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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
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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 and input the instrument parameters to create a
PCR file for nuclear phase refinement
ll. Refine the structural model and the profile parameters for 4K data
lll. Identify the magnetic reflections and determine the propagation vector
(k-search in Winplotr)
V. ldentify possible magnetic models using ISODISTORT
(described by superspace group symmetry)
V. Select a magnetic model (mcif) and convert it to PCR format
(single phase magnetic & nuclear)
VI. Configure the new PCR file for the actual experimental setting and perform refinement

VIl. Display the magnetic structure using Vesta
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Fe, ,Je: 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.

g

2
e R R R LR RN RN R RRAE AR ERENE ARERERRREE RRRN

100 200 300

L I e B e e e e
——  FelpliTe 100K-2pdlh. dkt 3 -:-

——  Felpl2Te 4K-Z2pilhk dat

500 1000 1500

8

8

Intensity (arb. units)

g 8 &8 8 8

[=]

10 20 30 40 S50 60 70 80 9 100

— (‘U 1 16 17 18 19 1 77 78 75 a0
2 Theta (deq) 2 Theta (deg)
OAK RIDGE | HieH FLux | sPALLATION . | |
National Laboratory :RSEOATSI%R QCE)LLJJEEQN MOgnehC Structure Determination Workshop, ORNLI Ot 3.7 2022




» 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 ; cI?ck on the [ Fullbrof | | {
Refinement/Simulation”, and make sure that R —

“Neutron—CW optlo”n is s“elected, and in the | S pp— e—i reoren_|
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 (°)
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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~
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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: 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)
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National Laboratory

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

NEUTRO Magnetic Structure Determination Workshop, ORNL, Oct 3-7 2022

REACTOR




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
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Fe, ,Je:  Symmetry analysis

o use ISODISTORT program (htips://stokes.byu.edu/iso/isodistortform.php) to generate the “mcif” file in
superspacegroup formalism for the helical structure solution

o |Oad the provided Fe1 p1 6_4KC|f Begin by entering the structure of parent phase: ®
file in ISODISTORT

Get started quickly with a cubic perovskite parent.

Import parent structure from a CIF structure file: Choose File |Felp16_4K cif

If you don't have a parent CIF, create one using |ISOCIF

o For types of distortions select the
magnetic only for Fe atom

ISODISTORT: search

Space Group: 59 Pmmn D2h-13, Lattice parameters: a=3 81380, b=3 78388, c=6.24052, alpha=90.00000, beta=90.00000, gamma=90.00000

Default space-group preferences: monoclinic axes a(b)c, monoclinic cell choice 1, orthorhombic axes abc, origin choice 2, hexagonal axes, SSG standard setting
Fe1 2b (1/4,3/4,z), z=-0.00320, Fe2 2a (1/4 1/4 z), z=-0.28000, occ=0.16000, Te1 2a (1/4,1/4,z), z=0.28620

Include magnetic Fe distortions

Types of distortions to be considered ©)

strain: O

Displacive:  all_] none[] Fe[] Te(]
Occupational: all_] none[] Fe[] Te(]
Magnetic: all] none(] Fel@ Te(
Rotational:  allC’] none(] Fe((] Te(J

Important: You must click on Change to implement any changes in the above type of distortions to be considered.
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https://stokes.byu.edu/iso/isodistortform.php

o Use “Method 27 to specify the k point and indicate the number of superimposed IRs

Method 2: General method - search over specific k points Q)

kvector 1:| A, k12 (a,0,1/2) v k=035  p= g= # of independent incommensurate modulations= 1

kvector 2:| A kK12 (a,0,1/2) v k=035  p= g= # of independent incommensurate modulations= 1

Change number of superposed IRs:l 2 @

Important: You must click on Change to implement any changes in the number of superposed IRs.

o For the helical structure we will select the IR3 and IR4

ISODISTORT: irreducible representation

Space Group: 59 Pmmn D2h-13, Lattice parameters: a=3 81380, b=3 76388, c=6.24052, alpha=90.0(
Default space-group preferences: monoclinic axes a(b)c, monoclinic cell choice 1, arthorhombic axes
Fel 2b (1/4,3/4,z), z=-0.00320, Fe2 2a (1/4,1/4,z), z=-0.28000, 0occ=0.16000, Te1 2a (1/4,1/4,z), z=0.:
Include magnetic Fe distortions

k point: A, k12 (a,0,1/2), a=0.35500 (1 incommensurate modulation/1 arm)

k point: A, k12 (a,0,1/2), a=0.35500 (1 incommensurate modulation/1 arm)

Choose each superposed IR and OPD (optional
IR 1-| MA3, mk12t3 v oprt

IR2: mA4, mk12t4 v opQ)
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o Select the first the first option

Finish selecting the distortion mode by choosing an order parameter direction @
@®@P-P (a,0/b,0) 181104 m17.2 P2_122_1.1'(0,1/2,g)000s, basis={(0,1,0,0),(0,0,1,0),(1,0,0,0),(0,0,0,1)}, origin=(1/4,1/4 1/2,0), s=1, i=2, k-active= (0.35500,0,1/2)
(OP-P(a,0/0,b) 11164 m51.2 P2_1/m.1'(1/2,0,g)00s, basis={(0,0,1,0),(0,-1,0,0),(1,0,0,0),(0,0,0,1)}, origin=(1,1,1/2.0), s=1, i=2, k-active= (0 355000 1/2)

(OC-C (ablcd)4.1.6.3.m8.2 P2_1.1'(1/2,0,9)0s, basis={(0,0,1,0),(0,-1,0,0),(1,0,0,0),(0,0,0,1)}, origin=(1/4,1,1/2,0), s=1, i=4, k-active= (0.35500,0,1/2)

o Mark the box for using an alternate setting for the lattice, to reverse to the parent setting

Use alternate (possibly nonstandard) setting in CIF output (matrix St
Relative to @ parent () subgroup
Basis vectors of subgroup lattice (rational numbers):

a'gq = 1 8g1 + 0 dg2 + 0 dg3 t 0 gzq
A'gy = 0 dgq + 1 dgp + 0 g3 + 0 Ay
A'sz = 0 ass + 0 a5y + 1 a3+ 0 X
A'sy = 1 Asa

Origin of subgroup (either rational or decimal numbers):

r= 0 a1+ 0 ag; + 0 ag3+ 0 dsy

SPALLATION
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o Select the first the first option

Finish selecting the distortion mode by choosing an order parameter direction @
@®P-P (a,0/b,0)18.1.10.4.m17.2 P2_122_1.1'(0,1/2,9)000s, basis={(0,1,0,0),(0,0,1,0),(1,0,0,0),(0,0,0,1)}, origin=(1/4,1/4,1/2,0), s=1, i=2, k-active= (0.35500,0,1/2)
OP-P(a,0/0,b) 11.1.6.4m51.2 P2 _1/m.1'(1/2,0,9)00s, basis={(0,0,1,0),(0,-1,0,0),(1,0,0,0),(0,0,0,1)}, origin=(1,1,1/2,0), s=1, I=2, k-active= (0.35500,0,1/2)

OC-C (ablc,d) 4.1.6.3m8.2 P2_1.1'(1/2,0,g)0s, basis={(0,0,1,0),(0.-1,0,0),(1,0,0,0),(0,0,0,1)}, origin=(1/4,1,1/2,0), s=1, i=4, k-active= (0.35500,0,1/2)

o Select the “CIF file” box and initialize the o Mark the box for using an alternate setting
moment amplitudes for Fe1 for the lattice, to reverse to the parent
setting , before saving the CIF file

L T T T T T R L T L R PP TP I R R

Include magnetic Fe distortions
k point: A, k12 (a,0,1/2), a=0.35500 (1 incommensurate modulation/1 arm)

IR: mA3, mk12t3 Use alternate (possibly nonstandard) setting in CIF output (matrix St
k point: A, k12 (a,0,1/2), a=0.35500 (1 incommensurate modulation/1 arm) .
IR- mA4, mki2t4 Relative to @ parent (O subgroup
P-P (a,0|b,0) 18.1.10.4. m17.2 P2_122_1.1'(0,1/2,g)000s, basis={(0,1,0,0),(0,0,1,0),(1,0,0,0),(0,0,0,1)}, origin=(1/: Basis vectors of subgroup lattice (rational numbers):
Lattice parameters of undistorted supercell: a=3.78388, b=6.24052, ¢=3 81380, alpha=90.00000, beta=90.00000
(O Save interactive distortion @ ® CIF file @ (O Distortion file @ O Domains @ O Modes details O Compl als‘l = 1 851 + 0 8g + 0 Ag3 + 0 Acy
Enter mode and strain amplitudes @
PmmN[0.35500,0,1/2]mA3 (a,0) 59.1.10.6.m406.2 Pmnm.1'(0,1/2,9)000s, basis={(1,0,0,0).(0,1,0,0),(0,0,1,0),(0.0 a'sy = 0 a4 + 1 A, + 0 agq + 0 Ay
1 [Fe1:b:mag]B1(a)
v 10 0 1 0
0 [Fe2:a:mag]B1(a) 8g3= dg1 * dg2 * dg3 + ds4
Pmmn[0 35500,0,1/2]mA4 (a.0) 59 1 10 7. m406 2 Pmnm 1'(0,1/2,9)s00s, basis={(1.0,0.0),(0.1,0,0,(0.0,1,0,(0.0 Al = 1 A
54 — 5

1 [Fe1:b:mag]B2(a)
; Qrigin of subgroup (either rational or decimal numbers):

[Fe1:b:mag]A2(a)

= |0 agq+ 0 ag;+ 0 agy+ U a
0 [Fe2:a'mag]B2(a) T 51 52 53 54
0 [Fe2:a:mag]A2(a)
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o The program will save a “subgroup_cif.txt” file that you need to rename to “anyname.mcif”

o Load the mcif file to FullProf Toolbar and use the “mcif to PCR” from “Tools” to convert to file to a
PCR . Note : the Fullprog program will be run from the toolbar. The EdPCR is not configured to
recognize the pcr format used for this approach.

E25 FullProf Suite ToolBar - o x
Y49 FullProf Suite ToolBar

File

Programs  Settings  FP Dimensions  Tools  EditResults  Help

Fon bl il 2 L) O ) 55

CIFs_to_PCR
mCIF_to_PCR
1 to_PCR

Select Working Directory..

ai) S M e e a

Remaove current selected file from TB

Input Control Files of FPS

Input Data/Intensity Files

Quput Files of FPS
Infarmation/tper/Correction/IRF Files

Reflections Files

Exit IRF (Instrumental Resolution Files) — o

SUM (Summary Information Files)

TPCR (Info to be pasted in PCR files) FP Dimensions Tools Edit Results Help

[ EFU LY G

o x| Date:  |02/10/2022

nharm Sil‘\t!jrzhfxlf
HIGH FLUX [ SPALLATION
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Fe, ,Te: Configure the new PCR file and perform the refinement

o Open the new PCR with a text editor and copy the section describing magnetic/nuclear phase
into the previously prepared PCR file, used for fitting the nuclear contribution.

H I o
5] tHumber of refined parameters v/t Resolution file for Pattern#t 1
A hb2a_ 2p41n_resolution.ivf
Zero Code SyCos Code  SySin Code Lambda Code HORE ->Patt# 1 CltIpr Ppl Ioc Mat Pcr Ls1 Ls2 Ls3 HLI Prf Ins Rpa Sym Hkl Fou Sho Ana
a.688 g.08 a.08 a.88 .88 g.88 ©.008008 a.08 a a 1] 1 1] 1 1] N [¢] 1] 3 18 a a a a 5] a
Bragg Tor Patternf 1: 1P)t Lambda1 Lambda2 Ratio Bkpos Wdt cthm muR  AsyLim  Rpolarz 2nd-muR -> Patt# 1
S N 2.489680 2.409600 0.00000 Lo.G00 8.0008 ©.0000 6.0000 a.08 6.0000 ©.0000

Nuclear and Magnetic Structure of: iso ir34 opt1  UARY mxmymz HcosHsin t
¢ tNCY Eps R at R_an R_pr R gl Thmin step Thmax PSD sento
tHat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nuk Hpr Hore 6 08.18 1.0 1.0 1.88 1.88 6.5250 B8.P65463 127.8948 0.660 0.088

3 5] G 6.0 8.81.8 i i) 2 ] ] d.008 1 7 ] ]
|t 1
P2 _122_1.1'(@8,1/2,q)b0as 18_1_.10.4.m17.2 <{--Hagnetic Super Space group symbol (name & [} tHumber of refined parameters
Transform to standard: a2,a3,al,as;8,08,8,8 ]
Parent Space Group: 1T _number: ] t Zero Code SyCos Code  SySin Code Lambda Code MORE ->Pattit 1
Transform from Parent: -8.87619 8.8 ©.008688 8.8 ©.00808 8.0 6.000080 a. 88 ]
t Generators t  Background coefficients/codes for Pattern#t 1 (Polynomial of 6th degree)
Genr x,y,z,t,1 65.765 -11.617 7.117 a.8088 B.088 a.a08
Genr x+1/2,-y,-2,-2+t+1/2,1 8.68 0.88 a.68 g.88 a.08 a.08

Genr -x,y+1/2,-z,-t.1

Genr -x+1/2,-y+1/2.2,2-t+1/2 1
flGenr x,y,z,t+1/2,-1

Genr x+1/2,-y,-z,-z+t,-1

Genr -x,y+1/2,-z,-t+1/2,-1 e

Genr -x+1/2,-y+1/2,z,z2-t,-1

M qc 1

0_coeff

1

at Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Huk Hpr Hore
0.0 6.8 1.0 a a a a a 384765 g 7 a

¢ - <--Space group symbol
tAtom Typ Hax_Qcoeff h Biso Ocec H _ty t X "] Fd Biso
H Mcosx Mcosy Mcosz Hsinx Hsiny Msinz
JH betai1 beta22 beta33 beta12 beta13 beta23
Fe1_1 MWFE2 8.25008 8.75008 -8.88328 G.000088 8.25008 1
8.a0a00 6.80a08 a.e0a0n A.00008 a.a0808
HagHMB-Homent : .666088 0.0680808 §.0080808 <- Homogeneous magnetic moment
.aaeaa d.068008 d.008008

» Occ In Fin H_t Spc /Codes
8.7500680 0.25008 0.008328 8.22108 8.25800
a.a8 a.88 a.688 a.08
0.25000 0.25000 0.72000 0.22108
a.08 a.88 a.688 8.088
8.25088 ©8.25008 8.28628 0.52112 8.25008
a.00 008 a.08 0.00 a.08

Mcos-Msin-1: -85379 0.85379 -08.52062 8.520862 0.52862 0.85379 > Profile Parameters for Pattern # 41 ———-> Phase # El
.666088 0.06008 0.08808080 d.880080 0.80000 0.00608 P Y $hanod Bou Sied EN ) Sted $teain Hodad =
FeZ 1 MFEZ 8.25888 A.25088 A.72888 A.88688 A.a4888 1 £ 317600 8.00060 ©0.08660 ©6.090608 6.88808 0.B8000 1]
0.00000 0.00000 0.00000 0.00000 0.00000 0.0080800 0.0888 @.008 a.008 0.0888 @.0a@
HagHMe-Homent : .66608 0.068008 d.008008 <- Homogeneous magnetic moment ' u 1] "] X L] Gausiz LorSiz Size-Model
-aoooo 0.000600 6.0060606 0.000000 @.0000088 0.022862 0143147 0. 0000808 0.08800a 8. 0000800 8
Mcos-Msin-1: .666088 0.0680808 0.88000 B.80000 8.80000 0.066088 8.88 8.88 8.88 a.8a 0.88 a.8a 8.88
. 0000 0.080000 0.60008 0.80000 0.000008 0.080000 ' a b c alpha beta gamma #cell Info
0 9.25000 0.250800 8.28620 o.u000d 4.25000 L 3.812897  3.783150 6.240530 90.000600 90.000660 90.000800
, 0.086008 0.66088 6.00060 8.00060 . 06600 §y 0.00000 0.00000 0.00000 0.00000 f.a0000 p.a0000
fe=——e—— > Profile Parameters for Pattern # A1 . * Prefd Pref? Asy1 nsy?2 nsy3 AsyL S L DL
Scale Shape Bou Str Str2 5tr3  Strain-Hodel 0.90006 ©0.00000 0.66000 0.00000 ©.006060 0.90006 ©.00000 0.86000
1.0008 0.80000 0.000080 0.00608 0.80000 0.000080 [:] 0.88 a.0a 0.08 g.08 0.00 0.88 a.0a 0.08
0.00060 0.000 6.600 6.060 0.000 6.600 t 2Th1/TOFA 2Th2/TOF2 Pattern to plot
W b ¥ GauSiz LorSiz Size_ el 6.525 127 .894 1
T BUTh5Z 0.0009680  0.030876  §.d90000 9. [}
0.060 0.060 0.000 6.0800 8.0800
c alpha beta gamma #Cell Info
3.813860 3.783888 6.246520 90.080000 90.060886 90.000000 HMULTCELL !
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Nuclear and Magnetic Structure of: iso_ir3a_modi UARY mxmymz McosHsin

*Mat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ
3 8 6@.80.01.8 7 a2 8 @

Muk Hpr Hore
192.383 1 7 5]
L}

P2 122 1.1°{(8,1/2,q)888s 18.1.18.4.m17.2
Transform to standard: a?,a3.,al,a%;8,8,68,8
Parent Space Group:
Transform from Parent:
* Generators

IT_number: ]

Genr x,y,z,t,1

<--Hagnetic Super Space group symbol {name & number}

o The command line VARY mxmymz McosMsin
is automatically varying all allowed magnetic
moment projections for all sites. Remove that
command as we will set the refinements flags
manualy

o Make sure that the atoms identifiers (for magnetic
form factor ) are correct. Here the label must be
MFEZ2. If you are dealing with a rare-earths, then
the format is: JRE3 (e.g. JDY3)

For the first refinement of magnetic moments, fix
all the other parameters, that have been varied for
nuclear refinement.

o Copy to your new PCR the line at the end of the
file that defines the propagation vectors. Make
sure that you have the same lattice definition as

given for the parent phase.

Genr ®+1/2,-y,-z,-2+E+1/2 1
Genr -x,y+1/2,-z,-t,1
Genr -®+1/2,-y+1/2,2,2-t+1/2,1
Genr x,y,z,t+1/2,-1
Genr #+1/2,-y,-z,-2+t,-1
Genr -x,y+1/2,-z,-t+1/2,-1
Genr -x+1/2,-y+1/2,z,2-t,-1
H_qc 1
0_coeff
1
H
*Atom Typ Hax_Qcoeff X ¥ 150 Occ H_type Spc / Line below:Codes
* Hcosx Hcos Hsinx Msiny Msinz / Line below:Codes
H bet betaid betal2 betat3d beta23 / Line below:Codes
hFE1_1 MFE2 8.25088 a.75088 -8.88328 a.a00808 a.258808 1 8 #
a.a0a0a [ s LT a.ooaaa Aa.oB@aa a.oaeaa
Magia-Homengt - B.oBB@0 B.oBB00 9.808088 <- Homogeneous magnetic moment
a.a00808 a.agea8 a.688088
Hcos-Hsin-1: 1.34681 1.34601 -1.81284 1.61284 1.81284 1.34681 {-Amplitudes of Hodulat
11.88800 11.88888 -11.80088 11.0808008 11.086008 11.086008
PFE2_1 MFE2 1 8.250088 a.250688 a.72088 a.a08808 a.a48008 1 S
B.80804 A.00808 A.08888 A.o88A8a A.o88aa
MagMe-Moment : a.88000 a.88008 a.00088 <- Homogeneous magnetic moment
a.a08808 a.agea0 a.088088
Hcos-Hsin-1: A.o88A8a A.o88aa @.80088 @.80088 8.60888 8.808888 <{-Amplitudes of Hodulat
a.a80808 a.agea8 a.88088 0.88088 8.0808688 8.0808688
Tel_ 1 Te i} a.25a0a a.2ca0a a.2862@ Aa.oB@aa a.25@a0 a a
A.00804 A.00800 A.08888 A.oB8AA A.o88AA
P > Profile Parameters for Pattern # 1 ----> Phase # 1
*  Scale Shape1 Bov Strd Str2 Str3 Strain-Hodel
5.205208 0.800808 8.80088 B.oB800 a.o068080 A.o008088 a
a.080688 8.088 a.688 a.880 a.e8an a.aae
* u u W X Y GauSiz LorSiz Size-Hodel
B.800808 A.0080080 B.822681 B.1483 84 A.0080080 B.008000 B8.800808 a
a.68 a8.88 a.a8 a.68 a.688 a.a8 a.68
b a b alpha beta gamma #iCell Info
3.813808 3.783880 6. 2u352a 00.000088 ©D0.0008088 90.008808  HMULTCELL & 1 L
a.080688 a.agea8 a.080688 a.agea8 a.080688 a.agea8
* Pref1 Pref2 Asyl Asy2 Asy3 Asyh S L DL
0.000688 B.000600 A.080600 0.00A08 B.00060 A.6880680 6. BBBBB B‘ZiifE__—-_—-________________—————-—-—-—-—-—-—
- . - - . - - 8.68
* Propagation vectors:
a.35500088 A.08800088 a.-a00688 - *opagation Vector, nharm, sintl 1lim 1
0_AAAGGR 0_ARAGGRA 0_AGAGGRA
* 2Th1/TOF1 2Th2/TOF2 Pattern to plot
A COCQ 472 O4AQ |
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] a LI T T O R R i 3] 4 3] 3] 1YL . 583 1 ] 3]
L]

P2_122 1.1'(8,1/2,9)8885 18.1.10.4.m17.2 {--Hagnetic Super Space group symbol {name & number}
Transform to standard: a2,a3,al,ak;a8,8,08,8

Parent 5pace Group: IT_number: 5}

Transform from Parent:

* Generators

Gent xX,y,z,t,1

Genr =+1/2,-y,-z,-z+t+1/2,1

Genr -x,y+1/2,-z,-t,1

Genr -®+1/2,-y+1/2,2,2-t+1/2 1

Genr x®,y,z,t+1/2,-1

Genr ®+1/2,-p,-z,-2+t,-1

oA P P L o To create a helix we only need
o Caerr two orthogonal components
:Htum Typ Hax_Qcoeff i ¥ Z Biso O pe=——}ti=bwpey Spc / Line below:Codes (MCOSy and MSInZ) that are
H HMcosx Heosy Mcosz Msinx Hsiny Msinz / Line below:Codes .
' betat1 hetaz? beta33 betal2 betal3 pta2 / Line below:Codes perpend|CU|ar to the |C kX
Fe1_1 HMFE2 1 8.25800 a.75808 -8.88328 8.0080808 a.250080 1 a # . .

HagH8-Moment: 0.00000 B-ﬂag?gﬂlﬂﬂ u-ﬂﬁg?gﬂﬂﬂﬂ ﬂ-gfaﬂgmugengasgﬂgggnetig-E???a cjlr(a(:tl()r1-

8.00008 ~—T-TETOT—
1.34601 8. 008008 8.0000808 8.800008 1.34681 -Amplitudes of HModulated

11.080000 0. 00000 0.00000 0.00000 11.000080

Mcos-Msin-1:

Fe2 1 MWFEZ “nggg “:“““““ p Ll A . S o) Slnce the data Only ShOWS one

HagHB-Moment : 8.00008 8.80000 B.00008 <- Homogeneous magnetic moment . .

os sin s baeea  bomb OO0 eosos .o 0.00000 < anplicuces of Modulated s magnetic peak, we will
Te1 1 Te @ - 09099 a.zsgégﬁﬂaa u.zsgégaaag a.zsgégﬂﬂﬁa a.uugégaaaa ﬂ.zsgégaﬂﬂﬁa o & constrain the two Eir71r)||tl1(j€355
_ 8. 00888 0.08000 8.0000 8. 00888 9.00800 ] ]

eane TFOFHle Barameters for pattery b T M s T Strain-Hoger to be equal for a circular helix

5.295208 9.00860 ©.90G88 0.80008 B.08808  B.006AN 8

0.00800 8.000 8.000 8008 0008 8.000
1 u u W X v Gausiz Lorsiz Size-Model
8.008008 6.008008 8.0822681 8.148304 9.008008 8.000008 8.008008 8
a.00 800 8.00 000 8.00 0.00 8.00

H a b C alpha beta gamma #iCell Info

3.813888 3.783880 6.240520 90.000000 90.000000 90.808888  HHMULTCELL 5 1 L
08.00008 8.80088 0.0000808 8.00008 8.80088 a.000088

* Pref1 Pref2 Asy1 Asy? Asyd Asyhl 5L DL
6.@80008 0.00008 O_00000 O.00000 O.00008 O.00000 O.00068 O.00000
a.68 a.68 a.a8 a.88 a.88 a.88 a.88 a.88
* Propagation vectors:
A.3550888 a.a8ppBeA a.5000088 1 1.8888 <-- Propagation Vector, nharm, sintl 1im A
8.00080888 a.a06000 a.0800088
L] 2Th1 fTNF4 2Th2?/TNF? Pattarn fn nlint
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o Load the new PCR into the Toolbar and run FullProf refinement

| =
EEY) FullProf Suite ToolBar — O <
| Programs Settings FP Dimensions WN Results Help E

E . -ssnum P@M b ;|J %ﬁ'” | ‘:%' lg%l @ :

|C \Magnetic Structures\MAGSTR, Worksop\?_ﬁl?_\OGarlea examplel_|C_structurel, Code File: |Fe1 pl6_4K Type: |pcr Date: |02f10f2022

mu,,;u....

Working D‘lrectory

|FTEETE Stroctures TWoTREOpY TONSaTTEa_example | _IC_structure e Tp 1o g per = B J O the fit Can be improved by
H&f FullProf Program - i x . .
Load EditPCR  Mode Run  Exit | reflnlng the k-veCtOr, Iattlce
Z IRl e Iyt O [Freem comemar Beem ) parameters, profile parameter,
:i Pha;i;gg R—faitor: 17.89 I baCkground-
== RF-factor : 13.38
== Nuclear ER-factor: 13.69
=> Magnetic R-factor: B€.82
=> Pure Magnetic R—-factor: 8e6.82 ]

=> Normal end, final calculations and writing...

=>» CPU Time: 1.016 seconds
=>» 0.017 minutes

=> END Date:04/10/2022 Time => 23:11:01.833

v 2000
[ Felplé_<4K.p=
N 1800+ [0 ChiZz: 7.18
Cyole s = ChiZ2z: T .50 FelpleTe 4K—2p4li.datc ‘B"I‘
N ") 16004
7 1500 o
P ] o 1400
1000 — r 4=3Ty
. 'ﬁ 1000
i ] i
y SO0 - s00
- > i
by o — it €00
o H
a n 400 4 _
c a 1 ) .
1 —se0H I I I oo Y [ A T E 2001 i i Y. b j
: Mmﬂrw— o sd 2 A
T T - - - g Il [ T I \blnl T T AT T
1o 1= =20 =25 =20 25 a0 a5 50 =55 (=4 =] a5 70O 1 M ity |
2 ThEta T T T ] T T T T T T T
. 10 20 30 a0 50 &0 70 80 20 100 110 120
2theta (deg)
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Fe, ,Te: Display the magnetic structure using Vesta

o to visualize the magnetic structure one can use
VESTA program, which reads the *.mcif file,
generated automatically by Fullprof.

o The mcif created by FullProf is set to display the

moment modulation across preselected multiple
unit cells

* Scale Shapet Bov Str1 Str2 Str3 Strain-Hodel
5.2952908 6.8686888 6.80800 6.8686888 6.8686888 B.860000 a
6.8686888 6.888 6.888 6.888 6.888 6.888
u v U] X ¥ Gausiz LorSiz Size-Hodel
6.8680808088 6.8680808088 8.822661 8.153345 8.800000 6.8680808088 6.880000 a
6.88 6.88 6.88 6.88 6.88 g v. oo 114
a b C alpha beta gamma #Cell Info
3.813860 3.783880 6.248528 90.0008880 90.0008880 90.00000¢ #HULTCELL 5 1 4
6.8686888 6.8686888 6.8808008 6.8686888 6.8686888 6.86888
* Pref1 Pref2 Asyl Asy2 Asyd Asyl S L i
6.00660 ©.00660 0©.00660 O.0DODBD O.DDDDD O.DODOD DO.000G0 O.00000
6.88 6.88 6.88 6.88 6.88 6.88 6.88 6.88
* Propagation vectors:
8.3543174 6.086006808088 6.5880000 1 1.8088 <-- Propagation Vector, nharm, sintl_lim 1
6.8680808088 6.8680808088 6.800000
* 2Th1/TOF1 2Th2/T0OF2 Pattern to plot
6.525 123.068 1

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

%OAK RIDGE NEUTRO Magnetic Structure Determination Workshop, ORNL, Oct 3-7 2022

National Laboratory

REACTOR




	Determination of the incommensurate magnetic structure of Fe1.16Te using Super SpaceGrup method
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25

