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CrSbSe,

* Orthorhombic structure: Pnma (No. 62)

a= 9.143086, b= 3.784552, c=13.416915;
Octahedra CrSeg,

Magnetic transition 75 K:

Files provided for this tutorial

» Time-of-flight diffraction data at POWGEN:
PG3 42702-2_ 300K.dat
PG3 42704-2 10K.dat

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

» cif file for crystal structure
CrSbSe;.cif

» Final PCR files
PG3 42702-2_300K.pcr
CrSbSe3 N_M 10K.pcr (magnetic space group method)

> Mcif file:
62.447.mcif

» Supporting information
FullProf _QZhang.PDF (step-by-step instructions)

jacs.1c09607.PDF
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Time-of-flight powder diffractometer POWGEN

« High resolution powder diffractometer to study crystal, magnetic and local
structure of polycrystalline materials

Current Instrument Capabilities (neutron band ~ 1 A) :

T T T T T T T T T
C —s— 1. PG3_42702-2_300K 45F]
I r e3 —— 2. PG3_42704-2_10K dat_]

AIntensity (arb. units)

60 I 0.533 0.15 1.066 | 0.075 7.50 0.82 83.45 0
60 0.800 08247 1.333 | 0.134 8.00 0.76 46.88 1
60 1.500 0.97 2.033 | 0.485 | 13.00 0.48 12.95 2
60 2.665 2.13 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

Lo (p sec.)

Intensity vs TOF (NOT 2thetal)

Resolution: best resolution Ad/d: 0.8x103

[ PG3_42702-2_300K dat 3 |

- - 1 [kypaTa
0.025 2018B POWGEN High Resolution 2 % File generated by Maptid, Instrument POWGEN
: A 2 # The X-axis unit is: Time—-of-flight, The Y-axis unit
0.020 CW_O'S. 4 i Data for spectra :2
5 Spectrum 1
3 001 5 CW;l-SA € § Time-of-flight Y E
3 ™ 7 14300.17204 28.15968284 0.41506355
5 0010 o . . 8 14311.60584 26.26662343 0.40565232
0.005 ° — ] 14323.048759 26.17181040 0.40476613
o ® 10 14334.50085%9 25.28546181 0.40012561
0.000
0 S ° TOF to D spacing (FullProf):
®HRCWLO0.7 ® HRCWL 1.5 ®HR CWL2.665

TOF(microseconds) =_Zero + Dttl * D + Dtt2 * D2 + Dtt_loverD)/D
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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, o and y Position:

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

. a; , Aq _ B1
a—a0+3+\/—aandﬁ = [, +FO

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:
0% = 002+ 0'12d2+ O'sz4 + > GSASII used

y=v1 xd+y2x* d* +y0
> All these coefficients marked as green were implemented in the 2021 versions of FullProf by Juan rodriguez-Carvajal
recently.

> In other TOF instruments and previous versions of FullProf, there lack Dft_loverD, g, and g,.
OAK RIDGE

National Laboratory

SPALLATION
NEUTRON
SOURCE

HIGH FLUX
ISOTOPE

REACTOR



Formats of the instrumental resolution files

Traditional Instrumental resolution files for old version
FullProf
(2011 B- 2021 A cycle)

New Instrumental resolution files for new version FullProf

(2021 B cycle-future)

Instrumental resolution function for POWGEN/SNS 2018 B cycle
! To ke used with function NPRCOF=9% in FullProf (Res=35)

irgse: S

Bank 3 CWL = 1.500

! Type of profile function: back-to-back gxpon * pseudo—Joi

NEROF 5

! Iof-min (us) step Xofmax (us) TOF region and step
TOFRG 11300.0000 5.0000  315000.0000

! Dttl Dtt2 Zero

D2TOF 22589.89258 -3.55042  -15.12841 TOFtoD

! TOF-TWOTH of the bank

TWOTH S0.0

! Sig-2 Sig-1 sig-0 Gaussian function

SIGMA  57.460 10.000 0.000

| — — —

canm f??ofm —gi&?s};ra Q\Z&?DED Lorentzian function

! alph ketal alphl ketal BB EXponentiaIS
ALFBE 0.000000 0.100880 0.128660 0.003960

ENT]

Listed the global coefficients without
Dit_ToverD, p, and g, for old version FullProf.

5 NPROF 9

Instrumental Resolution Paramsters for TOF (numerical lock-up table) for POWGEN/SNS 2018 B cycle
! To be used with functions NPROF=9 in FullProf (Res=5)
! Bank 1
! Type of profile function: back-to-back expon * pseudo-Yoigt

3 ! Tof-min(us) step Tof-max (us) T F r I n n
7 TOFRG 11308.69531 5 282062.50000 O eg 0 a d Step
8 ! Dttl Dtt2 Dtt loverD Zero
S5 D2TOF 22589.85258 —-3.55042 0.24175 —|15.1234l TOF to D
0 ! TOF-TWCTH of the bank H P
. mmozx 50.000 numerical coefficients
1 ! d-spacing Sigma”2 Gamma Alpha Beta shift for pattern § 1
3 LIST SIG GAM ALF BET SHIFT 233
0.44348 1.2180%9 2.8533z2 0.39237 0.10474 0.00000
0.44515 1.21788 2.84730 0.39%204 0.10578 0.00000
0.89199 7.70333 3.42520 0.14657 0.10563 0.00000
1.51101 757.12213 18.55641 0.11lcc4 0.15%18 0.00000
1.54457 844 .20258 19.59661 0.11365 0.15412 0.00000
2.56205 7234.60%8¢ 55.75310 0.0el82 0.0837% 0.00000
5.12410 116786.14844 252.91238 0.0246%9 0.05172 0.00000
T.24657 462452.40625 465.01635 0.01463 0.04323 0.00000

[ I C R R C R S VR

END

Provides d-dependent numerical coefficients for new
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

(a) ™ — : , : — (b) o i
1.6 | . ;
o | Lol |

g w ; L E Same Si

i J%L - ‘t E data at

: _ — _. ,.. jL _a POWGEN
E ————— e ~—1—f—~f-o-v-~L—v--L—--— ———— A — —E ; j
o e e T i ——

Lo, (ysec) Laf (g e

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

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

Recommend using the 2021 or newer version FullProf to refine POWGEN data for getting an improved
refinement on the peakshape
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Exercise 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 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).

IVV. Identify magnetic peaks/contributions and determine the propagation vector.
V. Use Bilbao Crystallographic Server to test magnetic space groups;

VI. Convert one mcif file to PCR file:

VIl. Refine both nuclear and magnetic peaks at 10 K to obtain the magnetic structure and
ordered moment.

VIIl.Check if small Mz (AFM component) is real.

IX. Display the magnetic structure using FpStudio and Vesta.
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Comparison of the POWGEN data between 300 K and 10 K

CrSbSe,

—— 1. PG3_42702-2_300K da
—_ 2. PG3_42704-2_10K dat

Infensity (arb. unifs)

300

Magnetic contribution
Smaller thermal pargm

p b b b b b e

220000 250000

280000 310000

t.o.f. (yu sec.)

= Some magnetic peaks sit on the nuclear peaks. Tricky sometimes!

= At 10 K, the intensities at high d part and low d part both increased: different origins!
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l. Import the cif file and create a PCR file for a single datafile at 300 K (T>Tm)

E FullProf Suite ToolBar

Tc ols

Edit Results

Help

|

e

Eile Programs Settings FP Dimensicns
7 .l" A7 k ED

s

GLORSARR

L) [

Working Directory: |c:\FuIIProf_Suite\Examples\

t4Y Setting the dimensions of FullProf Arrays

Maximum number of data points per pattem
Maximum number of reflections
Maximum number of free parameters

Maximum number of reflections contributing to a point

o 1) s W

CodeFile: |

T Editor of PCR Files

Type: |

® @ FEy FEy FE
5y N =+ ¥ =+
e H X Q

Date:  |04/11/2021

Fractional size of the windows reserved for wip 2 I

Simple Calculation Template

Tpe Impert il
( Xeay Neutron [ ssci |

Resolution Fil

@ Default values

" IRF Fie |

Cel Parameters, SpaceGraup | Atoms Infomnation |

[ b

a | = alpha beta
5125000 [32220m0 90000 90000

[3.785100

Space Group: [Pnma
Number of total Operators: ] j

Num

I~ Magnetic Phase

Symmetry. Phase | ~

Fle Editor Tools Tempates Help Exit Tl Fullprof Editor Files et
AR %l £ 2w ‘ @ lgég} £ % % | chp Ihp ‘ @)‘ X 4+ || « Dropbox (ORNL) > Workshops > RAMS_2021 v o £ Search RAMS_2021
I BDDDDﬂ r Organize v Mew folder - m @
Title. type of job: Rietveld. ed Intensities. eneral -
Fu’IProf S'timugtped Nimealinegt‘ = riegreted inenst . - Name Date modified Type Size
= e ems, le, background, diffraction atterns i Quick access Ty .
I 20000 j " PCR | [ o Pat Boeks - G crsbses 12/5/20181:18 PM CIF File
—T || Eaior Pt e clolaen DA e | $ oo
! o el et et - | Documents #
1 i :ahet:ns :’n?;\as'er:‘(al?ms ;n:pmﬁle) ! MI &= Pictures -+
I hﬂﬂgﬁj Corsioets deirtors, g, ks Congtiaints L) Crabses
Example2_TOF €
0.70000 HEmemrmm e [ ¥ €
gé'“;”é.ﬂ'f.“ﬂ’gﬂ':,F?Lﬁfﬂiﬁ:ﬂé’;,?ﬁ Output File name: | CrSb5ed v| Cryst .llographic Input File w
I_OK I Cancel | Copynght (c) 2002-2005. JGF - JRC |
Profiles: 0 [Phases: 0 [4/11/2021 [12:0:20
= =] : Important: check occ=
1] Dopbox ORND > Viokshaps » RS2 v || 5 SeorenBas 201 site multi P / gene ral multi P
p— Organize v New folder =~ @
»  Name - Date modified Type Siz
v *Q;‘d:ccm L | BackUpPCRs 11/4/2021 12:07 PM File folder F Pnma <--5pace group Symt.:'o—l
I Desitop ’ i+ PG3_42702-2_300K 11/4/2021 12:07 PM FullProf Files tAtom  Typ * Y Z Biso occ
)ﬁg‘“"“’ I‘ & Downloads ¢ sh sh 0.02950 0.25000 0.65786 1.00000 0. 50000
Documents 0.00 0.00 0.00 0.00 0.00
=] Pictures - b cr cr 0.15490 0.25000 0.04460 1.00000 0. 50000
Crsbse3 ¥ N 0.00 0.00 0.00 0.00 0.00
¢ se3 se 0.17180 0.25000 0.48450 1.00000 0. 50000
File name: | &8 ~ 0.00 0.00 0.00 0.00 0.00
Save as type: | Fullprof Input File v Sel S5e 0. 28480 0.25000 0.21280 1. 00000 0. 50000
0.00 0.00 0.00 0.00 0.00
= — sel Se 0.50190 0.25000 O0.60870 1.00000 0. 50000
~ e Folder: = ~ "To.00 0.00 0.00 0.00 0.00
Sh: 4c;  General mulp: 8;
OAK RIDGE | HIGH FLUX | SPALLATION
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ll. Refine the data to get accurate structural parameters at 300 K
General tab Pattern-Datafile/Peak shape tab

T Editor of PCR Files

File Editer Tools Templates Help Exit T Editor of PCR Files - >
J E QE% Qj Ej @ | m [{%\;}} QEE % % | 2 Pur ln&p" | @| X File Editor Tools Templates Help Exit

e . [I", AR = Ci |

vmsen VO e s @ WiEEE MY @ X

Title, type of job: Rietveld, Integrated Intensities,

Simulated Annealing, ...

magnetic moments and linear restraints

FullProf information
| Type of Pattems. profile. background. diffraction Pattems |
| I PCR | geometry, user-given scattering factors ... Title, type of job: Rietveld, Integrated Intensities. Ger .al
! Simulated Annealing, ...
| Ii Phase name, type of calculations (JBT), ATZ, Phases | Fu’lPro f d
(. TR N T G || Type of Pattems, profile, background, diffraction

Number of cycles, relaxation factors, access to I — | geometry, user-given scattering factors ...
pattems and phases (stoms and profile) nem PPD o
Constraints definitions. adding. deleting. Conzouds | T e
modifying...
Fixing range of parameters, distances, angles, Box/Restraints | Information |

Pattem: 1/1 Weight:| 1.0000 Data file/Peak shape |
Background Type |

Tii Profile Data Information: Pattern 1 X

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

<

m= .
o General Information

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

— Title
[CrSbSe3 at 300K] Copyright (c) 2002 |
PO 4252 300K | Data File:  [PG3_427022_300K dat  Browse
— Calculations — S

r— Format

% Refinement./Calculation of a Powder Diffraction Profile " D1A/D2B (Old Format) ¢ Free Fomat (#hetal, step, 2ThetaF) ¢ Variable Time Xray Data

" Refinement on Single Crystal Data / Integrated Intensity Data ' DIA/D2B/3T2/G42 € Two Axis Instrumert., G41 o
¢~ D1B (Old Format) ¢ GSAS Fomat " XCelerator (PANalytical)
" Simulated Annealing Optimization (Integrated Intensities) 5.4, Options | Cancel
e " D1B/D20 " Socabim Software 1515 muttibank nomalized
" D4/D20L ™ Synchroton (Brockhaven)

[~ Optimize calculations according to the particular options used in this Job
" DMC/HRPD {P.5.1) " Synchroton (DBWS Software)

Cancel |

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

(0 2) [ oo

UserDefred ~| 4 [ 0.0000

A 0.0000.

OK I Cancel

T Profile Data Information: Pattern 1

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

— Peak Shape

 Global SHP

d % Codefil SHP

— Scattering Variable

" 2Theta & TOF. {microseconds) " Energy (keV)
— Range
TOF_min: 11300.0000 TOF_max: |230000.0000 Trep: 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):

oK | Cancel |

Pattern-Background Type

Patterns Information

 Information

Pattem: 1/1 Weight:l 1.0000

JSJJJ_IXJ)JLIJ

Initial Previous Add Last

Data file/Peak shape '

Background Type

User Scatt. Factors

Excluded Regions |
Geometry/IRF | I

Background Information

— Background Mode
¢ GLoefficients polynomial function

" 12-Coefficients polynomial function

¢~ Debyedike (12-coeff }+ polynomial functions (6-coefficients)
 12-Coefficients Fourier-cosine sefes

€ Fourier Fittering

" Backgroun:’ ansformed by 4-coefficients expression

Number of points taken for Fourier Fitter: I 0.0000 ﬂ

Origin of the polynomial: I AD.000

£+ {inear Interpolation between a set background points with refinable heights:

" Interpolation by cubic splines

¢~ Chebychev Polynomial (24 coefficients)

Browse... |

Cancel |

Pattern-Excluded Regions

Exclude Regions: Pattern 1

MNumber of excluded Regions: I h j

Low bound High bound
Region 1 225000.00 300000000 _DK
Cancel |
# File generated by Mantid, Instrument POWGEN
600 T T T T T ™ T T T
e -
H i ]
% 300 - :
i i 1
200 - .
100 B
o1nn|m 40000 70000 -“é . 1 220000 250000 280000 310000

Lo.f (i sec)

HIGH FLUX | SPALLATION
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Pattern-Geometry/IRF tab

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

Background Type |
Excluded Regions |

Geometry/IRF |
User Scatt. Factors |

d 4 =] X B P

Initizl Previous Add

ok | Cancel |

T Pattern Diffraction Geometry Information: Pattern 1

i Diffraction Geometry

IBragg-Brentano or Debye-Schemer Geometry

IRF | Comections I

 Instrumental Resolution Function

" None

H2 = (U, tan 8+¥,) tan &+,
H; =X tan 84 F, feosf +Z,

- FWHM = \fU,tan" 8+ tan 5+,

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

-
- HE = (T, tan B+, tan 8+,
H, = (X,26+1),28+Z,

HE = (U, 20+7;) 20+,
H, =(X,26+7),20+Z,

' * TOF. p-Voigt * B4ob exponentials {or * lkeda-Campenter)

 List of 28, H;(28), H,(26) " hs above, bdlOF versus d-Spacing (). Hodges)

Name of IRF file:

C:Users'gzg'Dropbox (ORMNL)\Workshops\RAMS_2021.PG20186_HighRes_60Hz_b2

Phase-tab

File Editor Tools ,2tmplaic. Help Exit

8O0 e

dae WREEE MY 0X

i FullProf |

General on Phases

Information
Title., type of job: Rietveld, Integrated Intenstties.

I Simulated Annealing, Genera
Tuna of Pattama nmfle_backamund_dffraction

Pattems

Phases |

Name of Phase | CrSbSe3 nuclear phase

-j‘ Calculation: |Stru:tura\ Mode! (Ristveld Method)

=l

Pattern Contribution Informatien for Phase 1

Pattem 1 | pattem 2 | Pattem 3 :=.._..7|;=._.7—|:=.._.. :=-.-*|

¥ Cumert Phase contributes to the pattem

~Type of Pattem

 XRay € Pattem Calculation (X-Ray)

" Neutron (Constant Wavele
Nuclear and Magnetic

" Pattem Calculation {Neutron - Constant Wavelength)

€ Pattem Caloulation (Neutron - T O.F )
& Neutron (T.O.F)
Nuclear and Magnetic

~Peak Shape
[TOF p-Voig: * B+-B exponentials |
& Codefilshp £ Globalshp
[~ Intensities *
Reflection lst: [Automatically gensrated from the Spacs Group symbol |

™ Use special control of parameters for peak overap, rejected reflsctions for cument phase

Factor for excluding reflections [ | < Factor * Sigma(l) 1

Weights are divided by reduced Chi**2 of pre ‘s

oK Cancel

%

' Calculated automaticaly ¢ Provided by

Contribution to Pattems
Symmetry

DO T

Del Next Last

Cancel

Refinement
Constrairts
Box/Restraints
Output

5112021 [19:7:37
J
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Use Winplotr to get the BG of the data

- - E
Fio_Toop Teas Hee b Eile Programs Settings FP Dimensions Tools Edit Results Help
el 2¢7 B [ Fi s 3 sions s lesults H
VO s o W EHBE Y e X : : _ - S = m .
e E=1=0] | e Gl ks 225 (0] 000 | 50 B 00 W
- 1 1 ’V-g:ﬂtpezmﬁaﬁzmd‘ i ﬂl Working Directory: Ch\Users\qzg\Dropbox (ORNL)\Workshops\RAMS_2021\BackUpPCRs\ Code File: | CrSb5e_RT_MewFP_useMin Type: |pcr Date: |04f11j2021
! Patems A R [CDIFX U - o X
General Information on Pha: - File _ptions  Points Selection X space Calculations Rietveld plot options Text External applications Tools Help
Name of Ph CrSbSe3 nuclear phase at 300K _m = ; =
lame of Phase : | CrSbSe3 nuclear phase at (=] él @lQH}lBlFﬁl P:rl E&H’Fﬁ’l@}lFPlPﬁrlifS |2||"c'.‘?|c'v"c|5m|i§?| |E15|g| séf_l Duslmlm,l *
Calculation: ISlru:turaI Mode! (Rietveld Methad) Ll Refinement
Cosffcirt to calcuiate the welart Constraints - # File generated by Mantid, Instrument POWGEN
percentage of the Phase: 0.00 % Calculated automaticaly ¢ Provided by user ;
P— Box/Resiraints gml—l‘II‘III#IIIIIIIIII‘II‘IIIIIII‘IIIIII‘IIIIIIIIII‘J
mmetry Information —I
’ Y W‘ 2. Select a data file:
Space Group Properti Output — A
Symmetry Operators. |Generaledamcmahcalrylrcmthesymhc\ - Symmetry 1T » Zhang, Qiang » Dropbox (ORNL) » Workshops » RAMS_2021 ~ [J] £ Search RAMS_2021
Spacegroup Symm.Op. Automat ) -
e e /2021 [12:36:48 Organize ¥ New folder =~ @ @
Symmetry operators | Magnetic/Displacement Operstors | Ireducible represertations A Name Date modified Tpe Sie
LaveCoss fomn <] [ Certiosynetic Case A Quicksceess | BackUpPCRs 11/4/202112:42 PM File folder
Number of Symmetry Operators: z I Deskto + - -
e e Bpemer l—e:’ . [ PG3_42702-2 300K 11/11/2018 8:48 AM DAT File 204 KB
e A Ll Dime 1 ¥ Downloads  # [ PG3_42704-2_10K 11/11/2018 12:33 PM DATFile 204 KB
1 pyz M| 2 pesli2y+1/22172 I Documents
3 |wy+li22 O 4 |[x=1/242+1/2 [N
[&=] Pictures *
TR=Time reversal associated to symmetry operator & Crob5e3
[T Time Reversal for Inversion operator Example2_TOF_C
& POWGEM
RAMS_2021
0K Cancel e -
& Dropbox (ORNL)
al 327
&1 2020_MAGSTR
Verify the correct symmetry information 0 52
Ll ACA 2027 N
File name: | PG3_42702-2_300K ~ | 1. XY d.ta + INSTRM=10 ~

_ Ca " CEI

HIGH FLUX | SPALLATION
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. WinPLOTR [CDIFX UMRE226 Rennes / ILL Grenoble] - O x 600

T 5T T T T T T
File Plot Options  Points Selection X space Calculations Rietveld plot options  Text  External applications Tools  Help : ]
== @ @ Q Automatic peak search e | | | | m Dos Lg reser | X B il
Automatic satellites search (on .PE o0 - ; : R
— Save peaks id, Instrument POWGEN - q .
£ Save peaks as .PRN file B i
= 600 00 B 2, Background points: - o x
=_ Automatic background B by #
E 500 Select background points - 1. PG3_42H2-2_300K dat B H
s . - :
% SaVe background points S B
E 400 Select points -
‘E SaVe selected points - 5
= 300 Saveas... ¥ s - &
Add peaks/background points B
200 Remove peaks/background points :
Cancel display of peaks/background points e -
100 B
0 - e Y 0
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 (y sec.)
\utomatic search of background points
o x
o ety
X I 1o EAEAE TEE (T T ]
i File generated by Manti, Instrument POWGEN Ay Save As
4[| » Zhang Qiang » Dropbox (ORNL) > Workshops > RAMS 2021 MR O Search RAMS 2021
Background threshold: [defanlt= 0.05] I 1 orgerae = .
*  Name - Date modified Tpe Size
- ‘ - st Quick access
® 1 B Dkiop . & BackUpPCRs 17472021 12:48 PM File folder
% N ] & Downloads  #
w . -
. . ,‘1 B | |5 Documents  #
lterations num. for smoothing [0-10 / default= 3]: 3 - ) 1 v
g w L ” N &) CrsbSe3
o l R Example2_TOF_Cub
I : t ] 4| RAMS_2021
w | i . Screenshots
. | 1 22 Dropbox (ORNL)
[~ Noisy data 1 ] 1 p
o ] 5 2020 MAGSR o
File nome:
0

Save astype: | Save as background file (*.BGR)

= = = = = — = = =
OK Cancel ]  HideFolders G

[ET—p—r—"

B Troe heee 0 search

WinPLOTR message: >

The BG_300K.BGR has been created: it contains &3 background points
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Refinement tab

T Editor of PCR Files — ®

File Editor Tools Templates Help Exit
a0kl 22 WREHEBE Y @)X

Information

” General
s Refinement Information x
Pattems
Cydles of Refinement: 1 j
Phases |
Stop Crterum of Covergence Relaxation Factors for Shit
Forced Temination when shits < [010 x ES.D.
Others: Nene =1 || Aonmic [1.00 Anisotopic [1.00 Profie [100  Giobal [ 1.00
Reflections ordering MI
% Only al the it cycle € Eachoyce I™ Bragg R-Factor excluding reflections limiting excluded regions
Bow/Restrarts |
Pattem 1 | Pattem 2 | Pattem 3 | Pattem 4 | Pattem 5 | ¥ Phase 1 | Fhase 2 | Phase 3 | Phase 4 | Phace 5 | Phase 6] P41+ Output
oK
~Refinement weighting model Aoms Prop, Vectors
@ Least Squares Background Cancel
—I R 8/11/2021 [14:43:44

 Maximum Likelhood

— =1 €2 €3 £4 08 ©5 O7

© Unit Weights Prfie | Miem-Sructure|

MizioAbsorpion |

HKLSfts | Further Parameters

Reduction factor of number of data poirts: | 0

Linear interpolation between a set of Background Points: Pattern 1

— Interpolation Method
¥ Linear Interpolation ™ Cubic Splines Interpolation
— Information
Number of Points: I 10 j
ZTheta Courts ~

1 0.000 0.000 ueﬂﬂe Al L A"J
2 0.000 0.000
3 0.000 0.000) | Impaort from Background File I
4 0.000 0.000) | w

DK | Cancel |

T Importing Background File (Mot Responding)
1 » Zhang, Qiang * Dropbox (ORMNL) » Workshops » RAMS_2021

Organize = Mew folder
o Others A Name

POWGEN

Date modified

& | BackUpPCRs

. ProgressReport . BG_300K.BGR

& Purchase
58 QM| Workshep
@ ResearchKnow
& RETF Training v
2 Review papers
@ Screenshots
semimetal
o SpinWavesGen
2 SrMnSb2
2 Workshops
18 XG_DrMao_CrC
@ OneDrive - Oak |
a Zhang, Qiang

[ This pC
—_— v

v O L Search RAMS_2021

Bz > M

Type Size

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

File name:

~ | | Backglol‘.la\npm File

T Refinement Informatio

Cycles of Refinement: I [ :I

| Open | ‘ Cancel

— Stop Criterium of Covergence R
Forced Temination when shifts < | 0.10 x ES.D.
Others: | None LI

Atomic I 1.00 Anisotropic I 100 Profile | 1.00

ion Factors for Shifts

Global I 1.00

r— Reflections ordering

& Only at the first cycle " Each cycle

[~ Bragg R-Factor excluding reflections limiting excluded regions

Pattem 1 |F'a{'ten'. 2| Pattem 3 | Pattem 4 | Pattem 5 | Pattem |4 [»

Cancel |

Refinement weighting mode!
' |east Squares

Background |
Instrumental |

Micro-sbsorption |

 Maximum Likelihood

" Unit Weights

Reduction factor of number of data points: I 0 ﬂ

Phase 1 | Phase 2 | Phs

Atoms |

Pattems

3 | Phase 4 | Phase 5 | Phase Gl P I 4
Prop. Vectors |

1 &2 €3 ©4 £O5 Op O7F

Micro-Structure |
Further Parameters |

Praofile |
HKL Shifts |

OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE



e .
Tex Refinement Information

Cycles of Refinement 5]

— Stop Criterfium of Covergence Relaxation Fa:
Forced Temination when shifts < | 0.10 x ESD.

Refinement-Profile tab

ctors for Shifts

Cthers: Mone ;I HAomic | 1.00 Anisotropic I 1.00

Profile I 100 Global I 100

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

I Bragg R-Factor excluding reflections limiting excluded regions

Pattem 1

OK

Refinement weighting model
* Least Squares

" Maximum Likelihood

Instrumental
Micro-sbzorption

Reduction factor of number of data points: | 0]

" Unit Weights

Phase 1 |f 5

Atoms
Background o | Pattems

| Phaseﬁl PA I L4
Prop. Wectors

L0 I -
Profile
HKL Shifts

@61 (TiE 37

Micro-Structure
Further Parameters

Profile Parameters: Phase 1 Pattern 1

-~ Factors
Scale a ar I | ‘
Coeficierts 10.0000% 0.0000/7
Cell P
b - alpha | beta |
Coefficients . v 1.785100[% 13.424000)w 50000 90.000C

FWHM / Shape Parameters Exponential Decay Parameters I Prefemed Orientation I

8l |
.
-

FWHM Parameters Refine Al
sa2 | Sg1 | Sg0 | z1 [ et |
Coefficients 0.004100 -0.007600) 0.006300]" 0.000000) Fix All |
< >
Shape Parameters Cancel |
Banc | Abs1 | As2 | |
Coefficients 0000000 0.000000] 1.000000] |
™ Refine Fu/HM for second wavelength
uz V2 w2 |
Coefficients Il il ' |

X

T Editor of PCR Files -
File Editor Tools Templates Help Exit

JM0E% 2 2@ W ERBE M e X

~ Information

T, type of job: Rietveld, Itegrated Intensities, pr—
Simulated Amneaiing, e

FuliProf

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

Phase name. type of cakeulations UBT), ATZ, Fru—
contribution to pattems, symmetry. .

Number of cycles, relasation factors, access to e
pattems and phases (atoms and profile) e D
Constraints defintions, adding, deleling. o
modfying...

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

1111

2009 Qutput options for pattems and phases: Output
Reflection lists, Fourier, distances, BVS.

Copyright (c) 2002-2005. JGP - JRC

PG3_42702-2_300K Profiles: 1 Phases: 1 |4/ﬂ/2021 |15:32:55

=> Phase: 1

=> Bragg R-factor: 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 => 15:52:18.45¢

PS3_42702—2_ 200K.dat
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400

200

C(mais

200

100

Incansizy

—100

20000 40000 60000 S0000 100000120000140000160000180000200000220000
TOF (uss<)

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE



Add the refinement on the peak profile coefficients Gam_2, Gam_1, and Gam_0

Profile Parameters: Phase 1 Pattern 1

 Factors
Scale Owverall Bfactor
Coefficients 12.525|w 0.0000
— Cell Parameters
a I b C alpha beta gamma I
Coefficients 51441 55'7 3734407 v 13.416562|v 90.000[— 50.000— BDDDD'-
FWHM / Shape Parameters  Exponential Decay Parameters | Prefered Orientati
FWHM Parameters Refine Al |
Gam_2 Gam_1 Gam_0 Gam_2
Coefficients 0.000[ 0.000[ 0.000[7 0.000000) R Al |
< >
Shape Parameters Cancel |
Extinc Abs1 Abs2 m
Coefficients 0.0000000— 0.0000000— 1.0000000 I -
[~ Refine FuwHM far second wavelength
uz2 V2 W2
Coefficients I~ I~ r =
=>
i Refinement Information * =
=>
Cycles of Refinement: [ 5]
— Stop Criterfium of Covergence Relaxation Factors for Shifts
Forced Temination when shifts < | 0.10 x ES.D.
Others:_None ;I HAtomic I 1.00 Anisctropic | 1.00  Profile I 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 |:-, 2 | P Phase. Phase 4 I Phase 5 I Phase GI P I 4
Refinement weighting mode! Atoms | Prop. Vectors |
% Least Squares Background | Cancel | Pattems
£ Maimum Likelihood @1 C2 O3 ©4 £©5 C5 OF

Instrumental |

 Unit Weight
AR Micro-AbsorptiDnl

Reduction factor of number of data points: 1] j

Profile |
HEKL Shifts |

Micro-Structure |
Further Parametersl

T Editor of PCR Files
File

]

Editor

% O3 ol

Tools  Templates Exit

& s o M 2

Help

FullProf
I . PCR
Editor

Copyright (c) 2002-2005. JGP - JAC

|
X

BERYL 0/ X

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

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

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

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

Constraints definitions, adding, deleting,
modifying...

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

Cutput options for pattems and phases
Reflection lists, Fourier, distances, BVS

General
Pattems
Phases

Constrairts
Box/Restraints
Output

PG3_42702-2_300K

Profiles: 1 |Phases: 1

[4/11/2021 [15:32:56

=> 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

PGE3_42702—2__200K.dat

&00 —

S500 —

wnitcs)

200 —

200 —

(axi.

200 —

100

o

—1 00 -

Inten=ity

20000 40000 &0000

80000 1000001200001400001l£00001280000200000220000

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



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

Tia Refinement Information

Cycles of Refinement B

r~ Stop Criterium of Covergen
Forced Temination when shits < | 0.10 x ESD

Relaxation Factors for Shifts

Cthers: None

LI 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 |

Refinement weighting model
% Least Squares

Background |
Instrumental |
Micro-Absorption |

Reduction factor of number of data points: I o ﬁ

 Maximum Likelihood

= Unit Weights

Tz Refinement Information

Cycles of Refinement: [ 5]

Phase 1 I: 3

Atoms
Cancel | Pattems

| Phase Gl F L4
Prop. Vectors

1 2 €3 €4 OF

Profile
HKL Shifts

Lol

() 7

Micro-Structure |
Further Parameiersl

—Stop Criterium of Covergence
Forced Temmination when shifts < | 010 x E.S.D.

Rel. 1 Factors for Shifts

Others: None

LI Momic | 1.00 Anisatropic I 1.00

Profile [ 1.00

Global I 1.00

r— Reflections ordering

& Only at the first cycle " Each cycle

[~ Bragg R-Factor excluding reflections limiting excluded regions

Refinement weighting model
* Least Squares

Background |
Instrumental |

Micro-sbsorption |

" Maximum Likeiihood

= Unit Weights

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

Phase *
oK |
Atoms |
Cancel | Pattems

525 | Phase 6] P4
Prop. Vectors

=1 £2 O3

Profile
HEKL Shifts

4

05 6 &7

Micro-Structure |
Further Parametersl

Atoms Information: Phase 1

- List of Atoms
Number of Atoms 5:;]
Label Niyp X Y z B Oce Them. Fact. |~ Refine Positions
Mom# 1 |Sb [sb 0.02950% 0.25000fw 0.65786w 1.00000fw 0.50000] [ Isctropic
'
Mom# 2 [Cr Icr 0.15450% 0.25000fw 0.04460w 1.00000v 050000 | Isctropic Refine B_isz—|
Mom# 3 [Se3 B 0.17130f% 0250007 0.48450f% 1.00000[% 050000 | Isctropic
Mom# 4 |52 ISe 0.28480[% 025000 027280 1.00000% 0.50000] | istropic v Refine B_aniso
< ks Fix Al
Anisotropic Themal Factors / Form Factors
B11/F1 B22/F2 B33/F3 B12/F4 B13/F5 B23/F6 F7 ~ Cancel |
# r r r r r r r .
[ r r r r r r r e )
# r r r r — r r
# r r r r r r v
< >
Special Form Factors
SASH-Type | Matrix =1 =2 =3 | N.Coeff. | Indices | #1 2 | m | m | s | # |~
# 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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HIGH FLUX | SPALLATION
National Laboratory | REACTOR | SOURCE



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

TE L L o DR Eilee
ree Editor of PCR Files

File Editer Tools Templates

Hel

JH O A e Wzl % e X

* |

~ FullProf

PCR
|1 '| Editor

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

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

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

Mumber of cycles, relaxation factors, access to
pattems and phases {atoms and prfile)

Constraints definitions, adding, deleting,
modifying

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

General

[ Geed
Pattems
Phases
Refinement
Constraints
Box/Restraints

Tte General Information

Title

|CrSbSed at 10K

Caleculations
{« 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

20 i

ey

Cancel

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

(see slide 12-13)

207 Qutput options for pattems and phases: Cutput
Reflection lists. Fourier. distances. BYS..
Copyright (c) 2002-2005. JGP - JRC
Test_wholeRegion Profiles: 1 |Phases: 1 | 2/10/2022 22: 6 1
Tin Fullprof Files (PCR) *
o <« Workshops » MagneticStructure2022 » FullProf v | D Search FullProf
Organize + New folder SN S 9
2 Name Date modified Type Size

3 Quick access .
s Test_wholeR: FullProf Files 11KB
I Desktop :, est_wholeRegion ullPro !E -
@ CrSbSed_N_M_10K_bkup FullProf Files 11 KB
‘_' Downloads T CrsbSed_N_M_10K FullProf Files 11 KB
5| Documents & CrShSea_N_ChangeBG_Chebychev FullProf Files SKB
=] Pictures & CribSed M FullProf Files 2KB
Files &« CrShsed FullProf Files TKB
& FixAtomPosition « ;J bes_file_10279_N_M_changeBG_poly FullProf Files 9KB
o Fullpraf ;: bes_file_10279_N_M_changeBG_Chebych... FullProf Files 9KB
3 bes_file_10279_MN_M FullProf Filez 11 KB
@ POWGEN_12010-2 e . i
@ bos_file_10278_N FullProf Files 11 KB
55 Dropbox (ORNL) gﬁ bes_file_10279 FullProf Files 11 KB

ol 327
58 070 MaGsTR ¥ € s
File name: w
Save as type: | Fullprof Input File ~
A Hide Folders | Save Cancel

Save as PG3 42704-2 10K _N.pcr

A, Save As X
wais m3) L 4 || > Zhang Qiang > Dropbox (ORNL) > Workshops > RAMS 2021 v o Search RAMS_2021
e praciatet o MasflIsfrment FOWGES Organize New folder - @
A Name - ~ Date modified Tpe Size
# Quick access
L BackUpPCRs File folder
9 Destop L] BG_10K 8GR BGR File 3KB
¥ downloads L] BG_300KBGR BGR File 3KB
5] Documents
=] Pictures
4] Crsbses
Example2_TOF_Cub
&) RAMS 2021
Sereenshots
3% Dropbox (ORNL)
5l 327
[ 200 MAGSTR o
File name: | BG_10K8GR B Y'Y
Save astype: | Save as background file (~BGR) .
~ Hide Folders Cancel
OAK RIDGE | 118y 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

|
X

3 O e

Pl AU R ok

FullProf

PCR
Editor

ight {c) 2002-2005. JGF - JRC

el x

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

General

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 Refinement
pattems and phases (atoms and profile)
Constraints defintions, adding, deleting, Constraints
modifying...

Fixing range of parameters, distances, angles,

: : : Box/Restraints
magnetic moments and linear restraints

Rl

Output options for pattems and phases:

Reflection lists, Fourier, distances, BVS.. Output

Tex Refinement Information

Cycles of Refinement: [ 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 I Pattem 4 I Pattem 5 | Pattem (4] *

Refinement weighting mode!
% Least Squares

Background |
Instrumental |

Micro-Abzorption |

" Maimum Likelihood

= Unit Weights

Reduction factor of number of data points: I 0 ﬁ

Phase 1 |Phase 2 I Phase 3 I Phase 4 I Phase 5 I Phase GI Pﬂ_

oK |
Atoms | Prop. Vectors |
Cancel | Pattems

=1 £z ©3 ©4 5 O§ O7F

Profile | Micro-Structure |
HEKL Shifts | Further Parametersl

Linear interpolation between a set of Background Points: Pattern 1

— Interpolation Method

¢ Linear Interpolation " Cubic Splines Interpolation

 Information

Number of Points: I—GBﬁ

2Theta Counts p_ ~
1 15220.025 21.825 SRl | Mk |
2 20522 605 18727
El 22426.479 ”-23“r | Import from Background File I
4 29712 684 10287 |

OK | Cancel |

T Importing Background File

A < Dropbox (ORNL) » Workshops » RAMS_2021 ~ [J] 2 Search RAMS_2021
Organize + Mew folder B » [H o
-
ame ate modifie e ize
AN D dified Typ i
¥ Quick access
I Deskt - & BackUpPCRs 11/4/2021 2210 PM File folder
eskto
P 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 -
& Cr5b3e3
Exampled_TOF_C
RARAS NI i B =
File name: | BG_10K.BGR v| |Backgmund|npl" N V|
I Open 1 | Cancel |

*

OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE



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

Output cif file at 10 K: used to generate mcif file

S -
. . . o % T Editor of PCR Files - x
ree Refinerment Information *
Eile Editor Tools Templates Help Exit
e 2¢a BE [
. MO L a8 W EHBE YN e X
Cycles of Refinement: | 105
L o X § i~ Information
r— Stop Criterium of Covergence F 1 Factors for Shifts T, tyne of job: Rietveld, Integrated Inensities,
Forced Temination when shifts < | 010 x ES.D. Fu."PrOf Simulated Annealing, ...
. - - - : General Type of Pattems. profile, background, diffraction
Others: _None J Atomic I 1.00 Anisotropic I 1.00  Profile I 1.00 Global I 1.00 | . PCR e . Pattems
{
. . . Phase name, type of calculations (JBT), ATZ,
- Reflections ordefing Pattems | Edj tor cortribution to pattems. symmetry. ... Phases
@ Only at the first cycle " Each cycle [~ Bragg R-Factor excluding reflections limiting excluded regions e e e greE e —
Phases pattems and phases (atoms and profile)

Constraints definitions, adding. deleting, Constraints
modifying

Pattem 1 |:'— 2 I Pattem 3 I Pattem 4 I Pattem 5 I Pattern 1 4 I L4 Phase 1 |F‘hase2| Phase 3 I Phase 4 I Phase 5 I Phase GI pA I L4 =
QK | nement Fixing range of parameters, distances, angles, Box/Restraints

o - = - - magnetic moments and linear restraints
Refinement weighting model Atoms Prop. Vectars — 721 25 28 8 3 4 45 49
205 Cutput options for pattems and phases
% Least Squares Background | Cancel | Pattems e ‘

Reflection lists. Fourier, distances. BVS...

111

a1l

" Maximum Likelihood R | 1 Cz 3 @i O Box/Restraints Copyright (c) 2002-2005. JGP - JRC
. CrShSe3_ N Profiles: 1 |Phases: 1 3/10/2022 |9:36:38
 Unit Weights - - — Profile Micro-Structure | Output ‘ |
Profile Parameters: Phase 1 Pattern 1 _—
i Output Information X
— Factors
11/2021  |21: 7:10 ~ PCR Input File
scde | | o i | PCR Update: [TERTToEIa [V Classical Output Format fora Single ™ in PCR
Coefficients 14.824f | 0.0000)
—Output Files —
 Cell Parameters
[~ Summary of refined parameters (RPA) ¥ Crystallographic Information File (CIF)
a b [ alpha | beta gamma | I st of Symmetry operst G
Im af ars on file
Coefficients 5143991 3783535 13331887 90000 90,000 50.000] T o8
General Output Information  Pattems Output Information I Phases Output Information I
FWHM / Shape Parameters Exponential Decay Parameters | Prefemed Orientation |
| Output Information File {OUT) | Simulated Difraction Fie (SIM) | Summary Parameters Fie (SUM) |

FWHM Parameters Refine Al |
F Gam_2 Gam_1 Gam 0 Gam 2 | [~ Only Information from the last cycle is printed
Cosfficients -6.789800 51.782600) -21.034599) 0.000000| Fix Al | Consaion Mt Ouput: s S
ems
< >
1 -1-1-1- -
Shape Parameters Cancel
_l Reflection list is written before starting cycle (ol
S ghs] =2 Comected profile intensities are written rCiCrrirc
Coefficients 0.000000 0.000000 0.000000 Merged reflections list is written rCcrCErrr
- Cal. and Obs. profile intensities are written rCiCrrirc
I Fisfine PwHM for second wiElngin Cal. and Obs. integrated intensties are written el el
Uz V2 w2 List reflec. from second wavelength is written rCirCIrrir- -
Coefficients I~ I~ I~

Cancel

HIGH FLUX | SPALLATION
National Laboratory | REACTOR | SOURCE




Run refinement:

T Editor of PCR Files
File Editer Toels Templates Help Exit

BEIST=CFEE I I

7 Cihp” I"hp” @ X

Information
Title, type of job: Rietveld, Integrated Intensities, General
' ¥ Simulated Annealing, ...
]
| Fu"’P'ro f | Type of Pattems, profile, background, diffraction Pattems
i geometry, user-given scattering factors ...
| ‘ | PCR | Ph of calculations (JBT), ATZ
N ase name, type of calculations X . Fh
| t!‘h || || Ed, tor | | contribution to pattems, symmetry, ... ases
f | I
‘ il Mumber of cycles, relaxation factors, access to Refinement
\|I| '||| |I ) | ! .||"|' il pattems and phases (atoms and profile) nem
! | L I
=1l Conatraints definttions, adding. delating :
= l : : : Constrairt
3’, modifying... onsirans
— Fixing range of parameters, distances, angles, Box/Restraints
magnetic moments and linear restraints

20 %) Cutput options for pattems and phases:
Reflection lists, Fourier, distances, BYS...

Copyright (c) 2002-2005. JGP - JRC

Cr5b5e3 N Profiles: 1 |Phases: 1 3/10/2022 | 9:36:38

I
X

=> Phase: 1
= Bragg R-factor:  25.46
= RF-factor : 6.479
=> Normal end, final calculations and writing...

=> CPU Time: 1.219 seconc ds
=> 0.020 minutes

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

Cyele: 1 chiz: z2o.1 PE3_42704—2__10K.dat

Gmiea)

Imeemsiey (=l

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
TOF (uaseo)

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

lAtom  Typ X Y z Biso
sb sb 0.02909 0.25000 0.65861 0.41769
61.00 0.00 B1.00 71.00
cr cr 0.15737 0.25000 0.04474 0.34746
01.00 0.00 111.00 101.00
se3 se 0.17096 0.25000 0.48400 0.41703
121.00 0.00 141.00 131.00
Se2 Se 0.28632 0.25000 0.21412 0.3B427
151.00 0. 00 41.00 531.00
Sel Se 0.50108 0.25000 O0.608B29 0.42097
31.00 0.00 11.00 21.00

Cif file was output as “PG3 _42704-2 10K _N.cif”.

HIGH FLUX | SPALLATION
%OAK RIDGE |HigH FLux | SPALLATI
National Laboratory | REACTOR | SOURCE




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

¥ FullProf Suite ToolBar

File Programs

P.;

Settings

Waorking Directory:

FP Dimensicns

!
s~ wSERRCH

Tools

PCR

il s T2 (0] (0 [

ChlUserstgzg\Dropbox (ORNL)\Workshops\RAMS_2021

Edit Results Help
B
=)

Code File:  |PG3_42704-2_10K

#'";r[;f;]’! & %}I \0'

- O X

#H C TAL DATA

% soo
5 400

t 300

2 200

: '
5 100 ]

— \ A
aa, x J A o) Y 4

i

20000 40000 60000 B000O 100000 120000 140000 160000 180000 200000 220000
TOF (usec)

# CRYSTAL DATA

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

Intensity (arb. units)

# CRYSTAL DATA

;
F I ;\ W

o - A
I—11 | | i A
L A i ririend - A / Nt &

20000 40000 60000 BO00O 100000 120000 140000 160000 180000 200000 220000

TOF (usec)

Running K_5earch

Magnetic peaks sit on the nuclear peak positions!

k= Qy—Qy=0

Type: |per Date:  |04/11/2021
= N
— ™ o
200 —A O —
N—r H N—r
4100 | ~
0 Y
— 01110
Lottt [T v,‘_L_I..._.‘ o # At

20000 40000 60000 BSO000 100000 120000 140000 160000 180000 200000 220000
TOF (usec)

incommens

HIGH FLUX | SPALLATION
%OAK RIDGE | [1§H Frux | SeaLtam
National Laboratory | REACTOR | SOURCE



V. Use Bilbao Crystallographic Server to check magnetic space groups
Use the cif file output from the refinement on the 10 K data!

Bilbao Crystallographic Server —+ MAXMAGN Help

MAXMAGN: Maximal magnetic space groups for a given a propagation vector and resulting magnetic structural models

_ Structure data of the paramagnetic phase will be included U) Non-conventional sefting
Please, enter the label of the space group of the paramagnetic phase (parent grou choose it

MAXMAGN provides the possible magnetic space groups that can be assigned to a 1-k ‘ ' P group P ¢ P L o l:l
commensurate magnetic phase assuming that the magnetic symmetry is a maximal one. The space |

group of the paramagnetic phase (parent group) and the observed propagation vector are required )

as input. Optionally, the parent paramagnetic structure can be introduced (by hand or by a cif file). In | PIease, enter the propagation vector k- ks o] ky CH ¥ (O |
this latter case the program provides the constrains for the different possible symmetries and cif-like
files can be produced. These files permit the different alternative models to be analyzed, refined,
shown graphically, transported to ab-initio codes etc., with programs as ISODISTORT, JANA2006,

StrConvert, VESTA, etc. These cif-like files can also be submitted to the program MVISUALIZE,
which allow 3D visualization of magnetic structures with Jmol. A controlled descent to lower

svmmetries is also possible

Bilbao Crystallographic Server + MAXMAGN - Maximal magnetic space groups

Parent paramagnetic structure cif file

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

Choose File |PG3_42704-2 10K_N_cif | Upload the file |

HIGH FLUX | SPALLATION
National Laboratory | REACTOR | SOURCE




Bilbao Crystallographic Server -+ MAXMAGN - Maximal magnetic space groups

Parent phase structure data: Magnetic Atoms

Parent space group: Pnma (No. 62)
Lattice parameters (Angstroms and degrees): a=9 14968, b=3 78330, c=13.33090, alpha=90.0000, beta=90 0000, gamma=90.0000

Atoms: Please select the magnetic ones

N Atomname Atom type Wyckoff Position Coordinates Magnetic?

1 Sb Sb 4c 0.02910 0.25000 0.65879 | A
2 Cr Cr 4c 0.15735 0.25000 0.04497

3 Sed Se 4c 0.17073 0.25000 0.48381 O

4 Se2 Se 4c 0.28660 0.25000 0.21393 O

5 Sel Se 4c 0.50111 0.25000 0.60835 O

| ,A
|

Maximal magnetic space groups for the parent space group Pnma (No. 62) and the propagation vector k = (0, 0, 0)

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

MAGNEXT
bgrowp MTENSOR

Go to a subgroup

Go to a subgroup

I- s
E==m
MTENSOR

I- -
s poper
MTENSOR

I-
Go to a subgroup _

MTENSOR

HIGH FLUX | SPALLATION
%OAK RIDGE | HigH FLux | SPALLATI
National LLaboratory | REACTOR SOURCE




+ groups

Magnetic Structure

Bilbao Crystallographic Server -+ MAXMAGN - Maximal magnetic space groups

Selected magnetic space group: 3- Pnm'‘a’ (#62.447)

Setting of the parent group

Parent space group Pnma (No. 62)

Lattice parameters: a=9.14600, b=3.78510, c=13.42400, alpha=90, beta=90, gamma=90

[Go to setting standard (a

[Go to an alternet

o)

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

N Atom New WP Multiplicity | Magnetic moment | Values of My, My, M
(0174.2 | M,,0.m,) (3+172,314,2+112 | M, 0,-m;)
1) SbSD0.02950 025000065786 | (310", 'm0 o) (a2 18 24112 1 0-mg) - -
(4174.2 | M,,0.m,) (3+172,3/4,2+112 | M, 0,-m;)
“ My 0.M
2| Crero154900.25000 004460 | B o 2102 | e 0-tm (My,0.Mz)
0.7 0.-m;)
(6174.2 | m,,0.m,) (++1/2,3/4 24112 | m,0,-m;)
3 | 563.520.17180025000048450 | Lo 1 L s 0o - -
(0174.2 | M,,0.m,) (%+1/2,3/4,2+12 | m,,0,-m,)
4 | 562 52026480 025000021280 | (s, |1 0115 113 2112 |y 0-m) - -
5 | 51 5e 050190 025000 0.60870 | (<1147 | M 0um2) (XHU2. 8424112 | M. 0.-n) - -

(-X,3/4,-2 | My, 0,M) (x+172,1/4 -2+1/2 | M,,0.-my)

MVISUALIZE Main Page

Show/Hide File

MVISUALIZE: 3D Visualization of magnetic structures with Jmol

[Selectcell . v| Export PNG Image |
Save PNG-3D |

Save ZIP file |

\
Toggle Parent Cell | [
Toggle Standard Cell | [

View Along Axis_. v

Unit Cell Info |

Sho
Add 1 cell along x

unit cell a,b,c

All 7 Magnetic Atoms
| Show

Add 1 cell along y
Remove 1 cell along y
Add 1 cell along z
Remove 1 cell along z

\
ide Labels |

\ |
\ |
| Remove 1 cell along x|
\ |
\ |
\ |
\ |

| Larger | Smaller| Vectors

| Larger | Smaller| Atoms

Window Size

= | | Draw bends & polyhedra
‘ Bigger | Smaller ‘ Join with
—  from 275 | A
Draw | Bonds| Polyhedra|
| Delete | Bonds| Palyhedral
Clear all drawings

| Choose supercell |

Background Color v

Toggle Quality

Center i

[ help | console | |Execute|

Rename mcif file as 62p447.cif

mCIF file of the structure

Submit this mcif file to MVISUALIZE for 3D visualization of the estructure us=?

: | Submit to MVISUALIZE
Download mCIF file: bcs_file mcif
[The preview text below is non-editable, only copy-allowed]
the Bilbao Crystallographic Server -
1 ryst.ehu.es
# Dete: 29/09/2022 17:55:34
4 CrSbSe3.cif

data_SyOhtAoR

2822-89-29
"8ilbac Crystallographic Server”
B
B
¥ :
tation_page 2
tation article_id :
_ on_year 2
_citation_DOT :

loop_
_citation_author_name

positions_source_database_code_ICSD 2
positions_source_other H

tion_temperature 2
ent_temperature ?

rep_modes_number
rep_presence

Canted order:
FM alignment along the a axis,
AFM alignment along the c axis.

HIGH FLUX | SPALLATION
OAK RIDGE | [gHFfrux | SeaLtan
National Laboratory | REACTOR | SOURCE



VI. Covert one mcif file to PCR file

Bilbao Crystallographic Serveraaiiid| iz

mCIF2PCR: Transformation from mCIF to PCR format (FullProf).

Choose a structure file (mCIF format):
Given a magClIF file, it produces a PCR template that can be used as input for FullProf

(the program mCIF_to_ PCR (FullProf) is used). By default the provided PCR file is _Chuose File | 64p447 mcif -Cﬂn.,ert
intended for a simulaticn. The file can be then modified by hand for a refinement of the _ -
madel.

jilbao Crystallographic Server =+ mCIF2ZPCR

mCIF2PCR: Transformation from mCIF to PCR format (FullProf).

Given a magCIF file, it produces a PCR template that can be used as input for FullProf (the
program mCIF_to_PCR (FullProf) is used). By default the provided PCR file is intended for a Click to download it
simulation. The file can be then modified by hand for a refinement of the model.

The file has been successfully converted.

HIGH FLUX | SPALLATION
National Laboratory | REACTOR | SOURCE




VIl. Refine both nuclear and magnetic peaks at 10 K to obtain the magnetic structure
and ordered moment

General tab

[~ Optimize calculations accarding ta the particular options used in this Job

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

T Editor of PCR Files - *
File Editer Tools Temnplates Help Exit
2 [r,‘[‘] A s % | Ci In | |
J¥0HW & 2@ WEHEEE N e X
— Information General Information
Title, type of job: Rietveld, Integrated Intensities,
Simulated Annealing. ... eners Title
Fu"Pro f Type of Pattems. profile. background. diffraction Pattems | ’7
PCR geometry. user-given scattering factors ..

Phase name, type of calculations (JBT), ATZ, Phases | Calculations
contribution to pattems, symmetry, * Refinement/Calculation of a Powder Diffraction Profile
Mumber of cycles, relaxation factors, access to Refinement | ‘e = -
EPer e e am e T inem: Refinement on Single Crystal Data / Integrated Intensity Data
Constraints definitions, adding, delsting, —— " Simulated Annealing Optimization (Integrated Intensities) 5.4, Options
modiying... 4|

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

Copyright (c) 2002-2005. JGP - JRC

Cr5hSe3_N_M_10K [Profiles: 1 [Phases: 1 [30/9/2022 [10:18:41

Patterns Information

Pattern-Datafile/Peak shape tab

T Editor of PCR Files - X

Patem /1 Weght[T0000 _Dstie/Peak havo |
| 4| JJ LI Xl M LIJ Excluded Regions

Nt [ EmmE |

| - (e ||

oK Cancel

File Editor Tools Templates Help Exit

N OES s S W HBE Y

9 x

Tile. type of job: Rietveld. Integrated Intensities —I ‘
‘Smuiated Anneaiing, e

Type of Pattems, profi, background, difraction E
geomelry, user-given scatlering factors

Phase name, type of calculations UBT), ATZ e |
contributon {o paitems, symmery,

Number of cycles, relaxafion factors, acess to

pattems and phases (atoms and profile) Eetpsne

Consraints definitions, adding, deleting. Constraints
modfying...

Previous  Add Del

FuliProf
PCR
f Editor

ofile Data Information: Pattern 1

Datz Flle / Fomat | Refinement / Smulation | Pattem Calculation/Peak Shape

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

009 Output options for pattems and phases Output Data Fle:  [CrSbSe3 N_M_10K Ernes
Reflection ists, Fourer, distances. BVS.

Format
€ DIA/D2B (Old Format) (" Free Fomat (hetal. siep. 2ThetaF) (" Variable Time Xray Dt~

Copyright (c) 2002:2005. JGP - JRC

Crsbse3_N_M_10K Profiles: 1 [Phases: 1 [30/9/2022 [10:18:41

© DIADZB/AT2GE2  ( Two Axis Instument, G41 @ KYSIGHA (YDATA}

" D18 (Od Fomat) " GSAS Format

" D1B/D20

£ XCelerator {PANatical)

 Socabim Software 1818 mulibank nomalized

© Da/D20L " Synchroton (Brookhaven)

© DMC/HRPD (PS1) (" Synchroton (DBWS Software)

GH FLUX | SPALLATION
NEUTRON
SOURCE



T Profile Data Information: Pattern 1

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

— Simulation / Refinement Data

" ¥-Ray

7 Neutron - CW (Nuclear and Magnet

& Neutron - T.0.F (Nuclear and Magnetic}

™ Pattem Calculation {(¥-Ray)
" Pattem Calculation (Neutron - CW)

{” Pattem Calculation {Neutron - T.OF.)

— Wavelength

User Defired =| 4 | 1.500000

A [ 1500000 (&4 5[ 00000

T Profile Data Information: Pattern 1

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

— Peak Shape
T.0.F. p-Voigt * B4-B exponential

;l % Codefil SHP " Global SHP

— Scattering Variable
™ 2Theta & T.0.F. (microseconds) " Enengy {keV)
~Range ————— —
TOF_min: 11300.0000 TOF_max: |280000.0000 Step: I 5.0000

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

Incident beam angle at sample suface (): I 0.0000

Cancel |

oK |

%

Cancel |

OAK RIDGE | HigH FLux
National LLaboratory | REACTOR

SPALLATION
NEUTRON
SOURCE



Pattern-Background Type

Patterns Information

r Information ‘

Pattem: 1/1 Weight:l 1.0000

Data file/Peak shape '

Background Type |
Excluded Regions |

Geometry/IRF |
User Scatt. Factors |

4 4 =] X >l DM

Initial Previous Add Del Next

oK Cancel |

Background Information

— Background Mode

Pattern-Excluded Regions

i~ 6-Coefficients palynomial function
i~ 12-Coefficients polynomial function Origin of the polynomial: E
i~ Debyedike (12-coeff }+ polynomial functions (G-coefficients)
" 12-Loefficients Fouriercosine sefies

" Fourier Fittering Number of points taken for Fourier Fitter: Imﬁ

i~ Background File transformed by 4-coefficients expression

Browse... |

* Linear Interpolation between a set background points with refinable heights

i~ Interpolation by cubic splines

{~ Chebychev Polynomial (24 coefficients)

OK I Cancel

Patterns Information

— Information

Iﬁattem: 11

14 4«

Inttial Previous

Weight:] 1.0000

Data file/Peak shape I

Background Tv= _l

Excluded Regions I

= Xl 2| B

Geomety/IRF |

User Scatt. Factors l

0K Cancel

Exclude Regions: Pattern 1

Number of excluded Regions: I—fﬂ

Low bound High bouna

Region 1

225000.00

B300000.00

%OAK RIDGE | iigh FLux
National LLaboratory | REACTOR

SPALLATION
NEUTRON
SOURCE



Pattern-Geometry/IRF

Patterns Information

r Information

Pattemn: 1/1

Weight: [ 1.0000

4 4 =] X

Initial Previous Add Del

Data file/Peak shape |
Background Type |
Excluded Regions |

Geometry/IRF |
User Scatt. Factors |

>l Dl

OK

Cancel |

T Pattern Diffraction Geometry Information: Pattern 1

— Diffraction Geometry

T Editor of PCR Files

File Editor Tools Templates Help Exit

Phases

J¥0OHY 2 4@

MW RE N el X

i~ Information
Title, type of job: Rietveld. Integrated Intensities.

"f FullProf
\

Simulated Annealing,

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

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

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

Constraints definitions. adding. deleting.
modifying

Fixing range of parameters, distances, angles,

Copyright (c) 2002-2005. JGP - JRC

magnetic moments and linear restraints

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

General |

Pattems |

Refinement |
Constraints |
Box/Restraints |
Output |

bes_file_10279_N

Profiles: 1 Phases: 1

|Bragg—Brentano or Debye-Schemer Geometry

IRF | Cormrections I

r Instrumental Reselution Function

¢ MNone
- HY = (T, tan 6 +V) tan 8 +1F
H; =X tan B+, frosf+Z,

H = (T, tan 6+ ) tan &+,
H, = (X,28+1),28+Z,

H2 = (T, 28+17)28 + 77,
H, =(X,26+7),26+Z
 List of 26, H,(28), H (26)

Name of IRF file:

FWHM = JU,tan® 8+, tan 6+,
-
7=7+X 20+ (267

{* T.0.F. p-Voigt * B4ob exponentials (or * lkeda-Camenter)

= Az above, but TOF versus d-Spacing [J. Hodges]

C*Userstqzg'Dropbox {ORNL}"Workshops* Magnetic Structure 20224 Full Prof\PG 20188 _

Phase Information: Phase 1

rGeneral Information on Phases

[2r10/2022  [2033:37

Pattern Contribution Information for Phase 1

Pattem 1 | Pattem 2 | Pattem 3 | Pattem 4 | Pattem 5

[¥ Cument Phase contributes to the pattem

MName of Phase : INudear and Magnetic Structure of: bes_file_23525 VARY mxmymz - Type of Pattem
" XRay " Pattem Calculation (X-Ray)
Caloulation:  [Nuclear and Magnetic phase = © Neutron (Canstart Wavele " Paitem Caleulation (Neutron - Constant Wavelength)
Cocffeiont o oaiodisc tho waiht . = " Pattem Calculation (Neuiron - T.0.F)
oefficient to calculate the wei .
percentage of the Phase: . 0.00 ' Calculated automatically ¢ Provided by user o
: Nuclear and Magnetic
i~ Peak Shay
Contribution to pattems, prefemred ContribaBh to Pattems = e
orientation direction. reflection list, .. ISt UG S | TOF p-loig * B+ exponentisls =
& Codefi.shp € Global.shp
Space Group symbol/number, symmetry Symmetry |
operators, basis functions, etc o
_ISJ JJ Ll XJ _u NJ Refiection list: [Automatically generated from the Space Group symbal =]
Initial Previous Add Del Mext Last [~ Use special control of parameters for peak overlap, rejected reflections for cument phase
Brindley coefficient:
EK | S | Giobal weight of the integrated intensity data vs profile data: 0.0000
Factor for excluding reflections [ | < Factor * Sigmall) J:
Weights are divided by reduced Chi**2 of precedent cyc!
OAK RIDGE | l1gH fLux | seatiation
\ ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE



Refinement tab

Te Editor of PCR Files — * T Refinement Information

File Editer Tools Templates Help Exit

BEIE=IEEE I L R Gyt Fefvene [0 o

Profile Micro-Structure |
HKL Shifts Further Parametersl

7 Unit Weight:
AL Micm-AbsDrpt\onl

— Stop Criterium of Covergence Relaxation Factors for Shifts
— Information Forced Temination when shifts < | 002 x ES.D.
Title, type of job: Rietveld, Integrated Intensities, T — | Cthers: Mone LI Atomic | 1.00 Anisotropic | 1.00  Profile | 1.00 Global I 1.00
Simulated Annealing, ... i
Fu,lPro f Type of Pattems, profile, background, diffraction Pattems | FREERIB T T
PCR geometry, user-given scattering factors .. & Only at the first cycle " Each cycle ™ Bragg R-Factor excluding reflections limiting excluded regions
. Phase name, type of calculations (JBT), ATZ, Phases | .
Ed.' tO." contribution to pattems, symmetry, ... —_— Pattem 1 |Paﬂem 2 I Pattem 3 I Pattem 4 I Pattem 5 I Pattem |4 | '| Phase 1 |Phase 2 I Phase 3 I Phase 4 I Phase 5 | Phase 6| e I
Mumber of cycles, relaxation factors, access to
pattems and phases (gtoms and profile) T ] Boms | Prop. Vectors
Constraints definitions, adding, deleting, Consraint | * Least Squares Background Cancel
modifying... onstraints Pattems
£ Mai i 1 €2 €3 €4 C5 C5 OF
Fixing range of parameters, distances, angles, Box/Restraints | R T Instrumental
magnetic moments and linear restraints

Qutput options for pattems and phases Output
Reflection lists, Fourier, distances, BWS

Reduction factor of number of data poirts: | 0

Copyright (c) 2002-2005. JGP - JAC

CrShSe3_N_M_10K Profiles: 1 |Phases: 1 |30!9!2022 |10:29:5?

T Importing Background File
Linear interpolation between a set of Background Points: Pattern 1 e IMPY g g

y i <« MagneticSt.. * FullProf v (] 2 Search FullProf

r Interpolation Method
& Linear Intempolation " Cubic Splines Interpolation anceky Llewialder B~ O e
@  EuSrMnSb2 Name
r Information 5| Expl43 o Files
Number of Poirrts:l 61 ﬂ | funding .E BG10K
hirin
2Theta Counts "~ o g
1 16578.896 23364 _lﬂer'”e A Al | & IC Studies o erei
o preview
z 20336.73 15.784[ 52 Instrument Building School available.
3 | 121752 16762 [ mport from Background Fie | 5 InstrumentKnowledge
4 28754 816, A | v
= InstrumentReview

& LnCu3Mn4012
A% MagStr ORML_2022

oK | Cancel |

~ . Misrellanenus

File name: | BG10K v| |Baclcgmundlr* 2 w

| Open | | Cancel |

HIGH FLUX | SPALLATION
AK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE



Copy “profile parameters for pattern”

T Extemal EJPCR Text Editor - [C:\Users\gzg\Dropbox (CRNL)\Workshops\RAMS_2021\Day2\RAMS_2021_Final_QZhang\PG3_42704-2_10K_N.pcr]

File Edit Search
DaE24(sDE9™
268452. 6562 15.4548 0.00
270606. 8125 13.7025 0.00
278061.1250 10.5411 0.00
280292.4062 20.9029 0.00
285264.4375 16.8889 0.00
291021.5938 11.3448 0.00
'
! excluded regions (LowT HighT) for Pattern# 1
225000.00 ~ 300000.00
!
1 INumber of refined parameters
:
r Zero_i+SHF _i+SHF Dtt2_i+sSHF  Dtt_loverd_i+SHF TwoThetaBank (only shifts are refined)
! -13.54186 22589 89258 -3.55042 0.24175 90. 00000
! Zero Code prrl Code prt2 Code Dtt_loverd Code 2ThetaBank -> Patt# 1
1.58655 11. 00 0.00000  0.00 0.00000 0.00 0.00000  0.00 .000
'
! Data for PHASE number: 1 ==> Current R_Bragg for Pattern# 1: 26.6028
P
# CRYSTAL DATA
'
INat Dis Ang Pr‘l Pr2 Pr3 bt Irf Isy Str Furth ATZ Nvk Npr More
5 0 0.00.01.0 0 0 0 0 0 1642.504 0 9 0
'
P
Pnma <-;space group symbn'\
'Atom  Typ Y sa oc In Fin N_t Spc /Codes
sh b 0. 02910 0. 25000 o. 65879 0.31333 u.snnnu 0 0 0 [
cr cr 0. 15735 0. 25000 o. 04497 0. 24745 u.snnnu 0 0 0 ]
00
se3 se 0. 17073 0. 25000 o. 48381 0.36!!33 u.snnnu 0 0 0 ]
0.00 0.00
se2 se 0. 28660 0. zsnnn 0. 21393 0.38468 n.snnnn o 0 0 ]
0.00
el se 0. 50111 0. zsnnn 0. 60835 0.36807 n.snnnn o 0 0 ]

P > Profile parameters for pattern # 1 ----> pPhase # 1

! scale Extinc Bov stri str2 str3 strain-mode
14.29689 0.0000 0.0000 0.0000 0.0000 0.0000 4]
00000
' g g -1 7q Isu Gs(ram Iso-Gsiz Ani-Lsize  size-model
! Instrumen(aﬂ sigma mterpuh(ed Frum 115( in IRF Fﬂe (only sam;ﬂe (un(rwbutmn 15 refined)
0. 000 0. .0000 0. 0000 0
D DD D DO 0 OD D 00 D DO 0.00 0.00
' Ga ma-0  Iso-Lorstrain Iso-Lorsiz
! Instrumen(aﬂ Gamma mterpuh(ed Frum Tlist in IrfF file (only sam;ﬂe (un(rwbutmn is refined)
-4.4882 41.51 -10.5597 0000
0.00 D.DD D.
a c alpha eta gamma #(eﬂ 1nfo
9.149680  3.783304 13.330873 90.000000 90.000000 90.000000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
' prefl pref2 alpho betao 1 g betag
! Instrumental a'lpha & beta m(erpu'lated from 1ist in IrRF file (on'\y smfts can e refined)
0.000000 0.000000 0.000000 0.000000 0.000000 0.00 0.000000 o. mumunu
u a0 o 0 0.00 u.u u

0
‘Absﬂr‘pt'\nﬂ correction parameters
0.00000 0.00  0.00000 0.0
' ZThl/TOFI 2th2/TOF2 Pattern to plot
14300.172  225000. 000 1

ABS: ABSCORL ABSCOR2

part from PG3 42704-2 10K N.pcr file

T External EdPCR Text Editor - [C\Users\ng\Dmpbux (ORNL)\Workshops\MagneticStructure2022\FullProf\ CrSbSe3_N_M_10K.pcr]
File Edit

EEEEE Y RS

Search

i -15.12841 22589.89258 -3.55042 0.24175 90. 00000
! Zero Code ptrl Code ptt2 Code Dtt_loverd Code 2ThetaBank -> Patt# 1
0.00000 U.UU 0.00000 0.00 0. 00000 0.00 0. 00000 0.00 00

'

! pata for PHASE number: 1 == Current R_Bragg for Pattern# 1: 0.0000 Magnetic R-Factor:  0.0000 B paral I l‘ Ete rS
!

nNuclear and magnetic structure of: 62p447

| were reset to

VARY mxmymz

INat Dis ang Prl Pr2 pr3 1bt Irf Isy str Furth ATZ Nvk Npr More
5 0 0 0.0 0.0 1.0 10 o 2 0 0 0.000 0 9 Q
'
pnm‘a’  number:62.447 <--Magnetic space group symbol (BNS symbol & number) .
Transform to standard: a,b,c;0,0,0 Zero I ao
Parent Space Group: Pnma IT_number : 62
Transform from parent: a,b,c;0,0,0

! Nsym Cen N_Clat N_Ant
4 2 0 o

1
! Symmetry operators
1'x,y,Z,+L
2 -x,y+l/2,-z,-1
3 x+1/2,y,-z+1/2,-

server when

Change MCR2 to MCR3 generating the

4 xX+1/2,-y+1/2,-241/2 ,+1
1
tatom  Typ X Y z Biso occ N_type Sp:/FftypE ne below:Codes - -
! RX RZ Ix Iy 1z Mag gph / Line below:cod mCI I e
! betall beta33 betal2 betal3 beffa23 / Lfne below:Codes -
sh sh 0.02910 0. ZSUUU 0.65879 0. UUUUU o
0.00 0.00
cr MCR2 10 0.15735 0. 25000 0.04497 0. 00000
0.00 0.00
1.00000 0. 00000 2.00000 0. 00000 0. 00000 0. 00000
21.00 0.00 11.00 0.00
se3 Se 10 0.17073 0. ZSUUU 0.48381 0. UUUUU B 0 #
0. 0f .
se2 Se 10 0.28660 0. ZSUUU 0. 21393 0. UUUUU 0. 50000 o 0 #
0.00 0.00 0.00
sel se 10 0.50111 0. 25000 0.60835 0. 00000 0. 50000 a 0 #
0.40, 000 £.00
o > pProfile Parameters for Pattern # 1 ---—-> Phase # 1
I scale Extinc BO' Trl str2 str3 strain-mode
1.000000 0.0000 0. UUUU 0. UUUU U.UUUU 0.0000 0
0. 00000 0.00 0.00 0.00 D 0.00
! sigma-2 sigma-1 a-0 ma-qQ  Iso-Gstrain Iso-Gsize Ani-Lsize size-Mode]
! Instrumental Sigma mterpu'lated frum 'hst in IRF f‘\'le (only samp'le contribution is refined)
0.1760 -0.19 .0915 0. 0000 0.0301 0.0000 0.0000 o]
0.00 0. 00 0.00 0 00 D 00 0.00 0.00
4 Gamma-2 Gamma-1 Gamma-0  Iso-LorStrain Iso-LorSize
! Instrumental Gamma interpolated from 1ist in IrF file (only sample contribution is refined)
0.0000 0.0000 0. 0000 0. 0000 0. 0000
0.00 0.00 0.00 0.00 0.00
4 a b c alpha beta gamma #cell 1nfo
9.149700 3.783300 13.330900 90.000000 90.000000 90.000000 #
0. UUUUU 0. 00000 0. 00000 0.00000 0. 00000 0. 00000
4 efl pPref2 alpho beta0d E betag
! Instrumeﬂtaﬂ alpha & beta interpolated from list in IRF file (Orﬂy sh‘\fts can pe refined)
1.000000 0. UUUUUU 0. 000000 0. UUUUUU 0. UUUUUU 0. 00 0. 00000 0. UUUUUU
0.00 .00 0. 00 .00
'Absorptwn :urrectwn parameters
000 00 0. 00000 0.00 ABS: ABSCOR1 ABSCOR2
4 2Th1/ToF1 2Th2/TOF2 Pattern to plot
2.000 130. 000 1

Only refine scale factors, B factors and moment sizes

i List of Atoms
MNumber of Atoms: I 5 ﬁ

Label | MNtyp | Mag. Rot. | Prog. V... X Y Zz B Occ ~ B
Mom# 1 [sb Sb 1 0 0.02910( 0.25000 0.65879 0.00000[% 0.50000 m
AMom# 2 |Cr MCR3 |1 0 0.15735( 025000 004457 0.00000|F 0.50000( Refine B iso
Mom# 3 [3e3 |%e 1 0 0.17073| 0.25000( 048381 0.00000 ¥ 0.50000( =
Mom# 4 [Se2  [Se 1 0 0.28660( 0.25000 0.21393 0.00000]% 0.50000 | v Refine B_aniso
L4 >

Fix Al
Refx] Refy] Re[z] Imfx] Imfy] Im[z] MPhase
Ao #2 1.00000[F 0.00000( 2.00000[W 0.00000( 0.00000) 0.00000) 0.00000( Cancel
=] OAK RIDGE | HIGH FLUX | SPALLATION
\ ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE



Tin Editor of PCR Files

File Editor Tools Templates Help Exit

] =L

2 2 M

%% | @] %

¥ 242 S
HAREO0

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

* FullProf
. PCR

| | fi Editor

| V-

=

Simulated Annealing, ...

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

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

Number 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

Copyright (c) 2002-2005. JGF - JRC

4 FullProf Program

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

Pattems

__ patems |
_ P |
_ Refienent |
_ Comsrarts_|
_Bow/Resiraris |
_ oumi |

Phases

Refinement

Constraints

Box/Restraints

Output

1.74

Rwp: 11.4 Rexp: 3.01

v

> Pattern#

=> Phase: 1

=>  Bragg R-factor:

=>  RF-factor :

= Nuclear R-fac 9.582

= Magnetic R-fac 24.75
467.3

=> Pure Magnetic R-factor:
=> Normal end, final calculations and writing.
=> Contribution to Yi for phase: 1

2.289 seconds

tes

cyele: 10

onal Ristveld R-factors for Pattern:

obal user-weigthed ChiZ (Bragyg cemtrib.):

Date:02/10/2022 Time => 21:52:51.827

1.5047
1

16.33

FPE3_42704-2_10K.dat

Il s00

[

i s00
a00
300

zo00

A l

a
H
N
1l
A 100
[
H
i
0
1

o (T 0 1 s 0 1

NUGY.

i —100-f T

20000 40000 €0000 80000 100000120000140000160000180000200000220000

TOF (use=c)

s Fullprof Files (DAT, INT, etc) *
U <« Workshops » MagneticStructure2022 5 FullProf v | O A Search FullProf
Organize » MNew folder ==« @O o
& SpinWavesGenie *  Name
@ SrMnSb2 & Files
@ Sunny g PG3_42702-2_300K
o Training HPGE_-QZTM-ZJOK
o Workshops
No preview
A2 XG_DrMao_CrGalTe7_large available.
@ OneDrive - Oak Ridge National Lal
@ OneDrive - Personal
3 Zhang, Qiang
E;! This PC
M 2D Ohiects =
File name: | PG3_42704-2_10K ~| | Fullprof Data File v

Canted order:

FM alignment along the a axis,
AFM alignment along the c axis.

Add the refinement on lattice constants, Gam_2, Gam_1 and Gam_0, to optimize the refinement

Refx]

Relyl

Relz]

Atom HZ

2.61654

v

0.00000

" D.27388w

HIGH FLUX | SPALLATION
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VIII. Check if small Mz (AFM component) is real

Relx] Rely] Relz] N—

Atom 12 2.61634]v 0.00000] 0.27388w ) o

= Rp: 12.3 Rwp: 9.62 Rexp: 2.78 chiz: 12.0 ‘

=> Global user—weigthed Chi2 (Bragg centrib.): 11.96 |
=> ——mm > pattern# 1
. : [ o o

=> Contribution to ¥i for phase: 1 o

=> CPU Time: 2.316 secon ds
=> 0.039% minutes . i =,

=> END  Date:30/09/2022 Time => 11:41:27.740

cycle: 10 chiz: 1z.0 PE3_42704—2__1O0K.dat

(100)

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo
TOF (usec)

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

1). The refinement quality is similar using small C2 or zero C2;

unies)

Inmeansizy (axs.

Rex] Rely] Rez]
Atom H2 2.63514|w 0.000000 0.00000(

=> Phase: 1

=> Bragg R-factor: 8.716

=> RF-factor H 3.284

=> Nuclear R-factor: §.71¢
=> Magnetic R-factor: 16.53

=»> Pure Magnetic R-factor: 0.2832E-06
Normal end, final calculations and writing...
Contribution to Yi for phase:

CPU Time: 2.336 seconds
0.039% minutes

END Date:30/09/2022 Time => 11:52:13.236

Cyele: 1 chizZ: 12.0 PS3_42704—2_ 10K.dat

00

500

400

200

200

100

—100

20000 40000 60000 S0000 100000120000140000160000180000200000
TOF (usec)

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.

%OAK RIDGE | iigh FLux
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IX. Display the magnetic structure using FpStudio or Vesta.

.
F p Stu d I O B8 Fp-Studio Magnetic list - [C:\Users\qzg\ Dropbox (ORNL)\Warkshops\MagneticStructure2022\FullProf\Moments_inBox.dat] - m] X

File Edit Search

HE2q|imEo™

FullProf Suite ToolBar — [m] X [Magnetic_lattice type TP P
unit cell: 398 3.7793 13.3164 90. 0000 90.0000 90. 0000

File  Programs  Settings  FPDimensions  Tools  EditResults  Help

==l e k ED m e . m o 2w Current Box o 1 0o 1 0 1
Bl B E 6 | v il s 2 0 sl 355 90| % o
Magnetic k-vectors
Working Directory:  |C:\Users\qzg\Dropbox (ORNL)\Workshops\MagneticStructure2022\FullProfy CodeFile  |bes_file_10279_N_M_chang Type: |per Dote:  [30/09/2022 0-00000 0.00000 D 00000
18 Fosiocio ver20 Symmetry operations :
SYMM X,Y,Z
File Crystal Structure  Magnetic structure  Options Help u,v,w,0.0

SYMM x+1/2 JYa-Z+1/2

[ Open FpStudio files o ° 5“!'3 ;XDYEI/Z -z

4 | < Dropbox (ORNL) > Workshops > MagneticStructure2022 > FullProf v o £ Search FullProf u,v,-w,
SYMM x+1/2 —y+1,~‘2 -Z+1/2
Organize +  New folder u,-v,-w,0.0
. SYMM -X,-Y,-Z
(A Quantum Materials Young Invest *  Name u,v,w,0.0
SVMM X,-y+1/2,z
& ResearchKnowledge o Files o v W 0.0
(&2 RETF Training Video Exchange & bes_file 10278 N_M_changeBG_Chebychev1 fst SYMM —x+1/2 -y, z+1/2
u,v,-w,
Review papers ] bes file_10279_N_M_changeBG_polyl fst v _x+1/2 y+1/2,241/2
Screenshots & bes_file 10278_N_M_changeBG1 fst c\ u,-v,-w,0.0
semimetal & bes_file_10279_N_M1.fst ) ‘:
Wi atom @ cr cr

bes_file_10279_N1.fst
SpinWavesGenie &) bes file 10279

SrMnSh2 &) bes file 1027915t —=H' X y z Translation k MSYM m(a) m(b) m(c) Mtot
Mn ° 0.15757 0.25000 0.04482

& CrsbSe3_N_ChangeBG_Chebychevl fat No preview available.
preview available. [¢ ) o 0)
' '

@/ Sunny & CrsbSe3_N_M_10K1 fst

1 1 2.63514 0.00000 0.00000
(2 Training &] Crsbse3_N1.fst o
& | Workshops b CrsbSeatfst 2.63514 0.00000 0.00000 2.63514
¢ o o D
(2 X6 Drac_CraZlel large 1 1 2.63514 0.00000 O0.00000
@ OneDrive - Oak Ridge National Lal
2.63514 0.00000 0.00000 2.63514
@ OneDrive - Personal 0.84243 0.75000 0.95518
2 Zhang, Qiang ¢ o, o, -1
1 1 2.63514 0.00000 0.00000
e -’ , Q
2.63514 0.00000 0.00000 2.63514
File name: | CrobSe3_N_M_10KT fst | | Fpstudio mput File st or ~eft | r ¢ o, o0 W
1 1 2.63514 0.00000 O0.00000
2.63514 0.00000 0.00000 2.63514
0.65757 0.25000 0.45518
¢ o o O
1 1 2.63514 0.00000 0.00000
2.63514 0.00000 0.00000 2.63514
0.65757 0.25000 0.45518
¢ o o o
1 1 2.63514 0.00000 O0.00000
2.63514 0.00000 0.00000 2.63514
0.84243 0.75000 0.95518
¢ o, o, -1
1 1 2.63514 0.00000 O0.00000
2.63514 0.00000 0.00000 2.63514 v
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Fiie Edit  Miew Objects Lhilities Help

ew Structure... (e -t Slep:']: * § @ Sepp[10 | == 0]
New Window VESTA

Dpen... (=)

Open Recent >

Save Ctris§

Save Cirls Shift+5

Export D

Expon Raster Image...

Export Vector Image...

a b

VESTA

Vesta to open *.mcif file

Save Output Text..
Close CtrleW " .
isualization for Electronic and STructural Analys
EXit i+
Bolyhedra c s v
Oce. B Site Sym. -
1 11 0.18721 0.25000 0.04485
1.000  1.000 la 1
z2cr R1IZ 0.34275  0.75000  0.54468
1.000 1000
3Cr CRL3 0.6427%  0.75000  0.55531
1000  1.000
dcr cRL4 0.65721  0.25000  0.45531
1.000  1.000 1a
v
Qutput ISummury Comment
*
4 [ > Zhang Giang > Dropbox (ORNL) » Workshops > MagneticStructure2022 » FullProf & | O SearchFullbrof
New folder - O @
J5tr_ORNL_2022 A Name Date modified Trpe Size ~
cellaneous [ Crsbses NM_10K 9/30/2022 12:01 PM OUTFile 248KB
204 @ Crsbse3 N M_10K1 9/30/2022 1201 PM MCIF File 3KB
AL_WS2_SoftwareTools & CrsbSed N M_10K1 9/30/2022 12:01 PM VESTA File KB
ALUniaxialPressureCell & Moments inBox 9/30/2022 11:59 AM DAT File kB
o & bes_file_10278_N_M_changeBG_Chebychey 9/30/2022 11:52 AM OUTFile 338KB
e @] bes_file_10278_N_M_changeBG_Chebychevl 9/30/2022 11:52 AM MCIF File K8
& bes_file_10278_N_M_changeBG_Chebychevl 9/30/2022 13:52 AM VESTA File KB
JressReport o
& CrsbSe3_N_ChangeBG_Chebychev 9/30/2022 11:47 AM CIF File 168
chase [ CrSbSe3_N_ChangeBG_Chebychey 9/30/2022 11:47 AM OUTFile 380 KB
| Workshop @ CrsbSe3 N_ChangeBG_Chebychev 9/30/2022 11:47 AM VESTA File 1KB
SNS_Results & PG3_42704-2 10K prof 9/30/2022 11:47 AM CIF File 537KB
ntum Materials Young Invest [ Crsbse3 N 9/30/2022 11:24 AM CIF File 168
sarchknowledge [ CrsbSe3 N 9/30/2022 11:24 AM OUTFile 323K8
 Taining Video Exchange @ Crsbse3 N 9/30/2022 11:24 AM VESTA File K8 No preie
& CrsbSe3_N_10K 9/30/2022 10:44 AM CIF File 168 avallable
fewpapers & Crsbses 9/30/2022 10:39 AM OUTFile 3258
enshots g+ CrSbSe3 9/30/2022 10:39 AM VESTA File 1B
timetal & Crsbses_byFp 9/30/2022 10:39 AM CIF File 168
WavesGenie & bes_file_10279_N 9/30/2022 10:12 AM OUTFile 339KB
nsb2 [ bes_file 10278 N 9/30/2022 10:12 AM CIF File 168
- &) bes_file_10278_N1 9/30/2022 10:12 AM MCIF File 1KB
g+ bes_file_10279_N1 9/30/2022 10:12 AM VESTA File 1kB
ain
. : [ Crsbse3_10k 9/30/2022 10:05 AM CIF File 168
shops & bes_file_10279_N_M 9/29/2022 5:52 PM OUTFile 348kB
DrMao_CrGa2Te?_large &) bes_file_10279_N_M1 §/26/2022 5:52 PM MCIF 3KB
rive - Oak Ridge National Lal @ bes_file_10279_N_M1 9/20/2022 5:52 PM VESTA File 1k8
trive - Personal & bes_file_10279_N_M_changeBG 9/29/2022 5:23 PM OUTFile 377KB
—_— @] bes_file_10278_N_M_changeBG1 9/29/2002 5:23 PM MCIF File 1KB
@ bes_file_10278_N_M_changeBG1 9/20/2022 5:23 PM VESTA File k8
c v v
File name: | CrSbSe3_N_M_10K1 ~| [l Supported Fites () v

4 = = sem[0

5

Q) Space-filling
O Polyhedral
O Wireframe
O Stick

Volumetric data
Show sections
Show isosurfaces
Surface coloring

Style
Smooth shading
Wireframe

Dot surface

Crystal shapes
Show shapes
Style
Unicolor
Custom colar
Wireframe

One may modify all thes

Unit cell

Line

O Do net show
@ Single unit cell
O Al unit cells

how compass

how axis labels
Shapes
Material

Specula

Preview

Line color [0 ]3]

sy e Sections

Line style
® Selid lines

O Dotted lines
(O Dashed lines
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Line width:
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Shapes
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Magnetic Structure Determination from Nevutron Diffraction Data (MagsStr),
October 3-7, 2022

Tutorial example for FullProf refinement of commensurate structure from TOF data

Please contact me if you have any question or comments. Thanks!

zhangg6@ornl.gov
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