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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)

|

| so | 0800 [ 027 | 1.333 [ 0.134 | 8.00 | 0.76 | 46.88
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Resolution: best resolution Ad/d: 0.8x103

> 60 papers/year last 7 years

Instruments: BL-11A (POWGEN) b
oszs 2018B POWGEN High Resolution BL-11A Summary Completed Experiments  Instrument Authors  Publications
0.020 CW=O.8-A
2 oo cw=1F A *Specially Recognized Instrument Publications: Instrument H-index:
T O )
S - ¢ Citation Count 20-49 (124) 698 63
@ 0.010 L w
® ol ° Citation Count = 50 (85)
0.005 ’.-‘ . i — ow=21665]A DOE Highlight (34) Completed Experiments: Instrument Authors:
oo
0.000 Editor's Choice (7) 1339 2357
[ 2 4 6 8
d (A) Journal Cover (4)
@ HRCWLO.7 ® HRCWL15 ® HR CWL 2.665

~ 30%: high profile publications: Nature materials, Nature energy, Nature
Dependent on wavelenaths and d (or 2theta) Physics, Nature chemistry, PRL, Nature Communications, PRX,

P g ( ) Advanced materials, Angewandte Chemie International Edition, JACS,
etc;

Total publication number and instrument H index of POWGEN are both
the 1st place among all ORNL beamlines;
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Autoreduced POWGEN data vs CW neutron data

Intensity (arb. units)

PG3_54146.9sa Diffraction data for GSAS-I

PG3_54146-1.dat Diffraction data for FullProf or JANA

Intensity vs TOF (NOT 2theta!)

PG3_54146-1.xye Diffraction data for TOPAS
[= PG3_42702-2_300K.dett E3 |
1 [kypara
2 # File gensrated by Maptid, Instrument POWGEN
2 § The X—axis unit is: Time-of-flight, The Y-axis unit
. . 4 § Data for spectra :2
P63_54l‘46.gr PDF data S % spectrum 1
& # Time-of-£flight ¥ E
T 14300.17204 28.15968284 0.41506355
8 14311.60584 26.26662343 0.40565232
9 14323.04879 26.17181040 0.40476613
10 14334.5008% 25.2854¢6181 0.40012561

Ready for Rietveld refinement or PDF analysis
TOF to D spacing (FullProf):
TOF(microseconds) = Zero + Dttl * D + Dtt2 * D2 + Dtt_1overD)/D

(D in Angstroms)
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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 * D2 + Qtt_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
— 4+ L 44 — + 21
@ %o d +d and ﬁ 'BO a% 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:

0% = 0y%+ 0,%d?*+ 0,%d* — GSASII used
Yy =v1 xd+y2* d? +y0

> In other TOF instruments, there lack Dit_ToverD, g, and g,.
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Overview of the Rietveld softwares to refine magnetic structures

« Commensurate magnetic order

FullProf: representation analysis
or magnetic space group;

GSAS-II: magnetic space group
only;

TOPAS: representation analysis or
magnetic space group;

JANA: representation analysis
and magnetic space group;

* Incommensurate magnetic order

FullProf: representation analysis or
magnetic superspace group

JANA: representation analysis and
magnetic superspace group
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Basic information on CrSbSe,
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« Magnetic transition 75 K from the

magnetization

* Orthorhombic structure: Pnma (No. 62)
a= 9.143086, b= 3.784552,
c=13.416915;

* Octahedra CrSeq
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Files provided for this tutorial

» Time-of-flight diffraction data at POWGEN:

PG3_42702_300K.gsa
PG3_42704 10K.gsa

> Instrumental resolution file:
2018B_HighRes 60HzB2_ 1p5

» cif file for crystal structure
CrSbSe;.cif

> Final PCR files
CrSbSe3 N.gpx
CrSbSe3 1 mag_3.gpx

» Supporting information

GSAS Il QZhang.PDF (step-by-step instructions)
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Data file for GSAS-II

Eample Run: 42702 Vanadium Run: 40506 Wawvelength: 1.5 A

Monitor: 1

# PI Y. Qu

# 1 Histograms

# File generated by Mantid:

# Instrument: POWGEN

# From workspace named PG3_42702

# with ¥ multiplied by the bin widths.

# Primary flight path &é0m

$ Sample Temperature: 299,992 ¥ Freg: €0 Hz Guide:

#

# Total flight path €3.18m, tth S0deg,

# Data for spectrum :0

BANE 2 4002 4002 SLOG 11370 293123
14300.172038374 321.843642162
14311.€05842871 300,447453606
14323.048789349 299,6023044898
14334,50088511¢ 289,687248340
14345,962137488%9 289,49322384¢€
14357.432553787 318.844801503
14368.912141338 378.114036161
14380.400907475 410.031405490
14391,898859537 385.574%934018
14403.406004869 364.9516%609%9

DIFC 2Z2585.8

0.00079%6 0

4.
. 640002778
.633568081
.584107965
.582599100
.T235943%98
. 994545340
.133395023
.024061256
.929442215

[ I B S O

-54 mm

FXYE
T43859049

INSTPRM

& CAUsers\qzg\AppData\Local\Temp\ Temp 1 GSAS_Il_QZhang Thursdayzip\GSAS_Il_QZhang Thursday\20188_HighRes 60Hz82_TpS.instprm - Notepade
File Edit Search View Encoding Langusge Settings Tools Macro Run
sHHRRGE s4ukoeny 2% |EE S 1 EEETAu® @D REIEEEE v 2
B IR3mct b (3| B IR3met (3| Blbkup _Fen16_4K_superSG.por (3 B 20188_Highfes_60HzE2_ToSinstom (3| B CrSbSe3 mag_3.cf (3 B PG3 42702 300K gsa ([ 20188 _HighFes_60Hz52_TpS nsiom 3

Plugins  Window ?

3
4
5
3

[E5A5-II instrumenc paramecer file; do not add/delete items POWGEN 20185

Z:-0.465205938282
flctPath:63.183
beta-q:0.0

Bank:i2.0
3ig-1:-852.163368943
2-theta:80.0
sig-q:797.184446197
91g-0:-203.060186472
5ig-2:298.195588039
Zero:-26.810325593
difC:22587.8753723
X:-4.50393429632
Azimuth:0.0
T:10.9493140839
alpha:0.128661555108
beta-1:0.00396039253042
beta-0:0.100880267005
Type : PNT
difB:4.70563778582
difA:-4.59435624908
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Exercise steps

> ldentify magnetic peaks in CrSbSe;.

» Refine the structure of CrSbSe; at 10 K (T<Tm);
» Refine the magnetic structure of CrSbSe; at 10 K;
» Check if small Mz (AFM component) is real;

» To publish the magnetic structure and refinement plots;
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ldentify magnetic peaks in CrSbSe,

1
I 1 Data
600 : i Cerse3 :::xsc
1 1
1 1
1 1 . . .
st ! Magnetic contribution
i i o
4004 1 AN
g ' - N 3 -
g : I 2 @ g/ ~ o
é 300 : : - 8 :L
S !
E | l
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1
: i
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: v W W " Rt il Wstotipinb vttt et st T et P
I 25000 50000 75000 M 175000
TOF, ps

At 10 K, the intensities at high d part and low d part both increased: different origins!
Two ways to determine the structural parameters in T<T (or T;) before refining magnetic
structure:

1). Refine the data in T >T, (or T) firstly. Then use them as initial parameters and only refine the atomic
positions, B factors, and lattice constants in T<T,, (or T).

2). Exclude the high-d part of data that involves magnetic contribution and only refine low and middle d
data on the structural part in TOF<68,000 us %OAK RIDGE

National Laboratory
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Refine the structure of CrSbSe;
I. Import datafile and set the limit

W G5 project <unnamed project>

Fe_ue
) - ®’ Choose Powder Data input file( type GSAS powder data) X
e . . ’
et A ] GSASI 5 test v o D Searchiest W Choose inst. param file for "PG3_42704 10K, gsa Bank 2' (or Cancel for defautt) X
8 | Dzt « GSASIl » test o O Search test
asdimnads Organize = New folder m @ T - e
from GSAS pewder deta file ~ ==
from Rigebu 72 e fle @ InstrumentReview A Mame Date mod grrm = enioki=) - T @
bt & LnCu3Mns012 &l pe3 4702 300K ¥, 11001 A2, Quantum Materizls Young Invest »  Name Dete mod
4 42702 !
52 MagStr_ORML_2022 @ PG3_42704_10K 117 @ ResearchKnowledge B 20188_HighRes_80HzB2_1p5 6/20/2018
4| Miscellaneous /42 RETF Training Video Exchange
. Mnv204 ) | Review papers
Screenshet
| ORNL_WS2 SoftwareTools @ sereenshels
) 5| semimetal
| ORNLUniaxialPressureCell e
| SpinWavesGenie
5 Others No preview 51 Sihnsh2 Select a fil
& POWGEN available. . electa e
Iy y preview.
& ProgressReport B g
@ Purchase 5] Workshops
AL QMI Workshop AL XG_DrMao_CrGadTe7_large
58, 05 SNS_Results @ OneDrive - Oak Ridge National Lal
/A, Quantum Materials Young Inves! @ OneDrive - Personsl
@ ResearchKnowledge 2 Zhang, Qiang
I This PC
A2 RETF Training Video Exchange ol N = s v < >
File name: | PG3_ 42704 10K V| GSAS powder data file [ File name: ~| | Gsas-lliparmfile (“instpm)
[« |
[owr | | conce

& GSAS-Il project: <unnamed project>

600
File Data Calculate Import Export | EditLimits | Help

= Loaded Data: Data used in refinement
. Motebook
Controls Original Tmin 11980.0229  New:
Cowvariance Original Tmax 2930054241 New:
Constraints

Restraints

Rigid bodies

=- PWDR PG3_42704_10K.gm~
- Comments

500

400 -

300 1

- Lirnits 2004

Normalized intensity

- Background

- Instrument Parameters
- Sample Parameters 100
- Peak List

- Index Peak List

- Unit Cells List 1 | . . . . .
. . 0 50000 100000 150000 200000 250000 300000
- Reflection Lists

TOF, ps
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File-save project!



Il. Import the phase

s

%' Choose phase input file( type CIF) x
0]
A4 |« 20198 5 YiQu > IPTS.22648 5 CrSbSe3 > GSAS Refinement > Tutorial v o £ Search Tutorial
Organize ¥ New folder =~ M@ @
& | ProgressReport n Name Date modified Type Size
@/ Purchase (& CrsbSe3 RT.cif 45 PM CIFFile 16KE

4 OMI Workshop

& RescarchKnowledge
/AR RETF Training Video Exchange

5| Review papers

&/ Screenshots
& semimetal
5 SpinWavesGenie ff;‘,zj:['f
5 SMnsb2
5| Training
5 Workshops
/A% XG_DrMao_CrGa2Te7_large
@ OneDrive - Osk Ridge Nation! Ls|
@ OneDrive - Personal
& Zhang, Qiang
[ This PC o
srmms “ v| CIF file (*.CIF*.cif:*mcif) v
Is this the file you want?
File C:\Users\gzg\Dropbox
(ORNLNPOWGENNPTS _users\2019B\YiQu\IPTS_22648\CrS.\CrSbSe3_RT.cif
begins:
Add histogrami(s) *
# ' X
Select histogram(s) to add to new p! 'Namel:l
Do you want to read this file? CrSh5e3 Filter:
] 0) PWDR PG3 42704 10K.qgsa Bank 2
Yes No

Edit phase name Ed Apply stride: |1 v

Set All Toggle All
Enter the name for the new phase

Set Range

| CrshSed] ' |

OK
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lll. Refine background and scale factor

H GSAS-Il project: CrsbSe3_JulyGth.gpx ~

File

Data Calculate

Import  Export | File

Fixed Points | Help

=- Project: C:\Users\qzg\Dropbox (

- Notebook

- Controls

- Covariance

- Constraints

- Restraints
Rigid bodies

Comments
Limits

Sample Parameters
Peak List

Index Peak List
Unit Cells List

i Reflection Lists

= Phases
L.CrsbSe3

H GSAS-Il project: N.gpx

Instrument Parameters

Background used in refinement
Background function: | log interpolate v [ Hefine?
MNumber of coeff..|§

Background coefficients:

[ 324208 |[27:7615 |[2103

|| 176458

172311

- 14.4897
PWDR PG3_42704_10K.gsa Ba

Debye scattering: Number of terms: 0~

Peaks in background: Mumber of peaks: 0~
Fixed background file:

~ multiplier 1

File Data Calculete Import Export Help

- Project: C:\Users\qzg\Dropbox (
- Notebook
Covariance
Constraints.
Restraints
- Rigid bodies
PWDR PG3_42704_10K.gsa B|
i Comments
- Limits
. Background
L. Instrument Parameters
- Sample Parameters
L Peak List
- Index Peak List
- Unit Cells List
L. Reflection Lists
Phases
L. CrshSe3

Refinement Controls

Initial lambda = 10°* -3~

Refinement type: | ? | analytic Hessian ' * M

Max cycles: 0 v

SVD zero tolerance:

Sequential Settings
Select datasets to switch to sequential refinement: | Select datasets

Global Settings

C\FAuthorUast_ﬁr;t]

R GSAS-Il project: CrSbSe3_luly6th.gpx

File Data Calculate Import Export |

- Project: C:\Users\qzg\Dropbox (

- Notebook

ontrols

- Covariance

Constraints
Restraints

Rigid bodies

WOR PG3_42704_10K.gsa Ba

L Comments

Limits

Background

Instrument Parameters

Sample Parameters

Peak List

Index Peak List

Unit Cells List
i.-Reflection Lists

-Phases

Crsbse3

T —

Dua | Calulatn g Expen | Comemand | Halp

o
= PWWDR PG3 42704 1K g5 B

Uit
[—
I Paameters

poeriments P
CTLA Lo
b [Osy-Scherer «

scsietucrer |10

ESbisegtion oot |00
Geniometes omege B
Geniomeer chic
e

Deecseeasimunte

Gocktime o
Sumpictempeonne 0015
PR
Smpenman |
Smpie it [

Soprtipi [0

Diffractome=*=. \ype: | Dew,
Histogram scale factor:
[ sample absorption (u-r/1):
Goniometer omega:
Goniemeter chi:
Goniometer phi:

Detector azimuth:

Clock time (s):

Sample temperature (K):

Sample pressure (MPa):

Command | Help
Sample and Experimental Parameters

Instrument Name

_aerrer

1.0

0.

LV

‘ Sample humidity (%)

[ sample voltage (V)

[ Applied Ioad (MN)

e||le| e

600

500

400

300

200

Normalized intensii

Phases & Data
—— obs
— calc

9
| crsbse3

100

A(l)/o(1)

-100

10000
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20000 30000

40000 50000 60000
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Calculate-refine:

IV. Refine lattice constants

Normalized intensity

All)/o()

H GSAS-l project: CrsbSe3_Julybth.gpx

File Data Calculate Import Export | Selecttab Compute | Help

- o x

= Project: C:\Users\qzg\Drophbox (
- Notebook
Controls
- Covariance
Constraints
- Restraints
Rigid bodies
- PWDR PG3_42704_10K.gsa Ba
Comments
~Limits
Background
~Instrument Parameters
Sample Parameters
Peak List
Index Peak List
Unit Cells List
Reflection Lists
- Phases
~CrSbSe3

|« General | Data  Ato ' Mraw Options | Draw Atoms | RBMadels | Map peaks | MC/SA | RMC | Texture | Pawleyre b

Phase name: [ CrsbS:) e e EE <] Space group: [ Pnma [ ]Modulated? ?
M Refine unit cell: 914236 | b= [37202 | e= [134150 | vol= [462.143 |
Elements [se ES s |

Isotope Nat.Abund. v Nat.Abund.  ~ NatAbund. v

No. per cell 40 40 120

Atom weight 121750 5199 78.060

Bond radii 179 156 160

Angle radii 150 136 140

wan der Waals radii| 2.20 1.70 1.90

Pawley controls: [] Do Pawley refinement? Paw\eydmm“ 1.0 ‘Paw\ey dmax‘| 1000

‘Pawley neg wt:| 00 ‘

PWDR PG3_42704_10K.gsa Bank 2 cycle #2

T T
600 1 Phases & Data ,
B —— obs ,
\ — alc ,
\ — bkg ,
5004, | crsbses ,
1 1
I !
004 |
1 1
1 1
300 ! !
1 1
1 1
1 1
2001 \
1 1
1 1
100 ! !
1 {
|
0
50
0 TIPSR . TR YN
N . r
-50
10000 20000 30000 40000 50000 60000 70000
TOF, ps

Refinement results, Rw

Detailed results are in
Cih\Users\gzg\Dropbox
(ORNLNPOWGEN\L.ACrSbSe3_July6th.lst

Final Reduced Chi*2: 198,776 (before ref: 597.338)
Max shift/sigma=29.109

Load new result?

Cancel
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V. Refine atomic coordinates and thermal parameters

Calculate-refine:

B G5AS-Il project: Cr5bSe3 Julyfth.gpx

File Datz Calculate Import Export | Selecttab Edit Atoms

Compysstl

— a x

- Project. C:\Users\qzg\Drapbox (

Notebook
Controls

- Covariance

Constraints

(i) Restraints

Rigid bodies
PWDR PG3_42704_10K.gs2 Ba
Comments
Limits
.Background
Instrument Parameters
Sample Parameters
Peak List
- Index Peak List
Unit Cells List
Reflection Lists
Phases
-.CrshSe3

4 General | Data | Atoms | Draw Options

I n

| RBModels | Mappeaks  MC/SA | RMC | Texture | Pawley ref b

Select

X - coordinates
U - thermal parameters

oK Cancel

CrSbSe3_July6th.gpx

600

500

&

Normalized intensity
]
8

N
3
S

100

20000

30000

40000

TOF, us

50000

60000

70000

Name | Type reﬁne‘ x y ‘ z ‘ frac | sitesym | mult IIA‘ Uiso | un uz22 ‘
0 sbsb 0.02030) 025000 065853 1.0000 mG) 4 || 0.01500
1 & cr 015670 025000 004490 10000 my) 4 | 0.00610
2 Se3  Se 017206 025000 048457 10000 my) 4 | 0.01060
3 Se2 Se 0.28529| 025000 0.21334) 1.0000 mly) 4 | 0.01060
4 Sel  Se 050254 025000 060913 10000 mfy) 4 | 0.00890
Refinement controls X

Refinement results, Rw =8.161

Detailed results are in
CA\Users\gzg\Dropbox
(ORMNLMNPOWGENYL.MC erSeS_JuIyEth.lst

Final Reduced Chi*2: 38.383 (before ref; 47.783)
Max shift/sigma=0.827

Load new result?

Concel
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VI. Refine peak profile coefficients
In “Instrument Parameters” tab:

| Histogram Type: PMNT Bank: 2

Calculate-refine:

Flght at 3165 2 het: 900 TOF = DIFC*d + DIFA*d2 + ZERO + DIFB/d
Marne (default) Value Refine?
difC (22507.875): ‘ 22597.875 | ]
A 45044504 =
2 2 212 214 343
difB (4706|4706 O 0% = 0y°t+ 0°d“+ 0,°d* + + 03°d
Zero (26810: | -2681 [m (Gaussian function)
alpha (0.129): ‘ 0.120 | ]
beta-0 (0.100880): | 0.10088 Im| y=Xxd+Yx* d* +Z
beta-1(0.003960): | 0.00396 ] .
a | | (Lorentz function)
beta-q (0.000000): ‘0.{: ||:|
Sig-ﬂ (_zﬂgﬂm:l. ‘ -203.06 | D CrSbSe3_July6th.gpx
sig-1 (-852.163): ‘ -832.163 | | 600/ : Refinement results, Rw =3.772 X
sig-2 (298.196): ‘ 298,196 ||:| 0l | o Detailed results are in
i . : : C\Users\gzg\Dropbox
sig-q (797.184): | 797.134 = Do | (ORNL)\POWGEN\I.\CrSbSe3_July6th.Ist
H(-4.504): 0.0 E] : : Final Reduced Chi*2: 8,203 (before refi 72.633)
¥ (10.949): 00 Im| : : Max shift/sigma=0.645
Z (-0.465): 00 Im] : ! Load new result?
i | ﬁ Cancel
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VII. Virtualizing crystal structure

In “Draw Atoms” tab: ;

Select atoms for action *

R
Filter:

0) b
1)Cr

7) Se3
3) 5e2
1) Sel

KIERIEIEIE]

Apply stride:

E Set All i Toggle All

Set Range

0K Cancel

New quetermions -0.71+, 0705 007}, -Q.06k

o Use VESTA software (jp-minerals.org/vesta/en/download.html)
Export cif file: to open it directly for publication:

Site rh) e _ﬂ‘ N
~ Sb 1.41 e &8\
Sb 141 ©
va 129 W ‘%1{; o |
o 129 N O oo\\'
w Se 1.04 o o= \ ¢
Se3 104 N
Se2  1.04 | i ) 5 b
| S5e1 1M L ‘OQ// —Q—. a
g
| | | F,OAK RIDGE | 557 | ¥t
Let us add the h|gh-TOF data to refine the magnetlc structure! National Laboratory | REACTOR | SOURCE




Refine the magnetic structure of CrSbSe,
I. Add the high TOF data back and refine background

% GSAS-Il project: CrShSe3_MN.gpx

File

Data Calculate Import Expert | EditLimits | Help

= Project: Crib5e3_M.gpx

- Motebook

. Controls

. Covariance

- Constraints

+- Restraints

- Rigid bodies

=- PWDR PG3_42704_10K.gsa B

Comments
Limits

W 55l project: CrSbSe3_lubthagme

File Data Calculate Import Export | Command | Help

=-Project: C:\Users\qzg\Dropbex

£ PWDR PG3_42704_10K.gsa Ba)

Sample and Experimental Parameters

Data used in refinement

Original Tmin 11980.0223  Mew:
Original Tmax 293005.4247 Mew:

Calculate-refine:

Noteboak Instrument Name

- Controls
... Covariance Diffractometer type: | Debye-Scherrer ~
Constraints
i ;| 6854
Restraints [ Histogram scale factor:
-~ Rigid bodies [ sample absorption {u-r/1):

Goniometer omega:

i Comments
- Limits Goniometer chi:
‘. Backgraund
- packgroun Goniometer phi:
i Instrument Parameters
i Sample Parameters Detector azimuth:
L Peak List
I PeList Clocktme e
Unit Cells List Sample temperature (K):
i Reflection Lists

) Phases Sample pressure (MPa):
i CrShSe3

|

awinale

Index Peak List
Unit Cells List
Reflection Lists

nases
Crsbsed

| Sample humidity (%)

| Sample voltage (V)

[ Applied load (MN)

ellele

14300.0|

2.2e+05

tab EditAtoms  Compute

Fix the refinement on the scale, atomic
positions, and thermal parameters. Only
refine background, magnetic structure and
peak profile coefficient!

Refinernent results, Rw =5.548 *

o Detailed results are in
ChUsers\gzg'Dropbox
(ORNLMNPOWGENN..ACrSbSe3 July6th.Ist

Final Reduced Chi®*2: 10.720 (before ref: 16.268)
Max shift/sigma=>5.673

Load new result?

Dats | Atoms | DrawOptions | Draw Aoms _ REModels |~ Mep pesks | MC/SA  RMC | Texture | Pawley e b

Name Type refine

L3

W
(<]
se W
S se AU
se

0.02692
015660
o170
028582
050073

v
25000
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Home Insert  Desian

Il. Determine the magnetic propagation vector

Transition: Animation:

lide Show  Record  Review lew  Help

R Search (Alt-Q)

Endhote 20

[0

W GSASIl project: CrSbSed_ulybth.gpx

File Data Calculate Import Export | | Cellindex/Refine | | Help

Pa

Slide

- Project: CUsers\qzg\Drophor
Notebook
Controls
- Covariance
Constraints
Restraints
Rigid bodies
PWDR PG3_42704_10K gsa Ba)
Comments
Limits
Background
Instrument Parameters
Sample Parameters
Peak List
Index Pealsi
Unit
Reflection Lists
Phases
Crsbse3

st

Indexing  Index Cell

Cell Symmetry Search

Max Nc
SelectB Run SUBGROUPS
ele
[l cubic Run k-SUBGROUPMAG
[etrac Copvicel
[Jorthe Load Phase
[OMenc Import Cell
Transform Cell
Cell Test
Refine Cell
Brava

toke new phase
lat. o

bort cell list

v =

folur A Use M0/ (x20+1)?

o [Tigenal-R [ TrigonalfHecagonal-»
fthorhembic-F (] Orthorhombic-1 [ Ortherhombic-A
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Ill. Obtain all the possible magnetic models with k=0

r———rr———————————————— D k-SUBGROUPSMAG options >
" s s s g — o =
b T J;Z'xw ] k-vector 1 0 v|o v|o i
fom ;‘;::j s
T R = k-vector 2 ~ ~ w
3 R e e Bilbao k-SUBGROUPSMAG %
el O e k-vector 3 w w w
i For use of k-SUBGROUPSMAG, please cite:
e o Symmetry-Based Computational Tools for Magnetic Crystallography, Use whole star I:l
. LM, Perez-Mato, 5.V, Gallego, E.5. Tasci, L. Elcore, G. de la Flor, and ML Aroyo Fil b -
Annu. Rev. Mater. Res, 2015. 45,217-48, ' iiter by il
doi: https://doi.org/10.1146/annurev-matsci-070214-021008
"ESEMVE 3XES
@ test for mag. atoms w
all have moment ]
- max unigue i
Ok Cancel

W GSAS-Il project: CrShSe3_M.gpx
File Data Calculate Impert Export | Cell Index/Refine | Help

=) Project: Cr5b5e3_N.gpx Indexing controls:
- Motebook <
Controls MaxNeMobs [4 |2 StatVolume [35 | [AUseM20/(20+1)?
- Covariance Select Bravais Lattices for indexing:
- Constraints [ Cubic-F [ Cubic-1 [ Cubic-P I:‘TrigonaI—R I:‘TrigonalfHexagonal—P
- Restraints DTetragonaI-I DTetragonaI-P [] Orthorhombic-F  [] Orthorhombic-1 [ Orthorhombic-A
-~ Rigid bodies [J Orthorhombic-B [ Orthorhombic-C  [] Orthorhombic-P - []Monoclinic-l [ Monoclinic-A
=- PWDR PG3_42704_10K.gsa Bi . - o
] Meneclinic-C [ Meneclinic-P [ Triclinic
.. Comments
- Limits Cell Test & Refinement: | Show hkl positions | cell step 0.3%  ~
- Background .
~Instrument Parameters | 5" pmmm :‘r’js; PRz +|Zero offset[ 00 [IRefine? [IModulated? [] Magnetic?
- Sample Parameters
.. Peak List Unit cell: a = |9.15209 | ] b= |3.?3432 | = c= |13.33414 | =
- Index Peak List
T Vol =
.. Reflection Lists X X
& Phases Magnetic subgroup cells from Bilbao k]Sl'D““OUPSMAG for P n m a; kvec1=(0,0,0):
. CrShSed_1 Space Gp Try||(ﬁ’_| In{:onj nSup Trans‘ Vec ‘ a ‘ b ‘ c alpha ‘ beta ‘gamma Volume
1 Pn'm'a’ 1 1 1abc 000 9.1520%| 3.73432| 13.33414| 90.000| 90.000| 90.000  461.82
2 Pn'ma’ [ 1 1 1abc 000 9.1520%| 3.73432| 13.33414| 90.000| 90.000| 90.000  461.82
3 Pnm'a’ [ 1 1 1abc 000 9.1520%| 3.73432| 13.33414| 90.000| 90.000| 90.000  461.82
4 Pn'm'a [ 1 1 1abc 000 9.1520%| 3.73432| 13.33414| 90.000| 90.000| 90.000  461.82
5 Pnma’ [ 1 1 1abc 000 9.1520%| 3.73432| 13.33414| 90.000| 90.000| 90.000  461.82 IDGE %8¥OFPLEUX Elzﬁ%—lﬁgl;\ION
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V. Select magnetic space group Pn’m’a’ for the refinement

® GSAS-Il project: CrSbSe3_M.gpx

File Data Calculate Import

Export | Cell Index/Refine | Help

(=) Project: Cr5bSe3_N.gpx
Motebook

- Controls

- Covariance

- Constraints
- Restraints

-~ Rigid bodies

i Comments
Limits
Background

Sample Parameters
Peak List

Index Peak List
Unit
Reflection Lists

-PWDR PG3_42704_10K.gsa Bi

Indexing controls:

Select Bravais Lattices for indexing:

[ Cubic-F [ Cubic-| [ Cubic-P [ Trigonal-R [ Trigenal/Hexagonal-P
DTetragona\-\ DTEtragona\-P [ Ortherhembic-F  [] Orthorhembic-|  [] Ortherhembic-A
[] Ortharhombic-B ] Orthorhembic-C ] Orthorhembic-P ] Menaclinic-1 [ Monaclinic-A

[ Moneclinic-C [ Menoclinic-P [ Triclinic

Cell Test & Refinement: | Show hkl positions | cell step | 0.0%  ~

Bravais Space _ - o "
Instrument Parameters attice POmm Pnma ~ Zarooffset Refine? [] Modulated? [] Magnetic?

Unit celka = | 9.15209 [ b= [3702 F e= [133m14 =

Vol = | 461.820

Magnetic subgroup cells from Bilbao k-SUBT DSMAG for P nm a; kvec1=(0,0,0):

=) Phases T
L. CrShSed 1 Space Gp 'lry‘ Keer " .. nj| nSup  Trans | Vec | a | b ‘ 4 alpha ‘ beta ‘ gamma ‘ Volllme|
- |
1 Pn'm'a’ 1 1 1abec |000 915209, 378432 1333414
2 Pn'ma’ ] 1 1 1abec |000 915209, 378432 1333414
3 Pnm'a’ ] 1 1 1abec |000 915209 378432 1333414
R’ GSAS-Il project: CrsbSe3_July6th.gpx - o x
File Data Calculate Import Export | Sel=ilon U el | Hep
ErProject: C:\Users\qzg\Dropbox (| | { | General [ Data  Fouriermap odels | Map peaks | MC/SA | RMC | Texture | Pawley ref |
Notebook |
Controls Phase name: 2 pace group: Pnma [ Modulated? 7
‘ Charge flipping
- Covariance
- Constraints [ZIRefine unit cell: 4D Charge flipping &= \‘3334‘5 | Vol = \45‘ 824 \
Restraints Density: [ 5906 Clear map
Rigid bodies MC/SA
PWDR PG3_42704_10K.gsa Ba| | CEMeNts { Multi MC/SA
Comments Isotope v
Transform | |
Limits No. per cell
Background Compare %
+Instrument Parameters | | Atom weight Select i phase
- Semple Paremeters Bond radi P — I
Peak List Angle radii 159 5 [T
Index Peak List
Unit Cele Lit -an der Waals radi| 2.20 170 190
Phases
CrSbSe3 Pawley controls: [] Do Pawley refinement? Paw\eydmm“ 10 ‘Paw\ey dmax“ 1000 ‘Paw\ey neg. m.‘\o‘c
Fourier map controls: Map type: | Reflection sets:| | Select reflection sets
Map grid step: 025 |Peak cutoff 5| 500 |
Charge flip controls: Reflection sets:| v | Select reflection sets | Normalizing element: | None
Map grid step: ‘ 025 |krFador ©1-1.2; ‘ 01 ‘k—Max (>=10.0): ‘ 200 |
TestHiLs[ 0 0 2 [200 | EEE [e2o [123 |
Mente Carlo/Simulated Annealing controls: Reflection st from: <] d-min:
MC/sAmns 1 v| O MC/SARefineat (100 [uof ranges,
MC/SA schedule: log - 5\npe‘
Annealing schedule: Start temp: 0.7 | Final ternp: 01 | No. triak: 250
< >

If disabled, make in PWOR/Unit Cells

Magnetic space group information X

Magnetic Space Group: Pn'm' a'
The lattice is centrosymmetric primitive ortherhembic
The Laue symmetry is mmm

The magnetic lattice point group is m'm'm’
Multiplicity of a general site is &

The inversion center is located at 0,0,0

The equivalent positions are:

(XY, Z, () (2) 1/2-X, 1/2+Y, 1/2+Z, (rmx)
(3K 12Y, Z (my) (&) 1/2-X, -Y, 1/2+Z, (&)
(5 -X,-Y, -Z (1) (6) 1/2+X 1/2-¥, 1/2-Z, (24)
(T) ¥, 1/2+Y, -Z, (2y) (& XY, 1/2-Z, (mz)

Print Ops

Make new magnetic phase >

Select magnetic space group

(2) Pn'ma'; (a,b,c) + (0,00
(3) Pnm'a’; (a,b,c) + (0,00
() Pn'm'a; (a,b,c) + (0,0,0)
(5) Pnma'; (a,b,c) + (00,00
(68) Pnm'a; (a,b,c) + (0,0,0)
(71 Pn'ma; (a,b,c) + (0,0,00 ' =
(8) Pnrma; (a,b,c) + (0,0,0)

9] Pn'21a" (a,b,c) + (0,0,0)

(10) Pn21'a" (a,b,c) + (0,000 W

QK Cancel
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Save as a new gpx file

Magnetic atom selection e —— x
4 || > Zheng Chang » Dropbox (ORNL) » POWGEN » NXS > 20278 » HandOn > CribSe » GSAS Refinement 3 Tutoriel v
For: (1) Pn'm'a": (a,b,c) + (0,0,0) T=s =i (-]
Mame, x, v, z, allowed moments, mag. site sym: e om0
b o & CrobSe3 1 mag Sbakl
Cr0 015677 025000 0.04390( Mx, ---, Mz) m'(y) oot Fowarmms
o || Femmimaian™
Yes Mo Delete ol T
;; Dropbex (ORNL)
-yey—
2 oA
et b
~ HideFoldus Gonce
Refine m, and m,, and peak profile coefficient X:
' GSAS- project: Crib5e3_1 mag_l.gpx
File Data Calculate Import Export | Selecttab  Edit Atoms Compute | Help
=) Project: C\Users\qzgh\Dropbox | [ General I Data ] Atoms I Draw Options ] Draw Atoms ] RE Models ] Map peaks ] MC/5A ] RMC | T-#ure ] Pawley reflections
- Notebook T
- Controls Mame T]rpe! r=f f b4 y z fraE Mz ! L1 | .. | osym | mult | I/A| Uiso
- Covariance 0 Crl Cr+3 M 015649 0.25000 0.043%0  1.0000,  1.0000 1.0000 m'(y) 4 I 0.00176
- Constraints
[+]- Restraints
- Rigid bodies
- PWDR PG3_42704 10K.gsa Bi
- Comments
- Limits
- Background
- Instrument Parameters
- 5ample Parameters
- Peak List
- Index Peak List
- Unit Cells List
- Reflection Lists
=J- Phases
- Cr5b5e3 1
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7 GSAS-Il plots: CrSbSed_1 mag_l.gpx
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Normalized intensity

Visualizing the magnetic structure
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= Project: C:\Users\qzghDropbox
i~ Notebook
i Controls
i Covariance
i Constraints

R GSAS-Il project: CrSbSe3_1 mag_T.gpx

File Data (Calculate Import Export | Selecttab EditAtoms Compute | Help

General | Data  Atoms | Draw Options | Draw Atoms | REModels | Map peaks | MC/SA | RMC | Texture | Pawley reflections
‘ mme|1ype refine‘ x ‘ y | z frac | Mx | My Mz ‘silesym mult m\| Uiso ‘
] o Jcrez m 015649 025000 004300 1.0000 13911 04188 m'ty) | 0.00176

In “Draw Atoms” tab:

® GSAS-ll project: CrSbSe3_1 mag_1.gpx

Calculate Import Export | Selecttab EditFigure Compute

- Project: C:\Users\qzg\Dropbox (| || General | Data | Atoms | Draw Options

Restraints

Rigidbody | Help

Draw Atoms = RB Models = Map peaks | MC/SA | RMC | Texture

Pawley reflections

i Notebook
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_. Covariance 1 Cre3

i Constraints

Select atoms for action >

Select atoms [ame

0Cro
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Set All Toggle All
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G Cancel
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“Draw atom” tab will be updated

' GSAs-Il project: Cr5b5e3_1 mag_1.gpx
File Data Calculate Import Export | Selecttab EditFigure Compute Restraints Rigid body | Help

= P:rnject: C\Users\qzg\Dropbox (| || General | Data | Atoms | Draw Options | Draw Atoms | RB Models 'Map peaks | MC/SA | RMC | Texture | Pawley reflections

Notebook
Controls Name | Type x y z Mx My Mz Sym Op Style Label | Color |I/A
Covariance 0 Gl |(Cr+3 | 015649 025000 0.04390 1.3911  0.0000 1 vdW balls I
C°”5tfa'”t5 1 Crl Cre3 | 0343520 075000 054390 -1.3911 00000  -0.4188 2+0,00 vdW balls |

- Restraints. 2 Crl  Cre3 | 084352 075000 095610 -1.3911  -0.0000  0.4188-1+1,1,1 wdW balls I
Rigid bodies 3 Gl Cr+3 065648 025000 045610  1.3911 -D.0000 04188 -2+1,1,1 vdW balls I

- PWDR PG3_42704_10K.gsa B
B GSAS-Il plots: CrSbSe3_1 mag_T.gpx - m}

Powder Patterns | CrSbSe3_1 mag_1

Canted AFM order with magnetic space group Pn’m’a’ can be excluded.
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V. Select magnetic space group Pnm’n’ for the

refinement

®

File

I project: €

Data

Calculate Import

B-Project: C\Users\qzg\Dropbox (
Notebook

Controls

Covariance

Constraints

Restraints

Rigid bodies

PWDR PG3 42704_10K.gsa Ba
Comments
Limits
Background
Instrument Parameters
-Semple Parameters

Peak List

Index Peak List

~Unit Cells List

Reflection Lists
Phases

-CrsbSe3

Export |

Indexing

Cell Index/Refi

contrals:

ine | Help

Max Ne/Nobs = Start Valume Use M20/(x20+ 12

Select Bravais Lattices for indexing:

O Cubic-F O Cubic-1 O Cubic-P [ Trigonal-R [ Trigonal/Hexagonal-P
[ Tetragonal-1 [OTetragonal-p Qo -F [Jo - o -A
Oo -8 []O ¢ o P [IMonoclinic-l  []Monoclinic-C
[OMonoclinic-P [ Triclinic

Cell Test & Refinement: | Show hkl positions | cell step 0.5%

Bravais Space

Jattice | PMmM - Pnma Zero oﬁmkeﬂne? [ Medulated? [] Magnetic?
Unic celk a= [ 915214 3 b= [37e2 3 = 1333418 3

Vol = | 461.824

Magnetic subgroup cells from Bilbao k-SUBGROUPSMAG for P n m a: kvecl=(0,0,0):

Spacer|'lry‘ Keep‘ Uni|  nSup | Trans ‘ Vec ‘ a ‘ b ‘ < alpha ‘ beta
1 Phma F 1abec 000 915214 378432 1333416 90000  90.000
2 Pr'ma’ 1 0,00 915214 378432 1333416 90000  90.000
EN - L0 1 lobc 00D 915214 376432 1333416 90000 o000t}
4 Pnm'a 0 1 labc 000 915214 378432 1333416 90.000  90.000
5 poma [ M ol 1| ilabc 000 915214 378432 1333416 90000  90.000
6 Pnm'3 Magnetic space group information X P432) 1333416 90.000  90.000
7 Pr'm: B432| 1333416 90.000 90000
8 Pnma|  Magnetic Space Group: P nm' o' B432 1333416 90.000  90.000
9 P21 Ee \Lam:e is (En;rosymme‘tn: primitive orthorhombic B430 1333416 00000  090.000
& Laue symmetry is mmm
10 Pr21g Thamagn;:t\:\att\rZa point group is mm'm’ pa32| 1333416 90.000] 90.000
1 P21l Multiplicity of a general site is 8 p432| 1333416 90.000| 90.000
12 Pn21al  Theinversion center is located at 0,0,0 B432| 1333416 90.000 90000
13 Prm’ B432| 1333416 90.000  90.000
14 Pr'm3  The equivalent positions are: Bi32 1333416 90000  S0.000
B PmE kY, ZM (212K VYT () p) 1333416 0000000
16 [Paml 3y % /2, Z (my) (4 172K, Y, (22) pia2| 1233416] 90000 90.000)
17 [P2iml (5) XY, Z (N (6 12X 10 ) B432| 1333416 90.000  90.000
18 p21'm (7) K 1/2+Y, -Z, (2y) (&1, (mz) 432 13.33416) 90000  90.000
19 [pat'm B432| 1333416 90.000  90.000
Print Ops
20 |paim, B432| 1333416 90.000  90.000
2 p2121 B432| 1333416 90.000  90.000
2 P22 B432| 1333416 90.000  90.000
23 p2121 B432| 1333416 90.000  90.000

Marne, x, v, z, allowed moments, mag. site sym:
Uze?

W GSAS-Il project: CrSbSe3_Julybth.gpx = o X

File Data Celculate Import Export | Selecttab Compute | Help

= Project: C:\Users\qzg\Dropbos (
Notebook

- Restraints
Rigid bodies

- PWDR PG3_42704_10K.gsa Ba|
Comments
Limits
Background
Instrument Parameters
Sample Parameters

Unit Cells List
Reflection Lists
-Phases
Crsbses

< >

If disabled, make in PWDR/Unit Cells

[ Geners | 0sta Fouermap Biodes | Wiappests | MG/ | RMC | Tetre | iyt
Search ma

Phase name: |G 2 acegroup:|  Pnma  |[[IModulated? 7
Charge ipping
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v der Wals sl 220 T 5
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Pawley controls: (] Do Pawley refinement? Pawley drmin:| 1.0 Pawley dmac:| 1000 | Pawley neg. wt: 00

| Reflection sets:

Fourier map controls: Map type: | Select reflection sets
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Tt 0 0 2 [z00  [117 Tozo EE—

Monte Carlo/Simulated Annesling controls: Reflection set from:

| 0 MC/sARefine at [ 100 %% of ranges.

MC/SA schedule: log | slope:[ 09

MC/SA runs: 1

Amealing schedule: St [07 [Fiatem: 03 e ]

Cr 0 015860 025000 0.04388 (Mx, ---, Mz) m'(y)

es

Mo

Delete

%

Make new magnetic phase

Select magnetic space group

(11 Pn'm'a’; (a,b,c) + (0,000
2} Pn'ma"; (a,b,c) + (0,0,00

@) Pn'm'a: (a,b,c) + (0,00

(3) Pnma" (a,b,c) + (0,0,00

(8) Pnm'a; (a,b,c) + (0,0,00 '
(7 Pn'ma; (a,b,c) + (0,000

(8) Pnma; (a,b,c) + (0,0,0)

9 Pn'21a" (a,b,c) + (0,0,0)

10} Pn21'a"; (a,b,c) + (0,00
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Refine the components Mx and Mz of magnetic moment

& GSAS-Il project: CrSbSed mag_3.gpx - O e
File Data Calculate Import Export | Selecttab EditAterns © 0 sute | Help

=I-Project: C:\Users\qzg\Dropbox { General | Data | Atoms | Draw Options | Draw Atoms | RE Models | Map peaks | MC/54 | BMC | Texture | Pawley reflections

Motebook
g----CDntrnls MName  Type  re ¥ z frac Mx N Mz | site sym | mult | If/A| Uiso
- Covariance 0 Crl Cr+3 M 013659 0250000 004370 1.0000 1.0000 1.0000 m'(y) 4 I 0.00111

Constraints

Calculate-refine:

¥ GSAS plots CrsbSe3_1 mag_3_test.gpe - o

Powder Patterns
Refinement results, Rw =3.899 * PWOR PG3_42704_10K.gsa Bank 2
600
Detailed results are in
C\Users\gzg\Dropbox e
(ORNLMNPOWGEN\NXS\202.\CrShSe3_1 2 w0
G
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B
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1 1
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General | Data | Atoms | Draw Options | Draw Atems | RB Models ' Map peaks | MC/SA  RMC | Texture | Pawley reflections

et te] = | v | z | fc | te | Wy | b | ]omi]uA] FM alignment along the a axis;
0 i o3 M 015649 0.25000 0.043%0 1.0000 | 26208 01767 m'ly) |4 | 0.00176 AFM allgnment along the C aXIS.
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Check if small Mz is real

‘% GSAS-Il project: CrShSe3_1 mag_3_test.gpx

File Data Calculate Import Export | Selecttab Edit Atoms Compute | Help
B P:roject: ChUsers\qzgh\Dropbox (| || General | Data | Atoms = Draw Options | Draw Atoms
i Motebook
E----Controls Mame | Type | refine x ¥
-~ Covariance 0 Cr+3 (M 0.15648| 0.25000
L
PWDR PG3_42704_10K.gsa Bank 2
! Phases & Data L
6001 | e obs Key press list X
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s004 — oo .
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- C
RE Models | Map peaks | MC/SA | RMC | Texture | Pawley reflections
z frac Mo My iz ite sym | mult | I/A| Uiso
0.043%0| 1.0000 2.6208 '()‘J 4 I 0.00176
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H//a: moment along the a axis.

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




c. Similar refinement quality if Mz=0

[ General I Diata l Atoms l Draw Options l Draw Atoms l RE Models l Map peaks l MC/SA l RMC l Texture l Pawley reflections

Mame Type  refine X

Y

z
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Mz

site sym | mult | I/A|  Uiso
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0.15649

Notebook
Controls
Covariance
Constrsiens
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Rigid bodies

Comments
Limits
Background

Sample Parameters
Paak List
Index Peak List
Unit Celis List
Raflection Lists
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Refinement results, Rw =3.901

Detailed results are in
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Visualizing the magnetic structure

In “Draw Atoms” tab: Ferromagnetic order

7 GSAS-l plots: CrSbSe3_Julyth_mag 35Uy, - 0
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To publish the results

|. 3D magnetic

Export to cif file: Export- phase as- quick cif
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POWGEN workshop “Getting the Most from Your POWGEN Data”, June 15-17, 2023

GSAS-II tutorial on crystal and commensurate magnetic structure

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

zhangg6@ornl.gov
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