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ORDER PARAMETER MEASUREMENTS

=y Iy ol ol
[E1] WinPLOTR-2006 Version: 050-2012 | - o - LN ] = (C)
File Plot Profiles Options Xspace Calculations Ext Applications Tools Help .
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* Neutron powder diffraction data collected at HB2a at HFIR,
STARTING | A=2.4097 A and a collimation of 12’-open-6'

INFORMATION| at4 K (File: Cr2WO6_T4K.dat AND Cr2WO6_T150K.dat )

* Instrument resolution file: (hb2a_Gel113 irf FP.irf)

— o Crystal structure known ( File: Cr2WO6.cif )

¥ FullProf Suite ToolBar
File Programs Settings FP Din cript  Help

= . E & ' j "sg.; ‘i‘éa e Gl s == [ O B S5 B 0 B

Working Directory: |c:\FullProf_Suite\Examples\, Code File:

Type:

[Z] WinPLOTR-2006 Version: 0.50-2012

File Plot Profiles Options Xspace Calculations Ext. Applications Tools Help

N =H S| Eb G P by 8 BLESFP P 3 07 Mo [BE [ FHE A 2| A

Plot multi file
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STEPS FOR MAGNETIC STRUCTURE DETERMINATION

v" refining the crystal structure for the paramagnetic state (T > T, or T)
-> obtain all the relevant structural and profile parameters

v’ preparing a PCR file and performing a refinement of the low temperature data
(T <T,) with fixed structural parameters (without a magnetic model )
- identify the magnetic contribution to the diffraction pattern

v indexing the magnetic reflections
-> use k-search to determine the propagation vector(s) k.,

v' Performing symmetry analysis (propagation vector, space group, atomic position)
- use Baslreps or SARAh to get IRs and Basis vectors

v' Adding the magnetic phase to the PCR file (using the symmetry information) and
solve the magnetic structure using trial and error methods

v' Magnetic structure model visualization using FpStudio program
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» use EdPCR to create the input file for FuIIProf (* PCR) Ctif => Pcr

o import the crystallographic information by clickindy - <o S
on “CIF to PCR” =l {

o in the new window, select the “Neutron” tab for | |~ | ===
the type of calculations | ' o

o use the “Browse” button to upload the instrumen |~~~ i

Aacii | of Sheb |

~—— Cell Paamsters! 5 oup | Atoms Information |

units)

B
ﬁ

g pe sooce G [N s
Numibed of totel Operators: [ 0
resolutlon file “IRF” (hb2a_ Ge113 |rf FP.irf) ‘ D
« Editor of PCR Files ; uuuuuu ’ |
File Edito ates  Help  Exit 5 20000 l "",
jj oS WEH B R @ x =
_Ger\elal LI LM
Patteins

Fhases Ir{ % Editor of PCR Files
Aefinement File Editor Tools Templates Help Exit
] 2en % % E'}ZI |n§;_\,|
! j % @ .“.M ere
Coeiais J J Q gj gj o 505 BE P P @ x
Box/Restraints = L
Patterns Information

Dulput options for pattems and phases Output
FReflection lists, Fourier, distances, BVS... Infarmatior

7 2
.
i Pattem: 141 “Weight:| 1.0000 Data file/Peak shape
C:\Users\gg4\Document ts\MAGSTR_Worksop\Ho2BaNiO5\Hoe2BaMiO5 Profiles: 1 Phases: 1 16/ 9/2012 | 20:48:23

Fhases

fiess. General

- Eackglound Tupe

. ] . | 14 44 =1 X D>l Pl M to Refinement
o save the PCR file by clicking the “Save” [ s L=

b Utto n Data File: ‘E'\Usars\?zu\Dasktn aGS TRMAGS TR201BAERample _CdelaCruzhexample1\Cr2t ol M p—
O open the “Patterns” tab (1) and then the

" D1A/D2B [Old Format] € Free Format [2thetal, step, 2T hetaF]

“Data flle/ peak Shape” (2) and Select the © DIA/DIBAT2GE2 € Tuwo deis Instument, G41

Data File / Format ‘ Refinement / Simulation | Patten Calculation/Peak Shape |

uw 1

Output

20/ 5/2016 |16:23:35

i " . " D1B [DId Farmat] " GSAS Format S ltical]
X . Y’ S I G MA(XY DATA) fo r th e d ata fl |e fo rm at (3) " D1B/D20 " Socabim Software 3 1515 multi-bank nomalized
" D4/D20L " Synchroton [Brockhaven]
" DMC/HRFD [P.5.1) " Synchroton [DEWS Software]
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O open the “Patterns” tab (1)
and then the

“‘Geometry/IRF” (2) and select @

T2015  statement.

the “Corrections” tab (3)

i« Pattern Diffraction Geometry Information: Pattern 1

O Input the calculated
absorption correction

coefficient (4) |
=>» Refer to NCNR website on how to
determine absorption correction '
http://www.ncnr.nist.gov/instruments/b
t1/neutron.html ,

o For HBZ2a data, enter 180
degrees for Peaks below

Diffraction Geometr i1

Bragg-Brentana or Debye-Scherrer Geometry

External | Correction al [ Integrated/Profile Intensities
3 o Nuna " Linear Interpolation

Preferred Orientation

¥ Rietveld-Torapa [Exponential Function)

" MarchDollase Multiazial Function

Others

Carrection for iluminated area exceeding the Sample surface:

Fraction of mosaic-crystal [fransmission):
Absarption Carrection Coefficient [muR]:

Pealks below thiz 2Theta limit are conected for azymmetr,

Abzorption conec tion [T.0.F.)

" Empirical Function

" Modified March's Function

" March-Dollase Mumeric Multiaial Function

T
; 4

D ata file/Peak shape —
‘ Patterrs
B ackgiour d Type

Excluded Regions

Geometry/IRF

User Scatt. Factors |

B Output
VB distances. BYS..

Mone

this 2theta are corrected for
asymmetry (5)

_ Newdrow e

WQS MAGSTIR Woskshop; Elosida State University; 2

[u)
4

S

Profiles: 1 |Phases: 2 22/ 5/2016 |22: 946

OAK
RIDG

National Iaboratory


http://www.ncnr.nist.gov/instruments/bt1/neutron.html
http://www.ncnr.nist.gov/instruments/bt1/neutron.html

o “Refinement/Simulation” tab, make sure
that “Neutron-CW” option is selected,
wavelength is “User defined”
A=A,=2.4097A

o “pattern calculation” the “Thompson-Cox-
Hastings pseudo-Voigt * Axial divergence
asymmetry” peak shape is chosen

o For the background information, select the

“6-coefficients polynomial function”

T Editor of PCR Files

File Editor Tools Templates Help Exit

Pattem Contribution Information for Phase 1 M 18

= 2
[3 select
General |
Paltens ].__" =
- =

2 Mi1 05

Brindley coef fficient 0.0000
Global weight of the integrated intensity data vs profile dat

Factor for excluding reflections [ | < Factor = Sigmall) ]

_".p:a.l"

‘weights are divided by reduced Chi=2 of precedent cycle:

I™ Use special control of parameters for peak everlap. rejected ieflections for current phase

0.0000
0.0000
0.0000

reight ;
i o.on & Calculated atically " Provided by

odel (Fietveld Method]

T Editor of PCR Files = 5

File Editor Tools Templates Help Exit
jj@ﬁ% Ao WHRHEFHNLY @ X
Patterns Information
Information tensities. General 1
Pattemr: 141 Weight: ]W Dt fle/Pesk shape ditfraction T
5#\12, Ph |
——

-
Background Information
ritial ackqoundhiode

Initial Pre
Tel el
™ 12-Coefficients polynomial function (rigin of the polwnamial 40,000
" Debyedie (12-coeff |+ polynomial functions (E-cosff)
" 12-Coefficients Fourier-cosine series
Capyright () 2002-2 " Fourier Filtering Mumber of points taken for Fourier Filter: | UUUUB

AU 5ers\gq4\DUcu- " Background File transformed by 4-coefficients expression

S ‘
" Linear Interpolation between a set backaround points with refinable heights
" Interpolation by cubic splines

Ok Cancel
notes

*‘ o From the main window of EdPcr,

open the “Phases” tab (1) and then
click on the “Contribution to
patterns” (2) and then select the
“current phase contributes to the
pattern” & “neutron (constant
wavelength)” (3a) and “Thompson-
Cox-Hastings pseudo-Voigt” for the
peak shape (3b), Reflection list :
“Automatically generated from

Space group” =
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T2 Editor of PCR Files - - =

Working Direct
oG \rect® File Editor Tools Templates Help Exit

» . . b peamene s M 1 M Ol 2 2@ WEEEBENY 0X
o Open the “Refinement” (1) and then — e o ‘ =) ...

the “Background” and add value for ctrenes [ FE] ey |

Stap Citerum of Cowergence Fislscation Factors for Shits
“ ” o o Farced Termination when shits <[00« E5D s |
t e a O Coe ICIe nt y rea rol I I Others: "None =] | | atomic [100  Anisotiopic [ 1.00  Frofie [ 100 Global [ 1.00 <- >
-

? A A H Rl e e
e a a I e a WI g IVe a I rS a & Only at the first cycle " Each cycle ™ Bragg R-Factor excluding reflections limiting excluded regions
BorRiastainls

approximation for the background o sl ool ghan sl el el o
T Editor of PCR Files o= [(= ]7@ F:'[':;:t;:ih:nwude P’*$ [ Fimp Gz ]
Fil s 02012 212359

5 o - -
rx Refinement Information 2 ® Ml — &1 ¢ o ~ o - -~

£ Unit weight Profile Micra-Structurs
Cyeles of Refinement: 1 E it eights
HEL Shifts Futher Parameters

i Stop Criterium of Covergence Rielaxation Factors for Shifts R e e i naE e ’TE
Forced Termination when shifts < | 010 » E5.D.
Others: Mone j Atomic | 1.00 Anisotropic | 1.00 Profile | 1.00 Global | 1.00

i Cancel

Reflections ordering

£ Orly at the first eycle " Each cpcle [~ Bragg R-Factor excluding reflections limiting excluded regiors
[ 6 Coefficients Polynomial Background: Pattern 1
Pattern 1
o | | o [0 av T[ a2 [ as [] ae¢ T a5 [[| pemen
o | [Coeans | ] ] ] ] ] ] et
q
Fiw &1l
o \d_sl\d_?Hd_BHd_BHd_W\Id_ﬂ\I4
|Cueff\cents ‘ ||’\ \I’\ \I’\ \I’\ \I’| \I’|
C U
ﬂ Background Polynomial Cancel
P | a0 ] at [] a2 [[] a3 [J] a¢ [] a5 []
| Cosficients | Fo.onoj 0.0000] | 0.0000] | 0.0000] | 0.0000] " | 0.0000] |
S 2001 =
n
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c
3l
80
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R‘ &0
e
n
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o
o
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H 40
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o From the same “Refinement” window (1) , click on the “Profile” tab and and
set a number for the “Scale factor” (~ 50 for this example). The number of
“cycles of refinement” can also be increased at this time

o save the PCR file by clicking the “Save” button, every time a change has been

3 Directory: c\A = Refinement Information 22 |k
AGSTRIOID v Exa 4
Cycles of R€finement: 5 E = || = 3
Burn Mew f
Stop Criteriurn of Covergence Relaxation Factors far Shifts
me Forced Temination when shifts < | 010« ES.D.
CrawWoe Others: Mone ﬂ Atomic | 1.00 Anisotropic | 1.00 Profile | 1.00 Global | 1.00
cr2wob
Profile Parameters: Phase 1 Pattern1 General
g excluded regions
Factars 2 Pattemns
S Owerall B-factor 1
Cosfficients | Q30000 0.0000) | | Pady Phases
Cell Parameters Frop. Yectors < ’
a b ® alpha beta gamma .
— Canstraints
Coefficients 45710000 2853001 90.000)— 0000 90,000 - ~ ~
Bow/Festraints
Micro-Stucture
FudHM / Shape Parameters  Asypmmetry Parameters | Prefered Orientation Refine Al o
Further Parameters Q
FufHM Parameters :
Fix &l
] Ll W Ic;
Coefficients 0.00000a)— 0.00aaao)— 0000000 0.0000a0f— /52006 [16:34:28
Shape Parameters
—
= T 52 !
Coefficients 0.aooooa)— (0. 000000 0.00ooaof— [ 30
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o0 Run the Fullprof program by click on button indicated below.
0 Choose the Cr2WO0O6_T4K.dat
o All the parameters are fixed at this time.

e $ Do

8 . Editor of PCR Files
File Editor Tools Templates Help Exit

jJGEI%u die Wzl eX

B¢ FullProf Program [E=T | (=X= i .
Load EditPCR M
=> R-— Factora\M 142. chiz: 424. DW-Stat.: 0.2039 Patt#: 1 Fat
=>» Expected : 6.91 1.8509
=> Conventional Rietveld R-factors for Pattern: 1 Phases
=> Rp: 226. Rwp: 222. Rexp: 10.77 ChiZ2: 424,
=> Global user-weigthed ChiZ (Bragg contrib.): 587.612 -
I > Patternt 1 HER e
=> Phase: 1 -
=> Bragg R-factor: 132.919 Constraints
= RF-factor H €6.5436 E
=> Normal end, final calculations and writing... EBox/Restiaints
Output
Cycle: 5 ChiZ2: 424 . Cr2WoO6 T4K.dat
- F/2016 |16:41:13
— I
0 30004
iB)
-
c 2500
3
. 2000
g
. 15004
., 1000+
it
- B
7 500
o
v 0
+ Il I [ I e A T A [
o
B —200 \ B 10 A S A1
T T T T T T T T T T T T

10 20 30 40 50 60 70 80 90 100 110 120
2Theta
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v You can run the refinement again by allowing the scale factor, lattice
parameters, some of the background coefficients and the 2theta zero to vary
v' Refined parameters appear in blue or red (with additional constraints)

j j QQ‘E gj g] @ Mo b8 222 OB B2 " "B @) X
ﬁ ME El me:::. nP:::;::meters: Phase 1 Patternl 1 - M
, Stop Criteriun Factors M
;TL:: T:% Coefficients Scale&DDDU v — B-faCtDD.[DUDU (. M
Reflections d Cell Parame ters E
e Coefficients Z.S?‘IDDDW :5?1DDDI7 ;.853001 2 all:'haSD.DDDI— bEtaSD.DDDI— gammSD.DDDI— M
Pattern 1 l w
. ’m Azymmetry Parameters| Preferred Drientati0n| Refins Al M
?;_EFIE:: Fuw/HM Parame ters - Cr2MoO6
| o 1 11 10 . :
o0 Open the PREF file (Rietveld plot) *E E
by using the Winplotr program. o
The result will look something P
similar to the figure on the right. s L BN
The reflections that are left s g ".| | E
. . . .. 5 I
unindexed are all magnetic in origin F " | \ -
e LW DY " T Y E
S ) |‘ | A|J
10 20 30 40 50 60 26(‘9 T0 B0 i)
B, ¥ A | /_HS . | ' ) OAK
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> INDEX THE MAGNETIC REFLECTIONS USING THE k-search program

o open the PRF file using WinPlotr-2006 program and select the un-indexed reflections to create the
input file for “k-search” program. For doing this, in the menu of winplotr click on “Calculations’- “peak
detection™"enable” . After enabling, go again to “Calculations”- “peak detection” and “ insert peak”.
After selecting the magnetic peaks, go to “save peaks” to save them as “K-search format”

[ WinPLOTR-2006 Version: 0.50-2012 (=[5 S| L [52) Input parameters for K_SEARCH x
File Plot Profiles Options X space | Calculations | Ext. Applications Tools Help Tile [T
H & A Summation o Sea | Bl a | e X
Difference Lattice Type P azimnr
Multiply ¥ / Shift X/ Nermalize
’ Coll Parameters | 458421 458421 685471 30.0000 S0.0000 90.0000
Average
Tolerance
[ | AppyEff.Com (TOF /2theta) 0.300
Smoothing » {4 CriMoO6.prf ¢ e
2000 4 (eminsman, ) | 00 05 0005 0005
Profile fitting 3
r Murnber of Paints
» b 100 100 100
l E 2500 v Peak detection El.wal"le ] [N&* Nb* Nes] |
E Background 3 Disabled Wavelength | 0570
3 i Ge [C'] # DH[TOF]
: 2000 -] Aute detection -
2 ' i -
E Satellites detection _E (% Shart Output "~ Long Output " Mo output of intermediate calculations
= 1500 4 Clear all
% Tnsert pesk Fh [¥ Search only special k-vectars ok | Cancel
5 1000 Delete peak |
E Save peaks 3 Free Format
- ! =» Special k-vector solutions found!
500 Dicvol Format
Ll Tto Format =+ List of the best 10 solutions for 3 satellites
04 = f V- dsh K_Search Format oy - . B fartor Need to CheCk
T T T T T T T T T T T T Treor Format 0. 500000 0.000000 0.250000 0.118863 .
0.000000  0.500000  0.250000 0.118863 | these poSS|b|e
0, 000000 0, 000000 0,000000 0,181839 . |
N — 0. 500000 0.125000 0.000000 0.724201
for the Cr WO > k = (@ @ @) 0.125000 0. 500000 0.000000 0.724201 SO|Ut|0nS
2 6 n J J => A probable solution is the special kvector ks =( 0.0000 0.5000 0.2500)
=> The corresponding R-factor is: 0.1189

O run “k-search “ program to find the
propagation vector and see the results listed in
 Neutron Seieac the file “k_search.kup”
|7_"S P OAK
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> ADDING THE MAGNETIC PHASE AS A SECOND PHASE TO THE PCR

(0

Method)” option.

use PCR Editor to introduce the magnetic phase as a second phase. Go to the
“Phases” tab and click on the “Add” button. You can name (ex. magphase) the new
phase as you wish, and in the “calculation” tab select the “Magnetic phase (Rietveld

TR e —
 —

o the propagation vector for the magnetic phase
needs to be added into the PCR file. For doing

| oo R ] | ] 022211 ] @] <]

| that, you need to click on “Refinement” button
‘L » = and then select the “Phase 2" and “Prop.
Vectors’

Cycles of Refinement; 8 E

Stop Criterium of Covergence Fielaxation Factors for Shifts
Forced Temination when shifts < | 010 x E.5.0.
Others: None j Atomic | 1.00 Anisotropic | 1.00  Profie | 1.00 Global | 1.00

Fieflections oidering
&+ Only at the first cycle " Each cycle [~ Bragg R-Factor excluding reflections limiting excluded regions

O Yyoucan also open the PCR file using | == eaton <Ll s 1 P || hae P | P | P
your default text editor at thins time and | oo oL e ] Pop Vs |
verify that the second phase has been vomnsos | e o L
successfully added . Don't worry about e o i e
the symmetry at this time. Reentac o shopi [0} | e
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PERFORM SYMMETRY ANALYSIS

0 use SARAI program or Baslrreps to generate the Irreducible
representations and basis vectors associated with k.= (0, 0, 0). Both
programs required as an input the k., vector, space group and atom
positions of the magnetic ion.

P
=5 Baslreps Gui Interface

e )

File Run Results Help Eat

S SAR&h- Representational Analysis = | E | 0= @ 27w X
File Define Parameters Calculate View Output Files  View Basis Vectors  Help  *Video Help™  Mew Features!
F Instructions Pl
SARAh coRepresentationa 1 Analysis Bas’reps
&5 Wis e 2on Irreducible representations of Space Groups
Fle refer ce the use of SARAh as:

Basis functions of polar & axial vector properties

AS 'hll Ph a B 27&,880(2000) .
Program availal from

wine.cepld. ac.uk

: Code of files: Ci2w06
F Atom Positions [ [o=dinates:
* Waorking Directony |C\U SFautDeskiop\MAGSTR20164Examplel_CdelaCruziExam Browse.
Editsiom | Acoept Change | [ECF 723
A ® A z press
C 0 a 333 Delete Atam he position coordinates Title: [Ci2wiOR
Q delimited) |
3 Spacelraup [HM/Hall syrmbols) |135‘
\ - or generators separated by "
[cr 000333 oK quired then click 10K [Keotor 00000 00000 [o.0a00 Bilavin Zane L abet
Atom Mame x Y z edi
Compererts ais space sspatated and oan bs entemed ) )
with the formats 0.25 or 1741 " Polar Vector + Axial Wector ™ Use Full Physically Ireps [PIR_data.txt]
o

Mumber of Atars: ,715

¥ Audio help 2 [ Explicit Sublattices [ Atoms in unit cell

Audio help contral Symbol wla v/a z/a
Atornic positions Atom#t . |Cr 0.0000 0.0000 033300
Al try mode |
St o |
Atoms at different

o for this example we will use the program SARAI. See the software’s
website for the tutorial on how to run the program. The program
generates a summary file containing the basis vectors components for
the two magnetic lons. The file is located in SARAh program's folder.

__Neutn
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IR BV Atom BV (:tun[.unmuts‘ )
|, ey LTS 1T |, 1T | 1T |-
L= P, 1 0 0 0 0 0
2 0 0 -<1 0 0 0
3 0 0 =<1 0 0 0
- - - -G 0 The result of the symmetry
3 o o |3l o o o analysis is also summarized in a
Fa W, z § § ?Il E § § TEX file, in Sarah directory, as
a o o Jaf o o o shown in this capture
| Py 1 0 0 4 0 0 0
3o olil s o o
ro [wus - 2 T o - 5 T FZ, 1—‘3, r5 and 1_‘8
2 0> ol o o o o FMJ/a constraints the moments to
RS B R — lie along the c-axis
s o 2] o o o o .
s Jlo 2] o o o o ['qand I'y, constraints
P~ 1 0 -2 0 0 0 0 0 .
2 0 -2 0 0 0 0
2 o 2o o o o g moments to lie in the
4 0 -2 0 0 0 0
T =107 —o > ab-plane
2 2 0 0 0 0 0
3 -2 0 0 0 0 0 0
. + =2 of o o 0o o o0 Theindex (0 0 1) of the strongest
10 1;-{’9 2 o
2 2 of o o o o magnetic peak at Q= 0.7096A ! suggests
» + =2 of o o 0o o that the moments are in the ab-plane
2 g9 =2 o o 0o 0 o0 Bulk magnetic measurements did not
S $o 21 0 0 0 0 show any Ferromagnetic (FM) behavior
2 O 2 o] O 0] 0]
3 O -2 8] (8] o (8]
4 o] -2 0] 0] (0] 0]
P10 1 2 o o] o (o] o
2 -2 (o} 0 o] o o
3 -2 O o] 0] 0] 0]
— 4 2 oJ o 0 0 o OAK
Vﬁq}@m MAGSTR Werkshop, Flerida State University, 2016 RIDGE



v =“SARAN Refine~ program can be used to generate the magnetic phase for
the PCR (FullProf) format (see Sarah manual for more details). In our case , it

will generate the file “sarah136.pcr”

— -
F SiRih-Refine A3 i |
File GSAS Controls FullProf Contrels Topas Controls  View basisvectors  Tools Help *Videe Help*  Mew Features!

F SARAh- Generate/Edit FullProf 2K *.PCR File (5]

v You'll need to select the basis vectors

Shubnikoy and Marmal Paint Group Information

PtGioup Shub PtGp Shub Group  BNS Label

SRR

1 1 02 3 =F 1] Generate model PCA phase
corresponding to one of the Irreducible | |gaes saise
: . Danroe e onat |
Representations (gammal0 or I'10 in
§ ;iz 3% %Ez BTy e it
Our Case)' :agljrg{n}\;[f[b}
1 A(1) T(10) F(10) )
| sarah136 - Notepad T . - — Select PCA al D
Fle_Edt_Format View Help i MokofST i | | | Gk onte bt e et e
I Shubnikay Group in this list.
:: Data for PHASE number: 1 ==> Current R_Bragg for Pattern# 1: 1.00 I m w Dplions, TT;w_me,?,Df;hmVEC,D,WiHhEhighhngd
rﬁagnet'ic Phase Common Imeducible Representations r gézfﬁgi::rﬂ:é_i ClimiibeEEE
: . Hre dre Do o Shetbeos om0
'.Na} D'Ié Mog Srl Srz irg Jb} IrE 15{ StE FuEth AEOO 4 Ngr Mgre E;g: ;E?)m Uselwec:ml e !$?:r::i;nchangenl is tequired. See 512 file for
! ‘7 nselect
T ;iym Cen Laue Ireps Njé;zpace group symbol No. Of km vectors ‘ : :
! Reagl.(o)—lﬁmg'inar;_f(l) 'ﬁdw‘ca‘cir for ci NVk:l
00 0 0 <Magnetic Structure/
IéYMM . l \P9 l‘Plﬂ l 'yu lwﬂ List Magnetic moments>
BASR 0 ol Ip 2 o Mo 2 ol I3 0 ol
BASI 0 0 0 0 0 0 0 0 0 0 0 0 ‘/
A i TP Note that the selected model T'10
BASI 0 0 0 0 0 0 0 0 0 0 0 0
-X%+1/2, ¥+l/2, -zZ+1/2 . .
R T R constraints the magnetic moments of Cr
BASI 0 0 0 0 0 0 0 0 0 0 0 0
SYMM Y, X, -Z+1 o o
-2 0 0 0 -2 0 0 -2 0 -2 0 0
}:ﬁgFf 0 0 0 0 0 0 0 0 0 0 0 0 tO Ile |n the ab'plane
1 Atom Typ Mag vek X Y z Biso  Occ cl c2 c3
! ci c5 c6 c7 cB c9 Magph
CRL MCR3 1 O .00000 .00000 .33300 .30000 1.00000 0.000 0.000 0.000 \/ o
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Open the PCR file generated by Sarah
1t_e Parameters for PaEtern # 1 _ _ . (13 h136 11) th t'
*62E560 obego oTboso ocobho o (“sara .pCr-), copy tne entire
0.00 0.00 0.00 0.00 . .
1] \ W X Y Gaus Lor5iz Size-M
1.03233 —0.232[3)3 [).236:[[)3 D.DgDDD D.Doogg D.DSEDBZ 0.35035 %E - Content Of the flle and PA STE It Over
. b c alpha beta E
_ S — the section of the second phase of your
Asyl Asy?2 Asy e opy profile parameters .
from PHASE 1 Cr2WO06 PCR file.
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v'once the magnetic phase is defined Haghetic Phase

tHat Dis Mom Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Huk Npr Hore

into your PCR file, examine the profile parameter | ™ "s "s oo 0070 ™ ™5 2 o o000 1 7 o
section; you'll need to set the profile parameters [ wum e vase weps iz 0 et or e et

for the magnetic phase (phase 2) the same as | iy eiester for &8
you have in the structural phase (phase 1). e 30 0 o

Copy/paste that section from the phasel to the  [im v stz ° > 00 >0 ° 2 ° 2 °
phase 2. Make sure that you are not removing [ w1z, vz, 2. ° 0 0 00 0
the line defining the propagation vector, atthe v, 2a’  ° 0 2 2 % 0 0
end of the phase 2 section. gl e e e e e e

v" note that the scale factor and the lattice T, U S SN S
parameters of the structural and magnetic phase | w5 o
need to be constrained to have the same values | saie "o o seat | ster stes seeain-toger

1.8681 8.08680868 d.080808 8.8008688 8.068808 8.008008 a

in both the nuclear and magnetic phases. g O e el e 000 00istz  Lorstz sizetoder

8431398 -0.698147 8.348387 a.842805 a.0p00008 a.0p00008 a.0pene8 a

1 4 a.6688 a.6688 a.8688 a.8688 a.8688 a.8688 a.8688
C'-3+- 3d F t a b [ alpha beta gamma #Cell Info
. 4. 584211 4. 584211 §.854706 90.000060 90.000000 90.000000
a.aap0n a.aap0n a.0000n a.0000n a.0000n a.0000n
B t Prefi Pref2 Asyi Asy2 Asy3 Asyl 5L DL
1 0 ] 0.00868 O.00000 -0.13759 O.0000 O.PO0A8 @.000BB 0.03480 6.83508

] a.88 a.88 8.88 a.88 a.88 a.88 a.88 a.88
] t Propagation vectors:
E \ 0.0000000 a.00p0a0n a.0000000 Propagation Vector 1

] 8000000  ©0.000000  0.000060
0.8

t 2Th1/TOF1 2Th2/TOF2 Pattern to plot
5 \ <j,>
063 Jo

] N v make sure that the correct
e P o
043 Jo \

parameters for the magnetic scattering
\ form factors are used for the magnetic

transition metal ion Cr3* MCR3

T

023 <l ES
7 "‘/”’ \\\\\\‘ \\H\H\\‘H“h-‘ﬁh‘_
0 1 2 3 4 5 53 7 8 International Tables of Crystallography,
43-[ SINGE/A Volume C, ed. by AJC Wilson, Kluwer Ac.

 Alasd Pub., 1998, p. 513 OAK
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» MAGNETIC STRUGTURE REFINEMENT

v' select the basis vector coefficients C1 ... runctions costicients

to be refined, this corresponds to the -

C2

C3

C4

Akam # 1

0.00000

=

0.00000

=

0.00000

=

first basis vector W, as a trial solution 300000

v run the refinement using the FullProf program

v’ start to refine additional parameters (profile, lattice ...) to obtain a good quality fit.

WEf FullProf Program l
Load EditPCR  Mode Run  Exit
=» Phase: 1
= Bragg R—-factor: 3.758
=> RF-factor 6.119
=» Phase: 2 =
=>» Magnetic R—factor: 13.5%6
=>» Normal end, final calculations and writing...
== CPU Time: 0.422 seconds -
== 0.007 minutes
=> END Date:23/05/2016 Time => 13:4%:14.08%
|
Crxyocle a1 Ckhd 2 - = =22 Cr2Wose_ T2H _dats
|| -
(.
Ll
10 =20 =20 20 S0 L= A=l f=3 =] == 100 i10 iz=20
Z2Th=ta
20116 RIDGE
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> MAGNETIC MOMENT DETERMINATION

0 Check the summary file (*.sum) from FullProf. Verify that the magnetic
structure model and the magnitude Cr moments are meaningful. The output

file has similar information (*.out)

==> ATOM PARAMETERS:
In general, the
Name X 5X Y 3y z 5Z 5B OCC. 50CC. Mult .
crl 0.00000( 0) 0.00000( ~0) 0.33300( 0) O. 300( 0) 1.000( 0) O moment is calculated

from the refined

== Real{0)-Imaginary(l) indicators of basis functions coefficients Values Of the Founer

Ccl1:0 c2:0 C3:0 C4:0 Components (|e Ci,s)

CRr1 Cl= 1.0176( 105) ®2= 0.0000( 0) C€3= 0.0000( O)

= ChH= 0.0000( 0) Coe= 0.0000( 0)

c7=  0.0000( Q) C8= 0.0000( 0) Cc9= 0.0000( Q)
Phase/2pi=  0.0000( 0)

==> (COEFFICIENTS OF BASIS VECTORS:

Ex. Cr(1)=» m[Cr(1)]=1.0184 2 | exp |-2xi | 0| | O
0 0(°0
0 0| | 0.333

C, * Wy(Csl) exp (25 k= ¢(Cil))

Cr: Mx =2.036(20) pg
=>» Due to the symmetry of the crystal structure being tetragonal, one cannot uniqguely

determine the direction of the spin within the plane.
=>» From this refinement you may describe your structure as the Cr moments lying on

_the a-b plane with a magnitude of 2.036(20)/ yg per Cr site OAK
=t MAGSTR Workshop, Blorida State University, 2016 RIDGE




> VISUALIZATION OF THE MAGNETIC STRUCTURE

o to visualize the determined magnetic structure you can use FpStudio program.
It reads *.fst files, generated automatically by The Fullprof or SARAhA

B Fpstudio Ver-20 =B8] % ) H=
FlemerysaiSiuauemMagraicsiaurem@ptiorsmHelp Earenoe
Dl @ Drawing
B oal4 [+ »
#
p [ Open FpStudio files =5
- ——
i ()l [« Bamplel CaelsCruz » examplel » + [ 4 || Scarch cxampte1 2|
el |k .
% Organize = New folder B:= E FpStudio Ver-2.0 =1=] 52 |} TimeTracker x _“
- N E - )
5 it Favorites Name Date modified | File Crystal Structure  Magnetic structure  Options  Help = | =
P B Desktop magnetic s/22200611000PM FNDY 2 O H — :
® & Downloads % CraMo06L 5/23/201611:33 AM S m plel_CdelaCruz » examplel » '\‘rH Search examplel
o 2] Recent Places H| CraMo062 5/23/2016 1133 AM _ F§ Eﬂﬂ b =
| y 2 '
Rﬁ 3 Libraries @ P —e B Edition of file: C:\Users\7zu\Desktop\MAGSTR2016\Example1_CdelaCruz\Examplel_CdelaCruz\examplel\Cr2MoQ62.fst - [CAU:
*  Documents @ T File Edit Search
. i :m:.( & ‘ 40—-‘ ‘ o G B
=| Fictures
. 5] SaraH_results %% |: . FII:E for F|:|11PruF Studio: generated automatically by FullProf
A *Title: HMagnetic Phase
E videos b SPACEG P —1
‘ CELL 4584211 4584211 8.854706 90.00060 90.00680 906.0688 DISPLAY HULTIPLE
8 Computer __+=’. ‘ o |[POX -85 15 -Ra5 115 -8.15 1.15
N & =
&= 05Disk (C)) @ = ¢
H ‘ LATTICE P
3 - o
File name:  Cr2Mo062 FpStudio Input File m ‘ — m 0.80000 b.080000 0000800
cius e TR
[% L MS¥M u,u,u,0.8
—— — o HATOM CR1_1 CR 0.00060 ©.00000 0.33360 SCALE 1.8 GROUP
v—\ SKP 1 1 2.83513 0.60808 0O.00668 0.66080 ©.00068 0.08008 9.00668
MATOM CR1_2 CR 0.50060 ©.50000 0.83300 SCALE 1.8 GROUP
X = SKP 1 1 -2.83513 0.00660 0.000860 6.00000 ©.00008 ©.808008 0.000680
A - HATOM CR1_3 CR 0.50000 0.50000 0.16708 SCALE 1.8 GROUP
SKP 1 1 2.83513 ©.00800 0.00800 0.90060 0.80080 0.09008 0.00060
HATOM CR1_4 CR 0.000680 ©.00000 0.66768 SCALE 1.8 GROUP
SKP 1 1 -2.83513 0.00608 0.80680 0.A00AA A.0APAA 6.POABH 0.00000
H

— Newlroe Sedesees

» FpStudio uses Fourier coefficients notation (u,v,w). You can
edit the input file if necessary to see how the structure changes
as you change the coefficients or the k vector

OAK

MAGSTR Wornkshe 1, Flesida State Univessity, 20416 RIDGE

Nartional ILaborato:

5



NGRATULATIONS ! Here is your magnetic structure

v' To see list of magnetic moments at each site using the
FPstudio: Magnetic structure = List magnetic moments

| E Fp-Studio Magnetic list - [C\Users\7zu\Desktop\MAGSTR2016\Examplel_CdelaCruz\Examplel CdelaCruz\examplel\temp.dat]

File Edit Search

_ Newdrow Sederce

¥

LSNS

II!:HI

|

MAGSTIR W

= G =
| Hagnetic lattice type : P
Hagnetic k-vectors :
8.0008 8.0088 8.080
symmetry operations :
SYMH x,yp,2
u,v,w, 0.8
Atom : CGR1_1 CR
H y z
6.008 6.808 8.333
Atom : CR1_2 CR
¥ y z
a.508 a.508 8.833
Atom : CR1_3 CR
H 1] z
8.500 8.500 8.167
Atom CR1_4 CR
H z
8.088 8.088 B.667

Translation

a, a, a)

Translation

k HSYH m{a}) m{b} m{c) Mtot
1 1 2.835 8.0088 0.088
2.835 8.088 8.080 2.835%
1 1 2.0835 0.008 0.080
2.835 8.0088 0.088 2.835
1 1 2.835 8.088 8.080
2.835 0.008 0.0808 2.835
1 1 2.835 8.0088 0.088
2_835% a._808 A.00808 2835
k HSYH m{aj mi{b} m{c}) Htot
1 1 -2.835 8.088 8.888
-2.835 9.000 0.080 2.835
k HMSYH m{a) m{b} mi{c) Mtot
1 1 2.835 8.008 0.088
2.835 8.088 6.088 2.835
k HSYH m{a) mi{b} mi{c) Htot
1 1 -2.835 9.000 0.080 K

S s o )GE
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» DESCRIBING THE MAGNETIC STRUCTURE USING MAGNETIC MATRICES

0)

the k-vector, in either cartesian or spherical coordinates
o This is set as you choose how the magnetic phase (Phase 2) is described.

T Editor

of PCR Files

P

i I Y

-

Caopyrigh

Cr2Mo08

]

File Editor Tools

Templates Help  Exit

JY Ok 2o @ W ERE % e X
_rPha:eInformati:@ase2) 2 - ; -

General Information on Phazes

Mame of Phaze ; |Magnetic Phase

Calculation:

b agnetic Phase [Rietveld kMethod]
Coefficient ta o Magnetic Phaze with magnetic moments in sphencal mode [Ristveld Methad)
percentage of Frofile b atching with constant zcale factor &

Contribution to patterns, prefemed

- S P =T Contribution to F'attems|
arientation direction, reflection list, .

Space Group symbol/number, symmestry Syrmietny |
operators, basis functions, et
4 4 = X | |
Imitial Previous Add Del Mest Last
0K | Cancel |

3130134

General
Patternz
Phazes
Refinement
Constraints

Box/Restraintz

Output

5/2016 [13:58:52

Let’'s choose Cartesian coordinates...

— Newlroe Sedesees

w& MAGSTIR Workshop, FlosidaiState Univessity, 2016

In this method, we describe the magnetic moments on each site freely using only

Choose the
Calculation:
Magnetic Phase
(Rietveld Method)
= CARTESIAN
COORDINATES

Magnetic Phase with
magnetic moments in
spherical mode
(Rietveld Method)

= SPHERICAL
COORDINATES

OAK
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» DESCRIBING THE MAGNETIC STRUCTURE USING MAGNETIC MATRICES

o Go into the Symmetry section (1), and set the Symmetry Operators to be “User
defined” (2)
o Set the number of symmetry operators to 1 (3) and type X,y,z in the symmetry box (4)

T Editor of PCR Files .

limations Slide Show || File Editor Tools Templates Help Eut

cx e N0 2 s e i

S abe AV- Aa A { Phase Information: Phase 2
=
Symmetry Information - — e — e —— -
ertics 2
Spmmetry Operators: Yizer defined j j

Spacegroup: |p 4l |

ted automaticaly % Provided by user

Symmetry operators l M agnetic/Displacement Dperators ]

Cantribution to Patterns
Laue Class: |- - [~ Centrosymmetric Caze @
Mumber of Symmetiy Operatfrs: 1 E 3 1
R

Nw_f—\s_l,lmmetry T Murn Syrmmetry TR =
C Jxed ) . r r

v4

M ext Last

TR=Time reverzal aszociated to symmetry operator - 5|_|

I i

Cancel

Let’s choose Cartesian coordinates...

_,.\;:qr'ar'a' St

OAK
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> DESCRIBING THE MAGNETIC STRUCGTURE USING MAGNETIC MATRICES

o Go into the Magnetic/Displacement Operators tab (1)
o Enter 1 for the no. of Magnetic Rotation matrices (2) Type u,v,w for the Rotation

and 0.0 for the Phase (3)

.--m

:sentation - Microsoft P Editor of PCR Files

T ——— .:ll |

nations Slide Show

File Editor Tools Templates Help Exit

=

18 AN
§ abe - Aa- | Al

M Ol & 2l @ M 2 80

Cihp" Inhp" ‘ @—/}‘ x

J Phasze Information: Phase 2
[

Symmetry Information

. - —

Space Group Properties

Surnmetry Operators: IUSE, defired

Spacegroup: Ip K]

=]

Sy Up: Ao | automatically & Provided by user

Murnber of M agnetic Rotation M atg@eas I
for each symmetny operator; E

| 2

Humber of Atomic Displacement I DE

rotation matrices for each symmetny
operatar:

Surmnnety operators@imismacemem DPE'@ucible representations

Contribution to Patterns

um i Fhaze L Syrametry
U 0.0000
—— — 3

Hurm Displacement Phaze

Newlron S : l.- ‘7_5

Wernkshop, Elenida State Univensitys, 201.6
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» DESCRIBING THE MAGNETIC STRUCTURE USING MAGNETIC MATRICES

O OO

Ry,Rz) (2) and imaginary components (Ix, ly, 1z) (3) in unit of pg
o The model desrcibed below is exactly the W, of ['10 from the representational
analysis. Though in this method, you can freely refine each of the moments.

___ Newtro

Atoms Information: Phase 2

Enter Refinement = Phase 2 = Atoms to provide input for the magnetic structures
Enter the magnetic ion information for all the inequivalent magnetic ion positions (1)
The Magnetic parameters are described with real components along x,y and z (RX,

Ligt of Atomz

Mumber of Abtams: 4 E

Label | Miyp | Mag Rot | Prog Vec. = Y z B Occ - 1 Fiefing Positions
Atom # 1 CR1 MCR3 |1 1 0.00000) 0.00000)— 048 0. 300000 1.00000)
AtomH 2 CRZ MCR3Z |1 1 05000010 0500000 01e500— 0.30000) 1.000001 Refine B_iza |
Atom # 3 CRa MCR2 |1 1 0.000001 (0.00o00)— 0EES00 0.30000) 1.000001™
Atom i 4 CR4 MCR3 |1 1 0500000 0500000 083800 0. 300000 1.000000 | - Fix &l |
b4 agnetic Parameters 2 3
Rx Ry Rz In Iy Iz tPhaze
Atom # 1 3000000 0.0oooaf— 0.00000 0.00ooaj— 0.ooaoa)— 0.00000) 0 00000
Aot 2 200000k 0.00000f™ 0.000000 (0.00o00)— 000000 0. EIEIEIEIEI|II' 000000
Atom # 3 -3 00000{w 0.00000™ 0.000000 0.00o00)— 000000 0 EIEIEIEIEI|II' 000000
Atom tt 4 -3 00000{w 0.0oooaf— 0.00000 0.00ooaj— 0.ooaoa)— 0. EIEIEIEIEI|II' nooooof— -
Qther Parameters
B11 B22 B33
Atom #1 0.0oooay— 0.0oooaf— 0.0000af™ [ [ [ [ Cep]
Atom #2 Q.0000o0 0.00000f™ 0.00000(™ [ [ [ [
Atom #3 Q.00000 0.00000™ 0.00000(™ [ [ [ [
Atom 4 0.00000 0.0oooaf— 0.0000af™ [ [ [ [ - K
Fl 1 F
DGE
L ab ramry




> DESCRIBING THE MAGNETIC STRUCTURE USING MAGNETIC MATRICES

o Below is the how the pcr looks like when using magnetic displacement vectors
(MSYM) to describe the magnetic structure

o Note how the constraint on this refinement was implemented to have the magnetic
moment magnitude equal on all Cr sites. All four variables have the same
refinement flag 11.00 with the appropriate sign (+ or -)

Hagnetic Phase
L

*Hat Dis Mom Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Hvk Hpr Hore
L a ae.epa1.8 1 -1 -1 a a g.aes 1 7 a

L

P -1 {--Space group symbol for hkl generation

*Hsym Cen Laue HMagMat
1 1 1 1

SYMH X,y,z
MSYHM u,v,w, 0.008
¥
tatom  Typ HMag Uek X Y 2 Biso Dce Rx Ry Rz
' Ix Iy 1z betall beta22 beta33 MagPh
CR1 MCR3 1 1 0.00000 0.00000 0.33481 P.30000 1.890000 |2.090 | 6.808  0.000
8.80 .00 8.00 .00 a.80 |11.00 .08 8.a8
8.000 0.0 0.000 0.000 O.608 0.0 O.00A60
.00 8.a8 8.80 .00 8.00 .00 8.0
CR2 MCR3 1 1 ©.50000 0.50000 6.16500 P.30000 1.80000 |2.090 | 6.800  0.000
8.80 .00 8.00 .00 a.80 |11.00 .08 8.a8
8.000 0.0 0.000 0.000 O.608 0.0 O.00A60
8.008 8.88 8.80 .80 .00 .00 .60
CR3 MCR3 1 1 0.090000 0.000BA B.66500 P.30000 1.90000 |[2.090 | 8.808 0.000
8.80 .80 .00 .00 @.80 |[11.00 .00 8.88
8.000 0.0 O.000 0.000 B.868 0.000 O.6OA60
.00 8.88 8.80 .80 .00 .00 .80
CR4  MCRZ 1 1 0.50088 0.50000 0.83500 6.30000 1.00008 [2.090 | 0.068 6.000
8.80 .80 .00 .00 8.80 [-11.00 .00 8.88
B, V. 8.000 0.0 O.000 0.000 B.868 0.000 O.6OA60 OAK

6.0a 8.80 a. ﬂﬂ a. ﬂﬂ g.08 ﬂ Bﬂ ﬂ Bﬂ
I;Eizit.-lﬁﬁafgggﬁ“ﬁﬁuc . : o . I £ RIDGE
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