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CrSbSe, Files provided for this tutorial

U Time-of-flight diffraction data at POWGEN:

PG3_42702-2_ 300K.dat
PG3_42704-2 10K.dat

U Instrumental resolution file:
PG2018B HighRes 60Hz b2 Ddep.irf

U cif file for crystal structure
CrSbSe;.cif

U Final PCR files
PG3 42702-2_300K.pcr
PG3 42704-2_10K.pcr (representation analysis)

A Orthorhombic structure: Pnma (No. 62) Supporting information

a=9.143086, b=3.784552, c=13.416915; FullProf_CM.PDF (step-by-step instructions)
A Octahedra CrSey.
A Magnetic transition 75 K: 3 OAK RIDGE
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POWGEN Peak Profile

TOF profile has Convolution of back-to-back exponentials with pseudo-Voigt (a linear combination
of Gaussian and Lorentzian)
6 refinable parameters: position, intensity, a, b, s and gPosition:

TOF(microseconds) = Zero + Dttl * D + Dtt2 * D*"2 < Dtt_1overD)/D

Exponentials: Alpha largely affects the sharpness of the leading TOF edge of each peak; larger values mean
sharper front edges. Beta terms affect the trailing TOF edge in the same way.

| | —+\/——andT I +—O

Gaussian and Lorentzian width: Sig terms affect the Gaussian shape component of the peak profiles; larger values
result in broader peaks. The coefficients describe the sig and Gamma values as follows:

” o+, Q4+, Q — GSASII used
[ TpZzQ [¢z2Q |

U All these coefficients marked as green were implemented in the 2021 versions of  FullProf by Juan rodriguez -Carvajal

recently.

U In other TOF instruments and previous versions of FullProf, there lack  Dit loverD, | and , .
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Formats of the instrumental resolution files

Traditional Instrumental resolution files for old version  New Instrumental resolution files for new version FullProf

FullProf (2021 B cycle-future)
(2011 B- 2021 A cycle)

1 Instrumental Resolution Paramesters for TOF (numerical loock—up table) for POWGEN/SNS 2018 B cycle

Instrumental resolution function for POWGEN/SNS 2018 _B cycle jirssn: S5 > | To be used with fumctions NPROF=S in FullProf (Res=5)
! To ke used with function NPROF=9% in FullProf (Res=5) 3 ! : : Bank 1
! ____________________________________________________ Bank 3 OWL = J..-E‘-DD :: ;IPRg;rpe ;f profile function: back-to-back gxpon * pseudo-Yaigh
! Type of profile function: back-to-back gxpon * pseudo—Yoi 6 ! Tof-min (us) step Tof-max (us) i
NEROF g 7 ToFRG  11308.69531 5 282062.50000 TOF region and Step
8 ! Dttl Dtt2 Dtt lowverD Zero

! Tof-min (us) step Igfmax (us) TOF region and Step 5 D2TOF 22589.89258 -3.55042 0.24175 J15.12841 TOFto D
TOFRG 11300.0000 S5.0000 315000.0000 Lo B TOF-TWOTH of the bank H i
. een s s i mmom so.000 o numerical coefficients | |
. =ro TOF to D 12 ! d-spacing Sigma“t2 Gamma Blpha Beta Shift for pattern § 1
D2TOF 22589.85258 -3.55042 -15.12841 13 LIST_SIG_GAM ALF BET SHIFT 233
\ 14 0.44348 1.21809 2.85332 0.39237 0.10474 0.00000
; TOF-TWOTH of the bank 15 0.44515 1.21788 2.84730 0.39204 0.10578 0.00000
TWOTH S0.0 16
| Sig-2 Sig-1 Sig-0 Gaussian function i [-):?sws 7.70333 3.42520 0.14657 0.10563 0.00000
SIGMA 57.460 10.000 0.000 19 1.51101 757.12213 18.55641 0.11664 0.15918 0.00000
| Sam-2 Gam-1 Sam—0 ) ] 20 1.54497 844.20258 19.59661 0.11365 0.15412 0.00000
GIMMT 26.000 —-29.357¢& 9.000 LorentZIan funCtlon 22 2.56205 7234.60936 59.75310 0.06182 0.08379 0.00000
! alph0 betal alphl betal BB EXponentiaIS 24 5.12410 116786.14844 252.51258 0.02465 D.05172 0.00000
ATFBE 0.000000 0.100880 0.128660 0.0035%c0 25 7.24657 46249240625 465.01639 0.01463 0.04323 0.00000
EN]'_" 26 END

Listed the global coefficients without Provides d-dependent numerical coefficients for new

Dtt loverD, | and , for old version FullProf. 2021 versions of FullProf (used in this tutorial)

Allows a more accurate determination of instrumental

resolution.
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Comparison of the refinement quality using old and 2021 versions of FullProf and IRFs

Old versions of FullProf and old IRFs until 2020 2021 versions of FullProf and new IRFs
g 0 -:,:: ' E o »: -
il : Lt c
g 0 ':- ': ! w " ’ E .
= i -t T 1 SameSi
: 3 j‘L : - | ’ :; . data at
S T S
o e oo e
Lof. (pu sec.) LOL (e 30

U New 2021 versions of FullProf and IRFs improved the refinement quality

U Old PCRs can be read automatically by the new 2021 versions of FullProf and converted to the new format PCR
files

Recommend using the new version FullProf to refine POWGEN data for getting an improved refinement on the
peakshape
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EXxercise steps
|. Import the cif file and create a PCR file for a single datafile at 300 K (T>Tm);

ll. Refine the data to get accurate structural parameters including the lattice constants,
atomic positions, temperature factors and peak profile parameters at 300 K;

lll. Save the PCR file at 300 K as a new PCR to refine the structural parameters at 10 K
(T<Tm).

V. Identify magnetic peaks/contributions and determine the propagation vector.

V. Symmetry analysis to obtain irreducible representations and Basic vectors using SARAh.
VI. Select a magnetic model and add it as the 2" phase in the PCR.

VIl. Refine the magnetic phase to obtain the magnetic structure and ordered moment.

VIIl.Display the magnetic structure using FpStudio and Vesta.

SPALLATION
NEUTRON
SOURCE

OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE

REACTOR



|. Import the cif file and create a PCR file for a single datafile at 300 K (T>Tm)

44 FullProf Suite ToolBar

File Programs

Settings

FP Dimensions Tc sls

Edit Results

Help

d X

&7

Working Directory:

B @ 954 =,

e WY 8 5 (] 0

5O B 1) 5

|c:\Fu|IP rof_SuitelExamplesh,

EE
el

Maximum number of data points per pattem

Maximum number of reflections

Setting the dimensions of FullProf Arrays

Maximum number of free parameters

Maximum number of reflections contributing to a paint

Fractional size of the windows reserved for wip 3

Simple Calculation Template

T | | [

Ascii

"\mucrt Files

| 0.70000

Cox ]

Cancel |

shebe |

Resolution Fil

@ Default values

" IRF Fie |

Browse.

Cel Parameters, SpaceGraup | Atoms Information |

a [ b
9145000 [3.785100

c alpha beta gamma
| |
[13.424000 [o0.000 [o0.000 [o0.000 |

Space Group: [Pnma
Number of total Operators: ,;:I

Hum Symmetry

I™ Magnetic Phase

Phase | ~

Code File: | Type: |
i Editer of PCR Files - X
File Editor Tools Tempates Help Exit
BT @ x

Aea TS oL, In
kIR ]

FullProf
| PCR
Editor

Simulated Annealing. ...

Title. type of job: Rietveld, Integrated Intensities,

Type of Pattems, profile, background, diffraction

Gensral

Patterns

geometry, user-given scattering factors ...

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

Phases
contribution to pattems, symmetry., ...

Number of cycles, relaxation factors, access to

Refinemnt
pattems and phases (astoms and profile) cneen

Constraints definitions, adding, deleting,

modfying

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

Corstraints

Box/Restraints

iyl

172 2 | & M
2009 Output options for pattems and phases Dutput
Reflection lists, Fourier, distances, BVS
Copyright (c) 2002-2005. JGP - JRC
Profiles: 0 [Phases: 0 [4/11/2021 [12:0:20
Ti Fullprof Files (PCR) x
1 <« Dropbox (ORNL) » Workshops » RAMS_2021 v o O Search RAMS_2021
Organize ~ New folder B= ~ (7]
~  Mame Date modified Type Siz
~ gk Quick access
BackUpPCRs 11/4/2021 12:07 PM File folder o
[ Desktop - :,, P §
. PG3_42702-2_300K 11/4/2021 12:07 PM FullProf Files
< Downloads -
Documents -
[&] Pictures - ]
o CrSbSe3 v >
File name: -
Save as type: | Fullprof Input File ~
n e Folders Gt

b e X X H

Date:  |04/11/2021

T Fullprof Editor Files

4 || « Drophox (ORNL) > Workshops » RAMS_2021 v

Organize v

st Quick access
[ Desktop
¥ Downloads
Documents
[&=] Pictures

L

CrShSe3
Example2 TOF_C

DONGEN

&

~

v

MNew folder

<

Name

[ Crsbses

o e

Search RAMS_2021

B -
Date modified Type

12/5/2018 1:18 PM CIF File

O @

File name: | CrSbhSe3

~| |CustilographicinputFile

Conce
Important: check occ=
site multip/general multip
PNma <--Space group symbhol
'Atom  Typ X ¥ Z Biso occ
sh sh 0.02950 0.25000 0.65786 1.00000 0. 50000
0.00 0.00 0.00 0.00 0.00
cr cr 0.15490 0.25000 0.04460 1.00000 0. 50000
0.00 0.00 0.00 0.00 0.00
Sel Se 0.17180 0.25000 0.48450 1.00000 0. 50000
0.00 0.00 0.00 0.00 0.00
Sel Se 0.2B480 0.25000 0.21280 1.00000 0. 50000
0.00 0.00 0.00 0.00 0.00
sel Se 0.50190 0©.25000 0.60870 1.00000 0. 50000
0.00 0.00 0.00 0.00 0.00
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ll. Refine the data to get accurate structural parameters at 300 K
Pattern-Datafile/Peak shape tab

General tab

T Editor of PCR Files
File Editer Tools Templates Help Exit

N0 2@ WHEBE S e X

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

| FullProf
. PCR /

Type of Pattems. profile. background, diffraction
| geometry, usergiven scattering factors

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

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

Constraints definitions, adding. deleting.
modifying

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

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

Pattems

Fhases

Refinement

Constraints

Box/Restraints

_ patems |
_ P |
__ Refinenent_ |
_ Constnis_|
_Box/Restars |
_ oumt |

Output

m= .
o General Information

— Title

[CrsbSe3 at 300K|

—Calculations —

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

" Simulated Annealing Optimization (Integrated Intensities)

5.4, Options

i

ma -
roe CQITOT o7 Fl

File Editor

Tools

m

Templates Help Exit

]

| @|X

& 2@ M

R

Y

Infarmation
Title, type of job: Rietveld, Integrated Intensities,

Simulated Annealing, ...

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

Ger &l |

Information

Pattem: 1./1

Weight: | 1.0000

Data file/Peak shape |
Background Type |

~

Copyright (c) 2002-1

T Profile Data Information: Pattern 1

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

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

s

m Data File: IPGﬂ_‘iZ?ﬂZ—Z_a{H}K.dET Browse
— Format
™ D1A/D2B (Old Format)  Free Format (Zthetal, step, 2ThetaF) Variable Time ¥+ay Data
" DIA/D2B/3T2/G42Z  © Two Axis Instrument, G41 o Y
" D1B (Old Format) " G5AS Format " XCelerator (PANalytical)
Cancel |  D1B/D20 ® Sz S 151 multibank normalized
" D4/D20L ™ Synchroton (Brockhaven)
" DMC/HRPD(P.S1)  © Synchroton {DBWS Software)
carcs |
OAK RIDGE HIGH FLUX | SPALLATION
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Ti Profile Data Information: Pattern 1

Data File / Format ~ Refinement / Simulation | Pattem Calculation/Peak Shape |

—Simulation / Refinement Data

" ¥Ray " Pattem Calculation (X-Ray)

= Neutron - CW (Nuclear and Magnetic) ~ Pattem Calculation (Neutron - CW)

& Neutron - T.0.F (Nuclear and Magnetick ' Pattem Calculation (Neutron - T.O.F)

—Wavelength

A 0.0000. (it 43 [ 00000

UserDefred ~| 4 [ 0.0000

r Information

Pattern-Background Type

Patterns Information

Pattem: 1/1 Weight:l 1.0000

JSJJJ_IXI)JLIJ

Imitial Previous Add Last

Data file/Peak shape '

Background Type

User Scatt. Factors

OK I Cancel

Ti Profile Data Information: Pattern 1

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

Excluded Regions |
Geometny/IRF | I

— Background Mode

— Peak Shape
10.F. p-Voigt * B4-B ex LI ¥ Codefil SHP " Glabal SHP
— Scattering Variable
" 2Theta & TOF. {microseconds) " Energy (keV)
— Range
TOF_min: | 11300.0000 TOF_max: |280000.0000 Ttep: I 5.0000

Range of calculation of a single reflection in units of FWHM: I 6.0000

I 0.0000

Incident beam angle at sample surface (2):

Background Information

{~  G-Loefficients polynomial function

™ 12-Coefficients polynomial function

= Debyedike (12-coeff }+ polynomial functions (E-coefficients)
{~ 12-Loefficients Fouriercosine series

~ Fourier Fittering

" Backgroun' ansformed by 4-coefficients expression

Mumber of points taken for Fourier Fiter: I 0.0000 ﬂ

Origin of the polynomial: I A0.000

% {inear Intempolation between a set background points with refinable heights:

= Interpolation by cubic splines

{~ Chebychev Polynomial (24 coefficients)

Browse... |

o |

Cancel |

Cancel |

Pattern-Excluded Regions

Exclude Regions: Pattern 1

MNumber of excluded Reqions: I i j

Low bound High bound
Region 1 225000.00 3000000.00
Cancel |
# File generated by Mantid, Instrument POWGEN

600 T T T T T ™ T T T
- -
H i ]
i"r i
H i 1

200 - .

w - : 1

L. T - a ’

130000 160000

#(OAK RIDGE
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Pattern-Geometry/IRF tab Phase-tab

File Editor Tools Atmplaic Help Exit

I8N0 & WinEBE R e x
Information

| i e, egsd lonstes.__ Geved |

Tune of Pattame _nmfile_hackamund_difraction.

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

i FullProf |
Background Type | . )‘ '

General ion on Phases Ehantia]
JSJ JJ n | x ! | -NJ Excluded Regions | / Name of Phase : | CrSbSed nuclear phase o —
= Caloulation:  [Structural Model (Rietveld Method) B3|
Del Next Last Geometry/RF | = Coniraints
Pattern Contribution Infermation for Phase 1 . -
User Scatt. Factors | % Calculated automatically Provided by s
Pattem 1 |Pattem 2 | Pattem 3 | Pattem 4 | Patiem 5 | Pattem 6 | Pattem 7 |

¥ Cument Phase contributes to the pattem Contribution to Pattems Output

Pattems

Initial Previous Add

ok | Cancel | Type of Pattem
a Pattern Diffraction Geometry Information: Pattern 1 X  X-Ray " Pattem Calculation (X-Ray) ﬂl
5/11/2021  [19: 7:37
£ Neutron (Constant Wavele " Pattem Calculation {Newtron - Constant Wavelength) [ E
r Diffraction Geometry Sicex Ao el £ Pattem Caloulation (Nevtron - T.0.F )
IBragg-Brentano or Debye-Schemer Geometry LI & Neutron (T.0.F)
Nuclear and Magnetic
IRF | Comections |
- Peak Shape
i~ Instrumental Resolution Function IT.O.F. p-Voigt * B+-B exponentials ~|
@ Codefilshp " Globalshp
' None
3 5 - Intensities .
He = (U, tan 84+-F] ) tan & +1F FWHM = (U tan” 8+ F tan 8+,
‘e ‘. Reflection lst: [Automatically gensrated from the Spacs Group symbol |

H, =X tan 8+7 feosf+Z,

n=1,+X, 280+F (26)

™ Use special cortrol of parameters for peak overlap, rejected reflections for cument phase

- H2 = (U, tan 8+¥;) tan & +1F;

H, = (X,20+7),20+Z, Bindley cosficent
) Global weight of the intearated intensty data vs profil data: 0.0000
e HG = (U’ o P;)2€ +W; * T.O.F.p-Voigt * B4ob exponentials for * lkeda-Camperter) Factor for excluding reflsctions [ | < Factor * Sigmaf(l) ):
H, =(X,2847),28+Z,
Weights are divided by reduced Chi**2 of pre e
 List of 28, H (280, H,(28) " Az above, bl versus d-Spacing [J. Hodges) —

Name of IRF file:
C:\Users\gzg"Dropbox (ORNLWWorkshops'RAMS_2021PG2018B_HighRes_60Hz_b2

oK Cancel

HIGH FLUX | SPALLATION
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Use Winplotr to get the BG of the data

General

’7Trtle,type of job: Rietveld, Integrated Intensities,
1 Simulated Annealing, ...

T‘ of & o X E¥ FullProf Suite ToolBar - ] X
Fle Editor Tools Templates Help Exit . . - R . I o
o & . G Eile rograms ettings imensions ools dit Results Help
JEGE% Qﬁj@|ﬁm‘;}gég% |&pn ipu @|x == ™ g A A D Wm@@ FLE ‘[”IJ .»H ® =y iy G
nfomation | E Beety -ssnum‘ PCR & m£ @ 5O - Bmfrépl % W ol ‘@

ChUsers\qzg\Dropbox (ORNL)YWorkshops\RAMS_2021\BackUpPCRs\ Code File: | CrSbSe_RT_MewFP_useMim Type: |pcr Date: |O4."1112021

,5;: Dropbox (ORNL)

Phase Information: Phase Pattems ES R [CDIFX UMR nes / ILL Grenoble] o o .
General Information on Pha: = File, _ptions  Points Selection X space Calculations Rietveld plot options  Text External applications Tools Help
__ases —
M of Ph CrSb5e3 nuch hase at 300K N 1 u .
me of Phase [ GrSo5e3 nusiarprese Z|E| & &S |4[E8Fe| Per| % BF|FP|Per | o | BB | [ e | v | sem | 2ox 358 2z | B oo | [ et | X
Calculation: ISlru:turaI Mode! (Rietveld Methad) d Refinement
Cosficirt to calcuate the welaht } Constraints - # File generated by Mantid, Instrument POWGEN
percentage of the Phase: 000 Calculsted automatically (" Provided by user g
p—— e = G0 T T T T T T T T T ]
mmetry Information —I
v Contrbution to Pattems A, Select a data file:
Space Group Properti Output -
Symmetry Operators: [Generated automaticaly from the symbol | Symmetry T » Zhang, Qiang » Dropbox (ORML) » Workshops » RAMS_2021 v | D & Search RAMS_202
Spacegroup Symm Op. Automat L i ==
_— ymm . Autemete 12020 [125648 Organize « MNew folder = @ @
1= . ~
S ERECE l = == ~ Mame Date modified Type Size
- ick access
Laue Class: |mmm hd ¥ Centrasymmetric Cass # Quic i
7472021 12:48 PM
Nurmber of Symmely Operators l_“:’ I Desktop » ,1 BacklUpPCRs 11/4/2021 12:48 PM File folder
— uPGR_d?_?OZ-?__RDOI( 11/11/2018 8:42 AM DAT File 204 KB
Nom S, ATHIHon ] 1T ¥ Downloads ¢ [ PG3_42704-2 10K 11/11/2018 12:39 PM DATFile 204 KB
1 pyz | 2 |es1/24+1/2 24172 [N Documents #
3 |wy+li22 O 4 |[x1/2y2+1/2 [N
&= Pictures »
TR=Time reversal associated to symmetry operator & CrSb5e3
I Time Reversal for Inversion operator Example2_TOF_C
| POWGEN
RAMS_2021
0K Cancel = -

Ll

&8 2020_MAGSTR
Verify the correct symmetry information Ez

Lol ACA 2021

File name: | PG3_42702-2_300K v| 1. XY d.ta + INSTRM=10 ~
Cancel
HIGH FLUX | SPALLATION
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s WinPLOTR [CDIFX UMRE226 Rennes / ILL Grenoble] — O x 600 T — - T T T T
File Plot Options = Points Selection X space Calculations Rietveld plot options Text External applications Tools Help : .
= Automatic peak search Sl R A DS waser| X B il
W & RQ  Avemsticpek: ‘ & | s | o e e | B & -
Automatic satellites search (on .PE - -1
- Save peaks id, Instrument POWGEN - q .
£ Save peaks as PRN file B .
§ 600 ] 00 [ - o x
X Automatic background ] - i
2 500 Select background points = 1. PG3_427)2-2_300K dat B
< SaVe background points 7 B e
& — ] 0 - [
2 400 Select points ] - I
"E SaVe selected points E - & ',1
= 300 Save as ... » ] 200 | E i
Add peaks/background points ] B )
200 Remove peaks/background points E : ;_"
Cancel display of peaks/background points ] e - ?
100 . B )
0 - o
10000 40000 70000 100000 130000 160000 190000 220000 250000 280000 310000 10000 40000 70000 100000 130000 160000 190000 220000 250000
t.o.f: (g sec.)
H Lo, (u sec)
\utomatic search of background points
-8 o=
3 3oy
>< 5| L. e JEE T T T e
i File generaied by Maniid, Insirumeni POWGEN A SaveAs X
4 [l » Zhang, Qiang » Dropbox (ORNL) » Workshops » RAMS_2021 vlo O Search RAMS_2021
Background threshold: [defanlt= 0 05]: i ] Orgaize + [ NewioHe ~. @
A Name . Dete modified Tpe Size
-1 7 Quick access PP
= R 9 eseop . &/ BackUpPCRs 11742021 12:48 PM File folder
I ] & Downlsads
- o - ] [£ Documents
Iterations num. for smoothing [0-10 / defauli= 3]: 3 - ) . S
I ” B b Crsbse3
o l ] Example2_TOF_Cub
I : t ] 4| RAMS_2021
w | i . Screenshots
. - 1 23 Dropbox (ORNL)
[~ Noisy data 1 ] ] P
o ] 7 5 2020 MAGSR
1 | File name v
" - Save as type: |Save as background file (BGR) -
1o oo ) 10 1o 10 1500 2000 2s00m
0K Cancel o n i ot G

[ET—p—r—"

B Troe heee 0 search

WinPLOTR rmessage:

The BG_300K.BGR has been created: it contains 63 background points

INational
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Refinement tab

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

MO e e @ WEEBE Yy @/ X

General
X
Pattems

T Refinement Information

Cycles of Refinement 1::]
Phases |
Stop Crierium of C Relaxation Factors for Shif
Forced Temination when shits <[ 0.10 x ES.D,
Others: ‘None ~| Aomc [100  Anisoiopic [ 100 Frofie [ 100 Gobal [ 1.00

Constraints

Box/Restrants |

Output

& Only atthe first cycle © Eachoyce

Reflections ordering
’7 ™ Bragg R-Factor excluding reflections limiting excluded regions

Pattem 1 | Pattem 2 | Pattem 3 | Pattem 4 | Pattem 5 | i Phase 1 | Phase 2 | Phase 3 | Priase 4 | Phase 5 | Phase 6] P4 | »

oK
Atoms Prop. Vectors
Background Cancel Patems

p— 1 €2 €3 £C4 O5 ©5 O7

Prfie |

- Refinement weighting model
% |east Squares

/1172021 ‘14:43:44

" Maximum Likelihood

€ Unit Weights Micro-Stnscture |

HizioAbsorpion |

HKL Shfts | Firther Parameters

Reducton factor of number of data points: | 0 -

Linear interpolation between a set of Background Points: Pattern 1

— Interpolation Method
{* Linear Interpolation ™ Cubic Splines Interpolation
— Information
Mumber of Points: I 10 ﬂ
ZTheta Courts ~

1 0.000 0.000 4|F‘E‘“"E A L N'J
2 0.000 0.000—
3 0.000 0.0001™ | Import from Background File I
4 0.000 D.D[H]r W

QK | Cancel |

T Imperting Background File (Mot Responding)
1 + Zhang, Qiang * Dropbox (ORNL) * Workshops » RAMS_2021

Organize = Mew folder
o Others A Name

POWGEN

Date modified

& BackUpPCRs

. ProgressReport .| BG_300K.BGR

@ Purchase

&8 QMI Workshop

& ResearchKnow

2 RETF Training ¥

@ Review papers

& Screenshots

sermimetal

o SpinWavesGen

@ SrMnSb2

@ Workshops

8 XG_DrMao_Crl
@ OneDrive - Oak |
a Zhang, Qiang

3 This pC
— W

11/4/2021 210 PM
11/4/2021 2:06 PM BGR File 3KB

v o O Search RAMS_2021

Bz~ m
Type Size

File folder

File name:

~ ‘ | Backgrou.ad Input File

T Refinement Informatio

Cycles of Refinement: I b:’

I Open | | Cancel

r— Stop Criterium of Covergence Rel
Forced Temination when shifts < | 0.10 x ES.D.
Others: _None LI

Aomic [ 100  Anisotropic [ 1.00  Profie | 100

ion Factors for Shifts

Global [ 1.00

r— Reflections ordering

& Only at the first cycle " Each cycle

[~ Bragg R-Factor excluding reflections limiting excluded regions

Pattem 1 |F‘aﬂen'. 2 | Pattem 3 | Pattem 4 | Pattem 5 | Pattem ﬂ_’|

Cancel |

Refinement weighting mode!
' Least Squares

Background |
Instrumental |

Iicro-sbsorption |

 Mawimum Likelihood

" Unit Weights

Reduction factor of number of data points: I Dﬂ

Phase 1 |F'I'.ase 2 | Phase 3 | Phase 4 | Phase 5 | Phase 6| P4 [»

Prop. Vectors |

Atoms |

Pattems
@1 2 £33 C4 €5 CE OC7F

Profile | Micro-Structure |
HKL Shifts | Further Parameters |

OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE



-
rea Refinement Information

Cyeles of Refinement 5

—Stop Criterfium of Covergence
Forced Termination when shifts < [0.10 x ES.D.

Others: Mone

Relaxation Factors for Shifts

;I Momic | 1.00 Anisotropic I 1.00

Refinement-Profile tab

Profile I 1.00 Global I 1.00

~ Reflections ondering

& Only at the first cycle " Each cycle

[ Bragg R-Factor excluding reflections limiting excluded regions

Pattem 1

Refinement weighting model
% Least Squares

Background

 Maximum Likelihood

Instrumental

 Unit Weight
ML Micm—Absorpt\onl

Reduction factor of number of data points: | 0]

Phasze 1 |: E

Atoms
Cancel | Poiters

OK

| Phase 6] 7.4 Ir
Prop. Vectors

L0 I -
Profile
HKL Shifts

Ll e @

Micro-Structure
Further Parameters

Profile Parameters: Phase 1 Pattern 1

8l |
.
Y e

r~ Factors
Scale 2 or I | ‘
Coeficients 10.000fw 0.00007
Cell P
T
b | - alpha | beta |
Coefficients . v 3785100 | 13.424000) 50000 90.000
FWHM / Shape P Exponential Decay Parameters I Prefemed Orientation I
FWHM Parameters Refine Al
sg2 | Sig_1 | Sg 0 | 1 | et |
Coefficients 0004100 -0.007600) 0.006300]— 0.000000]— Fix Al |
< >
Shape Parameters Cancel |
Banc | Abs1 | As2 | |
Coefficients 0000000 0.000000] 1.000000] H
™ Refine Fu/HM for second wavelength
uz V2 w2 |
Coefficients 'l 'l r |

T Editor of PCR Files

Editor Tools Templates Help Exit

FuliProf

| PCR
Editor

Copyright (c) 2002-2005. JGP - JRC

EEEC EE T LRI

~ Information
Ttle, type of job: Rieteld, Integrated Intensties,
Simllated Amnealing,

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

Phase name. type of calculations [BT). ATZ
contribution to pattems. symmetry.

Number of cycles, relaxation factors, access to
pattems and phases (stoms and prfile)

Corstraints defintions, adding, deleting.
modiying. .

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

Ouipui options for pattems and phases:
Refiection lits, Forier, dstances, BVS...

Constrairts
Box/Restraints
Output

PG3_42702-2_300K

Profiles: 1 Phases: 1

[411172021 [15:32:56

=> Phase: 1
=> Bragg R-facter:  15.01
=> RF-factor : 10.72
Normal end, final calculations and writing...
CPU Time: 0.898 seconds
0.015 minutes
END Date:04/11/2021 Time => 15:52:18.456
Cyole: 1 chiZzs c4a.5 PE32_42702—2_ 200K .dat
7 00
»
: S00
i
. 400
L}
£l 200
L]
Z00
»
ﬁ 100
i
H o
Il
"
I

—1 00

20000 40000 &€0000 S8S0000 100000120000140000160000180000200000220000

#(OAK RIDGE

National Laboratory

TOE (us=c)

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON
REACTOR SOURCE



Add the refinement on the peak profile coefficients Gam_2, Gam 1, and Gam_0O

Profile Parameters: Phase 1 Pattern 1

r Factors
Scale Overall Bfactor
Coefficients 12.525|w 0.0000
r Cell Parameters
a b C alpha beta gamma I
Coefficients 9.144166[v 3.784407|v 13.416562|v 90.0000 50.000 BDDDD'_
FWHM / Shape Parameters  Exponential Decay Parameters | Prefemed Crientati
FWHM Parameters Refine Al |
Gam_2 Gam_1 Gam_0 Gam_2
Coefficients 0.000[w 0.000w 0.000w 0.000000 Fuc Al |
£ >
Shape Parameters Cancel |
Extinc Abs1 Abs2
Coefficients 0.000000— 0.000000)— 1.0000000 I
™ Fefine FusHM far second wavelength
uz V2 w2
Coefficients I I~ r =
=>
T Refinement Information * =
=>
Cycles of Refinement: 5 j
r Stop Criterium of Covergence Relaxation Factors for Shifts
Forced Temmination when shifts < |0.10 x ESD
Others: Mone LI HMamic I 1.00 Anisctropic | 1.00  Profile I 1.00 Global I 100
 Reflections ordering
% Only at the first cycle " Each cycle I~ Bragg R-Factor excluding reflections limiting excluded regions
Pattem 1 |:'— 2 I Pattem 3 Pattemn 5 I Pattem 4 I 4 Phase 2 I Phase 3 | Phase 4 I Phase 5 I F‘haseGI palr
Refinement weighting model Moms | Prop. Vectors |
% Least Squares Background | Cancel | Pattems
 Maximum Likelinood e | @1 2 03 04 OF O OF
i Prafile Micro-Structure
® nlerie Micra-Absarption | —I
HKL Shifts | Further Parameters
Reduction factor of number of data points: l—ﬂj

i Editor of PCR Files - X
Eile Editor Tgols Jemplates Help Exit >~ _
I¥Obdw a s @ WHEDE M e X

r~ Information

Title, type of job: Rietveld, Integrated Intensities,

G |
Simulated Annealing, ... e

FuillProf
PCR

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

Patterns

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

Number of cycles, relaxation factors, access to T Refinement
pattemns and phases (gtoms and profile} = e
Constraints definitions. adding, deleting, Conatraints
modifying...

Fixing range of parameters, distances, angles,

: A : Box./Restraints
magnetic moments and linear restraints

Cutput options for pattems and phases

Reflection lists. Fourier, distances. BYS.. o

1Al

Copyright () 2002-2005. JGP - JRC

Profilest 1 |Phases: 1

PG3_42702-2_300K |4ﬂ 1/2021 |15:3?.:56

=> Phase: 1
=> Bragg R-factor: 7.922
=> RF-factor 7.961

Normal end, final calculations and writing...

CPU Time:
0.060 minutes

3.594 seconds

END Date:04/11/2021 Time => 15:49:06.360

PE3_42702—2__200K.dat

&00

500

tmie e

400

200

Caals

Z00

100

Trmeenmsica

7ZLDD—|

Z0000 40000 0000 S0000 1l000001Z20000140000180000180000200000220000

TOF (us=c)
HIGH FLUX | SPALLATION
National Laboratory | REACTOR SOURCE



Refinement-Atoms tab (to refine atomic positions and temperature factors B)

T Refinement Information >
Cycles of Refinement 5]
r~Stop Criterium of Covergent Relaxation Factors for Shifts
Forced Temination when shits < | 0.10 x ESD
Cthers: None ;I Atomic | 1.00 Anisotropic | 1.00 Profile | 1.00 Global | 1.00
r~ Reflections ordering
& Only at the first cycle " Each cycle [~ Bragg R-Factor excluding reflections limiting excluded regions
Pattem 1 |: Patter Phase1|f = 4 |F'hase(i|j L4

Refinement weighting mode!
i+ Least Squares

Background |
Instrumertal |
Micro-Absorption |

Reduction factor of number of data points: | 0

1 Maximum Likelihood

7 Unit Weights

Tt Refinement Information

Cycles of Refinement: [ 5]

Atoms
Cancel | Pattems

Prop. Vectors

1 2 C3 £4 C8

Profile
HKL Shifts

8

Micro-Structure |
Further F'amme(ersl

(2] 7

—Stop Criterium of Covergence
Forced Temination when shifts < | 0.10 x E.5.D

Relaxation Factors for Shifts

Others: None

LI Atomic I 100 Anisotropic I 1.00

Profile [ 1.00

Global I 1.00

r— Reflections ordering

& Only at the first cycle " Each cycle

I~ Bragg R-Factor excluding reflections limiting excluded regions

Refinement weighting model
* Least Squares

Backaround |
Instrumental |

Micro-sbsarption |

" Maximum Likelihood

= Unit Weights

Reduction factor of number of data points: I ﬂ::l

Phase *
oK
Atoms
Cancel | Pattems

s 5 | Phase 6] P4 *
Pmp.\u’ectorsl

=1 £2 O3

Profile |
HEKL Shiits |

4

5 6 &7

Micro-Structure
Further Parameters

Atoms Information: Phase 1

- List of Atoms
Number of Atoms 5
Label | MNyp x Y z B Occ Them.Fact. | * | Refine Postions
Aom # 1 ISb |Sb 0.02550(w 0.25000[w 0.65786[w 1.00000[v 0.50000] | Isotropic
Mom# 2 [Cr ICr 015450 0.25000% 0.04460w 1.00000fv 0.50000] | Isatropic Refine B_jse—|
Aom# 3 [Se3 |Se 017180 0 ZSDDDjv D.42450% 1.DDDDDjv 0.50000] | Isotropic:
Mom# 4 [Se2 |58 0.28480[% 0.25000[% 0.21280[% 100000+ 0.50000 | isctropic & Refine B_anisa
< i Fix Al
Anisotropic Themal Factars / Form Factors
B11/F1 B22/F2 B33/F3 B12/F4 B13/F5 B23/F6 F7 2 Cancel |
# r r r r r r r .
“ F F r H E F F oK ]
# r - r r — r r
# r r r r r r v
< >
Special Form Factors
SASH-Type | Matrix j=1 =2 i3 N Coeff. | Indices | #1 #2 #3 4 #5 # |~
# Spherical
Spherical
Spherical v
< >
== Bragg R-factor: 8.640
=> RF-factor 6.833
=> Conv. not yet reached -> [Max] shift(Biso_cr_phl)/ (eps*Sigma)= —-1.08 abs> 1

=>

=>
==

Normal end, final calculations and writing...

CPU Time:
0.062 minutes

3.750 seconds

END Date:04/11/2021 Time => 17:15:08.658

FPE3_42702—2__300K.dat
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lll. Save the PCR file at 300 K as a new PCR to refine the structural parameters at 10 K (T<Tm).

B T ——

i COITOT O FLUR =

File Editor Templates Hel

J¥ 0w & @

Tools

oy 2ex
U %) 252

l:ihp" I"hp" @ x

Information

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

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

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

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

Constraints definitions, adding, deleting, Constraints
modifying. ..

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

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

Copyright () 2002-2005. JGP - JRC

T Fullprof Files (PCR)

U <« Dropbox (ORNL) * Workshops » RAMS_2021 v (V] Search RAMS_202
Organize « Mew folder = -
X MName Date modified Type
7+ Quick access
BackUpPCRs 11/4/2021 2210 PM File folder
[ Desktop :, P
@ PG3_42702-2_300K - Copy 11/4/2021 5:11 PM FullProf Files
¥ Downloads T PG3_42702-2_300K 11/4/2021 5:17 PM FullProf Files
|=| Documents
| Pictures
«  BackUpPCRs v o<

File name: | PG3_42704-2_10K

Save as type: | Fullprof Input File

» Hide Folders

Save

Cancel

PRl o type here to seanch

- )
Tt General Information

Title

CrSbSed at 10K

Calculations

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

(" Simulated Annealing Optimization (Integrated Intensities)

R

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

x

Cancel

Use Winplotr to get the BG for PG3 _42704-2_10K.dat

(see slide 12-13)

Dot Glation §space Caevlatoms Bobield pit ogtioms Joet Estemal spplicsions ook Hetp

[re— alm) s ] A Save As

f—

Som s m S ¢ generated by Mantid, 1 4 | » Zhang Qiang > Dropbox (ORNL) > Workshops > RAMS_2021

utomatic bachground
el backgrrand et
e ——

Organize *  New folder

Soect pon =

A~

Search RAMS_2021

e Name ~ Date modified Type Size
Soe 3 Quick access
| e B Decttop 1| BackUpPCRs File folder 7
5 Elmn e peaky :Azlqmum paints. . & | BG_10K.BGR BGR File 3KB
| ot s
£ ¥ Downloads L BG_300K.BGR. BGR File 3Ke
g - [£] Documents
E =] Pictures
o & Crsbse3
Example2_TOF_Cul.
mw & RAMS_2021
Screenshots
100
2% Dropbox (ORNL)
0 L
10000 $0000 0000 100000 130000 160000 190 A 2020 MAGSTR .
File name: | BG_10K.BGR
e beckgrd pine
it Save as type: | Save as background file (*BGR)
TR EEEE R T R ~ i Folders Save Cancel
OAK RIDGE | !igH ftux | seatiation
ISOTOPE NEUTRON
National Laboratory | REACTOR SOURCE



Use the BG for PG3 42704-2_ 10K.dat

T Editor of PCR Files
File Editor Tools Templates Help  Exit

FullProf

PCR
Editor

ight (c) 2002-2005. JGP - JRC

IO 2 2@ Wi

@)X

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

General

Type of Pattems, profile, background, diffraction Patterns
geometry, user-given scattering factors ...
Phase name, type of calculations (JBT), ATZ, Phases
contribution to pattems, symmetry, ..
Number of cycles, relaxation factors, access to Refinement
pattems and phases (atoms and profile) nem
Constraints defintions, adding, deleting,
modifying...

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

Constraints

Box/Restraints

Rl

Output options for pattems and phases:

Reflection lists, Fourier, distances, BVS.. Output

Tex Refinement Information

Cycles of Refinemert: | 5 :|

— Stop Criterium of Covergence
Forced Temination when shifts < | 010 x ES.D.

Relaxation Factors for Shifts

Others: None

=] || Momic [100 Anisctopic [ 100  Profile [ 100  Giobal [ 1.00

— Reflections ordering

& Only at the first cycle " Each cycle

I~ Bragg R-Factor excluding reflections limiting excluded regions

Pattem 1 |Paﬂem 2 | Pattem 3 | Pattem 4 | Pattem 5 | Pattem (4] *

Refinement weighting mode!
@ Least Squares

Background |
Instrumental |

Micro-Absarption |

" Maximum Likelihood

= Unit Weights

Reduction factor of number of data points: I 1] ﬁ

Phase 1 |Phase 2 | Phase 3 | Phase 4 | Phase 5 | Phase 6 | Pal

Atoms | Prop. Vectors |

Pattems
1 €2 €3 C4 CH 5 OF

Profile | Micro-Structure |
HEKL Shiits | Further Parametersl

oK |
Cancel |

Linear interpolation between a set of Background Points: Pattern 1

— Interpolation Method
¢ Linear Interpolation " Cubic Splines Interpolation
 Information
Number of Poirrts:l 63 ﬂ
2Theta Courts " — | — I
1 15220.025 21825 ne *
2 20522.605 18727
El 22426.479 ”-25“'_ | Import from Background File I
4 29712684 10287 | o

OK | Cancel |

T Importing Background File

4 <« Dropbox (ORNL) » Workshops » RAMS_2021 w [ 2 Search RAMS_2021
Organize + Mew folder ==~ [N 0
() MName Date modified Type Size
s Quick access
BackUpPCRs 11/4/2021 210 PM File folder
[ Desktop * “ " - :
Q BG_10K.BGR 11/4/2021 5:27 PM BGR File
¥ Downloads  # L] BG_300K.BGR 11/4/2021 2:06 PM BGR File
Documents
[&] Pictures -
& Cr5b5e3
Example2_TOF_C
RARAS TN i = &
File name: | BG_10K.BGR. v| |Backgmund|npl" | Vl

%

[oeen ]|

Cancel |

OAK RIDGE | HigH FLux
National Laboratory | REACTOR

SPALLATION
NEUTRON
SOURCE



Refinement-Profile tab: unselect scale factor, Gam_2, Gam_1 and Gam_0 to refine lattice
constants, the atomic positions and B factors

rmation

Cycles of Refinement: [ 10 ]

— Stop Criterium of Covergence
Forced Termination when shifts < | 010 x ES.D.

Beal

f ion Factors for Shifts
j ’7 Atomic

|
*

General

Pattems

!

cen=icy (arl. unisa)

Phases
Refinement
Constraints

Box/Restraints

Qutput

11k

1172021 |21: 7210

Cthers: None I 1.00 Anisotropic I 100  Profile I 1.00 Global | 1.00
— Reflections ordering
@ Only at the first cycle " Each cycle [~ Bragg R-Factor excluding reflections limiting excluded regions
Pattem 1 I:E'.'.+"L|:.='.'.+" 3 I:E'.'.+"—'|:.='.'.+" fI:E'.'.+" ‘I 4 Phase 1 IPhaseZI:'E:-+E I:'E:-+—'|:'.=:-+f| F‘haseGI: ‘I 4
oK |
Refinement weighting model Atoms | Prop. Vectors |
% Least Squares Background | Cancel | Pattems
 Maximum Likelihood Instrumental | F1 C2 O3 o5 C6 O7F
 Unit Weights i Profile Micro-Structure |
k4 k by
Profile Parameters: Phase 1 Pattern 1
— Factors
Scale | Oy or
Coeflicients 14.824 | 0.0000|
—Cell P
a b c alpha beta gamma
Coeflicients 9.145951( 3.783535[w 13.231887w 90.0000 B'D.[H}Dr 90.0000
I FWHM / Shape Parameters ~ Exponential Decay Parameters | Prefemed Orientation |
FWHM Parameters Refine Al |
Gam_2 | Gam_1 | Gam_0 Gam_2
Coefficients |~ -6.783800] 51782600 -21.034599) 0.000000) B |
£
Shape Parameters Cancel
Bdinc | AbsT | Abs2 |
-OK
Coefficients 0.000000 0.000000) 0.000000 -
[~ Riefine FudHM for zecond wavelength
uz2 V2 W2
Coefficients — I~ —

=>

=>
=>

=>

=> Phase: 1
= Bragg R-factor:  25.46
= RF-factor 6.479

Normal end, final calculations and writing...

CPU Time:
0.020 minutes

END Date:04/11/2021 Time => 23:02:54.750

FPE3_42704—2_ 10K .dat

Z0O000O 40000 €0000 80000 1000001Z00001400001600001800002000002Z20000

TOEF (use<)

|The B factors at 10 K are lower than those at 300 K as expected

lAtom  Typ X Y z Biso
sh sh 0.02909 0.25000 0.65861 0.41769
61.00 0. 00 E1.00 71.00
cr cr 0.15737  0.25000 0.04474 0.34746
91.00 0. 00 111.00 101.00
se3 s5e 0.17096 0.25000 0.48400 0.41703
121.00 0. 00 141.00 131.00
se s5e 0.28632 0.25000 0.21412 0.38427
151.00 0.00 41.00 51.00
sel s5e 0.50108 0.25000 O0.60829 0.42097
31.00 0.00 11.00 21.00

HIGH FLUX | SPALLATION
National Laboratory | REACTOR SOURCE




l1l. Identify magnetic peaks/contributions and determine the propagation vector

Intensity (arb. units)

¥ FullProf Suite ToolBar

File Programs Settings FP Dimensions Teols Edit Results

BB 5 ) e, 2 Gl s 5 (1) [ [

ChlUsers\gzg\Dropbox (ORNL)\Workshops\RAMS_2021

Help

Waorking Directory:

Code File:

PG3_42704-2_10K

] 3 W R v

— O X

# C TAL DATA # CRYSTAL DATA

A

AA

Intensity (arb. units)

A | Y 4

]
it X

j
i 1

A )A

20000 40000 60000 80000 100000 120000 140000 160000 180000 200000 220000

TOF (usec) 20000 40000 60000 80000 100000 120000 140000 160000 180000 200000 220000

TOF (pusec)

# CRYSTAL DATA
Running K_5earch

400 - . ‘" . £ e 3

=— L || Do you want to run k_Search?
-
100

0 A Yes
PR A |
’

20000 40000 60000 BOOCOO 100000 120000 140000 160000 180000 200000 220000
TOF (pusec)

Type: |per Date:  |04/17/2021
= N
- ™ o
200 —A O —
N—r H N—r
4100 | ~
0 Y
— 01110
Lottt [T v,‘_L_I__.‘ o # At

20000 40000 60000 BS0000 100000 120000 140000 160000 180000 200000 220000

TOF (usec)

OAK RIDGE | st Frox
National Laboratory | REACTOR

SPALLATION
NEUTRON
SOURCE



V. Symmetry analysis to obtain irreducible representations and Basic vectors

using SARANh

a). Use SARAh webRefine T FullProf:

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

SARAN webRefine - FullProf

Two pieces of advice for using SARAh webRefine : 1. change your browser settings
<evaluate>, it will look like nothing is happening for a few seconds. Look in the tak

-Andrew (February 2022)

POWERED BY

‘Wolfram

Space group :[{62, Pnm a, D 2h 16} v
Propagation vector :
000 |

Crystallographic coordinates with each atom on a separate line :
e.g. Cu2 1/2 1/2-1/2
Crl ©.15721 ©.25 @.84469

The generated PCR with the same name has been downloaded!

SARANh webRefine - FullProf

Two pieces of advice for using SARAh webRefine : 1. change your browser settings to allow you to sele
<evaluate>, it will look like nothing is happening for a few seconds. Look in the tab ‘4, Help and Strategi

ere you save downloads (and overwrite file:

‘or more information.

Andrew (February 2022)

'\(’nlﬁ;.nm

1. Conventional basis
vectors
(as projected)

Method 1. Conventional analysis - as projected basis vectors

Select command (2 te for magnetic phase for per: edit

nagnetic phase present):

1. powder format v || 1. add new phase to pcr v || Choose n@ PG3_42704-2_10K per

O criTyy L CriTywy D CriT7 v
0 CriTy v O CriTsy,  Crl Ty
[BN5E SR ) Cr1 Tgy
CriTyy ) Crl Tgy,
CriT; v, 0 CriTyy

(Your browser shoul*

< for the download location so the per file can be overwritten. Please look in 4. Help and strategies' for

@ Open X
4 ||« Workshops > POWGEN Workshop > POWGEN Workshop > Tutotials > CM v o O Search CM
Organize + New folder = O @
lame ate modifie e ize
AN D dified Typ Si
# Quick access
= Desi . & Tutorial_TOF_QZhang File folder
eskto)
" &1 edpcrset SETFile 1k8
Ulprof.dir R File
¥ Downloads “ fullprof.d DIR Fil 1k8
Documents * ] FullProf_CM Microsoft PowerP.. 18,465 KB
] Pictures * 6] FullProf_CM_bkup MicrosoftPowerP... 18,485 K8
ol ™ i PG3_42704-2_10K DAT File 193 K8
5, erystal_ and_magnetic_structure &) PG3_42704-2 10K out OUTFile 321 K8
C_studies &+ PG3_42704-2_10K PCRFile 8KB
&l re
. . PG3_42704-2_10K PRF File 325K8
o &) PG3_42704-2_10K.sum SUM File 78
Dropbox (ORNL) &) PG3_42704-2 10K test.out QUTFile 1,378 KB
&7 PG3_42704-2 10K test PCRFile 11 k8
&) 327 &
3, PG3_47704-2_10K test PRF File 841 kB
/A2, 2020 MAGSTR
. PG3_42704-2_10K_test.sum SUM File 0K8
8, 2022 QM| Worksh - -
orkshop
& PG3_42704-2 10K test1 fst FSTFile 18
o, 22 @& PG3_42704-2 10K testl.mic MIC File 339K8
al ACA_ 2071 & PG3_42704-2_10K test2 fst FSTFile 28
@ All of my papers @] PG3_42704-2 10K test? HKL File 51KB
&) Award @ PG3_42704-2_10K test2 MCIF File 3k8
5 Ba2Co04 & PG3_42704-2 10K test2.mic MIC File 1,224 KB
5 Cotsnzs2 &) PG3_42704-2 10K1.fst FSTFile 168
Collebrationprajects &) PG3_42704-2_10K1.mic MIC File 339 K8
© &/ PG20188_HighRes_60Hz b2 Ddep IRF File 24 k8
covip
-]
| DesktopFiles
88, Diff_Group
&, DiffractionGroup N

File name: | PG3_42704-2_10K

o] [AnFies
o]

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE


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

b): Use two softwares:
Fill in smace group, K-vector and Atoms in SARAh-Representational Analysis

W SARAh- Repro . | Analysis — O had
File Define Parameters Calculate  View Output Files  View Basis Vectors  Help  *Video Help® New Features!
¥ Instructions @ =
SRELh coRepresentational Rnalysis IR # 1, BASIS VECICR: # 1 (ABSOLUIE NUMBER:% 1)
A.5. Wills May 2011 ATOM 1: { a 2 ah + i a a ah
ATCHM 2 { [u] -2 oy + il [u] [u} i3}
Flease reference the use of 5RERLZh as: ATOM 3: { [u] 2 oy + il a a n}]
A.5. Wills,Fhysica B 27¢,€50(2000}. ATOM 4: { [u] -2 oy o+ if [u] [u} [n}]
Program availakle from *kkeok kb
www.ccpld.ac.uk
IR & Z, BASIS VECTOR: # 1 (RBSCLUTE NUMBER:# 2)
ATOM 1 { 2 a 1}] + il a a 1}]
W SARAb- Representatonat Analysis - o x R .
B Colculate YoewO) lectors Help  Video Help®  New Festures! i AICM Z: ! 2 | o o o o o
e = 2 : ¥ Space Group Selectien [ aTom 3 ¢ -2 o o+ it 0 o o)
e RTOM 40 | -z | o 0y o+ il o o o)
e v In ¢ 2, BASIS VECTOR: # 2 (RBSOLUTE NUMBER:# 3) Magnetlc Space group
Mo, IBQ— fr ATCHM 1: { o] o] 2y o+ il Q o] )
RICH  Z: ‘ o o -4 i o s o MAGNETIC SDACE GROUPS (THE BLACK AND WHITE SHUENIKOV GROUDS)
H-M Syrbal m _— IS = Sh = ATOM 3: { [u] [u} =2) + il [u] [u} i3}
i €arc| i ATOM 4- { i} a 2y o+ id a a ax BVE Shubnikov Group Group number
. Eokkk ok ok 1 IRg 1 Enma €2.441
Paint Group [ 2k 1 [ 2 IR¢ 2 Pa'm'a’ €2.4453
3 IR 2 Pn'm'a’ £2.445
. . IR ¢ 3, BASIS VECTOR: ¢ 1 (RBSOLUTE NUMBER:£ 4) : i:§g e el
| MHumber Hermann-td aughin Point Group aTOM 1 { 2 a oy 4+ if a a ay T 1mz 4 oo T2 143
V Audo ey =] ATCM 2 { 2 1} ay o+ id a 1} ay 7 IR¢ S Pn'ma’ £2.443
St b conm 58 Pnnmn D 2h 12 & ATOM 3 . .
: - { 2 a o o+ il 0 o o) g Ing € Pnm'a £2.444
Whkch rpace gove & 59:1 Pmmn:1 D 2h 13 AToM  4- - a a + i a a a 5 Img ¢ nm'a 2 141
ca.2 Pmnmn:2 D 2h 13 ﬂ Select | B ! ! it ! 10 IRg 7 Pn'm'a 2 _44¢
— &0 Pbcocn Do 2h 14 — 11 IRg 7 En'm'a £2.44¢
I . 6l Pbcoa D 2k 15 1 oK IR ¢ 2, BASIS VECTOR: ¢ 2 (RBSOLUTE NUMBER:{ 5) 12 In¢ 8 Dnma’ £2 445
" < 2 Pnmna D 2h B ATOM 1: { a a z) + il a a n}]
63 Cmcocmn D 2h 17 ATCHM 2 { [u] [u} =2) + il [u] [u} i3}
64 Cneca D 2h 18 ¥ ATOM 3 t 0 ] 2+ i 0 ] )
ATCH 4 { [u] [u} =2) + il [u] [u} i3}
Fanp——
- - ¥ Atom Positions IE'
i DEﬁnE k-UEdD' @ IR # 4, BASIS VECTOR: # 1 (RBSCLUTE NUMBER:# €)
Edit Atom | Accept Change | ATOM 1 { 0 ] oy o+ it 0 ] 01
Enter K.-vector sl % ¥ Z aToM 2- ¢ a -2 oy o+ it a a a)
Cr 15721 25 04469 ATOM 2 { a -2 oy + il a i} oy
m I:I I:I DA ATCOM 4 { a 2 ah + i a a ah
*kkkkk

]
Cr | 015721 0.25000 0.04469 oK I
Atom Mame ® Y
Components are space separated and can terred

with the farmats 0.25 or 1/4]

¥ Feturn ator bo zeroth cel

8 Irs in total OAK RIDGE | jigtax | seasesyen

National Laboratory | REACTOR SOURCE



Select a magnetic model and add it as the 2
Generate PCR of U5 using SARAh refine. ti;. moment in the ac plane

W SARAN-Refine
Fle GSAS Controls | EuliProf Contiol Topas Controls Yiew

Please ze
5.8, Wil
Program a
-

1:Uss GBAS or Fullpref or TOPAS menus
3:Losd SARAR MAT file

| Siored Chi*2 0
—

W SARAh-Refine - o X
File GSAS Controls EullProf Controls  Jopas Controls  Yiew basis vectors  Jools Help “Video Help™ New Features!
—
SF Open SARAK MATFile x
« © 4 > ThisPC » Windows (C) » Program Files (x36) > SARAR v ® | £ SesrchsaRsh
Organize = New folder - @ @
~
& Dy2T207Paper A Mame Date modified Type Size
Py | Documents 9/20/20192:44PM  File folder
&l Life | Kovalev_Files 5/8/2019 2:12 PM File folder
o medical £ saraht2 4/20/20211210PM  MATLAB Data 48
4] Screenshots £ sarah13 5/9/2019323PM  MATLAB Data KB
&4 Sentfiles ) sarah1s _J | G1/202111:35AM  MATLAB Data HE
A= ) sarahse e — 6/2/2021 954 AM  MATLAB Data 30K8
) sarahs2 11/4/2021 844PM  MATLAB Data 2KE
& TexReturn
£ sarshied /E/2019350PM  MATLAB Data 18
G trovel £ sarshics 9/24/202112:39PM  MATLAB Data 51k8
G rBiER 1 sarah2zs 2/28/2020 11:04 AM  MATLAB Data 54KB
L FE
@ OneDrive - OakRi
[ This PC
e Network ¥
File name: | sarah62 v‘ [ MaT - am)

e

gy

] Py
Cancel

Data for PHASE number:

1 ==> Current R Bragg for Patterni 1: 1.00

Magnetic Phase

——> Profile Parameters for Pattern § 1

scale
10.0
0.0000
u
1.08238
0.00
a

273

0.00000
prefl
0.00000
0.00

shape
0.00
U] 0.0
v
-0.23233
0.00
b

0.000
Pref2
0.00000
0.00

1

5

00 0.0000 0.
0 0.00 0

w

0.25¢618

0.0

0.00

<

00 0.00000

asyl
0.00000
0.00

nsy2
0.00000
0.00

trl
0000

.00 0.

X
0000
0.00
alpha

0.00000
nsy3
0.00000
0.00

str2
0.0000

o0
¥

0.00000

0.00
bet.

0.

0.0

Str3 Strain-Model
0.0000 o
0.00
Gausiz
0.00000
0.00
a gamma

0.00000 0
0.00

00000
nsyd
0000
0.00

0.00000

LorSiz Size-Model

/

25,
75,
75,
25,

(.15721,
(.34279,
(.84279,
(.65721,

.04469)
.54469)
.95531)
45531)

ATOM 2

ATOM 3

TOM

~

nd phase in the PCR

W SARAh-Refine - O X
File GSAS Controls

FullProf Controls  Topas Controls View basis vectors Tools Help  #Video Help*  New Features!

[=

W Instructions

SARAh-Refine for FullProf
A.5. Wills (Version: 5.0.13 May 2011)

Please reference the use of SAREh as:

Pt CFiGp ShubGroup  BHS Label

"Ehuhmkﬂ“ 2 Normal Point Group Information

Camrne)  DAnTE w1 [ Benerste model PCR phase - )
OAnree  Oanre ¥ & Powder e
[al

P P |

1)T(3) ¥(5)
] A(1) T4) (6)
] A1) T(5) ¥(7) - 2)Edit PCR/Replace Basis Vectors
O] A(1)T(6) w(8) PCR undefined
[ A(1)T(6) P(9)
[ A1) T(7) W(10)

Select PLR EditFile < >
Make FST fle

Click on the basis vector label in the main
windaw b miwe kit Poiat Group and
Shubrikey Group in this list

Select Basis Vector
Select Al Unselect All

Cornmon lreducible Hepvesenlalmns—[ y

Oris

Unselect &l
< >

The symmetiy of 2 basis vector wil be highlighted
when it is selected.

rples
anisC

Close

N/A indicates that the basis vector does not
have a valid Point or Shubnikay Group. C/8
indicates a change of is required. See k2 fie for
explanalion

Between atoml and 2 (or atom 3 and 4):

Component along a isFM (related to C1);
Component along c isAFM (related to C2))XX

Q: Is the magnetic structure of
CrSbSe; FM along a axis or
AFM along c aixs or canted

AFM order?

. HIGH FLUX | SPALLATION
- National LLaboratory | REACTOR | SOURCE



Fix all the structural parameters and initialize nonzero C1 and C2
coefficients to the two basic vectors

Basis Functions Coefficients

=> Normal end, final

=> CPU Time:
=> 0.076 minutes

c1 c2 ca | ca | cs | s | c7 |
Atom # 1 1.00000[v [t 00000V 0.00000]” 0.00000]” 0.00000]” 0.00000]” 0.00000]”
=> Phase: 1
=> Bragg R-factor: 8.241
=> RF-factor €.263
=> Phase: 2

=> Magnetic R-factor:  18.79

calculations and writing...

4.547 seconds

=> END Date:05/11/2021 Time => 00:55:25.340

Chiz2: 13.8

Cyele: 2

PE3_42704—2__10K.dat

unica)

(100)

Incensicy (axs

B o
—100 " " | |

20000 40000 60000 20000 1L00000120000140000160000180000200000220000
TOFEF (usec)

Basis Functions Coefficients

C1
136200

c2
0. 16000

Atom # 1

Two reasons why the small AFM coefficient C2 should be zero:

1). The refinement quality is similar using small C2 or zero C2;
2). The nonzero AFM coefficient C2 produces pure magnetic peak (100). The POWGN data shows there is no
detectable (100) intensity, indicating that C2 should be zero.

Fix all the parameters and only initialize nonzero C1 to the

first basic vector only

Basis Functions Coefficients

[ e [ e [] e [[ e [[ o [[ e [[ e ]
Mom# 1| 00000} | 0.00000] | 0.00000] 000000 | 0.00000] | 000000 | 0.00000]
=> Phase: 1
= Bragy R-factor: 9.480
=> RF-factor 6.259
=> Phase: 2
=> Magnetic R-factor: 16.89
=> Normal end, final calculations and writing...
=> CPU Time: 3.031 secon ds
=> 0.051 minutes
=>» END Date:05/11/2021 Time => 00:56:38.862
Cyvcle: 1 chiz: 13.3 PG3_42704—2__10KR.dat

00

so00

mies=)

aoo0

300

z00

100

(100)

LN T e e i |
A

Tmtomaity (axzk.

—100 ™

20000 40000 €0000 S0000 100000120000140000160000180000200000220000

Basis Functions Coefficients

TOF (usec)

C1

c2

1.32400

Atom # 1

v

0.00000

%

OAK RIDGE
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ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE



The fitting can be further improved by refining the scale factor, lattice parameters, profile parameters. Remember to constrain
all of them to be the same for both nuclear and magnetic phases.

Modify PCR directly Final refinement result:

[PECEE =.Brofile Parameters for Pattern # 1 ----» Phase # 1
1| Scale Extinc Bov 5trl 5tr2 5tr3 Strain-Mode] => Bragg R-factor: 7.513
15.51343 0.00 0.0ﬂgﬂm 0.0ﬂgﬂm D.l}l}gﬂm D.l}l}gﬂm 0. D000 [} = RF—factor . 5.997
! Sig-2 Sig-1 ﬁ Sig-0 G-Strain G-5ize Z0 Size-Model => Phase: 2
! Instrumental Sigma interpolated from list in IRF file (Only sa.mp1e contribution 15 refined) => Magnetic R-factor: 9,653
a. % -0. gogg a. gusﬂg . gl?}g D'DNMN DNMN . DNMN ¢ => Normal end, final calculations and writing...
1 Gam- Gam-1 G Lstr LS
! |Instrumental Gasma '|r1ber'|:>n'|abe|:| from 1ist in IRF 'F11e (Orﬂy sample contribution iz refined)
-7.0876 £8.1942 -20.5226 0. D000 0. D000 _ .
21 31 41 .00 0.00 => CPU Time: 1.562 seconds
! a b o alpha beta. ganma #2el1l Info =» 0.026 minutes
9.150326 3.783540 13.33161 90, 000000  90.000000 0. 000000
51 E-l 71 O MGM .
| e FT pho betad alpht bet alpha betad => END Date:05/11/2021 Time => 00:01:57.213
! Instr‘umenta'l a'lpha & beta '|r1terpu'|a.te|:| from 1ist in IRF file (Orﬂy sh1'Fts can be refined)
0. 000000 0. 000000 0. 000000 0. DO0000 0. DO0000 0. DOO000 0. DO0000 0.
0.00 000 0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
| Absorption correction parameters
0. 00000 .00  1.00000 1} ABS: ABSCOR1 ABSCORZ Cyole = = ChiZ=Z: 1=2.0 PG2_4Z2704—2 1 0FK .dat

I:!agnet'icPhaseIRE 3 €00
! !
IMat Dis Ang Prl Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nvk Npr More p! 500

1 ¢ 00.00.01.0 1 o -2 o o 207.984 o 9 [} 5
1
i \ 400
P -1 <--Space group sywbol for hkl gereration A
! Msym Cen Laue Ireps N_Bas H =00

7 (0)-Tmaginary (1) Tndicator for Ci :

! Real (0)-Imaginary(l) indicator for C1

o0 g ¥ 5 =200
!
SYMM X, Y, Z M 100
B ASR 2 1} 1} [} [} 2 il
BASI [ [ 1} [} [} [} I
SYMM -X+l/2, -Y+l, Z+1/2 U o
B ASR 2 1} 1} [} [} -2 lr-]
BASI 0 o o 0 o o : - byt o " Yy SS— - SEP——
SYMM -Xal, ¥+l/2, -Z+1 M 1oo
B ASR 2 1} 1} [} [} 2
EASI 1] 1] 1] 1) 1) 1) 200002 40000 SO000 ZSOoO0C00 1OoC0000l1lZOoO00C0l1l4C00001lse00001l S 00002 00000220000
SYMM X+1/2, -Y+1/2, -Z+1/2 TOE (us=oc)
B ASR 2 1} 1} [} [} -2
BASI 1} 1} 1} [} [} o
!
'Atom Typ Mag Vek X Y z Biso Oce C1 C2 3
! 4 5 (oY 7 ca 9 MagPh

CR1 MCRZ 1 O 0.15737 0.25000 0.04474 0.34746 1.00000 1.276 O.000 0,000

H L]
0.000 0.000 0.000 0000 0.000 o000 o.00000 - %0 %0 Moment Slze.

0. 00 0. 00 0.00 0.0 0. 0 0.0 0. 0
Lttt > Profile Parameters for Pattern # 1 ----3 Phase & 2 C -r[
I Scale Extinc Bowv Strl Str2 str3 Strain-Model — —_— s
15.51343 0. 0000 0. 0000 0. DO 0. DO 0. DO o —-—> (33 e ¢ € [} — * z o,
0.00 0,00 0,00 0,00 " 0.00 a B -YQ B-w( Q =C1*|mt| zexp[-2 A T

! Sig-2 Sig-1 Sig-0 G-Strain G-Size Z0 Size-Model h h
! Instrumental Sigma 1nter'pu'|ate ‘Frnm Tist in IRF file (Only sample contribution is refined)

. -0, 0076 0.0063 00190 0. DO 0. DO 0. DO o

'D.'l}ﬂ 0.00 0.0 0. 0 0. 0 0.0 0.0

1 G 1 G 0.

LStr LSiz
! Instr‘umenta'l Gamma interpolated from 1ist in IRF file (Only sample contribution is refined)
08 0. DO 0. DO

\ ?21 i 3158 13451 '2005335 Dﬂ'ﬂ ' sce11 Info :1.39*2:2-78(5) HB

a b 5] alpha beta gamma
9.150326 3.783540 13.331617 90.000000 90.000000 9
51 El Tl 'D ﬂﬂﬂﬂﬂ 0. 'DUCH}D O (D
! pht betal alphl bet alphd betal I‘:
! Instr‘umenta'l a'lpha & beta 1r1ter‘pu'|ate|:| from 1ist in IRF file EUrﬂy sh1‘Fts can be r‘e‘F1r:|:|) %OAK RIDG :_islg'}["OFPLEUX Elléﬁi:rlﬁgﬂON
o % % B S O it National Laboratory | REACTOR SOURCE



VIIl. Display the magnetic structure using FpStudio or Vesta.
FpStudio Combined fst file

S EE YR s Q 1 | FILE for FullProf Studio: generated automatically by FullProf
Wesig sy il oo SN S Y Coette 5605 ol e pr b GVEES 2 ITitle: CrSbSe3 nuclear phase
[ o x 2 SPACEG P nm a
é‘";':':',ﬁ'""”"‘ ol 4 CELL 9.15032¢ 3.783540 13.321€17 90.0000 90.0000 90.0000 DISPLAY MULTIELE
.rs‘\_jﬂ@ » 5 BOX -0.15 1.15 -0.15 1.15 -0.15 1.15
i & ATOM Sb sk 0.02509 0.25000 0.65861
9 7 ATOM Cr cr 0.15737  0.25000 0.04474
?‘ 2 ATOM Se3 Se 0.1709€ 0.25000 0.48400
S ATOM Se2 3= 0.28632  0.25000 0.21412
10 &aTOM Sel Se 0.50108 0.25000 0.60829
11
——— 12 {
; ::::: 12 IATTICE P
e 14 K 0.00000 0.00000 0.00000
) 15 SYMM x,v,z
16 MSYM u,v,w,0.0
17 mMaToM CRL1_1 Cr 0.15727 0.25000 0.04474 SCALE 1.0 GROUP
18 sEP 1 1 2.56154 0.00000 0.00000 0.00000  0.00000  0.00000 0.00000
19 MATOM CR1_2 Cr 0.34263 0.75000 0.54474 SCALE 1.0 GROUP
I e R 20 SEP 1 1 2.5€6154 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
21 MATOM CR1_3 Cr 0.84263 0.75000 0.95526 SCALE 1.0 GROUP
22 SEP 1 1 2.5€154 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
i i 23 MATCM CR1_4 Cr 0.65737 0.25000 0.45526 SCALE 1.0 GROUP
Ele re 24 SEP 1 1 2.5€6154 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
25 }

Combine two fst files

o ’ Sh Cr

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR SOURCE



Vesta to open *.mcif file

¢ VESTA - o % ‘ |

File Edt  View Objects Utilities Help

Heve Structure... [ @ P A epck[an [ § e supE[0 | w0
New Window VESTA .

Open... Cir+0

Open Recent »

Save Cirl+S

Save s Crle ShiftsS

Export Data

Expor 1age

Export Vector Image n
Save Output Text..

;':’ (c':‘"; isualization for Electronic and $Tructural Analys
c
Polyhedza c 5 v
Aﬁ! a
Occ. B Site Sym. -
1 Cr CRLL 0.18721 9.25000 0,04465
1.000 1.000 la 1
2Cr CRl1Z 0.3427% 0.75000 0.5446%
L.000 1.000 la 1
3cCr CRL3 0.84275 0.75000 0.55531 - - "
1.000 1.000 ia 1
One may modify all these tabs to improve the figure
1.000 1.000 la 1

Output | Summary | Comment

Please remember to report the magnetic space group:

MLENETIC SPRCE GROUPS (THE BLACE AND WHITE SHUBNIECQY GROUPS)
BVE Shubnikov Group Group number
1 I=2g 1 Enma £2.441
2 IBg 2 Pn'm'a’ £2.44%5
3 IZg 2 PFn'm'a’ €2 .445
4 IRg 3 Enm'a’ £2.447
5 IZg 3 Enm'a' €2 .447
[ IRg 4 En'ma £2.443
7 IZg 5 En'ma’ €2 .445
=] IRg € Pnm'a £2.444
g IRg € Enm'a £2.444
10 IRg 7 En'm'a £2.44¢
11 IRg 7 En'm'a £2.44¢
1z IRg 2 Pnma’ £2.445
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