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Magnetic phase diagram of Fe, . Te
E. E. Rodriguez et al, Phys. Rev. B 84, 064403 (2011)

= layers of edge- sharing FeTe, tetrahedra.
= extra interstitial Fe cations between the layers

Atom X Yy Z OccC.
Fe1 2a 0.75 0.250.00 1.0
Fe2 2c 0.25 0.250.69 x
Te 2c 0.25 0.250.2801.0

T > 70K, O T T T e
Paramagnetic phase: 050 iaioichah @ kot b Othorhombic, _
P4/nmm,a=3.81A, c = 6.24A . n“ ]magmtsim !
~ 041 Monodlinic o .
T < 70K, i n.:mE_ bioolingor E

x <0.12 > P 2,/m, AFM Commensurate k R HF e
0351 inmﬁinmmphmaﬁ:’sw Wil
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Magnetic structure determination of Fe,, Te, with x=0.16

» Neutron powder diffraction data collected using:
HB2A —HFIR using A = 2.41 A
Data files (in XYSIGMA format):
Felp16Te 4K-2p41A.dat

» Instrument resolution file:
hb2a_ 2p41A resolution.irf

> CIF files for low-temp crystal structure:
Felp16_4K.cif
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Steps for magnetic structure determination

 Import the known crystal structure/instrument parameters to create a PCR file
(EdPcr, FullProf, Winplotr)
* Refining the crystal structure for the paramagnetic state (T > T, or T;) = obtain all the relevant

structural and profile parameters. (not done in this example)
« Identify the magnetic reflections and determine the propagation vector (k-Search)

» Perform symmetry analysis (from the propagation vector, space group, atom positions) 2 IRs

and Basis vectors ( we will use web-based SARAh program )

» Select a magnetic model and add it as a second phase (magnetic phase) to the PCR file (using
SARAh webRefine )

* Refine by LSQ the magnetic phase (FullProf )

* Visualize the magnetic structure model (FpStudio)
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Fe, ,Je: STEP1: Refine the crystal structure

Observe the differences in the data measured at different temperatures. In the case of Fe1.16Te, the
magnetic order occurs at the same time with a structural transformation. In such situations, the crystal
structure needs to be determined before attempting modeling the magnetic peaks,. This can be done

using the high-Q (high-2theta angle) neutron data or from xray diffraction.
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» use EdPCR to create the input file for FullProf (*.PCR)

o import the crystallographic information file CIF (Fe1p16_4K.cif))

File Editor Tools Templates Help Exit |

8O 2L B aE Y

Low temperature structure: Pmmn

Atom X y Z _OcCC.
Fe1 2b 0.75 0.25 0.003 1.0
Fe2 2a 0.25 0.25 0.72 0.16
Te 2a 0.25 0.25 0.286 1.0

~ Typi Import Fil
Hray | Neutron T.OF. ’7 Asci | Cif Shels | Patterns

~ Instiumental R esolution File

" Default values

& IRF File [Ioza_2p41 resohionit Browse | Constraints |

Cell Parameters/ SpaceGroup |At0ms Infarmation

o in the new window, select the
“NeUtron,, tab for the type Of 3.81BSDDa 3.?83880b B.24DSZDC SD.DDDa‘Dha SD.DDDbEta SD.Dﬂgamma

calculations . I o s
Number of tatal Operators: I—UE

MHum Spmrmetry Phase | *

o use the “Browse” button to i
upload the instrument resolution
file “IRF”
hb2a 2p41A resolution.irf el |
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. Editor of PCR Files L= 2 |
File Edltor/fools Templhﬁs Help  Exit

JAQE% A2 S WREEB L0 o save the PCR file by clicking the “Save” button

r Infarmation |
Title, type of job: Rietveld, Integrated |ntensities,
-F Iw’P f Simulated Annealing.

‘ Type of Pattems, profile, background, diffraction Pattemns

by, user-given scattering factors ... —I

| geome!

. PCR ,

. Phaze name, type of calculations [JBT), ATZ, Phases |
| | || | Ed]tor | | | contribution to patterns, symmetry, ...
| ‘ y=
Mumber of cycles, relavation factore, access to Rehi | | ol o —
|| # pattemns and phazes [atoms and profile] Snemen rus| Editor
‘T‘ Constraints definitions. adding, deleting. Bt | File Editor Tools Templates Help Exit |
dif N "
modfying I jﬂ@@%|gjgj@|mm‘”m@§ CorTe @)|X ;}
Fixing range of parameters, distances, angles. EBow/Fostiaints | LU0 0 Aen SE Po P i
magnetic moments and linear restraints
17 21 25 29 33 37 H a5 49 |nformatio 1 (2014
20¢% Output options for patterns and phases: Output | H | |
fsfectioplie thoiis s tancectilE Title, type of job: Rietveld, Integrated |ntensities, Gemeral
i ! Simulated Annealing, ...
Copyright (¢) 2002-2005. JGP - JRC | " ErallDenf i l
- — T
Ci\Users\gqd\Documents\MAGSTR, Worksop\Ho2BaNi05\Ho2BaNiOS Profiles: 1 |Phases: 1 [16/9/2012 |2048:23 Patterns Information
~ Infarmatiorn

N

Pattern: 141 We'ghtl 1.0000 D ata file/Peak shape |

Background Type

JSJ '__‘ I | | I YI l I l” Excluded Regions I
- [

T Profile Data Information: Pattern 1

Qto Refinement |

Constraints |
- =0

Initial — —— -

o open the “Patterns” tab (1)
and then the “Data file/ peak
shape” (2) and select the 3 _

Data File / Farmat | Fefinement / Simulation | Pattern Calculation/Peak Shape

Data File: IEI: “UsershggdsDocumentshMAG S TR Worksoph 201 450 G arlea_sxample]_IC_structuneiFel Browse... |

BTz, Phazes |

— Format

“XYSI GM A” f th d t fI € D1A/DZE [OldFormat] © Free Format (Zthetal, step Varable Time %12y DalE
or € dala 1iie C DIADZBATZGE  C Two dis Instrumend Gé1 @ 57 SIGMA [XrDATA] >
fo rm at ( 3) " DB (0ld Fomat] ' GSAS Fomat
" D1B/DZ0 " Socabim Software 1515 multi-bank nommalized
© Da/D20L € Synchroton (Brookhaven)
c

" DMC/HRFD [P.5.1) Synchroton [DEWS Software)

Canhcel |
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k T« Editor of PCR Files = 2

File Editor Tools Templates Help Exit

J¥0Obw a8 WiEED

Information

L3

Title, type of job: Rietveld, Integrated Intensities,

- K General
Simulated Annealing, ..

>

o ‘I‘n thg “Pattern§” tab ; cl,(,)ck on the [ Fullbrof | | {
Refinement/Simulation”, and make sure that R —

“Neutron—CW optlo”n is s“elected, and in the | e e — —
Pattern calculation” the “Thompson-Cox-Hastings — ot |

~
T Profile Data Information: Pattern 1 M

pseudo-Voigt” peak shape is chosen N B |
Data File / Format - Refinement / Simulation | Pattern Calculation/Peak Shape | .

Type of Patterns, profile, background, dif‘r ction

— Simulation ¢ Refingment Data

%R " Pattern Calculation [<-Ray)

/ A

( o Hevtron - L [Nuclear and b agnetic " Pattern Calculation [Meutron - Ciw/) il [T Et
%% Editor of PCR Files = g S~
File Editor Tools Templates Help Exit = Meutron - T.0.F [Muclear and Magnetic] ¢~ Pattern Calculation [Meutron - T.0.F.]

n lg] 22 L Ci In: | |

j j Q Q % | gj g] @ | m 1PE} 525 % hI)u hI)u @ >< —wfavelength
- 5

Patterns Information

UserDefined ~| 4 | 2403600 A, [ z40se00 (/5[ oo

 Infarmation ptensities. General |
Pattern: 1/1 Weight:l 1.0000 Data fle/Peak shape diffraction
Backaground Type | DATZ, Phases |
e ~
_ISJ Background Information , » ——— P
Initial Fra | - Background tod
| - : !
N % E-Cosfficients polynomidl function
' 12-Coefficients polynomial function Origin of the palynomial: I 40.000
. .
@ Bt P lfZessi bt Bee o For the bac kg round information
)

—— 7 12-Coefficients Fourier-cosine series

Copyright [c) 2002-2 " Fourier Filtering Mumber of points taken for Fourier Filker: IWE Se | e Ct th e “ 6—Coeffi C i e n tS

" Background File ransformed by 4-coefficients expression

| o | polynomial function”

" Linear Interpolation between a set backaround points with refinable heights

Ch\Users\gg4\Docul

=

" Interpolation by cubic splines

Cancel |

notes
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Information

Title, tpe of job: Rietveld, Integrated Intensities, General
Simulated Annealing,

FullProf -

. _ | | s e g o [ o] )
o Add one excluded region with the A e
scattering range 123-130 deg e B

Pattein 141 Weight:| 1.0000 Data file/Peak shape

3

_ISJ JJ LI XJ _u Ercluded Regions )

' Editor of PCR Files = X | -L ) S Shape Fill 48 Find lritial  Previou: dd Cel et Last EOmE. |

User Scatt. Factors

l o - c f— E1 [55/4/2018 [1633:50
& Shape Outline - | #3; Repla \Y Exclude Regions: Pattern 1 [25/4r: [

File Editor Tools Templates Help Exit

ek
i - 3 s - = Shape Effects lg Select Mumber af exchuded Regions: [~ 1| E
Pattern Contribution Inf.unnat'\on for Phase 1 . ' ' . ‘ \ Y [ Editine

| Lowtound | Highbound | -
Pattem 1 |Paltem 2| Pattzin 3 | Pattem 4 | Pattem § | Pattzm 6 | Pattzm 7 | Region1 _[12200 fr30.00 |
3 = Cancel |
] s,
[V Cument Phase contibutes to the pattern Gieneral 1
4
&)

~ Type of Pattern - ‘|
3a e || |E =
A1 e |

" %Ray " Pattem Calculation [X-Fay] — -
+ Meutron [Canstant Wavelength) " Pattern Calculation [Meutron - Constant ' avelength) . Phases | |+
and Magnetic " Pattem Calculation [Meutron - T.OF.)

" Neutron (T.0.F] 3 b
Nuclear and Magnetic

o From the main window of EdPcr, open the
— | e, “Phases” tab (1) and then click on the
e B “Contribution to patterns” (2) and then
ettty s o oS B il | e o] select the “current phase contributes to

I Usgacid ol manss ek o, i s e | S T the pattern “ & “neutron (constant

iy oo [0 4 = X > )M wavelength)“(3a) and “Thompson-Cox-
e s Hastings pseudo-Voigt” for the peak

Factar for excluding ieflections [ | < Factor * Sigmall] : I 10,0000

Ok Cancel h 3 b
‘weights are divided by reduced Chi®2 of precedent cycle I 01.0000 _l _I S a pe (

M\

(r=u
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|

= = T e ditar of PCR Files - —|

Working Direct
orng e [File Editor Tools Help  Exit

o Open the “Refinement” (1) and then the e LR a S W EEE Y @ x

“Background” and add a value for the “a_o” e T ——
coefficient that will give a first flat
approximation for the background (~70, read
it from the data file)

Templates

[

General

e =)

Stop Criterium of Cavergence

Patterns

Fielaxation Factars for Shifts 1
Phases

Constraints

Farced Temination when shifts < [ 010 = E5.D

Others: None

ﬂ Atomic | 1.00 Anizotiopic | 1.00 Profile | 1.00 Global | 1.00 <‘

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

{+ Only at the first cpele " Each cycle

quoa

Eox/Restiaints

Fatter 1 | e Phase 1 | | | | | [relel

| 2 | | Output
Riefinement weighting madel Atoms Prop. Veclors B
* Least Squares Background Patterns
= 3 § — 9/2012  |11:23:59
— nement Information = p  Magirnun Likelihood Irstrumental ORIl o & & & &
Cycles of Refirement ,—EE ;  Unit Weights Profile: Micro-Structure
Stop Criterium of Covergence: Relaxation Factors for Shifts I Reduction factor of rumber of data paints WE HKL Shits Puthes Patameters
Forced Termination when shifts < [ 010« E.8.0. Bs P
Others: Mone j Atomic | 1.00 Anigotrapic lﬁ Profile: lﬁ Global | 1.00 L
1
Reflections ordering w
& Onlp at the first cpcle " Each cycle [~ Bragg R-Factor excluding reflections limiting excluded regions l_r
(3
Frallem‘l | | | ] | aml Phase1 | | ] ] | |Fe | .
6 Coefficients Palynomial Background: Pattern 1
180 ¢~ T~ T T T T T T L2 L | AL B B R R s p L——
‘ [ a0 (1 a1 [] a2 [ ] a3 [] as | a5 ||| Reficar F E
‘ Coefficents | \I’ ‘ |F | \I’ | |F | \I’ | |F | ;‘a 160 C =
Fiv &l = I s 4¥-2p4la.dgfe
\ | as [ [ a7 [ [ a8 [ as [[ a0 [ [ an | = C ]
‘ Coefficents | \I’ ‘ |F | \I’ | |F | \I’ | |F | ..E 140 ; ;
=S - 3
T 120f ]
-3 Backaround Palynamial Cancel | :Ei - 1
| a0 [[ a1t 1] a2 [] a3 [] a¢ 25| | § 100 E
\cnefﬁciem [ 00000 0.0000) | 0.0000] | 0.0000) | 0.0000] | 0.0000)” | = - ]
ﬁ. A FE 80 ; i i
60 £ g E
:
70 - -
0 20 40 60 80 100 120 140
20 (°)
OAK RIDGE | HiGH FLUX | SPALLATION
ISOTOPE NEUTRON 1 H i -
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o From the same “Refinement” window (1), click on the “Profile” tab and set a number for the “scale
factor” (~ 5 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 made

Working Directony:

. Refinement Information - \ » : ’ ‘ . - L E§_|

weles of Refinement; I 5} E

[ —e

General

actors for Shifts

Pattems
.0o Anigotropic I 1.00  Profile I 1.00 Global | 1.00

Phazes

. . — . 1
gg R-Factor excluding reflections limiting excluded regions ( ’

Canstraints

Factar

/Scale wverall B-factor

Coefficients \ 5.0000[ } 0.000a)—

b [ alpha beta gamma
3783380 £.240520 90.000, 90.000) 90000,

FudHM # Shape Parameters  Asymmetry Parameters | Preferred Orientation |

I

Cell Parameters

|

IB= 1 | Frace 2| Phase 2 | Phase 4| Phase | Phase 6 | P41+

Prop. Wectors |
Patterns
=1 2 C3 4 CH CE C7

Prafile | Micro-Structure |
HEL Shifts | Further Parametersl

Coefficients

Bau/Festraints

41l

Output

Refine Al

FuHM Parameters

i

Fix &l

| Y W G
Coefficients 0.000000 0.000000 0.0000001 0.000000f

L)

b/ 4/2014 |17:40:48

-

Shape FParameters

X s 52
Coefficients 0.000000 (0.000000 0.000000

[~ Refine PHM for second wavelenath

u2 Y2 W2 ﬂl
Coefficients — I~ I~

HIGH FLUX [ SPALLATION
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o Run the Fullprof program by click on button indicated below.
All the parameters are fixed at this time.

J—
File Programs Settings FP Dim{ ™ e

‘f@' ‘ File Editor Tools Templates Help Exlﬁ"—\ . = .
=HBEY L opw s DEBESE LY @ X

Load EditPCR Mode Run Exit

=> Rp: 7T8.1 Rwp: &2.1 Rexp: 9.15 chiz: 46.1
=> Global user-weigthed CchiZ (Bragg contrib.): 83.79
= ———————— > Pattern# 1
=» Phase: 1
== Bragg R-factor: 11.88
== RF-factor : S.632

=» Normal end, final calculations and writing...
=> CPU Time: 0.182 seconds
== 0.003 minutes

=> END Date:25/04/2014 Time => 17:45:51.50%

L B — 1 Chi 2oz 4 - 1 Faelprpl2Te 4F - Z2p4lsi_ dat
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< Profile Parameters: Phase 1 Pattern1 a Wesas - - — -
G 3 .
[ Factors m

| | ] u L

Scale Owesall B-factor
| Cosflicients | 5.3143 | 00000 | £
. Cell Parame ters
o Refine a number of parameters T h : = A O
Cosflicierts 3812655 3782354 6240563 30,000 30,000 sood | | (R (P Herea
(e.g: scale factor, lattice i pyers
FuwHM / Shape P try P e Prefered Orientation Fefing &1
. . BT). ATZ. Ph
parameters, FWHM, coefficients S | i

u v W G | bied Refinemen t

Of b a C kg ro u n d p O I y n O m | a I ’ 2t h eta Fnelf\cients p.0oogoo 0.000000) 0.022450[w u.uuuuuur' | '
zero shift) to improve the fit.

| | = 11 v 1] = ] |

| Cosfficients | 0143034 | 0.000000 | 0.000000 | | e Dutput

™ Refine PWHM for second wavelength

u2 w2 w2 | _Concal | Phases: 1 [28/4/2018 [15:46:25
Coefficients B B | oK m
2100¢ o]
1800F E
150¢F E
10 o Open the PRF file using WINPLOTR to
200 . . .
- : observe the quality of the fit.
600 F ] . .
ook E o Notice the un-indexed peaks that can be
. F - E associated to the magnetic long range
- | Il [0l (| m 1 I I .
E
0 20 40 60 30 100 120 140
26 (°)
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Fe,.Je. STEP2: Determine the k -wave vector

o Open the PFR file (Rietveld plot) with the WINPLOTR-2006 and select the magnetic reflections. Go to
“Calculations” — “Peak detection” —"Enable”, followed by “Calculations” — “Peak detection” —"Insert peak”

o Select two peaks: at 2theta ~16.9 and ~ 36.3 deg and save them in a “K-search format” (“Calculations” —
“Peak detection” —"Save peaks”)

100 -

2theta (deqg)

OAK RIDGE

National Laboratory
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o Run the “k-search “ program to find the propagation vector and see the results listed in the
file “k_search.kup”

) Input paremeters for K SEARCH i o Make sure to unselect the box “Search
Tuue_ [FeTd only special k-vector” and restrict K range
Latice Type  [Frmn for limiting number of solutions

Cell Parameters | 391265 3.78295 6.24056 90.0000 90.0000 90.0000

Talerance
[TOF/2theta] 0.300 200 & Felp
| K. ran |
Hrfmﬂﬂ ge
(kemin ksmas, ] | 0005 0000 0005 200
NuTbmffP9nh | 100 100 100
[ E 100
W avelength | 2 40960
[Cw] ¢ Dee1[TOF) ’
2 BN Ch\Windows\system32\emd.exe
. | & Shaort Output " Long Output i Mo output of intermediate calculations

K= R—factor
.56a 428975
. 495 721584
.56a8 .B53@87
.56a8 .B68178
. 495 139249
. 4B6B29
425854
558359
694832
939196

[ Search only special k-vectors 0k | Cancel
140 |4 W

.588
-478
=495
.588
-485

CIDOEEEEEE®
- -

RRERERRE®E
R

SEEaIEEIE®
I

o A number of incommensurate
solutions are suggested. -
Select the k = (035 0 05) h Total CPU-Time

CPU-—seconds:
CPU-minutes:
=t 3 CPU-hours

s
=D

probable solution is the special kvector ks =¢ 8.
he corresponding R—Ffactor is: 1.8531

on: Insert peaE

b

=» Press {enter?> to finich

SPALLATION
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Fe, ,Te: STEP3: Symmetry analysis

o use the web-based SARAh program to generate the Irreducible representations and basis vectors
associated with k= (0.35, 0, 0.5) and Pmmn (#59)

HOME SOFTWARE WEB SOFTWARE DOCUMENTS/PAPERS OTHER FERMAT-E SITES

SARANh webRefine¥ FullProf (beta version)

Two pieces or adv

c10r using sSARAh webRefine : 1. change your browser settings to allow you to select where you save do
<evaluate>, it will look like nothing is happening for a few seconds. Look in the tab ‘4. Help and Strategies’ for more informa

-Andrew (February 2022)

W el

Space group: #59:2/Pmmn :2

Propagation vector

Space group : [{59:1, Pmmn:1, D 2h 13} ]
Propagation vector :
1035005
Crystallographic coordinates in the form :
or Cu2 1/2 1/2 -1/2

Fel 0.75000 ©.25000 0.00320
Fe2 0.25000 ©.25000 0.72000

AN\

Positions of two Fe atoms

SPALLATION
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o The analvsis performed with Sarah will aive 4 IRs. as shown in the table:

1. Canventional basis
vectors
(as projected)

Method 1. Conventional analysis - as projected basis vectors I rre pS Fe 1 _1 Fe 1 . 2
Select command (generate template for magnetic phase for per; edit per with magnetic phase present):
| 1. powder format v |[2. make template pcr v | ( ) ( g )

O Fel Ty, U Fel Ty v U Fe2T4wy 2 (1 0 0) (-E, 0 0)

L) Fel T3 yy U Fe2 Ty L) Fe2 T,y
U Fel I v, U Fe2T; (0 0 1 ) (0 0 g)
() Fel T3y [J Fe2 T,y

O Fel Ty vy U Fe2T3y F3 (0 1 0) (0 -§ 0)

(Your browser should be set to ask for the download location so the per file can be overwritten. Please look in '4. Help and strategies' for an explanation/help.)

(001) (00-g)

Table. The basis vectors projected from the different IRs :

r ¥
Fel 1) 0. 2. 0.
{ }

2) 0. 0907981 - 1.78201 0. §= exp(-2i7TkT), |

[Fcl 1 2.0, 0.|,|Fel 1) 0. 0. 2

I ¥ I; ¥
2) -0.907981 + 1.782014 0. 2) 0. 0. 0907981 - 1.78201 i

e

o Several models will successively be tested:

Iy ¥

(™ ; PO / 1) only the BV of '3 > SDW
2) Combining the BV of '3 and '4 - helix [bc-plane]

e

s ¥ s ¥2 . . .
{|Fet 1 2.0.0.|,|Fel 1) 0. 0. 2 3) Combining the BV of '3 and '2 - cycloid [ab-plane]
2) 0.907981 - 1.78201i 0. 0. 2) 0. 0. -0.907981 + 1.78201 i
%gﬁ,‘,ﬁ}}i{?ﬁg %ﬁ%’%ﬁx EE%L{E%TNION Magnetic Structure Determination Workshop, ORNL, Oct 3-7 2022




Fe, Je:. STEP4: Adding the magnetic phase as a second phase

o Sarah program can create a Fullprof-ready file (PCR) with the magnetic phase information or insert
the magnetic phase into the original pcr file.

- Use the option “add new phase to pcr’, and choose the pcr file that you want to use, as shown below

Method 2. Basis vectors combined according to stationary vectors

Select command (generate template for magnetic phase for per;: edit per with magnetic phase present):

g
| 1. powderfnrmaIQH 1. add new phase to pcr v hoos&File Fe1p16_4K_nuc_pcr>
e

o Fe T S - In this example, | am selecting all basis
Fel Iy v O Fe2 Ty ny vy O Fe2 Tymy w3 s . 9 :
Fel Ty iy vy C Fe2 Ty vy vectors to make it easier to test multiple
Fel Ty n; v, O Fe2 Ty v, models. However, it is good to always
Fel Ty, v () Fe2 T3 1y vy keep in mind what BVs belong to the
same Irrep.
%QQ,EIE{E&E %ﬁ%’:ﬁx EE%L{E?E’TNION Magnetic Structure Determination Workshop, ORNL, Oct 3-7 2022




%OAK RIDGE

Number of k vectors (Nvk) needs to
be changes to “-1" to account for
the fact that k and -k are not

The BV of all 4 lrreps

Coefficients of
the basis vectors

Propagation vector

0. 000000 0. 000000

Ak STear

0.000000
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Template magnetic phase by Sarah - web Representational analysis
!
¢!Nat Dis ang Prl pr2 pPr3 1bt Irf Isy str Furth ATZ pr_pMor e
“' 2 0 0000.01.0 1 -1 -2 0 O 384.7% 75 0
1
P -1 <--Space group symbol for hkl generation
] < .
R P T S L , equivalent.
! real (0)-Imaginary(l) indicator for ci
O 0 0 0 0 O
I
SYMM X , Y , Z
BaAsR 0 2. 0 2. 0 O O O 2. 0 2. 0 2. 0 O O O 2.
Bast 0O 0 0 0 0 0 O O O O O O O O O O O ©
BASR 0 0 0 0 0 O 0 0 O O 0 O 0 O 0 O O O
BASIO 0 0 0 0 O 0 0O 0 O 0 O 0 0 0 O O O P
SYMm -1/2 + X , 1 -Y ,1-2 <
BASR 0 0.908 0 -0.908 0 0 O O 0.908 0 -0.908 O 0.908 0 0 O 0O -0.908
BASsI 0 1.782 0 -1.782 0 O O O 1.782 0 -1.782 O 1.782 0 0 0O 0O -1.782
BASR 0 0 0 0 0 O 0 0O 0 O 0 O 0 0 0 O O O
Basr 0O 0 0 0O 0 0O O O O O O O O O O O 0 0O
syMm 1/2 + X , 1 -Y ,1-2
BASR 0 0 0 0 0 O 0 O O O 0 O 0 0 0 O O O
BASIO 0 0 0 0 O 0 0 0 0O 0 O 0 0 0 O O O
Bask 0 0 0 O 0 O 0 O ©0 O O O O O O O 0 0O
BASI O 0 0 O 0 O O O O O O O O O O 0 0 0
|
! m_— = : = = o=
! c4 cs c6 c7 Cc8 9 Magrh
IFe1 000 0.25000 0.00320 0.30000 1.0000
0.00 0.00 0.00 0.0
0.000 000 0.000 0.000 0.00000
0.00 0.00 . 0.00
Fe2 0.25 1.00000 0.000 0.000 0.000
0.00 0.00 0.00 . . 0.00
0.000 0.000 0. 000 0.000 0.000 0.000 0.00000
0.00 0.00 0.00 0.00 0.00 0.00 0.00
R > Profile parameters for Pattern # 1 ----> Phase # 2
! scale Shapel BOV strl str2 str3  strain-model
5. 317600 0. 00000 0. 00000 0. 00000 0. 00000 0. 00000 0
0.00000 0.000 0. 000 0.000 0.000 0.000
! u v W X Y Gausiz Lorsi:
0. 000000 0. 000000 0.022062 0.143147 0. 000000 0. 000000 0. 000(
0.00 0.00 0.00 0.00 0.00 0.00 0.
! a b c alpha beta gamma #cell 1nfo
3.812897 3.783150 6.240530 90.000000 90.000000 90.000000
0. 00000 0. 00000 0. 00000 0. 00000 0.00000 0. 00000
! prefl Pref2 Asyl Asy?2 Asy3 Asyd S_L D_L
0.00000 0.00000 0.00000 0.00000 0O.00000 0.00000 0.00000 O.00000
eyl ey L, 00 0.00 0.00 0.00 0.00
dgation vectors: P
0.3500000  0.0000000  0.5000000 Propagation vector 1 <
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femp1ate magnetic phase by sarah - web Representational analysis
]

INat Dis ang Prl pr2 pr3 1bt Irf Isy str Furth ATZ Dr- More
2 0 06000010 1 -1 -2 0 O 384.7% 7 0

Lo =

1= ==

-1 --Space group symbol for hkl generation
Neym  Cen Laue Treps ;_Bag group sym 9 Irreps Fe1l 1 Fel 2
! real (0)-Imaginary(l) indicator for ci
000000 The BV of IR3 M (010) (0&0)
s 2’2 '0°2. 00 0 0 2 2 K
Az 0 0 0 00 0 0 0 0 0 ofo o o o ' 2 (1 0 0) ('g 0 O)
BASTO 0 0000 0 0 0 R R
BASI
SYMM -1/2 + X , 1 -Y ,1-2Z (001) (00&)
BASR O 0.908 0 -0.908 0 0 0. ~0.908 0 0.908 0 0 0 O -0.908
BASI g (1).732 00 0-16?33 g g 1. 0-16733 g 1.782 0 0 0 0 -1.782
BASR . . ’
BASIO O 0 0 0 0 0 0 0 O 0 0 O O O 0 O O 3 (0 1 0) (0 'g 0)
SR 0207000700 0000000000 0
BASR
BASIO 0 0O 0 0 0O 0 0 OO O OGOOTG OGO O O 4 (100) (§OO)
BASRO 0 0 0 0 0 0O 0 0O O O O O O OO O O
BASIO 0 0 0 0 0 0 0 0O 0O 0 0 O O O O O O
i vek X Y z Biso occ c1 c2 c3 (O 0 1) (O 0 'g)
c6 c7 Cc8 9 Magrh
' 0 0.75000 0.25000 0.00320 0.30000 1.00000 0.000 0.000 0.000
0.00 0.00 0.00  0.00 0.00 0.00 0.00 0.00
0. 000 0.000 0.000 0.000 0.00000
0.00 0.00  0.00 0.00

0.30000 1.00600 0.000 0.000 0.000
0.00 0.00 0.00 0.00

0 0.25000 0.25000
0.00 0.00

0.00

0.000 0.000 0.000 0.000 0.000 0.000 O. LJ | Tf} 11
0.00 0.00 0.00 0.00 0.00 0.00 0.00
L i-; profile Pﬁrameters for pPattern # 1 ----> Phase # 2 . SEB ()r1 X/ 63 (: !
! scale Shapel Bov strl str2 str3 strain-mode 1
5.317600 0.00000 0.00000 0.00000 0.00000 0.00000 0 for The IR3 (WITh a
0. 00000 0. 000 0.000 0.000 0.000 0.000 H M
! ! v W x v causiz  rors SINQlE DaAsis vector
0. 000000 0. 000000 0.022062 0.143147 0. 000000 0. 000000 0.00
0.00 0.00 0.00 0.00 0.00 0.00 to construct a
! a b c alpha beta gamma #cell 1nfo . .
3.812897 3.783150 6.240530 90.000000 90.000000 90.000000
0.?0000 2.00000 0. 00000 0. 00000 0.00000 0. 00000 SFDIr] CjEBFWSIT§/ wave
' pPrefl Pref2 AsS Asy2 Asy3 Asy4d S_L D_L
1 0.00000 0.00000 D.DDD%’:E[J D.DDD)E';D D.DDD%’I’D D.DDD%;D 0.00000 0.00000 STrUCTure
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
! Propagation vectors:
0.3500000  0.0000000  0.5000000 Propagation vector 1

0. 000000 0. 000000 0.000000

[ ] At STart Ak STear LT T N N Y
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Fe, sTe:  STEPS: Refine by LSQ the magnefic phase

List of Atoms

o Inthe EAPCR GUI go to the onter st s [32]
“atom information for phase tWO Aom # 1 F:bd M::;: WMag - uFrog.Vec. ;monl— ;zsoml’ smazo (?.30000 Ofcommr _Refne Postons |

Mom # 2 Fe2 MFE3 |2 0 0.25000{™ 0.25000( 0.72000 0.30000 1.00000{ Refine B_iso

and initialize the c4 coefficient to 1 -
and mark it for refinement. N — . : B s

Atom #1 [ I I I I I
Atom #2 I I I . I I

71
171

/i
-
=

o One can also refine the x o s ot

C1 Cc2 C3 C4 C5 Cé Cc7
component of the k- vector at AT [ owonl | ool | oo | reoonfe]—oowml | omm | owonl
Aom £ 2 0.00000| 0.00000 0.00000| 0.00000] 0.00000] 0.00000| 0.00000]
. .
.
this time:
< >
-
Propagation vectors: Phase 2 Wt
B rullFrof Frogram o
Load EditPCR Mode Run Exit |
MHumber of Propagation vectors:l hE [V -k iz added to the list => Global user-weigthed Chi2 (Bragg contrib.): 7.536
=> ——————- > Pattern# 1
=> Phase: 1
s N z g => Bragg R-factor: 11.05
- => RF-fact : 7.421
Ve #1 0.35000)% 0.00000)— 0.50000]— Hehneﬁll| T3 e EeReR
=> Magnetic R-factor: 109.¢6
| Fiw &l | => Conv. not yet reached -> [Max] Shift(Kx_1_ph2)/(eps*Sigma)= 19.86 abs> 1
- => Normal end, final calculations and writing...
=> CPU Time: 1.484 seconds
| |
Cancel => 0.025 minutes

. => END Date:03/10/2022 Time => 14:56:58.793

Cycle: s ChiZ2: 7.25 FelpleéTe 4K—2Zp4lA.dat

o Run the Fullprof program and
we’ll obtain a satisfactory fitting § 1585
of the magnetic peaks. s L‘L

© | o L] i I'\\'IH\ Pire et et he et e \_I‘“

10 20 30 40 50 &0 70 80 S0 100 110 120
ZTheta

SPALLATION
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Fe, ,Te: STEPé: Visualization of the magnetfic structure

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

.
B Edition o file: CA\Users\gad\Documents\MAGSTR Worksop\2014\OGarlea_examplel IC. structure\Fel12-HE2A\Fe1p12... ] - e

File Edit Search
S(ﬁd'c:u' ﬁ e H=q B9
2 &
H FILE for FullProf Studio: generated automatically by FullProf
r ﬂﬁﬂ ﬂ tTitle: magnetic
) SPACEG P -1
@ CELL 3.812646 3.782932 6.248587 900.0088 90.080080 900.8808 DISPLAY WULTIPLE
® BOX -8.15 ll.15| -8.15 1.15 -a.15 1.15
g ¢
X LATTICE P
L K 8.35372 0. 8068088 a.508080
SYHH x,y,z
® HSYH  u,u,uw,8.0
® MATOM Fed1_1 FE 8.75888 0.25000 B.80308 SCALE 1.8 GROUP
@ SKP 1 1 6@.88888 1.77116 @O.00088 8.80008 0.000608 O.08088 8.800800
o MATOM Fed1_2 FE 8.25888 0.750080 8.99708 SCALE 1.8 GROUP
« SKP 1 1 0.0086080 -8.88411 0.00088 a.8e888 -1.57811 0.000808 a.86808
3 >
\
§ Line5 Colld NUM | INS
= = =
B&2q 3
Magnetic lattice type : P
unit cell: 3.8129 3.7831 6.2405 90.0000 90.0000 90.0000
Current Box: 0 5 o 1 0 2

Magnetic k-vectors :
0.35371  0.00000 0.50000

Symmetry operations :

SYMM X,Y,Z
u,v,w,0.0
Atom : Fel 1 Fe

x y z Translation k MsYM m(a) m(b) m(c) Mtot
0.75000 0.25000 0.00320
¢ o, o0 O
1 1 0.00000 1.73424 0.00000

0.00000 1.73424 0.00000 1.73424
C 0, 0, 1)
1 1 0.00000 -1.73424 0.00000

0.00000 -1.73424 0.00000 1.73424
¢ o 0o 2
1 1 0.00000 1.73424 0.00000

o One can also use FpStudio to see the Cua o oo T
magnitude of the magnetic moment for any CHOD L v o s
specific position, by selecting ‘Magnetic =~ —— e R E
structure” — “List magnetic moments” LR

0.00000 0.45846 0.00000 0.45846

HIGH FLUX [ SPALLATION
QQ,EIE{BSE OO | NEUTRON Magnetic Structure Determination Workshop, ORNL, Oct 3-7 2022




Fe, ,Te: back to STEP4 - Considering helical model

o Let’s consider a helical structure given by the BV of 3 (b-component) -m

and BV2 (c-component) of ['4 . define the Ireps  Fel 1 Fel 2
or’rhogonol BV as

P -1 <--space group symbol for hk1 generation

! Nsym Cen Laue IreV |mOg|nOry r1 (O 1 O) (O g O)
! Rea1 (D) Imag1 ary ) indicator f . r2 100 €00
, 0 Activate the ( ) (800
EEE g 2 0O 0 0 0O . 0 2. . Cl oy 0 0O BV Of |R4 %é (O O 1) (O O g)
BAST 0 0 0 00 0000 o_n_n_n_]c) 0
non-zero

BAST 0O 0 000000000006 000 0 r3 (010) (0-¢0)
anan 0-/0.508 "0 0rob8 0 0 0 o 0.908 o 0.008 0] 0.008 0 d 0 o -0.908
A -U. M -U. M -0.
BAST 0 1.782 0 1,782 0 0 0 ©0 1.782 o -1.782 o 1.782 6 d o o -i.782 4 (100) (c00)
BASR 0 0 0 0 0O O 0 0 0 0 0 0 0 a0
BAST O 0 O O O O O O O O O O O O ©O0 0 0 o
SYMM 1/2 + X , 1 -Y , 1 -2 (00 1) (00 -¢)
BASR 0 0 0 0 0 000 0 0 0O 0O 0O 0 O OO O O
BASIO 0 0 0 0 0 0 0 0 0O 0O 0O 0 0 0 O O O
BASR 0 0 0 0 0 0 0 0 0 0O 0O 0O 0 0 0 0 O O
BASIO 0 0 0 0 0 000000000000

7’ & 0 vageh ¢ @ NOTE: helical structure

1 of 0.75000 & 25000 0.00320 0.30000 1.00000 0.000 0.000 0.000 :
. . 0.00 0.00 0.00 0.00 0.00 consists of orthogonal
0.000~ 0.000 0.00000 s that
6. 25000 0.72000 00" 0,000 0,000 0,000 e T
0.000 0.000 0.000 0.000 0.000 ' ' ' perpendicular to the

oo 0rof tie Parameters for pattern # 1 oo--> phase # 2 incommensurate k vector.

Use c4 and cé,
for constructing a
helical structure

HIGH FLUX | SPALLATION
ISOTOPE
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o The C4 and C6 can be refined !

independently or constrained. jatom Typ Magvek = x v .z Biso oOcc c1 c2 c3
M

Ma
: PR Fel ( ?SDDD 0. 25000 0.00320 0. 30000 SDDDD 0. 000 0.000 0.000
Identical values of coefficients 5. 00 000 0. 00 0. 00 5. 00 5. 00 5. 00
i i : EJ.E-'QS 0. 000 0.000 0.000 0.00000
will produce a circular helix 51 00 5 00 5 00 5 00 000
M 0. 25000 0.72000 0.30000 1.00000 0.000 0.000 0.000

0.695
21.00

0. 000
0.00
0

: 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
S Tt e T S — 0.000 0.000 0.000 ©0.000 0.000 0.000 0.00000

S e o 0.00 0.00 0.00 0. 00 0.00 0.00 0. 00

DooEmpahes Pl R > Profile Parameters for Pattern # 1 ----> Phase # 2

B o run the Fullprof program and we’ll obtain another
satisfactory fitting of the magnetic peaks!

cycle: € chiz: 7.09 FelpléTe_4K-2p4lA.dact

ooooo
ooooo

2 A JPL o visualize the helical magnetic structure

o You can edit the “.fst “ file to display the
I T BN Ty envelope of the helical structure

¢ o o 0
1 1 0.00000 1.39051 -0.00000

0.00000 1.39051 -0.00000 1.39051

File Edit Search

BEQ(vy@En™

FILE for Fullprof Studio: generated automatically by Fullprof
ITitle: Template magnetic phase by SARAh - web Representational Analysis
SPACEG P 1
CELL 3.812897 3.783150 6.240530 90.0000 90.0000 90.0000 DISPLAY MULTIPLE

1 1 0.00000 -1.39051 0.00000

0.00000 -1.39051 0.00000 1.39051
1 1 0.00000 -0.84665 1.10304
0.00000 -0.84665

1.10304 1.39051

BOX -0.15 5.15 -0.15 1.15 -0.15 2.15
{
LATTICE P
K 0.35419 0. 00000 0. 50000
SYMM  X,Yy,Z
MSYM u,v,w,0.0
MATOM Fel_1 Fe 0.75000 0 25000 0. 00320 SCALE 1.0 GROUP Envelop 1 0 0 1
SKP 1 1 0. 00000 1.39051 000 0.00000 1.39051 0. DDOOD
MATOM Fel_ 2 0.25000 0 ?5000 0. 99680 SCALE 1.0 GROUP Envelop 1 0 0 1
?KP 11 0. 00000 -0.63129 1.23895 0.00000 -1.23895 -0.63129 0. 00000
OAK RIDGE HIGH FLUX | SPALLATION
ISOTOPE NEUTRON 1 1 1
%Naﬁmﬂ Laboratory | REACTOR | SOURCE Magnetic Structure Determination Workshop, ORNL, Oct 3-7 2022




Fe, ,Te: back to STEP4 - Considering cycloid model
o Let’s consider a cycloidal structure given by the BV of '3 (b-component) -m

and BV1 (a-component) of 2 .

define the Irreps  Fel 1 Fel 2
> - - bol for hk1 i orthogonal BV as
?' N%y;‘ ce;-'l I._emf ze?g :Tngace group symbol for generation ImOg%Ory r1 (0 1 0) (O g 0)
- Hed -Imag1nar‘

d 1 p o : 2 100 <00
ta. Activate the ( ) (£00)
BASR § é. 30 2. 0 0 0g 0g ZE BV of IR2 lé):é (00 1) (00¢)
BASR -

BASIO 0 0 0 0 0 0 0 O O non-zero 3 (010) (0-¢0)
SYMM -1/2 + X , 1 2 1.2
BASR 0 0.908 0 l?o.gos 0 0 )o -0.908
0 1.782 0 j-1.782 0 0 jO -1.782
oach 0 00 o &—ala 2 2J v | Jowy | oY
BASI 0 0 0 0 0 0 0 0 00 oo 55
BASR 0 0 00 0 0 0 0 0 0 ( ) (00-%)
BASIO 0 0 0 0 0 0 O O O
BASR 0 0 0 0 0 0 O O O O
BASIO 0 0 0 0 0 O O O O
' vp  Mag vek X Y z Biso occ c1 3 i
] h .
o ofggogg 0(.:33033 0(.:33353 ofggogg T?ggogg 0,009 0.695  b.000 NOT_E' cycloidal structure
0,000 3-330 3-330 3-330 3-330 0-30330 : : : consists of orthogonal
2<0_ 0.25000 0.25000 0.72000 0.30000 1.00000 0.000 0.000 r\o.ooo components, but one of
0 0.00 . . 0.00 0.00 0.00 0.00
0.000  0.000 component runs along the

0.00  0.00  0.00

Use c4 and c2 , incommensurate k direction

for constructing a
cycloid

HIGH FLUX | SPALLATION
ISOTOPE
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r~ List of Atoms

Number of Atoms: I—zﬂ
1 Label | Myp | Mag. Rot. | Prog. Vec. X Y z | B Oce .
o The C4 and C2 can be reflned Mom# 1 [Fel  |MFE3 |1 0 0750000 | ozsooof |  ooosofr | oaoooof | tooooof _Reline Postons |
. . Mom# 2 |Fe2 |MFE3 |2 0 025000 | 025000 |  ovz2om0f | 030000 | towew| Refine B_iso
independently or constrained. Equal ke
. . . Fix Al
values will make a circular cycloid -
A Ry Rz I y = MPhase =
Atom #1 I I I I I I I
=> Rp: 30.9 Rwp: 24.7 Rexp: 9.01 chi2: 7.50 Atom #2 I (I I (I I (I I L‘
=> Global user-weigthed Chi2 (Bragg contrib.):  8.385
= ———————— > Pattern# 1
=> Phase: 1
=> Bragg R-factor:  10.81
= ph;:f“to‘ , T Basis Functions Coefficients
> Nowmay ond, finai calculations and writing... c1 | c2 a_ | c4 cs | cs c |
Atom # 1 0.00000] 0.69400[ 0.00000] 0.69400[ 0.00000] 0.00000[ 0.00000]
=> CPU Time: 1.250 seconds Aom# 2 0.00000]™ 0.00000) 0.00000]— 0.00000) 0.00000]— 0.00000) 0.00000]™
=> 0.021 minutes
=> END Date:03/10/2022 Time => 15:49:03.265
< >

Ccycle: & chiz: 7.s50 FelpléTe_4K-2p4lA.dat

125 o run the Fullprof program and we’ll obtain another
woe] N A satisfactory fitting of the magnetic peaks!

200+

—200 -
—4a00 -

e o visualize the cycloid structure

2Theta

Symmetry operations :
SYMM X,¥,Z
u,v,w,0.0

Atom : Fel_1 Fe

X y z Translation k MSYM m(a) m{b) m(c) Mtot
0.75000 0.25000 0.00320
o, o, 0

¢ o o0, D
¢ 1 o O

.10129 -0.84629 0.00000 1.38890
0. 00000

¢ 1, o 1

HIGH FLUX | SPALLATION
%gﬁ,ﬁ}&{ggg e | NEUTRON Magnetic Structure Determination Workshop, ORNL, Oct 3-7 2022




Polarization analysis to detfermine the correct model

NSF ; - : //

.. and the winneriis ....

SDW model

Helical model
C % °

LLLLLLLLLLLLLLLLLL
0K RIDGE | 6102 | 861
ACTOR | SOURCE

ol Lobor Magnetic Structure Determination Workshop, ORNL, Oct 3-7 2022
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