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Starfing point — study frustration in pyrogermanates

« We want to study
systems with geometric
frustration

« We'll take the
pyrochlore as a
starting point and
study arelated
stoichiometry but with
a tetfragonal structure

« The Pyrogermanates
have an interesting

spiral triangular RE sub- Pyrochlore Lattice: Pryogermanate Lattice:
lattice RE,M,O, RE,M,O,
Corner sharing RE tetrahedra — P4,2,2
geometric frustration Corner/edge sharing RE triangle spiral
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Evidence of frustration in Ho and Dy pyrogermanates
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Similar frustration

and spin-ice
dynamics in
Dy,Ge, O, and
Ho,Ge,O,



We'll look for similar behavior in Er,Ge, O,

(b)
6 Er,GeO, 15+
1TField Cooled 2
=
5 = 12t (d)
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No evidence of magnetic order above 2
K, but we expect it from the Dy and Ho
compounds

HIGH FLUX
ISOTOPE
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The neutron results we'll look at

%O AK RIDGE HHHHHHHH
TOR

nal Labor:
PRM 3, 014405 (2019)

(101) ooy,
—enl %
3 5150 o
s | =S ©
E 5 100f
27 2
Z | Z
L
= £ 50 ®
©on DEOaG
08 10 12 14
I'(K)
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nstalling GSAS-I
Detailed

GSAS-2 installation
instructions

Login | Help/Guide | About Trac

[ [ R .

erences
Wievr Search

Start Page | Index | History

wiki: InstallWindows

Installing GSAS-Il on Windows

Overview: Installing GSAS-II requires three actions: installing a Python distribution, a download package (subversion) and the actual GSAS-II co st Windows users (Windows-8 and -10) with can
do all this with a single download of a self-installer by following the steps summarized below. A much more detailed version of these instrugis®, with plenty of screen images and debugging infermation
is given hera.

If you want or need to install Python yourself, please see these pages with alternate installation instructions. Iff you are s ith an older version of Windows (-XP & Vista and -7) you will need to find

an older version of Python that is compatible with that OS5 (= see here.)

Installation Instructions

MNote that there is a much more detailed version of the instructionsﬁelow provided here. )

1. Down| e ~0.4 Gb}):
G https://subversion.xray.aps.anl.gov/admin_pyGSAS/downloads/gsas2full-Latest-Windows-x86_64.exe

(For 32-bit Windows, use this seli-Installer: = Nps://sUDVersion. xray.aps.anl.gov/admin_pyGSAS/downloads/gsas2full-Latast-\
the 84-bit version.)

cxe; use this only if you can't use

Mote: in case of problems. these files can also be found here: = https://anl.app.box.com/v/GSASIIdistributions, but may not be as up-to-date

2. Run the downloaded file (Latest-Windows-x86_64.exe), You will likely need to click on "More Info" and "Run anyway". \ E _I_ | |
3. Press to view to the License Agreement window. The GSAS-II license is here and the full text from the installer is here. XeC U G e
4. After accepting the License Agreement, on the next screen select to install for "Just Me".
5. On the next screen, for the Installation Location, use the default, unless you have special characters or spaces in your name default directory name, where it is better to use something like
C:\GSAS2 . Make a note of where you install GSAS-IT (use right-click to copy the text.)
6. On the Advanced Installation Options screen, uncheck both options.
7. Then click on the "Install" button. Expect installation to take at least a few minutes.
o If you are reinstalling, installing a second copy of GSAS-II, need to use an internet proxy, etc., you will see warning or error message. See the full installation instructions here for more
details.
@ Note that if your computer does not have a working internet connection when the installer is run, an error message is shown, but a functioning copy of GSAS-II will be installed, just not the
most recent GSAS-II version.
8. An icon for starting GSAS-II will be placed on your desktop when the installtion is nearly complete. Click on "Next" and "Finish" in the installer to complete the installation.
Test

Test the installation by clicking on the desktop icon and confirming that GSAS-II starts.

https://subversion.xray.aps.anl.gov/trac/pyGSAS/wiki/InstallWindows

At https://subversion.xray.aps.anl.gov/frac/pyGSAS instructions for other installs (including via Anaconda) can be found
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National Laboratory | REACTOR



https://subversion.xray.aps.anl.gov/trac/pyGSAS/wiki/InstallWindows
https://subversion.xray.aps.anl.gov/trac/pyGSAS

About Us

%OAK RIDGE

National Laboratory

Science and Discovery

Neutron Sciences

Before starting your
refinement:

e Be sure to have

Overview Tea

Neutron Powder Diffractometer

User Guidance/ Capabilities

User Facilities Science & Discovery News Events ORNL Careers Our People

Q, Search Site..

REQUEST BEAM TIME

News ~

Future ~ Science ~ For Users ~ For Industry Publications Instruments ~ Events

POWDER | HB-2A | HFIR

Live Instrument Data Highlights Publications Spec Sheet Contact Us

- Data file
e From HB-2A: file_name.gss
e From P3G: file_name.gsa
— Instrument parameter file
e From HB-2A: file_name_inst_settings.instprm

HB-2A

Calibration Standards

« Si_cycled51 (FullProf and GSAS)
« Lab6 cycled451 (FullProf)

o NAC (Na2AI2Ca3F14) (FullProf)
POWGEN

From P3G:
file_name_cycle_inst_setfings.instprm

— Crystallographic information file (.cif)

HIGH FLUX

Data Reduction and Analysis by Run Cycle

Parameter files for GSAS, GSAS-II, Fullprof and Topas can be downloaded from the table below. Be sure to pick the correct cycle. Also these files are stored in the
ISNS/PG3/run_cycle_11A_CAL folder in the analysis computer where cycle is year_1 or year_2 based on cycle Aor B

Data will be automatically reduced into the following formats:

« Extension .gsa for GSAS and GSAS-II: Files are numbered with banks which correspond to the wavelength used. Please use the corresponding bank # from the
parameter files for refinements.

« Extension dat for fullprof: The data file names themselves tell you which bank they are and the same bank IRF file should be used

« Extension xye for topas: Please refer to the Topas example below

Cycle GSAS GSAS-Il Fullprof Topas PDF Manuals

2020A GSASII_2020A-may_HR zip Fullprof_2020A-may_HR zip PDF_2020A-may.zip

(May- )

2020-A GSASII_2020A zip Fullprof_2020A_HR zip TOPAS_2020A zip PDF_2020A_zip Data Reduction

(Jan-Feb) Data Acquisition

2019-B GSAS.prmzip  GSASII_2019B_HR zip Fullprof_2019B_HR zip Topas 20198 HRzip POWGEN_PDF_2019B  Data Reduction

Topas_2019B_HI zip Data Acquisition

2019-A GSAS.prm GSAS-II-HighRes.instprm Fullprof_HighRes.irf Topas_Highres.inp Topas_and PDFGui_fit Data Reduction
GSAS-II-Highint.instprm Fullprof_Highint irf Topas_Highint.inp Data Acquisition

2018-B GSAS prm GSAS-lI-HighRes instprm Fullprof_HighRes irf Topas_Highres.inp Topas_fit Data Reduction
GSAS-II-Highint.instprm Fullprof_Highint irf Topas_Highint.inp PDFGui_Fit Data Acquisition

%OAK RIDGE | #5i5s
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Startfing up GSAS-II

Plotting window

Python window GSAS,'” GUI (automatically plots
(won't use here) (whezjec\%e gg(e]?ép the based on what you
' do in the GUI
information and run )
% OAK RIDGE gz refinements)




Startfing up GSAS-II

Plotting window

Python window GSAS,'” GUI (automatically plots
(won't use here) (whezjec\%e gg(e]?ép the based on what you
' do in the GUI
information and run )
% OAK RIDGE gz refinements)




Loading your data

% GSAS-Il project: <unnagged project> -

File Data Calculatg
----- Loaded Data:

3 r to see/edit parameters

?

¥ from Bruker RAW file

> from CIF file

» from FullProf .dat file
Reflectometry g » from GSAS-I gpx file

PDF G(R) Data

Column metadata test

¥ from Panalytical xrdml {xml]) file

enarated file

from Topas xye or 2th Fit2D chi file

guess format from file

Simulate a dataset
Auto Import

Fit instr. profile from fundamental parmes...

GSAS powder data files (.fxye, raw, ...

% OAK RIDGE |11
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Loading your data

‘% Choose Powder Data input file{ type G545 powder data) .
“— v A « Refinements » G545 » GSASI » ErdGe207 o (] L Search Er2Ge207
Organize * Mew folder == » [TH 9
< Downloads # *  Name Date modified Type Size

NB: I've renamed Documents  # & Er2Ge207 op2112_Ge113_0p5K.gss 10/3/2022 9:43 AM GSS File e 0.5 KJD
these files for & Pictures # b Er2Ge207 0p2112_Gel13_2K.gss 10/3/2022 9:43 AM GSS File 2 Ny
convenience. e
Coming straight @ =
from the o KErSe2
instrument they'll o KNiAsO4 2K
be named ,
‘HBQA_GXD###_SC RedBeldSi07_Bra
anO0##.gss.

) ,E-E Dropbox (ORML)
» @ Onelrve - Oak Ri
% E This PC

B E_}Netl.nmrk WL >

File name: w | | GSAS powder data file (* fxye™®. ~

Open Cancel
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Loading your data

‘% Choose Powder Data input file{ type G545 powder data) .

“— v A « Refinements » G545 » GSASI » ErdGe207 o (] L Search Er2Ge207

Organize - Mew folder
< Downloads # *  Name Date modified Type Size

NB: I've renamed Documents  # b Er2Ge207 o0p2112_Gel13 Op5K.gss 10/3/2022 9:43 AM GSS File wae 0.5 KJD
these files for =] Pictures  # b Er2Ge207 0p2112_Gel13_2K.gss 10/3/2022 2:43 AM GSS File 2 Ny
convenience. a0

Coming straight @ =
from the o KErSe2
instrument they'll b KNiAsO
be named |
'HB2A_exp###_sc RezBez
anO0##.gss.

[T] OMCat - HFIR/HB2A/IPTS-19406 X + v = [u] X

&« C ¢ @& oncatomlgov/it/explore/HFIR/HB2A/IPTS-19406 e A * 0O &

¢ 1C5D - Basic Search...

@b ORNLToday & ORNL-Researchli.. i@ NeutronScience Re.. @ SARAhwebRefine—.. [] ORNL NeutronScie.. $§ Cloud Scattering % Bilbac Crystallogra... :2 K

(1] EXPLORE 3 HFIR 3 HB2A > Taddei, Keith )

2017/0/111547.06  scan Ztheta 26 0.1 presettime o 1 5 41, 0p21-12, 0.5K, 1T, 1h, 500mK sz p2ceo?, /HFIR/HB2A/IPTS-19406/exp551/Datafiles/HB2A_exp0551 0033.dat
EDT 60 , 2.41, op- r , 1110 Er2Ge207 exp! atafiles, _exp _scan a
2017/05/11 14:45:24 2theta 26 0.1  til Yb2Ge207,

T ! Z;a” o PIESELIME  £rGe, 2.41, 0p-2112, 0.5K, 1T, 1hr, 500mK 32 Erzc:zof THFIR/HB2A/IPTS-19406/exp551/Datafiles/HBZA_exp0551_scan0032.dat

2017/05/11 13:51:41 scan 2theta 2 6 0.1 preset time Yb2Ge207,

» ,E-E Dropbox

17, 1112:57 h .1 i ¥ 7,
> @ OneDriveRuwnnns wonmanieotmmeine go i arrzos mmsoms ® ey

2017/05/11 12:57:29 scan 2theta 2 6 0.1 preset time Yb2Ge207,
EDT 60 ErGe0, 2.41, op-21-12, 0.5K, 1T, 1hr, 500mK 29 /HFIR/HB2A/IPTS-19406/exp551/Datafiles/HB2A_exp0551_scan0029.dat

2017/05/11 11:43.07 scan 2theta 2 7 0.05 preset —— 2112 1.2K 2h 28 Yb2Ge207, T T p— —
rGel op-21- r it R
ED’ time 60 . oP . Er2Ge207 exp! atafiles, _expl _scan &
, 44
Z017/03/17 05:44:20 sean Zheta 27 0.05 preset ErGe0, 2.41, 0p-21-12, 1.25K 2hr 27 i2neo0% /HFIR/HB2A/IPTS-19406/exp551/Datafiles/HB2A_exp0551_scan0027.dat
EDT time 60 Er2Ge207

Er2Ge207

» B This PC

b I:* Metwork:
41, 0p21- - atafiles/HB2A_exp0551_scan0026.da

EDT time 60 AL epEs Er2Ge207 E &

1 1107:11: hi X Yl 7,

eoT lime 60 rGe0, 1.54, op-21-12, r — . exp atafiles, exp! scan a

2017/05/11 03:14:14 scan 2theta 2 9 0.05 preset Yb2Ge207,

(*fxye™ ~

Cancel

Yb2Ge207
- scanon 0P (warming) for mag peak at 11 deg, detector 3 22 — THFIR/HB2A/IPTS-19406/exp551/Datafiles/HBZA_exp0551_scan0022.dat

Yb2Ge207,
= scanon 0P (warming) for mag peak at 11 deg, detector 3 21 Er2Ge207 /HFIR/HB2A/IPTS-19406/exp551/Datafiles/HB2A_exp0551_scanl ra

it.oml.g pl R/HB2A/IPTS-1 p551/Datafiles/HB2A_exp0551_scan0025.dat | 0y (0 oyoyr o o Yb2Ge207,

JUCID/UDA (IDTS. 104N favnEET Matafilas (UDTA avnEET sranhNIN das
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Loading your data

‘% Choose Powder Data input file{ type G545 powder data) .
“— v A « Refinements » G545 » GSASI » ErdGe207 o (] L Search Er2Ge207
Organize * Mew folder == » [TH 9

< Downloads # *  Name Date modified Type Size
Documents 3 alll 10/3/2022 9:43 AM GSS File wme 0.5 Kq:-
=] Pictures » a ErdGel07_opd112_Gel13_ZK.gss 10/3/2022 9:43 AM G55 File ‘ 40
g Er2Ge207
g KErse?
g KMiAsO4 2 K

Re2Be2Si0O7 _Bra:
) ,E-E Dropbox (ORML)
> o OneDrive - Oak Ri
> O This PC

B E_}Netl.nmrk WL >

File name: w | | GSAS powder data file (* fxye™®. ~

Open Cancel

X QAKRIDCE s We'll start here




Loading your data

il Wl . .
‘% GSAS-Il project: <unnamed project>

File Data Calculate Import Export Help

_____ Loaded Data: Select an item from the tree to see/edit parameters

s this the file you want?

File C\Users\ktc\Dropbox
(ORNLM\Re . \Er2Ge207_op2112_Ge113_2K.gss
begins:

Do you want to read this file?

Yes Mo

This window should pop-up

Click 'Yes'
*OAK RIDGE |t Fiux
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Loading your data

gﬁ: Choose inst, param file for "Er2Ge2 07 _op2112_Ge113_2K.gss Bank 1" {or Cancel for default) *
P P g
y « Refinements » GSAS » GSASI » ErdGelO7 v |0 22 Search Er2Ge207
Organize + MNew folder =~ T @
~ Mame Date modified Type Size

3+ Quick access
B Desktop Mo iterns match your search.

-
& Downloads  # Next pop-up window will
Documents # prompt for an instrument

» parameter file — need to
change the filetype it is
expecting to match the
HB-2A type

= Pictures

g Er2Ge207
o KErsel

g KMiAsO4

&  RelBelbi07_Bra:
,E,_: Dropbox (ORNL)

s Onelrive - DakRi v <« >

File name: ~ | | G5AS iparm file (*.pre, *.inst, " ~

Open Cancel

% OAK RIDGE |11
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Loading your data

gﬁ: Choose inst, param file for "Er2Ge2 07 _op2112_Ge113_2K.gss Bank 1" {or Cancel for default) *
P P g
y « Refinements » G545 » GSASI » Er2Gel07 " (W] 2 Search Er2Ge207
Organize + Mew folder == = [N o
~ Mame Date modified Type Size
3 Quick access
I Desktop p Mo iterns match your search.
; Downloads #
Documents o
[&| Pictures o+
g Er2Ge207
o Krsel Change to
o KNiAsO4 Instprm
&  RelBelbi07_Bra:
,E,_: Dropbox (ORNL)
& Onelrive - QakRi v < >
—_—
File name: ~ | G5AS iparm file (*.prem, *.inst,*.n ~
‘/
Cancel
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Loading your data

qﬁ: Choose inst. param file for "ErdGed 07 _op2112_Gel13 2E.gss Bank 1" (or Cancel for default) X
P P g
A <« Refinements » G5A5 » GS5ASI » Er2GelO7 W (v} £ Search Er2Ge207
Organize = Mew folder =~ ™ @
~ Mame Date modified Type Size

3 Quick access

o Deckt f@HElﬁ_geﬂ3_1::;:211E_Si_c_-,rcle-499.in@%’&&f&ﬁ:& 2:31 PM INSTPRM File
esktop

*Duwnlnads -
@ Documents o

| Pictures -

5| Er2Ge207 Make sure the instprm file is correct for your
KErSe experimental seftings — right wavelength and
collimator settings. For CW generally the
insfrument parameters don’t change from
cycle to cycle or year to year

L]
o | KMiAsO4

@ RelBe2Si07_Bra:
,E-E Dropbox (ORML)

s Onelrive - DakRivw <

File name: s | G5A5-lliparm file (*.instprm) v
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Data loaded

2

%

File Data Calculate Import Export | Commands | Help

—- Loaded Data:

.. Notebook
Controls
Covariance
Constraints
Restraints
Rigid bodies

5. PWDR Er2Ge207_op2112_Ge

- Comments

- Limits

- Background

- Instrument Parameters
- 5ample Parameters

. Peak List

- Index Peak List

- Unit Cells List

- Reflection Lists

OAK RIDGE | {8 v

National Laboratory | REACTOR

Weight factor: | 1.0

Histogram Iabel:|

Add a magnification region

Powder Patterns

PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1

Data
—+— obs
— calc
— bkg

ris u-:r:', ;1'—:‘ =

Intensity

L.

A —

et

a € > "I"QBﬂ<>AV<>><

2-theta = 104.521 d= 1.52147 Q= 4.12969 Intensity = -122.42




Excluding regions

aws

%

File Data Calculate Import Export | Commands | Help

... Controls
Covariance
Constraints
Restraints

i Rigid bodies

5. PWDR Er2Ge207_op2112_Ge

- Comments

- Limits

- Background

- Instrument Parameters

- 5ample Parameters

. Peak List

- Index Peak List

- Unit Cells List

- Reflection Lists

%OAK RIDGE | 5%
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Histogram Iabel:|

Add a magnification region

Need to exclude this region of the
data (only do this once sure there will
be no magnetic peaks there)

Powder Patterns

PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1

bs
talc

=
%))
[
Q
-
£

T
60

26
A€ QB BAR<>AV <

2-theta = 104.521 d= 1.52147 Q= 4.12969 Intensity = -122.42



EXC|Uding regio NS Need fo exclude this regions of the

data - went to low angle
contaminated by direct beam

aws

* LR

File Data Calculate Import Export | Commands | Help

Histogram Iabel:|

Powder Patterns

... Controls

Covariance

S - PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1
Add a magnification region — _ —

Constraints

Restraints
i Rigid bodies
5. PWDR Er2Ge207_op2112_Ge
- Comments

< Limits

- background

bs
talc

- Instrument Parameters
- 5ample Parameters

. Peak List

- Index Peak List

- Unit Cells List

- Reflection Lists

=
%))
[
Q
-
£

T
60

26
A€ QB BAR<>AV <

2-theta = 104.521 d= 1.52147 Q= 4.12969 Intensity = -122.42

We'll do so using limits
%OAK RIDGE | gt FLux
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Excluding regions: upper limit

awms

%

File Data Calculate Import Export | Commands | Help

—J- Loaded Data:
Motebook
.. Controls
Covariance
Constraints
Restraints
i Rigid bodies
5. PWDR Er2Ge207_op2112_Ge
- Comments
.. Limits
- Background
- Instrurment Parameters
- 5ample Parameters
- Peak List
- Index Peak List
- Unit Cells List
- Reflection Lists

%OAK RIDGE | 5%
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Powder Patterns

Histogram Iabel:|

Add a magnification region

PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1

oW

(=]

(=]
1

=
wny
c
]
o
£

Data
—— obs
— calc
— bkg

Using the magnifying glass in the plotting window
we can zoom in, it has a sharp upturn that is not
from our sample but from the direct beam




Excluding regions: upper limit

® GSAS-Il project: <unnamed project>
File Data Calculate Import Export | EditLlimits | Help

Powder Patterns
[=- Loaded Data: Data range to be used in fits

i Notebook
.. Controls

Original Tmin 2.0250  MNew: | 2.025
. PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1
Original Tmax 124.9250 MNew: | 124.925 = = —

Covariance

Constraints

i Restraints

- Rigid bodies
£ PWDR Er2Ge207_op2112_Ge
.. Comments

- Background

- Instrument Parameters
- 5ample Parameters

- Peak List

- Index Peak List

. Unit Cells List

. Reflection Lists

Intensity

T T
60 100

20
ﬁ e * 01-0 Q zoo;m:ectﬂ < > A V <>

2-theta = -1.465 d=-99.51646 Q= -0.06314 Intensity = 950.09

Let’s look compare the 20 K and 1.5 K data to see
how much we can cut. We don’t want to cut so
$ OAK RIDGE 1515 much that we exclude a region which will have a
magnetic peak at 1.5 K

National Laboratory | REACTOR




Excluding regions: upper limit

2400

2100
—a— 1. Er?Ged07_om?ll?2 Gell3 2K g==
—a— ?. Er?Ge?07_ogfll?_Gelld_0pSK. gs=s

1800

1500

Intensity (arb. units)

1200

900

1P I T N T Y

600

300

—_
[
Ly
[==]
:

14 17 20 23

26 (%)

Looks like our first magnetic peakis at ~11° 20. Let’s
cut everything below ~8° 26 then.

% OAK RIDGE |11

National Laboratory | REACTOR




Excluding regions: lower limif

® GSAS-Il project: <unnamed project> LK

File Data Calculate Import Export | EditLlimits | Help

Powder Patterns
[=- Loaded Data: Data range to be used in fits

- MNotebook
- Controls

Original Tmin 2.0250 §_ New:
- ?—‘ PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1
Original Tmax 124.9250 MNew: X = = =

- Covariance

- Constraints

- Restraints

- Rigid bodies
=- PWDR Er2Ge207_op2112_Ge
.. Comments
- Background

- Instrument Parameters

- 5ample Parameters
- Peak List

.. Index Peak List
-Unit Cells List

Let’s change this o 8°

Intensity

€ +QB-T@<>AVo><XB

2-theta = -1.465 d=-99.51646 Q= -0.06314 Intensity = 950.09

%OAK RIDGE | 5%

National Laboratory | REACTOR




Excluding regions: lower limif

% B! GSAS-|l plots: <unnamed project>

File Data Calculate Import Export | EditLimits | Help Powder Patterns

= Loaded Data: Data range to be used in fits
i Notebook
- Controls

Original Tmin 20250  New: | 8.0
. Covariance - PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1
Original Tmax 1249250 New: | 124.923 = = =

- Constraints

- Restraints o o .
Should see the limitf line move
—- PWDR Er2Ge207_op2112_Ge
- Comments
- Limits
- Background
- Instrument Parameters
- 5ample Parameters
- Peak List
- Index Peak List
- Unit Cells List
- Reflection Lists

=
wny
[
QL
+—
<

26
A€ $+Q B < >AV

2-theta= 1.443 d= 90.63521 Q= 0.06931 Intensity = 374.43

%OAK RIDGE | 5%

National Laboratory | REACTOR




Excluding regions: Aluminum (can) peaks

® GSAS-Il project: <unnamed project>

File Data Calculate Import Export | EditLlimits | Help

=- L_oaded Data:

- Rigid bodies
E| PWDR Er2Ge207_op2112_Ge
. Comments

- Background

- Instrurmen t Parameters
- 5ample Parameters

- Peak List

.. Index Peak List

- Unit Cells List

.. Reflection Lists

%OAK RIDGE | 5%

National Laboratory | REACTOR

Data range to be used in fits

Original Tmin 2.0250  MNew: | 2.025

Original Tmax 124.9250 MNew: | 124.925

For this experiment we used
an aluminum sample can,
these have the minimum
background (less than
vanadium) but add aluminum
peaks. These are highly
textured and are difficult to
fit. Here we'll exclude them
from the pattern

PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1

i

ﬁ

Intensity

T
60

20
ﬁ 6 * o*o Q zoér’n:ectﬂ < > A V <> ><

2-theta = -1.465 d=-99.51646 Q= -0.06314 Intensity = 930.09




Excluding regions: Aluminum (can) peaks

W GSAS-Il project: <unnamed project> LK

File Data Calculate Import Exfig

Powder Patterns
= Loaded Data: Data rar

i Notebook Add exclude

- Controls Original Tmin 2.

. Covariance 9 = PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1
Original Tmax 124.9250 MNew: | 124.925 — — _

- Constraints

- Restraints
.- Rigid bodies
E| PWDR Er2Ge207_op2112_Ge
- Comments
- Background

Zoom in on the first aluminum

- 5ample Parameters

peak (around 62°) and go to

- Index Peak List

Edit Limifs -> Add exclude

- Reflection Lists

[

[=]

(=]

o
1

2
wny
c
]
o
£

=

un

(=]

o
1

T T T T T T T T
60.0 60.5 61.0 61.5 62.0 62.5 63.0 63.5

26
. i A€ $Q Dol < >AV o

Add excluded region - select a point... 2-theta = 60.190 d= 2.39789 Q= 2.62030 Intensity = 686.70

%OAK RIDGE | 5%

National Laboratory | REACTOR
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Excluding regions: Aluminum (can) peaks

*

File Data Calculate Import Export | EditLimits | Help

—- Loaded Data:
.. Notebook
- Controls
- Covariance
- Constraints
- Restraints
-Rigid bodies
= PWDR Er2Ge207_op2112_Ge
- Comments
- Lirnits
- Background
- Instrument Parameters
- Sample Parameters
- Peak List
- Index Peak List
. Unit Cells List
- Reflection Lists

Data range to be used in fits

Original Tmin 20250  Mew: | 8.0

Original Tmax 1249250 MNew: | 124,925

Click OK

OAK RIDGE | {8 v

National Laboratory | REACTOR

Powder Patterns

PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1

Creating excluded region X

o Click on a point in the pattern to be excluded, then drag or edit limits to adjust range

o]
Qo
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=

=
Wy
=
QL
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T T T T
60.5 61.0 61.5 62.0 . 63.0

20
ﬁ e * 01-0 Q panmﬂ < > A V <> ><

2-theta = 60.267 d= 239514 Q= 2.62330 Intensity = 320.52




Excluding regions: Aluminum (can) peaks

£

File Data Calculate Import E

xport | EditLimits | Help

=- Loaded Data:
Motebook
.. Controls
i Covariance
. Constraints
i Restraints
- Rigid bodies
5 PWDR Er2Ge207_op211 2§

. Comments

- Lirnits

- Background

- Instrument Parameters

- 5ample Parameters

- Peak List

- Index Peak List

- Unit Cells List

.. Reflection Lists

Data range to be used in fits

Original Tmin 20250  MNew:
Original Tmax 1249250 MNew:

Excluded regions:

8.0

124925

gamiaint

51,225 | | Iﬁ:.gzs

>

%OAK RIDGE | 5%

National Laboratory | REACTOR

Click the cursor (make sure to
deselect the magnifying glass
if it's active) then adjust the
range in the window

B! GSAS-Il plots: <unnamed project>

Powder Patterns

PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1

=
1]
c
Q
+—
£

A€ D> P Q BeamEng >NV <o <

2-theta= 61.832 d= 234036 Q= 2.68470 Intensity = 3601.40




Excluding regions: Aluminum (can) peaks

B ' G5AS-Il plots: <unnamed project> — O
File Data Calculate Import Export | EditLimits | Help Powder Patterns
[=- Loaded Data: Data range to be used in fits ?
.. Motebook

- Controls Original Tmin 2.0250  New: | 8.0

- Covariance - PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1
Original Tmax 124.9250 New: | 124.925 — — _

- Constraints T T
- Restraints Excluded regions: 3500 I
- Rigid bodies From: To: Deletel: |
(- PWDR Er2Ge207_op2112_Ge| | 60.8 || 62.35 | 0 |
. Comments I
.. Limits 3000 4
. Background !
- Instrument Parameters |
.. Sample Parameters 2500 A '
. Peak List I
.. Index Peak List o M 1
Click Go ahead and do this 2 .
.. Reflection Lists . g 2000 A |
for the other two aluminum 5 !
<
peaks SER !
B! GSAS-Il plots: <unnamed project> - o B! GSAS-Il plots: <unnamed project> - [m] |
Powder Patterns Powder Patterns 1
|
PWPR Er2Ge207 op2112 Gell3 2K.gss Iﬂa"k 1 PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1 |
| | X X |
2000 | i | 3000 |
| |
| | |
2500 4 : : 2500 4 |
: : T T T I T T
2000 - 2000 4 61.0 61.5 62.0 62.5 63.0
E." | | =,
- | 1 “F'" 28
S 15001 ! I <
3 | | 9 1500
£ I I IS : A
1000 A I I - Q E ﬂ < > A V S=R=<l v
| |
1 | 10004 Ftheta = 60317 d= 2.39333 Q= 2.62529 Intensity = 3361.52
| |
00 | | |
| | 500 |
T ]
0 T T
! } ! ! ' } !
75 72.0 725 730 73.5 74.0 745 132 113 114 115 116 117 118
20 26
A€ +Q Bz >AV << 1B A €> FQ BT >AV o< X P

2-theta= 72.084 d= 2.04406 Q= 3.07388 Intensity = 1233.59

2-theta = 115.876 d= 1.41987 Q= 4.42519 Intensity = 3089.51

><
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Excluding regions

*
File Data Calculate Import Export | EditLimits | Help

(- Loaded Data: Data range to be used in fits
i Motebook

Controls Original Tmin 20250 New: | 8.0

ovariance

c . Original Tmax 1248250 Mew: | 124925
onstraints

estraints Exclude
i Rigid bodies :
- PWDR Er2Ge207_op211248¢| | 60.8
- Comments 72.0
- Limits
- Background

O

113.0

- Instrument Parameters
- Sample Parameters

.. Peak List

- Index Peak List

- Unit Cells List

- Reflection Lists

OAK RIDGE | {8 v

National Laboratory | REACTOR

To: Delete?:

Now these peaks should
have exclusion lines
around them

B G5AS-Il plots: <unnamed project>

Powder Patterns

PWDR Er2Ge207_op2112 K.gss Bank 1

=
wn
o
QL
+—
LS

20
A€ D> P Q Bomefll < > AV < ><

2-theta = 60.590 d= 2.38358 Q= 2.63603 Intensity = 63.61




Now we load our phase information (the cif file)

' Gsas- project: <unnamed project> LK

File Data Calculate Import Export | EditLimits | Help Powder Patterns

=) Loaded Data: Image > Jits
- Notebook Phase > from GSAS .EXP file
- Controls Powder Data > from JANA mS50 file
- Covariance PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1

Structure Factor > from PDE file

- Constraints T TT

. Restraints Small Angle Data from ICDD .str file 11
-~ Rigid bodies Reflectometry Data from CIF file 1
= PWDR Er2Ge207  ppe G(R) Data from GSAS- Il gpx file "

- Comments . .
Limits Column metadata test from SHELX ins, res file I

. Background =Y m from RMCProfile .rmc6f file T

- Instrument Parameters from XYZ file 1
- Sample Parameters guess format from file
. Peak List

- Index Peak List
- Unit Cells List
- Reflection Lists

= = = LT od "E o e = o

=
"))
[
QL
-
S

g

< N ‘ﬂ‘ 6 * 0*. Q zoo;m:ectﬂ < > A V <>

Crystallographic Informatien File im... 2-theta = 60500 d= 2.38338 Q= 2.63603 Intensity = 63.61

Go to Import —> Phase and click on ‘from CIF file’

%OAK RIDGE | 5%

National Laboratory | REACTOR




Now we load our phase information (the cif file)

' Gsas- project: <unnamed p
File Data Calculate Import

- Loaded Data:
Motebook
.. Controls
- Covariance
- Constraints
i Restraints
- Rigid bodies
= PWDR Er2Ge207
- Comments
. Limits
- Background
- Instrument Parameter
- Sample Parameters
. Peak List
- Index Peak List
- Unit Cells List
- Reflection Lists

£

ansmn

%' Choose phase input file{ type CIF)

A <« Refinements * G5AS » G545 » Er2Ge207

Organize = Mew folder

(N Mame

7F Quick access
B Decktop
‘. Downloads

[ZZ| Documents

e ErGeQ_disthase

| Pictures
Er2Ge207

& KErsed
KMiAz04
RelBeld5i07_Bra:

%% Dropbox (ORML)

& Onelrive- OakRivw <

Date modified

7/19/2017 11:18 AM

File name: | ErGed_disthase

Search Er2Ge2 07

CIF File

Open

Crystallographic Information File im...

%OAK RIDGE | 5%

National Laboratory | REACTOR

CIF file (*.CIF;*.cif;*.mcif)

Cancel

2 Gell3 2K.gss Bank

_ e o e = = o

A Tttt +—+
e — e gy ——

S

63603 Intensity =  63.61

Choose ‘ErGeO_distbase’ (should be the only cif in the folder)

T
100

< > NV < <




Now we load our phase information (the cif file)

A

% GSAS-Il project: <unnamed project>
File Data Calculate Import Export | EditLimits | Help Powder Patterns
= Loaded Data: Image > its

- Notebook Phase from GSAS .EXP file

- Contrels Powder Data from JANA mS50 file

Covariance ] PWDR Er2Ge207 op2112 Gell3 2K.gss Bank
Structure Factor from PDE file — — —

Constraints T T T

Restraints Small Angle Data from ICDD .str file | 11
-~ Rigid bodies Reflectometry Data from CIF file 11
[=- PWDR Er2Ge207 PDF G(R) Data 1

. t i i ?
Li:ﬂr;lrsnen s B e s this the file you want? 1

- Background 1M .
groun
 Intrument Parameters File C:\Users\ktc\Dropbox !

- Sample Parameters
oo Lt (ORNL)\Refinements\GSAS\GSASINEr2Ge207\ErGeO_distbase.cif begins:
... Index Peak List
- Unit Cells List

... Reflection Lists

= = = LT od "E o e = o

# CRYST

Do you want to regd this file?

i +
o ma — — a— — a— a—— —

A ——

< > ﬂ(")"l"o,mém:ectﬂ<>AV<>><

Crystallographic Informatien File im... 2-theta = 60500 d= 238358 Q= 2.63603 Intensity = 63.61

Here it's just pulling the first lines — which is just not foo
% OAK RIDGE |30 helpful in this case. Click Yes.

3 ISOTOPE
National Laboratory | REACTOR




Now we load our phase information (the cif file)

A

% GSAS-Il project: <unnamed project> LK
File Data Calculate Import Export | EditLimits | Help Powder Patterns
[=- Loaded Data: Image > Jits
- Notebook Phase > from GSAS .EXP file
Controls .
Powder Data > from JANA m50 file
ovariance PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1

Structure Factor > from PDE file

onstraints T T

estraints Small Angle Data from ICDD .str file 11
Rigid bodies Reflectometry Data from CIF file 1

= PWDR Er2Ge207 PDF G(R) Data from GSAS-Il gpx file 1
... Comments

L Column metadata test from SHELX ins, res file I
. Limits

. Background =Y m from RMCProfile .rmc6f file T

T

|

|

|

|

|

- Instrument Parameters from XYZ file Edit FlhES-E name . I
- 5ample Parameters guess format from file I
|

|

|

|

|

|

. Peak List

 Index Peak List Enter the name for the new phase
.. Unit Cells List

- Reflection Lists | |

= = = LT od "E o e = o

Tttt

il
Bl
1l
1
i
il
I
g
t

L

-

< > ﬂ(")"l"o,mém:ectﬂ<>AV<>><

Crystallographic Informatien File im... 2-theta = 60500 d= 2.38338 Q= 2.63603 Intensity = 63.61

Give it some name which is convenient for you. I'll use
% OAK RIDGE |t 'Er2Ge207°

3 ISOTOPE
National Laboratory | REACTOR




Now we load our phase information (the cif file)

ans

- LE

File Data Calculate Import Export | Selecttab Compute | Help Powder Patterns

(- Loaded Data: 4| General | Data | Atoms | Draw Options | Draw Atoms | RB Models | Map peaks = MC/5A | RMC | ISODISTORT | Textun kb
- Notebook

.. Controls Phase name: | Er2Ge207 Phase type: | nuclear ~ | Space group: P41212 ] Modulated? ?

. Covariance .- |5.??33? | .- |1z.3231s | e |555.205 | PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1

. Constraints T

. Restraints Density: I

- Rigid bodies 11
- PWDR Er2Ge207_op2112_Ge| | ElEments E | ce ° | iy

.. Comments Isotope Mat. Abund. ~ | Mat. Abund. ~ | Mat. Abund. ~ 1
- Limits

No. per cell Add histogram(s) > Il
- Background

. Instrument Parameters ST _éEl.ﬁﬂi‘ ekt phase(s): Name

- 3ample Parameters Bond radij Er2Ge207 Filters

.. Peak List =

Index Peak List Anglgadii 0 0) PWOR Er2Ge207 op2112 Gel13, 2K.gss Bank /.
.. Unit Cells List Fanidey —

... Reflection Lists Default color
- Phases

. Er2Ge207 Pawley controls

Apply stride: 1

Intensity

Set All Toggle All

Fourier map col ction sets

Map grid step: [ Set Range

Charge flip con Ent: MNone

Map grid step: | . . -10.0): 200
TestHKLs:lDDZ |200 |111

Monte Carlo/Simulated Annealing controls: Reflection set from:

MC/SA runs: | 1 ~ | [ MC/SA Refine at ?r’o of ranges. 1 i
MC/SA schedule: | log ~ slope: 60 e 100
Annealing schedule: Start temp: Finaltemp:| 0.1 . : 2

A € +Q Bl < >AV <

2-theta = -0.859 d=-176.79589 Q= -0.03554 Intensity = 1573.80

You need to assign the phase to a histogram. For our use this is just an extra button click but could
matter if you were using data sets from different measurements. For instance, you wouldn't need to
add the magnetic phase to an x-ray histogram in a joint NPD XRD refinement




Now we load our phase information (the cif file)

File Data Calculate Import Export | Selecttab Compute | Help Powder Patterns

(- Loaded Data: 4| General | Data | Atoms | Draw Options | Draw Atoms | RB Models | Map peaks = MC/5A | RMC | ISODISTORT | Textun kb
- Notebook

.. Controls Phase name: | Er2Ge207 Phase type: | nuclear ~ | Space group: P41212 ] Modulated? ?

. Covariance .- |5.??33? | .- |1z.3231s | e |555.205 | PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1

. Constraints b T

. Restraints Density: I

- Rigid bodies 11
- PWDR Er2Ge207_op2112_Ge| | ElEments E | ce ° | iy

.. Comments Isotope Mat. Abund. ~ | Mat. Abund. ~ | Mat. Abund. ~ 1
- Limits Me. per cell Add histogram(s) * 1
- Background

- Instrument Parameters Aterlusiohs

Select histogram(s) to add to new phase(s): Name Il
- Sample Parameters Bond radii W— @
- Peak List :

ndex Pesk List A”g'e"’d”c ] 0] PWDR E126e307 opo11 Gell3 ok gee Bank 1 Y
... Unit Cells List R N—

- Reflection Lists Default color

= Phases = S

. Er2Ge207 Pawley controls EDhiE I 1 >

Intensity

Set All Toggle All H
Fourier map col ction sets
Map grid step: [ Set Range

Charge flip con Cancel Ent: MNone

Map grid step: | . \ . -10.0): 200
TestHKLs:lDDZ |200 |123 |

MC/SA runs: | 1 ~ | [ MC/SA Refine at

MC/SA schedule: | log ~ | slope:
Annealing schedule: Start temp: Finaltemp:| 0.1 \ |N0.tria|s:| 250

&€ FQ BTl < >AV < <

2-theta = -0.859 d=-176.79589 Q= -0.03554 Intensity = 1573.80

Check the histogram and click ‘OK’




Now we're getting somewhere...

® GSAS-Il project: <unnamed project> - O x
File Data Calculate Import Export | Selecttab  Compute | Help
= Loaded Data: 4| General | Data | Atoms | Draw Options | Draw Atoms | REModels | Map peaks | MC/SA | RMC | ISODISTORT | Textun b
- Motebook
... Controls Phase name: Phase type: | nuclear ~ | Space group: P41212 [1Modulated? ?
.. Covari
ovanance a= [677837 | e= [1232218 | Vol = [566.205 |
- Constraints
- Restraints Density:
- Rigid bodies
£ PWDR Er2Ge207_op2112_Ge| | ElEments E | Ge I |
.. Comments Isotope Mat. Abund. ~ | Nat. Abund. ~ | Mat. Abund. -
- Limits No. per cell 80 8.0 28.0
- Background i
Instrument Parameters Atom weight 167.260 72.590 15.999
- Sample Parameters Bond radii 1.96 1.57 1.09
- Peak List Angle radii 1.76 137 0.89
- Index Peak List
 Unit Cells List van der Waals radii| 1.70 1.70 1.70
=- Phases
Er2Ge207 Pawley controls:  no data
Fourier map controls: Map type: ~ | Reflection sets: |~ | Select reflection sets
Charge flip controls: Reflection sets: |~ | Select reflection sets | Normalizing element: MNone
Map grid step: | 0.25 k-Factor (0.1-1.2): | 0.1 k-Max (==10.0): | 20.0
Test HKLs| 0 0 2 [200 ERE [020 [123 |

Monte Carlo/Simulated Annealing controls: Reflection set from: w | d-min:
MC/SA runs: |1 ~ [ MC/5A Refine at m% of ranges.

MC/5A schedule: | log ~ slope:

Annealing schedule: Start temp: Final temp: | 0.1 |No. trials:| 250 |

Now there will be a new set of tabs with the phase

information and options
*OAK RIDGE | gt FLux

National Laboratory | REACTOR




Now we're getting somewhere...

® GSAS-Il project: <unnamed project> - O x
File Data Calculate Import Export | Selecttab Compute | Help
(- Loaded Data: 4 ata | Atoms ] Draw Options ] Draw Atoms ] RB Models ] Map peaks |MODISTORT ]Texturu »
- Motebook
... Controls Phase name: Phase type: | nuclear ~ | Space group: P41212 [1Modulated? ?
.. Covari
ovanance a= [677837 | e= [1232218 | Vol = [566.205 |
- Constraints
- Restraints ~ ensit_v:
- Rigid bodies "
£ PWDR Er2Ge207_op2112_Ge| | ElEments Se g
. Comments Isotope Nat. Abund. | Nat Abund. B Nat Abund.  ~
- Limits No. per cell 80 8.0 28.0
- Background i
Instrument Parameters Atom weight 167.260 72.590 15.999
- Sample Parameters Bond radii 1.96 1.57 1.09
- Peak List Angle radii 1.76 137 0.89
- Index Peak List
 Unit Cells List van der Waals radii| 1.70 1.70 1.70
=- Phases
Er2Ge207 Pawley controls:  no data
Fourier map controls: Map type: ~ | Reflectioly sets: |~ | Select reflection sets
Map grid step: Peak cutoff %: | 50.0
Charge flip controls: Reflection sets: |~ | Select reflection $ets | Normalizing element: MNone
Map grid step: | 0.25 k-Factor (0.1-1.2): | 0.1 k-Max (==10.0): | 20.0
Test HKLs| 0 0 2 [200 [111 [020 [123 |
Monte Carlo/Simulated Annealing controls: Reflection set frof: w | d-min:
MC/SA runs: |1 ~ [ MC/5A Refine at IEj% of ranges.
MC/5A schedule: | log ~ | slope: [ 0.9 j
Annealing schedule: Start temp: Final tefhp: | 0.1 |No. trials:| 250 |
< >

Unit cell information

NB: always check to make sure it read the cif correctly
*OAK RIDGE | gt fLux

National Laboratory | REACTOR




Now we're getting somewhere...

® GSAS-Il project: <unnamed project> - O x
File Data Calculate Import Export | Selecttab  Compute | Help
- Loaded Data:

ﬂ General ] Data ]Atoms ] Draw Options ] Draw Atoms ] RB Models ] Map peaks ] MC/5A ] RMC ] ISODISTORT ]Texturn »

- Motebook
... Controls Phase name: Phase type: | nuclear ~ | Space group: P41212 [1Modulated? ?
.. Covari
ovanance a= [6.77837 | e= [1232318 | Vol = [566.205 |
- Constraints
- Restraints
- Rigid bodies
£ PWDR Er2Ge207_op2112_Ge | Ge I
. Comments Isotpfie Mat. Abund. ~ | Nat. Abund. ~ | Mat. Abund. -
- Limits fo. per cell 80 8.0 28.0
- Background i
Instrument Parameters Atom weight 167.260 72.590 15.999
- Sample Parameters Bond radii 1.96 1.57 1.09
- Peak List gle radii 1.76 137 0.89
- Index Peak List
 Unit Cells List wan dweg Waals radii| 1.70 1.70 1.70
.. Reflection Lists Default colo :I
=- Phases

Er2Ge2Q7 Pawley controls:  no data \r—"——

Fourier map controls: Map type: Reflection sets: |~ || Select reflection sets
Charge flip controls: Reflection sets: |~ | Select r§flection sets | Normalizing element: MNone
Map grid step: | 0.25 k-Factor (0.1-1.8:| 0.1 k-Max (>=10.0): | 20.0
TestHKLs:) 0 0 2 200 111 020 123
| I \ I I |

Monte Carlo/Simulated Annealing controls: Reflection Yet from: w d-min:

|No. trials:| 250 |

Information on the elements — isotope, stoichiometry,

color, etc.
*OAK RIDGE | gt fLux

National Laboratory | REACTOR




Now we're getting somewhere...

® GSAS-Il project: <unnamed project> - O x
File Data Calculate Import Export )mputh_l_\ﬂelp
# - ~
= Loaded Data: 4| General | Dath| Atoms | Diph Options | Draw Atoms | REModels | Map peaks | MC/SA | RMC | ISODISTORT | Textur b
- Motebook
... Controls Phase name: Phase type: | nuclear pace group: PATIT 2 [ [Modulated? ?
.. Covari
ovanance a= [677837 | e= [1232218 | Vol = [s66.5 |
- Constraints
- Restraints Density:
- Rigid bodies
£ PWDR Er2Ge207_op2112_Ge| | ElEments E | Ge I |
.. Comments Isotope Mat. Abund. ~ | Mat. Abund. ~ | Mat. flbund. w~
- Limits No. per cell 80 8.0 28.0
- Background i
Instrument Parameters Atom weight 167.260 72.590 15.
. Sample Parameters Bond radii 1.96 1.57 1.os|
~PeakList Angle radii 176 137 osd
- Index Peak List
 Unit Cells List van der Waals radii| 1.70 1.70 1.7
=- Phases
. Er2Ge207 Pawley controls:  no data
Fourier map controls: Map type: ~ | Reflection set: ~ || Select reflection sets
Map grid step: Peak cutoff %: | 50.0
Charge flip controls: Reflection sets: |~ | Select reflection sets | Normalizing element: MNone
Map grid step: | 0.25 k-Factor (0.1-1.2): | 0.1 k-Max (==10.0): | 20.0
Test HKLs| 0 0 2 [200 ERE [020 [123 |
Monte Carlo/Simulated Annealing controls: Reflection set from: w | d-min:
MC/SA runs: |1 ~ [ MC/5A Refine at IE]% of ranges.
MC/5A schedule: | log ~ | slope: [ 0.9 —|
Annealing schedule: Start temp: Final terrgo: | 0.1 |No. trials:| 250 |
< >

There are also tabs which contain more detailed information
about the phase up here for instance, if we click on the atoms

% OAK RIDGE | e tab:

National Laboratory | REACTOR




Using the talbs

®’ GSAS-Il project: <unnamed project> - a X
File Data Calculate Import Export | Selecttab Edit Atems Compute

(=) Loaded Data: 4| General | Dat ms | Draw Options | Draw Atoms | RB Models = Map peaks = MC/SA | R TORT | Texture b
Motebook -
Controls eters list for Er2Ge20T: . .
Covariance Name | Type | refine x y z frac | sitesym mult|I/A  Uiso
Constraints
Restraints 0 Er 0.87730 0.35493| 0.13550 1.0000 1 8 | 0.00431
Rigid bodies 1 Gel Ge 090666  0.15231 0.51955  1.00001 g 0.00418
= PWDR Er2Ge207_op2112\Ge 2 |01 o 0.80290  0.19710, 0.75000  1.0000 2(«+-0) 4 | 0.01279
Comments 3 02 (o] 0.07690 -0.03720, 0.62360  1.0000 1 8 | 0.00773
Limits 4 03 o 0.05860  0.33700, 0.57510 1.0000 1 8 | 0.00545
Background |04 o 0.13790, 0.54370  1.0000|1 8 | 0.00621
- Instrument Parameters
- Sample Parameters
- Peak List
- Index Peak List 4
- Unit Cells List
- Reflection Lists
=- Phases
- Er2Ge207
< 2] [« >

We get a table of the atoms in the phase. Here you can see the
atomic positions the site symmetry, multiplicity, displacement
$,OAK RIDGE| 52 parameter(s) and a column with the refinement flag.

National Laboratory | REACTOR




Using the talbs

W GSAS-Il project: <unnamed project> - O x
File Data Calculate Import Export | Selecttab EditAtorns Compute | Help
(- Loaded Data: 4 l General ] Data ] Atoms ] Draw Options ] Draw Atems ] RE Models ] Map peaks ] MC/SA ] RMC ] ISODISTORT ] Texture b
- Notebook
- Contrals Atom parameters list for Er?_Gm
- Covariance Name Ty% reﬁneh x ‘ y ‘ z ‘ frac | site sym‘ mult IM‘ Uiso ‘ U1 ‘ u22 ‘
- Constraints
 Restraints 0 Bl Er 035493 0.13550  1.0000 1 s 0.00431
- Rigid bodies 1 Gel <] 015231 0.61955 1.0000 1 8 | 000418
- PWDR Er2Ge207_op2112_Ge 2 o1 019710 0.75000 1.0000 | 2(+-0) 4 | 0.01279
.. Comments 3 02 -0.03720)  0.62360)  1.0000)1 8 | 0.00773
. Limits 4 03 033700 0.57510)  1.0000)1 8 | 0.00545
- Background 5 04 013790 0.54370 1.0000 1 2 | 0.00621
- Instrument Parameters
- Sample Parameters
- Peak List
- Index Peak List
- Unit Cells List
- Reflection Lists
= Phases
Er2Ge207
£ > < >

\
If we click on the refinement box, we get a pull-down list with a
selection of refinement flags.
%OAK RIDGE | #sH fLux
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Using the tabs

' Gsas- project: <unnamed project=> LK

File Data Calculate Import Export | Selecttab Pgwderpatter

=J- Loaded Data: 4| General | Data Draw Options | Dray Atoms | RBModels | Map peaks | MC/SA | RMC | ISODISTORT | Texture b
.. Notebook

Drawing controls:

... Controls
... Covariance Camera Distance, A:

... Constraints Z clipping, A

. Restraints 7 cten, i

- Rigid bodies AR

- PWDR Er2Ge207_op2112_Ge| | van der Waals scale:

- Comments Ellipsoid probability, 5
.. Limits

Ball scale:
- Background

- Instrurnent Parameters | | Bond radius, A: 0.1

- Sample Parameters Bond search factor: 0.85
- Peak List

- Index Peak List Background color: . View Dirs| 1.000 0,000 0.000
. Unit Cells List
Reflection Lists Show view point? View Point| 0.500 0.500 0.500

—--Pl:ases Show Map points within: m A

Er2Ged07 Show atoms within: A
Label distance to atoms within: A

Show unit cell? Show hydrogens? Show Rigid Bodies?
[] Fade sym equivs? [] Show woid map?

Plane: | 0.000 0.000 1.000 ' Show plane? [] As a stack?

Phase shift (deg): | 0.0 Plane color:

Add h or v to View Dir to set vector horizontal or vertical save as/key: ~ | View point: 0.5000, 0.5000, 0.5000; density: 0.0000

If we click on the ‘Draw Atoms’ tab, we get a new tab in the
plotting window with an (albeit strange) image of the crystal
QMK RIDCE |t structure




Visualizing the structure

B GSAS-Il plots: <unnamed project>

File Data Calculate Import Export Selecttab  Edit Figure Compute Restraints  Rigid body Help Powder Patterns | Er2Ge207

=) Loaded Data: 4| General | Data @ Atoms | Draw Options | Draw Atoms | RE Models | Map peaks = MC/SA | RMC | ISODISTORT | Texture b
- Motebook

- Controls

- Covariance Name | Type Sym Op Style Label | Color | I/A
... Constraints

Draw Atom list for Er2Ge207: ?

. Restraints
- Rigid bodies
- PWDR Er2Ge207_op2112_Ge
- Comments
- Limits
- Background
- Instrument Parameters
- 3ample Parameters
.. Peak List
- Index Peak List
. Unit Cells List
- Reflection Lists

=)- Phases
Er2Ge207

Use right mouse click to brng up Draw Atom editing options save as/key: ~ | View point: 0.5000, 0.5000, 0.3000; density: 0.0000

This can be fixed by selecting all the atoms in the draw atoms
tab...

%OAK RIDGE |t FLux
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Visualizing the structure

% Gsas project: <unnamed projects

File Data Calculate Import Export

—- Loaded Data:
- Motebook
- Controls
- Covariance
- Constraints
... Restraints
- Rigid bodies
- PWDR Er2Ge207_op2112_Ge|
. Comments
- Lirnits
- Background
- Instrument Parameters
- Sample Parameters
- Peak List
- Index Peak List
- Unit Cells List
. Reflection Lists
- Phases
. Er2Ge207

<

Fill unit cell with selected atoms

Going to the newly appeared ‘Edit Figure’ option in the tool bar and
selecting ‘Fill unit cell’
NB: in GSAS-II, the tool bar is adaptive to the active tab

%OAK RIDGE |t FLux

National Laboratory | REACTOR

Edit Figure Restraints

Draw Atom list for Ei

Reset afgm colors
Edit atom\adii

View point

Select from list

Add atoms

Add sphere of atom3
Transform draw atoms
Fill CM-sp

Create void map
Delete atoms
Update draw atoms

Load selected atoms

Rigid body | Help

foms RB Models | Map peaks | MC/SA | RMC

Sym Op Style Label | Color | I/A

501 vWalls | | I |
o1 vawhas | | |1 |
- o

3701 LvdWealls |||

Use right mouse click to brng up Draw Atom editing options

ISODISTORT

Texture ¥

7

ai

Powder Patterns

save as/key:

Er2Ge207

~ | View point: 0.5000, 0.5000, 0.5000; density: 0.0000




Visualizing the structure

awxn

- B! G5AS-Il plots: <unnamed project>

File Data Calculate Import Export | Selecttab Edit Figure Compute Restraints Rigid body | Help Powder Patterns | Er2Ge207

=- Loaded Data: 4 | General Data | Atoms | Draw Options Draw Atoms = RB Models | Map peaks | MC/SA | RMC | ISODISTORT Texture ¢
- Notebook

- Controls

- Covariance Name | Type x y z Sym Op Style Label | Color | I/A
. Constraints

Draw Atom list for Er2Ge2O7: 2| i

Erl Er 0.87730| 035493 0.13550|1 vdW balls
Gel Ge 0.90666| 0.15231| 0.61955/1 vdW balls
a1 o} 0.80290| 0.19710| 0.750001 vdW balls
02 o} 0.07690| -0.03720| 0.623601 vdW balls
03 o} 0.05860| 033700 0.57510|1 vdW balls
04 o} 0.68260| 0.13790| 0.54370|1 vdW balls
Erl Er 0.14507| 0.37730| 0.38350|2+0,-1,0 |vdW balls
Erl Er 012270 0.64507 0.633503+1,1,0 |vdW balls
Erl Er 085493 0.62270 0.88350 4+0,1,0 |vdW balls
Erl Er 0.62270 0.85493  0.11450 5+1,00 | vdW balls
Erl Er 0.64507 012270 036450 6+1,1,0 | wdW balls
Erl Er 0.37730) 0.14507 0.61450 7+-1,0,0 |vdW balls
Erl Er 035493 0.87730) 0.86450 8+0,01 |vdW balls
Gel Ge 034769 040666  0.86955 2+0,-1,0 |vdW balls
Gel Ge 0.00334| 0.84769 0.119553+1,1,-1 |vdW balls

0.65231| 0.59334) 0.36955|4+0,1,-1 |vdW balls
Gel 059334 0.65231 0.63045/5+1,0,1 | vdW balls

0.84769 0.09334 0.88045 6+1,1,1 | vdW balls
Gel 040666  0.34760  0.13045 7+-1,00 |vdW balls
015231 090666 038045 8+0,01 | vdW balls
0.30290) 0.30290  1.00000 2+0,-1,0 |vdW balls
0.30290| 0.30290 0.00000 2+0,-1,-1 |vdW balls
0.19710| 0.80290| 0.25000|3+1,1,-1 |vdW balls
0.69710) 0.69710 0.50000 4+0,1,-1 |vdW balls
0.07690 096280 0.62360 1+0,1,0 | vdW balls
0.53720| 0.57690 0.87360 2+0,00 |vdW balls
0.92310| 0.03720) 0.123603+1,0,-1 |vdW balls
046280 0.42310 037360 4+0,0,-1 |vdW balls
0.42310) 046280 0.62640 540,01 | vdW balls
0.03720) 092310 0.87640 6+0,1,1 |vdW balls

- Restraints

- Rigid bodies

- PWDR Er2Ge207_op2112_Ge
- Comments

- Lirnits

. Background

- Instrument Parameters
- Sample Parameters

- Peak List

- Index Peak List

- Unit Cells List

.. Reflection Lists

—- Phases

. Er2Ge207

R R - R R R SR -]

-
=@

P | |t [ | |t [k | | s |
[=RE-RE-- R R R R R SR

a1
o)
9]
L)
02
Q2
02
02
02
02

P [P P[P P PP e
0~ |Sh W W R =

QQo|Q|O(Q|Oo|Q|O|0Q

M
=1

save as/key: ~ | New quaternivy -0.76+, 0.64i+ ,-0.03j+, -0.03k

Now all the atoms in the unit cell show
% OAK RIDGE |15 (I've rotated this by clicking and dragging in the window)
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Just a general comment on GSAS-Il philosophy

®G project: <unnaMmed project> - O x
File/ Data Calculate Import \Export | OSelecttab Compute | Help
N\
- Loaded Data: 4| General | Data  Atoms | Draw Options | Draw Atoms | RBModels | Map peaks | MC/SA | RMC | ISODISTORT | Textun b
- Motebook
... Controls ase name: Phase type: | nuclear ~ | Space group: P41212 [1Modulated? ?
.. Covari
ovanance ad\ 677837 | e= [1232218 | Vol = [566.205 |
- Constraints
- Restraints Dendity:
- Rigid bodies
£ PWDR Er2Ge207_op2112_Ge| | Emnts E | Ge I |
.. Comments lzotofe Mat. Abund. ~ | Nat. Abund. ~ | Mat. Abund. -
- Limits No. pkr cell 20 20 280
- Background i
Instrument Parameters Aton] weight 167.260 72.590 15.999
- Sample Parameters Bong radii 1.96 1.57 1.09
- Peak List Angle radii 176 137 0.9
- Index Peak List .
 Unit Cells List van der Waals radii| 1.70 1.70 1.70
=- Phases
. Er2Ge207 awley controls:  no data
FourNg map controls: Map type: ~ | Reflection sets: |~ | Select reflection sets
Charge flip corMgols: Reflection sets: |~ | Select reflection sets | Normalizing element: MNone
Map grid step: | 0. k-Factor (0.1-1.2): | 0.1 k-Max (==10.0): | 20.0
TestHKLs:| 0 0 2 200 111 020 123
| AN I | | |
Monte Carlo/Simulated Anneyling controls: Reflection set from: w | d-min:
MC/SA runs: | 1 ~ | [ MC/SARefine at % of ranges.
MC/5A schedule: | log ope:
Annealing schedule: Start temp: |No. trials:| 250 |
< >

Unlike GSAS or FullProf, GSAS-Il has a free structure. You can
see there's now a branching node for the historgram and
another for the phases as well as some higher-level nodes with
global parameters, constraints, refinement stafistics, etc

HIGH FLUX

%OAK RIDGE | #5i5s
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Let’s start refining

% Gsas project: <unnamed projects

File Data Calculate Import Export | Background Fixed Points | Help Powder Patterns | Er2Ge207

= Loaded Data: Background used in refinement
- Motebook

. Controls Background function: | chebyschev-1 v Refine?
. Covariance Number of cocffs |3« PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1

- Constraints

Background coefficients: ; ;
10 |[00 |[00 ]

. Restraints
- Rigid bodies

- PWDR Er2Ge207_opd112_Ge| Debye scattering: Number of terms: [0«
- Comments

- \ o< I
Limite Peaks in background: Number of peaks: 0

= Background Fixed background histogram (for point-by- point subraction): H

- Instrument Parameters “ multiplie

- Sample Parameters
. Peak List
... Index Peak List
- Unit Cells List
- Reflection Lists
- Phases
. Er2Ge207

Intensity

11 :
60 100

20
ﬁ 6 * 0*0 Q zoq:m:ectﬂ < > A V <> ><

If you check through the tfree and associated tabs you can see
what is refining (e.g. three background terms, a scale factor). The

% OAK RIDGE 15162 structural parameters are not refining. Let’s try a refinement and
National Laboratory | REACTOR See WhOT hOppenS.




Let’s start refining

% GSAS-Il project: <unnamed project> LA

File Data Calculate Import Export | Background Fixed Points | Help Powder Patterns | Er2Ge207
[=- Loaded Setup PDFs efinement

- Note View LS parms CTRL+L
- Con Refine Ctrl+R i | chebyschev-1 ~ Refine?

. Covi c ——" o PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1
ompute partials

nts:

I
_ 0.0 |[00
Setup Cluster Analysis 11

Save partials as csv

Run Fprime mber of terms: |0~

I
|_ Run Absorb Mumber of peaks: |0~ "
: Run PlotXMNFF

stogram (for point-by-point subraction): H
- Instrument Parameters ~ multiplier| 1.0 H
- Sample Parameters
- Peak List
- Index Peak List
- Unit Cells List
- Reflection Lists
= Phases

. Er2Ge207

=
wny
=
QL
4
£

. ﬁe* &oQ zo@ctﬂ<>AV{>}<G X.

Perform a refinement New quaternion: -0.76+, 0.64i+ ,-0.05j+, -0.05k

Go to Calculate -> Refine
%OAK RIDGE HIGH FLUX
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Let’s start refining

| GSAS-l project: d . . .
s project: sunnemedp ' Choose GSAS-Il project file name

File Data Calculate Import

=- Loaded Data:

- Notebaok 4 B > ThisPC » Desktop 2 Search Desktop

- Controls

.. Covariance ) _ 2_Gell3_2K.gss Bank 1
. Constraints Organize = Mew folder T
. Restraints

- Rigid bodies = Documents *  MName Date modified
PWOR Er2Ge207_op2112.

-~ Comments | Pictures [ :
 Comn Mo iterns match your search. I

I

I

I

I

I

@& Er2Ge207 I I
I !
I

I

I

I

I

I

- Instrument Parameter
- Sample Parameters

_ & KErsed
.. Peak List
Ind.a( Peak .List a KMifs0d
. Unit Cells List
&  RelBed5i07_Bra

.. Reflection Lists
- Phases
.. Er2Ge207

&# Dropbox (ORNL)
& Onelrive - Oak Ri

[ This PC

File names; | |

Save as type: | GSAS-Il project file (*.gpx)

» Hide Folders Cancel

Tew quaternion: -U. (6+, 0641+ ,-0.05]

Ope, need to save it first (make sure to do so in the same location
% OAK RIDGE |30 as the rest of the files). I'll name it Er2Ge207_2K.

3 ISOTOPE
National Laboratory | REACTOR




Running a refinement

® -
File Data Calculate Import Export | Background Fixed Points Help Powder Patterns | Er2Ge207

Background used in refinement
- Notebook
... Contrals Background function: | chebyschev-1 o | [ Refine? PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1 cycle #1

.. Covariance

" Mumber of coeff: 3 Phases & Data
- Constraints Background coefficients: + obs 1" I
1 I

1.0 ||D.0 ||0.0
1" 1

. Restraints
- Rigid bodies
- PWDR Er2Ge207_op2112_Ge| Debye scattering: Number of terms: |0~

. Comments 11 1
Peaks in background: Number of peaks: 0 " "

— calc

|
|
|
|
|
. Limits |
. Background Fixed background histogram (for point-by-point subraction): 1 I |
- Instrument Parameters ~ multiplie 1 I |
- 5ample Parameters Ml 1 |

- Peak List
R I T I

- Index Peak List

- Unit Cells List I I !
.. Reflection Lists 1 1 |
- Phases , 1] I |
. Er2Ge207 I |
|
|

Residual

All data Rw =

Intensity

See detit : .
]

o
=
=]

ﬁe+ oi-oQ zooimZectﬂ< >AV{'>><

2-theta= 3.762 d= 23.62772 Q= 0.265392 Intensity = 3731.60

Should get something like this, which will go through a couple

cycles...
¥, OAK RIDGE | 6" y
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Running a refinement

*

File Data Calculate

Import  Export |

(= Project: C:\Users\ktc\Dropbox (1
- Notebook
.. Controls
- Covariance
- Constraints
- Restraints
- Rigid bodies
=- PWDR Er2Ge207_op2112_Ge
- Cormments
- Limits
.. Background
- Instrument Parameters
- 5ample Parameters
- Peak List
- Index Peak List
- Unit Cells List
.. Reflection Lists
=- Phases
L. Er2Ge207

Background

Fixed Points | Help

Background used in refinement

Background function: | chebyschev-1 v Refine?
MNumber of coeff: |3«

Background coefficients:

10 |[ 00 |[00

HIGH FLUX

%OAK RIDGE | #5i5s

National Laboratory | REACTOR

Debye scattering: Number of terms: 0~

Peaks in backgr
Fixed backgrou

~ multiplier[

Refinement results, Rw =9,544 x

Detailed results are in
Ch\Users\ktc\Dropbox
(ORNL)\Refinementsh..\Er2Ge207_2K st

Final Reduced Chi”2: 8.316 (before ref: 667.082)
Max shift/sigma=270.351
Load new result?

Cancel

Powder Patterns | Er2Ge207

PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1 cycle #1

3500 4

3000 +

2500 4

2000 4

1500 A

Intensity

1000 A

500

Phases & Data

+

obs

— «calc

_ 100

50 4

A(l)/ao(l

ﬂe* &oQ zo£e¢ﬂ<>AV<>><

2-theta =

20

5.762 d= 23.62772 Q= 0.26592 Intensity = 3751.60

And then it will ask whether you wan to load the refinement results

— click ‘OK’




Running a refinement

W GSAS-Il project: Er2Ge207_2K.gpx

File Data Calculate Import Export | Background Fixed Points | Help Powder Patterns

= Project: C\Users\ktc\Dropbox (1| Background used in refinement

- Motebook
- Controls Background function: | chebyschev-1 ~ Refine? PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1

; T TT
- Covariance Mumber of coeffz |3~

. Constraint: L "
one Ta'" : Background coefficients:
- Restraints I

 Rigid bodies 195.0247 | | -87.9722 | | 36.4242 0

- PWDR Er2Ge207_op2112_Ge| Debye scattering: Number of terms: |0 11
- Comments

Peaks in background: Number of peaks: |0« I
- Background Fixed background histegram (for point-by-point subraction): I

- Instrument Parameters w multiplie .
. Sample Parameters 1
- Peak List
- Index Peak List
- Unit Cells List
.. Reflection Lists
- Phases

. Er2Ge207

- Limnits

gy e e g | JRNE——

[

(=]

(=]

[=]
1

Intensity

il |
60 80

20
. ,ﬁ 6 * Q-I-o Q zoér’n:ectﬂ < > A V <> ><

Mouse RB drag/drop to reorder 2-theta = 3.103 d= 43.36119 Q= 0.14490 Intensity = 3629.95

We can see the peaks are roughly in the right positions, but their
intensities and the background is off — we need to add more
¥ OAK RIDGE | i background terms and flag some structural parameters to refine

National Laboratory | REACTOR




Where are our peak indexese

B! G5AS-Il plots: Er2Ge207_2K.gpx

File Data Calculate Import Export | Reflectionlist | Help Powder Patterns

[=1- Project: Ch\Users\ktc\Dropbox (| | | Fr2Ge207
- Motebook
- Controls

d pos i gam Fosq Fesq phase lcorr Prfo PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1

: T
- Covariance 50302 233100 2064254 25004 646 044 45000 2412711 1000 Phases & Data ] : :
—+— obs I

- Constraints 47930 29.0136) 270.2526 2.9074 5.51 1.06 0.000  793.746 1.000

45504 305400 2642177 29942 092 039 0000 1441197  1.000 T
44670 311890 2617789  3.0313 286 128 90000 1385418  1.000 bk
37832 370297 2433718 33735 005 016 180.000 1008341  1.000 — X9 ]
35130, 400011 2365689 35535  0.10| 048 -135000] 877.260  1.000 T dff 1
33892 415319 2337774 3.6473) 000 005 130000 410.224)  1.000 Er2Ge207 T
32678 431530 2313706 37492 5323 5163 -135000 766831  1.000 "
31190 453282 2290605  3.8874  7.66) 803 90000 703.849  1.000
30808 459235 2286175 39257 19227 20457 180.000 172045  1.000
30314 467176 2281566 39771 5071 4773 0000 668.216  1.000
29606 477513 227.7830) 40446 1515 1699  90.000 643740  1.000
29436 482000 227.7020) 40742 1483 1364 168361 1267.225  1.000
28047 507567 228.2077 42448 000  0.00 -90.000 581.058  1.000
27200 524581 2294919 43607  5.02| 508 119176 1100758  1.000
26142 547582 2325008 45208 144) 083 135000 513514 1.000
25916 552778 2333013 45575 2193 1507 180.000] 505843  1.000
24301 500602 2423805 48317 124 079 9167 912256  1.000
23965 602284 2460660 49179 591 295 0000 221435 1.000
23524 614795 250.5505 50123 121 1854] 90000 429452  1.000
23163 625434 2549220 50841 7297 7662 135000 418,868  1.000
22797 636701 2597574 51811  3156| 3096 180.000 407.976  1.000
22335 651493 2670013 52976 151 078 130000 394788  1.000 -?l,)'.....-\ﬁ o “\’1"“\"‘.\*-4""""1&""' w\‘:
22224 655163 2689325 53260 3243 3032 45000 391.667  1.000 ! " 11
21978 665493 2746637 54100 175 1.4  -90000 383187  1.000 O S TR L L T T
2.1608|  67.6356 281.1731  5.4986 1530  13.05 -166.635  749.466  1.000 . L | — . I E—
21435 BR2557 2851183 5.5497 3310 2074 -0.000  370.108  1.000 40 60 80 100 120
21213 600710 290.5655 56176 1187  13.24  -0.000 364.243  1.000 26

21118 694277 2930438 56476 1424 1472 12071 723501  1.000

20700  71.0416) 305.0052 5.7849 6.69 213 90.000)  351.006 1.000 ’ﬂ‘ (- é ’*‘ Q Zoﬁdﬂ < > A V <> >< G X . k

Mouse RE drag/drop to reorder Prfo < 0. in red; if excluded Fosq in red & mul < 0 2-theta = 80460 d= 1.86240 Q= 3.37371 Intensity = -125.46

- Restraints
- Rigid bodies

- PWDR Er2Ge207_op2112_Ge
- Comments

calc T

ey g gy iy 1 R —

- Limits
- Background

- Instrument Parameters
- Sample Parameters

- Peak List

- Index Peak List

- Unit Cells List

- Reflection Lists

= Phases

.. Er2Ge207

L=RE--RE - M A R SR =]

= —

Intensity

PO Lo Wd Lo PO — Lo PO Pa — (Pa P Pd = P Pa = P Po Pa @ — Pa Pa = = o o
W= O B = e = oW E W = e O R W=D W= O =
o — @0 | o — 00 (0 0O 00 00 00 I — 00 0 — 00 = 00 0 M @ I 0 0 0 o & o

< <

We can check a little more carefully by looking at the peak
indexes. Go to the ‘Reflection Lists’ node in the Histogram tree and

ISOTOPE
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Optimizing the fit — background fitting

&’ GSAS-Il project: ErR2Ge207_2K.gpx — O b
File Data Calculate Import Export | Background Fixed Points | Help
(= Project: C\Users\ktc\Dropbox (| Background used in refinement
- Motebook -
... Controls Background function:  chebyschev-1 ~ Refine?
CDVEriEI:'ICE Numnber of
Constralnts Background coefficients:
:_eg_t"“”ts_ [ 195.0047 |[-87.9782 |[ 36.4242 |[00 |[00
- Rigid bodies
[=- PWDR Er2Ge207_op2112_Ge| Debye scattering: Number of terms: |0~
. Comments
- Limits Peaks in background: Mumber of peaks: 0~
.. Background Fixed background histogram (for peint-by-peint subraction):
- Instrument Parameters - multiplie
- 5ample Parameters
- Peak List
- Index Peak List
- Unit Cells List
.. Reflection Lists
= Phases
. Er2Ge207
< >
Mouse RE drag/drop to reorder Prfo < 0. in red; if excluded Fosq in red & mul < 0

Okays let’s start flagging some refinement parameters — starting with adding more
background terms (I'm going to use 5 HB-2A's background is fairly isotropic, here we
are seeing some paramagnetic scattering from Er's large moment).

#,0AK RIDGE | 1515 Now refine.
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Optimizing the fit — stfructural parameters

® GSAS-Il project: Er2Ge207_2K.gpx — 0 * W GSAS-Il plots: E - O
File Data Calculate Import Export | Selecttab Compute | Help Powder Patterns
=) Project: C:\Users\ktc\Dropbox (|| |4 | General | Data | Atoms | Draw Options | Draw Atoms | RBModels | Map peaks | MC/SA | RMC | ISODISTORT | Textun b
- Motebook
... Controls Phase name: | Er2Ge207 Phase type: | nuclear ~ | Space group: P41212  []Modulated? PWDR Er2Ge207_op2112_Gell3 2K.gss Bank 1
i I T T (L I
Covariance : a= [6.77837 | c= [123231 | Vol = [ 566205 |
... Constraints —_ 3500 4 | I 11 |
- Restraints Density: | 6,941 | I 11 |
- Rigid bodies | | 11 11 |
£ PWDR Er2Ge207 op2112_Ge| | Elements E | Ge I | 30004 | iy o
.. Comments Isotope Mat. Abund. ~ | Nat. Abund. ~ || Nat. Abund. e I I T |Ej I
- Limits No. per cell 2.0 2.0 28.0 | " N
.. Background . E
Instrument Parameters Atom weight 167.260 72.590 15.999 25009 | 11 Eill |
. Sample Parameters Bond radii 1.96 1.57 1.09 | | 1H1 |
- Peak List i | 141 ]
Angle radii 1.76 137 0.89
- Index Peak List § o 20007 | 5 : .
- - van der Waals radii| 1.70 1.70 1.70 — ]
- Unit Cells List 0 | | I R |
Q 1500 | I Ho|
Pawley contrels: Do Pawley refinement?_] dmin:| 1.35714 | dmax:| 17.08975 |Paw|ey neg.wt.: [ | + I IH |
= — * B
d-space range 1.35714 to 17.08975 A-1 (1 histograms) | I !5 |
10004 | - I 3 (|
Fourier map controls: Map type: ~  Reflection sets:| | Select reflection sets | | | [:i |
500 4 h I
Charge flip controls: Reflection sets: |~ | Select reflection sets | Normalizing element: Mone | ¥
Map grid step: | 0.25 k-Factor (0.1-1.2): | 0.1 le-Max (>=10.0): | 20.0 0 | 1 [ 13 1
Test HKLs 0 0 2 [200 [111 [020 [123 | i ! F‘ v "H""'JEII\'M
| 11 11 11 |
Monte Carlo/Simulated Annealing controls: Reflection set from: ~ | d-min: | 2.8 —500 4 | | | |” L1 | | L1 | |
MC/5A runs: |1 v | [] MC/SARefineat | 10.0 % of ranges. 20 40 60 80 100 120
MC/SA schediule: log Caepe[os | 20
Annealing schedule: Starttemp: Finaltemp:| 01 |No.tria|s:| 250 | - = A vl
( . Baes» vap-T@< >AV o>

Mouse RE drag/drop to reorder 2-theta = 80460 d= 1.86240 Q= 3.37371 Intensity = -125.46

Looking better, now let’'s add the lattice parameters
% OAK RIDGE gz Go to the phase node and click ‘Refine unit cell’

National Laboratory | REACTOR




Optimizing the fit — instrument parameters

% GSAS-Il project: Er2Ge207_2K.gpx

File Data Calculate Import Export | Operations | Help Powder Patterns | Peak Widths

[=- Project: ChUsers\ktc\Dropbox (| Histogram Type: PNC Bank: 1 :
- Notebook Name (default) Wiflrz Refine? PWDR Er2Ge207_op2112_Gell3 2K.gss Bank 1

-~ Controls Azimuth: 0.00 .
- Cavariance ) Instrument peak widths
- Constraints Lam (A): ( 2.407628) | 2.407628 O

.. Restraints Zero (-0.0786): < -0.0736 —_— Gaussan
- Rigid bodies —— Lorentzian

- PWDR Er2Ge207_op2112_Ge| Y (1133.136): 1133.136 O — G4l

Eon_qments V (-1025.710): -1025.71 O — = Gaussian fit

- Limnits .

" Instrurnent Parameters — - G+Lfit
orcperermetere | X 0000 O

. Peak List ¥ (0.000): O

.. Index Peak List 2T

Uit Cell L (0200 O

.. Reflection Lists SH/L (0.00200): 0.002 O

- Phases
.. Er2Ge207

AQ/Q, Ad/d

QA
< A€ QB EABA< >NV <<

Mouse RE drag/drop to reorder MEB: Azimuth is used for polarization only histogram: PWDR. Er2Ge207_op2112_Ge113_2K.gss Bank 1

Looking better, now let’s add the ‘zero’ (this is the starting 206 of the detector bank and is often off a bit)

Go to the Histogram node and flag the Zero parameter under Instrument parameters fo refine
%OAK RIDGE |+ FLux

3 ISOTOPE
National Laboratory | REACTOR




Optimizing the fit — instrument parameters

% B! G5AS-Il plots: Er2Ge207_2K.gpx
File Data Import
= Project: C\Users\ktc\Dropbox (1
- Motebook
- Controls

Calculate Export | Selecttab Compute | Help

Powder Patterns | Peak Widths

4| General | Data | Atoms | Draw Options | Draw Atomns | RB Models

Phase name: | Er2Ge207 Phase type: | nuclear

[ Refine unit cell: 3= | 676508 | c= [1230053

|Er

Map peaks | MC/SA | RMC | ISODISTORT | Textun b

« | Space group: P41212  []Modulated? PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1

- Covariance

. Constraints | Vol = | 562.950 |

- Restraints
- Rigid bodies
- PWDR Er2Ge207_op2112_Ge

Elements " Ge " o]

- Comments

- Limnits

. Background

- Instrument Parameters
. 5ample Parameters

- Peak List

lsotope

Mo. per cell
Atom weight
Bond radii
Angle radii

Mat. Abund.

~ || Nat. Abund.

~ | Nat. Abund.

20

8.0

280

167.260

72.590

15.999

1.96

1.57

1.09

1.76

137

0.89

- Index Peak List
- Unit Cells List
.. Reflection Lists
=)- Phases

. Er2Ge207

van der Waals radii| 1.70 1.70 1.70

Pawley controls: Do Pawley refinement? ] dmin:| 1.35714 | dmax:| 16.82042 |Pawley neg. wt.:

d-space range 1.35634 to 16.82042 A-1 (1 histograms)

Intensity

~ | Reflection sets: |

Charge flip controls: Reflection sets: |~ | Select reflection sets

Map grid step: | 0.25 k-Factor (0.1-1.2): | 0.1

TestHKLs:|DDZ |200 |111

Fourier map controls: Map type: Select reflection sets

MNormalizing element: MNone
k-Max (>=10.0):| 20.0

|020 |123

Monte Carlo/Simulated Annealing controls: Reflection set from:

d-min: | 2.8

MC/5A runs: | 1 v | [] MC/SA Refineat | 10.0

MC/SA schedule: | log ~ slope:
Annealing schedule: Start temp: Final temp: | 0.1

< <

% of ranges. 46

20

aer2@QABEB<>AV o <

2-theta = 45336 d= 3.11008 Q= 2.02026 Intensity = 540.20

48

|No.tria|s:| 250

Mouse RE drag/drop to reorder

As you are fitting you should monitor your peaks to see how the model is working and to diagnose what
might be off
Here, the intensities are a little off so next we can flag internal parameters

HIGH FLUX
ISOTOPE
REACTOR

%OAK RIDGE

National Laboratory




Optimizing the fit — infernal parameters

® GSAS-Il project: Er2Ge207_2K.gpx — 0 x mi
File Data Calculate Import Export | Selecttab Edit Atoms Compute | Help

Powder Patterns Peak Widths | Er2Ge207

= Project: C:\Users\ktc\Dropbox (| | 4 | General | Data | Atoms | Draw Options | Draw Atoms | RE Models | Map peaks | MC/SA | RMC | ISODISTORT | Texture b
- Notebook
Contrals Atomn parameters list for Er2Ge207:
- Covariance

- Constraints

- Restraints

- Rigid bodies

-~ PWDR Er2Ge207_op2112_Ge
- Comments

Name | Type | refine x y z frac | sitesym | mult IfA| Uiso U1 uz22

Bl B X 087730 035493 0.13550  1.0000 1 8
Gel |Ge [ ]| oooess 015231 0.61955 1.00001 8
o 0 0.80290 019710/ 075000 1.00002(+-0) |4
02 0 007690 -0.03720 0.62360  1.00001 g
0 g
0 8

| 0.00431
| 0.00418
| 0.01279
| 0.00773
03 0.05860 033700 0.57510) 1.0000/1 |
04 0.68260 0.13790 054370, 1.00001 |

0.00545
0.00621

. Lirnits

(TR STty

- Background
- Instrument Parameters
- Sample Parameters
- Peak List
- Index Peak List
- Unit Cells List
- Reflection Lists
= Phases
.. Er2Ge207

g *le« >
Mouse RE drag/drop to reorder save as/key: ~ | View point: 0.5000, 0.5000, 0.5000; density: 0.0000

Now let’'s add the atomic positions and displacement parameters that were in the Atoms tab

NB: This should be done in small groups of atoms usually starting with the highest multiplicity and

QAKX RIDGE | Kot scattering strength to keep the refinement stable




Optimizing the fit — infernal parameters

B! G5AS-l plots: Er2Ge207_2K.gpx

File Data Calculate Import Export | Selecttab Edit Atorns Compute | Help Powder Patterns | Peak Widths

=) Project: C:\Users\ktc\Dropbox (| |4 | General | Data | Atoms | Draw Options | Draw Atoms | RBModels | Map peaks | MC/SA | RMC | ISODISTORT | Textun b

.. Notebook
e Atom parameters list for E2Ge207: PWDR Er2Ge207 op2112_Gell3_2K.gss Bank 1
TT TT

1

| 0.00431 T

Ge 0.90602  0.14670| 0.61624) 1.0000 1 ! 0.00418 I

01 0.802900 0.19710 075000  1.0000 2(+-0) | 0.01279

0.07690 -0.03720) 0.62360) 1.00001 | 0.00773 H
| 1
|

- Covariance Name | Type | refine x y z frac | sitesym | mult I/A  Uiso
- Constraints
. Restraints Erl X 0.87643  0.35296| 0.13557| 1.0000 1
- Rigid bodies

- PWDR Er2Ge207_op2112_Ge

.. Comments 02
.. Limits 03 0.05860 033700 057510/ 1.0000/1

- Background 04 0.68260 013790 054370 1.00001

- Instrument Parameters

0.00345
0.00621 I
11

- 5ample Parameters
.. Peak List
.. Index Peak List
- Unit Cells List
.. Reflection Lists
=- Phases
. Er2Ge207

T = = od o T LD e o o

i

Intensity

—t———t— T —

N

T

20
A €D $HQ Booell < > AV <> ><

histogram: PWDR Er2Ge207_op2112_Ge113_2K.gss Bank 1

<

Mouse RE drag/drop to reorder

A little better, let's add the rest of the positions (we will not refine the Uiso parameters as this is
very low temperature and we don't have very high in Q)

HIGH FLUX
ISOTOPE
REACTOR

%OAK RIDGE

National Laboratory




pfimizing the fif

% GSAS-Il project: Er2Ge207_2K.gpx m

File Data Calculate Import Export | Selecttab Edit Atoms Compute | Help Powder Patterns | Peak Widths

=) Project: C\Users\ktc\Dropbox (| | 4 | General | Data | Atoms | Draw Options | Draw Atoms | RB Models | Map peaks | MC/SA | RMC | ISODISTORT | Texture b
.. Motebook
. Controls Atom parameters list for Er2Ge207: PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1

Name | Type | refine x y z frac | sitesym | mult | I/A| Uiso 1 ”
. Constraints 11
B X 0.87237 035192 013474 100001 0.00431 I

|

| 0.00418 T
| 0.0127% "
| 0.00773
|

|

- Covariance

- Restraints
- Rigid bodies Gel Ge 0.90839) 0.14495 0.61749| 1.0000 1

8

8

- PWDR Er2Ge207_op2112_Ge o1 0.80418 0.19582| 0.75000| 1.0000 2(+-0) |4

.. Comments 02 0.08005 -0.03193 0.62243 1.0000 1 8
.. Limits 03 0.06000) 035049 0.56049 1.0000 1 8 0.00545 I
.. Background 04 0.68785 0.14723| 0.54382| 1.00001 8 0.00621 I

- Instrument Parameters N

- 5ample Parameters

- Peak List

- Index Peak List

- Unit Cells List

.. Reflection Lists

+
T = 1 o o TV LD e o o =

=)- Phases
Er2Ge207

Intensity

M T

n
60

20
. ﬁééo*onoér'n:edﬂ<>AV{>><

Mouse RE drag/drop to reorder histogram: PWDR Er2Ge207_op2112_Ge113_2K.gss Bank 1

Another modest improvement, lets take a closer look
%OAK RIDGE | gt FLux

National Laboratory | REACTOR




Optimizing the fit

. B! G5AS-Il plots: Er2Ge207_2K.gpx

File Data Calculate Import Export Help Powder Patterns | Peak Widths | Covariance
= Project: C:\Users\ktc\Dropbox (| Refinement results

-~ Motebook Residuals after last refinement:
. Controls e : PWDR Er2Ge207 op2112 Gell3 2K.gss Bank 1

- Covariance chi**2 = 5696.7 T
- Constraints GOF = 1.62

- Restraints Mobs = 2188
Mvals = 25

- Rigid bodies SVD zeros = 0

- PWDR Er2Ge207_op2112_Ge max shift/esd = 12.381 (over all cycles)
- Comments log10 MaxLambda = -inf

- Limits Reduced 32 = 2.63

- Background Show shift/esd plot
- Instrument Parameters

- 5ample Parameters
.. Peak List
.. Index Peak List
.. Unit Cells List
.. Reflection Lists
- Phases
. Er2Ge207

Intensity

I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I

<

Mouse RB drag/drop to reorder

Check the ‘Covariance’ node to see typical fit residuals
(it will also pop-up a plot of the Covariance maitrix)
More importantly zoom in on peaks in the Powder Pattern to check fit quality, this looks pretty good. This is good enough for this tutorial
but note that were this to be your work you should dig deeper (check out the tutorials on the GSAS page)




Exporting a cif for use at low temperature

W GSAS-Il project: Er2Ge207_2K.gpx — 0 * mi
File Data Calculate Imp Export )Help Powder Patterns | Peak Widths | Covariance
= Project: C\Users\ktc\Dropbo: Entire project as » | ?
- Motebook Ph » ick CIF
Comtrols aseas Quid PWDR Er2Ge207_op2112_Gell3 2K.gss Bank 1
. Powder data as » Cartesian XYZ T T
- Constraints 5mall angle data as » PDB ) 1h
... Restraints Reflectometry data as » C5V file | 1 |
- Rigid badies Single crystal data as » Text file 1200 A 3 141
£ PWDR Er2Ge207_op2112_ Image data as » SHELX .ins ] 1l
- Comments o N | “|
- Limits apsas 1
.. Background Sequential project as CIF 1000 1 I
- Instrurment Parameter: Sequential phases L
- 5ample Parameters Sequential histograms i
- Peak List . 1
. Export All Peak Lists...
- Index Peak List b 800 4 1
- Unit Cells List [l B |
. Reflection Lists Export MTZ file... c I |
(- Phases Export POF... .EJ_,
L. Er2Ge207 c |
= 600 ] B
|
I -
|
400 4 |
It
I
200
T T T T T
40 45 50 55 60
[ — A v
. R ,ﬂ. 6 ’ Q*. Q zoom rectﬁ < > A V <> >< v A .

Quick CIF

Now let’'s export this structural data to use in our 0.5 K refinement

% AK RIDCE | Go to Export -> Phase as -> Quick CIF




Optimizing the fit

® GSAS-Il project: Er2Ge207_2K.gpx

File Data Calculate Import Export Help

= Project: C:\Usershktc\Dropbox (1
- Motebook

. Controls

- Covariance

. Constraints

- Restraints

- Rigid bodies

=- PWDR Er2Ge207_op2112_Ge
. Comments

- Limits

.. Background

- Instrument Parameters
- 5ample Parameters

.. Peak List
- Index Peak List
.. Unit Cells List
.. Reflection Lists
=)- Phases
. Er2Ge207
< >

Mouse RB drag/drop to reorder

Refinement results

Residuals after last refin
wR = 5.345
chi™2 = 5696.7]
GOF = 1.62
Mobs = 2188
Mvals = 25
SVD zeros =0
max shift/esd 3
log10 MaxLam
Reduced y*2 4

Show shift/esd plot

O x B GSAS-Il plots: Er2Ge207_2K.gpx
S Pmale izl Covariance
Y Input name for file to write X
WDR Er2Ge207 op2112 Gell3 2K.gss Bank 1
Save in: | Er2Ge207 w | (s s TR : :
i Marme Date modified Type |1 : 1 :
@ ErGeQ_distbase TA18/2017 11:18 AM CIFFi |] i
Cuick access L
[NAl
] i
(e
Desktop :
| I -
" :
|
Libraries AR
T
|
- .
This PC |
o}
@ '
== < >
Metwork
File name: Er2Ge207 2K w | | Save | - - = -
Save as type: Quick CIF (" cif) v Cancel 26

A€ > P Q Bl < > AV <

Go ahead and save

We are ready to move on to the magnetic refinement now!




I ;!_(,OAK RIDGE
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Magnetic Refinement

o We'll start from the 2 K structure we just
optimized and use it to first fit the 0.5 K
nuclear structure and then solve the
magnetic structure




Starfing the low temperature refinement

® GSAS-Il project: <unnamed project>
File Data Calculate Import Export Help

Loaded Data: Image e to see/edit parameters

Phase
Powder Data from Bruker RAW file

Structure Factor from CIF file p—
Choose Powder Data input fil GSAS powder dat
Small Angle Data from FullProf .dat file % Choose Powder Data input file{ type GSAS powder data)

Reflectometry Data from GSAS-Il gpx file « v 4 <« Refinements > GSAS » GSASIl » Er2Ge207 Search Er2Ge207
PDF G(R) Data from Panalytical xrdml (xml) file
Column metadata test from comma/tab/semicolon separated file 2iGaniEy (smintEa £~ [ o

from GSAS powder data file 4 Downloads ~ MName Date modified

from Rigaku .ras file file [&] Documents & | Er2Ge207_op2112_Gel13_0p5K.gss
from Rigaku .txt exported file &=/ Pictures @ | Er2Ge207_op2112_Gel13_ 2K nss
from Topas xye or 2th Fit2D chi file o Er2Ge207 pe: 0%
guess format from file @ KErse2

KMiAsO4

Re2Be2Si07_Bra:

Simulate a dataset
Auto Import ]

Fit instr. profile from fundamental parms... 22 Dropbox (ORNL)

@ OneDrive - Oak Ri
[ This PC

¥ Metwork v £

File name: v| GSAS powder data file (*.fuyer*. ~

G5AS powder data files (fxye, .raw, ..

Start a new GSAS-Il project
And load the low temperature data (Er2Ge207_op2112_Gel13_0pSK) and
S6TPe instrument parameters file as before

REACTOR

%OAK RIDGE

National Laboratory




Starfing the low temperature refinement

anus

% B GSAS-Il plots: <unnamed project>

File Data Calculate Import Export | EditLlimits | Help Powder Patterns

[=- Loaded Data: Data range to be used in fits
.. Netebook

- Controls Original Tmin 20250 New: | 8.0

- Covariance - PWDR Er2Ge207 op2112 Gell3 0p5K.gss Ban
- Constraints Original Tmax 124.9250 New: | 124,925 — — —

. Restraints Excluded regions: H 11
- Rigid bodies From: To: . 4 0
- PWDR Er2Ge207_op2112_Ge| | 60.8 I
- Comments 72.0 ¢

. Limits

- Background 1130

- Instrument Parameters
- 5ample Parameters

. Peak List

- Index Peak List

. Unit Cells List

- Reflection Lists

=
wny
=
L
4=
£

b4 b A b

< & S aia s

A€D> QB EA< >NV <<

2-theta = -1.626 d=-89.13916 Q= -0.07049 Intensity = 2078.13

Sef the limits as before
%OAK RIDGE |t FLux (lOOk OT O” ThOSG new peOkS!)

3 ISOTOPE
National Laboratory | REACTOR




Loading the 20 K structural data

% Gsas project: <unnamed projects LK

File Data Calculate | Import Export | EditLimits | Help Powder Patterns

=~ Loaded Data: Image > its
. Phase > from GSAS .EXP file
Powder Data > from JANA m30 file

Structure Factor 3 from PDE file

PWDR Er2Ge207 op2112 Gell3 Op5K.gss Bank 1

Small Angle Data from ICDD str file H 11
Reflectometry Data from CIF file H 11

- PWDR Er2Ge207 PDF G(R) Data from GSAS-Il gpx file 1"
- Comments
Lirnits Column metadata test from SHELX ins, res file ¢

. Background ey [ from RMCProfile .rc6f file

- Instrument Parameters from XYZ file
- Sample Parameters
. Peak List

- Index Peak List

. Unit Cells List

- Reflection Lists

guess format from file

++

Intensity
-H_

Lk B 4

T 3 A

R Tt T = e

< > A €> QB EA< >NV <<

Crystallographic Information File im... 2-theta = -1.626 d=-89.13916 Q= -0.07049 Intensity = 2078.13

Go to Import -> Phase -> from CIF file (as before)
%OAK RIDGE | gt FLux

National Laboratory | REACTOR




Loading the 20 K structural data

ﬂﬁ' G5AS-1l project: <unnamed p

File Data Calculate Import

=) Loaded Data:
Motebook
.. Controls
- Covariance
- Constraints
- Restraints
- Rigid bodies
£ PWDR Er2Ge207_op2112_|
- Comments
. Limits
- Background
. Instrument Parameter
- 5ample Parameters
. Peak List
- Index Peak List
. Unit Cells List
- Reflection Lists

%OAK RIDGE | 5%

National Laboratory | REACTOR

%' Choose phase input file type CIF)

A <« Refinements * G5AS » G545 » Er2Ge207

Organize = Mew folder

(N Mame

7F Quick access
B Decktop
* Downloads

|::'| Documents

& Er2Ge207_2K
gt ErGe0_distbase

| Pictures
& Er2Ge207
& KErsed
g KMNiAs04

&  RelBed5i07_Bra

&# Dropbox (ORNL)

& Onelrive- OakRivw <

Date modified

10/3/2022 11:03 PM

7/19/2017 11:18 AM

File name: |Er2Ge? 07 2K

Search Er2Ge2 07

Type

CIF File
CIF File

CIF file (*.CIF;*.cif;*.mcif)

Open Cancel

| Gell3 0Op5K.gss Bank 1

< > N V < ><

07049 Intensity = 2078.13

Select your 2 K cif file




Loading the 100 K structural data

* LR

File Data Calculate Import Export | EditLimits | Help Powder Patterns

=- Loaded Data: Data range to be used in fits
- Notebook
.. Controls

Original Tmin 20230  Mew: | 8.0

Comtein 9l PWDR Er2Ge207 op2112 Ge
Constraints Original Trmax 124.9250 Mew: | 124.925 . 2

Restraints Excluded regions: H I
- Rigid bodies From: Ta: : H I
[=- PWDR Er2Ge207_op2112_Ge| | 0.8 N
- Comments 72.0
- Lirnits Ii

113.0

- Background

- Instrument Parameters
- Sample Parameters

- Peak List

- Index Peak List

- Unit Cells List

- Reflection Lists

Edit phase name

Enter the name for the new phase

[

(=]

(=]

[=]
1

Er2Ge207_nuc

Intensity

2 LI

e TRt e

a € > "I"QBﬂ<>AV<>><

2-theta = -2.649 d=-53.66586 Q= -0.11708 Intensity = 3528.53

Again, give it a name meaningful to you — this time I'll name it
Er2Ge207_nuc and add it to the histogram (as before)

%OAK RIDGE | 5%

National Laboratory | REACTOR




Starfing with the nuclear structure

3000 T T T T T T T T T T T T T T T T T T T T T T T T
| A\ 4 _
2700 —
w B! GSAS-I plots: <unnamed project> - u] | — 1. Er2GeZ0?_opf?l112_Gelld 2K.gss
File Data Calculate Import Export | Selecttab Compute | Help Powder Patterns 2400 E - 2. Er2Ge207_ofPll?_Gelld_0pSE.gss
4 General Data Atoms  Draw Options Draw Atoms RE Models = Map peaks = MC/SA  RMC  ISODISTORT Textur b E - -
k<) [ .
Phase name:| ERGe207 nuc | Phase type: | nuclear | Spacegroup:|  P41212  [IModulated? = B _
= - .
[Refine unit cell: a= [6.7652 | e= [123 | voi= [ 562946 | § PWDR Er2Ge207_op2112_Gell3 0p5K.gss Bank 1 . 2100 B .
-Rigid bodies 1 + obs = B 4 T
PWDR Er2Ge207_op2112_Ge| | Hlemens [E [[ee [o | 2500 | — calc - B 4 ]
Comments Isotope Nat Abund. v Nat.Abund. v |Nat.Abund.  + | + pkg & 1800 F I
No. per cell 80 80 280 I g - y -
Atom weight 167.260 72.590 15.999 ] + %) B B
" 2000 + = o v n
. Bond radi 19 157 1.09 1 k3 = < [ -
Peak List 176 137 0.89 1 + ~ 1500 - -1
Index Peak List S, I + — —
Unit CellsList s radiil 170 170 170 2 X . | _
Phases GEJ b3 " + ¥ 1200 |- 1
Er2Ge207_nuc Pawley controls: Do Pawley refinement? ] dmin:[ 135714 | dmax:[ 1708575 |Pawley neg. wt. [ 00 = o+ +¥ + = ~ ]
d-space range 1.35714 to 17.08975 A-1 (1 histograms) £ LI H + %ﬁ B ]
10004 | *+ T + + B ]
Fourier map controls: Map type: ~ Reflection sets:| ~ | Select reflection sets " % + ﬂ + B -
Map gid step:[ 025 | Peak cutof 2 [ 500 | P e * 4 : + 900 |- -
[ i % A = ]
Charge flip controls: Reflection sets:| | Select reflection sets | Normalizing element: None 5004 1 4+ .:r t.% # '*'ﬁ

. _
Map grid step:[ 025 | k-Factor @©1-121:[ 01 [ e-Max (<1001 [ 200 | \F +F s - ﬁj&_ i a
TesthKLs 0 0 2 [200 | EEE [ozo [123 | ; %F’ +§F+ 600 ]
1 % -

Monte Carlo/Simulated Annealing controls: Reflection set from: | d-min:| 28 01— —

1 |0 wMosa 10 20 30 40 50 300 L

MC/SA schedule: log 26 —

Annealing schedule: Start temp: [ 0.7 | Final temp: 01 | No. tials: 250 | — A B

D STy v
Al Ja € +ampETam<>AVosx<{ (B . E
-theta= 6267 d= 10.87310Q= 031617 Intensity = 2177.35
0 10 20 30 40 50 60

26 ()

Now we have a nuclear phase which should be pretty close to where it needs to be (not too much
thermal expansion expected between 2 and 0.5 K)
Looking at the Powder Pattern we can see a couple new low angle peaks already. If we plot both the 2 K
and 0.5 K data (using your favorite plotter) we'll see there are many new peaks. However, before trying to
solve the magnetic structure let’s try to optimize the nuclear phase a littfle again (add 4 background

terms, flag the unit cell, etc but do it one at a time and start with 3 background terms)
%OAKRIDGE
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Starfing with the nuclear structure

® GSAS-Il project: Er2Ge207_0pSk.gpx - 0 % mi
File Data Calculate Import Export | Selecttab Compute | Help Powder Patterns | Peak Widths
=) Project: C\Users\ktc\Dropbox (| 4 | General | Data | Atoms | Draw Options | Draw Atoms | REModels | Map peaks | MC/SA | RMC | ISODISTORT | Textun b
. Notebook
..Controls Phase name: Phase type:  nuclear ~ | Space group: P41212 [ Modulated? PWDR EI’2G6207_OD2112_GB113_0p5K.gSS Bank 1
..Covan
ovanance [ Refine unit cell: 3= | 6.76494 | e= [12.30005 | voi= ['562.004 | ! i H bt
. Constraints 35004 | Iy I 11 |
----:-es.tdratljnt; Density: 1 I I (| |
--Rigid bodies
- PWDR Er2Ge207_op2112_Gel| | EFEMents | El " &= " ¢ | 30001 ! H " 14l I
...Comments Isotope Mat. Abund. « | MNat. Abund. w | Nat. Abund. ~ ! + 1 I ! !
- Limits No. per cell 80 8.0 28.0 5500 4 ! L I 5 T
...Background . | I |¥J |
-..Instrument Parameters Siombneihe ety e 5Ly ).\ ] 11 ] _'J |
= R +
....Sampl.e Parameters Bond radii 1.96 1.57 1.09 & 20007 | I + i1 H}E 1 |
- Peak List Angle radii 176 137 0.29 c | + + 1" 0 ™
- Index Peak List - 2 " i %1
Unit Cells List van der Waals radii| 1.70 1.70 1.70 E 1500 4 | + ¢+ W I+ | |
=-Phases 1 # ﬁ |
" Er2Ge207_nuc Pawley controls: Do Pawley refinementi] dmin:| 135714 | dmax:| 16.80354 |Pawley neg. w't.: 1000 4 ] [ |
d-space range 1.35629 to 16.80354 A-1 (1 histograms) ] -:_ H |
5004 | M
Fourier map controls: Map type: ~ Reflection sets:| | Select reflection sets i
Charge flip controls: Reflection sets: |~ | Select reflection sets | Normalizing element: MNone —_
Map grid step: | 0.25 k-Factor (0.1-1.2): | 0.1 k-Max (>=10.0):| 200 %
Test HKLs| 0 0 2 [200 [117 [o20 [123 | =
—
Monte Carlo/Simulated Annealing controls: Reflection set from: w~ | d-min: | 2.8 ‘:j
MC/SA runs: | 1 ~ | [] MC/SA Refineat | 10.0 % of ranges.
MC/SA schedule:og Cldope[os | 26
Annealing schedule: Start temp: Final temp:| 0.1 |N0. trials:l 250 | = —
- = e AV
. Rls N K € 9> 4+ Q wiedy=3nenl > NV o< >< § X .
Mouse RB drag/drop to reorder 2-theta = 16.385 d= 8.33833 Q= 0.75353 Intensity = 3719.46

Looks bad but is a starfing point — background is a bit off but we have large unfit peaks that it is frying
to correct for. For us, this is a good enough position to start frying to solve the magnetic structure.

ISOTOPE

%OAK RIDGE |reisox - Qur first step will be to use the Unit Cells List in the Histogram Node to fry indexing the new peaks using
National Laboratory [ REACTOR integer multiples of the nuclear unit cell.




Indexing the new peaks

® GSAS-Il project: Er2Ge207_0pSk.gpx — O X B GSAS-Il plots: Er2Ge207_0p5K.gpx — O
File Data Calculate Import Export | Selecttab Compute | Help Powder Patterns | Peak Widths
=) Project: C\Users\ktc\Dropbox (| 4 | General | Data | Atoms | Draw Options | Draw Atoms | REModels | Map peaks | MC/SA | RMC | ISODISTORT | Textun b
. Notebook
..Controls Phase name: Phase type:  nuclear ~ | Space group: P41212 [ Modulated? PWDR EI’2G6207_OD2112_GB113_0p5K.gSS Bank 1
..Covan
ovanance [ Refine unit cell: 3= | 6.76494 | e= [12.30005 | voi= ['562.004 | ! i H bt
- Constraints 3500 4 ] u_ 11 11 |
----:-es.tdratljnt; Density: 1 I I (| |
--Rigid bodies
- PWDR Er2Ge207_op2112_Gel| | EFEMents | El " &= " Y | 30001 ! H " 14l I
...Comments Isotope Mat. Abund. « | MNat. Abund. w | Nat. Abund. ~ ! + 1 I ! !
- Limits No. per cell 80 8.0 28.0 5500 4 ! L I 5 T
...Background . | I |¥J |
- Instrument Parameters Atomn weight 167.260 72.590 15.999 S, I " 1% I
....Sampl.e Parameters Bond radii 1.96 1.57 1.09 & 20007 | I + i1 H}E 1 |
- Peak List Angle radii 176 137 0.29 c | + + 1" 0 ™
- Index Peak List . 2 " i
& Unit Cells L van der Waals radii| 1.70 1.70 1.70 E 1500 4 | + ¢+ W I+ | |
=-Phases 1 # ﬁ |
" Er2Ge207_nuc Pawley controls: Do Pawley refinementi] dmin:| 135714 | dmax:| 16.80354 |Pawley neg. w't.: 1000 4 ] [ |
d-space range 1.35629 to 16.80354 A-1 (1 histograms) ] -:_ H |
. . . 5004 | M |
Fourier map controls: Map type: ~ Reflection sets:| | Select reflection sets p i
Charge flip controls: Reflection sets: |~ | Select reflection sets | Normalizing element: MNone —_
Map grid step: | 0.25 k-Factor (0.1-1.2): | 0.1 k-Max (>=10.0):| 200 %
Test HKLs| 0 0 2 [200 [117 [o20 [123 | =
—
Monte Carlo/Simulated Annealing controls: Reflection set from: w~ | d-min: | 2.8 ‘:j
MC/SA runs: | 1 ~ | [] MC/SA Refineat | 10.0 % of ranges.
MC/SA schedule: | log ~ slope:
Annealing schedule: Start temp: Final temp:| 0.1 |N0. trials:l 250 | = —
- - -~ AV .
. Rls N K € 9> 4+ Q wiedy=3nenl > NV o< >< § X

Mouse RE drag/drop to reorder 2-theta = 16.385 d= 8.33833 Q= 0.75353 Intensity = 3719.46

First go to the Unit Cells Node

«his Will bring up a series of controls/options. We could put this all in manually, but you

ISOTOPE

¥ 0AK RIDGE \ .
can also load the information from the nuclear phase. Let's do the latter.
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Indexing the new peaks

% GSAS-Il project: Er2Ge207_Op5K.gpx LK

File Data Calculate Import Export | | Cell Index/Refine | Help Powder Patterns = Peak Widths

= Project: C:\Usersiktc\Dropbox ({] Indexing Index Cell

. Notebook
Contin Cell Symmetry Search PWDR Er2Ge207 op2112_Gel13_0p5K.gss Bank 1
MaxNc  RunSUBGROUPS olume Use M20/(X20+ 1)?

- Covariance ‘ I_L 11
- Constraints Select B Run k-SUBGROUPMAG !

. Restraints Oc Copy Cell [ Cubic-P [ Trigonal-R "
- Rigid bodies Oa Load Phase DTe‘tragonal-P [ Orthorhombic-F 1"
-PWDR Er2Ge207_op2112 Gel  []0 Import Cell ~A [ Ortherhombic-B [] Orthorhombic-C 0"

- Comments o
....;:::gsmund LM Refine Cell
- Instrument Parameters Cell Test Make new phase cell step| 0.5%  *  highlight None
.. 5ample Parameters

- Peak List lattice group

- Index Peak List _ ;
Zero offset [ | Refine?

= Unit Cells List m

- Reflection Lists Unit cell:

=- Phases a= | 1.0
L Er2Ge207_nuc

Transform Cell [ Monoclinic-A [ Menoclinic-C

Bravais Export cell list

[ Meodulated? ] Show Extinct [ Magnetic?

R e e

Intensity

o= 90,0
Vol =

jiti ++ 4

. . € > 4 Q X=Ey:3.?ie+oa.{ > AV < ><

Load unit cell from a phase tree entry 2-theta= 16385 d= 8.33833 Q= 0.7533533 Intensity = 3719.46

Click on ‘Cell Index/Refine’ in the toolbar and choose ‘Load Phase’
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Indexing the new peaks

‘R GSAS-Il project: Er2Ge207_0p5K.gpx x B | GSAS-Il plots: Er2Ge207_0p5K.gpx
File Data Calculate Import Export | CellIndex/Refine | Help Powder Patterns = Peak Widths

[=-Project: C:\Users\ktc\Dropbox ((| Indexing controls
- Notebook

. Control z PWDR Er2Ge207 op2112 Gell3 Op5K.gss Bank 1
ontrols Max Ne/Nobs o) statVolume [25 | [AUseM20/(x20+1)? . M . I

- Covariance |||
Select Bravais Lattices for indexing:
|
II% n

i:g:::

.. Constraints
.. Restraints [ Cubic-F [ Cubic-1 [ Cubic-P [] Trigonal-R

- Rigid bodies [ Trigonal/Hexagonal-P [ Tetragonal-| [ Tetragonal-P [] Orthorhombic-F
- PWOR Er2Ge207_op2112_Gel [ orthorhembic-| [J orthorhembic-A [] Ortherhombic-B  [] Ortherhombic-C
- Comments [] Orthorhombic-P [ Maonoclinic-I [IMeneclinic-A [ Monoclinic-C

- Limits [ Menoclinic-P [ Triclinic
. Background

- Instrument Parameters Cell Test & Refinement: | Show hkl positions | cell step |0.5%  * highlight None

- Sample Parameters
. ~ “ 7 f ic?
.. Peak List lattice P4/mmm group Pa1212 []Modulated? [] Show Extinct [] Magnetic?

- Index Peak List _ .
Zero offset [ |Refine?
.. Unit Cells List m

. Reflection Lists Unit cell:

Bravais Space '

Intensity

L Er2Ge207_nuc

20
6 + 0*‘ Q zoér‘n:edﬂ < > A V <> ><

2-theta = 16.385 d= 8.33833 Q= 0.73333 Intensity = 3719.46

Since we only have one nuclear phase, it will automatically load it. You
should see a bunch of vertical lines in the powder pattern which

¥ OAK RIDGE |16 correspond to peak indices.
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Indexing the new peaks

‘R GSAS-Il project: Er2Ge207_0p5K.gpx B | GSAS-Il plots: Er2Ge207_0p5K.gpx

File Data Calculate Import Export | CellIndex/Refine | Help Powder Patterns | Peak Widths

[=-Project: C:\Users\ktc\Dropbox ((| Indexing controls
- Notebook

- Controls Max Ne/Nobs =) Start Volume [ Use M20/(X20+1)7

.. Covariance

PWDR Er2Ge207 op2112 Gell3 Op5K.gss Bank 1

g

swmimn il g s
swmimn d ¥ e
IEmIimn II m
svmimn i
svmimn 3
svmimn gy
swmimn b

.. Constraints Select Bravais Lattices for indexing:

.. Restraints [ Cubic-F [ Cubic-1 [ Cubic-P [] Trigonal-R

- Rigid bodies [ Trigonal/Hexagonal-P [ Tetragonal-| [ Tetragonal-P [] Orthorhombic-F
-PWDR Er2Ge207_op2112_Gel| ] Orthorhombic-| [ Orthorhombic-A [] Orthorhembic-B  [] Orthorhombic-C
- Comments [] Orthorhombic-P [ Maonoclinic-I [IMeneclinic-A [ Monoclinic-C

- Limits [ Menoclinic-P [ Triclinic
. Background

- Instrument Parameters Cell Test & Refinement: | Show hkl positions | cell step |0.5%  * highlight None

- Sample Parameters
. ~ “ 7 f ic?
.. Peak List lattice P4/mmm group Pa1212 []Modulated? [] Show Extinct [] Magnetic?

- Index Peak List _ .
Zero offset [ |Refine?

.. Unit Cells List m

. Reflection Lists Unit cell:

5 Phases a= : c= [1230005 =] Vol=

L Er2Ge207_nuc

Bravais Space

Intensity

20
6 + 0*‘ Q zoaectﬂ < > A V <> ><

2-theta = 16.385 d= 8.33833 Q= 0.73333 Intensity = 3719.46

From here we can play with the lattice parameters and cell symmetry to
o X try and index the new peaks.
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Indexing the new peaks

* B G5AS-Il plots: Er2Ge207_OpSK.gpx

File Data Calculate Import Export | Cell Index/Refine | Help Powder Patterns | Peak Widths

= Project: ChUsers\ktc\Dropbox ((| Indexing controls
. Notebook

. Controls T =1 Giart Volume Bl T PWDR Er2Ge207 op2112 Gell3 Op5K.gss Bank 1

.. Covariance

.. Constraints Select Bravais Lattices for indexing:

. Restraints [ Cubic-F [ Cubic-1 [ Cubic-P []Trigonal-R

- Rigid bodies [ Trigonal/Hexagonal-P  [] Tetraganal-| [ Tetragenal-P [] Orthorhombic-F
= PWDR Er2Gel07_op2112_Ge] [ orthorhembic-1 [] orthorhombic-4 [] Orthorhombic-B ] Ortherhombic-C
- Comments [ Orthorhombic-P [ Monoclinic-I [ Monoclinic-A [ Menoclinic-C

- Limits [ Meneclinic-P [ Triclinic
- Background

- Instrument Parameters Cell Test & Refinement: | Show hkl positions | cell step 0.5% | highlight None
- S5ample Parameters

: ? i ic?
.. Peak List lattice P4/mmm i p41212 ~ [Modulated? []Show Extinct [ ] Magnetic?
- Index Peak List .
Zero offset [ | Refine?
- Unit Cells List
- Reflection Lists Unit cell:

Bravais Space

Intensity

= Phases as= : c= [ 1230005 2| Vol= | 562,004

L. Er2Ge207_nuc

Al

8 10
d,A
A€ D> P Q BBae > ANV < ><

2-theta = 23.975d= 574492 Q= 1.09369 Intensity = 1410.49

If we are lucky, changing to d-spacing might help us identify this low angle peak - in particular if it can be located at some multiple of a
lattice parameter

To change the x-axis click on the plot and press ‘t' on your keyboard. The units should shift to d-space (I've done so already in the plot
above). If you wanted to view it in Q instead you could press ‘g’ on the keyboard.
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% GSAS-Il project: Er2Ge207_Op5K.gpx

File Data Calculate

Import  Export |

= Project: C:\Users\ktc\Dropbox ((

- Notebook

. Controls

- Covariance

.. Constraints

- Restraints

--Rigid bodies
-PWDR Er2Ge207_op2112_Gel

.. Comments

- Limits

. Background

- Instrument Parameters

- Sample Parameters

- Peak List

4 | General

Data

Selecttab  Compute

Atoms

| Help

Draw Options

Draw Atoms

exing the new peaks

RB Models

Map peaks

Phase name: | Er2Ge207_nuc Phase type: | nuclear

~ | Space group:

P41212

MC/SA | RMC

Refine unit cell: 3= | 6.76494

| c= | 12.30005

| Vol = | 562,904
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I
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ISODISTORT

[1Modulated?

'
Powder Patterns | Peak Widths

Textun b

PWDR Er2Ge207 op2112 Gell3 Op5K.gss Bank 1

- Index Peak List
. Unit Cells List
. Reflection Lists
=- Phases
.Er2Ge207_nuc

van der Waals radii| 1.70 1.70 1.70

Pawley controls: Do Pawley refinement?] dmin:| 1.35714 | dmax:| 16.80354 |Pawley neg.wt.:

d-space range 1.35629 to 16.80354 A-1 (1 histograms)

Intensity

Fourier map controls: Map type: ~ | Reflection sets:| | Select reflection sets

Charge flip controls: Reflection sets: | ~ | Select reflection sets

Map grid step: | 0.25 k-Factor (0.1-1.2): | 0.1

TestHKLs| 0 0 2 [200 [111

Mormalizing element: Mone
k-Max (>=10.0): | 20.0

[020 [123

Monte Carlo/Simulated Annealing controls: Reflection set from:

MC/5A runs: | 1 v | [] MC/SA Refineat | 10.0

MC/5A schedule: | log ~ slope:
Annealing schedule: Start temp: Final temp:| 0.1

% of ranges.

dA
) € > HQ Bomefll < > AV <> ><

2-theta = 11.957 d= 11.35287 Q= 0.535344 Intensity =

| No. trials:| 250

70.56

Let's zoom in on that large d-spacing peak. Its at 12.3 A, very near the c lattice parameter
as a 001 reflection. This would indicate a k=(000). We can test this:

HIGH FLUX
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Indexing the new peaks

& GSAS-Il project: Er2Ge207_0p5K.gpx

File Data Calculate Import Export | Cell Index/Refine | Help Powder Patterns = Peak Widths

[=)-Project: C\Users\ktc\Dropbox (( Indexing controls
. Notebook

..Controls e =1 Geart Volume A PWDR Er2Ge207_op2112_Gell3 Op5K.gss Bank 1

. Covariance

..Constraints Select Bravais Lattices for indexing:

.. Restraints [ Cubic-F [ Cubsic-1 [ Cubic-P []Trigonal-R

- Rigid bodies []Trigonal/Hexagonal-P [ ] Tetragonal-| [] Tetragonal-P [] Orthorhombic-F
- PWDR Er2Gel07_op2112_Gel [ orthorhombic-| [J Orthorhombic-& [ Orthorhembic-B [ Orthorhombic-C
- Comments [ Orthorhombic-P I Monoclinic-| [ Monoclinic-& ] Menoclinic-C

- Limits [IMonoclinic-P [ Triclinic
- Background

. Instrument Parameters Cell Test & Refinement: | Show hkl positions | cell step 0.3%  highlight None
- 5ample Parameters
P4/mmm
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- Index Peak List ]

Zero offset [ | Refine?
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.- Reflection Lists Unit cell:
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Eret SPace [p 41912 + []Modulsted? [ Show Extinct [ ] Magnetic?

Intensity
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- Phases a= : c= 12300057 [=] W= |se2.0m4
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I

Voged b T Cad

8 10
d A
é * o*o Q zoEectﬂ < > A V <> ><

2-theta= 12.039 d= 11.27790 Q= 0.55712 Intensity = 1689.89

6

To do so, let’s try playing with larger cells type in a doubled lattice parameter into any of the boxes in the
Indexing controls window (or type ‘*2' in the box after the current lattice parameter.) I've tried doubling ¢
above. It doesn’'t seem to help much - lets try 2*a.




Indexing the new peaks

. B! GSAS-Il plots: Er2Ge207_Op5K.gpx

File Data Calculate Import Export | Cell Index/Refine | Help Powder Patterns | Peak Widths

=-Project: C:\Users\ktc\Dropbox ((| Indexing controls
- Motebook

~Controls Max Ne/Nobs = StartVolume 7] Use M20/(X20+1)? PWDR Er2Ge207_op2112_Gell3 Op5K.gss Bank 1

- Covariance

.. Constraints Select Bravais Lattices for indexing:

. Restraints [] Cubic-F [ Cubic- [ Cubic-P [ Trigonal-R

. Rigid bodies [ Trigonal/Hexagonal-P [ Tetragonal-| [ Tetragonal-P [] Orthorhombic-F
- PWDR Er2Ge207_op2112_Gel  [] Orthorhombic-| [Jorthorhombic-A [ Ortherhembic-B [ Orthorhembic-C
- Comments [ Orthorhombic-P [ Monoclinic-I [ Meneclinic-A [ Monoclinic-C

- Limits [ Menoclinic-P [ Triclinic
. Background

- Instrument Parameters Cell Test & Refinement: | Show hkl positions | cell step |0.5% highlight None ~

- Sample Parameters
ea Lt o ¥ < oroup pP41212 « [ Modulated? [ ] Show Extinct DMagnetic?

- Index Peak List .
Zero offset [ | Refine?
- Unit Cells List

- Reflection Lists Unit cell:
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Bravais Space
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Intensity

-

- Phases a= | 1352083 £ ©= 1230005 £ Vol= | 2251618

L Er2Ge207_nuc

2-theta = 168.320 d= 0.61066 Q= 10.28912 Intensity = 52.81

Maybe gets some of the peaks, but it also adds peaks where we don’'t see any. Let’s stick with k=000 for our first try
We could also try changing the space group and breaking some centering symmetries for example. But here since
out largest d-spacing peak seems to correspond to our ¢ lattice parameter we have a good lead




Solving the structure

® GSAS-Il project: Er2Ge207_0pSk.gpx

File Data Calculate Import Export Cell Index/Refine | Ip e —
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If disabled, do Load Phase first 2-theta = 118.298 d= 1.40065 Q= 4.48591 Intensity = 3545.78

With a guess of the k-vector we can now use GSAS-II to link to the Bilbao server and run k-SUBGROUPMAG. This will
provide a list of all the possible magnetic subgroups of our nuclear structure’s space group given our found k-vector.
$ OAK RIDGE 55155 First, CHANGE THE UNIT CELL BACK TO THE ORIGINAL PARAMETERS!
National Laboratory | REACTOR Then, Go to ‘Cell Index/Refine’ and click ‘Run k-SUBGROUPMAG'




Solving the structure

* LR

File Data Calculate Import Export | Cell Index/Refine | Help Powder Patterns | Peak Widths
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This should open a window allowing you to input one (or several) k-vectors and set some search criteria.
We'll put in our k-vector (0, 0, 0) and tell it to test for magnetic Er atoms.
¥ 0AK RIDGE ¢ii¥s we have no indication otherwise, let’s start with structures that have moments on all Er.




Solving the structure
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Solving the structure
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—.Limits [ Triclinic
- Background

- Instrument Parameters Show hkl positions | cell step |0.5%  *  highlight| None

- Sample Parameters e . .
.. Peak List up P41212 ~ [IModulated? []Show Extinct [] Magnetic?
- Index Peak List fine?

- Unit Cells List

- Reflection Lists

s g pmyn .

Intensity

a-Atma

- Phases 1= [ 12.30005 £ Vol= | 582005

L Er2Ge207_nuc

rom Bilbao k-SUBGROUPSMAG for P 41 21 2; kvec1=(0,0,0):
Try | Keep | Uniq | nConj | nSup a gamma | Volume

]

0,00 676434 67 12.30005

0,00 676404 6.7 12.30005

0,00 676424 67 12.30005

0,00 676404 67 12.30005

0,1/2,0 676494 6.7 12.30005

0,1/2.0 6.7644 :

1la+b-achec 0,00 956707 856707 12.30005 90, . 90,000 1125.81
2|a+b,-a+be 0,00 956707 956707 1230005 90, . 90,000 112581
2|a+b-arhc 0,00 956707 856707 12.30005 90, . 90,000 1125.81
2/ab,c 1/40,-1/8 676494 676494 1230005  90. . 90000  562.90
102, b, 0,1/4,1/8 676494 676494 1230005 90, 90.00 | | b
2/ab,c 1/40,-1/8 | 676404 676494 12.30005  90. 90. DD!\I @ie 5:!?" YSCro ar

2a-batbc 000 9.56707 956707 1230005  90. : . zoaectﬂ < > NV < ><

ace Gp to see sym. ops., Unig to see uni ists b 2-theta = 118.298 d= 1.40065 Q= 4.48591 Intensity = 35345.78

KEE

f

Poes o ho Pa P P Ro |

EEEREEE

JOooooooogoo

Some progress windows will show and then (hopefully) a series of possible magnetic subgroups should
load complete with information on the magnetic space group, the transformation from the nuclear cell,
etc. You can click through the ‘Try’ column to see how the different symmmetries index the peaks. Here,
first select ‘show Extinct’ and ‘Magnetic’




olving the structure

B ' GSAS-Il plots: Er2Ge207_0p5K.gpx
File Data Calculate Import Export | Cell Index/Refine | Help

=-Project: Ch\Users\ktc\Drepbox ((
- Notebook

- Controls -
.. Covariance

ndexing:

Powder Patterns | Peak Widths

PWDR Er2Ge207 op2112 Gell3 Op5K.gss Bank 1

Start Volume Use M20/(X20+1)?
BTE

11

- Constraints

. Restraints

- Rigid bodies

=-PWDR Er2Ge207_op2112_Ge]
- Comments

-P [ Tetragonal-I

[ Cubic-1 [ Cubic-P []Trigonal-R
DTetragonaI—P [ orthorhembic-F

[ Orthorhombic-& [] Orthorhombic-B [ Orthorhombic-C

1y
ry)

[ Menoclinic-| [IMonoclinic-& ] Monoclinic-C tI',!
- Limits [ Ticlinic -
--Background ‘_Ii‘
- Instrument Parameters Show hkl positions | cell step |0.5% ey frtT b 171
1

4Th

- 5ample Parameters ‘e
. Peak List up P41212
- Index Peak List fine?
. Unit Cells List
.- Reflection Lists
=-Phases

.. Er2Ge207_nuc

v [IModMNgted? (] Show Extinct [] Magnetic?

Intensity

k| black ~|2x: black ~ | Show spins?

1= | 12.30005 +| Vol= | 562,005

rom Bilbac k-SUBGROUPSMAG for P 41 21 2; kvec1=(0,0,0):

Try  Keep | Unig | nConj nSup| Trans Vec a b gamma | Volume

1ab,c 0,0,0 6.76404 676404 12.30005 ! . 90.000 562.90
1a,b,.c 0,0,0 6.76494 676484 12.30005 . . 90.000 562.90
1ab,c 0,0,0 676404 676494 12.30005 ! . 90.000 562.90

1
1

1

1 1ab,c 0,0,0 6.76494  £.76404) 12.30005 . . 90.000 562.90
1 2a,b,c 0,1/2,0 676494  6.76494 12.30003 ! . 90.000 362.90
1 2/a,b,c 0,1/2,0 676404 676484 12.30005 . . 90.000 562.90
2 1/a+b,-a+b,c |0,0,0 9.56707  9.56707 12.30005 . . 90.000 112581
1
1
1
2

2|a+b,-a+b,c 0,0,0 956707  9.56707 12.30005 . . 90.000) 1125.81 10
2 a+h,-a+b,c 00,0 956707  9.56707 12.30005 . . 90.000) 112581
2lab,c 1/4,0,-1/8 6.76494 676494 12.30005 . . 90.000 562.90

1a,-b,-c 0,1/41/8 676494 676494 12.30005 . . 90.000

8
d,A
6 * o*o Q zoér‘n:ectﬂ < > A V <> ><

2-theta = 118.298 d= 1.40065 Q= 4.48391 Intensity = 3345.78

S o o o o o
IHREREREEEEE

Double click Keep to refresh Keep flags; click Space Gp to see sym. ops., Unig to see unique atomns list; Try to trigger K 8 J keys on plot

Now we see that all the peaks are indexed even for the first magnetic subgroup.
Note we select to show extinction here as a work around for the moment.




olving the structure

8 bl
File Data Calculate Import Export | Cell Index/Refine | Help Powder Patterns = Peak Widths

[=-Project: ChUsers\ktc\Dropbox ((| Indexing controls
- Notebook

- Contr
Magnetic space group information me | 25 Use M20/(20+1)7 i II_!

PWDR Er2Ge207 op2112 Gell3 Op5K.gss Bank 1

. Covar|

- Const| -
Magnetic Space Group: P 4121' 2 . . I II‘
~Restra qncjattice is noncentrosymmetric primitive tetragonal B W _—

~Rigid | The Laue symmetry is 4/mmm [ Tetragonal-P [] Orthorhombic-F ! l!!
-PWDR  The magnetic lattice point group is 42'2' [] Orthorhembic-B [ Orthorhombic-C rl';l
-.Col  Multiplicity of a general site is 8 [ Monoclinic-A [ Menoclinic-C tli,!

The equivalent positions are: ',Ii‘
step|0.5% | highlight None [
L3

(13
b

(1) X Y, Z, (1 (2) 1/2-¥, 1/2+X 1/4+Z, (4z)

(3) -X -Y, 1/2+Z, (2z) (4) 1/2+Y, 1/2-K, 3/4+Z, (4z3)
(5) 12X 1/2+Y, 1/4-Z, (2y) (8) -¥, X 1/2-Z, (2+-0)
(7) /24X 1/2-Y, 3/4-Z, (Zx) (8 Y, X -Z, (2110)

Print Ops Show spins?
=-Phase| I
L Erl
i pl= | 562.905

MAG for P 41 21 2: kvec1=(0,0,0):

Modulated? Show Extinct Magnetic?

Intensity

T T T T
Space Gp | Try | Keep | Unig | nConj | nSup | Trans Vec a b

P41'212
P4121'2'
p41°212'
P41212
P41’

P41
c2221
c22'n
Cc2221
P21'21'21
p21'2121"

1 a,b,c 0,0,0 676494 676494 1230005
1 ab,c 0,0,0 676494  £764%4 1230005
1 a,b,c 0,0,0 676494 676494 1230005
1 ab,c 0,0,0 676494  £76494 1230005
2 ab,c 0,1/2,0 676494 676494 1230005
2 ab,c 0,1/2.0 676494 676484 1230005
1/a+b,-a+h,c 0,0,0 956707 956707 12.30005
2lath,-a+h,c 0,0,0 956707 956707 12.30005 8
2lath,-a+h,c 0,00 956707  9.56707 12.30005 : d A
2 ab,c 1/4,0-1/8 | 676404 676404 1230005 r

- Jancc__RIAS | DPNSY LBy TSNS | € > 4 Q ool < > ANV o< ><

Double click Keep to refresh Keep flags; click Space Gp to see sym. ops., Uniq to see unique atoms list; Ty to trigger K 8 ) keys on plot 2-theta = 168.320d= 112719 0= 3.57419 Intensity = 2626.27

10

[F-RN--RENRE- R RN TER Y FR
1 o o
IHERMHREREEREE

You can also click on the space group to get a table of the symmetry operations

HIGH FLUX
ISOTOPE
REACTOR

%OAK RIDGE

National Laboratory




Solving the structure

R G5AS-Il project: Er2Ge207_0p3k.gpx - O b
File Data Calculate Import Export | CellIndex/Refine | Help
: L “ILIUI g - L] IvIoraere-1 L WIgroennie -~ L VDT O -
(= Project: C\Users\ktc\Dropbox (( [] Menoclinic-P [ Ticlinic 2
-.Motebook
--Contrals Cell Test & Refinement: | Show hkl positions | cell step| 0.3% | highlight Mone ~
.. Covariance .
. Constraints E;;i;:: P4/mmm - :’::S; Pa1212 ~ []Modulated? [] Show Extinct [] Magnetic?
--Restraints ]
Rigid bodies Zero offset Refine?
£1-PWDR Er2Ge207_op2112_Gel| BNS lattice: [P~ |2+-0: |black ~ | 2x: black | Show spins?
... Comments .
Limits Unit cell:
--Background = ca m S
- Instrument Parameters . .
 Sample Parameters Magnetic subgroup cells from Bilbao k-SUBGROUPSMAG for P 41 21 2; kvec1=(0,0,0):
.. Peak List Spacer| Tr)r‘ Keep| Uniq‘ n€onj‘ rﬁup‘ Trans | Vec ‘ a ‘ b ‘ [4 ‘ alpha ‘ bet;
- Index Peak List 1 212 |4 1 1 1ab.c 0,00 676494 676494 1230005 90.000 904
g Uil = 2 paz12 O 1 1 1abc 00,0 676404 676494 1230005  OD.000 90
B__P;'::jmm" Lists 3 pa1212 | 1 1 1labe 0,00 676434 676494 1230005  90.000 90
 ErGe207 nuc 4 P41212 [l 1 1 1 a,b,c 0,00 676404 676404 12.30005  90.000 90
- ] P41 [l 2 1 2 ab,c 0,1/20 676404 676404 12.30005  90.000  90J
6 P4 O 2 1 2ab,c 0,1/2,0 676404 676494 12.30005  90.000 904
7 cz22r O 2 2 1|a+h,-a+b,c |0,0,0 956707 956707 12.30005 90.000 90
8 c2'2'21 [l 2 1 2|a+h,-a+b,c 000 956707  9.56707 1230005  90.000)  90u
9 c2221 [l 2 1 2|a+h,-a+b,c 000 956707  9.56707 1230005  90.000)  90u
10 p2121'21 | 2 1 2 ab,c 1/4,0,-1/8 | 676494 676484 1230003  90.000 904
1 p212121° [ 3 2 1 a,-b,-c 0,1/4,1/8 | 676494 676484 12.30005 90.000 904
12 p212121 [ 2 1 2ab,c 1/40,-1/8 | 676494 676494 1230005  90.000 90
13 c2 O 4 2 2la-ba+bec 0,00 956707 956707 12.30005 90.000 90
14 c2 [l 4 2 2|a-ba+bec (000 956707  9.56707 1230005  90.000)  90u
15 P21 [l 4 1 4 a,c-b 0,00 676404 1230005 676494  90.000 90
16 P21 [l 4 2 2 ab,c 1/4,0,1/8 676404 676404 12.30005  90.000 90
17 P21 O 4 1 6 a.c-b 0,00 676404 1230005 676494 90000 904
18 P21 O 4 2 2lab,c 1/40,1/8 | 676494 676494 1230005  90.000 90
19 P1 O 3 1 10abec 0,00 676404 676494 12.30005  90.000 904
< > ¢ 3 N

Double click Keep to refresh Keep flags; click Space Gp to see sym. ops.,, Uniq te see unique atoms list; Try te trigger K 8 J keys on plot

If you scroll around the table you can see the symmetry gets lower the lower down you go. The first four
magnetic space groups keep the nuclear structure and just ‘prime’ its operations for the magnetic
structure. Just playing around it looks like these would be good to fry




Solving the structure

® GSAS-Il project: Er2Ge207_0pSK.gpx - 0 % mi

File Data Calculate Import Export | Select Help

Powder Patterns | Peak Widths

2

d-space range 1.35629 to 16.80354 A-1 (1 histograms)

Fourier map controls: Map type: ~ | Reflection sets:| | Select reflection sets

[=-Project: C:\Users\ktc\Dropbox (( | 4 | General | Data Fourier map Models | Map peaks | MC/SA | RMC | ISODISTORT
- Notebook Search map
..Controls Phase name: | Er2Ge - Tt Space group: P41212 [ Medulated? PWDR Er2Ge20?_op2112_Ge113_0p5K.gss Bank 1
. arge flipping
.C
ovanance Refine unit cell: 4D Charge flipping || vel= [ 562.004 — ' ! :
.. Constraints 3500 1 EAIA | i !
- Restraints Density: | 6,982 Clear map — |
-Rigid bodies Element [ MC/SA :I il 1 1 :
ements 4 L
- PWDR Er2Ge207_op2112_Ge1 e 30009 Fupa I I |
...Comments Isotope und. ~ 1
L Transform tli,! b | 1 |
..Limits No. per cell [ _ 25001
..Background . — —— '{_l!‘ .‘\l 1 |
| Atomn weight = -\ ;
.. Instrument Parameters Select magnetic/subgroup phase >‘\ s | i !
-.Sample Parameters Bond radii T E— 4% 50004 & Ii—; " __,'_‘I I :
- Peak List Angle radii [ub 73T 089 c ¢ R |
- Index Peak List ) (] 2 F = M i | |
. - van der Waals radii| 1.70 1.70 1.70 +— ] e 4+ |
- Unit Cells List | I o 1500~ 1 " 1
prrae '3 4+ |
I . Er2Ge207_nuc )’awley controls: Do Pawleyreﬁnement?lj dmin:| 1.35714 | dmax:| 16.80354 |Pawley neg. wt.: -'i |
|
|
|
|
|

<

Charge flip controls: Reflection sets: |~ | Select reflection sets | Normalizing element: Mone

Map grid step: | 0.25 k-Factor (0.1-1.2): | 0.1 k-Max (>=10.0): | 20.0

TestHKLs| 0 0 2 [200 [111 [020 [123 |

Monte Carlo/Simulated Annealing controls: Reflection set from:

~ | [ MC/SA Refine at %ofranges.
MC/SA schedule: | log ~ slope:

MC/SA runs: | 1

~ | d-min: | 2.8

| No. trials: | 250

Annealing schedule: Start termp: Final temp:| 01

>

<

OAK RIDGE

National Laboratory

If disabled, make in PWDR/Unit Cells

Now to actually try some of these out in the refinement we'll go back to the Er2Ge207_nuc
Node under phases and click on Compute -> Select magnetic/subgroup phase
(You may want to save a backup of this working nuclear refinement at this pointl)

HIGH FLUX
ISOTOPE
REACTOR

0 =Y v

8 10 12 14
dA
6 * 0-}0 Q zoo!mZectﬂ < > A V <> ><

2-theta = 168.320d= 1.12719 Q= 5.57419 Intensity = 2626.27




olving the sfructure

File Data Calculate Impert Export | Selecttab Compute | Help

(= Project: Er2Ge207_Op5K.gpx
- Notebook
.. Contrals
- Covariance
. Constraints
- Restraints
- Rigid bodies
- PWDR Er2Ge207_op2112_Ge
. Comments
- Limits
. Background
- Instrument Parameters
- 5ample Parameters
- Peak List
- Index Peak List
- Unit Cells List
. Reflection Lists
= Phases
.. Er2Ge207_nuc

%OAK RIDGE | 5%

National Laboratory | REACTOR

4| General | Data | Atoms | Draw Options | Draw Atoms

Phase name: | Er2Ge207_nuc Phase type:  nuclear

RB Models

~ | Space group:

Powder Patterns

Map peaks = MC/SA | RMC | ISODISTORT | Textun b

P41212 []Modulated?

[ Refine unit cell: 3= | 6.76494 | e= [ 12:30005

| Vol = | 562.904 |

PWDR Er2Ge207_op2112_Gell3 Op5K.gss Bank 1

Elements | Er || Ge " 0]

Isotope Mat. Abund. ~ | Mat, Abund.

~ | Nat. Abund.

No. per cell Make new magnetic phase

Atom weight

Bond radii Select magnetic space group

"
(2) P41212; (3,6,0) + (0,0,0)

(3) P41212" (3,b,0) + (0,0,0)

(@) P41212; (a,b,0) + (0,0,0)

= | @ Pa1; @b - 01/20)

(6] P41; (3,b,) + (0,1/2.0)

(7) C2221" (a+b,-a+b,d) + (0,0,0)

(8] C2'221: (a+b,-a+b.d] + (0,00}

(9) C2221; (a+b,-a+b,d) + (0,0,0)

Angle radii
van der Waals radii| 1.70
Default color

Pawley controls: Do Paw|

Fourier map controls: Ma

>

£.80354 Pawley neg.w’t.:

Is)

Intensity

elect reflection sets

(10) P21'21'27; (a,b,c) + (1/4,0,-1/8)
Map grid step: | 0.25

Charge flip controls: Refl

ring element: MNone

| E— |
Map grid step: | 0.25 k-Factor (0.1-1.2):| 0.1

k-Max (==10.0): | 20.0

TestHKLs:|ooz |200 |111

|020 |123

Monte Carlo/Simulated Annealing controls: Reflection set from:

MC/5A runs: 1 ~ | [] MC/SA Refine at | 10.0

MC/SA schedule: | log ~ slope:

v |d-min: | 2.8

T I SEEME - - Z =

Ve
T o Word

=,

% of ranges.

Annealing schedule: Start temp: Finaltemp:| 0.1

|N0.tria|s:| 250

<

Let’s try these one by one
Starting with the first option




olving the structure

File Data Calculate Import Export | Selecttab Compute | Help
Powder Patterns

(- Project: Er2Ge207_0p3K.gpx 4| General | Data | Atoms | Draw Options | Draw Atoms | RBModels = Map peaks | MC/SA | RMC | ISODISTORT | Textun b

- Motebook
[cam an=e 1
... Conti ~ | Space group: Pa1212 [1Modulated?

Magnetic atom selection X
| vor = [ 562904 | PWDR Er2Ge207_op2112_ G

... Cova

.. Cons{For: (1) P41°21'2; (a,b,c) + (0,0,0)

. Restr MName, x, y, z, allowed moments, mag. site sym:

Rigid Use? Erl 0 0.87240 035190 0.13470 { Mx, My, Mz) 1 H
~ | MNat. Abund. ~

230

15.999

1.09

0.89

1.70

R ]

=)~ Phases [
.. Er2Ge207_nuc Pawley controls: Do Pawley refinement? ] dmin:| 1.35714 | dmax:l 16.80354 |Pawle}r neg.wt.:
d-space range 1.35629 to 16.80354 A-1 (1 histograms)

Intensity

Fourier map controls: Map type: ~ | Reflection sets: | ~ | Select reflection sets

Charge flip controls: Reflection sets:|  ~ | Select reflection sets | Normalizing element: MNone

Map grid step: | 0.25 k-Factor (0.1-1.2):| 0.1 k-Max (==10.0):| 20,0 Lk = [e* 343
reverr” bl b U g boghoss) V T T

TestHKLs| 0 0 2 [200 [117 [020 [123

MU =

4

Monte Carlo/Simulated Annealing controls: Reflection set from:

MC/SA runs: | 1 ~ | [] MC/SA Refineat | 10.0 % of ranges.

MC/SA schedule: | log ~ slope:

Annealing schedule: Starttemp:FinaI temp:l 0.1 |N0. trials:| 250
. A€> A B EEAB< >NV <<

A window will pop-up with the magnetic ions. There is only one symmetry distinct site in this
case.

07K RIDGE | ivore Click Yes.

National Laboratory
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olving the structure

File Data Calculate

Import

Export | Selecttab Compute | Help

Organize «

7 Quick access

[ Desktop

* Downloads

|5 Documents

=| Pictures
Er2Ge207

o KErSed

& KNiAsO4

@ Re2Bed5i07_Bra:

b T Y TR TR

File name:

-

Mew folder

<

Er2Ge2 07 _nus

® Choose GSAS-Il project file name

1 < Refinements » GSAS » GSASI » Er2Ge207

MName

& Er2Ge07 0psKbak0  10/3/2022 10:12 AM
& Er2Ge207 0p5Kbakl  10/3/2022 11:19 PM
& Er2Ge207_0p5K.bak2 /3/2022 11:19 PM
H ErGe207_0p3K 10:12 AM
& Er2Ge207_0p3K_ma...
& Er2Ge207_0p3K_ma..
& Er2Ge207_0p5K_ma...
& Er2Ge207_0p5K_ma...
& Er2Ge207_0p3K_ma...
&' FIGe07 InSK ma...

Type

GSAS-Il project
G5AS-Il project
G5AS-Il project
GSAS-Il project
GSAS-Il project
GSAS-Il project
G5AS-Il project
GSAS-Il project
G5AS-Il project
GSAS-Il nroiect

Search Er2Ge207

Size Tags

151 KB
150 KB
205 KB
254 KB
216 KB

[ T
(R FE Y
woow oo
o
m m m

734 KR

~

ag_1

A Hide Folders

Save as type: | GSAS-Il project file (*.gpx)

Cancel

| RMC | ISODISTORT | Textur b

 Modulated?

[Tiap grid step: | UZ5

| K-Factor (UT-T2F | T

W= TIax (5 = TO0f | 2000
| |

Te:tHKLs:| N

MC/SA runs: | 1

MC/SA schedule: | log

>«

~ | d-mim: | 2.8

Annealing schedule: Start temp: Final temp:| 0.1

[200 [111 [c20 [123 |
Meonte Carlo/Simulated Annealing controls: Reflection set from:
~ | [] MC/SA Refine at | 10.0 % of ranges.
| No. trials:| 250 |

Powder Patterns

PWDR Er2Ge207 op2112 Gell3 Op5K.gss Bank 1

3500 4

3000 4

2500 4

2000 +

1500 A

Intensity

1000 A

500 4

—500 A

H

+F FEBHE Z Z Z Z

- FC

A €> QB EAB< >NV <<

<>

><

You should get a window prompting you to save the gpx under a new name. This gives you
a good branch to try and then go back to the original to try a different structure

HIGH FLUX
ISOTOPE
REACTOR

OAK RIDGE

National Laboratory




Solving the structure

W GSAS-Il project: Er2Ge207_nuc-mag_1.gpx

TR
File Data Calculate Import Export | Selecttab Edit Atoms Compute | Help
- Powder Patterns
=) Project: C:\Users\ktc\Dropbox (|| |4 | General | Data | Atoms | Draw Options | Draw Atems | RBModels | Map peaks | MC/SA | RMC | Texture | Pawley refle b
- Motebook
Atomn parameters list for Er2Ge207_nuc-mag_T:
- Controls
""EWTE’_“: Name | Type | refine| x y z frac Mx My Mz | sitesym | mult| If/A PWDR Er2Ge207 0p2112 Gell3 Op5K.gss Bank 1
- Constraints . = —— = — .
- Restraints 0 Er 0.87240| 035190 0.13470| 1.0000, 0.0000| 0.0000  0.0000|1 L 0 | " 0 U |
- Rigid bodi i
o poctes 35007 LI (R
= PWDR Er2Ge207_op2112_Ge|
- Commen ts | :ﬁl Il 11 |
. Limits 3000 4 ! Il 14l |
. Background | 1 I | |
- Instrument Parameters | | 11 | |
- Sample Parameters 2500 1 |Jli 1 +| 1
.. Peak List 1 11 3 I$_I I
- Index Peak List | ! | N |
. Unit Cells List > 2000 + oW #
- Reflection Lists 'a | _—L— I M 14 |
- Phases = | 11 ﬂ_;l_ II'_I |
- Er2Ge207_ S 15009 + 1 [
----- Er2Ge207_nuc-mag_1 E | ™ | -IJ |
1000 A I W H !
I 1 o
I U ﬂ I
500 4 | i 3 : i |
; F i i
H "
0 E
=500 1| . . L 11 . I |
20 40 60 80 100 120
A v
v N

In the tree you will now see a second, magnetic, phase. If you go to the Atoms tab you'll

find only 1 atom - the single Er site — now with new columns for the magnetic moment
components. In this symmetry the magnetic moments are allowed to have moment
components along all three crystallographic directions.




Solving the structure: refining the moments

% GSAS-Il project: Er2Ge207_nuc-mag_T.gpx = O X 5
File Data Calculate Import Export | Selecttab Edit Atoms Compute | Help

Powder Patterns Er2Ge207_nuc-mag_1

- Project: C\Users\ktc\Dropbox (| | 4 | General | Data | Atoms | Draw Options | Draw Atoms | RB Models | Map peaks | MC/SA | RMC | Texture | Pawley refle ¥
. Notebook

- Controls

- Covariance Name | Type ine y z frac Max M ite sym | mult | I/A

- Constraints

. Restraints 0 Erl 0 |Er M0 035190 0.13470| 1.0000  3.0000  3.0000) -5.00001 8 | 0
- Rigid bodies

—- PWDR Er2Ge207_op2112_Ge
s

Atom parameters list for Er2Ge207_nuc-mag_1:

- Index Peak List
- Unit Cells List

..|3. Pick Element *
Sc | T | vaan ~|[Co |~ |[NEY ~
e EEH EE BB
1 [ -0 [ [ [ ]
Ce Nd sm v|Eu v[6d |70 - [Py - |HeN - [EEH |- | - [ |
N -0 - [ - [
€ > < >

ave as/key: ~ | View point: 0.5000, 0.5000, 0.5000; density: 0.0000

Let’s flag these for refinement (set the refinement column to M), give them nominal starting
values (I'll do Mx, My, Mz = 3,3,-5) and see how it goes we can motivate these choices from
% OAK RIDGE| 5152 comparing the relatively intensity of the 001 peak to HKO peaks.
Nacional Laboratory [REACTOR Also, we should change the atom type to reflect the valence - Erd*




Solving the structure: refining the moments

% G5AS-Il project: Er2Ge207_nuc-mag_T.gpx

File Data Calculate Import Export | Selecttab Edit Atoms Compute | Help
- i Powder Patterns | Er2Ge207_nuc-mag_1
= Project: Setup PDFs | | Atoms | Draw Options | Draw Atoms | RB Models | Map peaks | MC/SA | RMC | Texture | Pawley refle b

- Note View LS parms CTRL+L
- Cony Refine Ctrl+R

-
for Er2Ge207_nuc-mag_1:

- Covi le | Type | refine x y z frac Max My Mz | site sym | mult | I/A

. Con Compute partials )
~Rest  Save partials as csv | & 087240 035190 013470 10000 30000 3.0000 -5.00001 g |

- Rigic Setup Cluster Analysis

-PWE Run Fprime

Run Absorb
Run PlotXNFF

. Instrument Parameters |

- Sample Parameters

. Peak List

- Index Peak List

- Unit Cells List

- Reflection Lists

—J- Phases
. Er2Ge207_nuc

Er2Ge207_nuc-mag_1

€

Perform a refinement save as/key: ~ | View point: 0.5000, 0.5000, 0.5000; density: 0.0000

Let’s fry arefinement
%OAK RIDGE |g# fLux

National Laboratory | REACTOR




Solving the structure: refining the moments

* B ' GSAS5-Il plots: Er2Ge207_nuc-mag_l.gpx
File Data Calculate Import Export | Selecttab Edit Atoms Compute | Help

- Powder Patterns
= Project: C:\Users\ktc\Dropbox (| |4 | General | Data | Atoms | Draw Options | Draw Atoms | REModels = Map peaks | MC/SA | RMC | Texture | Pawley refle b
- Notebook

.. Controls e o T PWDR Er2Ge207 0p2112_Gell3 Op5K.gss Bank 1

- Covariance

Name | Type | refine X y z frac Mx My Mz | sitesym mult | I/A| |
. Constraints +
- Restraints Erl 0 |Er M 0.87240) 035190, 013470 1.0000| 2.5808 37446 -3.36581 & | {
- Rigid bodies
- PWDR Er2Ge207_op2112_Ge
- Comments
- Lirnits
- Background
- Instrument Parameters
- Sample Parameters
- Peak List
- Index Peak List
- Unit Cells List
- Reflection Lists
—I- Phases

-Er2Ge207_nuc

i Er2Ge207_nuc-mag_1

T
30

20

. A€ D> $HQ Bemaam < >AV o< §

Mouse RE drag/drop to reorder 2-theta = 3.885 d= 33.38057 Q= 0.18823 Intensity = 2199.0%

This doesn’t look so great, intensity is off but we are also completely missing some peaks.
% OAK RIDGE gz Let’s try the second structure

National Laboratory | REACTOR




olving the structure: iterating through the structures

ai
File Data Calculate Import Export | Selecttab Compute | Help

- Powder Patterns
(- Project: Er2Ge207_0p3K.gpx 4| General | Data | Atoms | Draw Options | Draw Atoms | RBModels | Map peaks | MC/SA | RMC | ISODISTORT | Textur b
... Motebook

.. Controls Phase name: | Er2Ge207_nuc Phase type: nuclear | Space group: P41 212 ] Modulated?

... Covariance
' T o = T = -
 Constraints [ Refine unit cell: 3= |6..5494 | c= |1z.30005 |1ufo|_ |552.9o4 | .

... Restraints Density: Phases & Data 11

- Rigid bodies
+ obs
- PWDR Er2Ge207_op2112_Ge| | ElEments E | Ge 0 ale

- Comments Isotope Mat. Abund. ~ || Nat. Abund. ~ | Mat, Abund. bk
— bkg

- Limits
Mo. per cell 2.0 : N
 Background P Make new magnetic phase * diff

. Instrument Parameters terlsght 3

Er2Ge207 _nuc

- 5ample Parameters Bond radii Select magnetic space group

Peak List Angle radii - (1) P41'21°2; (a,b,c) + (0,0,0) "

- Index Peal List van der Waals radii| 1.70 (2) P4121°2% (3.b,c) + (0.0,0)

- Unit Cells List (3) PA1'212"; (a,b,c) + (0,0,0)
.. Reflection Lists Default color (4 P41212; (a,b,c) + (0,0,0) i
- Phases 4 | (3) P41 (a,be) + (0,1/20) =
: . (6) P41; (a,b,c) + (0,1/2,00 .
Er2Ge207_nuc Pawley controls: Do Paw| (7) C2221" (a+b,-2+b,6) + (0,0,0) 6.80354 Pawley neg. wt.:

d |(8) C2'221; (a+b,-a+b,c) + (0,0,0) )
(9) C2221; (a+b,-a+h,c) + (0,0,0) =
Fourier map controls: Ma | (10) P21'21°21; (a,b,c) + (1/4,0,-1/8) elect reflection sets

Map grid step: | 0.25
oK Cancel =

Charge flip controls: Refl ring element: MNone

Map grid step: | 0.25 k-Factor (0.1-1.2):| 0.1 k-Max (>=10.0): | 20.0

Test HKLs| 0 0 2 [200 [111 [020 [123

+3 SEEHE - Z Z 2 C

Intensity

P—EF

Monte Carlo/Simulated Annealing controls: Reflection set from: |I | ||| Ill || I |:|:| ””I |:||~| .l || I | ||||||I| I” l”'l |: illll ||!
T T

MC/S4 runs: |1 v | [] MC/SA Refineat | 10.0 % of ranges. a0 &0 BID 100 lZID

MC/SA schedule: | log ~ slope: 28

Annealing schedule: Starttemp:FinaItemp:| 0.1 |N0.tria|s:| 250
< § A€ B BEARBR<>AV <<

Mouse RE drag/drop to reorder

Reopen your 0.5 K fit and select the second structure and redo the last couple steps

HIGH FLUX
ISOTOPE
REACTOR

%OAK RIDGE

National Laboratory




Solving the structure: iterating through the structures

S
File Data Calculate Import Export | Selecttab Edit Atoms Compute | Help

B ' GSAS-Il plots: Er2Ge207_nuc-mag_2.gpx

- Powder Patterns
=- Project: C:\Users\ktc\Dropbox (| |4 | General | Data | Atoms | Draw Options | Draw Atoms | RBModels = Map peaks | MC/SA | RMC | Texture | Pawley refle b
- Notebook

i 7 - 3
. Contrale Atomn parameters list for Er2Ge207_nuc-mag_2:

PWDR Er2Ge207 op2112 Gell3 Op5K.gss Bank 1

- Covariance Name | Type | refine x ¥ z frac Mx My Mz | sitesym | mult | I/A |
. Constraints Phases & Data +
Erl 0 |Er 0.87240| 035190 0.13470 1.0000 3.0000 3.0000, -5.0000 1 g | Q obs

calc
bkg
. Limits diff
. Background Er2Ge207_nuc
- Instrument Parameters Er2Ge207_nuc-mag_2
. Sample Parameters
- Peak List
- Index Peak List
- Unit Cells List
- Reflection Lists
—J- Phases
Er2Ge207_nuc
... Er2Ge207_nuc-mag_2

- Restraints

- Rigid bodies

- PWDR Er2Ge207_op2112_Ge
. Comments

=
%]
c
]
o
£

. A€ D> $HQ BeBu=mg > AV < >< )

Mouse RB drag/drop to reorder

2-theta = 23.485 d= 3.83273 Q= 1.07333 Intensity = 1548.61

Also not even close, let’s try the third.
%OAK RIDGE | gt FLux

National Laboratory | REACTOR




olving the sfructure

File Data Calculate Import

Export |

[=-Project: C:\Users\ktc\Dropbox ((
. Notebook
- Controls
.. Covariance
- Constraints
. Restraints
- Rigid bodies
-PWDR Er2Ge207_op2112_Gel
- Comments
... Limits
- Background
- Instrument Parameters
- 5ample Parameters
- Peak List
- Index Peak List
- Unit Cells List
- Reflection Lists
= Phases

. Er26e207_nuc

HIGH FLUX

%OAK RIDGE | #5i5s

National Laboratory | REACTOR

1 | General | Data

Selecttab Compute |

Atoms

Help

Draw Options

Phase name: | Er2Ge207_nuc Phase type: | nuclear

Refine unit cell: = | 6.76494

Draw Atoms

~ | Space group:

RB Models = Map peaks | MC/SA | RMC | ISODISTORT | Textun b

p41212 [ Modulated?

| <= [ 1230005

| voi= | 562904 |

Elements | Er

" Ge

[o

Isotope
MNo. per cell 8.
Atom weight 167.
Bond radii 1.96
Angle radii

van der Waals radii| 1.70

Default celor
Pawley controls: Do Paw

d

Fourier map controls: Ma

Map grid step: | 0.25

Mat. Abund.

~ | Nat. Abund.

~ | Nat. Abund.

Make new magnetic phase

Select magnetic space group

bt

(1) PA121'2; (a,b,c) + (0,0,0)
(2) P4121'2" (a,b,c) + (0,0,0)

(3) P41'212": (a,b,c) + (0,0,0)

(4) PA1212; (a,b,c) + (0,0,0)
(5) P41 (a,b,c) + (0,1/2,0)
(6) P41: (a,b,c) + (0,1/2,0)

(7) C22'21"; (a+b,-a+b,c) + (0,0,0)
(8) C2'2'21; (a+b,-a+b,c) + (0,0,0)
(9) C2221; (a+b,-a+b,c) + (0,0,0)
(10) P21'21'21; (a,b,c) + (1/4,0,-1/8)

6.80354 Pawley neg. wt.:

Is)

Charge flip controls: Refl

QK

Cancel

Elect reflection sets

Eing element: Mone

| —
Map grid step:| 0.25 k-FactUr(O.1-‘I.2]:| 0.1

|k Max (>=10.0): [ 20.0

TestHKLs| 0 0 2

[200

[111

[020 [123

Monte Carlo/Simulated Annealing controls: Reflection set from:

MC/SA runs: | 1

MC/5A schedule: | log

Annealing schedule: Start temp: Final temp:| 01

<

v | [] MC/SA Refine at

10.0

w | d-mim: | 2.8

% of ranges.

| No. trials: | 250

Powder Patterns | Peak Widths

PWDR Er2Ge20? ~0p2112 Gell3 Op5K.gss Bank 1

Intensity

_mlll-lll

d,A
zooimZectﬂ < > A V <> ><

2-theta = 168.320d= 1.12719 Q= 5.57419 Intensity = 2626.27

€5 +Q

Go back to your 0.5 K save and try the third structure



olving the structure: refining the moments

B ' GSAS-Il plots: Er2Ge207_nuc-mag_3.gpx
File Data Calculate Import Export | Selecttab Edit Atorns Compute | Help Powder Patterns | Peak Widths | Er2Ge207_nuc-mag_3
E)-Project: ChUsersiktc\Dropbox (| 4 | General | Data | Atoms | Draw Options | DrawAtoms | REModels | Map peaks = MC/SA | RMC | Texture | Pawley refle b

--Notebook
orenon Atom parameters list for Er2Ge207_nuc-mag_3: PWDR Er2Ge207 op2112 Gell3 Op5K.gss Bank 1

- Controls

.. Covariance

Name | Type | refine x y z frac M My Mz | sitesym mult| I/A| | u i
- Constraints y 1

. Restraints Erl Er+3 M 0.87240) 035190 013470, 1.0000) 25910 3.0485 -7.0861 1 2 | {

Riaid bodi I I
- Rigid bedies ¢ n

- PWDR Er2Ge207_op2112_Gel
- Comments I

11
- Limits I:’l'- "
--Background I
- Instrument Parameters

- 5ample Parameters

- Peak List

- Index Peak List

- Unit Cells List

- Reflection Lists

=-Phases
: r2Ge2(07_nuc
+..Er2Ge207_nuc-mag_3

SE e I e S

Intensity

jiti 3 3

T
60 100

20
. A €24+ B BEA<>AV <<

Mouse RE drag/drop to reorder View point: 0.5000, 0.5000, 0.5000; density: 0.0000

This one looks quite good
%OAK RIDGE | #sH fLux

National Laboratory | REACTOR




Solving the structure: checking the fit

B! GSAS-Il plots: Er2Ge207_nuc-mag_3.gpx - O

Powder Patterns | Peak Widths | Er2Ge207_nuc-ma 9.3

PWDR Er2Ge207_op2112_Gell3 Op5K.gss Bank 1

+

2500
¥

2000 -

1500 A

Intensity

1000 ~

500 A

A(D/o(l)

T T T T T
10 20 30 40 50

A € > $ Q "=E§Y=4‘E<>/\V<>><G

2-theta = 16.365 d= 2.35373 Q= 0.75214 Intensity = 487.17

><

If we zoom in on the magnetic peaks, we see agreement in the positions and intensities. This
might be a possible solution (we should try the final P41212 based structure as well)
| wouldn't recommend trying the lower symmetry models if you get a good fit with a higher

0K riv¥IMEry model. Only if you see something indicating you need further symmetry breaking.

National Laboratory | REACTOR




Solving the structure: checking the fit

B! GSAS-Il plots: Er2Ge207_nuc-ma g_3_play.gpx - m}

|| Powder Patterns | Peak Widths

PWDR Er2Ge207_op2112_Gell3_0p5K.gss Bank 1

| Iy Il o I
| 14 11 o |
| I 11 o |
1 13 [ [ 1

30001 | I I ¥ 1
| I 11 I fl |
| 14 Iyl I |
I I |§1 I $:| I

Azooo— : : :f: :
= 1 1 |+:| 1
P | I |¢+| |
£ | | PR

= i +

1000 | I 1+ |
| I+ $| |
| I

I

Al)/o(1)

T T T T T T
20 40 60 80 100 120

A€> PQ B >AV o< § X P

2-theta= 47122 d= 3.00018 Q= 2.09427 Intensity = 2079.29

Fitting a little more carefully | can get a fit that looks like this — quite nicel

%OAK RIDGE

HIGH FLUX
: ISOTOPE
National Laboratory

REACTOR




Visualizing the magnetic structure

® B! GSAS-Il plots: Er2Ge207_nuc-mag_3.gpx

File Data Calculate Import Export Selecttab Edit Figure Compute Restraints _ Rigid bod Help Powder Patterns Peak Widths | Er2Ge207_nuc-mag_3
=-Project: C\Users\ktc\Dropbox (( |4 | General | Data | Atoms Draw Optigns | Draw Atoms | RE Models = Map peaks | MC/SA | RMC | Texture | Pawley refle b

- Motebook
- Controls

- Covariance Name | Type x My Mz Sym Op Style Label | Color | I/,
- Constraints

Draw Atom list for Er2Ge207_nuc-mag_3: 3

- Restraints

- Rigid bodies

- PWDR Er2Ge207_op2112_Gel
- Comments

- Limits

- Background

- Instrument Parameters
- 5ample Parameters

- Peak List

- Index Peak List

- Unit Cells List

- Reflection Lists

—-Phases
i Er2Ge207_nuc
.. Er2Ge207_nuc-mag_3

<

Mouse RB drag/drop to reorder save as/key: ~ | View point: 0.5000, 0.5000, 0.5000; density: 0.0000

To see what this looks like click on the ‘Draw Atoms’ tab for the magnetic phase.
Then use the same trick as before to show all the atoms

REACTOR

%OAK RIDGE

National Laboratory




Visualizing the magnetic structure

B ' GSAS-Il plots: Er2Ge207_nuc-mag_3.gpx

File Data Calculate Import Export Selecttab  Edit Figure Compute Restraints  Rigid body Help Powder Patterns | Peak Widths | Er2Ge207_nuc-mag_3

=) Project: C:\Users'ktc\Dropbox (¢ General | Data | Atoms | Draw Options = Draw Atoms | RB Models | Map peaks | MC/SA | RMC | Texture | Pawley refle P
- Motebook

- Controls

- Covariance Name | Type x My Sym Op Style Label | Color |1
- Constraints

Draw Atom list for Er2Ge207_nuc-mag_3: 3

- Restraints

- Rigid bodies

- PWDR ErdGe207_op2112_Gel
.. Comments

- Limits

. Background

- Instrument Parameters

~N |- S

- Sample Parameters
- Peak List
. Index Peak List
- Unit Cells List
.. Reflection Lists
—J-Phases
: r2Ge207_nuc
- Er2Ge207_nuc-mag_3

<

Mouse RB drag/drop to reorder save as/key: ~ | Mew quaternion: -0.77+, 0.64i+ ,0.01j+, 0.02k

That helps!
%OAK RIDGE |t FLux

National Laboratory | REACTOR




Visualizing the magnetic structure

® B ' GSAS-Il plots: Er2Ge207_nuc-mag_3.gpx
Data Calculate Import Export Selecttab  Edit Figure Compute Restraints  Rigid bod nelp Powder Patterns | Peak Widths | Er2Ge207_nuc-mag_3

=) Project: C:\Users'ktc\Dropbox (¢ General | Data | Atorns | Draw Options | Draw Atoms | RB Models | Map peaks | MC/5A | RMC | Texture | Pawley refle b
- Motebook

Draw Atom list for Er2Ge207_nuc-mag_3: 3
.. Controls

- Covariance Name | Type x Mx My Mz Sym Op Style Label | Color |1
- Constraints

Restraints
- Rigid bodies
—- PWDR Er2Ge207_op2112_Gel
- Comments
. Limits
. Background
- Instrument Parameters
-.Sample Parameters
- Peak List
- Index Peak List
- Unit Cells List
- Reflection Lists
—J- Phases
Er2Ge207_nuc
Er2Ge207_nuc-mag_3

=AW =S

<

Mouse RB drag/drop to reorder save as/key: ~ | Mew quaternion: -0.77+, 0.64i+ ,0.01j+, 0.02k

Now the structure looks to have the reported ‘local Ising’ behavior.
We should next go through and kick the moments a bit — see if they go back to these values. Is this a unique
solutione Do the other models worke Bettere But for now, we've shown how to get started at least!



W' GSAS-Il plots: Er2Ge207_nuc-mag_3.gpx

Concluding thoughts i i

PWDR Er2Ge207_op2112_Gell3 _Op5K.gss Bank 1
T TT

» From here (after checking ;j;
that fourth structure)we can Sl ;j;
export a nice plot of the fit, 55

Intensity

check the moment size, try
pushing the structure to see
If It returns to this solution.

Z it T e 3 B 243 Semane ” 2 T

e As you can see, GSASII's
inking to k-subbgroupmag is
very nice and makes trying
solutions very convenientl!

* Always good to check your
structure solution using
multiple methods

%OAK RIDGE |!sH

National Laboratory | REACTOR




