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FullProf Suite

Crystallographic tools for Rietveld, profile matching & integrated intensity refinements of
¥-Ray and/or neutron data
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o o F““P“'f—suizil‘:;:fi‘]’]‘l‘:) (32 bits, XP- 12 -July-2019 | Windows XP-7-10 (Last Supported Version)| 91,601,889 bytes Download

FullProf Suite Windows (32 bits) 17 - October - 2019 Windows 7-10 96,205,541 bytes Download

FullProf Suite Windows (64 bits) 17 - October - 2019 Windows 7-10 106,717,268 bytes Download

i FullProf Suite Linux (64 bits) 17 - October - 2019 Linux - Intel 113,800,467 bytes Download
FullProf Suite MacOS (64 bits, unsigned) 1 - October - 2018 macOS - Intel (.tgz) 116,326,479 bytes Download

FullProf4Mac.app (64 bits, signed) - v2.5.4 18 - May - 2018 macOS - Intel (.dmg) 116,707,285 bytes Download

Old versions

Windows || Linux || macOS
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What is the FullProf Suite

A set of crystallographic programs (FullProf, WInPLOTR, EAPCR, FPStudio...) developed
for Rietveld analysis of neutron or X-ray powder diffraction, but with capabillities for single
crystal and many other useful utilities
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Developers of FullProf Suite

Juan Rodriguez-Carvajal (ILL, France)
FullProf, CrysFML, Baslreps, ...

Javier Gonzdlez-Platas (ULL, Tenerife, Spain)
CrysFML, GUIs, GFourier, EQPCR

Contributors:

Laurent Chapon & Aziz Daoud-Aladine (SIS, U.K.) T.O.F., FP_Studio
Thierry Roisnel (LCSIM, Rennes, France): WIinPLOTR

Oscar Baltuano (IPEN, Peru): WIinPLOTR-2006

Carlos Frontera (ICMAB, Barcelona, Spain): Polarized neutrons

CrysFML: Crystallographic Fortran Modules Library - set of Fortran 25 modules
developed to facilitate the design and the development of crystallographic
computing programs. http://forge.ill.eu/projects/show/crysfml
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File Programs Settings FP Dimensions Runa Script  Help

Toolbar: =1 a0 ket e T bld s 55 0] (0 [ 50 B 0 3 o

Waorking Directory: c\FullProf_Suite\Examples\, Code File: Type: Date:  |29/07/2015

WINPLOTR / WINnPLOTR-2006: Visualizing powder diffraction patterns.
Fitting independent peaks (CW and TOF), interface for FullProf

FullProf : Crystal and magnetic structure refinement, powder/single crystals, polarized
neutrons, multiple patterns, simulated annealing

EAJPCR: Editor of the FullProf input confrol file

MCIF_to_PCR: Creates a PCR file with magnetic model from mcif file

GFourier and Bond_Str.: Fourier and distance/angle calculations.

K_Search: Searching propagation vectors

BasIREPS: Program for calculating basis functions of Irreducible Representations
Fo_Studio: Program for visualizing crystal and magnetic structures

Check_Group: Program for finding the space group (powders and single crystals)
Datared: Program for single crystal data reduction

GLOpSANN: Solve crystal structures using Global Optfimization with Sim. Ann.
DICVOL04, TREOR?0, ITO, CrysCalc ...
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FullProf : Updates

Documented in “fp2k.inf” or...
to the Fullprof homepage at “What's new”

Full Year 2019

>> 9 October 2019 : Extensive changes in the new version of FullProf concerning Simulated Annealing and Superspace.

- The current version of the FullProf program has been updated to:

B T T TP e P P T T
*%* PROGRAM FullProf.2k (Version 7.20 - Qct2019-ILL JRC) **

R R R R R R R o o R R R R R R R R R R R R R B R R R R R R R R R

- LeBail fits and Simulated annealing are now totally operable with magnetic superspace groups. Single crystal
data can also be treated provided that the appropriate input integrated intensity file is given. This file
is similar to the *.int file produced by a LeBail fit. The program DataRed will be modified in the near future
to perform single crystal data reduction using the superspace formalism.

- Spherical coordinates for the modulation amplitudes in the superspace formalism for magnetic structures
have been fully implemented. Notice that the symmetry constraints when this option is applied cannot be
automatic. The best is to start a run using crystallographic components and look into the output files
to see how the spherical components have been calculated and apply the appropriate constraints using refinement
codewords.

Superspace mCIFs files are now generated by FullProf. The name of these files are named as "codfile ssgN.mcif™,
where "codfile"™ is the name of the PCR file without extension and N indicates the number of the phase.
These files can be read by the program Imol for visualizing the incommensurate magnetic structures but not

by the program VESTA. The supercell option in P1 with "MULTCELL na nb nc®™ is still used in this case to produce
| a box with all magnetic moments to be visualized with VESTA. FullProf Studio files are not output because the
superspace formalism has not been included in FP_Studio yet.
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FullProf Suite ToolBar

¥ FullProf Suite ToolBar l=[@] = |
=0 @l 5] Tl ol P
I II'.!I b
-EL . = #SEARCH ] CR E,L.!_.J_L_,
|Wu:url-:ingm: C:\Program Flles\FuIIpruf\ExampIe s / Type: Date: |29/07/2011

_—

[ Fpstudio Ver-2.0 = ¥
File Crystal Structure  Magnetic structure  Options  Help .
L WinPLOTR | E oG
File Plot Of
cos B o4 x] » ]
m E Graphic Fourier Program: lamrio3 {(pbnm) 3t2-300k (rt) (p b n m) |E|E‘ij
9 S E P URE P EEEE 0| X
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|
07-30-2011
C:\Program FiIes\FuIIproﬂ-E—x.a-r;ples‘.pbb‘l st
- e [ BYSpar.. | LayerZ: 1/ 33 Z: 0.0000 File: lamn300k.inp
" | Bvspar .. | - I —|
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FullProf Suite: WinPLOTR

s .
8 FyllProf Suite ToolBar - - =] O )

File Programs Settings FP Dimensions RunaScript  Help
=z| B ED EDY 5‘565& ? ?' "_?
= E.' s;nu{H‘PCR “3“ nnnnnnnn Bﬂ}!’!%‘ 1 2!
Type: | e 29/07/2015

Working Directory:  |c:\FullProf_Suite\Examples\ /

LZ] WinPLOTR [CDIFX UMR6226 Rennes /ILL Grenoble] == ’&! ] winHE erions 50 T T - = )
File Plot Opti Piot PNim Options Zspace Caleulations Gt Apy

la Py, -

Tools Help
| H| S| RIQB[EE|  Perl B[22 )] FP[Per| 22 (B[

WinPLOTR—-2006

a Powder Diffraction graphic tool
for Windows, Linux and MacOS

WinPLOTR,

a graphic tool for powder diffraction

[Version: July 2011]

073020 [14:15  [NUM [

v Reading the X-ray and neutron diffraction patterns
v Automatic peak search for indexing

v Saving peaks as input for DICVOL04, Treor90, K-Search ...

v’ Making individual peak fit
v Exporting a background file
v Invoking other programs of FullProf Suite
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FullProf Suite: WIinPLOTR

LOTR [LLB Saclay - LCSTM Rennes] . =)

Access to other programs:
(e.g., periodic fable of elements, space
e s groups info, molecular weight and unit

5300~ T T T T T T T T =
o s 1 .
“F e cell volume calculation
F . vobs E LRI
3900 F —  Yoale 3
r Yobs-Ycalc 7
2 | Bregg_pesition o
F ] IE (23 Periodic table [TR. / LCSIM-LLB nov.2000]) W 0 T o TS T L » EE =)
2500 = = Fil
) F E = — cu(sen | pic
2 E 1 = H He oulmee| BE| o
L =
2 F 4 Li Be‘ B |C [N |O [F |Ne
g F 7 J "
=] - 4 Na | M; Al |Si [P |S Cl | Ar
g 1100 — - 2
= F ] K [Ca|Sc |Ti |V |Cr|Mn|Fe |Co |Ni|Cu|Zn |Ga|Ge|As Se |Br Kr ]
w0 E E | Rb|Sr |Y |Zr | Nb|Mo|Tc |Ru|Rn|Pd|Ag|Cd|In |sn|sb |Te|I |Xe
P ] Cs |Ba|La|HI |Ta|W |Re[Os|Ir [Pt |Au |Hg|TI |Pb|Bi [Pol|At |Rn 4 B
E ] ) ==
30 F | Il Il V Il /H\ [ M [ V” I ‘\ 3 F. X
r |Ra|Ac
Eo| 1 [ | (AR ] M1y
F B | => Fe Fer
000 F E ~
- . J [ N N — Atomic number: 26
= Y 1 i Atomic weight: 55.8470 g
oo B L. . . . . . . . ] Reomc dencitys 4= 7.8500 grems
| Electronic configuration: [Az] 3d6 4s2
20 28 38 47 56 65 74 83 92 101 Atomic radius (&): 1.24
269 Neutzon data: (V.E. Sears, Neutzon News, vol.3 n°3, 1992, 26-37)
. conerent scattering length: 0.9450 10-12 cm
. conerent scattering cross-section: 11.2221 barns
. s 0.4000 bazns
[08-242004  [10:18 [NUM X= = . absorption cross-section (v=2200 m/s): 2.5600 barns
X-Rays data:
. Mass Atcenuation Coefficient (Int. Tab. Cryst. vol.C, 1995, p.200-206:)
- for Mo Ra: 37.600 cm2/g
| - for Cu Ka: 302.000 cm2/g
- for Co Ra: 572.000 cm2/g
. Totel interaction cross sectioms (Int. Teb. Cryst. vol.C, 1995, p.193-199:)
- for Mo Ha: $480.000 bazns

Individual peak fit e ———————

Y S Automatic peak & background search
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FullProf Suite: WinPLOTR-2006

[I WinPLOTR-2006 Version: 0.50 [E=REEA > M
T Search for the magnetic
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FullProf program

Features :

> Multiple data sets: simultaneous freatment of several powder diffraction patterns
(constant wavelength X-rays & neutrons, TOF neutron, energy dispersive X-rays)

Combined freatment of single crystal and powder data

Automatic mode for handling refinement codes and symmetry constraints
Rigid body refinements + distances and angles restraints

Special form factors

The treatment of micro-structural effects

Sequential refinement

YV V. V V V VY

PCR LaN

LLLLLLLLLLLLLLLLLL
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FullProf : How to create the PCR file

= Many variables and options
= Complex to handle

P

L OO T Colia Lol I TSP U . VI TP

- Copy an existing PCR-file

COMHM FeTe ortho phase

t Current global Chi2 (Bragg contrib.} = 1.501

t Files => DAT-file: FeTe118 5K, PCR-file: FeTe_118 _gammi

tJob Hpr Hph Hba Hex Hsc Hor Dum Iwg Ilo Ias Res Ste Hre Cry Uni
1 7 2 a 2 a a a a a a a a a a a

L]

tipr Ppl Ioc Mat Pcr Ls1 Ls2 Ls3 HLI Prf Ins Rpa Sum HK1 Fou Sho

and modify it, or

Cor Opt Aut
a a 1
Ana

R 17 (20 [

o0 ) 5

[Ny Flr FE
qAEH &

a 8 1 a 1 8 4 B FuPofSiteToolBar - -
e R t' Pl File Programs Settings FP Dimensions RunaScript Help
ario == ~ A A7 2
> use EJPCR [ue « 2HBEFH. = nk
.|Working Directory: |c:\FuHProf_5u|tE\ExampIEs\
= =-n R_pr R_gi
18 9.1 1.880 1.6880 1.6880 1.89 3.0008 a.p5 0000 166 .2508

t
! Excluded regions {LouT
150.88 173.00

[T BB Ecitor of PCR Files
File Editor Tools Templates Help Exit

Code File: ‘

Type: | Date: [29/07/2015

=10l

3.08 10.008

! Ol 2] 2] A

i of x|

-2 use mcif_to_pcr

W ] Background coerricients,
F7.384 -18.548 5
71.680840 81.008
M-

FeTe Mono Huclear
1 ]

tHat Dis Ang Pr1 Pr2 Pr3 Jb

 Information
Title, type of job: Rietveld, Intearated Intensities,
Sirulated Annealing, ...

Type of Patterns, profile, background, diffraction
geometry, user-given scattering factors ..

Phasze name, type of calculations [JBT), ATZ,
contribution to patterns, symmetry, ...

Number of cycles, relaxation factors, access to
patterns and phases [atoms and profile]

Constraints definitions, adding, deleting,
modifying...

Fixing range of parameters, distances, angles,
magnetic moments and linear restraints

Output options for patterns and phazes:
Fieflection lists, Fourier, distances, BYS...

General

Patterms
Phases
Refinement
Constraints
BonRestraints

Output

a4

2 o Bo.8B.01.08 | 7
! 17 24 25 28 33 37 4 45 49
P 21/m {— 2007
flentom  Typ e '
HFe1 Fe 8.76081 0.2
141.88 | Copyight [c] 2002:2003. JGP - JRC
Linel Coll |NUM |_|D:'LHERCULES'|,pb_san
HIGH FLUX [ SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
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Steps for magnetic structure determination

. Well defined crystallographic structure

. Determine the propagation INPUT = peak positions of
vector(s) < magnetic reflections
FP_Suite: k-Search Cell parameters
ll.  Perform Symmetry Analysis Propagation vector
FP_Suite -Baslreps, SARAh < Space Group
Bilbao Cryst. Server, Isodistort Atom positions

V. Introduce and refine :
the magnetic phase < Afomic components

FP Suite: FullProf of Fourier basis functions

LLLLLLLLLLLLLLLLLL
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Symmetry Analysis using Baslreps

| g
E FullProf Suite ToolBar —r=

File Programs Settings FP Dimensions Runa Script  Help

20 B E96) s e bk = o S S S &
ype

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

Type: Date:  |29/07/2015

Baslreps Gui Interface
File Run Results Help Exit

e RBd 22 2w X

o

Working
—&-+Baslreps (May-2004, JRC-LLB) director

Irreducible representations of Space Groups Y
! Basis functions of polar & axial vector properties

Code of files _

Space grou
Code of fles: |KTI: p g p
‘wWorking Directony: |D:'\D ocshConferences 200540 danda_ACANT utanal_K.Th3IF12 Browse, .. | Sym b Ol O r
T generators
me | — _, Title: [Magnetic structure of KTb3F12 /
SpaceGroup [HM /Hall syrbals] || a/m <~ B | |
or generators eeparated by " ri O U i n
k-vector |— "
= | Kiector  [1.00000 0.00000 0.00000 Brillavin Zone Label: ||
| | | | | Zone label
—p | Polar Yector % fial Vectar
Axial/polar | —
Nurmber of Atams: I_EE [ Explicit Sublattices [v Abomz i urit cell
/ Symbal ria ia z/a ATomS In UﬂlT Ce”
Atorn # 1 Thi+ 0.00000 000000 0.50000
N um ber Of Mom iz |Thd+ 0.00000 0.50000 0.25000 ¥~
atoms Atoms
positions
OAK RIDGE HIGH FLUX | SPALLATION
National Laboratory }RSEOATC%%R QSLLJJEEQN
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Symmetry Analysis using Baslreps

= KEDIT - [D:,Docs’ Conferences2003' RSEFQ-Madrid'Lamno3.bsr] - |EI|1|
% File Edit Actions ©Options ‘Window Help =
ol emlmsl =1 T2 oy S P e e | oy [ IR (=S P |
(0] x|
% File Edit Actions Options ‘Window Help - Iﬁllﬂ jA
nl=la &) o = alal slel ol sl=le]
====2 | LI
X Y Z for site: 1 [
-> Mn 1 : 0.5000 0.0000 0.0000 : (x,y,2) ..
-> Mn 2 :  0.5000 0.0000 0.5000 : (-x,-y,z+1/2) + (1 , 0 , 0 ) [
-> Mn 3 : 0.0000 0.5000 0.0000 : (x+1/2,-y+1/2,-2) + (-1 , 0 , 0 ) [t
-> Mn 4 : 0.0000 0.5000 0.5000 : (-x+1/2,y+1/2,-=z+1/2) + (O , O , 0 )

=> Basis functions of Representation IRrep( 1) of dimension 1 contained 3 times in GAMMA
Representation number : 1 for Site: 1
Humber of basis functions: 3

————— Block-of-lines for PCR start just below this line

P -1 <--8Space group symbol for hkl generation
! Nsym Cen Laue Ireps N Bas
4 1 1 -1 3
! Real (0)-Imaginary(l) indicator for Ci
0 0 0
SYMM XY,z 0000

BA&SR 1 0 0o o0 1 0 0 0 1
BASI 0 0 0 0 O O O O O

-x+1,-y, z+ 5000
L e e o 1 FullProf format

BASI 0 0 0 ©0 0 0O 0 ©0 0 [ |
SYMM x-1/2,-y+1/2,-z oooo0

BASR 1 0 0 0-1 0 0 o0 -1
BASI O 0 O ©0 O O O O 0

SYMM -x+1/2,y+1/2,-=z+41/2 5000
BASR -1 0 0 0 1 0 0 0 -1
BAST 0 0 0 0 0 0 0 0 0 =
[« | s o
|| | == k| k] BElF| & &K == '
[ Linest [ Co=1 | Ak=D00 | Size=107 | Files=2 | ‘windows=2 [DWR [R/AW [12482M
[ Lne=437 | CoEd | Al=333 | Gize=bb | Flles=3 | ‘Windows=3  |OWR |R7% 1259 &M
¢ OAK RIDGE | i6r | atiaon .
National Laboratory | REACTOR | SOURCE Magnetic Structure Workshop, ORNL, October 2019
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FullProf : Magnetic Structure Factor

magnhetic moment

Sy : Fourier coefficients
expanded as Fourier series are complex vectors

m, = {Zk};SlgS exp{— 27 ikRz} S, = %(Rk +il, )exp{-27id, }

| . index of a direct lattice point - Necessary condition for
J - index for a Wyckoff site (orbit)
s. index of a sublattice of the |
site

reql momen’rss = S
The magnetic structure factor:
ZO f TZ Siis exp{Zm[(HJrk){S‘t} ]}

{S ‘t} Symmetry operators
S

Magnetic Structure Workshop, ORNL, October 2019
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FullProf: Magnetic Structure Refinement
many different ways of freating magnetic structures
> Fourier coefficients refinement:

= The magnetic symmetry is infroduced together with explicit
symmetry operators of the crystal structure.
= The refined variables are directly the components of the §,; vectors.

= Arelation exist between §;; and Sy Slg.s =M i Skjlexp {—27zi¢kj}

> Coefficients of basis functions refinement:

= Fourier coefficients as linear combinations of the basis functions of
the ireducible representation of the propagation vector group G,

— Z C:/lsl;; (]S)
nA

= The basis functions of the IRs are introduced together with explicit
symmetry operators of the crystal structure.
» The refined variables are directly the coefficients C,, C,, Cj, ....

NNNNNNN
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FullProf : Symmetry operators between Fourier
components (along the crystallographic axes)

Magnetic phase

!

'Nat Dis Mom Prl Pr2 Pr3 \rf Str Furth ATZ Nvk Npr More
1 0 0 0.00.01.0 0 0 0 0.000 0 7 0

!

Pmmm <--Space group symbol
INsym Cen Laue MagMat
4 1 3 1
!
SYMM X,¥,2
MSYM u,v,w,0.0
SYMM -x,-y,z+1/2
MSYM -u,-v,w,0.0
SYMM -x+1/2,y+1/2,-2z+1/2
MSYM u,-v,w,0.0
SYMM x+1/2,-y+1/2,-=z
MSYM -u, v,w,0.0
]
'Atom Typ Mag Vek X Y Z Biso Occ Rx Ry Rz
! Ix Iy Iz betall beta22 beta33 MagPh
Mnl MMN3 1 O 0.50000 0.00000 0.00000 0.04338 1.00000 0.000 3.847 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 0.000 0.000 0.00000
0.00 0.00 0.00 0.00 0.00 0.00 0.00

SPALLATION
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SOURCE Magnetic Structure Workshop, ORNL, October 2019

National Laboratory

HIGH FLUX
ISOTOPE
REACTOR




FullProf : Symmetry operators between Fourier
components (Polar coordinates)

NiO |Magnetic Phase

!

INat Dis Mom Pr1 Pr2 Pr tr Furth ATZ Nvk Npr More
1 0 0 000010 0 0 pooo 1 7 0

|

R -1 <--Space group symbol for hkl generation

1

INsym Cen Laue MagMat
T 1 1 1

!

SYMM X, Y, Z

MSYM u,vw, 0.000

1

IAtom Typ Mag Vek X Y Z Biso Occ Rm Rphi Rtheta

I Im Iphi Itheta betall beta22 beta33 MagPh

Nil  MNI3 1 0 0.00000 0.00000 0.00000 0.30000 1.00000 1651 0.000 90.000
0.00 0.00 0.00 0.00 0.00 171.00 000 0.00

0.000 0.000 0.000 0000 0.000 0.000 0.00000
000 000 000 000 000 000 0.00

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON
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FullProf : Symmetry operators corresponding to a
magnetic space group (mcif_to_pcr)

INat Dis Ang Prl Pr2 Pr3
4 0] o 0.0 0.0 1.0

Pd/mm'm' number:123.345

Parent Space Group:

Transform from Parent:

! Nsvym Cen N _Clat N_An
g 2 1] 1]

! Symmetry operators

Transform to standard: a,l

c

Nuclear and Magnetic Structure of: /srv/www/bcs branch www//bes/www/tmp//subgrou

$tr Furth ATZ Nvk Npr More
1] 1] 0.000 1] 7 1]

<——Magnetic Space group symbol (BNS symbol & number)
b,y 0, 0,0
[T number: 0

VAEREY mxXmymz

1 %x,vr2, 11
2 -y,x,-z,+1
3 v,x,z,—1
4 x, -y,z,—-1
5 -x,v,z,-1
& yv,¥,—Z,-1
7 —x,-vy,z2,+1
8 v,-x,—-z,+1
!
Atom Typ Mag Vek X ¥ Z Biso Do N type Spc  /Line 1
! Ex Ry Rz Ix Iy Iz MagPh / Line below:Codes
! betall betaZl beta33 betalZ betal3 betaZ3 / Line below:Codes
La 1 La 1 0 0.50000 0.50000 0.50000 0.00000 0.08250 1] 1] #
0.00 0.00 0.00 0.00 0.00
Mn 1 MMNZ 1 0 0.00000 0.00000 0.00000 0.00000 0.06250 1 1] #
0.00 0.00 0.00 0.00 0.00
|D.DDDDD 0.00000 0.00000 | 0.00000 0.00000 0.00000 0.00000 <-MagPar
0.00 0.00 0.00 0.00 0.00 0.00 0.00
%OAK RIDGE | g sox | seacanon .
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FullProf : Basis functions coefficients (created from Sarah or Baslrep)

INat Dis Mom Prl Pr2 Pr3/Jbt \Irf/Isy $tr Furth ATZ Nvk Npr More
1 0 0 0.00.01.0 1 o\ -2 0 0 0.000 0 7 0
!

Pmmm <--Space group symbol
! Nsym Cen Laue Ireps N Bas
4 1 1 -1 3

! Real (0) -Imaginary(l) indicator for Ci

O 0 O
!
SYMM x,vy,z
BASR 1 0 O
BAST 0O 0 O
SYMM -x+1,-y,z+1/2
BASR -1 0 O 0-1 O
BASI 0 0 0O 0 0 O O0 o0 O
SYMM -x+1/2,y+1/2,-z+1/2
BASR 1 0 O 0-1 0O
BASI 0O 0 O O 0 O O 0 O
SYMM x-1/2,-y+1/2,-z

1 0
0O O 0O 0 O

o
o
=

0
0

o
o
[

o
o
=

BASR -1 0 O 0O 1 O 0O 0 1

BASI 0O 0 O O 0 O O 0 O

!

'Atom Typ Mag Vek X Y Z Biso Occ Cl Cc2 C3
! c4 C5 Cé6 C7 cs8 Cc9 MagPh

Mnl MMN3 1 O 0.50000 0.00000 0.00000 0.04338 1.00000 0.000 3.847 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 0.000 0.000 0.00000
OAK R 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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FullProf : using Amplimodes (mcif to pcr - Isotropy)

ZMPLIMODES for FullProf

!Nat Dis Ang Prl Pr2 Pr Atr Furth ATZ Nvk Npr More
4 0 1] 0.0 0.0 1.0 1] 1 1000.0 O 7 0
P4/mm'm' number: 123,348 “-——Mmgrdtic Space Group Symbol (BNS symbol and number)
Transform to standard: a,b,c;0,0,0 <--Basis transformation from alt setting to standard BHNS
Parent space group: Pm-3m IT number: 221 <--Nonmagnetic Parent Group

Transform from Parent:

%OAK RIDGE

b,c,a;0,0,0

<-—Basis transformation from parent to current setting

! BRtom Tvyp Mag Vec .4 ¥ & Biso Occ N _type Spc/Fftype
! Ex Ry Rz Ix Iy Iz MagPFh
La 1 LA 0 0 0.50000 0.50000 0.50000 0.50000 O0.06250 0 1
.00 0.00 0.00 0.00 0.00
Mn 1 MN 1 o 04.00000 0.00000 0.00000 0.50000 O0.06230 1 2
0.00 0.00 0.00 0.00 0.00
¢.o00Q000 O.0Q0000 O.000QCO O.00000 O.00000 0.00000 O.00000
0.00 0.00 0.00 0.00 0.00
o1 O ] 0 a.00000 O0.00000 O0.50000 O0.50000 O0.06250 ] 3
.00 0.00 0.00 0.00 0.00
o 2 O 0 o 0.00000 0.50000 0.00000 0.50000 O0.12500 0 3
.00 0.00 0.00 0.00 0.00
! Basis wvectors of magnetic symmetrv modes for sach atom
M MODES 1
! Nm Atom Irrep M My Mz Coeff
1 Mn 1 mEM4 + 0.0000 0.0000 0.2538 1.00
! amplitudes of Magnetic Symmetry Modes
MR MODES 1 2
Al mGM4+ 0.00000 1.00
!
—Scais ShapeT Bow Strt Str2 Str3 Strain-Model
2.00 0.00000 0.00000 0.00000 0.00000 0.00000 0
0.00000 0.000 0.000 0.000 0.000

0.000

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

National Laboratory

Magnetic Structure Workshop, ORNL, October 2019




FullProf : IC using Superspace description (mcif to pcr)

DyMnEGeE magnetic VARY mxmymz McosMsin

iNatDisAng Pr1 Pr2 Prj Nr Furth ATZ  Nvk Npr More
5 000. 0 001X X 0 0 133584188 1 7 0

P62'2'(0,0,9)h00 <-- Magnetic SuperSpace group symbol
generators X-y X, Z,t+1/6 +1: x-y,-y,-Z,-t+1/3 -1
N_qgc 1
Q_coeff
i |
IAtom Typ Max_Qcoeff X Y zZ Biso Occ N_type Spc / Line below:Codes
! Mcosx Mcosy Mcosz Msinx Msiny Msinz / Line below:Codes
! betall beta2?2 beta33 betal?2 betal3 betaz3 / Line below:Codes
Dy JDY3 1 0.00000 0.00000 000000 000000 1.00000 1 O

0.00000 0.00000 0.00000 0.00000 0.00000
MagMO-Moment:  0.00000  0.00000 3.80587 =- Homogeneous magnetic moment
0.00000 0.00000 101.00000
Mcos-Msin-1: 7.12688 356344 0.00000 0.00000 6.17206 0.00000 <=-Amplitudes of Modulated moments
92.00000 91.00000 0.00000 0.00000 91.73205 0.00000
Mnl MMN2 1 0.00000 050000 025030 0.00000 600000 1 O
0.00000 0.00000 0.00000 0.00000 0.00000
MagMO-Moment:  0.00000 0.00000 -1.08612 =-Homogeneous magnetic moment
0.00000 0.00000 81.00000
Mcos-Msin-1: -2.28216 -1.22194 0.00000 0.33498 -1.23195 0.00000 =-Amplitudes of Modulated moments
71.00000 61.00000 0.00000 51.00000 41.00000 0.00000

Gel GE 0 066667 033333 050000 0.00000 2.00000 O O
0.00000 0.00000 0.00000 0.00000 0.00000

Ge2 GE 0 066667 033333 000000 0.00000 2.00000 O O
0.00000 0.00000 0.00000 0.00000 0.00000

Ge3 CGE 0 0.00000 0.00000 0.34450 0.00000 2.00000 0O O

0.00000 0.00000 0.00000 0.00000 0.00000|
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3D visualization program: FpStudio
» reads ".fst" files - automatically generated by FullProf

FullProf Suite ToolBar — - — . [E=E™

File Programs Settings FP Dimensions Runa Script  Help
- = rv— g
7| 6 o) Ko | R 07 B iy 1 IFEY
B ) e e o Bl s T R 50 B e EH S
ode File: | Date: |29/07/2015

Working Directory: |c:\FuIIProf_Suite\ExampIes\

|

Type: |

B8 FpStudio Ver-20

| File | Crystal Structure  Magnetic structure  Options He#r
D&

Sls [ »l

Y% /4 5008 v cBam B

| C:\Program Files\FullprofiExamples'double_helix.fst

%OAK RIDGE
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SARAQh htip://fermat.chem.ucl.ac.uk/spaces/willsgroup/software/

Sarah-Representational Analysis Sarah-Refine

File GSAS Controls FullProf Controls Topas Controls  View basis vectors  Tools Help *Video Help® New Features!
File | Define Parameters | Calculate View Output Files View Basis Vectors Help *Video Help™  Mew Features!

¥ Instructions.

F Instructions =~ SARAh-Rafine for FullProf
A_§. Wills (Version: 5.0.16€ July 2012)
SARAh coRepresentational RAnalysis
I A.S. Wills May 2011 .
¥ Space Group Selection Please reference the use of SARRh as: it SLEEE LU e o
A.S. Wills,Physica B 276, 620(2000). - Shubnikov and Nomal Point Group Information
Program available from
. copld.ac.uk Pt Group Shub PtGp Shub Group BN Label
No. s PE———— A Oanrawl  CAGTaowin 1) Generate model PCR phase
I oo 530 e ESE : ! Canre)¥@  Oanrowiz) & Poncer
- == HA0Te)¥e) © Single Crystal D—KI
| Point Group  [CohE o~ Enter space group number [ A1) T(8) Wi4)
and click 'Search' then 'OK' [ A()T(8) ¥(5)
. . — ] A(1) T(9) (5}
Hurber Hemannd Maughin  Point Group = reresererom e E AM)TE) ¥ —;]E EHdl: :ji?::;p\acaﬁas\sVecmrs—
505 Fi i &b TR n.s. Wills May 2011 A()T(9)¥(8)
i4:bl P 1 21-c 1 € 2h 5 Please reference the use of SARAh as: [ A1) T(10) 2(9)
BRI DR
a 9 i =NNC]
14c1 P11oten c5h oo W Cutput File Viewer [CAMagnetic .\ . IC_LiFeW208\sarah15_summary.t. GelectPCR Edit Fie <
14:c2 P11 2irm C2h 5 File Edit
14:c3 P 11 21-B C 2h S Erc Select Basis Vectars Make FST fle Click an the basis vector label in the main
windowr to move o its Point Group and
| =T 1 isssoroTs wMmER:E 13 Select All Unselect &l Shubrikav Group in this st
i Optians: 1 of a basis vector will be highlighted
Ore) ars)

that the basis vectar does nat
O r(3) Ore Select ot Shubrikov Gr

5 7 oup. C/B
T = indicate: ange of is required. See Ist2 file for

Ore) Orao

B g A==

i Use Complez en itis seiected
Common Ireducible Riepresentations [z Coctay
Unselect Al

[Summary Fies (summaptat) ~] | <

calculates the Irreducible representations and adds functionalities to GSAS, FullProf and TOPAS,

basis vectors associated with a space grou, to allow them to refine magnetic structures in

propagation vector and atomic positions terms of the basis vectors. It sets up the pcr file

Output files includes a tailored summary with for the magnetic refinement, and enables the

cut-and-paste tables written in LaTeX searching of magnetic propagation vectors with
reverse-Monte Carlo routines

3, OAK RIDGE || seeron |
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http://fermat.chem.ucl.ac.uk/spaces/willsgroup/software/

SARAh creates a Magnetic phase to use in Fullprof

E| sarah15.per - Notepad

File Edit Fermat View Help

| Data for PHASE number 1 ==> Current R_Bragg for Pattern# 1. 1.00

Magnetic Phase
I

INat Dis Mom Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth  ATZ Nvk Npr More

1 0 0000010 1 0 -2 0 0 000 -1 0 O
I
C-1 <--Space group symbol
| Nsym Cen Laue Ireps N_Bas

2 1 1 -1 6

| Real(0)-Imaginary(1) indicator for Ci

000000
I
SYMM X_ Y, Z|
BASRE 1 0 0 O 1 0 OO 1T 1T O O OT1 O OOI1
BASI O 0O 0O OO OO O OUOOUODUOOOOOODO0ODO0
SYMM X, -Y+1, Z+1/2
BASR-5 0 0 051 0 O 0-551 0 0 0-5 0 O 0.51
BASI 86 0 0 0-9 0 0 086-9 0 0 08 0 0 0-9
I

IAtom Typ Mag Vek X Y i Biso Occ Cl
I C4 C5 C6 c7 c8 C9 MagPh
FET MFE3 1 00000 .33532 .25000 .30000 1.00000 0.000 0.000 0.000
0.00 000 000 000 0.00 000 000 000
0.000 0.000 0.000 0.000 0000 0.000 .00000
000 000 000 000 000 000 0.00
loommeee > Profile Parameters for Pattern # 1

C2 C3

0.0 . ] ) . .

0.00000 000 000 000 000 0.00

! U v w X Y GauSiz LorSiz Size-Model
1.08239 -0.23233 0.25618 0.00000 0.00000 0.00000 0.00000 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00

1 a b C alpha beta gamma

273
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

I Prefl  Pref2 Asyl  Asy2  Asy3  Asy4d

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
000 000 000 000 000 0.00

| Propagation vectors:

-8900000 .0000000 .3300000 Propagation Vector 1

4

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
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T External EdPCR Text Editor - [C\Magnetic Structures\MAGSTR_Worksop\2019\Example_IC_LiFeW208\LiFeW208.per]

el

File Edit Search

DME®&2G | BEO™

¥ Prefd Pref?2 Asyi Asy2 Asyd Asyh 5L D L
9.0000A 0.0G0AAA ©.00GAA ©.00AAA O0.000B0 O.00000 A.00BAA 0.000A0
a.8a a.88 8.08 a.88 .88 8.08 a.8a .88

Li Fe (W 04)2

tHat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Huk Hpr
7 g g 0.8 8.8 1.0 8 -1 a i} i} 2233.933 -1 7

<--5pace group symbol
¥ 2 Biso In Fin H_t Spc fCodes
-99192 9.24478 B_420008
a.88 A8.08 a.80
-33421 9.250808 B.748008
a.88 A8.08 a.80
-34345 9.250808 2._00888
8.00 08.08 6.088
-85924 .92493 .8opoA
8.08 .08 6.88
18197 41116 .8opoA
8.08 .08 6.88
-54854 .94233 .8opoA
0.088 B.88
.39354 .8pBBA

T dip dpe H 2 2 2 - d
8.25794 B_00000 a._0a000 0.000068 0.000068 6.000068 a

a.000080 a.a868 a.a868 a.a868 a.a868 a.868
4 U u W b ¥ GauSiz LorSiz Size-Model
8.a00088 a.600880 a.e12757 a.008088 8.a00088 a.600880 a.800008 a
a.088 a.a868 a.ao8 a.088 a.088 a.a868 a.ao8
H a b [~ alpha beta gamma #iCell Info

9.267413 11.394221 4.893332 90.000000 90.567055 90.000000
0.00000 0.00000 0. 00000 0.00008 0.00000 0.00000

t Prefi Pref2 Asy1 Asy2 Asy3 Asyl s L D_L
6.06000 0.00000 0.090A0D 0.0PADD ©0.9OOA0 ©0.900A0 ©.A0POD O.0O0OD
6.00 a8.00 8.00 6.00 a8.00 8.00 6.00 a8.00

<|" I

Line93 Cold [ ] [ IS

SOURCE Magnetic Structure Workshop, ORNL, October 2019



SARAh - web Representational Analysis

http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-web-
representational-analysis/

SARAh - web Representational Analysis

This is the web page for a new web-based version of SARAh-Representational Analysis. Its code is inspired by the windows prt
has been entirely rewritten. It is still in a development phase and please cantact me if you find problems or have suggestions.

you like it; | think that it is pretty cool. One piece of advice - when you click evaluate, it will lock like nothing is happening for ¢
seconds *%**¥Basis vectors for Atom=1 , T=1 , n{l)={a}
’ Magnetic phase by SARAh - web Representational Analysis
|

View - Basis vectors in FullProf pcr format (Copy and paste text)

Below are model sections for a FullProf per file. Note that the phase of any imaginary basis vector component is reversed to
match FullProf's format :

-Andrew (lune 2018 . . . INat Dis Mom Prl Pr2 Pr3 Jbt Irf Isy Str Furth ATZ  Nvk Npr More
( ) Table 12. The basis vectors projected from the different IRs 1 o Be00o1e 1 o 2 8 B o0 1 © @
!
POWERED Y P -1 <--Space group symbol
pace group sy
Wolfram ! Nsym Cen Laue Ireps M_Bas
Ty o LN I s 2 1 1 -1 3
{ { Co 1) L. O. 0|, (Cu DO L 0| |Cu 1)0 0 L } ' | Real(®)-Imaginary(1l) indicator for Ci
2 1. 1.0 2) 0. -1. 0. 2) 0. 0.1 000
Space group : {89, Fmmm} v !
P ti tor : SYMM X , Y, Z
ropagation vector : - L % T BASR 1. 00 ©1.0 00 1.
|000 ‘ {{ce b 1 0ol |C po Lol |c oo L} BASTO 0@ 000 0080
: . . 2) -1 -1. 0. 2) 0. 1. 0. 2) 0. 0. -1.
Crystallographic coordinates in the form ) ) )

orCu2 1/21/2-1/2

I ¢ I ¢ T2 &
gul 1/2 1/2 -1/2 { {Cu_; b o -1 0, H- {Cu_; b2 1ollcez 1o o 2

“ Table 13. The basis vectors combined according to the unique 'isotropy groups' of the IR space vector 1) :

r; ¢l r; ¢ r, ¢
{{lcw D1 ool Ho Loljcu Hoo L]},
2y L 10 230 -1.0 2y 0 0 1.
r ¥ ry ¢ ry ¢

1 1

}‘}

Cu 1) 1. 00O Cu 1O L.O

A on1 N

Co hoo L

A onon

3, 0AK RIDGE | 16150 etiion .
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http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-web-representational-analysis/

Thank you !
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