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Since 1980…
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1980 SDS
Program for solution and refinement of 3d structures

1984 Jana
Refinement program for modulated structures

Václav Petříček

History
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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). 

https://history.amercrystalassn.org/h_coppens_memoir

Philip Coppens Pierre Becker 



1980 SDS
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

2021 Jana2020

Development of an interactive and graphical interface

Václav Petříček

Michal Dušek

Lukáš Palatinus

History

Margarida HenriquesJan Rohliček Jakub Plašil
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What the program offers
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≠ types of models
≠ types of compounds

Jana2020

Powder
Single crystal

≠ types of data

≠ Radiation sources 

Home lab Synchrotron

Neutrons

Electrons

TOF

Magnetic
Multiphases

Twinned

Organics

Organo-metallics

Nano

Simple
Magnetic

Multipoles



Basic crystallography

Advanced tools

Commensurate structures

Incommensurate structures

Composite structures

Magnetic structures

Small organic and inorganic molecules

Complicated structures
Large, twinned, disordered, polytypic, …

Minerals

Aperiodic structures

Magnetic structures

Micro and nano samples

Proteins

Topics
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Basic crystallography
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• 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

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)



Where to get it

Registration
Download
Installation

http://jana.fzu.cz/
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Where to get it

Registration
Download
Installation

https://jana-login.fzu.cz/jana2020 
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How to get it

Registration

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

Download

Install

Cookbook
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http://jana.fzu.cz/

Workshops

Where to get it
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• Superflip – structure solution by charge flipping

• Dyngo – reflection intensities from the dynamical theory of diffraction

• Marching cube - isosurfaces

Software distributed with Jana2020

• Plotting programs (Diamond, Mercury, Vesta …. )

• Structure solution programs (SHELXT, SIRWARE)

• Bilbao crystallographic server

• ISODISTORT

Software that can be launched in Jana2020
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Left pane

Jana2020 Interface

JanaDraw

Lower toolbar

Application controls

Right pane

Refinement 

window
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Jana2020 Interface

Quick buttons

Command tree

Main Menu bar

Focus buttons

Expanded Command tree
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Software flow scheme

Domains of raw single 

crystal data

Domains of reduced single-

crystal data

Selection of the radiation source

Powder data of multiphases

Data import Wizard

Data Repository

Symmetry wizard

Structure solution

Refinement

CIF

Image plotting

Fourier maps

Structure modifications, 

transformations

Geometry calculations

X-rays (home lab or synchrotron)

Neutrons

Electrons

Model from another source

Selection of the reflection file type

17



Software flow scheme and files created

Domains of raw single 

crystal data

Domains of reduced single-

crystal data

Selection of the radiation source

Powder data of multiphases

Data import Wizard

Data Repository

Symmetry wizard

Structure solution

Refinement

CIF

Image plotting

Fourier maps

Structure modifications, 

transformations

Geometry calculations

X-rays (home lab or synchrotron)

Neutrons

Electrons

Model from another source

Selection of the reflection file type

M50 – basic crystal information, form 

factors, program options

M95 – data repository

M90 refinement reflection file

Determining symmetry, merging symmetry equivalent reflections, absorption correction

Refinement of powder profile parameters

Solution by Superflip or by calling external 

programs M40 structure model

M41  powder profile parameters

Plotting, geometry parameters, Fourier 

maps

Reading of one or more data sets

JanaDraw
jdhst graphical parameters 

18

ref graphical parameters 



Data import wizard
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Data import wizard Input data: single crystal, powder, TOF

• Conventional lab XRD

• Synchrotron sources

• Neutron sources

• Electron diffraction (kinematical and 
dynamic approaches)

Data from different sources can be combined 
during refinements.

20



Data import wizard
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Data import wizard
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Data import wizard
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M50 – basic crystal information, form factors, program options



Data import wizard
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Data import wizard
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Data import wizard
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M95 – data repository



Software flow scheme and files created

Domains of raw single 

crystal data
Selection of the radiation source

Powder data of multiphases

Data Repository

Symmetry wizard

Image plotting

X-rays (home lab or synchrotron)

Neutrons

Electrons

Model from another source

Selection of the reflection file type

M90 refinement reflection file

Determining symmetry, merging symmetry equivalent reflections, absorption correction

Refinement of powder profile parameters
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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)
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Symmetry wizard
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Symmetry wizard
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Symmetry wizard
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Symmetry wizard
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Symmetry wizard
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Symmetry wizard
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Symmetry wizard
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Symmetry wizard
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M50 – basic crystal information, form factors, program options



Reflection file wizard
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Reflection file wizard
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Reflection file wizard
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Reflection file wizard

40

M90 refinement reflection file



Structure solution

Structure solutionSolution by Superflip or by calling external 

programs

M40 structure model

M41  powder profile parameters

41



Structure solution
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Structure solution

https://www.epfl.ch/schools/sb/research/iphys/teaching/crystallography/charge-flipping/
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Structure solution
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Structure solution
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M50 – basic crystal information, form factors, program options



Structure solution
Number of atoms and 

molecules in the 1st

composite part

Number of atoms and 

molecules in the 2st

composite part

atomic name
atomic type

ADPs

occupancy atomic position
Refinement

1 – yes

0 – no

Header numbers

Scale parameters

Extinction  parameters

46

M40 structure model



Powder
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M41  powder profile parameters




2
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Popa, N.C.: J. Appl. Cryst. (1998). 31, 176-180

A. Leineweber and V. Petříček, (2007). J. Appl. Cryst., 

40, 1027-1034.
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Profile functions:

Gaussian:

Where 𝐻𝐺 is Full-Width at Half-Maximum
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Lorentzian:

Where 𝐻𝐿 is Full-Width at Half-Maximum 
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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

Electron diffraction

L. Palatinus, C. A. Corrêa et al. Acta Crystallographica B71, 740-751 (2015).
L. Palatinus, V. Petříček, C. A. Corrêa. Acta Crystallographica A71, 235-244 (2015).
L. Palatinus et al. Science 355 (6321), 166-169 (2017).



Software flow scheme and files created

Refinement

CIF
Plotting, geometry parameters, 

Fourier maps

Image plotting

Fourier maps

Structure modifications, 

transformations

Geometry calculations

Structure solution
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51

Refinement Each refinable parameter of a 
structure model has a refinement 
key.
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Refinement
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Refinement

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



Adding hydrogen atoms - refinement
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Refinement – output file .ref

Groups by sin 𝜃/𝜆

Groups by 𝐹

Overall information

Refinement results

Satellites



M40

M50

M90

M80 M81

Refinement ContourFourier

M81

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.

General section

Predefined 

sections

Fourier maps
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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.

Fourier maps
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Fourier maps

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



Basic crystallography

60

• 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

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)
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Advanced tools – Group-subgroup 

transformation
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Advanced tools – Group-subgroup 

transformation

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. 



Advanced tools – Constraints, restraints, user 

equations
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[mol1#2]=1-aimol[mol1#1]

equation : aimol[mol2#2]=1-aimol[mol2#1]

equation : aimol[mol4#2]=1-aimol[mol4#1]

equation : aimol[mol5#2]=1-aimol[mol5#1]

equation : aimol[mol6#2]=1-aimol[mol6#1]

. . . .

keep hydro triang C3 2 1 C2 C4 0.96 H1c3

keep ADP riding C3 1.2 H1c3

keep hydro tetrahed C13 1 3 C8x 0.96 H1c13 H2c13 H3c13

keep ADP riding C13 1.2 H1c13 H2c13 H3c13
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Advanced tools – Disorder, atom split, rigid body
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Advanced tools – Fundamental approach

Final profile Sample 

contribution

Instrumental 

contribution

crystalline size

and stress

optics

sample holder

detector

 source



Modulation vector with rational components

Advanced tools – modulated structures



Modulation vector with (ir)rational components – (in)commensurate modulated structure

Advanced tools – modulated structures



We can find two coexisting lattices, which cannot be described by a simple common 

supercell -> incommensurate composites

Advanced tools – composites
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Advanced tools – Twins, composites
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Advanced tools – Twins, composites
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Advanced tools – Twins, composites
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Advanced tools – modulated structures



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 

the modulation function u.

e=A4

Basic 

position

Harmonic modulation from arbitrary displacements

𝑝 𝑥4 = 𝑝0 +෍

𝑛

𝑝𝑠,𝑛𝑠𝑖𝑛2𝜋𝑛𝑥4 + 𝑝𝑐,𝑛𝑐𝑜𝑠2𝜋𝑛𝑥4

Modulated structures

( ) ( ) ( )4 , 4 , 4

1 1

sin 2 cos 2
m m

s n c n

n n

x nx nx 
= =

= +

= + 

r r u

u A A
Incommensurate

p -> site occupancy, position, ADP parameters

Any periodic function can be written as a Fourier series. The Fourier amplitudes define the 

modulation functions of the atom.



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.

4x t= + r q

Modulation parameters as function of tModulated structures

R3

eA =4

1A

1a

x4 section

t section

t=1

t=0

Grapht

distance Na-O1

Cookbook example 5.2

The parameter t is a real number describing 

the initial phase of the wave. It

plays a central role in the superspace

analysis of aperiodic crystals



Advanced tools – Fourier sections
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Checking results in 

Fourier:

Ai-A4 Fourier sections
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Displacive modulation Occupational modulation 

Crenelharmonic Saw-tooth harmonic

Modulated structures - Special modulation functions



0.25

-0.07 +0.07

0.50

0.00

Modulated structures - Parameters of crenel function

Crenel function combined with modulation of 

position (Cookbook example 5.3.1) 

width and center of the crenel function
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The additional modulation is 

expressed by Legendre 

polynomials
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“o” and “e” indicate odd and even member. The first polynom, i.e. P1
o, defines a 

line. The three coefficients of P1x
o , P1y

o and P1z
o are refined either to crenel or 

sawtooth shape.

Modulated structures – Combination of functions



Results presentation

Average structure

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 - TaGe0.354Te

F. Boucher, M.Evain & V. Petříček, (1996). Acta Cryst., B52, 100

Only occupational 
modulation

Final result



Fourier maps as a movie

Results presentation

JanaDraw movie



Conclusions
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Cinthia Antunes: correa@fzu.cz

Morgane Poupon: poupon@fzu.cz

Václav Petříček: petricek@fzu.cz

Michal Dušek: dusek@fzu.cz

• If you need help: 

Subscribe to Jana Workshop

• A simple 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 6th order 

of anharmonicity

• Site symmetry restrictions are derived analytically from symmetry operations

• (3+3) Fourier maps

• It can handle merohedric, reticular, and pseudo-merohedric twinning

• It can combine data from different sources – x-ray and neutron, powder, and single crystal data

• Magnetic structures

• Hands-on workshops

mailto:correa@fzu.cz
mailto:poupon@fzu.cz
mailto:petricek@fzu.cz
mailto:dusek@fzu.cz
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Thank you for your attention!
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