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Single Crystal Diffraction

Advantage:

% More detailed information by measuring well separated Bragg peaks in 3D reciprocal space —
Magnetic form factors

% Less samples-mg VS g

% Larger molecules and unit cells ---- complex magnetic structures

% Less neutron absorption due to small size, no isotope needed, such as for H, Li, even Eu, Sm, et. al.
neutron “block” elements. Intensities corrected by applying the proper absorption correction, like the
single crystal X-ray

% Unambiguously determine the k-vector —superlattice or satellite peaks (commensurate and
incommensurate), dimensionality of scattering (rods, planes, etc.)

Disadvantage:

% Need to grow a single crystal
% Data collection can be more time consuming
% Extinction, domain, twining

Always GOOD to combine both X-ray/neutron powder and single crystal diffraction!
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DEMAND instrument (multi-modes)

1) four-circle mode 2) two-axis mode Extreme sample environment

Ultra-low
temperature
T~ 0.05to 700 K

High magnetic field
H~-6t0é6T
(vertical)

. High pressure
P~0to 10 GPa

Electric field
E~0-104
voltage/cm

Large area detector 50° (hori) x 50°(vert), 3(1) columns
position-sensitive but magnetic field insensitive

Beam:
a) High Flux: 2.2 x 107 n/cm?s
b) High Resolution: 6d/d =5Q/Q~0.2%

1) Unpolarized neutrons
I1) Polarized neutrons by S-bender SM and He-3 polarizer

*OAK RIDGE Cao H.B., Chakoumakos B.C., Andrews K.M., Wu Y., Riedel R.A., Hodges J.P., Zhou W., Gregory R., Haberl B., Molaison J.J., Lynn G.W., "DEMAND, a Dimensional
National Laboratory Extreme Magnetic Neutron Diffractometer at the High Flux Isotope Reactor”, Crystals, 9, 1, 5 (2019).



https://doi.org/10.3390/cryst9010005

Capabilities of DEMAND at HB-3A HFIR
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Single Crystal Diffraction

High Q-resolution

g 1l
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Slﬂg|e CI’YSTC” DIffI’CICTIOﬂ Partial antiferromagnetic helical order in single-crystal
Fes PO4 O3

C. L. Sarkis, M. J. Tarne, J. R. Neilson, H. B. Cao, E. Coldren, M. P. Gelfand, and K. A. Ross
Phys. Rev. B 101, 184417 — Published 18 May 2020
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Single Crystal Diffraction

Lattice parameters
k-vector

I
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[ Integration
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Lorentz correction
Absorption correction
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[Correc’red Integrated Intensities

h k | Int (xF) o

l 10 reflections for each refining parameter
Fixed latftice parameters used in data analysis

[ Structure solution ]
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Siﬂgle CWSTO' Diffraction usethe magnetic symmetry with Bilbao crystallographic server

NiTe,Os hitps:/www.youtube.com/watch?v=mBEiDP-Rz8s PhysRevB.100.144441.pdf
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https://www.youtube.com/watch?v=mBEiDP-Rz8s

Single crystal diffraction example NiTe,O-
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Bilbao Crystallographic Server
in forthcoming schools and
workshops
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bilbao crystallographic server

Contact us About us Publications

How to cite the server

Space-group symmetry

Magnetic Symmetry and Applications

Group-Subgroup Relations of Space Groups

Representations and Applications

?-m
_etrystal
lograpliic-

server.

Bilbao Crystallographic Server
in forthcoming schools and
workshops

News:

« MAGNDATA reaches 1,000
entries

06/2020: more than one thousand

Contact us About us Publications How to cite the server

Space-group symmetry

Magnetic Symmetry and Applications

MGENPOS General Positions of Magnetic Space Groups

MWYCKPOS Wyckoff Positions of Magnetic Space Groups

MNORMALIZER Normalizers of Magnetic Space Groups

IDENTIFY MAGNETIC GROUP Identification of a Magnetic Space Group from a set of generators in an arbitrary setting
BNS20G Transformation of symmetry operations between BNS and OG settings

mCIF2PCR Transformation from mCIF to PCR format (FullProf).

MPOINT Magnetic Point Group Tables

MAGNEXT Extinction Rules of Magnetic Space Groups

MAXMAG Maximal magnetic space groups for a given space group and a propagation vector
MAGMODE Magnetic structure models for any given magnetic symmetry




Single crystal diffraction example NiTe,O-

MAXMAGN: Maximal magnetic space groups for a given a propagation vector and resulting magnetic structural models

MAXMAGN provides the possible magnetic space groups that can be
assigned to a 1-k commensurate magnetic phase assuming that the
magnetic symmetry is a maximal one. The space group of the
paramagnetic phase (parent group) and the observed propagation
vector are required as input. Optionally, the parent paramagnetic
structure can be introduced (by hand or by a cif file). In this latter case
the program provides the constrains for the different possible
symmetries and cif-like files can be produced. These files permit the
different alternative models to be analyzed, refined, shown
graphically, transported to ab-initio codes etc., with programs as

ICANIOTADT TAKMASANE C4elMamirmet VWIEOTA atbta Thana ~if LA flaa

Option 1: Please sub tr

No file chosen 2
Note: The space g

iUpload the file

Option 2: Specify structure data by hand:

Space Group: Pnma (No. 62)

Lattice parameters (Angstroms and degrees):
a=| | b= | o

Number of unique atomic positions: = |

% OAK RIDGE

National Laboratory

1z

Structure data of the paramagnetic phase will be included

[J Non-conventional setting

Please, enter the label of the space group of the paramagnetic phase
(parent group)

I 1 Pnma >| choose it ||62 |

Please, enter the propagation vector k:

S

Submit,

4

Parent paramagnetic structure cif file

ucture file (CIF format):

e cif file will supersede any previous one.

| alpha=90 beta=90 gamma=90

3

NiTe205_ powder X-ray.cif

kyQ k,
~N



Single crystal diffraction example NiTe,O-

Parent phase structure data: Magnetic Atoms

Parent space group: Pnma (No. 62)
Lattice parameters (Angstroms and degrees): a=8.86640, b=12.12040, c=8.44180, alpha=90.000, beta=90.000, gamma=90.000

Atoms: Please select the magnetic ones

N Atomname Atom type Woyckoff Position Coordinates Magnetic?
1 Te1 Te 8d 0.85150 0.48630 0.15960 O

2 Te2 Te 4c 0.10630 0.25000 0.19650 O

3 Te3 Te 4c 0.33470 0.25000 0.68170 O

4 Ni1 Ni 8d 0.51680 0.12270 0.98460 1

5 01 0O 4c 0.12570 0.25000 0.66770 El%
6 02 0O 4c 0.45830 0.25000 0.12450 O

7 03 @) 8d 0.48600 0.13540 0.40880 O

8 04 @) 8d 0.68770 0.10950 0.14060 O

9 05 0 8d 0.38430 0.48520 0.11530 O

10 06 0O 8d 0.34410 0.12770 0.82250 O

q
%K RIDCE




Single crystal diffraction example NiTe,O-

Maximal magnetic space groups for the parent space group Pnma (No. 62) and the propagation vector k = (0, 0, 0)

Maximal subgroups which allow non-zero magnetic moments for at least one atom are coloured

) Sll

Alternatives {domain-relaied)

SHEE
Sll

Alternatives {domain-relaied)

(i5¢)
Sll

Alternatives {domain-relaied)

(i5¢)
Sll

Alternatives {domain-relaied)

S
Show

Alternatives {domain-relaied)

S
Show

Alternatives {domain-relaied)

Alternatives {domain-relaied)

||||||

2
g
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Single crystal diffraction example NiTe,O-

Magnetic Structure

Selected magnetic space group: 8- Pnma (#62.441)
Selling of the parent group mCIF file of the cture
Parent space group Prnma (No. 62)

Latlice paramelers. 8=8.86640, b=12.12040, c=8.44180. alpha=90.000, bets=90.000, gamma=50.000 Submit this meif file to MVISUALIZE for 3D visualization of cture using Jmol: [ Submit to MVISUALIZE

[Go to setting standard (a, b, ¢ ; 0, 0, 0)] Download mCIF file: bcs_file.meif
[Go to an altemative setting] [The preview text below is non-editable, only copy-allowed]

)E)qmrldata to MCIF file/Visualize || Go to a subgroup | ##CIF_2.8 . .
# Created by the Bilbac Crystallographic Server

# http://waw.cryst.ehu.es
# Date: 27/09/2820 @7:02:1@
# NiTe205_powder X-ray.cif

Atomic positions, Wyckoff positions and Magnetic Moments

data_5yOhtAcR
N Atom New WP Multiplicity | Magnetic moment | Values of M,, My‘ M, _audit_creation_date 2920-89-27
_audit_creation_method "Bilbao Crystallographic Server”
Xy.Z | mym,.m,) (x+1/2 -y .z+ -M,.-m,,m
.2 [y my.my) (4112, 2102 | -my-my my,
(xy+102,-z [ -mymy -m;) (102, -y+102,-24+102 | my -my,-my) _citation_journal_abbrev ?
1 | Tel Te 0.85150 0.48630 0.15960 (oxy2 | mymyme) (172 y 24112 | -my-m,, mg) 8 - - “citation_journal_volume ?
(xy+102.2 | -mymy -my) (x+112,y+102,2+112 | my-m,.-m,) _citation page first ?
_citation_page_last 2
(%1042 | 0.my,0) (x+1/2,3/4,2+1/2 | 0.-m,,.0) _citation_article_id ?
2 | Te2 Te 0.10630 0.25000 0.19650 (%3742 |0.m, 0) (x+112.1/4,2+112 | 0.-m, 0} 4 - - _citation_year ?
_citation_DOI 2
(%1042 | 0.my,0) (x+1/2,3/4,2+1/2 | 0.-m,,.0)
3 | Te3 Te 0.33470 0.25000 0.68170 (%3042 | 0,m, 0) (112, 1742112 | 0.-m, 0) 4 - - loop.
citation_author_name
(xy.z | mymy.my) (-x+1/2,-yz+112 | -my.-my,m_) B - -
- X y+12z | -mm,-m) (x+1/2 y+1/2 24172 | m,..-m,,-m
4 || Ni1Ni 0.51680 0.12270 0.98460 s (xy,-z |r‘r)1(x n{. mj EXHIZ yy-z+1f2 | -mx‘-m:_mz)y Z) 8 [MK'MY‘le _atomic_positions_source database code ICSD ?
(xy+12,z [ -mymy -my) (x+172,y+1/2,2+172 | my-my.-m) _atomic_positicns_source_other ?
(x1/4z| O_m,"ﬂ) (-x+1/2,3/4,z+1/2 | D_-my_D] _transition_temperature ?
5 | ©100.12570 0.25000 0.65770 (03,2 | 0,m, 0) (c+172, 1742172 | 0,-m, 0) 4 - - “experiment_temperature ?
(x. 114,z 0,m, 0) (-+1/2,3/4,z+112| 0,-m,.0) loop_
6 | ©200.45830 0.25000 0.12450 (.34, | 0,my,0) (x+1/2,1/4,-z+1/2 | 0,-m,,0} 4 : - _irrep_id
_irrep_dimension
xyz|m,m, m)(-x+12 -y z+1/2 | -m,-m,, m i i i
Y: e ez, ¥ T etz _irrep_small_dimension
7 | 030 0.48600 0.13540 0.40880 | XVTV2E [-memy M) (V22 ZZ | My myemg) | g . . Zirrep_direction_type
: . (x-y,z 1 my m, m) (x+1/2y-z+1/2 | -mx‘-my:mz] _irrep_action
(Y102, | -mymy -my) (34 112,y+ 10224112 | my -my.-my) _irrep_modes_number
_irrep_presence
xyz| mx,my:mz) (x+12,-yz+1/2 | -mx:-my:mz) 22 o 2 02 2 2
(Y122 | -mymy-my) (102, -y+ 12,2412 | my,-my,-my)
8 | ©400.687700.10950 0.14060 (-2 | my m, my) (x+112y,-2+1/2 | ’mxfmy-sz g - - _exptl_crystal_magnetic_properties_details
ey 12,z | -y my -my) (e 12,y + 12,2402 | my-my -m) J
H
%Y.z | mymy.my) (-x+1/2,-y.z+1/2 | -m,.-m,m
s LLBLL-2 y oRlLLYRLL? . P .
9 | 050038430 0.48520 0. 11530 (xy+102,z | -my my -m,) (x+ 102 -y+102,-24+112 | m, -m, -m;) 8 R R Tact:Lve_magnetlc_lrreps_deta115
(2 |y my my) (et U2y 24102 | -my -my m) K ) .
xy+ 1022 | -mm, -m.) (st 12,y +1/22+112 | m.-m, -m k-maximal magnetic symmetry
ey Tz Ty iz .
H
xyz| mx,my_mz) (x+172 -y z+1/12 | -mx_-my_mz) W Al b
. 1 . . ~ o _parent_space_group.name_H-M_alt ' n m a'
10 | O6 © 0.34410 0.12770 0.82250 (xy+102,z [ -mymy -m;) (x+102 -y +1/2,-2+112 | my, -m, -m) 8 - - _parent_space_group.IT_number 862 -
(xyz [ mymy.mg) (11224112 -my.-my,m) arent_space_group.transform_Pp_abc ‘a,b,c;9,0,0"
(Y1122 | -Mmy ) (X2 12, y+1/2,2+112 | my-m, -m_) _parent_space_group. SIS 22,€58,0, £l

S_QOAK RIDGE
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Single crystal diffraction example NiTe,O-

bcs file 23269.mcif

|

mCIF2PCR: Transformation from mCIF to PCR format (FullProf).

Choose a structure file (mCIF format):

[ Choose File | No file chosen [ Convert |

bcs file 23269.pcr

&OAK RIDGE

National Laboratory

MVISUALIZE: 3D Visualization of magnetic structures with Jmol

) | Select cell... v| | Export PNG Image ‘
MVISUALIZE Main Page | Toggle Parent Cell \ | Save PNG-3D \
| Toggle Standard Cell | Save ZIP file ‘

| View Along Axis... v|
| Unit Cell Info |

Show unit cell a,b,c

' Show/Hide File

Add 1 cell along x

Remaove 1 cell along x

| All / Magnetic Atoms ‘
|  Show/Hide Labels

Remove 1 cell along y

Add 1 cell along z

| |
| |
| |
| Add 1 cell along y ‘
| |
| |
| |

| Larger | Sma\ler‘ Vectors

Remove 1 cell along z

| Larger | Sma\ler‘ Atoms

X'-v 1z I

Choose supercell

~ Window Size
‘ Tl ‘ 11

— —

Draw bonds & polyhedra

‘ Bigger ‘ Smaller Join with[- v|
from 0?5 to 2?5

[Background Color ~| Draw | Bonds| Polyhedra|
| Toggle Quality ‘ Delele| Bonds| Polyhedra|
Clear all drawings \

| Center ‘ |

JSmol

help console Execute
| | |

Note: If the application stops working right or any malfunction is observed, it is probably a temporal problem due to the cache memory of your browser. Clear your web browser cache to solve it.
If you still observe any malfunction, write an e-mail to cryst@wm.lc.ehu.es explaining the problem in detail.



Single crystal diffraction example NiTe,O-
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bilbao crystallographic server

ol
FCT/ZTF

Contact us About us Publications How to cite the server

‘ i?) — Space-group symmetry
m Magnetic Symmetry and Applications

Group-Subgroup Relations of Space Groups

Bilbao Crystallographic Server
in forthcoming schools and
workshops

Representations and Applications

Contact us About us Publications How to cite the server

o == Space-group symmetry

Magnetic Symmetry and Applications

Iwk-- MGENPOS General Positions of Magnetic Space Groups
server, MWYCKPOS Wyckoff Positions of Magnetic Space Groups
- MNORMALIZER Normalizers of Magnetic Space Groups
Bilbao Crystallographic Server IDENTIFY MAGNETIC GROUP Identification of a Magnetic Space Group from a set of generators in an arbitrary setting
in forthc‘?vr:ri:ghzcr;ools and BNS20G Transformation of symmetry operations between BNS and OG settings
P mCIF2PCR Transformation from mCIF to PCR format (FullProf).
News: MPOINT Magnetic Point Group Tables
MAGNEXT Extinction Rules of Magnetic Space Groups
« MAGNDATA reaches 1,000 ) . . .
entries MAXMAGN Maximal magnetic space groups for a given space group and a propagation vector
D6/2020: more than one thousand MAGMODELIZE Magnetic structure models for any given magnetic symmetry

mCIF2PCR: Transformation from mCIF to PCR format (FullProf).

. . Choose a structure file (nCIF format): bCS_fI Ie_23269 . pcr
%OAK RIDGE bCS_fIle_23269. mCIf [Chooss File] No fle chosen

National Laboratory [ :)




Single crystal diffraction example NiTe,O-

Y248 FullProf Suite ToolBar — | w

File Programs Settings FP Dirmensions Tools Edit Results Help

== A' 4' Dzu Ty
=il E . -SEHH[H Per ver Jﬂ‘! ﬁ m"“"" @ @ m %

Working Directory: Ch\Us,. StrDVMSD20200 Example5-5Single Crystal\MagStrD_xtal_HuiboCachMNiTe2 G5 Code File:  |bes_file 23269 Type: |PCR Date:  |18/09/2020
bcs file 23269.pcr

Copy the creo’red pCr to ‘rhe folder WITh ’rhe do‘ro flle ( int), then select the bcs_file 23269.pcr

BF)
Y

ngs FP Dirr ons Tools Edit Results He Ir
= A' k ED ED” Jﬂ‘! i
. -r - ng:H ZCRY PCR E& % @ @ Buf"‘ﬂ % %"‘ Q l
rking Directory: Ci\Us... StrDMSD20204Example3-Single Crystal\MagStrD_xtal HuiboCac\NiTe205\ CodeFile:  |bes_file_23269 Type: |PCR Date:
] Select FullProf Suite Files

™ l MSD2020 » Example5-Single Crystal MagStrD_xtal_HuiboCao NiTe205

Organize v New folder

MName ) Date modified Type
# Quick access _
bes_file_23269 9/26/2020 2:03 PM PCR File

s_QOAK RIDGE

National Laboratory




Single crystal diffraction example NiTe,O-

2 FullProf Suite ToolBar '|

%

File Prograrns

Settings FP Dimensions ols Edit Results Help

Working Directory:

Ve ol ks 5 (01 0

|C:‘-.LU 5. SO MSD20200 Exarmple5-Single Crystal\Mag5StrD_xtal_HuiboCac\MiTe2 05

Code File

N
o) K

ol

) o

F
fr;p

. |bes_file_23269

T Editor of PCR Files

File Editor Tools

Templates Help Exit

13 O el

e Wi " @ X
— Information

Simulated Annealing, ...

FullProf

contribution to pattems., symmetry, ...

pattems and phases (atoms and profile)

Constraints definitions, adding, deleting,
modifying...

magnetic moments and linear restraints

Output options for pattems and phases:

Reflection lists, Fourier, distances, BVS ..

Title, type of job: Rietveld, Integrated Intensities,
Type of Pattems, profile, backaground, diffraction
geometry, user-given scatterng factors .

Phase name, type of calculations (JBT), ATZ,

Mumber of cycles, relaxation factors, access to

Fixing range of parameters, distances, angles,

y mCIF to PCR for: /srv/www./bcs branch www
= Calculations 3
i [ HeﬁMmion of a Powder Diffraction Profile
| & Refinam$t on Single Cryetal Data / Integrated Intensity Data
| " Simulated Annealing Optimization (Integrated Intensities) 5.4, Optionz |

Copyright (c) 2002-2005. JGP - JRC

[~ Optimize calculations according to the particular options used in this Job

bes_file_23269

OAK RIDGE

National Laboratory

Profiles: 1 |Phases: 1

27/ 972020

1152
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Ingle crystal diffraction exam

T Editor of PCR Files

File Editor Tools Templates Help Exit

- x

N O

& &l @ M i

FullProf

. PCR i -.|

Ci In;
8@ X —|
Title, type of job: Rietveld, Integrated Intensities, G

Simulated Annealing, ...

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

Phase name twne of caleulatinons (IRTL AT

Ed’ Patterns Information

E = 1

r Information

Pattem: 1/1

\/

Weight:| 1.0000 Data file/Peak shape |

4 4 = i3

Background Tupe |
Excluded Regions |

Initial Previous Add D Mext Last Geometry/IRF |
Copyright (c) 2002-2005. JGP - JRC
User Scatt. Factors |
bes_file 23269
|. H oK | Cancel |

OAK RIDGE

National Laboratory

T Profile Data Informatio ttern 1

Data File / Format  Refinement’/ Simulation | Pattem Calculation/Peak Shape I

r Simulation / Refinement Data

" ¥-Ray

" Pattem Calculation (X-Ray)

@ Neutron - CW (Nuclear and Magnetic)

" Pattem Calculation (Neutron - CW)

" Neutron - T.0.F (Nuclear and Magnetic)

¢~ Pattem Calculation (Neutron - T.0.F)

— Wavelength

UserDefined ~| [ [  0.0000

A4, [ o000 (f /5[ o000

3
i

Cancel |

T Editor of PCR Files

I File Editor Tools Templates

ple NiTe,O-

Help  Exit

. J¥0ew

AA WREEBE YL e X

Information
Tile, type of job: Rietveld, Integrated Intensities, G

L] Copyright ic) 2002-2005. JGP - JRC

FullProf

| PCR
Editor

Simulated Annealing, ..

Type of Pattems, profile, background. diffraction
| geometry, usergiven scattering factars ..

Phase name, type of calculations (JBT), ATZ,
contribution to pattems, symmetry,

Phase Information: Phase 1

[~ General Information on Pha:

Name of Phase |Nudsarand Magnetic Structure of : /srv/www./bcs_bran _copy/bes/www/tmp//t

Calculation INudear and Magnetic phase ;I

Cosfficient to calculate the weight
sercertage ofthel Phigse < 35118 Calculated auto & Provided by user

Contribution to pattems, prefered

I bes_file_23269

orientation direction, reflection list,

Space Group symbol/number, symmetry
operators, basis functions, etc

Contribution to Pattems
Symmetry

4 44

Initial Previous Add

Xl 2 M

ok | Cancel |

Pattern Contribution Information for Phase 1

[V Curent Phase contributes to the pattem

Pattem 1 |

Type of Pattem
" X-Ray " Pattem Calculation (X-Ray)

¥ Mewtron (Constant Wavelength)
Muclear and Magnetic

" Pattem Calculation {Neutron - Constant Wavelength)

" Pattem Calculation {Nevtron - T.O.F.)
" Neutron (T.O.F)
Muclear and Magnetic

~Peak Shape
[Thompson-Cox-Hastings pseudo-Voigt * Asial divergence asymmetry |
& Codefilshp  Globalshp
r Intensities
Reflection list:Integrated Intensties |

[ Use special control of parameters for peak overlap, rejected reflections for cument phase
Brindley coefficient I 0.0000
Global weight of the integrated intensity data vs profile data: 0.0000

0.0000
0.0000

Factor for excluding reflections [ | < Facter * Sigmal) |

Weights are divided by reduced Chi**2 of precedent cycle:

- Cancel




Single crystal diffraction example NiTe,O-

T | T
|| File Editor Tools Templates Help Exit " File Editor Tools Templates Help Exit
= = 5 -
O e s WEEEE Y e X I J¥0bwm e WEEHEE MY 0 X
i Information -

Information

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

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

hl Fu""Pro f Type of Pattems, profile, background, diffraction

PCR il geometry, user-given scattering factors ...
"
i

:  FullProf
PCR

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

Phase name. type of calculations (JBT). ATZ.

M Phase name. type of calculations (JBT). ATZ.
I‘ | contribution to pattems, symmetry, ...

1“ || Edftor |‘ contribution to pattems, symmetry,
| i

MNumber of cycles, relaxation factors, access to
L.H.‘. Al ¥l vl

| | ']| il pattems and phases (atoms and profile)

MNumber of cycles, relaxation factors, access to
pattems and phases (gtoms and profile)

Constraints definitions, adding, deleting,
modifying...

Cycles of Refinement: 1 :I u

Fixing range of parameters, distances, angles,

Stop Criterium of Covergence: Relaxation Factors for Shifts I

Forced Termination when shifts < | 0.02 x ESD - : : ' : - - magnetic mements and linear restraints
» 17 2 25 2 33 37 4 45 43
e Others: MNone j Atomic | 1.00 Anigotropic | 1.00 Profile | 1.00 Global | 1.00 20 (% COutput options for pattems and phases:
I Reflection lists, Fourier, distances, BVS...

b(s-_ Reflections ordering
| {+ Only at the first cycle " Each cycle [ Bragg R-Factor excluding reflections limiting excluded regions

|
Pa |7t 2| ate 3| atar 4| Pt | Pt | P 1 s 2| phase 5| pace 4| Pase 5| pase 6| 72| R

» oK Organize « New
Refinement weighting model ol Prop. Vectors
(¥ Least Squares Caneel Pattem MName

# Quick access

" Maximum Likelihood 2 & & 2 2 = I E NiTe205_nucdk INT File
B Documents ——— = -
@ O et . e [ NiTe205_nuc INT File
Q Downloads

HKL Shifts Further Parameters I B3 Pictures

Reduction factor of number of data points: | 0 j

Integrate Intensities: Phase 1 Pattern 1 I
Cell Parameters n
| | = 1 b | = | alpha | beta | gamma | Refine All
| Coefficients | B 12.12040] 8.44120] 90.00] 90.00] 90.00) - I
Fix Al .
Scale Factors - I
| v N2 T 5 [T+ T[T 5 TT & T[] : B ST nstrumen
| Coefficients | 1.0000f | 0.0000] | 0.0000] | 0.0000) | 0.0000] | 0.0000 | I  Instru

strument
Extintion Parameters

|+ 11 = 11 s 11 & 11 s 11 & ]
Coefficierts | 0.0000 | 0.0000] | 0.0000 | 0.0000]" | 0.0000 | 0.0000]" |
£ >

I 0 1 orooo

File name:

s_QOAK RIDGE l

National Laboratory

General

Pattems

Phases

Refinement

Constraints

Box/Restraints

Qutput

CEbb




Single crystal diffraction example NiTe,O-

Load Edit PCR  Mode

=» Solving L.S. equat}bns... ~
=» Writing results for cycle 1

=» Global user-weigthed ChiZ (Bragg contrib.): 517.3

= ————————c > Pattern# 1

=> Phase: 1

=> RFZ —-factor : 45.54

=> RFZw-factor : 59.63

=> RF —factor : 28.01

=> ChiZ2 (Intens) : 387.6

=» N_eff Reflect.: 582 and 0.000 * sigma < Int
=» Conv. not yet reached -> [Max] Shift( Scalel)/(eps*Sigma)= —-333.5Z2 abs> 1
=» Normal end, final calculations and writing...
=» Contribution to Yi for phase: 1

/ "Run” the refinement and then “Exit” - o x

=» CPU Time: 0.992 seconds
=» 0.017 minutes

=> END Date:27/09/2020 Time => 12:08:34.631

Cyaole = 1 ChiZ: .00 NiT=eZ20S nucdR.dat

G000
. s
5000 .

Lnits)
L ]

4000 —

2000

(mrls

2000

1000

—1 o000

Trmtem=ity
o

- 05 -1 0 -1 s - 20 - 25 - 320 -25 -40
sin (Theta) " Lamlkbda

S_QOAK RIDGE

National Laboratory




Single crystal diffraction exomple NiTe,O:

5
File Programs Settings FP Dimensions Tools Edit Results Hr:Ir
=? A' A' ED" i i
E . ossnnm Per "CR F mpsn @ @ % . B % %” q * @
Waorking Directory: | S\, StrDVMSD20204Example5-Single Crystal\Mag5trD_xtal HuiboCao'\NiTe205 CodeFile:  |bes file 23269 Type: |PCR Date:  |18/09/2020
& WinPLOTR [CDIFX UMRG226 Rennes / ILL Grenoble] - O >
File Plot Options Points Selection X space Calculations Rietveld plot options  Text  External applications  Toels  Help
=|H|E| BQ|0|E|  Pe| 5| | S5 FP | Pee| 23 | EB| ] e | | sen | 250 55 | 2e2 | B ous | [ e X
PCR-template automatically generated by mCIF to PCR for: /srv/www/bes_branch www
IB{H} rrrrrrtrrrrrrrrrrrrrrrrrrrrrrrrr 111
= o : : .
ey o Exfinction effect 3
14000 F =
12000 | =
= - .
a 10000 | 3
Ry — ]
8000 | =
6000 | o -
= {%33 3
4000 [ -
- .
2000 | -
0 L L T | I I L ek L L Lo I L TR | L L I Lo ek I T | L I I Lol I I L T | I Lok I_
0 2000 4000 6000 8000 10000 12000 14000 16000 18000
F2obs
&OAK RIDGE 09-27-2020  12:12 X = Y =
National Laboratory




Single crystal diffraction exomple NiTe,O:

5
File Programs Settings FP Dimensions Tools Edit Results Hr:Ir
=? A' A' ED" i i
E . ossnnm Per "CR F mpsn @ @ % . B % %” q * @
Waorking Directory: | S\, StrDVMSD20204Example5-Single Crystal\Mag5trD_xtal HuiboCao'\NiTe205 CodeFile:  |bes file 23269 Type: |PCR Date:  |18/09/2020
& WinPLOTR [CDIFX UMRG226 Rennes / ILL Grenoble] - O >
File Plot Options Points Selection X space Calculations Rietveld plot options  Text  External applications  Toels  Help
=|H|E| BQ|0|E|  Pe| 5| | S5 FP | Pee| 23 | EB| ] e | | sen | 250 55 | 2e2 | B ous | [ e X
PCR-template automatically generated by mCIF to PCR for: /srv/www/bes_branch www
IB{H} rrrrrrtrrrrrrrrrrrrrrrrrrrrrrrrr 111
= o : : .
ey o Exfinction effect 3
14000 F =
12000 | =
= - .
a 10000 | 3
Ry — ]
8000 | =
6000 | o -
= {%33 3
4000 [ -
- .
2000 | -
0 L L T | I I L ek L L Lo I L TR | L L I Lo ek I T | L I I Lol I I L T | I Lok I_
0 2000 4000 6000 8000 10000 12000 14000 16000 18000
F2obs
&OAK RIDGE 09-27-2020  12:12 X = Y =
National Laboratory




Single crystal diffraction examp

24 FullProf Suite ToolBar

File  Progams  Settings  FP Dimensions

2E B :

Working Directory: C:\Us...StrD\MSD2020\Example5-Single Cristal\Mag5trD_xtal_HuiboCao\NiTe205\ Code Fil

- [m} x
IS W
B W b e
e:  |bes_file_23269 Type PCR Date:  |18/09/2020

File Editor Tools Templates Help Exit

YO 2 2@ W

s G, n
WiEBENY o X
Information

Title. type of jobs: Rietveld. Integrated Intensities;
Simulated Anneaiing.

FuliProf
| PCR

Type of Paitems, profile, background, difraction
geometry, usergiven scattering factors ..

Phase name, type of calculations (JBT), ATZ,
contribution to pattems, symmetry,

Number of cycles, relaxation factors, acoess to
pattems and phases (atoms and profile)

Constraints defintions, adding, deleting,
modiying

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

2009 Output options for pattems and phases:
Reflection lists, Fourier, ditances, BVS

Copyright (c) 2002-2005. JGP - JRC

[bes file 23269 [Profiles: 1 [Phases: 1

= s

General
Pattems
Phases

Constraints

“After “OK” all the
changes, "“Save”

127/ 8/202

Cycles of Refinement 0=

Stop Criterium of Covergence
Forced Temination when shifts < [0.02 x ES.D.

Relaxation Factors for Shifts

Others: None | Aomic [ 100  Anisotropic | 1.00
Reflections ordering
& Only at the first cycle " Eachoycle

Pattem 1 | | | | | K| Phase 1 | | |

Refinement weighting mode Atoms
@ Least Squares Cancel e

&1

€ Unit Weights J Intensities

¢ Maximum Likelihood

Cell Parameters

and "Run” the
refinement again

Profile | 1.00 Global | 1.00

I Bragg ReFactor excluing reflections imiting ecluded regions

| | (I
Prop. Vectors

8

[ [ a b
| Cosficents | 8.86640] 12.12040)

c alpha beta
844150 50.00] 90.00]
Scale Factors

e muﬂ Refine Al
NN

Foc Al

[ [ - [ > [ s [ [ > [
| Cosfiicents | 12370 | 0.0000] | 0.0000] | 00000 | 0.0000f |

Coeflicients

Extintion Parameters
[ 4 [ s |
0.0000]” | 0.0000] | 00000 |

5
[N

5 Cancel ‘
00000]

-

OAK RIDGE

National Laboratory

e NiTe,O:

&4 FullProf Program
Load EditPCR Mode Run Exit

“Run” the

=> N_eff Reflect.: 582 and 0.000 * sigma < Int
. .
=> Convergence reached at this CYCLE !!!!: CYCLE No. 1 f m 'I' 'I' |
=> Global user-weigthed Chi2 (Bragg contrib.): 12.00 re Ine en U n |
=5 > Pattern# 1
=> Phase: 1
D et convergence
=> RF2w—factor : 10.77
=> RF -factor : 5.989
=> Chi2 (Intens) : 12.00 h
S owttaetien: a2 ama 0.000  + sigma < 1me reacned dn
=» Normal end, final calculations and writing...
=> Contribution toc Yi for phase: 1

Normal end.
Then “Exit"

=> CPU Time:
=> 0.018 minutes

1.094 seconds

=> END Date:27/09/2020 Time => 12:19:47.071

Cyole: 10 ChilZ: O .00 NiTeZ205S nucdRK.dat

-~ SO00
i ]
H
A 5000
;
! 2000 —
3 :
| 2000 t
L]

2000 - 'y
i . e e [}

1000 [} [
: .l . RTINS L
§ o e e sta nd? W, " A ore
»n
§  —10004 T —— e — — ———————— —

.0s .10 .15 .zo .25 .30 .35 .40

sin (Theta) /fLamlbda

inPLOTR (COIFX UMRG226 Rennes / ILL Grenoble] - o x
File Plot Options Points Selection X spece Calculstions Rietveld plot options Text _Extemal applications Tools  Help

2200 I IR eNeNE X Tl L T || |

PCR-template automatically generated by mCIF_to_PCR for: /srv/www/bes_branch_www

g

T
T

Flcale

| Check the

§

L L

I A A

g
g
g
§
§
g

09-27-2020 12:21 X= Y-

fitting quality




Single crystal diffraction example NiTe,O-

B Fullprof Program

GRS

Load EditPCR Meode Run Exit

File  Programs  Settings PP Dimensions  Tool Edit Results  Help = N off Reflsct.: 52 and 5 Ta00 T sigma < Int
| = k ED e B »} {
£ o \ :
‘:"Eg = Wy ¥4 -ERR/K.H P % @ @ 3 am,,',[;;!‘ % mﬂ [ => Convergence reached at this CYCLE !!!!: CYCLE No.
=> Global user-weigthed Chi2 (Bragg centrib.): 12.79
Working Directory: | C\Us...StrDAMSD2020\ExampleS-Single Crystal\MagStrD_xtal HuiboCao\NiTe205,  CodefFile: |bes file 23269 Type: [PCR Date:  [18/09/2020 s > Pattern# 1
- ) B w => Phase
== RF2 -factor : 6.708
File Editor Tools Templates Help Exit == RF2w-factor 10.77
5 => RF -factor 5.%%0
rea Gt In
J¥0b% aade WHEBE YL e X = chi2iIntens):  12.79
=> N_eff Reflect.: 582 and 0.000 * sigma < Int
Information => Normal end, final calculations and writing...
§ => Contribution to ¥i for phase:
Tile, type of job: Rietveld, Integrated Intenstties, Generd
Simulated Annealing, ..
FuliProf Type of Pattems, profils, background, diffraction Pattems => CPU Time: 1.539 seconds
‘ geometry, user-given scattering factors => 0.026 minutes

| PCR i

. Phase name, type of calculations (JBT), ATZ, Ph = . g = 126
‘.‘ | i Editor | contribuion {o pattems, symmetry. . ases => END Date:27/09/2020 Time => 12:26:20.547
I
i

\
\I Number of relaxation fact Ee
i ﬂ [ lumber of cycles, relaxation factors, access to e
1 f att d ph d profil
i 1l Ao i A patiems and phases (atoms and proffe) \A ,fz_l
] ) NT

— Cycle: 10 ChiZ2: O.0o0 NiTe2O0S5 nucdR.-.int
- S0 00
H L
pdna | 2 Refine all the Poomooer
i
Stop Criterium of Covergen Relaxation Factors for Shifts ——————————————— 3 a000 |
Forced Temnination when shifts < [0.02 x E.S.D. . N .
W 2000+ L]
Others: None = | | Momc [100  Ansotopic [100  Profie [ 11 4 ]
- z2000 - '] .
Reflections ondering M . .- FUI ]
% Only at the first cycle ¢ Eachcydle [~ Bragg R-Factor excluding reflections limiting excluded regions 4 1000 o . " [} L] ‘ § '
: ‘e R I K T A X
H o . *s*a ma e oo » A e
Pattem 1 | Phase 1 | 3 | Phase =6 palr »
13
H

-05 -10 -15 -20 -25 - 20 -25 -40

’7(-‘ Least Squares —‘ Background Cancel ’—Fattems | Sin (Theta) / Lambda

5 — 1000 — - *—n—a 8 Wygttin *-m*d.‘.'mI. .
OK
Refinement weighting mode! Atoms Prop. Vectors
)

Atoms Information: Phase 1

6000 T T T T T

~List of Atoms N o

Number of Atoms: W:I r n

Label | Myp | Mag.Rot. | Prog. V... X y | z B Oce ~ 000 = .

Aom# 1 [Te1 [le |1 B 085153 0486857 016031fw 020596 T 000mf L 1

Mom#2 [ [le i o 010288 DZSDDDE 0197437 0326037 050000 = N ,

Aom i 3 Ted ITe 1 0 0.33586)w 0. 25DDDF 0.67335[w 0.21725)w 0.50000] = \‘ 4000 - -

Mom# 4 N1 [Nz [i o 0517637 112314 0.96453)% 0290857 0000 | v | Refne 8 onio | r 7
< > § I

Fix Al | I - B

[ Rt [ [ Rt [[ Red [ wbd [ ] g [ [ med [ [ wPhase [ ] = ECO— 00 0 -]

O

mom#d | 0.31067) | 212667] | 026563 | 0.00000] | 0.00000] | 0.00000] | 000000 | Cancel B i
oK 000 |- @ .

L ] ]
B11/F1 B22/F2 B33/F3 B12/F4 B13/F5 B23/F6 F7 ~ 1000 I =
# C = o N r N - 3 1
# r B o ~ N B N I
# r = o r r = = L 1
# B I~ I~ B - I~ v g . . . . :
< > 0 1000 2000 3000 4000 5000 6000

F2obs

S_QOAK RIDGE

National Laboratory




Single crystal diffraction example NiTe,O:

"8 FullProf Suite ToolBar — | ¥

File Programs Settings FP Dimensions Tools Edit Results Help

:% fsenﬂn-l i[éﬁ ﬁ’[';: % @ @ @ @ % . R'H;f[:‘xﬂ % %ﬂl jg; ?::“ @

Waoarking Directory: Cals, St MSD20200 Exarmple5-Single CrystalhMagStrD_xtal_HuiboCac\MiTe2 05 Code File:  |bes_file 23269 Type: |PCR Date: |18/09/2020
Te3 Te 1 0 0.33585 0.25000 0.67935 0.21603 0.50000 0 o #
131.00 0.00 151.00 201.00 0.00
Nil MNTI2 1 0 0.51769 0.12313 0.98469 0.28998 1.00000 1 o #
161.00 171.00 181.00 231.00 0.00
0.31025 2.12711 0.26565 0.00000 0.00000 0.00000 0.00000 <-MagPar
31.00 21.00 11.00 0.00 0.00 0.00 0.00
o1 o 1 0 0.12318 0.25000 0.65558 0.49032 0.50000 0 0 #
191.00 0.00 211.00 371.00 0.00
02 o} 1 0 0.46745 0.25000 0.13392 0.36884 0.50000 0 0 #
221.00 0.00 241.00 381.00 0.00
03 o 1 0 0.49227 0.12742 0.40601 0.54906  1.00000 0 0 #
251.00 261.00 271.00 391.00 0.00
04 o} 1 0 0.69124 0.11397 0.14618 0.45197 1.00000 0 o #
281.00 291.00 301.00 401.00 0.00
05 o} 1 0 0.38275 0.48647 0.12018 0.47116 1.00000 0 o #
311.00 321.00 331.00 411.00 0.00
06 o 1 0 0.34572 0.12987 0.81991 0.64499  1.00000 0 0 #
341.00 351.00 361,00 421.00 0.00

Jmmm - > Scale, Extinction and Cell Parameters for Pattern # 1
| Scale Factors

1 Sl [=Tey) YeK] Scd S¢5 [-¥el ! x-Lambda/2 + Not yet used parameters

55.74 0.000 0.000 0.000 0.000 0.000 0.01158 0.00000 0.00000 0.00000 0.00000

41.00 0.00 0.00 0.00 0.00 0.00 51,00 ¢.00 0.00 0.00 0.00
!  Extinction Parameters
! Extl Ext2 Ext3 Ext4 Extb Exté Ext? Ext-Model
32.50 0.000 0.000 0.000 0.000 0.000 0.000 1
61.00 0.00 0.00 0.00 0.00 0.00 0.00

! a b c alpha beta gamma #Cell Info

8.866400 12,120400 8.441799 20.000000 9S0.000000 90.000000 # : :
| x-Lambdasz + 0" Kot yet used parameters o0 QOpen the .pcr file in a text
0.00 00 0.00000 0.00000 0.00000 .

Yo 000 0700 0700 editor, flag Lambda/2 (half
! 2Thl/TO 2/TOF2z Pattern to plot . .
: lambda contamination) on

by change the “code” “0" to
“1". Then do the refinement

S_QOAK RIDGE

National Laboratory G g G I n




Single crystal diffraction example NiTe,O-

%

Open the .sum file generated from the refinement to see the
refined atomic and ordered moment parameters. The

parameters can be found in the .cif and the .mcif files too.

=> No.

of reflections for pattern#:

==> ATOM PARAMETERS:

Name
Tel
TeZ
Tel
Nil
01
02
03
04
05
06

o I o B o B o R o Y

X

.85193(
.10888(
.33585¢
.51769(
.12318¢
.46745(
.49227(
.69194(
.38275(
.34572(

SX

37)
53)
51)
21)
53)
54)
40)
37)
37)
39)

oOooooo0o0000

y

.48684(
.25000(
.25000(
.12313¢
.25000(
.25000(
.12742¢
.11397¢
.48647(
.12987(

==> MAGNETIC MOMENT PARAMETERS:

Name
Nil

OAK RIDGE

National Laboratory

Mx

sMx

0.310( 57)

My

sMy

2.127( 35)

582

yA
22y 0.16031¢
0) 0.19749¢
0) 0.67935¢
14) 0.98469¢
0) 0.65558¢
0) 0.13392¢
24y 0.40601¢
22y 0.14618¢
22y 0.12018¢
23) 0.81991¢
Mz sMz
0.266( 42)

35)
47)
47)
19)
51)
51)
37)
39)
37)
37)

oOooooOo0o000o00

B sB

.285( 85)
.345(112)
.216(109)
.290( 69)
.490(109)
.369(107)
.549( 92)
.452( 89)
.471( 81)
.645( 85)

sM

2.1660({ 367)

MPhas

oCcc. socc.
1.000( Q)
0.500( 0)
0.500( 0)
1.000( 0)
0.500( 0)
0.500( 0)
1.000( 0)
1.000( 0)
1.000( Q)
1.000( Q)
sMPhas
0.0000¢ 0)

Mult

8

Q0 0000 0 W = 00 i i



Single crystal diffraction example NiTe,O-

FullProf Suite ToolBar
File Programs Settings FP Dimensions Tools Edit Results Help

20 B @ 0 e e e b Bl 0 I T

Working Directony: |C:\Us...StlD\h"ISDZU.ZD\EuampIeS—SingIe Crystal\Mag5trD_xtal_HuiboCao\MNiTed O3

B Fpstudio ver-2.0 - O e

File Crystal Structure  Magnetic structure  Options  Help
DECH@

AP ICEDL L I A EEEEL

| bes_file_232691.fst

;_v(,OAK RIDGE

National Laboratory




Single crystal diffraction Magnetic Structures in Mn, ,Co, WO,

Phase with both Commensurate AF and Incommensurate AF is selected: 17% Co-doping MNWO,

Feng Ye et al., Phys. Rev. B (2012)

| 4
25 & AF1 Mn1_xCoXWO4 ]
® AF2
" m AF3 < :
4 AF4
_20[ o arFs5 4 ]
S 4
o)
= 151 4 1 AF4 .
© g B E._.B H g
O t & & ¢ e &
2-10_ é _
o)
b a '_
©) AF1, Collinear, g=(0.25,0.5,-0.5) (f) > 3
{ j{ 5 P//b
\ j, ‘ E
O—e& |
} "

i ] : L e | S

10 15 20 25

2 AF3, Collinear, q=(q,.0.5.q,) AF(% SCSIIg;ear Co concentration (%)
q=

% OAK RIDGE P12/c1 a=4.77 A Db=5.72A c=4.92A B=90.9°

National Laboratory




Nuclear structure of Mn,_,Co, WO, refined by FullProf

Create .pcr file from .cif file

File Editor Tools Templates Help Exit

ITR] =L gy

B8y

-
. Fullprof Editor Files — — =) |

OC |« Data » MagStD » XtalDiff 2 F catons
Organize »  Newfolder m @
Phases

Date modified Type

File Editor Tools Templates Help Exit

MO e e @ W EEE

Title, type of job) *  Name

Simulated Anne! T Favorites

B Desktop | MnWO4_nuclear SK.cif 9/10/201210:10 AM  CIFFile LR

8 Downloads

‘i Recent Places Constrairts
; on/Restraints
= Libraries

[ Documents

Dutput
@ Music

Cofl| (] Pictures

FullProf

around, difraction Pattems
| PCR

m,

[ videos ]
Fising range of parameters, distances, anales, Bow/Restaints mni If2012 12:026
magnetic moments and finear restints l B
17 21 25 29 33 37 M a5 49 1-9 Computer
20 Dutput options for pattems and phases Output OSDisk (C
Felection lists. Fourier, distances. BVS. == L e 0s0isk () . =
Copyright (c) 2002:2005. JGP - JRC File name: MnWO4_nuclear 5K.cif -

[MnWO4_nuclear 5K Profiles: 1 [Phases: 1 [21/9/2012 [12:0:26

. e |
F:,E utd ( oy Newron TOF ‘ ( beci | il Shels |‘
j ﬂ i ~Instrumental Fiesolutian Fik \

@ Default values

" IRF File | Browse
File Editor Tools Tegffs

Cell Parameters/ Spaceliroup |Alums\nfumauun| j ﬂ G % ‘ gj Agj @ ‘ 'lw& [(rf'g} EEE % % |E"&nu | @ ‘ x
Load CIF fil
PR T S N A st P

|4 770000 ‘5 720000 |.1 920000 ‘gg 000 ‘gn a00 ‘gg ] | Title, type of job: Rietveld, Integrated Intensities.

Simulated Arnealing. ...
F u'. I P 1o f Type of Patterns, profile. background. diffraction Paliems
Space Gioup: |P12/01 ™ Magnetic Phase PCR geomety. user-given scattering factors
Number o tatal Dperators: [~ | . Phase name, type of calculations (JBT), ATZ, Ph
E Edj tor sontribution to pattems, symmetry, i
Hum Symmety Fhase {1~ Mumber of eycles, 1elawation factars, access to Frofinement
pattens and phases [atoms and profie)
Copyright [c] Il

Constraints definiions., adding. delefing, B
maditying
Civsers\vah |

===
{ == L:j\ S
=== Fixing range of parameters, distances, angles, Bos/Restiaints
- magnetic moments and linear restraints
200 Dutput oplions for patterns and phases: Output
Reflectian lis, Fourler, ditances, BVS... O
Cae) Coppright [e) 2002-2005. JGP - JRC

MnWO4_nuclear 5K Profiles: 1 [Phases: 1 [21/8/2012 [12:0:26

OAK RIDGE

National Laboratory




Nuclear structure of Mn,_,Co, WO, refined by FullProf

General-TAB

File Editor Tools Templates Help Exit
Ao G, |

JMOEw e WHEZEE Y 00X
Information

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

Type of Patterns, profile, backaroul ] an Pattermns
geometry, user-given scattering factors ..

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

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

Caonstraints definitions, adding, deleting, Constraintz
madifying. .

Fixing range of parameters, distances, angles, Bowx/Reshaints
rmaanetic moments and linear restraints

Dutput options for patters and phases: Output
Reflection lists, Fourer, distances, BYS..

(I

Calculations

" Refinement/Calculation of a Powder Diffraction Profile

* Refinement on Single Crystal Data / Integrated Intenzity Daﬁ* (] ;

™ Simulated Annealing Optimization [Integrated |ntensities) Cancel

[~ Optimize calculations according to the particular options used in this Job

S_QOAK RIDGE
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/-save

%

Pattern

OAK RIDGE

National Laboratory

)
|

File Editor Teols plates  Help  Exit

IO & 2 @

el 242 S
e 22 95

l:ihp" Irlipu @ x

Infarmation
Title, type of job: Rietveld, Integrated

1 FullProf

| . PCR
i f| Editor

|

Simulated Annealing, ...

Type of Patterns, profile, background., diffrachion
geometry, uzer-given scattering factors

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

LobbeaL L L Leimbimin Kl

S access bo
Patterns Information le]
Infarmation -
Fattern: 1/1 Wheight:[ 10000 Meak r—  ares,

4 4 =] X

s
5.

Excluded Regions ] |

bl

General

Fhases

Refinement

Caonstraints

Box/Restraints

G
| Reon |
[ e |
| B |
[ mer |

Output

Imitial Previous Add Del

C oo |

Mext

T Profile Data Information: Pattern 1
.

ha

Data File / Format - Fefineme
Sirnulation / Refinement Data

" #-Ray
& Meutran - Cw [Muz sar and Madgnetic)

" Neutron - T.0LF [Nuclear and Magnetic)

wavelength

UserDefired —| A4 | 0.0000 A

imulation l Pattemn Calculation/Peak Shaps |

(" Pattern Calculation [<-Fay)
" Pattern Calculation (Neutran - Cw)
(" Pattern Calculation [Meutron - T.0.F.)

0.0000 (Z ¢ ) ooomo

o]

Cancel
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%

Phase

OAK RIDGE

National Laboratory

9-save

File Editor Tools Jablates Help Exit

JMOE% 2 ae WEZEBE N 0 X

Information

Title, type of job: Rietveld, Integrated Intensities,
Simulated &nnealing, ...

General
Patterns

FullProf

I | PCR Ph. f calculations [JBT
. ! a3e hiamne, type of calculations B
| 1‘ || Edj tor ’ﬂ m ‘ caontribution toyppattems, symmetry, ...
| AL

I| , Phase Information: Phase 1
| |

Type of Patterns, profile. background
i geometry, uzer-given scattering fach
/

General Infarmation on Phaszes

Mame of Phase : | w04 Nuclear refinement, 17%-Co

Calculation: |Structural Model [Rietveld Method) ﬂ

Coefficient to calculate the weight
percentage of the Phase:

BOE.31

" Calculated automatically ™ Provided by user
Copyright [ic] 2002-2005. JGP - JRC

b Contribution to patterns, prefered ibution to Patterns
orientation direction, reflection fist, ...
Space Group symbol/number, symmetry Symimetry
operators, basis functions, etc
d 4 = X 2l b

Add Del Mext Last ‘

Cancel

MrWO4_nuclear 5K

Previous

Initial

Pattem 1 l ]

[¥ Current Phase contributes to the pattern

Type of Pattern
" ¥Ray " Pattern Calculation (<-Ray)
o tron [Constant Wavelength " Pattern Calculation (Neutron - Congtant W avelength)
:MF Pattern Calculation [Neutron - T.OF)
" Meutron [T.0.F)

Muclear and Magnetic

Peak Shape

Gauszian -

{v i

Intenzities

Reflection list: |[EEEEEEN

Brindley coefficient: | 1.000

Global weight of the integrated intensity data vs profile data: 1.000

2.0
0.000

Factor for excluding reflections [ < Factor * Sigmall]]:

wigights are divide by reduced Chit2 of precedent cycle:

Ok I Cancel




Nuclear structure of Mn,_,Co, WO, refined by FullProf

Refine

—
res)

File Editor Tools Plates Help Exit

8-save

BRE =L T

FullProf 14‘
PCR

f| Editor q ” ‘

il o 4 !

Clh In

P Pu

@ X

=

Title, type of job: Rietveld, Integrated Intensities,
Simulated &nnealing, ...

Type of Pattemns, profile, backaround, diffraction
geometry, user-given scattering factag

Phase name, type of calculation
contribution to pattemns, symmetr

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

7« Refinement Information

Cycles of Refinement: 10 B

Refine All

Fiz &ll

b c alpha beta gamma
General | Coefficients 4.77000 5.72000) 4.92000/ 90.00 90.90 90.00)
Patterns 4_ | |
1~ Scale Factors O Ze ro
Phases 1 | | ] ‘
Coefficients 1.0000jv |
1~ Extintion P.
e
Coefficients 0.0000)
<

Relaxation Factors for Shift

~| Atoric | 1.00

Anisotropic I 1.00

Profile | 1.00

Global | 1.00

[ Bragg R-Factor excluding reflections limiting excluded regions ‘

17
1 Stop Criterium of Covergence
Forced Termination when shifts < | 010 » E.S.D.
oo Others: None
MnWO4_nud | pefiections ordering
@ Dnly at the first cycle " Eachcycle
Pattem 1 | Pattem 2 | Pattein 3 | Pattein 4 | Pattem 8| Pattem <[ »

~ Refinement weighting model-

@ Least Squares
" Maximum Likelihood

 Unit Weights

Phase 1 [P:'*'y",’ 2 | Pt

Atoms

— Patt

B ] Far
Prop. Yectors

Pattem:

5 @1 C2 €3
I &‘ Intensities

Reduction factor of number of data paints: | 0 E

HKL Shifts

[ S Gl N el

Further Parameters

%OAK RIDGE
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Nuclear structure of Mn,_,Co, WO, refined by FullProf

Refine

1-select the
created .pcr file

Settings  FP Dimensions  Run a Script Help

) ket T b4 0 0 S0 B ) B e ) &

Working Directory: | C\Users\hv3"\Data\MagStrD\XtalDiff\ Code File: MnWO4_nuclear 5K Type: PCR Date: |01/10/2012

File Editor Tools Templates Help Exit

Orgarize v New folder e o il ) Y Obwla o @ WRiEBE Y e X

MName Date modified Type

- Favorites Infarmation
Ml Desktop || commag.per 9/22/201210:03 AM  PCR File . Title, type of job: Ristveld. Integrated Intensities. General

& Downloads L| MnWO4_magnetic_icm.pcr 9/22/201210:09 AM  PCR File Fu "Pro f ST R o

]
i.'_; Recent Places @cleagﬂ(.pcr 10/1/2012 4:19 PM PUR T *
. PCR
|

geometry, user-given scattering factors ..

” | Tupe of Patterns_, profile, bac_kground, diffraction Patterns
/

Phase name, type of calculations [JBT). ATZ, Phases

. Libraries conkribution to patterns, spmmetry, ..

m

3 Documents
J‘. Music
= Pictures

B videos

Mumber of cycles, relaration factors, access to Refinement
patterns and phases [atoms and profile]

Constraints definitions, adding, deleting, Constraints
rmadifying...

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

1% Computer

& 0sDisk (C1)

Output options for patterns and phases: Dutput
Reflection lists, Fourier, distances, BYS...

R

v 4 [l | 2

Copyright (c] 2002-2005. JGP - JRC

File name: MnWO4_nuclear_SK.pcr - Input Control Files (*.pcr) v]

Opel |v ’ Cancel ] Ch\Users\hvdhData\Mag5trD\Xtal Dif\MnWO4_nuclear_5K Profiles: 1 |Phases: 1 1/10/2012  (16:11:39

S_QOAK RIDGE

National Laboratory




Nuclear structure of Mn,_,Co, WO, refined by FullProf

1-Run

Refine Fullprof

File

Programs  Settings  FP Dimensions

B9 950 e e bl 100 [0

Working Directory: |C AUsers\hv@Data\MagStrDt KtalDiffy,

2'run UﬂT” Templates Help  Exit
convergent ! MO 2P Wi

3 = exl T - edrated Intensities.

Run a Script

CHAIBN EEEE P &

Code File: [MnWO4_nuclear 5K Type: PCR Date: [01/10/2012

Editor Tools

| Ci& In‘

Por Per

© X

General

Rdn

B
_________ > patternt ~ ground, diffraction Patterns |
g factors ...
=> Phase: 1
=> RFZ —-factor : 33.38 ions [JBT]. ATZ, Phases |
=> RFZw-factor : 39.81 el
=> RF —factor : 16.593 actars, access o
=> ChiZ (Intens): 56.68 nd profile]
=> Conv. not yet reached -»> [Max] sShift( Scalel)/(eps*Sigma)= 33.65 abs> 1 ol deleting, Constraints |
=» Normal end, final calculations and writing...
— | Histances, angles, anf’Flestraintsl
| BI restraints
=> CPU Time: 0.219% seconds
=> 0.004 minutes =||| g;ﬁ?&gi_ Output |

=> END Date:01/10/2012 Time => 16:24:58.820

s:1 [Phases: 1 [1/10/2012 [16:1139

Cycle: 1 Chi?2: o.o0 MnWo4 nucle=ar SH._int
4500 r
2000 . H
3500 - L
3000 ¢ 4 e
. * L] bJ
2 2500 s .8’
s 2000 ] s s
1500 - [
1000 o L . $ 1 .’ ‘g’ H ‘.
soo - H 3 s S. -]
a4 ® . i $ o0 oy eebpe (3, ‘L Sode’ Blav s
5 —s00 - o .40 .
—-1000 . . : . a . 4 .
.10 .1s .20 .2s .30 .35 .ao0 _as

sin (Theta) /Lambda

S_QOAK RIDGE
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Nuclear structure of Mn,_,Co, WO, refined by FullProf

Refine ShS

by

File Programs Settings FP Dimensions Runa Help

=0 Aag | oe bl O G0 R0 55 B ) 5 B ? @

Working Directory: | C\Users\hv3\Data\MagStrD\xtalDiff\, Code File: | MnW04_nuclear_5K Type: [PCR Date: |01/10/2012
/]
o
File Editor Tools Templates Help Exit
2 [rg] 2¢2 s % i In ® Atoms Information: Pl
A O 28 WS %% @ X c
List of Atoms
Infarmation
() MNurnber of Atoms: 5
O Title. type of job: Fistveld, Integrated Intensitiss. General I E
g Simulated Annealing,
Label Mtyp ® T z B Occ Therm. Fact. R efine Positions
Type of Pattems. prfile, background. diffraction Patietns Aom#t 1 [Mn1 MN 0.50000% 0.68510)w 0.25000f% 0.63955)w 041600 [ 1soropic
geometiy, user-given scaltering factors E .
Atom # 2 Co Co 0.50000jw OEBSTOf 025000 0.63555/v 0.08400] | lsotropic T %f\ne B_iso |
Phalsin[ame[, type“ol calculationsaie Phases Ao B 3 W1 i 0.00000jw 0180200 0.25000(w 0.79746) 0.500000 | lsotropic _
e o Aom# 4|01 0 02100 BEEE e R 700000 | satropic 3 ELEELFAED
y Nurnber of cypcles, relaxation factdrs Refi ' € m
i pattems and phases (aloms and profile] memen Fiw
I I

Anisotropic Thermal Factars / Faim Factors

T« Refinement Information
g

B11/F1 B22/F2 B33 B12/F4 B13/FG B23/FE F7|
Cycles of Refinement: 1 E # B B r r B B
1721 25 # B r r r B I B
Stop Criterium of Covergence Rielaxation Factors for Shifts — & — I~ B B — I~ B
Forced Temination when shifts < [ 0110« E.5.D o = = = = = = =1 .
Coppiight (6] 2002-2006 Jf | | Others: Hore ~l somic [ 100 Anisoopic [ 100 Pl | [ n v
MnWO4_nuclear5K Reflections ardering — Special Form Factar
@ Only at the first cycle " Each cycle I Bragg R-Factor excluding reflections|)|
SASH-Type | Matrin =1 =2 i=3 M. Coeff. Indices #1 #2 #3 Ha H5 HE e
] e il Cancel
Patte 1 | | | 0 Phase 1 | | | Fhese Spherical
Spherical - oK
4 m +
Refinement weighting model i
@ Least Squares Patterns L

Intenzsities
HEL Shifts Further Parameters

" Unit weights

€ Masimum Likelihood F1 C2 O3 o TEE————

Reduction factor of number of data points: 1} E

S_QOAK RIDGE

National Laboratory




Nuclear structure of Mn,_,Co, WO, refined by FullProf

1-Run

Refine Fullprof

Programs  Settings FP Dimensions  Run a Script

B =RumE oI5 ZEEE 2 8

Waorking Directory: |C:\Users\hv9\Data\MagStrD\XtaIDiﬁ‘\ Code File: |MnW04_nucI ear_5K Type: |PCR Date: |Ul;"10f2012

Load EditPCR Meode Run

=> Gleobal user-we: 1 (Bragg contrib.): 45,95

RFZ —-factor : 26.03
RFZw—-factor : 34.54
RF —factor : 13.15
ChiZ (Intens) : 45,95
Normal end, final calculations and writing. ..

CPU Time: 1.031 seconds 2'run Uﬂﬁ'
0.017 minutes
converge

END Date:01/10/2012 Time => 16:36:31.661

MnWO4_ nucle=sxr_ SE.int

woibal

: !

* ol
] 341
ol &y ool g0 33, ......o .".o

Tatenaity (arck.

_35 .40 .45
s=in (Theta) / Lamicd=

S_QOAK RIDGE
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Nuclear structure of Mn,_,Co, WO, refined by FullProf

Refine Run Winplotr

File Programs Settings FP Dimensions  Run a Script  Help

B8 B 0 0 ke | e Filkd L0 ) [ SO B ) 3 B ? @

Working Directory: | C:\Users\hv@\Data\MagStrD\XtalDiff\ Code File: |MnW0O4_nuclear_5K Type: |PCR Date: |01/10/2012

File Plot Options Points Selection X space Calculations Rietveld plot options Text External applications Tools Help

|6 S| R QP[F] e B || ©F| FP | Pre| e 0|0 25 5% s 50|35 552 B  PS€PF| oos [ e | <

MnWO4 Nuclear refinement, 17%-Co

Illlllllllllllbblllllll T 1T

extinction

10-01-2012 16:50 o= Y=

S_QOAK RIDGE
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Nuclear structure of Mn,_,Co, WO, refined by FullProf

Refine 2 @

Date: [01/10/2012

B =

Code File: |MnWO4_nuc\EEr_5K Type: |PCR

ke [0 [0 [ S0

File Editor Tools Templates Help Exi

1 xO0

e 2<2 TS % [
W B u 'y
Infarmation
Title, type of job: Rietveld, Integrated Intensities, General
Simulated Annealing, ...

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

Fhase name. type of calculations [JBT], ATZ, Phases
contiibution to pattens, symmetry

n Mumber of cycles, relaxation fad
f‘n patterns and phases [atoms and
A

© X

T Refinement Information

Cycles of Refinement: 1

i~ Stop Crterium of Covergenc Relaxation Factors for Shif

Farced Temination when shifts ¢ | 010 x ES.D

Others: Mane ;I Atomic I 1.00 ALnizotropic I 1.00  Profie | 1.00 Global | 1.00

i~ Reflections ordering
@ Orly at the first cycle " Each cycle I Bragg A-Factor excluding reflections limiting excluded regions

Patten 1 IPattemZ Pattem 3 I Patterm 4 I Patterm & I Pattern 4 I 3 Phase 1 |Phasa 2 I Phase 3 I Phase 4 I Phase § I Phase B I P;I_'I

Refinement weighting madel Atoms rRRrva——
@ | east Squares Eackground |

© Mazimum Likelihood Instrumental |

3 €4 5 £ O7F

| Micro-Structure |

" Unit Weights T |
ntegrate Intensities; Phase 1 Pattern 1 - - S e
Cell P
| | 3 | b | c | alpha | beta I gammna | Fefine Al
| Cosflicients | 477000 5.72000] 4.92000] .00 90.90] a0.00) —
Fi Al
2 [ ] 3 [ ] 4 [ ] 5 [ 5

[ | |
235,90 | 10,0000 | 0.0000] " | 0.0000] " | 0.0000) | .0000]” |

4-extinction

2 3 4 5 | 5 || Cancel |
i - 0.0000 (0.0000) 0.0000] 0.0000] 0.0000) 0.0000)
Coefficients v N N N | '_' ‘ @j

4 [

£

%OAK RIDGE
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Refine

%

OAK RIDGE

National Laboratory

fﬂai Drogra

1-Run

Fullprof

File Settings  FP Dimensions

=12l - R Ay

C\Users\hvi\Data\MagStrDV\XtalDiff\

Programs Run a Script

L [ @ SO B ) B e

Weorking Directory: Code File: |MnWO4_nuclear_5K Date:

Type: |PCR

Load Edit PCR  Maode RukExit—

2k -

01/10/2012

Plot Options

=> Global user—wajgthed ChI

== —————— > Patte =
=> Phase: 1

== RF2Z —-factor

== RFZw—factor

== RF —factor

== ChiZ (Intens) :

=> Normal end, final calculations and writing$

= CPU Time: 1.055 seconds
= 0.018 minutes 2 r n n'l"l
=> END Date:01/10/2012 Time =» 16:58:42.332

convergent

Cyole: 1 Chiz: o.o00 MaWOo4_nucleax_ SK.int
_ 4500
z 4000 — $
z 3500 - |}
- 2000 — [ ‘
. .
a 2500 . .z
= 2000 s ’ L]
= L ]
N 1500 M L
L]
= 1000 ™ . ] . .
= L] . » I ..." * %
: soo- . . es % of * L.
i o — . - «® ay T g L%, wn® %%, s oS o,
H —s00 - - s |‘ - sood e d -ﬁ-!. q‘. -
—1000 . . . T T . . .
1o .a1s .zo .25 .=o . =5 _4ao .4as

sin{(Theta) /Lamkbds=

|

Help

| S| R[Q[D (] Per| 5 [ B FPPer

Points Selection X space Calculations  Rietveld plot options  Text

wiew | (ke sen | sen | sen i
| vt | e | e zoe 358 | 3me | B[ Pme[PmY| oo

External applications

Stu | F
dia

Fleale

F01-20° |16:59

MnWO4 Nuclear refinement, 17%-Co
4500

4000

3500
3000
2500
2000
1500
100
5000

%
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Nuclear structure of Mn,_,Co, WO, refined by FullProf

_ 1-Open .pcr file in text
Refine B editor

File Programs Settings - Run a Script  Help
vex bilkd 1) () S

[,

SEHRE T EH Q6

Type: |PCR

Code File: [MnWO4_nuclear 5K Date: [01/10/2012

1 Jvi Jdi Hel S0l Mom Ter EBrind RMua RMub RMuc Jtyp MN=p_Ref Ph_Shift N_Domains

0 0 0 0 0 0 1.0000 1.0000 2.0000 O0.0000 1 0 0 0
I
P12sc1 <-—Space group symbol
latom Tvp X Y z Biso Occ In Fin N_t Spc ~Codes
Mnl MM 0.50000 0.68446 0.25000 0.74033 0.,47600 0 0 0 0
0.00 31.00 0.00 21.00 0
Co Co 0.50000 0.68446 0.25000 0.74033 0 0
0.00 31.00 0.00 21.00
Wl W 0.00000 0.18018 0.25000 1.12549 0.50000 J
0.00 £1.00 0.00 51.00 0.00 3-OCCUp. refine
ol 0] 0.2123% 0.10301 0.924048 1.37386 1.00000 0 0 . .
81.00 91.00  101.00 71.00 0.00 with constrain
02 0] 0.25374 0.37545 0.39459 1.34545 1.00000 0 0
111.00 121.00 131.00 41 .00 0.00
o > Scale, Extinction and Cell Parameters for Pattern # 1
I Scale Factors
! Scl Sca Sc3 Scd Sch Scé
543.6 0.000 0.000 0.000 0.000 0.000
11.00 0.00 0.00 0.00 0.00 0.00
I Extinction Parameters
I Extl Ext2 Ext3 Extd ExtH Exte Ext? Ext-Model
97 .79 0.000 0.000 0.000 0.000 0.000 0.000 1
141.00 0.00 0.00 0.00 0.00 0.00 0.00
a b c alpha beta gamma #Cell Info
4.770000 5.720000 4.920000 90.000000 90.900024 90.000000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
I x-Lambda. 2 + Not yet used parameters
0.00000 0.00000 0.00000 0.00000 0.00000
311.0 N [ L 00 0.00

2Th1-TOF1 2Th2-TOF2 Pattern
1.53¢6 0.000 1

3-lambda/2 refine
;'_.%OAK RIDGE

National Laboratory




Nuclear structure of Mn,_,Co, WO, refined by FullProf

1-Run

Refine EENS.  Fullprof

File

Programs  Settings  FP Dimensions  Run a Script

=N EEERAE. e EES ST k-

Waorking Directony: |C:\Users\th\Data\MagStrD\XtaIDiff\ Code File: |MnWO4_nucIear_5K Type: |PCR Date: |01;"10.."2012

Edit PCR  Mode Exit:
=>» lobal user-wesgthe 2 ragg contrib.): 2.320 e
————————— > Patterns

Run

=» Phase: 1

== RF2Z —-factor 4.428
== RF2w-factor : 7.737
== RF —factor 2.502
=> ChiZ (Intens) : 2.320

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

=> CPU Time: 0.258 seconds
=> 0.004 minutes 2 0
-run until
=> END Date:01/10/2012 Time => 17:12:24.635
converge
Cyvcle: 1 ChiZz: (e alal MNnWO4 nuclear SKE.int
4500
j 24000 o !
: 3500+ 8
s3000— N é é
g 2500 . Q,
5 2000 - 3 } e’ e
N 1500 ® s
- 1222: [ & N .o. * :..:‘0.00‘
i . N . . se® es * 2, oty .
! o o ot o P s &% te oo
& —500 o . . N - S dd o oy
—1000 . ; . . T : . . l
10 .15 .20 .25 .30 .35 _ao _as

sin {(Thetza) /Lambd=
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Nuclear structure of Mn,_,Co, WO, refined by FullProf

Refine ® 006 can be

refined, such
as

File Programs Settings FP Dimensions Runa Script Help

Bl PEEPEY L] 5l CFY kbbbl . :
| Workin ctory: | C:\Users\hv9\Data\MagStrD\XtalIDiff\ Code File: MnWO4_nuclear_5K Type: EPCR Date: 01/10/2012 O n IS OTrO p I C

File Plot Options _Points Selection Xspace Calculations _Rietveld plot options Text _External applications _ Tools _ Help]

=| 8 RQs|8

File Plot Profiles Options Xspace Calculations ~Ext. Applications Tools Help

e o D[ PHE(REE] oo (e o5 @ | @ | Fr it | o st | N0 S| DL [ Per B B BB PP Ber 8% T & Sea | B | @ A

extinction

MnWO4 Nuclear refinement, 17%-Co MnWO4 Nuclear refinement, 17%-Co m O d e | & O n d
4500p g 4500 ‘e . c
4000 4000} ?ﬁm’m:m e O n IS OTrO p I C
2200 o i i displacement
3000 — I f{;' " o
0 2500 e o) ; ‘ i S, Wh|Ch
S foscuew ! N depends on

bgjg LI , [ , ‘. o 'u"'l' -:

o o GURITE RN A W0 s

your physics

]
bzl
& (K} Iy m 11 HluIIIHI \IIIIIII;IIIIII!HI\ [Tl
500 ) s of w i vt onfbr, g
I T and the
0 0 500 10001504i§ o © I _,1,,,,.,,;,, ,l;f,:,d, =
g o o) - number of
TR =t o°o - reflections.
N 0,90 > Here it is good
e )
4 enough for
o o d

L the magnetic
sfructure

S_QOAK RIDGE
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Commensurate magnetic structure of Mn, ,Co, WO,

Create the magnetic phase using SARANh-Representation Analysis

File | Define Parameters | Calculate View Output Files  View Basis Vectors  Help  *Video Help™

F Define k-vector @

Enter K-vectar

Mew Features!

v | Space Group
v | K-vector
v | Atoms

I
Calculation/Listing Options

Ex
Mo 1201 o e 5 & = Edit &tom | AcceptEhangel
H-M Symbol [P 261 o Search | n & .BE51 2 Delete Atam |
Faint Group [ 2k 4 [
Add Atom |
Humber Hemann-Maughin Faint Group | | oK I
P11 2lsm C 2h 2 - Atarn Mame b s z
C1l2mil C 2h 3 — Components are space separated and can be enterred
% % %;m % E %ﬁ g 4 ﬂ with the formats 0.25 or 1/4]
A11 ’S/m C 2h 3 i o ¥ Retum atom to zeroth cell
B112m C 3
11 2:m C 3
P12cl 4 |

W scran- Representational Analysis R
File Define Parameters Calsylate View Output Files  View Basis Vectors  Help  *Video Help®

New Features!

¥ Calculation Progress Source of Ireducible Representations

Changing to calculated 1R s wsing KARER [fo
Generating little group G_k...
Generating IRs...

Deciding whether to uze Koy
[If it doukbt, pr

guizon with Basireps)... ~ Please select one:

* Tabulated Values [Fovaley] [Recommended)
2_C q | cuU | a -|- e . " Caleulated Values (KAREF)

%OAK RIDGE

National Laboratory




Commensurate magnetic structure of Mn, ,Co, WO,

Create the magnetic phase using SARAh-Refine

File G545 Controls IFuIIPrﬂfCﬂn Isl T

d SARAR MAT file
Generate/Edit .pcr file
K-Vector Search

Write FP5tudio F5T file

GSAS Contrels  FullProf Controls  Tepas Controls  View basis vectors  Tools  Help  *Video Help™
SARAR- Generate/Edit FullProf 2K *.PCR File

S Omen SARAN MAT Fiie e (7|

OQ*| )i « Program Files (x86) » SARAh ~ [ 43 |[ search saran 2|
COrganize New folder = 0O @
=
¥ Favorites Name Date modified Type
.l Desktop |/ Documents 9/18/2012 4:45 PM File folder
& Downloads 1 Kovalev_Files 9/18/2012 1 File folder
7 Recent Places EH sarah13 icrosoft A
Ed sarahT1 9/18/2012 Microsoft A
= Libraries L
@ Documents
Jﬁ Music
[E=] Pictures
B videos
. Computer I
G 0SDisk [C:)
- 4] " ] r
File name: sarahl3

New Features!

r~ Shubnikov and Mormal Point Group Information

Pt Group Shub Pt Gp Shub Group  BMS Label

O A1) T(1) wi1)
O AT wi2)
A1) T2)wi3)
A(L)T(2)W(4)
O A TR %(5)
1 Af1) T(4) 2(6)

Select Basis Vectors

Selectall |

1] Generate model PCR phase

" Powder
s
®
2] Edit PCR/Replace Basis Vectors
PCR undefined

Cammon |reducible Representations

SeectPCR | Faiel |
Wake FST file | Click on the basis vector label in the main
window ko move to its Point Group and
Unselect &1l Shubrikow Group in this list.
Dptions: The symmetry of a basis vector will be highlighted
r Use Complex when it is selected
Coefficients C_i

Or
@)
Oy

QI T —

/A indicates that the: basis vector does not
hawe & walid Paint ar Shubnikow Group. C/B
indicates a change of is required. See Ist2 file for
explanation.

Or@

Clase

Unselect All

%OAK RIDGE

National Laboratory

RAh-Refine

GSAS Controls  FullProf Controls

Topas Controls  View basis vectors  Tools Wi

.

Help

FullProf defines its basis vectors with an imaginary phase that is
opposite to that of Kovalev.
Do you want te adjust the phases of the BVs so FullProf will be OK?

<Yes> is the default

T

8

Generate magnetic phase
in sarah13.pcr
We will create the magnetic
phase .pcr file from nuclear
stfructure .pcr by inserting
the sarahl13.pcr
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Create the magnetic .pcr

|
: INC¥Y Ep= K at F_an F_pr ERE_gl Thmin Step Thmax PSD Sentl
| 1 0.10 1.00 1.00 1.00 1.00 1.5360 0.o0ooon 0.o000 0.o00 0.o00
)
1 H
1 16k 'Humber of refined paramnsters
] —t
| Dats for PHASE number: 1 ==» Curreat R Bragg for Patternf | 1.00 : | Data for PHASE numnber: 1 == Current RE_Bragg for Pattern# 1: 4,43
. !
Iwiagnenc Fhas= I MnWo4 HWuclear refinement. 17%—Co
IHat Di= Mom Prl PrZ Pr3 Jbt Irf Isv Str Furth ATZ Hvk Hpr More : |
e g.oo 1o 0o /| 'Hat Di= Ang Prl Pr2 Prd Jbt Irf Isy Str Furth ATZ Hvk Npr More
P -1 ¢——Space group symnbol 1 5 0 gpooo0on01l.0 0 4 0 ] 0 606 .914 0 1] 1
| H=ym Cen Laue Ireps H_Ba= | |
| Reas(0)-Tnaginare(l) indicstor for Ci i| 13wi Jdi Hel Sol Mom Ter Brind RMus  RMub  FRMuc  Jtyp MNsp Ref Ph Shift N _Domains
oo I 0 I 0 I ] 0 1.0000 1.0000 2.0000 O0.0000 1 a ]
!
Elfgg T % il il i i 2 nNF1z2cl ¢——Space group symbol
g{}% a1 va ZDI g 0 0 0 " 1atom Tvp hid ¥ z Bi=o Qoo In Fin H_t Spc ~Codes
aen e gt T4 0 0 0 5 : Hnl HMH 0.50000 0.68491 0.25000 O0.63149 0.41661 0 I 0 I
I‘EIASI i i i 0 0 i " n.on 31.00 o.on 21.00 161 .00
aton EXD Magsvek CEX cg %8 EéSD ﬁccph c1 o2 o3 : Co Co D.Egﬂgg Dg?alg% 0.23033 Dgilgg 012333 0 I 0 I
ag! B B B B - B
HN1 MMNZ 1O bSEBUU bﬁgglﬂ bZEgUU -SUUUU 1-3”330 gggﬂ gggﬂ ggg 1| w1 W 0.00000 0.18007 0.25000 O.76064 0.50000 0 0 0 0
0.000  0.000 0.000 0,000 0.000 0,000 00000 ) ) ! 0.ao 61.00 0.ao 51.00 0.ao
000 000 000 000 000 Vil i I o1 o] 0.21097 0.10361 0.94038 0. 66934 1.00000 a 1} a 1}
! ggi‘le Factg;§ o3 ed o - \ 81.00 91.00 101.00 71.00 o.on
100.0 0,000 0,000 000D 0000 nooon ()] ] 0.25093 0.37544 0.3939¢ 0.72572 1.00000 i] 0 i] 0
| .00 0.00 0.00 0.00 0.oo n.oo 111 00 121 00 131 00 41 00 0.nn
| Exé;?ftmn PEiTgEters Ext3 Extd ExtS Exté Ext? R — » Szale,. Extinction and Cell Parameters for Pattern # 1
0_0on FRT 0000 0000 0 non 0. non nonon | Scale Factors
‘ 0.00 EleIU o.00 EIlEIE UBUE 0.o0o0 0.00 | Sc1 S S Sed S5 Sch
YR " s =t Hamma 4551 0. 000 0,000 0.000 0.000 0.000
1 1 1 90 90 90 11.00 0-.-0o O Pl Clealoll, o
‘ Ngtnggenweﬂnpgggﬁgtersn nooon 0.00000 0.o00o0 0.00000 | Extinotion Paramnsters
0.00000 0.00000 0.00000 0.00000 0.00000 | Extl Ext2 Ext3 Extd E=xtE Extg E=xt? Ext—Model
- Prgpggatmg ggcmrg 00 0.00 .00 78.96 0.oon 0.oon 0.o0o 0.o000 o.o000 0.o00 1
EQO0000 0000000 0000000 Propagation Vector 1 141.00 0.o0 000 oan 0_o.0 Ll el
0.000000 0. oooooo 0. oonooo | a b c alpha beta gJamma #Zell Info
4.770000 5.720000 4.920000 90.000000 90.900024 90.000000
0.o0000 0.0o00o0 0.oo00o00 0.o0000 0.o0oon 0.o0o0on
| E—Lambda-2 + Hot yet used parameters
0.02137 0.00006 B—oaaa B e

|

insert/replace

sarahl13.pcr

S_QOAK RIDGE

National Laboratory

0.00 0.oo0 n.aon o.oo
I 2Thl-TOF1 2Th2-TOFZ2 Pattern # 1
1.536 0.000 1

MnNnWQO4 nuclear 5K.
pCr

Save as

commag.pcCcr

4

. Oll-7Er0 g
o all-zero 4

. all-zero g
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%

Commag.pcr

OAK RIDGE

National Laboratory

Sawed. . .

COMM HMnWO4 commensurate magnetic structurd refinement. 17%-Co

| Current global ChiZ2 {Bragg contrib.) = 2.320

| Files =: DAT-file: MnWOd4_nuclear_5K.int., PCRE-file: MnW04_nuclear BE

|Job Hpr Hph Hba Hex Hs=c Hor Dum Iwg Ilo Ia= Res Ste Hre Cry Uni Cor Opt Aut
1 a 1 ] 1] 1] a a a ] ] 1] 1] a 1 ] ] 1] 1

|

I Ipr Ppl Ioc Mat Por L=l L=2 Ls3d HLI Prf In= Rps Sym Hkl Fou Sho Ana
a a 1 i 1 ] 4 a a 3 i ] ] a a i i

|

iNCY Ep= R at E an E_pr R _gl Thmin Step Thmaz= PSD Sent0
1 0.10 1.00 1.00 1.00 1.00 1.5360 0.oooooo 0.o0a0an 0.oo0 0.o0n
!
!
la |Humber of refined parameters
!
I Data for PHASE number: 1 ==: Current E_Bragg for Patternf 1: 4.43
!
HnWod Huclear refinement, 174-Co
!
IHat Dis Hom Prl Pr2 FPr3 Jbt Irf I=y Str Furth ATZE Hvl: Hpr Hore
1 a oo.00.01.0 1 4 -2 a a o.oo0 1
!
P -1 {—5Space group =ymbol
I H=ym Cen Laue Irep= N_Bas
2 1 1 -1 2
| Real({l)-Imnaginsrv(l) indicator for Ci
o o
|
SVMM X, Y. Z
BASE 2 ] a a i 2
BASI a 1] a a a 1]
SVMM -X+1. -¥+1. 241
BASE 2 1] a a 1] 2
BAST ] 1] a a ] 1]
|
ldtom Typ Mag Vek X ¥ i Bi=o Qoo 1 c2 C3
! C4 C5 Ch C7 Ca za HagFh
HH1 HHMH3I 1 a 50000 .68510 25000 .30000 1.00000 0.ooo 0.000 o.ooo

0.00 o.oo 0.0o0 0.00 0.oo 0.0oo 0.00 0.oa
o.o0o 0.o0o 0.o00 .goooo
0.00 0.0a 0.0a 0.oo 0.0o0 0.00 0.oo

| > Scale, Extinction and Cell Parameters for Pattern £ 01
| Scale Factors
! S5c1 Sc2 Sc3 Scd Scfh Sch
4551 0.0oa0 0.aoaa 0.oaad 0.a0a 0.oaa
a o.oo o.ao o.oo 0.oo o.oo
| Extinction Paramnseters
I Extl Ext2 Ext3 Extd Ext5S Extb Ext? Ext-Model
7894 o.oon o.oon o.ooo 0.ooo 0.ooo 0.oon 1
1] o.ao o.o0 o.oo o.oao 0.oao 0.oo
[ a b c alpha beta gamma #Cell Info
4. 770000 5.720000 4.920000 90.000000 90.500024 S0.000000
0.ooo0oo 0.00000 0.o0000 0.o0000 0.ooooo 0.ooooo
| ®=-Lambda-2 + Hot yet used parameters
0.02137 0.ooooo 0.00000 0.ooooo 0.ooo0oo
1] o.oo 0.oo (] 0.oo
| Propagation wectors:
.sooonon .Qooooon .oooooon Propagation Vector 1
0.0o0000 0.oooaoo o.ooo0oao
2Thl-TOF1 2ThZ-TOF2? Pattern # 1
1.53¢6 0.oo0n 1
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Commag.pcr

1-select the
created .pcr file

P Dimensions Runa Script Help

(LEEFEYTY L ] EEY L

Working Directory: !C:\Users\hVQ\Data\MagStrD\XtaIDiff\ Code File: |comm Type: PCR Date: |01/10/2012
B )

ke

Organize v New folder = » [ @

¥ Favorites “*  Name Date modified Type

Bl Desktop || commag.pcr 10/3/20123:44 PM  PCRFile
& Downloads || commen.pcr 9/22/201210:03 AM  PCRFile
2] Recent Places | MnWO4_magnetic_icm.pcr 9/22/201210:09 AM PCRFile

|| MnWO4_nuclear_5K.pcr 10/1/20125:12PM  PCRFile

4 Libraries
.E] Documents
J’ Music
[/ Pictures
# Videos

1% Computer
&= 0OSDisk (C:)

e |

File name: commag.pcr v |Input Control Files (*.pcr)

Iv] [ Cancel

%OAK RIDGE

National Laboratory
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Commag.pcr

S_QOAK RIDGE

National Laboratory

File FP Dimensions

Programs  Settings Run a Script

ke” | ED
oSERRLH

Working Directory: | Ch\Users\hv@'Data\MagStrDxtal Diff,

File Editor Tools Templates Exit

BEIRE)™ L Pl

Help

] 2en
By 227

8-save

FullProf
PCR

t‘“ | Editor
| |
|-

| .|" ]

I fl
A

Il 4

1-open .pcr file

LE Yy

Information

@ X

Title, type of job: Rietveld, Integrated Intensities,

Simulated Annealing,

Type of Patterns, profile, backaround
geometry. user-given scattering factof 2

Phase narme, type of calculations (JBT), ATZ,
contribution ta patterns, spmmetry, ...

Mumber of cycles, relaxkation factors, access to
patterns and phases [atoms and profile)

Phase Information: Phase 1

General Information on Phases

Calculation:

Coefficient to caleulate the weight
percentage of the Phase:

le:s.
Mame of Phase : | Mriw04 Nuclear refinement, 17%-Co
|Magnelic Phasze [Rietveld Method] j
0.00 & Calculated automaticaly ¢ Provided by user L
Es: 1

Contribution to pattems, preferred
orientation direction, reflection list, ...

Space Group symbol/number, symmetry
operators, basis functions, etc

d 4 = X

Iniial Previous Add Del

ok |

%ﬂhﬂ to Patterns

Cancel |

I TFY-

Code File: |commag

Type: |PCR

General
Patterns

Refinament
Constraints
Box/Restraints
Olutput

3/10/2012  15:49:24

Symmetry
> Dl

Mewt Last

?Q

Date: 01/10/2012

Pattern 1 l

l

I¥ Current Phase contributes to the pattem

Type of Pattern

" ®-Ray

(% Neutron [Constant \Wavelength)

Nuclear and Magnetic

" Pattemn Calculation [<-Ray]
" Pattemn Calculation [Neutron - Constant wWavelength)

" Pattemn Calculation [Meutron - T.OF ]

" MNeutron [T.0.F]
Nuclear and Magnetic

Peak Shape
Gauzsian ﬂ
= i
.
Intensities 4_C | I C |< O n

Reflection list: |Integrated Intensities

=]

IV Use special control of parameters for peak overlap, rejected reflections for curent phase

Brindley coefficient: | 0.0000
Global weight of the integrated intensity data ws profile data:

Factor for excluding reflections [ 1 < Factor * Sigmall] ]

‘Weights are divided by reduced Chi**2 of precedent cycle:

5-2si0
[ oo

[ealua]

0.0000
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Commag.pcr

S_QOAK RIDGE

National Laboratory

File Programs Settings FP Di

'Working Directory:

Editor Tools

File Templates

1w Clled | £

25 BB e,

C\Users\hv@\Data\MagStrD\XtalDiff\

mensions  Run a Script  Help

ED
PCR

Help  Exit

Pl

] Aea
B 2%

Ml
qu‘l\ Ll |\ Al

FullProf
. PCR |
ﬂ | Editor ﬂ M”

4 4 ‘\..“Ih'{'ql 4

=

B8

bl () D SO B ) 3 e

Code File: |commag

ol gy

P v(
Information
Title, type of job: Rietveld, Intearated |ntensitiss,

Simulated Annealing,

Type of Pattems, profile, background, diffraction
geometry, user-given scattering factars

Phase name, type of calculatio
contribution to pattems, symmets

Number of cycles, relaxation factars. access to
patterns and phases (atams and profils]

@@

01/10/2012

Type: |PCR Date:

General
Fatterns
Phases

e Refinement Information

Atoms Information: Phase 1

Stop Criterium of Cavergence

Cyoles of Ficfinement T

Fielaxation Factors for Shifts 4

Others: Hone

Forced Temination when shifts < | 010« E.5.0
Reflections ordering
& Only at the first cycle " Eachcypcle

Pattemn 1 1 | |

Refinement weighting model

+ Least Squares
" Maximum Likelihood

" Unit ‘weights

Reduction factor of number of

[ D]
e
datapoirts: | 0[]

Atomic | 1.00

Anizotiopic | 1.00

[ Bragg R-Factor excluding reflectio

FPhase 1 I |

oms

Pattems 4
1 o 'y

Intensities

HEL Shifts

1
Ok | Cancel

List of Atoms

Mumber of &tams: 1 E

B asiz Functions Coefficients

| Label [ Nyp [Mag ot [Pogves| x [ [ v [ [ = 8 || o .
Atom# 1 [MNT[MMN3 1 o [ ogoooof”|  ogesigT|  o2s000"[ 030000 |  1.00000f |

e [ e [ R T w T w T e [ Menese [ -
Gt | ] Il Il rl ] rl r

s ||

Ce

c7

Atom # 1 1.00000] |

0.00000 | 0.00000] | 000000 |

0.00000] |

000000~

Refine Posiions
Reline B_iso

Fix Al

Cancel
0K '
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Saved. . .
Single crystal data of HaWOd-17pCo (hb3a)
| Data format

1-Run Fullprof Navolongth Tiypdasa Tpow(n)

1.53e00 0 0

Commag.pcr

The number of propagation wvectors

|
1
I nw k-vector
- 10,500 . _ A
File Programs Settings FP Dimensions Run a Script  Help ! g 15 é ml? gzg . ?igES(F %) code
A e : -2 -0 -1 1 &.77 28.95 1
B 9 69 £ b, e 10 0 B 55 0 0 EEREIE B
N D 7 eSERREH 2 Iri -2 - 1 1 4.23 334 1
-2 - 2 1 0.00 oo 1
Working Directory: |C:\Users\hﬁ\Data\MagStrD\XtalD'iff\ Code File: |commag :% % :i } 42233 2333 }
-2 1 -0 1 88.78 B.E6 1
[ | -2 1 1 1 148.23 1055 1
= -2 1 2 1 8.79 1.74 1
-2 2 -1 1 211.7% 31.62 1
- o « Data » MagStD » XtalDiff ~ | 44 W Search xtalDifF -2 2 -0 1 167.75 12.93 1
: - - -2 2 1 1 120006 1322 1
T — | -1 -0 -0 1 630,71 34.79 1
Organize Mew folder : 0l @ —% —g % % 108'22 g-Eg %
" - e . 1 1 -1 1 ©575.06  41.47 1
= : ame ate modifie ype -1 1 -0 1 177.01 11.62 1
»{ Favorites —> -1 1 1 1 296.13 17.86 1
w = : - TSRS AN -1 1 2 1 21.93 g.54 1
Desktop |Z] MnWO4_magneticAF2_SK.int 9/19/2012 e T E A > 5 1 110,18 17.98 1
& Downloads =] MnWO4_magneticAF4_5K.int 10/3/2012 421 PM INT File I N S £-00- RS-  A
i Recent Places =] MnW0O4_magnetegFd_11K.int 9/19/201210:10 AM  INT File B Lt
o |Z] MnWO4_nuclear_5K.i 9/19/2012 10:10 AM  INT File I TS T N+ AN R A
=3 Libraries |Z| temp.dat 10/2/2012 2:26 PM DAT File ‘g g ‘é i Elg gg 3222 i
@ Documents -0 1 -2 1 26 .86 7.11 1
-0 1 -1 1 288.24 1969 1
o Music -0 1 -0 1 163.36 1248 1
. -0 1 1 1 56B.64 40,37 1
[&] Pictures -0 2 -2 1 70.87 1870 1
B vid -0 2 -1 1 23470 27.29 1
ideos -0 2 -0 1 289.51 1590 1
-Select the Tz 11 dmes 3o 1
d _I_ -0 2 2 1 105.75 1&.82 1
- -0 3 -0 1 302.12 18.40 1
1% Computer aid 1 0 -2 1 7.88 19.83 1
) 1 o -1 1 3.09 209 1
® OSDisk (C:) 1 o -0 1 482 .89 28.44 1
~ I m 1 0 1 1 0.00 .00 1
1 1 -z 1 2.77 7.06 1
1 1 -1 1 151.09 1234 1
File name: MnWO4_magneticAF4_5K.int ata files v] } ?—L —E } 431 gg %g %é }
2 11 2 1 e1.17 B3 1
[ \]pen |v] l Cancel ] 1 2 -1 1 123.40 14.72 1
1 2 -0 1 156.49 1342 1
1 2 1 1 218.98 29,27 1
2 0 -0 1 22992 2676 1

S_QOAK RIDGE

National Laboratory
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COI I l I I l a Cr (B Frstudio Ver-20
[] File Crystal Structure  Magnetic str

W4,
@
& ®
File Programs Settings FP Dimensions Runa Script  Help o
20 BES e Wl : )
=g Dlesed Beor] M| PCR awiind @ @ 3 .
Weorking Directory: |C:\Users\th\Data\MagStrD\XtaIDiff\ Code File: |commag Type: |PCR Date: |01f10f2012 % <*—
~
A
EditPCR Mode Run Exit #
=> Phase: q
=> RF2 —-factor : el
=> RF2w-factor : 12.25
= RF -factor : 4.877 commagt.fst
=> ChiZ (Intens) : 2.367
=>» RFZ-satellites : 5.840
=» RF -satellites : 4.877

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

= CPU Time: 1.184 seconds ]—run UnT”

=> 0.020 minutes

=> END Date:03/10/2012 Time => 16:04:45.546 converge

Cyole: 1 chiz: oO.00 MnWO4_magneticAF4_SK.int
z 500 . .
': .
: S00 o
5 . é $
: apo
s 300 . 3 ] | ]
> 200 - ¢ * .‘
= [ ] . ] . I
100 o [
: . ¢ ¢
2 o4 . .
E . 4 . o
—-100 w i
T T T hd '. T a b a T .
.os 1o .15 _zo =3
sin(Theta) /Lambda

=in(thess)/memeas R

%OAK RIDGE

National Laboratory
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Generated with k= (0.217 0 -0.46)

COMH MnWO4 commensurate magnetic structure refinement, 17%-Co

I Current global Chi2 (Bragg contrib.) = 2.364

| Files =» DAT-file: MnW04_magneticAF4_SK. int, PCR-file: commag

IJob Hpr Hph Nba Hex H=c Hor Dum Iwg Ilo Ias Res Ste Hre Cry Uni Cor Opt Aut

|
| 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 I Data for PHASE nunber: 1 ==y Current E_Bragg for Patternd 1 1.00
! |
IIpr Ppl Ioc Mat Por Lsl Ls2 L=3 HLI Pri Ins REpa Sym Hkl Fou Sho Ana Hagnetic Fhase
a a 1 a 1 a 4 a a 3 a a 0 a a a a !
| INat Di= Mom Prl Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Hvlk Hpr Hore
INCY Ep= E_ at E an E pr E_gl Thnin Step Thmax PSD Sentl ) 1 0 00.00.01.0 1 4 -2 0 0 o.o0 -1 0 0
1 0.10 1.00 1.00 1.00 1.00 1.5360 0.ooo00o0 0.0000 0.oo00 0.000
| P -1 ¢——Space group symbol
| I H=ym Cen Laue Irep= H_Ba=s
' INunber of refined b L 0)Thaginare(l) irdicate ;
| 2 tHumber ol refinsd paransters | Real(0)-Imnaginary(l) indicator for Ci
: o0 o0
I Data for PHASE number: 1 == Current E_Bragg for Patternt# 1: 9.81
| SYMM K, ¥, Z
MnWO4 Huclear refinement. 17%-Co BASE 1 1] 1] 0 1 0 0 1] 1
1 EAST 1} 1} 1} 0 1} 0 1} 1} 0
| i SYMM X, -¥+1. Z+1.2
.Na; Dlg MDE Eré Erﬁ Erg Jh; Iri Ifg StE FuEth AEZDDD Nv% NDE Mo§e BicR Tian 0 0 0 _ 1ot 0 0 0 yag
| . . . . BAST .992 i} i} 0 —.992 0 i} i} .992
! T
IJvi Jdi Hel Sol Hom Ter EBErind FEHua EHuh FHuc Jtyp Hsp_Ref Ph _Shift N_Do it T 1 Vek % v z Ei o c1 c2 3
00 0 0 0 0 1.0000 1.0000 2.0000 O0.0000 @1 0 D 0 T TR 7 ca €5~ HagPn
1 HH1 MMN3 1 0 Looo00  .e2510 25000 .30000 1.00000 o.oo0n 0.0on 0.000
F -1 <——5Space group symbol for hkl generation .00 0.00 0.00 o.00 a.00 o.00 0.00 o0.00
I H=wym Cen Laue Irep= H_Ba= 0.o00 0.000 0.o00 0.00g 0.000 0.o00 .oonon
1 1 -1 o.00 o.0o o.00 0.00 o.00 o.00 o.o0
| Real({0)—Imaginary(l) indicator for Ci | Scale Factors
i I Scl Sc2 Sc3 Scd Scb Sch
| ia0.0 0.000 0.000 0.0on 0.0a0n 0.000
- ao o.00 o.00 o.oo o.00 0.00
SYMM X, ¥, Z | Extinction Paramsters
BASR 2 g g g g 2 ! Extl Ext2 Ext3 Extd Ext§ Ext6 Ext?
BAST 0 0 0 0 0 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000
SYMM -X+1, -¥+1. -Z+1 o.00 o.00 o.00 o.00 o.00 o.00 o.00
BASE 2 u] u] u] 2 | a b c alpha beta ganmsa
BAST 1] 1] 1] 1] 1] 0 273
T 1 1 1 9o 90 90
| Atom Typ Mag Vek e v 7 Bi=o Occ C1 c2 c3 \ Hgéuggguuseduﬁgggﬂgtersu.DDUDD 0.o0000 0.00000 o.00000
! Cd C5 Ch C7 ot} c9 MagFh
MNL  MMN3 1 0 0.50000 0.68510 0 25000 0.30000 1.00000 —-D.996 1.360 0,000 0.0pagh 0.00000 0.00000 0.00000 0.00000
0.o0 0.00 0.00 0.00 0.00 11.00 21.00 0.00 | Propagation vectors - ) )
0.oo00 o.000  0.0000 0.000  O0.000 O0.000 0.00000 2170000 5000000  —. 4600000 Propagation Vector 1
0.00 0.o0 0.o0 0.00 0.00 0.00 0.00 - -

[ — » Scale. Extinction and Cell Parameters for Pattern £ 1
| Scale Factors

! Scl Sc2 Sc3 Scd Sch Sch
4551 0.o00 0.o00 0.000 0.000 0.oo00
.an 0.o0 0.o0 0.00 0.00 0.
| Extinction Paramsters
| Extl Ext2 Ext3 Ext4d ExtS Exth Ez Ext-Model
78.96 0.000 0.oo00 0.oo00 0.oo00 0.oo00 .oon 1

o.on 0.on0 0.on0 o.on0 o.on0

| a b c alpha beta #Celg.ggfo Save a. .
4.770000 5.720000 4.920000 90.000000 90.900024 ~000000 —S/' |ncommdg_pcr

0.oooon 0o.aooon 0o.aooon o.oooon o.oooon

| x-Lambda~2 + Hot yet ussed parameters
0.02137 0.o0000 0.oo0000 0.000eA 0.oo000
.0 0.00 0.o0 ] 0.00
Propagaticon wectors:

. soooonn . oooooon 0. oooooon
0.ooonoo 0.oo00oo 0.oo00oo
2Th1-TOF1 2Th2-TOF2 Pattern # 1

S_QOAKRIDGE 1.53 o000 :

National Laboratory

Propagation Vector 1
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I n C O I I l I I I ag ] p C r [COMM MnWD4 commensurate magnetic structure refinement, 17%-Co
2.364

I Current global Chi2 (Bragg contrib.) =

| Filez = DAT-file: MnWO4 magneticAF4 SE int. PCR-file: commag

I|Job Hpr Hph Hba Nex N=c Hor Dum Iwg Ilo Ia= Re=s Ste Hre Cry Uni Cor Opt Aut
1 a 1 a a 0 a a i a a i a a 1 a 0 a 1

|
I Ipr Ppl Ioc Mat Pocr Lsl L=2 Ls3d HLI Prf Ins REpa Sym Hkl Fou Sho Ana
i i 1 i 1 0 4 o i] 3 o i] i o i] i 0

0 !
3—80\/6 & eX|'I' INCY Eps R at R.an R_pr R gl Thnin Step Thmax  PSD  Sentd
1 0.10 1.00 1.00 1.00 1.00 1.5360 0.000000 0.0000 0.000 0.000
|
!
2 IHumber of refined parameters

|
I Data for PHASE number: 1 ==» Current E_Bragg for Pattern¥ 1: 9.81

!
MnW04 Huclear refinement, 17%-Co

!
IHat Di= Hom Prl Pr2 Pr3d Jbt Irf Isvy Str Furth ATZ Hvk Hpr Hore
1 a oo0.o0o0.01.0 1 4 -2 a a 0.o0o 1 a 1
|
IJvi Jdi Hel Sol Hom Ter Brind EMua EMub REMuc Jtyp Hep Ref Ph_Shift H_Domains
a a 0 a a 0 1.0000 1.0000 2.0000 O0.0000 1 0 a a
|
P -1 ¢{——Space group symbol
I H=wym Cen Laue Irep= H_Ba=
2 1 1 -1 3
| Real(0)—Inaginarvy(l) indicator for Ci
0o o o

1-use unique axis b as
Imaginary compone

!
SYHM X Y. Z

BASR 1 a a 1]

BAST 0 a a i

SYMM X, -¥+1, Z+1.-2

BASR L125 1] 1] 1]

BAST .992 a a 1]

|

lAdtom Typ Hag Vel X T Z Bis=o Qoo C1 C2 3
! C4 CE Ch c7 [ot:] c9 HagFh

MH1 MMN3 1 0 0.50000 0.68510 0.25000 0.30000 1.00000 -—0.996 1.360 0_nnn
0.oo0 0.o0 o.on 0.o0 0.00 11.00 21.00
0.000 0.ooo 0.oo0 0.o00 o.ooo 0.000 o0.00000
0.o0 0.0a 0.o0 0.00 o.oan o.o0 o.00
| » Scale, Extinction and Cell Parameters for Pattern # 1
| Scale Factors

! Scl Sc2 Sc3 Scd Sch Schb
4551 0.o0o0 0.o0o 0.o0o 0.o0o 0.ooo
0.00 0.00 o.on o.on o.on 0.o0
| Extinction Parameters
I Extl Ext2 Ext3 Extd Exths Exth Ext? Ext-Model
78.96 0.ooo 0.oo00 0.ooo0 o.ooo 0.ooo 0.oo00 1
0.o0 0.o0 0.on o.oo 0.oo0 0.o0 0.00

a b c alpha beta gamma #Cell Info
4. 770000 5. 720000 4.920000 90.000000 90.900024 90.000000
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000

| ®m-Lambda~2 + Hot vet used parameters

0.02137 0.o00000 0.00000 0.00000 0.00000
0.00 0.00 n.oo n.oo n.oo

| Propagation vectors:
.2170000 Ssooonoo — . 4g00000 Fropagation Vector 1
0.000000 0.000000 0.000000

| 2Thl-TCF1 2Th2-TOF2Z Pattern # 1
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%

Incommag.pcr

OAK RIDGE

National Laboratory

1-select the .pcr

3-open .pcr

FP Dimensions  Run a Script  Help

B () 0 5 s, | e bilkd 1) 00 [0 5O B 0 5

Working Directory: |C:\U;ers\th\Data\MagStrD\XtaIDiﬁ"\ Code File: |incommr

File Programs Settings FP Dimensions Runa Help
== oLEY

2 B 7 ) ke | e Bk (0 [

Working Directory: |C:\Users\hu9\Data\MagStrD\XtaIDiff\

BE
[}

B B

Code File: |incommag

XA

Type: ,ﬁ

Editor Tools Templates Help Exit
a “ ry] ~ea @E | L) In | |
Organize v MNew folder il @ J j Q % | gj g] @ | S pe 225 56 hI'u hI'u @ X
i Favorites blame Date modified Type ~ Infarmation
B Desktop [ commag.pcr 10/4/2012 207 PM  PCR File Té‘i';hl‘gfeedﬁrﬁzamz‘ve'd' gtz itizitios,
4 Downloads || commen.pcr 9/22/201210:03 AM  PCR File )
] Recent Places 10/4/2012216 M PCR File L e el Pattems |
| MnWO4_magnetic_icm.pcr 10/4/201211:32 AM  PCR File )
3 Libraries -| [ Mnwo4_nuclear_5K.pcr 10/3/2012 4:35PM  PCR File ig:ﬁﬁjﬂﬁ&etfpﬁtgEncsalg;‘mgﬂi BETT. 5z, Fhases |
@ Documents
. Mumber of cycles, relawation factors, access to Frefi t |
‘J) Music patterns and phazes [atoms and profile) Shnemen
[E=] Pictures ) o ) )
E Videos Eﬁgﬁm;ts definitions, adding, deleting, Conshaints |
r | Fizing range of parameters, distances, angles, Bow/Restraint |
1% Computer magnetic moments and linear restraints ornesans
QSDisk (C:
%- b= Output options for patterns and phaszes: Dutput |
| 4| n I b Reflection lists, Fourier, distances, BWS...
File name: incommag,pcr ~ [ Input ControlFles (pen) 7] Copyright (¢] 2002-2005, JGP - JAC
Cancel
] Iincommag Profiles: 1 |Phases: 1 |4!10f2012 |14:50:4U
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Incommag.pcr — 1-Run

1 rll )

FiIe Programs Settings FP Dimensions  Run a Script

B 7 0 3 ke, e il (] (D

Working Directory: |C:"\U sersihva Data'Mag StrDhKtal Diff

(o) J) T
o] EP
Code File: |incomm

Search XtalDiff yo |

E = F
alect data 1

ol sBd <« Data » MagStrD » XtalDiff - 4]

Organize = Mew folder = = [ Iﬁl
¢ Favorites Mame Date modified Type
M Desktop E[MnWO4_magneticAF2 5K.int > 9/19/201210:10 AM  INT File
4. Downloads |2 MnW0O4d_magneticAFd_SE.int 10/3/2012 4:21 PM IMT File
| Recent Places |Z] MaWO4_magneticAF4_11K.int 9/19/201210:10 AM  INT File
|Z] MnW0O4_nuclear_5K.int 9/19/2012 10:10 AM  INT File
4 Libraries - || temp.dat 10/4/2012 2203 PM DAT File
@ Documents
JT Music
[&] Pictures
E Videos
Lo Computer bl
& 0SDisk (C3)
- | 4| LU 3
File name: Mn\WO4_magneticAF2_SK.int ~ | Datafiles -
Open - Cancel
[ I | |
OAK RIDGE -
%National Laboratory 2 O p e n
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Incommag.pcr 3-FpStudio

i
File Crystal Structure Magnetic structure  Options  Help
D8 d@

B 5 ajs [«] »

File

FP Dimensions Help

Programs  Settings Run a Script
=|

= B E e ke e Dk ) [

Working Directory: |C:\Users\th\Data\MagStrD\XtaIDiﬁ"\

2E D

Type: |PCR Date: |ﬂlﬂ0f201

Code File: |incommag

Edit PCR  Mode Run

Bit

IV IETYY BEIELEL

=» Phase: -

=2 RF2 —-factor &

= RFZw—factor : 15.

=> RF —factor : 8.525

=> ChiZ (Intens) : 11.83

=> RF2-satellites : 16.27 '
=> RF -satellites : 8.529

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

_ 1-run until
== CPU Time: 1.234 seconds
=> 0.021 minutes converge

=> END Date:04/10/2012 Time => 14:58:10.325

incommag?.fst

leam |

Crrele 1 ChilZ: o_.oo MnWO2 magn==tioAFZ SE_int

2 200 . ‘
et 200

5 700 ™

. s00 | ¢ » bt .

& s00 - L] .: . io .

z aoo - Lx3 . . . .

=Y * L3 ®

z . : ) H ‘s .OO' “.. :

.. ) . g.l..bﬂ
3 % . o8 s P g 0 o0t § T, .
= n e 0y ° ‘lO LA

15 20 .25 -30 - 35
sin (Theta) /Lamlxda

S_QOAK RIDGE

National Laboratory
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%

Incommag.fst

4-reload

File Cryg@structure Magg ructure  Options  Help

> Bl & »f

Wu LS EO00 T SEE

Lv

incommagi.fst

OAK RIDGE

National Laboratory

2-save

W rch

A= O LB @RY ™

H FILE for FullProf Studio: generated automatically by FullProf
tTitle: HMnWO4 Muclear refinement, 17%-Co

SPACEG P -1
CELL 4.770800  5.720000  4.920000 90.0000 90.9000 90.0008 DISPLAY MULTIPLE
AB0X  -0.15 1.15 -8.15 1.15  -8.15 1.15

{

LATTICE P

K 0.21700  0.50000 -0.46000

SYHH x,y,z

HSYH u,u,u,0.0

HATOH MN1_1 HN 0.50000 0.68510 0.25600 SCALE 1.8 GROUP

SKP 1 1 -4.38685 0.00000 -3_09192  0.80000 5.21172 0.0BG¥T— 0.00000
HATOH MH1_2 HN 0.50000 0.31490 0.75000 SCALE 1.8 GROUP

SKP 1 1 -0.54836 -5.17003 -0.38649 -4.35175 -0.65147 -3.06 0.0806000

H

Lineld Col:78 [ [ s A
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iIncommag.fst Box limits

File Crystal Structure  Magnetic structure  Optifns e
D CcH@ B Box limits.. =

B Slaj+ [#] »l

Wi L0008 T 2EHaR|

;'_.%OAK RIDGE

National Laboratory




What is the magnetic structure at 5 K?

Combine two magnetic structures together

(b) ©

O

- (e)T=5K _ 600_(f) T=11K
@® ©
600- ]
S _5400- i _5400_
© | ©
3 400 13 3
S 1 8200 1 8200t
200 4 ]
a AF2,17%-Co | o AF4,17%-Co | o AF4, 17%-Col
0 200 400 R00 800 0 200 4C 600 0 200 4C 600
%OAK RIDGE observation SBservation SBservation
National Laboratory



Atomic displacements and
thermal motion in triphylite -
lithiophilite, Li(Fe,Mn)PO, solid
solution

Huibo Cao
Bryan Chakoumakos
Neutron Scattering Science Division

Oak Ridge National Laboratory
Oak Ridge, Tennessee

AR, U.S. DEPARTMENT OF
@ENERGY
5\

S_QOAK RIDGE
Nat

ional Laboratory
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LICQPO;T/,E?T ------------------------------------------
» LiNigsMn; 505 Li,MngsNio.sO;
# 44 LipMnO,+ =
- i 7 L PO,) &
& C==-LiFePO, [s
| —
> . _ +3
; 34 LiinuMn0,- 8
e . LiTi(PS.)s| | ©
[ LiTiy(POg); T S = % 9
c | 2
o 2- | i
e
O
9. LiyTisO,; |
1o LiVS; - - - -mo- oo
—=LiTi$, Graphite |
0 ;

0O 100 200 300
Capacity (mAh/g)

Figure 5. Voltage versuscapacity of several electrode materials relative to
the window of the electrolyte 1 M LiPFgin EC/DEC (1:1).
(Goodenough and Kim 2010)
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Fe3*PO,
LiFe2*PO, Delacourt et al. (2005)
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Triphylite — lithiophilite
(LiIFePO, - LIMNPO,) occurs
naturally as large crystals in
granitic pegmatites, which are
noted for their giant crystal
textures.



Olivine

Structure-Type
M1M2TX,
Pnma
atom site position
M1 |4a| -1 |0|O0|O0| U
M2 (4c |.m. | X |Ya|z| U
T |4c|.m. (X |Y%|z]| U
X1 {(4c|.m. | X |Yalz]| U
X2 (4c|.m.|x|Ya|z| U
X3 (8| 1 (x|yl|z]| U
Structural parameters:
20 isotropic

43 anisotropic
;'_.%OAK RIDGE

National Laboratory




Neutron diffraction refinement details

Scaitering Lengths 51: _ 2 it I
i -1.90fm g0 ateng |
Mo a73tm o pl |
Fe  9.45fm § 0
O 5.803 fm = _
*o 02 04 08 08 1

Fe content

*We need to measure about 450 unique reflections to get a good refinement, i.e., data to
parameter ratio ~ 10:1.

LOMR * Orthorhombic symmetry allows us to collect one octant of the full sphere of reflections.
AK RIDGE

National Laboratory
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Principal Mean Square Atomic Displacements
for Li in Triphylite Li(Fey o,Mng 46)PO,

0.05

0.04 —

0.01 S

0.00

| ' | | ! |
0 100 200 300 400
S_QOAK RIDGE

500
T (K)
National Laboratory




Magnetic Structures

#(,OAK RIDGE

National Laboratory

Lithiophilite LiIMnPO,
T, =34K
M=4.3 Ug
along a axis
Collinear antiferromagnetic
Li et al.

Phys. Rev. B (2009), 79, 144410.

Triphylite LiFePO,
T, =52K
M=4.6 Ug
along b axis
Collinear antiferromagnet

Santoro and Newnham,
Acta Cryst. (1967) 22, 344.




Workshop on Magnetic Struciure Determination from Neuiron Diffraction Data

Single crystal diffraction

Thanks !

Questions to caoh@ornl.gov
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