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Incommensurate = wavevector k has irrational components

Description of modulated structures
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Types of Incommensurate magnetic structures

= Skje‘z“ile + S_kjez“ile = Re(Sg;) cos(2mkR,) + Im(Sy;) sin(2mkR;)

> case of Skj= Real,; Im(Sk]) =0 - = Soj Ccos 27'[(le + (p]) ﬁ] ﬁ] is a unit vector gl\/Ing
the moment direction, and
Amplitude modulated structure or sine-wave @;is aphase factor
u; || k > Longitudinal i; Lk - Transverse
spin-density waves (SDW) in. - Ao
spin-density waves ds ol sl =l
A
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incommensurate k = (0.21, O, 0)
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Types of Incommensurate magnetic structures

Hij = Re(Sg;) cos(2nkR,;) + Im(Sy;) sin(2nkR,)

> case of complex  Skj = So;(U; + ip; - V;)e'? (W;-v; =0; [u| =1|v|=1),
= U= Syj [COS(ZTL’le + (p]-) uj +p sin(27rle + (p]-) \7]-] helical structure
k Il (@;,9;) > cycloid k L (u;,v;) - helix or spiral A C*

incommensurate k = (0.21, 0, 0)
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Magnetic Super-Space-Groups (MSSG)
/ o Implemented by de Wolff (Acta Cryst. A, 30, 777, 1974)
to describe periodic perturbations

X2
/ o Incommensurate modulations destroy translational
/ periodicity

Q 9 ? Q o Treat each atom in the 1D unit cell as a wave along
a new “phase” dimension (x4).

x4 o Translational periodicity is recovered by performing
an additional tfranslation along the internal coordinate
X, = k(R +71).

'L o we get one extra phase dimension for each of
the d independent modulation waves
We call the result (3+d) -dimensional superspace.

uj(xy) = Mje™s + Mje %4 $,= My explik 1)

Branton Campbell presentation:
hitps://www.youtube.com/watchev=4c?QXyax4Qg
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H. T. Stokes, D.
ISO(3+d)D, ISOTROPY Software Suite, iso.byu.edu.
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A magnetic superspace group (MSSG) simultaneously constrains both the
magnetic and non-magnetic (e.g. displacive, occupational, rotation and strain)

Magnetic basic space propagation vectors

group (MBSG)

\

(in standard setting)

¥

(P45mc'[a, 0,%2)004)0, @, ¥2)0sq]

(phase shifts)

For more information :
J. M. Perez-Mato, J. L. Ribeiro, V. Petficek and M. |. Aroyo, “Magnetic superspace groups and symmetry
constraints in incommensurate magnetic phases “J. Phys. Condens. Matter, 24, 163201, 2012.
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MPG [MSG (d=0)| MSSG (d=1) | MSSG (d=2) | MSSG (d=3)

Type 1 32 230 775 3338 12584

Type 2 32 230 775 3338 12584

Type 3 58 674 3100 15218 60799

Type 4 -- 517 4653 31862 176101

Total 122 1651 9303 53756 2620068
TbMnO, (#1.1.7) Pbn2,.1'(080)000s 33.1.9.5.m145.2




LiFe(WQO,), : Multiferroic with cycloidal magnetic structure

monoclinic C2/c structure consisting of stacked (100)-layers of mixed [LIO6] and [FeO4]
edge-sharing octahedra arranged in frustrated two-leg spin ladders, separated by layers

composed of fungstate [WO6] octahedra.

—— LiFe(WO,),
- [ ‘i(_}|"l(\)\f()-1)z

Intensity (a.u.)

0 20 40 60 80
T (K)

Meifeng Liu et al., “Cycloidal magnetism
driven ferroelectricity in double tungstate
LiFe(WQ4)2", Phys. Rev. B 95, 195134 (2017)
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Two successive magnetic
a=9.2997 A b=11.4302 A  transitions are observed at

c =4.9072 A, B =90.65° Ty =226 Kand T, =19.7K

Single crystal study
S. Biesenkamp et al.

PRB 103 134412 (2021)
confirmed the powder results

LiFe(WO,), (#1.1.129)

view in Jmol
Download mcif file




Files provided for this tutorial:

» Neutron powder diffraction data (BT1) data files measured at 30 K and 5 K (in XYSigma format):
LIFeW208-5K.dat; LiIFeW208-30K.daf
> Instrument resolution file: bt1_fp.irf
> CIF files for crystal structure: LiIFeW208.cif
» Supporting information: LiFe(WO4)_PhysRevB.95.195134
» PCR Solutions (backup files)
“‘LiFeW208_nuc.pcr’
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Exercise Steps:

l. Import the known crystal structure/instrument parameters to create a PCR file
II. Refine the structural model and the profile parameters

lll. Identify the magnetic reflections and determine the propagation vector (k-search in Winplofr)

V. Select a magnetic model and add it as a second phase in the PCR file Irep approach
VI. Perform refinement for the magnetic phase ~ BARAR or Basireps)

| \

Super-space group
X. Select a magnetic model (mcif) and convert it fo PCR format  approach
X. Configure the new PCR file and perform refinement (SODISTORT)
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Observe the differences in the data measured at 30 K and 5 K

¥23) FullProf Suite ToolBar - - =
File Programs Settings FP Dimensions RunaScrlpt Help /\
_% E . .ssme:u FCR 1’[')321: M Fultg e (@ @m Bus. ;P \'.1_,' ‘ @
Working Directory: |c.\MncU02\ \_ _/ CodeFile |cUMnoz Type: [PCR Date: [13/05/2016
& LiFeW202-20K.dac & LiFeW2 cu OK. dat “ r m
2500 (} LiFeW208-5K da:: 200 (¢ LiFewW20 —5 -das
g 2000 - E 250 d f
5 5 '
el 1500 - e 200 |
g 8 1
2 2
® ] 150
g E
Ztheta (deq) 10 15 20 25 ztheatoa (deg:_'l 40 45 50
The 5 K data contains additional Bragg peaks at low two-theta angles.
The crystal structure needs to be well determined before attempting to model the magnetic peaks. Check the
presence of impurities in the sample (this is especially important when dealing with incommensurate orders.
OAK RIDGE [1$5555% | St Magnetic Structure Determination Workshop, Duke Univ., July 2026
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Import the known crystal structure/instrument parameters to create a PCR file

o use “Cif >Pcr” button in EAPCR to import the crystallographic information file CIF (LiFeW20O8.cif)
and create the FullProf input file (*.PCR)

S A s esseswmsees s Dropbox (OR
T Editor of PCR Files = x |

Atom (Wka) X y < B File Editor Tools Templates Help Bt 2
W (8£) 0.2468(2)  0.09104)  0250(1)  0.34(7) N0 2 L | M5 22 85 .
Fe (4e) 0 0.3359(3)  0.25 0.1(1) —— £ L
Li (de) 0.5 0.342(1) 0.25 0.7(2)
Ol (8f) 0.3634(4)  0.0586(3)  0.9225(6) 0.12(2) Type Import Files
02 (8f) 0.3806(3) 0.1821(3) 0.4127(6) 0.12(2) xay | TOF Asci ci Shelx
03 (8f) 0.3559(3)  0.5483(3) 0.9451(6) 0.12(2)
04 (8f) 0.3773(4)  0.6946(2)  0.3936(6)  0.12(2) Instrumental Resolution File

SP: C2/c.a = 9.2687(1) A, b = 11.3964(1) A,
¢ = 4.89368(6) A, B = 90.564(1) deg., Chi® = 1.1

I i T Ds alues
1 |C ‘\Users\gg4'\Documents\MAGSTR_Worksop'\2019\Example_IC_LiFeW208'bt1_fp.if Browse
= |
29

Cell Parameters/ SpaceGroup | Atoms Information |

Note: occ = site multip./general multip.
Always check if this has been correctly o T T
calculated after importing the .cif file.

C:\Users\ggd\Documents\, Mﬂd\

Space Group: |C12"‘31 [~ Magnetic Phase
Number of total Operators: l_c j
o in the new window, select the “Neutron” - e = ;
tab for the type of calculations
o use the "Browse” button to upload the
instrument resolution file “IRF" : bt1_fp.irf _ox | Conce
%8&5}&{335 ESEC{PCL){X EE%LE@TNION Magnetic Structure Determination Workshop, Duke Univ., July 2026




©)

In “General * tab, you'll see the first option
“Refinement of Powder diffraction” as the

selection \

default

s e
™ Editor of PCR Files

File Editor Tools Templates Help Exit

J¥0b% 22 WHREEE Y 0 X

Patterns Information

. PCR | | Paemin Weigh:[T0000
Editor

('# FUllPr( | viomsen
]

1t_|- |

!
E' A ‘/‘
I 1 S— Cﬂtl. | —
= = S IS=SIE

4 4 = X »| B

( Data file/Peak shape i:

Background Type |
Excluded Regions |

T Profile Data Information: Pattern 1

Data File / Fomnat | Refinement / Simulation | Pattem Calculation/Peak Shape |

Data File: |UFeW20&5K.da‘t Browse... I

g

C:\Us Format
¢ D1A/D28B (Old Format) (" Free Format (2thetal, step, 2ThetaF) ( Variable Time X+ay Data
" DIA/D2B/3T2/G42 (" Two Axis Instrument, G41 & XY SIGMA (XYDATA)

¢ D1B (Old Format) (" GSAS Fomat (" XCelerator (PANalytical)
' D1B/D20 (" Socabim Software " 1SIS multibank nomalized
" D4/D20L " Synchroton (Brookhaven)

" DMC/HRPD (P.S1) (" Synchroton (DBWS Software)

Geometry/IRF |

ber Scatt. Factors

019 |14:29:47

s Editor of PCR Files

|
X

File Editor Tools Templates Help Exit

J30b%das WRZHEBE Y 0/ X

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

I Type of Pattems, profile, background, dffraction Pateres
’ geometry, user-given scattering factors ...
Phases
Refinement

FullProf

PCR ,
B il Phase name, type of calculations (JBT), ATZ,
| Ed' tor ‘ML contribution to pattems, symmetry, ... .
| ‘ ‘ | Number of cycles, relaxation factors, access to
i{l | il 1{‘" | pattems and phases (stoms and profile)
' General Information X

Title
— ’]Crynallogmﬁc investigation of a double tungstate, Li Fe (W 04)2

Copyright (c) 2002-2005. JGP - JRC gh of a Powder Diffraction Profie

T oK
CUsers\ggf\Documents\MAGSTRY | © P T e T o |

" Simulated Annealing Optimization (Integrated Intensities)
[~ Optimize calculations according to the particular options used in this Job

<— o Openthe “Patterns” Tab, and then the

“Data file/ peak shape” and select the
“XYSIGMA™ for the data file format

OK Cancel
HIGH FLUX [ SPALLATION . . . .
%gﬁﬁlﬁiggg ISOTOPE | NEUTRON Magnetic Structure Determination Workshop, Duke Univ., July 2026




In the “Patferns” & “Data file/ peak shape” tabs, select the

“Refinement/Simulation”, and make sure to select “Neutron-CW"

In “Data file/ peak shape” - “Pattern calculation/Peak Shape” tab,
select the “Thompson-Cox-Hastings pseudo-Voigt * Axial

T Editor of PCR Files

File Editor Tools Templates Help Exit

JM0OEY &2 WRHEEE N

© X

Title, type of job: Rietveld, Integrated Intensities, General
| Simulated Amnesing,
| EiiliPraf | \
2 — >

Patterns Inform

Information

f | (mm. i Weigh:[70000 Gﬁbl%ﬂk shape |
: -

!

T Profile Data Information: Pattern 1 > [Constrainis ]
H 1
divergence asymmetry” for the peak shape type T e s ot S pifome
Simulation / Refinement Data Output
cof £ " Pattem Calculation (X-Ray) i
" Editor of PCR i = X cﬁ< & Neutron - CW (Nuclear and Magnetic) € Pattem Calculation (Neutron - CW) 019 [1433:5
Ful% Ed\ntcr_‘ Tools Tsmplatiz\ Help  Exit — — € Neutron - T.0 F (Nuclear and Magnetic) € Pattem Calculation (Neutron - T.O.F)
JY0b% 229 WRESE MY 0 X
_mlmdpbzﬂme‘d.mm e — [UserDefined ~] & [ 2077500 A 2077500 (y4 5)[ o000
Simulated Anneaing, .. _ Gee |
. EudiPraf | |
Patterns Information ml
I Phases
oK Cancel
‘| {me\.i/f Weight:[ 1.0000 ER e | o | —I =
T Profile Data Information: Pattern 1 < [Consiraints r
Title. type of job: Rietveld. Integrated Intenstties. General
= Simulated Anneaing,
Data Fie / Fomat | RinmlSm@l u iestrants EiiliPrnf | | | neaing. Qmm
Patterns Information
Peak Shape Output
d’ﬁhmm@;-mmgspmm-vmdedmwmc@- ISHP € GlobalSHP l| _ Phaes |
1 ‘ Patiem: 1/1 Weight: [ 10000 Data fie/Peak shape | Refinement |
[cawd Scattenng Variable P19 [14:33:5 u" ~
- & 2Thets © TOF ficmseconds) " Enery keV) =i @I | D consras |
2L It L al 1 L ml mil PP
me E B roun nformati s
Theta_min: 0.0000 Theta_max: 165.0000 Step: 0.0300 17 Initi
Mod:
Range of calculation of a single reflection in units of FWHM: [~ 50000 ~ BCodTuer::palymmia\lmdion
Incident beam angle at sample surface (9: 0.000 Copght@ | |~ 12Coefficents polynomial function Origin of the pobynomial @
\Users\gq " Debye-ike (12-coeff.}+ polynomial functions (6-coefficients)
(" 12Coefficients Fouriercosine series
L] ﬂl  Fouter Ftering Nermber o poirts taken for Fouser Fer: [50000 —
s Fil by &
I Browse
. . " . . (* Linear Interpolation between a set background poirts with refinable heights
For the background information, select the “6-coefficients SO
. . " [ & Polynomial (24 coefficients)
polynomial function e
ok | Cancel
HIGH FLUX [ SPALLATION . . . .
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?Edimmrpmnles . i = 2 |

Add two excluded regions with the scattering ranges S
2to 7 deg,and 157 to 170 deg - 5 TICERIE g ST %% e

| Rmameesne | o |
T - o - i . Patterns Information . -
| File Editor Tools Templates Help Exit Information
J j Q Q % | gj &] @ | “M {ptb} EEE % mE ‘ Ei&p“ I"hp" | @ | X ’VFE"”"'M U ML Deta file/Peak shape
i B
| " o ] Eicude Regions:Pattem 1 . A oo
F sl - " ] {E:j;g;m:tﬁm?dd. pearted rensies. —IGE”E'EI = S| Mumber of excluded Regions: [~2 \ ~— g+
| : P— ™ T
- - - . - h w boun igh boun - ul
2. Pattern Diffraction Geometry Information: Pattern 1 u | Region 1 20‘;’0 ford 70;;“’ : pem e e
Copyright (c) 2002-2005. J Regon 2  [57.00 170.00
r Diffraction Geometry .
[Ersag Brertano or Debye Scherer Geometo] = .
|
IRF |Ccrredions I 0 1] .
e In the “Geomefry/IRF" tab, you should see the IRF file
- that you previously assigned to the BT1 data
| . H2 = (T, tan 8+ V) tan 8 +F, . FIFHM = -\||'Uitan29+f/;tan5'+W; %, bditor of PCK Hles = es
ol H = X- ta.n9+Y-,."cos§ +Z_ n=n, +_XY! '29‘*'{'/;'(29]2 / File Editor Tools Templates Help Exit O . I 0 o
= HE = (U, tan 8+, tan 8 +1F, jj@@%|£§]£ﬂ@|mmsss%%|§! |@|x

H; =(X,20+1),20+Z,

)

Pattern Contribution Information for Phase 1 —_— L
es

ies, General |
Fattem 1 Izz:.e-" 2 I Pattem 3 I Pattem 4 | Pattem 5 | Pattem & I Pattem ’I

Ction
¥ Cument Phase contributes to the pattem
[Tt et 4 D
s " Pattem Calculation (X-Hay)

t
" Pattem Calculation (Neutron - Constant Wavelength) o Refinement |

- H2 = (T, 26 +17)28 +1F,
H, = (X28+7),28+Z,

{ T.0OF. p¥aigt * B-to-b exponentials (o * Ikeda-Carpenter)

 List of 24, HG 28, Hz(29) " A above, but TOF versus d-Spacing [J. Hodges)

glﬂ’)

ear and Magneti

" Pattem Calculation (Neutron - T.O.F)

" Neutron (T.0.F)

Nuclear and Magnetic

> =, =
is
1elitz o

coes

fastats, Li Fe (W O4)2

—Peak Shape LI
' Thompson-Cox-Hastings pseudo-Voigt * Adal divergence asymmetry ;I
& Codefil.shp € Global.shp | Eulated au ically ¢ Provided by user

Open the “Phases” tab (1) and then click on the I .
“Contribution to patterns” and select the “current phase Recton [ttty gorsed o e Spoce G o =]
conftributes to the pattern * and “Neufron CW"” and I Use e crtef et s v, e efctons e s ]
“Thompson-Cox-Hastings pseudo-Voigt " for the peak shape sy cofiir:[0T00 2l 2l

Next Last
Global weight of the integrated intensity data vs profile data: I 0.0000

Factor for excluding reflections [ | < Factor * Sigma(l) I: I 0.0000 l cel

%Qaﬁléll]gggg %ﬁi{%ﬁx EE%L;E%LION Magnetic Structure Determination Workshop, Duke Univ., July 2026




Open the “Refinement” tab and then the “Background” and add

a value for the “a_o" coefficient that will give a first flat line

approximation for the background (~ 50, read it from the data file)

One can also increase the number in the “Cycles of
refinement” box, to 5 or higher. This only becomes important
when we are setting some parameters for being refined.

7] k, ED  ED o o -
m! AT | B Edmxowcnmes/ .

ennes /ILL Grenoble]

FilemEcitormiooly/mTempltemHelpmEsit
sction_Xspace _Calculation] 1R %I 2 B & M[@g} EEE%% u&p“ Mhp,, @ X

&= =l pd| 4 KN

Imformation
L

= Refinement Information

ZZ | heral

Cydles ofRefinement: 5
Stap Crten wegence

Forced Termination when shifts <

010 % ESD

Relaxation Factors for Shifts

Others: None

Reflections ordering

& Drly at the first cycle

" Each cycle

- Atomic [ 1.00

Anisotropic: | 1.00

I™ Bragg R-Factor excluding reflections limiting excluded regions

Profile | 1.00 Global | 1.00

emnent

pstraints

Cosfficients Palynomial Background: Pattem 1

S—
[ [ o0 [[ ar [T sz [[ a3 [[ dar [T 45 []| penen
[ Costioems | ] ] o ] o | —
Fis Al
| T ) e o B e e e
| Coefficents | ] ] I

Background Polynomisl

Cancel |

Bd” TUCTICLL

1 = [[ = [ = [[ = T]
Coefficigrts H 0.0000) | 0.0000) | 0.0000) | 0.0000) | 00000 | Ok
to.f. (u sec.)
OAK RIDGE HIGH FLUX | SPALLATION
A ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE

Intensity (arb. units)

240
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\

e | [—

Working Directo)
U
Libraries » Documents » M,

Bi Iy

Tix Refinement Information

Cyeles o Refinement | B[]

Step Criterium of Covergence

- - —_— — — o — 52
%« Editor of PCR Files =
File Editor Tools Templates Help Exit
J30b% A4/ WBREEE Y @ X
.- =) ...
Patterns:

Others: Mone

Forced Temination when shifts < | 010 E.5.0.

Reflections ordering

" Dnlp at the first cpcle " Each cycle

Pattem 1 ‘ | | | ] |

Refinement weighting madel

& Least Squares
" Masimum Likelihood

" Unit Weights

Backgiound

Instiumental

Reduotion fastar of number of deta points: | 0[]

Fielaxation Factars for Shifts

Atomic | 1.00

Arisshtopic

100 Profile | 1.00 Global | 1.00

I™" Bragg R-Factor excluding reflections limiting excluded regions

Phass 1 I |

Atoms

Pattems
1 r© r

Prafile
HEL Shifts

| | | R
Prop. Vectors

C ol « (o}
Micro-Stucture
Further Parameters:

Cancel

Phases

Constraints

Bow/Restraints

L

Output

- !
]
2
B
o

30

2 T —— T — Y ]

-] o

0 20 40 60 80 100 120 140 160 18
26 (°)
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Refine the structural and profile parameters

In the same “Refinement” window, click on the “Profile” tab and set the number for the “Scale factor” to
(use 0.5 for this example). Remember to SAVE the PCR file by clicking the “Save” button, every time a
change has been made

- L | L | s
Profile Parameters: Phase 1 Pattern 1

| Factors _— — o Run the Fullprof program and select the
T e E—— j @ix “LiIFeW208-5K.dat* file for data.

—Cell Parameters

a I b | C | alpha | beta | gamma | N I|_§£; N General

Coefficients 9.253999'— iK] .wcmnr 4.903999" an.mnr an.emr an.mnr

P - -
Pattems ks FullProf Program T

Load EditPCR Mode Run Exit

I FWHM / Shape Parameters  Asymmetry Parameters | Prefemed Orientation |

i)

Phases => Conventional Rietveld R-factors for Pattern: 1 -
=»> Rp: 46.8 Rwp: 45.¢ Rexp: 11.82 chi2: 17.6
FWHM Parameters Refine Al | => Global user—weigthed chi2 (Bragg contrib.): 18.7%
U | vV | w | IG | Refinement ) => ——mmmmm > Datternt 1
er— 5 '_ 5 '_ 0 '_ 5 '_ Fic Al | 100  Global | 1.00 —> Dhase: 1
- - - - Constraint => Bragg R-factor: 27.02
\ s nstraints => RF-factor : 16.18
Sh P et Cancel X =»> Conv. not yet reached -> [Max] Shift(Scale_phl patl)/ (eps*Sigma)= —-9.62 abs
B Ll | | | LI excluded regions Box/Restraints | => Normal end, final calculations and writing...
] — e ok |
oK
Coeflicients 0. r 0. r 0. r o se 5 I Phase 6 I :;I;' Output | => CPU Time: 4.320 seconds
I Refine FWHM for second wavelength => 0.072 minutes
2 V2 w2 MI | => END Date:17/10/201% Time => 22:31:32.312 \E
Cosficients r I I 17/10/2019 [22:27:32 al m S
E C©6 O7F = =
Cycle: 7 Chiz2: 17.6 LiFeW208-S5K.dat
Micro-Structure
o 2500
s Mo | Futher Paranetn| :
HKL Shifts Further Parameters - 2000
Reduction factor of number of data points: ﬂﬂ =
- 1500
191
[= )
— 1000
— .
= so0-
p
g o
=
H -500+
20 40 &0 s0 100 120 140
2Theta
HIGH FLUX | SPALLATION . . . .
%OAK RIDGE ISOTOPE | NEUTRON Magnetic Structure Determination Workshop, Duke Univ., July 2026
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s ~
Profile Parameters: Phase 1 Pattern 1 3 Shape Fill ~ 2 Find

- Factor

i

Refine a number of parameters (e.g.: scale factor, lattice
parameters, profile parameters, background coefficients, | T Bl ex

- Cell Farameters

zero shift, as well as atomic positions) fo improve the fit. ~_ - B T A ]| ST

[ P/ Shape Parmeters  Asymmetry Parameters | Prefermed Orientation | [ ]
Note: The profile parameters will only show the deviations | poe=== o e s s s .
0.000000 | 0.000000] | 0.000000)

Cocfficierts | 0.000000f% | Fic Al
F

of the U,V,W X,Y parameters from those defined in the IRF '

. SplenEt _Concd | \NTE poe [190 ke [700 | |
f’l e. | [ x [ v JI & [] [ <] A

T

[Godiomes | ooooom| oo | oo | F]
I™ Refine FWHM for second wavelength g reflections limiting excluded regions o
. . . I | L
U2 V2 w2 T T
T« Refinement Information = | | | | | | | | k3 | Phase 4 | Phase 5 | Phase 6 | Pl ®

| Cosflicients | 7] ] ] |
19
ﬁ Cycles of Refinement: 5 E Prop. Vectors =

i Stop Crterum of Covergenc Relaxation Factors for 5 hif S — -
3 . o - Likelihood 3 4 5 Og O7F
0| | Forced Temination when shits < [T70,_ E5.0 s e __amenta | (
| B I .
s . . — B & " ~ Profile Micro-Structure
= Others: Mone Instrumental Parameters Refinement: Pattern 1 — — - . Unit Weights e i | |
N g T | Further Farameters |
i Reflections ordering T.0.F. [TOF vs D_Spacing -» quadratic) Reduction factor of number of data paits: ﬂﬁ
= &+ Only at the first cycle o el | —IFiN gl
E [ [z [ ow [T ome [ ehesm [ ] o Runth
= | Casfficients | 0.0000f | 0.0000] | 0.0000] | 90,0000 | Cancel
= |
— Patten 1 |Pattem 2| Paem 3 | §
9 - —

Refinement weighting model— Atoms | Frop. Vectors |

* Least Squares Backanund Pattern et FullProf Program (2| B i’
A . ) G1 2 3 4 5 €5 €7 Load EditPCR Mode Run Exit

" Masimum Likefhood m => Expected : 8.26 1.9067 B
= T — = => conventional Rietveld R-factors for Pattern: 1

Uit Weights Prafile Micro-Stucture | => Rp: 17.7 Rwp: 18.5 Rexp: 12.24 Chi2: 2.28

Micro-Absorption => Global user-weigthed Chi2 (Bragg contrib.): 2.401
= ————————= > Pattern# 1
HEL Shifts Further Paramelersl => Phase: 1
Reduction facter of number of data points: | 015 =>  Bragg R-factor: 7.780
= RF-factor : 4.624

=> Cconv. not yet reached —> [Max] Shift(Cell A phl patl)/(eps*Sigma)= —
=> Normal end, final calculations and writing...

0K Cancel => CPU Time: 7.461 seconds

=> 0.124 minutes

-

.38 abs> 1

~ — = = => END Date:17/10/2019 Time => 22:52:09.009 £

Run the Fullprof program again fo fit the data — . R

In case you couldn't follow these steps, a PCR file for fitting the
nuclear contribution is provided “LiFeW208_nuc.pcr”
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Determine the propagation vector (k)

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 detfection — Insert peak”

Select the peaks at 2theta ~ 13.33, ~14.14,

o (. . . .
~29.12, ~ 30.47 and 31.29 deg, and save them The k—se.orch .VYI.I’]C!OW will dlsplo.y ’r.he input parameters that are
into the “k-search format" by doing aufomatically initialized. The restriction fo commensurate
M L) M 1 1 b 1 - " 1 i 1
“Cqalculations” - “Peak detection” ="Sqve wavevectors (“special k-vectors”) vY|II nof give any solution. One
peaks” must test incommensurate k by testing different high symmetry
o N — direction. Since the structure is C-centered the k-search needs to
.’F.i.\e Plot Profiles Options X space Calculations Ext. Applications Tools  Help be eXTeﬂded from 0.5 TO ] VCI|U€S.
H|& # Per F5 517 BT FP P 3o O % se | BE o 2| | e x
Crystallographic invesigation of  double tungstate, Li £ (W 04)2 o A suggested incommensurate solution is k = (0.89, 0.0, 0.33)
- [H] Input parameters for K_SEARCH . &J
g Title |Cr}lstallographic investigation of a double tungstate, Li Fe [w 04)2
; j:: Lo oo [ETTT —> List of the best 10 solutions for 6 satellites
g Cel Parameters [ 6.26741 1139422 483333 90,0000 905671 50.0000 Kx Ky Kz R-factor
z 100 + Toleranos 0.890000 0.000000 0.330000 1.382324
g o (OF Pty | 0300 0.900000 0.000000 0.330000  1.440757
£ 0.880000 0.000000 0.330000  2.709579
= 0 o max,..) | 001 000 001 0.910000 0.000000 0.330000 2.931234
0.890000 0.000000 0.340000  3.230400
mugfmeéfmf]m | 100 100 100 0.880000 0.000000 0.340000 3.262982
i i i : i i i Wavelenath 0.890000 0.000000 0.670000 3482375
10 ' 20 2 20 as <0 et I 0.890000 0.000000 0.660000  3.625372
| tota (doo) 0.900000 0.000000 0.340000  3.633707
{+ Shart Output " Long Output " Mo output of intermediate calculations 0.880000 0.000000 0.660000 4076433
o=t 1o Q _
Peaks allocation: Insert peak M= 194 X= 127174 Y= 293.5 ca\(u\atlnﬂ [ Search onlp special k-vectors Cancel
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Perform symmeitry analysis to obtained IRs and Basis vectors Irep approach

using the SARAh program at
http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software /sarah-refine-fullprof/

Select the SARAh webRefine from the web-software tab
and infroduce the paramagnetic space group (#195) , the
k-vector and the Fe atom position

- There are 2 possible irreducible

HOME WINDOWS SOFTWARE VIDEO LECTURES- NEW! PAPERS/DOCUMENTS OTHER FERMAT-E SITES re p res e n TO Ti O n ( | R S ) O | | OW@ d fO r

the Fe ion atf the 4e position, as
SARANh webRefine - FullProf summarized in the Table.

Twao pieces of advice for using SARAR webRefine : 1. change your browser settings to allow you to select where you save downloads (and overwrite files), 2. when you click
<evaluate=>, it will look like nothing is happening for a few seconds. Look in the tab ‘4. Help and Strategies’ for more information.

TABLE II. Basis vectors for the space group C12/c1 with k =
(0.89, 0, 0.332). The decomposition of the magnetic representation
,*h“ for the Fe site (0, 0.335, 0.25) is Iy, = 31"1' + 3]"2'. The atoms of

Wolfram the nonprimitive basis are defined according to 1: (0, 0.335, 0.25), 2:
(0, 0.665, 0.75). The { parameter is exp(—2xik - t).

-Andrew (February 2022)

Space group : [{15:b1,C12/c1,C2h 6] +]|

Propagation vector : IR BV Fel (ﬂ. ﬂ335. 025] Fe2 fﬂ, (:'665‘ 0?5]

[0.8900.33 |

Crystallographic coordinates with each atom on a separate line : r | 1;!;' (1,0, [I} (—¢, 0, 0y

eg. Cu2 1/21/2-1/2

Fe 2.00000 ©.33421 0.25000 2 0,1,0) (0.£,0)
]i!i.-'l {D. De 1} {D. De _g}

) r) s (1.0.0) (£.0.0)

Vs (0.1.0) (0. —¢.0)

],I.IJ’E, {.01 le 1} (D* [Is E;:]
%QAK RIDGE [1$5555% | St Magnetic Structure Determination Workshop, Duke Univ., July 2026
ational Laboratory | REACTOR | SOURCE




Select a magnetic model and add it as a second phase Irep approach

« Select powder format and the option “add S
new phase to pcr”. Choose the pcr you want mEEE
to modify for magnetic refinement.

Method 1. Conventional analysis - as projected basis vectors
Note: you need to set the browser to ask for T Sl ac fate . hase fo per. edit per i hase present)
. elect command (generate template tor magnetic phase tor per; edit per with magnetic phase present):
download location

. | 1. powder format V|| 1. add new phase to pcr v H Choose File |Iifew2087irrep.pcr
« Select all BV of the two available IRs \ e TR S

M . Ferlwz
« Save the new pcr file under different name B FeTy vs
Ex: lifew208_irrep.pcr) e

Ft‘,rg w2

(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' f

|
Template magnetic phase by SARAh - web Representational Analysis
1

INat Dis Ang Prl Pr2 Pr3 Jbt Trf Tsy Str Furth  ATZ Nuk Npr More
 lteeeeapio 1o 200 2253983170 Table. The basis vectors projected from the different IRs :

C-1 <--Space group symbol
! Nsym Cen Laue Ireps N_Bas

2 -1 6 Iy Iy T1¥s
! Real(@)-Imaginary(1l) indicator for Ci { Fe 1) 1.0.0.],|Fe 1)0. 1.0.(,|Fe yo. 0. 1.
 deeoeee 2) -0.509041 - 0.860742 i 0. 0. 2) 0. 0.509041 + 0.860742 i 0. 2) 0. 0. -0.509041 - 0.860742 i
SYMM X, Y, Z

BASR1. @ @ @ 1. @ @ @ 1. 1. @ @ @ 1. @ @ © 1.

BASI@ 8 @ 8 @ © 06 0 8 0 8 @ 0 @ 8 @ 8 @

SYMM X , 1-Y,1/2+72

|BASR -0.509 © @ © 0.509 @ © @ -0.509 0.569 @ © © -.509 @ 8 B 8.509

BAST 0.8607 @ @ © -0.8607 © @ © 0.8607 -0.8607 © @ @ 0.8607 @ © © -0.8607

 lAtom Typ Mag Vek X Y z Biso Occ c1 c2 c3

N ca cs5 c6 c7 (o] co MagPh

Fe MFE3 1 @ ® ©.33421 0.25000 .30000 1.90000 ©.000 0.000 0.000
@.08 @.e8 @.08 @6.e9 @.09 8.00 8.00 0.00

©.000 ©.000 ©0.000 0©.000 ©0.000 ©0.900 0.00000
@.00 0.08 0.08 0.e0 0.08 @.e9 .00
[ > Profile Parameters for Pattern # 1 ----> Phase # 1
! Scale Shapel Bov Strl Str2 Str3  Strain-Model
0.2369683 ©.00000 ©.00000 ©.00C0Q ©.00000 ©.00000 e
©.00000 ©.000 ©.000 ©.000 ©.000 ©.000
! u v u X Y GauSiz  LorSiz Size-Model
©.000000 ©.000000 ©.009051 ©.00000¢ ©.000044 ©.000000 ©.00000Q e
0.08 @.e9 .00 8.00 8.08 0.08 @.e9
! a b [4 alpha beta gamma  #Cell Info
9.268055 11.394946 4.893242 90.000008 90.569206 90.000000
©.00000 0.00000 ©.00000 ©.00000 ©.00000 O.0000Q
I Prefl Pref2 Asyl Asy2 Asy3 Asyd S L DL
©.00000 0.00000 0.00000 0.00000 ©.00000 ©.00000 0.00000 0O.00000
9.086 ©8.00 ©0.90 0.00 0.0 0©.890 0.00 0.00
! Propagation vectors:
.89 a. 8.33 Propagation Vector 1
1 8.000008 ©.000000 0.000000
|
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Edit the PCR file and refine the magnetic phase

o The section dedicated to the “profile
parameters * of the magnetic phase
should remained unchanged. The scale
factor and lattice parameters have o be
the same as for the nuclear phase. The
profile parameters could be allowed to
change after finding a good model.

o Combination of different BVs could be
tested to get the best fit.

o The c2, c4 and cé coefficients need to be
initiated to some non-zero values. To
describe a spiral structure, c2 (0 1 0)
must be set as imaginary (1)

o Run the Fullprof fit and examine the
calculated magnetic intensities.

Irrep approach

Mi; = 2Re(Sk;) cos(2mkR,) + 2Im(Sy;) sin(2wkR,)

! Data for PHASE number: 2 ==» Current R_Bragg for Pattern# 1: A46_66
| o o e
Template magnetic phase by SARAh - web Representational Analysis
!
INat Dis Ang Prl Pr2 Pr3 Jbt Irf Isy Str Furth AL Nvk Npr More Nvk = -
1 # 2.6 R.21.8 1 @ -2 8 8 2233.933 -1 |7 @
!
!
C -1 <--Space group symbol
' Nsym Cen Laue Ireps N _Bas
2 1 1 -1 6
I Real(®)-Imaginary(l) indicator for|Ci
_o(i]efe]e(e)
!
S5y X, Y, £
BASR 1. @ ©]© 1. e]Je e 1.]1. & e|Je 1. eje & 1.
BAST B @ e|le @ @)@ e & |8 © @Je 8 aele o @
sy X, 1 - Y 1/ +

BASR -B.%89 @ @ B ©.589 @ 8 @
BASI ©.8687 @8 8 B

-8.589 B8.589 @8 8 8
-B.8687 @8 B8 B 0.3687

-8.589 8 @ 8 8.589
-8.8687 8 B8 @ ©.360 8 © -8.3687

litom Typ Mag Vek X Y il Biso Occ C1 C3
! c4 C5 Co c7 Cé ca MagPh
Fe MFE3 1 @ 8 8.33421 ©.25000 .J0@0e 1.06008 ©.000 8.eee
g.ee B.0e 8.ee 8.ee 8.ee 8.ee 11.e8@ e.ee
2.600 | ©.000 ( 2.000 |P.0G0 ©0.000 O.000 O.00000
21.88 B.08 31.e8@ 8.ee e.ee 8.ee 8.ee

2theta (deg)

SPALLATION
NEUTRON
SOURCE

OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE
REACTOR

as

10 1s 20 s0 55

a0

o You can also refine the k vector value and the peaks profile for
improving the fit.
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Display the magnetic structure using FPStudio \ Irep approach

FullProf Studio - m]
File Programs
A0 abc |®
View  Structure  Data

Appearance Atoms and Bonds

Aiumw Radius(}:) smﬂAﬂ;ﬁq At. im At_\fis. Mom.-Cu\or Mo[ri;\hs [P_D:\yhedra
W 100 0o Jll @ N O O
> B 1 e Jll & W 8 0O
Fe 11 1.00 080 - (] . 8 0
Fel2) 100 e Jll & W 8 O
v U 08 e il @ W O O
Lid 020 e il @ W O O
v 0 066 oo [l & W O O
o1 066 oo [l & W O O
02 066 o [l & W O O
. . . 03 0.66 o H O [ | 0O O
o to visualize the magnetic structure, use o+ [ ox [ w B ® N OO
FPStudio program, which reads the *.fst file, T || v -
generated automatically by Fullprof. e o |||
W-0 0.10 22 (0
Fe-Fe 0.10 so0 @
. . . 00| ooo [ | Site-Sitebona
o A different *fst file will get created for each w0l 00 8| s - e
phase in the pcr file. To merge the magnetic ComomeE

and the nuclear phases into a single *fst file,
one must add in the title line for the nuclear
phase the code “magph 2"

Note, VESTA will not work for mcif files created from Irrep
approach, because the program does not use the k-vector

concept.
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Identify possible magnetic models using ISODISTORT Super-space group approach

(https://stokes.byu.edu/iso/isodistortform.php)

ISOTROPY Software Suite ISODISTORT

Harold T. Stokes. Branton J. C: bell, and Dorian M. Hatch, Department of Physi: d Astre Brigham Y Uni ity, P LUt M M
Harold T. Stokes, Daorian M. Hatch, and Branton J. Campbell, Department of Physics and Astronomy, Brigham Young Unive Ar Oras Sanin, . Lampet, endonan AT, Depe Tment o T Tysies an ooy, Erighain Fouhg “riversiy. o U |OG d 'I'h e C If fl | e
Description: ISODISTORT is a user-friendly internet-based tool for exploring the structural distortion modes of crystalline materials induc
Description: The ISOTROPY software suite is a collection of software which applies group theoretical methods to the anal application further allows one to visualize and interactively manipulate the modes generated in ISODISTORT. . .
NOTE: Interactive visualizations must now be saved to disk and opened with the standalone 1SOVIZ app L’Fe w2 08. C,f

How to cite: To cite a tool from the ISOTROPY Software Suite, see the citation instructions on the tool's individual home p:
H. T. Stokes, D. M. Hatch, and B. J. Campbell, ISOTROPY Software Suite, iso_byu edu

Help, Tutorials, Version History
Legacy copy of ISODISTORT version 5.6.1, August 2013
References and Resources

Begin by entering the structure of parent phase: @

Get started quickly with a cubic perovskite parent.
;I;I::glrzaen:jljsl.?nr;Dunsse(r)-ff[r;;sqvjtli;ll\lzﬁa;tarigt?[:e\;l i(:i[s(;t:: Sdl‘,li;)t;:[t)lggi THElle EliermTe ey Import parent structure from a CIF structure file: “ dymnBgeb___ lear.cif
gram using command lines to explore isotropy subgroups and their associated distortion
+ SMODES: Find the displacement modes in a crystal which brings the dynamical matrix to block-diagonal form, with
+ FROZSL. Calculate phonon frequencies and displacement modes using the method of frozen phonons.

s ISOVIZ: Stand-alene utility for viewing interactive distortions created by ISODISTORT (installers only, alpha version

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

Space groups and irreducible representations ISODISTORT: search
* ISOCIF: Create or modify CIF files Space Group: 15 C2c C2h 6, Lattice parameters: a= 9.26000, b= 11.33000, c= 4.91000, alpha= 90.00000, beta= 90.30000, gamma= 90.00000
* FINDSYM: Identify the space group of a crystal, given the positions of the atoms in a unit cell Default space-group pr linic axes a(b)c, inic cell choice 1, orthorhombic axes abc, origin choice 2, hexagonal axes, SSG standard setting

W1 8f (x.2), x= 0.24600, y= 0.09140, z= 0 24700, Fel 4e (0.y,1/4), y= 033600, Li1 4 (0.y,1/4), y=-0.17300, 01 &f (x.y.2), x= 0. 38700, y= 0.06200, z=-0.06000, 02 f (x y.2), x= 0

* |SO-IR: Tables of Irreducible Representations. The 2011 version of IR matrices
%=-0.12200, y= 019700, 2= 0.38900

+ |SO-MAG: Tables of magnetic space groups, both in human-readable and computer-readable forms.

Superspace Groups
+ |SO(3+d)D: (3+d)-Dimensional Superspace Groups for d=1,2.3
+ |SO(3+1)D: Isotropy Subgroups for Incommensurately Modulated Distortions in Crystalline Solids: A Complete List1
+ FINDSSG: Identify the superspace group symmetry given a list of symmetry operators
+ TRANSFORMSSG: Transform a superspace group to a new setting

Types of distortions to be considered @

strain O

Displacive:  all"] none["] W6+ Fe3+) Lil+{] 02
QOccupational: all_] nene[ ] W6+_] Fe3+_] Li1+_ 02
Magnetic.  all] nene[] W6+(] Fe3+fg Li1+[] 021
Rotational.  all ] none[ ] W6+ Fe3+( Li1+[] 02]

Important: You must click on Change to implement any changes in the above type of distortions to be considered.

Select the magnetic “distortions” on Fe
. T " . Method 1: Search over all special k points m @
(click on *change” to save the sefting) S

Space-group symmetry| No choice ~ | Conventional lattica;| no choice ~ | Primitive lattice: no choice

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

Use “method 2" to select the two Ireps e o
corresponding to the k1 (0,0,9) T messsins

Change numbsr of supsrposed IRs: 2 @

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

%gﬁﬁ}i{ggg ES&(J:P(L)E[;X EE%L;E%EON Magnetic Structure Determination Workshop, Duke Univ., July 2026



https://stokes.byu.edu/iso/isodistortform.php

Select the two possible Ireducible representations, and then the superspace group B2.1'(a,b,0)0s

ISODISTORT: irreducible representation

Space Group: 15 C2/c C2h-6, Lattice parameters: a= 9.26000, b= 11.38000, c= 491000, alpha= 90.00000, beta= 90.30000, gamma= 90.00000
Default space-group preferences: monoclinic axes a(b)c, monoclinic cell choice 1, erthorhombic axes abc, origin choice 2, hexagonal axes, SSG standard setting
WA Bf (xy,z). x= 0.24600, y= 0.09140, z= 0.24700. Fe1 de (0,y.1/4), y= 0.33600, Li1 de (0,y,1/4), y=-0.17300, 01 &f (xy.z), x= 0.38700, y= 0.06200, z=-0.06000. 02 &f (x vz

x=-0.12200, y=0.19700, z= 0.38900
Include magnetic Fe3+ distortions
k peoint: B, k1 {a,0.g), a=0.89000, g=0.33000 (1 incommensurate modulation/1 arm)

k point: B, k1 {a,0,g), a=0.89000, g=0.33000 (1 incommensurate modulation/1 arm) ISO DISTORT: order parameter d i rection

Space Group: 15 C2/c C2h-6, Lattice parameters: a= 9.26000, b= 11.38000, c= 4.91000, alpha= 90.00000, beta= 90.30000, gamma= 90.00000
@ Default space-group preferences: monoclinic axes a(b)c, monoclinic cell cheice 1, orthorhombic axes abc, origin choice 2, hexagonal axes, SSG standard setting, parent-like basis vectors of the subgroup lattice displayed
W1 8f (x,y,z). x= 0.24600, y=0.09140, z= 0.24700, Fe1 de (0,y,1/4), y= 0.33600, Li1 de (0,y.1/4), y=-0.17300, O1 &f (x,y.z), x= 0.38700, y= 0.06200, z=-0.06000, 02 8f (x.y,z), x= 0.39200, y= 0.17800, z= 0.42000, O3 &f (x.y,
IR 2| mB2, mkit1 v OPD: m x=-0.12200, y= 0.19700, z= 0.38900
Include magnetic Fed+ distortions
k point: B, k1 (a,0,g), a=0.89000, g=0.33000 (1 incommensurate modulation/1 arm)
IR: mB1, mk1t2
k point: B, k1 (a,0,g), &=0.83000, g=0.33000 (1 incommensurate modulation/1 arm)
IR: mB2, mkit1

Initialize the amplitudes to some eI RSP P e P g P

e ey @P-P (a,0b,0) 5.1.4.1.m14.2 BIA(ABI0}0S] basis={(1,0,0,0),(0,0,1,0%,(0.-1,0,0,(0,0,0,1)}, parent like basis={(1/8,0,0,0),(0,1/8,0,0),(0.0,1/8,0),(0,0,0,1/8)}, origin=(0,0,1/4,0}, s=1, i=2, k-active= (0.89000,0,0.33000)
| n | 'I'| O | V O | U es O n d S O V e 'I'h e (OP-P (2,010,b) 2.1.1.1.m5.2 P-1.1'(a,b,g)0s. basis={(0,0,1,0),(1/2,1/2,0,0),(-1/2,1/2,0,0).(0,0,0,1}}, parent-like basis={(1/2,0,0,07.(0,1/2,0,01,(0,0,1/2,0),(0,0,0,1/2}}, origin=(0,0,0.0), s=1, i=2, k-active= (0.89000,0,0.33000)
OC-C {abled) 1.1.1.1.m2.2 P1.1(ab,g)0s, basis=[(0,0,1,0),(1/2,1/2,0,0),(-1/2,1/2,0,0,(0,0,0,1}}, parent like basis={{1/2,0,0,0}.(0,1/2,0,0),(0.0,1/2,0),(0,0,0,1/2}}, origin={0,0,0,0), s=1, i=4, k-aclive= (0.89000.0,0.33000}

magnetic distortion file to CIF

Choose each superposed IR and OPD (optional)
IR 1:| mB1, mk1t2 ~ | QPD:

Lower in the webpage you can select
P-P (a,0b.,0) 5.1.4.1.m14.2 B2.1"(a,b,0)0s, basis={{1,0,0,0),(0,0,1.0),(0,-1,0,0.{0.0.0,1)}, parent-like basis={(1/8,0,0,0),(0,1/8,0,0),(0,0,1/8,0),(0.0,0,1/8)}, origin=(0.0,1/4,0), s=1, i=2, k-active= (0.89000.0 . .
Lattice parameters of undistorted supercell: a=9.26000, b=4.91000, c=11.38000, alpha=50.00000, beta=90.00000, gamma=90.30000 ‘I'he Op‘l‘lon ‘I'O Sove ‘I'he model In‘l'o

Lattice parameters of undistoged suparcell with parent-like basis:a=9.26000, b=11.38000, c=4.91000, alpha=90.00000, beta=90.30000, gamma=5%0.00000

@ @) CIF file @ (O[Distortion file @ (") Domains @ () Modes details () Complete modes details @ (O IR matrices J8]q p O re nT ”ke bG SiS
des ()

() Save interactive distortio

Enter mode and strain ampl

C2/c[0.869000,0,0.33000]mB1 (a.0) 15.1.4.1.m86.2 B2/b.1'(a.b.0)00s, basis={(0,0.1.0).(1/2,1/2,0,0).(-1/2,1/2,0,0).(0,0,0,1)}. parent-like basis={(1/2,0.0,0).(0,1/2,0,0).(0,0.1/2,0),(0.0,0,1/2}}. origin=(0,0.0.0} Use alternate (possibly nonstandard) setting in CIF, Topas, Fullprof. or modes details output (matrix 5°1¢)
1 Relative to @ parent () subgroup
[Fel-e:maglA(a) Basis vectors of subgroup lattice (rational numbers)
1 [Fel:e:maglB_1(a) ay=1 asi+ 0 az+ 0 asa+|0 s
1 [Fel:e:mag]B_2(a) a=0 asi+ 1 a2+ 0 2+ 0 E
C2/c]0.89000,0,0.33000]mB2 (a,0) 15.1.4.1.m86.2 B2/b.1"(a.b,0)00s, basis={{0,0,1,1),(1/2,1/2,0,0),(-1/2.1/2,0,0),{0,0,0,1)}. parent-like basis={(1/8,0,0,0).(0,1/8,0,0),(0,0,1/8,0),(0,0,0,1/8)}, origin=(0,0.0,3/ =0 a0 a+ ! a3+ 0 P=t
1 [Fel:e:mag]A(a) A= 1 as4
1 Origin of subgroup (either rational or decimal numbers),
[Fel:e:mag]B_1(a)
r= 0 as+ 0 az+ M4 agse|0 asq
1 [Fel:e:mag]B_2(a)

A file “name.mcif’” has to be saved to your computer.
(If you accidently save it as *.cif, rename the extensions to *.mcif)
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Convert the MCIF to PCR format

Load the newly created mcif file into the FullProf Toolbar and use the mcif-to-pcr tool to create the PCR file.
Note: you need to select in the toolbar the correct working directory where you saved the mcif

| & FullProf Suite Topla = o x
File Edit e Programs Help Classic
[ s v

= onucf::rm ¢ &2 &2 .§ o [Vv—.@ 'gf @ < @

+ cicvor weom © @
'
W3 mCIF to) e

L e — | =

Fil -
OMM PCR-template automatically generated by mCIF_to_PCR for: subgroup
! Current global Chi2 (Bragg contrib.) = 9999999.0|

! Files => DAT-file: , PCR-file:

!Job Npr Nph Nba Mex Nsc Nor Dum Iwg Ilo Ias Res Ste Mre Cry Uni Cor Opt Aut
3 7 1 6 2 @ 8 © © © @8 © © 08 @0 6 @ 1

Edit Format View Help

COMM Crystallographic investigation of a double tungstate, Li Fe (W 04)2

! Current global Chi2 (Bragg contrib.) = ]

! Files =» DAT-file: LiFeW208-5K.dat, PCR-file: lifew208_nuc

!Job Npr Nph Nba Nex Nsc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut
1 7 1 e 2 @ @ -2 @ 1 @ e © @ @ o 1

lard setting
+0.07507, 02 8f (x.y.2), x= 0.37971, y= 0.1¢

Ls3 NLI Prf Ins Rpa Sym Hkl Fou Sho Ana
3 @ 1 @ e @ -3 @0 @ e @ @ @ @

! Resolution file for Pattern#
btl fp.irf]
!Ipr Ppl Toc Mat Pcr Lsl
8 8 1 @8 1

bipoce] Clon] L ) 18 i [

! Lambdal Lambda2 Ratio Bkpos Wdt Cthm muR  Asylim Rpolarz 2nd-muR -
1.900000 1.000000 0.00000 30.000 15.0000 0.00000 ©.0000 180.00 0.0000

Prf Ins Rpa Sym Hkl Fou Sho Ana

€21/c[0.89000,0,0.33000JmB1 (a.0) 15.1.4.1.m86 2 B2/b 1'(a.b.0)00s, basis={(0.0.1.0),(1/2,1/2,0,0).(-1/2,1/2,0,0),(0,0,0,1)}, origin=(0.0.0,0). s=1, i=1, k-active= (0 89000.0.0.33000) 31 @ @ © © 0 o

2

[Fet:e:mag]A(a)

*
3 S '

G mplate of

i file ' . m pcr
®

! Lambdal Lambda2 Ratio
2.877588 2.67756@ 0.00008

Wdt Cthm muR
£.0000 0.0000 ©.6000

Rat Ran Rpr Rgl Thmin Step Thmax PSD
1.00 1.00 1.00 1.00 2.0000 0.0200 130.0000

Bkpos
60. 608

Asylim 2nd-mL

0.80

Rpolarz
0.6600

|2Theta/TOF/E(Kev)  Background for Pattern#
2.08
20.00
4a.00
8.0
160. 60
130.00

INCY Eps R_at R_an R pr R gl Thmin Step Thmax PSD
7 0.18 1.60 1.80 1.0a 1.e8 3.0000 0.850000 166.2500 ©.800

Load the PCR file in the toolbar and open |
it with the text editor. The PCR will need to e e

-6.85906 71.@ ©.00000 0.0 ©0.00000 6.0 0.000000

be modified by copying the instrument & e L U

91.00 1e1.e0 111.00 0.00

data description from the PCR created for | . -

INumber of refined parameters

Zero Code SyCos Code  SySin Code Lambda Code MORE ->Patt# 1
6.80 0.00 @.00 0.e0 0.00 0.00 ©.00000 ©.00 0]

.I-he 1] n U CleOr” refinemen.l. ?rystallogr‘aphic investigation of 2 double tungstate, Li Fe (i 04)2 : Data for PHASE number: 1 ==> Cur}r‘ent R_Bragg for Paifer‘n# 1:  999.0@ o

INat Dis Ang Prl Pr2 Pr3 Ibt Irf Isy Str Furth ATZ Nvk Npr More Nuclear and Magnetic Structure of: subgroup  VARY mxmymz McosMsin

bl 7 @ ©e800.01.0 0 @ B8 @ @ 2233.933 @ 7 @ !

il !Nat Dis Ang Prl Pr2 Pr3 Jbt Irf Isy Str Furth ATZ vk Npr More
1 14 @ eepv0.0610 7 @ 2 0 0 g.eee 1 7 @
C12/c1 <--Space group symbol !

IAtom  Typ X Y z Biso Occ In Fin N_t Spc /Codes B2.1'(a,b,0)@8s 5.1.4.1.m14.2 <--Magnetic Super Space group symbol (name & number)
w1 W 8.24831 ©.09192 0.24478 ©.42000 1.06008 © © © @ Transform to standard: al,a3,-a2,a4;e,0,0,0
0.00 8.0 0.00 8.00 0.00 Parent Space Group: IT_number: @
Fel Fe ©.00000 ©.33421 0.25000 ©.74000 ©.56600 © © @ @ Transform from Parent:
.00 0.00 0.00 0.80 0.00 ! Generators
i1 1 ©.50000 ©.34345 ©.25000 2.66000 0.50600 © © © @ Genr x,y,7,t,1
0.00 8.ea 0.08 8.ea 0.08 <

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE
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Copy the section describing scale factor and profile parameters. Copy the lattice parameters , but only if

the lattice definition is the same with the parent phase.

Important : Do not remove the k-vector information at the end of the phase description.

12 !Number of refined parameters
1
! Zero Code SyCos Code  SySin Code Lambda Code MORE -»Patt# 1
-8.@5%e6 71.@ ©.00000 6.6 ©.e0e00 9.0 @.000000 e.ee @
! Background coefficients/codes for Pattern# 1 (Polynomial of 6th degree)
55.165 -8.326 7.95@ -7.451 5.866 a.747
81.00 91.00 181.00 111.00 a.00 8.080

Crystallographic investigation of a double tungstate, Li Fe (W 04)2
1

INat Dis Ang Prl Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nvk Mpr More

7 © 90002106 B B © B8 @ 2233.933 @ 7 @

1

!

C12/cl <--Space group symbol

IAtom  Typ X Y Z Biso Occ In Fin N_t Spc /Codes

Wl W ©8.24831 ©.09192 ©.24478 ©.42000 1l.00000 @ @ @ a
8.08 0.0@ 8.08 a.e0 0.0@

Fel Fe 0.00000 ©.33421 @.25000 ©.74000 ©.50000 ©@ @ @ a
8.08 0.0@ 8.08 a.e0 0.0@

Li1 Li 0.56000 ©8.34345 ©.25800 2.000086 ©.500006 O @ 0 ]
0.00 8.00 8.00 a.00 0.00

01 0 0.36480 ©.85924 ©.92493 ©0.45422 1.p66G@ © B 0 ]
0.00 8.00 8.00 11.80 0.00

02 0 8.37971 ©.18197 ©.41116 ©.45422 1.B6GG@ © B 0 ]
0.08 6.00 a.e0 11.00 6.00

03 0 B8.35709 ©.54854 ©.94233 0.45422 1.80006 ©@ © 0@ a
8.08 a.00 a.e0 11.80 a.ee

04 0 B8.37763 ©.69357 ©.39354 ©0.45422 1.80006 ©@ © 0@ a
£.Ba 2.8 2068 1100 200

Pattern # 1
Strl

foooo - > Profile Parameters for
Scale Shapel Bov
8.2369683 0.00000 ©.00000 ©.00000 ©.00000 O.00000
121.060000 0.000 0.8008 2.200 0.0e0 ©.0800|
u v W X Y
©.0ooe00 ©.0ooe00 ©.809051 ©.0ooe00 0.0o0e44
e.ee e.ee 51.00 e.ee e.ee
c alpha beta gamma
4.893242 90.000008 90.569206 90.060000
61.00000 41.90000 31.90000 ©.80000  21.00000 ©.080000
Prefl Pref2 Asyl Asy2 Asy3 Asyd S L D L
0.00000 0.00000 ©.00000 ©.00000 ©.00000 0.00000 O.00000 O.00000)
0.80 0.00 0.00 0.00 2.a8 0.00 0.80 0.060
2Th1/TOF1 2Th2/TOF2 Pattern to plot
7.8008 157.@00 1

---->
Str2

GauSiz
0. boeoer

a b #(ell Info
9.268055 11.394946

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

%OAK RIDGE

National Laboratory

LorSiz
0. boeoe
8.0

Size-ilodel

File Edit Format View Help
0.00000 a.a
Fel 2 MFE3 1 2.08000
B.00000
Magh@-Moment: 0.00000 a. o
0.0e0e8 a.al
Mcos-Msin-1: ©.00000 8.0
0.08000 a.a
Li1l 1 Lils a 0.0e000
0.00000
Lil_2 Lils a 0.0e000
0.00000
011 02- a 0.88700
2.08000
012 02- a 8.61300
2.08000
021 02- a B8.89200
0.060000
02_2 02- a 0.68800
0.0e000
031 02- a 8.35600
0.0e000
03_2 02- a a.14400
B.00000
041 02- a @.37800
B.00000
04 2 02- a 8.12200
8.00000

0eee 8.8l
8.66400
0.00080

8.0

8.8l

8.0

8.8
82700
oeeeo
17308
oeeeo
56200
oaeae
086200
oaeae
67800
0eee8
82200
oeees
55200
oeees
05200
0eean
69700
0eean
8a3ee
08008

0e0e
B0
0e0e
00

oD 0000 0000000000 00002

2080 @.00000 0.00808 0.06000
0.50000 0.00000 @.25000 1
0.00800 0.00080 ©.00800

@008  <- Homogeneous magnetic moment

@a0ee

2000 0.00000 0.080000 0.08000

a0ee @.00000 0.00008 0.00000
0.00000 0.800008 0.25600 5}
0.00000 0.00000 ©.00000
0.56000 0.800008 0.25600 5}
0.00000 0.00000 ©.00000
0.69000 ©.00000 0.50800 5}
0.00000 0.00000 @.00000
0.81@00 0.00080 0.50800 5}
0.00000 0.00000 @.00000
g.17a00 0.00080 0.50800 5}
0.006000 0.800006 0.00000
0.33000 0.00000 ©.50000 e
0.00000 0.800008 0.00000
0.67900 0.00000 ©.50000 e
0.00000 0.800008 0.00000
0.82100 0.00000 @.50000 e
0.00800 0.00080 ©.00800
@.13900 0.00000 @.50000 2]
0.00800 0.00080 ©.00800
@.36100 0.00000 @.50000 2]
0.080800 g,00080 0.00800

<-Amplitudes

]

]

I > Profile Parameters for Pattern # 1

Scale Shapel
1.6600 0.06000
©.00000 9.000
u v

9.176002 -8.197806
@.000 @.000

a v
9.260000 11.380000
@. 00000 0.06000

Prefl Pref2

0.00 8.60
! Propagation vectors:

Asyl
1.00000 ©.00000 ©.00080 O.00000
8.00

Bov
0.080000
0.000
W
9.891452
0.0eae
4.910000
0.06000
Asy:

8.0l

Strl
0.8eee@ 0.
©.000

X
0.000000
.00
alpiia
90.080000 9
0. 00000
2 Asy3
0.080000
e 0.08

8.890000 6.600000 8.330000 1
9.00e000 0.600000 0.080000
! 2Th1/TOF1 2Th2/TOF2 Pattern # 1
2.800 130.000 1

Str2
@0e00
9.000
Y

8.83e076

0.0
LeLa
@.300003

0. 00000

Asyd
@.e0000

2.00

Str3

1.6000

9.00e000

Strain-Model

0.060000
8.000

GauSiz

0.0ea

Baiig

9@ . 000000

Magnetic Structure Determination Workshop, Duke Univ., July 2026

LorSiz Size-Model
8. aea0e0

0.009

H#MULTCELL

#

#

<-- Propagation Vector, nharm, sintl_lim



! Data for PHASE number: 1

Nuclear and Magnetic Structure of: subgroup

INat Dis Ang Prl Pr2 Pr3 Jbt Irf Isy Str Furth

14 @ ©e.ee.e1.e 7
1

B2.1'(a,b,0)0s 5.1.4.1.mld.

Parent Space Group: IT |
Transform from Parent:

! Generators

Genr x,y,z,t,1

Genr -x,y,-z,-t,1

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

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

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

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

Genr -x+1/2,y+1/2,-z,-t+1/2
N_gqec 1
Q coeff

1

1
lAtom  Typ Max_Qcoeff
! Mcosx

! ) beta2?

Wl 1| W e ©.74600 a.
8.0o0ee

Wl 2| W 8 8.75400 -8.
8.0o0ee
Fel_ 1] MFE3 1 8.0o0ee
0.0e600

Maghe-Momeng: 8.00000 6.00000

8.00000 6.00000

Mcps-Msin-: 0.00000 2.00000

B.006000 B.00600
Fel_ 2y MFE3 1 8.0o0ee
8.0o0ee

Maghe -Momen 6.6006000 B.0e600

8.00000 6.00000

Mcps-Msin- 8.00000 2.00000

B.066000 B.pe000

Li1 1 Li e ©.0eeee a.
8.0o0ee

Lil 2 Li 8 0.00000 8.
8.0o0ee

011} 0 e ©.38700 a.
0.06800

12| 0 8 B.61300 -0.
8.0e0ee
% OAK RIDGE g1t sossgor

National Laboratory | REACTOR | SOURCE

==> Current R_Bragg for Pattern# 1: 999.

8 2

VARY mxmymz McosMsin

e @

ATZ Nvk Npr More

8.0ee

1 7 @

2 <--Magnetic Super Space group symbol (name & number)
Transform to standard: al,a3,-32,a4;e,0,e8,8

number:

,-1

Cosy

4]

Mcosz
beta33
59148 -8
0.00000
89148 8
0.00000
8.33600
0.0eoee
0.00000
0.00000
8.00000
8.00000
8.66400
0.00000
8.0eeee
0.00000
0.00000
8.0e0e0
82700 8.
0.00000
17308 8.
0.00000
56200 8.
8.00000
06200 a.
0.00000

Occ N_type Spc
Msinx Msiny Msinz
bet \tall beta23
.0e3p0 8.50000 e
©.0o0ea 0.p0000
.58306 8.5600
©.0o0ea
©.0o0ea 8.25000 1 e
0.6o0ea 0.Beoee
<- Homg netic moment
2.060 008 2.01847  «<-Amg
8.8a Bea 8.00000
©.50000 8.25000 1 e
©.0o0ea 0.p0000
<- Homg netic moment
2.060 f0a 2.01847  <-Amg
8.8epe0 Bea 8.0eeee
popee 2.p0000 8.25000 e e
©.0o0ea 0 .00000 0.p0000
56000 2.pooee 8.25000 e e
©.0o0ea 0.p0000
69000 .50000 e e #
0.0o0ea 8.B0000
8leee 2.50000 e #
©.0o0ea 0.p0000

Magnetic Structure Determination Workshop, Duke Univ., July 2026

The command line VARY mxmymz McosMsin is
varying all allowed magnetic moment projections

for all sites.

Make sure that the atoms identifiers are correct.

nuclear atoms

They have to be MFE3, and no valence value for

If you used non-zero thermal parameters (B) ,

then you need to update their values to those

obtained from the structural refinement.

It is a good practice to fix all parameters
(including scale factor) when you run the

refinement for the first fime.

Just leave VARY mxmymz McosMsin to see if they

converge to a reasonable solution



$SG approach
use the Fullprof Suite tool to run the refinement

Consider constraining the Fel and Fe2 to have
the same moments. Set identical flags for

=> Convergence reached at this CYCLE !!!!: CYCLE No. 1
=» R-Factors: 6.76 6.34 Chiz: 1.01 DW-Stat.: 1.1762 Patt#: 1 M M
e ni refinement and remove the command line
=> Conventional Rietwveld R-factors for Pattern: 1
=> Rp: 11.3 Rwp: 12.1 Rexp: 12.04 chiz: 1.01 13 . [} ]
=> Global user-weigthed ChiZ2 (Bragg contrib.): 1.037 VA RY y M M
= cionit us ortve e cniz | mxmymz McosMsin
=> Phase: 1
=> Bragg R-factor: 4.79%6
=> RF-factor : 3.586 tAtom Typ Max_Qcoeff X Y 7 Biso Occ  N_type Spc / Line
=> Nuclear R-factor: 3.76l below:Codes
=> Magnetic R-factor: 17.60 ! Mcosx Mcosy Mcosz Msinx Msiny Msinz / Line
=> Pure Magnetic R-factor: 17.60 below:Codes
=> Normal end, final calculations and writing... ! betall beta2? betal3 betal? betal3 beta?3 / Line
below:Codes
. Wil w 2} 8.74831 8.59192 -0.00522 8.40000 8.50000 2} 8 #
=> CPU Time: 0.695 seconds -
=> 0.012 minutes 0.00000 0.00000 0.0e000 0.00000 2.00000
Wi 2 W 4] 8.75169 -8.89192 @.58522 0.40008 ©.50008 4] e #
=> END Date:18/07/2026 Time => 21:20:57.954 0.66000 0.00000 @.00000 8.00000 0.60000
Fel 1 MFE3 1 9.060000 @8.33421 @.00000 9.40000 9.25000 1 o #
9.00000 @.00000 @.00ee0 9.00000 9.00000
MagM@-Moment : @.00000 9.00000 9.0080@8  <- Homogeneous magnetic moment
Cycle: 1 chiz: 1.01 C:\2026_Duke\test_ IC\LiF=W208 5K.dat ©.00000 0.80000 ©.60000
Mcos-Msin-1: @.00000 3.95662 0.00000 2.43643 @.00ee0 3.32282  <-Amplitudes of
~ Modulated moments
] 25004 @.0ee00 31.00000 0.060000 21.00000 @.0eeee 11.00000
‘: Fel 2 MFE3 1 9.00000 @8.66579 @.50000 9.40000 9.25000 1 e #
g 2000 0.60000 @.00000 @.0eeee 9.00000 0.060000
3 MagM@-Moment : 8.00000 0.800080 ©.80808  <- Homogeneous magnetic moment
Q- 1500 @.0ee00 9.00000 0.00000
H Mcos-Msin-1: 8.00000 3.95662 9.000008 2.43643 0.60000 3.32282  <-Amplitudes of
[ ; Modulated moments
- 1000+ 0.00000  31.00000  ©.00000  21.00000  0.20000  11.0000
> Li1 1 Li 2} 0.00000 8.84345 0.00000 2.00000 8.25000 2} e #
ﬂ 500+ 0.00000 0.00000 0.00008 0.00000 0.00000
E 151 2 14 0 0 0A00an f 15aES 0 Son00 2 A0AA0 a 25000 0 o #
E O TE QT TIEERREE e it Moy v Cnmmnme i Sy S0 om0 0 0 0RO RO
i _s500 e e y e " v - 700
[ ==g_mag.p=£
; ; ; s00 [0 ChiZ: 1.0117
20 40 (<Ye] 20 100 120 140
Z2Theta

o the fit can be further improved by refining the
scale factor, k-vector, lattice parameters, profile
parameter, background and zero offsef. 0 T e

10 15 20 25 30 35 40 45 50 55
2theta (deg)

8&5}&{2&5 Es'ﬁo:%l;x EE%LEE%LION Magnetic Structure Determination Workshop, Duke Univ., July 2026




Display the magnetic structure using MVISUALIZE or Vesta SSG approach

to visualize the magnetic structure from SSG approach, the
best tool is MVISUALIZE (using the k-vector information)

o Look for the file “pcr-file-name_ssg1.mcif”
VESTA program, reads the pcr-file-namel.mcif file,
generated automatically by Fullprof in a P1 description

MVISUALIZE: 3D Visualization of magnetic structures with Jmol

PPl . and using the supercell defined by command MULTCELL
| All/Magnetic Atoms | [ Remove 1 cellalong x| . . .
o e (to substitute the k-vector in generating the moment
) | Larger | Smaller| Atoms ‘W| . M M
e oo Tcosng | modulation across multiple unit cells)
[i]:] |~a|a~\
————_—————— [ Choose supercell |
Bigger Smaller ‘
Draw bonds & polyhedra 1
fth[- v ! a b c alpha beta gamma #Cell Info
Bﬁ,g.éc.‘w fﬂmﬁﬂ 9.268054 11.394943 4.893241 90.000000 90.569206 9@.@9@@@E #MULTCELL 3 1 5 ]
| | ore }; j}E}z:j} 81.00000  91.00000  101.00000  ©.00000  111.00000 RAAGA
[ ExporiPNG image || Clearalldrawings | ! Prefl Pref2 Asyl Asy?2 Asy3 Asyd S L DL
see[PNGI[ZPE] | oo ©6.00000 0.00000 ©.00000 ©.00000 0.00000 ©.00000 ©.00000 ©.0000O
Phase sliding | On/Off| Phase shift : [ Apply| 8.8 8.8e B.88 8.e8 8.8e B.6a B.68 B.68
[ Slower | Faster \J:Q::i;” XIE:\LI\ ! Propagation vectors:
o e e e T 0.8922502  0.0000000  0.3319647 1  1.8088 <-- Propagation Vector, nharm, sintl_lim

71 RARAGEA 0 ARAGAGR 1 ARRRLEG

S|
ole Execute |

| help | cons:

Symmetry-adapted form of material tensors via | MTENSOR |

Commands for saving animated gifs:
animation MODE LOOP
capture "test.gif" 25.0

SPALLATION

NEUTRON Magnetic Structure Determination Workshop, Duke Univ., July 2026

OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE
REACTOR
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