F_g ;D’j I_;‘f l}!fir =0.03
Col 1) 1.5-0.8660251 -1.732051 0O Col 1) 1.5-0.8660251 -1.732051 0
2) 1.5-0.8660251 -1.732051 0O 2) -1.5+0.8660251 1.732051 0 000 — =0 100 180 200 250 300
T (K)
I's I's v
Col 1) 1.5+0.8660251 1.732051 0 Col 1) 1.5+0.8660251 1.732051 0
2) 1.5+0.8660251 1.732051 0 2) -1.5-0.8660251 -1.732051 0

%OAK RIDGE | spaLLarion

National Laboratory | SOURCE



SARAh Refine - Download I'; and I,

SARAh webRefine - FullProf

Three 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, 3. if editing a pcr file creates an error, try moving

your file so that its path contains no special characters: special characters and those with PHP commands, etc can fail validation ¢ |

-Andrew (February 2022)

* \‘\:'0|Ifram

Template magnetic phase by SARAh - web Representational Analysis with basis vectors {1, 2}
!

INat Dis Mom Prl Pr2 Pr3 Jbt Irf Isy Str Furth ATZ  Nvk Npr More
1 e ©e.ee.01.06 1 © -2 @ @ .06 1 © @
!
Method 1. Conventional analysis - as projected basis vectors R -1 <--Space group symbol
I Nsym Cen Laue Ireps N_Bas
Select command (generate template for magnetic phase for per; edit per with magnetic phase present): 2 1 1 =il 2

I Real(®)-Imaginary(1l) indicator for Ci

| 1. powder format v |[2. make template pcr | 0
!
a G Col Ty v, 0 Col T yy SYMM X , Y, Z

El
Col T, v, BASR® © 3. @ o 3.
- BASI © © © © @ @
ST SYMM 1/3 - X , 2/3 - Y , 5/3 - Z
() Col Ty, BASR @ @ 3. @ © -3.
BASI® © @ © 9 @
O .
ColI's vy IAtom Typ Mag Vek X Y z Biso  Occ c1 c2 c3
! c4 Cc5 cé Cc7 c8 ce MagPh
(Your browser should be set to ask for the download location so the per file can be overwritten. Please look in '4. Help Col Mco2 1 @ 0.66667 8.33323 @.57732 .30000 1. g@@@@ 0.000 0.000 0.0900

.00 0.00 .00 0.00 .00 .00 0.00 .00

m g @.08e0 0.000 0.000 0.000 0.000 0.000 ©.00000

0.00 0.00 0.00 .00 ©.00 .00 0.00
e > Profile Parameters for Pattern # 1

|  Scale Shapel Bov Strl Str2 Str3 Strain-Model
10.0 0.0000 ©.0000 ©0.0000 ©0.0000 ©.0000 e
0.00000 0.00 0.00 0.00 0.00 0.00
! u v W X Y GauSiz LorSiz Size-Model
0.00000 0.00000 0.00000 0.00000 0.00000 ©.00000 ©.00000 ]
9.00 0.00 0.00 0.00 0.00 0.00 0.00
! a b o alpha beta gamma
3 3 3 20 20 =]
OAK RIDGE SPALLATION 6 .00000 0.600000 0.00000 ©.00000 ©.00000 0.00000

NEUTRON
-~ National Laboratory | SOURCE



Input SARAA output into 8 K Nuclear .pcr

B | coTesons skpa . Open 8 K Nuclear .pcr file, change number of
phases (Nph) to 2, and copy & paste SARAh

file  Edit - View output under Phase 1 (but before 2Th1/TOF1 line)

COMM CoTe60 E  sarah_GI_G2per X 4L o
I Current gl Chi2 (Bragg contrib.) = 154.8 e et v v o @
| Files = T-file: 8K data.dat, PCR-file: CoTe6013_8K oo T
1Job Nprf Nph a Nex Nsc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt| @esssssssscccooooocoooooiooon e oo
-1 2 1 e @ © e @ © 5 @ © e 1 @ @  Dararer PHASEmmber: 1 = Current RSrage for Pettern® 1 1%
| Template magnetic phase by SARAh - web Representational Analysis with basis vectors {1, 2}
1
02 0 ©.75547 ©.53766 ©0.64084 ©.54148 1.00000 5] 2] ] 2] INat Dis Mom Prl Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nvk Npr More
0.00 0.00 9.00 9.00 0.00 1 =] © 0.0 0.0 1.0 1 e -2 =] 2] 0.00 1 ] e
03 0 0.61392 ©.47598 ©.51998 ©.53917 1.00000 Q 2] 2] 2] !
0.00 9.00 0.00 0.00 0.00 R -1 <--Space group symbol
04 0 0.79546 ©.51702 ©.40237 ©.38343 1.00000 @ ] 2] 2] ! Nsyz CE: Laui IT‘EPi N_Ba;
0.00 0.00 9.00 9.00 0.00 .
05 0 ©.66654 ©.58448 ©.78246 ©.53670 1.00008 @ © © O ! Real(e)-Imaginary(1) indicator for Ci
.00 0.00 .00 .00 .00 : 2
l--oann- > Profile Parameters for Pattern # 1 ----> Phase # 1 _é.YMM X. Y. 2
! Scale Extinc Bov Stril Str2 Str3 Strain-Mode BASR © ’a _;’ o 0 3
2.341364 0.0000 9.0060 ©.0000 0.0000 ©.0000 2] BASI & © 8. e o @ 8
©.00000 0.00 0.00 9.00 9.00 0.00 SYMM 1/3 - X , 2/3 - Y , 5/3 - Z
! Sigma-2 Sigma-1 Sigma-@ Sigma-Q Iso-GStrain Iso-GSize Ani-LSize Sizeq{ ppsp e @ 2. B @ -3.
! Instrumental Sigma interpolated from list in IRF file (Only sample contribution is refined) BASI® @ 0 © B O
0.0000 @.0000 0.0000 0.0000 0.0000 0.0000 0.0000 d iatom Typ Mag Vvek X v 7 Biso  Oce c1 c2 c3
0.00 9.00 9.00 0.00 0.00 9.00 9.00 1 ca cs c6 c7 cs8 co MagPh
! Gamma-2 Gamma-1 Gamma-@ Iso-LorStrain Iso-LorSize Col MCO2 1 @ ©.66667 ©.33333 0.57732 .30000 1.00000 ©.000 ©.000 ©.000
! Instrumental Gamma interpolated from list in IRF file (Only sample contribution is refined) 9.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5.7672 10.0776 0.0000 9.0000 ©.0000 9.008 ©.000 9.0080 ©.000 9.0080 ©.000 ©.00000
0.00 9.00 9.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00
1 a b c alpha beta gamma #Cell Info I > Profile Parameters for Pattern # 1
10.126930 10.126930 18.947178 90.000000 90.000000 120.000000 | Scale Shapel Bov strl str2 str3 Strain-Model
11.00000 11.00000 21.00000 0.00000 0.00000 11.00000 1e.e ©.0600 ©.0E00 ©0.0000 ©0.0000 ©.0000 e
! Prefl Pref2 alphe betao alphi betal alphQ betaQ ©.00000 .80 .80 .90 .00 .00 . . .
! Instrumental alpha & beta interpolated from list in IRF file (Only shifts can be refined) ! u v W X Y Gausiz  LorSiz Size-Model
0.000000  ©.000000  ©.000000  ©.000000  ©.000000  0.000000  ©.000000  0.00000Q Le s Lo o or e s = s e e Le s Lo o or -
0.08 0.00 0.00 0.00 0.00 0.08 9.08 0.08 = = = = = = =
!Absorption correction parameters
0.00000 9.00 ©.00000 0.00 2
! 2Thl/TOF1 2Th2/TOF2 Pattern to plot Insert SARAh OUtpUt phase 'pcr teXt HERE
% 11501.4586 220000.000 1




Copy profile parameters from nuclear phase

SYMM X , Y, Z

BASR® © 3. © @ 3.

BASI® © © 8 © o

SYMM 1/3 - X , 2/3 - Y , 5/3 - Z
BASR® © 3. 0 @0 -3.

BASI® © © 8 © o

IAtom Typ Mag Vek X Y z Biso Occ Cc1 cz2 Cc3

! c4 C5 cé c7 cg co MagPh

Col MCOo2 1 %] 0.66667 ©.33333 0.57732 .30000 1.00000 0.000 0.000 0.000
0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00

0.000 0.000 0.000 0.000 0.000 ©.000 ©.00000
0.00 0.00 0.00 0.00 0.00 0.00 0.00

le======= > Profile Parameters for Pattern # 1 ----> Phase # 1
I Scale Extinc Bov Stri Str2 Str3 Strain-Mode
2.341364 ©.0000 ©.0000 ©.0000 0.0000 0.0000 e
0.000e00e 0.00 0.00 0.00 0.00 .00
! Sigma-2 Sigma-1 Sigma-@ Sigma-Q Iso-GStrain Iso-GSize Ani-LSize
! Instrumental Sigma interpolated from list in IRF file (Only sample contribution is refined)
0.0000 ©.00006 ©.06000 0.0000 0.0000 0.0000 ©.00006
9.00 0.00 0.00 ©.00 09.00 0.00 0.00
! Gamma-2 Gamma-1 Gamma-©®  Iso-LorStrain  Iso-LorSize
! Instrumental Gamma interpolated from list in IRF file (Only sample contribution is refined)
5.7672 10.0776 ©.06000 0.0000 9.0000
0.00 0.00 0.00 ©.00 0.00
! a b [« alpha beta gamma #Cell Info

19.126930 10.126930 18.947178 90.000000 90.000000 120.000000

11.00000 11.00600 21.00600 0.00000 0.00000 11.00600
! Prefl Pref2 alphe beta® alphl betal alphQ betaQ
! Instrumental alpha & beta interpolated from list in IRF file (Only shifts can be refined)
0.000000 ©.000000 ©.000000 ©.000000 ©.0600000 0.000000 ©.0000600 0.000000
0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00

IAbsorption correction parameters
©.00000 0.00 0.00000 .00
| Propagation vectors:

ABS: ABSCOR1 ABSCOR2

Q. Q. 9. Propagation Vector 1
0.000000 9.000000 ©.000000

| 2Th1l/TOF1 2Th2/TOF2 Pattern to plot
11501.450 220000.000 1

Size-Model

e

Copy & paste nuclear (Phase 1)
profile parameters into
magnetic phase (Phase 2)

OAK RIDGE | sassanon

-~ National Laboratory | SOURCE




Reload pcr file & open refinement tab

s Editor of P

File Editop Topfl=  Templates Help Exit

(O WEEBE %Y @ X

— Information
Title, type of job: Rietveld, Integrated Intensities, G I |
Simulated Annealing, ... EnerE

FUI’PrO f : Type of Pattems, profile, background, diffraction

geometry, user-given scattering factars ...
I - PCR ,

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

contribution to pattems, symmetry, ..
e [

Mumber of cycles, relaxation factors, access to

| '|_ | 1r':l|f lﬁﬁ pattems and phases (atoms and profile)
i I A
" Il _I"“‘.ll"lk':,:__;':,'w\'xl_vf—;{.\jt Constraints definitions, adding, deleting, Constrints |
A e— =l modifying...
==
s Fixing range of parameters, distances, angles, Box/Restrai |
———— s estraints
. T—r— magnetic moments and linear restraints
28 33 a7 41
28 ¢ Output options for pattems and phases: Output |
Reflection lists, Fourier, distances, BVS ..

Copyright {c) 2002-2005. JGP - JRC

IC:"\Users\Eq}r\GRNL Dropboxi\Danielle Yahne\Danielle Yahne's files\HB-2A\NNS_2025%MnO_Fi |Profiles: 1 |Phases: 1 |P_'8.." 8/2025 |'I1:34:43

%OAK RIDGE | spaLLarion

National Laboratory | SOURCE



Refinement now has 2 phases
(Phase 1: Nuclear, Phase 2: Magnetic)

o - -
& Refinement Information X

Cycles of Refinement: [ 20 :|

r~ Stop Criterium of Covergence Relaxation Factors for Shifts
Forced Temmination when shifts < | 0.10 x ES.D.
Others: None L] Atomic | 1.00 Anisotropic | 1.00  Profile | 1.00 Global | 1.00
— Reflections ordering
{*" Only at the first cycle " Each cycle reflections limiting excluded regions
Pattem 1 I Fttem : I sHem I attem | attem & e I 1ase 4 I nase b I %asesl "l ’I
r Refinement weighting model — Prop. Vectors |

¢ Least Squares Background |

" Maximum Likelihood Instrumental | 3 €4 O5 C Sl
" Unit Weights Micro-Structure |

HKL Shifts Further Parameters |

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

%OAK RIDGE | spaLLarion

National Laboratory | SOURCE



Refine C2 mixing coefficient

e - .
& Refinement Information X

Cycles of Refinement: [ 20 =

— Stop Criterium of Covergence Atoms Information: Phase 2

Forced Temination when shifts < | 0.10 x E.S.D.
Others: None | List of Atoms

Number of Atoms: | 1 ﬂ
Reflections ordering

% Only at the first cycle " Each cycle Label | Ntyp | Mag. Rot. | Prog. Vec. X Y yd B Occ A
Atom # 1 Co1 MC02 |1 0 066667 0.33333| 057732 0.30000( 1.00000(

Pattem 1 | pattem 2 | Patiem 3 | Pattem 4 | Pattem 5 | Refine B_iso |

Refine Postions |

— Refinement weighting model — v Fix All |
¢ Least Squares Background

 Maximum Likelihood Instrumental Rx Ry Rz b ly Iz MPhase | &
Atom #1 [ [ [ [ [ I I

" Unit Weights

Micro-&bsorpti

Reduction factor of number of data points: I_UiI

v
Basis Functions Coefficients
C1 c2 C3 c4 c5 C6 c7 | &
Atom # 1 0.00000( 0.00000|V 0.00000( 0.00000( 0.00000( 0.00000( 0.00000(
v

%OAK RIDGE | spaLLarion L

National Laboratory | SOURCE




Run magnetic refinementat 8 K

File

Editor

Tools

s Editor of PCR Files

Temnplates

Help Exit

1% O el

Jl

&l (M

ol 2e2
B A n

FullProf
. PCR
Editor

11|

il
Y
wwﬂwmﬂ "f

==
l'vO_'—_—r

"‘H%:":,_fﬂ—:il%u

28 33 a7 41
267

Copyright {c) 2002-2005. JGP - JRC

gg%%i 4t

— Information

f | ﬁ;l mil

Pur Pur

@ X

Load

Title, type of job: Rietveld, Integrated Inter

WE4 FullProf Program

EditPCR Mode Run Exit

Simulated Annealing, ...

Type of Pattems, profile, background, diffr]
geometry, user-given scattering factars ...

Phase name, type of calculations (JBT), A
contribution to pattems, symmetry, ... =>

Mumber of cycles, relaxation factors, accey _
pattems and phases (atoms and profile) -

Caonstraints definitions, adding, deleting, =>
modifying... |

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

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

IC:"\Users\Eq}r\GRNL Dropboxi\Danielle Yahne\Danielle Yahne's files\HB-2ANMNMNS_20254MnO_Fi | Profiles: 1 |Phas

%OAK RIDGE

SPALLATION
NEUTRON

National Laboratory | SOURCE

=>
=>
=>
=>
=>
=>
=>

Global user-weigthed Chi2 (Bragg contrib.):

————————— > Pattern#

Phase: 1
Bragg R-factor:
RF-factor

Phase: 2

Magnetic R-factor:

1

7.044
7.113

2.387

Normal end, final calculations and writing...

CPU Time:

0.626 minutes

END

units)

(arb.

Intensity

Date:21/07/2026

37.555 seconds

Time => 11:36:16.990

Cycle:

111.3

20

ChiZ2:

22.8

S8K_data.dat

700 -
600 —+
500 +
400 —
300 4

200+
100

—100

| i [
et '
\.‘T’!.‘

+

po2 924

20000

40000 €©0000 80000 1000001200001400001€0000180000200000

TOF (usec)




Look at results with Fullprof Studio

E4 FullProf Suite ToolBar

File Programs Settings FP Dimensions Tools Edit Results Help

7N
) B B 6 ) e | en o il Bty ) () 50 B - S e EH

Working Directory: |C:"-LU . ADropbox (ORMLRefinements\FullprefiMyWorkhAMoAsh exp888\Rb2Meo3Assy C

Bl Fostudio Ver-2.0 = (] X
File Crystal Structure Magnetic structure Options Help
. - e - p@zceg®
B Open FpStudio files X i )
™ <« MagStr > 2026 > CoTe6013_XianghanXu > 3_bar_prime_8K v G Search 3_bar_prime_8K »p m _I J J
Organize « New folder = - O o @
“ Research » Name — S Type Size m
I . it
57 Co5(Te034CI2 & backup / Phase 1 PM File folder
40K a CoTe6013_8K1 72172020 11236 AM FST File 1KB K
2]
|f_ﬂ CoTeb013_8K2 . 7/21/2026 11:36 AM FST File 1KB J"
. 3_bar_prime_8K
5. CoTe6013 Xiam P h a S e 2 :
v 33 ORNL Dropbox m
> .dropbox.cach %
> ¢ Danielle Yahne \
> [l This PC x
A 11 F
File name: | CoTe6013_8K2 ~ ‘ FpStudio Input File (* fst or *.cfl ~
C:\Users\2qy\ORNL Dropbox\Danielle Yahne\Danielle Yahne's files

%OAK RIDGE | spaLLarion

National Laboratory | SOURCE



Look at results with Fullprof Studio

90.

0000

90. 0000 120. 0000

m(b) m(c) Mtot
0.00000 4.12004
0.00000 4.12004 4.12004
0.00000 4.12004
0.00000 4.12004 4.12004
0.00000 4.12004
0.00000 4.12004 4.12004

FpStudio Ver-2.0 - O X

| File Crystal Structure Magnetic structure /7 Options Help

DE@oag Lattice and K vectors Magnetic_lattice type i R

i unit cell: 10.1269 10.1269 18.9472

m Magnetic Operators

| Magnetic atoms current BoOX: 0o 1 0 1 o0 1

i .

: - mMagnetic k-vectors :
@ List magnetic moments 0.00000 0.00000 0.00000
@ eneral e
Symmetry operations :
@ SYMM X,Y,Z
u,v,w,0.0
X
Atom : Col_1 Co
L
X y z Translation

' 0.66667 0.33333 0.57732

® ; ; ( o, 0, 0
(H)

Iﬁ 0.33334 0.66666 0.91065

% ( 0: 0: -1)

—
 C:\Users\2qy\ORNL Dropbox\Danielle Yahne\Danielle Yahne's files
A A
#QOAK RIDGE | spaLLarion
National Laboratory | SOURCE

Check that this
value makes sense!!




Look at Fullprof Summary file

==> COEFFICIENTS OF BASIS VECTORS:
=> Real(@)-Imaginary(l) indicators of basis functions coefficients
Cl:0 C2:0
Col Cl= ©.e000( ) C2= 1.3733( 196) C3= ©.0000( ©)
C4= ©.0000( ) C5= ©0.0000( ©) C6= ©.0000( ©)
C7= ©.0000( ©0) C8= ©0.0000( ©) C9= ©.0000( ©)
Phase/2pi= ©.0000( ©)
— - oo I W
— k.1 k —2mik-t;; 2 !
m; = E i, e g Col 1) 0 0 3
V,E 2) 00 -3
0 0
ﬁ
Meo, = 1.3733(196) 0| =| 0O
3 4.12(6)

SPALLATION
NEUTRON
SOURCE

#‘,OAK RIDGE

‘. National Laboratory




PAUSE before we switch to Magnetic Space Groups

;'_v,eOAK RIDGE 32{*};';%%20"

1 Labor:

79



Alternative description of magnetic structure using MSGs

bilbao crystallographic server

Contact us About us Publications How to cite the server

MGENPOS General Positions of Magnetic Space Groups

MWYCKPOS Whyckoff Positions of Magnetic Space Groups

MKVEC The k-vector types and Brillouin zones of Magnetic Space Groups

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

BNS20G Transformation of symmetry operations between BNS and OG settings

mCIF2PCR Transformation from mCIF to PCR format (FullProf).

MPOINT Magnetic Point Group Tables

MAG R T s CE RS e e

MAXMAGN Maximal magnetic space groups for a given space group and a prog

AT — aumada Saiyegiuon ; :

STRCONVERT Convert & Edit Structure Data . ! Structure data of the paramagnetic phase will be included () Non-conventj
(supports the CIF, mCIF, VESTA, VASP formats — with magnetic information

k-SUBGROUPSMAG Magnetic subgroups consistent with some given propagation v .

MAGNDATA A collection of magnetic structures with portable cif-type files ;’:23;‘}3’ sindz d Ll e speies gy g aif il (e e prek (el [ choose it |[148

MVISUALIZE 3D Visualization of magnetic structures with Jmol

MTENSOR Symmetry-adapted form of crystal tensors in magnetic phases

MAGNETIC REP. Decomposition of the magnetic representation into irreps Please, enter the propagation vector k: Ky D ky \:\ k, \:\

Get_mirreps Irreps and order parameters in a paramagnetic space group- m|

%OAK RIDGE | spaLLarion

National Laboratory | SOURCE



Input CIF & identify magnetic ion

Option se submit a structure file rmat):
Choose File | No file chosen Upload the file

Note: The space group of the cif file will supersede any previous one.

Option 2: Specify structure data by hand:

Space Group: C2/c (No. 15)

Lattice parameters (Angstroms and degrees):

a= | b= | c= | alpha=90 beta=
Number of unique atomic positions: | |

Parent space group: R-3 (No. 148)

Lattice parameters (Angstroms and degrees): a=10.12693, b=10.12693, ¢=18.94720, alpha=90.0000, beta=90.0000, gamma=120.000

Atoms: Please select the magnetic ones

N Atom name Atom type Woyckoff Position

1

[ IR - SR S B S |

Tel
Te2

Co1
01

0z
03
04
05

Te
Te

18f
18f
6c
6c
18f
18f
18f
18f

Coordinates
0.82273 0.57159 0.73806
0.60519 0.50483 0.42380
0.66667 0.33333 0.57739
0.66667 0.33333 0.74695
0.75547 0.53766 0.64084
0.61392 0.47598 0.51998
0.79546 0.51702 0.40237
0.66654 0.58448 0.78246

Magnetic?

O

(4]

O 0O 0O 0O O

OAK RIDGE | fasssn

. National Laboratory | SOURCE




Maximal magnetic space groups & constraints

Maximal magnetic space groups for the parent space group R-3 (No. 148) and the propagation vector k = (0, 0, 0)

Maximal subgroups which allow non-zero magnetic moments for at least one atom are coloured

1 0 0 0
o 00 MAGNEXT
( 0 0 1 0 ) _
Go to a subgroup
Alternatives (domain-related) MTENSOR
T T - I

{0,0,Z | 0|0|m2) (0,0,'2 | 0;0;'“12)
3 | Co1 Co 0.00000 0.00000 0.24406 (2/3,1/3,z+1/3 | 0,0,m,) (2/3,1/3,-z+1/3 ] 0,0,-m;) 6 (0,0,M,) M, =
(1/3,2/3,z+2/3 | 0,0,m,) (1/3,2/3,-z+2/3 | 0,0,-m,)

I [

1 0 0 0
o0 0 MAGNEXT
Go to a subgroup
Alternatives (domain-related) MTENSOR
A —

(0!0|Z I Ososmz) (0,0,'2 | 0|0|m2)
3 | Co1 Co 0.00000 0.00000 0.24406 (2/3,1/3,z+1/3 ] 0,0,m;) (2/3,1/3,-z+1/3 | 0,0,m,) 6 (0,0,M,) M, =
(1/3,2/3,z+2/3 ] 0,0,m,) (1/3,2/3,-z+2/3 | 0,0,m,)

[ [

¥OAK RIDGE | "

National Laboratory | SOURCE



Magnetic Structure

Selected magnetic space group: 1- R-3' (#148.19)
Setting of the parent group
Parent space group R-3 (No. 148)

Lattice parameters: a=10.16600, b=10.16600, c=18.98100, alpha=90, beta=90, gamma=120

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

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

Atomic positions, Wyckoff positions and Magnetic Moments

Atom New WP ‘ Multiplicity ‘ Magnetic moment | Values of My, My, M,

(xy.z| mx,my:mz) (y.x-y.z | 'myamx'myrmz)
(-X+Y,X,Z | -My+ My, =My, M) (-X,-Y,-Z | -My,-my,-m;)

(y,=X+Y,Z | My,-Mytmy,-My) (X-Y,X,-Z | My-my,My,-m)
(x+2/3,y+1/3,z+1/3 | my,my,mg) (-y+2/3,%-y+1/3,z+1/3 | -my,my-my,m;)
Te1 Te 0.82234 0.57097 0.73823 | (-x+y+2/3,-x+1/3,z+1/3 | -my+my,-my,my) (-x+2/3,-y+1/3,-z+1/3 | -my,-my,-m;) 18 - -
(y+213,x+y+1/3,-z+1/3 | my,-my+my,-m;) (x-y+2/3,x+1/3,-z+1/3 | my-my,my,-m;)

(x+1/3,y+2/3,2+2/3 | my,my,my) (-y+1/3,x-y+2/3,z+2/3 | -my,m,-my,m;)
(-x+y+1/3,-x+2/3,2+213 | -My+my,-My,M) (-X+1/3,-y+2/3,-2+2/3 | -My,-My,-M;)
(y+1/3,-x+y+2/3,-2+2/3 | my,-My+my,-mz) (X-y+1/3,x+2/3,-z+2/3 | my-my,my,-mz)

(x,y.z | my,my,my) (-y,x-y,z | -my,my-my,my)
(-XHY,X,Z | =Myt My,-My, M) (-X,7Y,-Z | -My,-My,-Mz)
(Y, X+Y,-Z | My,-My+my,-Myz) (X-Y,X,-Z | My-my,My,-mg)

x+2/3,y+1/3,z+ My, My, Mz ) (Y +2/3,X-y+1/3,2+ =My, My-My, M
2/3,y+1/3,z+1/3 | my,my,m, 2/3 1/3,z+1/3 M-y, M.
Te2 Te 0.60483 0.50405 0.42402 (-x+y+2/3,-x+1/3,z+1/3 | -my+m,,,-my, M) (-Xx+2/3,-y+1/3,-z+1/3 | -m,,-m,,,-m) 18 - -

T Ty~ Tz "My, =Mz
(y+213,-x+y+1/3,-2+1/3 | my,-my+my,-my) (X-y+2/3,x+1/3,-z+1/3 | my-my,my,-mz)
(x+1/3,y+2/3,2+2/3 | my,my,mz) (-y+1/3,%-y+213,2+2/3 | -my,my-my,m;)

(-x+y+1/3,-x+2/3,2+2/3 | -my+my,-my, M) (-x+1/3,-y+2/3,-2+2/3 | -my,-my,-m;)

(y+1/3,-x+y+2/3,-2+2/3 | my,-my+my,-my) (X-y+1/3,x+2/3,-z+2/3 | my-my,my,-mz)

(0,0,z10,0,m;) (0,0,-z ] 0,0,-m,)
Co1 Co 0.00000 0.00000 0.24399 (2/3,1/3.z+1/3 ] 0,0,my) (2/3,1/3,-z+1/3 ] 0,0,-m) 6 {0,0,M,)
(1/3.213,2+2/3 | 0,0,m,) (1/3,2/3,-z+2/3 | 0,0,-m,)

AR i AA__NinA _iAaA



Save mCIF & Visualize structure

MCIF file of the structure

Submit this mcif file to MVISUALIZE for 3D visualization of the estru ng Jmol:

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

Submit to MVISUALIZE |

#\#CIF_2.0

# Created by the Bilbao Crystallographic Server
# http://www.cryst.ehu.es

# Date: 21,/07/2826 22:15:1@

# CoTeb013_ICSD149502.cif

data_S5yOhtAoR
_audit_creation_date
_audit creation method

2026-97-21

"Bilbao Crystallographic Server"
_citation_journal_abbrev
_citation journal volume
_citation_page first
_citation_page_last
_citation article id
_citation_year
_citation_DOI

R T V]

loop_

_citation_author_name
?

_atomic_positions_source_database_code_ICSD ?
_atomic positions source other ?

_transition_temperature ?
_experiment temperature ?

loop_

_irrep id
_irrep_dimension
_irrep_small_dimension
_irrep direction type
_irrep_action
_irrep_modes_number

_irrep presence
P o o2 7

C- Save As

T « CoTebQ13_Xiang...

Organize ~ New folder

Name

~ 232 ORNL Dropbox @ backup

.dropbox.cache

@ CoTe6013_8K2

> 3_bar_prime_8K

& MSG_148p19

X
v G »
Date modified Type
7 26 4:05 PM Fi
7/21/2026 11:36 AM MCIF File
7/21/2026 4:16 PM MCIF File

< Danielle Yahne

[ This PC

File name: | MSG_148p19
Save as type: MCIF File

~ Hide Folders

Save Cancel

OAK RIDGE | g5

-~ National Laboratory | SOURCE




Convert mCIF to PCR

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 Whyckoff Positions of Magnetic Space Groups
MKVEC The k-vector types and Brillouin zones of Magnetic Space Groups

IDENTIFY

BNS20G sulianciovmeiiomsioymmeinmepersionsheineanRiS 20 00 soitings

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

< mCIF2PCR Transformation from mCIF to PCR format (FullProf). —
MPOINT e P ST Taes
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 Convert & Edit Structure Data

(supports the CIF, mCIF, VESTA, VASP formats — with magnetic information where available)

k-SUBGROUPSMAG Magnetic subgroups consistent with some given propagation vector(s) or a supercell

#QOAK RIDGE | spaLLarion

National Laboratory | SOURCE

MAGNDATA A collection of magnetic structures with portable cif-type files

MVISUALIZE 3D Visualization of magnetic structures with Jmol

MTENSOR 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- magnetic subgroup phase transition

Choose a structure file (mCIF format);

Choose File | MSG_148p19.mcif

The file has been successfully converted.

QCIick to download it




¥

| Data for PHASE number: 1

Nuclear and Magnetic Structure of: MSG_148p

!

INat Dis Ang Prl Pr2 Pr3 Jbt Irf Isy Str Fu
8 © ©0P.PR.O1.0 1@ © 2 ©

!

R-3' number:148.19 <--Magnetic Space g

Transform to standard: a,b,c;0,0,0

Parent Space Group: R-3 IT _number: 148
Transform from Parent: a,b,c;06,0,0
I Nsym Cen N_Clat N_Ant
6 2] 2 2]

1
| Centring vectors

0.66667 ©.33333 ©.33333

0.33333 0.66667 ©.66667
I Symmetry operators

1x,y,z,+1

2 -X,-y,-z,-1

3 -X+y,-X,Z,+1

4 X-y,X,-z,-1

5y,-X+y,-z,-1

6 -y,X-y,z,+1
1
lAtom Typ Mag Vek X Y
! Rx Ry Rz Ix
! betall beta22 beta33 betal2
Tel Te 1 © 9.82234 8.57897

0.00 0.00
Te2 Te 1 o 0.60483 0.50465
0.00 0.00

Col MCO2 1 o ©.00000 ©.00000

I 0.00000 ©.00000
.00 .00

0.00
2.00000 .0eeeo
0.00 e.60

1QARY mxmymz)

rth ATZ Nvk Npr More
0 0.0k © 7 ©

roup symbol (BNS symbol & number)

Z Biso Occ N_type Spc  /Line below:Codes
Iy Iz MagPh / Line below:Codes

betal3s beta23 / Line below:Codes

9.73823 0.000080 1.00000 %] %} #
0.00 0.00 0.00

0.42462 0.06000 1.000600 e 2] #
0.00 0.00 0.00

0.24399 ©.00000 ©.33333 1 e #
0.00 0.00 0.00

©.00000 ©.00000 ©.00000 <-MagPar

0.00 8.00 0.00

OAK RIDGE
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Replace atomic data in 8 K fit (and save as)

Nuclear and Magnetic Structure of: MSG_148pl9

!
INat

8
1

Dis An
B

g Prl Pr2 P
8 0.0 8.0 1

R-3" number:148.19
Transform to standard: a,b,c;8,0,0

Parent Space Group: R-3

IT_number: 148

Transform from Parent: a,b,c;8,0,0

r3 Jbt Irf Isy S5tr Furth
.8 18 B8 2 @

8

A

TZ Nvk Npr More

B.000

7 @

<--Magnetic Space group symbol (BNS symbol & number)

I Nsym Cen N_Clat N_Ant
6 8 2
!
! Centring vectors
B.66667 ©.33333  8.33333
@8.33333 0.66667 ©.66667
I Symmetry operators
1 x,y,z,+1
2 X, -¥,-Z, =i
3 -x+Y,-X,Z,+1
4 x-y,x,-z,-1
5 )";'X*')’;'Z;'i COPY
6 -y,x-y,z,+1
1
lAtom Typ Mag Vek X Y Z Biso Occ N_type Spc
! Rx Ry Rz Ix Iy Iz MagPh / Line below:Cod
! betall beta22 beta33 betall betal3 beta23 / Line below:Codes
Tel Te 1 @ .82234 9.57897 ©.73823 ©.00000 1.00000 8 8 #
8.00 B.080 8.00 8.00 B.080
Te2 Te 1 @ .60483 ©.50405 ©.42402 ©.00000 1.00000 8 8 #
8.00 B.080 8.00 8.00 B.080
Col MC02 1 @ .00eEe ©.00B00 ©.24399 ©.00000 ©.33333 1 8 #
8.00 B.080 8.00 8.00 B.080
©.p0000 ©.00000 2.00000 ©.00000 ©.00000 ©.00000 ©.0000@ <-MagPar
8.8608 8.00 8.00 B.080 8.00 8.00 B.080
01 0 1 @ .00BEe ©.00B00 ©.41357 ©.00000 ©.33333 8 8 #
8.00 B.080 8.00 8.00 B.080
02 0 1 @ .75618 ©.536980 ©.64114 ©.00000 1.00000 8 8 #
8.00 B.080 8.00 8.00 B.080
03 0 1 @ .61448  ©.47550 ©.52014 ©.00000 1.00000 8 8 #
8.00 B.080 8.00 8.00 B.080
04 0 1 @ .79518 ©.51670 ©.40240 ©.00000 1.00000 8 8 #
8.00 B.080 8.00 8.00 B.080
05 0 1 @ .66768 ©.58560 ©.78168 ©.00000 1.00000 8 8 #
f._aa f.66 A .66 f._aa f.66
%OAK RIDGE SPALLATION
NEUTRON
-~ National Laboratory | SOURCE

~

! Zero_i+SHF Dtt1 i+SHF Dtt2_i+SHF  Dtt loverd i+SHF TwoThetaBank (Only shifts are refined)

! -2.81735 22591.99219 1.308826 @.41407 90.00000
! Zero Code Dtt1 Code Dtt2 Code Dtt 1loverd Code 2ThetaBank -> Patt# 1
@.00000 @.00 @.00000 @.00 @.00000 8.00 ©.00600 @.00 9@.000
| o o
| Data for PHASE number: 1 ==> Current R_Bragg for Pattern# 1 7.0442
| o o oo ___
CoTeb013
1
INat Dis Ang Prl Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nvk Npr More
8 (<] 9 0.0 0.0 1.0 (4] (] (<] <] e 6195.148 (<] 9 (]
|
!
R -3 <--Space group symbol
latom  Typ X Y z Biso Occ In Fin N_t Spc /Codes
Tel Te 8.82273 ©.57159 ©.73806 ©.26373 1.00000 (<] 4] <] (<]
0.00 @.00 0.00 0.00 0.00
Te2 Te 2.60519 ©.5e483 @.42380 @.23087 1.eeeee a a a a
a.00 2.00 € a.00
Col Co 8.66667 @.33333 G.S?RE PLAC E.33333 (<] (4] (] (<]
0.00 0.00 0.00 0.00 0.00
01 0 8.66667 ©.33333 0.74695 0.46750 8.33333 a a a a
a.00 @.00 @.00 a.00 @.00
02 0 8.75547 ©.53766 0.64884 0.54148 1.00000 (4] (4] (4] (4]
9.00 @.00 @.00 8.00 9.00
03 0 ©.61392 ©.47598 0.51998 0.53917 1.00000 (2] ] 2] (2]
a.00 @.00 @.00 a.00 @.00
04 [} 8.79546 ©.51702 @.40237 0.38343 1.0ec00 a a a a
9.00 @.00 @.00 8.00 9.00
05 0 ©.66654 ©.58448 0.78246 ©.53670 1.00000 e (] (2] e
@.00 @.00 @.00 a.00 @.00
- > Prorile Parameters tor Pattern ® 1 ----> Phase ¥ 1
I Scale Extinc Bov stri Str2 str3 Strain-Mode
2.341364 9.0000 8.0000 @.0000 9.0000 8.00008 <]
0.00000 0.00 0.00 9.00 0.00 0.00
! Sigma-2 Sigma-1 Sigma-@ Sigma-Q Iso-GStrain Iso-GSize Ani-LSize  Size-Model
I Instrumental Sigma interpolated from list in IRF file (Only sample contribution is refined)
©.00008 0.0000 ©.00008 0.0000 ©.00008 0.0000 9.00008 (5]
0.00 9.00 0.00 9.00 0.00 0.00 0.00
! Gamma-2 Gamma-1 Gamma-@  Iso-LorStrain  Iso-LorSize
I Instrumental Gamma interpolated from list in IRF file (Only sample contribution is refined)
5.7672 16.8776 ©.6008 0.60000 ©.6608
9.08 9.00 9.08 9.00 9.08




Load MSG PCR

s Editor of P

File Edito s Templates Help Exit
el 7e7 SIS dgg) | G, M
O 2P Wiy @ X
— Information

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

FullProf
I . PCR
11 | Editor

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

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

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

o Caonstraints definitions, adding, deleting,
e = =l modifying...
‘—\;1& — '%—:fﬁ.‘%j\l] fing
i k:’“:,. l,};ﬁ Fixing range of parameters, distances, angles,

magnetic moments and linear restraints

28 33 a7 41
Output options for pattems and phases:
Reflection lists, Fourier, distances, BVS ..

General

==

Phases

JT=0D

Constrairts |
Box/Restraints |
Output |

Copyright {c) 2002-2005. JGP - JRC

IC:"\Users\Eq}r\GRNL Dropboxi\Danielle Yahne\Danielle Yahne's files\HB-2A\NNS_2025%MnO_Fi |Profiles: 1 |Phases: 1 |P_'8.." 8/2025 |'I1:34:43

SPALLATION

%OAK RIDGE | gpacan

National Laboratory | SOURCE




Refine Mz component

-

T Refinement Information X
Cycles of Refinement: | 20 <]
— Stop Crterium of Covergence Relaxation Factors for Shifts
Forced Temination when shifts < | 0.10 x E.SD.
Others: None ;' Aomic | 1.00 Anisotropic I 1.00 Profile | 1.00 Global I 1.00
— Reflections ordering
& Only at the first cycle " Each cycle I Bragg R-Factor excluding reflections limiting excluded regions
Pattem 1 |: attem 2 I Pattem 3 | Pattem 4 I Pattem 5 I Pattem | 4 I ’I 3 | Phase 4 I Phase 5 I Phase6| P4 I ’l
0K |
~ Refinement weighting mode! — Prop. Vectors |
¢ Least Squares Background | Cancel I
¢ Maximum Likelihood instrumental B R AN
" Unit Weights Micro-Structure
Further Pa'ametersl
Reduction factor of number of data points: I 0 i’

¥OAK RIDGE | "

National Laboratory | SOURCE



Copy Thermal parameters & refine Mz

b e

Atoms Information: Phase 1

~— List of Atoms
Number of Atoms: | 3j|
Label | Ntyp | Mag. Rot. | Prog. V... X Y Z B Occ N

Atom # 1 Tel Te 1 0 0.82234[ 0.57097| 073823 0.00000(™ 1.00000 M’

Mom# 2 |Te2 [Te 1 0 0.60483( 0.50405( 0.42402| 0.00000( 1.00000(™ Refine B iso I

Aom# 3  |Col Mcoz |1 0 0.00000( 0.00000( 0.24393( 0.00000( 0.33333 =

Aom# 4 |01 0 1 0 0.00000] 0.00000( 041357 0.00000( 0.33333( Refine B_aniso |
Fix All |

Relx] Rely] Re(z] Im[x] Imfy] Im[z] MPhase

Atom H3 0.00000( 0.00000( 2.00000 v 0.00000( 0.00000( 0.00000( 0.00000( Cancel I

OK I
B11/F1 I B22/F2 B33/F3 B12/F4 B13/F5 B23/F6 F7

# ™ ™ ™ ™ ™ ™ ™

# I . . I I I .

# ™ r I U ™ ™ ™

# ™ I ™ ™ ™ ™ I

%OAK RIDGE | spaLLarion
National Laboratory | SOURCE



Run refinement

" Editor of PCR Files
File Editor Tools Templates Help Exit

T Old | 2 2 (W

"‘F] A A
B} 5

FullProf

- - PCR ,

_ r | il Editor
| |

Copyright {c) 2002-2005. JGP - JRC

Egé%%i 4t

|| " | @] %

Information

Title, type of job: Rietveld, Integrated Intensities,

Simulated Annealing, ...

General |

Type of Pattems, profile, backaground, diffrag

Load

Wkf FullProf Program

EditPCR Mode Run Exit

geometry, user-given scattering factars ...

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

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

Caonstraints definitions, adding, deleting,
modifying...

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

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

IC:"\Users\Eq}r\GRNL Dropboxi\Danielle Yahne\Danielle Yahne's files\HE-2A\NMNS_2025\MnO_F | Profiles: 1 |Phases|

%OAK RIDGE | spaLLarion

National Laboratory | SOURCE

=> ————— > Pattern# 1

=> Phase: 1

=> Bragg R-factor: 5.673

=> RF-factor : 7.57¢

=> Nuclear R-factor: 5.673

=> Magnetic R-factor: 2.269

=> Pure Magnetic R-factor: 0.000

Normal end, final calculations and writing...

CPU Time: 2.680 seconds
0.045 minutes

END Date:21/07/2026 Time => 17:21:38.123

Cycle: 20 chiZz: 140. 8K data.dat

700 -

units)

600 —+
500 —
400 —

(arb.

300

200

100

LR RN e [
—100

Intensity
®]

20000 40000 &0000 80000 100000120000140000160000180000200000
TOF (usec)




Results agree with SARAh refinement

%OAK RIDGE | spaLLarion

National Laboratory | SOURCE

Atom : Col co
X y z Translation k MSYM m(a) m(b) m(c) Mtot
0.00000 0.00000 0.24399
0, 0, 0)
1 1 0.00000 0.00000 3.97575
0.00000 0.00000 3.97575 3.97575
(¢ o, 1, 0
1 1 0,00000 0,00000 3,97575
0.00000 0.00000 3.97575 3.97575
( 1, o, O
1 1 0.00000 0.00000 3.97575
0.00000 0.00000 3.97575 3.97575
¢ 1, 1, O
1 1 0,00000 0,00000 3,97575
0.00000 0.00000 3.97575 3.97575
==> MAGNETIC MOMENT PARAMETERS:
Name Mx sMx My sMy Mz sMz M sM MPhas sMPhas
Col 0.000( 9) 0.000( 9) 3.976( 93) 3.9757( 939) 0.0000( 9)




Further information

Article

nature communications

https://doi.org/10.1038/s41467-023-43858-2

Large off-diagonal magnetoelectricity in a
triangular Co**-based collinear
antiferromagnet
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Xianghan Xu®" ', Yiging Hao ®2, Shiyu Peng®, Qiang Zhang ®2, Danrui Ni®",
Chen Yang', Xi Dai®3, Huibo Cao®2 & R. J. Cava'

|® Check for updates

Magnetic toroidicity is an uncommon type of magnetic structure in solid-state
materials. Here, we experimentally demonstrate that collinear spins in a
material with R-3 lattice symmetry can host a significant magnetic toroidicity,
even parallel to the ordered spins. Taking advantage of a single crystal sample
of CoTeg0ys with an R-3 space group and a Co™ triangular sublattice,
temperature-dependent magnetic, thermodynamic, and neutron diffraction
results reveal A-type antiferromagnetic order below 19.5 K, with magnetic
point group -3’ and k =(0,0,0). Our symmetry analysis suggests that the
missing mirror symmetry in the lattice could lead to the local spin canting for a
toroidal moment along the c axis. Experimentally, we observe a large off-
diagonal magnetoelectric coefficient of 41.2 ps/m that evidences the magnetic
toroidicity. In addition, the paramagnetic state exhibits a large effective
moment per Co*, indicating that the magnetic moment in CoTegOy3 has a
significant orbital contribution. CoTe,0,35 embodies an excellent opportunity
for the study of next-generation functional magnetoelectric materials.

OAK RIDGE

-~ National Laboratory

SPALLATION
NEUTRON
SOURCE




	Slide 1: Fullprof refinement of commensurate structure from TOF data
	Slide 3: Neutron sources:   Reactor (CW) and Spallation (TOF)
	Slide 4
	Slide 5
	Slide 6: POWGEN Virtual Tour
	Slide 7: POWGEN : High Resolution Powder Diffractometer
	Slide 8: POWGEN : High Resolution Powder Diffractometer
	Slide 9: POWGEN : High Resolution Powder Diffractometer
	Slide 10: POWGEN : High Resolution Powder Diffractometer
	Slide 11: POWGEN : High Resolution Powder Diffractometer
	Slide 12: POWGEN Peak Profile
	Slide 13: Magnetoelectricity in Co-based collinear AFM
	Slide 14: Magnetoelectricity in Co-based collinear AFM
	Slide 15: We will need…
	Slide 16: Plot the data
	Slide 17: Plot the data
	Slide 18: Plot the data
	Slide 19: Fit background
	Slide 20: Fit background
	Slide 21: Fit background
	Slide 22: Getting started with Fullprof
	Slide 23: Select working directory
	Slide 24: Edit FP Dimensions
	Slide 25: Using the PCR Editor
	Slide 26: Importing CIF
	Slide 27: Importing CIF
	Slide 28: Building PCR File
	Slide 29: Building PCR File
	Slide 30: Building PCR File
	Slide 31: Building PCR File
	Slide 32: Building PCR File
	Slide 33: Building PCR File
	Slide 34: Building PCR File
	Slide 35: Building PCR File
	Slide 36: Building PCR File
	Slide 37: Building PCR File
	Slide 38: Building PCR File
	Slide 39: Refine the nuclear structure
	Slide 40: Refine the nuclear structure – Import background file
	Slide 41: Refine the nuclear structure – Import background file
	Slide 42: Refine scale & lattice parameters
	Slide 43: Run refinement
	Slide 44: Refine peak shape parameters
	Slide 45: Run refinement
	Slide 46: Refine atomic positions
	Slide 47: Run refinement
	Slide 48: Refine isotropic thermal parameters
	Slide 49: Run refinement
	Slide 50: Save refinement as & refine nuclear structure at 8 K
	Slide 51: Save refinement as & refine nuclear structure at 8 K
	Slide 52: Refine nuclear structure at 8 K
	Slide 53: Refine nuclear structure at 8 K
	Slide 54: Refine nuclear structure at 8 K
	Slide 55: Refine nuclear structure at 8 K
	Slide 56: Refine nuclear structure at 8 K
	Slide 57: Identify magnetic peaks for k-search
	Slide 58: Identify magnetic peaks for k-search
	Slide 59: Identify magnetic peaks for k-search
	Slide 60: Save magnetic peaks for k-search
	Slide 61: K-search results: k = (0,0,0)
	Slide 62: Input into SARAh 
	Slide 63: SARAh Results
	Slide 64: SARAh Results
	Slide 65: SARAh Refine – Download bold cap gamma sub bold 1  and bold cap gamma sub bold 2 
	Slide 66: Input SARAh output into 8 K Nuclear .pcr
	Slide 67: Copy profile parameters from nuclear phase
	Slide 68: Reload pcr file & open refinement tab
	Slide 69: Refinement now has 2 phases  (Phase 1: Nuclear, Phase 2: Magnetic)
	Slide 70: Refine C2 mixing coefficient
	Slide 71: Run magnetic refinement at 8 K
	Slide 72: Look at results with Fullprof Studio
	Slide 73: Look at results with Fullprof Studio
	Slide 74: Look at Fullprof Summary file
	Slide 75: PAUSE before we switch to Magnetic Space Groups
	Slide 76: Alternative description of magnetic structure using MSGs
	Slide 77: Input CIF & identify magnetic ion
	Slide 78: Maximal magnetic space groups & constraints
	Slide 79
	Slide 80: Save mCIF & Visualize structure
	Slide 81: Convert mCIF to PCR
	Slide 82: Open PCR file that we just saved
	Slide 83: Replace atomic data in 8 K fit (and save as)
	Slide 84: Load MSG PCR
	Slide 85: Refine Mz component
	Slide 86: Copy Thermal parameters & refine Mz
	Slide 87: Run refinement
	Slide 88: Results agree with SARAh refinement
	Slide 89: Further information

