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History

1980 SDS

Program for solution and refinement of 3d structures

1984 Jana

Refinement program for modulated structures

] https://history.amercrystalassn.org/h_coppens_memoir

Vaclav Petricek

PierceBecker Philip Coppansh

Jana- the first version developed during Vaclav’s stay at Philip Coppens lab in 1984,
In close collaboration with Pierre Becker - Acta Cryst. A41, 478-483 (1985).
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History

Vaclav Petricek

1980 SDS Michal Dusek

Program for solution and refinement of 3d structures

1984 Jana

Refinement program for modulated structures

1994 SDS94 and Jana94

Set of programs for 3d (SDS) and modulated (Jana) structures running in text mode

1996 Jana96
Modulated and 3d structures in one program. Graphical interface for DOS and UNIX X11

1998 Jana98

Improved Jana96. First widely used version. Graphical interface for DOS, DOS emulation and UNIX X11

2000 Jana2000

Support for powder data and multiphase refinement. Graphical interface for Win32 and UNIX X11

2006 Jana2006

Combination of data sources, magnetic structures, and TOF data. Dynamical allocation of memory. Only for Windows

Lukas Palatinus

o

G ‘?") ‘ )‘).

,,:,\ & i
Plasil Margarida Henriques

Jakub

2021 Jana2020

Development of an interactive and graphical interface
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What the program offers

# types of models

# types of compounds
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TO p | CS Small organic and inorganic molecules

Basic crystallography

Complicated structures
Large, twinned, disordered, polytypic, ...

Advanced tools

Commensurate structures
Magnetic structures

N FZU s Proteins



Basic crystallography

Radiation type selection

Symmetry determination

External call to structure solution by Charge flipping and Direct methods
Tools for editing structure parameters

Fourier calculation

Tools for adding hydrogen atoms

Constrains and Restraints

JanaDraw

Graphical tools for atomic parameters, refinement commands, bond distances,
angles, etc.

Scale factor
Atomic site coordinates and occupancies
ADPs

Extinction parameters

CIF output

N Institute of Physics
O of the Czech
’ Academy of Sciences

Advanced tools

Transformation tools, group-subgroup relations

Twinning (merohedric, general), treating of overlapped reflections
Fourier methods - Fourier sections and de Wolff sections

User equations and restrictions

Disorder

Split atomic positions and introduces restrictions
Rigid body approach, local symmetry
Anharmonic ADPs

Modulated and composite structures

Several types of modulated functions

Plotting of modulated parameters as a function of t
Plotting of modulated structures

Calculation of geometric parameters

Visualization of the modulated structure in JanaDraw

Multiphases for powder and single-crystal data
Multipole refinement

Cyclic refinement

Fundamental approach

Anisotropic strain broadening (generalized to satellites)
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Download

Shortcuts: Jana2006 for Windows | Installation notes | Free Registration

Jana2020: the latest version of Jana software. The link "Jana2020inst.msi” opens a new web page for user registration, program download
and Jana cookbook. Jana2020 is free anly for academic users.

JanaZ006: development of this program has been finished. Jana2020 can read files of JanaZ00&.

Jana2000: development of this program has been finished. Jana2000 input files can be used in Jana2008, the necessary conversions are
done automatically.

Versiocn -
Program string Download from jana.fzu.cz
Janaz2020 for Windows 19/01/2024 | jana2020Inst.msi
- - Jana2006 for Windows, STABLE 2000212023 janainst.msi
al l a Z l | ‘ Z Jana2006 for Unix, STABLE ---- not available
" u u Jana2006 for Windows, LATEST 2000212023 janainst.msi
Jana2006 for Unix, LATEST ---- not available
Jana2000 for Windows, FINAL 1gM2/2007 |anainstexe
janainst.exe.zip
u = jana2000Pack.exe.0z
Jana2000 for Unix, FINAL 1811212007 jana2000.tar.gz
(jana2000FPack exe contains instailation procedure) Debroglie's repository (third party)
Jana2000 on MAC 0SX 10.12
manualdg.pdf

manual2000_part1.pdf

Manuals (partially useful also for Janaz00a) ---- powder_parameters.pdf
manual2000_part1_examples.zip

superflip_user_manual.pdf

cookbook.zip (~100MB, PDF+data)
Jana2006 Cookbook.PDF

| |
Cookbook ;
Jana Cookbook cumulates examples from Jana workhops. The last version is L ::i—dd;;af—;l %::?n(”:seug h31 EL} (Cr2P207)
always copied here together with input data. Raw data for electron diffraction (~1500MB) pie ...
examples are provided separately due to their size. !

raw data for Example 5.5.1 (Melilite)
(~1000MB)

STABLE versions are not frequently changed, registered users get information about their releases. LATEST versions are changed frequently
and contain the latest development. FINAL versions are not further developed. BETA versions are pre-releases of new major upgrades.

Installation

Jana2006 for Windows. Execute janainstmsi and follow the instructions. Execute jana2006.exe and check the version string in Tools-
=About JanaZ006.

Jana2006 for Windows, old way of installation from janainst.exe. Follow the instructions for Jana2000. For the system
environment variable use the name JANAZO06DIR instead of JANADIR.

N Institute of Physics
O of the Czech Jana2006 for UNIX. Unixversion is not yet available.
’ Academy of Sciences

Jana2000 for Windows. Execute the self-extracting archive janainst.exe. Before the extraction choose installation directory. After the
extraction go to Control panel - System - Advanced - Environment variables and set the system-wide environment variable JANADIR to the
name of the installation directory Go to Display Properties - Effects and make sure Clear type fonts are not used for smoothing edges of
screen fonts. Execute jana2000.exe.




Where to get It

https://jana-login.fzu.cz/jana2020

Registration
Download
Installation

N Institute of Physics
O of the Czech
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Download | Registration | Installation | External programs | Forum | Workshops | Citation & support | Contact Us

Download

Shortcuts: Jana2006 for Windows | Installation notes | Free Registration

Jana2020: the latest version of Jana software. The link "Jana2020inst.msi” opens a new web page for user registration, program download
and Jana cookbook. Jana2020 is free anly for academic users.

JanaZ006: development of this program has been finished. Jana2020 can read files of JanaZ00&.

Jana2000: development of this program has been finished. Jana2000 input files can be used in Jana2008, the necessary conversions are
done automatically.

a

Versiocn -
Program = Download from jana.fzu.cz
.

Janaz2020 for Windows 19/01/2024 | jana2020Inst.msi

Jana2006 for Windows, STABLE 2000212023 janainst.msi

Jana2006 for Unix, STABLE ---- not available

Jana2006 for Windows, LATEST 2000212023 janainst.msi

Jana2006 for Unix, LATEST ---- not available

Jana2000 for Windows, FINAL 1gM2/2007 |anainstexe
janainst.exe.zip
jana2000Pack.exe.gr

Jana2000 for Unix, FINAL 1811212007 jana2000.tar.gz

(jana2000FPack exe contains instailation procedure) Debroglie's repository (third party)
Jana2000 on MAC 0SX 10.12
manualdg.pdf
manual2000_part1.pdf

Manuals (partially useful also for Janaz00a) ---- powder_parameters.pdf

manual2000_part1_examples.zip
superflip_user_manual.pdf

cookbook.zip (~100MB, PDF+data)
Jana2006 Cookbook.PDF
Cookbook raw_data_eld.zip (~600MB)
---- raw data for Example 5.3.1 (Cr2P207)
(~1500MB)
raw data for Example 5.5.1 (Melilite)
(~1000MB)

Jana Cookbook cumulates examples from Jana workhops. The last version is
always copied here together with input data. Raw data for electron diffraction
examples are provided separately due to their size.

STABLE versions are not frequently changed, registered users get information about their releases. LATEST versions are changed frequently
and contain the latest development. FINAL versions are not further developed. BETA versions are pre-releases of new major upgrades.

Installation

Jana2006 for Windows. Execute janainstmsi and follow the instructions. Execute jana2006.exe and check the version string in Tools-
=About JanaZ006.

Jana2006 for Windows, old way of installation from janainst.exe. Follow the instructions for Jana2000. For the system
environment variable use the name JANAZO06DIR instead of JANADIR.

Jana2006 for UNIX. Unixversion is not yet available.

Jana2000 for Windows. Execute the self-extracting archive janainst.exe. Before the extraction choose installation directory. After the
extraction go to Control panel - System - Advanced - Environment variables and set the system-wide environment variable JANADIR to the
name of the installation directory Go to Display Properties - Effects and make sure Clear type fonts are not used for smoothing edges of

screen fonts. Execute jana2000.exe.
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n
I I O W t O g et I t Download | Registration | Installation | External programs | Forum | Workshops | Citation & support | Contact Us

Download Registration

ana2006 Jana2006 can be used free of charge but we are interested who is using it. Registered users are placed to our internal list and get e-mails
Jana “ | about major updates.
Jana?2020- t|-|._. |atestyers | Please note that registration for Jana2006 is notvalid for Jana2020. Jana2020 has its own registration system available here. Jana2020 is
and Jana cookbook Jan: free anly for academic users.
Hew registration: type your e-mail, choose a password and submit the registration.

Janaz2006: development
- P Changes of existing registration: type your e-mail, password and submit. Forgotten password can be sent to your e-mail address

Janaz000: development
done automatically.

https://jana-login.fzu.cz/jana2020 et |

Password:
Jana2020 for Windows | |

Do not use precious passwords, this is not encrypied connection.

Jana? for Windows. [ Edit/Create/Remove registration l [ Send me my forgotten password by e-mail ]

Janaz 5 for Unix, STAbBLS S UL avalldide

Janaz200e for Windows, LATEST 2000212023 janainst.msi
Jana2006 for Unix, LATEST ---- nat available

| | | |
R e g I Stratl O I l Jana2000 for Windows, FINAL 18/12/2007 | lanainstexe
janainst.exe.zip

jana2000Pack.exe.Qz
18/12/2007 jana2000.targz
ne installation procedure) o Debroglie's repository (third party)
Jana2000 on MAC 05X 10.12

manual9s.pdf
manual2000_part1.pdf
Manuals (partially useful also for Janaz006) ---- powder_parameters.pdf
manual2000_part1_examples.zip
superflip_uwser_manual pdf
cookbook.zip (~100MB, PDF+data)
Conkbonk Jana2006 Cookbook.PDF
\fff_',“ P raw_data_eld.zip (~500MB)
e mereeen raw data for Example 5.3.1 (Cr2P207)
MB)
ta for Example 5.5.1 (Melilite)

0\) FZU InfsttriwtmceOf|-.P"3’5‘CS STABLE versions are not frequently changed, registered users get information about their releases. LATEST v -=r5i-3|15 are changed frequently
o e (zec 0 CO (=} (=] e apme [=] (=} 0 g [ a]=] AVE (=} Be-re 0 (=TT 0 a
Academy of Sciences and contain the latest development. FINAL versions are not further developed. BETAversions are pre-releases of new major upgradgs.

Efn"‘;éq.néuli lf“Elf“ separately C’EC



https://jana-login.fzu.cz/jana2020

Download

Install

Cookbook

& FZU

Institute of Physics
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Jana Login
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Create keyword

Search in cookbook Sort by revised | Sort by example | Sort by level

Cookbook

Issue tracker

[ Index keywords

Workshop f

Type a word(s) ...

Example 01.1: Zn | Solution of a simple crystal structure from single crystal data

Docx: Example lts

Example 02.1.1: PbS04 | Simple inorganic structure from powder

Docx: Example 02.1.1_PbS0O4.docx Pdf: Example

Example 02.2.2: LaPO4 | Crystallite size by Fundamental approach

Docx: Example

Example 03.1: AD3 | Structure of a pseudo-merohedric twin

Docx: Example 03.1

Example 03.2: PyNinit | Twmned structure with partial overlaps of diffraction spots

Docx: Exampl

A

e 03.2_PyMNinit.d

docx Pdf: Example 03.1

ocx Pdf: Example

t.docx Pdf: Example_02

02.2.2_LaPO4

02.1.1_PbSO4 pdf Data: Data.zip Results: Re

AD3.pdf Data: Data.zip Results: Resu

01.1 Zn.docx Pdf: Example 01.1 Zn pdf Data: Data zip Results: Resu

2_PyMinitpdf Data: Data.zip Results:

2.2 _LaP04.pdf Data: Data.zip Results: Resu

Les.2ip

sults.zip

lts.zip

Cinthia Antunes Corre

Show ke ywords W

Revised: Mar 20, 2024

Show ke ywords W

Revised: Mar 20, 2024

Show keywords ¥

Revised: Jan 1, 2022

Show ke ywords W

Revised: Nov 21, 2023

Show keywords ¥
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Where to get It

http://jana.fzu.cz/

Workshops

Jana2006 is a crystallographic program fo-
cusedto solution, refinement and interpre-
tation of difficult, especially modulated
structures. It calculates structures having
up to three modulation vectors from pow-
der as well as single crystal data mea-
sured with X-ray or neutron diffraction. The
input diffraction data can be unlimitedly
combined, the combination of powder neu-
tron data with single crystal X-ray data be-
ing a typical example. The structure solu-
tion can be done using the built-in charge
flipping algorithm or by calling an external
direct methods program. Jana can handle
multiphase structures (for both powder and
single crystal data), merohedric twins as
well as twins with partial overlap of diffrac-
tion spots, commensurate and composite
structures. It contains powerful transforma-
tion tools for symmetry (group-subgroup
relations), cell parameters and commen-
surate-zupercell relations. Wide scale of
constrains and restrains is available in-
cluding a powerful rigid body approach and
possibility to define a local symmetry affect-
ing only part of the structure. The latest de-
velopment of Jana concerns maagnetic
structuras.

Institute of Physics

Department of Structure Analysis
Cukrovarnicka 10

16253 Praha G

Czech Republic

Academy of Sciences | Institute of Physics
Dept of Structure Analysis | Laboratory of Crystallography
ECA-5IG#3 | Contact Us

CRYSTALLOGRAPHIC COMPUTING SYSTEM FOR STANDARD AND MoODULATED STRUCTURES

Vaclav Petricek, Michal Dusek & Lukas Palatinus

News

COFUND project Physics for Future: Postdoctoral fellowships at the Institute of Physics,
Prague, offer training in various disciplines including crystallography.

Jana2020 publication in Zeitschrift fir Kristallographie: Please cite this article if you
publish structures calculated with Janaz2020.

October 18 - 20, 2023 Jana2020 workshop: Garching, Germany

June 18 - 23, 2023 The 15th conference on quasicrystals: Tel Aviv, Israel
The 26th IUCr Congress: abstract deadline 21 February 2023

August 22 - 29, 2023 The 26th IUCr Congress: Melbourne, Australia

June 28 - 23, 2023 The 15th International Conference on Quasicrystals, ICQ15: Tel Aviv,
Israe

June 19 - 24, 2022 APERIODIC2022 - 10h International Conference on Aperiodic
Crystals: Sapporo, Japan

May 23 - 27, 2022 5th international school on aperiodic crystals: Kutna Hora, Czechia
August 22 - 30, 2020 The 25th IUCr Congress: Prague, Czech Republic

IUCr 25 Highlights related to aperiodic crystallography:
Magnetic structures

Aperiodic structures

Satellite workshop on aperiodic and magnetic structures

August 20 - 21, 2020 Workshop on Aperiodic and Magnetic Structures: satelllite of IUCr,
Prague, Czech Republic

May 31 - June 9, 2019 Magnetic Crystallography: Erice, ltaly

March 11 - 13, 2019 Jana basic Workshop in Jena, Germany

December 10 - 13, 2018 Jana Modulation Workshop: La Jolla CA, USA

October 26-27, 2017 Workshop on magnetic option in Jana2006, Garching, Germany

More about Jana2006 (PowerPoint
presentation, 10MB) Ad hoc workshops on Jana [ Next: 47 ]

N Institute of Physics
0 of the Czech
’ Academy of Sciences




Software distributed with Jana2020

« Superflip — structure solution by charge flipping
« Dyngo — reflection intensities from the dynamical theory of diffraction

« Marching cube - isosurfaces

Software that can be launched in Jana2020

* Plotting programs (Diamond, Mercury, Vesta ....)
« Structure solution programs (SHELXT, SIRWARE)
« Bilbao crystallographic server

* |ISODISTORT

N Institute of Physics
O of the Czech
’ Academy of Sciences
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Jana2020 Interface

Left pane

Structure  Transformations  Settings Tools Help

File Edit Picture Build Tools

m

Reflection file

New

Phases

Edit structure parameters
Structure solution
Fourier synthesis
Run Contour
Import

Refinement
Distance calculation
Draw structure

CIF utiities

R? Tools

Edit file

Files for MEM
Export structure to
Recover files

Matrix calculator
Run Jana2006

ODBR > B

Refinement
window

JanaDraw
X
Axes Rotate
(@) Picture axes - x |+
(O Direct axes -y [+
(O Reciprocal axes -z |+

(® Rotate in steps
(O Rotate continuously

Angle step [degs] 5.000 ‘
View along
a|lb a* || b* || c*
Mode
Basic v

[JBond selection

Use default radii for H atoms
Probability elipsoids: 50%

Applicatio

B&(goRo0wY

X BB ¢ E LS00 P

Wizard OFF

Right pane

n controls

Actual formula: C14 H13 N2 06 Na S | 37 atoms in asymmetric unit | 548/0 atoms drawn/selected | 600/0 bonds drawn/selected |

Institute of Physics
of the Czech
Academy of Sciences

) FZU

Lower toolbar
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Jana2020 Interface

. lana2020 - [\ CookbookExamples\1.1_In\Data'.dn]

<€+ Main Menu bar

Structure  Transformations  Settings  Tools Help
Main
Quick buttons . DQ}’ Focus buttons
o o o o
® e Reflection file “o
Mew
Phases

B > E

02

=l PR

R?

I'"}
X FZU

Edit structure parameters
Structure solution
Fourier synthesis
Run Contour
Import
Refinement
Distance calculation
Draw structure

CIF utilities

Tools

Edit file

Files for MEM
Export structure o
Recover files
Matrix calculator
Fun Jana200e

Command tree

I H B US| 66 2 NV TV e ]

o > 6

o2

O &

A B X

v Reflection file

D)

Import/modify reflection file
Run reimport in the silent mode
Make space group test

Create refinement reflection file

View listing from the merging process

Manual culling
Run statistic test - Wilson plot

List of observed vs. calculated intensities

Mew
Phases

[ L PO e

es

in steps

Hegs]

W along

elipsoids:

X
* Axes Rotate
o e

- x

- Y
z
continuously

|

Expanded Comman

d selection

radii for H atoms

50%

+
+
+

5.000

Wizard OFF

Actual formula: C14 H13 N2 06 Na S | 37 atoms in asymmetric unil

it | 548/0 atoms drawn/selected | 600/0 bonds drawn/selected |

Institute of Physics
of the Czech
Academy of Sciences

d tree
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Software flow scheme

Selection of the reflection file type
Powder data of multiphases

X-rays (home lab or synchrotron)

Domains of raw single
crystal data

Selection of the radiation source e Neutrons
Electrons

Domains of reduced single-
crystal data

Model from another source

Data import Wizard

Data Repository

Symmetry wizard

Image plotting

Structure modifications,
transformations

Geometry calculations
17

Structure solution

I

e

<—I<—
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Software flow scheme and files created

Reading of one or more data sets Data import Wizard _

Determining symmetry, merging symmetry equivalent reflections, absorption correction
Refinement of powder profile parameters

Symmetry TZCHMl MO refnementreflectionfie

Solution by Superflip or by calling external

JanaDraw

—

~N Institute of Physics
0 F Z of the Czech
e




Data import wizard

Mame Ext Size

&ﬁﬁ
| CsLiSO4.hkd

) FZU

Date

-

Institute of Physics
of the Czech
Academy of Sciences

Time |

DIR 10002024 11:25:17
ITE 488 23122018 18:48:58
| | CsLiSO4_red.sum 73364 23122018 1&:48:58

. Data import wizard

Single crystal:

Powder data:

Structure:

Magnetic parent structure:

Specify type of the file to be imported

(® known diffractometer formats
() reflection file corrected for LP and absorption
(") start with indexing procedure
() various CW formats

{_Jwvarious TOF/ED formats

() from SHELX

() from CIF

() from SHELX embedded in CIF
() from Jana2020 embedded in CIF
() from XD

(i from Jana2000

() nuclear model interactively

() nuclear model from SHELX

() nuclear model from CIF

(_J nuclear model from Jana2006/Jana2020

m
'.1.1
-

Mext

Cancel

19




Da.ta. I m p O rt WI Zard Input data: single crystal, powder, TOF

Bl Data import wizard X | « Conventional lab XRD
Data reduction file from: * Synchrotron sources
Input file name: | CsLiS04.hkd Browse « Neutron sources
« Electron diffraction (kinematical and

© Nonius-CCD O Koala at ANSTO dynamic approaches)
(") Bruker-CCD () SCD-LANL
(") Bruker-CCD (raw) (_JHasylab F1
© Oxford Diffraction-CCD O Hasyiab HUBER Data from different sources can be combined
O Rigaku-CCD O Hasylab XDS during refinements.
(JIPDS Stoe (J6T2 LBB
(JD9-ILL, D23 or Trics-Zebra i) Pets electron diffractometer
(") HeiDi (_J)SEMIU TOF
(O ILL-Vivaldi i) Polarized neutrons
(1515 SXD i) SHELX on I - abs.correction needed
(I TOPAZ, Corell

. Define basic KUMA (OD, Rigaku) data file: *

() input from "cif_od" file

(® input from "sum"” file

File name: | [0S E=TvRE Browse

N
D

Back Mext Cancel




Data import wizard

N4

FZU

Ins|
of
Ac{

. Data import wizard

Complete/correct experimental parameters

Cell parameters:

| 10.89451 10.88937 8.80485 90.00104 90.02358 119.9455

MNurnber of input indices: :

Radiation:
K-rays ¥-ray tube
Meutrons
Electrons

Kalphal/Kalpha2 doublet

Wavelength #1: | 0.71073

Data collection details:

Temperature: 203

Back

Info about metrics parameters

Polarization correction:

() Circular polarization

(® Perpendicular setting

() Parallel setting

() Linearly polarized beam

() Guinier camera

Monochromator parameters:

Perfectness:

Glancing angle:

MNext

0.3

6.06977

Info

Info

Set glancing angle

Cancel

21



Data import wizard

. Data import wizard

Actual cell parameters of data block:
Reference cell parameters derived from actual:

Matrix calculator

Define the reference cell

10.8945 10.8894 8.8048 90.001 90.024 119.946
10.8945 10.8894 8.8048 90.001 90.024 119.946

Apply the transformation

H= |1 *hel 0 k|0 o
I{=|IZI *h+|1 *k+|n *|
L=|El *h+|D *k+|1 =

Target dimension: =

Twinning matrices

1

Al 4] E

1

Muttiply input F(hkl)/I(hki) b}r

Analyze overlaps by Jana tools instead of HKLFS

IMFORMATION

All 11132 input reflections were properly handled

Back

Cancel

Mame Ext Size I

t.. DIR

j CsLiS04. hkl 378 488

| | CsLiSO4_red.sum 78 864
Mame Ext bize I
t.. DIR
jl CsLiS04.hkl 378 488
|| CsLiSO4.101 2 315832

sl 161

i csLiso4.ms0 450

22



Data import wizard

M50 — basic crystal information, form factors, program options

D\ Conferences_Trips_Seminars\2024.06.22_Workshop_Knoxville-U5_American Physical Society Meeting\Examples'3.3.1_CsLi504_flow’\Data\ CsLiS04.m 30

. File Edit Search View Convert Options Help

MName < Ext |5'|EE | Version Janal@2e

it DIR title

—_— cell 18.89451 18.33937 3.38435 08.881 98.8236 119.9455
| CsLiSO4.hkl 378 438 esdcell ©.80658 ©.00058 0.06041 0.0041 0.0041 0.0056
1 . spgroup P1 1 1

|| CsLiso4.01 2515832 Jictrice p

a oy 161 symmetry x y z

— unitsnumb 8
.CELiSUd.r‘ﬂﬁﬂ - lambda @.71873 radtype 1 lpfactor 1

monangle 6.8823 perfmonc @
| CsLibU4_red.sum roundmethod 1 autrefkeys 1

end

EE RS EEEE R R LR R R R R R E R R R R R R R R R R R R R R R
reftine

end refine

fourier

end fourier
dist

end dist
contour

end contour

N Institute of Physics
0 of the Czech
’ Academy of Sciences 23



Data import wizard

Bl Data import wizard >

Define parameters for absorption and scaling procedure

(® Mone or done before importing
i) Correction for spherical sample

Gaussian integration method Edit faces

Empirical correction and/or frame scaling

Define absorption coefficient ==

Define formula == Calculate absorption coefficient: from the formula

L : Define cross sections from the structure model

INFORMATION

The data import wizard is complete. As a next step you can import another or
modify the previously imported ones.

Back Mext Cancel




Data import wizard

Bl Data repository >

File Type of data Used radiation

CsLiS04. hkl Single crystal ¥-rays Mo K(zalpha)

Mame ¢ Ext | Size
y I DR
M_wl CsLiS04.hkl 378 488
Info Reimport Modify Delete Undelete S |_1 CsLi504.151 161
Bl CsLiso4.ma0 657

Esc OK

CsLiS04.ma0 385
j CsLiS04.m95 2516633
| CsLis04.z51 161

N Institute of Physics
0 of the Czech
’ Academy of Sciences
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Data import wizard

M95 — data repository

D\Conferences_Trips_Seminarsh\2024.06.22_Workshop_Knoxville-US_American Physical 5ociety Meeting\Examples’3.3.1_CsLi504_flowh\Data\ CsLiS04.m95 - Viewer

HEI"I"IE E{t Eile Edit 3earch Wiew Convert Opticns Help

Th commcell 18.89451 18.88937 5.88485 90.861 98.8236 119.9455

H:f commcellesd @.88858 8.98858 6.08841 6.084]1 @.00841 B.8856

{ : trcell

—_'| |:5-|_|5|:|4.hk| 1. a8 & . eaaaaa & . BeEaaa
. g . 880000 1.868660 g . 880000

I_-l CELISGd'lﬁ-I a8 . Baaaaa & . eeaaae 1. e6aaa66
. refblock Blockl

. |:5L|5[]4-m4|:| sourcefile CsLis04. hkl
. filedate 23/12/2818 filetime 185:48:58

CsLiS04.m50 difcode 3 correspond 1 corrlp -1 corrabs @ hklf5 8 useexpcorr 1

lambda @.71873 radtype 1 polarization 1 datcolltemp 293
monangle 6.86977 perfmono 8.5

wshelxa -999 wshelxb -999

nref 11132 ndim95 3 nlines 22264 scmax 1 scale 1

cell 18.89451 18.88937 B.BR4E5 D@.BE1 98.B235 119.9455
cellesd @.888558 @.888558 ©.80041 @.8041 @.8041 B8.80565

|| CsLi504.z51
| | CsLiS04 red.sum

ormat
@8.872849 -8.822185 8.842122
-8.846074 -8.892358 -8.855744
#.882511 . 847808 -B. 889548
end
Data Blockl
1 -13 3 -1 8. 86 @.88 26.47 26.47 8.413967E+84 @.112829E+a3 a.ale 1 1 a
&.188888E+81 8.188800E+81 6.06688 6.0080 0.8800 0.8000 0.0000 6.0006 6.0008 O.0068 1 1. BEa88 1. 88888
2 -13 3 a 8 .88 @.88 26.35 26.35 8.111946E+82 B.838333E+82 a.e2e8 1 1 a
@.1e0880E+81 6.100660E+01 ©.0060 0.0000 O0.0000 ©.0000 ©.0000 O.0000 O.0000 ©.0000 1 1. 60068 1. 660688
3 -13 3 1 & . BE a.88 26.47 26.47 B.421877E+Had B.113997E+835 &B.838 1 1 &
(\ @.1lea888E+81 6.18p800E+01l ©.0060 O.0060 .00 ©.0008 ©.0008 ©.0008 ©.0000 ©.0000 1 1. 06088 1. 86888
O FZU 4 -13 4 -2 & . e g.8@a 26.21 26.21 B.323159E+82 B.76e7376E+82 & . 848 1 1 0]
4.) @.1ee888E+81 6.10p880E+01 ©.0088 G.0060 G.0000 ©.0000 ©.0008 O.0008 ©.0000 ©.0000 1 1. 06888 1.99%99
5 -13 4 -1 6. 08 @.8@ 25.86 25.86 @.142616E+84 8.773888E+a2 @.e58 1 1 a

1aaaaaE+al

a.leaaaaE+al

@. aeaa

g8.8888 6.0808 G.0888 0.

gaea o.aesa

&.aeae o.8e8a8



Software flow scheme and files created

Determining symmetry, merging symmetry equivalent reflections, absorption correction

Refinement of powder profile parameters
LIl (M90  refinement reflection file

N Institute of Physics
0 F Z of the Czech
’ Academy of Sciences et



Symmetry wizard

Determining symmetry, merging symmetry equivalent reflections, absorption correction
Refinement of powder profile parameters

Superspace approach is implemented for (3+d) with d=1,2,3 modulated systems

It accepts any (reasonable) setting of space groups, including non-standard centering vectors
Systematic extinctions are derived analytically

It supports an interactive transformation to lower symmetry

Local symmetry can be applied to individual atoms and also to (rigid body) groups

All symmetry restrictions of structural parameters are derived analytically from symmetry
operations and the actual position of the atom (magnetic and structural modulations)

N Institute of Physics
O of the Czech
’ Academy of Sciences
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Symmetry wizard

BB syrmetry wizard X

INFORMATION

Mow the program will open a wizard for a space group test which can determine interactively the symmetry.
In the case that kter you wil need to modify your first choice the same procedure can be run the command
"Reflection file->Make space group test”

N Institute of]
O F U of the Czec
’ Z Academy o Back Mext Cancel
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Symmetry wizard

& FZU

Institute
of the Cz
Academy|

. Symmetry wizard
(®) Start with data collection cel:  10.895 10.889 8.805 90.00 90.02 119.95

Search for higher symmetrical supercell (recormmended)

Start with actual cell:

Keep old twin matrices

Tolerances for crystal system recognition:

Maximal deviation for cell lengths in Ang: | 0.02

Maximal deviation for cell angles in degs:

0.01

Tolerances for space group recognition:

Maximal ave(I/sig(1)) for systematic extinctions induced by cell centering:

Maxirmal ave(I/sig(I)) for systematic extinctions induced by other symmetry

Back Mext

Cancel
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Symmetry wizard

. Symmetry wizard

Salact Laue point group

PointGroup Axes Rint({obs/all) #averaged(obs/all) Redundancy
-1 (-c,a+b,a) 5.68/5.74 2752/3790 2.937
2/m (b,c,a) 6.31/6.37 1493/2026 5.495
2/m (a+2b,-3,c) 5.68/5.74 2752/3790 2.937
2/m (-a+b,a3+b,-c) 5.68/5.74 2752/3790 2.937
2/m (-2a-b,b,c) 5.68/5.74 2752/3790 2.937
2/m (a+b,-a+b,c) 5.68/5.74 27523790 2.937
2/m (b,-23-b,c) 5.68/5.74 2752/3790 2.937
2/m (-a,a+2b,-c) 5.68/5.74 2752/3790 2.937
M Z2a+b.b.c 6.31/6.37 1493/2026 5.495
MMmm | ) ! 1493/2026
MM (-a-2b,-a,-c) 6.31/6.37 1493/2026 5.495
-3 (a,b,c) 14.35/14.40 1012/1270 8.765
-31m (a,b,c) 14.46/14.50 550/698 15.948
-3ml (a3,b,c) 14.48/14.51 618/740 15.043
B/m (a,b,c) 14.46/14.51 543/682 16.323
6/mmm (a,b,c) 14.51/14.56 344/425 26.193

Averages made from 7493/11132 reflections

Details

Introduce twin law for subgroups

A FZU =

Back Mext Cancel




Symmetry wizard

& FZU

Institut
of the
Acaden]

. Symmetry wizard

Salect cell centering

Centering #obs/#all ave(I/sig(1))
O P 0/0 0.000/0.000
O A 823/1405 26.669/16.090
O B 823/1405 26.669/16.090
@ C 0/0 0.000/0.000
O I 4521/5580 51.128/41.615

R-obverse n.a. n.a.

R-reverse n.a. n.a.
O F 823/1405 26.669/16.090
O X (1/2,0,0), .. 0/0 0.000/0.000

X (1/3,0,0), ..
Show/modify X centering

Warning: The cell centring need not be what you expect from the data collection as
the program first transforms the cell to the reduced form.

Moreover, after your selection, the program makes another transformation whenewver
the centring is not the standard one.

Back Mext

Details
Details
Details
Details
Details

Details
Details

Details
Details

Details

Cancel
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Symmetry wizard

& FZU

Institu
of the
Acader|

. Symmetry wizard

Space group

Ccce
Ccocm
Ccme
Cmice
Comm
cmcm
C2ce
Ccle
c2cm
Cc2m
Ccc2
Cocm2l
Crmc2l
C2221
Cmme
Cromm
C2me
Cm2e
C2mm
Cmz2m
Cmmz2
C222

Salact space group

Characteristics for systermaticaly absent reflections

#obs/#all

E
1/13
1/13
1/13
1/13
1/13
1/13
1/13
1/13
1/13
1/13
1/13
1/13
1/13
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0

ave(1/sig(I))

4,308/1.108
4.308/1.108
4.308/1.108
4.308/1.108
4.308/1.108
4.308/1.108
4.308/1.108
4.308/1.108
4.308/1.108
4.308/1.108
4.308/1.108
4.308/1.108
4.308/1.108
4.308/1.108

Figure of merit

0.17532
0.17532
0.17532
0.17532
0.17532
0.17532
0.17532
0.17532
0.17532
0.17532
0.17532
0.17532
0.17532
0.17532
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000

Back

Cancel
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Symmetry wizard

) FZU

Institute of Phyg
of the Czech
Academy of Scie

. Symmetry wizard
Final step of the space group test
(@) accept the space group in the standard setting:

Space group: Ccce

Cell parameters: 18.8654 10.8919 8.8048 90 90 90

(") accept the space group transformed into the original cell:

Space group: ¥¥?

Cell parameters: 10.8945 10.8894 8.8048 90.001 90.024

(") discard the changes

[+] Accept twinning matrices induced by the space group test

Back * Finish

Transformation matrix:

1 -1 0
1 1 0
0 0 1

= | b
C
Cancel
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Symmetry wizard

. Symmetry wizard

Final step of the space group test

(@ accept the space group in the standard setting:

Space group: Ccce

Cell parameters: 18.8654 10.8919 8.8048 90 90 90

() accept the space group transformed into the original cell:

Space group: 777

Cell parameters: 10.8945 10.8894 8.8048 90.001 90.024

() discard the changes

[+] Accept twinning matrices induced by the space group test

Back

Transformation matrix:

a 1 -1
b | = 1 1 ]
c ] 0 1

Cancel

Mame Ext Size
t.. DIE.
M_wl CeLi504. hkl 378 438
1504 Al 835
733
16 642
|| CslLiS04.usd 17

|| CsLis04_red.sum 78 864
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Symmetry wizard

M50 — basic crystal information, form factors, program options

D\ Conferences_Trips_Seminars\2024.06.22_Workshop_Knoxville-U5_American Physical Society Meeting\Examples'3.3.1_CsLi504_flow’\Data\ CsLiS04.m30

File Edit Search View Convert Options Help

Version Jana2@2e

title

cell 1@.89451 18.88937 3.38485 98.881 98.8236 119.9455
esdcell &.866853 6.80858 8.88641 6.8841 6.86841 6.8856
spgroup P1 1 1
lattice P
symmetry x vy Z
unitsnumb @
lambda @.71873 radtype 1 lpfac

DvConferences_Trips_Seminars\2024.06.22_Workshop_Knoxville-U5_American Physical Society Meeting\Examples\3.3.1_CsLiS04_flow\Data\ CsLiS04.m 50

File Edit 5earch View Convert Options Help
Version Jana2@2@

title

cell 18.86539 1@.39194 §.50485 99 98 98
esdcell ©.88863 0.88189 8.66841 @ B 8
spgroup Ccce 68 3

lattice C

monangle 6.8823 perfmonc @
roundmethod 1 autrefkeys 1
end

¢ e e s o o o o e e e e e e e ke ke ke ke e e e S e o e s ok o o s ol ok ol e e e e e ke ke e e e e o e e e e o ok o o o ke ke e e e e

symmetry x vy I

symmetry -x -y I
symmetry -x y -z
symmetry x -y -Z
symmetry -x -y+1/2 -z+1/2

refine symmetry x y+1/2 -z+1/2

end refine symmetry x -y+1/2 z+1/2

fourier symmetry -x y+1/2 z+1/2

. unitsnumb 16

end fourier fwin 3

dist 8.50008 -3.5888 o.0800

end dist 1.5008 B, 5E66 @. BREE

contour a.aaea a.eaa8 1. 8686

-@. 56088 -@. 5086 a. 8888
end contour 1.5008  -8.5000 0.0000
a.aaaa a.eaaa 1. 6688
roundmethod 1 autrefkeys 1
end
EE R R L PR EE e P L e R e e e e e E R R EE R R E R R S e R R E E R E L E R R e e e
refine
end refine
fourier
(o\ FZU Institute of Physics end fourier
of the Czech ) dist
J Academy of Sciences end dist 36

cantour

end contour



Reflection file wizard

& FZU

. Reflection file wizard

Reflections I<
Mote: this limit is not used autormatically by REFINE program

Ins
of ]
Aca

*5ig(I) will be sorted as unobserved

3

Processing refinement reflection file for : Blockl-=Single crystal/X-rays/Mo K({alpha)

[JRun in silent mode

[Juse in output file E-format (recommended for data with large dynamical range)

Import statistics - obs/all

7493/11132 reflections read from input file

Summary of systematic absences

n(all} : 13, n{obs) : 1
: 0.98

I sig(I)  Ifsig(I)

Average(I/Sig(I)) :
List of the strongest reflections violating systematic absences:

7492/11119 reflections written to output file
1/13 reflections rejected as systermatically extinct. h  k |
0 0 -3 39.8 9.2 4.3
QK
0K
Back Mext Cancel
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Reflection file wizard

& FZU

Instit
of thq
Acad

Bl Reflection file wizard *

Processing refinement reflection file for : Blockl->Single crystal/X-rays/Mo K(alpha)

(@ Perform averaging
(") Only sort and apply culing if activated

() Use non-averaged data

h k I
The slowest varying index o O W
The fastest varying index - O
] Full print Reflections |-I{ave)}|=| 3 *cig(I{ave)) wil be printed
[]apply culling
[]apply 1/sig{I)}*2 weights in averaging Summary after averaging
] Add center of symmetry in the averaing process Rint(obsfal} = 6.31/6.37 for  1492/2021 reflections
_ _ _ averaged from  7492/11119 reflections
[ ] Display graph sig{Icount)/sig(Istat) Redundancy = 5.502
h(min) = -23, h{max) = 23
) . kirnin} = 0, kimax) = 13
Sigma(I(ave)) from: kmin) = 0, (max) = 11
. R{obs/all} from e.s.d. of 1: 0.67/ 0.89
® Poisson Inforrmation from culing @ no reflection was culled
& - Culled(fit)}/Culled({man)/Culled(auta) : 0/0/0
() Maximum from Poisson and equivalents 8].4
38
Back Mext Cancel




Reflection file wizard

N4

FZU

. Reflection file wizard

Processing refinement reflection file for : Blockl->Single crystal/X-rays/Mo K(alpha)
(®) Accept the new DatBlock and calculste coverage
() Accept the new DatBlock

() Discard the new DatBlock i :
Mame Ext Size

o DIR
| CsLisO4.hki 378 433
|L] cslisoast 161
B CsLisoa.mao 835
- W CsLisoa.mso 733

(CsLi504.mE9 92 920

|| CsLiS04.m30 105 467

| | CeLiS0O4.m95 2 316 642
| | CsLiSO4.rre 160 856
| | CeLis04.usd 17
| | CeLis0O4_MakeRefFile.[70 492
|| CsLiSO4_red.sum 78 864

Back Finish

Cancel
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Reﬂ ECtl on f| I = W| Zard M90 refinement reflection file

D:\Conferences_Trips_Seminarsi2024.06.22_Workshop_Knoxville-US_American Physical Society Meeting'\ Examp

File Edit Search View Convert Opticns Help
eformat9l @

- — datblock Blockl
.. DIR nref 2821 obslim 3 sctom9@ 1 norefitems 1 diffscales 1 dataave 1 scalelim 18 hklfs @
M_W|C5LISD-"-1-|"I|{| 378 488 wshelxa -999 wshelxb -999
. _ indslowest 3 indfastest 1 addcentrsymm @ sigimethod 1 multave 1
CsLi504.1537 161
| L] Csli : flimprint 5 flimcull -1 avesigwt @ unstab 8.843818
B CsLiso4.mao 335 fradtype 1 dattype 1
.C5Li5D4r‘r15D 733 lambda @.71873 lpfactor 1 monangle 6.86977 perfmono 8.5
- S ' datcolltemp 293
CsLi504.mE9 92 920 =nd
|| CsLiSO4.ma0 105 467 Data Blockl
| | CsLiS04.ma5 2 316 642 9
|| CsLiSOd.rre 160 856
| | CsLiSO4.usd 17
|| CsLiS04_MakeRefFile.l70 492
| | CsLiS04_red.sum 78 864

N Institute of Physics
O of the Czech
’ Academy of Sciences
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Structure solution

Solution by Superflip or by calling external Structure solution

programs

~N Institute of Physics
0 of the Czech
’ Academy of Sciences 41



Structure solution

kain

Qg
.-\JI:I

B e o B

Reflection file

Phases

Edit structure parameters

Structure solution
Run Superflip
Run Shebt

Import

Refinement

CIF ufilities

Tools

Edit file

Export structure to

Matrix calculator

Run Jana2006

N Institute of Physics
O of the Czech
’ Academy of Sciences

. Run Superflip

Basic commands  Advanced commands

Formula: | Cslis0
Formula units: = Calculate density Surmn formula from structure model Show Periodic Table
Actual space group: Ccce Change the space group

use in le Bail decomposition structure information for already identified phases

[Jallow manual editing of the command file before start
[Juse previously prepared input file for Superflip
use old solution and reinterpret it

[]Repeat Superflip; Until the convergence detected Bisa:

[JRepeat Superflip: Mumber of runs == 10 Maxcycles: | 300000

[JUse local normalization

[JUse a specific andom seed == 111
[ Define explicitly delta value == 0.9
Iteration scheme: (@ CF For peak search use: () EDMA - fixed composition
JLDE (CVEDMA - fixed number of atoms ==
JAAR (CVEDMA - peak interpretation by Jana2020

(® Peaks from Jana2020
(") Peaks from Jana2020 but first run Fourier

Starting model: (@ Random phases

") Patterson superposition map

Run Superflip Open the listing Draw structure Draw 3d map Draw deWolff maps

Accept fast solution Quit

42



Structure solution

Main
a2 inversion of
gﬂ; Rﬁﬂem':"" file P densities below o™
Phases
charge flippin
Edit structure parameters ( g ppP g)
~ Structure solution = -1
)E Run Superflip
Run Shebdt
random (or zero)
(7 Sport hases on B step 4
Refinement P
CIF utilities experimental data
Tools | " G l
Edit file
Export structure to
R? Matrix calculator
Run Jana2006
n

N Institute of Physics
O of the Czech
’ Academy of Sciences 43

https://www.epfl.ch/schools/sb/research/iphys/teaching/crystallography/charge-flipping/



Structure solution

Main

Reflection file

Phases

Edit structure parameters

Structure solution
Run Superflip
Run Shebt

Import

Refinement

CIF utilities

Tools

Edit file

Export structure to

Matrix calculator

Run Jana2006

N Institute of Physics
O of the Czech
’ Academy of Sciences

. Run Shelxt:

Formula: CsLiS0

Formula units: 16 =

Actual space group : Ccce

Calculate density Show Periodic Table

Change the space group

use in le Bai decomposition structure information for already identified phases

Shelbt commands:

Space group R1 Rweak Alpha Formula
Open the listing Draw structure
Accept last solution Quit

44



Structure solution

Mame Ext
..

| CsLisO4.hkl
| CsLiSOd.inflip
| ] CsLis04.151

B c:Liso4.ms0

CsLi504.m70
|| CsLis04.m80
| ] CsLis04.ms81
| ] CsLis04.m89
| ] CsLis04.m90
|| CsLiS04.m95
|| CsLisO4.rre

|| CsLisO4.sfleg
| CsLiSO4.usd

| | CsLis04._red.sum

DvConferences_Trips_Seminarsi2024.068.22_Workshop_

L) File Edit Search View Convert Options  Help
Version Jana2@2e

title

cell 13.86539 1@.89194 3.58485 2@ 28 928
esdcell 9.98063 @.00160 0.08841 @ @ @
spgroup Ccce 68 3

lattice C

symmetry x y I

symmetry -x -y I

symmetry -x y -z

symmetry x -y -z

symmetry -x -y+1/2 -z+1/2

symmetry x y+1/2 -z+1/2

symmetry x -y+1/2 z+1/2

symmetry -x y+1/2 z+1/2

unitsnumb 16 '
Itwin 3

B . S0 -8 . 5086 @ . e
1.5868 a.5888 a.eaaa
8. eaa8 a.eaa8 1. 8686
-8. 5088 -@. 5886 a. 8888
1. 5068 -8 . 5086 @ . e
- 8.eaaa a.eaas 1.aea8
A roundmethod 1 autrefkeys 1
end
e e e o o o o ok ok ok ok ok o o oo e s o ok ok oie e e e e o ke ok ol e e e e e o e e ol e e o o o ok Y
refine
end refine
fourier
end fourier
dist
end dist
contour

end contour

N Institute of Physics
O of the Czech
’ Academy of Sciences

D\Conferences_Trips_Seminarsh2024.06.22_ Workshop_Kn

Eile Edit 5earch View Convert Options Help
Version Jana2e2e

title

cell 18.86539 18.89194 8.88485 98 98 98
esdcell @.90063 6.00109 60.00841 @ B B
spgroup Ccomm 63 3

lattice C

symmetry x vy =

symmetry -x -y z+l1/2

symmetry - y -Z

symmetry x -y -z+1/2

symmetry - -y -I

symmetry x y -z+1/2

symmetry x -y I

symmetry -x y z+1/2

unitsnumb 16

atlist Cs Li 5 04

formtab -62

atom Cs atradius 2.72 color 14254185
atom Li atradius 1.57 color 134224116
atom 5 atradius 1.84 color 255250808
atom 0 atradius 8.74 color 254583068
twin

.Sk .Sl @ . e
B 1. aaae
.58 a.eaaa
Tl a.aaaa
B 1. a8

roundmethod 1 autrefkeys 1

end
e e e e e e e o e e o ok o sk ok oo s e e e ke e o e oie ok o ok sk ok oo s o e e e e ok e e o ke ok o ok ke g

5
)
3
a.5eaa Tl a.aaaa
1
@
@

refine

end refine
fourier

end fourier
dist

end dist
contour

end contour

M50 — basic crystal information, form factors, program options
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Number of atoms and
molecules in the 2st
composite part

Number of atoms and
molecules in the 1st
composite part

M40 structure model

Structure sc

Mame Ext Size
.. DIR
s . - - Convert  Options  Help
_.|C5L|5U4.hk| 378 488 19 @ "a 1V @ Header numbers
i - 1.000000 .000000 6.000000 ©.000000 O.333333 B.333333
. 161 ?.200000 0.000000 0.000000 ©.000000 0.000000 0.000000 [  c.ooeo
B ABARRE B ARAARE B ARRARE B ARBARE B AABAAE B AARBAR
18 500 Csl 1 1 9.500000 ©.742000 @.267000 @.750000 Extinction parameters
®.837995 @. @. 8. @. a. BOOEEREBR
007 Cs2 11 @.250000 0.514800 @.500000 @.758000
2.837995 ©.0000R0 0.P00000 ©.000E00 0.Q00000 O.000000 BE00000000
. - Cs3 11 8.250000 1.005000 @.500000 0.750000
|| CsLis04.m70 815 ®.837995 @. @. 8. a. a. BEOEEEERER
. 194 01 4 1 @.500000 0.532000 @.251000 @.250000
|| CsLis04.mB0 183 8.837995 ©.00G0GO O.0E0M00 ©.00DEED ©.0DAGOR O.HOEEBO BODEREBER
. 02 4 1 9.500000 0.667000 @.500000 0.451000
|| CsLis04.mét 1152000 @.837995 ©.P00000 0.000000 ©.000E00 ©.200000 O.00EER0 BEBEEEERER
| ] CsLis04.m8g 92 920 03 4 1 1.000000 0.583000 0.243000 0.445000
8.837995 ©.0OGOGO 0.PE0RRA °.0EREED ©.0DRRGD O.HOEERO BEBEEREBER
i 7 04 4 1 0.500000 0.532000 0.500000 0.445000 .
| | CsLiSO4.m80 105 467 S o e o oo & caconn & eanon 006006000 Refinement
[ €sLiS04.ma5 2 516 642 atom Eg)gpe ;occupancygatomlc posnlonw 1 — ves
- _— LaLap ) —
I_-l CsLiSOd. rre 164 492 at0m|C name 1 [o. 599999“9 751000 0.500000 0.500000) y
.837995 0.000000 0.000000 0.00DE0R 0.000R00 0.00EER0 B000000200 0 -no
IJ CSLiEI::]'q'IE:I:IDg 11 EEE LJ._/_' Fa 1 1. 999addg 9. 0590900 9L O Saadg gL Dasaadg
_ ®.837995 @. @. 8. @. a. BOOEEREBR
|_-| CsLiSO4.usd 17 Li3 2 1 1.88080080 ©.575600 B.375008 ©.497080
_ 2.837995 ©.0000R0 0.P00000 ©.000E00 0.Q00000 O.000000 BE00000000
|| CsLiSO4_red.sum 78 864

B.aaeaa8 0. e00088 6.B8288808 0. EI'EI'EI'EI'EI'B' 8. eaaana

8. paaaan

a. a. a.

B.aeea8a8 @,000000 6.B2p2280 @.200088 °.000000 0.08B228
g.aaea08 . e008008 6.B228288 0.000808 0000000 B8.0008828
Cs1 a. a. @. a.
B.aeeaea 0.000888 El' EIEPEIEPEIEP El' B'B'EI'B'EI'EI' El' El'ElEI'ElEI'El a. BEPBEPEPEI'

Institute of Physics
of the Czech
Academy of Sciences

& FZU




POWd er M41 powder profile parameters

Eile Edit 35earch Niew Convert Options Help
usecutoff @ cutoffmn 8.5 cutoffmx 280
pV (H X) —_ UL(H X) + (1_ U)G(H X) usecutoffsat @ cutoffsatmn @.5 cutoffsatmx 288
! ! ! bckgtype 1 bckgnum 28 manbckg @ useeach 1 wtlebail 1 uklebail @ asymm 1 usehs @
rough @ illum 2 focusBB 1
ksycos @
proffun 3 splitprof @ strain 2 partbroad @ cutoff 2e
skipfrdl @
satfrmod 1 nomixedsat @
P end
Cel  Radiation Profile  Asymmetry/Diffractometer Sample/Experiment Corrd b2 _ U tanz 9+V tan 0+W 4 wrEEEE
G —_ 2 # shift parameters - zero, sycos, sysin
Peak-shape function COS 9 13.50416 0.B00000 0,0E0HEE 166
# Background parameters
OGEUSSEH Cutoff 138.5775-199.4433 134.1839-118.4185 45.84121-12.55785 111111
19.38888-22.082588 13,72963-21.31984 21.81167-9,548896 111111
) Lorentzian GU| ¥5.12057 LXD b — X /COS 9 + Y tan 0 -5.004730 12.71424 3.461578-6.185811 5.838707-6.732096 111111
L L L -3.587@62 2.129189 11
I@Pseudn-‘u’oigt I GV| 0 ] 0 # Asymmetry parameters
8.316985 =]
() Modified Lorentzian Gw| 0 [l LY # Cell parameters - a,b,c,alpha,beta,gamma
2.931795 2.931795 2.931795 94. 98. 9a. 1
GP|3.465116 [ ] 0 # Modulation vector(s)
B.33750c ©.eqoaae e.oooao0 lae
8.600008 8.337306 8.000000 2a8
LB _BEREAER H HARGRE B S AR5 Clcich
Anisotropic strain broadening # Gaussian parameters - U,V,W,P
@NDHE ?.848618?69.68195 25.91316-8. 8880686 Baaa
. e # Lorentzian parameters - LX,LXe,LY,LYe
() Axial method 001 A. Leineweber and V. Petficek, (2007). J. Appl. Cryst., z
_ ; rain parameters
O Tensor method R 40, 1027-1034. -B.892791 ©.HBEAAR-0.0BEA00 §.032307-0.500080 ©.032307 BEBEEE
-8. 8. a. -8. -8.892791-8. 808608 Baaae
2.832307-0.0800000-8.0892791 1.886114-8.232418 8.829169 2a6a68
———————————————————————————— s.u. block B e e
Anisotropic particle broadening # shift parameters - zero, sycos, sysin
@NDHE 8.843674 B8.000000 &.200000
. - # Background parameters
(O Axial method 001 Popa, N.C.. J. Appl. Cryst. (1998). 31, 176-180 9.1835?9 8.323?87 @.476198 ©8.578372 @.647194 B.70806S
. . B.730888 B.765328 8.883722 8.817688 8.564349 8,985523
(O spherical harmonics Edit spherical harmonics ©.976577 1.852613 1.899470 1.152462 1.176762 1.168416
1.148237 B8.969566
# Asymmetry parameters
8. 8ea008
# Cell parameters - a,b,c,alpha,beta,zamma
2.0e0023 0.000823 @.200023 @. a. a.
# Modulation vector(s)
. 89 @. a.
B. a. 39 a.
B. 8. a. 89
# Gaussian parameters - U,V,W,P
B. a. a. 8.
Esc # Lorentzian parameters - LX,LXe,LY,LYe
. a. a. . @.
# Strain parameters
B. 8. a. 8. a. B.
(= A @ (= A (=




Powder profile parameters

Profile functions:

Gaussian: G(bg, X) = ————exp(— x2/2b

Where H; is Full-Width at Half-Maximum

Lorentzian: 2 1
L(b,,X)=
(b, x) b, 1+ (2x/b, Y EE——

Where H; is Full-Width at Half-Maximum

N Institute of Physics
O of the Czech
’ Academy of Sciences




Electron diffraction

If the dynamical diffraction theory is used, the accuracy of the result approaches that of single crystal X-ray
diffraction. Jana2020 communicates with DYNGO (by Lukas Palatinus). DYNGO calculated intensities of reflections
and their derivatives using the dynamic diffraction theory

~N Institute of Physics L. Palatinus, C. A. Corréa et al. Acta Crystallographica B71, 740-751 (2015).
© F z U of the Czech L. Palatinus, V. Petficek, C. A. Corréa. Acta Crystallographica A71, 235-244 (2015).
, Academy of Sciences

L. Palatinus et al. Science 355 (6321), 166-169 (2017).



Software flow scheme and files created

Image plotting

Structure modifications,
transformations

Structure solution

{ =

Seanaly e RS

N Institute of Physics ‘
0 F Z U of the Czech
o ;




Refinement

=X
.ﬂI:I

0B w>E

3 3

Each refinable parameter of a

Reflection file
Mew
Dhacac

Edit structure parameters
Opftions

Edit basic parameters (cel, symmefry, etc.)

Edit atoms

Sort atoms

Edit scale factors

Edit extinction parameters

Edit twin/phase volume fractions
Edit ' and "

key.

structure model has a refinement

. Edit scale parameters

scalel| 0.810623
scles[0 |

0 0

Maximal number of scales: El =

& FZU

Structure solution
Random search
Fourier synthesis
Run Contour
Import
Refinement

Institute of Physics
of the Czech
Academy of Sciences

. Extinction correc tion
Extinction model:
O None OTypel @iGaussan
(®) Isotropic - Becker _Coppens O Type 2 (O Lorentzian
Anisotropic - Becker _Coppens ® Mixed
O SHELX model
Radius [cm]: used only if thar not present on Ma0 fila
Extinction parameters:
Refine all Fix all Reset

. Edit twin fractions

twvol2 D

twvol3 0.282781 |7

b
K
I

Four-fold axis in direction (0.352,0.000,1.000)

0.0027 0.9877 0 h
= -1.0121 0.0024 0 =k
0.3518 -0.3465 0.9994 |

Refine al Fix all Resat

| [Cox ]




Refinement

Reflection file
Mew
Phases
v Edit structure parameters
Opftions
Edit basic parameters (cell, symmet
Edit atoms
Sort atoms
Edit scale factors
Edit extinction parameters
Edit twin/phase volume fractions
Edit ' and "
Structure solution
Random search
Fourier synthesis
Fun Contour
Import
| > Refinement |

. Refinement commands

Mumber of cycles [ Use Marquart technique (® Sigma weight  Instability factor 0.01

w0 |2
Damping factor 1 0.001 Fudge factor

[Juse SHELX weighting scheme
lUse Wilson's modification

Fill it by values from relection statistics

Fil it by imported values

(") Unit weight

Use dynamical LS method  => if Rw is increased by reduce the damping by a factor
After : cycles try to enlarge it back.

Check for convergence = stop if max(change/s.u.)< | 0.05 | in | 1 ‘: consecutive cycles.

Disable atoms having too large isotropic ADP parameter == ADP(iso) limit for disabling

[+] Automatic refinement keys Apply electroneutrality [J Correct for lambda/2 effect
Automatic symmetry restrictions [ Simulation run [J correct for 3ambda effect
Refinements on Flobs)**2 [ After last cycle call Fourier Calculate only magnetic scattering
] Randomize atomic coordinates 0 0.1

Warning: the randomize procedure wil be applied just once during the first cycle.

N Institute of Physics
O of the Czech
’ Academy of Sciences

52



Refinement

Refinement keys that are
automatically set up to be refined,
are blocked for the user.

. Define/Edit atom parameters

Define Edit
# : Select atomn(s) from list Atom name: 01 Atomic type: O

occ| 1 O ¥ | 0.102695 y | 0.272855
Ji1| 0.033471 U2z | 0.017661 U3z | 0.022667
y13| 0.001901 yz3 | -0.000789

Refine all Fix all Reset

3=
Refine all Fix all Reset

Show/reset site occupancy

Apply site symmetry

Show p/sia(p)

Show symrmetry restri

BHl Define/Edit atom parameters x
Define Edit Modulation parameters
# : Select atomn(s) from list Atom name: 53 Atomic type: 5
Parameter: | Position ~ Previous waves
sin1 | -0.010639 ysin1| -0.004915 2sin1| 0.000708
xcosl | 0.002379 ycosl| -0.002006 zcosl | 0.000005
0.003179 0.001201 -0.00282
, [0.447706 xcos2 yCos2 zcos2
U1z |-0.005424
Refine all Fix all Reset Show p/sia(p)
Apply site symmetry Show symmetry restrictions MHext waves
. Define/Edit atom p ]
[] Automatic refinement keys
Define Edit [] Automatic symmetry restrictions Cers
Refinements on Flobs)**2 _
# (1 m name: Phl Atomic type: Pb
occ| 1 ] ¥ | 0.175444 y | 0.502758 7 | -0.036216
11| 0.016261 yzz | 0.028680 U3z | 0.01629 Uiz | -0.00017
Ji3| 0.00509 Uz3 p.00141
Refine all Fix all Reset




. Define "dontuse” and "useonly” commands:

[
dontuse hkim : k=2 exceit m=0 Edit
===%  New command c===
Delete
Disable

Enable

Down Up

Select all

. Refinement commands
Refresh

Clone

Basic  Select/Listing | Restraints/Constraints ;| Modulation/ Twin

Press the button to edit/create:

Rewrite

Restrictions

Condition m=2 (O Useonly command

Equations
Except condition k=0

Group of reflection can be specified in @ compressed form e.g. hkl, hhl, hol or as hkl expression separated by commas e.g.

Fixed commands
h.-2h+.h+k+.

I The conditions are expressed in way as used in IT e.g. h+2k=2n+1. In the case that the "n" term is missing e.g. h-k=3, the

I D’DﬂtUEE;‘I Use Dnh_.f command[2+[]!] absolute value the left side 5 compared with the positive number from the right side.
Bl Define k d
= - INE KEEP COmMmands
Scale command =
Delete
Partial RFactors —
i i Enable
Distance restraints
Down Up
- Select all
Angle restraints :
Refresh
Torsion angle restraints 35iE
Magnetic moment restraints
Rewrite
I Keep commands |
(® Hydrogens (® Tetrahedral I:l Central H distance
O Geometry O Trigonal £ Neighbor(s) Hydrogens:
QO ADP O Apical 1st 1st
Magnetic 2nd
3rd
\ Institute of PhySiCS [use anchor atom =>
O of the Czech
’ Academy of Sciences
Select central
e




Adding hydrogen atoms - refinement

m

Reflection file

New

Phases

Edit structure parameters
Structure solution
Fourier synthesis
Run Contour
Import

Refinement
Distance calculation
Draw structure

CIF utilities

R? Tools

Edit file

Files for MEM
Export structure to
Recover files

Matrix calculator
Run Jana2006

O B o> B

X F

B BORL0® T LR BRXSHET LSO i} SR O v




Refinement — output file .ref

| ]
[E] DAConferences_Trips_Seminars\2024.06.22_Workshop_Knoxville-US_American Physical Society Meeting)\Examples\K2V308\Data\K2V308.ref - Viewer

File Edit 5earch View Convert Options Help
Statistics as a function of sin(th)/lambda and structure factors

sin(th)/lambda
limits 8.427718 @.542882 @.624612 @.785653 @.776886 @.844663 @.92333@ 1.8e2863
number + 2288 251@ 2588 2434 2321 289a 1791 1481
- 422 199 199 291 397 597 912 1387 .
together 2710 2709 2707 2725 2718 2687 2703 2708 Groups by sin 9//1
av. wdlg 72.1241 43.1428 42,8998 22.9832 22.3219 15.@8929 1@8.8331 8.2798@
numerator + 7334.8 9398.1 119@1.4 18881.5 11493.4 977e.7 8188.8 6757.8
- -2826.2 -585.5 -787.9 -929.7 -1158.8 -1243.8 -1997.8@ -3129.8@
together 936l1.@ 9983.6 12689.3 11611.3 12652.2 11814.4 18185.8 9886.7
denominator 44826.5 44839.4 58416.4 47558.5 52921.4 51757.7 54842.6 58869.3
R factor 28.88 22.89 25.17 23.15 23.91 21.28 18.57 16.79
struct. factors
limits 4.2 5.6 7.8 9.7 17.9 27.8 41.86 178.6 uncbs
number + 2852 2758 2587 2689 1843 1518 1554 1622 4317
- e e 2 43 847 1186 1156 1885 176
together 2852 2758 2589 2657 2698 2784 271@ 27a7 4493
av. wdlg 3@.5868 46,8286 47.9993 56.2322 39.7918 3.9463 5.89@2 13.6384 6.2657 Grou S b F
numerator + 943@.8 13681.4 16869.6 19985.9 9993.4 1489.2 1798.3 2558.7 15988.9 F) )/
- a.a a.a -8.7 -38.7 -1414.2 -2523.6 -316@.6 -4639.9 -595.1
together 943@.8 13681.4 166878.3 19944.6 114@87.6 4812.7 4959.8 7198.6 16584.8
denominator 9434.38 13711.5 16224.2 21757.9 36le4.4 61654.8 93286.4 153858.3 15348@.3
R factor 99.95 99.78 99.85 91.67 31.6@ 6.51 5.32 4.68 89.74
final check sin(th)/lambda structure factors
number + 17343 17343
- 4324 4324
together 21667 21667 . .
numerator + 74926.5 74926.4 Overall information
- -11777.8 -11777.8
together 867084.3 867084.2
denominator 4060831.8 406@832.4
R-factor 21.35 21.35
Refinement program page= 256
structure : 17:83:58 @l-86-24

Statistics as a function of satellite indices

Satellite indices +-(8,8) +-(1,@)
number + 5974 11369
- 4324 e
together 18298 11369 .
av. wdlg 6.9 58.2 Satel“tes
numerator + 7227.1 67699.1
- -11777.8 a.a
together 196684.9 67699.1
denominator 338333.9 67699.1
R factor 5.62 1ee.e0

Last screen information window:

|R factors : [2616@=21667+4493/55], Damping factor: 1.e000
|GOF(obs)= 5.45  GOF(all)= 5.7

|R(obs)= 21.35 wR2(obs)= 35.77 R(all)= 24.33 wR2(all)= 36.44
|R factors for main reflections : [1857@8=18298+272]

|
|
|
[R(obs)= 5.62  wR2(obs)= 12.64  R(all)=  5.88  wR2(all)= 12.71 I Reflnement results
|
|
|

|R factors for satellites +-(1,8) : [15598=11369+4221]

|R(obs)= 1@8.88  wR2(obs)=108.8@  R({all)= 1@8.88  wR2(all)=108.80
|Last wR2(all): 36.44

|Maximum change/s.u. : 8.8889 for x[04]




Fourier maps

M40 M80 MS81

M50 = Refinement—> Fourier —> Contour

t |

M90

General section

Predefined
sections

M81

(g\ FZU Institute of Physics Contour can plot a predefined section, or it can calculate and plot general sections. For arbitrary
) Academy of Sciences general sections the predefined section must cover at least asymmetric unit of the elementary cell.>’



Fourier maps

Qg
.ﬂl:l

DB el

. Fourier commands

Scope Peaks

Map type: |Flobs) - Fourier e ]
F{obs)**2 - Patterson

Use weid F{calc)**2 - checking Patterson

[] omit not F{obs)**2-F(calc)**2 - difference Patterson
F(obs) - Fourier

=i e Flcalc) - checking Fourier |
Flobs)-F(calc) - difference Fourier

[ ] Apply sin|0/1 - shape function

Difference between two Fourier maps

Reflection file 0 0
MNew

Phases

Edit structure parameters

Structure solution

Browse

based on difference Flobs)}™2-surm{w*F(calc)™2)

H_anljljrﬂ Sear[h based on ratio |w*F1(clc)|/sum(w*F({calc)) sum runs over all domains
v Fourier synthesis
Fourier commands 1 = Combine more datasets together

Calculate Fourier maps
Run Contour
Import
Refinement

Contour can plot a predefined section, or it can calculate and plot general sections. For arbitrary
general sections the predefined section must cover at least asymmetric unit of the elementary cell.

N Institute of Physics
O of the Czech
’ Academy of Sciences 58



Fourier maps

Qg
.ﬂl:l

DBl e >l

Reflection file
MNew
Phases
Edit structure parameters
Structure solution
Random search
Fourier synthesis
Fourier commands
Calculate Fourier maps
Run Contour
Import
Refinement

N Institute of Physics
O of the Czech
’ Academy of Sciences

Bain

v (Calculate a new Fourier map
draw maps as calculated
drawr mans in general sections

de Wolff sections

. Define de Wolff sections

Map type to draw: |F(obs) - Fourier

Minimurm Maximum

0 2

0 2

Define atoms for de Wolff sections

Prirmary Secondary
Scope [Ang]: | 2 0

Step [Ang]:

[«] Sum maps over secondary sections

P.M.de Wolff, Acta Cryst. (1974). A30, 777-785 59



Basic crystallography

Radiation type selection

Symmetry determination

External call to structure solution by Charge flipping and Direct methods
Tools for editing structure parameters

Fourier calculation

Tools for adding hydrogen atoms

Constrains and Restraints

JanaDraw

Graphical tools for atomic parameters, refinement commands, bond distances,
angles, etc.

Scale factor
Atomic site coordinates and occupancies
ADPs

Extinction parameters

CIF output

N Institute of Physics
O of the Czech
’ Academy of Sciences

Advanced tools

Transformation tools, group-subgroup relations

Twinning (merohedric, general), treating of overlapped reflections
User equations and restrictions

Fourier methods - Fourier sections and de Wolff sections

Disorder

Split atomic positions and introduces restrictions
Rigid body approach, local symmetry
Anharmonic ADPs

Modulated and composite structures

Several types of modulated functions

Plotting of modulated parameters as a function of t
Plotting of modulated structures

Calculation of geometric parameters

Visualization of the modulated structure in JanaDraw

Multiphases for powder and single-crystal data
Multipole refinement

Cyclic refinement

Fundamental approach

Anisotropic strain broadening (generalized to satellites)

60



Advanced tools — Group-subgroup

transformation

. lana2020 - [DM\Conferences_Trips_Seminarsi2024.06.22_Workshop

Structure | Transformations  Settings  Tools  Help

st—
Main Cell transformation
Change modulation vector
Origin shift
e | Change enanticmorph

Go to a subgroup
Go to supercell structure

Go to average 3d structure
Transform to the supercentered cell
Transform to the standard setting
Make "a corrected structure”

TP

DR e>HE

. Go to subgroup wizard
Define subgroup

Operation Symbaol

x1 x2 ¥3 ¥4 %5
x1+1/2 2412 %3 x5+1/2 x4+1/2
¥1+1/2 %2412 %5+1/2 ¥3-x4+1/2

¥2+1/2 ¥1+1/2 x3 ¥4+1/2 x3-%5+1/2
%2+1/2 %x1+1/2 %3 %3-%4+1/2 x5+1/2

Direction/Mormal

{0,0,0)
(1,0,0)
(0,1,0)
(0,0,1)

(0,0,1)
(0,0,1)
(1,-1,0)
(1,1,0)

Keep P centring
Select non-isomorphic subgroup

Complete subgroup Refresh

Step back

Axes: (1,0,0 ] 0,1,0 | 0,0,1)
Subgroup Axes :

Space group : P4bm

Bk Next

Origin = (0,0,0)
Qrigin :

Institute of Physics
of the Czech
Academy of Sciences

& FZU

. Select subroup

Subgroup

P4
Crmmz2
Pba2

Axes

(1,00 | 0,1,0 | 0,0,1)

[_lr_lrl:l | _lrlrl:l | D:D:_lj
[D:_lrn | _lrl:lrl:l | D:D:_lj




Advanced tools — Group-subgroup

transformation

. lana2020 - [DM\Conferences_Trips_Seminarsi2024.06.22_Workshop

Structure | Transformations  Settings  Tools  Help
st—
Cell transformation
Change modulation vector
Origin shift
Change enanticmorph
Go to a subgroup
Go to supercell structure
Go to average 3d structure

Transform to the supercentered cell

Transform to the standard setting

I Make "a corrected structure”
“SITTIEAOT L

0 B0 e > B

—

Make “a corrected structure” is used for TOF Laue single crystal data
from ISIS SXD or TOPAZ. It applies individual scales and extinction
correction and then it makes symmetry merging. This gives a more
stable final refinement and more realistic GOF and R factors
comparable with traditional data collections.

N Institute of Physics
O of the Czech
’ Academy of Sciences
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Advanced tools — Constraints, restraints, user
eqguations

restric C39a 2 C39b
restric C9a 2 C9b

equation : x[c8x]=x[c8]
equation : y[c8x]=y[c8]
equation : z[c8x]=z[c8]
equation : x[n3x]=x[n3]
equation : y[n3x]=y[n3]
equation : z[n3x]=z[n3]

equation : aimol[moll#2]=l1-aimol[moll#1l]
equation : aimol[mol2#2]=1-aimol[mol2#1]
equation : aimol[mol4#2]=1-aimol[mol4d#1]
equation : aimol[mol5#2]=1-aimol[mol5#1]
equation : aimol[molé#2]=1-aimol[molé6#1]

keep hydro triang C3 2 1 C2 C4 0.96 Hlc3

keep ADP riding C3 1.2 Hlc3

keep hydro tetrahed C13 1 3 C8x 0.96 Hlcl3 H2cl3 H3cl3
keep ADP riding C13 1.2 Hlcl3 H2cl3 H3cl3

N Institute of Physics
o of the Czech
, Academy of Sciences



Advanced tools — Disorder, atom split, rigid body

Infermation from refinement:

RFactors overview

R factors : [3094=2820+274/230], Damping factor: 1.0000
GOF(obs)= 2.83 GOF(al}= 2.75

R(obs)= 4,11 wR2(obs)= 13.93 Ral)= 442  wR2(al}= 14.20
Last wR2(all): 14.20

Maximum change/fs.u. :  0.0339 for x[H202]

Information from refinement:

RFactors overview

R factors : [3094=2818+276/259], Damping factor: 1.0000
(o\ FZ Ionfstt;t:EeZ::hPhysics GOF(obs)= 2.18 GOFal)= 2.12
J Academy of Sciences R{obs}=  3.24 wR2(obs)= 10.50 R(all= 3.52 wR2(all)= 10.73
Last wR2(all): 10.73 10.73 10.73 10.73 10,72 10.73 10.73 10.73

Maximum change/s.u. :  0.0459 for ztrans[molec#2]




Advanced tools — Fundamental approach

Final profile

Cell  Radition Profile Asymmetry/Diffractometer

() No correction
() Howard (Boala’s rule)

() Berar-Baldinozzi correction

(") correction by divergence

PP :
(C) Debye-Scherer integration

Sample
contribution

crystalline size
and stress

Sample/Experiment Corrections Various

Primary radius [mm]

Secondary radius [mm]

RS width [mm]
FDS angle [deg]
VDS angle [mm]

Source length [mm]
Sample length [mm]
RS length [mm]
Primary soller [deq]
Secondary soller [deg]

Instrumental
contribution

H(20) = F(20) ® G(26)

optics

sample holder

detector
source

173

173

12

15

12

3.1

3.1

Oooooo

"observed" profile

instrumental
contribution

I i

I ¥ T i T

peak position
-

sample
contribution

Cell Radiation Profile  Asymmetry/Diffractometer Sample/Experiment Corrections Various

() Gaussian

(O Lorentzian

(® Pseudo-Voigt

(O Modified Lorentzian

(® Maone
(O Axial method
(O Tensor method

(® Maone
(O Axial method

(O Spherical harmonics

Peak-shape function

Cutoff | 8

CsizeG| 683.3402] cseell0 |00

CSizeGA 0

CSizela 0

smms@g StranL| 0.578638

StrainGA 0

StrainLA 0

Anisotropic strain broadening

oo1

Edit tensor parameters 0.5

Anisotropic particle broadening

65
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Edit spherical harmonics



Advanced tools — modulated structures

N Institute of Physics
(" Z) FZU Academy of Sciences Modulation vector with*rational components




Advanced tools — modulated structures

([ :Og Modulation vector with (ir)rational components™ (in)commensurate modulated structure



Advanced tools — composites

We can find two coexisting lattices, which cannot be described by a simple common
supercell -> incommensurate composites

N Institute of Physics
O of the Czech
’ Academy of Sciences



Advanced tools — Twms composites

1 Subsystem 1

& FZU

Institute of Physics

of the Czech

Academy of Sciences

Twin 1
Twin 2

Twin 4
Subsystem 2

hk1

.rl'

912+

69




Advanced tools — Twins, composites

. Edit basic pararmeters (cell, symmetry, etc.)

* k+
* k+
ymmetry Compaosition ultipole parameters agnetic parameters . _—

*h+

Title of the structure: |

Matrix calculator

Phase label:

Cell parameters: | 3.7084 5.7931 23.7154 90 94.831 90 Induced cell parameters
5.708 3.213 23.715 90.00 94.83 90.00 Volume: 433.426

s.u.'s of cell parameters: | 0.0005 0.0008 0.0016 0 0.006 0

Dimension: 4 = [ Mumber of composite parts: = Matrices

1st modulation vector | 01.8020

Induced modulation vector
0.0000 0.5546 0.0000

Previous composite matrix Mext composite matrix

Bl 2nd twinning matrix X
. . Twin domain#| 2 |= Applied to the phase:
Twinnin i ) = X | 2[2
M g Mumber of twin dormains: 2 = Matrices
he<| -0.5163 *hy | 0.8443 e |0 =
k= -0.8685 *h4 | -0.5165 =+ | -0.0002 =
= | 0.5276 *hy |-u.2931 s ‘ 1.0002 |

General rotation by angle 121.08degs in direction (0.348,0.000,1.000)

Select alternative representative of the coset

Round to closest integers Round to closest rationals

Matrix calculator
original cell parameters
5.708 5793 23715 90.00 94.83 90.00

Twinned cell parameters
5.710 5790 23.718 90.02 ©94.78 90.04

-
Rotation axis: ool
(®in direct base (@ proper rotation
(Cin reciprocal base (C improper rotatior

N Institute of Physics
0 of the Czech
' Academy of Sciences Rotation angle:
O 0deg (O 90deg ®180deg (270 deg
O explicit=> | 180
) 60 deg (120 deg (240 deg (0300 deg




Advanced tools — Tw

Reflection file

Mewr

Phases

Edit structure parameters

Structure solution

Random search

Fourier synthesis

Run Contour

Import

Refinement

Distance calculation

Draw structure

Grapht

CIF utilities

v Tools

Search for possible twinning
Run reciprocal space viewer —
Draw 2d displacements
Make tables for publication
Generate DCRED file for Crysalis

Edit file

Files for MEM

Recover files

Matrix calculator

Run Janaz2006

N Institute of Physics
o of the Czech
, Academy of Sciences

Reciprocal space viewer

ns, composites

I=4,m=0

Layer:

X
LI
Depth: [0
a

(@ I(obs)

(O 1{obs) from refine

O 1{czlc) from refine

O | calc)-1{obs)|/sig(I(obs))

apply symmetry averaging

complete the diffraction
pattern by the symmetry

Draw unobserved (I<3sig(I))
Scale radii by intensity

Maximal radius:

Zoom=73%
Sensitivity=20%

Draw satelite reflections

Dprnject associated satelites
to plane of main reflections
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Advanced tools — modulated structures

. Edit basic parameters (cell, symmetry, etc.)

Cel  Symmetry Composition Magretic parameters

Title of the structure: |

Cell parameters:

| 8.80103 8.89103 5.1949 90 90 90

s.u.'s of cell parameters: | 0.0001 0.0001 0000

Dimension:
1st modulation vector

2nd modulation vector

[] Twinning

[] Ccommensurate case

Use simple supercel

: .

0.314476 0.314476 1/2

-0.314476 0.314476 1/2

Define supercell matrix

N Institute of Physics
O of the Czech
’ Academy of Sciences

Mumber of compa

. Edit basic pararmeters (cell, symmetry, etc.)

Cel :Symmetry: Composition

Superspace group: | Xc(0bo)0 | | Select from list

Origin shift: oooao

The operators derived from the group symbol
1) x1 %2 X3 x4 Load ==
(2) =1 =2 %3+1/2 =4
== Add == Rewrite
Delete operator Clean out

Cell centering: | X ~

Complete the set

Make test

Run Stokes & Campbell 55G-test

Define local symmetry operators



Modulated structures

Basic i
position )
R,
the modulation function u.
..... r=r+u
Incommensurate
Define Edit
. +[7
p(xs) = po + Z(ps,nSlTIZT[TLXLL + DenCOS2TINX,)
n xs5inl
Any periodic function can be written as a Fourier series. The Fourier amplitudes define the xsin2

modulation functions of the atom.

N Institute of Physics
O of the Czech
’ Academy of Sciences

p -> site occupancy, position, ADP parameters

Harmonic modulation from arbitrary displacements

The atom is displaced from its basic position by a periodic modulation
function that can be expressed as a Fourier expansion. In the first

approximation intensities of satellites reflections up to order m are
determined by modulation waves of the same order.
The position r of an atom is the sum of the basic structure position and

u(x,)= Zm:AS’n sin(27nX, )+ Zm:AC,n cos(27nx, )
n=1 n=1

xcosl

Xcos2

. Define/Edit atom parameters

Select atom(s) from list

0.005255
0.003522

-0.00338

0.005517

yoosl

yoos2

Modulation parameters

Atom name: 54

Parameter: | Position

ysin2| 0.009053

-0.000766

0.001821

Atomic type: S

L

-0.002461
0.002373

zsinl

zsin2

Zcosl

Icos2

0.000298

F0.002529




Modulated structures Modulation parameters as function of t

_ Xy section X, =t+r-q
The parameter t is a real number describing
the initial phase of the wave. It
plays a central role in the superspace

R, analysis of aperiodic crystals
- =" t=0
— = = t section
Grapht
——————— t=1

Reason for t coordinate: modulation displacement
from the basic position is calculated in the real
space, i.e. along a3, not A3.

Due to translation periodicity all possible modulation
displacements occur between t=0 and 1.

N Institute of Physics
(04 FZU xtf:;z:‘r:\;e;?&iences COOkbOOk example 52

“distafice Na-O1 °



Advanced tools — Fourier sections

. Define de Wolff sections

Map type to draw: |F{obs) - Fourier

. Calculate de Wolff sections for:

atdewolff 111 *
===> New command

Define atoms for de Wolff sections

Secondary
0

Delete

Disable

Enable

Select all

Refresh

Clone

™

Atoms/point:

Calculate de Wolff sections: x1-x4 x2-%4 X3-x4

Calculate sections for all three coordinates

N Institute of Physics
o of the Czech
, Academy of Sciences

Checking results in
Fourier:

A-A, Fourier sections
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Modulated structures - Special modulation functions

Displacive modulation

x2=0.353,x3=0.764

0.70 0.80

harmonic

Saw-tooth

Occupational modulation

085 095 1os *2 11s

harmonic

X1=1.000,x3=0.500

x’ é
.20 0.30 0.40 0.50

. Define/Edit atom parameters

Define  Edit

ADP parameter(s):

() isotropic
(® harmonic (anisotropic)

(O anharmonic

@Fzu:

Modulation parameters

# = Select atom(s) from list

Modulation waves:

Qccupancy:
Position:

ADP 2nd:

Atom

0

2

2

Pb1 Atomic type: Pb w

2 [use crenel [ occupancy from interval <0,1>

2 [use saw-tooth  [Juse zig-zag

harmonics in interval (0,1)
harmonics in interval (0,1) orthogonalized to crenel interval
Legendre polynomials in crenel interval

x-harmonics in crenel interval

Crenel

2.0

0.8

0.4 A

0.0 -
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0.20

T x2=-0.204,x3=0.000

x4

x1



Modulated structures - Parameters of crenel function

. Define crenel parameters: >
x3=0.500,x1=1.000 beta: |05 wo: [0 width and center of the crenel function

. Define/Edit atorn parameters

Define Edit Modulation parameters

Select atom(s) from list Atom name: Nal

Parameter:  Occupancy

w5 0| s

oooooooooooooooooo

ooooooooooooooo

, Crenel function combined with modulation of
~0.15 t_0.05 05 ° 1 position (Cookbook example 5.3.1)

N Institute of Physics
o of the Czech
, Academy of Sciences



Modulated structures — Combination of functions

1 1 Fl[.l'_:l .-_}__.ell|

r,=r,,+>US sin(2znx, )+ U¢, cos(2znx, )

rv = rV,O + 2831 l:)nO [2(

X4 o X4o )/A] + Siq I:)ne [2(X4 o X40 )/A]

1 o
P(z)=-"-§l1-2tz +t*) 2t " dt
Po(x):]-
The additional modulation is
R(x)=x
expressed by Legendre
P,(X)= %(3X2 —1) polynomials
P,(x) = 4 (5x° ~3x)
1(35x* —30%” +3)

— 1(63x° — 70x° +15x)
— 1(231x° —315x" +105x? —5)

OOIH

~U
/\\/‘\/;A/‘\
\/\_/\_/\/\_/
Il

'SIH

with harmonic waves

with Legendre polynomials

“0” and “e” indicate odd and even member. The first polynom, i.e. P,°, defines a

N Institute of Physics
O of the Czech
’ Academy of Sciences

line. The three coefficients of P,,°, P, ° and P,,° are refined either to crenel or
sawtooth shape.



Results presentation

The modulation curves and corresponding density maps play a crucial role during the solution and refinement
process. But the final presentation should be made in the 3d real space. Several cells and more different sections are
to be presented to see various configurations in the modulated crystal:

The same example as for the crenel function - TaGe, 55, Te

F. Boucher, M.Evain & V. Petfi¢ek, (1996). Acta Cryst., B52, 100
. 7'\?\; e e e e e
¢ ¢ LY . L L ¢ LY
€l 6 & e 6 & /‘\u /‘\c ¢
¢ ¢ ¢ ¢ . « ¢

Average structure ;t ¢ @\2 \
¢ e ¢ e
e Ta 7axravray: g/\; u7'\.g ¢
Jet e /uﬁ ¢ /:\“\/sf\‘ ¢ w/u\‘ ¢ “/cf\‘ .

Only occupational
modulation

Final result

N Institute of Physics
0 of the Czech
’ Academy of Sciences



Results presentation

JanaDraw movie

EDeRREN
ARAAS A
ARAAAAA:
SRR

Fourier maps as a movie




Conclusions

» Asimple structure can be solved in 5 min

« The JanaDraw helps to analyze the structure

« Jana2020 has several advanced tools for complex structures

« Works up to (3+3)d including composite structures, modulation of occupancies, positions, ADPs up to 6t order
of anharmonicity

« Site symmetry restrictions are derived analytically from symmetry operations

* (3+3) Fourier maps

|t can handle merohedric, reticular, and pseudo-merohedric twinning

* |t can combine data from different sources — x-ray and neutron, powder, and single crystal data

» Magnetic structures

» Hands-on workshops

Cinthia Antunes: correa@fzu.cz
* If you need help: Morgane Poupon: poupon@fzu.cz ’(
Vaclav Petricek: petricek@fzu.cz [’

Michal Dusek: dusek@fzu.cz C——

Subscribe to Jana Workshop

N Institute of Physics
O of the Czech
’ Academy of Sciences 81
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Thank you for your attention!
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