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Magnetic phase diagram of DyMn_Ge,
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The compound DyMnogGe, eryitallizes in the hexagonal HiFeUre,-type structure (Po'mmm). It orders antifer-
romagnetically at T, =420 K but there is a second magnetic phase transition near 100 K. Neuwtron diffraction
has shown that the high temperature magnetic structure is a2 triple flat spiral consisting of ferromagnetic Dy
layers and ferromagnetic Mn layers coupled antiparalielly in a three-layer sequence Mol +), Dy{ =1, Mn{ + ).
The moment direction is perpendicular to [(K01] but the direction in the basal plane changes by a constant angle
dy=2my, on going from one unit cell o ancther, The wavevector length of the incommensurate structure s
temperature dependent and equal to g, =0.184 at 293 K, which corresponds to d, = 66" Below T, =100 K the
wavevector length remains constant (g, =(L163) and the magnetic structure s an incommensurate iriple-cone
structure in which both the Dy and Mn soblattices have a ferromagnetic component aleng the ¢ axis. These
components are antiparallel and lead 1w a net moment in the ¢ direction of 200(3) pe per formula unit. The
miagnetic sothernm at 4.2 K, studied n felds up 1o 35 T, sugpests that below 22 T the cone angle (55° for B=10)
gradually decreases. Above 12 T the magnetic isotherm shows a lincar behaviour characteristic of bending of
the antiparallel rare earth and 34 sublattice moments towards each other. The intersublattice coupling constant
derived from the high field slope of the isotherm equals Jp, g, = =91 K.

 Hexagonal P6/mmm a=b=5.21A, c=8.15A o
* Kagome layers of Mn (magenta). Dy atoms (yellow) at origin 3 °*
of unit cell (grey boxes). ;g ¢
~ 4
e Two magnetic transitions: T,=420 K and T,=100 K. x
* Exercise will refine 11 K data using an incommensurate O TTor ae sen soe
propagation vector (k). 2
Spin density wave vs canonical (spin spiral) _ T &) |
Alternative of two propagation vectors considered as DG, msared in o oeld of 01 Enctization of

extension to model.
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Experimental details of measurements on DyMn_Ge,

* Neutron powder diffraction collected on DMC at PSI, Switzerland.
 A=1.7037A

* Background file: dy nuc_background.BGR
This can be created from winplotr, but file is already generated

for this example.

e Manually input instrument parameter files U, V, W, asym1 (irf file
not needed)

* CIF file obtained for crystal structure from ICSD:
dymn6ge6 nuc.cif
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Steps for magnetic structure determination:

1.

Import known crystal structure and input instrument
parameters to create PCR file for Nuclear phase

Refine crystal structure at 11 K (EdPcr / Winplotr )

Identify magnetic reflections and determine propagation vector
(k-search )

Use crystal structure and propagation vector to perform
symmetry analysis to find the allowed irreducible
representations (IRs) and Basis vectors (BVs) for magnetic
phase. (SARAh / Basireps)

Select a magnetic model and add it as additional phase(s) to
the crystal structure refinement (EdPcr / SARAh )

Refine both nuclear phase and magnetic phase(s) (Fullprof)

Visualize the magnetic structure model (FpStudio)
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Step 1: Refine the crystal structure of DyMn_Ge,
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e Additional intensity at 11 {93 K
K compared to 293 K. g B )
* Refine 11 K data to obtain ¢ A IR
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Step 1: Refine the crystal structure of DyMn_Ge,

Use EdPCR to create the input file for FullProf (.pcr):

* Import the crystallographic information file (CIF)
dymn6ge6 nuc.cif

EZY FullProf Suite ToolBa - o
| File Programs Settings FP Dimensions  Runffl elp

26 Ba% o 0 5 B Q “sim
£ =l o il ok S5 1) ol 8 50 B 0 B In the new “simple
Working Directory: C\Users\crd\Dropbox (ORN Jr_2016\Dy_Nuc_onhy, Code File: | Type | Date: |17/05/2016

calculation template”
window select “Neutron’

J

Simple Calculation Template

Type Import Files

ER Editor of PCR Files Hray TOF Aseil Cif Shek

File Editor Tools Exit
Instiumental Resolutio 1

13
* Default values

" IRF File \

Templates Help

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

Type of Patterns, profile, backaround, diffraction
geometry, user-given scattering factors Cell Parameters/ SpaceGioup ] Atoms Informatian 1
Phase name, type of caloulations [JBT], 4TZ,
contibution ta pattemns, symmetry,

a ‘ b | [ ‘ alpha | beta | gamma |

Number of eycles, relaxation factors, acoess to |
pattems and phases [atoms and profie] |5.226200 5.226200 [1853m J0.000 [o0.000 [120.000 |

Canstraints definitions, adding. deleting.
Space Group; |F E/mmm I~ Magnetic Phase

madifying...
Mumber of total Qperators: UB

Murm Syrmmetry Phaze | ™

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

2007 Output options for patterns and phases:
Reflection lists, Fourier, distances, BYE.

Copyright [c] 2002-2005. JGP - JRC

Profiles: 0 |Phases: 0 |17/5/2016 |16:34:43

27N\
Cancel
UAK KIDGE | HH FLux
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Step 1: Refine the crystal structure of DyMn_Ge,

£ Editor of PCR Files = X

File Editer Templates Help  Exit
B LS WEEBE %Y o)X

Infarmation

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

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

Phase name, type of calculations [JBT), ATZ, Ehzsss
contribution to patterns, symmetny, ..

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

Constraints definitions. adding. deleting. CendiEis
madifying...

Fixing range of parameters, distances, angles, Box/Restaints
maghetic moments and inear restraints

2009 Output optians for pattemns and phases: Output
Reflection lists, Fourier, distances, BVS...
Copyright [c] 2002-2005. JGP - JRC

Ch\Users\crd\Dropbox (ORNL)\Mag_Str_2016\Dy_Muc_only\dymnbget_nuc Profiles: 1 |Phases: 1 [17/5/2016 |17: 457

After each step click “OK” to get back to main EAJPCR
window and save to ensure the changes are accepted
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Step 1: Refine the crystal structure of DyMn_Ge,

[

File Editor Tools Help  Exit

T Okw 2@ e

Templates

Ci&p" Irlhp" @ x

Infarmation

Title, type of job: Rietveld, Integrated Intensities, 1

[ ! " 1 | Simulated Annealina

diffr actio

B.
Information
1. ATZ,

Fattermn: 1.1 “wieight: | 1.0000

Icoess to

]

M Profile Data Information: Pattern 1

Data File # Format l Refinement # SimBtion ] Pattern Calculation/Peak Shape ]

Browse...

Data File: |E:\U sershorShDopbox [ORMLWag St 2016480y Muc_onlysdyminBget_nud

Farmnat

D1A/D2B (Old Farmat)  © Free Format (2thetal, step, 2ThetaF)  © ariable Time ¥-rap Data

DA/D2B/3T2/G42 7 Two disiz Instrument, G41 W 5IGMA [rDATA)

DB [Old Format) " GSAS Format " W'Celerator [PAMalytical)

" Socabim Software 1515 multi-bank narmalized

" Synchroton [Brookhaven)

-~
-~
-
" D1B/D20
o~
o

Synchroton [DBWS Software)

Cancel

General

Phases
R efinement
Constraints
Box/Restraints
Output

Open tabs “Patterns”,

then “DataFile/Peak shape”

and select “DMC/HFPR (P.S.1)"
Steps 1,2,3

Next select “Pattern
Calculations/Peak Shape” tab and
change peak shape to Gaussian
Steps 4a-4b

. Pattern Calculation/Peak Shape ] 4 b
ﬂ {= > {

Scattering W ariable

* 2Theta " T.0F. [microseconds) " Energy [ke¥)
Fange
Theta_min: 1.0000 Theta_max: 150.0000 Step: 0.0200

Fange of calculation of a single reflection in units of FWHM: 2.0000

0000

Incident beam angle at zample surface [2):

ok Ux

Cancel
ISUIOUPE
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Step 1: Refine the crystal structure of DyMn Ge,

™ Editor of PCR Files

File Editor Tools Templates Help Exit
J80Od% 2@ W0 N "

~ Information

Title, type of job: Rietveld, Integrated Intensities, 1 Gene
Simulated Annealing, ..

@ X

|« EnlPenf i |

Patterns Information

2, background, diffractiol
attering factors ...

Inf, :
i~ Information

Pattern: 1/1 Weight:| 1.0000 Data file/Peak shape

Background Type
JSJ s I [ 5 ! MJ Excluded Regions
it i G try/IRF
Initial Previous Add Del Next Last Eometry: —Scattefing variable
User Scatt. Factors & 2Theta " T.0.F. [microseconds) " Energy (keV)

~Range
oK Eatcel Thetamin: [ 1.0000 Theta_max: [ 1500000 step: [ 00200
¥ Range of calculation of a single reflection in units of Fw/HM: £.0000
Incident beam angle at sample surface (2): 0.000

oK I Cancel l

Open tabs “Patterns”,

then “DataFile/Peak shape”
and select “DMC/HFPR (P.S.1)”
Steps 1,2,3

Close tabs by selecting OK
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Step 1: Refine the crystal structure of DyMn_Ge,

* From main window of

EAPCR select “Patterns” Y0 b dao WigiE®E %
tab, click on “Data -

file/Peak shape” and then = i e
select “Neutron — CW |
(Nuclear and Magnetic)” [ s |
Under “Wavelength” from | =i e e
drop-down select “User £
defined” input 1.7037 for & e, oo
A, and A, and 1 for (12/11) a 4

W,
Steps 1,2,3,4 (A A[Tom 4 [T m@
)=~

e Close tabs (select “OK”) 3
and save.

Profile Data Information: Pattern 1

Output

L " Pattern Calculation [¥-Ray]

" Pattem Calculation [Neutran - T

5/2016 |16:21:51

ok | Cancel |
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Step 1: Refine the crystal structure of DyMn_Ge,

rex

[ ] From main WindOW Of File Editor Tools Templates Help Esit

Pattern Centribution Information for Phase 1 x 1

o V24
EdPCR select “Phases a1 B _
v Current Phase contributes ta the pattern i edllni=nsiies? General

tab, click on “Contribution | -  p— P
to patterns” and then

" Patten Caloulation [Meutron - Constant Wavelength] UEE;[{?T]' (I "
" Pattemn Calculation Meutron - T.0OF.) B

o " Meutron (T.0.F]

select “current phase !

Peak Shape

contributes to the 5 5

= )

|] a tt e r n " lated automatically T Provided by user
Intensities
St e S 1 2 3 Reflection list: |Automatical\y generated from the Space Group symbol j Contribution to Pattems
l )= g

™ Use special control of parameters for peak overlap, rejected reflections for curent phase E=liE)

Brindley coefficient: | 00000

& Meutron [Constant W avelength;
2ar and b agnetic

Gilobal weight of the integrated intensity data vz profile data: 0.0000 Meut Last
Factor for excluding reflections [ | < Factor * Sigmall] : 0.0000 |

‘weights are divided by reduced Chi*2 of precedent cycle: 0.0000

Cancel
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Step 1: Refine the crystal structure of DyMn_Ge,

* From main window of e
EAPCR select “Patterns” |+ bl s WEzEE %"
tab, click on “Background
type” and then select [ i —
“Linear Interpolation
between a set
background points with | oo punn: |

" B-Coefficients palynomial function

refi n a b I e h e ig hts” " 12-Coefficients polynomial function Origin of the palynomial: ,w Output

" Debyelike [12-coeff. )+ polynomial functions [E-cosff]

Copuyrig

St e S 1 2 3 )| " 12-Coefficients Fourier-cozing senes
) ) C\Users

" Fourier Filtering Murnber of points taken for Fourier Filker: D.DDDDE
" Backgr i

' Linear Interpolation bebween a set backaround points with refinable heights

and save.

* Close tabs (select “OK”) <
=

* A background file can =
now be loaded.
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Step 1: Refine the crystal structure of DyMn Ge,

e Select IE NOHS £ A LR ABE %Y 0 X
“Refinement” =
tab on main
EdPCR window. .

Then

~ Relaxation Factors for Shifts

Atomic | 1.00  Anisotropic | 1.00  Profile | 1.00 Global | 1.00

[~ Bragg R-Factor excluding reflections limiting excluded regions

Linear interpolation between a set of Background Points: Pattern 1
“background” e

g if: Linear Interpolation " Cubic Splines Interpolation

o
a n d I I I l po rt elniemetion A || « Mag_Str2.. > Dy Nuc_only «|®| | search Dy_Nuc_only
Number of Points: WB Organize v New folder 4 Bz -
I I l Zlbela Lol | 2 3 Date modified T
5 5 ype
f r O ] 0.000 ) UIJUF_ Refine All Fix All
2 0.000] U.Uﬂﬂr 5/17/2016 11:59 AM  BGR Fil
B a C k rO u n d 3 0.000 U-”””r | Import from Background File
_— 4 0.000 0,000'_ —
H ”

File”. Import o

v | Background Input File

“dy_nuc_backg L
round.BGR”

e Select OK and
save.
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Step 1: Refine the crystal structure of DyMnb-Ge6

e Select “Refinement”
tab again on main
EdPCR window [1].
Increase number
“Cycles of refinement”
to 6 [2]

Then select “Profile”
[3] and alter Scale,
Overall B-factor, U, V,
W and along with a,b,c
cell paramaters set
them all to refine by
checking the boxes (4).

e [5ab]: Select
“Asymmetry
Paramaters” tab and
“Asymm1” to refine

e Select OK and save.

File Editor Tools Templates Help Bxit
- J1¥0b% A2 WRHEEE " 0 X
[ Information

Relaxation Factors for Shifts

Atomic | 1.00 Anisotropic

aaaaa

iU i
Forced Termination when shifts < | 0.10 x E.S.D.

Others: None L’

1.00  Profile | 1.00

& Profile Parameters: Phase 1 Pattern 1

ions ordering

(‘ Only at the first cycle " Eachcycle I~ Bragg R-Factor excluding
| [ Factos
l l Scale | | Overall B-factor | | 4
Pattem1 | Palter 2 | Pattein 3| Patier 4| | Patiern < o] Phase 1 | I [ Coeficerts | 10000 | 0000 |
Refinement weighting model - Atoms Cell Parameters
@ Least Squares Backgound 3 Patt = ] ] | | b ' c | I alpha ( |
I~ Masiin Liebihaod | Coefficients [ 5 226200[¥ 5.226200v | 8165301 | s0.000) |

Instrumental
© UnitWeights T Profile
Reduction factar of number of data points: | 0 E

[ v T[T v T[ w [«
Coefficients | 1.000000f | -1.000000f | 0.500000 |
1] Cancel
’ Shape P: t
- I [ ] ]
p= ICoell ients | rl II—I II"I
™ Refine PwHM for secon: d wavelength
¢ I——— - [ [ w T[] v [T] w [
Profile Parameters: Phase 1 Pattern 1 N N
- Factors
[ [ Scae [ [ OverallBfactar
| Coefficient: | 10000 | 1.0000f%
Cell Parameters
[ [ a [ b [ o [ [ aen [ bets [ [ ganma
| Coefficients | 5.226200% | 5.226200% | 5186301 | 50000 | 50.000] [ 120,000
FwHHM / Shape Parameters || Asyrmetry Parameters  Preferred Orientation Fefing A1
Fie &4l
\ [ s T[] or 1
| Cocfficients | ] ]
[ W g | [ sem3 [ [ agm
| Cosfiicients \‘ IEEE ) ) 0.000000 | 0.000000] | 0.000000)
| - | = [ » [ = [ IDGE | [{gH 50X
| Coefticerts | ] ] |l 7]

twed | yboratory | REACTOR



Step 1: Refine the crystal structure of DyMn_Ge,

\UsersicrS Dropbox (ORMNLY\Mag_Str_2016\Dy_Nuc_only\dymnbgeb_nuc.pcr] Fri r | ates H El

File Edit Search

LTI e Select the PCR button:w &l 4

t Files => DAT-file: , PCR-file: dymnégeé_nuc
tJob Hpr Hph Hba Nex Msc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut
1 a 1 38 i) a ] a ] a ] a ] a ] a ] a 1

:Ipl‘ Ppl lToc Mat Pcr Ls1 Ls2 Ls3 HLI Prf Ins Rpa Sym Hkl Fou Sho Ana d Th iS Opens the text for the

8 8 1 8 1 8 4 8 8 3 8 A _fe el 0 0
! L

t Lambda1l Lambda2 Ratio Bkpos wat Cthn muR  AsyLim larz 2nd-nuR -> Pattst 1 Cr fl |e
1.703780 1.703700 1.80000 48.000 g0 ©.0000 1.2800 180.900 8008  B.0000 .

'

*NCY Eps R_at R_an R_pr R_gl Thmin step Thmax PSD sent@

6 @8.18 1.88 1.88 1.880 1.08 1.008688 6.0208008 1568. 680808 a.a0a a.a0a . .
'
S * Edit the values circled

3.1388 4310. 0868 .08
3.9800 4111 . 06868 .08
5.1188 4111. 008008 .00
6 .4988 3316.0808 .08
7.410808 3361.0008 .08
&§.9300 3427 .0000 .00
11.18688 3471. 06808 .08
12._.7808 3471 ._0008 .08
13.20800 3471.0000 .00
1478088 3515 . 0868 a.08
17 18688 3515 . 068688 .08
19.38688 3581.0868 .08
20.18688 3626.00808 a.08
28.9808 38460008 .08
23.28088 3891.0868 .08
26.9808 3692. 0868 a.08
29_6808 36700008 .08
31.08688 3692.08608 .08
33.4808 3692. 00868 a.08
36.00800 3758.00008 a.08
39.18688 3846 . 0008 .08
41.0868 3824 00068 a.08
4238008 3802.00008 a.08
43 .78688 3846 . 0008 .08
47 3808 3846 . 0008 a.08
48.2000 3648. 0000 a.08
48 .9808 3581.068688 .08
5500864 3581.0068 .08
55.90800 3626.0000 .00
634808 36260808 .08
668000 3648 0000 .08
71.50800 3802.0000 .00
75.18688 3603 .00808 .08
76.9800 3603 . 00008 .08
78.70800 3515. 0000 .00
79.18088 3515 . 0868 a.08
82 .5808 3581.068688 .08
82 .8800 3581.0868 .08
*
]
9 tHumber of refined parameters
Zero e SyCos Code Sysin Code Lambda Code HORE ->Patti 1

8.84000 .8 @.00888 8.8 0.860008 8.8 0.00600008 a.08 ]

e &OAK RIDGE | HisH FLUX
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Step 1: Refine the crystal structure of DyMn_Ge,

* PCRfile is set-up for
refinement.

* Press circled tab and
refinement runs.

 Number of cycles set
to 6 in earlier step,
more cycles can be
performed by pressing
“Run” until it reads:
“Normal end, final
calculations and
writing.....

File Editor Too

SIE=CEFE

M4

Is  Templates Help Exit

Load EditPCR Mode Run Euxit

A

=>
=>
==

=> Con
=>» R-F
=> EXHp
=> Con
=> Ep:
=>

=>
=>

Phase: 1

Bragg R-factor: 19.7556

RF-factor : 13.0817
vergence reached at this CYCLE !!!!: CYCLE No. 1
actors: 10.9 16.8 ChiZ: 177. DW-Stat.: 0.099%96
ected : 1.26 1.7554
ventional Rietwveld R-factors for Pattern: 1

31.5 Fwp: 36€.6 Rexp: 2.73 Ch
Global user—-weigthed ChiZ (Bragg contrib.): 214.775
————————— > Pattern# 1
Phase: 1

Bragg R-factor: 19.7556

—ractor H 13.0817

= ormal end, final calculations and writing... :>

=>
==

=> END

CPU Time: 0.305 seconds
0.005 minutes

Date:18/05/2016 Time => 17:52:42.091

&OAK RIDGE | !isH FLux
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Step 1: Refine the crystal structure of DyMn_Ge,

* Open PRF file created
after each refinement. e

File Plot Options PointsSelection Xspace Calculations Rietveld plot op ons Tools Help
2|R|S| R[CG[F| Pl 55| 6] FP|Pur |2 B[ 5| 0 sia 262350 22| BE|  oos []vsa X|

IH

e Several “extra” peaks

or intensity is present.
Comparing with high

temperature data y |
show these are E o |
magnEtiC. § 10000 :- _é

T v o 1 e

* The next step is to
determine how these
magnetic pea ks are ‘ 1 20 30 40 o e 80 %0
related to the nuclear -~ -
peaks.
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Step 2: Determine the propagation vector (k-wave vector)

FullProf Suite ToolBar
File Programs Settings FP Dimensions Runa Script  Help

Q{Zt'
gl oo Bl B Q

Iy Code File: Type: Date:  |17/05/2016

. Open prf with WinPLOTR-2006 from FPtoolbar.
(Otherwise open WinPLOTR then load the .prf file using

File=> Open Rietveld/Profile file (.prf) )

C\UsersierdDropbox (ORMNL)\Mag_Str_2016\Dy_Muc_on

E WinPLOTR-2006 Version: 0.50-2012

e Zoom into low 2thetarange to observe a sk U nEenEe. snees c@Ls s
magnetic scattering.
* To select peaks for k-search click: o] o e
Calculations 2peak detection 2enable e -
Then:
Calculations ?peak detection 2insert peak 5
User curser to select peaks at 2theta 7 ]
9.9,13.9 and 26.1 deg. : - S O
l |
* Run k-search by selecting | . i I
Calculations 2?peak detection 2save e e
peaks = K_Search Format T IE SR YWY
%OAK RIDGE | !isH FLux
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Step 2: Determine the propagation vector (k-wave vector)

Title: |DyMnEGeI§1

Along with the peak positions the Loe e [P
Input pa ramete I'S fOF K_S EARCH are Cell Parameters | 520613 520613 815143 90.0000 90.0000 120.0000
loaded from the refinements. Terce

K. range

Run k-search by selecting OK, save .sat Gtz | NG

file and then “Yes” to run k-search. E‘WL"] : —

. . [Cw] /D1 [TOF) '
NO SOIUtlon are found Wlth the HsearCh ok Dutput " Long Output 7 Mo output of intermediate calculations
only special k-vectors” box ticked @ | =
indicating the solution is not
commensurate.

Uncheck the “Search only special k-
vectors” box and rerun k-search

k=(0 0 0.165) appears a good
candidate.

Note — an alternative solution exists [EYEEEIE_—_—_GE_ oo 0.0
for this particular sample with two .
propagation vectors that goes beyond
initial publication in literature.




* Following was using complex output for SARAh.

* This makes interpreting the BVs potentially more complicated
than keeping everything real. But the solutions are equivalent.
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Step 3: Symmetry analysis

e Use SARAh (or Baslreps) to generate the Irreducible Representations (IRs) and

basis vectors (BVs) associated with the propagation vectors, crystal structure
and magnetic atom positions.

* Open SARAh- Representational analysis

* Under “Define Parameters” input:

“Space group” No. 191 or H_M Symbol P 6/m m m
“K-vector” 0 0 0.165
o At Om SI) Dy 0 O O " SARAh- Representational Analysis

File Define Parameters Calculate View OQutput Files  View Basis Vectors Help  *Video Help*  New Features!

Mn 0.50 0.2504 M

SARAh coRepresentatiocna 1 Analysis
A.5. Wills May 2011

° Run program USIn ”Calculate” ¥ =] | |siease rezerence cne uae of saran as:

rent
Z.5. Wills,Physica B 27,680 (2000).

Select directory where the created . - e =

output files will go (i.e. current e s
directory). . e

Some pop windows will appear during s o i s

calculation. For source of IR select
Kovalev and “No” so the solution will be | =52 21 . . casen | e crase

easier to interpret, although not : BT T s
imaginary.

|Mn jn500.2504
. Astorn Name: H Y z
What appear to be complex IRs can be made real (these are type-'A’). Components are space separated and can be entenred
. Do you wish to use similarity transformations? with the formats 0.25 or 1/4]

(Mote: While this operation may make symmetries easier to understand, =
answering "Yes' or ‘Mo’ give equivalent solutions.)

| ‘ | crystallographic sites o

&OAK RIDGE | !isH FLux
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Step 3: Symmetry analysis

* SARAh outputs several files to explain the allowed symmetries.

* From pdf created from .tex file:

IR BV Atom BV components

Mg My My  imy,  imyy  imy,

s 4y 1 0 ] 12 ] 0 0
I's 1y 1 ] G 0 0 0 ]
g 1 3.464  -3.464 0 0 0 0

Table 1: Basis vectors for the space group P 6/m m m with ki =
(0, 0, .165). The decomposition of the magnetic representation for the Dy site
(0, 0, 0)is Tpgag = 0T H1TE 40T 40T 4172 4012, The atom of the primitive
basis is defined according to 1: (0, 0, 0).

* [, and Il form the common IRs.
Both I, (c-axis) and I (ab-plane) will be
needed. Note complex BVs.

* The Mn is split into 2 orbits (3 atoms at
z=0.2504 and 3 at z=0.7496). For this
exercise we will fix both orbits to be the
same (in or out of phase). This reduces
the free parameters to make the
problem more tractable. Moreover for in
this kind of compound generally the Mn-
Mn interactions are ferromagnetic
suggesting constrained orbits.

IR BV  Atom

BV components

iy Tup iy 7Ty TTLg FTTL

s 4y 1 0 0 4 0 0 0
2 0 0 4 0 0 0

2 i} (] | (] (1 {1

Fa gy 1 2 0 0 0 0 0
2 -2 -2 0 0 0 0

3 0 2 0 0 0 0

'y g 1 2 4 0 0 0 0
2 2 -2 0 0 0 0

I iy 1 2 2 0 0 0 0
2 0 1 0 0 -1.732 0

3 1 0 0 1.732 0 0

L 1 2 -2 0 0 0 0

2 2 1 0 3.464 -1.732 0

3 -1 -2 0 1.732 -3.464 0

e 1 0 1 0 0 1.732 0

2 -2 0 0 0 0 0

3 -1 -1 0 1.732 1.732 0

LI 1 -2 -1 0 3.464 -1.732 0

2 -2 -4 0 0 0 0

3 1 -1 0 -1.732  1.732 0

I'e g 1 U] 1] 4 ] (1] [1]
2 0 0 -2 0 0 0

3 0 0 -2 0 0 0

Py 1 0 0 0 0 0 0

2 0 0 3.464 0 0 0

3 0 0 -3.464 0 0 0

Table 2: Basis vectors for the space group P 6/m m m with ki =
(0, 0, .165). The decomposition of the magnetic representation for the Mn site
(.5, 0, .2504) is Tprag = 0T 4 173 + 1TL 4+ 1T} + 272 4 1T2. The atoms of the

nonprimitive basis are defined according to 1: (.5, 0, .2504), 2: (.5, .5, .2504),

3: (0, .5, .2504).
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Step 4: Adding the magnetic phase

™" SARAh-Refine

File GSAS Contrifls

Open SARAh-Refine. e

= Topas Controls  View basis vectors  Toels  Help

TP rof 2K *PCR File (=3

Shubrikow and Marmal Point Group Information

*Video Help*  Mew Features!

o V24 Pt Group Shub PEGp Shub Group BNS Label
U n d e r F u I I p rOf CO nt rO I S [ 1 ] AMT@ED AT @ AR TE) ¥(E) 1] Generate madel PCR phaze
“ . ” A(I}T[S} w2 EA[Z}r(ﬁ}W[Q} & Powder 3
2 5 2 2
select “Load SARAh MAT file Fanreee) Baorern S
. Oa@rawe) OAzTH¥E)
and open file created by SARAh Siaron B e ——
AR T3 3) AB)I(5)¥(B) unesine
( S a ra h 1 9 1 m a t) A) :r(;} \I-'(;} A3 r(;} w7
* AQTETT  OARTE) ¥E)
< 2 Select PR | | 8 >

U 1] d er ”CO mmon I rre d u Ci b I e Select Basis Vectors Make FST file Click. an the basis vector label in the main

window ta move to its Paint Group and
Select Al Unselect Al Shubrikov Group in this ist.

Representations” check boxes o B
next to both I_(Z) and r(S) and - M/A indicates that the basis vector daes nat
press select to associate all BVs. [2]

T(2)

(s have a valid Point or Shubnikoy Group. C/B

ol indicates a change of is required. See Ist2 file far
= explanation.

Create the magnetic phase part of the PCR file by selecting “OK” next to
“Generate model PCR phase” [3]. This creates a file “sarah191.pcr” that can be
copied and pasted into the crystal structure pcr file from Step 1.

Note: only open the created “sarah191.pcr” with a text editor and not EdPCR.

&OAK RIDGE | !isH FLux
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External EAPCR Text Editor - [C:\Users\crd\Dropbox (ORNL)\Mag_5tr_2016\Dy

Step 4: Adding the magnetic phase ="

DEHA® Q| & aBo

Open “sarah191.pcr” with a text editor (notepad, e siavat v wrag comriny - s,

notepad++) and open the text of the structural 113 e e e e e e
reﬂnement ”dymn6ge6pcr" tIpr Ppl TO® Hat Per Ls1 Ls2 Ls3 HLI Prf Ins Rpa Sym H

5} 8 1 8 1 8 4 i} 8 3 8 i} i}
[

* Lambda1 Lambda2 Ratio Bkpos Wdt Cthm

Change the number of phases to 2 since we will 1-705700 1705700 1.00000  49.000 5.0098 0.6000
now have a nuclear and magnetic phase. [1] e 076 100 170 iTep 1700 5.0000 0.1000

1 ]
$2Theta/TOF/E{Kev) Background for Pattern#t A

Copy and paste the created magnetic phase just 2.0 uang-pann 0-98
before line

* Zero Code SyCos Code Sysin Code Lambda Code MORE ->Patt# 1
0.04000 0.0 0.00000 0.8 0.600000 0.0 0.000000 .00 ]
L]
! 2Th 1/TO F 1 [2] * Data for PHASE number: 1 ==> Curren t R_Bragg for Pattern#t 1: 19.75
1
'
. tNat D Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Nuk Hpr Hore
Make sure there are no blank lines before or after |, > wweser e b e v e
1
P 6/m mm <--Space group symbol
- tAtom  Typ X ¥ 2 Biso Occ In Fin N_t Spc /Codes
Dy1 Dy 0.00000 ©.00000 0.00000 O.00000 0.04167 [:] ] ] [:]
e pasted section.
Mn1 Fn 9.50808 0.80888 08.25840 0.08088 8.25808 a a a a
0.00 0.00 .60 .00 0.00
Gel Ge 9.33338 0.66670 0.00860 0.08080 0.88333 a a a a
a.88 a.88 a.88 8.88 a.88
Ge2 Ge 0.33330 0.66670 0.50000 0.00000 0.08333 [:] ] ] [:]
a.88 a.88 a.88 8.88 a.88
Ged Ge 0.00808 0.80888 08.34530 0.08088 0.88333 a a a a
0.00 0.00 .60 .00 0.00
?-——--—-> Profile Parameters for Pattern # 1
* Scale Shape1 Bov Str1 Str2 Str3 Strain-Hodel
117.38 0.00000 1.72597 0.00000 0.00000 0.00000 ]
21.88888 a.888 81.0808 8.088 a.a88 a.888
1 u u " X ¥ GauSiz  LorSiz Size-Hod
1.762209 -1.352255 8.422342 06.000000 06.000000 0.000000 0.000000 ]
31.888 41.888 51.0888 a.808 8.088 a.808 a.a88
a b c alpha beta gamma #Cell Info
5.206125 5.206125 8.151433 90.000000 90.000000 120.000000
11.88888 11.008888 61.0080808 8.08088 8.80088 11.806808
Asyy
- 0.00000
Z2->insert

2Th1/TOF1 2Th2/TOF2 Pattern to plot

magnetic
phase

*OAK RIDGE | !isH FLux
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Step 4: Adding the magnetic phase

* The correct profile parameters were refined
for the nuclear phase and should be copied
into the magnetic phase. Paste in the line
before
| Propagation vectors:

* Close and save the Text of the pcr with both
the magnetic and nuclear phases.

* To check the phases were added correctly run
a refinement. Since no intensity has been
added to the coefficients for the magnetic
phase this should give the same refinement
as for just the nuclear phase, but with a
comment to indicate zero intensity is coming
from one of the phases.

EEEEEEEEE
BBBBBBBBB

EEEEEEEEEEEEEEEE

Data for PHASE number: 1 ==> Curren t R_Bragg for Pattern# 1: 19.75
*Nat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATz Huk Hpr Hore
L] 0 0.0 0.0 1.0 L] L] L] L] L] 927.738 a L] L]
P 6/m mmn <--Space group symbol
tatom  Typ X iso oce In Fin N_t Spc /C
Dyt Dy 0.00000 0.000060 0.00000 O.00000 0.04167 L] [ e L]
8.80 6.60 a.88 8.00 8.80
Fn1 fin 0.50000 0.00000 0.25040 0.00000 6.27000 L] [ e L]
8.80 6.60 a.88 8.00 8.80
Gel Ge 0.33330 0.66670 0.00000 O.00000 0.08333 L] [ e L]
0.00 6.60 .88 0.00 0.00
a

Copyf

1
Magnetic Phase
1

tNat Dis Mom Pri1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Huk Hpr Hore
2 8 aAaae@e10 1 8 2 A n aen -1 8 a

t ch 4 cé c7 c8 co MagPh
D¥1 HDY3 1 a .00000 .00000 .00000 .30600 1.00000 0.000 6.060 O.006
6.068 0.6 a I} 6.08 0.8 6.868 0.08
a.608 8.0808 a.0088 08.888 a.088 8.888 . bo00a
a.88 a.88 a.08 a.88 a.08 a.88 8.08
MN2  FiHN3 2 8 -50088 .0P0BB .25840 .38608 1.88888 a.888 8.888 a.888
8.88 a.88 8.88 a.88 a.88 a.88 a.88 a.88
0.600 0.0080 0.000 0.000 0.000 0.000 . 00000
0.00 0.80 0.00 0.680 0.00 0.60 0.00
MN3  FHN3 3 ) -00060 .50000 _74960 .30000 1.00080 0.000 0.000 0.000
6.06 .60 6.06 a.60 6.06 .68 6.906 .08
9.606 ©6.060 0.006 ©6.660 ©0.006 0.600 .0OOGO
6.88 0.680 6.068 0.6 6.068 0.68 6.08

Str3  Strain-Hode:
1.72597 0.88888 8.88808 8.88008 ]
21.868888 8.888 81.888 8.888 a.888
u u u W X v GausSiz orSiz Size-Hode,
1.7822989 -1.35225% 0422342 0.0600000 0.600000 0.0680080
31.6000 41.000 51.600 B 0.600 6.0080 0.6800
& a b C alpha beta ganma #tell Info
5.206125 5.286125 8.151433 90.000000 90.600000 1206.000000
11.868608 11.68008680 61._080000 0.p0000 0.080000 11.000688
* Prefi Pref2 Asyl AsY2 AsY3 Asyl
0.0000F 0.A0AA6 -0.01184 A.A0AOA
.08 .88 71.88 a.08
* Propagation vectors:
-600egea . 0000000 .1650000
0.000000 0.000000 0.000000
T 2Th1/TOF1 2Th2/TOF2 Pattern to plot
3.000 82.%00 1
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Step 5: Fitting a magnetic mo_del: SDW

{--Space group symbol for hkl generation
* Hsym Cen Laue Ireps M_Bas

* Real(0)-Imaginary(1) indicator for ci
e F(2)_T(5)

* Consider first a real only solution T(2) i |2 o |l & o 5 5 o sen osa7
that will yield a spin-density-wave for & 4%.% *{|° ° ° ¢ ¢ © ° °> ¢ ¢ o ¢
the incommensurate k-vector.

sase (o o offe o o & o o 56 o o8 o

e As discussed fix MN2 to be ol RO | L L L

proportional to MN3 [1] 8 Y | T T B N
BASI a a Li] 8 -1.7 a-3.5 1.7 a [i] a a a a [i]

* Model with I'(2) corresponds to C1. o s 5 8 s 5 8 s 8 8 s
Put anti-parallel momentson Dyand i fo o sffs o & o 5 2 0 2 0 0 0 @
Mn as shown in [2]. 22N IS | [N I G S S O I

+ Close and save. A EEEREEE RN

* Run the refinement until it has oost Lo o o flocs oosog evmum sosae

*Atom Typ Hag Vek & ¥ z Biso c2 c3

converged. T S

D¥1 HDY3 1 8 0.00000 0.90000 0.006060 B8.38888
a.88 a.88 a.e8 a.a8

a.888 a.888 a.0688 a.888 a.088 a.0488

a.ea a.88 a.88 a.88 a.e8 a.a8

MN2 HHNZ 2 8 0.50000 0.90000 0.25040 B8.308088
a.88 a.88 a.e8 a.a8

a.088 =] a.088 a.888 a.088 a.0488

a.0§ N a.88 a.88 a.e8 a.a8

MN3 H 0.00060 0.500888 8.74960 9.30000
a.88 a.88 a.88 a.a8

a.088 uoe a.088 a.088 6.068 a.0488

a.aa ]- a.88 a.88 a.88 a.88 a.a8
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Spin structure can be visualized by opening
fst file for magnetic phase (created name
ends in 2) with FPStudio.

Visualized unit cells can be increased to
follow the SDW as the magnitude of the
moment varies along c-axis.

Check prf file and fst to see (2) model

Recall neutrons measure the moment
perpendicular to Q. So intensity at these
reflections correspond to c-axis spins.

Zero intensity at 10 and 14 degs
corresponding to (001) reflections. Only ab-
plane will give intensity.

The spins form a SDW. To define a helical
structure the Real and Imaginary
components have to be orthogonal. As an
example edit the BVs in the pcr file for the
Dy atom to create a helical structure.

=
[==]
(=]

ity (grb. u&:izs)

Intensi
ot

(=]
(=]

(=]
(=]
T

=

(=]
[==]
T

W¥| LA EO00 v mBal

9 12 15 18 21 549(%7)AK RIDGE \Hsl(G)THOFPLEUX
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Step 5: Fitting a magnetic
model: Helical

Consider ab-plane spins only
[(5). Note complex nature.

Reasonable starting model
given knowledge of
compound is to to have Dy-Dy
and Mn-Mn ferromagnetic
and Dy-Mn antiferromagnetic.

 This is achieved using BV(1)
and BV(2) for Dy (c2,c3 in
Fullprof) and BV(3) and BV(5)
for Mn (c3,c5 in Fullprof).
Combining these BVs will give
spins for Mn along the b-axis.

e Save and refine.

P -1

! Heym Cen Laue Ireps H Bas
5 5

1 10 -3

! Beal D) -Imaginary(l) imdirator for Ci

o o 0
!

I K, Y. E

o o

BAIE 0 0 1z IE 3 o
BASI 0 o o g . g
BAIE 0 o 4 z z o
BASI 0 o o o o o
BAIE 0 o 4 z z o
BASI 0 o o o o o
SYMM -Y, K-Y, Z
BATHE 0 o o o o o
BASL 0 o o o o o
BATHE 0 o 4 1 o o
BASL 0 o 0 1.73 o o
BATHE 0 o o o o o
BASL 0 o o o o o
SYMM -H4¥+1, -H+l, Z
BAIE 0 o o o o o
BASI 0 o o o o o
BAIE 0 o 4 o 1 o
BASI 0 o o o -1.7 o
BAIE 0 o o o o o - :
BASI 0 o o o o o o o 0
SYMM -Y+1, H-¥+l, I
BATHE 0 o o o o o o o 0
BASL 0 o o o o o o 0 0
BATR 0 o o o o o o o 0
BASL 0 o o o o o o o 0
BATHE 0 o 4 1 o 0 -1 -z 0
BASL 0 o 0 1.73 o 0 -1.7 -3.5 0
SYMM -H+Y, -H, Z
BAIE 0 o o o o o o o 0
BASI 0 o o o o o o o 0
BAIE 0 o o o o o o o 0
BASI 0 o o o o o o o 0
BAIE 0 o 4 o 1 o z 1 0
BASI 0 o o o -1.7 b -2.5 -1.7 0
1
!Atom Typ Mag Vek X ¥ Z Biso
! fal c5 CE c7 cB e
o¥1 MD¥2Z 1 0 ©.00000 O.00000 ©.00000 O.30000
0.00 0.00 0.00 0.00
o.000 0.000 0000 O.000 0000 O.00D
0.00 0.00 0.00 0.00 0.00 0.00
MHE  MMNI Z 0 0.50000 O.00000 O.Z5040 O.30000
0.00 0.00 0.00 0.00
0. 00 o000 0.000 0000 O.00D
0.00 0.00 0.00 0.00 0.00
M3 MM 0.00000 ©.50000 O.T74560 O.30000
0.00 0.00 0.00 0.00
0. 00 o000 0.000 0000 O.00D
0.00 0.00 0.00 0.00 0.00

[
SR == S

SR =T - BT

o
o
o
o

-1 -1
1.72 1.73

(===

O
MagEFh
1. D000

.00
0. D000
.00
1. D000
.00
0. D000
.00
1. D000
.00
0. D000
o.o0

<--Zpace group symbol for hkl generatiom

[ o 0
o o o o
o o o o
o o o o
o o o L
o o o o
o -z -1 o
b -3.5-1.7 o
o o o o
o o o o
o o o o
o o o o
o 1 -1 o
r-1.7 1.73 o
Cl cz ca
o.ooo
o.oo
p—
o.ooo o.ooo 1000
o.oo o.o0 gT0oL. 00
o.ooo o.ooo 1000
o.oo o.o0 gT0oL. 00
——




Step 5a: Fitting a magnetic model ***edit***

Lﬁf,:_—_;_:{
e Check prf file and fst to see fit for the I'(5)  gsoow H ;|
model with chosen BVs. om0 =
=2 -—&ﬁ_ﬂ‘_
=

* Intensity at 10 and 14 degs corresponding
to (001) reflections.

Intensi
[
=
[=]

g

e Spin structure can be visualized by S t_ﬁ
opening .fst file for magnetic phase 20 i |
(created name ends in 2) with FPStudio. A

| N S

* Visualized unit cells can be increased to '\ ;uf,;":

. N AN
follow the Helical Mn and SDW Dy. N I\ 1
N, N\ [ T o

* To define a helical structure the Real and j‘ﬁ‘—‘—?&
Imaginary components have to be i
orthogonal. This occurs for the chosen of T
BVs of Mn. \ 'rﬁr—'_:-f

:i}-f‘“):, :L; —'—"_-E-
*OAK RIDGE | HigH FLux
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Step 5a: Fitting a magnetic
model

* Neither I'(2) or I'(5) alone is a
suitable model, so combine both by
allowing c1 [(2), BV(1)] to refine,
along with I'(5).

 The model now gives intensity to all
measured peaks.

T FullProf Program - O
Load EditPCR Mode Run Exit
=> Conventiocnal Rietweld R-factors for Pattern: 1
=> Rp: 14.6 Rwp: 15.8 Rexp: 2.75 chiz: 33.2
=> Global user-weigthed Chi2 (Bragg contrib.):  35.3369
————————— > Pattern# 1
=> Phase: 1
=> Bragg R-factor: 8.8906%
=> RF-factor £6.02289
=> Phase:
=> Magnetic R-factor: 12.3464
=> Normal end, final calculations and writing...
=> CPU Time: 0.328 seconds
=> 0.005 minutes
=> END Date:23/05/2016 Time => 13:52:06.774
Cycole: 1 Chiz2: 3.2 dymneges.dat
50000
: 20000 -
i 30000
N 20000
»
10000 -
o - (L] [Nl [ T A T L T A A T (TR TR O N TR TR N T Y
10 zo 30 20 50 &0 70 s0

2Theta

P -1 <-—-Zpace group symbol for hkl generatiom
! Heym Cen Laue Ireps H Eas
5 1 10 -3 5
! Beal{l)-Imaginaryil) imdirator for Ci
0o oo o
!
S X, Y, Z
BAEH 0 0 1z E -] b 3.48 -3.5 0 0 0 0 0 o
EBAEI 0 o o o o o o o 0 o o o o o
BAEH 0 0 i Z 3 o £ -Z 0 0 1 0 -z -1
EBAEI 0 o o o o o o o 0 o 1.73 0 -3.5 -1.7
BAEH 0 0 i Z 3 o £ -Z 0 -z 0 0 -z -4
EBAEI 0 o o o o o o o 0 o o o o o
= -¥, K-¥, Z
EBAEH 0 o o o o o o o 0 o o o o o
BAEI 0 0 0 0 0 o o o 0 0 0 0 0 o
EBAEH 0 o L 1 o o -1 -z 0 -1 -1 o 1 -1
BAEI 0 0 r1.73 0 o -1.7 -3.5 0 1.73 1.73 0 -1.7 1.73
EBAEH 0 o o o o o o o 0 o o o o o
BAEI 0 0 0 0 0 o o o 0 0 0 0 0 o
S -H+Y+1, -K+l, Z
BAEH 0 0 0 0 0 o o o 0 0 0 0 0 o
EBAEI 0 o o o o o o o 0 o o o o o
BAEH 0 0 i 0 1 o F3 1 0 -z 0 0 -Z -
EBAEI 0 o o o -1.7 o -3.5 -1.7 0 o o o o o
BAEH 0 0 0 0 0 o o o 0 0 0 0 0 o
EBAEI 0 o o o o o o o 0 o o o o o
S -¥+1, K-T+1, 2
EBAEH 0 o o o o o o o 0 o o o o o
BAEI 0 0 0 0 0 o o o 0 0 0 0 0 o
EBAEH 0 o o o o o o o 0 o o o o o
BAEI 0 0 0 0 0 o o o 0 0 0 0 0 o
EBAEH 0 o L 1 o o -1 -z 0 o 1 o -z -1
BAEI 0 0 r1.73 0 o -1.7 -3.5 0 o 1.73 b -3.5 -1.7
S -H+Y, -K, I
BAEH 0 0 0 0 0 o o o 0 0 0 0 0 o
EBAEI 0 o o o o o o o 0 o o o o o
BAEH 0 0 0 0 0 o o o 0 0 0 0 0 o
EBAEI 0 o o o o o o o 0 o o o o o
BAEH 0 0 i 0 1 o F3 1 0 -1 -1 0 1 -1
EBAEI 0 o o o -1.7 o -3.5 -1.7 0 1.73 1.73 0 -1.7 1.73
1
!Atom Typ Mag Vek X ¥ Z Biso O Cl cz
! 4 5 CE 7 Cca cE MagEh
oYl MI¥3 1 © O.00000 O.0COC0 O.0OCCO0 O.30000 1.00000 1000 0.3e3
0.0 0.0 0.0 0.0 0.0 B11.00 101.00
0. 00 0. oo 0. oo 0. oo 0. oo o.oon  O.00000
0.0 0.0 0.0 0.0 0.0 0.0 0.0
MEZ MEI Z 0 O0.50000 O.0OC000 O.Z5040 O.30000 1.00000 -1.000 0. 000
0.0 0.0 0.0 0.0 0.0 E11.00 o0
0. 00 0.73E  0.000 0. oo 0. oo o.oon  O.00000
0.0 11.00 0.0 0.0 0.0 0.0 0.0
MH3 MEI Z 0 O0.00000 O.50000 O.74260 O.30000 1.00000 -1.000 0. 000
0.0 0.0 0.0 0.0 0.0 E11.00 o0
0. 00 0.73E  0.000 0. oo 0. oo o.oon  O.00000
0.0 11.00 0.0 0.0 0.0 0.0 0.0

== =T = =T -] == =T =~ A =] == =T = =T -] == =T =~ A =]

== =T =~ A =]

ca
-1.450

Z1.00

0.73€E
11,00

0.73€E
11,00



Step 5b: Fitting a magnetic model ***edit***

Reload

File Structugseg fagnetic structure  Options  Help

* Fstfile can be edited to show envelope. Fle et Search
=R REN B

H FILE for FullProf Studio: generated automatically by FullProf
tTitle: Magnetic Phase

SPACEG P 1
| ;' .. CELL 5.206280  5.206280  §.148093 90.0000 90.0000 120.0000 DISPLAY MULTIPLE
- ‘\ " l}l | I ,' | H | “t | “ /l, [ 1 . BOX -8.15 1.15 -6.15 1.15  -8.15 9.15
L4 & 1 |
't w O"??W ousbiablald L1 ) INIR] ‘
l| ¥ '|‘ ? ] \J"’f7~3‘~r-P5L‘J oo l,dU« & LATTICE P
J gt w T Hf k,m)\r K 0.00000 ©0.00000 ©0.16500
‘ ‘I ._‘. | . I 1“‘ 0| o | SYHH  x,y,z
‘ I | ! 1. I! U HSYM u,u,u,8.8
skpo = %Y soss 779030 7onaose 0 00060 © 00000 ©.00000  8.00080
HATOH D¥1_2 Dy 0.00000 0.00008 0.00080 SCALE 1.8 GROUP
SDW for Dy Helical for Min mroors ' oy" "1 cos0 1.00000 000006 STALE -0 GRour oo
MATOH ¥4 & Dy °1.00088 1.88000 0.00000 SCALE 1.0 GROUP oo
SKP 1 1 0.00000 0.00000 0.00000  0.00000 0.00000 0.00000  0.00000
HATOH D¥1_5 Dy 0.00000 0.00008 0.00080 SCALE 1.8 GROUP
* Pitch of the rotation can be altered and unfixed  mronmzs T 6.50000 o.00600 6.25040 SCALE 1.6 GRoull ENOELORY
. SKP 1 1 0.8686008 -1.67971 -1.92814 -1.959066 -0.95184 & 66660 b_00008
from the real components to create a cycloidal = S5™ ™ 1 " apess 2 orsr1 “tooers = icass6r oLsa100. o.o0m00. . o.00000
. ) . . HATOH MH2_3 HMn 0.50000 06.500880 0.25040 SCALE 1.8 GROUP ENUVELOP
structu re, but th|s doesn t |mprove the f|t SKP 1 1 0.00000 -1.67971 —1.92814 -1.95066 -0.95184 0.80000  0.00000
ser =t ™ 00000 0.00000  ©.00000 - 0.00000 0.90000 ©.00000  ©0.00000
° Th t d f th t t i t g:;un > 1 1Mnu mm—ug.5gugg“—ug.sguggwg.zsn:awsﬂgnﬂLEu1‘.]gul:ul‘ljuupu uEuggEuwP 9.00000
e magnl u e O e magne IC momen Slze a HATOH MH3_1 Hn ) ﬂ.ﬂﬂ(‘lﬂﬂ 3.53633 ﬂ.?llgﬁé SCALE ‘;.ﬂ GRGUP-ENUELUP )
any specific position can be seen with Fpstudio o msz ' 'w' " 5.sosss ~6.50088 574960 SCALE 1.6 GROUP ENUELOP
under: MATOH MM 3 1.50080 1.98000 0.74960 SCALE 1.0 GROUP ENUELOP
¢ SKP 1 1 0.88088 -1.67971 -1.92814 -1.95966 -0.95184 0.00088 a.006088
”Magnetic Structu re”e”list moments 2:;% . 1 1Mna-ﬂmmg.5gflggwg.53?33303.71;9601-3003‘]3?501-éguggnu:-ﬂs‘]ggsﬂmp 0.00080
MATOM HMN3_5 Mn 8.50000 0.00080 08.74968 SCALE 1.8 GROUF ENVELOP
SKP 1 1 0.00000 0.00000 0.00000  0.00000 0.00000 0.00000  0.00000
H
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Alternative solution with two k-vectors

While the magnetic fit to SDW or Helical is good, it is not the final solution.

* An alternative solution is to use two propagation vectors, k1=(0,0,0) and

k2=(0,0,0. 165) . | | DyMn(Gey, G=P6/mmm
ey TN a=5.21 A, c=8.15 A
Rodriguez-Carvajal & Bouree EPJ 22, 00010 (2012) ; NN 2
: : _ 183 | 5; L il
Check with SARAh the solutions for k=(0,0,0). LA M MMLLMJLJMN W
20

—>The same IRs are solutions as previously used.

* The physics tells us k=(000) is the FM c-axis. st 00 e oo - 060 w0160, o 3 1.
* [(2) corresponds to k1 and '(5) corresponds to k2.

* This solution is included in the folders, but can be readily produced by
following the previous steps in this example.
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Alternative solution with two k-vectors

e Change number of phases to 3.

* Create the 3™ magnetic phase by copying and

pasting the current magnetic phase.

» Alter the propagation vector of phase 2 to

k=(0,0,0) and make all coefficients apart from C1

zero. i.e. k=(0,0,0) corresponds only to I(2).

* For phase 3 make C1 values zero

i.e k=(0,0,0.165) corresponds only to I(2).

e Refinement now is improved further.

of Program

Load EditPCR Mede Run Exit

=> Global user—weigthed ChiZ (Bragg contrib.):  22.1950
=> - —> Pattern# 1
=> Phase: 1
=> Bragg R-factor: 5.36094
=> RF-factor 3.8611%
=> Phase: 2
=> Magnetic R-factor: 7.07828
=> Phase: 3
=> Magnetic R-factor: 16.0767
=> Normal end, final calculations and writing...
=> CPU Time: 0.344 seconds
=> 0.006 minutes
=> END Date:23/05/2016 Time => 14:47:03.103
Cycle: 1 Chiz: zo.=2 dymnege6.dat
50000 o
40000 —|
30000
- 20000 4
»
10000 |
o4 o AR [ T T T PR R T T T T 1
10 20 30 40 s0 50 70 so0

R B UL TLIELIETLIRTLITLY

il 0 o o 0 o o 0

o ¢ 1 ¢ 1 o0 & 0 O 2 B
!
! Lambgal LambdaZ Batic Ekpos Wdt
1.703700 1.703700 1.00000  40.000 5.0000
!
!BCY Ep= B at B an B pr E gl Thmin
€ 0.50 1.00 1.00 1.00 1.00
!

1 ZTheta//TOE/E (Har) Background for

AT 0 0 @©¢ © © © © © © © ©0
BASI 0 © @©¢ © © © © o © © @0
TOM ¥+l H-Y+L, T

AT 0 0 @©¢ © © © © © © © ©0
BAST ] ] ] ] o ] ] ] ] ] ]
AT 0 0 @©¢ © © © © © © © ©0
BASI 0 © @©¢ © © © © o © © @0
2= 0 0 & 1 0 0 -1 -z 0 ¢ 1
EASI 0 0 0173 0 0-1.7-3.5 0 01.73
I -K+Y, -K, T

AT 0 0 @©¢ © © © © © © © ©0
BASI 0 © @©¢ © © © © o © © @0
AT 0 0 @©¢ © © © © © © © ©0
BASI 0 © @©¢ © © © © o © © @0
2= 0 0 & 0 1 0 f 1 0 -1 -1
EASI 0 0 0 0-1.7 0-3.5-1.7 01.731.73
|

iitem  Typ Mag Vek X ¥ z Bizo  Occ

! cs [ [ [ c8 <] MagFh

DYl MD¥Z 1 0 0.00000 0.0000C O.00000 O.30000 1.00000
.00 .00 o.o0 .00 .00
0.o00 0.000 0.000 0.000 0.000 0.000 C0.0O0000

PCR-file: dymmbgef

Ba Hex H=xc Hor Dum Iwg Ile Ias Bes Joe Hre Cry Tni

o o 0 o o

'Tpr Ppl Toc Mat Per Lel LsZ Lad HLI Prf Ins Bpa Zym Hkl Fou Jho

o o 0 o o

Ctha muf, As
o.o000 1.2ZB00 18

Itep Th=
0. l00000 Bz.&

o o o o
o o o o
o o o o
o o o o
o -z -1 o
0-3.5-1.7 o
o o o o
o o o o
o o o o
o o o o
o 1 -1 o
0-1.71.73 o
Cl cz c3

0.411 0.000 0.000
111.00 .00 .00

0.00  0.00 0.00 0.00 0.00  0.00 0.00
MHZ MMEZ I 0 0.50000 0.00000 0.25040 0.30000 1.00000 -0.288 O0.000 0.000
0.00  0.00 0.00  0.00 0.00 10100 0.00  0.00
0.000 0.000 O0.000 0.000 0.000 O0.000 0.00000
0.00  0.00 0.00 0.00 0.00  0.00 0.00
MHI MMEZ £ 0 0.00000 0.50000 0.74860 0.30000 1.00000 -0.Z8B O0.000 0.000
0.00 0.00 0.00 0.00 0.00 101.00 0.00  0.00
0.000 0.000 O0.000 0.000 0.000 O0.000 0.00000
0.00  0.00 0.00 0.00 0.00  0.00 0.00
1
! Bcale Thapel Bov el L Strd  Strain-Model
5044 0.00000 0.96612  0.00000 0.00000  0.00000 o
51.00000 0.000 0.000 0.000 0.000
! T W X ¥ GauSiz  LozSis Jize-Model
1.832143 -1.585736 0.463840 0.000000 0.000000 0.000000 O0.000000 ©
€1.000 71000 81.000 0.000 0.000 0.000 0.000
: a b « alpha beza gamma #ell Info
5.Z06055 5.206085 B.148457 S0.000000 SO0.000000 120.000000
41.00000 41.00000 ©1.00000  0.00000  0.00000  &1.00000
! Brefl  Bref: 2 RsyE 2oyl 2apd
0.00000 0.00000 0.01425 0.00000 0.00000 O0.00000
000 0.00  31.00 0.00 0.00 0.00

! Propagation vectors:
0.0000000  0.0000000  0.0000000

Propagation Vector 1

0.000000  0.000000  0.000000
|
| Data for DHASE mumber: 4 ==> Current B Bragg for Datterni 1: 0.00
|
Magretic Phase
|
\Hat Dis Mom Prl BeZ Bed Jbt Ief sy Str Furth ATZ Wk Fpr Moze
i 0 0000010 1 -1 -E 0 O c.o0 -1 0 0

¥_Bas

<--Space group rymbol for REl generation

HIGH FLUX
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REACTOR



Supplemental Material:

Fit solution using only real BVs outputted from SARAh
Representational Analysis

More intuitive, but requires knowledge of system.

Makes BVs for commensurate and SDW easier to interpret.

Imaginary component can be added to create e.g. Helical,
BUT care should be taken to make sure it is appropriate (loose
symmetry constraints).

¥ OAK RIDGE | {617
~ National Lal
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Step 3(Real IRs): Symmetry analysis

* Use SARAh (or Baslreps) to generate the Irreducible Representations (IRs) and
basis vectors (BVs) associated with the propagation vectors, crystal structure
and magnetic atom positions.

* Open SARAh- Representational analysis

e Under “Define Parameters” input:
“Space group” No. 191 or H_M Symbol P 6/m m m
“K-vector” 0 0 0.165

“Atoms”Dy 0 00O s

Mn 0.5 0 0.2504 vt it et e ot
* Run program usin%”CaIcuIate” N

Select directory where the created el —

output files will go (i.e. current

directory).

Some pop windows will appear during iy e =

calculation. For source of IR select R T

Kovalev and “Yes” so the solution will be L R R o e

easier to interpret, although not ) =

imaginary. =

| | crystallographic sites

&,OAK RIDGE | !isH FLux
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BY components

3464 1.732

Table 1: Basis vectors for the space group P 6/m m m with kyy, =
(0, 0, .165).The decomposition of the magnetic representation for the Dy site
(0, 0, 0)is [agag = 0T} +103+ 00+ 00} + 12 +0'Z. The atom of the primitive
basis is defined according to 1: (0, 0, 0).

BY components
im|a

[y

[ L Y T = B L L]

[#4)

[ R I Y = [ e e e Y Y — Y — Y — Y — Y | -GGG-GGG'H
[ R I Y = [ e e e Y Y — Y — Y — Y — Y | -GGG-GGG'H

Table 2: Basis vectors for the space group P 6/m m m with k;; =
(0, 0, .165).The decomposition of the magnetic representation for the Mn site
(.5, 0, .2504) is Tppgp = O} + 173 + 174 + 1T} + 2I'2 + IT'Z. The atoms of the
nonprimitive basis are defined according to 1: (.5, 0, .2504), 2: (.5, .5, .2504),
3: (0, .5, 2604).




Step 4(Real IRs): Adding the magnetic phase

Open SA RAh-REfI ne. F SARAN- Generate/EQEPEProf 2K - PCR File

Shubrikow and Marmal Point Group Information

Under “Fullprof Controls” [1] AT Hionere Dworewe oo Saagll3
select “Load SARAh MAT file” » ‘

and open file created by SARAh
(sarah191.mat)

Single Crystal

2] Edit PCR /Replace Basis Yectors
PCR undefined

> Select PCR: < 2
Under “Common Irreducible wokeFsTie | | | Chonte bt b
Select Al Unselect Al Shubrikov Group in this ist.
.
R e p re S e n t at I O n S” C h e C k b OXe S Options; The syrmetry of a basis wectar will be highlighted

Use Complex when it is selected.
2 b Coefficients C_i
M4 indicates that the basis vector does nat
have a valid Point or Shubnikoy Group. C/B
indicates a change of is required. See Ist2 file far

explanation.

next to both I'(2) and I'(5) and 2&

press select to associate all BVs. [2]

Cloze

Create the magnetic phase part of the PCR file by selecting “OK” next to
“Generate model PCR phase” [3]. This creates a file “sarah191.pcr” that can be
copied and pasted into the crystal structure pcr file from Step 1.

Note: only open the created “sarah191.pcr” with a text editor and not EdPCR.

&,OAK RIDGE | !isH FLux
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Step 4(Real IRs): =
Adding the magnetic phase T

COMH ;
t Current global Chi? (Bragg contrib.) = 214.8

* Files =2 _DAT-file: dymnége6.dat, PCR-file: dymnégeé
. . tJob Hp ha Hex Nsc Nor Dum Iwg Ilo Ias Res Ste H
o ”
Open “sarah191.pcr” with a text editor (e.g. . s © 8 0 0 o 0 o 0 o
tIpr Ppl TOC Hat Pcr Ls1 Ls2 Ls3 NLI Prf Ins Rpa Sym H

notepad++) and open the text of the structural e T T T T e e T T T
refinement “dymn6ge6.pcr” (either from EAPCR or "'z ‘oari (i W% st oo

text Edltor)_ :HI:':' Eps R_at R.an R pr R_gl Thmin Step

6 BA.18 1.880 1.8 1.880 1.80 3.0000 8.10080
[}

$2Theta/TOF/E{Kev) Background for Pattern#t A

Change the number of phases to 2 since we will 3.1900 3100000 000
now have a nuclear and magnetic phase. [1]

Code SyCos Cod 3ys.

* Zero 0! {1] Code Lambda Code MORE ->Patt# 1
0.04000 0.0 0.00000

ode ysin
0.8 0.600000 0.0 0.000000 .00 ]

Copy and paste the Created magnetic phase just E Data for PHASE number:z 1 ==> Curren t R_Bragg for Patternt 1:  19.75
before line R M R R A S s

1
P 6/m mm <--Space group symbol
¥ 2 Biso

' tAtom  Typ X Occ In Fin N_t Spc /Codes
5 Dy1 Dy 0.00000 ©.00000 0.00000 O.00000 0.04167 [:] ] ] [:]
0.6 0.00 0.680 0.008 0.00
Mn1 Fn 9.50808 0.80888 08.25840 0.08088 8.25808 a a a a
0.00 0.00 .60 .00 0.00
° Gel Ge 9.33338 0.66670 0.00860 0.08080 0.88333 a a a a
a.88 a.88 a.88 8.88 a.88
Make sure there are no blank lines before or after |« « .. ol ol ol ol o0 0
a.88 a.88 a.88 8.88 a.88
o Ged Ge 0.00808 0.80888 08.34530 0.08088 0.88333 a a a a
0.00 0.00 .60 .00 0.00
th e pa Sted Sect I O n . ?-——--—-> Profile Parameters for Pattern # 1
* Scale Shape1 Bov Str1 Str2 Str3 Strain-Hodel
117.38 0.00000 1.72597 0.00000 0.00000 0.00000 ]
21.88888 a.888 81.0808 8.088 a.a88 a.888
1 u u " X ¥ GauSiz  LorSiz Size-Hod
1.762209 -1.352255 8.422342 06.000000 06.000000 0.000000 0.000000 ]
31.888 41.888 51.0888 a.808 8.088 a.808 a.a88
b alpha beta gal #Cell Info

a [ mna
5.206125 5.206125 8.151433 90.000000 90.000000 120.000000
11.88888 11.008888 61.0080808 8.08088 8.80088 11.806808

* Pref1 Asy3 Asyy

"7->insert
Line:84 Cokl NUM | INS m ag n etl C
phase

2Th1/TOF1 2Th2/TOF2 Pattern to plot

,&,OAK RIDGE | !isH FLux
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Step 4(Real IRs):
Adding the magnetic phase

* The correct profile parameters were refined
for the nuclear phase and should be copied
into the magnetic phase. Paste in the line
before
| Propagation vectors:

* Close and save the Text of the pcr with both
the magnetic and nuclear phases.

* To check the phases were added correctly run
a refinement. Since no intensity has been
added to the coefficients for the magnetic
phase this should give the same refinement
as for just the nuclear phase, but with a
comment to indicate zero intensity is coming
from one of the phases.

Paste

chiz:

......

t Zero Code
9. 064000 a.e
]

Sycos Code

Sysin Code Lambda Code MORE ->Pat
6.0 0.00000

0.00000 8.8 0.000000 6.80 a
* Data for PHASE number: 1 ==> Curren t R_Bragg for Pattern# 1: 8.88
t
Mat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth ATZ Huk Hpr Hore
5 a 8 8.8 6.0 1.8 a a a 8 i} 027.738 i} a a
P 6/ mn <--Space group symhol
Atom  Typ X ¥ 2 Biso occ In Fin H_t Spc
Dy1 Dy B.80608 B.00080 0.A0BB608 0.80808 B.84167 8 a a a
8.88 a.88 a.88 a.88 a.88
Hn1 Hi 8.50008 B.00688 0.25863 0.808088 8.25088 8 a a a
8.88 a.88 a.88 a.88 a.88
Gel Ge 8.33338 B.66670 0.0B0608 0.80808 8.88333 8 a a a
8.88 a.88 a.88 a.88 a.88
Ge2 Ge 8.33338 B.66670 0.580608 0.80808 8.88333 8 a a a
8.80 a.88 a.88 a.8e a.88
Ge3 Ge 0.00000 B9.00000 0.34354 0.00000 8.08233 L} ] ] ]
8.80 a.88 a.88 a.8e a.88
--—----> Profile Parameters for Pattern # 1
1
* Data for PHASE number: 1 ==> Curren t R_Bragg for Pattern# 1: 1.00
*
Hagnetic Phase
tAtom Typ Hag Uek X ¥ z Biso Oce c1 c2 [l
H [H3 C5 Cé c? c8 c9 HagPh
D¥1 HDY¥3 1 a -BBeBee .pOBBE .00080 30886 1.860080 a.888 8.888
8.08 6.00 6.8 8.8 0.008 a.88 6.00
a.888 a.888 a.888 8.088 a.0e88 8.888 -aaaee
8.8 0.00 8.08 6.00 6.8 8.8 0.008
MH2 HHN3 2 a -588688 .p@BB8 25040 308860 1.868080 a.888 8.888
8.08 6.00 6.8 8.8 0.008 a.88 6.00
a.888 a.888 a.888 8.088 a.0e88 8.888 -aaaee
8.8 0.00 8.08 6.00 6.8 8.8 0.008
MH3 HHN3 3 a -B@eBee  .58888 .74960 30886 1.88080 a.888 8.888
8.a8 6.88 8.8 a.88 6.008 a.88 6.88
a.888 a.888 a.888 8.088 a.0e88 8.888 -aaaee
a.88 0.00 8.a8 6.88 8.8 a.88 6.008
t-————--> Profile Parameters for Pattern # 1

t Propagation vectors:
-ae00008 .0pa0aan -165080008
8. 8. 8.

Propagation Uector 1

&,OAK RIDGE | !isH FLux
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t--Zpace group symbol for hikl gemeration
Cen Laue Ireps H_Bas
H 1 10 -3 5
! Beal D) -Imaginaryil] indicator for Ci

b
o
™
-

ER-N- N -
CR-_ R
ﬁﬁﬁﬁlﬂﬁd
-]
ER-N- N -
CR-N

i
LS
"
‘s
Prs

=

RN -
=

RN -
=R = = = R = ]
CER-N-N-N
RN -

=
=
=

= =]
N ]
ER-N- N -
CR-N

i

LS
-]
CR-N-N N -

|

"
R -
ER-N- N -

]

o
= ]

|

=

'
CR-N

=== ]
=== ]

v
a
[
=
‘3
[
1

e

[ [
[ [
[ [
[ [
1 1
[ [

RN -
RN -]
RN -
N R
RN

=]
=

=
=
=
oo Do oo
=
B Do @
N

o.oo0o0 0.30000
o.on o.on
o.o00  0.000
o.on o.on
0.25040 0.30000
o.on o.on
o.o00  0.000
o.on o.on
0.74BE0 0.30000
o.on o.on
o.o00  0.000
o.on o.on




Step 5a(Real IRs):
Fitting a magnetic model: SDW

e Check prf file and fst to see fit for the I'(2)
model.

* Recall neutrons measure the moment
perpendicular to Q. So intensity from I(2) at
reflections with H or L equal to zero, e.g
around 26=22°.

e Zero intensity at 10 and 14 degs
corresponding to (001) reflections. Only ab-
plane spins will give intensity for these
reflections.

e Spin structure can be visualized by opening
fst file for magnetic phase (created name
ends in 2) with FPStudio.

* Visualized unit cells can be increased to follow
the SDW.

¥ LSS B0 T 2Ea®

=
[==]
(=]

(=]
(=]
T T

Intensity . 1ni
ensity ﬁzrb uu{'uts)
(=] (=]
(=] (=]

=
L

6 9 12 15 18 21 24 27
20 (%)

£ %OAKRIDGE|usi
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Step 5a(Real IRs): Fitting a magnetlc model: SDW

SYHMM X, ¥, 2

S A I Al 5 o 8 o & o
e Consider ab-plane spins ®mst s s 5 5 3 T B R T
BASR a a 8 a 2 a B 2 B a a 8 8 2 a
BASI a a a a a a a a a a a a a a a
Only I-(S)' gzgg B ﬂx v ﬂz a a a a a a a a a a a a a
. BASI a a a a a a 8 g 8 a a 8 a a a
* Reasonable starting SR S B TS o A5 A s -
model given knowledge ST 8 8 8 8 8 o 5 & o8 8 8 &
S¥MM -X+¥+1, -X+1, £
Of com Ound iS tO tO BASR o o o o o 0 0 o 0 o 0 o
h DpD d Mn-M Bask 8 8 & -2 1 33-1.? o35 1.7
ave Uy-Uy an n-vin BiSR o 8 o 8 8 0 5 o 8 o 9o o
: BASI a a a a a a a a a a a a a a a
ferromagneticand Dy= cw viwrae 00 0 0 0 D 0 0 0
Mn antiferromagnetic. BaSk 6 8 8 o8 8 & 8 a8 8 8 o o o o @
BASI a a a a a a a a a a a a a a a
 This is achieved using st 8 8 6 o 5 8 68 o 88 8 o o o
¥R X+, -X, £
BV(1) for Dy (c2 in RS S S TS S S S R
Fullprof) and BV(3) for Bl o o o © o o o o o o 8 o o o @
BASR a a 8 -1 a B 1.73 3.4 a1.73 a a 1 2 a
Mn (C3 in Fu”prof) BASI a a a a a a a a a a a a a a a
: ;ntum Typ Hag Uek h ¥ Fd Biso Occ 1 c2 h:3
o Save and refine. I:.l'|'1 E;D'l".? 55 a ﬂ[.:gﬂﬂﬂﬂ ﬂ[.:gﬂl-]ﬂﬂ ﬂ[.:gﬂl-]ﬂﬂ ﬂ[.:gﬂl-]ﬂﬂ ?agggﬂﬂ ﬂ.ﬂﬂﬂﬂ.ﬂﬂﬂ
0.000 ©.000 ©0.600 0600 0080 0960 0.00000 - lemeed
MH2 ﬂl:ll'l:gii 2“-3“ B.Sgégg B.Bgégg B.2géﬂg B.3gégg 133;333 f.808 0O0.00) 1.0080
0.000 ©.000 ©0.600 0060 0060 o900 o.00008 | "
HH3 ﬂl:lll?lg:} 2“-3“ ﬂ.ﬂgégg B.Sgégg B.?E‘;gg B.Sgégg 133633 fg.pAE 8.8 1.0888
6.000 0.006 ©0.000 0600 0000 0000 0.00008 o o Lo
a.08a a.08a a.08a a.00 a.00 a.00 a.08

eI R
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Step 5a(Real IRs): Fitting a magnetic model: SDW

e Check prf file and fst to see fit for the I'(5)
model with chosen BVs.

* Intensity at 10 and 14 degs corresponding

to (001) reflections.

e Spin structure can be visualized by
opening .fst file for magnetic phase
(created name ends in 2) with FPStudio.

* Visualized unit cells can be increased to

follow the SDW.

(=
[=]
=]

Intensity (af.‘g. mut,g

2 5 8§ 11 14 17 20 23 26 29 31

209
g
<r—%¢’— -
: - ) -« 5 o
%\’ 1z+
S, Ha, N
nd g Lz
T
oz A _ _I
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Step 5a(Real IRs): Fitting a magnetic model: SDW

SYHMM X,

* Neither I(2) or I(5) alone is a suitable &

BASR
BASI

model, so combine both by allowing &

¥, 2
a
a
a
a
a
BASI a
a
a
a
a
a
a

M

cl [r(2), BV(1)] to refine. s

BASI

* The model now gives intensity to all =

SYHM -+

measured peaks. e

BASR
BASI
BASR
BASI
SYHM -¥+

+
-
|
=
+
-
at)

1 1
o -ooD @@ o -nom @@ oDooNo @ [N —N -] oooNoD @
ooDoo @@ oooo@o@ ooooo@ oo o oo oo @@

[N -N-N ] G#GGQGNGEG#GE' RN N DEFqFoEFok
1
ooDoo @@ o -nom @@ oD m--.om o oD@ - oo @ @D W

I
ooooo o ﬂﬂﬂﬂﬂﬂfﬂﬂﬂﬂﬂﬂ

tAtom Typ Hag Vek H ¥
Ll a] I H [H C5 [Hi] C7
I P9090800 L 3] HDY¥X 1 @ B.080080 A.86880
I I 8.88 0.08
A.@@8 @A.A0A 0.A6@ O_68A
a.aa a.aa a.8a a.aa

MN2 HHN3 0.50080 A.QBAA0
a.80 a.a8

a.88a8 p.oee a.0ae

6.086 a.80 a.a8

* The magnitude of the magnetic S G
moment size at any specifc position
can be seen with Fpstudio under:

“Magnetic structure”->”list moments”

-]
'
=

'
Yoo oo o-Noo oo ooooo@ ooooo ocooo oS
Y

'
| =

1
-

Y
'
-l | |
oo oo S Wwoooo oDo@ WO @ o@wWoo@ oD@ W@ W

54
o

CoDooDOoD COOOODD SCOOOODD COSODOE SOoS@EDoE
-
-

[-R=-N--N NN ] DWoDoo@ oo @ oo@hoo@ oo @@

1
. - . .

oDooo oo DWoooo [~~~ ) [~N .~ -~ -] Do@mWom

oooooo ooooos oooooe o oooooo ooooos
=1

D =oo oo oD=-oooo [N -N-WN. -] soosVNaes aFfafas
|
-

aNoDoo o= [N - -] [N N BN -] oo~ aNo~oo

ooDoo @@ oooo@o@ ooooo@ oo o oo oo @@

1.73 3.4 1.7
2 Biso Occ c1 c2 c3

[H] [H MagPh

B_.08060 6.3086088 1.860088 1.6088 3.0861 8.0688
a.08 a.0a 8.88 911.88 91.68
a.988 6.008 O.0668880
a.08 a.0a 8.88

8.25640 0.30088 1.06088 -1.8848 a.868a B.826
a.o08 a.6a 6.88 811.008 6.68 161.080
a.e888 8.0688 ©.000008
a.o08 a.6a 6.88

B.74960 0.30088 1.00088 -1.0888 a.068 B.826
a.o88 a_8a 8.88 811LBB 6.688 161.80
8.088 6.008 O.00000
a.o88 a_8a 8.88
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Step 5b(Real IRs): Fitting a magnetic model: Helical

e Fst file can be edited to show
envelope.

1 o

Magnetic structure  Options  Help

File Edit Search
Q,

=

45

)

SPACEG P 1
CELL 5.2086226 5.2086226
BOX -8.15 1.1% -8.15 1.15
{
LATTICE P
K 0.0008608 9.B0BEA  0.16500
SYMH  X,y,z
HS¥H u,u,w,B8.8
MATOH DY1_1 Dy 0.008688 8.
SKP 1 0.88808 6.55111
MATOH DY1_2 Dy a.efa0a 0.
SKP 1 0.0860008 0.606600
MATOH DY1_3 Dy 1.0606008 1.
SKP 1 1 0.000080 0.0606008
I MATOH D¥Y1_4 Dy 1.808088 1.
il SKP 1 1 B.86080 a.80680
MATOH DY¥1_5 Dy 0.008688 8.
SKP 1 0.00008 0.008688
MATOH HMNZ2_1 Hn a.58808 0.
SKP 1 1 B.83658 -1.36435
MATOH MNH2_2 Fn 6.60000 0.
SKP 1 1 B8.83658 -1.36435
MATOH HMH2_3 Mn g.50808 0.
SKP 1 1 B.83658 -1.36435
MATOH MN2_4 Hn 1.8608688 1
SKP 1 1 0©.088080 0.80808
MATOH HH2_5 Hn -8.588088 -8,
SKP 1 1 0.008688 0.06660
MATOM MN3_1 Fn 6.60000 0.
SKP 1 1 -8.83658 -2.17695
MATOH HMH3_2 Mn -8.500088 -0,
SKP 1 1 -B.83658 -2_17695
MATOH MN3_3 Hn 1.568088 1.
SKP 1 1 -8.83650 -2.17695
MATOH HMH3_4 Hn a.58808 0.
SKP 1 1 0.008688 0.06660
MATOH MH3_5 Fn 6.50008 0.
SKP 1 1 0.000080 0.0606008
H

H FILE for FullProf Studio: generated automatically by FullProf
*Title: Magnetic Phase

8.147879 90.00008 90.0000 120.88088 DISPLAY MULTIPL
-8.15 6.15

g80688 0.80888 SCALE 1.8 GROUP EHVELOP
6.38451 7.55596 3.77798 0.00000 0.00000
008@8 0.8ABBA SCALE 1.8 GROUP ENUVELOP
8.668008 §.806600 O.00080 @.000680 B.080008
0000 0.00000 SCALE 1.9 GROUP ENUELOP
8.068008 d.00000 0.80080 0.00080 6.00008
g0e0e 0.00000 SCALE 1.8 GROUP ENUVELOP
0. 0paea 0.008068 0.000008 O.00000 0.00088
g86688 0.0808088 SCALE 1.8 GROUP ENVELOP
0. 00000 0.00000 0.00000 0.000800 0.00000
ae@aee  @8.25848 SCALE 1.8 GROUP ENUVELOP
-1. 45472 -2.86576 -1.08337 @.000080 B.080008
50000 0.25040 SCALE 1.8 GROUP ENUELOP
-1.45472 -2.86576 -1.88337 0.000080 6.00008
50000 0.25840 SCALE 1.8 GROUP EMUVELOP
-1.45472 -2.86576 -1.088337 0.086008 0.00088

580688 0.25848 SCALE 1.8 GROUP ENVELOP

0. 00000 0.00000 0.00000 0.000800 0.00000
58888 @.25848 SCALE 1.8 GROUP ENUELOP
8.668008 §.806600 O.00080 @.000680 B.080008
50000 0.74960 SCALE 1.0 GROUP ENUELOP
-1.45472 -2.86576 -1.88337 0.000080 6.00008
50000 0.74960 SCALE 1.8 GROUP EMUVELOP
-1.45472 -2.86576 -1.088337 0.086008 0.00088
986688 B.74968 SCALE 1.8 GROUP ENVELOP
-1.45472 -2.86576 -1.00337 0.00000 0.00000
58088 @.74968 SCALE 1.8 GROUP ENUELOP
8.668008 §.806600 O.00080 @.000680 B.080008
00668 0.7496@ SCALE 1.0 GROUP EMUELOP|
8.068008 d.00000 0.80080 0.00080 6.00008
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