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The magnetic properties of [Mn(pyrazinecarboxylate); |,, empirical formula C,oH¢MnN4Oy, are investigated
through susceptibility, heat capacity, and neutron scattering measurements. The structure consists of Mn-Mn
dimers linked on a distorted 2D hexagonal structure. The weak out-of-plane interactions create a quasi-2D
magnetic material within the larger three-dimensional metal-organic framework structure. We show that this
material undergoes a two-stage magnetic transition, related to the low dimensionality of the Mn lattice. First,
at 5 K. which is assigned to the initial development of short-range order in the 2D layers. This is followed by
long-range order at 3.3 K. Applied field measurements reveal the potential to induce magnetic transitions in
moderately small fields of ~2 T. Neutron powder diffraction enabled the determination of a unique magnetic
space group P2,"/c¢ (No. 14.77) at 1.5 K. This magnetic structure consists of antiferromagnetically coupled
Mn-Mn dimers with spins principally along the out-of-plane a axis.

DOLI: 10.1103/PhysRevMaterials.7.124408
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Quantum behavior by design in low dimensional Magnetic MOFs

 Magnetism largely unexplored

« Straightforward synthesis to tune low dimensional behavior.
- Design gquantum behavior on regular lattice.
— Multifunctionality on magnetic and organic building blocks.
— Tunable by small pressure, field, strain, light.
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Mn-pyrazinecarboxylate (Mn(2-pzc),) C,,HsMNN,O,

Compound Cl0 H6 Mn N4 04
 Well isolated 2D layers Lattice type b
LIRS Space group name P21/c
R Space group number 14
°%b*%7- Setting number 1

Lattice parameters
a b c alpha beta gamma
10.19000 10.90600 10.11600 90.0000 107.9600 90.0000

e MNn-Mn dimers on
distorted
hexagonal layers

Lots of hydrogen, which
creates very large
background for neutron
powder diffraction. Can
we still determine
magnetic structure?

Structure parameters
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Magnetic susceptibility and heat capacity

« Two-stage transition T,=3.3 Kand T,=5 K

o Can fit magnetic susceptibility to dimer models in interactions J =-0.11meV
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Cs,Fe,(MoQO,)5: Neutron measurements on HB-2A, HFIR.

Fast-neutron 0
filter —
= Main shutter

« Constant wavelength

Inst t
« Germanium monochromator B gy O ng"r‘l’l{‘i; \
- ~90° take off angle for medium-high 2 Apiaiatle H :
. goniometer ‘
resolution \. :
- Variety of complex sample environments: 2
B
50mK, 6 Tesla, 2GPa pressure... son. Ao
« Current detectoris an array of 44 individual -

e
a3 Collimators (6')

3He tubes
- Low background

— Covers ~2-150° in 26 by scanning detector
— MIDAS detector upgrade coming soon!

Detector bank
(44 3He tubes)

Ge(hkl) | A (A) dpolA) Q (A7) Flux (n/cm2s)
(113) 2.41 27.6 0.2-5.1 5 x 10
(115) 1.54 17.6 0.35-7.9 1x107
(117) 1.12 12.8 0.5-10.9 4x 108
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https://neutrons.ornl.gov/powder

HB-2A Instrument resolution and peak shape

—— LaB6_Gel13_op_21_12
- LaB6_Gell3 op_op_12
MYRESOL.urf .+« LaB6_Gell5 op_21 12
' 44 =—— LaB6_Gell5 op_op_12
- LaB6_Gell7_ op_21 12
- - LaB6_Gell7_op_op_12
Thus file 1s read only when Res#0. The name of the file 1s stored m the character variable 3 N
FILERES= MYRESOL.irf. All items are read 1n free format. g‘
s
This options works, at present, only for constant wavelength type of data. The profile 1s assumed s,
to be a Voigt function (Npr=7). 12 parameters or a table determine the resolution function. The
parameters are U, V,.W,. X,.1,. Z, (i=1.2 for A; and Ay)
1 -
The different types of functions are:
Res =1 Héz(UI. tan@+7V,) tan @ + Wi T
¥ 0 20 40 60 80 100 120 140 160
HL — ‘Yr' tanQ + i + Zr' Two-theta (degrees)
cosé
31 — LaB6_Gel13 op 21 12 .

- LaB6_Gell3_op_op_12 :

« Caglioti function describes reactor based . Ceecensonans

44 +--- LaB6_Gell5_op_op_12:

diffractometers. — Lome e op 1

w
1

 U,V.W parameters in Fullprof.

FWHM (degrees)

N
1

» See paper by Hewat for definitions of U,V,W

NUCLEAR [NSTRUMENTS AND METHODS 127 (1975) 361-370; @ NORTH-HOLLAND PUBLISHING CO.

DESIGN FOR A CONVENTIONAL HIGH-RESOLUTION

NEUTRON POWDER DIFFRACTOMETER T
0 2 4 6 8 10
O R HIGH FLUX | SPALLATION A W HEWAT Q(A™
AK IDGE ISOTOPE NEUTRON Tustitut Lawe—Lawgerin, B.P. Nv 156, I8043-Grenoble Cédex, France
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Details of this Mn-pyrazinecarboxylate example

Neutron powder diffraction data collected at HB2A, HFIR
A =2.41 A. Collimation: open-open-21"

Data at 20K (MnPyz_20K.dat) and 1.5K (MnPyz_1p5K.dat)
Sample in a vanadium can

Instfrument resolution file: hb2a_resolution.irf G HB2A_Gel13

Crystal structure: MnPyz.cif @ MnPyz
lad MnPyz_1p5K

el MnPyz_20K
k= PhysRevMaterials.7.124408
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(a) LR
| 4+ 15K 2 Ht 04 4
Neutron data from HB-2A o601 TN ] FRas MY
%:! e EE220- ++++li*+
e Plotthe 1.5 K and 20 K do’ro g 56
using Winplotr ’ R .z
. Take a difference 1zl - ’ e o ol

Q (A1)
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—
o
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FIG. 5. (a) Neutron powder diffraction data collected at 1.5 K
and 20 K. Inset: Intensity at Q = 0.65 A as a function of temperature
SPALLATION ® k 1€ 2 28 e a6 4 e through the magnetic transition. (b) Difference of intensity at 1.5 K
SOURCE Q-1 and 20 K in the powder diffraction data.
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Mn-pyrazinecarboxylate

This example will use Fullprof and SARAN

http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

- Step 1: Refine the crystal structure using FullProf

- Step 2: Determine the k-vector by indexing the magnetic reflections using k-search
- Step 3: Create candidate magnetic models using SARAh
- Step 4: Refine the magnetic model and nuclear phase in Fullprof.

- Step 5: Visuadlize the magnetic model
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http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

Mn-pyrazinecarboxylate

This example will use Fullprof and SARAN

http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

- Step 1: Refine the crystal structure using FullProf

- Step 2: Determine the k-vector by indexing the magnetic reflections using k-search
- Step 3: Create candidate magnetic models using SARAN
— Step 4: Refine the magnetic model and nuclear phase in Fullprof.

— Step 5: Visualize the magnetic model
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http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

Step 1: Refine the crystal structure using FullProf

%OAK RIDGE

Open Fullprof Suite toolbar.

— 1. Select working directory with

data
“File>Select Working
directory...”

— 2. Browse to wherever your
folder
“Fullprof_Commensurate_MnP
yz_Calder” is located on your
computer and select “ok™

- 3. Path on FP studio toolbar
should now be updated. This
helps with interacting with
other features of Fullprof

FullProf Suite ToolBar

File Programs Settings FP Dimensions

FullProf Suite ToclBar

Tools

Exit

Input Control Files of FT
Input Data/Intensity Files

Ouput Files of FPS

Reflections Files

Edit Results

Information/tpcr/Correction/IRF Files

Help

Help
nnnnnnnn N
Fa¥s) 1T - e o]

OB b E E

>
>
?
>

b

MagSir2019
MagStr2020
MagSir2020 - Copy
Magsir2022
MagStr2023_G5AS_IT
> ER Magstr2024
MagStr2024_Calder

F= =
[ [

— | X

Working Directoi@

|C:‘-LU &.5tr Workshops'\Mag5tr2024_Calder\Fullprof_Commensurate_MnPyz_Calder',

a

CodeFile: |

Type: |

Date:  |16/07/2024
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Step 1: Refining the crystal structure using Fullprof

- Need to starf refinement with @
structural model - cif file

- Add In instrument specific parameters
to the model = irf file

- Then refine this model.
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Step 1: Refining the crystal structure using Fullprof

INITIAL INPUT

Need to start
refinement with
a structural
model = cif file

Add in
instrument
specific
parameters to
the model = irf
file

LLLLLLLLLLLLLLLLLL
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REFINEMENT
OF MODEL
TO FIT DATA

Refine crystal
structure and
Instrument
parameters to best
match the data

OUTPUT

Best fit structural
model to be
used for k-vector
and magnetic
structure
determination



Step 1: Refine the crystal structure using FullProf

1 FullProf Suite ToolBar - O *

Py 1. From FU”PrOf Sui'l'e _File Prgrams Setting Fmensions gols : Efi?f:ultﬁ;}aﬁ Help —— : . — T
Toolbar open EAPCR. = E Ein ot Bty S o] (] @ . “'“rir[»fﬂ% W cho e 2 @

Working Directory: |C:\Us...5trWorkshops\MagStr der\Fullprof_Commensurate_MnPyz_Calder', Code File: | Type: | Date: |16/07/2024

e 2. Import crystallographic 1
information file by clicking
on “CIF>PCR"

i 3. SeleCT The f||e T Editor of PCR Files

“MnPyZ_QOK.Cif” File Editor Tools Templates Help Exit !
3% O | 2 2 | ' 725 8

I
>

— Information

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

i MnPyz_20K
& PhysRevMaterials.7.124408

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

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

Mumber of cycles, relaxation factors, access to Refi t
pattems and phases (atoms and profile) Elnemsn

Constraints definitions, adding, deleting, Caridiiaiilic
modifying...

Fixing range of parameters, distances, angles, Box/F estaints
magnetic moments and linear restraints

28 %) Output options for pattems and phases: Dutput
Reflection lists, Fourier, distances, BVS...

FREELE

Copyright (c) 2002-2005. JGP - JRC
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Step 1: Refine the crystal s’rruc’rure using FullProf

Cif>PCR opens a window to input
instrument and shows structural info.

1. Change “Type” to “Neutron” for
constant wavelength

2. Load the instrument resolution file
“HB2A _Gel13.irf"
(click circle and browse to file).

— NOTE: remove the full path to just
keep “HB2A_Gel13.irf”. If you don't
it could create problems later if
you share file or change folders....

Starting Cell Parameters, Space Group
and Atoms Information are now
loaded.

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

3. Hif “OK”"

File Editer Tools Ten

mplates Help  Exit

IO 2 8 @ Wi

Simple Calculation Template

— Type

r Instrumental Resolution File

" Default values

[

Import Files
Asci |

o Shebe |

Cell Parameters/ SpaceGroup |p¢om5 Information I

' {+ IRF File II—IEEA_Ge‘HB.irf
‘

Browse |

b

alpha

beta

gamma

10.190001 10.905939 10.116000 50.000 107.960 50.000
Space Group: IP 2l [~ Magnetic Phase
Mumber of total Operators: I [;.::’
MNum Symmetry Phaze ™
v
3 () Concel |
~——_—

S. Calder, MagStr, ORNL 2022



Step 1: Refine the crystal structure using FullProf

o Starting Cell Parameters, Space Group

and Atom Information are now loaded. Type import Files
ray Meutron TOF. Ascii Cif Shebx
e Lookin the tab “Atoms Information”
. . Instrumental Resolution File
— Fullprof freats occupancies (Occ) in @ N
particular way related to site I
multiplicities. " IRF Fie |
- occ = site multip./general multip. R
Always check this has been correctly R
calculated after importing the .cif file. v— . . = - —T-
_ |n -I-his Cose Ci-l-e/genergl - 4/4 ] '| for Atom H1 Mni1 Mn 0.51009 0.13426 0.59200 0.30004 1.00000
. . Mom #2 |1 ] 0.54100 0.24430 0.42660 0. 30004 1.00000
all atoms. So it looks straightforward. momz3 [N N (ose  Jozmio fosezio Josoooe  |7o0000
But make sure to check. Aom #4 |C1 C 0.26270 0.32510 0.61320 0.30004 1.00000
Atom #5  |H1 H 0. 25464 0276594 0.69194 0 30004 1.00000
e Hit YOK" to close the window
R Ry Rz Iz MPhase
Atom #1
Atom #2
Atom H3
Atom 824
When
fll_r:.lts g?(d ’ @ Cancel
i
OAK RIDGE | g | seattanion
National Laboratory | REACTOR | SOURCE S. Calder, MagStr, ORNL 2022




Step 1: Refine the crystal structure using FullProf

e 1. Save the changes.

e This should be done
whenever changes are
made in the GUI.
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File Editor Togls

T Editor of PCR Files

Ternplates  Help  Exit
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IL ﬂ;r || = —15'-—_
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2007

Copyright (=) 2002-2005. JGP - JRC

l!ihp‘:r Inip‘:r @/}I| x
— Information

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

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

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

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

Constraints definitions, adding, deleting,
modifying. ..

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

Output options for pattems and phases:
Reflection lists, Fourier, distances, BVS...

General

Pattems

Phases

Refinement

Constrairts

Bow/Restraints

Cutput

1A

Profiles: 1 |Phases: 1

|2/10/2022 14 2:25

S. Calder, MagStr, ORNL 2022




Step 1: Refine the crystal structure using FullProf

me e T~
pce COITOT oF R FHES

« “General” tab has refinement of powder

d t d f It Th . h t ,” d . File Editer Tools Templates Help Exit

s oxamol. ST N Ok a e e B
p | — Infarmation

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

L4 Can edlt tltle aS Wanted- *i FUHPrOf Twegpaﬁﬁﬂ; pmﬁleﬁad{gr:ﬂd.diﬁ'radinn
! geometry, user-given scattering factors ...
PCR Phaze name, type of calculations (JBT), ATZ,

i ”l 1|| | Ed'.tor m | \ | contibution to pattems, symmetry, ...

m= -
N rei General Information

| '
I ||
— \{L- ~Title

HIC) 2023 by FIZ Kadsmuhe - Leibniz Institute for Information Infrastructure.

—Calculations

FO r p OWd er v 2 # ' Refinement/Calculation of a Powder Diffraction Profile
re fi n e m e n 'I'S {” Refinement on Single Crystal Data / Integrated Intensity Data

Copyright {c) 2002-2005. JG
d O n ! 'I' n ee d 'I'O SPmaTE " Simulated Annealing Optimization (Integrated Intensities) 5.4 Options | Cancel |

(C:\Users\cr9\ ORNL Drophs

e d I 'I- Th IS 'I-G b ‘ [~ Optimize calculations according to the particular options used in this Job
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Step 1: Refine the crystal structure using FullProf

1. “Patterns” tab

e 2.Select the format of the data file
Fullprof should refine.

o 3. Patterns -2 Data file/Peak Shape
-2 X,Y.SIGMA (XYDATA)

Data format from HB-2A is
simply three columns with two-
theta, Intensity, Intensity Error

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE

File Editor Tools Templates Help Exit

O

&l &l @ M

wiEBE " @ X

r Information
Title, type of job: Rietveld, Integrated Intensities.

Simulated Annealing. ...

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

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

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

Refinemant |
Congtraints definitions, adding, deleting, Constraints |
modifying...
|

r Information

Pattem: 1/1

Copyright (c) 2002-2005. JGF -J

Ch\Users\crd ORML Dropbox\§

]_JSJJJ

Initial Prewvinie

Data file/Peak shape | ’

Excluded Regions |

Geomety/IRE__|

_IXJ_MLIJ

Egficment / Simulation | Pattem Calculation/Peak Shape

Data File: IC:\Users\ch‘\O RML DropboxtStuart Calder'\HB2A_POWDER\MagStr Workshops\MagStr: Browse... |

— Format

" D1A/D2B/3T2/GA2
" D1B (Old Format)
 D1B/D20

' D4/D20L

¢ DMC/HRPD (P.S.1)

" Two fyis Instrument, G41

" (G5AS Format

1515 muttibank nomalized

" Socabim Software
~ Synchroton (Brookhaven)

™ Synchraton (DBWS Software)

OK I Cancel

tr, ORNL 2022



Step 1: Refine the crystal structure using FullProf

« Patterns - Data file/Peak Shape
>Refinement/Simulation

e [1] Select Neutron - CW

« Wavelength is already set by irf
file, 2.4067 in this example.

HIGH FLUX
ISOTOPE
REACTOR

%OAK RIDGE SPALLATION

National Laboratory

SOURCE

m- .
ree Edito

r of PCR Files

File Editor Tools Templates Help Exit

MO 2 2o WS DS

FullProf IF' ‘
per
Edli{ Pattems Information

‘ l:ihptr Inhp" | @| x

Information

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

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

Irformation

fii
] Ilu.'&m.—_;?ﬂ Pattem: 1/1

Copyright {c) 2002-20

fittern Calculation/Peak Shape I

— Simulation / Refinement Data

" ¥Ray

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

1 (" Paitem Calculation (XRay)
{~ Pattem Caleulation {Mevutron - CW)

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

— Wavelength

[UserDefined =] 4 2.4067

A 24067 ({30 0)[  0.0000

Cancel |

S. Calder, MagStr, ORNL 2022



Step 1: Refine the crystal structure using FullProf

%OAK RIDGE

e Check final tab:

« Patterns - Data file/Peak Shape
—->Pattern Calculation/Peak Shape

 Peak shape is already loaded
correctly from irf file.

HIGH FLUX
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SPALLATION
NEUTRON

National Laboratory SOURCE

I
x

T Editor of PCR Files

File Editor Tools Templates Help Exit

MO 2 2o WS DS

Information
Title, type of job: Rietveld, Intearated Intensities,

! ! Simulated Annealing, ...
Fu""Pro f Iﬁ ‘ Type of Pattems, profile, background, diffraction Pattems ’
geometry, user-given scattering factors ..
pcr U ’
Ed'“ Patterns Information

‘. (i , Information

e Pattem: 1/1
1\

Weight: | 1.0000

LLLLL

Copyright () 200220 4 File / Format | Refinement / Simula

Ho2BaMiO5_from_bil

—

— Peak Shape

¥ Codefil SHF € Global SHF

— Scattering Variable

% ITheta " T.OF. {microseconds) ™ Energy keV)

— Range
Theta_min: I 0.0000 Theta_max: |155.0000‘

Range of calculation of a single reflection in units of FWHM: I 8.0000

om

Step: |0.0300 |

Incident beam angle at sample suface (2):

Cancel |

S. Calder, MagStr, ORNL 2022



Step 1: Refine the crystal stfructure using FullProf

File Editor Tools Templates Help Exit

e Move 1o next tab down to BRIET=IEEE T
select background type

Information

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

General

o Patterns—> Background Type 4 .
Check "6-coefficient” [ E———

— Infarmation
Pattern: 171 wieight:[ 10000 Data file/Peak shape

Caonztraints
2 Background Type ’

-ISJ !l - | Zgl ! | -NJ Ene | Box/Festraints
Initial Previous fdd Del Nest Last Geametry/ARF | Output

) |Jzer Scatt. Factors |
Copyrigh

Type of Patterns, profile, backaround, diffraction
B L LT S

ﬁ EuHProf | ] {

Refinement

e Put origin of polynomial at 60
for this example.

~ [T

-y

(B

/2018 |22:38:51

Background on HB-2A
.I.ypiCO | |y |OW O n d o B-Cofi-.:iu-es pnynoial fun-:ic-n
fe O -I-U re | ess SO C O n be e " Debyelike [12-coeff. J+ palynammial functions [G-coefficients)
cda pTU red by SIm p | e e - Number o peints taken fo Fourie Fker: (50110

Origin of the polynomial: I 50,000

" Fourier Filtering

fU n C Ti O n . _. = {~ Background File transformed by 4-coefficients expression

Browse. .. |

(" Linear Interpolation between a set backaround points with refinable heights

" Interpolation by cubic splines

" Chebychey Polynomial (24 coefficients)

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON

%OAK RIDGE

National Laboratory

SOURCE 0K I Cancel Calder, MagStr, ORNL 2022




Step 1: Refine the crystal structure using FullProf

Exclude regions in the data?
jj@@%:&l p@ A 55 722 B 5»' 3@ X
| FullProf || oo rucm e e s
« We will not exclude any regions of |
the data
. S d d = X > M
« Use with care, but can cut out background.
. Allow focus of refinement on different regions, il

e.g. only low Q

 Quick way to remove peaks from sample holder
or can -» but should try to fit these if possible!

OAK RIDGE

National Laboratory

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

SOURCE S. Calder, MagStr, ORNL 2022

REACTOR




Step 1: Refine the crystal structure using FullProf

— Geometry/IRF
Populated by irf file.

— Corrections: the instrument layout gives
asymmetric peaks, particularly at low angle.
These can be corrected.

Change “Peaks below this 2Theta limit are
corrected for asymmetry” to 180. Forgetting
to do this, then refining the asymmetry
parameters is a common error!

— Can correct for absorption if

.....

File Editor Tools Templates Help Exit
N30k 2 8@ WS N

Infarmation

W@ X

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

Type of Patterns, profile, background, diffraction
L L T mw e

~ FullProf m_'

Information

o
Pattern: 1.1 ‘wieight:| 1.0000 Data file/Peak shape
Conztraints
Background Type

— Box/Restraints
m| X
Initial Previous Add Del Mext Last Geometry/IRF Output

1 User Scatt. Factors I
Copyrigh

ANEARLEl]

S [T

il

Pattern Diffraction Geometry Information: Pattern 1

Diffraction Geometry

|Eragngremano or Debye-Schemer Geometry j

needed. "muR” is mu
(absorption) multiplied by )
sample radius. Can find mu -

=X tan 8+F, feosB+ 2,

at NIST website e

L = (X, 26+7),260+Z,

hitps://www.ncnr.nist.gov/res @

I

Extemal Comection of Integrated/Profile Intensities

% None " Linear Interpolation C h q n g e

one
- " k
Pz Um0+ O+, | FWHM = Ut 6+ 7t 647, Preferred Crientalion PeCI S

{* Ristveld-Toraya (Exponential Function) " Modified March's F

™ March-Dollase Multiaxial Function " March-Dollase Nur b e I ow th e
cies 2Theta...”

Comection for iluminated area exceeding the Sample suface: 0.000

=7+, 28+, (28

N N H, = (X,20+7),20+7, Monochromator Polarization Comection {cos " 2ThetaMon): 0.0000
O U rC eS/O C -I- I V O Tl O n/ Fraction of mosaic-crystal fransmission ): 0.0000
© Last of 28, Hy(28), H ;(26) 2 Absorption Comection Coefficient (muR): ( 0000
Name of IRF file: Peaks below this 2Theta limit are comected for asymmetry ‘
HB2A_Ge113if Browse. Absorption comection (T.O.F)
None J
HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE | NEUTRON Cancel
National Laboratory | REACTOR | SOURCE Cancel



https://www.ncnr.nist.gov/resources/activation/
https://www.ncnr.nist.gov/resources/activation/

Step 1: Refine the crystal structure using FullProf

. JJ@Q%:&J r@m[{?ﬂ
° NO fUrTher edl.l-lng ShOUId be needed lTi:Ie[rI:ati:nof'ob:Hietveld Integrated Intensities
of the remaining “Patterns” talbs: | FullProf | | T i
_ User SCOTT. FOC'I‘OI"S ;: Pattern: 1.1 Wwheight: | 1.0000 Diata fle/Peak shape
This can be.us,ed to add e.g. a form Ll W o=l X 3 b ;
factor that isn’'t tabulated W Gemms 6 a0 X Im Geamety FF o

If the magnetic ion does not have form factor tables
tabulated, or you want to test a non-standard form factor, this
can be added here. One example would be for 5d ions, such
as Ir, Os, efc.

OAK RIDGE

National Laboratory

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

SOURCE S. Calder, MagStr, ORNL 2022

REACTOR




Step 1: Refine the crystal structure using FullProf

PHASES tab

« Make phase
conftribute 1o
refinement.

e [1] Phases—> [2]
Contribution to
Patterns—> [3]
Neutron
(constant
wavelength)

e Set peak shape
to “Thompson-
Cox-Hastings
pseudo-Voigt”

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE

Can do a simulation or refinement with data. Select which one here.

T Editor of PCR Files

File Editor Teols Templates Help Exit

I8N0 22 @ Wi

Ci& In&

Por [

@ x

 Infarmation

Pattern Contribution Information for Phase 1 pn: Phase 1

General |
Patterns
)
Refinemnent |
Constraintz |
Box/R estraints |

Output |

Pattem 1 IPattern 2 | Pattern 3 I Pattern 4 I Pattern 5 I Pattern 6 | Pattern 7 I ation on Phases

Bze INucIear and Magnetic Stucture of, Aeredwe/bosbranch_wie//bos A tmpd fbos |

v Curment Phaze confributes to the pattern

3

— Tupe of Pattem INucIeal and Magnetic phaze ;I

™ Pattern Calculation [(+-Fay) calculate the weight

of the Phaze: 0.00

& Calculated automatically ¢ Provided by user

" Pattern Calculation [Meutron - Constant Wavelength)

" Pattern Calculation (Meutron - T.0.F.) |
oution to pattemns, prefered

ation direction, reflection list, ...

" Meutron [T.0.F)
MHuclear and Magnetic

Group zymbol/number, spmrmetmy
orz, basis functions, ete

Symmelry | 2
4 4 =1 X 2 D>

Iritial Previous Add Del et Last

| [18/ 672018 [22:34:28

r Intensities

Reflection list: IAutomaticaII_l,l generated from the Space Group symbol ;I

[~ Use special contral of parameters for peak overlap, rejected reflections for curent phase

Brindley cosfficient: I 0.0000

Global weight of the integrated intensity data ws profile data; I 0.0000

I [0.0000

Wweights are divided by reduced Chi®2 of precedent cycle: I 0.0000

Factar for excluding reflections [ | < Factar * Sigmall] |:

Ok I Cancel |




Step 1: Refine the crystal structure using FullProf

REFINEMENT tab:

Setting starting
values for
refinements

Starting
background
value of 600000
(check data)

T Editor of PCR Files

File Editor Tools Templates

Help  Exit

m - -
reie Refinement Information

5

yeles of Refinement: I 1 i’

— Stop Criteriurn of Covergence

L O & 2 @ A

p] 7¢7
P 205 28

o 5

| |
= Pur

I'Infnrmatinn

Ini

Por

® X

Relaxation Factors for Shifts

General |
Patterns |

Phaszes

Pattem 1 |F'attem 2 I Pattern 3 I Patterm 4 I Pattern & I Patterm 4 I ’I

2

- Bt gighiting model

800000 -

750000 |

700000 |

650000 -|

600000 -

Intensity (arb. units)

550000

500000 |

[ MnPyz_20Hds

Select initial
background by
Iooklng a’r data

iquares

& Coefficients Polynomial Background: Pattern 1

am Likelihood

eights

Phase 1 | Phase 2 | Phase 2 | Phase 4 || Phase 5 | Phase & | P+

Farced Temination when shifts < | 0.02 4 E5.D.
Others: _None ;I Atomic Iﬁ Anizotropic Iﬁ Profile Iﬁ Global | 1.00

— Reflections ordering Consiraints |
@ Only at the first cycle " Each cycle [ Bragg B-Factor excluding reflections limiting excluded regions

Box/Restraints |
Cutput |

10 20 30 40 50 60

2theta (deg)

70 80

- “®National Laboratory | REACTOR | SOURCE

20

100

3

Instrumental | d I d_1 d_2 d3 d_4 d_5 fine All
Coefficents 600000 0.0000)— D.0oo0f— 0.0000)— D.0o00)— 00000
Micro-fdbzorption Fie aall |
| dk _ - - T d 1
ictor of number of data paints: I Di’ Coefficents ™ B r| B I "
di12 d13 d 14 d 15 d 16 d17
Coefficients I~ I~ I~ I~ I I Cancel |
d 18 d 13 d 20 d d 22 d 23
Coefficients — I~ — I~ I~ —

S. Calder, MagStr, ORNL 2022



Step 1: Refine the crystal sfructure using FullProf

File Editor Tools Templates Help Exit

e 1. Select “Refinement” tab EEEEL Y P T Y L)
again. Update “Cycle of s

Simulated Annealing. ...

Refinement™ 1o 5 | et r et rams e et e
M

Phase name, type of calculations (JBT), ATZ, 1 Phases |
contribution to pattems, symmetry, ...

: Mumber of cycles, relaxation factors, access to
me ‘f"" pattems and phases {atoms and profile) ’

|
e From "Refinement’” tab n
select: Refinement>Profile

17 2l| 2-5 2Ig slg Overall Bfactor
« Change scale to 1.0 ' =
° r Cell Parameters -
Copyright (c) 2002-2005. JGP - JRC A
st € a b c alpha beta | gal
MnPyz Coflicients 10.150001| 10.905593 | 10.116000( 90.000] 107.960[ 50.000]

™ Befinement Information
e Refinement Informatior

| FWHM / Shape Parameters  Asymmetry Parameters | Prefemed Orientation I

FWHM Parameters Refine Al |

5 u V W 1G
—Stop LiTem _

o NOTe U, V/ W/ X Ore SeT TO e Coefficients p.0o0000]— 0.000000) 0.000000] 0.000000]— Al |
Forced Temination when shifts < Iﬂ

ZerOo BUT/ -l-he VOlueS Ore el Shape Parameters Cancell

ok |

— Reflections ordering

being read from the .irf file. e I A 2 u -

So if we refine these then el ] S
they add on to the irt w"‘w

VO'UGS ! |r15tn.|menta|| Ol b i 7 i
' - msusn | | | i
Micro-Structure
Micro-Absolptionl - ’

HKL Shifts | 2 Further F‘arameiersl ]
Reduction factor of number of data points: I ﬂ::’

SPALLATION

NEUTRON

SOURCE S. Calder, MagStr, ORNL 2022

s of Refinement: 0=

%OAK RIDGE | HgH FLux

National Laboratory

REACTOR




Crystal structure has been added.
Instrument parameters added. We have
checked background.

BEFORE setting anything to vary, run the
refinement with nothing refining.

This lets you see how close you are and if
things have to be manually changed or if
it is close enough to try a refinement

LLLLLLLLLLLLLLLLLL
¥ 0AK RIDGE | iguf et
at;

ional Laboratory | REACTOR | SOURCE

S. Calder, MagStr, ORNL 2022




Step 1: Refine the crystal s’rruc’rure usmg FullProf

e 1. Can now run the refinement e o
Select the “MnPSe3_HB2A_295K.dat” LR O L

d .I- 'I;tle.ltypedo;écb: Ilqietveld. Integrated Intensities, e
O O . N imulate: nealing, ...
i FullProf | |

B FullProf Program

| Type of Pattems, profile, background, di ion Bl L

— Note: we have not set anything to refine

=> Global user-weigthed Chi2 (Bragg contrib.): 1070.
° ° = - > Pattern# 1
yet. It is good to check your model is e e
= gg R—-factor: 170.0
=> RF-factor : 183.0

close to the data and makes sense ) | _
before refining.  moractores 163 24.6 ChiZ: 0.102E+04 DW-Stat.: 1%2234 patt#: 1

=> Expected : 0.773
=> Conventional Rietveld R-factors for Pattern: 1
=> Rp: 355. Rwp: 182. Rexp: 5.71 ChiZ: 0.102E+04

« 2. Refinement runs for the number of R
cycles (in this case 10). You can i
repeat this by pushing run until

=> CPU Time: 0.234 seconds

“Normal end, final calculation and

=> END Date:16/07/2024 Time => 17:58:12.550

writing...” shows rather than
“Convergence not reached” Sysis: 10 ni2: 0.102ErOdMnryz 20m.dac

« Select yes to save. |
If you're doing a refinement and the fit gets h!,, b oo
worse then you can select “no” and the [ C[BAAH L N \ }
i i i i W TURE AT LA i “ " | ‘Jh“
starting values will remain. | o 1
@ roorrn P ‘Wﬁlm . M A s A b A s o

10 20 20 40 50 0 70 a0 S0 100 110 1z20

SPALL/(\)TION | 2Thsta
SOURCE " o S. Calder, MagStr, ORNL 2022

OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE

REACTOR




Step 1: Refine the crystal structure using FullProf

B FullProf Suite ToolBar

File Pregrams Settings FP Dimensicns Tools Edit Results

* Openthe prifile to L PR = L] EFY T Q
CheCk The flT Woarking Directory: | C:\Us...cr9\Desktop\MagStr_2022_Calder\Fullprof_Commensurate Cr2WO6 Calder,  Code File: Type: Date  |01/10/2022

* You might have to
open the file after S
clicking on the toolbar. _ : _
Or open it from the file s G oo | ]
directly. & MnPyzout .0 ]

&+ MnPyz E o [ N

e The peaks are fit at g, MnPyz ¢ b sl e ekl e f
slig hﬂy different 2thetq. gﬁ:zi 5K g ﬂ R A R ||||||||||||||||u|||||||n||n|||||n|||||||||||||||||||u|um|n|||||||||\|||||||||||H||||||||||||||| 1
So need to refine the (i MinPyz_20K s ’
lattice constants first. B Mopyz1

Also scale is a bit off. i E
NOTE: refine lattice i WWM 1
constants before peak
shape parameters.

20 (°)

OAK RIDGE

National Laboratory

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

SOURCE S. Calder, MagStr, ORNL 2022

REACTOR




The model and the data look “close
enough” to start refining. We can now we
can furn of parameters to refine to try to
get he model and data fo match.

%OAK RIDGE

HIGH FLUX
- ISOTOPE
National Laboratory

SPALLATION
NEUTRON

REACTOR | SOURCE

S. Calder, MagStr, ORNL 2022



Step 1: Refine the crystal structure using FullProf

Profile Parameters: Phase 1 Pattern 1

Factors

 Now dllow the following to refine to fit the
nuclear crystal: Cooans

Cell Parameters

- Scale factor (Refinement>Profile) T N 5 5 N5 W

10.116000 50.000 107.960 W 50.000(

— Lattice param eters TR — [ [
(Refinement>Profile) S BT E—

Coefficients 0.000000] 0.000000 [ WD.DDDDDD I IGD.DDDI}DD I i
- Background
(Refinement>Background)

- 2theta zero. (Refinement>Instrumental)

CShare Parametars Careal |

6 Coefficients Polynomial Background: Pattern 1

Coefficents D.E;[;[?DBDE v dJD.DDDD v d_ZD.DDDD v d_aD.DDDD v d_‘li}. nooo|v d_ﬁD.DDDD v -REfine -
. d_6 d_7 da 439 LT i Fix All
Checking the box turns the number blue to show | s ] o7 [] s [] oo [] avo [] am []
they are Set to refine_ Instrumental Parameters Refinement: Pattern 1
If they are red then they are constrained to refine 2 Theta | |
. Refine Al Fix Al
Wlth another parameter_ _ Zemo Displacement Transparency Wavelength
LOOkIng |n the teXt Of the pcr f|le ShOWS reﬂned Coefficients 0.000000|W 0.000000( 0.000000| 0.000000( Cancel | oK |
parameters by codes ending in 1. T ——

Those constrained have the same code e.g. 11

MNumber of Atoms: 3i|
and 11 Or 511 and 511 - Label Mtyp X Y z B Oce Them. Fact.
Atom # 1 Mn1 Mn 0.00000 [+ 0.00000 (v 0.16610(W 0.00000( I

033333 lsotropic

Mom# 2 |P1 P 0.00000 [ 0.00000 | 044430 0.00000( 033333 | Isotropic Refine B_iso |
Mom# 3 |Sel Se 0.33050 W -0.00160(W 0.08180(W 0.00000( 1.00000| | lsctropic
Refine B_aniso
OAK RIDGE HIGH FLUX | SPALLATION
R ISOTOPE | NEUTRON
National Laboratory | REACTOR

SOURCE < » Fix Al
Anisotropic Themal Factors / Form Factors



o R
sce Editor of PCR Files

File Editor Tools

F-Ea - R R AR

Working in text editor and GUI

! current global chi2 (Bragg contrib.) = 31.11
! Files = parT-file: mnpyz_20k.dat, PcrR-file: mnpyz
1ok Npr Nph Nba Nex Nsc Nor Dum Iwg ITo Ias Res Ste Nre Cry Uni Cor opt Aut
1 7 0 0 1 0 0 0 0 0 0 1
!
! Resolution file for Pattern# 1
. HB2A_Gelld.irf
Y 'Ipr Ppl Ioc Mat Pcr Lsl Ls2 Ls3 NLI Prf Ins Rpa Sym Hk1 Fou sho Ana
an use e and edit the text o
'
! Lambdal Lambda2 rRatio Bkpos wdt thm murR  AsyLim  Rpolarz 2nd-muR -> Patt# 1
e 2.4—06?00 2.406700 0.00000 ©60. 000 8.000 U 0000 0.0000 180.00 0.0000 0.0000
-I- e ( r I e 'NcY Eps R_at R_an R_pr R_gl Thmin step Thmax PSD Sent0
i . 10 0.10 1.00 1.00 1.00 1.00 5.0250 0.050015 126.5250 0.000 0.000
'
]
12 'Number of refined parameters
]
M M M ! Zero Code SyCos Code  sSysin Code Lambda Code MORE ->Patt# 1
. 0.01378 21.0 0.00000 0.0 0.00000 0.0 0.000000 0.00 0
° ° ' Background coefficients/codes for pPattern# 1 (Polynomial of &th degree)
584587.750 -135909.203 -14207.162 182859.891 8940.036 -96032.84.
31.00 61.00 71.00 Bl.UU
]
! pata for PHASE number: 1 ==> current R_Bragg for Pattern# 1: 19,5855
]
'
INat Dis Ang Pri Pr2 Pr3 1bt Irf Isy Str Furth ATZ Nvk Npr More
25 0 0. .01.0 0 0 0 0 0 1204.481 0 7 0
!
'
P 21/c <--5pace group symbol
L4 L4 4 L4 tatom  Typ Y z Biso occ In Fin N_t spc /codes
« Can quickly see and edit varios things AT ol o o Sl S DR
0.00 0.00 0.00 0.00 0.00
o1 [} 0.54100 0.24430 0.42660 0.30004  1.00000 0 4] 0 0
0.00 0.00 0.00 0.00 0.00
h b N1 N 0.36060 0.29910 0.56210 0.30004  1.00000 0 4] 0 0
0.00 0.00 0.00 0.00 0.00
q U |< : er 0 I I Wl ca < 0.26270 0.32510 0.61920 0.30004 1.00000 0 O 0 O
0.00 0.00 0.00 0.00 0.00
H1 H 0.25464 0.27694 0.69194 0.30004 1.00000 0 [} o] 0
0.00 0.00 0.00 0.00 0.00
. ° ° . 02 o] 0.47520 0.40590 0.28730 0.30004 1.00000 0 [} o] 0
0.00 0.00 0.00 0.00 0.00
nything refining has a number that ends in N e
0.00 0.00 0.00 0.00 0.00
c2 c 0.17310 0.42150 0.57380 0.30004 1.00000 0 [} o] 0
0.00 0.00 0.00 0.00 0.00
H2 H 0.10500 0.43484 0.61546 0.30004 1.00000 0 0 0 0
° ° ’ ’ ’ ’ ’ 0.00 0.00 0.00 0.00 0.00
03 o 0.63290 -0.00920 0.53350 0.30004 1.00000 0 0 0 0
0.00 0.00 0.00 0.00 0.00
N3 N 0.73810 0.17610 0.70060 0.30004 1.00000 0 0 0 0
. . . 0.00 0.00 0.00 0.00 0.00
c3 C 0.27770 0.46870 0.41470 0.30004 1.00000 0 0 0 0
I I I 0.00 0.00 0.00 0.00 0.00
’ L4 H3 H 0.28565 0.51737 0.34234 0.30004 1.00000 0 0 0 0
0.00 0.00 0.00 0.00 0.00
04 o 0.82480 -0.03300 0.47500 0.30004 1.00000 0 [} 0 0
0.00 0.00 0.00 0.00 0.00
. N4 N 1.01820 0.23410 0.76740 0.30004 1.00000 0 [} 0 0
0.00 0.00 0.00 0.00 0.00
Y T 'I' rn n n 'I' r fl n n 'I' ] 'I'h n ca c 0.36700 0.37170 0.45740 0.30004 1.00000 0 0 0 0
’ 0.00 0.00 0.00 0.00 0.00
C5 C 0.47140 0.33830 0.38550 0.30004 1.00000 0 [} 0 0
° ° 0.00 0.00 0.00 0.00 0.00
(ol C 0.79600 0.26280 0.79250 0.30004 1.00000 0 0 0 0
Fullprof figures out the numberin
. H4 H 0.74254 0.320429 0.83748 0.320004 1.00000 0 [} 0 0
0.00 0.00 0.00 0.00 0.00
c7 C 0.92330 0.29250 0.82250 0.20004 1.00000 0 [} 0 0
0.00 0.00 0.00 0.00 0.00
H5 H 0.96819 0.235627 0.88409 0.20004 1.00000 0 [} 0 0
0.00 0.00 0.00 0.00 0.00
C8 C 0.96040 0.14490 0.67680 0.20004 1.00000 0 [} 0 0
0.00 0.00 0.00 0.00 0.00
HE H 1.01539 0.10104 0.63560 0.320004 1.00000 0 [} ] 0
0.00 0.00 0.00 0.00 0.00
c9 C 0.82300 0.11600 0.64300 0.30004 1.00000 0 [} ] 0
0.00 0.00 0.00 0.00 0.00
c10 C 0. 75810 0.01520 0.54080 0.320004 1.00000 0 [} ] 0
.00 0.00 0.00 0.00 0.00
I > profile Parameters for Pattern # 1 ---—> Phase # 1
! scale shapel Bov stril str2 str3 strain-model
49, 82266 0.00000 0.00000 0. 00000 0. 00000 0. 00000 0
91. 00000 0. 000 0.000 0.000 0.000 0.000
! u W X Y Gausiz Lorsiz 5ize-Model
0.000000 0.000000 0. 000000 0.000000 0.000000 0.000000 0.000000 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00
r a b c alpha beta gamma # cell 1nfo
OAK RIDGE HIGH FLUX | SPALLATION 10.184688 10.811492 10,090220 90.000000 108.429535 90.000000
ISOTOPE NEUTRON 11. gnnmn m% 00000 111 00000 0.00000 121.00000 0. 00000
] ! Prefl P Asyl Asy2 Asy3 Asyd S L D_L
National Laboratory | REACTOR | SOURCE 0.00000 ©0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 O0.00000
2 0.'0 O.UUh f 0.00 0.00 . 0.00 0.00 0.00 0.00
1 v freed B U S




Step 1: Refine the crystal structure using FullProf

File Editor Tools Templates Help Exit
Ok QP HBE N @ X

r~ Information

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

General |
Pattems |
Phases |

FullProf
PCR M-

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

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

| Mumber of cycles, relaxation factore, access to
pattems and phases (atoms and profile)

Constraints definitions, adding, deleting.
modifying...

Constraints |
Box/Restraints |
COutput |

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

Qutput options for pattems and phases:
Reflection lists, Fourier, distances, BVS

Copyright (c) 2002-2005. JGP - JRC

« The refinement to the 20K data is closer.

 Next can add in refinements to the peak
shape, since the sample may add some
broadening beyond the parameters loaded in
with the irf file.

Peak profiles should only be run after
the refinement and peak positions are
close, others refinement will blow-up

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE

57 FullProf Program

>>> CYCLE: 10

Control file *.pcr: MnPyz

Pattern: 1 MnPyz_ 20K

Calculation of ¥i for all points + Normal Matrix & Vector...
Calculation for pattern: 1

Solving L.S. eguations...

Writing results for cycle 10
R-Factors: 2.98 4.20 Chi2: 29.7
Expected : 0.771

Conventional Rietveld R-factors for Pattern: 1
Rp: 36.1 Rwp: 30.8 Rexp: 5.65

=» zlobal user—-weigthed Chi2 (Bragg contrib.):
= —————— > Pattern# 1

=>» Phase: 1

=> Bragg R-factor: 19.59

=> RF-factor 11.97

Conv. not yet reached -> [Max] Shift(Cell cC_phl patl)/(eps*Sigma)=
Normal end, final calculations and writing...

DW-Stat.: 0.1lee65

1.8838

Patt#: 1

ChiZz: 2%.7
31.11

30.67 abs> 1

CPU Time: 1.375 seconds

0.023 minutes

END Date:16/07/2024 Time => 18:08:12.132

Cycle: 10 ChiZz: 29.7 MnPyz 20K.dat

1.6E+06

units)

1.4E+06 -

1.2E+06

(arb.

1.0E+06
8.0E+05

&.0E+05 "

I a \ 15
LT Y T4 T AT AN R T T (AR T L R TR i LI R T

4.0E+05

Intensity

100 110 1z0
2Theta

10 20 30 40 50 60 70 80 90
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Step 1: Refine the crystal structure using FullProf

« Refinement 2> Profile> Refine U,V,W, X. Also refine asymmetry parameters.

Profile Parameters: Phase 1 Pattern 1

™ Refine FWHM for second wa®

w2

Coefficients

u2 |_
El

V2
r

%OAK RIDGE

National Laboratory

HIGH FLUX
ISOTOPE
REACTOR

SPALLATION
NEUTRON
SOURCE

— Factors
Scale Cverall Bfactor
Coefficients 45.823[v 00000
—Cell Parameters
a b c alpha beta gamma
Coefficients 10.124638|W 10.811482 [V 10.090220(V 90.000( 108.430(W 90.000(
‘ FWHM / Shape Parameters Bymmetry Parameters I Prefemed Orientation |
b e Refine Al |
v
0.000[% 0.000000]] Fix Al |
Cancel |
=

Profile Parameters: Phase 1 Pattern 1

— Factors
Scale Overall Bfactor
Coefficients 49,823l 0.0000|"
—Cell Parameters
a b c alpha beta gamma
Coefficients 10.184688 |V 10.811452 | 10.080220|W 50.000( 108.430 v

FWHM / Shape Parametsg

==

prefemed Orientation

5L |

D_L

Coefficients

0.000000]

0.000000(

Asym 1

Asym2

Asym3

0.000000

0.000000

0.000000

Coefficents

[l

Refine Al

Fix Al

Cancel

0K

i
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Step 1. Refine the crystal structure using FullProf

Atoms Information: Phase 1

List of Atoms

MNumber of Atoms: 5 i‘

e Finally the atomic

. Lal Ntyp X T Z QOcc Them. Fact. Rehine Postions
pOrO me'l'ers cdan be reﬂ ned . Mom# 1 |M Mn 0.51356 | 0.12835(% 0.60217|% 0.3000 (™ 1.00000] | Isotropic
. R . R Som# 2 [O1 o0 054868 (W 024635 (W 047955 (W 030008 ™ 1.00000{ | Isotropic Refine B_iso |
Th|s W|” g|\/e a gOOd f|'|' Ond Aom# 3 N1 N 0.36244[% 0.30105% 0.56440 W 03990 ™ 1.00000[" | Isotropic _ _
Aom# 4 [C1 0.26705[" 0.31210[ 052293 0004 1.00000( | Isatropic v iR

low chi values. But there are < > N

Anisotropic Thermal Factors / Form Factors

lots of variables, so care S B e e i [ e B B 7 [ e |

should be taken in : - - - - - - -

interpreting these results for “ . . i i i i i

the atomic positions.
« Data was collected with a 1

shorter wavelength to cover i

more reflections that is -

presented in the paper. i

) 1IO 20 3IO 4IO 5IO 6IO 7IO 8IO 9IO 1CI)O 1i0 1éO

OAK RIDGE | 151 seision 2Theta

National Laboratory | REACTOR | SOURCE




Step 1: Refine the crystal structure using FullProf

e The previous steps were refining the crystal structure at 20K, where there
was no long range magnetic order.

« We now want to refine the crystal structure in the magnetically ordered
region (1.5K).

 Then we willadd on the magnetic phase based on that refinement in
steps 2 and 3.

LLLLLLLLLLLLLLLLLL
¥ OAK RIDGE | i et

National Laboratory | REACTOR | SOURCE S. Calder, MagStr, ORNL 2022




Step 1: Refine the crystal structure using FullProf

« Before refining the 1.5 K data FIRST TURN OFF ALL PARAMETERS.
The peak shapes should not change with temperature (we're measuring the
same sample on the same instrument!

— The lattice constants and structural parameters vary with temperature, but
the temperature change here is small. We can refine as needed.

File Edit Search

DxE&q |
comMm_#
! Files =» paT-file: , Pcr-file: mMnpyz

'Job Npr Nph Mba Nex Nsc Mor Dum Iwg ITo Ias Res Ste Nre Cry Uni Cor opt Aut
1 7 0 0 Q0 0 o 1 0 o 0 0 o 1} 1

!

! Resolution file for Pattern# 1

HB2A_Gelll.irf

'Ipr Ppl Ioc Mat Pcr Lsl Ls2 Ls3 NLI Prf Ins Rpa Sym Hk1 Fou sho ana
0 ] 1 0 1 ] 4 ] ] 3 10 ] 0 ] ] 0 ]

!

! Lambdal Lambda2 Ratio Bkpos wdt cthm muR  AsyLim Rpolarz 2nd-muR -> Patt# 1
2.406700 2.406700 0.00000 60.000 8.000 0.0000 0.0000 180.00 0.0000 0.0000
1

Thmax PsD sentQ

INCY Eps
o 55.0000 0.000 0. 000

step

INumber of refined parameters

Code SyCos code  sSysin code

ambd #Ue MORE ->Patt# 1

ooy 0.00
(Polynomial of &th degree)

1 Background © Ppempepatterns 1
5328,478 107231,953  12523,546 -71904,891
b.00 0,00 0700 0.00

Check in text file that T M W' Wi i Y0
nothing is refining.

Nat Dis Ang Prl Pr2 Pr3 1bt Irf Isy str Furth ATZ Nvk Npr More
25 ] 0 0.0 0.0 1.0 o ] 0 o ] 1204.481 0 7 o

!

|

P 21/c <--Space group symbol

'Atom  Typ X Y z Biso occ In Fin N_t Spc /Codes

Mnl Mn 0.51356 0.12895 0.60217 0.30004 1.00000 0 o] 0 o}
0.00 0.00 0.00 0.00 0.00

oLl [e] 0.34868 0.24635 0.42955 0.30004 1.00000 o 0 0
0. 00 0. 01 0. 00 0.00 0.00

N1 N 0.36244 0.30105 0.56440 0.30004 1.00000 0 ] 0 0
0.00 0.00 0.00 0.00 .

1l C 0.26705 0.31210 0.62293 0.30004 1.00000 0 ] o o
0. 00 0.00 0. 00 0.00 0.00

H1 H 0.24226 0.2457 0.66885 0.30004 1.00000 0 o 0 0
0.00 0.00 0.00 0.00 0.00

0z [s] 0.47150 0.40957 0.28321 0.30004 1.00000 0 4] 0 0
0.00 0.00 0.00 0.00 0.00

N2 N 0.17238 0.49489 0.47494 0.30004 1.00000 0 o 0 0
0. 00 0.00 0. 00 0.00 0.00

c2 C 0.15921 0.40664 0.36866 0.30004 1.00000 0 4] 0 0
0.00 0.00 0.00 0.00 0.00

H2 H 0.10169 0.42860 0.62270 0.30004 1.00000 0 o 0 0
0. 00 0.00 0. 00 0.00 0.00

03 [s] 0.63589 -0.00641 0.533074 0.30004 1.00000 0 4] 0 0
0.00 0.00 0.00 0.00 0.00

N3 N 0.73160 0.18010 0.70183 0.30004 1.00000 0 o 0 0
0. 00 0.00 0. 00 0.00 0.00

s - A ATADT A AZ3TA A A1T33 A 3AAAL 1 ARAAA A A A A

HIGH FLUX | SPALLATION
OAK RIDGE ISOTOPE | NEUTRON
National Laboratory | REACTOR | SOURCE S. Calder, MagStr, ORNL 2022




Step 1: Refine the crystal structure using FullProf

B FullProf Program

=> Expected : 0.773 1.8739

: : =>» Conventional Rietveld R-factors for Pattern: 1
® e Ine Ggolns e . => Rp: 8.97 Rwp: 8.31 Rexp: 4.88 ChiZ: 2.90
=>» Global user—weigthed ChiZ (Bragg contrib.): 2.780
= ———————— > Pattern# 1
G-I-O. => Phase: 1
== Bragg R-factor: 3.428
=> RF-factor : 1.672

onvergence reached at this CYCLE !!!!: CYCLE No. 1
a

« NOTE: New peaks are

> Con
=> R-Facto 1.02 1.32 ChiZ: 2.90 DW-Stat.: 0.7071 Patt#: 1
=> Expected : 0.773 1.8739
=> Conventional Rietwveld R-factors for Pattern: 1
present at low angle. These T T AL T
=» Global user—-weigthed ChiZ (Bragg contrib.): 3.033
M => ——————- > Patterng 1
are the magnetic peaks. The = ez
° => Bragg R-factor: 3.428

=> RF-factor : 1.872

structural model still capfures

fhe high angle peaks 2 i 220 o

indicating there is no U

observable structure phase cyeie: 10 cmizi 2.50  mneyve ipsk.dac
transition.

e We can now use this to
determine the k-vector and
then magnetic structure.

B ettt o A oty P st P b s A et A i s it U Sl i Pt

Intensity (arbh. units)
s )] w = = = =

10 20 30 40 50 &0 JO 80 90 100 110 120
ZTheta

OAK RIDGE

National Laboratory

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

SOURCE S. Calder, MagStr, ORNL 2022

REACTOR




Step 1: Refine the crystal structure using FullProf

 The background changes slightly between 1.5 K and 20K, these
parameters can be refined here or when doing the magnetic phase.

LLLLLLLLLLLLLLLLLL
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Mn-pyrazinecarboxylate

This example will use Fullprof and SARAN

http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

- Step 1: Refine the crystal structure using FullProf

- Step 2: Determine the k-vector by indexing the magnetic reflections using k-search
- Step 3: Create candidate magnetic models using SARAN
— Step 4: Refine the magnetic model and nuclear phase in Fullprof.

- Step 5: Check the magnetic model

LLLLLLLLLLLLLLLLLL
0K RIDGE | 6102 | 861
ACTOR | SOURCE

al Labor: S. Calder, MagStr, ORNL 2022



http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

Determine the k-vector WinPloir-2004

FullProf Suite ToclBar _ - .

) S5 | R vl

File Programs Settings FP Dirnensions Tools Edit Results Help

4-' 1-' o S
. ‘ h-:lul CLOpGARR
et -ssnnm P CR ﬁ

y
y
Y

=8

A
7
Y

ﬁ:m'[l
I
B

Plot  Profiles Options Xspace Calculations Ext. Applications Tools Help
S FP Por 3 W & [B | HE A 2| @) [ | X

k-search is run in WinPlotr-2006.

 Open the .prf file:
"“File">"Open Rietveld/Profile file (*.prf)"

Save Data as... >

Open Numor File (ILL)

Save Buffer file...
. Save Graphic into file...
Select the Pr e vk i
WinPLOTR 2D
WinPLOTR Generic Graphs

Print...
Reset

1. C\Users\crO\ORNL Dropbox\Stuart Calder\HB2A_POWDER\MagSstr Workshops\Mag5tr2024_Calder\Cs2Fe2(MoO4)3_MagSpaceGroups_Calder2020\CFMO_10K.dat
5, WinPLOTR-2006 Version: 5.10-2012 _ o x 2. C\Users\crSWORNL Dropbox\Stuart Calder\HB2A_POWDER\MagStr Workshops\Mag5tr2024_Calder\Cs2Fe2(Mo04)3_MagSpaceGroups_Calder2024\CFMO_300mK.dat

g  backup 3. <Empty>

File Plot Profiles Options Xspace Calculations Ext. Applications Tools Help
4, <Empty>

d%- ICSD_CollCoded22752 E R[S fr b b o [ I P B R BN GFP R I s B G E A 2 & || X S

Exit

#({C) 2023 by FIZ Karlsruhe - Leibniz Institute for
[ ICSD _CollCodeszp7sz.pzs
200000 ] M chizT 4o.363z

NOTE: If the background
changes to white this is a
good sign. If it stays green,
you might have issues with

Try running it, if issues then m: 4 tl “ xl IMMWU

running k-search
reopenc differen_l_ WOy. I I T e O B B O O R R N N O N R O N R RN A R AR I AR |

10 20 30 a0 s0 60 70 a0 so 100 110 120
2theta (deg)

Intensity (arb. units)

EICIE TR I BT el
OAK RIDGE HIGH FLUX | SPALLATION
% ISOTOPE | NEUTRON e
National Laboratory | REACTOR | SOURCE S. Calder, MagStr 2024 ORNL




Determine the k-vector

« Now the magnetic peaks need to be indexed to find the propagation vector that
defines the magnetic unit cell.

o Select “Calculations”> "peak detection”>"enable” . After enabling, go again to
“Calculations”> "peak detection” > “insert peak”. After clicking on magnetic peaks, go
to “save peaks” to save them as “K-search format”. Run.k=segarch.

Calculations

re o B PP St & sea | Bic a & | @ Input Structurql

A WinPLOTR-2006 Version: 5.10-2012

File Plot Profiles Options X space t. Applications  Tecls Help ILL-Jan

H & s

ted maximum R-factor for a solution is:

partial results ...

model, this is pulled
from prf file

8 internal

110000 | B EREETETI ... Select the magnetic
N
peaks (the chtte"ng ’ A& Input parameters for K_SEARCH
100000 - .
0 not fit by the. crystal o[B8
E  e0000] structure refinement) e [P
% 20000 Cell Parameters [ 1017611 10.80998 10.07803 90.0000 108.4330 50.0000
- Tol
2 (TOF/2heta) | 0300
E 70000
é ;;fn'?ﬁi,maxl .y o005 o005 ooos
E 0000 Mumber of Points 100 100 100
(Na® Nb* N}
sooo0 Wavelength | 2 40670
(CW) / Dt 1(TOF)
R o YT Il
40000 - 1 . . . " Short Output " Long Output " No output of intermediate calculations

30 35 40 a5 50 Iv¥ Search only special k-vectors Cancel

Ztheta (deq)

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE




Mn-pyrazinecarboxylate

e This example will use Fullprof and SARAhN

http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

- Step 1: Refine the crystal structure using FullProf

- Step 2: Determine the k-vector by indexing the magnetic reflections using k-search
— Step 3: Create candidate magnetic models using SARAh

— Step 4: Refine the magnetic model and nuclear phase in Fullprof.

— Step 5: Visualize the magnetic model

LLLLLLLLLLLLLLLLLL
OAK RIDGE OOOOOOOOOOOOOO
nal Labor: ACTOR 0
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http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

Step 3: Create candidate magnetic models using SARAN
Wills Group

Magnetism and magnetic materials

o W e Wi” U S e .I.h e S A R Ah S Of-I-W O re -I-h O-I- SOFTWARE WEB SOFTWARE DOCUMENTS/PAPERS OTHER FERMAT-E SITES
IS web based. SARAh - Simulated Annealing and Representation

Analysis
e Use the SARAh webrefine — Fullprof .

e hitp://fermat.chem.ucl.ac.uk/spac
es/willsgroup/web-software/sarah-

Refine for Windows in a browser and has introduces new refinement ideas :

(Click icon to download combined install file from Dropbox)

The SARAh suite is made up of 2 separate programs that perform symmetry calculations and mognetic structure analysis :

SARAh Representational Analysis -

Performs the calculations of Representational Analysis. These allow the determination of atomic displacements or magnetic
structures that can accompany a second-order phase transition. Qutput files includes a tailored summary with cut-and-paste tables
written in LaTeX. (Win%x, 2000, Vista and Windows 7) [1]

SARAh Refine -

Is an example of 3 'metaprogram’. SARAR refine was developed to add new functionality to the standard Rietveld programs GSAS,
FullProf and TOPAS, i.e. to allow them to refine magnetic structures in terms of the basis vectors (symmetry modes) generated by

OAK RIDGE HIGH FLUX | SPALLATION SARAR Representational Analysis and the calculations of group theory. [1]
A ISOTOPE NEUTRON \
National Laboratory | REACTOR | SOURCE .. . NL2022



http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/
http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/
http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

Step 3: Create candidate magnetic models using SARAN

Help with technical settings and refinement strategies

Technical information: (ASTW version Oct 2022 +-) http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

Most browsers have a default directory where they save files. webSARA-Refine works best if yvou can select the location for each download. This will
enable vou to save the template magnetic phase per file to your current refinement directory or to edit a file by replacing 1t. If you use more than one
browser, perhaps for compatibility or as part of your internet security, it may be easiest to have one set to using a default folder and another that asks each
time for the download location.

Below are some settings for common browsers that turn on 'Ask where to save each file before downloading'

Google Chrome : 1) Click the menu icon (aka 3 dots) in the upper right corner of the Chrome window. 2) Select 'Settings'. 3) Scroll down and click
'Show Advanced Settings' 4) Scroll down to the 'Downloads’ section and click 'Ask where to save each file before downloading’

Firefox - Mac: 1) Select 'Firefox’ — Preferences’ from the menu bar. 2) In the General panel scroll down to 'Files and Applications’. 3) In Downloads
select "Always ask where to save files'

Firefox - Windows 11: 1) Click the menu button (the 3 line burger button) and select "Settings'. 2) In the General panel scroll down to Files and @
Applications’. 3) In Downloads select 'Always ask where to save files'

=]
=

Safari - Mac: 1) Select 'Safari’ — Preferences’ from the menu bar. 2) In the General tab. click the dropdown menu next to File download location’. 3)
Select 'Ask for Each Download'

@
@
+
@
Q
[}

0}

Settings

You and Google
Autofill and passwords
Privacy and security
Performance
Experimental Al
Appearance

Search engine

Default browser

On startup

0‘ Search settings

M vour browser is managed by your organization

Downloads

Location
C\Usersicee

Change

Azk where to save each file before downloading

Show downloads when they ()

a
HIGH FLUX | SPALLATION

OAK RIDGE ISOTOPE NEUTRON

National Laboratory | REACTOR | SOURCE -

e


http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

Step 3: Create candidate magnetic models using SARAN

e Under “WEB SOFTWARE — NEW
APPS!" select “SARAH WEB
REFINE - FULLPROF"

e Input the crystal structure
information. All we need is the
- Space group
— Propagation vector
- Magnetic ion position

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

%OAK RIDGE

National Laboratory

REACTOR | SOURCE

Wills Group

Magnetism and magnetic materials

HOME WINDOWS SOFTWARE WEB SOFTWARE- NEW APPS! VIDEO LECTURES- NEW! PAPERS/DOCUMEN

SARANh webRefine — FullProf

Two pieces of advice for using SARAh webRefine : 1. change your browser settings to allow you to select where you save downloads (and o
<eyvaluate>, it will look like nothing is happening for a few seconds. Look in the tab '4. Help and Strategies’ for more information.

-Andrew (February 2022)

Wi

Space group - [{14b1,P121/c1,C2h 5} +|

Propagation vector :

000 |

Crystallographic coordinates with each atom on a separate line -
eg Cu2 1/21/2-12

Mn2 2.51356 @.12895 @.88217

S. Calder, MagStr, ORNL 2022



Step 3: Create candidate magnetic models using SARAN

 SARAN SARAN webRefine - FullProf

pro d U C eS Th e Two pieces of advice for using SARAR webRefine : 1. change your browser settings to allow you to selact where you save downloads (and overwrite files), 2. when you click

b O SiS Ve C -I-O rS <evaluates, it will look like nothing is happening for a few seconds. Look in the tab *4. Help and Strategies’ for more information.
.

-Andrew (February 2022)

viewed on the
webpage

1. Conventional basis
vectors

« See nextslide Exirms]
fo r d eTO i |S Method 1. Conventional analysis - as projected basis vectors

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

| 1. powder format v || 2. make template pcr v |

U Mn2 T wy L] Mn2T; w3 L1 Mn2Ty v,
U Mn2T; vy, U Mn2 T3 vy L Mn2 Ty w3
U Mn2 Ty w3 U Mn2T5 v,
L Mn2T5 vy U Mn2 T35 y3
L Mn2 T L) Mn2 Ty vy

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

Submit
SPALLATION

SGURGE " S. Calder, MagStr, ORNL 2022
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Step 3: Create candidate magnetic models using SARAN

Table. The basis vectors projected from the different IRs :

I ¥ I ¥ Iy ¥
Mn2 1) 1.0.0.| [Mn2 1ho.1.0.| [Mn2 1)0.0. 1.

{ 2) -1.0.0 2)0. 1. 0.], 1]{1_{}.-1.]
3) 1.0.0 3)0. 1. 0. 3)0.0. 1.
4)-1.0.0 4)0.1.0. 4)0.0. -1.

'z ¥ I's ¥ 'z s
Mn2 1) 1.0.0.| [Mn2 ho. 1.0 [Mn2 1yO.0. 1.

{ 2) -1.0.0 2)0. 1.0.], 2)0.0. -1.|)
3) -1.0.0 30 -1.0. 310.0. -1.
4 1.0.0 4)0. -1. 0. 40.0. 1.

I's ¥ I's ¢ I3 s
Mn2 1)1.0.0.] [Mn2 DO. 1.0.| [Mn2 Do 0. 1.

{ 2) 1.0.0., 2)0. -1.0.], 2)0.0. 1.}
3) 1. 0. 0. 3)0. 1.0. 3)0.0. 1.

4) 1. 0. 0. 4)0. -1.0. 4)0.0. 1.
s ¥ s ¥ Ty s
Mn2 1) 1.0.0 Mn2z 130, 1.0, |[Mn2 13 0.0. 1.

{ 2) 1.0.0 2) 0. -1. 0.{, 2) 0. 0. 1.}
3) -1.0.0 3)0. -1. 0. 3)0.0. -1.
4) -1.0.0 40. 1.0 4)0.0. -1.

In this case all irreps have
moments in a,b,c direction

allowed from the basis vectors.

The different BVs, however, will
give different magnetic
stfructures and scattering.

ALL irreps should be tested.
We'll start with Gamma4

S. Calder, MagStr, ORNL 2022



Step 3: Create candidate magnetic models using SARAN

« There are different options for the
magnetic phase output

- 1. add new phase 1o pcr

- 2. make template pcr
This is similar to the older stand alone SARAh
that creates the magnetic phase in a text file
that needs to be pasted into the pcr. See
other examples for this.

- 3. edit pcr

e We'lluse 1. to add the new magnetic
phase directly to the pcr file.

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON

%OAK RIDGE

National Laboratory

REACTOR | SOURCE

SARAN webRefine - FullProf

Two pieces of advice for usi

ng SARAh webRefine : 1. change your browser settings to allow you to select where you save downloads (and overwrite files), 2. when you click

<evaluate>, it will look like nothing is happening for a few seconds. Look in the tab ‘4. Help and Strategies’ for more information.

-Andrew (February 2022)

K oifeam

1. Conventional basis

vectors
(as projected)

Method 1. Conventio

Select command (generate temalate fo

nal analysis - as projected basis vectors

magnetic phase for per; edit per with magnetic phase present):

1._powder fogfifat v |

1. add new phase to per v m e File | No file chosen
1. add new phase to pcr

U Mn2 Ty v
Mn113w1 O Mn2 T,y
0 Mn2T5 ys
O Mn2 T3 ys
O Mn2T4

S. Calder, MagStr, ORNL 2022



Step 3: Create candidate magnetic models using SARAN

° C h oose -I-h e b M N PYZ. pcr” ﬁle fro m Method 1. Conventional analysis - as projected basis vectors
STE P ] Select command (generate template for magnetic phase for per: edit per with magnetic phase present):
. Select the 3 basis vectors for I,. - — —
O Mn2 T v, U Mn2T5 vy Mn2T, v,
e Click submit O Mn2 Ty y, O Mn2 T3y, ® Mn2 T, ys
(J Mn2 T w3 U Mn2 'z ys
o After a few seconds you'll be asked - M2 Ty vy O Mn2 T3 v
what to name the new file. Call is S Ma2lz v @ Ma2Tq v,
SO m eTh | ﬂ g in STI’U CTIVG ’ ”ke (Your browser should be set to ask for the download location so the per file can be overwritten. Please
“*MnPyz_Gamma4.pcr” and save to 4o

the same folder that has the data
and irf file.

HIGH FLUX | SPALLATION
ISOTOPE NEUTRON
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Only one IR (I') will be tested
here, but ALL IRs should tested.

HIGH FLUX | SPALLATION
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Mn-pyrazinecarboxylate

This example will use Fullprof and SARAN

http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

- Step 1: Refine the crystal structure using FullProf

- Step 2: Determine the k-vector by indexing the magnetic reflections using k-search

- Step 3: Create candidate magnetic models using SARAN

— Step 4: Refine the magnetic model and nuclear phase in Fullprof.

- Step 5: Check the magnetic model

LLLLLLLLLLLLLLLLLL
0K RIDGE | 6102 | 861
ACTOR | SOURCE

al Labor: S. Calder, MagStr, ORNL 2022



http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

1 e Curreet B fregg for Vebbeend 1

IMat Din R

R ]
ETREE ] 8 a

ETE Mk Mor Mars
a1.0 a a a aa 0

a v oa

guecw grong el
TV X Y T mima o
1356 9. 12E9S O.GEEIT 0%

Step 4: Refine the
magnetic model and -

9 O.o0 a4
SeBGE D.24A35 O.42055 330004

o a4 a8 a
[ ]
W aaaa
I I U C e O I O S e I I I U I O o o
wom aaaa
ai o aaaa
FER aaa
CEa LT SRR a4 aa
a.8a  8.08 G
wiowm a4 a8 a
o o a4 a8 a

e The SARAh web interface - e “"f:w::-z:i-::::’:’iinz;zjé;:

a.8a .03

directly adds the magnetic it ot

o Nuclear phase

=]
Uik D.13868 2.6TES1 3. 50004

phase. oy
— Forrepresentational

analysis there are two
phases

O PREIE O_CREIS O.Ge005 0300

a.ma A aa

s Paramatars far Pebbaen
mere

Q1GEST]  O.R4TESE
a.0a
alpha

kA
2.00008 4. a0900

Boyk Ry
15D G, daded - D.B6RGER

e Nuclear S
° [\/\Ogneﬂc S B
« NOTE: The scale for nuclear i Magnetic phase
and magnetic phase shou o

ways be kept the SAME.

! a Cl
19176118

%OAK RIDGE | HigH FLUx | SPALLATION 52 T S Tl

National Laboratory | REACTOR | SOURCE R

S. Calder, MagStr, ORNL 2022




Step 4: Refine the magnetic model and nuclear phase in Fullprof

E Data for PHASE number: 2 ==> Current R_Bragg for Pattern# 1: 46.66
1 e o e e e e e e e e e
P The bOSIS VecTorS COn be '{emp'late magnetic phase by SARAh - web Representational analysis
. . INat Dis ang Prl pr2 Pr3 1bt 1rf Isy str Furth ATZ Nvk Npr More
seen in the mggnehc 10 000001.0 1 0 -2 0 0 1204481 1 7 0

- -

phgse. -1 Nice group symbol
! Nsym Cen Laue Irep
4 1 1 -1
H ! Real(0)-Imaginary(l) i@ or for Ci
00O

INn this case we loaded

. SYMM —=
Three . BASRg. 0o oYo 0 0 )
BASIJO 0 0 jO 0 0
S R AR o
BASR . .
Oy wy Fg ¢ Fs ¥ Bastifo o o Jo 0 0
Mn2 1) 1.0.0.] [Mn2 HO. 1.0.| ([Mn2 1)0.0. 1. g;‘gg }1- ’5 Pl 5 0
[ 2) 1.0.0.], 2)0. -1.0.]. 2) 0. 0. 1.} Basifo o o fo 0 0
3) 1. 0. 0. 3)0. -1.0. 3)0.0. -1. Sl 5%k 17 S
4) -1. 0. 0. 40. 1.0. 4)0.0. -1. BASI ,
'atom Typ Mag z Biso cl c2 c3
! c4 c5 6 c7 Cc8 c9

MR2 MMNS 1 0 . 51356 0.12895 0.60217 .30000 1.

C

0 0.000 0.000 0.000
0.00 0.00 0.00 0_oo

0

0

0.00 0.00 0.00

0.000 0.000

e To give these basis 000 000
vectors magnitude put
Y, W X Y Gausiz Lorsiz size-Model

VOlueS ln The CoefﬂClenTS 0.;"89255 -0.594567 0.168571 0.247638 0. 000000 0. 000000 0. 000000 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00
C] Ond C2 ! a b C alpha beta gamma # cell Info

10.176110 10.809982 10.078034 90.000000 108.438995 90.000000
0.00000 0.00000 0O.00000 0.00000 O.00000 O.00000
! prefl Pref2 Asyl Asy2 Asy3 Asyd S_L  D_L
0.00000 0.00000 0.11020 0.02420 -0.06668 -0.00207 0.00000 0.00000
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SPALLATION ! Propagat‘iun vectors:
NEUTRON 0. 0. 0. Propagation vector 1
0. 000000 0. 000000 0. 000000

.000 0.000 _O°_GC&
.00

s

" 1 === Phase # 1
str2 str3 strain-model
. V0000 0 00000 0.00000 0.00000 0
u. 000 0.000 0. 000 0. 000 0. 000
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Step 4: Refine the mc:gne’nc model and nuclear phase in Fullprof

'_ pata for PHASE number: 2 ==> current R_Bragg for Pattern# 1: 0. 0000
e e e e e e e e e o o e S A A e . T S . T . T
Template magnetic phase by SARAh - web Representational Analysis
I
INat Dis Ang Prl Pr2 Pr3 1bt Irf Isy Str Furth ATZ Nvk Npr More
1 0 0 0.00.01.0 1 -1 =2 0 0 1204.481 1 7 0
!
f. L] |_
L Turn On C] TO re |ne In The P -1 <--Space group symbol for hk1l generation
. ! Nsym Cen Laue Ireps N_Bas
cr text file maginary(1) ndicas
p . ! Rea.'l (0) Imaginary(l) indicator for Ci
0 o0
I
: SYMM X , Y , Z
o Also update the Mnion to i 0700 1.0 0 o 1.
. . . BASI 0 O 0 0 0 0O O 0 O
MMN2 -I-h -I- syMmM 1 -x , 1/2+vy, 3/2-2
IS IS IIIOgne IC BASR 1. 0 0 0-1. 0 0 0 1.
2+ BASI O O 0 0 0 0O O 0 O
H SYMM 1 - X , 1 -Y ,1-2
Mn<*). The form factor is R PR Sy
BASI O O 0 0 00 O 0 O
selected by the valance state, sO s x , 12 - v, -1/2 + 2
. . . BASR -1. 0 0 0 1. 0 0 0 -1.
might vary slightly if the valence  jeaszo” 0 0 0 270 0 0 0
' Atom B, Mag Vek X Y z Biso occ
IObeI IS Wrong' ! 5 c6 c7 c8 co MagPh
Mn2 0 0.51356 0.12895 0.60217 0.30000 1.00004
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
b > profile pParameters for pPattern # 1 ----> Phase # 2
I scale Shapel Bov strl str2 str3  strain-Mode]l
69.66349 0. 00000 0. 00000 0. 00000 0. 00000 0. 00000
0. 00000 0.000 0.000 0.000 0.000 0.000
! u v W X Y Gausiz Lorsiz size-mode]
0.789266 -0.594567 0.168571 0.247638 0. 000000 0. 000000 0. 000000 0
0.00 0.00 0.00 0.00 0.00 0.00 0.00
! a b alpha beta gamma # cell 1Info
10.176110 10.809982 10. 0?8034 90.000000 108.438995 90.000000
0. 00000 0. 00000 0. 00000 0. 00000 0. 00000 0. 00000
' pPrefl Pref2 Asyl Asy?2 Asy3 Asy4d S_L D_L
0.00000 0.00000 0.11020 0.02420 -0.06668 -0.00207 0.00000 0.00000
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
! Propagation vectors:
0. 0000000 0. 0000000 0. 0000000 Propagation vVector 1
OAK RIDGE | et FLux | sPALLATION 0. 000000 0. 000000 0. 000000
%National Laboratory IRSEOA-I—COTPCl)ER QSHEEQN ' 2Th16 ngé 21—?%’( -{I)—ggz Pattirn to p‘| ot




Step 4. Refine the magnetic model and nuclear phase in Fullprof

« Refine the 1.5K data. o reror oo

=> Expected : 0.772 1.8813
=> Conventional Rietveld R-factors for Pattern: 1
M M => Rp: 7.36 Rwp: ©6.72 Rexp: 4.77 Chi2: 1.98
® Thls CO pTureS The mOgneTIC => Global user-weigthed Chi2 (Bragg contrib.): 2.045
= —————— > Pattern# 1
peaks well. 1

=> Bragg R-factor: 2.211
=> RF-factor H 1.331

=> Phase: 2

o CheCk if O” bOSiS VeCTorS Gre ~ => Ma?neti.ic ?Tfaitori 17.?32 d o
needed by setting C1, C2 or C3 '
fo zero. 2 o5 mimunes T T

=> END Date:16/07/2024 Time => 23:01:11.971

o To improve the fit, fry refining |
the peak shapes, background, Cvere: 10 cniz: 1.98  Mmpys_1psk.aac

atom positions, lattice } 2.emvosd :
constants, etc Saeamroe- |
’ ﬂl 1.2E+06 - {
i‘ 1.0E+06 - :
Y 8.0E+0S ’
5 &.0E+05S
| S U T TUAIEE T DN AR 00100 000 0 O
i T P e e ]
10 20 30 40 50 e0 70 80 S0 100 110 120
2ZTheta
HIGH FLUX | SPALLATION
8&515%835 REACTOR | SOURGE S. Calder, MagStr, ORNL 2022




Try to refine the other IRs (I}, ', and [5).
The fit is close, but some magnetic
scattering is not captured.
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Mn-pyrazinecarboxylate

This example will use Fullprof and SARAN

http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

- Step 1: Refine the crystal structure using FullProf

- Step 2: Determine the k-vector by indexing the magnetic reflections using k-search
- Step 3: Create candidate magnetic models using SARAN
— Step 4: Refine the magnetic model and nuclear phase in Fullprof.

— Step 5: Check the magnetic model
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http://fermat.chem.ucl.ac.uk/spaces/willsgroup/web-software/sarah-refine-fullprof/

Step 5: Check the magnetic model |
« The model can be checked in FPStudio e

ﬂ'z MnPyz_Gamma4
File Prograrms Settings FP Dimensicns Tools Edit Results Help ﬂ MnPyz_Gamma41
4-' 4-' k.{' ED o m 5 f . . ‘@ @ MnPyz_Gamma41.mic
i W 4 4
E . ostipey | PCR JURE E£ ! @ F” . “* B MnPyz Gamma42

orking Directory: |C YWUsershor® Desktop\Fullprof_Commensurate_MnPSe3_Calder!, Code File: Type: | Date: |1]2f11]..f2{!l22 ﬂ MnPyz_Gamma4d2
@ MnPyz_Gammad42

FullProf Suite ToolBar

« There are two .fst files, these are for the 2 B Fostudio ver-20
phases. Open the magnetic phase (file S'}Cmgf;u; Magnetic structure _Opions _Help
ending in 2.fst)

ofafF [x] »

In Fpstudio click on the drop-down mend
“Magnetic Structure” and select “List
magnetic moments”  woreme i ee v e

current Box: o 1 o0 2 o0 2

OgODDDD 600000 0.00000

symmetry operations :
SYMM X,y,Z
u, v w,0.0

Atom : Mn2_1 Mn

X y z Translation k msym m(a) m(b) m(c) Mtot
0.51356 0.12895 0.60217

1 1 3.68766 -0.44560 1.14359

3.68766 -0.44560 1.14359 3.52668
1 1 3.68766 -0.44560 1.14359

3.68766 -0.44560 1.14359 3.52668

¢ 0, 0 D

¢ o 1, O
1 1 3.68766 -0.44560 1.14359

3.68766 -0.44560 1.14359 3.52668
¢ o 1, B
1 1 3.68766 -0.44560 1.14359

3.68766 -0.44560 1.14359 3,52668
¢ o 2, O
1 1 3.68766 -0.44560 1.14359
3.68766 -0.44560 1.14359 3.52668

1 1 3.68766 -0.44560 1.14359

NXT/XfEG.'f?%'%@%E%'I
— N
N

%OAK RIDGE HslgHoFLUX SPALL%TION e+ o . 3.68766 -0.44560 1.14359 3.52668
ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE S. Calder, MagStr, ORNL 2022




Step 5: Check the magnetic model

e The .mcif file output by Fullprof can be used to visualize the magnetic
sfructure in vesta S

l |
a

.4 MnPyz_Gamma42.mcif - VESTA - m| X

ile Edit View Objects Utilities Help l
Fi bnmr; a;n l:)k »c* fl’y;ﬁnfﬁa::m: I\‘:;Py.z’:GaS:n:;)Z:‘ R (m+ K b Q_l h F‘j H ,’": h’-‘h fhj H
L e c y I T Ty
#  Oshowdot H H |'
$ = Vi T el T
2 o yH oy e
O ol
A
The mcif in this case ONLY has
o the magnetic atoms.
ol — A The method of creating IRs
e and using SARA splits the
O e eesee pesenetes . nuclear and magnetic phases.
Output | Summary | Comment
QAKX RIDCE e | Rt 5. Calder, MagStr ORNL 2022




Mn-pyrazinecarboxylate

Full details can be found in por:
10.1103/PhysRevMaterials.7.124408

PHYSICAL REVIEW MATERIALS 7, 124408 (2023)

Magnetic order in the two-dimensional metal-organic framework manganese
pyrazinecarboxylate with Mn-Mn dimers

S. Calder®,":* R. Baral®,! N. Narayanan,” and L. D. Sanjeewa’’
! Neutron Scattering Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831, USA
zUn.-'wrs.-'r_v of Missouri Research Reactor (MURR), University of Missouri, Columbia, Missouri 65211, USA
3Department of Chemistry, University of Missouri, Columbia, Missouri 65211, USA

(Received 29 September 2023; revised 8 November 2023; accepted 28 November 2023; published 15 December 2023)

The magnetic properties of [Mn(pyrazinecarboxylate):],, empirical formula C;gHsMnN4O., are investigated
through susceptibility, heat capacity, and neutron scattering measurements. The structure consists of Mn-Mn
dimers linked on a distorted 2D hexagonal structure. The weak out-of-plane interactions create a quasi-2D
magnetic material within the larger three-dimensional metal-organic framework structure. We show that this
material undergoes a two-stage magnetic transition, related to the low dimensionality of the Mn lattice. First,
at 5 K. which is assigned to the initial development of short-range order in the 2D layers. This is followed by
long-range order at 3.3 K. Applied field measurements reveal the potential to induce magnetic transitions in
moderately small fields of ~2 T. Neutron powder diffraction enabled the determination of a unique magnetic
space group P2,"/c (No. 14.77) at 1.5 K. This magnetic structure consists of antiferromagnetically coupled
Mn-Mn dimers with spins principally along the out-of-plane a axis.

DOI: 10.1103/PhysRevMaterials.7.124408

The magnetic structure is in
the MAGNDATA database

MAGNDATA: A Collection of magnetic structures with portable cif-type files

Log
Element search (separate with space or comma): |:| ® AND -CJR View Full Database Advanced Search
To upload any published structure click HERE
Enter the label of the structure: I:l

C1gHgMNN 404 (#0.1010)

view in Jmol

Download mcif file

Download vesta file (all atoms)

Download vesta file (magnetic atoms only)

submil ko STRCONVERT

AL TR
HH AR
gty
SHERIR
T LT VL =
i
] -k 4
AP Ny
: nenanaT
by
Msgnetic structure with ail sfoms Nagnetic structure with only magnetic stoms

Reference: S. Calder, R. Barzl, M. Marayanan, L. . Sanjeewa, FHYSICAL REVIEW MATERIALS (2022) 7 124408
DOl 1011 02/PhysRevMaterialz. 7.124402
Atomic positions from: Cai

Parent space group (paramagnetic phase): F2./c (#14)
Propagation vector: k1 (0, 0, 0)

Transition Temperature: 2.3 K
Experiment Temperature: 1.5 K

Lattice parameters of the magnetic unit cell:

10.2072(4) 10.8444(4) 10.1005(4) 20.00 102.420 80.00

Transformation from parent struciure: (a.b,c:0.0,00
[Vrew mamix form]

HIGH FLUX | SPALLATION
%OAK RIDGE ISOTOPE NEUTRON
National Laboratory | REACTOR | SOURCE

EMN 3 Magnetic Space Group: F2,'c (#14.77) (standard s=tting)
[Wew symmarry oparagons]
Tranzformation to & sfandard zefiing: (a,b,c:0,0,0)
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